
Breeding

Exploiting Generated Germplasm in the Development of High Yielding 
Conventional Rice Varieties for Texas

The Texas state rice breeding program 
continues to produce new and valuable 
breeding material for genetics studies and 
release of new varieties, and enhance the 
development of future crops. It has greatly 
increased genetic stock to include a diverse 
collection of accessions, mutants, and elite 
lines. In 2009, the breeding program had 
nurseries as well as replicated yield trials. 
The pedigree nursery composed of early 
generation material that is more advanced than 
the F2 populations, consisted of 3,653 rows. 
Phenotypic selections identified 1,024 rows for 
advancement. In the observational nursery with 
2,647 entries, preliminary selection identified 
448 lines for further evaluation and 136 lines 
as possible yield trial candidates in 2010. The 
preliminary yield trial (PYT) contained 40 
elite lines including checks. Among the entries 
with main crop grain yields ranging from 4,138 to 
8,092 lb/acre, three lines yielded higher than the best 
check variety. The state preliminary yield trial (SPYT) 
with 17 elite lines was conducted in Eagle Lake and 
Beaumont. Main crop grain yields ranged from 5,719 
to 8,607 lb/acre in Beaumont and from 8,278-9,966 
lb/acre in Eagle Lake. Main crop grain yield analysis 
across locations identified four elite lines as possible 
candidates for further yield evaluation. In the Uniform 
Regional Rice Nursery (URRN) having elite lines from 
TX, as well as from AK, LA, MS and MO, our program 
had 13 promising lines. Yield trials of these TX lines 
were also conducted in Eagle Lake. Grain yield in 
Beaumont ranged from 5,028 to 10,752 lb/acre with the 
highest yielding TX entry at 9,747 lb/acre. Figure 1 shows the performance of 13 TX elite lines in Beaumont 
compared to two checks. Eagle Lake’s average yields ranged from 5,335 to 11,362 lb/acre. Across 2 locations, 
RU0703144 (Fig. 2) yielded better than the best performing check. The TX breeding program nominated 38 
elite lines to the 2010 URRN yield trial. 
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Highlighting Research in 2010

Fig. 1. Performance of 13 elite rice lines compared to 
Cocodrie and Wells in the 2009 URRN at Beaumont.

Fig. 2. Panicle of TX elite rice line RU0703144.
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Research conducted by Rodante E. Tabien and Chersty L. Harper. Generous funding for the plant breeding project was provided 
by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, contact Dr. Tabien at 409-752-2741 ext 
2230/2248 or retabien@ag.tamu.edu.

Degree of Tolerance of Selected Genotypes to the Application 
of Liberty (Glufosinate) Herbicide 

Weeds are perennial problems in 
rice fields in Texas and throughout the 
U.S., reducing grain yields from 12 to 
34%. Herbicide resistant rice varieties 
fit well within rice weed management 
programs because they are easy to 
implement, effective, reduce tillage 
costs, and reduce restrictions on 
crop rotation. At the Texas A&M 
AgriLife Research and Extension 
Center at Beaumont, rice germplasm 
exhibiting herbicide tolerance in 
previous years were seed increased in 
2009 by planting, then screening the 
plots that were sprayed with Liberty 
at the recommended rate of 28 oz/acre. The 
first herbicide spraying was done 19 days 
after emergence, with a second spraying 
done two weeks later. A concurrent yield 
test evaluated 15 previous herbicide spray 
survivors that had produced a sufficient 
amount of seed and six checks planted in 
two replications of 6 rows by 19 ft plots. 
Unsprayed plots were used as the control in 
evaluating yield reduction due to herbicide 
application. The field screening test of 332 
entries across 700 rows resulted in 21 lines 
that showed good herbicide tolerance and 
91 lines with moderate tolerance. Figure 
1 shows the screening results of plants 
sprayed twice with the liberty herbicide to 
identify new herbicide resistance donors. 
Considering the mean across genotypes, 
herbicide spraying delayed heading and 
maturity by more than a week and reduced plant height by 2.8 inches. Grain yield data showed an average of 
29.2% yield reduction among checks, while the five best entries had an average of 16.2% yield reduction. The 
best line had 11.3% yield reduction. Three entries had statistically similar yield in the sprayed and unsprayed 
plots. Figure 2 shows the yield performance of some genotypes in sprayed and unsprayed plots.

Research conducted by Rodante E. Tabien, Patrick M. Frank, and Chersty L. Harper. This project was supported by the Texas 
Rice Research Foundation. For more information, contact Dr. Tabien at 409-752-2741 ext 2230/2248 or retabien@ag.tamu.edu.
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Fig. 1. Response of selected genotypes to Liberty herbicide 
application 14 days after first application and 10 days after second 
application.

Fig. 2. Yield performance of selected genotypes and check 
varieties in Liberty (glufosinate) sprayed and unsprayed 
plots.
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Heterosis in Pre-Heading Yield-Related Rice Traits
Successful hybrid varieties exhibit 

significant positive heterosis or hybrid 
vigor, with a yield advantage over inbred 
varieties ranging from 10 to 20%. While 
most studies on heterosis have focused 
on grain yield and yield components, 
which are expressed after heading, there 
are important yield-related traits that are 
expressed before heading. At the Texas 
A&M AgriLife Research and Extension 
Center at Beaumont, field and laboratory 
experiments were conducted to determine 
the pre-heading heterotic relationships 
between rice hybrids and their parents, 
and to estimate the correlation between 
the heterosis of stem TNC content and the 
heterosis of other pre-heading yield-related 
traits. 

The first field experiment that evaluated 
hybrids produced at the Center was conducted in 2008 and included 8 hybrids, 8 maintainer lines of the 
cytoplasmic male sterile (CMS) parents, and the male parent line. In 2009 and 2010, the field experiments 
included 8 hybrids, 4 maintainer lines of the 4 CMS parents, and the 2 male parent lines. Mid-parent heterosis 
(MPH = [(F1 – midparent)/midparent] x 100, where midparent is the average of the parents of a hybrid) was 
used to estimate the performance of the hybrids relative to their parents. 

Results from the 2008 experiment showed that there were significant differences between hybrids and 
midparents for the following traits: leaf N content (MPH = 58%), stem mass (MPH = 52%), leaf mass (MPH = 
45%), leaf area index (MPH = 43%), plant mass (MPH = 42%), light interception (MPH = 3%), and stem TNC 
concentration (MPH = -23%) (Table 1). Stem TNC content was not significantly different between hybrids and 
mid-parents, but there was a wide difference between hybrid and mid-parent stem TNC content values, ranging 
from -229 to 368 g/m2, which is equivalent to an MPH range of -63 to 143% and a mean MPH or 18%. This 
suggested the possibility of selecting for hybrids that exhibit positive MPH for stem TNC content. Heterosis 
in stem TNC content was found to be positively correlated to heterosis in leaf N content (r = 0.43), stem mass 
(r = 0.62), leaf mass (r = 0.38), leaf area index (r = 0.58), and plant mass (r = 0.61) (Table 1), indicating that 
increases in heterosis in one or a combination of these traits would result to an increase in stem TNC heterosis. 
This study implies that at preheading, the hybrids had a non-significant advantage over the inbreds in terms 
of the TNC accumulated in the stems that can be translocated to the grain after heading, and it also showed 
important trait correlations that could be used to further increase stem TNC content MPH.

Research conducted by S. Omar PB. Samonte, Lloyd T. Wilson, and James C. Medley. For more information, contact Dr. Samonte 
at sosamonte@aesrg.tamu.edu.

Variation in Yield-Related Traits within Varieties in Large Yield Trials
One of the characteristics of a desirable rice variety is that it should be stable in its trait values across 

different locations, years, or environments (location x year combinations). The trait values should also be stable 
within large fields or large yield trials. Stable varieties can be useful as checks that can be planted in each of the 
blocks or paddies of a large field trial, such as the Uniform Rice Regional Nursery (URRN), which consists of 
280 yield plots planted at 40 plots per block. The objective of this study was to estimate the variation in yield-

Breeding continued ...

Trait
Mean Mid-

Parent 
Heterosis (%)

Correlation (r) 
with Stem 

TNC Content
Stem TNC Content 18 -
Leaf N Content † 58  0.43
Stem mass † 52  0.62
Leaf Mass † 45  0.38
Leaf Area Index † 43  0.58
Plant Mass † 42  0.61
Light Interception † 3 -0.71
Stem TNC Concentration † -23    0.78*

† Significant difference (5%) between hybrids and mid-parents
* Significant correlation at the 5%level.

Table 1. Mid-parent heterosis of hybrids and their correlation 
with stem TNC content heterosis at boot stage in 2008 at 
Beaumont.
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related traits and grain yield within 
variety in large yield trials.

At the URRN conducted at the 
Texas A&M AgriLife Research and 
Extension Center at Beaumont in 
2009, four rice varieties (Francis, 
Spring, Trenasse, and Wells) were 
added to each of the seven blocks 
of the URRN and planted at two 
replicated plots per block. Yield-
related traits and grain yield were 
determined from each of the plots, 
while soil samples were taken 
from each block at pre-plant and 
at heading for soil analyses.

So i l  ana lyses  r evea led 
that there were no significant 
differences among the blocks in 
terms of pH, and concentrations 
of N, P, K, Ca, Mg, S, Na, Fe, Zn, 
Mn, and Cu. Varietal performance in 10 traits in 2009 showed that Spring was the most stable, as there were 
no significant differences among blocks in terms of tiller density, light interception, chlorophyll reading, flag 
leaf length and width, panicle density, panicle length, number of days to heading, plant height, and grain yield 
(Table 1). Francis was the next most stable, as it differed among blocks only in flag leaf length (p-value = 
0.053). Trenasse significantly different among blocks in chlorophyll reading and number of days to heading, 
and its p-value for panicle length was 0.057. Wells was the least stable among the four varieties as it showed 
differences among blocks in chlorophyll reading, flag leaf width, and panicle length, and its p-value for flag 
leaf length was 0.062. All varieties were stable in terms of grain yield among the seven blocks. Data on top- 
and bottom-half panicle weight and 100-grain weight are currently being estimated. A 2nd field experiment of 
this study is being conducted this year.

Research conducted by Stanley Omar PB. Samonte, Rodante E. Tabien, Lloyd T. Wilson, and Chersty L. Harper. For more 
information, please contact Dr. Samonte at sosamonte@aesrg.tamu.edu.

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

expands and competes with the rice growers. In 2002, the Texas A&M 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. Traits targeted 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.

A summary of results from the evaluation of elite LCRA/SAWS lines of the project in several yield trials 
(YTs) in 2009 are as follows: 
• Early-Planting YT at Beaumont: 54 of the 67 elite lines had higher grain yield than Cocodrie. The highest 

yielding line (TXEL0148) produced 10,148 lb/acre grain, which was 29% higher than that of Cocodrie. 

Breeding continued ...

Trait Francis Spring Trenasse Wells
Tiller Density ns ns ns ns
Light Interception ns ns ns ns
Chlorophyll Reading ns ns * *
Flag Leaf Length 0.053 † ns ns 0.062 †
Flag Leaf Width ns ns ns *
Panicle Density ns ns ns ns
Panicle Length ns ns 0.057 † *
No. of Days to Heading ns ns ** ns
Plant Height ns ns ns ns
Grain yield ns ns ns ns

ns – no significant differences at the 5% level.
*, ** – significant differences at the 5 and 1% level, respectively.
† – p-value is near the 5% level of significance.

Table 1. Significance of variation within varieties planted in seven blocks 
of the URRN at Beaumont in 2009.
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• Regular-Planting YT at Beaumont: 13 elite lines 
were not significantly different in grain yield when 
compared to Cocodrie, which produced the highest 
yield (8,988 lb/acre). TXEL0336 was the highest 
yielding LCRA/SAWS line (8,986 lb/acre). 

• Statewide YT at Beaumont: 7 of the 17 elite lines had 
higher grain yields than Cocodrie. TXEL0234 was the 
highest yielding LCRA/SAWS line, with 8,621 lb/acre 
yield, which was 6.8% higher than that of Cocodrie

• Statewide YT at Eagle Lake: 2 elite lines produced 
higher grain yields than Cocodrie. TXEL0228 was 
the highest yielding line, with a grain yield of 9,617 
lb/acre, which was 1% higher than that of Cocodrie. 

• Preliminary Group of the Uniform Regional Rice 
Nursery (URRN) at Beaumont: 1 of the 9 elite lines 
had higher grain yield than Cocodrie. TXEL0165 
yielded 9,602 lb/acre, which was 2.6% higher than 
that of Cocodrie. TXEL0165 was 102.8 cm tall and 
matured in 114 days, and this was 8.8 cm taller and 
2 days longer than that of Cocodrie. 

• Advanced Group of the URRN at Beaumont: 1 of the 
4 elite lines yielded higher than Cocodrie. TXEL0148 
yielded 9,702 lb/acre, which was 3.7% higher than 
that of Cocodrie (Fig. 1). TXEL0148 was 9.5 cm taller 
and matured 7 days later relative to Cocodrie (90.8 
cm and 112 days to maturity).

Research conducted by Stanley Omar PB. Samonte, Lloyd 
T. Wilson, Rodante E. Tabien, and James C. Medley. For more 
information, contact Dr. Wilson (lt-wilson@aesrg.tamu.edu) or Dr. 
Samonte (sosamonte@aesrg.tamu.edu).

New High Density Genetic Marker Technology 
for Use in Breeding

Recent advances in genetic marker technology have 
enhanced our ability to evaluate rice breeding materials 
more quickly and with greater coverage. In 2005, as a result 
of an international collaboration, the japonica rice variety 
Nipponbare was the first crop plant to be completely 
sequenced. Subsequently, an indica variety was sequenced 
allowing comparison of the genetic differences between these two representatives of the major sub-populations, 
which are the basis for most of the rice grown in the world. In 2008, the Oryza SNP Project, sequenced 20 world 
rice varieties, two from the USA (Cypress and M202). We used these data to identify 1,536 SNP markers (single 
nucleotide polymorphisms) and evaluated a panel of 400 diverse varieties (Fig. 1). The objective was to identify 
material that was vastly different at a genetic level to guide breeders in the development of varieties and hybrids 
and to find smaller chromosomal regions that are examples of specific genes that had been bred into varieties. 
For example, in the tropical japonica material from the USA, a clear indica introgression on chromosome 
12 was observed that was associated with the blast resistance gene Pi-ta (Fig. 2). This type of information 

Breeding continued ...

Fig. 1. Relative grain yield of TXEL0028 (top), 
TXEL0038 (middle), TXEL0148 (bottom) to 
Cocodrie during the various yield trials from 
2005 to 2009. Actual grain yields of each line 
are written above each column.
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provides breeders with insights into marker 
assisted selection strategies that will conserve 
genomic regions or facilitate recombination. 
In addition, the 1,536 “SNP chip” was used 
in collaboration with the RiceCAP project to 
evaluate about 400 elite varieties from all of 
the US rice breeding programs. This analysis 
demonstrated how US breeding programs have 
relatively unique genepools, although there are 
varieties that are clearly a synthesis of multiple 
breeding programs. Such detailed genomic 
information will be useful to breeders to help 
identify the best varieties to cross to maximize 
genetic recombination. Although the 1,536 
SNP chip provided greater marker saturation 
than previously available, it also demonstrated 
that there are large linkage blocks within 
US varieties that appear to have no genetic 
diversity. We are now developing genetic tools 
that will provide tens of thousands of SNP 
markers on any variety, in an effort to better 
map these regions. As the result of research 
collaborations that span the globe and bring 
researchers from breeding, genomics, and 
bioinformatics together, the US rice research 
community has been able to participate in 
the development of cutting-edge genomic 
technologies. The next steps will require 
the ability to effectively analyze massive 
datasets of genomic information so that these 
technologies can be translated into practical 
breeding tools. 

Research conducted by A.M. McClung, K. Zhao, 
G.C. Eizenga, M.L. Ali, C.D. Bustamante, and S.R. 
McCouch. For more information, contact Dr. McClung 
at 870-672-9300 ext 275 or anna.mcclung@ars.usda.
gov. 

New Method Opens Opportunity to Proactively Select For 
Fissure Resistance 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 most U.S. rice varieties yield 
around 55% head rice, Cypress, Saber and Cybonnet typically yield 60 to 65% head rice, which is 5 to 10% 
better. For a producer yielding 7,000 lb/acre paddy, even a small (5%) improvement in milling yield can increase 
profits by $18/acre based on Spring 2010 prices for whole and broken long grain rice. 
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 harvesting sequentially 

Breeding continued ...

Fig. 2. Example of Pi-ta blast resistance gene on chromosome 
12 originating from Asian germplasm that has been bred 
into US varieties.

Fig. 1. High density genetic markers reveal the genetic 
similarity among 400 world rice varieties.
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drier rice samples from a single large research plot, milling the 
samples, and evaluating milling quality over harvest time. All rice 
fissures occur when they are exposed to rewetting rains or dew 
after they mature and dry down, but fissure resistant rice fissures 
less readily, and thus suffer a slower loss in milling quality than 
standard rice over sequentially later harvests. While the analysis of 
sequentially drier harvests has proven capable of detecting small 
(2%) differences in fissure resistance, it requires large amounts 
of seed, field space, and labor. As such, it cannot be conducted 
until late in the breeding process, after much breeding effort has 
been expended to reduce the number of lines under consideration 
for variety release to less than 100. While this allows breeders 
to reactively select against fissure-susceptibility before actual 
variety release, proactive selection for a desired trait resulting in rapid breeding gains requires selection in early 
breeding generations, such as the F2 generation. 

SOLUTION: A laboratory method wherein small samples of seed (50 to 100 kernels) are evaluated for in-
lab fissure rates after controlled exposure to humid conditions was previously shown by scientists in TX, LA, 
and CA to reliably identify fissure resistance among late-generation pure-breeding material. We extended the 
utility of this lab method by documenting that it was successful at identifying fissure resistant progeny among 
300 Cypress x LaGrue F2 plants. 

Research details: Unfissured, mature seed was harvested from 300 Cypress x Lagrue F2 plants in 2006 and 
evaluated for in-lab fissure response. The 30 most resistant (FisR), and the 30 most susceptible (FisS) F2 plants 
were selected, and their F3 progeny seed were grown and evaluated for fissure resistance in 2007. The FisS F2:3 
progeny fissured twice as much as the FisR progeny, providing a first indication that the in-lab selection method 
was successful at identifying FisR F2 progeny. A second round of selection was conducted, identifying the most 
FisR and FisS F3 plants, and their progeny were again evaluated for fissure response in 2008 and again in 2009. 
The FisR selections proved to be equal to, but not more resistant than Cypress, and the most FisS selections 
appeared equal to LaGrue in lack of fissure resistance. This study documented, for the first time ever, successful 
early-generation selection for FisR, opening new opportunity for breeders to develop rice varieties improved 
for this important agronomic trait. 

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

Found: Rice that Produces Grains with Improved Nutritional Value
Rice provides the major source of nutrition for a large proportion of the world’s population, and is a key 

ingredient in baby foods in the U.S. Mineral nutrients such as Ca, Fe, and Zn play critical roles in human health, 
with over 3 billion people suffering from Fe and Zn deficiencies. Unfortunately for those who rely on rice for 
subsistence, the rice grain is not a concentrated source of these nutrients, and if grown on contaminated soils, 
can contain toxic elements such as As and Cd. Drs. Pinson and Tarpley recently identified rice lines exhibiting 
significant improvements in the content of 16 elements, namely Mg, P, K, S, Ca, Mn, Fe, Co, Ni, Cu, Zn, As, 
Rb, Sr, Mo, and Cd, and are now investigating the genes and physiology underlying their improved nutritional 
value. 

Research Methods and Results: A core subset of 1,700 accessions from among the 17,000+ rice accessions 
in the USDA National Small Grains Collection (repository of seed collected from wild and cultivated rice 
lines found around the world) was selected to represent the wide genetic diversity of the larger set. Since the 
amount of oxygen in the soil greatly affects the availability of soil nutrients, we evaluated the 1,700 foreign 
rice accessions under both flooded and nonflooded conditions in 2007 and 2008 at the Beaumont rice research 

Breeding continued ...

Fig. 1. Fissures can be visually detected 
and counted in brown (unmilled) 
rice after exposure to controlled 
fissure-inducing humidity. Pre-
harvest fissuring is a major factors 
contributing to low milling quality in 
rice. (Photo by Farmen Jodari)
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center (Fig. 1). Seed was harvested, dried, threshed, and hulled, 
then sent to a collaborator at Purdue University who analyzed 
them for Mg, P, K, S, Ca, Mn, Fe, Co, Ni, Cu, Zn, As, Rb, Sr, 
Mo, and Cd content. 

Our field experiments showed that the impact of environmental 
variance within each paddy was small compared with genetic 
impact on grain element content. Large (> 5x) ranges in content for 
each of the 16 grain elements, with the nonflooded rice treatment 
showing more extreme differences in grain nutritional value than 
the flooded treatment. 

Rice accessions high for a particular element were sometimes 
found to have similar geographic origins. For example, four of 
the five lines highest in Mo content originated from Malaysia, 
which is exciting in that it verifies that we have found lines with 
key genes that allow them to accumulate high levels of Mo in 
their grain. The fact that these Malaysian lines were collected on 
three different trips spanning two decades suggest that the Mo-
genes are passed from one generation to the next, and appear to 
be beneficial to rice yields and health, otherwise they would not 
have been maintained over decades of breeding. 

Future Research: Studies to identify the genes and the physiological attributes underlying the improved 
grain mineral contents are underway. We will be determining if increased mineral content is due to increased 
root uptake, increased transport through the plant, or a combination of both. Spatial location of the accumulated 
minerals within the rice kernel is also under investigation. It will be easier to impact human diets if the minerals 
accumulate in the endosperm rather than in the embryo or bran layer, which are not ingested unless one is eats 
brown rice. 

Research conducted by Shannon Pinson, Lee Tarpley, Ratnaprabha, David Salt, and Mary Lou Guerinot. This study is funded 
by the National Science Foundation (NSF). For more information, contact Dr. Pinson at shannon.pinson@ars.usda.gov. 

Heat-Stability of Health-Beneficial Phytonutrients/Antioxidants in Rice
The consumption of whole grain has been linked to the reduced incidence of chronic (cancer, diabetes, 

cardiovascular disease) and various inflammatory diseases. The phytonutrients/antioxidants contained in the 
whole grain, specifically in the bran layer, contribute to these health benefits. Rice bran is a rich source of 
lipophilic antioxidants, including vitamin Es and γ-oryzanols. In addition, the phenols extracted from light 
brown colored rice have a potential chemopreventive effect. Recent interest has also been focused on pigmented 
rice, especially on the purple and red colored bran rice varieties because of their abundance in anthocyanins 
and tannins, respectively. 

The objective of this study was to investigate the effect of steam-cooking and parboiling on the concentrations 
of antioxidants (vitamin Es, γ-oryzanols and flavonoids) and antioxidant capacities of pigmented (i.e., red and 
purple) and common light brown bran rice. The cooking processes included whole-grain steam-cooked (S), 
paddy (with hull) parboiled (PP), and parboiled paddy steam-cooked (PP-S). Uncooked whole-grain (Raw) 
served as a control.

The concentrations of total vitamin Es (sum of tocopherols and tocotrienols) and γ-oryzanols varied among 
three varieties. In relation to Raw, the uncooked control, these lipophilic antioxidants were fairly heat-stable 
across all the cooking methods or the combination of cooking methods (Fig. 1a and 1b). For the total flavonoid 
concentration, the Raw light brown bran rice contained less than one-sixth that of red and purple bran rice, but the 
flavonoids in the light brown bran rice were heat-stable (Fig. 2a). The flavonoids in the red bran rice were very heat-
sensitive: S reduced the flavonoid concentration to 45% of Raw; and PP-S reduced it to 21% of Raw. Nevertheless, 
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Fig. 1. Research plots consisted of 5 seed 
spread over approx. 4-inches of space. 
By using such small plots, we were 
able to fit 1,700 genetic lines into a 
single paddy, minimizing variance 
for soil type within the study.
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PP-S-red bran rice 
stil l  contained 
1.8 times more 
flavonoids than 
PP-S light brown 
bran rice. Relative 
to red bran rice, 
purple bran rice 
contained a high 
c o n c e n t r a t i o n 
of  heat -s table 
flavonoids. The 
concentrations of 
total flavonoids of 
S- and PP-purple 
rice were retained 
at 97% and 92% of 
Raw, respectively, 
w h i l e  P P - S -
purple rice was 
retained at 65%. 
The PP-S-purple 
r ice contained 
5 - f o l d  h i g h e r 
total flavonoid 
c o n c e n t r a t i o n 
than light brown 
r i c e .  S i m i l a r 
patterns as seen 
for total flavonoid 
c o n c e n t r a t i o n 
were observed for 
the antioxidant 
capacities of these samples (Fig. 2b). The results clearly demonstrated that different types of flavonoids 
and antioxidants were present among varieties of rice having different bran color. Rice varieties with a high 
concentration of heat-stable antioxidants would have great potential for use in snack bars and cereals, in addition 
to being consumed as steam-cooked table rice. 

Research conducted by Ming-Hsuan Chen, Byungrok Min, and Anna McClung. For more information, contact Dr. Chen at ming.
chen@ars.usda.gov.

Responses of High Biomass Rice to Drought Conditions
Biomass in rice is an important trait in increasing grain yield. In general, the higher the biomass, the higher 

the grain yield. The yield advantage of hybrid rice is generally attributed to its higher biomass production relative 
to inbred rice. Rice can produce a lot of biomass, which is uncommon knowledge, with the rice straw after 
harvest and the rice hulls after milling being potential feedstocks for bioenergy production. However, the genetics 
of high biomass production in rice is unknown, and rice germplasm with very high biomass is limited. High 
biomass rice will be an important genetic resource to study biomass production and meet the growing demands 
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Fig. 2. The effects of cooking on the concentrations of total flavonoids and antioxidant 
capacity of rice. The concentrations of 2a) total flavonoids, and 2b) antioxidant 
capacity in uncooked control (Raw), steam-cooked (S), parboiled paddy (PP), and, 
parboiled paddy steam-cooked (PP-S) rice of light-brown bran (LB), red bran (Red) 
and purple bran (Purple) rice are presented.

Fig. 1. The effects of cooking on the concentrations of lipophilic antioxidants of rice. 
The concentrations of 1a) total vitamin Es (sum of tocopherols and tocotrienols), and 
1b) γ-oryzanols in uncooked control (Raw), steam-cooked (S), parboiled paddy (PP), 
and, parboiled paddy steam-cooked (PP-S) rice of light-brown bran (LB), red bran 
(Red) and purple bran (Purple) rice are presented.
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in both grain and biomass for food, fodder, and 
bio-fuel industries. Since high biomass rice lines 
are not being retained in rice breeding program, 
limited studies have been conducted to determine 
the response of high biomass rice in unfavorable 
conditions such as drought prone, rainfed, and 
saline areas. The main objectives of this study 
were to determine the response of selected high 
biomass rice to drought and to identify the best 
genotype that can be grown in unfavorable areas 
for biomass production.

A pot experiment organized in a completely 
randomized design with three replications was 
conducted in the greenhouse in 2009. Nine high 
biomass genotypes and one conventional rice 
variety (Banks) were grown starting from 20 
days after emergence in each of three soil moisture treatments relative to field capacity (FC): 100, 75, and 
50%. The water level was maintained by weighing the pots every alternate day and adding the amount of 
evaporated water based on a reference pot. Weekly tiller and leaf count, and plant height were gathered for six 
weeks, and the number of days to first tiller, root and shoot weight, dry mater percentage, and root-shoot ratio 
were determined. Results showed that most of the genotypes performed better in 100% FC, but some were 
less affected by drought. Significant differences among genotypes were observed for number of days to first 
tillers, number of tillers, plant height, shoot and root weight, dry root:shoot (R:S) ratio, total biomass and dry 
matter percentage. Drought delayed first tillers emergence, reduced number of tillers, plant height, shoot and 
root weight, fresh and dry R:S ratio, and total biomass. Figure 1 shows the total fresh and dry biomass of nine 
genotypes and Banks (genotype 20) in drought condition.

Research conducted by Aditi Kondhia and Rodante E. Tabien. Generous funding for the plant breeding project was provided 
by the Texas Agrilife Research and Texas Rice Research Foundation. For more information, contact Dr. Tabien at 409-752-2741 or 
retabien@ag.tamu.edu. 

Phenotypic and Physiological Comparison of Indica x Indica and Indica x Japonica Hybrids
Hybrid rice contributed to a major breakthrough in rice productivity towards the end of the past century. 

Positive heterosis or hybrid vigor is the enhanced performance expressed by an F1 hybrid derived from two 
genetically diverse parents. Commercial exploitation of heterosis in rice has been accomplished mainly in China 
by way of indica/indica or japonica/japonica crosses, which utilize the cytoplasmic male sterile (CMS) system 
of hybrid production. Prospects for further yield enhancement is confronted by deploying wide compatibility 
gene(s) to overcome the problem of hybrid sterility in indica/japonica crosses. It has been suggested that these 
intersubspecific indica/japonica hybrids have only been partially exploited and that it holds the key to generate 
(create) superior performing rice hybrids.

With the objective of estimating and understanding the heterosis of rice hybrids relative to their parents, 
eight indica/japonica and four indica/indica hybrids are being evaluated this summer. The field trial includes the 
12 hybrids, 2 maintainer lines (near-isogenic lines of male-sterile lines), and 6 male parental lines (4 japonica 
and 2 indica) laid out in a completely randomized design. Observations from life table traits (number of main 
culm nodes and number of tiller per plant) and destructive sampling (biomass by tiller group and organ type, 
leaf area, specific leaf weight, N concentration and content, and total non-structural carbohydrates) will be 
conducted for each genotype during four growth stages (tillering, panicle differentiation, heading, and maturity). 
Photosynthetic rate measurements will also be recorded and will be analyzed in relation to the dynamics in 

Breeding continued ...

Fig. 1. Total fresh and dry biomass of 10 selected geno-
types at 50% field capacity. Abbreviation: TFB- To-
tal fresh biomass, TDB- Total dry biomass



Texas Rice  Special Section - XI

biomass, TNC, and N among the different genotypes at the distinct crop growth stages. The partitioning of 
biomass, TNC, and N among roots, stems, leaves, and panicles of the main plants and tiller groups from tillering 
phase to maturity will also be analyzed. Data obtained from this year and next year’s experiments will be 
statistically analyzed using analysis of variance (ANOVA), Tukey’s Least Significant Difference (LSD) mean 
comparison, and correlation analysis.

Future prospects for using the primary phenotypic plant trait parameter data produced from this study include 
modeling studies that aim to simulate growth, development, and yield performance of different hybrids and 
their inbred parents for a range of environments.

Research being conducted by Jenita Thinakaran, Lloyd T. Wilson, and S. Omar PB. Samonte. For more information, contact 
Jenita Thinakaran at jthinakaran@aesrg.tamu.edu.

Physiology

Morphological and Physiological Traits of Hybrids and their Parents in 2010
Yield advantages of hybrid varieties over the average of their parents (midparent heterosis) or over their 

better parent (heterobeltiosis) or over a check variety (standard heterosis) is usually attributed to positive 
heterosis or 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. In 2008, 8 hybrids (produced by 8 male sterile lines and 
one pollinator line) and their parents (one parent is the pollinator line and the other parent is represented by a 
near-isogenic line of the male-sterile parent) were studied, while in 2009, 8 hybrids (produced by 4 male sterile 
lines and 2 pollinator lines) were studied. During 2010, the same set of hybrids and parents used in 2009 are 
being evaluated. Parameters that were estimated for each hybrid and inbred parent 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 line, 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 2010 field experiment setup, 14 
chambers, one for each hybrid or parental, 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). Leaf area index and the biomass of each 
structural component are estimated for each sample. At 
maturity of main and ratoon crops, grain yield is estimated. 
Non-destructive sampling is also conducted weekly, 
starting at the early vegetative stage, to determine the 
number of leaves on the main culm and numbers of tillers 

Breeding continued ...

Fig. 1. Photosynthesis chambers and LI-6400 
photosynthesis meter being set up by James 
Medley to monitor photosynthetic rates of 
hybrids and their parents.
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per plant are determined.

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

Micrometeorological Measurements System for a Common Measure of Paddy Environments 
The accurate prediction of rice yield 

under various conditions is important for risk 
management. These predictions are only as good 
as the measurements used in developing the 
relationships used for the predictions. An accurate 
prediction of rice response to air temperature 
is problematic because most relationships are 
based on weather station data that differs from 
temperatures in the canopy, yet our knowledge of 
rice canopy temperatures is incomplete because of 
the lack of well-designed rice canopy temperature 
monitoring devices. In 2009, an international network of rice scientists was established to use a newly developed 
instrument for rice canopy temperature data acquisition. Starting in 2010, the instruments are being used to 
collect canopy temperatures from rice paddies from diverse climates around the world covering continental 
and coastal climates in low and mid latitude regions (Fig. 1). The relationships between the air temperature 
inside and outside a rice canopy can be very different depending on other environmental conditions, such as 
solar radiation, wind speed, relative humidity, and hydrological conditions of the field. Other important factors 
that influence the thermal conditions of the canopy and panicles include physiological and morphological 
properties of the rice varieties. Using a common methodology at all of the locations monitored, comparisons 
of the information gathered among locations will be enabled. This will allow us to develop more accurate 
predictions of rice response to air temperature.

The lead investigators on the project are Mayumi Yoshimoto, Minehiko Fukuoka, and Toshihiro Hasegawa 
from the National Institute for Agro-Environmental Sciences in Tsukuba, Japan. Other participants are Xiaohai 
Tian (Yangtze University, P.R. China), Madan Pal Singh (Indian Agricultural Research Institute, New Delhi), 
Tin Tin Myint Daw (Department of Agricultural Research, Myanmar), W.M.W. Weerakoon (Rice Research 
& Development Institute, Sri Lanka), Tanguy Lafarge (International Rice Research Institute, Philippines and 
Centre International de Recherche en Agronomie pour le Développement, France), Huu Sheng Lur (National 
Taiwan University, Taipei), Lee Tarpley (Texas AgriLife Research, U.S.A), Tsutomu Matsui (Gifu University, 
Japan), Kazuhiro Kobayasi (Shimane University, Japan), and Tsuneo Kuwagata (National Institute for Agro-
Environmental Sciences, Japan).

Research at Beaumont conducted by Lee Tarpley and Abdul Razack Mohammed. The Agriculture, Forestry and Fisheries 
Research Council, MAFF, of Japan has generously provided the opportunity to set up the worldwide network under the “Multilateral 
Research Exchange Project for Securing Food and Agriculture”. For more information, please contact Dr. Tarpley at 409-752-2741 
or ltarpley@tamu.edu.

Effects of α-Tocopherol, Glycine Betaine or Salicylic Acid Application on Rice Production
Oxygen is potentially toxic to all organisms because metabolism and environmental stresses generate reactive 

oxygen species (ROS) from the oxygen. Plants exposed to heat, cold, drought, and salinity produce ROS, which 
damage cell membranes, which in turn cause reduction in yield. Alpha-tocopherol, glycine betaine (GB), and 
salicylic acid (SA) play important but different roles in preventing oxidative damage. The objective of the study 
was to determine the effects of α-tocopherol, GB, and SA on rice morphology, phenology, and physiology.

Rice plants of variety Cocodrie were grown in 3-L pots in the greenhouse. Alpha-tocopherol was applied 

Physiology continued ...

Fig. 1. Initial target regions for the worldwide multi-site 
monitoring of rice canopy temperatures.
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at the rate of 2.3 kg a.i./ha; GB was 
applied at 2.0 kg/ha, and SA at 12.9 
g/ha, 20 days after emergence. Plant 
height, number of productive tillers, 
and panicle and grain characteristics 
were determined at harvest. Spikelet 
fertility was defined as the ratio of 
filled grain to total number of grain in 
the panicle. Grain length, width, and 
chalkiness 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. 
Leaf photosynthetic parameters and 
respiration rates were measured using 
a LI-6400, while leaf total antioxidant 
capacity was estimated using a DPPH 
assay. Leaf membrane stability of the 
leaf was also measured. 

Application of α-tocopherol, GB, 
or SA application did not affect the 
number of reproductive tillers per 
plant, number of days to 1st panicle 
emergence, pollen germination, and 
biomass per plant. However, plant height, spikelet fertility, grain characteristics, leaf physiology, and grain yield 
were affected (Table 1 and Fig. 1). Application of α-tocopherol, GB, and SA each decreased respiration rates, 
relative injury to the membrane, leaf transpiration rates, and grain length, and increased water use efficiency, 

Physiology continued ...

Parameters
Plant 

Height 
(cm)

Spikelet 
Fertility

(%)

Filled Grain 
per Panicle 

(no.)

Unfilled 
Grain per 
Panicle 

(no.)

Grain 
Length 
(mm)

Grain 
Width 
(mm)

Grain 
Nitrogen 
Content 
(mg/g)

Grain 
Chalki-
ness (%)

Grain 
Yield

(g/plant)

Untreated 94.5±1.27
a†

75.5±4.20
c 

120.2±16.72
b

34.0±6.14
a

7.5±0.04
a

2.27±0.01
b

11.1±0.17
a

25.6±0.96
b

22.2±0.86
b

α-Tocopherol 95.1±1.80
a

80.2±2.48
c 

139.9±18.21
ab

30.9±3.39
a

7.4±0.03
b

2.20±0.01
a

10.5±0.24
b

28.8±0.87
a

23.6±1.24 
ab

Glycine 
Betaine

89.4±2.71
b

86.0±1.00
b 

146.5±5.30
a

24.2±2.31
b

7.3±0.07
b

2.20±0.01
a

10.9±0.16
ab

26.0± 0.88
b

25.1±1.29
a 

Salicylic Acid 91.1±2.20
a

89.3±1.03
a 

159.0±8.32
a

18.9±1.87
c

7.3±0.03
b

2.21±0.01
a

11.0±0.16
a

27.2±0.83 
a

25.3±0.53
a 

† Each value is the mean ± standard error. Means within each column followed by a different letter are 
significantly different from each other at P < 0.05.

Table 1. Effects of α-tocopherol, glycine betaine, or salicylic acid on main-stem panicle and grain (dehulled) 
characteristics of rice plants.

Fig. 1. Effects of α-tocopherol, glycine betaine, and salicylic acid on 
leaf photosynthetic parameters and respiration rates.
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spikelet fertility, grain width, and yield per plant. The yield increased as a result of decreased consumption of 
photosynthates and increased membrane stability, which might have aided in transport of photosynthates to 
the grain, hence increasing spikelet fertility. Decreased membrane stability can disrupt water, ion, and organic-
solute movement across plant membranes, thus affecting production, consumption, transport, and accumulation 
of photosynthates, hence yield. Further field research is required to justify the profitability of these chemical 
applications for rice farming. 

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.

Plant Nutrition

Nitrogen-Soil Test for Rice [N-ST*R]
Current nitrogen (N) fertilizer recommendations are based on a combination of three factors - variety, soil 

texture, and previous crop. To improve N fertilizer management for rice producers, a stronger emphasis on the 
soil’s ability to supply N should be considered because different soils and fields have different levels of native 
soil N fertility. Researchers have experimented with soil-based N tests as long as there has been soil fertility 
research. Although some methods have shown promise, nothing has stood out as a solid method for predicting 
a crop’s response to N fertilizer. Identification of a simple soil test to measure the amount of available soil N 
is becoming more and more important and will be essential for the long-term sustainability of rice production 
in the south. Benefits of a soil N test are not just about optimizing economic or agronomic returns, but making 
environmentally sound N fertilizer decisions. Recently, Arkansas rice researchers have developed an analytical 
laboratory method for measuring the amount of N in a silt loam soil that will mineralize or become available 
during the rice growing season. This method enables an N fertilizer rate recommendation to be not just based 
on soil texture, previous crop, and/or variety, but on a field-by-field basis. Currently, validation experiments 
are being conducted in Arkansas, Louisiana, Mississippi, and Texas on the new Nitrogen-Soil Test for Rice 
(N-ST*R) to evaluate its robustness. Louisiana State University, Mississippi State University, and Texas A&M 
University are cooperating on the development of N-ST*R. 

Stabilization of N fertilizer, especially urea, is receiving quite a bit of attention from the industry and scientific 
community due to the ease with which urea can be lost via ammonia volatilization following application, as 
well as escalating N fertilizer prices, and heightened environmental concerns brought on by eutrophication 
(excessive nutrients in a body of water, usually due to runoff of nutrients from the land) of our waterways 
and hypoxia (oxygen deficiency) in the Gulf of Mexico. Potential or alleged stabilizers or urease inhibitors 
(Agrotain®, Nutrisphere, Upgrade, X-Tend, N-Zone) have been introduced to improve N fertilizer use efficiency 
in commercial rice production. Agrotain® has proven in our studies to be an effective urease inhibitor that can 
increase yields and/or reduce the amount of N fertilizer required to maximize yields in rice. However, results 
from our studies indicate that Nutrisphere, Upgrade, X-Tend, and N-Zone are not effective urease inhibitors or 
stabilizers and we do not recommend their use in rice.

Research conducted by R.J. Norman, T.L. Roberts, N.A. Slaton, C.E. Wilson, Jr., D.L. Harrell, G.N. McCauley, and T.W. Walker. 
For more information, contact Dr. McCauley at gmccaule@elc.net.

Agronomy

Is There a Best Rice Variety for Early Planting in Texas?
Early planting of Texas rice can potentially provide increased yields because the main crop reproductive 

period can avoid the hottest part of summer. Also, the ratoon crop has additional time to mature before fall’s cool 
weather limits grain maturation. However, cool soils present at early planting dates can limit germination, and 

Physiology continued ...
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are often associated with soil diseases. Knowledge of the response of promising varieties under early planting 
conditions in Texas is limited. In 2006, studies were initiated to evaluate current and promising varieties at 
early planting dates at Eagle Lake (silt loam) and Beaumont (clay). In this article, we emphasize the ranking 
of varieties that consistently perform well at the early (very early to mid-March) relative to the optimum 
planting date at these locations. The identification of good varieties based only on yield at early planting will 
be addressed elsewhere.

Nitrogen fertility management was typical for the varieties at the locations. Fungicides were not applied. 
The selection and number of varieties (24 total) evaluated differed among years and locations.

Yield differences between the planting dates varied widely among year-locations and variety. Early planting 
was sometimes quite detrimental and sometimes very beneficial. Among the six varieties that were evaluated for 
at least five year-locations, the average range of yield differences was 3,454 lb/acre. No variety was immune to 
poor rank performance with respect to yield difference. However, among the three varieties that were analyzed 
for all seven available year-locations, Presidio (median = 4.3) and XL723 (median = 5) performed better (p = 
0.125) under early planting, based on rank performance with respect to yield difference, compared to Cocodrie 
(median = 8.17). 

Any benefit of early planting in Texas is generally dwarfed by other factors affecting yield for particular 
year-location-variety combinations. Presidio and XL723 provide the least risk among the best-studied varieties 
for planting early, if seeking to obtain a yield equal to or better than that obtained by the same variety planted 
within the “optimal” range of dates, whereas Cocodrie presents the greatest risk.

Research conducted by Lee Tarpley and Abdul Razack Mohammed. Support from the Texas Rice Research Foundation is greatly 
appreciated. We appreciate the help of Jack Vawter in conductance of the studies at Eagle Lake, and of Mike Jund and Darrell Hagler 
at Beaumont. For more information, contact Dr. Tarpley at 409-752-2741 or ltarpley@tamu.edu.

Evaluating Rice Varieties and Hybrids for Texas
The yield and quality of rice crops is determined by their inherent attributes and management practices. 

Therefore, variety selection is one of the most important decisions a producer has to make. Moreover, developing 
the corresponding management practice for each variety is critical. This Texas Rice Research Foundation funded 
research is focused on the weak and strong points of potential and named varieties and hybrids from public and 
private sources under Texas growing conditions. We are testing 16 entries for various agronomic traits on sandy 
soil at Eagle Lake and on clay soil at Beaumont. First time Clearfield varieties include CL111, CL181-AR, 
and CL261 (Horizon Ag.). CL111 is a very early maturing, short plant height, long-grain variety. CL181-AR 
is a semi-dwarf long-grain variety. CL261 is an early maturing, semi-dwarf, medium-grain variety. LA2140, 
LA2149, and Rex are three new conventional 
varieties, with the first two from LA and the third 
from AR. Included in our test for two or more 
years are the conventional varieties Bowman (MS), 
Catahoula (LA), Cocodrie (LA), Presidio (TX), 
TXEL0022 (TX), TXEL0038 (TX), and CL151 
(Horizon Ag). Hybrids from RiceTec included 
in our test for two or more years are XL723 and 
herbicide resistant CLXL729 and CLXL745. Some 
of the agronomic data collected will include: 1) 
main and ratoon crop yield and milling response 
with fungicide treatment, 2) different planting 
date and seeding rate effects on main and ratoon 
crop yield and milling quality, 3) the contribution 
of certain management practices to ratoon crop 

Agronomy continued ...

Fig. 1. Rice main crop yield as affected by planting date 
at Eagle Lake in 2009.
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yield using Cocodrie as the test variety, 4) an economic ranking of each entry’s average main, ratoon, and total 
crop net income, and 5) variety characteristics, tillering potential, and growth stage data for variety-specific 
management. 

Research conducted by Fugen Dou and Lee Tarpley. Generous funding for these projects provided by the Texas Rice Research 
Foundation. For more information, please contact either Dr. Dou (f-dou@aesrg.tamu.edu) or Dr. Tarpley (ltarpley@tamu.edu) at 
409-752-2741. 

Pest Management

Research Highlights of the Entomology Project for 2010
The Entomology Project’s (EP) main focus is to 

revise, develop, implement and extend integrated 
pest management programs for the array of insects 
attacking rice, soybeans, and biofuel crops, 
including energy cane and various sorghums. For 
this article, rice will be emphasized. 

Rice research in 2010 emphasizes novel seed 
treatments for the control of rice water weevil, 
chinch bug, aphids, thrips, fall armyworm, South 
American rice miner, and stalk borers. Crucial 
information is needed to refine treatment rates 
in relation to seeding rates. For economic and 
environmental purposes, our rice farmers should 
apply the least amount of pesticide and still obtain 
good control over the pest. As you probably know, 
hybrid varieties are planted at about 25 lb/acre, 
while conventional inbred varieties are planted 
at about 60 to 90 lb/acre. If a given amount of 
insecticide is applied to 100 lb of seed, then lower 
seeding rates will result in less insecticide applied 
on a per acre basis versus higher seeding rates. 
“How does this difference affect efficacy of the 
insecticide?” is an important question to answer 
for all new seed treatments. In 2010, the EP is 
evaluating the seed treatments Nipsit INSIDE 
(active ingredient, a.i. = clothianidin), Dermacor 
X-100 (a.i. = rynaxypyr/chlorantraniliprole) and 
CruiserMaxx (a.i. = thiamethoxam). Experiments 
are being conducted at Beaumont, Eagle Lake, and 
Ganado to obtain data that represent all parts of the 
Texas Rice Belt. 

The EP recently revised the treatment thresholds 
for the rice stink bug (Table 1), which also are published in the 2010 Texas Rice Production Guidelines. These 
treatment thresholds are higher than the older ones, which means that you should not have to spray as often as 
in the past for this pest. Also, research conducted in 2009 in collaboration with rice entomologists from the other 
southern rice-producing states (Drs. Kelly Tindall, Mike Stout, Natalie Hummel, and John Bernhardt) revealed 
Texas populations of rice stink bug were harder to kill with Karate Z than populations in the other states (Fig. 
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Projected 
Yield 

(lb/acre)

Average Number of RSBs † /10 
Sweeps at Rice Growth Stages

Heading Milk Soft 
Dough

Hard 
Dough

4,500 8 10 17 47
6,000 10 14 22 63
7,500 13 17 28 79
9,000 16 21 34 94

† Includes adults and older nymphs (4th and 5th 
instars).

Table 1. Revised treatment thresholds for rice stink bug 
(RSB).

Fig. 1. Lethal concentration to cause 50% mortality on 
the test population (LC50) of RSB Exposed to λ-
cyhalothrin in the adult vial test.
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1). Basically, the taller the bar in Fig. 1, the harder to control rice stink bug. To summarize, Texas rice stink bugs 
were 2 to 3 times harder to control than rice stink bugs in other states. These data were submitted to TDA and 
USEPA to help obtain an Emergency Exemption Section 18 for Tenchu 20SG which was recently approved. 

The EP is grateful for the support provided by Texas rice farmers through check-off monies which help the 
EP solve entomological problems confronting our clientele. 

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

Impact of Enhance 250 on Cocodrie Production in Texas
Farmers are continually looking for ways to increase yield while reducing costs and labor. Enhance 250 is 

a product being marketed in Texas at a cost of $8.50/acre at an 8 oz/acre rate with claims to impact pests and 
plant health in rice and other crops. Reports of tests in Asia have shown that Enhance 250 increased rice yield, 
decreased days to harvest, and decreased the infestation of leaf blast and sheath blight disease. Field research 
was initiated in 2009 to determine the effects of Enhance 250 on Cocodrie rice production at the David R. 
Wintermann Rice Research Station near Eagle Lake, Texas (N 29 deg 37.267’, W 96 deg 21.940’).

A randomized complete block design was utilized with four replications. Treatments included an untreated 
check and Enhance 250 applied at 0.5 pt/acre or 1.17 l/ha at four-leaf (4LF), preflood, panicle differentiation 
(PD) or a combination of these stages. The test was planted 5 May 2009 and was fertilized with 250 lb/acre of 
19-19-19 preplant. Eighty lb/acre N as urea was applied preflood and 70.0 lb/acre N as ammonium sulfate was 
applied at PD. All plots were harvested on 27 August 2009.

Untreated plots produced a mean yield of 7,605 lb/acre. Statistical analysis showed no significant differences 
in mean yield among the treatments. The treatments showing a numerical increase in mean yield where Enhance 
250 was applied preflood at 0.5 pt/acre or 1.0 pt/acre (8,100 lb/acre and 7,976 lb/acre grain yield, respectively) 
and sequential applications of Enhance 250 applied at 0.5 pt/acre at 4 LF stage followed by 0.5 pt/acre preflood 
stage then 0.5 pt/acre at PD (7,822 lb/acre grain yield). The late planting date of this test may have caused a 
reduction in yield, and testing will be conducted again in 2010 with a more timely planting date. Early testing 
suggests that Enhance 250 has no advantageous effect on Cocodrie rice production in the Western Area of the 
Texas Rice Belt.

Research conducted by J.L. Samford, G.N. McCauley, and L.J. Vawter. For more information, contact Dr. McCauley at gmccaule@
elc.net.

Establishment of New Rice Disease Nurseries in Texas
Genetic resistance is the most effective and economical method to manage rice diseases. However, high 

levels of resistance to sheath blight, narrow brown leaf spot, and bacterial panicle blight are often not readily 
available in the leading, high-yielding varieties. Texas producers are in need of new varieties resistant to diseases, 
especially to multiple diseases. In an effort to expand the ongoing disease screening that is conducted at the 
Center for blast and sheath blight disease by USDA-ARS, the Rice Plant Pathology Team at the Texas A&M 
AgriLife Research and Extension Center at Beaumont has initiated a disease screening program by establishing 
new disease nurseries at multiple locations. The goal of this program is to increase our capabilities to search 
for new sources of resistance, to breed for new resistant varieties, and to assist in varietal recommendations 
for Texas rice producers. 

Two disease nurseries were established in 2010, one at Eagle Lake and the other at Beaumont. These locations 
are representative of two different environments in the Texas Rice Belt. The nursery at Eagle Lake is being used 
to evaluate 186 breeding lines and varieties included in the 2010 Uniform Rice Regional Nursery (URRN). The 
nursery at Beaumont contains 68 varieties and lines focused on current and new varieties, potential releases, 
and the Texas preliminary and advanced elite lines in the URRN. The primary diseases screened include sheath 
blight, bacterial panicle blight, narrow brown leaf spot, and brown leaf spot. While the Eagle Lake’s nursery 
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evaluates disease reactions only on the main crop, the Beaumont’s nursery evaluates both main and ratoon crops. 
Sheath blight and bacterial panicle blight are artificially inoculated into plots to enhance disease development 
while other diseases utilize natural infections. 

Additionally, in collaboration with scientists at USDA-ARS in Arkansas, a third disease nursery was 
established at Beaumont in 2010 to identify and map resistance genes against narrow brown leaf spot, one of the 
most important rice diseases in Texas, Louisiana, Asia, and Latin America. This study contains 233 recombinant 
inbred lines derived from a cross of the susceptible Lemont variety and the resistant Jasmine 85 variety.

This research was funded, in part, by the Texas Rice Research Foundation.

Research conducted by Xin-Gen Zhou, Rodante E. Tabien, Yulin Jia, Anna McClung, Garry McCauley, Guangjie Liu, and Jack 
Vawter. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

A New Disease Present in Texas Rice
Accurate identification and diagnosis of diseases is 

essential for rice farmers to select the proper disease 
management options. This research reports a new disease 
present in Texas and briefs how to distinguish this new 
disease from other similar existing diseases. 

In 2009, a new disease was found to be present 
on several rice varieties and breeding lines, including 
Cocodrie, Cypress, and Lemont, in Beaumont, TX. The 
disease is called rice white leaf streak, which is caused 
by the fungus Mycovellosiela oryzae (syn. Ramularia 
oryzae).

The disease commonly appears on the blades of lower 
leaves as rice matures. The symptoms of white leaf streak 
are characterized by narrow lesions with white to light gray 
centers and surrounded by very narrow, brown margins 
(Fig. 1). The symptoms are similar to those of narrow brown leaf spot (Fig. 1) caused by Cercospora janseana 
except that white leaf streak lesions are relatively wider with white to light brown centers. The symptoms of 
white leaf streak are different from those of brown leaf spot (Fig. 1) caused by Cochliobolus miyabeanus.

In the U. S., only Texas and Louisiana have reported the occurrence of rice white leaf streak. The disease also 
occurs in Nigeria, North Borneo, Papua New Guinea, Sierra Leone, and the Solomon Islands. The occurrence 
of the disease in Texas is of concern because most Southern rice varieties including Cocodrie are susceptible 
or moderately susceptible to white leaf streak, and no information is available for effective management of 
the disease. 

This research was funded, in part, by the Texas Rice Research Foundation.

Research conducted by Xin-Gen (Shane) Zhou. For more information, please contact Dr. Zhou at (409) 752-2741 ext. 2210 or 
xzhou@aesrg.tamu.edu.

Update on the Occurrence of Rice Diseases in Texas
The Texas rice crop is affected by many diseases each year. However, the presence and severity of a given 

disease vary with year and location. This is a result from direct interactions of varietal resistance, pathogen 
species, environmental conditions, and human activity. We provide a preliminary update on major, potential, 
and minor yield-reducing diseases in Texas rice based on the field observations, surveys, and reports conducted 
in 2009 and previous years.

Major diseases of rice in Texas include sheath blight (Rhizoctonia solani), blast (Magnaporthe oryzae), narrow 
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Fig.1. Comparisons of typical symptoms of 
white leaf streak (left), narrow brown leaf 
spot (middle), and brown leaf spot (right).



brown leaf spot (Cercospora janseana), brown 
leaf spot (Bipolaris oryzae), and seedling 
diseases (caused by several pathogenic fungi). 
Sheath blight is the no. 1 disease and occurs in 
almost every rice field. Narrow brown leaf spot 
(also called Cercospora leaf spot) and brown 
leaf spot tend to be more severe on the second 
(ratoon) crop and on organically produced 
rice. Although severe rice blast has not been 
observed in Texas for many years, due in part 
to improved varietal disease resistance, it still 
poses a threat to rice production. Seedling diseases also can be serious in early-planted rice, particularly for 
ratooning in water-seeded rice. 

The diseases that are of potential importance to rice production in Texas include bacterial panicle blight 
(Burkholderia glumae) (Fig. 1), sheath rot (Sarocladium oryzae) (Fig. 1), stem rot (Magnaporthe salvinii), 
false smut (Ustilaginoidea virens), kernel smut (Tilletia barclayana), and straighthead (a physiological disorder 
with unknown causes). Bacterial panicle blight is usually associated with abnormally high night temperatures 
during the heading and flowering stages. The disease has become a concern in recent years in Arkansas and 
Louisiana. Although the extent of its occurrence and economic significance in Texas is unknown, it can cause 
yield losses up to 50% under experimental conditions, posing a potential threat to rice production. Sheath rot 
has tended to increase in severity in recent years, especially on the ratoon crop. False and kernel smut may 
cause significant monetary losses if rice is heavily contaminated with the spores of the fungi. Straighthead can 
be problematic in fields with sandy loam, arsenic residues or non-decaying organic matter.

Minor diseases include black kernel (Curvularia lunata), crown sheath rot (Gaeumannomyces graminis), 
leaf smut (Entyloma oryzae), leaf scald (Microdochium oryzae), pecky rice (various fungi and bacteria and 
insect injuries), stackburn (Alternaria padwickii), and sheath spot (Rhizoctonia oryzae). 

Texas and other U. S. rice-producing states currently do not have any serious viral or nematode diseases.
We sincerely appreciate the financial support provided by the Texas Rice Research Foundation. 

Research conducted by Drs. Xin-Gen (Shane) Zhou, Young-Ki Jo, and Mo Way. For more information, please contact Dr. Zhou 
at (409) 752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

Efficacy Evaluation of Fungicides for Rice Diseases
Fungicides are a last control option but essential for effective management of rice diseases. Selection of 

effective fungicides applied at proper rates and times are a key to reduce control costs and maximize production 
return. In 2010, we are conducting four field trials at Eagle Lake and Beaumont to evaluate new fungicides or 
new formulations of fungicides for their efficacy and to identify best timing and rate for control of diseases of 
the main and ratoon crops. Diseases evaluated include sheath blight, narrow brown leaf spot, seedling diseases, 
false smut, and kernel smut.

The 1st trial is established at Eagle Lake to evaluate the efficacy of two newly formulated fungicides for 
control of the seedling disease complex, sheath blight, and narrow brown leaf spot in the main crop. The two 
fungicides evaluated are CruiserMaxx and QuiltXcel, which are, respectively, newly registered and formulated 
fungicides provided by Syngenta. 

The 2nd trial is established at Eagle Lake to identify the best timing and rate of applications of propiconazole 
(PropiMax) for control of narrow brown leaf spot on the main and ratoon crops. The fungicide will be applied 
at 0, 5, and 10 fl oz/acre at the boot or heading stages of the main crop and at the panicle differentiation (PD) 
or boot stages of the ratoon crop.

The 3rd trial is established at Beaumont to evaluate efficacy of new seed treatment chemistries in comparison 
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Fig.1. Typical symptoms of bacterial panicle blight (left) and 
sheath rot (right).



with CruiserMaxx for control of seedling diseases of rice. These new chemistries were provided by Valent 
U.S.A. Corporation.

The 4th trial is being conducted at Beaumont to determine the efficacy of new seed treatment chemistries 
in combination with foliar fungicides for control of false smut and kernel smut. The fungicides were provided 
by Bayer CropScience.

We appreciate the financial support from the Texas Rice Research Foundation, and the chemistry material 
support from Bayer CropScience, Valent U.S.A. Syngenta, and DowAgroSciences.

Research conducted by Xin-Gen (Shane) Zhou, Guangjie Liu, and Jack Vawter. For more information, please contact Dr. Zhou 
at (409) 752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

Biologically-Based Integrated Management of Rice Sheath Blight
Sheath blight caused by Rhizoctonia solani is the most 

important disease of rice reducing yield and quality in Texas 
and other southern rice-producing states. Since none of 
the leading high-yielding varieties have acceptable levels 
of resistance, sheath blight management has been largely 
dependent on fungicides. Excessive use of fungicides is costly 
and can be harmful to the environment. Biological control 
has been recently considered a promising option. In this 
study, we are developing a microbial biocontrol strategy and 
incorporating this strategy into current fungicide management 
programs aiming to develop a low-cost, effective, integrated 
management of sheath blight with a significant reduction in 
the input of fungicides. 

In vitro and greenhouse assays were conducted to screen 
biocontrol agents for suppression of sheath blight in rice. 
Seventy bacterial strains that previously demonstrated growth 
promotion in other plants and antibiosis against other plant pathogens were examined for their antifungal 
activity on mycelial growth of R. solani, germination of sclerotia, and hyphal growth of germinated sclerotia. 
They were also examined for their ability to inhibit lesion development on leaf blades and sheaths of seedlings 
in the greenhouse. Ten out of 70 strains showed significant inhibition of mycelia growth and hyphal growth of 
germinated sclerotia. Four of these 10 strains also significantly inhibited the germination of sclerotia. When 
tested in the greenhouse, 10 strains, most of which belong to Bacillus subtilis, significantly reduced the lesions 
on leaf blades and sheaths (Fig. 1). 

The performance of selected biocontrol strains and their combined use with reduced rates of fungicides 
under field conditions is being evaluated at Beaumont in 2010. 

This research was funded, in part, by the Texas Rice Research Foundation.

Research conducted by Xin-Gen Zhou, Managala S. Reddy (Auburn Univ.), Joseph W. Kloepper (Auburn Univ.), and Shouan 
Zhang (Univ. of Florida). For more information, please contact Dr. Zhou at (409) 752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

Biocontrol of Rice Bacterial Panicle Blight
Bacterial panicle blight, primarily caused by Burkholderia glumae, poses a potential threat to rice production 

in the southern U. S. Yield and quality losses depend on year and location, and estimated yield losses can be 
as great as 50% under experimental conditions. The pathogen is seed-borne and causes seedling blight, sheath 
rot, leaf lesions, and panicle blight. Most commercial varieties are susceptible. No effective chemicals have 
been developed or registered for use in the management of bacterial panicle blight. Currently there are no 
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Fig. 1. Comparisons of severity of sheath 
blight in rice plants not treated (untreated 
control, left pot) or treated with 
antagonistic bacteria (right pot).



effective recommended disease management options available. 
We have initiated a biocontrol study with the aim of utilizing 
antagonistic bacteria as one of the components of an effective 
integrated management program for bacterial panicle blight 
on rice. 

In vitro screening tests were conducted in 2009 to evaluate 
19 strains of different bacterial species on B. glumae-applied 
medium for antimicrobial activities. All these bacterial strains 
have shown antagonistic ability toward other important 
plant pathogens including the rice sheath blight pathogen 
Rhizoctonia solani AG 1-IA in prior studies. Among 19 
strains evaluated, seven strains (five Bacillus subtilis subsp. 
subtilis strains and two B. amyloliquefaciens strains) showed 
strong antagonistic activity against the pathogenic bacterium 
B. glumae.

Greenhouse efficacy tests were further evaluated for these seven bacterial strains that showed antagonistic 
activities in vitro. Panicles of the rice variety Cocodrie at the flowering stage were sprayed with suspensions 
of antagonistic bacterial cells and then spray inoculated with a cell suspension of the pathogenic bacterium 
isolate. Among seven antagonistic bacterial strains evaluated, two strains of B. subtillis subsp. subtillis reduced 
bacterial panicle blight severity by more than 57% compared to the untreated (Fig. 1). 

Two field trials have been established at Beaumont in 2010 to evaluate the performance of these two B. 
subtillis subsp. subtillis strains under field conditions.

This research was funded, in part, by the Texas Rice Research Foundation.

Research conducted by Xin-Gen Zhou, Joseph W. Kloepper (Auburn Univ.), Managala S. Reddy (Auburn Univ.), Shouan Zhang 
(Univ. of Florida), and Donald E. Groth (Louisiana State Univ.). For more information, please contact Dr. Zhou at (409) 752-2741 
ext. 2210 or xzhou@aesrg.tamu.edu.

Rice Disease Research in Organic Production Systems
Organic rice production has increased significantly in the U. S. with 35,000 acres currently under production. 

Texas organic rice acreage has been increasing steadily over the last 10 years with acreage in 2009 reaching 
16,000, accounting for approximately 10% of the total Texas rice acreage. Control of pests including weeds and 
diseases in organic rice is a particular challenge 
due to the lack of effective organic pesticides. 
The objectives of this research were to evaluate 
the effects of organic versus conventional 
management on common foliar diseases and 
to examine the impact of organic fertilizers on 
narrow brown leaf spot in organic rice.

Twenty-four rice varieties and lines 
were grown under recommended organic 
or conventional management systems at 
Beaumont, TX, in 2009. These varieties 
and lines differentiated their responses to 
narrow brown leaf spot and brown leaf spot 
under organic and conventional production 
conditions. However, both foliar diseases 
tended to be more severe on most of the 
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Fig. 1. Comparisons of severity of bacterial 
panicle blight on rice panicles not treated 
(left) or treated with antagonistic bacteria 
(right).

Fig.1. Effects of organic fertilizers on severity of narrow 
brown leaf spot in organic rice.
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varieties and lines in organic rice than in conventional rice. For example, Cocodrie and Presidio were rated 
susceptible to both diseases under organic conditions while they were rated moderately susceptible to brown 
leaf spot and moderately resistant to narrow brown leaf spot under conventional conditions. 

An organic trial comparing the fertilizers AgriCycle (4-2-7, N-P-K), Nature Safe (13-0-0) and Rhizogen 
(7-2-1) at 0, 500, 1000 and 1500 lb/acre was conducted on the rice variety Presidio in Beaumont, TX in 2009. 
Applications of AgriCycle at 1,000 lb/acre and Rhizogen and NatureSafe at 500 lb/acre or above significantly 
reduced narrow brown leaf spot in organic rice (Fig. 1). The disease quantitatively decreased with the increase 
of total net nitrogen applied. 

This study indicated that organically produced rice is more vulnerable to infection by foliar diseases than 
conventionally produced rice. This may be partially due to nitrogen deficiency as a result of using slow release 
organic fertilizers. Developing organic cropping systems that enhance soil nutrient quality may be a means for 
improving yield under organic management as well as improving foliar disease control. 

Research conducted by Xin-Gen (Shane) Zhou and Anna McClung. For more information, please contact Dr. Zhou at (409) 
752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

Development of a Weather-Based Rice Disease Forecast Model
Fungicides are essential for effective management of rice diseases under disease-conducive environmental 

conditions. Fungicides are currently applied based on the growth stage of the rice crop. However, disease 
outbreaks are highly weather dependent. Efficiency of crop production can be improved by applying fungicides 
when weather favors disease and by delaying or eliminating applications when weather is unfavorable. The 
long-term goal of this research is to develop a weather-based disease forecast and management program to 
assist producers in making a correct decision if and when to apply fungicides for control of rice diseases with 
a focus on narrow brown leaf spot caused by Cercospora janseana. Development of this program will provide 
an effective and powerful disease management tool for Texas rice producers. 

Beginning in 2010, a field disease-monitoring experiment will be conducted at Eagle Lake, Beaumont, and 
Ganado to investigate the quantitative relationships between environmental parameters and the severity of narrow 
brown leaf spot. Microclimate data including temperature, leaf wetness, relative humidity, and rainfall will be 
collected from mini-weather stations installed in research field plots. Selection of these locations represents 
the growing conditions in the entire Texas Rice Belt. Disease severity will be assessed at a regular period of 
time starting at the panicle differentiation (PD) stage until harvest of main crop and continued in the ratoon 
crop. Empirical equations or linear or nonlinear models will be developed to predict disease development on 
the main and ratoon crops. 

We sincerely appreciate the financial support from the Texas Rice Research Foundation.

Research conducted by Xin-Gen (Shane) Zhou, Guangjie Liu, Lloyd Wilson, Yubin Yang, and Jack Vawter. For more information, 
please contact Dr. Zhou at (409) 752-2741 ext. 2210 or xzhou@aesrg.tamu.edu.

Alternate Crops

Optimizing Cellulosic Biomass Productivity for Diverse Climatic and Soil Environments
Biofuel production in the U.S. has historically focused on grain-based crops and is concentrated in the 

Mid-western states that have abundant corn supplies. In order to meet the U.S. government mandate for major 
increases in biofuel supplies, production must be expanded to include cellulose-based bioenergy systems. With 
plentiful rainfall, abundant land, and a mild winter, the U.S. Gulf Coast has great potential for production of 
dedicated cellulosic bioenergy crops, especially energy cane and biomass sorghum.

Biomass productivity is highly dependent on agronomic management and site-specific climate and soil 
conditions, and results from individual locations may not be directly relevant over wide production regions. 
Furthermore, the supply chain of a biofuel production system consists of interdependent and closely coupled 
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operations, from biomass production, to harvesting, transport, conversion, and product distribution. The material 
flow from one operation must closely match the material demand from the next operation in the entire supply 
streaming process. Given the expected narrow financial margin of biofuel production, it will be essential to 
dynamically optimize the entire supply chain operations to maintain economic feasibility, which is possible 
only if we integrate the interdependent operations into a cohesive system that can accurately address their 
interactions and optimize system operation efficiency and management.

The objectives of our research are to: 1) quantify the growth and biomass characteristics of selected 
bioenergy crops, 2) develop a web-based integrated Biomass and Economic Viability Analyzer (BEVA), 3) 
conduct detailed climate/soil matching analyses, and 4) identify and rank potential biorefinery sites and develop 
biomass production and delivery recommendations.

We have completed a preliminary version of the BEVA program. It can perform simulation and analysis 
based on historic crop yield data from the National Agricultural Statistics Service. We have incorporated a 
validated rice model. Models for cotton, high biomass sorghum, and energy cane will also be incorporated 
into the system. 

The implemented system will provide a powerful tool that allows: 1) comprehensive analysis of biomass 
production, logistics, and economic viability of different bioenergy production systems, 2) detailed climate/soil 
matching analyses and identification/ranking of potential biorefinery sites, and 3) recommendations for best 
biomass production and delivery plans. 

Research conducted by Yubin Yang, Lloyd “Ted” Wilson, Jiale Lv, Jenny Wang, and Xiaobao Li. For additional information, 
please contact Dr. Wilson at (409) 752-3045 or lt-wilson@aesrg.tamu.edu.

Cotton Crop Production Decision Support System (CropDSS) 
Part II: Integration and Delivery of a Pest Management Advisor

As a major agricultural crop in Texas, cotton is subject to injury by a broad range of arthropod pests. Of the 
25 arthropod pest species encountered in Texas cotton fields, western flower thrip (Frankliniella occidentalis), 
cotton fleahopper (Pseudatomoscelis seriatus), and western tarnished plant bug (Lygus hesperus) are among 
the most important pests in the High Plains. Along with beet armyworms, cotton bollworm-tobacco budworm 
complex, and cotton aphids, these six insect species are responsible for an average annual loss of 218,000 bales 
of cotton and a total economic loss (crop loss plus pest management expense) of $101 million per year for the 
Texas High Plains. 

Although the use of pesticides is an integral part of cotton pest management, increasing concerns over 
environmental and public safety and frequent problems with broad-scale pesticide resistance has increased 
the importance of the development of integrated pest management approaches. However, the integration of 
these approaches has been hindered due to a lack of understanding of the biological and ecological interactions 
between the target pests and their environment. Pest control measures will increasingly need to be designed 
and implemented with a broad understanding of the underlying agro-ecological interactions of cotton 
production systems. The multidisciplinary nature and inherent complexity of cotton cropping systems pose 
huge challenges to both producers and scientists, but also offers tremendous opportunities for scientists from 
different disciplines (entomologists, agronomists, ecologists, economists, etc.) to work together, integrating 
their respective knowledge, and developing management and decision making tools to optimize pest control 
and sustain crop production.

The overall goal of this research is to develop and integrate a pest management advisor into our existing 
Cotton Crop Production Decision Support System (CropDSS) for major cotton insect pests. Specific objectives 
are: 1) derive population parameters and injury response functions for each of the three cotton pests, 2) develop 
modules for population dynamics and integrated management of the western flower thrip, cotton fleahopper, and 
western tarnished plant bug, 3) develop a cotton pest management advisor by incorporating the pest population 
module and the integrated management modules into CropDSS, and 4) determine the economic benefits of 
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using CropDSS to manage water, fertilizer, and insect pests.

Research conducted by Yubin Yang, Lloyd Ted Wilson, Jiale Lv, Jenny Wang, and Xiaobao Li. For additional information, please 
contact Dr. Yang at (409) 752-2741 or email yyang@aesrg.tamu.edu. 

Growth, Development, and Yield Analyses of High Biomass Sorghum
High biomass sorghum is expected to play an important role in biofuel production in the U.S. Biomass 

productivity of sorghum is highly dependent on both genetic and environmental factors. The objective of this 
study is to collect detailed data on the growth, development, yield, and architecture of sorghum as affected by 
variety and plant density. Results from this study will allow us to estimate parameters for a sorghum model 
that integrates key physiological processes and 3-dimensional architectural attributes. The integration of 
crop physiological and architectural components will allow us to better understand the intra- and inter-plant 
interactions, facilitate the development of more mechanistic crop models, and better predict the genotype-
phenotype-environment performance under diverse production and environmental conditions.

Three high biomass sorghum varieties (M81-E, Mega Green, and Sugar Graze Ultra) were selected for 
the present study. In 2009, two sorghum fields were planted (May 22 and July 30) at the Beaumont Center. 
For each field, seedlings were hand thinned to three densities (5, 10, 20 plants per m-row) ca. one week after 
emergence. For each variety and each density, the following data were measured and recorded ca. every two 
weeks using destructive sampling method: number of tillers per plant; tiller height and number of nodes; stem 
length, diameter, and dry mass; leaf length, width, area, angle, and dry mass; grain mass; and root length and 
dry mass

Destructive samplings were conducted until ca. 2,400 and 1,400 degree-days (> 10˚C) for the May 22 and the 
July 30 field, respectively (Fig. 1). For each field, sorghum biomass kept increasing during the sampling duration. 
The highest biomass for each variety was observed at the highest plant density (20 plants per m-row). Of the 
three varieties, M81-E planted in May had the highest biomass with ca. 60 metric tons dry mass per hectare at 
20 plants/m-row. Sorghum produced up to 35 and 18 nodes when planted in May and in July, respectively. Mega 
Green and Sugar Graze Ultra produced more nodes than M81-E. The highest node production was observed at the 
lowest plant density. 
Low tillering rates 
were observed for all 
varieties. Averaged 
across the varieties, 
the highest tillering 
was observed at the 
lowest density, with 
each plant producing 
ca. 0.6 tillers when 
planted in May, and 
ca. 1.3 tillers when 
planted in July. 

Research conducted 
by Jiale Lv, Lloyd Ted 
Wilson,  and  Yubin 
Yang. For additional 
information,  please 
contact Dr. Lv at (409) 
752-2741 or lvjiale@
aesrg.tamu.edu. 
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Fig. 1. Sorghum biomass as a function of cumulative degree-days (>10˚C) for each 
variety, density, and planting date (a, b, c for field planted on May 22, and d, e, f 
for field planted on July 30) at Beaumont, TX in 2009.
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