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Making Rice Even Healthier!
Rice is a naturally

healthy food, but
what if it could be
made even healthier?
Would Americans eat
more rice if it could
be advertised to be a
“New and Improved”
source of calcium to
promote bone growth,
or iron to prevent
anemia? Grocery stores
are full of foods that Fig. 1. Research plots at Beaumont, TX, consisted of 5 seeds spread over ca. 4are vitamin enhanced
inches of space. By using such small plots, 1600 genetic lines were fitted into
to attract consumer
a single paddy, minimizing variance for soil type within the study. Many of the
interest.
Calcium
foreign rice lines grew to more than 5-feet tall. To prevent lodging, plots were
fortified orange juice
tied to bamboo stakes.
and bottled water with
saturated fats, and trans fats. Most cereal grains, such
vitamins added are
two relatively recent examples, while iodized salt, as wheat, barley, and corn contain glutens that trigger
enriched bread, and breakfast cereals “fortified” with severe dietary allergies in some persons, causing
essential vitamins and minerals have been available celiac disease or dermatitis herpetiformis. Rice, on
for decades. Synthetic food additives such as those the other hand, is gluten free, and this hypogenicity
in orange juice, water, and cereal can enhance the of rice is one reason it is valued as an energy source
nutritional value of foods, but are not allowed in organic and thickening agent in baby foods. Brown rice is also
foods, which is a rapidly growing food sector. If, a good source of other essential nutrients including
however, the products can be “biofortified”, meaning thiamin, riboflavin, niacin, phosphorus, iron, and
their nutritional enhancements are accomplished potassium. However, during the milling process that
through traditional plant breeding and genetics, then converts brown rice to the more-often-eaten white
they can attract consumers through both organic and rice, the quantities of these nutrients are reduced.
More than 70% of the white rice eaten in the U.S.
traditional food markets.
Rice is a naturally healthy food, not just for what is “enriched”, meaning that thiamin, niacin, iron,
it contains, but also for what it does NOT contain. and folic acid have been added to the outside surface
Rice is a healthy choice for persons with hypertension of the uncooked white kernels to bring the overall
because it is naturally free of sodium, cholesterol,
Continued on page 6

Collection. In the process, they have identified about
40 varieties with particularly high concentrations
of key elements. As part of this project, they are
conducting research to determine the contribution of
increased root uptake and increased storage in other
tissues to increased concentrations of each of these
elements.

From
the
Editor ...

Table 1. Sixteen elements being studied by Drs. Pinson
and Tarpley, which are found in rice grain.
Element
Arsenic
Cadmium
Calcium
Cobalt
Copper
Iron
Magnesium
Manganese
Molybdenum
Nickel
Phosphorus
Potassium
Rubidium
Strontium
Sulfur

Rice Physiology and
Plant Breeding
Welcome to the October issue of Texas Rice. The

first article in this issue is by Shannon Pinson and
Lee Tarpley, who provide an update on their National
Science Foundation funded research with Drs.
David Salt and Min Zhang from Purdue University
and Drs. Mary Lou Guerinot and Tracy Punshon
from Dartmouth College. This research shows
that rice varieties have tremendous variation in the
concentration of 16 elements (Table 1). From a very
positive note, these results strongly suggest that rice
varieties can be developed that utilize nutrients more
efficiently or that grow better on soils that are deficient
in critical minerals. Part of this ongoing research
addresses the role of phosphorus in enhancing root
growth, and the role of potassium in affecting a wide
range of plant processes involving root development,
water uptake, photosynthesis and respiration, and
mineral uptake and transport. As the authors point
out, potassium is right next to nitrogen in terms of
its importance in affecting plant vigor and crop yield.
Part of this research also addresses the effect of water
management on the accumulation of these minerals
in rice grain. In general, rice that is grown under nonflooded conditions shows “more extreme differences
in grain nutritional value than the flooded rice”. An
exception is with arsenic, which is found in greater
concentrations under flooded environments. Although
arsenic is not a major problem for rice production in
the U.S., it is in parts of Pakistan and can accumulate
to dangerous levels in the grain when rice is grown
on certain types of soils.

Periodic Table Symbol
As
Cd
Ca
Co
Cu
Fe
Mg
Mn
Mo
Ni
P
K
Rb
Sr
S

Zinc

Zn

The second article by Dr. Rodante Tabien and
Dr. Omar Samonte discusses how some of the recent
increases in rice grain yields are due to increased
production of plant biomass. The authors also
discuss some of their research that focuses on the
Continued on page 8
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High Biomass Rice: A Breeding Resource
to Further Increase Rice Yield and Study
Biomass Production in Other Crops
High total biomass is one of the most important

Hybrid rice is known to yield 14 to 18% higher than
inbreds. The higher grain yield potential of indica/
indica hybrids compared with indica inbreds was
attributed to greater biomass production (Peng et al.,
1999). Recent studies showed that both accumulation
of higher biomass at each phenological phase of rice
(Bueno and Lafarge, 2009) and better dry matter
partitioning (Lafarge and Bueno, 2009) were the
basis for the 14 to 18% grain yield advantage of
hybrids over inbreds. Crop growth rate during each
phenological phase, leaf blade growth rate during
vegetative stage, stem growth rate during reproductive
stage, and panicle growth rate during ripening stage
were higher in hybrids than in inbreds.
In contrast to a grain crop, high biomass is the
most important trait for bioenergy crops. The high
demand for lignocellulosic biomass for the production
of biofuel provides value to vegetative plant tissues

traits for rice breeding (Liu et al., 2006), and grain
yield is known to be associated with biomass
accumulation. The component traits of total biomass
are vegetative mass and grain yield. Grain yield is
a product of total biomass, harvest index (HI), and
the ratio of grain yield to total vegetative biomass.
Breeding for high biomass has been proposed as a
way to enhance yield in grain crops (Boukerrou and
Rasmusson, 1990). Low biomass production was one
of the reasons (others were low tillering and poor
grain filling) for the lower than expected rice grain
yields of first-generation New Plant Type proposed
at the International Rice Research Institute (IRRI)
(Peng and Khush, 2003). While grain yield increases
in rice have been attributed to the improvements in
both biomass and harvest index (Zhang et al., 2004),
the remarkable yield increases in corn have come
from higher biomass production (Lorenz et al., 2010).

Continued on the next page

Fig. 1. Potential high biomass rice genotypes evaluated at the Texas A&M AgriLife Research and Extension
Center at Beaumont in 2008, along with a conventional cultivar (low biomass early maturing) that served
as a check.
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High Biomass Rice ...
(Salas-Fernandez et al., 2009). The viability and
profitability of a high biomass crop business critically
depends on its high output of biomass energy and
low inputs of capital and fossil fuels (Heaton et al.,
2004). Rice is currently not bred to be a dedicated
bioenergy crop, but it can produce the straw needed
in lignocellusic digestion for bioenergy. Of the rice
plant mass that is not harvested for grain, 40% is in
the internode sections of the stem, 53% in leaf and
sheath, 4% in nodes, and 3% in the panicle (excluding
hull and seed) (Summers et al., 2003). Being a model
monocot species, rice can be a reference crop to
understand genetics of important traits for bioenergy
crops.
It is known that enhancing vegetative biomass
leads to higher grain yield and, therefore, is worthy
of a breeding effort. However, because of the cost
of measuring vegetative biomass, indirect selection
based on plant height and visual scoring of biomass is
commonly practiced. The development of molecular
maps and the complete sequencing of the rice genome
have created several opportunities for the application
of DNA markers in breeding and genetics. DNA
markers are recommended in selecting plants with
traits that are difficult or costly to measure and
biomass is one of these traits. However, since limited

mapping has been done for biomass, the application
of marker-assisted selection for this trait has not
been evaluated. Initial mapping of genes for biomass
in rice identified several QTLs. Zhang et al. (2004)
reported three QTLs for grain yield, and 4 each for
biomass and HI. Among the 3 QTLs for yield, two
were co-located with biomass QTLs, one for HI.
None of the QTLs were common for both HI and
biomass. In another study, although the parents that
were used had nearly the same biomass, 12 QTLs
with additive and epistatic effects were associated
with total biomass, straw yield and grain yield (Liu et
al., 2006). Both studies used the available population
that had segregation in biomass production and none
analyzed a population that involved parents with
extremely high and low biomass.
With regards to selection criteria for breeding for
high biomass rice, very limited literature is available.
Recently, our high biomass rice project at Texas
A&M AgriLife Research and Extension Center at
Beaumont that was funded by the Texas AgrLife
Research Bioenergy Initiatives Program has identified
high biomass producing genotypes that can be used
in studies to understand the genetics and inheritance
Continued on the next page

Fig. 2. Biomass of selected rice genotypes grown in non-flooded (rainfed) and flooded conditions at the Texas
A&M AgriLife Research and Extension Center at Beaumont in 2008 and 2009.
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High Biomass Rice ...
of biomass production
in rice. Potential high
biomass genotypes were
evaluated for tiller density,
light interception, height,
and plant biomass yields
at flowering and maturity
(Fig. 1). Our biomass
yield trials of 40 lines in
2008 and 20 lines in 2009
under flooded and nonflooded growing condition
indicated consistent ranking
among genotypes although
2009 biomass yield was
significantly higher than
2008. In 2009, the highest
biomass yield reached
about 35,000 lb/acre in the
flooded rice culture and
24,000 lb/acre in the rainfed
culture. Figure 2 shows
the biomass of selected
Fig. 3. Breeding materials with different biomass. A) High biomass rice in
genotypes grown for two
rainfed condition, B) Very high tillering dwarf mutant, and C) A dwarf
years in flooded and nonmutant that produces only a few tillers.
flooded conditions. The
majority of the genotypes
preferred
the
flooded
analysis (Fig. 3) (Tabien, 2010). The information
condition in producing high biomass.
from these diverse genotypes will be important in
For crops that have been originally grown as a understanding the genetics and physiological basis
food crop, altering their plant growth and development of increasing biomass. These could be applicable in
to increase biomass production means a shift in its designing grasses such as, sorghum, corn, and rice
plant architecture. Plant height, erect leaves and as dual-purpose crops (for food or bioenergy) or as
tiller number are important plant architectural traits dedicated bioenergy crops.
in increasing biomass (Yuan et al., 2008; SalasFor more information, please consult the following
Fernandez et al., 2009). These features can be modified
references:
through changes in biosynthesis or transduction of
key plant hormones such as gibberellic acid (GA), Boukerrou, L., and D.D. Rasmusson. 1990. Breeding
for high biomass yield in spring wheat. Crop Sci.
indole-3-acetic acid (IAA) and brassinosteroids (BR)
30: 31-35.
(Yuan et al., 2008). Dwarf mutants are useful tools
in the identification of non-pleiotropic (single gene Bueno, C.S., and T. Lafarge. 2009. Higher crop
influences only one trait, not multiple traits) plant
performance of rice hybrids than of elite inbreds in
height QTL, BR and/or GA genes (Salas-Fernandez
the tropics: 1. Hybrids accumulate more biomass
et al., 2009), and currently, we have identified several
during each phonologic phase. Field Crops Res.
dwarf mutants representing a diverse range of tiller
number that are ready for characterization and genetic
Continued on the next page
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112: 229-237.

to fuel the future. Trends Plant Sci. 13: 421-429.

Heaton, E., T. Voight, and S.P. Long. 2004. A
quantitative review comparing the yield of two
candidate C4 perrennial biomass crops in relation
to nitrogen, temperature and water. Biomass
Bioener. 27: 21-30.

Zhang, Z.H., P. Lib, L.X. Wang, Z.L. Hu, L.H.
Zhu, and Y.G. Zhua. 2004. Genetic dissection
of the relationships of biomass production and
partitioning with yield and yield related traits in
rice. Plant Sci. 167:1-8. *

Lafarge, T., and C.S. Bueno. 2009. Higher crop
performance of rice hybrids than of elite inbreds
in the tropics: 2. Does sink regulation, rather than
sink size, play a major role? Field Crop Res. 112:
238-244.

* Article by Drs. Rodante E. Tabien (retabien@
ag.tamu.edu) and Stanley Omar PB. Samonte
(sosamonte@aesrg.tamu.edu), Texas A&M AgriLife
Research and Extension Center at Beaumont, TX.
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Liu, G.F., J. Yang, and J. Zhu. 2006. Mapping QTL for
biomass yield and its components in rice (Oryza
sativa L.) Acta Genetica Sinica. 33: 607-616.

nutritional level of the cooked white rice up to or higher
than that of the whole grain (brown rice) for these
vitamins. Rice provides more vitamins, minerals, and
fiber than simple carbohydrate foods such as white
bread, pasta, or dessert pastries, making it a healthy
option as an essential energy source in the U.S.
Unlike in the U.S. where food is varied and plentiful,
rice is the staple food for two-thirds of the world’s
population. Unfortunately for those who rely on rice
for subsistence, the rice grain is not a concentrated
source of several essential nutrients such as calcium,
iron, and zinc. More than 3 billion people suffer
from iron and zinc deficiencies worldwide, many of
them in underdeveloped countries where white rice
is a mainstay at every meal, and external enrichment
of the rice is not a viable option. Furthermore, rice
grain can become concentrated in anti-nutritional
elements such as arsenic or cadmium if grown with
contaminated water. High arsenic irrigation water,
and thus high arsenic rice, is a dietary concern in
parts of Bangladesh, for example.

Lorenz, A.J., T.J. Gustafson, J.G. Coors, and N. de
Leon. 2010. Breeding maize for bioeconomy: a
literature survey examining harvest index and
stover yield and their relationship to grain yield.
Crop Sci. 50: 1-12.
Peng, S., K.G. Cassman, S.S. Virmani, J. Sheehy,
and G.S. Khush. 1999. Yield potential trends
of tropical rice since the release of IR8 and the
challenges of increasing rice yield potential. Crop
Sci. 39: 1552-1559.
Peng, S., and G.S. Khush. 2003. Four decades of
breeding for varietal improvement of irrigated
lowland rice in the International Rice Research
Institute. Plant Prod. Sci. 6:157–164.
Salas-Fernandez, M.G., P. W. Becraft, Y. Yin, and T.
Lübbersted. 2009. From dwarves to giants? Plant
height manipulation for biomass yield. Trends in
Plant Science 14: 454-461.
Summers, M.D., B.M. Jenkins, P.R. Hydeb, J.F.
Williams, R.G. Mutters, S.C. Scardacci, and M.W.
Haire. 2003. Biomass production and allocation
in rice with implications for straw harvesting and
utilization. Biomass Bioenerg 24: 163-173.

Project Highlights: Rice Lines with Improved
Nutritional Value Found

Tabien, R.E. 2010. Economic potentials of mutants
in rice varietal development and gene discovery.
Texas Rice. 10: 1, 6-10.

Drs. Shannon Pinson (USDA-ARS Rice Research
Unit) and Lee Tarpley (Texas A&M AgriLife Research
and Extension Center), both in Beaumont, TX, along
with Dr. David Salt at Purdue University, and Dr.
Mary Lou Guerinot at Dartmouth College, have

Yuan, J.S., K.A. Tiller, H. Al-Hamad, N.R. Stewart,
and C. Stewart. 2008. Plants to power: bioenergy

Continued on the next page
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received funding from the
National Science Foundation
to conduct a research project
to identify genes that can be
used to enhance the nutritional
value of the rice grain,
both those that increase the
accumulation of nutritional
elements and those that keep
the anti-nutrients out. The
research will also identify
genes that could increase the
nutritional health of the rice
plants, which in turn would
increase yield potential and/or
stress tolerance. This research
team screened a set of 1600+
rice varieties collected from
around the world to identify
specific
lines
exhibiting
significantly higher content
in one or more of 16 mineral
elements important to plant
or human health. This large Fig. 2. The four pictures above were taken on the same day, demonstrating
the wide range of heading time among the 1600+ rice lines collected
set of diverse rice varieties
from 114 countries around the world. They also exhibited variation in
is known as the USDA Core
awn length, grain shape, plant height, tiller number, panicle shape, hull
Rice Collection.
color, bran color, etc.
The USDA National
Small Grains Collection is
conditions. It is well known that the amount of
a repository of cereal seed
oxygen in the soil greatly affects the availability of
collected from cultivated cereal crops and their
soil nutrients to plant root uptake. Therefore, Drs.
wild or weedy relatives found all around the world.
Pinson and Tarpley grew the 1600 foreign and U.S.
The USDA Core Rice Collection is a subset of the
rice accessions under both flooded and unflooded
17,000+ total rice accessions in the USDA National
conditions, at two replications in both 2007 and
Small Grains Collection, selected to represent the
2008, at the Texas A&M AgriLife Research and
wide genetic diversity contained within the larger
Extension Center in Beaumont, TX (Fig. 1 and 2).
set of rice. The U.S. rice research community is
Seed was harvested, dried, threshed, and hulled,
characterizing the USDA Core Rice Collection for
then sent to Dr. Salt at Purdue University who used
a wide range of traits including grain shape, grain
an Inductively Coupled Plasma Mass Spectroscopy
cooking quality, plant architecture, and resistance to
(ICP-MS) instrument to simultaneously analyze the
several races of rice blast disease, as well as collecting
rice samples for their concentration of 16 elements,
data on hundreds of molecular DNA markers in order
namely magnesium (Mg), phosphorus (P), potassium
to enhance the research-value of this core set of
(K), sulfur (S), calcium (Ca), manganese (Mn), iron
rice lines. Before these USDA Core rice accessions
could be compared for grain nutritional value, they
Continued on the next page
had to be grown side-by-side under controlled field
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(Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn),
rubidium (Rb), strontium (Sr), molybdenum (Mo),
arsenic (As), and cadmium (Cd). Dr. Min Zhang, a
statistician at Purdue University, then assisted with
data analyses.
Each of the 16 elements studied exhibited
large (> 2x) ranges in grain content among the
USDA Core rice lines, with the unflooded field
treatment showing more extreme differences in grain
nutritional value than the flooded rice for most of
the elements, though the opposite was true for As,
which becomes significantly more available to plant
uptake under flooded soil conditions. Rice accessions
with high concentrations of a particular element
were sometimes found to have similar geographic
origins. For example, four of the five lines highest in
Mo content originated from Malaysia. The common
origin of the high-Mo accessions is exciting in that
it verifies that we have found lines with key genes
allowing them to accumulate high levels of Mo in their
grains. While deficiency or excess of molybdenum
does not cause human disease, it can cause dietary
problems in ruminants, including cattle, sheep, and
goats. Mo is also essential to plant health where it
plays a critical role in fixation and use of nitrogen,
and is especially found lacking in acid soils, such as
those found in Malaysia and throughout much of the
tropics. Ratnaprabha, a Texas A&M University Ph.D.
student being mentored by Drs. Tarpley and Pinson,
is conducting studies to determine if the high-Mo rice
lines are also tolerant to acid soils.
Phosphorus (P) is known to enhance root growth,
and one of the studies of Ratnaprabha is to compare the
various rice lines for root size and shape, and for their
ability to take up other minerals from soil solution.
Another element targeted for in-depth physiological
and genetic study by Drs. Pinson and Tarpley is
potassium (K), which many plant physiologists
consider second only to nitrogen in importance to
plant health and growth rates. By being pivotal to
both root development and water loss/uptake by
plants, the concentration of K in a plant also affects
rates of photosynthesis, respiration, uptake of other
minerals, and the rate of transport of minerals from
the root to leaves and developing grain.
Now that a set of some 40 rice lines of particular

interest for high-element content have been identified
from among the 1600+ diverse rice lines, Dr. Pinson,
Dr. Tarpley, and Ratnaprabha can begin identifying
the genes and the physiological attributes that
underlie the lines’ high grain mineral contents.
They will be asking if the increased grain mineral
content is due to increased root uptake, increased
temporary storage in leaves and other plant tissues,
or a combination of the two. Spatial location of the
accumulated minerals within the rice kernel is also
under investigation through Dr. Tracy Punshon, a
collaborator at Dartmouth College. It will be easier to
impact human diets if the minerals are accumulated
in the endosperm rather than in the embryo or bran
layer that are not ingested unless one is eating brown
rice. *
* Article by Drs. Shannon R.M. Pinson (USDA-ARS
Rice Research Unit, Beaumont, TX) and Lee Tarpley
(Texas A&M AgriLife Research and Extension Center,
Beaumont, TX). For more information contact Dr.
Shannon Pinson (Email: shannon.pinson@ars.usda.
gov) or Dr. Lee Tarpley (ltarpley@tamu.edu).

From the Editor ...
development of what is referred to as high biomass
rice. This research was funded by the Texas A&M
AgriLife Research Bioenergy Initiatives Program
and focuses on identifying ways to develop bioenergy
crops production systems. When people talk about
bioenergy crops, they often think about sorghum,
energy cane, and switchgrass. Each of these crops
has relatively large plants that can produce lots of
biomass. Surprising to some readers, some varieties
of rice can also produce large amounts of biomass.
But, because rice is relatively short, it is easy to
underestimate the biomass productivity of rice. If
you walk into a rapidly growing rice field, versus
most fields of sorghum, energy cane, or switchgrass,
one major difference is apparent. With rice there is
absolutely no open area between the rows, while
with sorghum, energy cane, and switchgrass, a
considerable amount of space can be present between
Continued on the next page

8

From the Editor ...
the rows. This translates into much more efficient use
of space and a relatively high biomass yield for rice,
particularly given its relatively short plant height.
For example, during a 2008/2009 study, Dante and
Omar showed that the best performing rice varieties
produced 35,000 lbs/ac of above ground biomass.
Not too shabby for a short plant.

Sincerely,
L.T. Wilson
Professor & Center Director
Jack B. Wendt Endowed
Chair in Rice Research

Please keep on sending us your suggestions.

Rice Crop Update
As of October 15, 2010, 100% of

the main crop rice acreage in Texas
had been harvested. In comparison,
99 to 100% of the main crop rice
acreage had been harvested by
October 15 of 2006 through 2009.
As for the 2010 ratoon crop,
about 1.0% had been harvested as
of October 15. In comparison, about
5.9, 5.6, 5.6, and 4.0% had been
harvested as of October 15 in 2006,
2007, 2008, and 2009, respectively.
The figure on the right shows the
comparison in percentage of ratoon
crop rice acreage that had been
harvested by October 15 in 2006 to
2010.
Weekly updates on the acreage
and percentage of rice grown in Texas that are
in the various growth stages are available at our
Professor and Center Director: L.T. (Ted) Wilson
lt-wilson@aesrg.tamu.edu
Technical Editor: S.O.PB. Samonte
sosamonte@aesrg.tamu.edu
Texas A&M University System
AgriLife Research and Extension Center
1509 Aggie Drive, Beaumont, TX 77713
(409)752-2741
Access back issues of Texas Rice at
http://beaumont.tamu.edu
Texas Rice is published 9 times a year by The Texas
A&M University System AgriLife Research and
Extension Center at Beaumont. Writing, layout, and
editing by Lloyd T. Wilson and S. Omar PB. Samonte;
with additional support by James C. Medley and Brandy
Morace. Information is taken from sources believed
to be reliable, but we cannot guarantee accuracy or
completeness. Suggestions, story ideas and comments
are encouraged.

website at http://beaumont.tamu.edu/CropSurvey/
CropSurveyReport.aspx.

