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PLANT BREEDING AND GENETICS 

Cold Tolerance at Germination and Early Seedling Stage of Texas Elite Inbred Rice Breeding Lines 
and Some U.S. Released Rice Varieties 

Rice is very sensitive to cold temperature. Temperature below 15oC can greatly affect growth and 
development. In temperate regions, where rice can only be grown once a year, plant stand establishment can be 
challenged by late cold weather or late frost. These conditions prevail in all U.S. rice growing states. Cold 
tolerance at germination and early seedling stage, therefore, is an important trait in a variety. 

A panel of rice germplasm is being used to map important traits and cold tolerance at germination and 
early seedling stage is included as one of the target traits. Selected elite inbred breeding lines from the Texas 
Inbred Breeding Program and selected U.S. released rice varieties were included in the panel and their 
performance is presented below. The check entries used were Darij 8 Selection (tolerant) and 4610 Selection 
(susceptible). The two lines were identified in a series of selections for abiotic stresses in Beaumont. 

For cold tolerance evaluation, the material was screened in temperature-controlled chambers in the Rice 
Genetics Lab at College Station, Texas A&M University, with the temperature set at 13oC and 30oC. Seeds of 
test entries were placed in petri dishes lined with filter paper and wrapped with aluminum foil to simulate dark 
condition during field germination. Two sets were prepared, one each for the chamber set at 13oC and 30oC. 
Germinated seeds (those with coleoptile of >5mm) were counted after 28 days and 7 days at 13oC (low 
temperature germinability, LTG) and 30oC (a check for seed quality), respectively. Coleoptile length was 
measured using ImageJ for seedlings obtained at 13oC (coleoptile length under cold temperature exposure, 
CLC). 

The LTG of all elite lines were above 50% and majority had nearly 90% germination after 28 days at 
very low temperature (Table 1). Darij 8 Selection had low germination, but it has been the best entry in late 
February field screenings. This selection was never tested at prolonged low temperature of 13°C. However, it 
had the longest coleoptile, a known trait important for seedling cold tolerance. It is interesting to note that four 
entries had very high germination and reasonable length of coleoptile under cold treatment (RU1603178, 
RU1603138, RU1603086, and RU1403153). These elite lines, if released as new varieties, will have tolerance 
at early planting or during cold weather or late frost. The U.S. released varieties included in the evaluation 
generally had good germination at 13oC, except Rondo. Presidio performed very well, having high germination 
and reasonable coleoptile length under cold exposure; other notable varieties were Rex, CL111 and Diamond. 
None of the U.S. varieties had coleoptile length close to that of the check, Darij 8 Selection. Some of these elite 
breeding lines and U.S. germplasms have very high grain yield and good milling traits thus will be good donors 
not only for cold tolerance. Moreover, once the genes involved for the cold tolerance are mapped and DNA 
markers developed, progenies from crosses involving these germplasms can be evaluated using marker-aided 
selection, thereby enhancing selection and varietal release. 
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Table 1. Cold tolerance at germination and early seedling of Texas elite inbred rice breeding lines and 
some U.S. released varieties. 

Entries LTG (%) CLC (cm) Entries LTG (%) CLC (cm) 

RU1603178 98.33 0.91 Rex 98.89 1.08 
RU1603138 97.78 1.24 CL 111 97.02 0.96 
RU1303138 96.77 0.49 Presidio 96.77 1.05 
RU1603086 96.13 0.93 Diamond 95.90 0.92 
RU1403141 93.94 1.05 CL 151 94.15 0.94 
RU1403153 92.25 1.26 Wells 93.36 1.21 
RU0803147 91.59 1.17 Jupiter 92.67 1.14 
RU1303153 90.58 0.41 CL 153 92.62 0.86 
RU1003098 89.51 1.10 Jazzman 2 91.66 0.94 
RU0803153 88.89 1.01 CL272 90.34 0.65 
RU1303181 87.41 1.01 Lakast 90.31 1.12 
RU1403138 85.03 1.00 CL 172 89.09 0.84 
RU1003123 84.65 0.90 MM-14 87.85 0.68 
RU1603144 84.38 0.99 Antonio 87.42 0.99 
RU1503147 83.11 0.78 Mermentau 87.21 0.96 
RU1503169 83.04 0.84 CL 163 86.91 0.96 
RU1603089 80.15 0.75 Della 2 86.91 0.86 
RU1503175 79.38 0.90 Roy J 85.73 0.99 
RU1603113 79.19 0.90 Thad 85.52 0.79 
RU1603123 72.45 0.88 Titan 77.70 0.85 
RU1603116 69.15 0.92 Cheniere 70.90 0.74 
RU1403089 64.98 0.92 Rondo 42.03 0.32 
4610 Selection 10.00 0.40 Darij 8 Selection 66.27 1.61 

Low temperature gemination (LTG), coleoptile length under cold temperature exposure (CLC) 

Research conducted by Ranjita Thapa, Endang Septiningsih, Michael Thomson and Rodante E. Tabien. For more information, please 
contact Dr. Rodante E. Tabien at (409) 752-2741 or retabien@ag.tamu.edu. 

Variation in Plant Height and Tillering Ability in Dwarf Mutants 

In 2017, M3 plants from EMS treated Antonio seed were grown in the field arranged in single rows. 
Some mutants had very few tillers, but several exceeded over 80 tillers. Seventeen selected panicles from dwarf 
high tillering plants in 2017 were planted in 2.4 m-row plots in 2018. Segregation for plant height, maturity, 
size of tiller was noticed in majority of the entries. Only eight rows were uniform in phenotype, having the 
typical dwarf high tillering type, observed in 2017. The number of plants per row varied due to limited seeds 
obtained in the very short panicle of the dwarf mutant but mostly the row had 5-7 plants. Heights and tiller 
counts were gathered in all plants from the most highly uniform rows to identify best line for further evaluation 
and genetic analysis. The highest tiller count was 78 and the lowest was four tillers among the plants of the 
dwarf selections while the tallest was 84 cm and the shortest was 60 cm. On average, the dwarf mutant 
selections had 3x more tillers than normal Antonio and generally were 21% shorter in heights. Among the 
mutants, Entry 11 was the shortest while Entry 15 was the tallest. For tillering, Entry 14 and 17 had the lowest 
tiller count while Entry 8 had the highest. The shortest entry, Entry 11, had the highest variability in tiller count; 
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thus further selection is needed. Entries with the lowest variability in height and tiller count were Entry 7, 9 and 
14. Panicles were picked from each plant in all 17 rows and these are currently planted for further selection. 
These mutants will be useful germplasm to study the inheritance of tillering ability and dwarfism in rice. 

Table 1. Mean, standard variation, and standard error of plant height and tiller count of normal and dwarf mutant 
selections derived from EMS treated Antonio. 

Entry Number 
Plant Height (cm) Tiller Count 

Mean Standard 
Deviation 

Standard 
Error 

Mean Standard 
Deviation 

Standard 
Error 

Entry 8 75.17 3.54 1.45 51.67 22.17 9.05 
Entry 7 71.20 3.70 1.66 44.60 11.93 5.33 
Entry 11 66.50 5.07 2.53 43.75 25.14 12.57 
Entry 10 73.00 6.13 2.50 43.00 19.89 8.12 
Entry 9 75.60 4.39 1.96 39.40 9.32 4.17 
Entry 15 79.17 5.19 2.12 36.67 18.02 7.36 
Entry 17 71.00 4.24 3.00 29.00 9.90 7.00 
Entry 14 76.86 5.18 1.96 29.00 12.94 4.89 
Normal 93.20 8.11 3.62 12.40 1.14 0.51 

 

Research conducted by Chersty L. Harper, Rodante E. Tabien, Patrick Carre and Kyle Jones. For more information, please contact 
Dr. Rodante E. Tabien at (409) 752-2741 or retabien@ag.tamu.edu. 

Screening Recombinant Inbred Populations and Selected Lines in Drought Condition 

Worldwide, water as a farm resource is getting scarce, with declining quality and quantity. The 
occurrence of drought could be prevalent with climate change, making it one of the major challenges in the 
future. Severe drought occurred in Texas during the past years limiting the supply of water not only to farmlands 
but also in some urban areas. Rice is the most sensitive to drought among cereal crops typically grown in 
flooded conditions. On average, rice needs 2,500 liters of water from rain or irrigation to produce one kilogram 
of rough rice, but this can range from 800-5,000 liters depending on production management. This is 2x-3x 
more than those needed in other major cereal crops like corn and wheat. Rice is typically produced in the U.S. 
using traditional flood irrigatiion and all released rice varieties are adapted to this system. However, there is an 
increasing interest for alternative irrigation systems of growing rice particularly row rice to save water and 
reduce production cost. To fully adopt new irrigation systems and obtain maximum benefits, crop management 
practices including variety that are drought tolerance are needed. 

In collaboration with Dr. N. Baisakh of Louisiana State University (LSU), two populations of 
recombinant inbred lines (Cocodrie x N-22 and Cocodrie x Vandana) and selected breeding lines were 
evaluated in two-replicated screening nurseries. The two populations were developed by the Louisiana State 
University for mapping drought tolerance gene/quantitative loci in N-22 and Vandana, two known drought 
tolerant varieties, and generate drought tolerant germplasm in U.S. genetic background. Each entry was planted 
in two 2.4 m plots with rows spaced 20 cm apart. Flood water was not kept at all during the growing period. 
During severe drought (majority of the entries had rolling leaves) row without rolling leaves was marked with 
colored flag and the field was flash irrigated. At maturity, rows were selected for advancement based on overall 
phenotype and grain filling. 
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Segregation for phenotype and 
grain filling were observed but several 
near-uniform lines. The population from 
the Cocodrie x Vandana cross had 185 
lines. Forty-seven rows were selected for 
advancement but only 12 entries were 
consistently selected, but only one was 
consistent in both replications. Previous 
selections from the same crosses had 
varied performance. Only 5 of 18 entries 
were selected for further evaluation and 
only two were flagged for selection in both 
replications. Three entries were selected 
for advancement but it occurred only in 
one replication. One hundred and ninety-
eight lines were derived from the Cocodrie 
x N-22 cross. Twenty rows were selected at harvest but only 3 were consistently selected in both replications. 
Before flowering, 45 rows were flagged but only 9 lines were flagged in both replications. Among 17 lines 
previously selected in the same N-22 cross, 5 were selected in both replications for further evaluation. Three 
entries were flagged in two replications before flowering, but none was selected for advancement. Panicles 
were picked in all selected rows and bulked seeds were taken in all selected entries, and these are currently 
planted in Beaumont. The two populations and selected entries were evaluated for drought tolerance in a 
greenhouse at LSU and are currently planted in two locations to generate the second-year data. Figure 1 shows 
the phenotype and panicles of some of the entries. 

Research conducted by Rodante E. Tabien, Chersty L. Harper, Jonalyn Yabes, Niranjan Baisakh. For more information, please 
contact Dr. Rodante E. Tabien at (409) 752-2741 or retabien@ag.tamu.edu. 

Hybrid Rice Breeding Program Update for Summer 2019 

The hybrid rice breeding program of the Texas A&M AgriLife Research Center at Beaumont is on its 
2nd year of breeding. The objectives of the hybrid rice breeding program are: 1) to develop elite male-sterile 
(female parent) and restorer (male parent) lines, and hybrid varieties having high and stable grain yield that are 
competitive with existing commercial hybrids, and 2) to develop hybrid and inbred lines with high grain quality 
(high head rice and low chalky grain percentage) and tolerance or resistance to low temperature (during 
germination and seedling stage), pathogen, and insect stresses. 

This year, the ongoing nurseries, projects, and studies being conducted include: 

• Crossing Nursery 
o New cytoplasmic male sterile (CMS) lines. Potential CMS lines are being crossed to their respective 

maintainer parent to produce BC3s or 3rd generation backcrosses this summer. 
o Heterotic group development. Parents genetically distant from each other are being crossed to produce 

heterotic hybrid combinations. Hybrids produced from parents belonging to different heterotic groups 
are expected to exhibit higher levels of hybrid vigor. 

o New test hybrids are being produced that will be evaluated in next year’s F1 nursery. 
o New crosses are being made to incorporate important traits such as stay-green (to decrease lodging) and 

high silicon (for insect resistance) into our breeding germplasm. 

Figure1. Phenotype and grain filling of some recombinant inbred lines. 
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o Pyramiding for blast resistance. Plants produced from crosses between parents with blast resistant genes 
(that is, Pi genes identified using marker-assisted selection in our DNA laboratory) will be intercrossed 
to stack blast resistance genes. 

• F1 Nursery. This nursery is being used to evaluate new hybrids produced during the 2018 summer and 2018-
19 winter crossing nurseries. Parents of these test hybrids are also evaluated to estimate hybrid vigor in 
agronomic traits. Grain quality traits (head and total rice percentages, chalkiness, length, width, protein and 
amylose) are also estimated. 

• Hybrid Yield Tests. Hybrids that were selected based on performance during the 2018 F1 nursery are being 
evaluated for grain yield, agronomic, and grain quality traits. Also included in this yield test are hybrids 
selected for high genetic distance between their parents, that is, these hybrids have parents with significantly 
varying portions of their DNA. Parents of each hybrid are also being evaluated in this yield test. 

• F2 Nurseries. F2 populations are being grown under recommended N, and F2 plants are screened for 
desirable parameters in terms of tiller and leaf angles, tillering ability, height, number of days to heading, 
lodging, panicle length, and grain type. 

• 2018-2019 F2 Winter Nursery. This nursery in Puerto Rico is used to advance our F2 populations by one 
generation. 

• F3 Nursery. Panicles harvested from the 2018-2019 winter nursery in Puerto Rico will be evaluated for 
grain quality and planted in the F3 nursery. Inbred lines that can potentially be used as maintainer or restorer 
lines will be selected. 

• F5 Nursery. Lines advanced through single seed descent in the greenhouse for the past two years are being 
grown in the field and will be evaluated for agronomic and grain quality traits. 

• Seedling Cold Tolerance Screening. F2 and M2 Presidio (i.e., Presidio that is in its 2nd generation after 
gamma-ray treatment) populations are being screened for rapid germination in low temperature (66ºF day 
and 46ºF night) in a growth chamber. 

• Potential Thermosensitive Genetic Male Sterile (TGMS) Line Nursery. F2 plants produced from crosses 
with at least one TGMS parent will be screened for male-sterility during the main cropping season. 

• DNA Marker-Assisted Selection. The DNA laboratory of the Hybrid Rice Breeding Program, which is 
managed by Dr. Darlene Sanchez, will be completed by August this year. This will improve our selection 
efficiency of breeding lines. Traits targeted for marker-assisted selection include: blast resistance (Pi-
genes), semi-dwarf height (sd1 gene), intermediate amylose concentration (Amy gene), intermediate 
gelatinization temperature (ALK gene), high grain number (gn1a gene), male sterility (tms5 gene), wide 
compatibility (WC gene), and restoring factor capability (Rf gene). 

• Grain Quality Evaluation. In the grain quality laboratory of the Hybrid Rice Breeding Program, which is 
managed by Dr. Jasper Alpuerto, whole and total milled rice percentages, grain chalkiness, vitreousness, 
length, width, and protein and amylose concentrations are estimated from samples obtained from the various 
nurseries and experiments. 

• Inbred and Restorer Line Nursery. This nursery is used to evaluate potential parents for yield- and quality-
related traits, and to purify and increase seed of selected lines. It includes lines requested from rice gene 
banks. 

• TGMS and CMS Nursery. This nursery maintains seed purity of current male-sterile lines. 

• Proteomics Study. Cultivars, pre-selected for having either high or low chalkiness, are being grown in this 
nursery. Grain samples will be harvested, evaluated for chalkiness (by our hybrid rice breeding group), and 
analyzed using proteomics (by Thomson’s group). This is part of the project Proteomics Analysis of 
Developing Rice Grains to Characterize Grain Quality (Thomson, Samonte, and Tabien). 
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• Genome-Wide Association Studies. 
o This is the second field season that evaluates 220 diverse rice genotypes for main culm node number, 

maximum node production rate, and number of degree-days to heading. This is part of the project 
Integrating Association Mapping and High-Throughput CRISPR Editing into Model-based Ideotype 
Breeding (Samonte, Thomson, Pellois, Septiningsih, Tabien, Wilson, and Yang). 

o Additional agronomic and grain quality traits were measured from the 220-genotype diversity panels 
and these are undergoing genome association analyses as well. 

• Mutation Breeding Nursery. M2 Presidio is being grown and evaluated for traits divergent from the original 
Presidio. Some of the targeted traits include, days to heading, tillering, height, leaf dimensions, panicle 
length, number of grains per panicle, grain length, and male-sterility. 

Research conducted by Stanley Omar PB. Samonte, Leon C. Holgate, Jasper Benedict B. Alpuerto, Darlene L. Sanchez, Peyton A 
Croaker, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, and Leanna N. Martin. Generous funding for the Hybrid Rice Breeding 
Program was provided by the Texas Rice Research Foundation. For more information, please contact Dr. Stanley Omar Samonte at 
(409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Determination of Heterotic Groups in Long-Grain, Low-Chalky Rice 
Genotypes for Hybrid Rice Breeding 

High grain yield and 
superior grain quality are 
important traits in hybrid rice. 
Hybrid vigor (heterosis), 
particularly in grain yield, 
increases greater the genetic 
differences comparing the 
hybrid’s parents. Grouping the 
parents into heterotic groups, 
where each group is genetically 
distant from each other, will 
make parental selection and 
crossing management more 
efficient and effective. 

The objective of this 
study is to determine the genetic 
distance between potential rice 
parental lines. A total of 34 rice 
varieties and breeding lines were 
selected from the 2018 hybrid 
rice breeding nurseries at Texas 
A&M AgriLife Research at 
Beaumont based on their long 
grain size (length/width ratio > 3) 
and low chalkiness, which are 
desired grain quality traits in 
Texas. Heterotic groups were 

determined using 854,832 single nucleotide polymorphism (SNP) markers using two approaches: 1) genetic 
distance estimation based on the neighbor-joining procedure (Saitou and Nei, 1987) using TASSEL 5 software 

a) 
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(Bradbury et al., 2007), and 2) model-based population structure inference estimated using STRUCTURE 
software (Pritchard et al., 2000). 

Both approaches consistently classified the 34 rice genotypes into two heterotic groups. Figure 1 shows 
the genotypes that belong to each heterotic group. This information will be very useful in selecting parental 
lines to develop high-yielding hybrids with improved grain quality. 

Literature Cited: 

Bradbury PJ, Zhang Z, Kroon DE, Casstevens TM, Ramdoss Y, Buckler ES. 2007. TASSEL: Software for 
association mapping of complex traits in diverse samples. Bioinformatics 23:2633-2635. 

Pritchard, J. K., Stephens, M., and Donnelly, P. 2000. Inference of population structure using multilocus 
genotype data. Genetics 155:945–959. 

Saitou N, Nei M. 1987. The neighbor-joining method: a new method for reconstructing phylogenetic trees. 
Molecular Biology and Evolution 4(4): 406-425. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Leon Holgate, Peyton A. 
Croaker, Rodante E. Tabien, Chersty L. Harper, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, Leanna N. Martin, and Michael 
J. Thomson. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For 
more information, please contact Dr. Darlene Sanchez at (409) 752-2741 ext. 2266 or Darlene.Sanchez@ag.tamu.edu. 

  

Figure 1. a). Unrooted neighbor-joining tree and b). STRUCTURE plot when the number of sub-populations (K)= 2 for 
34 rice accessions with long grain and low chalkiness. Genetic distance was calculated from 884,832 SNP markers. 

b) 
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Heterosis in Rice Hybrids Produced from Genomically-Distant Versus -Near Parents 

Heterosis is measured by comparing the performance of a hybrid against three standards: 1) the average 
of its parents (midparent heterosis), 2) its better parent (heterobeltiosis), or 3) a check cultivar (standard 
heterosis). Positive heterosis in grain yield is especially desired in hybrids. In general, heterosis in grain yield 
is lower in hybrids produced from genetically similar parents (i.e., there is low variability between parents, 
there is low genetic distance between parents, and they belong to the same heterotic group), and heterosis is 
higher in hybrids produced from genetically different parents (i.e., there is high variability between parents, 
there is high genetic distance between parents, and parents belong to different heterotic groups). Using rice 
subspecies as an example, in general, hybrids produced from crosses between indica and tropical japonica 
parents have higher heterosis levels for grain yield than hybrids produced exclusively from indica parents or 
exclusively from tropical japonica parents (Virmani et al., 2003). 

Our hybrid rice breeding project is on its second year of developing the populations, that is, male-sterile 
(female) and restorer (male) parents, necessary to produce hybrids, and the development of heterotic groups or 
the selection of parents that are dissimilar based on their genetic make-up (also called genomic selection for 
genetically distant parents) is an approach that we are applying to attain high levels of heterosis in grain yield. 

During the conduct of our 2018-2019 crossing nursery, genetic distances between all combinations of 
66 selected parental lines were estimated based 
on 854,832 single nucleotide polymorphism 
(SNP) markers distributed across the 12 rice 
chromosomes. Genetic distances were 
estimated using the neighbor-joining procedure 
(Saitou and Nei, 1987) in TASSEL 5 software 
(Bradbury et al., 2007) and ranged from 0.019 
to 0.668, with an average of 0.301. From these 
66 lines, two groups of hybrids were produced: 
one group consisted of 12 hybrids produced by 
crossing genetically similar parents (i.e., low 
genetic distance between parents), and another 
group of 6 hybrids produced by crossing 
genetically dissimilar parents (i.e., high genetic 
distance between parents) (Table 1). The 18 
hybrids, along with their parents, were sown in 
a replicated performance test the 2019 summer. 
All lines will be evaluated for grain yield, 
agronomic traits, yield components, and grain 
quality. Midparent, better parent, and standard 
heteroses will be estimated. Results from this 
preliminary study will be used in planning the 
establishment of heterotic groups and the 
genomic selection of parents to produce high 
heterotic grain yield. 
Literature Cited: 
Bradbury PJ, Zhang Z, Kroon DE, Casstevens TM, Ramdoss Y, Buckler ES. 2007. TASSEL: Software for 

association mapping of complex traits in diverse samples. Bioinformatics 23:2633-2635. 
Saitou N, Nei M. 1987. The neighbor-joining method: a new method for reconstructing phylogenetic trees. 

Molecular Biology and Evolution, 4(4): 406-425. 

Table 1. Genetic distances between parents of hybrids that are being 
evaluated for heteroses in grain yield and yield-related traits in 
Beaumont in 2019. 

Hybrid ID Genetic Distance 
between Parents 

Genetic Distance 
Classification 

F19A-1 0.019 Low 
F19A-2 0.023 Low 
F19A-3 0.029 Low 
F19A-4 0.036 Low 
F19A-5 0.041 Low 
F19A-6 0.042 Low 
F19A-7 0.043 Low 
F19A-8 0.083 Low 
F19A-9 0.090 Low 
F19A-10 0.122 Low 
F19A-11 0.185 Low 
F19A-12 0.230 Low 
F19A-13 0.440 High 
F19A-14 0.543 High 
F19A-15 0.644 High 
F19A-16 0.645 High 
F19A-17 0.650 High 
F19A-18 0.651 High 
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Virmani SS, Sun ZX, Mou TM, Jauhar Ali A, Mao CX. 2003. Two-line hybrid rice breeding manual. Los Baños 
(Philippines): International Rice Research Institute. 88 p. 

Research conducted by Stanley Omar PB. Samonte, Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Leon C. Holgate, Peyton A. 
Croaker, Rodante E. Tabien, Chersty L. Harper, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, Leanna N. Martin, and Michael 
J. Thomson. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For 
more information, please contact Dr. Stanley Omar Samonte at (409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Heteroses in Panicle Weight and Length in Experimental Rice Hybrids 

High grain yield is one of 
the primary objectives in both 
hybrid and inbred rice breeding 
and production. Among yield 
components, panicle density and 
weight have significant positive 
direct effects on grain yield 
(Samonte et al., 1998). Their 
direct effects on grain yield, 
which are measured using path 
coefficients that range from -1 to 
1, are 0.52 and 0.84, 
respectively, indicating higher 
contribution to panicle weight. 
On the other hand, panicle 
length does not have significant 
direct effects on or correlations 
with panicle weight or grain 
yield (Samonte et al., 1998; 
Samonte et al., 2006); but those 
studies were conducted using 
inbred rice. In hybrid rice, 
positive heterobeltiosis (which 
is the advantage of the hybrid over its better parent) for yield components contributes to high grain yield. This 
study was conducted to determine the correlation between panicle weight and length among hybrids and their 
parents and to estimate the range of heteroses (or hybrid vigor) in both traits. 

In 2018, 161 hybrids and their parents were grown at the Texas A&M AgriLife Research Center at 
Beaumont. At maturity, panicles of the hybrids and their parents were sampled and measured for length and 
weight. Results indicated that panicle weight of the hybrids was significantly and positively correlated with 
panicle length (r = 0.21**) and with the parent with heavier (r = 0.33**) and longer panicles (r = 0.17*). These 
implied that heavy panicles of hybrids could be achieved by selecting for long panicles in both the parents and 
the hybrids.  

Comparing the hybrids against its better parent showed that heterobeltiosis ranged from -17 to 53% for 
panicle length (Fig. 1) and -83 to 14 6% in panicle weight (Fig. 2). The range was wider and positive 
heterobeltiosis values were higher for panicle weight. Furthermore, 78% and 67% of the 161 hybrids showed 
positive heterobeltiosis for panicle length and weight, respectively. This showed the moderately high 
probability of increasing both panicle length and weight in hybrids through heterosis. 

In summary, this preliminary study showed the importance of selecting for panicle weights and lengths 
in parents as these are correlated with the panicle weights of hybrids, and it showed there was a moderately 

Figure 1. Frequency and range of heterobeltiosis (i.e., comparing the hybrid against its better 
parent) in panicle length estimated from 161 hybrids evaluated at Texas A&M AgriLife 
Research at Beaumont in 2018. 
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high frequency of positive better 
parent heterosis in both traits. 
These results will be applied in 
breeding for high grain yield in 
hybrids. 
Literature Cited: 
Samonte, S. O. PB., L. T. 
Wilson, and A. M. McClung. 
1998. Path analyses of yield and 
yield-related traits of fifteen 
diverse rice genotypes. Crop 
Science 38 (5): 1130-1136. 
Samonte, S. O. PB., L. T. 
Wilson, and R. E. Tabien. 2006. 
Maximum node production rate 
and main culm node number 
contributions to yield and yield-
related traits in rice. Field Crops 
Research 96 (2-3): 313-319. 

Research conducted by Stanley Omar 
PB. Samonte, Jasper Benedict B. 

Alpuerto, Darlene L. Sanchez, Leon C. Holgate, Peyton A. Croaker, Rodante E. Tabien, Chersty L. Harper, Lloyd T. Wilson, Zongbu 
Yan, Eric F. Christensen, and Leanna N. Martin. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas 
Rice Research Foundation. For more information, please contact Dr. Stanley Omar Samonte at (409) 752-2741 ext. 2210 or 
Stanley.Samonte@ag.tamu.edu. 

Genome-Wide Association Studies of Agronomic Traits Influencing Rice Grain Yield 

Main culm panicle node number (MCPNN; the node number on which the panicle is borne) and 
maximum node production rate (MNPR) are primary phenotypic plant traits that have significant positive direct 
effects on yield-related traits in rice. However, phenotyping and genetic analyses of these traits have not been 
well-studied. In 2018, we initiated a project that aims to identify DNA regions in rice that are associated with 
these traits, using an approach called genome-wide association study (GWAS). 

A total of 219 rice accessions consisting of a diverse set of indica and japonica cultivars, landraces, 
inbred lines, and hybrids were selected for their variation in number of days to flowering, a trait directly affected 
by MCPNN and MNPR. These were planted in the field at the Texas A&M AgriLife Research Center at 
Beaumont on April 19, 2018. Data collection consisted of observing tagged plants at regular time intervals. 
Main culm panicle node number was estimated as the number of leaves on the main culm plus one for its 
panicle. Maximum node production rate (the number of leaves that emerged per degree-day > 10oC) was 
estimated through regression of leaf emergence data from the 3rd to 7th leaf stages. Data on degree-days >10oC 
to heading were also collected.  

Leaf samples of the different rice accessions were collected and sent to the Texas A&M AgriLife 
Genomics and Bioinformatics Service (TxGen) at College Station in order to obtain single nucleotide 
polymorphisms (SNP), where each SNP denotes a difference in a single DNA building block, called a 
nucleotide. Out of 1,075,302 SNP markers, 854,832 were selected for analyses after removing those that were 
monomorphic (having the same nucleotide across all 219 entries) or had more than 5% missing data. 

Figure 2. Frequency and range of heterobeltiosis (i.e., comparing the hybrid against its 
better parent) in panicle weight estimated from 161 hybrids evaluated at Texas A&M 
AgriLife Research at Beaumont in 2018. 
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Variance 
components were 
computed to 
estimate broad-sense 
heritability for each 
trait (i.e., a ratio that 
indicates how much 
of the differences in 
a trait is due to 
genetic factors). 
Wide variation was 
observed for the two 
traits, with MCPNN 
ranging from 8.14 to 
20.91 nodes, and 
MNPR ranging from 
0.009 to 0.020 
nodes/degree day > 
10oC. MCPNN and 
MNPR had highly 
significant effects 
and explained 63.8% 
of the variation in 
degree days to 
heading. Heritability 
estimates were 0.94 
and 0.38 for 
MCPNN and 

MNPR, 
respectively. 

Trait and 
genotype data were 
analyzed using the 
GWAS general 
linear model to 
identify the parts of 
the genome (or total 
DNA) in rice that are 
strongly associated 
with MCPNN and 
MNPR. Two SNPs 
located in 
chromosomes 1 and 
2 (Fig. 1a) and six 
SNPs in 
chromosomes 6 
(Fig. 1b), 8, 9, and 
10 were associated 
(p < 0.01) with 
MCPNN and 

a) 

Figure 1. Manhattan plots showing SNP-trait associations (indicated by SNPs above the red line) for a) 
main culm panicle node number in Chromosome 2, and b) maximum node production rate in 
Chromosome 6, based on the GWAS general linear model analyses using 854,832 SNPs and phenotype 
data collected at the Texas A&M AgriLife Research Center at Beaumont in 2018. 

b) 
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MNPR, respectively. The identified SNPs require further validation, which consists of the following on-going 
activities: 1) conducting a second round of phenotyping the same traits at Beaumont; and 2) exploring other 
GWAS models, such as the mixed linear model and fixed and random model circulating probability unification 
(FarmCPU). 

Increased understanding of the genetic basis for main culm panicle node number and maximum node 
production rate is expected to make breeding strategies more efficient, resulting in improved rice grain yields. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Leon Holgate, Peyton A. 
Croaker, Karina Y. Morales, Yubin Yang, Lloyd T. Wilson, Rodante E. Tabien, Zongbu Yan, Michael J. Thomson, Eric F. Christensen, 
Leanna N. Martin, Endang M. Septiningsih, and Jean-Philippe Pellois. Generous funding for this project was provided by the Texas 
A&M AgriLife Research Crop Improvement Program and the Texas Rice Research Foundation. For more information, please contact 
Dr. Darlene Sanchez at (409) 752-2741 ext. 2266 or Darlene.Sanchez@ag.tamu.edu. 

Relationships between Leaf Dimension Traits of Experimental Hybrids and their Parents 

Photosynthesis is the primary source of carbohydrates, which greatly contributes to grain yield. Leaf 
architecture, particularly that of the flag leaf, determines photosynthetic efficiency and yield potential in rice. 
Knowing the degree of correlation between flag leaf length, width, and leaf area/leaf of hybrids and parental 
lines is important in parental selection and developing hybrids with better yield potential. 

An F1 nursery consisting of 295 experimental hybrids and their parents was established and evaluated 
at Beaumont in 2018. Flag leaf length, width, and leaf area/leaf were measured in 197 hybrids and their parents 
using a leaf area meter. Correlations between the hybrids and their parents were determined. Mid-parent 
heterosis, better parent heterosis, and standard heterosis (using Presidio as a check variety) were also computed. 
Table 1. Flag leaf area/leaf, length, and width of F1 hybrids, the average of the parents, and the better parents at Beaumont in 2018. 

Leaf Trait Genotype Group Mean Standard 
Deviation Minimum Maximum 

Flag Leaf Area 
(cm2/Leaf) 

F1 Hybrids 40.6 16.5 11.6 135.2 
Average of Parents 26.7 4.8 16.8 39.3 
Better Parent (Higher Leaf Area) 30.7 6.8 18.5 47.6 

Flag Leaf 
Length (cm) 

F1 Hybrids 31.9 8.6 16.8 55.4 
Average of Parents 24.4 3.0 18.3 33.3 
Better Parent (Longer Leaf Length) 27.1 4.1 18.7 43.3 

Flag Leaf 
Width (cm) 

F1 Hybrids 1.7 0.4 1.0 6.4 
Average of Parents 1.5 0.1 1.2 2.0 
Better Parent (Wider leaf Width) 1.6 0.2 1.2 2.2 

 
Preliminary results showed that the hybrids, on average, have longer and wider flag leaves and a higher 

leaf area/leaf, compared to the average of the parent lines, or the better parent (Table 1). Significant positive 
correlations were observed among F1 leaf traits (P < 0.01). This suggested that selection and breeding for leaf 
dimension traits must focus more on the hybrids themselves. 

Positive mid-parent heterosis was observed for flag leaf area/leaf (164 hybrids, 83%), length (159 
hybrids, 81%), and width (150 hybrids, 76%). The number of hybrids with positive better parent heterosis were 
129 (66%), 127 (65%), and 116 (59%) for flag leaf area/leaf, length, and width, respectively. Positive standard 
heterosis, in relation to Presidio, were observed in 192 (98%) hybrids for flag leaf area/leaf, 196 (99%) for flag 
leaf length, and 116 (89%) for flag leaf width. These estimates indicate that the majority of hybrids had longer, 
wider, and larger area flag leaves than their parents and Presidio. Figures 1, 2, and 3 show the distribution of 
mid-parent, better parent, and standard heterosis for flag leaf area/leaf. Leaf area index is positively correlated 
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with grain yield (Samonte et 
al., 2006), so increased leaf 
area indices in hybrids over 
their parents are expected to 
contribute to higher grain 
yield. 

In summary, positive 
heteroses were observed in the 
majority of hybrids for the 
three flag leaf traits. Future 
activities include the use of 
genomic prediction to select 
for hybrids with good leaf 
dimension traits. 

  

Figure 1. Distribution of mid-parent heterosis for flag leaf area/leaf in 197 hybrids evaluated 
at Texas A&M AgriLife Research at Beaumont in 2018. 

Figure 2. Distribution of better parent heterosis for flag leaf area/leaf in 197 hybrids evaluated 
at Texas A&M AgriLife Research at Beaumont in 2018. 



 Texas Rice Special Section - 14 

 

Literature Cited: 
Samonte, S. O. PB., L. T. Wilson, and R. E. Tabien. 2006. Maximum node production rate and main culm node 

number contributions to yield and yield-related traits in rice. Field Crops Research 96 (2-3): 313-319. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Leon C. Holgate, Peyton A. 
Croaker, Lloyd T. Wilson, Zongbu Yan, Eric Christensen, and Leanna N. Martin, Rodante E. Tabien, and Chersty L. Harper. 
Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For more 
information, please contact Dr. Darlene Sanchez at (409) 752-2741 ext. 2266 or Darlene.Sanchez@ag.tamu.edu. 

Screening M2 Presidio and F2 Populations for Low Temperature Germination 

Early season planting of rice can provide a wider planting window for producers. Advancing the starting 
date of the planting window could contribute to the success of a second (ratoon) crop and reduce the risks of 
yield losses due to inclement weather, such as flooding due to increased rainfall and cold stress that occur 
during the latter part of the growing season. In rice-growing regions of Texas, the recommended planting season 
begins the 2nd week of March and continues until the 3rd week of April (Way et al., 2014). Unfortunately, 
planting a month earlier exposes seeds and seedlings to chilling stress. As an example, in Beaumont, mid-
February 30-year average temperature range from 46.4 to 66.2oF (8 to 19oC) (Yang et al. 2010, Wilson et al. 
2015). The temperature range for optimal germination and seedling growth for rice is 77 to 95oF (25 to 35oC). 
Exposure of seeds below the optimum temperature results in decreased germination, emergence rate, and 
seedling establishment (Chapman et al., 1962; Borjas et al., 2016). Thus, there is a need for improved cold 
tolerant cultivars in order to address the issue of reduced overall yield as a result of early reduction in crop 
stand caused by low temperature stress. Screening for cold tolerance in rice is complex. It requires screening at 
different growth stages as there are varying injury levels depending on the timing of exposure to low 
temperature stress. Generally, the threshold temperature that causes damage during germination and early 
seedling stage of rice is lower than during the reproductive stage (Cruz et al., 2013). 

Figure 3. Distribution of standard heterosis (relative to Presidio) for flag leaf area/leaf in 197 
hybrids evaluated at Texas A&M AgriLife Research at Beaumont in 2018. 
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Our hybrid rice breeding group is evaluating 
F2 populations that will serve as the source of male 
and female parents in developing F1 hybrids. These 
F2 populations have been planted in the field and 
will be screened and selected for desirable 
agronomic (e.g., plant height, heading date, tiller 
and leaf angles, and panicle length) and grain quality 
(e.g., absence of awns, long grain type, and low 
chalkiness) traits. In this study, we are screening a 
subset of seeds from these F2 populations and seeds 
of Presidio (two generations after gamma-ray 
treatment, also called M2 Presidio) for cold 
tolerance using a Conviron temperature-controlled 
growth chamber. The objective is to select the 
earliest germinating seeds in these populations when 
exposed to 46/66oF (8/19oC) night/day growing temperatures. These seeds could potentially be candidate lines 
to screen for higher chilling stress tolerance. Steel trays, each with regularly-spaced 1,100 dimples, were used 
to germinate one rice seed per dimple (Fig. 1). Watering was performed every day from the initial date of 
seeding. Each population was sown in two trays, and 5 to 7 days after seeding, the first 50 germinated seeds 
from each test population were selected and transferred to soil for growth in ambient conditions (Fig. 2). For 

the F2 populations, 75% of the 
seeds germinated at 11 days after 
sowing. For the M2 Presidio, 
50% germination was observed 
at 12 days after sowing. These 
exhibit the variability between 
the selected earliest germinated 
seeds and the rest of the seeds 
and show how the selected seeds 
may possess higher cold 
temperature tolerance. Although 
this screening is being applied to 
seeds of F2 populations and M2 
Presidio, it will also be applied 
to other segregating (or variable) 
generations or populations. 

Literature cited: 
Borjas, A.H., De Leon, T.B., and Subudhi, P.K. 2016. Genetic Analysis of Germinating Ability and Seedling 

Vigor Under Cold Stress in US Weedy Rice. Euphytica 208: 251-264. 
Chapman, A.L., Peterson, M.L. 1962. The Seedling Establishment of Rice Under Water in Relation to 

Temperature and Dissolved Oxygen. Crop Science 2: 391-395.  
Cruz, R.P., Sperotto, R.A., Cargnelutti, D., Adamski, J.M., FreitasTerra, T., and Fett, J.P. 2013. Avoiding 

Damage and Achieving Cold Tolerance in Rice Plants. Food and Energy Security 2: 96-119.  
Way, M.O., McCauley, G.M., Zhou, X.G., Wilson, L.T., and Morace B. 2014. Texas Rice Production 

Guidelines. Texas A&M AgriLife Research Center at Beaumont. 
https://beaumont.tamu.edu/elibrary/bulletins/2014_rice_production_guidelines.pdf. Accessed May 20, 
2019. 

Figure 1. Steel trays with dimples containing individual seeds. 

Figure 2. Close-up of earliest germinating seed and seedlings 10 days after selection and 
seeding in ambient conditions. 
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Wilson, L. T., Y. Yang, and J. Wang. 2015. Integrated Agricultural Information and Management System 
(iAIMS): World Climatic Data. April 2015.https://beaumont.tamu.edu/ClimaticData/ 

Yang, Y., L.T. Wilson, and J. Wang. 2010. Development of an Automated Climatic Data Scraping, Filtering 
and Display System. Computers and Electronics in Agriculture 71: 77–
87. https://beaumont.tamu.edu/ClimaticData/ 

Research conducted by Jasper Benedict B. Alpuerto, Stanley Omar PB. Samonte, Darlene L. Sanchez, Leon C. Holgate, Peyton A. 
Croaker, and Tyler W. Malone. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research 
Foundation. For more information, please contact Dr. Jasper Benedict B. Alpuerto at (409) 752-2741 ext. 2285 or 
Jasper.Alpuerto@ag.tamu.edu. 

Head Rice and Chalky Grain Percentages in Rice Varieties at 
Different Harvest Moisture Concentrations 

The percentages of chalky grain and whole milled rice grain are used to evaluate a rice variety or crop 
and may indicate how well management and harvesting operations are performed. Based on rice crop surveys 
conducted in Texas, hybrids had whole milled rice percentages of 57.6 and 55.1% in 2017 and 2018, 
respectively, while inbred rice varieties had 57.6 and 57.7%, respectively (Wilson et al., 2018). Although 
moisture concentration at harvest affects grain quality, it is seldom reported along with percentages of head/total 
rice or chalky grain percentages in local or national yield test reports. Knowledge of how a variety’s grain 
quality changes as it dries down during maturity is important in breeding for improved rice varieties and in 
planning harvests at the proper moisture concentration. 

A preliminary study was conducted in 2018 to evaluate five inbred rice varieties for their head rice and 
chalky grain percentages when harvested at different moisture concentrations. The rice varieties included 
Antonio, Cheniere, Cocodrie, Colorado, and Presidio. Each variety was replicated in four plots, and grain 
samples were obtained on two harvest dates (at maturity and about 5 days later) per replicate, for a total of 8 
samples per variety. As a result, moisture concentrations at harvest ranged from 16.7 to 24.8%. 

Head Rice Percentages. 
Trendlines in a scattergraph of the five 

varieties harvested at different moisture 
concentrations (MCs) show that Cocodrie and 
Cheniere had high and stable head rice 
percentages (HR) (Fig. 1). Cocodrie had HRs 
ranging from 61-65% when harvest MCs ranged 
from 17-23%, while Cheniere had HR ranging 
from 60-64% when harvest MCs ranged 17- 
21%. Antonio’s HR was 60-64% when MC was 
at least 18%, but it dropped to 52% when 
harvested at 16.7% MC. Presidio had a 
maximum HR of 62%, which declined at a slow 
rate as harvest MC decreased. In contrast, 
Colorado’s HR was low but stable, ranging 
from 50-53%, when sampled at 20-25% MC. 
These preliminary results show that varieties 
differ in their HR x MC interactions, and this 
type of analysis is useful in selecting for rice 
with high and stable HR. 

Figure 1. Head rice percentages of 5 varieties at varying harvest moisture 
concentrations in a field experiment at Texas A&M AgriLife Research at 
Beaumont in 2018. 
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Chalky Grain Percentages. 
Trendlines in a scattergraph of chalky 

grain percentage (CG) at different harvest MCs 
show two clusters of varieties. The first cluster 
shows Antonio, Cocodrie, and Colorado having 
minimum CG values of 3.9. 3.5, and 4.5%, 
respectively, that increased as harvest MCs 
decreased. The 2nd cluster of varieties shows 
Presidio with low CG that ranged from 0.70 to 
3.0% and averaged 1.4% when harvest MCs 
ranged from 17-23%. The other variety, 
Cheniere, also had low CG that ranged from 1.1 
to 2.7% (average of 2.1%) when their harvest 
MCs ranged from 17 to 21%. 

Combined Analyses of HR and CG 
Using both head rice and chalky grain 

percentages as evaluation criteria for grain 
quality is better than just using one of the two 

traits. From data generated in 2018, except for Colorado, four varieties (Presidio, Cheniere, Cocodrie, and 
Antonio) had high mean HR (i.e., >60%) at harvest MCs higher than 18%. However, Presidio and Cheniere 
rise to the top in terms of grain quality when CG is added as a criterion since they show lower chalky grain 
percentages than the other varieties. Furthermore, higher quality in both traits was achieved when rice was 
harvested at 22-24% compared to 18-20%. Although harvesting at 18-20% MC resulted in high HR (in Presidio, 
Cheniere, Cocodrie, and Antonio), CR had already decreased to a low level in Cocodrie and Antonio. This 
study’s second season is being conducted during the 2019 summer. This type of study is useful in selecting for 
high-quality rice and in planning harvest operations to achieve both high head rice and low chalky grain 
percentages. 
Literature Cited: 
Wilson, L. T., Y. Yang, J. Wang, and B. Morace. 2018. Texas Rice Crop Survey, 

https://beaumont.tamu.edu/CropSurvey 

Research conducted by Stanley Omar PB. Samonte, Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Leon C. Holgate, and Peyton 
A. Croaker. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For 
more information, please contact Dr. Stanley Omar Samonte at (409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Chalky Grain, Head, and Total Rice Percentages of 
Experimental Hybrids and their Parents 

High grain quality is of primary importance in breeding and production for both inbred and hybrid 
varieties. Low chalky grain percentage and high total and head rice percentages are desired in a rice variety. A 
single grain is classified as “chalky” if its whitish area is at least 50% of its total area. 

Rice grain chalkiness, which is quantitatively inherited and highly affected by environment, results from 
differences in light reflected from numerous air spaces between loosely packed starch granules (Tashiro and 
Wardlaw, 1991). Reducing chalkiness results in an increase in head rice yield, which in turn results in both a 
higher amount and value of marketable rice (Zhao and Fitzgerald, 2013). In hybrid rice breeding, it is not only 
the hybrid’s grain quality that needs to be evaluated, but also its parents. Knowing the degree of correlation 
between a hybrid’s grain quality and its parents is important in planning selection and breeding for developing 
high grain quality hybrids. 

Figure 2. Chalky grain percentages of 5 varieties at varying harvest 
moisture concentrations in a field experiment at Texas A&M AgriLife 
Research at Beaumont in 2018. 
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In 2018, an F1 nursery 
consisting of 295 experimental 
hybrids and their parents was 
established and evaluated at Texas 
A&M AgriLife Research at 
Beaumont. Fifty-nine F1 hybrids 
and their parents were selected and 
evaluated for chalky grain, head, 
and total rice percentages. 
Preliminary results indicated that, 
compared to the average of its 
parents, the F1 hybrids had more 
chalky grains (by 0.6%) and lower 
percentages of head (by 1.5%) and 
total rice (by 0.6%) (Table 1). 
Nevertheless, it was still possible 
to produce hybrids with very low 
chalky grain percentage and high 
head and total rice percentages. 
Overall, five hybrids had chalky grain percentages < 1%, seven had head rice percentages > 61%, and six had 
total rice percentages > 70%. 

Chalky grain percentage of the F1 was positively correlated with the chalky grain percentage of its 
chalkier parent (r = 0.36**) than its less chalky parent (r = 0.17, not significant) (Table 2). It was also positively 
correlated with the average chalky grain percentage of its parent (r = 0.33**). The application of these results to 
rice breeding would be to produce low chalky male-sterile (female) and restorer (male) parents that will be 
crossed to produce low chalky F1 hybrids. 

There was a negative correlation between chalky grain and head rice percentages in hybrids (r = -0.34**), 
indicating that rice with high head rice percentages has lower chalky grain percentages (Table 2). There were 
negative correlations between chalky grain percentage of an F1 and head rice percentage of its parents, and 
there were significant positive correlations between the head rice percentages of the F1 and its parents. These 
correlations further emphasized the selection of both parents with high head rice percentages. 

Total and head rice percentages of F1s were significantly correlated with each other in hybrids (r = 
0.52**) (Table 2). However, chalky grain percentages were not correlated with total rice percentages of an F1 
or its parents. 

In summary, low chalky rice parents are necessary to produce F1s with low chalkiness and high head 
rice percentages. These preliminary results serve to guide our hybrid rice breeding project to select and breed 
for male-sterile and restorer parents with both low chalky grain and high head rice percentages, and to cross 
these high-quality parents to produce high-quality F1 hybrids. The recently established grain quality lab of the 
hybrid rice breeding project will be used to visually and mechanically evaluate breeding lines for chalky grain, 
head, and total rice percentages. Furthermore, we are evaluating the genome of 206 diverse rice lines and 
varieties to identify DNA markers that can be used in the selection of high grain quality breeding lines. 
Literature Cited: 
Tashiro, T., Wardlaw, I.F., 1991. The effect of high temperature on kernel dimensions and the type and 

occurrence of kernel damage in rice. Aust. J. Agric. Res. 42: 485–496. 
Zhao, X., and M. Fitzgerald. 2013. Climate change: implications for the yield of edible rice. PloS One 8 (6), 

e66218. 
  

Table 1. Chalky grain, head, and total rice percentages of F1 hybrids and their parents 
at Beaumont in 2018. 

Grain Quality Trait Genotype Group Mean Standard 
Deviation 

Chalky Grain 
Percentage 

F1 Hybrids 7.4 5.8 
Average of Parents 6.8 5.7 
Low-Quality Parent 10.8 9.0 
High-Quality Parent 2.8 3.3 

Head Rice 
Percentage 

F1 Hybrids 53.1 8.5 
Average of Parents 54.6 6.8 
Low-Quality Parent 49.4 10.5 
High-Quality Parent 59.9 5.1 

Total Rice 
Percentage 

F1 Hybrids 66.7 5.0 
Average of Parents 67.3 1.9 
Low-Quality Parent 66.0 2.5 
High-Quality Parent 68.7 1.8 
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Table 2. Correlation among grain quality traits of F1 hybrids and their parents at Beaumont in 2018. 

Grain Quality 
Trait 

Correlation Coefficients and their Significance 

Chalky Grain % 
of F1s 

Head Rice % 
of F1s 

Total Rice % 
of F1s 

C
ha

lk
y 

G
ra

in
 %

 
F1s     -0.34 ** 0.02   

Average of Parents 0.33 ** -0.03   0.21   

Low Quality Parent 0.36 ** -0.03   0.21   

High Quality Parent 0.17   -0.01   0.15   

H
ea

d 
R

ic
e 

%
 F1s -0.34 **     0.52 ** 

Average of Parents -0.25   0.45 ** 0.05   

Low Quality Parent -0.15   0.36 ** 0.06   

High Quality Parent -0.36 ** 0.45 ** 0.01   

To
ta

l R
ic

e 
%

 F1s 0.02   0.52 **     

Average of Parents 0.15   0.07   0.11   

Low Quality Parent 0.09   0.10   0.09   

High Quality Parent 0.20   0.004   0.10   
** Correlation coefficients are significant at the 1% level. 

Research conducted by Stanley Omar PB. Samonte, Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Leon C. Holgate, Peyton A. 
Croaker, Rodante E. Tabien, Chersty L. Harper, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, and Leanna N. Martin. Generous 
funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For more information, please 
contact Dr. Stanley Omar Samonte at (409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Searching the Rice Genome for DNA Markers Associated with 
Chalky Grain, Head, and Total Grain Percentages 

High grain quality in terms of percentages of chalky grain, head, and total rice is a primary goal in rice 
breeding and production. The estimation of these traits is a laborious procedure that involves harvesting, 
measuring moisture concentration, dehulling, weighing total rice, separating then weighing whole grains, and 
estimating chalkiness. These are quantitative traits, and as such, they are controlled by multiple minor genes. 
Genetic markers associated with high grain quality need to be identified in the rice genome (i.e., its complete 
set of DNA) before they can be applied as a component of a DNA-assisted selection tool. 

In 2018 at Texas A&M AgriLife Research at Beaumont, 206 rice lines (varieties and breeding lines) 
were grown, sampled for grain twice, and evaluated for chalky grain (using an S21 Rice Grain Statistical 
Statistical Analyzer), head rice, and total rice percentages. 
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These grain quality phenotype traits were analyzed along with genetic data of each rice line (or DNA 
fingerprints which consisted of 854,832 single nucleotide polymorphism markers or SNPs) using a method 
called GWAS-GLM (genome-wide association 
study, general linear model) to identify important 
SNPs that are closely associated with percentages 
of chalky grain, head, and total rice. Preliminary 
results of the GWAS analyses indicated that: 

• 2 SNPs in chromosomes 2 and 6 were 
significant for chalky grain percentage at the 
Bonferroni threshold of 5% level (Fig. 1); 

• 2 SNPs in chromosome 2 and 1 SNP in 
chromosome 8 showed associations with 
head rice percentage; and 

• 15 SNPs were significant for total rice 
percentage at the 5% level, most notable of 
which were the SNPs in chromosomes 1, 5, 
and 7 (Fig. 2). 

Further analyses will be performed including a 
2nd round of grain quality data collection in 2019 
and the exploration of other GWAS models such 
as the mixed linear model and the fixed and 
random model circulating probability unification 
(FarmCPU) 

An efficient selection for high grain 
quality is desired, and the identification of SNPs 
that are closely linked to percentages of chalky 
grain, head, and total rice is the initial approach 
towards developing an applicable genomic 
selection tool. 

Research conducted by Stanley Omar PB. Samonte, 
Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Leon C. 
Holgate, Peyton A. Croaker, Lloyd T. Wilson, Zongbu Yan, 
Eric F. Christensen, Leanna N. Martin, Rodante E. Tabien, 
Chersty L. Harper, and Michael J. Thomson. Generous 
funding for the Hybrid Rice Breeding Program was 
provided by the Texas Rice Research Foundation. For 
more information, please contact Dr. Stanley Omar 
Samonte at (409) 752-2741 ext. 2210 or 
Stanley.Samonte@ag.tamu.edu. 

Characterization of the Relationships between Grain Dimensions of Hybrids and their Parents 

One of the primary objectives of hybrid breeding is to produce offspring with better agronomic traits 
than their parents. Hybrid vigor (heterosis) in crops is observed when the progeny exhibits improved traits 
compared to both parents. This is not always the case, as there are several factors that can affect the resulting 
traits of the offspring. Particularly, when the gene controlling the trait is affected by or interacts with multiple 
genes. Therefore, a successful breeding strategy can arise from having a clear understanding of the desired traits 
from the parents under selection as well as expected characteristics of the offspring. Lack of consideration 

Figure 1. Manhattan plots showing SNP markers that are significantly 
associated with chalky grain percentage based on the genetic and 
phenotypic data analyses of 209 rice lines grown in Beaumont in 2018. 

Figure 2. Manhattan plots showing SNP markers that are significantly 
associated with total rice percentage based on the genetic and phenotypic 
data analyses of 209 rice lines grown in Beaumont in 2018. 
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regarding this matter can lead to extending the length of time in testing and releasing a hybrid variety. A way 
to address this is to dissect and correlate the parents of the crosses with their offspring (or F1 hybrid) based on 
their agronomic traits, including grain quality traits. 

In this study, we 
focused on the grain 
dimensions (length, 
width, and length-to-
width ratio) of the 
hybrids and their 
respective parents. The 
objective was to quantify 
and correlate the grain 
dimensions from the 
actual hybrids (observed 
value) to the midparent 
value (expected value), 
which was computed as 
the grain dimension 
average of the parents. 
We seek to characterize 
this relationship to aid in 
anticipating the resulting 
grain size (short, 

medium, or long) of hybrids from different parents. These hybrids will be utilized for selection and breeding 
for candidate lines with good agronomic and high grain quality traits. 

In 2018, field evaluation of 295 experimental hybrids, together with their respective parents, was 
performed to estimate their agronomic and grain quality traits. We observed significant variation in seed set of 
the F1 hybrids. Low seed set could be due to wide cross incompatibility (crossing between different rice 
subspecies indica and japonica) or due to the lack of the required restorer genes in the male parent when crossed 
with cytoplasmic male sterile lines. Ninety hybrids had seed set and consequently grain dimension data in both 
the hybrids and their parents. The grain dimensions of these hybrids were analyzed using an S21 grain quality 
analyzer. 

Table 1 summarizes the grain dimensions of the 90 hybrid-parent combinations. The results showed 
that grain dimensions of the hybrids are very similar to the computed midparent (average of the parents of the 
hybrid) values. Rice grain types based on length-to-width (L/W) ratio are as follows: L/W < 2 are short grain; 
L/W between 2 and 3 are medium grain; and L/W > 3 are long grain. In Texas, consumer or industry preference 
is for the long grain type. Grain length and width were statistically different between the calculated midparent 
values and observed hybrid values. In contrast, results showed that calculating the expected grain size of an F1 
hybrid can be performed using the midparent value as there were no significant differences between the mean 
observed (hybrid) L/W ratio and calculated (midparent) L/W ratio (Table 1). In this study, both midparent and 
observed L/W ratios were > 3, indicating that the hybrids tested are classified as long grain. 

Correlation analyses showed that the grain dimensions of the hybrids are positively correlated with both 
female and male parents (Table 2). For grain length, the male parent was more positively correlated to the grain 
length of the hybrid (r = 0.48**), but this hypothesis should be tested by using reciprocal crosses. In terms of 
grain width, both parents also showed similar significant positive correlation (r = 0.55**) with the hybrid grain 
width. L/W ratio of the female parent had a more positive correlation with the hybrid L/W ratio (r = 0.52**). 
Moreover, the correlations between midparent and observed values of hybrids for grain lengths and widths (r 
= 0.61** and r = 0.84**, respectively) and L/W ratios (r = 0.76**) were all positive. These results further confirm 
the possible estimation of hybrid grain size dimension using the midparent values of the parents. 

Table 1. Rice grain dimensions of F1 hybrids, female and male parents, and average of the parents 
(midparent) at Beaumont in 2018. 

Grain 
Dimension 

 Mean Standard 
Deviation Min Max 

Length 
(mm) 

F1 Hybrids 6.36 0.39 4.69 6.99 
Midparent 6.17* 0.29 5.10 6.72 

Female Parents 6.16 0.41 4.51 6.84 
Male Parents 6.19 0.39 4.56 6.84 

Width 
(mm) 

F1 Hybrids 2.05 0.12 1.85 2.41 
Midparent 1.97* 0.11 1.79 2.31 

Female Parents 1.94 0.15 1.75 2.60 
Male Parents 2.00 0.18 1.75 2.69 

Length/Width 
(L/W) Ratio 

F1 Hybrids 3.12 0.29 1.94 3.59 
Midparent 3.14ns 0.25 2.36 3.52 

Female Parents 3.19 0.32 1.77 3.63 
Male Parents 3.12 0.36 1.83 3.63 

*Mean shows significant differences vs. F1 hybrids at the 5% level. 
nsMean shows non-significant differences vs. F1 hybrids at the 5% level. 
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The results of this preliminary study will be added and utilized in the pipeline for evaluation, selection, 

and breeding for competitively yielding long grain lines with high grain quality. 

Research conducted by Jasper Benedict B. Alpuerto, Stanley Omar PB. Samonte, Darlene L. Sanchez, Leon C. Holgate, Peyton A. 
Croaker, Tyler W. Malone, Rodante E. Tabien, Chersty L. Harper, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, and Leanna 
Martin. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For more 
information, please contact Dr. Jasper Benedict B. Alpuerto at (409) 752-2741 ext. 2285 or Jasper.Alpuerto@ag.tamu.edu. 

Genomic Association Study of Protein Concentration in Milled Rice 

Improved grain quality of high-yielding rice is advantageous for producers, as it is one of the key 
determinants of cultivar marketability. One of the known factors affecting grain quality in rice is grain protein 
concentration. Protein concentration affects milling, cooking, and eating quality of rice (Wang et al., 2017). 
Although high grain protein concentration can reduce head rice percentage and is associated with lower cooking 
and eating quality, its increased nutritional value can increase consumer preference for rice. 

In this study, a rice diversity panel of 217 genotypes (indica and japonica varieties, landraces, inbred 
lines, and hybrids) was used to perform a genome-wide association study (GWAS). This study’s objectives are 
to evaluate phenotypic and genotypic variation in protein concentration in milled rice and to identify regions in 
rice DNA associated with these variations. All genotypes were grown at the Texas A&M AgriLife Research 
Center at Beaumont in 2018. After harvest, milled rice from each accession was evaluated for grain quality 
traits, including protein concentration. Ten grams of each genotype was finely ground then subjected to the 
Dumas nitrogen concentration determination method (Buckee, 1994; Müller, 2017). A nitrogen-to-protein 
conversion factor of 6.25 was used to estimate protein concentration. Leaf samples from each entry were sent 
to the Texas A&M AgriLife Genomics and Bioinformatics Service (TxGen) in College Station. Genotyping 
using high-throughput AgSeq was performed to obtain single-nucleotide polymorphisms (SNP). Each SNP 
corresponds to differences in single units of DNA building blocks (i.e., nucleotide). After filtering out any 
nucleotides that were the same across all entries, and all entries with more than 5% missing data, a total of 
854,832 SNP markers were available for analyses. 

Table 2. Correlation between rice grain dimensions of F1 hybrids and their parents (including midparent) at Beaumont 
in 2018.  

Grain 
Dimension 

 Grain Length 
of F1s 

Grain Width of 
F1s 

Grain L/W 
Ratio of F1s 

Length 
Midparent 0.61**   

Female Parents 0.41**   
Male Parents 0.48**   

Width 
Midparent  0.84**  

Female Parents  0.55**  
Male Parents  0.55**  

L/W Ratio 
Midparent   0.76** 

Female Parents   0.52** 
Male Parents   0.48** 

**Correlation coefficients are significant at the 1% level. 
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Milled rice protein concentration varied among the genotypes, which ranged from 4.6 to 10.3% with a 
mean of 6.9%. The GWAS general linear model (based on a p-value < 0.01) was used to identify two SNPs 
that are significantly associated with grain protein concentration. These SNPs were both detected in 
chromosome 7 at very close proximity to one another (Fig. 1). There have been reports of identified candidate 

genes controlling grain 
protein concentration 
(Zhao et al., 2011; Wang 
et al., 2017). These SNPs 
will be further validated 
to confirm if they are in 
the same region as the 
previously identified 
candidate genes. We are 
currently performing the 
second year of 
phenotyping using the 
same traits measured at 
the Beaumont Center in 
2018. We are also 
planning to perform 
haplotype analyses to 
validate and/or identify 
new candidate genes 
associated with protein 
concentration in milled 
rice. 

This study is one 
of several in our hybrid 
rice breeding program 
that are looking for 

associations between genomic DNA and yield-related and grain quality traits. Results of this study will provide 
information on variability in genomic regions controlling grain quality and aid in the enhancement of breeding 
selection and varietal development. 
Literature Cited: 
Buckee G.K. 1994. Determination of total nitrogen in Barley, Malt and Beer by Kjeldahl procedures and the 

Dumas combustion method. Collaborative trial. J. Inst. Brew 100: 57-64. 
Müller, J. 2017. Dumas or Kjeldahl for reference analysis? Comparison and for Nitrogen/Protein analysis of 

food and feed. Analytics Beyond Measure. A White Paper from FOSS. 
Wang, X., Pang, Y., Zhang, J., Wu, Z., Chen, K., Ali, J. Ye, G., Xu, J., and Li, Z. 2017. Genome-wide and 

gene-based association mapping for rice eating and cooking characteristics and protein content. Nature: 
Scientific Reports 7: 17203. doi:10.1038/s41598-017-17347-5. 

Zhao, K., Tung, C., Eizenga, G.C., Wright, M.H., Ali, M.L., Price, A.H., Norton, G.J., Islam, M.R., Reynolds, 
A., Mezey, J., McClung, A.M., Bustamante, C.D., and McCouch, S.R. 2011. Genome-wide association 
mapping reveals a rich genetic architecture of complex traits in Oryza sativa. Nature Communications 
2:467. doi: 10.1038/ncomms1467. 

 

Figure 1. Manhattan plot (only Chromosome 7) showing SNP-trait associations for protein 
concentration based on the GWAS general linear model analyses using 854,832 SNPs and phenotype 
data collected at the Texas A&M AgriLife Research Center at Beaumont in 2018. Dots above the 
red line showed significant association (based on p-value = 5.8491 x 10-8). 
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Research conducted by Jasper Benedict B. Alpuerto, Stanley Omar PB. Samonte, Darlene L. Sanchez, Leon C. Holgate, Peyton A. 
Croaker, Lloyd T. Wilson, Leanna N. Martin, Eric F. Christensen, Rodante E. Tabien, Zongbu Yan, Chersty L. Harper, and Michael 
J. Thomson. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For 
more information, please contact Dr. Jasper Benedict B. Alpuerto at (409) 752-2741 ext. 2285 or Jasper.Alpuerto@ag.tamu.edu. 

Integration of Genomics with Crop Modeling for Prediction of Rice Heading Date 

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, which are controlled by multiple subcomponent traits. Genome-wide association mapping 
(GWAS) and genomic prediction (GP) 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 of trait and process decomposition, and component 
integration. This technology provides a much greater ability to separate how genetically controlled traits within 
different varieties interact with one another and to integrate the contributions of multiple traits, such as leaf 
production and growth rates, tiller and leaf angles, biomass allocation rates between different plant parts (leaf, 
stems, roots, and grain). And it has been increasingly realized as a potential breakthrough technology in further 
advancing genomics research. 

Seven rice models with different structures and parameters were evaluated to demonstrate the feasibility 
of integrating plant genomics with crop modeling to predict days to flowering, a complex plant phenotypic trait 
that is probably controlled by multiple interacting genes. A rice diversity panel with169 genotypes and 700K 
genetic markers was used in the analysis. Phenotypic data on days to 50% flowering from 3 locations and 10 
planting dates from different parts of Northwest Africa were used to test the methodology, with the data 
graciously provided by Michael Dingkuhn (CIRAD, France). 

Genotype-specific model parameters that had the greatest control on days to flowering were first derived 
through a statistical process that provides an optimized solution. These parameters were then estimated using 
genomic prediction based on the most significant genetic markers from GWAS analysis. Model prediction of 
days to flowering based on genomic-predicted model parameters were evaluated. 

This research presents a potential path to integrate genomics with crop modeling to further advance the 
progress in genomic research and crop improvement. 

Research conducted by Yubin Yang, Lloyd T. Wilson, Tao Li, Livia Paleari, Roberto Confalonieri. For more information, please 
contact Dr. Yubin Yang at (409) 752-2741 or yyang@aesrg.tamu.edu. 

RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Differential Response of Iraqi Rice Varieties to High Night Temperature  

The impact of climatic change on crop production is a major global concern. One of the climatic factors, 
night temperature (NT), which is increasing as a part of global warming, can alter crop productivity and quality. 
Previous research has shown that rice yields are decreased due to high night temperature (HNT) [1, 2]. Heat 
stress can decrease spikelet fertility of rice with a subsequent reduction in seed-set and grain yield and can 
increase grain chalkiness (Prasad et al. 2006). There is a strong negative linear relationship between number of 
fertile spikelets per m2 and the increase in NT and a positive linear relationship of NT with grain chalkiness 
[2,3]. 
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The Iraqi rice varieties are native to hot nighttime conditions (H. Alawadi, personal communication, 
2014). The yield of the Iraqi rice varieties used in this study vary from low to high. The objective of this study 
was to screen 15 varieties (Amber43, Ambercoar, Amber type, Amber33 type, Anber 33-Iraqi, Choul, Ghraiba, 
Halwa gose, Nayima45, Nema, Sadri type, Shim balte, Shima, Shimla early, WC1006) for HNT tolerance. At 
the Texas A&M AgriLife Research Center at Beaumont, a study was conducted to evaluate the effects of HNT 
on spikelet fertility, yield and grain chalkiness of the 15 varieties (all are subspecies indica). Plants were grown 
under ambient night temperature (ANT) (25oC; 77oF) or HNT (30oC; 86oF) in the greenhouse. Plants were 
subjected to free-air temperature enrichment of a zone within a greenhouse and were exposed to 25oC or 30oC 
NT from boot stage until harvest. They were subjected to HNT through use of continuously controlled (+/- 
0.5oC) infrared heaters, starting from 2000 h until 0600 h. Several physiological parameters, yield-related 
parameters and yield were evaluated. In this article, spikelet fertility, yield and grain chalkiness are presented. 
Spikelet fertility was estimated using the procedures of Mohammed and Tarpley (2009a-b) and grain chalkiness 
using WinSeedle grain image analysis system (Regent Instruments Inc. Canada). 

Results from our study indicated differential response of Iraqi rice varieties to HNT with respect to 
spikelet fertility, yield and grain chalkiness [Table 1]. Most of the Iraqi rice varieties used in this study were 
tolerant to HNT with respect to yield, spikelet fertility and grain chalkiness. The susceptible varieties showed 
decreased yield, spikelet fertility and increased chalkiness, with increase in NT. These data should contribute 
to understanding the physiological differences between varieties showing susceptible versus tolerant responses 
to high night temperatures. The Iraqi varieties provide a pool of previously uncharacterized high night 
temperature-tolerant material that can be used as a part of breeding programs striving to improve environmental 
stress tolerance of rice. 

For more information, please consult the following references: 

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. 

Table 1. Response of 15 Iraqi rice varieties to high night temperature with respect to yield, spikelet fertility and grain chalkiness 

Variety Yield 
(g plant-1) 

Spikelet Fertility 
(%) 

Grain 
chalkiness(%) 

 ANT HNT % ANT HNT %  ANT HNT % 
Amber 1.8 2.7 NS 29.1 50.1 72 0.5 0.9 60 
Amber coar 4.8 5.3 NS 14.3 20.1 NS 0.6 0.5 NS 
Amber type 7.3 7.9 NS 25.1 06.9 -72 0.0 0.0 NS 
Amber33type 3.2 4.6 44.5 18.0 36.2 101 0.3 0.2 NS 
Anber33Iraqi 4.7 4.7 NS 77.8 75.6 NS 1.6 1.7 NS 
Choul 3.6 3.2 NS 30.4 14.2 NS 0.8 0.9 NS 
Ghraiba type 6.6 7.1 NS 14.6 16.6 NS 1.2 0.9 NS 
Halwa gose 4.4 4.4 NS 22.9 22.8 NS 0.0 0.0 NS 
Nayima45 11.9 12.1 NS 48.9 47.2 NS 0.7 1.1 44 
Nema 2.2 1.0 -57 5.9 00.0 -100 2.4 0.4 -85 
Sadri type 5.3 5.3 NS 43.5 50.1 NS 0.2 0.2 NS 
Shim balte 10.4 10.0 NS 38.0 45.4 NS 0.1 0.2 NS 
Shima 9.4 9.9 NS 89.8 93.2 NS 0.5 0.5 NS 
Shimla early 8.1 5.9 NS 13.0 10.0 NS 0.5 0.6 NS 
WC1006 14.0 11.1 -21 49.9 59.2 NS 0.5 0.9 87 

Note: ANT = Ambient night temperature (25 oC; 77oF); HNT = high night temperature (30 oC; 86oF); % = harmful or beneficial 
effects of HNT; NS = Not significant 
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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.  

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, Hussam Alawadi, Chersty Harper, Rodante Tabien and Lee Tarpley. 
For more information, please contact Dr. Mohammed (abdulrazack@email.tamu.edu) or Dr. Tarpley (ltarpley@tamu.edu). 

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

Variety selection is one of the most important decisions 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 14 popular or newly released varieties at Eagle Lake and Beaumont during 
2018. At the David R. Wintermann Rice Research Station (Eagle Lake), eight inbreds (CL111, CL151, CL153, 
CL163, CL172, Mermentau, Presidio, and PVL01) and six hybrids (Clearfield Gemini 214, Clearfield RT7801, 
Clearfield XL745, XL753, XL760, and XP113) were drill-seeded on March 22. Hybrid varieties received 150 
lb/ac while the inbred varieties received 180 lb/ac, for main crop (MC) production. Hybrids consistently 
produced higher main crop and total grain yields (Table 1). The average main crop yields were 8,211 lb/acre 
and 6,915 lb/acre for hybrids and inbreds, respectively. For hybrids, XL753 produced the highest yield. For 
inbreds, CL111 produced the highest yield. For the ratoon crop, Clearfield RT7801 produced the highest yield 
of 4,276 lb/ac with the lowest yield of 811 lb/ac produced by CL153. Mermentau 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 47% to 65%, while the ratoon crop whole grain milling yields ranged from 63% to 67%. 
The MC yield of most entries in 2018 was lower than the in 2016 and 2017 (Table 2), which was mainly due 
to cool temperatures and rain on planted fields prior to emergence creating a hard pan (personal communication 
with Jason Samford, the farm research services manager of Eagle Lake Research Station). Our on-farm trials 
produced similar results. Presidio planted on a clay soil of Rosharon had greater grain yields than on sandy 
loam soil close to the Eagle Lake Station. 

At the Texas A&M AgriLife Research Center at Beaumont, the entries were planted on March 24-27. The main 
crop yields were higher than these at the Eagle Lake Station (Table 3). Higher main crop yields were also 
observed in 2018 than the previous years (Table 4). 
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Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle Lake Station during 2018. 

Inbred and 
hybrid 

cultivars 

Grain Yield 
(lb/ac) 

Milling Yield (%) 
Main Crop Ratoon Crop 

Main 
Crop 

Ratoon 
Crop 

Total  
Crop 

Whole 
Grain 

Total 
Grain 

Whole 
Grain 

Total 
Grain 

CL172 5,574 1,309 6,556 60 71 63 71 
Presidio 6,005 1,959 7,964 60 71 64 71 
CL163 6,345 1,789 7,239 57 69 63 71 
PVL01 6,740 1,712 8,453 55 71 66 72 
CL153 7,253 811 7,658 64 71 66 72 
Mermentau 7,448 1,009 7,952 65 72 67 72 
CLRT7801 7,455 4,276 11,731 47 68 65 72 
CL151 7,721 1,315 8,379 62 71 67 72 
CL Gemini214 7,738 2,948 11,237 53 68 67 73 
XL760 7,923 2,620 10,544 53 68 66 72 
XP113 7,958 2,630 10,587 52 69 65 73 
CL111 8,233 1,357 9,250 62 72 66 72 
CLXL745 8,994 2,376 11,370 60 72 65 72 
XL753 9,195 2,817 12,012 58 71 65 72 
LSD (P=0.05)a 1,300 1,524 1,822 3.1 1.1 2.2 1.6 

a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at P = 0.05. 

  
Table 2. Influence of the selected entries on rice grain yields (lb/ac) at the Eagle Lake Station during 2016-2018. 

Inbred and hybrid 
cultivars 

2016 2017 2018 Mean 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

XL753 10,182 4,232 10,207 3,507 9,195 2,817 9,861 3,519 

CL XL745 9,791 3,754 9,751 3,478 8,994 2,376 9,512 3,203 

CL151 8,564 4,388 10,233 3,129 7,721 1,315 8,839 2,944 

Mermentau 7,858 3,741 9,213 2,087 7,448 1,009 8,173 2,279 

Presidio 6,323 3,836 6,328 2,257 6,005 1,959 6,219 2,684 

LSD (P=0.05)a 650 871 769 764 1,235 1,6241 705 846 

a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at P = 0.05. 
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Table 3. Influence of the selected entries on rice grain and milling yields at the Beaumont Center during 2018. 

Inbred and 
hybrid cultivars 

Grain Yield 
(lb/ac) 

Milling Yield (%) 
Main Crop Ratoon Crop 

Main 
Crop 

Ratoon 
Crop 

Total  
Crop 

Whole 
Grain 

Total 
Grain 

Whole 
Grain 

Total 
Grain 

PVL01 8,525 4,020 12,545 56 73 50 70 
Mermentau 8,587 4,632 13,219 62 73 53 70 
CL153 9,216 4,267 13,483 63 73 56 69 
CL111 9,332 3,512 12,845 60 73 54 69 
CL172 9,552 4,358 13,910 58 72 55 69 
CL151 9,587 4,323 13,910 62 73 60 70 
CL163 9,712 4,132 13,843 62 73 57 70 
Presidio 9,898 3,911 13,809 62 73 56 70 
CL RT7801 11,056 4,882 15,938 53 71 52 69 
CLXL745 11,220 5,136 16,356 58 73 55 70 
XP760 11,398 3,878 15,276 57 72 55 69 
CL Gemini 
214 

11,822 4,346 16,168 58 72 55 69 
XL753 12,275 4,450 16,726 58 73 50 70 
XP113 12,823 5,031 17,854 59 72 55 69 
LSD (P=0.05)a 512 837 968 2.5 0.5 3.2 1.0 

a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at P = 0.05. 

 

Research conducted by Dr. Fugen Dou, 
Jason Samford, Dr. Guangjie Liu, Kip 
Landry, and Dr. Xiufen (Sophia) Li. 
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 is the greatest direct expenses in rice production according to the Texas rice economic analysis 
reported by the 2014 Texas Rice Production Guidelines, with nitrogen (N) accounting for most if not all of this 
expense. Our research on N fertilization provides important information for producers, industrial consultants, 
and county agents to help improve N management and reduce unnecessary production cost. A summary is 
reported based on field trials conducted at Beaumont in 2018. 

Nitrogen fertilizer rate trials were conducted to identify optimal N rates for newly released varieties. 
All of the N for the main crop was applied as a four-way split of preplant, preflood, panicle initiation, and late 
booting. For the preflood application, the N fertilizer was applied to dry soil and flooded immediately. If urea 

Table 4. Influence of the selected entries on rice grain yields of main crop at the 
Beaumont Center during 2016-2018. 

Inbred and 
hybrid cultivars 2016 2017 2018 Mean 

XL753 6,517 10,896 12,275 9,896 
CL XL745 6,991 9,917 11,220 9,376 
CL151 6,652 8,846 9,587 8,362 
Presidio 5,521 6,843 9,898 7,421 
LSD (P=0.05)a 509 986 841 552 

a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at 
P = 0.05. 
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is applied and a permanent flooding cannot be established in two days or less for sandy loam soils and seven 
days or less for clay soils, the urea should be treated with a urease inhibitor N-(n-butyl) thiophosphoric triamide 
(NBPT) (i.e. Agrotain) to avoid N loss. 

Three cultivars, CL153, CL163, and PVL01, were tested at Beaumont Center. Grain yields increased as 
the total amount of nitrogen increased up to either the third highest (210 lb/ac) or forth highest application rate 
(180 lb/ac). In general, N use efficiency (lbs of grain per lbs of applied N) was lower when applied to floodwater 
compared to dry soils due to more ammonia volatilization loss. 

Table 1. Influence of nitrogen (N) fertilizer rate on the grain and milling yields of CL153, CL163, and 
PVL01 at the Beaumont Center during 2018. 

Inbred 
cultivars 

N 
(lb/ac) 

Grain Yield 
(lb/ac) 

 
Milling Yield (%) 

Main 
Crop 

Ratoon 
Crop 

Total 
Crop 

Whole 
Grain 

Total 
Grain 

CL153 0 1,675 c‡ 2,214 b 3,889 c 51 b 69 c 
 150 8,750 ab 4,112 a 12,862 a 61 a 70 bc 
 180 8,757 ab 4,193 a 12,950 a 61 a 70 ab 
 210 9,114 a 3,962 a 13,076 a 60 a 71 ab 
 240 8,664 ab 3,823 a 12,487 a 61 a 71 a 
 270 8,191 b 2,314 b 10,505 b 59 a 71 ab 
CL163 0 2,499 b 1,973 b 4,472 c 43 c 64 d 
 150 9,184 a 3,735 a 12,919 a 55 ab 68 c 
 180 9,184 a 3,740 a 12,924 a 56 a 69 bc 
 210 9,133 a 4,049 a 13,181 a 54 b 69 bc 
 240 8,575 a 4,575 a 13,149 a 54 b 69 ab 
 270 8,549 a 2,500 b 11,050 b 54 b 70 a 
PVL01 0 2,745 c 2,102 b 4,847 c 33 b 70 a 
 150 8,725 a 4,014 a 12,739 a 51 a 71 a 
 180 8,808 a 3,943 a 12,752 a 52 a 71 a 
 210 8,211 ab 3,750 a 11,960 a 52 a 71 a 
 240 7,706 b 3,882 a 11,588 a 52 a 71 a 
 270 7,494 b 2,178 b 9,672 b 51 a 71 a 

†. Means are rounding up values. 
‡. Means with different letters within the same variety were statistically different between different N 
rates. 

 

Research conducted by Dr. Fugen Dou, Jason Samford, Dr. Guangjie Liu, Kip Landry, and Dr. Xiufen (Sophia) Li. 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 

Rice Planthopper/Delphacid Report of Work Conducted in 2018 

The rice planthopper/delphacid (RD), Tagosodes orizicolus, is native to Latin America and the 
Caribbean, but we found it in 2015 and again in 2018 attacking ratoon rice in Texas. Damage in fields Way 
observed in both years was severe and populations of nymphs and adults were very high. 
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In 2018, Crop Consultants Cliff Mock and Weldon Nanson called Way to look at a ratoon crop Texmati 
rice field owned by Casey Smith in Galveston Co., not far from Santa Fe, TX. On October 3, Way collected 

specimens from this field. Dr. Pete Eure put out a small 
plot trial testing selected insecticides. Way observed bad 
hopperburn but no evidence of hoja blanca. Below are 
the data collected by Eure who tested Endigo ZC at 6 fl 
oz/ac, Endigo ZCX at 6 fl oz/ac, Centric 40WG at 2.5 
oz/ac and Orthene 90S at 1 lb/ac. Best control was 
provided by Endigo ZC which gave 96% control of 
nymphs and adults at 7 days after treatment. 

On October 18, Way inspected 2 more ratoon 
rice fields infested with RD. These fields were planted 
and grown by Jason Supak in Matagorda and Jackson 
Cos. north of Blessing on FM 616. One field was XL723 
(soft/hard dough) and the other was Presidio 
(heading/milk). Way took a series of 5 sweeps (15-inch 
dia. net) in each field and recorded the number of adults 
and nymphs. Way did not observe hoja blanca in these 

fields, although hopperburn was severe and honeydew was 
abundant. Average number of nymphs and adults per 5 sweeps 
collected from the Presidio field was 739 and 333, respectively. 
Average number of nymphs and adults collected from the XL723 
field was 432 and 248, respectively. 

Insects collected from Supak’s fields were transferred to 
plastic bags and placed in a cooler. Once back at the Beaumont 
Center, Way put the bags in a minus 70 degree C freezer, then 
overnight shipped the frozen insects in a cooler of dry ice to the 
Texas A&M AgriLife Research and Extension Center at Weslaco 
where Badillo-Vargas and Martin analyzed the specimens for 
evidence of the virus that causes hoja blanca. 

Badillo-Vargas and Martin test for the presence of Rice 
hoja blanca virus (RHBV) in the frozen samples. RHBV is an 
RNA plant-infecting tenuivirus which is transmitted in a 
persistent-propagative manner by its insect vector. Total RNA was 
extracted from 100 individuals or 10 pools of 10 insects per pool 
from the 2015 and 2018 outbreaks in Texas, respectively. In 
addition, Badillo-Vargas and Martin obtained preserved RHBV-
infected RDs from Dr. Maribel Cruz from the International Center 
of Tropical Agriculture (CIAT) in Cali, Colombia. These insects 
were used as positive controls in the PCR test. Copy DNA (cDNA) 
was prepared for PCR testing using the Verso cDNA Synthesis 
Kit. A PCR was conducted to amplify a non-structural protein 
(NS4) encoded by RNA4 to determine if the RDs collected from 
Texas were harboring RHBV. A separate PCR was conducted to 
amplify a fragment of the cytochrome oxidase 1 (CO1) gene as an 
insect internal reference gene. CO1 was amplified from all 
individuals and pools tested; none of which yielded NS4 PCR 
amplicons, clearly showing that RHBV was not circulating within the RDs collected in Texas. Both CO1 and 
NS4 were amplified from all 7 individual RDs used as positive controls from the viruliferous colony maintained 

Figure 1. Ratoon rice damaged by rice delphacid in 2018 

Figure 2. Rice delphacid nymphs (note brown 
stripes on sides of abdomens) 
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at CIAT. The CO1 gene, which is commonly used to bar code insects, was then sent out for sequencing. Blast 
analyses showed that CO1 from these RDs collected in Texas during 2015 are 90 – 98% identical to that of 
RDs from Argentina. However, lack of RDs sequences of the CO1 gene from other geographic locations might 
hinder determining the relatedness to specimens from other areas in the Caribbean and South America. 

In late 2018, Way provided TDA (Kevin Haack) and USEPA with facts and data to justify a Crisis 
Exemption for Endigo ZC to control the RD. This Crisis Exemption was approved. In early 2019, with help 
from TDA, Eure and Way, USEPA approved a Section 18 Emergency Exemption for Endigo ZC for the 2019, 
2020 and 2021 growing seasons in Texas. 

Research conducted by Mo Way, Pete Eure, Ismael Badillo-Vargas, Jaclyn Martin, Rebecca Pearson and Katie Ruth. For more 
information, please contact Dr. Mo Way at (409) 239-4265 or moway@aesrg.tamu.edu. 

Rice Stink Bug Insecticide/Fungicide Contact Studies 

The objective of this experiment was to evaluate selected 
fungicides and insecticides for contact activity against the rice 
stink bug (RSB), Oebalus pugnax. The reason we evaluated 
selected fungicides is many Texas rice farmers apply fungicides 
close to when rice is heading which often coincides with 
burgeoning RSB populations. Fungicides clearly have biological 
activity; thus, perhaps some also have insecticidal properties. So, 
we developed a simple methodology whereby we collect RSB 
adults from grasses growing at the Beaumont Center. We gently 
collect by sweep net and place the insects into 15” x 2” diameter 
cylindrical plastic tubes. Next, we place the insects (10 per 
replication) in the bottom of 5 qt plastic buckets on October 10, 
with the RSBs chilled while in the tubes in a cold room (60˚F) for 
5 to 10 minutes. Treatments were replicated 4 times and were 
untreated, Amistar Top (fungicide) at 15 fl oz/A, Quilt Xcel 

(fungicide) at 27 fl 
oz/ac and Sivanto 
Prime (insecticide) at 
8 fl oz/A. Each 
treatment was applied 
with a 3-nozzle spray 
boom (800067 
nozzles, 50 mesh screens, 28 gpa final spray volume). Just prior to 
spraying, 6 sprigs of barnyard grass with panicles and a few leaves 
(bouquets) wrapped in water-saturated toweling were placed in 
each bucket. The bouquets remained fresh throughout the 
experiments and served as food and moisture for the RSBs. 
Immediately afterwards, fine mesh organdy screening was secured 
(via cutout bucket tops) to the buckets which were then taken to the 
lab (room temperature) where mortality was recorded 1 hour after 
treatment (HAT) and on October 11, 24 HAT. The bucket method 
was preferable to the wire cage method because we found less 
mortality in the untreated buckets than the wire cages.  

1 HAT mortality in the untreated was low (2.5%). Sivanto 
Prime provided about 60% control of RSBs. At 24 HAT, mortality 
in the untreated was over 20%. \Sivanto Prime mortality was 

Figure 1. Dr. Way spraying rice stink bugs. 

Figure 2. Sprigs of broadleaf signalgrass for rice 
stink bug “Bucket Method”. 
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significantly greater than the untreated. Mortality in Quilt Xcel (a fungicide) was higher than the untreated 
(about 30% higher), but not significantly different. These results warrant more research in 2019. 

Rice stink bug (RSB) adults were also collected on September 24 and processed in the same manner as 
indicated previously with Endigo ZCX (insecticide) at 4.5, 5.0 and 6.5 fl oz/ac, Tenchu 20SG (insecticide) at 9 
oz/ac and Sercadis Xemium (fungicide) at 6.8 fl oz/ac evaluated. Mortality was recorded on 1 HAT after 
treatment and on Sep 25. Mortality at 1 and 24 HAT in the untreated was low. At 1 and 24 HAT, all Endigo 
ZCX and Tenchu 20SG treatments gave excellent control of RSB. Surprisingly, Sercadis Xemium provided a 
degree of RSB mortality at 1 HAT and 92.5% 24 HAT (7.5% mortality in the untreated). These results suggest 
Sercadis Xemium may have contact activity against RSB and warrant further research. Further investigations 
will be conducted in 2019. 

Research conducted by Mo Way, Rebecca Pearson and Katie Ruth. For more information, please contact Dr. Mo Way at (409) 239-
4265 or moway@aesrg.tamu.edu. 

Loyant Herbicide Injury and Weed Control in Provisia and Clearfield Rice 

Weeds are among the most important factors limited rice production in Texas and other rice-producing 
United States. Herbicides are an essential tool to the control of numerous weeds, including grasses, broadleaves 
and sedges. Loyant is among the new herbicides available for weed control in rice. Loyant provides the broadest 
weed spectrum control of any new rice herbicide in recent years. It can control grasses, broadleaves, sedges 
and even aquatic weeds such as ducksalad. Loyant received a Section 3 registration from EPA in 2017 and has 
been available for commercial use since 2018. Provisia® Rice, a complement to Clearfield® Rice, provides a 
new tool to control weeds that are hard to controlled with the Clearfield® Rice program. However, various 
herbicides 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. 
The objective of this study was to evaluate the impact of Loyant and its combined use with other herbicides on 
crop injury, weed control, and yield in hybrid, Clearfield® rice, and Provisia® Rice under Texas environments. 

A field trial was conducted using a split plot design with variety as main plots and herbicide program 
as subplots at Eagle Lake, Texas in 2018. This trial evaluated eight herbicide application programs plus an 
untreated control and four rice varieties [PVL01 (Provisia), XL760 (Hybrid), CL153 (Clearfield) and 
CLRT7311 (Clearfield) (Table 1). The treatments were arranged in a randomized complete block design with 
four replicates. Plots consisted of seven 16-ft rows, spaced 7.5 in. between rows. Rice was drill seeded on April 
16 at 70 lb/ac for PLV01 and CL153, and at 35 lb/ac for XL760 and CLRT7311. Weed seeds of broadleaf 
signalgrass, hemp sesbania, barnyardgrass, jointvech, yellow nutsedge, morningglory and palmer amaranth 
were planted into each plot. Herbicide treatment programs are outlined in Table 1. Permanent flood was 
established on May 24. Nitrogen, disease, insect, and water management followed local production 
recommendations. Percent plant injury caused by herbicides and overall weed control were visually rated on 
May 22, and June 8 and 22 as compared to the untreated control plot in the same replicated block. 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. 

For PVL01, herbicide program 6, which contained preflood-applied Loyant (Table 1), caused up to 81% 
crop injury on all three assessment dates (Table 2). Injury symptoms included stunting and leaf rolling. 
However, herbicide program 7, which contained postflood-applied Loyant (Table 2), did not cause significant 
injury to the rice plants (Table 2). All other herbicide programs did not cause significant crop injury (Table 2). 
All eight herbicide programs effectively controlled weeds, reaching 100% of control of all weeds at the later 
assessment date (Table 3). No significant differences in yield (Table 4) and milling quality among all treatments 
were observed. 

For XL760, each of the eight herbicide programs, including programs with Loyant (programs 3,4,6 and 
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9) (Table 1), caused no injury or only minor crop injury across all assessment dates (Table 2). Other than 
herbicide program 7, each of the others programs performed well in controlling weeds (Table 3). None of the 
programs affected yield (Table 4). Percent whole and total milling yield were slightly reduced in the herbicide 
programs that contain Loyant compared to those that did not (Data not shown). 

For CL153, all Loyant-containing herbicide programs (programs 4, 5, 6, 7, and 9) (Table 1) caused 
minor crop injury (Table 2). All the herbicide programs provided excellent control of weeds by the later 

Table 1. Description of nine herbicide application programs on PVL01 (Provisia), XL760 (hybrid), CL153 (Clearfield) and 
CLRT7311 (Clearfield) for the trial conducted at Eagle Lake, Texas in 2018. 

 Herbicide application* 
Herbicide 
program 

PRE  
May 1 

EPOST 
May 8 

MPOST 
May 15 

PREFLD 
May 22 

POSTFLD 
May 29 

PVL01      
1 (untreated)       
2 Command+Sharpe

n  
Provisia  Provisia+Gambi

t 
 

3 Command+Gamit Provisia  Provisia+Grasp  
4  Provisia+League  Provisia+Gambi

t 
 

5 Command  Provisia+Quinsta
r 

 Provisia 
6 Command+RiceO

ne 
+Newpath 

Provisia  Provisia+Loyan
t 

 

7 RiceOnce  Provisia  Provisia+Loya
nt 8 RiceOne+Gambit  Provisia+Grasp  Provisia 

9** Command Provisia+Gambit  Provisia  
XL760      
1 (untreated)      
2 Command+Sharpe

n 
 Stam+Boleo+ 

Quinstar+Permit 
  

3 Command   Loyant+Clinche
r 

 
4 Command   Loyant+Quinsta

r 
 

5 Command+Gambit  Regiment+Qinst
ar 

  
6 Command+Gambit   Loyant  
7 RiceOne  Loyant+Gambit   
8  Command+Stam

+Boleo+Gambit 
 Grasp  

9** Command+Gambit   Loyant  
CL153 and CLRT7311     
1 (untreated)      
2 Command+Newpa

th 
 Newpath+Stam+ 

Bolero+Gambit 
  

3  Newpath+Quinsar+Gambit Newpath+Grasp  

4 Command Newpath+Gambi
t 

 Loyant+Beyond  
5 Command+Newpa

th 
 Loyant+Newpat

h 
  

6 RiceOne+Newpath  Loyant+Newpat
h 

  
7 RiceOne+Newpath  Loyant+Gambit   
8 Command+Newpa

th 
 Newpath+Strada+Gambit  

9** Command+Newpa
th 

 Loyant+Newpat
h 

  
*Beyond (5 oz/ac), Bolero 8EC (48 oz/ac), Clincher (15 oz/ac), Command 3ME (13 oz/ac), Gambit (1 oz/ac), Grasp SC (2.3 oz/ac), 
League (6.4 oz/ac), Loyant (16 oz/ac), Newpath (5 oz/ac), Permit (1 oz/ac), Provisia (15.5 oz/ac), Quinstar (13 oz/ac), RiceOne 
(35 oz/ac), Rogue Plus (5.3 oz/ac), Sharpen (2 oz/ac), Stam (96 oz/ac), and Strada XT2 (10 oz/ac). 
** RoguePlus was also applied on May 25. 
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assessment date (Table 3). None of the programs significantly affected yield (Table 4) and total rice. However, 
herbicide program 9 % whole rice milling yield compared to the other herbicide programs (data not shown). 

For CLRT7311, some of the Loyant-containing herbicide programs (programs 6, 7, and 9) (Table 1) 
caused significant crop injuries with a injury rating of up to 60% (Table 2). All of the herbicide programs, 
excluding program 4, provided excellent control of weeds (Table 3). Herbicide program 4 provided only partial 
control of weeds by late season. Only herbicide program 9 significantly reduced yield (Table 4). None of the 
programs affected rice milling quality. 

Table 2. Crop injury caused by nine herbicide application programs in PVL01 (Provisia), XL760 (hybrid), CL153 
(Clearfield) and CLRT7311 (Clearfield) at three assessment dates at Eagle Lake, Texas in 2018.  

 PVL01 XL760 CL153 CLRT7311 

Herbicide 
program* 

May  
22 

June 
8 

June 
22 

May 
22 

June 
8 

June 
22 

May 
22 

June  
8 

June 
22 

May 
22 

June 
8 

June 
22 

1 (untreated) 0 c** 0 b 0 b 0 a 0 a 0 b 0 c 0 a 0 b 0 b 0 a 0 a 
2 0 c 0 b 0 b 0 a 1 a 0 b 11 ab 0 a 3 ab 0 b 3 a 4 b 
3 0 c 0 b 0 b 0 a 4 a 1 b 1 c 0 a 5 ab 0 b 0 a 5 b 
4 0 c 0 b 3 b 0 a 0 a 5 ab 0 c 0 a 11 ab 0 b 0 a 3 b 
5 0 c 0 b 8 b 0 a 5 a 0 b 14 a 0 a 3 ab 0 b 0 a 1 b 
6 81 a 53 a 78 a 0 a 3 a 1 b 1 c 0 a 3 ab 60 a 1 a 0 b 
7 0 c 0 b 1 b 0 a 0 a 0 b 3 bc 0 a 5 ab 21 b 0 a 17 a 
8 1 bc 0 b 1 b 0 a 4 a 0 b 4 bc 0 a 6 ab 1 b 0 a 0 b 
9 4 b 3 b 14 b 0 a 0 a 11  a 15  a 0 a 11 a 20 b 0 a 14 a 
P value <.0001 <.0001 <.0001 1.0 0.3556 0.0391 0.0043 1.0 0.3951 0.0064 0.4613 0.0007 

*See Table 1 for the description of herbicide programs. 
**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.  

 
Table 3. Effects of nine herbicide application programs on overall weed control (%) in PVL01 (Provisia), XL760 (hybrid), 
CL153 (Clearfield) and CLRT7311 (Clearfield) at two assessment dates at Eagle Lake, Texas in 2018. 

 PVL01 XL760 CL153 CLRT7311 

Herbicide 
program* 

May 
 22 

June  
22 

May 
22 

June  
22 

May  
22 

June 
22 

May 
22 

June 
 22 

1 (untreated) 0  c** 0 b 0 f 0 b 0 d 0 b 0 b 0 d 
2 100 a 100 a 100 a 75 a 99 a 100 a 100 a 100 a 
3 99 ab 100 a 64 e 100 a 98 a 100 a 98 a 100 a 
4 91 ab 100 a 70d e 95 a 96 ab 100 a 88 a 31 c 
5 89 b 100 a 90 ab 99 a 93 bc 100 a 87 a 100 a 
6 98 ab 100 a 73  c- e 95 a 96 ab 100 a 97 a 100 a 
7 94 ab 100 a 85 bc 68 a 95  a-c 100 a 92 a 100 a 
8 93 ab 100 a 100 a 100 a 91 c 100 a 92 a 100 a 
9 90 ab 100 a 81  b-d 100 a 99 a 100 a 98 a 68 a 
P value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

* See Table 1 for the description of herbicide programs. 
**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.  

In summary, Loyant-containing herbicide programs provided excellent control of weeds including 
broadleaf signalgrass, barnyardgrass, jointvech, yellow nutsedge, morningglory, hemp sesbania, and palmer 
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amaranth. However, Loyant caused varying degrees of crop injury, especially early in the season. The response 
of rice to Loyant crop injury differed among the four tested varieties. PVL01, CLRT7311, and CL153 tended 
to be more susceptible to crop injury by Loyant, with 3 to 4% of yield loss (Table 5). On contrast, XL760 was 
less susceptible to Loyant, resulting in a 2.3% yield increase (Table 5). 

 
Table 4. Effects of nine herbicide application programs on rice grain yield (lb/ac) in PVL01 
(Provisia), XL760 (hybrid), CL153 (Clearfield) and CLRT7311 (Clearfield) at Eagle Lake, Texas in 
2018. 
Herbicide program* PVL01 XL760 CL153 CLRT7311 

1 (untreated)     
2 6,488  a** 9,582 a 7,483 a 11,922 a 
3 6,213 a 10,271 a 7,729 a 11,914 a 
4 5,526 a 8,755 a 7,455 a 11,961 a 
5 5,744 a 9,282 a 7,198 a 11,700 a 
6 5,781 a 10,845 a 7,782 a 11,795 a 
7 5,903 a 9,694 a 7,441 a 11,507 a 
8 6,353 a 9,980 a 7,290 a 11,741 a 
9 6,265 a 9,611 a 6,690 a 9,541b  
Average yield over programs 6,034  9,753  7,384  11,510  
P value 0.4661 0.0850 0.2197 0.0006 

* See Table 1 for the description of herbicide programs. 
**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. 

 
Table 5. Effects of use of Loyant in herbicide programs on rice grain yield in PVL01 (Provisia), XL760 
(hybrid), CL153 (Clearfield) and CLRT7311 (Clearfield) at Eagle Lake, Texas in 2018. 
Comparison of herbicide programs* PVL01 XL760 CL153 CLRT7311 
Average yield over programs without 
Loyant (lb/acc) 

6,098 9,615 7,486 11,771 

Average yield over programs with 
Loyant (lb/acc) 

5,842 9,835 7,281 11,249 

Yield reduction (-) or increase (+) by 
Loyant (lb/acc) 

- 256 + 221 - 205 - 522 

% yield reduction (-) or increase (+) by 
Loyant (%) 

- 4.2 + 2.3 - 2.7 - 4.4 

* See Table 1 for the description of herbicide programs. 

Research conducted by Xin-Gen Zhou and Jason Samford. 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. 

Fungicide Control of Sheath Blight and Cercospora Leaf Spot of Rice 

Selection of a fungicide for control of target diseases is critical to the success of rice production. Sheath 
blight caused by Rhizoctonia solani AG1-IA and Cercospora leaf spot (also called narrow brown leaf spot) 
caused by Cercospora janseana are important diseases affecting rice production in Texas and other southern 
United States. Using a fungicide for control of both diseases is an effective approach to reduce control costs 
and maximize production return. In 2018, Amistar Top, a new fungicide of Syngenta, received Section 3 
registration from the EPA. Amistar Top contains two active ingredients, azoxystrobin and difenoconazole. In 



 Texas Rice Special Section - 36 

2015, both Equation and Elegia received Section 3 registration from the EPA. Equation contains the same 
amount (22%) of the active ingredient azoxystrobin as Quadris. Elegia is a new fungicide and contains the 
active ingredient flutolanil. Elegia can be used for control of both wild and resistant strains of the sheath blight 
pathogen. The objective of this study was to evaluate the efficacy of these new fungicides in comparison with 
existing fungicides for control of sheath blight and Cercospora leaf spot. 

A fungicide field trial was conducted as a randomized complete block design with four replications at 
Eagle Lake, Texas in 2018. Presidio was drill seeded at 90 lb/ac. Plots were inoculated with R. solani at the PD 
stage. Cercospora leaf spot developed from natural inoculum. Two weeks after R. solani inoculation, plots were 
sprayed with the fungicides using a CO2 pressurized sprayer equipped with a boom of three TeeJet 8002 nozzles 
spaced 16-in. apart that traveled at 3 mph and delivered at 32 gal/ac at 40 psi. Untreated plots served as the 
controls. Severities of sheath blight and Cercospora leaf spot were assessed near maturity using a scale of 0 to 
9, where 0 represents no symptoms and 9 represents most severe symptoms (leaves dead or plant collapsed). 
At maturity, plots were harvested using a plot combine and grain yield and milling quality were determined. 

Table 1. Efficacy of fungicides for control of sheath blight and Cercospora leaf spot in rice in Texas in 2018. 

Fungicide and 
rate/ac 

Sheath blight  
(0-9) 

Cercospora 
leaf spot (0-9) 

Yield  
(lb/A) 

Milling quality 
Whole 

(%) 
Total  
(%) 

Control 8.4 (0) a* 8.3 (0) a 8644 61.8 70.7 
Elegia, 32 fl oz  5.1 (39) b 6.9 (17) b 8461 61.9 70.7 
Tilt, 10 fl oz 4.4 (48) c 3.8 (55) de 8449 63.0 71.1 
Sercadis, 6.9 fl oz 4.1 (51) cd 3.1 (62) e 8529 61.1 70.5 
Quilt, 22.3 fl oz 3.9 (54) c-e 4.1 (50) d 7934 62.3 70.6 
Equation, 9.4 fl oz  3.8 (55) c-e 6.3 (24) b 8441 62.1 70.4 
Quilt Xcel, 16.6 fl oz 3.8 (55) c-e 4.0 (52) de 8712 62.0 70.6 
Stratego, 19 fl oz 3.8 (55) c-e 5.1 (38) c 8751 61.7 70.0 
Amistar Top, 14 fl oz 3.6 (57) de 3.4 (59) de 8781 62.4 70.5 
Quadris, 9.4 fl oz 3.4 (60) e 6.1 (26) b 9121 62.0 70.6 
MSE 0.5 0.6 515 0.8 0.6 
LSD (0.05) 0.7 0.9 NS NS NS 
P > F**  < 0.0001 <0.0001 0.2245 0.2376 0.5865 
*Means in each column followed by the same letter are not significantly different (P = 0.05) based on Fisher’s 
protected LSD test. Numbers in parentheses represent percent control in disease or percent increase in yield over the 
untreated control. NS = Not significant at P = 0.5. 
**P values ≤ 0.05 indicate significant differences exist among treatments. 

 
All fungicides reduced sheath blight severity to a varying degree (Table 1). The new fungicides Amistar 

Top and Equation were as effective as Quilt, Quilt Xcel, Stratego, and Quadris, reducing sheath blight by up to 
60%. Elegia and Tilt were less effective with disease reduction of 39 and 48%, respectively. All fungicides 
significantly reduced the severity of Cercospora leaf spot compared to the untreated control. Sercadis was most 
effective, achieving 62% control of Cercospora leaf spot, and followed by Amistar Top (59%) and the three 
propiconazole-containing fungicides Tilt, Quilt Xcel, and Quilt (50-55%). Equation, Elegia, and Quadris were 
less effective, with disease reductions ranging from 17 to 26%. None of the fungicide treatments significantly 
affected yield and milling quality due to the delayed development of both diseases during the cropping season. 

Research conducted by Xin-Gen Zhou, Guangjie Liu and Jason Samford. For more information, please contact Dr. Xin-Gen (Shane) 
Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 
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Screening Rice Genotypes for Resistance to Seedling Disease Caused by Rhizoctonia solani 

Seedling disease of rice, caused by Rhizoctonia solani AG-11, is a common soilborne disease that causes 
seed rot, necrotic lesions on root and coleoptile, and damping off. Currently, fungicide seed treatments and 
cultural practices such as crop rotation and planting of high-quality seed are employed to control the disease. 
However, these management methods are not always effective. Use of resistant varieties can be an effective 
alternative option for control of seedling disease. Resistance screenings were conducted on 202 rice genotypes 
consisting of 18 commercial varieties, 21 hybrid lines and 163 breeding lines developed by Arkansas, 
Louisiana, Mississippi, Missouri and Texas. Most of these genotypes were from the 2018 Uniform Regional 
Rice Nursery (URRN). There were six replicated pots per genotype, and pots were arranged in a completely 
randomized design (CRD). Ten seeds were sown in each plastic pot (10 cm in diameter) filled with 500 g of 
sterilized soil containing 1 g of R. solani AG-11 isolate inoculum prepared in wheat bran. Pots amended with 
sterilized wheat bran only served as controls. Treated pots were placed in a growth chamber at 25oC with a 14-
h of artificial light per day. After 5 days of growth, pots were transferred to a greenhouse. Stand loss and disease 

Table 1. Stand loss and disease severity index of 51 rice genotypes caused by Rhizoctonia solani in the greenhouse. 
Genotype Stand loss 

(%) x 
Disease 
severity 
index 
(0-5) y 

Genotype Stand loss 
(%) x 

Disease 
severity 
index 
(0-5) y 

RU1805233 12.0± 4.2mz 1.1m RU1802082 73.8± 4.2a-h 4.0a-i 
RU1805236 14.0± 2.3lm 1.4m TH756 74.6± 4.8a-h 3.9a-i 
RU1805203 28.3± 13.6k-m 2.0k-m TH750 75.4± 4.4a-h 4.1a-i 
RU1805223 36.5± 4.6j-m 2.4j-l RU1804219 75.4± 4.4a-h 4.1a-i 
RU1805213 39.6± 10.2i-m 2.8g-k RU1704154 76.3± 6.8a-g 4.1a-i 
TH723 41.0± 1.0h-m 3.0e-k TH763 76.7± 10.0a-g 4.2a-h 
RU1805228 42.6± 2.8g-m 2.8g-k RU1702140 78.5± 0.4a-f 4.2a-g 
TH783 43.9± 6.2g-m 2.7i-k RU1804087 79.2± 6.6a-f 4.0a-i 
RU1802202 45.8± 6.0f-l 2.7h-k RU1703126 80.0± 2.9a-f 4.3a-f 
RU1805198 50.4± 12.7e-k 3.0d-k RU1804115 80.5± 4.0a-e 4.5a-d 
TH743 50.9± 7.7e-k 3.1c-k RU1804143 81.5± 7.3a-e 4.5a-d 
RU1802094 51.8± 1.0d-k 2.9f-k TH770 82.7± 2.3a-e 4.5a-d 
TH730-1 59.2± 6.8c-k 3.4b-k TH753 83.3± 4.8a-e 4.4a-e 
RU1802086 60.7± 4.3b-k 3.8a-j RU1804107 84.2± 4.6a-e 4.4a-e 
RU1702183 61.0± 8.0b-k 3.4b-k TH740 86.3± 4.7a-d 4.5a-d 
TH730-2 64.3± 3.2b-j 3.6a-j TH760-1 87.5± 4.2a-c 4.6a-c 
TH793 65.4± 1.7a-j 3.7a-j RU1804224 87.5± 7.2a-c 4.5a-d 
RU1805208 68.0± 2.1a-j 3.9a-i RU1303181 91.6± 4.8a-c 4.7ab 
RU1804147 68.4± 7.6a-j 3.8a-j RU1704198 91.6± 2.4a-c 4.7ab 
RU1602082 68.5± 6.5a-j 3.7a-j RU1803156 91.6± 4.8a-c 4.6ab 
RU1804139 68.5± 3.7a-j 3.9a-i RU1803140 91.6± 4.8a-c 4.6ab 
RU1504197 71.7± 6.5a-i 4.0a-i RU1804214 92.1± 2.3a-c 4.8ab 
RU1804063 71.7± 6.5a-i 4.1a-i TH710 95.2± 2.7ab 4.4a-e 
RU0703144 71.7± 2.7a-h 4.0a-i RU1804127 100.0± 0.0a 5.0a 
TH720 72.2± 4.4a-h 4.1a-i RU1803112 100.0± 0.0a 5.0a 
TH733 73.2± 3.9a-h 4.0a-i     

x Stand loss (%) = [(Number of plants in control pot – No. of plant in inoculated pot) / no. of plant in control pot] *100. 
y Disease severity index: 0= no symptoms, 1= slight discoloration, 2= moderate discoloration or small lesions, 3= girdling 
lesion, 4= post-emergence damping off and 5= pre-emergence damping off. 
z Means in a row with the same letters are not significantly different at 5% level. 
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severity were assessed at 2 weeks after planting. The initial evaluation was conducted with the 202 genotypes 
and subsequent evaluation was conducted with 51 genotypes (17 hybrid lines and 34 breeding lines) that had 
the least stand loss in the initial evaluation. 

Most genotypes were susceptible or very susceptible to seedling disease with stand loss greater than 
40% (Table 1). Only RU1805233, RU1805236, RU1805203, RU1805223 and RU1805213 showed partial 
resistance to the disease and majority of these were developed in Missouri. The results of this study demonstrate 
current U.S. rice varieties and breeding lines are for the most part susceptible to seedling disease caused by R. 
solani. More research is needed to identify resistant genotypes that can be used to develop seedling disease 
resistant varieties. 

Research conducted by Shankar Gaire, Xin-Gen (Shane) Zhou, Shi Jun, Yong Zhou, Young-Ki Jo, Rodante Tabien, Zongbu Yan, and 
Lloyd T. (Ted) Wilson. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Mustard Seed Meal Soil Amendment and Varietal Resistance for Control of Seedling Disease in 
Organic Rice 

Managing stand loss caused by seedling diseases (Rhizoctonia solani and other soilborne pathogens) is 
a challenge in organic rice production because no synthetic fungicides can be used for seed treatment. The use 
of mustard (brassica) seed meal as a biofumigant to control soilborne pathogens could offer an alternative to 
seed treatment fungicides. Biofumigation activities are produced through hydrolysis of glucosinolates in 
mustard seed meals by myrosinase under the presence of water. The mechanical cold-pressing process of 
mustard seeds to produce oil and seed meal byproducts does not trigger the hydrolysis of the glucosinolates due 
to the lack of water. Biofumigation chemicals are released for action once mustard seed meal is incorporated 
into soil. Mustard seed meal has been reported to have potential fungicidal, herbicidal, and insecticidal effects 
in many vegetables and field crops. However, no studies have been conducted in rice grown under flooded 
conditions. 

A 2-year study was conducted as a split-plot design in a field under organic management to evaluate 
the performance of mustard seed meal soil amendment in combination with rice variety resistance for reduction 
in seedling disease and yield improvement. Main plots were soil amendments (mustard seed meal at 1,500 and 
3,000 lb/ac, ryegrass green manure, and fallow) and subplots were rice varieties Cocodrie, Presidio, and XL753. 
Annual ryegrass was planted at 50 lb/ac in the fall and terminated in the subsequent spring. “Pescadero Gold” 
mustard seed meal (4.5-1.5-1.2, N-P-K) and winter annual ryegrass cover crop were incorporated into the soil 
at 3 weeks before rice planting. Seedling disease severity was assessed at 3 weeks after planting. Plots were 
harvested to determine rice grain yield. 

Both mustard seed meal soil amendment treatments reduced % discolored root area and increased stand 
compared to the fallow and green manure treatments. XL753 had a lower % discolored root area and a higher 
stand density than did Cocodrie. Rice yield was greater with the low rate of mustard seed meal soil amendment 
than with fallow for both years. Yield was higher in XL753 than Presidio. Brassica seed meal soil amendment 
can reduce seedling disease and when its use is combined with a tolerant variety, such as a hybrid, can be an 
effective approach to reducing stand loss and improving yield under organic production. 

Research conducted by Xin-Gen (Shane) Zhou, Kip Landry, Guangjie Liu, Fugen Dou, Anna M. McClung, Shankar Gaire, Shi Jun, 
Yong Zhou, Muthu Bagavathiannan, Mo Way, Brad Watkins, Bihu Huang, Sixte Ntamatungrio and Jessica Shade. This research is 
funded by USDA NIFA OREI (award no. 2015-51300-24286). For more information, please contact Dr. Xin-Gen (Shane) Zhou at 
(409) 752-2741 or xzhou@aesrg.tamu.edu. 
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Update on Multistate Organic Rice IPM Research Project 

The 3-year multistate organic rice IPM research project, funded by USDA-NIFA Organic Agriculture 
Research and Extension Initiative (OREI), was completed in 2018. Extensive research and extension activities 
have been conducted in Texas, Arkansas, and South Carolina to develop the strategies of using cover crops, 
soil amendments, rice varieties, and seed treatments for disease, weed and insect pest management, and grain 
yield improvement under organic production in the southern United States. This report summarizes the results 
and findings of this project. 

Cover crops and soil amendments: Cover crop trials were conducted at both Texas and Arkansas 
locations from 2016 to 2018. Each year, a trial was conducted at Beaumont, TX, consisting of four cover 
crop/soil amendment treatments (brassica 'Caliente 199', mustard seed meals, annual ryegrass, and winter 
fallow) and three rice varieties (Cocodrie, Presidio and XL753). The other was conducted at Pine Bluff, AR, 
consisting of three winter cover crops (crimson clover mixed with oats, cereal rye, and annual ryegrass) or one 
summer cowpea cover crop plus a fallow control. Winter cover crops were planted in the fall and incorporated 
into the soil during the subsequent spring 3 to 4 weeks before planting of rice. The summer cover crop was 
planted in the summer and incorporated in the fall. Ryegrass, cereal rye, oats, and cowpeas all produced 
sufficient aboveground biomass for weed suppression and provided benefits of N improvement (60 to 108 lb 
N/ac) for organic rice production. Crimson clover was difficult to establish, even as a mixture with cereal crops, 
due to a lack of tolerance to wet soil conditions in the winter. Likewise, the brassica cover crop did not perform 
well under wet weather conditions. However, a soil amendment with mustard seed meals (1,500 or 3,000 lb/ac, 
4.5-1.5-1.2, N-P-K) was effective for not only maximizing the biofumigation activities of brassica materials 
for the control of soilborne pathogens and weeds, but also providing additional N, P and K. Mustard seed meal 
soil amendment significantly reduced seedling diseases, narrow brown leaf spot and brown spot. All the cover 
crops in combination with flooding reduced weed densities. No differences in the damage caused by rice water 
weevil were observed following any cover crop. 

Organic rice varieties and seeding rate: Twenty, 15 and 12 varieties were tested in 2016 at Beaumont, 
TX; Pine Bluff, AR; and Charleston, SC, respectively. The ten best varieties selected from the 2016 trials were 
further evaluated at two seeding rates in 2017 and 2018 in Texas and Arkansas to optimize varietal performance. 
Jasmine 85, PI312777, Rondo, Tesanai 2, and the hybrids, XL723 and XL753, were among the best varieties 
having good seedling stands, aggressive growth, weed suppression, and high yield potential across the years 
and locations evaluated. Arborio, Charleston Gold, Express, and Tesanai 2 were among the best varieties having 
highest rice yields in the Charleston trial. These varieties are relatively taller and have a stronger ability to tiller, 
which may contribute to their higher yields and greater competition with weeds. Planting at 150% of 
recommended conventional seeding rate (120 and 60 lb/ac for inbreds and hybrids, respectively) was an 
effective method to improve stand and suppress weed growth. Charleston Gold, Jasmine 85, Jupiter, Wells, 
Rondo, Tesanai 2, XL723, and XL753 had high levels of resistance to narrow brown leaf spot. Della 2, Rex, 
Rondo, and XL753 were less susceptible to rice water weevil while Cocodrie and Presidio were among the 
varieties most susceptible to the insect pest. 

Seed treatments: A field trial was conducted at the Beaumont site in 2016, 2017 and 2018 to evaluate 
the performance of seed treatment with gibberellic acid (GA) and the biocontrol agents Sonata (Bacillus 
pumilus), Integral (B. subtilis) and BioEnsure (fungal endophytes) using the two rice varieties Presidio and 
XL753. Seed treatment with Sonata, Integral or BioEnsure resulted in an increase in stand density. BioEnsure 
also improved whole and total milling yields whereas GA seed treatment increased plant height. Weed 
populations were lower in the plots of XL753 with GA seed treatment compared to Presidio. Compared to 
Presidio, XL753 had higher yield and better milling quality; XL753 had a greater stand and reduced narrow 
brown leaf spot and brown spot severities. Thus, GA and biocontrol agent seed treatments can improve stand 
and plant growth. Combined with the use of XL753 and seed treatment with GA and biocontrol agent can 
improve stand establishment, weed suppression, and grain yield. 
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Economic analysis: A study was conducted to examine the factors affecting the economics of organic 
rice production in Texas and Arkansas. Data were collected from organic rice producers by interviews and then 
compared with conventional rice production data. Production inputs are less with organic rice compared to 
conventional rice. The main component necessary for profitable organic rice production is a guaranteed price 
premium, as organic yields are typically much lower than conventional yields. The price obtained for organic 
rice is generally twice that for conventional rice ($ 0.52/kg vs. $0.25/kg). The main barrier to entry into organic 
rice production is the 3-year waiting period required for certification of organic land. Selection of varieties with 
weed suppressive traits and proper water management are the key for weed control. A second study was 
conducted to determine seeding rates that maximize returns above the cost of seed in organic rice production. 
The results show that the Economic Optimum Seeding Rate (EOSR) for Presidio and XL753 was 71 and 42 
lb/ac, respectively. Therefore, the organic rice EOSR for Presidio is comparable to the conventional optimum 
rate for Presidio, but the organic rice EOSR for XL753 is considerable higher than the conventional optimum 
rate for XL753. A third study was conducted to compare the economic returns of 13 rice varieties under both 
conventional and organic management using trial data from Texas. Based on mean net returns, the top rice 
varieties for organic management were Tesanai 2 ($712/ac), Jupiter ($608/ac), Jazzman ($587/ac), Wells 
($536), Presidio ($422), and Rondo ($420), while the top varieties for conventional management were Jupiter 
($272/ac), Sierra ($246/ac), Tesanai 2 ($230), Presidio ($191) and Cybonnet ($156). 

On-farm demonstration trials: On-farm trials were conducted with established organic growers in 2018 
to demonstrate the performance of improved management practices developed from this project on organic rice 
production under different management systems. The demonstration trials were established in Colorado and 
Jefferson Counties, Texas and in Charleston, South Carolina. There were two treatments in each trial: 1) 
improved management practices and 2) local farm management practices. The improved management practices 
refer to planting of Jasmine 85 (high yielding with disease and weed tolerance) at 120 lb/ac of seed (150% of 
conventional seeding rate) with GA and Sonata seed treatment for dry seeding production system or planting 
of Jasmine 85 at 120 lb/ac only for water seeding production system. Data collected from the Texas trials 
demonstrate that the improved management treatment can improve stand establishment, reduce narrow brown 
leaf spot, reduce weed density, and increase grain yield compared to the farm management treatment. 

Significance of the findings to organic rice production: Our organic rice IPM project is the first 
multidisciplinary integrated organic rice research project in the US. We have developed the first two testing 
sites for organic rice research through this project. The results from this research have helped develop effective 
management practices that can minimize losses caused by disease, weed and insect pests and maximize organic 
rice productivity in the South. Winter cover crops (annual ryegrass and clovers) and brassica seed meal can 
suppress weeds and diseases and provide N and other nutrients that improve organic rice production. Selection 
of rice varieties (Jasmine 85, Rondo, Tesanai 2, XL753, etc.) that are tolerant to disease, weed and insect pests 
is the key to effective management of these pests, achieving profitable and sustainable production of organic 
rice. Seed treatment with GA and increasing seeding rate can ensure adequate stands for weed suppression and 
yield potential. Seed treatment with biocontrol agents such as BioEnsure can reduce seedling diseases and 
improve stand establishment. Cost-benefit economic analyses from this project will help producers better 
manage input costs and increase economic returns. Through a variety of communication techniques, the project 
has reached a large national and global audience, most of whom are in Arkansas, California, Missouri, and 
Texas. Our outreach and extension activities included three organic rice field tours, 10 field days, four organic 
rice project advisory board meetings, four organic rice workshops, one organic rice symposium, and 18 local, 
national and international meetings. These activities have resulted in 32 abstract and article publications, 101 
oral and poster presentations, and eight extension publications. This project has trained and supported 13 
undergraduate students, one master graduate student and two PhD graduate students, four postdocs, five visiting 
scholars, and five technical support staff. In addition, we have produced the first Organic Rice Production 
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Guidelines document in the US that will help support farmers to produce organic rice profitably. For more 
information about this project, please visit the project webpage at http://bit.ly/299L2W5. 

Research conducted by Xin-Gen Zhou, Kip Landry, Guangjie Liu, Anna McClung, Fugen Dou, Bihu Huang, Brad Watkins, Mo Way, 
Muthu Bagavathiannan, Jessica Shade, Brian Ward, Shankar Gaire, Seth Abugho, Shi Jun, Yong Zhou and Sixte Ntamatungiro. 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. 

Use of Unmanned Aircraft System for Rice Research and Production Management 

Unmanned Aircraft Systems (UASs) are 
becoming increasingly important tools in assisting 
agricultural research and production management for row 
crops such as cotton, maize, sorghum, and wheat. Rice 
production in the United States is unique in that the crop 
is mostly grown under flooded conditions. Such 
production conditions significantly limit human activities 
to access the field for rice crop growth monitoring and 
scouting for weeds, diseases and insect pests. 
Development of a UAS-based phenotyping platform 
optimized for rice production system will greatly facilitate 
rice research to improve production management. The 
Texas A&M AgriLife Research Center at Beaumont has 
acquired a UAS equipped with a high-resolution RGB 
camera and an interchangeable 4k multispectral camera 
(Figure 1). We are in the process of experimenting with 
different UAS flight configurations (flight height, image overlap rate, camera shooting angle, etc.) to optimize 
image acquisition of rice phenotypes.  

We are also collaborating with researchers in computer engineering at Lamar University to develop an 
integrated UAS image processing and phenotyping analysis system for rice. Aerial images collected from UAS 
flights will be analyzed to estimate plant density at seedling emergence (Figure 2), tiller density during early 
growth stages, plant height before flowering, light interception, leaf area index, vegetation ground coverage 
before canopy closure, flowering time, and biomass accumulation as well as disease severity. In addition, 

methods for indirect estimation of leaf angle, tiller angle, 
leaf emergence rate, tiller production rate, plant water 
stress and nitrogen status will also be explored. These are 
important plant traits commonly evaluated by breeders for 
selecting rice lines, by agronomists and crop consultants 
for effective crop management, and by crop modelers for 
estimating genotype-specific crop model parameters to 
predict crop performance. Ground-truth phenotyping will 
be carried out to collect data to calibrate and validate the 
image analysis system. The integrated phenotyping 
analysis system supported by UAS will be an invaluable 
tool to assist rice research for improving rice production 
management. 

Research conducted by Yubin Yang, Lloyd T. Wilson, Fugen Dou, 
Stanley Omar PB. Samonte, Xin-Gen Zhou, Young-Ki Jo. For more 
information, please contact Dr. Yubin Yang at (409) 752-2741 or 
yyang@aesrg.tamu.edu. 

Figure 1. DJI Inspire 2 with Zenmuse X7 Camera. 

Figure 2. Figure 2. High resolution UAV image for automated 
estimation of seedling emergence density. 
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NOTES 


