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PLANT BREEDING AND GENETICS 

RU0803153: An Elite Rice Breeding Line Promising for Varietal Release 

RU0803153 is a sister line of Antonio thus 
derived from a cross of Cypress and Cocodrie. It has 
8% main crop yield advantage over Antonio and 12% 
over Presidio in seven yield trials conducted in 
Beaumont and Eagle Lake. Considering the main 
crop and ratoon, it is comparable to Antonio but has 
6% yield advantage over Presidio, a known good 
ratooner among U.S. released rice varieties. It has the 
blast resistance gene like Antonio and Cocodrie. 
Height, heading and maturity of RU0803153 are 
similar to Antonio and Presidio, while the milling 
traits are on par with Presidio and Antonio. The 
apparent amylose content is higher than Antonio but 
still in the intermediate amylose group. It has less 
chalky grains than Antonio and was rated acceptable 
when milled by five out of 
seven commercial millers. 
Head rows are established 
for this line in 2017 to 
produce breeder seeds for 
foundation seed production 
by the Texas Rice 
Improvement Association 
(TRIA). Bulked seeds from 
the head rows in 2016 are 
currently planted in TRIA 
field to evaluate its 
performance in a larger area. 
Table 1 shows the yield and 
agronomic traits of 
RU0803153 relative to 
Antonio and Presidio while 
Table 2 shows their 
ratooning potentials obtained 
in three performance trials at 
Eagle Lake. 

Table 1. Yield, agronomic and milling traits of RU0803153, Presidio and Antonio in seven 
trials. 
Trait/Name Presidio RU0803153 Antonio 

Heading  82 84 82 

Maturity 115 120 121 

Plant Height (cm) 91 94 91 

Yield Main Crop (MC) 6928 8367 7465 

MC Yield advantage over Antonio 0.93 1.08  

MC Yield advantage over Presidio  1.12 1.08 

MC % Total Milled Rice 72 71 73 

MC % Whole Milled Rice 60 61 62 

Ratoon % Total Milled Rice 73 73 74 

Ratoon % Whole Milled Rice 65 67 67 
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Fig. 1. Panicles of RU0803153. 
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Table 2. Main Crop and Ratoon yield of RU0803153, Antonio and Presidio at Eagle 
Lake, Texas. 2014-2016. 

Name 

Grain Yield (lbs/ac) MC + RC 
Yield 

Advantage 
(Presidio) 

Main Crop 
(MC) 

Ratoon 
Crop (RC) MC +RC 

RU0803153 8572 4416 12988 1.06 

Antonio 7962 4398 12360 1.01 

Presidio 7060 5165 12225 1 

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

Drought Indices at Reproductive Stage of Selected Rice Germplasm 

Water as a farm resource is getting scarce worldwide, with declining quality and quantity and the 
occurrence of drought will be prevalent with climate change making it the biggest challenge in the future. A 
study was conducted during three years to address the effect of drought on previously identified stress tolerant 
lines. Some of these lines were the entries included in previous herbicide trials. Two identical blocks with 13 
lines were planted with one maintained using standard production practices, serving as a check, and the others 
having permanent flood removed at the reproductive stage. The plots were flushed with water when necessary 
and never allowed to 
contain standing water 
for long periods of time. 
Milling, and yield data 
were collected from both 
the check block and 
drought test block. 
Estimate of drought 
intensity index = 1-
(Yd/Yf), drought 
susceptibility index = (1 
– Yd/Yf)/(1 – Xd/Xf) 
and geometric index 
=(Yd*Yf)1/2 were made  
where Yd and Yf are the 
entry yield in drought 
and flooded field, 
respectively and  Xd and 
Xf are mean yield in 
drought and flooded 
field, respectively were 
generated as shown in 
Table 1. Lower values 
for the indices are 
desirable. Several of the lines particularly TXDT-0001 and TXDT-0013 showed a consistent ability to 
withstand the drought stress during the reproductive stage with less effect to yield. TXDT-0002, with equally 

Table 1. Drought indices and geometric mean yield of 13 genotypes exposed to drought at 
reproductive stage. Lower values for the indices are desirable. 

Entry Name Pedigree 
Drought 

Susceptibility 
Index a 

Drought 
Intensity 
Index b 

Geometric 
Mean 
yield c 

TXDT-0001 9302065/Cypress 0.55 0.09 4525.7 
TXDT-0002 4610 0.88 0.14 7022.0 
TXDT-0003 4579 1.12 0.18 7659.1 
TXDT-0004 LQ243a/Saber 0.88 0.14 4372.8 
TXDT-0005 4610 1.01 0.17 6978.3 
TXDT-0006 LQ243a/Saber 1.14 0.19 4529.6 
TXDT-0007 LQ243a/Saber 1.14 0.19 4832.3 
TXDT-0008 4576 1.36 0.22 6632.5 
TXDT-0009 LQ243a/Saber 1.11 0.18 4956.5 
TXDT-0010 Rondo 1.28 0.21 6614.9 
TXDT-0011 LQ243a/Saber 1.15 0.19 4893.6 
TXDT-0012 Empasc 105 0.81 0.13 6338.9 
TXDT-0013 302180 0.69 0.11 5192.4 

a Drought susceptibility index = (1 – Yd/Yf)/(1 – Xd/Xf), b Drought intensity index = 1 – 
(Yd/Yf), c Geometric mean yield = (Yd * Yf)1/2 
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low indices, has the best potential to yield more in water stress conditions followed by TXDT-0012.  This study 
is being repeated in 2017. Future studies will continue to assess the effect of drought stress and the possibility 
of gaining new germplasm with great tolerances to multiple stresses. 

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

Cold Tolerance of Ratoon in Selected Genotypes 

Ratooning is important to rice producers to increase production and profitability. One of the traits 
desirable in the popular variety, Presidio, is ratooning aside from its stable milling traits. Delay planting during 
the season for Presidio and other U.S. released varieties not only reduces main crop yield but also reduce the 
chance of getting a decent ratoon crop, particularly during the colder fall season or early onset of the winter 
season. Growth of rice is generally affected at temperatures below 60oF. Even moderate tolerance could be an 
edge during these conditions.  

Table 1. Number of days and number of consecutive days with temperature below 60 oF and their range of 
low and/or freezing temperature from Oct. 2016-March, 2017. 

Month 
No. of Days (Temperature Range) No. of Consecutive Days 

(Temperature Range) 
Max T 

(oF) Min T (oF) Average 
T (oF) 

Max T 
(oF) Min T (oF) Average T 

(oF) 

Oct.  9 (46-58) 1 (59)  7 (46-58)  

Nov.  17 (45-56) 5 (48-57)  8 (46-56)      
5 (45-52)  

Dec. 10 (45-57) 25 (30-58) 18 (42-56)  13 (32-58)   
11 (30-58) 11 (42-56) 

Jan. 7 (38-57) 23 (24-58) 13 (31-59)  8 (24-52)    
12 (36-56) 

6 (31-59)   
5 (47-58) 

Feb.  19 (42-57) 8 (48-58)  5 (42-57)       
7 (42-45)  

March  16 (40-59) 7 (53-59)  5 (41-59)       
7(40-58) 4 (53-55) 

Total 17 (45-57) 109 (24-59) 52 (31-59)    

Numbers in parenthesis are range of temperatures for each number of days and the number of consecutive 
days. 

A set of germplasm currently being evaluated for drought tolerance was planted late thus the ratoon 
plants were exposed to lower temperature during the winter season. The 2016 winter was milder than usual but 
low temperatures and some freezing temperatures killed highly susceptible plants in some of the plots in other 
trials. Observing a good ratoon crop before the Christmas break, the plots in the drought tolerance study were 
scored for cold tolerance last Dec. 21, 2016 and ratoon stand and cold tolerance last March 22, 2017. 

Table 1 shows the temperatures during the growth and development of the ratoon crop. The plants were 
exposed for 109 days with a minimum temperature range of 24-59oF, 52 days with average temperature of 31-
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55oF and 17 days with maximum temperature range of 45-57oF. The number of consecutive days with critical 
temperature varies but more than 10 consecutive days with temperature below 60oF was recorded twice in 
December and once in November and January. 

Table 2. Comparison among means of cold tolerance and stand scores of 13 genotypes. 

Entry 
Number Pedigree 

Cold Tolerance Ratoon Stand 

Dec. 21, 2016 March 22, 2017 March 22, 2017 

801 9302065/Cypress 1.83e 2.33bcd 2.83cde 
802 4610 4.50ab 3.5abc 3.83abc 
803 4579 4.50ab 3.5abc 5.00a 
804 LQ243a/Saber 2.50de 2.33bcd 2.67cde 
805 4610 4.17abc 3.83ab 3.17bcd 
806 LQ243a/Saber 3.17bcde 2.33bcd 2.33de 
807 LQ243a/Saber 3.33bcs 1.67d 1.50e 
808 4576 3.17bcde 3.5abc 4.5ab 
809 LQ243a/Saber 3.33bcd 1.67d 2.50cde 
810 Rondo 4.17abc 4.50a 4.5ab 
811 LQ243a/Saber 2.83cde 2.17cd 2.83cde 
812 Empasc 105 5.00a 5.00a 5.00a 
813 302180 2.50de 2.17cd 2.33de 

Cold tolerance/stand score: 1 (best), 5 (poor) 
Analyses of variance showed significant variation among entries in plant stand of the ratoon crop for 

the two cold tolerance scoring dates. Rondo and Empasc 105 showed consistent high susceptibility to cold 
temperature thus producing poor ratoon plant stands. Similar susceptibility response was observed in two indica 
varieties, 4610 and 4579. Moderate cold tolerance was noted among sister lines from LQ243a/SABER cross 
but entry 801 (9302065/Cypress) and entry 813 (302180) are equally cold tolerant and potential donors for 
ratoon crop cold tolerance. 

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. 

Translucency and Whiteness of Milled Rice Grains from Main Crop and Ratoon of Texas Elite 
Breeding Lines 

Rice milling quality is very critical in export 
markets. Not only percentage of whole milled rice or 
head rice is important but also chalkiness, and the color 
and translucency of milled rice. Ratoon crop (RC) or 
second harvest after the main crop (MC) is a popular 
practice in Texas and mixing the main and ratoon 
harvests for a variety is fairly common. Does this 
mixing affect the quality of milled rice? 

Initial studies comparing MC and RC milling 
traits showed that the percentage total and whole 
milled rice varies by genotype. However, for each  

Table 1. Comparison among means for whiteness and 
translucency in two locations and two time of harvest. 
Factor Whiteness Translucency 
Location   

Beaumont 42.0a 3.00a 
Eagle Lake 41.6a 2.66b 

Time of Harvest   

Main Crop 44.0a 2.88a 
Ratoon 39.60b 2.77b 

Means with the same letter in a column are not significantly 
different at 5% 
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genotype, the percentage of total milled rice of the RC was always lower than the MC but the reverse is true 
for whole milled rice, with a higher percentage obtained from the RC harvest. For chalkiness, the MC generally 
had more chalk than the RC. 

Using the Zaccaria whiteness meter, the 
2016 MC and RC harvests of 25 genotypes 
from Eagle Lake and Beaumont were evaluated 
for whiteness and transparency to determine 
variation in MC and RC milled rice, as affected 
by genotype and location. Glutinous rice and 
commercial imported rice were included with 
Antonio and Presidio for comparison. Analysis 
of variance for whiteness showed highly 
significant variations among genotypes, 
between the MC and the RC (time of harvest) 
but not for location. However, significant 
interactions were noted between location and 
genotypes, and location and time of harvest. For 
translucency, highly significant variations were 
found among genotypes, locations and time of 
harvest, the interaction between genotype and 
time of harvest but not genotype and location. 
These results indicate that in general, the degree 
of whiteness and translucency in milled rice 
varies among varieties with the RC darker and 
less translucent than the MC. Caution in mixing 
should be considered since whiteness and 
translucency of varieties varies harvest. Tables 
1 and 2 show comparison among means for 
whiteness and translucency. 

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. 

 

 

 

Milled Grains of Some U.S. Released Rice Varieties: Whiteness and Translucency 

Color and translucency of milled rice are important traits for millers and rice importer, and may 
determine market value. Yellowish or grayish grains are less desirable with high translucent grain always 
preferred. Recent evaluation of several millers indicate preference for Presidio followed by Cheniere. 

Milled grains of the U.S. released varieties included in the 2016 Uniform Rice Regional Nursery were 
evaluated for whiteness and translucency using the Zaccaria whiteness meter. Thai rice, glutinous rice and  

Table 2. Comparison among means for whiteness and translucency in 
25 genotypes. 
Genotype Whiteness Translucency 
Antonio 40.97bcde 2.75abc 
RU1303135 41.00bcde 2.87ab 
RU1303163 49.94abcde 2.68abc 
RU1303172 38.72e 2.41c 
RU1303184 39.18de 2.40c 
RU1403129 42.26abc 2.91ab 
RU1403141 41.55bcde 2.96ab 
RU1403181 42.06abcd 3.04ab 
RU1403190 41.73abcde 2.69bc 
RU1503092 41.26bcde 2.82ab 
RU1503098 40.34cde 2.65bc 
RU1503132 42.25abc 2.89ab 
RU1503147 41.99abcd 3.06ab 
RU1503169 40.38cde 2.87ab 
RU1503175 40.85bcde 2.77abc 
RU1603086 42.86abc 2.92ab 
RU1603089 42.92abc 2.84ab 
RU1603113 40.12cde 2.93ab 
RU1603116 40.02cde 2.85ab 
RU1603138 42.55abc 2.99ab 
RU1603144 42.67abc 2.92ab 
RU1603153 43.94ab 2.88ab 
RU1603166 40.55cde 2.76abc 
RU1603178 44.71a 3.13a 
RU1603187 40.00cde 2.64bc 
Commercial Thai Rice 40.60 2.94 
Uncle Ben's Rice 40.65 2.78 
Glutinous Rice 58.10 1.10 

Means with the same letter in a column are not significantly different 
at 5%, the bottom three genotypes were not used in the analysis but 
included for numerical comparison. 
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Uncle Ben’s Basmati rice were included for 
comparison. Analysis showed significant 
variation in whiteness and translucency in U.S. 
released rice varieties. Comparison among 
means in Table 1 showed varieties with 
comparable whiteness and translucency. As 
expected, none were white as glutinous rice but 
eight U.S. varieties had whiteness comparable 
to Thai rice and Uncle Ben’s rice, including 
Presidio, Antonio, Mermentau, CL 151, CL 
172, Titan, MM-14 and M-206. Similarly, none 
were as translucent as glutinous rice but 10 
were translucent as Thai and Uncle Ben’s. 
Among varieties tested, Lakast, Jazzman 2, 
Della 2 and CL 163 were not as white as 
Presidio while Rex, Mermentau and Jazzman 2 
were not as translucent as Presidio. It can be 
noted that the majority of U.S. released 
varieties are comparable to Presidio in 
whiteness and translucency of milled rice. 

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. 

Update on the Beaumont Hybrid Rice 
Breeding Program 

The focus of the Beaumont Center’s 
hybrid rice breeding program is two-fold: 1) to 
identify the plant traits responsible for hybrid 
rice yield and grain quality to allow advanced 
lines to be selected more quickly and with 
greater accuracy and 2) to develop high 
yielding, superior quality, disease resistance 
hybrids. 

Plant Traits Responsible for Hybrid Rice Yield and Grain Quality 
Dr. Ted Wilson who is located at the Beaumont Center has spent much of the last 25 years studying 

how yield is controlled by primary phenotypic traits, which are near constant across fields, years, and 
management practices. A variety’s complement of primary phenotypic traits determines how fast a variety 
produces leaves and tillers, the ultimate size of the plant canopy (leaf and stem mass), the amount of grain the 
crop can support, the timing of crop maturity, and the size and quality of grain. Changes to only a hand full of 
primary phenotypic traits accounts for the large majority of differences between rice varieties developed in the 
1940s that were over 5 feet tall and modern varieties that are a bit over 3 feet tall that support 4 to 5 times the 
grain yield without lodging. The number of leaves a rice variety produces on its main tiller before developing 
the panicle (grain head) and the maximum rate of leaf production on a tiller are two examples of primary 
phenotypic traits. The large majority of rice varieties from around the world produce 12 to 19 leaves before 
producing a panicle, while the number of degree-days or heat units required to produce a new leaf can vary by 

Table 1. Comparison among means of whiteness and translucency of U.S. 
released varieties and imported types of rice. 

Variety Name Whiteness Translucency 
Cheniere 45.35bcdef 3.21abc 
CL 111 45.45bcdef 2.98abcdef 
CL 151 44.80cdefg 2.82bcdef 
CL 153 46.50bcde 3.35a 
CL 172 43.10efg 2.92abcdef 
CL 272 45.45bcdef 2.86bcdef 
CL163 49.50b 3.18abcd 
Cocodrie 45.40bcdef 2.81bcdef 
Della 2 48.00bc 3.24ab 
Diamond 47.70bcd 3.00abcdef 
Jazzman 2 36.35h 2.57f 
Jupiter 45.25cdef 3.00abcdef 
Lakast 47.95bc 3.23ab 
M206 43.35efg 3.33a 
Mermentau 41.70fg 2.74def 
MM-14 43.90cdefg 2.94abcdef 
Rex 45.60bcdef 2.68ef 
Rondo 46.30bcde 2.85bcdef 
Roy J 46.48bcde 3.03abcde 
Taggart 47.75bcd 3.11abcde 
Titan  43.10efg 3.13abcde 
Wells 46.50bcde 3.25ab 
Antonio 2016 44.15cdefg 2.87bcdef 
Antonio 2015 46.00bcde 3.04abcded 
Presidio 43.65defg 3.25ab 
Thai Rice 40.60g 2.94abcdef 
Uncle Ben's Basmati Rice 40.65g 2.78cdef 
Glutinous Rice 58.10a 1.10g 

Means with the same letter in a column are not significantly different at 
5% 
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over two-fold. Our research suggests 8 primary phenotypic traits explain approximately 70-80% of yield 
variability for southern U.S. varieties when nitrogen is not limiting growth, with about 24 additional traits 
explaining a large majority of the remaining yield variability. A major aspect of this research focuses on 
determining the best way to combine desirable primary phenotypic traits while eliminating and excluding those 
that are less desirable. 

Develop High Yielding, Good Quality, Disease Resistance Hybrids  
Key to the hybrid breeding program’s success is expertise in the creation of 2- and 3- line maintainer, 

restorer, hybrids and the associated parental material that perform well in the Gulf Coast environment. Professor 
Zongbu Yan has been part of the hybrid rice program for three years and this year he is evaluating 
approximately 4,950 parental lines and hybrids developed through the hybrid breeding program, including 
determining the compatibility of male sterile and fertility restorer 2- and 3-lines parents. The program includes 
tests to determine how to minimize the cost required for hybrid seed production. In one test, 160 hybrids are 
being evaluated this year, 80 through 3-line hybrid breeding and 80 through photoperiod sensitive 2-line hybrid 
breeding. For each test, 10 male parents (restorer lines) and 8 female parents (male sterile lines) are being 
planted across a range of dates to determine which combination of dates for each pair of male and female plants 
results in the greatest seed production. This year, three of our elite hybrids are also being evaluated across the 
five southern rice producing states as part of the Uniform Rice Regional Nursery tests. 

The ultimate success of the hybrid rice breeding program depends on maintaining a highly-integrated 
team approach. Texas A&M AgriLife Research and the Texas Rice Research Foundation have committed to 
hiring a hybrid rice breeder and greatly expanding the hybrid rice breeding program to insure the development 
of superior yielding, high grain quality hybrids that also possess desirable traits such as cold tolerance and 
disease resistance. During the next few months, we anticipate hiring a dynamic hybrid rice breeder to work 
with the integrated team to continue to develop the hybrid rice breeding program. 

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

Integration of Genomics and Crop Modeling for Prediction of Complex Traits 

Marker-assisted selection has been an integral component of rice breeding for over two decades. 
However, its use has largely been restricted to traits controlled by major genes, and has been less useful for 
complex traits. Genome-wide association mapping (GWAS) and genomic selection (GS) are promising 
technologies in trait identification and breeding design. However, neither approach considers the underlying 
physiological processes of plant growth and development, and as such, has limited ability to separate genotype 
× environment interactions and to integrate the contributions of multiple component traits. 

Process-based crop modeling applies a methodology involving trait and process decomposition, and 
component integration. It offers the ability to separate G×E interactions and integrate the contributions of 
multiple component traits and is being increasingly realized as a promising technology for use in advancing 
genomics research. 

A rice diversity panel with 169 accessions was used in the study. These accessions have detailed 
genotype data with each accession consisting of 700,000 single nucleotide polymorphasis  (SNP) from the high-
density rice array and phenotype data (days to flowering) in 10 environments. The 169 accessions were divided 
into a training data set with 135 accessions and a validation data set with 34 accessions. 

The Rice Population Simulation Model (RicePSM) was used for the analysis. Days to flowering in 
RicePSM is a model output and is mainly affected by six model parameters, including critical day length, 
photoperiod sensitivity, max node production rate, node of panicle differentiation, base development 
temperature, and degree days from panicle differentiation to flowering. These parameters were first estimated 
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by minimizing the difference between the observed and predicted days to flowering through a combination of 
a genetic and a brute-force optimization algorithm. The resulting parameter values were then associated with 
SNPs through genome-wide association mapping and genomic prediction. Model prediction of days to 
flowering using the SNP-based parameters was in excellent agreement with the observed data. 

This research presents a potential path to integrate genomics with crop modeling to accelerate crop 
breeding and further advance progress in genomic research and to bridge the gaps between genomics and 
complex trait prediction. 

Research conducted by Yubin Yang and Lloyd T. (Ted) Wilson . For more Information, please contact Dr. Wilson at (409) 752-
3045 or lt-wilson@aesrg.tamu.edu 

RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Rice Plant Developmental Physiology and Response to Texas Environmental Stresses 

Rice is characterized by relatively narrow windows of development in which the plant is highly sensitive 
to particular stresses, such as damage from herbicide drift or from environmental stresses including heat waves 
or high ultraviolet radiation (UV) stress. For example, the tillers of a rice plant tend to overlap in the flowering 
period, so that exposure to a stress during peak flowering can lead to economic losses in yield. Good 
understanding of the interaction of the rice plant developmental physiology and the physiological response to 
the stresses should be used to guide crop management to minimize crop damage to the various stresses. To gain 

broader understanding of this interaction, studies were 
conducted by the Plant Physiology Project upon: (1) 
identification of the rice developmental stages of greatest 
sensitivity to ALS (acetolactate synthase inhibitor) 
herbicides; (2) continuation of a study examining varietal 
tolerance, with respect to photosynthetic activity, to PPO 
(protoporphyrinogen oxidase inhibitor) herbicides; (3) 
comparative physiological response of rice and barley to 
several environmental stresses, including excessive heat, 
elevated UV, and drought; (4) comparative physiological 
response of rice and cotton to environmental stresses, 
including heat and elevated UV. 

The ALS herbicides are used on a variety of crops 
and affect reproductive development by disrupting cell 
division, but bursts of cell division occur at several times in 
development, including tiller initiation, panicle initiation, 
pollen mother cell development, flower development and 
seed set/early grain fill. In the study, sets of plants were 
selected daily for treatment with ALS herbicide. The time 
course started prior to panicle initiation and extended into 
the soft dough stage. A subset of plants was dissected to 
determine the developmental stage at the time of ALS 
application. For the remaining plants, images of main-stem 
panicle obtained at maturity were analyzed for patterns of 
blanking, and spikelet fertility was determined. The rice (a 
non-‘Clearfield’ variety) was most sensitive to panicle-
development damage during panicle initiation and the boot-
to-flowering stages. These stages should be avoided when 

Fig. 1. Photosynthetic response of selected entries from 
the Texas rice inbred and hybrid breeding programs to 
PPO herbicide application. Variation among entries 
exists in response. 
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applying ALS herbicides, but should be considered for use when screening breeding populations for tolerance 
to ALS herbicides. 

The PPO herbicides are used on a variety of crops and act by ‘flooding’ the exposed tissue with a burst 
of oxidative stress, which disrupts cell integrity thereby affecting numerous processes in the plant, including 
photosynthesis. The Plant Physiology Project had previously screened a range of varieties that were either 
popular in Texas, or were promising entries from the Texas rice inbred and hybrid breeding programs. In the 
recent project, the screening was extended to include accessions known internationally to vary in their tolerance 
of environmental stresses that include a large oxidative-stress component. The “take home” lesson is that the 
Texas inbred and hybrid breeding programs contain material that is sensitive to oxidative stress, but also contain 
material that is as tolerant of oxidative stress as international material known for environmental-stress tolerance 
(Fig. 1). The potential exists to incorporate environmental-stress tolerance in future Texas cultivars, which 
would decrease risk due to seasonal variability in yield as affected by environmental stresses. 

With regard to comparative physiology studies between rice and barley, and between rice and cotton, 
not many surprises showed up in the nature of plant response to environmental stresses. The different crops 
were exposed to the stresses based on prior knowledge of their optimal ranges, but responses to the particular 
stresses indicate that oxidative stress was a common component across the studied crops in plant response to 
heat, high radiation and drought stresses. The potential impact of these studies affect both directions, namely: 
(1) the protective chemicals/plant growth regulators (PGRs) that the Plant Physiology Project has brought along 
for use in preventing rice crop damage due to environmental stresses have strong potential for similar use in 
barley and cotton, and probably other crops, and (2) the novel chemical and other preventative measures used 
in the studies on the other crops likely have application to rice as a means to prevent economic yield losses due 
to the environmental stresses experienced in Texas rice production. 

Research conducted by Drs. Lee Tarpley (Texas A&M AgriLife Research Center at Beaumont), Abdul Razack Mohammed (Texas 
A&M AgriLife Research Center at Beaumont), Yongjian Sun (Visiting Scholar from Sichuan Agricultural University, China), Ms. 
Tahira Tabassum and Mr. Ali Zohaib (Visiting PhD-student Scholars from the University of Agriculture, Faisalabad, Pakistan). TT 
and AZ received support for their research from the Higher Education Commission in Pakistan. For more information, please 
contact Dr. Tarpley at (409) 752-2741 ext 2235 or ltarpley@tamu.edu or Dr. Mohammed at abdulrazack@email.tamu.edu. 

Differential Response of Diverse Rice Varieties to High Night 
Temperature and Ethylene Perception Inhibitor 

The impact of climatic change on crop production is a major global concern. One climatic factor, night 
temperature (NT), is increasingly a part of global warming, and can alter crop productivity and quality. The 
mid-south US is vulnerable to periods of high night temperatures (HNT). Previous research has shown that rice 
yields are decreased due to HNT [1, 2], causing increased oxidative stress and increased ethylene levels in the 
plants [3, 4], which can increase damage to cell membranes [1, 5]. Leaky cell membranes can affect the 
production, consumption, and transfer of photosynthates. HNT can also decrease spikelet fertility and reduces 
seed-set and grain yield [5]. There is a strong negative linear relationship between number of fertile spikelets 
per m2 and NT [6]. The ethylene perception inhibitor, 1-methyl cyclopropene (1-MCP), can minimize HNT 
stress-induced damage to cell membranes by blocking a cellular chain reaction in stress response, thereby 
preventing loss in the rice yield [7]. 

At the Texas A&M AgriLife Research Center at Beaumont, a study was conducted to evaluate the 
effects of HNT and 1-MCP on rice physiology, yield-related parameters and yield of nine diverse rice varieties 
(4 varieties belong to Tropical Japonica; 1 variety to Indica; 3 accessions of Aus; and 1 Hybrid). Plants were 
grown under ambient night temperature (ANT) (77oF) or HNT (86oF) in the greenhouse, with and without 1-
MCP application from boot stage until harvest. HNT was continuously controlled (+/- 0.9˚F) using infrared 
heaters, starting from 2000 h until 0600 h. Leaf photosynthetic rate was measured using a Licor (LI-6400) and 
spikelet fertility was estimated using the procedures of Mohammed and Tarpley (2009) [2]. 
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The results indicate differential response of diverse rice varieties to HNT and 1-MCP with respect to 
yield, spikelet fertility, and photosynthesis [Table 1, 2, 3]. Similar results were reported by Prasad et.al. [8]. 
Plants grown under HNT showed decreased yield, spikelet fertility and leaf photosynthesis for most of the 
varieties, with application of 1-MCP partially negating the negative effects for most of the varieties [Table 1, 
2, 3]. Differential responses among the rice varieties to HNT and 1-MCP were seen with respect to physiology, 
yield-related parameters and yield, indicating that a wide range of sensitivity exists among the varieties. These 
data should help unravel the physiological differences between varieties showing susceptible versus tolerant 
responses to high night temperatures. 

 

 

Table 1. Effects of night temperature and 1-MCP on rice yield 

Cultivars ANT HNT 
% 
difference 
 

ANT-
1MCP 

HNT-
1MCP 

% 
difference 

at ANT 

% 
difference 

at HNT 

% difference 
between 

ANT control 
and HNT-

1MCP 
Antonio 9.7 4.4 -55 10.3 11.2 NS 156 15 
Cheniere 9.9 3.6 -64 10.3 2.5 NS NS -74 
CL-151 15.2 8.6 -43 16.0 11.7 NS 36 -23 
Colorado 9.9 10.7 NS 9.1 9.6 NS NS -3 
IR-72 10.7 9.2 NS 15.7  7.2 NS NS -32 
N22-389102 17.2 13.8 -20 16.1 14.2 NS NS -17 
N22-337327 13.4  9.7 -28 --- --- --- --- --- 
N22 (PKS) 13.4 10.3 NS 14.6 --- NS --- --- 
XL-753 19.7 18.2 NS 18.1 17.9 NS NS -9 

Table 2. Effects of night temperature and 1-MCP on rice spikelet fertility (%) 

Cultivars ANT HNT 
% 

difference 
 

ANT-
1MCP 

HNT-
1MCP 

% 
difference 

at ANT 

% 
difference 

at HNT 

% difference 
between 

ANT control 
and HNT-

1MCP 
Antonio 79.7 36.9 -54 70.8 71.9 -11 95 -9 
Cheniere 66.9 37.7 -44 75.1 14.5 NS -62 -78 
CL-151 91.8 63.8 -30 93.2 73.6 NS NS -20 
Colorado 81.9 72.9 -11 78.2 62.7 NS -14 -23 
IR-72 53.1 29.9 NS 72.1 40.7 NS NS -23 
N22-389102 89.4 90.7 NS 94.9 92.5 6 NS 3 
N22-337327 83.1 76.9 NS --- --- --- --- --- 
N22 (PKS) 91.6 91.5 NS 90.9  NS --- --- 
XL-753 73.1 62.9 NS 90.2 86.7 23 38 18 
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For more information, please consult the following references: 

[1] Mohammed, A.R., Tarpley, L., 2009a. Impact of high nighttime temperature on respiration, 
membrane stability, antioxidant capacity and yield of rice plants. Crop Sci. 49, 313-322. 

[2] Mohammed, A.R., Tarpley, L., 2009b. High nighttime temperature affects rice productivity 
through altered pollen germination and spikelet fertility. Agric. For. Meteor. 149, 999-1008.  

[3]  Djanaguiraman, M., Prasad, P.V.V., 2010: Ethylene production under high temperature stress 
causes premature leaf senescence in soybean. Funct. Plant Biol. 37, 1071–1084. 

 [4] Hays, D.B., Do, J.H., Mason, R.E., Morgan, G., Finlayson, S.A., 2007: Heat stress induced 
ethylene production in developing wheat grains induces kernel abortion and increased maturation in a 
susceptible cultivar. Plant Sci. 172, 1113–1123. 

[5] Liu, X., Huang, B., 2000. Heat stress injury in relation to membrane lipid peroxidation in 
creeping bentgrass. Crop Sci. 40, 503-510. 

[6] Cheng, W., Sakai, H., Yagi, K., Hasegawa, T., 2009. Interactions of elevated [CO2] and night 
temperature on rice growth and yield. Agric. For. Meteorol. 149, 51-58. 

[7]  Mohammed, A.R., Cothren, J.T. Chen, M.-H., Tarpley, L., 2015: 1-Methylcyclopropene (1-
MCP) -induced alteration in leaf photosynthetic rate, chlorophyll fluorescence, respiration and membrane 
damage in rice (Oryza sativa L.) under high night temperature. Crop Sci. 201, 150-116. 

[8] Prasad, P.V.V., Boote, K.J., Allen, L.H., Sheehy, J.E., Thomas, J.M.G., 2006. Species, ecotype 
and cultivar differences in spikelet sterility and harvest index of rice in response to high temperature stress. 
Field Crops Res. 95, 398-411. 

This research was conducted by Drs. Abdul Razack Mohammed, Michael J. Thomson and Lee Tarpley. For more information, 
please contact Dr. Mohammed (abdulrazack@email.tamu.edu) or Dr. Tarpley (ltarpley@tamu.edu). 

  

Table 3. Effects of night temperature and 1-MCP on rice leaf photosynthetic rate (µmol m-2s-1) 

Cultivars ANT HNT 
% 

difference 
 

ANT-
1MCP 

HNT-
1MCP 

% 
difference 

at ANT 

% 
difference 

at HNT 

% difference 
between 

ANT control 
and HNT-

1MCP 
Antonio 20.5 16.3 -20 19.5 18.0 NS 10 -12 
Cheniere 20.3 20.3 NS 22.5 19.4 NS NS -4 
CL-151 20.1 16.3 -19 17.9 17.2 NS 6 -14 
Colorado 21.4 19.5 -9 21.1 20.9 NS NS -2 
IR-72 11.7 11.4 NS 13.6 14.1 16 NS 20 
N22-389102 13.7 12.9 NS 15.0 14.3 NS NS 4 
N22-337327 11.0 9.0 -18 --- --- --- --- --- 
N22 (PKS) 9.1 9.3 NS 11.2 --- 23 --- --- 
XL-753 13.9 14.3 NS 17.8 17.5 28 23 26 

Note: 1-MCP = 1-methylcyclopropene; ANT = Ambient night temperature (77oF); HNT = high night temperature (86oF); % difference 
= harmful effects of HNT; % difference at ANT= beneficial effects of 1-MCP under ANT compared to control under ANT; % 
difference at HNT= beneficial effects of 1-MCP under HNT compared to control under HNT; 
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Effects of Rice Variety on Main, Ratoon, and Total Crop Yields 

Variety selection is one of the most important decisions a producer makes because it determines crop 
yield potential and the management practice needed to achieve acceptable yield performance. In this report, we 
summarized the performance of 13 popular or newly released varieties at Eagle Lake and Beaumont during 
2016. At the David R. Wintermann Rice Research Station (Eagle Lake), nine inbred varieties (Antonio, 
Cheniere, CL151, CL153, CL163, Colorado, Jupiter, Mermentau, and Presidio) and four hybrids (Clearfield 

XL745, XL723, XL753, and 
XL760) were drill-seeded on April 
5. Hybrid varieties received 150 
lb/ac while the inbreds received 
180 lb/ac, for main crop 
production. Hybrids consistently 
produced higher main crop and 
total grain yields (Table 1). The 
average main crop yields were 
9,914 lb/ac and 7,669 lb/ac for 
hybrids and inbreds, respectively. 
For hybrids, XL753 produced the 
highest yield. For inbreds, CL151 
produced the highest yield. For the 
ratoon crop, XL760 produced the 
highest yield of 4,606 lb/ac with 
the lowest yield of 2,340 lb/ac 
produced by Jupiter. Mermentau, 
CL151, Antonio, and CL153 
produced the highest milling yields 
for both the main crop and the 
ratoon crop (Table 1). Main crop 
whole grain milling yields ranged 

from 61% to 70%, while ratoon crop whole grain milling yields ranged from 56% to 65%. The main crop yield 
of each entry in 2016 was higher than in 2015 but comparable to 2014 (Table 2), while the ratoon crop yields 
in 2016 were higher than those in 2014. 

Table 2. Influence of the selected entries on rice grain yields (lb/ac) at the Eagle Lake Station during 2014-
2016. 
Inbred and 

Hybrid 
Cultivars 

2014 2015 2016 Mean 
Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

XL753 9,370 3,269 8,741 3,769 10,182 4,232 9,431 3,757 
CL XL745 8,600 3,210 8,229 4,739 9,791 3,754 8,873 3,901 
CL151 8,006 2,257 7,716 4,386 8,564 4,388 8,095 3,677 
Mermentau 7,951 1,957 7,172 3,559 7,858 3,741 7,660 3,086 
Antonio 7,623 2,163 6,950 3,147 7,735 3,612 7,436 2,974 
Colorado 7,268 1,906 6,988 2,872 7,668 2,789 7,308 2,522 
Presidio 6,723 3,473 6,697 4,432 6,323 3,836 6,581 3,914 
Mean 7,934 2,605 7,499 3,843 8,303 3,765 7,912 3,404 

 

 

Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle 
Lake Station during 2016. 

Inbred and 
Hybrid 

Cultivars 

Grain Yield 
(lb/ac) 

Milling Yield (%) 
Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop Total WGa TGa WG TG 

Presidio 6,323 3,836 10,160 67 73 65 73 
Cheniere 7,453 3,425 10,879 70 76 56 72 
Colorado 7,668 2,789 10,457 64 73 63 73 
CL163 7,674 4,069 11,743 66 72 61 71 
Jupiter 7,722 2,340 10,062 68 70 58 73 
Antonio 7,735 3,612 11,347 70 74 64 73 
Mermentau 7,858 3,741 11,599 68 73 65 73 
CL153 8,019 3,381 11,400 69 74 62 72 
CL151 8,564 4,388 12,952 69 74 61 72 
CLXL745 9,791 3,754 13,545 61 74 61 72 
XL760 9,830 4,606 14,436 62 73 58 71 
XL723 9,852 3,675 13,527 61 73 61 72 
XL753 10,182 4,232 14,415 61 74 59 72 

a. WG, and TG refer to whole grain and total grain, respectively. 
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At the Texas A&M AgriLife Research Center at 
Beaumont, the entries were planted on March 23 but were 
then replanted on April 5 due to severe damages from black 
birds. Yields were significantly lower in 2016 compared with 
yields in Eagle Lake and Beaumont from previous years 
(Tables 3 and 4) due to delayed harvest caused by replanting 
and wet condition at harvest. 

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

Responses of Rice Production to Nitrogen Applied to Main Crop 

Fertilizer cost is the greatest direct expenses in rice production according to the Texas rice economic 
analysis reported in the 2014 Texas Rice Production Guidelines, with nitrogen (N) accounting for most if not 
all fertilizer expenses. Our research on N fertilization provides important information for producers, industry 
consultants, and county agents to help improve N management and reduce unnecessary production cost. A 
summary is reported based on field trials conducted at Eagle Lake and Beaumont in 2016. 

N fertilizer rate trials were conducted to identify optimal rates for newly released varieties. All of the N 
for the main crop was applied as a four-way split at preplant, preflood, panicle initiation, and late booting. For 
the preflood application, the N fertilizer was 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 such as N-(n-butyl) thiophosphoric triamide (NBPT) 
(i.e. Agrotain) to avoid N loss. 

Five varieties were evaluated at Eagle Lake (CL153, CL272, CL163, Cheniere, Presidio) and five at 
Beaumont (CL153, CL272, CL163, Cheniere, Presidio). Grain yield increased as the total amount of nitrogen 
increased up to either the highest or second highest application rate for both locations. In general, N use 
efficiency (lbs of grain per lbs of applied N) was lower when applied to floodwater compared to dry soils. 

  

Table 3. Influence of the selected entries on rice grain 
(lb/ac) and milling yields at the Beaumont Center 
during 2016. 

Inbred and 
Hybrid 

Cultivars 

Main 
Crop 

WGa 

(%) 
TGa 
(%) 

CL153 4,933 54 72 
Mermentau 5,174 53 73 
Colorado 5,393 45 71 
CL272 5,452 54 73 
Presidio 5,521 43 72 
Cheniere 6,449 54 75 
XL753 6,517 47 73 
XP723 6,616 51 73 
CL151 6,652 52 72 
XL760 6,821 50 73 
CLXL745 6,991 51 73 
Jupiter 7,125 63 73 
CL163 7,323 52 71 

a. WG and TG refer to whole grain and total grain, 
respectively. 

Table 4. Influence of the selected entries on rice grain 
yields (lb/ac) of main crop at the Beaumont Center during 
2014-2016. 
Inbred and 

Hybrid 
Cultivars 

2014 2015 2016 Mean 

XL753 10,506 9,377 6,517 8,800 
CL XL745 9,993 8,630 6,991 8,538 
Mermentau 9,481 6,893 5,174 7,183 
CL151 9,084 6,935 6,652 7,557 
Colorado 8,459 5,882 5,393 6,578 
Presidio 7,530 6,702 5,521 6,584 
Mean 9,176 7,403 6,041 7,540 
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Table 1. Influence of nitrogen (N) fertilizer rate on grain and milling yields of CL153, CL163, CL272, Cheniere and 
Presidio at the Eagle Lake Station during 2016. 

Inbred cultivars N (lb/ac) 
Grain Yield (lb/ac)  Milling Yield (%) 

Main 
Crop 

Ratoon 
Crop Total  

 
WGa TGa 

CL153 0 5,191b‡ 2,914a 8,105b  62b 71b 
 150 6,977a 2,733a 9,710ab  65a 72ab 

 180 7,410a 2,906a 10,316a  65a 72ab 

 210 7,719a 3,270a 10,989a  66a 72ab 

 240 7,892a 3,430a 11,322a  66a 73a 

CL163 0 5,953b 3,846a 9,799a  58b 69b 

 150 7,802a 3,764a 11,566a  61ab 70ab 

 180 7,916a 3,629a 11,545a  61ab 70ab 

 210 8,092a 4,000a 12,091a  62a 70ab 

 240 7,724a 4,255a 11,978a  63a 71a 

CL272 0 4,512c 2,177a 6,689b  56a 70a 

 150 6,806b 2,613a 9,419a  58a 71a 

 180 7,467ab 2,521a 9,988a  57a 71a 

 210 8,281a 2,820a 11,102a  61a 71a 

 240 8,431a 3,193a 11,624a  59a 71a 

Cheniere 0 4,056c 2,987a  7,043b  65b 73a 

 150 6,537b 3,103a 9,640a  67a 74a 

 180 6,944ab 3,195a 10,139a  68a 74a 

 210 7,597a 3,861a 11,458a  69a 74a 

 240 7,593a 3.441a 11,034a  67a 74a 

Presidio 0 3,907c 3,547a 7,454b  52c 69b 

 150 5,304b 3,364a 8,668ab  59b 70a 

 180 5,581ab 3,710a 9,291ab  61ab 70a 

 210 5,960ab 3,910a 9,870a  62ab 70a 

 240 6,399a 4,331a 10,730a  63a 71a 
†. WG and TG refer to whole grain and total grain, respectively. 
‡. Means with different letters within the same variety were statistically different between different N rates. 
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Table 2. Influence of nitrogen (N) fertilizer rate on grain and milling yields 
of CL153, CL272, Cheniere and Presidio at the Beaumont Center during 
2016. 

Inbred cultivars N 
(lb/ac) 

Main Crop 
(lb/ac) WGa (%) TGa (%) 

CL153 0 1,853c‡ 57bc 73a 
 180 5,384b 63a 73a 
 210 5,764b 54c 72a 
 240 7,590a 63a 73a 
 270 7,260a 60ab 72a 

CL272 0 2,640c 57b 73a 
 180 5,452ab 57b 72a 
 210 6,788b 54c 73a 
 240 7,334a 56b 70b 
 270 7,658a 61a 71ab 

Cheniere 0 2,422c 60b 74b 
 180 5,320b 62a 74a 
 210 6,269b 54c 75a 
 240 7,281a 62a 74a 
 270 7,423a 63a 75a 

Presidio 0 2,018c 52bc 72a 
 180 5,521b 55b 72a 
 210 5,724b 43d 72a 
 240 7,276a 58ab 72a 
 270 6,976a 60a 72a 

†. WG and TG refer to whole grain and total grain, respectively. 
‡. Means with different letters within the same variety were statistically 
different between different N rates.	

 

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

INSECT, DISEASE, AND WEED MANAGEMENT 

Update on Entomology Research on the Rice Planthopper  

Last year was a very challenging year due to above average and frequent rainfall which delayed and 
interfered with timely planting and other agronomic practices. Thus, in general, our data for 2016 are not as 
good as desired. Nevertheless, we did make some headway in providing IPM answers to our clientele, the 
farmers of Southeast Texas. 

As you recall, the 2015 Texas ratoon rice crop was seriously damaged by an invasive pest native to 
Central and South America. This pest is the rice delphacid, Tagosodes orizicolus, which is related to 
leafhoppers. It has piercing-sucking mouthparts which are inserted into plant tissue from which sap is 
withdrawn. High populations, which occurred in 2015, resulted in “hopperburn” on ratoon rice west and south 
of Houston. We did not find this insect east of Houston in 2015. Basically, plants with hopperburn simply dry 
up and die due to the excessive amount of sap removed during insect feeding. Associated with this feeding, is 
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excretion of honeydew from the insects, which is sticky and sweet. Foliage with honeydew takes on a shiny 
sheen. If honeydew is abundant, a sooty mold fungus grows causing the surface of foliage to turn black. In 
2015 in infested fields, sooty mold fungus was very abundant. The honeydew and fungus can adversely affect 
harvesting operations and photosynthesis. I estimate infested ratoon fields in 2015 suffered at least 25% yield 
losses. In addition to the direct feeding, the rice delphacid has the ability to transmit a virus to rice causing 
“hoja blanca” disease. Affected plants take on a bleached appearance and are stunted. Severe infections can 
cause death of the plant. However, I did not observe hoja blanca in infested rice in 2015. But, I was not 
completely sure of what to look for. To me, all affected rice looks like hopperburn. In response to the problem 
in 2015, we monitored the Texas Rice Belt (TRB) for the rice delphacid throughout the entire year in 2016. We 
sampled rice for planthoppers west, south and east of Houston. Sampling was performed on a biweekly basis 
throughout the year. I also made visits to suspect fields in 2016, based on phone calls from concerned farmers 
and crop consultants. In short, we did not find a single T. orizcolus in 2016. My gut feeling is there may be a 
small, undetectable population(s) of this insect somewhere in the TRB because it is hard for me to believe that 
the rice delphacid disappeared completely, especially given the mild winter we experienced in 2016/2017. So, 
I made proactive plans to continue monitoring for this pest and try to learn more about it in its native area. My 
colleagues, Drs. Yu Peng and Ismael Badillo-Vargas, and myself received a grant from Texas A&M AgriLife 
Research to continue to investigate this pest. Since we can’t find it in Texas, we are planning to visit the Center 
for International Tropical Agriculture (CIAT) located in Cali, Colombia where scientists are studying its 
biology (and the virus) and developing management strategies/tactics. I have made contact with Dr. Fernando 
Correra who is in charge of all rice research programs at CIAT. He has invited us to meet with him and other 
scientists involved in insect/virus research. Yu and Ismael have the expertise to extract virus form the insect to 
identify and sequence the DNA/RNA of the virus. This will tell us what % of the insects possess the virus and 
possibly where our Texas populations originated. Scientists at CIAT screen rice varieties for resistance 
(apparently, some varieties express very good resistance to this pest and virus). In fact, the CIAT IPM program 
for this pest is largely based on the deployment of resistant varieties. CIAT has colonies of this pest, so scientists 
can conduct lab and greenhouse studies requiring more controlled environment information. We will learn from 
our South American colleagues and establish relationships to help us manage this exotic pest if it appears in 
Texas again. We plan to visit Dr. Correra at CIAT sometime in May, June or July. 

Research conducted by Mo Way, Becky Pearson and Carra Curtice, with funding from the Texas Rice Research Foundation, Texas 
A&M AgriLife Research, private agrichemical companies and USDA/NIFA. For more information, please contact Mo Way at 
(409)752-2741 or moway@aesrg.tamu.edu 

Update on Stem Borer and Rice Water Weevil Research 

We conducted 2 experiments at Eagle Lake in 2016 on stem borer management. One was planted with 
Antonio and the other with XL753. Below are summaries of the results of these experiments. 

The objective of this experiment involving Antonio was to evaluate RWW and stem borer control by 3 
insecticidal seed treatments [CruiserMaxx Rice, Dermacor X-100 and NipsIt INSIDE] combined with Karate 
Z applied for stem borer control in plots planted with CruiserMaxx Rice and NipsIt INSIDE. Dermacor X-100-
treated seed usually controls stem borers on both main and ratoon crop rice whereas the other 2 seed treatments 
do not control stem borers on either main or ratoon crop rice. All 3 seed treatments normally provide good 
control of rice water weevil. Thus, we applied Karate Z to heading/milk stage rice for stem borer control in 
plots planted with CruiserMaxx Rice and NipsIt INSIDE-treated seed. 

The 2016 costs of the following pesticides were: 

CruiserMaxx Rice = $524.43/gal 

Dermacor X-100 = $1540/gal 

NipsIt INSIDE = $1105.33/gal 



 Texas Rice Special Section - 17 

Karate Z = $280/gal + $10/ac for application cost 

The seeding rate was 71 lb/ac (typical of a conventional inbred variety). Thus, given the rates of 
application in Table 1, the costs were: 

CruiserMaxx Rice = $20.36/ac 

Dermacor X-100 = $14.95/ac 

NipsIt INSIDE = $11.77/ac 

Karate Z = $4.38 + $10 = $14.38/ac 

The number of panicles per foot of row was significantly greater for the NipsIt INSIDE and 
CruiserMaxx Rice treatments compared to the Dermacor X-100 treatment (Table 1). Rice water weevil 
populations were extremely low, probably due to late application of the permanent flood (38 days after 
emergence), which typically results in low rice water weevil populations developing on the roots. But, delaying 
flooding can exacerbate other yield-robbing problems. Although rice water weevil populations were very low, 
data show all seed treatments significantly reduced populations compared to the untreated. 

Whitehead densities were not significantly different among treatments on both the main and ratoon 
crops (Table 1). Whitehead densities were high across treatments on the ratoon crop. This is surprising, because 
usually Dermacor seed treatment provides good control of stem borers attacking both main and ratoon crops. 
One explanation is abnormally high rainfall occurred in 2016 at the David R. Wintermann Rice Research 
Station at Eagle Lake. Perhaps the heavy precipitation adversely impacted the Dermacor activity against stem 
borers? Virtually all whiteheads were caused by the Mexican rice borer. 

Main crop yields were significantly higher in CruiserMaxx Rice and NipsIt INSIDE treatments (Table 
2). Ratoon crop treatments and total yields were not significantly different among treatments. 

Table 1. Mean insect and panicle count data for Antonio seed treatments. Eagle Lake, TX. 2016. 

Treatment Rate 
(fl oz/cwt) 

No. RWWa/5 
cores on 
Jun 15 

Panicles/ft 
of row 

No. WHsa/4 rows 

Main Ratoon 

Untreated --- 8.0 a 30.5 ab 8.5 45.8 
CruiserMaxx Rice + 

Karate Zb 7 + 2 fl oz/ac 1.8 b 32.0 a 8.0 27.8 

Dermacor X-100 1.75 2.0 b 25.8 b 5.0 33.0 
NipsIt INSIDE + 

Karate Zb 
1.92 + 

2 fl oz/ac 2.0 b 33.8 a 6.3 33.8 

    NS NS 
a RWW = rice water weevil; WH = whitehead 
b Applied at late heading/milk to main crop 
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and LSD). 
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The objective of this experiment involving XL753 was to evaluate rice water weevil and stem borer 
control by 3 insecticidal seed treatments [CruiserMaxx Rice, Dermacor X-100 and NipsIt INSIDE] combined 
with Karate Z applied for stem borer control in plots planted with CruiserMaxx Rice and NipsIt INSIDE. 
Dermacor X-100-treated seed usually controls stem borers on both main and ratoon crop rice whereas the other 
2 seed treatments do not give control of stem borers on either main or ratoon crop rice. All 3 seed treatments 
normally provide good control of rice water weevil. Thus, we applied Karate Z to heading/milk stage rice for 
stem borer control in plots planted with CruiserMaxx Rice and NI-treated seed. 

The 2016 costs of the following pesticides were: 

CruiserMaxx Rice = $524.43/gal 

Dermacor X-100 = $1540/gal 

NipsIt INSIDE = $1105.33/gal 

Karate Z = $280/gal + $10/ac for application cost 

The seeding rate across all treatments was 22 lb/ac (typical of a hybrid variety). Thus, given the rates 
of application in Table 3, the costs were: 

CruiserMaxx Rice = $6.31/ac 

Dermacor X-100 = $10.59/ac 

NipsIt INSIDE = $3.65/ac 

Karate Z = $4.38 + $10 = $14.38/ac 

The number of panicles per foot of row was not significantly different among treatments (Table 3).  

Rice water weevil populations were extremely low. Late application of the permanent flood (38 days 
after emergence) resulted in low rice water weevil populations developing on the roots. This is one way farmers 
can minimize rice water weevil damage. But, delay can exacerbate other yield-robbing problems. Although rice 
water weevil populations were very low, data show only the Dermacor X-100 treatment significantly reduced 
rice water weevil populations compared to the untreated. Whitehead densities were not significantly different 
among treatments on both the main and ratoon crops (Table 3). This is surprising, because usually Dermacor 
seed treatment provides good control of stem borers attacking both main and ratoon crops. One explanation is 
abnormally high rainfall occurred in 2016 at the David R Wintermann Rice Research Station at Eagle Lake. 
Perhaps the heavy precipitation adversely impacted the Dermacor activity against stem borers? Virtually all 
whiteheads were caused by the Mexican rice borer.  

Table 2. Mean yield data for Antonio seed treatments. Eagle Lake, TX. 2016. 

Treatment Rate 
(fl oz/cwt) 

Yield (lb/ac) 
Main Ratoon Total 

Untreated --- 7016 b 4584 11609 
CruiserMaxx Rice + Karate Za 7 + 2 fl oz/ac 7523 a 2781 9901 

Dermacor X-100 1.75 6978 b 3715 10692 
NipsIt INSIDE + Karate Za 1.92 + 2 fl oz/ac 7611 a 3931 11542 

   NS NS 
a Applied at late heading/milk to main crop 
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and LSD). 
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Main crop yields were lowest in the untreated, but ratoon crop yields were highest in the untreated 
(Table 4). I have heard farmers say if main crop yields are low, then ratoon crop yields are often high. Total 
yields for all treatments were more than 12,600 lb/ac. 

Table 3. Mean insect and panicle count data for XL753 seed treatments. Eagle Lake, TX. 2016. 

Treatment Rate 
(fl oz/cwt) 

No. RWWa/5 
cores on 
Jun 15 

Panicles/ft 
of row 

No. WHsa/4 rows 

Main Ratoon 

Untreated --- 5.8 ab 27.5 4.0 7.0 
CruiserMaxx Rice + 

Karate Zb 7 + 2 fl oz/ac 3.3 ab 28.5 3.8 10.3 

Dermacor X-100 4.0 1.8 b 29.0 2.0 6.0 
NipsIt INSIDE + 

Karate Zb 
1.92 + 

2 fl oz/ac 7.8 a 29.5 3.0 8.5 

   NS NS NS 
a RWW = rice water weevil; WH = whitehead 
b Applied at late heading/milk to main crop 
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and LSD). 

 

Research conducted by Mo Way, Becky Pearson and Carra Curtice, with funding from the Texas Rice Research Foundation, Texas 
A&M AgriLife Research, private agrichemical companies and USDA/NIFA. For more information, please contact Mo Way at 
(409)752-2741 or moway@aesrg.tamu.edu 

Hybrid Rice Outperforms Inbred rice in Resistance Against Sheath Blight 
and Narrow Brown Leaf Spot 

A disease nursery was established in two fields, one with League-type clay soil at the Texas A&M 
AgriLife Research and Extension Center, Beaumont, TX and the other with Crowley fine sandy loam soil at 
the Texas A&M AgriLife Research Wintermann Rice Research Station, Eagle Lake, TX. The objective of this 
study was to compare differences in resistance against sheath blight and narrow brown leaf spot between inbred 
and hybrid rice using 114 entries that consisted of 49 elite inbred lines from the Texas Rice Inbred Breeding 
Program, 37 elite hybrid lines from the Texas Hybrid Breeding Program, and 28 inbred and hybrid varieties 
from Arkansas, Louisiana, Mississippi, and Texas. These entries were arranged in a randomized complete block 
design with three replications. Plots consisted of seven 9-ft long rows spaced 7-in apart at the Beaumont site 
and six 9-ft long rows spaced 7.5-in (0.2 m) apart at the Eagle Lake site. Rice was drill seeded at 80 lb/ac for 
inbred cultivars and elite inbred lines and 40 lb/ac for hybrid cultivars and elite hybrid lines on 12 April and 6 

Table 4. Mean yield data for XL753 seed treatments. Eagle Lake, TX. 2016. 

Treatment Rate 
(fl oz/cwt) 

Yield (lb/ac) 
Main Ratoon Total 

Untreated --- 9609 c 4578 13996 a 
CruiserMaxx Rice + Karate Za 7 + 2 fl oz/ac 10208 ab 3733 13942 a 

Dermacor X-100 4.0 9701 bc 4123 12646 b 
NipsIt INSIDE + Karate Za 1.92 + 2 fl oz/ac 10311 a 4312 14686 a 

   NS  
a Applied at late heading/milk to main crop 
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and LSD). 
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May at Beaumont and Eagle Lake, respectively. For the Beaumont disease nursery, plots received 50 lb N/ac 
of urea (46-0-0, N-P-K) on 6 May and 150 lb N/ac of urea prior to permanent flood on 5 June. For the Eagle 
Lake disease nursery, plots received 250 lb/ac of fertilizer (19-19-19, N-P-K) on 5 May and 135 lb N/ac of urea 
on 13 June. Weed and insect control and irrigation management followed local recommendations. Permanent 
flood was established on 5 and 13 June for the Beaumont and Eagle Lake disease nurseries, respectively. Each 
plot was divided into three equal-length sections for disease inoculation. One-third of each plot was inoculated 
with the sheath blight pathogen, Rhizoctonia solani AG1-IA, by broadcasting 150 ml/plot of the inoculum on 
29 June at the Beaumont site and on 28 June at the Eagle Lake site. The middle section was kept as a barrier 
between the two end sections, while the final third was left for natural infection of narrow brown leaf spot. 
Severities of sheath blight and narrow brown leaf spot were rated on a scale of 0 to 9, where 0 represents no 
symptoms, and 9 represents the most severe symptoms (leaves dead or plants collapsed), on 9 August and 11 
August for the Beaumont and Eagle Lake disease nurseries, respectively. 

Sheath blight developed late in the 
cropping season in both locations. None of the 
entries expressed a high level of resistance to 
sheath blight, with most genotypes rated 
susceptible or very susceptible. However, CL272, 
Rondo, Roy J, Taggart, Wells, RU1303116, 
RU1603144, the hybrids XL753, XP760, and all 
all the hybrid lines except for TH555 showed 
partial resistance to sheath blight, with an 
averaged disease rating of 4.7 or below. Antonio 
had a level of susceptibility similar to Presidio. 
For comparison, all but one hybrid lines showed 
higher resistance to sheath blight than all elite 
inbred lines evaluated (4.2 vs. 5.7 in rating) (Fig. 
1). Narrow brown leaf spot severity was moderate 
at both sites. A majority of varieties and elite lines 
were highly resistant to narrow brown leaf spot, 
with no or little development of the disease (3.0 or 

less in rating). No symptoms of the disease were observed on CL163, CL272, Rex, Rondo, Joy J, Taggart, 
Titan, Wells, XL753, RU1303138, RU1303153, RU1303153, RU1503095, RU1503147, RU1603116, 
RU1603178, and all the hybrid lines. The average rating of narrow brown leaf spot across the sites was 0.1 and 
2.7 for the hybrid lines and inbred lines, respectively (Fig. 1). The responses of most varieties and breeding 
lines to narrow brown leaf spot were similar for both sites. The results demonstrate that hybrids are generally 
less susceptible to sheath blight and have a higher level of resistance against narrow brown leaf spot than inbred 
varieties and lines. 

Research conducted by Xin-Gen Zhou, Guangjie Liu, Jack Vawter, Rodante E. Tabien, Zongbu Yan, and Lloyd T. (Ted) Wilson. 
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. 

Disease Resistance and Yield Performance of Rice Varieties  

A field trial was conducted at Eagle Lake in 2016 to evaluate the performance of rice varieties on narrow 
brown leaf spot and brown spot resistance, yield, whole milled rice, and total milled rice in the main and ratoon 
crops. This trial consisted of 19 varieties (Table 1): two conventional hybrid varieties (XL753 and XL760), two 
Clearfield® hybrid varieties (CLXL729 and CLXL745), seven Clearfield® inbred varieties (CL111, CL151, 
CL163, CL172, CL271, CL272 and CLJazzman), and eight conventional inbred varieties (Antonio, Catahoula, 
Cheniere, Lakast, Mermentau, Presidio, Rex and Roy J). These variety treatments were arranged in a 
randomized complete block design with four replications. Plots consisted of nine 16-ft rows, spaced 7.5 in. 
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Fig. 1. Comparisons of severity of sheath blight and narrow brown 
leaf spot of hybrid rice vs inbred rice in the field in 2016. Data were 
average of 40 hybrid varieties and lines and 74 inbred varieties and 
lines. 
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between rows. Nitrogen management varied based on varietal needs. Rice was drill seeded at 35 lb/ac for hybrid 
varieties and 70 lb/ac for all other varieties on April 5. For weed control of non-CLEARFIELD varieties, plots 
were applied with herbicides of RiceBeaux (2 lb a.i./ac), Command 3 ME (0.3 lb a.i./ac) and with Permit (0.05 
lb a.i./ac) on April 22. For weed control of Clearfield® varieties, plots were applied with Newpath at 4 oz/ac 
on April 26 (early postemergence) and May 10 (late-postemergence). All plots were applied with Permit (0.05 
lb a.i./ac) on May 13. The permanent flood was established on May 25. Rice was harvested using a plot combine 
on August 4. Grain yield and moisture were determined and rice yields were adjusted to 12% moisture content. 
For ratoon crop production, all plots received 100 lb N/ac of urea and were flooded on August 7. Rice was 
harvested using a plot combine on varying dates from August 4 to 8 as individual plots matured to ideal harvest 
levels. All plots were applied with 90 lb N/ac on August 9 and were flooded on August 10 for the ratoon crop 
production. Grain yield and moisture were determined and rice yields were adjusted to 12% moisture content. 
Severities of narrow brown leaf spot and brown spot were rated at maturity for the main crop only based on a 
scale of 0 to 9, where 0 represents no symptoms, and 9 represents most severe in symptoms and damage (most 
leaves dead or all covered with leasions). 

The hybrid varieties XL753, XL760, CLXL729 and CLXL745 showed the highest levels of resistance 
against narrow brown leaf spot (Table 1). The medium grain varieties CL271 and CL272 also had a highest 

Table 1. Severity of narrow brown leaf spot (NBLS) and brown spot, and yield, whole milled rice and total milled rice of 
19 varieties for the main and ratoon crops and combined yield at Eagle Lake in 2016. 

Variety 
Main Crop  Ratoon Crop Combined 

Yield (lb/ac) NBLS 
(0-9)* 

Brown 
spot (0-9)* 

Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) 

 Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) 

XL753 1.5 1.8 10,177 59.4 71.2  4,427 64.0 71.8 14,604 
XL760 1.0 1.8 9,859 58.9 69.8  4,619 59.5 71.3 14,478 
CLXL745 2.0 1.5 9,400 56.5 69.8  4,293 62.6 71.6 13,693 
CLXL729 1.8 1.5 9,308 57.3 68.7  4,188 63.7 72.1 13,495 
RoyJ 2.0 1.0 8,404 58.2 71.1  3,704 63.1 72.0 12,108 
Catahoul 2.5 1.5 8,343 61.1 71.5  4,011 64.2 72.4 12,354 
Mermenta 4.5 1.0 8,332 63.4 70.2  3,410 64.6 72.0 11,743 
CL151 5.3 2.5 8,305 62.5 71.7  3,867 64.8 71.7 12,171 
LaKast 3.3 2.3 8,296 53.1 69.5  2,877 61.2 71.1 11,173 
CL272 1.8 1.0 8,017 55.1 69.1  3,088 62.9 71.1 11,105 
Antonio 4.5 3.3 7,904 64.1 71.8  3,688 58.5 71.8 11,591 
Rex 2.8 2.8 7,880 60.1 68.4  3,544 61.4 71.2 11,424 
CL111 5.3 1.5 7,878 60.5 69.7  2,353 59.9 70.4 10,230 
CL153 5.3 2.3 7,744 63.6 70.7  3,207 63.1 71.9 10,951 
CL163 2.5 2.0 7,409 61.3 70.2  3,806 64.0 71.6 11,215 
Cheniere 4.8 2.3 7,352 65.8 72.6  3,400 63.1 72.1 10,752 
CL172 5.3 0.3 7,001 63.7 70.5  2,228 60.8 70.8 9,229 
CL271 2.0 1.3 6,936 59.8 69.5  2,944 61.4 71.3 9,880 
Presidio 4.8 0.5 5,980 62.3 69.7  3,270 61.9 71.7 9,250 
LSD  
(P = 
0.05)** 

1.0 1.3 444 2.9 1.4  706 4.9 1.3 972 

*Severity of NBLS and brown spot was rated on a 0 to 9 scale where 0 = no symptoms and 9 = most severe symptoms 
(leaves dead). 
**Data analysis was according to the Fisher’s least significance difference (LSD) at P =0.05. 
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level of resistance to the disease. On contrast, Antonio, Mermenta, Cheniere, Presidio, CL111, CL151, CL153 
and CL172 were rated susceptible to narrow brown leaf spot. In general, the two medium grain varieties CL271 
and CL272 showed more resistance to brown spot than all other long grain varieties. XL753 and XL 760 
consistently had the highest main and ratoon crop yields with the combined yields of over 14,000 lb/ac, and 
followed by CLXL745 and CLXL 729 with combined yields of over 13,000 lb/ac. Their milling quality (% 
whole milled rice and % total milled rice) in both main and ratoon crops was similar to or slightly less than 
Presidio. All Clearfield® inbred varieties performed well on main crop with a yield significantly higher than 
Presidio. CL151, CL163, CL153, CL271 and CL272 also performed well on ratoon crop, having a yield similar 
to Presidio. Antonio had a higher main crop yield than Presidio and similar ratoon crop yield compared to 
Presidio. Antonio also was consistently similar to or higher than Presidio in percent whole and total rice on 
both themain and ratoon crops. 

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

Best Time to Apply Fungicide for Control of Narrow Brown Leaf Spot of Rice  

Narrow brown leas spot (NBLS), caused by Cercospora janseana, is one of the most important diseases 
of rice in Texas. The pathogen attacks all parts of the rice plant except the roots. The disease tends to be more 
severe at late plantings and in the ratoon crop. Timely application of fungicides is the key to effectively 
managing the disease and maximizing production income. The objective of this study was to determine the best 
timing of fungicide application for control of NBLS in the main crop under Texas environments. 

A field trial was conducted as a randomized complete block design with four replications at Beaumont 
in 2014, 2015 and 2016. The experiment consisted of five fungicide application timing treatments based on the 
stage of rice growth: a fungicide 
application made at 1) 7 days 
after panicle differentiation (PD 
+ 7), 2) boot, 3) heading, 4) 7 
days after heading (Heading + 7), 
and 5) unsprayed control. 
Presidio was drill seeded at 80 
lb/ac. The experimental area was 
naturally infested with the NBLS 
pathogen. A single application of 
propiconazole (PropiMax) was 
made at 10 fl oz/ac at a rice 
growth stage as described above. 
Severity of NBLS was assessed 
at maturity using a scale of 0 to 9, 
where 0 represents no symptoms 
and 9 represents the most severe 
symptoms (most leaves dead or 
covered with lesions). Percent 
control of NBLS by different 
timing treatments was calculated relative to the unsprayed control. 

A single fungicide application made at PD + 7, boot, heading or heading + 7 significantly (P < 0.05) 
reduced the severity of NBLS compared to the unsprayed control in each year. When a fungicide application 
was made at the heading stage, rice had the lowest disease severity among all the fungicide application timing 
treatments. Average percent control of NBLS by propiconazole over the 3-year experiment was 24, 34, 55, and 
43% for fungicide application at PD + 7, boot, heading, and heading + 7, respectively (Fig. 1). The results 
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Fig. 1. Percent control of narrow brown leaf spot (NBLS) as affected by the growth stage 
of rice at which propiconazole was applied in a 3-year study (2014 - 2016). 
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demonstrate that the heading stage is the best time to apply a fungicide for control of NBLS. Control efficacy 
decreases when rice receives fungicide application earlier or later than the heading stage. 

Research conducted by Drs. Xin-Gen Zhou, Sai Sree Uppala and Guangjie Liu. 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 

In vitro Evaluation of Fungicides for Control of Rice Kernel Smut 

Kernel smut, caused by Tilletia barclayana (Neovossia horrida), has become an economically important 
fungal disease of rice in southern U.S rice growing areas in recent years.  The fungus overwinters in the soil 
and seed as teliospores (Fig. 1). During the cropping season, overwintering teliospores 
germinate and produce fungal mycelia and basidiospores, which, in turn, produces 
infecting sporidia. Sporidia are windborne and infect developing grains and replace the 
endosperm of the rice grains completely or partially with a mass of black smut spores 
(teliospores) (Fig. 2). During harvest, black clouds of teliospores are released into the 
air and cover combines. This disease is more prevalent during rainy years and in fields 
applied with high nitrogen rates. Under favorable conditions for disease development, 
kernel smut causes considerable grain yield and quality loss. In 2015, outbreaks of 
kernel smut occurred on the rice varieties Presidio, Cheniere and XL 753 (hybrid) on 
more than 1,000 acres across the west and east areas of Houston. Due to the severity of 
this disease and subsequent losses the disease has caused in Texas, we have initialized 
new investigations aiming at developing effective control strategies. 

Isolates of the kernel smut pathogen (Fig. 3) 
were obtained from infected rice grains of Presidio, 
Cheniere and XL753. Sensitivity of these isolates to 
various fungicides containing propiconazole, 
azoxystrobrin, propiconazole plus azoxystrobin, 
trifloxystrobin plus propiconazole, fluxapyroxad were 
evaluated at various concentrations in fungicide-
amended agar media. Fungicides containing 
propiconazole as the only active ingredient 

(Propimax® and Tilt®) 
were highly effective 
and showed complete inhibition of all the isolates evaluated at concentrations as 
low as 50 ppm. Other fungicides showed variable responses among the isolates 
and were not as effective as Propimax® and Tilt®. 

Research conducted by S. Uppala., B. Liu., W. Gao., L. Jin., G. Xia and X.G. Zhou. 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. 

Development of Novel Chemical Compounds for 
Control of Sheath Blight of Rice 

Fungal diseases are among the factors that limit rice production in Texas. The Texas Gulf Coast provides 
a warm, humid climate favorable for the development of many diseases. Sheath blight, caused by the fungus 
Rhizoctonia solani AG1-1A, is the most important disease in rice in Texas. Fungicides have been the most 
effective tool for management of this disease. However, recent emergence of resistant populations of the fungus 
to strobilurin fungicides threatens this management option. Famers are in need of new fungicides that have a 

Fig. 1. Teliospores of 
Tilletia barclayana, causal 
agent of kernel smut of 
rice. 

Fig. 2. Healthy and kernel smut-infected seeds of rice. 

Fig. 3. Kernel smut pathogen on 
PDA. 
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different mode of action and a wide spectrum of fungicide activities against R. solani and other pathogens. The 
objective of this study is to develop new chemistries that meet these goals. 

A series of chemical compounds were designed and synthesized with a potential of having a systemic 
mode of action. In-vitro and greenhouse assays were carried out to evaluate their efficacy against R. solani. 
Among 23 compounds evaluated in the in-vitro assays, 16 showed antifungal activities with seven having the 
highest levels of control efficacy. At a concentration of 4 ppm, two compounds had a significantly higher level 
of inhibition than azoxystrobin (62% vs. 45%); five compounds reduced the growth of R. solani to a level 
similar to azoxystrobin (42-53% vs. 45%). These seven compounds were selected for further investigation in 
the greenhouse. At the concentration of 2,000 ppm, each of these compounds provided almost 100% control of 
sheath blight. In addition, each compound showed antifungal activities against the kernel smut pathogen 
(Tilletia barclayana) and the narrow brown leaf spot pathogen (Cercospora jaseana) in the in-vitro assays. 

Research conducted by Z. F. Guo, X. G. Zhou, B. H. Liu, and X. Y. Lei. For more information, please Dr. Xin-Gen (Shane) Zhou at 
(409) 752-2741 or xzhou@aesrg.tamu.edu. 

Seed Treatment Improves Stand Establishment in Organic Rice 

Stand loss caused by a complex of seedling diseases (Rhizoctonia solani, Pythium spp., Fusarium spp., 
etc.) is one of the most important factors limiting organic rice production. A field trial was conducted to 
determine the effects of seed treatment with biocontrol agents and gibberellic acid (a plant growth regulator) 
on stand, plant growth, and grain yield and quality in two rice varieties under organic production system. 

The trial was established in a field certified for organic rice production at the Texas A&M AgriLife 
Research and Extension Center, Beaumont, TX in 2016. The experiment was conducted as a split-split plot 
design with four replications. Whole plots consisted of two rice varieties, Presidio and XL753 (hybrid). 
Subplots consisted of two plant growth regulator seed treatments: gibberellic acid (GA) and untreated control. 
Sub-subplots consisted of four biocontrol agent seed treatments: 1) untreated control, 2) Sonata (Bacillus 
pumilus), 3) Integral (B. subtilis), and 4) BioEnsure (fungal endophytes). Prior to planting, seeds were treated 
with GA at the rate of 1.7 oz per 100 CWT of seed, B. pumilus and B. subtilis at 108 CFU/ml, and the fungal 
endophytes at 100 spores/seed in dye and air dried. Rice was drill seeded at 70 lb/ac for Presidio and at 35 lb/ac 
for XL753. Plots received 150 lb N/ac of organic fertilizer Nature Safe (10-2-8, N-P-K). Stand and plant height 
were assessed at 2 weeks after rice emergence. Rice was harvested and grain yield and milling quality were 
determined. Rice yields were adjusted to 12% moisture content. 

Seed treatment with Sonata, Integral or BioEnsure resulted in a significant increase in stand density and 
yield (Table 1). Seed treatment with BioEnsure also significantly improved the percentage of both whole and 
total milling yields. GA seed treatment significantly increased seedling height. The hybrid variety XL753 had 
the higher yield (42% increase) and better milling quality compared to Presidio. The results demonstrate that 
seed treatment with biocontrol agents can reduce stand loss caused by seedling diseases x and seed treatment 
with GA can improve plant growth in organic rice. 
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Research conducted by Xin-Gen Zhou, Kip Landry, Guangjie Liu, Anna McClung, Fugen Dou, Brad Watkins, Muthu 
Bagavathiannan, Mo Way, Bihu Huang, Sixte Ntamatungiro and Jessica Shade. This research is funded by the USDA NIFA OREI 
(2015-51300-24286). For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or 
xzhou@aesrg.tamu.edu. 

Evaluation of Herbicides for Weed Control and Crop Injury in Rice 

Effective control of weeds is the key to producing a profitable rice crop. Herbicides are an essential tool 
to the effective control of weeds in both conventional and Clearfield® rice. However, various herbicides often 
have different modes of action, target weeds, and timings and methods of application. Improper selection and 
use of herbicides may result in crop injury, causing significant rice grain yield and quality loss. Rice farmers 
need information about different herbicide programs that are not only effective for control of target weeds but 
also safe to the rice crop. The objective of this study was to evaluate the impact of herbicide programs on weed 
control efficacy, crop injury and yield in conventional and Clearfield® rice under Texas environments.  

A field trial was conducted as split plot design with variety as main plots and herbicide program as 
subplots at Eagle Lake, Texas in 2016. This trial evaluated eight herbicide programs and four rice varieties (two 
conventional varieties, Mermentau and XL753; two Clearfield® varieties, CL111 and CL XL729) (Table 1). 
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 May 9 at 70 lb/ac for Mermentau and 
CL111, and at 35 lb/ac for XL753 and CL XL729. Herbicide treatment programs are outlined in Table 1. 
Permanent flood was established on June 15. Nitrogen, insect, and water management followed local production 
recommendations. Percent plant injury caused by herbicides was visually rated on June 6 and 13 as compared 
to the untreated control plot in the same replicated block. Percent control of broadleaf signalgrass, barnyard 

Table. 1. Effects of rice variety, gibberellic acid (GA) and biocontrol seed treatments on stand, plant height, yield and 
milling quality in organic rice. 

Treatment Stand 
(plants/ft row) 

Plant 
height (cm) 

Yield 
(lb/ac) 

Milling quality 
Whole 
grain 
(%) 

Total grain 
(%) 

Variety Presidio 10.9 az 12.8 b 3,322 b 47.7 b 67.5 b 
 XL753 8.0 b 13.6 a 4,704 a 49.4 a 68.7 a 
 P value y < 0.0001 <0.0001 <0.0001 0.0287 0.0036 
GA seed 
treatment No GA   9.1 a 12.7 b 3,861 a 47.9 a 67.9 a 

 GA  9.8 a 13.7 a 4,166 a 49.1 a 68.4 a 
 P value 0.1698 <0.0001 0.2170 0.1386 0.2076 
Biocontrol 
agent 

Untreated 
control  8.1 b 13.1 a 3,613 a 47.1 b 67.3 b 

 Sonata  9.9 a 13.1 a 3,972 a 48.1 b 68.1 ab 
 Integral  9.8 a 13.2 a 3,959 a 48.3 b 68.1 ab 
 BioEnsure  10.0 a 13.4 a 4,509 a 50.5 a 69.0 a 
 P value   0.0061 0.6920 0.0739 0.0117 0.0143 
zMeans within a column with the same letters are not significantly different (P = 0.05) according to t test of least squares 
means. The interactions among variety, GA and biocontrol treatments were not significant (P ≥ 0.1047) for all 
measurements. 
yP values ≤ 0.05 indicate significant differences exist among treatments. 
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grass, carpet weed and yellow nutsedge was rated on June 13. Rice was harvested using a plot combine at 
maturity of each variety. Grain yield and moisture were determined and rice yields were adjusted to 12% 
moisture content. Milling quality (% head rice and % total milled rice) also was determined. 

The conventional rice varieties Mermentau and XL753 had the same responses of crop injury and weed 
control to the use of herbicides (Table 2). XL753 had a higher yield and percent total rice compared to 
Mermenta. However, Mermenta has a higher percent whole rice than XL753. All herbicide application 
programs caused varying degrees of injury on June 6, with the herbicide programs 3, 5 and 7 having the highest 

Table 1. Description of herbicide application programs for the trial at Eagle Lake in 2016. 

Variety Herbicide 
program 

Herbicide application (oz product/acre) 
PRE* EPOST MPOST* 

Conventional Untreated   X 

Mermentau 1 Command (12.8) + 
Sharpen (2.0)  RiceBeaux (64.0) + Facet (32.0) + 

Permit (1.0) 

XL753 2 Command (12.8) + 
Sharpen (2.0)  Stam (96.0) + Facet (32.0) + 

Permit (1.0) 

 3 Command (12.8) + 
Sharpen (2.0)  Sharpen (1.0) + Facet (32.0) + 

Permit (1.0) 

 4 Command (12.8) + 
League (6.4)  Regiment (0.53) + Facet (32.0) + 

Permit (1.0) 

 5 Command (12.8)  Ricestar HT (17.0) + Aim (1.6) + 
Permit (1.0) 

 6 Command (12.8)  Strada XT2 (10.0) + Permit (1.0) 

 7 Command (12.8)  Obey (38.0) + Aim (1.6) + Permit 
(1.0) 

 8 Command (12.8) Facet (32.0) + 
Permit (1.0) Grasp (2.3) 

Clearfield Untreated    

CL111 1 Command (12.8) + 
Newpath (5.0)  Newpath (5.0) + Facet (32.0) + 

Permit (1.0) 

CLXL729 2 Command (12.8) + 
Newpath (5.0)  Clearpath (9.6) + Permit (1.0) 

 3 Command (12.8) + 
Newpath (5.0)  Newpath (5.0) + Strada XT2 

(10.0) + Permit (1.0) 

 4 
Command (12.8) + 

League (6.4) + 
Newpath (5.0) 

 Newpath (5.0) + Regiment (0.52) 
+ Permit (1.0) 

 5 Command (12.8) + 
Newpath (5.0)  Newpath (5.0) + Stam (96.0) + 

Permit (1.0) 

 6 Command (12.8) + 
Newpath (5.0)  Newpath (5.0) + Ricebeaux (64.0) 

+ Permit (1.0) 

 7 Command (12.8) 
Newpath (5.0) + 
Facet (32.0) + 
Permit (1.0) 

Newpath (5.0) + Regiment (0.53) 

 8 Command (12.8) 
Newpath (5.0) + 

Facet 32.0) + 
Permit (1.0) 

Newpath (5.0) + Grasp (2.3) 

* Pre = Preemergence (May 10), EPOST = Early postemergence (May 23), and MPOST = Mid-postemergence (June 6). 
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levels of injury (Table 2). However, the levels of injury were significantly decreased with the growth of plants 
on June 13. Except the herbicide program 7, all others were excellent to control carpet weed. All herbicide 
programs completely control broadleaf signalgrass, barnyard grass and yellow nutsedge. All herbicide 
application programs equally increased yield compared to the untreated control. None of the herbicide 
treatments significantly affected milling quality. 

Table 2. Effects of herbicide programs on plant injury, weed control, yield, whole rice and total rice of two conventional varieties at 
Eagle Lake in 2016. 

Main 
treatment 

Crop injury (%) Weed control (%) 
Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) Jun 6 Jun 13 Carpet 

weed 
Broadleaf 

signalgrass 
Barnyard 

grass 
Yellow 

nutsedge 
Variety          

Mermentau 14 6 80  

a 

89 

a 

89 

a 

89 

a 

7,028b* 

b 

63.4a 

a 

70.2b 

b 
XL753 13 6 80 

a 

89 

a 

89 

a 

89 

a 

10,503a 

a 

62.6b 

b 

70.6a 

a 
LSD (P = 0.05) NS** NS NS NS NS NS 719 0.7 0.4 
Herbicide 
program*** 

         

Untreated 0f 0d 0c 

c 

0b 

b 

0b 

b 

0b 

c 

6,521b 

b 

62.5 

a 

70.9 

a 
1 16c 5b 100a 

a 

100a 

a 

100a 

a 

100a 

a 

9,330a 

a 

63.3 

a 

70.5 

a 
2 15c 5b 100a 

a 

100a 

a 

100a 

a 

100a 

a 

8,974a 

a 

63.0 

a 

70.3 

a 
3 24a 9a 100a 

a 

100a 

a 

100a 

a 

100a 

a 

9,710a 

a 

63.4 

a 

70.4 

a 
4 10d 5b 100a 

a 

100a 

a 

100a 

a 

100a 

a 

8,834a 

a 

63.3 

a 

70.4 

a 
5 19b 9a 100a 

a 

100a 

a 

100a 

a 

100a 

a 

9,513a 

a 

63.1 

a 

70.6 

a 
6 11d 6b 100a 

a 

100a 

a 

100a 

a 

100a 

a 

8,220ab 

ab 

62.5 

a 

70.1 

a 
7 19b 10a 21b 

b 

100a 

a 

100a 

a 

100a 

a 

9,531a 

a 

62.8 

a 

70.1 

a 
8 5e 2c 100a 

a 

100a 

a 

100a 

a 

100a 

a 

8,261ab 

ab 

63.0 

a 

70.4 

a 
LSD (P = 0.05) 1.9 1.0 1.9 22.4 19.7 1.5 2,273 NS NS 
*Means followed by the same letter in a column are not significant different according to the Fisher’s least significance difference 
(LSD) at P =0.05. 

** NS = Not Significant. 
*** See Table 1 for the description of herbicide treatment programs. 

The Clearfield® rice varieties CL111 and CLXL729 had the same responses of crop injury and weed 
control to the use of herbicides (Table 3). CLXL729 had a higher yield but lower percent whole and total rice 
compared to CL111. All herbicide application programs caused varying degrees of injury on June 6, with the 
herbicide programs 5 and 6 having the highest levels of injury (Table 3). However, the levels of injury were 
significantly decreased with the growth of plants on June 13. All herbicide programs were excellent for control 
of carpet weed, broadleaf signalgrass, barnyardgrass and yellow nutsedge. All herbicide application programs 
equally increased yield compared to the untreated control. However, none of the herbicide programs 
significantly improved % whole grain and total milled rice. 
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In summary, the results of this study demonstrate that all herbicide programs provide excellent control 
of broadleaf signalgrass, barnyard grass, and yellow nesedge. Facet, Regiment and Grasp were safe for use to 
control weeds in conventional inbred and hybrid varieties. Facet, Regiment, Grasp and Newpath also were safe 
to Clearfield® rice varieties. Command and Sharpen might cause some degree of injury to conventional and 
Clearfield® rice varieties. However, treated plants with command or Sharpen could recover with time, resulting 
in no significant, negative impact on grain yield and milling quality. 

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

POST-HARVEST GRAIN MANAGEMENT 

Regional Analysis of Bin Aeration as an Alternative to Insecticidal Control of Rice Storage Pests 

The objectives of this study are to determine the potential of using aeration to control rice weevil, 
Sitophilus oryzae (L.), and lesser grain borer, Rhyzopertha dominica (Fabricius), as an alternative to the use of 
insecticides. Grain temperature, moisture, and pest population dynamics were simulated using a two-
dimensional aeration model coupled with an age-structured distributed-maturation insect population model. 
The storage bin and insect models were parameterized and validated using data from the literature and 
controlled experiments. Regional analysis across major U.S. rice states suggests adult populations of both 
species decrease progressively towards higher latitudes (Fig. 1) mainly due to lower fall and winter 

Table 3. Effects of herbicide programs on plant injury, weed control, yield, whole rice and total rice of two Clearfield® 
varieties at Eagle Lake in 2016. 

Main 
Treatment 

Crop injury (%) Weed control (%) Yield 
(lb/ac) 

Whole 
(%) 

Total 
(%) 

Jun 6 Jun 13 Carpet 
weed 

Broadleaf 
signalgrass 

Barnyard 
grass 

Yellow 
nutsedge 

Variety          
CL111 11 5  89 

a 

89 

a 

89 

a 

89 

a 

7,207b* 

b 

65.5a 

a 

70.8b 

a 
CLXL729 11 5  89 

a 

89 

a 

89 

a 

89 

a 

9,173a 

a 

60.5b 

b 

69.2a 

b 
LSD (P = 0.05) NS** NS NS NS NS NS 668 0.5 0.7 
Herbicide 
program*** 

         

Untreated 0d 0e 0b 

b 

0b 

c 

0b 

b 

0b 

b 

5,638b 

b 

63.2 

a 

70.5ab 

a 
1 16b 5c 100a 

a 

100a 

a 

100a 

a 

100a 

a 

8,979a 

a 

63.6 

a 

70.1ab 

ab 
2 16b 5c 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,167a 

a 

62.9 

a 

70.1b 

ab 
3 17b 5c 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,786a 

a 

62.6 

a 

69.5ab 

b 
4 5c 2d 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,463a 

a 

63.4 

a 

70.2ab 

ab 
5 18a 11b 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,872a 

a 

63.4 

a 

70.3ab 

ab 
6 18a 14a 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,185a 

a 

62.9 

a 

70.1ab 

ab 
7 5c 2d 100a 

a 

100 

a 

100a 

a 

100a 

a 

8,804a 

a 

62.5 

a 

69.8ab 

ab 
8 5c 2d 100a 

a 

100 

a 

100a 

a 

100a 

a 

7,818a 

a 

62.5 

a 

69.6ab 

ab 
LSD (P = 0.05) 1.7 1.0 0 0.6 0 0 1,508 NS 1.1 
*Means followed by the same letter in a column are not significant different according to the Fisher’s least significance 
difference (LSD) at P =0.05.  
** NS = Not Significant. 
*** See Table 1 for the description of herbicide treatment programs. 
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temperatures (Fig. 2), with 
much lower populations for 
lesser grain borer than for rice 
weevil (Figs. 1 vs. 2). 
Increasing the target 
temperature for storage bin 
aeration from 45 to 60°C 
more than doubled the adult 
populations in the southern 
states, but the effect in the 
more northerly rice states was 
much less due to ambient air 
temperatures seldom reaching 
the target temperature. An 
increase in aeration airflow 
from 0.5 to 1.0 CFM/bushel 
had a much greater impact in 
reducing adult populations 
than a decrease in the aeration 
target temperature. Weather 
variation between years 
within a county greatly 
impacted pest populations. 
Even in the southern states, 
predicted rice weevil 
populations under aeration 
exceeded 1000 adults/MT in 
less than half of the years. 
These results highlight the 
site-specific impact of 
aeration on S. oryzae and R. 
dominica and the need to 
develop cost-effective site-
specific aeration and insect 
pest management strategies. 

  

Fig. 1. Regional population dynamics of S. oryzae in six major rice states in the US (2.5 
adults/MT at the time of grain loading, predicted average adult densities on May 31 the 
following year, airflow rate 0.5 CFM/bushel, aeration target 45˚F, weather data 191996-
2015). (A) Grain loading and initial infestation on August 15; (B) Grain loading and initial 
infestation on September 15. 

Fig. 2. Regional population dynamics of R. dominica in six major rice states in the US (2.5 
adults/MT at the time of grain loading, predicted average adult densities on May 31 the 
following year, airflow rate 0.5 CFM/bushel, aeration target 45˚F, weather data 1996-2015). 
(A) Grain loading and initial infestation on August 15; (B) Grain loading and initial infestation 
on September 15. 
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Research conducted by Yubin Yang, 
Lloyd T. (Ted) Wilson, Jenny Wang 
and Frank H. Arthur. Funding is 
provided by USDA NIFA. For more 
Information, please contact Dr. 
Yang at (409) 752-2741 Ext. 2500 
or yyang@aesrg.tamu.edu 
  

Fig. 3. Regional trend in average daily temperature and bin power consumption during grain 
storage period from August 15 to May 31 the following year. (A) Average daily air 
temperature (weather data 1996-2015); (B) Average bin power consumption for aeration based 
on simulations using weather data from 1996-2015 (airflow rate 0.5 CFM/bushel and aeration 
target 45˚F). 
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