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DEDICATED IN MEMORY OF

Bobby R. Wells

Dr. Bobby R. Wells was born July 30, 1934, at

Wickliffe, KY. He received his B.S. in Agriculture from

Murray State University in 1959, his M.S. in Agronomy from

the University of Arkansas in 1961, and his Ph.D. in Soils

from the University of Missouri in 1964. Dr. Wells joined

the faculty of the University of Arkansas in 1966 after two

years as an Assistant Professor at Murray State University.

He spent his first 16 years at the U of A Rice Research and Extension Center near

Stuttgart. In 1982, he moved to the U of A Department of Agronomy in Fayetteville.

Dr. Wells was a world-renowned expert on rice production with special empha-

sis on rice nutrition and soil fertility. He was very active in the Rice Technical Work-

ing Group (RTWG) where he served on several committees, chaired and/or moder-

ated Rice Culture sections at the meetings and was a past Secretary and Chairman of

the RTWG. He loved being a Professor and was an outstanding teacher and a mentor

to numerous graduate students. Dr. Wells developed an upper-level course in rice

production and taught it for many years. Dr. Wells was appointed Head of the U of A

Department of Agronomy in 1993 and became University Professor that year in rec-

ognition of his outstanding contributions to research, service and teaching.

Among the awards he received were: the Outstanding Faculty Award from the

U of A Department of Agronomy (1981), the Distinguished Rice Research and/or

Education Award from the Rice Technical Working Group (1988) and the Outstand-

ing Researcher Award from the Arkansas Association of Cooperative Extension Spe-

cialists (1992). He was named a Fellow in the American Society of Agronomy (1993)

and was awarded, posthumously, the Distinguished Service Award from the RTWG

(1998).

Dr. Wells edited this series when it was titled Arkansas Rice Research Studies

from the publication’s inception in 1991 until his untimely death in 1996. Because of

Dr. Wells’ contribution to rice research and this publication, it was renamed the B.R.

Wells Rice Research Studies in his memory starting with the 1996 series.



FEATURED RICE COLLEAGUE

Dr. George E. Templeton

June 27, 1931–November 24, 1996

George Earl Templeton was born in Little Rock,

Arkansas on June 27, 1931 and died too young, of cancer,

November 24, 1996. His dedication to his professional

career was unrivaled and he truly cherished his family:

true love and wife, Bobbie Nell; their children Earl, Gary,

Jan, and Larry; and several grandchildren.

Dr. Templeton received the Bachelor of Science in Agriculture in 1953 and the

Master of Science in Plant Pathology in 1954 from the University of Arkansas. He

then completed 2 years military service at Fort Dietrich, Maryland working on the

biological weapon potential of the rice blast fungus. This sparked a lifelong interest

in diseases of rice.

Following his brief military stint, he pursued a Ph.D. in Plant Pathology at the

University of Wisconsin working on white tip nematode disease of rice. He com-

pleted his degree in 1958 and returned to the University of Arkansas as Assistant

Professor of Plant Pathology with responsibility for research on diseases of rice and

other small grain crops.

During the 1960s, Dr. Templeton worked tirelessly on practical control of rice

diseases in Arkansas. His work on rice kernel smut is still routinely cited around the

world and he worked out improved management options at the time for white tip nema-

tode disease, straighthead, and rice blast. He collaborated well with other scientists and

was involved in the development of several rice varieties with Dr. Ted Johnston.

In the late 1960s, Dr. Roy Smith noticed something was killing his northern

jointvetch plants in weed control plots at the Rice Station near Stuttgart, Arkansas. He

contacted Dr. Templeton who found that a fungus in the genus Colletotrichum was ap-

parently killing the plants. Dr. Templeton organized a team including Dr. Smith, Jim

Daniels, Dr. David TeBeest, and others to conduct research that led to the commercial use

of the fungus, Colletotrichum gloeosporioides f. sp. aeschynomene, as Collego®, the

first mycoherbicide. This work resulted in an explosion of research around the world on

biological control of weeds and brough international recognition to the team members.

Dr. Templeton made other important discoveries as well, including tentoxin – the first

fungal phytotoxin isolated and purified – and gloeosporone, one of the first fungal spore

germination inhibitors characterized. His research resulted in more than 130 scientific

papers and he received many research awards including: Outstanding Weed Science

Article 1973 (Weed Science Society of America); The John White Award for Excellence

in Research, The Ruth Allen Award, Fellow of the American Phytopathological Society,

USDA Superior Service Award, and the Spitze Prize.



Dr. Templeton was a valued teacher who created and taught Identification of

Fungal Plant Pathogens to graduate students for many years at the University. He

often used rice diseases as examples for the students, and frequently remarked that a

complete plant pathology education was possible using just rice and its many disease

problems for coursework.

Besides service to Arkansas growers, Dr. Templeton actively served his profes-

sion and the University through state, national, and international activities. Dr.

Templeton was president of the Arkansas Academy of Sciences in the early 1970s.

He established the Biocontrol Committee of the American Phytopathological Society

and Southern Regional Project S-136 on Biocontrol of Weeds with fungi. He served

as a member of ESCOP and testified before the U.S. House on biocontrol issues. He

was an excellent ambassador for Arkansas and the University in his many travels to

international meetings and work in Egypt on rice.

He was one of the first faculty to achieve the rank of University Professor in

1985, and Distinguished Professor in 1991.

Dr. Templeton had an abiding interest in history and maintained the plant

pathology herbarium at the University for many years. He also collected many his-

toric papers on rice, plant pathology, and agriculture from early Arkansas research-

ers. These papers are now maintained by the University of Arkansas Special Collec-

tions Section in Mullins Library.

Dr. Templeton was also a tireless advocate for the University and the College of

Agriculture, helping to obtain donations leading to the construction of the Rosen

Alternative Pest Control Center. He was the principal force in securing several mil-

lion dollars in federal funds to support Alternative Pest Control Research at the Uni-

versity in the early 1990s.

Dr. Templeton’s interest in rice pathology reawakened in 1992 and he helped

establish a comprehensive rice disease research program in 1993, funded by the Rice

Research and Promotion Board. He also resumed field work that year, helping estab-

lish the Arkansas Rice Disease Monitoring Program – through which different rice

varieties are planted on farms throughout the rice region of the state and subse-

quently monitored for different diseases, on-farm yield, and quality performance. He

co-authored several papers in the Arkansas Rice Research Series prior to his death.

Dr. George Templeton’s legacy continues around the world through his influ-

ence on the many graduate students he mentored. Despite their different backgrounds

and subsequent career paths, all remember his humor, his care for others, his self-

lessness, and his quest for excellence. We honor his memory.



FOREWORD

Research reports contained in this publication may represent preliminary or

only a single year of results; therefore, these results should not be used as a basis for

long-term recommendations.

Several research reports in this publication will appear in other Arkansas Agri-

cultural Experiment Station publications. This duplication is the result of the overlap

in research coverage between disciplines and our effort to inform Arkansas rice pro-

ducers of all the research being conducted with funds from the rice check-off. This

publication also contains research funded by industry, and  federal and state agencies.

Use of products and trade names in any of the research reports does not consti-

tute a guarantee or warranty of the products named and does not signify that these

products are approved to the exclusion of comparable products.

All authors are either current or former faculty, staff, and students of the Uni-

versity of Arkansas Division of Agriculture, or scientists with the United States De-

partment of Agriculture-Agricultural Research Service. For further information about

any author, contact Communication Services in the Dale Bumpers College of Agricul-

tural, Food and Life Sciences at (501) 575-5647.
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ONGOING STUDIES: BREEDING, GENETICS, AND PHYSIOLOGY

CHINESE AND OTHER FOREIGN GERMPLASM EVALUATION

R.H. Dilday, W.G. Yan, K.A. Moldenhauer, J.W. Gibbons, F.N. Lee, and R.J. Bryant

ABSTRACT

A total of 213 germplasm accessions were introduced from China in 1996, of which 98

were selected for agronomic evaluation at Stuttgart in 2000 after quarantine processing and

seed increase. The 98 accessions were arranged in four maturity groups based on heading

dates collected in 1999. In group 1, grain yields of four accessions were 47% or more than

‘Maybelle’ (107 bu/acre). ‘Fu No83’, the highest-yielding (186 bu/acre), was a long-grain

cultivar, but had low amylose (15.3%). Six accessions had head-rice yields ranging from 52

to 56%, which were higher than Maybelle (48%). In group 2, ‘GP-2’ (232 bu/acre) and

another nine accessions significantly outyielded ‘Priscilla’ (154 bu/acre), the best check in

this group. Six accessions had head-rice yields (60 to 66%) comparable to Priscilla (59%).

Amylose ranged from 14.0 to 26.5%. In group 3, line 4597 (227 bu/acre) and another six

accessions had yields significantly greater than ‘Bengal’ (174 bu/acre). Amylose contents

in five accessions (14.3 to 15.8%) were similar to Bengal (14.7%), but four of these were

long-grain types. Two medium-grain accessions, ‘4580’ and ‘Shufeng 109’, had high amy-

lose, 27.3% and 27.0%, respectively. In group 4, line ‘4642’ (208 bu/acre) and another seven

accessions yielded significantly more than the check cultivar ‘Cypress’ (159 bu/acre).

‘Jinnuo No. 6’ was a waxy, high-yielding variety in both grain (186 bu/acre) and milling

yields (total 69% and head 64%). Among 494 other foreign germplasm accessions from 19

countries, 47 accessions had grain yields ranging from 197 to 244 bu/acre, which were

similar to or more than Bengal. The best accession, ‘Milyang 48’ (PI 503191) from Korea,

yielded 244 bu/acre, and 34 out of the 47 high yielders were from Korea.
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INTRODUCTION

U.S. rice cultivars have a narrow germplasm base (1990) which emphasizes the need

for continuous acquisition and evaluation of rice germplasm (Dilday et al., 2000). In the past

few years we have collected rice germplasm from many foreign countries, including China.

This germplasm must pass through the Plant Germplasm Quarantine Office (PGQO) at

Beltsville, Maryland, and be grown in quarantine for one generation before it can be grown

in the field at the Rice Research and Extension Center (RREC) near Stuttgart, Arkansas.

After an accession is increased at the RREC, it is introduced into the National Plant Germplasm

System (NPGS) and assigned a plant introduction (PI) number. The ultimate goal is to have

rice germplasm available as parents for rice-cultivar development programs in the United

States. However, for germplasm to be utilized it must be shown to be useful. Therefore,

evaluation is needed to identify useful attributes. The objective of this study was to evalu-

ate new rice germplasm for agronomic traits such as rough rice grain and milling yield, and

amylose content in an Arkansas environment.

PROCEDURES

Chinese Germplasm Evaluation

In the summer of 1996, R.H. Dilday and W.G. Yan from the Dale Bumpers National

Rice Research Center (DB NRRC) at Stuttgart, Arkansas, and M. Bohning from NPGS at

Beltsville, Maryland, visited the China National Rice Research Institute (CNRRI), Chengdu

Institute of Biology of Academia Sinica (CIBAS), Rice Research Institute of Sichuan Agri-

cultural University (RRISAU), and Crop Institute of Sichuan Academy of Agricultural

Sciences (CISAAS) to discuss cooperative research. In exchange for 50 U.S. cultivars, the

United States received 153 accessions of rice germplasm from China. Later, J. Tao intro-

duced 60 accessions from China for his research in Texas and agreed to contribute them to

the U.S. germplasm collection. These entries went through a quarantine program at Stuttgart

in 1997 and were inspected by quarantine officers at Beltsville, Maryland in 1998. In 1999,

they were grown out at Stuttgart for seed increase, and 98 accessions yielding 300 g or more

seed per plot (two rows, 4 ft long and 1 ft apart) were selected for evaluation in 2000.

The test entries were separated into four groups from earliest to latest based

on the heading dates recorded in 1999. Fourteen accessions were included in Group

1 with ‘Farm Buster’ and Maybelle as checks; 28 accessions in Group 2 with

‘Cocodrie’, Maybelle, ‘Jefferson’, and Priscilla as checks; 28 accessions in Group 3

with Bengal, ‘LaGrue’, ‘Kaybonnet’, and ‘Wells’ as checks; and 28 accessions in

Group 4 with Cypress, ‘Drew’, ‘Lemont’, and ‘Madison’ as checks. The test was

seeded on 19 April 2000 in a split-block design (group as main block) with four

replications at the RREC near Stuttgart. The plots were 15 ft long and 6 rows wide

with 8-in. spacing between rows. The seedlings emerged 2 May 2000. Nitrogen (N)

as urea (45% N) was applied in a two-way split application (100 lb N/acre at pre-
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plant and 30 lb N/acre at 0.5-in. internode elongation). During the third week of May,

1 gal/acre of propanil and 0.375 lb/acre of Facet were applied for weed control. Heading

dates were recorded when 50% of the panicles had emerged. Plant height was measured

from soil surface to the tip of the panicles at maturity. The center 12 feet from two center

rows in each plot were harvested for rough rice grain yield. Grain type was determined using

the ratio of the length to width for the mature paddy grains [long-grain (L): >3; medium-

grain (M): 2.0 - 2.9; and short-grain (S): <2]. Milling yields were determined using 162 g

samples taken from replications 1 and 2 of each group. Amylose content (%) was deter-

mined from samples of 10 g head rice taken from replications 1 and 2 of each group using

AACC (American Association of Cereal Chemists) method (AACC, 2000). An SAS (statis-

tical analysis system) program was used for data analysis.

Other Foreign Germplasm Evaluation

A total of 494 accessions collected from Afghanistan, Argentina, Austria, Aus-

tralia, Azerbaijan, Bulgaria, Chile, France, Former Soviet Union, Germany, Hungary,

Italy, Japan, Korea, Madagascar, Nepal, Spain, Turkey, and Uzbekistan were selected in

a screening program for cold-tolerant germplasm in 1999. In 2000, they were separated

by maturity into 17 groups that were replicated four times in the field and seeded on 26

April 2000. Bengal and Wells were included in each group as checks. Test groups 1 to

16 contained 30 accessions of germplasm, and the remaining 14 accessions were in-

cluded in group 17. Test plots were 6 rows wide by 4.5 ft long with 8-in. spacing, and

were seeded in a split-block design (group as main block) with four replications at the

RREC. The seedlings emerged 5 May 2000. Field management including weed control

and nitrogen were similar to the Chinese Germplasm Evaluation experiment. The center

four rows in each plot were harvested for rough rice grain yields. Milling yield was

measured from 162 g samples taken from replications 1 and 2 in groups one to six.

RESULTS AND DISCUSSION

Chinese Germplasm Evaluation

Group 1: The first four accessions in this group, Fu No83, R 147, Zanuo No1, and Tie

90-1, had grain yields that were 47% or higher than Maybelle (107 bu/acre; Table 1). Head

rice yields (52 to 56%) of six accessions were higher than Maybelle (48%). Furthermore,

Fu No83 and Tie 90-1 had slightly greater yields on both total milled and head rice than

Maybelle. Zanuo No1 was a waxy rice. Amylose contents of six accessions (11.4 to 16.7%)

were lower than Maybelle (19.2%), while another six accessions had higher amylose (22.7 to

25.4%) than Maybelle. Fu No83, the highest yielder (186 bu/acre), was a long-grain (thicker

than U.S. long-grain) variety, but had medium-grain quality (15.3% amylose).

Group 2: The first ten accessions in this group, GP-2, 4594, R 312, 4593, 4595,

4582, 4484, 4583, Chunzhi No11, and Dian No01, had grain yields ranging from 180 to
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232 bu/acre and were significantly higher than Priscilla, the best check (154 bu/acre). Six

accessions – Qinglin No9, Zhenshan 97, Zhongyouzao No3, 4583, Gui 99, and 4484 –

had head rice yields (60 to 66%) which were slightly higher than Priscilla (59%). Ten

accessions, including 4583, Chunzhi No11, and Dian No01, had significantly lower amy-

lose (14.0 to 16.9%) than Priscilla (20.6%); six of them were long-grain types. Conversely,

another ten accessions, including GP-2, 4593, 4594, and 4595, had significantly higher

amylose (22.4 to 26.5%) than Priscilla, and five of them were medium-grain types. GP-2

was the best yielding variety (232 bu/acre) in this group and in the entire test. It was

medium-grain with long-grain quality (26.1% amylose).

Group 3: The first seven accessions in this group – 4597, 4612, Kechengnuo No4,

4641(1), 4633, 4607, and 4632 – had grain yields ranging from 209 to 227 bu/acre and were

significantly higher than Bengal (174 bu/acre), the best check. Bengal had a high head

rice yield (68%). All other accessions except 4579 (64%) and Shufeng 109 (62%) had

head rice yields under 60%. Kechengnuo No4 and 92-9 were waxy accessions with

amylose of 4.6 and 4.9%, respectively. Amylose contents in five accessions (14.3 to

15.8%) were similar to Bengal (14.7%), but four were long-grain. On the other hand,

nineteen accessions had high amylose (25.2 to 27.3%), seven of which were medium-

grain. Guichao No2 was short-grain with 26.4% amylose. Medium-grain accessions 4580

and Shufeng 109 were high amylose (27.3% and 27.0%, respectively).

Group 4: The first eight accessions in this group – 4642, Taizhongxian 255, CDR

210, Shufeng 121, 4641 (2), Shufeng 122, Jinnuo No6, and 2071-621-2 – ranged from 186

to 208 bu/acre and yielded 17% or more than Cypress (159 bu/acre), the best check. Line

4642 had the best yield of 208 bu/acre which was 31% more than Cypress. Jinnuo No6

had high grain yield (186 bu/acre) and similar milling yield (total 69% and head 64%) to

Cypress (total 71% and head 65%). Seven accessions had head rice yields ranging from

57 to 63%. Jinnuo No6 and 89-1 were waxy accessions at 4.7% and 5.1% amylose,

respectively. Seventeen accessions had lower amylose (13.6 to 19.5%) than Cypress

(21.2%), and twelve of them were long-grain types. Conversely, eight accessions had

higher amylose (24.9 to 26.6%) than Cypress; Shufeng 122 was the only medium-grain

type among them.

These Chinese germplasm accessions have been recently introduced into NPGS,

and PI numbers assigned.

Other Foreign Germplasm Evaluation

Averaged over 68 plots from the 17 groups, Bengal yielded 197 bu/acre, 71% total

milling, and 62% head rice (Table 2). Similarly, Wells yielded 196 bu/acre, 71% total, and

49% head rice. Forty-seven accessions ranged from 197 to 244 bu/acre in grain yields,

which were similar to or more than Bengal. Milyang 48 (PI 503191) from Korea was the

best yielder (244 bu/acre). Among the 47 accessions, 34 were Korean, 5 Italian, 2 former

Soviet Union, and 2 Spanish, with one each from Japan, Madagascar, Nepal, and Turkey.
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The Japanese variety Hugisaka 5 (PI 224650) had the best milling yield – 72% total, and

69% head rice; 22 accessions had head rice yield over 55%. Seven were Korean, 4 Italian,

3 Turkish, and 2 Azerbaijani, with one each from Chile, the former Soviet Union, Hun-

gary, Japan, Madagascar, and Nepal, respectively.

SIGNIFICANCE OF FINDINGS

Germplasm accessions were identified with high grain and milling yields, and a

wide range of grain qualities (e.g., amylose contents), maturities, and plant heights.

Some had atypical grain qualities, i.e., long-grains with low amylose, or medium-grains

with high amylose, but most can be used as parents in rice-variety development pro-

grams in Arkansas and other states. Making these elite Chinese germplasm available to

the breeding program in Arkansas and other states through the national rice germplasm

collection offers a way to increase the genetic diversity of U.S. rice germplasm.
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ONGOING STUDIES: BREEDING, GENETICS, AND PHYSIOLOGY

DEVELOPMENT OF SEMI-DWARF

LONG- AND MEDIUM-GRAIN CULTIVARS

J.W. Gibbons, K.A.K. Moldenhauer, F.N. Lee, J.L. Bernhardt, M. Anders,

N.A. Slaton, R.J. Norman, C.E. Wilson, Jr., R.H. Dilday, J. N. Rutger,

J.M. Bulloch, M.M. Blocker, and A.C. Tolbert

ABSTRACT

Semi-dwarf experimental rice lines have been identified with high grain yield,

stress tolerance and good grain quality. Lines are in all stages of development from

segregating populations to breeder head rows. New sources of yield, disease, and

stress resistance are being used as parents in the breeding program. Semi-dwarf rice

cultivars offer options for Arkansas rice producers.

INTRODUCTION

Since the release of ‘Lemont’ in the mid 1980’s, semi-dwarf rice cultivars have

been grown in Arkansas. Lemont, ‘Cypress’, and ‘Bengal’ are long- and medium-grain

semi-dwarfs, respectively, that occupy a large proportion of the current rice area. These

cultivars continue to be the base for semi-dwarf cultivar development in Arkansas.

Recently, Rutger (1997) induced semi-dwarfism in Arkansas cultivars such as ‘LaGrue’,

‘Orion’, and ‘Millie’. These mutants provide a source of locally adapted germplasm with

a semi-dwarf gene that is non-allelic to the commonly used sd1 (Rutger et al., 1996). In

addition, Lee et al. (1998) have characterized several recently introduced United States

Department of Agriculture (USDA) germplasm accessions as tolerant to both rice sheath

blight and blast. Most of these introductions belong to the indica subtribe of cultivated

rice. Indicas have been suggested as sources for yield potential and disease resistance

for domestic breeding programs (McClung et al., 1998). Our objective is to develop

semi-dwarf long- and medium-grain cultivars that are high yielding with excellent grain,
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milling, and processing quality and that tolerate the common stresses and pests found

in Arkansas rice fields.

PROCEDURES

Potential parents for the breeding program are evaluated for the desired objectives.

Cross combinations are programmed that combine desired characteristics to fulfill the

breeding objectives. Use of parents with diverse backgrounds is emphasized. Segregating

populations are seeded at the Rice Research and Extension Center (RREC) near Stuttgart,

Arkansas, and at the winter nursery at Lajas, Puerto Rico. Selection is based on grain and

plant type, spikelet fertility, field and greenhouse disease reaction, and grain quality. Yield

evaluations begin with the preliminary yield trial at one location, the Stuttgart Initial Test

(SIT) at two locations, the Arkansas Rice Performance Trials (ARPT) at five locations in the

state, and the Uniform Regional Rice Nursery (URRN) conducted in cooperation with rice

breeding programs in Texas, Louisiana, Florida, and Mississippi. The Introductory Yield

Trial (IYT) was conducted with one replication at Stuttgart.

RESULTS AND DISCUSSION

Over 80 cross combinations were made in 2000. Over 520 F2 single plants were

selected during the year (Table 1). Panicles from these plants were sent to the winter

nursery for generation advancement. We evaluated a bulk of each selected plant for

blast disease resistance in the greenhouse and selected plants will be grown as F4 rows

in 2001. Over 94 F4 and 340 F5 bulk rows were selected to advance. After disease and

quality evaluations, the selected lines will be advanced to F5 rows and preliminary

yield trials, respectively, next year.

Yields of selected semi-dwarf long-grain lines from the preliminary yield trial are

shown in Table 2. Compared to the recently released ‘Cocodrie’, the four lines desig-

nated “A”, “B”, “C”, and “D” from the crosses ‘Jefferson’/ ‘LaGrue’, ‘Kaybonnet’/

Cypress, Cypress// ‘Newbonnet’/ ‘Katy’, and ‘Rosemont’// Newbonnet/Katy, respec-

tively, showed improved blast disease resistance, and higher grain yield. Sheath blight

disease tolerance levels and head-rice yields of the experimental lines were similar to

Cocodrie. Selected lines from this trial will be advanced to the SIT for 2001.

Data for 2 long- and 3 medium-grain semi-dwarf experimental lines from the ARPT are

shown in Table 3. Line A and B from the crosses Cypress//Newbonnet/Katy and LaGrue/Cy-

press, respectively, are long-grain semi-dwarfs that yielded similarly to the check, Cocodrie. They

have similar agronomic traits with the exception of seed size, having somewhat smaller grain than

Cocodrie. The medium-grains have Bengal as a common parent combined with Short Rico (Lines

C and D ) or ‘M 401’ (Line E). Performance of these lines compared to Bengal is similar. Line C has

a slight disease-tolerance advantage over Bengal while Line D flowered about one week earlier.

Line E has a large kernel size that may interest the market, but yields were somewhat less than
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Bengal. Susceptibility of the widely-grown cultivar Bengal to blast and other diseases is of

primary concern in the breeding program. Identification and incorporation of parents with disease

tolerance and diverse genetic backgrounds, while maintaining medium-grain quality and yield in

the progeny, will continue to be a priority.

Data from the URRN conducted in 5 states comparing Line A (long-grain) to

Cocodrie and Lines C and D (medium-grains) to Bengal are given in Table 4. Line A is

very similar in performance to the check. Both lines have Cypress as the top cross

parent in their pedigree. Line A may, however, have an advantage in disease and

straight head tolerance (data not shown). This is the first year for Line A in the URRN

so it will be further tested in 2001. As in the ARPT, Lines B and C were very similar in

performance to Bengal. Line C was about 5 days earlier than Bengal.

One long-grain and two medium-grain semi-dwarf experimental lines that ap-

peared promising last year will be discontinued. Both medium-grains (RU9901148 and

RU9901181) showed very low seedling vigor, had poor disease scores, and smaller

kernel size than the check cultivar Bengal. The long-grain, RU9901133, showed high

susceptibility to blast, sheath blight, and straight head, and milled poorly. This line,

however, yielded very well and performed well sown after wheat, and will be incorpo-

rated in the crossing program.

The IYT composed of mostly indica lines was sown very late (1 June) and with an

extremely deep seed placement. Compared to Cocodrie, yields were at least 10% less (Table

5). Other agronomic traits such as 50% heading date, height, and vigor were varied indicat-

ing that selection of parents for earliness, semi-dwarfism, and good vigor is possible within

this germplasm pool. Milling yields also varied and ranged from unacceptable to good,

compared to the very good milling Cocodrie. Disease and cooking quality data are pending,

but it is expected that variation in these traits will also be found.

SIGNIFICANCE OF FINDINGS

Promising semi-dwarf experimental lines have been identified that have good

disease resistance, high yields, and good grain and milling quality. Semi-dwarf long- and

medium-grain rice cultivars with diverse genetic backgrounds offer producers options

in their choice of cultivar and management systems for Arkansas rice production.
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 Table 1.  Number of early generation lines

selected in project ARK01542 during 2000.

Evaluation Phase Number of Lines

F
2
 Space Plants 520

F
4
 Panicle Rows 94

F
5
 Panicle Rows 340

Table 2. Data from the 2000 Preliminary Semi-dwarf Rice

Yield Trial for experimental lines and check cultivars, Stuttgart.

Diseasez Days to 50% Milling

Cultivar Type LB(GH) NB(F) SB(F) Vigory Heightx Heading Yield Yieldsw

(in.) (days) (bu/acre)

Line Av Long 6 4 7.2 3 37 86 232 54:71

Line B Long 5 2.5 6.5 4 33 81 223 61:71

Line C Long 5 0 6.2 4 35 86 218 56:71

Line D Long 5 3 6.8 3 34 89 212 60:71

Cocodrie Long 7 5.6 6.7 3 34 86 208 61:70

z Disease data from greenhouse (GH) and field (F) evaluations at the Rice Research and

Extension Center near Stuttgart, Arkansas; and Pine Tree Experiment Station near Colt,

Arkansas. LB = Leaf Blast, NB = Neck Blast, and SB = Sheath Blight. Ratings on scale of 0

to 9, where 0 = no disease and 9 = plants dead. Average of 4 replications.

y Vigor taken preflood on scale of 1 to 4 with 1 = poor and 4 = excellent vigor.

x Vigor, height, days to 50% heading, yield, and milling data are from Stuttgart.

w Milling yield is head rice:total rice.

v Line A is from the cross Jefferson/LaGrue, Line B from cross Kaybonnet/Cypress, Line C

from cross Cypress//Newbonnet/Katy, and Line D from cross Rosemont//Newbonnet/Katy.
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Table 5. Selected entries in the 2000 Introductory Yield Trial

conducted at the Rice Research and Extension Center (RREC).

Grain Days to 50% Percent Relative Milling

Designation Type Heading Height Lodging Vigorz Yieldy Yieldx

(in.) (%) (%)

UA99-136 L 76 41 70 4 90 49:70

UA99-135 L 74 35 20 4 88 39:70

UA99-103 L 71 38 0 3 86 50:69

UA99-162 L 64 46 100 3 86 37:70

UA99-  20 L 92 41 0 2 84 23:71

UA99-158 L 81 43 10 3 84 37:69

UA99-139 L 86 39 30 3 81 53:72

UA99-137 L 71 33 80 4 80 62:70

UA99-134 L 71 37 90 4 78 48:70

UA99-167 L 71 31 100 3 75 45:70

UA99-153 L 87 39 10 2 70 26:68

Cocodrie L 71 33 0 3 100 58:72

z Vigor based on scale of 1 to 4, where 1 = very poor vigor, and 4 = very vigorous.
y Relative yield is reported as percent of Cocodrie where yield of Cocodrie = 100%.
x Milling yield is head rice:total rice.
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ONGOING STUDIES: BREEDING, GENETICS, AND PHYSIOLOGY

BREEDING AND EVALUATION FOR IMPROVED RICE VARIETIES –

THE ARKANSAS RICE BREEDING AND DEVELOPMENT PROGRAM

K.A.K. Moldenhauer, J.W. Gibbons, F.N. Lee, R.J. Norman,

J.L. Bernhardt, M.A. Anders, C.E. Wilson, N.A. Slaton,

J.N.  Rutger, T. Tai, R. Bryant, M.M. Blocker, and A.C. Tolbert

ABSTRACT

The Arkansas rice breeding program has as ongoing goals the development of

new long-grain cultivars as well as specialty cultivars like quality Japanese short-

grains and aromatics. Cultivars are evaluated and selected for desirable characteristics.

Those which require further improvement are utilized as parents in future crosses.

Important components of this program include: pest and disease resistance, high-yield

potential, excellent milling yields, improved plant type (i.e. short stature, earliness,

erect leaves), and superior grain quality (i.e. cooking, processing, and eating). New

cultivars are continually being released to rice producers for the traditional southern

U.S. long-grain markets as well as for the emerging specialty markets.

INTRODUCTION

The rice breeding and genetics program at the University of Arkansas Rice Research

and Extension Center (RREC) is by nature a continuing project with the goal of producing

new, improved rice cultivars for rice producers in Arkansas and the southern U.S. rice

growing region. Breeding objectives for improved long-grain cultivars include standard

cooking quality, excellent milling and grain yields, improved plant type, disease resistance,

and pest resistance. Through the years, improved disease resistance for rice blast and

sheath blight has been a major goal. Blast resistance has been addressed through research

by visiting scholars, graduate students, and by the development and release of ‘Katy’,
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‘Kaybonnet’, and ‘Drew’. These cultivars include the first to have resistance to all of

the common southern U.S. rice blast races. Sheath blight tolerance has been an ongo-

ing concern and the cultivars from this program have also had the best sheath blight

tolerance of any in the United States. A recurrent selection program for increased

sheath blight tolerance was implemented in 1983 as a long-term approach to increasing

resistance (Moldenhauer et al., 1994). The cultivar ‘Ahrent’ was recently released from

this program. With increased interest in specialty rice, the program has been develop-

ing agronomically acceptable cultivars with Japanese seed quality or that are aromatic

(Jasmine or Basmati types). Significant yield increases have been realized with the

release of the last four long-grain cultivars ‘LaGrue’, Kaybonnet, Drew, and ‘Wells’.

PROCEDURES

The rice breeding program continues to utilize the best available parental material

from U.S. breeding programs, the USDA World Collection, and the International Cen-

ters, CIAT, IRRI, and WARDA. Crosses are made each year to incorporate genes for

broad-based disease resistance; improved plant type (i.e. short-stature, earliness, erect

leaves); superior quality (i.e. cooking, processing, and eating); and N-fertilizer use

efficiency into highly productive, well-adapted lines. The winter nursery in Puerto Rico

is utilized to accelerate breeders seed increases of promising lines and to advance early

generation selections each year. As outstanding lines are selected and advanced, they

are evaluated extensively for yield, milling and cooking characteristics, insect toler-

ance (entomologist), and disease resistance (pathology group). Advanced lines are

evaluated for N-fertilization recommendations – i.e., proper timing and rate of N-fertil-

izer (soil fertility group) – and for weed control practices (weed scientists).

The rice breeding program utilizes all feasible breeding techniques and methods

including hybridization, backcrossing, mutation breeding, and biotechnology to pro-

duce breeding material and new cultivars. Segregating populations and advanced lines

are evaluated for grain and milling yields, quality traits, maturity, plant height and type,

and disease and insect resistance. The state-wide rice performance testing program,

which includes rice cultivars and promising new lines developed in the Arkansas

program and from cooperating programs in the other rice producing states, is carried

out each year to select the best materials for future release and to provide producers

with current information on rice variety performance. Disease data are collected from

ongoing inoculated disease plots, including inoculated sheath blight, blast, stem rot,

and black sheath rot nurseries; general observation tests planted in problem disease

fields; and general observations made during the agronomic testing of entries.
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RESULTS AND DISCUSSION

The new cultivar Wells, released in 1999, was grown on 4% of the Arkansas

acreage in 2000. Wells performed very well in the Arkansas Rice Performance Trials and

the Uniform Regional Rice Nursery for the period 1998 to 2000 with a mean grain yield

across locations and years of 169 bu/acre (Table 1). Wells averages approximately 8 to

10 inches shorter in height than LaGrue and Drew. It originated from the cross

Newbonnet/3/Lebonnet/CI9902//Labelle made in 1989 and was selected from the Panicle

row STG93L08-93. In 2000, a Plant Utility Patent was applied for, for the Rice Cultivar

Wells (Attorney docket number N1375-001).

There were several extremely high-yielding lines in the Arkansas Rice Perfor-

mance Trials (ARPT) and Uniform Rice Regional Nursery (URRN) in 2000, many in the

very short-season maturity group. One of these, RU9901081 (experimental line - seed

not for sale), will be grown as Foundation Rice Seed in 2001. Preliminary information

shows this line to be long-grain, short-statured, and early maturing with good rough

rice and milling yields. It yielded 203, 221, 154, and 142 bu/acre at the Rice Research and

Extension Center, Stuttgart, Arkansas (RREC); Southeast Branch Experiment Station,

Rowher, Arkansas (SEBES); Pine Tree Branch Experiment Station, Colt, Arkansas

(PTBES); and the Northeast Research and Extension Center, Keiser, Arkansas (NEREC),

respectively in 1999, and 235, 196, 166, and 193 bu/acre for the Farmers Field, Newport,

Arkansas (FFNA), RREC, PTBES, and Missouri (MO), respectively, in 2000 (Table 1).

Cocodrie, a high-yielding cultivar in the same group, had yields of 176, 185, 175, and

110 bu/acre at the RREC, SEBES, PTBES, and NEREC, respectively, in 1999 and 187, 162,

147, and 161 bu/acre for FFNA, RREC, PTBES, and MO, respectively, in 2000. In the

URRN, RU9901081 had extremely high yield across all four locations with a two-year

average of 222 bu/acre (Table2).

A high-yielding, long-grain line, Ahrent, grown for foundation seed production

in 2000 and released to qualified seed growers in Arkansas for 2001. This line had very

stable yields across locations, averaging 175, 162, 173, and 177 bu/acre at the RREC,

SEBES, PTBES, and NEREC, respectively, which compared favorably with ‘Cocodrie’

yields of 176, 185, 175, and 110 bu/acre and Drew yields at 157, 190, 163, and 130 bu/

acre, in 1999 at these locations, respectively (Table 1). In 2000, the line had yields of

174,145,154,and 138 at FFNA, PTBES, RREC, and SEBES, which again compare favorable

to Cocodrie at 178, 141, 163, and 125 bu/acre, respectively, and Drew at 196, 131, 167, and 130

bu/acre at these locations. This line has blast resistance, some sheath blight tolerance, and

is approximately 8 to 10 cm shorter and 4 to 5 days earlier than Drew. Data were presented

on Ahrent in the 2000 B.R. Wells Rice Research Series (Moldenhauer et al., 2001).

Several extremely early lines are currently in preliminary trials and are being

evaluated by the systems agronomist, Dr. Anders, at the RREC. These lines have

maturities of about 100 to 110 days as well as blast resistance. One of these lines will be

grown as head rows and placed in the ARPT in 2001. This line has yielded 167 bu/acre

in preliminary tests compared to ‘Jefferson’, ‘Millie’, and ‘Alan’ at 136, 141, and
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138 bu/acre, respectively. It headed in 76 days compared to Jefferson, Millie, and

Alan at 83, 82, and 79 days, respectively. This line also yielded very well in Dr.

Anders’ very-short season test (190 bu/acre).

‘Koshihikari’ and ‘Mars’ have been crossed to develop high-yielding, agronomically

adapted short-grain rice acceptable to the Japanese markets. One line, RU9601099 (seed not

for sale - experimental line) has good yields and stiffer straw than Koshihikari. In an inde-

pendent test in Japan, RU9601099 rated a 76 on a Japanese taste-testing machine compared

to ‘Atitakomachi’ in the same test which rated a 74 (Koshihikari was not included in their

test). The higher the number the better the taste. They rated the sample lower in other areas

and were surprised by the good ratings on the machine. This line and other Koshihikari

crosses will be compared in both sensory and chemical tests to the Japanese rice cultivars

Koshihikari and Akitakomachi. A backcross program with RU9601099 and RU9601096

(seed not for sale - experimental line) as the donor parents and Koshihikari as the recurrent

parent has also been implemented.  Backcrosses have also been made with other selected

lines from the Koshihikari x Mars crosses for the past 3 years, in an attempt to capture the

elusive Koshihikari quality.

Rice blast (Pyricularia grisea) can be a devastating disease in Arkansas.

Races IB-49 and IC-17 are currently the major races in Arkansas. A backcrossing

program is underway to incorporate genes for blast resistance into lines that are

predominately LaGrue. Nine lines from the crosss LaGrue//‘Lemont’/RA73/3/LaGrue/

4/LaGrue and LaGrue//Lemont/RA73/3/LaGrue in the preliminary test at the RREC

showed resistance to the major blast races in Arkansas in preliminary field blast

testing in 1999. These lines were tested in the SIT groups in 2000, and the best were

screened for blast resistance in greenhouse tests during the fall of 2000. Six of

these lines have resistance to all of the major blast races in Arkansas. These lines

are being fast tracked to find an extremely high-yielding line with blast resistance

and hopefully better milling at the same time.

Another source of blast resistance, Raminad Stain 3, is an international rice-blast

differential that has resistance to all of the southern U.S. races. A backcrossing pro-

gram is underway to incorporate the genes for blast resistance from Raminad Strain #3.

Lines have been selected with blast resistance and no photoperiod sensitivity and

used as parents in the breeding program. Tolerance to sheath blight, caused by the

organism Rhizoctonia solani Kühn, is also a very important aspect of the breeding

program in Arkansas. A recurrent selection program for sheath-blight tolerance has

been successful in selecting lines, and potential parents, with more sheath-blight toler-

ance. The populations derived from this approach have more tolerance to sheath blight

and good plant height and type. In general, lines from the Arkansas breeding program

have more tolerance to sheath blight than those from the other southern states.

The resistant lines from these backcrossing programs will be utilized as parental

material, and all desirable phenotypes will be included in the breeding program and

evaluated for cooking quality and agronomic characteristics. A program is underway

to incorporate the genes for blast resistance from Raminad Strain #3, an international

rice blast differential that has resistance to all southern U.S. races.
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Data from the Arkansas Rice Performance Trials (ARPT) conducted in Arkansas

(RREC, PTBES, NEREC, SEBES, and MO) in 2000, are available in the University of

Arkansas Cooperative Extension Service Information Sheet “Arkansas Rice Perfor-

mance Trials, 1998-2000", and on-line at: http://www.aragriculture.org/cropsoilwtr/rice/

PerfTrials/default.asp.

Lines that were selected from Dr. Tim Croughan’s IMI mutation lines were tested

for further selection in IMI tests this year. Hopefully we will be working with Dr.

Croughan on more lines and crosses in the near future that will incorporate the new,

germplasm which has a 10-fold increase in resistance to herbicides; Dr. Croughan has

worked with Wells in his crossing with this new germplasm.

Studies are currently underway with Dr. Thomas Tai, USDA-ARS molecular ge-

neticist at the Dale Bumpers National Rice Research Center, utilizing molecular tech-

niques to discover the yield genes associated with extremely high yield in LaGrue, and

milling-quality genes in the LaGrue/Cypress and Cypress/LaGrue crosses. We are also

preparing to use marker-assisted selection for disease, quality, and yield traits in the

breeding program in 2001. A research specialist was hired to work with Dr. Tai as of

January 2001.

Table 3 shows the number of lines that were in the different phases of this

breeding project for the 2000 growing season. There were 91 new cross combinations

made in 2000. The 6120 panicles selected from the 33,500 space plants grown in the field

in 2000 were sown in Puerto Rico for generational advance. Panicles selected from

these rows will be grown as P (Puerto Rico) panicle rows in 2001.

SIGNIFICANCE OF FINDINGS

The goal of the rice breeding program is to develop maximum-yielding cultivars

with good levels of disease resistance for release to Arkansas rice producers. The

release of Wells to qualified seed growers for the 1999 growing season; the existence of

even higher- yielding lines in the program, like RU9901081, for future release as new

long-grain rice cultivars; and future development of lines with Japanese quality are

examples of the continued improvement being realized through this program. Improved

lines will continue to be released from this program in the future. They will have the

characteristics of improved disease resistance, plant type, and rough rice grain and

milling yields. In the future, new rice cultivars will be released not only for the traditional

southern U.S. long- and medium-grain markets but also for specialty markets as they arise.
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Table 1. Data from the 1998 to 2000 Arkansas Rice

Performance Trials for promising experimental lines and check cultivars.

Days to

Grain Yield 50% Kernel Milling

Cultivar Typez 1998 1999 2000 meany Height Heading Weight Yieldsx

---------- (bu/acre) ---------- (in.) (days) (mg)

Ahrent L 165 172 158 164 40 82 16.8 63:70

RU9901081w L -- 180 188 184 39 84 16.7 64:72

Wells L 151 169 184 169 41 85 18.4 59:73

Jefferson L 137 146 142 142 36 79 19.5 55:70

Cocodrie L 147 162 159 156 38 82 17.2 66:72

LaGrue L 158 180 172 170 44 85 17.6 61:71

Kaybonnet L 138 157 150 148 44 84 14.8 62:71

Drew L 157 160 146 154 44 87 15.7 62:72

z Grain type L = long-grain, M = medium-grain,and S = short-grain.
y 1998 and 1999 consisted of four locations, Rice Research and Extension Center, (RREC),

Stuttgart, Arkansas; Pine Tree Branch Experiment Station, (PTBES), Colt, Arkansas;

Northeast Research and Extension Center, (NEREC), Keiser, Arkansas; and Southeast

Branch Experiment Station (SEBES), Rowher, Arkansas. 2000 consisted of RREC, PTBES,

Jackson Co. Farmer Field, Newport, Arkansas; and Campbell, Missouri.
x Milling figures are head rice : total milled rice.
w RU9901030 and RU9901081 (experimental lines - seed not for sale); RU9901081 only has

data for 1999 and 2000.
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Table 3. Number of lines in each phase for project ARK01387 in 2000.

Evaluation Phase Number of Lines

Crosses 91

F
2
 Space Plants 33500

F
3
 Panicle Rows Puerto Rico 6120

F
4
 P Panicle Rows 5658

L & M Panicle Rows 5658

Preliminary Trials 1056

Stuttgart Initial Test & Quality Test 256

Uniform Regional Nursery 200

Arkansas Rice Performance Trials 104

Preliminary Seed Increases 9

Breeder Head Rows 6

Table 2. Data from the1999-2000 Uniform Regional Rice

Nursery for two experimental lines and three check cultivars.

Days to

Grain Yieldy 50% Kernel Milling

Cultivar Typez AR LA MS TX meany Height Heading Weight Yieldsx

---------- (bu/acre) ---------- (in.) (days) (mg)

RU9901081w L 220 218 220 229 222 40 81 18.0 55:69

Ahrent L 175 181 184 175 179 40 81 16.4 55:68

Cocodrie L 193 211 185 202 198 37 82 18.1 61:70

Jefferson L 160 187 148 191 172 36 79 19.8 54:69

Wells L 197 210 197 231 209 41 83 19.1 54:71

LaGrue L 201 230 201 229 216 45 83 18.2 53:68

Kaybonnet L 184 203 174 206 192 43 82 15.6 56:69

Drew L 180 209 182 194 191 44 84 16.3 57:70

z Grain type L = long-grain, M = medium-grain; and S = short-grain.
y AR = Rice Research and Extension Center, Stuttgart, Arkansas; LA = Rice Research

Station, Crowley, Louisiana; MS = Stoneville, Mississippi; and TX = Texas A&M, Beaumont,

Texas.
x Milling figures are head rice : total milled rice.
y RU9901081(experimental line - seed not for sale) is from the cross ‘Lebonnet’/9902/3/

‘Dawn’/ 9695//‘Starbonnet’/4/LaGrue.
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‘AHRENT’, A BLAST-RESISTANT LONG-GRAIN RICE VARIETY

K.A.K. Moldenhauer, J.W. Gibbons F.N. Lee, J.L. Bernhardt,

R.J. Norman, N.A. Slaton, C. E.. Wilson, Jr.,

R. Cartwright, M. Anders,  M.M. Blocker, and A.C. Tolbert

ABSTRACT

The University of Arkansas Agricultural Experiment Station released a new very-

short-season rice cultivar named ‘Ahrent’ to qualified seed growers for the 2001 sea-

son. The new rice cultivar was named in memory of Martha Ahrent, a member of the

Rice Research and Promotion Board, who died on August 4, 2000. Ahrent rice (Oryza

sativa L.) is a high-yielding, very-short-season, blast-resistant long-grain rice cultivar

developed by the Arkansas Agricultural Experiment Station. Ahrent originated from

the recurrent selection program for increased sheath blight tolerance. The major ad-

vantages of Ahrent, over ‘Drew’, are its shorter plant height, earlier maturity, and

increased rough rice grain yields. Ahrent, like Drew, has good blast resistance, stiff

straw, and good milling yield. Ahrent is similar in maturity to ‘Cocodrie’ and moderately

susceptible to sheath blight, like Drew or ‘LaGrue’. The major disadvantages of Ahrent

are susceptibility to grain discoloration resulting in pecky rice similar to the medium-

grains and its average straighthead tolerance, which issimilar to ‘Kaybonnet’.

INTRODUCTION

The release of the new rice cultivar, Ahrent, is dedicated to Martha Ahrent for her

diligent service to the rice industry at the local, state, national, and international levels.

Martha was a member of the Arkansas Rice Research and Promotion Board from 1991

until her death on 4 August  2000, and she was elected Chairman in 1999. She was also

a member of the Board of Directors of the Arkansas Farm Bureau Federation. Her
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diligent support of research and variety development during her tenure on the Rice Re-

search and Promotion Board, helped to make this and other excellent rice lines possible for

the future. Ahrent was developed in the rice improvement program at the University of

Arkansas Rice Research and Extension Center (RREC) near Stuttgart, Arkansas, and has

been released to qualified seed growers for the 2001 growing season. Ahrent, like Drew, is

resistant to rice blast and will offer the Arkansas rice producers another blast resistant

alternative rice cultivar. Ahrent was developed with the use of rice grower check-off funds

distributed by the Arkansas Rice Research and Promotion Board.

PROCEDURES

Ahrent originated from the C3 cycle of a recurrent selection program to increase

sheath blight tolerance (Moldenhauer et al., 1994). So plants were screened for their

tolerant disease reaction (disease scale 0 = no disease; 9 = maximum disease) to the

pathogen Rhizoctonia solani Kühn in inoculated field plots. Parents for each cycle of

selection were the most tolerant So plants from the most tolerant crosses. Parents were

those having a tolerant sheath rating of 1-3 indicating a reduced vertical disease pro-

gression relative to nearby susceptible plants, which rated a 6 or more. The plants were

kept in families (by cross); selections were made within the families; and selected So

plant were crossed between families in most cases. The recurrent selection population

for Ahrent (cross no. 880427, made in 1988) involved the following cultivars: ‘Vista’,

‘Nortai’, ‘Lemont’, ‘L-201’, STG77M11697, ‘Katy’, ‘Tebonnet’, and ‘Labelle’.

Vista (Jodon et al., 1973) released in 1971, is a very-short-season medium-

grain with some blast resistance. Nortai (Johnston et al., 1973) is a midseason

short-grain cultivar with good sheath blight tolerance, which was released in 1972.

Lemont (Bollich et al., 1985 ) is a high-yielding midseason long-grain semidwarf

cultivar, which is very susceptible to sheath blight, released in 1983. L-201 (Tseng

et al., 1979) is a long-grain rice with sheath blight tolerance. STG77M11697 is from

the cross CI9628//Northrose/Zenith; CI9628 is a medium-grain gold hulled selec-

tion from Rexoro//Lacrosse/Magnolia. ‘Rexoro’, ‘Lacrosse’, and ‘Magnolia’ have

been described by Johnston (1958). ‘Northrose’ (Johnston et al., 1965), released in

1962, is a short-season medium-grain cultivar with some sheath blight tolerance.

‘Zenith’ (Johnston et al., 1950) is a medium-grain selection out of ‘Blue Rose’, with

sheath blight tolerance released in 1936. Katy (Moldenhauer et al., 1990), released

in 1989, is a blast-resistant midseason long-grain rice cultivar with good sheath

blight tolerance. Tebonnet (Kuenzel et al., 1985), released in 1984, is a short-season

long-grain rice cultivar with moderate sheath blight tolerance. Labelle (Bollich et

al., 1973), is a very-short-season long-grain cultivar, which is very susceptible to

sheath blight, released in 1972.

The experimental designations for early evaluation of Ahrent were RU9901030,

RU9401188 and STG92L03-042, starting with a bulk of S4 seed from the 1992 panicle row

L03-042. Ahrent was tested in the Arkansas Rice Performance Trials (ARPT) during 1995,
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1998 to 2000 and the Cooperative Uniform Regional Rice Nursery (URRN) during 1999

and 2000 as entry RU9901030 (RU number indicated Cooperative Uniform Regional

Rice Nursery; 99 indicates year entered; 01 indicates Stuttgart, Arkansas; and 030 its

entry number).

In 1995 the ARPT was conducted at five locations in Arkansas: RREC; Northeast

Research and Extension Center, Keiser (NEREC); Pine Tree Branch Experiment Station,

Colt (PTBES); Southeast Branch Experiment Station, Rohwer (SEBES); and Rice Re-

search Farm in Campbell, Missouri (MO), with three replications per location. In 1998

and 1999 the ARPT was grown at the four locations in Arkansas, and in 2000, the ARPT

was grown at the RREC; PTBES; SEBES; Jackson Co producer field near Newport,

Arkansas; and MO with three replications per location, to reduce soil heterogeneity

effects and to decrease the amount of experimental error. Ahrent was also grown in

1999 and 2000 in group II of the Uniform Regional Rice Nursery (URRN) at RREC;

Stoneville, Mississippi; Beaumont, Texas; and Crowley, Louisiana. Data collected from

these tests included plant height, maturity, lodging, kernel weight, percent head rice,

percent total rice, and grain yield adjusted to 12% moisture as well as disease reaction

information. Cultural practices varied somewhat among locations, but overall the trials

were grown under conditions of high productivity as recommended by the University

of Arkansas Cooperative Extension Service Rice Production Handbook (CES, 1996).

Agronomic and milling data are presented in Tables 1, 2, and 3. Disease ratings, which

are indications of potential damage under conditions favorable for development of

specific diseases, have been reported on a scale from 0 = least susceptible to 9 = most

susceptible. Straw strength is a relative estimate based on observations of lodging in field

tests using the scale from 0 = very strong straw to 9 = very weak straw or totally lodged.

RESULTS AND DISCUSSION

Results are presented in Table 1 for Ahrent and other cultivars grown in the ARPT.

Rough rice grain yields of Ahrent have been consistently 10 bu/acre higher than those of

Drew and Kaybonnet in the ARPT for all three years. In 12 ARPT tests from 1998 to

2000 (Table 1), Ahrent, Wells, LaGrue, Kaybonnet, Drew, Jefferson, and Cocodrie had

mean grain yields of 164, 169, 170, 148, 154, 142, and 156 bu/acre [120 g kg-1 (12%)

moisture], respectively. Results from the URRN (Table 2) conducted at Arkansas, Loui-

siana, Mississippi, and Texas during 1999 to 2000 showed that Ahrent had a mean grain

yield of 179 bu/acre compared to the yields of Wells, LaGrue, Drew, Kaybonnet,

Jefferson, and Cocodrie at 209, 216, 191, 192, 172 and 198 bu/acre, respectively. In the

URRN, only direct comparisons can be made with Wells and LaGrue because the other

cultivars were not in the same maturity groups. Milling yields (mg g-1 whole

kernel:mg g-1 total milled rice) at 120 mg g-1 moisture in the ARPT from 1998 to 2000

averaged 620:690, 590:720, 600:700, 610:700, 620:710, 550:690, and 650:710 for Ahrent,

Wells, LaGrue, Kaybonnet, Drew, Jefferson, and Cocodrie, respectively. Milling yields
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for the URRN in 1999 and 2000 averaged 550:680, 540:710, 530:680, 560:690, 570:700, 540:690,

and 610:700 for Ahrent, Wells, LaGrue, Kaybonnet, Drew, Jefferson, and Cocodrie, respec-

tively.

Ahrent is similar  in maturity to Cocodrie. Ahrent, like LaGrue and Newbonnet,

has greater straw strength, an indicator of lodging resistance, than Katy, Kaybonnet,

or Drew. On a relative straw strength scale (0 = very strong straw, 9 = very weak straw)

Ahrent, Drew, Newbonnet, Katy, Kaybonnet, and Lemont rated 3, 4, 4, 5, 5, and 1,

respectively. Ahrent is approximately 40 to 41 inches in plant height compared to Drew

and LaGrue at 44 to 45 inches and Cypress at 38 to 39 inches in plant height.

Ahrent, like Kaybonnet and Drew, is resistant to rice blast [Pyricularia grisea

(Cooke) Sacc.] races IB-1, IB-17 IB-45, IB-49, IB-54, IC-17, IE-1, IG-1, and IH-1, rating a

3,1, 1, 2, 0, 3, 1, 3, and 1, respectively, on a disease scale of 0 = immune, 9 = maximum

disease. Like Katy, Kaybonnet, and Drew, Ahrent is susceptible to the blast races IB-33

and IE-1K, rating 7 and 8, respectively. Ahrent is rated moderately susceptible-susceptible

(MS-S) to sheath blight (Rhizoctonia solani Kühn), which compares with Wells, MS-S;

LaGrue, S; Drew, MS; Kaybonnet, MS; Jefferson, MS; Cocodrie, S- very S (VS); and

Cypress, S-VS. Preliminary results show that Ahrent is rated moderately resistant (MR)

to kernel smut [Tilletia barclayana (Bref.) Sacc. & Syd. in Sacc.] which compares with

Wells, MR; LaGrue, VS; Kaybonnet, MS; Drew, MS; Jefferson, S; and Cocodrie, VS.

Ahrent is rated MR to leaf smut (Entyloma oryzae Syd. & P. Syd.), resistant (R) to

brown spot [Cochliobolus miyabeanus (Ito & Kuribayashi in Ito) Drechs. ex Dastur],

S to narrow brown leaf spot (Cercospora oryzae Miyake), and MS to false smut

[Ustilaginoidea virens (Cooke) Takah]. Ahrent, like Wells, Newbonnet, and Cypress,

appears to be very susceptible to discolored kernels caused by the rice stink bug

(Oebalus pugnax).

Ahrent has erect culms, green erect leaves, and glabrous lemma, palea, and leaf

blades. The lemma and palea are straw colored with mainly purple colored apiculi, and

some short tip awns on the lemma at maturity. The purple apiculi color often fades to

brown color at maturity. Individual milled kernel weights of Ahrent, Wells, LaGrue,

Kaybonnet, Drew, Jefferson, and Cocodrie averaged 16.7, 18.5, 17.7, 15.0, 15.8, 19.4, and

17.5, respectively, in the ARPT in 1999 and 2000.

The endosperm of Ahrent is nonglutinous, nonaromatic, and covered by a light

brown pericarp. Results from the Cooperative Regional Rice Quality Laboratory at

Beaumont, Texas, indicate that Ahrent has typical southern U.S. long-grain cooking

quality characteristics as described by Webb et al. (1985). Ahrent has an average

apparent starch amylose content of 20.5 g kg-1 in 1999 and 2000, which was similar to

Wells in the same tests, and an intermediate gelatinization temperature (70-75°C), as

indicated by an average alkali (17 g kg-1 KOH) spreading reaction of 3 -5.

SIGNIFICANCE OF FINDINGS

The release of Ahrent offers producers a new blast resistant, early-maturing,
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shorter-strawed alternative to Drew with good milling and rough rice yield potential.

Ahrent also maintains good quality characteristics and plant type with relatively good

levels of sheath blight tolerance.
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grain quality and marketing. IRRI, Manila, Philippines.
Table 1. Three-year average agronomic data from the 1998 to 2000

Arkansas Rice Performance Trials for Ahrent and other cultivars from 12 tests:

RREC (3), PTBES (3), SEBES (2), NEREC (2), Jackson Co. (1), and Missouri (1)z.

Grain Maturity days to Kernel Milling

Variety yield Height (50% HD)y weight yieldx

(bu/acre) (in.) (days) (mg)

Ahrent 164 40 82 16.8 63:70

Wells 169 41 85 18.4 59:73

LaGrue 170 44 85 17.6 61:71

Kaybonnet 148 44 84 14.8 62:71

Drew 154 44 87 15.7 62:71

Cocodrie 156 38 82 17.2 66:72

Cypress 146 37 85 16.9 67:72

Jefferson 142 35 79 19.5 55:70

z 1998 and 1999 consisted of four locations, Rice Research and Extension Center (RREC),

Stuttgart, Arkansas; Pine Tree Branch Experiment Station (PTBES), Colt, Arkansas;

Northeast Research and Extension Center, (NEREC), Keiser, Arkansas; and Southeast

Branch Experiment Station (SEBES), Rowher. 2000 consisted of four locations: RREC;

PTBES; Jackson Co. Farmer Field, Newport, Arkansas; and Campbell, MO.
y 50% HD = 50% of the heads or panicles have emerged from the boot.
x HR:TOT = ratio of head rice to total milled rice.

Table 2. Two-year average agronomic data for Wells and

other cultivars from the 1999 and 2000 Uniform Regional Rice Nursery

grown at the Rice Research and Extension Center near Stuttgart, Arkansas.

Grain Maturity days to Kernel Milling

Variety yield Height (50% HD)z weight yieldy

(bu/acre) (in.) (days) (mg)

Ahrent 175 40 86 16.4 57:71

Wells 197 43 87 19.1 57:73

LaGrue 201 47 87 18.2 59:71

Kaybonnet 184 42 86 15.6 58:71

Drew 180 44 88 16.3 57:72

Cocodrie 193 37 86 18.1 61:72

Cypress 171 37 88 17.9 61:72

Jefferson 160 38 82 19.8 48:71

z 50% HD = 50% of the heads or panicles have emerged from the boot.
y HR:TOT = ratio of head rice to total milled rice.
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BAR GENE TRANSFER FROM

TRANSGENIC RICE (Oryza sativa) TO RED RICE (Oryza sativa)

C.C. Wheeler, D. Gealy, and D.O. TeBeest

ABSTRACT

There are many new developments in biotechnology, and among them are

transgenic glufosinate-tolerant rice cultivars, which appear to provide a solution to the

question of controlling red rice in cultivated rice. However, outcrossing between red

rice and cultivated rice has been documented since 1961, and this is an issue that

should be addressed first. Field and greenhouse experiments were conducted to deter-

mine if glufosinate-tolerant genes were transferred to red rice by outcrossing with

transgenic white rice and at what rate the outcrossing occurred. Preliminary review of

the data gathered from experiments in which seedlings were treated with glufosinate

suggests that red rice seedlings resistant to glufosinate are produced in significant

numbers as a result of out-crossing; however, molecular evidence of gene transfer is

needed to confirm gene transfer to red rice.

INTRODUCTION

Interference from red rice was first recognized in the United States in North and South

Carolina in 1846 (Craigmiles, 1978). In 1978, Hoagland and Paul (1978) discovered that the

similar morphological characteristics of red rice and domestic white rice make selection with

commercial herbicides almost impossible. The weediness of red rice is attributed to its

competitiveness with cultivated rice, because as few as 5 plants/m2 have reduced rice grain

yields by 22%, and in severe cases yields can be reduced by 82% from season-long

interference (Diarra et al., 1985). Quality reductions would result in additional losses. De-

spite moderate successes in controlling red rice by preemergence herbicide treatments

(Smith, 1981), effective postemergence control of red rice in rice remains a problem.
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Cao et al. (1992) regenerated glufosinate-tolerant rice with the gene that inacti-

vates the herbicide Liberty (glufosinate), a broad-spectrum herbicide. In theory, ex-

pression of resistance in a rice cultivar would permit applications of glufosinate with

little injury to rice while effectively controlling infestations of the genetically suscep-

tible red rice. Sanklula et al. (1997) found that glufosinate-tolerant ‘Gulfmont’ was not

injured and yields were not affected when treated with 2.2 kg/ha of glufosinate, an

amount well above the recommended rate of 0.42 kg/ha.

However, Oka and Chang (1961) showed that there was natural hybridization

(out-crossing) between red rice and rice cultivars. In controlled experiments there was

a natural range of outcrossing of from 1% in red rice populations with the cultivar

‘Lemont’ to a much higher level of 52% with ‘Nortai’. The greater number of positive

outcrosses with Nortai was attributed to a later flowering time and the overlapping of

flowering with the red rice type used in the experiments. These results suggest that the

later season cultivars may have a higher incidence of hybridization and introgression

with red rice. Thus, previous work suggests there is significant evidence that red and

white rice will cross, and that genes placed in rice will move to red rice through genetic

recombination and, in effect, cause red rice to become genetically resistant to glufosinate.

Oard et al. (2000) found that the inheritance of glufosinate resistance was exhib-

ited in normal Mendelian fashion in only 40% of the F2 populations. This was attrib-

uted to genetic instability or gene silencing of the bar gene. Oard et al. (2000) also

found that the transfer of the bar gene to red rice did not increase or decrease the

values for fitness traits such as dormancy or seed production – factors that contribute

to the reproductive success of many red rice biotypes.

Therefore, our objectives were to test whether a gene conferring resistance to

glufosinate in three transgenic white rice cultivars could be horizontally transferred to

eight red rice types found in Arkansas by outcrossing in a simulated field experiment,

and to determine the rate of outcrossing from phenotypic and genotypic evidence.

PROCEDURES

In 1998 and 1999, three experiments were conducted to test the hypothesis that

the bar gene will flow from transgenic white rice cultivars to eight red rice ecotypes. In

these experiments, three transgenic cultivars (Gulfmont, ‘Cypress’, and ‘Bengal’) were

seeded as a hill into the centers of small plastic pools and eight red rice ecotypes

(varying in maturity date) (Table 1) were seeded in pots as hills placed in circular

fashion around the transgenic plant hill in each pool. Each hill contained 10 plants of

one of the three glufosinate-resistant cultivars or 10 plants of one of the red rice lines

(STS, 110, 15A, Stg.B, 14F, TX4, 108, or #8). Pots were approximately 25 cm from the

transgenic plants. Two plastic pools were used for each of the transgenic lines (for a

total of six pools in the experiment) to allow for two replications of each cultivar. The

plants were grown without restriction until after flowering had been completed. Upon
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completion of flowering, heads on the plants of all hills were bagged to minimize loss

and bird depredation. After bagging, plants were brought in to the greenhouse to fully

mature. A similar experiment was conducted in 2000 with each cultivar replicated three

times (data not shown). Random samples of 100 seeds from each hill were seeded in the

greenhouse. Ten seeds were seeded in each pot and each treatment was replicated 10

times. The experimental design was a randomized complete block. Parental transgenic

seed were also seeded in each replication as controls. The seedlings were grown to a 1-

to 3-leaf stage (about 2 weeks) and then sprayed with 0.42 kg/ha of glufosinate in a

spray chamber. The plants were rated for percent injury as compared to the transgenic

rice at 7 and 14 days after treatment. All plants that were not killed after 14 days were

kept for tissue extraction.

RESULTS AND DISCUSSION

The incidence of putative resistance to glufosinate has been determined for the

first field experiment conducted in 1998. The data show that red rice seedlings express-

ing the phenotype of resistance to bialaphos (survival) were found in all red rice:white

rice combinations in all replications (Table 2). The mean level of resistance (survival)

across biotypes and cultivars ranged from 0.8 to 19.7%. Closer inspections of the

cultivar:biotype interactions have been done, and in general, the phenotypic expres-

sion of resistance was found in a higher number of the red rice R6 biotype seedlings

than in the red rice biotype R2. Preliminary review of the data suggests that red rice

seedlings resistant to treatment with glufosinate are produced in significant numbers

as a result of out-crossing. Molecular evidence is needed to confirm gene transfer to

red rice. The DNA from 800 seedlings has been isolated and experiments to identify the

phenotypic and genotypic expression of resistance in seedlings grown from seed

collected in 2000 are under way.

SIGNIFICANCE OF FINDINGS

Gene transfer from rice to red rice is no longer a question; however, the level of

transfer and the genetic proof of transfer still remains to be clarified. Under certain condi-

tions, it may be possible to have very high levels of outcrossing. This phenomenon could

lead to potentially significant effects for growers using all types of transgenic rice.
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Table 1. List of codes and descriptions of rice

and red rice lines used in experiments.

Code Description/Name

R1 Red rice - Stuttgart strawhull

R2 Red rice - 11 D

R3 Red rice - 15 A

R4 Red rice - Stuttgart  blackhull

R5 Red rice - 14 F

R6 Red rice - TX 4

R7 Red rice - 10A

R8 Red rice - #8

T1 Transgenic rice - Glufosinate-tolerant Bengal

T2 Transgenic rice - Glufosinate-tolerant Cypress

T3 Transgenic rice - Glufosinate-tolerant Gulfmont
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Table 2. Mean percentages of red rice seedlings resistant to

glufosinate found among red rice seedling grown from

seed collected at Fayetteville after treatment with glufosinate.

Replicate

Biotype 1 2 3 Meanz

(%)

R1 1.2 3.3 4.6 3.0

R2 0.9 7.7 11.5 6.7

R3 0.0 0.3 2.0 0.8

R4 0.3 1.3 2.8 1.5

R5 0.0 1.6 5.7 2.4

R6 12.0 27.5 19.6 19.7

R7 2.6 5.1 9.3 5.7

R8 0.0 3.8 8.2 4.0

z Means of three rice genotypes (T1, T2, and T3) for each red rice biotype for each of three

replicated experiments.

Table 3. The mean percentages of red rice seedlings resistant to glufosinate

found among samples of specific red rice biotype and rice cultivar interactions.

Replicate

Biotypez Cultivar 1 2 3 Mean

(%)

R2 T1 1.6 2.1 11.1 4.9

T2 1.0 10.1 12.8 7.9

T3 0.0 11.0 10.6 7.2

R6 T1 10.9 39.9 236.7 25.8

T2 8.3 17.5 14.9 13.6

T3 16.9 24.9 17.1 19.6

z R2 is a strawhull type of red rice; R6 is a blackhull type of red rice.
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ISOLATION OF DEFENSE-RELATED RICE GENES BY DIFFERENTIALLY

SCREENING A BLAST FUNGUS-INDUCED cDNA LIBRARY

L. Xiong, M. W. Lee, M. Qi, and Y. Yang

ABSTRACT

Identification of host genes involved in defense responses is one of the most critical

steps leading to the elucidation of disease-resistance mechanisms in plants. To isolate

defense-related genes from a tropical japonica rice cultivar (Oryza sativa spp. japonica cv.

‘Drew’), a blast fungus (Pyricularia grisea)-induced rice cDNA library was differentially

screened using bacterial colony arrays. Among 12,000 clones screened, 96 clones appeared

to be differentially expressed in response to blast infection. Sequence analysis reveals that

these 96 clones belong to 31 putative rice genes or gene families. Most of them are full-

length cDNAs encoding pathogenesis-related (PR) genes (such as PR-1, chitinase, and

PBZ1) or other defense-related rice genes (such as glutathione S-transferase, lipid transfer

protein, and receptor-like protein kinase). RNA blot analyses demonstrate that 22 of them

are induced or suppressed by blast infection. Further characterization of these genes will

likely enhance our understanding of disease-resistance mechanisms in rice.

INTRODUCTION

Induction of disease resistance in plants involves a complex network of signal

perception, amplification, and transduction, which includes receptor-mediated recog-

nition of invading pathogens, protein phosphorylation cascades, ion fluxes, oxidative

bursts, generation of secondary signals, and activation of various defense-related

genes (Yang et al., 1997). During the past decade, extensive efforts have been made to

identify signaling components and defense-related genes in dicotyledonous species

such as tobacco and Arabidopsis. However, very little is known about defense-signaling
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mechanisms in rice, a monocot model and economically important cereal crop. To date,

only a limited number of defense-related genes (e.g., PR-1, ß-glucanase, chitinase,

phenylalanine ammonia lyase, HMG-CoA reductase; Nelson et al., 1994; Simmons et

al., 1992; Zhu and Lamb 1991; Zhu et al., 1995; Xu et al., 1996) have been isolated from

rice and implicated to be involved in disease-resistance responses. Most recently,

differential display analysis has been used to identify fungal elicitor-responsive genes

from rice cell suspensions (Kim et al., 2000). In this study, we have used a differential

screening method to isolate a large number of defense-related genes from a blast

fungus (Pyricularia grisea)-induced rice cDNA library.

PROCEDURES

Plant Treatments and RNA Isolation

Mature seeds of Arkansas rice cultivar Drew (Oryza sativa spp. japonica) were

germinated and grown in a growth chamber at 28°C under a 14-hr light. Sixteen-day-old

seedlings were infected with rice blast fungus by spraying fungal spores at the con-

centration of 750,000 spores/ml. Total mRNAs were isolated from the mixed sample of 1,

2, 3, and 4 days post-infected leaves by using Poly (A) Pure Kit (Ambion, Austin,

Texas) according to the manufacturer’s instruction. The purified mRNAs were used for

construction of the blast fungus-induced cDNA. In addition, total RNAs from infected

and non-infected leaves were also extracted individually for differential screening.

Differential Screening of Blast Fungus-Induced cDNA Library

Bacterial colonies containing blast fungus-induced cDNAs were arrayed onto

nylon membranes using 96-pin printer (Nalge Nunc) and grown on LB-kanamycin agar

for 12 to 16 hr. Nylon membranes with colonies facing up were placed on a 3 MM paper

soaked with denaturalization solution (0.5 M NaOH, 1.5 M NaCl) for 5 min, then trans-

ferred onto another 3MM paper soaked with neutralization solution (0.5 M Tris-HCl,

pH 7.4, 1.5 M NaCl) for 5 min. After UV cross-linking, two identical sets of colony blots

were used for differential screening.

Forty micrograms of total RNAs from blast fungus-infected and non-infected

leaves were reverse-transcribed to produce first strand cDNA with Superscript reverse

transcriptase (Life Technology). Radiolabelled [α–32P]-dCTP was incorporated during

the cDNA synthesis. The labeled cDNA probes from infected and non-infected samples

were hybridized to two identical colony blots, respectively. Hybridization was per-

formed at 68°C overnight with PerfectHyb Plus hybridization buffer (Sigma). Nylon

Blots were washed for 15 min each with 2X SSC/0.1% SDS and 1X SSC/0.1% SDS at

68°C. After exposure to Kodak films, differential hybridized colonies were selected for

further differential screening, sequencing, and RNA blot analysis.
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RNA Blot Analysis

Ten micrograms of total RNAs were separated on a 1.2% formaldehyde agarose

gel and transferred onto nylon membrane. Inserts of cDNAs from differentially ex-

pressed clones were labeled with [α–32P]-dCTP by random priming. After overnight

hybridization with PerfectHyb Plus hybridization buffer (Sigma), nylon blots were

washed with SSC/SDS solutions and then used for autoradiography.

Sequence Analysis

Plasmids containing blast fungus-induced rice cDNAs were prepared using

Qiagen Miniprep or Midiprep kits (Qiagen, Germany) and sequenced at 5’ end by

automated sequencing. The resulting cDNA sequences were analyzed using BLASTX

or BLASTN programs (Altschul et al., 1990).

RESULTS AND DISCUSSION

We have successfully conducted differential screenings of a blast fungus-in-

duced rice cDNA library using bacterial colony arrays. As shown in Fig. 1A, in which

288 clones were arrayed in triplicate, most clones showed similar signal intensity

during the differential screenings. However, some exhibited significant differences in

signal intensity, suggesting that they were differentially expressed in response to

blast infection. Among 12,000 differentially screened clones, 92 clones appear to be

up-regulated by blast infection, whereas 4 clones exhibited down-regulation after blast

infection. We have partially sequenced the 96 differentially hybridized cDNA clones

from the 5’ end and conducted a homology search using the BLAST program. Sequence

analysis indicates that these 96 clones belong to 31 putative rice genes or gene fami-

lies, including 28 genes that share significant sequence similarity with other plant

genes with known functions.

To confirm their differential expression, RNA blot analyses were performed indi-

vidually with all of the 31 genes as shown by representative blots in Fig. 1B. Twenty-

two rice genes were demonstrated to be blast fungus-responsive (BFR, see Table 1),

including 20 up-regulated genes and two (BFR09 and BFR18) down-regulated genes.

Among the 22 genes, eight of them share a high degree of sequence similarity to

previously identified pathogenesis-related or stress-inducible genes. They are rice

probenazole-induced protein (PBZ1) (BFR01), rice chitinase class III (BFR02),

glutathionine S-transferase (GST) (BFR04), ADP ribosylation factor (ARF) (BFR05),

pathogenesis-related protein class I (PR-1) (BRF06), metallothionein-like protein

(BFR12), lipid transfer protein (BFR14), and late-embryogenesis protein lea-5 (BFR20).

The sequence of BFR01 is identical to PBZ1 (Midoh et al., 1996), and therefore it is

considered as the same gene. At the amino acid level, BFR06 is 100% identical to a rice

basic PR-1 protein (Bhargava and Hamer, accession no. U89895) and 56% identical to



41

  B.R. Wells Rice Research Series 2000

an acidic PR-1 protein that was recently found in rice (Agrawal et al., 2000). Clone

BFR03 is 84% identical at the amino acid level to a MYB DNA-binding protein found in

Arabidopsis (Schaffer et al., 1998). Interestingly, the transcript of this gene is quickly

accumulated at 1 day after blast fungus infection and then dropped to basal level (Fig

1B). Both BFR16 and BFR18 clones exhibit significant sequence homology to receptor-

like protein kinase genes. RNA blot analyses showed that the expression of BFR16 was

induced upon blast fungus infection, whereas transcripts of BFR18 were suppressed at

1 day after blast fungus infection and then restored to basal levels of expression (Fig

1B). However, neither clone exhibited significant sequence homology to Xa21, a rice

resistance gene that also encodes a receptor-like protein kinase (Song et al., 1995). It

will be interesting to further characterize these two receptor kinase genes and to deter-

mine their role in defense-signal transduction and disease resistance. The remaining 11

cDNA clones listed in Table 1 share homology with various types of genes that were

not reported to be pathogen-inducible. Further experiments are needed to confirm their

involvement in rice defense responses.

SIGNIFICANCE OF FINDINGS

Although a large number of defense-related genes have been identified in

Arabidopsis, tobacco and other dicots during the past decade, the corresponding work in

rice and other monocots is still lacking. In this study, we have identified 22 defense-related

genes from the Arkansas rice cultivar Drew by differential screening of a blast fungus-

induced rice cDNA library. Many of these genes are excellent markers for studying disease-

resistance responses in rice. Some of them are potentially useful for genetically engineering

transgenic rice with enhanced disease resistance and stress tolerance.
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Table 1. Blast fungus-responsive rice genes

identified by the differential screening and RNA blot analyses.

Clonez Accession no. Highest homologyy E-valuex

BFR01 BF889432 Probenazole-inducible protein PBZ1[Oryza sativa] 1E-100

 (D38170)

BFR02 BF889433 Chitinase (EC 3.2.1.14) III [Oryza sativa] (C10728) 2E-34

BFR03 BF889434 MYB-related DNA binding protein [Arabidopsis 1E-32

thaliana] (AC005310)

BFR04 BF889435 Glutathione S-transferase TSI-1 [Aegilops 2E-26

tauschii] (AF004358)

BFR05 BF889436 ADP-ribosylation factor [Oryza sativa] (D17760) 1E-87

BFR06 BF889437 Pathogenesis-related protein class 1 (PR-1) [Oryza 1E-150

sativa] (U89895)

BFR07 BF889438 Glycine-rich cell wall protein (Angrp-1) gene [Oryza 1E-140

sativa] (U40708)

BFR08 BF889439 Glycine-rich protein mRNA [Oryza sativa] (AF001894) 5E-58

BFR09 BF889440 Carbonic anhydrase [Oryza sativa] (AB016283) 1E-69

BFR10 BF889441 Phosphoglycerate kinase [Triticum aestivum] 1E-103

 (X15232)

BFR11 BF889442 Neutral invertase, putative [Arabidopsis thaliana] 2E-7

(AC020580)

BFR12 BF889443 Metallothionein-like protein [Oryza sativa] (U18404) 2E-18

BFR13 BF889444 Victorin binding protein [Avena sativa] (U11693) 6E-20

BFR14 BF889445 Lipid transfer protein [Oryza sativa] (AF051369) 4E-15

BFR15 BF889446 Pyruvate dehydrogenase kinase isoform 2 (PDK2) 2E-48

 [Zea mays] (AF038586)

BFR16 BF889447 Somatic embryogenesis receptor-like kinase 9E-33

 [Daucus carota] (U93048)

BFR17 BF889448 RNA binding protein [Arabidopsis thaliana] 1E-23

 (AB008022)

BFR18 BF889449 Putative receptor-like protein kinase [Arabidopsis 2E-70

thaliana] (AL163527)

BFR19 BF889450 Glycine-rich RNA-binding protein [Oryza sativa] 2E-12

 (AF009411)

BFR20 BF889451 Late-embryogenesis protein lea-5 [Nicotiana 2E-8

tabacum]  (T01984)

BFR21 BF889452 Probable UDP-glucose 4-epimerase [Pyrococcus 2E-7

horikoshii] (H71145)

BFR22 BF889453 Ribulose-1,5-bisphosphate carboxylase/oxygenase 1E-70

activase [Oryza sativa] (U74321)

z Listed are the cDNA clones that are induced or suppressed (BFR09 and BFR18) by blast

infection as confirmed by RNA blot analyses.
y Homology search was conducted using the NCBI BLAST program. The closest homologue,

together with its origin (species and accession number), was listed for each clone.
x The E-value was used to indicate the significance of sequence similarity.
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Fig. 1. Identification of rice genes differentially expressed in response to

blast infection. (A) Differential screening of a blast fungus-induced cDNA library.

Bacterial cells carrying cDNA clones were arrayed in triplicate onto a nylon

membrane and hybridized with [ααααα–32P]-dCTP labeled control (non-induced) and

blast fungus-induced cDNA respectively. Four differentially hybridized clones,

corresponding to clone BRF03 (a), BRF04 (b), BRF06 (c) and BRF15 (d), were

highlighted with boxes. (B) RNA blot analysis of differentially expressed rice

genes. RNA blots were prepared from total RNAs (10 µµµµµg each lane), isolated from

water-treated (control) and blast fungus-infected (1, 2, 3, and 4 d after infection)

rice seedlings (two-week-old) and hybridized individually with 31 distinct cDNA

clones. Nine representative blots are shown in the figure.
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ONGOING STUDIES: BREEDING, GENETICS, AND PHYSIOLOGY

IDENTIFICATION OF DEFENSE-RELATED IMMEDIATE EARLY GENES

FROM RICE BY SUPPRESSION SUBTRACTIVE HYBRIDAZATION

L. Xiong, M. Qi, and Y. Yang

ABSTRACT

A major objective in studying plant disease resistance is to identify signaling

components involved in host defense responses. In this study, we have employed

suppression subtractive hybridization technology to identify defense-related immedi-

ate early (IE) genes whose transcription is independent of de novo protein synthesis.

The initial screening of only 768 subtracted clones resulted in the identification of 34

distinct IE genes that are induced by jasmonic acid (JA), benzothiadiazole (BTH) and/or

blast infection. Database searches revealed that these IE genes encode putative mito-

gen-activated protein kinase, diacylglycerol kinase, zinc finger protein, RelA/SpoT

protein, ankyrin-containing protein, ABC transporter, β-ketoacyl-CoA synthase, and

other potential defense signaling components. Further characterization of these novel

IE genes should facilitate the elucidation of defense-signal transduction in rice plants.

INTRODUCTION

Endogenous signal molecules such as salicylic acid (SA) and JA play an impor-

tant role in induced resistance against pathogen infection and insect herbivory. Syn-

thetic analogues of SA such as BTH have been used commercially for disease control

in the field. However, the SA- and JA-mediated defense signal transduction is largely

unknown in rice, a model of monocots and one of most important crops. To date, only

a few genes encoding signaling components (e.g., small-GTP binding protein, MAP

kinase; Kawasaki et al., 1999; He et al., 1999; Kim et al., 1999) have been isolated from

rice and implicated to be involved in host defense response.
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It is known that many defense signaling components are encoded by IE genes

whose transcription is insensitive to cycloheximide (CHX, an inhibitor of protein syn-

thesis) and therefore independent of de novo protein synthesis (Horvath and Chua,

1996). In contrast, induction of PR and many other defense genes is sensitive to CHX

and requires the synthesis of new proteins such as transcription factors. In this study,

we have employed suppression subtractive hybridization technology (Diatchenko et

al., 1996), in combination with use of cycloheximide (CHX), to isolate, low abundant,

and novel IE genes that encode potential defense signaling components.

PROCEDURES

Plant Treatments and RNA Isolation

Two-week-old rice seedlings were treated with water (as control), BTH (0.4 mM),

CHX/BTH (pretreated with 0.3 mM CHX at 30 min before treatment of 0.4 mM BTH), JA

(0.2 mM), and CHX/JA (pretreated with 0.3 mM CHX at 30 min before treatment of 0.2

mM JA). Total RNAs were isolated by phenol/choroform extraction from leaves at 0.5 h,

1 h and 2 h post-treatment. Subsequently, mRNAs were isolated from equally mixed

total RNAs using Poly (A) Pure Kit (Ambion).

PCR-Select Subtraction and Screening

Subtraction of constitutively expressed transcripts from JA- and BTH-regulated

(both were pretreated by CHX) transcripts was performed by using PCR-select Sub-

traction Kit (Clontech). Briefly, 2 µg each of induced (termed as “tester”) and non-

induced (termed as “driver”) mRNA was reversely transcribed to produce cDNAs with

a primer containing Rsa I site. Two populations of cDNA were digested with Rsa I and

only the tester (i.e., induced cDNA) was further divided into two sub-populations (50

ng each) and ligated with different adaptors provided in the kit. Each ligated tester

cDNA was the mixed with 250 ng of non-ligated driver (non-induced) cDNA, followed

by denaturation at 100°C for 2 min and annealing at 68°C for 8 hr. Annealed samples

were mixed together by adding an additional 300 ng of non-ligated driver cDNA and

kept at 68°C for another 16 hr. After a 20-fold dilution of the finally annealed cDNA

mixture, a 1 µl aliquot was used for PCR amplification (94°C 30s; 66°C, 30s; 72°C, 90s for

27 cycles). The resulting PCR product was amplified again (in principle, only specific or

over-expressed cDNA species in the tester can be exponentially amplified) with nested

primers (94°C, 30s; 68°C, 30s; 72°C, 90s for 12 cycles). Subsequently, secondary PCR

products were ligated into pGEM-T easy vector (Promega) and transformed into E. coli

strain DH5α . Positive clones containing rice cDNA inserts were picked individually

for colony array and differential screening.
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RNA Blot Analysis

Ten micrograms of total RNA were separated on a 1.2% formaldehyde-contain-

ing agarose gel and transferred onto a nylon membrane. Inserts of cDNA from differen-

tially expressed clones were labeled with [α–32P]-dCTP and hybridized to RNA blots in

PerfectHyb Plus hybridization buffer (Sigma). After washing with SSC/SDS solutions,

RNA blots were subjected to autoradiography.

Sequence Analysis

Plasmids containing inducible rice cDNAs were extracted using Qiagen Miniprep

or Midiprep (Qiagen, Germany) and used for automated sequencing. Rice cDNA se-

quences were analyzed with BLASTX or BLASTN programs (Altschul et al., 1990).

RESULTS AND DISCUSSION

We have constructed a subtracted cDNA library using mRNAs isolated from JA/

CHX- and BTH/CHX-treated leaves of rice seedlings. Among 768 clones screened, 140

clones showed stronger hybridization with the cDNA probe from “tester” mRNAs than

that from “driver” mRNAs (as shown in Fig 1A as examples). After elimination of

redundant clones by cross-hybridization, 38 distinct rice genes were identified. To

confirm their induction by JA, BTH and/or blast fungus, RNA blot analyses were

performed for each of the 38 cDNA clones (Fig. 1B). Strikingly, 34 of them came out to

be JA-, BTH- and/or blast fungus-inducible (Table 1). Most of them (30 out of 34) were

JA-inducible. Only 11 were BTH-inducible, including eight clones that were induced

by both JA and BTH. In addition, 10 out of 34 genes were also induced by an avirulent

isolate of blast fungus.

We have sequenced all 34 cDNAs (with insert sizes of 200 to 600 bp) and con-

ducted a homology search with the BLAST program. In contrast to the differential

screening of blast fungus-induced cDNA library that uncovered mostly known genes,

the majority of IE genes (19 out of 34) identified by subtractive cloning are either

homologous to Arabidopsis genes of unknown function or show no homology with

sequences in the databases (Table 1).

The remaining 15 cDNA clones do share sequence homology with the other

plant genes of known functions, including some involved in defense signal transduc-

tion. However, most of them are novel genes first identified from rice plants and demon-

strated to be associated with defense responses. Clones JBI13 and JBI17 showed a

high sequence homology with a mitogen-activated protein (MAP) kinase from maize

and a MAP kinase kinase kinase (MAP3K) from Arabidopsis respectively. At the

amino acid level, however, JBI13 only shares <30% (within the sequenced region)

sequence identity with BWMK1, a blast fungus-inducible MAP kinase recently iso-

lated from rice (He et al., 1999). We found that JBI13 was induced by JA, BTH, and blast
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fungus (Fig 3B). JBI17 was also JA-inducible. Since MAP kinases play an important

role in early defense signaling through protein phosphorylation of downstream signal-

ing components including transcription factors (Hirt, 2000), these two novel kinases

may be good candidates for studying the role of MAP kinase cascades in rice defense-

signaling pathways.

In addition, clone JBI14 encodes a protein with significant homology (84% iden-

tity) to an ankyrin-containing protein from Arabidopsis (Lin et al., accession no.

AC016661). Ankyrin repeats are involved in the protein-protein interaction and were

implicated to function as important motifs in some defense-signaling components such

as Arabidopsis NPR1 (Cao et al., 1997). Clone JBI15 shares homology with a gene

belonging to the zinc-finger family that often encodes signaling components such as

transcription factors (Klug, 1999). Clone JBI26 encodes a RelA/SpoT protein that is

conserved throughout prokaryotes and eukaryotes. In E. coli, RelA and SpoT deter-

mine the level of guanosine tetraphosphate and guanosine pentaphosphate, which are

the effector nucleotides of the bacterial stringent response (Cashel et al., 1995). Most

recently, an Arabidopsis RelA/SpoT homologue was shown to physically interact with

the protein encoded by the RPP5 resistance gene and implicated in guanosine phos-

phate signaling (van der Biezen et al., 2000). Clone JBI30 shares homology with a

diacylglycerol kinase that is involved in inositol phosphate signaling (van Blitterswijk

and Houssa, 1999). Clone JBI27 is homologous to an Arabidopsis sequence that en-

codes a potential ATP-binding cassette (ABC) transporter that may be involved in

cellular detoxification mechanisms (Schneider and Hunke, 1998). We also obtained a

clone (JBI33) with an identical sequence to rice SalT gene that was previously reported

to be salt and JA inducible (Moons et al., 1997). Our results showed it was also induced

by blast infection. JBI34, a JA-inducible clone, shares a homology with a putative

glucosyl transferase gene that was induced by JA in tobacco suspension cells (Kojima

et al., accession no. AB000623). The remaining six clones are homologous to a ß-

ketoacyl-CoA synthase (JBI02), ribulose-1,5-bisphosphate carboxylase-oxygenase

activase (JBI12), NAD-malate dehydrogenase (JBI21), OsNAC6 protein (JBI22),

proteosome regulator subunit (JBI28), or NADPH-ferrihemo protein oxidoreductase

(JBI31), respectively. However, the involvement of these proteins in plant defense

responses has not been previously reported.

SIGNIFICANCE OF FINDINGS

We have identified a large number of novel IE genes potentially encoding defense-

signaling components important to rice disease resistance. Further characterization

and functional analysis of these IE genes will not only enhance our understanding of

disease resistance mechanisms in rice, but also will facilitate the development of novel

biotechnological strategies for disease control .
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Table 1. JA-, BTH- and/or blast fungus-induced IE genes (cDNA

fragments) isolated by suppression subtractive hybridization technology.

Inducibilityz

Accession E- Blast

Clone no. Highest homologyy value fungus BTHx JAw

JBI01 BF889454 No homology - - - 0

JBI02 BF889455 Putative beta-ketoacyl-CoA synthase 2E-23 - + 0

[Arabidopsis thaliana] (AC003105)

JBI03 BF889456 An unknown protein [Arabidopsis ] 3E-5 - + 0

thaliana (AC022354)

JBI04 BF889457 No homology - 0 + 0

JBI05 BF889458 No homology - - - 0

JBI06 BF889459 No homology - - - 0

JBI07 BF889460 No homology - - - 0

JBI08 BF889461 Hypothetical protein [Arabidopsis 5E-38 - - 0

thaliana] (T00807)

JBI09 BF889462 Hypothetical protein [Arabidopsis 5E-18 - - 0

thaliana] (T06737)

JBI10 BF889463 No homology - - - 0

JBI11 BF889464 No homology - 0 - -

JBI12 BF889465 Rubisco activase [Oryza sativa] 4E-58 0 + 0

(P93431)

JBI13 BF889466 MAP kinase (high homology one 1E-40 0 + 0

from maize)

JBI14 BF889467 Putative ankyrin-containing protein 2E-34 0 + -

[Arabidopsis thaliana] (AC016661)

JBI15 BF889468 Zinic-finger protein[Triticum 9E-16 0 - 0

aestivum] (S39045)

JBI16 BF889469 Hypothetical protein from 4E-9 - - 0

 [Arabidopsis thaliana] (AC004484)

JBI17 BF889470 MAP3K-like protein kinase 6E-14 - - 0

[Arabidopsis thaliana] (Z99707)

JBI18 BF889471 No homology - 0 - 0

JBI19 BF889472 Hypothetical protein from 5E-13 - + 0

[Arabidopsis thaliana] (AC002335)

JBI20 BF889473 No homology - - - 0

JBI21 BF889474 NAD-malate dehydrogenase 2E-47 - + 0

 [Nicotiana tabacum] (AJ006974)

JBI22 BF889475 osNAC6 protein [Oryza sativa] E-155 0 - 0

(AB028185)

continued
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Table 1. Continued.

Inducibilityz

Accession E- Blast

Clone no. Highest homologyy value fungus BTHx JAw

JBI23 BF889476 No homology - - + 0

JBI24 BF889477 An unknown protein [Arabidopsis E-21 - - 0

thaliana] (AC011663)

JBI25 BF889478 No homology - 0 - 0

JBI26 BF889479 RSH2: Rel/SpoT homology E-32 0 - 0

[Arabidopsis thaliana] (AF225703)

JBI27 BF889480 ATP-binding cassette (ABC) transporter5E-18 0 + -

[Arabidopsis thaliana] (AC007258)

JBI28 BF889481 Putative proteasome regulatory subunit 6E-20 - + -

[Arabidopsis thaliana] (AL049657)

JBI29 BF889482 Unknown protein (BnC24B) E-20 0 - 0

[Brassica napus] (S37133)

JBI30 BF889483 Putative diacylglycerol kinase 3E-53 0 - 0

[Arabidopsis thaliana] (AC005724)

JBI31 BF889484 NADPH-ferrihemo protein oxido- 2E-12 - - 0

reductase [Arabidopsis thaliana]

(S21531)

JBI32 BF889485 Unknown protein [Arabidopsis 4E-53 - - 0

thaliana] (AC006085)

JBI33 BF889486 Salt-stress induced protein (SalT) E-80 0 - 0

 [Oryza sativa] (AF001395)

JBI34 BF889487 Glucosyl transferase [Nicotiana 3E-18 - - 0

tabacum] (AB000623)

z “-”: non-inducible; “+”: inducible.
y Homology search was conducted using the NCBI BLAST program. The closest homologue,

together with its origin (species and accession number), was listed for each clone. The E-

value was used to indicate the significance of sequence similarity.
x BTH = benzothiadinzole.
w JA = jasmonic acid.



  AAES Research Series 485

52

Fig. 1. Identification of rice IE genes induced by JA, BTH, and/or blast fungus.

(A) Screening of differentially expressed cDNA clones from a JA- and BTH-induced

subtracted library. Two identical sets of colony arrays were hybridized,

respectively, with [ααααα–32P]-dCTP labeled control (water-treated) and JA- or

BTH-induced cDNAs. (B) RNA blot analysis of JA-, BTH- and/or blast

fungus-induced IE genes. RNA blots were prepared using mixed RNAs

(10 µµµµµg per lane) obtained at different time points (0.5, 1, and 2 h) after each

treatment. Also included are total RNAs (10 µµµµµg) isolated from water-treated

(control) or blast fungus-infected seedlings (mixed samples from 1, 2, 3, and 4

days post-infection). These RNA blots were probed individually with 34 distinct

cDNA clones that showed differential expression from the array screenings.

Nine representative blots are shown in the figure.
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ONGOING STUDIES: PEST MANAGEMENT: WEEDS

A COMPARISON OF PERMIT, LONDAX, AND

MIXTURES FOR CONTROL OF YELLOW NUTSEDGE

AND BROADLEAF WEEDS IN RICE

F.L. Baldwin, K.L. Smith, and R.E. Talbert

ABSTRACT

Two studies were conducted near Lodge Corner, Arkansas, to compare Permit

(halosulfuron) and Londax (bensulfuron) applied alone and in various combinations

for control of yellow nutsedge (Cyperus esculentus L.) and broadleaf weeds in rice.

Permit applied alone or in combination with propanil was more effective than Londax

applied alone or with propanil for yellow nutsedge control. However, adding very low

rates of Permit to Londax, applied alone or in combination with propanil, increased

yellow nutsedge control to 100%. All treatments were equally effective on hemp sesbania.

INTRODUCTION

Yellow nutsedge (Cyperus esculentus L.) began increasing in Arkansas rice fields

with the use of Facet (quinclorac) in the early 1990s. The use of Command (clomazone)

has further accelerated the shift to this weed. In addition, Command, which was used

on an estimated 80% of the Arkansas rice acreage in 2000, also fails to control rice flat

sedge (Cyperus iria L.) as well as several broadleaf weed species. Prior to the introduc-

tion of Permit (halosulfuron) in 1999, Londax (bensulfuron) or bensulfuron plus propanil

had been the treatments of choice for controlling yellow nutsedge. Earlier research had

shown halosulfuron to be more active on yellow nutsedge, but perhaps less active on

certain broadleaf weeds compared to bensulfuron. It was anticipated that halosulfuron

would rapidly replace bensulfuron in the market. However, in 2000 RiceCo lowered the

price of Duet, a mixture of propanil and bensulfuron, to essentially the same price as



  AAES Research Series 485

54

propanil alone. This sparked tremendous interest by growers. County agents and

extension specialists began receiving numerous telephone calls and requests to com-

pare propanil plus halosulfuron to Duet. Another frequently asked question concerned

the addition of reduced rates of halosulfuron to Duet to increase yellow nutsedge

control. In 2000, two studies were conducted near Lodge Corner (Arkansas County),

Arkansas, to compare various single and combination treatments containing

halosulfuron and bensulfuron.

MATERIALS AND METHODS

Two studies were conducted near Lodge Corner, Arkansas, on a DeWitt silt loam soil.

Conventional seedbed preparation practices were used and rice, Wells variety, was drill

seeded on May 1, 2000. Plots in both studies were 8 ft x 20 ft, arranged in a randomized

complete block design with four replications. Standard water management and nitrogen

fertilizer practices were used. In the first study, Londax/Permit in rice, treatments were

applied to 2- to 3-leaf rice on 23 May 2000 and/or at preflood on 12 June 2000. Visual ratings

were taken on several dates, but the 7 July 2000 rating date is shown. Weeds evaluated were

yellow nutsedge and hemp sesbania (Sesbania exaltata). Rice was harvested and yields

were recorded on 11 October 2000. In this study, 2 applications of Ricestar were made for

grass control. In the second study, Londax plus Permit combinations for nutsedge control,

all treatments were applied preflood on 2 June 2000.  Command was applied at planting in

this study for grass control. The weed species evaluated, as well as the evaluation and

harvest dates, were the same as previously listed.

RESULTS AND DISCUSSION

The weed response and yield data for the Londax/Permit rice study are shown in

Table 1.   There was an excellent infestation of yellow nutsedge and hemp sesbania in

the study area. Due to logistics and major combine repair problems, yields were taken

several weeks after rice maturity. As a result, considerable deterioration and bird dam-

age had occurred. Most treatments provided excellent control of hemp sesbania. Single

applications of Londax, Super Wham (propanil) plus Londax or Duet provided yellow

nutsedge control in the 60 to 80% range. In contrast, the same treatments consisting of

or including the higher rates of Permit, provided 95 to 100% control of yellow nutsedge.

Adding 0.125 to 0.25 oz/acre rates of Permit to either Londax applied alone or Super

Wham plus Londax or Duet increased yellow nutsedge control to near 100%.

The Londax plus Permit combinations for nutsedge control were intended to

compare Londax and Permit and to look at a broader range of rate combinations for

mixtures of the two (Table 2).  Applied alone, Londax rates of 0.6 and 0.45 oz ai/acre

provided 60% and 68% control of yellow nutsedge, respectively. These rates corre-

spond to product rates of 1 and 0.75 oz product/acre, which are common grower use
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rates. Permit rates from 0.75 to 0.094 oz ai/acre provided 95 to 100% control of yellow

nutsedge. All combinations of Londax and Permit provided 90 to 100% control of

yellow nutsedge. All treatments provided excellent control of hemp sesbania.

In summary, results from these two studies again showed that Permit was gener-

ally more effective on yellow nutsedge than Londax. However, the results also indicate

that very low rates of Permit mixed with Londax can increase yellow nutsedge control

to 100%. The broadleaf weed in this study was hemp sesbania, which is known to be

equally susceptible to Permit and Londax. When the results from these studies are

considered with results from other studies not included here, the higher rates of Permit

mixed with propanil make an excellent broad-spectrum treatment. However, propanil

plus Londax or Duet is equally effective on broadleaf weeds, and adding very low rates

of Permit to these treatments can increase the yellow nutsedge control to 100%.

VALUE TO GROWER

Providing efficacy data on the various treatments will allow the grower to apply his costs

to treatments that will provide comparable control and pick the one that is most economical.
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Table 1.  Londax/Permit in rice for yellow nutsedge and hemp sesbania control.

Yellow Hemp

nutsedge  sesbania Rice

Trt. Treatment Rate control control yield

no. name Rate unit 7-7-00 7-7-00 10-11-00

------------- (%) ------------ (bu/acre)

01 Untreated Check 48 k

02 Londaxz 0.75 oz ai/A 64 dy 78 bc 75 j

03 Londax 1.0 oz ai/A 85 a-d 95 ab 86 f-j

04 Permit 0.125 oz ai/A 84 a-d 84 abc 81 hij

05 Permit 0.25 oz ai/A 65 d 89 abc 102 a-h

06 Permit 0.5 oz ai/A 99 a 98 a 108 a-e

07 Permit 0.75 oz ai/A 100 a 100 a 111 a-d

08 Permit 1.0 oz ai/A 100 a 100 a 110 a-d

09 Londax + 0.75 + oz ai/A 98 ab 99 a 97 c-i

Permit 0.125 oz ai/A

10 Londax + 0.75 + oz ai/A 99 a 99 a 106 a-g

Permit 0.25 oz ai/A

11 Londax + 1.0 + oz ai/A 98 ab 88 abc 79 ij

Permit 0.125 oz ai/A

12 Londax + 1.0 + oz ai/A 100 a 96 ab 98 c-i

Permit 0.25 oz ai/A

13 Super Wham + 3.0 + lb ai/A + 96 ab 100 a 94 d-j

Londax 1.0 oz ai/A

14 Super Wham + 3.0 + lb ai/A + 71 cd 75 c 91 d-j

Londax 0.75 oz ai/A

15 Super Wham + 3.0 + lb ai/A + 99 a 100 a 106 a-g

Permit 1.0 oz ai/A

16 Super Wham + 3.0 + lb ai/A + 100 a 100 a 111 a-d

Permit 0.75 oz ai/A

17 Super Wham + 3.0 + lb ai/A + 74 bcd 75 c 85 g-j

Permit 0.5 oz ai/A

18 Super Wham + 3.0 + lb ai/A 98 ab 100 a 97 c-j

Londax + 0.75 + oz ai/A

Permit 0.125 oz ai/A

19 Londax + 0.25 + oz ai/A 100 a 99 a 117 abc

Permit 0.75 oz ai/A

20 Londax + 0.5 + oz ai/A 100 a 100 a 107 a-f

Permit 0.5 oz ai/A

21 Duet 1.0 gal/A 79 a-d 100 a 103 a-h

22 Duet + 1.0 + gal/A + 100 a 100 a 100 b-i

Permit 0.025 oz ai/A

23 Duet + Permit 1.0 + gal/A + 95 abc 100 a 87 e-j

Permit 0.125 oz ai/A

LSD (P=0.05) 23.8 19.3 21.8

Standard Deviation 16.8 13.7 15.4

CV 18.77 14.81 15.59

z All treatments had crop oil concentrate (Penetrator Plus) added at 1% v/v.
y Means followed by different letters are significantly different at the P = 0.05 level of

confidence.
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Table 2.  Londax plus Permit combinations for

yellow nutsedge and hemp sesbania control.

Yellow Hemp

nutsedge  sesbania Rice

Trt. Treatment Rate control control yield

no. name Rate unit 7-7-00 7-7-00 10-11-00

------------- (%) ------------ (bu/acre)

01 Londax + Permitz 0.6 + 0.75 oz ai/A 100 ay 100 a 106 bc

02 Londax + Permit 0.6 + 0.56 oz ai/A 100 a 99 a 150 a

03 Londax + Permit 0.6 + 0.375 oz ai/A 100 a 100 a 114 abc

04 Londax + Permit 0.6 + 0.188 oz ai/A 90 ab 100 a 132 abc

05 Londax + Permit 0.6 + 0.094 oz ai/A 100 a 100 a 132 abc

06 Londax + No Permit 0.6 oz ai/A 60 c 99 a 121 abc

07 Londax + Permit 0.45 + 0.75 oz ai/A 100 a 100 a 120 abc

08 Londax + Permit 0.45 + 0.56 oz ai/A 100 a 100 a 136 abc

09 Londax + Permit 0.45 + 0.375 oz ai/A 100 a 100 a 126 abc

10 Londax + Permit 0.45 + 0.188 oz ai/A 100 a 99 a 142 ab

11 Londax + Permit 0.45 + 0.094 oz ai/A 100 a 99 a 120 abc

12 Londax + No Permit 0.45 oz ai/A 68 c 99 a 125 abc

13 No Londax + Permit 0.75 oz ai/A 100 a 100 a 129 abc

14 No Londax + Permit 0.56 oz ai/A 100 a 100 a 117 abc

15 No Londax + Permit 0.375 oz ai/A 100 a 100 a 123 abc

16 No Londax + Permit 0.188 oz ai/A 96 ab 100 a 131 abc

17 No Londax + Permit 0.094 oz ai/A 95 ab 100 a 120 abc

18 No Londax + No Permit 0 d 0 b 97 c

LSD (P=0.05) 23.8 19.3 21.8

Standard Deviation 16.8 13.7 15.4

CV 18.77 14.81 15.59

z All treatments had crop oil concentrate (Penetrator Plus) added at 1% v/v.
y Means followed by different letters are significantly different at the P = 0.05 level of

confidence.
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GRAMINICIDES IN PROGRAMS FOR

BROAD-SPECTRUM WEED CONTROL IN RICE

N.W. Buehring, F.L. Baldwin, R.E. Talbert, E.F. Scherder, and M.L. Lovelace

ABSTRACT

A study was conducted at Lonoke, Arkansas, in 2000 to determine effective

weed control programs that include the use of new graminicides [Aura (clefoxydim),

Clincher (cyhalofop-butyl), and Ricestar (fenoxaprop + isoxadifen)]. Rice injury,

barnyardgrass (Echinochloa crus-galli), broadleaf signalgrass (Brachiaria

platyphylla), hemp sesbania (Sesbania exaltata), and rice flatsedge (Cyperus iria)

control were evaluated. At 7 days after the preflood application, significant rice injury

(50%) occurred when Aura was applied with Prowl then followed by Stam. The applica-

tion of these graminicides with Facet or Prowl at the 2- to 3-leaf timing followed by Stam

at the preflood timing provided the most effective control of barnyardgrass, broadleaf

signalgrass, hemp sesbania, and rice flatsedge at 60 days after the preflood applica-

tion. When Stam was applied at the 2- to 3-leaf timing followed by these graminicides at

the preflood timing, barnyardgrass control was not as effective (71 to 80%).

INTRODUCTION

Three new acetyl-CoA carboxylase (ACCase)-inhibiting herbicide formulations,

Ricestar, Clincher, and Aura, are currently being developed for grass control in rice

(Oryza sativa). These graminicides have proven to give effective control of several

grass weeds in rice (Buehring et al., 2000). However, research has indicated that the

activity of these graminicides can be highly antagonized when tank-mixed with broad-

leaf and sedge herbicides (Talbert et al., 2000a). Also, tank-mixing these graminicides

with Bolero (thiobencarb) can result in antagonism (Baldwin et al., 2000; Talbert et al.,
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2000b). In contrast, these graminicides have been effective in tank-mix combinations

with Facet (quinclorac) or Prowl (pendimethalin) for grass control (Baldwin et al., 1999).

The objective of this research was to determine effective broad-spectrum weed control

programs that include these graminicides.

PROCEDURES

The field trial was established 10 May 2000 at Lonoke, Arkansas. Rice injury and

barnyardgrass, broadleaf signalgrass, hemp sesbania, and rice flatsedge control were evalu-

ated. Treatments included the graminicides Ricestar appled at 0.06 lb ai/acre, Clincher

applied at 0.188 lb ai/acre, and Aura applied at 0.067 lb ai/acre alone to 2- to 3-leaf rice or in

combination with either Facet applied at 0.188 lb ai/acre to 2- to 3-leaf rice; Facet applied at

0.125 lb ai/acre to 2- to 3-leaf rice followed by Stam applied at 4 lb ai/acre at preflood (tillering

rice); Prowl applied at 1 lb ai/acre to 2- to 3-leaf rice followed by Stam at 4 lb/acre at preflood.

Also, Stam was applied at 3 lb/acre to 2- to 3-leaf rice followed by graminicides at preflood,

and Stam was applied alone at 3 lb/acre to 2- to 3-leaf rice. All applications were applied with

a CO2 backpack sprayer delivering 10 gallons/acre (GPA). Treatments in this experiment

were arranged in a randomized complete block with four replications. Rice was harvested

with a small-plot combine, and yields were adjusted to 12% moisture.

RESULTS AND DISCUSSION

Rice injury was rated 7 days after the preflood application. Significant rice

injury (50%) resulted when Aura was applied with Prowl at the 2- to 3-leaf rice stage

followed by Stam at preflood (Table 1). Slight rice injury (18%) occurred when Aura

was applied alone or tank-mixed with Facet. Injury from Prowl plus Clincher and

Ricestar was also minimal.

Weed control ratings were taken 60 days after the preflood treatment. The appli-

cation of Facet with these graminicides at the 2- to 3-leaf timing provided effective

control of barnyardgrass ( 91%). Also, effective control ( 94%) was achieved when the

graminicides were applied with Facet or Prowl followed by Stam. Ricestar applied alone

at the 2- to 3-leaf rice stage also provided effective control of barnyardgrass (94%).

However, when Stam was applied at the 2- to 3-leaf timing then followed by the

graminicides at the preflood timing, barnyardgrass control was not as effective (71 to

80%). The 2- to 3-leaf application of Stam alone provided poor control (43%) of

barnyardgrass indicating that the majority of the barnyardgrass population was

propanil-resistant.

Broadleaf signalgrass control was excellent ( 93%) with all graminicides applied

with Facet; all graminicides applied with Facet or Prowl then followed by Stam; and

Stam followed by all of the graminicides. All of the treatments except the graminicides

applied alone provided effective control ( 90%) of hemp sesbania. Any of the treatment

combinations that included Stam provided excellent control (98%) of rice flatsedge.
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Due to effective broad-spectrum weed control, rice yields were generally high

with the graminicides applied early postemergence with Facet or when the graminicides

were applied with Facet or Prowl early postemergence then followed by Stam at preflood.

SIGNIFICANCE OF FINDINGS

These gramincides (Aura, Clincher, and Ricestar) can be effectively incorporated

into broad-spectrum weed control programs in rice. These graminicides will need to be

applied at the 2- to 3-leaf stage to achieve effective control of barnyardgrass. Facet and

Prowl proved to be excellent tank-mix partners with these graminicides to aid in residual

grass control. Propanil and propanil based tank-mixtures will be very effective in weed

control programs with these graminicides for broadleaf and sedge control.
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PROGRESS IN SUPPRESSING BARNYARDGRASS (Echinochloa

crus-galli) WITH FOREIGN AND DOMESTIC RICE CULTIVARS

D.R. Gealy and R.H. Dilday

ABSTRACT

Fifty-seven rice entries including current and former commercial rice cultivars;

semidwarf mutants of commercial rice cultivars; advanced breeding lines, foreign lines

and cultivars suspected or proven to have weed-suppressive characteristics; and

crosses or hybrids between commercial cultivars and weed-suppressive lines were

evaluated in the field for natural barnyardgrass (BYG) suppression at Stuttgart, Arkan-

sas. As a group, the foreign PI lines generally suppressed BYG better and maintained

higher yields in the presence of BYG than did the other rice groups. Semidwarf mutants

generally suppressed BYG less than did the other rice groups. While many commercial

cultivars and advanced breeding lines suppressed BYG very little, a few of them were

statistically as suppressive to BYG as were the most suppressive foreign lines, indicat-

ing that existing commercial rice germplasm may be a valuable genetic source for natu-

ral weed suppression activity and should be evaluated routinely as part of a complete

crop improvement program for rice.

INTRODUCTION

Some foreign rice cultivars can suppress weeds in field plots even when using

little or no herbicide (Chavez et al., 1999; Gealy et al., 1998; Dilday et al., 1997; Olofsdotter

et al., 2000). For some of these, allelopathic activity appears to account for a small, but

significant portion of the weed suppression observed (Olofsdotter et al., 2000), and

several putative allelochemicals are currently being isolated and characterized (Mattice

et al., 2000). The degree to which allelopathic chemicals may or may not be responsible
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for the observed weed suppression is still in question. However, the fact that some

foreign rice lines have consistently and effectively suppressed barnyardgrass (BYG) in

field plots is not in question. Regardless of the mechanism responsible, natural weed

suppression would be a desirable characteristic in any rice cultivar. Little work has been

done to compare the weed-suppressive performance of these foreign rice lines with the

commercial cultivars typically grown in the southern United States or with the advanced

breeding lines in Arkansas rice breeding programs. The objectives of this research were to

determine the barnyardgrass-suppression potential and grain-yield potential of a large

number of rice entries including current and former commercial rice cultivars; semidwarf

mutants of commercial rice cultivars; advanced breeding lines, foreign lines, and cultivars

suspected or proven to have weed-suppressive characteristics; and crosses or hybrids

between commercial cultivars and weed-suppressive lines.

PROCEDURES

Fifty-seven rice entries were selected for evaluation of weed-suppressive activ-

ity. These rice entries were classified into six general groupings, including: 1) a broad array

of current and former commercial cultivars grown in Arkansas; 2) semidwarf mutants; 3)

breeding lines presently under development; 4) foreign lines; 5) foreign cultivars; and 6)

crosses with potential weed-suppression activity. Currently or formerly grown commercial

cutivars included ‘LaGrue’ (LGRU), ‘Drew’ (DREW), ‘Cypress’ (CPRS), ‘Kaybonnet’ (KBNT),

‘Millie’ (MILL), ‘Tebonnet’ (TBNT), ‘Mars’ (MARS), ‘Bengal’ (BNGL), ‘Newbonnet’

(NWBT), ‘Alan’ (ALAN), ‘Jackson’ (JKSN), ‘Cocodrie’ (CCDR), ‘Jefferson’ (JEFF), ‘Wells’

(WLLS), ‘Katy’ (KATY), ‘Starbonnet’ (STBN), ‘Lemont’ (LMNT), and ‘Lacassine’ (LCSN).

Semidwarf mutants of commercial cultivars (Rutger, personal communication) included

KATY-45, LGRU-13, and LGRU-2. Advanced breeding lines from the University of Arkan-

sas rice breeding program (Moldenhauer and Gibbons, personal communication) included

RU9901127, RU9901111, RU9901081, RU9801148, RU9701041, RU9901030, STG96F509090,

RU9601099, RU9601096, and RU9801081. Foreign ‘PI lines’ that had been moderately or

highly suppressive to barnyardgrass in previous field studies in Arkansas included PI

312777; the sub-selections from PI 312777, RHD98E#6402:96P#852 (777SEL-852),

RHD98E#6335:96P#699 (777SEL-699), RHD98E#6390:96P#822 (777SEL-822), and

RHD98E#6345:96P#715 (777SEL-715); the Taichung native-1 entries, PI 271672 (TN1-a), PI

408629 (TN1-b), and PI 495830 (TN1-c); and PI 350468, PI 348798, PI 366150, and PI 338046.

Other foreign cultivars or lines with weed or plant suppressive activity included the indica

rice cultivars from China, ‘Teqing’ (TQNG), and ‘Guichou’; the ‘rice suppressive’ cultivars

from Brazil, ‘Q 37540’ and ‘Q 37534’; and the International Rice Research Institute standard,

‘IR64’. The crosses and hybrids between commercial rice cultivars and weed-suppressive

cultivars included the Lemont/Teqing crosses LM/TQ-199, LM/TQ-49, and LM/TQ-170

(these originated from a mapping population developed by ARS in Texas; S. Pinson,

personal communication); the Oryza sativa/Oryza glaberrima upland rice crosses
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from Africa, QF 36197 (sat/glab-197) and QF 36192 (sat/glab-192); the PI 338046/Katy

crosses, RU9701151 (8046/KTY-1151), STG96L-26-092 (8046/KTY-092), and STG96L-

26-093 (8046/KTY-093); and a hybrid cultivar from RiceTec, ‘XL6’.

Rice seed was drill-seeded 3/4 in. deep into field plots, nine rows (7-in. spacing)

by 10 ft in length on 23 and 24 May 2000. Immediately after sowing and before rolling,

supplemental BYG seeds were broadcast on half of the plots (‘weedy’ plots) of each

rice entry to ensure a uniform population of BYG. The other rice plots were maintained

‘weed-free’ with herbicides [15 June, propanil at 3 lb/acre + thiobencarb (‘Bolero’) at 2

lb/acre] and with supplemental hand-weeding (17 and 18 July). The ‘weed-free’ plots

were located adjacent to the ‘weedy’ plots of each rice entry and served as paired

standards for the ‘weedy’ plots. In addition to the rice plots, several BYG-only (‘rice-

free’) plots were included in each replication, supplemented with BYG seeds (as de-

scribed above), and used as standards for comparison with BYG production in ‘weedy’

rice plots. Broadleaf weeds were eliminated from the entire experimental area with her-

bicide [bentazon (‘Basagran’) at 0.75 lb/acre on 23 June]. Although the primary species

present in ‘weedy’ plots was barnyardgrass, other grass species (e.g. sprangletops)

occasionally were observed in some of these plots late in the growing season.

Rice seedlings emerged approximately 1 June, and the plot area was flushed on

14 June. In addition to the flush irrigation, rains of 0.72 in., 1.2 in., and 3.2 in. occurred

on 26-28 May, 3-5 June, and 15-22 June, respectively. On 26 June, the plot area was

broadcast-treated with 100 lb N/acre as urea and flooded permanently for the season.

Plots were drained on 22 September, rated for visual weed control on 24 September, and

harvested (by replication) from 28 September to 18 October. At harvest, the above-

ground, BYG biomass was removed from two, 25- by 25-cm quadrats in each ‘weedy’

plot and reduced to a constant weight in a drying oven. BYG dry-weight production per

ground area was determined and expressed as a percentage of the BYG-only standard.

‘Rough rice’ yields (adjusted to 12% moisture) were determined from a 6.5 ft section of

the three middle rows of each plot. Rice grain yields were expressed both as ‘weight per

plot area’ and as a percent of the ‘weed-free’ value for each rice entry. Rice yield as a

percentage of the weed-free value is an indication of the cultivar’s ability to maintain

optimal grain yields in the presence of weed interference. The experimental design was

a randomized complete block with three replications.

RESULTS AND DISCUSSION

Rice cultivars that can suppress the density or growth of weeds naturally would

be a valuable tool in the management of weeds in rice. Likewise, rice cultivars that

maintain near-optimal yields in the presence of weeds also would be helpful to farmers.

Rice entries within each of the six rice groupings were arranged in order of greatest to

least visual BYG suppression (Figure 1A). This arrangement order was maintained in

all subsequent graphs (Figures 1B, 1C, and 1D). The rice entries within most of the rice
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groupings in this study provided varying degrees of late-season visual BYG suppres-

sion (Figure 1A). Overall, suppression ranged from 40% for Q37534 (from Brazil) to 80%

for PI 312777 (from the Philippines). Among the commercial cultivars, LaGrue, Drew,

Cypress, and Kaybonnet all provided greater visual BYG suppression than Starbonnet,

Lacassine, Lemont, and Katy. The LaGrue semidwarf mutants suppressed BYG less

than did their full-sized LaGrue counterpart. Some advanced breeding lines suppressed

BYG effectively while others did not. The breeding line RU9901127 suppressed BYG as

much as did the most suppressive of the commercial cultivars (e.g. LaGrue and Drew);

foreign entries (e.g. PI 312777, TN1 lines, Guichou, and Teqing); and crosses (e.g. LM/

TQ-199 and 8046/KTY-1151). On the other hand, the breeding line RU9801081 sup-

pressed BYG as little as did the least suppressive of the commercial cultivars (e.g. Lacassine

and Lemont); foreign cultivars (e.g. Q37540); and crosses (e.g. sat/glab-192).

BYG dry weight ranged from 138% of the BYG-only standard QF36192 to 8.4% for

Drew (Figure 1B), and was highly negatively correlated to the visual control ratings

(R= –0.65), indicating that visual ratings were a reasonably good predictor of the BYG

dry weight produced in these ‘weedy’ rice plots at harvest. Although few of the BYG

dry weight values were statistically different from one another, QF36192 from Africa,

the Arkansas breeding lines, RU9601099 and STG96F509090, and the Katy and LaGrue

semidwarf mutants all were infested with greater amounts of BYG than were Drew, Cypress,

Lacassine, the Arkansas breeding lines, RU990111 and RU9901127, PI 312777 and the PI

312777 selection, 777SEL-852, PI 350486, PI 348798, TN1-a and TN1-c (PI 271672 and PI

495830), respectively: TN1 was a parental line of PI 312777), and Q37540 from Brazil. Q37540

allowed very little BYG growth (Fig. 1A and 1B) even though it produced very low rice

yields (Fig. 1D). This combination of biological responses may indicate the involvement of

allelopathy and should be investigated more thoroughly.

Maintenance of weed-free yield levels in weedy plots (percent of weed-free)

ranged from 35% for Lacassine to 96% for Q37534 (Fig. 1C). These percents of weed-

free values were positively correlated with visual weed control ratings (R=0.6; Fig. 1A),

indicating that visual weed control ratings can predict reasonably well the ability of

rice cultivars to maintain yields in the presence of BYG.

Rice yields in weedy plots ranged from 1540 kg/ha for sat/glab-192 from Africa to

6600 kg/ha for PI 312777 (Fig. 1D). These values were weakly correlated with visual

weed control ratings (R=0.3; Fig. 1A), indicating that the highest-yielding rice entries

often did not correspond to the greatest visual control of BYG and the lowest-yielding

entries often did not correspond to the lowest visual control.

Two other rice growth parameters – average of weedy and weed-free values – in

this study were as follows: days to heading ranged from 89 d for Starbonnet to 67 d for

RU9601096, and rice height at harvest ranged from 149 cm for Q37540 to 84 cm for

Jefferson (data not shown).
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SIGNIFICANCE OF FINDINGS

Consistent with our previous research, most foreign rice lines and some foreign

rice cultivars were consistently suppressive to BYG. Because some commercial culti-

vars and advanced breeding lines were as suppressive to BYG as the most suppressive

foreign lines, existing commercial rice germplasm may be a valuable genetic source for

natural weed suppression activity that could be helpful to breeders and farmers as part

of a complete crop improvement program for rice. These commercial lines produce plant

types and grain of a quality that is already acceptable to the U.S. rice industry and thus

will not require the additional ‘quality’ improvements that will be necessary for com-

mercialization of the BYG-suppressive foreign rice lines and cultivars.
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Fig. 1. Comparison of  the response of commercial cultivars,

semidwarf mutants, advanced breeding lines, foreign lines, and cultivars,

and crosses of rice to barnyardgrass (BYG) infestations in

year-2000 field plots: A) visual BYG control; B) BYG dry weight production.
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Fig. 1. Continued. C) rice yield relative to the ‘weed-free’ standard; and

(D) rice yield per area. (Note: yield values can be expressed as

lb/acre by dividing the kg/ha yield values in Fig. 1D by 1.12).
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DETERMINATION OF ROOT DISTRIBUTION OF

WEED-SUPPRESSIVE RICE (Oryza sativa) AND

BARNYARDGRASS (Echinochloa crus-galli)

IN FIELD SOIL USING 13C ISOTOPE ANALYSIS

D.R. Gealy

ABSTRACT

A naturally occurring, stable isotope of carbon (13C) is fixed at different rates in rice

and barnyardgrass (BYG) during the  photosynthetic process because of a different physi-

ological and biochemical makeup of the two species. We used this key difference between

the two species to develop a prediction equation that enabled us to determine the relative

distribution and amounts of roots produced by weed-suppressive PI 312777 and non-

suppressive ‘Lemont’ rice cultivars when competing against barnyardgrass in field soils.

An important advantage of this method is that it accurately determines the content of BYG

and rice roots present in mixtures without requiring that the roots of the two species be

manually separated. PI 312777 roots were more competitive than those of Lemont, both

within and between the rice rows, and BYG roots were most prevalent between the rows.

These results suggest that root-root competition may play a significant role in the natural

suppression of BYG by PI 312777 under field conditions.

INTRODUCTION

Several foreign rice cultivars can naturally suppress BYG in field plots using little

or no herbicide (Chavez et al., 1999; Gealy et al., 1998; Dilday et al., 1997). Allelopathic

activity has accounted for about 34% of weed suppression in some field tests in Asia

and three rice chromosomes have been identified as potential sources for ‘allelopathy’

genes (Olofsdotter et al., 2000). Some of the chemicals potentially responsible for
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weed-suppressive activity in rice have recently been isolated and partially character-

ized (Mattice et al., 2000).

Plant architecture may also contribute to weed suppression in some cases. The

highly weed-suppressive cultivar PI 312777 is of medium height with high tillering

(Gealy et al., 1997) and high root-production capacity (Gealy, unpublished data). Root-

root interactions with weeds may be important to their weed-suppressive activity. High

tillering foreign cultivars removed substantially more nitrogen from soils preflood than

did the commercial cultivar, ‘Kaybonnet’ (Gealy, 2001 unpublished data). However,

underground root interactions are difficult to study directly in field soils because of the

difficulty in separating roots from the soil and from the roots of competing species.

Such procedures are tedious and often inaccurate.

In this study, 13C isotope discrimination (Ludlow et al., 1976; O’Leary, 1981) was

used to estimate the ratios of rice and barnyardgrass present in a mixed root mass of the

two species (Svejcar and Boutton, 1985), thus avoiding the time-consuming step of

manually separating the roots of the two species before determining the specific biom-

ass of each. Most of the carbon dioxide present in the atmosphere contains carbon in

the stable 12C isotope form, and green plants absorb and process primarily this isoto-

pic form. However, a small fraction of atmospheric carbon dioxide contains carbon in

the stable 13C isotopic form. Measurement of the 13C isotope content can be exploited

to measure the ratio of rice and BYG present in a mixed root mass because rice, a C3

plant, discriminates against the 13C isotope to a greater degree than does barnyardgrass,

a C4 plant (O’Leary, 1981). The C3 and C4 plants are so called because their first stable

products in photosynthesis are three- and four-carbon chemicals, respectively. Gener-

ally, C3 plants contain approximately 14 parts per thousand less 13C isotope than do C4

plants. Using this difference in 13C isotope content, a standard curve of 13C discrimina-

tion versus root mass proportions of the C3 plant (rice) and the C4 plant (BYG) can be

developed from which an estimate of the ratio of BYG and rice roots present in a mixed

root sample of the two species can be extrapolated (Svejcar and Boutton, 1985).

The objectives of this study were to develop a 13C isotope standard curve for

mixtures of barnyardgrass and rice roots taken from field plots, and to estimate from

this curve the root distribution of barnyardgrass and rice roots in field plots of a weed-

suppressive rice cultivar, PI 312777, and a non-suppressive rice cultivar, Lemont.

PROCEDURES

As part of a larger field experiment in 1998, PI 312777 and Lemont rice were drilled

in plots nine rows wide (7-in. spacing) by 10 ft in length on 6 May 1998 at Stuttgart,

Arkansas. Each rice plot was overseeded with BYG seed (‘weedy plots’) to assure an

adequate BYG population. Another group of rice plots was maintained weed-free using

5 lb ai/acre propanil + 0.75 lb ai/acre bentazon (27 May) to serve as ‘weed free’ control

plots for comparison with the ‘weedy plots’. Rice-free BYG-only plots were estab-
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lished to determine maximum BYG production. Bentazon at 0.75 lb ai/acre + 0.25% v/v

AgriDex surfactant was applied to the entire experiment on 8 June to control broadleaf

weeds. At the preflood stage of rice, three soil cores (4-in. diameter by approximately 6

in. deep each) were subsampled from within the rice rows or between the rice rows in

each weedy plot. Subsamples from each row position were combined. Rice-free plots

and individual weed-free rice plots also were sampled to obtain 100% BYG and 100%

rice root samples, respectively, for use in a 13C depletion concentration curve. On 11

June, all plots were fertilized with 100 lb/acre nitrogen as urea and permanently flooded

for the season.

Soil was rinsed from the roots in each sample, with roots maintained as a single

mass and dried. Dry weight of each root mass was determined and samples were stored

in a refrigerator for an extended period. Roots were then ground to a coarse powder in

a Wiley Mill using a 40-mesh screen (0.425 mm opening). In 2000, delta 13C values (13C

depletion in parts per thousand, relative to the international PDB standard) of root

samples were determined at the newly upgraded University of Arkansas Isotope Labo-

ratory facility using standard analytical methods (Svejcar and Boutton 1985). A stan-

dard curve of 13C depletion was generated by preparing mixtures of ground rice and

BYG roots in dry weight ratios of 100:0 (from weed-free Lemont rice plot), 80:20, 50:50,

20:80, and 0:100 (from rice-free BYG-only plot; Figure 1). The data from the standard

curve were fitted to a quadratic regression equation. The proportion of rice roots

present in ‘weedy plot’ samples were determined by entering the delta 13C value from

the Isotope Laboratory analysis into the regression equation for the standard curve,

and solving for the rice content in the root mass (as a percent of the total rice + BYG

roots present). The percentage-BYG root content was determined by difference as

(100%) – (% rice content). Total dry weights of rice roots and BYG roots in each core

sample (g/core) were estimated by multiplying the total dry weights of each mixed root

sample by the corresponding percentage of the two species present. The experimental

design was a randomized complete block with a two by two factorial arrangement of

treatments and four replications. The factors were two row positions, ‘in row’ and

‘between row’, and two rice cultivars, PI 312777 and Lemont. Data were subjected to

analysis of variance and means were separated using a protected LSD at the 0.05 level.

RESULTS AND DISCUSSION

The delta 13C values for Lemont rice and BYG roots alone were –27.5 and –14.1

parts per thousand, respectively (Fig. 1), which facilitated the development of a useful

standard curve to estimate proportions of rice and BYG present in mixtures. This 13.4

parts per thousand difference between roots of C3 and C4 plant species is similar to

those reported previously (Svejcar and Boutton, 1985). A quadratic regression equa-

tion relating delta 13C values (y) to the content of rice in rice/ BYG root mixtures (x) was

generated from the five mixtures of rice:BYG. This equation [y= – 0.19x2 – 15.4x – 178.5]
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fit the five data points of the standard curve extremely well [R2= 0.99] and provided a

reliable method to determine the Lemont, PI 312777, and BYG content in root samples

obtained from the field plots. Because delta 13C values for PI 312777 were nearly iden-

tical to those of Lemont, levels of both rice cultivars were estimated using the Lemont

standard curve.

The PI 312777 roots competed more aggressively against BYG for underground

space than did those of Lemont. Within the rice row, root masses of Lemont and PI

312777 were about three and nine times, respectively, that of BYG (Figure 2). Between

rows, where BYG was most prevalent, root mass of Lemont and PI 312777 was about

33% and 100%, respectively, that of BYG. The total root dry weight (g/core) levels

within the rice rows were more than double those between rows (data not shown). The

relative ability of PI 312777 and Lemont to suppress BYG roots was consistent with the

reduction of the above-ground growth of BYG observed in these (unpublished data)

and similar experiments (Chavez et al., 1999; Gealy et al.,1998). These results suggest

that root-root competition may play a significant role in the natural suppression of BYG

by PI 312777 under field conditions.

SIGNIFICANCE OF FINDINGS

These results indicate that 13C isotope discrimination can be a useful tool in the

investigation of root-root competition between weed-suppressive rice and BYG in field

soils. Because separation of the fragile roots of rice and BYG from one another is not

necessary, the accuracy of the method is limited only by the efficiency of root extrac-

tion from the soil cores, and not by the efficiency of the root-root separation process.

This 13C isotope method may provide a simple means of screening for rice cultivars

with root systems that will compete aggressively against BYG roots. It presently is

being used at Stuttgart, Arkansas, to estimate the underground root competition ac-

tivities of BYG against weed-suppressive cultivars, non suppressive cultivars, and

hybrids of the two rice types (in progress).
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Fig. 1. Standard curve relating 13C isotope discrimination (delta 13C) to root dry

weights (DWT) of rice and BYG in mixtures. Samples analyzed by University of

Arkansas Stable Isotope Laboratory, D. Evans and J. Cox.

Fig. 2. Distribution of rice and BYG roots in and between rice rows

as estimated by 13C isotope analysis. LMNT = Lemont rice; PI = PI312777 rice.
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USE OF ALLELOPATHIC RICE WITH REDUCED HERBICIDE RATES

FOR CONTROL OF BARNYARDGRASS (Echinochloa crus-galli)

M.L. Lovelace, R.E. Talbert, R.H. Dilday, E.F. Scherder, and N.W. Buehring

ABSTRACT

Previous research has indicated that some rice cultivars may be allelopathic

to certain rice weeds. A study was conducted to evaluate the potential for allelo-

pathic rice cultivars in combination with low-herbicide inputs to control

barnyardgrass (Echinochloa crus-galli L. Beauv.). PI 312777 and ‘Tequing’ showed

tremendous allelopahtic potential, providing greater than 97% control of

barnyardgrass at 12 weeks after emergence (WAE). By 12 WAE, ‘Drew’ provided

70% suppression of barnyardgrass, while suppression of barnyardgrass from

‘Lemont’ was lower (35%). Propanil applied at 2.24 kg ai/ha did not effectively

increase barnyardgrass control in combination with these rice cultivars because of

the infestation of propanil-resistant barnyardgrass in the test site. Reduced rates

of thiobencarb at 1.12 and 2.24 kg ai/ha applied to Drew provided greater than 97%

control by 12 WAE. Thiobencarb at 2.24 kg ai/ha applied to Lemont was the only

herbicide that provided acceptable control of barnyardgrass in Lemont (90% control

at 12 WAE). Tequing yield (7,570 to 9,080 kg/ha) was greater than that of PI 312777

(6,310 to 7,320 kg/ha), which may have been attributed to shattering of rice from PI

312777 panicles. Drew and Lemont did not yield as well as Tequing or PI 312777,

and yield variation reflected barnyardgrass control. These data indicate that there

is potential for use of allelopathy in rice for control of barnyardgrass.

INTRODUCTION

Rice cultivars have shown differential abilities to compete with some common

rice weeds. A competition study between the rice cultivars ‘Newbonnet’ and Lemont
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with barnyardgrass showed that Lemont was less competitive with barnyardgrass than

Newbonnet, thus resulting in a greater decrease in Lemont yield (Stauber et al., 1991).

Furthermore, a similar study was conducted with these two cultivars competing with

red rice (Oryza sativa L.; Kwon et al., 1991). The results were similar in that Lemont

yield was less than Newbonnet when grown in competition with red rice. Although

competitive potential of cultivars was different, little was understood as to what fac-

tors influenced these differences.

Allelopathy has been speculated as influencing the competitive ability of some

rice cultivars. Avena accessions have been found to exude large amounts of

allelochemicals (Fay and Duke, 1977). Furthermore, rice accessions have been identi-

fied as being allelopathic to ducksalad [Heteranthera limosa (Sw.) Willd.] in field and

laboratory experiments (Dilday et al., 1994). Rice cultivars allelopathic to ducksalad left

a weed-free radius around the rice plants, while plants that did not exhibit allelopathy

were densely surrounded by ducksalad. Some rice cultivars have shown allelopathic

potential against barnyardgrass (Olofsdotter and Navarez, 1996).

Recently, techniques have been developed to extract compounds from rice leaves

that inhibit the growth of barnyardgrass (Mattice et al., 2000). These compounds have

been found in much larger quantities in rice cultivars that inhibit barnyardgrass shoot

growth compared to those that do not inhibit barnyardgrass growth. Evidence sug-

gests that rice may exude some allelopathic compounds, but this process is still not

completely understood. Furthermore, it is not clear whether suppression of

barnyardgrass from certain rice cultivars is competition, allelopathy, or some combina-

tion of both. This study was conducted to compare some of these cultivars in combina-

tion with low herbicide inputs for suppression of barnyardgrass.

PROCEDURES

A study was conducted in 2000 at the Rice Research and Extension Center, near

Stuttgart, Arkansas, to evaluate potential allelopathic rice cultivars in combination with

reduced herbicide rates for control of barnyardgrass. The soil was a DeWitt silt loam (fine,

smectic, thermic Typic Albaqualfs) with 1% organic matter and a pH of 5.3. The test was

initiated on 25 May 2000. Treatments were arranged in a factorial design, and each treatment

was replicated four times. The factors of the experiment were rice cultivar and herbicide. The

rice cultivars consisted of Drew, Lemont, ‘Rexmont’, PI 312777, and Tequing. Rice was

drilled in plots consisting of nine rows (18-cm spacing) and 4.85 m in length at a rate of 170

kg/ha. Herbicide inputs were thiobencarb (Bolero 8EC) at 1.1 and 2.2 kg ai/ha applied

delayed preemergence (DPRE); propanil (Stam 4E) at 2.2 kg ai/ha applied at the 2- to 3-leaf

stage of rice; or no herbicide. Treatments were applied with a CO2 backpack sprayer at 93 L/

ha. The barnyardgrass infestation was 75 plants/m2. Plots were rated for visual weed

control and rice injury at 4 and 12 WAE and yield data were obtained at rice maturity. Data

were subjected to analysis of variance, and means were separated with the Least Signifi-

cant Difference Test (LSD) at the 0.05 confidence level.
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RESULTS AND DISCUSSION

PI 312777 and Tequing displayed the greatest interference potential by control-

ling barnyardgrass 80% and 95%, respectively, at 4 WAE in the absence of herbicides

(Table 1). By 12 WAE, both cultivars controlled barnyardgrass greater than 97% in the

absence of herbicides (Table 2). Application of herbicides did not improve the control

of barnyardgrass due to the excellent control achieved with these cultivars.

Drew and Lemont provided 60% and 50% suppression, respectively, of the

barnyardgrass growth in the absence of herbicides at 4 WAE (Table 1). By 12 WAE,

Drew provided 70% suppression of barnyardgrass, while Lemont control of

barnyardgrass greatly decreased to only 35% (Table 2). The reduced rate of propanil

did not effectively increase control in combination with these rice cultivars probably

because the infestation of barnyardgrass was resistant to propanil. Thiobencarb at 1.1

and 2.2 kg/A applied to Drew provided greater than 90% control at 4 WAE and greater

than 97% control by 12 WAE. Thiobencarb at 2.2 kg/A applied to Lemont was the only

herbicide that provided acceptable control of barnyardgrass with 70% and 90% control

at 4 and 12 WAE, respectively.

Rexmont did not provide effective suppression of barnyardgrass, causing less

than 30% control of barnyardgrass in the absence of herbicides (Table 2). By 12 WAE,

thiobencarb applied to Rexmont provided only 50% control of barnyardgrass. Propanil

did not improve control compared to Rexmont without herbicide.

Although both PI 312777 and Tequing controlled barnyardgrass, Tequing yield

was greater than that of PI 312777 (Table 3). This may be attributable to some shattering

of rice from the panicles and lodging of PI 312777 plants. Drew and Lemont yields

reflected barnyardgrass control where yield was least with no herbicide and/or treated

with propanil and increased when treated with thiobencarb at 2.2 kg ai/ha. Regardless

of treatment, Rexmont yield was not greater than 4,050 kg/ha due to lack of barnyardgrass

control.

SIGNIFICANCE OF FINDINGS

Data indicate that there is potential to develop rice cultivars with inherent abili-

ties for weed control. Breeding lines such as PI 312777 and Tequing could be good

sources of this trait and could be used to breed new rice cultivars with acceptable

agronomic and grain qualities.
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Table 1. Barnyardgrass control at 12 weeks after emergence

as influenced by rice cultivar and herbicide combination.

Herbicide / Rate

Thiobencarb Thiobencarb Propanil

Rice cultivar None 1.1 kg ai/ha 2.2 kg ai/ha 2.2 kg ai/ha

-------------------------------------- (% control) --------------------------------------

Tequing 95 98 99 90

PI 312777 80 95 98 95

Drew 60 90 90 65

Lemont 50 50 70 60

Rexmont 30 55 60 40

LSD
 
(0.05) -------------------------------------------- 33 --------------------------------------------
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Table 2. Barnyardgrass control at twelve weeks after emergence

as influenced by rice cultivar and herbicide combination.

Herbicide / Rate

Thiobencarb Thiobencarb Propanil

Rice cultivar None 1.1 kg ai/ha 2.2 kg ai/ha 2.2 kg ai/ha

-------------------------------------- (% control) --------------------------------------

Tequing 99 100 100 98

PI 312777 97 100 100 98

Drew 70 97 99 70

Lemont 35 60 90 65

Rexmont 10 50 50 10

LSD (0.05) -------------------------------------------- 24 --------------------------------------------

Table 3. Rice yield as influenced by rice cultivar and herbicide combination.

Herbicide / Rate

Thiobencarb Thiobencarb Propanil

Rice cultivar None 1.1 kg ai/ha 2.2 kg ai/ha 2.2 kg ai/ha

-------------------------------------- (% control) --------------------------------------

Tequing 9070 8550 7730 7600

PI 312777 6250 6320 7400 6870

Drew 5640 6950 7590 5490

Lemont 2690 3970 5770 3510

Rexmont 1000 4050 3050 1530

LSD (0.05) ------------------------------------------ 1710 ------------------------------------------
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ONGOING STUDIES: PEST MANAGEMENT: WEEDS

ENVIRONMENTAL IMPLICATIONS OF

PESTICIDES IN RICE PRODUCTION

J.D. Mattice, B.W. Skulman, and R.J. Norman

ABSTRACT

Water was sampled from eight sites in the rice growing region in Arkansas in

2000. Concentrations of pesticides greater than 2 ppb were detected in only 9.2 % of

the samples. Molinate was the most frequently detected pesticide (39 % of the samples)

and was also measured in the highest concentration at 46 ppb.

INTRODUCTION

Some rice pesticides have been found to persist in surface waters in California.

This project is to determine if there is a persistence problem with rice pesticides in

Arkansas waters. Monitoring for pesticides in water may allow us to detect a potential

problem and address it before it becomes a major problem.

In the past we have analyzed water collected from the Mississippi River both as

it enters and leaves the state in addition to water from the L’Anguille, St. Francis,

Arkansas, and White rivers. Most of the detections occurred in the L’Anguille and St.

Francis rivers. The higher frequency of detections in these rivers is likely due, at least

in part, to the smaller volumes of water they have, resulting in less dilution of any

compounds that are present. Since these two rivers are more sensitive indicators of

changes in pesticide concentrations and frequency of detections, it was decided in

2000 to only sample these two rivers, but to sample them more intensively.
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PROCEDURE

Sampling Sites

Surface water samples were collected at eight locations. Four samples were taken

from the L’Anguille River: where it crosses highways US 79 near Marianna, US 64 near

Wynne, State 14 near Harrisburg, and at Claypool reservoir near Harrisburg. Four

samples were taken from the St. Francis River: where it crosses US 79 near Marianna,

US 64 near Parkin, State 75 near Marked Tree, and State 18 east of Jonesboro.

Sampling Procedure

Two methods were used for sampling. Initially, as in previous years, water samples

were collected in amber bottles, refrigerated on ice, and brought back to the lab for

analysis. As part of another project we have developed an extractor that can be used in

the field to extract samples as they would have been extracted in the lab. This means

less storage time prior to extraction, which can be useful for the analysis of labile

compounds. This procedure was used later in the year. Two quality-control samples

were prepared and extracted during each trip to verify acceptable recovery. Sampling

was performed at approximately two-week intervals during the rice production season.

A duplicate sample was taken at two of the collection sites and fortified with a mixture

of the pesticides. The samples were transported to the lab on ice.

Analysis Procedure

Pesticides selected for monitoring were Bolero (thiobencarb), Facet (quinclorac),

Furadan (carbofuran), methyl parathion, Ordram (molinate), Sevin (carbaryl), Stam

(propanil), Command (clomazone), and azoxystrobin. A 250 mL aliquot of each sample

was extracted using conventional C18 disk technology. Samples were then analyzed by

gas chromatography mass spectrometry (GCMS) and high performance liquid chroma-

tography (HPLC).

RESULTS AND DISCUSSION

In order to make comparisons from year to year, the original limits of detection of

2 ppb are used, although for some compounds we can detect lower levels. Since these

are river water samples, not drinking water, the 2 ppb level would be reasonable for

making comparisons.

In 2000, there were 53 detections out of 576 possible detections if every com-

pound had been detected in every sample which equates to 9.2% detections. The most

frequently detected compound was molinate which was detected in 39 % of the samples.

Molinate was also detected in the highest concentration (46 ppb on the second July
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sampling trip at site B; Table 1). The two most frequently detected compounds were

molinate and clomazone. There were 28 samples that contained only one compound,

eleven samples contained two compounds, and one sample contained three compounds.

Table 2 shows the number of detections per site and also the number of samples

at each site that had at least one compound. Overall, there were more detections from

the L’Anguille river compared to the St. Francis (32 vs 21) and more of the samples in

the L’Anguille had at least one compound (23 vs 17). However, in general, no site

stands out as having substantially more detections or samples containing at least one

compound. Site F was noticeably lowest with only two detections, low levels of  2.5

ppb for molinate and 4.5 ppb for methyl parathion.

The frequency of detections for six concentration ranges are given in Table 3. Of

the 53 detections, 72% were below 5 ppb and 85% were below 10 ppb. Detection of the

same compound at the same site on consecutive sampling intervals could indicate that

the compound is continually being introduced into the water as opposed to a limited,

intermittent introduction. Figure 1 shows the concentration of molinate, the most fre-

quently detected compound, as a function of sampling interval and location. It was

generally detected over a six week period from late June through early August at all

four locations on the L’Anguille river and at the two lower locations of the St. Francis

river. Figure 1 also shows that there were substantially higher concentrations on the

L’Anguille river and they were consistently higher at site B.

SIGNIFICANCE OF FINDINGS

It is not surprising to find some pesticides in surface water in an agricultural area

during the growing season. With few exceptions, the detections have been low level

and sporadic.

The most noticeable aspect of the data is the high frequency of detections and

the higher concentrations of molinate compared to the other compounds. The ten

highest detections were all for molinate with the highest being 46 ppb. The tenth

edition of the Pesticide Manual (Tomlin, 1994) lists the LC50 (96 hr) for rainbow trout as

1300 ppb. The maximum concentration we detected was 28-fold less than the LC50 for

trout, however, we should point out that we would ideally like to compare the detected

levels to the No Observable Effect Level (NOEL), if it were available, which is the

highest concentration that does not produce any observable effects rather than the

level that kills half the population. The NOEL would be lower than the LC50. This

information is not available for fish.

This year’s data provide us a benchmark with which to compare future annual

results. Special interest will be toward both the concentration and frequency of detec-

tions of molinate.
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Table 1. Results for samples that contain at least one detection of a

pesticide, corrected for percent recovery. Limit of quantitation of 2 ppb.

Pesticides detected

Date Sitez azoxyy carbo cloma molin MP propan quinc

------------------ (ppb corrected for percent recovery) ----------------

May 18-19 A - - 6.8 - - - -

B - - 2.5 - - - 2.9

C - - 3.0 - - - -

E - - 2.0 3.6 - - -

F - - 2.5 - - - -

G - - 2.4 - - - -

H - 2.3 2.9 - - - -

June 7-8 A 5.6 - - 8.6 - - -

B - - 2.3 2.4 - - -

C - - 2.0 - - - 2.7

D - 2.1 2.7 - - - 2.1

June 20-21 A - - - 2.5 - - -

B - - - 23.2 - - -

C 2.8 - - 11.4 - - -

D - - - 2.3 - - -

G - - 2.4 3.4 - - -

H - - 2.5 - - - -

July 6-7 A - - - 37.5 - - -

B - - - 44.3 - - -

C - - - 20.8 - - -

D - - - 10.8 - - -

G - - - 3.5 - - -

H - - - 3.4 - - -

July 18-19 A - - - 3.4 - - -

B - - - 46.0 - - -

C - - - 5.1 - - -

D - - - 2.4 - - -

E - - - 7.0 - - -

G - - - 2.4 - - -

H - - - 5.4 - - -

August 1-2 A - 2.6 - - 2.8 - -

B - - - 12.7 - - -

C - - - 2.2 2.1 - -

D - - - - 2.1 - -

G - - - 5.1 - - -

H - - - 2.9 - - -

August 15-16 E - - - - - 2.3 2.5

F - - - - 2.4 -

August 29-30 G - - - - 3.0 - -

H - - - - 4.5 - -

TOTAL DETECTIONS 2 3 12 25 6 1 4

z A-D - L’Anguille upstream to downstream; E-H - St. Francis upstream to downstream, see

text for details.
y azoxy = azoxystrobin; carbo = carbofuran; cloma = clomazone; molin = molinate; MP =

methyl parathion; propan = propanil; and quinc = quinclorac.
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Table 3. Distribution of concentrations for six concentration ranges.

Range (ppb) 2 - 5 >5 - 10 >10 - 20 >20 - 30 >30 - 40 >40 - 50

Number of detections 38 7 3 2 1 2

Table 2. Detections and number of samples with at least one detection per site.

L’Anguille St. Francis

Sites A B C D Total E F G H Total

Detections per site 8 8 9 7 32 5 2 7 7 21

Samples with at least one 6 6 6 5 23 3 2 6 6 17

detection

Fig. 1. Concentration of molinate in water

as a function of sampling period and location.
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CONTROL OF PROPANIL–RESISTANT

AND –SUSCEPTIBLE BARNYARDGRASS

E.F. Scherder, R.E. Talbert,  M.L. Lovelace, N.W. Buehring, and F.L. Baldwin

ABSTRACT

Propanil-resistant barnyardgrass is still one of the major rice weeds that growers

have to contend with each year, and it continues to spread through the rice-producing

areas of Arkansas. Currently, propanil-resistant barnyardgrass (Echinochloa crus-

galli) has been confirmed in 180 sites (with 11 new populations added in 2000) here in

Arkansas (Fig. 1). From the experiments conducted in 2000, clomazone continues to

provide excellent control of propanil-resistant and -susceptible barnyardgrass. How-

ever, this herbicide needs to be used in a program approach to achieve broad-spectrum

control. The postemergence herbicides of cyhalofop (Clincher), clefoxydim (Aura), and

fenoxaprop + isoxadifen (Ricestar) continue to provide control of both propanil-resis-

tant and -susceptible barnyardgrass and need to be used in a program approach for

effective broadleaf-weed control. Bispyribac-sodium (Regiment) was effective on

propanil-resistant and -susceptible barnyardgrass as well as northern jointvetch and

hemp sesbania. The herbicide-tolerant rice technologies have shown great promise for

control of both biotypes as well as their ability to control red rice. By utilizing a program

with these technologies, propanil-resistant barnyardgrass can be effectively controlled.

INTRODUCTION

Many environmental conditions that are favorable for rice production are also

favorable for the growth of weeds common to rice. This is why such weeds as

barnyardgrass (Echinochloa crus-galli), broadleaf signalgrass (Brachiaria

platyphylla), and sprangletop species (Leptochloa spp.) are in the top ten weeds in
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Arkansas rice production (Baldwin, 1997). Barnyardgrass is highly competitive in rice

due to its ability to germinate and compete with rice under flooded conditions (Kennedy

et al., 1980). Barnyardgrass has also been found to be highly prolific. Norris (1992)

demonstrated that as barnyardgrass inflorescence sizes increased so did the total

number of seeds produced per inflorescence, with 1500 to 2000 florets produced on

larger inflorescences. This research demonstrates the importance of proper weed man-

agement throughout the season, thus minimizing the amount of seed replenishment to

the soil-seed bank.

Weed control in rice production has relied heavily on the use of propanil to

control grasses and broadleaf weeds since the early 1960s (Smith, 1965). A sequential

program with propanil has been effective for the control of barnyardgrass, giving

>90% control (Richard and Street, 1984). However, due to widespread propanil use

since the 1960s, resistance evolved, with the first resistance in Arkansas found in the

early 1990s. In 1991 and 1992, 115 of 138 Arkansas barnyardgrass seed sources were

confirmed resistant to propanil to varying degrees (Carey et al., 1995). Since these first

confirmations, propanil-resistant barnyardgrass has been increasing throughout the

Arkansas region of the Mississippi Delta where rice is grown (Talbert et al., 1997).

To overcome this resistance, growers have been able to mix carbamates and

organophosphates to increase the activity of propanil (Daou and Talbert, 1999). How-

ever, these categories of insecticides have come under review by the EPA, and will be

less likely to be used in the future. Other soil-applied herbicides, such as pendimethalin,

thiobencarb, or quinclorac, have shown control of this species. However, control has

varied due to environmental conditions (Long et al., 1993; Smith, 1988).

The objectives of this research were to: 1) evaluate the use clomazone along with

other soil-applied herbicides for the control of propanil-resistant and -susceptible

barnyardgrass; 2) evaluate postemergence applications of cyhalofop (Clincher),

clefoxydim (Aura), fenoxaprop + isoxadifen (Ricestar), and bispryibac-sodium (Regi-

ment) applied alone and in sequential programs for control of both biotypes of

barnyardgrass; and 3) evaluate herbicide-tolerant cultivars of glufosinate (Liberty)

and imazethapyr (NewPath) for the control of this species.

PROCEDURES

General Methods

The procedures outlined here will be used throughout the following studies

unless otherwise specified. All studies were conducted at the Rice Research and Ex-

tension Center near Stuttgart, Arkansas, on a DeWitt silt loam (fine, smectitic, thermic,

Typic, Albaqualfs) with 1% organic matter and a pH of 5.3. Rice (cv. ‘Wells’) was

seeded 14 May 2000 in plots eight rows wide (7-in. row spacing) and 16 ft in length.

Propanil-resistant and -susceptible barnyardgrass, broadleaf signalgrass, pitted

morningglory (Ipomoea lacunosa), tall morningglory (Ipomoea purpurea), northern
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jointvetch (Aeschynomene virginica), and hemp sesbania (Sesbania exaltata) were

sown in single rows perpendicular to the rows of rice. Evaluations were made on these

sown weeds along with natural infestations of propanil-resistant barnyardgrass, bearded

sprangletop (Leptochloa fascicularis), Amazon sprangletop (Leptochloa panicoides),

and broadleaf signalgrass (if present). Visual ratings of injury, biomass reduction, and

weed control were taken 7, 14, 21, 28, 42, and 56 days after emergence (DAE) for soil-

applied herbicides and days after treatment (DAT) for  postemergence treatments.

Yield was taken on the four center rows and adjusted to 12% moisture. All data were

subjected to analysis of variance, with means separated at the 0.05 level using Fisher’s

Protected Least Significant Difference.

Herbicide Programs Using Clomazone for Broad-Spectrum Weed Control

Clomazone was evaluated at 0.3 lb ai/acre preemergence (PRE) for its activity on

propanil-resistant and -susceptible barnyardgrass, broadleaf signalgrass, and

sprangletop species. Sequential programs included clomazone PRE followed by (fb)

propanil midpostemergence (MPOST), propanil + quinclorac MPOST, propanil +

pendimethalin MPOST, propanil + molinate MPOST and preflood (PREFLD, tillering

rice), bispyribac-sodium MPOST, PREFLD, and postflood (POSTFLD). Standard

comparison treatments were thiobencarb fb bispyribac-sodium MPOST, PREFLD, and

POSTFLD. Visual ratings were taken on crop tolerance and percent control of grass and

broadleaf weeds.

Grass Control with Cyhalofop, Clefoxydim, and Fenoxaprop + Isoxadifen

Grass control was evaluated with cyhalofop, clefoxydim and fenoxaprop +

isoxadifen at a labeled rate and at rates 33% lower and higher than a labeled rate. These

three herbicides were evaluated as a single application applied EPOST or PREFLD.

Also a sequential program was evaluated at these same application timings with the

three rates of each herbicide. Visual ratings were taken on propanil-resistant and -

susceptible barnyardgrass, broadleaf signalgrass, and Amazon sprangletop.

Herbicide Programs Using Bispyribac-sodium

for Broad-Spectrum Weed Control

Bispyribac-sodium was evaluated in a sequential program alone and in a program

approach using the soil-applied herbicides of clomazone, pendimethalin, and

thiobencarb. Postemergence programs involved bispyribac-sodium MPOST fb triclopyr

POSTFLD. Visual ratings were taken on propanil-resistant and -susceptible

barnyardgrass, broadleaf signalgrass, pitted morningglory, northern jointvetch, and

hemp sesbania.
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Herbicide Programs Involving Glufosinate-Tolerant Rice

Glufosinate was evaluated on glufosinate-tolerant rice (LL-401 Bengal).

Glufosinate was evaluated in a sequential program using several rates applied EPOST

fb a sequential application of glufosinate at PREFLD. Preemergence programs with

glufosinate were also evaluated for the potential of a single application of glufosinate

for control of weeds common to rice where red rice is not present. Visual ratings were

taken on propanil-resistant and -susceptible barnyardgrass, broadleaf signalgrass,

pitted morningglory, northern jointvetch, and hemp sesbania.

Herbicide Programs Involving Imazethapyr-Tolerant Rice

Imazethapyr was evaluated on imazethapyr-tolerant rice (Clearfield Rice).

Imazethapyr was evaluated alone, in a sequential program, and in program approach

with current rice herbicides for broad-spectrum control. Visual ratings were taken on

propanil-resistant and -susceptible barnyardgrass, broadleaf signalgrass, tall

morningglory, northern jointvetch, and hemp sesbania.

RESULTS AND DISCUSSION

Herbicide Programs Using Clomazone for Broad-Spectrum Weed Control

Clomazone provided 100% control of propanil-resistant and -susceptible

barnyardgrass and broadleaf signalgrass when used alone or in other programs (Table

1). Quinclorac was the only herbicide that controlled pitted morningglory. Northern

jointvetch and hemp sesbania control was achieved with programs of propanil,

quinclorac, bispyribac-sodium, and propanil + molinate. When evaluating programs

involving bispryibac-sodium, these data suggest a benefit of using clomazone as the

preemergence herbicide as compared to thiobencarb. This approach allows for better

control of broadleaf signalgrass and more consistent barnyardgrass control. Where

weed control was attained, little differences in yield were observed.

Grass Control with Cyhalofop, Clefoxydim, and Fenoxaprop + Isoxadifen

Clefoxydim and cyhalofop provided varied control (63 to 91%) of propanil-resis-

tant and -susceptible barnyardgrass when applied at a single application EPOST (Table

2). Fenoxaprop + isoxadifen generally performed better than these two herbicides at the

EPOST timing regardless of rate. All herbicide treatments performed poorly at one-

third the labeled rate at the PREFLD timing, with increased control at the higher rates of

each herbicide. When a sequential program was used, excellent control was achieved

(>88%) with all rates. A sequential program ultimately provided control of all grass

species evaluated, which gave overall higher yields.
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Herbicide Programs Using Bispyribac-sodium

for Broad-Spectrum Weed Control

When bispyribac-sodium was used in a program with a preemergnce herbicide

>90% control of propanil-resistant and -susceptible barnyardgrass was obtained (Table

3). Broadleaf signalgrass control was not achieved with a sequential program of

bispyribac (<38%). However, when clomazone was used as the preemergence herbi-

cide, 100% control was observed. When pendimethalin and thiobencarb were used as

the preemergence herbicide, control ranged from 63 to 96%. Triclopyr was the only

herbicide that controlled pitted morningglory. Overall, bispyribac-sodium provided

control of northern jointvetch and hemp sesbania, with more consistent control ob-

served at the PREFLD and POSTFLD application timings.

Herbicide Programs Involving Glufosinate-Tolerant Rice

Glufosinate provided excellent broad-spectrum control of all weeds evaluated

(Table 4). Regardless of the rate of glufosinate used in the sequential program, control

at the end of the season was >99% for all weed species. When glufosinate was applied

only once in conjunction with propanil + molinate, poor control was observed on all

weeds evaluated. Glufosinate also worked well in a program approach with propanil

and quinclorac, providing control equal to that of a sequential application of glufosinate.

Little differences were observed in yield due to consistent control of all weed species.

Herbicide Programs Involving Imazethapyr-Tolerant Rice

Imazethapyr programs were shown to provide control of propanil-resistant and -

susceptible barnyardgrass and broadleaf signalgrass (Table 5). Imazethapyr also con-

trolled tall morningglory >98%. For northern jointvetch and hemp sesbania control

following imazethapyr treatment, propanil + quinclorac was very effective.

SIGNIFICANCE OF FINDINGS

Propanil-resistant barnyardgrass continues to spread through the rice growing

areas of Arkansas. From the research conducted, clomazone continues to provide

consistent control of this biotype of barnyardgrass when used alone or in a program

approach. When a postemergence program is preferred, sequential applications of

clefoxydim, cyhalofop, or fenoxaprop + isoxadifen could be used. These herbicides

have shown excellent control when used in a sequential program regardless of the

rate applied. Bispyribac-sodium continues to provide control of propanil-resistant

and -susceptible barnyardgrass along with selective activity on broadleaf weeds com-

mon to rice. The herbicide-tolerant rice technologies continue to provide a high level of

control of propanil-resistant and -susceptible barnyardgrass.
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  B.R. Wells Rice Research Series 2000
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Fig. 1.  Current confirmed sites of propanil-resistant barnyardgrass in Arkansas.

Counties Number of Sites Counties Number of Sites

Arkansas 14 Lawrence 5

Clay 5 Lincoln 2

Conway 1 Logan 6

Craighead 14 Lonoke 14

Cross 22 Monroe 10

Desha 2 Poinsette 42

Greene 5 Prairie 7

Independence 1 St. Francis 2

Jackson 9 Woodruff 10

Lafayette 9
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ONGOING STUDIES: PEST MANAGEMENT: INSECTS

VERIFICATION OF A MONITORING PROGRAM

FOR RICE WATER WEEVIL ADULTS

J.L. Bernhardt and D.T. Johnson

ABSTRACT

The newly developed aquatic barrier trap was used to directly monitor adult rice

water weevils in two rice fields with different management practices. Field 2 had low

densities of adults and larvae that were attributed to a 7- to 10-day delay in application

of permanent flood and a shallow flood. The other field (Field 1) was located near an

excellent overwintering site for adults, and did not have delayed permanent flood, but

a moderate to shallow flood that resulted in very high levels of adults. The traps in

Field 1 indicated that a threshold level of adults was present 3 to 4 days earlier than the

leaf-scar method can indicate. An application of Karate Z to control adults and reduce

larvae was effectively timed due to the early warning provided by the barrier traps. The

ratio of number of adults/trap/day to number of larvae/core sample in the untreated

areas was 0.7 and 0.5 for Field 1 and 2, respectively. These ratios were much lower than

the 1.4 larvae to 1 adult/trap/day ratio found by Hix et al. (2000). Because the fields had

shallower water than anticipated, traps had to be moved into the bar ditches, and the

fact that adults are often more numerous in the bar ditches than in the paddy area most

likely contributed to the difference between the previously established ratio and those

found in this study.

INTRODUCTION

The rice water weevil, Lissorhoptrus oryzophilus Kuschel, is a pest common to

Arkansas rice fields. Characteristic narrow longitudinal scars that parallel the mid-vein

of rice leaves are evidence of feeding by adults, and is the basis of an indirect scouting

technique (leaf-scar counts) used to predict damaging levels of larvae (Tugwell and



  AAES Research Series 485

100

Stephen, 1981; Morgan et al., 1989). An alternative, direct method of sampling adults is

to use an aquatic barrier trap (Hix et al., 1999, 2000). This passive trap has no lures and

intercepts adults swimming in flooded rice fields. Hix  et al. (2001) found that the

number of adults in barrier traps correlated well to subsequent larval densities. The

larvae feed on rice roots and when the damage is severe, rice yields will be reduced. In

order to prevent damaging levels of larvae, insecticides such as Karate Z for adults or

Dimilin for eggs can be applied within 10 days after permanent flood (Bernhardt, 1997, 1998,

1999). Application of these foliar insecticides could possibly be timed better if direct counts

of adults are used rather than using the indirect method of leaf-scar counts.

This study was initiated to provide additional information on the performance of

the trap to predict larval levels in commercial rice production fields. These are the

results of the first year of the verification trials.

PROCEDURES

Commercial rice fields of 52 (Field 1) and 57 (Field 2) acres were used to study the

aquatic barrier trap. Field 1 was seeded with the cultivar ‘Cocodrie’, which emerged on 4

May 2000. Field 2 was seeded with the cultivar ‘LaGrue’, which emerged on 28 April

2000. Each field was divided into 4-acre quadrants with boundaries marked by flag-

bearing poles. Field 1 had six quadrants along the east-west axis and two quadrants

along a north-south axis for a total of 12. The first two quadrants on an east-west axis

in Field 1 were each 5.67 acres. Water risers were located on the east end and approxi-

mately mid-field on the south side of the field. Field 2 had seven quadrants along the

north-south axis and two quadrants along an east-west axis for a total of 14. The last

two quadrants on the north-south axis in Field 2 were each 4.125 acres. Water risers

were located on the south end and approximately mid-field on the west side of the field.

Initially for both fields both risers were used, but later the risers were used indepen-

dently and as needed.

Beginning one day after permanent flood was initiated, two floating barrier traps

were placed in each quadrant when it was flooded. One trap was within 50 ft of the field

edges and another was within 100 ft of the interior edges of each quadrant. Traps were

checked daily or occasionally every other day. The collection chambers on each end of

the trap were removed and the contents placed in a 12-inch by 8-inch white plastic tray.

Adult rice water weevils were separated from the debris and other aquatic insects and

counted. A small length of stiff wire was used to remove and count any adults adhering

to the screen cones that protrude into the collection chambers and to the screen barrier.

After adults were counted and the traps cleaned of debris, each was relocated no less

than 10 ft from the previous site.

Approximately three weeks after permanent flood, a standard core sampler (4-inch

diameter by 4-inch depth) was used to remove soil and plants. Five core samples at

randomly selected sites were taken in each quadrant with one site near the field edge



101

  B.R. Wells Rice Research Series 2000

and another near the quadrant interior edge where traps had been located. Samples

were taken to the entomology laboratory where each sample had the soil washed from

the plant roots with high-pressure water into a 40-mesh screen. The screen was then

immersed in salt water and larvae were removed and counted.

RESULTS AND DISCUSSION

Field 1

The permanent flood was initiated on 27 May for Field 1. The first traps were posi-

tioned in the two west-end quadrants on 28 May (Table 1). The number of adults captured

is summarized in Table 1 first by edge versus interior and then by north side versus south

side quadrants. Numbers of adults in traps on the field edge and field interiors were nearly

equivalent. Initial numbers in the south side quadrants were less than those in the north

side quadrants, but became equivalent by 5 days after the onset of flood. Clearly by only 3

days after the onset of flood the number of adults exceeded 40/trap/day and surpassed

the predetermined treatment threshold of 20/trap/day. Feeding scars in the first six

quadrants from the west side of the field did not exceed an average of 60% of the plants

with a scar until 2 June, which was 7 days after the onset of flood. A decision to treat

approximately one-half of the field (27.4 acres) was made on 1 June, but actual treat-

ment was delayed because of high winds. Karate at 1∫ oz/acre was applied on 3 June. No

water was added to the treated portion of the field from 3 June to 6 June. All traps were

removed from the treated area prior to insecticide treatment and replaced on 4 June. No

adults were captured in the treated portion of the field when traps were checked and

removed on 5 June.

Soil-core samples were taken and evaluated on 20 June, 25 days after onset of the

flood (Table 2). The density of larvae averaged 0.6/core in the treated portion and 18.9/core

in the untreated portion. All the quadrants in the untreated portion, but especially the

last two quadrants on the east end, had a shallower flood than the treated quadrants.

Barrier traps had to be moved into bar ditches to have enough water for proper opera-

tion in those quadrants. Perhaps because of the shallow flood-water, fewer adults and

larvae were found in quadrant North 6 of the untreated area than in other quadrants in

the untreated and treated areas where adult densities were much higher.

Unfortunately the field was harvested without regard to the treated and un-

treated areas. The overall yield was 190.5 bu/acre.

Field 2

Permanent flood was initiated on 1 June for Field 2. The apparent late flooding

date placed the field in the delayed flood category since the flood date was 34 days

after emergence and was at least 7 days after the flood dates recommended by the

DD50. As a consequence of delayed flood, the plants were much larger and older than
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those in Field 1. Also, flood was maintained at a shallow level throughout the field,

which required that all traps be placed in the bar ditches. Only once did the field

average of adults per trap exceed 20 per trap (Table 3), which was the predetermined

threshold for a non delayed-flood field of LaGrue. A decision to treat the field was most

difficult. The difficulty arose because of size of plants at flood (delayed flood), the low

water maintained in the field, and the low numbers of rice water weevil adults. Leaf

feeding scars in the paddy areas did not exceed an average of 60% of the plants with a

scar at any time during the study. However, a decision to treat approximately one-half

of the field (27 acres) was made on 7 June. Dimilin at 12 oz/acre was applied on 7 June.

The first three east and west quadrants and one-third of east and west Quadrant 4 were

treated. No water was added to the treated portion of the field from 7 June to 10 June.

Traps were removed from Field 2 on 9 June.

Soil-core samples were taken and evaluated on 26 June, 25 days after onset of the

flood (Table 4). The density of larvae averaged 3.1/core in the treated portion and 3.4/

core in the untreated portion. All the quadrants in the untreated portion, but especially

west Quadrant 7, had a shallower flood than most quadrants in the treated area. Again,

perhaps because of the shallow water fewer adults were attracted to that rice.

The Dimilin treatment was unnecessary and may have only slightly reduced

larval densities. The combination of delayed flood and shallow water was responsible

for keeping rice water weevil densities low. Rough rice yield should not have been

reduced by such low densities of rice water weevil larvae on large plants. The field

could not be harvested in a manner that distinguished between the treated and un-

treated areas. The overall yield was 194 bu/acre.

SIGNIFICANCE OF FINDINGS

The aquatic barrier trap provided a method to directly monitor rice water weevil

adults in flooded rice fields. In one field, the daily high numbers of adults caught in the

traps provided an early indication that the field may need to be treated for weevils. In

fact, the traps indicated that threshold levels of adults were present 3 to 4 days earlier

than the leaf-scar method can indicate. The extra days provided an opportunity to

schedule the treatment around adverse weather conditions, yet allowed for the timing

of the application for maximum benefit.

The ratio between the number of adults/trap/day and subsequent number of

larvae/core sample that was established by Hix et al. (2000) at 1.4:1, larvae:adult appeared

inaccurate only for Field 2. The ratio of average number of larvae/core to the average

number of adults/trap/day sample in the untreated areas was 0.7:1 and 0.5:1 for Fields

1 and 2, respectively. What most likely contributed to the different ratios was the fields

had shallower water than anticipated and traps had to be moved into the bar ditches,

plus the fact that adults are often more numerous in the bar ditches than in the paddy

area. Regardless of the differences in ratios found in this study and the ratio in the
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previous study, the aquatic barrier trap effectively monitored adults and will be a

valuable tool for the management of rice water weevils.
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Table 1. Summary of numbers of rice water weevil adults captured in aquatic

barrier traps in the treated and untreated areas of a grower field (Field 1), 2000.

No. of Edge Interior North Quads South Quads Field

Date quadrants average average average average average/Day

---------------------------------- (no. of adult weevils) ----------------------------

Treated Area

5/29 2 3.5 1.0 3.5 1.0 2.3

5/30 4 43.0 48.5 67.0 24.5 45.8

5/31 6 58.5 48.3 69.3 39.0 53.4

6/1 6 85.0 58.2 70.5 72.7 71.6

6/2 6 50.2 60.0 65.5 44.7 55.1

6/3 Karate Treatment - 0.03 lb ai/acre - 27.4 acres

6/5 6 0 0 0 0 0

Untreated Area

5/31 2 43.5 46.0 45.0 44.5 44.8

6/1 4 57.8 56.0 49.3 68.0 56.9

6/2 4 22.4 29.9 17.7 34.1 25.9

6/3-4 6 9.7 12.7 10.7 11.7 11.2

6/5 6 22.3 40.3 39.2 23.5 31.3

Table 2. Summary of densities of rice water weevil larvae found

in 5 soil/plant core samples per quadrant in the treated and

untreated areas of a grower field (Field 1), 2000.

Plants/core RWW/core Plants/core RWW/core

Quadrant average average Quadrant average average

Treated Untreated

South 1 5.0 0.8 South 4 5.4 19.6

South 2 3.2 0.6 South 5 2.6 19.4

South 3 4.6 0.8 South 6 2.8 9.2

North 1 3.8 0.4 North 4 4.6 23.6

North 2 4.2 0.6 North 5 2.8 28.0

North 3 4.4 0.2 North 6 3.0 13.6

Average 4.2 0.6 Average 3.5 18.9
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Table 3. Summary of rice water weevil adults captured

in aquatic barrier traps in a grower field (Field 2), 2000.

No. of Edge Interior North Quads South Quads Field

Date quadrants average average average average average/day

---------------------------------- (no. of adult weevils) ----------------------------

Treated Area

6/3 8 6.8 6.2 3.1 9.9 6.5

6/4-5 8 3.3 5.3 2.2 6.4 4.3

6/6-7 8 12.7 29.7 19.2 23.2 21.2

6/7 Dimilin Treatment - 0.187 lb ai/acre - 27acres

6/8-9 8 8.6 26.4 18.8 16.2 17.5

Untreated Area

6/6-7 4 5.2 1.8 1.8 6.2 4.2

6/8-9 6 5.5 11.3 4.8 11.9 8.4

Table 4. Summary of densities of rice water weevil larvae found

in 5 soil/plant core samples per quadrant in the treated and

untreated areas of a grower field (Field 2), 2000.

Plants/Core RWW/Core Plants/Core RWW/Core

Quadrant average average Quadrant average average

Treated Untreated

East 1 6.2 1.6 East 5 4.0 3.6

East 2 5.6 2.4 East 6 5.6 2.2

East 3 5.2 2.4 East 7 5.8 5.0

East 4 5.6 5.0 West 5 4.0 4.4

West 1 4.6 4.4 West 6 5.4 4.2

West 2 6.2 5.4 West 7 4.4 1.0

West 3 5.0 2.6

West 4 5.8 3.6

Average 5.5 3.4 Average 4.9 3.4



106

ONGOING STUDIES: PEST MANAGEMENT: DISEASE

ON-FARM MONITORING OF

RICE DISEASES AND VARIETY PERFORMANCE

R.D. Cartwright, C.E. Parsons, B.J. Dodgen, F.N. Lee, and E.A. Sutton

ABSTRACT

The rice disease monitoring and on-farm variety evaluation program continued in

2000 with a total of 21 varieties or lines seeded at 16 locations in 15 counties. Overall, rice

diseases were moderate in 2000 due to very hot and dry weather in July and August. The

highest yielding conventional rice varieties were ‘Earl’, ‘LaGrue’, ‘Bengal’, ‘Wells’, ‘Cocodrie’,

and ‘Priscilla’. The hybrid ‘XL-6’ had the highest average yield of any line seeded, but had

very variable head rice yield. Priscilla had the most stable yield across sites. Additional

disease reaction data for the varieties and lines to sheath blight, blast, stem rot, kernel smut,

bacterial panicle blight, and false smut were noted.

INTRODUCTION

Diseases are a major constraint of rice yield and quality, but vary greatly in

importance depending on geography, weather, and local production practices (Ou,

1985). New diseases are noted periodically as pathogens adapt to become virulent on

rice or on varieties of rice planted on large areas (Ou, 1985; Webster and Gunnell, 1992).

There are several major rice diseases in the United States, most caused by fungi.

Major fungal diseases include sheath blight, blast, most seedling diseases, stem rot,

and kernel smut. In recent years, bacterial panicle blight or bacterial grain rot has

emerged as a major problem on certain southern U.S. rice varieties. The physiological

disorder known as straighthead also continues to be important in many areas of the

United States. Certain minor rice diseases have caused serious problems in localized

areas of the United States from time to time. For example, brown spot of rice caused

serious yield losses on potassium-deficient rice in Arkansas during 1994 (Cartwright et
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al., 1995) and false smut created numerous quality concerns for Arkansas rice growers

in 1997 (Cartwright et al., 1999). There are at least a dozen other minor rice diseases in

the United States that are consistently observed but that have not caused consistent

problems in many years.

The monitoring of rice diseases and reaction of rice varieties to them has been an on-

going project in Arkansas for several years. As the agroecosystem in the state changes,

monitoring on commercial rice farms especially becomes more critical since the current

economics of rice production do not permit any margin for crop failure by the growers.

New disease problems must be detected before causing widespread damage so

that control methods can be researched and growers warned to take action. Examples

of disease problems detected by this program since it began include: 1) bacterial panicle

blight in 1993 (thought at that time to be Fusarium sheath rot); 2) brown spot and stem

rot epidemics on potassium deficient rice in 1994; 3) autumn decline in several fields

from 1993 to 1995; 4) sheath blotch in 1995; 5) false smut in 1997; and 6) various

changes in rice blast over time (Cartwright et al., 1994; Cartwright et al., 1995; Cartwright

et al., 1996; Cartwright et al., 1999).

Reaction of varieties to diseases under on-farm conditions has also been docu-

mented each year and provided the only data on certain diseases. For example, most of

the current information on susceptibility of southern U.S. rice varieties to kernel smut

was generated by this program as was the early information on susceptibility to false

smut (Cartwright et al., 1998a; Cartwright et al., 1998b).

Finally, on-farm monitoring plots have been used repeatedly for education purposes.

They have been the subject of more than 50 local field days and numerous training ses-

sions for growers, consultants, county agents and other agricultural personnel.

PROCEDURES

A total of 21 rice varieties or lines were used in the program during 2000. Origi-

nally, 18 counties in all parts of the rice production area were selected to receive plots.

Plots in Desha and Chicot county were lost after seeding and the Jefferson county site

was not seeded due to continuous rainfall through June. The varieties Earl, LaGrue,

Bengal, Cocodrie, Priscilla, ‘Drew’, ‘Jefferson’, ‘Kaybonnet’, ‘Cypress’, ‘M201’, and

‘Lemont’ were seeded at all sites that were eventually harvested. All plots were 8 rows

(7 in. spacing) wide x 25 ft long and replicated three times in a randomized complete

block design. Wells was seeded at all sites except Mississippi County. Varieties ‘AB6564’,

‘AB1542’, ‘AB3004’, and ‘AB6565’ from Anheuser Busch and the Arkansas line

RU9801148 were seeded at seven locations. ‘Madison’ was included at eight locations

and the hybrid XL-6 (RiceTec) was seeded at five sites. Arkansas lines RU9901030 and

RU9601099 were seeded at four surviving sites.

Grower fields were selected by cooperating extension agents based on disease

history, cultural practices, and previous observations. Fertilization and other manage-
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ment practices were conducted by the grower with the rest of the field except in two

cases. The XL-6 hybrid plots only received 60 lb N/acre as needed and the Jackson county

site was fertilized by research personnel, receiving 190 lb N/acre as urea. No fungicides

were applied to any of the test plots. Plots were examined periodically for diseases begin-

ning at internode elongation, and final disease incidence and severity data were taken just

prior to grain maturity for each location. Plots were harvested with a plot combine and yield

adjusted to 12% moisture and expressed as bu/acre. A bushel weighs 45 lb.

RESULTS AND DISCUSSION

Statewide, rice diseases were moderate in 2000 due to abnormally dry weather in

July and August. August was also extremely hot, reducing the likelihood of heading

diseases. Sheath blight was moderate, even on semidwarf long grains like Cocodrie and

Cypress. Leaf blast was severe in June on certain LaGrue, Wells, and Bengal fields –

the result of frequent rains and extensive cloudy conditions during the month. How-

ever, hot dry weather following June prevented widespread neck blast on these variet-

ies. A few localized fields in Arkansas, Prairie, Randolph, and Clay counties suffered

moderate to severe neck blast. An unusual thunderstorm with straight-line winds ex-

ceeding 70 mph damaged rice during heading in Arkansas, Jefferson, Lincoln, and

Desha counties. Straighthead caused severe losses on a few fields of Cocodrie rice and

damage from glyphosate drift was fairly widespread during the summer. Kernel smut

and false smut were minimal during 2000 with high levels only in a very few fields in

northeast Arkansas. Bacterial panicle blight was widespread on Bengal, especially in

the northeast part of the state, but losses were not as severe as in 1995. It was not

noted on other varieties. Other diseases were very minor or nonexistent in 2000.

Yields varied between sites (Table 1). Cross, Arkansas-Stuttgart, Craighead, Clay,

and Prairie sites tended to have the highest overall yields (Table 1). These sites were

characterized by good management and few problems. White, Arkansas-Ethel, Greene,

and Randolph locations had the lowest yields (Table 1). The White, Arkansas-Ethel,

and Greene sites had inherent soil and fertility problems. The Arkansas-Ethel location

also had moderate neck blast, while the Greene site had severe stem rot. The Randolph

location had severe sheath blight and moderate neck blast on many varieties. The

Jackson and Poinsett sites had uniform false smut but few other problems.

The highest yielding conventional varieties were Earl, LaGrue, Bengal, Wells, Cocodrie,

and Priscilla, all fairly recent releases (Table 1). The highest yields at any location, however,

were for the XL-6 hybrid rice, which produced more than 200 bu/acre at 3 of 5 locations

(Table 1). Milling quality of the hybrid was very variable, however, ranging from 22 to 60%

head rice depending on location (data not shown). Varieties with the most stable yields

were Priscilla, Jefferson, AB3004, and Kaybonnet (Table 1). Yields for selected varieties in

the disease monitoring program over several years are listed in Table 2. LaGrue and Bengal

have consistently had the highest average yields over time (Table 2).
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Summary evaluations of six diseases on the different varieties are presented in

Table 3. Only the most severe values observed at any location were included. Growers

should consider not only the yield performance of a variety prior to seeding but any

known risk factors including disease susceptibility. General disease reactions for the

varieties and lines included in the 2000 Arkansas Disease Monitoring Program are

listed in Table 4 and are based on experimental plot and commercial field observations

throughout the state over a period of years.

SIGNIFICANCE OF RESULTS

Results in 2000 demonstrated the scope of disease impact on rice in the state and

provided Arkansas rice producers information to avoid or minimize disease problems

on their farms. Data from the on-farm plots were used in the annual disease reaction

summary used by growers in the selection of rice varieties before seeding. The disease

monitoring plots also supplied information for the weekly Rice Disease Newsletter

during the summer, advising growers about developing disease problems in time to

react before damage was done.
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  B.R. Wells Rice Research Series 2000
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ONGOING STUDIES: PEST MANAGEMENT: DISEASE

CULTIVAR REACTIONS TO RICE BLAST ISOLATES

COLLECTED DURING THE 2000 GROWING SEASON

J.C. Correll, E.S. Shreve, E.J. Boza, R.D. Cartwright, and F.N. Lee

ABSTRACT

Over 400 isolates of P. grisea were recovered from 10 counties throughout Ar-

kansas during the 2000 growing season. Blast was generally moderate throughout the

state, but there were several fields in several locations where the blast severity was

high. Genetic examination of these isolates [with the vast majority of the isolates (>97%)

collected from over 15 cultivars in 10 counties] revealed that the blast population in the

summer of 2000 was dominated by isolates belonging to a single genetic family (Group

A). Two isolates belong to Group B and two to Group D.

INTRODUCTION

Rice blast continues to cause disease problems in Arkansas even when the

disease is sporadic. Blast was observed in commercial rice fields throughout the state

during the 2000 growing season. Based on previous surveys in Arkansas, eight genetic

families, or DNA fingerprint groups, have been identified in Arkansas (Groups A, B, C, D,

E, F, G, H), but only four groups have been found in the contemporary population (since

1990, Groups A, B, C, and D) (Correll et al., 2000; Xia et al., 2000). Ongoing assessment of

genetic diversity of the rice blast fungal population is critical to enable plant breeders to

screen germplasm for resistance. Consequently, rice blast isolates are collected each year

and characterized for their DNA fingerprints, their genetic, or vegetative compatibility, and

their virulence (ability to cause disease on commercial cultivars).

Populations of the rice blast pathogen from throughout the world have been

studied for their phenotypic and genotypic variation (Correll and Gordon, 1999; Shull
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and Hamer, 1994; Zeigler, 1998). The objective of this study was to assess the genetic

diversity in a collection of rice blast isolates obtained during the 2000 growing season

in Arkansas.

PROCEDURES

A total of 443 isolates of P. grisea were collected from throughout Arkansas

during the 2000 growing season (Table 1). Each isolate was single-spored and stored in

our archived collection. The isolates are being examined for their MGR586 DNA finger-

prints, vegetative compatibility, and virulence based on disease reactions on a set of

rice germplasm consisting of many cultivars commonly grown in Arkansas.

The MGR586 DNA fingerprints, vegetative compatibility tests, and pathogenic-

ity tests were conducted as previously described (Correll et al., 2000; Xia et al., 1993;

Xia et al., 2000). Disease was assessed on a rating scale of 0 to 9 based on the following

criteria:

Resistant:

0 = no evidence of infection

1 = pinpoint infections, hypersensitive response

2 = infections with open centers - lesions small < 2 mm)

3 = infections with open centers beginning to expand but small (< 3 mm)

Susceptible:

4 = susceptible type lesions (expanding/open centers) on < 10% of the leaf area

evaluated.

5 = susceptible lesions on 10-25% of the leaf area evaluated.

6 = susceptible lesions on 26-50% of the leaf area evaluated.

7 = susceptible lesions on 51-75% of the leaf area evaluated.

8 = susceptible lesions on 76-90% of the leaf area evaluated.

9 = susceptible lesions on > 90% of the leaf area evaluated.

RESULTS AND DISCUSSION

Although four DNA fingerprint groups (A, B, C, and D) of the rice blast patho-

gen are common in Arkansas, sampling during the 2000 growing season indicated that

the vast majority of isolates (> 95%) recovered from all cultivars sampled throughout

the state belong to a single DNA fingerprint group (Group A). All of the isolates thus

far examined were very similar in virulence, causing a similar level of disease on the rice

cultivars examined (Table 2). The isolates were consistently identified as IB49. Disease

reactions of the various commercial cultivars, breeding lines, and rice differential geno-

types to selected races of the rice blast pathogen also were evaluated (Tables 3, 4, and 5).
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SIGNIFICANCE OF FINDINGS

The data presented indicate that the genetic diversity of the rice blast pathogen

recovered during the 2000 growing season in Arkansas was exceptionally low. A single

genetic group (Group A) was predominant throughout the state on all cultivars sampled.

A total of 31 rice lines were tested for their relative resistance to a composite sample of

rice blast isolates collected during the 2000 growing season. Ten of the 31 lines tested

were considered resistant to these isolates under greenhouse screening conditions.
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Table 1. Rice blast isolates collected during the 2000 growing season.

Collection

Isolate No. County Field Cultivar date

-- 0 Arkansas DMP Plots AB-1542 8/28/00

-- 0 Arkansas DMP Plots AB-6565 --

-- 0 Arkansas Plot 6134 3291 --

6013-1 - 6013-4 4 Arkansas Plot 6013 3291 8/29/00

6113-1 - 6113-2 2 Arkansas Plot 6113 3291 --

BB01-BB13 13 Arkansas Butler 9 LaGrue 7/5/00

BB14-BB61 48 Arkansas Butler 25 LaGrue 7/5/00

JA01-JA04 4 Arkansas DMP Plots Jefferson --

NS01-NS05 5 Arkansas Trt 5 Wells 7/17/00

NS06-NS07 2 Arkansas Trt 8 Bengal 7/17/00

NS08-NS21 14 Arkansas Trt 10B IMI-3291 7/17/00

NS13-NS14 2 Arkansas Trt 9 Liberty Bengal 7/17/00

NS15-NS17 3 Arkansas Trt 10B IMI-3291 7/17/00

NS18-NS21 4 Arkansas Trt 12B IMI-0051 7/17/00

NS22-NS23 2 Arkansas Trt 12Bt IMI-0051 7/17/00

PL01-PL03 3 Arkansas Plot 6050 3291 8/28/00

SH01-SH03 3 Arkansas DMP Plots Bengal --

SH04 1 Arkansas DMP Plots Cocodrie --

SH05-SH07 2 Arkansas DMP Plots Cypress --

SH08-SH11 3 Arkansas DMP Plots Jefferson --

SH12-SH14 3 Arkansas DMP Plots LaGrue --

SH15-SH16 1 Arkansas DMP Plots LaGrue --

SH17-SH19 3 Arkansas DMP Plots LeMont --

SH20-SH24 5 Arkansas DMP Plots M201 --

SH25-SH27 2 Arkansas DMP Plots Priscilla --

SH28-SH32 3 Arkansas DMP Plots Wells --

SH33-SH36 3 Arkansas DMP Plots RU 9801148 --

X01-X15 15 Arkansas Butler 25 Grass 7/5/00

X16-X45 30 Arkansas -- Grass 7/5/00

X46-X66 21 Arkansas -- Grass 7/6/00

-- 0 Clay Wells Field Crabgrass 9/1/00

-- 0 Clay -- Jefferson --

-- 0 Clay -- LaGrue --

-- 0 Clay -- Wells 9/1/00

LG01-LG04 4 Clay DMP Plots LaGrue 8/22/00

MCl1 1 Clay Clay Co. Plot M201 9/1/00

TSm01-TSm06 6 Clay DMP Plots Wells 9/1/00

NOT BLAST 0 Craighead DMP Plots Jefferson 8/30/00

NOT BLAST 0 Craighead DMP Plots M201 8/30/00

-- 0 Jefferson UAPB Wells 7/19/00

PB01-PB02 2 Jefferson UAPB CL-0051 7/19/00

PB03-PB04 2 Jefferson UAPB CL-2251 7/19/00

PB05-PB07 3 Jefferson UAPB CL-3291 7/19/00

PB08-PB12 4 Jefferson UAPB A-3510 7/19/00

PB13 1 Jefferson UAPB Bengal 7/19/00

60AC1-60AC9 9 Lawrence -- Bengal --

80AC1-80AC6 6 Lawrence -- Bengal --

Bru01-Bru06 6 Lawrence -- Wells --

continued
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Table 1. Continued.

Collection

Isolate No. County Field Cultivar date

CCL01-CCL06 6 Lawrence -- CL3291 --

FC1 1 Lawrence -- Bengal (NW) --

KC01-KC10 10 Lawrence -- Wells --

NOT BLAST 0 Lawrence -- Bengal (curve) --

ST1 1 Lawrence RREC CL3291 9/11/00

SW08-SW11 3 Lawrence SW2 Bengal --

GP01-GP09 9 Lonoke --  8/29/00

SF01-SF09 9 Lonoke Spears Farm LaGrue 8/30/00

SF10-SF12 3 Lonoke Spears Farm Wells 8/30/00

NOT BLAST 0 Poinsett -- Bengal 8/30/00

Red1-Red6 6 Poinsett DMP Plots M201 8/24/00

HB01-HB08 8 Prairie Cocodrie Field  8/22/00

HBN01-HBN06 6 Prairie Hardke North Wells 8/22/00

HBN07-HBN12 6 Prairie Hardke East Wells 8/22/00

HBN13-HBN22 10 Prairie Hardke North Cocodrie 8/23/00

IPM1-IPM4 4 Prairie IPM Field Cocodrie --

PF01-PF08 8 Prairie Petrus Farm LaGrue 8/23/00

PF09-PF11 3 Prairie Petrus Farm Wells 8/23/00

PF12-PF19 8 Prairie Petrus Farm LeMont 8/23/00

RR1 1 Prairie Cocodrie Field Red Rice 8/22/00

-- 0 Randolph Randoph Plot LaGrue 9/1/00

-- 0 Randolph DMP Plots ABR 6565 9/11/00

-- 0 Randolph DMP Plots Cocodrie 9/11/00

-- 0 Randolph DMP Plots Earl 9/11/00

-- 0 Randolph DMP Plots Kaybonnet 9/11/00

-- 0 Randolph DMP Plots LaGrue 9/11/00

BgR01-BgR03 3 Randolph DMP Plots Bengal 9/11/00

CRa01-CRa06 6 Randolph DMP Plots Cypress 9/1/00

CRa07 1 Randolph DMP Plots Cypress --

DrR1 1 Randolph DMP Plots Drew 9/11/00

JRa01-JRa02 2 Randolph DMP Plots Jefferson 9/1/00

JRa03-JRa04 2 Randolph DMP Plots Jefferson 9/11/00

LeR01-LeR03 3 Randolph DMP Plots LeMont 9/11/00

MRa01-MRa03 3 Randolph DMP Plots M201 9/11/00

PRa01-PRa02 2 Randolph DMP Plots Priscilla 9/1/00

PRa03-PRa05 3 Randolph DMP Plots Priscilla 9/11/00

RUR09-RUR12 4 Randolph DMP Plots RU 9801148 --

RUR1-RUR8 8 Randolph DMP Plots RU 9801148 9/1/00

SW01-SW07 7 Randolph -- Bengal 7/13/00

WRa01-WRa8 8 Randolph DMP Plots Wells 9/1/00

WRa09-WRa12 4 Randolph DMP Plots Wells 9/11/00

SY01-SY10 10 White Safley Farm Bengal --

-- 0 Arkansas VxN Test 3291 8/28/00

-- 0 Arkansas DMP Plots Earl --

-- 0 Arkansas DMP Plots Madison --

-- 0 Arkansas DMP Plots Priscilla --

CMB1-CMB4 4 Arkansas Plots 6020, 6079, 8/28/00

6137, 6115

DB01-DB04 4 Arkansas Helms LeMont --

continued
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Table 1. Continued.

Collection

Isolate No. County Field Cultivar date

DB05-DB06 2 Arkansas Helms Toro-2 --

DB07-DB11 5 Arkansas Helms Wells --

DB12-DB14 3 Arkansas Helms LaGrue --

DB15-DB19 5 Arkansas Helms Cocodrie 9/13/00

NOT BLAST 0 Arkansas  IMI-0051 --

NOT BLAST 0 Arkansas  IMI-2551 --

NOT BLAST 0 Arkansas  IMI-3291 --

NOT BLAST 0 Randolph DMP Plots Priscilla --

ZG1-ZG6 6 Poinsett  LaGrue --

Table 2. Disease reactions of 31 rice lines to a composite of

34 rice blast isolates collected during the 2000 growing season.

Disease ratingz

Cultivar Test 1 Test 2 Test 3 Mean Overally

OL5B 0.0 0.0 2.2 0.9 R

OL5A 0.3 0.0 2.8 1.2 R

Madison 1.2 1.1 2.2 1.6 R

Kaybonnet 1.0 1.0 2.2 1.3 R

Drew 1.0 1.6 2.7 2.0 R

Cocodrie 3.0 1.9 3.4 2.7 R

XL6 3.5 3.2 3.2 3.2 R

Priscilla 4.2 2.7 3.6 3.3 R

Jefferson 4.3 3.9 3.6 3.7 R

RU9901030 5.3 3.3 3.7 3.8 R

AB3004 3.8 3.9 4.3 4.0 I

Usen 5.7 3.6 4.6 4.4 I

Zenith 9.0 3.0 4.0 4.5 I

Earl 5.5 4.7 4.3 4.7 I

NP-125 6.5 5.1 4.8 5.2 S

Bengal 5.8 5.3 5.0 5.3 S

Mars 7.3 5.4 4.7 5.3 S

Starbonnet 7.5 5.2 4.8 5.4 S

RU9601099 6.5 5.3 4.9 5.5 S

AB6565 5.5 5.8 5.3 5.5 S

Lemont 6.2 5.4 5.4 5.5 S

AB6564 6.2 5.8 5.2 5.6 S

STT 6.6 5.9 5.0 5.6 S

Cypress 6.2 5.9 5.0 5.6 S

M201 7.0 5.7 4.9 5.6 S

Wells 6.6 5.5 5.5 5.7 S

LaGrue 6.8 5.5 5.5 5.7 S

continued
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Table 2. Continued.

Disease ratingz

Cultivar Test 1 Test 2 Test 3 Mean Overally

Dular 7.0 5.6 5.5 5.8 S

AB1542 7.3 5.9 5.1 5.8 S

RU9901081 7.7 6.2 4.9 6.0 S

RU9801148 8.2 6.6 5.0 6.2 S

z Cultivars were evaluated in three tests. Tests 1, 2, and 3 included 6, 14, and 14 isolates,

respectively, collected from throughout Arkansas during the 2000 growing season. 0 = no

disease and 9 = severe disease.
y R = resistant; I = intermediate; S = susceptible.

Table 3. Disease reactions of selected breeding

lines to several races of the rice blast pathogen.

Isolate

(Race)

24 ZN15 A598 A119 ZN46 A264 ZN7 49D TM2

Genotype Cz (IG1) (IB1) (IB49) (IB49) (IC1) (IC17) (IE1) (IB49) (racek)

97-L03-132 0 0 0 0 0 1 0 0 1 8

97P14-013 0 5 6 5 6 7 4 6 9 9

97P14-064 0 6 6 5 4 6 5 7 8 7

97L25-133 0 2 0 1 2 2 0 0 2 8

97L10-118 0 0 2 1 3 1 0 2 3 9

98L03-096 0 0 0 1 0 1 4/5y 2 1 9

98L03-099 0 2 1 0 0 1 0 3 1 9

98L03-039 0 2 0 1 3 1 0 2 1 9

98L05-083 0 0 0 1 0 1 0 2 1 9

98L02-064 0 7 6 5 5 6 7 8 9 9

98L11-005 0 6 6 6 6 7 7 8 9 9

98PL-925 0 7 5 4 4 7 6 7 9 9

98PL-932 0 4/6 5 4 4 7 5 6 7 9

98PL-928 0 6 5 5 4 8 5 8 9 9

98L04-034 0 5 6 5 5 6 5 6 9 9

98L04-093 0 5 5 4 4 6 5 7 9 9

98L10-005 0 3 1 1 0 0 0 3 2 8

98L12-086 0 3 2 2 2 3 1 2 9 8

98L10-129 0 7 7 5 5 7 7 8 9 9

97L02-129 0 0 1 1 3 1 4/4 3 2 9

97P02-110 0 3 1 2 3 0 0 2 1 9

97L24-063 0 4/5 2 5/3 5 2 3 5 8 9

98L10-008 0 3 1 2 2 1 2 4 3 8

98L17-015 0 3 4/3 4/8 0 4 5/5 5 5/3 9

98L04-079 0 5 6 6 4 6 6 7 8 9

98L10-63 0 3 2 2 3 3 0 4 2 9

98L22-007 0 3 1 1 3 1 1 4 2 9

98L01-105 0 3 0 2 3 0 0 3 1 9

98L12-129 0 0 1 3 3 4 4/4 2 8 2

98L13-108 0 0 1 2 3 1 0 4 3 9

98L05-011 0 3 1 2 2 2 0 3 2 9

97L25-133 0 3 0 0 0 1 0 3 3 9

z C = water control.
y 4/5 = disease rating of 4 with 5 plants showing no symptoms of disease (possibly segregating?).
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Table 4. Disease reactions of various differential

rice lines to selected races of the rice blast pathogen.

Isolate

(Race)

24 ZN15 A598 A119 ZN46 A264 ZN7 49D TM2

Genotype Cz (IG1) (IB1) (IB49) (IB49) (IC1) (IC17) (IE1) (IB49) (racek)

Katy 0 0 0 1 0 1 0 3 1 5

Zenith 0 0 4 1 4 3 0 2 6 1

NP-125 0 4 - 5 5 5 4 6 6 7

Usen 0 2 5 6 4 5 3 3 5 5

Dular 0 1 6 6 4 7 6 7 6 7

Kanto-51 0 5 6 5 6 6 - 6 5 6

STT 0 4 - - 2 - - 3 - -

Caloro 0 4 - - - - - - - -

Newbonnet 0 2 5 6 5 5 6 6 6 6

Katy 0 2 1 1 2 1 2 3 2 6

Bengal 0 0 5 - 3 6 3 2 6 3

Drew 0 3 1 1 3 1 2 3 1 6

Usen 0 1 5 5 4 5 1 3 5 5

NP-125 0 3 5 4 5 6 5 6 5 5

STT 0 1 6 5 4 8 5 5 8 4

Mars 0 2 4 5 4 5 3 3 8 2

z C = water control.
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Table 5. Reaction of various commercial cultivars

to selected races of the rice blast pathogen.

Isolate

(Race)

24 ZN15 A598 A119 ZN46 A264 ZN7 49D TM2

Genotype Cz (IG1) (IB1) (IB49) (IB49) (IC1) (IC17) (IE1) (IB49) (racek)

XL-6 0 0 4 0 3 4 5 4 6 5

Earl 0 4 6 6 3 4 4 2 7 2

LaGrue 0 5 6 6 6 7 5 5 9 7

Bengal 0 0 7 5 4 6 0 0 8 1

Wells 0 0 7 6 5 5 5 6 8 7

Cocodrie 0 0 4 1 - - 0 2 7 0

Priscilla 0 4 4 4 5 2 4 3 7 4

AB6564 0 2 8 7 5 7 2 4 9 1

RU9901030 0 0 2 0 4 4 4 4 4 5

Drew 0 0 1 0 0 2 0 1 1 6

RU9801148 0 3 7 7 5 7 0 4 8 1

AB1542 0 0 8 6 4 5 0 4 7 2

Jeffereson 0 0 4 4 4 4 0 0 8 0

AB3004 0 4 3 3 2 3 1 3 4 3

Kaybonnet 0 0 1 0 0 1 0 0 1 6

AB6565 0 0 5 5 5 5 4 7 7 7

Cypress 0 0 6 6 6 6 5 5 6 7

M201 0 5 9 6 6 6 5 5 - 6

RU9601099 0 0 - 5 5 4 1 3 4 2

Madison 0 0 1 1 0 4 0 1 3 9

Lemont 0 0 6 6 5 4 5 6 9 8

RU9901081 0 5 8 8 6 6 5 7 9 9

Usen 0 0 4 5 3 5 1 3 5 4

STT 0 0 8 5 4 5 6 5 8 8

NP-125 0 - 8 7 - 6 4 7 6 6

Mars 0 0 9 8 4 6 1 2 9 1

Starbonnet 0 6 9 6 5 6 6 5 9 8

Zenith 0 - 3 - - - 0 - - 0

Dular 0 2 6 7 7 7 6 6 6 -

OL5A 0 0 0 1 0 0 0 2 0 2

OL5B 0 0 0 1 0 1 1 2 0 1

z C = water control.
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ONGOING STUDIES: PEST MANAGEMENT: DISEASE

STRAIGHTHEAD OF RICE AS

INFLUENCED BY ARSENIC AND NITROGEN

R.H. Dilday, W.G.Yan, N.A. Slaton, J.W. Gibbons, and K.A.K. Moldenhauer

ABSTRACT

The study conducted in 1999 to evaluate straighthead in U.S. cultivars and

foreign germplasm accessions, and the relationships of straighthead, grain yield, plant

height, and heading with arsenic and nitrogen (N) fertilization was repeated in 2000. As

in 1999, ‘Cocodrie’, ‘Kaybonnet’, ‘Bengal’, and ‘Mars’ were the most susceptible to

straighthead. ‘Priscilla’ and ‘Jefferson’ were the most tolerant to straighthead, fol-

lowed by ‘Cypress’, ‘Drew’, ‘Wells’, ‘LaGrue’, and ‘Japan 92.09.31’. ‘Zhe 733’, a Chi-

nese germplasm accession, was almost immune to straighthead. Arsenic applied as

MSMA was essentially responsible for straighthead as suggested by significant cor-

relation coefficients with straighthead rating (r = 0.50) and grain yield (r = –0.55).

Arsenic reduced plant height (r = –0.32) more than it delayed heading (r = 0.16). As

straighthead rating increased, grain yield was reduced (r = –0.90), plant height was re-

duced (r = –0.34), and heading was delayed (r = 0.62). Within the range of nitrogen

fertilization in the test, increasing N rate tended to reduce the severity of straighthead.

In the 2000 Straighthead Uniform Rice Nursery Test, the average straighthead ratings

of the advanced breeding lines from Arkansas, Louisiana, Mississippi, and Texas were

7.3, 7.5, 7.1, and 6.7, respectively. Seven elite lines from the Arkansas breeding program

had straighthead ratings of 6.0 or less.

INTRODUCTION

Straighthead has been reported as a physiological disorder of rice (Oryza sativa

L.) that results in blank florets, distorted lemma and palea and in extreme cases, the
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panicles or heads do not form. Grains do not develop and the heads remain upright at

maturity, hence, the name straighthead. Closer inspection of the diseased panicles

shows that they can be partly or completely sterile, greatly reduced in size with poor or

no emergence from the sheath of the boot, and they may have very few florets. Dilday et al.

(2000) reviewed the possible reasons for straighthead, the geographic distribution of

straighthead, and previous research. The objectives of this study were to: 1) confirm the

1999 test for determining the effect of arsenic and N rate on straighthead in current rice

varieties grown in Arkansas; 2) determine the level of straighthead tolerance of the

advanced breeding lines in the Uniform Rice Nursery from Arkansas, Louisiana, Mis-

sissippi, and Texas; and 3) determine the level of tolerance of Arkansas breeding lines.

MATERIALS AND METHODS

Straighthead Response to Arsenic and Fertilizer

The 1999 straighthead study described by Dilday et al. (2000) was repeated in

2000. Twelve cultivars, including ten of the most popular cultivars grown in the southern

United States (Bengal, Cocodrie, Cypress, Drew, Jefferson, Kaybonnet, LaGrue, Mars,

Priscilla, and Wells); a Chinese cultivar (Zhe 733); and a Japanese cultivar (Japan

92.09.31) were used to evaluate cultivar response to N fertilizer rate and arsenic rate.

Nitrogen rates were identical to those used in 1999 (60, 120, and 240 lb N/acre) except a 0

lb N/acre rate was added to the 2000 study.  Arsenic was applied as monosodium

methanearsonate (MSMA) and the rates were the same as the 1999 test (0, 6, and 8 lb

MSMA/acre). The test was seeded on 24 May 1999 in a split-block design with four

replications where the level of arsenic was the main block. The plots were nine rows

wide with 8-in. spacing between rows and 5 ft long. MSMA was applied to the soil surface

and incorporated before seeding. A permanent flood was established at about the 5-

leaf stage after N fertilizer was applied to each plot. The flood was maintained through-

out the growing season to ensure ideal straighthead conditions.

Data were collected at maturity by visually rating the center of each plot for floret

fertility or sterility and panicle emergence from the boot. The rating scale ranged from

1 to 9 , where 1 = no apparent sterility and more than 80% of the grains were developed;

2 = 71 to 80% of the grains were developed and 96 to 100% of the panicles emerged from

the boot; 3 = 61 to 70% of the grains were developed and 91 to 95% of the panicles were

emerged from the boot; 4 = 41 to 60% of the grains were developed and 61 to 90% of the

panicles were emerged from the boot; 5 = 21 to 40% of the grains were developed and

31 to 60% of the panicles were emerged from the boot and this is the stage where there

is an initial appearance of distorted and parrot-beak grains; 6 = 11 to 20% of the grains

were developed and 10 to 30% of the panicles were emerged from the boot; 7 = 0 to 10%

of the grains were developed with the panicle emerged but totally upright; 8 = no grains

were developed and 0 to 10% of the panicles were emerged from the boot and 9 = short

stunted plants with no panicles emerged from the boot.
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Heading dates of each plot were recorded when 50% of the panicles emerged

from the boot. At maturity, plant height was measured from the ground to the tip of the

panicle. Grain yield was estimated by harvesting three feet of the center three rows in

each plot. The data were analyzed by using a SAS program.

URN Straighthead Test

Advanced rice lines that are part of the Uniform Rice Nursery (URN) were evalu-

ated on a DeWitt silt loam soil at the University of Arkansas Rice Research and Exten-

sion Center at Stuttgart, Arkansas, in 2000. There were 201 entries in the test including

50 from Arkansas, 50 from Louisiana, 26 from Mississippi, 49 from Texas, 25 check

cultivars, and a standard straighthead check, Mars. The test was designed and con-

ducted as reported by Dilday et al. (2000).

Arkansas Breeding Lines – Straighthead Test

One hundred fifteen entries of elite breeding lines from the Arkansas breeding

program were arranged in a randomized complete-block design with two replications.

The test was seeded, managed, rated, and analyzed as the URN Straighthead test

reported by Dilday et al. (2000).

RESULTS AND DISCUSSION

Straighthead Response to Arsenic and Fertilizer

Three main factors (cultivar, arsenic, and N) and two 2-way interactions (cultivar

vs arsenic and cultivar versus N) significantly affected straighthead rating, grain yield,

plant height, and heading. Arsenic versus N interactions were significant for grain

yield, plant height and heading.  Cultivar, arsenic and N three-way interactions  were

significant for straighthead rating, grain yield and heading.

As in 1999, Mars, Cocodrie, Kaybonnet, and Bengal were the most susceptible

cultivars to straighthead. Straighthead  ratings of these four cultivars ranged from 6.9

to 7.7, and arsenic application reduced grain yields by 86% to 97%, plant heights were

reduced by 14% to 22%, and heading dates were delayed by 6% to 13% (Table 1). Zhe

733, a germplasm accession from China, was not significantly affected by arsenic, as

indicated by straighthead rating of 1.7, which was much better than that of all other

cultivars when no arsenic was applied. Yield reduction of only 8%, and almost no

changes in plant height and heading occurred in Zhe 733.  Priscilla and Jefferson were

the most tolerant U.S. cultivars to straighthead as indicated by straighthead ratings

(4.7 and 5.1), yield reduction (37% and 44%), plant height reduction (6% and 7%), and

no heading delay.  Cypress, Drew, Wells, LaGrue and Japan 92.09.31 followed in terms

of decreasing tolerance to straighthead. Arsenic as MSMA was essentially respon-
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sible for straighthead as suggested by significant correlation coefficients with

straighthead rating (r = 0.50) and grain yield (r = –0.55) (Table 2). Arsenic affected plant

height (r = –0.32) more than delaying heading (r = 0.16). However, treatments of 6 and

8 lb of MSMA per acre did not cause differences on straighthead rating, grain yield, plant

height and heading. Increased straighthead rating was closely associated with reduction of

grain yield (r = –0.90),  reduction of plant height (r = –0.34), and delay of heading (r =

0.62). Within the range of fertilization in the test, increasing nitrogen tended to reduce

the severity of straighthead, increase grain yield up to 120 N of urea per acre, increase

plant height, and slightly delay  heading (Table 1).

URN Straighthead Test

There are seven maturity groups in the Uniform Rice Nursery.  The average

straighthead rating of the advanced breeding lines from Arkansas was greater than 7.0

in six of the seven maturity groups (with an overall rating of 7.3 for all maturity groups,

which was exactly same as in 1999).  The advanced breeding lines from Louisiana were

greater than 7.0 for all maturity groups (with an overall average of 7.5).  The advanced

breeding lines from Mississippi were greater than 7.0 in four of the seven maturity

groups (with an overall average of 7.1); and the advanced breeding lines from Texas

were greater than 7.0 in two of the seven maturity groups (with an overall average of 6.7)

(Table 3).  It seems the straighthead breeding program initiated at Beaumont and Eagle

Lake, TX in 1953 is still working, and lines developed in the Texas program generally

appear to be more tolerant to straighthead than those developed in the other southern

rice breeding programs (Dilday et al., 2000).

Arkansas Breeding Lines – Straighthead Test

The average rating of all of the Arkansas elite breeding lines was 7.6. How-

ever, seven lines had an average straighthead rating of 6.0 or less. They were: PR1-7-4B,

UA99-141, PR1-7-26B, PR1-7-74B, STG 97 F5-08-10, STG 97 F5-14-13, and STG 97 F5-30-

01. The breeding line PR1-7-4B was the most tolerant (5.5), and the others were 6.0.

 SIGNIFICANCE OF FINDINGS

It was verified that Cocodrie, Kaybonnet, Bengal and Mars were the most

susceptible cultivars to straighthead, and Priscilla and Jefferson were the most tolerant

US cultivars. Rice producers may want to select a more tolerant cultivar to plant on land

with a history of straighthead. As there were no differences associated with 6 versus 8

pounds of MSMA on any of the characters, future straighthead screening could be

conducted with 6 lb of MSMA per acre. The Chinese germplasm Zhe 733, identified as

essentially immune to straighthead, could be used in the Arkansas breeding program

as a parent tolerant to straighthead.
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Table 2. Correlation analysis of arsenic (MSMA), nitrogen, straighthead rating

(Rate), grain yield, plant height (PHT), and days to heading (Head) in 2000.

MSMA N Ratez Yield PHT Head

MSMA 1 0 0.50*** -0.55*** -0.32*** 0.16***

 P 1 <0.0001 <0.0001 <0.0001 <0.0001

N 1.000 -0.20*** 0.18*** 0.64*** 0.13***

P <0.0001 <0.0001 <0.0001 0.0022

Rate 1.000 -0.90*** -0.34*** 0.62***

P <0.0001 <0.0001 <0.0001

Yield 1.000 0.33*** -0.51***

P <0.0001 <0.0001

PHT 1.000 -0.09*

P 0.0295

Head 1.000

z *, **, *** : Significant at P <0.05, 0.01, and 0.001, respectively.

Table 3. Straighthead ratings summarized

by states in the uniform rice nursery in 2000.

Maturity Straighthead  rating

Entry group Arkansas Louisiana Texas Mississippi

1-20 1 6.9 7.9 6.4 7.4

21-40 2 8.0 7.2 7.6 6.0

41-60 3 7.5 8.4 6.0 8.0

61-80 4 7.6 7.1 7.4 6.8

81-120 5 7.2 7.2 6.5 7.3

121-160 6 7.3 7.8 6.5 8.1

161-200 7 7.2 7.5 6.9 6.5

Mean 7.3 7.5 6.7 7.1
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ONGOING STUDIES: PEST MANAGEMENT: DISEASE

DISEASE RESISTANCE IN THE NEW RICE CULTIVAR ‘AHRENT’

F.N. Lee, K.A.K. Moldenhauer, R.D. Cartwright, and J.L. Bernhardt

ABSTRACT

Maintaining and improving disease resistance in high-yielding cultivars devel-

oped for Arkansas rice production areas is an ongoing process utilizing all available

resistance sources. University of Arkansas breeding program entries are routinely

evaluated in greenhouse and field disease nurseries that are manipulated to favor

disease development. One breeding line, tested as RU9401188 and RU9901030, was

recently released as the cultivar ‘Ahrent’. In greenhouse tests, Ahrent rated resistant

(R) to rice blast [Pyricularia oryzae (Cooke) Sacc.] races IB-1, IB-49, IC-17, IB-54, IG-1,

and IH-1 and susceptible (S) to races IB-33 and IE-1k. Ahrent rated moderately resis-

tant (MR) for leaf and panicle rice blast in inoculated field nurseries where environmen-

tal and cultural conditions were highly conducive for disease development. Ahrent

rated moderately susceptible to susceptible (MS-S) to sheath blight (Rhizoctonia solani

Kühn); moderately susceptible (MS) to stem rot (Sclerotium oryzae Cattaneo); moder-

ately resistant (MR) to leaf smut (Entyloma oryzae Syd. & P. Syd.); moderately resis-

tant (MR) to brown spot [Cochliobolus miyabeanus (Ito & Kuribayashi in Ito) Drechs.

Ex Dastur]; and moderately susceptible to susceptible (MS-S) to narrow brown leaf

spot (Cercospora oryzae Miyake). Preliminary data indicate Ahrent rates moderately

susceptible (MS) to kernel smut [Tilletia barclayana (Bref.) Saccc. & Syd. In Sacc.];

and moderately resistant to moderately susceptible (MR-MS) to false smut

[Ustilaginoidea virens (Cooke) Takah]. Higher than normal grain discolorations result-

ing from rice stink bug feeding occurred in Ahrent.
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INTRODUCTION

Cultivar resistance, the most efficient, reliable, and inexpensive disease control

method, serves as the mainstay of rice disease-control strategies in Arkansas. Consid-

erable effort is expended by the University of Arkansas Agricultural Experiment Sta-

tion rice disease research program to utilize existing and define new resistance sources

for agronomically acceptable cultivars as defined in the project Identification and

Utilization of Varietal Resistance for Control of Rice Diseases in Arkansas, funded

by grower check-off monies. Standard and improved evaluation techniques are rou-

tinely employed to manipulate resistance sources and to delineate disease resistance

and liabilities of new varieties prior to release for Arkansas production.

Diseases frequently become limiting factors in Arkansas rice production areas

(Cartwright et al., 1994). Resistant or tolerant varieties are traditionally utilized to reduce

disease losses. However, some disease pathogens [particularly Pyricularia grisea (Cooke)

Sacc., which causes rice blast] frequently adapt to new cultivars, particularly when resis-

tance is controlled by a single major gene in a widely seeded cultivar. During 1985 and 1986,

the very rapid emergence and movement of blast races IB-49 and IC-17 of P. grisea through-

out Arkansas caused substantial yield losses in the “blast resistant” cultivar ‘Newbonnet’.

Until compromised, however, major single-gene resistance provides years of effective blast

control as evidenced by the utilization of ‘Katy’ resistance genes in varieties such as

‘Kaybonnet’ and ‘Drew’. Drew, resistant to races IB-49 and IC-17, was seeded to approxi-

mately 46% of the rice production acreage in Arkansas during 2000. In contrast, less

vulnerable “field” resistance tends (through the combined activity of multiple lesser resis-

tance genes) to limit disease development. Although susceptible in greenhouse tests

and disease-conducive field conditions, cultivars such as ‘Cypress’, ‘Wells’, and

‘LaGrue’ exhibit sufficient “field” resistance to reduce yield losses from blast when

properly managed. In addition, volatile disease pathogens are much less prone to

overcome field resistance by abrupt, dramatic virulence adaptations.

The research results on experimental breeding lines RU9401188 and RU9901030

presented here reflect the continuing effort to define, maintain and improve disease

resistance in new cultivars being released for use in Arkansas rice production areas.

MATERIALS AND METHODS

Disease evaluation data for Ahrent were collected from several sources. In addi-

tion to the considerable testing within the Arkansas program, data were obtained from

disease nurseries on tests conducted by researchers in other states.

Two types of disease nurseries were established. In the first, greenhouse or field

plots (usually on University of Arkansas experiment stations) were established under

conditions highly favorable for disease development. Cultural practices such as row

spacing, fertility requirements, and flood conditions are manipulated to predispose the

plant to infection and favor disease. Plots are artificially inoculated at opportune growth
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stages to insure an adequate uniform disease pressure. In the second nursery type, un-

inoculated observation plots are established in grower fields to evaluate disease reac-

tions under current production practices (Cartwright et al., 1994).

Disease evaluations were made by comparing performance of Ahrent with estab-

lished reference cultivars LaGrue, Cypress, ‘Cocodrie’, Kaybonnet, and/or Drew using

data obtained either from direct or indirect assays or from visual estimates of disease

progress and severity. Visual disease evaluations were made on a standard 0 to 9 rating

scale. A rating of 0 indicates complete disease immunity. A rating of 1 to 3 indicates

resistance where little yield loss is anticipated and, in the case of rice blast lesions,

lesion development is considerably restricted. Conversely, a rating of 9 indicates maxi-

mum disease susceptibility, which typically results in complete plant death and/or

yield loss. Depending upon the disease in question, a disease rating of 4 to 5 is usually

indicative of acceptable disease resistance with limited yield reduction under field

conditions slightly favoring the disease. Numerical ratings can be converted to univer-

sal letter symbols where 0 to 3 = R (resistant), 3 to 4 = MR (moderately resistant), 5 to

6 = MS (moderately susceptible), 7 = S (susceptible), and 8 to 9 VS (very susceptible).

Ahrent was tested for reaction to the most volatile U.S. rice disease, rice blast

caused by P. grisea, in greenhouse seedling tests. These trials are the primary means of

screening the large number of breeding lines for susceptibility to infrequent and com-

monly occurring blast races of P. grisea. Under controlled conditions these tests provide an

accurate definition of the fungus-cultivar genetic interaction and, if properly conducted,

can be utilized to estimate field resistance. Seedling plants near the 3- to 5-leaf growth

stage were inoculated with approximately 5 X 105 spores of individual blast races.

When susceptible reference plants exhibited typical lesions (usually about 7 days),

leaf lesion characteristics were used to visually estimate varietal reaction to the differ-

ent races using the 0 to 9 blast rating scale.

Artificially inoculated field nurseries were established to evaluate blast suscep-

tibility under field conditions favoring disease development, and using high nitrogen

rates and irrigated upland conditions. Leaf lesion and panicle infection data from in-

oculated blast nurseries and un-inoculated grower production field tests were used to

estimate field performance.

Sheath blight (Rhizoctonia solani Kühn) evaluations were made in field nurser-

ies. When plants reached the beginning internode elongation growth stage, plots were

artificially inoculated with rice strains of R. solani. Sheath blight severity and vertical

progress on the plants were visually estimated using the 0 to 9 rating scale when grain

was physiologically mature. Naturally infected plots in grower observation tests were

evaluated using the same rating scale.

Kernel smut [Tilletia barclayana (Bref.) Saccc. & Syd. In Sacc.] susceptibility

was estimated using limited data collected from disease monitoring plots and rice

samples harvested from yield evaluation plots. Data from the Uniform and Arkansas

Regional Performance Trials, expressed as percent damaged kernels by weight in brown

rice (Bernhardt et al., 1995), provided a relative susceptibility estimate for kernel smut
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and other kernel discolorations. Discolored kernels were examined with magnification,

placed in categories, and determined as belonging to those categories due to: (1) rice

stink bug feeding; (2) kernel smut disease; (3) general bran discolorations; and (4)

linear discolorations from an unknown cause. Linear discolored grains have a straight

‘cut’ in the kernel that is surrounded by a dark brown to black area, and often breaks

along the cut and the dark discoloration cannot be removed by milling the rice (Douglas

and Tullis, 1950). Samples and categories were weighed for percent determinations.

Evaluations for other diseases were made by visual examination of test plots

located on experiment stations, in grower fields and in the disease monitoring plots.

Often plots were inspected but specific data were not recorded for minor diseases

unless an unusual level of susceptibility was evident or the disease pressure was

abnormally severe. Disease evaluations were also obtained from other comparable

nurseries conducted in other states where the minor diseases occur more frequently

and are more severe.

RESULTS AND DISCUSSION

In greenhouse seedling tests, Ahrent tested resistant (R) to P. grisea races IB-1,

IB-49, IB-54, IC-17, IG-1, and IH-1 with ratings ranging from 1 to 2 (Table 1), and suscep-

tible (S) to races IB-33 and IE-1k with ratings ranging from 5 to 7 and 4 to 7, respectively.

In inoculated blast field nurseries, Ahrent leaf blast ratings varied from 1 to 5 and panicle

blast ratings varied from 2 to 5 (Table 2). Ahrent is rated as moderately resistant (MR)

because panicle infections under the adverse conditions of the blast nursery were limited to

individual grain or spikelets and because the comparable panicle infections were observed

at a lower incidence in Drew plots. P. grisea strains isolated from both cultivars were not

new virulent races. Apparently, the major resistance genes in Katy, donor parent of these

two varieties, are slowly being lost during the cultivar development process and compro-

mised by predisposing conditions in the upland blast nursery.

Ahrent rated moderately susceptible (MS) to susceptible (S) for sheath blight

when compared to reference cultivars LaGrue (MS-S), Cypress (S-VS), Kaybonnet

(MS), and Drew (MS-S) (Table 3). The MS-S level of sheath blight field tolerance

suggests some losses will occur in production fields under normal disease situations,

but fungicide applications may not be necessary except under adverse conditions.

Preliminary data from disease plots indicate Ahrent is moderately susceptible

(MS) to stem rot, moderately resistant (MR) to brown spot, moderately susceptible to

susceptible (MS-S) to narrow brown leaf spot, and moderately resistant (MR) to leaf

smut (Table 4). In a single grower observation nursery, Ahrent rated moderately resis-

tant (MR) to moderately susceptible (MS) to false smut, which dramatically increased

in Arkansas during 1997 and 1998 (Table 4).

As with newly released cultivars, data on kernel smut susceptibility is limited.

However, the percent kernel smut discoloration observed in hulled rice samples from
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Ahrent research yield trials compared to percent smut discolored kernels in Drew which is

moderately susceptible (MS) to kernel smut and less than percent smut discolored kernels

in LaGrue which is very susceptible (VS) to kernel smut (Tables 5 and 6). Discolorations due

to rice stink bug feeding were considerably higher in Ahrent samples than in samples of

long-grain cultivars Drew, Cocodrie, and LaGrue, and approached stink bug discoloration

levels typically found in medium-grain cultivars such as Bengal (Bernhardt et al., 1995).

SIGNIFICANCE OF FINDINGS

Ahrent, developed in conjunction with RRPB grower-funded research, is an

extremely high-yielding cultivar that will enhance the economic well being of Arkansas’

rice industry and the State of Arkansas as a whole. These data, developed within a short

period of time, define the disease characteristics of Ahrent. Based upon these data, Ahrent

has satisfactory disease resistance for use in Arkansas rice production areas.
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Table 1. Summary leaf blast reactions in Ahrent and reference

cultivars inoculated with races of Pyricularia grisea in greenhouse tests.

International rice blast racesz

Cultivar Test period IB-1 IB-33 IB-49 IB-54 IC-17 IE-1K IG-1 IH-1

------------------------- (disease ratings)y
--------------------------------------------

RU9401188 1994-1996 1 6-7 1 1 1 6-7 1-2 1-2

Kaybonnet 1994-1996 1 5-7 1 1 1 7-8 1 1

Cypress 1994-1996 4-5 6 5-7 1 5-7 6-7 1 1

LaGrue 1994-1996 5-6 7-8 5-8 4-5 5-8 7-8 6-8 7

RU9901030 1998-2000 1-3 5-7 0-2 0 1-3 4-7 0 0

Drew 1998-2000 0-1 4-7 0-3 1 0-2 5-7 0 0

Cypress 1998-2000 6 5-7 7 1 6-7 5-7 0 0

Cocodrie 1998-2000 3-6 4-7 5-7 0 6-7 5-6 0 0-1

LaGrue 1998-2000 6 6 6-8 7-8 5-8 6-7 7 6-7

Wells 1998-2000 6-7 5-7 7-8 0 6-7 6-8 0 0

Jefferson 1998-2000 5 5-7 5-8 1 0-1 0-1 0-1 0-1

z Pyricularia grisea races as defined using the international set of blast differentials.

Composite leaf blast ratings on the 0 (none) -9 (maximum) disease scale in multiple

comparative inoculated greenhouse tests conducted at the University of Arkansas Rice

Research and Extension Center, Stuttgart, Arkansas, and by Dr. M.A. Marchetti, USDA,

Beaumont, Texas. Ratings indicate relative susceptibility under conditions favorable for

seedling blast.
y Disease ratings vary between tests. For conversion of the 0-9 disease scale to symbols R

(resistant) = 0-3; MR (moderately resistant) = 3-4; MS (moderately susceptible) = 5-6; S

(susceptible) = 7; and VS (very susceptible) = 8-9. Varieties rated MS may be damaged and

those rated S or VS may be severely damaged under favorable blast conditions.
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Table 2. Summary leaf and panicle blast ratings for Ahrent and

reference cultivars in inoculated field nurseries and non-inoculated grower plots.

Blast field data sourcez

Arkansas Texasy Louisianax

Inoc. Non-inoc. Inoc. Non-inoc.

Test nursery grower field nursery nursery

Variety period Leaf Panicle Field Leaf Panicle Leaf Panicle

-------------------------- (disease ratings) -------------------------

RU9401188 1994-1996 5 2-4 2 1-3 - 1 -

Kaybonnet 1994-1996 1-3 1-2 3 1 - 1 2

Cypress 1994-1996 5 5-6 6 3-5 - 1 4

LaGrue 1994-1996 7 6-7 8 5-8 - 3 2

RU9901030 1998-2000 1-3 3-5 - - - 3-4 1-3

Drew 1998-2000 1 1-3 - - - 2-3 1

Cypress 1998-2000 3-5 5-6 - - - 3-5 3

LaGrue 1998-2000 6-7 6-8 - - - 5 2

Cocodrie 1998-2000 2-4 5-7 - - - 2-4 2-5

z Composite leaf and panicle blast ratings, using the 0-9 disease rating scale, from inoculated

and non-inoculated field tests at the indicated locations. These subjective blast ratings

indicate the range of susceptibility observed under very favorable environmental conditions.

Conversion of the 0-9 disease scale to symbols. R (resistant) = 0-3; MR (moderately

resistant) = 3-4; MS (moderately susceptible) = 5-6; S (susceptible) = 7; and VS (very

susceptible) = 8-9. Varieties labeled MS may be damaged and those labeled S or VS likely

will be severely damaged under favorable environmental conditions.
y Disease nursery data supplied by Dr. M.A. Marchetti, USDA, Beaumont, Texas.
x Disease nursery data supplied by Dr. D.E. Groth, Louisiana State University Agricultural

Experiment Station, Rice Research Station, Crowley, Louisiana.
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Table 3. Summary sheath blight ratings for Ahrent and reference

cultivars in inoculated field nurseries and non-inoculated grower plots.

Sheath blight data sourcez

Arkansas Texasy Louisianax

Test Inoculated Grower Inoculated Inoculated

Variety period nursery field nursery nursery

--------------------------- (disease ratings) ------------------------

RU9401188 1994-1996 5-6 - 6 7

Kaybonnet 1994-1996 5-6 - 6 6

Cypress 1994-1996 6-7 - 6 7

LaGrue 1994-1996 5-7 - 4 5-6

RU9901030 1998-2000 7 0-4 - 6-7

Drew 1998-2000 6-7 0-3 - 5-7

Cypress 1998-2000 7-8 4-8 - 7-8

LaGrue 1998-2000 6-7 0-5 - 5-7

Cocodrie 1998-2000 7-8 3-5 - 6-8

z Composite sheath blight evaluations on the 0-9 disease rating scale from the indicated

source. Nursery ratings indicate relative susceptibility under field conditions favorable for

sheat blight. Conversion of the 0-9 disease scale to symbols: R (resistant - lesions on or

below lower 20 % of total plant height) = 0-3; MR (moderately resistant - lesions below 40

% of height) = 3-4; MS (moderately susceptible - lesions covering 50-60 % of plant height) =

5-6; S (susceptible - many infected flag leaf sheaths) = 7; and VS (very susceptible -

lesions covering flag leaf sheath and above with significant panicle death) 8-9.
y Disease nursery data supplied by Dr. M.A. Marchetti, USDA, Beaumont, Texas.
x Disease nursery data supplied by Dr. D.E. Groth, Louisiana State University Agricultural

Experiment Station, Rice Research Station, Crowley, Louisiana.
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Table 4. Relative disease reaction observed with

Ahrent and reference varieties for selected diseases.

Diseasez

Stemy Black sheathx Leafw Brownw Narrow brownw Falsev Paniclew

Variety rot rot smut spot leaf spot smut blight

----------------------------------------- (disease ratings) -----------------------------------------

Ahrentu 2 22.5 3-5 0-4 5-7 3.3 1-2

LaGrue 2.3 21.3 1-3 1-3 1-3 10.3 3

Kaybonnet -- -- 1-5 2-4 1-3 1.3 --

Cypress 3.3 28.8 3-5 1-2 2-4 10.7 4

Drew 2 21.3 3-5 -- 3-4 26.7 2

Cocodrie 2.7 27.5 2 -- 3 7.3 4

z Ratings indicate estimated relative susceptibility under various field conditions. Available

data were limited for these diseases and must be confirmed in future tests. Conversion of

the 0-9 disease scale to symbols: R (resistant) = 0-3; MR (moderately resistant)  = 3-4; MS

(moderately susceptible) = 5-6; S (susceptible) = 7; and VS (very susceptible) = 8-9.
y Disease index (1-5). Disease rating obtained from the 1999 inoculated stem-rot nursery

plots conducted at Pine Tree, Arkansas.
x Disease progress up the stem relative to total height. Disease rating obtained from the 1999

inoculated stem disease nurseries conducted at Pine Tree, Arkansas.
w Disease rating obtained from 1999-00 disease evaluation data provided by Dr. D.E. Groth,

LSU Rice Experiment Station, Crowley, Louisiana with confirmation in the 2000 Arkansas

grower disease monitoring plots.
v Number of smut balls per pound harvested seed. Data obtained from the 2000 Arkansas

grower disease monitoring plots conducted in Jackson County, Arkansas.
u Ahrent was formerly tested as RU94101188 and/or RU9901030.

Table 5. Average percent, by weight in brown rice,

of typical kernel discolorations in Ahrent and selected

reference cultivars grown in the Arkansas Regional Performance Test.

Variety Test period Rice stink bug Kernel smut Other Linear

--------------------------------- (%) ---------------------------------

RU9901030 1998-2000 1.82 0.065 1.00 0.025

Cocodrie 1998-2000 1.65 0.113 0.81 0.069

Drew 1998-2000 1.50 0.042 0.43 0.017

Bengal 1998-2000 2.13 0.053 0.50 0.094

RU9401188 1995-1997 0.98 0.017 1.16 0.007

Drew 1995-1997 0.83 0.026 0.38 0.009

LaGrue 1995-1997 0.55 0.182 0.18 0.014

Bengal 1995-1997 1.65 0.015 1.47 0.098
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Table 6. Average percent, by weight in brown rice,

of typical kernel discolorations occurring in Ahrent and

selected reference cultivars grown in the Uniform Regional Rice Nursery.

Test Rice Kernel

Line period State stink bug smut Other Linear

---------------------------- (%) ----------------------------

RU9901030 1999 AR 2.37 0.024 0.80 0

MS 1.41 0.018 0.65 0.001

TX 2.50 0 1.94 0

Cocodrie 1999 AR 1.87 0.008 0.72 0.044

MS 1.57 0.015 1.09 0.020

TX 2.12 0 1.44 0.004

Drew 1999 AR 1.10 0 0.12 0.013

MS 1.22 0.002 0.09 0.009

TX 1.01 0 0.49 0.010

Bengal 1999 AR 2.93 0.104 0.65 0.066

MS 3.57 0.028 1.13 0.120

TX 2.28 0 2.33 0.028

RU9401188 1995-1997 AR 1.16 0.232 1.13 0.011

MS 1.04 0.039 1.65 0.001

TX 0.85 0.003 1.40 0.0003

Drew 1995-1997 AR 1.10 0.121 0.26 0.059

MS 0.50 0.006 0.16 0.005

TX 0.85 0.0003 1.16 0.004

LaGrue 1995-1997 AR 0.93 0.960 0.67 0.067

MS 0.64 0.006 0.34 0.007

TX 0.64 0.002 0.85 0.007

Bengal 1995-1997 AR 1.97 0.074 1.63 0.195

MS 1.87 0.013 1.94 0.086

TX 1.46 0.008 3.69 0.049
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ONGOING STUDIES: PEST MANAGEMENT: DISEASE

MANAGEMENT OF FALSE SMUT OF RICE IN ARKANSAS

C.E. Parsons, E.A. Sutton, B.J. Dodgen, R.M. Chlapecka,

B. Thiesse, R. Thompson, and R.D. Cartwright

ABSTRACT

False smut was first reported in Arkansas during 1997 and since has spread

throughout the rice-growing region of the state. While causing little yield loss, the

presence of false smut balls in harvested grain has been a concern to rice mills and

buyers. Rice cultivars and lines have been evaluated in Arkansas since 1998 for sus-

ceptibility to the disease. ‘Drew’, ‘AB3004’, ‘AB647’, and ‘LaGrue’ were most suscep-

tible while ‘Cypress’, ‘Cocodrie’, ‘Wells’, and ‘Priscilla’ were slightly less so. Earlier

maturing cultivars like ‘Jefferson’ and ‘Kaybonnet’ were the least susceptible. Fungi-

cide trials indicated that both Quadris and Tilt provided substantial control of false

smut if applied at late boot (just prior to head emergence). Fungicides containing

copper also controlled false smut but were phytotoxic in many cases, resulting in

significant yield loss. At this time, control of false smut in Arkansas is most practical

through cultural practices including: 1) planting before the first part of May; 2) using

no more than the recommended rate of nitrogen (N) fertilizer; 3) seeding and managing

the field to encourage uniform development and maturity; and 4) spreading the seeding

dates to avoid all fields heading at the same time. Fungicides are not recommended in

most instances because they are not likely to provide any economic return at this time.

INTRODUCTION

False smut is caused by the fungus, Ustilaginoidea virens, and is considered a

minor disease of rice worldwide. In the United States, it has been observed in Lousiana,

Texas, and a few other states for many years but was never reported in Arkansas until 1997

(Cartwright et al., 1998). The disease was noted in four northeast Arkansas counties
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that year, mostly on late-seeded fields of Drew. In 1998, false smut spread rapidly

through much of the Arkansas rice growing region and caused quality concerns in

exported rice from the state (Cartwright et al., 1999). In 1999 and 2000, the disease was

very minor in Arkansas but was observed in almost all rice-growing counties. It now

appears to be a permanent member of the rice disease complex in the state.

The fungus infects rice flowers during early heading, replacing the rice kernel

with an orange, later green to brown, ball about 0.25 to 0.5 inches in diameter (Ou, 1985).

Spores from the developing ball are dispersed to younger, surrounding panicles spread-

ing the disease in the field (Ou, 1985). The disease is favored by high nitrogen fertiliza-

tion, late maturity, and frequent rainfall or other moisture during heading (Ou, 1985).

A disease very similar to false smut of rice has been reported on corn tassels in

the United States but it is not known if the two diseases are the same (Haskell and

Diehl, 1929). False smut has been reported on at least one grassy weed (Shetty and

Shetty, 1987) and has been observed on red rice in Arkansas.

Differences in susceptibility of rice cultivars to false smut have been reported in

Asia (Rao, 1964), but no research has been done on the reaction of U.S. rice germplasm

to the disease. Chemical control using copper oxychloride has also been practiced in

Asia but yield losses from copper phytotoxicity have also been reported (Kannaiyan

and Rao, 1976).

While false smut appears to be a minor risk with regard to yield loss, its impact on

quality of rice has already been serious in Arkansas. The false smut balls have to be

cleaned from loads of rice prior to use or sale in certain markets – an added cost to mills

and other rice handlers.

The objectives of this study were to determine the susceptibility to false smut of

common rice cultivars or experimental lines grown in Arkansas and to determine the

efficacy of various fungicides for controlling the disease.

PROCEDURES

Replicated disease reaction data on false smut of rice were first collected in

Arkansas at the disease monitoring site in Craighead County in 1998 (Cartwright et al.,

1998). Plots were 7 rows (7-in. spacing) wide x 25 ft long and replicated four times. Plots

at this location received a total of 149 lb N/acre as urea and otherwise were managed by

the grower with the rest of the field. Plots were examined just prior to harvest and false

smut balls counted on 20 random panicles in each plot.

In 1999, a group of rice cultivars seeded in Lonoke County were inoculated with

the false smut fungus, producing a uniform disease epidemic at this location. Rice was

drill-seeded 11 May 1999 at the UAPB Farm at 110 lb/acre in plots 8 rows (7-in. spacing)

wide x 25 ft long. Cultivars were arranged in a randomized complete block design with four

replications. Plots were fertilized with a total of 190 lb N/acre as urea and received standard

herbicides for weed control. Plots were inoculated twice (5 Aug and 7 Aug 1999) by
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spraying a suspension of false smut fungal spores (2.5 x 107 spores per ml water) on

emerging panicles at sundown. Plots were harvested with a small combine and each

grain sample was mixed thoroughly to ensure uniform distribution of any false smut

balls in the sample. A 1-lb subsample of grain was then collected and the number of

false smut balls recorded.

A fungicide trial was conducted in 1999 at this same location using Drew and

Cocodrie rice. Plots of each cultivar were seeded and managed in separate areas but

received the same fertilizer and weed control as the variety trial previously mentioned.

Plots were inoculated with the false smut fungus as before. Fungicide treatments were

applied at either late boot (just prior to panicle emergence) or 50% heading (panicles

partially emerged on 50% of the main tillers). A randomized complete block design with

four replications was used. Fungicides were applied using a CO2-powered backpack

sprayer delivering 10 gpa. Plots were harvested with a small combine and yield calcu-

lated and adjusted to 12% moisture. False smut data were collected from harvested

grain samples as before.

In 2000, false smut developed at two disease monitoring sites. The Jackson

County trial was seeded 18 May 2000 in plots 8 rows (7-in. spacing) wide x 25 ft long.

Cultivars were replicated three times in a randomized complete block design. Plots

received a total of 190 lb N/acre as urea, and weed control and other management were

conducted by the grower with the rest of the field. Plots were harvested 20 September

2000 and yield and false smut data collected as before.

The Poinsett County trial was seeded 28 April 2000 using the same plot sizes and

design as for the Jackson site. Plots received 150 lb N/acre as urea and otherwise were

managed with the rest of the field by the grower. Plots were harvested 13 September

2000 and data collected as previously mentioned.

A fungicide trial using Drew rice was conducted at the Pine Tree Branch Experi-

ment Station in 2000. Rice was drill-seeded at 110 lb/acre on 24 May 2000 in plots 8 rows

(7-in. spacing) wide x 25 ft long. Plots received a total of 190 lb N/acre as urea and

standard herbicides for weed control. Plots were inoculated 18 Aug and 22 Aug, using

the previously described method. Fungicides were applied as in the 1999 trial on 1 Aug

(early boot) or 22 Aug (late boot), depending on treatment. A randomized complete

block design with five replications was used. Plots were harvested 5 Oct 2000 and false

smut data collected as before.

All data were analyzed by analysis of variance using ARM software (Gylling

Corporation).

RESULTS AND DISCUSSION

False smut levels for different varieties/lines from the different locations and

years are summarized in Table 1. Based on data from these four locations and commer-

cial field observations (data not shown), Drew, AB647, AB3004, and LaGrue were very
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susceptible to false smut under ideal conditions for disease (Table 1). These condi-

tions were likely late seeding, high N rates, and frequent light rainfall during heading.

Fields in low-lying areas or surrounded by trees also favored the disease, probably

because longer periods of dew or frequent morning fog favored infection.

Cocodrie, Wells, Cypress, and Priscilla were susceptible but not to the degree of

the aforementioned cultivars (Table 1). Still, these cultivars likely would have consis-

tently high levels of false smut contamination in many situations. Earlier maturing

cultivars like Jefferson, Kaybonnet, ‘M201’, and ‘M202’ were either moderately resis-

tant or escaped secondary infection by early ripening (Table 1).

Since false smut is more severe in later seeded fields or areas where maturity is

delayed, it is probable that the disease depends heavily on the secondary infection

cycle in Arkansas. The secondary cycle is when early-emerging infected panicles

provide spores for infection of nearby later-emerging panicles. While few of the com-

monly-grown cultivars appear to have useful resistance, the disease can be minimized

on susceptible cultivars by using the following cultural practices: 1) seed before the

first part of May; 2) use no more than recommended rates of N fertilizer; 3) strive for

uniformity of emergence, growth, and maturity in each field; and 4) spread the seeding

of different fields over 2 to 3 weeks to avoid all fields heading at the same time.

Results from fungicide tests are summarized in Tables 2 and 3. In 1999, late

boot applications of Quadris, Tilt, and high rates of Kocide and NuCop signifi-

cantly reduced false smut levels in harvested grain (Table 2). Applications made at

50% heading were ineffective as were Benlate and TopCop (Table 2). The 30 fl oz

NuCop treatments and the 15 fl oz NuCop treatment at 50% heading on Drew and

the 30 fl oz NuCop treatment at 50% heading on Cocodrie significantly reduced

yield (Table 2). Phytotoxicity to the flag leaf and developing panicle were very evident

in these treatments (Table 2). Other copper-based fungicide treatments including Kocide

and TopCop had numerically, but not significantly, lower yields (Table 2).

While copper fungicides have been used in Asia to control false smut and

appear to be effective against the disease, the potential yield loss from phytotoxic-

ity will probably make them of doubtful help to Arkansas rice producers.

In the 2000 trial, both Quadris and Tilt applied at late boot and Tilt at early

boot significantly reduced false smut in harvested grain (Table 3). Rates tested for

these fungicides were lower than in the 1999 trial (Tables 2 and 3). False smut levels

in this trial were also lower than in 1999 but were uniform across the test area.

Quadris and Tilt tank-mixed and applied at early or late boot also reduced false smut

(Table 3). All treatments containing Kocide or GX270 (copper hydroxide fungicides)

significantly reduced false smut but often significantly reduced yield as well (Table 3).

Both Stratego and Flint fungicides significantly reduced false smut at the rates tested

(Table 3). Apron XL was not effective in controlling false smut (Table 3).
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SIGNIFICANCE OF FINDINGS

Results indicate that although Arkansas growers could achieve substantial con-

trol of false smut with late boot applications of the common rice fungicides Quadris or

Tilt, it does not appear economical to do so. False smut has not reduced yield substan-

tially in Arkansas and – so far – rice has not been discounted for containing false smut

balls. Until this disease imposes a measurable cost on the rice crop in Arkansas, it

would not be wise to apply expensive fungicides for control. Again, the adoption of

the sensible cultural practices mentioned earlier would be more useful to most growers.

In certain special cases, such as high-quality seed-rice production, these fungicides

can be used for control. Also, growers routinely using Quadris or Tilt for sheath blight

and/or kernel smut prevention would likely see substantial control of false smut in

treated fields.
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Table 1. Reaction of selected rice cultivars to

false smut at different locations in Arkansas, 1998 to 2000.

False smut False smut

Craighead Lonoke Jackson Poinsett

Cultivar/Variety 1998 1999z 2000 2000 Ratingz

(smut balls/panicle) -- (smut balls/lb harvested rice grain) --

AB647 3.8 34 V S

AB1542 1 MR?

AB2975 5 MR?

AB3004 34 V S

Bengal 0.4 8 0.7 0.0 MS

Cocodrie 3.1 33 7.3 0.7 S

Cypress 1.4 15 10.7 1.7 S

Drew 2.7 45 26.7 4.0 V S

Earl 1.6 4.0 0.0 MR?

Jefferson 0.4 4 0.3 0.0 MR

Kaybonnet 1.8 1.3 0.0 MR

LaGrue 1.6 43 10.3 15.3 V S

Lemont 0.9 13 1.0 0.0 MS

M201 0.0 0.0 MR

M202 0.1 1 MR

Madison 0.0 11 MS

Priscilla 1.1 18 14.3 14.3 S

Wells 1.9 40 1.3 6.3 S

RU9601099 0.3 MR?

RU9801148 16 S?

RU9901030 3.3 MR?

LSD P ≤ 0.05 1.4 13 13.6 NSy

z Lonoke 1999 was an inoculated site.  Rating where VS = very susceptible, S = susceptible,

MS = moderately susceptible, MR = moderately resistant, and R = resistant.
y NS = not significant.
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Table 2. Effect of foliar fungicides on yield and

false smut of Drew and Cocodrie rice, 1999.

Drew Cocodrie

Grain False Phyto- Grain False

Treatment yield smut toxicityz yield smut

(bu/acre) (smut balls/ (bu/acre) (smut balls/

lb grain) lb grain)

Untreated 149 34 0 148 12

Kocide 2.4 LF 28 fl oz/A Late Boot 142 15 1 134 4

Kocide 2.4 LF 28 fl oz/A 50HDy 144 24 1 136 12

Kocide 2.4 LF 56 fl oz/A Late Boot 142 9 1 143 5

Kocide 2.4 LF 56 fl oz/A 50HD* 144 25 3 139 13

Tilt 428C 6 fl oz/A Late Boot 151 15 0 153 3

Tilt 428C 6 fl oz/A 50HD 149 29 0 151 9

Quadris 2.08SC 12.8 fl oz/A Late Boot 154 18 0 150 3

Quadris 2.08SC 12.8 fl oz/A 50HD 144 29 0 152 9

Benlate 50WP 1.5 lb/A Late Boot 150 29 0 152 6

NuCop 3L 15 fl oz/A Late Boot 148 12 2 142 3

NuCop 3L 15 fl oz/A 50HD 136 28 5 141 12

NuCop 3L 30 fl oz/A Late Boot 130 9 1 141 4

NuCop 3L 30 fl oz/A 50HD 132 28 7 134 12

TopCop 2 qt/A Late Boot 139 23 0 146 10

TopCop 2 qt/A 50HD 147 32 0 138 11

LSD (P ≤ 0.05) 10.9 14.9 1.6 12.7 8.4

z Phytotoxicity was rated using a 0-9 scale where 0 = no injury and 9 = 90% of flag leaf

tissue bronzed.
y 50HD was when 50% of the main tillers had panicles emerged about halfway.

Table 3. Effect of foliar fungicides on yield and false smut of Drew rice, 2000.

Treatment Grain yieldz False smut

(bu/acre) (smut balls/lb rice)

Untreated 179 5.2

Quadris 2.08 SC 8.5 fl oz/A Early Boot 172 4.1

Quadris 2.08 SC 8.5 fl oz/A Late Boot 159 0.9

Quadris 2.08 SC 8.5 fl oz/A + Tilt 4 fl oz/A Early Boot 169 2.7

Quadris 2.08 SC 8.5 fl oz/A + Tilt 4 fl oz/A Late Boot 171 0.7

Tilt 428C 4 fl oz/A Early Boot 165 1.6

Tilt 428C 4 fl oz/A Late Boot 170 1.6

Kocide 2000 3 lb/A Late Boot 153 0.9

Kocide 2000 2 lb/A Late Boot 155 0.8

GX270 3 lb/A Late Boot 157 0.7

GX270 2 lb/A Late Boot 167 0.8

Apron XL LS 4 fl oz/A Late Boot 165 4.2

Kocide 2000 3 lb/A  + Tilt 4 fl oz/A Late Boot 162 1.6

Kocide 2000 3 lb/A  + Quadris 8.5 fl oz/A Late Boot 157 0.6

Stratego 250EC 14 fl oz/A Late Boot 177 1.3

Flint 50WG 4 oz/A Late Boot 170 2.6

LSD (P ≤ 0.05) 15 1.8

z Grain yields were adjusted to 12% moisture.
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THE IMPORTANCE OF SEEDLING DISEASE PROBLEMS IN RICE, 2000

C.S. Rothrock , R.L. Sealy, and S.A. Winters

ABSTRACT

This research is designed to identify the role of environmental factors and soil-

borne plant pathogens limiting rice stand establishment. Our goals are to determine the

conditions where soilborne pathogens play an important role in stand establishment

and to develop control strategies for reducing seedling disease losses in Arkansas.

Only one of the six sites, Arkansas County, demonstrated a significant stand response

to fungicide seed treatments in 2000; Baytan gave a 21% stand increase compared to

nontreated seed, suggesting Rhizoctonia solani as an important seedling disease

pathogen at this site. Ascend and Allegiance numerically increased stands at some

sites and have increased stands in previous years. These field tests indicated that

several soilborne pathogens are important in stand establishment in rice and that their

importance varies based on soil populations of the pathogen and soil and environmen-

tal factors. Controlled environmental studies indicated that Pythium spp. can cause a

significant reduction in both stand and development of seedlings. Stand reduction

seems to be greater at lower temperatures (15.5 C; 60°F). Delay of sowing until soils are

above 15.5 C (60°F) may lead to better stand establishment and greater seedling weight.

However, Pythium spp. caused reductions in growth over a wide range of tempera-

tures. A favorable weather prediction for the first week or so after planting would lead

to increased stands and healthier seedlings.

INTRODUCTION

Stand establishment continues to be a serious problem for Arkansas rice produc-

ers. An estimated 300,000 acres have some level of stand establishment problem. The

causes of poor stands in Arkansas rice each year are unclear; thus, practices that
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would eliminate or reduce losses cannot be implemented. The most consistent stand

problems have been associated with high soil salinity, saturated soils (too wet, too

long), cool temperatures (early planting), and no tillage. However, it is unclear if these

environmental factors cause seedling death directly or indirectly by placing stresses on the

plant that favor seedling diseases. Defining the role of each of these factors is critical to

developing profitable management practices that will assure a consistent, uniform stand.

Seedling diseases have long been recognized as an important problem in drilled

and water-seeded rice. It also has been recognized that damage is greatly influenced by

environmental conditions. Seedling diseases cause thin, erratic stands with poor vigor

and rapid seedling death during, or shortly after, emergence. A number of seedling

disease fungi have been associated with the seedling disease complex on rice, includ-

ing Pythium spp., Rhizoctonia solani, Fusarium spp., and Sclerotium rolfsii (Rush,

1992). These fungi are common in most soils and there are also numerous fungi on the

seed or in crop residue that may attack rice seed and seedlings.

This ongoing research project is designed to identify the role of abiotic environ-

mental factors and plant pathogens in seedling losses in problem fields with the overall

objective of developing management practices to reduce stand losses. Initial results

from controlled environmental and field studies indicate that soilborne pathogens are

important in stand establishment problems, with the removal of soil pathogens by soil

pasteurization or controlling these pathogens with fungicides generally increasing

plant stands, heights, and weights compared to nontreated soils (Rothrock and Sherrill,

1999; Rothrock et al., 2000).

MATERIALS AND METHODS

Field studies were established in 2000 in growers’ fields in six counties (Table 1)

to examine the importance of specific soilborne pathogens and their control through

the application of fungicides having activity specific to the seed. The treatments were

Allegiance (Metalaxyl), active against Oomycetes; and the fungicides Baytan

(Triadimenol), a sterol-inhibiting fungicide, and Ascend (TCMTB), a fungicide with a

broad range of activity, including activity against Fusarium spp. The cultivars ‘Lemont’

and ‘Drew’ were drill-seeded on 18 April to 19 May 2000, depending on the site in a

factorial arrangement of treatments in a randomized complete block design with six

replications. Plant stands were assessed on three arbitrary 1-meter row lengths and 20

seedlings were dug from each nontreated plot to determine prevalence of genera con-

taining plant pathogens by isolation on water agar.

Three isolates of Pythium spp. were used to examine the role of environmental

factors on Pythium damping-off and root rot of rice. Isolates were obtained from earlier

studies using soils with a history of rice production. Pasteurized soil from the Pine Tree

Branch Experiment Station was placed into Styrofoam cups up to a level of approxi-

mately 3.5 cm from the top. To this, 20.5 g cornmeal-sand inoculum of each isolate was
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added to the cup. In addition to the inocula from the three isolates used, one set of

cups was given sterile inoculum as a control. The inocula were covered with approxi-

mately 1cm of pasteurized soil, 10 seeds of ‘LaGrue’ rice were placed on this soil, and

seeds were lightly covered with pasteurized soil. The cups were then placed in one of

three growth chambers each at a different temperature regime; constant 15.5°C (60°F),

constant 21.1°C (70°F), and varying diurnally from 15.5°C (60°F) to 27.8°C (82°F). The

varying temperature was used to simulate the variation in temperature seen in rice

production fields during the period just following sowing. Within each growth cham-

ber, cups were divided into two environments; full light for 12 hours each day followed

by 12 hours of darkness, and a 62% reduction in incident radiation for 12 hours each

day. Shading simulated the incident radiation of overcast days and was accomplished

by the use of pieces of shade cloth. All cups were watered from the bottom by adding

water to the saucer in which each cup was placed. Treatments were done in triplicate

for each run and three runs of the experiment were performed. Plant stands for each pot

were then counted three weeks after seeding. The seedlings present were harvested,

rinsed under running tap water, and weighed. Total weights were recorded. All data

were analyzed using the SAS GLM procedure

RESULTS AND DISCUSSION

Field studies established in 2000 in growers’ fields examined the importance of

specific soilborne pathogens and the efficacy of seed treatment fungicides. Only one

of the six sites demonstrated a significant stand response in 2000 (Table 1). Baytan

increased stand significantly (21%) at the Arkansas Co. site compared to nontreated

seed. Rhizoctonia solani is one of the seedling disease pathogens that may be impor-

tant at this site based on the stand response to Baytan. Compared to nontreated seed,

Ascend numerically increased stands at the Poinsett and Randolph Co. sites, and

Allegiance increased stands numerically at the Poinsett Co. site. Cultivars responded

similarly at all sites, except the Clay Co. site where Drew had higher stands compared to

Lemont. Previous field studies in 1999 showed stand responses for Allegiance and

Ascend, depending on planting date (Rothrock et al., 2000). These field tests indicate

that several soilborne pathogens are important in stand establishment in rice and the

importance of individual pathogens varies based on soil populations of the pathogen

and other soil and environmental factors.

Previous field studies have indicated that Pythium spp. were one of the primary

components of the seedling disease complex on rice. Infesting soil with highly virulent

isolates of Pythium (isolates 1 and 3) significantly reduced plant stand for the lowest

temperature treatment (Fig. 1). In contrast to stand, plant growth, as measured by plant

weight, was reduced by the two most virulent isolates of Pythium over all the tempera-

tures examined (Fig. 2). The moderately virulent strain showed little difference in either

plant stand or weight from the control.
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Plant stand was lowest at 15.5°C (60°F) and greater at the higher two temperature

regimes, but not significantly different at either 21.1 C (70°F) or the varying regime.

(Fig. 1). Plant weights were lowest at 15.5°C (60°F), greater at 21.1°C (70°F), and great-

est at the varying temperature regime (Fig. 2) Plant stand only exhibited a moderate

increase in the full-light treatment over that of the shade treatment; plant weight was

consistently greater in the full-light treatment than under the shade treatment.

The reductions seen in plant stands and weights grown at lower temperatures

are explainable since all plant processes, including those involved in growth and de-

velopment, are directly dependent on temperature. So, with increased temperature one

can expect increased growth and increased mass of plant tissue. Lower temperatures

slow plant growth and development, and, therefore, allow the germinating seeds to be

susceptible to infection by Pythium spp. for an extended period of time. This is evident

from the greater stand reductions at 15.5°C (60°F) than at the other two temperature treat-

ments. Pythium isolates reduced plant weight over all temperature regimes; thus, the root-

rot phase differed from the damping-off phase in its lack of interaction with temperature.

The fact that plant weight is greater in light conditions versus shade conditions

is explainable simply because with more light there is an increase in photosynthesis

and thus a greater production of plant material. However, there may be a complicating

factor playing a role here as evidenced by the moderate reduction in plant stand seen

under shading. Earlier work has suggested that increasing shade leads to an increasing

incidence of damping-off by Pythium spp. (Sealy et al., 1990). The possibility that

shading slows the development of the seedlings by reducing the rate of photosynthe-

sis and, therefore, keeps their tissues unlignified and susceptible to invasion by Pythium

spp. needs further research.

SIGNIFICANCE OF FINDINGS

Stand establishment continues to be a serious problem for Arkansas rice produc-

ers. This research is designed to identify the causes of stand losses and develop

management strategies to limit these losses. Fungicides improved stands by more than

20% at some sites, showing the importance of soilborne plant pathogens in stand

establishment. A number of different pathogens are important in stand establishment

based on the evidence of fungicides improving rice stands. Significant stand losses

were found when temperatures averaged 60°F compared to 70°F in soils that contained

Pythium species, one of these seedling disease pathogens. In the absence of these

pathogens, temperature did not influence stand establishment. The research results

stress the importance of soil temperature and a favorable weather forecast at planting.

The research also indicated Pythium species can cause reductions in rice development

as a root rot over a wide range of temperatures.
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Table 1. Influence of selective seed-treatment fungicides

and cultivars on rice stand establishment at six locationsz.

Site (county)y

Treatment Arkansas Clay Cross Poinsett Randolph White

Fungicide

Ascend 41.8 bx 37.5 a 30.3 a 40.3 a 21.6 a 28.2 a

Baytan 51.4 a 34.2 a 28.6 a 33.8 a 18.7 a 26.2 a

Allegiance 42.9 b 39.1 a 28.6 a 37.4 a 18.8 a 28.4 a

Allegiance + Ascend 42.7 b 36.4 a 28.9 a 36.7 a 18.8 a 28.5 a

Untreated 42.4 b 36.3 a 30.1 a 33.8 a 16.3 a 28.7 a

Cultivar

Drew 44.5 a 38.7 a 29.9 a 36.3 a 17.9 a 27.9 a

Lemont 44.0 a 34.7 b 28.7 a 36.5 a 19.7 a 28.1 a

z Plants per meter of row at Cross and Randolph Co. (not yet flooded) and primary and

secondary tillers at sites in Arkansas, Clay, Poinsett, and White Cos. (flooded).
y For the Arkansas, Cross, and Poinsett Co. sites there was significant variation across the

field replication effect. Planting dates were 20 April, 27 April, 27 April, 28 April, 18 April, and

19 May for Arkansas, Clay, Cross, Poinsett, Randolph, and White Cos., respectively.
x Means followed by the same letter within a column and main effect are not significantly

different (P=0.05).
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STUDIES ON THE ROLE OF INFECTED RICE SEEDS

AND EFFECTIVE USE OF FUNGICIDES ON

THE DEVELOPMENT OF  RICE BLAST IN ARKANSAS

D.O. TeBeest

ABSTRACT

Blast is a common disease of rice in Arkansas caused by the fungus Magnaporthe

grisea. The disease has reached epidemic proportions previously in Arkansas on

susceptible cultivars. Previously, it has been established that artificially infected seeds

could initiate disease in plots and that a single application of a fungicide could reduce

the incidence of disease on necks. The research reported here was conducted to deter-

mine if naturally infected seeds sown in plots were capable of producing significant

levels of rice blast disease, and to determine if application of a fungicide reduced the

incidence of disease on flag leaves, collars, necks, and panicles (and if panicle weights

increased as a result of the application). Our results showed that sowing naturally

infected seed appeared to result in significant levels of disease, and that use of a

fungicide decreased the incidence of rice blast on collars, necks, and panicles when

compared to untreated controls. Fungicide treatment also appeared to increase the

fresh and dry weight of rice panicles when compared to untreated controls.

INTRODUCTION

Rice blast is an economically important disease of rice and it can be an important

disease in Arkansas on many high-yielding, blast-susceptible cultivars (Cloud and

Lee, 1993; Lee, 1994). The pathogen Magnaporthe  grisea infects leaves, collars, necks,

panicles, and seed. The epidemiology of rice blast has been studied in tropical regions

that differ from Arkansas in environmental conditions, host resistance, pathogen popu-

lation, management strategies, and production techniques. A fundamental reason for



  AAES Research Series 485

156

studying the epidemiology of rice blast in Arkansas was to understand the develop-

ment of the disease, the origin(s) of the inoculum in fields, and the spatial distribution

of rice blast within individual fields in Arkansas (Long et al., 1996; Long, 1996; TeBeest

et al., 1994, 1995).

Previous work (Long et al., 1996; Long, 1996; TeBeest et al., 1994, 1995) con-

ducted in commercial fields and experimental plots illustrated several important points

about rice blast: 1) rice blast developed in a fairly consistent pattern across years and

cultivars; 2) infested seed of M. grisea can initiate rice blast epidemics; 3) leaf blast

can be found randomly distributed throughout many commercial fields; 4) the incidence of

disease increased rapidly in commercial fields in areas that were water stressed or had

been over-fertilized with nitrogen, while blast remained low in incidence in non-stressed

areas; 5) the incidence of blast often appeared to decrease after internode elongation

(at mid-season); 6) the spread of rice blast from heavily infected areas within a field was

often limited if stresses on the plant were removed or if disease pressure from the focal

areas remained small; 7) the most seriously blasted areas at harvest (neck blast) ap-

peared to be the same areas most severely blasted before internode elongation; and 8)

fungicide applications made after the heading stage, but before all panicles were fully

emerged, were effective in controlling neck blast and possibly reducing yield loss.

Key elements in reducing yield loss may be reducing initial infections of rice by

the inoculum carried on seed and/or by preventing or reducing the severity of rice blast

disease on necks and panicles. The former requires an understanding of the thresholds

that lead to serious infections while the latter may, in turn, rest upon estimating the

amount of the disease present and coupling that to knowing when fungicides are most

effective. Torres and Teng found that yield losses are most easily estimated from the

incidence of neck blast (one half percent loss for each one percent neck infection) – too

late for implementing a management strategy. Long (1996) and Long et al. (1996) have

estimated a strong relationship between the incidence of collar rot and neck blast and

they showed that Quadris (azoxystrobin) applied as the panicles emerged from the

boot significantly reduced the incidence of neck blast. Thus it might be possible to

infer yield-loss estimates and/or to recommend fungicide treatments based on esti-

mates of disease incidence prior to neck emergence. This would provide a better man-

agement strategy for producers deciding whether or not to use a fungicide.

OBJECTIVES

1. To determine if sowing naturally infected seeds in plots resulted in the subsequent

development of rice blast in plots, and

2. To determine the effect of a fungicide on the incidence of infection of collars,

necks, and panicles (and on yield) in order to develop a threshold to justify

fungicide use.
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PROCEDURES

Forty plots of the ‘M201’ rice cultivar were sown on 19 April 2000. All plots were

nine rows wide by 20 feet long and all plots were separated by one-foot alleys. The

plots were sown with seed harvested in 1999 from infected plots. The seed was esti-

mated to be naturally infected with rice blast at 5.4%. Plots were also over-seeded with

seed from the same lot of naturally infected seed at rates of 0, 1, 10, 25, and 50 seeds/ft2

to duplicate and span the estimated number of seeds found on the soil surface after

sowing in production fields in previous studies.

There were 10 total treatments consisting of five overseeding rates and two

fungicide treatments. All treatments were made in a randomized complete block design

with four replications per treatment. Eight plots were sown for each overseeding rate.

Four of the eight plots were treated with Quadris fungicide at the appropriate time and

plant stage (when 10% of the heads were at first emergence); the remaining four served

as untreated controls and received no treatments. In 2000, a single application of

Quadris was made to the appropriate plots on 23 July at a rate of 0.22 lb ai/acre. Plots

were sprayed with a backpack sprayer at 20 psi with two Teejet 8003 nozzles.

Rice blast was monitored visually within all plots beginning 14 days after emer-

gence and ending at harvest. At harvest, 25 to 35 heads (including flag leaf) were taken

from each plot and taken to the laboratory. In the laboratory, the incidence of flag leaf,

collar rot, neck blast, and panicle blast were determined for each individual head ac-

cording to plot. Data are given as a percentage of the heads infected by the fungus

from the total collected from each plot. The fresh weight was determined after one week

of storage at room temperature in a laboratory; the dry weight of each head was deter-

mined after heads were dried in a seed drier. Data are averaged according to plot.

RESULTS

Data summarizing the results of the work conducted in 2000 are given in Table 1

as the percentage of seedlings infected at mid June, approximately 60 days after sow-

ing; as the percentage of the leaves within plots infected by blast in mid July; and as

the percentage of flag leaf blast, collar rot, neck rot, and panicle blast on heads col-

lected one week before harvest and before samples were dried. The proportion of

individual panicles infected by blast was not factored.

Although numerous nonspecific necrotic lesions were noted on coleoptiles,

epicotyls, and primary leaves of some rice seedlings within 14 days after emergence,

typical symptoms of blast were first noted on leaves approximately 60 days after sow-

ing. M. grisea was found sporulating on seeds collected from the surface of over-

seeded plots several weeks after sowing.

By the end of the season, disease was widespread throughout the M201 plots

but no direct correlation of disease incidence to over-seeding rate was observed. The

failure to correlate over-seeding rate to the incidence of disease may have been the
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result of the fact that infected seeds were used to sow all plots or to the fact that

infected seeds applied to individual plots were dispersed to adjacent plots by rain on

several occasions.

Rice blast developed rapidly in all plots beginning about 60 days after sowing. In

plots that were not treated with a fungicide, ~29% of the flag leaves, ~90% of the

collars, ~66% of the necks, and ~40% of the panicles were visibly infected by blast at

harvest. The average fresh and dry weights of the collected panicles for all plots were

approximately 2.32 and 2.04 g/head, respectively.

Quadris was applied to plots when only about 10% of the panicles emerged from

the boots. Although some collars were already visibly infected by blast at that time, the

fungicide appeared to have significantly reduced the incidence of collar rot, neck rot,

and panicle blast when compared to untreated controls. In plots treated with Quadris,

approximately 24% of the flag leaves, 24% of the collars, 12% of the necks, and 18% of

the panicles were visibly infected by blast, whereas in control plots approximately 29%

of the flag leaves, 90% of the collars, 66% of the necks and 37% of the panicles were

visibly infected by blast. The average fresh weights and dry weights of heads col-

lected from plots treated with Quadris were 2.61 and 2.37 g/head, respectively, or about

12% and 16%, respectively, heavier than heads collected from control plots that were

not treated with Quadris.

Preliminary statistical evaluations of the data taken from a sample of approxi-

mately 1200 panicles that were collected show that there is a significant correlation

between the proportion of collars infected and the proportion of necks infected. The

combined data also appear to suggest a significant correlation between the proportion

of collars infected and the proportion of panicles infected (data not shown). The pre-

liminary statistical analyses also showed that there is little, if any, correlation between the

proportion of the flag leaves infected to the proportion of collars or necks infected (data not

shown). Analysis of effects of the treatments and correlations to the incidence of rice blast

on each of the individual samples are planned as initial steps in establishing thresholds

to be used in determining whether use of fungicides are necessary.

In summary, the data shows that sowing infected seed and over-seeding with

naturally infected seeds resulted in significant levels of rice blast in small plots. The

data also suggests that significant yield increases are possible with properly timed and

applied fungicides in situations where blast is at moderate to severe levels.

SIGNIFICANCE OF FINDINGS

The work reported here was done to determine if rice blast could develop from

sowing naturally infected seed and if fungicides effectively reduced the incidence of

disease on several plant tissues including panicles. The first part of the work seeks to

establish a threshold for the relationship between sowing infected seeds and the inci-

dence of disease after emergence, while the second part of the work seeks to establish
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a threshold (based on disease incidence) at which fungicide applications are economi-

cally beneficial. Data from work conducted in 2000 with naturally infected rice seeds

confirmed previous results with artificially infected rice seed and showed that infected

or infested rice seed is a viable source of the inoculum for rice blast disease in Arkan-

sas. Also, the data shows that an effective fungicide, such as Quadris, may reduce

yield losses associated with neck and panicle blast if properly applied and timed,

despite moderate to heavy levels of infection of a susceptible rice cultivar by rice blast.
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ONGOING STUDIES: RICE CULTURE

HELPING ARKANSAS RICE FARMERS EXPLOIT

MARKET OPPORTUNITIES BY IMPROVED USE OF

SOYBEAN, WHEAT, AND CORN IN RICE ROTATIONS

M.M. Anders, T.E. Windham, H.D. Scott, K.A.K. Moldenhauer,

R.K. Bacon, R.W. McNew, R.D. Cartwright, and L.O. Ashlock

ABSTRACT

High grain yields in the 1999 rice crop resulted in net returns as high as $376.50/acre.

Tillage and rotation effects dominated the 2000 yield results. Rice grain yields for the

standard cultivars were 35 bu/acre less in the continuous rice rotation when compared

to the soybean - rice and corn - rice rotations, regardless of tillage, fertility, or cultivar.

A similar effect was found in the rotations utilizing short-duration rice where there was

a 30 bu/acre drop in rice grain yield in the rice - (wheat) - rice rotation as compared to the

soybean - (wheat) - rice rotation. Grain yields were reduced by 19 and 21 bu/acre in the

no-till treatments compared to the conventional till treatments in the full-season and short-

season rotations. Over all treatments, ‘Wells’ grain yield averaged 184 bu/acre as com-

pared to ‘LaGrue’ at 173 bu/acre. The cultivar Wells responded better to no-till condi-

tions than did LaGrue. Yields from the short-duration cultivars seeded after wheat

averaged 143 bu/acre over all treatments with neither of the experimental cultivars

showing much promise. The cultivar ‘Early LaGrue’ lodged in all enhanced fertility

plots and most of the standard fertility plots. The cultivar ‘STG95L-28-045’ yielded

better than Early LaGrue but showed a high percentage of blank heads at high tempera-

tures. A solution to this problem seems possible with the identification of higher

yielding short-duration material that possesses better agronomic traits including heat

tolerance. In a separate cultivar evaluation of short-duration material, the cultivar

STG97L-01-118 yielded 190 bu/acre and reached 50% flowering in 80 days. This culti-

var, along with ‘XL-6’ that yielded 158 bu/acre in a late seeding study, is being consid-

ered as a replacement for the current short-duration cultivars. Detailed work on plant
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development showed a close agreement between the current DD50 system and rice

growth models, thus opening the door to expanding the DD50 system to include such

plant parameters as leaf number and emergence, tiller emergence and number, and leaf

area.

INTRODUCTION

Rice production in Arkansas is under a host of pressures that could drastically

change the industry in the future. Moving away from price supports at a time when

commodity prices are low will force a number of rice farmers out of business unless

they find ways to reduce production costs and maintain high yields. For some rice

farmers, water availability, quality, and cost are factors leading to changes in cropping

patterns that reflect water availability and land quality more than production quotas.

These changes call for a degree of management flexibility many farmers are not accus-

tomed to. Nowhere will this change be manifest more than in rotation sequences, tillage

practices, and related changes in managing the natural resource base. This project was

established with the following objectives: 1) provide a set of management guidelines

that farmers can use to assist them in maintaining their profitability should they change

their rotations; 2) explore the potential of using short-duration rice, soybean, wheat,

and corn cultivars in a range of crop rotations; 3) measure the effects of fertility levels

and crop sequences on pest and disease incidence in existing and new rotations; 4)

explore the use of conservation tillage in a range of rotations; 5) determine the feasibil-

ity of using corn in rice-based cropping systems; and 6) test existing cropping-system

models that include the crop species used in this study.

To achieve these objectives it will be necessary to adopt an approach that pro-

vides sufficient time to determine treatment differences versus seasonal differences

and changes in the natural resource base. Historically, crop production recommenda-

tions are developed using selected areas in a single-season framework. This study is

designed to test individual management components in a ‘systems’ context that closely

follows farmers’ current practices and changes that might impact their productivity.

The performance of individual crops in a single season will be the focus of initial

results; however, these data will be secondary to those of long-term productivity,

profitability, and changes in the natural resource base. This study will test current

recommendations along with examining increased fertility levels as a way to enhance

the natural resource base. Linked to fertility issues will be the impact of no-till cultiva-

tion across the range of crops and rotations used.

PROCEDURES

Field 8 was selected for this study in early 1999. In February 1999 this field was precision

graded to a 0.15% slope. Plots measuring 250 ft x 40 ft were laid out in a north-south direction.
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These plots were then divided in half east-west with each side randomized as conventional or

no-till treatments. Each tillage treatment was then split into a standard- and enhanced

-fertility treatment. Two cultivars of each crop species were sown in a continuous strip

across the conventional and no-till treatments. As a result of field leveling, all plots

were tilled in 1999 and the no-till treatments started in 2000. Following harvest of the

1999 crops, all no-till treatments were cut with a rotary chopper. Levees were con-

structed, around those plots not having wheat in the winter, to impound water. Prior to

seeding, soil samples were collected for fertility measurements. The following rota-

tions that were started in 1999 were continued: 1) continuous rice; 2) rice-soybean; 3)

soybean-rice; 4) rice-corn; 5) corn-rice; 6) rice (wheat)-rice (wheat); 7) rice (wheat)-

soybeans (wheat); 8) soybeans (wheat)-rice (wheat); 9) rice-corn-soybeans; and

10) rice-corn (wheat)-soybeans. Two fertility levels (Table 1) and two cultivars (Table

2) were used for each plot. The corn plots (rotations 4, 9, 10) were sown into 30-in. rows

on 21 April using a standard John Deere row crop planter. The two standard rice

cultivars (LaGrue, Wells) were sown into 7.5-in. rows on 27 April using an Almaco no-

till drill. Maturity group IV soybeans were sown into 15-in. rows on 25 May using an

Almaco no-till drill while the Maturity group V cultivars were sown on 28 June using

the same drill and row spacings. The short-duration rice cultivars were sown on 28

June using an Almaco no-till drill. Weed control in the corn consisted of one Atrazine

application at 1.25 lb ai/acre postemergence. All soybean plots received a single over-

the-top Roundup application 3 to 4 weeks after emergence and a second application

one month later. The full season rice plots were treated with Stam and Facet prior to

flooding. The short-duration rice was also treated with Stam and Facet prior to flooding

with spot applications of fenoxaprop-ethyl, pendimethalin, and clomazone.

Corn harvesting was completed on 6 September. Full-season rice was harvested

on 16 September and the short-duration rice on 10 October. Group IV soybeans were

harvested on 10 October and group V on 25 October. All yields are adjusted to a 12%

moisture level.

RESULTS AND DISCUSSION

Net Returns for 1999

Net returns for the 1999 rice crop were calculated and are found in Table 3. As this

was the first year of the study, no tillage or rotation comparisons were possible. Net

returns were highest ($376.50/acre) for the cultivar Wells, fertilized at a standard level.

This was followed by Wells at an enhanced fertility level. Lower net returns for the

enhanced fertility level are the result of no positive yield response to additional fertil-

izer. Severe Command herbicide damage on the late seeded cultivars (Early LaGrue,

STG95L-28-045) resulted in negative net returns for all treatments. Net returns on the

early seeded rice were the highest recorded of any crop used in this study and empha-

size the commercial importance of rice production in Arkansas.
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Full-Season Rice Seeding

Frequent spring rains provided nearly ideal conditions for rice establishment.

Plant emergence was delayed nearly 1 week in the no-till plots when compared to the

conventional till plots. Observations indicated that the cultivar Wells established ear-

lier and grew better in the no-till plots when compared to LaGrue. At one month follow-

ing seeding, plant densities were similar for all treatments; however, growth was better

in the conventional till plots. Throughout the season it was observed that plant growth

was better in the soybean-rice and corn-rice rotation plots when compared to the rice-

rice treatments. General plant growth was better in the conventional tillage plots when

compared to the no-till plots. At harvest, the following rice yields were obtained for the

main plot effects: 1) Overall, 178 bu/acre; 2) rice-rice, 155 bu/acre; 3) soybean-rice, 190 bu/

acre; 4) corn-rice, 190 bu/acre; 5) no-till, 169 bu/acre; 6) conventional tillage, 188 bu/

acre; 7) standard fertility, 182 bu/acre; 8) enhanced fertility, 175 bu/acre; 9) LaGrue, 173 bu/

acre; and 10) Wells, 184 bu/acre.

These results show that rotation and tillage were the factors most influencing

plant growth and production in this study. They closely follow observations made

during the growing season. While Wells yielded 11 bu/acre more than LaGrue over all

treatments, the observation that it was growing considerably better in the no-till treat-

ments was supported by only a 4 bu/acre difference in the no-till treatments. This result

was heavily influenced by a 128 bu/acre Wells yield in the rice - rice rotation, no-till

treatment. This was the lowest yield of any treatment combination. Highest individual

no-till combination (191 bu/acre) was with LaGrue at standard fertility in a soybean -

rice rotation. While overall grain yields were lower in the no-till system when compared

to the conventional tillage system, there were a number of specific treatment combina-

tions that were equal to or better than the overall conventional tillage average. All

these treatments were in the soybean-rice or corn-rice rotations, indicating the poten-

tial of combining tillage methods with rotation to achieve maximum profits. Decreased

grain yields in the rice-rice rotation indicate weaknesses in our knowledge of this

system and a need to explore options that might make this rotation more productive.

As water issues move more and more to the forefront in the rice industry, it is likely

farmers will concentrate rice production on better land that has a guaranteed quality

water source. These data indicate a potential yield drop if rice is intensified, underscor-

ing a need to develop recommendations that will economically address this problem.

Short-Season Rice Seeding

Following wheat harvest, three short-duration rice cultivars (STG95L-28-045,

Early LaGrue, XL-6) were sown (28 June 2000) into the same plots. The commercial

cultivar XL-6 was added because insufficient seed was available of the cultivars used

in the previous season. The delayed seedling emergence and stand establishment for

the no-till treatments observed in the full-season seeding earlier in the season were not



165

  B.R. Wells Rice Research Series 2000

present in this seeding. This is attributed to the higher temperatures at the time of the

second sowing. Stand establishment and plant growth were good in all treatments.

Weed problems were severe in a number of the no-till plots. Once established,

barnyardgrass and bearded sprangletop  were difficult to control. Extremely high tem-

peratures during August resulted in blank heads in all the cultivars, with this problem

most severe in STG95L-28-045. Mean rice grain yields for the main effects were as follows:

1) overall, 143 bu/acre; 2) rice-(wheat)-rice, 128 bu/acre; 3) soybeans-(wheat)-rice, 158

bu/acre; 4) no-till, 107 bu/acre; 5) conventional tillage, 128 bu/acre; 6) standard

fertility, 123 bu/acre; 7) enhanced fertility, 125 bu/acre; 8) Early LaGrue, 110 bu/

acre; 9) STG95L-28-045, 125 bu/acre; and 10) XL-6, 158 bu/acre.

The cultivar XL-6 was not included in all plots thus should be regarded more as

an observation. As with the full-season cultivars, there were large differences in rota-

tion and tillage treatments. Reduced grain yield in the rice - (wheat) - rice rotation was

apparently not strongly influenced by including wheat in the rotation. These results

further support the need to identify factors that will enable farmers to economically

intensify rice production. Reduced yields in the no-till treatments were influenced by

high weed populations in some of the plots. Before true tillage effects can be measured,

it will be necessary to develop an effective weed-management program in the no-till

treatments. As with the earlier seeding, there were no differences in the fertility treat-

ments although observed growth was better in the enhanced fertility plots. Unlike the

previous season when Command herbicide damage was too severe to evaluate plant

traits, we were better able to observe the cultivars this season. Early LaGrue lodged

heavily in all enhanced fertility plots and some of the standard fertility plots. STG95L-

28-045 displayed a high sensitivity to heat and may not be suitable for late seeding. Of

the cultivars used, XL-6 had the highest grain yield (158 bu/acre) and suffered less bird

damage. This cultivar did not lodge at the higher fertility rates used in this study but

did not yield as well as it did in adjacent plots that were seeded at a ‘normal’ seeding

time. Given the unsatisfactory performance of STG95L-28-045, we are considering re-

moving these cultivars and replacing them with two cultivars with more acceptable

agronomic traits.

Rotation Effects

As indicated earlier, the rice grain yields were taken from plots that represent one

phase of a rotation study. Rotation effects were evident on rice yields while having rice

in a rotation can affect other crops in a rotation. Most notable was the effect of a

partially decomposed rice-straw ground cover following a no-till corn or soybean crop.

Corn plant growth, when sown into rice straw, was significantly retarded. When the corn

crop received a topdress nitrogen application followed by a rainy period, the plants in the

no-till plots nearly died while those in the conventionally tilled plots showed a normal

response to nitrogen application. Overall corn yield in the no-till plots was 42 bu/acre as
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compared to 103 bu/acre in the conventional tilled plots. The overall low corn yields

suggest that seeding corn after rice will result in poor corn yields while the opposite is

true in seeding rice after corn. Establishing a soybean-plant stand in no-till plots fol-

lowing rice early in the 2000 season was extremely difficult because of frequent rains

and slow soil drying. It was necessary to replant the no-till soybeans three times,

which resulted in significantly lower yields in the no-till soybean plots that followed

rice. The opposite effect was found in no-till soybean seeded after wheat where the

additional soil moisture retention from having a stubble cover benefitted soybean

growth. These contrasting results suggest that delaying the seeding of no-till soy-

beans into fields that have a partially decomposed rice straw cover could eliminate the

problem of stand establishment while taking advantage of enhanced soil moisture as

temperatures increase and rainfall decreases through the growing season. Wheat follow-

ing rice yielded better than wheat following soybeans in the 1999-2000 winter. For both

wheat cultivars used, grain yields were higher in the no-till plots when compared to the

conventional tillage plots in the rice-wheat rotation. For wheat following soybeans, grain

yields were highest in the conventional tillage treatment. These data suggest that wheat

following rice is a productive crop sequence and that no-till wheat following rice can

result in acceptable yields.

Short-Duration Cultivar Evaluation

Short-duration rice cultivars used in the more intensive rotations of this study

are not released cultivars, and it is realized that if these intensive rotations prove

successful, it will be necessary for farmers to have access to agronomically acceptable

short-season cultivars. These cultivars offer flexibility to the cropping sequence and

the potential for substantial water savings. In collaboration with the rice-breeding

programs, we have selected 12 lines that were reported to be high-yielding and equal to

or shorter duration than the cultivar ‘Jefferson’, which is a released and commercially

grown cultivar. We also included the commercial cultivar XL-6, which was made com-

mercially available in the 2000 season. In order to provide the best management for

each cultivar, we grouped the cultivars into two groups (short-short, long-short) that

represented their relative earliness over the range of cultivars tested. This allowed us

to fit field management practices (i.e., flood removal, harvest) to a group of similar duration

material. Results indicated the average days to 50% heading for the short-short duration

group to be 78 while that for the long-short group was 85 days. Group yields were 164 bu/

acre for the short-short group and 183 bu/acre for the long-short group. These results

illustrate one of the fundamental problems in developing short-duration cultivars. This

trend did not repeat with all cultivars tested. The cultivar STG97L-01-118 matured in 80 days

and had a yield of 190 bu/acre as compared to Jefferson that matured in 86 days and had a

yield of 158 bu/acre. This line has shown promise in breeders’ plots and regional nurseries.

The highest grain yields were obtained from the cultivar XL-6 (224 bu/acre), which reached

50% flower in 84 days. Lodging was not a problem with this cultivar in the late seeding.



167

  B.R. Wells Rice Research Series 2000

A second seeding was made of these cultivars to simulate a late seeding after

wheat. The early maturing cultivars were severely affected by the extreme temperatures

we experienced in August 2000. Some of this material had very high percentages of

blank heads, indicating a potential problem with late seeding. It is difficult to determine

if individual cultivars are more sensitive to heat stress because of the wide range in

plant development at the time high temperatures were present. This result does raise

the question of a need to better identify heat-tolerant cultivars if they are to succeed

when seeded after wheat. Bird damage was extensive later in the season thus yields

were not collected. Bird netting will be used next year.

Rice Model

Currently the DD50 program is extensively used to assist farmers in managing

their rice. The basis of the DD50 program is predicting plant development using heat

units – the same approach used by a number of existing rice models. This link provides

a way to build on the existing DD50 program while moving toward using models to

better understand systems. The first steps in linking the DD50 concept to modeling

were to collect data on currently grown rice cultivars that will bridge model require-

ments and match DD50 parameters, and to see if there is close agreement with these

different programs. In a collaborative effort with researchers in California, plant devel-

opment as it relates to DD50 heat units has been determined for a number of popular

Arkansas rice cultivars and compared with current DD50 guidelines. One example of these

data (Figure 1) for the cultivar Wells illustrates the closeness of model parameters’ fit to

existing DD50 guidelines. This close fit will then allow us to work with additional plant

development parameters such as leaf and tiller development in the existing DD50 program.

Currently we are processing data for the cultivars Wells, LaGrue, Cypress, XL-6, and red

rice. These will be used in the California model and tested against our DD50 parameters next

season.

SIGNIFICANCE OF FINDINGS

The addition of tillage and rotation treatments in the second year of this study

resulted in a number of significant findings. For all the crop species used in this study,

there were strong cultivar differences in how they responded to the conventional and

no-till treatments. Observations indicated the cultivar Wells had fewer problems estab-

lishing a plant stand and growing in a no-till environment. While yields were lower in

the no-till treatments, overall yields from these plots indicate a high potential for no-till

in rice. Most significant in this years findings was the strong negative effect of a

continuous rice rotation on rice yields. This finding highlights a need to look closer at

this system to determine if yields can be improved without compromising profitability.

Highest rice yields were those in plots following corn and using conventional tillage.
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Sowing rice after wheat harvest is possible; however, yields will be lower than earlier

seeded crops and there are not sufficient short-duration rice cultivars available to

recommend this practice. Rice can have a positive and negative impact on crops that

follow it in a rotation. These effects were most evident following a corn or soybean no-

till crop where yields were significantly reduced because of slow soil drying. Wheat

following rice yielded better than wheat following soybeans.

Currently there are a number of short-duration cultivars being developed. Some

of the more promising lines will be evaluated in more detail next season. When these

cultivars are made available, they will offer added management flexibility to farmers

along with the possibility of decreasing water use. With experimental yields well over

150 bu/acre, these lines will offer a minimal compromise in profitability.

Adding additional plant-growth components to the existing DD50 program looks

promising. This will give farmers and researchers a better understanding of the plant’s

development and how that relates to management and environmental conditions.

ACKNOWLEDGMENTS

The authors would like to thank the Arkansas Rice Research and Promotion

Board, Arkansas Soybean Promotion Board, Arkansas Wheat Promotion Board, Arkansas

Corn and Sorghum Promotion Board, the Potash & Phosphate Institute, and the University

of Arkansas for their support of this project. We would also like to thank Asgrow, Hartz,

Novartis, Pioneer, and Monsanto for providing seed and chemicals for this study.

Table 1. Nitrogen, phosphorus, and potassium levels

used to establish standard and high rates for each crop species.

Crop Element Standard Enhanced

---------------------------------------- (lb/acre) ----------------------------------------

Corn N 200 300

P
2
O

5
60 80

K
2
O 100 150

Soybeans N 0 20

P
2
O

5
40 60

K
2
O 60 120

Rice N 100 150

P
2
O

5
40 60

K
2
O 60 90

Wheat N 100 150

P
2
O

5
30 60

K
2
O 30 60
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Table 2. Cultivars used in long-term study.

Crop Cultivar Treatments

Rice (full-season) Wells 1, 2, 3, 4, 5, 9, 10

LaGrue 1, 2, 3, 4, 5, 9, 10

Rice (short-season) STG95L-28-045 6, 7, 8

Early LaGrue 6, 7, 8

Soybean (group IV) Asgrow 4702 2, 3, 9, 10

Hartz 4994RR 2, 3, 9, 10

Soybean (group V) Delta Pine 5960RR 7, 8

Asgrow 5901 7, 8

Wheat Pioneer 2580 6, 7, 8, 10

Shiloh 6, 7, 8, 10

Corn Pioneer 31B13 4, 5, 9, 10

Novartis 75T(2)90 4, 5, 9, 10

Table 3. Net returns for the 1999 rice treatment combinations.

Tillage Fertility Cultivar Grain yield Net returnsz

(bu/acre) ($/acre)

NA standard Wells 215 $376.50

NA enhanced Wells 212 $357.77

NA standard LaGrue 194 $319.51

NA enhanced LaGrue 179 $268.20

NA standard Early LaGrue --y ($266.83)x

NA enhanced Early LaGrue --y ($276.83)x

NA standard STG95L-28-045 --y ($266.83)x

NA enhanced STG95L-28-045 --y ($276.83)x

z Calculated at a 25% land cost and rice at $3.14/bu.
y No grain yield because of Command herbicide damage.
x Represents loss because of no grain yield.
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Fig. 1. Heat-unit requirements for leaf and tiller emergence in the rice

cultivar Wells using parameters adopted by the Arkansas DD50 rice management

program in a greenhouse study conducted in the winter of 1998-1999.
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WATER QUALITY IN RICE PRODUCTION

J.T. Gilmour

ABSTRACT

Irrigation water quality often refers to the concentration of dissolved and sus-

pended minerals in water. When water quality is poor, the concentration of one or more

of these minerals exceeds a given level and will usually cause some adverse effect on a

crop when the water is used for irrigation. In Arkansas, the rice farmer should be

concerned about situations where calcium bicarbonate, total soluble salts, chloride

(Cl–) salts, and/or sodium (Na+) concentrations in irrigation water are excessive. Each

can cause a different problem. In addition, high soil nitrate (NO3
–) levels can cause salt

damage to rice.

CALCIUM BICARBONATE

Soluble calcium bicarbonate (Ca(HCO3)2) in well water changes to insoluble lime

or calcium carbonate (CaCO3) as well water flows on a rice field and warms as, de-

scribed in the equation below.

Ca(HCO
3
)

2
 ∩ CaCO

3
 + CO

2
 + H

2
O

Most of the lime deposition occurs in the upper levees and flow areas. Accord-

ing to Tacker et al. (1994), waters with calcium (Ca2+) concentrations greater than 3

meq/L (60 ppm) and bicarbonate concentrations greater than 5 meq/L (305 ppm) can

deposit excessive amounts of lime on soil. After a number of years, soil pH increases to

6.5 or above in areas where lime deposition is high. As the pH rises, zinc (Zn2+) in the

soil is converted to unavailable forms. Under these conditions in silt loam soils, Zn2+

deficiency can occur in rice during the seedling stage. Upon flooding, the seedlings
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lose turgidity, become chlorotic (yellowed) and can die. Chlorosis begins at the leaf

blade near the collar and moves toward the leaf tip.

Recent studies (N. Slaton, personal communication, 1996) have also suggested

that high pH soils may have other nutrient deficiencies such as phosphorus (P) defi-

ciency or undiagnosed nutrient imbalances that lead to plant necrosis or death. Cur-

rently, this is considered a problem if soil pH is greater than 6.5 and soil test P (Mehlich

III extract) is less than 30 lb P/acre.

Figure 1 shows the approximate amount of lime that can be deposited during one

rice season for a range of irrigation-water qualities common to Arkansas (Gilmour and

Ferguson, 1981). Note that most of the lime is deposited near the inlet (0% down the

field) in this figure. Very little lime is deposited in the lower half of the field.

Management alternatives for irrigation waters high in calcium bicarbonate are:

* Minimize water use by delaying flood and using a shallow flood. The amount of

lime deposited is directly related to the amount of water used.

* Minimize localization of lime precipitation by increasing the ratio of water flow

rate to acres irrigated. The maximum acreage under an inlet should be about the

square root of the flow rate for that inlet. Creating multiple water inlets to multiple

levees by utilizing flexible polypipe is an inexpensive method to limit the localiza-

tion of lime precipitates.

* Use a reservoir to hold water so that lime will be deposited in the reservoir and

not on the field.

* Reduce the number of times rice appears in the rice-soybean rotation.

* Apply Zn fertilizer to remove the deficiency symptoms.

* Apply P fertilizer to remove P deficiency.

TOTAL SOLUBLE SALTS

The general measure of total soluble salt in irrigation water or soil is electrical

conductivity (EC) in deciSiemens per meter (dS/m) or micromhos per centimeter (µhos/

cm). One dS/m is 1000 µhos/cm. If the EC of an irrigation water is greater than 1.2 dS/m

(1200 µhos/cm), it is considered borderline for use on rice (Tacker et al., 1994). High EC

waters are not recommended for rice production unless specialized management is

used as described below.

Recently, researchers at the USDA/ARS Salinity Laboratory in Riverside, Cali-

fornia have developed a relationship between rice yield and irrigation water salinity (L.

Zeng and M.C. Shannon, unpublished data, 1999), which is presented in Figure 2. This

relationship predicts that at 1.2 dS/m, a rice yield reduction of about 20% will occur.

Management alternatives for use of irrigation waters high in soluble salts include:

* Avoid water-seeding. Water-seeded rice is much more salt sensitive than dry-

seeded rice.
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* Try to move salts out of the rice rootzone, yet minimize water use. Early flushing

and a shallow early flood may help. Winter flooding with surface or rain water

might also be beneficial.

* Change water sources for at least a portion of the year. During the seedling stage

when the rice plant is most sensitive to soluble salt, a less saline irrigation water

would be advisable.

CHLORIDE AND NITRATE

Rice is particularly sensitive to Cl– and NO3
– salts and not as sensitive to sulfate

(SO4
2–) salts (R.E. Baser and J.T. Gilmour, 1982). Baser and Gilmour (1982) found that

sulfate salts had relatively little effect even at soil ECs of 2.0 dS/m (1:2 soil:water

extract), while Cl– and NO3
– salts caused substantial stand losses at lower soil ECs.

Most waters with high ECs also contain high Cl–; thus, they cause damage to the rice

plant when used. Soil SO4
2– forms insoluble gypsum (CaSO4), which limits how much

SO4
2– can dissolve and damage rice seedlings. High soil NO3

– levels are fairly common

where there is salt damage to rice. The source of this NO3
– is thought to be from

decomposing crop residues, especially soybeans, and soil organic matter.

Well waters that contain Cl– at concentrations greater that 3 meq/L (100 ppm) are

not recommended for rice production (Tacker et al., 1994). Water that enters the soil

carries the Cl– into the rootzone. Some of this water leaches Cl– below the rootzone and

some of the Cl– remains near the soil surface, depending upon the soil. The Cl– is

distributed over the entire field and not just near the inlet.

When the Cl– levels in a soil increase over a period of years or when evaporation

of water prior to flooding concentrates Cl– in the rice rootzone by upward movement,

damage to rice seedlings is probable and could be extensive. Damage begins as leaf tip

burn, and when seedlings are exposed longer to Cl– or to higher levels of Cl–, stand

losses can occur.

Management alternatives for use of irrigation waters high in Cl– are the same as

those for irrigation waters high in soluble salts.

SODIUM

The amount of Na+ relative to Ca2+ and magnesium (Mg2+) determines whether

or not a well water will cause a deterioration in the soil physical condition. The measure

of the relative impact of Na+ contained in an irrigation water is made using the Na

adsorption ratio (SAR) shown below (all concentrations in meq/L).

SAR  = [Na+]/(([Ca2+]+[Mg2+])/2)˚

If the SAR of a water is greater than 10 then the water can cause a sodic soil to

develop because as SAR increases, the amount of Na+ on the exchange complex of a

soil increases proportionately. Elevated levels of Na+ cause soils to puddle and lose
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soil structure. A puddled soil is difficult to work, exhibits poor aeration, and would

probably be a less-than-ideal seedbed.

Sodium is added to soil in a manner similar to that of soluble salts. Water that

enters the soil carries Na+, the water is lost by transpiration and Na+ remains. When

Ca2+ or Mg2+ salts are not added to a soil, the effect of Na+ is intensified. High Na+

irrigation waters should not be used for irrigation of rice.

TROUBLESHOOTING IRRIGATION WATER QUALITY PROBLEMS

Irrigation water quality can be evaluated in three ways: water testing, soil analy-

sis, and rice seedling tissue analysis.

Water Testing

Water testing is available through UA Cooperative Extension Service County

offices. Irrigation waters are analyzed by the AWRC Water Quality Laboratory. A

report is sent that provides an interpretation of the results.

In 1999, a new approach to irrigation water testing was developed, which empha-

sizes testing wells and surface water supplies over an entire farm. The reason for this

approach is three-fold. First, irrigation water quality can vary greatly across a farm;

thus, one irrigation water sample is not likely representative of the entire farm. Second,

some waters may be deemed good quality when they are not. For instance, a creek may

be poor quality water from irrigation return-flow during the growing season, but good

quality during the winter when rainfall fills the creek. Third, water-management alterna-

tives are best developed with a knowledge of the status of irrigation sources across an

entire farm; where to drill new wells and where to place reservoirs can depend on the

water quality in a given part of a farm.

To initiate the process, a producer contacts the county extension office for a

farm-scale irrigation-water kit. The extension agent asks how many irrigation waters are

to be tested and the name and mailing address of the producer. The extension office e-

mails this information to the Water Quality Lab. Water testing kits are put together by

personnel in the AWRC Water Quality Lab and sent directly to the producer. Detailed

instructions on how to collect and ship samples are included in each kit. The producer

sends the farm-scale irrigation-water kit directly to the AWRC Water Quality Lab using

UPS (two-day) delivery. After analyzing the samples and running the irrigation water-

quality computer program, the information is sent to the producer and extension per-

sonnel through normal channels.

After receiving the data, the producer makes an appointment with county or

state extension personnel to discuss the results and develop a plan for irrigation water

resources at the farm scale.
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Soil Analyses

A soil sample from the affected area of a rice field and areas where rice seedling

damage is not occurring can be tested for pH, electrical conductivity (EC), and Na+ by

the UA Soil Testing Service. Care should be taken in interpreting these results, particu-

larly in the case of pH and EC. Soil pH at the same location can vary by as much as one

unit in a year. This means that one soil test might show that a zinc deficiency is not

likely, while another might indicate that a zinc deficiency could occur. Soil EC is practi-

cally useless as total soluble salts, Cl–, and NO3
– move up and down in a soil, and so it

is difficult to sample for them.

Soil Na analysis is an excellent measure of whether or not a sodic soil has devel-

oped or is developing. The ESP (exchangeable sodium percentage) of a soil is the meq

Na/100g soil multiplied by 100 and divided by the soil CEC in meq/100g. Each lb Na/acre in

the soil is 0.0022 meq Na/100g.

Example: If a soil CEC is 15 meq/100g and the soil Na is 900 lb/acre, the meq Na/100g

is 900 ∞ 0.0022 = 1.98 meq/100 and the ESP is 1.98 meq/100g ∞ 100 ÷ 15 meq/100g = 13. This

is a sodic soil.

Rice Seedling Tissue Analysis

Collect rice seedlings at the 4- to 5-leaf stage from affected and normal areas of

the field. Collect 20 rice seedlings at each location to be tested. This test is NOT

appropriate for seedlings older than the 4- to 5-leaf stage. Place the rice seedlings from

each area of the field in a separate paper bag and seal the bag with tape. Label the bag

as follows:

Producer Name

County

Field ID

Location in the field

Normal or Affected Area

Take the samples to the county agent the same day because the samples deterio-

rate rapidly.

Interpretation of tissue analyses is presented in Table 1 (Slaton et al., 1994).

Normal refers to normal seedling rice tissue. Possible effect means that seedling injury

could be due to zinc deficiency and/or salt(s). Probable effect means that seedling

injury was likely due to zinc deficiency and/or salt(s).
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Fig. 1. Relationship between lime deposition from

irrigation water and location in the rice field for

a range of irrigation water quality commonly found in Arkansas.

Table 1. Interpretation of rice seedling tissue analyses.

Rice seedling tissue concentration

Tissue test Normal plants Possible effect Probable effect

------------------------------------ (mg/kg) -----------------------------------

Zinc Deficiency >30 15 to 30 <15

Chloride Injury <10,000 10,000 to 12,000 >12,000

Nitrate Injury <1,600 1,600 to 2,400 >2,400
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Fig 2. Rice yield reduction as a function of irrigation water EC.
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2000 RICE RESEARCH VERIFICATION PROGRAM

W.B. Koen, N.A. Slaton, C.E. Wilson, Jr., T.E. Windham, and J.A. Lafferty

ABSTRACT

Ten commercial rice (Oryza sativa L.) fields participated in the 2000 Rice Research

Verification Program (RRVP). The participating counties were Arkansas, Chicot, Cross,

Greene, Jefferson, Lawrence, Poinsett, Pope, and Yell. Agronomic and economic data for

specified operating costs were collected for each RRVP field to evaluate the effectiveness

and profitability of production recommendations. The ten fields totaled 553 acres with an

average field size of 55 acres. Five different cultivars were seeded (‘Cocodrie’, ‘Cypress’,

‘Drew’, ‘LaGrue’, and ‘Wells’). Yield, adjusted to 12% moisture, averaged 158 bu/acre and

ranged from 113 to 184 bu/acre. Economic analysis suggested that the 2000 RRVP total

specified production costs were comparable to estimated costs in 2000 Extension rice

production budgets. Net returns from 2000 RRVP fields averaged $81.16/acre above total

specified operating costs and land costs. Thus, the price per bushel required for growers to

cover land rent and total specified costs was $3.32/bushel.

INTRODUCTION

The Rice Research Verification Program (RRVP) has been conducted on 175

commercial rice (Oryza sativa L.) fields since it first began in 1983. The RRVP is an

interdisciplinary program that stresses management intensity and integrated pest man-

agement to maximize net returns. The program objectives are to verify current research-

based recommendations on grower fields, increase the potential for profitable rice

production by identifying technology gaps in recommendations, accumulate a data-

base for rice economic programs, and provide hands-on training for county Extension

agents and producers.
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PROCEDURES

Each RRVP field and farm cooperator was selected prior to seeding. Farm coop-

erators agreed to pay production expenses, provide crop expense data for economic

analysis, and implement the recommended production practices in a timely manner

from seedbed preparation to harvest. A designated county agent from each participat-

ing county assisted the RRVP coordinator in collecting data, scouting the field, and

maintaining regular contact with the grower. Management decisions were made based on

current University of Arkansas research-based Extension recommendations. Additional

assistance was provided by the appropriate Extension specialist or researcher as needed.

The RRVP has historically worked with cooperating farmers for two consecutive

years. This arrangement most often resulted in different RRVP fields with the same

grower. The program was changed before the 1999 growing season so that only one

field per cooperator would be enrolled for the duration of the RRVP. Thus, if rice is

grown two consecutive years in the same field, the RRVP will be conducted for two

consecutive years. If the RRVP field is rotated to soybean and then back to rice, the

RRVP program would skip a year (soybean) and return the following year when rice is

grown (when applicable).

Counties participating in the 2000 RRVP included Arkansas, Chicot, Cross, Greene,

Jefferson, Lawrence, Poinsett, Pope, and Yell. Five different cultivars (Cocodrie, Cypress,

Drew, LaGrue, and Wells) were seeded on the ten fields totaling 553 acres (Table 1). Univer-

sity of Arkansas recommendations were used to manage each RRVP field. Management

decisions were based on field history, soil test results, cultivar, and data collected from each

individual field during the season. A summary of selected agronomic inputs, field charac-

teristics, and soil test information is provided in Tables 1 through 4.

RESULTS AND DISCUSSION

Grain yield in the 2000 RRVP averaged 158 bu/acre with a range of 113 to 184 bu/acre

(Table 1). All fields were seeded in April except for Greene and Chicot counties, which

were seeded in early May and late May (30 May), respectively. The 2000 RRVP yield

was 13% greater than the estimated Arkansas state average of 138 bu/acre. Fields

seeded to LaGrue produced the highest grain yield during 2000 (Table1). The cultivar

Wells also performed well. The lowest yield (113 bu/acre) was recorded in Jefferson

County. This field has a chronic problem that was also evident in 1998. It became sick

early and never recovered. Plant and soil analysis did not provide an accurate answer

to the problem. A yield component study was initiated in 1999 and was developed to

investigate situations where yields were lower than expected. Unfortunately, yield

components were not taken from the Jefferson County field. Due to plot placement

(plots were located in an area of the field that did not have the symptoms), small

research plots established in the Jefferson County field also failed to identify nutri-

tional factors that may have limited yield. The average yield obtained from the research
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plots (174 bu/acre) was 35% higher than the field-average yield. The yield difference

between research plots and field average at other locations was less than 15%. The

yields in the other Jefferson County field and the Chicot County field were also fairly

low. The other Jefferson County field followed rice in rotation. Red rice covered ap-

proximately 25% of the field causing severe lodging in several areas. The low yields in

Chicot County can be accredited to the late planting date (Table 3.).

Season-long weed control was obtained from a single herbicide application in

four RRVP fields (Table 4). Acceptable grass control was obtained with Command at

three locations. The only grass control failures occurred in Chicot and Yell counties.

The Command failed in Chicot County due to lack of moisture. The chemical was

applied to dry soil that did not receive water for nearly 2 weeks. The field in Yell County

had an unexpected flush of sprangletop. Since there was not a soil-applied herbicide

down on the field, we did not have an option for control of the sprangletop. When a

label is granted, Ricestar can be used in these situations in the future. A second

herbicide application was required for the control of yellow nutsedge and/or broadleaf

weeds in five RRVP fields. The average number of herbicide applications in 2000 RRVP

fields was 1.74/acre.

Neither false smut nor kernel smut was not a major problem in the RRVP fields in

2000. This is possibly due to the fact that most of the RRVP fields were seeded early.

However, the two fields of LaGrue were treated with a fungicide for kernel smut. Three

of the RRVP fields (Arkansas, Chicot, and Jefferson) were treated with foliar fungicides

for sheath blight, while three others were treated along the edges of the fields where

rice was either double drilled and/or double fertilized. Blast was not found in any of the

2000 RRVP fields.

The water-seeded field in Greene County received a Karate application as a

preventive for water weevils. This application was made shortly after flooding and

when weevil scars became evident. A second application was not warranted.

The Chicot County field was treated with methyl parathion for stink bug control

within 2 weeks after 50% heading. Insect populations failed to reach the recommended

treatment thresholds in all other RRVP fields.

ECONOMIC ANALYSIS

The cost of herbicides ranged from $27.50 to $58.46/acre with an average of

$39.09/acre (Table 5). The average cost of a single herbicide application (excluding

application costs) was $22.46/acre. The average herbicide cost (excluding application

costs) for fields with Command in the weed program was $34.73/acre compared to

$41.57/acre in programs without Command. The average RRVP costs for fertilizer, insecti-

cides, and fungicides (excluding application costs) were $61.06, $0.39, and $12.55/acre,

respectively. Total specified operating costs (herbicides, application, fuel, drying, etc.)

ranged from $270.06 to $408.79/acre and averaged $331.19/acre (Table 6). Estimates of total
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specified ownership costs ranged from $48.52 to $70.15/acre and averaged $59.26/acre.

Total specified (direct and fixed) expenses averaged $390.45/acre. University of Arkan-

sas rice production budget estimates for total specified expenses ranged from $376.11

to 407.39/acre. Estimated operating costs in 2000 RRVP fields were relatively close to

the operating expenses estimated in 2000 rice production budgets. The average

breakeven price, assuming a 25% crop share rent, was $3.32/bu. Based on $3.93 cash

price the average across all fields showed a net profit of $81.16/acre. Two individual

fields had a net negative return (Table 6).

SIGNIFICANCE OF FINDINGS

Data from the 2000 RRVP reflect the general trend of above-average rice yields

and below-average returns for Arkansas growers during 2000. Extremely hot and dry

weather once again made water management difficult for most of the year. Despite the

hot dry weather, residual weed-control programs used in the RRVP fields provided

excellent grass control. Analysis of the RRVP data showed that the average RRVP grain

yield was higher than the state average yield, production costs were equal to Coopera-

tive Extension Service estimated rice production costs, and that, on average, net re-

turns to rice growers were enough to cover land rent and production expenses.

Table 1. County, acreage, soil series, previous crop,

grain yield, cultivar, and seeding method of the 2000 RRVP.

Field Previous Grain Seeding

County size Soil series crop yield Cultivar method

(acres) (bu/acre)

Arkansas 74 Stuttgart silt loam Soybeans 168 Cocodrie Drill

Chicot 40 Sharkey clay Rice 128 Cocodrie Drill

Cross 67 Crowley silt loam Soybeans 177 Wells Drill

Greene 35 Alligator silty clay loam Rice 178 LaGrue Water

Jefferson 50 Portland clay Rice 132 Cypress Broadcast

Jefferson2z 56 McGehee silt loam Soybeans 113 Drew Drill

Lawrence 28 Crowley silt loam Soybeans 177 Wells Drill

Poinsett 71 Foley silt loam Soybeans 169 Wells Drill

Pope 29 Roellen clay  Soybeans 184 LaGrue Drill

Pope2y 9 Roellen clay Soybeans 181 Wells Drill

Yell 94 Barling silt loam Corn/Soybeans 153 Wells Drill

Average 55.3 -- -- 158x -- --

z Two fields in Jefferson County with two different producers.
y One field in Pope County with two different cultivars.
x Weighted average (the sum of individual yields multiplied by the individual acreage and

divided by the total acreage).
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Table 2. Soil test resultsz from the

2000 Rice Research Verification Program fields.

County Soil pH Phosphorus Potassium Zinc Calcium

--------------------------------- (lb/acre) ---------------------------------

Arkansas 7.1 47 157 3.6 2374

Chicot 6.5 53 199 1.7 1739

Cross 7.5 30 169 8.6 3514

Greene 5.7 11 371 3.6 4612

Jefferson 6.3 15 625 5.3 4542

Jefferson2 8.1 78 268 4.2 3826

Lawrence 6.0 14 195 5.6 2919

Poinsett 8.1 54 190 9.1 3852

Pope 6.6 30 552 11.1 6188

Yell 6.4 41 621 4.6 5386

z Reported soil test values are the mean of several composite soil test samples from each

field.

Table 3. Stand density, seeding rates, fertilizer rates,

and important dates of the 2000 RRVP.

Nitrogen

Stand Seeding applications Fertilization Seeding Emerge

County density rate urea (45%)z N-P
2
O

5
-K

2
O-Zn date date

(plants/ft2) (lb/acre) (lb urea/acre) (lb/acre) (m/day)

Arkansas 32 112 100-200-150 203-40-60-1 4/7 4/20

Chicot 22 112 300-150 203-46-0-0 5/30 6/10

Cross 30 90 100-200-130 194-66-90-0.2y 4/6 4/21

Greene 22 157 295-75 142-23-0-0 5/3 5/11

Jefferson 23 112 300-130 203-23-0-0 4/26 5/12

Jefferson2 23 101 235 (100x)-100 172-40-60-0.3 4/8 4/20

Lawrence 27 104 230-100 149-X-X-0w 4/17 4/26

Poinsett 31 90 250-130 180-63-60-0.2 4/18 4/26

Pope 17 100 300-0 144-23-0-0 4/18 4/28

Pope2 22 100 300-100 189-23-0-0 4/18 4/28

Yell 13 90 260-100 162-0-0-0 4/27 5/13

z Values represent the split N applications as follows: Flush-Preflood-Midseason.
y Zinc applied as seed treatment.
x Application of ammonium sulfate.
w Variable-rate application: averaged 70 lb P

2
O

5
 and 82 lb K

2
O.
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Table 4. Timing, treatment (product), and formulation rate/acre

for herbicides applied to the 2000 Rice Research Verification Fields.

County Pesticide Timing, Treatments and Rates

Arkansas Early Post: Arrosolo (3 qt) + Facet (0.33 lb) Post: Duet (4 qt) + Permit

(0.33 oz)

Chicot Delayed Pre: Command (1.5 pt)

Post: Propanil (3 qt) + Facet (0.125 lb) + Grandstand (0.67 pt)

Cross Pre-Plant: Touchdown (12.8 oz)

Delayed Pre:  Command (1 pt)

Post: Propanil (2 qt) + Storm (1.5 pt) 20 acresz; Propanil (2 qt) + Facet

(0.5 lb) 8 acres; Facet (0.5 lb) 15 acres

Greene Pre-Plant: Londax (1 oz) + Round-up (1 pt)

Post: Arrosolo (2 qt) + Grandstand (0.5 pt)

Jefferson Early Post: Propanil (4 qt) + Facet (0.6 lb)

Jefferson2 Pre-Plant: 2,4-D (1 pt)

Delayed Pre: Command (1 pt)

Post: Propanil (3 qt) + Permit (0.67 oz)

Lawrence Pre-Plant: Round-up (1.5 pt)

Early Post: Propanil (2 qt) + Arrosolo (2 qt)

Post: Propanil (4 qt)

Poinsett Delayed Pre: Facet (0.5 lb) + Prowl (2.4 pt)

Pope Pre-Plant: Round-up (1.5 pt) + 2,4-D (1 pt)

Delayed Pre:  Command (1.5 pt)

Post: Propanil (3.7 qt) + Facet (0.13 lb)

Yell Early Post: Propanil (2qt) + Facet (0.5 lb)

Post Flood: 2,4-D (1.5 pt)

z If only a portion of a field was treated, the acreage is given; otherwise, assume that the

entire field was treated.

Table 5. Selected variable input expenses from

the 2000 Rice Research Verification fields.

County Variety Fertilizer Herbicides Fungicides Insecticides

------------------------------ ($/acre) ------------------------------

Arkansas Cocodrie $83.38 $58.46 $19.29 $0.00

Chicot Cocodrie $65.70 $36.73 $0.00 $2.21

Cross Wells $80.52 $28.85 $0.00 $0.00

Greene LaGrue $50.25 $36.96 $15.90 $2.05

Jefferson1 Cypress $57.45 $46.68 $29.05 $0.00

Jefferson2 Drew $64.86 $31.61 $5.81 $0.00

Lawrence Wells $69.40 $47.74 $0.00 $0.00

Poinsett Wells $61.25 $27.50 $5.78 $0.00

Pope1 LaGrue $41.85 $41.72 $31.11 $0.00

Pope2 Wells $53.85 $41.72 $31.11 $0.00

Yell Wells $43.20 $32.07 $0.00 $0.00

Average $61.06 $39.09 $12.55 $0.39
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Table 6. Selected economic information for

the 2000 Rice Research Verification Program.

Total Total

specified specified Breakeven Returns

operating ownership Breakeven price with above

County costz costy pricex land costw total costv

-------- ($/acre) -------- ----------- ($/bu) ----------- ($/acre)

Arkansas $408.79 $70.15 $2.85 $3.80 $16.24

Chicot $286.31 $57.51 $2.69 $3.58 $33.46

Cross $337.62 $55.07 $2.22 $2.96 $129.02

Greene $342.97 $48.52 $2.20 $2.93 $133.17

Jefferson $352.95 $56.88 $3.10 $4.14 ($20.76)

Jefferson2 $314.74 $59.52 $3.31 $4.42 ($41.19)

Lawrence $336.13 $60.38 $2.24 $2.99 $125.20

Poinsett $317.19 $68.84 $2.28 $3.05 $112.10

Pope $330.25 $58.00 $2.11 $2.81 $154.09

Pope2 $346.06 $58.00 $2.23 $2.98 $129.44

Yell $270.06 $58.94 $2.15 $2.87 $121.97

Average $331.19 $59.26 $2.49 $3.32 $81.16

z Specified out-of-pocket expenses such as seed, fertilizer, herbicides, irrigation, etc.
y Ownership cost such as depreciation and interest on equipment, taxes, and insurance.
x Price/bushel required by the farmer to equal total operating and ownership costs.
w Breakeven price/bushel over total specified cost and a 25% crop-share land rent.
v A 25% crop-share rent as a land charge and a $3.93/bu price (average September price as

reported in the Grain and Livestock Market Newsletter) were assumed.
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ONGOING STUDIES: RICE CULTURE

GRAIN YIELD PERFORMANCE, AS INFLUENCED BY SEEDING DATE,

OF RICE CULTIVARS GROWN IN NORTHEAST ARKANSAS

R.J. Norman, N.A. Slaton, D.C. Cox, C.E. Wilson, Jr., and D.L. Boothe

ABSTRACT

The growth and development of the rice cultivars grown in Arkansas are tem-

perature dependent, and therefore the date at which they are seeded greatly influences

their maturity and potential grain yield. A study has been initiated at the Northeast

Research and Extension Center, Keiser, Arkansas, to determine the best seeding dates

for rice growers in this region of the state. Ten rice cultivars widely grown in Arkansas

were studied over four seeding dates. The highest grain yields were measured when

the rice cultivars were seeded on 19 April and 2 May. The rice cultivars with the highest

and most stable yields over the April and May seeding dates were ‘Cocodrie’, ‘Earl’,

and ‘Priscilla’. Most of the cultivars had excellent grain yields when seeded on 2 May,

with ‘Bengal’, ‘Drew’, ‘Earl’, ‘LaGrue’, and ‘RiceTec XL6’ achieving yields of around or

over 200 bu/acre. There was an obvious trend for most of the rice cultivars to yield

better when seeded on 2 May compared to 19 April. Grain yields of all rice cultivars

decreased dramatically when seeding was delayed into June, but ‘Jefferson’ had by far

the best grain yields for the June seeding dates.

INTRODUCTION

The growth and development of the rice cultivars grown in Arkansas is tempera-

ture dependent, and therefore the date at which they are seeded greatly influences

their maturity and potential grain yield (Norman et al., 1999). The short-season culti-

vars are not necessarily the best cultivars to seed late, and vice versa. Consequently,

seeding date studies are very important in determining the best seeding date window

for a particular cultivar and a particular region. A seeding date study that is incorpo-
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rated in the annual Degree-Day 50 (DD50) Program study is conducted on newly

released rice cultivars at the Rice Research and Extension Center near Stuttgart, Arkan-

sas. Being somewhat centrally located in the rice growing region of Arkansas, data

from the DD50 study and other seeding date studies at this location are extrapolated

across the rest of the rice growing region based on known temperature differences

across the region. Recently, the extrapolation of the data collected at Stuttgart to

growing conditions in northeast Arkansas has been questioned by rice producers and

extension personnel in that area. Although data indicate only a 3° to 4°F temperature

difference between east central and northeast Arkansas, producers in northeast Ar-

kansas feel this is not a true reflection of growing condition differences between the

two areas. Their practical field experience suggests that cutoff dates for the rice culti-

vars ‘Bengal’ and ‘Cypress’ may be as much as 10 days late. These producers indicate

that late-seeded fields produce rice that has excessive blanking and reduced yields, as

well as lower milling yields. Because of this concern by northeast Arkansas rice pro-

ducers, a seeding date study has been initiated at the Northeast Research and Exten-

sion Center at Keiser with the objective of determining the influence of seeding date on

grain yield of important rice cultivars grown in northeast Arkansas.

PROCEDURES

This seeding date study was conducted at the Northeast Research and Exten-

sion Center, Keiser, on a Sharkey clay (Vertic Haplaquepts). The ten rice cultivars

selected for the study were: Bengal, Cocodrie, Cypress, Drew, Earl, Jefferson, LaGrue,

Priscilla, ‘Wells’, and RiceTec XL6. The cultivars were arranged in a randomized com-

plete block design with four replications, and were studied over four seeding dates (i.e.,

19 April, 2 May, 2 June, and 9 June 2000). The rice was drill-seeded in 9 row wide (7-in.

spacing) plots, 25 ft in length. Nitrogen fertilizer (i.e., urea) was applied preflood at a rate

of 150 lb N/acre at the 4- to 5-leaf growth stage, and a flood was immediately estab-

lished and maintained until maturity. Emergence and 50% heading dates were recorded

to determine the influence of seeding date on maturity. At maturity, 20 feet of the center

four rows of each plot were harvested with a small plot combine, and the moisture

content and weight of the grain were determined. Grain yields are expressed on a 12%

moisture basis in bu/acre; a bushel is equal to 45 lb. Statistical analyses were con-

ducted with SAS and mean separations were based upon protected LSD (P=0.05)

where appropriate.

RESULTS AND DISCUSSION

The rice emerged for the 19 April seeding date on 2 May, for the 2 May seeding

date on 13 May, for the 2 June seeding date on 10 June, and for the 9 June seeding date

on 18 June. Thus, as is the norm, the earlier the seeding date the longer the time

required to emerge due to the cooler soil temperatures at early seeding.
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The mean grain yield for all the cultivars when seeded on 19 April was 166 bu/

acre (Table 1). Earl, followed by Cocodrie and Priscilla, had the highest grain yields –

203, 193, and 182 bu/acre, respectively, for the 19 April seeding date (Table 1). Bengal,

Wells, and RiceTec XL6 were in the second tier with yields in the 160 to 170 bu/acre

range. Drew and Jefferson had an identical grain yield of 154 bu/acre when seeded on

19 April. LaGrue and Cypress had the lowest grain yields for the 19 April seeding date.

The 2 May seeding date had the highest rice grain yields of all the seeding dates

studied (Table 1). Overall, the mean grain yield for the cultivars seeded on 2 May was

191 bu/acre. RiceTec XL6, LaGrue, and Earl had grain yields over 200 bu/acre, Bengal

and Drew had a grain yield of 197 bu/acre, and Cocodrie and Priscilla had grain yields

of 182 and 188 bu/acre, respectively, when seeded on 2 May. Jefferson and Wells had

yields in the 170s bu/acre range with Cypress again having the lowest yield of all

cultivars. The rice cultivars with the highest and most stable yields over the April and

May seeding dates were Cocodrie, Earl, and Priscilla.

Grain yields of all rice cultivars decreased dramatically when seeding was de-

layed into June. The cultivar that had by far the best yields when seeded in June was

Jefferson, followed by RiceTec XL6 and Cocodrie. However, only Jefferson, when

seeded on 2 June, with a grain yield of 121 bu/acre, had what would be considered an

acceptable grain yield for the June seeding dates. Jefferson also had the highest grain

yield of all the cultivars for the June seeding date in 1999 (Norman et al., 2000). The

performance of Jefferson in June, along with the 174 bu/acre yield Jefferson obtained

for the May seeding, indicates that when rice is seeded late in northeast Arkansas,

short-season cultivars such as Jefferson should be strongly considered. Results over

the past two years indicate that most rice cultivars seeded during June in northeast

Arkansas will not produce sufficient grain yields to ensure profitable rice production.

In central Arkansas, 1 to 15 June seeding dates normally produce rice grain yields of

110 to 150 bu/acre. It appears that rice cultivars respond substantially differently in

north Arkansas compared to central Arkansas in a manner that cannot adequately be

explained by degree-day thermal unit accumulations.

SIGNIFICANCE OF FINDINGS

The highest grain yields were measured when the rice cultivars  were seeded on

19 April and 2 May. Earl, followed by Cocodrie and Priscilla, had the highest grain

yields – 203, 193, and 182 bu/acre, respectively, for the 19 April seeding date. Overall,

the mean grain yield for the cultivars seeded on 2 May was 191 bu/acre, the highest for

all the seeding dates studied. RiceTec XL6, LaGrue, and Earl had grain yields of over

200 bu/acre, Bengal and Drew had a similar grain yield of 197 bu/acre, and Cocodrie and

Priscilla had grain yields of 182 and 188 bu/acre, respectively, when seeded on 2 May.

Grain yields of all rice cultivars decreased dramatically when seeding was delayed into

June. The cultivar that had by far the best yields when seeded in June was Jefferson.
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Results over the past two years indicate that most rice cultivars seeded in June in

northeast Arkansas will not obtain sufficient grain yields to ensure profitable rice

production.
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Table 1. Effect of seeding date on grain yield of 10 rice cultivars during

2000 at the Northeast Research and Extension Center, Keiser, Arkansas.

Seeding date Mean across

Cultivar 19 April 2 May 2 June 9 June seeding dates

-------------------------------- (grain yield bu/acrez) -------------------------------

Bengal 168 197 77 67 127

Cocodrie 193 182 91 78 136

Cypress 133 153 52 36 93

Drew 154 197 45 38 108

Earl 203 216 72 40 133

Jefferson 154 174 121 104 138

LaGrue 143 214 37 34 107

Priscilla 182 188 78 63 128

Wells 168 178 48 68 116

RiceTec XL6 163 233 97 95 147

Mean across cultivars 166 191 71 64 --

LSD (0.05) 35.4 34.5 19.5 15.1 --

C.V., % 11.9 10.9 18.0 14.4 --

z A bushel (bu) of rice weighs 45 lbs.
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ONGOING STUDIES: RICE CULTURE

INFLUENCE OF SEEDING DATE ON THE DEGREE-DAY 50 THERMAL-

UNIT ACCUMULATION AND GRAIN YIELD OF NEW RICE CULTIVARS

R.J. Norman, N.A. Slaton, K.A.K. Moldenhauer, C.E. Wilson, Jr., and D.L. Boothe

ABSTRACT

The Degree-Day 50 (DD50) computer program must be continually updated as

new rice cultivars are named and released. DD50 thermal-unit accumulations and grain-

yield performance of each new cultivar were evaluated over four seeding dates in the

dry-seeded management system. Cultivars evaluated in 2000 were: ‘Bengal’, ‘Liberty-Link

Bengal’ (LL Bengal), ‘Cocodrie’, ‘Cypress’, ‘Clearfield 0051’, ‘Clearfield 121’, ‘Clearfield

141’, ‘Dellmati’, ‘Dellrose’,‘Drew’, ‘Earl’, ‘Priscilla’, ‘Wells’, and ‘RiceTec XL6’. Liberty-Link

Bengal, Clearfield 0051, 121, and 141, and RiceTec XL6 are private cultivars. In general,

the number of DD50 thermal-unit accumulations required for the cultivars to reach 50%

heading increased as seeding date was delayed from 31 March to 19 April, then slightly

increased or stayed relatively the same as seeding date was further delayed until 16

May, and finally decreased mostly as seeding date was delayed until 13 June. Data

from this study will be combined with data from previous years to formulate updated

DD50 thermal-unit threshold values for each of the aforementioned cultivars in the

2001 DD50 computer program. In general, all of the cultivars displayed no significant

difference in stand density or grain yield when seeded in late March and mid-April, but

a few displayed decreasing trends in grain-yield performance when seeding was de-

layed until 16 May. Almost all of the cultivars decreased significantly in grain yield

when seeding was delayed until 13 June.

INTRODUCTION

The DD50 computer program has been one of the most successful programs

developed by the University of Arkansas Division of Agriculture. Approximately 60%
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of Arkansas rice farmers utilize this program as a production management tool. The

program requires cultivar-specific data to predict plant development based on the

accumulation of DD50 thermal units from the date of seedling emergence. These data

are acquired from yearly studies of promising experimental varieties and all newly

released rice cultivars for at least three years. When a new cultivar is released, the data

from these studies are used to provide threshold DD50 thermal units in the DD50 computer

program to enable predictions of dates when plant development stages will occur and dates

when specific management practices should be performed. Therefore, the objectives of this

study are to develop a database for promising new rice cultivars, to verify the accuracy of

database for existing cultivars and to assess the effect of seeding date on DD50 thermal unit

accumulations. In addition, the influence of seeding date on a cultivar’s grain-yield perfor-

mance was measured to determine the optimal time to seed each of the new cultivars.

MATERIALS AND METHODS

The 2000 study was conducted at the University of Arkansas Rice Research and

Extension Center near Stuttgart, Arkansas, on a DeWitt silt loam soil. Fourteen rice

cultivars [i.e., Bengal, LL Bengal, Cocodrie, Cypress, Clearfield 0051, Clearfield 121,

Clearfield 141, Dellmati, Dellrose, Drew, Earl, Priscilla, Wells, and RiceTec XL6] were

drill-seeded at a rate of 40 seed/ft2 in 9 row wide (7-in. spacing) plots, 15 ft in length,

except RiceTec XL6, which was sown at 16 seed/ft2 according to recommendations

provided by RiceTec. The seeding dates were 31 March, 19 April, 16 May, and 13 June

2000. General seeding, seedling emergence, and flood dates are shown in Table 1. The

normal cultural practices for dry-seeded, delayed-flood rice were followed. All plots

received 120 lb N/acre as urea in a single preflood application when the rice was at the

4- to 5-leaf stage and immediately flooded thereafter. The flood was maintained until

the rice was mature. The design of the experiment for each seeding date was a random-

ized complete block with three replications. Data collected included: maximum and

minimum daily temperatures, seedling emergence, stand density, and the number of

days and DD50 thermal-unit accumulations required to reach 0.5-in. internode elonga-

tion, 50% heading, and maturity. At maturity, 12 ft of the center four rows of each plot

were harvested, the moisture content and weight of the grain were determined, and

yields were calculated as bu/acre at 12% moisture. A bushel (bu) of rice weighs 45 lbs.

Statistical analyses were conducted with SAS and mean separations were based upon

protected LSD (P=0.05) where appropriate.

RESULTS AND DISCUSSION

The earlier rice was seeded, the greater the time required from seeding to emergence

and emergence to flooding, except for the 16 May and 13 June seeding dates, which both

required 7 days from seeding to emergence (Table 1). The 31 March and 19 April seeding
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dates showed very little difference in time from emergence to flooding, but showed a

large difference in time from seeding to emergence.

Stand density or seedling emergence and survival were affected by seeding date

for about one-half of the cultivars studied (Table 2). Clearfield 141, Earl, Wells, and

RiceTec XL6 had clearly better stand densities for the 19 April seeding date, whereas,

Dellrose and Drew showed a decreasing stand density as seeding date was delayed.

Cypress stand density was similar for the 31 March and 19 April seeding dates, but

declined for the 13 June seeding date. Dellmati stand density increased as seeding date

was delayed. The mean stand densities for the 31 March and 19 April seeding dates

where quite similar at 14.5 and 14.8 seedlings/ft2, where as the 13 June seeding date had

a mean stand density of 13.5 seedlings/ft2.

The days and DD50 thermal-unit accumulations required after emergence, for

each cultivar to reach 0.5-in. internode elongation are shown in Tables 3 and 4, respec-

tively. Usually the days required from emergence to 0.5-in. internode elongation de-

creases as seeding date is delayed from April to May and then stays the same or

increases as seeding date is delayed until June. This pattern was observed for all of the

cultivars in the 2000 DD50 Study (Table 3). Drew, Earl, and Priscilla showed a decrease

in days required to reach 0.5-in. internode elongation as seeding date was delayed from

19 April to 16 May and a similar number of days to reach 0.5-in. internode elongation as

seeding date was delayed from 16 May to 13 June. Similarly, the DD50 thermal-unit

accumulations required to reach 0.5-in. internode elongation decreased as seeding

date was delayed from 19 April to 16 May and then increased as seeding date was

further delayed until 13 June for all of the cultivars, except Dellmati, Drew, Earl, and

Priscilla (Table 4). Dellmati displayed an increase in the number of DD50 thermal-unit

accumulations required to reach 0.5-in. internode elongation as seeding date was de-

layed, especially between the 16 May and 13 June seeding dates. Drew and Earl had

similar DD50 thermal-unit accumulations required to reach 0.5-in. internode elongation

for the 19 April, 16 May, and 13 June seeding dates. Priscilla, on the other hand, had

similar DD50 thermal unit accumulations required to reach 0.5-in. internode elongation

for the 19 April and 16 May seeding dates, but displayed a large decrease in DD50

thermal unit accumulations required to reach 0.5-in. internode elongation when seed-

ing date was delayed until 13 June.

The number of DD50 thermal-unit accumulations required to reach 0.5-in. internode

elongation was much higher in 2000 compared to previous years for the cultivars previ-

ously studied (i.e., Drew, Priscilla, Wells, and RiceTec XL6). This is probably partially due to

the hotter than normal August temperatures in 2000 compared to previous years. When the

temperature increases above 100°F, the growth of the rice plant will slow to a greater degree

than the DD50 thermal units will accumulate, causing a greater number of DD50 thermal

units required to reach critical growth stages. This was also observed in the DD50 thermal-

unit accumulations required for the cultivars to reach 50% heading. The average number of

DD50 thermal-unit accumulations required for the cultivars to reach 0.5-in. internode elon-

gation over the three seeding dates ranged from 1262 to 1538.
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The days and DD50 thermal-unit accumulations required after emergence for

each of the cultivars to reach 50% heading are shown in Tables 5 and 6, respectively.

As previously mentioned, the number of DD50 thermal-unit accumulations required to

reach 50% heading was much higher in 2000 compared to previous years (for the

cultivars previously studied) due to the hotter than normal summer. In general, the

number of days required by each of the cultivars to reach 50% heading did not differ

greatly between the 31 March and 19 April seeding dates (Table 5). However, as seed-

ing date was delayed until 16 May and 13 June, the number of days required to reach

50% heading generally decreased for each of the cultivars. The average number of

DD50 thermal-unit accumulations required for the cultivars to reach 50% heading for

each of the seeding dates did not follow the same general trend observed for the DD50

thermal-unit accumulations required to reach 0.5-in. internode elongation. In general,

the number of DD50 thermal-unit accumulations required for the cultivars to reach 50%

heading increased as seeding date was delayed from 31 March to 19 April, then slightly

increased or stayed relatively the same as seeding date was further delayed until 16

May, and finally decreased mostly as seeding date was delayed until 13 June. Over the

four seeding dates, the number of DD50 thermal-unit accumulations ranged from 2012

for Dellmati to 2373 for Cypress.

The mean grain yield of all the cultivars decreased as seeding date was delayed

(Table 7). However, most of the rice cultivars had quite similar grain yields when seeded

on 31 March and 19 April. Cocodrie, Cypress, Dellrose, and Wells showed a tendency

to have a higher grain yield when seeded on 19 April compared to 31 March, but

Clearfield 0051 and 141, Priscilla, and RiceTec XL6 tended to decrease in yield as

seeding was delayed from 31 March to 19 April. The other cultivars produced similar

yields for the two early seeding dates. Bengal, LL Bengal, Earl, and Priscilla appeared to

have the most stable grain yields over the three early seeding dates. Grain yields of

almost all of the cultivars decreased considerably when seeding was delayed until 13

June. Over all four seeding dates, RiceTec XL6 had the highest mean grain yield fol-

lowed by Cocodrie, Wells, Bengal, and Earl, which had quite similar mean grain yields

over the four seeding dates. Drew, Cypress, the three Clearfield cultivars, and LL

Bengal fell into the third tier in grain-yield performance with the specialty rices Dellmati

and Dellrose having the poorest overall grain yields.

SIGNIFICANCE OF FINDINGS

The data from 2000 will be used to refine the DD50 thermal-unit thresholds for

cultivars studied. The stand-density and grain-yield data will be used to inform pro-

ducers as to which cultivars are best to seed early and late as well as which ones

perform best when seeded at the recommended optimal time between 15 April and 15

May.
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Table 1. General seeding, seedling emergence, and flooding date

information for the DD50 seeding date study in 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Seeding date

Parameter 31 March 19 April 16 May 13 June

Emergence date 20 April 1 May 23 May 20 June

Flood date 16 May 25 May 12 June 3 July

Days from seeding to emergence 20 12 7 7

Days from seeding to flooding 46 36 27 20

Days from emergence to flooding 26 24 20 13

Table 2. Effect of seeding date on stand density of selected rice cultivars

during 2000 at the Rice Research and Extension Center near Stuttgart, Arkansas.z

Seeding date

Cultivar 31 March 19 April 13 June

------------- [seedlings/row foot (7-in. drill spacing)] ------------

Bengal 15.3 15.1 14.4

LL Bengal -- 12.1 13.3

Clearfield 0051 15.2 13.8 14.4

Clearfield 121 18.8 19.9 17.8

Clearfield 141 17.6 20.3 15.0

Cocodrie 11.5 12.8 12.7

Cypress 19.8 18.4 13.2

Dellmati 8.3 10.6 14.2

Dellrose 18.1 12.6 10.3

Drew 18.9 14.8 14.1

Earl 10.2 15.4 13.4

Priscilla 13.3 13.1 14.4

Wells 14.3 18.4 14.3

RiceTec XL6 7.7 9.9 7.2

Mean 14.5 14.8 13.5

z All cultivars seeded at 40 seed/ft2 based on 1000 grain weight, except RiceTec XL6, which

was seeded at 16 seed/ft2.
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Table 3. Number of days from emergence to 0.5-in. internode elongation

as influenced by rice cultivar and seeding date in 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Seeding date

Cultivar 19 April 16 May 13 June

----------------------------------- (days) -----------------------------------

LL Bengal 58 49 54

Clearfield 0051 52 41 56

Clearfield 121 50 44 51

Clearfield 141 59 47 53

Dellmati 50 44 48

Dellrose 55 48 51

Drew 55 50 48

Earl 57 52 50

Priscilla 58 53 52

Wells 56 49 53

RiceTec XL6 50 44 52

Table 4. DD50 thermal-unit accumulations from emergence to 0.5-in.

internode elongation as influenced by rice cultivar and seeding date in 2000

at the Rice Research and Extension Center near Stuttgart, Arkansas.

Standard Seeding date

Cultivar threshold 19 April 16 May 13 June Meanz

-------------------------- (DD50 thermal-unit accumulations) ----------------------

LL Bengal New 1552 1407 -- 1480

Clearfield 0051 New 1360 1163 -- 1262

Clearfield 121 New 1284 1258 1530 1271

Clearfield 141 New 1546 1349 1594 1448

Dellmati New 1215 1258 1434 1287

Dellrose New 1463 1378 1530 1421

Drew 1290 1444 1437 1434 1441

Earl New 1508 1501 1498 1505

Priscilla 1350 1545 1531 1462 1513

Wells 1290 1465 1408 1594 1437

RiceTec XL6 1060 1301 1257 1562 1279

z Mean is calculated for the 19 April and 16 May seeding dates.
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Table 5. Number of days from emergence to 50% heading as

influenced by rice cultivar and seeding date in 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Seeding date

Cultivar 31 March 19 April 16 May 13 June

----------------------------------------- (Days) -----------------------------------------

Bengal 87 86 83 75

LL Bengal -- 84 82 76

Clearfield 0051 78 74 73 64

Clearfield 121 78 78 70 69

Clearfield 141 83 86 77 68

Cocodrie 85 84 79 73

Cypress 89 87 83 77

Dellmati 75 73 70 68

Dellrose 84 81 78 65

Drew 89 88 81 72

Earl 86 83 80 77

Priscilla 84 85 80 72

Wells 85 86 82 71

RiceTec XL6 82 81 76 71

Table 6. DD50 thermal unit accumulations from emergence to 50% heading

as influenced by rice cultivar and seeding date in 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Standard Seeding date

Cultivar threshold 31 March 19 April 16 May 13 June Mean

---------------------- (DD50 thermal-unit accumulations) ----------------------

Bengal 2120 2290 2365 2439 2281 2344

LL Bengal New -- 2319 2408 2316 2220

Clearfield 0051 New 2031 2042 2126 1932 2033

Clearfield 121 New 1996 2111 2034 2092 2058

Clearfield 141 New 2168 2354 2288 2060 2218

Cocodrie 2090 2258 2338 2318 2220 2284

Cypress 2125 2322 2386 2438 2347 2373

Dellmati New 1958 1996 2034 2060 2012

Dellrose New 2194 2254 2288 1964 2175

Drew 2150 2322 2421 2409 2188 2335

Earl New 2258 2290 2350 2347 2311

Priscilla 2150 2210 2341 2380 2188 2280

Wells 2140 2206 2362 2408 2156 2283

RiceTec XL6 1950 2157 2234 2222 2156 2192
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Table 7. Grain yields of the selected rice cultivars as influenced by seeding date

in 2000 at the Rice Research and Extension Center near Stuttgart, Arkansas.

Seeding date

Cultivar 31 March 19 April 16 May 13 June Mean

------------------------------- (Grain yield bu/acrez) -------------------------------

Bengal 184 179 15y 167 118 161

LL Bengal -- 169 2 170 110 148

Clearfield 0051 170 152 136 110 142

Clearfield 121 172 176 124 136 150

Clearfield 141 171 158 134 122 146

Cocodrie 185 204 150 135 168

Cypress 165 173 10 151 105 150

Dellmati 91 83 102 99 93

Dellrose 149 160 137 91 138

Drew 183 163 17 149 124 153

Earl 176 172 73 174 115 158

Priscilla 184 166 172 122 161

Wells 183 193 153 124 164

RiceTec XL6 264 236 100 176 100 156 207

Mean 176 170 149 118 --

LSD (0.05) 24.1 25.2 20.9 18.8 --

C.V., % 8.0 8.2 7.5 8.5 --

z A bushel (bu) of rice weighs 45 lbs.
y Values in superscript are the % lodging for that variety and seeding date. The absence of a

value in superscript indicates no lodging.
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GRAIN YIELD RESPONSE OF NEW RICE CULTIVARS

TO NITROGEN FERTILIZATION

R.J. Norman, C.E. Wilson, Jr., N.A. Slaton, K.A.K. Moldenhauer,

D.L. Boothe, S.D. Clark, and A.D. Cox

ABSTRACT

The cultivar x nitrogen (N) fertilizer interaction study determines the proper N

fertilizer rates for the new rice cultivars across the array of soil and climatic conditions

that exist in the Arkansas rice growing region. ‘Ahrent’, ‘Liberty Link (LL) Bengal’,

‘Earl’, ‘RiceTec XL6’, ‘Clearfield 121’, and ‘Clearfield 141’ were the new rice cultivars

studied in 2000. Liberty Link Bengal (LL Bengal), RiceTec XL6, Clearfield 121, and

Clearfield 141 are private industry releases and Ahrent and Earl are new releases from

the Arkansas and Louisiana programs, respectively. In general, rice grown on clay

soils required 30 to 60 lb N/acre more than when grown on silt loam soils. While most of

the cultivars performed better when the N fertilizer was applied in a single optimal

preflood (SPF) application when grown on silt loam soils, neither N application method

appeared superior to the other when rice was grown on clay soils. This deserves more

investigation.

INTRODUCTION

A major strength of the rice-soil fertility research program has been the delinea-

tion of N fertilizer response curves for promising new rice cultivars. This study mea-

sures the performance of the new cultivars under varying N fertilizer rates on clay and

silt loam soils and determines the proper N fertilizer rates for new cultivars across an

array of soils and climatic conditions that exist in Arkansas. Promising new rice selec-

tions from breeding programs in Arkansas, California, Louisiana, Mississippi, and

Texas as well as those from private industry are evaluated in this study. Four of the six
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new cultivars studied in 2000 are from private industry with three being tolerant to

broad-spectrum herbicides. The LL Bengal is a medium-grain cultivar tolerant to

glufosinate (Liberty), and Clearfield 121 and 141 are long-grain cultivars tolerant to

imidazolinone (Newpath). RiceTec XL6 is a new hybrid rice cultivar that can obtain

exceptional grain yields with less N fertilizer, compared to conventional cultivars. Ahrent

is a new short-stature, long-grain cultivar released from the Arkansas program and Earl

is a new semidwarf, medium-grain release from the Louisiana program.

PROCEDURES

Locations where the cultivar x N rate studies were conducted and corresponding

soil series are as follows: Northeast Research and Extension Center (NEREC), Keiser,

Arkansas, Sharkey clay (Vertic Haplaquepts); Pine Tree Branch Experiment Station

(PTBES), Colt, Arkansas, Calloway silt loam (Glossaquic Fragiudalfs); Rice Research

and Extension Center (RREC), Stuttgart, Arkansas, DeWitt silt loam (Typic Albaqualfs);

and the Southeast Branch Experiment Station (SEBES), Rohwer, Arkansas, Perry Clay

(Vertic Haplaquepts). The experimental designs were a split-plot factorial arrangement

at the RREC, NEREC, and PTBES, and a split-plot at the SEBES. Four replications were

used in each experimental design. The two factors or plots were application method

and N fertilizer rate. The two N-application methods used in both experimental designs

were the SPF and the two-way split (2WS) application methods. The 2WS application

method has at least 50% of the N fertilizer applied preflood and 50% or 60 lb N/acre

(whichever is less) applied between beginning internode movement and 0.5-in. intern-

ode elongation. Nitrogen fertilizer rates varied depending on the cultivar and location,

but generally ranged, in 30 lb N/acre increments, from 90 to 210 lb N/acre on silt loam

soils and 90 to 240 lb N/acre on clay soils, with a 0 lb N/acre check for each cultivar. The

exception was the RiceTec XL6 cultivar for which the N rates ranged from 0 to 150 or 180 lb

N/acre in 15 and 30 lb N/acre increments. The rice was drill-seeded at a rate of 100 lb/acre in

plots 9 rows wide (7-in. row spacing) and 15 ft in length at all locations, except RiceTec

XL6, which was seeded at 40 lb/acre. Plots were flooded at each location when the rice

was at the 4- to 5-leaf stage and plots remained flooded until the rice was mature. At

maturity, 12 feet of the center four rows of each plot were harvested, the moisture

content and weight of the grain were determined, and yields were calculated as lb/acre

at 12% moisture. Statistical analyses were conducted with SAS and mean separations

were based upon protected LSD (P=0.05) where appropriate.

RESULTS AND DISCUSSION

Ahrent had a peak grain yield of 7772 lb/acre at the RREC in 2000 (Table 1). The

peak grain yield was achieved by Ahrent when 90 lb N/acre were applied in an SPF

application and when 150 lb N/acre were applied in a 2WS application (90 lb N/acre at

preflood and 60 lb N/acre at midseason).
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Earl showed no preference for either application method at the NEREC in 2000

and was still increasing in grain yield when up to 210 lb N/acre were applied (Table 2).

Earl did display a significant interaction between application method and rate at the

other three locations in 2000 (Table 3). At the RREC, Earl achieved a maximum grain

yield of  9914 lb/acre when the N fertilizer was applied in an SPF application compared

to a maximum grain yield of 9332 lb/acre when 150 lb N/acre was applied with the 2WS

method. Similarly, Earl had peak grain yields at the PTBES with 30 lb N/acre less with

the SPF method compared to the 2WS method. In contrast, the 2WS method resulted in

less N required to achieve maximum grain yields of Earl on the clay soil at the SEBES.

Overall, Earl appears to require about 120 and 150 lb N/acre applied in an SPF and 2WS

application, respectively, to achieve maximum grain yields on the silt loam soils and at

least 150 to 210 lb N/acre on the clay soils. Earl is very susceptible to lodging and

should not be over-fertilized with N.

Liberty Link Bengal showed no preference for either N application method at the

RREC and displayed no significant grain yield increase when more than 120 lb N/acre

were applied (Table 4). However, grain yields continued to increase slightly as N fertil-

izer rate was increased up to 210 lb N/acre. At the other three locations, there was a

significant interaction between N fertilizer method and rate on LL Bengal grain yield

(Table 5). On the silt loam soil at the PTBES, LL Bengal grain yields peaked when 120 lb

N/acre were applied in an SPF application and when 150 lb N/acre were applied in a

2WS application. On the clay soil at the NEREC, LL Bengal required 150 lb N/acre

applied in a 2WS application and 180 lb N/acre applied in an SPF application to reach a

statistically similar yield. Grain yields of LL Bengal appeared to peak when 150 lb N/

acre were applied in an SPF or 2WS application on the clay soil at the SEBES. Although

the SPF application method almost always appears superior to the 2WS application

method on the silt loam soils, on the clay soils this superiority is not as evident.

Grain yields of RiceTec XL6 were generally larger and more viable than the other

rice cultivars studied (Table 6). Peak grain yields of XL6 were achieved when only 45 lb

N/acre were applied in an SPF application and 60 lb N/acre were applied in a 2WS

application at the RREC. At the PTBES, XL6 had an irregular increase in grain yield as

N fertilizer rate was increased, but appeared to reach peak grain yields when 90 lb N/acre

were applied in an SPF application and when 150 lb N/acre were applied in a 2WS

application. Maximum grain yields of XL6 were achieved on the clay soils at the NEREC

and SEBES when 75 to 120 lb N/acre were applied with either application method. As

previously mentioned, the SPF and 2WS N application methods appear to be equiva-

lent to each other, more often than not, on clay soils. In addition, clay soils appear to

require 30 to 60 lb N/acre more N fertilizer than the silt loam soils to reach comparable

grain yields with the various cultivars studied.

Both of the N fertilizer application methods resulted in similar grain yields of

Clearfield 121 at both locations studied. Grain yields of Clearfield 121 were maximized

when 120 lb N/acre were applied at the RREC and 180 lb N/acre were applied at the

SEBES (Table 7). Clearfield 141 – a tall and leafy cultivar – appeared to yield better with
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the 2WS application method at the SEBES (Table 8), but yielded better with the SPF

method at the RREC (Table 9). On the clay soil at the SEBES, Clearfield 141 obtained

maximum grain yield when 150 lb N/acre were applied (Table 10) whereas on the silt

loam soil at the RREC, only 90 and 120 lb N/acre applied in an SPF and 2WS application,

respectively, were required by Clearfield 141 to achieve maximum grain yield (Table 9).

Rice grown on the clayey soils at the NEREC and SEBES always required at least

30 lb N/acre more than on the silt loam soils at the RREC and PTBES to produce

comparable rice-grain yields. In addition, neither of the two fertilizer N application

methods appeared to be clearly superior to the other, but some cultivars on the clays

may prefer one method over the other one.

SIGNIFICANCE OF FINDINGS

In general, rice grown on clay soils required 30 to 60 lb N/acre more to achieve

maximum grain yields than when grown on silt loam soils. While most of the cultivars

grown on silt loam soils performed better when the N fertilizer was applied in an SPF

application, neither N application method appeared superior to the other when rice was

grown on clay soils. This deserves more investigation.
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Table 1. Influence and interaction of nitrogen (N)

fertilizer rate and application method on

grain yields of Ahrent rice

at the Rice Research and Extension Center in 2000.

Grain yield

N fertilizer rate 2WSz SPF

(lb N/acre) ----------- (lb /acre) -----------

0 5327 --

90 6363 7772

120 7101 7533

150 7772 7309

180 7613 7100

210 7230 7559

LSD (0.05) 451*y

z 2WS = Two-way split; SPF = Single preflood.
y * indicates significance at P=0.05.
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Table 2. Influence of nitrogen (N) fertilizer application

rate on the grain yield of Earl rice at the

Northeast Research and Extension Center in 2000.

N fertilizer rate Grain yield

(lb N/acre) (lb/acre)

0 3546

90 7316

120 7841

150 8213

180 8586

210 8744

LSD (0.05) 793 *z

z * indicates significance at P=0.05.

Table 3. Influence of nitrogen (N) fertilizer rate and application

method on the grain yield of Earl rice at three locations in 2000.

Grain yield

N fertilizer RRECz PTBES SEBES

rate 2WSy SPF 2WS SPF 2WS SPF

(lb N/acre) ---------------------------------------------- (lb/acre) ----------------------------------------

0 4739 3169 3042 2608 -- --

90 7090 8831 6411 7403 5458 6497

120 8928 9914 7278 7587 7625 6692

150 9332 7372 7723 7814 7709 6819

180 8514 7851 7562 7126 7224 6995

210 7037 7533 7071 6260 7406 7401

240 -- -- -- -- 6894 6467

LSD (0.05) 565*x 378* LSD
(0.05) w/in N method

 793*

LSD
(0.05) between N methods

745*
z RREC=Rice Research and Extension Center, Stuttgart; SEBES = Southeast Branch Experi-

ment Station, Rohwer; and PTBES = Pine Tree Branch Experiment Station, Colt.
y 2WS = Two-way split; SPF = Single preflood.
x * indicates significance at P=0.05.
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Table 4. Influence of nitrogen (N) fertilizer rate

on the grain yield of Liberty-Link Bengal rice

at the Rice Research and Extension Center in 2000.

N fertilizer rate Grain yield

(lb N/acre) (lb/acre)

0 4380

90 6548

120 7332

150 7449

180 7612

210 7745

LSD (0.05) 893 *z

z * indicates significance at P=0.05.

Table 5. Influence of nitrogen (N) fertilizer rate and application method on

the grain yield of Liberty-Link Bengal rice at three locations in 2000.

Grain yield

N fertilizer RRECz PTBES SEBES

rate 2WSy SPF 2WS SPF 2WS SPF

(lb N/acre) ---------------------------------------------- (lb/acre) ----------------------------------------

0 2628 2773 2541 2285 1608 --

90 5001 6393 5630 6819 4663 6149

120 6208 7386 6740 6933 5257 6172

150 7017 7113 7833 7147 6675 6434

180 7156 6611 7857 7373 6154 6339

210 7093 6670 7237 7052 6913 6476

240 -- -- -- -- 7156 6792

LSD (0.05) 502*x 524* LSD
(0.05) w/in N method

 787

LSD
(0.05) between N methods

 776

z PTBES = Pine Tree Branch Experiment Station, Colt; NEREC = Northeast Research and

Extension Center, Keiser; and SEBES = Southeast Branch Experiment Station, Rohwer.
y 2WS = Two-way split; SPF = Single preflood.
x * indicates significance at P=0.05.
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Table 6. Influence of nitrogen (N) fertilizer rate and application method

on the grain yield of RiceTec XL6 rice at four locations in 2000.

Grain yield

N fertilizer RRECz PTBES NEREC SEBES

rate 2WSy SPF 2WS SPF 2WS SPF 2WS SPF

(lb N/acre) --------------------------------------------- (lb/acre) ---------------------------------------------

0 8473 4788 4053 4613 -- -- -- --

30 -- 9018 -- 7407 -- 6477 5924 8544

45 -- 10445 -- 8047 -- 7145 -- --

60 10130 10382 8565 9050 7043 7476 7941 9685

75 10467 10332 9140 9003 7795 7878 -- --

90 10098 9918 9197 9818 7280 8483 9293 8813

120 9819 9374 9651 9728 8490 7777 10188 9914

150 -- -- 10046 -- 8603 -- 9691 9394

180 -- -- -- -- -- -- 9537 9304

LSD (0.05) 1215*x 819* 779* 1215*

z RREC = Rice Research and Extension Center, Stuttgart; PTBES = Pine Tree Branch

Experiment Station, Colt; NEREC = Northeast Research and Extension Center, Keiser; and

SEBES = Southeast Branch Experiment Station, Rohwer.
y 2WS = Two-way split; SPF = Single preflood.
x * indicates significance at P=0.05.

Table 7. Influence of nitrogen (N) fertilizer rate on the

grain yield of Clearfield 121 rice at two locations during 2000.

Grain yield

N fertilizer rate RRECz SEBES

(lb N/acre) ------------------ (lb/acre) -----------------

0 4361 2835

90 7197 5820

120 7539 6348

150 7203 6429

180 6407 7122

210 6608 6351

240 -- 5958

LSD (0.05) 850 *y 670 *

z RREC = Rice Research and Extension Center, Stuttgart; and SEBES = Southeast Branch

Experiment Station, Rohwer.
y * indicates significance at P=0.05.
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Table 8. Influence of nitrogen (N) fertilizer application

method on the grain yield of Clearfield 141 rice at the

Southeast Branch Experiment Station in 2000.

N fertilizer application method Grain yield

(lb/acre)

SPFz 6475

2WS 6720

LSD (0.05) 174 *y

z SPF = Single preflood; 2WS = Two-way split.
y * indicates significance at P=0.05.

Table 10. Influence of nitrogen (N) fertilizer rate

on the grain yield of Clearfield 141 rice at the

Southeast Branch Experiment Station in 2000.

N fertilizer rate Grain yield

(lb N/acre) (lb/acre)

0 3764

90 6250

120 6753

150 7535

180 7429

210 6948

240 6016

LSD (0.05) 644 *z

z * indicates significance at P=0.05.

Table 9. Influence of nitrogen (N) fertilizer rate and

application method on the grain yield of Clearfield 141

rice at the Rice Research and Extension Center in 2000.

Grain yield

N fertilizer rate 2WSz SPF

(lb N/acre) --------- (lb/acre) ---------

0 3374 --

90 5850 7336

120 7214 6726

150 6949 6584

180 6893 6467

210 6136 6334

LSD (0.05) 374*y

z 2WS = Two-way split; SPF = Single preflood.
y * indicates significance at P=0.05.
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USING HIGH-FLOTATION TIRES TO MANAGE

WET CLAY SOILS FOR SOYBEAN AND RICE PRODUCTION

M. Popp, P. Manning, and T.C. Keisling

INTRODUCTION

Clayey soils traditionally have been challenging to manage in the spring because

their physical properties when wet present a planting challenge. These soils tend to

stay wet longer, therefore delaying or precluding the use of early planting systems

such as Early Soybean Production System (ESPS; Ashlock et al., 2000).

Studies conducted at the Northeast Research and Extension Center in Keiser,

Arkansas, attempted to develop alternative management systems that take advantage

of the properties of clayey soils under wet conditions, thereby turning a liability into an

asset. A planting system was devised (Bryant, 1999), which utilized a new technology

in tractor- and combine-tire design. High-flotation tires have recently become available

that prevent the development of deep wheel tracks in fields at planting and harvest.

These are available at local Goodyear agricultural tire dealerships.

MATERIALS AND METHODS

One soybean and one rice field were seeded at Keiser, Arkansas. A 225-hp front-

wheel-assist tractor equipped with high-flotation tires and rims was used. The rear tires

were Goodyear 68/50.00X32, and the front tires were Goodyear 54/37.00X25 (Goodyear

Tire and Rubber Co., 2000). Sowing occurred on 11 May 1999, just as the clay soil had

dried enough to form a surface crust sufficiently thick to allow sowing with a three-

point-hitch drill planter without continually cleaning the equipment.

Other than a change in planting equipment, the crop was grown using production

practices commensurate with those of the surrounding area. The Arkansas CES irrigation

scheduling program (Cahoon et al., 1990) was used to determine irrigation needs.
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For the rice field, the rice cultivar ‘Jefferson’ was used and a preemergence

application of clomazone herbicide was applied at planting. When the nodal roots of

the rice were 0.25 to 0.5 in. long on 23 June 1999, nitrogen (N) in the form of urea was

applied and the field was flooded. All subsequent cultural practices were commensu-

rate with those used in the area for rice culture.

To study the economic impact, partial budgeting allowed calculation of a range

of returns from the use of high-flotation tires. University of Arkansas Cooperative

Extension Service budgets were used to represent the cost of conventional production

methods (Windham and Sills, 1999a and 1999b). With the assumption that yields would

not be affected by the new production method, possible areas for improvement in

profitability were expected from cost savings due to the following:

1) lower irrigation costs due to earlier sowing, which enhances the crop’s ability

to utilize available soil moisture (from winter-flooded fields and early season rainfall);

2) the potential of less field operations to restore field surfaces after harvest (if

wet conditions would lead to tire tracks without flotation tires); and

3) changes in herbicide applications (for example, faster canopy development in

soybeans may reduce the need for later herbicide applications and/or reduced rate

applications. Also, the use of clomazone in rice instead of conventional herbicides

could lower production costs).

Additional costs are, however, also evident in this system and include higher

costs of depreciation and capital investment in the tires. To account for these changes

in capital costs, the capital recovery method was used (Boehlje and Eidman, 1984). Finally,

additional costs are incurred when changing tires on tractors and combines. It is

assumed that no changes in planting equipment are necessary.

The impact of farm size on cost changes is also evaluated. While some costs,

such as the purchase price of the high-flotation tires can vary widely when allocated

on a per-acre basis, changes in variable costs (e.g. seed, herbicide, fuel) per acre were

assumed to remain stable over the range of farm sizes in Arkansas.

RESULTS

The soybean crop was established in 5 days. Although the wide-wheel tracks

were evident, there appeared to be little or no apparent seed emergence problems nor

was there a need to restore a smooth field surface after harvest. The soybean yield for

the experiment was 54 bu/acre. The crop canopy was formed more quickly than had

been observed in the past (using conventional methods), and the crop’s need for

irrigation was delayed about 10 days compared to crops sown conventionally. There-

fore, one less flood irrigation (4 in.) was required. No other crop-growth differences

were observed.

Rice emerged to a uniform stand 11 days after sowing. The residual of the preemer-

gence herbicide and the early flooding time eliminated the need for any additional
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herbicide applications. The rice remained relatively weed-free for the entire season,

and a dry-rice yield of 67 cwt/acre was recorded. Applying the early flood while the soil

had high moisture content allowed the flood to be established in less than one-half the

time of conventionally seeded rice. This resulted in a savings of about 6 in. of water

that did not have to be pumped.

Did the high-flotation tire system provide net benefits greater than its cost (Table 1)?

While some benefits are weather-dependent, most cost increases are known with

relative certainty.

A set of high-flotation tires costs $15,000 and has an estimated useful life of 10 years.

Accounting for all additional costs such as the cost of changing tires, etc. resulted in an

estimated cost of $2,343/year. This corresponds to an increase in production costs ranging

from $1.17/acre to $4.69/acre for operations of 2,000 to 500 acres, respectively.

Operating cost savings were derived from reduced irrigation of $6.31/acre on rice

and $5.97/acre on soybeans. Therefore, the potential for irrigation cost savings to

offset the investment in high-flotation tires is sufficient regardless of operation size.

Other potential cost savings are more weather dependent and become more evident

when examining the possibility of cost savings from a crop-rotation system perspec-

tive – i.e. not from the perspective of a single year’s performance of one crop. For example,

harvesting with high-flotation tires may 1) save a producer the cost of disking ($4.88/acre)

and leveling ($6.93/acre), so that 2) a no-till rice production system can be used, which

provides the opportunity to 3) use an herbicide program that leads to net savings of

$38.62/acre by switching from conventional custom-applied herbicides to an herbicide

program that utilizes clomazone and glyphosate only. In summary, the potential cost

savings on soybean and rice may be as high as $17.78/acre and $56.74/acre, respec-

tively (Table 1). Savings depended on weather conditions at harvest, weed control

costs, and operation size.

Given the above numbers, the high-flotation tire system appears to be a viable

alternative to conventional production methods. The impact on net returns varies by

weather conditions. Return estimates ranged from -$4.69/acre with no weather-related

cost savings on a 500-acre farm to $36.09/acre on 2,000 acres with all weather-related

cost savings being realized using the tires. These returns are estimated using a 2-year

rice-soybean rotation and averaging returns of soybean and rice.

A high-flotation tire system may also provide additional benefits not explicitly

examined in this study. These include:

1) the possibility of reduced soil compaction, which could prevent future

yield losses;

2) larger operating windows for sowing and harvesting, thus providing a pro-

ducer with more flexibility in decision-making and another tool for use in risk-reduction

(the assumption here is that even though daily planting capacity with high-flotation

tires may be slightly less than with conventional methods – i.e, slower operating speed

with the former, more available days for sowing and harvesting would more than offset

this reduction in capacity);
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3) enhanced wildlife habitat since a producer who maintains water in fields over

winter for duck habitat may be able to leave these fields flooded for a longer time period

than when a conventional sowing system is used, thereby increasing the possibility of

returns from selling hunting rights; and 

4) reduced reliance on irrigation water, which may become increasingly impor-

tant as water supplies become more scarce. Further, reduced irrigation would also

reduce the impact of dissolved salts/other contaminants delivered to the soil in irriga-

tion water.
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Table 1. Impact of high-flotation tires in planting

and harvesting in a rice-soybean rotation.

Soybean Rice

Added Cost (compared to

Conventional)

Depreciation $1,943 per year

($15,000 with 10 yr useful life @ 5% interest)

Tire change $400 per year

Range in cost/acre (depending on $1.17/acre (2,000 acres) to

farm size) $4.69/acre (500 acres)

Cost Savings (compared to

Conventional)

Irrigation (not including fixed costs) $5.97/acre $6.31/acre

6 in. water savings 6 in. water savings

Field Preparationz (not including Disking = $4.88/acre

fixed costs) (2 passes at $2.44/acre each)

Leveling = $6.93/acre

Herbicide no change $38.62/acrey

Range of Savings/acre $0/acre to $0/acre to

(regardless of farm size) $17.78/acre $56.74/acre

z Assuming the farmer keeps the disk and land float. If the farmer were to sell those pieces of

equipment, additional fixed cost savings would be available.
y Savings is the difference between $70.48/acre for a conventional herbicide program and

$31.86/acre for a clomazone and glyphosate herbicide program.
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EFFECT OF NITROGEN FERTILIZER RATE AND METHOD OF

APPLICATION ON YIELD AND KERNEL SMUT OF ‘LAGRUE’ RICE

N.A. Slaton, S. Ntamatungiro, E.A. Sutton, C.E. Parsons,

R.D. Cartwright, R.J. Norman, and D.L. Boothe

ABSTRACT

Different nitrogen (N) fertilizer rates and methods of application were evaluated

on ‘LaGrue’ rice for their effect on grain and milling yield and kernel smut incidence.

Maximum yield was obtained with the lower N rates when applied in a single preflood

(SPF) application, but with the intermediate and high N rates when applied in split

applications. Total number of kernels per panicle, head rice percentage, lodging, and

harvest grain moisture were generally increased with higher N rates. Total milled rice

percentage was affected very little by N rate or method of application in this trial.

Kernel smut incidence and severity were increased by the higher N rates but only when

applied in an SPF or 2-way split application. Nitrogen applied at different rates in a 3-

way split application did not affect kernel smut in this experiment. While this experi-

ment will have to be repeated to confirm these results, data suggest that kernel smut is

more heavily influenced by the initial N application to rice.

INTRODUCTION

Kernel smut of rice is caused by the fungus Neovossia horrida (Tilletia

barclayana) and has been a persistent disease in Arkansas for more than 50 years (Ou,

1985; Templeton et al., 1960). While considered a minor disease worldwide, kernel smut

can cause substantial rice grain-yield and quality losses under favorable conditions

(Ou, 1985; Webster and Gunnell, 1992; Sharma et al., 1999). In recent years, the disease

has become more important in Arkansas with the release of susceptible and widely-

grown rice varieties like LaGrue, ‘Cypress’, ‘Jefferson’, ‘Priscilla’, and ‘Cocodrie’
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(Cartwright et al., 1999). The severity of kernel smut in the state has also been in-

creased by more intensive production practices including heavy use of N fertilizer.

During 1998, a widespread kernel-smut epidemic occurred in Arkansas primarily on

LaGrue rice, resulting in concern by mills, buyers, and growers over yield losses and

quality problems (Cartwright et al., 1999).

While control of kernel smut with Tilt fungicide has been recommended since

1998 in Arkansas under certain conditions, this is an expensive and short-term remedy.

Better approaches such as seeding resistant cultivars or reliable cultural controls are

needed. Unfortunately, it is very difficult to screen rice cultivars for kernel-smut resis-

tance, so breeding highly resistant cultivars to this disease will continue to be very

difficult and time-consuming. Since no research on the effect of fertility and other

cultural practices on kernel smut has been conducted in at least 20 years, little or no

information is available to support recommendations to growers on minimizing the

disease by using different management techniques.

While high N rates have been known to increase kernel smut for many years

(Templeton, 1963;  Kumar et al., 1977), the effect of N rate and method of application on

modern, susceptible cultivars is not known. The objectives of this experiment were to

determine the effect of different N fertilizer rates and methods of application on kernel

smut incidence and grain and milling yield of LaGrue rice.

PROCEDURES

LaGrue rice was seeded in May at the Rice Research and Extension Center on a

DeWitt silt loam soil in plots 9 rows wide (7-in. row spacing) by 15 ft long. The plot area

had been cropped in rice for many years and teliospores of the kernel smut fungus were

known to be highly prevalent in the soil. Plots were managed according to Cooperative

Extension Service guidelines with respect to weed control and irrigation.

Nitrogen fertilizer was applied as urea at total N rates of 90, 135, and 180 lb N/acre.

The total N was applied either in an SPF, a 2-way split, or a 3-way split. The 2-way split

method used a single, midseason application of 45 lb N/acre and the balance of the

total N was applied preflood. The 3-way split method used two midseason N applica-

tions of 45 lb N/acre (midseason total 90 lb N/acre) and the balance of the total N was

applied preflood. The first midseason N application was applied at 0.25-in. internode

elongation and for the 3-way split method the second application was made 7 d later.

Fertilizer was applied by hand to a dry soil before flooding and into the flood water at

midseason. The experimental design was a 3 (total N rate) ∞ 3 (application method)

factorial arrangement with four replications.

Twenty panicles were randomly collected from each individual plot just prior to

harvest and stored in labeled paper bags until evaluated for kernel smut. For kernel

smut evaluation, panicles were gently soaked in 0.27 M KOH solution overnight, rinsed

three times in water, then inspected over a light box for smutted kernels. Smutted
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kernels and total kernels were counted, and data were reported as percentage of panicles

infected and percentage of kernels infected.

Lodging was estimated based on the percentage of plot fallen just prior to har-

vest. Plots were harvested using a small-plot combine modified to collect samples for

both yield and milling quality analysis. Yield was calculated and adjusted to 12% grain

moisture, based on moisture measurements from a GAC (Dickey-John Corporation)

instrument. After drying to near uniform moisture, grain samples were milled using

standard lab procedures to determine head rice and total milled rice percentages. All

data were analyzed by factorial analysis of variance.

RESULTS AND DISCUSSION

Results of the different N rates and methods of application on grain yield of

LaGrue rice are listed in Table 1. A significant interaction between N application method

and rate was observed (Table 1). Maximum yield was observed at 90 to 135 lb N/acre

when applied as SPF and at 135 to 180 lb N/acre when applied in a 2-way split (Table 1).

Maximum yield for the 3-way split application was observed only at 180 lb N/acre

(Table 1). Regardless of N application method or total N rate, 90 lb N/acre applied

preflood maximized grain yield.

Similar results were obtained for the number of kernels/panicle (Table 2). How-

ever, 90 lb N/acre resulted in the second highest number of kernels/panicle when

applied as a 3-way split – a somewhat unexpected result. While the panicles might have

contained more grains in the 90 lb N/acre treatment, the number of panicles/plot (unit of

land area) was probably less and resulted in a lower yield.

A significant interaction between total N rate and method of application was ob-

served for percentage head rice (Table 3). When total N rates equaled 90 and 135 lb N/acre,

head-rice yields were significantly higher for the SPF method compared to the 2-way or 3-

way split methods. Nitrogen applied as an SPF at 90 lb N/acre produced head-rice yields

comparable to 135 lb N/acre applied using the 2- or 3-way split methods. Maximum head-

rice yield was produced when 135 to 180 lb N/acre were applied SPF or 180 lb N/acre were

applied using the 2- or 3-way split methods. There was no significant interaction for

total milled-rice percentage (Table 4). There was a trend for higher total milled-rice

percentage under the 180 lb N rate, especially in the split application methods (Table 4).

Lodging of LaGrue rice clearly increased at higher N rates applied as SPF or 2-

way split applications, with 180 lb N/acre having the highest lodging values (Table 5).

There was not a measurable difference in lodging for the 3-way split application, re-

gardless of rate, but certain plots receiving 180 lb N/acre did lodge even with this

method (Table 5).

Harvest grain moisture was slightly increased by higher N rates (Table 6). It was

also higher for all rates when applied as an SPF application compared to 2- or 3-way

split applications. There was no significant interaction between method of application

and total N rate.
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There was a significant interaction between N rate and method of application on

incidence of kernel smut, as measured by percentage of panicles with any smut (Table

7). As N rate increased in both the SPF and 2-way split application methods, so did the

incidence of kernel smut. At SPF rates of 135 and 180 lb N/acre, kernel smut was

observed on more than 75% of panicles. Kernel smut incidence was not influenced in

this experiment by N rate when applied as a 3-way split (Table 7).

There was also a significant interaction between total N rate and method of

application on severity of kernel smut, as measured by the percentage of kernels smut-

ted per panicle (Table 8). The percentage of smutted kernels increased with N rate

under both the SPF and 2-way split methods. The most severe smut occurred at 180 lb

N/acre applied as an SPF application. Nitrogen rate did not influence kernel smut

severity in this experiment when applied as a 3-way split application. Kernel smut

incidence and severity increased when preflood N rates exceeded 90 lb N/acre. Preflood

N rates of approximately 90 lb N/acre maximized yields and thus preflood rates >90 lb N/

acre were excessive in this study. The higher efficiency of the SPF method compared to

the split methods for increasing grain yield also causes the SPF to be more efficient in

promoting kernel smut severity. However, it appears that kernel smut incidence and

severity were increased only when the N rate required to maximize grain yield was

exceeded, regardless of application method.

These results suggest that kernel smut incidence and severity are more heavily

influenced by the preflood N application to rice, especially at rates of 135 lb N/acre and

above. The 3-way split method of application minimized kernel smut in this experiment,

regardless of rate, but also required more total N to maximize grain yield. Observations

from commercial fields suggest that high total N rates applied using the 3-way split

method can produce very high levels of kernel smut, which differ from the results of

this study. Higher levels of kernel smut may have been observed in the 3-way split

method in our study had higher total N rates been used. Growers using higher preflood

N rates should closely adhere to recommended N rates that do not exceed those needed

for maximum yield. Nitrogen rates above this level could greatly increase kernel smut

on susceptible varieties.

SIGNIFICANCE OF FINDINGS

This is the first study on the influence of fertility practices on kernel smut of rice

in Arkansas since the 1960s. Since that time, the disease has become more severe on

newer, high-yielding varieties. Although certain varieties have field resistance, devel-

opment of such varieties remains strictly a guess and often the true susceptibility is

not known until several years after release. While the disease can be prevented with

Tilt fungicide, this is an expensive alternative given the unpredictability of the disease.

Better alternatives are needed and this experiment provides the first step in developing

recommendations for cultural control of kernel smut. This experiment will need to be
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repeated to confirm and refine results. Based on commercial field observations, high

midseason N rates likely follow preflood N application rates that meet or exceed those

used in this study. Therefore, the use of higher preflood N rates with high midseason N

rates is needed to understand the actual impact of midseason N rate on kernel smut.

These data clearly suggest that excessive use of N fertilizer on varieties that are sus-

ceptible to kernel smut increases disease incidence and severity. These results also

demonstrate the value of understanding the influence of different fertility needs of

newer varieties on existing diseases in the state.
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Table 1. Influence of N fertilizer rate and method of application on

grain yield of LaGrue rice during 2000 at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Total N Method of N application

ratez Single preflood 2-way split 3-way split

(lb N/acre) ----------------------------------- (bu/acre)y -----------------------------------

90 183.2 159.0 111.5

135 183.5 183.0 157.7

180 160.1 180.2 186.9

Factor N Method N rate Method ∞ Rate

LSD (0.05) -- -- 17.7

P-value 0.0017 0.0008 0.0001

C.V., % 8.7

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y Yields were adjusted to 12% moisture.

Table 2. Influence of N fertilizer Rate and method of application on

mean number of grains per panicle of LaGrue rice during 2000 at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Total N Method of N application

ratez Single preflood 2-way split 3-way split

(lb N/acre) --------------------------- (# of kernels/panicle)y ---------------------------

90 153.3 148.6 151.0

135 158.5 153.2 133.7

180 143.5 158.1 168.6

Factor N Method N rate Method ∞ Rate

LSD (0.05) NSx NS 16.1

P-value 0.952 0.495 0.0963

C.V., % 11.4

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y The average of 20 panicles per treatment replicate.
x NS = not significant.
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Table 3. Influence of N fertilizer rate and method of application on

head rice percentage of LaGrue rice during 2000 at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Total N Method of N application

ratez Single preflood 2-way split 3-way split

(lb N/acre) --------------------------------- (% head rice) ---------------------------------

90 55.1 51.9 50.6

135 59.0 55.3 55.0

180 58.0 58.6 57.8

Factor N method N rate Method ∞ rate

LSD(0.05) -- -- 2.0

P-value 0.0006 0.0001 0.0482

C.V., % 2.9

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.

Table 4. Influence of N fertilizer rate and method of application on

total milled-rice percentage of LaGrue rice during 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

N rate

Total N Method of N application mean across

ratez Single preflood 2-way split 3-way split methods

(lb N/acre) ------------------------------------- (% total rice) -------------------------------------

90 68.9 68.7 68.4 68.6

135 69.3 68.5 69.0 68.9

180 69.0 69.0 69.1 69.0

Factor N method N rate Method ∞ rate

LSD(0.10) NSy 0.4 NS

P-value 0.167 0.0963 0.2961

C.V., % 0.62

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates 0-45-45, 45-45-45, and 90-45-45.
y NS = not significant.
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Table 5. Influence of N fertilizer rate and method of application on

percent of lodging of LaGrue rice during 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

N rate

Total N Method of N application mean across

ratez Single preflood 2-way split 3-way split methods

(lb N/acre) ------------------------------------- (% lodging)y
----------------------------------------------------------------

90 10.0 0.0 0.0 3.3

135 50.0 30.0 5.0 28.3

180 75.0 62.5 22.5 53.3

Methods Mean 45.0 30.8 9.2 --

Factor N method N rate Method ∞ rate

LSD(0.05) 24.1 24.1 NSx

P-value 0.018 0.001 0.5510

C.V., % 100.7

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y Lodging at time of harvest.
x NS = not significant.

Table 6. Influence of N fertilizer rate and method of application on

harvest grain moisture of LaGrue rice during 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

N rate

Total N Method of N application mean across

ratez Single preflood 2-way split 3-way split methods

(lb N/acre) --------------------------- (% harvest grain moisture) ----------------------------

90 16.2 15.4 15.0 15.5

135 17.2 16.0 15.8 16.3

180 17.1 16.7 16.1 16.6

Methods Means 16.8 16.0 15.6 --

Factor N Method N rate Method ∞ Rate

LSD(0.05) 0.4 0.4 NSy

P-value 0.0001 0.0001 0.4893

C.V., % 2.7

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y NS = not significant.
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Table 7. Influence of N fertilizer rate and method of application on the

percentage of panicles with kernel smut of LaGrue rice during 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Total N Method of N application

ratez Single preflood 2-way split 3-way split

(lb N/acre) -------------------------- (% of panicles smutted)y -------------------------

90 36.3 18.8 33.8

135 81.3 55.4 33.8

180 76.3 62.5 37.5

Factor N method N rate Method ∞ rate

LSD (0.05) -- -- 15.1

P-value 0.0001 0.0001 0.0078

C.V., % 26.6

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y 20 panicles evaluated per plot.

Table 8. Influence of N fertilizer rate and method of application on

percentage of smutted grains per panicle of LaGrue rice during 2000 at

the Rice Research and Extension Center near Stuttgart, Arkansas.

Total N Method of N application

ratez Single preflood 2-way split 3-way split

(lb N/acre) -------------------------- (% of kernels smutted)y --------------------------

90 7.0 2.8 5.6

135 29.8 11.8 6.6

180 38.4 15.7 6.4

Factor N method N rate Method ∞ rate

LSD (0.05) -- -- 4.6

P-value 0.0001 0.0001 0.0001

C.V., % 30.0

z Single preflood rates were 90, 135, and 180 lb N/acre preflood; 2-way split (preflood-

midseason) rates were 45-45, 90-45, and 135-45; and 3-way split (preflood-midseason1-

midseason2) rates were 0-45-45, 45-45-45, and 90-45-45.
y Calculated from the average of 20 panicles per plot.



219

ONGOING STUDIES: RICE CULTURE

RICE IRRIGATION-WATER MANAGEMENT

FOR WATER, LABOR, AND COST SAVINGS

P. Tacker, E. Vories, and D. Kratz

ABSTRACT

Field demonstrations of Multiple Inlet Rice Irrigation (MIRI) were conducted in 11

counties with 23 producers on 33 different fields. Additional MIRI work was coordinated

through county agents in 10 counties and involved 35 other producers. Two field studies

comparing MIRI to conventional rice irrigation on flat clay soil showed a water savings of

about 18% on the MIRI fields. Fuel-use measurements also indicated a savings of 400

gallons of diesel on one MIRI field and 425 gallons on the other MIRI field. A third compari-

son field study showed a minimal water savings with MIRI. However, labor was 50% less,

cold-water rice was reduced, and fewer levee spills were required in the MIRI field. The

initial flood time was reduced by 4 days and reflood time was reduced by 3 days on a 155-

acre MIRI field demonstration. MIRI on a 60-acre field saved 2 days/week of pumping time.

The initial flood time for a 550 gpm well supplying a 75 acre field was reduced from 15 days

to 9 days and reflood time was 3 days instead of 7 days with MIRI. A producer saved

installing 60 spills in cross levees on 3 MIRI fields that included 270 acres. A survey of

growers using MIRI indicates most feel it is providing water-management advantages that

will result in them using it on more fields.

INTRODUCTION

Multiple inlet rice irrigation offers several potential advantages over the conven-

tional irrigation method: (1) reduced cold-water rice, labor, runoff, and pumping cost,

(2) water conservation, and (3) improved water management and fertilizer efficiency.

The mechanics of this system need to be introduced to growers and adequately evalu-

ated on production-size fields with varying soil, water, and topographical conditions.
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This can be done best through on-farm demonstrations in various rice-producing areas

of the state.

Many growers operate several pumping units that are often spread over a large

area with several miles separating them. Managing these units becomes time and labor

intensive. This can result in some units running longer than necessary. This occurs

when no one is available to check on turning them off because of other time demands

on the farm. The result is increased water use and pumping cost. Automatic timers and

pump unit shut-off systems could be used to address this problem. There are various

automatic shut-off methods available that need to be evaluated on-farm for practicality,

dependability, and affordability.

An accurate measurement of pump flow is critical to effective water management.

Few growers know the actual flow delivered by their pump units or how to determine it.

The plumb-bob method and/or a flow meter are two practical approaches for measuring

pump flow. On-farm demonstrations offer the opportunity to instruct growers on how

to use the two methods. If the measured flow is substantially less than expected, then

a pumping plant performance evaluation can be conducted. The evaluation helps de-

termine what to do to improve the situation. This provides very useful information to

the grower involved. It also updates field data that is used to advise many other

growers on factors that determine pumping-plant performance.

On-farm demonstrations cannot be conducted on every farm. However, experi-

ence and information gained on one farm is often applicable to other farms in the same

area. The extension staff involved in on-farm demonstrations will become better able to

advise growers on rice irrigation-water management. In time, demonstrations can be

conducted in all rice-producing areas to address specific water-management problems

and concerns.

PROCEDURES

1. Coordinate on-farm irrigation demonstrations with interested county exten-

sion agents and growers. When possible, the initial focus will be in designated and

pending critical groundwater-usage areas. Priority will also be given to opportunities

that allow for comparison of a conventional irrigated field to a field that is irrigated with

multiple inlets.

2. Take measurements of water savings, cost savings, and other impacts of

different irrigation-water management efforts: (1) Multiple Inlet Rice Irrigation, (2) Au-

tomatic pump unit off, (3) Pump flow measurement, and (4) Pumping-plant performance

evaluation.

3. Information and experience gained from on-farm irrigation demonstrations

will be distributed through field tours, meetings, presentations, and publications.
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RESULTS AND DISCUSSION

Project investigators and county extension agents worked directly with 23 pro-

ducers in 11 counties on 33 different field demonstrations of MIRI (Table 1). Assis-

tance with MIRI was indirectly provided to 35 additional growers in 10 other counties

by phone or through county extension agents. Eight of the 21 counties are either

designated or pending designation as critical groundwater-usage areas. Six of the

counties conducted field tours of MIRI fields.

Two field comparisons of MIRI to conventional rice irrigation were conducted in

Poinsett and Ashley counties. The Poinsett County MIRI field showed a 17.5% water

savings and the Ashley County MIRI field showed a 18% savings in water pumped.

The diesel fuel-use reduction for the two MIRI fields was 400 and 425 gallons, respec-

tively. A third field comparison conducted in Clay County showed a minimal water

savings with MIRI. However, the farmer indicated his labor was 50% less, cold-water

rice was reduced, and fewer spills were required in the levees of the MIRI field.

Seventy-four growers from 19 counties returned a survey concerning their use of

MIRI. Forty-four percent (44%) of the total rice acreage farmed by those completing

the survey was irrigated with MIRI. When asked how much time MIRI took to establish

the initial flood, 78% indicated it was at least 20% less time than conventional flooding.

Seventy-six percent (76%) estimated that MIRI required at least 20% less irrigation

water than conventional irrigation. When asked how much time was required to check

the MIRI field and maintain the flood, 97% responded that it was at least 10% less than

with conventional irrigation. Eighty-six percent (86%) also indicated that the cold-

water effect was less in the MIRI fields. The survey indicated that the average time

required to install and set up the MIRI system in a field was 4.2 man-hours. When

asked what material costs were involved with MIRI, 86% indicated it was $7/acre or

less. Sixty-nine percent (69%) indicated they would do more MIRI next year and 28%

said they would do the same amount.

An MIRI demonstration in Monroe County on a 155-acre field resulted in reduc-

ing the initial flood time by 4 days and the reflood time by 3 days. In White County, the

MIRI demonstration saved 2 days/week of pumping time on a 60-acre field. This grower

had tried MIRI the previous year with poor results, but by working with the county

agent, he corrected some things that made it successful this year. A Prairie County

MIRI demonstration was conducted on a 75-acre field that only had a 550-gpm well.

The initial flood time was reduced from 15 days to 9 days and the reflood time was

reduced from 7 days to 3 days. A Lincoln County producer saved installing 60 spills in

cross levees on three MIRI fields that included 270 acres. Assistance was provided on

a Poinsett County MIRI field that was experiencing problems with having a 0.5 mile of

tubing across 40 levees spaced on a 0.4-ft elevation difference. A solution was worked

out that enabled MIRI to be used successfully on this rather challenging application.

Flow measurements were conducted on several wells used for MIRI demonstra-

tions. The producers appreciated having this information but most were disappointed
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to find that their wells were pumping less than they thought. Efforts were made to find

a practical and affordable automatic pump shut-off for power units. Although the

equipment required to accomplish this is available, it is not considered to be practical

or affordable at this time.

Experience from this year’s efforts indicates that there is a lot of potential for

other growers to implement MIRI if demonstrations can continue to be conducted.

There are still certain areas and counties in the state that have not yet adopted MIRI.

SIGNIFICANCE OF FINDINGS

Many Arkansas rice growers are experiencing increasing difficulty in effectively

managing their irrigation water. Contributing factors are declining water tables, re-

duced pumping capacity, increased production acres, lack of skilled/dependable labor,

decreased irrigation-equipment efficiency, increasing pumping costs, and extended

drought periods. All of these factors can’t be controlled but there are water manage-

ment efforts that many growers could implement to reduce the impact of many of these

factors. On-farm demonstrations are very effective in encouraging growers to imple-

ment different water-management recommendations that address these factors.

Cooperating growers involved in on-farm demonstrations will learn irrigation-

water management techniques for reducing water use, labor, and pumping cost. The

potential value to a grower is 25% average water use and pumping cost savings, an

average labor reduction of 35%, reduced cold-water rice, and increased fertilizer effi-

ciency. The field experience and information gained from the demonstrations will be

provided to other growers through field tours, meetings, and publications.
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Table 1. Multiple Inlet Rice Irrigation (MIRI) field demonstrations – 2000 season.

County Fields Farmers

Ashley 1 1

Arkansas*z 5 4

Clay 2 2

Drew 4 2

Jefferson* 2 2

Lincoln* 4 1

Lonoke* 2 2

Monroe* 4 3

Poinsett* 6 3

Prairie* 1 1

White* 2 2

Total:  11 33 23

z * Counties that are designated or pending designation as critical groundwater areas.

Table 2. Multiple Inlet Rice Irrigation and conventional irrigation comparisonz.

Irrig. method Acres Water applied Pumping time Diesel usedy

(in.) (h)  (gal)

Conventional 80 40 765 2295

Multiple Inlet 80 33 632 1896

Difference   7 (17.5%) 133 (17.4%)   399 (17.4%)

z Poinsett Co., Norcross Farm, 2000 Season; 0.06-0.10% grade on a clay soil.
y Estimate power-unit fuel use @ 3 gph (gallons per hour)

Table 3. Multiple Inlet Rice Irrigation and conventional irrigation comparisonz.

Irrig. method Acres Water applied Pumping time Diesel usedy

(in.) (h)  (gal)

Conventional 54 34 1095 2740

Multiple inlet 71 28   925 2315

Difference   6 (18%) 170 (18%)   425

z Ashley Co., Tap Parker Farm, 2000 Season; 0.10% grade on a clay soil.
y Estimate power-unit fuel use @ 2.5 gph (gallons per hour).
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FISSURE FORMATION IN BROWN RICE KERNELS

OBSERVED WITH A VIDEO MICROSCOPY SYSTEM

R.C. Bautista and T.J. Siebenmorgen

ABSTRACT

A medium-grain rice (var. Bengal) was used to investigate fissure formation in

brown rice kernels at different drying and rewetting conditions. A video microscopy

system was used to capture images of rice kernel under investigation and any fissure

that formed when the kernel of rice was exposed to a variety of controlled drying and

rewetting conditions. Fissure formation (initiation and propagation) in rice kernels that

were exposed to fissure-causing environments is described. The characteristics of fissures

and surface cracks that formed in a rice kernel are also discussed and differentiated.

INTRODUCTION

One of the major sources of losses in head rice yield is due to fissure formation in

rice kernels. Breakage in rice kernels during milling occurs because fissures have pre-

viously weakened the kernels. Kernels that do not break, but have fissures, alter the

cooking and puffing properties of milled rice (Siebenmorgen, 1998). Generally, broken

rice kernels are sold at half the price of head rice. Because of the importance of fissures

in rice, ways to prevent its occurrence have been pursued over the years.

Several methods have been applied in investigating fissure formation during rice

drying or rewetting (Bautista, 1998). Experimental approaches and predictions using math-

ematical simulation are being applied for this purpose. Some of the known methods applied

include: a manual method that utilizes a lamp and a magnifying glass, x-ray- and still-camera

photography, acoustic and machine vision, numerical techniques to predict fissures, and

the video microscope. This study applies video microscopy to visually observe and char-

acterize the mechanism of fissure initiation and propagation in brown rice kernels.
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PROCEDURES

Video Microscopy System

A schematic diagram of the video microscopy system is shown in Fig. 1. The

system consists of a 12.5 mm Charge-Couple Device (CCD) camera (Moritex Scopeman

MS803) fitted with a 50X magnification lens inside a controlled atmosphere chamber; a

camera probe and luminance controller (Moritex 803); a high-resolution monitor (Sony

HR Trinitron); a video recorder and photo printer; and a PC with image processor

software (Vision Gage Version 5.0). A fiber optic light (Fiber Light Model 1700, Dolan-

Jenner, Inc., Lawrence, MA) illuminated the rice kernel under investigation with the

light directed parallel to the long axis of the kernel. Any fracture at the surface or inside

the kernel created refraction of the light beam that rendered the other half of the kernel

darker in color. The drying chamber (914cm ↔ 609cm ↔ 609cm) was fabricated with

proper insulation and coupled with air ducts to an air conditioning system (Parameter

Generation & Control Unit, Model 150/300 CFM SS Climate Lab-AA) that controlled

the drying air conditions inside the chamber.

Rice Samples and Procedures

Samples of medium-grain rough rice (var. Bengal) were collected at about 18%

moisture content (MC) from the University of Arkansas Research and Extension Cen-

ter at Keiser, Arkansas. Rice was harvested using a plot combine during the fall of 1999.

Lot samples were collected, cleaned, sealed in plastic containers, and held in styrofoam

boxes inside a walk-in cooler with an average temperature of 4°C.

Drying With Low and High Drying Air Temperatures

Three sets of experiments were conducted for low (40°C), and high (60° and 80°C)

drying air temperatures at 30% relative humidity (RH). For each air condition, a brown

rice kernel at 18% MC, free of fissures, was placed on a glass plate under the micro-

scope and exposed to the above-mentioned air conditions until the MC reached ap-

proximately 12%. The MC of the rice kernel was monitored by the weight reduction as

drying progressed using a digital balance (Ainsworth AA-250, Denver Instrument Co.,

Denver, CO). Temperature and relative humidity of the air inside the chamber was

monitored using a temperature and RH probe (Cole Parmer, Model 37000-52) and data

logger (Digi-Sense T and RH logger, Cole Parmer Model 91090-00). The probe was

installed as close as possible to the kernel under investigation. As soon as the kernel

was approximately 12% MC, the PG&C unit was shut off and the chamber opened to

allow ambient air to enter. The ambient condition was at 25°C and about 45% RH.

Images of a rice kernel under investigation were captured continuously and recorded

on videotape for 24 hours. The timing, magnitude or intensity of fissure initiation and
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propagation in the rice kernel was determined by reviewing the videotape. The proce-

dure was replicated three times for each air condition.

Rewetting by Adsorption

Kernels of rice that were previously dried gently to 12% MC were dehulled by

hand using a tweezer. Brown rice, free of fissures, was selected and a single kernel was

placed on a glass plate below the microscope lens. The kernel was exposed to 90% RH

and 30°C inside the controlled-atmosphere chamber for eight hours. The kernel was

monitored for fissure occurrence and images simultaneously recorded on videotape.

The procedure was performed in three replicates.

Soaking in Water

Brown rice kernels, free of fissures, were soaked in water by dipping for five

seconds and any excess water was wiped off immediately using tissue paper. A kernel

was then immediately placed under the microscope and observed for fissure formation

for eight hours at 25°C and 45% RH. The kernel was monitored for fissures with the

video microscope as described above. The procedure was replicated twice.

RESULTS

Fissure Formation in Rice Kernels

During Drying

The occurrence of fissures during drying, that is while the kernel was being

exposed to drying air, was observed only at 80°C. Fissures started to develop from the

inner part of the kernel after about 15 minutes of exposure to 80°C and 30% RH drying

air and developed perpendicular to the long axis of the kernel. There was no fissure

formation at 40° and 60°C during drying. It was speculated that the rapid transfer of

moisture from the kernel and thermal effects on the rice kernel caused tremendous

stress and failure of the kernel.

After Drying

At 40°C, there were few fissures observed after drying to 12% MC. A high incidence of

fissure occurrence was observed after the kernels were dried at 60° and 80°C and then subse-

quently exposed to the 25°C/45% RH air. Figure 2 shows typical fissures that formed after 60°C
and 30% RH drying-air treatment. These fissures mainly formed after drying when the kernel was

cooled to the ambient temperature (25°C and about 45% RH). After cooling, it took more than an

hour before fissure initiation was detected, and subsequent fissures appeared in succession

within a span of about 9 hours. Fissure development was rapid and formed a fine line perpendicu-

lar to the long axis of the kernel. There were fissures that formed along the long axis of the kernel,

usually connecting two parallel fissures perpendicular to the long axis.
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Adsorption or Rewetting by Exposure to Air With High RH

Exposure of dry kernels of rice (12% MC) to high relative humidity air (90% RH)

caused fissuring due to adsorption or rewetting of the surface of the kernel. This type

of fissure typically appears as shown in Fig. 3. It took more than four hours for the first

fissure to be detected. Fissures formed from the inner part of the kernel, similar to

fissure formation after drying. Multiple fissures were observed over a span of eight

hours. Fissures caused by adsoprtion are primarily due to kernel failure induced by the

swelling of the outer layers of the kernels, causing compressive stress at the kernel

surface while the center region was under tensile stress.

Soaking

Kernels soaked in water with excess water wiped off formed surface cracks and

fissures as shown in Fig. 4. This procedure tried to simulate rice kernels soaked by a

sudden rain and re-dried. It was noted that these surface cracks were different from the

surface cracks in a drying process (as discussed following this section). The cracks

appeared shallow but were numerous forming a “tortoise shell-like” structure. After

more than an hour, fissures also appeared that were similar to the case of moisture

adsorption. The occurrence of fissures started from the inner part of the kernel and

formed perpendicular to the long axis of the kernel.

Surface Cracks and Fissures in Rice Kernels

Surface cracks were distinguished from fissures. During drying, surface cracks

appeared as ruptures of the bran layer, as shown in Fig. 5. Occurrence of surface cracks

was prevalent at high drying air temperature (60°C and higher) and after prolonged

exposures. At high temperature, cracks started with the formation of bubbles on the

kernel’s pericarp, which eventually burst and ruptured and appeared as surface cracks.

Surface cracks were not observed to develop into fissures. Fissures, however, were

seen as internal fractures or failure of the rice kernel, as shown in Figs. 2 and 3, that

originated from the inner portion of the kernels.

SIGNIFICANCE OF FINDINGS

This study enabled invesigators to understand the different situations in which

fissures form in rice kernels. The results provided information as to the behavior and

dynamic characteristics of fissure development in brown rice kernels. The information

obtained could be useful in integrating our various research efforts in rice drying to

minimize fissure formation and improve the milling quality of rice.
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Fig. 1. Schematic of the video microscopy system.

Fig. 2. Fissures formed in kernels of brown rice after exposure to 25°C/45% RH air

after being dried to 12% MC with a drying air temperature of 60°C and 30% RH.
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Fig. 3. Fissures formed in a brown rice kernel (Bengal, 12% MC) exposed to a

humid air (90% RH and 30°C) environment or condition.

B

A

Fig. 4. Surface cracks (designated by arrow A) and fissures (designated by arrow

B) produced on a dry (12% MC) brown rice kernel of Bengal after soaking in water

for five seconds and wiping off excess water. Surface cracks formed within 30

minutes after wiping and took more than one hour for fissures to fully develop.
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Fig. 5. Surface cracks formed (indicated by arrows) on a

brown rice kernel of Bengal during drying at 60°C/30% RH air.
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EVALUATION OF THE IRRI TEST TUBE MILL

FOR USE IN MILLING SMALL SAMPLES OF RICE

R.C. Bautista and T.J. Siebenmorgen

ABSTRACT

The International Rice Research Institute (IRRI) Test Tube mill was evaluated in

terms of milling performance in comparison with a McGill No. 2 Mill and the Kett

“Pearlest” Polisher. Head rice yield (HRY) and degree of milling (evaluated in terms of

percent bran removal or the percentage of weight lost in milling of brown rice) were

compared using sample lots of medium- and long-grain rice at 12% and 15% moisture

content (MC). The milling effect of each mill on the shape and size of kernels was

compared and analyzed using a Satake image analysis system and a video microscope.

HRY versus milling duration curves were determined for the three mills. The removal of

bran as the milling duration increased resulted in a linear reduction of HRY for each mill,

although the relationship varied for each mill. The type of mill, the MC of the samples,

and milling duration affected HRY. The type of mill and milling duration affected the

shape and dimensions of the milled rice kernels.

INTRODUCTION

Communication with rice breeders/rice physiologists from the University of Ar-

kansas Rice Research and Extension Center and other research institutes has prompted

the investigation of the topic of milling small samples of rice. Samples of rice from

breeding lines, specifically ranging from about 2.5 to 10 g and constituting the weight

of a single panicle or multiple panicles from a single plant, are examples of “small”

samples. Existing laboratory mills for rice have limited capability to mill small samples of

rice, e.g., the McGill No. 2 laboratory mill requires about 120 g of brown rice to properly

remove bran from all kernels (Table 1). Due to the enormous number of samples being
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tested from breeders’ test plots, a laboratory mill that can mill small quantities of samples

that would adequately provide an indication of milling quality would be extremely

beneficial to rice breeders, cereal chemists, and physiologists.

The IRRI Test Tube mill was developed to mill very small samples of rice seed. It

uses an abrasive compound (Aluminum Oxide) that is milled directly with the rice. The

mill essentially comprises two boxes shaken vigorously in opposite directions, with

each box holding as many as 70 test tubes. Each test tube contains about 3 g of brown

rice and about 4 g of abrasive compound. Milling duration varies with variety and MC.

The mill is intended for use in greenhouse or breeding situations in which very small

amounts of rice are produced, yet an indication of milling quality is desired.

Laboratory milling evaluation of rice samples is commonly done with the McGill

No. 2 mill. It requires 150 g of dried (12% MC) rough rice, which is typically dehulled

and the resulting brown rice polished adequately to a certain milling degree. Attempted

milling of smaller samples of rice (less than 150 g of rough rice) has presented problems

because the design of the McGill No. 2 mill does not allow sufficient milling action for

these small samples (Andrews et al., 1992). The Kett “Pearlest” Polisher is a mill for small

sample sizes that utilizes centrifugal action to force kernels against a rubber surface to

cause removal of bran layers. This mill is indeed capable of milling very small samples of rice

yet it has been criticized for damaging kernels during the milling process.

In line with the needs discussed above, the following objectives were pursued:

1) to evaluate the performance of the IRRI Test Tube Mill in relation to the McGill No.

2 mill and the Kett “Pearlest” Polisher; and 2) to characterize the effect of each mill on

the shape and integrity of the milled rice kernel.

PROCEDURES

Table 1 shows the specifications of the three lab mills evaluated. Milling tests

were conducted to determine each mill’s performance. Each of the three mills was

operated according to separate experimental procedures as shown in Fig. 1. Two rice

varieties, ‘Bengal’ (medium-grain) and ‘Cypress’ (long-grain), were harvested from the

University of Arkansas Rice Research and Experiment Center in Stuttgart at about 18%

MC. Two lots representing each variety were dried gently in an environmental chamber

to 12% and 15% MC. Each lot was cleaned using a Dockage Tester (Carter Day, Minne-

apolis, MN). Brown rice was prepared using a Satake laboratory huller. The milling

evaluation was based, primarily, on the percentage weight loss from brown rice to

milled rice as an indicator of the degree of milling, and on percent HRY. HRY was

determined using the Shaker Table for five-gram samples and greater. Manually sepa-

rating head rice from brokens was done for lesser amounts of samples. The indepen-

dent variables were variety (long-grain and medium-grain), MC of samples, and milling

duration. A Satake image analysis system was used to evaluate the milled rice-kernel

dimensions (length, width, and thickness). Images of milled rice kernels obtained from

each mill were taken using a video microscope with 50X magnification.
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RESULTS

Bran Removal

The aim in rice milling is to remove the bran layers and the germ with minimal

kernel breakage of the whole kernels, and with the whole preservation of most of each

kernel in its approximate original shape (Webb, 1985). In this study, bran removal refers

to the weight of bran layers and germ removed from the brown rice after milling for a

certain duration. Based on the recent work by the Standards Committee of the AACC

(American Association of Cereal Chemists), a 12% brown-rice weight reduction is a

target to be attained in milling. Figure 2 shows the weight percentages of bran removed

from brown rice at various milling durations for Cypress at 12% MC. Using the McGill

No. 2 mill about 30 sec is required to produce an acceptable bran removal for Bengal

and Cypress. It took shorter milling durations for the Kett than the McGill No. 2 to

attain similar percentages of weight removed.

It was observed that most milled kernels obtained from the Kett mill were dam-

aged visibly as indicated by chipped ends. Thus, in the case of the Kett mill, the weight

of material removed from the brown rice does not necessarily represent only the weight

of bran and germ removed but also parts of the endosperm that were chipped off from

the kernels. Generally, sample MC, milling duration, and type of mill affected the per-

centage of bran removed.

Head Rice Yields

The type of mill, MC of samples, and milling duration affected HRY. Figure 3

shows the HRY change with milling duration for Cypress at 12% MC for each mill. For

all mills, HRY decreased with an increase in milling duration, corresponding to the

increasing removal of bran layers and resultant decrease in head rice weight as milling

duration increased. Andrews et al. (1992) reported similar findings using a McGill No.

2 mill. The IRRI Test Tube mill required longer durations to mill Bengal than Cypress at

the same MC. This result implied that kernel type affected milling outcome. For the IRRI

Test Tube mill, the HRYs were extremely high, and this may not provide an accurate

estimate of HRY at this time but does provide a way to mill small samples for subse-

quent analyses. Overall, the McGill No. 2 produced lower HRYs than the Kett mill at the

same milling duration. It was noted, however, that some of the kernels obtained from

the Kett mill were visually undermilled, especially at shorter milling durations. It took longer

durations to produce an acceptable degree of milling for the IRRI Test Tube mill (about 180

min.) compared to the other two mills. Its gentle milling action required more time to cause

sufficient abrasion of the bran layers. Reid et al. (1998) showed that HRY decreased linearly

with milling duration, and also showed that MC and cultivar affected HRY and degree of

milling using the McGill No. 2 mill. Our results showed that for the McGill No. 2 mill, the rate

of decrease in HRY was generally linear between 15 to 50 seconds duration.
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Mills’ Effects on Size and Shape of Milled Rice Kernels

The type of mill affected the size and shape of the milled rice kernels. Figure 4

shows images of brown rice before milling and milled rice kernels obtained from each

mill. The McGill No. 2 and IRRI Test Tube mills maintained the original shape of the

kernel. The Kett “Pearlest” Polisher, because of its aggressive impact on kernels in its

milling chamber, chipped off the ends of the kernels. As a result, the Kett mill produced

a higher reduction in length than the IRRI Test Tube mill and the McGill No. 2 mill.

SIGNIFICANCE OF FINDINGS

Evaluation of the IRRI Test Tube mill in comparison with the Kett “Pearlest”

Polisher and McGill No. 2 mill enabled investigators to determine each machine’s limi-

tations and capabilities. The establishment of milling curves, particularly percent HRY

and percent weight loss versus milling duration as well as the size distribution of the

milled kernels, indicated satisfactory milling performance of the IRRI Test Tube mill for

small-sample milling (although it required 180 min. milling duration). There are potential

areas for improvement to make this mill more effective and further investigation will

optimize the operation for various samples sizes, MCs and varieties.
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Table 1. Milling specifications of the three laboratory rice mills evaluated.

Mill type Sample size requirement Milling duration Mode of milling

IRRI Test Tube Currently 3 g brown rice About 30 minutes* Abrasion with

for each 8 ml test tube, Aluminum Oxide

total of 70 tubes created by oscillating

motion

McGill No. 2 About 120 g brown rice 30 seconds Friction between

kernels

Kett “Pearlest” Up to 10 g brown rice 30 seconds Abrasion by

  polisher centrifugal action

(spinning disc and

rubber walls)

* Milling duration is dependent on MC, variety, and stroke length of the mill.

Fig. 1. Experimental procedures used in

the evaluation of the three laboratory rice mills.
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Fig. 2. Percent brown rice removed from the three indicated lab mills

when milling Cypress at 12% MC for various milling durations.

Fig. 3. Head rice yield obtained from the three indicated lab mills

for Cypress at 12% MC. High HRY (over 70%) for Kett and

Test Tube mills indicate partial milling of kernels.
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Fig. 4. Images of rice kernels obtained from three laboratory mills

showing the effect of each machine on the shape and size of milled rice.



238

ONGOING STUDIES: RICE QUALITY AND PROCESSING

RICE KERNEL PROPERTIES AFFECTING

MILLING QUALITY AT HARVEST

R.C. Bautista and T.J. Siebenmorgen

ABSTRACT

Two varieties of long- and medium-grain rice were used to investigate the effect that

rice kernel properties at harvest have on milling quality. These properties include individual

kernel moisture content (MC) and dimensional size distributions, and fissured kernels at

harvest. Variation of these properties, represented by the standard deviation (STD) of

individual kernel MC and size dimensions, was quantified at different harvest moisture

contents (HMCs). Head rice yield (HRY) was plotted as a function of HMC. Optimal HMC,

which refers to the HMC at which the number of kernels with MC less than 14% and greater

than 22% was minimal, was determined. For ‘Bengal’ and ‘Cypress’, the optimal HMC was

between 18 to 19%.

INTRODUCTION

The individual kernel MC and dimensional size distributions as well as the num-

ber of fissured kernels at harvest are important properties that could affect the milling

quality of rice. Rice kernels within a bulk, particularly at high MCs, vary in moisture

content (MC) and size. There is typically great variation in individual kernel MC on a

panicle; this is also related to the kernel thickness distribution. Most kernels with high

MC at harvest are also thinner. Another important factor at harvest is the number of

fissured kernels; this number typically increases as HMC falls below 15%.

One of the reasons for the variation in kernel properties is the physiological

growth of a rice plant (the varying stages of tillering and grain filling) that cause

differences in the maturity of the kernels on a panicle and of the entire plant as well. It

is hypothesized that an optimum HMC can be identified based on kernel properties at
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harvest in order to maximize HRY. It is, therefore, necessary that an optimal HMC be

determined for different rice varieties to obtain their maximum milling potential. The

objective of this study is to investigate the relationship of individual kernel properties

at harvest and their effect on milling quality.

PROCEDURES

Panicles of Bengal and Cypress were collected from the University of Arkansas

Research and Extension Center at Stuttgart at different harvest moisture contents

(HMCs) that ranged from about 14 to 26% (wet basis, w.b.) during the fall of 1998 and

1999. Sample collections (20 panicles for each variety for every MC) were made by

randomly picking panicles by hand at MC intervals of approximately 2 percentage

points. Ten panicles were separated to determine individual kernel MC. For kernel size

dimensional analysis, five panicles each were used for rough and brown rice respec-

tively. Immediately after harvest, the panicles were stripped by hand and samples

cleaned to remove empty kernels and chaff. Individual kernel MCs were measured

using a Shizuoka Seiki CTR800E individual kernel moisture tester. Individual kernel

dimensions (length, width, and thickness) were measured for rough and brown rice

after harvest and after drying to 12% MC using a Satake image analysis system. Samples

of rice panicles (about 2 kg) were also harvested corresponding to each harvest MC

increment for milling analysis. The panicles were placed on trays and allowed to dry

naturally in a lab at room temperature (25°C and about 45% RH) until the MC reached

12%. After drying, the panicles were stripped by hand and hulls removed using a labora-

tory huller. The brown rice was milled using a McGill No. 2 mill. HRYs were determined by

separating the head rice from the broken rice using a shaker table separator.

RESULTS

Standard Deviation (STD) of Individual Kernel MC

The variation in individual kernel MC on a panicle, represented by the STD, in-

creased with an increase in the average HMC. Figure 1 shows the average STD of indi-

vidual kernel MCs from panicles of Bengal and Cypress at various HMCs. Average STDs

represent the average STD of ten panicles. The curves indicate that Cypress had consis-

tently lower STD than Bengal across HMC. It was also observed that the STD in individual

kernel MCs among replications was not significantly different but the average STD of

individual kernel MCs from one HMC sample to another was significantly different.

Kernel Dimensional Characteristics

Further analyses were done to measure the STD in size distributions in relation to

average HMC. Generally, STDs were significantly different between HMCs and de-
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creased with declines in HMC. Individual kernel dimensional distributions changed as

harvested kernels dried in the shade. Samples harvested at different HMCs exhibited

similar size distributions at the end of drying to 12% MC. Bengal had the highest

dimensional change during drying compared with Cypress. It was also observed that

for all varieties, the size reduction ratio was higher along the kernel width-thickness

dimensions than along the length. This behavior is quite distinct for rice relative to

other biological material (Bekki and Bautista, 1997).

Optimal Harvest Moisture Content of Rice

The percentage of kernels with MCs above 22% and lower than 14% for Bengal

is given in Figure 2. The figure also shows the number of fissured kernels at various

HMCs. The term “critical moisture content” (CMC) is introduced and refers to the

moisture content level below which a kernel is susceptible to fissure damage due to

moisture adsorption or rewetting. The CMC is known to vary with rice variety. If 14% is

considered as the CMC threshold (Siebenmorgen et al.,1990), any kernels below 14%

will not be safe from rapid re-wetting of moisture from sources such as rain, extremely

humid air, or inter-kernel moisture migration between high- and low-moisture kernels.

Mixing of wet (>22%) and dry (<14%) kernels could cause fissuring damage to dry

kernels (Siebenmorgen et al., 1990; Calderwood, 1979). On the opposite end of the

spectrum, immature kernels when dried will typically break during milling. Thus, it is

important to quantify the percentage of kernels that are immature at each HMC.

Data showed that for Bengal and Cypress harvested from Stuttgart, Arkansas, a

significant percentage of kernels was below 14% even at mean harvest MCs of about

20%. In general, there was an increase in the number of kernels below 14% as HMC

decreased. The percentage of kernels above 22% increased with an increase in HMC.

Optimal MC refers here to the average HMC at which the curves representing the

sum of number of kernels below 14% and above 22% is minimum. It also considered the

lower HMC level at which fissure count was below 10%. The data indicate that the

optimal MC exists between 18% and 19% HMC. At the optimal HMC, the number of

fissured kernels from a panicle should be low enough to not cause HRY reduction. In

this study, fissured kernels at harvest exceeding 10% were considered critical.

Milling Yields

Brown rice and total milled rice yields were not significantly different across

HMC levels for Bengal and Cypress. However, HRYs were found to be significantly

different at various HMCs. Figure 3 shows the HRY for Cypress. The relationship can

be described as a polynomial function, which indicated that HRY increased up to some

point with HMC and declined as the HMC decreased. The decrease in HRY at higher

HMC (>24%) could be due to a significant number of immature kernels. The decrease in
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HRY for samples harvested at lower HMCs (17% MC or below) would be attributed to

a greater number of fissured kernels as a result of moisture adsorption. Overall, Cypress

harvested at MC of 18% to 21% produced the highest HRYs.

SIGNIFICANCE OF FINDINGS

The results of this study enabled the identification of important properties of rice

kernels at harvest that affect milling quality. Fundamental information pertaining to rice

kernel MC and size distribution, and number of fissured kernels at harvest and the

relationship of this data to HRY provided useful means to identify the optimal HMC for

Bengal and Cypress. This information is needed for other varieties as well.
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Fig. 1. Average standard deviation in individual kernel moisture contents

measured immediately after harvest for different harvest moisture content levels.

Fig. 2 Optimal harvest moisture content (MC) based on percentage of individual

kernels with MC>22% and individual kernels with MC<14% and the number of

fissured kernels in a panicle at different harvest MCs, 1998 and 1999.
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Fig. 3. Percent head rice yields obtained at different harvest moisture

contents for Cypress harvested in 1999 from Stuttgart, Arkansas.
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RICE FUNCTIONALITY AS AFFECTED BY STARCH

AND PROTEIN DURING ROUGH-RICE STORAGE

W.K. Chung, J.-F. Meullenet, A. Han, and R. Treece

ABSTRACT

The amylose content of ‘Cypress’ was significantly higher than that of ‘Bengal’.

No differences were reported for Bengal or Cypress cultivars grown in different fields.

Bengal had a lower pasting temperature. However, peak viscosity and trough viscosity

for Bengal were higher than that of Cypress. All the viscogram parameters were af-

fected by amylose, amylopectin contents and storage duration. Rice flour and rice

starch from Bengal exhibited lower onset and peak gelatinization temperatures. Onset

and peak gelatinization temperatures of rice starch were lower than those of rice flour

by about 2°C. The SDS-PAGE protein profiles of Bengal and Cypress cultivars showed

that the extractable protein content was higher in Cypress. In addition, the major pro-

tein associated with starch granules was a 60 kdal protein, found to be present in larger

amounts in Cypress.

INTRODUCTION

Environmental conditions such as drying, storage temperature, and storage du-

ration affect rice quality by influencing the structure and functionality of rice compo-

nents (Marshall and Wordworth, 1994). Moisture interaction with protein and starch can

affect rice functionality and qualities. However, their roles have not been fully established.

Starch and protein content in rice are approximately 80% and 9%, respectively.

Starch is a mixture of amylose and amylopectin, and variation in amylose content has

significant effects on cooking and eating qualities of rice (Juliano, 1990). Amylose

concentration in the endosperm starches and pasting characteristics of rice starch

have been shown to be influenced by genotype and environmental conditions such as
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rice plant growth temperature (Asaoka et al., 1984). Rice proteins contain albumin,

globulin, glutelin, and prolamin (Juliano, 1994). Rice drying, storage, and milling can

change protein structure (i.e., denaturation) and influence rice quality. Denatured pro-

teins aggregate and interact with starch, which can impair processing and functionality

of rice. Hamaker et al. (1991) proposed that starch granule-associated proteins restrict

the swelling of the granule during cooking, influencing the texture of the final product.

The objectives of this study are 1) to identify the physicochemical characteristics

responsible for cooked rice texture properties; and 2) to evaluate the effects of growing

location and processing conditions on starch and protein characteristics of rice.

PROCEDURES

Drying and Storage Treatments

Medium-grain Bengal and long-grain Cypress varieties were harvested around

Arkansas (Pinetree, Stuttgart, and Pine Bluff) during the fall of 2000. Rice samples were

subjected to various post-harvest treatments including moisture contents of rough

rice (10%, 12%, and 14%); storage temperatures (4°, 21°, and 38°C) and storage dura-

tions (0, 6, 12, 24, 36, and 48 weeks).

Measuring Functionalities of Rice

Rice samples were periodically pulled, milled, and ground into rice flour, and rice

starches were isolated by an alkaline steeping method (Hoover and Sosulski, 1985) to

assess functionality. Pasting properties were measured using a rapid visco-analyzer

(RVA). Differential scanning calorimetry (Pyris 1, Perkin-Elmer Co., Norwalk, CT) was

used to assess gelatinization characteristics of rice flour and starch. Starch structure

profiles were analyzed by high-performance liquid chromatography (HPLC). Molecular

weight distribution of rice proteins was determined by electrophoresis (SDS-PAGE).

Rice proteins were characterized as types (albumin, globulin, glutelin, and prolamin)

and amounts of each protein (Nishizawa et al., 1985). Sulfur-containing amino acid

(cystein and methionine) and lysine contents of rice were measured using an amino

acid analyzer (PCX 3100 post-column reaction module, Pickering Laboratories, Inc.,

Mountainview, CA).

RESULTS

Rice Functionality

The amylose contents of Bengal and Cypress determined by HPLC were found

to range from 10.24 to 17.96% (Table 1). The amylose contents of Cypress samples were

significantly higher than those for Bengal. The pasting characteristics of rice flour
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were investigated with a rapid visco-analyzer and the results are presented in Fig. 1.

Overall, Bengal displayed lower pasting temperature. However, peak viscosity and

trough viscosity for Bengal were higher than those of Cypress while Cypress showed

higher cold paste viscosity and setback. All the parameters gradually increased ac-

cording to storage duration (i.e., up to 12 weeks). The gelatinization properties of rice

flours and rice starches for Bengal and Cypress that were determined using differential

scanning calorimetry (Pyris 1, Perkin-Elmer Co., Norwalk, CT) are presented in Table 2.

Bengal rice flour and rice starch had lower onset (To)and peak gelatinization (Tp) tem-

peratures, which agrees with the results from the pasting temperature using RVA.

Comparing rice flour and rice starch, onset and peak gelatinization temperatures of rice

starch were lower than those of rice flour (~ 2°C). This data could be a result of rice

proteins contained in rice flour. The To and Tp of rice flours for BA12-21, BB12-21, and

CA12-21 significantly decreased after 6 weeks of storage. The SDS-PAGE protein pro-

files of Bengal and Cypress show that extractable protein content as well as a 60 kdal

protein was higher in Cypress (Figure 2, A). The other proteins from protein extracts

showed similar band concentration. The SDS-PAGE profiles of the protein extracts

(Figure 2, B) show that the major protein associated with the starch granule was a 60

kdal present in larger amounts in Cypress samples.

SIGNIFICANCE OF FINDINGS

According to these results, medium-grain Bengal rice had low amylose content,

low pasting temperature, low onset and peak gelatinization temperatures compared to

Cypress. Rice variety and storage duration affected pasting properties, particularly

peak viscosity and trough viscosity. The major band of rice starch granule-associated

protein was 60 kdal and amounts found in Cypress were significantly higher than those

in Bengal. Chemical data should be quite useful once completed to explain functional-

ity data such as pasting properties of rice flour and the texture of cooked rice.
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Table 1. Amylopectin and amylose contents of

defatted rice starch of Bengal and Cypress.

Sample Amylopectin content Amylose content

------------------------- (%) -------------------------

BA12-12-0z 88.2 11.8

BB12-12-0 89.8 10.2

CA10-21-0 82.0 18.0

CA12-21-0 84.0 16.0

CA14-21-0 84.2 15.8

CB10-21-0 83.7 16.3

CB12-21-0 83.9 16.1

z BA12-21-0 means cultivar (B = Bengal; C = Cypress), growing location, moisture content of

rough rice, storage temperature, and storage duration.
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Table 2. Gelatinization characteristics of rice flour and rice starch.

To
z Tp

z ∆Hz

Sample 0y 6y 0 6 0 6

Rice flour

BA12-21x 69.6 aw 67.0 b 74.8 a 73.4 b 8.6 9.1

BB12-21 68.9 a 67.0 b 75.0 a 73.6 b 9.0 8.9

CA10-21 75.4 75.3 80.0 80.0 8.9 9.6

CA12-21 76.2 a 75.0 b 80.1 a 79.6 b 7.6 7.8

CA14-21 74.6 74.6 79.8 79.9 9.4 9.8

CB10-21 74.1 74.6 79.5 79.7 9.1 8.7

CB12-21 74.1 73.6 79.4 79.1 9.3 10.2

Rice starch

BA12-21x 66.9 66.8 72.7 72.8 13.1 15.7

BB12-21 66.8 66.5 72.9 72.4 13.6 14.0

CA10-21 75.0 74.9 79.7 79.4 14.6 13.3

CA12-21 74.6 74.6 79.2 79.1 15.3 16.0

CA14-21 74.2 74.7 78.9 79.3 15.2 13.9

CB10-21 73.6 73.2 78.9 78.4 16.3 14.1

CB12-21 73.3 76.8 79.4 79.0 15.2 13.7

z To, Tp, and ∆H indicate the temperature of onset, peak point, and enthalpy, respectively.
y 0 and 6 indicate storage duration for 0 weeks and 6 weeks.
x BA12-21 means cultivar (B = Bengal; C = Cypress), growing location, moisture content of

rough rice, and storage temperature.
w Mean values in each row followed by different letters are significantly different (P<0.05).
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Fig. 1. Viscogram parameters of rice flours as a function of storage duration.



  AAES Research Series 485

250

Fig. 2. Sodium dodecyl sulfate (SDS)-polyacylamide gel electrophoresis profiles

of protein extracted with SDS/urea/dithiothreitol (A); starch granule-associated

protein (B) in two rices (Bengal, Cypress) according to storage duration.

Lanes 1, 2, and 3: Bengal at 0, 6, and 12 weeks,respectively; Lanes 4, 5, and 6:

Cypress at 0, 6, and 12 weeks, respectively. Arrows indicate 60 kdal protein.
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EFFECT OF EQUILIBRIUM MOISTURE CONTENT ASSOCIATED WITH

DRYING AIR CONDITIONS ON DRYING RATES OF ROUGH RICE

A.G. Cnossen, T.J. Siebenmorgen, and W. Yang

ABSTRACT

Research has shown that the glass transition temperature (Tg) plays an impor-

tant role in the rice drying process. Understanding the effects of glass transition dur-

ing rice drying and tempering is important in optimizing the drying and tempering

processes in terms of overall drying time. The objective of this study was to investi-

gate the effect of Tg on rice drying behavior through determining drying rates above

and below Tg. Both medium-grain and long-grain rice was harvested during the 2000

harvest season and dried under various drying air conditions above and below the Tg

of the rice. Results showed that rice dried significantly faster above Tg than below Tg.

However, if drying air conditions with temperatures above Tg correspond to a low

equilibrium moisture content (EMC), the surface of the kernel could be forced to tran-

sition back from the rubbery to the glassy state. This would reduce the drying rate due

to a lower moisture diffusivity in the glassy state.

INTRODUCTION

Rice drying has been studied extensively with the goal of drying rice more quickly

while maintaining high milling yields. Cnossen and Siebenmorgen (2000) showed that

the glass transition temperature (Tg) plays an important role in drying and tempering in

terms of milling quality. Starch, the main constituent of rice, undergoes a glass transi-

tion as the kernel temperature increases above the Tg. At a temperature and MC below

the Tg, starch exists as a ‘glassy’ material, with low expansion coefficients, specific

volume, and diffusivity. As the kernel temperature increases above the Tg, the starch

transitions from a ‘glassy’ into a ‘rubbery’ state with higher expansion coefficients,
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specific volume, and diffusivity. Figure 1 shows a Tg relationship (also called a state

diagram) for variety Bengal as measured by Perdon et al. (2000), indicating that the Tg

is inversely related to MC. Perdon et al. (2000) showed that the physical properties of

a rice kernel changed dramatically as the kernel temperature passed through Tg. The

changes in volumetric expansion and specific volume, when transitioning from the

glassy into the rubbery region and vice versa, will have an effect on kernel fissuring,

while the changes in diffusivity would greatly affect drying and tempering rates. Under-

standing these changes is critical in understanding and improving the drying process.

Researchers (Yang et al., 2000) showed that the temperature of the entire kernel

increases rapidly (within 2 to 3 min) to the temperature of the drying air. As the tempera-

ture of the kernel increases, the outer layers of the kernel lose moisture, resulting in the

development of an MC gradient. It is generally assumed (Ece and Cihan, 1993; Lu and

Siebenmorgen, 1992) that the surface of the kernel will reach the EMC associated with

the drying air quickly after the onset of the drying process. EMC is defined as the MC

of a product in equilibrium with mean dry bulb temperature and relative humidity (RH)

of the drying air (ASAE 1999).

With the knowledge of a state transition, the question arises as to how the state

transition affects the drying rate. In particular, would drying at higher temperatures and

higher RHs, with corresponding EMCs of the rice that fall in the rubbery region of the

state diagram, provide higher drying rates than EMCs that fall in the glassy region?

The premise of this research is that the moisture diffusivity is much higher above Tg.

With the higher diffusivity above the Tg, the kernel would be expected to dry faster. If

drying air conditions corresponding to extremely low EMCs (achieved when using

high temperatures, but low RHs) are used, the surface of the kernel dries quickly and

equilibrates with the drying air; and it is speculated that the starch of the kernel surface

could transition back to the glassy state at the low MC end of the Tg curve. This

situation is illustrated in Fig. 2. Under this scenario, the kernel would dry more slowly

than if the surface were maintained above Tg, because of the dramatically lower

diffusivity in the glassy region. The lower diffusivity, if the surface were in the glassy

state, would limit diffusion from the rubbery center. The individual kernel MC within a

rice batch can vary greatly. The kernels at the low end of the MC distribution curve

would be particularly affected under the above scenario.

The drying rate constant k, indicating the rate at which moisture is removed from

the kernel, is related to drying air temperature; as drying air temperature increases,

drying rate constant increases. Although drying air temperature (Ece and Cihan, 1993;

Lu and Siebenmorgen, 1992) and kernel MC have been taken into account when calcu-

lating moisture diffusivity and drying rate constants for grains, no research has been

done on the effect of Tg or kernel surface EMC on the drying rate constant.

Understanding the effects of drying air temperature, specifically around the Tg, and drying

air RH and corresponding EMC on the drying rate of rough rice could help optimize the drying

process. The objective of this study was to investigate the effect of Tg on rice drying rates.
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PROCEDURES

Cultivars ‘Bengal’ (medium-grain) and ‘Cypress’ (long-grain), at various harvest

MCs (21 to 17%), were harvested from the U of A Rice Research and Extension Center

at Stuttgart, Arkansas, in 2000. The experimental design for Cypress consisted of 25

drying air conditions resulting from the combination of drying air temperatures of 40°,

45°, 50°, 55°, and 60° C with various RHs to produce EMCs of 5.8, 6.7, 7.6, 8.5, and 9.4 %.

For Bengal, only the 45°, 50°, and 55° C drying air temperatures were used. Table 1

gives an overview of the drying air conditions.

Figure 3 shows the EMCs associated with the 25 drying conditions plotted onto

a state diagram. The EMCs of the drying air conditions with a drying air temperature of

40° and 45° C fall within the glassy region and the EMCs of the 55° and 60° C drying air

temperatures fall within the rubbery region. Drying air at 55° and 60° C would therefore

be expected to result in higher drying rates. The hypothesized transition of the kernel

surface back to the glassy state would occur for the drying air condition that results in

5.8 and 6.7% EMC at 50° C, according to Fig. 3. Variety, harvest location, or other

factors may affect the Tg. Therefore, this effect may also occur at other drying air

temperatures with a low RH and corresponding low EMC.

Thin-layer (3 to 5 mm) drying was achieved by using perforated trays in drying

chambers in which the drying air conditions were controlled by an 8.5 m3min-1 tempera-

ture and RH controller (Parameter Generation & Control Inc., Black Mountain, NC).

Samples were removed from the drier at drying durations of 5, 10, 20, 40, 60, and 120 min.

These samples were stored in sealed bags for 24 h at 21° C, before MC was determined

using the oven method.

It is a common practice to quantify the drying process for grains as follows:

(nk
EMIMC

EMMC
MR −=
−
−

= ex

where MR is the moisture ratio of the grain at drying duration t (min), MC is the

moisture content of the grain (decimal dry basis, d.b.) at drying duration t (min), EMC

is the equilibrium moisture content (d.b.) associated with the drying air condition, IMC

is the initial moisture content (d.b.), k is the drying rate constant (min-1), and n is a

dimensionless constant (ASAE, 1999).

RESULTS AND DISCUSSION

Regression was performed to fit equation 1 to the experimental MC versus time

data to determine the drying rate constant k, the standard error (SE), and the coefficient

of determination (R2) for each drying air condition. In order to be able to compare the

drying rates (k) among drying conditions without the drying rates being affected by

the variation of n, a fixed value for n of 0.7 was used.
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Figure 4 shows the drying rate constants for Cypress for each drying air condi-

tion. As can be seen in Figure 4, drying air EMC had a much larger effect on the drying

rate constant for the drying air temperatures above the Tg of the rice (55° and 60° C)

than it had for the drying air temperatures below the Tg of the rice (40° and 45° C).

Above Tg, drying rate significantly increased as the drying air EMC decreased from 9.4

to 6.7%. However, a further reduced EMC (5.8%) resulted in a slower drying process for

the 50°, 55°, and 60°C drying air temperatures.

It is hypothesized that for the drying air temperatures above Tg, the surface of

the kernel crossed the Tg line and transitioned from the rubbery region into the glassy

region for the drying air conditions with the low RH drying air (5.8% EMC). The lower

diffusivity of the kernel surface in the glassy region led to lower k values and slower

drying rates regardless of lower drying air RH and corresponding EMC.

As can be seen from Fig. 5, the effect of drying air EMC on the drying rate

constant is less significant for Bengal than it was for Cypress. Figure 5 shows a clear

temperature effect on the drying rate constant. The differences between Cypress and

Bengal could be due to the different harvest MCs between the rice lots. Additional

research is underway, which includes rice batches at different harvest MCs and the 60°
C drying air temperature for Bengal.

SIGNIFICANCE OF FINDINGS

Drying air temperatures above the Tg significantly increased the drying rate

compared to drying air temperatures below the Tg of the rice. When using drying air

that results in low EMCs, the surface of the kernel could transition back to the glassy

region and therefore drying would be slower than when a higher drying air RH, with a

higher corresponding EMC, is used.

Understanding the effects of glass transition during rice drying is important in

optimizing the drying process in terms of rice milling quality and dryer efficiency. This

will ultimately lead to the development of new drier controls and drier designs and

higher drier throughput.
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Table 1. Relative humidities (%) of the drying air conditions.

EMCz

Temperature 5.8 6.7 7.6 8.5 9.4

(°C) --------------------------------------- (%) ----------------------------------------

40 12.8 19.2 26.9 35.2 43.8

45 14.5 21.3 29.2 37.6 46.1

50 16.2 23.3 31.3 39.8 48.3

55 17.9 25.2 33.4 41.9 50.2

60 19.6 27.1 35.4 44.8 52.1

z EMC is the equilibrium moisture content (wet basis) associated with the drying air condi-

tions, as calculated with the Chung equation (ASAE, 1999).
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Fig. 3. Kernel surface state location after extended drying

plotted onto a state diagram for brown rice for each drying condition.

Fig. 4. Drying rate constant k versus equilibrium moisture content

associated with the drying air for variety Cypress rice for 5 different

drying air temperatures (°C). The harvest MC was 21%.
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Fig. 5. Drying rate constant k versus equilibrium moisture content

associated with the drying air for variety Bengal rice for 3 different

drying air temperatures (°C). The harvest MC was 17%.
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RICE MILLING QUALITY AND STARCH BRANCHING

AS AFFECTED BY HIGH NIGHT TEMPERATURES

P.A. Counce, R.J. Bryant, R.C. Bautista, C.J. Bergman, Y.-J. Wang,

T.J. Siebenmorgen, K.A.K. Moldenhauer, and J.-F. Meullenet

ABSTRACT

High nighttime temperatures have been thought to reduce head rice yields. Tests

have not been done to determine whether this is true. A controlled climate experiment

was conducted in which the conditions were the same except the temperatures be-

tween 12 PM and 5 AM were: (1) 18°C (64°F) for the low-temperature treatment and (2)

24°C (75°F) for the high-temperature treatment. The high-temperature treatment re-

duced head rice yields compared to the low-temperature treatment. Future research will

focus on identifying lines resistant to high-temperature reductions of head rice yields

and incorporating this characteristic into Arkansas cultivars.

INTRODUCTION

For several years in Arkansas, high night temperatures have been associated

with reduced head rice yield. Head rice yields therefore have been thought to be

decreased by high night temperatures. ‘Cypress’ has had uniformly high head rice

yields while ‘LaGrue’ has had variable head rice yields (K.A.K. Moldenhauer, personal

communication). There has been some question as to whether the variable head rice

yields of LaGrue are partially due to high temperatures. Chalkiness in rice has been

related to high temperatures in Australia (M. Fitzgerald, personal communication).

Definitive documentation of the effect of night temperatures on milling quality, how-

ever, has not been published.
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Downey and Wells (1975) found a positive correlation between ‘Starbonnet’

rough rice yields and the number of hours below 70°F during the period between 40 and

110 days after emergence.

There are possible physiological reasons to believe high night temperatures may

reduce yield and milling quality. The starch synthesis enzymes, particularly soluble

starch synthase, have been shown to be sensitive to high temperature (Keeling et al.,

2000). In addition, starch synthase is inhibited at much lower temperatures than other

plant enzymes. Starch synthase adds glucose units to starch chains. There are at least

three isoforms of soluble starch synthase (Myers et al., 2000). Other enzymes may also

be affected by temperature.

The objectives for this study were to determine head rice yield and starch prop-

erties of Cypress and LaGrue in response to two night temperatures in an experiment

designed to exclude other possible explanations for those responses.

PROCEDURES

Controlled-climate night temperature experiments were conducted at the Univer-

sity of Arkansas Rice Research and Extension Center and the Dale Bumpers National

Rice Research Center. Rice was grown in a circular arrangement with 13 plants per pot

in 16-liter, unvented pots in the greenhouse. Pots were filled with equal parts of Cornell

mix and Stuttgart silt loam soil. At the R3 stage of growth (Counce et al., 2000), these

pots were transferred to the controlled-climate conditions in growth chambers. Photo-

periods were 14 hours. The temperature regime in each growth chamber was identical

except for the period from 12 PM (midnight) to 5 AM. Between 12 PM and 5 AM,

temperatures were 18°C for the low-temperature treatment and 24°C for the high-tem-

perature treatment.

Distributions of native and debranched maltodextrins were evaluated by using

high-performance size-exclusion chromatography (HPSEC) and high-performance an-

ion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD). A

Waters HPSEC equipped with a 515 HPLC pump with an injector of 100 L sample loop,

an in-line degasser, and a 2410 refractive index detector maintained at 40°C were used

in this study. The separation of both native and debranched maltodextrins was accom-

plished by a series of Shodex OHpak columns, including a guard column, KB-802 and

KB-804 columns, and the columns were maintained at 55°C with a column heater. The

mobile phase was 0.1M NaNO3 and 0.2% NaN3 at a rate of 0.7 mL/min. Dextran stan-

dards, ranging from 5,200 to 872,300 average molecular-weight (MW) (PSS Polymer

Standards Service-USA, Inc.), and sugars with degree of polymerization (DP) 1 to 7

(Sigma Chemical Co.) were used to construct the regression line for MW determination.

Debranched maltodextrins were prepared by following the method of Kasemsuwan

(1995), except that 6 mg of maltodextrin were dissolved in 3.2 mL of distilled water. The

branch chain-length (CL) distribution of debranched maltodextrins was further eluci-

dated with a Dionex DX-500 HPLC system (Sunnyvale, CA) by following the method of
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Kasemsuwan et al. (1995). Sugars with DP 1 to 7 were used to identify the chromato-

graphic peaks. The assignment for the chromatographic peaks with DP higher than 7

was based on the assumption that each successive peak represented a saccharide that

was 1 DP longer than that of the previous peak. A mixed-bed exchange resin (IONAC

NM-60, J.T. Baker) was added to the debranched solutions to eliminate interference

from the buffer prior to HPSEC and HPAEC-PAD analyses.

The ratio of hot water soluble to insoluble amylose was determined using the

method of Bhattacharya et al. (1978).

Milling procedures are described in Siebenmorgen and Jindal (1986), modified as

follows: a rough rice sample of 15-28 g (rather than 125 g) was milled in a Kett mill (rather

than a McGill No. 2 mill).

RESULTS AND DISCUSSION

The high-temperature treatment reduced milled rice yields (by about 1%) for

Cypress but increased milled rice yields (by about 1%) for LaGrue (Table 1). Head rice

yields were lower for LaGrue than for Cypress. The high-temperature treatment re-

duced head rice yields for both Cypress and LaGrue. Cypress’ and LaGrue’s head rice

yields were equally susceptible to the high temperatures.

Starch was composed of 24.4% amylose and 75.6% amylopectin (averaged across

treatments). There was no significant response of amylose or amylopectin to cultivar,

temperature or the interaction (data not shown). The average chain length of amy-

lopectin was 34.5 (glucosyl units per chain) and did not differ between cultivars or

between temperature regimes (data not shown). Chain lengths 6 to 12 units composed

a greater percentage of the amylopectin for Cypress than for LaGrue (Table 1). Amy-

lopectin chain lengths 13-24 composed a greater percentage for LaGrue than for Cypress.

Amylopectin chain lengths 13-24 were increased by the high-temperature treatment by

approximately 1%. Amylopectin chain lengths from 25 to 36 composed a greater per-

centage of the amylopectin for LaGrue than for Cypress. Percentage of chain lengths

greater than 36 units did not differ between Cypress and LaGrue and was unaffected by

temperature (data not shown).

In summary, chain lengths 6 to 12 units composed more of the Cypress amy-

lopectin than LaGrue amylopectin. Chain lengths 13 to 36 composed a greater percent-

age of the amylopectin for LaGrue than for Cypress. Head rice yields were lower for

LaGrue than for Cypress. Head rice yields were reduced by the high-temperature treat-

ment compared to the low-temperature treatment for both varieties. This is the first

definitive report of this response. As noted by the breeders and millers, LaGrue had

lower milled rice and head rice yields than Cypress. Some of the cultivar responses may

also be linked to the differences in amylopectin chain lengths for the two varieties.
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SIGNIFICANCE OF FINDINGS

Rice producers, millers, and others have suspected a link between high night

temperatures and reduced rice-milling quality. This research confirms that link and

suggests that research into breeding rice that resists the negative effects of high night

temperatures could be beneficial to Arkansas rice producers. We hope to identify the

reason for the reduced yields, find a rice line resistant to the high night temperatures,

and incorporate that characteristic into Arkansas rice cultivars.
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Table 1. Milling yields and amylopectin chain-length distribution of rice starches.

Temperature Milled Head Amylopectin chain-length distribution

Cultivar treatment rice rice DP- 6-12 DP 13-24 DP 25-36

------- (%) -------- --------- (% of amylopectin) ---------

Cypress Lowz 71.2 62.4 20.60 51.65 14.15

Cypress High 70.0 54.9 20.08 52.55 13.80

Lagrue Low 67.9 50.7 18.83 52.75 14.58

Lagrue High 69.0 46.6 18.58 53.78 14.38

Cultivar effect <0.01y <0.01 <0.05 <0.01 <0.05

Temperature effect NS <0.01 NS <0.01 NS

Cultivar X temperature

interaction <0.01 NS NS NS NS

z Low = temperature from 12 PM to 5 AM 18°C (64°F). High = temperature from 12 PM to 5 AM

24°C (75°F).
y Statistical significance: NS = the effect is not significant; <0.05, <0.01 = probability that the

effect is due to random variation.
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RAPID-MILLED RICE SURFACE-OIL DETERMINATION AND

LIPID CHARACTERIZATION BY DIFFUSE-REFLECTANCE

FOURIER TRANSFORM INFRARED SPECTROSCOPY

R.R. Gangidi, A. Proctor, and J.-F. Meullenet

ABSTRACT

Fourier transform infrared spectroscopy (FTIR) was investigated as a method for

rice surface-oil lipid determination. Long-grain rice was milled at four degrees of milling

and the milled rice was either separated into three different kernel thicknesses or ana-

lyzed on an “as is” basis. FTIR spectra were collected at 400 to 4000 cm-1 and total lipid

determined by solvent extraction. A high degree of correlation was found, with Partial

Least Squares (PLS), between the spectra and extracted lipids for thickness-separated

rice (R = 0.97), non-separated rice (R = 0.98) and combined data (R = 0.97). PLS-selected

spectral regions correlated positively with lipid/lipid oxidation functional groups (prod-

ucts) and negatively with protein and carbohydrates functional groups. FTIR rapidly

and accurately measured surface lipid content and showed the chemical species on the

rice surface with changes in degree of milling.

INTRODUCTION

Degree of milling (DOM) is an important measure of rice quality as it indicates the

effectiveness of bran removal from the kernel. It is economically important to mill to a

minimal DOM to remove the oil-rich bran, which could cause oxidative rancidity during

storage. However, over-milling is avoided to prevent loss of head rice through abra-

sion and kernel breakage. Total surface oil is a measure of DOM and indicates the

amount of bran lipid remaining on the rice surface after milling. Total surface lipids have

been traditionally measured by petroleum ether Soxhlet extraction (Hogan and Deobald,
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1961; Sun and Siebenmorgen, 1993), which is a tedious, long, and exhaustive extraction

process. A rapid-milling meter (MM1B, Tokyo, Japan) method was developed to mea-

sure kernel whiteness, which increases as bran is removed (Chen and Siebenmorgen,

1997). However, this method is inaccurate for stored grains, as they often undergo

discoloration over time. Near Infrared reflectance spectroscopy (NIR) has been very

effectively used by the rice industry as a rapid, non-destructive method to measure

DOM of milled rice (Chen et al., 1997). However, NIR has the disadvantage of needing

large data sets for calibration. This is probably related to the nature of NIR that mea-

sures various absorption overtones and non-specific bands (McClure 1994). Thus,

many of the bands measured may not relate to DOM.

This study proposes using diffuse-reflectance Fourier transform mid-infrared

spectrometry (DRIFTS) to measure milled rice total surface lipids without the need for

large data sets. This would be possible because FTIR spectral peaks, unlike those of

NIR, can be assigned to specific chemical bonds and functional groups. The objectives

of this study were to develop a DRIFTS method to measure total lipids by observing

the FTIR peaks that contribute most to total lipids; and to compare this technique with the

traditional solvent-extraction method for determining DOM in long-grain milled rice.

PROCEDURES

Rice Processing

Drew long-grain rice (150 g) with approximately 10% moisture was dehulled with

a McGill dehuller (Rapsco, Brookshire, TX) and milled for either 10, 20, 30,or 40 seconds

with a laboratory No.2 McGill mill (Rapsco, Brookshire, TX). The milled head rice was

size separated into three kernel thickness fractions of <1.59 mm, 1.59-1.79 mm, and

>1.79 mm using a rice kernel sizer (Precision Sizer, Carter-Day Company, Minneapolis,

MN). Milled rice was also prepared without thickness separation at each milling time.

Duplicate determinations were made for each thickness-separated rice sample and six

replicates were made for each milling time of non-separated rice sample so that number

of samples was equal in both thickness and non-separated rice.

Total Lipids by Extraction

Total surface lipids were determined in duplicate for each kernel size and DOM by

petroleum-ether Soxhlet solvent extraction using a Soxtec HT 1043 extraction unit (Tecator,

Hoganas, Sweden) as described by Sun and Siebenmorgen (1993).

DRIFTS Spectrum

For each milling time and kernel thickness, 10 rice kernels were placed into the

macro-sampling cups of the diffuse reflectance sample holder (Spectra-Tech Inc.,
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Shelton, CT); the sample holder was placed in a base optical unit (Spectra-Tech Inc.,

Shelton, CT); and spectra were obtained using a Nicolet Impact 410 spectrophotometer

(Nicolet Analytical Instruments, Madison, WI) in the range of 400-4000 cm-1. A hun-

dred scans were co-added to obtain a spectrum with a 4cm-1 resolution, 2 cm-1 data

spacing, 0.63 cm/sec mirror velocity, and in absorbance units throughout. Forty such

spectra were collected and averaged to give a representative spectrum for a given

sample. The spectra were smoothed at 21 cm-1 to remove noise.

Partial Least Squares (PLS) Regression Analysis

of DRIFTS and Total Lipids Data

Absorbance intensities in 400-4000 cm-1 (total spectrum), 1700-1800cm-1 (total

carbonyls), and 1000-1300 cm-1 (ester C-O) were compared with extracted total surface-

lipid data. Multivariate models were determined using the full cross-validation as vali-

dation method and regenerating until only significant variables were selected (jack

knifing), using Partial Least Squares Regression (UNSCRAMBLER Camo ASA version

7.5 software, Oslo, Norway). DRIFTS data were centered and weighted by their stan-

dard deviation so that each variable was given the same ability to influence the model.

Model performance was determined by examining the coefficients of determinations of

the calibration and validation and the corresponding Root Mean Square Error (RMSE).

Weighted Regression Coefficients

PLS was also used to identify surface functional groups contributing positively and

negatively to the total lipid content by examination of the weighted regression coefficients.

RESULTS AND DISCUSSION

Partial Least Squares (PLS) Analysis of DRIFTS and Total Lipid Data

Table 1 shows the calibration and validation data obtained from various spectral

regions. Data from each spectral region produced strong calibration and validation correla-

tion. The best calibration and validation data were obtained with non-separated rice using

the 1000-1300 cm-1 (ester C-O) range. All R values were close to 1, with small RMSE values.

Weighted Regression Coefficients

Figure 1 shows the weighted regression coefficients of specific wavenumbers in

predicting total surface lipids. Wavenumbers with positive coefficients coincide with

responses from chemical groups typical of rice lipids whereas negative wavenumber

coefficients were obtained from functional groups typical of protein, amino acids and
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carbohydrate. This would be expected since higher lipid content would be found in low

DOM samples due to higher surface-lipid content. In contrast, high DOM samples

would have more kernel surface exposed and therefore greater exposure of starch and

surface endosperm protein.

Positive Regression Coefficients

The cluster around 1000 cm-1 is the carboxyl (COOH) response that would be

expected from fatty acids, while the response at 1100-1200 cm-1 is due to phosphate and

R3P=O, typical of phospholipids. The ester C-O stretch is identified at 1200-1400 cm-1

and would originate mainly from tri-, di-, and mono-acylglycerides and phospholipids.

Fatty acids would be mainly responsible for the carboxyl ion stretch (COO-) around

1500 cm-1 and the carboxyl stretch at about 1590-1700 cm-1. Ester, aldehyde, and acid

carbonyl stretches are clustered around 1700-1780 cm-1 and represent acylglycerides,

oxidation products, and fatty acids, respectively. At 2400-2500 cm-1 are P-OH and P-H

stretches typical of bran phospholipids. Hydrogen bonding between fatty-acid car-

boxyls is shown at 2600-2800 cm-1 and around 2900- 3100 cm-1.

Negative Regression Coefficients

The primary and secondary amide (N-H) stretches found at 750-950 cm-1 are

probably derived from protein or protein-breakdown products. The largest negative

coefficient at 1150-1250 cm-1 is most likely due to the CH2-OH stretch typical of starches

and sugars. A response from amides and amino acids is seen at 1750-1850 cm-1. Addi-

tional stretches due to amino acids, free amides, bonded amides, and free amine groups

are at 3350-4000 cm-1.

Figure 2 shows the relationship between kernel thickness and data obtained with

solvent-extracted lipids and DRIFTS data (400 - 4000 cm-1) using PLS regression. The

two methods produced identical results and showed independence of kernel thickness

with a slight increase in lipid with smaller kernels (Chen et al., 1998).

SIGNIFICANCE OF FINDINGS

A reliable, rapid new technique to measure total milled-rice lipids that uses diffuse-

reflectance Fourier transform infrared spectroscopy and Partial Least Squares regres-

sion, irrespective of kernel geometry, was described. Fewer samples are needed to

obtain high correlation with extracted lipids than is needed for NIR analysis. In addi-

tion, qualitative information is available from the spectrum regarding the nature of

surface rice lipids.
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Table 1. Regression analysis of specific FTIR stretches with solvent

extracted lipid obtained with rice kernels separated into thickness fractions

(<1.59 mm, 1.59 to 1.79 mm, >1.79 mm) and non-separated rice; and the

combined (thickness separated and non-separated) data using

Partial Least Squares with full cross-validation as validation technique

and regeneration of data until all the significant portions are selected.

Rice Calibration Validation

FTIR range data R RMSEC R RMSEP

(cm-1)

400-4000 thickness separated 0.97 0.05 0.95 0.07

non-separated 0.98 0.04 0.97 0.05

combined 0.97 0.06 0.96 0.06

1000-1300 thickness separated 0.98 0.05 0.96 0.07

non-separated 0.99 0.02 0.98 0.04

combined 0.96 0.06 0.95 0.07

1700-1800 thickness separated 0.97 0.05 0.96 0.06

non-separated 0.94 0.07 0.91 0.09

combined 0.93 0.08 0.90 0.10
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A STUDY OF RICE FISSURING BY FINITE-ELEMENT SIMULATION

OF INTERNAL STRESSES COMBINED WITH

VIDEO MICROSCOPY OBSERVATION OF FISSURE APPEARANCE

C.-C. Jia, W. Yang, T.J. Siebenmorgen, R.C. Bautista, and A.G. Cnossen

ABSTRACT

Finite-element analysis was performed to simulate stress distributions inside a

rice kernel during drying. The distributions of internal stresses at 4 different directions

(i.e., longitudinal, radial, shear, and tangential) were analyzed. It was found that during

drying there existed a tensile zone close to the surface and a compressive zone near the

center. Internal stresses increased with drying duration until they peaked and then

gradually decreased in magnitude. Most stresses approached zero in magnitude and

became neutral in direction after 60 min of drying at 60°C. Only axial stress (i.e., along

longitudinal axis of a kernel) remained at a pronounced level even after prolonged drying at

60°C, which helps explain why most fissures are formed perpendicular to the longitudinal

axis of rice kernels. The results were well supported by the fissure appearance information

both obtained in this study with video microscopy and published in the literature.

INTRODUCTION

The problem of rice fissuring is a result of the internal stresses caused by pre-

and post-harvest factors including moisture desorption and absorption. However, the

stress pattern in a rice kernel during drying is a very complex, physically unobservable

phenomenon. It is currently impossible to directly determine internal stress distribu-

tion of individual kernels caused by temperature and moisture content (MC) changes.

A numerical simulation technique has been used to understand the intra-kernel stress

situation. The objectives of this study were to: 1) develop a finite-element model to

predict the internal stresses of rice kernels during the drying process; 2) infer and
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analyze possible fissuring patterns of rice kernels based on the simulated stress distri-

butions; and 3) compare the inferred fissuring patterns with video microscopy obser-

vation of fissure appearance, as well as with published observations, to validate the

finite-element simulations.

It is difficult to view fissure occurrence in the endosperm of rough rice, so brown

rice was used in this study to facilitate the direct observation of fissure appearance

under a video microscopy system. Because of this, finite-element modeling of internal

stresses was also performed on brown rice. It was assumed that a brown rice kernel is

an elliptical body consisting of two parts, i.e., bran and endosperm. A full text of the

finite element analysis of nodal displacements and strains, stress-strain relationship,

and numerical solution procedure is available upon request.

MATERIALS AND METHODS

Thin-Layer Drying

Tests were carried out in a thin-layer drying system. Long-grain brown rice (‘Cy-

press’) was dried at 40°C and 60°C with air RHs of 15% and 17%, and initial MC of 20%

wet basis (w.b.). Average MCs of three 15-g rice samples were measured with the oven

method (Banaszek and Siebenmorgen, 1993). The moisture kinetics obtained were used

to verify the capability of the finite-element models developed by Jia et al. (2000) and

Yang et al. (2000) for brown rice drying.

Video Microscopy

The video microscopy system used in this study was reported by Bautista et al. (2000). For

a sequential capture of fissure appearance, a high-speed camera was used to capture images at a

speed of 1000 frames per second. Drying air supplied to the rice kernel under investigation was

generated by the same system as used for the thin-layer drying tests.

Material Properties

The property parameters such as expansion/contraction coefficient and viscoelastic

properties for the finite-element simulation were taken from published literature (Kunze

and Wratten, 1985; Yamaguchi et al., 1985).

RESULTS AND DISCUSSION

Stress Distribution and Behavior

During drying, there were two major stress zones observed inside the kernel: a

tensile stress zone near the surface, and a compressive stress zone close to the center.
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As drying proceeded, both compressive and tensile stresses in the two zones gradu-

ally reduced their magnitude after they passed the peak values. Stresses in other

directions than axial (i.e., along longitudinal direction of a kernel) became neutral or

stayed slightly tensile (Fig. 1) after prolonged drying. Only the axial stresses in the

tensile zone still remained tensile at a considerable level in a zone near the surface, even

after 60 min of drying. As a result, the entire kernel was subjected to tension axially

(along the long axis of the kernel). This explains why fissures often develop across the

kernel (perpendicular to the long axis), which will be further explained below.

Reflections on Some Rice Fissuring Phenomenon

One of the most prominent characteristics of rice fissuring is the development of

rice fissures across the kernel (i.e., perpendicular to the longitudinal axis of a kernel).

Although other forms of fissures have been observed and reported in the literature

(Bautista, 1998), rice fissures predominantly propagate across a kernel. Figure 2 shows

a series of snapshots of a rice kernel taken by the video microscopy system, depicting

the occurrence and development of a fissure inside a rice kernel in 0.005 s between two

already developed vertical fissures. The kernel was dried under 60°C, 20% RH air for 50

min and then naturally cooled down in ambient conditions for over one hour. From the

fissure images recorded from 0.001 s to 0.005 s, it is obvious that the fissure occurred in

a region near the surface of the kernel on the ventral side. It then spread towards the

dorsal side at more or less a right angle to the longitudinal axis. The phenomenon that

most fissures are perpendicular to the longitudinal axis can be explained by the pattern

of stress distribution inside a rice kernel during drying, as predicted by the finite-

element analysis. As mentioned above, radial, shear, and tangential stresses gradually

died down as the drying progressed. After a sufficient drying duration, these stresses

were not significant in magnitude and were very close to a neutral state. However, the

axial stresses remained even after 60 min of drying at 60°C. After a certain drying

duration, the axial stresses were basically tensile, with varying magnitudes in different

regions, throughout the entire kernel except around the kernel tips, and they were the

only stresses left inside the rice kernel. When drying stopped, the stress inside the kernel

was carried over to subsequent processes. Stress would remain inside the kernel unless a

tempering process was conducted to relieve it. Therefore, if there were any fissures or

cracks inside the endosperm, the crack would very likely propagate in the radial direction

due to the tensile effect created inside the kernel, as discussed earlier.

SIGNIFICANCE OF FINDINGS

A finite-element model for single-kernel brown rice drying has been developed

and verified by thin-layer drying kinetics. Internal viscoelastic stress distributions of a

rice kernel were simulated and analyzed. It was found that during drying two distinct



  AAES Research Series 485

274

stress zones existed inside a rice kernel: a tensile zone that was closer to the surface,

and a compressive zone that was closer to the center. It was also found that as drying

proceeded, most stresses in other directions gradually died down and approached zero

in magnitude and became neutral in direction after 60 min drying at 60°C. Only axial

stress remained at a pronounced level even after 60 min of drying at 60°C, which helped

explain why most fissures behaved perpendicularly to the longitudinal axis of rice

kernels.
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Fig. 1. Simulated radial-stress distribution for a brown rice kernel (Cypress) at

different drying stages (1/4 kernel shown). RH represents drying air relative

humidity. Ta represents drying air temperature. Positive and negative values are

for tensile and compressive stresses, respectively.
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Fig. 2. Occurrence and propagation of a fissure inside a rice kernel as captured by

video microscopy. The kernel was dried in the condition of 60°C, 20% RH for

50 min and then naturally cooled in ambient conditions.
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SILICATE FILMS FROM RICE HULL ASH SILICA:

PRODUCTION, PROPERTIES, AND APPLICATIONS

U. Kalapathy and A. Proctor

ABSTRACT

Sodium silicate films were produced from rice hull ash silica, and their barrier

properties and adsorption ability to reduce free fatty acid (FFA) in frying oil were

investigated. Silica was extracted from rice hull ash using 1N NaOH and concentrated

to produce flexible silicate films. All the silica-based films were permeable to water

vapor, however, they were excellent barriers for hexane and iso-octane. Adsorption

performance of the films containing 45, 50, 55, and 60% silica was investigated in frying

oil at 80°C. FFA content of frying oil gradually decreased with silicate film treatment

time. FFA content of oil decreased from 0.8 to 0.55, 0.55, 0.57, and 0.59% after 40 min

treatment with 45, 50, 55, and 60% silica film, respectively.

INTRODUCTION

Synthetic petroleum-based polymers have been widely used in a variety of packag-

ing materials, and have become a major source of waste disposal problems due to their poor

biodegradability. As a result, recycling of plastic materials is becoming a solution for mini-

mizing waste disposal problems. Another approach to solve this problem is to use biode-

gradable polymers derived from protein, starch, and lipids (Kester and Fennema, 1986). We

have been exploring the use of silica-based materials as plastic substitutes.

Silicates have been used for free fatty acid reduction in edible oil and frying oil as

an alternative to caustic additions. Silicate treatment has the advantage of reduced oil

losses and soap contamination compared to caustic treatment. Silicates have been

added in powdered form to the oil to be purified and are subsequently removed by

filtration (Snyder and Kwan, 1987). Silicate films could be used as an alternative to
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silicate powder. Silicate films can be removed easily from the oil after the treatment, and

hence could eliminate the filtration step required for traditional methods. Silicate pro-

duced from rice hull ash has the potential to be used in a variety of applications for oil

purification.

The objectives of this study were to 1) produce flexible silicate films from RHA

silica; 2) investigate the barrier properties of silicate film; and 3) demonstrate the ad-

sorption ability of silicate films to reduce free fatty acid in frying oil.

PROCEDURES

Silica Extraction

Silica was extracted from RHA using the method of Kalapathy et al. (2000 a, b).

Production of Silicate Films

The silica extract was concentrated and used to produce silicate films with 16, 20,

24, and 30% silica concentration. All silicate solutions were adjusted to 3N NaOH prior

to film formation to prevent silica precipitation at higher silica concentrations. Isopro-

pyl alcohol was added (1ml/100 ml film-forming solution) as a wetting agent in all film-

forming solutions. Four layers of cheesecloth were placed in a weighing boat with

hexagonal base (5.0 cm each side) and 12.0 ml of silicate solution were poured into the

boat and allowed to dry at room temperature (23°C) for 48 hrs. Cheesecloth reinforce-

ment was used, to maintain the film physical structure without any deformation, for free

fatty acid reduction in frying oil at high temperature. Films were also produced without

cheesecloth reinforcement. Films were manually removed from the weighing boat and

stored in ziplock bags.

Structural and Physical Properties of Silicate Films

Moisture contents of the films were determined using an air-oven method. The

weight loss (%) results from heating the films at 130°C for 1hr were recorded as the

moisture content of films.

Diffuse-reflectance Fourier transform infrared (FTIR) spectra were obtained us-

ing an Impact 410 Nicolet instrument (Nicolet Analytical Instruments, Madison, WI).

Vapor Transmission Rate

Water or hexane were placed in the aluminum cup leaving an air gap of 1.5 cm

above the liquid surface. A film sample was placed over the open mouth of aluminum

cups and secured using a rubber gasket and metal rim. The weight of the cup and the



279

  B.R. Wells Rice Research Series 2000

liquid was measured every 30 min. for 8 hr. For comparison, measurements were also

made with a Saran Wrap cover. A plot of weight loss vs. time was used to compare

vapor transmission rates.

Silicate Film Treatment of Frying Oil

Frying oil (100 g) was placed in a 1000 ml beaker, and the oil was preheated to

80°C. Silicate film was placed in a plastic basket and was immersed in the oil. Oil was

gently stirred, and the temperature was maintained at 80 ± 2°C. Oils were treated with

film for 10, 20, 30, and 40 min, and oil samples were collected for FFA determinations.

When cheesecloth reinforcement was used, the films maintained their physical structure

without any deformation at temperatures less than 90°C. A control treatment was per-

formed using cheesecloth instead of silicate film. All treatments were performed in triplicate.

FFA Determinations

FFA content of oil samples was determined using AOCS methods.

Statistical Analyses

Triplicate measurements were made in a completely randomized design. Data

were analyzed using JMP IN Statistical Analysis Software (SAS, 1997).

RESULTS AND DISCUSSION

Structural Features of Rice Hull Ash Silica and Silicate Film

Concentrations of NaOH were 22, 26, 29, and 33 % (w/w, based on film weight) for

films with 60, 55, 50, and 45% silica (w/w, based on film weight), respectively. Moisture

content of the silicate films was between 20-23%. Average film thickness varied be-

tween 0.84 to 1.0 mm.

FTIR spectra of silicate film surface showed absorbance bands between 800 -

1400 cm-1 due to siloxane bonds (Si-O-Si) and network vibration modes of the silicate

network. The structural siloxane bonds generally appear as a prominent peak between

1250-1400 cm-1 in pure silica. In contrast to pure silica, the network vibration mode at

1220 cm-1 was more predominant in silicate films.

Barrier Properties of Silicate Films

Water and hexane vapor-transmission measurements are shown in the weight-

loss vs time plots (Figures 1a and 1b) for silicate films. The silicate films were permeable
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to water vapor due to the hydrophilic property of silica. Silicate films showed excellent

barrier properties for hexane.

FFA Reduction

As shown in Fig. 2, FFA decreased from 0.82% to about 0.7% after a 10 min

treatment with silica films. FFA acid contents gradually decreased with increasing

treatment time. The differences in FFA content after treatment times of 10, 20, 30, and 40

were significant (P<0.05). However, there were no significant differences in FFA con-

tent among films for treatments up to 30 min. After 40 min, oil treated with films contain-

ing 45 and 50% silica had significantly (P<0.05) lower FFA content than the oil treated

with film containing 60% silica. The differences between the FFA content of oil treated

for 40 min with 55% silica and other silica films were insignificant. Hence, this observa-

tion demonstrated that Na+, not silica was responsible for FFA reduction. Further, the

difference in Na+ content did not have a significant effect on FFA reduction for treat-

ment times of 30 min or less. Apparently, the surface concentrations of Na+ in all the

films tested were sufficient to lower FFA content from 0.82 to about 0.6% for treatments

up to 30 min. However, as the surface Na+ concentration depleted with increasing

treatment time due to the reaction of Na+ with FFA to form soap, the remaining surface

Na+ concentration of 45% or 50% silica film was sufficient to impart significant differ-

ences in FFA reduction, in comparison to 60% silica film.

Silicate Film Interaction

Film used for frying oil treament was washed with hexane and FTIR spectra of the

surface of hexane-washed film were used to identify adsorbed components on the

treated film surface. The absorbance peaks of carboxylate ion and hydrogen-bonded

carbonyl group appeared at 1554 and 1721 cm-1, respectively. A comparatively larger

peak due to carboxylate ion indicated that the adsorbed components were predomi-

nantly FFA in the form of soap.

SIGNIFICANCE OF FINDINGS

The data showed that flexible silicate films could be produced from rice hull ash

silica. Their barrier properties for non-polar organic solvents could be utilized for sepa-

rating polar components from non-polar components in the vapor phase or adsorption

of polar compounds from a non-aqueous medium.

Results demonstrated that silicate film treatment could be used as an alternative

to traditional methods that use silicate powder as a filtering medium for FFA reduction

in frying oil. Cheesecloth reinforced films maintained their physical structure without

any deformation at temperatures <90°C. Hence, film treatment would have to be per-
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formed at a temperature <90°C. It should be noted that the 25% decrease (0.8 to 0.6%)

in FFA content of frying oil was due to one treatment with a single silicate film. The

efficiency of the film treatment could be improved by using a cascade of films and

repeated treatment.
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ONGOING STUDIES: RICE QUALITY AND PROCESSING

SILICA-BASED INDUSTRIAL PRODUCTS FROM RICE HULL ASH

U. Kalapathy, A. Proctor, and J. Shultz

ABSTRACT

Simple chemical methods were developed to produce silica-based industrial ma-

terials from rice hull ash. The primary step in the production of silica-based materials

was the conversion of amorphous silica into sodium silicate, a highly soluble form of

silica, by a simple chemical reaction with sodium hydroxide. While sodium silicate itself

has a variety of industrial applications, the highly soluble form of silica serves as a

valuable precursor for a variety of silica-based high-technology materials such as pure

silica and xerogels. The chemical methods developed in our laboratory to produce

silica-based products, and physicochemical properties of these products are presented.

INTRODUCTION

Rice hull ash (RHA) is rich in amorphous silica (about 60%) and can be an

economically viable raw material for production of silica-based materials (Kamath and

Proctor, 1998; Kalapathy et al., 2000a, b). Soluble silicates are widely used in glass,

ceramics, pharmaceuticals, cosmetics, and detergents. Currently, quartz sand is used

as a source of silica. Since quartz form of silica is highly stable, a very high temperature

is required to convert quartz to silicates. Current industrial procedure involves smelt-

ing quartz with sodium carbonate at a temperature of 1300-1400°C to produce silicates.

The solubility of amorphous silica is very low at pH below 10 and increases

sharply above pH 10. This solubility behavior enables silica, extractable in pure form

from RHA by solubilizing under alkaline conditions at a much lower temperature (90-

100°C), to produce sodium silicate and subsequently precipitate at a lower pH (Iler,

1979) to produce highly pure silica. This low-energy chemical method could be more

cost effective compared to the current smelting method.
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Silica gel is a rigid, three-dimensional network of colloidal silica referred to as

xerogel if the aqueous phase in the pores of aquagel is removed by evaporation. The

high porosity and surface area of xerogels lead to applications such as catalytic substrates,

ultrafilters, and chromatography column-packing materials (Bringer and Sherer, 1990).

The objectives of this study were to 1) investigate the effectiveness of alkali

extraction to produce sodium silicate, and 2) produce pure silica and xerogel blocks

from sodium silicate and investigate the physicochemical properties of these products.

PROCEDURES

Sodium Silicate Production

Silica was extracted from high-carbon RHA (unwashed, washed at pH = 1, and

washed at pH = 7) by reacting silica with alkali to form sodium silicate, as described by

Kalapathy and Proctor (2000a, b).

Pure Silica Production

One normal hydrochloric acid was added to the silicate solution with constant

stirring till the pH of the solution reached 7. The silica gels formed were aged for 18 hr.

Deionized water (100 mL) was added to gels, and the gels were broken to make slurries.

Slurries were centrifuged, the clear supernatants were discarded, and the washing step

was repeated. The gels were dried at 80°C for 12 hr to produce xerogels. Selected samples

of dried gels were ground, washed again with water, and dried for another 10 hrs.

Silica Xerogel Production

The concentrated silica extract was diluted to obtain 0.04, 0.06, 0.08, 0.10, and

0.12 g/ml silica concentrations. The pH of solutions containing 6.6 g silica were ad-

justed to 9.0, 10.0, or 10.5 to produce silica gels. Gels were crushed, centrifuged to

remove unbound water, aged for 3 days, and dried at 80°C for 24 hr to obtain disk-

shaped xerogel blocks.

Chemical Analyses of Silica Gels

Moisture content of the silica gels was determined using an air oven method. Energy

dispersive x-ray spectroscopy (EDX, Kevex Instruments, Valencia, CA), and inductively

coupled plasma-emission spectroscopy (ICP,Spectro Analytical Instruments, Fitsburg, MA)

were used to determine silicon and mineral content of the silica products. X-ray diffraction

(XRD, X’pert XRD system, Philips Electronic Instruments, Netherlands) and Fourier trans-

form infrared (FTIR) (Impact 410 Nicolet, Analytical Instruments, Madison, WI) were

used for structural analyses.
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Xerogel Density and Mechanical Strength Measurement

Density of xerogel blocks was determined from weights and volumes of the gels.

Mechanical strengths of xerogels were determined using an Instron Universal Ana-

lyzer (Model 1011, Instron Corp., Canton, MA). A cylindrical probe with a 16 mm2

cross-head area was used to break the xerogel blocks in a compression mode. The force

required to break the blocks at a loading rate of 2mm/min was used as a measure of

mechanical strength.

Statistical Analyses

Data were analyzed by ANOVA, and means were separated by the least signifi-

cant difference when significant F (P <0.05) values were observed.

RESULTS AND DISCUSSION

Silica Composition

The silica and moisture content of xerogels produced from RHA were 93% and

2.7%, respectively. The effect of acid leaching and final washing of silica on the mineral

content of RHA silica is shown in Table 1. The initial acid washing did not improve the

purity of silica when compared to the purity of silica obtained from unwashed RHA and

RHA washed at pH 7. Washing the dried silica gel with water resulted in a silica product

with lower mineral content. The Ca content was comparatively lower for silica prepared

from acid washed RHA. Calcium, being the major divalent cation in RHA, will require

lower pH washing as it is strongly adsorbed on the silica surface at pH >5 (Iler, 1979).

Silica Extraction Yield

Yields of silica extracted from RHA using 0.1 to 1.0 N of NaOH are shown in Table

2. The highest silica yield from RHA was 91% for 1 N NaOH extraction. Extraction with

more concentrated NaOH did not improve the silica extraction yield. Therefore, 1N

NaOH extract was used for all subsequent studies. Silica extraction yields were similar

for unwashed RHA, RHA washed at pH 7, and acid washed RHA.

Structural Features of Silica

As shown in Fig. 1, the broad X-ray diffraction pattern of RHA silica, which is

typical for amorphous solids, confirmed the absence of any ordered crystalline struc-

ture. The major chemical groups present in silica were identified by the FTIR spectra. A

predominant peak at 1320 cm–1  and peaks between 1,200 - 700 cm–1 were observed due

to siloxane bonds (Si-O-Si) and the vibrational modes of the gel network, respectively.
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Silica Xerogel Block Structure

Moisture content of xerogel blocks was 6.4%. Fourier transform infrared (FTIR)

spectra of xerogels showed more detailed structural information. Siloxane bonds (Si-O-

Si) and the gel network interaction were the primary binding forces in the gel structure.

Fourier transform infrared (FTIR) spectra indicated that the siloxane peak (at 1320 cm-1)

intensity gradually decreased while the gel network peak (below 1200 cm-1) intensity

increased with decrease in gelation pH, for all silica concentrations. Hence, at lower

pH, the structural network interaction was the major binding force in the xerogel. At a

higher pH of gelation, siloxane bonding was the primary network in the xerogel.

Xerogel Block Density and Mechanical Strength

Density and mechanical strength of xerogel blocks produced at pH 9.0, 10.0, and

10.5 are shown in Table 3. The gel produced at 0.08 g/ml had significantly higher

densities at all pH’s tested for gelation. There was a significant increase in the gel

density, with an increase in pH from 9.0 to 10.0 or 10.5, for all silica concentrations. This

could be due to increased siloxane bonding with increasing pH. Xerogels produced at

pH 10.0 from silicate solutions with silica concentration of 0.08 g/ml or higher had

higher mechanical strength. This uniqueness of pH 10.0 gels could be a result of a

balanced distribution of siloxane bonding and silica structural network. An intermedi-

ate structure produced at pH 10.0 from a 0.08 g/ml silica solution resulted in a xerogel

with the highest density and mechanical strength.

SIGNIFICANCE OF FINDINGS

A pure silica product with 93% silica content and minimal mineral contaminants

and silica xerogel blocks was produced from RHA using a low-energy chemical method.

The silica extraction yield from RHA was 91%. Mechanical strength and the density of

xerogel blocks varied depending on the initial silica concentration and the gelation pH.
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Table 1. Mineral content of silica prepared from

rice hull ash using various treatments.

Treatmentsz

Minerals 1 2 3 4 5

Sodium (%) 4.486 by 7.120 a 6.577 a 0.019 c 0.021 c

Potassium (%) 0.266 a 0.133 b 0.164 b 0.036 c 0.039 c

Calcium (%) 0.047 a 0.037 a 0.018 b 0.047 a 0.019 b

Magnesium (%) 0.008 a 0.007 a 0.002 a 0.007 a 0.006 a

z Treatment 1- Silica was prepared from unwashed RHA. Treatment 2- Silica was prepared

from RHA washed at pH 7. Treatment 3- Silica was prepared from acid-washed RHA.

Treatment 4- Silica was prepared from unwashed RHA and washed after silica was dried.

Treatment 5- Silica was prepared from acid-washed RHA and washed after silica was

dried.
y Values are means of triplicate analyses. In each row, values followed by different letters

are significantly (P<0.05) different from each other. Average standard deviations of Na, K,

Ca, and Mg measurements were 0.5 %, 0.1%, 0.01%, and 0.001%, respectively.

Table 2. Effect of concentration of sodium hydroxide

used for silica extraction on the yield of silica.

Extraction Yield of silicaz

(%)

0.1 NaOH Not extracted

0.25 N NaOH 17 c

0.5 N NaOH 35 b

1.0 N NaOH 91 a

z Values are means of triplicate measurements. In each column,

values followed by different letters are significantly (P<0.05)

different from each other. Average standard deviation of

silica yield was 2.3%.
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Table 3. Effect of silica concentration in the gel-forming solution on

density and mechanical strength of xerogelsz prepared at pH 9.0, 10.0, and 10.5.

Silica concentration Density Peak force

(g/ml) (g/cm3)  N

a) pH 9.0

0.04 1.25 a --y

0.06 1.28 ab --

0.08 1.32 b --

0.10 1.25 a --

0.12 1.23 a --

b) pH 10.0

0.04 1.32 a --

0.06 1.34 a --

0.08 1.41 b 348 b

0.10  1.36 ab 237 a

0.12  1.32 a 248 a

c) pH 10.5

0.04 Partial gelation --

0.06 Broken during drying --

0.08 1.44 b 98 a

0.10 1.36 a 125 a

0.12 1.37 a 116 a

z At each pH, density and peak force values followed by different letters are significantly

different (P < 0.05) from each other.
y Unable to measure peak force due to either cracks in the xerogel or no formation of xerogel

blocks.
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RAPID METHODS FOR MILLED RICE TOTAL LIPID

AND FREE FATTY-ACID DETERMINATION

H.S. Lam and A. Proctor

ABSTRACT

Total lipid and free fatty-acid determinations are widely used in the food industry

to assess the quality of milled rice. The following describes an improved rapid ambient-

temperature isopropanol extraction method to determine milled rice surface lipid that

was more effective than Soxhlet extraction. This effectiveness was probably due to

better extraction of polar lipids and antioxidants by isopropanol. A colorimetric method

to determine free fatty acid requiring only 30 µl of sample is also described. The new

technique provides similar results to those obtained using the slower, conventional

acid-base titration method. The colorimetric FFA method requires a smaller sample size

and is more precise. The new methods are particularly suitable for industrial use in

providing rapid results for large numbers of samples.

INTRODUCTION

Rice millers and rice users use milled rice surface free fatty-acid (FFA) content as

an indicator of potential off-flavors and odor development. FFA is present because

bran lipid and lipases are deposited on the rice kernel during milling, resulting in FFA

formation on the rice surface (Prabakar and Venkatesh, 1986). Subsequent oxidation of

FFA and other lipids (Galliard, 1983) is probably responsible for off-flavors formation.

Milled rice FFA is conventionally measured by first obtaining a surface lipid

extract by Soxhlet extraction. The lipid extract is then air dried and the FFA content

determined by acid-base titration (AOCS, 1993). The Soxhlet method is also used to

measure total milled-rice surface oil to determine degree of milling (Chen and

Siebenmorgen, 1997). However, the Soxhlet method involves rigorous extraction with
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non-polar solvents and is tedious and time consuming. Such extraction conditions

seem an excessive means to obtain surface non-bound rice lipids and could result in

the thermally induced lipid changes, such as FFA and  hydroperoxides breakdown with

further lipid oxidation. Furthermore, petrolum ether (the Soxhlet extraction solvent) is

non-polar and unlikely to extract polar bran lipids, such as phospholipids, from the rice

surface. The use of a more polar solvent, such as isopropanol, should extract polar and

non-polar lipids (Shahidi and Wanasundra, 1989). Proctor and Bowen (1996) showed

that a five-minute ambient-temperature wash of rice bran with isopropanol could ob-

tain as much oil as an extensive hot-solvent reflux extraction with petroleum ether.

The acid-base titration used for milled rice FFA determination (AOCS, 1993 ) was

designed for oilseed oil-quality determination, rather than milled-rice lipid that usually

contains <1% surface lipids. A method that is more sensitive, and less dependent on the

quantity of oil present, for FFA determination would be desirable. Walde and Nastruzzi

(1991) described a simple colorimetric method for FFA determinations in oils that gave a

comparable result with the acid-base titration method but required only 30 :l oil per repli-

cate. This method could be adapted for milled-rice evaluation where oil is limited.

The objectives of this study are: 1) to develop a rapid improved ambient-

temperature extraction method for milled rice surface lipid determination, and 2) to

develop an improved milled-rice lipid FFA analysis by adapting the colorimetric FFA

method of Walde and Nastruzzi (1991).

PROCEDURES

Rice Preparation

Long-grain (‘Drew’) rough rice with 12.5% moisture content was dehulled with a

Satake Huller (Satake Engineering Co., Tokyo) and milled for 30 sec. with a McGill No. 2 mill

(McGill, TX). Whole rice kernels were separated from broken kernels in a Grainman

shaker table (Grain Machinery MFG Corp, Miami, FL) with 12/64 trays and recovered

for use in the study. The milled head rice was divided into two portions.

One portion was subject to traditional FFA analysis by Soxhlet extraction and

subsequent FFA determination by acid-base titration. The second portion had its sur-

face lipid extracted by an isopropanol wash and the FFA determined colorimetrically.

For each extraction method, three determinations were made. Each determination was

the mean of three replications. Analysis of variance in the data between the conven-

tional and new methods was calculated using JMP IN 3.2.1 software (SAS Institute Inc.

Cary, NC).

Soxhlet Lipid Extraction

Surface lipids of milled rice were extracted with petroleum-ether by the Soxhlet

method (Chen and Siebenmorgen, 1997).
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FFA Determination By Titration

FFA was then determined by titration with 0.01N sodium hydroxide solution

using phenolpthalein as indicator (AOAC, 1993).

Rapid Lipid Extraction

Rice surface lipids were extracted by vortexing 10 g rice for 2 min with 4 mL of

isopropanol. An additional 4 mL of isopropanol were added and the sample vortexed

again for 2 minutes. The extract was centrifuged at 2500 rpm for 10 min. The weight of

extracted lipids was determined after evaporating the solvent on an electric hot plate at

the lowest setting.

Colorimetric Determination of FFA

FFA was analyzed by the method of Walde and Nastruzzi (1991). An assay solu-

tion containing 0.375 ml of solution A (0.1 M tris/HCl; pH 9.0), 0.125 ml of solution B (2

mM phenol red in 0.1 M tris/HCl; pH 9.0), and solution C (50 mM Bis (2-ethylhexyl)

sodium sulfosuccinate in isooctane) was prepared. One milliliter of assay solution was

placed in a 1-cm wide cuvette and 30 :l of isopropanol extract added. The mix was

shaken for one minute before measuring absorbance at 560nm. The FFA content of

each  extract was obtained from a calibration curve. The calibration curve was prepared

by dissolving oleic acid in isopropanol to produce oleic acid solutions of 0.001 to

0.02% (w/w). The standard solutions were subjected to colorimetric analysis.

RESULTS AND DISCUSSION

Oil Extraction

The amounts of oil extracted by each method are shown in Table 1. More oil was

obtained by the rapid extraction method than by the Soxhlet extraction method. The

lower yields obtained by the Soxhlet method were possibly due to thermal decomposi-

tion during Soxhlet extraction and air drying the extract (Chan et al., 1976), and incom-

plete extraction of polar lipids (Shahidi and Wanasundara, 1989). Proctor and Bowen

(1996) showed that isopropanol-extracted rice bran oil was oxidatively more stable than

Soxhlet-extracted rice bran oil. Oil weight of isopropanol-extracted oil was stable for 17

days at 64°C whereas the weight of hexane-extracted oil increased after 6 days under

the same conditions. This was probably because the isopropanol method extracted

bran antioxidants with oil, whereas Soxhlet petroleum-ether extraction did not. Further-

more, isopropanol is a better lipid solvent for rice bran than either petroleum-ether or

hexane (Proctor and Bowen, 1996), as it extracts both polar and non-polar lipids.
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Free Fatty Acid Determination

The FFA contents of the extracted rice oil are shown in Table 2. FFA levels

determined by both the titration and colorimetric methods were not statistically signifi-

cantly different. However, the titration results showed more variability than the colori-

metric results, as shown by standard deviations. The higher variability in the titration

results was probably due to difficulty in determining the titration end-point because of

the low oil FFA levels. The rice FFA content obtained by either method was slightly

lower than those found in previous studies (Piggott et al., 1991) where an FFA level of

0.08% was reported. Rice aging and the commercial storage conditions could have

been responsible for the higher levels of FFA in the extracted oil. Rice lipids break

down rapidly into FFA during storage, particularly at high temperature (Morrison,

1978).

SIGNIFICANCE OF FINDINGS

The new rapid, rice surface-lipid extraction method gave higher oil yields than

conventional Soxhlet extraction. This was probably due to the low-temperature extrac-

tion and use of isopropanol that better extracted both polar lipids and antioxidants,

thus providing a more efficient extraction and avoiding lipid degradation. Despite no

statistical difference in the FFA data, the colorimetric method for FFA determination was

faster and more precise than the titration method. It would be an ideal method to rapidly

evaluate large number of samples where only a small amount of lipid is available.
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Table 1. Oil extraction from 10 g of milled rice by

Soxhlet extraction and rapid isopropanol extraction.

Results from each sample are the mean of three determinations.

Extraction method Oil extracted Standard deviation

(g)z

Soxhlet extraction:

Sample 1 0.0714 a ± 0.0018

2 0.0718 a ± 0.0024

3 0.0723 a ± 0.0021

Rapid extraction:

Sample 1 0.0789 b ± 0.0016

2 0.0794 b ± 0.0019

3 0.0771 b ± 0.0017

z Data in the same column followed by the same letter are not significantly different at P<0.01.

Table 2. FFA content of oil obtained by Soxhlet extraction of 10 g milled rice,

determined by acid-base titration, and oil extracted by rapid

isopropanol extraction determined by colorimetry.

Results from each sample are the mean of three determinations.

Determination method FFA Standard deviation

(% rice)z

Titration:

Sample 1 0.045 a ± 0.013

2 0.042 a ± 0.012

3 0.041 a ± 0.010

Colorimetry:

Sample 1 0.039 a ± 0.007

2 0.041 a ± 0.009

3 0.043 a ± 0.008

z Data in the same column followed by the same letter are not significantly different at P<0.05.
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ONGOING STUDIES: RICE QUALITY AND PROCESSING

PREDICTION OF CONSUMER ACCEPTANCE OF

COOKED JASMINE-RICE TEXTURE BY TEXTURE

PROFILE ANALYSIS AND STRESS RELAXATION TESTS

J.-F. Meullenet,  S. Loire, and S. Suwansri

ABSTRACT

Consumer acceptance of cooked Jasmine-rice texture was determined by 105

Asian families. Consumer acceptance of textural attributes such as hardness and sticki-

ness was predicted using two instrumental texture tests. The acceptance of stickiness

was best predicted by a double compression test while hardness was slightly more

accurately predicted using a stress relaxation test. These results are interesting since

Suwansri et al. (2001) reported that both stickiness and hardness were important deter-

minants of overall acceptance of Jasmine rice.

INTRODUCTION

An emerging trend in U.S. rice consumption is the growing market share attrib-

uted to imported specialty varieties such as Thai Jasmine and Basmati rice. The U.S.

Asian population is the primary consumer of these specialty rices (United States Rice

Council, 1998). Additionally, rice consumption by Asian ethnic groups is usually about

ten times more than the average for the U.S. population (i.e., 150-200 lb per capita

consumption; Goodwin, 1992).

Specialty rice varieties such as Thai Jasmine, grown in Thailand, are generally

not adapted to growing conditions found in the United States. However, breeding

programs in the United States have devoted some efforts to adapting specialty rice

varieties to climatic conditions found in North America. Goodwin (1992) reported that

the source of the obvious shortcomings of domestically grown aromatic rice varieties
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was unclear. As a result, rice breeders in the United States need information on the

sensory characteristics of rice that Asian consumers expect.

Instrumental compression tests have been successfully used in assessing cooked

rice textural attributes. Compression tests have been performed with instruments and

methods, such as double compression (i.e. Texture Profile Analysis (TPA) using a

cylindrical plunger in conjunction with a Texture Analyzer (Champagne et al., 1998;

Juliano et al., 1981). The main body of literature (dealing with the correlation of food

sensory textural properties and instrumental measurements) deals with relating instru-

mental measurements with sensory measurements performed by trained panelists of-

ten following the texture profile methodology. However, few attempts have been made

to directly relate consumer acceptance of food texture to instrumental measurements.

The objectives of this study were to (1) correlate sensory measurements and consumer

acceptance of cooked rice texture obtained from a trained panel and Asian consumers,

respectively, and (2) compare the use of a double compression test and a sress relax-

ation test for predicting sensory textural attributes and acceptance of 15 commercial

Jasmine rice products.

MATERIALS AND METHODS

Rice Samples

Three domestic commercial Jasmine rice products (i.e., Lowell Farm, Jasmine

Specialty Rice Inc., and Rice Tec Inc.) and twelve imported Jasmine products (Angel

Rice Jasmine, Bells & Flower Jasmine, BMK Jasmine, C.T.F. Brand Jasmine, Dynasty

Jasmine, Golden Boy Jasmine, Golden Camel Jasmine, Golden Cobra Jasmine, I.T.C.

Brand Jasmine, Jasmine Riviana, and two replicates of Rose Rice Jasmine) were used in

this study.

Home-use Test / Consumer Test

The rice was prepared by consumers using 1.5:1 water to rice ratio in a rice cooker

either owned by the family or provided by our research group and then cooked for 21

minutes prior to the scheduled presentation time. Consumers were instructed to evalu-

ate the rice within 10 minutes of cooking completion.

From the fifteen samples of rice that were tested, each household evaluated a

subset of seven samples selected according to a balanced incomplete block design

(Gacula and Singh, 1984; Kuehl, 1994). The number of respondents in this experi-

ment was 105 households. In the consumer questionnaire, four questions were

asked about the acceptability of the texture of the samples evaluated. Questions

asked concentrated on the two main textural characteristics of rice: i.e., stickiness

and hardness. A 9-point hedonic scale was used to assess consumers’ liking of
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overall texture, and hardness and stickiness (hedonics) specifically. In addition, a

just-about-right (JAR) scale (1 to 5) was used to assess the appropriateness of the

intensities of these two attributes.

Rice Cooking for Instrumental Texture Analysis

Because the instrumental methods evaluated here are intended to be used by

breeders to evaluate the textural qualities of new genetic material, it was necessary to

develop cooking methods requiring small milled rice quantities. Twelve grams of Jas-

mine rice were added to 18 g of water without prior rinsing or soaking and then equally

transferred to three 30-ml beakers. For uniform and equal absorption of water by all

grains, the beakers were placed on a screen inside the rice-cooker without direct con-

tact with the heating element. Three hundred and fifty ml of water was added to the rice

cooker and samples were steamed for 30 minutes in a household steam rice cooker

(model 9949-YF, Black & Decker).

Instrumental Tests

For instrumental testing, three samples were randomly taken from each beaker so

that nine measurements were made for each rice sample. Two instrumental tests were

performed using a Texture Analyser (model TAXT2i, Texture Technologies, Scarsdale,

NY). Ten intact rice kernels were randomly selected and placed under a 20-mm diameter

aluminium cylinder (SMSP/20, Texture Technologies). First a stress relaxation test was

performed by applying a 4000 g force to the kernels and then stopping the cross-head

movement for 60 seconds. The force (g) was recorded as a function of time. Test speed was

set at 0.5 mm/s while pre-test and post-test speed was set at 2 mm/s. Nine instrumental

parameters were extracted from each curve. An example of typical curve and the definitions

of the instrumental parameters is given in Fig. 1. A double-compression instrumental Tex-

ture Profile Analysis (TPA), similar to that described by Sesmat and Meullenet (2001),

was also performed. The compression plate traveled for a distance defined to compress

the kernels to 90% of the sample’s original height. Test speed was set at 0.5 mm/s while

pre-test and post-test speed was set at 2 mm/s. An example of typical curve and the

definitions of the instrumental parameters extracted are given in Fig. 2.

Statistical Analysis

Consumer sensory means as well as means of each instrumental parameter were

calculated using Proc Means of SAS (SAS, version 7.0, Cary, NC, USA). The Unscram-

bler (version 7.5, CAMO, Trondheim, Norway), a multivariate analysis software, was

used to determine predictive models of sensory textural attributes using instrumental

parameters as predictors. Parameters extracted from the TPA and relaxation curves
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were used as variables in a regression model to predict each sensory attribute. The

PLS1 (Partial Least Squares regression) option was used for predicting each sensory

attribute from these parameters. The accuracy of the model was expressed using the

Root Mean Square Error of Prediction (RMSEP). RMSEP measures the average differ-

ence between predicted and measured response values. The lower the RMSEP calcu-

lated is, the more accurate is the prediction. The correlation coefficients for the calibra-

tion model (Rcal) and the validation (Rval) segments were also used to evaluate the

quality of both models. The Rval was considered to be most important because the

validation statistics are most indicative of the future performance of the predictive

models developed.

RESULTS AND DISCUSSION

TPA Test

Regression coefficients and model statistics for the predictive models of con-

sumer acceptance of cooked Jasmine rice texture developed using instrumental param-

eters from a TPA test are presented in Table 1. Acceptable models for four of the five

attributes were found. Stickiness Hedonic (Rcal = 0.75, Table 1) and hardness Hedonic

(Rcal = 0.88, Table 1) were reasonably well predicted. However, the best models were

obtained for stickiness JAR (Rcal =0.92, Rval = 0.87, Table 1) and hardness JAR (Rcal = 0.91,

Rval = 0.82, Table 1). The average error of prediction (RMSEP= 0.12, 0.13) for these two

models was small, demonstrating the ability of TPA to provide reliable prediction. For

both models, A-1and A-2 were found to be the most important instrumental parameters.

The acceptance of stickiness and hardness were negatively and positively correlated

to these parameters, respectively. Samples that exhibited high A-1 or A-2 were found to

be too sticky and not firm enough.

Stress Relaxation Test

Table 2 presents regression coefficients, RMSEP values, Rcal and Rval for predic-

tive models developed for each of the consumer sensory attributes. Among the textural

attributes evaluated by the consumers, three were satisfactorily predicted using in-

strumental parameters from the relaxation test: Stickiness Hedonic (Rcal = 0.89, Rval = 0.53,

Table 2); hardness Hedonic (Rcal = 0.68, Rval = 0.54, Table 2); and hardness JAR (Rcal = 0.92,

Rval = 0.84, Table 2). The best prediction for the relaxation test was obtained for the

consumers’ acceptance of hardness JAR (RMSEP = 0.12), and Sinit, Smax, hmax, and hfinal

were the most important instrumental parameters for predicting hardness JAR. The

overall acceptance of texture by consumers was rather poorly predicted by instrumen-

tal measurements (Rcal=0.55, Table 2)
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CONCLUSIONS

Rheological tests such as TPA and stress relaxation test in combination with

multivariate analysis techniques satisfactorily predicted the acceptance of both hard-

ness and stickiness of Jasmine rice by Asian consumers. The acceptance of stickiness

was best predicted by the double compression test while hardness was slightly more

accurately predicted using the stress relaxation test. These results are interesting since

Suwansri et al. (2001) reported that both stickiness and hardness were important deter-

minants of overall acceptance of Jasmine rice.
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Fig. 1. Typical TPA test curve and instrumental parameters extracted from the

force/deformation curves for TPA test.

Variable description Variable name

Sample height at the beginning of the test Height2

Maximum force for the first positive peak

(first compression cycle) h1

Minimum force for the first negative peak h-1

Maximum force for the second positive peak

(second compression cycle) h2

Area under the first positive peak curve A1

Area under the first negative peak curve A-1

Area under the second positive peak curve A2

Area under the second negative peak curve A-2

Ratio A2/A1 Cohesiveness
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Variable description Variable name

Sample height at the beginning of the test Height1

Initial slope Sinit

Maximum force hmax

Slope between 75% and 100% of hmax, before the peak Smax

Slope between 100% and 75% of hmax, after the peak S-max

Total area under the curve Atotal

Average slope between 30 and 60 seconds Savg

Final force at the end of the test hfinal

Fig. 2. Typical relaxation test curves and instrumental parameters extracted from

the force/deformation curves for relaxation test.
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ONGOING STUDIES: RICE QUALITY AND PROCESSING

THERMOSTATICALLY CONTROLLED AMBIENT AERATION

FOR PROTECTION OF STORED RICE FROM INSECT PESTS

R.P. Ranalli and T.A. Howell, Jr.

ABSTRACT

Rice (cv. ‘Cypress’) was treated with two different aeration treatments, a tradi-

tional manual-aeration practice and a controlled aeration treatment. Rice treated with

controlled aeration achieved lower temperatures than rice treated with traditional manual

aeration. Insect activity in rice treated with controlled aeration was lower than insect

activity in manually aerated bins. Finally, the physicochemical properties of MC and

HRY maintained consistency in rice treated with the different aeration practices.

INTRODUCTION

Rice is an important crop for more than half of the world. In 1999, the worldwide

production of rice was 535 million tons, 91% of which was produced in Asia, where 60%

of the world’s population depends on rice for food (Rice Market Monitor, March 2000).

Rice is one of the leading agricultural commodities in Arkansas. Over 40 % of the rice

in the United States is produced in Arkansas, ranking Arkansas as the largest rice

producing state (http://www.arfb.com.facts/profile/rice.html.).

From the field to a finished agricultural commodity, rice must go through a variety

of processes such as harvesting, drying, and storage. During storage, physicochemi-

cal properties change; these phenomena are known as aging. Studies performed by

Perdon et al. (1997) and Daniels et al. (1998) have demonstrated how controlling stor-

age conditions of rice can affect the physicochemical properties of rice. By controlling

the storage conditions of rice, it may then be possible to control or at least predict the

property changes that rice will incur during storage.
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In rice, the main cause of physical damage during storage is insect infestation

(Prakash et al., 1987). Insect infestations lead not only to quantity loss in rice, but also

deterioration in quality of the rice. Cogburn (1976) reported losses of up to 9% in

milling yields in rice after 3 generations of lesser grain borers. Ambient air aeration has

shown promise in lowering the temperature of grain enough to keep insects from

surviving (Flinn et al., 1997). However, this technique has not been used in rice, so its

effect on the functional properties of rice is unknown. The objectives of this research

were as follows: 1) to determine the effectiveness of a thermostatically controlled

aeration system in lowering grain temperature in rice bins relative to traditional prac-

tices; 2) to determine the effectiveness of a thermostatically controlled aeration system

in controlling insect viability and propagation in stored rice; and 3) to determine the

effects of a thermostatically controlled aeration system on the physicochemical prop-

erties of rice during storage.

MATERIALS AND METHODS

Storage Facilities

Rice (cv. Cypress) was harvested in late September of 2000 from the Arkansas

Department of Corrections Farm located south of Grady. The rice was dried to approxi-

mately 13% moisture content wet basis (MCwb) using conventional bin-drying meth-

ods (dried at approximately 90°F for 2-3 days depending on the moisture content of the

harvested rice). The rice was then placed in the storage bins (GSI, Assumption, IL).

Aeration System

Six bins (30,850-bushel capacity each) were used for the study. Three of the bins were

treated with controlled aeration (test bins), and three of the bins were treated with tradi-

tional manual aeration (control bins). The fan on each bin operated at approximately 1.2

cubic feet per minute (CFM) per bushel. Three test bins were equipped with a thermostati-

cally activated aeration controller that operated the fans when the ambient air reached

preset conditions. The controllers were set to cool the rice in three cycles. Initially, the

thermostats were set to aerate the rice when the ambient air was 75°F or below; the fans

continued to operate under these conditions until either 120 hrs of aeration accumulated or

until the grain temperature equilibrated to 75°F. A humidistat, installed in the controller, was

set to aerate the rice at or below 75% relative humidity [equivalent to an equilibrium mois-

ture content (EMC) of 14% for rice at 75°F]. Next, the controllers were set at 60°F and 70%

relative humidity, and the process was repeated. Finally, the controllers were set at 45°F and

65% relative humidity, and the process was repeated. Similar three-cycle aeration plans

have been proven to be successful in corn and wheat (Arthur, 1994; Arthur and Johnson,

1995). The control bins were aerated in the normal method in which the rice bins have been

aerated in the past. This method is dependent on farmer experience and on the yearly

weather conditions, with no real consistency shown.
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Monitoring Storage Temperature

Each of the bins was equipped with HOBO 4-channel recording sensors and

thermocouples (Onset Computers, Pocasset, MA). The HOBOs recorded the tempera-

ture every 2.5 hours at depths (from the top of the grain) of 3 ft in north, south, and

center positions and at a depth of  9 ft in the center of the bin. The ambient air tempera-

ture and relative humidity was also recorded every 2.5 hours in 2 locations in close

proximity to fan inlets by HOBO recording sensors (Onset Computers, Pocasset, MA).

Monitoring Insect Development

In order to monitor insect activity in the bins, a PVC coupling 6 in.long with a

diameter of 1.5 in. served as cages for live insects. The PVC coupling contained fine

mesh screens 0.0073 in. (McMaster-Carr Supply Company, Elmhurst, IL) on each end

that allowed for airflow through the cage but did not allow the insects to escape. Once

the rice was dried, enough rice was taken from the bins to fill the insect cages with

approximately 0.33 lb of rough rice. Each cage contained 20 mixed sex adults of the

lesser grain borer (Rhyzopertha dominca), the rice weevil (Sitophilus oryzae), or the

saw-toothed grain beetle (Oryzaephilus surinamenis). A set of six cages consisted of

two cages of each of the three different insects. In each of the six bins in the study,

three sets of six cages were placed at a depth of 3 ft in the center of the grain mass,

where most of the insect activity often occurs (Hagstrum, 1987). One set of cages

containing the three insect species was removed from each bin at five-week intervals,

starting from the beginning of the study. After the cages were initially counted, they were

incubated at optimum conditions (~60°F and 57%RH) to record any emerging insects.

Monitoring Rice Quality

At one-month intervals, samples were taken from north (N), south (S), and center

(C) bin positions at depths of 3 ft and 9 ft for a total of six samples per bin. The

physicochemical properties of the rice were monitored by evaluating the moisture

content and head rice yield.

RESULTS AND DISCUSSION

Figure 1 shows the temperature profiles of two of the bins that were used for the

study; these temperature profiles can be considered typical of other bin temperature

profiles. The bins that were aerated manually (Control Bins) were started 4 days after

the bins aerated by controller aeration (Test Bins). During this 4-day period, a signifi-

cant cold front passed through, allowing the temperatures of the rice in the manually

aerated bins to start out lower than the rice in the test bins. However, these tempera-

tures never decreased significantly; instead, they increased slightly over time until the
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cold winter temperatures brought the rice temperatures to approximately 50°F. The

thermostatically controlled bins had a much different profile – the temperatures in

these bins demonstrated three distinct cooling periods that were consistent with the

three-cycle cooling regimen that was utilized by the controller. Similar cooling profiles

have been demonstrated in three-cycle cooling regimens by Reed and Harner III (1998)

in stored wheat. Bins receiving controlled aeration had low rice temperatures of 41°F,

approximately 9°F lower than the bins aerated manually, a significant difference con-

sidering that the manually operated aeration treatment ran for 114.9 hrs during the

storage season compared to 125.7 hrs for the controlled aeration treatment.

Figure 2 shows head rice yield (HRY) and moisture content (MC) changes as a

function of storage duration. For the rice in the manually aerated bins, the MC began

high (~15%) and equalized with the rice in the controller aerated bins at approximately

12.5%, after 4 weeks of storage, and remained at ~12.5% for the duration of storage. In

general, HRY increased with storage duration for both manual and controlled aeration.

This is consistent with data presented by Daniels et al. (1998). The HRY in both aera-

tion treatments demonstrated identical patterns of change over the duration of stor-

age, with HRY of the manually aerated rice consistently about 2% higher than the rice

from the controller aerated bins. This may be due to its higher average MC values.

The number of recovered living insects was lower in the traps taken from thermo-

statically aerated bins than in the traps recovered from the manually aerated bins (Fig.

3). In both cases, the number of live insects dropped over storage duration; however,

those in controller aerated bins were killed much more quickly. Figure 4 shows the total

number of insects recovered after the rice was incubated after each sampling time.

Consistent with the live insect counts, the total number of recovered insects decreased

in both aeration treatments, but there were fewer recovered insects in the controller

aerated bins. This suggests that the controller aerated bins can prevent insect infesta-

tions by decreasing the propagation rates of the insects.

SIGNIFICANCE OF RESULTS

The goal of this project was to determine the usefulness of thermostatically

controlled aeration devices in managing stored rice. Our results are significant for

several different reasons. First of all, the temperature profiles of the rice in the bins

used in this study support the hypothesis that thermostatically controlled aeration

devices can be used by farmers to successfully cool and condition their rice during the

storage season. By utilizing thermostatically controlled aeration devices, farmers could

place their rice in bins, set their aeration devices, and let the controller aerate their rice

during the storage season. Since the controllers were successful in lowering the bin

temperatures, the survival rate of insects in the thermostatically aerated bins was

significantly lower than in the manually aerated bins. Although the thermostatically

controlled bins demonstrated different temperature profiles, the important physico-
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chemical properties of HRY and MC were almost identical. The overall significance of

this research is the fact that controlled aeration can be a successful method for reduc-

ing bin temperatures in on-farm storage bins, thus protecting rice from insect infestations

while still maintaining important physicochemical properties of rice such as HRY and MC.
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Fig. 3. Recovered live insects as a function of storage duration and

aeration treatment. Means with the same letter are not significantly different.
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ONGOING STUDIES: RICE QUALITY AND PROCESSING

PREFERENCE MAPPING OF JASMINE RICE

FOR U.S. ASIAN CONSUMERS

S. Suwansri, J.-F. Meullenet, J.-A. Hankins, and K. Griffins

ABSTRACT

Fifteen commercial Jasmine rice samples consisting of three domestic varieties

and twelve imported products were evaluated by a trained sensory panel and by 105

Asian families currently living in Arkansas in the areas of Fayetteville, Springdale, and

Fort Smith. Sensory characteristics most important to the acceptance of Jasmine rice

by U.S. Asian consumers were identified to be aroma and flavor of cooked rice.

INTRODUCTION

Due to the increased consumption of ethnic food, there has been an increase in

per capita rice consumption from 25.38 pounds in 1998 to 26.29 pounds in 1999 (USA

Rice Federation, 1999). The demand seems to increase in whole grain consumption and

processed foods using milled, brown, precooked, and particularly, specialty or aro-

matic rice. As does Basmati, Jasmine rice contains volatile constituents yielding an

aroma similar to roasted popcorn or nuts, or pandon leaf. Therefore, it is popular and

mostly consumed among Asian Americans immigrating from Southeast Asia (Pinson, 1994).

Rice preference studies with 120 Asian consumers and 21 rice products con-

ducted by Meullenet et al. (2001) showed that the most important factors in determin-

ing Asian consumers’ overall acceptance of rice products were appearance and aroma.

Flavor and texture seemed to play less important roles in determining overall accep-

tance. Results also indicated that U.S. Asian consumers preferred rice with a high degree of

whiteness, a softer, and more cohesive (i.e., sticky) texture (Meullenet et al., 2001).

Since the U.S. Asian population is very discriminative toward the quality of the

rice they consume, there is a need to assess the likes and dislikes of this population
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segment and to evaluate key differences between domestic and imported Jasmine rice.

The objectives of this study were to assess the acceptability of both domestic and

imported Jasmine rice by Asian consumers and to identify key quality attributes of this

increasingly popular type of rice.

PROCEDURES

Fifteen domestic and imported Jasmine rice products were purchased from local

specialty stores or producers. A list of the rice samples used is given in Table 1. Each

sample was pre-measured in 3-lb plastic bags (Glad, Ziploc Bags) and used for both

consumer testing and descriptive analysis by a trained panel. The coded and sealed

samples were placed in plastic airtight storage buckets and stored at 4°C in a commer-

cial walk-in refrigerator until testing.

Sample Preparation

Jasmine rice samples were retrieved from cold storage and allowed to temper for

approximately 12 hours before cooking. Electronic rice cookers (Rice-O-Mat, National

Brand: model #SR-w10F-5 quart capacity) were used to cook all the Jasmine rice samples.

Rice samples were prepared using a 1.5:1 water to the rice ratio or 300 g of rice in 450 ml

of water. The rice sample and water were emptied into the cooker holding chamber,

covered with a vented lid, and the rice cooker was switched to “on” twenty-one minutes

prior to the scheduled presentation time to the trained descriptive panel. The samples

remained covered throughout the cooking duration. When cooking was completed,

the removable holding chamber was immediately lifted out of the heating chamber to

prevent overcooking or scorching.

For presentation to the panel, the sample was dipped into preheated (165°F) 6-oz

glass bowls. The heated glass bowls were then placed inside Styrofoam cups and

covered with coded watch glasses. For the consumer test (home-use test), the respon-

dents were asked to follow the cooking instruction and evaluate the cooked rice within

30 minutes after the rice was cooked.

Descriptive Analysis

A nine-member panel, employed by the University of Arkansas, Department of

Food Science and well-trained in descriptive analysis of rice (Spectrum Method,

Meilgaard et al., 1999), evaluated 5 visual, 20 flavor, and 11 textural attributes for all 15

cooked Jasmine rice samples. During orientation, a frame of references, which repre-

sented a wide variety of Jasmine rice products, was presented to the panel. These

reference samples assisted the panel in developing descriptors and appropriate de-

scriptive techniques.
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The visual, flavor, and textural lexicons used to describe the attributes that were

evaluated, their definitions, and references used are described in Tables 2, 3, and 4.

Samples were unimodally (i.e., one at a time) presented to the panelists in individual

booths featuring controlled lighting and positive air pressure. Panelists scored all

attributes on a 0 to 15 continuous scale. Scores for each attribute were given by

panelists using paper ballots.

Jasmine rice samples were presented at 160°F and panelists were instructed to

complete their evaluations before the sample reached 140°F (i.e., digital thermometers

were provided to each panelist). Crackers and water were provided for panelists to

clean and rinse their palates between samples. Sample serving order was randomized

across treatment and all panelists evaluated each of the 15 samples in duplicate on

separate testing days.

Home-Use Testing

Home-use testing was conducted in Arkansas in the towns of Fayetteville,

Springdale, and Fort Smith. Asian consumers living in these three areas were recruited

through a survey distributed to local oriental supermarkets and oriental restaurants.

The main criterion to be considered in selecting consumers was whether or not he/she

and the family consumed Jasmine rice. To encourage participation, a $30 gift certificate

was offered upon completion of the test.

According to the consumer-consumption behaviors and their background infor-

mation, the respondents were classified into 3 groups: light users (less than 9 meals per

week, 26 %), medium users (9 to 13 meals per week, 30 %), and heavy users (13-21 meals

per week, 44 %).

Jasmine rice samples were weekly delivered to the respondents’ homes from 1

March to 17 April 2000. The respondents received 800 g of different Jasmine rice

samples for 7 consecutive weeks. Each Jasmine rice sample contained the cooking

procedure as well as an evaluation form. From fifteen samples of rice that were tested,

each household evaluated a subset of seven samples according to a balanced incom-

pletely block in Latin Square (Cochran and Cox, 1957). The questionnaire was designed

to assess the acceptance of each sample by the respondents.

Data Analysis

Consumer acceptance scores were predicted using descriptive attributes as pre-

dictive variables in Partial Least Squares Regression model regression (PLS1 option) in

the multivariate regression software (The Unscrambler, version 7.5, Camo, Norway).

Data were centered prior to PLS regression so that all results were interpretable in terms

of variation around the mean, and the full cross-validation method was employed. By

using this procedure, the same samples were used for both calibration and validation
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of the models. With full cross-validation, each sample was removed one at a time from

the sample set, then a new calibration was performed and a predictive score was calcu-

lated for the sample removed. Overall consumer acceptance was also predicted with

similar modeling methods using consumer acceptance of aroma, flavor, and texture as

predictors. Weighted regression coefficients (i.e., coefficient weighted by the variable

mean value) were used to express their relative influence independently of differences

in intensities of sensory attributes.

RESULTS AND DISCUSSION

Results showed that most of the imported Jasmine rice was preferred by this

consumer group. Domestically grown Jasmine rice was less acceptable (Fig. 1). Overall

acceptance of the samples was well predicted from the sensory description obtained from

the trained panel (R2= 0.9539). Manual stickiness, initial cohesion, adhesion to lips, and

cohesiveness were found to have a positive impact, whereas roughness of mass had a

negative impact on the acceptance of Jasmine rice texture by Asian consumers (Fig. 2). This

finding confirmed results reported by Meullenet et al. (2001) indicating that higher sample

cohesiveness contributed to increased consumer acceptance of texture, whereas higher

sample macro roughness of mass tended to decrease acceptance.

Starchy, sulfur, and burlap notes were found to positively impact the aroma and

flavor acceptance among Asian consumers while higher floral, feedy, woody, and wet

cardboard notes contributed to lowering acceptance (Fig. 2). These latter negative

attributes were most highly exhibited in one imported Jasmine rice: iS, and in all domes-

tic Jasmine rice: dJ, dS, and dT. In addition, Asian consumers expressed lower ac-

ceptability of the sample with dark or brownish-yellow color such as dJ and dS.

Results also indicated that Asian consumers preferred Jasmine rice with a high

degree of whiteness and glossiness.

Asian consumers indicated that the most important factor in determining their

overall acceptance of Jasmine rice was first its aroma and second its flavor (Fig. 3).

Stickiness and hardness did not seem to play important roles in determining overall

acceptance by U.S. Asian consumers.

SIGNIFICANCE OF FINDINGS

Imported Jasmine rice was preferred by Asian consumers to domestic Jasmine

rice. The most important factors determining the acceptance of Jasmine rice were cooked

rice aroma and flavor. These findings allowed the identification of sensory characteris-

tics most important to Jasmine rice acceptance by these Asian consumer groups. Data

collected here could be useful for the rice producers in the United States to better

understand the specific sensory characteristics needed for optimizing acceptance by

Asian consumers of aromatic rice.
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Table 1. Jasmine rice samples.

Product type Product name

Domestic Jasmine rice Jasmine 85, Lowell Farm, TX (dJ)

Jasmine Specialty Rice Marketing, AR (dS)

Jasmati Rice Tec, TX (dT)

Imported Jasmine rice Angel Rice Jasmine (iA)

Bells & Flower Jasmine (iB)

BKM Jasmine (iK)

C.T.F. Brand Jasmine (iC)

Dynasty (iS)

Golden Boy Jasmine (iG)

Golden Camel Jasmine (iM)

Golden Cobra Jasmine (iD)

I.T.C. Brand Jasmine (iI)

Jasmine, Riviana Foods, TX (iR)

Rose Rice Jasmine (iR1)

Rose Rice Jasmine (iR2)
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Table 2. Descriptive visual lexicon – Jasmine rice.

TERM DEFINITION REFERENCE

DEGREE OF WHITENESS The degree to which the sample Uncle Ben’s parboiled (5.0)

is visually pure white. Thai Kitchen Jasmine (11.0)

STICKINESS The degree to which grains Thai Kitchen Jasmine (1.5)

stick together. Fluff sample Uncle Ben’s parboiled (3.0)

with fork to evaluate degree to

which kernels stick together.

GRAIN INTEGRITY The degree to which grains are Uncle Ben’s parboiled (0.0)

cracked. Observe the sample Thai Kitchen Jasmine (2.5)

and determine degree to which

kernels are split.

SURFACE ROUGHNESS The degree to which kernels Uncle Ben’s parboiled (1.5)

are rough. Observe and Thai Kitchen Jasmine (4.0)

determine the degree of roughness.

GLOSS The degree to which kernels Thai Kitchen Jasmine (10.0)

shine. Observe and determine Uncle Ben’s parboiled (13.0)

the degree of shine.

Table 3. Descriptive aromatics and basic tastes lexicon – Jasmine rice.

TERM DEFINITION REFERENCE

STARCHY The aromatics associated with the Rice flour paste; rice flour

starch of a particular grain source. in water. Mixing ratio is 1:1.

GRAINY A general term used to describe the Cereal grain: Bran Buds,

aromatics of raw or cooked grains, air popped popcorn,

which cannot be tied to a special Cream of Wheat

grain.

FEEDY The aromatics associated with a Chicken feed; Bran Buds

mixture of grains reminiscent of

animal feed. (Dusty, musty, sharp)

SCORCHED The aromatic associated with Scorched popcorn

scorching.

WET CARDBOARD/ The aromatics associated with early Place wet cardboard in a

PAPERY stages of oxidation. reference jar and sniff.

NUTTY The aromatics associated with nuts Toasted wheat germ

or nutmeats, which cannot be tied

to a specific origin.

SWEET AROMATIC The aromatic associated with 1-Vanilla

materials that also have sweet 1-Maltol

tastes, such as molasses, caramelized

sugar, cotton candy, maple syrup, maltol.

SULFURY The aromatics associated with Boiled eggs, Struck match,

hydrogen sulfide, boiled or rotten eggs. Sewer gas, Cooked cabbage

continued
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Table 3. Continued.

TERM DEFINITION REFERENCE

HEATED OIL The aromatics associated with fresh Heated vegetable oil

oil that has been heated: not indicative Heated cottonseed oil

of any oxidized or “off” notes.

METALLIC 1) The aromatics associated with 1) Pineapple can (for sniffing)

metals; tinny or irony.

2) A flat chemical feeling factor 2) Tin foil (bite down on it

stimulated on the tongue and teeth several times)

by metal (coin, tin foil).

BURLAP The aromatics associated with burlap. Burlap rice bag

FLORAL / MINTY The aromatics associated with a Jasmine scent

non-specific floral note and sometimes

described as mint.

WOODY The aromatics associated with dry Wood chips, Beta ionone,

fresh-cut wood; balsamic or bark-like Toothpicks

DAIRY NOTE The aromatics associated with an off -

or negative note reminiscent of

soured or old dairy products.

HOT PLASTIC The aromatics reminiscent of hot -

rubber, vinyl or plastic

ASTRINGENCY The chemical feeling factor Grape juice (Welch’s)

associated with the shrinking and Tea bag / 1 hour soak

puckering of the tongue caused by

substances such as tannins or alum.

SWEET The basic taste on the tongue Solutions of sucrose in spring

stimulated by sugar and high water

potency of sweeteners.

SALT The basic taste on the tongue Solutions of sodium chloride

stimulated by sodium chloride. in spring water

SOUR The basic taste on the tongue Solutions of citric acid in

stimulated by acids. spring water

BITTER The basic taste on the tongue Solutions of caffeine in spring

stimulated by solutions or substances water

such as quinine and certain other

alkaloids.
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Table 4. Descriptive oral texture lexicon – Jasmine rice.

TERM DEFINITION TECHNIQUE

INITIAL

MANUAL STICKINESS The force required separating the Compress 5 kernels between

fingers after compressing sample thumb and forefinger and

between the thumb and forefinger. evaluate the force required to

separate your fingers.

(Easy ...................... difficult)

INITIAL COHESION The degree to which the unchewed Place 1/2 teaspoon of sample

sample holds or sticks together. in mouth. Feel mass with

tongue and evaluate quickly

how tightly the mass is

sticking and holding together.

(Loose ......................... tight)

PARTIAL COMPRESSION

ADHESION TO LIPS The degree to which the sample Compress sample between

adheres to the lips. lips, release, and evaluate the

degree to which the product

remains on the lips.

(Fall ........................... sticks)

FIRST BITE / CHEW

HARDNESS The force required to compress Compress or bite through

the sample. sample one time with molars

or incisors.

(Soft ............................ hard)

COHESIVENESS The amount the sample deforms Place sample between the

rather than splits apart, cracks, or molar teeth and compress

breaks. fully. May also be done with

incisors.

(Splits .................... deforms)

CHEWDOWN

COHESIVENESS OF The amount that the chewed sample Chew sample with molar

MASS holds together. teeth up to 15 times and

evaluate.

(Loose mass ...... tight mass)

MACRO ROUGHNESS The amount of roughness perceived Chew sample with molars

OF MASS on the surface of the chewed sample and evaluate the irregularities

Hint: You are looking for the large on the surface of the sample

lumps, bumps, hills and valleys, etc. mass.

(Smooth .................... rough)

TOOTHPULL The force required to separate the Chew sample 2-3 times and

 jaws during mastication. evaluate the force required to

pull your jaw apart.

(Easy ...................... difficult)

continued
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Table 4. Continued.

TERM DEFINITION TECHNIQUE

RESIDUAL

NUMBER OF CHEWS The number of chews required to Place 1 teaspoon of sample in

prepare the sample for swallowing. the mouth and count the num-

ber of chews required to pre-

pare the sample for swallowing.

TOOTHPACK The amount of product packed into Chew sample 10-15 times,

the crowns of the teeth after expectorate, and feel the

mastication. surface of the crowns of the

teeth to evaluate.

(None ......................... much)

RESIDUAL FILM The amount and degree of residue Swallow the sample and feel

felt by the tongue when moved over the surface of the mouth with

the surface of the mouth. the tongue to evaluate.

(None ......................... much)

y = 0.8813x + 0

R2 = 0.9539
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Fig. 1. Predicted versus observed acceptance of Jasmine rice by

Asian consumers. Sample name abbreviations can be found in Table 1.
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ONGOING STUDIES: RICE QUALITY AND PROCESSING

PROPERTIES AND STRUCTURES OF FLOURS AND STARCHES

FROM WHOLE, BROKEN, AND YELLOWED RICE GRAINS

Y.-J. Wang, L. Wang, D. Shephard, F. Wang, and J. Patindol

ABSTRACT

The objective of this study was to compare the structure and properties of flours

and starches from whole, broken, and yellowed rice. Rice flour and starch were pre-

pared from ‘Bengal’ cultivar 1999 crop from whole, broken, and yellowed rice for analy-

sis. Yellowed rice flour had higher whereas broken rice had lower Brabender viscosities

compared with whole rice flour. All the flours and starches exhibited similar gelling and

thermal properties, with the exception that yellowed rice flour had a firmer texture.

Scanning electron microscopy indicates that broken rice protein was denatured by

high-temperature drying in broken rice grains. The high-performance size-exclusion

chromatogram of flours reveals the increased concentration of glucose in yellowed

rice, which supports the occurrence of non-enzymatic browning reaction in rice yel-

lowing. The alkaline-soluble fraction during starch isolation is believed to contribute

to the difference in pasting properties among whole, broken, and yellowed rice.

INTRODUCTION

The quality of rough rice (Oryza sativa L.) is determined by factors such as

cracked grain, immature grain, discolored grain, damaged grain, red rice, and varietal

purity (van Ruiten, 1979). Rice is generally consumed as whole grains; thus head rice

yield is a very important grain quality indicator. Therefore, there is a significant finan-

cial loss associated with the breakage of milled rice. Broken kernels are considered a

result of stresses and strains development within the kernel due to moisture change,

resulting in the formation of fissures and cracks and eventually breakage during milling

(Kunze and Hall, 1965; Kunze and Choudhary, 1972). Rice yellowing is a serious prob-
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lem in rice-producing countries since the introduction of high-yielding varieties and

wet-season harvests (de Padua, 1985). The cause of yellowing has been identified as a

combination of microbiological and chemical activities triggered by delayed drying of

harvested rough rice in the field, and extremely humid environmental conditions that

result in overheating of the grain before it is dried (van Ruiten, 1985). The underlying

mechanism of rice yellowing, however, is yet to be determined.

This study was designed to compare the flours and starches of whole, broken,

and yellowed rice grains from a medium-grain cultivar grown in Arkansas in 1999 and to

understand their differences in chemical structure and properties. Processing condi-

tions were chosen to intentionally produce broken and yellowed rice grains and only

yellowing associated with chemical, non-microbial action was investigated in this study.

PROCEDURES

Bengal rough rice was obtained from the 1999 crop of the University of Arkansas

Rice Research and Extension Center farm in Stuttgart, Arkansas. Whole rice was ob-

tained by drying rough rice in a conditioning chamber, controlled at 21°C and 50%

relative humidity (RH) and equilibrated until reaching the target moisture content (MC)

of 12% (wet basis). The broken rice was produced by drying the rough rice at 60°C and

17% RH until reaching 12% MC and then placing the dried sample immediately in a 5°C

cool room, which resulted in exclusively broken kernels. Yellowed rice was produced

by adjusting the MC of rough rice to 20% (wet basis) by spraying water and then

covering the sample with aluminum foil before heating in a convection oven at 60°C for

72 hr. Thereafter the sample was dried to ~12% MC in a 40°C convection oven.

Samples were dehulled, polished, weighed, and separated into head rice and

broken grains. Crude protein of rice flour was measured according to AACC Method

46-13 (1995). Starch was isolated from milled rice flour by following a modified alkali

steeping method (Yang et al., 1984). Total starch was determined according to AACC

Method 76-12 (1995). Starch yield was calculated by dividing isolated starch with total

starch on a dry-weight basis.

Pasting properties of rice flours (10% dry basis) and starches (6% dry basis) were

characterized according to AACC Method 61-01 (1995). The gel strength of the gelati-

nized pastes was measured with a TA-XT2i texture analyzer (Texture Technologies

Corp., Scarsdale, NY) after 12 days of storage at 5°C (Wang and Wang, 2000).

Scanning electron micrographs were taken with a Hitachi S 2300 scanning elec-

tron microscope (Tokyo, Japan) at an accelerating voltage of 25 kV.

The carbohydrate profiles of flour and starch samples were analyzed with high-

performance size-exclusion chromatography (HPSEC) according to the method of

Kasemsuwan et al. (1995) with modification (Wang and Wang, 2000).



  AAES Research Series 485

324

RESULTS AND DISCUSSION

Table 1 summarizes the starch yields, protein contents, and gel strength of three

rice samples. Yellowed rice had the lowest starch yield (38.8%) and the highest protein

content (8.1%). Apparently a significantly greater amount of starch was lost from

yellowed rice during starch isolation. There was no difference in both starch yield and

protein content for whole and broken rice grains.

The pasting properties of flour and starch from whole, broken, and yellowed rice

are presented in Fig. 1. Broken rice flour showed a similar pasting temperature but lower

hot and cool paste viscosities, whereas yellowed rice flour exhibited a higher pasting

temperature, less breakdown, and significantly higher hot and cool paste viscosities

compared with whole rice flour (Fig. 1A). However, the differences in pasting proper-

ties among three starches were not as significant as for three flours. Broken rice starch

had slightly lower hot and cool paste viscosities and yellowed rice starch had a slightly

lower hot paste viscosity compared with whole rice starch (Fig. 1B). It is speculated

that protein in the rice grain interacted with starch during the yellowing process of

heating at 60°C for 72 h and formed a strong matrix with the starch granule that delayed

starch swelling, protected starch from shear, and resulted in higher pasting temperature and

less breakdown, which supports the occurrence of non-enzymatic browning reaction dur-

ing yellowing process. Paste of yellowed rice flour was significantly firmer than that of

whole and broken rice flours but no difference was noted for the three starch pastes.

The scanning electron micrographs of three rice grains are shown in Fig. 2.

Whole rice grain showed some distinct starch granules with clean surface (Fig. 2A)

whereas all the starch granules in yellowed rice grain were slightly covered with pro-

tein, supporting the proposed hypothesis of starch-protein interaction. Unlike whole

or yellowed rice grain, the fractured surface of broken rice was smooth and covered

with a “melted” protein layer. It is speculated that protein in broken rice grains was

denatured due to high temperature drying (Ju et al., 2001) and formed a blanket-like

cover over starch granules.

The carbohydrate profiles of rice flours are depicted in Fig. 3. Yellowed rice flour

had decreased amylopectin and increased amylose contents, and a greater proportion

of low molecular-weight molecules, particularly molecules with degree of polymeriza-

tion (DP) below 10. Both whole and broken rice flours consisted of a higher concentra-

tion of DP 2 but not DP 1, with broken rice flour slightly higher than whole rice flour. It

is hypothesized that glucoamylase, a glucose-forming enzyme, was capable of acting

on starch or starch-breakdown molecules under the prolonged high- moisture content

and high-temperature conditions, and produced a significantly increased amount of

low molecular-weight saccharides, particularly glucose (DP 1).

Because of its presence at a high concentration in yellowed rice flour, glucose, a

reducing sugar, would be capable of interacting with protein in rice grain and forming

Maillard reaction products. The amount of glucose produced by glucoamylase is as-

sumed to be much greater than that detected by HPSEC, as most of the glucose was
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depleted through reacting with protein to form the proposed proteinaceous matrix.

Whole, broken, and yellowed rice starches were also characterized by HPSEC, and their

carbohydrate profiles show little difference in both native and isoamylase-debranched

conditions (results not shown). The results suggest that the alkali-soluble fraction,

which consisted of soluble carbohydrates, protein, and protein-containing materials,

during the starch-isolation process contributed to the observed differences among

whole, broken, and yellowed rice.

SIGNIFICANCE OF FINDINGS

Rice yellowing could be partially ascribed to microbiological activity in nature,

but the conditions used to produce yellowed rice in this study provided evidence that

non-enzymatic browning reaction contribute to rice yellowing. The results suggest

that the alkaline-soluble fraction (instead of the starch fraction) during starch isolation

determined the properties of rice flours. There was no difference in structures and

properties for starches isolated from whole, broken, and yellowed rice grains.

ACKNOWLEDGMENTS

The authors thank Auke Cnossen for providing rice samples and the Arkansas

Rice Research and Promotion Board for financial support.

LITERATURE CITED

AACC. 1995. Method 46-13 Crude protein – Micro-kjeldahl. Method 61-01

Amylograph method for rice. Method 76-12 Total starch - Rapid enzymatic method.

In ‘AACC Approved Methods’ (9th edition). American Association of Cereal

Chemists, Inc., St. Paul, MN, USA.

de Padua, D.B. 1985. Requirement for drying high moisture content grain in Southeast

Asia. Proc. Int. Seminar “Preserving Grain Quality by Aeration and In-store

Drying”, Kuala Lumpur, Malaysia. ACIAR Proceedings No. 15 45-49.

Ju, Z.Y., N. Hettiarachchy, T. Siebenmorgen, and A. Cnossen. 2001. Evaluation of

protein denaturation in rice subjected to varying drying and tempering conditions.

Abstract submitted to Institute of Food Technologists Annual Meeting 2001.

Kasemsuwan, T., J.-L. Jane, P. Schnable, P. Stinard, and D. Robertson. 1995. Character-

ization of the dominant mutant amylose-extender (ae1-5180) maize starch. Cereal

Chemistry 72:457-464.

Kunze, O.R. and C.W. Hall. 1965. Relative humidity changes that cause brown rice to

crack. Trans. ASAE 8:396-399, 405.

Kunze, O.R. and M.S.U. Choudhary. 1972. Moisture adsorption related to the tensile

strength of rice. Cereal Chemistry 49:684-696.



  AAES Research Series 485

326

van Ruiten, H.T. L. 1979. The quality of paddy related to the performance of rice mills.

Southeast Asia Cooperative Post Harvest Res. Dev. Programme, SEARCA, Los

Banos, Philippines.

van Ruiten, H.T. L. 1985. Rice milling: An overview. In: B.O. Juliano (ed.). Rice:

Chemistry and Technology, 2nd edn., American Association of Cereal Chemists,

Inc., Minnesota, USA pp 349-388.

Wang, Y.-J., and L. Wang. 2000. Structures and properties of commercial maltodextrins

from corn, potato, and rice starches. Starch/Staerke 52:296-304.

Yang, C.C., H.M. Lai, and C.Y. Lu. 1984. The modified alkaline steeping method for the

isolation of rice starch. Food Science 11:158-162 (Chinese).

Table 1. Starch yield, protein content, and gel strength

of whole, broken and yellowed rice grainsz.

Firmness

Sample Starch yield Protein Flour Starch

----- (%, dry basis) ----- ---------- (g) ---------

Whole rice 50.5 ay 7.6 b 22.7 b 23.1 a

Broken rice 48.9 a 7.8 b 23.1 b 23.9 a

Yellowed rice 38.8 b 8.1 a 37.2 a 20.6 a

z Average of three measurements.
y Mean values in the same column with different letters are significantly different (p<0.05).
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Fig. 1. Brabender Amylographs of (A) 10% flours (dry basis);

(B) 6% starches (dry basis) of whole, broken, and yellowed rice.
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A
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C

Fig. 2. Scanning electron micrographs of (A) whole rice kernel,

(B) broken rice kernel, and (C) yellowed rice kernel. The bar represents 10 µµµµµm.
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ONGOING STUDIES: ECONOMICS

IMPLICATIONS OF HERBICIDE-RESISTANT

RICE ON CROP ROTATIONS

M.M. Annou, M. Thomsen, E.J. Wailes, J.M. Hansen, and G.L. Cramer

ABSTRACT

Availability of new herbicide-resistant biotech rice varieties may affect tradi-

tional rice rotation practices to control red rice and enhance yields. This research

evaluates the adoption of biotech rice and its effects on the current practice of crop

rotation in the Mississippi River Delta region. The optimal utilization of biotech rice

rotation is analyzed using a nonlinear mathematical programming model with mixed

integers. Optimal rotation was found to be sensitive to the technology fee, relative

prices received by farmers, the effectiveness of red rice control, and a sheath blight

penalty on yield for continuous rice production.

INTRODUCTION

Weed and disease management decisions shape the costs and returns of rice

production, especially for control of red rice and sheath blight. Red rice, a wild type of

cultivated rice, interferes with rice yield and quality in much of the southern United

States (Smith, 1981). Sheath blight is a fungus-borne disease that spreads in rice resi-

dues and reduces the productivity of rice farms (Cartwright and Lee, 2000). In an effort

to address the red rice problem, several biotech rice varieties have been developed to

resist wide spectrum herbicides. A promising rice technology for commercial produc-

tion in the U.S. seems to be Liberty Link rice, a genetically engineered variety of rice

that is tolerant to glufosinate ammonium (Annou et al., 2000). This technology is ex-

pected to relax the need for rotation to combat rice pests and enable farmers to choose the

most profitable cropping strategy. Adoption of herbicide resistant rice will involve adjust-

ment of the current crop rotation practice to accommodate the new technology.
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Traditionally, rotation ensures a cost-effective method of pest control in elimi-

nating red rice and sheath blight while taking advantage of the relationships between

crops to increase yield and quality, and reduce yield variability. Soybeans preceding

rice provide nitrogen in the soil, an input that enhances the output level of rice. When

the red rice population exceeds a tolerable level, rotation out of rice becomes necessary

to eliminate the red rice problem. Hence, farmers experiencing a red rice problem have a

keen interest in the release of biotech rice technology for commercial production. They

can use the technology to reduce the cost of pest management and improve the pro-

ductivity of rice production.

OBJECTIVES

This study investigates how adoption of herbicide-resistant biotech rice can

alter the current practice of rotation between rice and soybeans. Crop rotation deci-

sions are analyzed subject to a red rice constraint to identify the sequence of regular

rice, biotech rice, and soybeans that maximizes the farm returns.

PROCEDURES

A mathematical programming model is used to predict crop selection between

rice and soybeans. Farmers are assumed to choose a crop rotation scheme to maximize

the expected gross margin over a 10-year planning horizon. The crop rotation model

includes three decision variables: regular rice, biotech rice, and soybeans. The model

estimates the density of red rice as a function of the seed bank, crops in the current and

preceding years, and the weed control activity. The severity of sheath blight depends

on the preceding crop and rate of fertilizer use. Sheath blight normally occurs with

short rotation practices. The objective function, expressed in gross margin per acre is
Vtt  Max ∑∑∑∑(GMctctGMbtbtGMstst)                       t 0                        t 0 or        T 9T 9Vtt  ∑∑∑∑(PctctCctct)Yctct  Xrtrt (PststCstst)YssXstst  (1Xrtrt)Xbtbt(PbtbtCbtbt)Ybtbt(1Xbtbt)              t 0              t 0 

Where GMct, GMst, and GMbt are discounted gross margins of conventional rice,

soybeans, and biotech rice, respectively, and Yrt, Yct, and Ybt are the yields for red rice,

conventional rice, and biotech rice, respectively. The prices Pct, Pbt, and Pst are the

prices for conventional rice, biotech rice, and soybeans, and Xrt = 1 if regular rice is

grown, 0 otherwise, Xst = 1 if soybeans are grown, 0 otherwise, and Xbt = 0 if biotech

rice is grown, 1 otherwise. The costs Cct, Cst, and Cbt are the crop production costs for

conventional rice, soybeans, and biotech rice, respectively.
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Red rice density and its effects on rice yields are modeled after research on

reciprocal yield analysis of red rice competition in cultivated rice (Pantone and Baker

1991).

Yrt = [aro + arrtDrt +arctDct]–1 *Drt

Yct = [aco +acctDct + acrtDrt]–1*Dct

Ybt = [abo +abbtDbt + abrtDrt]–1 *Dbt

Drt = Bt [Gt(1-Ijt)]; where j = c, b, or s.

Bt = Bt-1 + StYrt + dormt-1 +dormt-2

Where Drt is red rice density, Bt is red rice seed bank, Dct and Dbt are densities of

conventional and biotech rice and St is the red rice shatter rate.  B0 and Dr0 are the initial

red rice seed bank and red rice density, which are given. Competition coefficients

among and between rice varieties are arrt, acct, abbt, arct, acrt, abrt, and acrt.  Red rice

germination rate is Gt and Ijt represents the herbicide kill rate associated with crop j. The

parameters dormt-1 and dormt-2 are the germination rates for red rice seeds that were

dormant for one and two years, respectively. Rotation dynamics are established in

three equations of crop selection.

RESULTS AND DISCUSSION

The model was solved for optimal rotation schemes after introduction of biotech

rice technology. Assumed herbicide kill rates for conventional rice, biotech rice, and

soybeans were 0.75, 0.85, and 0.95, respectively. Without biotech rice, the model re-

sults replicated the current crop rotation cycle with six years of soybeans and four

years of rice (Table 1). In the base biotech rice scenario, with  a technology fee of $25/acre,

optimal crop rotation reduced soybeans to four years and increased rice to six years,

including five years of biotech rice. Biotech rice displaced conventional rice three years and

soybeans two years.

Two scenarios examined the sensitivity of rotation to the technology fee. Under

a low technology fee of $15/acre, the rotation practice remains similar to the base

scenario but with an earlier planting of two consecutive years of biotech rice. For the

high technology fee scenario, the higher cost reduced biotech rice planting in favor of

soybeans (in the initial years of the planning horizon) to reduce red rice.

The sensitivity of rotation to crop prices is presented in Table 2. The first sce-

nario of a lower soybean price suggests an earlier adoption of biotech rice. The number

of years planted to rice, biotech rice, and soybeans is equal to that in the base scenario.

The second and third scenarios increase the soybean price by 15% and 25%. In these

cases, the optimal rotation increases the planting of soybeans in the planning period.

The final sensitivity analysis was conducted to examine a change in the kill rate

of biotech herbicide in biotech rice from 85% in the base to 90% and 95% (Table 3). The

higher kill rates induced a crop rotation decision that favored continuous biotech rice

in lieu of soybeans, by as much as 7 out of 10 years for the 90% kill rate. When the red
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rice control using biotech rice is as effective as soybeans (i.e., 95% kill rate), continu-

ous rice becomes optimal.

The model imposed sheath blight as a penalty on yield when rice is produced in

consecutive years. A maximum yield penalty of 5% was used in the baseline for con-

tinuous rice. The scenario in the last column in Table 3 doubles the maximum yield

penalty for sheath blight to 10% per year. The increased yield penalty reduced the

profitability of continuous biotech rice production even though the kill rate of biotech

herbicide is as efficient as soybeans.

SIGNIFICANCE OF FINDINGS

Results from this study are important for rice and soybean producers and the

industry because they provide information on the potential adjustments of the crop

rotation practice to herbicide resistant biotechnology. This information is important for

assisting farmers with crop rotation decisions. The results provide an indication of the

factors that farmers consider for adopting biotech rice technology. This type of re-

search is important to assist production decision making in the context of new agricultural

technology with greater uncertainty as opposed to well-established farming practices.
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ONGOING STUDIES: ECONOMICS

ECONOMIC ANALYSIS OF ADOPTING LIBERTY LINK RICE

M.M. Annou and E.J. Wailes

ABSTRACT

Although not yet commercially available, the medium-grain ‘Liberty Link Bengal’

currently being developed may be one of the first biotech herbicide resistant rice

varieties available to U.S. farmers. Liberty Link rice technology can assist farmers in

controlling red rice, a weed problem that affects rice production in much of the south-

ern United States. Red rice both raises costs to growers and lowers rice value. This

research estimates the economic benefits of Liberty Link rice adoption and their distri-

bution among rice farmers and seed companies. Cost savings, yield considerations,

and farm practices are the main factors determining the net benefit and hence adoption

of Liberty-Link rice technology.

INTRODUCTION

Weed management, especially for red rice, is an important factor contributing to

high rice production costs and low quality rice harvest. Red rice causes a serious weed

problem in rice production because it cannot be controlled with conventional herbi-

cides (Smith, 1981). Consequently, nearly all rice in the southern United States is pro-

duced in rotation with a break crop, especially with soybeans (Baldwin, 1988). Even

with herbicide application to kill the red rice in soybeans, red rice survives into the

following rice rotation due to the dormancy of the red rice seeds over several years. In

an effort to reduce the red rice problem, rice seeds have been developed that resist the

wide spectrum herbicide, Liberty Glufosinate (Wheeler et al., 1998). If successful, this

technology would enable U.S. farmers to produce higher-valued rice at lower costs. It

would also permit farmers more flexibility in crop rotation, enabling more continuous

rice rotations in response to market returns. The objective of this research is to esti-
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mate the economic benefits of adopting Liberty Link rice and analyze their distribution

among rice producers and the owners of Liberty Link technology.

PROCEDURES

A partial budgeting framework was developed to estimate the economic benefit

of Liberty Link rice by comparing returns with and without biotech rice. The framework

was used to construct a baseline and alternative scenarios of adoption. The net benefit

is the difference between the returns per acre of Liberty Bengal and the returns per acre

of regular Bengal. Arkansas Cooperative Extension Service crop budgets for 2000 were

used to measure the net benefit on silt loam and clay soils under till and no-till produc-

tion systems in eastern Arkansas. Three factors were considered in estimating the

benefit of Liberty Link technology: costs, yields, and farm price.

Liberty Link technology could potentially change input use for seeds, herbi-

cides, labor, and equipment. Direct production costs for conventional rice are esti-

mated at $269.49/acre on silt loam soils and $289.74/acre on clay soils (Table 1). Clay soil

farms involve higher costs on seeds, herbicide, labor and machinery than silt loam farms.

However, they use less fertilizer and custom work. Liberty Link technology requires fewer

applications of herbicide than regular Bengal. The initial technology fee was set to zero in

order to conduct a sensitivity analysis of adoption to the cost of the technology.

Under weed-free conditions, Liberty Link Bengal yields 5 to 10% less than regular

Bengal. Under moderate to severe weed infestation, conditions in which Liberty Link Ben-

gal would be considered as an alternative variety, yields are higher by 20% or more, de-

pending upon the degree of red rice and other weed infestation and other cultural

conditions and practices (Johnson, personal communication). The base scenario sets

rice yields at 68 hundred weight (150 bushels)/acre to represent the average yield in

eastern Arkansas. Alternative scenarios were included in the study to account for

yield improvement and yield loss situations.

Rice quality at harvest determines rice market price, which typically includes a

discount based on the percent of clean rice (Wailes, 1996). Biotech rice can decrease

the quantity of red rice seeds in rice and ensure a premium for higher grades of rice

(Brorsen, 1988). The base scenario assumes a U.S. Grade Number 2 for Liberty Link

Bengal and a U.S. Grade Number 3 for regular Bengal. The price of medium-grain rice is

set at $6.50/cwt. It is assumed that a 30¢ premium/bushel is paid for medium-grain U.S.

Grade 2 over U.S. Grade 3 in Arkansas.

RESULTS AND DISCUSSION

Liberty Link technology was found profitable on all types of soils, with no-till

farming generating the highest return (Table 1). The net benefit per acre was estimated

at $32.62 on clay soils, $31.56 on tilled silt loam, and $40.87 on silt-loam under no-till,
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suggesting that farming practice is an important factor of adoption. Liberty Link tech-

nology increased rice returns $0.21 to $0.27/bu to be distributed between the rice

producer and the technology owner. The net benefit includes a quality effect of $19.89/

acre and a cost saving of $20.97, $11.17, and $12.73/ acre on the no-till silt-loam, the

tilled silt-loam, and tilled clay, respectively.

Under the base scenario assumptions, the net benefit is also a measure of the

technology rent. However, when considering a technology fee, the net benefit only

measures the rent that goes to the rice producer. The impact of a technology fee

between $5 and $25/acre was measured for different levels of rice yield (Table 2 and 3).

The results show that the farmer’s net benefit decreased to $9.37/acre when yield drag

is 5% and was a negative $9.46 when the yield drag is 10%. This result suggests that a

yield drag of 5% reduces the profitability of Liberty Link rice by $18.83/acre. Liberty

Link is profitable if the yield loss is less than 10% and the technology fee is set lower

than $20/acre.

These results indicate that the main factors limiting adoption are the technology

fee and the yield drag. On average, the lower the yield drag the higher the net benefit to

the farmer and the more likely adoption becomes. For any technology fee level, Liberty

Link is more profitable if the technology is also yield-enhancing. Conversely, the lower

the technology fee, the higher the net benefit and the more likely the adoption of

Liberty Link technology.

SIGNIFICANCE OF FINDINGS

The findings of this research suggest that Liberty Link rice is profitable but that

the distribution of benefit is an important factor of adoption. Benefits are positive on

farms experiencing serious red rice problem. Returns are also larger if adoption results

in a yield gain and the technology fees are kept low. These findings provide insights into

the characteristics of the potential adopters of Liberty Link rice technology and the pos-

sible effects of adoption on the distribution of rice acreage in the southern United States.
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Table 1. Baseline net benefit of Liberty Link rice technology.

Regular Bengal Liberty Link Bengal

Direct cost Silt loam S/L no till Clay Base-S/L S/L no till Clay

Rice seed 14.30 15.73 17.88 14.30 15.73 17.88

Custom work 89.13 98.30 86.83 87.38 87.55 87.38

Fertilizer and lime 32.19 32.19 24.49 32.19 32.19 24.49

Fungicide and seed TR. 9.30 13.52 10.40 9.30 13.52 10.40

Herbicides 45.58 63.34 61.48 35.93 53.89 48.50

Misc. irrigation 1.45 1.45 1.45 1.45 1.45 1.45

Operator labor 10.44 5.83 10.59 10.44 5.83 10.59

Irrigation labor 8.97 8.97 11.96 8.97 8.97 11.96

Diesel fuel 23.51 19.36 28.33 23.51 19.36 28.33

Repair and maintenance 25.63 18.07 26.66 25.63 18.07 26.66

Subtotal 260.50 276.76 280.07 249.10 256.56 267.64

Interest on op. cap. 8.99 9.76 9.67 8.72 8.98 9.37

Total Direct Cost 269.49 286.52 289.74 257.82 265.54 277.01

Yield (cwt. per acre) 68.00 68.00 68.00 68.00 68.00 68.00

Total revenue 422.11 422.11 422.11 442.00 442.00 442.00

Quality discount -19.89 -19.89 -19.89 0.00 0.00 0.00

Returns on direct costs 152.62 135.59 132.38 184.18 176.46 164.99

Net Benefit ($/acre) 31.56 40.87 32.62

Cost effect 11.67 20.98 12.73

Quality effect 19.89 19.89 19.89

Wheeler, C.C., F.L. Baldwin, R.E. Talbert, and E.P. Webster. 1998. Efficacy of Liberty

Glufosinate In Liberty-Tolerant Rice. In: R.J. Norman and T.H. Johnston (eds). B.R.

Wells Rice Research Studies 1997. University of Arkansas Agricultural Experiment

Station Research Series 460:330-335.
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Table 2. Net benefit to farmers (Silt loam, no-till).

Yield change after adoption

Technology fee Y-0.1z Y-0.05 Y00 Y0.05 Y0.1

$5 -$4.29 $14.54 $33.37 $52.20 $71.02

$10 -9.46 $9.37 $28.19 $47.02 $65.85

$15 -$14.64 $4.19 $23.02 $41.85 $60.67

$20 -$19.81 -$0.98 $17.84 $36.67 $55.50

$25 -$24.99 -$6.16 $12.67 $31.50 $50.32

z Y-0.1: Yield drag of 10%; Y-0.05: Yield drag of 5%; Y00: Zero yield drag; Y0.05: Yield

boost of 5%; Y0.1: Yield boost of 10%.

Table 3. Net benefit to farmers (Clay).

Yield change after adoption

Technology fee Y-0.1z Y-0.05 Y00 Y0.05 Y0.1

$5 -$10.21 $8.62 $27.45 $46.28 $65.10

$10 -$15.38 $3.45 $22.27 $41.10 $59.93

$15 -$20.56 -$1.73 $17.10 $35.93 $54.75

$20 -$25.73 -$6.90 $11.92 $30.75 $49.58

$25 -$30.91 -$12.08 $6.75 $25.58 $44.40

z Y-0.1: Yield drag of 10%; Y-0.05: Yield drag of 5%; Y00: Zero yield drag; Y0.05: Yield

boost of 5%; Y0.1: Yield boost of 10%.
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ECONOMICS OF ON-FARM RESERVOIRS

FOR ARKANSAS RICE FARMS

E.J. Wailes, K.B. Young, J. Smartt, P. Tacker, and J. Popp

ABSTRACT

The Modified Arkansas Off-stream Reservoir Analysis (MARORA) model has

been developed to investigate the economics of investment in on-farm reservoirs by

Arkansas farmers. Many areas in eastern Arkansas are experiencing serious ground-

water depletion as a result of pumping water for rice and other crop production from the

Alluvial and Sparta aquifers. The MARORA model was used in this study to evaluate

the use of on-farm reservoirs as a storage component of an irrigation system for the

proposed Grand Prairie Area Demonstration Project. The project is evaluated for a set

of representative rice and soybean farms with varying groundwater and other farm

characteristics. Compared to a situation where the farms have no access to diverted

surface water and must rely upon current wells and on-farm run-off, access to the

White River project with an optimal size on-farm reservoir results in substantially

higher annual net farm income and farmland values over a 30-year period.

INTRODUCTION

Severe groundwater depletion has continued to be a significant problem for the

Grand Prairie and other parts of eastern Arkansas. A plan to divert surplus flows from

the White River to the Grand Prairie has been proposed; however, to make the system

work, on-farm reservoirs would be needed to store and manage the diverted surface

water for crop irrigation use during the growing season. On-farm reservoirs are also

necessary to collect other available farm run-off water including tailwater unless there

is an immediate irrigation use for additional water.
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On-farm reservoirs are generally not a profitable private investment as long as an

adequate supply of irrigation can be supplied by pumping ground water from the

Alluvial aquifer because of the lower cost of pumping compared with the investment

cost of on-farm reservoirs. This approach however is not sustainable over the longer-

run because ground water levels are declining at a rate that will not sustain irrigated

agriculture, especially rice production, and will not support current farm land values in

eastern Arkansas.

To encourage on-farm reservoir construction at a time when at least some ground-

water is still available for irrigation, special economic incentives will be necessary. The

purpose of this study is to evaluate the economics of using on-farm reservoirs over

different groundwater and surface-water access situations, including the option of

having access to the proposed White River Diversion Project to provide surface-water

supply for irrigation.

PROCEDURES

The MARORA irrigation system analysis model is used to evaluate the net

economic benefits of using an on-farm reservoir for alternative farm-water supply con-

ditions, including having access to the diverted White River water. This model was

validated for investment and use of on-farm reservoirs on representative farms in the

northeast Arkansas and Grand Prairie regions in 1999 (Wailes et al., 2000a,b). Five

case- study rice farms were used in 2000 to assess the White River water diversion

effects with an assumed groundwater initial saturated thickness of 30 or 45 ft and an

annual decline rate of one foot. Costs of accessing the diverted water were provided by

the White River Irrigation District and were included in the model specifications.

RESULTS AND DISCUSSION

Changes in the farming operation of two case-study farms in 30 years with and

without the White River project are shown in Table 1. The two-case study farms at the

study’s onset had reservoirs that were assumed to be usable for the next 30 years with

only operating costs assessed. However, fixed costs were assessed for increased res-

ervoir capacity. Only the estimated on-farm surface-water runoff, well-water, or White

River water were assumed to be available for irrigation use over the projected period of

analysis. Any currently captured runoff from neighboring farmland was assumed to be

unavailable.

The current farming operations shown in Table 1 involve a crop acreage ratio of

about 1/3 rice and 2/3 irrigated soybeans for both farms, which is typical of the study

region. Without the White River project, in year 30, both case farms were projected to have

completely discontinued rice production and were producing soybeans only (primarily

dryland). Well-irrigation was sustained for a longer number of years with 45 ft initial satu-
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rated thickness compared with 30 ft, but by the end of the 30 years, groundwater availability

was very limited and similar for both saturated thickness situations.

Well-irrigation is abandoned in both groundwater situations when a saturated

thickness of about 20-25 ft develops, as wells typically start to surge at these levels.

The estimated average saturated thickness for the Grand Prairie region in 2000 is al-

ready below 40 ft (ASWCC, 2000).

With access to the diverted White River water, a rice-soybean rotation was main-

tained for 30 years with 30 ft initial saturated thickness. Since the well-water supply was

depleted much earlier with 30-ft initial saturated thickness compared with 45 ft, the model

estimated that larger reservoirs were more profitable to utilize a larger amount of White

River water in year 30. The increased reservoir size reduced the cultivated land area.

Annual income projections with and without the White River project are shown

in Table 2 for the two case-study farms. Without the White River project, annual

income drops significantly in all water resource situations over the 30-year period and

cannot be maintained with new well drilling. An optimal size reservoir with the White

River project is profitable for both farm cases regardless of initial groundwater condi-

tions as shown in Table 2.

SIGNIFICANCE OF FINDINGS

The results of this study confirm the importance of on-farm reservoir investment

as a logical and necessary solution to the groundwater depletion problem in the Grand

Prairie of Arkansas. The results for farms with an initial 30 ft saturated ground water

thickness showed that all farms would realize substantial profit from the construction

of an optimal size reservoir and use of the diverted White River water. For the five case

studies examined in this study, farmland values will drop by $1,172/acre over a 30-year

period if no surface-water diversion is made available to relieve the depleted ground-

water. This result implies that dryland farming will replace the current irrigated crop

production systems. The economic impact of this shift in production possibilities will

extend far beyond the farm. Rural communities and agribusinesses throughout the area

will experience severe economic consequences.
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Table 1. Projected changes in farm operations for

two case-study farms with alternative water supply conditions.

Initial saturated thicknessz

45 feet 30 feet

Water supply situation Case 1 Case 2 Case 1 Case 2

Current operation:

Farm size (cultivated acres) 1,012 1,456 1,012 1,456

Current reservoir (acre-feet) 1,100 480 1,110 480

Soybean acres 607 971 607 971

Rice acres 405 485 405 485

At 30 years without the White River projecty

Farm size (cultivated acres) 1,012 1,456 1,012 1,456

Reservoir capacity (acre-feet) 1,100 480 1,100 480

Soybean acres 1,012 1,456 1,012 1,456

Rice acres 0 0 0 0

Water use (acre-feet) 573 655 573 643

At 30 years with the White River projectx

Farm size (cultivated acres) 960 1,354 866 1,235

Reservoir capacity (acre-feet) 1,700 1,800 2,800 3,300

Soybean acres 576 903 520 823

Rice acres 384 451 346 411

Water use (acre-feet) 1,480 1,506 1,309 1,725

z Annual groundwater table decline of one foot.
y Farm has access to on-farm surface water runoff and current wells.
x Assumes White River project delivery of 2.5 gallons per minute, a maximum volume of 1.5

acre-feet/irrigated acre/year and a cost of $27.72/acre-foot.
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Table 2. Projected annual net income of case-study farms

with alternative water supply conditions (thousand $).z

Initial saturated thicknessy

45 feet 30 feet

Water supply situation Case 1 Case 2 Case 1 Case 2

Without the White River projectx

Current reservoir and current wells:

Average: years 1-5 237 145 86 145

Average: years 26-30 43 57 43 55

Current reservoir and additional wells:

Average: years 1-5 235 297 86 145

Average: years 26-30 83 44 43 55

With the White River projectw

Current reservoir and current wells:

Average: years 1-5 229 195 202 198

Average: years 26-30 69 65 74 68

Optimal reservoir and current wells:

Average: years 1-5 185 230 142 177

Average: years 26-30 171 219 159 194

z Production costs are based on the Arkansas Cooperative Extension Service 2000 budgets

and crops prices assumed were $4/bushel for rice and $6/bushel for soybeans.
y Annual groundwater table decline of one foot.
x Assumes only on-farm surface-water runoff is available to supplement groundwater.
w White River diverted water costs $27.71/acre foot.
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COSTS OF ON-FARM DRYING AND STORAGE OF RICE

K.B. Young and E.J. Wailes

ABSTRACT

Estimates of investment and operating costs of new on-farm drying and storage

systems were collected in 2000. The on-farm drying and storage computer model (OFDRY)

was updated and used to evaluate the costs of different facility systems and variation

in costs for different sizes of facilities. Estimated total economic costs per bushel for

15,000- to 200,000-bu capacity facilities were $0.40 to $0.83 for drying and $0.26 to $0.52

for storage. These estimates assume that facilities are constructed at full retail cost of

components, however, construction costs may be much less than retail with discounts

of 20% or more reported by farmers. The cost estimates also assume that rice is stored

for six months, but interest on the value of rice stocks over the six months was ex-

cluded.  Cost per bushel is reduced with increased storage capacity, utilization, and use

for more than one crop.

INTRODUCTION

Costs of rice drying and storage with on-farm facilities were last evaluated in the

1980s (Wailes et al., 1984). Many conditions affecting on-farm drying and storage

costs have changed since the 1980s, including increased equipment and building costs,

increasing shortages of farm labor at harvest time, increased farm size and harvest

capacity, and major changes in utility costs. Energy prices have increased dramatically

since 1999.

The objectives of this research were: 1) to collect the most recent cost data for

on-farm drying and storage; 2) to update the OFDRY computer model developed by

Wailes, Holder, and Welch and incorporate the on-farm drying and storage building
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and equipment costs for 2000; 3) to estimate 2000 drying and storage costs; and 4) to

evaluate key factors that cause the storage and drying costs to vary by farm situation.

PROCEDURES

Data collection, initiated in 1999, included meetings with producers in Poinsett

and Arkansas Counties to estimate typical crop rotations and volume harvested. Data

were also collected in 1999 from grain-drying equipment dealers and from farmers in

eastern Arkansas with systems recently constructed or modified. Data collection was

continued in 2000 to include additional farmers and equipment suppliers. The OFDRY

model was tested and updated with new 2000 list prices for buildings and equipment

and operating cost data applicable to the 2000 rice harvest. The updated model was

used to estimate 2000 drying and storage costs for alternative types of systems and

different farm operating conditions.

RESULTS AND DISCUSSION

On-farm drying and storage systems evaluated in this study included: 1) the in-

line with auger system; 2) the center pit and auger system; 3) the in-line leg system; and

4) the center pit and leg system. The in-line leg system is comparable to the grain pump

or “loop system”, i.e., it can move grain easily in or out of any bin in the system. The

circle systems are currently less popular with farmers than before because of water collec-

tion problems with the underground pit and limitations on bin expansion. New bin installa-

tions are generally well-equipped with high-capacity fans, heaters, and stirrer units for

improved drying capacity. In the 1980s, only about half of the farm bins were equipped for

drying with heaters, high-capacity fans, and stirrer units.

The major change in on-farm drying and storage systems since the 1980s is the

increased investment costs of new facilities. Costs of the basic bin, heaters, and fans

have increased nearly three times the cost reported in 1984. Estimated total facility

investment costs, with components priced at retail, ranged from a low of $3.10/bu for an

in-line auger system to a high of $4.30/bu for an in-line with leg system at a 50,000 bu

capacity (Table 1). This investment cost may be reduced by up to 20% based on price

quotes received by farmers from dealers; however, no discount is assumed in the

estimates presented in this study. Total estimated investment costs of the in-line auger

and the in-line leg systems, currently the most popular for new installations, are $174,000

and $241,294, respectively, for a 50,000 bu facility.

Estimated drying costs per bushel for a 50,000 bu facility, assuming that the

investment was split 50/50 between drying and storage, are $0.50 for total economic

costs and $0.28 for operating costs for the in-line auger system (Table 2). For a 50,000-

bu capacity in-line with leg system, the estimated per bushel costs were $0.52 for total

economic costs and $0.23 for operating costs. This compares with a quoted commerical
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drying charge of $0.35 per bushel for rice at 19.0 to 21.9% field moisture. The drying

cost is estimated to decline with increased capacity of on-farm drying systems and use

for multiple crops.

Estimated storage costs for rice for six months with a 50,000-bu in-line with auger

facility are estimated at $0.28/bu total economic cost and $0.06/bu operating cost,

assuming that all costs except half the facility investment, fumigation, and insurance

for stored rice were charged to the rice drying activity. Estimated storage costs for a

50,000-bu in-line with leg facility are $0.36/bu total economic costs and $0.06 operating

costs. Commercial facilities generally charge $0.03/bu/month for rice storage.

SIGNIFICANCE OF FINDINGS

Estimated costs of on-farm versus commercial costs of rice drying and storage

suggest that farmers may not save money by having their own facilities and need to

give careful thought to making such an investment. However, farmers in the study

reported that other important considerations affect the economics of on-farm drying

and storage systems, in particular the “convenience factor.” The cost of harvesting and

hauling rice from the field to a drying facility can be very different depending on whether

the rice is being delivered to an on-farm or commercial facility. A whole-farm analysis is

needed to address the convenience value of on-farm drying and storage facilities. Market-

ing decisions – e.g., selling seed rice – may also depend on having on-farm storage avail-

able. Management for high-quality rice may also be achieved with on-farm facilities; how-

ever, farmers must give serious attention to recommended drying and storage practices to

ensure high-quality rice. Otherwise, the crop can be damaged in the bin by excessive heat

and other environmental problems.
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Table 1. Ownership costs of alternative

on-farm rice drying and storage systemsz.

Description of Bin system

cost items In-line w/auger Circle pit w/auger In-line w/leg

Bin size 36 ft. 9 rings 36 ft. 9 rings 36 ft. 9 rings

Bin number 3 3 3

Bin costy $117,865 $121,622 $117,865

Drying equipment costx $36,784 $36,784 $36,784

Conveying equipment costw $16,485 $17,636 $83,770

Electrical costv $2,876 $2,876 $2,876

Total cost $174,009 $178,918 $241,294

Cost per bu $3.10 $3.19 $4.30

z Rated capacity of all systems is 50,000 bu.
y Includes retail cost of bins, foundations, cement for pits, cat-walks, ladders, etc.
x Includes cost of fans, heaters, and temperature controls.
w Includes retail cost of all conveying equipment.
v Includes electrical panel, associated equipment, and wiring. Power line to site is excluded.
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Table 2. Annual drying and storage costs for on-farm systems.

System Drying costz Storage costy

bushel capacity Total cost Operating costx Total cost Operating cost

------------------------------------- ($/bu) ------------------------------------

In-line w/auger:

15,000 0.74 0.46 0.34 0.06

20,000 0.71 0.41 0.36 0.06

30,000 0.60 0.34 0.32 0.06

40,000 0.60 0.32 0.34 0.06

50,000 0.50 0.28 0.28 0.06

60,000 0.52 0.28 0.30 0.06

75,000 0.48 0.26 0.28 0.06

90,000 0.44 0.24 0.26 0.06

110,000 0.43 0.23 0.26 0.06

130,000 0.42 0.22 0.26 0.06

200,000 0.40 0.21 0.26 0.06

In-line w/leg:

15,000 0.83 0.35 0.46 0.06

20,000 0.78 0.33 0.52 0.06

30,000 0.64 0.27 0.42 0.06

40,000 0.63 0.27 0.42 0.06

50,000 0.52 0.23 0.36 0.06

60,000 0.54 0.24 0.36 0.06

75,000 0.51 0.23 0.34 0.06

90,000 0.45 0.20 0.31 0.06

110,000 0.42 0.19 0.30 0.06

130,000 0.61 0.23 0.20 0.06

200,000 0.42 0.19 0.43 0.06

z Includes all costs except half of ownership cost, rice insurance, rice fumigation, and

interest on rice stocks in storage.
y Includes half of ownership cost, cost of rice insurance, and fumigation. Interest on stocks

of $0.14/bu (at 9.5% interest for six months) was not included.
x Operating costs in September 2000 were 9.5% interest on operating capital, $1.10/gal for

propane, and $7.50/hr for farm labor.
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COMPLETED STUDIES

INFLUENCE OF NITROGEN FERTILIZER SOURCE,

APPLICATION TIMING, AND RATE ON GRAIN YIELD OF RICE

S.D. Clark, R.J. Norman, N.A. Slaton, and C.E. Wilson, Jr.

ABSTRACT

Many farmers cannot get the flood water across their fields within 3 to 5 days

following urea-nitrogen (N) fertilizer application as recommended. Some take 7 to 10

days and others as much as 2 weeks. Urea is the primary N fertilizer used in delayed

flood rice culture, because of its high N analysis and low cost relative to other N

sources. Urea, however, is prone to ammonia volatilization losses if not soil incorpo-

rated within a couple of days of surface application, especially if the soil pH is >7.0. In

a situation where a farmer cannot flood in <7 days and the soil pH is >7.0, it has been

questioned if ammonium sulfate should be used in place of urea and if the N fertilizer

rate should be increased. A two-year study on a high-pH silt loam (pH ~7.5) determined

that ammonium sulfate is superior to urea if a field has a high-pH soil and it requires 7

to 14 days to establish a flood. The highest rice grain yields were found for the follow-

ing treatments: 1) the field was flooded the same day urea or ammonium sulfate was

applied; 2) the field was flooded in 7 to 10 days and the urea fertilizer rate was increased

by 30 to 60 N/acre, or ammonium sulfate was used in place of urea and the N rate was

increased by 0 to 30 lb N/acre; and 3) the field was flooded in 14 days and ammonium

sulfate was used in place of urea and the N rate was increased by 30 to 60 lb N/acre.

INTRODUCTION

Urea is the primary nitrogen (N) source used in the delayed flood rice cultural

system practiced in the southern United States Ricebelt. This is because of its high N

analysis and low cost relative to other N sources. Urea has many fine qualities, but it

also has an undesirable characteristic in that its initial reaction when applied to soil is
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alkaline; thus, it is prone to ammonia volatilization losses if not soil incorporated within a

couple of days of surface application, especially if the soil pH is >7.0. In the delayed-flood

system, the flood water is used to incorporate the N fertilizer following application. Many

farmers cannot completely flood their fields within 3 to 5 days following N fertilizer applica-

tion as recommended. Many fields take 7 to 10 days and some as much as 2 weeks to flood.

In a situation where a farmer cannot flood timely after N application and the soil pH is >7.0,

might it be better to use an N source that is not as prone to ammonia volatilization losses?

This is a question that has been asked by farmers and extension agents for a number of

years. Ammonium sulfate is neutral or slightly acid in its initial reaction when applied to soil,

so it is much less prone to ammonia volatilization losses compared to urea. The objective of

this study was to determine if ammonium sulfate is a better N source than urea when applied

onto the soil surface at various times prior to flooding.

MATERIAL AND METHODS

The study was conducted at the University of Arkansas Pine Tree Branch Ex-

periment Station on Calloway silt loam (Glossaquic Fragiudalfs) having soil pH values

of 7.5 in 1999 and 7.6 in 2000 at the time of measurements. The cultivar chosen was

‘Drew’, a long-grain, short stature cultivar with good yield potential and the principal

cultivar currently grown in Arkansas. Rice was seeded at 110 lb/acre in nine row plots

(7-in. spacing) 15 feet in length. The rice was grown upland until the 4- to 5-leaf growth

stage and then a permanent flood (2- to 4-in. depth) was applied and maintained until

maturity. A split-split plot factorial experimental design with four replications was uti-

lized in both years. The main plot was fertilizer N rates of 0, 60, 90, 120, or 150 lb N/acre.

The subplot was N fertilizer application time and differed slightly between years. In

1999, the application times were: 1) 1/3 of the N applied preplant incorporated (ppi) + 2/3 of

the N applied the day of flooding (preflood); 2) all the N applied 20 days before flood-

ing; 3) all the N applied 10 days before flooding; and 4) all the N applied preflood. In

2000, the application times were: 1) ˚ of the N applied 2 weeks prior to flooding + ˚ of

the N applied preflood; 2) all of the N applied 2 weeks before flooding; 3) all of the N

applied 1 week before flooding; and 4) all of the N applied preflood. The N applied ppi

was incorporated mechanically (2-in. depth), but all other N applications were applied

to the soil surface with no incorporation, except by rain or flood. At maturity, 12 ft of the

center four rows of each plot were harvested, the moisture content and weight of the

grain were determined, and yields were calculated as bu/acre at 12% moisture. A bushel

(bu) of rice weighs 45 lb. Statistical analyses were conducted with SAS and mean

separations were based upon protected LSD where appropriate.

RESULTS AND DISCUSSION

The study was conducted on a silt loam soil, which has a pH that varies between

7.3 and 8.3. This soil pH is typical of soils that have received underground irrigation
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water high in bicarbonates for an extended period of time. These high soil pH condi-

tions are very conducive for ammonium volatilization losses, but it was not known if

the difference between the reactions of urea and ammonium sulfate would be substan-

tial enough to result in significant grain yield differences between the two N fertilizer

sources.

There was no significant three-way interaction between N source, N rate, and

application time in 1999, but there was one in 2000. Thus, the two years will be dis-

cussed separately. In 1999, there was no significant three-way interaction, but there

were significant two-way interactions involving application timing and N rate, applica-

tion timing and N source, and N rate and N source. Application timing had a significant

influence on the proper rate required to reach maximum grain yields (Table 1). When the

N was applied all preflood, the grain yields did not significantly increase when more

than 90 lb N/acre was applied, whereas all of the other application timings required 120

lb N/acre until no further significant grain yield increases were observed. The highest

yields were achieved when the N fertilizer was applied all preflood or 1/3 ppi + 2/3

preflood. When N fertilizer was applied 10 to 20 days before flooding, increasing the N

rate did not compensate for N loss as yields were significantly lower than that pro-

duced by 90 lb N/acre applied immediately before flooding.

Nitrogen fertilizer source and application timing showed a significant interaction

(Table 2). Application of urea and ammonium sulfate resulted in similar yields when

applied all preflood or 1/3 ppi + 2/3 preflood. However, when the N fertilizer was applied

10 or 20 days before flooding, the ammonium sulfate produced significantly higher rice

grain yields. In addition, the grain yields achieved with the ammonium sulfate applied

10 days before flooding were comparable to those achieved with all the N applied

preflood, whereas the urea applied at this time produced much lower grain yields. Even

when the N was applied 20 days before flooding, the yield decrease with ammonium

sulfate was much less than when the urea was applied 10 days before flooding. The

data indicate that if a farmer cannot flood a field in a timely manner (3 to 5 days), it

would be prudent to use ammonium sulfate in place of urea.

The interaction of N fertilizer rate and source showed the superiority of ammo-

nium sulfate compared to urea as an N source for rice when the soil pH conditions are

favorable for losses via ammonia volatilization presented in this study (Table 3). Am-

monium sulfate produced significantly higher grain yields compared to urea at every N

rate studied. With both N fertilizers, grain yields appeared to reach the yield plateau at

120 to 150 lb N/acre, but the grain yields with ammonium sulfate were about 20 bu/acre

higher than that achieved with urea.

In 2000, there was a three-way interaction between N source, N rate, and applica-

tion time (Table 4). When all of the N fertilizer was applied at the recommended time,

preflood, the grain yields ceased to increase when more than 90 lb N/acre were applied.

There were no significant differences in grain yield between ammonium sulfate and

urea applied in a single application at preflood at any of the N rates utilized. When

ammonium sulfate or urea were applied in a single application 1 week prior to flooding,
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120 to 150 lb N/acre were required to maximize grain yields or produce the same yields

found when the N fertilizer was applied the day of flooding. Again, there were no

significant differences in grain yield between ammonium sulfate or urea applied in a

single application 1 week prior to flooding. Application of the N fertilizers in a single

application 2 weeks prior to flooding showed the superiority of ammonium sulfate over

urea when applied on a high-pH soil this long before flooding. At none of the N

fertilizer rates utilized did urea applied 2 weeks prior to flooding result in rice grain

yields equivalent to either one of the N sources applied the day of flooding. Contrarily,

ammonium sulfate applied 2 weeks prior to flooding, at the 120 and 150 lb N/acre rates,

resulted in rice grain yields equivalent to the N fertilizers applied at the 90 lb N/acre rate

the day of flooding. When the N fertilizers were split-applied at 2 weeks prior to flood-

ing and the day of flooding, at least 120 lb N/acre were required for statistically similar grain

yields attained when the N fertilizers were applied at the 90 lb N/acre rate the day of

flooding. There was a trend for the rice to have higher yields at the 120 and 150 lb N/acre

rates with ammonium sulfate compared to urea when the N fertilizers were split-applied

at 2 weeks prior to flooding and the day of flooding. The 2000 results coupled with the

1999 results indicate that if a farmer cannot flood a field in a timely manner (10 to 14

days or less), it would be prudent to use ammonium sulfate in place of urea and in-

crease the N fertilizer rate by at least 30 lb N/acre and possibly as much as 60 lb N/acre.

SIGNIFICANCE OF FINDINGS

A two-year study found that rice grain yield was significantly reduced when rice

was grown on a high pH (i.e., pH >7.0) silt loam and the field required 7 days or longer

to flood after urea fertilizer application. No significant reduction in grain yield was

measured when: i) the field was flooded in 7 to 10 days and the urea fertilizer rate was

increased by 30 to 60 N/acre, or ammonium sulfate was used in place of urea and the N

rate was the same or increased by no more than 30 lb N/acre; or ii) the field was flooded

in 14 days and ammonium sulfate was used in place of urea and the N rate increased by

30 to 60 lb N/acre. The conclusions of these studies are based on agronomic yield, and

the economics of using the higher priced ammonium sulfate in place of urea should be

taken into consideration.
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Table 1. Influence of nitrogen (N) fertilizer rate and

N application timing on rice grain yields in 1999 at the

Pine Tree Branch Experiment Station, near Colt, Arkansas.

N application timing

All the N

applied day of 1/3 of the N All the N applied All the N applied

 flooding, applied ppi +  10 days  20 days

N fertilizer rate preflood  2/3 N preflood before flooding before flooding

(lb N/acre) ------------------------------ [Grain yield (bu/acre)]z ------------------------------

0 54.8

60 105.9 102.6 72.5 94.8

90 127.8 112.3 96.6 100.5

120 124.5 124.3 113.8 112.0

150 118.0 120.2 113.7 109.7

LSD (0.05) 10.9

z A bushel (bu) of rice weighs 45 lb.

Table 2. Influence of nitrogen (N) fertilizer source

and application timing on rice grain yields in 1999 at

the Pine Tree Branch Experiment Station near Colt, Arkansas.

N fertilizer source

N fertilizer application timing Urea Ammonium sulfate

------- [Grain yield (bu/acre)]z ------

All the N applied day of flooding, preflood 126.4 123.0

1/3 of the N applied ppi + 2/3 N preflood 123.1 121.6

All the N applied 10 days before flooding 107.8 120.7

All the N applied 20 days before flooding 82.3 116.0

LSD (0.05) 6.4

z A bushel (bu) of rice weighs 45 lb.

Table 3. Influence of nitrogen (N) fertilizer rate

and N source on rice grain yields in 1999 at the

Pine Tree Branch Experiment Station near Colt, Arkansas.

N fertilizer source

N fertilizer rate Urea Ammonium sulfate

------- [Grain yield (bu/acre)]z ------

0 54.8

60 90.7 95.4

90 105.4 118.2

120 113.8 131.4

150 116.5 136.3

LSD (0.05) 4.6

z A bushel (bu) of rice weighs 45 lb.
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COMPLETED STUDIES

RICE CULTIVAR TOLERANCE TO CLOMAZONE

S.D. Clark, R.E. Talbert, E.F. Scherder, and K.A.K. Moldenhauer

ABSTRACT

Field research was conducted at the Pine Tree Experiment Station near Colt,

Arkansas, to evaluate the tolerance of 18 rice cultivars to clomazone applied delayed

preemergence. ‘Bengal’, ‘Cocodrie’, ‘Koshihikari’, ‘Ahrent’, RU9601096, and RU9801148

displayed the greatest amount of bleaching, 11 to 30% at 0.3 lb/acre and 21 to 50% at 0.6

lb/acre between 7 and 21 days after emergence (DAE). All other cultivars were more

tolerant at both rates with minimal bleaching observed. All the cultivars recovered from

these early injury symptoms by 56 DAE. Early-season bleaching had little effect on rice

yield, with no significant differences observed in yield with clomazone at 0.3 or 0.6 lb/

acre as compared to the untreated check within each cultivar.

INTRODUCTION

Producers who utilize dry-seeded rice production rely heavily upon the use of

herbicides and water management as a means for controlling early infestations of grass

species. Producers must also be proficient in the proper selection of cultivar based

upon cultivar yield potential, disease package, and ability to tolerate herbicides com-

monly used in rice production.

With the occurrence of propanil-resistant barnyardgrass and the potential resis-

tance of this and other weeds to herbicides used in rice, clomazone could be an impor-

tant herbicide used in a rice weed-control program. Clomazone was first used in Arkan-

sas rice in 1998 and 1999 under a Section 18 crisis exemption permit and has been

granted a full federal label for use in rice in 2001. Most research conducted with

clomazone in rice has been weed efficacy trials (Bollich et al., 1997; Bollich et al., 2000;

Jordan et al., 1998; Scherder et al., 2000; Webster et al., 1999). These experiments
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typically evaluated only one cultivar within each experiment. Due to this, conflicting

observations in injury have been reported at these different locations. Beaty et al.

(1991) observed more injury on clay soils from clomazone carryover than on silt loam

soils where clomazone had been used on the rotational crop during the season prior to

rice. In contrast, other research has demonstrated that clomazone caused more bleach-

ing injury on silt loam soils than on silty clay soils (Bollich et al., 1997; Jordan et al.,

1996; Jordan et al., 1998; Mitchell et al., 1996).

The objective of this study was to compare the tolerance of 18 rice cultivars to

clomazone at various rates.

PROCEDURES

Field research was conducted in 2000 at the Pine Tree Branch Experiment Station,

located near Colt, Arkansas, on a Calhoun silt loam with a pH of 6.8. Thirteen commer-

cial and five experimental cultivars representing three maturity groups were evaluated

for chlorosis, (bleaching), stand reduction, biomass reduction, time to 50% heading,

and yield.

Rice cultivars were drill-seeded 2 May 2000 in a conventionally prepared seed-

bed. The experimental design was a split-plot with the main-plot factor consisting of

cultivar and the subplot factor consisting of clomazone rates. Main plots (18 cultivars)

were 6 rows wide (7-in. spacing) and 15 ft long with 5 ft ↔ 5 ft subplots (clomazone rate).

Clomazone was applied delayed preemergence (DPRE) 7 May 2000 to all cultivars at

rates of 0, 0.3, and 0.6 lb ai/acre in the form of Command 3 ME with a CO2  pressurized

backpack sprayer calibrated to deliver 10 gal/acre. Checks of each cultivar were kept weed-

free with timely applications of propanil to evaluate yield without weed interference.

Visual ratings were taken on cultivars at 7, 14, 21, 28, 42, and 56 days after

emergence (DAE) for chlorosis, stand reduction, and biomass reduction. Time to 50%

heading and yield were obtained. All data were subjected to analysis of variance with

means separated at the 0.05 level of significance using Fisher’s Protected Least Signifi-

cant Difference.

RESULTS AND DISCUSSION

Overall, the cultivars displayed different levels of tolerance to the application of

clomazone, primarily based on the amount and duration of bleaching. Clomazone rate

was not a significant factor in the amount of stand reduction or biomass reduction

observed with any of the 18 cultivars evaluated (data not shown). Most cultivars

exhibited the greatest amounts of bleaching during the rating periods of 7 to 14 DAE.

Cultivars exhibiting ≤10% chlorosis at 0.3 lb ai/acre and ≤20% at 0.6 lb ai/acre 7 to 14

DAE included ‘Cypress’, ‘Drew’, ‘Jefferson’, ‘Kaybonnet’, ‘LaGrue’, ‘Lemont’, ‘Madi-

son’, ‘Mars’, ‘Priscilla’, RU9701041, RU9801081, and Wells  (RU9701041 and RU9801081
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are experimental lines whose seed is not for sale)(Table 1). These same cultivars exhib-

ited little chlorosis 28 DAE and no observable chlorosis 42 DAE. The greatest amount

of chlorosis at 7 to 21 DAE, 21 to 50% was observed with Ahrent, Bengal, Cocodrie,

Koshihikari, RU9601096, and RU9801148 (RU9601096 and RU9801148 are experimental

lines whose seed is not for sale) at the higher rate of 0.6 lb/acre. Bleaching had de-

creased by 28 DAE with only slight chlorosis observed at 42 DAE.

Slight differences were observed in stand reduction with some of the more sensitive

cultivars at 7,14, 21, and 28 DAE, but this was inconsequential by 56 DAE (data not shown).

All cultivars, except Wells, RU9601096, and Ahrent, which were estimated to

have 15 to 25% biomass reduction at the 0.6 lb ai/acre, exhibited ≤13% biomass reduc-

tion 7 to14 DAE at 0.3 lb and 0.6 lb ai/acre. By 56 DAE, all cultivars had recovered from

early-season biomass reductions (data not shown). Time to 50% heading was not

affected by clomazone regardless of the cultivar evaluated (Table 1). Differences were

shown when comparisons were made across cultivars, however this was expected due

to differences in maturity.

Even though cultivars demonstrated differential tolerances to clomazone early-

season, yield was not affected. Overall, clomazone did not significantly reduce yields

within cultivars regardless of the clomazone rate used. These results are consistent

with those reported from Scherder et al. (1999).

SIGNIFICANCE OF FINDINGS

Cultivar tolerance should not be a major consideration when implementing

clomazone into a current rice herbicide program. Growers can use clomazone as an

alternative herbicide in their rice weed control program without the fear of reduction in

yield due to moderate bleaching from clomazone. However, as new cultivars are devel-

oped, they should be screened to determine their sensitivity to clomazone.
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Table 1. Cultivar tolerance to clomazone applied delayed

preemergence at the Pine Tree Branch Experiment Station in 2000.

Cultivar & Clomazone Chlorosisz 50% Rice

treatment rate 7 DAE 14 DAE 21 DAE 28 DAE heading yield

(lb ai/acre) ----------------------------------- (%) ---------------------------- (bu/acre)

Bengal

Untreated check 0 0 0 0 88 200

Clomazone 0.3 14 9 10 4 88 180

Clomazone 0.6 15 20 31 22 88 210

Cocodrie

Untreated check 0 0 0 0 86 170

Clomazone 0.3 11 12 11 4 87 220

Clomazone 0.6 24 19 25 9 87 230

Cypress

Untreated check 0 0 0 0 89 150

Clomazone 0.3 9 3 1 0 89 160

Clomazone 0.6 14 11 7 2 89 140

Drew

Untreated check 0 0 0 0 92 160

Clomazone 0.3 8 5 1 1 92 180

Clomazone 0.6 15 24 14 13 92 160

Jefferson

Untreated check 0 0 0 0 83 170

Clomazone 0.3 10 11 11 5 84 200

Clomazone 0.6 16 21 20 10 85 180

Kaybonnet

Untreated check 0 0 0 0 92 190

Clomazone 0.3 10 5 4 1 90 170

Clomazone 0.6 14 12 11 6 90 190

Koshihikari

Untreated check 0 0 0 0 88 140

Clomazone 0.3 14 16 22 5 88 170

Clomazone 0.6 22 41 36 14 88 190

LaGrue

Untreated check 0 0 0 0 93 210

Clomazone 0.3 11 9 6 4 93 170

Clomazone 0.6 9 11 9 8 92 190

Lemont

Untreated check 0 0 0 0 93 160

Clomazone 0.3 4 2 0 0 92 170

Clomazone 0.6 10 24 10 7 92 140

Madison

Untreated check 0 0 0 0 94 170

Clomazone 0.3 2 2 0 1 93 170

Clomazone 0.6 6 6 4 2 93 150

continued
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Table 1. Continued.

Cultivar & Clomazone Chlorosisz 50% Rice

treatment rate 7 DAE 14 DAE 21 DAE 28 DAE heading yield

(lb ai/acre) ----------------------------------- (%) ---------------------------- (bu/acre)

Mars

Untreated check 0 0 0 0 89 200

Clomazone 0.3 10 5 4 2 87 190

Clomazone 0.6 10 12 11 4 89 200

Priscilla

Untreated check 0 0 0 0 90 160

Clomazone 0.3 12 4 2 2 90 160

Clomazone 0.6 19 22 11 8 90 160

RU9601096

Untreated check 0 0 0 0 82 180

Clomazone 0.3 14 36 24 7 83 210

Clomazone 0.6 35 51 31 11 83 190

RU9701041

Untreated check 0 0 0 0 93 170

Clomazone 0.3 4 0 0 0 93 190

Clomazone 0.6 8 6 6 4 94 180

RU9801081

Untreated check 0 0 0 0 86 170

Clomazone 0.3 8 12 10 3 87 210

Clomazone 0.6 11 21 19 6 87 240

RU9801148

Untreated check 0 0 0 0 88 230

Clomazone 0.3 28 18 12 8 88 210

Clomazone 0.6 18 20 25 12 88 210

Ahrent

Untreated check 0 0 0 0 89 180

Clomazone 0.3 15 18 19 6 88 230

Clomazone 0.6 19 38 38 18 90 240

Wells

Untreated check 0 0 0 0 92 210

Clomazone 0.3 15 8 4 2 92 190

Clomazone 0.6 18 16 14 6 91 210

LSD (0.05)

Differences within

a cultivar: 11 11 8 7 2 31

Differences for

clomazone rates: 2 5 4 2 NSy 10

z DAE: days after rice emergence.
y NS = not significant.
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GENETIC CHARACTERIZATION OF RED RICE (Oryza sativa)

POPULATIONS USING FIFTEEN RAPD MARKERS

L.E. Estorninos, Jr., N.R. Burgos, D.R. Gealy,

R.E. Talbert, J.M. Stewart, and C.H. Sneller

ABSTRACT

A study was conducted to analyze the genetic relationships among the 23 red

rice populations and three rice cultivars using 15 random amplified polymorphic DNA

(RAPD) markers. The 15 primers produced a total of 111 reproducible bands, 89 of

which were polymorphic. Seventy-eight bands were polymorphic among the red rice

populations while only 45 were polymorphic among the three rice cultivars. Cluster

analysis and Multidimensional Scaling (MDS) showed five general groups of the 26

populations with five outliers. Group I contained strawhull, awnless-type populations;

Group II contained two awned-blackhull red rice populations; Group III contained four

awned-strawhull types and five awned-blackhull types of red rice; Group IV consisted

of the long-grain rice cultivars, ‘Katy’ and ‘Kaybonnet’; and Group V contained awned-

blackhull types, which were genetically distant from Group II. A medium-grain rice

cultivar, two awned-blackhull red rice populations, and two awnless-strawhull red rice

populations were outliers because each was genetically distant from the other and

from the five main clusters. These results were generally in agreement with the morpho-

logical groupings of most of the red rice populations, indicating that RAPD assays

could be useful in discriminating among closely related species.

INTRODUCTION

The RAPD assay was developed by Welsh and McClelland (1990) and Williams

et al. (1990). This technology requires only small quantities of DNA, it is quick and

technically simple, and does not require prior knowledge of the plant’s genetics (Mackill,
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1995; Lopez-Martinez et al., 1999). RAPD has been used in the identification of rice

cultivars (Mackill, 1995) and intraspecific variation in the control (Lopez-Martinez et

al., 1999) and spread of propanil-resistant and -susceptible biotypes of barnyardgrass

(Echinochloa crus-galli) in Arkansas (Rutledge et al., 2000). The objective of the

study was to determine the genetic relationships among red rice populations and rice

cultivars by DNA fingerprinting using RAPD molecular markers.

MATERIALS AND METHODS

DNA was extracted from Kaybonnet and Katy rice as well as from 24 earlier

populations (Estorninos et al., 2000). Fifteen RAPD 10-base oligonucleotide random

primers were used (Table 2). Mackill’s (1995) procedure was followed with some modi-

fications. The PCR reactions were carried out in 20- L volumes, placed into a 0.1 ml PCR

plate, overlaid with a drop of mineral oil, and subjected to the following temperatures:

one cycle at 94°C for 2 minutes; 45 cycles at 94°C for 45 sec; 38°C for 5 min; 72°C for 2

min; and 72°C for 7 min. DNA fragments amplified by PCR were separated by electro-

phoresis in a 1% agarose gel. The amplification procedure was repeated three times to

assure reproducibility of each fragment. For each primer, reproducible bands were

scored for presence (1) or absence (0) of a band. Only bands that appeared in three

runs were scored.

The genetic distance (GD) between all pairs of genotypes was calculated as

GD = 1–A/N, where A is the total number of bands shared by two genotypes and N is

the total number of bands scored between the two genotypes. To determine natural

grouping among the genotypes, the matrix of GD values was subjected to hierarchical

cluster analysis using the average linking method. Genetic distances were calculated

with a SAS IML program while clustering was performed with PROC CLUSTER of SAS.

The GD matrix was also subjected to a Multidimensional Scaling (MDS) analysis. MDS

analysis was performed using SAS software.

RESULTS AND DISCUSSION

The 15 RAPD primers produced a total of 111 reproducible bands, 89 of which

were polymorphic among the 26 populations (Table 2). Seventy-eight bands were poly-

morphic among the red rice populations while only 45 were polymorphic among the

three rice cultivars. Genetic distances between populations ranged from 0.041 to 0.681

(detailed table not shown). Identical individuals with bands in common are expected to

have a genetic distance of zero while populations with no bands in common will have

a genetic distance of 1.0. ‘AR1994-5A’ and ‘MS-4’ had the smallest genetic distance

(0.041), indicating that they may have a common origin despite being sampled from

different states. Kaybonnet and ‘LA1995-13’ had the smallest genetic distance (0.218)

between a red rice and a rice cultivar.
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The dendogram resulting from the cluster analysis (data not shown) and MDS showed

that the populations tend to group into five clusters with five outliers (Figure 1). The

clustering corresponds to some degree to morphological similarities among populations.

Group I contained six strawhull, awnless-type red rice populations. Group II contained the

awned-blackhull red rice types, ‘AR1994-17C’ and ‘AR1995-1’. Group III contained the

awned types consisting of four strawhull and five blackhull red rice populations. The four

strawhull types were ‘MS-4’, ‘LA-3’, ‘AR1994-11D’, and ‘LA1995-14’ and the five blackhull

types were ‘AR1995-4’, ‘AR1994-10A’, ‘AR1994-19A’, ‘AR1994-5A’, and ‘LA1995-13’. Group

IV consisted of the long-grain rice cultivars, Katy and Kaybonnet. Katy was one of the

parents of Kaybonnet and both are long- grain commercial cultivars. Group V contained the

awned-blackhull red rice types, ‘TX-4’ and ‘ARSgt-B’.

‘Bengal’ (a medium-grain rice cultivar), the awned-blackhull red rice types,

‘AR1994-8’ and ‘MS1996-7’, and the awnless-strawhull types, ‘ARKaty-RR’ and

‘AR1996-1’, did not cluster. In a cluster, the average GD within the cluster is lower than

the overall average GD, and the average GD between the population and its most

related cluster is greater than the overall average GD. ARKaty-RR and AR1996-1 were

expected to be clustered together with minimal genetic distance between them because

they originated from the same collection of seeds. However, the estimated genetic

distance (GD = 0.390) between KatyRR and 1996-1 indicates that the original seed

collection may not have been homogeneous because the two entries were only about

61% similar based on genetic distance.

The red rice population, ARKaty-RR, was theorized to be derived from a hybrid

of a red rice and a commercial long-grain cultivar as it was first discovered in a breeder

field of Katy. Our RAPD analysis did not detect a close genetic relationship between

ARKaty-RR and Katy. However, simple sequence repeat (SSR) analysis of these same

entries suggests a strong likelihood that ARKaty-RR did result from hybridization with

a long-grain rice cultivar (Gealy et al., 2000). AR1994-8 (from a bulked sample) and

AR1994-5A (from a single plant) were presumed to be the same biotype because both

were blackhull and awned, and were sampled from the same field. However, our results

determined that they were relatively distant genetically (GD = 0.547). Identical indi-

viduals are expected to have a genetic distance close to zero while unrelated individu-

als will have a genetic distance close to 1.0. In Texas, related techniques were used to

confirm that several highly diverse populations of red rice were present within small

areas (~100 ft2) of individual rice fields (Vaughn et al., 2000, personal communication).

Results of the study showed that the RAPD primers produced an informative distri-

bution of 23 red rice accessions and three rice cultivars, which were generally in agreement

with the groupings based on morphological descriptions (e.g. hull color and presence or

absence of awn). Nienhuis et al. (1994) stated that knowledge of genetic relationships

when complemented by phenotypic data can reveal sources of desirable characteristics in

more closely related genotypes. This suggests that RAPD assays could be useful in dis-

criminating among closely related species. Using SSR analysis for a larger number of red

rice entries, similar clustering has been observed (Gealy et al., 2000).
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SIGNIFICANCE OF FINDINGS

The results of this study were generally in agreement with the report on the initial

study of Estorninos et al. (2000). These results indicate that morphological character-

istics of rice and red rice were generally confirmed by genetic characterization of DNA

using RAPD markers. The RAPD markers used in this study failed to produce clear evi-

dence of outcrossing between red rice and rice cultivars. Additional markers or alternative

methods such as SSR may be required to establish the presence of outcrossing.
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Table 1. Listing of red rice populations and rice cultivars used in this study.

Date of collection/

Genotypez receipt/release Plant type Origin

Awn - present

AR199411-D 1994 Strawhull DeWitt, AR

ARSgt-B 1994 Blackhull Stuttgart, AR

AR1994-5A 1994 Backhull Hazen, AR

AR1994-19A 1994 Blackhull AR

AR1995-4 1994 Blackhull Lee Co., AR

AR1994-17C 1994 Blackhull Dewitt, AR

AR1995-1 1994 Blackhull Dewitt, AR

AR-10A 1994 Blackhull Stuttgart, AR

AR1994-8 1994 Blackhull Hazen, AR

LA1995-14 1992 Strawhull Crowley, LA

LA-3 1995 Strawhull Crowley, LA

LA1995-13 1992 Blackhull Crowley, LA

MS-4 1995 Strawhull MS

MS1996-7 1993 Blackhull MSU, MS

TX-4 1995 Blackhull Katy,TX

Awn - absent

AR1994-15A 1994 Strawhull AR

ARSgt-S 1994 Strawhull Stuttgart, AR

AR1995-7 1994 Strawhull Cross Co., AR

AR1994-7 1994 Strawhull Hazen, AR

ARKaty-RR 1994 Strawhull Stuttgart, AR

AR1996-1 1994 Strawhull Stuttgart, AR

LA1995-12 1992 Strawhull Crowley, LA

MS1996-5 1993 Strawhull MSU, MS

Rice cultivar

Bengal 1992 LA

Kaybonnet 1995 Stuttgart, AR

Katy 1989 Stuttgart, AR

z The two-letter prefix in red rice genotype codes indicates the state of acquisition or

collection.
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Table 2. Listing of the 15 random primers and their sequences

that yielded reproducible polymorphic bands

among the 23 red rice populations and three rice cultivars.

Number of Number of polymorphic bands

Primer Sequence (5 - 3') Length bands scored RR and RCz RR only RC only

(bp)y

OP-A20 GTTGCGATCC 10 5 5 5 3

OP-E01 CCCAAGGTCC 10 10 9 8 4

OP-F04 GGTGATCAGC 10 8 8 8 3

OP-G06 GTGCCTAACC 10 7 7 7 3

OP-H02 TCGGACGTGA 10 7 6 4 1

OP-H12 ACGCGCATGT 10 7 5 4 2

OP-H15 AATGGCGCAG 10 11 10 8 7

OP-N05 ACTGAACGCC 10 9 7 6 5

OP-N06 GAGACGCACA 10 10 7 7 4

OP-N07 CAGCCCAGAG 10 8 6 6 6

OP-N09 TGCCGGCTTG 10 6 5 3 0

OP-N10 ACAACTGGGG 10 7 7 7 4

OP-N12 CACAGACACC 10 7 4 4 0

OP-N13 AGCGTCACTC 10 3 1 1 1

OP-N19 GTCCGTACTG 10 6 2 0 2

Total 111 89 78 45

z RR = red rice, RC = rice cultivar.
y bp = base pairs.
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Fig. 1. Distribution of 23 red rice populations and three rice cultivars based

on cluster analysis and Multidimensional Scaling (MDS) generated from

15 random primers. Group I (awnless-strawhull red rice) = AR1994-7 (21),

MS1996-5 (19), AR1995-7 (18), ARSgt-S (16), AR1994-15A (14), and LA1995-12 (13);

Group II (awned-blackhull red rice) = AR1994-17C (12) and AR1995-1 (15); Group III

(awned-blackhull or awned-strawhull red rice) = AR1994-11D (3), LA-3 (4),

AR1994-5A (5), MS-4 (7), AR1994-10A (17); Group IV (long-grain rice cultivars) =

Kaybonnet rice (25) and Katy rice (26); Group V (awned-blackhull red rice) =

TX-4 (1) and ARSgt-B (2). Outliers were Bengal (23) - medium-grain rice;

AR1994-8 (22) - awned-blackhull red rice; ARKaty-RR (24) - awnless-strawhull

red rice; AR1996-1 (5) - awnless-strawhull red rice; and MS1996-7 (20) - awned-

blackhull red rice. Numbers in parentheses ( ) correspond to the

26 populations of red rice and rice labeled on the graph.
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CORRELATING FISSURE OCCURRENCE TO HEAD RICE YIELD

FOR VARIOUS DRYING AND TEMPERING TREATMENTS

M.J. Jiménez, A.G. Cnossen, and T.J. Siebenmorgen

ABSTRACT

Fissure occurrence was correlated to head rice yield (HRY) to determine optimal

drying conditions and minimal tempering durations to maximize milling quality and

kernel physical integrity. Three drying conditions were used, two above the glass

transition temperature (Tg) of the rice and one below. Immediately after drying, the

samples were separated into four sub-samples and tempered for 0, 80, 160, or 240 minutes

at a temperature equal to that of the drying air. Two hundred brown rice kernels were

randomly selected and visually observed using a light box, and the percentage of fissured

kernels determined. The results showed that the percentage of fissured kernels decreased

with increasing tempering duration. However, some samples still showed many fissures

after extended tempering, yet these samples had a high HRY. This indicates that the temper-

ing duration required for preventing kernel fissuring may be longer than the tempering

duration required for maintaining a high HRY. Also, tempering may not be necessary to

maintain a high HRY, but may be necessary for preventing kernel fissuring.

INTRODUCTION

Rice kernel fissuring and breakage is a major problem in the rice industry. Fis-

sured kernels will cause HRY reduction and thus decrease the value of the rice crop.

One of the main causes of rice fissuring is improper drying. Several researchers have

found that kernels do not fissure (as a result of drying) until after the drying process

has ceased (Kunze, 1979; Nguyen and Kunze, 1984). Previous research (Cnossen and

Siebenmorgen, 2000) on drying and tempering of rice, conducted by the University of

Arkansas Rice Processing Program, concluded that high drying-air temperatures can
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be used without incurring HRY reduction, as long as proper tempering techniques are

used. High tempering temperatures proved to be very effective in maintaining high

HRYs. However, Siebenmorgen et al. (1998) and Matthews (1970) concluded that some

fissured kernels would not break during the milling process and remain as head rice.

During further processing (cooking, puffing, etc.) these kernels may break and thus

reduce the quality of the final product and/or produce significant waste.

Cnossen and Siebenmorgen (2000) showed that the Tg plays an important role in

the drying process. This transition, which occurs in the temperature range typically

encountered in rice drying, would cause HRY reduction if a sufficient moisture content

(MC) gradient existed in the rice kernel. Tempering above this temperature can prevent

HRY reduction.

An understanding of the effect of various drying and tempering treatments on

fissure occurrence, and the relation between fissure occurrence and breakage/HRY

reduction will provide end-users, such as cereal and cooked-rice product manufactur-

ers, with information to optimize their processing operations. Because of the para-

mount importance of milling quality and kernel physical quality, understanding this

relationship would greatly improve the value, and thus the sustained profitability of

rice. The following objectives were formulated for this study: 1) determine the effect of

various drying and tempering treatments on fissure occurrence based on the glass

transition hypothesis; and 2) correlate fissure occurrence data and HRY data to deter-

mine optimal drying conditions and minimal tempering durations to maximize both HRY

and kernel physical integrity.

PROCEDURES

Rice cultivars ‘Bengal’ (medium-grain) and ‘Cypress’ (long-grain) at various harvest

moisture contents (HMCs) between 21% and 17% were harvested from the University of

Arkansas Research and Extension Centers at Stuttgart and Keiser, Arkansas, during the

1999 and 2000 harvest seasons. The samples were dried at three different conditions –

two drying-air conditions above the Tg of the rice [60°C, 17% RH; resulting in 5.4%

equilibrium MC (EMC) and 60°C, 50% RH; resulting in 9.2% EMC]; and one below Tg

(40°C, 12% RH; resulting in 5.8% EMC) – for three different durations aiming at remov-

ing 3.0, 4.5, and 6.0 percentage points MC (PPMC). Immediately after drying, the rice

batch was split up into four sub-samples. One sample was immediately cooled by

placing it in an EMC chamber, set at 21°C and 55% RH, and left to gently dry to 12.5%

MC. The other samples were tempered in a sealed bag for 80, 160, or 240 min at the

temperature of the drying air before being taken out of the sealed bag to cool and then

dry in the EMC chamber. The different drying durations created different magnitudes

of MC gradients inside the kernels; subsequently, the different tempering durations

allowed different magnitudes of MC gradient relaxation. This resulted in various levels

of fissuring when the kernels were cooled and forced to undergo a state transition.
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After storage, the rice was hulled with a laboratory huller. The immature and

chalky kernels were separated and 400 brown rice kernels were randomly picked from

each sample for the determination of the percentage of fissured kernels. One person

using a light box visually observed the kernels. Kernels were characterized as having

surface cracks or internal fissures. Surface cracks were defined as fissures that appear

on the surface of the kernel, and internal fissures were defined as fissures that cut the

kernel transversely or axially from one side to the other. After fissure counting, the

dried sample was milled and HRY was measured.

RESULTS AND DISCUSSION

Cnossen and Siebenmorgen (2000) concluded that if rice is tempered above the

glass transition temperature sufficiently long enough to reduce MC gradients, a state

transition would not cause HRY reduction if irreversible damage has not yet occurred.

Insufficient MC gradient reduction before a state transition will produce fissures and

consequent HRY reduction. Figure 1 shows the percentage of fissured kernels and the

HRY versus tempering duration for variety Bengal (1999 harvest) when removing 2.9 and

4.5 PPMC using 60°C and 50% RH drying air. A dramatically lower HRY was observed in the

sample that was not tempered compared to a gently dried control sample. However, the

samples that were tempered for 80 min at 60°C showed no HRY reduction compared to the

control sample, indicating that 80 min tempering was necessary to maintain an HRY equiva-

lent to that of the control. When removing 4.5 PPMC, 160 min of tempering was necessary

to maintain an HRY equivalent to that of the control sample.

For the 2.9 PPMC drying duration, the percentage of fissured kernels showed a

trend similar to the HRY; 80 min of tempering was sufficient to result in the same

percentage of fissured kernels as the control sample. When removing 4.5 PPMC, tem-

pering for 80 min significantly reduced the number of fissured kernels, however, the

number of fissured kernels was still higher than that of the control. Longer tempering

did not further reduce the number of fissured kernels. Although the samples tempered

for 160 and 240 min had an HRY equal to that of the control sample, these samples still

had a significantly higher number of fissured kernels (47 and 43%, respectively) than

the control sample (24%). Thus, a large percentage of the fissured kernels did not break

in the milling process and remained as head rice.

Table 1 shows the percentage fissured kernels, surface cracks, and HRY results

for Bengal for all three drying conditions. The results indicate that the number of

fissured kernels decreased with increasing tempering duration and increased with in-

creasing moisture removal rates. The two drying conditions above Tg showed similar

trends for percentage fissured kernels and HRY. The drying condition below Tg showed

a significantly lower number of fissured kernels but a higher number of kernels having

surface cracks. This condition did not cause HRY reduction and tempering did not

have any effect on HRY.
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Figure 2 shows the results for Cypress (1999 harvest) when removing 4.0 and 5.1

PPMC using 60°C and 17% RH drying air. When removing 5.1 PPMC, 80 min of temper-

ing was sufficient to maintain an HRY equal to the control sample. Removing 4.0 PPMC

did not cause any HRY reduction, even without tempering. For both drying durations,

up to 160 min of tempering was required to minimize fissuring.

Table 2 shows the percentage fissured kernels, surface cracks, and HRY data for

Cypress (1999 harvest). The results show that the percentage of fissured kernels was a

lot lower for Cypress than for Bengal; due to a thinner kernel, Cypress is more resistant

to fissuring. The number of kernels having surface cracks increased significantly with

increasing tempering duration and increasing drying duration, in contrast with Bengal.

For both Bengal and Cypress the 2000 samples showed similar trends as the 1999

samples. The rice lots harvested in 2000 had a higher HMC than the rice harvested in

1999. The results showed that more moisture can be removed and shorter tempering

durations are required to maintain a high HRY when harvesting at a higher MC. HMC,

however, did not seem to have an effect on the tempering duration required to minimize

fissuring levels.

Overall, kernels that fissure as a result of the drying process do not necessarily

break in the milling process, and the tempering durations required for preventing kernel

fissuring may be longer than the tempering durations required for maintaining HRY.

SIGNIFICANCE OF FINDINGS

Fissuring is an important economic issue in the rice industry. The value of the

rice is decreased by this factor and therefore ways to minimize breakage must be found.

Optimal drying conditions and minimal tempering-time allowance will decrease rice

fissuring. Although some fissured kernels will not break even after milling, there is a

potential that they may do so in other processes such as cooking or puffing. An

understanding of the relationship between fissuring and HRY will help end-use proces-

sors optimize their processing operations.

ACKNOWLEDGMENTS

The authors wish to thank the Arkansas Rice Research and Promotion Board and

the U of A Rice Processing Program Industry Alliance Group for their financial support.

LITERATURE CITED

Cnossen, A.G. and T.J. Siebenmorgen. 2000. The glass transition temperature concept

in rice drying and tempering: effect on milling quality. Trans. of the ASAE

43(6):1661-1667.



375

  B.R. Wells Rice Research Series 2000

Kunze, O.R. 1979. Fissuring of the rice grain after heated air-drying. Trans. of the

ASAE 22:1197-1202,1207.

Matthews, J., T. Abadie, H.J. Deobald, and C.C. Freeman. 1970. Relation between head

rice yields and defective kernels in rough rice. Rice Journal 73:6-12.

Nguyen, C.N. and O.R. Kunze. 1984. Fissures related to post-drying treatments in

rough rice. Cereal Chemistry 61(1):63-68.

Siebenmorgen, T.J., Z.T. Nehus, and T.R. Archer. 1998. Milled rice breakage due to

environmental conditions. Cereal Chemistry 75(1):149-152.

0

10

20

30

40

50

60

70

0 80 160 240

Tempering Durati

30

40

50

60

70

2.9 PPMC, Fissures4.5 PPMC, Fis

2.9 PPMC, HRY 4.5 PPMC, HR

Fig. 1. Percent fissured kernels and head rice yield (HRY) versus tempering

duration for Bengal rice harvested in 1999 and dried for two different durations

(PPMC is the percentage points MC removed in one drying pass) with 60°C and

50% RH drying air. The percentage of fissured kernels and the HRY of the control

sample were 24% and 65%, respectively. The harvest moisture content was 17.5%.
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Fig. 2. Percent fissured kernels and head rice yield (HRY) versus tempering

duration for Cypress rice harvested in 1999 and dried for two different durations

(PPMC is the percentage points MC removed in one drying pass) with 60°C and

17% RH drying air. The percentage fissured kernels and the HRY of the control

sample were 3% and 63%, respectively. The harvest moisture content was 18.0%.
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Table 1. Percent fissured kernels, percent kernels having surface cracks,

and head rice yield for variety Bengal harvested in 1999 and dried under

three drying air conditions, for three durations, and tempered for four durations.

The harvest moisture content was 17.5%. The percentage of fissured kernels,

the percentage of kernels having surface cracks, and the HRY of

the control sample were 24%, 4%, and 65%, respectively.

Drying Tempering Fissured Surface Head

duration duration kernels cracks rice yield

(min) ------------------------------ (%) -----------------------------

Drying air condition HII (60°C, 50% RH)

2.9 PPMCz 0 44 1 57

80 26 8 65

160 26 9 65

240 25 14 66

4.5 PPMC 0 64 6 52

80 43 6 60

160 47 4 64

240 43 12 65

5.3 PPMC 0 69 3 32

80 55 3 53

160 53 6 57

240 49 6 60

Drying air condition HI (60°C, 17% RH)

3.5 PPMC 0 45 7 55

80 31 9 65

160 24 1 65

240 28 6 66

4.6 PPMC 0 68 2 37

80 47 6 60

160 49 2 63

240 40 8 64

5.8 PPMC 0 81 2 32

80 65 0 47

160 49 3 59

240 57 5 59

Drying air condition LI (40°C, 12% RH)

3.1 PPMC 0 21 11 65

240 24 13 65

4.4 PPMC 0 31 19 65

240 24 28 65

z PPMC is Percentage Points Moisture Content reduction in one drying pass.



  AAES Research Series 485

378

Table 2. Percent fissured kernels, percent kernels having surface cracks,

and head rice yield for variety Cypress harvested in 1999 and dried under

three drying air conditions, for three durations, and tempered for four

durations. The harvest moisture content was 18.0%. The percentage of

fissured kernels, the percentage of kernels having surface cracks, and

the HRY of the control sample were 3, 4, and 63%, respectively.

Drying Tempering Fissured Surface Head

duration duration kernels cracks rice yield

(min) ------------------------------ (%) -----------------------------

Drying air condition HII (60°C, 50% RH)

2.8 PPMCz 0 3 2 63

80 4 6 62

160 3 8 63

240 2 6 63

3.9 PPMC 0 7 -- 62

80 4 -- 62

160 3 -- 61

240 2 -- 61

5.8 PPMC 0 8 11 60

80 6 19 62

160 7 18 62

240 6 24 61

Drying air condition HI (60°C, 17% RH)

2.5 PPMC 0 5 1 63

80 2 5 63

160 1 6 63

240 4 7 63

4.0 PPMC 0 7 7 61

80 5 9 63

160 3 21 62

240 4 23 63

5.1 PPMC 0 14 8 54

80 7 15 61

160 5 28 61

240 7 31 62

Drying air condition LI (40°C, 12% RH)

2.6 PPMC 0 2 4 62

240 3 5 62

4.5 PPMC 0 2 23 62

240 3 38 62

z PPMC is Percentage Points Moisture Content reduction in one drying pass.
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INCOME RISK FROM RICE PRODUCTION IN ARKANSAS COUNTIES

L.D. Parsch and J.P. Malo

ABSTRACT

Measuring income risk – the year-to-year variability in net returns from crop

production – is a first step in providing risk-management information, which can be

used by rice producers in their cropping decisions. Twenty years (1980-99) of time-

series data on county level yield and price were used to estimate the income risk for 28

major rice-producing counties in Arkansas. Results show that income risk (i.e., net

returns variability) varies considerably across counties. Although the standard devia-

tion (SD) of annual net returns was $113/acre for the state of Arkansas as a whole, it

ranged from $95/acre (Miller County) to $128/acre (Lee County). The state coefficient

of variation (CV) of net returns was 110% but ranged between 85% (Arkansas County)

and 283% (Miller County). The greatest level of absolute risk (SD) in net returns occurs

in east-central Arkansas, which produces the largest share of the state’s annual pro-

duction. However, because net returns are highest in these counties, the relative in-

come risk (CV) is lowest. Cumulative probability functions were developed to enable

producers to determine the likelihood of attaining specified net returns in each county.

INTRODUCTION

The implementation of the 1996 Farm Bill has placed increased attention on the

need for risk-management information because the new “freedom to farm” has exposed

crop producers to greater risk as government support payments are gradually being

phased-out. Although many producers, researchers, and extension personnel are aware

of the need for risk-management information, little research has been done to quantify

the risk of attaining specified levels of net returns associated with the production of

the Arkansas rice crop. The purpose of this research is to quantify income risk (i.e., net
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returns variability) from rice production for the major rice producing counties in Arkan-

sas. Measuring and quantifying the income risk of rice is a first step in providing risk-

management information, which can be used by rice producers in their cropping deci-

sions. These measures of income risk also provide baseline reference material for Ar-

kansas Cooperative Extension Service and Agricultural Experiment Station personnel

in making recommendations to producers.

PROCEDURES

Research in the decision sciences follows the pioneering work of Knight (1921)

who first proposed that risk is a probability-based concept, which is quantified with

statistical variance (or standard deviation). Because net returns from crop production

are dependent on yield and price, both crop yield risk and commodity price risk must

first be measured in order to quantify income risk. The goal in quantifying income risk

is to measure year-to-year yield and price variability and to associate those probabili-

ties with alternative net return levels experienced by Arkansas rice producers. The

resulting income risk information can then be conveniently captured in either the stan-

dard deviation (SD), a single statistical measure that quantifies the level of net returns

variability, or in a cumulative distribution function (CDF), which conveys the probabil-

ity that a specified level of net returns will be attained (Hardaker et al., 1997).

One of the main demands in quantifying the risk associated with crop production

is to obtain data collected over a sufficiently long time-period to enable statistical

estimation of the parameters of yield and price distributions which, respectively, char-

acterize the production (yield) risk and market (price) risk faced by rice producers.

Annually published estimates (AASS, 1999) of county-level rice yield and state-level

commodity prices were assembled for this purpose. The analysis was conducted for

the “major” rice producing counties, i.e., each of the 28 counties in Arkansas that has

been continuously engaged in rice production over the 20-year period 1980-99. These

28 counties – 26 in eastern Arkansas’ crop reporting districts 3, 6, and 9, and two

additional counties in central Arkansas (district 5) and in the southwestern district

(district 7) – account for 99% of all rice production in the state.

Probability distribution parameters for rice yield (cwt/acre) were estimated from a

linear-trend regression line fitted through the 20-year (1980-99) time series of yield data

for each county. Variance of yield was measured as the root mean-squared error of the

residuals around each yield trend line whereas expected yield was measured as the

trend-line predicted yield for 1999. State-level data for price of rice received by farmers

from 1980-99 were retrieved from AASS published annual reports. Parameters of price

probability distributions ($/cwt) were based on trendline statistics estimated from the

nominal price series. Price-yield correlations were computed for each county and all

distributions were tested for normality (Jarque and Bera, 1987).
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Measures of income risk from rice were developed from a pseudo-random sample

of net returns generated for each county, using the @RISK computer simulation pack-

age. Net returns from rice production ($/acre) for each county were calculated as:

Net Returns ($/acre) = [Yield (cwt/acre)  x Price ($/cwt)] - Cost of Production ($/acre)

Whereas yield and price for each county were described by their respective

probability distributions using Monte Carlo techniques, cost of production was treated

as a constant (i.e., deterministic variable). Estimated cost of production ($/acre) for all

counties was obtained from Arkansas Cooperative Extension Service published enter-

prise budgets (ACES, 1999). Sample statistics (mean, SD, coefficient of variation) esti-

mated from the resulting simulated sample of net returns were used to characterize rice

income risk for each of the 28 counties. Finally, CDFs of income were developed from

sorted, simulated observations of net returns. CDFs were then presented in tabular

form at nine arbitrarily chosen probability levels ranging between 0.05 and 0.95 for each

county data series.

RESULTS AND DISCUSSION

Market Value of Rice Production

Over the period 1995-99, the market value of rice produced in Arkansas averaged

$756 million annually (Table 1). East central Arkansas (District 6) was the most impor-

tant rice region with 44% of the market. The top eight counties produced over half

(53%) of all rice in Arkansas. Annual market value of rice averaged between $70 million

for Arkansas County (9.25% of the state total) to $3.1 million in Pulaski County (0.42%).

Profitability: Mean Net Returns

Net returns from rice production varied dramatically across counties over the

simulation period (Table 1). Whereas mean simulated net returns for the state as a

whole were $103/acre based on 1980-99 data, net returns for some counties were four

times those of others. For example, mean net returns ranged from as low as $34/acre for

Miller County to $140/acre in Arkansas County. Although Arkansas County was ranked

first for both total value of rice produced and net returns per acre, other large produc-

ing counties were not necessarily the most profitable. For instance, Poinsett County,

which was ranked second for total market value, was ranked ninth in average net

returns. Likewise, third-ranked Cross County was tenth-ranked in terms of profitability

per acre. As a group, counties in the east central region (District 6) were the most

profitable with average simulated net returns of $111/acre.
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Risk: SD and CV of Net Returns

The standard deviations (SD) in Table 1 characterize the income risk from rice in

absolute terms ($/acre) for major producing counties in Arkansas. Larger SDs indicate

greater variability in net returns, and hence, less certainty and more risk. Over the

study period, the SD of rice net returns for the entire state was $113/acre. For individual

counties, SDs ranged between $95/acre for Miller County and $128/acre for Lee County.

In other words, income risk from rice in some counties was 35% greater than in other

counties. Counties with larger mean net returns per acre tended to exhibit higher SDs of

net returns, but the rankings for these two categories were not consistent. For example,

Arkansas County was ranked first for mean net returns but fourth for SD. Similarly,

Lonoke County was second in profitability but seventh in risk as measured by SD.

Nevertheless, the three counties with the lowest mean net returns (Miller, Indepen-

dence, Ashley) also resulted in the three lowest rankings for SD. The correlation be-

tween mean and SD of net returns for the 28 county sample is 0.68. This provides some

evidence that, in general, higher returns were, in fact, accompanied by higher risk.

The coefficients of variation (CV) in Table 1 measure rice income risk in relative

terms, i.e., in relation to the level of net returns earned. Because the CV is a ratio (SD/

mean), a value of 100% indicates that SD is equal in magnitude to mean net returns.

Similarly, a value greater than 100% indicates more risk per average dollar of profit. For

example, a mean and SD of $106/acre in net returns for Jefferson County result in a CV

of 100%. The SD for Woodruff County is equal to that of Jefferson County’s ($106/acre),

but because its mean net returns are much lower, its CV at 125% is higher. Absolute income

risk (SD = $106/acre) for both counties is the same but relative risk in Woodruff County

(125%) is higher. CVs across all 28 counties ranged from 85% (Arkansas County) to 283%

(Miller County). The average CV for the state as a whole was 110%.

Cumulative Probability of Net Returns

Cumulative distribution functions (CDF) of rice net returns for the 28 major pro-

ducing counties (Table 2) provide an estimate of the probability of attaining specified

levels of net returns in each county. For example, Arkansas County can expect net returns

below $53/acre in 1 out of 4 years (i.e., 25% probability) and net returns below $274/acre in

9 out of 10 years (90% probability). Conversely stated, Arkansas County net returns will

surpass $53/acre 3 years out of 4, and they will exceed $274/acre one year in 10. The 50%

probability level in Table 2 indicates that one-half of the time, net returns in Arkansas

County will fall below $137/acre, but that they will exceed $137/acre the other half.

CDFs in Table 2 also enable the probabilistic bracketing of net returns from rice within

a specified range. For example, in Miller County there is a 5% probability that net returns will

fall below –$122/acre and a 95% chance that it will be less than $208/acre. Conversely, there

is a 95% chance that Miller County net returns will surpass –$122/acre but only a 5%
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chance that it will exceed $208/acre. Thus, in 9 years out of 10 (90% probability bracket)

Miller County net returns from rice will range between –$122/acre and $208/acre.

Finally, CDFs in Table 2 permit probabilistic comparison of critical net-return

levels among counties (e.g., breakeven point, land rent, debt payment, etc.). For ex-

ample, assuming a per acre cash rent of $80, examination of Arkansas and Miller Coun-

ties reveals that whereas there is an approximate 70% chance that Miller County net

returns will be below $80/acre, there is about a 70% likelihood that Arkansas County

net returns will surpass $80/acre. In other words, while Arkansas County net returns

will cover the average cash rent 7 out of 10 years, Miller County net returns will not be

sufficient in 7 out of 10 years.

SIGNIFICANCE OF FINDINGS

These findings suggest that rice production in Arkansas is not homogeneous

with respect to net returns. Rather, among the 28 major rice-producing counties in

Arkansas, there is a great diversity of net return levels, and the probability of attaining

these net returns varies dramatically from county to county. The implementation of the

1996 Farm Bill ushered in the phasing out of government deficiency payments for rice

producers. In the absence of government support, crop producers – increasingly ex-

posed to production and market risk – need to manage risk more effectively. Measuring

and quantifying the income risk of rice (i.e., price and yield risk) is a first step in

providing risk-management information, which can be used by rice producers in their

cropping and marketing decisions.
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COMPLETED STUDIES

SYMPTOMS AND DIAGNOSIS OF LATE-SEASON

SULFUR DEFICIENCY OF RICE IN ARKANSAS

N.A. Slaton, R.D. Cartwright, C.E. Wilson, Jr., and R.J. Norman

ABSTRACT

Sulfur (S) deficiency of rice (Oryza sativa L.) is relatively uncommon on most

soils used for rice production in Arkansas. However, symptoms thought to be caused

by late-season S deficiency have become relatively common on some sandy textured or

recently leveled soils. Symptoms occurred on the upper leaves during the reproductive

growth stage. The upper leaves had alternating yellow and black streaks running

parallel with the leaf veins. Tissue analysis suggested that S was likely the limiting

nutrient. Comparison of nutrient analysis results of sufficient and deficient plant tis-

sues showed that S concentrations were consistently lower in deficient tissue. Plants

showing symptoms typically had tissue S below 0.15%, which was considered deficient.

INTRODUCTION

Sulfur deficiency of rice is relatively uncommon on most soils used for rice

production in Arkansas. In general, S deficiency occurs early in the season, during

vegetative growth, and under two primary field situations. First, early season S defi-

ciency is usually observed on sandy soils without a hardpan that restricts vertical

water movement. Plant available S may be leached below the root zone upon flooding.

If the irrigation water does not contain adequate S, a deficiency could occur. The

second situation may occur on soils that are continuously flooded for most of the year.

Continuous flooding results in highly anaerobic soil conditions, which can reduce

plant available S (sulfate, SO4) to its elemental form (S°) or to hydrogen sulfide (H2S)

that cannot be used by plants. The following is a description of the symptoms, soil

conditions, and plant analysis of what is likely late-season S deficiency of rice.
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MATERIALS AND METHODS

Numerous rice fields exhibiting unrecognized symptoms were examined during

the 1999 and 2000 growing seasons. Most of these fields were initially inspected dur-

ing the months of July and the first two weeks of August during the reproductive

stages (0.5-in. internode elongation to 50% heading) of rice growth. Samples of plant

tissues exhibiting symptoms were collected and compared to like plant tissues of

healthy-appearing plants growing nearby within the same field. Tissue samples were

oven-dried and sent to the Diagnostic Services Laboratory in Fayetteville, Arkansas, for

digestion and elemental analysis. The following text provides a description of the symp-

toms and the results of tissue analysis in an attempt to define the underlying cause.

A database for critical rice-tissue nutrient concentrations for various plant growth

stages during the growing season is lacking. Therefore, flag leaf tissue samples were

collected in 1999 from three cultivars (‘Bengal’, ‘Drew’, and ‘Wells’) in an ongoing

study described by Ntamatungiro et al. (1999) to determine the normal range of flag leaf

nutrient concentrations. The study was conducted at the Rice Research Extension

Center, (RREC) near Stuttgart, Arkansas, on a DeWitt silt loam (fine, smectitic, thermic,

Typic Albaqualfs). Tissue samples were taken from mature flag leaves before panicle

exsertion from the boot. Flag leaves of 20 random plants from each plot treatment were

removed at the collar. Tissue samples were dried at 60°C to a constant weight and

ground in a Wiley mill to pass a 2-mm sieve. Ground tissue (0.5 gram sub-sample) was

digested with concentrated HNO3 and 30% H2O2 for determination of whole plant

elemental composition (Jones and Case, 1990). Elemental analysis of plant digests was

performed by ICAP (Soltanpour et al., 1996). Grain yield was not significantly different

among treatments (Slaton, unpublished data, 1999) and thus, nutrient concentrations

were sufficient for production of high yields. Tissue collected from all plots was as-

sumed to be sufficient for production of high-yielding rice because nutrient deficiency

symptoms were not observed during 1999 nor in previous years in this study. The

average and standard deviations of P, K, Ca, Mg, S, Na, Fe, Mn, Zn, and Cu tissue

concentrations are provided in Table 1.

RESULTS AND DISCUSSION

Description of Symptoms

During the past 3 years numerous fields across Arkansas have exhibited unusual

symptoms late in the season unlike symptoms associated with known deficiencies or

diseases. Symptoms were generally noticed 2 to 3 weeks before heading on the upper-

most (youngest) leaves of the plant. Affected leaves had alternating, vertical dark and/

or yellow (chlorotic) streaks that began at the tip of the leaf and extended toward the

leaf base. The bottom two or three leaves almost always appeared normal (healthy).

During and shortly after full leaf exsertion, the flag leaf often showed less severe
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symptoms. Later, the alternating dark and/or yellow streaks eventually developed on

the flag leaf, too. Panicle distortions were also noted sometimes, but it was unclear if

they were related to the leaf symptoms or were associated with a separate disorder.

Panicles of affected plants were also smaller than panicles from healthy plants in the

same field. The plant root systems appeared normal. Symptoms were observed on

numerous varieties including ‘Cypress’, Drew, ‘Jefferson’, and Wells in Arkansas,

Clay, Desha, Jefferson, Lonoke, Monroe, Phillips, and Prairie counties.

Field areas showing the described symptoms tended to be sandy and/or lacked

a hardpan. Symptoms were also observed frequently on recently leveled fields with

soil textures ranging from sandy loam to sandy clays. Some growers reportedly applied

ammonium sulfate either preplant or preflood on some fields exhibiting the described

symptoms. This suggested that early season S fertilizer applications did not prevent

the symptoms. Several growers and county extension agents reported that these symp-

toms tended to occur annually when fields were cropped to rice. Soil samples (4-in. soil

depth) were taken from several of the problem fields but did not indicate any obvious

soil nutrient problems (data not shown).

Plant Analysis and Diagnosis

The location of plant symptoms (upper leaves) suggested that the limiting nutri-

ent was immobile in the plant or could not be mobilized and transported to actively

growing tissue. Data in Table 2 shows that tissue S was consistently lower in all

symptomatic plant tissue samples compared to healthy samples. Sulfur concentrations

were also below the Y-leaf critical value of 0.15%, proposed by Bell and Kovar (2000)

for rice in the panicle initiation growth stage. Tissue (healthy) sampled from plots at the

RREC suggested that the 0.15 % S concentration proposed by Bell and Kovar (2000),

was appropriate for the flag leaf sampled before heading (Table 1). Tissue N concentra-

tion also tended to be lower in all leaves below the flag leaf of the symptomatic tissue.

Results of elemental tissue analysis from several fields exhibiting the described

symptoms are shown in Table 3. The tissue concentration of S was always lowest in

plant tissues expressing severe symptoms, intermediate in plants showing moderate

symptoms, and highest in healthy plants (Table 3). Tissue analysis also suggested that

K, Na, and Fe concentrations were lower in symptomatic samples. Many of the tissue

K concentrations were near or below the critical Y-leaf K concentration of 1.5% (Bell

and Kovar, 2000). However, symptoms were not consistent with K deficiency because

K deficiency symptoms first occur primarily on the lower leaves. Soils where this

problem was observed were also subject to very low exchangeable K due to their sandy

texture or removal of topsoil from land leveling procedures. The critical nutrient con-

centration for many elements, including K, decline during the growing season. The

RREC tissue data indicated that flag leaf tissue K concentrations were commonly

below 1.5% immediately before heading, but this did not result in yield loss (Table 1).
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SIGNIFICANCE OF RESULTS

Based on all tissue analysis data, it appears that S is the nutrient responsible for

the described symptoms. However, the true causes of this disorder may not be fully

understood, and the possibility exists that another nutrient or condition may be re-

sponsible. The trends observed in tissue nutrient concentrations may be a result and

not a true cause of the symptoms. However, soil characteristics and all plant tissue

analyses suggest that late-season S deficiency is a likely cause. Due to the sporadic

nature and relatively small scale of the late-season S deficiencies, replicated research

has not been conducted to evaluate preventive fertilization practices, potential yield

loss, or salvage-fertilizer applications. Observations of several fields suggested that

the leaf chlorosis associated with late-season S deficiency could be alleviated by

application of fertilizers containing SO4. Thus, for fields with a history of late-season S

deficiency, a midseason application of ammonium sulfate might reduce symptoms.
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Table 1. Mean nutrient concentration of mature flag leaves, by cultivar, taken

before panicle emergence at the Rice Research Extension Center during 1999.

Nutrient, Bengal Drew Wells

units Average SDz Average SD Average SD

P, % 0.227 0.029 0.212 0.026 0.244 0.021

K, % 1.374 0.170 1.242 0.139 1.374 0.114

Ca, % 0.293 0.057 0.230 0.053 0.302 0.066

Mg, % 0.133 0.016 0.142 0.015 0.149 0.021

S, % 0.178 0.017 0.177 0.01 0.187 0.015

Na, ppm 115.0 50.8 83.5 24.0 102.8 59.7

Fe, ppm 121.4 39.9 122.8 42.5 123.4 42.6

Mn, ppm 471.5 170.9 395.5 111.7 551.0 116.9

Zn, ppm 36.4 14.2 47.6 34.9 39.8 14.3

Cu, ppm 11.0 5.7 11.5 7.2 10.6 2.8

z SD = Standard Deviation.
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COMPLETED STUDIES

POTASSIUM NUTRITION OF RICE:

SUMMARY OF 2000 RESEARCH STUDIES

N.A. Slaton, R.J. Norman, D.L. Boothe, S. Ntamatungiro,

S.D. Clark, C.E. Wilson, Jr., and R.E. DeLong

ABSTRACT

Our current knowledge of the potassium (K) nutritional requirements of rice

(Oryza sativa L.) is compromised by the lack of previous research devoted to K fertili-

zation studies. Potassium deficiency of rice has become more common over the past 10

years. Studies were conducted in 2000 to evaluate the effect of rate and time of K

fertilizer application on rice yield, growth, and nutrition on Agricultural Experiment

Stations and in grower fields. Data indicates that K fertilizer must be applied by midseason

to prevent yield losses from inadequate K nutrition. Application of K fertilizer to soils

high in exchangeable K results in luxury consumption of K, increases production

expenses, and does not increase grain yield. Diagnosis of late season K deficiency is

dependent upon sampling the correct plant tissues. Whole plant samples or individual

mature leaves in the middle of the plant (below Flag or Y-leaf-2) are the best indicators

of rice nutrition in the late boot stage. Late season K applications to K deficient rice

plants are absorbed by the plant but may not benefit grain yields. Further research is

needed to evaluate K fertilization practices on soil-test K and rice nutrition.

INTRODUCTION

The importance of adequate potassium (K) nutrition on the growth and yield of

rice (Oryza sativa L.) has only recently been realized. Potassium deficiency was not

recognized as a common problem in Arkansas or other rice producing areas in the

United States before the early 1990s. This is reflected by the lack of research and
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literature pertaining to rice K nutrition in U.S. rice production. Slaton et al. (1995)

provided a description of K deficiency symptoms of rice. Although K deficiency af-

fects a very small percentage (<1%) of rice acres in Arkansas, it continues to affect

numerous rice fields each year despite educational efforts to increase grower aware-

ness of proper soil testing and K fertilization practices.

Research conducted during the last10 years suggests that the Mehlich 3 extrac-

tant is an adequate method for predicting rice response to K fertilization (Slaton, 2000,

unpublished data). Positive rice yield responses have been measured when Mehlich 3

extractable K is below 150 lb K/acre (Wilson et al., 1996a; Wilson et al., 1996b). Rice is

likely to show K deficiency symptoms when Mehlich 3 K is <120 lb K/acre before

seeding. Previous research efforts to investigate the effect of time of K fertilizer appli-

cation on rice yield response have failed to produce positive results (Slaton and Wilson,

1996, unpublished data). Thus, the objectives of this research were to evaluate the effect of

K fertilizer application rate and time on rice growth, K nutrition, and grain yield.

MATERIALS AND METHODS

Time and Rate of K Fertilizer Application – PTBES

A field study was conducted at the Pine Tree Branch Experiment Station (PTBES),

near Colt, Arkansas, on a Calloway silt loam (fine-silty, mixed, thermic, Glossaquic

Fragiudalfs) to evaluate the effect of time and rate of K fertilizer application on rice

yield. ‘Wells’ rice was drill-seeded on 17 May at a rate of 40 seed/ft2 and emerged on 25

May. A composite soil sample (6 1-in. diameter cores to a depth of 4 in.) was taken from each

individual plot on 23 May, before K fertilizer application, to determine available nutrients in

the plot area (data not shown). The soil averaged 164 lb K/acre (±19 lb K/acre), 37 lb P/acre,

2807 lb Ca/acre, and 526 lb Mg/acre with a mean soil pH of 6.9. Potassium fertilizer

(potassium chloride, KCl) was applied at rates equal to 0, 30, 60, 90, and 120 lb K2O/acre

at four different times to the soil surface or into the flood during the season. Applica-

tion times were preemerge (PE), preflood (PF), midseason (MS) or 0.5-in. internode

elongation, and late boot (LB) stage. The LB application was after 50% of the flag

leaves were fully emerged but before the panicles emerged from the boot. Phosphorus

fertilizer (Diammonium phosphate-DAP, 18-46-0) was broadcast prior to flooding (26

June) at a rate of 100 lb DAP/acre. The balance of nitrogen (N) fertilizer was applied as

urea for a total preflood N rate of 120 lb N/acre. Each individual plot was 16 ft long with

nine rows spaced 7 in. apart. Plant samples were collected at 0.5-in. internode elonga-

tion (12 July) from all K rates of the PE and PF K application times by removing all of the

above-ground plant tissue in a 3-ft row section of the second inside row. Plant samples

were dried, weighed, ground, and digested with HNO3 and H2O2 as recommended by

Jones and Case (1990). Digested tissue was analyzed by Inductively Coupled Argon

Plasma Spectrophotometry (ICAPS) for nutrient analysis. At maturity, 12 ft of the



397

  B.R. Wells Rice Research Series 2000

center 16 rows of each plot were harvested with a small plot combine, weighed, and

moisture content determined. Reported grain yields are adjusted to 12% moisture content.

The experiment was arranged as a split-plot design with four replications of each

treatment. The main plot factor was K application rate and subplot was time of K

application. Data were analyzed with the PROC GLM procedure of SAS. Differences

among treatments were identified using Fisher’s Protected Least Significant Difference

(LSD) test at the 0.05 significance level.

Rate of K Fertilizer Application – RREC

The objectives of this study were to evaluate the effect of pre-emergence K

application rate and rice cultivar on rice grain yield, total dry matter, and tissue K

concentration. The long-grain rice cultivars ‘Cypress’ and ‘LaGrue’ were selected be-

cause they exhibited different numerical values (not statistically different at P = 0.05)

for K uptake/root surface area (Pulley and Beyrouty, 1998). These two cultivars may

absorb K at different kinetic rates, which could affect their response to K fertilization

practices (Beyrouty, personal communication, 2000). The study was conducted at the

Rice Research Extension Center (RREC) located near Stuttgart, Arkansas, on a DeWitt

silt loam (fine, smectitic, thermic, Typic Albaqualfs). A composite soil sample taken

from the plot area in mid-April showed Mehlich 3 extractable soil K was 170 lb K/acre

and soil pH was 6.1.

Rice was drill-seeded on 16 May 2000 at a rate equal to 40 seed/ ft2 and emerged

on 23 May. Five rates of K fertilizer (KCl, 0, 30, 60, 120, and 180 lb K2O/acre) were applied to

the soil surface (17 May) after seeding but before rice emergence. Nitrogen fertilizer was

applied as urea immediately before flooding on 9 June at a rate of 120 lb N/acre. Plant

samples were collected at 0.25-in. internode elongation (5 July) by removing all of the

above-ground plant tissue in a 3-ft row section of the second inside row. Plant samples

were dried, weighed, ground, and digested with HNO3 and H2O2 as recommended by

Jones and Case (1990). Digested tissue was analyzed by Inductively Coupled Argon

Plasma Spectrophotometry (ICAPS) for nutrient analysis.

Treatments were arranged as a 2 (cultivar) ∞ 5 (K fertilizer rate) factorial design

with four replications. Data were analyzed with the PROC GLM procedure of SAS.

Differences among treatments were identified using Fisher’s Protected Least Signifi-

cant Difference (LSD) test at the 0.05 significance level.

Evaluation of K Uptake by K deficient Rice – Hazen Field

A test was established to evaluate the uptake of K fertilizer applied at the late

boot stage by K deficient rice in a commercial field (cv. Bengal) exhibiting severe, late-

season K deficiency symptoms in Prairie County. Potassium fertilizer (KCl) was applied

at four rates equal to 0, 30, 60, and 120 lb K2O/acre on 3 August. Each individual plot
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was 10 ft wide ∞ 20 ft long. Fourteen days after K fertilizer application, the entire above-

ground portion (whole plants) was harvested from a 3-ft row section in the middle of

each plot for total dry matter (TDM) accumulation and tissue K concentration. Plant

samples were dried, weighed, ground, and digested with HNO3 and H2O2 as recom-

mended by Jones and Case (1990). Digested tissue was analyzed by Inductively Coupled

Argon Plasma Spectrophotometry (ICAPS) for nutrient analysis. Total K uptake was

calculated from tissue K concentration and TDM. Grain yield was not measured be-

cause irrigation was not maintained for the duration of the season and thus water

stress at heading likely resulted in significant yield losses.

The experimental design was a randomized complete block with six replications.

Data were analyzed with the PROC GLM procedure of SAS. Differences among treat-

ments were identified using Fisher’s Protected Least Significant Difference (LSD) test

at the 0.05 significance level.

Effect of K Deficiency on Tissue K Concentration – Prairie Co Field

A rice field (cv. ‘Bengal’) located in Prairie County exhibiting possible K defi-

ciency symptoms was examined during the late boot stage. The symptoms followed a

regular alternating pattern (good, bad, good, etc... similar to N streaks) across the field.

In the affected areas, the tips of the lower leaves exhibited chlorotic (yellow) and

necrotic (brown) margins. Symptoms were similar to those associated with mild K

deficiency. Diagnostic soil and tissue samples were taken from four (two healthy and

two sick samples) adjacent streaks in the field. Two separate plant samples were taken

from each area. The first plant sample (3-ft row) was taken for TDM and whole-plant

elemental analysis. The second tissue sample was used for elemental analysis of whole

rice plants dissected into separate plant tissues. Individual leaves were removed at the

collar and identified as top (immature) leaf, Y-leaf (most recent mature leaf), Y-1, Y-2, Y-3, Y-

4, Y-5, and Y-6 (bottom leaf). Stems and sheaths were grouped together. Tissues were

dried, weighed, ground, and digested with the HNO3 and H2O2 as recommended by

Jones and Case (1990). Digested tissue was analyzed by Inductively Coupled Argon

Plasma Spectrophotometry (ICAPS) for nutrient analysis.

RESULTS AND DISCUSSION

Time and Rate of K Fertilizer Application – PTBES

Rate of K fertilizer application, averaged across time of application, did not sig-

nificantly affect rice grain yield (Table 1). Grain yields ranged from 133 (0 lb K2O/acre)

to 145 bu/acre (90 lb K2O/acre). The time of K fertilizer application, averaged across K

rates, significantly affected grain yield (Table 2). Grain yields were highest when K was

applied either PF or PE. Application of K fertilizer at LB produced yields similar to the

untreated check (Tables 1 and 2). Application of K at MS significantly increased grain
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yield compared to LB applications, but was not as great as PF fertilizer applications.

The interaction between K rate and time of application was not significant.

Total dry matter, tissue K concentration, and total K uptake at MS compares only

the PE and PF times of application. The interaction between K rate and time of applica-

tion was not significant for TDM, tissue K, or total K uptake. Total dry matter was not

significantly affected by either rate or time of K application. However, TDM tended to

increase incrementally as K rate increased (Table 1). Both tissue K concentration and

total K uptake increased as K application rate increased (Table 1). The PF application

time resulted in significantly higher total K uptake than PE (Table 2). A significant yield

increase was not expected since tissue K concentrations were above 1.5%.

Rate of K Fertilizer Application – RREC

Averaged across K application rate, LaGrue (177 bu/acre) produced a significantly

(P = 0.05) higher yield than Cypress (166 bu/acre) but application of K fertilizer did not

affect rice grain yield (Table 3). A significant yield response was not expected since soil-test

K was above 150 lb K/acre. A significant cultivar ∞ K application-rate interaction was found

for TDM (Table 3). Tissue K concentration and total K uptake increased as K application

rate increased. Application of K resulted in luxury consumption of K in this study.

Evaluation of K Uptake by K Deficient Rice – Hazen

Application of K fertilizer to K deficient rice late in the season failed to increase

TDM 14 days after fertilizer application (Table 4). However, whole plant-tissue K con-

centration and total K uptake increased as K rate increased. This suggests that late

season K fertilizer applications are utilized by K-deficient rice plants. A similar study

established in 1999 failed to show differences in tissue K concentration among K rates

by three weeks after K application (Slaton, 1999, unpublished data). The efficiency of

K fertilizer uptake (calculated by difference) decreased as K application rate increased.

Application of 30 lb K2O/acre increased total K uptake by 26.2 lb/acre, which was

62.4% of the total K applied. Only 35.2 and 30.3% of the applied K fertilizer was recov-

ered by application of 60 and 120 lb K2O/acre, respectively. Plant uptake of K fertilizer

after the onset of late-season K deficiency does not imply that grain yield will also be

increased. A healthy rice crop should contain nearly 200 lb K/acre by the LB stage.

Additional data are needed to determine if late-season K fertilizer applications to K

deficient rice are useful for off-setting potential grain yield and quality losses from K

deficiency and to establish the extent of plant uptake of late-season K applications.

This information is needed to help growers make sound, economical management

decisions on K deficient rice. Potassium fertilizer (60 lb K2O/acre) is generally recom-

mended when K deficiency is diagnosed before heading. If the applied K fertilizer does

not benefit the current rice crop (i.e., increase yield), it will remain in the soil for subse-
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quent crops unless grain K concentration is increased. This recommendation should

be discontinued if a yield response does not occur, since application of extra K fertilizer

to the following crop with ground-application equipment would be more economical.

Effect of K Deficiency on Tissue K Concentration

Tissue analysis indicated that rice plants exhibiting chlorotic and necrotic leaf

tips in the Prairie County rice field were K deficient (Tables 5 and 6). The alternating

streaks observed in this field were apparently caused by uneven distribution of a

previous K fertilizer application. Several other rice fields across the state showed simi-

lar leaf symptoms and were also sampled but tissue analysis failed to indicate K defi-

ciency (data not shown). Soil-test K ranged from 73 to 93 lb Mehlich 3 K/acre at the LB

stage with little or no numerical difference between K sufficient and deficient areas of

the field. Soil samples taken during the late boot stage may be inadequate to diagnose

K deficiency late in the growing season due to the large quantities of K taken up by rice

during the growing season. Total dry matter samples showed that K-deficient rice pro-

duced less TDM, had lower tissue K concentration, and less total K uptake than K-suffi-

cient rice (Table 5). Deficient rice also had higher tissue sodium (Na) concentrations.

Analysis of individual plant tissues suggested that the Y-leaf (flag leaf) may not

be the best tissue to sample for diagnosis of late-season K deficiency of rice. Leaves

located below the Y-2 leaf showed the lowest K concentration and the largest differ-

ences compared to the same leaves on K-sufficient plants (Table 6). This was expected

since K is mobile in the plant. When K availability is limiting, K located in lower leaves and

stems will be mobilized and transported to the younger leaves. Whole plant samples or

lower leaf samples are the most appropriate tissues to sample for evaluating K nutrition of

rice. Potassium-deficient rice tissue also tended to contain higher magnesium (Mg) and Na

concentrations in individual leaves and in the whole plant samples.

SIGNIFICANCE OF FINDINGS

Information from these studies aids our understanding of rice K nutrition and

improves our knowledge of procedures that should be used in diagnosis of late-season

K deficiency. Results suggest that K fertilizer applications must be made by mid-

season to avoid significant yield losses from potential K deficiency. Additional studies

on soils that respond to K fertilization are required to specifically identify rice K nutri-

tional requirements and evaluate current fertilization practices.
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Table 1. Effect of K fertilizer application rate on rice grain yield,

total dry matter, tissue K concentration, and total K uptake by rice

at the Pine Tree Branch Experiment Station near Colt, Arkansas, during 2000.

Rate of K fertilizer Tissue K

application Grain yield Total dry matter concentration Total K uptake

(lb K
2
O/acre) (bu/acre) (lb/acre) (%) (lb K/acre)

0 132.8 3192 2.37 76.8

30 140.3 3330 2.65 88.2

60 140.6 3346 2.89 96.7

90 145.2 3466 3.00 103.6

120 140.1 3486 3.14 109.8

LSD (0.05) 9.7 572 0.23 17.3

P-value 0.288 0.798 0.0001 0.016

C.V., % 4.4 9.0 6.7 9.8
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Table 2. Effect of K fertilizer application time on rice grain yield,

total dry matter, tissue K concentration, and total K uptake by rice at

the Pine Tree Branch Experiment Station near Colt, Arkansas, during 2000.

Time of K fertilizer Tissue K

application Grain yield Total dry matter concentration Total K uptake

(lb K
2
O/acre) (bu/acre) (lb/acre) (%) (lb K/acre)

Preemerge 142.1 3281 2.79 91.9

Preflood 143.5 3448 2.86 99.2

Mid-season 139.2 -- -- --

Late Boot 134.9 -- -- --

LSD (0.05) 4.1 203 0.13 6.4

P-value 0.0014 0.1008 0.476 0.063

C.V., % 4.4 9.0 6.7 9.8

Table 3. Influence of cultivar and K fertilizer application rate on grain yield,

total dry matter, whole plant tissue K concentration, and total K uptake of rice

at the Rice Research Extension Center near Stuttgart, Arkansas, during 2000.

Tissue K Total K

K fertilizer Grain yieldz Total dry matter concentration  uptake

rate Cypress LaGrue Cypress LaGrue Cultivar mean Cultivar mean

(lb K
2
O/acre) ------ (bu/acre) ----- ------ (lb/acre) ------ (%) (lb K/acre)

0 166.1 179.8 3852 3686 1.798 65.6

30 171.1 197.3 3737 3631 1.878 70.3

60 159.5 178.1 3460 4013 2.080 76.9

120 164.1 177.3 4220 4052 2.258 92.8

180 171.4 158.5 4349 3661 2.743 109.5

LSD (0.05) NS 419 0.254 9.1

P-value 0.241 0.029 0.0001 0.0001

C.V., % 9.9 9.0 11.3 10.1

z Moisture adjusted to 12% before calculating grain yield.
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Table 4. Effect of K fertilizer rate, applied at the late boot stage to

K-deficient rice, on total dry matter and whole plant-tissue K concentration

10 days after application in a Prairie County , Arkansas, field during 2000.

K Fertilizer rate Total dry matter Tissue K concentration Total K uptake

(lb K
2
O/acre) (lb/acre) (%) (lb K/acre)

0 12,291 0.603 74.9

30 12,281 0.735 90.5

60 12,183 0.765 92.5

120 11,963 0.857 105.1

LSD (0.05) NS (1,332) 0.069 12.5

P-value 0.948 0.0001 0.0012

C.V., % 8.9 7.6 11.2

Table 5. Whole-plant total dry matter and tissue K and N concentration of Bengal

rice in the late boot stage from a Prairie County, Arkansas, field during 2000.

Sample area 1 Sample area 2

Measurement K sufficient K deficient K sufficient K deficient

Dry matter, lb/acre 12,501 10,362 11,623 9,979

Tissue N, % 2.22 2.09 1.2 2.06

Total N uptake, lb/acre 278 217 140 206

Tissue K, % 1.60 (OK) 0.94 (low) 1.67 (OK) 1.16 (low)

Total K uptake, lb/acre 200 (OK) 97 (very low) 194 (OK) 116 (very low)

Na, % 2642 8200 4034 6577
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COMPLETED STUDIES

EFFECT OF ZINC FERTILIZER APPLICATION TIME ON RICE YIELD

N.A. Slaton, C.E. Wilson, Jr. S. Ntamatungiro,

D.L. Boothe, S.D. Clark, and R.J. Norman

ABSTRACT

Three methods of zinc (Zn) fertilization are recommended for rice (Oryza sativa

L.) in Arkansas and include: 1) preplant 10 lb Zn/acre; 2) preflood, foliar application of

1 to 2 lb Zn/acre; and 3) 0.25 to 0.50 lb Zn/cwt seed. Application of liquid Zn sources

before seeding at rates of 1 to 2 lb Zn/acre should be further evaluated as possible low-

cost alternative methods of fertilization. Two field studies were conducted during 2000

to evaluate several dry, granular, and liquid Zn sources applied preplant incorporated

(PPI), preemergence (PRE), and preflood (PF). Differences among Zn sources were

found in both studies. Application of liquid chelated and inorganic Zn sources at rates

from 1.0 to 2.0 lb Zn/acre produced high yields across all application times. Application

of dry granular Zn sources performed best when applied either PPI or PRE. Results

suggest that application of low-cost, inorganic Zn sources applied in a solution or

suspension appears to be an economical alternative to dry-granular Zn sources that

perform well when applied before planting until shortly before flooding.

INTRODUCTION

Three methods of Zn fertilizer application to rice are currently recommended for

Arkansas growers. The three methods are: 1) soil application of 10 lb Zn/acre before

seeding; 2) foliar application of 1 to 2 lb Zn/acre at least 5 to 7 days before flooding; and

3) application of 0.25 to 0.50 lb Zn/cwt seed. When used as recommended, all of these

methods are considered equally effective. Additionally, each of these three methods

has agronomic and economic advantages and disadvantages that should be consid-

ered. Application of 10 lb Zn/acre as dry granules is more costly than Zn seed treatment
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for a single year. However, application of 10 lb Zn/acre also has a residual benefit to

future crops that should be considered in cost analysis. The primary disadvantage of

soil-applied Zn fertilizer is cost and the potential for uneven distribution in blended

fertilizer. Foliar and seed applications of Zn fertilizer use lower Zn rates because of

efficient placement, the time of application, or more uniform distribution. We are com-

monly asked about the relative effectiveness of preplant liquid Zn applications at rates

of 1 to 2 lb Zn/acre. A few fertilizer dealers routinely apply chelated Zn products (i.e.,

ZnEDTA) using this method. Chelated Zn sources applied at 1 lb Zn/acre generally

cost (~$10 to $12/acre), about the same as what growers would pay for 10 lb Zn/acre

applied as a granular source, but lack the residual benefits of the higher Zn rates

recommended for granular Zn sources. Wells et al. (1973) evaluated preplant incorpo-

rated liquid-Zn rates ranging from 0.5 to 2.0 lb Zn/acre with mostly positive results. Use

of highly water-soluble, inorganic Zn sources for preplant Zn applications at low Zn

rates would be less expensive than chelated Zn sources and would offer the benefit of

uniform application. However, additional data are needed to develop recommendations

for preplant, low-use rate Zn applications for growers. The objective of this research

was to evaluate the effects of various Zn sources, applied at different rates and times,

on rice grain yield.

MATERIALS AND METHODS

PTBES Experiment

A study was conducted at the Pine Tree Branch Experiment Station (PTBES) on

a Calloway silt loam (fine-silty, mixed, thermic, Glossaquic Fragiudalfs) to evaluate

seven different Zn treatments applied at three different times during the season. Se-

lected soil characteristics are listed in Table 1. The Zn sources used are provided in

Table 2. The CoZinco, Frit 20%, and Frit 36% products are all granular Zn sources that

were broadcast to the soil surface at each time of application. The Super-Tel Zn source

is a fine granular product that is nearly 100% water soluble. The Super-Tel Zn, ZnEDTA,

and Zn oxide sources were applied as liquid solutions or suspensions at a spray

volume of 10 gal water/acre with a calibrated CO2 backpack sprayer. The Zn oxide product

is not water soluble (suspension) and requires agitation for even distribution of Zn.

Zinc fertilizer was applied at three different times including PPI (18 April), PRE (19

April) to the soil surface, and 5 days before flooding (PF, 12 May). Lime (2000 lb/acre)

and triple super phosphate (300 lb/acre) were applied to the test site immediately before

seeding to enhance the likelihood of obtaining a Zn response. ‘Wells’ rice was seeded

on 18 April at 95 lb/acre in nine-row plots (7-in. row spacing), 15 ft in length. At the 4-

leaf stage, 300 lb diammonium phosphate/acre (18-46-0) and 143 lb Urea/acre (45% N,

45-0-0), were applied and the permanent flood was established the next day (17 May).

At maturity, 12 ft of the center four rows were harvested with a small plot combine,

grain weight and moisture were determined, and yields were calculated at 12% moisture.
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The experiment was arranged as a split-plot design with four replications of each

treatment. The main plot factor was Zn application time and the subplot was Zn source.

Data were analyzed with the PROC GLM procedure of SAS. Differences among treat-

ments were identified using Fisher’s Protected Least Significant Difference (LSD) test

at the 0.05 significance level.

Lincoln County Study

A second study was established on the John Freeman farm in Lincoln County,

Arkansas, on a Rilla silt loam (Fine-silty, mixed, thermic Typic Hapludalfs). Selected soil

characteristics are listed in Table 1. Zinc fertilizer sources and application rates are

listed in Table 3. Two additional dry granular Zn sources, SFP 10 and 30% Zn, were

recently introduced by Specialty Fertilizer Products to Arkansas and were added to the

study because we lacked data on their performance. Drexel 10% (Zinche 10) was also

added to the study because it is a common Zn source in Arkansas. The methods of Zn

application for dry and liquid Zn products were identical to those described for the

PTBES study.

Zinc fertilizer was applied PRE (23 April) and PF (17 May) in this study. The

preflood Zn application was made about three weeks before the permanent flood was

established on the field. ‘Cypress’ rice was seeded in the field on 21 April. All field-

management (fertilization, pest control, and water, etc...) practices were performed by the

grower. At maturity, 12 ft of the center four rows were harvested with a small plot combine,

grain weight and moisture were determined, and yields were calculated at 12% moisture.

The experiment was arranged as a randomized complete block, 2 x 8 factorial

design with four replications of each treatment. An untreated control was included in

the study but was not included in the statistical analysis. The yield for the control

should be used for numerical comparison of rice-yield response to the various Zn

fertilizers. Data were analyzed with the PROC GLM procedure of SAS. Differences

among treatments were identified using Fisher’s Protected Least Significant Difference

(LSD) test at the 0.05 significance level.

RESULTS AND DISCUSSION

PTBES Study

The typical symptoms associated with Zn deficiency were not seen in this test

but the size of rice plants in the untreated control were visibly smaller and less vigor-

ous than all other plots that received Zn fertilizer application after flooding and for the

duration of the growing season. The interaction between time of Zn application and Zn

fertilizer treatment was not significant at the 0.05 level (Table 2). Rice grain yields for the

PRE and PF Zn application times, averaged across Zn fertilizer treatments, were signifi-

cantly greater than when Zn fertilizer was applied PPI. Grain yield of the untreated
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control, averaged across application times, was significantly lower than all treatments

receiving Zn. Among Zn products, ZnEDTA produced significantly greater yields than

Frit 36%, Zn oxide, and Super-Tel-Zn and equal to all other Zn sources. Although the

interaction between time of application and Zn source was not significant at the 0.05

level of probability, grain yields of some treatments tended to be numerically greater at

different times of application. For example, the untreated check yields ranged from 110

to 133.6 bu/acre. Although PF application of dry granular Zn sources performed well in

this test, they are not recommended for application immediately before flooding be-

cause field observations suggest they are less effective when Zn deficiency is severe

than PPI or foliar Zn applications are. The Zn oxide and Super-Tel Zn sources are

potentially low-cost products at the rates applied in this study and showed promise for

all times of application. However, they need to be tested under more severe Zn-

deficient conditions than were present in this study before recommendations can be made.

Lincoln County

Severe Zn deficiency was observed in the test area and is reflected by the low

yield of the untreated control (58.9 bu/acre). Visual observation of plant growth be-

tween flooding and harvest suggested that the ZnEDTA applied PRE and PF, and

CoZinco 31% applied PRE produced the best plant growth responses of all the Zn

sources. The interaction between Zn fertilizer source and application time was not

significant (Table 3). The SFP 30% Zn, averaged across time of application, produced

significantly lower yields than all other Zn fertilizer sources. Super-Tel Zn, averaged

across time of application, produced significantly higher yields than all other Zn sources

(Table 3). The highest grain yield was produced when Zn fertilizer was applied PRE.

Grain yields of all granular products were numerically lower when applied PF. The

SFP 30% Zn produced the lowest numerical yield among Zn sources at each time of

application. Although the SFP 30% Zn applied PF was numerically greater than the

control, data shows that this product and perhaps other granular Zn products should

not be applied shortly before flooding. The other dry granular products applied in this

study may have produced lower yields had they been applied closer to the actual time

of flooding. Zinc fertilizer granules applied to the soil surface before flooding of 4- to 5-

leaf rice are not positioned for optimal, immediate uptake of Zn by rice roots despite the

high rate of fertilizer application. In contrast, liquid Zn fertilizer applications provide

uniform coverage of soil and plant foliage at lower Zn application rates and provide a

pathway for immediate plant uptake via plant foliage plus another pathway (root) for

plant uptake later during the season. Grain yields of liquid Zn sources showed the least

variability between application times.
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SIGNIFICANCE OF FINDINGS

Results from these studies provide growers with information concerning the

proper selection of Zn fertilizer sources for various times of application. Most, if not all,

granular Zn sources should not be applied immediately before flooding. Some granular

sources should even be avoided for PPI and PRE application times. Application of

chelated (i.e, ZnEDTA) or inorganic Zn (i.e., Zn Oxide and Zn sulfate) sources at rates

of 1 to 2 lb Zn/acre appears to be an effective means of Zn fertilization from PPI to PF.

The inorganic sources like Super-Tel Zn can be applied at 2 lb Zn/acre for an estimated

cost of about $3.50/acre (material only) and may potentially be tank mixed with other

crop protection products. An additional year of data is desired, before official recom-

mendations are made to growers, to ensure that responses observed in these studies

are consistent.

REFERENCES

Wells, B.R., L. Thompson, G.A. Place, and P.A. Shockley. 1973. Effect of zinc on

chlorosis and yield of rice grown on alkaline soil. University of Arkansas Agricul-

tural Experiment Station Report Series 208.

Table 1. Selected soil properties from two Zn fertilizer

time-of-application studies conducted during 2000.

Location Soil series pH OM P K Ca Mg Na S Fe Mn Cu Zn

% ----------------- [lb/acre (Mehlich 3 extractant)] ------------------

Lincolnz Rilla sl 7.4 0.5 45 113 2020 249 60 6 391 157 2.2 2.1

PTBESy Calloway sl 7.4 1.5 79 238 3977 673 144 18 382 161 2.0 4.0

z Values are the mean of 4 individual composite samples taken from the untreated check in

each replication before Zn fertilizer application. Field was leveled in 1984.
y Values are the mean of 12 composite samples taken from individual plots before seeding

and Zn fertilizer application at the Pine Tree Branch Experiment Station near Colt, Arkansas.
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Table 2. Rice response to Zn fertilizer source and time of application during 2000.

Zn fertilizer Time of applicationy Average

productz Zn Rate PPIx PRE PF (product)

(lb Zn/acre) --------------- (bu/acre)w
---------------------------

Untreated 0 110.0 133.6 128.5 123.6

CoZinco 31% 10 147.7 146.2 144.9 146.3

Frit 20% 10 135.2 152.4 152.1 146.6

Frit 36% 10 132.0 144.5 145.4 138.2

Super-Tel 35.5% 2 140.2 131.6 152.6 141.4

ZnEDTA 9% 1 145.3 163.3 154.5 154.4

Zn oxide 50% 2 137.6 148.8 150.4 145.6

Average (time of application) 135.0 145.1 146.6 --

Factor Application time Zn source Application time ∞ Zn source

LSD (0.05) 2.8 8.7 NSv

P-value 0.0002 0.0001 0.0967

C.V., % 7.2

z CoZinco 31% (ZnSO
4
), Frit 36% (Zn Oxysulfate), and Frit 20% (Zn Oxysulfate) products

are granular fertilizers and were applied dry. Super-Tel 35.5% (ZnSO
4
) fine granular

fertilizer), Zn EDTA 9% (liquid), and Zn oxide 50% (liquid) were mixed in 10 gal water/acre

volume and sprayed.
y PPI = preplant incorporated; PRE = preemergence; and PF = preflood.
x Visual Zn deficiency symptoms were observed only at the PPI time of application.
w Yields reported are adjusted to 12% moisture.
v NS = not significant.
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Table 3. Effect of Zn source and time of application on Cypress grain yields

during 2000 at the John Freeman farm in Lincoln County, Arkansas.

Zn source average

Zinc application Time of application (averaged across

Zinc sourcez rate PRE PF time of application)

(lb Zn/acre) ---------------------- (bu/acre)y ----------------------

Untreated check 0 58.9x -- --

CoZinco 31% Zn 10 148.8 144.5 146.6

Frit 36% Zn 10 161.3 143.7 151.2

SFP 30% Znw 10 136.4 98.3 120.1

SFP 10% Zn 10 151.6 135.2 144.6

ZnEDTA, 9% 1 146.0 145.9 145.9

Drexel 10% Zn 2 161.3 143.7 152.5

Super-Tel Zn 35.5 % Zn 2 169.1 159.0 164.8

Zn oxide 50% Zn 2 149.4 158.4 153.2

Time of application, average 152.0 142.2 --

Factor Source Time Source ∞ time

LSD (0.05) 8.2 16.3 NSv

P-value 0.0002 0.015 0.17

C.V., % 10.6

z CoZinco 31% (ZnSO
4
), Frit 36% (Zn Oxysulfate), and Frit 20% (Zn Oxysulfate) products

are granular fertilizers and were applied dry. Super-Tel 35.5% (ZnSO
4
) (fine granular

fertilizer), Zn EDTA 9% (liquid), and Zn Oxide 50% (liquid) were mixed in 10 gal water/acre

volume and sprayed.
y Yields reported are adjusted to 12% moisture.
x Untreated check not included in statistical analysis. Primary objective of study was to

evaluate time of zinc application. Value is provided for reference and numerical comparison

to other Zn treatments to show the relative response of each treatment to the control.
w SFP, Specialty Fertilizer Products.
v NS = not significant.
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COMPLETED STUDIES

DEVELOPMENT OF A CRITICAL MEHLICH 3

SOIL-TEST ZINC VALUE FOR RICE

N.A. Slaton, C.E. Wilson, Jr., S. Ntamatungiro, and R.J. Norman

ABSTRACT

Zinc (Zn) is the most growth- and yield-limiting micronutrient in U.S. rice (Oryza

sativa L.) production. Zinc fertilizer recommendations in Arkansas have been based on

soil pH since the 1970s and have not accounted for the residual carryover of previous

Zn fertilizer applications. The objective of this research was to develop a critical soil

test Zn concentration for making Zn fertilizer recommendations. The relationship be-

tween rice-grain yield response and selected soil chemical properties was determined

for 34 Zn fertilizer studies conducted on silt loam soils between 1992 and 2000. The

critical Mehlich 3 Zn concentration was determined to be near 7.0 lb Mehlich Zn/acre

for rice. Multiple regression analysis also showed that soil pH influenced the critical

Mehlich 3 soil Zn concentration required to produce 90% relative grain yield. The

critical Mehlich 3 soil Zn concentration increased as soil pH increased. The soil test

criteria required for a soil to receive a Zn fertilizer recommendation for rice were up-

dated for the 2001 growing season. Zinc fertilizer is recommended when soil pH is ⊕6.0,

Mehlich 3 soil Zn is ≤7.0 lb Zn/acre, and soil texture is a sandy or silt loam.

INTRODUCTION

Zinc is the most growth- and yield-limiting micronutrient in U.S. rice production.

Zinc deficiency was first identified as the cause of poor rice growth in the late 1960s.

Research conducted during the 1970s documented that: 1) soil pH was a critical factor

influencing Zn availability to rice (Sedberry et al., 1980); 2) preplant incorporation of 10

lb Zn/acre was required to prevent Zn deficiency (Wells et al., 1973); and 3) Zn nutri-

tion was not limiting on clay soils in the midsouth (Wells, 1980). Consequently, in



413

  B.R. Wells Rice Research Series 2000

Arkansas, Zn fertilizer was recommended for rice grown on silt and sandy loam soils

with pH >6.5. Unfortunately, these recommendations did not consider the residual

effect of Zn fertilization practices on subsequent rice crops. After years of broadcast

soil application of 10 lb Zn/acre to rice grown in the rotation, the extractable soil Zn has

increased and the occurrence of Zn deficiency symptoms and growth responses to Zn

fertilization by rice have decreased.

A single Zn fertilizer application has been shown to effectively provide Zn to

subsequent crops for several years. Carsky and Reid (1990) suggested that a single

application of 8 lb Zn/acre would prevent Zn deficiency in corn (Zea mays L.) for 5

years. The residual benefits of previous Zn fertilizer applications can only be accounted

for by use of a critical soil Zn concentration. Soil pH is appropriate for refining fertilizer

recommendations based on critical soil-test concentrations because pH affects the

solubility and plant availability of many nutrients. Previous research has shown that

consideration of soil pH with soil extractable Zn tends to improve the correlation

between soil-test levels and crop response (Boswell et al., 1989; Lins and Cox, 1988).

The primary objective of this research was to determine the relationship between

rice response to Zn fertilization and selected soil chemical properties provided by

routine soil-test results. The evaluation was performed by summarizing the Zn fertilizer

studies conducted in Arkansas between 1992 and 2000. A secondary objective was to

review the Zn concentration of Arkansas soils used for rice and irrigated soybean

production to better understand how new Zn recommendations may influence future

Zn fertilization practices.

MATERIALS AND METHODS

To evaluate the relationship between soil properties and rice yield response to

Zn fertilization, data from 34 replicated Zn fertilizer studies conducted from 1992 to 2000

were summarized. Grain yield was used to measure rice response to Zn fertilization. To

eliminate treatment bias, the untreated check was compared to a predetermined, stan-

dard Zn fertilizer treatment in each study. The standard Zn fertilizer treatment for com-

parison was CoZinco 31% ZnSO4 applied at 10 lb Zn/acre. Two Zn fertilizer treatments,

including 1 lb Zn EDTA/acre applied to rice foliage at the 3- to-4-leaf stage and 0.50 lb

Zn/cwt seed applied as a seed treatment, were chosen as alternative standard treat-

ments for studies where CoZinco 31% ZnSO4 was not included. All studies were

conducted on silt loam soils representing seven different soil series (Table 1). Selected

soil information from each location is shown in Table 1.

For comparison across studies, the percent relative grain yield was calculated for

each test by dividing the untreated control yield by the highest-yielding treatment and

then multiplying by 100. The highest possible relative yield was 100%. Relative yields

of >90% were considered unresponsive to Zn fertilization. Relative grain yield was

regressed against soil properties, including Mehlich 3-extractable soil Zn, Mehlich 3
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calcium, Mehlich 3 magnesium, and soil pH. Thus, the critical soil Zn concentration as

defined here is for approximately 90% relative yield.

RESULTS AND DISCUSSION

Development of A Critical Mehlich 3 Zn Soil Concentration for Rice

The range of soil pH represented in these 34 soils was 5.3 to 8.0 (Table 1).

Specifically, two sites had soil pH ≤6.0 and 22 had soil pH ⊕7.0. Likewise, 15, 9, and 10

sites had Mehlich 3 Zn ≤5.0, 5.1 - 10.0, and ⊕10.1 lb Zn/acre, respectively. These 34 silt

loam soils varied in Mehlich 3-extractable soil Zn concentrations and were primarily

neutral or alkaline in pH. Soil pH and Mehlich 3-extractable soil Zn of the 34 soils used

in this analysis were not significantly related (Fig. 1). Relative rice yield, as influenced

by Zn fertilization, was not significantly related to soil pH (Fig. 2). A significant linear

relationship was found between Mehlich 3 soil Zn and relative rice yield (Fig. 3). This

relationship suggests that approximately 8.0 lb Mehlich 3 Zn/acre is required to pro-

duce maximum grain yield. A significant yield response to Zn fertilization did not occur

at any of the twelve sites where Mehlich 3 Zn was greater than 7.0 lb/acre. Thus, data

suggest that rice is not likely to respond to Zn fertilization on soils with Mehlich 3 Zn >7.0

lb/acre. In contrast, 14 of the 22 (64% probability) test sites with Mehlich 3 Zn <7.0 lb Zn/

acre showed a significant yield response to Zn fertilization. The magnitude and frequency

of yield increase from Zn fertilization tended to increase as Mehlich 3 Zn concentration

decreased. Based on the general response of rice to Zn fertilization, Mehlich 3 soil Zn

concentrations of 0 to 4.0, 4.1 to 8.0, 8.1 to 12.0, and >12.0 lb Zn/acre would correspond to

values classified as low, moderately low, medium, and high, respectively.

Multiple regression showed that both soil pH and Mehlich 3 Zn influenced crop

response to Zn fertilization. The critical Mehlich 3 soil Zn concentration increased as

soil pH increased (Fig. 4). At soil pH 5.0, 2.0 lb Mehlich 3 Zn/acre were adequate to produce

90% relative yield or greater. In comparison, approximately 10 lb Mehlich 3 Zn/acre were

required to produce 90% relative yield at soil pH values near 8.0. Although the pre-

dicted critical soil Zn concentration at soil pH of 8.0 is greater than the current level

used for Zn fertilizer recommendations, two factors must be considered. First, very few

Arkansas soils have soil pH values that consistently test above 7.5. Additionally,

many of the research tests used to determine these relationships were conducted

under the worst possible soil conditions. Excessive lime and phosphorus fertilizer were

commonly applied to induce Zn deficiency. Compared to the Mehlich 3 soil Zn concen-

trations used in other states and for different crops, our critical soil Zn concentration is

considered high and should be viewed as a conservative recommendation. Published

critical soil-test concentrations for various extractants range from 1.0 to 10.0 lb Zn/acre

(0.5 to 5.0 mg Zn/kg; Sims, 2000). In the United States, only California has used a critical

soil Zn concentration (2.0 lb DTPA-Zn/acre) for Zn fertilizer recommendations for rice

(Hill et al., 1992). Cox and Wear (1977) and Sedberry et al. (1978) allh suggested that 0.7
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mg Zn/kg DTPA extractable Zn was the critical concentration required for rice on a

Crowley  silt loam. The Mehlich 3 soil-test method extracts about 1.8 times more soil Zn

than the DTPA method (Liscano et al., 2000).

Zn Concentration of Arkansas Soils Used

for Rice and Irrigated Soybean Production

The average soil Zn concentration of Arkansas soils before Zn fertilizer recommen-

dations were made for rice in the 1970s was not documented. The Arkansas soil-test

laboratory first started to extract Zn using the Mehlich 3 extractant for soil analysis in 1987.

Prior to 1987, Zn was not extracted on routine soil samples. Native soil-test Zn levels were

probably between 2 and 5 lb Mehlich 3 Zn/acre. This is the common soil Zn range of most

clay and silt loam soils without a known history of previous Zn fertilizer application.

Soil samples analyzed for rice and irrigated soybean by the University of Arkan-

sas Soil Test Laboratory between 1 July 1999 and 30 June 2000 indicate that 78.8% of

the acreage had soil pH >6.0 and 31.4% had Mehlich 3-extractable Zn >7.0 lb Zn/acre

(Table 2). Most of the soils used for rice and irrigated soybean production in the top

ten rice producing counties can be characterized as neutral to alkaline in pH with

moderate levels of Mehlich 3-extractable Zn. Cross and Poinsett counties had 47.4%

and 54.1% of their acreage with soil pH >7.0 and also had the largest percentage of

acres with Mehlich 3-extractable Zn >7.0 lb Zn/acre. This suggests a historical trend for

increased use of Zn fertilizer when rice was grown in the rotation and Zn fertilizer was

recommended by use of only soil texture and pH.

The new Zn fertilizer recommendations that include a critical soil-test Zn level

with soil pH would likely reduce Zn fertilizer applied to fields cropped to rice compared

to soil pH-based fertilizer recommendations. For example, over 94% of the acreage in

Poinsett County had soil pH  6.0 and would have received a recommendation for Zn

application with pH-based recommendations or a warning to submit a second soil

sample to verify soil pH (Table 3). Only 30.5% of the Poinsett County acreage meets the

criteria for current Zn fertilizer recommendations. In contrast, Lonoke County had the

highest percentage of acres (44%) with low levels (<4.0 lb Zn/acre) of Mehlich 3-

extractable Zn on soils with neutral to alkaline soil pH (Table 2). Zinc fertilizer would be

recommended on 61% of the Lonoke county acreage when cropped to rice with the new

recommendations, which is slightly less than the acreage with soil pH above 6.0 (72.1%).

The overall effect of the new Zn recommendations will be to reduce Zn fertilizer application

and better identify soils that are likely to respond to Zn fertilization when cropped to rice.

SIGNIFICANCE OF FINDINGS

In 2001, a critical Mehlich 3 soil Zn concentration will be incorporated into the

UA soil-test recommendations for rice. The new recommendation will be to apply Zn
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fertilizer to silt and sandy loam soils that have soil pH ⊕6.0 and Mehlich 3 Zn  ⊕7.0 lb Zn/

acre. All three criteria must be met to obtain a Zn fertilizer recommendation. The new

recommendations will enable growers to apply Zn only on fields where Zn nutrition is

likely limiting plant growth and yield. Production costs will be reduced for growers who

have high soil-test Zn concentrations from previous Zn fertilizer applications. In con-

trast, Zn fertilizer will now be recommended on some fields where no previous Zn

recommendation would have been made. If the new Zn fertilizer recommendations are

followed, application of Zn fertilizer may prevent Zn deficiency, reduce costs associ-

ated with salvage-management practices, and increase rice growth and yield on fields

where Zn was not previously recommended.
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Table 1. Information on the seven soil series represented in Zn studies.

Range

Soil Mehlich Relative

Soil series No. pH 3 Zn yield Taxonomic soil name

(lb Zn/acre) (%)

Calhoun 1 7.0 7.5 96 Fine-silty, mixed, active, thermic

Typic Glossaqualfs

Calloway 11 5.8 -8.0 2.0 - 12.5 75 - 100 Fine-silty, mixed, active, thermic

Glossaquic Fragiudalfs

DeWitt 15 5.3 -7.7 1.8 - 1 4.5 60 - 100 Fine, smectitic, thermic Typic

Albaqualfs

Grenada 1 7.4 12.1 100 Fine-silty, mixed, active, thermic

Glossic Fragiudalfs

Henry 2 6.1 -7.8 10.1 - 13.1 91 - 100 Coarse-silty, mixed, active,

thermic Typic Fragiaqualfs

Hillemann 3 6.1 -8.0 6.4 - 11.8 78 - 98 Fine-silty, mixed, active, thermic

Albic Glossic Natraqualfs

Rilla 1 7.4 2.1 40 Fine-silty, mixed, thermic Typic

Hapludalfs

Table 2. Summary of University of Arkansas Soil Test Laboratory

data for soil pH and Mehlich 3 extractable Zn from

selected rice producing counties analyzed between

1 July 1999 and 30 June 2000 for rice and irrigated soybean production.

Soil pH Soil Zn, lb Mehlich 3 Zn/acre

County < 6.0 6.1 - 7.0 > 7.0 < 4.0 4.0 - 7.0 7.1 - 10.0 > 10.0

--------------------------------------- (% of acres tested) --------------------------------------

Arkansas 17.68 51.15 31.17 36.66 33.58 18.02 11.75

Clay 37.84 60.35 1.81 28.81 48.41 14.80 7.97

Craighead 20.27 59.56 20.17 28.52 44.86 16.19 10.43

Cross 8.53 44.03 47.44 20.26 38.02 25.53 16.19

Jackson 35.60 58.36 6.04 29.57 40.67 16.57 13.19

Lawrence 37.07 59.66 3.26 19.22 50.38 22.82 7.57

Lonoke 27.94 64.13 7.93 43.98 41.35 10.69 3.98

Monroe 14.11 65.06 18.72 20.67 47.51 17.14 12.86

Poinsett 5.71 40.22 54.07 9.31 23.89 19.39 47.40

Prairie 27.91 64.35 7.74 30.84 48.05 17.03 4.09

State Avg. 21.23 55.10 23.66 29.49 39.56 18.50 12.90
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Fig. 1. Relationship between Mehlich 3 Zn and soil pH of 34 soils

used in regression analysis to determine critical soil Zn value.

Fig. 2. Effect of soil pH on % relative rice yield.
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Fig. 3. Effect of Mehlich 3 soil Zn on % relative rice yield.

Fig. 4. Effect of soil pH at six different Mehlich 3 Zn levels on relative rice yield.
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COMPLETED STUDIES

A THERMOMECHANICAL STUDY OF

TRANSITIONAL PROPERTIES OF RICE KERNELS

Z. Sun, W. Yang, T. J. Siebenmorgen, A. M. Stelwagen, and A. G. Cnossen

ABSTRACT

A thermal mechanical analyzer (TMA), a differential scanning calorimeter (DSC),

and a thermogravimetric analyzer (TGA) were used to investigate thermal transitions in

rice kernels. Three distinct transitions in a rice kernel were identified as it was heated

from 0°C to 200°C. They were a low-temperature transition around 45°C, an intermediate-

temperature transition around 80°C, and a high-temperature transition around 180°C.

The low-temperature transition was the glass transition of rice kernels. The intermediate-

temperature transition was probably caused by the rapid evaporation of moisture from

the rice kernels. The high-temperature transition was related to the melting of the

crystalline structure of rice starch.

INTRODUCTION

Drastic drying conditions can increase the number of fissured kernels (Kunze, 1979;

Sharma and Kunze, 1982). Since fissured kernels have considerably lowered market value,

an effective rice drying process is required to produce optimal head rice yield. Recent

research (Perdon, 1999) suggested that the thermomechanical properties of rice kernels, such as

the glass transition temperature (Tg), were important to rice drying and fissuring behavior.

A rice kernel can be regarded as a biopolymer composite consisting of moisture and

several different biopolymers, including starch and protein. It is therefore possible for

multiple thermomechanical transitions that are closely related to the structure and morphol-

ogy of rice kernels to occur. Information on the transitions of rice kernels is not only helpful

in developing an effective drying process, but also helpful in understanding the structure-

property relationship of rice kernels.
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Since rice is a crystalline polymer composite, a single technique does not suffice

in determining all thermomechanical transitions. Because of this, a combination of the

TMA, DSC, and TGA was used to determine the thermomechanical transitions over a

temperature range of 0 to 200°C.

MATERIALS AND METHODS

Rice cultivar ‘Drew’ (long-grain) at a harvest moisture content (MC) of 21.7%

was used in this study. The rough rice was dried in a thin-layer dryer to different MC

levels. The drying air condition was 40°C and 17% relative humidity (RH). Rice was

dried in the drying chambers to result in samples with bulk MCs ranging from 7.6 to

21.7%. A rice sample with a bulk MC of about 5% was obtained by further drying the

rice at 7.6% MC in a dessicator.

The temperature transitions of the brown rice kernels were studied with a TMA,

a DSC, and a TGA. For the TMA, individual kernels were randomly sampled in dupli-

cate from each dried rough rice sample and dehulled by hand (76 kernels in the entire

MC range). The Tg measurement followed a similar procedure to that report by Perdon

(1999). Different transitions of rice kernels, i.e., glass transition, rapid moisture evaporation

transition, and melting transition, were determined. DSC was used to determine the melting

temperature, Tm, of rice kernels. Six rough rice kernels per MC level were dehulled by hand,

and the brown rice kernels were coarsely ground in a mortar. Fifteen mg of ground rice per

sample was placed in the sample holder of the DSC. It was held isothermally at 4°C for 5 min,

and then heated from 4 to 200°C at a rate of 5°C/min to determine the melting temperature Tm

(°C) of the sample and calculate melting enthalpy  Hm (J/g).

A TGA was used to measure the weight loss of a single rice kernel and obtain a

drying kinetic curve to see if the transition in drying rates (i.e., the change of curvature)

coincided with the Tg measured with TMA. For the TGA measurement, brown rice

kernels at 20% MC were heated from 15° to 100°C at a rate of 5°C/min. The mass of the

rice kernel was continuously recorded for the development of a drying kinetic curve.

RESULTS AND DISCUSSION

Figure 1 clearly shows three transitions above 0°C: a low-temperature transi-

tion around 50°C, an intermediate-temperature transition around 90°C, and a high-

temperature transition around 180°C.

The low-temperature transition was considered as the glass transition of rice

kernels. Perdon (1999) conducted similar TMA tests and found that the thermal expan-

sion coefficient of rice kernel increased substantially around this low-temperature tran-

sition, which is characteristic of a glass transition.

In addition to the low-temperature transition, an intermediate-, and a high-tem-

perature transition were also detected with TMA in this study. Based on the magnitude
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of the value of the transition temperature, it is believed that the high-temperature

transition was due to the melting of the crystalline structure in rice starch. Melting

temperature measured by the DSC corresponded to the high-temperature transition

detected with the TMA.

The MC dependence of the Tg of rice kernels is shown in Fig. 2. It can be seen

that the Tg of rice kernels decreased with increasing MC. In the MC range from 5% to

21%, the Tg versus MC relationship could be approximated by a linear function (Eq. 1).

Tg = 59.4 – 1.17 * MC, R2 = 0.57

where MC is in percent wet basis.

It is interesting to note the intermediate transition as obtained by the TMA.

When the MC was lower than 10%, it was clear that above the transition temperature,

the dimension of the rice kernel continued to grow as the temperature went up, but at a

slower rate. However, when the MC was high, the rice kernel shrank when the tempera-

ture was higher than the transition temperature. The shrinkage of rice kernel may be

due to the formation of ordered structure, such as crystallization, or evaporation of

moisture. Since there was no crystallization peak seen in the DSC diagrams, it is be-

lieved that the intermediate-temperature transition was the result of a rapid evapora-

tion of moisture. The effect of MC on the temperature of rapid moisture evaporation

(Te) can be approximated by Eq. 2:

Te = 0.21 MC2 – 149,  R2 = 0.74

The Tg and Te can be very important in rice drying. When the drying air tempera-

ture was below Tg, the rice starch existed in the glassy state, the rice starch granule was

compact, and the binding between starch and moisture was strong. Therefore, the

diffusion of moisture inside the rice kernel would be very slow, and it would take a

longer time to dry rice kernels to a targeted MC. When the drying air temperature was

above Tg, rice starch existed in the rubbery state, rice starch macromolecules had more

free volume, and the interaction between starch and water was weak. Moisture could

thus diffuse out of rice kernels much faster. To this end, the minimal temperature for an

effective drying process should, theoretically speaking, be higher than Tg.

In order to examine the above hypothesis, TGA was used to monitor the moisture

loss of rice kernels at different temperatures. Figure 3 shows the mass of a rough rice

kernel (initial MC 20%) at different temperatures. When the temperature was below Tg

(36°C average from Fig. 2), the moisture loss (i.e., mass reduction) was very slow.

However, above Tg, the moisture loss rate increased rapidly. This result confirmed that

Tg could play an important role in moisture diffusion rates of rice kernels during drying.

Cnossen et al. (2000) also reported that Tg had a significant effect on the magnitude of

drying rates of rough rice based on their thin-layer drying tests. Cnossen and

Siebenmorgen (2001) and Yang et al. (2000) discovered that Tg also markedly affected

head rice yield.
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SIGNIFICANCE OF FINDINGS

TMA, DSC, and TGA studies indicated that rice kernels had three transitions

between 0°C and 200°C: a low-temperature transition, an intermediate-temperature tran-

sition, and a high-temperature transition. The low-temperature transition appeared to

be the glass transition of rice kernels. The intermediate-temperature transition was

related to the rapid evaporation of moisture in rice kernels. The high-temperature tran-

sition was related to the melting of crystalline starch. All three transitions were found

to depend on the MC of rice kernels. This study showed that glass transition tempera-

ture played an important role in moisture diffusion rates of rice kernels during drying.
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Fig. 1. TMA diagram of a Drew brown rice kernel

at 14.4% MC. In the figure, a.u. stands for arbitrary unit.
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TOLERANCE OF NEW RICE CULTIVARS TO STRAIGHTHEAD

C.E. Wilson, Jr., N.A. Slaton, D.L. Frizzell,

D.L. Boothe, S. Ntamatungiro, and R.J. Norman

ABSTRACT

Straighthead affects only a small percentage of the Arkansas rice (Oryza sativa

L.) acreage each year. However, considerable acreage is drained and dried for

straighthead prevention. The objectives of this study were to provide growers with

updated information on the susceptibility of new cultivars to straighthead and investi-

gate the effect of delayed flooding as an alternative for straighthead prevention man-

agement. Eight cultivars ‘Bengal’, ‘Cocodrie’, ‘Cypress’, ‘Drew’, ‘Jefferson’, ‘Madi-

son’, ‘Priscilla’, and ‘Wells’, were evaluated during 1999 at the Rice Research and

Extension Center (RREC), near Stuttgart, Arkansas. Four water management schemes

were used to evaluate susceptibility to straighthead including continuous flood at the

5-leaf stage, drained and dried for straighthead prevention, 10 d delayed nitrogen (N)

fertilization and continuous flood, and 20 d delayed N and continuous flood. In studies

conducted during 2000 at RREC and the Southeast Research and Extension Center

(SEREC), near Rohwer, Arkansas, Cypress and Madison were replaced with ‘Earl’ and

‘Rice Tec XL6’. In addition, three potential Clearfield rice lines, (‘CL 0051’, ‘CL 121’, and

‘CL 141’), and one potential Liberty Link line (‘Liberty Link Bengal’)  were included in

the continuous flood and drain/dry treatments. The water management treatments

were also modified during 2000 to include a drain-and-dry treatment where no MSMA

had been applied. Average yield losses due to straighthead were 56, 68, 45, 36, 11, 43,

16, 27, 8, 29, 16, 66, and 87% for Bengal, Cocodrie, Cypress, Drew, Jefferson, Madison,

Priscilla, Wells, CL 0051, CL 121, CL 141, Liberty Link Bengal, and Rice Tec XL6, respec-

tively, during 1999 and 2000. Delaying flood establishment failed to prevent significant

yield losses to straighthead on highly susceptible cultivars. This data should help growers

in cultivar selection and/or water management for fields with a history of straighthead.
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INTRODUCTION

Straighthead is a physiological disorder of rice that, when severe, may result in

nearly total yield loss. Classic straighthead symptoms as described by Atkins (1974)

are currently reported on a very low percentage of Arkansas rice acreage. However, an

estimated 10 to 20% of the acreage is drained for straighthead prevention. According

to Collier (1912), approximately 20% of the U.S. rice acreage suffered significant yield

losses from straighthead in the early 1900s. Only two methods of straighthead control

are currently available to producers. These include cultivar selection and removal of

flood water (draining and drying) during the late vegetative growth stage (Atkins, 1974).

In order for draining and drying to be effective, the soils must be thoroughly dried prior to

beginnning internode elongation. Cultivar selection is considered the first and best method

of prevention since the effectiveness of draining the flood water and thoroughly drying the

soil may fail due to untimely precipitation. Other management strategies are needed that are

more effective and environmentally sound.

Helms et al. (1992) found significant benefits from delaying early N application

and subsequent flooding 14 d for five cultivars differing in straighthead susceptibility.

Delaying flood establishment for 7 d was sufficient for moderately resistant cultivars.

For susceptible cultivars, the 7 d delay improved yield compared to the continuous

flood but significant yield losses were suffered compared to the standard drain-and-

dry treatment. The ability to delay flood would benefit many growers since draining,

drying, and reflooding fields increases labor and water requirements. Additional re-

search is needed to verify the usefulness of and develop recommendations for delayed

flooding for straighthead control.

The objectives of this study were to provide growers with updated information

on the susceptibility of new cultivars to straighthead and investigate the effect of

delayed flooding as an alternative for straighthead prevention management.

MATERIALS AND METHODS

Field studies were implemented during 1999 at the RREC near Stuttgart, Arkan-

sas, on a Dewitt silt loam (fine, smectitic, thermic Typic Albaqualfs). During 2000 stud-

ies were implemented at RREC and at the SEREC near Rohwer, Arkansas, on a Herbert

silt loam (fine-silty, mixed, thermic Aeric Ochraqualfs).

1999 Field Study

The herbicide MSMA was applied at a rate of 6 lb ai/acre and immediately incor-

porated to induce straighthead. Eight cultivars, Bengal, Cocodrie, Cypress, Drew,

Jefferson, Madison, Priscilla, and Wells, were drill-seeded at a rate of 110 lb/acre in nine

row plots 15 ft in length with 7-in. row spacing. All cultivars were subjected to four

different water management regimes including a continuous flood, drain-and-dry, 10 d
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delay flood, and 20 d delay flood. The drain-and-dry and continuous flood treatments

were both flooded at the 5-leaf growth stage. The delayed flood treatments were flooded

either 10 or 20 d later. All plots received 130 lb N (urea)/acre applied in a single applica-

tion immediately before flooding. The flood was removed from the drain-and-dry treat-

ment 7 d after flooding and re-flooded after 10 d. Five stems from each Wells and

Cocodrie replicate were collected, split, and measured for internode elongation to de-

termine how water management influenced maturity. Internodal length is reported as

the total distance (millimeters) for all internodes that had moved. Visual numerical

ratings for straighthead severity were made for each plot prior to harvest as described

by Helms et al. (1992). At maturity, three interior rows (12 ft in length) were harvested

with a small-plot combine equipped with an air-flow system, grain weight and moisture

were measured, and all yields were adjusted to 12% moisture content.

2000 Field Study

Studies were designed and managed similar to the 1999 study. However, Cypress

and Madison were replaced with Earl and the hybrid variety Rice Tec XL6. The water

management treatments were modified to include continuous flood, drain-and-dry, 20-

day delayed flood, and drain-and-dry without application of MSMA. The latter treat-

ment was included to determine potential loss due to straighthead, even where recom-

mended management practices were utilized. Four additional potential lines were in-

cluded in the continuous flood and drain-and-dry with MSMA treatments. These

included three potential imi-tolerant Clearfield lines [CL 0051, CL2551 (CL 121), and

CL3291 (CL 141)] and one potential Liberty Link line (Liberty Link Bengal).

Only one delayed-flood treatment (20-day delayed flood) was evaluated in 2000.

Nitrogen application timing on the delayed-flood treatment was also modified in 2000.

An application of 45 lb N/acre was applied and flushed in at the 4- to 5-leaf growth stage.

The remainder of the preflood N (85 lb N/acre) was applied 20 days later, immediately prior

to the permanent flood. All plots received a total of 130 lb N/acre as urea, except the XL6.

The recommended N rate of 60 lb N/acre was applied preflood to this variety.

The experiment was arranged in a split plot design with four replications. Water

management was the main plot and cultivar was the subplot. Analysis-of-variance

procedures were conducted with the PROC GLM procedure in SAS. Mean separations

were conducted with Fisher’s Protected Least Significant Difference (LSD) method at

the 0.05 significance level.

RESULTS

Results from 1999 suggest that delaying the early flood is not a viable alternative

to the standard recommendation of draining and drying for highly susceptible culti-

vars, such as Cocodrie and Bengal (Table 1 and 2). Although delaying the flood did
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provide some yield benefit for the very susceptible cultivars compared to continuous

flooding, the resulting yields were still unacceptable for profitable rice production.

Delaying of the flood also delayed internode movement (Table 3) and eventual head-

ing. It remains possible that a different early water and N management strategy may be

suitable for straighthead prevention.

Straighthead severely affected the yields of Cocodrie, Bengal, Liberty Link Bengal,

Earl, and Rice Tec XL6 during 2000 (Tables 4 and 5). Drew and Wells were moderately

affected while Priscilla and Jefferson were the most tolerant of the cultivars evaluated.

The unreliable straighthead management practice of delaying the permanent

flood was confirmed in 2000 (Tables 4, 5, and 6). While moderately susceptible or

relatively tolerant cultivars do well with this management, highly susceptible cultivars,

such as Cocodrie, still do not yield as well as when the fields are drained and dried.

Maturity tended to be delayed 2 to 6 days when the flood was delayed (Table 7).

During 1999, it was observed that some of the cultivars that normally have excel-

lent yield potential did not perform well, even when the soils were drained and dried to

prevent straighthead. An additional treatment added in 2000 suggests that some culti-

vars may be sensitive to straighthead although preventive measures are taken. Evalu-

ation of the additional drain-and-dry treatment without MSMA suggests that yields of

some cultivars are reduced by as much as 50 bu/acre even when the recommended

drain-and-dry management was utilized (Tables 4 and 5). Even moderately susceptible

cultivars, such as Drew and Wells, were significantly affected. This confirms earlier

reports from Gravois and Helms (1996) that yields of some cultivars may be reduced

due to induced straighthead even when the soils are drained and dried, as recom-

mended. Because of this, it is suggested that this type of information should be con-

sidered when assessing the tolerance of selected cultivars to straighthead.

Comparison of the drain-and-dry and continuous flood-water regimes among

each of the three studies suggests that Jefferson, Priscilla, Wells, CL 0051, CL 121, and

CL3291 are moderately tolerant to straighthead (0 - 30% yield loss); Cypress, Drew,

Earl, and Madison are moderately susceptible (30 -50% yield loss); and Bengal, Lib-

erty-Link Bengal, RiceTec XL6, and Cocodrie are very susceptible, suffering >75%

yield loss (Table 1).

Straighthead is often associated solely with kernel distortion termed “parrot

beaking”. However, distorted kernels are only noted in moderately severe cases of

straighthead. A significant amount of erect panicles from blanking and yield loss may

be present without kernel distortion. An additional symptom of straighthead was noted

in several grower fields and confirmed in plots of these studies. Near maturity, new

tillers are often observed emerging from the base of plants with straighthead. New

tillers were also observed in this study emerging from nodes higher on the plant. These

symptoms are easily confused with Roundup drift, which is an increasing problem

since Roundup Ready soybeans are often seeded in fields adjacent to rice fields.

Our current knowledge base concerning the factors that increase the likelihood

of straighthead is crude. Information concerning relationships among straighthead,
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plant nutrition, and soil fertility is nearly non-existent. It is recommended that future

studies attempt to identify plant and soil nutritional factors that potentially may be

effective in preventing or reducing damage from straighthead, and continue periodi-

cally evaluating new cultivars for susceptibility.

SIGNIFICANCE OF FINDINGS

Data concerning straighthead susceptibility of new cultivars like Cocodrie, Earl,

Priscilla, and Wells should be beneficial to rice growers who intend to grow these

cultivars. Results show that Cocodrie and RiceTec XL6 are highly susceptible and may

be devastated by straighthead, even where preventive water-management practices

are used. Wells is more tolerant to this disorder, but may also suffer significant yield

losses. Jefferson and Priscilla were found to have good tolerance to straighthead.

Study results have been incorporated into the most recent varietal disease ratings

available to the growers.
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Table 1. Grain yield of eight rice cultivars as affected by water-

management regime for a straighthead evaluation study conducted at

the Rice Research and Extension Center near Stuttgart, Arkansas, during 1999.

Water management

Continuous 10 d delay 20 d delay

Cultivar flood Drain-and-dry flood flood Yield lossz

-------------------- [Grain yield (bu/acre)] --------------------- (%)

Bengal 24 113 72 88 79

Cocodrie 7 120 27 37 94

Cypress 68 124 131 125 45

Drew 80 137 105 128 42

Jefferson 113 136 132 120 17

Madison 69 122 90 99 43

Priscilla 111 149 146 108 26

Wells 113 157 124 148 28

LSD (0.05) (within variety or among water management) 58 --

LSD (0.05) (within water management or among varieties) 33 --

z Yield loss for each cultivar calculated by the following equation: [(Drain-and-dry yield -

Continuous flood yield) / Drain-and-dry yield] ∞ 100.

Table 2. Numerical straighthead ratings of eight rice cultivars as affected by

water-management regime for a straighthead evaluation study conducted at

the Rice Research and Extension Center near Stuttgart, Arkansas, during 1999.

Water management

Cultivar Continuous flood Drain-and-dry 10 d delay flood 20 d delay flood

--------------------------------------- (Numerical ratingz) -------------------------------------

Bengal 7.5 4.0 5.8 5.5

Cocodrie 7.8 2.8 7.0 7.0

Cypress 4.5 1.3 1.8 1.8

Drew 4.5 1.0 2.0 1.5

Jefferson 2.8 1.3 1.5 2.0

Madison 5.5 1.8 2.8 2.5

Priscilla 3.8 1..5 3.0 3.3

Wells 4.5 1.8 3.0 3.3

LSD (0.05) (within variety or among water management) 2.7 --

LSD (0.05) (within water management or among varieties ) 1.3 --

z Numerical rating of 1.0 means no visible straighthead and 9 means severe straighthead.

Table 3. Influence of water management on internode length of

Cocodrie and Wells from straighthead evaluation studies conducted at

the Rice Research and Extension Center near Stuttgart, Arkansas, during 1999.

Water management

Cultivar Continuous flood Drain-and-dry 10 d delay flood 20 d delay flood

----------------------------------- [Internodal length (mm)]z ---------------------------------

Cocodrie 34.0 32.5 15.2 8.4

Wells 11.7 9.2 3.8 3.3

z Internodal length is the total distance of all internodes that had moved.
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Table 6. Numerical straighthead ratings of eight rice cultivars as affected by

water-management regime for a straighthead evaluation study conducted at

the Rice Research & Extension Center near Stuttgart, Arkansas, during 2000.

Water management & PPI  MSMA rate

Delay flood Drain/dry Drain/dry Cont. flood

Cultivarz 6 lb MSMA/acre 0 lb MSMA/acre 6 lb MSMA/acre 6 lb MSMA/acre

------------------------------------- (numerical rating)y ---------------------------------

Bengal 1.3 1.3 2.3 6.8

CL0051 -- -- 1.0 1.8

CL121 -- -- 1.8 3.0

CL141x -- -- 3.0 4.0

Cocodrie 2.8 1.3 3.3 7.5

Drew 0.3 0.3 1.8 4.5

Earl 0.9 1.1 2.0 3.5

Jefferson 1.3 0.8 1.8 2.5

LL Bengal -- -- 3.5 7.3

Priscilla 0.8 1.3 1.3 2.3

XL6 1.0 1.3 2.3 8.5

Wells 0.8 1.8 2.0 3.3

z Not every cultivar was included in every water management/MSMA treatment regime due to

space limitations.
y Standard scale used; numerical rating of  0 = no straighthead symptoms, and 9 = no

panicles emerged.
x Significant panicle blast damage occurred in this cultivar; straighthead ratings are a

reflection of the blast injury rather than straighthead damage.

Table 7. Influence of MSMA and water management on

relative maturity of 12 cultivars at the Southeast Research

and Extension Center near Rohwer, Arkansas, during 2000.

Water management

Cultivar Continuous flood Drain/dry 20-day delayed flood

----------------------- [Maturity (days to 50% heading)] ------------------------

Bengal 76 79 78

CL 0051 65 65 --

CL 121 65 66 --

CL 141 71 73 --

Cocodrie 76 80 75

Drew 80 83 81

Earl 77 78 79

Jefferson 70 73 73

LL Bengal 79 80 --

Priscilla 77 78 77

RT-XL6 72 75 78

Wells 78 78 80

LSD(0.05) 3
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COMPLETED STUDIES

EFFECTS OF SODIUM CHLORATE APPLIED

AS A HARVEST AID FOR RICE

C.E. Wilson, Jr., N.A. Slaton, S. Ntamatungiro,

D.L. Frizzell, D.L. Boothe, and R.J. Norman

ABSTRACT

Sodium chlorate is a desiccant applied to rice before harvest that is thought to

increase harvest efficiency. However, the effects of sodium chlorate on rice grain are

not well documented. Subsequently, a series of studies was conducted during 2000 to

evaluate the influence of sodium chlorate application on rice grain moisture, grain

yield, and head rice yield. Studies were conducted at the Rice Research and Extension

Center to:1) evaluate differences in varietal response to sodium chlorate, 2) evaluate

the effects of sodium chlorate application timing on rice milling and grain yields at two

seeding dates, and 3) evaluate the effects of harvest timing on rice milling and grain

yields. Sodium chlorate did not significantly affect grain yields of ‘Bengal’, ‘Cocodrie’,

or ‘Wells’. However, sodium chlorate applied at a rate of 6 lb ai/acre significantly

reduced yields of ‘Priscilla’. Sodium chlorate did not influence grain yields of Cocodrie

or Wells when applied 28 to 42 days after 50% heading and harvested by 4 days after

application. However, application of sodium chlorate 21 days after 50% heading sig-

nificantly reduced yields. Delaying harvest until the grain moisture declined to less

than 14% resulted in decreased grain yield and head rice yields. Applying sodium

chlorate to rice when the grain moisture is low (<20%), too high (> 25-30%), or delaying

harvest after application may result in reduced milling quality and grain yield.

INTRODUCTION

Several producers use sodium chlorate each year as a harvest aid for rice (Oryza

sativa L.). The desiccant allows faster “dry-down” of the rice foliage (leaves), which
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may possibly reduce harvest loss, increase timeliness of harvest, and reduce ‘green’

stems and leaf tissue in the harvested rice. Also, the drier vegetative tissue tends to

reduce wear on combines because of easier thrashing. Although sodium chlorate is com-

monly used, questions are raised each year to Extension agents, specialists, and research-

ers concerning sodium chlorate use guidelines and its effect on rice yield and quality. Little

information is available to answer these questions. The questions that need to be ad-

dressed include time of application, time between application and harvest, effects on seed

quality in seed rice fields, and effects on grain and milling yields. The objectives of the

current study were to determine the effects of sodium chlorate rate, application timing, and

harvest timing on rice grain yields, milling yields, and seed germination.

MATERIALS AND METHODS

Four separate studies were conducted during 2000 at the Rice Research and

Extension Center (RREC), located near Stuttgart, Arkansas, on a DeWitt silt loam (fine,

smectitic, thermic Typic Albaqualfs) and the Southeast Research and Extension Cen-

ter-Rohwer (SEREC), near Rohwer, Arkansas, on a Perry clay (very fine, smectitic,

thermic Chromic Epiaquerts). Only data from studies conducted at the RREC will be

reported in this manuscript. The first study evaluated the influence of rice cultivar and

sodium application rate on grain yield, grain harvest moisture, and grain quality. Four

rice cultivars (Bengal, Cocodrie, Priscilla, and Wells) were seeded in plots that were 16

ft long with nine rows spaced 7 in. apart. Rice was seeded on 19 April. Sodium chlorate

was applied at three rates (0, 3, and 6 lb ai/acre in 10 gal/acre spray volume) 28 days

after the 50% heading date for each cultivar and grain was harvested 4 days after

application. The study was arranged in a randomized complete block factorial design

with four replications and two factors (cultivar and sodium chlorate rate).

The second and third studies were conducted to evaluate the effects of sodium

chlorate application timing on rice grain and milling yields. Cocodrie and Wells were

seeded in plots as previously described on 31 March. Sodium chlorate was applied at

rates of 0 and 6 lb ai/acre at either 28, 35, or 42 days after 50% heading. The plots were

harvested 4 days after application for grain and milling yield determination. This study

was arranged in a randomized complete-block factorial design with four replications and

two factors (sodium chlorate rate and sodium chlorate application timing). Cultivars were

analyzed individually. The third study, similar to the one previously described, was also

established and differed only in the time of sodium chlorate application times and

seeding date (19 April). Sodium chlorate was applied at rates of 0 and 6 lb ai/acre at

either 21, 28, or 35 days after 50% heading.

The fourth study was conducted to evaluate the effects of harvest interval, following

sodium chlorate application, on rice grain and milling yield. Wells rice was seeded in plots

as previously described on 19 April. Sodium chlorate was applied at rates of 0 or 6 lb ai/acre

28 days after 50% heading. Plots were subsequently harvested 3, 6, 11, or 17 days after

application. The study was arranged in a randomized complete block design with four



439

  B.R. Wells Rice Research Series 2000

replications and two factors (sodium chlorate rate and harvest date).

At each appropriate harvest date, 12-ft sections of the three middle rows of each

plot were hand harvested and thrashed with a Vogel thrasher to obtain grain yields.

Grain moisture content and grain yield (corrected to 12% moisture) were determined for

each treatment. Milling yields were determined for each plot. Analysis of variance

procedures were conducted for each study with SAS and mean separations were con-

ducted with Fisher’s Least Significant Difference (LSD) method at a probability of 0.05.

RESULTS

Variety Response to Sodium Chlorate

Grain yields of Bengal or Cocodrie were not significantly affected by sodium

chlorate applied 28 days after 50% heading (Table 1). However, the yields of Wells were

significantly reduced from application of sodium chlorate at 3 or 6 lb ai/acre. Grain yield of

Priscilla was reduced only by the 6 lb ai/acre rate. Harvest moisture 4 days after sodium

chlorate application was reduced on all varieties, except Priscilla, by the 6 lb ai/acre rate of

sodium chlorate. Application of sodium chlorate at 3 lb ai/acre significantly reduced

grain harvest moisture only on Cocodrie and Wells. Sodium chlorate had little or no

effect on harvest grain moisture of the medium-grain variety Bengal, which is consis-

tent with observations made in 1999 studies.

Head rice yields were reduced by sodium chlorate only on Bengal as a result of

sodium chlorate application at the 6 lb ai/acre rate (Table 1). Although not significantly

lower, a trend for reduced head rice yields was also observed by Bengal when sodium

chlorate was applied at 3 lb ai/acre. Bengal, however, did have higher head rice yields

than the other cultivars evaluated in the study. Total white rice yields were not affected

by sodium chlorate for any of the cultivars evaluated, although differences were ob-

served between cultivars. Bengal had higher total white rice yields than the other

cultivars. This difference in head rice yields and total white rice yields between Bengal

and the other cultivars was expected, since medium-grain varieties normally have higher

milling yields than long-grain cultivars.

Effect of  Sodium Chlorate Application Timing

Sodium chlorate application did not significantly affect grain yields of Wells or

Cocodrie seeded on 31 March (Table 2). However, harvest grain moistures were 2 to 4%

lower than the untreated plots. Head rice yields or total white rice yields of Cocodrie

were not significantly affected by sodium chlorate application but a trend for lower

head and total rice yields was observed. Sodium chlorate application did significantly

reduce head rice yields and total white rice yields of Wells.

The effects of application timing showed that grain yields of seeded Cocodrie

were significantly reduced when sodium chlorate application and subsequent harvest
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were delayed until 42 days after 50% heading (Table 3). In contrast, grain yields of

Wells were not affected by application timing. As expected, harvest moisture decreased

with later application and subsequent harvest. Head rice yields of Cocodrie decreased

significantly when sodium chlorate application was delayed until 42 days after 50%

heading. Similar trends were observed with Wells head rice yields and total white rice

yields of both cultivars. The difference between head rice yield effects for the two

cultivars seems to be associated with moisture at application. Grain moisture for Cocodrie

at the day 42 application was 15.8%, compared to 19.5% for Wells. It has been estab-

lished that harvest moisture is a major factor affecting head rice yields (Cnossen et al.,

1999; Wilson et al., 2000).

The similar study seeded on 19 April showed different results for the effect of

sodium chlorate rate on grain yield (Table 4). This study was initiated specifically to

examine the effects of premature application of sodium chlorate on rice yields. The

grain yield of Wells rice was significantly decreased by 6 lb ai/acre of sodium chlorate

(averaged across application times) and, although not significant, was numerically

lower for Cocodrie. The primary difference is because the first sodium chlorate application

was made 21, rather than 28, days after 50% heading before complete grain fill had occurred.

The early application time resulted in much higher grain moisture at time of application

(>40%). Although head rice yields were not statistically lower due to sodium chlorate

application, a trend for reduced head rice yield was evident for both cultivars.

The observed effects of sodium chlorate application time on the rice grain yield

suggest that the rice grain of nearly the entire panicle must be completely filled and

losing moisture (dough stage) to prevent yield reduction (Table 5). When applications

were made 21 days after 50% heading, the grain moisture exceeded 40% and lowered

grain yields of both cultivars. Also, head rice and total white rice yields for Wells were

significantly lower when the sodium chlorate was applied at 21 days after 50% heading.

Effect of Harvest Date Following Sodium Chlorate Application

When sodium chlorate was applied to Wells rice 29 days after 50% heading in

this study, grain yields were not significantly affected (Table 6). However, the average

grain moisture at the time of application was 19%. Based on previous studies, applica-

tion of sodium chlorate at this moisture content would not be expected to affect grain

yields. However, harvest moisture and head rice yields, averaged across harvest times,

declined due to application of sodium chlorate.

Although sodium chlorate application did not directly affect grain yields in this

study, harvest time following application did affect rice grain yield (Table 6). Head rice

yields were highest 3 days after application and dramatically declined when harvest

was delayed by more than 6 days. Harvest grain moisture was less than 14% for each

harvest time after the 3 day harvest. As previously discussed, harvest of rice with

moisture contents less than 16% often causes decreases in head rice yields (Wilson et
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al., 2000). Although statistically significant, total milled rice yield was not dramatically

affected by harvest time.

SIGNIFICANCE OF FINDINGS

The data from this 2-year study suggest that sodium chlorate can be safely

applied as a harvest aid to rice assuming certain criteria are followed. Sodium chlorate

should be applied only when grain fill is complete and the grain moisture content is

25% to 30%. Vegetative tissue was desiccated within 24 to 48 hours after application

when sodium chlorate was applied in August or early September. Desiccation of rice

foliage also significantly reduced harvest grain moisture of long-grain varieties. The

major negative effects of sodium chlorate to head rice yields occurred when applied

too soon (grain moisture greater than 25 to 30%), too late (when grain moisture was

less than about 17%), or when harvest was delayed following application. Our limited

data on cultivar-specific effects suggest that cultivars that tend to have average to

poor milling yield potential may be most adversely affected by sodium chlorate and low

grain harvest moisture. It appears that grain moisture at the time of application or

harvest is the key variable influencing grain quality.
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Table 1. Influence of sodium chlorate on grain yield, harvest moisture,

head rice yield, and total white rice yield of four cultivars at the Rice

Research and Extension Center near Stuttgart, Arkansas, during 2000.

Sodium

chlorate

rate Bengal Cocodrie Priscilla Wells Bengal Cocodrie Priscilla Wells

(lb/acre) ----------------- (bu/acre) ---------------- -------------------- (%) -------------------

Grain yield Grain harvest moisturez

0 205 214 206 221 22.7 24.0 21.8 22.2

3 204 211 206 195 23.5 19.8 20.7 19.9

6 198 218 183 202 21.0 19.0 20.8 19.4

LSD (0.05) 17 1.9

C.V. 5.8 6.4

Head rice yield Total white rice yield

---------------------------------------------------- (%) ---------------------------------------------

0 63.7 57.2 56.6 55.8 70.9 68.1 67.6 69.0

3 62.2 58.4 55.7 55.7 70.3 68.2 68.0 69.2

6 60.4 59.3 55.8 54.2 70.8 68.4 67.3 69.0

LSD (0.05) 2.4 1.5

C.V. 2.9 1.5

z Grain moisture on the day of sodium chlorate application was 20.6, 22.8, and 24.5% for

Bengal, Cocodrie, and Wells, respectively. Grain moisture percentage on the day of

application was missing for Priscilla.

Table 2. Influence of sodium chlorate rate on grain yield,

harvest moisture, head rice yield, and total white rice yield of

Cocodrie and Wells rice, seeded on 31 March 2000 at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Sodium chlorate

rate Grain yield Harvest moisture Head rice Total white rice

(lb/acre) (bu/acre) -------------------------------- (%) ---------------------------------

Cocodriez

0 174 19.8 59.8 70.2

6 175 17.2 58.7 70.0

LSD (0.05) NSx 1.8 NS NS

Wellsy

0 172 22.3 55.1 70.4

6 173 18.3 53.4 69.9

LSD (0.05) NS 0.8 4.3 0.3

z Cocodrie grain moisture percentage at time of application was missing for the day 28

application, 17.7% for the day 35 application, and 15.8% at the day 42 application.
y Wells grain moisture at time of application was 36.0% for the day 28 application, 21.0% for

the day 35 application, and 19.5% at the day 42 application.
x NS = not significant.
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Table 3. Influence of sodium chlorate application timing on

grain yield, harvest moisture, head rice yield, and total white rice yield

of Cocodrie and Wells rice, seeded on 31 March 2000 at the Rice

Research and Extension Center near Stuttgart, Arkansas.

Sodium chlorate

application

timingz Grain yield Harvest moisture Head rice Total white rice

(days after (bu/acre) -------------------------------- (%) ---------------------------------

50% heading)

Cocodriey

28 182 21.8 63.9 70.5

35 188 18.7 63.5 70.3

42 154 15.1 48.4 69.5

LSD (0.05) 14 2.3 5.4 2.3

C.V., % 5.9 6.1 6.5 0.8

Wellsx

28 168 23.2 56.0 71.1

35 169 19.7 53.9 70.5

42 186 18.0 52.9 68.9

LSD (0.05) NSw 2.9 NS NS

C.V., % 8.4 10.6 6.8 1.3

z Application timing is measured in days after 50% heading.
y Cocodrie grain moisture percentage at time of application was missing for the day 28

application, 17.7% for the day 35 application, and 15.8% at the day 42 application.
x Wells grain moisture at time of application was 36.0% for the day 28 application, 21.0% for

the day 35 application, and 19.5% at the day 42 application.
w NS = not significant.

Table 4. Influence of sodium chlorate rate on grain yield,

harvest moisture, head rice yield, and total white rice yield of

Cocodrie and Wells rice, seeded on 19 April 2000 at the Rice Research

and Extension Center near Stuttgart, Arkansas.

Sodium chlorate

rate Grain yield Harvest moisture Head rice Total white rice

(lb/acre) (bu/acre) -------------------------------- (%) ---------------------------------

Cocodriez

0 184 23.1 61.2 69.4

6 174 18.2 61.0 68.3

LSD (0.05) NS 1.2 NSx NS

Wellsy

0 180 26.4 57.4 71.0

6 168 18.8 53.8 69.6

LSD (0.05) 9 2.6 NSx 0.8

z Grain moisture when sodium chlorate was applied at 21, 28, and 35 days after heading for

Cocodrie was >40.0, 40.0, and 20.8%, respectively.
y For Wells, grain moisture when sodium chlorate was applied at 21, 28, and 35 days after

heading was >40.0, 37.0, and 22.4%, respectively. Plots were harvested 9, 7, and 4 days

after sodium chlorate was applied 21, 28, and 35 days after 50% heading, respectively.
x NS = not significant.
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Table 5. Influence of sodium chlorate application timing on

grain yield, harvest moisture, head rice yield, and total white rice yield

of Cocodrie and Wells rice, seeded on 19 April 2000 at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Sodium chlorate

application

timingz Grain yield Harvest moisture Head rice Total white rice

(days after (bu/acre) -------------------------------- (%) ---------------------------------

50% heading)

Cocodriey

21 168 24.4 59.3 67.9

28 181 19.1 62.1 68.7

35 187 18.5 61.9 70.1

LSD (0.05) 12 1.2 NSw NS

C.V., % 6.2 5.7 4.7 5.3

Wellsx

21 153 27.9 51.0 69.6

28 174 20.1 58.4 70.4

35 196 19.9 57.1 70.8

LSD (0.05) 14 2.6 3.3 0.6

C.V., % 7.4 11.4 5.2 0.78

z Application timing is measured as days after 50% heading.
y Grain moisture when sodium chlorate was applied at 21, 28, and 35 days after heading for

Cocodrie was >40.0, 40.0, and 20.8%, respectively.
x For Wells, grain moisture when sodium chlorate was applied at 21, 28, and 35 days after

heading was >40.0, 37.0, and 22.4%, respectively. Plots were harvested 9, 7, and 4 days

after sodium chlorate was applied 21, 28, and 35 days after 50% heading, respectively.
w NS = Not significant.

Table 6. Effect of sodium chlorate application rate on

grain yield and harvest moisture of Wells rice at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Sodium chlorate

rate Grain yield Harvest moisturez Head rice Total white rice

(lb/acre) (bu/acre) -------------------------------- (%) ---------------------------------

0 186 14.9 34.3 70.2

6 189 13.2 30.5 70.5

LSD (0.05) NSy 0.6 2.7 NS

z Average grain moisture at time of sodium chlorate application (29 days after 50% heading)

was 19.0%.
y NS = Not significant.
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Table 7. Effect of harvest date, after sodium chlorate application, on

grain yield and harvest moisture of Wells rice at the

Rice Research and Extension Center near Stuttgart, Arkansas.

Harvest date after

sodium chlorate

application Grain yield Harvest moisturez Head rice Total white rice

  (days) (bu/acre) -------------------------------- (%) ---------------------------------

3 193 14.9 51.0 70.9

6 182 13.2 28.3 70.5

11 192 13.7y 25.8 69.7

17 183 14.2 24.6 70.2

LSD (0.05) 10 0.9 3.8 0.5

C.V., % 4.9 6.2 11.4 0.71

z Average grain moisture at time of sodium chlorate application (29 days after 50% heading)

was 19.0%.
y Rainfall occurred between the day 11 and day 17 harvests.
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COMPLETED STUDIES

INTRA-KERNEL MOISTURE AND TEMPERATURE GRADIENTS

AS RELATED TO HEAD RICE YIELD DURING

THE DRYING AND TEMPERING PROCESSES

W. Yang, C.-C. Jia, T.J. Siebenmorgen, T.A. Howell, and A.G. Cnossen

ABSTRACT

Finite-element models were developed to simulate two-dimensional temperature

and moisture distributions within a single rice kernel during the drying and tempering

processes. The intra-kernel moisture content gradient (MCG) between the outer bran

surface and the kernel center during the drying and tempering processes was calcu-

lated. The relationship between the head rice yield (HRY) and MCG was analyzed.

Results showed that the intra-kernel MCG increased very rapidly during the first 20 min

of tempering, after which it decreased slowly. A dramatic decrease in head rice yield

occurred around the time when the maximum MCG was reached. It was found that 30 to

40 min of tempering at 60°C, which accounted for 80-90% elimination of MCGs, were

sufficient to offset the effect of the MCGs created during drying at 60°C and 17% RH.

INTRODUCTION

A considerable amount of theoretical and experimental studies has been con-

ducted to describe the drying and tempering processes of grains. Luikov (1966) devel-

oped a mathematical model for describing the drying of porous media. Haghighi and

Segerlind (1988) and Jia et al. (2000) carried out the heat and mass transfer computa-

tions using Luikov’s model, with the effects of thermal behavior of grain and internal

temperature and moisture gradients considered. Experimental research on rice drying

and tempering by Cnossen et al. (1999) has shown that high drying temperatures and

high moisture removal rates per drying pass could be used without reducing milling
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quality, if sufficient tempering at a temperature above the glass transition temperature

(Tg) is performed between drying passes.

The objectives of this study were to: (1) apply the finite-element method to

simulate intra-kernel moisture content and temperature gradients during the drying

and tempering processes; and (2) examine the relation of MCGs to head rice yield

trends during the drying and tempering processes.

PROCEDURES

A rough rice kernel was assumed to be a 3-layer ellispherical body including the

hull, bran, and endosperm (Fig. 1). A full text of the constitutive equations and the

finite-element formulation for simulating the drying and tempering processes of a single

rice kernel is available upon request.

A long-grain rice cultivar, ‘Cypress’, was employed to conduct thin-layer drying

tests at a drying air temperature of 60°C, drying air relative humidity of 17%, initial

moisture content of 22.1% wet basis (w.b.), and initial temperature of 27.3°C.  A 0.24mm

drill bit was used to drill a small hole to the center of a rice kernel. A T-type precision

fine-wire thermocouple, 0.254 mm in diameter, was inserted into the hole for tempera-

ture measurement. Temperature data were recorded by a data acquisition system out-

side the drying chamber.

RESULTS AND DISSICUSION

Figure 2 shows the intra-kernel moisture distribution after 15 min and 60 min of

drying at 60°C drying temperature and 17% relative humidity. It can be seen that the

moisture content at the kernel center was still at a level of about 18% (w.b.) after 60 min

of drying. However, the moisture content at the kernel surface quickly approached the

equilibrium moisture content of 6% (w.b.). Note from Fig. 3 that the temperature of  the

kernel center rose sharply as soon as drying started and approached the drying air

temperature in about 2.5 min. In other words, kernel temperature was uniform after

about 2.5 min of drying at 60°C and 17% relative humidity.

The MCG was found to be closely related to milling quality (Sarker et al., 1996;

Chen et al., 1999; Yang et al., 2000a,b). According to Yang et al., (2000 a,b), intra-kernel

MCG was closely related to head rice yield reduction. Although more experimental

confirmation is needed, it was found that a dramatic decrease in head rice yield oc-

curred around the time when the maximum MCG was reached, as shown in Fig. 4, which

is redrawn from the data reported by Yang et al. (2000a) for the purpose of illustrating

such a relationship.

Figure 5 shows the intra-kernel moisture content responses as the drying and

tempering process proceeded at nodes 2 (outer bran on the short axis), 3 (inner bran on

the short axis), 4 (kernel center), 5 (inner bran on the long axis), and 6 (outer bran on the
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long axis). As can be seen from Fig. 5, a high MCG was built up between node 2 and

node 4 during drying. When tempering was started, the MCG between node 2 and node

4 decreased as the moisture at node 2 increased and that at node 4 decreased. However,

the moisture at node 2 had a much faster and greater change than that at node 4. During

the tempering, moisture at these nodes would eventually approach the same magni-

tude, but a long time was needed to do so. In this simulation, rough rice kernels were

first dried for 20 min at 60°C and 17% relative humidity and then followed by tempering

at 60°C. A tempering time of 30 to 40 min, which accounted for 80-90% elimination of

MCG, should be enough to cancel the effect of the MCGs. The tempering process

conducted and studied by Steffe et al. (1980) and Cnossen et al. (1999) also confirmed

the simulated results of this study.

Figure 6 shows the simulated MCG during drying at 60°C, 17% RH, and 20.6%

(w.b.) initial moisture content, and subsequent tempering at the same temperature. It

also shows the head rice yields at the endpoint of drying (35 min) and 6 tempering

durations at 40-min intervals. As can be seen in Fig. 6, at the end of drying, head rice

yield dropped to 58.9% (without tempering) from the level of the control sample (64.5%)

due to the effect of drying. However, when rice was tempered at 60°C for 40 min

immediately after drying, head rice yield recovered completely (65%) and stayed fairly

constant throughout the rest of the tempering duration at 40 min intervals.

SIGNIFICANCE OF FINDINGS

The FEM models developed in this study are useful tools for predicting the moisture

content and temperature distributions inside grain kernels and optimizing the drying and

tempering processes for improved quality of grain. Furthermore, this study also laid a

foundation for further investigation of rice fissuring phenomena during and after drying.
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Fig. 1. Finite-element mesh of a long-grain rice kernel (1/4 section).
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Fig. 2. Simulated moisture content distribution inside a

rough rice kernel under 17% relative humidity and 60°C drying temperature.

Fig. 3. Simulated temperature distribution inside a rough rice

kernel under 17% relative humidity and 60°C drying temperature.
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Fig. 4. An illustration showing that the time when head rice yield

started to decrease dramatically coincided with the time around which

MCG peaked (redrawn from Yang et al., 2000a).
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Fig. 5. Simulated moisture content at five nodes of a rough rice kernel at

17% air relative humidity, 60°C drying temperature, and subsequent tempering.
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Fig. 6. Simulated moisture content gradients at 60°C drying temperature, and

17% air relative humidity during drying and subsequent tempering. The initial

moisture content of rice was 20.6% (w.b.). The head rice yields at the end of

drying as well as 6 tempering durations at 40-min intervals, based on Cnossen et

al. (1999), are also shown. The head rice yield of the control sample is 64.5%.


