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PLANT BREEDING AND GENETICS
Evaluating Response of Selected Genotypes to Multiple Abiotic Stresses
Abiotic stresses have been shown to have an extreme effect on rice growth and production. Stresses in the form
of cold temperature, herbicide damage, drought and prolonged submergence can greatly affect the growth of
rice plants, and substantially reduce the plants ability to reach its potential yields. In recent years, great attention
has been focused in evaluating rice lines that can tolerate high levels of stress and to understanding the
underlying mechanisms controlling these responses. It has been noted that lines demonstrating a high degree of
tolerance to an abiotic stress will often express tolerance to multiple stresses. This study aimed to determine the
response of selected stress tolerant genotypes to multiples abiotic stresses and select future donors for breeding
purposes.
Twelve rice germplasm lines that exhibit initial herbicide and cold tolerance testing were subjected to four
abiotic stresses and evaluated for response and recovery. Tolerance to cold temperature, Liberty herbicide,
drought
conditions,
and
submergence were evaluated in
greenhouse
experiments.
An
identical set of non-treated or nonstressed lines was grown and used
as control for comparison. The
cold treatment was done in growth
chamber at 10oC for 7 days and
placed in 25oC for recovery.
Seedling emergence was taken
immediately after cold treatment
and again at 7 and 14 days after
removal from cold stress. For
drought stress, watering was
discontinued once seedlings reach
the 5-6 leaf stage and re-applied
once all had severe wilting. In
submergence test, seedlings were
fully submerged in water at 4-5
leaf stage for 21 days and then Fig. 1. Response of selected genotypes in drought and submerge
drained for recovery. Half of the set condition.
were kept in deep water for 57
days. The herbicide test used 2x of the recommended rate of Liberty herbicide and was scored for recovery.
Results showed that some genotypes were tolerant to several stresses but not to all four stresses evaluated. Table
1 shows the reaction of the 12 genotypes in low temperature, drought, water submergence and herbicide
spraying. Fig. 1 shows the response of test entries in drought and prolonged submergence.
Research conducted by Chersty L. Harper, Rodante E. Tabien and Patrick M. Frank. Generous funding for this project was provided
by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 7522741 ext 2230 or retabien@ag.tamu.edu.
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Table 1. Response of 12 rice genotypes to cold, drought, herbicide spraying and submergence.
Entry Number

Cold *

Drought**

Herbicide***

Submergence ****

105

Tolerant

Susceptible

Susceptible

Tolerant

111

Tolerant

Susceptible

Susceptible

Tolerant

104

Tolerant

Susceptible

Susceptible

Tolerant

108

Tolerant

Tolerant

Susceptible

Tolerant

109

Tolerant

Susceptible

Susceptible

Tolerant

101

Susceptible

Susceptible

Susceptible

Tolerant

103

Susceptible

Susceptible

Susceptible

Susceptible

102

Susceptible

Tolerant

Susceptible

Susceptible

106

Susceptible

Susceptible

Susceptible

Tolerant

107

Susceptible

Tolerant

Susceptible

Tolerant

110

Susceptible

Tolerant

Susceptible

Tolerant

112

Susceptible

Susceptible

Susceptible

Susceptible

* kept at 10oC for 7 days
** not watered for 14 days and wilted at re-watering
*** sprayed with 2x rate of Liberty herbicide
**** fully submerged initially in 24 in. water but later emerged on water surface; kept in deep water for 17 days

Rice Genotypes with Cold Tolerance at Germination and Seedling Stage
Early planting in rice growing states of U.S. is desirable particularly to get the first harvest (main crop) earlier
and have the ratoon crop before the winter season. However, most of the U.S.-released rice cultivars were not
specifically developed for early planting and cold weather. Screenings are currently being done to identify best
donors for cold tolerance.
Selected genotypes were evaluated in early seeding (February/March) for three years and at controlled
temperature (10oC) for two years using dry seeds and pre-germinated seeds. As control, same entries were
seeded as dry and pre-germinated at regular seeding date (late March-April) or late planting (July). The cold
temperatures at early seeding delayed emergence reduced survival and stunted the seedlings in several
genotypes. Using dry seed (not pre-germinated seed); eleven genotypes had consistently more than 50%
germination at early seeding with the highest at 71%. Sixteen entries had at least 50% germination at 10oC with
the highest at 83%. Five entries performed consistent in both the early seeding and 10˚C dry seeding. Some
entries were fast to emerge at cold temperature and these had nearly similar emergence with regular/late
planting. Most of the best entries were also noted to be the fastest in seedling emergence when exposed to
Feb/March cold temperatures.
When the same 100 entries were pre-germinated and early seeded, 41 entries had seedling emergence of at least
50% with the highest at 93%, but varying seedling survival was noted. Only 11 entries had at least 50%
survivor after six weeks with the highest at 76%. The entries that survived well in the early seeded dry seeding
were not among the best survivors when early seeded as pre-germinated seeds. These results suggest that cold
tolerance of dry seed and pre-germinated seed may be controlled by different gene pathways. Table 1 shows the
selected entries that could be donor for germination (dry seeding) and seedling (pre-germinated) based on early
planting (Feb/March) and 10oC tests.
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Research conducted by Rodante E. Tabien, Omar Samonte, Chersty L. Harper and Patrick M. Frank. Generous funding for this project
was provided by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien
at (409) 752-2741 ext 2230 or retabien@ag.tamu.edu.

Table 1. Performance of selected rice genotypes for cold tolerance at germination and seedling stage.
Cold Tolerance Test
Entry Code
Germination
Seedling
#635

Good

CCDR-51

Best

1348-2

Good

Good

1374; 04-6551-4

Good

Good

1376: 03-1408-5

Best

Good

#1187

Good

Good

03-1046-2

Best

Best

MB26-74

Best

MB26-98

Best

Good

MB30-22-1

Good

Best

MB29-58-4

Good

Sierra-1

Good

MB30-8

Best

MB26-98

Best

CCDR-58

	
  

Good

MB28-32-3

Good

HB CT525

Good

776-2b

Good

776-2c

Good

HB CT1050

Good

HB CT1060

Good

611-1

Best

1371

Good

1374; 04-6551-4

Good

748

Good

1354-1; 03-1046-2

Good

269-5

Good

Best = consistent in all trials

Good

Good = best in some trials
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Good

Response of Ten Rice Genotypes in Five Temperatures and Three Durations of Cold Exposure
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Cold tolerance screening conducted in 2009 and 2010 identified genotypes having better tolerance than the rest
of the test materials. Ten of these genotypes were evaluated in five temperatures (5, 10 15, 20 and 25oC) and
three durations of cold exposure (2, 4 and
1.40
6 days) using dry seeds and preAt 10oC
At 5oC
germinated seeds. The entries were as
1.20
follows: #1=HB CT1060, #8=HB CT525,
#19=1289, #41=PI584569, #54=03-10461.00
2, #58=1374-04-6551-4, #72=MB22-89,
#76=MB22-145,
#91=Sierra1,
0.80
#101=Cypress. Seedling emergence ratios
0.60
were computed as the emergence
percentage at each treatment temperature
0.40
over emergence percentage at 25oC. This
ratio served as a basis of evaluating entries
0.20
for cold tolerance. When dry-seeded, there
were significant differences among the
0.00
76 54 91 41 1 101 8 72 58 19 91 76 41 101 1 8 58 54 72 19
temperature treatments, with ratios of
Rice Entry
germination percentages averaging 0.77,
0.91, 0.97, and 0.98 for the 5, 10, 15, and
o
o
o
o
20oC temperature treatments, respectively. Fig. 1. Germination ratios at 5 C/25 C and 10 C/25 C for 10
Germination ratios at 5oC were rice genotypes. #1=HB CT1060, #8=HB CT525, #19=1289,
significantly lower than the higher #41=PI584569, #54=03-1046-2, #58=1374-04-6551-4,
temperatures, whereas germination ratios #72=MB22-89, #76=MB22-145, #91=Sierra1, #101=Cypress
at 10oC were lower than all other
temperatures. When averaged across
genotypes and cold duration, exposure to
5oC reduces it by 23%, whereas 10oC
reduces germination ratios by 9%. High
germination percentage ratios were
exhibited by Entries 76 and 91 at 5oC, and
by Entries 1, 41, 54, 76, and 91, at 10oC.
Cold treatment duration also had
significant effects on germination ratios
(averaged across 5 and 10oC), with cold
durations of 2 and 6 days resulting in
higher germination ratios (0.88 and 0.86,
respectively) than at 4 days (0.79).
Using pre-germinated seeds, temperature
did not have a significant effect on mean
seedling emergence ratio. However, there
was a significant Entry x Temperature
interaction effect, which indicates that the
ranking of rice entries based on emergence
ratios were different at different
temperatures. This further indicates the
possibility of identifying the best entries
based on seedling emergence of pregerminated seed at 5 and 10oC. There were
	
  

Fig. 2. Seedling emergence ratios at 10oC/25oC and 5oC/25oC of
10 rice genotypes. The actual seedling emergence ratios of
entries > 1 are shown enclosed in parentheses. #1=HB CT1060,
#8=HB CT525, #19=1289, #41=PI584569, #54=03-1046-2,
#58=1374-04-6551-4,
#72=MB22-89,
#76=MB22-145,
#91=Sierra1, #101=Cypress.
some entries whose seedling emergence percentage was higher at
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cold temperature than at 25oC. These entries are 41, 54, 76, and 91 for the 10oC treatment, and 41, 72, 76, and
91 for the 5oC treatment, and are thus identified as the cold-tolerant entries based on seedling emergence of pregerminated seed.
Research conducted by Rodante E. Tabien, Omar Samonte, Chersty L. Harper and Patrick M. Frank. Generous funding for this project
was provided by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien
at (409) 752-2741 ext 2230 or retabien@ag.tamu.edu.

Rice Genotypes Survived Higher Rate of Liberty Herbicide and Recommended Rate of Roundup
Use of herbicide resistance in rice from natural sources has gained tremendous acceptance but not the
genetically modified (GM) rice. From its introduction in 2002, the Clearfield (CL) gene developed through
mutation breeding has been utilized in both inbred and hybrid rice breeding programs. The varieties with this
gene are now planted in large acreage in U.S. and some areas in Brazil. Before the development of Clearfield
rice, red rice control has been one of the
biggest challenges in having effective weed
control. A package of technology was
developed to prolong the usefulness of the CL
gene. However, new gene has to be developed
or identified in the current rice gene pool to
increase diversity and choices for rice farmers.
The search for new donors for Liberty and
Roundup herbicide tolerance was started in
2003. Mutation breeding and field screenings
were conducted to develop and identify
tolerant genotypes. Several genotypes that
were tolerant to herbicide application are
currently being evaluated in both screening and
performance trials. In 2011, over 450 herbicide
survivors in various stages of selection were
advanced for selection, including 118 new lines. A total of 52 lines from mutation breeding which survived
previous Liberty sprayings were increased, as
well as 117 elite lines, while previous Roundup
survivors included 5 from mutation and 83 elite
breeding lines. Herbicide survivor lines with
sufficient seeds, as well as untreated seeds
from previously surviving lines were field
planted, grown under current production
guidelines, and sprayed with Liberty at the
twice the recommended application rate, and
with Roundup at recommended rate. The
Roundup test had a block comprised of 700
rows, and testing resulted in 72 surviving lines
of seed-bearing plants. One line in particular
showed excellent tolerance, producing large Fig. 2. Best Roundup survivors adjacent to susceptible entries.
amount of seed. A total of 290 rows tested
with Liberty had plants which survived and produced seed, with 79 lines exhibiting excellent tolerance with
good seed yield. Fig. 1 shows the survivors using 2x rate of Liberty herbicide while Fig. 2 shows the best
Roundup survivors adjacent to the susceptible entries.
Fig. 1. Some survivors using 2x rate of Liberty herbicide
application.
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Research conducted by Rodante E. Tabien, Chersty L. Harper and Patrick M. Frank. Generous funding for this project was provided
by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 7522741 ext 2230 or retabien@ag.tamu.edu.

Grain Yield Reduction in Selected Genotypes after Spraying Liberty Herbicide
Weeds are a major constraint to rice production. Several grasses, sedges and broadleaf weeds are very common
in rice fields. In most cases, broad spectrum herbicides are applied to control these very diverse weeds without
reducing grain yield. To further enhance weed control, herbicide tolerant rice is very important. Moreover, this
type of rice is critical in red rice control. Yield trials aimed to determine the grain yield reduction after spraying
recommended rate of Liberty herbicide have been conducted beginning in 2009. For each year, a set of 37 nontransgenic Liberty herbicide tolerant lines and three check varieties have been evaluated in not sprayed and
sprayed plots. The lines or genotypes have varies since new entries are added each year after retaining the best.
Each entry was planted into 6 row x 19 ft plots, with rows spaced 8 inches apart. Plots were arranged in a
randomized complete block design with two replications. Fertilizers were applied at 224 kg nitrogen/ha and 56
kg phosphorus/ha. All phosphorus was applied pre-plant while nitrogen was split applied at pre-plant, flooding,
and maximum tillering. Herbicide was applied 30 days after emergence using the recommended rate of
1.97kg/ha. Grain yield was taken from one square meter plot. Maturity date, percent total and whole milled rice
were also gathered.
Table 1. Response of 16 genotypes when sprayed with the recommended rate of Liberty herbicide.
Difference (Not sprayed minus Sprayed)
Entry Code

Maturity

Yield

%

%

(days)

(kgs)

Total

Whole

#123

-4.50

95.76

1.00

RFS 1519

-3.00

89.88

1376:04-6552-4

-7.00

1374; 04-1184-3

Percent Reduction
%

%

Total

Whole

0.19%

1.46%

0.15%

3.49%

0.55%

-2.43%

-1.23%

-1.50

-5.58%

0.73%

-1.18%

-2.90%

-1.25

-4.25

-1.88%

1.42%

-1.87%

-7.45%

377.16

16.00

-0.75

-5.65%

5.95%

-0.51%

-1.27%

-6.00

450.80

-0.75

0.00

-5.13%

7.56%

-1.23%

0.00%

1376: 03-1408-5

-3.00

444.64

-1.00

-3.75

-2.26%

9.86%

-1.58%

-7.24%

1376 04-6552-9

-4.50

729.40

0.50

1.00

-3.58%

11.66%

0.64%

1.23%

1348; 03-1045-4

-5.00

910.56

0.00

-1.75

-4.29%

14.78%

0.00%

-4.89%

CCDR-60

-5.00

1380.40

-0.25

0.75

-4.29%

15.93%

-0.37%

1.30%

L202/LQ158

-6.50

1401.40

0.25

-3.25

-5.59%

17.06%

0.37%

-5.96%

1481:04-1881

-5.50

1975.96

-1.00

2.50

-4.51%

21.03%

-1.48%

6.17%

#712

-3.50

1758.40

0.25

-2.00

3.50%

22.69%

0.36%

-4.27%

9302065/CPRS

-8.00

1594.32

-1.50

-1.00

-7.10%

23.77%

-2.21%

-2.02%

#1289

-5.00

1831.48

1.50

6.25

-4.29%

26.87%

2.25%

12.98%

Maturity

Yield

0.25

-3.77%

-1.50

-0.75

54.88

-0.75

-2.50

51.52

1374- 04-6551-1

-7.00

1354-1:1046-2

Negative number indicates higher/longer value when sprayed with Liberty herbicide.

Table 1 shows the maturity, grain yield, and milling qualities of 16 genotypes evaluated for at least two years.
All had longer maturity ranging from 2-8 days and reduced grain yield ranging from 95.2 to 1,381kg/ha, which
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represents a 0.2% to 27.4% yield reduction when sprayed with Liberty herbicide. Some of these genotypes had
much lower yield reduction and are considered Liberty herbicide tolerant. Effect of herbicide spraying on
milling traits varied. Some genotypes had lower percentage total and whole milled rice while other genotypes

Fig. 1. Recovery of selected genotypes after the application of the recommended rate of
Liberty herbicide. Top row: not sprayed, middle row: 7 days after spraying, bottom: two
weeks after spraying.
seemed to be less affected or not affected at all. Lower % total milled was not always associated with lower
percentage whole milled rice when sprayed with Liberty herbicide. Fig. 1 shows the recovery of selected
genotypes several weeks after spraying. The best genotypes from these trials are currently planted to determine
their response in 2x rate of Liberty herbicide.
Research conducted by Rodante E. Tabien, Chersty L. Harper and Patrick M. Frank. Generous funding for this project was provided
by the Texas AgriLife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 7522741 ext 2230 or retabien@ag.tamu.edu.

RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT
Identification of Genes That Enhance the Nutritional Value of Rice
Consumers in developed countries such as the U.S. are willing to pay premium prices for food products having
enhanced nutritional value. Grocery stores contain a myriad of calcium-fortified foods ranging from orange
juice to margarine to frozen waffles. Cereal aisles and bottled water aisles are lined with products touting their
high concentrations of phosphorus, magnesium, zinc, and potassium along with low levels of sodium. Rice is a
naturally healthy food low in sodium, but consumer interest could rise if it could be marketed as “Naturally
Fortified” for one or more nutritional elements. Drs. Shannon Pinson (USDA-ARS, recently transferred from
TX to Stuttgart, AR) and Lee Tarpley (Texas A&M AgriLife Research), with Drs. David Salt and Min Zhang
(Purdue University), and Dr. Mary Lou Guerinot (Dartmouth), received funding from the National Science
Foundation to identify genes that can be used to enhance the nutritional value of the rice grain. This research
includes both increasing the accumulation of nutritional elements such as calcium, zinc, potassium, and iron,
and reducing the accumulation of elements that can be detrimental to human and animal health, such as arsenic
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and cadmium. Also, genes that increase the uptake of elements essential for rice plant health in turn could
increase yield potential.
A three-pronged approach (Fig. 1) was selected to maximize ability to identify genes affecting rice grain
nutritional value. The first prong involved identifying genes segregating among progeny derived from the U.S.
variety ‘Lemont’ crossed with ‘TeQing’ from China, in which mapping populations were grown under two
different field conditions — flooded and non-flooded. Flooding alters soil chemistry, with some elements more
available for plant uptake and others less available. Flooding also alters root structure and ability of roots to
contact soil minerals for uptake. Studying rice grains grown under both growing conditions allowed us to study
how the genes that control element uptake and storage in grain act under two very different environments.
From the Lemont/TeQing progeny, 127 genes affecting the grain concentration of individual mineral elements
were identified. More genes affecting grain concentrations were found when plants were grown under flooded
(92 genes) than non-flooded field conditions (42 genes). Interestingly, the 127 genes found associated with the
various elements often mapped to the same chromosomal location resulting in just 40 genomic regions
associated with rice grain element concentration (a.k.a. nutritional value). For example, as shown in Fig. 2,
three elements, cadmium (Cd), magnesium (Mg), and molybdenum (Mo) mapped to the bottom region of
chromosome 2, whereas higher on the same chromosome, there is a region associated with 11 elements (from
As (arsenic) to Fe (iron) and S (Sulfur)). Further research is needed to determine if the 40 grain-element regions
are clusters of multiple genes each affecting the uptake or transport a single element, or if they are instead due
to a single gene affecting multiple elements. At least some of the regions associated with multiple elements
probably contain a single gene that alters a plant mechanism that affects more than one element. For example, a
single gene increasing the number of root hairs or affecting how roots exude chemicals to alter the soil
surrounding them, could affect the root uptake of multiple elements. In contrast, a few genes were not closely
linked to genes for other elements. It is possible that the Cu (copper)-only gene identified here on chromosome
2 (Fig. 2) is the rice equivalent of a Cu-transporter gene identified by others in another plant species,
Arabidopsis thaliana.
The studies using the Lemont x TeQing mapping populations allowed us to fairly quickly and inexpensively
map the grain-element genes contained in these two parental lines, but were limited in that they could reveal
only the genes that differed between the two parents. In order to study a larger number of genes, the second
prong involved a set of 400 rice lines representing important ancestral and modern rice varieties contained in
breeding programs from all major rice-growing regions of the world. While other researchers were busy
characterizing these 400 lines for 1 million genetic markers, we grew them under flooded and non-flooded
conditions in Beaumont, then analyzed them for grain-element concentrations. To date we have confirmed the
location and element-impact of several of the genes first identified in the Lemont/TeQing progeny study,
including the copper (Cu) gene shown in Fig. 2. We have also learned that rice varieties descended from the
cold-adapted temperate japonica ancestral rice lineage generally accumulate less detrimental arsenic in their
grains than do rice varieties descended from the more tropically adapted indica and tropical japonica rice
lineages. Of particular interest, modern U.S. varieties including ‘Cybonnet’, ‘Cocodrie’ and ‘Wells’
accumulated, on average, only about half the concentration of arsenic in grain as accumulated by historical U.S.
rice varieties such as ‘Carolina Gold’, ‘Blue Rose’, ‘Saturn’, and ‘Della’.
The third prong of the project involved screening 1640 rice varieties representing both wild and cultivated rice
originating from over 100 countries worldwide in order to identify rice lines that exhibited grain element
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compositions so rare and so extremely high (or low) in one or more elements as to suggest that they resulted
from a genetic mutation in one or two genes. A set of 50 varieties exhibiting extreme grain elemental
Table 1. A 3-Pronged approach was selected for identifying genes affecting rice grain nutritional value,
with each prong having different strengths and weaknesses.
Approach

Advantages

Disadvantages

Lemont x TeQing progeny

Speed and low cost

Very few Genes

400 rice line population

More gees, moderate speed,
relatively low cost

Unable to map rare genes

Select extreme rice lines form
1640 wild and cultivated
worldwide rices, and cross and
map genes in progeny

Able to map rare genes

Finds only large-effect genes and incurs
marker costs

concentrations were identified and crossed with a U.S. variety to create segregating cross-progeny in which to
map the underlying gene mutations. Cross-progeny seed harvested in 2011 are now being analyzed by
collaborators for their grain compositions. Studies to identify the physiological attributes that underlie their
extreme nutritional value are also underway.	
  
Learning which chromosomal regions contain genes affecting grain element concentrations is a critical first step
toward understanding how those genes can be most effectively used to improve grain nutritional value or rice
plant nutrition. The fact that the grain-element chromosomal regions identified to date are often associated with
more than one element suggests the importance of studying multiple
elements at a time as well as the importance of carefully controlling
factors such as soil fertility, temperature, and pH that affect the uptake of
nutrients by plant roots when conducting further studies.
Research conducted by Drs. Shannon Pinson (USDA), Lee Tarpley, David Salt
and Min Zhang (Purdue), and Mary Lou Guerinot (Dartmouth). For more
information, please contact Dr. Pinson (shannon.pinson@ars.usda.gov) or Dr.
Tarpley at 409-752-2741 ext 2235 or ltarpley@tamu.edu.

Fig. 1. Marker-Trait associations found on rice
chromosome 2 through the study of two Lemont x TeQing
progeny populations indicate the chromosomal location of
grain-element genes. Associated element(s) are indicated
by the abbreviations standard to Periodic Charts. Subscript
T or L indicates the parent whose gene increased that
element. Dashed lines indicate the chromosomal region
significantly associated with that/those traits. Blue font
indicates associations detected only among plants grown in
flooded fields. Brown font indicates associations detected
only among plants grown in non-flooded fields. Black font
indicates associations detected in plants grown under both
growing conditions
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Rice Canopy Air Temperatures in a Texas Field – Transpirational Cooling vs. Irradiance, Low Wind
Speeds and High Humidity
Rice crop yield is reduced when periods of excessive heat coincide with reproductive development. Such
periods occur in the Gulf Coast rice-growing region and elsewhere in the Southern U.S., and are predicted to
increase in frequency as part of global climate change. The temperature conditions of primary interest are those
that the panicles are subjected to at critical stages of development. However most predictions of crop response
to temperature are based on weather-station data, which typically differ from in-field conditions due to canopy
influences on the microclimate.
Under the leadership of the National Institute of Agro-Environmental Sciences of Japan, an international
network was established in 2010 to monitor the canopy environment of rice paddies throughout sites in Asia
using common measurement practices. In addition, a site at Beaumont, Texas, USA, was included. The canopy
temperatures and relative humidity of all sites were monitored during reproductive development using a standalone, force-ventilated measurement system developed for this purpose.
Although the above-canopy daily maximum air
temperature did not differ greatly among sites, the
relative humidity and daily minimum air
temperature did vary greatly. In areas of low
relative humidity, the temperature in the canopy
was typically lower than that above the canopy.
These results were not unexpected because relative
humidity
has
a
strong
influence
on
evapotranspirational cooling. At two of the sites,
China and Texas (Beaumont), the relative humidity
above the canopy exceeded 75%, and the air
temperature in the canopy was close to (China) or
exceeded (Texas) the above-canopy temperature.
Looking across all the sites, the magnitude of the
temperature difference above and in the canopy did
not always coincide with the relative humidity
difference. Under conditions of high canopy
relative humidity along with high irradiance and/or
low wind speed, the panicle temperature in the
canopy could exceed the air temperature inside the Fig. 1. Continuous monitoring of the canopy
canopy. Across the sites, the daily mean air temperature in a Texas rice field.
temperature at the nearby weather stations typically
exceeded that above the canopy, which in turn exceeded that in the canopy. However, the magnitude of these
differences varied among sites. For example, in the Philippines, the difference between the weather station and
in-canopy daily mean air temperatures was 2.4°C, whereas in Texas the difference was 0.8°C. The direct
application of weather station data in heat-stress studies could result in errors, especially in comparisons among
sites.
Findings from this international monitoring network will contribute to quantitative understanding of the factors
affecting the temperatures in rice canopies, which will assist in predicting rice crop response to high
temperature.
Research conducted by Dr. Lee Tarpley, Dr. Abdul Razack Mohammed and Leon C. Holgate with Drs. Mayumi Yoshimoto,
Minehiko Fukuoka and Toshihiro Hasegawa from the National Institute for Agro-Environmental Sciences in Tsukuba, Japan. For
more information, please contact Dr. Tarpley at 409-752-2741 ext 2235 or ltarpley@tamu.edu
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Ensuring Good Rice Plant Nitrogen Assimilation Under Difficult Growing Conditions
Nitrogen is a major nutrient essential for growth and development of rice. Each year growers invest billions of
dollars towards fertilizers. However, these applications are efficient only if plants successfully take up,
assimilate, and retain nitrogen. These processes occur in the roots and leaves. Molybdenum (Mo), a
micronutrient required by plants in very low amounts, aids in successful nitrogen assimilation and also boosts
plant health. In difficult growing conditions such as in acidic soils, Mo is strongly adsorbed to soil particles and
is not available for plants. This may lead to
unhealthy plants and may adversely affect
crop yield.
In 2007-2008, preliminary field trials on
1643 varieties from 114 countries were
conducted at the Texas AgriLife Research
& Extension Center at Beaumont under
flooded and unflooded growing conditions.
Varieties with high grain-Mo were
identified. In 2010 an outdoor potted-plant
study was conducted to determine if these
varieties also showed high leaf-Mo, which
would indicate enhanced ability to mine Mo
out of the soil. A total of seven sets of pots
were grown with a new set planted each
week to provide plants at different growth
stages. The varieties were grown in pots
filled with Beaumont clay soil and
maintained at field capacity to mimic typical
pre-permanent flood growing conditions
used in the area. When the seventh set was
two weeks old, 2-inches of leaf tips were
sampled from different replications and Mo concentrations were determined using inductively coupled plasmamass spectrometry (ICP-MS), courtesy of Dr. David Salt through Purdue University. Several high grain-Mo
varieties like GSOR 311643, 310355, 310356, and 3101735, but not 310354 or 310823, showed consistently
high leaf-Mo especially between 4 and 6 leaf-numbers (Fig. 1), indicating that many of these high grain-Mo
varieties can “mine” or pull molybdenum out of the
soil, resulting in both high
leaf-Mo and high grainMo.
Fig. 1. Some of the high grain-Mo varieties (marked in red)
also showed high leaf-Mo, suggesting enhanced ability to
mine Mo from soil into the plant.

Interestingly several of
these high grain/high leafMo varieties originated
from Malaysia where the
soil is extremely acidic.
Molybdenum
becomes
chemically less available
Fig. 2. Root architecture of GSOR 310356 (from Malaysia), GSOR 310823 to plant uptake in acid
soils, resulting in Mo
(from Iraq) and Lemont (historic US variety), respectively.
deficiencies and reduced
grain yield. The fact that many of the high grain-Mo varieties that also exhibited high seedling leaf-Mo came
from an area subject to acid soils suggests that these varieties have a greater mining efficiency even under
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difficult growing conditions. Hence, a study was conducted to determine if their root growth patterns were
“specialized” and different from other varieties when grown under acidic or standard U.S. field (pH 6.1) pH
conditions. This hydroponics growth chamber study included varieties GSOR 310356 (high grain- and seedling
leaf-Mo variety from Malaysia), GSOR 310823 (high grain-Mo but low seedling leaf-Mo variety from Iran) and
Lemont (historic US variety with low grain-Mo) grown at pH 4.7, 5.4 and 6.1. Seeds were first germinated on
sand for two weeks then transplanted to a hydroponic medium containing Peters Professional (20-20-20) and
micronutrients. The plants were grown for a week and roots were imaged using Photocapture 360 (Ortery
Technologies, Irvine, CA). The study was repeated three times. The Malaysian variety, GSOR 310356, showed
a distinct root growth pattern at acidic pHs including small root radius (long and slender profile of root mass)
with more roots concentrated at the top of the root system than at the bottom, along with some longer, deeperreaching roots, when compared to other varieties (Fig. 2). We are now evaluating segregating breeding progeny
in order to determine if the unique root development shown by GSOR 310356 is indeed associated with
enhanced ability to mine Mo from growing media. In addition, commonalities in inheritance of the root traits
and plant tissue Mo concentrations are being examined using a wider range of varieties. Results from the study
will benefit the genetic improvement of rice for growth in difficult conditions and will increase our
understanding of the mechanisms of varietal differences in nitrogen assimilation and thereby efficient nitrogen
fertilizer use.
Research conducted by Ratnaprabha, Dr.
Shannon R.M. Pinson, Dr. David E. Salt
(University of Aberdeen) and Dr. Lee Tarpley.
Funded by NSF DBI 070111. For more
information, please contact Dr. Tarpley at 409752-2741 ext. 2235 or ltarpley@tamu.edu

Adjuvants Can Alter Rice
Productivity
Adjuvants are added to spray tanks to
modify performance of pesticide and
plant growth regulators. The proper
adjuvant reduces or even eliminates
spray application problems, thereby
improving overall efficacy of the active
Fig. 1. Effects of adjuvants on rice main-crop yield.
ingredient.
Adjuvants
variously
improve
stability,
solubility,
suspension, adherence, penetration, and coverage of the active ingredient. Several types of adjuvants are
available, including surfactants, extenders, stickers, plant penetrants, defoaming agents, thickeners and
compatibility agents. Selecting the wrong adjuvant can reduce the efficacy of the active ingredient and might
even injure the target plants.
A limited amount of information is available concerning the effects of adjuvants on the rice crop under Texas
growing conditions. A field experiment was conducted at the Texas AgriLife Research and Extension Center at
Beaumont to study the effects of various adjuvants on rice yields. The adjuvants that were used were obtained
from Helena Chemical Company (Collierville, TN) and were a) Induce, b) a crop oil concentrate, c) Silwet L77, and d) Latron AG-98. Induce is a non-ionic low foam wetter/spreader adjuvant, whereas the crop oil
concentrate is an emulsifiable petroleum oil-based product containing up to 5 percent surfactants with the
remainder being a phytobland oil. Silwet is an organosilicone surfactant, which has the ability to lower the
surface tension of a spray solution and make it easily absorbable. Latron AG-98 is a nonionic (alkylphenol
ethoxylate-based) surfactant. The adjuvants were sprayed at the boot stage of the rice (cultivar Cocodrie) plant.
Induce and Latron-98 were applied at the rate of 0.5% (v/v), whereas Silwet and the crop oil concentrate were
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applied at the rate of 0.25% (v/v). The recommended rate for Silwet ranges from 0.025% (v/v) to 0.25% (v/v).
There were six replications (six 8.42 m2 plots) per adjuvant treatment.
The results indicated that Silwet (at 0.25%, higher rate) decreased rice yields by 2.3% compared to untreated
plants (Fig. 1). Silwet had previously been observed to decrease efficacy of herbicides on grass weeds
(Culpepper, 1999). Although these are preliminary results (the first year of a 2-year study), growers should be
alert to the possibility that various classes of adjuvants and/or higher rates can alter rice productivity under
Texas growing conditions.
Research conducted by Drs. Abdul Razack Mohammed and Lee Tarpley. For more information, please contact Dr. Mohammed
(abdulrazack@neo.tamu.edu.) or Dr. Tarpley (ltarpley@tamu.edu).

Impact of Harvest Date/Planting Date on Rice yield and Whole Milled Grain
Rice producers face many decisions as they prepare for a cropping season. Planted acreage and tillage system
are generally economic driven. Acreage
depends on the production cost and
anticipated price at harvest. Reduced
tillage may be better but requires a
sizable investment in equipment.
Variety, planting date, and management
decisions face producers each year and
day during the season. These decisions
generally depend on the producer’s
location, soil, and input level. In the
western rice area of Texas, the Texas
Rice Production Guidelines (RPG)
recommends planting between March 15
and April 21. Rice should not be planted
until the four-soil temperature reaches
65º. The RPG also states that rice yields
will decline 5% per week for rice Fig. 1. Maximum, minimum, and average main crop yield of
planted after April 21. Producers do not field groups for seven day harvest periods for 3,344 fields
plan to plant late but planting dates may surveyed in Colorado, Wharton, Matagorda, and Jackson
be delayed due to rainfall and soil Counties from 2005-2011.
temperature in a given year. Producers
utilizing reduced tillage systems can generally plant a week to 10 days early than producers using conventional
seedbed preparation.
Variety selection is a critical decision for producers to maximize production. Producers base the choice on
performance in their area and in research test plots. In 2005, the advisory committee for the Western Area Rice
Clinic requested a survey of large field varietal performance in the area served by the clinic, which encompasses
Colorado, Wharton, Matagorda and Jackson counties. This was a fairly easy task since most the rice in these
counties went through commercial dryers, large family farm dyers, or area marketing offices. The survey has
been conducted for the last seven years. Currently the data consist of 3,344 main crop fields representing
320,353 acres, accounting for 55 to 60 % of the rice in the area each year. Each year the data set was evaluated
and fields with unreasonable numbers and hybrid seed fields were eliminated. Duplications from dryers and
marketing offices were rejected. The large data set also allowed the evaluation of harvest date/planting date on
rice yield and whole milled grain.
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The data was grouped into seven day periods
starting with the first harvest and ending with
the last harvest. The maximum, minimum and
average yield, and whole milled grain were
calculated for each group. A linear regression
line was fit to the average yield and whole
milled grain. Resulting data was graphed.
The yield data is presented in Fig. 1. Rice
yield declines from the initial harvest to the
last harvest at about 190 pounds per acre per
week. The maximum and minimum yield both
increase during the recommended planting
window. The average yield declines slightly
during the week starting 9/13 but increases in
the week starting 9/27. There is not an
apparent explanation for these deviations.
Whole milled data is presented in Fig. 2. Fig. 2. Maximum, minimum, and average main crop whole
Whole milled grain was about 60% during the
milled grain of field groups for seven day harvest periods for
planting window and decreased less than 1 %.
The whole milled grain in the last week of 3,344 fields surveyed in Colorado, Wharton, Matagorda, and
harvest was only about 3% less than the whole Jackson Counties from 2005-2011.
milled grain in week 1. Note that the
difference between the maximum and minimum was much less during the planting window with a drastic
increase during the week ending the planting window. The week starting 9/13 had a slight yield decrease had
slight milling increase, while the week 9/27 had a yield increase and a milling decrease. A similar ratoon crop
analysis is underway.
Research conducted by Garry N. McCauley and Jason Samford. For more information, please contact Garry McCauley at
gmccaule@elc.net.

Varietal Evaluation for Texas Rice Production
Rice varieties vary in their production and yields in response to different management practices and soils. We
are continuously striving to provide management information from varietal evaluations to Texas rice growers.
In 2011, we tested 10 varieties for various agronomic traits at Eagle Lake and at Beaumont. The targeted
planting dates for this objective were mid-March to mid-April (optimum planting) at Eagle Lake and late March
to mid-April (optimum planting) at Beaumont. Actual planting dates were delayed to March 30 at Eagle Lake
and April 5 at Beaumont. At each location, the effect of fungicide application on the main crop yield of inbred
rice was tested. For hybrid, different nitrogen rate effects were tested. Fungicide application increased main
crop yields of inbreds, except for Presidio and Catahoula. For the hybrids, treatments receiving 180 lb N/acre
had greater main crop yield than those receiving 150 lb N/acre (Fig. 1). In general, the hybrids out-yielded the
inbreds for the main crop and the total crop (Fig. 2). XL723, Clearfield XL729, Clearfield XL745, and CL151
produced the highest total crop yields (Fig. 2). However the ratoon crop yields were not affected by the
treatments applied to their main crop. The inbred varieties had better milling quality than hybrids. In 2011, we
also quantified economic ranking for each variety based on their net income. The varieties with the best
economic ranking at Beaumont were Presidio, CL111, and XL723 (data not shown).
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Fig. 1. 2011 Variety Evaluation for main crop adjusted to 12%
grain moisture content at Beaumont, TX
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At Eagle Lake, the hybrids also out-yielded
the inbreds for the main crop and the total
crop, with Clearfield XL729 and XL723
having the highest total crop yields.
However, the difference in yield between
hybrids and inbreds at Eagle Lake was less
than at Beaumont. The application of
fungicide to the inbreds tended to increase
yield, while a higher N rate to the hybrids
did not benefit yield due to severe lodging.
Among the inbreds, CL151 had the highest
main crop yield, whereas CL162, Presidio,
and Rex had the highest total yield. Three
inbreds had the largest ratoon crop yields
of all tested cultivars. There was not a
large effect of fungicide or nitrogen on
milling quality. In 2011, the varieties with
the best economic ranking at Eagle Lake
were Presidio and CL162.
Research conducted by Fugen Dou, Lee Tarpley,
Darrell Hagler, and Jack Vawter. Generous funding
for these projects provided by the Texas Rice
Research Foundation. For more information, please
contact either Fugen Dou (f-dou@aesrg.tamu.edu)
or Lee Tarpley (ltarpley@tamu.edu) at 409-7522741.

Developing Sustainable Management
Practices for Organic Rice Production

Demand for organically produced rice has
been increasing in the USA. Soil fertility is
4000
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very different under anaerobic (flooded)
Fig. 2. 2011 Variety evaluation for total (main and ratoon) crop, conditions as compared to row crop
adjusted to 12% grain moisture content at Beaumont, TX.
systems. In addition, rice is typically grown
in heavy clay soils or those with a shallow hardpan in order to sustain field flooding. Thus, organic nutrient
management methods that have been developed for other crops have limited use in rice and there have been few
studies conducted in flooded-rice systems using organic based fertilizers.
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Cover crops have been shown
to enhance soil fertility, soil
organic matter, and soil
structure.
However,
in
anaerobic rice soils, where
there is slow decomposition,
the presence of phenolics in
soil organic matter has been
shown to reduce nutrient
availability. Therefore, use of
cover crops with high quality
Fig. 1. Winter cover crops, clover (left) and ryegrass (right), will be used to
and biomass can increase soil
improve soil quality in organic rice production.
N supply for organic rice
production
but
nutrient
availability is complicated by anaerobic/flooded fields. Identification of cover crops that can be successfully
established and terminated in time for nutrients to be available for rice growth cycle is critical for maximizing
yields and reducing input costs for organic growers. In this study, we will quantify the effects of cover crop and
organic soil amendments on rice yield, milling quality, and disease severity in integrated studies conducted on
organic land at Texas AgriLife Research and Extension Center at Beaumont, TX.
This research is supported by USDA-ARS, and USDA Southern Region Sustainable Agriculture Research &
Education Program.
Research conducted by Fugen Dou, Shane Zhou, Anna McClung, Guangjie Liu, and Kip Landry. For more information, please contact
Fugen Dou at f-dou@aesrg.tamu.edu or at 409-752-2741.

WEED, INSECT, AND DISEASE MANAGEMENT
Fertility-Based Herbicide Recovery from Clomazone Herbicide in Hybrid Rice (Oryza sativa)
Field and laboratory studies were conducted to evaluate fertility-based clomazone injury remediation in hybrid
rice. Hybrid rice was drill seeded in two field locations near Eagle Lake and Ganado, TX at 39 kg/ha. In the first
objective of the field study, clomazone was applied pre-emergence at 6 rates (0.11, 0.22, 0.34, 0.45, 0.56, and
0.67 kg a.i./ha) to produce a standard curve of clomazone herbicide injury. Visual injury ratings and plant
heights were recorded at four timings between clomazone application and physiological maturity. Tissue
samples were also collected at each rating event for chlorophyll content analysis in the laboratory. In the second
objective of the field study, clomazone was applied uniformly to field plots at 0.45 kg a.i./ha. Another
application of clomazone at 0.45 kg a.i./ha was needed post-emergence to further induce injury symptoms.
After initial visual injury ratings were recorded at the 4- to 6-leaf growth stage, tissue samples were collected
and fertility treatments were applied. Treatments consisted of two recommended forms of nitrogen fertilizer
(ammonium sulfate and urea) and two foliar-applied micronutrient fertilizers (iron sulfate and magnesium
sulfate) at different rate combinations and application timings. Visual injury ratings and plant heights were
recorded at four timings between herbicide application and physiological maturity. Tissue samples were
collected at each visual assessment for chlorophyll content analysis. For lab procedures used to determine
chlorophyll content, rice leaf tissue was weighed and placed in glass vials containing 7 ml of dimethyl sulfoxide
(DMSO). Extraction procedures included 1-hour submersion of the vials in a 65oC water bath, and three vortex
events every 15 minutes during the extraction. Following the extraction, liquid in the vials was transferred to
graduated test tubes and brought to a 10-ml volume with DMSO and vortexed. Sample aliquots were analyzed
for absorbance values at 663 nm and 645 nm, the absorbance values for chlorophyll a and chlorophyll b,
respectively. Values were read against a DMSO blank and samples reading higher than 0.7 were diluted using a
90% DMSO-10% water solution and re-analyzed. Chlorophyll content was then determined by using the
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following equation – Total Chlorophyll (a +b) = 8.02A663 + 20.20A645. Values reported are in milligrams of
chlorophyll per gram of fresh weight. At the conclusion of the study, yield data was taken from all plots. Initial
visual injury ratings for the standard curve plots near Eagle Lake were statistically different with the highest
injury ratings in plots that received
higher rates of clomazone. Later visual
injury ratings and plant height
measurements were not different. Yield
data showed that only control plots
receiving no clomazone application
were statistically different. Visual injury
ratings and yield showed no difference
in the herbicide injury remediation
plots. Plant height was different in plots
receiving
only
foliar-applied
micronutrient fertilizers when compared
to plots receiving nitrogen fertilizers.
Visual injury ratings for the standard
curve plots near Ganado were different
with the highest injury ratings in plots
that received higher rates of clomazone.
There were no differences in plant
height or yield throughout the study.
Visual injury ratings were not different
in the herbicide injury remediation plots
Fig. 1. Regression model for first tissue sample collected from the at Ganado. Plant height measurements
standard curve at the Ganado, TX field location.
were different and plots receiving the
highest rates of nitrogen produced taller plants. Yield data showed differences with the highest yield occurring
in plots that received the highest rates of nitrogen. Initial laboratory results from chlorophyll extraction and
quantification show that chlorophyll content decreases linearly as the rate of clomazone increases.
Research was conducted by Ben McKnight and Scott Senseman, Texas A&M AgriLife Research & Texas A&M University, College
Station, and G.N. McCauley, Texas A&M AgriLife Research, Eagle Lake.

Degradation of Saflufenacil as Affected by Moisture Content and Soil Characteristics
Saflufenacil is a new herbicide for residual pre-emergence broadleaf weed control in corn and other crops.
Experimental formulations of saflufenacil were tested in rice demonstrating effective control of dicotyledon
weeds. However, before this herbicide can be used in production rice, environmental aspects associated with its
behavior and fate in soil need to be investigated. No work has been published investigating degradation of
saflufenacil in flooded conditions similar to those found in an irrigated rice field. The objective of this study
was to evaluate saflufenacil persistence and degradation in soils from different rice regions under flooded and
non-flooded conditions. Air-dried soil samples from Eagle Lake, TX (Nada fine sandy loam), Beaumont, TX
(Morey loam), Crowley, LA (Crowley silt loam), and Gilbert, LA (Gilbert silty clay) were used in the study.
Samples of each soil (10 g) were placed in a round bottom centrifuge tube, re-wetted to re-establish microbial
activity, and pre-incubated in the dark for 15 days prior to herbicide addition. Stock solutions were prepared
using technical grade saflufenacil dissolved in acetonitrile. Saflufenacil was applied in pre-incubated samples at
the rate of 2000 g ha-1 (2.67 µg g soil -1). Before adding the water treatments, the saflufenacil solution was
thoroughly mixed into the soil. The amount of water added in the non-flooded (field capacity) and flooded
(saturation) treatments was determined using a water retention curve. In the flooded incubation, samples had a
layer of water, simulating a flooded rice paddy. Tubes were then loosely caped and incubated at 24.8oC (± 0.5)
in the dark. Upon experiment initiation, samples were removed at 0, 1, 3, 7, 14, 21, 30, 45 days. An accelerated
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solvent extraction (ASE) method was developed and used to extract saflufenacil from soil samples. Extractions
from soil were analyzed with a liquid chromatography equipped with a photodiode array detector (LC-PDA).
Microbial respiration was determined hourly for 30 days. Samples (30 g) were placed in a sealed chamber
coupled with an infrared CO2
detector allowing continuous reading
of carbon mineralization. Carbon
mineralization was higher under field
capacity
conditions.
Rate
of
cumulative carbon mineralization
was 1.5 to 7.2-fold greater depending
on the soil. Soil saturation under the
flooded treatment depleted oxygen in
the soil environment thereby
reducing
microbial
respiration.
Concentration
of
saflufenacil
decreased more rapidly in field
capacity treatments, except for
Morey soil. Herbicide half-life was
2.1, 2.5, and 3.4 times shorter under
field capacity treatments for Nada,
Crowley,
and
Gilbert
soils,
Fig. 1. First-order degradation rate of saflufenacil under saturation respectively. Half-life averaged
and field capacity moisture conditions for Nada (A), Morey (B), among soils was 59.2 and 32.7 days
Crowley (C), and Gilbert (D) soil series. Saflufenacil was applied at for saturated and field capacity,
respectively. Reduction of aerobic
2000 g h -1(2.67 ㎍ g soil-1).
microbial activity resulted in slower
degradation of saflufenacil under saturated treatments. Crowley soil had the fastest degradation among soils in
both moisture treatments. Results indicated that saflufenacil persistence in the environment would be 2 to 3
times longer under flooded conditions.
Research was conducted by Edinalvo Camargo (Texas A&M University, Texas A&M AgriLife Research, College Station, TX;
Conselho Nacional de Desenvolvimento Científico e Tecnológico, Brazil), Scott Senseman (Texas A&M University; Texas A&M
AgriLife Research) Rick Haney (USDA-ARS-Temple, TX), John Brad Guice (BASF Corporation, Winnsboro, LA), and Garry
McCauley (Texas A&M AgriLife Research, Eagle Lake).

Weed Control and Rice Response to Weak Acid Herbicides as Affected by the pH of the Spray Solution
In modern agriculture, a significant portion of the pesticides used for crop protection is weakly acidic or basic.
Recently developed and widely used herbicides in rice from the imidazolinone, sulfonylurea,
pyrimidinyloxybenzoic acid, and sulfonamide chemical family are weak acids. For these compounds, water
solubility is pH dependent as it alters the proportion of molecular and ionized species in solution. Therefore,
herbicide uptake and biological activity in weeds and in the rice crop could be affected, as solubility and ionic
forms of weak acid compounds are variable with the pH of the spray solution. Furthermore, the pH of the water
source used for tank-mix preparation can change greatly across regions. Perhaps buffers should be
recommended to minimize potential reduction in herbicide availability as long as it does not affect crop safety.
The objective of this multi-institutional study was to evaluate weed control and rice response to imazethapyr,
halosulfuron-methyl, imazosulfuron, bispyribac-sodium, and penoxsulam at varying pH values of the spray
mixture.
Field experiments were conducted in the research Centers located at Beaumont, TX (Texas A&M University),
Pine Tree, AR (University of Arkansas), Crowley, LA (Louisiana State University) and Stoneville, MS
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(Mississipi State University). Each herbicide was tested in a separate experiment. The experimental design was
a randomized complete block with 4 replications. Three combinations of buffer solutions were added to the
spray solution to generate a pH of 5, 7 and 9. An untreated check was included in all locations. A treatment
using the local water source was used in AR, LA and MS. Similarly, an ammonium sulfate treatment (2.25 Kg
ha-1) was included in all locations, except in MS. Herbicides were applied at the labeled rate using the
recommended surfactant (1% v/v of Agri-Dex® for imazethapyr, imazosulfuron and penoxsulam; 1.5% v/v of
Dyne-A-Pak® for bispyribac-sodium and 0.25% v/v of Induce® for halosulfuron-methyl). All treatments were
applied at the 1- to 2- leaf stage of rice. Buffers were created by combining proportions of monopotassium
phosphate (KH2PO4, 1 M) and sodium hydroxide (NaOH, 1 M). Buffers were added in the spray solution
followed by the commercial herbicide formulation and the surfactant.
Rice injury and weed control were estimated visually using a scale of 0 to 100%, where 0 = no rice injury or
control and 100 = rice death or total control. Rice grain was harvested in some studies at TX and MS. Visual
injury was subjected to arcsine transformation prior to analysis to normalize the data. Data were analyzed
among locations to assess interaction with treatments. Results were combined when analysis of variance had
demonstrated no interaction between locations and treatments. Means for significant effects were separated
using Tukey’s test at α=0.05.
Significant effects among treatments for weed control were observed for all herbicides, except bispyribacsodium. Control of hemp sesbania (Sesbania exaltata) was lower at pH 5 in evaluations conducted 2 weeks after
treatment (WAT) with halosulfuron-methyl in MS. In the same location greater control was obtained with pH 7
and 9 at 6 WAT. No differences were
observed in TX and LA. Yield was
significantly lower in MS when
halosulfuron-methyl was applied with a
buffered solution at pH 5. Similar trends
were observed with the herbicide
penoxsulam for control of hemp sesbania.
Control was significantly lower for this
herbicide at pH 5 in evaluations conducted
2 WAT in TX. In subsequent evaluations
(6 WAT), lower control was observed in
TX and LA with the pH 5 buffer. No
effects of penoxsulam treatments were
observed on control of barnyardgrass
(Echinochloa crus-galli) in results
obtained in AR and LA. For imazethapyr,
no differences were observed on control of
barnyardgrass at AR and LA. However,
lower control was obtained with one application of imazethapyr at pH 5 in MS. Once again, lower control of
hemp sesbania was observed with pH 5 for imazosulfuron in MS. No injury or minimal injury was observed for
the tested herbicides on rice. Overall, more consistent weed control was obtained across locations by buffering
the spray solution at pH 7 and 9.
Research was conducted by Edinalvo Camargo (Texas A&M University, Texas AgriLife Research, College Station, TX; Conselho
Nacional de Desenvolvimento Científico e Tecnológico, Brazil), Ben McKnight, Scott Senseman (Texas AgriLife Research & Texas
A&M University, College Station), Garry McCauley (Texas AgriLife Research, Eagle Lake), Jason Bond (Mississippi State
University, Mississippi Agricultural and Forestry Experiment Station), Jason Norsworthy (University of Arkansas), and Eric Webster
(Louisiana State University).
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Entomological Research
The Entomology Project (EP) continues to conduct research for the benefit of stakeholders---the agricultural
industry of SE Texas. In 2012, the EP will conduct over 30 experiments on management of insect pests
attacking rice, soybeans and sugarcane/energycane. New and old pest management tools must continually be
evaluated to provide stakeholders with the most effective, affordable, and safest (including the environment)
control tactics.

Table 1. Mean data for hybrid seeding rate study. Beaumont, TX. 2011.
Seeding
rate
(lb/A)
Treatment
15
Dermacor X-100

a

Rate
(fl oz/cwt)
1.75 fl oz/A

Stand
(plants/3 ft
of row)
8

Jun 15
5

Jun 27
9

WHs/4
rows
0

Yield
(lb/A)
8,877

RWW/5 cores

15

CruiserMaxx Rice

7

8

14

14

1

8,289

15

NipsIt INSIDE

1.92

8

12

13

1

8,478

15

Untreated

---

5

51

16

1

7,308

25

Dermacor X-100

1.75 fl oz/A

13

2

2

0

9,507

25

CruiserMaxx Rice

7

12

9

7

0

9,484

25

NipsIt INSIDE

1.92

12

11

7

1

9,139

25

Untreated

---

11

75

13

0

8,228

35

Dermacor X-100

1.75 fl oz/A

14

10

4

0

9,223

35

CruiserMaxx Rice

7

16

8

3

2

9,268

35

NipsIt INSIDE

1.92

15

5

7

1

9,620

14

53

18

0

8,366

35
Untreated
--RWW = rice water weevil; WH = whitehead

In addition, the EP was able to help obtain a Section 18 for Tenchu 20SG for 2012. This excellent rice stink bug
insecticide has been a “workhorse” for our rice farmers the past several years. We expect a full federal label
before the 2013 use season. We thank Dale Scott with the Texas Department of Agriculture for preparing the
Section 18 package for Tenchu 20SG which has long residual activity enabling our farmers to make fewer
insecticide applications for this pest. The active ingredient in Tenchu 20SG is dinotefuran which can kill bees.
Thus, we encourage farmers to apply this insecticide when bees are back in their hives in the early morning or
late evening hours. Also, in 2012, our rice farmers can select from 3 insecticidal seed treatments---Dermacor X100, CruiserMaxx Rice, and NipsIt INSIDE. All 3 provide excellent control of rice water weevil. Data collected
by the EP over the past several years were used to obtain labels for these products. Dermacor X-100 and
CruiserMaxx Rice have full federal labels. NipsIt INSIDE has an Experimental Use Permit in 2012, but should
have a full federal label before the 2013 use season.
In 2011, the EP compared efficacy of the above 3 seed treatments applied to hybrid rice planted at 15, 25 and 35
lb/ac. Rates for NipsIt INSIDE and CruiserMaxx Rice were 1.92 and 7 fl oz/cwt seed, respectively. The rate for
Dermacor-X-100 was 1.75 fl oz/ac. Tables 1 and 2 show the results.
Data show rice plant stand varied with seeding rate, as expected. The seed treatments did not affect plant stand.
Populations of rice water weevil were well above treatment thresholds in the untreated plots. All seed
treatments effectively controlled rice water weevil on both sample dates. Whitehead counts were too low to
draw conclusions; however, whitehead densities typically are low for hybrids. Across subplots, yields were
significantly lower at the lowest seeding rate (15 lb/A)---an average of 867 lb/A lower than the 2 higher seeding
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rates. Across main plots, yields of all 3 seed treatments were similar---over 9000 lb/A. When yields of the 3
seed treatments are averaged (9,098 lb/A), the difference compared to the untreated is 1,131 lb/A which clearly
shows the value of the 3 seed treatments.

Table 2. Statistical analysis of data in Table 1. Beaumont, TX. 2011
Stand
(plants/3 ft
of row)

Jun 15

15

7c

25
35

RWWa/5 cores
Jun 27

WHsa/4
rows

Yield
(lb/A)

21

13 a

1

8,238 b

12 b

24

7b

0

9,090 a

15 a

19

8b

1

9,119 a

12

6b

5b

0

9,202 a

12

10 b

8b

1

9,014 a

11

9b

9b

1

9,079 a

10

60 a

16 a

0

7,967 b

Main plot

Subplot
Dermacor X-100b
CruiserMaxx Rice
NipsIt INSIDE
Untreated

b

b

Interaction
Seeding rate vs. treatment
P = 0.9419
P = 0.1997
P = 0.4603
P = 0.2043
P = 0.5722
a
RWW = rice water weevil; WH = whitehead
b
Dermacor X-100 @ 1.75 fl oz/A; CruiserMaxx Rice @ 7 fl oz/cwt; NipsIt INSIDE @ 1.92 fl oz/cwt
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05,
ANOVA and LSD)
Research was conducted by Mo Way, Becky Pearson, Suhas Vyavhare (Texas A&M AgriLife Research at Beaumont), and Gene
Reagan (LSU AgCenter).

Disease Reactions of Rice Varieties Grown Under Texas Environments
The development and use of improved disease resistance rice varieties remains of foremost importance to rice
producers. Field evaluation of disease resistance under local environments is essential toward this effort. Sheath
blight, caused by Rhizoctonia solani, and narrow brown leaf spot, caused by Cercospora janseana, are the two
major diseases in Texas, causing significant losses of yield and milling quality annually. Bacterial panicle
blight, caused by Burkholderia glumae or B. gladioli, has increased its importance in recent years. In this study,
we evaluated new and existing varieties, potential releases, and Texas elite breeding lines for resistance to these
three diseases under two different environmental conditions of Texas.
More than 48 varieties and elite lines were evaluated in seven trials located at Beaumont and Eagle Lake in
Texas over the past three years (2009, 2010 and 2011). The Beaumont test site has clay soil and high humidity
while Eagle Lake has sandy loam soil and a relatively dry environment. Sheath blight was introduced into field
plots by inoculation. Narrow brown leaf spot developed from natural infection. Bacterial panicle blight
developed from either natural infection or bacterial inoculum sprayed on panicles at the heading stage. Sheath
blight, narrow brown leaf spot, and bacterial panicle blight were rated near maturity using a scale of 0 to 9,
where 0 represents no symptoms and 9 represents most severe in symptoms.
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In summary, none of the varieties or lines had immune reactions or high levels of resistance to sheath blight or
bacterial panicle blight. All but several varieties and lines were rated susceptible or very susceptible to sheath
blight, with disease ratings ranging from 5 to 9.
The cultivars showing moderate levels of sheath
blight resistance included Jasmine 85, Milagro
Filipino, Templeton, Rondo, and XL723
(hybrid). Bacterial panicle blight was severe or
very severe on the majority of the cultivars and
lines evaluated. The varieties including Antonio,
Jupiter, and XL723 had the lowest ratings,
showing partial resistance to bacterial panicle
blight. Majority of the varieties, including
Cocodrie, CL111, CL151, Jazzman, Presidio,
Sabine, and Sierra, were susceptible or very
susceptible to narrow brown leaf spot. Jasmine
85, Milagro Filipino, Rondo, XL723, XL 744,
CL XL729, CL XL730, and CL XL745 showed
Fig. 1. Rice disease nursery
resistance to narrow brown leaf spot. For more
information on the disease reaction of rice varieties in Texas, visit the Disease Management chapter in the 2011
Texas
Rice
Production
Guidelines
located
online
at
http://beaumont.tamu.edu/eLibrary/Bulletins/2011_Rice_Production_Guidelines.pdf
This research is funded in part by the Texas Rice Research Foundation.
Research conducted by Drs. Xin-Gen Zhou, Guangjie Liu, Jack Vawter and Rodante. E. Tabien. For more information, please contact
Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu

Disease Resistance Evaluation of Rice Varieties in the Ratoon Crop
Ratoon rice is the second crop and is produced from the regrowth following main-crop harvest. Ratoon
cropping is an important production practice to maximize seasonal yields and increase economic returns. Texas
typically has more than 50% of the total main crop ratooned. Diseases are among the major factors affecting
ratoon crop potential. The climate conditions for ratoon cropping are different from those for main cropping.
Inoculum density of pathogens is often built up following the main crop. The reactions of rice varieties in the
ratoon crop thus may be different from the reactions in the main crop. However, there has been essentially no
research in this area to support ratoon crop production. The objective of this study was to evaluate the disease
reactions of rice varieties in the ratoon crop under Texas conditions.
More than 39 varieties and elite lines were evaluated at Beaumont, Texas in 2010 and 2011 to determine their
reactions to sheath blight (Rhizoctonia solani), narrow brown leaf spot (Cercospora janseana) and bacterial
panicle blight (Burkholderia glumae or B. gladioli) in the main and ratoon crops. R. solani was introduced into
field plots at the panicle differentiation stage of main crop by inoculation. Narrow brown leaf spot developed
from natural infection. Burkholderia glumae was introduced into field plots at the heading stage of the main
crop by spray inoculation. Plots were cut using a plot combine at the end of main crop for ratoon crop
production. Sheath blight, narrow brown leaf spot, and bacterial panicle blight were rated near maturity using a
scale of 0 to 9, where 0 represents no symptoms and 9 represents most severe in symptoms. Lodging due to the
damage caused by sheath blight from the main crop also was determined for the ratoon crop.
The results of a 2-year trial demonstrate that the disease reactions of varieties in the ratoon crop is different
from those in the main crop. In the main crop, sheath blight and bacterial panicle blight were observed on all
cultivars and lines evaluated with the disease ratings ranging from 2 to 9. In contrast, there were no or traces of
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sheath blight and bacterial panicle blight during the ratoon crop for all varieties and lines, except Francis that
had minor infection of both diseases (2.7 or less in disease rating). In contrast, narrow brown leaf spot tended to
be more severe in the ratoon crop than in the main crop, although variations in narrow brown leaf spot severity
among varieties in the ratoon crop were similar to the variations among these varieties in the main crop. The
impact of lodging caused by sheath blight damage from the main crop was significant on the ratoon crop.
Lodging was highest on Sierra, Tennessee, RU080318, and RU0903184, and least on Jupiter, Rondo,
Templeton, Wells, and RU0703184. There was a positive, linear relationship (R2 = 0.58, P > 0.0001) between
the severity of sheath bight on the main crop and the lodging on the ratoon crop.
This research is funded in part by the Texas Rice Research Foundation.
Research conducted by Drs. Xin-Gen Zhou and Guangjie Liu. For more information, please contact Dr. Xin-Gen (Shane) Zhou at
(409) 752-2741 or xzhou@aesrg.tamu.edu

Fungicide Seed Treatment to Control Seedling Diseases and Increase Yield of Rice
Seedling diseases are one of the major rice diseases in Texas and other rice-producing states. Seedling diseases
are caused by various soilborne and seed-borne fungi including Rhizoctonia solani, Sclerotium rolfsii, Fusarium
spp., and Pythium spp. Infection by these pathogens causes irregular, thin stands, and weakened plants. Seedling
diseases are typically more severe in early plantings when the soil is cold. Seed treatment with fungicides can
be an effective tool to manage seedling diseases. The objective of this study was to evaluate the efficacy of
different fungicide seed treatments for seedling disease control and yield increase.
A total of six field trials were conducted at two locations in Texas over two years. Three trials (two in 2010 and
one in 2011) were conducted at Beaumont and three (one in 2010 and two in 2011) at Eagle Lake. The
following products were included in these trials: CruiserMaxx containing Maxim 4FS (fludioxonil), Dynasty
(azoxystrobin), Apron XL (mefenoxam) and Cruiser 5FS (thiamethoxam) of Syngenta; Allegiance LS
(metalaxyl), Trilex 2000 (trifloxystrobin and metalaxyl) and the experimental products BCS-AA10279-5-1,
BYF14182, L1875-A, and PTZ of Bayer CropScience; and the experimental products V-10226, V-10230, V10260, V-10320 and V-10321, each containing Nipsit INSIDE (clothianidin) of Valent. Prior to planting, seeds
of rice variety Cocodrie were treated with CruiserMaxx at the full recommended rate or 1/2 the full rate, or with
other seed treatment products individually or in combination. Untreated seeds served as the control. Stands and
growth vigor of seedlings were assessed at 3 to 4 weeks after emergence. Rice grain yield was determined at
maturity.
In the main crop of 2011, seed treatments with CruiserMaxx at the full rate or ½ the full rate, with or without
Cruiser 5FS, equally and significantly increased stands, improved seedling vigor, and increased grain yield
compared to the untreated control (Table 1). In the ratoon crop, regardless of the insecticide Cruiser 5FS, seed
treatments with CruiserMaxx at the full rate significantly increased yield but the seed treatments with Cruiser
Maxx at ½ the full rate did not. However, no seed treatments improved head and total rice milling quality in
both main and ratoon crop. In other trials, all other fungicide seed treatments had similar effects on increasing
stands, improving growth vigor, and increasing yield in the main crop as did the seed treatment with
CruiserMaxx at the full rate (data not shown). This research indicates that fungicide seed treatment can be an
effective tool to control seedling diseases and increase yield under Texas environments.
This research was funded in part by the Texas Rice Research Foundation. We appreciate the financial support
from Bayer CropScience, Syngenta and Valent.
Research conducted by Drs. Xin-Gen Zhou, Guangjie Liu, and Jack Vawter. For more information, please contact Dr. Xin-Gen
(Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu
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Table 1. Effects of seed treatments with CruiserMax at different rates on stands, vigor and yield of the main
crop and on yield of the ratoon crop in 2011
Main crop

Seed treatment and rate (per cwt
seed)
Untreated control
CruiserMaxx at ½ the full rate,
containing
Maxim 4FS 0.025 fl oz
Dynasty 0.44 fl oz
Apron XL 0.22 fl oz
Cruiser 5FS 1.65 fl oz v
CruiserMaxx at full rate, containing
Maxim 4FS 0.05 fl oz
Dynasty 0.88 fl oz
Apron XL 0.44 fl oz
Cruiser 5FS 3.3 fl oz
CruiserMaxx at ½ the full rate,
containing
Maxim 4FS 0.025 fl oz
Dynasty 0.44 fl oz
Apron XL 0.22 fl oz
CruiserMaxx at full rate, containing
Maxim 4FS 0.05 fl oz
Dynasty 0.88 fl oz
Apron XL 0.44 fl oz

Stands z

Vigor
(1-9) y

Yield
(lb/A)

Ratoon crop
Yield
(lb/A)

15.3 a x

4.8 a

8003 (0%) w a

3709 (0%) c

22.2 b

6.5 b

8483 (6%) b

4251(15%) abc

23.4 b

7.3 b

8548 (7%) b

4471 (21%) a

21.7 b

6.8 b

8361 (4%) b

3834 (3%) bc

22.3 b

7.0 b

8370 (5%) b

4277 (15%) ab

z

Stands were rated as number of seedlings in the central plot area of 9.5 by 9.5 inches.
Growth vigor of seedlings was rated using a scale of 1 to 9 where 1 represents poorest in growth and 9 represents excellent.
w
Values in the parentheses represent the percent increase of yield relative to the untreated control.
v
Cruiser 5FS is an insecticide active ingredient.
x
Means within column followed by the same letter are not significantly different (P = 0.05) according to Fisher’s LSD test.
y

Fungicide Management of Rice False Smut and Kernel Smut
False smut, caused by the fungus Ustilaginoidea virens, and kernel smut, caused by Neovossia horrida, occur
on rice throughout the southern U. S. False smut is more severe in late planted rice and the ratoon crop. Both
diseases can reduce yield and quality, causing significant monetary losses. Recent
epidemics of these diseases have drawn an attention to the need for their control. All major
rice cultivars are susceptible to these diseases. The objective of this study was to determine
the efficacy of seed and foliar treatment of fungicides for control of false smut and kernel
smut.

Fig. 1. False smut.
	
  

Field trials were conducted in the late-planted main crop in 2010 and 2011 at Beaumont
and Eagle Lake, TX. Seed of the susceptible cultivar Cocodrie was inoculated with the
spores of both fungi prior to planting. Plots were spray inoculated with these pathogens
again at the flowering stage. Seed treatment with trifloxystrobin (Trilex 2000) or
metalaxyl (Allegiance LS) significantly increased stands at the seedling stage and reduced
severity of false smut and kernel smut at harvest compared to the untreated control. Single
foliar application with propiconazole plus trifloxystrobin (Stratego) at the heading stage
Texas Rice Special Section - XXIV

also was effective in reducing false smut and kernel smut. Combinations of seed treatment with a foliar
application of Stratego were more effective than treatments used alone. Treatments did not significantly affect
yield. Fungicides appear to be effective for management of false smut and kernel smut in rice.
This research was funded in part by the Texas Rice Research Foundation. We appreciate the
financial support from Bayer CropScience.
Research conducted by Drs. Xin-Gen Zhou, G. Liu and J. Vawter. For more information, please contact
Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu.

Integrated Management of Rice Sheath Blight Using Brassica Biofumigation
Cover Crop and Beneficial Bacteria
Sheath blight, caused by Rhizoctonia solani, is the most important disease of rice in
Texas and other southern
rice-producing states. No Fig. 2. Kernel smut.
leading rice cultivars
have acceptable levels of resistance. Producers
heavily depend on fungicides for control of this
disease. The objective of this research is to
evaluate the effects of brassica biofumigation
cover crop and plant growth promoting
rhizobacteria (PGPR) individually and in
combination on severity of sheath blight.
A field trial was conducted in 2010 at Beaumont,
TX as a split plot design with two main plot
treatments (brassica 'Caliente 199' cover crop and
fallow) and three subplot treatments (Bacillus
Fig. 1. Plots of brassica biofumigation cover crop (cultivar
subtilis PGPR strain MBI-600, azoxystrobin
‘Caliente199’) prior to incorporation
(Quadris) and unsprayed control). Plots were
inoculated with R. solani prior to planting of
brassica. Brassica crop was planted early spring and incorporated into soil late spring (Fig. 1). Seed of the
susceptible cultivar Cocodrie was treated with strain
MBI-600 prior to seeding. At the boot stage, plots
were sprayed with strain MBI-600 or azoxystrobin
(Fig. 2). Sheath blight severity was lower in plots
seeded to brassica cover crop than in plots left
fallow the spring. Strain MBI-600 significantly
reduced disease severity in plots either incorporated
with brassica or left fallow when compared to the
unsprayed control. Combined use of brassica
biofumigation cover crop and PGPR achieved
similar efficacy in reducing sheath blight as did
azoxystrobin. A repeated field experiment is
conducting in 2012 in Texas, Arkansas and
Mississippi to verify the efficacy of this new
integrated sheath blight management strategy.
Fig. 2. Rice field research plots in 2010 at Beaumont, TX.
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This research is funded in part by the USDA/NIFA SRIPM Grant (2010-34103-21156).
Research conducted by Drs. Xin-Gen Zhou (1), Guangjie Liu (1), Joseph W. Kloepper (2), and Munagala S. Reddy (2). (1) Texas
A&M AgriLife Research, Beaumont, TX; (2) Auburn University, Auburn, AL. For more information, please contact Dr. Xin-Gen
(Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu

Rice Disease Management Under Organic Production
Interest in organic rice production has increased because of the increased market demand for organic rice. Texas
is a leading state in organic rice production in the U.S. Organic rice is produced using management practices
different from conventional rice cropping systems. Synthetic chemicals, including fungicides, are prohibited for
use on organic rice, and thus, management of diseases is a challenge to organic rice producers. In collaboration
with the USDA ARS, a series of disease management studies were conducted on organically managed land at
Beaumont, Texas in 2009, 2010 and 2011 (Fig. 1). A brief summary of these field studies is described below.
Disease severity in organic vs. conventional rice: Disease observations and assessments were made on more
than 20 rice cultivars and lines grown under organic and conventional production systems over three years. In
general, seedling diseases, narrow brown leaf spot (NBLS), and brown spot were more severe in organic than
conventional plots. In contrast, bacterial panicle blight and sheath blight were lower in severity in organic plots
than in conventional plots. There were no
significant differences in severity of leaf Table 1. Averaged severity of narrow brown leaf spot (NBLS) and brown
spot and yield of 18 rice cultivars and elite lines evaluated under organic
smut and false smut observed between these production system in Texas over two years (2010 and 2011) using a rating
two cropping systems.
scale of 0 = resistant, 9 highly susceptible.
Varietal resistance: Most of the 18
cultivars and lines evaluated in the 2-year
study showed resistance to NBLS (Table 1). Cultivar/line
GP2, Jasmine 85, MCR02-1572, Rondo and Bengal
Tesanai 2 were among the cultivars highly Charleston Gold
resistant to NBLS. However, Cocodrie, Cocodrie
Colorado, Cybonnet, Jazzman, Presidio and Colorado
Sierra were susceptible or highly susceptible Cybonnet
to NBLS. No cultivars were immune to GP2
brown spot. Charleston Gold, Cybonnet, Jasmine 85
Jazzman, Jupiter, and MCR02-1572 had
Jazzman
highest levels of brown spot. Brown spot
JES
was least GP2, Tesanai 2 and Wells. Tesanai
2, GP2, and Rondo, all originating from Jupiter
Chin, had yiels that ranked among the MCR02-1572
PI312777
highest.
PI338046

NBLS
(0-9)
1.5
0.8
5.7
5.9
5.4
0
0.3
8.3
1.0
1.6
0.2
0.3
0.9
4.0
0.5
5.9
0.3
0.6
1.2
<0.0001

Brown spot
(0-9)
3.5
5.3
3.7
2.2
4.7
1.1
2.7
4.4
3.6
4.6
4.7
3.5
2.3
2.7
3.6
3.5
1.2
1.8
1.7
<0.0001

Yield (lb/A)
5593
6556
6324
4862
6145
9442
6719
6548
7016
7625
6125
7199
7096
6911
8116
5017
10729
7821
1109
<0.0001

Biocontrol agents: Efficacy of seven Presidio
commercial and experimental bacterial Rondo
biocontrol agents for suppression of sheath Sierra
blight and NBLS was evaluated in sheath Tesanai 2
blight-inoculated trials in 2010 and 2011. Wells
Serenade Max (Bacillus subtilis strain
LSD (0.05)
QST713, 14.6% active ingredient) and
Serenade ASO (B. subtilis strain QST713, P > F
1.34% a.i.) were effective in reducing sheath blight in 2011 but not in 2010. Serenade Max also significantly
reduced severity of NBLS in both years. Serenade Max increased yield up to 20% over the untreated control in
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the 2-year study. The results of this study indicate that use of some biocontrol agents such as Serenade Max can
reduce the damage caused by sheath blight and narrow brown leaf spot in organic rice.
Tillage practice: Two separate organic field trials were established in 2010 in 2011 to evaluate the impact of
tillage on severity of straighthead. White clover was planted in fall and terminated the following spring. In
preparation for planting, one trial was conventionally tilled while the other used no-till. In the no-tilled plots,
straighthead occurred in all 20 cultivars evaluated, with Cocodrie and its derived lines, Antonio and Colorado,
having the most severe symptoms while other cultivars, including
Presidio, GP2, Rondo and Tesanai 2, showed considerable
resistance. In contrast, no symptoms of straighthead were
observed in any of the cultivars using conventional tillage and
water-seeding. The results of this study indicate severe
straighthead is most likely to occur in susceptible cultivars under
no-tilled organic production systems involved with the direct
seeding of rice into a cover crop.
In conclusion, organically produced rice is more vulnerable to
infection of NBLS and brown spot than under conventional
management. Selection of a resistant cultivar with high yielding
Fig. 1. Organic rice plots at Beaumont, Texas
potential is the most effective means to reduce damage caused by
these diseases. Use of biocontrol agents such as Serenade Max also is an option for managing NBLS and sheath
blight. Serenade Max and Serenade ASO are commercially available biopesticides certified for organic
production of rice and other crops. Use of conventional tillage and planting with resistant cultivars is the best
means for preventing straighthead.
Research conducted by Drs. Xin-Gen Zhou and Anna McClung. For more information, please contact Dr. Xin-Gen (Shane) Zhou at
(409) 752-2741 or xzhou@aesrg.tamu.edu. USDA is an equal opportunity provider and employer.

POST HARVEST GRAIN MANAGEMENT
Integrated Storage Grain Pest Management and Tool Delivery
The length of time cereal grain can be safely stored depends on the grain condition at harvest and grain
management measures. The presence and build-up of insects, mites, molds and fungi, which are all affected by
grain temperature and moisture content, will affect the grain quality and duration the grain can be stored.
Predicting how ambient aeration alone or in combination with insecticide use affects pest dynamics, grain
damage, and associated economics has been a major challenge. The objective of this study is to integrate results
from studies on aeration control, reduced-risk pesticide trials, grain quality studies, and associated economics,
and deliver a web-based application that allows end users to select pest management measures and conduct an
associated costs/benefits analysis to optimize pest control and grain quality.
The Post-Harvest Grain Management Program (Fig. below) is the final product of this research effort. It is an
interactive web-based program that allows users to examine the effect of aeration and insecticide control on the
dynamics of grain temperature and moisture, and pest population density and damage for both farm and mill
storage. The web interface allows users to create, edit, run and display management profiles for different bin,
mill, aeration and pest configurations. The farm storage feature allows users to specify the number of bins,
arrangement and configuration of bins and their parameters (diameter, height, floor type, aeration fan type, and
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number of fans). The mill storage feature allows users to configure the elevators (number of silos and silo
dimension) and the milling facility (dimension and openness).
The program simulates aeration dynamics (grain temperature and humidity by bin layers) and pest dynamics
(pest density and damage) in different format (text data, graphs, and data downloads). The web program is
directly linked to our climatic database that provides weather data for southern rice-growing region (Arkansas,
Louisiana, Mississippi, Missouri, and Texas). The program allows users to choose historic or near real-time (for
some stations) weather data to evaluate the effectiveness of regional weather on bin aeration and pest control.
The program can be accessed at (http://Beaumont.tamu.edu/GrainManagement/). It is a useful tool to mill
managers, rice producers, consultants, and extension agents in designing strategies and tactics to minimize
insect damage and control cost, and maximize profit during rice storage.

*Article by Yubin Yang1, Lloyd Ted Wilson1, Frank Arthur2, James
Terry Siebenmorgen3; Tanja McKay4, Brian Adam5, Thomas E. Reagan6, and Jing Wang1

Campbell

2

1

Texas A&M System AgriLIFE Research ,1509 Aggie Drive, Beaumont, TX 77713. * yyang@aesrg.tamu.edu;
USDA-ARS at Manhattan, Kansas; 3University of Arkansas; 4Arkansas State University; 5Oklahoma State
University; 6LSU AgCenter. For additional information, please contact Ted Wilson at yyang@aesrg.tamu.edu
2

BIOENERGY CROP PRODUCTION AND MANAGEMENT
Impacts of Biomass Sorghum Feedstock Production on Carbon Sequestration and Greenhouse Gas
Emissions in the South-Central Region
Bioenergy (biomass) sorghum is a second-generation biofuel feedstock that has demonstrated wide adaptation
and biomass production advantages over other bioenergy crops in the south-central U.S. Our two-year
preliminary studies have shown the following results: 1) biannual rotation with corn increased sorghum biomass
yield compared to sorghum monoculture, and 2) bioenergy sorghum systems yielded three times more biomass
than similar corn-based systems, while sequestering more soil organic carbon (C) and total nitrogen (N).
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However, to fully exploit the potential benefits and to determine the long-term environmental impacts of
biomass sorghum feedstock production requires a better understanding of underlying mechanisms and soil
processes. An advanced crop production system utilizing improved nutrient management, rotation, and
decreased soil disturbance, among other practices, will increase C sequestration, mitigate greenhouse gas
(GHG) emissions, and improve the sustainability of biomass sorghum feedstock production in the south-central
U.S. Our objectives include the following:
1. Quantifying the effects of crop rotation including winter
cover crops, tillage, and nutrient and residue management
on biomass sorghum production, C and N cycling, and
nutrient uptake and removal
2. Elucidate how the above management practices alter C
and N cycling and GHG emissions across varying soil
type and climate
3. Conducting a life cycle analysis (LCA) for C in biomass
sorghum feedstock systems
4. Developing
economically
and
environmentally
sustainable management practices for biomass sorghum
feedstock production in the south-central U.S.
This research is being conducted in established agroecosystems in Texas and in microcosms under laboratory
conditions. Integration of field and laboratory experiments will allow the identification of primary factors that
determine C sequestration, GHG emissions,
nutrient cycling and availability, and linkages
between these fundamental agroecosystem
processes. The research will provide quantitative
estimates of C sequestration (changes in C pool
sizes and turnover rates) and GHG emissions
(using CO2 equivalency) in biomass sorghum
cropping systems based on in-field measurements.
The LCA documenting the C balance of sorghum
for biofuel will create benchmarks for both
industrial and regulatory evaluation and will
facilitate
scientific
analysis.
Integrated
management practices for sustainable bioenergy
sorghum production will be valuable at farm-scale,
regional, and industrial levels. This research will
provide a framework for sustainable regional
bioenergy feedstock production that conserves
natural resources, mitigates environmental impacts, maintains ecosystem services, and reduces dependence on
foreign oil, while helping revitalize rural communities.
This research is supported by USDA-NIFA-AFRI Bioenergy Program.
Research conducted by Fugen Dou, Jason Wight, and Frank Hons. For more information, please contact Fugen Dou at fdou@aesrg.tamu.edu or at 979-845-3477.
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