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General Information
1. For the Rice Education Contest, identification and written questions will be asked. You are
responsible for studying all information provided.
2. Location of the contest:
Texas AgriLife Research and Extension Center - Beaumont
Auditorium
1509 Aggie Drive
Beaumont, TX 77713
(409) 752-2741 ext. 2220
Participants must be present to sign in no later than 4:30 pm on Tuesday, September 27, 2011.
The contest will take about 1 – 1-½ hours. The contest judges will hand out the exam, pencils,
and any reference materials. Study materials or aids will not be allowed. Specific information on
the location and time of the announcements and awards ceremony will be given at the time of the
contest.
3. Competitors will compete student by student. At registration each student will be assigned a
number for seating. There will be no team grouping for exam. The highest 16 scores of
individuals will receive awards as indicated on the awards information page. The top 4
participating schools will be awarded a trophy based on the overall average of student scores per
school (i.e., if School A had 25 students and School B only had 5 students, the total score of
School A would be divided by 25 and the total score School B would be divided by 5). The top 4
schools with highest averages* will receive a trophy for the school showcase. Each competitor
will also receive a Certificate of Participation.
*A minimum of 4 students per school is required for top 4 school average eligibility.
4. Competitors are required to be active members of a FFA chapter or 4-H club.
5. The contest is open to anyone in the southeastern Texas Rice Belt (east of Houston) that meets
the above criteria.
6. The contest will consist of multiple choice, true or false, fill in the blank questions and word
problems. There will also be a section on identification of diseases, pests, and weeds in rice.
Also, management problems such as calculating amounts of fertilizer, cost and application of a
pesticide product, and other problems dealing with management will be considered. Don’t forget
to study the plant parts of rice!!
7. Awards will consist of various prizes and will be announced at a later time.
8. Announcement of results by the contest Co-chairs are final.
9. Any type of communication with anyone, except judges administrating the Rice Education
Contest is basis for disqualification.
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Morphology and Development of the Rice Plant
MORPHOLOGY
Cultivated rice is generally considered a semiaquatic annual grass, although in the tropics it can
survive as a perennial, producing new tillers from nodes after harvest (ratooning). At maturity
the rice plant has a main stem and a number of tillers. Each productive tiller bears a terminal
flowering head or panicle. Plant height varies by variety and environmental conditions, ranging
from approximately 0.4 m to over 5 m in some floating rices. The morphology of rice is divided
into the vegetative phases (including germination, seedling, and tillering stages) and the
reproductive phases (including panicle initiation and heading stages).
Seeds. The rice grain, commonly called a seed, consists of the true fruit or brown rice (caryopsis)
and the hull, which encloses the brown rice. Brown rice consists mainly of the embryo and
endosperm. The surface contains several thin layers of differentiated tissues that enclose the
embryo and endosperm.
The palea, lemmas, and rachilla constitute the hull of indica rices. In japonica rices, however, the
hull usually includes rudimentary glumes and perhaps a portion of the pedicel. A single grain
weighs about 10-45 mg at 0% moisture content. Grain length, width, and thickness vary widely
among varieties. Hull weight averages about 20% of total grain weight.
Seedlings. Germination and seedling development start when seed dormancy has been broken
and the seed absorbs adequate water and is exposed to a temperature ranging from about 10 to 40
oC. The physiological definition of germination is usually the time when the radicle or coleoptile
(embryonic shoot) emerge from the ruptured seed coat.
Under aerated conditions the seminal root is the first to emerge through the coleorhiza from the
embryo, and this is followed by the coleoptile. Under anaerobic conditions, however, the
coleoptile is the first to emerge, with the roots
developing when the coleoptile has reached the aerated
regions of the environment. If the seed develops in the
dark as when seeds are sown beneath the soil surface, a
short stem (mesocotyl) develops, which lifts the crown of
the plant to just below the soil surface. After the
coleoptile emerges it splits and the primary leaf develops.
Tillering plants. Each stem of rice is made up of a series
of nodes and internodes. The internodes vary in length
depending on variety and environmental conditions, but
generally increase from the lower to upper part of the
stem. Each upper node bears a leaf and a bud, which can
grow into a tiller. The number of nodes varies from 13 to
16 with only the upper 4 or 5 separated by long
internodes. Under rapid increases in water level some
deepwater rice varieties can also increase the lower
internode lengths by over 30 cm each. The leaf blade is
attached at the node by the leaf sheath, which encircles
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the stem. Where the leaf blade and the leaf sheath meet is a pair of clawlike appendages, called
the auricle, which encircle the stem. Coarse hairs cover the surface of the auricle. Immediately
above the auricle is a thin, upright membrane called the ligule. The tillering stage starts as soon
as the seedling is self supporting and generally finishes at panicle initiation. Tillering usually
begins with the emergence of the first tiller when seedlings have five leaves. This first tiller
develops between the main stem and the second leaf from the base of the plant. Subsequently
when the 6th leaf emerges the second tiller develops between the main stem and the 3d leaf from
the base.
Tillers growing from the main stem are called primary tillers. These may generate secondary
tillers, which may in turn generate tertiary tillers. These are produced in a synchronous manner.
Although the tillers remain attached to the plant, at later stages they are independent because
they produce their own roots. Varieties and races of rice differ in tillering ability. Numerous
environmental factors also affect tillering including spacing, light, nutrient supply, and cultural
practices.
Roots that develop from nodes above the soil surface usually are referred to as nodal roots.
Nodal roots are often found in rice cultivars growing at water depths above 80 cm. Most rice
varieties reach a maximum depth of 1 m or deeper in soft upland soils. In flooded soils, however,
rice roots seldom exceed a depth of 40 cm. That is largely a consequence of limited O diffusion
through the gas spaces of roots (aerenchyma) to supply the growing root tips.
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Panicle and spikelets. The major structures of the panicle are the base, axis, primary and
secondary branches, pedicel, rudimentary glumes, and the spikelets. The panicle axis extends
from the panicle base to the apex; it has 8-10 nodes at 2- to 4-cm intervals from which primary
branches develop. Secondary branches develop from the primary branches. Pedicels develop
from the nodes of the primary and secondary branches; the spikelets are positioned above them.
Since rice has only one fully developed floret (flower) per spikelet, these terms are often used
interchangeably. The flower is enclosed in the lemma and palea, which may be either awned or
awnless. The flower consists of the pistil and stamens, and the components of the pistil are the
stigmas, styles, and ovary.

DEVELOPMENT
The growth duration of the rice plant is 3-6 months, depending on the variety and the
environment under which it is grown. During this time, rice completes two distinct growth
phases: vegetative and reproductive. The vegetative phase is subdivided into germination, early
seedling growth, and tillering; the reproductive phase is subdivided into the time before and after
heading, i.e., panicle exsertion. The time after heading is better known as the ripening period.
Potential grain yield is primarily determined before heading. Ultimate yield, which is based on
the amount of starch that fills the spikelets, is largely determined after heading. Hence,
agronomically it is convenient to regard the life history of rice in terms of three growth phases:
vegetative, reproductive, and ripening. A 120-day variety, when planted in a tropical
environment, spends about 60 d in the vegetative phase, 30 d in the reproductive phase, and 30 d
in the ripening phase.
Vegetative phase. The vegetative phase is characterized by active tillering, gradual increase in
plant height, and leaf emergence at regular intervals. Tillers that do not bear panicles are called
ineffective tillers. The number of ineffective tillers is a closely examined trait in plant breeding
since it is undesirable in irrigated varieties, but sometimes an advantage in rainfed lowland
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varieties where productive tillers or panicles may be lost due to unfavorable conditions.
Reproductive phase. The reproductive growth phase is characterized by culm elongation (which
increases plant height), decline in tiller number, emergence of the flag leaf (the last leaf),
booting, heading, and flowering of the spikelets. Panicle initiation is the stage about 25 d before
heading when the panicle has grown to about 1 mm long and can be recognized visually or under
magnification following stem dissection.
Spikelet anthesis (or flowering) begins with panicle exsertion (heading), or on the following day.
Consequently, heading is considered a synonym for anthesis in rice. It takes 10-14 d for a rice
crop to complete heading because there is variation in panicle exsertion among tillers of the same
plant and among plants in the same field. Agronomically, heading is usually defined as the time
when 50% of the panicles have exserted.
Anthesis normally occurs between 1000 and 1300 h in tropical environments and fertilization is
completed within 6 h. Only very few spikelets have anthesis in the afternoon, usually when the
temperature is low. Within the same panicle it takes 7-10 d for all the spikelets to complete
anthesis; the spikelets themselves complete anthesis within 5 d. Ripening follows fertilization,
and may be subdivided into milky, dough, yellow-ripe, and maturity stages. These terms are
primarily based on the texture and color of the growing grains. The length of ripening varies
among varieties from about 15 to 40 d.
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Vocabulary
Rice Plant Morphology and Development
Leaf blade

The thin, elongated, flat portion of the leaf.

Ligule

A thin, upright, membranous appendage at the top of the leaf sheath. It
is attached to the base on the inside of the leaf collar of the rice plant.

Auricle

1) A pair of small ear-like appendages borne at the base of the leaf
blade and usually arising at the sides where the ligule and the base of
the collar are joined. 2) An ear-shaped appendage, usually occurring at
the junction of the leaf sheath and the blade that may not be present in
older leaves.

Leaf sheath

The lower part of the leaf enclosing the stem, originating from a node
and wrapping around the culm above the node.

Node

1) The joint of a stem from which leaves or branches arise. 2) The solid
portion of the culm, panicle axis, and panicle branches. Leaves, tillers,
and adventitious roots arise from nodes on the culm.

Internode

The portion of a stem between two nodes.

Tiller

A vegetative branch of the rice plant composed of roots, culm, and
leaves which may or may not develop a panicle. Shoot arising from the
main culm (stem).

Nodal roots

Roots developing from the upper nodes of the stem when deepwater
rice varieties are flooded. These roots can also develop if there are
hormonal imbalances, or the soil is deficient of oxygen. Roots are also
known as adventitious roots.

Mat roots

The mat of tangled roots developed below the soil surface or in
floodwater.

Ordinary roots

Roots developed at the base of the plant. They absorb nutrients and
anchor the plant.
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Insect Pests of Rice
by M.O. Way
Professor of Entomology
Texas AgriLife Research - Beaumont Center
1509 Aggie Drive
Beaumont, TX 77713

Rice Water Weevil
Lissorhoptrus oryzophilus
The rice water weevil is a key pest of rice. Adults feed on rice leaves and lay their eggs
underwater in rice stems. Eggs hatch and larvae move to the roots upon which they feed. As the
larvae grow, they shed their skins periodically and increase in size. The larvae complete four
instars (stages between molts) before pupating in a mud cocoon attached to rice roots. Research
shows that an average of 1 larva per plant reduces yield about 80 lb/acre. This is a linear
relationship; thus, 3 larvae per plant reduce yield about 240 lb/acre.
Four insecticides are now registered to control rice water weevil. Icon 6.2FS (active ingredient
fipronil) is applied as a seed treatment to primarily control larvae. Karate Z (active ingredient
lambda cyhalothrin) and Mustang Max (active ingredient zeta-cypermethrin) are applied as a
spray to control adults before they lay eggs. Dimilin 2L (active ingredient diflubenzuron) is
applied as a spray to sterilize eggs developing within adult females.

Rice Stink Bug
Oebalus pugnax
The rice stink bug is another key pest of
rice. This insect has piercing-sucking
mouthparts which the insect inserts in
rice grains and extracts the contents.
Generally, no yield losses are associated
with this feeding but rice quality can be
affected. Damage results in ‘pecky’ rice which is discolored rice
caused by rice stink bug feeding. In addition, upon milling, ‘pecky’ rice tends to break so head
rice (% whole grain rice after milling) is reduced. Farmers receive less money for lower quality
rice.
The rice stink bug lays its eggs in masses (two rows per mass) on rice foliage. After egg hatch,
nymphs (immature rice stink bugs without wings) complete five instars before becoming adults.
Each instar is a little bigger than the previous instar. The later instars (4 and 5 ) and adults cause
the most severe damage. Methyl parathion, Sevin XLR Plus (active ingredient carbaryl); Karate
Z (active ingredient lambda cyhalothrin) and Mustang Max (active ingredient zeta-cypermethrin)
are recommended for control. Fields with abundant weeds (particularly barnyardgrass) generally
harbor high rice stink bug populations. Also, populations of rice stink bug are generally higher
near the margins of fields.
th
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Insect Pests of Rice
(continued)

The fall armyworm is a sporadic pest of rice. The larvae
defoliate (consume foliage) of rice. The adult is a moth
which lays its eggs in masses on rice leaves. Eggs hatch
and the larvae complete four to six instars (stages of
growth) before pupating in a cocoon in the soil.
Generally, fall armyworm are more severe on rice before
the permanent flood. Usually, fall armyworm can be
controlled by applying a flush (temporary flood) or
permanent flood which drowns the larvae. A wasp
parasite (Cotesia sp.) and egrets also can help control populations. Farmers often apply Karate Z
for control since this insecticide does not interact with propanil - a commonly applied herbicide.

The chinch bug is another sporadic pest of rice. This insect has
piercing-sucking mouthparts like the rice stink bug. Adults are
winged and are black and white. Adult female chinch bugs lay their
orange eggs singly in soil cracks or on rice stems. Eggs hatch and
nymphs begin feeding on rice stems usually near the soil surface.
The insect completes five nymphal instars before becoming an adult.
Seedling rice is very susceptible to attack. At this stage, an average
of only one adult per two seedlings can kill rice. Frequently, an
effective method of control is to flush rice or apply a permanent
flood which drowns insects or forces them to move up the plants
where feeding results in less damage compared to feeding on stems
near the soil surface. However, rice growing on levees can still be damaged. Consult the latest
Rice Production Guidelines for information on insecticidal control.
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Insect Pests of Rice
(continued)

Stem Borers
[Mexican rice borer, (MRB), Eoreuma loftini], [sugarcane borer, Diatraea saccharalis] and [rice
stalk borer, Chilo plejadellus]
Three species of stem borers attack
rice in Texas. The most common
is the sugarcane borer, Diatraea
saccharalis, and the least common
is the rice stalk borer, Chilo
plejadellus. However, recently the
species most problematic is the
MRB which was introduced in
1980 from Mexico into the Lower
Rio Grande Valley of Texas where
it has become a very serious insect
pest. The MRB lays eggs on dead
or dying rice foliage. Eggs hatch
and larvae move to the inside of
leaf sheaths where they are partially protected from
natural enemies and pesticide residues. These small
larvae feed in the sheaths and eventually bore into the culm. Inside the culm, they feed between
nodes to cause “deadhearts” (dead leaves) and “whiteheads” (panicles with unfilled grains).
After completing five larval instars, the insect pupates within the culm and emerges as an adult
moth. See the latest Rice Production Guidelines for management options.
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Insect Pests of Rice
(continued)

Grasshoppers
Orthoptera

Grasshoppers are seldom pests of rice. Usually populations are highest near the margins of
fields. Grasshoppers feed on foliage and sometimes panicles. The most common grasshoppers in
rice are long-horned grasshoppers which can also be beneficial since they feed on pest insects as
well as rice. Long-horned grasshoppers are easily identified by their very long antennae.

Blister Beetles
Epicauta temexa
Blister beetles are sporadic pests of rice. The adults usually move in
mass from weedy field margins. They typically defoliate rice and
broadleaf weeds late in the season. Occasionally, blister beetles will
also feed on the reproductive organs of rice flowers. Insecticides
registered for rice stink bug also control blister beetles. Usually ‘spot’
treatments of insecticides effectively control blister beetle populations.

Leafhoppers
Cicadellidae (Graminella nigrifrons)
Leafhoppers are sporadic pests
of rice. The most common
leafhopper in Texas rice fields
is the blackfaced leafhopper.
Leafhoppers have piercingsucking
mouthparts
and
remove fluids from the plant
causing yield and quality
losses. Sooty mold fungus is
black and grows on leafhopper
exudate. A good indication of high populations of leafhoppers is abundant sooty mold fungus on
rice foliage. In addition, foliage takes on a bronze appearance. Consult the latest Rice
Production Guidelines for management options.
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Diseases of Rice
by Dr. Joe Krausz,
Associate Department Head; Professor and Extension Program Leader
Department of Plant Pathology and Microbiology
Texas A&M University

Sheath Blight
(fungus -Rhizoctonia solani)
Sheath blight is the most important
disease of rice in Texas. Initial
symptoms usually develop as lesions
on sheaths of lower leaves near the
water line when plants are in the late
tillering
or
early
internode
elongation
stage
of
growth
(approximately 10 - 15 days after
flooding). These lesions usually
develop just below the leaf collar as
oval-to-elliptical, green-gray, watersoaked spots about 1/4 inch wide
and 1/2 to 1 1/4 inch long.
With age, the lesions expand and the center of the lesions may become bleached with an
irregular tan-tobrown border. When humidity exceeds 95 percent and temperatures are in the
range of 85-90 degrees F, infection spreads rapidly by means of runner hyphae to upper plant
parts, including leaf blades, causing extensive, tan, irregularly shaped lesions with brown
borders. Disease development progresses very rapidly in the early heading and grain filling
growth stages during periods of frequent rainfall and overcast skies. Plants heavily infected at
these stages produce poorly filled grain, particularly in the lower portion of the panicle.
Additional losses result from increased lodging or reduced ratoon production due to infection of
the culm and reduced carbohydrate reserves.
As plants senesce from maturity, lesions will dry and become grayish-white to tan with brownish
borders. Sclerotia, initially white but turning dark brown at maturity, are produced superficially
on or near the lesions. Sclerotia are loosely attached and easily dislodge from the plant. Sclerotia
are the primary means for fungus survival between crop years. They survive long periods in the
soil and will float to the surface of flooded rice fields in the subsequent rice crop, infect rice
plants at the waterline and continue the disease cycle. Sclerotia can survive from one to several
years in the soil. They can also attack several weed hosts and cause infection.
New varieties and changing cultural practices often combine many of the factors that favor
disease development. In recent years, the wide acceptance of susceptible varieties, because of
their high yielding potential, has contributed greatly to the rapid increase in sheath blight. In
addition, high levels of nitrogen fertilizer are applied in order to achieve high yield potential.
Excessive vegetative growth predisposes susceptible plants to attack by the sheath blight
organism. Rotation with susceptible alternative crops, such as soybeans can also increase the
severity of sheath blight in succeeding rice crops.
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Diseases of Rice
(cont.)

Blast
(fungus -Pyricularia grisea)
This disease can cause serious losses to
susceptible varieties during periods of weather
conditions favorable to growth of blast.
Depending on the part of the plant affected, the disease is often called leaf blast, rotten neck, or
panicle blast. The fungus produces spots or lesions on leaves, nodes, panicles,
and collar of the flag leaves. Leaf lesions range from somewhat diamond-shaped to elongated
with tapered, pointed ends. The center of the spot is usually gray and the margin brown or
reddish-brown. Both the shape and color of the spots may vary and resemble those of the brown
leaf spot disease. Blast differs from brown leaf spot in that it causes longer lesions and develops
more rapidly. The blast fungus frequently attacks the node at the base of the panicle and the
branches of the panicle. If the panicle is attacked early in its development, the grain on the lower
portion of the panicle may abort giving the head a bleached whitish color, giving the term
"blasted" head or rice "blast". If the node at the base of the panicle is infected, the panicle breaks
causing the "rotten neck" condition. If neck rot occurs early, the entire panicle may die
prematurely, leaving it white and completely blank. Later infections may cause incomplete grain
filling and poor milling quality. Other parts of the panicle including panicle branches and glumes
may also be infected. Panicle lesions are usually brown, but may also be black. In addition, the
fungus may also attack the nodes or joints of the stem. When a node is infected, the sheath tissue
rots and the part of the stem above the point of infection often is killed. In some cases, the node
is weakened to the extent that the stem will break causing
extensive lodging.
Blast generally occurs scattered throughout a field rather
than in a localized area of the field. Late planting, frequent
showers, overcast skies, and warm weather favor
development of blast. Spores of the fungus are produced in
great abundance on blast lesions and can become airborne,
disseminating the fungus a considerable distance. High
nitrogen fertilization should be avoided in areas that have a
history of blast. Control measures include early planting,
avoiding excessive or high levels of nitrogen, proper flood
management, resistant varieties, and fungicides. Varietal
resistance is the most effective method of controlling rice
blast. Some foliar fungicides can reduce the incidence of blast, but severe losses can occur on
susceptible varieties even when fungicides are applied.

11

Diseases of Rice
(cont.)

Brown Leaf Spot
(fungus -Bipolaris oryzae)
This
disease,
previously
called
Helminthosporium leaf spot, is common in
Texas. Most conspicuous symptoms of the
disease occur on leaves and glumes of
maturing plants. Symptoms also appear on
young seedlings and the panicle branches in
older plants. Brown leaf spot is a seedborne disease. Leaf spots may be evident
shortly after seedling emergence and
continue to develop until maturity. Leaf spots vary in size, are typically 1/8 inch in diameter, and
are circular to oval in shape. The smaller spots are dark brown to reddish brown, and the larger
spots have a dark-brown margin and reddish brown to gray centers. Damage from brown spot is
particularly noticeable when the crop is produced in nutritionally deficient or otherwise
unfavorable soil conditions. Significant development of brown spot is often indicative of a soil
fertility problem. Brown spot may be reduced by balanced fertilization, crop rotation, and the use
of high quality planting seed. Foliar fungicides are not economical for controlling brown leaf
spot on most commercial long grain varieties. Rice seed with infected glumes can result in
diseased seedlings. Seed treatment fungicides reduce the incidence and severity of seedling
blight caused by this fungus.

Narrow Brown Leaf Spot
(fungus -Cercospora janseana)

The disease varies in severity from year to year and usually becomes most severe as rice
approaches maturity, causing premature ripening and yield reduction. Leaf spots are long (1/10
to 1/2 inch), narrow (1/32 inch), and cinnamon-brown. Premature leaf death will occur in severe
cases. Late in the growing season, the fungus often attacks the sheath of the flag leaf causing the
"brown blotch" or "net blotch" phase of the disease in which a large (1 1/2 to 3 inch long)
cinnamon brown lesion is formed and typically encircles the uppermost internode about an inch
below the base of the panicle. Early maturing varieties tend to escape the major impact of the
disease. There are differences in susceptibility among some rice varieties, however, due to buildup of certain races of the fungus, resistance does not remain reliable. Some foliar fungicides
effectively suppress this disease and may be economical if other diseases are also controlled
along with the narrow brown leaf spot.
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Pest Management Guide
WEEDS OF RICE
Barnyardgrass
A warm-season vigorous grass reaching up to 5
feet, barnyardgrass (Echinochloa crus-galli) has
panicles that may vary from reddish to dark
purple. The seed heads contain crowded large
seeds in spikelets, each with a short, stiff awn.
Leaf blades are flat, 3/8 to 5/8 inch wide,
smooth, and without a ligule, a papery-like
membrane at the collar of the plant where the
leaf blade contacts the stem. The stem is flat not round.

Broadleaf signalgrass
A spreading summer annual, broadleaf
signalgrass (Brachiaria platyphylla) has
short, wide leaf blades, ranging from 1.5 to 6
inches long and 1/4 to 2/3 inch wide. Leaf
blades are typically hairless, except for hairs
that occur in the margins and the lower
portion of young plants. It doesn't have a
ligule, a papery-like membrane at the junction
of the sheath and leaf blade.
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Yellow nutsedge
Also called yellow nutgrass, yellow
nutsedge (Cyperus esculentus) is an
aggressive plant that grows between 3 and
32 inches and has adapted to water culture.
Distinctive features include a yellow
umbrella-like seed head and smooth threeranked leaves that gradually taper to a small
point. Fibrous roots grow from bulbs,
rhizomes or tubers. Stems are triangular and
rarely branch from the tuber or basal bulb.

Fringerush
Fringerush
(Fimbristylis species), also called fan sedge,
is an annual often found in the coastal plains.
Leaves are flattened, very narrow and up to
12-18 inches long. The seed head is onionlike in appearance with fruiting
bodies rounded and scaley.

Sprangletop
(Leptochloa
uninervia),
bearded
sprangletop (Leptochloa fasciculais)
and red sprangletop (Leptochloa
filifomis). All three are tall with thin,
flat leaf blades, running 1/4 to 1/3 inch
wide and up to 12 inches long.
Sprangletop has a ligule, a papery-like
membrane at the collar of the plant
where the leaf blade contacts the stem.
All three have a large, open panicle
when mature.
14

Dayflower
A crawling, spreading summer annual,
dayflower (Commelina communis) grow up to
2 feet. The plant may grow either upright or
creeping with numerous branches sprouting at
the nodes and stems.
Leaves have
conspicuous sheaths at the base, and flowers
feature two upright blue petals and one
smaller white petal. The egg-shaped leaves
are 0.3-0.6 inches long and 0.3-1.5 inches
wide.

Ducksalad
An aquatic annual or perennial, ducksalad
(Heteranthera limosa) grows in open water
either near water inlets or in openings in
sparse stands. The mature plant grows up to 6
inches tall. Leaf blades may either narrow to a
point or be duckbilled at the tip.

Gooseweed
Sometimes known as chicken spike, gooseweed
(Sphenoclea zeylandica) may grow up to 4' feet
tall. Leaves grow opposite each other and are
shaped and smooth. Stems are hollow and
branch above the base. The elliptical leaves
vary in size, ranging to about 2" wide and 5''
long. The flowers are borne on a distinctive
cylindrical terminal spike.
15

Eclipta
A spindly growing annual weed, Eclipta
(Eclipta prostrata) has simple opposite
leaves. Leaves measure 3-5 inches long
and are elliptical, lacking stalks. Lower
surfaces of leaves are hairy. Stems feel
sand papery.

Ammannia
Several different species fall under the
genera Ammannia and are commonly called
purple ammannia, redstem and toothcup.
These annual weeds grow upright up to 3-4
feet tall. The stems are square and slightly
winged with opposite, ear-like, clasping
leaves up to 4 inches long. The flowers are
reddish to purple and small, running 0.05 to
0.1 inches long.

Northern jointvetch
Two different species may infest rice fields:
Indian jointvetch (Aeschynomene indica) and
northern
jointvetch
(Aeschynomene
virginica). Both are upright and usually
bushy, growing up to 3-4 feet tall. Indian
jointvetch differs from northern jointvetch in
that its fruit stalk and leaflets are shorter and
its flower smaller. Northern jointvetch plants
have large stipules or bracts at the base of
the leaf stalk or petiole. Both have pea-like flowers and can be
distinguished from hemp sesbania because of a smaller size and more
delicate appearance. The alternating leaves have as many as 56 oblong
leaflets with smooth edges. Leaflets fold when touched.
16

Hemp sesbania
Commonly called coffeebean or coffeeweed,
hemp sesbania (Sesbania exaltata) is a tall,
blue-green, spindly weed growing up to 12-14
feet. The plants have a yellow, pea-like flower.
Seed pods are 4-8 inches long, curved and
often tipped with a 0.4-inch-long beak. The
leaves are opposite and may feature as many
as 70 leaflets with a smooth surface and somewhat hairy surface below.

Annual arrowhead
More of a problem in water-seeded rice,
annual arrowhead (Sagittaria montevidensis)
is also known as giant arrowhead. The
plants, growing up to 20 inches tall, feature
arrowhead-shaped leaves and flower petals
with green spots. The plants only stems are
erect, leafless and have only flowers. The
leaves arise from the stem base with a stout,
spongy stalk and may be up to 8 inches long.

Alligatorweed
Alligatorweed (Alternanthera philoxeroides) is an aquatic perennial that
forms dense floating mats. It
has hollow stems, opposite
leaves with distinctive midribs
and a single white flower head.
The leaves are elliptically
shaped and 0.2 to 0.8 inches
wide.
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Texasweed
Although also referred to as Mexicanweed
(Caperonia castanifolia), Texasweed
(Caperonia palustrus) is a different
species. The annual upright plant grows to
about 2-3 feet tall with coarse male and
female flowers with unique threecapsuled fruit. Leaves are alternating and
broad, with serrated edges.

Thanks to Dr. Arlen Klosterboer, retired Extension Rice
Specialist, for reviewing this information and providing the
photos.
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Red Rice
Red rice is a weed that infests much of the southern rice
growing area in the United States. It is a wild rice type that
competes with cultivated rice for nutrients, water, and space.
Currently, any herbicide that would kill red rice would harm the
cultivated rice. While California appears virtually red rice free,
all southern rice producing States-Arkansas, Louisiana,
Mississippi, Missouri, and Texas-have infestations that have
endured since rice was first introduced.
Although red rice is an annual plant, it persists in rice fields
because of the long dormancy of its seeds. Once in the soil, red rice seeds may readily germinate
or stay latent for years before germinating. Red rice exhibits an uneven development period and
produces seeds that shatter upon reaching maturity. Because selective weed control between red
rice and cultivated rice is difficult, herbicides have not been able to successfully control red rice.
Farmers currently control red rice by depleting the seed bank through an integrated weed
management program that combines preplant-incorporated
herbicide applications, continuous or pinpoint flooding, and
crop rotations. In Arkansas, farmers typically grow
soybeans for 2 years and plant rice the third year. During
the soybean cropping, herbicides which control grasses can
be used, which kill any red rice seed that grows. This
program has severe drawbacks because it seldom
completely eradicates red rice. In fact, if just 5 percent of
the red rice survive, a seed bank can be restored. In
addition, in the last few years returns to soybeans have
been, on average, lower than for rice production and thus it
is not an economically beneficial rotation crop.
The costs associated with controlling red rice depend on the weed management practices
employed. Current systems are expensive and time consuming because several herbicides are
required to manage various grasses and none can selectively kill red rice without injuring
commercial rice. Controlling red rice also involves flooding and crop rotations. In addition, red
rice plants can grow tall and may lodge when mature. This can cause the cultivated rice to lodge
as well as increase harvesting and drying costs. Without better weed control, red rice will
continue to reduce farm yields and lower grain value. However, during the last few years
herbicide resistant rice varieties have been developed through mutation breeding. The varieties
possess a gene which conveys tolerance to specific herbicides. Thus, when the herbicide is
applied, the cultivar suffers no damage but the red rice plant is killed.
Red rice also raises milling costs. Red rice produces seeds with either black or straw-colored
hulls and red bran. When harvested, they mingle with commercial white rice. Removing the red
seeds from the commercial rice is necessary but raises costs to the miller, who in turn discount
the price to the farmer. Red rice removal requires additional milling and separation through a
sorting machine. The additional milling decreases the milling yield because of greater breakage
and damage to the rice kernel. The higher content of broken grains reduces the value of the
milled rice.
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Stages of Processed Rice
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Rice Grain Quality
USDA-ARS-Rice Research Unit Rice Quality Program
Christine Bergman, Ming-Hsuan Chen, Janis Delgado, and Naomi Gipson

Kernel Form
Rough (Paddy) Rice
Rice that has been harvested from the plant with its hull (husk) intact is known as rough or paddy
rice. The hull is not eaten by humans but is sometimes burned for use as an energy source.
Brown (unmilled) Rice
When the hull is removed from rough rice it is called brown rice. However, not all dehulled rice
is brown in color. The outer bran layer of the grain and embryo (germ) is what gives rice its color
and can vary from light yellow to red to dark purplish black. Rice bran and germ contains
greater amounts of dietary fiber, vitamins, minerals and other health-related components than the
white center portion of the kernel (endosperm). But those outer portions of the kernel also
contain more lipid (fats) material, making brown rice more susceptible to becoming rancid
(spoiling). Brown rice, therefore, has a shorter shelf life compared to milled white rice. Storage
under cool conditions will lengthen its shelf life. Cooked brown rice has higher fiber content and
is chewier in texture than its white rice counterpart and is described as having a slightly nutty
flavor.
White (milled) Rice
Rice that has had its bran and hull layers removed by milling is called white, table, polished, or
milled rice. White rice cooks faster than brown rice and has a longer shelf life. In the U.S., most
white rice is coated with iron, niacin, thiamin and folic acid to enhance its nutritional quality.
Milling Yield
One of the most important aspects of rice grain quality is its milling yield. During the process of
milling, the hull is removed from rough rice using a huller to yield brown rice. After the hull is
removed, the embryo and the bran layer is removed from the brown rice through an abrasive mill
to produce total rice (broken and whole kernels). The final step is separation of the whole (intact)
kernels from the broken kernels using screens sized for use on long, medium or short grain
varieties to produce whole grain rice. Head rice milling yield is the percentage of whole kernels
recovered after milling and removal of the broken kernels. Producers are paid less for broken
kernels than for whole.
Milling of rice increases its shelf life and provides consumers with a physical property they have
come to desire, whiteness. Therefore the goal of milling is to remove as much of the colored
bran and germ as possible. The quantity of bran remaining on the surface of the grain after
milling is defined as milling degree. A high milling degree means that the milled rice is very
white with relatively light milling. Degree of milling is influenced by to grain hardness, size and
21

shape, depth of surface ridges, bran thickness and mill efficiency. Consumers also have a
preference for rice that is transparent and not chalky. Chalky areas of the grain are a result of air
spaces in between the starch granules that make up the endosperm. Variation in kernel whiteness
and transparency can be due to differences in rice varieties, cultural management methods,
weather conditions during the crop year, and storage conditions of the harvested rice. Milling
rice results in a loss of vitamins, minerals and dietary fiber. In less developed countries, where
rice is a major component of the people’s diet, such nutritional losses may significantly impact
human health. As a result, in some areas, the government has encouraged the production of
undermilled rice to improve nutritional well being in its population.
Grain Shape
Rice is primarily classified according to its grain shape. However, within grain shape categories
there are differences in cooking qualities that are determined by the chemical make up of the
grain and affect cooked grain texture. The various grain shape and specialty rice categories are
described below.
Long Grain The category known as long grain contains
milled rice that is approximately three times longer than
it is wide. A conventional U.S. long grain rice has 19 to
23% grain amylose content. After cooking, it is firm
and fluffy (not sticky). Consumers in areas of the world
such as North and South America, Southern China, Europe, and the Middle East often prefer this
type of rice.
Medium Grain The medium grain rice category
describes milled rice that is from 2.1 to 2.9 times longer
than it is wide. Medium grain rice is generally has an
amylose content of 16-18%and after cooking is soft,
moist and sticky in texture. This type of rice is in
general preferred by people from Japan, Northern China and North and South Korea.
Short Grain Rice that is less than two times longer
than it is wide is classified as short grain. In general
short grain rice has cooking quality and amylose
content similar to that of rice in the medium grain
category. Because this type of rice is used for making
sushi some call it sushi rice.
Specialty Rice
Rice that has cooking or processing quality different from the standard market classes described
above is known as specialty rice. These are used for special styles of cooking and in specific
products. Acreage of these types of rice in the U.S. is much lower than rice that fits into the
standard long, medium and short grain market classes.
Arborio
This rice type originated in Italy where it has traditionally been used for making risotto. Arborio
rice is classified as a medium grain, but it has fairly firm internal texture and a unique creamy
exterior. It often has a very large white chalky center that is thought to be responsible for its
ability to take up the flavor of the stock or sauce it is cooked in.
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Basmati-Type
Rice of this type has the kernel dimensions of a long grain rice. It has a moderately firm cooked
texture, is dry and not sticky after cooking and has an aroma often described as being popcorn
like. This category is unique in that its grains become very long and thin (extreme elongation)
after cooking. Basmati rice originated in India and Pakistan. Today, however, rice that has these
same unique quality traits are also grown in the U.S.
Aromatics
This type of rice is a long grain aromatic rice whose aroma is said to be popcorn like. Although
the aroma is similar to Jasmine- and Basmati-style rice its texture mimics that of conventional
U.S. long grain firm cooking rice.
Japanese Premium Quality
Japanese Premium Quality rice is similar to conventional U.S. medium grain rice in terms of
grain length and amylose content. However, these rice differ from standard medium grain rice
because of their glossiness, lack of flavor, sticky but smooth texture, and softness after cooling.
These properties have been traditionally desired by some people of Japanese and Korean descent.
Jasmine-Type
This style of rice is originally from Thailand. Much of the jasmine-style rice sold in the U.S. is
imported from Thailand. However, U.S. produced jasmine-style rice is also available. Jasminestyle rice has long grains that when cooked are soft and cling to each other. It is considered
aromatic rice because it possesses a distinctive aroma often reported to be popcorn-like.
Superior Processing Quality
Some long-grain rice has been developed to remain intact, firm and fluffy after parboiling or
canning and thus produces a better appearing rice for use in canned soups and frozen dinners.
This type of rice also has less solids loss and kernel splitting after processing compared to
conventional U.S. long grain rice and has about 26% grain amylose content. Parboiled rice is
produced by steeping and cooking the rice while the hull is still on the kernel. As a result, the
color from the hull and the nutrients from the bran layer penetrate the grain during cooking.
After parboiling the rice is dried and then milled, producing a slightly amber colored grain.
Toro-Type
This is long grain rice that after cooking is soft in texture and the kernels cling to each other. The
apparent amylose content is similar to that of conventional U.S. medium grain rice. Toro-Type
rice is primarily used in certain ethnic (i.e. Cajun) style cooking.
Waxy (glutinous, sweet or sticky)
This style of rice can be in the long, medium or short grain form, and is eaten both milled and
unmilled. Milled waxy rice appears opaque (solid white), as opposed to nonwaxy rice, which is
translucent. Waxy rice has very little amylose and cooked milled waxy rice is extremely soft and
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sticky. When the bran is left on, waxy rice is slightly chewy and flavorful. Flour made from
waxy rice is also used in products such as candy, salad dressings, baked crackers, and snack
foods. It is a ceremonial rice used in areas of Asia.
Wild Rice
Wild rice is not rice nor is it wild. It is a grass, which is native to North America. It used to be
just a natural grass found in shallow lakes and waterways, but it is now grown commercially in
the U.S. Its nutty, chewy texture and dark brown to black color provide its appeal.
Processing
Parboiled
Rough rice that has been exposed to some combination of soaking in water and exposure to
steam, dried, and then milled, is said to have been parboiled or converted. This process results in
the natural vitamins and minerals being transferred from the rice bran layer into the starchy
endosperm. Parboiling is thought to have originated in India and Pakistan more than 2,000 years
ago. It came into use in the U.S. during World War II because it fit the military's need for
nutritious food that had a long shelf life. Long grain is the type of rice that is generally parboiled
for consumption as table rice. Medium grain rice is also parboiled and ground into flour for use
as an ingredient in food products.
Quick cooking and Pre-cooked Rice
Quick cooking brown or white rice has been pre-cooked to reduce its cooking time; its starch
may either be partially gelatinized (cooked) or not at all. The process sometimes entails cooking
in water or steam and then drying.
Rice Flour
White rice that has been ground into a flour or meal is used in many different types of food
products around the world. A few examples follow. The relatively bland flavor of rice makes it
well suited for use in products with mild flavors. It has advantages over other grains in that it
will not obscure what natural flavors are present and less added flavor is needed. Waxy rice is
often used to make baked crackers, which are light and crispy. When a firmer less delicate baked
cracker is desired medium grain rice is often used. Fried snack foods made using a blend of waxy
rice flour and other grains will tend to be crisper and take up less fat than if made without the
rice flour. Rice flour made into a cereal is ideal as an initial food for babies because it is
hypoallergenic. Being hypoallergenic, plus having the ability to prevent and correct dehydration
has resulted in beverage mixes being developed which are rice-based and used in the treatment
of diarrheal diseases such as cholera and AIDS.
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Generalized Texas Rice Production Practices
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Prepare land in fall and spring
Form the levees (approximately every /10 - /10 foot of fall in elevation)
Drill plant at 30-100 lb seed/acre (about 7 inches between rows)
Fertilize (a of total N); total N = 150-170 lb/acre
Flush as needed until permanent flood (3-6 weeks after emergence)
Apply herbicides early post-emergence (worst weeds = red rice, barnyardgrass, sedges,
sprangletop, dayflower, alligatorweed, broadleaf signalgrass)
Fertilize (a of total N) just before permanent flood
Inspect for sheath blight, blast, narrow brown leaf spot, brown spot; apply fungicide if
justified
Fertilize (a of total N) at panicle differentiation
Drain fields 2 weeks before harvest
Harvest main crop
Fertilize (100 lb N/acre)
Apply permanent flood
Harvest ratoon crop (“lagniappe”)
1

2

Useful Facts
•
•
•
•
•
•
•
•
•

2

1 acre = 43,560 ft
urea = 46% nitrogen
avg. yields in Texas = 7300 lb/acre (range = 4000 – >12,000 lb/acre)
plant in March/April, harvest main crop in July/August, harvest ratoon crop in
October/November
Ratoon crop = 1/3 to 1/2 of main crop yield
AI = active ingredient
barrel = 162 lb
cwt = 100 lb
170,000 acres rice in Texas in 2010; 40% is ratoon cropped

As researchers and extension scientists, our goals are to:
1) increase yield and milling quality
2) decrease production costs
3) preserve/improve environment
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Solved Word Problem
Farmer Pearson has a rice stink bug problem. She needs to spray 500 acres with Sevin XLR Plus
at 1 quart/acre. Sevin XLR Plus contains 4 lbs. of active ingredient (carbaryl) per gallon. The
aerial service will charge Pearson $6.50/acre to spray. Sevin XLR Plus costs $65 for 2 1/2 gal.
How much money will Pearson spend to control her rice stink bug problem and how much active
ingredient will Pearson apply on 500 acres?

Answer:
$65/2.5 gal = $26/gal
1 qt/acre

X

500 acres

500 qts 125 gal

125 gal

X

$26/gal

$3250 for material

$6.50/acre

X

500 acres

$3250 for application

Total cost to spray 500 acres = $6500
125 gal X 4 lb active ingredient/gal = 500 lb
of carbaryl for 500 acres
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Exam Directions
1. Locate your chair assignment number and take a seat.
2. Print your name and high school on each page of test.
3. There are more than 100 questions - each worth 1 point. The exam consists of
identification questions, true/false, fill in the blank, multiple choice and word problems.
4. No cheating! You will be disqualified!
5. This is an individual competition so do your very best, you might even win!!!
6. We will announce the winners to Agri-Science Teachers. The high point individual will
nd

rd

th

th

receive a belt buckle; 2 , 3 , 4 and 5 high point individuals will receive belt badges and
th

th

6 through 16 place will receive honorable mention ribbons. The top 4 schools with
highest overall averages will receive school plaques. Each competitor will receive a
Certificate of Participation.
7. For presentation of awards, meet at the center stage of the Texas Rice Festival in Winnie
on Saturday, October 1, 2011 (approx. 12:30 p.m.).
8. Tests will not be returned, but a key will be given to Agri-Science teachers!

GOOD LUCK!!
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