
Breeding

Development of Conventional High Yielding Long Grain Rice Varieties for Texas
Since 2003, the state rice breeding project funded by the Texas Rice Research Foundation (TRRF) has 

continuously produced valuable new breeding materials with genetic diversity for varietal release and future 
rice improvement. The project 
has focused on superior yield, 
seedling cold tolerance and 
vigor, grain quality, disease 
resistance, and herbicide 
tolerance. 

In 2008, the Beaumont 
rice breeding fields consisted 
of standard breeding nurseries 
and yield trials. The pedigree 
nursery (PN), having early 
generation material and lines 
at various generations, was 
composed of 3,790 rows, and 
these were evaluated based 
on several phenotypic traits 
including seedling vigor, 
tillering ability, plant height, 
heading date, panicle and 
seed type, and maturity. A 
total of 1,623 of these rows 
were selected for generation 
advancement. Of these, one 
was for high biomass breeding, 14 for the observational 
nursery (ON), 1,606 for the PN, one for mutant breeding, and 
one for cold tolerance breeding. 

The ON in 2008 consisted of 2,941 rows, with each line 
represented by five rows. All lines were evaluated throughout 
the growing season for important traits. Lines selected for good 
uniformity and desirable phenotypic qualities were harvested 
for possible inclusion in the preliminary yield trial (PYT). Of 
the ON lines, 1,614 were retained in the ON, while 115 lines 
were advance to be possible PYT entries.

Eighty elite breeding lines were evaluated in the PYT. 
Plots were replicated twice and consisted of six 19-foot rows. 
Plant height ranged from 88 to 114 cm, and maturity ranged 
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Fig. 1. Average performance of ten elite lines in three in-state locations, 
Beaumont, Ganado and Eagle Lake. 2008.

Fig. 2. Panicle, rough rice, and milled rice of 
elite line RU0703144
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from 118 to 128 days. Yield ranged from 4,823 to 10,662 lb/acre, with four entries yielding better than all three 
check varieties (Cocodrie, Trenasse and Wells). Ratoon data was not collected due to Hurricane Ike. 

The Statewide SPYT evaluated 22 elite lines. Each line was replicated 4 times in six 19-foot row plots. 
Main crop grain yields at Beaumont ranged from 9,827 to 11,838 lb/acre, while yields at Eagle Lake ranged 
from 5,149 to 8,053 lb/acre. Across two locations, 11 entries were better than Cocodrie, 13 were better than 
Trenasse, but none yielded higher than Wells. 

Ten elite lines were entered in the 2008 Uniform Rice Regional Nursery (URRN) conducted in five states. 
All Texas rice entries in the URRN were also included in the advanced trial at Eagle Lake and Ganado (Fig. 1). 
In the Beaumont trial, heights ranged from 75 to 113 cm, heading ranged from 75 to 96 days, and yield ranged 
from 5,915 to 12,569 lb/acre. RU0703144 was the highest yielding entry at Beaumont (10,621 lb/acre). Three of 
the 10 lines yielded higher than Cocodrie. At Eagle Lake and Ganado, grain yields ranged from 7,563 to 9,827 
lb/acre. The two highest yielding TX lines were RU0803190 (8,983 lb/acre) and RU0703144 (8,974 lb/acre). 
Nine entries out-yielded Cocodrie by 3 to 11%. Line RU0703144 (Fig. 2) showed considerable promise and 
in 2008 the first headrow for this line was established. This line will continue in the 2009 URRN and will be 
sent to other departments for further evaluation. 

Research conducted by Dr. Rodante E. Tabien and Chersty L. Harper. For more information, contact at Dr. Tabien at 409-752-
2741 ext 2230/2248 or retabien@ag.tamu.edu.

Breeding for High-Yielding Water-Efficient Varieties
Water is increasingly becoming a limited and an expensive resource as the urban sector of our society 

expands and competes with the rice growers. In 2002, the Texas AgriLife Research and Extension Center at 
Beaumont began an ultra high-yielding main crop rice varietal selection project, with financial support from 
the Lower Colorado River Authority (LCRA) and San Antonio Water System (SAWS). The project aims to 
develop a commercially acceptable, ultra-high yielding rice variety, whose first crop would be economically 
profitable without the second crop, especially during conditions when sufficient water supplies may not be 
available. Some traits that are considered in developing the new variety, relative to conventional short-season 
varieties, include faster node production rate, higher tiller and panicle densities, larger leaf areas, heavier plant 
biomass, slightly later maturity, and higher nitrogen utilization efficiency.

In 2008, elite lines of the project were evaluated in four yield trials (YTs): 
• Fifty-four of the 88 elite lines in the Early-Planting YT at Beaumont had higher grain yield than Cocodrie. 

The highest yielding line (LCRA02012A3-20-4-1-1-1-5) produced 11,077 lb/acre, which was 28% higher 
than that of Cocodrie. 

• Eight of the 56 elite lines in the Regular-Planting Preliminary YT at Beaumont had higher grain yield than 
Cocodrie. The highest yielding line (LCRA02003A2-10-2-1-5-1-4) produced 10,504 lb/acre, which was 
6.7% higher than that of Cocodrie. Its maturity of 126.4 days 3 days longer than that of Cocodrie.

• Five of the 22 elite lines in the Statewide YT at Beaumont had higher grain yields than Cocodrie. The highest 
yielding line (LCRA02012A3-20-4-1-3-2) produced 12,589 lb/acre, which was 10.8% higher than that of 
Cocodrie. This line took 135 days to mature, which was 8 days more than that of Cocodrie. Nineteen of 
the 22 lines entered in the Statewide YT at Eagle Lake yielded higher than Cocodrie. The highest yielding 
line (LCRA02001A5-47-3-4-5) yielded 8,664 lb/acre, which was 30.7% higher than that of Cocodrie. Its 
maturity of 117.3 days was 6.5 days longer than that of Cocodrie. 

• In the Preliminary Group of the Uniform Regional Rice Nursery (URRN) at Beaumont, two of the eight elite 
lines had higher grain yield than Cocodrie. The highest yielding line (LCRA02012A3-20-4-1-3-1) yielded 
10,629 lb/acre, which was 3.8% higher than that of Cocodrie. Its maturity of 128 days was 5 days longer than 
that of Cocodrie. In the Advanced Group of the URRN, one of the two lines yielded higher than Cocodrie. 
Elite line LCRA02003A2-1-1-4-1 yielded 10,952 lb/acre, which was 8.2% higher than that of Cocodrie. The 
other line (LCRA02010A2-18-2-1-3) yielded 9,622 lb/acre and had a similar number of days to maturity 

Breeding continued ...
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as Cocodrie. 
Figure 1 shows the 

grain yields relative 
to Cocodrie of the top 
breeding lines in various 
yield trials in 2008 and 
their performance in 
yield trials in 2007. As 
is typical for field trials, 
yield varied from trial 
to trial. However, our 
research consistently 
i d e n t i f i e d  i n b r e d 
l ines  whose  y ie ld 
potential exceeds that 
of Cocodrie, in a few 
cases by a considerable 
margin.

Research conducted by 
Stanley Omar PB. Samonte, 
Lloyd T. Wilson, Rodante 
E. Tabien, and James C. 
Medley. For more information, contact Lloyd Wilson at (409)752-3045 ext. 2210 or e-mail lt-wilson@aesrg.tamu.edu.

Development of Switchgrass and Rice Varieties for Bioenergy Feedstock
Switchgrass. The introduction and screening of 14 diverse switchgrass varieties was initiated in Beaumont 

and Eagle Lake in 2008. At both locations, soil crusting and water stress limited germination and emergence 
in clay soil, and low winter temperatures caused slow seedling growth and were detrimental to seedling 
establishment. Under greenhouse conditions, the similar lower seedling emergence in clay than in loam soil was 
observed. The small seed size and weight 
of switchgrass were major constraints to 
seedling establishment in clay soil. This 
suggested the use of clonal propagation or 
tissue-culture of plants to insure successful 
establishment of switchgrass varieties 
and selections for the breeding program. 
Selection and evaluation of seedling 
responses to seeding date and tillage 
systems on varied soil types, which are 
critical to biomass productivity, could be 
included in future breeding objectives for 
switchgrass improvement. 

Rice. Screening of diverse rice breeding 
lines and varieties revealed high biomass 
production. Our initial 27 selections showed 
highest dry weight yield of 19,549 lb/acre 
without flooding and 21,386 lb/acre with 
flooding when harvested at 50% heading. A 
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Fig. 1. Top yielding breeding lines in the various yield trials (URRN, Statewide YT, 
Regular YT) in 2008, and their performance in yield trials in 2007.

Fig. 1. Dry matter yield of selected rice lines at 50% heading in 
flooded and non-flooded fields, Beaumont, 2008.
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ratoon crop would have increased yields, but hurricane Ike damaged our plots. Most of the entries had higher 
yield in flooded condition, but several lines performed well in non-flooded field. The best entry (entry number 
8 in Fig. 1) produced the highest dry biomass in both growing conditions. Initial analyses of the dry matter 
showed that observed values ranged from 29 to 39% for the soluble fraction, 24 to 27% for hemicellulose, 30 
to 35% for cellulose, and 3 to 5% for lignin. 

The results from the rice and switchgrass yield trials from 2008 and 2009 will be used to select the desirable 
genotypes for early planting (with seedling cold tolerance). In addition, analyses of fiber, lignin, and energy 
yield will contribute to evaluations of switchgrass and rice as lignocellulosic feedstocks. A batch process for 
quantifying neutral and acid detergent fiber, lignin, and ash was developed and will be used to compare rice 
selections from 2008 and 2009.

Research conducted by Rodante E. Tabien, Stanley Omar PB. Samonte, Donald Vietor, Lee Tarpley, William D. Park, and Georgia 
Eizenga. For more information, contact at Dr. Tabien at 409-752-2741 ext 2230/2248 or retabien@ag.tamu.edu.

Finding High Yield Genes in Weedy Red Rice to Improve New Varieties
Red rice (Oryza rufipogon) is a weedy, wild relative of 

cultivated rice (Oryza sativa) that is a major pest in rice 
production fields. However, researchers have found that it 
can be a valuable source of disease and insect resistance 
genes. Researchers with USDA ARS (Anna McClung, 
Georgia Eizenga) and Cornell University (Susan McCouch, 
Carlos Bustamante) have conducted a study that is part of a 
four year grant funded by the National Science Foundation 
to determine if O. rufipogon can also be a valuable source 
of yield enhancing genes that could be used by breeders to 
develop new rice varieties. Backcrosses were made between 
O. rufipogon and the variety Jefferson so that a series of 
breeding lines (NILs – near-isogenic lines) were developed 
that possessed large pieces of the weedy rice chromosomes 
inserted into a predominantly Jefferson background. Some 60 
NILs were evaluated in yield trials conducted over two years at four locations in Texas (Fig. 1) and Arkansas 
in collaboration with RiceTec, Inc. (Shannon Moon). Eleven of the NILs were identified to have significantly 
higher yield than Jefferson by as much as 23% (yield increases between 840 and 1,340 lb/ac). Six of these high 
yielding lines possessed portions of chromosome 2 derived from O. rufipogon. None of the lines possess any 
of the undesirable traits associated with red rice like red bran, shattering, dormancy, or rough leaves. The next 
steps include determining specific chromosomal regions where these yield enhancing genes may occur and 
whether the yield effect may be, in part, due to other smaller genomic insertions of the weedy parent into the 
Jefferson background. The best performing lines from this experiment have already been shared with several 
breeders in the Southern US to ascertain if there is potential for use in their varietal development programs.

Research conducted by Drs. Anna McClung, Georgia Eizenga, Shannon Moon, Carlos Bustamante, and Susan McCouch. For 
more information contact Dr. McClung at 870-672-9300 ext 275 or anna.mcclung@ars.usda.gov.

Four New Rice Varieties for Specialty Markets
Although conventional long grain rice varieties are grown on over 75% of the rice acreage in the US, 

there is interest in developing varieties that possess specific qualities that are required for certain value-added 
markets. USDA ARS researchers at Beaumont, TX, and Stuttgart, AR, in various collaborations with Texas 
A&M Univ., Univ. Arkansas, Univ. of Florida, Clemson Univ., and the International Rice Research Institute, 
have developed four new varieties that will help US farmers capture these markets. The following four varieties 

Breeding continued ...

Fig. 1. Yield trial of breeding lines developed 
from Jefferson and O. rufipogon, weedy 
red rice species, conducted by RiceTec, 
Inc. at Alvin, TX.
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offer new options for US growers and 
expanded market opportunities for the 
US rice industry.

The variety ‘JES’ is an aromatic, 
soft cooking long grain (jasmine-style) 
rice that is suited for the market that is 
predominantly filled by imports from 
Thailand. JES has improved yield, is 
5 inches shorter in height, and a week 
earlier in maturity compared to Jasmine 
85, which is currently grown for this 
market (Fig. 1). JES may provide 
another opportunity for US growers to 
compete with imports. 

The variety ‘Charleston Gold’ is 
another jasmine-style rice that was 
derived from ‘Carolina Gold’ (an 
heirloom variety that was the basis for 
establishing the US rice industry) and 
genetic material from the Philippines 
and India. It has excellent yield, disease 
resistance, and cooking quality. It 
will likely be grown under organic 
conditions and will be used by the 
“historically authentic cuisine market” 
in the Carolinas. 

The variety ‘Deltabelle’ was 
developed in partnership with the 
processing industry and is suited for 
the “quick cooking brown rice” market. 
As compared to ‘Hidalgo’ rice, which 
is currently grown for this market, 
Deltabelle has significantly reduced 
lodging susceptibility (6% versus 20%) 
and will therefore reduce production 
risks. 

The variety ‘Rondo’ was developed 
from a high yielding variety from China. It has excellent yield and disease resistance and can be used in the 
white milled rice market although its milling quality is reduced (Fig. 2). However, like Sabine and Dixiebelle 
varieties, Rondo has relatively high grain amylose content making it well suited for use by the parboiling and 
canning industries where milling yield is less important. 

Research conducted by Anna McClung, Ming-Hsuan Chen, Wengui Yan, and J. Neil Rutger. For more information contact Anna 
McClung at 870-672-9300 ext 275 or anna.mcclung@ars.usda.gov.

Herbicide Tolerance in Rice: Field Screening of Selected Genotypes 
Weeds are perennial problems in rice fields in Texas and throughout U.S., reducing grain yields from 12 

to 34%. Herbicide resistant rice varieties fit well within rice weed management programs, as is evident by 
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Fig. 1 Comparison of JES variety with check varieties in terms of 
number of days to heading, plant height, and grain yield.

Fig. 2. Rondo rice as compared to check varieties in terms of grain 
yield and head rice percentage.
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the increasing market share of 
Newpath resistant varieties. 
Herbicide tolerant varieties 
made weed management easier 
and more effective, increase 
profit, decrease tillage costs, 
and reduce restrictions on crop 
rotation. 

Two of the most popular 
herbicides are Liberty and 
Roundup. Liberty is a non-
selective post-emergence 
contact herbicide that controls 
most annual broadleaf weeds and grasses, while Roundup is also non-selective but systemic in action. Roundup 
is the most used herbicide in the USA and the number one selling herbicide worldwide. The glufosinate present 
in Liberty herbicide inhibits glutamine synthetase, an enzyme that converts ammonia plus glutamate to glutamine 
and can cause rapid accumulation of ammonia, leading to the bleaching and wilting of leaves, and death of the 
plant. Resistance is conferred through enhanced glufosinate metabolism, and altered uptake and translocation. 
Roundup contains the active ingredient glyphosate. It interferes with the production of several amino acids that 
are vital to both plants and animals. Its mode of action is through the shikimate pathway. While conventionally 
derived herbicide tolerant rice is acceptable to foreign markets, transgenic derived varieties are not, as evidenced 
by the recent grain embargoes, trade restrictions, precipitous drop in market prices, and associated litigations 
resulting from the LL601 contamination of the U.S. commercial rice market.

During the past five years, we have been screening rice for Liberty and Roundup tolerance, and germplasm 
with good tolerance to Liberty and moderate tolerance to Roundup have been identified. The 2007 and 2008 
field spraying using the recommended application rate showed the best genotypes with tolerant reaction. The 
2008 field screening of more than 600 lines selected for Roundup and Liberty tolerance identified survivors 
with 21 entries showing good tolerance and 91 lines showing moderate tolerance to Liberty, and 69 entries 
having moderate tolerance to Roundup (Fig. 1). 

Research conducted by Dr. Rodante E. Tabien, Patrick M. Frank, and Chersty L. Harper. For more information, contact Dr. 
Tabien at 409-752-2741 ext 2230/2248 or retabien@ag.tamu.edu.

Selection for Fissure Resistance Now Made Possible In Early Breeding Generations
WANTED: New rice varieties improved for resistance to kernel fissuring

Rice kernel fissuring is one of the leading causes of reduced milling yield. Any reduction in fissuring can 
result in direct increases in yield and profit for both producers and millers. While many U.S. rice varieties yield 
around 55% head rice, the fissure-resistant varieties ‘Cypress’, ‘Saber’, and ‘Cybonnet’ typically yield 61% 
head rice. For a producer yielding 7,000 lb/acre paddy, even a small improvement in milling yield (5%) can 
increase profits by $18/acre. 

PROBLEM: Breeders cannot select for a trait unless they can see or detect it. 
The most reliable method breeders have had for evaluating fissure resistance involves sequentially harvesting 

drier rice samples from a single research plot, then milling the samples to evaluate milling quality over time. 
Slow loss of milling quality indicates fissure resistance. This sequential-harvest method detects even small 
differences in fissure resistance, but it requires large amounts of seed, labor, and field space, and cannot be 
conducted until late in the breeding process. In order to achieve rapid breeding gains, breeders need a proactive 
selection method that selects for a desired trait in early breeding generations.

SOLUTION: We accomplished, for the first time ever, successful selection for fissure resistance (FR) 

Breeding continued ...

Fig. 1. Response of some rice genotypes to standard rate of Roundup 
herbicide application, 2008.
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among F2 plants (the 1st 
segregating generation) 
us ing  a  laboratory 
method wherein small 
samples of seed (50 to 100 
kernels) are evaluated 
for fissure rates after 
controlled exposure 
to humid laboratory 
conditions.

In 2006, response to 
in-lab fissure inductions 
was used to select for 
both fissure resistance 
(FR) and susceptibility 
(FS) among 300 Cypress 
x LaGrue F2 plants (Fig. 
1). The success of the 
selections was measured 
in 2007 by comparing the 
response of the resulting 
progeny populations. 
The fact that the progeny 
from FR selections were 
significantly more fissure-
resistant in 2007 than the 
progeny from the FS 
selections documented 
that the F2 selections 
were successful. A second 
round of selection was 
imparted to the still-
segregating F3 progeny. 
The fact that some FR 
selections yielded both 
FR and FS progeny in 
2008 suggests that FR 
is genetically dominant 
over FS. It also appears that a gene for FR may be linked to the semidwarf gene, known to reside on chromosome 
1. Drs. Pinson and Tabien are applying this new technique to select for FR within two breeding populations 
in 2009. 

Research conducted by Drs. Shannon Pinson, James Gibbons, and Yulin Jia. This study was funded in part by the Rice Foundation. 
For more information, please contact Dr. Shannon Pinson at shannon.pinson@ars.usda.gov.

Natural Antioxidants and Antioxidant Capacity of Dark Colored Bran Rice
Many medical studies have indicated that the consumption of whole grains and whole grain products are 

correlated with the reduction of incidence of many chronic diseases, such as cancer, cardiovascular diseases, and 
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F2 Selections in 2006:
In-lab fissure inductions were 
used to select 30 FR and 30 
FS progeny from among 300 
Cypress/LaGrue F2 plants. 

F3 Progeny testing in 2007
The F3 progeny from FR F2s 
were, on average, more FR than 
the FS progeny.  

A second round of selection was 
applied in 2007, during which 
an association between FR and 
plant height was noted. All of 
the highly- FR F3 plants were 
semidwarf, while most, but not 
all of the FS selections were tall, 
suggesting that a FR gene exists 
on chromosome 1 near sd1. 

F4 Progeny testing in 2008 
showed shorter tails, and less 
overlap between the divergently 
selected progeny than seen 
in 2007, indicating continued 
breeding progress from the 2nd 
round of selections. 

LaGrue was among the most 
susceptible genotypes each year, 
suggesting that all the genes for 
FR came from Cypress. 

Fig. 2.  F2 selections were successful in that F3 and F4 progeny of the fissure 
resistant (FR) F2 plants were, on average, more FR than the progeny of the 
fissure susceptible (FS) F2s, as measured in both 2007 and 2008. Bold arrows 
indicate the averages of the progenies of the FR and FS selections.
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diabetes. Natural antioxidants in whole grain contribute to health benefits that can be obtained from consuming 
whole grain. Studies have shown that whole-grain rice contains significant amounts of natural antioxidants, 
mostly present in the bran fraction. These studies have mainly focused on the light brown bran rice, having the 
typical bran color of U.S. rice varieties, which contain high amounts of lipid-soluble natural antioxidants, such 
as vitamin E and oryzanol fractions, but very small amounts of water-soluble antioxidants. However, limited 
information is available on the natural antioxidant profiles and capacity of dark colored bran rice, including 
red and purple bran rice. 

We have studied the natural antioxidant profiles and antioxidant capacity of red and purple bran rice, compared 
to those of light colored bran rice and other major cereals, such as corn, oat, and wheat. In addition to their high 
amounts of lipid-soluble natural antioxidants, red and purple bran rice contain high amounts of water-soluble 
natural antioxidants and antioxidant capacity, which account for their great potential in disease prevention. Red 
and purple bran rice grains contain water-soluble natural antioxidant levels over 8 times higher than in light 
colored bran rice and other cereal grains. Purple bran rice contains very high amounts of anthocyanins, a natural 
colorant providing purple and red colors of fruits and vegetables. Health beneficial effects of anthocyanins, 
such as prevention of cancer and cardiovascular diseases, have been observed. Red bran rice contains very 
high amounts of tannins, which have various potential health beneficial effects. The antioxidant capacity of 
red and purple bran rice, measured as free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging capacity, 
was over 10 times higher than that of light colored bran rice and other cereal grains (Fig. 1). The antioxidant 
capacity likely contributes to health beneficial effects because the causes of most chronic diseases are closely 
related to the effects of oxidants. Therefore, dark color bran rice grains possess great potential as a source of 
natural antioxidants to provide beneficiary effects for human health. Furthermore, their extracts can be applied 
to food products as natural antioxidants to improve food quality. 

Research was conducted by Byungrok Min, Anna M. McClung, and Ming–Hsuan Chen. For additional information, please 
contact Ming-Hsuan (Ming) Chen at (409) 752-5221 ext. 2260 or ming.chen@ars.usda.gov.

Yield Components of Rice Varieties Released from 1942 to 2005
Conventional rice breeding in Texas started in 1931 by the USDA at Substation No. 4 of the Texas Agricultural 

Experiment Station located near Beaumont, and 11 years later, Texas Patna was released as its first rice variety. 
A previous study compared the grain yield, milling traits, maturity, and plant height of varieties released by 
the Texas rice breeding programs from 1944 to 1992. In contrast, this study analyzes the changes in the yield 
components of Texas varieties released from 1942 to 2005.

 The following rice varieties (with their year of release in 
parentheses) by Texas breeding programs were studied in 2008 
in field plots at Beaumont, TX, for yield and yield-related trait 
parameters: Presidio (2005), Sabine (2004), Hidalgo (2003), 
Cala (2003), Lotus (2002), Sierra (2002), Saber (2001), 
Jacinto (1998), Cadet (1998), Madison (1998), Dixiebelle 
(1996), Jefferson (1996), RU8703196 (1995), Jackson (1993), 
Lemont (1983), Labelle (1972), Dawn (1966), Century Patna 
231 (1951), and Texas Patna (1942) (Fig. 1). Data on tiller and 
panicle density, number of spikelets and grains per panicle, and 
filled grain mass per panicle were determined. Grain yield was 
not determined due to damage caused by Hurricane Ike.

Results indicated that varieties released from 1942 to 
2005 showed a trend of increasing tiller and panicle density, 
increasing number of spikelets and filled grain per panicle, 
and increasing filled grain weight per panicle. For example, 
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Fig. 1. Texas Patna (left) and Century Patna 
231 (right), which were released in 1942 
and 1951, respectively, are among the 
Texas varieties being evaluated in this 
study in 2008 and 2009.
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Texas Patna has 356 tillers/m2 and 206 panicles/m2, while Presidio had 562 tillers/m2 and 524 panicles/m2; 
Texas Patna had 81 spikelets/panicle and 61 filled grain/panicle, while Presidio had 203 spikelets/panicle and 
148 filled grain/panicle; and Texas Patna had a 1.14 g filled grain mass/panicle, while Presidio had a 2.95 g 
filled grain mass/panicle.

Research conducted by Rodante E. Tabien, Stanley Omar PB. Samonte, Lloyd T. Wilson, and Chersty Harper. For more information, 
contact Dr. Tabien at 409-752-2741 ext 2230/2248 or retabien@ag.tamu.edu.

Genetics

Applied Genetics: Developing Breeding Tools and Knowledge
Geneticists improve the breeder’s ability to create desired varietal improvements by: 

• Finding genes, 
• Making them more readily available to breeders by putting them into improved germplasm, and
• Devising improved selection techniques, whether based on visual trait evaluations or linkage between genes 

and molecular markers. 
Dr. Shannon Pinson, Research Geneticist for the USDA-ARS Rice Research Unit in Beaumont, Texas, is 

conducting genetic research to help breeders improve available rice varieties for the following traits.

Resistance to Sheath Blight Disease (Funded by USDA NRI RiceCAP)
Improved Selection Technique: The traditional method for evaluating sheath blight resistance involves field 

evaluation of nearly-mature plants. Dr. Pinson helped to develop a method for evaluating seedlings. This method 
uses plastic soda bottles to create humid conditions that encourage disease on susceptible seedlings (Fig. 1).

Finding molecular markers linked to resistance genes: Drs. Pinson, Tabien, and Wang are collaborating to 
identify molecular markers that can be used to select for breeding progeny containing disease resistance genes, 
and are placing these genes into germplasm that will be easier for breeders to work with.

Seedling Vigor (Research funded by TRRF)
Drs. Pinson, Tabien, and Wang are also collaborating to identify molecular markers linked to genes affecting 

early tiller production. Early tillering can lock-in yield potential prior to seedling stresses, such as water weevil 
root-pruning. It can also improve uniformity of seed maturity, which in turn improves the milling quality of 
harvested grain. 

Resistance to Grain Fissuring (Funded by the Rice Foundation)
Grain fissuring causes milling 

losses, and thus ‘steals’ income from 
producers and millers. Details of Dr. 
Pinson’s research on grain fissuring are 
in the next section.

Improved Nutrition (Funded 
by the National Science Foundation, 
NSF)

Finding genes: Drs. Pinson and 
Tarpley are evaluating thousands of rice 
lines collected from around the world 
to identify those that contain genes 
for enhanced mineral content of rice 
grains. Consumers willingly pay more 
for grocery products high in calcium, 
potassium, and iron. 

Breeding continued ...

Fig. 1. Method for evaluating seedlings for sheath blight resistance, 
which uses plastic soda bottles (left photo) to create humid 
conditions that encourage disease, enabling the identification 
of susceptible and resistant seedlings (center and right photos, 
respectively).
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We acknowledge the research contributions of the following technicians: Faye Seaberg, Erin Franks, Richard 
Chase, and Jerri Daniel.

Research conducted by Shannon Pinson, Yueugang Wang, Dante Tabien, Lee Tarpley, James Gibbons, Yulin Jia, David Salt, and 
Mary Lou Guerinot. For more information, please contact Dr. Shannon Pinson at shannon.pinson@ars.usda.gov. 

Development of New Marker Protocols that Identify Waxy Gene DNA 
Sequence Variations Associated with Rice Grain Quality Traits

Cooked rice texture and processing properties are strongly associated with the amylose content. Rice 
breeders, when selecting for breeding lines with specific end-use properties, often select for their amylose content. 
However, amylose content and other processing properties, i.e. pasting properties, are known to be affected 
by environmental factors. Therefore, selecting for these quality traits in breeding lines or germplasm based on 
their genetics would eliminate ambiguity. Both amylose content and pasting properties have been linked to the 
Waxy gene. Our previous reports demonstrated the strong association of three DNA sequence variation sites or 
alleles in the Waxy gene with amylose content and pasting properties. Therefore, a variety or breeding line can 
be selected for its amylose class and pasting properties, i.e. low-amylose, intermediate-amylose, high-amylose, 
or high-amylose-strong-pasting type, based on its DNA sequence at these three sites of the Waxy gene. These 
sequence variations differ by one nucleotide at each variation site. Thus, the widely used molecular marker 
method that is the simple-sequence-repeat marker method, in molecular breeding programs cannot be used to 
genotype or identify the DNA sequences at these sites. Several methods were applied in our previous association 
studies, most of which required special instruments and techniques and were time-consuming. Therefore, it 
was essential to develop high-throughput molecular marker protocols for genotyping these Waxy gene DNA 
sequences at these variation sites that are easy to use and that can use currently available instrumentation found 
in most molecular breeding programs. We have developed three molecular markers called allele-specific PCR 
co-dominant markers to genotype these three functional alleles or sequence variation sites of the Waxy gene. 
Each marker contains two DNA-sequence specific primers that can identify the DNA sequences at each of the 
sequence variation sites, along with one common primer. The assay protocols and allele identification are as 
simple as, and utilize the same instruments as, those for the commonly used simple-sequence-repeat marker 
method. The simplicity of these marker protocols suggests that these markers can be easily implemented by 
breeding programs by using marker-assisted selection technology for these important grain quality traits. 

Research conducted by Drs. Ming-Hsuan (Ming) Chen and Bob Fjellstrom. For information, please email Dr. Ming-Hsuan 
(Ming) Chen at ming.chen@ars.usda.gov or call her at 409-752-5221 ext. 2260. 

Physiology

Effects of High Night Temperatures on Productive Tillers, Panicle 
and Grain Characteristics and Grain Yield of Rice Plants

The presence of seasonally high night temperatures (HNT) in the Texas rice belt, occurring during the 
critical stages of development, could reduce rice yield and quality. Productive tillers (per unit ground area), 
spikelet fertility, and grain weight are important components of grain yield that are affected by the cultivation 
system and by environmental factors, such as temperature. The objective of this study was to determine the 
effects of HNT on productive tillers, main-stem panicle characteristics, grain characteristics, and grain yield 
of rice plants.

Rice plants of variety Cocodrie were grown under ambient night temperature (27oC) and HNT (32oC) 
in the greenhouse. The HNT treatment was applied through continuously controlled infrared heaters from 8 
PM until 6 AM. The number of productive tillers was counted at harvest. Main-stem panicles were tagged at 
panicle emergence, and panicle length, number of primary branches per panicle, total number of grain, filled 
grain and unfilled grain per panicle were determined. Spikelet fertility was defined as the ratio of filled grains 

Genetics continued ...
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to total number of grains in the panicle. 
Grain length and width of brown (dehulled) 
rice were determined using a Winseedle, 
which uses image analysis of scanned 
color images of the grain to calculate these 
parameters. Grain nitrogen concentration 
was measured using a FP-528 Nitrogen/
Protein analyzer. 

Our results indicated that HNT did 
not have an effect on the production of 
reproductive tillers, panicle length, number 
of primary branches per panicle, and total 
number of grains per panicle. However, 
HNT had a significant effect on spikelet 
fertility, grain length, width, 100-grain 
weight, grain nitrogen concentration, and 
grain yield. The decrease in grain yield was 
due to decreased spikelet fertility, and grain 
length and width. 

Research conducted by Drs. Abdul Razack 
Mohammed and Lee Tarpley. Generous funding 
for the plant physiology projects was provided by 
the Texas Rice Research Foundation and the Texas 
Rice Belt Warehouse. For more information contact 
Dr. Tarpley at 409-752-2741 or ltarpley@tamu.edu. 

Gibberellic Acid Tank Mixes with Insecticides Applied during Grain Filling
This research by the Physiology Project, in cooperation with the Entomology Project, has documented that 

gibberellic acid applied during early- to mid-grain filling stage of the main crop increases ratoon crop grain yield, 
mainly by increasing vigor of the ratoon tillers during their early development. The hybrids respond relatively 
strongly to this treatment, with ratoon crop yield increases averaging 600 lb/acre. Previous studies conducted as 
a cooperation between the Physiology and Entomology Projects have shown that Gibberellic Acid and Karate 
are compatible tank mixes, in that neither compound’s efficacy is diminished. The cooperative studies have 
also shown that Gibberellic Acid as a tank-mix partner does not affect efficacy of Mustang Max. 

Results from three additional studies that evaluated 
Gibberellic Acid as a tank mix with various insecticides were 
conducted at Beaumont in 2008 (Fig. 1). Main crop yields 
of Clearfield XL729, Clearfield XL745 and XL723 were 
increased by an average of 204 lb/acre by Gibberellic Acid 
when provided as a tank mix with methyl parathion, Karate 
Z or Tenchu 70 SG (the Gibberellic Acid treatment applied 
during main crop grain filling was developed by the Physiology 
Project to enhance ratoon crop yield). For XL723 (the only 
Gibb x insecticide tank mix study for 2008 for which ratoon 
yield data is available), the Gibberellic Acid, when provided 
as a tank mix with methyl parathion, Karate Z or Tenchu 70 
SG, increased total crop yields by an average of 813 lb/acre, 
indicating that Methyl Parathion and Karate, and possibly 
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Trait Parameters †
Temperature Treatment
27oC 32oC

Number of productive 
tillers 7.30 a 6.70 a

Panicle length (cm) 21.89 a 21.92 a
Number of 1o branches 

per panicle 16.75 a 17.10 a

Total grains per panicle 163.04 a 169.90 a
Spikelet fertility (%) 84.20 a 22.90 b
Grain length (mm) 7.31 a 7.25 b
Grain width (mm) 2.20 a 2.15 b
100-grain weight (g) 1.88 a 1.51 b
Grain nitrogen (mg g-1) 10.90 b 15.70 a
Yield per plant (g) 24.05 a 2.37 b

Table 1. Effects of nighttime temperatures on productive tillers, 
main-stem panicle characteristics, grain characteristics, and 
grain yield of rice plants.

† Within each row, values followed by the same letter are not 
significantly different at the 5% level.

Fig. 1. Study at Beaumont in 2008 examining 
tank mixes of gibberellic acid and 
insecticides. 
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Tenchu, do not affect Gibberellic Acid efficacy when tank-mixed with it. 
We conclude that evidence is accumulating from several years of study that Gibberellic Acid will be a useful 

tank-mix partner for insecticides used for stink bug control. The use of Gibberellic Acid as a tank-mix partner 
with insecticides often applied at this developmental stage is a very economical way to increase yield.

We appreciate the support of the Texas Rice Research Foundation and RiceTec.
Research conducted by Drs. Lee Tarpley and M.O. “Mo” Way. For additional information, please contact Lee Tarpley at (409) 

752-2741 ext. 2235 or ltarpley@tamu.edu or MO Way at  (409) 752-2741 ext. 2231 or moway@aesrg.tamu.edu.

Morphological and Physiological Traits of Hybrids and their Parents
Hybrid varieties have a yield advantage over their parents due to heterosis, or commonly referred to as 

hybrid vigor. However, there is still a need to improve our understanding on the morphological, physiological, 
and genetic attributes that collectively provide this heterotic advantage. At the Texas A&M System, AgriLife 
Research and Extension Center at Beaumont, we are currently studying the phenotypic traits of hybrids developed 
by our Center and their respective parents. Four unrelated hybrids and 4 inbreds were studies in 2007, 8 hybrids 
and their parents were studied in 2008, while 10 hybrids and their inbred parents are being studied this year. 
Parameters that were estimated for each hybrid and inbred the last two years will also be estimated this year. 
These include leaf area index (LAI), photosynthetically active radiation (PAR) interception, canopy and average 
leaf area photosynthetic rates, specific leaf weight, nitrogen content and concentration, and numbers and growth 
rates of each structural part (leaves, stems, panicles, and roots). These data are being obtained periodically from 
tillering to crop maturity, in both the main and ratoon crop. Collectively these data will allow us to identify 
which plant traits are primarily responsible for the hybrid yield advantage.

For each variety, we use a chamber, which covers the inner 4-rows x 1.8 m of a plot, to measure the 
canopy photosynthetic rates. In our 2009 field experiment setup, 14 chambers, one for each variety/genotype, 
are connected to a LI-6400 photosynthesis meter (Li-Cor Inc, Lincoln, NE) (Fig. 1). During each sampling, 
photosynthesis in each chamber is measured sequentially for 5 minutes. Sampling is continuous for up to 72 
hours, providing photosynthesis measurements for a range of temperatures and light intensities. After chambers 
are removed, light is measured above and 
below the canopy of each variety every hour 
from 8:30 am to 4:30 pm using an AccuPAR 
LP-80 PAR/LAI meter (Decagon Devices, Inc., 
Pullman, Washington). Finally, leaf area index 
and the biomass of each structural component 
are estimated for each sample. Grain yield is 
also estimated for the main and ratoon crops. 

Research on this study is conducted by Lloyd 
T. Wilson, James C. Medley, and Stanley Omar PB. 
Samonte. For more information, please contact Dr. 
Wilson at lt-wilson@aesrg.tamu.edu. 

Plant Nutrition

Impact of Phosphorus and Potassium on Hybrid Rice Yield and Milling
Research was conducted to better define the base fertilizer rates for the modern, high-yielding varieties 

and hybrids. Studies were established at Eagle Lake and Ganado to evaluate the response of XL723, a high 
yielding hybrid, to phosphorus (P) and potassium (K) rates. There were notable differences in vegetative matter 
accumulation through panicle differentiation in both studies. Canopy closure and biomass increased as P and 
K rate increased. There were some trends in some other measurements, but no significant difference. The 

Physiology continued ...

Fig. 1. Fourteen photosynthesis chambers set up that measure 
the canopy photosynthetic rates of hybrids and their 
respective parents at Beaumont in 2009.
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greater biomass accumulation did not translate to any meaningful parameter. The main crop yields were good 
at about 11,000 dry lb/acre, but the ratoon crop yields were low for a hybrid, with maximum yields of about 
2,500 lb/acre. There were no significant yield differences for either study. There was an unexplained yield dip 
at 80 lb/acre of potassium. Main crop whole milled grain might have been a little low at 57 to 58 %, but there 
were no differences. The ratoon crop was exposed to some severe weather prior to harvest. The whole milled 
grain was low ranging from 57 to 61% at Eagle Lake and 54 to 60 % at Ganado, but there were no significant 
differences. On coarse textured soils with a pH of below 7, there appears to be no response to phosphorus and 
potassium.

Research conducted by Garry McCauley, Jason Samford, and Jack Vawter. For more information, contact Garry McCauley at 
979-234-3578 or gmccaule@elc.net.

Integrated Cropping Nutrient Management
Integrated cropping nutrient management aims to assist growers to obtain the most profitable yield and 

sustainable production through the integration of soil, crop, and environmental factors with appropriate 
management practices. Nutrient availability, uptake, transfer, and their fates are the focus of our research. The 
fundamentals of this management are to understand fertilizers, the soil, the crop, and their interactions with 
environmental factors. To obtain high yield, nutrients such as nitrogen (N), phosphorus (P), and potassium 
(K) are usually applied because the soil often can not meet the nutrition requirements of rice development and 
reproduction. Among the applied nutrients, N is the most costly element. One important reason is the efficiency 
of N fertilizers and high removal of N in rice production. In general, the N efficiency of a rice paddy is less 
than 27 to 80% with variation due to locations, varieties, etc. Compared to aerobic soils, anaerobic rice paddy 
has more complicate effect on N transfer and transformation, such as slow decomposition and denitrification 
potential. Therefore, better management of N in rice production is one of our priorities. Many studies have 
indicated that the rapid and constant changes in soil N availability make soil testing difficult for determining N 
rates for rice. The conventional approach is using field fertilizer tests. Although this works well so far, the research 
field test has several limitations. Firstly, field tests are more expensive and time-consuming than regular soil 
testing. Secondly, the variable environmental conditions complicate the practical recommendation rates for the 
various years. Finally, the multiple-level interactions among factors relevant to rice production make it difficult 
to run a simple research test. Alternatively, process-based modeling may be a potential approach. Successful 
applications of cropping models have been reported. Thus, our integrated cropping nutrient management will 
combine both field observations and process-based modeling. 

For more information, contact Dr. Fugen Dou at 409-752-2741 ext. 2223 or f-dou@aesrg.tamu.edu.

Agronomy

Contributions of Specific Management Practices to Ratoon Crop Yield
Knowledge of the effects of specific management practices on Texas rice ratoon crop (RC) yield is needed to 

maximize profitability of the ratoon crop. The contributions of specific practices were determined by examining 
the loss of yield when the practice was omitted from a “cadillac” set of treatments at Eagle Lake and Beaumont, 
including some practices applied to the main crop (MC) to impact RC yield.

When averaged across three growing seasons, applying insecticide (Karate) to the ratoon crop to control stem 
borer increased ratoon yield more than any other management practice at Eagle Lake. At Beaumont, reducing 
main crop stubble to 8-10 inches consistently increased ratoon yield over the 3 years (Table 1).

Results of this study from field experiments at Beaumont in 2007 include:
• Using a flailmower to reduce MC stubble height to 8-10 inches contributed 2,062 lb/acre to Cocodrie’s 

4,971 lb/acre RC yield.
• A fungicide on MC and RC increased yield by 1,083 lb/acre.

Plant Nutrition continued ...
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• Insecticide applied to RC improved RC yield by 
900 lb/acre.

• Splitting the RC N did not improve RC yield.
Results of this study from field experiments at 

Eagle Lake in 2007 include:
• Karate applied to RC contributed 683 lbs/acre to 

Cocodrie’s 3,039 lb/acre RC yield.
• Reducing MC stubble to 10 inches improved yield 

by 316 lbs/acre.
• Applying fungicide or splitting the RC N did not 

improve RC yield in 2007.
We appreciate the support from the Texas Rice 

Research Foundation.
Research conducted by Dr. Lee Tarpley and Mike Jund. 

For additional information, please contact Lee Tarpley at (409) 
752-2741 ext. 2235 or ltarpley@tamu.edu.

Organic Rice Research Update
Organic products command a premium in the marketplace and bring greater farmgate value to growers and 

processors. Although total rice acreage has decreased in Texas over the last 10 years, there has been an increase 
in rice acreage produced under organic management. 

USDA ARS has conducted research for several years at the Beaumont Center to evaluate various cultural 
management factors that affect organic rice yield and grain quality. Using land that had been fallow for two 
years (like that which would be transitioning into organic production), we found that, on average, organically 
produced rice yielded about 80% of that produced under conventional management. In fact, yield of organically 
produced rice was comparable to yield under conventional management using only 50% of the recommended 
nitrogen fertilizer. Among 20 varieties that were evaluated, about half performed in the same manner under 
organic and conventional management (i.e., if a variety had high yield under conventional management, it 
would yield well under the organic system too). Milling quality was reduced under organic production and 
this was associated with higher grain chalk, which resulted in the grain being more friable during the milling 
process. However, we found that there was no significant impact on cooking quality or flavor, nor was there a 
difference in the amount of aroma detected in 
the one aromatic rice variety evaluated. In fact, 
there was a slight improvement in cooked rice 
texture (softer) and appearance (more white) 
when grown under organic conditions. This 
indicated that there was no negative effect due 
to organic production on grain quality that would 
impact processors or consumers. 

In 2008, we initiated a study on certified 
organic land using the variety Presidio to 
determine the yield response to three organic 
fertilizers (AgriRecycle (AG), Nature Safe 
(NS), and Rhizogen (RH)) using four different 
rates (0, 50%, 100%, 150% of recommended). 
Although hurricane Ike took the final harvest, 
we were able to determine early season biomass 
production (including rice and weeds) (Fig. 
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Table 1. Contributions of specific management 
practices to Cocodrie ratoon crop yield averaged 
over three years.

Management Practice
Contributions to 

Ratoon Yield (lb/acre)
Eagle Lake Beaumont

Insecticide 865 266
MC Fungicide -166 -174
MC + RC Fungicide -31 461
Split RC N -65 -133
Mowing MC Stubble 393 1272
Ratoon Yield 
(lb/acre) 2,892 4,045

Fig. 1. Response of rice and weed biomass to organic 
fertility amendments.
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1) and plant height (rice only) (Fig. 2). We 
found that increasing the rate of the fertilizer 
amendments resulted in greater plant biomass 
and taller plant height for Nature Safe and 
Rhizogen, whereas the response was less 
pronounced with AgriRecycle. In addition, at the 
two highest rates of Nature Safe, the rice was 2 
to 4 inches taller than the two highest rates of the 
other two fertilizer products. This suggested that 
some organic fertilizers may enhance rice plant 
growth, allowing the crop to better compete 
under weed pressure.

Research conducted by Dr. Anna McClung. For more 
information contact Anna McClung at (870)-672-9300 ext 
275 or anna.mcclung@ars.usda.gov.

Seeding Rate of Rice
Because of the relatively high cost of seed for some varieties, interest in the effect of seeding rate on main 

crop yield has been revitalized (Fig. 1). A study conducted by the Physiology Project in 2006, showed a strong 
increase in CL171 ratoon crop yield due to reduced planting density. In 2007, the seeding rate study was conducted 
at Eagle Lake using Cocodrie, CL171 and CL161. In each case, the main crop yield was significantly increased 
by the reduced seeding rate (40 lb/acre) vs. the 70 lb/acre rate. In each case, the main crop grain moisture 
content and the ratoon grain moisture content were significantly greater at harvest indicating some potential 
for additional yield through increased growth duration or grain-filling duration at the lower seeding rates.

Results indicated that planting Cocodrie, CL161, or CL171 at the reduced seeding rate of 40 lb/acre vs. 70 
lb/acre did not reduce grain yield or milling quality. The main crop yields at the reduced planting density were 
greater by 120 lb/acre average, but not significant so. Plant height and milling were essentially identical at the 
two planting densities. Main crop grain moistures of the lower 
planting density averaged 0.5% higher at harvest, suggesting 
some delay of maturation, and indicating some potential for 
additional yield through increased growth duration or grain-
filling duration at the lower seeding rates. Similar results were 
seen for rice variety Sierra.

We conclude that a reduced planting density appears to be 
economically beneficial based on seed costs and yield.

We appreciate the support of the Texas Rice Research 
Foundation, and the donation of seed by Horizon Ag.

Research conducted by Dr. Lee Tarpley. For additional information, 
please contact Lee Tarpley at (409) 752-2741 ext. 2235 or ltarpley@
tamu.edu.

Rice Management Practices for Stale Seedbed vs. Conventional Tillage
The use of stale seedbeds can help allow planting in the optimum window during wet years, it can ease 

weed management and can often increase yield relative to conventional tillage. However, stale seedbeds can 
affect nutrient management. In 2008, a study was conducted to evaluate the effects of nutrient management 
practices on grain yield of Cocodrie in stale seedbed vs. conventional tillage.

Using the optimum planting date at Beaumont, Cocodrie was planted in stale seedbed plots (winter till) and 
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Fig. 2. Plant height of rice in response to different organic 
fertility amendments.

Fig. 1. The rice seeding rate study at Beaumont 
in 2008.
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in plots prepared using conventional tillage. Total N rates of 150, 180 and 220 lb/acre were applied in two or 
three applications. An application of 50 lb/acre phosphorus was compared to no added P for each N rate and 
tillage.

Results from this study showed that the effects of tillage, N rate and P application were largely independent, 
and although significant and consistent, were not dramatic. The conventional tillage treatment (7,745 lb/acre) 
produced higher grain yield than the stale seedbed treatment (7,431 lb/acre. Plots not fertilized with phosphorus 
produced higher yield than the 50 lb/acre P treatment, with yields of 7,647 and 7,529 lb/acre, respectively. The 
220 lb/acre N treatment produced higher grain yield than the 180 lb/acre N treatment, with yields of 7,872 
and 7,632 lb/acre, respectively. Both of these N rates produced higher grain yield than the 150 lb/acre N rate, 
which yielded 7,260 lb/acre.

Our study concludes that the economic cost or benefit of the particular treatments will probably outweigh 
the economics of yield advantage when developing stale seedbed management practices.

We appreciate the support from the Texas Rice Research Foundation.
Research conducted by Dr. Lee Tarpley. For additional information, please contact Lee Tarpley at (409) 752-2741 ext. 2235 or 

ltarpley@tamu.edu.

Pest Management

Biological Control of Sugarcane Borer
Sugarcane borer (Diatraea saccharalis F.) is an important insect pest in rice in Texas, and larvae of this 

pest bore into rice stems and destroy vascular tissues, resulting in complete or partial reduction in panicle yield. 
Cotesia flavipes (Cameron) has been used in Asia and Africa to control stem borers and it was introduced to 
the Americas as a potential biological control agent for sugarcane borer larvae.

The objective of this study was to determine the potential of C. flavipes as an augmentatively-released 
biological control agent against the sugarcane borer on rice. A field cage experiment was conducted with both 
sugarcane borer and C. flavipes artificially released. In addition, the population dynamics of both the pest and 
its parasitoid were simulated, using field results to provide parameters for the model.

Results from this study indicated that the maximum 
simulated economic benefit of using this biological control 
agent was ca. 7.8% of that provided by insecticide-based 
control (Fig. 1). The inability of C. flavipes to control 
sugarcane borer populations in temperate and subtropical 
areas is due to its high rearing cost, a low effective search 
rate, a low maximum rate of parasitism per female, and both 
spatial and temporal asynchrony of parasitoid emergence with 
the larval hosts. A theoretical economic analysis suggested 
that successful biological control may be obtained using 
Trichogramma wasps, which are minute egg parasitoids of 
sugarcane borer. Further studies are required to support this 
hypothesis.

Research conducted by Drs. Jiale Lv and Lloyd T. Wilson. For more 
information, please contact Dr. Lv at 409-752-2741 ext. 2320 or lvjiale@
aesrg.tamu.edu.

Entomological Rice Research Update for Summer 2009
Our Entomology Project (EP) in 2009 is involved in numerous studies dealing with the integrated pest 

management (IPM) of insects that attack rice. We are cooperating with Dr. Gene Reagan, LSU Sugarcane 

Agronomy continued ...

Fig. 1. Field cages with both the sugarcane 
borer and its parasitoid C. flavipes in a 
rice experiment at Beaumont, TX.
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Entomologist, in evaluating novel pest management tools for the control of stalk borers. These studies are 
being conducted at Beaumont and Ganado. Basically, we are evaluating Dermacor X-100 seed treatments for 
its control of these late season pests attacking conventional and hybrid rice. Past studies have shown this seed 
treatment to be very effective against borers (Table 1). Significant yield responses to stalk borer control with the 
Dermacor X-100 seed treatments have been observed. Cocodrie plots treated with the lowest rate of Dermacor 
X-100 produced a yield advantage of at least 1,000 lb/acre over the untreated plots, while XL723 plots treated 
with the mid-rate of Dermacor X-100 produced a yield advantage of at least 1,300 lb/acre over the untreated 
plots. The EP believes that whitehead density is not a good indication of total yield losses due to stalk borer 
attack. Data suggest that stalk borer attacks can also lead to panicles possessing lighter grains. 

Our Entomology Project is also conducting research to develop new tools for rice stink bug control. We 
are very excited about Tenchu 20SG, which received a Crisis Exemption in 2008. On June 5, EPA approved a 
Section 18 Emergency Exemption for Tenchu 20SG. This is certainly welcome and timely news because early-
planted rice is entering the heading phase of development. It is estimated that Tenchu 20SG could reduce the 
average number of rice stink bug control applications from 3 to just 1 or 2. 

The EP thanks Ed Gage with TDA for all his help in assisting in the registration process for Tenchu 20SG. Ed is 
the Pesticide Compliance Specialist for TDA. Ed does a lot of good work for our rice industry. Also, I thank Tony 
Britten and his staff at EPA for a comprehensive review of the Section 18 package. EPA has a tough job balancing 
environmental and 
agricultural interests. 
I thank Ron Landis, 
Rob Hummel, Dwight 
Roberts, Glenn Crane, 
Randy Waligura, Cliff 
Mock and Michael 
Hensgens for their 
i n v a l u a b l e  h e l p 
procuring a Section 18 
for Tenchu 20SG.

We acknowledge 
t h e  r e s e a r c h 
contributions of our 
s u m m e r  w o r k e r s 
A n t h o n y  B r o w n , 
Jannie Castillo, Ross 
Rogers, Caitlin Austin, 
Sandra Truong, Travis 
Cammack and Isaac 
Eason. 

Research conducted 
by Dr. M.O. Way, Mark 
Nunez, Becky Pearson, and 
Dr. Gene Reagan. For more 
information, please contact Mo Way at moway@aesrg.tamu.edu.

Impact of Command and Newpath on Yield and Performance of High 
Yielding Rice Varieties and Hybrids under Cool Conditions

Studies were conducted to evaluate the injury and grain yield of hybrid rice treated with herbicides Command 
and Newpath at Beaumont and Eagle Lake in March and April using different seeding rates. 
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Variety Treatment † Rate 
(mg ai/seed)

No. of 
Panicles/ft 
of row §

No. of 
Whiteheads 

‡§

Yield 
(lb/A) §

Cocodrie Dermacor X-100 0.025 23 a 5 c 6,835 c
Cocodrie Dermacor X-100 0.05 25 a 4 cd 6,769 cd
Cocodrie Dermacor X-100 0.10 24 a 0 ef 6,759 cd
XL723 Dermacor X-100 0.025 26 a 7 bc 8,261 b
XL723 Dermacor X-100 0.05 22 a 2 de 8,409 b
XL723 Dermacor X-100 0.10 26 a 0 f 9,070 a

Cocodrie X X X 30 a 6,209 de
Cocodrie Karate Z 0.03 lb ai/A 23 a 1 ef 6,652 cd
XL723 Karate Z 0.03 lb ai/A 22 a 0 f 8,681 ab

Cocodrie Untreated - 24 a 28 a 5,808 e
XL723 Untreated - 24 a 10 b 7,036 c

† Karate Z applied at 1- to 2-inch panicle size and again at late boot; Dermacor X-
100 and X are seed treatments.

‡ Whiteheads counted from the 4 middle rows of each plot.
§ Means in a column followed by the same letter are not significantly different (P 

= 0.05, ANOVA and LSD).

Table 1. Evaluation of Dermacor X-100 for stalk borer control at Ganado in 2008.



Command. Early rice injury was observed in the trials at Eagle 
Lake for both seeding dates. In the March-seeded experiment, at 12 
days after Command application onto the 1- to 2-leaf rice, there was 
an average injury of 26% among treatments. At this growth stage, 
greater injury was observed in rice treated with higher total doses, 
especially in those treatments when the highest proportion of the rate 
was applied post-emergence (EPOST). Rice treated with 0.25 and 0.3 
lb/acre pre-emergence (PRE) plus 0.375 lb/acre EPOST resulted in 35 
and 39% injury, respectively. Injury was between 22 to 30% among 
the other Command treatments, except when the lowest rate (0.375 
lb/acre had 4% injury) was applied PRE. No significant differences 
in injury were observed among seeding rates. At one month after 
EPOST applications, plants had recovered from previous injury and 
showed no significant Command damage. 

Similar observations were collected from the April-seeded 
experiment. At 11 days after EPOST application, there was 4 to 
9% injury among herbicide treatments and also higher injury at the 
lowest seeding rate (10%). No discernible injury was observed in 
subsequent evaluations. Despite the higher herbicide doses applied 
at the Beaumont experiment, no significant injury was observed at 
either seeding date. The higher amount of silt, clay, and organic matter 
at Beaumont reduced plant availability of Command. 

Herbicide treatments did not adversely affect rice yield in 
experiments conducted at Eagle Lake, although Command injury occurred early in the season. Yield was lower 
at the lower total Command rates (0.5 and 0.675 lb/acre) at Beaumont, probably due to the poor weed control 
and high grass pressure in those plots. 

In summary, rice injury occurred in sandy soils at both planting dates when high Command rates were 
applied, with injury being more severe at the early planting dates. However, this early season injury did not 
translate into yield loss. In Beaumont, rates of Command did not cause rice injury at any planting date.

Newpath. Early rice injury was observed in trials at Eagle Lake for both planting dates. In the March-
seeded experiment, at 12 days after EPOST Newpath application, there was 22% injury in the treatments with 
the higher dose (2 oz/acre). Rice injury was lower at lower Newpath rates. Rice injury was 14% at the lower 
seed rate, being 2% higher than the other seeding rates tested (35 and 45 lb/acre). At one month after the first 
application, plants had recovered from previous injury and showed no significant Newpath damage. 

Similar observations were collected from the April-seed experiment. At 20 days after the first application, 
there was injury from 10 to 15% at the higher herbicide rates and also higher injury at the lowest seeding 
rate (15%). No injury was observed in subsequent evaluations. Nitrogen application and flood establishment 
apparently helped the injured rice recover especially on sandy soils. No significant injury was observed in 
experiments conducted at Beaumont. The higher amount of silt, clay, and organic matter at Beaumont reduced 
plant availability of Newpath. 

Herbicide treatments did not affect rice yield in any of the experiments conducted at either location. Eagle 
Lake yield was 8,455 and 9,235 lb/acre for experiments seeded in March and April, respectively. Even though 
Newpath injury occurred early in the season, grain yield was not affected. Seeding rates affected yield only at 
the March-planted rice Beaumont, with the lowest yield obtained at the 25 lb/acre seeding rate. 

In summary, Newpath rice injury occurred in sandy soils when high Newpath rates were applied both in 
early and normal planting dates. Early injury did not translate into yield loss. Seeding rates affected plant injury 
early. Plants were able to recover from injury after nitrogen application and flood establishment.
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Research conducted by Garry McCauley, Scott Senseman, Edinalvo Camargo, and Jason Samford. For more information, contact 
Garry McCauley at 979-234-3578 or gmccaule@elc.net.

Tolerance and Compensation of Rice to Sugarcane Borer
Sugarcane borer (Diatraea saccharalis F.) injury to rice culms may either 

result in dead heart tillers or whiteheads, with yield of the injured tillers 100% 
reduced, or result in apparently healthy panicle with partial yield reduction 
(Fig. 1). The objective of this study was to evaluate the tolerance and 
compensatory response of rice to injury caused by the sugarcane borer. 

Field experiments were conducted wherein replicated rice plots were 
artificially infested with 6 densities of sugarcane borer eggs at 3 crop growth 
stages (3rd tiller stage, panicle differentiation, and heading). Tillering and 
grain yield were measured at harvest.

Results indicated that sugarcane borer injury caused an average of 46.1% 
yield reduction in apparently healthy panicles. We also observed that rice 
partially or in some situations completely compensated for the injury induced 
yield loss through two mechanisms: 1) stem injured plants produced more 
reproductive tillers than uninjured plants, and 2) tillers with leaf and leaf 
sheath injury by early instar sugarcane borer larvae produced larger panicles 
than uninjured plants. During main crop development, the greatest compensation was observed when injury 
occurred at panicle differentiation. 

Research conducted by Drs. Jiale Lv and Lloyd T. Wilson. For more information, please contact Dr. Lv at 409-752-2741ext. 
2320 or lvjiale@aesrg.tamu.edu.

Systems Integration

Development of an Integrated Rice Functional-Architectural Modeling System
Rice (Oryza sativa L.), as one of the most important crops in the world, has been studied extensively with 

regards to its growth, development, and yield formation based on simulation model analyses. However, since 
plant functional growth and development is intimately tied to its architectural formation and vice versa, the 
development of an integrated genetics-based functional-architectural modeling system will greatly improve 
simulation accuracy, allow greater refinement of intra- and inter-plant interactions, facilitate the incorporation 
of greater mechanistic processes, and allow the integration of physiological processes across multiple structural 
scales.

We are currently developing an individual-based rice 
plant model that will simulate the temporal and spatial 
dynamics of rice plants as affected by their biotic and abiotic 
environments. We are obtaining data from field experiments 
(Fig. 1) that will be used to parameterize and verify our model. 
In the model, a rice plant is represented by a main stem and 
its tillers, and subtillers of tillers; a tiller is represented by its 
nodes and panicle; a node is represented by a leaf blade, a leaf 
sheath, a culm, and its root. A simulated rice plant maintains 
this hierarchical relationship, evolving in state and structure 
with the birth of new tillers or nodes and the senescence of 
individual organs. We are currently in the process of developing 
a system that can represent this hierarchical relationship in a 
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Fig. 1. Sugarcane borer larvae 
in rice leaf sheath.

 Fig. 1. Field experiment conducted for the 
model development.



3-D space based on the state of each organ in the plant. Organ topology and geometry will be drawn based on 
plant architecture data collected from field studies (shape, curvature, angle, size, elongation, color, etc.). Organ 
microenvironment data (temperature, light interception, light quality) will be estimated by discretization of 
the 3-D architectural space, which will be used by the physiological model as inputs that affect different organ 
processes (e.g. demand, supply, allocation, organ initiation, etc.), modifying the plant’s state, and in return, its 
architectural development. 

Research conducted by Dingchun Yan, Lloyd T. Wilson, Yubin Yang, S. Omar PB. Samonte, Sailaja Koti, James C. Medley, Jenny 
Wang, and Xiaobao Li. For additional information, please contact Dingchun Yan at (409) 752-2741 or d_yan@aesrg.tamu.edu. 

Economics of On-Farm Rice Water Conservation
Water management for maintaining the sustainability of water resources becomes more important as the 

seriousness of water shortage for agricultural use increases. The increasing demand and competition for water 
points to potential water shortfall problems that could occur if special action is not taken. Therefore, on-farm 
water conservation in rice is an important operation for the sustainability of water resources for the various 
water-using sectors in Texas. The major objective of our research is to estimate the economic benefits of different 
water conservation measures in rice fields at three water conservation districts in Texas, namely Lakeside, Gulf 
Coast, and Garwood. 

We plan to conduct analyses designed to compare the economic benefits of different on-farm rice water 
conservation programs, which include precision grading, multiple-inlet irrigation, conservation tillage, lateral 
improvement, and tail water recovery. Detailed engineering and economic information will be considered 
to enable a comprehensive economic analysis of the on-farm rice water conservation practices. To carry out 
the analysis, the various estimated input costs are incorporated with the benefits of rice water conservation 
measures. 

The economic criteria for selecting conservation options will include the Net Present Value (NPV), Benefit:
Cost Ratio (BCR), and the Internal Rate of Return (IRR). A sensitivity analysis with different output price 
scenarios and interest rates will also be conducted to accommodate the uncertainty. 

The outcome of the research will be useful in providing rice growers with the most economical options for 
adopting on-farm water conservation measures in their rice fields. Consequently, this would assist farmers in 
increasing their net benefits from rice production while conserving water resources.

Research conducted by Drs. Prabodh Illukpitiya, Yubin Yang, and Lloyd T. Wilson. For additional information, please contact 
Prabodh at prabodh@aesrg.tamu.edu. 

Integrated Post-Harvest Rice Management and Information Delivery: 
Optimizing Insect Control and Grain Quality

The goal of this project is to identify and implement effective reduced-risk strategies for managing the 
lesser grain borer, Rhyzopertha dominica (F.), a major internal insect pest of rough rice and milled rice, to 
minimize economic loss from insect infestation. This research will expand our previous USDA CAR project 
(http://beaumont.tamu.edu/ricessweb) by incorporating five new modules to predict: 1) consequences of lesser 
grain borer populations on rice milling quality; 2) population growth and seasonal patterns of the lesser grain 
borer in and around rice mills and storage facilities associated with those mills; 3) population suppression of the 
lesser grain borer through the use of aeration, methoprene, and spinosad; 4) economic costs/benefits resulting 
from management strategies required to protect rough rice from the lesser grain borer, including all costs 
associated with sampling and detection; and produce 5) a management decision advisor based on the detailed 
economic cost/benefit analysis. The management decision advisor will allow users to estimate the costs and 
benefits of different bin configurations (shapes and volumes) and different aeration and pesticide use strategies, 
and provide guidance in selecting the best management strategy.

The final product of the project will be an improved web-based application that integrates results from rice 
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milling quality studies, reduced-risk pesticide trials, and aeration control, and provides users with options for 
selecting an array of management measures and for conducting costs/benefits analysis to optimize pest control 
and grain quality.

Research conducted by Yubin Yang, Lloyd ‘Ted’ Wilson, Jenny Wang, and Xiaobao Li. For additional information, please contact 
Yubin Yang at (409) 752-3045 or yyang@aesrg.tamu.edu.

Optimizing Bioenergy Productivity for Diverse Climatic and Soil Environments
The U.S. Gulf Coast, with large areas having plentiful rainfall, abundant land, and mild winter, is among 

the geographic regions with the highest potential for the production of dedicated cellulosic bioenergy crops. 
Adding to these advantages, the transportation networks of rivers, railroads, and highways, and proximity 
to major cities and petrochemical refineries, favor the development of a vibrant cellulosic biofuel industry. 
Currently, local- and region-specific information on the potential for economically producing cellulosic biofuel 
is very limited. Many questions are yet to be answered as we assess the feasibility of such an industry and form 
development and production plans. 

The integrated supply chain of a biofuel production system consists of interdependent and closely coupled 
operations, from biomass production to harvesting, transport, conversion, and product distribution (Fig. 1). 
The material flow from one operation must closely match the material demand from the next operation in the 
entire supply streaming process, while allowing for unexpected disruptions that can have a critical impact on 
overall operational efficiency.

We are currently developing a web-based integrated decision and analysis tool, herein referred to as the 
Biomass and Economic Viability Analyzer (BEVA), to optimize bioenergy productivity for diverse climatic and 
soil environments in the U.S. Gulf Coast. BEVA will adopt major features of previously described bioenergy 
models and incorporate a number of major improvements, including: 
1) Mechanistic process-based plant model 
2) Dynamic integration with climatic, soil, cropland, and road network databases 
3) Dynamic integration with geographic information system (GIS) 
4) Economic viability and risk 

analysis, and 
5) Web-based analysis interface.

Expected outcomes from 
this research include 1) A web-
based integrated analysis and 
decision-making tool that allows 
comprehensive analysis of biomass 
production, logistics, and economic 
viability of different bioenergy 
production systems, and that is 
accessible to biomass producers, 
bioenergy facilities planners/
operators, and policy analysts; 2) 
Detailed climate and soil matching 
analyses, and identification and 
ranking of potential biorefinery 
sites; and 3) Recommendations 
for the best biomass production 
practices, production systems, and 
delivery plans. 
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Fig. 1. An integrated view of a bioenergy production system with key 
operations and linkage.
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Research conducted by Yubin Yang, Lloyd ‘Ted’ Wilson, Jiale Lv, Sailaja Koti, Dingchun Yan, Jenny Wang, Xiaobao Li, and 
Prabodh Illukpitiya. For additional information, please contact Ted Wilson at (409) 752-3045 or lt-wilson@aesrg.tamu.edu. 

Alternate Crops

A Cotton Cropping System Model: Integration from Individual Organs 
to Whole Plant and Population

We are developing a cotton cropping system model to simulate the temporal and spatial dynamics of 
cotton plants as affected by their biotic and abiotic environment. The cropping system is subdivided into four 
modular components: plant, land, weather, and management. The plant component represents individual plants 
and their temporal and spatial dynamics. The land component represents the soil in 3-dimensional space. The 
weather component represents time and site-specific weather profiles. The management component represents 
the agronomic practices that affect plant growth and development.

The simulated land is divided into rectangular grid blocks of equal size and a number of layers. Each plant 
is identified by their spatial coordinates in a field. The growth and development of each plant and its organs are 
individually simulated, as affected by the biotic and abiotic environment local to the specific plant. A simulated 
cotton plant consists of a root system and a shoot system. The root system is composed of primary and lateral 
roots, which are divided into different root segments. The shoot system consists of primary and higher level 
shoots with each shoot consisting of one or more nodes. Each node consists of a leaf (blade and petiole), a stem, 
and one or more buds which may develop into new shoots or fruiting structures (Fig. 1). All plant organs have 
some architectural and physiological attributes that are similar. All shoot organs, as well as root segments, also 
have some similar processes. The actual values of these attributes determine the state of each individual organ 
and affect its processes (Fig. 1).

Light interception of a plant is calculated based on the leaf area of the layered plant canopy and the density 
local to a specific plant. The intercepted light is then distributed to each leaf based on the position of each 
leaf and its area. 
Photosynthesis is 
simulated for each 
leaf based on its 
light interception, 
temperature, and 
nitrogen content.

We  u s e d  a 
multi-tier supply/
demand/priority 
allocation approach 
t o  d i s t r i b u t e 
p h o t o s y n t h a t e 
and nitrogen: 1) 
between root and 
shoot systems of 
a plant, 2) among 
primary and lateral 
roots within the 
root  system, 3) 
among mainstem 
nodes within the 
shoot system, with 
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Fig. 1. Plant structure of a cotton plant, including its attributes and processes.
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each mainstem node serving as a supply pool, 4) among organs within a mainstem node, 5) among branch 
nodes within a main stem branch, and 6) among organs within a branch node. The amount allocated to each 
organ is based on its demand as determined by its physiological state, its allocation priority, its distance from 
multiple supply pools, and its light and temperature microenvironment that potentially controls node and branch 
differentiation. 

Competition for space and resources within a plant is simulated in terms of the multi-tier supply/demand/
allocation scheme described above, while competition between plants is simulated in terms of local plant 
density. A plant architecture model is currently being developed that will be directly linked with the functional 
model to more realistically simulate the temporal and spatial dynamics of individual organs, whole plants, and 
plant populations.

Research conducted by Yubin Yang, Lloyd “Ted” Wilson, Sailaja Koti, Dingchun Yan, Jenny Wang, and Xiaobao Li. For additional 
information, please contact Yubin Yang at (409) 752-2741 or yyang@aesrg.tamu.edu. 

Biomass Sorghum Production Practices for the Texas Rice Belt
Sorghum is a potential biomass (lignocellulosic feedstock) crop for the Texas rice belt. Based on commercial 

interests in developing biorefinery facilities in the region, this region of Texas needs commercial production 
practices for biomass crops to be in place in 3 to 5 years to supply feedstocks year-round. The attainment of high 
and profitable biomass yields plus a continuous biomass supply to the refinery will be crucial to the economic 
vitality of a bioproducts industry for the grower, processor, and community. We are primarily developing 
multiple-crop systems incorporating energy cane and biomass sorghum for year-round feedstock delivery. 

Biomass sorghum and energy cane have high potential productivity plus have the advantage of being able 
to utilize modified current production practices, which allow rapid wide-scale adoption. This research examined 
the key factors for developing production practices for biomass sorghum in this region of Texas. 

Our strategies are to 1) maximize seasonal capture of radiation, including the regrowth crops; 2) maximize 
biomass productivity through physiology-based management, including seed treatments for early planting and 
timely applications of plant growth regulators; 3) develop crop management practices around planting date 
windows; and 4) identify primary plant traits to allow us to tie into models of physiological and ecological 
response.

In 2008:
• Seed treatments were developed for biomass sorghum to enable earlier planting, thus potentially providing 

a mid-summer harvest and also raising the yield potential of the ratoon crop;
• The use of an insecticide or other insect control was shown necessary because of high stem borer 

pressure;
• Weed control was very good, which provided a base protocol to work from; and 
• Energy cane and biomass sorghum overwintered successfully in the field along the Gulf Coast, without 

catastrophic loss in yield, thus allowing a spring harvest, and solving a major issue in year-round delivery 
of feedstock to the refinery.

We appreciate the support by the Texas AgriLife Research Bioenergy Initiatives Program and Verenium. 
Research conducted by Drs. Lee Tarpley, M.O. “Mo” Way, and Lloyd “Ted” Wilson. For additional information, please contact 

Lee Tarpley at (409) 752-2741 ext. 2235 or ltarpley@tamu.edu.

Impacts of Plant Density on Phenotypic Plasticity of Cotton
Cotton (Gossypium hirsutum L.) exhibits marked plasticity in its growth and architecture under different 

environments. Although detailed information is available on cotton growth as affected by some abiotic stresses, 
limited data is available on effects of plant density on cotton’s plasticity. The main objective of this study 
is to determine cotton growth and development as affected by plant density and provide data that can help 
understand the mechanisms that control plasticity. A field experiment was conducted in the summer of 2008. 

Alternate Crops continued ...
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Seeds of Stoneville 4554B2RF (high yielding, 
early-mid-maturity cotton variety) were drill-
seeded. One week after emergence, seedlings 
were hand-thinned to four densities of 3, 6, 12, 
and 24 plants m-2. Several plant morphological 
and growth parameters were observed. Leaf 
plastochrons (time interval expressed in degree 
days between the initiations of two consecutive 
leaves), and length and biomass of each organ 
were measured at different stages of plant 
growth.

Plant density did not have a significant 
effect on leaf plastochrons. We observed two 
distinctive peaks in leaf plastochron, one at 
node 5 and the second at node 12, with a stable 
phase between nodes 7 and 11 (Fig. 1). Each 
peak corresponds to a slower leaf initiation rate 
in the rising phase and a faster leaf initiation 
rate in the decreasing phase. The first rising 
phase in leaf plastochron is probably due to 
water stress and/or limited supply when the 
plants are small and building up sufficient 
leaf area for photosynthesis. The second rising phase is 
probably due to the limited supply of resources for new node 
production with most of it going to fruiting structures. The 
stable phase corresponds to rapid plant growth during which 
the supply of resources is probably not a limiting factor. 
Higher plant densities resulted in taller plants with fewer 
nodes. Representative plants grown at high and low densities 
were shown in Fig. 2. Plant height at 24 plants m-2 were 26.2, 
20.5, and 8.8 % higher than those of 3, 6 and 12 plants m-2 at 
92 days after planting (DAP). 

On individual node and plant bases, cotton plants at low 
densities (3 and 6 plants m-2) had greater numbers of vegetative 
and fruiting branches, branch lengths, mainstem and branch 
leaf areas, and leaf, stem, and boll biomasses compared 
with plants at higher densities (12 and 24 plants m-2). Total 
mainstem leaf areas at 92 DAP were reduced by 10, 17, and 
31%, and total branch leaf areas were reduced by 26, 56 and 85% at 6, 12, and 24 plants m-2, respectively, 
compared to the 3 plants m-2 density. The results showed significant density-mediated plasticity of cotton, 
probably a result of competition for resources above and below ground between plants and the interactions 
between supply, demand, and allocation. 

Research conducted by Drs. Sailaja Koti, Yubin Yang, and Lloyd T. Wilson. For additional information, please contact Sailaja 
Koti at (409)752-2741 ext. 2210 or skoti@aesrg.tamu.edu.
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Fig. 2. Cotton plants at low density (3 plants 
m-2) (left photo) were relatively shorter 
and had more nodes than when grown at 
high density (24 plants m-2) (right photo).

Fig. 1. Leaf plastochrons (growing odays > 11.4ºC) averaged 
over densities at different nodal positions for cotton.


