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PLANT BREEDING AND GENETICS 

New Elite Rice Breeding Lines Selected for Multi-State Performance Trials 

A series of performance trials are conducted every summer in Beaumont and Eagle Lake, Texas. 
Grain yield, agronomic and milling traits are gathered in replicated trials as a basis for further advancement. 
The best in the state wide preliminary yield trials conducted at Beaumont, in a four replication trial, and at 
Eagle Lake, in a three replication trial, are nominated to the multi-state trials called Uniform Regional Rice 
Nursery (URRN). The URRN is a collaborative trial to evaluate performance of promising elite breeding 
material from state breeding programs of Texas, Louisiana, Arkansas, Missouri and Mississippi. Entries could 
be a long grain, medium grain, aromatic, inbred, or hybrid. 

Table 1. Grain yield, agronomic and milling traits of Texas elite breeding lines, 2011-2013. 

Entry Days to 
Heading 

Days to 
Maturity 

Plant 
Height 
(cm) 

Yield 
(lb/A) 

% Total 
Milled 
Rice 

% Whole 
Milled Rice 

TXEL0440 82.11 118.19 97.46 9359.10 69.00 60.21 
TXEL0439 87.00 118.69 97.58 8753.87 69.66 62.48 
TXEL0415 80.89 117.94 95.75 8714.89 70.43 61.40 
TXEL0435 86.22 121.04 101.50 8471.79 70.07 62.61 
TXEL0437 79.22 118.48 98.58 8241.90 68.77 59.91 
TXEL0441 83.78 118.22 100.88 8236.47 69.33 60.66 
TXEL0428 80.56 118.09 97.29 8097.64 70.30 61.48 
TXEL0443 79.67 118.00 95.92 7993.08 69.64 59.19 
TXEL0434 83.44 119.98 91.29 7944.68 71.04 63.19 
TXEL0432 84.22 120.33 105.54 7872.79 69.48 61.28 
PRESIDIO 78.67 117.70 92.38 7625.17 69.92 60.25 
COCODRIE 80.56 120.83 96.08 8657.32 69.74 60.34 

Using the data from 2011-2013, ten entries were selected for the 2014 URRN trials. These entries will 
be included at the preliminary subset within the URRN having 120 entries from five state breeding programs. 
Table 1 shows the yield, agronomic and milling traits of the ten entries along with the check varieties, 
Cocodrie and Presidio. The grain yield for all 10 entries ranged from 7,872-9,359 lb/A, generally higher than 
Presidio. The best entry, TXEL 0440 had an average yield of 9,359 lb/A, 8% more over Cocodrie and 23% 
over Presidio (see Fig.1). It yielded 10,138 lb/A at Beaumont in 2011 and 11,293 lb/A at Eagle Lake in 2013. 
It was derived from a cross involving Saber, L-202, and a line from Lemont/Teqing cross. Most of the entries 
mature like the two check varieties and had desirable % total milled and whole milled rice of at least 70% and 
60%, respectively. 

Texas Rice Special Section 



 Texas Rice Special Section - 2 

Performance trials conducted 
by Rodante E. Tabien, 
Chersty L. Harper and Jack 
Vawter. 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. 

 

 

 

Best Genotypes in Herbicide and Drought Tolerance Trials 

Grain yield under stress conditions is generally used as an indicator of stress tolerance or resistance; 
however this may not be the best indicator of the genotypic stress tolerance/resistance in terms of plant 
production. The yield stability or extent of variation in yield between stress and non-stress conditions is 
widely accepted as a good indicator of stress tolerance. Aside from the joint linear regression and its 
modification that need data from multi-location trials, the susceptibility index from testing genotypes in two 
environments (stress and non-stress conditions) can indicate stability. The 'stress susceptibility index' (SSI) 
for each genotype estimates the rate of change in yield between two environments relative to the mean change 
for all genotypes. It can be estimated as follows: SSI= (1-Ys/Yp)/(1-Xs/Xp,) where Ys is yield under stress, 
Yp is yield without stress and Xs and Xp represent average yield over all varieties under stress and non-stress 
conditions, respectively. The term (1-Xs/Xp) is defined as 'stress intensity'. It was shown that SSI was 
strongly correlated with the slope of the joint linear regression for yield indicating that SSI also expressed 
yield. SSI can distinguish genotypes having minimum yield reduction under stress compared to normal 
conditions. SSI value that is more and less than 1 indicate above and below-average susceptibility to stress, 
respectively. The lower values of SSI indicate lower differences in the yield across stress and non-stress 
conditions, hence more stable. Genotypes with low SSI have some plasticity in response to stress conditions. 
Based on the reaction to a stress, genotypes can be grouped as follows: Group A - genotypes which have high 
yield in both stressed and non stressed conditions, Group B - genotypes which have only high yield in non-
stressed conditions, Group C- genotypes which have only high yield in stressed conditions, Group D - 
genotypes which have poor yield in both stressed and non-stressed conditions. Genotypes that are selected by 
SSI may have low potential yield, but their yield is high or stable under stressed conditions. This index cannot 
separate group A from group C, although it can separate groups B and C from other groups. An index that can 
differentiate genotype group A from other groups is Stress tolerance Index (STI) and it is estimated using the 
formula: STI= (Yp×Ys)/Yp2, where Ys and Yp are similar to the notation used in SSI. Genotypes with high 
STI have high stress tolerance and yield potential. This genotype can produce high yield under both stressed 
and non-stressed conditions. 
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Fig. 1. Yield advantage of Texas elite breeding lines over Cocodrie and Presidio. 2011-2013. 
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Table 1. Grain yield (lb/A) of ten rice genotypes when sprayed with Liberty herbicide and grown in aerobic 
system with drought. 

Entry 
2012 2013 Two Year Average 

No 
stress HT DT No 

stress HT DT No 
stress HT DT 

TXHT-
0001 5178 3742 3892 4636 1606 939 4907 2674 2415 

TXHT-
0002 4136 3202 3278 4786 2387 2431 4461 2795 2854 

TXHT-
0003 4303 3735 3429 4589 2836 1837 4446 3286 2633 

TXHT-
0004 4178 3839 4012 4621 2667 2296 4400 3253 3154 

TXHT-
0005 2633 2289 2096 3364 1479 1315 2999 1884 1706 

TXHT-
0006 4232 3960 3306 4272 1686 1696 4252 2823 2501 

TXHT-
0007 4562 3343 3837 4321 2649 1611 4442 2996 2724 

TXHT-
0008 7947 4969 6175 6548 3663 2894 7248 4316 4535 

TXHT-
0009 6894 4065 4797 2993 1316 618 4944 2691 2707 

Rondo 6208 3714 4690 6940 2247 2418 6574 2981 3554 
Mean 5027 3686 3951 4707 2254 1805 4867 2970 2878 

*HT =Liberty herbicide sprayed plots, **DT = aerobic with drought stress 

 
Table 2. Stress Susceptibility Index (SSI) of ten rice genotypes when sprayed with Liberty herbicide and 
grown in aerobic system with drought. 

Entry 
Liberty Herbicide Application Aerobic with Drought 

2012 2013 2 year 
data 2012 2013 2 year data 

TXHT-0001 1.02 1.25 1.17 1.16 1.29 1.24 
TXHT-0002 0.83 0.96 0.96 0.97 0.80 0.88 
TXHT-0003 0.48 0.73 0.67 0.95 0.97 1.00 
TXHT-0004 0.30 0.81 0.67 0.19 0.82 0.69 
TXHT-0005 0.48 1.08 0.95 0.95 0.99 1.06 
TXHT-0006 0.24 1.16 0.86 1.02 0.98 1.01 
TXHT-0007 0.98 0.74 0.83 0.74 1.02 0.95 
TXHT-0008 1.38 0.85 1.04 1.04 0.91 0.92 
TXHT-0009 1.51 1.07 1.17 1.42 1.29 1.11 

Rondo 1.48 1.30 1.40 1.14 1.06 1.12 
Mean 0.87 1.00 0.97 0.96 1.01 1.00 
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Table 3. Stress Tolerance Index (STI) of ten rice genotypes when sprayed with Liberty herbicide and grown 
in aerobic system with drought. 

Entry 
Liberty Herbicide Application Aerobic with Drought 

2012 2013 2 year 
data 2012 2013 2 year data 

TXHT-0001 0.77 0.34 0.55 0.80 0.20 0.50 
TXHT-0002 0.52 0.52 0.53 0.54 0.53 0.54 
TXHT-0003 0.64 0.59 0.62 0.58 0.38 0.49 
TXHT-0004 0.63 0.56 0.60 0.66 0.48 0.59 
TXHT-0005 0.24 0.22 0.24 0.22 0.20 0.22 
TXHT-0006 0.66 0.33 0.51 0.55 0.33 0.45 
TXHT-0007 0.60 0.52 0.56 0.69 0.31 0.51 
TXHT-0008 1.56 1.08 1.32 1.94 0.86 1.39 
TXHT-0009 1.11 0.18 0.56 1.31 0.08 0.56 

Rondo 0.91 0.70 0.83 1.15 0.76 0.99 
Mean  0.77 0.50 0.63 0.84 0.41 0.62 

The ten genotypes were evaluated in Liberty sprayed fully irrigated plots, not sprayed full irrigated 
plots and aerobic/rainfed plots for two years. As previously reported, variations among genotypes were 
observed in all trials. To determine the yield stability of the genotypes in herbicide and water stress 
environments, SSI was estimated on a yearly basis and across two years while STI was used to determine the 
best genotype for stress and yield potential. The yield potential of the genotypes in three growing conditions 
is shown in Table 1. TXHT-0008 had the highest yield in two stresses and non-stress condition followed by 
TXHT-0004. The lowest yielding entry was TXHT-005, a small-seeded genotype. Based on SSI shown in 
Table 2, Rondo, TXHT-0001 and TXHT-009 were more susceptible to Liberty herbicide application on 
average, while TXHT-0002, TXHT-0003, TXHT-0004 and TXHT-0007 were less susceptible to herbicide 
application on yearly and across year data. The rest of the genotypes were not consistent on yearly and across 
year response. In an aerobic production system, similar to Liberty response, Rondo, TXHT-0001 and TXHT-
0009 were more susceptible to drought than average. TXHT-0002 and TXHT-0003 were consistently below 
1.0 on yearly and across year data, thus again less susceptible than average genotype and can be considered 
drought tolerant. The STI estimates in Table 3 showed high values for TXHT-0008 both in herbicide and 
drought stress but low values for TXHT-0005, the lowest yielding genotype. Among the best in SSI, TXHT-
0004 had the highest STI values. Therefore, for high yield potential, and best stress (herbicide and drought) 
response, TXHT-0008 will be the best donor followed by TXHT-0004. 

Research conducted by Rodante E. Tabien, Chersty L. Harper, Patrick Carre and Kyle Jones. 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. 

Yield Stability of Selected Rice Genotypes at the Uniform Regional Rice Nursery 

Multi-location and multi-year performance trials are components of breeding programs. These trials 
aim to determine genotypic performance in different years and locations, collectively called different 
environments. A genotype may perform well only in a particular environment thus released as a variety for 
specific environment; but some genotypes perform well across several environments and be recommended for 
general release. In most cases, genotype and environment interaction is very high and selection of the best 
genotype can be difficult. 
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Stability usually refers to the ability of a genotype to perform consistently, whether good or poor 
across a wide range of environments. There are several methods developed to assess stability but the most 
widely used are the Finlay and Wilkinson’ b regression coefficient, the environmental variance, and the 
Shukla’s stability variance that is equivalent to Wricke’s ecovalence in ranking genotypes. The Finlay and 
Wilkinson’ b regression coefficient is estimated using the formula: Rij = ai + bimj, where Rij = genotype 
yield response in environment j, ai = intercept value, and mj = the environmental mean yield. A regression 
coefficient approximating 1.0 indicates an average stability, and in association with high yield, the entry 
possesses general adaptability. However, some entries with a low yield would be poorly adapted to the 
environment. Regression coefficient values increasing above 1.0 describe genotypes with increasing 
sensitivity to environmental change, thus below average stability. Regression coefficients decreasing below 
1.0 provide a measure of greater resistance to environmental change, thus above average stability, where the 
greatest stability is b = 0. The environmental variance (S2) is one of the major stability measures for the static 
stability concept, i.e. the variance of genotype yields recorded across test or selection environments. For the 
genotype i: Si = Σ (Rij - mi)2/(e - 1), where Rij = observed genotype yield response in the environment j, mi = 
genotype mean yield across environments, and e = number of environments. Greatest stability is S2 = 0. 
Wricke’s ecovalence for i: Wi2 = ∑ (Rij - mi - mj + m)2, where Rij is the observed yield response (averaged 
across experiment replicates), mi and mj correspond to previous notations, and m is the grand mean. Greatest 
stability is W2 = 0. 

Table 1.  Yield stability analysis of 22 rice genotypes with yield data in 13 environments (2006-2013). 

Entry RU Number 
Mean 
Yield 
(lb/A) 

Enviromental 
Variance (S2) 

Standard 
Deviation 

(S) 

Coefficient 
of 

Variation 
(CV) 

b 
Coefficient Ecovalence 

75 RU0903190 8951.47 2695687.1 1641.85 0.18 1.2 32.03 
159 ANTONIO 8891.82 2340280.7 1529.8 0.17 1.12 7.8 
123 RU1003123 8732.95 1976210.3 1405.78 0.16 1.05 1.41 
12 RU0803147 8630.02 1960820.6 1400.29 0.16 0.93 0.08 
49 RU0903147 8527.19 3136871.1 1771.12 0.21 1.26 3.73 
141 RU1003141 8498.7 2523823.6 1588.65 0.19 1.22 19.1 
52 RU0703181 8479.07 1371986.2 1171.32 0.14 0.88 0.16 
29 RU0803153 8477.76 1542016.2 1241.78 0.15 0.81 13.11 
59 COCODRIE 8477.23 1658424.8 1287.8 0.15 0.85 6.51 
72 RU0903123 8435.45 1927809.1 1388.46 0.16 1.06 28.12 
43 RU0803181 8429.63 1442745 1201.14 0.14 0.9 27.65 
89 RU1003089 8347.32 3559104.3 1886.56 0.23 1.29 13.72 
9 RU0903141 8339.26 3593606.9 1895.68 0.23 1.42 8.68 

113 RU1003113 8261.27 2077553.7 1441.37 0.17 0.9 9.46 
32 COLORADO 8241.98 2270770.2 1506.91 0.18 0.97 0.63 
46 RU1003116 8166.69 2076972.8 1441.17 0.18 1 20.65 
78 RU0703184 8156.65 1340306.7 1157.72 0.14 0.82 25.73 
132 RU1003132 8128.68 3193704.3 1787.09 0.22 1.28 21.03 
19 PRESIDIO 8097.07 1245131.9 1115.85 0.14 0.72 0.16 
26 RU1003129 8069.27 1716785.5 1310.26 0.16 0.82 8.88 
169 RU1203169 8027.33 1721920.4 1312.22 0.16 0.67 14.22 
166 RU1003166 7950.02 1762140.5 1327.46 0.17 0.96 0.05 
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Yield trials conducted in Beaumont and Eagle Lake since 2006 were used as the source of data for 
yield stability analysis. Twenty-two selected elite lines with data in 13 environments (year and location) were 
used in the analysis. The formulas listed above were used and the results are shown in Table 1. Environmental 
variance, standard deviation and coefficient of variation were very high in four entries (Entry 49, 89, 9 and 
132) and low in Entry 52, 43, 78 and Presidio. Among entries with yield above Cocodrie, all except Entry 49 
and 141 had relative lower yield variance, SD and CV. Using b coefficient, several entries had above 1.0, 
including the top yielder (Entry 75) and Antonio. These genotypes have increasing sensitivity to 
environmental change. Cocodrie, Colorado and Presidio had coefficients with values lower than 1.0, thus 
with greater resistance to environmental change and above average yield stability. Ecovalence close to zero 
has greater stability. The lowest ecovalence value was estimated in the lowest yielding entry, followed by 
high yielding entry (Entry 12), Presidio and Entry 52. The top yielding entry (Entry 75) had high ecovalence 
of 32.03. Both Antonio and Cocodrie had moderate values but Colorado showed much lower values similar to 
Presidio. Considering all yield stability estimates, Entry 12 and 52 are the promising entries, followed by 
Entry 29, 49 and 123. Entry 75 had the highest yield but was less stable relative to the other entries. 
Moreover, it had lower percent head rice relative to the promising entries. All entries below Colorado were 
dropped in the 2014 URRN due either to stable low yield, low and variable yield, lower percent head rice, or 
any combination of the variables. 

Research conducted by Rodante E. Tabien, Chersty L. Harper, Jack Vawter and Patrick Carre. 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. 

Weather Data, Grain Yield and Milling Traits in Four U.S. Released Rice Varieties 

The weather during reproductive stage of rice such as temperature and relative humidity is critical as 
this can affect grain yield and milling quality. The percentage filled grains and weight of grain, two of the 
yield determinants are realized at this stage. A high temperature at ripening stage can cause spikelet sterility 
and shorten the grain filling. U.S. rice varieties are more sensitive to high temperature than Asian rice. Air 
temperature between 32-35oC (89.6-95oF) was found to be the threshold for grain yield in some U.S. rice 
varieties. High temperature during early grain filling increases fissuring at maturity. The average daily 
maximum temperature during 10 days after heading was highly correlated with fissuring. High temperature 
during the final stages of grain filling may result in excessive chalkiness. Radiation and relative humidity 
(RH) are also important environmental factors affecting grain yield and quality and may interact with 
temperature. Temperature above 35oC and radiation lower than 200 cal cm2 per day at flowering can cause 
40-60% sterility. Similarly, high RH of 88% at 35oC increases sterility. RH of 85–90% at heading and 35oC 
days with 30oC (86oF) night temperature can induce complete grain sterility. Varieties with a wider spread of 
pollination may provide an advantage during adverse weather conditions.  

Air temperature, relative humidity (RH) and the amount of solar radiation are recorded on a daily 
basis in most weather stations. Using this information in relation to the performance of genotypes after a 
series of trials may indicate response or relationship. Mean weather data 7, 14, 21 and 30 days after 50% 
flowering (DAF) of four U.S. released varieties namely: Cocodrie, Presidio, Antonio and Colorado during six 
years (2007-2012) in the Uniform Regional Rice Nursery (URRN) trials were estimated to determine their 
correlation with main crop yield, percent total and whole milled rice. The six year daily air temperature 
(minimum, maximum, and average), relative humidity (minimum, maximum, and average) and solar 
radiation were obtained from iAIMS climatic data in Beaumont available online at 
https://beaumont.tamu.edu/ClimaticData/ (from Wilson et al. 2007 and Yang et al. 2010 citation on the 
Beaumont climate data website).  
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Fig. 1. Average air temperature (oF, Average, Maximum), air relative humidity (RH, Average, Maximum, Minimum) and 
solar radiation (MJ/m^2/Day) at 7, 14, 21 and 30 days after flowering in Presidio, Colorado, Cocodrie and Antonio. 
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 Table 1 highlights the significant correlations of weather parameters with yield and milling traits in a 
six-year data set of four released rice varieties. Among the four genotypes, Cocodrie was the most sensitive, 
followed by Antonio, Colorado and Presidio. Fig.1 showed that the four varieties were exposed to different 
mean air temperature, RH and solar radiation at reproductive stage, from 7 to 30 DAF (Days after flowering). 
Yield of Antonio was positively correlated with the amount of solar radiation 7, 14, 21 and 30 DAF but 
negatively correlated with the minimum RH (14, 21, and 30 DAF), and average RH (21 and 30 DAF). 
Percent total milled rice of Antonio was negatively correlated with minimum and average RH at 7, 14, and 30 
DAF and positively correlated with maximum air temperature at 30 DAF. Similarly, percent head rice of 
Antonio is negatively correlated with minimum RH at 7, 14, 21 and 30 DAF and average RH at 30 DAF. 
Yield of Cocodrie was negatively related to minimum RH (21 and 30 DAF) and average RH at 30 DAF. Both 
percent total milled and whole milled rice of Cocodrie were positively correlated with solar radiation (21 and 
30 DAF), maximum air temperature (7, 14, 21 and 30 DAF) and average air temperature at 30 DAF, but 
negatively correlated with minimum RH (7, 14, 21 and 30 DAF), and average RH (14, 21, and 30 DAF). 
Percent total milled rice of Cocodrie was negatively correlated with average RH (14 DAF) and maximum RH 
at 30 DAF. No significant correlation for Colorado was obtained except for grain yield and maximum RH at 
30 DAF, percent total milled rice and maximum RH at 30 DAF, and percent whole milled rice and maximum 
RH (7, 14, 21 and 30 DAF), which were all positive correlations. Presidio seems to be most stable since no 
significant correlation was obtained. These results followed the trend in yield stability analysis using a larger 
data set. 
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Milled 
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Milled 
Rice
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Milled 
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Milled 
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Grain 
Yield  
lb/A

%Total 
Milled 
Rice

% 
Whole 
Milled 
Rice

Grain 
Yield  
lb/A

%Total 
Milled 
Rice

% 
Whole 
Milled 
Rice

SolarRad (MJ/m^2/Day) 7DAF 0.6922 0.4222 0.4353 0.2199 0.5547 0.481 -0.4 -0.486 -0.186 0.3474 -0.0646 -0.0923
SolarRad (MJ/m^2/Day) 14DAF 0.6267 0.3762 0.3384 0.3423 0.4942 0.5454 -0.12 -0.488 -0.468 0.5965 -0.2882 -0.2617
SolarRad (MJ/m^2/Day) 21DAF 0.6418 0.2123 0.2799 0.332 0.6199 0.6108 0.343 -0.133 -0.393 0.5001 -0.3186 -0.3281
SolarRad (MJ/m^2/Day) 30DAF 0.615 0.4166 0.3772 0.4563 0.6777 0.6552 0.232 -0.258 -0.387 0.5078 -0.2987 -0.3119
AirRH Min (%) 7DAF -0.5313 -0.7557 -0.623 -0.4322 -0.717 -0.662 0.41 0.318 0.0315 -0.3012 -0.0408 -0.0723
AirRH Min (%) 14DAF -0.6788 -0.7061 -0.693 -0.5847 -0.72 -0.769 -0.04 0.0743 0.0839 -0.4711 0.199 0.1242
AirRH Min (%) 21DAF -0.862 -0.5708 -0.779 -0.6482 -0.777 -0.863 -0.57 -0.295 -0.099 -0.5454 0.2141 0.1357
AirRH Min (%) 30DAF -0.8285 -0.7028 -0.838 -0.8049 -0.803 -0.912 -0.54 -0.26 -0.093 -0.541 0.2106 0.1166

AirRH Max (%)  7DAF -0.1857 -0.3176 -0.003 -0.2067 -0.59 -0.543 0.623 0.747 0.7716 -0.1029 0.3874 0.431
AirRH Max (%) 14DAF -0.2043 -0.3195 0.0065 -0.1578 -0.502 -0.471 0.277 0.5107 0.7364 -0.1655 0.4449 0.4883
AirRH Max (%) 21DAF -0.2791 -0.2888 -0.055 -0.1653 -0.596 -0.54 0.132 0.4238 0.731 -0.1424 0.4414 0.4801
AirRH Max (%) 30DAF -0.214 -0.4076 -0.077 -0.2238 -0.649 -0.576 0.131 0.3636 0.6448 -0.0933 0.4655 0.5102

AirRH Avg (%) 7DAF -0.4982 -0.6305 -0.459 -0.2845 -0.609 -0.556 0.57 0.5501 0.2903 -0.2715 0.0388 0.0283
AirRH Avg (%) 14DAF -0.5354 -0.6479 -0.484 -0.4545 -0.651 -0.679 0.223 0.3872 0.4041 -0.4132 0.3185 0.2742
AirRH Avg (%) 21DAF -0.6903 -0.5381 -0.528 -0.4746 -0.751 -0.766 -0.15 0.2162 0.43 -0.443 0.331 0.3023
AirRH Avg (%) 30DAF -0.6229 -0.7206 -0.61 -0.6726 -0.85 -0.873 -0.16 0.1605 0.3263 -0.4262 0.3298 0.2863

Air Temp Min(ÂºF) 7DAF -0.3713 -0.2152 -0.247 -0.1815 0.2129 0.1319 -0.26 0.2265 0.1262 -0.4827 -0.0015 -0.0225
Air Temp Min(ÂºF) 14DAF -0.3491 -0.3524 -0.39 -0.4234 -0.197 -0.166 -0.12 0.3633 0.2412 -0.1545 0.1584 0.171
Air Temp Min(ÂºF) 21DAF -0.1731 -0.1051 -0.167 -0.2984 0.0016 0.0219 -0.03 0.3081 0.1 -0.2374 0.1198 0.1239
Air Temp Min(ÂºF) 30DAF -0.1611 -0.0522 -0.171 -0.2897 0.1242 0.0985 0.006 0.3449 0.104 -0.2733 0.0403 0.0256

Air Temp Max(ÂºF) 7DAF 0.3079 0.5655 0.3494 0.3092 0.7079 0.6206 -0.6 -0.33 -0.11 0.1061 0.023 0.0255
Air Temp Max(ÂºF) 14DAF 0.5018 0.5885 0.4663 0.3339 0.6042 0.6309 -0.15 -0.162 -0.266 0.3444 -0.2334 -0.176
Air Temp Max(ÂºF) 21DAF 0.5668 0.5117 0.477 0.398 0.7059 0.7362 0.241 0.1063 -0.194 0.3436 -0.2706 -0.2358
Air Temp Max(ÂºF) 30DAF 0.5312 0.6212 0.5053 0.4576 0.7829 0.7817 0.251 0.0841 -0.217 0.2671 -0.2974 -0.268

Air Temp Avg(ÂºF) 7DAF 0.1827 0.374 0.1949 0.0918 0.5502 0.4579 -0.66 -0.381 -0.232 -0.0858 -0.0605 -0.0703
Air Temp Avg(ÂºF) 14DAF 0.2797 0.3852 0.2039 0.0297 0.3363 0.3657 -0.41 -0.263 -0.36 0.251 -0.2223 -0.1686
Air Temp Avg(ÂºF) 21DAF 0.3525 0.3373 0.241 0.1264 0.5118 0.524 0.032 -0.015 -0.336 0.2488 -0.2657 -0.2461
Air Temp Avg(ÂºF) 30DAF 0.3331 0.5252 0.328 0.2446 0.6705 0.6395 0.084 0.0306 -0.277 0.153 -0.284 -0.2662
Note:  Highlighted values were significant at 5% (blue) and 1% (green).

Table 1. Correlation coefficient of yield and milling traits with weather parameters in Antonio, Cocodrie, Colorado and Presidio (2007-2012 URRN).

Weather Parameter

Antonio Cocodrie Colorado Presidio
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Research conducted by Rodante E. Tabien, Chersty L. Harper and Patrick Carre. 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 PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Rice Lines with High Leaf Mineral Nutrient Levels 

Phosphorus (P) and potassium (K), and sometimes other minerals are applied as fertilizer, in addition 
to nitrogen, to help achieve high yields in Texas rice production. For some nutrients, total levels in soil are 
sufficient to support the desired rice crop growth, but are not in a form that is 
readily accessible by the plant. To save on fertilizer costs, a potential option 
is to use varieties that can better exploit the nutrients present in the soil. This 
could decrease the frequency and/or amount of fertilizer application. The 
Plant Physiology project and colleagues, especially Shannon Pinson with 
USDA ARS and Ratnaprabha Chittoori now at Boise State University have 
systematically been screening a diverse collection of rice lines (the USDA 
core collection) for mineral element properties. The screening has been 
performed at the Texas A&M AgriLife Research Center at Beaumont (Fig. 
1) under flooded and unflooded conditions over the last seven years. High 
leaf levels of a nutrient indicate the ability to take up the nutrient from the 
soil and transfer it to the vegetation where it can assist the physiology. High 
levels of nutrients in seed can sometimes promote seedling vigor. The 
various micronutrients can sometimes be limiting depending largely on soil 
conditions. Among the key findings of interest to the Texas rice industry: 

• Phosphorus (P) is important in all aspects of plant metabolism, especially in energy metabolism; 
phosphorus is also a key structural component of DNA and other compounds. Rice lines have been 
identified that accumulate 1.4X leaf P compared to a common U.S. variety, and also provide high grain P. 

• Potassium (K) is needed by plants for growth of new buds, maintaining tissue water balance, and for 
photosynthesis and subsequent transfer of the photosynthate to other parts of the plant. Rice lines have 
been identified that accumulate 1.5X leaf K compared to a common U.S. variety, and also provide high 
grain K. One of the high leaf K lines also has high leaf P. 

• Sulfur (S) is essential in the structure of proteins, and has a special role in energy metabolism and in the 
formation of compounds that help protect against stress. Rice lines have been identified that accumulate 
1.7X leaf S compared to a common U.S. variety, and also provide high grain S under some conditions. 

• Zinc (Zn) is essential in detoxification metabolism, as well as carbohydrate and nitrogen metabolism. 
Zinc is frequently added as a rice seed treatment to enhance seedling vigor. Rice lines have been 
identified that accumulate 2X leaf Zn compared to a common U.S. variety, and also provide high grain 
Zn. 

• Magnesium (Mg) is well-known as a component of chlorophyll, but is also critical in energy metabolism 
and protein synthesis. The common U.S. rice variety used as a check in the studies has high leaf Mg. A 
rice line has been identified that accumulates 1.1X leaf Mg compared to the common U.S. variety, and 
also provides high grain Mg. 

• Calcium (Ca) is used by rice plants in providing stability to cell membranes and cell walls, and in 
mediating specific plant responses to the environment. Rice lines have been identified that accumulate 
1.5X leaf Ca compared to a common U.S. variety, and also provide high grain Ca.  

Fig. 1. A small part of the >1400 
rice lines screened at Beaumont 
over the last seven years for 
mineral nutrient properties. 
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• Manganese (Mn) is essential for rice plants for detoxification and energy metabolism and in 
photosynthesis, but can be toxic at higher levels. Rice lines have been identified that accumulate, 0.6- to 
1.6X leaf Mn compared to a common U.S. variety, while also providing high grain Mn. 

• Molybdenum (Mo) is essential for nitrogen metabolism in rice plants. Rice lines have been identified that 
accumulate 7X leaf Mo compared to a common U.S. rice variety, and also provide high grain Mo. 

The progress toward identifying the DNA markers that will be used for efficient marker-assisted 
conventional breeding to improve these mineral nutrient levels varies greatly from mineral to mineral. The 
research provides the potential to allow decreased fertilizer use and increased sustainability in Texas rice 
production. Improvement of leaf/grain levels of micronutrients can potentially provide more environmentally 
robust rice varieties. 

Research conducted by Dr. Lee Tarpley, Dr. Ratnaprabha Chittoori (Boise State University), Dr. Shannon R. M. Pinson (USDA 
ARS, Stuttgart, AR), Dr. David E. Salt (University of Aberdeen, U.K.), and Dr. Abdul Razack Mohammed. Funded by NSF DBI 
070111. For more information, please contact Dr. Tarpley at 409-752-2741 ext. 2235 or ltarpley@tamu.edu 

Prevention and Amelioration of Stresses in Rice Production 

Rice production along the Gulf Coast experiences various stresses such as reduced water, high night 
temperature (HNT), high ultraviolet-B (UV-B), cool soil temperature during planting, and nutrient stress. 
Limited water supply has reduced rice acreage in Texas, whereas HNT and UV-B radiation reduce rice yield. 
Recent meteorological data indicates faster increases in night temperature, drought and UV-B radiation across 
the rice production areas of the world. The Physiology Project has has studied the effects of water stress 
[flooded rice vs. aerobic rice (alternate wetting and drying- procedure from International Rice Research 
Institute)], heat stress [HNT (30 oC) vs. ambient night temperature (ANT; 25 oC)], UV-B radiation stress 
[high UV-B (10 kJ m-2 d-1) vs. ambient UV-B (5 kJ m-2 d-1)], nitrogen stress [Normal vs. low (40% less than 
normal N), and cool soil temperature stress [normal vs. low (15.5 oC)]. All of the these stresses decrease rice 
yield (see Table 1). 

Table 1. Effects of various stresses on rice yields. 

 
Stress 

 
Ambient 

 
High/Low 

% change in yield 
from ambient 

Year of 
study 

 
Variety 

      
Water Flooded Aerobic  27% decrease 2010 Rondo 

      
High night temperature 25 oC 30 oC 11% decrease 2012 XL723 

      
UV-B radiation 5 kJ m-2 d-1 10 kJ m-2 d-1 21% decrease 2012 Cocodrie 

      
Low N fertility Normal N  40% less N 26% decrease 2010 XL723 

      
Cool soil temperature 21 oC (70 oF) 

soil 
temperature 

15.5 oC (60 oF) 
soil 
temperature 

Plant vigor 
decreased by 
51% 

2007 Cocodrie 

Models indicate that rice production will be subject to increases in a variety of environmental stresses 
affecting crop production, namely heat, drought, salinity, and relative humidity, hence farming will have to be 
better adapted in the future to a range of abiotic and biotic stresses. A long-term approach to negate the 
effects of abiotic stress is to develop stress-tolerant varieties. The short-term approach includes the use of 
agrochemicals, especially those with plant growth regulator (PGR) capabilities, for the prevention and/or 
amelioration of environmental stresses. The physiology project has screened and identified high UV-B 
tolerant, HNT-tolerant, and drought-tolerant varieties. The physiology project has also developed a set of 
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PGR’s to mitigate HNT stress and UV-B stress. The PGR’s include 1-methylcyclopropene (1-MCP), a-
tocopherol, abscisic acid (ABA), aminoethoxyvinylglycine (AVG), glycine betaine and salicylic acid.  

We appreciate the support from AgroFresh, Valent BioSciences and the Texas Rice Research 
Foundation for portions of this research. 

Research conducted by Dr. Abdul Mohammed and Dr. Lee Tarpley. For more information contact Dr. Mohammed 
(abdulrazack@neo.tamu.edu.) or Dr. Tarpley (ltarpley@tamu.edu). 

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

Variety selection is one of the most important decisions that a producer makes because it determines 
yield potential and best management practice. Research evaluation of rice varieties provides critical 
information for producers in variety selection. In this report, the performances of 8 popular or newly released 
varieties during 2013 are summarized. At the David R. Wintermann Rice Research Station (Eagle Lake), six 
inbreds (Antonio, Colorado, CL151, CL152, Mermentau, and Presidio) and two hybrids (Clearfield XL745 
and XL753) were drill-seeded on March 28, 2013. Main crops received 150 and 180 lb N/acre for hybrids and 
inbreds, respectively. Compared to inbreds, hybrids had consistently greater main crop (MC), ratoon crop 
(RC), and total grain yields (Table 1). The average MC yields were 12,182 lb/acre and 9,831 lb/acre for 
hybrids and inbreds, respectively. For hybrids, XL753 had greater MC, RC, and total grain yields than 
Clearfield XL745. For inbreds, Mermentau, CL151, and Antonio had the greater grain yields. Also, the 
milling yields were affected by the entries. CL152 and Antonio had higher milling yields for both MC and 
RC (Table 1). MC milling yields ranged from 63% to 68%. A similar range was observed for the RC. 

Table 1. Influence of the selected entries on rice grain and milling yields at the David R. Wintermann 
Rice Research Station at Eagle Lake, Texas during 2013. 

Conventional and 
Hybrid Varieties 

Grain Yield 
(lb/acre) 

 Milling Yielding (%) 
 MCa RC 

MC RC TC  WG TG WG TG 

XP753 12,637 7,085 19,722  67 75 65 72 

CLXL745 11,728 6,394 18,122  67 75 68 74 

CL151 10,694 5,167 15,861  66 74 67 72 

Mermentau 10,555 5,641 16,196  67 74 68 73 

Antonio 10,182 5,002 15,184  67 75 68 74 

CL152 9,817 4,164 13,981  68 74 66 73 

Colorado 9,678 4,252 13,930  63 74 65 72 

Presidio 8,058 5,380 13,438  65 74 64 72 

LSDb (α = 0.05) 525 686 883  1 1 2 1 

CVc (%) 13 19 14  2 1 3 1 
a. MC, RC, TC, WG, and TG refer to main crop, ratoon crop, total crop, whole grain, and total grain 

milling yield, respectively. 
b. LSD refers to least significant difference. 
c. CV refers to coefficient of variation. 
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At the Texas A&M AgriLife 
Research Center at Beaumont 
(Beaumont), the same entries were 
planted on March 22, 2013. A 
similar effect of variety on rice 
yield was observed (data not 
shown). All tested entries had MC 
yield greater than 9,000 lb/acre. The 
hybrids, Clearfield XL745 and 
XL753, had greater MC and total 
yields than the others. Among the 
inbreds, CL151, Antonio and 
Mermentau had the highest MC 
yields. Overall, entries at the Eagle 
Lake Station had comparable MC 
yields but greater RC yields than at 
the Beaumont Center. The milling 
quality was also affected by entries, 
ranging from 63% to 68% (Fig. 1).  

Research conducted by Drs. Fugen Dou, Lee Tarpley, Garry McCauley, Guangjie Liu and Jack Vawter. 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. 

Effects of Nitrogen Rates and Split Applications on Rice Ratoon Crop Production 

Rice ratooning contributes substantially to the income of Texas rice production. According to the 
Texas Rice Crop Survey (https://beaumont.tamu.edu/CropSurvey/CropSurveyReport.aspx), more than 60% 
of rice fields [main crop (MC) or first crop] were ratooned (Fig. 1) during the past three years. Nitrogen 
fertilization is a major input to achieve a high ratoon yield. The objective of this study was to test N rate and 
split applications on ratoon crop production.  

A completely randomized 
factorial design with four replications 
was used to test the effects of N rate 
and split applications on ratoon crop 
production. The tested variety 
(Presidio) received 180 lb N/acre 
during the first crop. For ratoon crop, 
the tested preflood N rates were 0, 90, 
120, and 150 lb N/acre. Also, for 
treatments receiving 90 lb N/acre 
preflood N only, a second application at 
the rate of 0, 30, or 60 lb N/acre was 
provided ten days later. This two-year 
summary is reported based on field 
trials conducted at Eagle Lake from 
2012 to 2013. MC yield did not differ 
significantly across the non-zero 
nitrogen treatments for either 2012 or 
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Fig. 1. Changes in the percentage of main crop ratooned in Texas. 

Fig. 1. Influence of the selected entries on rice milling yields at the Beaumont 
Center during 2013. 
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2013 (Table 1). Split applications did not increase RC grain yields (data not shown). The results from 2012 
and 2013 trials indicated that a single preflood 90 lb N/acre application provides sufficient N for the ratoon 
crop for Presidio produced at the Eagle Lake Station. 

Table 1. Influence of N rate and splitting on rice grain and milling yields at the David R. 
Wintermann Rice Research Station at Eagle Lake, Texas across 2012 and 2013. 

Preflood Nitrogen 
Rate (lb N/acre) 

Grain Yield (lb/acre) 
 RC* Milling 

Yielding (%)  
MC RC TC  WG TG 

 0 7,628a  2,696b  10,324b   64 72 

90 7,591a  5,555a  13,146a   65 72 

120 7,590a  5,768a  13,358a   65 72 

150 7,683a  5,593a 13,276a   65 72 
*MC, RC, TC, WG, and TG refer to main crop, ratoon crop, total crop, whole grain, and 
total grain, respectively. 

 
Research conducted by Drs. Fugen Dou, Lee Tarpley, Garry McCauley, and Jack Vawter. 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. 

Organic Rice Management Affects Greenhouse Gas Emissions 

Increased demand for organic rice has incentivized 
producer conversion from conventional to organically-
managed rice production in the U.S. Concerted efforts are 
underway to identify agronomic management practices that 
maximize crop yield. Organic rice cropping systems have 
potential to increase soil carbon sequestration, yet the 
impact of organic management practices on emissions of 

greenhouse gases (GHG) remains unknown. 

Field experiments were conducted at the 
Texas A&M AgriLife Research Center at 
Beaumont, Texas throughout 2013 and 2014 to 
assess and compare emissions of carbon dioxide 

Figure 1. (from left) Guangji Liu, Youzhong Lang,
and Joe Storlien collecting GHG emissions from
organic rice field plots.

Fig. 1. (from left) Guangji Liu, Youzhong Lang, and 
Joe Storlien collecting GHG emissions from organic 
rice field plots. 
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Fig. 2. Mean cumulative CH4 emissions from the first growing 
season of organic rice as affected by N source are reported with 
one standard error. 
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(CO2), methane (CH4), and nitrous oxide (N2O) from different organically-managed rice production 
scenarios. During 2013, the impact of rice variety (Presidio, Clearfield XL723, and Tesanai), nitrogen source 
[Rhizogen (7-2-1) and Nature Safe (13-0-0)], and nitrogen application rate (0, 150, and 210 kg N ha-1) on 
GHG emissions were evaluated within three fallow 
systems [ryegrass (Lolium multiflorum L.), durana 
clover (Trifolium repens L.), and weedy fallow]. Rice 
variety and N rate had little impact on GHG emissions 
during the first growing season. Nitrogen source 
significantly impacted CH4 emissions, where 
Rhizogen produced significantly more CH4 than 
Nature Safe (Fig. 2). This difference may be partially 
explained by the fact that nearly twice as much 
Rhizogen was applied to achieve the same N rate as 
Nature Safe. Additionally, cumulative CO2 emissions 
from each of the fallow systems were different from 
each other with ryegrass producing the most C O2 
followed by clover and then fallow.  

Following the initial harvest, the impacts of N 
application rate and residue management (with or 
without straw returned) on GHG emissions were evaluated on the 2013 ratoon crop. N rate had no impact on 
GHG emissions. Returning rice straw to the plots had no effect on CH4, but had a marginal effect (P = 0.071) 
but positive effect on CO2 emissions (Fig. 3).  

The impact of winter cover crop on GHG emissions was evaluated from February to March 2014. 
Fluxes of CH4 and N2O remained low over the winter, likely due to aerobic soil conditions and relatively low 

temperature. The aerobic conditions may 
have enhanced microbial decomposition 
of organic matter, as CO2 emissions were 
higher over the winter fallow season than 
the rice growing seasons. The highest 
CO2 emissions came from the clover 
cover crop followed by ryegrass and 
fallow (Fig. 4).  

This work provided important 
preliminary information on GHG 
emissions from organic rice production 
and will continue as an ongoing effort to 
identify management practices that 
maximize rice yield while minimizing 
GHG emissions. 

Research conducted by Drs. Fugen Dou, Joe 
Storlien, Youzhong Lang, Guanghua Li, Shu 
Wang, Guangjie Liu and Kip Landry. This 
research was funded by the USDA NIFA Organic 
Transition Program and USDA Southern SARE 

program. We thank Griffin LLC. for providing Nature Safe for this project. For more information, please contact Dr. Fugen 
Dou at (409) 752-2741 or f-dou@aesrg.tamu.edu.  
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Fig. 3. Mean cumulative CO2 emissions from the ratoon rice 
crop 2013 as affected by straw residue return are reported 
with one standard error (n = 6). ‘-R’ and ‘+R’ represent 
complete straw removal and straw returned, respectively. 
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INSECT AND DISEASE MANAGEMENT 

Entomology Project Research Highlights 

The Entomology Project (EP) conducts research with direct benefit to the Texas rice industry. Part of 
the EP’s job is to evaluate and help provide farmers with effective and affordable pest management tools that 
are minimally disruptive to the environment. To this end, in 2014 we are working on obtaining a provisional 
label for AV-1011---a blackbird repellent containing anthraquinone as the active ingredient. Way evaluated 
this product many years ago when Dr. Mike Avery (USDA wildlife management scientist) was conducting 
research at the Beaumont Center. In choice tests conducted in cages infested with blackbirds, they found 
anthraquinone-treated seed was not preferred by the birds. A meeting will take place at Crowley, LA on June 
11 to discuss the future of labeling this product in Texas. Seed and foliar applications will be topics of 
discussion. Doug Lawrence with Arkion Life Sciences (makers of AV-1011) invited Dr. Way to participate in 
this meeting. 

Some of our rice farmers also grow grain sorghum (milo). Last year, Dr. Way inspected a field of 
grain sorghum in Liberty Co, finding an aphid causing severe damage. The unknown aphid was sent off to an 
expert for identification. Turns out the aphid is the sugarcane aphid, Melanaphis sacchari, originally from 
Africa, but first found in Florida in 1977, Louisiana in 1999 and now Texas in 2013. The infestation and 
damage became widespread throughout the Gulf Coast of Texas and Louisiana in 2013. We were able to 
conduct an insecticide-screening test late last year in a commercial field of grain sorghum near China, TX. 
The results show Lorsban Advanced, Dimethoate 4EC and Transform WG performed the best (Table 1). 
Karate Z actually “flared” populations of aphids. 

Table 1. Mean aphid data for foliar treatments for aphid control in sorghum. China, TX. 2013. 

Treatment Rate 
No. aphids/leaf 

Sep 3 Sep 10 
Lorsban Advanced 1 qt/A 14.4 b 13.0 

Transform WG 0.75 oz prod/A 0.8 b 0 
Karate Z 2 fl oz/A 176.0 a 0.1 

Dimethoate 4EC 1 pt/A 3.3 b 0.6 
Untreated --- 99.9 a 0 

   NS 
*Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and 
LSD). 

Based on this and other tests conducted by colleagues at Weslaco and Corpus Christi, TX and in LA, a 
Section 18 request for Transform WG was submitted to TDA and USEPA. Both agencies approved the 
request, so our grain sorghum farmers in TX will be able to apply this pesticide this year. We thank Dale 
Scott with TDA and USEPA for approving this excellent pest management tool. Please follow label 
instructions when you apply Transform WG. In the past, we have lost some effective tools due to misuse. 

Also, USEPA is concerned about bee kills associated with a class of insecticides called 
neonicotinoids. The active ingredients in CruiserMaxx Rice and NipsIt INSIDE are neonicotinoids. USEPA is 
being pressured to restrict or cancel the use of neonicotinoids. Cancellation of these insecticides would 
deliver a big blow to the Texas rice industry. Dr. Way was asked by USA Rice Federation to participate in a 
meeting of agricultural commodity groups to gather data and information to convince USEPA to allow 
farmers to continue to use neonicotinoids. Way was joined by Ray Vester and Dr. Gus Lorenz, both from 
Arkansas. The 2-day meeting was very productive. The results of this meeting, which include input from 
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many U.S. commodity groups, will be submitted to USEPA to counter the perceived negative aspects of 
neonicotinoids. 

The EP in 2014 is evaluating new rice seed treatments and new foliar-applied insecticides. In 
cooperation with Dr. Mike Stout with LSU, we are evaluating silicon applied as a soil amendment to increase 
resistance to stalk borers. In addition, we are conducting seed treatment replant and overwintering studies. 
Both at Eagle Lake and the Beaumont Center, we are comparing (biologically and economically) rice water 
weevil and stalk borer control using seed treatments and foliar applications of pyrethroids. 

The link to our 2013 research reports is available at https://beaumont.tamu.edu/eLibrary/Bulletins/ 
2014_Rice_Production_Guidelines.pdf. We always welcome your suggestions and appreciate the support 
from TRRF, agrichemical companies, USDA and Texas A&M AgriLife Research. 

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

Integration of Brassica Cover crop, Biocontrol Agent and Fungicide for Control of Rice Sheath 
Blight 

Sheath blight, caused by Rhizoctonia solani, 
is the most important disease limiting rice 
production in the U.S. The fungus survives between 
crops as sclerotia and mycelium in infected plant 
debris. Infections starts when sclerotia and infected 
plant debris float to the water surface after rice 
fields are flooded and come into contact with the 
rice leaf sheaths. Currently, rice growers heavily 
rely on fungicides for control of this disease. 
However, excessive use of fungicides can cause 
lead to the development of fungicide resistance. 
Objective of this study was to develop an integrated 
management approach using a brassica cover crop, 
plant growth-promoting rhizobacteria (PGPR) and 
fungicide for control of sheath blight. Brassica 
species contain glucosinolates. Once incorporated 
into soil, they produce gaseous isothiocynates that 
are toxic to R. solani and many other soilborne 
pathogens. Through this biofumigation process, 
brassica crops have the potential of suppressing 
sheath blight by reducing primary inoculum in soil. 

Replicated split-plot experiments were 
conducted in R. solani-infested field plots in Texas, 
Arkansas and Mississippi in 2012 and 2013. Main 
plots consisted of two cover crop treatments: 1) 
brassica ‘Caliente 199’ and 2) fallow (no cover 
crop). Subplots were five treatments: 1) Bacillus 
subtilis PGPR strain MBI600, 2) combination of 
PGPR strain MBI600 with Quadris (azoxystrobin) 
at 4.5 fl oz/A, 3) Quadris at 4.5 fl oz/A, 4) Quadris 
at 9 fl oz/A, and 5) non-treated control. The brassica 
cover crop was planted in the fall or early spring 

0 

3000 

6000 

9000 

12000 

0 

3 

6 

9 

          Fallow             Brassica   

Sh
B

 S
ev

er
ity

 (0
-9

) 

Cover Crop Treatment 

Severity Yield 

Y
ie

ld
 (l

b/
A

) 

Fig. 1. Mean sheath blight (ShB) severity and yield of rice as 
affected by cover crop treatment over 2012 and 2013 in 
Texas. 
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and incorporated into the soil before winterkill or in the late spring. For PGPR treatments, seeds of the rice 
variety ‘Cocodrie’ or ‘Presidio’ were treated with MBI600 prior to seeding. At the boot stage, plots were 
sprayed with MBI600 and/or azoxystrobin. Sheath blight severity was assessed near maturity. Plots were 
harvested using a plot combine and grain yield determined.  

Sheath blight severity was significantly lower (P ≤ 0.05) in plots seeded to brassica cover crop than 
in plots left fallow (Fig. 1). However, the brassica cover crop treatment did not significantly increase grain 
yield compared to the fallow treatment. Similarly, PGPR alone reduced (P ≤ 0.05) disease severity but did 
not increase yield (Fig. 2). Combination of PGPR strain MBI600 with Quadris at 4.5 fl oz/A resulted in a 
significant reduction in disease severity and a significant increase in yield compared with the untreated 
control. This combination achieved similar efficacy as did Quadris applied at the full rate (9 fl oz/A). In 
Mississippi, PGPR applied alone or in combination of Quadris at 4.5 fl oz/A was effective in increasing yield 
on Cocodrie but not Presidio. Results of this study indicate that combined use of brassica cover crop and/or 
PGPR with a rate-reduced fungicide can offer new management options for sheath blight while reducing the 
use of fungicide in rice. 

Research conducted by X. G. Zhou, G. Liu, M. M. Anders (University of Arkansas), T. W. Allen (Mississippi State University), S. Lu 
(Mississippi State University), M. S. Reddy (Auburn University), J. W. Kloepper (Auburn University), Y. Jia (USDA-ARS 
DBNRRC), Y.-K. Jo and M. O. Way. This research is funded by the USAD/NIFA SRIPM Grant (2010-34103-21156). For more 
information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu.  

Control of Narrow Brown Leaf Spot in Ratoon Rice by Lowering Main-Crop Cutting Height 

Rice ratoon crop production is important to maximizing returns in the rice-producing areas along the 
Gulf Coast of Texas and Louisiana. However, narrow brown leaf spot (Fig. 1), caused by Cercospora 
janseana, is one of the major diseases limiting the yield potential of the ratoon crop. No labeled fungicides 
are available for control of this disease in the ratoon crop. The main crop has traditionally been harvested at 

approximately 18 inches above the soil surface. Research has shown that reducing main-
crop cutting height has the potential to increase ratoon crop yields. The objective of this 
study was to evaluate the effects of reduced main-crop cutting height on severity of 
narrow brown leaf spot and grain yield in the ratoon crop.  

In 2012 and 2013, a replicated split-plot experiment was conducted in a field 
naturally infested with C. janseana. Whole plots consisted of two rice varieties, Presidio 
and XL723, susceptible and resistant to narrow brown leaf spot, respectively. Subplots 
were two fungicide treatments: 1) propiconazole (PropiMax) applied at 10 fl oz/A at 4 
weeks after main crop harvest, and 2) unsprayed control. Sub-subplots were three main-
crop cutting heights, 4, 8, or 16 inches above the ground. The experiment was conducted 
on the ratoon crop following main crop harvest. Severity of narrow brown leaf spot was 
assessed 1 week before harvest. Ratoon crop rice was harvested using a plot combine 
and grain yields were adjusted to 12% moisture content. 

When the main crop was harvested at 4 or 8 inches above the ground in 2012 and 2013, severity of 
narrow brown leaf spot in the ratoon crop was significantly reduced for both varieties, while ratoon crop grain 
yield was significantly increased (> 16%) (Table 1). Single application of propiconazole reduced severity of 
narrow brown leaf spot in both years but did not improve yield in 2012. Lowering main-crop cutting height 
from 16 to 8 inches can be an effective management option for narrow brown leaf spot in the ratoon crop. 

  

Fig. 1. Symptoms of 
narrow brown leaf 
spot. 
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Table 1. Effects of variety and main-crop cutting height on severity of narrow brown leaf spot (NBLS) and 
grain yield in the ratoon crop in 2012 and 2013 

 
 

Variety 
 

Main-crop cutting 
height (inch) 

2012  2013 

NBLS severity 
(0-9) 

Yield 
(lb/A)  

NBLS severity 
(0-9) 

Yield 
(lb/A) 

Presidio 4 3.4 cd * 3689 a  3.4 c 2947 a 
Presidio 8 4.4 bc 3631 ab  5.0 b 3053 a 
Presidio 16 7.0 a 2827 de  8.0 a 2211 b 
XL723 4 3.0 d 3303 bc  2.9 c 3116 a 
XL723 8 4.3 bcd 2961 cd  3.1 c 2227 b 
XL723 16 5.0 b 2555 e  4.7 b 1490 c 
* Means are averages across fungicide treatments. Means within a column with the same letter are not 
significantly different (P = 0.05) according to LSD test 

Research conducted by 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.  

Spatial Spread of Bacterial Panicle Blight of Rice  

Bacterial panicle blight (Fig. 1), caused primarily by Burkholderia glumae, can cause significant yield 
loss and reduce grain quality. Infected seeds are the primary source of inoculum for 
the disease. The extent of damage largely depends on the dissemination of the 
bacterium via rain splash and panicle contact. However, spatial aspect of epidemics of 
the disease is poorly understood. The objective of this research was to determine the 
spread of rice bacterial panicle blight from an introduced source of inoculum in field 
plots.  

Rice plots, each 2.4 by 2.4 m, were established in 2010 and 2011 in Texas. 
Two rice varieties, Cocodrie and XL723 (susceptible and moderately resistant to 
bacterial panicle blight, respectively) were randomly planted into plots with four 

replications. At the heading 
stage, plots were infested by 
placing potted panicles with 
symptoms of the disease at the 
center of each plot to establish 
a point source of inoculum. 
Diseased panicles were produced by artificially 
inoculating with B. glumae in the greenhouse. Starting 
2 weeks after initial introduction of diseased panicles, 
disease severity on panicles was rated at the straight-
line sections of 0, 5, 10, 15, 20, 25, 30, 35 and 40 cm 
from the original inoculum source in each of the four 
cardinal directions using the 0-9 scale, where 0 = no 
symptoms, and 9 = 81-100% panicle area discolored or 
dead. 

Three weeks after the introduction of 
inoculum, disease symptoms on the panicles 

Fig. 1. Symptoms of 
bacterial panicle blight. 
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Fig. 2. Spread of bacterial panicle blight in two rice 
cultivars from a point source of inoculum. 
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surrounding the point source of inoculum were recorded. Disease severity declined significantly (P ≤ 0.05), 
with increasing distance from the inoculum source for each variety in each year (Fig. 2). However, disease 
severity on XL723 was significantly lower than on Cocodrie. Disease on XL723 also was limited within 15 
cm from the inoculum source while disease on Cocodrie was able to spread as far as 40 cm. An exponential 
model was used to quantify the effects of distance and variety resistance on disease severity. Variety 
resistance significantly affected the steepness of the disease gradient as well as the overall level (a) of disease 
severity. Results of this study indicate that the secondary dissemination of rice bacterial panicle blight was 
limited and variety resistance played an important role in limiting the spatial spread of the disease. 

Research conducted by 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.  

Effects of Temperature and Leaf Wetness Duration on Biocontrol of Rice Sheath Blight with Beneficial 
Bacteria 

Sheath blight, caused by Rhizoctonia solani, is the most important rice disease in Texas and other 
southern states. Use of fungicides to control this disease is a common practice since no varieties with high 
levels of resistance are currently available. Bacillus subtilis strain MBI600 is a promising biological control 
agent that may provide an alternative option for management of sheath blight. The objective of this research 
was to evaluate the effects of temperature and leaf wetness duration on the antifungal activity of B. subtilis 
MBI600 for control of sheath blight in rice.  

A greenhouse trial was conducted in 2013 at Beaumont, TX. Sixteen-days-old seedlings of two rice 
varieties (Presidio and Jasmine 85, susceptible and moderately resistant to sheath blight, respectively) were 
treated with strain MBI600 and followed by inoculation with R. solani. Seedlings inoculated with R. solani 
only served as the controls. Treated plants were exposed to combinations of temperature (10, 15, 20, 25, 30, 
35, or 40 °C) and leaf wetness duration (4, 9, 14, 19, or 24 h) in growth chambers. Disease severity was 
measured at 8 days after inoculation.  

In each temperature by leaf wetness duration treatment, disease severity was lower in plants treated 
with MBI600 than plants treated with R. solani only for both Presidio (Fig. 1) and Jasmine 85. However, the 
efficacy of MBI600 in reducing sheath blight development was significantly affected by temperature and leaf 
wetness duration. Efficacy generally increased with increasing temperature but decreased with increasing leaf 

Fig. 1. Sheath blight severity on rice variety Presidio inoculated by Rhizoctonia solani with or 
without treatment of Bacillus subtilis strain MBI600 at 40°C with different leaf wetness durations 
(h). 
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wetness duration. The results of this study will help to develop an optimized method to improve the efficacy 
of MBI600 for management of sheath blight in rice. 

Research conducted by Luis Moncayo, Xin-Gen Zhou, Lloyd T. Wilson, and Young-Ki Jo. For more information, please contact Dr. 
Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu 

POST HARVEST GRAIN MANAGEMENT 

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 assemblage 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 different 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. 
Although studies have been conducted on the 
damage potential of SCB on sugarcane and rice, 
economic thresholds have not been developed for 
either pest.  

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 
varieties 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 

• 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 

Fig. 1. Simulated spread of untreated Mexican rice borer 
population over space and time in a multi-use landscape 
comprised of rice, sugarcane, and pastureland. 
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• Quantify the population and damage potential of the MRB and SCB in selected varieties of rice, high 
biomass sorghum, and energy cane  

• 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. 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 
 

Development of an Integrated Biomass Production and Logistics Analysis System for the U.S. Gulf 
Coast 

Biomass productivity is highly dependent on agronomic management and site-specific climate and 
soil conditions, and results from individual locations may not be directly relevant over wide production 
regions. Optimizing biorefinery siting and timely delivery of feedstock requires an approach that integrates 
bioenergy supply chain operations from feedstock production to logistics and conversion, taking into 
consideration field-specific suitability and seasonal yield variability. 

The objectives of our research are: 1) Develop an integrated bioenergy analysis framework 
incorporating major production, logistics, and conversion processes; 2) Identify potential biorefinery sites 
through field-scale integration, simulation and analysis; 3) Develop operational plans for feedstock 
production and logistics to provide year-round supply to targeted biorefinery sites. 

The integration framework is comprised of a three-tier architecture of databases, processes, and an 
interactive web interface. Most of the geo-referenced databases (climatic, soil, cropland, production, and road 
network) have been consolidated. Major processes include biomass production, logistics, and economics. 
Major factors in the feedstock production include crop distribution and mix, planting, harvesting, rotation, 
production economics, water, and soil nutrients. The logistics component uses physiologically based crop 
simulated yields of each bioenergy crop field to optimize harvesting, densification, storage, transport and 
routing operations. The conversion uses biomass (by crop and field) to be delivered to schedule the operations 
of each conversion process. 

The implemented system will allow 1) comprehensive analysis of biomass production, logistics, and 
economic viability of different bioenergy production systems; 2) identification and ranking of potential 
biorefinery sites; and 3) recommendations for refinery-scale best biomass production and delivery plans. 
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Research conducted by Lloyd T. (Ted) Wilson, Yubin Yang and Jing Wang. Funding is provided in part by Chevron Technology 
Venture. For more Information, please contact Dr. Wilson at (409) 752-3045 or lt-wilson@aesrg.tamu.edu 

Integrated Pest Management Programs to Reduce Reliance on Methyl Bromide Fumigation in Rice 
Mills 

Rice is an important crop in the south central United States and in the upper Sacramento Valley of 
California. During storage and milling rice can be infested by a number of stored product insects that infest 
stored raw grains in mills and food warehouses, retail stores, and urban homes. Stored product insects can 
cause direct product loss through feeding damage and consumption, insect fragments in food, and can cause 
health hazards including allergic reactions. Infestations inside processing facilities and resulting product 
recalls can result in millions of dollars of economic loss. Red flour beetle is the most frequently targeted pest 
for methyl bromide fumigations under the continuing use exemption (CUE) program for rice mills. A major 
objective of this project is to develop a pest control alternative to methyl bromide fumigation through 
integration of model prediction, focused monitoring, targeted surface pesticide treatment and sanitation, and 
economic analysis and deliver a multi-channel technology transfer, outreach, education, and dissemination 
program. It focuses on integrating population and economic models of the red flour beetle and providing a 
management advisor that estimates the best combination of measures (monitoring, surface treatment, 
sanitation) to achieve optimal red flour beetle control. 

Research conducted by Yubin Yang, Lloyd T. Wilson, Tanja McKay, Frank, H. Arthur, James F. Campbell, Brian Adam, Julien M. 
Beuzelin, and Gene Reagan. Funding is provided by USDA NIFA. For more Information, please contact Dr. Yang at (409) 752-
3045 or yyang@aesrg.tamu.edu 
  

Fig. 1. Simulated biomass sorghum yield over major cropland and pastureland (right figure). Simulated 
energycane biomass yield over major cropland and pastureland (left figure). The energycane simulation does 
not show the reduction in area where this crop can be grown in Texas were cold sensitivity of this crop 
incorporated. 
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