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OVERVIEW 

An Update on Rice Research at Texas A&M 

Each year, scientists from the Beaumont Center and College Station join with state and national rice industry 
leaders to give presentations at the Beaumont and Eagle Lake Field Days, and each year, a summary of current 
research activities is published in the Texas Rice Research Highlights. This year, due to COVID-19, a web-
based Virtual Rice Field Day was held on July 9th, instead of our usual “in person” field days. Corrie Bowen 
and Lindsey Munyon organized the Virtual Field Day, with Ted Wilson, Joe Outlaw, Bart Fisher, and Thomas 
Wynn as speakers. Ted provided an overview of rice research in Texas, including film clips by Omar Samonte 
(rice breeding program coordinator and hybrid rice breeder), Darlene Sanchez (assistant hybrid rice breeder), 
Jasper Alpuerto (assistant hybrid rice breeder), Lee Tarpley (plant physiology), Fugen Dou (agronomist), Mo 
Way (entomologist), Muthu Bagavathiannan (weed scientist), Shane Zhou (plant pathologist), Shankar Gaire 
(plant pathologist), and Yubin Yang (biological systems analyst). Joe gave an update on farm bill policy, Bart 
described the generalized system of preferences for eligible commodities, and Thomas provided a rice market 
update. The Virtual Field Day presentations and expanded video clips of each of our scientists describing their 
research can be downloaded from https://beaumont.tamu.edu/RiceFieldDay/. Research Highlights are available 
at https://beaumont.tamu.edu/eLibrary/eLibrary_default.htm. 

From time to time, I am asked to describe the single most important research needed to improve the 
economic security of the U.S. rice industry. Unfortunately, a simple and accurate answer to this question does 
not exist. The potential for increased yield and grain quality is genetically determined by a variety. However, 
the degree to which the potential of each variety is achieved is determined by how the rice is managed. Each 
variety differs in a minor or major way in its response to fertilizer management and may differ in susceptibility 
to plant diseases, insect pests, and even sensitivity to each class of herbicide. All of this suggests growers should 
periodically reassess whether the varieties they grow are best for the approach they use to produce rice.  

I’m also sometimes asked about the impact of research on rice productivity. Advances in plant breeding, 
agronomic (water and nutrient) and pest (insect, weed, and disease) management have allowed Texas rice 
producers to increase yields from an average of about 1,700 lb/ac in 1945 to about 8,200 lb/ac today. This 
translates to an almost 5-fold increase in the amount of rice produced on an acre of land today compared to 
what was the norm in 1945.  

More than half of field-to-field yield variability can be traced to agronomic and pest management. Analysis 
of Texas rice yield survey data from thousands of fields shows the maximum achieved main plus ratoon crop 
yield is currently close to 16,000 lb/ac, while the poorest performing fields yield in the 2,000 to 3,000 lb/ac 
range. Every week planting is delayed due to issue with land preparation of excessive rainfall, yield is reduced 
by about 310 lb/ac, due to later produced rice experiencing higher day and night temperatures, which increases 
the respiratory cost of the plants required to maintain existing biomass (leaves, stems, roots, and grain) and 
produce additional grain mass. Yield is also impacted by the amount of applied nitrogen taken up by rice plants. 
If an early season aerial fertilizer application is immediately followed by a heavy rain, nitrogen will very likely 
be lost. If a flush is delayed and the rice seedlings undergo transient water stress, fewer tillers will be produced, 
reducing the number of grain heads that are produced. Rice seedings do best when the leaves remain above 
water. The deeper the amount of water applied, the greater the cost of the irrigation water, lower the rate of 
photosynthesis, lower the production of tillers, and lower the yield. Lastly, insect, disease, and weed pressures 
and the efficacy of control measures vary all over the board, so-to-speak. If all Texas rice growers were to 
improve management so the lowest yielding rice fields produced at least 6,600 lb/ac (80% of the current 
statewide average), the statewide average yield would increase to 13,000 lbs/ac. Achieving high yields is as 
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much about the vagaries of rainfall and pest outbreaks as it is about growers and consultants paying attention 
to details and managing the crop in a way that minimizes biological and physical stresses. 

Some scientists have speculated that rice yield potential has plateaued in Australia, California, and parts of 
China. However, the data I’ve seen suggests yield potential for a main plus ratoon crop production system is at 
least 21,000-23,000 lb/ac, and possibly higher. But not all rice fields have the same yield potential, in part due 
to differences in soil characteristics, the severity of agronomic problems and pest pressures, and how each factor 
is managed. As a result, the benefit achieved by adopting a new variety or an improved production component 
will vary from grower to grower. A more relevant question is what is the best plant breeding approach to 
develop rice varieties with the best combination of yield potential and grain quality, and what is the management 
approach required to maximize each grower’s economic returns? These are important questions our scientists 
focus on with their research. 

The research highlights that follow were written by the Beaumont/Eagle Lake scientists and address major 
aspects of rice research. Please contact any of the Beaumont Center scientists listed below if you have questions. 

For more information, please contact Dr. Ted Wilson at (409) 752-3045 ext. 2222 or Lt-wilson@aesrg.tamu.edu  

PLANT BREEDING AND GENETICS 

Inbred Rice Breeding at Texas A&M AgriLife Research in 2020 

The Inbred Rice Breeding Program of Texas A&M AgriLife Research at Beaumont aims to develop 
promising rice breeding lines with high and stable grain yield, blast resistance, superior grain and milling 
qualities, and herbicide and cold tolerance, from which a new variety will be selected for release. 

The ongoing breeding nurseries in 2020 aims to generate new populations, with each population consisting 
of sets of lines derived from a single cross, from which desirable pure lines will be selected for evaluation in 
yield trials including the following: 

• Crossing Nursery, which consists of Texas elite lines and varieties selected to serve as parents in crosses 
to produce new breeding populations. One hundred successful crosses are targeted in 2020, an increase 
of 70 crosses compared to 2019. 

• F2 Nursery, which is composed of 30 rice populations that are planted at low seeding rates for the 
selection of individual plants with desirable agronomic traits. 

• Pedigree Nursery (PN), which is composed of 4,200 rows (an increase of 1,100 rows over last year’s 
number) that are F3 or F4 generation lines. 

• Observational Nursery (ON), which is composed of 2,100 F5 pure lines.  
Yield trials are being conducted in 2020 to select for Texas Elite Lines (TXELs), which have the desired 

agronomic and grain quality traits, for advancement or for identification as potential rice varieties. The ongoing 
yield trials of the inbred rice breeding program in 2020 include the following: 

• Preliminary Yield Trial (PYT), which was planted in Beaumont on April 17; consists of 80 entries, 
which were either advanced from the 2019 Observational Nursery or retained from the 2019 PYT. 



 Texas Rice Special Section - 3 

• Statewide Preliminary Yield Trial (SPYT) at Beaumont 
(planted April 2) and Eagle Lake (planted April 14), 
which consists of 60 entries advanced from the 2019 
PYT or those retained from the 2019 SPYT. This year’s 
SPYT was increased by 20 entries compared to 2019. 

• Statewide Advanced Yield Trial and the Uniform 
Regional Rice Nursery (URRN), both of which consist 
of 49 TXELs advanced from the 2019 SPYT or retained 
from 2019. These were planted on April 14 in Eagle 
Lake and March 18 in Beaumont, respectively. The 
URRN is a multi-state yield trial conducted by state 
breeders in Texas, Arkansas, Louisiana, Missouri, and 
Mississippi. Collectively, these trials are used to 
evaluate and analyze the grain yield and performance 
stability of TXELs across locations and planting dates. 
The top 10 yielding TXELs across 2018 and 2019 at 
Beaumont show major advantages over Presidio (Fig. 
1). One of these elite lines is RU1603178, which is 
being prepared for varietal release as Trinity. 

In addition to the usual data gathered (plant stand quality, 
days to heading and maturity, plant height, lodging, grain yield, 
and milled grain percentages), all TXELs entered in the 2019 
yield trials were evaluated for chalky grain percentage, 
whiteness, and grain length/width ratios using the S21 grain analyzer. Figure 2 shows the minimum, maximum, 
median, and mean values of chalky grain 
percentages of TXELs in the PYT, SPYT, 
and URRN. The range of the top 25% of 
TXELs, in terms of low chalky grain 
percentages, was from 0.89 to 1.75% in the 
PYT, 0.37 to 1.5% in the SPYT, and 0.75 to 
1.74% in the URRN. The analyses of chalky 
grain percentages in yield trial entries helps 
to select the high-yielding high-quality 
breeding lines that were entered in the SPYT 
and URRN this year. 

In addition to seed maintenance 
nurseries that produce pure line seed of 
TXELs for various yield trials, a 600-
panicle-to-row nursery of RU1603178, 
which is planned for varietal release as 
Trinity, was planted on April 17. 
RU1603178 is a high-yielding high-quality 
elite line, and its characteristics and 
performance are discussed in more detail in 
a separate Field Day Research Highlight. 

Research conducted by Stanley Omar PB. Samonte, Chersty L. Harper, and Rodante E. Tabien. 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. 

Fig. 2. Box and whiskers plot of chalky grain percentages of Texas elite lines 
entered into the preliminary yield trial (PYT), statewide preliminary yield trial 
(SPYT), and uniform regional rice nursery (URRN) at Beaumont in 2019. For 
each yield trial, the lowest and topmost line segments are the minimum and 
maximum chalky grain percentages (excluding outliers), the middle line 
segment in the box is the median value, while the “x” is the average value. 
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‘Trinity’ (RU1603178): New Texas Rice Variety Planned for Release 

The Inbred Rice Breeding Program of Texas A&M AgriLife Research, which strives to produce new and 
improved lines for varietal release, plans to release a new variety in 2020. ‘Trinity’ is a conventional long grain 
rice (Oryza sativa L.) variety and has the pedigree Saber/Cocodrie//Presidio that was produced in 2006. Saber 
and Presidio are both Texas varieties, while Cocodrie is a variety developed by the Louisiana State University 
Agriculture Center. All three parents have been popular varieties in Texas, and as parents to Trinity, they have 
contributed valuable agronomic traits to this release that shows great promise for Texas farmers. 

The population from which Trinity was produced was advanced over the years, progressing through various 
nurseries and yield trials, and undergoing strict selections along the way. Data from various years shows its 
agronomic traits are stable, which is of particular interest to rice producers. Yield data have shown that Trinity 
has a 12% main crop yield advantage and a 13% main plus ratoon crop yield advantage over Presidio, which is 
known for its good ratooning ability among US-released inbred rice varieties. Even with this grain yield 
advantage, Trinity has not been observed to lodge. Trinity is about 2 inches taller than Presidio, and about 4 
and 7 days longer in the number of days to heading and maturity, respectively. 

Table 1. Agronomic and grain quality traits of RU1603178 (Trinity) in comparison with Presidio. 
Agronomic and Grain Quality Trait Trinity Difference Presidio 
Mean Heading (days) 88 + 4 d 84 
Mean Maturity (days) 120 + 7 d 113 
Mean Plant Height (in) 37.4 + 2 in 35.4 
Lodging (%) 0 0 0 
Mean Yield Main Crop (lb/ac) 8,122 + 12% 7,221 
Mean Yield Ratoon (lb/ac) 3,940 + 13% 3,471 
Main Crop + Ratoon Yield (lb/ac) 12,062 + 13% 10,692 
Mean Total Rice (%), Main Crop 70 - 2% 72 
Mean Total Rice (%), Ratoon 72 - 1% 73 
Mean Head Rice (%) Main Crop 62 - 1% 63 
Mean Head Rice (%) Ratoon 65 + 1% 64 
Chalky Grain (%) 1.9% in 2019 - 0.2 2.1% in 2019 
Grain length (mm) 6.16 - 0.09 6.25 
Grain width (mm) 1.92 + 0.03 1.89 

 

Both total and whole milled rice percentages are comparable to Presidio. Chalky grain percentage in Trinity 
is similar to Presidio, exhibiting a nice 
transparent appearance, which is highly 
desirable (Fig. 1). Trinity rice samples 
obtained from a 2019 large plot trial grown 
by TRIA were evaluated using an S21 grain 
analyzer and were found to have an average 
of 0.70% chalky grain, which is considered 
a very good value. Grain quality often 
dictates the market value and, ultimately, 
the acceptance and adoption of a variety, 
and thus is a main trait of interest. 

Fig. 1. Whole milled rice of Trinity (top) and Presidio (bottom). 
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This summer, a 600-panicle-to-row nursery was 
established for Trinity for the production of breeders 
seed necessary for its release as a variety (Fig. 2) 

Research conducted by Chersty L. Harper, Rodante E. Tabien, 
and Stanley Omar PB. Samonte. Generous funding for this 
project was provided by the Texas Rice Research Foundation and 
Texas AgriLife Research. For more information, please contact 
Dr. Samonte at (409) 752-2741 ext. 2210 or 
Stanley.Samonte@ag.tamu.edu. 

 

Hybrid Rice Breeding Program Update for Summer 2020 

The hybrid rice breeding program of the Texas A&M AgriLife Research Center at Beaumont is in its 3rd 
year. The program aims to 1) develop elite male-sterile (female parent) and restorer (male parent) lines, and 
hybrid varieties having high and stable grain yield competitive with existing commercial hybrids, and 2) 
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), pathogens, and insect 
stresses. 

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

• Crossing nurseries, which are conducted twice each year (December to April and June to October) to 
develop: 

o New cytoplasmic male sterile (CMS) lines are developed using the backcross (BC) method. The 
first wave of CMS lines will be in their 5th BC generation by the end of this year. 

o Hybrids for the heterotic group study are discussed below. Hybrids produced from parents belonging 
to different heterotic groups are expected to exhibit higher levels of hybrid vigor for grain yield. 

o New test hybrids are evaluated in each year’s F1 nursery, which is discussed below. 
o Resistant lines are pyramided for blast resistance genes. 

• F1 nursery is used to evaluate new experimental hybrids produced during the 2019 summer and 2019-
2020 winter crossing nurseries. Hybrids and their parents are grown in this nursery, which also serves 
as the initial generation after crossing for selecting and developing potentially new male-sterile, 
maintainer, and restorer lines. 

• Heterotic group yield study compares experimental hybrids produced from genetically distant versus 
genetically-near parents. Grain yield, yield-related traits, and grain quality of hybrids and their parents 
are evaluated, including the estimation of heterosis levels in hybrids. Results from last year’s study 
showed that higher grain yields and tiller densities were achieved in hybrids produced from parents that 
belong to different heterotic groups, i.e., parents that are genetically distant (Samonte et al., 2020). 

• F2 Nurseries consist of populations in their 2nd generation after crossing. Plantings of F2 nurseries were 
conducted during and before the recommended planting dates. Temperatures before the recommended 
planting dates are low, and this provides the selection pressure to identify the cold-tolerant or vigorous 
plants. 

• F3 nursery is a panicle-to-row planting of rice selections from last year’s F2s that were grown in blocks 
that were either fertilized with the recommended amount of N or with zero N. This nursery also contains 

Fig. 2. Trinity (RU1603178) panicle-to-row nursery growing at 
Texas A&M AgriLife Research Center at Beaumont in 2020 for 
the production of breeder’s seed. Picture was taken on June 12, 
2020. 
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rice lines selected from the cold growth chamber screenings (Alpuerto et al., 2019). In addition, an F3 
nursery consisting of new thermosensitive genic male-sterile (TGMS) line was planted using seed 
harvested last autumn from ratooned plants that were selected as being sterile during the summer. 
TGMS plants are sterile during the hot temperatures of summer; they are fertile and produce seed during 
the cool ratoon months of autumn. 

• F5 nursery consists of selections harvested from the 2019-2020 F4 Winter Nursery at Puerto Rico.  

• Hybridization block, in which new CMS lines produced from the 2019-2020 crossing nursery, will be 
crossed with high-quality F5 lines selected from the 2019-2020 F4 Winter Nursery. F1 plants produced 
from this nursery will be evaluated in 2021 for agronomic and grain quality traits.  

• F6 nursery will be screened for agronomically desirable lines with high grain quality (head rice and 
chalky grain percentages and grain size dimensions) and possessing a restoring factor (Rf) gene. Lines 
with an Rf gene can be used as male parents in crosses with cytoplasmic male-sterile (CMS) lines to 
produce fertile hybrids, while those without the Rf gene can be used as the recurrent parent in the 
development of new CMS lines using the backcross breeding method. 

• Mutation Breeding Nursery, in which mutant Presidio lines in their M3 and M4 generation, i.e., 3rd or 4th 
generation after mutagen treatment, respectively, are being verified for the traits that they were selected 
for in the M2 generation. Some of the traits, which are useful in hybrid rice breeding, are being verified 
in the mutant Presidio lines, include male-sterility and high tillering ability.  

• DNA Marker-Assisted Selection (MAS). Upon establishment of the DNA laboratory early in 2020, 
varieties and breeding lines were evaluated for wide compatibility (WC or S5-n gene), TGMS (tms 
genes), and blast resistance (Pi genes). Separate research highlights are written for these MAS activities 
(Alpuerto et al., 2020; Sanchez et al., 2020a, 2020b). Some of the other traits targeted for MAS include 
semi-dwarf height (sd1 gene), intermediate amylose concentration (Wx gene), intermediate 
gelatinization temperature (ALK, SSIIa genes), high grain number (Gn1a, OsSPL14/WFP, SCM2 
genes), and restoring factor capability (Rf3 and Rf4 genes). 

Literature Cited: 

Alpuerto, J.B.B., et al. 2019. Screening M2 Presidio and F2 Populations for Low Temperature Germination. 
Texas Rice Special Section, Highlighting Research in 2019: 14-16. 

Alpuerto, J.B.B., et al. 2020. Improvement of Blast Resistance by Pyramiding Genes Using DNA Marker-
Assisted Selection. Texas Rice Special Section, Highlighting Research in 2020. 

Samonte, S.O.PB., et al. 2020. Application of Genetic Distance and Heterotic Groups to Increase Grain Yield 
and Tiller Density in Hybrids Texas Rice Special Section, Highlighting Research in 2020. 

Sanchez, D.L., et al., 2020a. Enhancing Hybrid Vigor through Selection of Wide Compatible Parental Lines 
using DNA Markers. Texas Rice Special Section, Highlighting Research in 2020. 

Sanchez, D.L., et al., 2020b. Development of Thermosensitive Genic Male Sterile (TGMS) Lines for Two-Line 
Hybrid Rice Breeding. Texas Rice Special Section, Highlighting Research in 2020. 

Research conducted by Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Darlene L. Sanchez, Peyton A Croaker, Leon C. 
Holgate, 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. 
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Classification of Parental Lines into Heterotic Groups for Hybrid Rice Breeding 

Hybrid vigor, also known as heterosis, is enhanced greater the genetic differences of the two parents. 
Classifying the parental lines into genetically distinct groups increases the efficiency of parental selection and 
crossing management. This study aims to: 1) determine the genetic distance between potential rice parental 
lines of hybrids using DNA markers, and 2) classify these parental lines into heterotic groups 

A total of 34 rice varieties and elite 
breeding lines, pre-selected for long grain 
length and low chalkiness, were used in 
this study. The 34 genotypes were 
classified into sub-groups based on 
information from 23,700 single nucleotide 
polymorphic (SNP) markers, which were 
obtained from their respective raw DNA 
sequences (unimputed data). Three 
approaches were applied to ensure 
consistency of the groupings. The first 
approach estimates genetic distance 
between rice genotypes (varieties or 
genetic lines) as 1.0 - IBS, where IBS 
refers to “identity by state similarity”. An 
IBS value of 1.0 means the DNA sequence 
in a particular is the same comparing two 
rice genotypes. Pairwise genetic distance 
values are then used to construct a tree-like 
structure, where the length of the branches 
correspond to genetic distances (Saitou 
and Nei, 1987). The second approach, 
referred to as model-based population 
structure inference, uses DNA marker data 
to identify subgroups based on shared 
patterns of SNP variation, with genotypes assigned to the subgroup that best fits their SNP patterns (Pritchard 
et al., 2000). The third approach is referred to as principal component analysis, which estimates patterns of 
statistical similarity from the marker data (Reich et al., 2008). 

All three approaches consistently classify the 34 rice genotypes into two major groups (Figs. 1 to 3). 
Twenty-seven genotypes, most of them belonging to japonica subspecies, are classified as Group 1. Most of 
the US varieties (e.g., Presidio, Antonio, and Cocodrie) are also in Group 1. Group 2 is composed of seven 
varieties, with most of them belonging to the indica subspecies (e.g., IR64-Sub1, Minghui 63, and Rondo). The 
average IBS-based genetic distances between all pairs of genotypes within Group 1 and within Group 2 is d = 
0.27 and d = 0.31, respectively, which were lower than the genetic distance between the two groups (d = 0.51). 
The genetic distance between pairs in Group 1 ranged from 0.18 to 0.35, while pairs within Group 2 ranged 

Fig. 1. Unrooted neighbor-joining tree of 34 rice genotypes, based on genetic 
distance calculated from 23,700 DNA SNPs. 
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from 0.25 to 0.36. On the other 
hand, pairwise genetic 
distances between the two 
groups ranged from 0.45 to 
0.56. 

The results of this study are 
validated in a preliminary yield 
trial using 21 parental lines 
conducted in 2019. Hybrids 
from parents with high genetic 
distances have significantly 
higher tiller density and higher 
grain yield than those from 
parents with lower genetic 
distances (Samonte et al., 
2020). This heterotic group 
approach will be advantageous 
in the efficient selection of 
parental lines to develop high-
yielding hybrids. 

Literature cited: 
Pritchard, J. K. et al. 2000. 

Inference of population 
structure using multilocus 
genotype data. Genetics 155: 
945-949. 

Reich, D., et al. 2008. Principal 
component analysis of genetic 
data. Nature genetics 40 (5): 
491-492. 

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

Samonte, S. O. PB. et al. 2020. 
Application of genetic 
distance and heterotic groups 
to increase grain yield and 
tiller density in hybrids. Texas 
Rice Special Section, Highlighting Research in 2020. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, 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 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. 
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Enhancing Hybrid Vigor through Selection of Wide Compatible Parental Lines using DNA Markers 

Crosses involving parents from different rice subspecies (i.e., indica and japonica rice) have the potential 
to produce hybrids with high levels of heterosis or hybrid vigor. However, most of the hybrids from this type 
of cross have very low seed set or high sterility. In rice, S5 is a major gene that controls intersubspecies hybrid 
fertility. There are three variants (alleles) of the S5 gene: S5-i (in indica), S5-j (in japonica), and S5-n 
(nonfunctional or neutral; called the wide-compatibility or WC gene) (Ikehashi and Araki, 1986). Sterility 
happens when S5-i and S5-j are combined within a hybrid. On the other hand, crosses between parents that have 
S5-i or S5-j have normal seed set. In order to eliminate low seed in inter-subspecific crosses, S5-n needs to be 
present in at least one of the parents to produce fertile hybrids (Yang et al., 2012). Varieties possessing the S5-
n allele are also known as wide-compatible (WC) varieties. This study was conducted with the objective of 
identifying wide compatible varieties using DNA markers. 

DNA was extracted from leaves of 36 varieties grown 
in the greenhouse at the Texas A&M AgriLife Research at 
Beaumont. The DNA samples were tested for the presence 
of S5-n, using markers designed to amplify short DNA 
segments that are located within the S5 gene (Fig.1). Out of 
the 36 varieties, 18 are positive for S5-n, including 
previously known WC varieties such as Lemont, Jackson, 
and L-202 (Table 1). 

This study confirms that inter-subspecific crosses 
having normal seed set during the 2019 F1 hybrid yield trials 
have at least one WC parent (Samonte et al., 2020). These 
results can be applied to parental selection for producing F1 
hybrids with increased levels of heterosis and incorporating 
the S5-n gene into elite non-WC parental lines.  

Literature Cited: 

Ikehashi, H., and H. Araki. 1986. Genetics of F1 sterility in 
remote crosses of rice. Rice Genetics, ed IRRI. 
International Rice Research Institute, Manila. pp 119-
130. 

Table 1. Marker-assisted screening for wide 
compatibility in 36 rice varieties. 
Genotype WC (S5-n) gene 
171R - 
212S - 
272S - 
277S - 
339A - 
339B - 
435A - 
435B - 
Antonio + 
Cheniere + 
Cybonnet + 
Cypress + 
Early Colusa - 
El Paso L-144 - 
IR1321-12 - 
IR24 - 
IR64 - 
Jackson + 
Kaybonnet + 
L-202 + 
Lacassine + 
Lebonnet - 
Lamont + 
M-102 - 
M-204 - 
M-401 + 
Presidio - 
Rondo - 
RU-1303181 + 
RU-1403138 + 
RU-1403141 + 
RU-1403166 + 
RU-1603126 + 
RU-1603150 + 
Saber + 
Trinity + 

Fig. 1. DNA marker test for wide compatibility gene (S5-n). 
The lower band indicates a positive test for wide compatibility. 
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Yang, Y. et al. 2012. Wide-compatibility gene S5n exploited by functional molecular markers and its effect on 
fertility of intersubspecific rice hybrids. Crop Science, 52 (2): 669-675. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Leon C. Holgate, Peyton A. 
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funding for this project was provided by the Texas A&M AgriLife Research Crop Improvement Program and the Texas Rice Research 
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Application of Genetic Distance and Heterotic Groups to Increase 
Grain Yield and Tiller Density in Hybrids 

In hybrid rice, positive heterosis for grain yield and yield-related traits is desired. While this can be achieved 
by intercrossing varieties or elite lines belonging to the japonica subspecies, which is the rice commercially 
grown in the southern U.S., higher levels of heterosis can be achieved by intersubspecies crosses such as 
japonica x indica (Virmani et al., 2003). In this type of wide cross, the greater genetic distance between parental 
varieties may contribute to higher heterosis in the hybrids. However, one of the issues that may arise is the 
hybrid will bear blank panicles (unfilled grain) if both parents do not have the wide compatibility gene (WC or 
S5-n gene). The development of heterotic groups or the genomic selection for genetically distant parents is an 
approach applied by the hybrid rice breeding program of Texas A&M AgriLife Research to efficiently produce 
hybrids that are highly heterotic in grain yield and yield-related traits. A study is being conducted to evaluate 
heteroses in grain yield and yield-related traits of hybrids produced from genetically distant or wide (HWP) 
parents versus hybrids produced from genetically near parents (HNP). 

Table 1. Grain yield and yield-related traits in hybrids produced from wide and narrow crosses at Beaumont in 2019. 
Group or 
Cultivar 

Leaf 
Production 

Rate (leaf/day) 

Plant Height 
(cm) 

Heading 
(d) 

Tiller Density 
(no./plant) 

Grain Yield 
(g/m2) 

HWP 0.173 a 114.2 a 93.5 ab 14.3 a 357 a 
HNP 0.171 a 114.6 a 99.3 a 11.7 ab 302 a 
Parents 0.161 a 93.1 b 92.9 b 9.9 b 207 b 
Presidio 0.136 a 93.4 b 102.9 a 7.2 b 219 ab 

Averages within each column that are followed by the same letter are not significantly different at the 5% level. 
Abbreviations: HWP = Hybrids from Wide Genetic Distance Parents; HNP = Hybrids from Narrow Genetic Distance 

Parents 

Yield tests were conducted at the Texas A&M AgriLife Research Center at Beaumont in 2019 with a 2nd 
test ongoing in 2020. Fourteen experimental hybrids (consisting of 5 HWPs and 9 HNPs), their 21 parental 
lines, and a check cultivar Presidio were evaluated in a randomized complete block design with two replications. 
All hybrids have normal seed set since at least one of its parents have the WC gene based on DNA marker 
analyses, or both parents belonged to the same rice subspecies, based on a separate study conducted by the 
hybrid rice breeding group (Sanchez et al., 2020a). Genetic distances between the 21 parental lines were 
calculated as one minus identity by state similarity, and heterotic groupings were determined using the 
neighbor-joining method (Saitou and Nei, 1987; Sanchez et al., 2020b). The average genetic distance between 
parents of HWPs (d = 0.588 between japonica and indica parents) is significantly higher than that of HNPs (d 
= 0.041 between two japonica parents) based on a 5% level Least Significance Difference test. 

Results from the yield trial indicate average tiller density and grain yield are significantly higher in the 
HWP (14.3 tillers/plant and 357 g/m2, respectively) than in the HNP group (11.7 tillers/plant and 302 g/m2, 
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respectively) (Table 1). The parental group has significantly lower averages (9.9 tillers/plant and 207 g/m2, 
respectively) than both the HWP and HNP groups. Standard heterosis, compared to Presidio, is higher in the 
HWP group than the HNP group in tiller density (99% vs. 65%, respectively) and in grain yield (74 vs. 53%, 
respectively). The higher tiller density and grain yield averages in hybrids produced from japonica x indica 
crosses reinforce the approach of breeding for wide-compatible parents for use in intersubspecies crosses. This 
study also demonstrates the use of genomic selection as a tool to efficiently select for genetically distant parents 
for crossing to produce heterotic high-tillering high-yielding hybrid rice. 
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Crop Model-Aided Genomic Prediction: A Multi-Model Study on Rice Days to Flowering 

Introduction 

The ability of biophysical crop models to decompose complex traits and processes enables them to explicitly 
account for genotype × environment × management interactions while integrating the contributions of multiple 
component traits. For this reason, crop model-aided genome-wide association study (GWAS) and genomic 
prediction (GP) are increasingly considered as a powerful technology to extend the potentiality of genomics 
research (Messina et al., 2018). The objective of this study was to evaluate the feasibility of integrating plant 
genomics with crop modeling to predict rice days to flowering, a complex plant phenotypic trait that is 
controlled by multiple interacting genes. 

Materials and Methods 

We used an ensemble of seven rice models from the International Agricultural Model Intercomparison and 
Improvement Project for Rice (AgMIP Rice) to investigate the possibility of increasing the reliability of model-
based genomic prediction by combining results from multiple models. The number of days to flowering was 
recorded for each of 169 rice genotypes grown across each of 10 combinations of (location × year × sowing 
date) covering a wide range of conditions for temperature and photoperiod. Days to flowering was decomposed 
into more basic component traits (e.g., daylength sensitivity, base temperature for thermal time accumulation). 
A replicated statistical method, referred to as a 13-fold cross-validation scheme, was used to evaluate the 
accuracy of the days to flowering simulated by each model, with the relationships between parameters and 
DNA locations within the rice genome evaluated. 
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Results and Discussion 

Pearson correlation coefficients between predicted and observed days to flowering among the seven models 
ranged from 0.35 to 0.97 for calibration and from 0.23 to 0.75 for validation (Fig. 1 for two rice models). Large 
variability was observed among models both in terms of average performance and in accuracy between 
calibration and validation, suggesting that, besides model structure the number of model parameters used also 
plays a key role, with the worst performance for models that had many genetic parameters simultaneously 
optimized. However, significant associations between parameters and markers close to known heading date 
genes (e.g., Hd1, Yano et al., 1997) were found, supporting the role of crop models in decomposing complex 
traits and linking phenotypic response with information at genome level. 

Conclusions 

This research demonstrates the usefulness of using multi-model ensembles in model-aided genetic analysis 
to determine how complex plant traits are controlled by sets of genes, opening new opportunities for the 
integration of genomics and crop modeling. 
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Fig. 1. Agreement between observations and days to flowering simulated by using genomic-predicted model 
parameters for the rice models - Calibration. r: Pearson’s correlation, NSE: Nash-Sutcliffe Efficiency, MAE: mean 
absolute error. CERES (Singh et al., 1993), MCWLA (Tao et al., 2009), Oryza (Li et al., 2017), RiceGrow (Tang et 
al., 2009), RicePSM (Wu and Wilson, 1998), SIMRIW (Horie et al., 1995), and WARM (Confalonieri et al., 2009). 
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Improvement of Blast Resistance by Pyramiding Genes Using DNA Marker-Assisted Selection 

Rice blast is one of the most damaging fungal diseases in rice (Deng et al., 2017; Zhao et al., 2018). The 
blast pathogen, Magnaporthe oryzae, can cause infections at all rice growth stages leading to about 10 to 35% 
reductions in grain yield (Li et al., 2019). Thus, it is vital to improve resistance against this disease to increase 
production security for farmers and ultimately contribute to promoting food security for rice consumers. So far, 
there are about 100 genes known to confer blast resistance, of which, 25 have been identified and characterized 
as Pi genes (Li et al., 2019). Previous studies of combining or pyramiding blast resistance genes show the 
possibility of achieving durable broad-spectrum blast resistance (Fukuoka et al., 2015; Wu et al., 2015). The 
objective of this study is to develop a blast resistance screening and characterization pipeline for our breeding 
program using marker-assisted selection (MAS). We aim to determine the presence of multiple known Pi genes 
combined or pyramided within developed candidate lines that will be tested for efficacy of resistance to blast 
disease. 

From 2018 to 2019, crosses were made between parental lines reported to possess Pi genes based on 
previously published reports or scientific articles. The parents selected for these crosses comprise U.S. varieties, 
elite inbred lines (developed by the inbred rice breeding group), and selected lines with desirable traits (from 
the hybrid rice breeding group) of Texas A&M AgriLife Research at Beaumont. From these crosses, variable 
lines have been developed with at least two Pi genes. 

For this study, a sample of two populations (designated as P201 and P209) were selected from the 2019-
2020 winter greenhouse nursery. These populations were screened for Pi genes (Pi-ta, Pi-ta2, Ptr, Pi-z, Pi-b) 
that they may possess based on their blast-resistant donor parents. The parents of these populations and other 
check varieties were also screened for the presence of the five Pi genes. 

The polymerase chain reaction (PCR)-based screening used in this study involves detecting the presence of 
bands corresponding to DNA markers for the specific Pi gene of interest. The similarity between the size of the 
bands (measured in base pairs) detected between the test lines and resistant check or susceptible varieties were 
evaluated. If a line produces a band that is similar in size to that of the resistant check variety with a known 
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blast resistance Pi gene, then it has the same Pi gene. Otherwise, the line will produce a band similar in size to 
that of a susceptible check or not generate a band at all 

During the screening, several bands corresponding to different DNA markers for Pi genes were detected in 
the tested plants. Selected screening examples are shown in Fig. 1. Ptr and Pi-b are two of the five Pi genes 
that are currently being screened for our test lines. For the parents and check varieties, only Katy and Cybonnet 
have the positive resistance band for Ptr, while only Saber shows a positive resistance band for Pi-b. Among 
the five P209 test lines, two are positive for the Ptr resistance band and three are heterozygous (i.e., both the 
resistance and susceptibility bands are present). Among the four P201 test lines, one is heterozygous for the Ptr 
resistance band. A positive Pi-b resistance band is observed in one of the P201 test lines. 

The results of other screenings for Pi genes are summarized in Table 1. Among the four P201 test lines, 
two possess at least two resistance Pi genes; these were P201-1 (three positive resistance bands and one 
heterozygous band) and P201-2 (two positive resistance bands and one heterozygous band). Among the five 
P209 test lines, P209-2 and P209-4 possess four blast resistance genes. These results demonstrate the feasibility 
of stacking or pyramiding different Pi genes, which in turn is hypothesized to provide a more durable and 
broader spectrum of blast disease resistance.  

The MAS screening pipeline described in this study is being applied to improve our breeding efficiency by 
selecting rice lines that exhibit the positive blast resistance DNA markers or eliminating those without it. 

 
 

Fig. 1. Gel images of screening for presence of specific Pi genes conferring blast resistance. Panels show band patterns for Ptr (top 3 
panels) and Pi-b (bottom panels), two of the known Pi genes conferring blast resistance, of representative parents and the 2 candidate 
populations (P201 and P209). Resistance band size for Ptr is 212 bp, susceptibility is 223 bp. Pi-b band size for resistance is ~380 bp, 
absence of single band is susceptible. bp – base pairs; R – Resistance; S – Susceptible; H – Heterozygous, presence of both R and S 
bands. 
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Development of Thermosensitive Genic Male Sterile (TGMS) Lines 
for Two-Line Hybrid Rice Breeding 

Because rice is a self-pollinated crop, producing hybrid rice requires a male-sterile line as a female parent. 
In other words, because male-sterile lines do not produce viable pollen, for fertilization to occur requires cross 
pollination from a male-fertile plant. The most common male sterility system used in commercial hybrid rice 
is the cytoplasmic male sterility (CMS) system, also known as the three-line system. Three types of lines are 
needed, the CMS line as the female parent and two types of male parents, the maintainer line (which is used to 
multiply the CMS line) and the restorer line (which possesses the fertility restoration gene and is used to produce 
the F1 hybrids) (Virmani et al., 2003). 

Table 1. Screening for presence of Pi gene DNA markers in parents and candidate 
populations P201 and P209. 
  Pi genes 

Ptr Pi-b Pi-ta Pi-ta2 Pi-z 

Check 
Varieties 

Katy + - + + + 
Trinity - - - - ? 

Presidio - - - - - 

Parents 
Saber - + - - + 

Cybonnet + - + + - 
Jefferson - - - - - 

P201 
Population 

P201-1 H - + + + 
P201-2 - + - H + 
P201-3 - - - - + 
P201-4 - - - H + 

P209 
Population 

P209-1 H - - H H 
P209-2 + - + + + 
P209-3 H - - H H 
P209-4 + - + + + 
P209-5 H - - H H 

+ : resistance band for the specific Pi gene is present 
- : resistance band for the specific Pi gene is absent or the susceptibility band is present 
H : heterozygous for resistance and susceptibility band, 2 bands (resistance and 
susceptibility) are present 
? : needs confirmation 
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Two-line hybrid rice makes use of an environmental genic male sterile (EGMS) line as the female parent. 
Pollen sterility or fertility of an EGMS line is induced by either changes in temperature and/or photoperiod. 
This eliminates the use of a maintainer line, and because the restorer gene is not required to restore fertility in 
the F1 hybrids, this widens the choice of male parents (Virmani et al., 2003). 

Development of parental lines for 
two-line hybrid rice breeding in Texas 
A&M AgriLife Research at Beaumont 
was initiated in 2013, but research into 
using DNA markers to aid in hybrid 
development started in 2017 with the 
objective of widening the options for 
heterotic combinations in hybrid rice. 
It mainly makes use of the 
thermosensitive genic male sterility 
(TGMS) system, a type of EGMS that 
is controlled by one or more genes that 
induces pollen sterility during high 
temperatures and reverts to pollen 
fertility at lower temperatures. 

Crosses were made between TGMS donors and elite varieties or breeding lines. Selection for TGMS started 
at the F2 generation, where plants that have more than 50% blanking in the field during Summer 2019 were 
ratooned. The newly emerged panicles from the ratooned plants were bagged in Fall 2019, when the temperature 
is lower, which makes the sterile plants revert to being fertile. Seed harvested from bagged panicles were 
advanced to F3 in the summer of 2020. A total of 157 F3 lines from 47 crosses are under evaluation in the field. 

Marker-assisted selection for TGMS started this summer to increase selection efficiency in the field. DNA 
from eight parents of the F3 lines in the TGMS nursery (three TGMS lines and five non-TGMS lines) were 
tested for the presence of TGMS genes (tms2, tms3, tms4, tms5, tms6, tms8, tms9, tms9-1, tmsX, and tgms) 
using DNA markers located within or near these genes. Preliminary results showed that RM257, a DNA marker 
for the gene tgms (Hussain, 2001), is able to distinguish the three TGMS lines from the non-TGMS lines (Fig. 
1). These results are currently being validated. Developing stable TGMS lines using a combination of 
conventional and marker-assisted selection will increase the chances of identifying good heterotic combinations 
for hybrid rice. 
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Fig. 1. DNA marker analysis for RM257, a DNA marker for tgms gene, in parental 
lines used in TGMS line development. Parental lines tested were: 1) Lemont, 2) 
Jackson, 3) RU-1603126, 4) RU-1403138, 5) Presidio, 6) 272S (TGMS line), 7) 
277S (TGMS line), and 8) 212S (TGMS line). The last lane is a molecular weight 
marker (1kb+ ladder). 
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Grain Quality in Top, Middle, and Bottom Panicle Portions of Chalky 
and “Chalkyless” Rice Varieties 

High head rice and low chalky grain percentages, and required grain size dimensions with minimal 
variation, are some of the desired grain quality traits in a rice variety. These factors affect a variety’s 
acceptability and longevity by consumers and farmers. It is hypothesized that rice grain in the middle portion 
of a panicle undergo a higher level of carbohydrate stress compared to the top and bottom portions, and the 
resulting increased variation lowers grain quality. If it is verified that grain quality is lowest in the middle 
panicle portion, then it would be necessary to determine methods (e.g., breeding or agronomic) to improve the 
quality of this panicle portion, which eventually affects that of the entire panicle. 

Two chalky (LaGrue and Leah) and two “chalkyless” (i.e., low chalky grain percentages) (Kaybonnet and 
Presidio) varieties were evaluated to determine the significance and variation in top, middle, and bottom panicle 
portions for several grain quality traits. These varieties were grown in 6-row plots replicated three times at the 
Texas A&M AgriLife Research Center at Beaumont in 2019. Panicles were picked from each plot at 30 days 
after heading. Each panicle was partitioned into top, middle, and bottom portions based on number of primary 
rachises (branches). For each panicle portion, total and whole milled (head) rice percentages, head rice grain 
length, width, and length/width ratio, head rice chalky area and chalky grain percentages were estimated. A 
grain of rice is classified by USDA as “chalky” if its total chalky area percentage is greater than 50%. 

 

Table 1. Grain quality parameters of four rice varieties at Beaumont in 2019. 
Cultivar Total 

Rice 
(%) 

Head 
Rice 
(%) 

Grain 
Length 
(mm) 

Grain 
Width 
(mm) 

L/W 
Ratio 

Chalky 
Grain 
(%) 

Chalky 
Area 
(%) 

Kaybonnet 68.1 a 61.8 a 5.99 c 1.83 d 3.28 a 2.6 c 14.0 c 
LaGrue 70.1 a 46.6 b 6.14 b 1.93 b 3.20 bc 20.9 a 34.8 a 
Leah 68.1 a 37.3 c 6.42 a 2.06 a 3.14 c 7.6 b 20.8 b 
Presidio 68.9 a 62.0 a 6.14 b 1.90 c 3.25 ab 3.0 c 18.2 b 

† Means within each row followed by at least one same letter are not significantly different from 
each other at the 5% level. 

Preliminary results from the 2019 field experiment showed that Presidio (62.0%) and Kaybonnet (61.8%) 
have significantly higher head rice percentages than LaGrue (46.6%) and Leah (37.3%) (Table 1). When 
averaged across varieties, total and head rice percentages did not significantly differ among the top, middle, 
and bottom portions (Table 2). 

Head rice grain length and width are significantly affected by variety and panicle portion. Grain length 
ranges from 5.99 (Kaybonnet) to 6.42 mm (Leah), while grain width ranges from 1.83 (Kaybonnet) to 2.06 mm 
(Leah). Head rice from the top panicle portion is significantly greater than that from the bottom part (Table 2). 
Grain width differs significantly among panicle portions, with the top portion being the widest and the bottom 
portion being the narrowest. 

Table 2. Grain quality parameters of different panicle portions, averaged across four varieties, at 
Beaumont in 2019. 

Panicle 
Portion 

Total 
Rice † 

(%) 

Head 
Rice 
(%) 

Grain 
Length 
(mm) 

Grain 
Width 
(mm) 

L/W 
Ratio 

Chalky 
Grain 
(%) 

Chalky 
Area 
(%) 

Top 69.7 a 51.2 a 6.25 a 1.96 a 3.21 a 8.5 a 22.2 ab 
Middle 68.4 a 51.2 a 6.16 ab 1.92 b 3.22 a 10.0 a 23.3 a 
Bottom 68.3 a 53.3 a 6.11 b 1.90 c 3.23 a 7.1 a 20.4 b 

† Means within each row followed by at least one same letter are not significantly different from 
each other at the 5% level. 
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Presidio and Kaybonnet have less chalky grain (3.0 and 2.6%, respectively) than LaGrue and Leah (20.9 
and 7.6%, respectively). Although not statistically different, when averaged across the four tested varieties, the 
middle panicle portion (10.0%) has more chalky grain than the top (8.5%) and bottom (7.1%) portions (Table 
2). Chalky area percentage varies from 14.0% (Kaybonnet) to 34.8% (LaGrue) (Table 1) and is significantly 
lower in the bottom panicle portion (20.4%) than the middle portion (23.3%) (Table 2). 

Preliminary results show head rice percentage is significantly lower in the bottom panicle portion than the 
top part, and lower in the middle panicle portion than the top. In addition, there is a trend for the middle panicle 
portion to have greater chalky grain and chalky area percentages. Minimizing grain size reduction and 
chalkiness across the panicle portions can be achieved by reducing carbohydrate stress through agronomic or 
breeding strategies, but it must be studied to determine the potential to improve overall grain quality in both 
inbred and hybrid rice. 

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

Effect of Reduced Carbohydrate Demand on Grain Quality of Chalky and “Chalkyless” Rice 

One of the key factors in rice grain development is the accumulation of starch, which is synthesized from 
glucose transported from leaves and leaf sheaths during grain filling (Chen et al., 2012; Counce and 
Moldenhauer, 2019). Changes in sink (grain) demand during filling contributes to variation in total 
carbohydrate levels and overall grain quality (Ito et al., 2009; Chen et al., 2012). A key trait in evaluating rice 
grain quality is the percent chalkiness. A higher chalky grain percentage can lead to lower head rice percentage 
due to a higher propensity for broken grains after milling. The objective of this study is to evaluate the grain 
quality traits of chalky and less chalky (“chalkyless”) rice varieties under normal (control) and reduced 
carbohydrate (trimmed panicles) demand during grain filling. 

In this study, we evaluated grain quality of chalky (LaGrue and Leah) and “chalkyless” rice (Kaybonnet 
and Presidio) under normal and reduced carbohydrate demand. In summer 2019, these varieties were grown in 
six-row plots replicated three times in a randomized complete block experiment at the Texas A&M AgriLife 
Research Center at Beaumont. In three rows of each six-row plot, the bottom half of each panicle was trimmed 
when about 75% of panicle length had emerged from the flag leaf/leaf sheath. Rows with trimmed panicles 
served as the reduced carbohydrate demand treatment. The remaining rows with untrimmed panicles served as 
the control treatment. Panicles were harvested from both treatments 30 and 35 days after flowering (DAF) for 
all varieties. 

Significant variations among the four varieties and between control and trimmed panicles is observed for 
grain quality trait percentages (Fig. 1). For the 30 DAF harvest sample, head rice percentages are not 
significantly different between trimmed and control panicles in three (Kaybonnet, Presidio, and LaGrue) of the 
four varieties. Only Leah shows a decrease (-5%) in head rice percentage (Fig. 1a). Trimming the bottom half 
of panicles lowers chalky grain percentages in Leah (-4%), Presidio (-3%), and LaGrue (-12%) (Fig. 1b). For 
the 35 DAF harvest sample, non-significant lower chalky grain percentages are observed in the trimmed 
panicles compared to the untrimmed control, particularly in Leah (-6%) and LaGrue (-17%). These results 
suggest reducing the carbohydrate demand of rice panicles increases grain quality traits at harvest. Reduction 
of carbohydrate demand (trimmed bottom half of panicles) decreases the percent chalkiness while maintaining 
head rice percentage. This reduction is more pronounced in the chalky varieties, Leah and LaGrue. 
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This study highlights the importance of understanding the trade-offs and balances that occur during the 
grain filling stage. In this critical stage of development, factors that affect the distribution of carbohydrates and 
other grain components (such as proteins and amino acids) within the panicles directly impact grain quality. 
Previous studies show molecular, physiological, and environmental factors that affect critical stages of rice 
grain development contribute to determining overall rice grain yield and quality (Mohapatra et al., 1993; 
Mohapatra et al., 2011; Chen et al, 2012; Das et al., 2018). Furthermore, these results shed light on the 
importance of achieving optimum panicle weight that targets high grain quality during selection for yield and 
yield-related traits. 

Literature cited: 

Chen, Y., M. Wang, and P.B.F. Ouwerkerk. 2012. Molecular and environmental factors determining grain 
quality in rice. Food Energy Security 1: 111–132. 

Counce, P.A. and K.A.K. Moldenhauer. 2019. Morphology of Rice Seed Development and Its Influence on 
Grain Quality. Rice Grain Quality. Methods in Molecular Biology: Vol 1892. Humana Press, New York, 
NY. 

Das, K., B.B. Panda, B.P. Shaw, S.R. Das, S. K. Dash, E. Kariali, and P.K. Mohapatra. 2018. Grain density and 
its impact on grain filling characteristic of rice: mechanistic testing of the concept in genetically related 
cultivars. Sci Rep 8: 4149. 

Ito, S., T. Hara, Y. Kawanami, T. Watanabe, K. Thiraporn, N. Ohtake, K. Sueyoshi, T. Mitsui, T. Fukuyama, 
Y. Takahashi, et al. 2009. Carbon and nitrogen transport during grain filling in rice under high-temperature 
conditions. J Agron Crop Sci 195: 368–376. 

Fig. 1. Grain quality percentages, (a) Head rice and (b) Chalky grain, of four varieties exposed to normal/control (C) and trimmed 
panicles (T) taken at 30 (blue bars) and 35 (orange bars) days after flowering. Bars not labelled by at least one same letter are not 
statistically different from each other (α. = 0.05). 
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Mohapatra, P.K., R. Patel, and S.K. Sahu. 1993. Time of Flowering Affects Grain Quality and Spikelet 
Partitioning Within the Rice Panicle. Functional Plant Biology 20: 231-241. 

Mohapatra, P.K., R. Panigrahi, and N.C. Turner. 2011. Chapter Five - Physiology of Spikelet Development on 
the Rice Panicle: Is Manipulation of Apical Dominance Crucial for Grain Yield Improvement? Advances 
in Agronomy 110: 333-359. 

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

Evaluation of a Potential Stay-Green Rice Line 

Crops undergo leaf 
senescence in response 
to environmental stress 
and during the natural 
progression of 
physiological maturity. 
Leaf senescence is a 
biological process 
correlated with 
chlorophyll 
degradation, and it is 
exhibited by the loss of 
leaf greenness (Leng et 
al., 2017). In rice, leaf 
senescence, particularly 
in the flag leaf (topmost 
leaf), occurs during 
grain filling. Grain 
filling involves the 
transfer of 
carbohydrates and 
proteins from the leaves 
(including leaf sheath) 
to the developing grains 
resulting in a decreased level of leaf greenness (Murchie et al., 2002). The stay-green trait is the ability to retain 
leaf greenness beyond the grain filling stage; therefore, carbohydrates and proteins utilized for photosynthesis 
can still be present in the leaves and leaf sheath. A rice line possessing this trait can potentially have a higher 
main and ratoon crop yield potential. In addition, the stay-green trait can potentially maintain the structural 
integrity of the rice plant’s shoot and minimize lodging. This study evaluates a potential stay-green rice line, 
H256-76-1-1-1, by estimating chlorophyll levels from booting to grain filling stage. Grain quality traits under 
normal and reduced source-to-sink ratio (all but the flag leaves trimmed before the grain filling stage) are also 
evaluated. 

H256-76-1-1-1 and Presidio (check variety) were grown in six-row plots using a randomized complete 
block design with three replications at the Texas A&M AgriLife Research Center at Beaumont in 2019. At the 
booting stage, all leaves in three rows of each six-row plot were cut off except for the flag leaves. The rows 
with uncut leaves serve as control rows. We used a Field Scout SPAD 502 Chlorophyll Meter to estimate 
chlorophyll levels on 10 flag leaves from each replicate at weekly intervals. Data collection began at panicle 

Fig. 1. Leaf greenness of untrimmed and trimmed leaves of Presidio and H256-76-1-1-1 from 
panicle initiation (PI) to 35 days after PI. 

10

20

30

40

Panicle
Initiation

(PI)

4 7 11 14 21 28 32 35

Le
af

 G
re

en
ne

ss
 E

st
im

at
e 

(S
PA

D
)

Days After Panicle Initiation

Presidio Control Presidio Trimmed leaves H256 Control H256 Trimmed leaves



 Texas Rice Special Section - 21 

exertion (developing panicle had emerged from the leaf sheath and flag leaf) and ended at 46 days after panicle 
exertion. Grains were harvested 30 days after heading for grain quality analysis. 

Cutting off leaves (reduced source-to-sink 
ratio) results in increased chlorophyll readings in 
both lines compared to the control (Fig. 1). In 
control rows, H256-76-1-1-1 has higher 
chlorophyll levels compared to Presidio. There 
was 39 to 90% more chlorophyll in H256-76-1-
1-1 compared to Presidio from 14 to 35 days 
after panicle exertion. Mean chlorophyll 
readings from control rows of H256-76-1-1-1 
and Presidio at 35 days after panicle exertion are 
22.2 and 16.0 SPAD units, respectively (Fig. 1). 

Fig. 2 summarizes the results of the grain 
quality analysis. Based on Student’s t-test, there 
are no significant differences between the control 
and leaf removal treatments for total and head 
rice percentages in Presidio. On the other hand, 
H256-76-1-1-1 shows significantly lower values 
for both traits when leaves are trimmed. Due to 
the wide variation in chalky grain percentages, 
significant differences were not found between 
rice lines and treatments in this trait. 

The results of this study suggest H256-76-1-
1-1 maintains relatively higher chlorophyll 
levels, a stay-green characteristic, in comparison 
to Presidio. However, Presidio shows a higher 
capacity to maintain grain quality than H256-76-
1-1-1. For further studies, additional varieties 
that show stay-green potential, such as Fedarroz 
50, should be included in the evaluation for grain 
yield and grain quality in both the main and 
ratoon crops.  

Literature cited: 

Leng, Y., G. Ye, and D. Zeng. 2017. Genetic 
dissection of leaf senescence in rice. Int J 
Mol Sci 18: 1–12. 

Murchie, E.H., J. Yang, S. Hubbart, P. Horton, 
and S. Peng. 2002. Are there associations 
between grain-filling rate and photosynthesis 
in the flag leaves of field-grown rice? J Exp 
Bot 53: 2217–2224. 

Research conducted by Jasper Benedict B. Alpuerto, Stanley Omar PB. Samonte, Darlene L. Sanchez, Leon C. Holgate, and Peyton 
A. Croaker. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation and 
Texas A&M AgriLife Research. For more information, please contact Dr. Jasper Benedict B. Alpuerto at (409) 752-2741 ext. 2285 
or Jasper.Alpuerto@ag.tamu.edu. 
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Genetic Bases of Agronomic Traits that Directly Affect Grain Yield and Yield-Related Traits in Rice 

Grain yield is a complex trait that is a result of interactions between underlying phenotypic traits and 
environmental factors. Main culm panicle node number (MCPNN; the node number on which the panicle is 
borne) and maximum node production rate (MNPR; number of leaves that emerged per degree-day > 10oC) are 
primary phenotypic plant traits that have significant positive direct effects on yield-related traits in rice. Degree-
days to heading (DDTH), one of the traits that has a significant positive direct effect on grain yield, is influenced 
by the interaction between MCPNN and MNPR (Samonte et al., 2006). The objective of this study is to identify 
regions in the genome (the total genetic material present in an organism) associated with MCPNN, MNPR, and 
DDTH, using an approach called genome-wide association study (GWAS). 

A total of 220 rice accessions consisting of a diverse set of indica and japonica varieties, landraces, inbred 
lines, and hybrids were selected for variation in DDTH. These were planted at the Texas A&M AgriLife 
Research Center (Beaumont) in 2018 and 2019. Data collection consists of observing tagged plants at regular 
time intervals. MCPNN is estimated as the number of leaves on the main culm plus one for its panicle. MNPR 
is estimated through regression of leaf emergence data during the 3rd to 7th leaf stages with degree-days > 
10oC. 

Table 1. Summary statistics for main culm panicle node number (MCPNN), maximum node production rate (MNPR), and 
degree days to heading (DDTH) in 220 rice accessions evaluated at Texas A&M AgriLife Research at Beaumont in 2018 
and 2019. 

Trait 2018 2019 
Mean Standard 

Deviation 
Min Max Presidio 

(Check) 
Mean Standard 

Deviation 
Min Max Presidio 

(Check) 

MCPNN 14.2 1.9 8.1 20.9 14.1 15.2 1.8 9.9 21.0 14.6 

MNPR 
(nodes/degree-
day>10oC) 

0.0150 0.0018 0.0090 0.0202 0.0155 0.0150 0.0015 0.0092 0.0193 0.0144 

DDTH 1,399 273 713 2,345 1,300 1,453 259 778 2,404 1,384 
 

DNA from leaf samples of the 220 rice accessions were collected and sent to the Texas A&M AgriLife 
Genomics and Bioinformatics Service (TxGen) at College Station to obtain single nucleotide polymorphisms 
(SNPs) data, 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. Trait-SNP associations 
were identified using GWAS. Factors that may cause false trait-SNP associations such as sub-grouping within 
the population (population structure) or varieties having a common parent or ancestor (kinship) were controlled 
using statistical models (Pritchard and Donnelly, 2001; Segura et al., 2012). 

Wide variation is observed among the three traits (Table 1). MCPNN ranges from 8.1 to 20.9 nodes in 2018 
and from 9.9 to 21.0 nodes in 2019. MNPR ranges from 0.009 to 0.020 nodes/degree day > 10oC in 2018 and 
from 0.009 to 0.019 nodes/degree day > 10oC in 2019. DDTH ranges from 713 to 2,345 degree days > 10oC in 
2018 and from 778 to 2,404 degree days > 10oC in 2019. MCPNN is significantly associated with three SNP 
markers in chromosome 2. A SNP in chromosome 1 is suggestive of association with MCPNN. A highly 
significant association is detected between MNPR and a SNP in chromosome 5. Another SNP from a different 
location in chromosome 5 is suggestive of association with MNPR. Significant associations exist between 
DDTH and six SNPs, two in chromosome 1, two in chromosome 10, and two in chromosome 12. The two SNPs 
in chromosome 12 lie within a previously reported gene for days to flowering, Dtf12 (Maheswaran et al., 2000). 
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Using the location of the significant SNP markers in the rice genome, candidate genes were identified based 
on prior information from a reference rice DNA sequence (Kawahara et al., 2013) (Table 2). The identified 
candidate genes will be further validated if these are the causal agents for the traits they are associated with. 
Identifying the underlying genetic basis for MCPNN, MNPR, and DDTH may aid in increasing breeding 
efficiency for enhancing grain yield in rice. 

Table 2. Potential candidate genes for main culm panicle node number (MCPNN), maximum node production rate 
(MNPR), and degree days to heading (DDTH), based on the proximity of the associated single nucleotide 
polymorphisms (SNPs) to previously identified genes from the rice DNA sequence. 
Trait SNP Location Protein Produced by Gene Located near the 

Identified SNP Chromosome Position (base pairs) 

MCPNN 2 12,030,176 and  
12,032,235 

Guanosine-5'-triphosphate (GTP) binding 
protein 

MCPNN 2 11,971,745 Uncharacterized protein 
MCPNN 1 2,954,802 Gibberellin receptor GID1L2 
MNPR 5 3,047,747 E3 ubiquitin-protein ligase SEVEN IN 

ABSENTIA (SINA)-like 2 protein 
MNPR 5 632,835 Protein phosphatase 2C and 

Pectinacetylesterase domain containing 
protein 

DDTH 1 31,768,182 and  
31,768,499 

Uncharacterized expressed protein 

DDTH 10 18,658,286 Ubiquitin family protein 
DDTH 10 18,525,393 Hypothetical protein 

Literature Cited: 
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yield and yield-related traits in rice. Field Crops Research 96 (2-3): 313-319. 
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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. 

DNA Markers Associated with Head Rice and Chalky Grain Percentages 

High grain quality, that is, high head rice and low chalky grain percentages, is a major goal in inbred and 
hybrid rice breeding programs. Selecting from among breeding lines for those with high quality requires much 
time and labor to harvest, dehull, mill, and remove broken grains, then weigh head rice and rate for chalkiness 
visually or mechanically. Grain quality traits are quantitative and controlled by multiple minor genes. Genetic 
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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 2019 at Texas A&M AgriLife Research 
at Beaumont, the 2nd year of a grain quality 
study was conducted. Diverse rice genotypes 
(varieties and breeding lines) were grown and 
evaluated for head rice and chalky grain rice 
percentages. The grain quality data 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-FarmCPU to identify SNPs that are 
closely associated with percentages of head 
rice and chalky grain.  

Results from the GWAS analyses of 2019 
rice samples found: 

• SNPs in chromosomes 6, 7, 8, 9, and 
12 associated with head rice 
percentage (Fig. 1) 

• SNPs in chromosomes 1, 2; and 7 
associated with chalky grain 
percentage (Fig. 2). 

A comparison between the GWAS results 
using 2018 and 2019 data shows that different 
SNPs are associated with head rice and chalky 
grain percentages each year. Because of these 
differences, the 2-year data will be evaluated 
for genotype x environment interaction 
effects.  

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 and the Texas A&M AgriLife 
Research Crop Improvement Program. For more 
information, please contact Dr. Stanley Omar Samonte 
at (409) 752-2741 ext. 2210 or 
Stanley.Samonte@ag.tamu.edu. 
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grown in Beaumont in 2019. 

Fig. 1. Manhattan plot showing highly significant SNPs in chromosomes 7, 
8, 9, and 12 (above red line) and significant SNPs in chromosomes 6 and 8 
(between blue and red lines) associated with head rice percentage for 195 
rice lines grown in Beaumont in 2019. 
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Utilizing a Genomic Association Study to Identify Traits Controlling 
Protein Concentration in Milled Rice 

Protein concentration affects milling, cooking, and eating quality of rice (Wang et al., 2017). Although high 
grain protein concentration in rice has been reported to reduce head rice percentage and is associated with lower 
cooking and eating quality, its nutritional value can increase consumer preference and cultivar marketability 
for specialty rice. 

In this study, a panel of 217 diverse rice accessions comprised of indica and japonica varieties, landraces, 
inbred lines, and selected hybrids were assembled to perform a genome-wide association study (GWAS). This 
study aims to 1) evaluate phenotypic and genotypic variation in protein concentration in milled rice, and 2) 
identify traits significantly associated with these variations. All accessions were grown at the Texas A&M 
AgriLife Research Center at Beaumont in 2018 and 2019. Milled rice from each accession was evaluated for 
protein concentration. Ten grams of each accession were finely ground then nitrogen concentration was 
measured using the Dumas method (Buckee, 1994; Müller, 2017). A nitrogen-to-protein conversion factor of 
6.25 is used to estimate protein concentration. DNA extracted from leaves of each accession sent to the Texas 
A&M AgriLife Genomics and Bioinformatics Service (TxGen) in College Station for genotyping. This was 
performed to obtain data on single-nucleotide polymorphisms (SNP). Each SNP for a specific chromosomal 
location corresponds to a different 
DNA building block (i.e., 
nucleotides) that may be 
associated with observed traits. 
After filtering out nucleotide that 
are identical for given 
chromosomal locations across all 
entries and removing entries with 
more than 5% missing data, 
854,832 SNPs were selected for 
analyses. 

Milled rice protein 
concentration ranges were 4.6 to 
10.5% (mean = 6.9%) in 2018 and 
from 5.3 to 12.6% (mean = 8.0%) 
in 2019 (Fig. 1). GWAS identified 
two SNPs from the 2018 data 
(Alpuerto et al., 2019) and one 
from the 2019 data that are 
significantly associated with 
protein concentration (Fig. 2). The 
two SNPs from 2018 data are 
located in close proximity to each 
other in chromosome 7, while the 
SNP from 2019 is located in 
chromosome 2. These SNPs will 
be further evaluated to determine 
if these were previously identified 
and associated with protein 
concentration or if they represent 
novel loci that encode a new 
candidate gene. 
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Fig. 1. Frequency distribution of various rice accessions for milled rice protein 
concentration (%). Data from summer 2018 (orange bars) and data from summer 2019 
(blue bars). Values derived based on Dumas method. 
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 The results of this study provide 
valuable information to aid in the 
enhancement of breeding and 
varietal development focused on 
optimizing protein concentration in 
milled rice. This study is one of 
several in the hybrid rice breeding 
program that is looking for 
associations between genomic DNA 
and yield-related traits including 
grain quality.  
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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 and 
Texas A&M AgriLife Research Crop Improvement Program. For more information, please contact Dr. Jasper Benedict B. Alpuerto 
at (409) 752-2741 ext. 2285 or Jasper.Alpuerto@ag.tamu.edu. 
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Fig. 2. Selected Manhattan plots for 2018 (orange dots; Chromosome 7) and 2019 (blue 
dots; Chromosome 2) showing SNP-trait associations for protein concentration based 
on the GWAS analyses using 854,832 SNPs and phenotype data collected at the Texas 
A&M AgriLife Research Center at Beaumont. Dots above the red line showed 
significant association. 
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DNA Markers Associated with Amylose Concentration in Milled Rice 

At Texas A&M AgriLife 
Research at Beaumont, one of 
the targeted traits in both 
inbred and hybrid rice 
breeding is intermediate 
amylose concentration (AC). 
However, rice that can serve as 
parental materials in 
developing new breeding 
populations vary from waxy (1 
to 2%; cooked rice is very soft 
and sticky), very low (2 to 
12%), low (12 to 20%), 
intermediate (20 to 25%), and 
high (greater than 25%; 
cooked rice is firm and fluffy) 
AC rice. In addition, rice with 
very high AC is noteworthy as 
this has potential as a low or 
medium glycemic index food, 
which is desired for diabetics 
or consumers who are 
predisposed to diabetes. The 
current method of selection for the targeted amylose level requires destructive sampling and colorimetric 

analyses, which are laborious 
and time-consuming. Genetic 
markers associated with grain 
AC need to be identified for 
application as a component of 
an efficient selection program. 
The objective of this study is to 
evaluate diverse rice genotypes 
for milled rice AC and identify 
single nucleotide 
polymorphisms (SNPs) 
associated with this trait 
through a genome-wide 
association study (GWAS). 

In 2018 and 2019, 217 
diverse rice genotypes (indica 
and japonica varieties, 
landraces, inbred lines, and 
hybrids) were grown at Texas 
A&M AgriLife Research 
Center at Beaumont as part of a 
grain quality experiment. In 
both years, rice samples were 
harvested at maturity, threshed, 

Fig. 1. Variation in amylose concentrations estimated from milled samples obtained from 
rice genotypes common in field sampling plots at Beaumont in 2018 and 2019. 
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and milled. Whole milled rice samples from two years of field experiments were estimated for AC using iodine 
colorimetry at the Department of Food Science at the University of Arkansas. 

Leaf DNA extracted from all entries in 2018 underwent DNA sequencing at the Texas A&M AgriLife 
Genomics and Bioinformatics Service (TxGen) at College Station. A genome-wide association analysis was 
conducted on 854,832 SNPs (DNA that varies among the tested varieties) to identify SNPs that are closely 
associated with AC. Figure 1 shows the distribution of ACs determined from the milled rice samples of common 
genotypes from the 2018 and 2019 field experiments. In 2018, AC ranged from 0.9 to 33.2% with an average 
of 19.3%, while in 2019, AC ranged from 0.0 to 26.6% with an average of 15.9% 

The GWAS-GLM (genome-wide association study, general linear model) uses principal component 
analysis to account for population structure and to identify SNPs closely associated with AC. Preliminary 
results from the 2018 data indicate three SNPs in chromosome 10 and one SNP each in chromosomes 5 and 6 
are associated with AC (Fig. 2). Peaks were also detected in the genomic region near a known QTL associated 
with AC (Wx gene in chromosome 6). As an ongoing experiment, AC of rice samples obtained from the 2019 
field experiment will be analyzed using the GWAS procedure. 

Research conducted by Stanley Omar PB. Samonte, Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Leon C. Holgate, Peyton A. 
Croaker, Ya-Jane Wang, 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 and the Texas A&M AgriLife Research Crop Improvement Program. For more information, please contact Dr. Stanley 
Omar Samonte at (409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Genomic Prediction for Grain Yield-Related Traits in Inbred and Hybrid Rice Lines 

Complex traits such as grain 
yield are controlled by numerous 
genes, with each gene having a 
small effect. Genomic prediction is 
an approach that makes use of 
associations between DNA markers 
and trait data from previously 
observed populations (training set) 
to predict the performance of 
populations with only the DNA 
marker information available 
(validation set). This study 
estimates the amount of yield 
variability explained by three traits: 
main culm panicle node number 
(MCPNN), maximum node 
production rate (MNPR), and 
degree-days to heading (DDTH). 

The ridge regression best linear 
unbiased prediction (RR-BLUP) 
method was performed on 212 
diverse rice genotypes for 
MCPNN, MNPR, and DDTH with 
3,316 single nucleotide polymorphic (SNP) DNA base pairs, derived from their respective raw DNA sequence 
data (unimputed data). The procedure was repeated 1,000 times, each time randomly assigning 170 (80%) of 
the lines to the training set, while the remaining 42 (20%) were used as the validation set. Since all of the 

Fig. 1. Box and whiskers plot of prediction accuracy estimates in MCPNN, MNPR, 
and DDTH after 1,000 iterations of cross-validation in 212 diverse rice accessions. For 
each trait, the lowest and topmost line segments are the minimum and maximum 
prediction accuracies (excluding outliers), the middle line segment in the box is the 
median value, while the “x” (in bold font) is the average value. 
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accessions had marker and trait data, the prediction accuracy for each trait can be estimated as the correlation 
between the predicted and observed values of the validation set. 

Preliminary results show the explained yield variability using the 212 diverse rice accessions is 14.4% for 
MNPR, 17.5% for DDTH, and 21.1% for MCPNN (Fig. 1). These relatively low percentages can be attributed 
to the diversity of the population, which was composed of released japonica and indica varieties, elite breeding 
lines, and landraces. It can also be attributed to the number of unimputed SNPs representing such a very small 
percentage (0.00077%) of the total SNPs in the rice genome. 

Using 729,282 SNPs, which include predicted genotypes based on a reference rice DNA sequence (imputed 
data), genomic prediction for DDTH was also conducted on hybrids, in which 95 hybrids from the 2018 F1 
nursery were used as the training population to predict DDTH of 13 hybrids in the 2019 F1 nursery. The 
explained variability for this trait is 26%. 

Optimizing the procedure to improve explained variability is ongoing, The genomic prediction approach is 
potentially useful in efficiently increasing the number of hybrids that have desirable traits from parental cross 
combinations evaluated in field experiments or nurseries. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, 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 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. 

RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Physiology-Based Management Options for Texas Rice Production 

Why address rice response to environmental stresses and manipulation of growth through management 
practices instead of or alongside of breeding? Breeding can help incorporate tolerance to an environmental 
stress or provide a desirable plant growth form. Management of the plant’s physiology can temporarily improve 
the response to a stress or alter its growth; these capabilities provide within-season flexibility to address 
stresses/manipulate growth as needed. 

apps1.cdfa.ca.gov Image from 

A B C D 

Fig. 1. The rice developmental timings of available or potential plant growth regulator treatments. The 
blue arrows indicate the timings of the discussed treatments; the timings of other treatments are indicated 
by the green arrows. 
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A long history exists for use of management practices, such as Plant Growth Regulator (PGR) application 
or altered fertilizer application to modify crop growth and development for various purposes. This situation is 
anti-analogous to use of pesticides that negatively impact certain processes in a pest organism. The difference 
is that PGRs can be applied to positively impact certain processes in crop plants. Examples include the use of 
PGRs to thin fruit crops and use of growth retardants to decrease vegetative growth and increase seed yield in 
forage grass seed production. 

Following are examples of specific, field-tested management practices that can be applied, or potentially 
applied, in Texas rice crop production to improve stand or stability of yield under stress conditions or simply 
to improve yield (Fig. 1): 

• Seed treatments to improve vigor in cool soil (e.g., 50°F [10°C]) conditions (Fig. 1, Timing A). The 
treatment compounds are low-cost and are either registered or do not need (pesticide) registration. These 
substitute for gibberellic acid to provide equivalent seedling germination, biomass gain, and 
development rate, but lower the risk of tall, spindly seedling growth. The use of these seed treatments 
can help avoid early replanting situations. 

• Gibberellic acid (GA) at 2- to 3-leaf stage to hasten canopy closure (Fig. 1, Timing B). This is a 
labeled use. This timing for GA used to be common but can still be useful today when it is desirable to 
push seedling growth. However, rice seed is often treated with GA, so producers would need to be 
careful to avoid “overdosing” the plants with GA, which could result in over-elongation. 

• Growth retardants applied pre-boot to decrease stem elongation (Fig. 1, Timing C), which can 
prevent lodging and can increase yield by improving the harvest index. This application can allow the 
use of higher N rates for lodging-prone varieties. In experimental trials conducted in Texas and 
Mississippi (with Dr. Tim Walker) yield increases were seen. These yield increases were over 700 lbs/ac 
when the growth retardant was applied to hybrid rice along with a higher N rate. No plant growth 
retardant is currently registered for U.S. rice. 

• Gibberellic acid applied at main crop soft dough to improve ratoon crop tiller vigor, and yield (Fig. 
1, Timing D). This is an inexpensive application, especially when tank-mixed with insecticides used for 
stink bugs. This labeled treatment has been beneficial in about three-fourths of on-farm rice trials 
conducted in the southern U.S. The best results are usually seen on hybrids, for which a typical yield 
increase is about 500 lbs/ac. 

We appreciate Texas rice producers for their strong support of Texas rice research over many years! 

Research conducted by Drs. Lee Tarpley and Abdul Razack Mohammed. For more information, please contact Dr. Lee Tarpley at 
(409) 752-2741 or Ltarpley@tamu.edu. 

Do We Need Micronutrient Applications to the Rice Crop if We Reduce Water Use? 

There is increasing interest in the Southern U.S. in growing rice with less water. This potentially allows us 
to reduce water and energy use, while preserving yield. 

Two effects of most reduced-water practices are increased oxygen levels in the soil during much of the 
growing season, and a tendency for the soil (as represented by a typical clay soil of southeast Texas) to remain 
somewhat acidic rather than achieve a neutral pH. Both oxygen and pH affect the availability of many mineral 
elements for uptake by the rice plants. 
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Table 1. Micronutrient availability for rice production in a typical clay soil of southeast Texas―effects of water 
management. 

Effects of Aerobic vs. Flood Production 
Micronutrient Typical Soil Test 

Result 
Aerated soil vs. 

conventional 
flood 

Acidic pH vs. 
Neutral pH 

Relative grain 
levels of diverse 

varieties 
CALCIUM Medium No effect Stable (from 

indirect effects) 
1X 

COPPER Low None or slight 
increase 

None or a bit 
higher? 

2X 

IRON Optimum Decrease Increase 1X 
MAGNESIUM Optimum None or slight 

decrease 
None or slight 
decrease 

0.9X 

MANGANESE Very Low Large decrease Increase 1.3X 
ZINC Medium Increase Tends to higher 1.2X 
     

This study thus asks if any micronutrients might need to be supplied to boost rice productivity under 
reduced-water management conditions. To address this question, several sources of information were weighed. 
These sources included: 1) results from soil testing (courtesy of Fugen Dou); 2) predictions from the scientific 
literature concerning the effects of oxidized (aerobic) vs low-oxygen (flooded) soil conditions on micronutrient 
availability in the soil; 3) predictions from the scientific literature concerning the effects of soil pH on 
micronutrient availability in the soil; 4) typical plant micronutrient deficiency levels (also obtained from the 
scientific literature); and 5) results obtained from previous studies conducted at Beaumont (Pinson, Tarpley, et 
al. (2015) Crop Science 55:1-18), in which the micronutrient levels in grain of diverse rice varieties grown 
under aerobic and prolonged flood conditions were observed. 

 

The study focused on six of the micronutrients of most likely interest (calcium, copper, iron, magnesium, 
manganese and zinc) (Table 1) and for various reasons in each case concluded that no micronutrient fertilization 
is warranted for reduced-water management, at least for rice grown on the clay soils in the Beaumont area. 

Calcium levels in plants do not change measurably due to change in water management as long as the plants 
receive adequate water. If a soil does not require calcium fertilization for conventional flood rice management, 
then none should be added for growing rice under reduced-water management. 

Copper levels in the soil solution are expected to be the same to slightly higher under reduced-water 
management compared to conventional flood. Furthermore, grain levels from the previous studies indicated 
that plant levels were likely adequate under either reduced water- or conventional flood-management. 

Iron levels in plant tissues, at least in the grain that was observed in the previous studies, are similar under 
the two water management practices, and are considered adequate. In plants, physiological processes exist that 
help maintain steady amounts of iron in the tissues. As long as the levels in the plants are adequate, there is 
little advantage to supplementing the iron supply. 

Magnesium levels in the soil solution are optimum according to the soil tests; this should hold true under 
both management practices. The levels in the plants based on the previous studies were not as high as might be 
expected based on the soil test but are still considered to be adequate. Although the reduced-water management 
might slightly decrease magnesium levels in the plant, given the good supply of magnesium from the soil, the 
addition of magnesium as fertilizer does not seem warranted. 
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Although Manganese soil test levels are indicated to be low, the plant levels are likely to increase somewhat 
under reduced-water management and were considered adequate based on the levels observed in previous 
studies. 

Zinc levels will increase a bit under reduced-water management and appear to be adequate under 
conventional flood management. 

In 2019, the Plant Physiology Project conducted a study examining the effects of various micronutrient 
fertilizers on “Presidio’ rice productivity under conventional flood management. The study was in cooperation 
with Sampolk Industries/LC Fertilizers. Of note, in this first-year study, a foliar application of a Phosphorus-
Copper-Sulfur mix significantly increased yield by more than 900 lbs/ac compared to the untreated control. A 
follow-up to this study is needed to understand if and how the copper fertilizer complemented with the 
phosphorus and sulfur, is boosting yields more than might have been expected when applied to rice growing 
on the clay soils typically present in southeast Texas. 

We appreciate the Texas Rice Research Foundation for their long-term support of research seeking to 
improve Texas rice. 

Research conducted by Drs. Lee Tarpley and Abdul Razack Mohammed (Texas A&M AgriLife Research Center at Beaumont), Dr. 
Shannon Pinson (USDA Agricultural Research Service), and Dr. Ratnaprabha Ratna-Raj (Texas A&M University). For more 
information, please contact Dr. Lee Tarpley at (409) 752-2741 or 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 popular or newly released varieties at Eagle Lake and Beaumont during 2019. 
At the David R. Wintermann Rice Research Station (Eagle Lake), a varietal trial including twelve inbred 
varieties (CL151, CL153, CL163, CL172, CL272, CLJ01, CLL15, CLM04, Mermentau, Jupiter, Presidio, and 
PVL01) and seven hybrid varieties (CL Gemini 214, RT7801, CLXL745, XP753, XL760, RT7521 FP, and 
RT7501) was conducted using drill-seeding on April 2-3, 2019. All varieties received 210 lb N/ac for the main 
crop (MC). Due to the heavy rain prior to applying preflood N, additional N in the form of ammonia sulfate 
was applied to meet the N demand. The average MC yields were 7,916 lb/ac and 8,690 lb/ac for hybrids and 
inbreds, respectively. C153 had the highest main crop yield (10,138 lb/ac); however, main crop yields were not 
significantly different for the seven highest yielding varieties. RT7521 FP produced the highest ratoon crop 
(RC) yield (4,109 lb/ac); but its yield was not significantly greater than that of Gemini 214CL (3,516 lb/ac) or 
XL760 (3,413 lb/ac). Most hybrids had greater total grain yields (both MC and RC) than inbreds (Table 1). 
RT7521 FP also had the highest main + ratoon crop yield (12,446); however, the main + ratoon crop yields 
were not significantly different for the 11 highest yielding varieties. 

Main crop milling yield is also affected by the entries, ranging from 51% for RT7321FP to 68% for CLM04. 
Two new Clearfield varieties, CLM04 and CLJ01 have the highest main crop milling yields, while Mermentau, 
CL153 and CL151 have the highest ratoon crop milling yields (Table 1). Ratoon crop milling yield ranges from 
55% to 65%. In addition, a summary of grain yields for selected entries during 2017-2019 has been presented 
(Table 2). The MC yield of most entries in 2019, especially for hybrids, is lower than the corresponding one in 
2017 and 2018, mainly due to flooding caused by heavy rain (May 2-4, 5.46” and May 8-10 5.93”) both preflood 
and during heading. However, the lower ratoon yields in 2019 is partially due to hot weather during 
reflooding/regrowth (personal communication with Jason Samford, the farm research services manager of the 
Eagle Lake Research Station). 
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Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle Lake Station during 
2019. 

Inbred and 
hybrid 

varieties 

Grain Yield 
(lb/ac) 

 Milling Yield (%) 
 Main Crop Ratoon Crop 

Main 
Crop 

Ratoon 
Crop 

Total  
Crop 

 Whole 
Grain 

Total 
Grain 

Whole 
Grain 

Total 
Grain 

CL153 10,138 1,606 11,744  64 72 64 71 
Mermentau 10,011 1,806 11,816  64 72 65 71 
CL163 8,910 2,798 11,708  58 69 60 71 
XL760 8,738 3,413 12,151  57 70 59 71 
Jupiter 8,666 402 9,069  65 69 55 68 
CLL15 8,621 2,278 10,899  64 72 64 71 
CL272 8,608 1,662 10,269  60 71 60 71 
CL172 8,507 2,834 11,340  61 72 59 70 
CLJ01 8,482 1,994 10,476  68 72 65 71 
PVL01 8,372 1,506 9,877  60 72 57 71 
RT7521 FP 8,337 4,109 12,446  58 70 62 72 
XP753 8,307 2,777 11,084  54 71 56 70 
CLM04 8,285 1,616 9,900  68 71 60 71 
RT7801 8,177 3,124 11,301  58 70 57 71 
Gemini 214CL 7,992 3,516 11,508  56 70 61 71 
CL151 7,978 2,989 10,966  62 72 64 71 
Presidio 7,696 1,981 9,677  56 70 65 71 
RT7501 7,031 2,628 9,659  58 71 58 71 
CLXL745 6,995 3,183 10,178  62 72 61 72 
LSDa 1,578 697 1,777  1.9 0.6 4.4 1.3 

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 2017-2019. 
Inbred 
and 
hybrid 
varieties 

2017 2018 2019 Mean 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

XL753 10,207 3,507 9,195 2,817 8,307 2,777 9,236 3,034 

CL XL745 9,751 3,478 8,994 2,376 6,995 3,183 8,580 3,012 

CL151 10,233 3,129 7,721 1,315 7,978 2,989 8,644 2,478 

Mermentau 9,213 2,087 7,448 1,009 10,011 1,806 8,891 1,634 

Presidio 6,328 2,257 6,005 1,959 7,696 1,981 6,676 2,066 

LSDa 769 764 1,253 1,624 2,123 649 1,119 952 
a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at P = 0.05. 
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At the Texas A&M AgriLife Research Center at 
Beaumont, similar entries were planted on April 16 and 
24, 2019 for varietal x nitrogen evaluation trial, 
respectively. The MC yields of the hybrids were higher 
than that of the inbreds (Table 3). The MC yields in 2019 
and 2017 were similar, but lower than in 2018 (Table 4). 
We suspect this was due to delayed harvesting in 2017 
and delayed planting in 2019, both caused by heavy 
rains. 

Research conducted by Dr. Fugen Dou, Jason Samford, Dr. 
Guangjie Liu, 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. 

 

 

 

  

Table 3. Influence of the selected entries on rice grain and 
milling yields at the Beaumont Center during 2019. 

Inbred and 
Hybrid 
Cultivars 

Grain 
Yield 
(lb/ac) 

Milling Yield 
(%) 

Main 
Crop 

Whole 
Grain 

Total 
Grain 

XP753 10,709 57 70 
RT7321 FP 10,354 53 70 
CL Gemini 214 10,305 55 68 
XP760 9,719 56 68 
RT7521 FP 9,717 56 68 
RT7801 9,443 56 69 
CLXL745 9,353 57 71 
RT7501 9,001 58 69 
Jupiter 8,684 61 67 
CLM04 8,535 64 69 
CL272 8,155 59 69 
CL151 7,929 61 70 
CLL15 7,927 58 70 
CL163 7,797 60 69 
CL172 7,636 62 70 
Mermentau 7,540 62 70 
CLJ01 7,220 65 70 
Presidio 7,040 59 69 
CL153 6,813 62 70 
PVL01 6,242 59 70 
LSDa 788 2.2 1.0 

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

Table 4. Influence of the selected entries on rice grain yields 
of main crop at the Beaumont Center during 2017-2019. 

Inbred and 
Hybrid 
Cultivars 

2017 2018 2019 Mean 

XL753 10,896 12,275 10,709 11,293 

CL XL745 9,917 11,220 9,353 10,163 

CL151 8,846 9,587 7,929 8,787 

Presidio 6,843 9,898 7,040 7,927 

LSDa 986 841 2,131 905 
a. Mean separation was based on the Fisher’s Least 

Significance Difference (LSD) at P = 0.05. 
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Responses of Rice Production to Nitrogen Applied to Main Crop 

Fertilizer cost is the greatest direct expense to 
rice production in Texas, with nitrogen (N) 
accounting for most if not all of fertilizer 
expenses. Our research on N fertilization provides 
important information for producers, industrial 
consultants, and county agents to help improve N 
management and reduce unnecessary production 
costs. 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 at preplant, preflood, 
panicle initiation, and late booting. For the 
preflood application, the N fertilizer was applied 
to dry soil and flushed immediately. If urea is 
applied and a permanent flooding cannot be 
established in two days or less for sandy loam 
soils and seven days or less for clay soils, the urea 
should be treated with a urease inhibitor N-(n-
butyl) thiophosphoric triamide (NBPT) (i.e. 
Agrotain) to avoid N loss. 

Three varieties, CL153, CL163, and PVL01, 
were tested at the Beaumont Center. Grain yield 
increases as the total amount of applied nitrogen 
increases up to the third (210 lb/ac) or forth 
highest application rate (180 lb/ac) as summarized 
in Table 1. In general, N use efficiency (lbs of 
grain produced per lbs of applied N) is lower when 
applied to floodwater compared to dry soils due to 
more ammonia volatilization loss. A couple of 
trials on the effect of suboptimal soil moisture 
conditions on preflood N application and rice 
production are being tested at the Eagle Lake 
Station and the Beaumont Center in 2020.  

Research conducted by Dr. Fugen Dou, Jason Samford, Dr. Guangjie Liu, 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. 

 
 

  

Table 1. Influence of nitrogen (N) fertilizer rate on the grain and 
milling yields of CL153, CL163, and PVL01 at the Beaumont Center 
during 2019. 

Inbred 
varieties 

N (lb/ac) Grain 
Yield 
(lb/ac) 

Milling Yield 
(%) 

Main 
Crop 

Whole 
Grain 

Total 
Grain 

CL153 0 860† c‡ 55 b 70 b 
 150 7,608 b 64 a 70 b 
 180 8,485 a 64 a 70 b 
 210 8,791 a 63 a 71 a 
 240 8,649 a 63 a 71 a 
 270 8,679 a 63 a 71 a 

CL163 0 1,941 d 43 b 66 c 
 150 7,810 c 54 a 69 b 
 180 8,455 a 58 a 69 b 
 210 8,392 a 56 a 69 b 
 240 7,996 bc 56 a 70 a 
 270 8,190 ab 55 a 70 a 

PVL01 0 1,672 c 46 b 70 b 
 150 6,258 b 59 a 70 b 
 180 6,761 b 60 a 71 a 
 210 7,376 a 59 a 71 a 
 240 7,398 a 58 a 71 a 
 270 7,584 a 58 a 71 a 

†. Means are rounding up values. 
‡. Means with different letters within the same variety were 
statistically different between different N rates. 
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INSECT, DISEASE, AND WEED MANAGEMENT 

Update on Rice Planthopper Research Results and Current Work 

The rice planthopper/delphacid is an invasive plant-sucking insect originally from Central and South 
America. The Entomology Project found infested ratoon rice fields in Texas in 2015, 2018 and 2019, and on 
rice in a greenhouse in southeast Texas in the spring of 2020. There is a possibility this species is now 
established in Texas, but it may also be blown here the last few years by storms off the Gulf of Mexico and 
may not be able to survive here in the winter. However, there are plenty of alternate grass hosts in our 
environment if overwintering conditions are favorable. Thus, we must keep a keen eye out for this pest in 2020 
and beyond. 

The damage caused by this insect can result from both direct feeding and transmission of Rice hoja blanca 
virus (RHBV). If direct feeding is severe, the plant dies from removal of too much plant fluid. Hopper burn is 
accompanied by copious excretion of honeydew which is fed on by sooty mold fungi resulting in a black layer 
on foliage and other plant parts, which reduces photosynthesis. If RHBV is present, plants are stunted, foliage 
is discolored and yields severely reduced (Fig. 1 and 2). 

Because of its recent and sporadic occurrence, we have not 
developed an Integrated Pest Management (IPM) program for 
the planthopper. Fortunately, Endigo ZC can be used under a 
Quarantine Section 18 Exemption (good through the 2021 
field season) and Tenchu 20SG under a 2(ee) 
Recommendation to control this exotic pest. Be aware that 

Endigo ZC cannot be legally applied to control the rice stink bug. However, Tenchu 20SG has both a rice 
stink bug and planthopper label.  

We are in the process of obtaining permission to send seed of selected varieties/lines developed at the 
Beaumont Center and the LSU AgCenter to the International Center for Tropical Agriculture (CIAT) in Cali, 
Colombia. Dr. Cruz who works for CIAT will evaluate these U.S. genotypes for susceptibility to the 
planthopper. She has developed a methodology and screening nursery at CIAT where this pest is native.  

Fig. 1. Globules of honeydew on rice culm with heavy 
infestation of rice planthopper (photo by Mo Way) 

Fig. 2. 2015 ratoon rice field in Brazoria Co. hopper burn damage from 
rice planthopper (photo by Cliff Mock). 



 Texas Rice Special Section - 37 

The Chelex 100 method is used to extract total 
RNA. Up to 10 pooled sample of 10 planthoppers 
(Fig 3 and 4) each are collected and preserved. 
Samples are tested for RHBV using reverse 
transcriptase-polymerase chain reaction (RT-
PCR). Two sets of primers are used, one to amplify 
a segment of the nonstructural protein (NS3) from 
the RNA-3 strand of RHBV and one to amplify a 
segment of the nonstructural protein (NS4vc) from 
the RNA-4 strand of RHBV. These samples will 
be tested with the CO1 primers of Delphacidae as 
an internal reference to validate extracted RNA 
quality. All reactions will use autoclaved water as 
a negative control. Positive controls for RHBV and 
the planthopper were obtained from Dr. Maribel 
Cruz at CIAT (Fig. 5). 

Protocols for both sets of RT-PCR primers will follow 
those from prior research conducted by Jaclyn Martin, a 
graduate student who is supervised by Dr. Way. RT-PCR 
products will be separated with gel electrophoresis and 
visualized on a transilluminator. A portion of the CO1 gene 
obtain from five individual insects collected in Texas each 
year that specimens are found will be sequenced to further 
confirm molecular identity. These sequences will be 
compared to sequences from the planthopper previously 
deposited into the National Center for Biotechnology 
Information (NCBI) GenBank to molecularly confirm 
species identity. Jaclyn Martin has analyzed and will 
continue to analyze specimens collected from CIAT and 
Texas for genetic make-up and presence of RHBV. 

Rice producers who suspect outbreaks of the 
planthopper should contact Mo Way, who will inspect these fields. Adults and nymphs will be collected with 
the sweep net method. Insects will then be preserved at -80°C until further processing (Fig. 6 and 7). 

Fig. 3. Adult rice planthopper 
(photo by Mo Way) 

Fig. 2. Nymph of rice plant-
hopper (photo by Mo Way) 

Fig. 5. Dr. Maribel Cruz next to planthopper screening 
nursey at CIAT (photo by Mo Way). 

Fig. 7. Symptoms of RHBV disease (photo by Mo Way). Fig. 6. Symptoms of RHBV disease (photo by Mo Way). 



 Texas Rice Special Section - 38 

Additionally, light traps are being set up in rice fields in Brazoria, Colorado, Matagorda and Galveston 
Counties. Insects from the traps will be collected once a week during June-November 2020 and preserved at -
80°C, with any planthoppers identified and separated. 

PRELIMINARY RESULTS 

In 2015, five individual insects were collected and sent in for sequencing and were identified with 100% 
certainty as originating from the Fer26_Argentina (KC150899.1) source and with 99.81% certainty as 
originating from the DEL071 Venezuela (HM017494.1) isolates of the planthopper in NCBI and were deposited 
to GenBank with accession numbers MN224986-MN224990. In 2018, planthoppers were collected from rice 
fields in Galveston, Matagorda, Jackson and Calhoun Counties. Ten pool samples collected in 2018 from ratoon 
rice fields were tested for RHBV. None of the samples tested positive for RHBV. In 2019, planthoppers were 
collected from the ratoon crop of rice fields in Fort Bend, Matagorda, and Victoria Counties. and in 2020, 
insects were collected from a greenhouse in Wharton Co. There was also an outbreak of planthoppers in 
Brazoria Co. in 2019, but no insects were collected.  

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

Recent Research Results and Current Work on Rice Water Weevil and Mexican Rice Borer 

The rice water weevil (RWW) and Mexican rice borer (MRB) 
are serious pests of rice grown in southeast Texas (Fig. 1 to 4). We 
have effective Integrated Pest Management (IPM) programs for 
both pests, but we need to continually evaluate other tactics in case 
resistance to labeled insecticides develops, or USEPA cancels a 
rice label, or agronomic practices change resulting in the need to 
switch to different control tactics/strategies. To this end, we have 
recently evaluated Prevathon for both RWW and MRB control. 
The active ingredient in Prevathon is chlorantraniliprole (ryanoid 
class of insecticide) the same active ingredient in the seed 
treatment Dermacor X-100, which provides good control of the 
RWW and medium to good control of the MRB. 

 

  

Fig. 1. Rice water weevil adult. 

Fig. 2. Rice water weevil larva 
and pupa. 

Fig. 3. Mexican rice borer 
larva. 

Fig. 4. Whitehead resulting from stem 
borer damage.  
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In 2019, an experiment was conducted at the Beaumont Center to evaluate Prevathon applied at various 
rates at planting and preflood for both RWW and MRB control. The experiment was planted abnormally late 
due to a wet, cool spring. No phytotoxicity was observed during the course of the experiment. On the 1st RWW 
sample date, populations in the untreated control were well above the economic injury level of 15 immatures 
per 5 cores (Table 1). All treatments significantly reduced the number of RWWs (Table 1). Prevathon applied 
just prior to the permanent flood showed a rate response with the highest rate (20 fl oz/ac) providing the best 
control. Both at planting treatments also gave good control of the RWW. On the 2nd sample date, all treatments 
significantly reduced the number of RWW (Table 1). Whitehead (WH) densities, a measure of MRB activity, 
were low and not significantly different among treatments (Table 2); however, all Prevathon treatments had 
fewer WHs than the untreated control, and numerically out-yielded the untreated control. Yields across 
treatments were low due to the late planting. 

Table 1. Mean RWW and MRB data for Prevathon treatments. Beaumont, TX. 2019. 
Treatment Rate 

(fl 
oz/ac) 

Timinga RWW/5 cores WHs/4 
rows 

Yield 
(lb/ac) Aug 2 Aug 13 

Untreated --- --- 42.0 a 11.8 a 2.8 6180 
Prevathon 10 PF 7.3 b 4.5 b 1.3 6347 
Prevathon 14 PF 3.8 bc 2.0 b 1.0 6414 
Prevathon 20 PF 0.3 d 2.3 b 0.3 6545 
Prevathon 20 Planting I 2.3 cd 1.8 b 0.5 6396 
Prevathon 20 Planting NI 4.0 bc 4.0 b 0.3 6341 
       NS NS 

a PF = permanent flood, I = incorporated, NI = not incorporated 
Means followed by the same letter are not significantly different (P = 0.05, ANOVA and LSD). 

 
For 2020, we are evaluating Prevathon applied preflood and at 1-2 inch panicle. The preflood applications 

target RWW and MRB while the 1-2 inch panicle application targets only MRB. In addition, at Eagle Lake and 
Beaumont we are conducting research to separate yield losses due RWW and MRB on a conventional inbred 
variety and a hybrid variety. All plots were planted with seed treated with a high rate of NipsIt INSIDE. This 
should eliminate any RWW pressure. Then at the 1-2 inch panicle and late boot/early heading, ½ of each plot 
will be treated with Prevathon, which should give total control of the MRB (but not affect rice stink bug 
populations). We will core the plots for RWW activity, follow up with whitehead counts, and harvest the plots 
at maturity. The difference in yield between Prevathon-treated and -untreated plots should equal the yield loss 
due to MRB. At Beaumont, we will repeat the experiment at using planting dates. Our goal is to develop a 
correlation between WH counts and yield loss. 

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

Loyant Herbicide Injury and Yield Impact on Rice 

Weeds are among the most important biotic stress that limits rice production in all rice-producing areas of 
the United States. Herbicides are an essential tool to their control. Loyant is among new herbicides available 
for weed control in rice and provides the broadest weed control spectrum of any new rice herbicide in recent 
years. It can control grasses, broadleaf weeds, 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 provides a new tool for the control of weeds that are troublesome in Clearfield® Rice. 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 and reduce rice grain yield and quality. The 
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objective of this study is to evaluate the impact of Loyant and its combined use with other herbicides on crop 
injury, weed control, and yield in hybrids, and Clearfield® and Provisia® varieties under Texas environments. 

A field trial was 
conducted as a split plot 
design with variety as 
main plots and herbicide 
program as subplots at 
Eagle Lake, Texas in 
2018 and 2019. The 
2018 trial evaluated 
eight herbicide 
application programs 
plus an untreated 
control, with four rice 
varieties, PVL01 
(Provisia), XL760 
(hybrid), CL153 
(Clearfield) and 
CLRT7311 (Clearfield). 
The 2019 trial evaluated 
eight herbicide 
application programs on 
four varieties, PVL02, 
XL753, CL153 and 
CLXL745. Loyant was applied (16 oz/ac) at mid-postemergence, preflood, or post-flood in combinations with 
other herbicides. The other herbicides included Aim, Beyond, Bolero, Clincher, Command, Gambit, Grasp, 
League, Newpath, Permit, Quinstar, RiceOne, Sharpen, Stam, Strada, and Strada XT2 applied at labeled rates. 
The treatments were arranged in a randomized complete block design with four replications. Plots consisted of 
seven 4.9-m rows, spaced 19 cm apart. Rice was drill seeded and fertilizer, disease, insect, and water 
management followed local production recommendations. Weed seeds of broadleaf signalgrass, hemp sesbania, 
barnyardgrass, northern jointvech, yellow nutsedge, morningglory and palmer amaranth were planted into each 
plot. Percent herbicide injury to the rice and weed control were visually rated. Rice was harvested using a plot 
combine at crop maturity. Grain yield and moisture were estimated and rice yields adjusted to 12% moisture 
content. Milling quality (% head rice and % total milled rice) also was determined.  

The herbicide programs that contain Loyant provided excellent control of weeds, including broadleaf 
signalgrass, barnyardgrass, northern jointvech, yellow nutsedge, morningglory, hemp sesbania, and palmer 
amaranth, on each of the four rice varieties. Loyant caused varying degrees of crop injury, especially early in 
the crop season in 2018. Injury symptoms included stunting and leaf rolling. However, the rice plants recovered 
by late season. No or little crop injury caused by Loyant and other herbicides was observed in 2019. Injury by 
Loyant differed among the varieties tested (Fig. 1). PVL01 and PVL02 tended to be more susceptible to injury. 
The hybrids XL753 and XL760 had no or minor crop injury and showed a non-significant 2-to-4% yield 
increase. 

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

Fig. 1. Comparison of use vs. nonuse of Loyant in herbicide programs on rice grain yield in four 
varieties at Eagle Lake, Texas in 2018 and 2019. 
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Resistance of Rice Genotypes Against Seedling Blight and Sheath Blight 
 

Rhizoctonia solani Kȕhn is a soilborne necrotrophic pathogen that is present everywhere throughout the 
world and causes numerous diseases in a large variety of agricultural crops. In rice, there are two important R. 
solani pathogens. R. solani AG11 causes seedling blight and R solani AG1-IA causes sheath blight, the most 
important yield-limiting disease in the southern United States. Due to lack of resistance in commercial varieties, 
growers largely rely on the use of fungicides for control of seedling blight and sheath blight. Cultivar resistance 
can be the most effective and economical method for the management of these diseases. However, no research 
has been conducted to understand if there is any resistance available in rice genotypes to seedling blight and if 
there is a relationship between seedling blight resistance and sheath blight resistance. 

A field experiment was conducted at the Texas A&M AgriLife Research Center, Beaumont, Texas in 2019 
to evaluate the response of rice genotypes to seedling blight and sheath blight. Forty rice genotypes, including 
19 breeding lines, 13 inbred and eight hybrid commercial varieties, were arranged in a randomized complete 
block design with four replications. Plots consisted of six 8 ft long rows with 7-in. spacing between rows. Each 
genotype was manually seeded @10 seeds per ft. on mid-May. For the seedling blight evaluation, the R. solani 
AG11 inoculum was prepared in wheat bran and was inoculated @ 8 grams per row at the time of seeding. 
Seedling stands per row were counted at 30 days after planting and the percentage of stand loss was calculated 
based on the difference in stand between the pathogen-inoculated treatment and uninoculated control. At the 
booting stage, plots were inoculated with the sheath blight pathogen by manually broadcasting 1,000 ml of the 
inoculum over each plot. Severity of sheath blight was rated on a scale of 0 to 9, where 0 represents no 
symptoms and 9 represents most severe symptoms, at maturity. 

Most of the breeding lines and inbred varieties were highly susceptible to both seedling blight and sheath 
blight. However, several inbred varieties, including Rondo and Jupiter, and most of the hybrids had low to 
moderate stand loss (20 to 37%) and partial resistance to sheath blight (2.7 to 6.0 in disease severity rating). 
Results from this preliminary study indicated that no varieties or breeding lines have a high level of resistance 
against seedling blight and sheath blight, and there was no apparent correlation (r = - 0.1, P = 0.54) between 
seedling blight resistance and sheath blight resistance in the rice genotypes evaluated in this study. 

Research conducted by Shankar Gaire, Xin-Gen Zhou, and Guangjie Liu. For more information, please contact Dr. Xin-Gen (Shane) 
Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Propiconazole Sensitivity of Tilletia barclayana Isolates from the Southern United States 

Rice kernel smut is a fungal disease caused by Tilletia barclayana (also known as Neovossia horrida 
Takah). Kernel smut has been reported in all major rice-producing countries in Africa, the Americas, Asia, and 
Europe. In the United States, kernel smut was previously considered a minor disease due to its sporadic 
occurrence. In recent years, however, kernel smut has become a major disease in rice in Texas and other states. 
In 2018 and 2019, this disease was widespread in Arkansas, California, Louisiana, Mississippi and Texas, 
significantly affecting rice production. Kernel smut is managed primarily through application of demethylation 
inhibitor (DMI) fungicides, including propiconazole. Recently, rice farmers in Texas and other states have 
reported reduced efficacy or control failure following application of propiconazole DMI fungicide products. 
The objective of this study was to determine the sensitivity to propiconazole fungicide of T. barclayana isolates 
from the southern United States.  

Seventeen isolates of T. barclayana collected from Texas, Louisiana, Arkansas, and Mississippi between 
2015 and 2019 were tested for their sensitivity to propiconazole on potato dextrose agar (PDA). A 100 uL 
secondary sporidia suspension of each isolate at a concentration of 105 sporidia/mL was spread evenly on PDA 
medium amended with 0, 0.2, 1, 5, 10, 25, 50 and 100 ppm of propiconazole. PDA medium with no fungicide 
amendment (0 ppm) served as the control. There were three plates for each isolate-fungicide concentration 
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combination. Plates were incubated at 28℃ 
under a 12h fluorescent light - 12h darkness 
cycle. After 7 days of incubation, fresh 
mycelial weight on each plate was measured. 
Values of EC50 (effective concentration of 
fungicide required to reduce mycelial weight 
by 50%) in ppm were estimated. 

Significant differences in sensitivity to 
propiconazole were observed among the 17 
isolates (Fig. 1). Growth of all isolates was 
completely inhibited on PDA with 100 ppm 
of propiconazole. The EC50 values of the 
isolates ranged from 0.2 to 60.0 ppm, with 13 
(76%) of the isolates having EC50 values less 
than 10 ppm. Two isolates from Louisiana, 
one from Mississippi, and one from Texas 
had EC50 values between 19 and 60 ppm. The results of this preliminary study indicate that majority of the T. 
barclayana populations in the southern United States are still controlled by propiconazole, although there might 
be populations less sensitive to the fungicide. 

Research conducted by Li Wang, Ella Nysetvold, and Xin-Gen (Shane) Zhou. This research was partially 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. 

Efficacy of Fungicides for Control of Rice Kernel Smut 

Kernel smut, caused by Tilletia barclayana (Neovossia horrida), has become an economically important 
disease of rice in Texas and other rice-producing states in recent years. The fungus infects and replaces the 
endosperm of rice grains partially or completely with a mass of black smut spores. The disease reduces rice 
yield and milling quality, resulting in significant monetary losses. Fungicides could be an effective tool for 
control of rice kernel smut. However, failures or reduced efficacy of fungicide control of the disease has been 
reported across the rice-producing areas. The objectives of this study are to screen available fungicides and 
newly synthesized chemical compounds for control of the fungus in vitro and identify the best fungicides and 
application timing for control of the disease in the field. 

Isolates of T. barclayana were obtained from infected grain samples. Sensitivity of these fungal isolates to 
13 fungicides and 28 newly synthesized chemical compounds were evaluated at various concentrations on 
potato dextrose agar (PDA) plates. These fungicides contain azoxystrobin, fludioxonil, fluxapyroxad, 
mefenoxam, mancozeb, metalaxyl, tebuconazole and trifloxystrobin alone or in combination. In 2018 and 2019, 
a field trial was established to evaluate the efficacy of five fungicides and two newly synthesized chemical 
compounds applied at different growth stages (mid-boot, heading, and mid-boot plus heading) for control of 
kernel smut. Research plots were spray inoculated with the pathogen inoculum at the boot stage or infected 
from natural inoculum. Percentage of rice panicles with one or more infected kernels was determined after 
harvest. 

In the in vitro study, fungicides containing propiconazole as the only active ingredient (Propimax® and 
Tilt®) were effective and showed complete inhibition of all the isolates evaluated at concentrations as low as 
50 ppm. Other fungicides showed variable responses among the isolates and were not as effective. Among the 
28 newly synthesized compounds, 11 had antifungal activities similar to or greater than Tilt. In the field trials, 
azoxystrobin plus difenoconazole (Amistar Top®) was most effective in reducing kernel smut incidence, 

Fig. 1. Growth suppression of four Tilletia barclayana isolates on PDA 
amended with six different concentrations of propiconazole. 
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followed by propiconazole 
(Tilt®), azoxystrobin plus 
propiconazole (Quilt Xcel®), and 
a newly synthesized chemical 
compound (ZF106D) (Fig. 1). 
Applications made at the mid-
boot stage were effective in 
reducing the disease while 
applications made at the heading 
stage were ineffective. 

Research conducted by Xin-Gen Zhou, 
Sai Sree Uppala, Baohua Liu, Zhifo Guo, 
Guangjie, Liu, Xiangyang Lei, and 
Shankar Gaire. This research was 
partially 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. 

NOTES 

Fig. 1. Averaged kernel smut incidence as affected by a single mid-boot application of 
Amistar Top (14 fl oz/ac), Tilt (6 fl oz/ac), Quilt Xcel (21 fl oz/ac) and ZF106D (6 fl oz/ac) 
over 2018 and 2019. 


