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OVERVIEW 

An Update on Rice Research at Texas A&M 

Lloyd T. Wilson 

For the 2021 field days scheduled for June 29 at the Eagle Lake 
Community Center and July 8 at the Winnie AgriLife Extension facility, 
our scientists will give brief presentations of their research. Ted Wilson 
will briefly describe our newest hire, Dr. Shyamal Talukder, who joins 
the Center in a couple of weeks. Shyamal position is as an Assistant 
Professor of Rice Plant Breeding and Genetics, where he will lead the 
inbred rice breeding program. Prior to joining our Center, Shyamal spent 
three and a half years at the California Cooperative Rice Research 
Foundation, Rice Experiment Station in Biggs, California, where he led 
the long grain breeding program and was responsible for integrating genomic selection into rice breeding. Prior 
to his work in California, Shyamal worked for five years as a post-doctoral fellow at the Noble Foundation in 
Ardmore, Oklahoma, where his research focused on identifying drought tolerance genes in forage grasses. 
Shyamal’s Ph.D. was completed at Kansas State University and focused on developing drought tolerant wheat 
using an approach referred to as genomics breeding. Shyamal presence is already being felt prior to his arrival 
as he works with me and Dr. Samonte to purchase key equipment to allow more rapid identification of superior 
disease and cold tolerant rice varieties at our Center. 

A major pending change to our Center is the hiring of a replacement for Dr. Mo Way, who retired this 
March after 39 years of service at the Center. Mo serves on the search committee to find a candidate with Mo’s 
communication strengths and having the capacity to conduct the type and quality of research that will lead the 
entomology program into the 21st century. The search committee has narrowed the search to the 6 top 
applicants. I am hopeful web interviews can start by mid-August. 

 Mo’s replacement will be responsible for developing improved rice insect pest management programs. 
However, the new hire will also have responsibility for working with our rice breeders to develop varieties with 
elevated resistance to key insect pests. The initial focus will be on stemborers. Although all of us would love 
to have rice varieties that are resistant to stink bugs, the biology and ecology of that pest poses unique biological 
challenges. However, as knowledge about how stink bug feeding and survival on other plant species increases, 
I remain hopeful that we will someday see advances made on stink bug rice host plant resistance as well. 

Six of our research scientists will be speaking at the Eagle Lake Field Day. Dr. Samonte will present an 
overview of both the inbred and hybrid rice breeding program, and he will discuss Trinity, which is the latest 
released high inbred variety. Trinity has grain quality that is comparable to Presidio but yields about 13% or so 
more. Omar will also describe current inbred and hybrid rice research conducted by Darlene Sanchez (assistant 
hybrid rice breeder), Jasper Alpuerto (assistant post-doc hybrid rice breeder), Zongbu Yan (manager hybrid 
rice breeding) and Ted Wilson. Lee Tarpley will describe some of his research on rice stress avoidance, while 
Fugen Dou will discuss nutrient management. Shane Zhou will describe disease management, while Muthu 
Bagavathiannan will describe joint weed management with Shane Zhou. Our final Eagle Lake research speaker 
will be Yubin Yang who will provide an overview of research on post-harvest insect grain management. The 
same slate of research speakers will give presentations at the Winnie Extension facility, with the exception of 
Muthu, who is not able to attend. 

Contact 

Lloyd Ted Wilson 
Center Director 
409.752.3045 
Lt-wilson@aesrg.tamu.edu 
http://beaumont.tamu.edu 
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Research Highlights will be handed out at the field day and will be available at 
https://beaumont.tamu.edu/eLibrary/eLibrary_default.htm. 
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PLANT BREEDING AND GENETICS 

Performance of Trinity and Elite Rice Lines Nearing Commercial Release 

Stanley Omar PB. Samonte, Chersty L. Harper, Darlene L. Sanchez, Lloyd T. Wilson, 
Xin-Gen Zhou, and Rodante E. Tabien 

 ‘Trinity’, a long-grain conventional rice (Oryza sativa L.) variety 
developed by Texas AgriLife Research Center at Beaumont, TX, will be 
available to rice farmers for planting in 2022 from the Texas Rice Varietal 
Improvement Association. Trinity was derived from a cross made in 2006 
between a Saber/Cocodrie line and Presidio. Trinity was developed for the 
Texas rice industry by incorporating traits important to local producers 
(Table 1). Trinity’s main and ratoon crop yields are 14 and 13% greater 
than those of the check cultivar Presidio, respectively. At 95 cm, Trinity 
is taller than Presidio by 6 cm but does not lodge. Trinity is an early-
maturing cultivar as it heads in 87 days. Trinity’s percentages of chalky 
grain and whole milled rice are 5.3 and 60%, respectively, while those for Presidio are 4.2% and 61.5%, 
respectively; these differences are very small. Trinity rice is non-aromatic and classified as intermediate 

Table 1. Agronomic, grain quality, and disease rating performance of Trinity compared to Presidio over 
several yield tests. 
Trait No. of Tests Trinity Presidio 

Agronomic Traits 
Main Crop Grain Yield (lb/ac) 10 8,747 7,689 
Ratoon Crop Grain (lb/ac) 4 4,313 3,826 
Main + Ratoon Crops Yield 
(lb/ac) 

10 MC + 4 RC 13,060 11,515 

Days to Heading (d) 10 87 80 
Plant Height (cm) 10 94 88 
Lodging (%) 10 0 0 

Grain Quality Traits 
Total Milled Rice (%) 11 68.9 71.1 
Whole Milled Rice (%) 12 60.2 61.5 
Chalky Grain (%) 3 5.3 4.2 
Whole Milled Rice Length (mm) 5 6.27 6.38 
Whole Milled Rice Width (mm) 5 1.98 1.96 
L/W Ratio 5 3.18 3.26 

Disease Rating (0 resistant to 9 susceptible) 
Sheath Blight † 7 6.3 7.2 
Rice Blast† 2 3.0 1.3 
Narrow Brown Leaf Spot † 5 2.1 4.6 
Bacterial Panicle Blight ‡ 3 4.6 5.6 
Brown Spot ‡ 1 3.7 5.7 
Leaf Smut ‡ 1 6.7 5.7 

† Major importance in Texas 
‡ Minor importance in Texas 

Contact 

Stanley Omar Samonte 
Associate Professor 
Hybrid Rice Breeding 
409.752.2741 
Stanley.Samonte@ag.tamu.edu 
http://beaumont.tamu.edu 
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amylose and intermediate gelatinization temperature rice types, which is typical of a U.S. long-grain rice 
cultivar. It has good tolerance to the common diseases in Texas, allowing commercial production to Texas. 
Based on surveys conducted in 2020 from U.S. rice mills across several states that evaluated grain quality (bran 
streaks, chalk, kernel color, uniformity of length, and overall apprearance), Trinity received good ratings, 
including indications that it would be acceptable as a long-grain cultivar. 

Rice growers interested in planting Trinity in 2022 should contact Jennifer Abshire (Texas Rice 
Improvement Association, email texasriceimprovement@gmail.com, tel no. 409-658-6413) to be put on a list 
for available seed in the spring of 2022. 

Two outstanding Texas 
elite lines, RU2003220 and 
RU2003215, selected from 
the 2020 multistate uniform 
Rice Regional Nursery trial 
(URRN), are being evaluated 
this season. These two lines 
exhibited superior grain yield 
and similar grain quality 
compared to Presidio (Table 
2). They had slightly lower 
chalky grain percentages than 
Presidio. This year, in 
addition to yield tests, these 
two elite lines are being 
grown in a mini-headrow 
nursery of 100-400 rows each 
for purification and seed 
increase., RU2003220 and 
RU2003215 are also being 
evaluated in a 1-acre large-
scale yield trial in 
collaboration with the Texas 
Rice Improvement 
Association. 

 

Chalky Grain Percentages Increases as Harvest Moisture Concentrations Decrease 

Chersty L. Harper, Stanley Omar PB. Samonte, and Kyle Jones 

Exceptional grain quality in rice varieties is a requirement in today’s 
market in the United States and worldwide. High-quality rice, i.e., with 
high milling and low chalky grain percentages, are desirable traits that are 
also linked to harvest timing. Harvesting at the right time or moisture 
concentration allows farmers to achieve maximum grain yield and quality. 
Any delays in harvest due to weather or equipment failures can be costly 
to farmers. Although the general trend is for grain moisture concentration 
to decrease after the grain filling stage, moisture concentration each day 
increases early morning when there is dew or when it rains and decreases 

Table 2. Performance of two outstanding Texas elite lines in the Uniform 
Regional Rice Nursery (URRN) in 2020. 
Trait RU2003215 RU2003220 Presidio 

Agronomic Traits 
  Main Crop Grain Yield (lb/ac) ‡ 9,587 9,147 7,518 
  Ratoon Crop Grain Yield (lb/ac) † 1,087 1,154 1,578 
  Main + RC Grain Yield (lb/ac) 10,674 10,301 9,096 
  Days to Heading (d) ‡ 85 87 83 
  Plant Height (cm) ‡ 88 96 87 
  Lodging (%) ‡ 0 0 0 

Grain Quality Traits 
  Total Milled Rice (%) ‡ 66.9 68.7 67.8 
  Whole Milled Rice (%) ‡ 57.7 61.7 61.4 
  Chalky Area (%) † 25.2 24.7 27.0 
  Chalky Grain (%) † 1.9 4.4 3.1 
  Vitreousness (high is clearer) † 125.8 127.8 128.6 
  Whole Milled Rice Length (mm) † 6.1 6.3 6.3 
  Whole Milled Rice Width (mm) † 1.9 2.0 1.9 
  L/W Ratio † 3.2 3.2 3.3 
† Estimated from the URRN trial at Beaumont in 2020 
‡ Estimated from the URRN trial at Beaumont and the Advance Yield 
Trial at Eagle Lake in 2020 

Contact 

Stanley Omar Samonte 
Associate Professor 
Hybrid Rice Breeding 
409.752.2741 
Stanley.Samonte@ag.tamu.edu 
http://beaumont.tamu.edu 
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as the day warms up. Therefore, varieties that tolerate the negative impacts of delayed harvest are great assets 
to farmers. 

The effects of harvest moisture on head rice percentage have been studied extensively, but its effect on 
chalkiness is limited. A study was conducted at Texas A&M AgriLife Research at Beaumont in 2020 to 
determine the impact of delaying harvest on milling quality and chalkiness of two varieties (Presidio and 
Trinity). Each variety was grown in 2 randomized plots, each consisting of six 20-ft rows. At maturity (week 
1), two samples were harvested from each plot. Rice samples were also harvested at 7, 14, and 21 days after 
the first harvest, and these corresponded to weeks 2, 3, and 4, respectively. Moisture concentration and 
percentages of head rice and chalkiness were estimated from all samples. 

There was a reduction in head rice 
percentages as harvesting was delayed past 
maturity for all three varieties (Fig. 1). 
Mean head rice percentages at maturity 
were 60.8 and 57.6% for Presidio and 
Trinity, respectively. Desirable varieties 
are those with high head rice percentages, 
with a slow decrease as harvest is delayed 
and moisture concentration decreases. 
Trinity had the slowest rate of decrease in 
head rice percentage, with a 1.6% decrease 
for each 1% decrease in harvest moisture 
concentration. 

Chalkiness increased as harvest was 
delayed and moisture concentration 
decreased (Fig. 2). Mean chalkiness at 
maturity were 3.6 and 5.8 for Trinity and 
Presidio, respectively. Desirable varieties 
are those with low chalkiness percentages 
(such as shown by Trinity and Presidio), 
with a slow increase rate as harvesting is 
delayed and harvest moisture concentration 
decreases. Presidio had the slowest 
increase rate in chalkiness, with a 0.74% 
increase for each 1% decrease in grain 
moisture. 

The tested varieties differed in their 
percentages of head rice and chalkiness, 
and the rates at which each decreased at 
lower harvest moisture concentrations. The 
screening methods in this study may be 
useful in identifying elite lines with low 
chalkiness and tolerance. The 2nd year of 
this study is being conducted in 2021 to 
further investigate and verify these results.  

 

 

 

Figure 1. Decrease in head rice percentages of rice varieties Presidio and 
Trinity as moisture concentration decreased due to delayed harvesting over 
four weeks in Texas in 2020. 

Figure 2. Increase in chalky grain percentages of rice varieties Presidio and 
Trinity as moisture concentration decreased due to delayed harvesting over 
four weeks in Texas in 2020. 
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Grain Quality Characteristics of Rice Varieties in Top Countries that the 
US Exports and Imports Rice 

Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, and Peyton A. Croaker 

The United States ranks third in rice exports and fourth in rice 
imports worldwide, with values estimated at $1.9 billion (8.6% of total 
rice exports) and $1.1 billion (5.0% of total imports), respectively 
(Workman, 2020a; 2020b). To remain competitive in the international 
rice market, this study was conducted to gain knowledge on grain quality 
traits of varieties from countries where the US exports and imports rice. 
This information can be used to develop selection criteria that US 
breeders can use in producing locally-adapted varieties that match the 
grain quality demanded by rice consumers. 

Varieties and lines from the top 8 countries from which the US imports rice (Australia, Brazil, China, India, 
India, Pakistan, Thailand, and Vietnam) and to which the US exports rice (Colombia, Guatemala, Haiti, 
Honduras, Japan, Mexico, Turkey, and Venezuela) were obtained from the GRIN (Germplasm Resources 
Information Network) collection. A total of 225 foreign varieties and 20 US varieties were grown during the 
summer of 2020. Grain quality traits (chalky area and chalky grain percentages, whiteness, discoloration, grain 
length/width ratio, and amylose reference values) were estimated using optical (TKD S21) and near-infrared 
(Kett NIR) grain analyzers. Protein concentration was estimated using a standard curve based on values derived 
from the Dumas nitrogen determination. The alkali spreading value (ASV) of all varieties was estimated to 
characterize gelatinization temperature (GT), wherein low and high ASV ratings indicate high and low GT, 
respectively. Rice varieties with low gelatinization temperature cook faster. Genetic evaluation of 221 foreign 
and 19 US varieties using DNA markers for genes that characterize gelatinization temperature (SSIIa), aroma 
(fgr), and amylose concentration (Wx intron 1 and exon 6) was conducted. 

Average data and ranges of some grain quality traits of varieties from subsample of the country for which 
data were collected are shown in Tables 1 and 2. On average, varieties from Brazil, Thailand, Guatemala, Haiti, 
Honduras, and Venezuela have lower chalky grain percentages than US varieties. Thailand and Japan grows 
waxy rice varieties. 

Table 1. Grain quality traits of varieties from the US and top four countries from which the 
US imports rice. 

Trait 
Averages (Ranges) of Traits across Rice Varieties of each Country 
India Pakistan Thailand Vietnam US 

Chalky grain (%)a  8.0 
(0.0 - 23.7) 

5.8 
(0.1 - 17.3) 

1.0 
(0.2 - 2.3) 

6.5 
(1.0 - 11.3) 

5.8 
(0.7 - 14.1) 

Grain Length Typeb M & L S & L S, M, & L S, M, & L M & L 
Gelatinization 
temperature (number 
of varieties)c 

1 H, 6 I 1 H, 3 I, 1 L 2 H, 1 I, 4 L 1 H, 4 I, 1 L 3 H, 4 I 1 L 

Protein (%)d  9.4  
(8.9 - 9.9) 

8.5  
(8.1 - 8.9) 

10.2  
(9.3 - 11.4) 

8.5  
(7.9 - 9.4) 

8.2  
(7.8 - 8.7) 

Amylosee 18.0  
(15.7 - 19.2) 

17.5  
(15.3 - 19.6) 

17.4  
(15.2 - 18.8) 

17.6  
(16.1 - 19.1) 

17.7  
(16.1 - 19.2) 

aTwo waxy grain varieties were excluded in this measurement because they were white and opaque. 
bS = short grain, M = medium grain, L = long grain. 
cHigh = H, Intermediate = I, Low = L. 
dProtein concentration values were estimated using a standard curve produced using the Dumas N determination. 
eThese are reference values estimated using a Kett near-infrared (NIR) grain analyzer. 

 

Contact 

Darlene Sanchez 
Postdoctoral Research Associate 
Hybrid Rice Breeding 
409.752.2741 
Darlene.Sanchez@ag.tamu.edu 
http://beaumont.tamu.edu 
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Table 2. Comparison of varieties from the US and top four countries to which the US exports 
rice. 

Trait 
Averages (Ranges) of Traits across Rice Varieties of each Country 

Haiti Japan Mexico Venezuela US 

Chalky grain (%)a 4.3 
(0.6 - 7.9) 

5.8 
(0.1 - 30.2) 

5.8 
(0.0 - 7.7) 

1.9 
(0.1 - 8.3) 

5.8 
(0.7 - 14.1) 

Grain Length 
Typeb M & L S, M, & L M & L L M & L 

Gelatinization 
temperature 
(number of 
varieties)c 

2 H, 5 I, 1 L 17 I, 14 L 2 H, 4 I, 3 L 1 H, 2 L 3 H, 4 I, 4 L 

Protein (%)d  9.1  
(8.9 - 9.2) 

8.5 
 (7.3 - 10.9) 

9.2  
(8.6 - 9.7) 

8.5  
(8.4 - 9.2) 

8.2 
 (7.8 - 8.7) 

Amylosee  17.6 
(15.4 - 18.9) 

18.7  
(14.9 - 19.6) 

18.5 
 (15 - 19.9) 

18.1  
(16.2 - 19.7) 

17.7  
(16.1 - 19.2) 

aTwo waxy grain varieties were excluded in this measurement because they were white and opaque. 
bS = short grain, M = medium grain, L = long grain. 
cH = High, I = Intermediate, L = Low. 
dProtein concentration values were estimated using a standard curve produced using the Dumas N determination. 
eThese are reference values estimated using a Kett near-infrared (NIR) grain analyzer. 

 

Forty percent (40%) of the varieties tested have genetic markers corresponding to low gelatinization 
temperature, while 60% have 
marker that denotes either 
intermediate or high gelatinization 
temperature. Varieties with low 
gelatinization temperature mainly 
originate from Japan and Italy. A 
total of nine (9) varieties (one each 
from the US, Thailand, Pakistan, 
Brazil, Colombia, Venezuela, and 
Haiti, and two from India) were 
positive for the fgr gene, which 
confers the aroma of Jasmine and 
Basmati rice types. DNA analyses 
for amylose concentration show that 
1% are classified as glutinous rice 
(<5% amylose), approximately 41% 
of the varieties have low amylose 
concentration (5 to 18%), 25% have 
intermediate amylose concentration 
(19 to 23 %), and 33% have high 
amylose concentration  (>23%) 
(Fig. 1). 

Literature Cited: 

Workman, D. 2020a. Rice Exports by Country. http://www.worldstopexports.com/rice-exports-country/. 

Workman, D. 2020b. Rice Imports by Country. http://www.worldstopexports.com/rice-imports-by-country/. 
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Figure 1. Amylose Classification based on DNA Marker Analyses of Rice Varieties 
from the US and Countries where the US Imports and Exports Rice. 
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Grain Quality Characteristics of Imported Rice 

Peyton A. Croaker, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, and Darlene L. Sanchez 

Rice is an important staple food worldwide. Different countries 
utilize and consume rice as the base for their dishes due to its simplicity, 
flexibility, and ease of cooking. According to the US Rice Federation, 
there are over 120,000 rice varieties grown globally (Sasaki, 2006). Rice 
consumers from each country have distinct varietal preferences based on 
how rice is prepared for their meals. For example, one of the top rice 
varieties in India is Basmati rice. Basmati rice’s aromatic, fluffy, and 
non-sticky traits are highly preferred in Indian cuisine. In Japan, 
Koshihikari is one of the most preferred rice varieties due to its taste and 
sticky texture, which is perfect for making rice bowl meals and sushi. 

The objective of this study was to 
to help US rice breeders target 
desired grain quality characteristics 
of imported rice as selection criteria 
in developing new locally-adapted 
rice varieties to better satisfy 
consumers’ demand for rice from 
importing countries. Milled rice from 
15 varieties were purchased, 
consisting of one variety each from 
Brazil, China, Italy, Japan, Spain, and 
Vietnam, two from Pakistan, and 
seven from Thailand.  

The S21 grain analyzer was used 
to evaluate individual grain from 
each rice sample. This procedure 
consists of pouring each sample into 
the top of the S21 analyzer causing 
the grains to then pass underneath a 
camera. This machine estimates grain 
length, width, grain length/width 
(L/W) ratio, percentages of chalky 
area and chalky grain, whiteness, and 
vitreousness for each sampled grain. 

Rice varieties are typically 
divided into three major groups: long, 
medium, and short grain. Whole 
milled rice L/W ratios that are greater 
than 3 are classified as long-grain 
types (Fig.1). Grain L/W ratios that 
range between 2 to 3 are medium 
grain (Fig.2). Grain L/W ratios that 
are 2 or less are short grain (Fig 3). 

Contact 

Peyton Croaker 
Research Assistant 
Hybrid Rice Breeding 
409.752.2741 
Peyton.Croaker@ag.tamu.edu 
http://beaumont.tamu.edu 
 

Vietnam Thailand 

Brazil Pakistan 
Figure 1. Whole milled long grain samples of imported rice with L/W ratios of 3.3 (from 
Vietnam), 3.4 (from Thailand), 3.6 (from Brazil), and 4.3 (from Pakistan). 

China Italy 
Figure 2. Whole milled medium grain samples of imported rice with L/W ratios of 
2.6 (from China) and 2.5 (from Italy). 
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Chalky area percentage indicates the 
proportion of the area in a whole milled 
grain that is whitish. 

Rice grains with chalky properties 
have a higher potential of having 
harder pieces when cooked compared 
to grains that are translucent (Singh, 
2003). Imported rice samples with 
higher whiteness values are whiter, 
while rice with higher vitreous values 
are more translucent. Rice with higher 
whiteness and chalkiness values were 
exhibited by rice from Spain and arborio-type rice from Italy (Table 1). Overall low chalkiness values were 
present in rice from Brazil, China, Japan, Pakistan, Thailand, and Vietnam. Rice with higher vitreous values 
were shown by samples imported from Japan, Thailand, Brazil, and China. This study provides information on 
the diversity of imported rice available online for purchase and can also help breeders target preferred 
characteristics of specialty rice to better suit export markets. 
 

 

Literature Cited: 

Sasaki, T. (2006). Rice in deep water. Nature 442, 635–636 https://doi.org/10.1038/442635a 

Singh, N., Sodhi, N. S., Kaur, M., & Saxena, S. K. (2003). Physico-chemical, morphological, thermal, cooking 
and textural properties of chalky and translucent rice kernels. 
https://www.sciencedirect.com/science/article/abs/pii/S0308814603000074. 

Table 1. Grain quality parameters of imported milled rice that were purchased online. 

Trait 
Averages of Milled Rice Traits across Imported Product from each Country 

Brazil China Italy Japan Pakistan Spain Thailand Vietnam 

Grain length (mm) 6.92 5.91 6.53 5.22 7.29 
(6.7-7.8) 5.47 6.52 

(5.1-6.9) 6.44 

Grain width (mm) 1.92 2.28 2.65 2.54 1.70 
(1.6-1.7) 2.68 1.94 

(1.9-2.1) 1.92 

Grain L/W ratio 3.61 2.60 2.46 2.05 4.29 
(4.1-4.5) 

2.04 3.37 
(2.4-3.6) 

3.34 

Chalky Area (%) 14.1 22.3 63.7 24.4 16.3 
(15.1-17.5) 48.0 17.3 

(12.8-24.2) 10.7 

Chalky Grain (%) 0.2 0.4 29.1 2.7 1.1 
(0.9-1.3) 12.7 0.6 

(0.1-1.8) 0.6 

Whiteness † 136.4 139.9 166.4 142.6 132.3 
(128.1-136.5) 155.9 137.7 

(133.8-141.4) 130.0 

Vitreousness ‡ 127.8 126.2 117.5 128.5 122.3 
(118.5-126.2) 

124.9 127.8 
(125.3-130.8) 

122.8 

† Higher values indicate whiter rice. 
‡ Higher values 

Spain Japan 
Figure 3. Whole milled short grain samples of imported rice with L/W ratios of 2.0 
(from Spain) and 2.0 (from Japan). 
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Hybrid Rice Breeding Program Update for Summer 2021 

Stanley Omar PB. Samonte, Darlene L. Sanchez, Jasper Benedict B. Alpuerto, Lloyd T. Wilson, 
Zongbu Yan, Eric F. Christensen, and Peyton A. Croaker 

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

For 2021, the ongoing nurseries, projects, and studies include: 

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

o F1s or hybrids for evaluation in testcross nurseries, 

o New cytoplasmic male sterile (CMS) lines produced using the backcross (BC) method to recurrent 
parents that are Texas rice varieties and high-quality maintainer lines. 

o F1s that will be used to develop maintainers (used to pollinate CMS plants to produce more CMS 
seed), restorers (used to pollinate CMS lines to produce F1 or hybrid seed), and thermosensitive 
genetic male-sterile (TGMS, which become male-sterile during the hot summer months and become 
fertile during the cooler autumn months) lines. 

• F1 nursery, which contains plants produced from crosses between two selected parents. These F1s are 
transplanted to the field and advanced as populations of potential male-sterile, maintainer, and restorer 
lines. F1 hybrids are also tested in a testcross nursery to determine their potential for advancement or to 
determine whether their parents can be used as maintainers or restorer lines. 

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

• F3 nursery, which is a panicle-to-row planting of rice selections from last year’s F2. These lines include 
maintainer and restorer lines. 

• F3 and F4 TGMS nurseries. Seeds harvested from the ratooned plants or rows that were male-sterile 
during the hot summer months are planted twice. The first planting will be used to verify male-sterility 
during the hot summer months, while the 2nd planting in July will be for seed increase during the cooler 
autumn months. 

• F4 and F5 nurseries contain lines advanced from the 2020-2021 Winter nursery in Puerto Rico, which 
was harvested in May 2021. Lines in this nursery are selected for desirable agronomic traits. Rice 
samples harvested from selected F5 lines will be evaluated for grain quality (see Grain Quality 
Evaluation below). 

• Advanced elite maintainer and restorer lines that have passed grain quality selection in their previous 
season are grown in the seed maintenance nursery for purification, seed increase, and evaluation for 
DNA markers (see Marker Assisted Selection and Grain Quality Evaluation below) in this nursery. 
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• Hybrid seed production blocks have been established for CMS x R-line and TGMS x R-line crosses. 
These blocks are isolated by distance, planting time, or barriers to avoid unwanted cross-pollination. 
Staggered planting is applied to increase the synchronization of the flowering of male-sterile and 
restorer plants. Hybrid seeds produced will be grown in the yield trials in 2022. 

• Yield Trials. Eight hybrid lines were entered for evaluation in this year’s Uniform Regional Rice 
Nursery trials, which is a multi-state yield trial (Texas, Arkansas, Louisiana, and Mississippi). Hybrids 
and their maintainer or restorer parents are evaluated for grain quality (see Grain Quality Evaluation 
below). 

• Grain Quality Evaluation. Lines evaluated for grain quality include advanced maintainer and restorer 
lines and hybrids, including those entered in yield trials. The evaluation includes the estimation of total 
milling yield and head rice percentages. The optical S21 grain analyzer is used to screen for low grain 
chalkiness, high vitreousness, and long-grain length/width ratio, while a near-infrared grain analyzer is 
used to select for lines with amylose reference values that are similar to the check variety Presidio. 

• Marker-Assisted Selection (MAS). Priority lines for MAS are those in the seed maintenance, F5, and F4 
nurseries. These lines are being evaluated for wide compatibility (WC or S5n gene) and restoring factor 
capability (Rf3 and Rf4 genes). Lines with an Rf gene, especially the Rf4 gene, can be used as male 
parents in crosses with CMS lines to produce fertile hybrids. In contrast, those without the Rf gene can 
be used as the recurrent parent in the development of new CMS lines through the backcross method. 
These lines are also being evaluated for the wide compatibility (WC) gene. Intersubspecific crosses (i.e., 
tropical japonica x indica), which have the potential to produce higher grain yields than intrasubspecific 
crosses (i.e., tropical japonica x tropical japonica), require that at least one of the parents possesses the 
WC gene to produce fertile hybrids. Other traits that will be evaluated in selected lines include 
intermediate amylose concentration (Wx gene), intermediate gelatinization temperature (SSIIa gene), 
and blast resistance (Pi genes). 

• Mutant male-sterile varieties and lines developed through gamma irradiation are being grown for 
evaluation and seed increase. 

• Heterotic Group Study. Results from two years of field experiments (2019-2020) show that the rice 
hybrids developed from parents that are genetically distant (wide crosses) produced higher tiller 
densities and grain yields than hybrids developed from narrow crosses. Our hybrid rice breeding 
program will target the production of wide cross hybrids to achieve highly heterotic grain yields. 

• Seeds from mutant Presidio plants produced through CRISPR-Cas 9 gene editing were harvested. Plans 
are being made to test whether the inheritance of the male-sterility (TGMS) mutations are stable and 
whether the CRISP-Cas9 components segregates out in subsequent generations to ultimately generate a 
non-transgenic product. This project was collaborative project among Stanley Omar Samonte, Rodante 
Tabien, Lloyd T. Wilson, and Michael Thomson, and it was funded by the Crop Genome Editing Seed 
Grant Program. 
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Wide Compatibility and Restoring Factor Genes of Rice Cultivars and Lines 

Jasper Benedict B. Alpuerto, Stanley Omar PB Samonte, Darlene L. Sanchez, Lloyd T. Wilson, Zongbu 
Yan, Eric F. Christensen, and Peyton A. Croaker 

Positive heterosis or hybrid vigor is the main goal of developing 
high-yielding hybrid rice cultivars. Having two parents genetically 
diverse from one another can result in higher positive heterosis. Hybrids 
produced from inter-subspecies (japonica x indica) crosses are expected 
to result in higher hybrid vigor than intra-subspecies (japonica x japonica 
or indica x indica) crosses (Virmani et al., 2003). However, hybrids 
produced by japonica x indica crosses may have poor seed set if at least 
one of its parents does not have the S5n or wide compatibility (WC) gene 
(Ikehashi and Araki, 1986). Marker-assisted selection can be used to 
determine the presence of the WC gene in at least one of the parents that 
enables the production of fertile hybrids (Ikehashi and Araki, 1986; Yang et al., 2012). Marker-assisted 
selection is a tool being used by our hybrid rice breeding program in identifying breeding lines with the WC 
gene for use in the japonica x indica crosses for improved hybrid grain yield. 

The hybrid rice breeding program at Texas A&M AgriLife Research uses the two-line (thermosensitive 
genetic male-sterile or TGMS and restorer lines) and the three-line (cytoplasmic male-sterile or CMS, 
maintainer or B, and restorer or R lines) hybrid breeding systems. In the three-line system, the R line that is 
used to pollinate the CMS line must possess the restoring factor (Rf) gene to produce hybrids with normal 
fertility or seed set. A rice line without the Rf gene, when used as a male parent in pollinating a CMS line, will 
produce F1 progenies that are sterile and will not have a normal seed set. Marker-assisted selection is being 
used in our hybrid rice breeding program to identify inbred lines with the Rf gene. 

In the 2020-2021 greenhouse winter nursery, marker-assisted selection was applied on 129 rice lines to 
identify those possessing the WC and Rf genes. These lines were comprised of US cultivars and elite inbred 
lines of the Texas inbred and hybrid breeding programs. Leaf DNA samples were extracted from each line 
following a modified “NaOH-Tris method” by Wang et al. (1993). Gene-specific DNA markers for WC and 
Rf (Rf3 and Rf4) were used to screen which lines possess these genetic markers. 

 Table 1 summarizes the 
results of the screening for grain 
chalkiness and the presence of 
WC and Rf genetic markers. 
Fifty-three lines were found to 
possess the WC and Rf genetic 
markers. Of these 53 lines, 7 
restorers had WC and Rf4 
specific gene markers and 
exhibited low chalky grain 
percentages ranging from 0.04 to 
1.10%. These WC + Rf4 
restorers will be selected as male 
parents to create hybrid crosses with CMS and TGMS lines. They will also be used as parents (donors of WC, 
Rf, and low chalkiness) in planned crosses to produce new restorers. 

Five lines were found to possess WC and Rf3 specific gene markers with low chalky grain percentages 
ranging from 0.73 to 2.31% (Table 1). Usually, hybrids produced from crosses between CMS and rice lines 
possessing only the Rf3 gene are not as fertile as Rf3 alone and cannot restore fertility in the resulting hybrid 

Table 1. Summary of evaluating 129 rice lines in the 2020-2021 
greenhouse winter nursery for low chalky grain percentage and marker-
assisted selection (MAS) for wide compatibility (WC) and restoring factor 
(Rf3 and Rf4). 

Genetic Marker + Grain Chalkiness Number of Rice Lines 
WC + Rf 53 out of 129 

WC + Rf3 37 of 53 
WC + Rf3 + Rf4 17 of 53 
WC + Rf4 + low chalky grain % 7 of 53 
WC + Rf3 + low chalky grain % 5 of 53 
WC + low chalky grain % 12 of 53 
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(Pranathi et al., 2016). The WC + Rf3 lines will be used as male parents to pollinate TGMS lines to produce 
hybrids. Moreover, these WC + Rf3 lines will be evaluated for their potential use as maintainer lines to produce 
new high-quality WC CMS lines. There were 12 lines that were identified to have the WC gene and have low 
chalky grain percentage (0.04 to 1.99% chalky grain). These can be used as restorers in crosses with TGMS 
lines. 

The 127 elite lines in our 2021 seed maintenance nursery will be undergoing MAS screening to identify 
those that possess the WC, Rf3, and Rf4 genes. These elite lines will also be screened for high grain quality 
(i.e., low chalky grains and high head rice percentages). 
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Grain Quality Characteristics of Maintainer and Restorer Lines in Rice 

Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Peyton A. Croaker, 
Lloyd T. Wilson, Zongbu Yan, and Eric F. Christensen 

Grain quality, which includes physical (such as grain length and 
chalky grain percentage) and chemical (such as amylose and protein 
concentrations) attributes, is an important factor that influences consumer 
acceptability in rice. Preferences in grain quality vary depending on the 
local cuisine and culture (Fitzgerald et al., 2009). In Texas, long grain 
rice, with intermediate amylose concentration, low chalky grain 
percentage, and high head rice percentage are the preferred grain quality 
characteristics. 

The objective of this study was to characterize and screen the grain quality of elite maintainer and restorer 
lines that developed by the Hybrid Rice Breeding Project at the Beaumont Center. A total of 351 F5 lines, from 
panicles selected visually for low chalkiness and low percentage of broken grain, were planted in the field 
during the 2020 growing season. These were harvested at approximately 30 days after heading, then milled and 
characterized for grain quality traits. Protein and amylose concentrations were estimated using the Kett near-
infrared (NIR) analyzer, while chalkiness-related traits (i.e., chalky area and chalky grain percentages) and 
grain length/width ratio were determined using the TKD S21 grain analyzer.  

Of the initial 351 lines, 224 were selected based on agronomic traits and evaluated for grain quality (Table 
1). Protein concentrations ranged from 6.7% to 10.2%, amylose content from 14.5% to 18.8%., chalky area 
percentage from 9.7% to 44.7%, and chalky grain percentage ranged from 0.04% to 16.8% (Fig. 1). After 
screening, 147 lines were selected for low total chalky area (9.7% - 28.9%) and 165 lines were selected for low 
chalky grain percentage (0.04% - 5.3%) (Fig. 1). Among the lines dropped were 26 with low head rice 
percentage (<55%), 77 with  low amylose content (<15.5% compared to Presidio’s 15.6%), and 7 that were 
medium grain varieties (length/width ratio < 3.0). 

The results, combined with marker-assisted selection for restoring factor and wide compatibility genes 
(Alpuerto et al., 
2021), are being used 
to efficiently select 
for superior 
maintainer and 
restorer lines that will 
be used as parents in 
producing high-
yielding rice hybrids 
with high grain 
quality. These will 
also be used as 
parents in developing 
new male-sterile, 
maintainer, and 
restorer lines.  

Literature Cited: 

Alpuerto, J. B. B. et al. 2021. Wide Compatibility and Restoring Factor Genes of Rice Cultivars and Lines. 
Texas Rice Special Section, Highlighting Research in 2021. 

Table 1. Summary statistics of quality traits of 224 maintainer and restorer lines in 
the 2020 rice nursery. 

Trait 

Summary Statistics of Grain Quality Traits 
Across Maintainer and Restorer Lines 

Presidio 
(Check) Mean 

Standard 
Deviation Minimum Maximum 

Chalky Area (%)  25.89 7.23 9.68 44.73 27.5 
Chalky Grain (%)  3.16 2.70 0.04 16.80 2.9 
Grain Length/Width 3.50 0.21 2.78 4.03 3.55 

Protein (%)a 7.76 0.71 6.70 10.20 7.9 
Amylosea 15.60 0.79 14.50 18.80 15.6 

aThese are reference values estimated using a Kett near-infrared (NIR) grain analyzer. 
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Fitzgerald, M. A. et al. 2009. Not Just a Grain of Rice: The Quest for Quality. Trends in Plant Science 
14(3):133-9. 

 

Variation and Genome-Wide Association Study in Tiller Density in a Diverse Rice Germplasm 

Tyler W. Malone, Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, 
Peyton A. Croaker, Lloyd T. Wilson, Zongbu Yan, Eric F. Christensen, Chersty L. Harper 

Endang M. Septiningsih, and Rodante Tabien 

Rice is one of the most important crops, providing food for more 
than half of the world’s population. Due to increasing population size 
continuing increase in rice yields globally are needed. Among several 
plant factors that contribute to increasing yield, tiller capacity is one of 
the most important. 

A tiller is the result of shoot branching and the number of tillers on 
a rice plant has a direct positive correlation with grain yield. As the 
number of tillers increases, so does the number of panicles resulting in 
more seed grain being developed (Xing et al., 2010; Samonte et al., 
1998). For this reason, it is vital to maximize tiller density to increase the yield potential. Typically, the first 
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tiller starts to develop and become visible around the 5-leaf stage. After the first tiller is produced, every new 
leaf has the potential to produce another tiller from the axillary bud until the maximum number of tillers is 
reached (Moldenhauer et al., 2001; Saichuk et al., 2009). 

The maximum number of tillers is not the same for all rice genotypes, and a number of factors determine 
maximum tiller density. However, a major source of variation in tiller density is the genetic makeup of the plant 
(Xing et al., 2010; Samonte et al., 1998; Yoshida, 1973). Therefore, the primary objective of this study is to 
determine the source of genetic variation or location of DNA markers (called single nucleotide polymorphisms, 
SNPs) responsible for determining tiller density on rice plants. 

One method to determine what is genetically responsible for a specific trait is to conduct a genome-wide 
association study (GWAS). GWAS uses DNA sequences from a diverse population of rice genotypes that was 
screened for one or more phenotypic trait. The genomic DNA of the accessions is then analyzed to determine 
the SNPs that are associated with each measured trait. 

Tiller densities were estimated from three-row plots of 215 accessions planted in 2020 at the Texas A&M 
AgriLife Research Center in Beaumont, Texas. Presidio, Cheniere, and Cocodrie were included as check 
varieties. Maximum tiller density was estimated for each genotype. A general rule of thumb used in this study 
to determine when the number of tillers has reached a maximum is when the plot has reached approximately 
50% heading. This is the stage when most of a plant’s energy is required for grain filling rather than producing 
additional tillers. 

The number of tillers within 1-m row segments were recorded for each rice accession in each of two 
replicates. GWAS was performed using the R-Studio GAPIT package (Lipka et al., 2012) using the mixed 
linear model, which includes population structure and kinship in the model to reduce false SNP-trait 
associations (Zhang et., 2010).  
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Results from the 2020 field experiment showed that tiller density varied greatly across all accessions (Fig. 
1). SNPs on chromosome 4 at a position of approximately 25.5-25.7 million base pairs have a significant 
association (-log(P) > 6.57) with tiller density (Fig. 2). A second field experiment is in progress. This study 
estimates an area of the rice genome that is significantly associated with tiller density. These results can be used 
in future studies to manipulate the DNA of different rice varieties via gene editing to maximize tiller density, 
and increasing yield using marker-assisted selection 
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RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Rice Crop Management for Heat Stress and Yield Losses in Texas 

Lee Tarpley and Abdul Razack Mohammed (BASF) 

Heat stress leads to losses in yield and grain quality of rice grown 
along the U.S. Gulf of Mexico. Of particular concern is high night 
temperature stress resulting from the hot and humid climate of this 
region. At Beaumont, Texas, on average per year over the last five years, 
over 13 nights during the May 1 through August 15 period have been 77 
°F or higher as a minimum temperature; this compares to an average of 
2 nights per year 25 years ago (Fig. 1). High night temperatures have 
been shown to lead to rice yield losses, not only in Texas and Louisiana 
but around the world.  

Resist, Avoid or Protect! Good management of heat stress in rice can be achieved using a combination of 
approaches, which can be grouped into Resistance, Avoidance, or Protection. 

Resistance primarily entails the use of rice varieties that are tolerant to heat. These varieties are obtained 
either through screening of breeding material or by targeted enhancement of certain traits anticipated to improve 
tolerance. The plant physiology research conducted by the authors has previously identified classes of targets 

for genetic improvement; these 
include the ability to maintain 
plant health by preventing ‘flare 
ups’ of oxidative stress by limiting 
a positive feedback loop of a 
biochemical pathway that can 
increase plant senescence. 
Another target that has been 
identified by the authors is the 
plant’s ability to maintain transfer 
of nutrients (such as sugars and 
amino acids that are needed for 
energy or building blocks for 
cellulose, proteins and other 
chemical compounds) to the 
developing plant parts, such as 
pollen or grain. The authors have 
teamed up with other researchers 
to write proposals to improve 
these traits in Texas rice varieties, 
as well as international varieties. 
Another example of a plant trait 

that could provide resistance/avoidance to heat stress would be plant architectures (the overall plant structure) 
that help position the rice panicles to minimize heat exposure. Another example of resistance/avoidance of 
special interest where high day temperatures are of concern is early (with respect to time of day) flowering 
mutants that flower before the day heats up too much thereby minimizing the risk of exposure to heat.  

Avoidance includes management practices used by Texas rice producers to minimize the risk that the most 
sensitive stages of crop development, which are pollen development and flowering, coincide with hot spells, 
especially of high night temperatures. One common practice is to plant as early as feasible, which can ensure 

Figure 1. Number of days with minimum temperature of at least 77 °F at Beaumont, 
Texas between May 1 and August 15 of year. Shown for two five-year spans: 1991-
1995 and 2016-2020. A year with no bar has a value of 0. 

Contact 

Lee Tarpley 
Professor 
Whole Plant Physiology 
409.752.2741 
Ltarpley@tamu.edu 
http://beaumont.tamu.edu 
 



 Texas Rice Special Section - 19 

flowering occurs before the typical hottest periods of summer. Planting early comes with risk of exposure to 
cool soil conditions, so seed treatments to promote seedling vigor, such as gibberellic acid, should be used 
along with protection against soil-borne fungal diseases. Generally, avoidance/protective practices that 
maintain good crop health are also beneficial for minimizing the yield losses due to heat stress. There are several 
reasons for this claim: (1) healthy plants tend to accumulate higher levels of antioxidants, which help protect 
against the oxidative-stress damage that is a common feature of heat-stress damage in plants; (2) healthy plants 
tend to have better temperature management because they photosynthesize more efficiently, and a necessary 
result of photosynthesis is increased cooling (‘transpirational cooling’) of the leaves and thus the crop canopy; 
and (3) stresses overlap in terms of how they cause injury to the plant, for example many environmental stresses 
increase oxidative stress, so minimizing stress overall can also minimize specific kinds of cumulative damage 
resulting from heat stress in combination with other stresses. Other factors, such as water management and 
planting density, can affect temperatures in the field, but may be difficult to apply in a practical way to keep 
temperatures down while not hurting yields or profitability. 

Protection generally involves processes that can either induce the rice plants to build up their resistance to 
heat stress or partially block an injurious stress response. Direct application of antioxidants to the plants as a 
way of protecting against oxidative stress damage has been inconsistent in efficacy so will not be further 
discussed here. Induction of resistance buildup is usually provided as a foliar chemical treatment with a type of 
plant growth regulator (PGR), but can naturally be achieved with prior exposure to stress, which does not 
necessarily have to be heat stress. Blockage of the injurious plant response is generally provided as a foliar-
applied PGR. The most successful of the ‘blocking’ PGRs have been those that partially block a positive 
feedback loop of a biochemical pathway that can increase plant senescence. 

Plant growth regulator treatments for heat stress. All of the PGRs providing protection against heat stress 
are applied at very low rates, and can be cost effective. All must be applied before the onset of the hot spell. In 
addition to having been proved effective in preventing rice stress response and yield loss in response to high 
night temperatures under greenhouse conditions, all have proved effective under field conditions on other crops 
and/or in other parts of the world and/or on rice under other environmental conditions. With respect to efficacy, 
these PGRs are capable of preventing the physiological responses to heat stress along with losses in yield of 
10% or more. However, none are being currently marketed for use on rice in Texas, because there is not 
necessarily a good route to profitability for the companies. Salicylic acid (the active ingredient of aspirin) 
induces the rice plants to build resistance to heat stress. Aminovinylglycine (AVG) partially blocks an injurious 
stress response in rice. 1-Methylcyclopropene (1-MCP) also blocks an injurious stress response in rice, but 
through a different mechanism. 

Rice crop management for heat stress and yield losses in Texas is currently achieved through practices such 
as early planting and the use of cultivars known to perform consistently. In the future, rice varieties may be 
available with more fully characterized heat stress tolerance. In addition, cost-effective plant growth regulators 
have been identified, and could be made more available to Texas rice producers. Good management of Texas 
rice by resisting, avoiding and protecting against heat stress will allow us to continue producing profitable, 
high-quality rice despite the potential for increased frequency of hot spells in the future. 

 

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

Fugen Dou, Jason Samford, and Dr. Suman Lamichhane 

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 20 popular or newly released varieties at Eagle Lake and Beaumont during 
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2020. At the David R. Wintermann Rice Research Station (Eagle Lake), 
a varietal trial including nine inbreds (CL151, CL153, CL163, CLL15, 
CLL17, CLJ01, PVL01, PVL02, and Presidio as a check) and eleven 
hybrids (Gemini214CL, RT7301, RT7401, RT7501, RT7801, 
RT7311CL, RT7321FP, RT7521FP, XL760, XP753, CLXL745 as a 
check) was conducted using drill-seeding on April 15, 2020. All main 
crops (MC) received 150 and 180 lb N/ac for hybrids and inbreds, 
respectively. All ratoon crops (RC) received 90 lb N/ac prior to flood. 
Compared to inbreds, most hybrids had greater grain yields. The 
average MC yields (Table 1) were 10,563 lb/ac and 8,506 lb/ac for 
hybrids and inbreds, respectively. For hybrids, RT7301 had the highest 
grain yield. For inbreds, CL153 had greater grain yields than the others including Presidio. For RC, RT7321 
FP had the highest grain yield of 3,373 lb/ac with the lowest of 860 lb/ac for RT7801. Also, the milling yields 
were affected by the entries. Two new varieties, PVL02 and CLJ01, had higher milling yields for MC than  

Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle Lake 
Station during 2020. 

Inbred and 
hybrid 
cultivars 

Grain Yield 
(lb/ac) 

 Milling Yield (%) 
 Main Crop Ratoon Crop 

Main 
Crop 

Ratoon 
Crop 

Total  
Crop 

 Whole 
Grain 

Total 
Grain 

Whole 
Grain 

Total 
Grain 

RT7301 11,518 3,255 14,773  62 72 69 74 
RT7321FP 11,345 3,373 14,718  61 72 68 74 
XP753 11,115 3,267 14,382  62 72 67 74 
RT7501  11,074 2,719 13,793  59 71 67 73 
RT7401 10,713 2,818 13,531  60 72 68 74 
RT7311CL 10,645 3,335 13,980  60 72 67 74 
Gemini214CL 10,566 2,726 13,291  59 71 68 74 
XL760 10,480 3,006 13,485  58 70 68 74 
RT7521FP 10,451 3,158 13,608  61 71 68 74 
CL153 10,118 1,653 11,771  63 73 68 74 
CLXL745  9,820 3,275 13,095  64 72 68 74 
CLL15 9,699 1,612 11,310  66 72 69 74 
CL151 8,911 1,832 10,743  64 73 68 74 
CLJ01 8,777 867 9,643  68 73 68 74 
CLL17  8,626 1,408 10,034  64 72 68 74 
RT7801 8,466 860 9,325  46 70 61 71 
CL163 8,054 1,889 9,943  60 70 69 74 
PVL01 7,679 1,331 9,010  61 72 68 74 
PVL02 7,666 1,979 9,645  69 74 68 74 
Presidio 7,028 1,493 8,521  66 72 69 74 
LSD (P=0.05)a 592 830 1,109  2.2 0.9 2.1 0.8 
a. Mean separation was based on the Fisher’s Least Significance Difference (LSD) at P = 
0.05. 
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those of the other varieties. For RC, most entries had greater milling yields than their MC’s. The milling yields 
of MC ranged from 46% of RT7801 to 69% of PVL02. The milling yields of RC ranged from 61% to 69%. In 

addition, a summary of grain yields for 
selected entries during 2018-2020 has been 
presented (Table 2). The MC yields of most 
entries in 2020, especially for hybrids, was 
higher than the corresponding one in 2018 
and 2019; but lower ratoon yields in 2020 
was partially due to drought stress during 
reflooding/regrowth stage caused by water 
supply issue (personal communication with 
Jason Samford, the farm research services 
manager of Eagle Lake Research Station). 

At the Texas A&M AgriLife Research 
Center Beaumont, similar entries were 
planted on April 15, 2020 for varietal 
evaluation. The MC yields of these entries 
were lower than these at Eagle Lake Station 
(Table 3). The MC yields of some selected 
varieties in 2020 were similar to those in 
2019 but lower than those in 2018 (Table 4). 
The main reasons for lower yields in 2020 
may be mainly caused by the impacts of 
frequent hurricanes and related lodging at 
maturity stage. 

 

 

 

Table 2. Influence of the selected entries on rice grain yields (lb/ac) at the Eagle Lake Station 
during 2018-2020. 
Inbred and 
hybrid 
cultivars 

2018 2019 2020 Mean 
Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

Main 
Crop 

Ratoon 
Crop 

XP753 9,195 2,817 8,307 2,777 11,115 3,267 9,539 2,954 

CLXL745 8,994 2,376 6,995 3,183 9,820 3,275 8,603 2,945 

CL151 7,721 1,315 7,978 2,989 8,911 1,832 8,203 2,045 

Presidio 6,005 1,959 7,696 1,981 7,028 1,493 6,910 1,811 

LSD (P=0.05)a 1,218 871 2,293 674 721 1,062 1,053 846 

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

Table 3. Influence of the selected entries on rice grain and 
milling yields at the Beaumont Center during 2020. 

Inbred and 
hybrid 
cultivars 

Grain Yield 
(lb/ac) Milling Yield (%) 

Main Crop 
Whole 
Grain 

Total 
Grain 

RT7501 10,613 57.0 68.4 
RT7521FP 9,379 59.8 68.5 
RT7401 9,312 58.7 69.4 
RT7301 9,059 56.9 69.9 
XP753 9,048 56.6 70.2 
RT7801 8,930 57.1 69 
CLJ01 8,726 58.8 69.8 
CLM04 8,391 60.0 70.5 
RT7321FP 8,078 53.2 69.9 
Presidio 8,015 61.0 69.5 
CL151 7,729 57.9 69.9 
PVL02 7,564 56.2 71.3 
PVL01 6,758 51.7 69.7 
CL153 6,309 61.1 70.3 
LSD (P=0.05)a 1,331 1.8 1.5 
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 

Fugen Dou, Jason Samford, and Dr. Suman Lamichhane 

Fertilizer is a major direct expense in rice production, 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 cost. A summary is reported based on 
field trials conducted at the Eagle Lake Station and the Beaumont Center 
in 2020. 

Preflood N management plays an important role in determining rice 
main crop yield, especially for hybrids which receive no preplant N 
according to the nutrient recommendations from RiceTech 
(https://www.ricetec.com/grower-resources/management-guidelines/). 
It is recommended to apply preflood N fertilizer on dry soil and immediately establish a flood to reduce N loss 
associated from ammonia volatilization. However, suboptimal soil moisture conditions including due to heavy 
rains are not unusual. N fertilizer trials were conducted to quantify the effect of such soil conditions and N rate 
and source on a hybrid, XP753, planted on a sandy loam soil and a clay soil in southern Texas. 

Two nitrogen fertilizers, urea coated with the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) 
(i.e. Agrotain) and ammonium sulfate, were applied either on dry soil or into flood water.  At late booting stage, 
all plots received 30 lb N/ac except the control receiving no fertilizer N. 

Grain and milling yields: Nitrogen fertilizer, either urea or ammonium sulfate, once applied on dry soils 
produced the highest main crop grain yields at both locations (Tables 1a and 2). Rice grain yield was 
significantly lower when the same fertilizer N was applied into flood water. Even with the elevated N rates (30 
lbs/ac more), the grain yields were still significantly lower in most cases (Tables 1a and 2). Rice milling yields 
were also affected by the N loss associated with soil moisture condition. The milling yield was higher for the 
treatments with N fertilizer applied on dry soils (Table 1b). 

Nitrogen loss associated with ammonia volatilization: Compared with the control (N fertilizer applied 
on dry soil), N loss associated with ammonia volatilization was significant when applied into the flood water, 

Table 4. Influence of the selected entries on rice grain 
yields (lb/ac) of main crop at the Beaumont Center during 
2018-2020. 
Inbred and 
hybrid 
cultivars 

2018 2019 2020 Mean 

XP753 12,275 10,709 9,048 10,677 

CL151 9,587 7,929 7,729 8,415 

Presidio 9,898 7,040 8,015 8,318 

LSD (P=0.05)a 581 1,069 778 856 

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

Contact 

Fugen Dou 
Associate Professor 
Integrated Cropping System & 
Nutrient Management 
409.752.2741 
F-dou@aesrg.tamu.edu 
http://beaumont.tamu.edu 
 



 Texas Rice Special Section - 23 

ranging from 12% to 22%.  Even coated with the urease inhibitor (Agrotian), urea fertilizer still emitted more 
ammonia than ammonium sulfate fertilizer. 

Table 1a. Influence of sub-optimal soil moisture condition and nitrogen source on rice main crop, ratoon crop, and 
both crop yields of XP753, at the Eagle Lake Station during 2020. 

Preflood 
PD Late 

booting 
Total N (lb 

N/ac) 
Main crop 

(lb/ac) 
Ratoon crop 

(lb/ac) 

Total (main + 
ratoon) crop 

(lb/ac) Dry soil 
Flooded 

Soil 
Agrotain coated urea N (46%) 

120 0 0 30 150 10,816 a 4,238 a 15,054 a 
0 120 30 30 180 9,582 b 3,882 a 13,464 b 
0 90 60 30 180 9,075 b 3,771 a 12,846 b 
0 150 0 30 180 9,030 b 3,653 a 12,683 b 
0 120 0 30 150 8,827 b 4,211 a 13,038 b 

Ammonium sulfate N (21%) 

120 0 0 30 150 10,684 a 4,646 a 15,330 a 
0 120 30 30 180 9,931 ab 4,458 ab 14,388 b 
0 90 60 30 180 9,342 b 4,078 b 13,691 c 
0 150 0 30 180 9,559 ab 4,252 ab 13,812 bc 
0 120 0 30 150 9,152 b 4,608 a 13,760 bc 

 

 

Table 1b. Influence of sub-optimal soil moisture condition and nitrogen source on rice main 
crop milling yields of XP753, at the Eagle Lake Station during 2020. 

Preflood Panicle 
differentiation 

Late 
booting 

Total N (lb 
N/ac) 

Whole grain 
(%) 

Total grain 
(%) Dry 

soil 
Flooded 

Soil 
Agrotain coated urea N (46%) 

120 0 0 30 150 64.4 a 71.6 a 
0 120 30 30 180 62.4 b 71.0 b 
0 90 60 30 180 62.5 b 70.9 b 
0 150 0 30 180 62.0 b 70.9 b 
0 120 0 30 150 62.8 b 71.3 ab 

Ammonium sulfate N (21%) 

120 0 0 30 150 64.1 a 71.5 a 
0 120 30 30 180 63.8 ab 71.2 a 
0 90 60 30 180 63.8 ab 71.5 a 
0 150 0 30 180 63.7 ab 71.3 a 
0 120 0 30 150 62.5 b 71.0 a 
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Table 2. Influence of sub-optimal soil moisture condition and nitrogen source on rice main crop grain and 
milling yields of XP753, at the Beaumont Center during 2020. 

Preflood Panicle 
differentiation 

Late 
booting 

Total N (lb 
N/ac) 

Main crop 
(lb/ac) 

Whole grain 
(%) 

Total grain 
(%) Dry 

soil 
Flooded 

Soil 
Agrotain coated urea N (46%) 

150 0 0 30 180 9,827 a 63.6 a 71.9 a 
0 90 60 30 180 8,491 ab 59.4 b 71.6 a 
0 60 90 30 180 6,460 c 57.6 b 70.8 a 
0 150 0 30 180 7,843 bc 58.4 b 71.2 a 

Ammonium sulfate N (21%) 

150 0 0 30 180 8,520 a 60.4 a 71.9 a 
0 90 60 30 180 7,579 b 59.5 a 71.9 a 
0 60 90 30 180 7,164 b 57.7 b 71.8 a 
0 150 0 30 180 7,844 ab 60.7 a 72.1 a 
0 0 0 0 0 4,128 c 48.7 c 70.8 b 
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INSECT, DISEASE, AND WEED MANAGEMENT 

Rice Planthopper/Delphacid and Rice Stink Bug Research Highlights 

Becky Pearson, Katie Ruth-Pritchard, M.O. Way, Jaclyn Martin, Xin-Gen Zhou 

Rice Planthopper/Delphacid Research 

The rice planthopper/delphacid is an invasive species of plant-sucking 
insect originally from Central and South America (Fig. 1 and 2). This pest 
has been found in high densities infesting ratoon crop stubble covered 
with black sooty mold. Crop consultants across the western rice belt 
reported finding low populations in commercial rice fields. Dr. Mo Way 
thinks low population densities occur due to farmers sprayed for them as 
soon as they were detected in their fields. Farmers sprayed with Endigo 
ZC or Tenchu 20SG. 

The rice planthopper is attracted to UV light. 
Traps were operated one night per week during the 
summer and fall of 2020. Samples were frozen and 
were processed by the EP. Each sample contained 
several planthopper species. Specimens that were 
suspected to be the rice planthopper requires 
dissection, which is quite difficult. Because of this, 
in 2021 we began using sweep samples of rice 
fields. Although there are fewer species of 
planthopper found in rice, specimens caught with 
sweepnets are much easier to identify. 

The entomology project is also cooperating with 
the International Center for Tropical Agriculture 
(CIAT) in Colombia where the RD is native and is 
a serious pest of rice.  

Rice Stink Bug Botanical/Organic Insecticide Contact Studies 

The objective of these experiments is to evaluate botanical/organic insecticides for contact activity against 
the rice stink bug (RSB), Oebalus pugnax. We developed a simple methodology whereby we collect RSB adults 
from grasses growing at the Beaumont Center using a sweep net,  place the insects into small, cylindrical, 
plastic tubes, cool the insects for a short period of time, placed them in the bottom of 5 qt plastic buckets, spray 
the buckets with the insects with the treatments, added sprigs of broadleaf signalgrass to each bucket, quickly 
secure a mesh lid to each bucket, and record mortality at varying times after application. Treatments that were 
evaluated were Pyganic at 9 fl oz /ac, Azera at 56 fl oz/ac, and Stop the Bites at 174 fl oz/ac, with each replicated 
four times. Mortality was recorded on Sep 19, 24 hours after treatment (HAT). Mortality in the untreated was 
22.8%. Mortality in Stop the Bites treatment was significantly higher at 92.5%. The Pyganic treatment also 
produced significantly higher mortality than the untreated at 62.5%. These results warrant further research into 
Stop the Bites and Pyganic control of rice stink bug. In a second study, mortality in the untreated was 5.0%. 
Pyganic gave good control (67.5%) while Stop the Bites treatment gave 100% control. The results suggest the 
need to conduct rate studies of both products. 

Contact 

Becky Pearson 
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Figure 1. Rice delphacid adult. Figure 2. Rice delphacid 
nymph. 
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Rice Stink Bug Species Composition 
Research 

Up to 2020, only one species of rice stink 
bug was believed to attack Texas rice. This 
species, Oebalus pugnax, is native to Texas. 
However, a recent study in Florida revealed 3 
species of rice stink bug attack rice: O. 
pugnax, O. insularis and O. ypsilongriseus. 
The latter 2 are not native to Texas or Florida. 
In Florida, O. pugnax and O. insularis were 
the most abundant with O. ypsilongriseus 
least abundant. Stink bugs collect from heading/maturing rice at the 
Beaumont Center and by cooperating crop consultants (Cliff Mock, Gary 
Bradshaw, Glenn Crane and Weldon Nanson) in Brazoria, Colorado, Matagorda, Waller and Wharton counties 
were identified to species. 2,030 specimens were examined as Oebalus pugnax and one as  O. insularis (Table 
1). This research continues in 2021. 

 

 

 

 

 

 
 

Timing of 

Fungicide Application for Rice Kernel Smut and Narrow Brown Leaf Spot Control 
in Main and Ratoon Crops 

Xin-Gen Zhou, Guangjie Liu, Li Wang, and Sabin Khanal 

Kernel smut, caused by Tilletia horrida, and narrow brown leaf spot, 
caused by Cercospora janseana, are among the most important diseases 
affecting main and ratoon rice production in Texas. Kernel smut has 
become an emerging disease in rice in Texas and other 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, frequently resulting in significant 
monetary loss. Narrow brown leaf spot tends to be more severe in late 
plantings and in the ratoon crop. Timing of fungicide application is the 
key to the successful control of both diseases. No information is available 
on the use of fungicides for control of kernel smut in the ratoon crop. The objective of this study was to evaluate 
the effects of timing of fungicide application on both plant disease and identify the best application timing for 
control in the main and ratoon crops. 

Table 1. Rice stink bug species in sweep samples. Texas. 2020. 

County Oebalus 
pugnax 

Oebalus 
insularis 

Brazoria 22 0 

Colorado 16 0 

Jefferson 692 1 

Matagorda 37 0 

Waller 359 0 

Wharton 904 0 

Figure 3. Oebalus pugnax. 

Figure 4. Oebalus insularis. 
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A field trial was conducted with six fungicide and application timing treatments plus an untreated control 
at Beaumont, Texas (Table 1). The treatments were arranged in a randomized complete block design with three 
replications. For the main crop, rice (cv. Presidio) was drill seeded and plots were spray inoculated with T. 
barclayana secondary sporidia before heading. Narrow brown leaf spot developed from natural inoculum. Plots 
were sprayed with the fungicides at mid-boot and mid boot + 14 days. Rice kernel smut incidence (% panicles 
affected) and narrow brown leaf spot severity were assessed at crop maturity. Following main crop harvest, 
plots were managed for ratoon crop according to local recommendations. At 4 weeks of ratooning, plots were 
sprayed with Amistar Top or Tilt. Kernel smut and narrow brown leaf spot were assessed at maturity. Plots 
were harvested using a plot combine. Rice yields and milling quality (% whole and total rice) were determined 
for both main and ratoon crops. 

 

Table 1. Effects of timing of fungicide applications on kernel smut, narrow brown leaf spot, 
and grain yield and milling quality in main and ratoon crops. 

Treatment and rate/ac 

Application 
timing z  Main crop  Ratoon crop 

Main 
crop 

Ratoon 
crop  

Kernel 
smut (%) 

NBLS 
(0-9) 

Yield 
(lb/ac)  

NBLS 
(0-9) 

Yield 
(lb/ac) 

Untreated control       15.6 a y 5.0 a 9,196  8.0 a 2,869 b 
Amistar Top, 14 fl oz A   5.6 c 2.7 b 9,394  5.7 b 3,326 a 
Amistar Top, 14 fl oz B   11.1 b 2.0 bc 9,395  5.7 b 3,346 a 
Amistar Top, 14 fl oz A + B   4.4 c 1.7 c 9,735  5.0 b 3,481 a 
Quilt Xcel, 21 fl oz A + B   7.8 bc 0.7 d 9,603  5.3 b 3,332 a 
Amistar Top, 14 fl oz A C  4.4 c 2.7 b 9,474  3.5 c 3,407 a 
Tilt, 10 fl oz A C  6.7 c 2.7 b 9,974  3.8 c 3,208 a 
          
LSD (0.05)    4.1 1.0 NSx  0.8 306.8 
P > F =w    0.0006 <0.0001 0.2476  <0.0001 0.0190 
z A = Mid-boot; B = Mid-boot + 14 days; and C = 28 days before harvest. 
y Means in each column followed by the same letter are not significantly 
different (P = 0.05) based on Fisher’s protected LSD test.  
x NS = Not significant at P = 0.05. 
  w P values ≤ 0.05 indicate significant differences exist among treatments. 
 

In the main crop, all fungicide treatments significantly reduced rice kernel smut (Table 1). However, 
Amistar Top applied at mid-boot (A) was more effective in reducing kernel smut than Amistar Top applied at 
mid-boot + 14 days (B). The efficacy of Amistar Top was similar to those of Quilt Xcel and Tilt. All fungicide 
and application timing treatments reduced narrow brown leaf spot severity compared to the untreated control. 
Amistar Top applied at either time (A or B) provided a reduction similar to what was achieved spraying with 
Tilt (A). None of the fungicide and application timing treatments affected grain yield or whole grain or total 
milling yield. In the ratoon crop, no symptoms of kernel smut were observed in all plots and thus no kernel 
smut data are presented. The plots received the applications of Amistar Top made at mid-boot, mid-boot + 14 
days, or both on the main crop significant reduced narrow brown leaf spot severity. An additional application 
of Amistar Top to the ratoon crop plots that had received an application on the main crop significantly reduced 
narrow brown leaf spot severity compared to the plots that received applications only to the main crop, with 
the reductions similar to the plots that received an application of Tilt. All fungicide treatments significantly 
increased yield compared to the untreated control. None of the fungicide treatments significantly affected ratoon 
crop milling quality. The results demonstrate that mid-boot is the best time to apply fungicide for control of 
kernel smut, while either the mid-boot or mid-boot plus 14 days (heading) is effective for control of narrow 
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brown leaf spot in the main crop. An additional application of fungicide in the ratoon crop can further reduce 
the severity of narrow brown leaf spot but did not significantly increase yield. 

Genetic Diversity of the Rice Kernel Smut Populations in the United States 

Sabin Khanal, Xin-Gen Zhou, Sanjay Antony-Babu, and Shankar Gaire 

Kernel smut of rice (Tilletia horrida Tak.) causes partial or full bunt 
in rice grains, reducing grain yield and quality. Kernel smut was first 
reported in Japan in 1896. Currently it is present across all rice-growing 
countries. Although kernel smut has historically been considered a 
minor disease, its occurrence and severity has risen in the past decade 
in the US.  Kernel smut has also become a problematic disease in 

organic rice production in 
California and Texas, the 
two leading US organic 
rice producing states. Due 
to its sporadic occurrence, 
the kernel smut fungus has 
been understudied for 
decades. The objective of 
this study was to 
determine its genetic 
diversity in different rice-
growing regions of the US. 
to help develop 
management strategies 
that improve fungicide 
control measures. 

A total of 63 isolates 
collected from different 
rice-growing regions of 
the US were used in this 
study. Genomic DNA of 
the isolates was extracted 
and four regions in the 
genomic DNA were 
amplified by PCR, two of 
which are protein-coding 
genes translation 
elongation factor 1-α (EF-
1α) and the largest subunit 
of RNA polymerase II 
(RPB1), and two are rRNA 
genes, ITS regions of the 
rRNA (ITS) and D1/D2 
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Figure 1. Phylogenetic tree of concatenated sequences with EF-1α, RPB1, LSU, and ITS of 63 
isolates from different rice-growing regions of the US. T. horrida strain QB1 was used as a 
reference isolate and T. controversa strain DAOMC 236426 was used as outgroup. The scale 
bar represents the number of substitutions per site. The value on the branches indicates the 
percentage of trees based on 1000 bootstrap replicates on ML/NJ/ME, respectively. Only 
branches values with >50% replicates are shown. Isolates clustered with same color represent a 
single clade. “*” indicates less than 50% branch value. 
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domains of the large subunit 
(LSU) rRNA. PCR amplifications 
were purified and sequenced and 
multi-locus sequence analyses 
performed. Along with multi-
locus sequence analysis, ITS 
region- gene sequences of these 
isolates and 33 other Tilletia spp. 
obtained from NCBI were also 
used. 

Analysis of the data revealed 
the presence of four groups of the 
T. horrida isolates in the US (Fig. 
1), with the majority (59%) 
grouped together into what is 
referred to plant pathology 
taxonomists as Clade IV. Clade 
IV consists of most of the isolates 
from Mississippi (19/27), 
California (9/10), and Texas (4/7), 
Louisiana (4/9), and Tennessee 
(1/1). We also conducted 
phylogenetic analysis based on 
only ITS-regions based 
sequences, which in contrast 
suggest there are only three 
groups (Fig 2.). The majority of 
the isolates (48 out of 63) cluster 
with 22 isolates from Australia, 
China, India, Korea, Pakistan, the 
US, and Vietnam into Clade III. 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. ITS-region based phylogenetic tree with 63 T. horrida isolates from different 
rice-growing regions of the US in this study, along with 33 ITS sequences obtained 
from the NCBI database. T. horrida strain QB1 was used as a reference isolate and T. 
barclayana S104 was used as outgroup. The scale bar represents the number of 
substitutions per site. The values on the branches indicate the percentage of trees based 
on 1000 bootstrap replicates on ML/NJ/ME, respectively. Only branches levels with 
>50% replicates are shown. Isolates clustered with same color represent a single clade. 
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Biocontrol of Rice Brown Spot by Botanical Extracts 

Muhammad Imran, and Xin-Gen Zhou 

Brown spot, caused by Cochliobolus miyabeanus (syn. Bipolaris 
oryzae), is one of the most common diseases affecting rice production 
worldwide. The fungus is commonly found on leaves and produces light 
reddish-brown lesions with gray center, bounded by reddish to brown 
border with a bright-yellow halo. The fungus also attacks glumes and 
grains, directly reducing grain yield and quality. Although the use of 
fungicides effectively controls this disease, development of alternative 
controls, such as botanical extracts, are desirable since botanical 
extracts are biodegradable, non-toxic, and safe for use with no residual 
effects. 

The objective of this study is to evaluate the potential of using plant extracts for control of brown spot in 
rice. Extracts were made from 10 medicinal plant species and evaluated at three concentrations (8, 10 and 12%, 
v/v) for in-vitro efficacy in suppressing fungal growth. Inhibition zones produced when using each extract were 
measured at 3, 5 and 7 days of incubation and the percent of inhibition of fungal growth was calculated. The 
two extracts Zingiber officinale and Amomum subulatum produced the greatest inhibition. Their combined 
effect was further evaluated in the greenhouse and under field conditions. Disease incidence was assessed at 7-
day intervals for 21 days according to the disease rating scale (IRRI-2002).  

Zingiber officinale extracts at a 10% concentration resulted in the highest inhibition of fungal growth as 
compared to the other extract treatments (Piper nigrum, Curcuma longa, Syzygium aromaticum, Cinnamomum 
verum, Nigella sativa, Ocimum tenuiflorum, A. subulatum, Trachyspermum ammi, and Cuminum cyminum). 
Moreover, the combination of Z. officinale and P. nigrum provided the greatest efficacy (30%) in reducing 
brown spot incidence in the greenhouse and in the field evaluations. 

 

Performance of FullPage Rice Cropping Solution on Weed Control and Yield in Texas 

Jason Samford and Xin-Gen Zhou 

Weed control is a challenge to rice production. Herbicides have been 
commonly used for the control of numerous weeds, including grasses, 
broadleaves, and sedges. However, herbicides are not always effective. 
Recent development of FullPage Rice Cropping Solution can be a new 
tool to combat weed issues. FullPage Rice Production System consists 
of imidazolinone (IMI)-tolerant rice and use of IMI herbicides to 
improve weed control and provide herbicide application, timing, and 
flooding flexibility. RT7321 FP and RT7521 FP are the two primary 
FullPage hybrid varieties released in 2020. FullPage rice is paired with 
Preface (imazethapyr) and Postscript (imazamox) herbicides. Preface 
has post-emergence and residual activities and can control troublesome weeds such as red rice, weedy rice, and 
barnyardgrass. Postscript can be applied post-emergence or post-flood for any escapes. The objective of this 
study was to evaluate the performance of FullPage Rice Production System on crop injury, weed control, and 
yield improvement in comparison with Provisia, Clearfield, and hybrid rice under Texas environments. 

Performance of FullPage Rice on main crop as compared to Provisia, Clearfield and hybrid rice. A 
field trial was conducted as split plot design with variety as main plots and herbicide program as subplots at 
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Eagle Lake, Texas in 2020. The trial evaluated four rice varieties, PVL02 (Provisia), CL153 (Clearfield), 
RT7321 FP (FullPage), and RT7301 (hybrid), and eight herbicide application programs on each variety (Table 
1). The treatments were arranged in a randomized complete block design with four replications. Plots consisted 
of seven 4.9-m rows, spaced 19 cm between rows. 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 plant injury caused by herbicides and weed control were visually rated.  Rice was harvested using 
a plot combine at variety maturity. Grain yield and moisture were determined, and rice yields were adjusted to 
12% moisture content. Milling quality (% head rice and % total milled rice) also was determined. 

Table 1. Description of eight herbicide application program treatments on PLV02 (Provisia), CL153 (Clearfield), 
RT7321FP (FullPage) and RT7301 (hybrid) rice varieties in main crop at Eagle Lake in 2020z 

Variety 
Trt 
no. 

Herbicide application (date) 

PRE (5/7) 
DELPRE 

(5/12) EPOST (5/20) PreFlood (6/9) 
PVL02 1 Command (12.5) + 

Sharpen (2) 
 

  

 2 Command (12.5) + 
Sharpen (2) 

 Provisia (15.5) + Gambit 
(1)  

Provisia (15.5) + Aim (1.5) 

 3   Riceone (35) Provisia (15.5) + Gambit 
(1) 

Provisia (15.5) + Aim (1.5) 

 4 Command (12.5) + 
Gambit (1.5) 

  Provisia (15.5)  Provisia (15.5) + Grasp (2.4) 

 5   Riceone (35) + 
Gambit (1.5) 

Provisia (15.5)  Provisia (15.5) + Grasp (2.4) 

 6 Command (12.5) + 
Gambit (1.5) 

  Provisia (15.5)  Provisia (15.5) + Loyant (16) 

 7  Riceone (35) + 
Gambit (1.5) 

Provisia (15.5)  Provisia (15.5) + Loyant (16) 

 8   Command (12%) + Provisia 
(15.5) + Gambit (1) 

Provisia (15.5) 

CL153 9 Command (12.5) + 
Sharpen (2) 

 
  

 10 Command (12.5) + 
Sharpen (2) 

 Newpath (5) + ZuraxL (32)  Beyond (5) 

 11 Command (12.5) + 
Sharpen (2) 

 Newpath (5) + StamM4 
(96) 

Beyond (5) 

 12  RiceOne (35) + 
PermitPlus (0.7) 

Newpath (5) + ZuraxL (32)  Beyond (5) + Gambit (1) 

 13  RiceOne (35) + 
PermitPlus (0.7) 

Newpath (5) + StamM4 
(96) 

Beyond (5) + Gambit (1) 

 14  RiceOne (35) + 
PermitPlus (0.7) 

Newpath (5) + StamM4 
(96) 

Beyond (5) + Loyant (8) 

 15  RiceOne (35) + 
PermitPlus (0.7) 

Newpath (5) + StamM4 
(96) 

Beyond (5) + Loyant (16) 

 16y  RiceOne (35) + 
Newpath (5) 

  

RT7321FP 17 Command (12.5) + 
Sharpen (2) 

   

 18 Command (12.5) + 
Sharpen (2) 

 Preface (5) + ZuraxL (32)  Postscript (5) 

 19 Command (12.5) + 
Sharpen (2) 

 Preface (5) + StamM4 (96) Postscript (5) 

 20  Riceone (35) + 
PermitPlus (0.7) 

Preface (5) + ZuraxL (32) + Postscript (5) + Gambit (1) 

 21  Riceone (35) + 
PermitPlus (0.7) 

Preface (5) + StamM4 (96) Postscript (5) + Gambit (1) 

 22  Riceone (35) + 
PermitPlus (0.7) 

Preface (5) + StamM4 (96) Postscript (5) + Loyant (8) 
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Table 1. Description of eight herbicide application program treatments on PLV02 (Provisia), CL153 (Clearfield), 
RT7321FP (FullPage) and RT7301 (hybrid) rice varieties in main crop at Eagle Lake in 2020z 

Variety 
Trt 
no. 

Herbicide application (date) 

PRE (5/7) 
DELPRE 

(5/12) EPOST (5/20) PreFlood (6/9) 
 23  Riceone (35) + 

PermitPlus (0.7) 
Preface (5) + StamM4 (96) Postscript (5) + Loyant (16) 

 24x  Riceone (35) + 
Preface (5) 

 
 

RT7301 25 Command (12.5) + 
Sharpen (2) 

   

 26 Command (12.5) + 
Gambit (1.5) 

  Loyant (16) + Clincher (15) 

 27 
 

RiceOne (35) + 
Gambit (1.5) 

 
Loyant (16) + Clincher (15) 

 28 Command (12.5) 
 

ZuraxL (32) + Gambit (1) RiceStar HT (17) + Aim (2) 

 29 
 

RiceOne (35) ZuraxL (32) + Gambit (1) RiceStar HT (17) + Aim (2) 

 30 Command (12.5) + 
Sharpen (2) 

 
 

Loyant (16) + Clincher (15) 

 31   Command (12.5) + 
RiceBeaux (96) + Gambit 

(1) 

Clincher (15) + Grasp (2.4) 

 32w Command (12.5) + 
Sharpen (2) 

 

 
  

zAll herbicide rates in fl oz/ac. 
yApplied with Newpath (5) + RiceBeaux (96) + ZuraxL (32) at MPOST (6/3) 
xApplied with Preface (5) + RiceBeaux (96) + ZuraxL (32) at MPOST (6/3) 
wApplied with RiceBeaux (96) + ZuraxL (32) + Gambit (1) at MPOST (6/3) 

 

None of the eight herbicide programs that were 
evaluated caused any significant crop injury to the 
four varieties that were evaluated.  Use of herbicides 
Preface, Postscript, ZuraxL, Provisia, Gambit, 
RiceOne, and Loyant all provided excellent control 
(Table 2). Herbicide program treatments significantly 
affected grain yield (Table 2). Use of herbicide 
program treatments 8, 16, and 24 resulted in a lower 
yield compared to other herbicide program 
treatments. On average across the herbicide program 
treatments, yield was highest with RT7321FP (10,564 
lb/ac) and RT7301 (10,782 lb/ac), and lowest with 
PVL02 (6,159 lb/ac) (Fig. 1). CL153 was in between, 
with a yield of 7,312 lb/ac.  Herbicide program 
treatments affected total milling yield (Table 2). 
However, total milling yield was similarly high 
among the four varieties evaluated. No significant 
differences in % whole grain milling yield across all treatments were observed. 

Performance of FullPage Rice on main and ratoon crops as affected by N fertilizer. A 2 (variety) x 3 (N 
level) factor field trial was conducted in a randomized complete block design with four replications at Eagle 
Lake, Texas in 2020. The trial evaluated two FullPage Rice varieties, RT7321 FP and RT7521 FP, and three N 
levels, 210, 225 and 240 total N/ac (Table 3).  Preface, Postscript, and other herbicides were applied as  

Figure 1. Grain yield average of PLV02 (Provisia), CL153 
(Clearfield), RT7321FP (FullPage) and RT7301 (hybrid) rice 
varieties across all herbicide program treatments in main crop at 
Eagle Lake in 2020. 
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recommended (Table 3). Plots, planting, 
crop injury weed control assessment, 
and yield and milling quality 
determination were the same as 
described in previously. Main and 
ratoon crop management followed local 
production recommendations. 

The FullPage herbicides Preface and 
Postscript did not cause significant 
damage to rice. The FullPage herbicide 
program treatments provided excellent 
control of weeds, including Northern 
jointvetch, hemp sesbania, 
morningglory and barnyardgrass. There 
were significant differences in yield, 
total rice, and whole rice in both main 
and ratoon crops between two FullPage 
rice varieties, RT7321FP and 
RT7521FP (Table 4). RT7321FP had 
higher yield, total rice, and whole rice in 
main and ratoon crops than RT7521FP. 
However, none of N fertilizer treatments 
affected yield, total rice, and whole rice 
in both main and ratoon crops. 

In conclusion, FullPage herbicides 
are safe to the FullPage rice and are 
effective for control of weeds. Both 
FullPage rice varieties performs well 
under Texas environments, with high 
yields and good milling quality. 
RT7321FP outperforms RT7521FP on 
yield and milling quality. 

 

  

Table 2. Effects of eight different herbicide program treatments on 
weed control and grain yield and milling quality of PLV02 
(Provisia), CL153 (Clearfield), RT7321FP (FullPage) and RT7301 
(hybrid) rice varieties in main crop at Eagle Lake in 2020 

Variety Trt no. 
Total 
weed 

control 
(%) 

Yield 
(lb/ac) 

Total 
rice 
(%) 

Whole 
rice (%) 

PVL02 4 100 6,962 72.6 66.4 
  2 100 6,501 72.0 64.8 
  3 100 6,460 72.3 66.0 
  7 100 6,376 72.2 64.9 
  8 100 6,289 72.1 65.1 
  6 100 6,286 72.4 65.9 
  5 100 6,035 72.3 65.5 
  1 96 4,362 72.1 64.2 
  Average 100 6,159 72.3 65.4 
CL153 14 100 7,804 71.3 64.7 
  10 100 7,757 71.3 64.6 
  11 100 7,674 71.5 65.2 
  12 100 7,578 71.6 65.2 
  16 100 7,568 71.1 64.4 
  15 100 7,097 71.6 65.3 
  13 100 7,002 71.4 64.5 
  9 98 6,017 71.4 64.8  

Average 100 7,312 71.4 64.8 
RT7321FP 20 100 11,251 72.1 64.0 
  22 100 11,206 72.0 64.4 
  24 100 11,006 71.9 64.1 
  19 100 10,858 72.0 64.2 
  18 100 10,608 72.0 64.4 
  23 100 10,271 72.0 64.3 
  21 100 10,135 71.9 63.7 
  17 100 9,179 72.0 62.7 
  Average 100 10,564 72.0 64.0 
RT7301 27 100 11,280 72.2 65.7 
  30 100 11,223 72.0 65.0 
  28 100 11,101 72.3 65.9 
  31 100 11,039 72.3 65.7 
  32 100 10,968 71.7 64.4 
  29 100 10,620 71.8 64.2 
  26 100 10,543 71.8 64.2 
  25 100 9,480 71.7 62.9 
  Average 100 10,782 72.0 64.8 
LSD*   5 932 0.6 NS** 
P value    <0.0001 < 0.0001 0.02 0.29 
*The Fisher’s least significance difference (LSD) was 
evaluated Means at P =0.05. 
**NS = No significant difference when P >0.05. 
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Table 3. Description of FullPage rice varieties, herbicides, and N fertilizer on main and ratoon crops at Eagle Lake 
in 2020 

Trt 
no. Variety 

Herbicide application  N fertilizer 

DELPRE (4/22) EPOST (5/11) PreFlood (5/22)   
PF 
N 

Boot 
N 

PF 
Ratoon N 

Total 
N 

1 RT7321FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%) 

 
90 30 90 210 

2 RT7321FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%) 

 
90 45 90 225 

3 RT7321FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%) 

 
90 60 90 240 

4 RT7521FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%) 

 
90 30 90 210 

5 RT7521FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%) 

 
90 45 90 225 

6 RT7521FP RiceOne(35)+PermitPlus(0.7) 
Preface (5) + ZuraxL (32) + 
Permit Plus (0.6) + COC (17) 

Postscript (5) + 
COC (1%)   90 60 90 240 

 

  Table 4. Effects of FullPage rice variety and N fertilizer on rice yield and milling 
quality in main and ratoon crops at Eagle Lake in 2020 

Main factor* 

Main crop  Ratoon crop 
Main + 
ratoon 

Yield 
(lb/ac) 

Total 
(%) 

Whole 
(%)  

Yield 
(lb/ac) 

Total 
(%) 

Whole 
(%) 

Yield 
(lb/ac) 

Variety         

RT7321FP 10,999 a** 72.4 a 64.2 a 
 

5,606 a 73.6 a 67.4 a 16,606 a 

RT7521FP 9,538 b 70.4 b 60.2 b 
 

3,991 b 73.2 b 65.3 b 13,528 b 

N fertilizer 
        

120 lb/ac 10,365 a 71.7 a 62. 4 a 
 

4,827 a 73.2 a 65.2 a 15,192 a 

135 lb/ac 10,316 a 71.4 a 62.2 a 
 

4,859 a 73.4 a 66.9 a 15,175 a 

150 lb/ac 10,125 a 71.2 a 62.0 a 
 

4,710 a 73.5 a 67.0 a 14,835 a 

*The variety x N fertilizer interactions were insignificant (P < 0.01) for all assessment 
data so main factors of variety and N fertilizer were analyzed and presented. 

**Means followed by the same letter in a column within same main factor are not 
significant different according to the Fisher’s least significance difference (LSD) at 
P =0.05. 



 Texas Rice Special Section - 35 

Field Surveys for Assessing Weed Escapes and Control Failure in Texas Rice 

Muthukumar Bagavathiannan, Isidor Ceperkovic and Xin-Gen Zhou 

Weeds escape control measures due to various reasons, including 
herbicide resistance, improper herbicide selection, rate, timing, other 
application issues, as well as environmental factors. Monitoring fields 
in the late-season prior to crop harvest reveal the type and extent of weed 
escapes and potential control failures in rice fields. Such surveys, when 
conducted on a regional scale, offer insights into emerging weed issues 
and help the growers make appropriate management decisions. 
Additionally, estimating weed seed production from such escapes can 
inform the potential for seedbank multiplication and the need for 
managing them in an integrated weed management (IWM) framework. 
Harvest weed seed control (HWSC), the practice of collecting and destroying weed seed exiting the combine 
at the time of crop harvest, is an emerging IWM tool in different cropping systems, but the success of this 
approach depends greatly on the ability of weeds to retain seeds at the time of crop harvest (Walsh et al., 2017). 
Therefore, a late-season field survey was conducted across the important rice growing counties during the 2020 
rice harvest window, to identify dominant weed species present as escapes and estimate seed shattering levels, 
and seedbank addition potential from each of those species. 

A late-season field survey was conducted in eight counties (Austin, Colorado, Wharton, Lavaca, Waller, 
Liberty, Chambers, and Jefferson) across the Texas Rice Belt region and included 50 rice fields, that were 
randomly selected on a Google® Map using the ITN Converter software, without any prior knowledge of the 
presence of weed escapes in these fields. In each survey field, the top three dominant weed species were 
recorded, and average field infestation area for each species was noted. Percent weed seed shattering at the time 
of the survey (close to rice harvest) was estimated based on visual examination of representative mature 
inflorescences. Further, seed production from the weed escapes was estimated by identifying four representative 
1 m2 quadrats in the infested area of a field and harvesting the seedheads within the quadrat. The average seed 
production in the four quadrats was then extrapolated for the entire field based on the percentage of weed 
infestation for a representative area of the field. 

Substantial densities (>5% field area infestation) of weed escapes were found in 23 of the 50 surveyed rice 
fields. In Austin and Colorado counties, the three most dominant species were barnyardgrass/junglerice, 
broadleaf signalgrass, and weedy rice. In Wharton and Lavaca counties, barnyardgrass/junglerice was the most 
common, while in Jefferson county weedy rice and Nealley’s sprangletop were the most dominant. 
Barnyardgrass/junglerice, weedy rice, Nealley’s sprangletop, and broadleaf signalgrass were the top four 
common weed escapes observed. Alligator weed was also commonly present in several fields across the region, 
and at considerable densities in some of them. However, sedges were generally absent in the late-season survey.  
Weedy rice and barnyardgrass/junglerice had the highest seed shattering potential (Table 1). 

High levels of late-season escapes were particularly observed in barnyardgrass/junglerice and weedy rice. 
Improved management strategies are warranted in these fields. The generally high weed seed retention at 
harvest in these dominant weed species suggest that HWSC can be a possibility. The survey will be repeated 
in the 2021 rice harvest window. 
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Estimation of Genotype-Specific Rice Architectural Traits Using Smart Technologies 

Yubin Yang, Lloyd T. (Ted) Wilson, Zongbu Yan, Stanley O. (Omar) PB Samonte, 
Livia Paleari and Roberto Confalonieri 

Background and Aims. A rice variety’s three-dimensional (3D) 
architecture, also known as its canopy structure, plays a key role in 
determining light-harvesting efficiency. Unfortunately, 
measurement of leaf architectural traits often relies on technologies 
that are either costly, excessively complicated, or impractical for 
field use. This study presents a methodology to estimate the length 
and erectness of leaves as plants grow using a cost-effective and 
easy-to-use smart-app that runs on android phones, with our goal 
being to use leaf architectural data to identify rice genotypes that most efficiently capture light and thereby 
support greater grain yield.  

Methods. A field experiment was conducted consisting of 16 rice genotypes, two plant densities, and three 
planting dates at the Texas A&M AgriLife Research Center in Beaumont (TX, USA) in 2018 and 2019. Joining 
our Beaumont team were Drs. Roberto Confalonieri and Livia Paleari, from the University of Milan, Italy. Leaf 
architecture data were collected throughout each variety’s development using the smart-app PocketPlant3D 
developed by the Italian team (Figure 1). The data were used to estimate leaf curvature as leaves age and a 

Table 1. Dominant late-season weed escapes found in Texas rice, seedbank 
addition potential and shattering. 

Species Scientific name 

Occurrence (% 
of surveyed 

fields) 
Shattering 

(%) 
Barnyardgrass
/junglerice 

Echinochloa crus-galli/ 
Echinochloa colona 

26 5.8 

Weedy rice Oryza sativa 15 6.8 

Broadleaf 
signalgrass 

Urochloa platyphylla 10 5.1 

Nealley's 
sprangletop 

Leptochloa nealleyi 13 4.4 

Hemp 
sesbania 

Sesbania herbacea 2 5.6 

No significant 
weed escapes 
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number of other leaf architectural traits that determine 
light interception and photosynthesis as the sun “rises” 
and “sets” daily over the course of a rice plant’s growth 
and development (Figures 2 and 3). 

Key Results and Conclusions. Leaf nodal position, 
which refers to where each leaf is produced on a rice 
plant, has the greatest impact on leaf erectness and leaf 
shape, followed by leaf age, genotype, and planting 
density. This research opens opportunities for providing 
a highly quantitative and reproducible approach to 
developing new rice varieties that capture light more 
efficiently. 

 

 

 

  

Figure 1. Rice plant architecture trait measurement using 
smart phone application (left - Dr. Paleari; right - Dr. 
Confalonieri). 

Figure 2. Rice genotype '339A' with more erect leaves. Figure 3. Rice genotype '173R' with less erect leaves. 
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The Texas Rice Crop Survey: Estimating Inbred and Hybrid Profitability for Conventional and 
Herbicide Tolerant Varieties  

L. T. (Ted) Wilson, Yubin Yang, Jenny Wang, Brandy Morace, Jason Samford, & Megan Enard 

The Texas Rice Crop Survey was developed to provide data on statewide 
and within-state regional rice acreage, crop growth and development 
progress, and grain yield and quality. The earliest version of the survey was 
developed in 1991 and maintained by Jack Vawter and Dr. Jim Stansel until 
1999. In the early 2000s, Ted Wilson and Yubin Yang redesigned the survey 
into a web program. Several features have been added since then, including 
ratoon and organic crop production statistics, and many output options for 
tables and figures. Each year, Brandy Morace and Megan Enard conduct 
phone surveys with growers, consultants, extension agents, seedsmen, dryers, and millers from across the Texas 
ricebelt. 

The Texas Rice Crop Survey has grown to be possibly the largest rice crop database of its kind in the U.S. 
and by the end of the current season, it will contain 31 years of data for ca. 19,000 rice fields covering nearly 
2.0 million acres of commercial rice production, or an average of ca 64,500 main + ratoon crop acres per year. 
The survey indicates that from 1991 through 2003 at least 33 inbred rice varieties were commercially grown in 
Texas, while from 2004 to 2020, at least 41 inbred varieties and 31 hybrid varieties were commercial grown in 
our state. The actual number of varieties grown in Texas during this period is possibly slightly larger, because 
there is a chance one or more varieties were not accounted for each year in the surveyed acreage. 

One of the most important decisions a rice producer makes is whether to plant an inbred or a hybrid variety 
and whether to plant a conventional or herbicide resistant type. Table 1 presents an analysis of the estimated 
average grain yield, whole grain and total milling yield, and net profit for these four types of rice, with the 
estimates obtained from the 2004-2020 survey data records, scaled to 2020 yields and 2020 production costs. 
The average main crop yield ranges from about 6,300 to 8,800 lbs/ac, with hybrids yielding on average about 
1,600 lbs/ac more than inbreds. Ratoon crop yields ranged from about 2,500 to 3,300 lbs/ac, with hybrids 
yielding on average about 700 lbs/ac more than inbreds. The milling yields of hybrids and inbreds are similar, 
with inbreds having about a 1% higher whole grain milling yield and hybrids about 1% higher total milling 
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yield. However, these grain quality traits ignore the fact that inbred varieties have greater uniformity of grain 
dimensions and lower grain chalkiness, which are both desirable traits. 

The estimated average net profit for main crop rice production in Texas is negative for each of the four 
types of rice varieties, ranging from an average of ($17.39)/ac for herbicide resistant hybrid rice to a low of 
($140.82)/ac for conventional inbred rice. These estimates were derived assuming a price (including 
government support payments) of $14.50/cwt. Main crop inbred and hybrid rice production on average nets 
growers ($89.68)/ac and ($74.47)/ac, respectively, or $15.21 less per acre for inbreds. In marked contrast, 
ratoon crop production on average provides positive returns that range from $221.31/ac for herbicide resistant 
inbreds to $345.51/ac for conventional hybrids. In total, inbred and hybrid main plus ratoon crop rice production 
in Texas returns a net profit of $150.76/ac and $266.37/ac, respectively, again assuming the price per hundred-
weight indicated above. 

These results are only part of the story and do not consider the variability in the distribution of net profits 
for each type of rice variety and the different degrees of economic risk associated with this variability. The 
analyses presented above also do not consider specialty rice production, such as contracted organic, parboil, 
parental-line, or hybrid seed production. Lower market prices, contract production, and penalties for low grain 
quality all favor inbred rice production, while higher prices favor hybrid rice production. 

Each producer also has land that differs in terms of soil type, rainfall pattern, fertility, pest pressures, and 
yield potential. For example, rainfall “on average” is about 60% higher on rice producing lands east of Houston 
than it is west of Houston. Similarly, the soils near Beaumont can exceed 64% clay, while the soils near Eagle 
Lake are often less than 30% clay. Heavy rainfall combined with heavy soils reduce the speed with which soils 
dry, which in turn delays planting east of Houston by an average of up to three weeks during wet springs 
compared to Eagle Lake. The long-term survey data shows a yield reduction of ca. 310 lbs/ac for each week 
planting is delayed. Putting this number in perspective, growers near Beaumont who plant 1.5 to 3 weeks later 
than growers near Eagle Lake can expect a 465 to 930 lb/ac lower yield, everything else being equal. 
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In addition to differences in soils and weather, each producer also has a unique land/equipment 
lease/ownership business structure and debt load that impacts profitability by a small to a great degree from the 
numbers listed in the table below. In summary, average profitability is a useful concept when looking at the 
health of an industry, but each grower must determine how their rice productivity and the cost of achieving 
their level of productivity translates into economic profitability. 

Table 1. Estimated grain yield, whole grain and total milling yield, and net profit ($$/ac) for 
conventional and herbicide tolerant hybrid and inbred rice production derived from 2004 to 2020 
crop survey data scaled to 2020 yields and production costs. 
 

Conventional 
Hybrids 

Herbicide 
Resistant 
Hybrids 

Conventional 
Inbreds 

Herbicide 
Resistant 
Inbreds 

Grain Yield (lbs/ac at 12% moisture) 

Main Crop 8,046 8,788 6,297 7,264 
Ratoon Crop 3,323 3,274 2,755 2,485 
Main + Ratoon 11,369 12,062 9,052 9,749 

Whole Grain Milling Yield (%) 

Main Crop 57.1 58.1 58.6 59.1 
Ratoon Crop 55.2 54.0 54.5 55.0 
Main + Ratoon 56.6 57.0 57.3 58.0 

Total Milling Yield (%) 

Main Crop 71.0 71.1 70.4 69.9 
Ratoon Crop 69.9 69.9 68.6 68.5 
Main + Ratoon 70.5 70.5 69.5 69.2 

Net Profit ($$/ac) 

Main Crop -$131.55 -$17.39 -$140.82 -$38.54 
Ratoon Crop $345.51 $336.16 $259.57 $221.31 
Main + Ratoon $213.96 $318.77 $118.75 $182.77 

 
Main Crop Fields 2,880 1,143 3,285 1,115 
Ratoon Crop Fields 1,416 582 1,038 428 
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