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Since the establishment of the USDA-ARS 
Rice Quality Laboratory in the 1950s, we have 
committed to provide service to the Federal and State 
breeding programs by evaluating U.S. breeding lines 
to ensure that all future U.S. varieties have quality 
traits acceptable to the rice industry. In addition, we 
have been conducting research to better understand 
cooking and processing traits of importance to the 
rice industry, and to develop new and rapid screening 
methods for these traits utilizing new analytical and 
molecular-genetic technologies. We also have been 
investigating the health beneficial compounds in rice 
and determining factors affecting the storage stability 
of whole grain.

Cooked rice texture and rice processing properties 
are strongly associated with the amylose content. 
Recent studies (1, 2) conducted in the Rice Research 
Unit, which were collaborative efforts among 

scientists Bob Fjellstrom, Shannon Pinson, Christine 
Bergman, and Ming Chen, and were partially 
funded by the Rice Foundation, have established the 
correlations of Waxy gene sequence variations with 
the amylose content and rice processing properties. 
Waxy gene is the gene that synthesizes the enzyme 
called granule bound starch synthase, which in turn is 
responsible for the synthesis of one of the rice starch 
components, amylose. The results from these research 
studies provided a powerful tool for the rice breeders 
by enabling them to select breeding materials for the 
desired amylose-content quality using a molecular-
genetics tool, the molecular marker, without the 
influence of environment. The environment is known 
to affect the amylose content. We are currently 
developing quick and easy molecular-marker 
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Fig. 1. Dr. Ming Chen heads the research on grain 
quality at USDA-ARS at Beaumont, TX.

Fig. 2. Janice Delgado conducting gas chromatograph 
analysis of grain sample.
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Welcome to the May issue of Texas Rice. I 
would like to take this occasion to dedicate this issue 
of Texas Rice to Mrs. Dorothy Potter. Dorothy lost 
her life on April 25 while trying to help her son who 
had been injured during a tractor-pulling contest. 
Dorothy is survived by her husband and would have 
been married 40 years on April 26. Dorothy and Doug 
have two grown children. Craig is 38 and is part of 
the family cattle and farm business, which has been 
in continuous operation sine 18�2, when the land was 
purchased by Doug’s Great-Grandfather. He and his 
wife Tina have two children Audrey who is 4 and Lana 
who was 5 weeks old at the end of May. Audrey and 
Lana are the sixth generation to live in the original 
family home. Keith is 34 and is part of the family 
farm equipment business in Columbus, Texas. He 
and his wife Jackie have two children. Lynden who 
is 8 and Hagen who was 10 weeks old at the end of 
May. Dorothy was a “local girl” and was very active 
in the family business. Family and friends will sorely 
miss her.

This issue 
provides two 
articles. The 
first presents an 
overview of the 
Center’s rice 
grain quality 
program, while 
the second 
d i s c u s s e s 
research on 
the effects of 
high nighttime 
temperatures on 
spikelet sterility 

and grain yield, and how salicylic acid can be applied 
to minimize these negative effects.

The rice quality program was initiated in the 
1950s and is directed by Dr. Ming Chen who works 
for USDA-ARS. In her article, Ming discusses 
the Cereal Quality Laboratory’s critical role in 
evaluating breeding lines from the state and federal 
rice programs. Ming also discusses the Laboratory’s 
role in evaluating the health benefits of new varieties 
and promising genotypes, and factors that affect rice 
storage stability. This laboratory has contributed 
greatly to the increase in grain quality experienced by 
all of the state breeding programs over the years. Past 
studies suggest that the quality of U.S. long-grain 
varieties has increased by about 35% over the past 
several decades. The rice quality program working 
hand-in-hand with our rice breeders can claim credit 
for a large amount of this progress.

The research on reducing the effects of high 
nighttime temperatures on spikelet fertility is being 
conducted by Dr. Abdul Razack Mohammed, under 
Dr. Lee Tarpley’s guidance and supervision. Basically, 
the application of salicylic acid helps the rice plants 
prevent in part oxidative damage to enzymes and cell 
membranes caused by high nighttime temperatures.  
In some respects, the benefits of applying salicylic 
acid to plants mimics the benefits that are observed 
in humans who take salicylic acid (aspirin) to reduce 
inflammation. 

Please keep on sending us your suggestions.

Sincerely,

L.T. Wilson
Professor & Center Director
Jack B. Wendt Endowed 

Chair in Rice Research
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Farming Rice
A monthly guide for Texas growers

 Providing useful and timely information to Texas rice growers, so they may increase
productivity and profitability on their farms.

Rice (Oryza sativa L.), which is cultivated 
under a wide range of environments and is the 
world’s most important staple food crop [1], may 
be experiencing increases in nighttime temperature 
that could lead to decreased rice yields and thereby 
decreased world rice production. The number of 
productive tillers per unit ground area, total number 
of grains per panicle, spikelet fertility, and grain 
weight are important components of grain yield [2] 
that are affected by the cultivation system and by 
environmental factors, among which temperature is 
of major importance [3]. In rice, tiller production and 
spikelet fertility are sensitive to temperature [4], and 
the degree of sensitivity to temperature depends upon 
the plant’s developmental stage. For example, during 
the reproductive stage, high nighttime temperature 
(HNT) (>84.2oF) decreases spikelet fertility and 
increases maintenance respiration with a subsequent 
reduction in seed-set and grain yield [5]. In addition, 
there is a strong negative linear relationship between 
the increase in nighttime temperature and number of 
fertile spikelets per m2 [6]. 

Salicylic acid (SA) is a naturally occurring 
phenolic compound involved in plant growth and 
development and it is also associated with thermal 
tolerance in plants. Salicylic acid plays an essential 
role in preventing oxidative damage in plants by 
detoxifying superoxide radicals, produced as a result 
of HNT. Moreover, there is evidence that application 
of SA can alter antioxidant capacity in plants [�], 
thereby providing protection against oxidative 
damage. 

At the Texas A&M University System, AgriLife 

Research and Extension Center at Beaumont, a 
study was conducted to determine the effects of 
HNT, spikelet position, and SA on spikelet fertility 
and grain length, width, nitrogen concentration and 
weight. Plants were grown under ambient nighttime 
temperature (ANT) (80.6oF) or HNT (89.6oF) in the 
greenhouse. Prior to imposing heat stress, the rice 
plants were treated with SA three times (on the same 
day) to enable thorough coverage. Salicylic acid was 
applied at the rate of 100 µL per application onto the 
leaves using a pre-calibrated perfume-bottle sprayer, 
at the rate 0.1 µmol per plant per spray (i.e., 1mM). 
The HNT treatment was applied through the use of 
continuously controlled infrared heaters, starting 
from 2000 h until 0600 h. 

During our data sampling for spikelet fertility, 
each main-stem panicle was divided into three equal 
parts (lower, middle, and upper) based upon the 
panicle length. Spikelet fertility was determined from 
the ratio of number of filled grains over the number 
of reproductive sites (spikelets), and expressed as 
a percentage. Each spikelet was pressed between 
the thumb and forefinger to determine if the grain 
was filled. Rice grains were dehulled manually and 
the grain length and width of the brown (dehulled) 
rice were determined using a Winseedle (Regent 
Instruments, Inc. Quebec, Canada), which analyzes 
scanned color images of the grain to calculate these 
parameters. The grain nitrogen concentration (mg g-1 
dry weight) was measured using a FP-528 Nitrogen/
Protein analyzer (LECO Corporation, St. Joseph, 
Michigan, USA). For yield determination, both 
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main-stem panicles and tiller panicles were harvested 
separately, and dried at 158oF to constant weight. The 
main-stem panicles were threshed manually, whereas 
tiller panicles were threshed using a thresher (HEGE 
16 230 V, HEGE Maschinen, Domäne Hohebuch, 
D-�4638 Waldenburg, Germany), and the collected 

paddy rice was weighed. Total antioxidant capacity 
of the rice leaf was measured using the DPPH [2,2-
diphenyl-1-picrylhydrazyl] assay procedure [�].

Results from our study indicated that irrespective 
of the spikelet position in the panicle, HNT decreased 
spikelet fertility, and grain length, width (Fig. 1), 

and weight, and increased 
grain nitrogen concentration 
(Fig. 2). Similar results 
of decreased yield due to 
decreased spikelet fertility as 
a result of high daytime [8] 
or nighttime temperature [5] 
have been reported for rice. 
Based on previous work, the 
decrease in spikelet fertility 
under HNT is related to 
the decrease in pollen 
germination [9]. Previous 
studies reported a decrease in 
grain yield due to decreased 
grain dimensions as a result 
of HNT [10]. The decrease 
in rice grain length and 
width might be associated 
with a reduction in average 
endosperm cell area observed 
under HNT [10]. Moreover, 
it is known that the capacity 
of endosperm to accumulate 
dry matter is determined 
by endosperm cell number 
[11], which is affected by 
high temperature [12]. In 
addition, cereals generally 
respond to high temperatures 
through an increase in the 
rate of kernel growth, which 
can lead to a decrease in 
the duration of dry matter 
accumulation [4]. Decreased 
dry matter accumulation can 
lead to production of smaller 
grains or partially filled 
grains [13]. In our study, 

Continued on next page

Fig. 1. Effects of nighttime temperatures, spikelet position and salicylic acid 
on rice spikelet fertility (A, B), grain length (C, D), and and grain width 
(E, F). Each parameter for different chemical treatments under each 
nighttime temperature was analyzed separately.
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grain weight was inversely related to grain nitrogen 
concentration. High temperatures can affect carbon 
and nitrogen flow to the grain. However, flow of 
carbon to the grain is more sensitive to temperature 
[14]. As for the untreated plants grown under ANT in 
our study, the lower part of the panicle had the lowest 
spikelet fertility and smallest grain dimensions. 

Previous studies have shown an increase in 
antioxidant levels as a result of application of SA [�]. 
Rao et al. [15] stated that SA can alter antioxidant 
levels in plants, thereby preventing oxidative damage 
and protecting the membranes and enzymes by 
detoxifying superoxide radicals. In our study, the 
exogenous application of SA to rice plants increased 
their total antioxidant 
capacities under HNT (Fig. 
3). It was also determined 
that the increase in total 
antioxidant capacity, as a 
result of SA application, 
affected spikelet fertility, 
thereby having a significant 
positive effect on yield. In 
addition, SA application 
increased spikelet fertility 
and grain length, width 
and weight in the lower 
part of the panicle. Based 
on our results, we propose 
that increased antioxidant 
capacity as a result from SA 
application can limit heat-
induced reactive oxygen 
species (ROS)-damage 
to the membrane, thus 
protecting cellular integrity, 
including the enzymes 
involved in the translocation 
of photosynthates, thereby 
increasing spikelet fertility 
and consequently grain 
yield. 

This research was 
conducted by Dr. Abdul 
Razack Mohammed and 
Dr. Lee Tarpley. Generous 

funding for the plant physiology projects was provided 
by the Texas Rice Research Foundation and the 
Texas Rice Belt Warehouse. For more information, 
please contact Dr. Tarpley at 409-�52-2�41 or email: 
ltarpley@tamu.edu. 

For more information, please consult the following 
references:

[1] Khush, G.S. 2005. What it will take to feed 5.0 
billion rice consumers in 2030. Plant Mol. Biol. 
59: 1–6.

[2] Sheehy, J. E., M. J. A. Dionora, and P. L. Mitchell. 
2001. Spikelet numbers, sink size and potential 
yield in rice. Field Crops Res. �1: ��–�8.
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Fig. 2. Effects of nighttime temperatures and salicylic acid on rice grain 
nitrogen content (A, B) and grain weight (C, D) examined at different 
positions within the main-stem panicle. Each parameter for different 
chemical treatments under each nighttime temperature was analyzed 
separately.
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[3] Singla, S. L., A. Pareek, and A. Grover. 
199�. High temperature. In: Prasad, 
M.N.V. (ed.) Plant Ecophysiology, pp. 
101–12�. John Wiley and Sons, New 
York, USA.

[4] Zakaria, S., T. Matsuda, S. Tajima, 
and Y. Nitta. 2002. Effect of high 
temperature at ripening stage on the 
reserve accumulation in seed in some 
rice cultivars. Plant Prod. Sci. 5: 160–
168.

[5] Ziska, L. H., P. A. Manalo, and R. A. 
Ordonez. 1996. Intraspecific variation 
in the response of rice (Oryza sativa 
L.) to increased CO

2
 and temperature: 

growth and yield response of 1� 
cultivars. J. Exp. Bot. 4�: 1353–1359.

[6] Peng, S., J., Huang, J. E. Sheehy, R. C. 
Laza, R. M. Visperas, X. Zhong, G. S. 
Centeno, G. S. Khush, and K. G. Cassman. 2004. 
Rice yields decline with higher night temperature 
from global warming. Proc. Nat. Acad. Sci. USA. 
101: 99�1–99�5.

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

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

[9] Mohammed, A. R., and L. Tarpley. 2009b. High 
nighttime temperatures affect rice productivity 
through altered pollen germination and spikelet 
fertility. Agric. For. Meterol. 149: 999-1008.

[10] Morita, S., Y. Jun-Ichi, and T. Jun-Ichi. 2005. 
Growth and endosperm cell size under high night 
temperatures in rice (Oryza sativa L.). Ann. Bot. 
95: 695–�01.

[11] Bingham, J. 1969. The physiological determinants 
of grain yield in cereals. Agricultural Progress 44: 

30–42.

[12] Commuri, P. D, and R. J. Jones. 1999. 
Ultrastructural characterization of maize (Zea 
mays L.) kernels exposed to high temperature 
during endosperm cell division. Plant Cell 
Environ. 22: 3�5–385.

[13] Tashiro, T., and I. F. Wardlaw. 1991. The effect 
of high temperature on the accumulation of dry 
matter, carbon and nitrogen in the kernel of rice. 
Aust. J. Plant Physiol. 18: 259–265.

[14] Triboi, E., and A-M. Triboi-Blondel. 2002. 
Productivity and grain or seed composition: a 
new approach to an old problem: invited paper. 
Eur. J. Agron. 16: 163–186.

[15] Rao, M. V., G. Paliyath, P. Ormrod, D. P. Murr, 
and C. B. Watkins. 1997. Influence of salicylic 
acid on H

2
O

2
 production, oxidative stress, and 

H
2
O

2
-metabolizing enzymes. Plant Physiol. 115: 

13�–149. *

* Article by Dr. Abdul Razack Mohammed and 
Dr. Lee Tarpley. Texas AgriLife Research and 
Extension Center, Beaumont, TX.

Fig. 3. Effects of nighttime temperatures and salicylic acid on 
total antioxidant capacity measured during the grain filling 
stage of rice plant.



protocols that can be easily implemented in molecular 
breeding programs.

The increased public interest in the health-
benefits of phytonutrients has led us to investigate the 
phytonutrients in whole grain rice and rice bran. The 
bran layer of whole grain rice contains both lipophilic 
and hydrophilic phytonutrients which are unique 
in comparison with fruits and vegetables, which 
contain primarily hydrophilic phytonutrients. These 
phytonutrients of rice and these other sources are 
antioxidants and are known to promote health and to 
protect against diseases such as cancer, diabetes and 
cardiovascular disease. The lipophilic phytonutrients 
of rice include various forms of vitamin E and a 
group of antioxidant compounds called oryzanols. 
The genetic diversity in the concentrations of these 
compounds in US rice and in diverse international 
germplasm was investigated by us. Ranges greater 
than two-fold for the vitamin E and oryzanol 
concentrations were found. We are currently studying 
the hydrophilic phytonutrients in the whole grain rice 
and in bran to identify what types of hydrophilic 
phytonutrients (i.e. phenolics, flavonoids) rice has 
and what the genetic diversity of these compounds is 
in a selected set of international germplasm.

The awareness of the health benefits of 
consuming whole grain has led to the 2005 USDA 
dietary guideline of recommending that half of the 
grain group consumed should be in the form of a 
whole-grain product. Brown rice is whole grain and 
its sales have been steadily increasing in recent years. 

 Rice Quality Program ...

Continued on next page
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However, brown rice has a short shelf life (three to 
six months) because of the hydrolytic and oxidative 
deterioration of bran oil. This deterioration is partially 
due to the process of de-hulling the paddy or rough, 
rice when producing brown rice, in which there is a 
disruption of the outer bran layer, in turn promoting 
the contact of lipase enzymes with the lipids. We 
are currently developing a quick assay to determine 
the lipase activity to use in evaluating the genetic 
diversity in lipase activity of a representative set of 
international germplasm. The objective is to identify 
rice accessions having low lipase activity that can then 
be used to bring this trait into US cultivars with the 
purpose of improving the storage stability of brown 
rice through the use of breeding techniques.

The current staff of the Rice Quality Program of 
the USDA-ARS Rice Research Unit at Beaumont, 
TX, includes Dr. Ming Chen, Janice Delgado, Naomi 
Gipson, and Dr. Byunrok Min (Fig. 1 to 4). 

For more information, please consult the following 
references:

1. Chen, M.-H., C.J. Bergman, S. Pinson, and 
R. Fjellstrom..  2008. Waxy gene haplotypes: 
Associations with apparent amylose content and 
the effect by the environment in an international 
rice germplasm collection. Journal of Cereal 
Science 4�:536-545.

2. Chen, M.-H., C.J. Bergman, S. Pinson, and 

Fig. 3. Naomi Gipson conducting rice quality 
analysis.

Fig. 4. Dr. Byunrok Min conducting phytonutrient 
research.
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Rice Crop Update
As of May 15, 2009, about 9�% of the estimated 

rice acreage in Texas had already been planted, 
and about 93% had emerged seedlings (Fig. 1). 
Furthermore, about 31% of the rice crop acreage had 
reached the permanent flood stage (Fig. 2).

Weekly updates on the acreage and percentage of 
rice grown in Texas that are in the various growth 
stages are available at our website at http://beaumont.
tamu.edu/CropSurvey/CropSurveyReport.aspx.

Fig. 1. Percentage of Texas rice acreage with emerged 
seedling, on a weekly basis, in 2006 thru 2009.

Fig. 2. Percentage of Texas rice acreage at permanent 
flood, on a weekly basis, in 2006 thru 2009.

R. Fjellstrom.. 2008. Waxy gene haplotypes: 
Associations with pasting properties in an 
international rice germplasm collection. Journal 
of Cereal Science 48:�81-�88. 2008. *

* Article by Dr. Ming-Hsuan (Ming) Chen, Research 
Chemist, USDA-ARS Rice Research Unit, 
Beaumont, TX. Email: ming.chen@ars.usda.gov; 
Phone: 409-�52-5221 ext. 2260.


