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PLANT BREEDING AND GENETICS 

Evolution of Rice Plant Breeding 

Imagine going back in time to when humans in parts of Asia and possibly Africa began to supplement their diet 

with seed collected from primitive species of rice. These early rice plants probably grew in areas where 

freshwater floodplains provided ample water and fertile soils for the plants to grow and reseed year after year. 

But when did humans first begin to consume rice? Huke and Huke (1990) write in their publication titled Rice: 

Then and Now, that the remains of rice plant from 10,000 BC were discovered in a cave near the border of 

Thailand and Myanmar (Burma). This suggests rice was collected, consumed, and possible cultivated by 

humans at least that far back in time and probably far earlier. 

The early rice species were possibly quite tall and probably yielded no more than a couple of hundred pounds 

of grain per acre where solid stands grew. Hunter-gatherers learned they could shake the grain from the mature 

plants onto the ground or over a woven mat or basket. With time, they also learned when to begin to harvest 

the plants so a greater amount of seed could be collected before falling to the ground. Through the decades, 

centuries, and millennia inquisitive gatherers learned that some rice plants produced more grain, which 

ultimately lead to the selection of plant types that produced more seed. We will probably never know when 

humans made the transition from gathering grain from wild rice plants to selecting plants that yielded better or 

produced grain that was larger, tastier, or easier to harvest. However, the tremendous variation in heirloom rice 

varieties grown in different valleys and regions of Asia and Africa suggests some form of rice plant breeding 

has been going on for thousands of years. 

For the past three hundred years, U.S. rice production has evolved from using seed that is thought to have been 

brought to the U.S. with slaves from Africa. Only a bit more than 100 years ago, an influx of Japanese farmers 

to the Texas Gulf Coast provided a second source of genetic variation for use in creating current U.S. Gulf 

Coast rice varieties. Since that time, U.S. rice plant breeding steadily developed a plant type that is well suited 

to our environment with traits that include a shorter stature that can support higher yields without lodging during 

heavy winds, earlier maturity to avoid late season rains, superior milling quality, and increased disease 

tolerance. Since the end of World War II, rice yields in Texas have increased almost five-fold from an average 

of around 1,700 lbs/ac to over 8,300 lbs/ac. During this same period of time, the level of grain fissuring has 

decreased by nearly 10%. Equally amazing, plants have decreased in height from around 62” to only 38 to 43” 

tall. 

Plant breeders have developed a numbers of methods over the years to produce increasingly superior 

performing varieties from the genetic potential that is literally hidden within the rice genome. Some of the 

relatively recent advances include mutation breeding where seed are exposed to mutagenic chemicals or 

gamma radiation that cause base-pair mutations and sometimes others forms of mutation. Mutation breeding 

has produced plants with higher disease resistance, shorter stature, increased grain quality, herbicide tolerance, 
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and so on, trait that otherwise cannot be produced using conventional breeding or would otherwise require 

thousands to millions of crosses and selections to produce. Although mutation breeding is almost one hundred 

years old, it is still a very important approach to adding genetic variability. The Clearfield technology developed 

by Tim Croghan is one of the most used recently incorporated traits in rice in the southeastern U.S. developed 

using mutation breeding. The gene of the recently released ‘Provisia’, a herbicide tolerant variety and 

‘Frontiere’, a high protein rice variety, were also both products of mutation breeding. 

A second example of a relatively recent advance is the development of DNA markers, whose presence in a 

genetic line means a desired trait from one parent plant was successfully moved to a resulting “offspring”. 

Instead of waiting for plants to mature and express specific trait that were targeted in parent lines, DNA markers 

indicate the presence or absence of underlying genes when the plants are young thereby allowing rapid 

elimination of progeny that do not have the desired traits. DNA markers for rice improvement were first used 

in the 1980s and have subsequently proven useful in rice breeding for identifying the presence/absence of genes 

that increase disease tolerance or produce semi-dwarfism to name two. 

A third example of a recent advance is targeted gene editing, with the CRISPR/Cas9 technology currently 

receiving considerable attention. Targeted gene editing is believed to allow precise insertion and deletion of 

specific genes. This approach can potentially overcome two major negative aspects of older gene engineering 

methods, the first being the insertion of genes almost randomly across chromosomes, affecting other genes in 

a highly unpredictable manner, and the second being the insertion of unwanted genes along with desired genes, 

which takes years of subsequent selecting to eliminate. The Beaumont/Eagle Lake Center has recently begun 

to use advanced gene editing to insert genes that provide for higher grain quality, greater cold tolerance, and 

resistance to oxidative stress. 

The three above-mentioned improvements have increased the efficiency of rice trait selection programs but 

they are not sufficient to eliminate the need for continued use of some aspects of large-scale field screening 

evaluations trials. Each year, thousands of lines must be developed and evaluated and each year the large 

majority are discarded. Undoubtedly the largest hurdle associated with moving rice breeding programs fully 

into the 21st century is the development of more efficient methods to accurately separate high yielding lines 

that due to small plot soil variability can yield less than their yield potential, from lower yielding lines that 

appear to have better yield performance than the particular plant type will broadly support across fields, years, 

and management practices. 

Our scientists have recently begun to pursue whether unmanned aerial drones can detect differences in yield 

potential early in the crop’s growth by estimating what we refer to as key primary phenotypic traits that through 

their interaction with the environment and with each other determine yield performance for a wide range of 

climatic and edaphic (soils) environments, and also whether drones can accurately estimate rice yields as the 

crop approaches harvest. It is too early to answer these questions, but our scientists will continue in their pursuit 

of this area of science. 

A fourth example of a recent advance is the use of a highly advanced plant model to accurately predict the 

effect of key primary phenotypic traits on yield performance. These particular traits are currently not measured 

by other rice breeding programs but when measured they greatly increase our ability to distinguish high yielding 

lines from lines that are not able to consistently support high yields. Our field trials confirm that this 

methodology correctly identifies a very high percentage of high yielding plant types. Advanced phenotyping 

combined with model-assisted selection is expected to increase the speed of development of new rice varieties 

by 30% or more compared to existing breeding programs. When we reach the point where we also have 

completed the development of DNA markers for these advanced traits, a further significant increase in the speed 

advantage is expected. We believe these changes will revolutionize major aspects of rice plant breeding. 
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Research conducted by Lloyd T. (Ted) Wilson, Stanley O. (Omar) PB Samonte, Yubin Yang, Rodante E. Tabien, Zongbu Yan, Jenny 

Wang, Eric Christensen, Leanna Martin, Lee Tarpley, Jasper B. B. Alpuerto, Darlene L. Sanchez, Leon Holgate, and Bala Saptoka. 

For more information, please contact Dr. Lloyd T. (Ted) Wilson at (409) 752-2741 or lt-wilson@aesrg.tamu.edu. 

Chalkiness of Milled Rice of Texas Elite Breeding Lines from Main and Ratoon Crops 

Milled rice chalkiness is a key determinant of rice grain quality and is a factor affecting its final market 

value. The ratoon crop (RC), which is harvests after the first crop or main crop (MC), gains additional yield 

with less farm inputs and is a popular practice in Texas and Louisiana. The ratoon harvest grain may be mixed 

with grain from the main crop harvest for ease of storage. In this study, we focused on MC and RC grain 

chalkiness of several elite lines to determine whether mixing the harvests reduces the overall grain quality. 

Figure 1. Hybrid Cultivar Development. 

mailto:lt-wilson@aesrg.tamu.edu
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Twenty high yielding inbred 

lines, including Antonio and 

Presidio as checks, were selected 

and the harvests from a two-year 

trial at Eagle Lake, Texas, were used 

to evaluate MC and RC chalkiness 

using an S21 grain analyzer (Table 

1.). The government defines grain 

chalkiness as the percent of grain 

whose chalky area is 50% of the 

grains area. The results indicated 

that on average, the chalkiness of RC 

grains was 4 to 6 % lower than that 

of MC grains. In 2016, RC 

chalkiness of 15 lines were 

significantly lower than chalkiness 

of their corresponding MC, but five 

lines had no significant difference 

between RC and MC. The same 

trend was observed in 2017, but 

some lines did not follow this 

pattern. On average, MC chalkiness 

in 2016 was higher than that in 2017 

although only seven lines in 2016 

were significantly higher than in 

2017, 12 lines had similar MC in 

both years and one line had lower 

chalkiness in 2016. For RC, all entries had similar chalkiness in both years. Presidio had nearly the lowest 

chalkiness for both MC and RC in both years, but three lines had similar chalkiness between MC and RC and 

were consistent in both years. These results suggest that chalkiness of MC significantly varies by year for some 

genotypes but some could be stable. Chalkiness of RC was consistently low and very stable. Since RC grain 

quality was much higher than that of MC grain, mixing the two harvests can be used to improve overall quality. 

Among entries, Presidio is among the best for its lower chalkiness, but the elite lines RU1603113, RU1603166, 

and RU1603178 were comparable and stable for low chalkiness, and potential donors in breeding for quality 

milled rice. 

Research conducted by Haiya Cai, Rodante E. Tabien, Stanley Omar PB. Samonte, Chersty L. Harper, Jason Samford and Leon 

Holgate. For more information, please contact Dr. Tabien at (409) 752-2741 ext. 2230 or retabien@ag.tamu.edu. 

Variation in Rice Grain Quality in Different Weather Conditions 

Elevated nighttime air temperature may have a deleterious effect on rice quality, but no systematic research 

has been conducted on how mean daily weather variation at different plant growth stages influences grain 

quality. Here a field trial was conducted using sixteen rice varieties released in recent years in the U.S. Grain 

quality characteristics and the weather conditions during three growth stages for three years were analyzed to 

determine their relationships. Grain of the varieties included in the 2014-2016 uniform regional rice nursery 

grown in Beaumont were processed using a Zaccaria mill and evaluated for grain chalkiness and percentage 

Table 1. Percent chalkiness of milled rice from ratoon crop and main crop of 20 

elite inbred lines in 2016 and 2017. 

Genotype 

2016  2017 

Main 

Crop 

Ratoon 

Crop 

 Main 

Crop 

Ratoon 

Crop 

ANTONIO 11.37a 3.17b  9.48a 1.52b 

RU0803147 14.70a 1.11c  8.86b 0.95c 

RU0803153 12.06a 1.43c  8.29b 1.29c 

RU1303138 6.96a 1.77b  6.43a 1.24b 

RU1303153 7.79a 1.92b  7.87a 1.20b 

RU1303181 5.07a 1.78b  3.52a 1.43b 

RU1403138 4.23b 1.58b  7.27a 2.38b 

RU1403141 3.81a 0.81c  2.70b 0.99c 

RU1503147 5.64a 0.66b  5.12a 1.21b 

RU1503169 14.21a 1.90c  7.77b 0.70c 

RU1503175 15.01a 0.91c  10.96b 1.02c 

RU1603086 4.11a 2.20b  3.87ab 1.19b 

RU1603089 10.29a 1.51c  5.79b 1.26c 

RU1603113 3.48a 1.51a  3.40a 1.44a 

RU1603116 2.76a 1.24b  1.90ab 1.49b 

RU1603138 9.18a 1.15c  4.81b 1.27c 

RU1603166 3.68a 2.70a  3.34a 1.72a 

RU1603178 5.00a 3.28a  3.84a 1.71a 

RU1603187 4.33a 1.82b  3.95a 1.08b 

PRESIDIO 2.50ab 0.90b  2.92a 1.51b 

Average: 7.31a 1.67c  5.60b 1.33c 

Chalkiness values in a row with the same letters are not significantly different at 5% 

level. 

mailto:retabien@ag.tamu.edu
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whole grain. Mean weather conditions including daily maximum temperature, daily minimum temperature 

and daily solar radiation were determined at three growth stages: 20 days after emergence to 50% heading 

(stage I), 50% heading to maturity (stage II) and 20 days after emergence to maturity (stage III). All together 

there were four dates of emergence. All the cultivars had the same emergence dates in 2014 and 2015, but in 

2016 six of them were seeded 10 days earlier than the other 10 cultivars; these were differentiated as 

emergence 2016-1 and emergence 2016-2, respectively. 

The mean weather conditions varied among different emergence dates within a corresponding growth 

stage. Emergence in 2014 had the lowest mean daily minimum temperature over the three growth stages while 

emergence 2016-2 had the highest at stage I and stage III; the largest difference was around 1.4 °C among four 

emergence dates at stage II. For daily maximum temperature, emergence 2016-2 displayed the highest at stage 

II and stage III, and the largest difference among emergence dates was around 1.7 °C at stage II. The largest 

difference for daily solar radiation was nearly 3 MJ m-2 day-1 at stage II. 

 

The mean grain chalkiness of cultivars within years ranged from 1.24 to 13.37% (Table 1). Twelve varieties 

were significantly different across three years but Jupiter, Cocodrie, CL151 and Antonio had nearly consistent 

chalkiness percentage across the three years. Mean percentage of whole grain ranged from 43.50 to 67.10% 

(Table 2). Seven varieties showed significant differences across the three years while nine were nearly stable. 

Chalkiness was positively correlated with mean daily solar radiation and maximum temperature at stage I and 

stage II, suggesting that higher mean daily solar radiation and maximum temperature at emergence to heading 

and heading to harvest will increase chalkiness. For percentage of whole rice, a negative correlation with         

(r=-0.46) was observed at stage II, with higher whole grain percentage obtained at lower mean daily minimum 

temperature, basically cooler at heading to harvest. Since daily minimum temperature reflects night 

temperature, these results further suggest that high 

  

Table 1. Percent chalkiness of 16 released rice varieties in 2014 – 2016. 

Chalkiness 

Genotype 2014 2015 2016 Average 

CL111 9.78± 0.66a 3.26± 0.85b 10.68± 3.63a 7.91± 1.71 

JUPITER 6.50± 2.28a 6.92± 0.02a 7.89± 0.98a 7.11± 1.09 

LAKAST 3.37± 1.09b 3.09± 0.58b 7.89± 1.88a 4.78± 1.18 

MERMENTAU 10.12± 4.14a 4.95± 1.96b 13.37± 1.19a 9.48± 2.43 

PRESIDIO 6.25± 2.22a 1.59± 1.22b 3.17± 2.1ab 3.67± 1.85 

WELLS 5.41± 1.85ab 3.32± 0.13b 7.59± 1.47a 5.44± 1.15 

COCODRIE 7.14± 3.28a 7.84± 0.09a 9.14± 0.82a 8.04± 1.40 

CHENIERE 3.71± 1.04a 1.24± 0.36b 3.69± 0.14a 2.88± 0.51 

CL151 8.33± 0.32a 9.78± 3.20a 10.83± 3.64a 9.64± 2.39 

DELLA-2 5.99± 1.35a 2.64± 1.31b 4.79± 1.44a 4.47± 1.37 

JAZZMAN-2 5.46± 1.86a 3.74± 1.11b 2.72± 0.25b 3.98± 1.07 

M206 7.18± 0.26a 3.42± 1.94b 4.09± 1.32b 4.90± 1.17 

Rex 7.35± 1.05ab 5.47± 0.63b 10.07± 2.94a 7.63± 1.54 

ROY J 7.35± 1.06a 4.11± 2.54b 5.92± 0.58ab 6.41± 2.10 

ANTONIO 7.35± 1.07a 9.53± 4.67a 7.90± 2.62a 8.91± 3.05 

TAGGART 7.35± 1.08ab 5.09± 0.83b 7.72± 1.70a 7.35± 1.60 

Means in a row with the same letters are not significantly different at 5% level 
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night temperature from heading to maturity will reduce the whole grain percentage. We conclude that weather 

conditions and future climate conditions will influence rice grain quality. 

Table 2. Percent whole rice of 16 released rice varieties in 2014 – 2016. 

 Percent Whole Rice 

Genotype 2014 2015 2016 Average 

CL111 58.69± 9.39a 63.48± 0.30a 57.00± 0.00a 59.72± 5.16 

JUPITER 67.65± 2.09a 66.97± 1.94a 60.00± 5.66a 64.87± 4.73 

LAKAST 57.75± 2.63a 59.12± 2.06a 43.50± 6.36b 53.46± 8.38 

MERMENTAU 60.87± 0.62a 62.96± 1.51a 60.50± 0.71a 61.44± 1.43 

PRESIDIO 63.71± 1.68a 64.23± 0.19a 60.50± 2.12a 62.81± 2.17 

WELLS 64.28± 3.76a 60.29± 0.13a 48.00± 2.83b 57.52± 7.88 

COCODRIE 62.60± 2.17a 60.33± 0.46a 60.00± 1.41a 60.98± 1.73 

CHENIERE 61.03± 1.09a 60.61± 0.57a 63.00± 1.41a 61.55± 1.42 

CL151 64.89± 2.59a 59.28± 1.77a 59.00± 1.41a 61.06± 3.34 

DELLA-2 64.76± 0.93a 60.50± 0.69b 57.50± 2.12b 60.92± 3.44 

JAZZMAN-2 64.08± 1.00a 65.76± 0.27a 61.00± 4.24a 63.61± 2.91 

M206 64.08± 3.27ab 67.66± 0.11a 60.00± 1.41b 63.91± 3.78 

Rex 59.84± 3.01a 57.17± 1.73a 55.50± 2.12a 57.50± 2.67 

ROY J 60.10± 0.91a 55.63± 1.71b 54.00± 1.41b 56.58± 3.02 

ANTONIO 67.10± 0.90a 56.59± 1.86b 59.50± 0.71b 61.06± 4.95 

TAGGART 60.14± 1.08a 54.35± 1.26ab 51.00± 2.83b 55.16± 4.39 

Means in a row with the same letters are not significantly different at 5% level. 

 

Research conducted by Haiya Cai, Rodante E. Tabien, Lee Tarpley, Chersty L. Harper, Patrick Carre and Kyle Jones. For more 

information, please contact Dr. Tabien at (409) 752-2741 ext. 2230 or retabien@ag.tamu.edu. 

Genotypic Diversity of Grain Chalkiness and Aroma in Rice 

The amount of genetic diversity within a species is important factor for understanding the evolutionary 

status of rice species. One of the major contributors to the genetic divergence in rice is aroma. Aromatic rice is 

generally preferred by consumers thus it can determine market price. Similar to aroma, chalkiness is a key 

factor in determining price of rice since it reflects the quality of the milled rice. Both traits are generally found 

in traditional varieties or land races of rice growing countries. This study aims to describe the genetic diversity 

of aromatic accessions in the U.S. gene bank, particularly those from Iraq. Twenty-five aromatic accessions 

and one non-aromatic rice variety (Table 1) were grown in Beaumont, Texas. Grains from these entries were 

milled using a Zaccaria mill, evaluated for chalk using the STD4800 scanner from WinSEEDLE and tested for 

aroma using gas chromatography-mass spectrometry (GC-MS) at Dr. Manoch Kongchum’s lab in the LSU 

AgCenter, Louisiana. All entries were genotyped by sequencing and using marker calls and using TASSEL 5.0. 

The marker data was recoded to numeric based on allele calls and used for hierarchical clustering using 

“Euclidean distance” and “hclust” function in R 3.4. Average distance was used to compute the distance matrix 

and the distance matrix was used for clustering. The clustering algorithm resulted in three clusters (Fig. 1). The 

first cluster has 14 accessions (Jazzman, Antonio, Amber GSOR, Amber PI, Anber 33, Amber 33 GSOR, 

Amber 33 PI, Basmati 5853-PI, Dellmont PI, Della, Della Clor, Basmati PI 385456, Basmati T3 PI and Scented 

A PI), the second cluster has four (Basmati 6313 PI, Basmati 5874 PI, Basmati 37 PI and Basmati-PI 431251) 

and the third cluster has eight (Amber 43 GSOR, Amber 43 PI, Amber Coarse GSOR, Amber Coarse PI, 

Basmati PI 385471, Basmati Pardar PI, Basmati Medium PI and Basmati PI 385817). The height in the 

dendrogram is the average distance calculated based on similarity/dissimilarity between lines or clusters. The 

higher the height of the split in the dendrogram, the more dissimilar the lines or clusters. The height among the  

three clusters and between each group show dissimilarity but the analysis detected the genotypes that were  

mailto:retabien@ag.tamu.edu
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genetically similar (GSOR and its PI source, e.g. Amber 33, GSOR 310278 was derived from PI 326029) and 

were clustered together. The majority of the accessions with high Acetyl - 1 - Pyrroline content which produces 

the aromatic smell was in cluster 1 and those less aromatic were found in cluster 2. Moreover, most of the 

highly aromatic accessions examined in this analysis originated from Iraq. Less chalky were found in cluster 3. 

Iraqi aromatic rice accessions were distributed between cluster 1 and 3, indicating their genotypic diversity in 

aroma and chalkiness. 

 

 
Table 1: The rice accessions used in the study. 

Entry 

Number 

Accession 

Name 

Gene Bank 

Code 

Type Country of 

Origin 

1 Amber 33 PI 326029 Aromatic Iraq 

2 Amber 33 GSOR 310278 Aromatic Iraq 

3 Amber PI 130650 Aromatic Iraq 

4 Amber GSOR 310793 Aromatic Iraq 

5 Amber Coarse PI 430978 Aromatic Iraq 

6 Amber Coarse GSOR 311588 Aromatic Iraq 

7 Amber 43 PI 430980 Aromatic Iraq 

8 Amber 43 GSOR 311672 Aromatic Iraq 

9 Anber 33   Aromatic Iraq 

10 Della CI 9483 Aromatic USA 

11 Jazzman PI 658006 Aromatic USA 

12 Antonio PI 667755 Non- Aromatic USA 

13 Della Clor 9483 Aromatic USA 

14 Basmati T3 PI 159367 Aromatic India 

15 Scented A PI 184501 Aromatic Japan 

16 Basmati PI 385456 Aromatic Pakistan 

17 Basmati PI 385471 Aromatic Pakistan 

18 Basmati Pardar PI 385809 Aromatic Pakistan 

19 Basmati Medium PI 385816 Aromatic Pakistan 

20 Basmati PI 385817 Aromatic Pakistan 

21 Basmati 6313 PI 400680 Aromatic Pakistan 

22 Basmati 37 PI 402762 Aromatic India 

23 Basmati 5853 PI 402764 Aromatic Pakistan 

24 Basmati 5874 PI 402765 Aromatic Pakistan 

25 Basmati PI 431251 Aromatic Pakistan 

26 Dellmont PI 546364 Aromatic USA 

GSOR: Genetic Stocks Oryza collection 

PI: Plant Introduction 

CIor: Cereal Introduction Oryza 

CI: Cereal Introduction 
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Research conducted by Hussam Alawadi, Rodante E. Tabien, Chersty L. Harper, Patrick Carre and Kyle Jones. For more 

information, please contact Dr. Tabien at (409) 752-2741 ext. 2230 or retabien@ag.tamu.edu. 

EMS Derived Antonio Mutant: Very High Tillering Dwarf Mutant 

In 2014, the U.S. variety Antonio was treated with an 8% solution 

of ethyl methane sulfonate (EMS) to induce mutation. Since the initial 

mutation induction, the progenies have gone through several generations 

of plantings with subsequent harvests and generation advancements. 

During the generation advancement, several unique mutations were 

identified and categorized based on the phenotypic variations found 

within the population. These mutants will be of interest to the scientific 

community to understand the genetic basis of these mutations, and the 

functional aspects of what drives these mutants. By understanding these 

complex mechanisms, we could enhance our ability to help introduce 

desirable traits into future varieties. 

Figure 1. Antonio EMS high tillering dwarf 

mutant. 

Figure 1. The composition of the three clusters based on clustering algorithm. 

mailto:retabien@ag.tamu.edu
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In 2017, M3 (third generation mutant) plants were grown in the field arranged in single 10-foot rows for 

easy evaluation and trait observation over the growing season. Several mutants with abnormal phenotypes were 

included. One of the mutants was a very high tillering dwarf plant type. The dwarf phenotype was stably 

inherited, but it segregated for the number of tillers and heading. Some mutants had very few tillers, but several 

exceeded over 80 tillers. Although the average 

height is still a dwarf type relative to Antonio, 

the heights ranged greatly for these dwarf 

mutants, going as low as 26 cm while Antonio 

plant height averaged 96.5 cm. Heading varied 

also among the mutants. Figure 1 and 2 show 

the variation in tiller counts, heading and 

height of the Antonio dwarf mutant. 

Continued research into the evaluation and 

characterization of these mutants is ongoing. 

Research conducted Chersty L. Harper, Rodante E. 

Tabien, Patrick Carre and Kyle Jones. For more 

information, please contact Dr. Tabien at (409) 752-

2741 ext. 2230 or retabien@ag.tamu.edu. 

Cold Tolerance of Selected Japonica and Texas Rice Germplasm 

Planting rice early in the season reduces crop exposure to late season rain, which can cause reductions 

in grain yield and quality. It also enables the production of a second or ratoon crop. Cold tolerant varieties can 

be bred and planted to overcome these problems, and they have the added benefit of widening the planting 

window. 

We conducted a 

preliminary replicated study at the 

Texas A&M AgriLife Research 

Center at Beaumont in 2017 to 

analyze the cold tolerance of 

selected Japonica and Texas rice 

germplasm. Seed weight 

reduction percentage (SWRP) of 

each genotype was estimated as a 

cold tolerance index and was 

based on the amount of dry mass 

metabolized or translocated from 

the seed to the growing shoot or 

root during germination and early 

seedling growth. In low 

temperature at the early seedling 

growth stage, genotypes with high 

SWRP were classified as cold 

tolerant.  

Seed of selected genotypes, check varieties, Texas elite lines, and hybrids and their parents were sown 

in Petri dishes. Two temperature treatments were applied, low temperature (day/night temperature was 

Figure 2. Variation in height and heading among the Antonio EMS dwarf mutant. 
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Figure 1. Seed weight reduction percentages of 120 genotypes grown in a 19/11oC day/night 

environment serve as cold tolerance index. 
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19/11⁰C) and ambient temperature (whole day temperature was 24C⁰). These treatments correspond to average 

daily low temperatures in Beaumont from 1987 to 2017, during the week of Feb 15 to 21 and average whole 

day daily maximum temperatures for these same years for the week of April 2 to 8. Dry mass of each seed of 

all genotypes was measured before application of temperature treatments, and at 3 days after the check variety 

Presidio started to germinate. Only the 120 genotypes that had germination percentages greater than 75% in the 

low temperature treatment were selected and advanced for further analyses. 

Seed weight reduction percentage was significantly affected by temperature and genotype. At low 

temperature, SWRP values ranged from 14.2% (Rondo) to 37.1% (TX hybrid). Among the genotypes that had 

above-average SWRPs were 3 TX hybrids, 1 male-sterile line, 20 TX inbred lines, and Antonio. Figure 1 

highlights cold tolerance, in terms of SWRP, of several selected lines and varieties that were evaluated in this 

preliminary test. This SWRP procedure is being developed and customized for use as a screening tool for 

identifying cold-tolerant hybrids and also inbred lines that can be considered as cold tolerance donors. 

Research conducted by Stanley Omar PB. Samonte, Rodante E. Tabien, Lloyd T. Wilson, Zongbu Yan, Eric Christensen; and Chersty 

L. Harper. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice Research Foundation. For more 

information, please contact Dr. Stanley Omar Samonte at (409) 752-2741 ext. 2210 or Stanley.Samonte@ag.tamu.edu. 

Genome-Wide Association Studies on Main Culm Node Number and 

Maximum Node Production Rate in Rice 

Grain yield is greatly influenced by interactions between underlying phenotypic traits and 

environmental variables. During the early breeding generations, when yield trials are not possible due to 

insufficient seed, breeders must select for lines based on yield components or yield-related traits. Main culm 

panicle node number (MCPNN; the node number on which the panicle is borne) and maximum node production 

rate (MNPR) are primary phenotypic plant traits that have significant positive direct effects on yield-related 

traits in rice. However, phenotyping and genetic analyses of these traits have not been conducted. Recently, we 

have initiated a project with the objective of identifying regions in the genome (the total genetic material present 

in an organism) associated with both traits, using an approach called genome-wide association study (GWAS). 

About 200 rice accessions consisting of a diverse set of indica and japonica varieties, landraces, inbred 

lines, and hybrids were selected for their variation in number of days to flowering, a trait directly affected by 

MCPNN and MNPR. These were planted in the field at the Texas A&M AgriLife Research Center at Beaumont 

on April 19, 2018. Ongoing data collection consists of observing tagged plants at regular time intervals (Fig. 

1). Main culm panicle node number is estimated as the number of leaves on the main culm plus one for its 

panicle. Maximum node production rate (number of leaves that emerged per degree-day > 10oC) is estimated 

through regression of leaf emergence data from the 3rd to 7th leaf stages. 

Figure 1. Field experiment for the phenotyping of 200 genotypes for main culm panicle node number and maximum node production rate at the 

Texas A&M AgriLife Research Center in 2018. 

mailto:Stanley.Samonte@ag.tamu.edu
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Later this season, leaf samples of the different rice accessions will be collected and sent to the Texas 

A&M AgriLife Genomics and Bioinformatics Service (TxGen) at College Station in order to obtain genotype 

data (DNA fingerprints). Trait and genotype data will then be analyzed using GWAS to identify which parts of 

the genome are strongly associated with MCPNN and MNPR in rice. Increased understanding of the genetic 

basis for main culm node number and maximum node production rate is expected to make breeding strategies 

more efficient, resulting in improved rice grain yields. 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, Leon Holgate, Yubin Yang, 

Lloyd T. Wilson, Rodante E. Tabien, Zongbu Yan, Michael J. Thomson, Endang M. Septiningsih, and Jean-Philippe Pellois. Generous 

funding for this project was provided by the Texas A&M AgriLife Research Crop Improvement Program and the Texas Rice Research 

Foundation. For more information, please contact Dr. Darlene Sanchez at (409) 752-2741 ext. 2445 or 

Darlene.Sanchez@ag.tamu.edu. 

Seedling Vigor in Diverse Rice Germplasm 

Seedling vigor is an important trait 

in direct-seeded rice. Good seedling vigor is 

particularly advantageous for optimum 

stand establishment and competition against 

weeds. On the other hand, delayed 

emergence of rice seedlings could result in 

non-uniform flowering and higher 

incidence of seedling mortality, 

consequently causing poor grain quality and 

yield loss. Genetic improvement is one of 

the most efficient and cost-effective 

strategies in increasing seedling vigor in 

crops. This study aims to characterize 

seedling vigor in a rice diversity panel. A 

total of 219 diverse rice accessions, which 

include indica and japonica cultivars, 

landraces, inbred lines, and hybrids, were 

planted in the field at the Texas A&M 

AgriLife Research Center in Beaumont on April 19, 2018. Standard management practices were followed. 

Seedling vigor was evaluated on May 7, 2018, 18 days after planting (DAP). The ranges of maximum and 

minimum temperatures from planting to evaluation were 68 to 86oF and 48 to 73oF, respectively. Seedling vigor 

was scored using a 1-to-5 scale, with “5” as the best and “1” as the worst. Presidio was used as a check to which 

the other genotypes were compared and was scored as “3”. Entries performing better than Presidio were given 

a score of “4” or “5”, while those performing worse than Presidio were given a score of “1” or “2”. 

Seedling vigor varied among the 219 entries. The percentage of genotypes that were rated as 1, 2, 3, 4, 

and 5 for seedling vigor were 3, 23, 49, 23, and 2%, respectively (Figure 1). Most of the genotypes had a 

seedling vigor score of “3”, comparable to Presidio. Seedling vigor scores of popular U.S. cultivars are shown 

in Table 1.  

Future activities include identifying genes that affect seedling vigor using two approaches: 1) 

conducting a genome-wide association study using the diversity panel, and 2) QTL mapping using biparental 

crosses between genotypes with contrasting seedling vigor scores. Improving the seedling vigor of breeding 

lines and hybrids by using high-seedling vigor parents is also ongoing. 

Figure 1. Distribution of seedling vigor scores among 219 rice accessions planted at 

Texas A&M AgriLife Research at Beaumont in 2018. Seedling vigor scores of some 

US cultivars are also shown. 
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Table 1. Seedling vigor score of common U.S. rice cultivars at the Texas A&M AgriLife Research Center at 

Beaumont in 2018. 

Seedling Vigor Score (Higher is better.) 

2 3 4 5 

Della 2, Cheniere, 

Cypress, Lemont, 

Rondo 

Antonio, Calmochi-

101, Cocodrie, 

Colorado, Cybonnet, 

Diamond, Jefferson, 

Katy, L-201, L-202, 

L-203, LaKast, 

Lacassine, Lebonnet, 

LGRU 2, M-202, M-

203, M-204, M-401, 

Mars, Mercury, N22, 

Presidio, Rico 1, Roy 

J, Terso, Thad, Titan, 

Wells 

LaGrue, M-201, 

Newbonnet, Rex, 

Saber, Sabine, Saturn 

Leah 

 

Research conducted by Darlene L. Sanchez, Stanley Omar PB. Samonte, Jasper Benedict B. Alpuerto, and Leon C. Holgate. Generous 

funding for this project was provided by the Texas A&M AgriLife Research Crop Improvement Program and the Texas Rice Research 

Foundation. For more information, please contact Dr. Darlene L. Sanchez at (409) 752-2741 ext. 2445 or 

Darlene.Sanchez@ag.tamu.edu. 

Leaf Number of Hybrids and their Parents at Seedling Stage 

Successful hybrids have about 15% yield advantage over inbred rice. Grain yield is regulated by 

multiple physiological processes and morphological traits. Based on the Texas Rice Cultivar Selection Program, 

grain yield can be improved by increasing main culm panicle node number and maximum node production rate. 

The number of nodes on the main 

culm of a rice variety is related to 

its tiller density, biomass, and 

number of days to reach 

reproductive stage (i.e., panicle 

initiation). Node production rate 

can be estimated from the 

number of leaves at the seedling 

stage (before tillering).  

The main objective of 

this study was to evaluate 

hybrids and their parents in terms 

of number of leaves during the 

seedling stage. Each node bears a 

leaf or leaf sheath except for the 

last node which bears a panicle. 

We evaluated a diverse 

population of hybrids (F1s) and Figure 1. Distribution and frequency of mid-parent heterosis percentages of 283 hybrids at 28 days 

after planting. 
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their respective parents for leaf 

number. Data were collected at 

15, 22, and 28 days after planting 

(DAP). We focused our analyses 

at 28 DAP as this showed the 

highest variation in number of 

leaves among the collection 

dates. Mid-parent heterosis and 

better-parent heterosis 

(heterobeltiosis) of each hybrid 

were calculated using average 

leaf numbers of each hybrid and 

its parents. A hybrid with 

positive mid-parent heterosis 

percentage indicated that it has 

more leaves than the average of 

its female and male parents at 28 

DAP, while a negative 

percentage indicated lower leaf 

number than its parents’ average. In contrast, a hybrid with a positive better-parent (heterobeltiotic) percentage 

indicated that it had more leaves than the parent with the most leaves, while a negative percentage showed 

fewer leaves than the parent with more leaves. 

The figures above summarize the results of the mid-parent and better-parent heterosis. Out of the 283 

F1s, 30 had mid-parent heterosis values of at least 19% (Fig. 1). As an example from the data, when the mid-

parent value is 5 leaves, there were 30 F1s that had approximately 1 more leaf than the mid-parent (i.e., 6 leaves) 

at 28 DAP. With regards to comparing an F1 against its better parent, 21 out of 283 F1s had heterobeltiosis 

estimates of at least 18% (Fig. 2). These lines developed about 1 leaf more than the better parent at 28 DAP. 

On the other hand, 16 out of the 283 F1s performed 15-20% lower than both the mid-parent and better parent. 

These preliminary results show a wide variation in heterosis for number of leaves at 28 DAP. Further studies 

will be conducted to select and verify parents that contribute towards positive leaf number heterosis. 

Research conducted by Jasper Benedict B. Alpuerto, Stanley Omar PB. Samonte, Darlene L. Sanchez, Leon C. Holgate, Y. Yang, L. 

T. Wilson, Z. Yan, and R. E. Tabien. Generous funding for the Hybrid Rice Breeding Program was provided by the Texas Rice 

Research Foundation. For more information, please contact Dr. Jasper Alpuerto at (409) 752-2741 ext. 2445 or 

jasper.alpuerto@ag.tamu.edu. 

Integration of Genomics and Crop Modeling for Prediction of Complex Traits 

Marker-assisted selection has been an integral component of rice breeding for over two decades. 

However, its use has largely been restricted to traits controlled by major genes, and has been less useful for 

complex traits. Genome-wide association mapping (GWAS) and genomic selection (GS) are promising 

technologies in trait identification and breeding design. However, neither approach considers the underlying 

physiological processes of plant growth and development, and as such, has limited ability to separate genotype 

by environment (G×E) interactions and to integrate the contributions of multiple component traits. 

Figure 2. Distribution and frequency of better-parent heterosis percentages of 283 hybrids at 28 days 

after planting. 
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Process-based systems modeling applies a methodology of trait and process decomposition, and 

component integration across the biological organization from genomics to component traits to crop systems. 

This technology provides a much greater ability to separate the G×E interactions and to integrate the 

contributions of multiple component traits (Figure 1). And it is increasingly considered as a potential 

breakthrough technology in further advancing genomics research. 

This research presents a potential path to integrate genomics with crop modeling to accelerate crop 

breeding and further advance progress in genomic research and to bridge the gaps between genomics and 

complex trait prediction. 

Research conducted by Yubin Yang, Lloyd T. (Ted) Wilson, and S. Omar PB Samonte. For more information, please contact Dr. Yang 

at (409) 752-2741 Ext. 2500 or yyang@aesrg.tamu.edu. 

RICE PHYSIOLOGY AND AGRONOMIC MANAGEMENT 

Sensitive Field Monitoring of Rice Vegetation Nitrogen Status and Time of Flowering 

Critical aspects of Texas rice production include 1) prevention of economic losses due to nitrogen 

deficiency and 2) avoidance of heat-stress damage during reproductive development. The Plant Physiology 

Project is developing procedures to address both of these aspects, thereby contributing to farm profitability. 

Rice Vegetation Nitrogen Status - Development of Sensitive Signature for Proximal Remote Sensing 

Nondestructive methods for detecting vegetation nitrogen concentration generally depend on change in 

reflectance or transmittance of radiation in the Visible-Near Infrared (VNIR) range of 400-1100 nm. These 

methods tend to depend on change in chlorophyll concentration or to the red-edge, both of which respond to 

various nutrients besides nitrogen and to various environmental stresses. In this study, we sought to develop a 

method for detecting vegetation nitrogen status using reflectance in the Short-Wave Infrared (SWIR) range of 

1100-2500 nm. The SWIR contains bands affected by protein level, but is not strongly affected by chlorophyll. 

Most nitrogen in rice leaves is found in protein. 

Figure 1. Decomposition of days to flowering to components traits for rice. 

mailto:yyang@aesrg.tamu.edu
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Ten rice genotypes of diverse origin, including temperate and tropical japonicas, indicas, and NERICA 

were grown in replicated field research plots at Beaumont, Texas. A wide range of nitrogen fertility was 

provided: 0, 100, or 200 lb N per acre. The SWIR reflectance was collected from individual leaves using an 

Ocean Optics NIRSpec with controlled light source. The leaf nitrogen content was estimated using a LECO 

auto analyzer. The leaf 

reflectance spectra and leaf N 

concentration were related using 

two approaches: 1) All Possible 

Ratios (APR; Tarpley et al. 

[2000]. Crop Sci. 40:1814-1819) 

and 2) contiguous waveband 

clustering followed by Partial 

Least Squares Regression 

(PLSR).  

Several lines of evidence 

indicate that validation of the 

study will be successful: 1) the 

cluster of ratios of wavebands of 

best fit included a waveband 

associated with protein (results 

not shown); 2) the highest-

loading cluster of the PLSR is 

influenced by protein, and actually most protein bands in the SWIR were relatively high loading in the PLSR; 

3) the predictions based on the PLSR using the top six factors explaining variation in N concentration provided 

both good precision and accuracy (Fig. 1) - about 2/3’s of the variance was explained indicating good precision; 

the best-fit line was near to a 1-to-1 line suggesting good accuracy; 4) a good linear relationship between SWIR 

reflectance and leaf N concentration was obtained over a wide range of leaf N concentration (ranging beyond 

both high and low concentrations typically seen in Texas rice production) suggesting the ability to detect leaf 

N concentrations at levels in which remediation practices can be applied before economic damage occurs. 

Development of nondestructive field methods for detecting rice vegetation leaf N concentration is 

plausible, but validation of this study’s results is needed. The interpretation of rice vegetation N concentration 

as prescriptions for management action should be based on experience or a crop simulation model- based 

decision aid. 

Establishing the Time of Flowering of Southern U.S. Rice Varieties 

Early flower opening time can help avoid reproductive heat stress damage in rice. The flower opening 

time in rice varies by geographic origin and due to environmental conditions. In earlier greenhouse studies, 

Southern U.S. rice varieties were shown to have relatively early flower opening time. The Plant Physiology 

Project is conducting studies of the flower opening time of Southern U.S. varieties relative to international 

material known to vary in environmental stress tolerance, in Southern U.S. field environments (near Beaumont, 

Texas), in relation to rice canopy environmental conditions. 

This research was conducted by Drs. Lee Tarpley, Abdul Razack Mohammed, and Fugen Dou, along with Drs. Kazuhiro Kabayasi 

(Shimane University) and Mayumi Yoshimoto (NIAES) from Japan. We appreciate the support from Arcadia BioSciences and NIAES 

(Japan) for other aspects of this project. For more information, please contact Dr. Tarpley (Ltarpley@tamu.edu) or Dr. Mohammed 

(abdulrazack@email.tamu.edu). 
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Figure 1. Predicted vs. actual leaf nitrogen concentrations based on Partial Least Squares Regression. 
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Abscisic Acid Partially Negates Effects of High Night Temperature on Rice Production 

Seasonally high night temperatures (HNT) along the U.S. Gulf Coast, occurring during the critical 

stages of development, can reduce rice yield and quality. High temperatures up-regulate ethylene (naturally-

occurring gaseous plant hormone) production, which can increase production of reactive oxygen species (ROS). 

The ROS can trigger oxidative-stress responses in plants thereby decreasing cell membrane stability. 

Destabilized membranes can disrupt water, ion and organic-solute movements across membranes, thus 

affecting carbon production (photosynthesis), consumption (respiration), and photosynthate transport and 

accumulation. Abscisic acid (ABA) is involved in the inhibition of heat-induced ethylene production (Sharp et 

al., 2000; Spollen et al., 2000), thereby decreasing ethylene-triggered ROS production. Abscisic acid limits 

heat-induced ethylene-triggered ROS production by increasing the activities of superoxide dismutase, catalase 

and ascorbate peroxidase (Kumar et al., 2008). In addition, ABA plays an important role in the transport of 

assimilates to the developing seeds of cereals (Yang et al. 1999), thus positively affecting spikelet fertility and 

yield. The objective of this study is to determine the effects of ABA on rice physiology and yield under high 

night temperature stress conditions. 

Rice plants were subjected to ambient night temperature (ANT) (77 °F/25 °C) or HNT (86 °F/30 °C) 

through use of continuously, precisely controlled infrared heaters, starting from 2000 h until 0600 h, from boot 

stage until harvest. In each temperature regime there were two chemical treatments (control and 100 ppm ABA). 

The ABA (100 L per plant) was applied using spray bottle, 10 hours prior to heat treatment. Leaf-level 

photosynthesis and respiration were measured using a LI-6400 portable photosynthesis system (LI-COR Inc., 

Lincoln, NE, USA), 5 days after treatment (DAT). Membrane injury was also measured 5 DAT. Spikelet 

fertility, along with yield, was determined at harvest. 

Plants grown under HNT decreased net photosynthesis 5% and stomatal conductance 21%, compared 

to plants grown under ANT. The ABA-treated plants showed increase in net photosynthesis by 7% and 6% 

under ANT and HNT, respectively, compared to untreated plants. In addition, ABA-treated plants grown under 

HNT showed increased stomatal conductance (18%) compared to untreated plants grown under HNT. Plants 

grown under HNT showed 74% increase in respiration, compared to plants grown under ANT. The ABA-

treated plants grown under HNT showed 33% decrease in respiration, compared to untreated plants grown 

under HNT. There were no differences between untreated plants and ABA-treated plants grown under ANT or 

HNT with respect to pollen viability and pollen germination. However, plants grown under HNT showed 

decreased spikelet fertility (5%) and yield (6%). The ABA-treated plants grown under ANT showed increased 

spikelet fertility (7%) and yield (15%), compared to untreated plants grown under ANT. In addition, ABA-

treated plants grown under HNT showed increased spikelet fertility (10%) and yield (13%), compared to 

untreated plants grown under HNT. 

In the present study, HNT decreased leaf net photosynthesis, but the decrease was not associated with 

stomatal conductance or internal CO2 concentration. In the present study, increase in NT from 77 °F to 86 °F 

increased respiration. Previous studies have reported that HNT increases respiration (Mohammed and Tarpley 

2009, Loka and Oosterhuis 2010). In the present study, HNT had no significant effect on pollen viability or 

pollen germination. Apart from pollen viability and pollen germination, fertility in rice is also associated with 

anther dehiscence, pollen swelling, anther pore size, pollen stickiness and the rate of pollen tube growth, which 

might be affected under heat stress (Matsui and Kagata 2003). However, in the present study, HNT decreased 

spikelet fertility and grain yield. The decreases in spikelet fertility and grain yield were associated with 

decreased net photosynthesis and increased respiration under HNT. Previous studies have reported decreased 

grain yield under HNT (Cheng et al., 2010). In conclusion, application of ABA has the potential to increase 

rice yields under high night temperature. 
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We appreciate the support from Valent BioSciences for this research. For more information contact Dr. Mohammed 

(abdulrazack@email.tamu.edu) or Dr. Tarpley (ltarpley@tamu.edu). 

 

Table 1. Effects of night temperature and abscisic acid (ABA) on rice physiology and yield. 

Parameters 77 oF-Control 77 oF-ABA 86 oF-Control 86 oF-ABA 

Photosynthesis (mol m-2 s-1) 24.3 + 0.32b1 25.9 + 0.29a 23.0 + 0.71c 24.4 + 0.71b 

Conductance (mol m-2 s-1) 1.0 + 0.11ab 0.8 + 0.07b 0.8 + 0.05b 0.9 + 0.04a 

Internal CO2 (mol mol-1) 301.8 + 7.06a 290.0 + 6.20a 303.3 + 5.76a 305.0 + 1.84a 

Transpiration (mmol m-2 s-1) 17.0 + 0.98a 15.9 + 0.57a 15.6 + 0.45a 16.8 + 0.32a 

Respiration (mol m-2 s-1) -0.7 + 0.01a -0.7 + 0.04a -1.3 + 0.06c -0.9 + 0.06b 

Pollen viability (%) 96.9 + 0.56a 97.1 + 0.68a 96.7 + 1.67a 95.7 + 0.59a 

Pollen germination (%) 22.3 + 1.85a 21.8 + 0.63a 18.5 + 6.25a 18.5 + 4.63a 

Spikelet fertility (%) 71.2 + 0.64c 76.3 + 0.87a 67.8 + 1.23d 74.9 + 1.57b 

Yield (g plant-1) 18.7 + 1.22bc 21.4 + 1.38a 17.6 + 1.42c 20.3 + 1.15ab 

Note: Each value is the mean with standard error (+S.E.). 1Means within a row followed by a different letter differed 

significantly (P < 0.05). 

 

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

Variety selection is one of the most important decisions a producer makes because it determines crop 

yield potential and the management practice needed to achieve acceptable yield performance. In this report, we 

summarized the performance of 18 popular or newly released varieties at Eagle Lake and Beaumont during 

2017. At the David R. Wintermann Rice Research Station (Eagle Lake), ten inbreds (Catahoula, Cheniere, 

CL111, CL151, CL153, CL163, CL172, CL272, Mermentau, and Presidio) and six hybrids (Clearfield Gemini 

214, Clearfield RT7812, Clearfield XL745, XL723, XL753, and XL760) were drill-seeded on March 22. 

Hybrid varieties received 150 lb/ac while the inbreds received 180 lb/ac, for main crop production. Hybrids 

consistently produced higher main crop and total grain yields (Table 1). The average main crop yields were 

10,223 lb/acre and 8,621 lb/acre for hybrids and inbreds, respectively. For hybrids, Clearfield Gemini 214 

produced the highest yield. For inbreds, CL151 produced the highest yield. For the ratoon crop, Clearfield 

Gemini 214 produced the highest yield of 4,329 lb/ac with the lowest of 1,773 lb/ac produced by Colorado. 

Catahoula, Antonio, and CL272 produced the highest milling yields for both the main crop and the ratoon crop 

(Table 1). Main crop whole grain milling yields ranged from 57% to 66%, while the ratoon crop whole grain 

milling yields ranged from 60% to 64%. The main crop yield of each entry in 2017 was higher than in 2015 

and 2016 (Table 2), while the ratoon crop yields in 2017 were lower than those in previous years, partially due 

to the impact of Hurricane Harvey. 

  

mailto:abdulrazack@email.tamu.edu
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Table 1. Influence of the selected entries on rice grain and milling yields at the Eagle Lake Station during 

2017. 

Inbred and Hybrid 

Cultivars 

Grain Yield 

(lb/ac) 

 Milling Yield (%) 

 Main Crop Ratoon Crop 

Main 

Crop 

Ratoon 

Crop 
Total  WGa TGa WG TG 

Presidio 6,328 2,257 8,585  64 71 63 70 

CL163 8,038 2,254 10,291  62 70 63 70 

CL272 8,451 1,872 10,324  66 71 62 71 

CL111 8,605 2,312 10,917  65 72 64 71 

CL172 8,660 2,366 11,026  64 72 62 70 

CL153 8,707 2,837 11,543  64 71 63 70 

Cheniere 8,805 2,056 10,861  67 74 64 72 

Mermentau 9,213 2,087 11,300  66 72 63 71 

Catahoula 9,346 2,872 12,219  66 73 63 71 

Clearfield XL745 9,751 3,478 13,228  64 72 61 71 

Clearfield RT 7812 10,111 3,824 13,935  63 72 60 69 

XL753 10,207 3,507 13,714  63 72 60 71 

CL151 10,233 3,129 13,361  64 72 63 70 

XL760 10,505 3,941 14,446  57 70 62 70 

XL723 10,545 3,122 13,667  60 70 62 71 

Clearfield Gemini 214 10,677 4,329 15,006  59 71 62 70 

LSD (P=0.05)b 770 844 1,229  1.7 1.0 2.0 1.5 

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

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

 

 

Table 2. Influence of the selected entries on rice grain yields (lb/ac) at the Eagle Lake Station during 2015-2017. 

Inbred and 

Hybrid Cultivars 

2015 2016 2017 Mean 

Main  

Crop 

Ratoon 

Crop 

Main  

Crop 

Ratoon 

Crop 

Main  

Crop 

Ratoon 

Crop 

Main  

Crop 

Ratoon 

Crop 

XL753 8,741 3,769 10,182 4,232 10,207 3,507 9,710 3,836 

CL XL745 8,229 4,739 9,791 3,754 9,751 3,478 9,257 3,990 

CL151 7,716 4,386 8,564 4,388 10,233 3,129 8,838 3,968 

Mermentau 7,172 3,559 7,858 3,741 9,213 2,087 8,081 3,129 

Presidio 6,697 4,432 6,323 3,836 6,328 2,257 6,449 3,508 

LSD (P=0.05)a 805 1,132 650 871 769 764 731 711 

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

 



 Texas Rice Special Section - 19 

At the Texas A&M AgriLife Research Center at Beaumont, the entries were also planted on March 22. 

The main crop yields were comparable to these at the Eagle Lake Station (Table 3). Higher main crop yields 

were also observed in 2017 than the previous years (Table 4). However, our relatively lower ratoon crop yields 

in 2017 may be partially due to the flood impact of Hurricane Harvey in later August and early September. 

Table 3. Influence of the selected entries on rice grain and milling yields at the Beaumont Center during 2017. 

Inbred and Hybrid 

Cultivars 

Grain Yield 

(lb/ac) 

 Milling Yield (%) 

 Main Crop Ratoon Crop 

Main 

Crop 

Ratoon 

Crop 
Total  WGa TGa WG TG 

Presidio 6,843 2,152 8,995  64 72 54 69 

CL111 7,100 2,564 9,664  63 72 58 70 

CL153 7,608 2,665 10,272  64 72 58 70 

Catahoula 7,724 2,684 10,407  64 74 55 71 

CL172 7,887 2,206 10,065  65 74 55 71 

Cheniere 8,140 2,203 10,343  67 75 60 71 

CL272 8,430 2,808 11,239  62 73 48 70 

CL163 8,818 2,709 11,527  62 71 58 70 

CL151 8,846 3,264 12,110  65 73 60 70 

XL723 9,716 2,552 12,268  59 74 55 74 

Clearfield XL745 9,917 3,113 13,030  59 74 52 73 

Clearfield Gemini 214 10,266 2,076 12,342  56 72 49 72 

XL760 10,375 1,998 12,373  56 73 46 71 

Clearfield RT7812 10,845 1,323 12,168  64 74 47 71 

XL753 10,896 2,567 13,463  58 74 48 70 

LSD (P=0.05) b 767 534 1,083  1.5 2.0 1.7 3.3 

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

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

 

Table 4. Influence of the selected entries on rice grain yields (lb/ac) of main 

crop at the Beaumont Center during 2015-2017. 

Inbred and 

Hybrid Cultivars 

2015 2016 2017 Mean 

XL753 9,377 6,517 10,896 8,930 
CL XL745 8,630 6,991 9,917 8,513 
CL151 6,935 6,652 8,846 7,478 
Presidio 6,702 5,521 6,843 6,355 
LSD (P=0.05)a 608 509 986 1,124 

aMean separation was based on the Fisher’s Least Significance Difference 

(LSD) at P = 0.05. 

 

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

for these projects was provided by the Texas Rice Research Foundation. For more information, please contact Dr. Fugen Dou (f-

dou@aesrg.tamu.edu) at 409-752-2741. 

mailto:f-dou@aesrg.tamu.edu
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Responses of Rice Production to Nitrogen Applied to Main Crop 

Fertilizer cost is the greatest direct expenses in rice production according to the Texas rice economic 

analysis reported by the 2014 Texas Rice Production Guidelines, 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 Eagle Lake and Beaumont in 2017. 

Nitrogen fertilizer rate trials were conducted to identify optimal N rates for newly released varieties. 

The N for the main crop was applied as a four-way split at preplant, preflood, panicle initiation, and late booting. 

For the preflood application, the N fertilizer was applied to dry soil and flooded immediately. If urea is applied 

and a permanent flooding cannot be established in two days or less for sandy loam soils and seven days or less 

for clay soils, the urea should be treated with a urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) 

(i.e. Agrotain) to avoid N loss. 

Four varieties were evaluated at Eagle Lake (CL153, CL163, CL272, and Presidio) and three at 

Beaumont (CL153, CL163, and CL272). Grain yield increased as the total amount of nitrogen increased up to 

either the highest or second highest application rate for both locations. In general, N use efficiency (lbs of grain 

per lbs of applied N) was lower when applied to floodwater compared to dry soils due to more ammonia 

volatilization loss. 
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Table 1. Influence of nitrogen (N) fertilizer rate on grain and milling yields of CL153, 

CL163, CL272, and Presidio at the Eagle Lake Station during 2017. 

Inbred 

Cultivars 

N 

(lb/ac) 

Grain Yield 

(lb/ac) 
 

Milling Yield 

(%) 

Main 

Crop 

Ratoon 

Crop 
Total  WG† TG† 

CL153 0 6,468 b‡ 1,603 a 8,071 b  63 b 70 b 

 150 8,793 a 2,515 a 11,308 a  66 a 72 a 

 180 8,706 a 2,231 a 10,936 a  64 ab 71 ab 

 210 9,189 a 2,333 a 11,522 a  63 b 71 ab 

 240 9,488 a 1,978 a 11,486 a  64 ab 71 ab 

CL163 0 6,035 b 2,412 a 8,447 b  59 b 70 a 

 150 8,199 a 2,770 a 10,970 a  61 ab 71 a 

 180 8,380 a 2,606 a 10,987 a  62 a 70 a 

 210 8,201 a 2,704 a 10,904 a  60 ab 70 a 

 240 8,468 a 2,082 a 10,550 a  60 ab 70 a 

CL272 0 6,482 c 2,172 a 8,654 c  67 a 70 a 

 150 8,624 ab 2,423 a 11,046 a  65 b 70 a 

 180 8,910 a 2,437 a 11,347 a  65 b 70 a 

 210 8,423 ab 1,991 a 10,414 ab  65 b 70 a 

 240 7,735 b 1,967 a 9,702 b  66 ab 70 a 

Presidio 0 4,245 b 1,643 a 5,887 b  57 b 70 a 

 150 6,314 a 2,305 a 8,619 a  63 a 71 a 

 180 6,805 a 2,190 a 8,994 a  64 a 71 a 

 210 6,819 a 2,273 a 9,092 a  63 a 71 a 

 240 6,597 a 2,340 a 8,937 a  62 a 71 a 
†WG and TG refer to whole grain and total grain, respectively. 
‡Means with different letters within the same variety were statistically different 

comparing the different N rates within each variety. 
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Table 2. Influence of nitrogen (N) fertilizer rate on grain and milling yields of CL153, 

CL163, and CL272 at the Beaumont Center during 2017. 

Inbred 

Cultivars 

N 

(lb/ac) 

Grain Yield 

(lb/ac) 
 

Milling Yield 

(%) 

Main 

Crop 

Ratoon 

Crop 
Total  WG† TG† 

CL153 0 1,884 b‡ 2,539 b 4,423 b  59 b 75 a 

 150 7,363 a 2,704 ab 10,067 a  64 ab 74 a 

 180 7,419 a 3,063 ab 10,482 a  64 a 74 a 

 210 7,508 a 3,285 a 10,793 a  62 b 74 a 

 240 7,746 a 3,056 ab 10,802 a  65 a 74 a 

CL163 0 2,672 c 2,496 b 5,168 c  55 c 72 b 

 150 7,402 b 2,818 ab 10,220 b  61 b 78 a 

 180 8,335 a 2,839 ab 11,173 a  63 a 73 b 

 210 8,380 a 3,028 a 11,407 a  62 ab 73 b 

 240 8,054 a 2,916 ab 10,970 a  63 a 73 b 

CL272 0 3,226 c 2,149 c 5,374 d  58 c 72 b 

 150 7,731 ab 2,294 bc 10,025 bc  63 b 73 ab 

 180 8,259 a 2,627 b 10,886 ab  64 ab 74 a 

 210 8,125 a 2,953 a 11,078 a  65 a 74 a 

 240 7,205 b 2,482 b 9,688 c  64 ab 74 a 
†WG and TG refer to whole grain and total grain, respectively. 
‡Means with different letters within the same variety were statistically different between 

different N rates. 

 

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

for these projects was provided by the Texas Rice Research Foundation. For more information, please contact Dr. Fugen Dou (f-

dou@aesrg.tamu.edu) at 409-752-2741. 

A Spatially Explicit Crop Planting Initiation and Progression Model for 

the Conterminous United States 

The ability to accurately estimate when to initiate crop planting and planting progression for different 

crops has major implications in crop management, crop model applications, and in developing adaptation 

strategies for potential future climate change. The objectives of this study are to: 1) identify major factors that 

determine planting initiation and progression of six major crops in the U.S. and 2) develop a spatially explicit 

planting initiation and progression model. The crops that were evaluated are maize (Zea mays), cotton 

(Gossypium hirsutum), rice (Oryza sativa), sorghum (Sorghum bicolor), soybean (Glycine max), and winter 

wheat (Triticum aestivum). County-level daily planting data from 2005-2015 for representative states were 

obtained from the USDA Risk Management Agency. For the five summer crops, the earliest planting gradually 

shifts to later dates with increasing latitude and elevation. The trend is reversed for winter wheat, with planting 

initiation shifting to earlier dates from south to north and from low to high elevation. A minimum planting 

temperature threshold was established for each of the five summer crops, which decreases from south to north 

and from low to high elevation. A maximum planting temperature threshold was established for winter wheat, 

which decreases from south to north but increases from low to high elevation. A spatially explicit  

mailto:f-dou@aesrg.tamu.edu
mailto:f-dou@aesrg.tamu.edu
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Table 1. Analysis of weather and soil conditions that affect planting initiation for six major crops in the U.S. based on observed county 

level planting records from 2005 to 2015. 

Crop State Latitude 
(º N) 

Elevation 
(m) 

Day of 
Year† 

Date† Soil 
T (ºC) ‡ 

Total Rainfall 
(cm) § 

Maize Georgia 31.85 ± 0.59 81 ± 35 72.5 ± 11.6 13-Mar 9.3 ± 3.3 6.18 ± 7.88  
Illinois 39.82 ± 1.43 188 ± 40 97.7 ± 9.6 7-Apr 5.8 ± 3.7 5.73 ± 6.34 

  Kansas 38.49 ± 0.85 548 ± 249 94.9 ± 9.9 4-Apr 5.3 ± 3.3 3.19 ± 4.23  
Mississippi 33.75 ± 0.76 79 ± 39 78.4 ± 14.1 19-Mar 7.8 ± 3.4 5.57 ± 5.63 

  North Carolina 35.64 ± 0.58 120 ± 143 89.1 ± 10.8 30-Mar 7.8 ± 3.0 5.28 ± 4.70  
Nebraska 41.29 ± 0.79 669 ± 279 101.9 ± 8.6 11-Apr 4.2 ± 3.2 3.83 ± 4.16 

  Pennsylvania 40.71 ± 0.55 284 ± 138 110.3 ± 9.4 20-Apr 5.8 ± 2.3 5.06 ± 5.04  
South Dakota 44.29 ± 0.86 573 ± 173 108.5 ± 10.9 18-Apr 3.6 ± 3.0 2.68 ± 3.54 

  Texas 31.70 ± 2.62 402 ± 413 69.1 ± 24.2 10-Mar 8.6 ± 4.0 2.24 ± 4.00      
  

  
  

   
  

     

Cotton Arizona 32.74 ± 0.47 596 ± 440 77.5 ± 17.5 18-Mar 11.8 ± 2.2 0.50 ± 1.62  
California 36.61 ± 1.79 103 ± 135 87.5 ± 15.2 28-Mar 12.1 ± 1.9 1.56 ± 2.97 

  Georgia 31.86 ± 0.58 82 ± 34 109.6 ± 10.6 19-Apr 15.3 ± 2.7 6.49 ± 8.55  
Louisiana 31.90 ± 0.64 23 ± 10 102.0 ± 12.7 12-Apr 15.3 ± 2.9 5.81 ± 6.60 

  North Carolina 35.49 ± 0.58 52 ± 65 112.6 ± 10.9 22-Apr 12.8 ± 2.9 4.97 ± 5.21  
Texas 31.99 ± 2.39 505 ± 393 108.8 ± 26.8 18-Apr 14.8 ± 4.3 3.15 ± 5.30 

      
        

  
   

  
  

Rice Arkansas 34.83 ± 0.92 68 ± 20 91.5 ± 12.0 1-Apr 10.1 ± 3.7 6.45 ± 6.84 
  California 38.60 ± 0.87 28 ± 21 117.4 ± 12.4 27-Apr 14.0 ± 2.5 1.51 ± 2.45  

Louisiana 31.22 ± 0.97 15 ± 9 88.3 ± 20.9 29-Mar 13.5 ± 4.1 4.79 ± 5.75 
  Missouri 36.59 ± 0.32 89 ± 10 99.2 ± 13.4 9-Apr 9.4 ± 3.8 5.92 ± 5.88  

Mississippi 33.74 ± 0.6 43 ± 13 100.5 ± 15.9 10-Apr 13.1 ± 3.5 6.04 ± 6.28 
  Texas 29.64 ± 1.01 33 ± 25 82.1 ± 20.7 23-Mar 14.5 ± 3.4 3.56 ± 5.33      

  
  

  
   

  
     

Sorghum Kansas 38.47 ± 0.84 552 ± 245 125.3 ± 12.7 5-May 10.8 ± 3.6 4.11 ± 5.17  
Mississippi 33.93 ± 0.66 78 ± 42 117.9 ± 20.3 27-Apr 15.1 ± 4.0 6.50 ± 7.89 

  South Dakota 44.24 ± 0.74 597 ± 152 140.4 ± 14.2 20-May 9.3 ± 3.8 4.74 ± 5.27  
Texas 31.95 ± 2.43 465 ± 393 97.4 ± 35.7 7-Apr 13.0 ± 5.1 2.92 ± 4.76 

      
        

  
   

  
  

Soybean Arkansas 34.83 ± 0.91 72 ± 23 100.1 ± 13.4 10-Apr 11.9 ± 3.8 8.28 ± 8.42 
  Illinois 39.82 ± 1.43 185 ± 41 112.2 ± 10.6 22-Apr 9.1 ± 3.5 5.85 ± 6.75  

Kansas 38.51 ± 0.85 536 ± 241 118.4 ± 12.7 28-Apr 9.8 ± 3.6 4.19 ± 5.21 
  Louisiana 31.26 ± 0.98 17 ± 12 98.0 ± 16.5 8-Apr 15.3 ± 4.1 6.62 ± 7.84  

North Carolina 35.64 ± 0.59 108 ± 113 115.3 ± 10.2 25-Apr 12.8 ± 2.7 4.78 ± 4.93 
  South Dakota 44.25 ± 0.86 491 ± 90 118.7 ± 7.5 28-Apr 5.6 ± 2.8 3.54 ± 5.35  

Texas 31.61 ± 2.73 243 ± 365 100.2 ± 31.2 10-Apr 14.4 ± 5.5 3.61 ± 6.09 
      

        
  

   
  

  

Winter Wheat Kansas 38.54 ± 0.84 562 ± 247 249.4 ± 10.3 6-Sep 27.6 ± 4.8 4.11 ± 5.62 
  Montana 47.08 ± 1.03 1030 ± 237 253.6 ± 21.0 10-Sep 21.5 ± 3.3 2.24 ± 3.01  

Ohio 40.44 ± 0.76 275 ± 50 268.7 ± 8.0 25-Sep 21.4 ± 2.7 5.59 ± 5.29 
  South Dakota 44.14 ± 0.79 628 ± 179 252.3 ± 28.0 9-Sep 25.6 ± 3.1 1.52 ± 2.34 
  Texas 32.31 ± 2.19 506 ± 372 263.4 ± 33.6 20-Sep 29.1 ± 4.5 3.82 ± 5.79 
                  

† Average of county-level earliest planting dates (Mean ± STD); ‡ Lowest min soil temperature for maize, cotton, rice, sorghum, and 

soybean or highest max soil temperature for winter wheat at 10 cm depths within the seven days preceding the observed earliest planting 
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temperature model as a function of latitude, longitude and elevation was established to predict planting 

initiation, while a soil texture-based soil wetness index predicts planting delays due to excessive precipitation. 

The model was calibrated with 2005-2009 data and validated with 2010-2015 data; it provided sound goodness 

of fit for planting initiation and weekly planting progression. The spatially explicit model for planting initiation 

and progression can be used to guide crop production planning and to improve planting date and progression 

algorithms for regional simulation analysis. 

 

Research conducted by Yubin Yang and Lloyd T. Wilson. For more information, please contact Dr. Yang at (409) 752-2741 or 

yyang@aesrg.tamu.edu. 

INSECT, DISEASE, AND WEED MANAGEMENT 

Entomology Project  

The Entomology Project (EP) conducted 35 experiments in 2017. Here is the link to our annual report which 

summarizes the results of all these experiments dealing with rice, soybeans, sorghum and sugarcane 

https://beaumont.tamu.edu/eLibrary/Reports_default.htm If you have questions concerning this report or any 

other questions, please contact Mo Way at 409-658-2186 or moway@aesrg.tamu.edu. 

In addition to the above 35 experiments, we were involved in several regulatory issues: 

1. Way wrote a support letter for use of Transform to control sugarcane aphid in grain sorghum. 

TDA/USEPA approved the use of Transform. 

2. Way is the Texas scientific rep on USA Rice’s Government Regulatory Affairs and Food Safety 

Committee and met with EPA to answer questions concerning rice production practices in the US. 

3. Way provided comments to EPA in support of continued use of neonicotinoid insecticides in rice in the 

southern US. 

4. Following Hurricane Harvey, Way helped convince TDA to allow organic rice to maintain organic 

certification even though this rice could have been exposed to Dibrom by C-130s to control mosquitos 

carrying viruses that cause Zika and West Nile. 

5. Following Hurricane Harvey, Way, Dr. Ted Wilson, Dwight Roberts, Vernie Hubert, and congressional 

aids had a conference call with FDA, which resulted in convincing FDA to allow rice that went under 

water during Harvey to be harvested and sold. Way is still interested in providing FDA comments to 

better serve the rice industry and the environment, if future disasters like Harvey occur. 

Specific Rice Research Highlights in 2017: 

Increased rates of NipsIt INSIDE 

Presidio is commonly planted at 50 to 80 lb seed/ac. The recommended rate for NipsIt INSIDE seed 

treatment is 1.92 fl oz/cwt of seed, regardless of seeding rate. A lower seeding rate of Presidio, such as 50 

lb/ac, is also common and is the recommended seeding rate for CLEARFIELD non-hybrid varieties. Hybrid 

varieties are typically planted at 20 lb/ac. Thus, the amount of NipsIt INSIDE applied on a per acre basis varies 

with seeding rate, with lower seeding rates receiving less insecticide per acre compared to higher seeding rates. 

For 80, 50 and 20 lb/ac seeding rates, the amount of NipsIt INSIDE applied per acre is 1.54, 0.96 and 

0.38 fl oz, respectively. It is possible that lower seeding rates result in less rice water weevil (RWW) control. 

Thus, the goal of this study was to evaluate NipsIt INSIDE RWW efficacy at 3 seeding rates - 80, 50 and 20 

date; soil temperature is derived from air temperature based on observed planting date; § Averages over the seven day period prior to the 

earliest planting date. 

https://beaumont.tamu.edu/eLibrary/Reports_default.htm
mailto:moway@aesrg.tamu.edu
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lb/ac. For 80 and 50 lb/ac seeding rates, Presidio was planted and for 20 lb/ac seeding rate CLXL745 was 

planted. 

Experiment 1 - 80 lb/ac seeding rate. This experiment was comprised of 2 treatments, an untreated control 

and a NipsIt INSIDE treatment applied at the recommended rate of 1.54 fl oz/ac. Immature populations of 

RWW were below the economic injury level (15 immature RWW per 5 cores) in the untreated control on the 

1st sample date, but on the 2nd sample date, populations were much higher, so this experiment is a good test of 

the efficacy of NipsIt INSIDE at this seeding rate (Table 1). On the 1st and 2nd sample dates, NipsIt INSIDE 

provided 90 and 75% control of RWW, respectively. 

Table 1. Mean insect data for increased rates of NipsIt INSIDE – Experiment 1. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment 

Rate 

(fl oz/A) 

No. RWWb/5 cores 
WHsb/4 

rows May 30 Jun 6 

Presidio 80 Untreated --- 13.3 a 33.3 a 4.0 

Presidio 80 NipsIt INSIDE  1.54 1.3 b 8.3 bc 4.3 

      NS 

a RWW = rice water weevil; WH = whiteheads 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD and 

ANOVA) 
 

 

Whitehead counts were not significantly different between NipsIt INSIDE and the untreated. Rice plant 

stands were good and not significantly different between treatments which means the seed treatment did not 

have a negative effect on stand establishment (Table 2). We did not see any phytotoxicity associated with the 

seed treatment. Yields of main and ratoon crops were not significantly different between treatments (Table 2). 

Table 2. Mean stand and yield data for increased rates of NipsIt INSIDE – Experiment 1. Beaumont, TX. 

2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment 

Rate 

(fl oz/A) 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

Presidio 80 Untreated --- 9.6 5723.1 1961.3 7684.4 

Presidio 80 NipsIt INSIDE 1.54 9.7 5506.2 2178.3 7684.5 

Means in a column are not significantly different (P = 0.05, LSD and ANOVA) 

 

Experiment 2 - 50 lb/ac seeding rate. This experiment was comprised of 3 treatments, an untreated control, 

NipsIt INSIDE at the recommended rate of 0.96 fl oz/ac, and a high rate of 1.54 fl oz/ac (comparable to the 

recommended rate at 80 lb/ac seeding rate). Immature populations of RWW in the untreated control were barely 

above the economic injury level on the 1st sample date, but by the 2nd sample date, the populations had increased 

to about twice the economic injury level (Table 3). So, this is a good test of treatment efficacy. On both sample 

dates, the high rate provided better control than the recommended rate (63% control for the recommended rate 

and 96% control for the high rate). 

 

Table 3. Mean insect data for increased rates of NipsIt INSIDE – Experiment 2. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

No. RWWb/5 cores 
WHsb/4 

rows May 30 Jun 6 
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Presidio 50 Untreated --- 18.0 a 31.5 a 4.8 

Presidio 50 NipsIt INSIDE R 1.3 b 11.8 b 2.3 

Presidio 50 NipsIt INSIDE H 0.3 b 1.3 c 5.0 

      NS 

a R = recommended rate (0.96 fl oz/A); H = high rate (1.54 fl oz/ac) 
b RWW = rice water weevil; WH = whiteheads 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD 

and ANOVA) 

 

Whitehead counts were low and not significantly different among treatments (Table 3). Rice plant stands 

were similar across treatments and no phytotoxicity was observed among the treatments (Table 4). Yields were 

similar across treatments for the main, ratoon and total crop (Table 4). 

Table 4. Mean stand and yield data for increased rates of NipsIt INSIDE – Experiment 2. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

Presidio 50 Untreated --- 8.4 5872.7 2286.0 8158.7 

Presidio 50 NipsIt INSIDE R 8.9 6085.9 2202.8 8288.7 

Presidio 50 NipsIt INSIDE H 7.1 5921.9 2432.4 8354.3 

a R = recommended rate (0.96 fl oz/ac); H = high rate (1.54 fl oz/ac) 

Means in a column are not significantly different (P = 0.05, LSD and ANOVA) 

 

Experiment 3 - 20 lb/ac seeding rate using CLXL745. This experiment was comprised of 3 treatments, an 

untreated control, NipsIt INSIDE at the recommended rate of 0.38 fl oz/ac, and the high rate treatment. 

Immature populations of RWW in the untreated control were barely above the economic injury level on the 1st 

sample date, but by the 2nd sample date the populations had increased to about twice the economic injury level 

(Table 5). The high rate provided better control than the recommended rate on both sample dates (significantly 

better on the 2nd sample date). The high rate gave 98% and 92% control on the 1st and 2nd sample dates, 

respectively, while the recommended rate gave 82% and 47% control on the 1st and 2nd sample dates, 

respectively (Table 5). Whitehead counts were not significantly different among treatments (Table 5). 

 

Table 5. Mean insect data for increased rates of NipsIt INSIDE – Experiment 3. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

No. RWWb/5 cores 
WHsb/4 

rows May 30 Jun 6 

CLXL745 20 Untreated --- 16.8 a 34.8 a 6.8 

CLXL745 20 NipsIt INSIDE R 3.0 b 18.5 a 6.0 

CLXL745 20 NipsIt INSIDE H 0.3 b 2.8 b 6.3 

      NS 

a R = recommended rate (0.38 fl oz/ac); H = high rate (1.536 fl oz/ac) 
b RWW = rice water weevil; WH = whiteheads 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD and 

ANOVA) 
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Rice plant stands reflected the low seeding rate, but were not significantly different among treatments 

(Table 6). No phytotoxicity was observed among the treatments. Yields of main, ratoon and total crop were not 

significantly different among treatments (Table 6). However, both treatments numerically out yielded the 

untreated control for main, ratoon and total crop, and the recommended rate numerically out yielded the high 

rate for the ratoon and total crops. 
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Table 6. Mean stand and yield data for increased rates of NipsIt INSIDE – Experiment 3. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

CLXL745 20 Untreated --- 3.1 7530.3 1493.9 9024.2 

CLXL745 20 NipsIt INSIDE R 2.9 7884.6 1750.0 9634.6 

CLXL745 20 NipsIt INSIDE H 2.9 7898.0 1561.8 9459.8 

a R = recommended rate (0.38 fl oz/ac); H = high rate (1.536 fl oz/ac) 

Means in a column are not significantly different (P = 0.05, LSD and ANOVA) 

 

Summary for NipsIt INSIDE Experiments. The preliminary data from the 3 experiments show the high rate 

of NipsIt INSIDE for 50 and 20 lb/ac seeding rates provided better control of RWW than the recommended 

rates, but better control did not translate to higher yields. Higher population densities of RWW may not produce 

the same results. 

Increased rates of CruiserMaxx Rice 

The recommended rate for CruiserMaxx Rice seed treatment is 7 fl oz/cwt of seed, regardless of seeding 

rate. However, seeding rate varies, and therefore so does the amount of CruiserMaxx applied on a per acre 

basis, with lower seeding rates results in less insecticide applied per acre compared to higher seeding rates.  

For 80, 50 and 20 lb/ac seeding rates, the amount of CruiserMaxx applied per acre is 5.6, 3.5 and 1.4 fl 

oz, respectively. It is possible that lower seeding rates result in less rice water weevil (RWW) control. Thus, 

the goal of this study was to evaluate CMR RWW efficacy in terms of 3 seeding rates - 80, 50 and 20 lb/ac. 

For 80 and 50 lb/ac seeding rates, we used Presidio and for 20 lb/ac seeding rate we used CLXL745 as 

previously described. 

Experiment 1 - 80 lb/ac seeding rate using Presidio. This experiment was comprised of 2 treatments, an 

untreated control and CruiserMaxx applied at the recommended rate of 5.6 fl oz/ac. Immature populations of 

RWW were above the economic injury level in the untreated control on the 1st and 2nd sample dates, (Table 

7). CruiserMaxx provided 90 and 56% control of RWW on the 1st and 2nd sample dates, respectively. 

Differences in RWW numbers were significant on the 1st, but not the 2nd sample date (Table 7).  

Table 7. Mean insect data for Presidio CruiserMaxx Rice seed treatment. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Rate 

No. RWWa/5 cores 
WHsa/4 

rows May 31 Jun 7 

Presidio 80 Untreated --- 23.5 a 37.0 11.0 

Presidio 

80 CruiserMaxx Rice 7 fl 

oz/cwtb 

2.3 b 16.3 9.0 

     NS NS 

a RWW = rice water weevil; WH = whiteheads 
b 7 fl oz/cwt at 80 lb/ac seeding rate = 5.6 fl oz/ac 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD and 

ANOVA) 

 

Whitehead counts were not significantly different between CruiserMaxx and the untreated control. Rice 

plant stands were good and not significantly different between treatments which means the seed treatment did 
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not have a negative effect on stand establishment (Table 8). We did not see any phytotoxicity associated with 

the seed treatment. Yields of main and ratoon crops were not significantly different between treatments; 

however, the CruiserMaxx treatment numerically out yielded the untreated control by 475, 154 and 627 lb/ac, 

for main, ratoon and total crop yields, respectively (Table 8). 

Table 8. Mean stand and yield data for Presidio CruiserMaxx Rice seed treatment. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Rate 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

Presidio 80 Untreated --- 12.0 5870.6 2018.1 7888.7 

Presidio 80 CruiserMaxx Rice  7 fl oz/cwta 11.3 6346.0 2171.5 8517.5 

a 7 fl oz/cwt at 80 lb/ac seeding rate = 5.6 fl oz/ac 

Means in a column are not significantly different (P = 0.05, LSD and ANOVA) 

 

Experiment 2 - 50 lb/ac seeding rate using Presidio. This experiment was comprised of 3 treatments, an 

untreated control, CruiserMaxx at the recommended rate of 3.5 fl oz/ac, and the high rate. The immature 

population of RWW in the untreated control were approximately equal to the economic injury level on the 1st 

sample date, but by the 2nd sample date, the population had increased to about twice the economic injury level 

(Table 9). So, this is a good test of treatment efficacy. On both sample dates, the high rate provided better 

control (97%) than the recommended rate (86%), but not significantly so. On the 2nd sample date, the high rate 

provided 76% control while the recommended rate provided only 53% control (Table 9). 

Table 9. Mean insect data for increased rates of CruiserMaxx Rice – Experiment 2. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

No. RWWb/5 cores 
WHsb/4 

rows May 31 Jun 7 

Presidio 50 Untreated --- 14.5 a 33.3 a 8.0 

Presidio 50 CruiserMaxx Rice R 2.0 b 15.8 b 7.0 

Presidio 50 CruiserMaxx Rice H 0.5 b 8.0 b 11.3 

      NS 

a R = recommended rate (3.5 fl oz/ac); H = high rate (5.6 fl oz/ac) 
b RWW = rice water weevil; WH = whiteheads 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD and ANOVA) 

 

Whitehead counts did not differ significantly among treatments (Table 9). Rice plant stands were similar 

across treatments and no phytotoxicity was observed among the treatments (Table 10). Yields were significantly 

higher for the high rate than the untreated control for main and total crop yields (Table 10). Main and ratoon 

crop yields for the recommended treatment were higher than the untreated control but lower and not 

significantly different from the high treatment yields (Table 10). The main, ratoon and total crop yields for the 

high treatment were greater than the untreated control by 641, 186 and 827 lb/ac, respectively (Table 10). The 

main, ratoon and total crop yields for the recommended treatment were greater than the untreated control by 

381, 110 and 491 lb/ac, respectively (Table 10). 
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Table 10. Mean stand and yield data for increased rates of CruiserMaxx Rice – Experiment 2. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

Presidio 50 Untreated --- 6.6 5733.4 b 2052.8 7786.2 b 

Presidio 50 CruiserMaxx Rice R 7.6 6114.0 ab 2162.6 8276.6 ab 

Presidio 50 CruiserMaxx Rice H 7.3 6373.8 a 2238.9 8612.8 a 

      NS  

a R = recommended rate (3.5 fl oz/ac); H = high rate (5.6 fl oz/ac) 

Means in a column followed by the same letter are not significantly different (P = 0.05, LSD and ANOVA) 

 

Experiment 3 - 20 lb/ac seeding rate using CLXL745. This experiment was comprised of 3 treatments, an 

untreated control, CruiserMaxx at the recommended rate of 1.4 fl oz/ac and the high rate. Immature populations 

of RWW in the untreated control were slightly below the economic injury level on the 1st sample date, but by 

the 2nd sample date populations in the untreated control had increased dramatically, so this experiment is a 

good test of treatment efficacy (Table 11). The high rate provided significantly better control than the 

recommended rate on both sample dates. The high rate gave 98% and 90% control on the 1st and 2nd sample 

dates, respectively, while the recommended rate gave 81% and 46% control on the 1st and 2nd sample dates, 

respectively (Table 11). 

 

Table 11. Mean insect data for increased rates of CruiserMaxx Rice – Experiment 3. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

No. RWWb/5 cores 
WHsb/4 

rows May 31 Jun 7 

CLXL745 20 Untreated --- 12.3 a 51.5 a 8.0 

CLXL745 20 CruiserMaxx Rice R 2.3 b 28.0 b 6.8 

CLXL745 20 CruiserMaxx Rice H 0.3 c 5.0 c 7.8 

      NS 

a R = recommended rate (1.4 fl oz/ac); H = high rate (5.6 fl oz/ac) 
b RWW = rice water weevil; WH = whiteheads 

Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, LSD and ANOVA) 

 

Whitehead counts were not significantly different among treatments (Table 11). Rice plant stands 

reflected the low seeding rate in the experiment, but were not significantly different among treatments (Table 

12). No phytotoxicity was observed among the treatments. Yields of main, ratoon and total crop were not 

significantly different among treatments (Table 12); although, both treatments numerically out yielded the 

untreated control for main, ratoon and total crop. 
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Table 12. Mean stand and yield data for increased rates of CruiserMaxx Rice – Experiment 3. Beaumont, TX. 2017. 

Variety 

Seeding 

rate 

(lb/ac) Treatment Ratea 

Stand 

(plants/ft 

of row) 

Yield (lb/ac) 

Main Ratoon Total 

CLXL745 20 Untreated --- 3.5 8126.3 1522.7 9649.0 

CLXL745 20 CruiserMaxx Rice R 3.1 8194.8 1626.7 9821.4 

CLXL745 20 CruiserMaxx Rice H 2.6 8185.0 1732.0 9917.0 

        

a R = recommended rate (1.4 fl oz/ac); H = high rate (5.6 fl oz/ac) 

Means in a column followed by the same letter are not significantly different (P = 0.05, LSD and ANOVA) 

 

Rice delphacid update 

The rice delphacid is native to Mexico, Central and South America and the Caribbean. We discovered 

it for the 1st time attacking ratoon rice in Texas in August of 2015. Damage was severe with estimated yield 

losses of at least 25%. The insect also has the ability to transmit a virus which causes “hoja blanca” disease. 

We conducted biweekly surveys in ratoon rice fields throughout the Texas rice belt beginning in August of 

2015 to the present. We inspected rice, rice stubble, rye grass and other grass weeds in and surrounding 

previously infested fields. Monitoring consisted of inspecting fields visually and sweeping rice/weeds for the 

rice delphacid. In addition, we informed clientele via publications, presentations, field days and one-on-one 

contacts about the rice delphacid. We encouraged stakeholders to contact us if they suspected the rice delphacid 

was present in their fields. To date, we have not found any rice delphacids since the 2015 ratoon cropping 

season. The current absence of the rice delphacid is puzzling due to the very high populations we encountered 

in 2015 (an average of 300-500 nymphs and adults per 5 sweeps in all rice counties west and south of Houston). 

The insect may still be here, but in very low, numbers. The winters of 2015/2016 and 2016/2017 were relatively 

mild which may have helped the insect survive our subtropical environment. However, the winter of 2017/2018 

was relatively cold and wet. In addition, Hurricane Harvey dumped as much as 50 inches of rain on parts of the 

Texas rice belt during a 5 day period in late August/early September 2017. We do not know the impact of this 

unusual weather on the population dynamics of the rice delphacid, but we must remain vigilant. Thus, we want 

to continue our efforts and conduct proactive research for this potentially damaging pest of Texas rice. 

To this end Mo Way and Ismael E. Badillo-Vargas visited the International Center for Tropical 

Agriculture (CIAT) in Cali, Colombia during the fall/winter of 2017. They met with Drs. Fernando Correa and 

Maribel Cruz. Fernando is a rice pathologist and Rice Program Leader at CIAT, while Maribel is a rice breeder 

and entomologist with the Latin American Fund for Irrigated Rice (FLAR). The following is briefly what Mo 

and Ismael learned about the insect and disease: 

The insect can cause hopperburn resulting from direct feeding which is what we observed in Texas. 

During non-epidemic years, about 2% of the insects possess the virus; in epidemic years, about 5% of the 

insects are viruliferous. Epidemics are becoming more frequent and severe in its native range. Theoretically, 

populations of viruliferous insects can increase to 25% (viruliferous insects are homozygous recessive). 

Symptoms of “hoja blanca” include general leaf yellowing or bleaching and yellow streaks/stippling running 

the length of affected leaves. The earlier the infestation, the more damage occurs which can lead to drastic yield 

reductions including panicle blanking. The insect and disease are the major pest constraints to rice production 

in Colombia. The virus multiplies within the insect as well as within the plant and is transmitted from the insect 

to the plant during feeding. The virus can also be transmitted from the mother to her eggs. The virus is 
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detrimental to the plant and the insect. Thus, over time the virus builds up in the insect population to a level 

high enough to reduce population density which eventually ends the epidemic (epidemics are cyclical). In 

Colombia, rice is planted and grown throughout the year, so there is continuous availability of host plants for 

the insect and virus (seems reasonable to assume that if it invades Texas again, ratoon cropping may exacerbate 

the problem). Barnyard grass is a good alternate host of the insect as well as some other grass weeds. 

Widespread and frequent use of insecticides can kill off natural enemies of the insect. Insecticidal seed 

treatments with activity against the insect (like imidacloprid) may delay infestations and reduce damage 

severity. Use of pyrethroid insecticides may actually “flare” populations of the rice delphacid. CIAT relies 

heavily on breeding for tolerance to the insect and disease; tolerant varieties such as Fedearroz 2000 also have 

good milling/yield potential and are widely planted. Bluebonnet 50 is very susceptible and is used as a check 

in variety screening. Bluebonnet 50 was developed at the Beaumont Center in the 1960s. 

Maribel has an incredible screening program (both greenhouse and field) which involves rearing insects 

with and without the virus. She then infests hundreds of rice lines in the field with a given number of virus-

carrying insects per line after which lines are rated for “hoja blanca”. She has agreed to screen Texas rice 

germplasm for a fee of only $65 per line! We are in the process of getting seed of selected Texas and Louisiana 

varieties to Maribel for screening. 

Ismael used frozen rice delphacid specimens collected by Mo from infested ratoon rice fields in Texas 

during 2015 to test for the potential presence of rice hoja blanca virus (RHBV). RHBV is an RNA plant-

infecting tenuivirus, which is transmitted in a persistent-propagative manner by its insect vector. Total RNA 

was extracted from 100 rice delphacids from Texas. In addition, Ismael obtained preserved RHBV-infected rice 

delphacids from Maribel, which were used as positive controls in the PCR test. Copy DNA (cDNA) was 

prepared for PCR testing using the Verso cDNA Synthesis Kit. A PCR was conducted to amplify a non-

structural protein (NS4) encoded by RNA4 to determine if the rice delphacids collected from Texas were 

harboring RHBV. Furthermore, a different PCR was conducted to amplify a fragment of the cytochrome 

oxidase 1 (CO1) gene as an insect gene. CO1 was amplified from all individuals tested while none of them 

yielded NS4 PCR amplicons, clearly showing that RHBV was not circulating within the rice delphacids 

collected in Texas in 2015. Both CO1 and NS4 were amplified from 7 individual rice delphacids used as 

positive control from the viruliferous colony maintained at CIAT in Colombia. The CO1 gene, which is 

commonly used to identify the origin of collected insects, was then sent out for sequencing. Blast analyses 

showed that CO1 from these rice delphacids collected in Texas during 2015 is 90 – 98% identical to that of rice 

delphacids from Argentina. 

Research conducted by Mo Way, Becky Pearson and Katie Ruth, with funding from the Texas Rice Research Foundation, Texas A&M 

AgriLife Research, private agrichemical companies and USDA/NIFA. For more information, please contact Mo Way at (409)752-

2741 or moway@aesrg.tamu.edu. 

Evaluation of Rice Varieties for Resistance to Sheath Blight and Cercospora 

Leaf Spot in Texas 

Genetic resistance can be the best means to control rice diseases in terms of economic return. Famers 

are in need of updated information about the resistance or susceptibility of rice varieties under local 

environments. Evaluation of new and popular rice varieties for resistance to major diseases in rice under the 

Texas environments remains a high priority for the Texas Rice Plant Pathology Program. The objective of this 

study was to evaluate 25 rice varieties for resistance to sheath blight, caused by Rhizoctonia solani AG1-IA, 

and Cercospora leaf spot (also called narrow brown leaf spot), caused by Cercospora janseana, at two locations 

in Texas. 

mailto:moway@aesrg.tamu.edu
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A disease nursery was established in 2017 in two fields, one with League-type clay soil at the Texas 

A&M AgriLife Research and Extension Center, Beaumont, TX and the other with Crowley fine sandy loam 

soil at the Texas A&M AgriLife Research’s Wintermann Rice Research Station, Eagle Lake, TX. Twenty-five 

rice varieties, including six new varieties (CL153, CL163, CL172, CL272, Diamond and Titan) and two new 

hybrid varieties (CLH161 and LA169), from Arkansan, Louisiana, Mississippi and Texas were evaluated at 

both locations (Table 1). These varieties were arranged in a randomized complete block design with three 

replications. Plots consisted of seven 9-ft long rows spaced 7-in apart at the Beaumont site and six 9-ft long 

rows spaced 7.5-in apart at the Eagle Lake site. Rice was drill seeded at 80 lb/A for the inbred varieties and 40 

lb/A for the hybrid varieties on 26 April and 6 May at Beaumont and Eagle Lake, respectively. Fertilizers, weed 

and insect control, and irrigation followed local recommendations. Each plot was divided into three equal-

length sections for disease inoculation. One-third of each plot was inoculated with the sheath blight pathogen, 

R. solani, by broadcasting 150 ml/plot of the inoculum on 30 June at the Beaumont site and on 8 June at the 

Eagle Lake site. The middle section was kept as a barrier between the two end sections, while the final third 

was left for natural infection of Cercospora leaf spot. Severities of sheath blight and Cercospora leaf spot were 

rated on a scale of 0 to 9, where 0 represents no symptoms, and 9 represents most severe in symptoms and 

damage (leaves dead or plants collapsed), on 18 August and 24 July for the Beaumont and Eagle Lake disease 

nurseries, respectively. 

Sheath blight developed late in the cropping season in both locations. The responses of most varieties 

to sheath blight were similar for both sites (Table 1). No varieties had immune reactions or extremely high 

levels of resistance to sheath blight. A majority of varieties were rated susceptible or very susceptible to sheath 

blight. However, Diamond, Rondo, Wells, CLH161 (hybrid), LA169 (hybrid), XL753 (hybrid) and XP760 

(hybrid) showed moderately resistance to sheath blight. Pressure of Cercospora leaf spot was low at the 

Beaumont test site and no Cercospora leaf spot disease developed at the Eagle Lake test site due to unfavorable 

weather conditions during the cropping season. All varieties had lower levels of Cercospora leaf spot in the 

Beaumont disease nursery. 
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Table 1.  Severity of sheath blight and Cercospora leaf spot in 25 rice varieties at Beaumont and Eagle Lake, Texas in 2017. 

  

Variety 

 

Source 

Beaumont   Eagle lake  

Sheath blight 

(0-9) 

Cercospora leaf spot  

(0-9) 

 Sheath blight 

(0-9) 

Cercospora leaf 

spot  (0-9) 

Cheniere LA 7.7 1  8 0 

CL 111 LA 9 3.2  9 0 

CL 153 LA 9 5.3  9 0 

CL151 LA 9 0  8.5 0 

CL163 MS 9 0  7.5 0 

CL172 AR 7 3.7  7.5 0 

CL272 LA 7.7 2.7  5 0 

CLH161* LA 5 0  5 0 

Cocodrie LA 9 3.3  8 0 

Della 2 LA 9 3.3  8 0 

Diamond AR 5.2 2.7  6.5 0 

Jazzman 2 LA 7.5 1.3  8 0 

Jupiter LA 8 0  6.5 0 

LA169* LA 6 2  6.5 0 

Lakast AR 7 1  6.5 0 

M206 AR 8.5 2  5 0 

Mermentau LA 7.3 3.7  7 0 

Presidio TX 8 4.3  8 0 

Rex MS 8.7 2.7  7.5 0 

Rondo TX 5 2.7  5 0 

Roy J AR 4.3 0  7.5 0 

Titan AR 5.7 1  7 0 

Wells AR 6.5 0  5 0 

XL753* TX 5 0  . . 

XP760 * TX 4.5 0  . . 

LSD (0.05)** 
 

0.6 1.8  0.7 0.2 

P > F = 
 

<0.0001 <0.0001  <0.0001 <0.0001 
* Hybrid variety. 
**Means are compared according to Fisher’s protected Least Significance Difference (LSD) at P = 0.05. 

 

Research conducted by Xin-Gen Zhou, Guangjie Liu, and Jason Samford. This research is funded by the Texas Rice Research 

Foundation. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Effect of Nitrogen Fertilizer Rate on Rice Kernel Smut Disease Incidence 

Kernel smut, caused by Tilletia barclayana (Neovossia horrida), has become an economically important 

fungal disease of rice in southern U.S rice-growing areas in recent years.  The fungus overwinters in the soil 

and in seeds as teliospores. During the cropping season, overwintering teliospores germinate and produce 

fungal mycelia and basidiospores, which produces infecting sporidia. Sporidia are spread by wind and infect 

developing grains and replace the endosperm of the rice grains completely or partially with a mass of black 

smut spores (teliospores) (Fig. 1). Under conditions favorable for the disease development, kernel smut causes 

considerable loss in rice grain yield and quality. Nitrogen fertilization can be a key factor affecting the severity 

of rice kernel smut. In this study, the effects of two application rates of nitrogen (N) fertilizer (160 and 220 

mailto:xzhou@aesrg.tamu.edu
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lbs/acre) on kernel smut incidence 

in the rice variety Presidio were 

evaluated in a 2-year field study 

(2016 and 2017) at the Texas A&M 

AgriLife Research Center, 

Beaumont, Texas. Three N 

applications were made with 20% 

applied at the 3-leaf stage, 50% at 

the pre-flooding stage, and 30% at 

the panicle differentiation stage. 

Kernel smut incidence and 

grain yields differed significantly 

among the years and rates of N 

application. Higher kernel smut 

incidence was observed in 2016 as 

compared to the 2017. Plots that 

received 220 lbs/acre of N had higher kernel smut incidence compared to the plots that received 160 lbs/acre 

of N (Fig. 2). Grain yields also differed among the years and N application rates (Fig. 3). An increase of 651 

lbs/acre in 2016 and 286 lbs/acre in 2017 in grain yields were observed with 220 lbs/acre of nitrogen fertilizer 

rate as compared to 160 lbs/acre. 

Research conducted by S. Uppala., B. Liu., and X. G. Zhou. This research is funded by the Texas Rice Research Foundation. For 

more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Exploring Endophytes for Rice Disease Management 

Plants are inhabited internally by a diverse group of micro-organisms known as endophytes. They 

establish an intimate association with their host plant and play a crucial role in plant growth, development and 

response to various biotic and abiotic stresses. We have initialized a new research project exploring the role of 

endophytic bacteria that form a symbiotic association with rice plants for their antagonistic abilities against rice 

Figure 1. Rice grains infected with kernel 

smut. 

Figure 2. Effect of nitrogen application rates (160 and 220 lbs/acre) on kernel smut disease 

incidence in 2016 and 2017 at Texas AgriLife Research Center, Beaumont, Texas. 

Figure 3. Effect of nitrogen application rates (160 and 220 lbs/acre) on rice grain yields in 2016 

and 2017 cropping seasons at Texas AgriLife Research Center, Beaumont, Texas. 

mailto:xzhou@aesrg.tamu.edu
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sheath blight (Rhizoctonia solani AG1-IA) and narrow brown leaf spot (Cercospora janseana) pathogens, 

causal agents of two important diseases of rice in Texas. 

Endophytic bacteria were 

isolated from rice plants grown 

under conventional and organic 

cultural systems at various 

locations in Texas and Louisiana. A 

total of 227 bacterial isolates (173 

from Texas and 54 from Louisiana) 

were obtained from rice roots, 

leaves and stems at the heading 

stage. These isolates were 

evaluated in vitro in dual culture for 

their abilities to suppress R. solani 

and C. janseana in potato dextrose 

agar and 10% V8 agar media 

respectively. Petri plates with R. 

solani or C. janseana alone were 

included as the controls. Twenty-

four isolates showed clear zones of 

inhibition at the point of contact of R. solani and suppressed its radial growth up to 51% compared to the control 

(Fig. 1, 2). These endophytic isolates were further evaluated against C. janseana. Six of these isolates also 

suppressed the radial growth of C. janseana up to 58% compared to the control (Fig. 1, 2). 

Research conducted by S. Uppala., B. Liu., and X.G. Zhou. For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 

752-2741 or xzhou@aesrg.tamu.edu. 

Evaluation of Herbicides for Crop Safety and Weed Control in Rice 

Herbicides are an essential tool to the effective control of weeds in both conventional and Clearfield® 

rice. However, various herbicides often have different modes of action, target weeds, and timings and methods 

of application. Improper selection and use of herbicides may result in crop injury, causing significant rice grain 

yield and quality loss. Rice farmers need information about different herbicide programs that are not only 

effective for control of target weeds but also safe to the rice crop. The objective of this study was to evaluate 

the impact of herbicide programs on weed control efficacy, crop injury, and yield in conventional and 

Clearfield® rice under Texas environments. 

  

Figure 1. Percent reduction in radial growths of sheath blight (Rhizoctonia solani AG1-IA) and 

narrow brown leaf spot (Cercospora janseana) pathogens over control by endophytic bacteria 

isolated from rice plants. 

Figure 2. Antagonistic efficacy of bacterial endophytes against sheath blight (Rhizoctonia solani AG1-IA) and narrow brown leaf spot 

(Cercospora janseana) pathogens in dual culture assay. 

mailto:xzhou@aesrg.tamu.edu


 Texas Rice Special Section - 37 

 

A field trial was conducted as a split plot design with variety as main plots and herbicide program as 

subplots at Eagle Lake, Texas in 2017. This trial evaluated 10 herbicide programs and four rice varieties (two 

conventional varieties, Mermentau and XL753, and two Clearfield® varieties, CL111 and CL XL745) (Table 

1). The treatments were arranged in a randomized complete block design with four replications. Plots consisted 

of seven 16-ft rows, spaced 7.5 in. between rows. Rice was drill seeded on April 26 at 70 lb/ac for Mermentau 

and CL111 and at 35 lb/ac for XL753 and CL XL745. Herbicide treatment programs are outlined in Table 1. 

Permanent flood was established on May 31. Nitrogen, disease, insect, and water management followed local 

production recommendations. Percent plant injury caused by herbicides was visually rated on May 15, 24 and 

30, and June 7, 14 and 21 as compared to the untreated control plot in the same replicated block. Percent control 

of broadleaf signalgrass, yellow nutsedge, Jointvetch, Palmer amatanth, and Hemp sesbania was rated on June 

7. Rice was harvested using a plot combine at maturity of each variety. Grain yield and moisture were 

determined and rice yields were adjusted to 12% moisture content. Milling quality (% head rice and % total 

milled rice) also was determined. 

 

Mermentau and XL753 had the same crop injury responses (Fig. 1) and level of weed control (Table 2) 

to the use of herbicides. XL753 had a significantly higher yield compared to Mermenta (Table 2). However, 

Mermentau has higher whole and total milling yield. Except herbicide application program 5, all herbicide 

Table 1. Description of 10 herbicide application programs on two conventional varieties (Mermentau and XL753) and two Clearfield® 

rice varieties (CL111 and CLXL745) for the trial at Eagle Lake, Texas in 2017 

  Herbicide application* 

Variety 

Herbicide  

program 

PRE 

27 April 

EPOST 

15 May 

MPOST 

23 May 

LPOST 

30 May 

Mermentau 1 (CK)       

/XL753 2 Command+Sharpen   Stam+Bolero+Facet+Permit   
3 Command+Sharpen    Stam+Facet+Permit Loyant  
4 Command+Sharpen Facet+Loyant 

 
Loyant 

 5 Command+League   Regiment+Facet+Permit  
 6 Command  Ricestar HT+Aim+Permit  
 7 Command  Strada XT2+Permit  
 8 Command    Obey+Aim+Permit  
 9 Command Facet+Permit  Grasp  
 10 Command Facet+Permit  Rogue Plus 
CL111 1 (CK)       

/CLXL745 2 Command+Newpath   Newpath+Facet+Permit   
3 Command+Newpath    Clearpath+Permit    
4 Command+Newpath   Newpath+Strada+Permit   

 5 Com.+League+Newpath   Newpath+Regiment+Permit  

 6 Command+Newpath  Newpath+Stam+Permit  
 7 Command+Newpath  Newpath+Stam+Bolero+Permit  
 8 Command+Newpath Newpath+Loyant     Newpath+

Loyant 

 9 Command Newpath+Facet+

Permit 

  Newpath+

Grasp  

 10 Command+Newpath   Newpath + Permit Rogue Plus 

*Command 3ME (13 oz/ac), League (6.4 oz/ac), Permit (1 oz/ac), Loyant (16 oz/ac), Strada XT2 (10 oz/ac), Regiment (0.53 oz/ac), 

Bolero 8EC (48 oz/ac), Grasp SC (2.3 oz/ac), Facet (32 oz/ac), Aim (1.6 oz/ac), Stam (96 oz/ac), Sharpen (2 oz/ac), and Rogue Plus 

(8.4 oz/ac), Clearpath (9.6 oz/ac), and Newpath (5 oz/ac). 
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application programs caused less than 15% of injury to Mermentau and XL753 on the first three assessment 

dates (May 15, 24 and 30), with herbicide programs 2 having the highest level of injury (Fig. 1). However, 

injury decreased with the growth of plants and no injury symptoms were observed at the 4th assessment date 

(Jun 7). All herbicide application programs nearly completely control broadleaf signalgrass, yellow nutsedge, 

jointvetch, and hemp sesbania on both varieties (Table 2). With the exception of program 6, all herbicide 

programs provided excellent control of palmer amaranth. All herbicide application programs numerically 

increased yield compared to the untreated control; however, the yields were not significantly different (Table 

2). 

Table 2. Effects of 10 herbicide application programs on control of weeds, grain yield, whole rice and total rice of two 

conventional varieties at Eagle Lake, Texas in 2017. 

Main 

treatment 

Weed control (%) 

Yield 

(lb/ac) 

Whole 

(%) 

 

Total 

(%) 

Broadleaf 

signalgrass 

Yellow 

nutsedge Jointvetch 

Palmer 

amaranth 

Hemp 

sesbania 

Overall 

control 

Variety   
  

    
      

  
Mermentau 90a* 71 a 90 a 70 a 90 a 90.0 a 5,861 b 62.4 a 72.1 a 

XL753 90a 87 a 90 a 94 a 90 a 89.5 a 9,829 a 61.2 b 70.6 b 

LSD (P = 0.05) NS** NS NS NS NS NS 599 0.6 0.3 

Herbicide Program***  
  

    
    

    

1 (CK) 0 c 0 b 0 b 0 c 0 b 0 c 6,385 a 62.2 a 71.6 a 

2 100 a 100 a 100 a 100 a 100 a 100 a 8,476 a 62.3 a 71.5 a 

3 100 a 100 a 100 a 100 a 100 a 100 a 8,474 a 62.4 a 71.6 a 

4 100 a 100 a 100 a 100 a 100 a 100 a 6,259 a 60.8 a 71.0 a 

5 100 a 100 a 100 a 100 a 100 a 99 ab 7,894 a 61.3 a 71.4 a 

6 100 a 100 a 100 a 50 b 100 a 100 a 8,152 a 61.6 a 71.3 a 

7 100 a 100 a 100 a 100 a 100 a 99 ab 8,150 a 61.8 a 71.3 a 

8 100 a 100 a 100 a 100 a 100 a 99 ab 8,278 a 61.4 a 71.1 a 

9 100 a 100 a 100 a 100 a 100 a 100 a 8,081 a 62.3 a 71.5 a 

10 100 a 100 a 100 a 100 a 100 a 100 a 8,301 a 61.5 a 71.4 a 

LSD (P = 0.05) 0.2 1.0 1.0 36 1.0 0.9 NS 1.0 NS 

*Means followed by the same letter in a column are not significant different according to the Fisher’s least significance difference 

(LSD) at P =0.05. 

** NS = Not Significant.  

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

Both CL111 and CLXL745 had the same crop injury response and level of weed control (Table 3) in 

response to the use of herbicides. CLXL745 had a significantly higher yield but lower whole grain and total 

milling yield compared to CL111 (Table 3). Except herbicide application program 5, all herbicide application 

programs caused less than 12% of injury to both varieties on the first three assessment dates (May 15, 24 and 

30), with herbicide program 7 having the highest level of injury. The levels of injury decreased with plant  

growth and no injury symptoms were observed at the 4th assessment date (Jun 7). All herbicide application 

programs provided complete control of broadleaf signalgrass, yellow nutsedge, jointvetch, and hemp sesbania 

on both Clearfiled varieties (Table 3). With the exception of program 6, all herbicide programs provided 

excellent control of palmer amaranth. All herbicide application programs numerically increased yield compared 

to the untreated control; however, the yield were not significantly different (Table 3). 

In summary, the results of this study demonstrate that Loyant (new herbicide), Facet, Regiment and 

Grasp were safe for use to control weeds in conventional inbred and hybrid varieties, while these herbicides 

and Newpath also were safe when used on Clearfield® rice varieties. Loyent has recently been observed 

injuring rice and we are working to determin why. Command and Sharpen might cause some degree of injury 

to conventional and Clearfield® rice varieties. However, plants treated with these herbicides recovered, 
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resulting in no significant, negative impact on grain yield or milling quality. All herbicide application programs 

are excellent for control of broadleaf signalgrass, yellow nutsedge, jointvetch, and hemp sesbania on either 

conventional or Clearfield® rice varieties evaluated in this study. 

 
 

Research conducted by Xin-Gen Zhou and Jason Samford. This research is funded by the Texas Rice Research Foundation. For more 

information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Organic Rice IPM Research Project Update 

U.S. organic rice production has steadily increased over the past decade, with a majority of the acreage 

being grown in the southern region. Because of the warm and humid environment and the long growing season 

in the region, weed, disease and insect pests are among the primary factors limiting organic rice production. 

This 3-year USDA NIFA OREI-funded multistate research project addresses these issues and aims at 

developing viable management strategies that minimize the damage caused by these pests. This presentation 

updates the research of the first two years of this project. 

Field trials were conducted under organic management in Texas and Arkansas in 2016 and 2017 to 

understand the impacts of cover crop and soil amendment, seed treatment, seeding rate, and rice variety on 

disease, weed and insect pests, grain yield, and economic benefits. The winter cover crops annual ryegrass, 

Table 3. Effects of 10 herbicide application programs on control of weeds, grain yield, whole rice and total rice of two Clearfield
®

varieties at

Eagle Lake, Texas in 2017.
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Variety

CL111 90a* 88 a 90 a 50 a 90 a 90 a 7,124 b 65.2 a 72.2 a

CLXL745 90a 83 a 90 a 77 a 90 a 90 a 9,986 a 61.4 b 70.7 b

LSD (P  = 

0.05)
NS** NS

1 (untreated) 0 c  13 b 0 b 0 c 0 b 0 b 7,666 a 62.5 a 71.2 a

2 100 a 100 a 100 a 100 a 100 a 100 a 8,859 a 63.9 a 71.7 a

3 100 a 100 a 100 a 100 a 100 a 100 a 8,641 a 63.9 a 71.6 a

4 100 a 100 a 100 a 100 a 100 a 100 a 9,044 a 63.5 a 71.3 a

5 100 a 100 a 100 a 100 a 100 a 100 a 8,815 a 63.3 a 71.1 a

6 100 a 100 a 100 a 50 b 100 a 100 a 9,227 a 63 a 71.2 a

7 100 a 100 a 100 a 100 a 100 a 100 a 8,118 a 63.1 a 71.4 a

8 100 a 100 a 100 a 100 a 100 a 100 a 8,355 a 63.5 a 71.3 a

9 100 a 100 a 100 a 100 a 100 a 100 a 8,410 a 64.2 a 71.7 a

10 100 a 100 a 100 a 100 a 100 a 100 a 8,415 a 63.2 a 71.5 a

LSD (P  = 

0.05)
0.5 19

0.6 0.3

Herbicide Program***

1 36 1 0.9 NS 1 NS

NS NS NS NS 411

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

=0.05. 

** NS = Not Significant.

*** See Table 1 for the description of herbicide treatment programs.
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cereal rye, crimson clover, and crimson clover mixed with oats produced sufficient aboveground biomass to 

reduce weed emergence and improve the supply of N and other nutrients. Soil amendment with mustard seed 

meals reduced the loss of stand caused by a seedling disease complex. Annual ryegrass and crimson clover 

reduced both Cercospora leaf spot (also called narrow brown leaf spot) and brown spot diseases. Gibberellic 

acid seed treatment increased seedling height. Seed treatment with the biocontrol agents Sonata (Bacillus 

pumilus), Integral (B. subtilis) and BioEnsure (fungal endophytes) resulted in a significant improvement in 

stand establishment. BioEnsure seed treatment also improved whole and total milling yields. XL753, XL723, 

Rondo, Jasmine 85 and Tesanai 2 were among the best cultivars showing good stand establishment, aggressive 

growth, weed and disease suppression, and high yield potential. Significant differences in rice water weevil 

populations were not observed among varieties. Seeding at 150% of recommended rate for conventional 

systems improved stand establishment and weed suppression. The economic optimum seeding rate for Presidio 

and XL753 was 80 and 47 kg/ha, respectively. 

In conclusion, winter cover crops can suppress weeds and diseases and provide N and other nutrients 

that improve organic rice production. Selection of resistant or tolerant rice varieties such as XL753, Jasmine 

85 and Tesanai 2 is the key to effective management of these pests in organic production systems. Increasing 

seeding rate and seed treatment with gibberellic acid and biocontrol agents can ensure adequate stands for weed 

suppression and yield potential. Through a variety of communication techniques, the project has reached large 

national and global audiences, with most located in Arkansas, California, Missouri, and Texas. 

Research conducted by Xin-Gen Zhou, Kip Landry, Guangjie Liu, Seth Abugho, Anna McClung, Fugen Dou, Brad Watkins, Muthu 

Bagavathiannan, Mo Way, Bihu Huang, Sixte Ntamatungiro and Jessica Shade. This research is funded by the USDA NIFA OREI 

(2015-51300-24286). For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or xzhou@aesrg.tamu.edu. 

Evaluation of Rice Varieties for Disease Resistance and Yield Performance 

Under Organic production 

Disease resistance and yield performance of rice varieties under organic production systems in the US 

remain largely unknown. Cercospora leaf spot (also called Narrow brown leaf spot) caused by Cercospora 

janseana and brown spot caused by Cochliobolus miyabeanus are two common diseases affecting organic rice 

production. A 2-year study was conducted in a field under organic management at Beaumont, Texas to evaluate 

20 rice varieties and germplasm lines in 2016 and 10 in 2017 for resistance to both diseases and yield 

performance. 

Jasmine 85, PI312777, Rondo, Tesanai 2, XL723, and XL753 consistently showed high levels of 

resistance to Cercospora leaf spot while Cocodrie, Jazzman 2, Presidio, and Sierra were either susceptible or 

very susceptible to the disease. None of the varieties evaluated showed complete resistance to brown spot. Most 

of the cultivars, including Cocodrie, Jasmine 85, XL723 and XL753, were susceptible or very susceptible to 

brown spot. Jasmine 85, PI312777, Rondo, Tesanai 2, and XL753 were among the best varieties showing good 

stand establishment, vigorous growth, and high yield potential, while Cocodrie, Jazzman 2, Presidio, and Sierra 

produced the lowest yields. Selection of a resistant cultivar with high yield potential is the best approach for 

effective management of Cercospora leaf spot and brown spot and maximizing the returns of organic rice 

production. 

Research conducted by Xin-Gen Zhou, Kip Landry, Guangjie Liu, Fugen Dou and Anna McClung. This research is funded by the 

USDA NIFA OREI (2015-51300-24286). For more information, please contact Dr. Xin-Gen (Shane) Zhou at (409) 752-2741 or 

xzhou@aesrg.tamu.edu. 
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