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PLANT BREEDING AND GENETICS 

Anaerobic Germination of Selected Rice Genotypes 

Establishment of a good plant stand is important for optimum yield performance. Direct seeding, the 
common planting practice in the U.S. and now increasingly popular in many rice growing countries, is prone to 
poor establishment when flooding occurs immediately after seeding due to limited oxygen supply to 
germinating seeds. This condition is known as ‘anaerobic’ or ‘hypoxia’ and is generally unfavorable among 
major cereal crops including rice. Low oxygen during germination limits elongation of the coleoptile and can 
cause seedling death. Large-scale screening for tolerance to anaerobic germination (AG) at the International 
Rice Research Institute has identified tolerant genotypes. Screening was conducted at the Beaumont Center to 
evaluate tolerance to cold, weather, herbicide damage and drought tolerant. Eighty genotypes were evaluated in 
a replicated test. Five seed for each entry were placed 0.8” into sand with the sand then submerged in water to a 
depth of 4”. The seeds and resulting seedlings were kept at ambient room temperature for 21 days. Emergence 
was recorded 14 and 21 days after seeding (DAS), with shoot, root and coleoptile length recorded 21 DAS. 

Significant variation among the entries was observed for germination, and root, shoot and coleoptile 
length (see Tables 1 and 2). Mean germination percentage ranged from 0% to 90% and 0 to 95% at 14 and 21 
DAS, respectively. Seedling shoot length varied from ≈0” to 6.9”. Roots were missing in some entries with the 
longest reaching 2.9”. Similarly, the coleoptile varied from ≈0” to 1.5”. Some entries emerged above the water 
surface after 
21 days. 
Entries like 
AT-18 and 
Presidio had 
tall seedlings 
that were able 
to emerge 
above the 
water surface. 
Usually the 
seeds rot 
when kept 
submerged 
but some 
entries 
germinated 
after de-
submergence 
(Tables 1 and 2). AT-62, Rondo and IR64 each with the sub-1 gene for submergence survival had zero 
germination at 21 DAS but had seedlings after a week when de-submerged. The best entry was AT-18 (also see 
the abstract on very early seeding). Figure 1 shows the seedlings of selected entries tested under anaerobic 
germination (submerged for 21 days after direct seeding). 
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Fig. 1. Seedlings of selected genotypes in anaerobic germination. 
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Table 1. Selected entries in anaerobic germination test. – Germination rates 

Entry 
Code/ 
Name 

% 
Germination 

14 DAS 

% 
Germination 

21 DAS 

% Seedling 
with Leaf 

above water 
surface 

% 
Germination 

7 DAD 
AT-18 90 a 95 a 85 a 0 b 

Presidio 90 a 95 a 70 abc 0 b 
Wells 80 abc 95 a 40 abcdefg 0 b 
AT-61 85 ab 95 a 35 abcdefg 0 b 
AT-54 80 abc 90 ab 45 abcdefg 0 b 
AT-15 85 ab 90 ab 80 ab 0 b 
AT-14 75 abcd 90 ab 30 bcdefg 10 b 
AT-5 80 abc 90 ab 55 abcdef 0 b 

AT-21 70 abcde 90 ab 40 abcdefg 0 b 
AT-51 65 abcdef 90 ab 10 efg 0 b 
AT-11 85 ab 85 ab 50 abcdefg 0 b 

Antonio 80 abc 85 ab 60 abcde 0 b 
AT-44 65 abcdef 85 ab 60 abcde 0 b 
AT-7 75 abcd 80 abc 55 abcdef 0 b 

AT-43 70 abcde 80 abc 50 abcdefg 0 b 
AT-37 70 abcde 75 abc 65 abcd 0 b 
AT-12 75 abcd 75 abc 40 abcdefg 10 b 

Cheniere 70 abcde 75 abc 35 abcdefg 0 b 
AT-6 70 abcde 70 abcd 25 cdefg 0 b 
AT-9 65 abcdef 65 abcde 50 abcdefg 0 b 

AT-62 0 h 5 ef 0 g 70 a 
AT-64 0 h 0 f 0 g 45 ab 
AT-67 0 h 5 ef 0 g 45 ab 
AT-68 0 h 0 f 0 g 40 ab 
Rondo 0 h 0 f 0 g 45 ab 
IR29 5 gh 5 ef 0 g 40 ab 
IR28 5 gh 10 def 0 g 45 ab 
IR64 10 fgh 10 def 5 fg 30 ab 

IR64 sub-1 0 h 0 f 0 g 50 ab 
Means followed by the same letter are not significant at the P = 0.05 level. 
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Table 2. Selected entries in anaerobic germination test – Seedling growth 
Entry 
Code/ 
Name Shoot Length (cm) Coleoptile Length (cm) Root Length (cm) 
AT-18 17.6 a 3.8 a 7.3 ab 

Presidio 10.1 abcd 2.8 abcde 4.9 abcd 
Wells 8.4 bcdef 2.7 abcde 3.5 abcdef 
AT-61 6.9 bcdef 2.2 abcdefghi 3.5 abcdef 
AT-54 8.8 abcdef 3.1 ab 4.6 abcdef 
AT-15 9.8 abcd 2.6 abcdef 4.0 abcdef 
AT-14 7.8 bcdef 2.6 abcdef 3.9 abcdef 
AT-5 9.6 abcd 2.6 abcde 3.8 abcdef 

AT-21 9.0 abcdef 2.6 abcdef 3.5 abcdef 
AT-51 4.3 bcdef 1.9 abcdefghijk 1.2 cdef 
AT-11 8.5 bcdef 2.5 abcdefg 4.8 abcd 

Antonio 9.1 abcdef 2.5 abcdefg 4.6 abcdef 
AT-44 7.7 bcdef 2.4 abcdefgh 3.6 abcdef 
AT-7 10.7 abc 2.6 abcde 7.5 a 

AT-43 8.4 bcdef 2.5 abcdefg 2.8 abcdef 
AT-37 10.6 abc 2.8 abcde 4.9 abcd 
AT-12 9.1 abcde 2.8 abcde 4.3 abcdef 

Cheniere 7.8 bcdef 2.7 abcde 4.1 abcdef 
AT-6 6.6 bcdef 2.6 abcde 2.7 bcdef 
AT-9 10.9 ab 3.0 abc 5.6 abc 

AT-62 0.1 ef 0.1 jk -  
AT-64 -  -  -  
AT-67 0.1 ef 0.1 jk -  
AT-68 -  -  -  
Rondo -  -  -  
IR29 1.8 bcdef 0.5 hijk 0.6 def 
IR28 1.8 cdef 0.7 fghijk 0.8 def 
IR64 2.5 bcdef 0.5 ijk 1.4 cdef 

IR64 sub-1 -   -   -   
Means followed by the same letter are not significant at the P = 0.05 level. 

Research conducted by Rodante E. Tabien and Chersty L. Harper. Generous funding for this project was provided by Texas AgriLife 
Research and the Texas Rice Research Foundation. For more information, please contact Dr. Tabien at (409) 752-2741 ext 2230 or 
retabien@ag.tamu.edu  

Rice Germination in Cold Water and Anaerobic Condition 

Harsh environments may occur, particularly during early planting (before the recommended date of March 15-
April 15 in Texas). Flooding may occur after heavy rain but most farmers can drain their fields. However, 
future climate change may create an environment that is detrimental to seedlings. What if flooding occurs and 
draining is not possible and the temperature is 50˚F and you have just direct seeded? Although rare, this 
possibility exists. Based on our screenings, some genotypes germinate after being flooded for 21 days and the 
best entry germinates after exposure to temperatures that are less than 50˚F, which is detrimental to most rice 
varieties. To test if germination can occur when exposed to cold water and flooding, ten cold and oxygen deficit 
tolerant genotypes were included in a germination test which was sown in plastic cups, covered with 0.4” sand 
and submerged to a depth of 4”. The experiment was maintained at 54˚F for one week and then at ambient room 
temperature for another two weeks. Germination was recorded 21 days after seeding. Seedling height was 
measured in five seedlings for each genotype.  
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Results showed highly significant variations among genotypes both in percent germination and seedling 
height (Fig. 1A and Table 1). The best genotypes were AT-18 and AT-54. The same genotypes were also the 
best performers in separate cold tolerance and anaerobic germination test. AT-18 also had the longest coleoptile 
as shown in Fig. 1B.  

Research conducted by Rodante E. Tabien and Chersty L. Harper. 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 

Reproductive Drought Tolerance of Herbicide Tolerant Rice 

Water is becoming increasing scarce worldwide, making climate change a significant future challenge. 
In some areas, water scarcity coupled with the problem of salinity further threatens food production efficiency. 
Drought can cause cellular dehydration that affects crop productivity and performance and is the single largest 
yield-reducing factor particularly in rainfed production areas. Among cereals, rice is the most sensitive to 
drought, being one of very few food crops that can be grown in flooded fields. Although lack of water affects 
rice at all stages, the reproductive stage is most sensitive to 
drought. The majority of semi-dwarf rice varieties suffer 
severe yield loss from drought at the reproductive stage.  

A study was conducted during 2014 addressing the 
effect of drought on previously identified herbicide tolerant 
lines. Some of these lines were the same entries included in 
the past yield trials using a 2x rate of glufosinate (Liberty) 
herbicide and grown in aerobic/rainfed conditions. Thirteen 
lines were planted in replicated field plots. Some plots were 
kept flooded until flowering then drained (Table 1), while 
other plots were drained prior to harvest mimicking normal 
irrigation management. Plant height, milling, and yield data 
were recorded. This study is being repeated in 2015. Future 
studies will continue to assess the effect of drought stress 
and the possibility of developing new germplasm with good 
tolerance to multiple stresses. 

Table 1. Germination and seedling 
height of ten rice genotypes when 
exposed to cold water and anaerobic 
condition after seeding.	  

AT 
Code/ 
Name 

 % 
Germination 

Seedling 
Height 
(cm) 

AT-18  93 a  8.9 a 
AT-54  93 a  5.4 ab 
AT-19  83 ab  3.1 bc 
AT-11  80 ab  4.3 b 

Presidio  80 ab  4.7 b 
AT-5  76 ab  5.0 b 

AT-14  63 ab  4.0 b 
AT-12  60 b  4.5 b 

Antonio  60 b  3.9 b 
Rondo  0 c  0 c 

Means followed by the same letter are 
not significant at the P = 0.05 level. 
  

Table 1. Growth stage of each entry at the removal of 
flood water. 

Entry 
Number Name/Pedigree Drought 

Treatments 
801 Rondo 95 headed 
802 LQ243a/Saber 80 headed 
803 4610 100 headed 
804 LQ243a/Saber 20 headed 
805 Empasc 105 early dough 
806 LQ243a/Saber 40 headed 
807 4610 100 headed 
808 4576 starting to head 
809 LQ243a/Saber 95 headed 
810 4579 100 headed 
811 LQ243a/Saber 5 headed 
812 0302180 early dough 
813 9302065/Cypress early dough 

Fig. 1. A) Seedlings of 10 genotypes that were seeded and submerged (anaerobic) in 
cold temperature water for one week followed by two weeks at ambient room 
temperature. B) Differences in coleoptile length in some genotypes. 

AT-5 AT-14 Antonio AT-54 AT-19 Rondo AT-11 Presidio AT-12 AT-18 

AT-18 AT-54 AT-5 Antonio Presidio 

A 

B 

B 
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Both plant height and grain yield were highly affected by drought at the reproductive stage (Table 2). 
All entries experienced a yield reduction. The highest reduction was with entry 801 and 810 and the least was 
with entry 802, 804 and 813. It can be noted that Entry 813 was at early dough stage during the removal of 
flood, thus was exposed to drought for a shorter duration than entry 802 and 804, which were both at heading 
when the flood water was drained. Total and whole grain milling yield were affected by drought but total milled 
rice was least affected.  

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 

Screening for Very Early Direct Seeding in Rice 

Developing cold tolerant rice varieties with high yield and good grain quality is a major goal of the 
Texas rice-breeding project. With climate change affecting so much of our environment, currently grown crops, 
including rice, will continue to be impacted by these changes. Major developments in research aimed at 
developing varieties that can withstand cooler temperature stress is necessary if we are to continue feeding our 
world’s growing population. 

Table 2. Plant height, grain and milling yield of 13 entries in drought and flooded plots. 

           % Reduction 

Entry 
Number Pedigree Treatment 

Plant 
Height (cm) 

Main Crop 
Yield 
(lb/ac) 

% Total 
Milled Rice 

% Whole 
Milled Rice 

Plant 
Height Yield 

Total 
Milled 
Rice 

Whole 
Milled 
Rice 

801 Rondo Drought 105 ab 8,061 abcde 71.9 de 59.2 abcd -3 13 -1 5 
801 Rondo Flooded 102 abcd 9,235 abcd 71.3 e 62.4 abcd     
802 LQ243a/Saber Drought 117 a 6,075 e 72.9 abcde 55.1 d -8 -1 -3 9 
802 LQ243a/Saber Flooded 108 ab 6,023 e 71.1 e 60.6 abcd     
803 4610 Drought 106 ab 8,788 abcde 72.4 bcde 56.9 cd 1 8 -1 2 
803 4610 Flooded 107 ab 9,516 abc 71.7 de 57.9 bcd     
804 LQ243a/Saber Drought 103 abcd 6,344 de 73.1 abcde 58.0 bcd 5 2 -2 4 
804 LQ243a/Saber Flooded 108 ab 6,473 cde 71.8 de 60.6 abcd     
805 Empasc 105 Drought 110 ab 8,724 abcde 72.9 abcde 64.9 abcd -8 8 -2 -1 
805 Empasc 105 Flooded 102 abcd 9,494 abcd 71.4 e 64.1 abcd     
806 LQ243a/Saber Drought 109 ab 6,855 bcde 72.5 abcde 67.0 abc -3 2 -2 0 
806 LQ243a/Saber Flooded 106 ab 7,014 bcde 71.3 e 66.7 abc     
807 4610 Drought 105 ab 8,890 abcde 72.2 bcde 57.6 bcd 3 6 -2 2 
807 4610 Flooded 108 ab 9,497 abcd 70.7 e 59.0 abcd     
808 4576 Drought 100 abcd 8,638 abcde 73.0 abcde 68.9 a 6 7 -1 -1 
808 4576 Flooded 106 ab 9,282 abcd 72.0 cde 68.2 ab     
809 LQ243a/Saber Drought 106 ab 6,662 bcde 72.3 bcde 65.7 abcd 6 7 -2 0 
809 LQ243a/Saber Flooded 113 ab 7,193 bcde 71.0 e 65.7 abcd     
810 4579 Drought 106 ab 9,665 ab 72.8 abcde 68.7 a 6 13 -1 -2 
810 4579 Flooded 113 ab 11,066 a 71.8 de 67.3 abc     
811 LQ243a/Saber Drought 109 ab 6,600 bcde 73.3 abcde 66.0 abc -2 5 -2 -2 
811 LQ243a/Saber Flooded 107 ab 6,970 bcde 71.8 de 64.8 abcd     
812 0302180 Drought 86 cde 7,085 bcde 75.1 a 69.5 a 10 6 -1 -1 
812 0302180 Flooded 96 bcd 7,499 bcde 74.6 abc 68.9 a     
813 9302065/Cypress Drought 78 e 6,932 bcde 74.7 ab 69.1 a 9 2 -1 1 
813 9302065/Cypress Flooded 86 de 70,58 bcde 74.2 abcd 69.5 a     

Means with the same letter are not significantly different at the P = 0.05 level 
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Trials verifying cold tolerance for germplasm in the breeding project have been conducted for the past 
few years. Selected germplasm previously noted as 
having cold tolerance were grown in the 2014 
Beaumont nurseries as seed increases for winter 
cold tolerant screening. Selected genotypes from 
previous screenings were used in making new 
crosses. Newly released varieties, elite breeding 
lines from the state breeding project and selected 
released varieties were the priority recipients. 
Donors were selected for germination and better 
seedling growth at cold temperature. In addition to 
new crosses, Antonio seed treated with EMS 
mutagen were evaluated both in the field and in 
controlled germination chamber. Antonio seed 
were field planted last Feb. 2, 2015 in a ¼ acre 
fallow block to identify germination cold tolerant 
mutants. Survivors were flagged and will be grown 
to maturity. Screening of EMS treated Antonio 
was also conducted by placing 1,000 seeds of 
Antonio onto trays and placed in a cold chamber at 54˚F 
for 12 days. Germinated seeds (with good radicle and 
shoot) were selected and transplanted in pots for seed 
increase and further evaluation. A small cold tolerant 
nursery was also established last Jan. 28, 2015 to screen 
241 lines, previously noted as having stress tolerance, by 
direct hand seeding for evaluation of germination and 
seedling survival. EMS-Antonio was also included in the 
screening nursery.  

Figure 1 shows air and soil temperatures during 
the screening of selected genotypes and EMS treated 
Antonio. First seedling emergence was noted on March 
4, 2015 in the screening nursery. Figure 2 shows 
seedlings from the nursery and field grown EMS 
Antonio. Fifteen lines had at least 25% seedling survival 
more than a month after the first seedling emergence and 
54 lines (22%) had zero seedling count. Three 

populations were included in the nursery and segregation was noted in each line. Figure 3 shows the segregation 
in each population. The bi-modal segregation fits a single recessive gene. Table 1 shows lines with at least 16% 
seedling germination/survival. Entry AT-18 had the highest seedling count. 

Screening Nursery 

Fig. 2. Seedlings that germinated after very early seeding 
(Jan.28/Feb. 2, 2015). Photo taken May 4, 2015. 

Fig. 3. Frequency distribution of percent germination/ 
survival in three populations. 

0 

10 

20 

30 
WJK-PRC-30/IR 52287-15-2-3-2 

0 

10 

20 

30 
LQ243a/SABR//IR 52287-15-2-3-2 

0 

10 

20 

30 
Bahia/Cypress 

Fig. 1. Air and soil temperature (oF) from seeding to first seedling 
emergence during the screening of selected genotypes and EMS 
treated Antonio for germination and survival in cold temperature. 

25 

40 

55 

70 

85 

Air Temperataure Max Air Temperature Min 
Soil Temperature Max Soil Temperature Min 

Te
m
pe
ra
tu
re
	  



 Texas Rice Special Section - 7 

Tolerance to low temperature is an important objective 
in breeding programs in temperate areas, and at high altitudes 
in tropical and sub-tropical rice growing areas. It is also a 
breeding focus in areas with cold irrigation water supplies 
where retardation of early seedling growth is common due to 
low temperatures. The optimum temperature for seed 
germination and seedling establishment for rice is from 77˚F 
to 95˚F. Temperatures below 59˚F cause low germination and 
seedling mortality that can affect plant stand establishment. 
The long-term objective of the project is to develop seedling 
establishment cold tolerant varieties with high yield and 
superior grain quality.  

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  

 

 

Initiation of an Advanced Phenotyping and Physiological Model-Assisted Hybrid Rice Breeding Program 

In 2010, the Texas Rice Research Foundation working with the Beaumont Center began to develop a 
long-term plan for the creation of a truly cutting-edge hybrid rice development program. A number of valuable 
discoveries had been made that serve as the foundation for this program. Research by Beaumont Center 
scientists shows rice yield potential is highly predictable and is determined by a genotype’s set of primary 
phenotypic traits. Primary phenotypic traits control tiller and leaf production, growth of leaves, stems, roots and 
grain, canopy structure, light interception, photosynthesis and nitrogen update, and a number of other important 
physiological processes. By clearly focusing varietal crossing and selection on specific combinations of key 
primary phenotypic traits, new varieties can be designed in a much more directed manner than is presently 
possible with other rice breeding programs. By combining advanced phenotypic with cutting-edge physiological 
crop modeling and DNA marker-assisted selection, the speed of the selection and evaluation process can be 
significantly increased and will result in varieties with major yield increases and resistance to plant diseases and 
environmental stresses being developed more rapidly.  

The primary goals of our hybrid rice breeding program are to 1) determine the combining ability of 
parental lines in terms of key yield determining primary phenotypic traits, 2) fully integrate model- and marker-
assisted selection as a foundation for a cutting-edge hybrid rice breeding program, and 3) develop locally 
adapted high-yielding, superior grain quality, and disease resistant hybrids.  

We are actively developing 2- and 3- line maintainers and restorers. Hundreds of crosses and 
backcrosses have been made and more than one thousand lines were selected in field and greenhouse trials in 
2014 and in the greenhouse this past winter/spring. The development and screening of lines will continue, and 
yield, combining ability tests, hybrid seed production, and sterile seed increases for both two-line and three-line 
systems are being conducted in 2015.  

Table 1. Germination of selected lines direct seeded in 
the nursery last Jan. 28, 2015. 

Name/Pedigree 
% 

Germination 
AT-18  54 a 
AT-11  36 b 
LQ243a/Saber  34 b 
0302180  28 c 
ANTONIO - EMS  26 cd 
WJK-PRC-30/IR 52287-15-2-3-2  25 cd 
Bahia/Cypress  25 cd 
LQ243a/Saber//IR 52287-15-2-3-2  24 de 
4597/Francis  24 de 
IR 52287-15-2-3-2  24 de 
AT-19  22 e 
Asankare/Francis  16 f 
Cocodrie  16 f 
STG96L-13-127/PYT809  Plt # 1  16 f 
WAB 450-I-B-P-38-HB/Saber  16 f 
ZHONG 86-44/Presidio  16 f 
Means followed by the same letter are not significant at 
the P = 0.05 level. 
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The 2015 program consists of the following:  

• Evaluation of 600 lines in a replicated yield test of 28 new hybrids with two checks 
• Combining ability test of one hundred new hybrids, parental lines, F1 generation and backcrosses 

generations for 3-line breeding. 
• Evaluation of 1200 F3 lines for breeding selection 
• Evaluation of 85 F2 lines for breeding selection.  
• Evaluation of 200 lines for sterile line seed increase. Some lines will be isolated with photosensitive 

plants or with different heading stages).  
• Test of new hybrid rice seed production. 

In 2014, Professor Zongbu Yan joined our team. Professor Yan has nearly 40 years of experience 
developing improved rice varieties and was hired to develop locally adapted 2- and 3-line maintainers, restorers, 
and male sterile lines. The highest yielding of the 200 lines evaluated in the 2014 five-state Uniform Rice 
Regional Nursery trial was developed by Professor Yan while he was a member of the University of Arkansas 
hybrid rice-breeding program. We are looking forward to Professor Yan’s success in developing superior 
parental material for our hybrid rice-breeding program. 

A number of positions are critical to the success of this highly integrated program, not least is a hybrid 
rice breeder who will work as an integral member of our team in developing the next generation of improved 
hybrid rice varieties.  

Research conducted by Dr. L. T. (Ted) Wilson, Professor Zongbu Yan, Jim C. Medley, Leanna Martin, Eric Christensen, and Dr. 
Yubin Yan, 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 

Rice Tissue Accumulation of Particular Elements is Dependent on the Plant’s Physiology 

The leaves, grain and other parts of a rice plant require mineral nutrients for various metabolic and other 
physiological functions. We sometimes want to manipulate the element composition. Nutrient-dense grain, 
which is primarily seen as a means for improving international nutrition, could enhance the appeal of rice as a 
nutritious food in the domestic market. Meanwhile, public concerns about the levels of undesirable elements, 
especially arsenic, in grain, are hurting rice’s image as a nutritious food. High concentrations can negatively 
affect plant performance. Both agronomic and genetic approaches have been proposed to manipulate tissue 
element composition towards desired endpoints. However, because of the integral roles the various elements 
play in plant functioning, the manipulation of tissue element levels influences plant physiology. But does the 
physiology influence the tissue element levels? 

An illustration showing that plant physiology might influence levels of rice grain arsenic (As) is 
provided. Tips of leaves (4th to 6th fully expanded) from an outdoor potted plant study were screened for 
concentrations of several elements. Grains, from the tip of the panicle, from a previous study of the same set of 
40 diverse genotypes were screened for concentrations of several elements. Figure 1A shows the relationship 
between leaf As concentration ([As]) and the ratio of leaf calcium concentration ([Ca]) to leaf copper 
concentration ([Cu]) ([Ca]/[Cu]). Although other factors clearly influence leaf [As]; it is clear that leaf [As] is 
associated with leaf [Ca]/[Cu]. Figure 1B relates grain [As] to grain [Ca]/[Cu]; again there is a noticeable 
association. Finally, Fig. 1C relates grain [As] to leaf [Ca]/[Cu]. Still we see an association, despite a 20-fold 
difference in [Ca]/[Cu] between leaf and grain.  
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Calcium and 
As are both initially 
transported in the plant 
in the water transport 
system called the 
xylem, which is partly 
driven by the pull of 
water by the 
transpiring leaves. 
During grain filling, 
the transport of 
substances, including 
elements, to the filling 
grain is mostly through 
the “food” distribution 
system called the 
phloem, which is 
partly driven by 
positive pressures 
created by sugars, 
potassium and other 
solutes attracting water 
into the phloem. Thus 
the seed is filled by a combination of “food” being pushed into it followed by the sugars being removed (e.g., 
into starch) to maintain the gradient. Ca is selectively excluded from the phloem, so very little gets into the 
seed. Cu transport depends on the presence of other compounds to carry it, but also to help prevent it from 
binding to other components of the plant tissue, which copper tends to more than most elements. Thus Cu in 
leaves and grain also depends on the biosynthesis of the “carrier” compounds. Based on these observations, 
arsenic accumulation in grain appears to be influenced by leaf transpiration. The Ca to Cu ratio is not likely 
regulating arsenic, just associated. This illustration instead is intended to indicate that “smart” manipulation of 
plant physiology might be a complementary means to agronomy and genetics to manipulate elemental 
compositions of rice tissues toward desired endpoints.  

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  

Aminoethoxyvinylglycine (AVG) partially negates effects of high night temperature on rice production 

The presence of seasonally high night temperatures (HNT) along the U.S. Gulf Coast during the critical 
stages of crop development can reduce rice yield and quality. High temperatures up-regulate ethylene 
(naturally-occurring gaseous plant hormone) production, which can increase production of reactive oxygen 
species (ROS). The ROS can trigger oxidative-stress responses in plants thereby decreasing membrane stability. 
Destabilized membranes can disrupt water, ion and organic-solute movement across membranes, thus affecting 
carbon production (photosynthesis), consumption (respiration), and photosynthate transport and accumulation. 
Aminoethoxyvinylglycine (AVG) is an ethylene-synthesis inhibitor that might negate the ethylene-triggered 
reactive oxygen species (ROS)-induced damage under HNT conditions. The objective of this study was to 
determine the effects of HNT and aminoethoxyvinylglycine (AVG) on rice physiology and yield. 

Rice plants were subjected to ambient night temperature (ANT) (77oF) or HNT (86oF) through use of 
continuously, precisely controlled infrared heaters, starting from 2000 h until 0600 h, from boot stage until 

Fig. 1. The relationships between (a) leaf 
[As] and leaf [Ca]/[Cu], (b) grain [As] and 
grain [Ca]/[Cu], and (c) grain [As] and leaf 
[Ca]/[Cu]. The leaves and grain were from 
different studies involving the same 
genotypes. The blue diamonds highlight the 
same genotype in each panel; the red 
diamonds highlight another genotype. In 
each panel, the [As] is the vertical axis, and 
the [Ca]/[Cu] the horizontal axis. 
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harvest. In each temperature regime there were four chemical treatments (control, 100, 300, 1000 ppm AVG). 
The AVG solution (100 mL per plant) was applied using a spray bottle, 10 hours prior to heat treatment. Leaf-
level photosynthesis and respiration were measured using a LI-6400 portable photosynthesis system (LI-COR 
Inc., Lincoln, NE, USA), 5 days after treatment (DAT). Membrane injury was measured 5 DAT. Spikelet 
fertility and yield were determined. 

High night temperature decreased leaf photosynthetic rate (PN) 12%, spikelet fertility 13% and grain 
yield 30%, increased respiration rate 38% and electrolytic 33%. Heat stress often induces oxidative stress in 
plants, as manifested by membrane electrolytic leakage. The decreases in spikelet fertility and grain yield were 
associated with decreased PN and increased respiration under HNT. In the present study, on average, 
application of AVG increased rice yield as a result of increased photosynthetic rate and decreased respiration. 
The decrease in respiration suggests application of AVG decreased ethylene-triggered ROS-induced membrane 
damage under HNT conditions. The decrease in ethylene-triggered ROS-induced membrane damage due to 
application of AVG might be due to increased antioxidant enzyme activities or induction of antioxidant 
systems. A decrease in respiration decreased the amount of photosynthates consumed. Decreased membrane 
injury (less electrolytic leakage) can aid in transfer of photosynthates from the leaves to the grains, thus 
promoting filling of the fertilized spikelets. In the present study, increased photosynthesis and reduced 
respiration rate and injury to the membrane, due to AVG application, increased rice yield under high night 
temperature. 

Research conducted by Dr. Abdul Mohammed and Dr. Lee Tarpley. We appreciate the support from Valent BioSciences for this 
research. For more information contact Dr. Mohammed abdulrazack@email.tamu.edu or Dr. Tarpley ltarpley@tamu.edu 

Evaluation of Yield Performance of Rice Varieties in Texas 

 Varietal selection can have a large impact on a grower’s profitability. Providing updated variety yield 
performance data help farmers maintain profitability. A field trial was conducted at Eagle Lake in 2012, 2013 
and 2014. Herein, we 
report on results from our 
2014 trial. This trial 
consisted of 14 varieties: a 
conventional hybrid 
(XL753), two Clearfield® 
hybrids (CLXL729 and 
CLXL745), five 
Clearfield® inbreds 
(CL111, CL151, CL152, 
CL271 and CL Jazzman) 
and six conventional 
inbred varieties (Antonio, 
Catahoula, Cheniere, 
Colorado, Mermentau and 
Presidio) (Table 1). Each 
variety was arranged in a 
replicated randomized 
complete block design. 
Plots consisted of nine 16-
ft rows, spaced 7.5 in. between rows. Rice was drill seeded at 35 lb/ac for the hybrids and 70 lb/ac for the 
inbreds in early April each year. Plots were applied with 90 lb N/ac at preflood and 30 lb N/ac at boot for a total 
of 120 lb N/ac for the hybrids and with 50 lb N/ac at preplant, 60 lb N/ac at preflood, 30 lb N/ac at PD and 30 lb 
N/ac at boot for a total of 170 lb N/ac for the Clearfield® inbred varieties. For the conventional inbreds, plots 
were applied with 50, 70, 40 and 40 lb N/ac at preplant, preflood, PD and boot, respectively, for a total of 200 lb 

Table 1. Performance of 14 rice varieties on yield, head rice and total milled rice in main and ratoon 
crops at Eagle Lake, Texas, in 2014 

Variety 

Main crop Ratoon crop 
Combined 

Yield (lb/A) 
Yield 
(lb/A) 

Whole 
(%) 

Total 
(%) 

Yield 
(lb/A) 

Whole  
(%) 

Total 
(%) 

XL753 10,503 a 48.9 f 71.4 de 5,640 a 64.1 ef 71.4 cde 16,143 a 
CLXL729 9,650 b 52.8 e 69.6 h 4,512 bc 65.2 de 71.4 de 14,162 b 
CLXL745 9,311 bc 52.7 e 71.5 de 4,775 b 66.3 bcd 72.1 abc 14,086 b 
Mermentau 8,895 cd 60.7 ab 70.9 fg 3,395 de 66.6 bcd 72.4 a 12,290 c 
CL152 8,571 de 59.5 bc 70.8 fg 3,264 def 63.0 f 71.2 e 11,835 cd 
Catahoula 8,318 def 49.2 f 71.9 bc 3,244 def 65.6 cd 72.2 ab 11,562 cde 
Antonio 8,283 def 62.0 a 72.1 bc 3,596 de 67.5 ab 72.3 a 11,880 cd 
CL271 7,956 ef 47.6 f 70.8 fg 4,458 bc 68.7 a 72.0 a-d 12,414 c 
CL151 7,949 ef 58.7 c 71.8 bcd 3,883 cd 66.7 bc 72.5 a 11,831 cd 
CL111 7,798 f 54.8 d 71.6 cd 3,295 def 66.0 cd 71.5 b-e 11,093 def 
Cheniere 7,767 f 61.1 ab 72.9 a 2,725 fg 66.1 bcd 72.4 a 10,491 ef 
Colorado 7,666 g 56.0 d 70.7 fg 3,034 efg 65.9 cd 71.5 b-e 10,699 ef 
CL Jazzman 7,602 g 56.0 d 70.4 g 2,494 g 56.0 g 69.3 f 10,096 f 
Presidio 7,025 g 49.3 f 71.1 ef 3,472 de 65.4 cde 71.6 b-e 10,497 ef 
Means followed by the same letter are not significant at the P = 0.05 level. 
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N/ac. Weed and insect control and irrigation management followed local production recommendations. Rice 
was harvested in late-August using a plot combine. For ratoon crop production, all plots received 100 lb N/ac of 
urea and were flooded immediately after harvest. Rice was harvested using a plot combine at maturity. Grain 
yield was determined and adjusted to 12% moisture content. Milling quality (% head rice and % total milled 
rice) was also was determined.  

Hybrid varieties consistently produced the highest main and ratoon crop yields (Table 1). Hybrid milling 
quality (% head rice and % total milled rice) was generally similar to that of the inbred. Clearfield® inbred 
varieties produced main and ratoon crop yields comparable to or slightly better than Presidio, except for CL 
Jazzman, which produced lower ratoon yield potential. Antonio and Colorado produced higher main crop yield 
than Presidio. However, both ratoon crop yield was lower than Presidio. Antonio was higher than Colorado and 
Presidio in percent main crop head rice. 

Research conducted by Xin-Gen Zhou, Jason Samford, Jack Vawter and Garry McCauley. This research was 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 

Responses of Rice Production to Nitrogen Applied to the Main Crop 

 Fertilizer is one of the largest direct expenses in rice production in Texas, with nitrogen comprising 
most if not all of this expense. Poorly timed applications and over-fertilization are costly. Nitrogen fertilizer 
trials are used to identify yield response for newly released varieties in Texas. However, grower should tailor 
their fertility management based on the conditions present in each of their fields instead of relying sole on 
research plot results. Commercial rice fields are larger and have greater yield variability in soil type, timing of 
irrigation water reaching each part of a field, water depth throughout a field, amount of fertilizer applied to each 
area of a field, and insect, weed, and disease pressures. The greater the degree with which each grower manages 
this variability, the better the return for each dollar spent. 

Table 1. Influence of nitrogen (N) fertilizer rate on the grain and milling yields of Antonio and Colorado at the Eagle 
Lake Station during 2014. 

Variety 

N 
(lb/acre) 

Grain Yield 
(lb/acre) 

Milling Yield (%) 
MC RC 

MCa RC TC WG TG WG TG 
Antonio 0 849 b 1,771 a 2,620 b 49 b 68 b 65 a 74 a 

 150 6,052 a 2,875 a 8,928 a 67 a 75 a 61 a 72 ab 
 180 7,623 a 2,163 a 9,786 a 66 a 75 a 58 a 71 b 
 210 6,612 a 1,862 a 8,474 a 65 a 75 a 58 a 72 ab 
Colorado 0 1,219 b 1,588 a 2,807 b 47 b 72 b 67 a 74 a 

 150 5,687 a 1,900 a 7,588 a 61 a 74 a 61 b 72 b 
 180 7,268 a 1,906 a 9,174 a 60 a 74 a 57 b 71 b 
 210 6,667 a 1,735 a 8,402 a 60 a 74 a 58 b 71 b 
Mermentau 0 2,235 b 2,418 a 4,653 b 57 c 73 c 61 a 72 a 
 150 7,417 a 2,209 a 9,625 a 68 a 75 a 57 b 71 a 
 180 7,951 a 1,957 a 9,908 a 67 ab 75 a 55 c 71 a 
 210 7,441 a 1,190 a 8,630 a 65 b 74 b 55 c 71 a 
Presidio 0 3,590 b 2,927 a 6,518 b 29 c 72 c 65 a 74 a 
 150 5,955 a 3,589 a 9,544 a 49 b 73 b 57 b 72 a 
 180 6,723 a 3,473 a 10,195 a 53 a 74 a 58 b 72 a 
 210 6,665 a 3,725 a 10,390 a 56 a 74 a 58 b 72 a 
Means followed by the same letter are not significant at the P = 0.05 level. 
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For the results reported herein, nitrogen for the main crop was applied as a four-way split application at 
preplant, preflood, panicle initiation, and late booting. For preflood application, nitrogen 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 a urease 
inhibitor N-(n-butyl) thiophosphoric triamide (Agrotain) to avoid N loss.  

Antonio - On the sandy loam soil at Eagle Lake, main crop grain yield was not significant different 
comparing the three highest N application rates, although the numerically highest yield (7,623 lb/ac) was 
achieved using 180 lb N/ac (Table 1). On the clay soil at Beaumont, yield did not significantly increase 
comparing the three highest N application rates, although the highest yield (8,986 lb/ac) was achieved using 240 
lb N/ac was applied (Table 2). Antonio displayed good yield stability over a wide range of N fertilizer rates at 
both locations without lodging. 

Colorado - On sandy loam soil, main crop yield was not significantly different comparing the three 
highest N application rates, although the numerically highest yield (7,268 lb/ac) was achieved using 180 lb 
N/ac. On the clay soil at the Beaumont Center, 
Colorado did not significantly increase in yield 
above 7,869 lb/ac achieved when 180 lb N/acre 
was applied. Colorado had a maximum grain 
yield of 8,459 lb/ac when 210 lb N/ac was 
applied. Colorado displayed good yield stability 
over a wide N fertilizer rate at both locations 
without lodging. 

Mermentau - On the sandy loam soil, 
main crop yield was not significantly different 
comparing the three highest N application rates, 
although the numerically highest yield (7,951 
lb/ac) was achieved using 180 lb N/ac. On the 
clay soil at the Beaumont Center, Mermentau had 
a maximum grain yield of 9,685 lb/ac when 180 
lb N/acre was applied. Mermentau displayed 
good yield stability over a wide N fertilizer rate 
at both locations without lodging. 

Presidio rice variety was included in this 
study as a control and to provide a reference for 
comparing the effect of nitrogen management on 
grain and milling yields and lodging percentage 
of the new varieties. 

Research conducted by Fugen Dou, Lee Tarpley, Guangjie Liu, Kip Landry and Jack Vawter. Generous funding for these projects was 
provided by the Texas Rice Research Foundation. For more information, please contact either Fugen Dou f-dou@aesrg.tamu.edu or 
Lee Tarpley ltarpley@tamu.edu at 409-752-2741. 

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 the crop 
yield potential and management practice required to optimize yield. In this report, we summarized the 
performance of 8 popular or newly released varieties. Six inbreds (Antonio, Colorado, CL151, CL152, 
Mermentau, and Presidio) and two hybrids (Clearfield XL745 and XL753) were drill-seeded on April 1, 2014 at 
the David R. Wintermann Rice Research Station at Eagle Lake and on April 21, 2014 at the Beaumont Center.  

Table 2. Influence of nitrogen (N) fertilizer rate on the grain and 
milling yields of Antonio and Colorado at the Beaumont Center 
during 2014. 

Variety 
N 

(lb/acre) 
MCa 

(lb/acre) WG (%) TG (%) 
Antonio 0  2,765 c 62 b 74 c 

 150  6,952 b 65 ab 76 a 
 180  8,653 a 65 ab 75 b 
 210  8,447 a 65 ab 75 b 
 240  8,986 a 66 a 75 b 

Colorado 0  2,015 c 55 c 75 a 
 150  6,536 b 58 b 75 a 
 180  7,869 a 58 b 73 c 
 210  8,459 a 58 b 73 c 
 240  7,909 a 61 a 74 b 

Mermentau 0  2,774 c 59 b 74 b 
 150  7,421 b   65 a 75 a 
 180  9,685 a   65 a 74 b 
 210  9,481 a   66 a 74 b 
 240  8,680 ab  65 a 74 b 

Presidio 0  2,052 d  58 d 74 a 
 150  5,600 c  62 c 74 a 
 180  7,175 b 63 bc 73 b 
 210  7,530 b 65 ab 73 b 
 240  8,143 a  66 a 74 a 

Means	  followed	  by	  the	  same	  letter	  are	  not	  significant	  at	  the	  P	  =	  
0.05	  level.	  
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The main crop 
received 150 and 180 lb 
N/acre for hybrids and 
inbreds, respectively.  

At Eagle Lake, the 
hybrids consistently 
produce higher main 
crop (MC), ratoon crop 
(RC), and total grain 
yields (Table 1). The 
average MC yields were 
8,985 lb/acre and 7,516 
lb/acre for hybrids and 
inbreds, respectively. 

XL753 produced the highest hybrid MC, RC, and total grain 
yields, while CL151, Mermentau, and Antonio produced the 
highest inbred yields. Mermentau, CL151, and Antonio had the 
highest milling yields for both MC and RC (Table 1). Whole 
grain milling yield for the main crop ranged from 56% to 67%, 
and from 51% to 60% for the ratoon crop. At Beaumont the 
hybrids produced the highest MC yields, while CL151, Antonio 
and Mermentau produced the highest MC yields. Milling quality 
was also affected by entries, ranging from 58% to 68% (Table 
2). Overall, Eagle Lake and Beaumont produced comparable 
MC yields. 

Research conducted by Dr. Fugen Dou, Dr. Lee Tarpley, Dr. Guangjie Liu, 
Kip Landry 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 

 

Zeolite - Amendment can Improve Nitrogen and Water Use Efficiency 

Rice (Oryza sativa L.) is a major food grain for 
more than half of the world population and a major user 
of inputs accounting for 15.4% of global nitrogen use and 
58% of global irrigation water use. Yield increases 
achieved with newer varieties and improved production 
and management systems increase production but also 
contribute to increased N fertilizer and water use, and 
higher costs to grow each acre of rice.  

Soil nutrient retention and water holding capacity 
is largely dependent on a soil’s cation-exchange capacity 
(CEC). The higher the CEC, the higher the amount of 
nutrients and water the soil is able to hold. Zeolite is 
found in abundant supply in several locations around the 
world and has a CEC (130-200 cmol kg-1) comparable to 
humus (150-500 cmol kg-1) and four to eight times that of clay (25-30 cmol kg-1). Previous research has shown 

Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle Lake Station 
during 2014. 

Variety 

Grain Yield 
(lb/acre) 

Milling Yield (%) 
MCa RC 

MC RC TC WG TG WG TG 
XL753 9,370 a 3,269 a 12,640 a 58 bc 75 a 51 e 70 b 
CL XL745 8,600 ab 3,210 a 11,811 ab 57 c 75 a 59 ab 72 a 
CL151 8,006 bc 2,257 a 10,263 bc 65 a 75 a 60 a 72 a 
Mermentau 7,951 bc 1,957 a 9,908 bc 67 a 75 a 55 d 71 ab 
Antonio 7,623 c 2,163 a 9,786 c 66 a 75 a 58 bc 71 ab 
CL152 7,526 cd 1,952 a 9,477 c 65 a 73 c 60 a 72 a 
Colorado 7,268 cd 1,906 a 9,174 c 60 b 74 b 57 c 71 ab 
Presidio 6,723 d 3,473 a 10,195 bc 53 d 74 b 58 bc 72 a 
Means followed by the same letter are not significant at the P = 0.05 level. 

Table 2. Influence of the selected entries on rice 
grain and milling yields at the Beaumont Center 
during 2014. 

Variety 
MC 

(lb/acre) WG (%) 
TG 
(%) 

XL753  10,506 a  67 ab  77 a 
CL XL745  9,993 ab  68 a  76 b 
Mermentau  9,481 abc  66 bc  74 d 
CL151  9,084 bc  65 c  74 d 
Colorado  8,459 cd  58 d  73 e 
Antonio  8,447 cd  65 c  75 c 
CL152  7,774 d  66 bc  74 d 
Presidio  7,530 d  65 c  73 e 
MC, WG, and TG refer to main crop, whole grain, 
and total grain, respectively. 	  Means	  followed	  by	  
the	  same	  letter	  are	  not	  significant	  at	  the	  P	  =	  0.05	  
level. 

Fig. 1. Four experiments were use to determine the 
response of rice grain yield and water and N use to 
irrigation and N management and zeolite amendment. 
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incorporation of zeolite into soil increases fertilizer use efficiency. The objective of the study presented herein 
is to determine the degree zeolite impacts grain yield response to nitrogen and water use efficiency. 

 A field experiment was 
conducting in northern coastal 
China using a split-split plot design 
with four replicates. Years were 
main plots, N application rates (0, 
47, 94 and 141 lb N/ac) were 
subplots and zeolite application 
rates (0, 2.2, 4.4, and 6.6 tons 
zeolite/ac) were sub-subplots (Fig. 
1). The greater the amount of 
zeolite applied the greater the 
amount of nitrogen retained in the 
root zone. The application of 4.4 
and 6.6 tons zeolite/ac increased N 
retention in the root zone (0-12” 
soil depth) by 35.6% and 56.0%, 
respectively, and decrease nitrogen 
loss below the root zone (12-24”) 
by 15% and 35.8%, respectively 
(Fig. 2A-B). Increased soil nitrogen 
in the root zone and reduced losses 
into the deeper soil layer resulted in 
increased nitrogen uptake (Fig. 2C), 
nitrogen use efficiency (Fig. 2D) 
nitrogen recovery efficiency (Fig. 
2E), less water use (Fig. 2F), 
increased water use efficiency (Fig. 
2G), and increased grain yield (Fig. 
2H). Zeolite resulted in a 39.1% 
higher nitrogen use efficiency for 
the highest rate compared with not 
using zeolite. Nitrogen recovery 
efficiency increased 22.4%, 37.5% 
and 63.0%, when 2.2, 4.4 and 6.6 
tons zeolite, were applied per acre, 
respectively (Fig. 2E).  

Zeolite absorbs and releases 
water under plant demand, thereby 
preventing root rot and moderating 
water stress, resulting in reduced 
water use and increased water use 
efficiency. Zeolite significantly also 
decreased total water use. Water use 
at the two highest rates was 8.7 and 
9.5% lower, respectively, than the 
two lowest rates (Fig. 2F). As the Zeolite rate was increased water use efficiency increased by 4.3%, 16.7% and 
20.1% (Fig. 2G). 

Fig. 2. Impact of A) zeolite amendment on soil residual nitrogen (SRN) in the 0-
12” soil profile, (B) 12-24” soil profile, C) grain nitrogen accumulation (lbs N in 
grain/ac), D) nitrogen utilization efficiency (NUE, lbs grain/lb N applied), E) 
nitrogen recovery efficiency (NRE, lbs N uptake/lb N applied), F) Water use (ac-
ft water/ac), G) water use efficiency (WUE, tons grain/ac-ft water), and H) grain 
yield (tons/ac).  

Fig. 3. The response of grain yield to nitrogen application and Z amendment 
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Increased soil nutrient in the root zone and reduced water directly result from incorporating zeolite into 
the soil. Averaged across N application rates, zeolite at the highest rate increased grain yield by 9.1%. The 
numerically highest grain yield was achieved using 141 lb N and 4.4 tons zeolite/ac (Fig. 3). Which nitrogen 
and zeolite rates to use is a function of the benefit and cost of each input. In China, where this research was 
conducted, yields obtained using 94 lb N and 2.2 tons zeolite/ac were comparable to what was achieved using 
141 lbs N/ac and no zeolite, allowing for a 33% reduction in nitrogen use and a 7.8% reduction in water use. 
The results presented herein suggest zeolite may have considerable advantage for rice production in Texas. 

Research conducted by Taotao Chena, L. T. Wilsonb, and Daocai Chia. aCollege of Water Resources, Shenyang Agricultural 
University, Shenyang, 110866, P.R. China, bTexas A&M AgriLife Research Center at Beaumont, 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. 

INSECT, DISEASE, AND WEED MANAGEMENT 

Entomology Project Research Highlights 

The Entomology Project thanks the Texas Rice Research Foundation, the United Soybean Board and the 
Texas Sorghum Check-Off Board for providing critical monetary support to help fund the many investigations 
conducted in 2014 and 2015. The Entomology Project continues to answer pest management questions posed by 
stakeholders and works closely with stakeholders, academic colleagues and regulatory agencies to develop pest 
management tools that are effective, affordable and safe. To this end, in 2014 and 2015 we helped obtain 
Section 18s for Transform WG to control sugarcane aphid attacking sorghum, provided data to obtain a Section 
3 label for Sivanto to control sugarcane aphid, provided TDA with data and information to support a Section 18 
submission for Centric 40WG to control sugarcane aphid and tried to obtain a Section 18 for AV-1011 (rice 
seed treatment to repel blackbirds), but could not document a 20% increase in revenue across the Texas Rice 
Belt with the use of AV-1011. We will try again to help obtain a Section 18 for this bird repellent for the 2016 
crop season. 

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

Reduced Rates of Dermacor X-100 on Non-hybrid Rice 

 The recommended planting rates of Presidio and CL152 are 80 and 50 lb/ac, respectively. The rate of 
application of the rice seed treatment Dermacor X-100 depends on seeding rate. The higher the seeding rate, the 
lower the amount of Dermacor X-100 applied per cwt of seed. Thus, the currently recommended rate of 
Dermacor X-100 applied to CL152 (50lb/ac seeding rate) and Presidio (80lb/ac seeding rate) is 2.5 fl oz and 1.5 
fl oz/cwt seed, respectively. The objective of this experiment is to determine if lower than recommended rates 

Table 1. Mean insect data for reduced rates of Dermacor X-100 on non-hybrid rice. Beaumont, TX. 2014. 

Variety Treatment 
Rate 

(fl oz/cwt) 
Stand 

(plants/ft of row) 
No. RWWa/5 cores No. WHsa/4 rows 
Jun 23 Jul 1 Main Ratoon 

Presidio Untreated --- 10.3 a 38.5 a 7.8 ab 0.3 1.8 b 
Presidio Dermacor X-100 1.0 9.4 ab 2.5 c 1.8 bc 0.3 0.0 c 
Presidio Dermacor X-100 1.5 10.8 a 4.8 bc 1.3 c 0.0 0.3 bc 
Presidio Dermacor X-100 2.0 9.7 ab 3.5 bc 0.8 c 0.0 0.8 bc 
CL152 Untreated --- 8.1 bc 46.8 a 12.8 a 0.8 4.0 a 
CL152 Dermacor X-100 1.5 10.2 a 9.3 b 1.0 bc 0.0 2.0 ab 
CL152 Dermacor X-100 2.0 8.0 bc 10.8 b 1.5 bc 0.3 0.5 bc 
CL152 Dermacor X-100 2.5 7.5 c 7.3 bc 2.0 bc 0.0 1.5 bc 

a RWW = rice water weevil; WH = whitehead 
Means in a column followed by the same or no letter are not significantly different (P = 0.05, ANOVA and LSD) 



 Texas Rice Special Section - 16 

of Dermacor X-100 are as effective as recommended rates for seeding rates of 50 and 80 lb/ac. 

In general, rice stands were higher in Presidio than CL152 plots which is expected because Presidio was 
planted at a higher seeding rate than CL152 (Table 1). On the 1st sample date, populations of rice water weevil 
(RWW) in untreated plots were above the economic injury level (15 larvae/pupae per 5 cores). Numerically, 
populations were higher in untreated plots of CL152 than in untreated plots of Presidio (46.8 vs 38.5 RWW 
larvae/pupae per 5 cores). This is expected since RWW populations are generally higher in thinner than thicker 
stands. Higher rates of Dermacor X-100 did not significantly reduce RWW populations compared to lower 
rates. On the 2nd sample date, RWW populations had decreased in untreated plots below the economic injury 
level. However, all Dermacor X-100 treatments produced lower populations of RWW than the corresponding 
untreated treatments. 

Whiteheads (WHs) are a measure of stalk borer activity and virtually all dissected WHs revealed only 
Mexican rice borer larvae/pupae. For the main crop, stalk borer activity was practically nil. For the ratoon crop, 
WH densities throughout the experiment were relatively low with significantly higher densities in untreated 
CL152 than untreated Presidio plots. For CL152, rate of Dermacor X-100 did not significantly affect WH 
density. 

 Across treatments, main 
crop yields were higher for 
CL152 than Presidio (Table 2). 
Main crop yields were not 
significantly different across rates 
of Dermacor X-100 for either 
Presidio or CL152. Across 
Dermacor X-100 treatments, the 
difference in yield compared to 
the untreated controls for Presidio 
and CL152 was 728 and 1335 
lb/ac, respectively. For the ratoon 
crop, Presidio out-yielded CL152, 
regardless of treatment. No 
differences were detected among rates of Dermacor X-100 for either variety. Highest total yields were recorded 
for the highest rates of Dermacor X-100 for both varieties. The lowest rates of Dermacor X-100 produced total 
yields that were 929 lb/ac more than for untreated Presidio and 1014 lb/ac more than for untreated CL152. 

 In conclusion, data suggest reducing the rate of Dermacor X-100 for Presidio (80lb/ac seeding rate) 
from 1.5 to 1.0 fl oz/cwt may not compromise efficacy. Likewise, reducing the rate of Dermacor X-100 for 
CL152 (50 lb/ac seeding rate) from 2.5 to 1.5 fl oz/cwt may not compromise efficacy. 

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

Use of Varietal Resistance, Cover Crop, and Soil Amendments for Management 
of Diseases in Organic Rice 

Market demand has driven the continued increase in organic rice production in the U.S. However, 
growers lack effective tools to manage narrow brown leaf spot caused by Cercospora janseana and brown spot 
caused by Cochliobolus miyabeanus, two common diseases affecting organic rice production. The objective of 
this study was to determine the potential impact of varietal resistance, cover crop and organic fertilizer on the 
management of these diseases in organic rice.  

Table 2. Mean yield data for reduced rates of Dermacor X-100 on non-hybrid rice. 
Beaumont, TX. 2014. 

Variety Treatment 
Rate 

(fl oz/cwt) Main Ratoon Total 
Presidio Untreated --- 6,057 c 2,843 ab  8,900 c 
Presidio Dermacor X-100 1.0 6,661 bc 3,169 a  9,829 abc 
Presidio Dermacor X-100 1.5 6,940 abc 3,149 a  9,620 abc 
Presidio Dermacor X-100 2.0 6,755 abc 3,255 a  10,009 abc 
CL152 Untreated --- 6,250 c 2,442 bc  9,221 bc 
CL152 Dermacor X-100 1.5 7,687 a 2,548 bc  10,235 ab 
CL152 Dermacor X-100 2.0 7,421 ab 2,259 c  9,680 abc 
CL152 Dermacor X-100 2.5 7,647 a 2,778 ab  10,425 a 

a RWW = rice water weevil; WH = whitehead;  means in a column followed by the 
same or no letter are not significantly different (P = 0.05) 



 Texas Rice Special Section - 17 

A field experiment was conducted under organic management at Beaumont, Texas in 2012, 2013 and 
2014. The plot was naturally infested with narrow brown leaf spot and brown spot pathogens. Three winter 
cover crops were evaluated as main plots: Durana white clover, ryegrass and fallow. Rice varieties Presidio, 
Tesanai 2, XL723 (2013 only) and XL753 (2014 only)] were randomized as subplots within each main block, 
and organic fertilizers [NatureSafe, 13-0-0 (N-P-K) and Rhizogen, 7-2-1 at 0, 80, 134.and 187 lb N/ac] as sub-
subplots within each variety. Each treatment was replicated four times. Winter cover crops were planted late fall 
and plowed down in early spring. Rice was drill seeded at 143 lbs/ac for Presidio and Tesanai 2, and 72 lbs/ac 
for XL723 and XL753 at 2 to 3 weeks after the incorporation of winter cover crops. The high hybrid seeding 
rate was to insure uniform stand density. Soil amendments were applied and incorporated immediately after 
planting. Disease severity of each pathogen was rated near harvest using a scale of 0 to 9, where 0 represents no 
symptoms and 9 represents severe symptoms. Plots were harvested at maturity using a plot combine and grain 
yield estimated adjusted to 12% grain moisture. 

Tesanai 2 had the highest resistance to narrow brown leaf spot and brown spot followed by XL723, 
XL753 and Presidio. Incorporation of clover winter cover crop resulted in the greatest reduction in narrow 
brown leaf spot and brown spot followed by the winter fallow treatment. Ryegrass incorporation reduced 
narrow brown leaf spot in 1 of 3 years and brown spot in 2 of 3 years. Application of NatureSafe or Rhizogen at 
any of the three rates significantly reduced narrow brown leaf spot and brown spot compared to the non-
amended control. Combined use of varietal resistance (Tesanai 2), clover cover crop, and soil amendment at 
134 lb N/ac provided the greatest reduction in both diseases and resulted in the highest grain yield. Varietal 
resistance, cover crop, and nitrogen supply are important factors for management of narrow brown leaf spot and 
brown spot diseases in organic rice production. 

Research conducted by Xin-Gen Zhou, Fugen Dou and Anna McClung. This research is partially funded by the USDA Southern SARE 
Program and USDA NIFA Organic Transitions Program. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 
752-2741 or xzhou@aesrg.tamu.edu  

 Crop Injury and Yield as Affected by Herbicides in Conventional and Clearfield® Rice 

Rice fields are 
large reservoirs for weed 
seeds and more than 70 
species infest rice in the 
U.S. Currently, 
barnyardgrass is 
considered the most 
problematic in the South 
because of its impact on 
yield, lodging and grain 
quality. Herbicides are the 
most effective tool for 
control of weeds in rice 
and are used in virtually 
all rice fields, accounting 
for about 20% of total cost 
of rice production. A 
considerable number of 
herbicides are available, 
often with different modes 
of action, target weeds, 
and timings and methods 

Table 1. Description of herbicide and nitrogen applications for the trial at Eagle Lake in 2014 

Variety Herbicide 

Herbicide application* Nitrogen application 
Pre 

Apr 17 
E-2LF 
Apr 25 

3-5LF 
Apr 30 

PRE N 
Apr 10 

PF N 
May 28 

PD N 
Jun 16  

Boot 
Jul 3 

Total 
 

 Conventional Varieties 
Presidio Untreated        50 60 37.5 37.5 185 
  Command 11 oz     50 60 37.5 37.5 185 
  Facet 0.44 lb     50 60 37.5 37.5 185 
  Regiment     0.4 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 11 oz     50 60 37.5 37.5 185 
  Facet 0.44 lb     50 60 37.5 37.5 185 
  Regiment     0.4 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 11 oz     
 

90 
 

30 120 
  Facet 0.44 lb     

 
90 

 
30 120 

  Regiment     0.40 oz 
 

90 
 

30 120 
  Grasp     2.3 oz 

 
90 

 
30 120 

  Sharpen 2 oz   1 oz 
 

90 
 

30 120 
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of application. Improper usage of herbicides may result in crop injury, causing chlorosis, growth stunting and 
even plant death. Farmers 
are in need of data on the 
best timing of application 
that are most effective for 
control of target weeds and 
are safe to the rice crop. 
The Clearfield® 
Production System, 
commercially available 
since 2002, is a powerful 
tool for rice farmers to 
combat red rice, 
barnyardgrass, broadleaf 
signalgrass and many other 
weeds. The objective of 
this study is to evaluate the 
impact of selected 
herbicides on crop injury 
and yield potential in 
conventional and 
Clearfield® rice.  

A field trial was conducted as a split plot design with variety as main plots and herbicide as subplots at 
Eagle Lake, Texas in 2014. 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-
2). The treatments were arranged in a randomized 
complete block design with four replications. Plots 
consisted of seven 16-ft rows, spaced 7.5 in. between 
rows. Rice was drill seeded on Apr 11 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 Tables 1 and 2. Permanent 
flood was established on May 27. Insect and water 
management followed local production 
recommendations. The trial was conducted in natural 
infestations of weeds. More than 95% of the weed 
pressure in the plot area was broadleaf Signalgrass. 
Since the individual herbicides alone did not provide 
adequate season-long grass control, additional 
herbicides were applied to make the plots harvestable. 
Stam M-4 (2.5 lb ai/ac) was applied to the untreated 
control, Facet and Sharpen treatments on April 30, and to the Regiment and Grasp treatments on May 12. 
Additionally, Rice Star (17 oz /ac) was applied to all the treatments on May 23. Percent plant injury caused by 
herbicides was visually rated on April 29 and May 7 and 14 as compared to the untreated control plot in the 
same replicated block. Injury symptoms were mainly Chlorosis. The Sharpen treatment also showed a bit of 
necrosis on leaf tips and edges that was quickly outgrown. Rice was harvested using a plot combine at maturity. 
Grain yield and moisture were determined and rice yields were adjusted to 12% moisture content. Milling 
quality (% head rice and % total mil led rice) also was determined. 

Table 2. Description of herbicide and nitrogen applications for the trial at Eagle Lake in 2014 

Variety Herbicide 

Herbicide application* Nitrogen application 
Pre 

Apr 17 
E-2LF 
Apr 25 

3-5LF 
Apr 30 

PRE N 
Apr 10 

PF N 
May 28 

PD N 
Jun 16  

Boot 
Jul 3 

Total 
 

 Clearfield® Varieties 
CL152 Untreated        50 60 30 30 170 
  Newpath   6 oz 6 oz 50 60 30 30 170 
  Command 11 oz     50 60 30 30 170 
  Facet 0.44 lb     50 60 30 30 170 
  Regiment     0.40 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 11 oz     

 
90 

 
30 120 

  Facet 0.44 lb     
 

90 
 

30 120 
  Regiment     0.4 oz 

 
90 

 
30 120 

  Grasp      2.3 oz 
 

90 
 

30 120 
  Sharpen 2 oz   1 oz 

 
90 

 
30 120 

* Pre = Preemergence (April 17), E = Emergence, LF = leaf, F = Flood, PF = Permanent flood, 
and PD = Panicle differentiation. 

Table 3. Effects of herbicides on plant injury, yield, whole 
rice and total rice of three conventional varieties at Eagle Lake 
in 2014 

Main 
treatment 

Injury (%) Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) May 7 May 14 

April 29 May 7 May 
14 

 Variety  
 Presidio 10 a 3 a 7,65

9 
c 61.3 b 71.7 c 

 Cheniere 10 a 3 a 8,49
1 

b 66.2 a 73.3 a 
 XL753 10 a 3 a 9,03

3 
a 47.9 c 71.9 b 

Herbicide  
 Untreated 0 c 0 b 8,47

3 
a 59.5 a 72.4 a 

 Command 20 b 10 a 8,45
8 

a 58.8 a 72.3 a 
 Facet 0 c 0 b 8,45

3 
a 59.3 a 72.3 a 

 Regiment 0 c 0 b 8,32
8 

a 57.4 a 72.2 a 
 Grasp 0 c 0 b 8,15

3 
a 57.4 a 72.1 a 

 Sharpen 40 a 10 a 8,50
0 

a 58.4 a 72.3 a 
*Means followed by the same letter in a column are not 
significant different using Fisher’s least significance 
difference (LSD) at P =0.05.  

** NS = Not Significant. 
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Each conventional variety had the same injury responses to the use of herbicides on three assessment 
dates (Table 3). Facet, Regiment and Grasp did not cause any injuries to rice plants on each of the three 
assessment dates. Command and Sharpen did not cause any injury on April 29 but caused 20 and 40% injury on 
May, and 10 and 10% injury on May 14, respectively. None of the herbicide treatments significantly affected 
yield and milling quality. 

Both Clearfield® rice varieties had the same injury responses to the use of herbicides on the three 
assessment dates (Table 4). None of the 
herbicide treatments caused any crop injury 
symptoms on April 29. However, Command 
and Sharpen caused 20 and 40% injury on 
May 7, and 10 and 10% injury on May 14, 
respectively. Facet, Regiment, Grasp and 
Newpath did not cause any injury. None of 
the herbicide treatments significantly 
affected yield and milling quality of either 
Clearfield® variety evaluated. Facet, 
Regiment and Grasp were safe to use for 
weed control all varieties, while Newpath 
should only be used for Clearfield® varieties. 
Command and Sharpen can cause injury to 
conventional and Clearfield® rice varieties 
but the plants recover with time, resulting in 
no significant, negative impact on grain 
yield and milling quality. 

Research conducted by Xin-Gen Zhou, Jason Samford, Jack Vawter and Garry McCauley. 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 

Field Efficacy of Fungicides for Management of Sheath Blight and Narrow Brown 
Leaf Spot of Rice 

Rice production in Texas is affected by various fungal diseases, of which sheath blight (Rhizoctonia 
solani) and narrow brown leaf spot (Cercospora janseana) are economically significant. Under favorable 
conditions, sheath blight can cause yield losses as high as 50%. Unlike sheath blight, narrow brown leaf spot 
has been a minor disease in the United States. Of late, narrow brown leaf spot has been more problematic on 
both the main and ratoon crop in Texas with up to 40% yield loss reported. 

Chemical control with strobilurin fungicides has been the primary management tool for these diseases. 
However, in 2011 strobilurin fungicide resistance and control failure were confirmed for sheath blight in a few 
fields in Louisiana. Strobilurin resistance has not been observed in R. solani isolates from Texas. However, the 
incident in Louisiana is alarming for Texas rice producers. This warrants avoiding indiscriminate usage of 
strobilurin fungicides to manage sheath blight and highlights an urgent need for fungicides with different modes 
of action. Against this backdrop, field experiments were conducted from 2011 to 2014 at the David R. 
Wintermann Rice Research Station, Eagle Lake, Texas to evaluate the efficacy of new and unlabeled fungicides 
for the management of sheath blight and narrow brown leaf spot. 

The rice variety ‘Cocodrie’ was evaluated in 2011 while ‘Presidio’ was used in 2012 to 2014. Cultural 
practices were followed as prescribed in the Texas Rice Production Guidelines. Plots were naturally infected 
with narrow brown leaf spot. For sheath blight, a pathogen inoculum was multiplied in a rice grain:rice hull 

Table 4. Effects of herbicides on plant injury, yield, whole rice and total rice 
of two Clearfield® varieties at Eagle Lake in 2014 

 Injury (%) Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) Main treatments May 7 May 14 

Variety            CL152 9 a 3 a 7,630  
b  

65.3 a 72.0 b 
 CLXL745 9 a 3 a 9,482  

a  
63.2 b 72.4 a 

Herbicide            Untreated 0 c 0 b 8,427  
a  

64.1 a 72.2 a 
 Command 20 b 10 a 8,800  

a  
64.6 a 72.2 a 

 Facet 0 c 0 b 8,305  
a  

64.4 a 72.1 a 
 Regiment 0 c 0 b 8,842  

a  
64.3 a 72.1 a 

 Grasp 0 c 0 b 8,306  
a  

63.9 a 72.1 a 
 Sharpen 40 a 10 a 8,691  

a  
64.3 a 72.2 a 

 Newpath 0 c 0 b 8,517  
a  

64.2 a 72.3 a 
*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. 
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mixture (1:3 vol/vol) under laboratory conditions and manually broadcasting into plots at the panicle 
differentiation (PD) stage. Fungicides containing azoxystrobin (Quadris @ 9.4 fl oz/acre), propiconazole (Tilt 
@ 4.8 fl oz/ac or 10 fl oz/ac), azoxystrobin plus propiconazole (Quilt @ 22.3 fl oz/ac, QuiltXcel @ 16.6 fl 
oz/ac), trifloxystrobin plus propiconazole (Stratego @ 19 fl oz/ac), fluxapyroxad (Sercadis @ 6.9 fl oz/ac), 
pryraclostrobin (Headline @ 9 fl oz/ac) and antibiotics derived from Steptomyces spp. (validamycin @ 14 fl 
oz/ac and kasugamycin @ 13.7 fl oz/ac) were applied at the late booting stage. Sheath blight and narrow brown 
leaf spot severities were rated 
one to two weeks prior to 
harvest. At maturity, rice plots 
were harvested using plot 
combine and yield (after 
adjusting moisture content to 
12%), milling percentages of 
head (unbroken kernels) and 
total rice (unbroken and broken 
kernels) were determined. 

 
All the chemicals tested 

were effective (P < 0.0001) in 
reducing sheath blight severity 
compared to the untreated 
control (Fig. 1A). Narrow 
brown leaf spot severity 
differed among the various 
fungicide treatments (P < 
0.0001) with fluxapyroxad and 
propiconazole fungicides 
providing consistent and 
greatest reductions (Fig. 1B). 
Along with reducing disease severity, use of all of these chemicals increased yield (P < 0.0001) in all years of 
the study except 2013 (Table 1). None of the treatments affected head and total rice milling quality. Based on 

these results, it is evident that 
azoxystrobin fungicides are 
still effective against sheath 
blight under the conditions 
and location evaluated. 
Sercadis, a recently registered 
fungicide, is as effective as 
other fungicides for control of 
sheath blight and narrow 
brown leaf spot. In addition, 
Headline, Validamycin and 
Kasugamycin are also 
effective in reducing sheath 
blight but they are not labeled 
for use in rice in the US. 

 

Research conducted by Drs. Sai Sree Uppala, X. G. Zhou and G. Liu. This research is funded by The Texas Rice Research 
Foundation. For more information contact Dr. Sai Sree Uppala Sai.Uppala@ag.tamu.edu or Dr. Xin-Gen (Shane) Zhou 
xzhou@aesrg.tamu.edu 

Table 1. Field efficacy of various fungicides on rice grain yields, Eagle Lake, TX 2010-2014 

Fungicide and rate 

Yield (lb/ac) 

2011 2012 2013 2014 

Untreated control 9,299 b 9,078 c 10,816 a 6,229 b 
Quadris 9.4 fl oz/ac 9,714 ab 9,470 b 11,048 a 6,965 a 
Quilt 22.3 fl oz/ac 9,814 a 9,616 ab 10,942 a 7,106 a 
QuiltXcel 16.6 fl oz/ac 9,915 a 9,778 ab 10,876 a 6,947 a 
Quadris 9.4 fl oz/ac + Tilt 4.8 fl oz/ac 9,716 a 9,867 a -- -- 
Stratego 19 fl oz/ac 9,601 ab 9,604 ab 10,962 a 7,181 a 
Tilt 10 fl oz/ac -- 9,604 ab 10,948 a 6,864 a 
Sercadis 6.9 fl oz/ac -- 9,887 a 10,989 a 6,917 a 
Headline 9.0 fl oz/ac -- -- 11,185 a 6,816 a 
Validamycin 14 fl oz/ac -- -- 10,927 a 7,094 a 
Kasugamycin 13.7 fl oz/ac -- -- 11,024 a 6,807 a 
*Means in each column followed by the same letter are not significantly different (P=0.05). 

Fig. 1A-B. Effect of various fungicides on A) percent reduction in sheath blight (ShB) and B) 
narrow brown leaf spot (NBLS) severity compared to untreated control in 2011 to 2014. 
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The Best Timing of Fungicide Applications for Control of Narrow Brown Leaf Spot of 
Rice in Main and Ratoon Crops 

Narrow brown leaf spot (NBLS) is a foliar disease of rice caused by Cercospora janseana. Host plant 
resistance plays a 
key role in 
managing this 
disease. However, 
durability of 
resistance to NBLS 
is often 
inconsistent due to 
evolution of new 
races of the 
pathogen. 
Presently, NBLS is 
managed primarily 
through application 
of fungicides. 
Timely application 
of fungicides against NBLS is the key in minimizing production costs and maximizing yields. In general, this 
disease is more severe in the ratoon crop than main crop. However, no labeled fungicides are available for 
control of this disease in the ratoon crop. 

 Field experiments were conducted on rice cvs. ‘Cocodrie’ (2010-2011) and ‘Presidio’ (2012 and 2014) 
in fields naturally infested with NBLS at David R. Wintermann Rice Research Station, Eagle Lake, Texas (2010 
to 2012) and Texas A&M Research Center, Beaumont, Texas in 2014. Eagle Lake research trials evaluated two 
rates of propiconazole (PropiMax @ 5 and 10 fl oz/ac), two application timings in the main crop (booting or 
heading stage) with or without fungicide application (PropiMax @ 5 or 10 fl oz/ac) at the boot stage of the 
ratoon crop. The Beaumont trial evaluated various main crop fungicide (PropiMax @ 10 fl oz/ac) application 
timings (at panicle differentiation (PD), booting, heading or 7 days after heading) in combination with ratoon 
crop with and without a fungicide application at the boot stage. Cultural practices in all the experiments were 
followed as per the prescribed Texas Rice Production Guidelines. NBLS severity was visually rated (0-9 scale) 
one to two weeks prior to harvest in both main and ratoon crops. At maturity, rice plots were harvested using 
plot combine and yield (after adjusting moisture content to 12%) was determined. 

Table 2. Effects of application timings and rates of propiconazole on rice grain yields, Eagle Lake, TX, 2010-2012 

Fungicide and rate 
(per Acre) 

Application stage 2010 2011 2012 
Main 
crop 

Ratoon 
crop 

Main 
crop 

Ratoon 
crop Main crop Ratoon 

crop Main crop Ratoon 
crop 

Untreated control   6,709 b 3,424 a  9,908  c 2,047 a  9,544 a 3,423 b 
PropiMax 5 fl oz Boot  7,328 ab 3,147 a  10,770 a 2,063 a  9,978 a 3,674 ab 

PropiMax 10 fl oz Boot  7,576 a 3,871 a  10,162 abc 1,867 a  9,912 a 3,903 a 
PropiMax 5 fl oz Head  7,076 ab 3,784 a  10,628 ab 1,882 a  9,853 a 3,958 b 

PropiMax 10 fl oz Head  7,042 ab 3,434 a  10,216 abc 2,135 a  10,032 a 3,916 b 
PropiMax 5 fl oz Boot Boot 7,130 ab 3,897 a  10,621 ab 1,839 a  9,50 a 3,876 b 

PropiMax 10 fl oz Boot Boot 6,881 ab 3,889 a  10,178 abc 1,967 a  10,077 a 3,798 b 
PropiMax 5 fl oz Head Boot 6,745 b 3,943 a  10,065 bc 1,845 a  9,955 a 3,815 b 

PropiMax 10 fl oz Head Boot 7,031 ab 3,610 a  10,814 a 2,087 a  9,914 a 3,940 b 
*Means in each column followed by the same letter are not significantly different (P=0.05). 

Table 1. Effects of application timings and rates of propiconazole for control of narrow brown leaf spot 
on main and ratoon crops, Eagle Lake, TX 2010 - 2012 

Fungicide and rate 
(per Acre) 

Application 
stage 2010 2011 2012 

Main 
crop 

Ratoon 
crop 

Main 
crop 

Ratoon 
crop 

Main 
crop 

Ratoon 
crop 

Main 
crop 

Ratoon 
crop 

Untreated control   4.3 a 8.5 a 4.8 a 7.0 a 3.8 a 6.9 a 
PropiMax 5 fl oz Boot  3.3 a 6.5 b 4.1 ab 5.9 ab 2.1 b 5.5 b 
PropiMax 10 fl oz Boot  4.3 a 6.5 b 3.9 bc 5.3 bc 2.1 b 5.4 b 
PropiMax 5 fl oz Head  3.8 a 6.8 b 4.0 bc 5.0 bcd 2.1 b  5.8 ab 
PropiMax 10 fl oz Head  3.8 a 6.3 b 3.6 bc 5.6 bc 2.0 b 5.5 b 
PropiMax 5 fl oz  Boot Boot 3.3 a 5.0 c 3.8 bc 3.9 de 2.0 b 3.1 c 
PropiMax 10 fl oz Boot Boot 3.5 a 4.8 c 3.9 bc 3.6 e 2.0 b 2.0 c 
PropiMax 5 fl oz  Head Boot 3.5 a 4.0 c 3.4 c 4.6 cde 2.0 b 3.1 c 
PropiMax 10 fl oz Head Boot 3.5 a 4.3 c 3.8 bc 3.6 e 2.3 b 3.1 c 
*Means in each column followed by the same letter are not significantly different (P=0.05). 
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On average, NBLS severity was less in the main crop than in the ratoon crop. All fungicide timing 
treatments resulted in a reduction in NBLS compared to the untreated control. PropiMax applied at either of the 
specified rates significantly reduced NBLS severity over the untreated control regardless of the application 
stage (Table 1). An additional spray at the ratoon crop boot stage in Eagle Lake trials contributed to NBLS 
reduction, but did not increase yield (Table 2). 

Among the various main crop fungicide application timings tested in Beaumont trial, most efficient 
control on both main and ratoon crops was achieved when propiconazole was applied at boot, heading or 7 days 
after heading in the main crop. An additional fungicide spray in the main or ratoon crop resulted in further 
reduction in NBLS but did not significantly increase yield (Table 3). Overall, our results suggest that single 
application of propiconazole between boot and up to 7 days after heading in main crop is sufficient for control 
of NBLS in main and ratoon crops under the conditions evaluated. 

Table 3: Effects of application timings of propiconazole (PropiMax @ 10 fl oz/ac) on narrow brown leaf spot 
severity and yield of the main and ratoon crop, Beaumont, TX 2014 

Application timing Main crop Ratoon crop 

Main crop 
Ratoon 

crop 
No. of 

applications 

NBLS 
severity 

(0-9) 
Yield 
(lb/ac) 

NBLS 
severity 

(0-9) 
Yield 
(lb/ac) 

Untreated control  0  4.0 a  9,496 a 4.3 a 3,730 a 
PD + 7  1  3.8 ab  9,648 a 3.3 bc 3,730 a 
Boot  1  3.3 bc  10,399 a 3.4 bc 3,731 a 
Heading  1  3.0 cd  9,827 a 2.8 cde 3,737 a 
Heading + 7  1  2.5 de  9,942 a 3.6 ab 3,770 a 
PD+7 plus Heading  2  2.8 cde  9,977 a 3.1 bcd 3,888 a 
Boot plus Heading+7  2  2.5 de  9,999 a 3.0 bcd 3,860 a 
PD+7 plus Boot plus Heading  3  2.3 e  9,907 a 3.3 bc 4,234 a 
PD + 7 Boot 2   2.9 cde 3,883 a 
Boot Boot 2   3.1 bcd 3,518 a 
Heading Boot 2   2.9 cde 3,633 a 
Heading + 7 Boot 2   2.9 cde 3,779 a 
PD+7 plus Heading Boot 3   2.3 e 3,902 a 
Boot plus Heading+7 Boot 3   3.1 bcd 3,892 a 
PD+7 plus Boot plus Heading Boot 4   2.5 de 4,110 a 

*Means in each column followed by the same letter are not significantly different (P=0.05). 
PD= Panicle differentiation stage 

Research conducted by Drs. Sai Sree Uppala, X. G. Zhou and G. Liu. This research is funded by The Texas Rice Research 
Foundation. For more information contact Dr. Sai Sree Uppala Sai.Uppala@ag.tamu.edu or Dr. Xin-Gen (Shane) Zhou 
xzhou@aesrg.tamu.edu  

POST HARVEST GRAIN MANAGEMENT 

Alternatives to Methyl Bromide for Effective Integrated Pest Management in Rice Mills 

The U.S. is a major rice exporter and insect infestation of milled rice can cause considerable economic 
loss from reduced grain quality, treatment costs, and risk of insects and fragments in consumer food. Due to the 
phase-out of the fumigant methyl bromide, insect integrated pest management (IPM) plans specific for rice 
mills are critical to maintaining grain and flour quality and economic viability. Red flour beetle, Tribolium 
castaneum, is the primary pest in rice mills and is the most frequently targeted pest for methyl bromide 
fumigations under the continuing use exemption program for rice mills. We are developing an IPM plan for red 
flour beetles at milling facilities using alternative methods to methyl bromide. Results are also applicable to 
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other insects. We are evaluating the role outside spillage plays in attracting and supporting increased insect 
population pressures, and determining how targeted applications of reduced-risk insecticides and improved 
sanitation of spillage improves pest management. The economic costs, benefits, and risks of current and new 
management tactics is being analyzed and results integrated into a web-based management system (Fig. 1). 
Recommendations are being delivered through workshops. The project provides alternatives to methyl bromide 
fumigation for red flour beetle control in rice mills. 

 
Research conducted by Yubin Yang, Lloyd T. Wilson, Tanja McKay, Frank H. Arthur, James F. Campbell, Brian Adam, and Julien M. 
Beuzelin. Funding is provided by USDA NIFA. For more Information, please contact Dr. Yang at (409) 752-2741 Ext. 2500 or 
yyang@aesrg.tamu.edu 

ALTERNATIVE CROPS 

Evaluation of Commercial and Pre-Commercial Energy Sorghum Hybrids for Growth and Composition 

The objective of this project is to evaluate a series of energy sorghum hybrids for both agronomic 
productivity and conversion efficiency across multiple environments. Experiments will be conducted in College 
Station, Corpus Christi, and Beaumont. Across the three locations, a series of sorghum hybrids will be planted 
in strip plots sufficient in size to produce two tons of freshly chopped biomass. Based on weekly monitoring, 
each hybrid will be harvested at maximum biomass/sugar yield. Harvest dates will vary by hybrid ranging over 
a two month period depending on hybrid selection and weather patterns. At harvest, a hybrid will be harvested 
using a silage chopper to produce biomass pieces ~10 mm in size. Yield and basic agronomic data will be 
collected on the bulk harvest. Immediately upon harvest, biomass will be mixed with additives including a 
prescribed dose of diluted sulfuric acid, yeasts, and enzyme packages. After mixing, the biomass will be 
discharged onto plastic tarps, and packed in plastic buckets used for collecting the biomass. The buckets will be 
fitted with airlock fermenters. Once made, the buckets will be allowed to stand in a shaded area until they are 
not producing gas. At this point the buckets will be fitted with solid stoppers and stored on-site for 2016 and 
then shipped for further analysis. 

Research conducted by Y. Yang, L. T. Wilson, W. L. Rooney, and J. Landivar. Funding is provided by Shell Oil Company. For more 
Information, please contact Dr. Wilson at (409) 752-3045 or lt-wilson@aesrg.tamu.edu 
  

Fig. 1. Main page of the web-based Post-Harvest Grain Management program 
(https://beaumont.tamu.edu/GrainManagement/). 
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Redbanded Stink Bug Research 

In Texas, research focused on investigating redbanded stink bug in soybean. There were four major 
objectives: 

1. Determine stink bug species composition and relative abundance of the redbanded stink bug in 
soybean in the Upper Gulf Coast Texas. Commercial soybean fields in the Upper Gulf Coast of Texas were 
sampled weekly using a sweep net throughout R2 (full flowering) to R7 (beginning maturity) from 2011 to 
2013. Adults and nymphs (third, fourth and fifth instars) of redbanded stink bug, southern green stink bug, 
green stink bug, and brown stink bug were counted per 25 sweeps. The relative abundance of redbanded stink 
bug was significantly higher than any other stink bug species. Over 65% of the total population collected during 
this period were redbanded stink bugs and about 19% were southern green stink bugs. The highest redbanded 
stink bug densities and the highest ratio of redbanded stink bug nymphs to adults were recorded at R7. Results 
from this study showed that redbanded stink bug has become the predominant stink bug species in soybean in 
the Upper Gulf Coast of Texas. 

2. Occurrence of soybean delayed maturity syndrome through alteration of sink-source balance by 
redbanded stink bug, Piezodorus guildinii (Westwood) feeding. To determine if there is a density of P. 
guildinii that triggers delayed maturity in soybean, experiments were conducted with varying levels of P. 
guildinii infestation (0, 2, 4, and 8 adults/0.3 m) during R4 to R5 soybean growth stages. In addition, to 
determine if soybean delayed maturity is exclusively due to reduced pod load, experiments with different levels 
of mechanical pod removal (0, 25, 50, and 75%) were conducted on field grown soybeans. Adult densities up to 
4/0.3 m did not trigger delayed maturity. However, a density of 8 adults/0.3 m produced a significant increase in 
the number of green leaves retained on plants at maturity (i.e., delayed maturity). There was no effect of 
mechanical pod removal on green leaf retention. The lack of a significant positive correlation between 
mechanical pod removal and green leaf retention indicates the involvement of mechanism(s) other than reduced 
pod load in the occurrence of soybean delayed maturity. 

3. Determination of growth stage-specific response of soybeans to varying densities of redbanded 
stink bug, Piezodorus guildinii Westwood, (Hemiptera: Pentatomidae). Field cage studies were conducted to 
determine the response of R2-R6 stage soybeans to P. guildinii infestation. Soybeans at R2 to R6 stages were 
infested with 0, 1, 2 and 4 P. guildinii adults/0.3 m. At each growth stage, four adjacent plants were randomly 
selected and cylindrical wire mesh cages were installed to confine P. guildinii on the plants. Infestation was 
maintained for 10 days after which cages were removed and plants were repeatedly sprayed with acephate. 
Plant response was measured in terms of number of flat pods, seed yield, test weight, and number of seeds per 
pod. Infestation during R5-R6 growth stages significantly decreased soybean yield. Decrease in soybean yield 
was mainly due to reduced seed weight and increased numbers of flat pods. In addition, a field experiment was 
conducted to determine if flat pods are localized only to the regions of P. guildinii feeding. Adults were 
confined to certain portions of the plants (bottom, top, and both) using specially designed cages isolating these 
portions of the plants. Results showed significantly higher percentage of flat pods on plant portions infested 
with P. guildinii than those kept free of P. guildinii infestation indicating that flat pods are the result of direct P. 
guildinii damage and are localized to the area of P. guildinii feeding. 

4. Baseline Insecticide Susceptibility of Redbanded Stink Bug (Hemiptera: Pentatomidae) Field 
Populations in Texas Soybean. RBSB adults collected from commercial soybean fields were tested in glass 
vial bioassay to determine LC50 (concentration that is lethal to 50% of the stink bugs) values for pyrethroids 
(bifenthrin and cyfluthrin), neonicotinoids (thiamethoxam and imidacloprid), and an organophosphate 
(acephate). In addition, a small plot field trial was conducted to determine the efficacy of some commonly used 
pyrethroid, neonicotenoid and organophosphate formulations. Glass-vial bioassays generated LC50 values of 
0.76 µg/vial for bifenthrin, 0.18 µg/vial for cyfluthrin, 2.32 µg/vial for thiamethoxam, and 1.07 µg/vial, for 
imidacloprid after 4h of exposure. When RBSBs were exposed to acephate for 4h in vial bioassay, no more than 
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20% of mortality was recorded preventing the calculation of LC50 while after 24 hours of exposure a LC50 of 
2.84 µg/vial was generated. Results from the field trial found significant reduction in numbers of surviving 
RBSBs one and seven days after treatment (DAT) in all insecticide treatments except acephate when compared 
to untreated plots. Results from both laboratory bioassay and field trial showed that RBSBs are more 
susceptible to neonicotinic and pyrethroid insecticides than to the organophosphate acephate, which took longer 
to show RBSB mortality. 

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

Insecticide Screening for Aphid Control in Grain Sorghum 

An experiment was planted late to encourage sugarcane aphid (SA) populations. Blocks were flooded 
immediately followed by draining. The hybrid variety Dekalb S53-67 was grown based on observations by local 
farmers who grew this variety in 2013 and experienced problems with SA. 

 SA was not observed until grain sorghum was well past heading (late-August). Unfortunately, blackbird 
pressure was severe, so yield data are unreliable. In mid-August, we applied AV-1011 to all plots. AV-1011 is a 
bird repellent manufactured by Arkion Life Sciences and is currently not registered on grain sorghum. 
Following the experiment, grain sorghum heads and vegetation were destroyed. Few birds were obsersed in 
plots after application of AV-1011. AV-1011 did not appear to effect SA populations. We plan on conducting 
additional evaluating on AV-1011. 

 Counting SAs in the field is not exact. We estimated SA populations by counting aphids in groups of 10. 
Pretreatment counts were not significantly different among treatments (Table 1). Counts 2, 5 and 9 days after 
treatment (DAT) 
showed 
significantly lower 
populations 
compared to the 
untreated control 
for Transform WG 
(both rates), 
Sivanto, Endigo 
ZCX, and Centric 
40WG. At 16 
DAT, populations 
in the untreated 
control were low, 
so results are not 
reliable. Data suggest the low rate of Transform WG performed as well as the high rate. Lorsban Advanced, 
Dimethoate 4EC and Fulfill did not perform as well as the other treatments, but did reduce SA populations. 

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

  

Table 1. Mean data for sorghum insecticide screening study. Beaumont, TX. 2014. 

Treatment 
Rate 

(fl oz/ac) 

No. sugarcane aphid/leafa Wet 
wt./seed 
head (g) Pret. 2 DAT 5 DAT 9 DAT 16 DAT 

Transform WGb 0.75 oz/ac 20.7  4.8 d  1.8 d  1.1 cd 0.6 bc 21.3 
Transform WGb 1.5 oz/ac 57.8  7.9 cd  2.8 d  0.2 d 0.0 c 22.1 

Lorsban Advancedb 24 20.6  21.2 abc  25.9 ab 15.1 a-d 8.6 bc 18.5 
Sivantoc 5 39.9  2.5 d  10.7 cd  0.4 d 0.7 bc 18.1 

Dimethoate 4ECb 16 40.1  16.9 a-d  16.4 abc 16.8 abc 24.8 a 20.5 
Endigo ZCXc 5 65.1  10.3 bcd  14.4 bcd  1.4 bcd 2.4 bc 21.2 

Fulfilld 5 oz/ac 56.4  31.2 ab  24.4 abc 24.0 ab 2.2 bc 20.9 
Centric 40WGc 2.5 oz/ac 43.9  8.0 cd  6.9 bcd  0.6 cd 0.2 bc 20.2 

Untreated --- 67.6  43.5 a  46.2  a 36.7 a 10.0 b 19.6 
a

 Pret. = pretreatment; DAT = days after treatment, Includes bCOC @ 1% v/v, cNIS @ 0.25% v/v, d MSO @ 
1% v/v,  Means in a column followed by the same or no letter are not significantly different (P = 0.05) 
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