
climatic database (integrated Agricultural Information 
Management System) (Wilson et al., 2007) at http://
beaumont.tamu.edu/ClimaticData/. Based on 10 
years (1999 to 2009) of soil temperature data from 
the Beaumont Center, the averages for March 7 are 
56.8 for daily minimum, 68.4 for daily maximum, 
and 62.6oF for daily average, the averages for March 
14 are 58.0, 69.8, and 63.9oF, and the averages for 
March 21 are 59.6, 71.9, and 65.8oF, respectively. 

Minimum and Optimum Temperatures for 
Germination 

Dingkuhn et al. (1998) reported that rice requires 
a minimum temperature of 46oF for its seed to 
germinate, with the optimum temperature for growth 
during the 1st to 4th leaf stages being between 72 
to 77oF. In comparison, Yoshida (1981, cited by 
Dingkuhn et al. 1998) reported that the minimum 
temperature for germination is 50oF and that the 
optimum temperature range is between 68 
and 95oF. Fifty oF is generally used as the 
developmental threshold for rice in the U.S. 
(Wu and Wilson, 1998). 

Planting Dates at Texas

In Southeast Texas, the optimum planting 
dates range from March 15 to April 21 for 
areas west of Houston, and from March 21 
to April 21 in the eastern area (Tarpley et al., 
2008). It is also recommended not to plant 
when 4-inch soil temperatures are less than 
65oF, as this is important for normal seed 
germination and seedling growth. 

Although planting early in the rice season 
may help the rice crop avoid the high summer 
temperatures of July and August, which 
negatively affect the main crop at heading and 
grain filling due to higher respiration rates and 
lower grain filling, there is the risk that a cold 
front can occur and damage the early-planted 
rice crop. Air and soil temperature estimates 
are available on-line through the iAIMS 
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Cold Tolerance at Germination 
and Seedling Stages in Rice

Fig. 1. Cold tolerant test conducted in February 2009, 
showing plant stand and the typical sign of seedling 
cold stress, chlorosis. Entry No. 10 shows the greatest 
seedling cold stress compared to No. 11 and No. 13, the 
best of the entries. Note the poor germination in the two 
leftmost rows and the near perfect germination in row 4 
(Entry No. 11).
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Welcome to the Winter issue of Texas Rice. I 
hope you enjoyed the Christmas holidays with family 
and friends. The break certainly helped to restore my 
batteries.

This time of year is particularly important to our 
growers. While research can lay claim to much of the 
400% or so increase in Texas rice yields achieved 
since 1945, current debate over the future direction 
of the U.S. Farm Bill in Washington D.C. currently 
has the growers undivided attention. The outcome of 
these debates will very likely impact the profitability 
of rice growers and other agricultural producers 
across the U.S. 

About every four years, proponents for and 
opponents against making changes to U.S. Farm Bill 
policy line up on different sides of the political isles. 
At some level, the process reminds me of a circus, with 
the debates at times being rather hilarious. Looking a 
bit deeper, it is clear that the potential outcomes are, 
in many cases, not a laughing matter. Double-digit 
reductions in acreage are not out of the question if the 
wrong steps are taken. Only time will tell whether a 
balanced perspective will win out. 

Some continue to view U.S. price supports to 
agriculture as a bad thing, taking the theoretical high 
road in assuming that if we eliminate price supports 
other countries will follow. History has not shown this 
to be a likely scenario. In some areas of industry, the 
first adapters of change benefit the most. For example, 
Apple Computer by charging out of the gate with the 
then revolutionary iPhone got the jump on the rest of 
the field. In other areas, such as the unilateral removal 
of price supports/tariffs/subsides, the first country to 
do so will be the one whose agriculture suffers the 

The Washington 
D.C. Farm Policy 

Circus is Back 
in Town

most. 

This type of debate has been ongoing for a 
number of years, with the impact that is assumed by 
some of our leaders having little to do with reality. 
The following is exerpted from a review on this topic 
written in 2002 (Wilson, 20021), most of which still 
applies today. 

“It has been argued that were price supports and 
tariffs abolished in the US and in our trading countries 
it would result in a slight increase in the cost of food 
to both US and foreign consumers. Burfisher et al., in 
a February 2001 USDA Economic Research Service 
Report shows that while US agricultural tariffs and 
price supports represent an average of about 12% 
of the import value of agricultural commodities, 
the global average is 62% or five times that of US 
agricultural tariffs and price supports. US combined 
agricultural commodity tariffs and price supports 
are low compared to many of our trading partners; 
21% for the European Union, 24% for Canada, 
33% for Japan, and 152% for Norway are examples. 
Quoting from the February 2001 USDA/ERS report, 
“High import tariffs imposed by U.S. trade partners 
are a significant impediment to U.S. agricultural 
export growth.” Global relaxing or eliminating of 
tariff directed at agricultural commodities would 
increase world trade and US agricultural exports. 
Citing from this same report, “Distortions from 
agricultural tariffs, domestic support, and export 
subsidies cause world agricultural prices to be 12 
percent below the level they would otherwise be.” A 
12% increase in a producer’s gross revenue would 
1 Wilson, L.T. 2002. U.S. government price supports: 
Leveling the playing field. Texas Rice 2(7): 1, 4-7.

Continued on page 11
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Water is a major input that can limit plant 
growth (Kirkham, 2005). As a result, monitoring 
soil-plant-water relations is an important part of an 
efficient crop production system. For crops grown 
with intermittent irrigation, we try to match the 
timing and amount of irrigation to maximize crop 
yield and quality. This approach requires monitoring 
crop water status. Even for rice crops produced under 
flood irrigation, several situations can occur during 
the season in which the crop has limited productivity 
due to non-optimal soil-plant-water relations. These 
include periods of low soil water availability before 
permanent flood, between drain and crop harvest if 
the fields are drained too early, and before permanent 
flood of the ratoon crop. Even while the rice crop is 
under permanent flood, the plants may not receive 
sufficient water to maintain full photosynthesis and 
growth if the roots have been damaged by insects, 
disease or environmental stress, or if the flood water 
is too saline. In these situations, the plants might 
not be able to take up water as quickly as they use 
it. This can result in mid-day wilting of rice leaves, 
which usually indicates a limitation to the crop’s 
productivity.

Although monitoring of the crop water status 
is often desirable, it is fairly difficult in practice to 
detect water stress at a critical level before some loss 
of yield has occurred due to suboptimal growth or 
photosynthesis. An example of a critical value might 
occur when 90% of maximum canopy photosynthesis 
is obtained. The actual level of the critical value is 
determined by economics of the crop production.

Among the different ways of measuring crop 
water status, the leaf water potential (LWP), which is 
a measure of the free energy available to be converted 
to work by the water in the leaf, is considered to be a 

strong integrator of the total plant environment since 
soil type, salinity, available water, climate (Kakani et 
al., 2007), and health of the roots and above-ground 
plant parts contribute to its value.

Ideally, we would continuously monitor LWP of a 
field as an aid to crop management decision making. 
However, the traditional methods for determining 
LWP are labor intensive and time consuming, so 
these cannot be easily applied to crop production 
practice. A surrogate measure of LWP could possibly 
be developed by analyzing the pattern of radiation 
(visible light plus near- and short-wave infrared 
radiation) because the bonds in water strongly 
absorb the radiation at certain wavebands. If the 
water content of a leaf or canopy decreases, then the 
amount of radiation absorbed at these wavebands 
decreases and the amount of radiation reflected at 
these wavebands correspondingly increases. The LWP 
of the leaf or canopy also decreases with its water 
content, suggesting that the reflectance patterns of the 
leaf or canopy could potentially be related to LWP. 
In the humid and sub-humid regions of the world, 
including the mid-southern U.S., the water content of 
the atmosphere is too great and too variable to simply 
measure the canopy or leaf reflectance of sunshine 
(which includes visible light plus near- and short-
wave infrared radiation) because the atmospheric 
water interferes with the readings. Instead, we have 
measured the individual leaf reflectance spectra of 
radiation provided by a handheld light (radiation) 
source, and looked for relationships to LWP. If we 
could quickly “read” a number of leaves in a crop 
field to estimate their water potential, then it might 
be possible to develop a sampling scheme as an aid to 

Potential of Leaf-Reflected Radiation Information in 
Aiding Irrigation Management Decision-Making
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irrigation management decision making.

Another consideration in developing a 
reflectance-based “index” for LWP is the potential to 
simultaneously measure LWP, leaf nitrogen content, 
and leaf carbohydrate (starch, sugars) content. 
Although we do not usually think of carbon as an 
essential element, it is a critical element in plant 
growth, and a measure of its content in leaves provides 
a good indicator of a plant’s health/physiological 
status, if interpreted with other important indicators. 
Reflectance indices for leaf carbohydrates are being 
developed, while those for leaf nitrogen are well-
established. Because water, protein (the primary 
form of nitrogen in leaves), and carbohydrates absorb 
radiation of different wavebands, it should be possible 
to measure all of these simultaneously through 
appropriate analysis of leaf reflectance spectra.

In the study described below, we analyzed cotton 
leaf reflectance spectra to develop an estimate of 
LWP that could probably be determined at the same 
time as leaf nitrogen and carbohydrate. We expect 
future studies will show that the described reflectance 
index is broadly applicable for many crop species, 
including rice, because the index appears to depend 
on water-absorbance wavebands, which will not 
change among species.

Before developing our reflectance index, which 
is based on the apparent ability to predict LWP, we 
established several criteria: 1) we develop the index 
using one study (“calibration” dataset), but test the 
index with data from another independent study 
(“validation” dataset), because the index might be 
specific to the conditions of the calibration set for 
unspecified reasons, in which case it should be rejected; 
2) the index should be restricted to the ultraviolet to 
short-wave infrared range of the radiation spectrum 
because of the commercial availability of detectors 
and light sources in this range; 3) the index should not 
require more than a few wavebands due to future ease 
of use; 4) the index should be capable of detecting 
LWP differences in the neighborhood of critical 
values (for example, 90% of canopy photosynthesis 
under optimal conditions); 5) we aimed for an 
accuracy (how close to the true value) of +/- 10% and 
a high enough precision (if we make many repeated 
measurements, then the precision indicates how close 
the measurements are to each other) so that nearly all 

the values are within 20% of each other.
For the calibration study, the uppermost fully 

expanded leaves were measured and then collected 
over time from Soil-Plant-Atmosphere-Research 
(SPAR) chambers (Fig. 1) with/without reduced 
water supply. For the validation study, the uppermost 
fully expanded leaves were collected from an outdoor 
potted-plant study that included various water supply 
regimes (Fig. 2). After measurement of the reflectance 
spectra (Fig. 3), leaves were detached and placed 

Fig. 1. Soil-Plant-Atmosphere-Research (SPAR) 
chambers. These are sunlit plant growth chambers 
that allow control of atmospheric composition 
and temperature.

Fig. 2. Outdoor potted-plant study that was used for 
the validation study.
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in a closed plastic bag in an ice chest and rushed 
to the lab (in less than 2 minutes) where the LWP 
was determined using a Scholander-type pressure 
chamber. This is not the most accurate method for 
LWP, but provides the best combination of adequate 
speed and adequate accuracy that was needed for 
this study. The reflectance spectra were collected 
from the violet through the near infrared and into the 
short-wave infrared region. An example reflectance 
spectrum is shown in Figure 4. The little peak around 
500 to 600 nm is the green that we think about when 
looking at leaves. Leaves typically absorb very little 
of the radiation in the 800 nm to 1200 nm range. This 
is seen as the largest reflectance peak, and can also be 
seen in infrared photographs of plants, which appear 
white (or sometimes translucent) because of the large 
amount of reflected (or transmitted) radiation. Farther 
into the infrared, two deep valleys in reflectance 
appear. These are due to water absorbance of radiation 
at these wavebands.

The index (actually a set of indices, which are 
based on simple ratios of reflectance in different 
wavebands) were developed by sequentially 

analyzing the two datasets by a process called “All 
Possible Ratios,” which was developed by Tarpley 
et al. (2000). The advantage of this approach is that 
it provides a “response surface” of wavebands that 
work well together to estimate LWP. Areas with peaks 
of high accuracy and precision provide good indices. 
Figure 5, which is from an unrelated study (Tarpley 
et al., 2000) illustrates the response surface approach. 
In the figure, the upper right half is a response surface 
for accuracy and the bottom left half is a response 
surface for precision. High accuracy is defined as a 
high level of confidence (determined using statistical 
procedures) that the index values are within 10% of 
the values determined through laboratory analyses, 
while high precision is defined as a high level of 
confidence that our index values are within 10% of 
each other if measured repeatedly. The axes represent 
the different wavebands that were used in forming 
the ratios. Many of the ratios in peaks A5 and A2 are 
darkly colored, indicating good accuracy and good 
precision (Peaks with good accuracy but not precision 
are less darkly colored). The same peaks are darkly 
colored in peak P4 (peaks with good precision but 
not good accuracy are less darkly colored). This 

Fig. 3. Collection of the leaf reflectance spectra 
uses a hand-held unit containing both the light 
source and fiber-optic collector (which feeds the 
radiation to the detector [not shown]). The black 
polyurethane foam placed under the leaf absorbs 
transmitted radiation.

Fig. 4. An example leaf reflectance spectrum. The 
horizontal axis provides the wavelength in 
nanometers (the larger the wavelength, the farther 
toward the infrared portion of the spectrum). A 
reflectance value (vertical axis) of 1.0 would 
indicate the reflectance by a white reference 
standard of the source radiation at the particular 
waveband.
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area provided good indices for the study of Tarpley 
et al. (2000). The same response-surface approach 
was used in our study to discover good indices for 
estimation of LWP. The response surface shown in 
Figure 6 gives equal weight to precision and accuracy. 
In the figure, the arrows indicate two regions with 
peaks for LWP estimation. These peaks both utilize 
ratios of wavebands in the short-wave infrared. Of 
note, these peaks clearly separate from previously 
established peaks providing indices for leaf nitrogen 
(not shown). Preliminary evidence suggests they 
will also separate from leaf carbohydrate peaks, 
thus indicating the potential to measure all three 
leaf parameters simultaneously. Also of note, the 
particular regions of the spectrum that are utilized 
in the best peak include wavebands within areas of 
water absorption that are sensitive to subtle changes 

in leaf water content. This is encouraging because the 
identified indices can probably be used across many 
crop species, although this remains to be shown.

Six criteria were proposed prior to attempting to 
develop a leaf reflectance index for LWP. How did we 
do at meeting the criteria? We did fairly well: 1) the 
index was developed using independent calibration 
and validation datasets, 2) the index utilized 
wavebands in the ultraviolet to short-wave infrared 
range of the radiation spectrum, 3) the index only 
uses two wavebands, so this would be convenient 
for future use, 4) the index appears to be capable 
of detecting LWP differences in the neighborhood 
of the critical value for LWP (which is about -1.5 
MegaPascals [MPa], 5) the accuracy was a bit out 
of the desired range (our accuracy was within 16% 
of the true value, whereas we wanted to be within 
10%, and 6) the precision, with a RMSE (a statistical 
unit describing precision) of ≤0.6 MPa, is probably 
not sufficient for many applications. Our judgment is 

Fig. 5. An example of the response surfaces for 
accuracy (upper right triangle) and precision 
(lower left triangle) of potential reflectance 
indices for estimation of cotton leaf nitrogen 
concentration (from Tarpley et al., 2000). If the 
little square at the intersection of two wavebands 
is colored, then the ratio of the two wavebands 
provided good accuracy or precision. If the little 
square is darkly colored, then the ratio of the two 
wavebands provided both good accuracy and 
precision. The ratios of wavebands providing good 
accuracy and/or precision often grouped together, 
providing a “peak” in the response surface and 
also providing reassurance that the ratios within 
the peak are probably not artefactual.

Fig. 6. Response surface for accuracy and precision 
(given equal emphasis and combined to create a 
single response surface) of potential reflectance 
indices for estimation of LWP. To ease the data 
analysis, wavebands that behaved quite similarly 
across all the samples in the study were first 
grouped, or clustered. Clusters with a higher 
number (e.g., 180) include wavebands with 
longer wavelengths (toward the infrared end of 
the spectrum).
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that: 1) we met most of the criteria, 2) the wavebands 
utilized by the index fall into the spectral regions that 
we expected, so that the index appears to be legitimate 
rather than artifactual, and 3) our method of measuring 
the actual LWP is a compromise between accuracy 
and speed so there will be limits to the obtainable 
precision. However, 4) the less-than-desired precision 
indicates that the index should be tested on at least 
one additional independent dataset. If there is no bias 
(systematic error) in how we estimate the LWP (we 
do not think there is much bias, based on the data 
patterns), then the RMSE should be reduced (better 
precision) with further study, which would then 
indicate that we should proceed with finalizing the 
proposed index for LWP.

The method used in our study has potential 
for broadly sampling a crop field. However, the 
minimal number of leaves that needs to be sampled 
to estimate LWP in a field remains to be determined. 
This information would be needed to be incorporated 
in a decision aid to be used for making irrigation 
management decisions.

We appreciate funding for this project that was 
provided by the NASA-Mississippi State University 
Remote Sensing Technologies Center.

For further information, please consult the 
following literature cited:

Kakani, V.G., K.R. Reddy, and D. Zhao. 2007. 
Deriving a simple spectral reflectance ratio to 
determine cotton leaf water potential. Journal of 
New Seeds 8:3, 11-27.

Kirkham, M.B. 2005. Principles of Soil and Plant 
Water Relations. Elsevier Academic Press, 
Burlington, Massachusetts, USA.

Tarpley L., K.R. Reddy, and G.F. Sassenrath-Cole. 
2000. Reflectance indices with precision and 
accuracy in predicting cotton leaf nitrogen 
concentration. Crop Sci. 40: 1814-1819. *

* Article by Dr. Lee Tarpley and Dr. Abdul Razack 
Mohammed, Texas AgriLife Research and Extension 
Center at Beaumont; Dr. K. Raja Reddy, Mississippi 
State University; and Dr. John Read, USDA 
Agricultural Research Service, Mississippi State, 
MS

Based on 5 years (2005 to 2009) of soil temperature 
data from Eagle Lake, the averages for March 1 are 
58.4 for daily minimum, 71.2 for daily maximum, 
and 64.8oF for daily average, the averages for March 
8 are 60.6. 72.2, and 66.4oF, and the averages for 
March 15 are 62.8, 71.4, and 67.1oF, respectively. 
These temperatures show the low temperatures that a 
rice crop would face if planted early. However, each 
year, a number of Texas rice farmers plant rice before 
March 15. Twenty-eight percent of the Texas rice 
acreage was planted before March 15 in 2006, 10.4% 
in 2007, 8% in 2008, and 5% in 2009 (Morace et al., 
2009). 

Effects of Cold Weather on Rice Seedlings

Low temperatures during the germination and 
seedling stages cause injury, which is exhibited by 
poor seed germination, delayed seedling emergence, 
stunting, and leaf discoloration (Yoshida, 1981). Low 
temperatures increases the length of time needed to 
reach 50% germination. It takes about 249 hours to 
reach 50% germination at 59oF, 99 hours at 68oF, 
56 hours at 77oF, and 44 hours at 86oF, based on the 
average of 11 rice varieties (Krishnasamy and Seshu, 
1989).

A common observation in rice seedlings 
affected by cold weather is chlorotic leaves (Fig. 1). 
Chlorophyll is synthesized normally at 77oC at all 
light intensities, but not at low temperatures such as 
59oF (Kaimura and Takahashi, 1985). The chlorophyll 
content of the cold-tolerant variety Norin No. 20 is 
similar at 59oF and 77oF when light intensities are 
low, but it decreases as light intensity increases in 
the cold treatment. In comparison, the cold-sensitive 
variety Dular synthesizes very little chlorophyll 
irrespective of the light intensity. Kaimura and 
Takahashi (1985) indicated that chlorosis is induced 
by cooling the shoot base, which is the primary site of 
low temperature sensitivity in sensitive varieties and 
it is where new leaves are developing and undergoing 
cell division and expansion. 

Variation in Seedling Cold Tolerance

In an evaluation of 117 varieties representing 
indica, tropical japonica, and temperate japonica rice, 

 Cold Tolerance ...
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cold tolerance was highest in the temperate japonicas 
and tropical japonicas followed by the indicas (Mackill 
and Lei, 1997). Average cold tolerance scores were 
4.16 across 18 temperate japonica U.S. varieties, 4.40 
across 14 tropical japonica U.S. varieties, and 6.99 
across indica varieties (Mackill and Lei, 1997), with 
a score of 1 indicating that all leaves are green and a 
score of 9 indicating that all of the leaves are dead.

Results from a study by Cruz and Milach (2004) 
on 24 rice varieties composed of 12 indica and 12 
japonica rice varieties indicated that the best 5, in terms 
of shoot growth reduction 
during germination under 
cold treatment, were japonicas 
(Diamante, Koshihikari, 
Quilla 64117, BRS Bojuru, 
and IAS 12-9 Formosa). 
Shoot growth reduction was 
estimated by comparing 
the cold-treated seedlings 
with the control treatment. 
They also determined that 
the best 5 varieties in terms 
of shoot length regrowth 
were japonicas (Diamante, 
Quilla 66304, Quilla 64117, 
L202) and IRGA 416, which 
is an indica. Shoot length 
regrowth shows how well a 
rice plant recovers after it is 
removed from cold treatment 
and allowed to grow under 
optimum temperature. Cruz 
and Milach (2004) suggested 
that a good cold tolerant variety 
should have both low shoot 
growth reduction and high 
shoot length regrowth, because 
these two traits complement 
each other. There is a low 
correlation between these two 
traits during the germination 
period because they are 
associated with different cold 
tolerance mechanisms. 

Sharifi (2008) studied the 
combining abilities of several 

rice genotypes and identified the rice variety Hassani 
as a good combiner (donor) for cold tolerance 
traits (plumule length reduction and germination 
percentage) at the germination stage. These studies 
suggest that there is variation in cold tolerance, which 
can be used in identifying parents or cold tolerance 
donors in breeding for new rice varieties.

Methods of Evaluation for Cold Tolerance 

There are several methods used to evaluate 
the tolerance of rice seedlings to cold. These may 

Fig. 2. Number of days to emergence and percentage emergence of selected 
genotypes when seeded on January 16, 2009, with air temperatures 
shown in the line graph.

Entry No. Days to Emergence Emergence Percentage
13 13 100
42 18 90
10 23 85
23 18 85
11 11 80
38 21 80

7 24 75
32 18 75
33 18 75
6 21 70

Control 25 4

  



seedlings and accounts for 40% of the phenotypic 
variation, while Jiang et al. (2008) identified three 
QTLs affecting cold tolerance at the seedling stage in 
rice chromosomes 1, 5, and 6.

Cold Tolerance Research at Texas AgriLife 
Research

Dr. Rodante Tabien evaluates breeding lines 
for cold tolerance as part of his research at the 
Texas AgriLife Research and Extension Center at 
Beaumont. The screening procedure includes sowing 
test entries in flats and exposing them to the cold 
weather of February. Air and soil temperatures are 
monitored throughout the duration of the month-long 
experiment and each line’s cold tolerance rating (1 = 
best to 5 = poor) and seed germination percentage is 
estimated. Desirable lines are those that score high in 
both categories. Several genotypes have performed 
well relative to Cocodrie (Fig. 2), and these are 
being used in developing populations. Screening 
has identified germplasm both from conventionally 
derived and mutation-derived lines that have seedling 
cold tolerance. 

involve exposing the seed to temperatures varying 
from 10 to 25oC for periods of 3 to 35 days. Traits 
usually measured include germination percentage, 
germination rate, and lengths of coleoptile and 
radicle. 

Bertin et al. (1996) suggested that a germination 
test at 50oF was the only valid test to evaluate chilling 
tolerance. The procedure involved germinating 
rice seedlings in flasks under 82/72oF day/night 
temperature with 12 hr daylength for 7 days, 
transferring and growing the seedlings in pots under 
82/72oF with 12 hr daylength, then exposing the 2-
leaf stage seedlings in a phytotron at 50oF with 12 hr 
daylength for 3, 6, or 9 days. Survival rates were then 
determined 10 days after the end of cold treatment 
and return to the greenhouse. Bertin et al. (1996) 
also applied this procedure to 8-leaf stage seedlings 
to evaluate cold tolerance in the vegetative stage and 
found few significant correlations between results 
for these two stages, suggesting that different genes 
controlled cold tolerance in different stages.

There are several quantitative trait loci (QTLs) 
that have been determined to be correlated with cold 
tolerance, and the DNA markers that are associated to 
these QTLs have been reported. 
QTLs are stretches of DNA 
that are closely linked to the 
genes that code for a trait. The 
use of DNA markers linked 
to QTLs in plant selection, 
known as marker-assisted 
selection (MAS), is another 
method that can be used to 
evaluate cold tolerance in 
rice. Recent studies that have 
identified QTLs linked to cold 
tolerance include that by Zhan 
et al. (2005), which detected 
11 QTLs linked to chlorophyll 
content on chromosomes 1, 2, 
3, 5, 6, 7, 8, 9, 12, and five 
QTLs linked to chilling injury 
on chromosomes 3, 4, 7, 8, 
11. Andaya and Hai (2007) 
determined the QTL qCTS4 to 
be associated with tolerance to 
yellowing and stunting of rice 
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Fig. 3. Shoot length reduction of various rice varieties when germinated at 
74oF, then treated at 74oF/50oF day/night temperatures for 4 days starting 
when shoot lengths reached about 0.2 in.

Continued on next page
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Currently, there is limited information on the 
response of U.S. rice varieties in relation to their 
germination under controlled cold temperatures. 
A preliminary lab experiment was conducted 
by Dr. Stanley Samonte and colleagues at the 
Agroecosystems Lab of the Texas AgriLife Research 
and Extension Center to evaluate the response of the 
seedling stage of 19 varieties to cold temperature. 
The seed were germinated at ambient temperature 
(74oF or 23oC), and when the germinated seedlings 
had about 0.2 inch-long coleoptiles, half of the 
seedlings was exposed to 74oF/50oF (23oC/10oC) day/
night temperatures for four days, while the other half 
was treated with 74oF day and night temperatures. 
Reduction in shoot growth was estimated comparing 
the cold-treated seedlings with the control treatment. 
The cold-treated seedling were then allowed to grow 
in the greenhouse with temperatures set to a minimum 
of 74oF and a maximum of 85oF for 8 days before shoot 
length regrowth was estimated. Results indicated 
that of the 19 varieties tested, the best 5 varieties in 
terms of lowest shoot growth reduction were Saber, 
Wells, Sierra, Jefferson, and 
RU0703190 (Fig. 3), and the 
best five in terms of shoot length 
regrowth were Koshihikari 
(cold tolerant check variety), 
Trenasse, Presidio, Banks, and 
Cocodrie (Fig. 4). Based on the 
combined average rankings 
for shoot growth reduction 
and shoot length regrowth, 
preliminary results show that 
the best varieties based on 
cold tolerance ratings of these 
two traits are Presidio, Wells, 
RU0703190, Koshihikari, and 
Sierra.

For more information, 
please consult the following 
references: 

Andaya, V.C., and T.H. Tai. 
2007. Fine mapping of the 
qCTS4 locus associated 
with seedling cold 
tolerance in rice (Oryza 
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sativa L.). Mol. Breeding 20: 349–358.

Bertin, P., J.M. Kinet, and J. Bouharmont. 1996. 
Evaluation of chilling sensitivity in different 
rice varieties. Relationship between screening 
procedures applied during germination and 
vegetative growth. Euphytica 89: 201-210.

Cruz, R.P.D., and S.C.K. Milach. 2004. Cold tolerance 
at the germination stage of rice: Methods of 
evaluation and characterization of genotypes. 
Sci. Agric. (Piracicaba, Braz.) 61: 1-8.

Dingkuhn, M.S., M.C.S. Wopereis, and K.M. Miezan. 
1998. Rice crop duration and leaf appearance rate 
in a variable thermal environment. II. Comparison 
of genotypes. Field Crop Res. 58: 129-140.

Jiang, L., M. Xun, J. Wang, and J. Wan. 2008. QTL 
analysis of cold tolerance at seedling stage in rice 
(Oryza sativa L.) using recombination inbred 
lines. Cereal Sci. 48: 173-179.

Kaimori, N., and T. Takahashi. 1985. Expression 
of chlorosis at low temperature in rice plants. 

Continued on next page
  

Fig. 4. Shoot length regrowth of various rice varieties after 8 days in 
greenhouse (with temperatures set to minimum of 74 and maximum of 
85oF) since being removed from a cold treatment of 4 days of 74oF/50oF 
day/night temperatures.
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SABRAO J. 17: 57-66.

Krishnasamy, V., and D.V. Seshu. 1989. Seed 
germination rate and associated characters in rice. 
Crop Sci. 29: 904-908.

Mackill, D.J., and Xiaomao Lei. 1997. Genetic 
variation for traits related to temperate adaptation 
of rice cultivars. Crop Sci. 37: 1340-1346.

Morace, B., G.N. McCauley, L.T. Wilson, and Y. 
Yang. 2009. 2009 Texas Rice Crop Survey 
Report. http://beaumont. tamu. edu/CropSurvey/
CropSurveyReport. aspx (accessed 11-13-2009).

Sharifi, P. 2008. Inheritance of cold tolerance in rice 
at the germination stage. Asian J. Plant Sci. 7: 
485-489.

Tarpley, L., J.W. Stansel, and M.F. Jund. 2008. Planting 
dates. p. 8-9. In Way, M.O., and J. Cockrell. 
2008 Texas Rice Production Guidelines. http://
beaumont.tamu.edu/eLibrary/Bulletins/2008_
Rice_Production_Guidelines.pdf (accessed 11-
16-2009).

Wilson, L.T., Y. Yang, P. Lu, J. Wang, J.W. Nielsen-
Gammon, N. Smith, and C.J. Fernandez. 
2007. Integrated Agricultural Information and 
Management System (iAIMS): World Climatic 
Data. August 2007. http://beaumont.tamu.edu/
ClimaticData/ (accessed 11-13-2009).

Wu, G.W., and L.T. Wilson. 1998. Parameterization, 
verification, and validation of a physiologically 
complex age-structured rice simulation model. 
Agr.  Syst. 56: 483-511.

Yoshida, S. 1981. Fundamentals of rice crop science. 
Los Baños: IRRI. P 65-110: Climatic environment 
and its influence. 

Zhan, Q.C., K.Y. Zhu, and Z.W. Chen. 2005. Studies 
on the QTL for cold tolerance related characters 
of rice seedling by molecular markers. Hybrid 
Rice 20: 50–55. *

* Article by Drs. Stanley Omar PB. Samonte, Rodante 
E. Tabien, and Lloyd T. Wilson. Texas AgriLife 
Research and Extension Center, Beaumont, TX.
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 From the Editor ...
equate to an even greater impact on net income. But, 
history suggests that a unilateral relaxing of trade 
tariffs by a single country, such as the US, would not 
have the desired impact. At worst, it would seriously 
jeopardize US agriculture production and ultimately 
US food security. For agricultural trade barriers to 
come down will require the concerted effort of a large 
number of countries. Or if an argument is made that 
agricultural trade barriers are necessary for countries 
to maintain their agricultural infrastructure, then the 
US would need to follow suit by imposing matching 
agricultural trade barriers. If this is not done, 
the inevitable outcome is that US agriculture will 
continue to suffer. 

Many countries and a significant number of our 
US politicians place the blame for agricultural price 
distortions on US price support and US agricultural 
commodity import tariffs. … Although the US is 
the largest exporter of agricultural goods, it only 
contributes 15% to the overall agricultural price 
distortions. The reason US producers would benefit 
from relaxing world price supports and tariffs is 
because US tariff and subsidy distortions are less 
than imposed by most other countries.”

Possibly every country in the world maintains 
some sort of a price support system to promote one or 
another aspect of their economy. Otherwise, how is it 
that rice in Thailand can cost twice as much as it does 
in the U.S.? And, how can the Japanese government 
pay its people up to 4 times the market price for their 
rice, while continuing to place heavy restrictions on 
imports. The varied and sundry price supports/tariffs/
subsidies make it nearly impossible to know how the 
rules of the game change across the globe. The picture 
becomes even that much more complicated when we 
attempt to add social and environmental costs to the 
picture in an attempt to even the playing field. The 
real question is not whether or not across the board 
elimination of subsides would level playing fields in 
the game of world food production. The question is 
whether each country is willing to give up what they 
feel they gain by maintaining their current supports. 
Or, looking at this from a regional perspective, why 
would a country be willing to give up what they are 



This year’s Texas Rice Education Contest was held 
on September 28 at the Texas AgriLife Research and 
Extension Center at Beaumont, with Dr. 
Mo Way and Ms. Daun Humphrey as Co-
chairs of the Contest. Approximately 80 
high school students representing Future 
Farmers of America (FFA) chapters from 
Hardin-Jefferson, Hamshire-Fannett, 
Silsbee, Little Cypress-Mauriceville, West 
Hardin, Orangefield, Hull-Daisetta, and 
Deweyville high schools participated in 
the Contest, which tests students on their 
knowledge of rice production. This year’s 
Contest was the most attended in recent 
years. Teachers from each high school, 
who coach the students, are provided with 
a study guide and also can participate in 
a preparatory class held at the Beaumont 
Center one week before the Contest. 
This year’s test consisted of 100 true or 
false, multiple choice, and short-answer 
questions. In addition, word problems 
and identification questions concerning 
rice insect pests, weeds, diseases, and 
agronomic practices were included. 

Awards were presented on the main 

stage during the Texas Rice Festival in Winnie on 
October 3, 2009. Awards were given to the top 16 
students, but all participants received a certificate 
of participation. Also, the top four high school FFA 
chapters received plaques. The high school chapters 
that garnered awards are as follows: 

1st place - Hardin-Jefferson (HJ) (Fig. 1)
2nd place - Hamshire-Fannett (HF) (Fig. 2)
3rd place - Silsbee (S)
4th place - Little Cypress-Mauriceville (LCM)

The Contest’s top 16 students and their respective 
awards are as follows: 

1st place - Julia Horn (HJ); belt buckle, ribbon, 
$100
2nd place - Kayti Browning (HJ); belt badge, 
ribbon, $80
3rd place - Tommy Wendling (HF); belt badge, 
ribbon, $60
4th place - J. Storme Jannise (HF); belt badge, 
ribbon, $40
5th place - Amy Brennan (HJ); belt badge, 
ribbon, $20

•
•
•
•

•

•

•

•

•

used to and risk the rest of the players not playing 
the game fairly? The question of whether or not 
eliminating  price support is a good thing, has different 
outcomes depending on whether the supports are 
eliminated locally or globally.

Please keep on sending me your suggestions.

 From the Editor ...

Sincerely,

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

Chair in Rice Research

News Brief: Texas Rice 
Education Contest 2009
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Fig. 1. Hardin-Jefferson High School won 1st place in the Texas 
Rice Education Contest held at the Texas AgriLife Research 
and Extension Center at Beaumont on September 28, 2009. 
Shown in the picture from left to right are: Amy Brennan, 
Laura Floyd, Teresa Rodriguez, Kayti Browning, John 
Dunwoody, Paige Eberle, Julia Horn, Ken Abney (teacher), 
Kassie Kolander, Shayla Odom, and Alex Martin. 
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6th - Laura Floyd (HJ); ribbon, $10
7th place - Dalton Horn (HJ); ribbon, 
$10
8th place - Guadalupe Carrillo (HJ); 
ribbon, $10
9th place - Cody Carlsen (HF); 
ribbon, $10
10th place - Luis Romero (HF); 
ribbon, $10
11th place - Shay Ratcliff (S); ribbon, 
$10
12th place - Kassie Kolander (HJ); 
ribbon, $10
13th place - Jesse Olalde (HF); 
ribbon, $10
14th place - Jacon Dunwoody (HJ); 
ribbon, $10
15th place - Katherine Leggett 
(LCM); ribbon, $10
16th place - Kayte Harris (LCM); 
ribbon, $10

The High Point Life Skills Student 
plaque and $25 was awarded to Lacie 
West (HF). Students who did well in the 
Contest will also have the opportunity to 
tour Texas A&M University and visit the Entomology 
Department, as well as other departments depending 
on the students’ interests. 

Donors for this year’s awards were the Texas 
Rice Festival, Syngenta Crop Protection, Landis 
International, Valent USA Corp, FMC Corp, and 
Texas AgriLife Research. We thank Beth Golding and 
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Fig. 2. Hamshire-Fannett High School won 2nd place in the Texas 
Rice Education Contest held at the Texas AgriLife Research 
and Extension Center at Beaumont on September 28, 2009. 
Shown in the picture from left to right are: Casey Grammier 
(teacher), Brett Rogers, Mason Sparkman, Luis Romero, 
Erin Schroeder (holding sponsor sign), Tommy Wendling, 
Jake Jannise, Alex Beel, Cody Carlsen, J. Storme Jannise 
(holding sponsor sign), Jessie Olalde, Courtney LeBlanc, 
Brooke Cuniff, and Ruben Stringer (teacher).

Amy May for coordinating the awards presentation; 
Becky Pearson, Mark Nunez, Ross Rogers, and 
Jannie Castillo for helping administer the Contest; 
and Ruben Stringer for helping organize the Contest. 
*

* Article by Dr. Mo Way and Ms. Daun Humphrey, 
Texas AgriLife Research and Extension Center, 
Beaumont, TX.


