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Texas Rice Special Section
Highlighting Research in 2016

Plant Breeding and genetics

Two Promising Early Maturing and High Yielding Long Grain Inbred Breeding Lines

Breeding programs develop new crosses, advance populations, test selections and conduct performance 
trials to identify promising breeding lines for varietal release. New releases provide new options for the pro-
ducers and for their. Antonio and 
Colorado rice varieties were re-
leased in 2012, with commercial 
production started in 2014. Two 
new promising lines, TXEL003 
and TXEL0021 have been identi-
fied after several yield trials.  These 
will be evaluated further for yield, 
disease resistance, response to ni-
trogen fertilization and milling 
traits. The quality of milled rice 
will be evaluated by cooperating 
rice millers. Main crop yield of the 
two elite lines, Presidio, Cocodrie 
and Antonio are shown in Table 1.

TXEL003 was derived 
from a cross of Lacassine and La-
grue from Louisiana shared  by Dr. 
Steve Linscombe from LSU for 
further selection. In 10 trials, main 
crop yield averaged 8,424 lb/ac, 
with the highest yield reaching 9,939 lb/ac. Ratoon yield averaged 5,138 lb/ac, compared to 5,644 lb/ac for Presi-
dio. Main crop yield was 10%, 3% and 1% over  Presidio, Cocodrie and Antonio, respectively. Heading, maturity 
and height were very similar to Cocodrie (Table 2). Percentage total and whole grain milling yield were 71% 

and 60%, respectively, which is comparable to Presi-
dio, Antonio and Cocodrie (see Table 3).  Rough and 
milled rice grain of TXEL0003 are shown in Fig. 1.

A sister line of Antonio, TXEL0021 was de-
rived from a Cypress x Cocodrie cross. In 10 trials, 
main crop yield averaged 8,524lb/ac, with the highest 
yield reaching 10,105 lb/ac. Ratoon yield was 5,211lb/
ac. The mean main crop yield advantage in 10 trials 
was 12%, 4% and 2%, over Presidio, Cocodrie and 
Antonio, respectively. Heading, maturity and height 

Table 1. Main crop yield (lb/ac) of two promising elite breeding lines, Presidio, Cocodrie 
and Antonio in 10 trials, 2011-2015.

Year Location TXEL0003 TXEL0021 Presidio Cocodrie Antonio

2015 Bmnt 7,771 7,208 6,359 6,635 6,587

2015 EL 7,613 7,965 7,033 7,284 7,757
2014 Bmnt 8,486 9,628 7,324 9,643 9,200
2014 EL 9,059 9,391 8,887 9,012 8,987

2013 Bmnt 9,353 7,961 8,555 8,682 7,634
2013 EL 9,939 10,105 8,742 9,895 10,222

2012 Bmnt 5,685 6,931 6,104 6,798 7,217

2012 EL 8,945 9,303 7,322 7,109 8,798

2011 Bmnt 9,275 9,326 8,791 9,791 9,979

2011 EL 8,112 7,426 7,402 7,862 7,680

MEAN 8,424 8,524 7,652 8,271 8,406
Bmnt = Beaumont, EL = Eagle Lake

Table 2. Agronomic traits of two promising elite breeding lines, Pre-
sidio, Cocodrie and Antonio in 10 trials, 2011-2015.

Name Days to 
Heading

Days to 
Harvest

Plant Height 
(cm)

TXEL0003 84 122 93
Presidio 84 117 92
TXEL0021 84 121 94
Cocodrie 83 120 93
Antonio 83 124 92



Texas Rice Special Section - 2

were similar to TXEL003 and Cocodrie. Total and whole grain milling yield were 71% and 60%, respectively, 
comparable to Presidio, Cocodrie, Antonio and TXEL0003. Rough and milled rice grain are shown in Fig. 1.

Research conducted by Rodante E. Tabien, Chersty L. Harper, Patrick Carre and Kyle Jones. Generous funding for this project was 
provided by Texas A&M 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 3. Percent whole milled rice of two promising elite breeding lines, Presidio, Cocodrie 
and Antonio in 10 trials, 2011-2015.

Year Location TXEL0003 TXEL0021 Presidio Cocodrie Antonio

2015 Bmnt 56.6 64.2 61.3 60.6 63.4

2015 EL 63.4 61.5 62.5 62.8 65.3

2014 Bmnt 62.6 63.7 64.2 62.6 67.1

2014 EL 62.8 58.3 62.7 61.8 65.1

2013 Bmnt 62.8 64.6 61.4 57.9 56.1

2013 EL 62.1 59.3 61.1 62.2 63.6

2012 Bmnt 56.9 51.1 53.0 53.3 52.0

2012 EL 61.7 60.6 62.3 60.8 60.2

2011 Bmnt 54.0 61.0 60.0 58.0 57.0

2011 EL 60.7 56.1 57.9 57.8 55.9

MEAN 60.4 60.0 60.6 59.8 60.6
Bmnt = Beaumont, EL = Eagle Lake

Fig. 1. Milled and rough rice (left to right) of TXEL0003, Presidio, TXEL0021, Cocodrie and Anto-
nio.
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Generation of Mutants from EMS-Treated Antonio Rice Variety

The rice variety Antonio was 
treated with ethyl methanesulfonate 
(EMS) in 2014 to generate mutants 
for cold tolerance and herbicide toler-
ance. Ten one-acre blocks, were each 
planted with M1 (first mutant gen-
eration seed) in 2015 to select plants 
with herbicide and/or cold tolerance. 
Nine were sprayed with a 3X rate 
of Liberty herbicide and one block 
was sprayed with the recommended 
rate of Newpath. Plants were evalu-
ated 3-4 weeks after spraying and the 
survivors were transplanted into a 
second field. More than two hundred 
vigorous plants were selected and 
grown to maturity. A cold tolerance 
study was planted in February. Sev-
enty two early germinating seedlings 
were transplanted into a third field. 
Panicles were bulk-harvested and 
will be re-evaluated in 2016. Before bulking, some mutants were noted. These include plants with high spikelet 
sterility, high tillering, taller, and different leaf colors and grain types. Figure 1 shows the very high tillering 
mutant from plants initially selected for early planting while Figs. 2 and 3 show variation in grain shape and leaf 
color (chlorina, yellow leaves), respectively. Planting of EMS treated Antonio in Lajas, Puerto Rico generated a 
dozen mutants that differ greatly in appearance. These will be re-evaluated in Beaumont. Future activities include 
generating additional mutants and re-screening of bulked seeds for herbicide tolerance and cold tolerance, and 
screening using other herbicide chemistries and drought. 

Research conducted by Rodante E. Tabien and Chersty L. Harper. Generous funding for this project was provided by Texas A&M AgriL-
ife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 752-2741 ext. 2230 or 

retabien@ag.tamu.edu.

Variation in Milled Rice Grains Between Main and Ratoon 
Crops of Presidio, Antonio, Cocodrie and Two Elite Lines

Identity preservation 
is a way to increase the grain 
quality of exported U.S. rice.  
This can easily be accom-
plished by separating harvest-
ed grain by variety. Ratooning 
(second harvest), however, is 
traditionally done in Texas and 
Louisiana, and is a source of 
additional income. Since the 
main crop and its ratoon crop 
are the same variety, can we 

Normal M2 MutantNormal
M1 Mutant

Fig. 1. Very high tillering dwarf mutant from EMS-treated Antonio.  Left panel: Back-
ground taller plants are transplants from early seeding but with typical height and tillering 
for Antonio. Right panel: M2 mutant plant was from one high tillering and dwarf M1 
plant shown in the left panel.

Fig. 1. Variation in grain shape 
from EMS- treated Antonio. Left 
kernels are the original grain 
shape of Antonio and the right 
three groups of grains (top to bot-
tom) are the variants. Fig. 2. Chlorina (yellow leaf) from EMS-treated Antonio.
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mix the two harvests without affecting the overall milling 
quality?

Harvests from yield trials conducted for two years 
(2014-2015) at Eagle Lake, Texas were used to evaluate 
milled grain traits. Main crop (MC) and ratoon crop (RC) 
of Antonio, Presidio Cocodrie and two promising elite lines 
were evaluated for whole grain and total milling yield using 
the PAZ-1 DTA Zaccaria milling machine. The length and 
width of whole milled grain and transparency of the grain as 
indicator of the degree of chalkiness were measured using 
the WinSEEDLE image analyzer. Approximately 100 grains 
were analyzed for each of three replicates for each variety 
for both the main crop and ratoon crop. 

Total milling yield varied by genotype but the per-
centage for the ratoon crop was always lower than that of the 
main crop, with the reduction ranging from 0.29% to 1.30%. 
In contrast, whole grain milling yield was from 1.38% to 
3.64% higher for the ratoon crop. The milled grain traits also 
vary by genotype, and differences in seed length, seed width 
and degree of chalkiness between ratoon and main crop har-
vests. Antonio had nearly the same seed width comparing  
MC and RC grain but this was not observed for Presidio, Co-
codrie, or the two elite lines (Fig. 1).  Presidio had relatively 
bigger seeds for the RC but the remaining genotypes had 
smaller ratoon crop grains. Milled grain length for the MC 
and the RC was similar for all genotypes with the exception 
of Antonio. Chalkiness was very close for Presidio but not 
for Antonio, Cocodrie, or the two elite lines. For all entries, 
the MC had more chalk than the RC. Differences in grain 
length and width might impact uniformity during seed clas-
sification. Chalkiness in the RC, was about 6%-10% lower 
than in the MC. Combining the main and ratoon crop har-
vests with variety like Presidio is highly desirable but maybe 
not for many other genotypes.

Research conducted by Chersty L. Harper and Rodante E. Tabien. Gen-
erous funding for this project was provided by Texas A&M 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.

Performance of Twenty-Three U.S. Released Rice Varieties in Anaerobic Condition at Germination

Stand establishment is very important for profitable production. A uniform plant population is needed to 
maximize the use of the land and it is important in subsequent management decisions. In general, factors that 
affect plant stand establishment include seeding method and rate, seeding date, soil properties, variety, seedling 
vigor, seed treatments and location. In rice, drill seeding (known also as dry-direct seeding), is the most common 
seeding practice in the rice growing areas in the Southern U.S. Poor establishment is particularly prevalent in 
fields that are not leveled well or in fields that had too much rain before germination. Rain induced flooding limits 
oxygen supply to germinating seeds resulting to poor germination or emergence of weak seedlings. Tolerance to 
anaerobic germination (AG), the rice germination and seedling growth in the absence of oxygen, is a potentially 

Fig. 3. Width, length and chalkiness of milled rice grains ob-
tained from the main and ratoon crop harvest of three variet-
ies and two promising lines. 2014-2015.
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important trait in direct seeding. This study evaluates AG tolerance of newly released U.S. varieties included in 
the 2015 uniform rice regional nursery (URRN).

Ten seeds of each entry were seeded in plastic trays with 36 cells. The hole of each cell was covered with 
filter paper to hold the seeds and these were covered with 1 inch fine sand after placing the seeds in each cell. Each 
tray was submerged in 4 inches of water for 21 days under ambient room temperature. Germination and seedling 
emergence was recorded after 21 days of submergence. Results indicated significant variation in percent emer-
gence among 23 released varieties. Although none of the U.S. varieties were developed for AG tolerance, five had 
50%  or greater germination comparable to the tolerant check (AT-18) (Table 1). These include MM14, CL111, 
CL163, Della-2 and Mermentua. No germination to very poor AG germination was obtained with M206, Lakast, 
CL172, Presidio and Francis. All five varieties with high AG germination had high number of taller seedlings after 
21 days submergence in 4 inches of water with Antonio producing the greatest number of tall seedlings. None of 
these tall seedlings were able to emerge above water surface but the majority continued to grow after draining the 
water. Several entries produced fewer  seedlings after drainage indicating less vigor following the AG treatment 
but some entries produced additional seedlings, including Presidio, Antonio and Roy J.  Presidio had the highest 
increase in germination after drainage, increasing an average of 25%.

Table 1. Performance of 23 released rice varieties in anaerobic condition at germination.

Name Grain Type State
% Germination 
after 21 days in 

AG

% Seedling 
with at least 1 

inch height

% Germination 
after de-sub-

mergence
MM14 Medium Grain MO 77% 23% 63%
CL111 Long Grain LA 63% 33% 53%
CL163 Long Grain MS 57% 30% 53%
Della-2 Long Grain LA 53% 30% 53%
Mermentau Long Grain LA 50% 30% 53%
CL271 Medium Grain LA 47% 17% 33%
Antonio Long Grain TX 43% 40% 50%
CL152 Long Grain LA 43% 20% 47%
Jupiter Medium Grain LA 33% 10% 27%
Cocodrie Long Grain LA 33% 13% 33%
Taggart Long Grain AR 33% 13% 30%
Rondo Long Grain TX 27% 27% 23%
CL151 Long Grain LA 20% 7% 17%
Rex Long Grain MS 20% 20% 17%
Cheniere Long Grain LA 20% 3% 17%
Roy J Long Grain AR 20% 0% 23%
Wells Long Grain AR 17% 7% 10%
Jazzman-2 Long Grain LA 13% 0% 7%
Francis Long Grain AR 7% 3% 3%
Presidio Long Grain TX 3% 3% 47%
CL 172 Long Grain AR 3% 0% 3%
Lakast Long Grain AR 0% 0% 0%
M206 Medium Grain AR 0% 0% 0%
AT-18 (AG check) Medium Grain 56% 37% 57%
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Research conducted by Rodante E. Tabien and Chersty L. Harper. Generous funding for this project was provided by Texas A&M AgriL-
ife Research and Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 752-2741 ext. 2230 or 
retabien@ag.tamu.edu.

Hybrid Breeding Based on Advanced Phenotyping Selection 

We continue to make progress in implementing a hybrid rice selection program build around understand-
ing which traits are primary responsible for controlling yield performance and which are not. This system rapidly 
identifies parental lines that when crossed produce superior performing hybrids. 

Yield controlling traits, known as primary phenotypic traits, are near constant across fields, years, and 
management practices. It is through their interactions with each other and with temperature, sunlight, soil nutri-
ents, and insect, weed, and disease that they control crop growth, development, maturation, and yield in a highly 
predictable manner. So far, we’ve tested major aspects of our advanced selection approach and have predicted 
with 88% accuracy, measuring only 4 primary phenotypic traits, which hybrid selections would be superior yield-
ers. This approach also produces improved varieties at least 30% faster than conventional marker-assisted selec-
tion programs. 

As with all selection programs, the approach can be improved further by determining the tradeoff between 
the number of traits measured and the accuracy of predicting each line’s yield performance (Fig. 1). Measuring 
fewer traits slows the speed of elimination of undesirable genotypes and increases the probability of retaining un-
desirable types. Measuring more trials takes more time but increases the rate undesirable crosses are eliminated.

Key to the program’s success is expertise in the creation of locally adapted 2- and 3- line maintainer, re-
storer, hybrids and the associated parental material that perform well in the Gulf Coast environment. Professor 
Zongbu Yan serves a key role in developing the foundation for our programs. Both 2- and 3-line breeding requires 
the development of locally adapted parental lines. This year, he is evaluating approximately 3,300 total lines and 
selections/evaluations as summarized immediately below. 

• Sterile line screening and backcrossing

• New maintainer line screening

• New restorer line screening

• F2 generation selection

• New breeding crosses

Erectness 

Tillering 
Height Quality 

Yield 

Resistance 

Paniclemax 

Pg = f(N,˚C,CO2,S/D [CH2O],H2O,SR) 

MSN˚tiller 

MSNr MSNmax 
Grainmax Leafmax 

Tiller Initiation = f(˚C, SR, ‘N’, H2O, S/D [CH2O]) 

SEC PEC LEC 

Dynamic LEC, SEC, PEC . = f(,S/D [CH2O], S/D ‘N’, ˚C, SR) 

rm = f(N,˚C,S/D [CH2O],SR) 

Slow elimination of 
undesirable genotypes 
and higher prob. of 

false desirable types 

Fig. 1. Relationship between number of primary phenotypic traits 
measured and accuracy of the selection process.
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• New hybrid advanced phenotyping and yield trial

• Combining test

• Sterile line seed increase test

• 2- and 3-line system seed increase tests

• Hybrid seed production test

Research conducted by Dr. L. T. (Ted) Wilson, Professor Zongbu Yan, Eric Christensen, Leanna Martin and Dr. Yubin Yang, Texas A&M 
AgriLife Research Center, Texas A&M University, Texas, 77706, U.S.A. For more information, please contact Dr. Ted Wilson (409) 752-
3045 or lt-wilson@aesrg.tamu.edu. 

rice Physiology and agronomic management

Innovation in Management of Texas Rice Environmental-Stress Response

Plant physiological response to most environmental stresses includes the presence of oxidative stress. 
Plants, and animals, possess cellular machinery to prevent the excessive accumulation of oxy free-radicals, which 
are molecules that combine readily with, and denature other cell compounds, such as proteins, DNA and mem-
branes, decreasing the plant cell’s ability to function. An excess generation of oxy free radicals is called oxidative 
stress. Although there are multiple examples of oxidative stress responses an example is partial breakdown of 
cellular membranes due to accumulation of lipid peroxides, resulting in deterioration of cellular processes, such 
as photosynthesis, respiration and transport processes that depend on the ability to compartmentalize substrates 
or products or activities.

Traditional and innovative physiology-based ways of managing crop response to environmental stresses 
include: 1) avoiding crop stress by maintaining good growth conditions; 2) using varieties with enhanced toler-
ance to one or more environmental stresses; 3) subjecting the crop to a small amount of stress early in develop-
ment thus inducing an increase in the plant’s ability to deactivate the oxy free radicals (similar in concept to a 
vaccination); 4) applying exogenous antioxidant to help supplement the crop’s internal antioxidant capacity; and 
5) tricking the plant not to recognize the presence of early stages of stress thereby preventing the plants from en-
tering ‘stress mode’, which can otherwise lead to accelerated tissue senescence. A requirement in common for all 
is the need to detect the stress in a sensitive and specific manner that can be applied spatially within and across 
fields or for screening of large breeding populations. To this end, the Plant Physiology project at the Texas A&M 
AgriLife Research Center at Beaumont has been devel-
oping remote-sensing methods for quantifying oxida-
tive stress levels in crop plants. The current standard 
remote-sensing method is spectrometer-based measure 
of the Photochemical Reflectance Index (PRI, which is 
sensitive enough to detect damage before visual evi-
dence occurs, but not very specific for oxidative stress 
because it is an indirect measure).

In a preliminary study, a protoporphyrino-
gen oxidase (PPO) inhibiting herbicide was applied 
post-emergence to induce oxidative stress. The PPO-
inhibitors primarily exert damage through generation 
of large amounts of oxy free radicals indirectly result-
ing in blockage of one of the steps in chlorophyll bio-
synthesis. The resulting diminished leaf integrity and 
function, whether due to herbicide or environmental 
stress, can affect reproductive development through 
diminished nutrient transfer to reproductive structures. 

Fig. 1. Reflectance spectral index in relation to change in photo-
synthesis of 11 diverse rice cultivars in response to PPO-inhibitor 
herbicide application.
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Although the delivery of ‘oxidative stress’ to plants through herbicide application is qualitative (genotypes may 
differ in metabolic, compartmentation or other inactivation of active ingredient), methods exist to sensitively de-
termine crop injury to the oxidative stress, e.g., membrane leakage or malonaldehyde levels in leaf discs measure 
formation of lipid peroxides which damages membranes. In the study, the Plant Physiology project developed a 
simple Short Wave Infrared reflectance method associated with >60% of variance in change in net photosynthe-
sis of diverse rice genotypes due to PPO application (Fig. 1). We believe that with additional research a simple 
multi-spectral based method for estimating oxidative stress a) with sensitivity equaling the PRI, but b) with 
greater specificity (>80% variance explained), and c) with hardware amenable to either ground or aerial platform 
mounting, is achievable. Such a method can then be used in support of traditional and novel, physiology-based 
management of the environmental-stress response of Texas rice crops.

Research conducted by Drs. Lee Tarpley (Texas A&M AgriLife Research Center at Beaumont), Abdul Razack Mohammed (Texas A&M 
AgriLife Research Center at Beaumont) and Yongjian Sun (Visiting Scholar from Sichuan Agricultural University, China). Funding for 
this project was provided by the Texas Rice Research Foundation. For more information, please contact Dr. Tarpley at (409) 752-2741 
ext 2235 or ltarpley@tamu.edu or Dr. Mohammed at abdulrazack@email.tamu.edu. 

Effects of Flooded, Saturated and Aerobic Conditions on Rice Physiology

Decreased availability of water can threaten traditional ways of growing rice under flooded conditions. 
Efficiency in the use of water is critical to safeguard food security, especially for rice, which is the staple food 
for more than half of the world’s population. A study was conducted in greenhouses at the Texas A&M Agrilife 
Research Center at Beaumont to evaluate flooded, saturated, and aerobic rice for physiological aspects of rice 
production. The U.S. rice cultivar ‘Cocodrie’ was grown in pots filled with a clay-rich soil, which were placed 
in boxes lined with plastic to hold the flood water surrounding the pots. Plants were grown under one of three 
water regimes: aerobic, saturated, and flooded soil conditions. Plant height, numbers of tillers and productive 
tillers, total grains per panicle, spikelet fertility, 500-grain weight; shoot, root, and grain dry weights; total bio-
mass, chlorophyll concentration (SPAD), photosynthetic parameters and water input were measured. The plants 
grown under each water regime produced similar numbers of tillers per plant; shoot, and grain dry weights; total 
biomass, and chlorophyll concentration. However, flooded plants were taller, had a higher number of productive 
tillers, higher spikelet fertility, root dry weight, leaf photosynthetic rate, transpiration and water input than those 
under the aerobic soil condition. Plants grown under the aerobic soil condition showed higher 500-grain weight, 
whereas plants grown under saturated soil had a lower root dry weight. Under field conditions, the best economic 
choice will be influenced by the quantity of water used, grain quality, yield, and total production costs.

Research conducted by Drs. Abdul Razack Mohammed (Texas A&M AgriLife Research Center at Beaumont), Lee Tarpley (Texas A&M 
AgriLife Research Center at Beaumont) and Yongjian Sun (Visiting Scholar from Sichuan Agricultural University, China). For more 

Table 1. Effects of water regimes on rice physiology.
Water Regimes

Parameters Aerobic Saturated Flooded
Water input (mm) 452.88 + 5.84 548.83 + 6.35 799.59 + 32.73
Plant height (cm) 95.33 + 0.88 103.00 + 2.52 100.33 + 2.33
Percent Productive tillers 73.71 + 2.7 74.41 + 5.51 89.82 + 2.32
Total grains per panicle 173.00 + 20.66 197.33 + 24.25 218.67 + 16.46
Spikelet fertility (%) 77.23 + 5.43 89.65 + 1.74 89.24 + 2.02
500-grain wt (gm) 10.51 + 0.34 9.89 + 0.22 9.93 + 0.22
Root dry weight (gm) 6.00 + 1.00 4.33 + 0.67 7.67 + 1.20
Photosynthesis
(mmol s-1 m-2) 26.03 + 2.62 29.83 + 0.68 31.10 + 1.07

Yield per plant (gm) 25.40 + 1.29 28.09 + 2.72 26.90 + 4.75
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information, please contact Dr. Mohammed at (409)752-2741 ex t2319 or abdulrazack@email.tamu.edu or Dr. Tarpley at (409) 752-
2741 ext 2235 or ltarpley@tamu.edu

Mitigating the Impact of Climatic Stress on Rice Performance

An important aspect of the Agroecosystems Research Group’s activities focuses on determining the in-
teracting effects of climatic, edaphic, and biotic variables, and management inputs on the growth, development, 
maturation, and yield of rice. Climatic variables include temperature, and rainfall, solar radiation, and humidity. 
Edaphic variables refer to soil type (sand, silt, and clay) and residual or basal soil nutrients (N, P, K, zinc, etc.). 
Biotic variables refer to insect, weeds, and plant microorganisms, some being beneficial and a significant few 
occasionally to frequently being serious pests. Management inputs include different types of cultivation, degrees 
of laser leveling, varietal or genetic selection, seeding date and rate, water, fertilizer, and pesticides (insecticides, 
fungicides, and herbicides). Herein we present results from four analyses/projects that address the impact of 
climatic stress on rice yield performance, and identify key plant traits that when incorporated into new varieties 
reduce negative effects of climatic stresses on grain yield. Each of the four analyses is briefly summarized below.

Multi-state analysis of the effects of climatic variables on rice crop yield - After factoring out the major 
effect of varietal improvement on crop yield performance, a six-state analysis of 66 years of yield data shows 89% 
of the remaining yield variability is explained by key climatic variables. Yield increases higher the ˚D > 10˚C 
(degree-days greater ≥ 50˚F), number of days ≥ 92˚F, daily average relative humidity ≥ 80, cumulative hourly 
daily plant respiration (plants use more energy to maintain life as temperatures increase), minimum daily hourly 
plant respiration, and daily solar irradiance (amount of sun light) during pre-reproductive plant development, 
but decreases greater the rainfall or days with minimum temperatures ≥ 74˚F. Yield also increases greater the 
days with maximum daily temperature ≥ 92˚F, daily average relative humidity ≥ 80 and daily respiration during 
reproductive development, but decreases greater the degree-days ≥ 50˚F, minimum hourly respiration, rainfall, 
and solar irradiance. Figure 1 shows how hotter weather has a greater impact in yield the further south the rice 
producing state.  This figure was produced by compare the yields of 13 pairs of normal versus hot years with yield 
loss for the hotter year averaging 9.0% (503 lbs/ac) in Texas to 2.4% (163 lbs/ac) in California.
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Fig. 1. A comparison of the effect of hot weather on yield performance across the U.S. ricebelt.
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Multiple field analysis of the impact of planting date on environmental stress - Analysis of 10,000 fields 
of main crop data representing over two decades of rice production in Texas shows yield progressively increases 
for rice harvested the 27th (week beginning 189th day of year – July 8) to 31st (week beginning 217th day of year 
– August 5), and progressively decreases through the 44th week. The decrease for fields harvested after the 31st 
week is due to increased exposure of the growing rice to hotter summer months which increases plant respiration, 
decreases metabolic efficiency, increases flower mortality, and decreases grain set. The yield penalty averaged 
286 lbs/ac for every week harvest is delayed after August 5. 

The second part of Fig. 2 shows the frequency distribution of main crop harvests. Every week difference 
for harvest dates represents a 2 or more week difference in planting dates. Based on this relationship, the major-
ity of fields were planted within 1 months of the optimal planting date. However, a significant number of fields 
are planted still later and as a result experience yields that on average were at least 872 lbs/ac less than what was 
achieve for the optimal week.

Experiment addressing the impact of climatic stress on reproduction and survival processes - A two-year 
analysis of 15 genotypes shows tiller density, spikelets per panicle, and grain produced per spikelet decreased 
when exposed to excessively high temperatures. Three of the four variables decreased during the hotter year, with 
the decrease ranging from 13% for spikelets/panicle to 20% for tiller density. Only panicles produced per tiller 
increased during the hot year (Fig. 3). This was largely a result of fewer tillers surviving the hotter temperatures, 
resulting in less competition for light and metabolites.

Can genotypes be selected to mitigate the negative effects of climate change? - The question of whether 
rice genotypes can be selected to mitigate the effects of climate change on yield was addressed using RicePSM 
(population simulation model) (Wu & Wilson. 1998. Agricultural Systems 56: 483-511). RicePSM is a physi-
ologically detailed process based crop models that is structured around over 30 physiological rates for major 
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of harvest weeks.
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birth, ageing, growth, senescence, light capture, respiration, and allocation processes. These primary phenotypic 
traits are near invariant (change very little) across different locations and interact with the climatic and edaphic 
environment to determine yield performance. Three scenarios were addressed each for a 30 year duration: 1) cur-
rent weather, 2) current + 2˚C approximating the CSSM A2 2035 global climate change scenario, and 3) same 
as #2 but planting dates shifted based on suitability of estimated soil temperatures (The warmer the weather, the 
earlier planting dates will shift). For each scenario three genotypes were simulated varying in combination four 
primary phenotypic traits (panicle node number, potential rate of node production, potential grain weight, and 
potential leaf size). Each combination was in turn simulated for 10 planting dates and 2 soil types (30 and 60% 
clay), for a total of 3.375 million simulations of every hour of every day for each of 30 seasons. The greatest yield 
variability was explained by genotype (43%), G x T interaction (16%), environment (14%), and trait (12%). Two 
genotypes when averaged across selections yielded less under climate change, while one yielded more. The third 
has a combination of traits that produce a relatively higher sink strength, which reduced photosynthesis feedback 
inhibition allowing for increased yield under conditions of higher climatic stress. The shift to earlier planting 
under climate change mitigated (reduced or eliminated) a significant amount of yield loss. The results suggest it 
is highly feasible to select genotypes that out-yield current genotypes when grown under a climate having higher 
temperatures (and higher CO2) and that the cultivar or varietal background has a very large impact on the degree 
with which yield can be increased through selection.
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Research conducted by Dr. L. T. (Ted) Wilson, Yubin Yang, Jenny Wang, Professor Zongbu Yan, Eric Christensen, and Leanna Martin, 
Texas A&M AgriLife Research Center, Texas A&M University, Texas, 77706, U.S.A. For more information, please contact Dr. Ted Wilson 
(409) 752-3045 or lt-wilson@aesrg.tamu.edu.

Effects of Rice Variety on Main, Ratoon, and Total Crop Yields

Variety selection is one of the most important decisions a producer makes because it determines crop 
yield potential and the management practice needed to achieve acceptable yield performance. At the Texas A&M 
AgriLife Research Center at Beau-
mont, we summarized the perfor-
mance of 12 popular or newly re-
leased varieties at Beaumont during 
2015. The entries were re-planted 
on June 5, 2015 due to numerous 
heavy rains before emergence. As 
a result of the delay, a ratoon crop 
was not produced. Of tested hy-
brids, Clearfield XL745 and XL753 
produced the highest main crop 
yields. Among the inbreds, CL151, 
Antonio and Mermentau produced 
the highest main crop yields. Whole 
grain milling yield was affected by 
entries, and ranged from 58% to 
68% (Tables 3 and 4). Each variety 
received 150 and 180 lb N/ac for hy-
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Fig. 4. Determining the effects of potential changes to the climate (Environment), rice genetic background (Cultivar Back-
ground), and four traits selected to increase yield (Traits) on yield variability.

Table 1. Influence of the selected entries on rice grain and milling yields at the Beaumont 
Center during 2015.

Conventional and 
Hybrid Cultivars

Main Crop 
Yield (lb/ac)

Whole Grain 
Milling Yield (%)

Total Milling 
Yield (%)

XL753 9,377 59 75
XL760 9,073 58 74
CLXL4534 8,684 53 74
XP4523 8,656 57 74
CLXL745 8,630 59 75
CL151 6,935 63 74
Mermentau 6,893 62 74
CL163 6,773 57 72
Presidio 6,702 63 74
Antonio 6,653 62 75
CL152 6,484 65 74
Colorado 5,882 56 73
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brids and inbreds, respectively for main crop production. The hybrids consistently produced greater main crop 
(MC), ratoon crop (RC), and total yield (Table 1). The average MC yields were 8,232 lb/ac and 7,186 lb/ac for 
hybrids and inbreds, respectively. For hybrids, XL753 and Clearfield XL745 produced comparable yields. For 
inbreds, CL151 produced the greater grain yields. Mermentau, CL152, Antonio, and CL151 had the highest mill-
ing yields for both the MC and the RC (Table 1). Main crop whole grain milling yields ranged from 53% to 64%, 
while ratoon crop whole grain milling yields ranged from 59% to 66% (Table 2).

A field trial was conducted at Eagle Lake, TX in 2015 to evaluate the performance of rice varieties on 
yield, whole milled rice and total milled rice in the main and ratoon crops. This trial consisted of 20 varieties 
(Table 1): two conventional hybrid varieties (XL753 and XP760), two Clearfield® hybrid varieties (CLXL729 
and CLXL745), seven Clearfield® inbred varieties (CL111, CL151, CL152, CL163, CL172, CL271 (medium 
grain), and CLJazzman), and nine conventional inbred varieties (Antonio, Catahoula, Cheniere, Colorado, Lakast, 
Mermentau, Presidio, Rex and Roy J). These varieties were arranged in a randomized complete block design with 
four replicates. Each plot was nine row x 16’ in length, spaced 7.5” apart. Rice was drill seeded at 35 lb/ac for the 
hybrid varieties and 70 lb/ac for the inbred varieties on March 31, 2015. For weed control of non- Clearfield® 
varieties, plots RiceBeaux (2 lb a.i./ac) and  Command 3 ME (0.3 lb a.i./ac) were applied on Apr 13, and Permit 

Table 2. Performance of 20 rice varieties on yield, whole grain and total milling yield for the main and ratoon crops and combined 
yield at Eagle Lake in 2015.

Variety

Main crop Ratoon crop
Combined 

yield
(lb/ac)

Yield
(lb/ac)

Whole
 (%)

Total
(%)

Yield
(lb/ac)

Whole 
(%)

Total 
(%)

XL753 10,107 a* 59.0 ef 73.2 bcd 6,189 ab 61.9 c-f 70.0 def 16,296 ab
CLXL729 9,468 b 57.9 fgh 70.8 jk 6,007 ab 61.8 c-f 70.4 a-f 15,475 ab
XP760 8,895 c 56.3 hi 71.7 hi 3,580 hij 60.2 efg 68.7 gh 12,517 cde
LaKast 8,730 cd 58.7 ef 72.4 d-h 4,859 def 61.5 def 69.6 fg 13,588 cd
CLXL745 8,602 cde 55.7 hi 72.5 d-g 6,347 a 63.4 a-d 71.3 a 14,949 b
CL151 8,529 cde 62.1 cd 72.0 gh 5,474 bcd 63.8 a-d 70.3 a-f 13,652 c
Roy J 8,321 def 62.2 cd 73.1 cde 5,051 cde 59.0 g 68.4 h 13,605 c
Catahoula 8,088 efg 59.0 ef 73.9 b 4,586 efg 62.4 a-e 70.5 a-f 12,674 cde
Mermentau 7,933 fgh 64.9 ab 72.8 def 4,491 efg 63.9 abc 70.8 a-d 12,424 de
CL172 7,929 fgh 63.3 bc 72.1 fgh 4,403 efg 63.2 a-d 70.2 b-e 12,332 ef
Rex 7,910 fgh 58.8 ef 70.2 k 5,757 abc 60.0 fg 67.9 h 13,667 c
CL152 7,701 hig 63.6 bc 72.2 fgh 4,023 ghi 62.0 b-f 70.8 a-d 11,208 fg
Cheniere 7,674 hig 67.1 a 74.6 a 4,170 fgh 63.7 a-d 70.7 a-e 11,844 ef
CL163 7,643 hig 59.3 ef 70.6 jk 4,611 efg 63.5 a-d 69.7 efg 12,254 ef
Antonio 7,635 hig 66.8 a 73.8 bc 4,185 fgh 64.5 a 71.1 abc 11,820 ef
CLJazzman 7,420 hij 60.1 de 71.0 ij ** - - -
Presidio 7,405 hij 59.0 ef 72.6 d-g 4,705 efg 61.4 def 70.1 c-f 12,109 ef
CL271 7,340 ij 54.9 i 70.2 k 4,578 efg 62.1 a-f 69.7 efg 11,918 ef
Colorado 7,223 ij 59.2 ef 72.4 e-h 2,898 j 62.1 a-f 69.5 fg 10,121 g
CL111 7,104 j 58.4 efg 72.2 fgh 3,343 ij 64.3 ab 71.2 ab 10,265 g
LSD
(P = 0.05) 529 2.2 0.7 765 2.4 1.1 1,171
*Means followed by the same letter in a column are not significantly different according to the Fisher’s least significance dif-
ference (LSD) at P =0.05. 
** Failure of ratoon crop establishment.
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(0.05 lb a.i./ac) and Stam (2 lb a.i./ac) were applied on May 11. For weed control of Clearfield® varieties, plots 
received the same herbicide applications as previously described as well as applications of Newpath at 4 oz/ac on 
Apr 14 (early post-emergence) and Apr 30 (late post-emergence). Permanent flood was established on May 22. 
Rice was harvested using a plot combine on Aug 4. Grain yields were adjusted to 12% moisture content. For ra-
toon crop production, all plots received 100 lb N/ac of urea and were flooded on Aug 7. Rice was harvested using 
a plot combine at maturity. Grain yields were adjusted to 12% moisture content. Milling quality (% whole grain 
and % total milling yield) also was determined.  

The hybrid varieties, except for XP760, consistently had the highest yields in both the main and ratoon 
crops (Table 1). Milling quality was generally similar to that of the inbred varieties. The Clearfield® inbred variet-
ies performed well in terms of main and ratoon crop yield, achieving similar or better yields compared to Presidio. 
Antonio had a higher main crop yield than Colorado and a ratoon crop yield similar to Presidio. Antonio also was 
consistently higher than Presidio in milling yield. 

Research conducted by Dr. Fugen Dou, Xin-Gen Zhou, Jack Vawter, Jason Samford, Dr. Guangjie Liu, and Kip Landry. This research 
was funded by the Texas Rice Research Foundation. For more information, please contact Dr. Fugen Dou at (409) 752-2741 ext. 2223 
or f-dou@aesrg.tamu.edu.

Responses of Rice Production to Nitrogen Applied to Main Crop

Fertilizer cost is the greatest direct expenses in rice production according to the Texas rice economical 
analysis reported in the 2014 Texas Rice Production Guidelines. Nitrogen fertilizer accounts for most if not all 
of fertilizer expenses. Inappropriate application, especially over-fertilization, frequently causes environmental 
issues. Our research on nitrogen (N) fertilization provides important information for producers, industrial consul-
tants, and county agents in improving N management to reduce production costs. A summary is reported based on 
field trials conducted at Eagle Lake and Beaumont in 2015.

The N fertilizer rate trials were to identify the optimal N rates for newly released varieties planted on 
sandy loam and clay soils in southern Texas. All of the nitrogen for the main crop was applied with a four-way 
split of preplant, preflood, panicle initiation, and late booting applications. For preflood application, the N fertil-
izer should be applied to dry soil and flooded immediately. If urea is applied and a permanent flooding cannot be 
established in two days or less for sandy loam soils and seven days or less for clay soils, the urea should be treated 
with the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) (i.e. Agrotain) to avoid N loss. 

Antonio - For the 2015 Eagle Lake Station trial, the yield of Antonio was not significantly increased at N 
rates greater than 150 lb/ac (Table 1). In contrast, results from 2013 and 2014 trials indicate Antonio should re-
ceive 180 lb N/ac applied in a four-way split application to maximize grain yield on sandy loam soils. On the clay 
soils at the Beaumont Center, Antonio did not significantly increase yield above 180 lb N/ac (Table 1). Antonio 
had a maximum grain yield of 7,729 lb/ac when 210 lb N/ac was applied. Results from 2013 and 2014 indicate 
Antonio should receive an N rate of 210 lb/ac applied in a four-way split application to maximize grain yield 
on most clay soils. Antonio displayed good yield stability over a wide N fertilizer rate at both locations without 
lodging.

Colorado - For the 2015 Eagle Lake Station trial, the yield of Colorado was not significantly increased 
at N rates greater than 120 lb N/ac (Table 1). In contrast, results from 2013 and 2014 indicate Colorado should 
receive 180 lb N/ac. On the clay soils at the Beaumont Center, Colorado did not significantly increase yield above 
6 180 lb N/ac (Table 2). Colorado had a maximum grain yield of 7,361 lb/ac when 210 lb N/ac was applied. Colo-
rado displayed good yield stability over a wide N fertilizer rate at both locations without lodging.

Presidio was included in this study as a control to provide a comparison (Tables 1 and 2).
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Research conducted by Dr. Fugen Dou, Jack Vawter, Dr. Guangjie Liu, and Kip Landry. Generous funding for these projects was pro-
vided by the Texas Rice Research Foundation. For more information, please contact either Dr. Fugen Dou (f-dou@aesrg.tamu.edu) at 
409-752-2741.

Table 1. Influence of nitrogen (N) fertilizer rate on grain and milling yields of Antonio, 
Colorado, and Presidio at the Eagle Lake Station during 2015.

Conventional 
Cultivars

N
(lb/ac)

MC Yield
(lb/ac)

Whole Grain 
(%)

Total Milling 
Yield (%)

Antonio 0 5,114 64 73
150 6,994 64 73
180 6,971 63 73
210 6,889 63 74
240 6,796 63 74

Colorado 0 5,382 59 72
150 7,017 60 73
180 6,568 59 72
210 6,687 59 72
240 6,759 59 73

Presidio 0 4,866 *- 72
150 6,626 - 73
180 6,779 - 73
210 6,645 - 74
240 6,793 - 74

*Equipment failure prevented accurate measurement.

Table 2. Influence of nitrogen (N) fertilizer rate on grain and milling yields of Antonio, 
Colorado and Presidio at the Beaumont Center during 2015.

Conventional 
Cultivars

N 
(lb/ac)

MC Yield
(lb/ac)

Whole Grain 
(%)

Total Milling 
Yield (%)

Antonio 0 1,740 52 73
180 7,521 63 75
210 7,729 64 74
240 6,858 62 75
270 6,900 60 74

Colorado 0 1,578 49 73
180 6,806 55 73
210 7,361 55 73
240 6,006 55 73
270 5,800 57 74

Presidio 0 1,467 53 72
180 6,689 64 74
210 7,057 65 74
240 7,195 63 75
270 7,187 64 74
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inseect, disease, and Weed management

Research on the Rice Delphacid in Late 2015 and 2016

We discovered an exotic 
species of planthopper, the rice 
delphacid, Tagosodes orizico-
lus, attacking maturing ratoon 
rice last fall in several counties 
of the Texas Rice Belt west and 
south of Houston. The insect at-
tacked ratoon rice in damaging 
numbers (Fig. 1A-B), leading to 
over 50% yield losses in many 
fields (Fig. 1C-E). Tagosodes 
has piercing-sucking mouth-
parts that are used to withdraw 
fluids from the rice plant. Ex-
cessive feeding leads to brown-
ing of foliage, premature matu-
ration and in extreme cases, 
death of the plant. These insects 
excrete sticky, sweet honeydew 
upon which sooty mold fungi 
subsists. When infestations are 
severe, fungi form a black film 
over the tops of leaves, which 
decreases photosynthesis.

The rice delphacid is native to Latin America. 
It was found in the southern US attacking rice in the 
late 1950s and early 1960s, but then mysteriously dis-
appeared. It has not been reported attacking rice since. 
In Latin America a certain percentage of populations 
transmit a virus to rice that causes hoja blanca disease 
resulting in bleaching of foliage, stunting of plants and 
in severe cases, failure of plants to produce grain.

Table 1 shows we collected rice delphacids in 3 
counties on 5 varieties. Basically, wherever we sampled 
ratoon rice west and southwest of Houston, we collect-

ed planthoppers. Table 1 also shows the high level of populations we encountered (an average of about 460 adults 
and nymphs per 5 sweeps). In a small plot, non-replicated test conducted in a ratoon rice field in Brazoria Co., we 
evaluated a number of potentially effective insecticides (Table 2). Data are not very meaningful because the small 
plot size allowed huge populations of insects outside the plots to “overwhelm” the treatments.  In another larger, 
non-replicated test, we found Orthene 90S to be quite effective and Tenchu 20SG somewhat effective (Table 3).  
We have been searching/sampling for the rice delphacid this year, but to date, have not found it. However, we 
expect the insect to show up soon due to the very high populations and damage observed last year.

We are currently monitoring rice and ryegrass (also a host of the planthopper) in Brazoria County where 
the planthopper was initially found in the fall of 2015. We must develop an Integrated Pest Management (IPM) 

Table 1. Sampling for planthoppers on ratoon rice. Oct. 2015.

County Variety No. planthoppers/5 sweeps
Brazoria Presidio 329
Colorado CL152 50
Colorado Presidio 521
Wharton Cheniere 409
Wharton CLXL745 59
Wharton CLXL745 290
Wharton Presidio 391
Wharton Presidio 1660

Fig. 1. The rice delphacid: a new threat to Texas rice production. Extensive damage to a ratoon 
rice field in Southeast Texas A) caused by the rice delphacid B) during fall 2015.  Chlorotic and 
necrotic symptoms caused by hoja blanca disease in a rice leaf C), panicle D), and entire plant 
(E) following transmission by the rice delphacid vector in Santander, Colombia.
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program using a combina-
tion of biological, cultural, 
and chemical management 
tools. We will develop an 
innovative, streamlined 
monitoring-sample-collec-
tion-and-analysis pipeline 
to measure molecular sig-
natures of the plant patho-
gen in the insect vector and 
identify effective control 
tactics and management 
strategies. 

      In anticipation of another planthopper invasion 
this year, we plan to cooperate with Drs. Yu Peng and Is-
mael Badillo-Vargas to determine the hoja blanca virus/pl-
anthopper vector relationships and their impacts on rice. Dr. 
Badillo-Vargas has expertise to identify and isolate the virus 
in the plant host and vector and examine the biological and 
molecular bases of the insect vector-plant virus interaction, 
while Dr. Yu is an expert in bioinformatics method develop-
ment and data analysis.

Research conducted by Dr. Mo Way, Becky Pearson, and Carra Curtice. If you have questions or want more information, contact Mo 
Way at moway@aesrg.tamu.edu or 409-658-2186.

Managing Insect Pests in Multi-Use Landscapes of Bioenergy and 
Conventional Cropping Systems in the Gulf Coast Region

The U.S. Gulf Coast is dominated by rice, sugarcane and sorghum cropping systems interspersed with 
unimproved pasturelands and fallow farmlands mainly composed of weedy grasses. This system supports an as-
semblage of lepidopteran stem borers. The two species with the greatest economic impact are the Mexican rice 
borer (MRB) and the sugarcane borer (SCB). These species have a wide host range that facilitates movement 
among crop and non-crop hosts. In commercial rice fields of Texas, stem borers can cause as much as 50% yield 
loss, while losses in untreated sugarcane can exceed 30%. Producers rely mainly on insecticides to manage both 
species in rice.  

The U.S. Gulf Coast is among the geographic regions with the highest potential for the production of 
dedicated cellulosic bioenergy crops. While there is a general perception that bioenergy crops are “immune” to 
pests and can be produced with minimal inputs, our research shows that this is not the case. Bioenergy crops must 
be protected from damaging pest populations to be grown economically. The overall goal of this joint research 
between Texas A&M AgriLife Research and Louisiana State University AgCenter is to build a landscape-wide 
pest management program for the U.S. Gulf Coast region. Specific objectives are

• Determine the relative abundance of key insect pests and diseases via landscape-wide phenological 
surveys in bioenergy and conventional cropping systems

• Determine the life cycle characteristics and severity of key insect pests and diseases on selected variet-
ies of rice, energy cane, and high biomass sorghum

• Evaluate the performance of field- and regional-level pest management on rice, energy canes and high 
biomass sorghums

Table 2. Small plot, non-replicated insecticide test I. Oct. 2015.

Treatment Rate
No. planthoppers/5 sweeps

1 DAT 3 DAT 4 DAT 7 DAT 8 DAT
Untreated - 662 - 86 - 105
Sevin XLR Plus 1 qt/ac 364 - 819 - 838
Belay 4.5 fl oz/ac 422 - 36 - 37
Tenchu 20SG 9 oz/ac 213 - 59 - 35
Karate Z 2 fl oz/ac 520 - 135 - 546
Endigo ZCX 5 fl oz/ac - 101 - 59 -
Transform WG 0.75 oz/ac - - 103 - -

Table 3. Small plot, non-replicated insecticide test II. Oct. 
2015.

Treatment Rate
No. planthoppers/5 

sweeps
3 DAT 6 DAT

Orthene 90S 0.7 lb/ac 5 9
Tenchu 20SG 8 oz/ac 273 180
Untreated - 329 758
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• Develop  a landscape-wide pest management program that integrates pest and host phenology and 
distribution to minimize pest pressure and damage to bioenergy and associated conventional crops

The major deliverables of the proposed research include:

• Improve knowledge of the contribution of key non-crop and crop hosts to MRB and SCB population 
abundance in multi-use agricultural landscapes

• Quantify the population and damage potential of the MRB and SCB in selected varieties of rice, high 
biomass sorghum, and energy cane 

Fig. 2. Optimizing field-level and landscape-wide management of the Mex-
ican rice borer.

Fig. 1. Simulated spread of untreated Mexican rice borer populations over 
space and time in a multi-use landscape comprised of rice, sugarcane, and 
pastureland.
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• Develop integrated control tactics to mitigate field-scale and area-wide pest pressure and damage

• Deliver an integrated web-based analysis and forecast system to improve management of stem borer 
pests in multi-use agricultural landscapes

Research conducted by Yubin Yang, Lloyd T. Wilson, Thomas E. Reagan (LSU-AgCenter), Julien M. Beuzelin (LSU-AgCenter), M.O. 
Way, and Jeff Hoy (LSU AgCenter). Funding is provided in part by USDA NIFA. For more Information, please contact Dr. Wilson at 
(409) 752-3045 or lt-wilson@aesrg.tamu.edu.

Developing a Small UAV Platform for Detection of Sheath Blight of Rice

Sheath Blight, caused by Rhizoctonia solani, is the most economically-important disease of rice in the 
southern rice producing states. Timely detection of sheath blight is critical to the effective management of this dis-

ease by an application of fungicides. However, the cur-
rently employed visual observation method is laborious 
and time-consuming, and it is not feasible to detect the 
occurrence of the disease at a large scale within a rea-
sonable short period of time or at multiple times. Small 
unmanned aerial vehicles (UAVs) equipped with remote 
sensing have the potential to overcome these disadvan-
tages and provide timely detection of sheath blight. The 
objective of this study is to develop a UAV platform to 
detect sheath blight at a rice field level.

A quadrotor UAV equipped with a high resolution RGB or multispectral camera (Fig. 1) was developed 
for this study. Images from these sensors were collected over research plots containing 67 rice varieties with 
different levels of resistance to sheath blight, located at Texas A&M AgriLife Research Center (30°03’53.4”N, 
94°17’38.7”W), Beaumont, Texas. Ground truthed NDVIs (Normalized Difference Vegetation Indexes) were also 
recorded for each variety. Preliminary analysis suggests there is a strong correlation between the ground truth-
NDVIs values and the NDVI values from the UAV images (R2 = 0.63). The multispectral images also accurately 
differentiate levels of sheath blight (R2 = 0.91). These results indicate that small UAV platform can provide a use-
ful tool to detect the development of sheath blight in rice.

Research conducted by Jian Zhang (Huazhong Agricultural University, China), Dongyan Zhang (Anhui University, China) , Xin-Gen 
Zhou, and Guozhong Zhang (Huazhong Agricultural University, China) . This research is funded partially by the Scholar Council of 
China. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu.

Evaluation of Herbicide Injury to Conventional and Clearfield® Rice in Texas

Herbicides are an essential tool to the effective control of weeds in both conventional and Clearfield® 
rice. However, various herbicides often have different modes of action, target weeds, and timings and methods of 
application. Improper usage of herbicides may result in crop injury, causing chlorosis, stunting and even death. 
Therefore, farmers need to select the best herbicide program that is not only most effective for control of target 
weeds but safe to the rice crop as well. The objective of this study was to evaluate the impact of selected herbi-
cides on crop injury and yield potential in conventional and Clearfield® rice under Texas environments. 

A field trial was conducted as a split plot design with variety as main plots and herbicide as subplots at 
Eagle Lake, Texas in 2015. This trial evaluated six herbicides (Command, Facet, Regiment, Grasp, Sharpen and 
Newpath) and five rice varieties (three conventional varieties, Presidio, Cheniere and XL753; two Clearfield® 
varieties, CL152 and CL XL745) (Table 1). The treatments were arranged in a randomized complete block design 
with four replicates. Each plot was seven row x 16’ in length, with rows spaced 7.5” apart. Rice was drill seeded 
on April 15 at 70 lb/ac for Presidio, Cheniere and CL152, and at 35 lb/ac for XL753 and CL XL745. Herbicide 
treatments and nitrogen applications are outlined in Table 1. Permanent flood was established on June 15. Insect 
and water management followed local production recommendations. The trial was conducted using natural infes-

Fig. 1. An unmanned aerial system (UAV) (Left: RGB camera, 
and Right: multispectral camera).
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tations of weeds. More than 95% of the weed pressure in the plot area was broadleaf Signalgrass. Since the indi-
vidual herbicides alone did not provide adequate season-long grass control, additional herbicides were applied to 
make the plots harvestable. Ricestar (17 oz/ac) and Permit Plus (0.72 oz/ac) were applied to all plots on June 1. 
Percent plant injury caused by herbicides was visually rated on April 29 and May 4, 11, 18 and 25 as compared 
to the untreated control. Injury symptoms were mainly chlorosis. The Sharpen treatment also showed necrosis on 
leaf tips and edges that was quickly outgrown. Rice was harvested using a plot combine at maturity on August 11. 

Table 1. Description of herbicide and nitrogen applications for the trial at Eagle Lake in 2015.

Rice type Variety Herbicide

Herbicide application* Nitrogen application
Pre

Apr 19
EPOST
Apr 30

POST
May 4

PRE N
Apr 15

PF N
Jun 4

PD N
Jun 24

Boot
Jul 2 Total

Conven-
tional Presidio Untreated    50 60 37.5 37.5 185

 Command 0.3 lb ai   50 60 37.5 37.5 185
 Facet 0.5 lb   50 60 37.5 37.5 185
 Regiment   0.6 oz 50 60 37.5 37.5 185
 Grasp    2.3 oz 50 60 37.5 37.5 185
 Sharpen 2 oz  1 oz 50 60 37.5 37.5 185
Cheniere Untreated    50 60 37.5 37.5 185
 Command 0.3 lb ai   50 60 37.5 37.5 185
 Facet 0.5 lb   50 60 37.5 37.5 185
 Regiment   0.6 oz 50 60 37.5 37.5 185
 Grasp    2.3 oz 50 60 37.5 37.5 185
 Sharpen 2 oz  1 oz 50 60 37.5 37.5 185
XL753 Untreated    90 30 120
 Command 0.3 lb ai   90 30 120
 Facet 0.5 lb   90 30 120
 Regiment   0.6 oz 90 30 120
 Grasp    2.3 oz 90 30 120
 Sharpen 2 oz  1 oz 90 30 120

Clearfield® CL152 Untreated    50 60 30 30 170
 Newpath  6 oz 6 oz 50 60 30 30 170
 Command 0.3 lb ai   50 60 30 30 170
 Facet 0.5 lb   50 60 30 30 170
 Regiment   0.6 oz 50 60 30 30 170
 Grasp    2.3 oz 50 60 30 30 170
 Sharpen 2 oz  1 oz 50 60 30 30 170
CLXL745 Untreated    90 30 120
 Newpath  6 oz 6 oz 90 30 120
 Command 0.3 lb ai   90 30 120
 Facet 0.5 lb   90 30 120
 Regiment   0.6 oz 90 30 120
 Grasp    2.3 oz 90 30 120
 Sharpen 2 oz  1 oz 90 30 120

* Pre = Preemergence, EPOST = Early postemergence, F = Flood, PF = Permanent flood, and PD = Panicle differentiation.
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Grain yields were adjusted to 12% moisture content. Milling quality (% whole grain and % total milling yield) 
also were determined.  

Each conventional rice variety had the same injury responses to the use of herbicides on the five assess-
ment dates (Table 2). Yield was highest on XL753, which was similar to that of Presidio and Cheniere. Cheniere 

Table 2. Effects of herbicides on plant injury, yield, whole grain and total milling yield of three conventional varieties at Eagle Lake, 
TX in 2015.

Main treatment
Injury (%) Yield

(lb/ac)
Whole Grain

(%)
Total Milling 

Yield (%)April 27 May 4 May 11 May 18 May 25
Variety

Presidio 2.5 a* 3.3 a 9.2 a 1.6 a 0 6,674 b 60.1 b 70.2 c
Cheniere 2.5 a 3.3 a 9.2 a 1.6 a 0 7,096 b 65.2 a 72.6 a
XL753 2.5 a 3.3 a 9.2 a 1.6 a 0 9,119 a 59.8 b 71.0 b

LSD (P = 0.05) NS** NS NS NS NS 636 0.8 0.3
Herbicide

Untreated 0 c 0 b 0 d 0 b 0 6,127 b 61.1 a 71.2 a
Command 10 a 20 a 10 b 0 b 0 8,176 a 62.0 a 71.3 a
Facet 0 c 0 b 0 d 0 b 0 8,063 a 62.0 a 71.2 a
Regiment 0 c 0 b 0 d 0 b 0 7,874 a 61.7 a 71.4 a
Grasp 0 c 0 b 5 c 0 b 0 7,398 a 62.0 a 71.5 a
Sharpen 5 b 0 b 40 a 10 a 0 8,139 a 61.5 a 71.0 a

LSD (P = 0.05) 2.3 4.0 8.6 1.9 NS 1,149 NS NS
*Means followed by the same letter in a column are not significant different according to the Fisher’s least significance difference 
(LSD) at P =0.05. 
** NS = Not significant.

Table 3. Effects of herbicides on plant injury, yield, whole grain and total milling yield of two Clearfield® varieties at Eagle Lake, 
TX in 2015.

Main treatment
Injury (%) Yield

(lb/ac)
Whole Grain 

(%)
Total Milling 

Yield (%)April 27 May 4 May 11 May 18 May 25
Variety

CL152 2.1 a* 2.9 a 7.9 a 1.4 a 0 6,485 b 60.3 a 68.9 b
CLXL745 2.1 a 2.9 a 7.9 a 1.4 a 0 7,833 a 57.7 b 70.0 a

LSD ( P = 0.05) NS** NS NS NS NS 523 0.7 0.3
Herbicide

Untreated 0 c 0 b 0 d 0 b 0 5,596 b 58.5 a 69.5 a
Command 10 a 20 a 10 b 0 b 0 7,517 a 59.6 a 69.9 a
Facet 0 c 0 b 0 d 0 b 0 7,590 a 59.1 a 69.3 a
Regiment 0 c 0 b 0 d 0 b 0 7,772 a 58.8 a 69.3 a
Grasp 0 c 0 b 5 c 0 b 0 6,970 a 58.7 a 69.3 a
Sharpen 5 b 0 b 40 a 10 a 0 7,588 a 59.0 a 69.2 a
Newpath 0 c 0 b 0 d 0 b 0 7,081 a 59.2 a 69.8 a

LSD ( P = 0.05) 2.0 3.9 7.6 1.9 NS 1,017 NS NS
*Means followed by the same letter in a column are not significant different according to the Fisher’s least significance difference 
(LSD) at P =0.05. 
** NS = Not significant.
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had the highest whole grain and total milling yield. Facet, Regiment and Grasp did not cause any injury. Grasp 
caused very minor injury (5%) on May 11. Command and Sharpen caused 5 to 40% injury on the first four dates 
but no injury symptoms were observed on the last date. All herbicides increased yield compared to the untreated 
control. None of the herbicide treatments significantly affected milling quality. 

CL152 and CL XL745 had the same injury responses to the use of herbicides on each of the five dates 
(Table 3). Facet, Regiment and Newpath did not cause any injury. Grasp caused 5% injury on May 11. Command 
caused 10 to 20% injury on the first three dates but no injury symptoms were observed on the last two dates. 
Sharpen also caused 5 to 40% injury but treated plants recovered fully by the last date. All herbicides increased 
yield compared to the untreated control. However, none of the herbicides significantly affected milling quality. 

In summary, the results demonstrate that Facet, Regiment and Grasp are safe for use to control weeds in 
conventional inbred and hybrid varieties. Facet, Regiment, Grasp and Newpath also were safe to Clearfield® rice 
varieties. Command and Sharpen cause some injury to conventional and Clearfield® rice varieties. Plants treated 
with Command or Sharpen were able to recover from injury, resulting in no significant impact to grain yield or 
milling quality. 

Research conducted by Xin-Gen Zhou, Jason Samford, and Jack Vawter. This research is funded by the Texas Rice Research Foundation. 
For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu.

Texas Rice Kernel Smut Research 

Kernel smut, caused by Tilletia barclayana (Neovossia horrida), was previously considered a minor dis-
ease due to its nature of sporadic occurrence. However, kernel smut has become an economically important fungal 
disease of rice in Texas in recent years. A trend of increase in kernel smut incidence and severity has become ap-
parent over the last five years. The pathogen infects and replaces the endosperm of the rice grains completely or 
partially with a mass of black smut spores. This disease can cause significant monetary losses if the rice cannot be 
sold or the price is reduced at the mill. In the southern U.S. rice growing areas, this disease is reported to be more 
prevalent during rainy years. During the 2015 cropping season, we visited several grower’s fields when alerted by 
the reports of severe kernel smut from more than 1,000 acres which were planted with the rice varieties Presidio, 
Cheniere and XL 753 (hybrid), from various locations in the west and east areas of Houston. Due to the severity 
of this disease and subsequent significant yield and quality losses, we initiated investigations aimed at develop-
ing effective control strategies. The objective of this study is to identify effective fungicides and best timing of 
fungicide applications for the control of kernel smut of rice. 

Identifying effective fungicides for the control of kernel smut of rice: Kernel smut was isolated from 
infected rice grains of Presidio, Cheniere and XL753 collected from the 2015. In vitro efficacy of a range of 
fungicide treatments and concentrations containing propiconazole, azoxystrobrin, propiconazole + azoxystrobin, 
trifloxystrobin plus propiconazole, and fluxapyroxad as active ingredients were evaluated in fungicide-amended 
agar media for control of the kernel smut fungus. The fungicide that performs best in the in vitro efficacy evalu-
ation will be evaluated this season in a field trial at the Texas A & M AgriLife research center at Beaumont, TX. 
Research plots will be established by drill planting seeds of Presidio that have been inoculated with the kernel 
smut pathogen. These research plots will also be spray inoculated with the sporidia of kernel smut pathogen at the 
boot stage to ensure infection by the pathogen. The experiment will be conducted as a split plot design with two 
nitrogen rates as main plots and six timings of fungicide application as subplots. Field plots will be maintained as 
recommended locally. Yield, milling quality and kernel smut severity will be determined for various treatments 
at maturity.

Research conducted by S. Uppala, G. Liu, B. Liu, M. Wu and X. G. Zhou. This research is funded by the Texas Rice Research Foundation. 
For more information, please contact Dr. Sai Sree Uppala (sai.uppala@ag.tamu.edu) or Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 
or xzhou@aesrg.tamu.edu.
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Sensitivity of Cercospora janseana to Propiconazole, Azoxystrobin and Fluxapyroxad 

Narrow brown leaf spot (NBLS) caused by Cercospora janseana has become a major foliar disease of rice 
in the southern United States. Cultivar resistance, an effective option for management of this disease, can be lost 
after a few years of release of a new cultivar because of the development of new races of C. janseana. Fungicides 
have been used for control for this disease for many years. Ineffectiveness of applications of fungicides has been 
reported recently. The objective of this study is to develop baseline sensitivities to common fungicides to evaluate 
fungicide efficacy and to monitor potential development of fungicide resistance in C. janseana in Texas.

Field isolates of C. janseana were collected and used to determine the baseline sensitivities to azoxystrobin 
[quinone outside inhibitor (QoI)], propiconazole [demethylation inhibitors (DMI)] and fluxapyroxad [succinate 
dehydrogenase inhibitors (SDHI)]. A total of 100 isolates were collected from growers’ fields and rice research 
plots in Texas. Each fungicide was tested at various concentrations ranging from 0 to 10 ppm. Actively growing 
1-week old mycelium of C. janseana isolates was plated at the center of Petri plates containing fungicide-amend-
ed media and incubated at 28 ºC under the 12/12h (light/darkness) cycle. Radial growth was measured at 10 days 
after incubation and baseline sensitivities and EC50 values were determined. Fluxapyroxad and propiconazole 
inhibited mycelium growth to a greater degree than did azoxystrobin.

Research conducted by S. Uppala, L. Zhou, B. Liu, M. Wu and X. G. Zhou. This research is funded by the Texas Rice Research Foun-
dation. For more information, please contact Dr. Sai Sree Uppala (sai.uppala@ag.tamu.edu) or Dr. Xin-Gen (Shane) Zhou at (409) 
752-2741 or xzhou@aesrg.tamu.edu.

Developing Sustainable and Profitable Strategies for Integrated 
Pest Management in Southern Organic Rice

Organic rice production has steadily increased in the U.S. over the last 20 years, with a majority of the 
acreage grown in the southern rice producing states. Farmers are seeking new ways to capture value added mar-

kets, such as organic rice production, to sustain farming and rural communi-
ties. Due to warm and long growing seasons in the South, disease, weed and 
insect pests are among the primary factors limiting the expansion of the or-
ganic rice industry. With the support of a $1 million grant from USDA/NIFA 
Organic Agriculture Research and Extension Initiative (OREI), we have es-
tablished the first Center of Excellence for organic rice research in the U.S., 
which is comprised of an interdesciplinary team of scientists from Texas, Ar-
kansas and Washington DC, with expertise in plant pathology, entomology, 
weed science, genetics, planting breeding, plant nutrition, agronomy, agricul-
tural economics and extension outreach to develop sustainable and profitable 
management strategies to minimize losses caused by disease, weed and insect 
pests. This 3-year project has been ongoing since September 2015. 

The goal of this project is to develop a production system that will allow producers to grow organic rice 
more sustainably and profitably. Specifically, we will: 1) identify rice varieties that have high yield potential under 
organic management, resistant to diseases that are common to organic production (narrow brown leaf spot, brown 
spot, and straighthead), and tolerant to weeds and rice water weevil; 2) quantify plant growth parameters (seedling 
vigor, growth rates, maturity, tillering, etc.) that are associated with high yield under organic systems; 3) provide 
an economic analysis of the crop value of conventional and specialty varieties grown using different seeding 
rates; 4) demonstrate the direct impact of cover crops that enhance soil nutrient reserves and improve soil health, 
when used in combination with varieties that are pathogen resistance, and weed and rice water weevil tolerant, 
(Fig. 1); 5) demonstrate improved efficacy of combined use of varietal resistance, gibberellic acid seed treatment, 
and biofungicides for stand increase and suppression of diseases and weeds; 6) establish a long-term organic rice 
field testing site in Arkansas (Fig. 2); and 7) create a multistate outreach and extension program including stake-
holder advisory board, on-farm demonstrations, and multiple means for dissemination of information. Also, we 
will identify profitable and cost effective pest management practices and develop interactive organic rice budgets 

Fig. 1. Organic certified rice research 
plots at Texas A&M AgriLife Research 
and Extension Center, Beaumont, TX.
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to assist producers in profitability estimation. This will help 
organic producers identify management practices that reduce 
production costs and increase economic returns and facilitate 
price premiums that ensure profitable production and more 
consistent supplies of organic rice to buyers.

Potential implementation of some of these tools can be 
expected at the end of this project, and their implementation 
should strengthen the capacity of organic rice producers to 
battle disease, weed and insect pests. Organic rice farmers and 
industry members are our primary target audiences for this 
project as they will directly and immediately benefit from the 
development of integrated pest management strategies that 
are well suited for organic rice production.

Research conducted by Xin-Gen Zhou, Anna McClung, Fugen Dou, Brad 
Watkins, Muthu Bagavathiannan, Mo Way, Bihu Huang, Sixte Ntamatun-
giro and Jessica Shade. This research is funded by the USDA NIFA OREI. 
For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 
752-2741 or xzhou@aesrg.tamu.edu.

Fig. 2. Crimson clover cover crop in research plots at Uni-
versity of Arkansas, Pine Bluff, AR.
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