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ORGANIZATION AND PURPOSE OF THE RICE
TECHNICAL WORKING GROUP

e Rice Technical Working Group functions pur-
an informal memorandum of understanding among
e agricultural experiment stations and agricultural
n services of Arkansas, California, Louisiana, Miss-
and Texas, and the Agricultural Research Service,
tural Marketing Service and Federal Extension Serv-

United States Department of Agriculture. Its
ship is composed of personnel in each of these
who are actively engaged in rice research and ex-
investigations.  Participants from the states are
ed by the directors of the state experiment sta-
id extension services concerned. USDA represent-
re designated by the service or branch concerned
e research and extension. An administrative ad-
elected jointly by the experiment station and ex-
service directors.

ficers of the group consist of a chairman and a
y elected by the membership. Interim affairs are
| by an executive committee consisting of the elect-
icers, administrative advisor, executive secretary of
DA Rice Research and Marketing Advisory Com-
and two elected members, one of whom is an ac-
zarch worker on rice in a state agricultural experi-
tion and the other an active state agricultural ex-
worker on rice.

e Rice Technical Working Group meets at least bi-
to provide for the continuing exchange of infor-
‘cooperative planning and periodic review of all
of rice research and extension being carried on by
es and the federal government. It develops pro-
or future work which are suggested to the partici-
agencies for implementation.

s Working Group had its origin in a conference
and federal agencies at Beaumont, Texas, in 1949,
ng and storage of rough rice.

tioning and Storage Data Published

e comprehensive report, “Research on Conditioning
ge of Rough and Milled Rice,” was published as
sport No. 20-7, dated November 1959.

e Rice Research and Marketing Advisory Commit-
their 15th annual report and recommendations, dated
er 1959, recognized the completion of this report
: following statement: “The Committee commends
ny federal and state researchers and specifically the
er and editor, W. C. Dachtler, for the comprehensive
of Research on Conditioning and Storage of Rough
lled Rice,’ published as ARS Report No. 20-7, No-

vember 1959. This tangible accomplishment of the Rice
Technical Working Group is a thorough analysis of the
existing published and unpublished research on condition-
ing, storage and preservation of quality of rice. It pro-
vides a valuable source of information to all handlers and
processors of rice as well as to researchers and teachers. It
also highlights problems meriting further study and should
effectively reduce unnecessary duplication and repitition in
future studies of rice conditioning and storage.”

Dates and Place of 1960 Meeting

The ninth annual meeting was held June 29 to July
1, 1960, in Lafayette, Louisiana, at the First National Bank
Civic Room. Officers in charge of the meeting were:
Dwight C Finfrock, chairman; H. M. Beachell, secretary;
R. J. Hodges, Jr., extension service representative; Francis
J. Williams, experiment station representative; and R. D.
Lewis and W. C. Dachtler, administrative advisors.

Uniform System of Reporting Yields

The Rice Technical Working Group voted in favor of
a uniform unit of measure in expressing acre and mill
yields of rice. In the past, acre yields have been reported
in barrels, bushels, hundredweight and pounds. At future
meetings the group voted to report grain yields in pounds
of rough rice per acre and mill yields in percentages, and
urged state and federal agencies to do likewise in their re-
ports and publications.

Officers Elected

Newly elected officers to serve for the next 2 years
are: chairman: H. M. Beachell, Rice-Pasture Experi-
ment Station, Beaumont, Texas; secretary: Francis J. Wil-
liams, Rice Branch Experiment Station, Stuttgart, Arkansas;
state experiment station representative: R. ]. Miears, Rice
Experiment Station, Crowley, Louisiana; state extension
service representative: M. D. Miller, University of Cali-
fornia, Davis California; and administrative advisors: R. D.
Lewis, Director, Texas Agricultural Experiment Station,
College Station, Texas, and W. C. Dachtler, Executive Sec-
retary, USDA Rice Research and Marketing Advisory Com-
mittee, Washington 25, D. C.

Dates and Place of 1962 Meeting

The next meeting of the Rice Technical Working
Group will be held in 1962 in Houston, Texas. The exact
time and place will be determined by the executive com-
mittee, but the group favored February.



RECOMMENDATIONS OF THE PANEL ON RICE
BREEDING AND GENETICS

N. E. Jodon, Leader John Scott

M. T. Henderson T. H. Johnston
C. N. Bollich James Stansel
H. R. Caffey J. BR. Thysell

Because of the demands imposed by the many and
changing conditions under which rice is grown, varieties
of the three grain types need to be improved in the follow-
ing respects: 1. resistance to diseases, especially blast (Piri-
cularia) and hoja blanca; 2. resistance to lodging; 3. effi-
ciency in the utilization of heavy applications of fertilizer;
4. milling, processing and cooking characteristics and nu-
tritive value; 5. cold hardiness at all stages of growth; 6.
seedling emergence and plant vigor; 7, resistance to insects;
8. salt and alkali (high pH) tolerance; 9. production of a
second or “stubble” crop; and 10. tolerance to pesticides.

To accomplish the foregoing aims, more emphasis must
be placed on basic research carried out in close cooperation
among the breeders and specialists in the fields of path-
ology, agronomy, physiology, soil science, cereal chemistry,
entomology, genetics and cytogenetics and morphology.

Phases of the program needing specific attention to
accomplish these objectives are:

Genetics and Cytogenetics

Genetics and cytogenetic studies should be given in-
creased emphasis and support because the principles in-
volved are fundamental to the achievement of all rice
breeding objectives. Information is needed especially on
the mode of inheritance of complex characters of economic
importance and on the linkage relationship of genetic char-
acters.

Cold-hardiness

More emphasis is needed on basic studies of cold wa-
ter tolerance at all stages of plant growth. Controlled
temperature screening should be continued to determine
which varieties have sufficient hardiness for use in breed-
ing for tolerance to cold water and other low temperature
conditions.

It is recognized that rice breeders are responsible for
making available information on varieties and for main-

taining breeders’ seed of recommended varieties
and recommended by state and federal agencies.

Disease Resistance

In cooperation with the pathologists, expand |
ing and testing program for the development
varieties of the three grain types resistant to bl
cularia). Proceed with intensified breeding progi
ing to the further development at the earliest po
of hoja blanca-resistant short, medium and long
ricties adapted to the major rice-producing are
United States. Continue the close cooperation
tomologists and pathologists in developing impto
ods of testing, in the seedling stage, for resistani
blanca.

Lodging Resistance

Investigations of the several factors relating
ing resistance, including basic research on morph
nutrition of the rice plant, need to be conducted

Fertilizer Response

Studies to determine the response of varieti
levels of fertilization should be expanded. The
of individual varieties to various timing of nif
plications should be studied in relation to lodgi
rieties should be developed that will resist lod
produce high grain and mill yields when higk
fertilization are used.

Yield Components

Basic studies on the components of grain
needed to afford a more realistic basis for sel
the breeder.

Processing and Cooking Characteristics

The need for adapted varieties of rice posse
cific processing and cooking characteristics,
mestic and foreign market demands, is increasis
portance. Continued improvement in tests for b
ity evaluation is needed for the development of
rieties.

RECOMMENDATIONS OF THE PANEL ON PROCESSI
COMPOSITION AND NUTRITION

H. ]. Deobald, Leader E. B. Kester

E. A. Fieger Daniel R. Sidoti
J. T. Hogan Virginia Williams
A. S. Roseman E. C. Hagberg
M. C. Kik K. K. Keneaster
M. Isabel Irwin John V. Halick
T. J. Canavan Leo Ambhrein

The panel feels that fundamental resea ch
should be encouraged and expanded. Research
to elucidate certain complex phenomena charad
the starch granule, such as gelatinization, retroj
alkali dispersibility and internal structure. As #
nomena are clarified, the complex process known
ing, and the changes resulting therefrom, can be
more thoroughly.



ssary to determine what substances in addi-
ylose and amylopectin in the starch matrix af-
haracteristics of rice. Knowledge of the influ-
rotein and protein fractions, pectins, hemicellu-
iloses, lipids and other minor constituents in
matrix on the behavior of rice is practically non-
Many problems remain in developing techniques
and purify these component parts for detailed
| addition to the tangible properties outlined,
y properties of rice, such as flavor components
ith appeal,” should be determined objectively
t techniques.

panel takes note of the accumulated wealth of
data on rice chemistry existing in other countries
Id today, Japan in particular. This material, if
and made available to researchers in this country,
a valuable aid in attacking these problems. The
that this material could be translated at little
U. S. taxpayer by making use of P.L. 480 funds,
mmends that the proper agencies begin the pro-
uired to implement this action where such funds

ailable.

It is recommended that work be expanded to improve
existing testing procedures and to develop new methods
for measuring the properties and constituents of rice. The
panel recognized that standard objective testing methods
are needed that will be acceptable and reproducible in
qualified laboratories.

Research to develop new products and processes and
to improve present processing techniques should be ex-
panded. Such research should seek industrial uses con-
tinuously, as in fiber, plastics or as a processing adjunct or
aid in other industries, as well as new and improved food
products.

Developmental work to improve brown rice, rice bran
and the nutritional value of milled white rice by the addi-
tion of food supplements and treatment to improve the ac-
ceptability of rice to foreign as well as to domestic con-
sumers, were some of the projects suggested.

The panel recognizes that the research outlined here
is more extensive than present personnel could hope to
cover adequately in the near future. It was desired, how-
ever, to point out the broad areas of potentially profitable
fields of research open to immediate investigation.

JMMENDATIONS OF THE PANEL ON RICE DISEASES

3. Atkins, Leader G. D. Lindberg
Lamey G. T. Templeton

tant advances have been made in recent years
eases through basic and applied research. The
portance of certain diseases has shifted. Several
serve continual research.

nca

ive studies should be continued on the hoja
ase of rice. It is recommended that the pro-
ntinued even in the event the disease and vec-
t found in the U. S. in 1960. While good
s been made on certain phases of the hoja
arch program, research objectives have not been
n all phases. Studies to be continued are test-
lections for resistance, in cooperation with the
s, along with studies on the nature and inherit-
sistance. Also to be continued are studies on
‘movement of the virus in the plant, influence
ure, light, fertilization and other factors on dis-
ment, histological changes induced by the virus
sic causes of sterility. Since present greenhouse
niques are not ideal, improvements should be
joperation with the entomologists. Surveys as
fibution of the disease and vector, Sogata orizi-
e U. S. rice area should be continued in cooper-
other agencies.

derable progress has been made on a recently
ast research program. Studies need to be con-
e distribution and prevalence of the races of
oryzae in the southern rice states and the reac-
: rice varieties to each race. Emphasis should
n the field and greenhouse testing of rice selec-
poperation with the rice breeders, for the de-

velopment of blast-resistant varieties and on the nature and
inheritance of resistance. Other studies should bethe in-
fluence of atmospheric moisture, fertilizers and temper-
atures on disease development and control by fungicides.

Kernel Smut

The life history of kernel smut is unknown,. particu-
larly as to the site of infection. When the studies show
how and where infection occurs, rice varieties can be tested
for resistance or other control measures may be effective.

Helminthosporium Leaf Spot

Present work on developing resistant varieties should
be continued, in cooperation with the rice breeders. The
role of nitrogen fertilization could be studied.

Straighthead
A need still exists for the testing of new selections
from the rice breeding program for straighthead reaction.

Stem Rot

Better methods are desired for testing rice varieties
and selections for stem rot reaction. The present testing
program should be continued.

Seed-treatment Chemicals

Additional fungicides should be tested on drill and
water-seeded rice. ~Tests on the compatibility of fungi-
cides and insecticides should be continued.

“"Panicle Blight”

Several rice varieties frequently show a panicle and
spikelet blight of which the cause is unknown. The sev-
eral associated fungi should be tested as possible causes of
this condition.

It is recommended that we attempt to achieve a bal-
ance between basic and applied research in the rice disease
program.



RECOMMENDATIONS OF THE PANEL ON
CONTROL

L. D. Newsom, Leader ]J. L. Cowger
C. C. Bowling L. H. Rolston
W. W. McMillian A. H. Siddiqi
H. L. Alford J. U. McGuire, Jr.

Field Insects

Specific research needs to be done to evaluate effects
on yield and grade of infestations by the rice stink bug,
rice water weevil, grape colaspis, rice leaf miner, grass-
hopper, leafhopper and other insects which may be of
economic importance. It also is recommended that stud-
ies of the biology, ecology and possible effectiveness of
biological control measures of these insects be given high
priority. Continuing cooperative surveys of rice field in-
sects in the United States should be conducted with em-
phasis on the vector of hoja blanca. Testing of present
insecticides and screening of new materials should be con-

tinued in the over-all program of rice i
to develop more effective control measur
the residue problem. Special attention
to developing more efficient and less phyt
ments. Work should be expanded on @
rice field insects.

Storage Insects ;

Develop and improve methods for t
insects in both commercial and on-the-
itation, aeration and protective mater
needs to be made on the behavior of ins
migration and improvement of present.
terials and the development of new me
trol of insects in stored rice. Special er
placed on the development of dosages
other chemicals to stay within residue to

RECOMMENDATIONS OF THE PANEL ON CULI
PRACTICES, SOILS AND PHYSIOLOGY

Kenneth Viste
John Baker
Harry Hudgins
Austin Harrell
Nathan Evatt
R. ]. Miears

Francis Williams, Leader
Douglas Ormrod
Vernon Hall

Dwight Finfrock

L. E. Crane

Roy J. Smith

Cultural Practices

The committee recognizes that the many cultural prac-
tices followed in the production of rice influence the use
made of this food grain, and urges greater emphasis be
placed on those factors affecting the production of ‘a high
quality product that can be marketed and utilized by the
customer.

To meet the many changing conditions facing rice pro-
duction, future research should include the following stud-
ies:

1. Work should continue on length and type of ro-
tation, time and methods of tillage, relative efficiency of
fertilizer materials, methods of applications of fertilizers,
interaction of fertilizer treatments with weeds, grass and
insect control and the effects of crop residues and their
decomposition products on seedling stands and yields.

2. There is a need for continued study of differ-
ences among varieties in response to fertilization. Outly-
ing fertilizer experiments should continue to cover a wide
range of soil conditions and crop existence, and should in-
clude soil test correlations to serve as a basis for more ac-
curate recommendations in individual fields.

3. Additional research is needed on the use of new
crops and their rotations with rice to diversify farming sys-
tems in the rice-growing areas of the United States.

4. Fundamental research should be continued on the
physiology of the rice plant. Factors existing in sub-

6

merged soils, photoperiodism, temperatus
eral nutrition, biotic relationships and ¢
rice variety interactions should be
the growth and fruiting behavior of ric

£

It is evident that such fundamenta
necessary for continued progress in prod
at the lowest unit production costs.

It is recommended that adequate pe
tained to work in this research area and
trolled environment growth facilities be

5. Water management in relatio
lishment, weed control, fertilizer p "1"‘
rials for rice field levees and water qui
ture, should continue to receive research

6. The possibilities of using bette
ment practices in producing a ratoon, ot
should be continued. Research should |
fertilization, crop management, new vat
be used to increase the value of the seco
over-all efficiency of rice production.

7. Coordination of research done
bright Bill (rice-fish farming research le
include representatives of personnel invol
aspects of rice-fish farming.

8. Recognizing that these problet
fields of specialization and that any
influence the results of another stu
that cooperative research be stressed and

9. This committee further emph s
pertinent results of research within this fi
among the workers and be released to f
interested parties more rapidly than in ¢



d Control
ealizing that, whenever possible, weeds in rice fields
| be controlled by good cultural practices, such as
plowing, subsequent disking of weeds, water plant-
id wise watering practices combined with proper time
plication of fertilizers, the following recommenda-
e made:
. That further investigations be conducted on the
tion of the new chemicals in controlling broad-leav-
eds, giving special consideration to the injury of the
d adjoining crops.
2. That studies continue to be made on chemical
)l of grasses by direct application of chemicals as
lanting, pre-emergence and post-emergence treat-
, and by the use of chemicals in conjunction with
cultural practices.
. That investigations be made on the effect of con-
s use of herbicides and rotating herbicides in various
~crop and rotating-crop situations on the ecology of
s and on the growth and yield of rice.
i, Additional work should be done on the control
ae in rice fields and the control of weeds in irriga-
nd drainage ditches.
. More work should be done on the life history of
incipal rice weeds to determine the place in their life
at which most effective control might be applied.
. That state and federal regulatory laws on the use

in rice of phenoxy-type herbicides and desiccants be re-
viewed and standardized in relation to research resulting
according to rate, formulation and time of application of
the chemical.

7. ‘That economic information be obtained on losses
in rice yields and quality due to weeds. The effects of
the number and duration of infestation of various weed
species on yield and quality should be investigated.

Agricultural Equipment

Aircraft. Expand new work on the development and
improvement of equipment and methods for air applica-
tion of herbicides, fertilizers and seed as applied to rice.
Weeds in rice fields cause fields to be abandoned before
harvest, and the presence of weed fragments makes the
drying and storage of rice difficult and expensive. While
it is now common practice to sow rice with airplanes, the
need for more even distribution still exists. The applica-
tion of fertilizers by air also could become more wide-
spread with better distribution equipment.

Ground Equipment. Improved cultural practices in
rice production have made certain existing farm imple-
ments partially obsolete. Research on the modification
and the new design of existing equipment is necessary if
farmers are to profit from the better practices. Equipment
is needed particularly for precision seeding and simultane-
ous fertilizer placement. New fertilizer placement equip-
ment is needed particularly in rice culture.

ECOMMENDATIONS OF THE PANEL ON DRYING AND
| STORAGE

5. Hutchison, Leader Job K. Savage
h T. Hogan H. W. Schroeder

Kester Harlan Traylor

ld A. Kramer Elvin W. Tilton

Mc Theodore Wasser-
man

. That studies to determine the nature and causes
called “heat damage” be continued.

). That dosages of fumigants and/or grain pro-
ts and techniques, including air movement, that will
ective for the treatment of rough and milled rice
it leaving residues greater than the prescribed toler-
be studied and developed further.

. That research be continued to determine the ef-
of aeration on stored rice other than the effects on
rature and moisture content.

That an evaluation be made of present work and
on the effects of temperature in stored rice on
uctive potential of insects, and that needed new
be initiated.

. That studies be initiated to determine the be-
r of rice stored under inert gas and gaseous atmos-
s of special composition.

. That studies be continued on the relationship of
pisture content to milling, storage and cooking char-
tics, consideration also being given to raising the
ure of the rice after milling.

7. That a study be made to develop objective means
easuring the degree of milling, chalkiness, peckiness
ther grade factors.

That a re-evaluation be made of physical proper-

ties of rice, such as the static pressure characteristics, angle
of repose and true and apparent densities of different
moisture content rices.

9. That present information on physical and chem-
ical constants be brought up to date and published as a
handbook for the rice industry.

10. That further study be made on the effects of
varietal differences in their response to drying and stor-
age.

11. That the microbiological aspects of rice storage
in relation to cooking and processing characteristics and
deterioration, other than that known as “heat damage,” be
continued and expanded.

12. That the field of storing milled rice be explor-
ed and extended if necessary.

13. That a study be made of the possibility of off-
season use of rice drying and storage facilities for condi-
tioning and storing of forage crops.

14. That new methods, techniques and equipment
for drying rice be investigated.

15. That studies be continued on the time-temper-
ature-moisture relationship in drying rice.

16. ‘That a study be initiated on new methods, tech-
niques and equipment for milling rice.

17. That head yields of rice be expressed in per-
centage for research reports.

18. That economic considerations be applied to the
data obtained from all studies mentioned.

19. That work be initiated toward the developing
of improved methods, techniques and equipment for
sampling rough and milled rice.



RECOMMENDATIONS OF THE PANEL ON ECONO
AND MARKETING

Troy Mullins, Leader ]J. K. Savage
L. B. Ellis N. Thuroczy
BR. E. Post H. Traylor

Carter Price

The following recommendations pertain to produc-
tion economics, drying and storage, marketing and related
activities.

1. Routine work of summarizing data on production
requirements and costs for rice and competing enterprises
by major production areas should be continued. Such in-
formation is basic to the development of sound education
and policy-oriented programs.

2. Information concerning individual enterprises, or
specific production techniques, must be examined from the
standpoint of practical management systems which, when
applied by farmers, would produce optimum returns from
resources used in the production process. A close work-
ing relationship among technicians in the various fields
is essential in deriving the optimum management systems
for each area.

3. Research should be initiated to determine, by in-
dividual production areas and for the United States as a
whole, the total amount of resources that would be used
for growing rice, and the aggregate production that would
result when the factors controlling the decision of farmers

are related primarily to profit or income from
ent enterprises. These basic conditions are: (a)
age controls are in effect, (b) prices received for
sidered at present, and at substantlally lower a
levels, and (c) when technology is at present a
stantially advanced levels.

4. Extend economic studies on the drying
age of rough rice to determine the cause of
costs and risks of some farm and commercial d
storage facilities, and to develop new and impro
ods and equipment to increase the efficiency of £
tion.

5. The committee recognizes the need for
research in the field of foreign markets in line
recommendations made at the latest meeting of
Technical Working Group (Recommendations 1
the Marketing Section).

6. With a view of increasing the aggregate
sumption in the United States, a national study
taken to ascertain the demand for rice among diff
sumption and income groups, including the d
substitute commodities.

7. Further efforts should be made to ex
possibilities of expanding the domestic market
such as the introduction of foreign rice and pro

RECOMMENDATIONS OF THE PANEL ON EDUCATI
AND EXTENSION

R. ]. Hodges, Jr., Leader Lewis Hill
Ruel P. Nester

1. Improvement continue to be made by the Agri-
cultural Extension Service in bringing new research de-
velopments to the nation’s rice farmers. State and county
extension workers should be encouraged to continue effec-
tive dissemination of rice research findings. We recom-
mend the continued inter-change of information between
research and extension personnel.

2. There continues to be a need for all current in-
formation pertaining to economic and legislative changes
influencing the rice industry. The panel suggests that the
responsibility for collecting this information be assigned
to the Federal Extension Service. This procedure would
permit the information to be available to each production
specialist before it is released to the general public.

3. We request that Federal Extension Service per-
sonnel, and particularly utilization specialists, increase their
use of newsletter and other media to make available cur-

rent developments and research results of intere
respective state and county counterparts.

4. We urge that rice research workers
summarize and publish research findings prompt
this information may be incorporated more qu
the information program. Extension should co
writing this material in popular-type publications
comes available.

5. We recommend that a committee on bit
tes and translations be considered to establish
library on rice research. This library should co
publications on rice and pertinent publications f;
countries, with translations when necessary.

6. There is much misunderstanding and
concerning the responsibility of agricultural we
producers regarding details of regulations gove
use of certain pesticides. Immediate informatio
ed to insure compliance with Public Law 518 a
quent ammendments as related to recommendatiof
plications of 2-4-D and other chemicals used
weeds in rice.



ABSTRACTS OF PAPERS PRESENTED

Breeding and Genetics

Section
M. T. Henderson, Moderator

:,Obiectives of the Rice

Improvement Program
' C. Roy Adair*

Rice breeding investigations have been conducted by
U. S. Department of Agriculture in cooperation with
agricultural experiment stations in the rice-producing
 during the past 60 years. At first these studies
: confined to the introduction and testing of varieties
foreign countries in an effort to find types that
d produce economic yields in the South and in Cali-
. Several varieties were selected from these early in-
ctions. Some of these are: Fortuna, Rexoro, Nira,
a, Wataribune, Butte, Colusa and Caloro. The early
ductions were made available to farmers, and from
material one farmer-breeder selected Blue Rose, Early
fic, Edith and Lady Wright.

t soon became evident that it would not be possible
tain the desired types by selecting from the introduc-
50 about 1920 the hybridization method of breeding
nitiated. This increased the variability of the breed-
naterial and made it possible for the breeders to ob-
combinations of characters not available in existing
ies. Some of the varieties developed by this method
luebonnet, Texas Patna, TP49, Lacrosse, Nato, Toro,
g Patna 231 and Arkrose. Irradiation has been used
gent years in an attempt to increase variability and to
n mutations not known or only rarely available. The
ross method has been used to some extent in recent
Calrose was developed by this method of breed-
This method is being used to develop hoja-blanca-

an tyPCS

The general objectives of the rice breeding program
0 develop short, medium and long-grain varieties that
esistant to diseases, insects and lodging; hardy in re-
to water and soil temperature during the periods of
ination and emergence in the spring and flowering
naturation in the fall; possess the desired processing
woking characteristics to meet domestic and foreign
et demands; able to utilize maximum applications of
izer without lodging and sterility; and adapted for
ling by modern methods of production and process-

The objectives of the breeding program are subject
vision to take into consideration changes in cultural
ices, increased prevalence of old diseases or the advent
ew diseases and the need for adapted varieties for new
or to meet changes in the requirements of producers
processors.

rch Agronomist, Crops Research Division, ARS, USDA,
ille, Maryland.

To carry out an effective breeding program, it is
necessary to conduct research on the mode of inheritance
of important characters and to develop effective methods
to test breeding material for the various characteristics.
Other papers to be presented on this program will give
details of specific problems being studied. Much of this
work is in cooperation with pathologists, entomologists,
physiologists, chemists and soil scientists.

Cytological Studies of Rice
Birdie Yeh and M. T. Henderson*

The objectives of the research to be reported in-
cluded cytogenetic relationships among diploid species of
Oryza and origin of the cultivated species O. sativa and
O. glaberrima. The materials involved consisted of nine
diploid species and hybrids between them. These species
were O. sativa (several varieties), O. sativa var. fatua,
O. sativa var. formosana, O. balunga or O. perennis var.
balunga, O. perennis var. cubensis, O. perennis var. barthii,
O. glaberrima, O. breviligulata and O. stapfii. The re-
search was conducted from 1957 to date.

Four types of information pertaining to cytogenetic
relationships among the species were obtained: (1) geo-
graphical distribution of the species, (2) morphological
characteristics of the species, (3) chromosome behavior
during meiosis in F; of hybrids and (4) hybrid fertility.
In the study of chromosome behavior in meiosis, the hybrid
material was examined for evidence of irregularities in
chromosome pairing during diakinesis and metaphase I
and in chromosome disjunction during anaphase I. Hy-
brid fertility was measured by the percentage of pollen
stainable in acetocarmine. Only when the percentage of
stainable pollen was consistently lower than that found in
partially sterile intervarietal hybrids of sativa were the re-
sults given special significance.

The nine species were divided into groups of closely
related forms. The first of these groups includes O.
sativa, O. sativa var. fatua, O. sativa var. formosana and
O. balunga (O. perennis var. balunga). All of these
forms are indigenous to Southeast Asia. The last three
are wild types. Fatua and formosana are very similar
morphologically to sativa, while balunga differs consider-
ably from sativa in several characteristics, particularly pros-
trate growth habit and distinctly perennial nature. All
three of the wild forms show premature shattering of the
grain. Chromosome behavior during meiosis in all F,
hybrids between sativa and the three wild forms of this
group was normal, with no more irregularities than found
in intervarietal hybrids within sativa. All of the hybrids
between members of this group were highly or completely
fertile. Although some showed a degree of partial ster-
ility, none was appreciably more sterile than found in par-
tially sterile intervarietal hybrids in sat7va. It was con-

*Research Assistant and Professor, respectively, Department
of Agronomy, Louisiana State University, Baton Rouge,
Louisiana.
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cluded that the four forms included in this group were
closely related, contained the same chromosome genome and
perhaps could be placed in the same species. However,
the authors feel that because of its sharp morphological
differentiation from sativa, the form balunga should be
recognized as a separate species.

The second group consists of the two forms of the
species O. perennis, designated var. cubensis and var. bar-
thii. ‘These forms resemble sativa somewhat in morphol-
ogy, particularly var. cxbensis, but differ in several re-
spects.  Chromosome behavior during meiosis in hybrids
of sativa with these two forms of perennis was regular,
resembling that found in the first group. However, all
hybrids of sativa with these two forms were completely or
almost completely sterile.

From these results it was concluded that because of
the virtually complete sterility found in all hybrid combi-
wations, the two forms of perennis represent distinct spe-
wes from sativa.

The wild forms which have been designated O. bal-
unga, O. perennis var. cubensis and O. perennis var. bar-
thii in this paper require special consideration. The oc-
currence of the form balunga in India was not recognized
until 1951. Recently, workers there classified it as a
botanical variety of O. perennis and designate it O. peren-
nis var. balunga. In the present study, the so-called ba-
lunga form appeared to be more closely related to sativa
than to the cubensis and barthii forms. Because of dif-
ferences in geographic distribution, morphology and the
indirect evidence that balunga is much closer to sativa
than to the other two forms, the authors feel that the ba-
lunga form deserves separate species rank and have desig-
nated it tentatively as O. balunga. Direct evidence con-
cerning the relationship among these three forms will be
available shortly.

The third group consists of three related species which
are native to tropical West Africa . . . O. glaberrima (cul-
tivated), O. breviligulata and O. stapfii. Because of the
extremely close cytogenetic relationship found among these
three species, they are treated as a group in this paper and
only results from hybrids between glaberrima and sativa
will be presented. Although both of these species are
cultivated and in taxonomic treatments of the genus have
been differentiated primarily on the basis of the short
ligule and glabrousness of glaberrima, these two forms
actually differ also in other morphological and physiologi-
cal characteristics. In the investigations conducted by the
authors, irregularities in chromosome behavior were found
consistently in all hybrid combinations during all stages
of meiosis which were studied. These irregularities con-
sisted of an abnormally high frequency of univalents, un-
equal disjunction and lagging of chromosomes, and absence
of cell walls between nuclei in dyads and quartets. In
all crosses, most microspores stopped development at the
quartet stage. In regard to fertility, none of the glaber-
rima-sativa hybrids showed more than a trace of stainable
pollen and all were completely or almost completely ster-
ile.

Based on the several lines of evidence mentioned prev-
iously, it was concluded that the African cultivated form
glaberrima is a distinct species from sativa, and the cyto-
genetic relationship between these two species is more dis-
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tant than that between sativa and the wile
previously.

It is pointed out that the report of
chromosome behavior during meiosis
hybrids in the present studies are not i
earlier publications by the Japanese
who reported regular chromosome behat
of hybrid.

Based on the cytogenetic data obtai
consisting of chromosome behavior in me
of the hybrids, a proposed designation
formulated for the nine species. All sp
ed no cytogenetic differentiation wer
genome letter designation. Species havin,
some behavior, but showing abnorm:
hybrids, were considered to have the
and were assigned the same letter, but w
subscript numbers.  Species showmg sig
ties in chromosome behavior and abnorm:
in hybrids were considered to have diffe
stitutions and were assigned different leti
O. sativa, O sativa var. fatua, O. saliva ¥
O. balunga were assigned the same gen
A,. The genome of the O. perennis f
as A,. The three African species, 0. gla
iligulata and O. stapfi, were given the §

The results of these investigations
dence concerning the origin of the cult
sativa and O. glaberrima. The most ¢
theory regarding O. sativa proposed th
from the similar, highly variable wild fo
fatua. Recently, Indian workers propost
was derived from an Asiatic form of 0.
has been designated O. balunga in the p
authors are of the opinion that the o
of O. sativa was the species desig
also is felt that the early forms of culf
resembled O. sativa var. formosana, b
habit, but less procumbent and showin
shatter than O. balunga. Such forms |
a step in the domestication of O. halung
also is felt that the annual, strongly sh
sativa var. fatua probably arose from nat
and was not the progenitor of O. satit

As early as 1914, it was suggeste
morphology, that O. glaberrima was
African wild species O. breviligulata
evidence obtained in the present studies
glaberrima had a separate origin from (
firms the theory that O. glaberrima was
closely related species O. breviligulata,

A practical aspect of the results
studies pertains to the possible improve
through interspecific hybridization.
chromosome homology and high fertili
wild forms O. sativa var. fatua, O.
and O. balunga could be utilized if four
rior germ plasm. Because of the almos
in hybrids between O. sativa and the oth
however, it is doubtful that these specie
successfully in the breeding of O. sati
means can be found to overcome the st



tandardization of Gene
Symbols for Rice
Nelson E. Jodon*

Progress in rice genetics has been retarded by isola-
of workers, language barriers and emphasis on prac-
esults in the form of improved varieties. The map-
of chromosomes in rice is much less advanced than in
, for example. No standards for the symbolization
es have gained world-wide acceptance, but the FAO
ational Rice Commission is now implementing rules
menclature promulgated by the Xth International
ics Congress by recommending symbols for the bet-
nown genes in rice. A mimeographed report on
lization and linkage is available and an expanded
“report summarizing gene segregation and linkage
and listing recommended symbols is in preparation.

mist, Crops Research Division, ARS, USDA, Rice
ent Station, Crowley, Louisiana.

'Hybrid Sterility in an
tervarietal Cross of Rice
H. R. Caffey*

Two expressions of fertility, percent seed set and per-
stainable pollen were used to study the behavior of
ty in the cross CI 6008 x Dischler’s Selection. Both
ts had a mean seed set and stainable pollen percent-
ter than 89 percent in 1956 and 1957. Most of
ants of both parent varieties showed seed set and
ble pollen to be above 90 percent both years.

(he seed set of the one F, plant from this cross was
percent.  The F, population produced a mean seed
f 48 3 percent. The distribution of F, plants showed
tinuous range from 0 to 100 percent. The plants
‘not be classified into distinct and separate groups
ding to seed set that would permit identification of
. Fertility did not behave as either a typical qualita-
Of quantitative trait.

five of 91 F, lines evaluated appeared to be homo-
s for normal fertility. No partially sterile F, lines
true. Completely fertile segregates occurred in 90
¢ 91 F, lines studied. This indicated that no plant se-
n in an intervarietal cross should be discarded because
low fertility. The F, results of seed setting also
| to reveal any evidence that sterility was caused by
lic mechanism. The behavior of sterility in this in-
ietal cross could be accounted for more readily by
differentiation of the parental chromosomes.

The pollen stainability studies revealed information
st identical to that determined by seed set studies. The
F, plants examined showed a continuous range from
8 percent stainable pollen. The F, means showed a
nuous distribution from 21 to 91 percent stainable
0. Eleven of the 91 F, lines appeared to breed true
ormal fertility. None of the lines was found to

nomist, Delta Branch of the Mississippi Agricultural
eriment Station, Stoneville, Mississippi.

breed true for partial sterility and some completely fertile
plants occurred in 90 F; lines. The F, and F; pollen
stainability data agreed with those of the seed set. There
was no evidence of a genic cause of sterility. The pollen
stainability study also backed an earlier finding. Com-
pletely fertile F; plants could be obtained in this inter-
varietal hybrid from F, plants with low stainable pollen.

This study revealed only negative evidence for the
fertility being caused by genes, but the results could be
accounted for easily by structural differences in the chro-
mosomes.

Mode of Inheritance of Hoja
Blanca Resistance in Rice

H. M. Beachell and Peter R. Jennings*

Shortly after the hoja blanca virus was recognized as an
insect-transmitted disease, resistant and susceptible strains
were found within several United States rice varieties. Va-
rieties behaving in this manner were Early Prolific, Blue
Rose and Colusa. Resistant and susceptible pure-line hy-
brid selections were recovered from crosses between re-
sistant and susceptible varieties. This would indicate that
resistance might be controlled by a small number of genes.

The reaction of single cross F; plants, backcross F,
plants and F; and F, line selections tends to indicate that
resistance is dominant and controlled by one major gene
pair. However, modifying genes may be present that have
some influence on the degree of resistance of a given va-
riety.

The data reported were obtained on hybrid material
being tested in a breeding program designed for the rapid
development of adapted hoja blanca-resistant commercial
varieties. For this reason, the inheritance data presented
are limited in scope. They do give some indication as to
the mode of inheritance of resistance to the disease.

F, Plant Data

Resistance appeared to be a dominant characteristic,
based on the reaction of 182 F; plants from 102 different
crosses between resistant and susceptible varieties. Some
162 plants were either resistant or moderately resistant (89
percent) and 20 plants (11 percent) were susceptible. The
susceptible F, plants can not be explained fully. They oc-
curred in 17 different crosses involving 9 different re-
sistant parental varieties.

Some of the F; plants from resistant x susceptible
crosses that were classified as susceptible may have been
the progeny of susceptible segregates occurring in the re-
sistant parental varietiecs. A more likely possibility is that
the F, plants classified as susceptible actually were resistant
plants that were heavily infected with the virus. Later
studies have shown that resistant plants will develop typical
susceptible leaf symptoms when subjected to a heavy in-
fection. Unfortunately, the F, plants classified as sus-

*Research Agronomist, Crops Research Division, ARS, USDA,
Rice-Pasture Experiment Station, Beaumont, Texas: and
Associate Geneticist, Colombian Agricultural Program of the
Rockefeller Foundation, Bogota, Colombia.
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ceptible were not carried into the F, plant generation to
determine whether resistant segregates were present.

F; plants from four crosses between resistant x re-
sistant varieties showed 10 resistant and 1 susceptible
plants.

Backcross Data

F, backcross plant data from four combinations of
(RxS) x R showed 32 resistant, 5 moderately resistant
and 8 susceptible F, plants.  Theoretically, all plants
should have been resistant, assuming complete dominance.

Twenty-five backcross combinations of (RxS) x S
showed 47 resistant and 58 susceptible F; plants, a close
fit to a theoretical 1:1 ratio.

F; and F, Line Data

Some 506 F; panicle selections representing 102 dif-
ferent F, plant families from four different crosses were
tested in Colombia in the fall and winter of 1959-
60. The F, panicle selections had been tested for hoja
blanca reaction in the F, plant generation under conditions
of moderate infection and only those lines appearing to
have resistance were saved. An extremely heavy vector
population occurred on the F, plants and susceptible leaf
symptoms were observed on resistant varieties. Of the 102
families tested, only 14 were classed as susceptible. The
remaining 88 were classed as resistant or segregating re-
sistant and susceptible.

Based on the reaction of resistant and susceptible pa-
rental rows under the conditions of extremely heavy in-
fection, those rows showing more than 60 percent dis-
ease-free plants were classed as resistant. Rows showing
above 20, but below 61 percent disease-free plants, were
classed as segregating and rows showing 20 percent dis-
ease-free plants or below were classed as susceptible.

The 66 families classed as segregating included a
total of 323 F, lines. Of this number, 237 were classed
as either resistant or segregating and 86 as susceptible.
This gives a good fit for a 3:1 ratio (243 to 81).

Progress in Breeding for
Resistance to Hoja Blanca
Charles N. Bollich*

At the end of 1957, the first year in which hoja
blanca research was conducted in Cuba and Venezuela by
the U. S. Department of Agriculture and cooperating agen-
cies, the following significant facts were indicated:

1. All leading United States varieties are susceptible
to hoja blanca.

2. Several minor United States varieties with short
and medium grain lengths (Colusa, Lacrosse, Arkrose,
Asahi and Missouri R-500) are resistant, but no resistant
long-grain varieties were found.

*Research Agronomist, Crops Research Division, ARS, USDA,
Rice Experiment Station, Crowley., Louisiana.
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3. Pure-line selections derived fro
of resistant x susceptible parents were vari
some being resistant and others susceptib
that resistance was controlled genetically.

4. A few resistant long-grain selecti
but none was commercially suitable. T
dicated the probability that resistant vari
mercially important grain types could be

This information formed the basis f
grams initiated at United States rice ex|
to meet this potential threat. Generally,
programs have consisted of two phases:

1. A continuation of testing for h
tion of old varieties, selections and hyk
from the breeding nurseries of United §
ment stations and the U. S. Departmen
world rice collection. r

2. Hybridization programs involvi
newly identified sources of resistance w
mercial varieties.

Under the first phase of these progs
sand varieties and selections have been |
at foreign locations where the disease wa
tests have verified the resistance of Lacs
Arkrose and resulted in the discovery |
sistant sources. As a result of these p
medium-grain variety, Gulfrose, was rel
Texas. With this new variety and
satisfactory resistant short and medi
have been found, the United States

in so far as these grain types are concernt

Substantial progress has been ma
tion phase of the program. The main
utilized have been Lacrosse, Gulfrose,
Colusa. Principal breeding methods us
cross and pedigree, and combinations of
a rather large number of true-breeding re
types will be available for field testing 4
stations in the Southern rice area. Som
be satisfactory for commercial productio

Principal obstacles to the program h
necessity of relying on natural mfcctloa f
breeding material for hoja blanca reactic
knowledge of the mode of inheritance
(3) the fact that the selections had to |
ease reaction at foreign locations away
of breeding in the United States. In spite

Because of the seriousness of the k
emphasis is being placed on obtainin
ties equal in all other respects to the
ones. But the ultimate goal is to obtai
grain types that are superior to the pr
and that combine resistance to all imp
improved plant type, lodging resist
ability and superior milling, cooking an
acteristics to suit all segments of the ric
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reeding for Increased
otein Content in Rice

T. H. Johnston*

Crosses were made in the field in 1951 and the F,
 were grown in the greenhouse during the winter
ransplanted to the field in 1952. Seed from the F,
~were seeded in the field and the resulting plants
spaced by transplanting.

’rotein determinations were made of grain from in-
ual F; and F, plants. Seed were saved from both
d F, plants. Spaced F, plants and F; lines were
1 in the field in 1953 for further protein determina-
F, and F; populations of six separate crosses were
d in 1952 and 1953 and in nearly all cases the mean
in percentages of the hybrids were appreciably higher
those of either parent in the same test.

ed on the protein percentages of the grain of F,
grown in 1953, a number of lines were designated
w-protein” (5.50% or below) and ‘“high-protein”
% or above) lines. The F, progenies of these were
1in 1954. Many of the “low-protein” lines happen-
be seeded on highly alkaline soil spots and plants
le most part made very poor growth. Under these
ions, two of the “low-protein” lines produced two
e three highest protein percentages. Five of these
which averaged only 4.99% in 1953 had an average
99% protein in 1954. Most of the “high-protein”
continued to produce relatively high protein percent-
in 1954, with the range for 42 lines and parents ex-
g from 6.36 to 9.99%.

About 270 lines and parent check rows were grown
)56. Protein percentages were variable, with two
of Zenith showing 7.26 and 9.23% compared with
and 8.09% for two adjacent rows of Adt. 3. The
for hybrid lines was from a low of 7.44 to 10.20%.

Further selections from the hybrid lines were grown
in 1957 and in 1958. Protein percentages on the
crop ranged from 5.89 to 10.12%.

Although the protein percentages as determined in
tudy (total N' x 5.95) were influenced to a consider-
extent by environmental conditions under which the
, were grown, the results obtained appear to justify
onclusion that lines have been isolated which have
r inherent protein content than the parent varieties.

Bxperiments were started in Arkansas in 1950 to in-
 the protein content in rice grain through a breeding
m. Seed of three varieties reported to have high
s of protein content were obtained from India for use
igh-protein” parents. The varieties and their report-
otein contents were:

sarch Agronomist, Crops Research Division, ARS, USDA,
Branch Experiment Station, Stuttgart, Arkansas. Other
cipants in this study have included C. Roy Adair, Crops
rch Division; M. C. Kik, Dewey L. Tackett and Seth
enry, Arkansas Agricultural Experiment Station: and
. Toler and John Hollabaugh, formerly Arkansas Agri-
al Experiment Station.

PROTEIN % PROTEIN 9% —GREEN-

VARIETY HOUSE (ARKANSAS
(INDIA) SEED INCREASE)

Adt. 3 10.5 11.5

Co. 9 9.6 8.3

Col 10 7.6 8.3

Commercial varieties used as “low-protein” parents showed
the following protein content (total N x 5.95):

VARIETY PROTEIN 9% —FIELD—ARKANSAS
Zenith 7.2
Arkrose 6.8
Rexark 6.7
Caloro 6.3
Early Prolific 6.0

Development of an Adapted
Long-grain Rice Variety
for California

Joseph R. Thysell*

The main objective in the rice improvement program
for California is the development of stiff-straw, cold-hardy,
short, medium and long-grain varieties that are disease re-
sistant; that have good milling and cooking quality and
have the desired kernel characteristics.

Interest in the development of a long-grain rice va-
riety for California is not new. Long-grain varieties from
the rice-growing areas of the Southern States and the other
parts of the world have been tested at the California Rice
Experiment Station since its establishment in 1912. To
partially offset the loss of many foreign markets for Cali-
fornia short-grain rice, renewed interest has been expressed
in the development of an adapted long-grain rice variety
to meet the specific demands of food-processors and rice-
millers on the West Coast. During 1950-58, southern
long-grain varieties were crossed with the three varieties
grown commercially in California and with other long-
grain selections that had good seed-set. In all, more than
100 crosses were made. Many of the lines from these
crosses have been eliminated, mainly on the basis of plant
type and general lack of adaptation.

Major problems in the development of a superior long-
grain variety are early maturity and a high percentage of
spikelet fertility. Many of the early attempts were made
by crossing the better long-grain types from the Southern
States onto locally adapted short-grain varieties.

Most of the long-grain varieties matured later than
the locally grown varieties. With the use of controlled
day-length chambers, it is now possible to make crosses
between varieties differing widely in response to day-
length.

A rice nursery was grown in 1957 in Kern county
in the southern part of San Joaquin Valley of California
to evaluate the general adaptation of new long-grain va-
rieties for California. Most of the 54 long and medium-
grain varieties tested did not perform as well as the check

*Research Agronomist, Crops Research Division, ARS, USDA,
Rice Experiment Station, Biggs, California.
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varieties, Caloro and Calrose. No yield determinations
were taken, but the varieties were rated on their relative
performance based on percentage sterility, vigor, stand and
speed of emergence through the water. The long-grain
selection, California 405AI-3-6-3-3, demonstrated its abil-
ity to emerge rapidly through the water, grew vigor-
ously and it had a heading date comparable with the early
maturing variety, Colusa (C.I.1600). In preliminary
yield-plots (water-seeded) in 1958 it averaged approxi-
mately 5,900 pounds per acre. It was included in water-
seeded yield nurseries in 1959 at Biggs and at Bakersfield
in Kern county. Its performance is summarized in the

following:
NUMBER OF DAYS
FROM SEEDING YIELD. GRAIN

VARIETY ¥

EMERG- HEAD- MATUR- LB/A TYPE

ENCE ING ITY
Calif. 405A 17 89 118 5000 Long-grain _
Calrose 16 101 154 4850 Medium-grain
Caloro 17 105 154 4750 Short-grain
Colusa 16 85 126 4590 Short-grain

A small increase plot of 405A1-3-6-3-3 was grown
in 1959 at the Rice Experiment Station at Biggs. A wide
variation was observed in the percentage of sterility be-
tween panicles from individual plants. Panicles were col-
lected from 1,000 individual plants and these were sown
in a head-row nursery in 1960.

The iodine-blue value and gelatinization temperature
were determined for 75 long-grain selections from the
1959 breeding nursery at the Cooperative Rice Quality
Laboratory, Beaumont, Texas. Twenty-six of these lines
showed promise from a quality standpoint. These lines
were sown in single, water-seeded plots in 1960.

None of the long-grain varieties now under test at
the experiment station has shown resistance to the disease
hoja blanca. To incorporate resistance into existing long-
gram selections, crosses onto the two resistant varieties,
Colusa and Lacrosse, were made in 1958 and 1959. Lines
from these crosses are being grown in disease nurseries in
South and Central America and in Louisiana.

In screening rice varieties from the world collection
for cold-water tolerance, the only long-grain variety that
thus far has shown any degree of tolerance is Calif. 405A1-
3-6-3-3. Other long-grain varieties from the world collec-
tion will be tested for cold-tolerance during 1960 and
1961.

Effect of Temperature

During Ripening on

Quality Characteristics
of Rice

John V. Halick*

The influence of temperature during the ripening pe-
riod on quality characteristics has been studied for the past
3 years. Temperature differences were obtained by con-

*Chemist, Crops Research Division, ARS, USDA, Rice-Pasture
Experiment Station, Beaumont, Texas.
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ducting the experiment in two phases.
group of varieties were grown at Beaumo
at Stuttgart, Arkansas, where there usually |
difference in the temperature during the &
Second, a comparable temperature different
ed in a date-of-seeding experiment conducte

Temperatures during the ripening peri
by the date of seeding had a marked effect!
ity characteristics of rice. As a general rule,
ed under lower temperatures (81 to 84°
higher total and head rice milling yields th
ripened earlier under higher temperatures |
There was a marked lowering in iodine ¥
cooler temperatures, indicating that the def
lose was enhanced at the expense of the
component. This observation was borne o
determinations of the amylose content. Th
atures in almost all cases resulted in a matl
the gelatinization temperature as measured
der Amylograph. Concurrent with the o
zation temperature, there were marked in
uptake capacity and an increased suscep
by dilute alkali. This was expected since
istics are so closely related. The later d
with its cooler temperatures, also resulted i
crease in the Amylographic viscosity of the
an increase in gel formation on cooling to

Comparison of rice varieties grown t Be
as, and Stuttgart, Arkansas, showed qua
parelleling trose found in the date-of-seedis
differences were thought to be due to
occurring at Stuttgart during the ripeni

The effect of temperatures during tt
riod on quallty characteristics is extremely |
one of the objectives of the breeding proy
velop earlier-maturing varieties that woull
the hot weather peak of the summer.
understanding of the basic relationships bet
other environmental conditions are ne
rice with consistently satisfactory processin,

Heading Dates
Characteristics of

J. W. Stansel, John V. H
H. H. Kramer*

Environmental and genetic factors are
ables controlling the biochemical nature of

* Preliminary report of research conducted to
the requirements for the degree of do
Purdue University. Contribution from the
Agronomy, Purdue University: Crops R
Agricultural Research Service, U, S. Dep
ture; the Texas Agricultural Experiment
can Rice Growers Association; and the Texg
ment Association.

*Research Assistant, Agronomy Departmen
sity;: Chemist, Crops Research Division, A
Pasture Experiment Station, Beaumont, Tex
sor, Agronomy Department, Purdue Unive
Indiana.



standing of the influence of both of these variables is
in the development of new endosperm types in
A preliminary study of genetic variability as it in-
es amylose content and birefringence end-point tem-
e (BEPT) will be completed this summer. This
is concerned with the influence of day-night tem-
res on endosperm characteristics of rice.

Four rice varieties, Century Patna 231, Bluebonnet 50,
and a medium-grained waxy (glutinous) type, were
“in the control climate facilities at Purdue Univer-
The 4 day-night temperature combinations used were
F. day-80° night, 90° day-70° night, 80° day-70°
and 80° day-60° night. All chambers were held
constant humidity, a constant light intensity and a
ur day length.

The characteristics studied were BEPT, percent amy-
cernel width, kernel length, chalkiness and heading
lodine values are yet to be determined. Milling
were taken, but the samples were too small for re-
Its.

A very pronounced and uniform influence of temper-
on BEPT was found. Day and night temperature
qual influence. As temperature was lowered, there
corresponding decrease in BEPT.  All varieties seem-
be influenced equally by temperature.

The amylose-amylopectin ratio of rice starch also was
nced by temperature. As temperatures were decreas-
e percent amylose was increased. The influence is
ar as was found in the BEPT data.

These data explain clearly the date-of-seeding results
sed in an earlier paper on this program. Apparently
rature plays a major role in differential cooking be-
as has been noted for early and late-maturing rice.
breeder must take into account the influence of tem-
ure when he selects for cooking and processing char-
stics.

Kernel size also was influenced by temperature. A
wve correlation of temperature and kernel width was
jor factor contributing to the reduction of the kernel
h-width ratio as temperature decreased. Kernel length
d to be more variable than width.

With the varieties used in this experiment, it was ex-
at heading would be initiated later as temperatures
lowered. In Century Patna 231, an early-maturing
cooler temperatures (except the 80° day-60° night
pent) induced earlier heading. Lower temperatures
«d heading of Bluebonnet 50, a mid-season type. The
ential responses of Century Patna 231 and Bluebon-
0 to temperature resulted in Bluebonnet 50 heading
t than Century Patna 231 by 5 days at 90° day-80°

In general, as temperatures were reduced, dates of
ng of both Toro and the waxy type were delayed.
ever, night temperature seemed to have a greater in-
ce on the heading of Toro while the other varieties

affected equally by day and night temperatures.

The higher temperatures increased chalkiness in all
ties. Bluebonnet 50 was affected most. At 90° day-
night, 15 percent of the Bluebonnet 50 kernels show-
efinite chalkiness.

effect of age on rice constituents.
of long and medium-grain rice have been analyzed in a co-

These data leave little doubt that temperature plays
a major role in the agronomic and biochemical character-
istics of rice. However, temperature is but one of many
environmental variables influencing plant response. By
understanding these variables, the breeder will be able to
do a much more efficient job of producing desirable va-
rieties.

Processing, Composition and

Nutrition Section
E. A. Fieger, Moderator

Basic Research on Rice
Composition
Virginia R. Williams*
Studies over the past 5 years have been directed to-
ward rice starch and protein. Results on varietal differ-

ences in starch composition as revealed by amylose-amylo-
pectin ratios have been reported at previous meetings.

Processing characteristics not explainable on the basis
of these ratios have led to the determination of amylose
molecular weights for four varieties by the periodate oxi-
dation method. Present results corrected for traces of amy-
lopectin gave the values: Century Patna, 29,000; Rexoro,
41,000; Zenith, 41,000; and Caloro, 48,000. Certain
analytical problems in connection with the assay necessitate
qualifying these figures as tentative values. These analyti-
cal problems are being studied.

The characterization of rice proteins by starch elec-
trophoresis has been initiated. Preliminary studies are be-
ing conducted on the rice protein-detergent complex (San-
tomerse) .

*Professor, Department of Agricultural Chemistry and Bio-

chemistry, Louisiana State University, Baton Rouge, Louisi-
ana.

Effect of Gas Plasma
Irradiation on the
Hydration of Rice

H. ]. Deobald*

Work at the Southern Utilization Research and De-

velopment Division is being continued along the same lines

as reported 2 years ago. We are continuing work on the
Three hundred samples

operative study to compare domestic rice with those in
foreign commerce. Our major efforts have continued to
emphasize fundamental chemical and physical properties

of rice.

*Report of progress on rice gas plasma irradiation studies is

based on the cooperative investigations of A. S. Roseman
and J. T. Hogan of the Southern Utilization Research and
Development Division, New Orleans, Louisiana, and of R. B.
Stone and J. C. Webb of the Agricultural Engineering Re-
search Division, Knoxville, Tennessee—ARS, USDA.

*Chemist, Southern Utilization Research and Development
Division, ARS, USDA, New Orleans, Louisiana.
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During the past year, we have been able to demon-
strate that gas plasma irradiation has a marked effect on
the hydration characteristics of rice. The general progress
reported here on the effects of irradiation was done with
the cooperation of Agricultural Engineering Research Di-
vision, Agricultural Research Service, which first demon-
strated the marked effect of this phenomenon on cotton-
seed, fiber, soybeans and corn. The apparatus used for
glow discharge treatment was a pyrex tube about 2 inches
in diameter and 2 feet long. Two black iron couplings
were held in position on either end of the tube by means
of rubber stoppers. After evacuating, currents in the range
of 50 to 145 ma. were generated by means of suitable
transformers. Two varieties of milled, whole grain rice
were subjected to a gas plasma irradiation at a pressure
that was low enough to permit the generation of a glow
discharge across electrodes. Three variables were studied
in the hope of attaining the maximum effect of the treat-
ment. These were: time, pressure and electrical intensity.

In brief, the results were: 1. with the time and pres-
sure constant at 5 minutes and 2 mm. Hg, respectively,
maximum changes in hydration characteristics occurred at
about 175 ma. for Zenith and 150 ma. for Bluebonnet 50
rice; 2. within the pressure range of 2 to 8 mm. Hg with
a current of 25 to 72 mm. for 5 minutes, pressure during
treatment had no great effect on changing the water ab-
sorptive capacity; and 3. at 50 ma. and 2 mm. Hg pres-
sure, any increase in treatment time over 45 minutes for
Bluebonnet and 70 minutes for Zenith was inefficient in
increasing the amount of water absorption.

Information obtained during the past year is being
subjected to further evaluation and a manuscript reporting
details of the findings will be submitted for publication
in the near future.

Differences in Rice Varieties-
A Processing Problem

D. R. Sidoti and T. ]J. Canavan®

In the processing of any food product, raw material
is a key factor in terms of finished product quality and
cost. When the processor has a choice of raw materials at
his disposal, differences in quality can be a significant
problem. In 3 years experience with our present process,
we can say that varieties do differ signficantly in terms
of their processing ability and do represent a significant
problem in terms of quality and economy. The problem
of varietal difference affects the entire rice industry, for
when rice is prepared in the home it is subjected to treat-
ment similar to processing conditions. If a rice variety
shows low tolerance to hot water and steam, there is rea-
son to believe that what cooks into a poor plant product
will be equally as poor in the home.

In line with our raw material supply, it has been our
practice to evaluate new rice varieties and experimental
crosses. During the course of our evaluations, we have
come on two varieties (Century Patna 231 and Toro)
which typify processing problems caused by varietal dif-

*Project Leader and Skilled Technician, respectively, Jell-O
Division Laboratories, General Foods Corporation, Tarry-
town, New York.
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ferences. Since the reactions of these two w
processing are similar. I will point out our spe
essing problems with Century Patna. Our m
lem with Century Patna is its low tolerance to |
and steam. As hot water is absorbed into the.
structure of the grain appears to granulize and &
disintegration takes place. Those grains whic
disintegrate give the appearance of granules of s
together by a translucent gelatinous mass. Since
uct must be dried, the delicate condition of the ;
sents a problem. We have found that rice in this
is virtually impossible to separate into individs
after drying. These two factors make the use of
Patna and Toro unsuitable for processing from
and economic standpoint.

In our research efforts to solve the probl
rietal differences, we have taken two approac
first is to deal with the immediate problems
varietal differences. This is being done throug
velopment of quality control tests to detect the
of rice varieties which we have found to be unpi

Our second approach is to support basic res
ed at determining the causes of varietal differer
is being done through General Foods grants-

Experiment Station for the evaluation and devele
new rice varieties.

Our future plans are to continue working
problem in four ways: 1. sponsorship of basi
search; 2. by evaluating new rice varieties for
bility; 3. by refining existent tests and applying 1
ising methods for obtaining estimates of process
raw rice; and 4. by continuation of contacts w
interested in the rice industry.

The problems presented by varietal differ
not the same for all aspects of the rice indust
they easily solved.  However, we feel that wit
operation of all groups, together with continued
solutions to all of the phases of this problen
obtained.

Effect of Granule Hard
Molecular Weight
Degree of Branching or
Gelatinization Tempert
of Rice Endospe

J. W. Stansel, Roy L. Whistler o
H. H. Kramer*

! Preliminary report of research conducted to p
requirements for the degree of doctor of philosopk
University. Contribution from the Department of
and Biochemistry, Purdue University: the Texas As
Experiment Station: the American Rice Growers As
and the Texas Rice Improvement Association,

*Research Assistant, Agronomy Department; Prof;
partment of Biochemistry: and Professor, Agro:
ment, respectively, Purdue University, Lafayette,




irefringence end-point temperature (BEPT), or as
ore commonly known, gelatinization temperature, is
important characteristic of starch. To understand
he variability of BEPT found in rice starch, one
know what biochemical factors determine BEPT.

ools and techniques were available in the Depart-
f Biochemistry, Purdue University, to study starch
: density, relative molecular weights and degree of
ing of the amylopectin fractions. These variables
tudied in eight rice samples in an effort to corre-
em to BEPT. Four of the samples were rices pos-
 differing amounts of amylose and the remaining
vere waxy types which contain little or no amylose.
mples had a range of BEPT’s from 60 to 76° C.

mylopectin from the normal starches was isolated
he aymlose and the intermediate fractions by a pent-
ctionation method. Degree of branching and lim-
iscosity determinations were made on the fraction-
mylopectin and the whole waxy starch. Mercury
on determinations were made on normal unfrac-
d starch and whole waxy starch.

egree of branching determinations were made by
riodate oxidation method as described by Anderson,
wood and Hirst. No correlation was found be-
the degree of branching and BEPT. Although the
of branching within the normal and the waxy
s were similar, the normal and waxy rices were dif-
from each other in their branching properties. The
pectin of the waxy starches contained fewer side
es than that of the normal starches.

he limiting viscosities of the starch samples were
nined by an Ostwald viscometer using 1 N KOH as
Ivent. Limiting viscosity is a relative measure of
ular weight. In general, the higher the molecular
t of the starch, the lower the BEPT within the not-
imylopectin and the waxy types, with the exception of
Zenith. Again, a marked contrast was found be-
 the waxy and normal types. The waxy types had
alar weights higher than those of the normal amy-

| mercury diffusion technique, as outlined by Whist-
dal., was used to determine the internal density of the
granule. Such a technique gives a relative indi-
of how close the internal molecules are arranged.
éd starch samples were placed in a 1% HgCl, solu-
ith constant stirring. At 3, 7 and 11-hour intervals,
s were collected and dried to stop the HgCl, dif-
. The starch granules were then embedded and
to 1/20 micron in thickness. These sections were
ned under the electron microscope at magnifications
00 to 5,000 X. Negatives were placed on a light
equipped with a venier scale and the distance which
oCl, diffused into the starch granule was measured.
ite cavities were found in approximately 10 percent
: granules observed.

Within either the normal or waxy class, a direct cor-
n was found between internal granule density as
red by HgCl, diffusion and BEPT. As internal
ile density increased, BEPT also increased. The nor-
amples had a higher internal density than the waxy

These studies indicate that the amylopectin of the
waxy rices are different from that of normal rices in all
variables measured. The amylopectin of the waxy sam-
ples was less branched, higher in molecular weight and
the internal granule density was less than the amylopectin
of normal starches. Within the samples studied, with one
exception, both molecular weight and granule density modi-
fied BEPT, but they are not correlated directly to BEPT
because of the differences found between the normal and
waxy types. Possibly BEPT is controlled by the number
and strength of cross hydrogen bonding between the mole-
cules. At a certain temperature, specific for a starch, the
molecules have a greater affinity for H,O than for each
other. If this is the case, one can see readily how molec-
ular weight and internal granule density could modify the
number and strength of hydrogen bonding, thus modifying
BEPT.

Studies in the Cooking
Behavior of Several
Varieties of Rice
M. Isabel Irwin*

Several studies on the cooking quality of rice have
been carried out during the past 3 years in the Home Eco-
nomics Department at the University of Arkansas. Initial
studies dealt mainly with developing a satisfactory tech-
nique for conducting routine cooking tests.

Various methods of cooking were tested. These in-
cluded cooking in a closed and in an open saucepan on top
of the stove, cooking in the oven in closed and open dishes,
starting the cooking with boiling water and with cold wa-
ter and subjecting the rice to an initial treatment with dry
heat before adding the water. The amount of water and
salt to use with a given amount of rice also was tested.
Eventually a satisfactory method of cooking was estab-
lished. This method actually is a modification of one
which had been used earlier for cooking brown rice and
is:

KIND AMOUNT DISTILLED WATER SALT
Long grain 30 gm. 65 ml. V4 tsp.
Medium grain 30 gm. 60 ml. i tsp.
Short grain 30 gm. 55 ml. 14 tsp.

Place rice, salt and distilled water in a 10 oz. pyrex casse-
role. Cover snugly with aluminum foil. Place in a pre-
heated oven at 375° F. for 30 minutes.

A score card for judging the cooked rice had to be
developed. Personnel in the home economics research
area were used as judges. Since only a few personnel
were available and these were somewhat transient, a simple
scorecard was needed. A suitable scorecard was develop-
ed, as shown.

Using this method and score card, the cooking quality
of three samples of rice was tested in May 1958. This
was done at the request of the Rice Branch of the Arkansas
Agricultural Experiment Station. The samples tested were
Zenith, Gold Zenith (Golden Rose) and Arkrose selec-

*Associate Home Economist, Agricultural Experiment Station,
University of Arkansas, Fayetteville, Arkansas.
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tion C. I. 9198. The taste panel at this time found that
Zenith gave a cooked product slightly superior to Gold
Zenith, The Arkrose selection was rated as much inferior
to the others because of its unpleasant aroma and taste.

The samples had been stored in a refrigerator before
and during the tests. Because of a shortage of refrigerator
space, the sack of Gold Zenith rice was removed to a dry
storeroom at the end of the test. Three months later, the
study was repeated with samples from the same three lots
of rice. Again the Arkrose selection was judged inferior.
The previous ratings of Zenith and Gold Zenith, however,
were reversed. Gold Zenith was invariably rated as su-
perior because it was dryer and showed less clumping. The
method of storage was suspected of causing this change
in rating.

To test this possibility, additional samples of rice
were obtained from the Rice Branch Station. These were
Zenith, Gold Zenith and Nato. Each sample was subdi-
vided into four parts. One part was stored in a cloth sack
in a dry storeroom, another was stored in a screw-top jar
in the same storeroom. The other two subsamples were
stored in tightly-closed containers in the refrigerator and
freezer, respectively. Cooking tests were run on the sub-
samples of each variety of rice during the next 10 months.
Comparisons were made among the varieties and among
the methods of storage.

No clear cut differences were found among the va-
rieties. Nato was scored slightly higher than the other
two in most cases, but not consistently or sufficiently
higher to warrant calling it superior.

Within each variety there were differences due to
storage. The rice stored in sacks or jars in the storeroom
consistently scored higher than the rice stored in the freezer
or in the refrigerator. The former, when cooked, was
less moist and less clumped than the latter.

Periodic moisture determinations showed that the rice
in the storeroom picked up less moisture than that stored
in the refrigerator or freezer. It was decided that the dif-
ference in determined moisture probably was due to mois-
ture condensed on the rice. This would then account for
the lack of agreement in the earlier tests.

Additional cooking tests were conducted on samples
of experimental varieties from Stuttgart. These varieties
along with appropriate checks, were:

EIGHT VARIETIES OF RICE TESTED FOR COOKING
QUALITY, FEBRUARY 1958

List y (& Selection 1958

no. Variety no. no. plot nos.
LONG-GRAIN

1 Bluebonnet 50 (check) 8990 ——  7-2 (133C)

2 Rexoro-7689x(TPxR-SBR) 9186 Stg 521302 13-11(169B)

3 Rexoro-7689x (TPxR-SBR) 9187 Stg 521305 12-7 (168B)

4 Century Patna 231 (check) 8993 ——— 13-9 (172B)
MEDIUM-GRAIN

5 Nato (check) 8998 ———— 13-5 (159B)

6 Lacrosse X Arkrose 9407 Stg 555971 12-6 (160B)
SHORT-GRAIN

Caloro (check) 1561-1 6-7 (121C)

9373 Stg 557605 12-11(154B)

o~

CI8994 X Caloro
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In the long-grain group, both C. I. 9186
9187 were judged superior to Century Patna 2
of the judges preferred Bluebonnet to the other
varieties. One judge, however, indicated a mark
ence for C. I. 9186.

Of the medium-grain rices, Nato was cons
perior to C. I. 9407. The latter had a slight
aroma. In the short-grain group, C. L. 9373 w
unanimously superior to the Caloro check. In
choice, Bluebonnet was judged by three of the
most preferred. One judge preferred C. I

In another series of tests, samples of Blueb
grown under varying experimental conditions
county, Texas, were tested for cooking quality.
information was not available as to the conditi
which these samples were grown, it was notec
gardless of the combination of the samples or
in which they were presented, the judges invari:
nated sample 3 inferior to the others. This indi
the cooking method, though based on subjecti
gave reproducible results.

A graduate assistant, Miss Louise Lovell, i
on the use of rice flour in bread. She already |
oped a palatable loaf using long-grain rice flour
nation with all-purpose wheat flour and is conti
studies.

SCORE CARD FOR COOKED RICE

Name . Test

Date 5 Code

Color
Snowy white
Slightly off color
Off color (brown, yellow, green, gray)
Separation of kernels
Separated
Slightly clumped
Clumped
Shape of kernels
Whole, intact
Slightly ragged but not broken
Split, ragged, broken

P e e e e
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Texture
Firmness
Firm but tender throughout
Soft
Hard centers
Soggy
Consistency
Mealy
Slightly chewy
Chewy
Moisture
Dry and light
Moist but all moisture absorbed
Excessive moisture
Very dry (dried out and crusty)
Flavor
Superior—excellent
Acceptable but not optimum
Undesirable—off flavor, raw taste
scorched
Overall preference.
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Some Factors Influencing
Rice Hot-paste Viscosity
: Ernest B. Kester*

‘A study of the hot-paste viscosity characteristics of
: flours as influenced by different factors is important
ause the information gained contributes to fundamental
wledge of this cereal and may be related to the water-
sorbing and cooking characteristics of whole-grain rice.

Viscosity data of this study were obtained on 10 per-
t rice flour pastes with the Brabender Amylograph!
ich measures resistance to shear in a rice ‘flour slurry

g programmed heating and cooling. Only peak vis-
ties recorded on the Amylogram during the heating
iod above the gelatinization range are considered in this

 The peak viscosity values for fully mature samples of
domestic rice varieties plotted against their amylose con-
showed a generaA trend toward linearity, with the
h amylose varietie:glisually having the lower peak vis-
ities.  Exceptionsirhowever, were noted, such as the
cosity of Caloro, “a low amylose rice, falling between
h-amylase Rexoro and Bluebonnet. Departure from
general trend may be accountable to other factors such
amylose activity, differences in molecular weight of cor-
onding starch fractions and protein constitutents. Pro-
 content by itself showed no apparent relationship to
osity among the varieties tested.

Samples of rice taken from Biggs Station (Calif.)
ts or on nearby farms where fertilizer had been applied

e soil in definite amounts, showed consistently lower
osities for those which had had nitrogen or nitrogen
s phosphorus, than those grown without added ferti-
. These samples also had an appreciably higher nitro-
ontent than the control samples. Phosphorus applied
itself also produced lowering of peak viscosity, but the
ples were not consistently higher in this element as a
llt of the treatment.

Caloro and Calrose samples from Biggs Station test
ts, each harvested at successive stages of maturity start-
at moisture contents above 50 percent, showed an ini-
decline of peak viscosity during the harvest period, fol-
ed by a rise during the last stages of field drying.

Milled rice maintained at 34° F. showed little or no
e in peak viscosity, but, at ambient temperatures, peak
cosity increased with time, and at 100° the rate of rise
greater.  Similar observations were made on wheat
r by Selman and Sumner (Cereal Chem. 24: 291-299

ention of trade names does not imply endorsement by the
S. Department of Agriculture.

incipal Chemist, Cereals Investigations, Western Utiliza-
1 Research and Development Division, ARS, USDA, Al-
ny. California.

(1947)). Some evidence was found that after a consider-
able time at 100°, the peak viscosity may start to fall,
probably due to decomposition effects. Development of
fat acidity was considered a possible influence in the in-
crease of hot-paste viscosity, but from limited tests with
added oleic acid, this factor would not seem to account
for the magnitude of the observed rise in peak viscosity.

Discussion

Within a variety of rice, its culture, stage of maturity,
amylose content and storage history contribute definitely
to its hot-paste viscosity behavior. Fundamental reasons
for viscosity variations probably lie in changes in molecular
structure of the amylose, amylopectin or protein constitu-
ents in various environments. Enzymatic action also may
be influential. Minor constituents such as fiber, ash and
hemicelluloses were not studied, but probably do not in-
fluence viscosity to a great extent.

More basic information on viscosity behavior could
be obtained by testing isolated starch fractions and relat-
ing the data to molecular structure as well as to the source
and history of the rice samples of origin.
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Recent Results of Rice
Protein Supplementation

M. C. Kik*

Studies on the nutritional improvement of rice diets
were continued during the past year. Results are pre-
sented of ad libitum and paired feeding experiments with
albino rats fed diets containing milled white rice, milled
white rice flour, whole brown rice and whole brown rice
flour as the only source of protein, serving as the control
ration.

Data also were obtained of feeding experiments using
diets containing rice to which were added small amounts
of high protein containing foods, such as buffalo fish, bass,
red catfish and white and dark chicken meat.

In one series of experiments, the protein-containing
food to be tested was added; this led to a higher protein
in the test ration compared with that in the control ration.
In another series of experiments, the protein of the test
food replaced an equivalent amount of protein in rice or
was substituted for it, so as to maintain the same protein
level as in the control ration. The higher results obtained
with these latter rations are not due to a higher protein
level in the rations.

In the paired feeding experiments, animals fed the
rice-fish rations received the same amount of food as ani-
mals fed the rice rations alone. The protein intake was
exactly the same for both control and experimental groups.

*Department of Agricultural Chemistry, University of Arkan-
sas, Fayetteville, Arkansas.
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The investigations lasted 70 days, and 12 animals,
six of each sex, were used in each experiment. One, 3
and 5 percent of fish and chicken meat were used as supple-
ments.

Results

The results were expressed as average growth per ani-
mal during the 10-week experimental period, and the pro-
tein efficiency ratios (PER) were calculated from the
gain in body weight per gram of protein intake.

The proteins of milled white rice, milled white rice
flour, whole brown rice and whole brown rice flour were
supplemented by the proteins of buffalo fish, bass, red
catfish and white and dark chicken meat. This was shown
in both ad libitum and in paired feeding experiments.

In addition, 18 amino acids (10 essential and 8 non-
essential) were determined in the proteins of buffalo fish,
dark and white chicken meat and the results were com-
pared with those previously obtained for the protein of
rice. It was found that the proteins of buffalo fish, dark
and white chicken meat are higher in all amino acids, es-
pecially in lysine, threonine, methoinine and cystine. It
is believed that the amino acids are responsible for the
supplementary effect of the proteins of buffalo fish and
chicken meat for those of rice, since the proteins of the
latter are low in these amino acids and it has been shown
in previous experiments that rice diets are improved by
the addition of lysine and threonine.

Disease and Insect Control
Section

L. D. Newsom, Moderator

Transmission of the Hoja
Blanca Disease of Rice

Guillermo E. Galvez, H. David Thurston
and Peter R. Jennings*

The Colombian Agricultural Program of the Rocke-
feller Foundation and the Colombian Ministry of Agricul-
ture in 1958 initiated a cooperative research program in
rice.  Certain basic studies on hoja blanca, a virus disease
of rice, were begun to complement the breeding work. This
report summarizes the data obtained from the study of
transmission of this disease in rice.

Hoja blanca is not transmitted to rice by soil, from
seed or by mechanical means. Transmission is effected
only by insects of the Delphacidae. ~Male and female
adults and nymphs of Sogata orizicola transmit the virus
from rice to rice and from rice to Echinochloa, (barnyard-
grass), but not from Echinochola to Echinochloa nor from
Echinochloa to rice. Only about 10 percent of the wild
population has the ability to transmit the virus.

S. cubana, a related species is involved in infection of
grasses. It infects Echinochloa from rice and from Ech-

*Plant Pathologist, Ministry of Agriculture:; Plant Pathologist

and Associate Geneticist, respectively, Colombian Agricul-
tural Program of the Rockefeller Foundation, Bogota, Co-
lombia.
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inochloa but does not transmit to rice. It appe
the grass acts as a biological trap for the virus since
species transmits from grass to rice.

In addition to the transmission from rice to
to Echinochloa, S. orizicola transmits the virus fr
to Leptochloa sp., Digitaria sp., wheat, barley and
will not transmit to sugar cane, corn or sorghum.
bana only transmits from rice to Echinochloa am
numbers of the Gramineae.

Transmission and Host Ra

H. A. Lamey, W. W. McMillian
]. U. McGuire, Jr.*

Cooperative studies on hoja blanca were cond
Camaguey, Cuba, by USDA personnel of the Cx
Entomology Research Divisions. Transmission w:
ied to determine methods of screening rice select
resistance to hoja blanca. Prelimitiary data indica
Sogata orizicola, insect vector of the hoja blanca it
survive limited periods at freezing u~=mperatures
basis of these findings, laboratory e!periments we
ducted to determine whether the virus and
might overwinter in the United States on plants oth
rice.

Attempts were made to transmit the virus m
cally to susceptible rice, Samsun tobacco and Ni
glutinosa.  Sap of diseased leaves was expressed by
ing in a 0.1 M solution of disodium phosphate or
sulfite, or both. The expressed sap was wiped o
of healthy plants previously dusted with 600 mesk
rundum or injected into the leaf midrib of healthy
by use of a fine capillary tube. A tissue wipe te
also was used. In this technique, the freshly cut e
diseased leaves were wiped over the surface of
dum-dusted leaves of healthy plants. No hoja bla
transmitted by any of these methods, nor by trans
excised bits of diseased tissue into healthy plan
definite evidence of seed transmission was observ
test of 916 seed from diseased rice plants.

Transmission by the insect vector was studie
sively. Although many techniques were tried, ¢
gave high enough infection levels to be useful for
ing rice selections for resistance to hoja blanca.
these techniques involved the use of insects from z
with a high percentage of transmitters. A group:
eral insects and a young test plant were caged in
tube. Test plants were changed twice daily. A
susceptible rice variety was used periodically to de
if any of the insects in the group were transmittin
sults from insect groups demonstrated to be trans
were fairly reliable but the technique was laborious
other technique involved placing plants in a large §
cage containing a high population of insects with i
transmitting capabilities. If plants were left in ¢
more than 2 weeks, insect feeding caused severe p

*Plant Pathologist, Crops Research Division, ARS, USI
Entomologists, Entomology Research Division, S,
Baton Rouge, Louisiana.



and often death. Usually the injured plants would
evelop symptoms of hoja blanca. If plants were left
e large cage less than 2 weeks, then removed and
d with malathion, no more than 40 percent of the
 would develop symptoms. If plants were placed
e cage for several days to a week on 4 to 6 different
jons over a period of several months, all susceptible
 could be infected. This technique was used to test
rice selections. With proper susceptible check plants,
method is relatively accurate and the simplest available
esent.

To improve methods for screening rice selections in
eld, a test was made to determine the optimum dis-
between plants for maximum disease development.
ighest seeding rate gave the poorest disease develop-
‘while the lowest seeding rate (all plants 1 foot apart)
the best disease development. If plants were at least
hes apart, the disease reaction of individual plants
 be observed easily.

Studies of the host range of the insect vector indi-
at it prefers rice, but can survive for short periods
an corn, Victoria oats, Chapel Hill rescuegrass and
theat; for moderate periods on Kindred barley, Mer-
ye and sweet sorghum; and for long periods on only
mercial ryegrass and rice. Egg laying on rye was ap-
mately half that on rice and negligible on all other
- The insect vectors completed their life cycle on
1 the laboratory, but did not reproduce sufficiently to
ete with predators in large cages outside.

Feeding by viruliferous insects induced hoja blanca
toms frequently in rye, occasionally in barley and
¢ in oats and wheat. Virus-free insects which fed
on diseased rye and then on healthy rice transmitted
irus back to rice in three of four attempts.

Hoja Blanca Studies at
Camaguey, Cuba

. W. McMillian, J. U. McGuire, Jr. and
: H. A. Lamey*

reliminary test of Sogata orizicola Muir collected
‘a normal field population at Camaguey, Cuba, re-
d that only 10 to 15 percent were capable of trans-
ng the hoja blanca virus. After 9 months of selec-
and cross-breeding, the transmitting ability of these
ts reached 75 percent. Further investigations reveal-
tremendous amount of transovarian transmission at

S. orizicola males live an average of 24 days while
females live an average of 30 days. Females mate 3
after reaching the adult stage of development, and
n average of 161 eggs which hatch in 8 to 11 days.
kes 13 to 14 days for the nymphal stage.

Adult S. orizicola were caged on diseased plants for
ours before 100 percent acquired enough virus to in-
plants. The virus must be incubated for at least 6
in the adult before it can infect another plant. The

logisis, Entomology Research Division, and Plant
ologist, Crops Research Division, ARS, USDA, Baton
ge, Louisiana, respectively.

vector must be caged on healthy plants for at least 24
hours before 100 percent are able to infect.

When viruliferous insects were fed at three locations
on plants of a susceptible variety of rice, ranging from 2
weeks to 3 months old, the appearance of disease symptoms
varied from 6 to 34 days.

Field tests with susceptible varieties of rice have
shown that the loss in panicle weight ranged from 22 to
82 percent, depending on the age of the plant when in-
fection occurred. Low milling quality further increased
the total loss.

Hoja Blanca and Its Vector
Found in Several Louisiana

Parishes in 1959

]J. G. Atkins, L. D. Newsom and
G. D. Lindberg*

Surveys for hoja blanca and its insect vector, Sogata
orizicola, were planned and conducted by the Crops Re-
search and Plant Pest Control Divisions, ARS, U. S. De-
partment of Agriculture, the Louisiana Agricultural Ex-
periment Station and the Louisiana Department of Agri-
culture.

Hoja blanca was first identified on August 3 on rice
in St. Tammany parish in fields from which the insect vec-
tor had been collected on July 23. Later, hoja blanca
and/or the vector were found in a total of 14 parishes.
These were St. John, St. James, Iberville, Lafourche, Terre-
bonne, Assumption, Ascension, St. Mary and St. Martin
in the river and Teche sections; St. Landry, Evangeline and
Vermilion in the southwest section; and Madison Parish in
northeast Louisiana. The vector, but not the disease, was
found in Evangeline, Vermilion and St. Martin parishes.

*Research Pathologist, Crops Research Division, ARS, USDA,

Rice-Pasture Experiment Station, Beaumont, Texas: Profes-
sor, Entomology Research Department, and Associate Pro-
fessor, Department of Plant Pathology, Louisiana Agricul-
turull Experiment Station, Baton Rouge, Louisiana, respec-
tively.

Ecology of Sogata
orizicola Muir

J. U. McGuire, Jr., W. W. McMillian and
H. A. Lamey*

The subjects considered in this paper are the environ-
ment of the egg and the feeding habits and population dis-
persal in the nymphal and adult stages of Sogata orizicola
Muir.

The eggs usually are laid in the midrib of the rice
leaf. Eggs laid in any other location do not develop prop-
erly. In preliminary experiments, all eggs died at a tem-
perature of 43° F. In Cuba, the egg parasite Anagrus sp.
controlled the insects at certain times of the year. Other

*Entomologists, Entomology Research Division, and Plant

Pathologist, Crops Research Division, ARS, USDA, Baton
Rouge, Louisiana, respectively.
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predators and parasites are Forficula sp. and predaceous
mites.

The nymphal stages are the most vulnerable in the
life history of the insects. Rain and heavy winds take a
heavy toll of the first stage nymphs. The older nymphs
are better protected in the central region of the plant.
Nymphs are able to withstand temperatures below freez-
ing for 24 hours. Eight percent of the nymphs subjected
to 21 degrees F. for 24 hours survived the treatment. Sev-
eral predators and parasites are known—spiders, ants
and Dryinids.

Adults in young populations consist of brachypterous
females and alate males, while in older populations both
sexes are alate. Wind and flowing water facilitate the
spread of individuals throughout a rice field. There are
indications that dispersal flights may occur at twilight.
Temperature reactions of adults are the same as those de-
scribed for the nymphs. Predators and parasites are the
same as for nymphs with the addition of lady-bird beetles
and strepsypterans.

A Progress Report on Blast
in Louisiana and Texas

G. D. Lindberg and J. G. Atkins*

Blast has been one of the more important rice dis-
eases in the Southern States, particularly in Louisiana, in
recent years. Occurrence and damage have been somewrat
erratic and localized, depending on cultural and environ-
mental conditions, variety and stage of plant growth. Rice
plants are more susceptible in the seedling and early tiller-
ing stages. At heading, the top node, internode and
branches of the panicle are susceptible, with infection re-
sulting in “rotten neck.” A high relative humidity to-
gether with free moisture on the rice plants for several
hours provide favorable conditions for infection and spread
by the fungus. Such conditions generally prevail during
July and August when frequent light rains and nightly
dews result in water drops being retained on the leaves for
about 12 hours each day. The severity of infection varies
directly with the nitrogen level in susceptible varieties.
Thus, infection, spread and severity of blast depend on
the interaction of several factors.

Several rice varieties and selections were tested in
1959 for blast reaction in Louisiana and Texas in special
tests under conditions likely to induce disease development.
These were the inclusion of highly susceptible varieties, an
early June seeding date and a delayed initial irrigation with
carly heavy nitrogen fertilization. Marked differences in
blast reaction were obtained. For example, Calrose, a
California variety, was killed out in the test plots, but
Zenith, Gulfrose and Lacrosse were unaffected. However,
strains of the blast fungus do occur to which these varieties
are susceptible.

Since Japanese workers have reported control of blast
by using phenyl mercuric acetate, the chemical was tested

Associate Professor, Louisiana Agricultural Experiment Sta-
tion, Baton Rouge, Louisiana: and Research Pathologist,
Crops Research Division, ARS, USDA, Rice-Pasture Experi-
ment Station, Beaumont, Texas, respectively.
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*Associate Entomologist, Arkansas Agricultural Exp

in 1959 as a spray treatment. The chemical was
at two dosages and at one and two applications pi
and following heading. Some reduction in “rotten
resulted, but the tests were inconclusive. A resic
mercury was found in harvested samples. In view
zero tolerance set by the Pure Food and Drug Admi
tion, it seems unlikely this mercury fungicide could b
on rice. However, other fungicides can be tested.

One phase of the blast research program in
greenhouse inoculation of young rice plants at Baton
and Beaumont. The inoculation methods are esse
the same as those used by Dr. Francis Lattrell and co:
ers. Spore germination was stimulated by the use 0
percent sodium oleate. Objectives of the work ar
termine which races occur in the diseased rice fiele
to test varieties and selections for blast reaction. |
hundred samples have been tested for blast reaction
one or more races, but not with all races likely to
damage in the southern rice states.

Tests with Systemic
Insecticides to Control
Leathoppers on Rice

C. C. Bowling*

Four separate greenhouse tests were conduct
1958-59 with systemic insecticides used as seed tre
and granular applications to control leafhoppers of
Phorate and Di-syston used as seed treatment at the
of 1 pound toxicant per 100 pounds seed gave eff
control of the leafhoppers, Draculacephla portola Ba
32 days from planting date. Tetram at the same rai
ineffective.

Phorate and Di-syston used as seed treatment
pound per 100 pounds seed were equally effective f
days, and Shell S. D. 3562 was ineffective in the
test.

Di-syston applied as a 5 percent granular at th
of 2 pounds toxicant per acre was most effective wh
plied to dry soil and flushed. Di-syston and phor:
plied as a 5 percent granular at 2 and 4 pounds pe
were equally effective for 22 days from date of af
tion. At the 4-pound rate, they were effective fi
days from application date.

*Assistant Entomologist, Texas Agricultural Experime)
tion, Rice-Pasture Experiment Station, Beaumont, Tex

Control of Grape Colas]
and Rice Water Weevil |
Soil or Seed Treatment
L. H. Rolston*

The grape colaspis is sometimes responsible fi
rious plant stand reductions in rice fields. Larvae ¢
insect overwinter in the soil and may destroy seedlis

Station, Fayetteville, Arkansas.



he spring. Overwintering larvae usually are most
dant following lespedeza, although other legumes and
s also are hosts.

:’I'he number of overwintering larvae present at plant-
time is not a reliable indication of the plant stand loss
may be expected.

A seed treatment of % pound of aldrin per bushel of
| controls both the grape colaspis and the rice water

Control of both insects increased average yield on
it farms by 6.9 percent in 1958, and by 5.4 percent on
farms in 1959.

‘Rice Stink Bug Studies

L. D. Newsom*

Yield of the varieties Nato and Zenith were decreased
ut 40 percent by the rice stink bug, Oebalus pugnax
), in a cage test during 1959. Grade was severely af-
ed by “pecky” kernels resulting from stink bug feed-
. This caused a decrease in value of the infested grain.

- Two levels of infestation, 500 and 250 adults, respec-
y, per cage 4 feet square and 5 feet tall, were com-
ed with an uninfested check. These levels of infesta-
 were comparable with the heaviest ever observed in
field in Louisiana. Plots were infested when the pan-
 began to emerge.

Organophosphorus insecticides were more efficient
control of the rice stink bug than the chlorinated hy-
catbon insecticides in both laboratory and field tests
furing 1958-59. Topical application of insecticides to

vidual adult insects showed that there was much more
ability of response to dieldrin and toxaphene than to
thion in the populations studied. Seasonal tolerance
he chlorinated hydrocarbon insecticides was much more
ced than to the organophosphorus materials.

omologist, Department of Entomology Research, Louisi-
a Agricultural Experiment Station, Baton Rouge, Louisi-

Cultural Practices, Soils
and Physiology Section

Francis J. Williams, Moderator

raluation of Herbicides for
Control of Echinochloa
crusgalli in
Water-planted Rice
Kenneth L. Viste*

Several herbicides have been evaluated for controlling
tergrass, Echinochloa crusgalli in water-planted rice. Of

' sarch Agronomist, Crops Research Division, ARS, USDA,
gronomy Department, University of California, Davis, Cali-
nia.

chemicals applied to the dry soil prior to planting in 1958,
only ethyl di-n-propylthiol-carbamate (EPTC) was selec-
tive. One Ib/a of EPTC gave excellent control of water-
grass and permitted the highest yields of rice. Moderate
injury to rice occurred at 2 Ib/a and severe injury and sig-
nificant reductions in yield resulted from 4 Ib/a. EPTC
was less effective when treatments were applied to wet
soil after an irrigation. Under those conditions, 4 Ib/a
were necessary to control the grass. On the wet soil, 2-
chloro-N,N-diallylacetamide (CDAA) was effective in
controlling grass at 4 and 8 Ib/a, which did not injure rice.
In these experiments, isopropyl N-(3-chlorophenyl) carb-
amate (CIPC) and 2-chloroallyl diethyldithiocarbamate
(CDEC) were not selective.  Although they provided
some control of watergrass, they reduced the rice stand.
2,4-dichlorophenoxyethyl sulfate (sesone) and 4,6-dinitro-
o-sec-butylphenol (DNBP) did not control weeds or in-
jure rice.

Greenhouse evaluation of EPTC and three analogues
show that these compounds of this group exhibit selec-
tivity between rice and watergrass and that the chemicals
differ in selectivity. EPTC gave the highest degree of
selectivity with a value of 7.8 for the ratio of the ED;,
for rice to the EDj, for grass. (The ED;, is the concen-
tration of the herbicide in the soil which reduced fresh
weight at 6 weeks by 50 percent.)  Similar values for the
analogues are n-propl di-n-propylthiolcarbamate (R1607)
6.8; ethyl ethyl-n-butylthiolcarbamate (R2060) 2.4; and
n-propyl ethyl-n-butylthiolcarbamate (R2061) 3.0. A field
experiment with the same chemicals in 1959 gave simila
results. ‘

Methods of application were investigated in 1959 by
applying granules and sprays of EPTC at rates % to 4
Ib/a, followed by harrowing, disking or no incorporation.
All treatments provided such good control of the water-
grass that differences between incorporation methods were
not significant. Injury to rice, with reductions in yield,
resulted from 2 and 4 Ib/a rates with both incorporation
treatments, but from only 4 Ib/a without incorporation.
Spray reduced yields more than granule applications fol-
lowed by disking or harrowing, but surface-applied spray
and granules did not differ.

The experiments reported show that EPTC provides
some selectivity between rice and grass and that incorpora-
tion increases the effectiveness of this herbicide.

Weed Control in Row Crops
Grown in Rotation with Rice
H. R. Hudgins and Ercel Jeter*

There is increasing interest among rice farmers to
produce a cash crop on idle rice land. Varieties and cul-
tural practices necessary for the successful production of
corn and grain sorghum are being studied at Substation
No. 3 of the Texas Agricultural Experiment Station, lo-
cated in the rice area near Angleton, Texas. One of the
major problems encountered on rice soils is the control
of weeds and grasses.

*Assistant Agronomists, Texas Agricultural Experiment Sta-

tion, Rice-Pasture Experiment Station, Beaumont, Texas, and
Substation No, 3, Angleton, Texas, respectively.
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TABLE 1. 1959 WEED CONTROL TEST—CORN

Rate, pounds Pounds of ear corn

Treatment'  Chemical tnat. [acee per/acre, average
of 4 replications
NON-FERTILIZED
1 Control, cultivated 900
2 Control, non-cultivated 710
3 Eptam 6 1440
4 Simazine, cultivated 4 1820*
5 Simazine,
non-cultivated 4 1870°
6 Zytron 8 1470
FERTILIZED—90-30-0
7 Control, cultivated 1890°
8 Control, non-cultivated 1420°
9 Eptam 6 2240°
10 Simazine, cultivated 4 3090°
11 Simazine,
non-cultivated 4 2940*
12 Zytron 8 2620

‘Treatments 1 and 7 received three cultivations. Treatments 2, 5
and 11 received no cultivations. Treatments 3, 4, 6, 9, 10 and
12 received lay-by only.

*L.S.D. 5% —848.5 pounds.

Cooperative studies were initiated to test the most
promising herbicides for chemical control. One experiment
on corn and another on grain sorghum were conducted us-
ing three herbicides, combined with fertilizer rates and con-
ventional culture used in the control of weeds and grasses.
The herbicides are: Eptam (Ethyl-di-n-propylthiolcarba-
mate), Simazine (2-chloro-4, 6-bis (ethylamino) -S-tria-
zine) and Zytron (O-(2-4-dichlorophenyl) O-methyl iso-
propyl phosphoromidiothioate).

In general, the results indicate that simazine controll-
ed the grass and weeds in the test plots through harvest, a
period of approximately 16% weeks. Zytron plots were
free of weeds and grass for the first 4 weeks and Eptam
plots for the first 3 weeks. The plots treated with Zytron
and Eptam were covered with weeds and grass at harvest
time.

TABLE 2. 1959 WEED CONTROL TEST—SORGHUM

Pounds of grain per /a,

Treatment' Chemical Rate average of. 4 teplications
NON-FERTILIZED
1 Control, cultivated 2600
2 Control, lay-by only 2340
3 Eptam 2 2710
4 Simazine 2 3510°
5 Zytron 8 2500
FERTILIZED—90-30-0
6 Control, cultivated 4020*
7 Control, lay-by only 4170°
8 Eptam 2 4590°
9 Simazine 2 3960:
10 Zytron 8 4410°

Treatments 1 and 6 received three cultivations. All other
treatments received a lay-by only.
*L.S.D. 5%—879.7.

The materials used, rates, fertilizer application and
yield of grain are shown in Table 1 for corn and Table 2
for the grain sorghum test.

Experimental work with chemical control of weeds
and grasses in row crops this year include: comparison of
band over the row, broadcast treatment, rate of applica-
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*Special Assistant to the Director, Soil a

tion, effects of soil type experiment anc
chemical materials both new and older &
cides.

Controlling Barnya
in Rice in Arkar
Roy J. Smith, Jr.*

Chemical and cultural methods of ¢
yardgrass in rice were evaluated in combin
sas, barnyardgrass reduces yields of rice 0
each year.

Isopropyl N-(3-cholorophenyl) ca
superior to other chemicals for contro
rice. CIPC was more effective at rates
per acre than at rates of 4 and 10 pounds;

CIPC causes least injury on rice ¢
depth of 1 to 2 inches, but it injured ric
deep severely. Drill-seeded rice was if
broadcast-seeded.

Maximum control of barnyardgrass
jury to rice were obtained by applying
barnyardgrass was emerging through th
it was beyond the first-leaf stage. At
ranged from pre-emergence to emergence
in the second or the third-leaf stage was
trol.

Water management was critical whi
baked soon after herbicidal treatment; u

barnyardgrass. Rice seeded 1 to 2 inch
gated soon after spraying with CIPC was

Ground application of CIPC in a tof
to 40 gallons per acre satisfactorily contro
in rice. Airplane application of CIPC in
of 10 gallons per acre also gave satisfacte

The efficiency of CIPC at 6 to 8 po
controlling barnyardgrass in rice was g
silt loam than on a Sharkey clay.
trolled barnyardgrass satisfactorily on bot

Rice was injured by CIPC when its §
in the treated area. The main basis of :
and barnyardgrass appeared to be diff
location of feeding roots in the soil. R
from CIPC injury by deep seeding.

Certain new herbicides show promi
barnyardgrass in rice. Among these a
ionanilide, 0-2,4-dichlorophenyl 0-
phoroamidothioate and 3-amino-2,5-

*Research Agronomist, Crops Research
Rice Branch Experiment Station, Stul

Soil and Water
for Growing

Lewis W. Erdman*

tion Research Division, ARS, USDA, Bell



Rice research at the U. S. Salinity Laboratory was re-
ted under three headings: (1) Tolerance of rice to sa-
1y: Six varieties were germinated at salinity levels of
0 and 20 mmhos/cm, and 12 days after planting the
ial salinity levels were changed to 0, 3 and 6 mmhos/-
It was found that the 12-day change over was too
 to prevent permanent damage. In another experi-
it, the change over was made at five different times
2,4, 8 and 12 days). The results indicated that rice
not permanently damaged if it was changed to a lower
el of salinity by the fourth day after planting. (2)
'w salt tolerance of six additional varieties; where
imi Montakhab I, Kala-Rata, Asahi No. 1, Norin No.
Blue Rose and Century Patna 231 were found to be
L sensitive:  (3) Reclamation of salt-affected soils:
water of low salt content is available for leaching, it
ossible to grow an economic crop of rice in the ponds
ing the reclamation process. Relatively salt tolerant
eties should be used and, depending upon the amount
salinity, the field may be planted with seed or 4 to
eek-old seedlings.

Continued research with plastic levees should prove
b¢ 2 big step forward in the more economical production
ice. Problems which need further study involve selec-
of a plastic formulation that can fully resist prolonged
osure to sun and temperature variations, developing an
oved method of supporting the film on stakes and
hanization of both the placement and removal opera-

| and Water Conservation in Texas

For some time, the Texas Agricultural Experiment Sta-

 has been interested in rice irrigation studies and par-

arly investigations to determine evaporation, transpira-

and seepage losses of water from rice fields in Texas.
ooperative project was drafted in 1955 involving the
as Station, Board of Water Engineers and ARS, USDA,
| objectives of getting more information to understand
er the soil and water relationships in the production

Unfortunately this work did not go forward as fast
ticipated mainly because of the resignation of one of
cey men. However, the work still needs to be done
we are hopeful that time, money and personnel will be
lable shortly to pursue this research. Further recogni-
of this need is given in Senate Document 59, “Facil-
should be provided for an expanded program of soil
water management research on lands used for rice.”

ater Seeding of Rice
in Arkansas
Vernon L. Hall*

e practice of water-seeding rice is not new, but it
been used to such a limited scale in Arkansas that in-
ation about seeding rice in water is not well known
 the State.

There are two general areas of rice production in Ar-
as: terrace, which is characterized by a silt loam soil,

istant Agronomist, Department of Agronomy, Arkansas
icultural Experiment Station, Fayetteville, Arkansas.

and bottomlands, characterized by clay or clay loam soils.
These latter soils are, in general, wet bottomland soils, dif-
ficult to manage but have a high fertility level.

The difficulty in management of the bottomland soils
consistently perpetuates a serious problem of establishing
a stand of rice without water or barnyardgrass. Seeding
rice in water has proved effective for grass control. For
this reason, there has been increased interest about water-
seeding where the bottomland soils occur. This paper
will endeavor to bring out the suggested points for estab-
lishing a stand of rice with a minimum of grassy weeds.

Land Preparation

Once the land has been leveled, a disk harrow is ef-
fective in preparing the seedbed. Usually the area is
covered twice. On the last trip over a spring-tooth har-
row follows the disk so that prominent harrow marks are
left in the seedbed. These marks will catch the seed and
reduce drift. Often, fields so prepared appear to have
been planted with a seed drill.

Flooding the Land

The field should be flooded as rapidly as possible and
the highest places should be covered with at least 4 inches
of water. For grass control, 4 to 6 inches of water are
recommended, with the latter depth being the most suc-
cessful.

When water-seeding, the levees will need be broader
and higher than those normally used. All levees should
have a gate or spillway that will maintain a constant level
of water and prevent the levees from breaking due to
heavy rain.

Seeding

The field should be seeded immediately after the 4
to 6-inch depth of water is obtained. The recommended
rate of seeding is 3 bushels (135 pounds or 0.83 barrel)
per acre. There has been some question about stitring up
the water so that it is muddy at the time of seeding. Our
findings are that there is no significant difference in plant
stand density due to seeding in clear or muddy water that
cleared soon (within 24 hours) after seeding. Presoak-
ing the seed showed no significant difference from seeding
with dry seed. However, presoaked seed will not float
on the water as do dry seed. Seed treated with a fungi-
cide, insecticide, or both, will sink better than untreated
dry seed.

Water Management

After seeding, the full flood of 4 to 6 inches of wa-
ter should be maintained for 5 to 6 weeks. There has been
some concern about wave action floating the plants to the
levees. To reduce the amount of plant movement, fields
are often drained. To lower the depth of water or drain
the field will allow grass to become established with the
rice, thus, defeating the purpose of water-seeding. Our
information to date indicates that a seeding rate of 3 bush-
els per acre gives sufficient plants that the loss due to
wave action is much less than loss from weeds due to
draining the field.

After about 6 weeks from planting, the field may be
drained for midseason nitrogen fertilization.
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Response of the Rice Plant
to Temperature, Photoperiod
and Light-intensity
D. P. Ormrod*

The responses of rice plants to environment are of
particular importance in California. Air and water tem-
peratures may be too low for early seedling growth, and
some areas have a cold-water problem throughout the
growing season. Late in the season, air temperatures may
become too low for adequate seed set. The long photo-
period in midsummer delays the heading of almost all va-
rieties. Low light intensity may be a problem early in the
growing season if skies are overcast for extended periods.

Temperature effects are under investigation in several
ways.  Cold-water effects are being studied by testing
seedlings up to 1 month old in a controlled-temperature
chamber, and testing plants throughout the growing season
in field trials in cold-water areas. The effects of several
levels of water temperature are being studied in concrete
cylinders, placed at soil level, through which cooled, warm-
ed or untreated water is circulated. Low-temperature ef-
fects on seed set are being studied in a larger chamber, in
which potted mature plants can be subjected to specific
cold treatments.

Experiments with controlled photoperiod chambers
have indicated that rice varieties vary greatly in their sen-
sitivity to daylength above the optimum, and that this sen-
sitivity is related to their field maturity dates. For instance,
an early variety (Colusa) is less sensitive to photoperiod
than midseason variety (Caloro). A late variety (TP49)
is highly sensitive to photoperiod and does not head until
the days become much shorter.

Studies were made in a controlled-environment cham-
ber of how photosynthesis rates are affected by various
temperatures (40 to 80° F.) combined with various light
intensities (0 to 6000 foot-candles). The plants used
were 3-% to 5 weeks old. Carbon dioxide exchange rates
were measured with an infrared gas analyzer. Net photo-
synthesis in light was appreciable even at 40°, and was
generally highest at 60°. A lower rate of 80° appeared
to be due to a much higher respiration rate. The com-
pensation points were about 150 foot-candles at 40°, 400
foot-candles at 60° and 1400 foot-candles at 80°.

*Junior Agronomist, Department of Agronomy, California
Agricultural Experiment Station, Davis, California.

Gulf Ryegrass in Rice-
Pasture Cropping Systems

R. M. Weihing*

Annual ryegrass, Lolium multiflorum Lam., is mar-
keted under various names such as annual, common, do-
mestic, Oregon or Italian. Its many uses include pasture,
silage, hay, seed, erosion control, green manure, bloat con-

*Research Agronomist, Crops Research Division, ARS, USDA,
Rice-Pasture Experiment Station, Beaumont, Texas.
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trol, winter lawns and winter golf greens. Rig
have begun to use this grass in rice-pasture crop
tems, especially the winter-productive, rust-resista
Gulf. The rust resistance of Gulf assures a s
every year. In addition, Gulf ryegrass has been ne
as productive in early winter as domestic or com
grass. It is now available in the seed trade.
reviews 12 years of research with ryegrass at B
Texas, on two soil types, both low in available
and P,O;.

Seeding Practices

Ryegrass was seeded from early September
December. Early seedings were ready to graze
vember, the late seedings by February and March.
tember 15, 1959 seeding produced 1,300 pound
matter by November 11, a November 9 sceding
1,000 pounds by February 2.

Good stands were obtained from 10 pounds
per acre broadcast or drilled on prepared seedbeds
cast in rice-stubble. Broadcasting or drilling in
delayed until early November. ’

Volunteer stands were obtained in the fall f
dropped to the ground the preceding spring.
the land in late summer improved the volunteer s

Fertilization

Ryegrass can utilize generous amounts of nit
fall, winter and spring growth. ~Approximately 3
a month should be available during the growing s
lush growth. Herbage yields decrease as availa
gen decreases. Slow growth in winter may be
deficiency rather than cold weather. The nit
furnished from commercial fertilizer or fr
grown with the grass. Dry matter yields from B
11 to April 25 for seven cuttings in the 1959+
totaled 7,600 pounds per acre. Fertilization was 1
The nitrogen was applied in five 30-pound incres
these experimental plots. Protein in the dry fo
ranged from 25-33 percent in December to 15-18
March 1. '

Liveweight beef gains per acre were 530 pout
December 4 to June 1 during the 1958-59 seast
tilzation was 0-40-0. The grass seed were broa
tober 15 on a prepared seedbed on improved past
White and Persian clover volunteered. An excell
ture of grass and clover was available throughout |
ing season.

Pasture ]

Gulf ryegrass has been grazed the past 3
Seedbeds were prepared in late summer or fall
that had supported reseeding clovers (white and
for several years. Ryegrass seed were broadeca
pounds per acre. Clover was not seeded, but re-es
every year from hard seed. Liveweight beef g
yearlings were 385 pounds per acre from Marc
May 21, 1958, and 530 pounds from December
to June 1, 1959. Fertilization was 0-40-0 in bo
A S-year-old improved pasture, plowed in Aug
for rice in 1960, was drilled to ryegrass October
fertilizer was used. Liveweight beef gains for y
were 115 pounds per acre from December 9, 1959



e land was worked to plant rice in late May.
15 were made during the coldest winter in the 46
cords. Monthly mean temperatures were 6, 2,
° F. lower than the 46-year average from No-
ecember, January, February and March. Two
s dnlled October 8, 1959 without clover were
75 pounds per acre of N from ammonium sul-
) or three increments after December 1. These
razing for one yearling per acre in February and
verage daily gains per yearlng were 1.75 pounds
months. Liveweight gains per acre were 172
m January 20 to April 23. The early removal
ermitted preparation of the land for planting
May. Typical daily gains for yearlings on rye-
ure have been 1 to 2 pounds in January,
March and 3 pounds in April.

il cropping systems that include rice and cattle
1) rice every year with ryegrass in winter; (2)
:—3 years improved pasture; (3) 2 years rice—
proved pasture; (4) 3 years rice—5 years im-
ture. In the last three systems, the improved
[ Dallisgrass and clovers (white and Persian)
ed in the summer preceding the first rice crop,
veled and leveed by fall. Volunteering of re-
vers was abundant. Clover alone was ready to
{ February in favorable seasons and late March
nters. However, ryegrass seeded on this land
ober can be grazed by December 1 and, at times,
bloat from clovers in late February and March.
trogen from the pasture is adequate most years
teer clover becomes established. When the im-
ture has been fertilized adequately, no addi-
izer is needed.

-

st 2 years, N. S. Evatt has drilled rice in rye-
The forage was removed by mowing for hay
Drilling of rice without seedbed preparation
imediately. Slightly lower but satisfactory grain
ompared with those from a regularly prepared
ere obtained in 1959, despite some early seed-
probably due to poor soil contact. A good
oped in 1960. Indications are that yields will
y the same as those on regularly prepared seed-
 practice conceivably offers promise from the
more efficient land utilization and lower

d Hay

; grass-clover mixtures have been utilized for
hay. Average yields were 3 tons per acre of
s of silage. Protein was only 6 percent in
ure stand of ryegrass ensiled in 1957. This con-
14.7 and 12.5 percent in 1958 and 1959 for
ver mixtures. Cows with nursing calves were
: past 2 winters on ryegrass-clover silage with

uction

ields of 400 to 800 pounds per acre have been
j seed growers. Some fields grazed until early
led 700 pounds in 1960. Thirty to 60 pounds
| per acre may be needed March 1 for a good

seed crop when the grass is grazed heavily during the
winter or if the winter growth has been removed by mow-
ing. Over 3,000 pounds per acre of dry matter were re-
moved in four cuttings by March 1. Yet seed yields ex-
ceeded 900 pounds per acre and straw yields 1.5 tons.
Over 6,000 pounds of dry matter were removed in six
cuttings from November 11 to March 28 the winter of
1959-60 followed by a May harvest of 558 pounds of seed
and 1 ton of straw. The straw usually is baled and fed
free-choice to cattle on clover pastures in the winter. It
contains about 3.5 percent protein.

Drying and Storage Section
E. B. Kester, Moderator

Receiving Rice by Farm Truck
Whit O. Slay and Reed S. Hutchison*

Four principal methods are used to raise trucks or
truck beds to empty rice from them: self-dumping trucks,
a hook hoist arrangement, a cradle hoist arrangement and
a hydraulically-hoisted platform. The method by which
the truck or bed is raised is used to designate the method
of receiving.

The receiving cycle is divided into four major opera-
tions of setup, weigh, dump and sample. These opera-
tions are further subdivided into time items to determine
labor requirements.

Many different combinations of equipment and meth-
ods are used in the industry. For this reason, specific
methods and equipment are compared in the discussion on
handling equipment and methods variation.

For an annual volume of 2,000 truckloads of rice re-
ceived by the four methods, costs are:

METHOD COST PER TRUCK
Dollars

Self-dump 1.7578

Hook hoist 1.8546

Cradle hoist 1.8665

Hydraulic hoist 2.3214

The difference in cost of each method is due entirely
to equipment. This is because the capacity of the re-
ceiving leg and its attendant handling equipment deter-
mines the labor cost. Most receiving legs are 11 x 7 in
size and require 7 minutes to remove the average load of
14,000 pounds of rice from the pit. The necessary labor
to receive a truck can be performed in much less time than
this. Thus any equipment that is faster than another type
in some other part of the receiving cycle merely extends
the wait for pit to empty time.

An improved method utilizing a size 14 x 7 receiv-
ing leg, a 16-inch conveyor and other related handling
equipment is compared with the average method. For an
*Industrial Engineer and Agricultural Engineer, respectively,
Handling and Facilities Research Branch, Transportation

and Facilities Research Division, AMS, USDA, College Sta-
tion, Texas.

27



annual volume of 2,000 truckloads of rice received by the
improved method, the costs are:

METHOD COST PER TRUCK
Dollars

Self-dump 1.6412

Hook hoist 1.7707

Cradle hoist 1.8150

Hydraulic hoist 2.2800

The savings per truck range from 0.04 to 0.11 cents.
The possible rate of receiving increases from 28 percent
by the hydraulic hoist method to 134 percent by the self-
dump method, as compared with average methods.

The self-dump method is the best of the four ways
studied to receive rice, but it would take a strong educa-
tional program to have all trucks converted to self-dump.
The hook hoist method is next best, but it also will re-
quire an educational program to influence truck owners to
hinge the beds. The benefits, however, apparently are
worth the effort involved. The hydraulic-hoist method is
the most expensive, but is more versatile, since it can dump
farm trucks and tractor-trailers in the same amount of
time.

Use of more than a two-man crew is unnecessary since
all labor performed in receiving one truck is done in less
time than it takes to empty the pit.

Comparison of Rice Drying
Temperatures and
Techniques
Xzin McNeal*

The rate of rice drying was increased markedly as the
number of dryings was increased. When the drying temper-
atures were raised from 120 to 135 and 150° F., there
also was a marked increase in drying rate.

At 120° F., there was a marked increase in head yields
as the number of dryings was increased from three to six
passes and the moisture contents were reduced from 13
to 10 percent.

At 135° F., there was a marked increase in head yield
through the fourth pass (to 12 percent). However, at
the fifth and sixth passes there was very little increase.

At 150° F., there was a slight increase in head yields
as the number of dryings was increased from three to five
passes and moisture contents were reduced from 13 to 11
percent. At six passes and at 10 percent, there was a
slight decrease in head yield as compared with five passes.

The one pass, 6-inch pack drying at 120° F. con-
sistently produced lower head yields than rice dried in the
multipass systems at temperatures ranging from 120 to
150° F. In all tests, rice that was dried in one pass in
thick pack (12 and 1877) at 120° produced relatively low
head yields when compared with the various systems of
drying.

Germination results were relatively high for the var-
ious drying systems used, ranging from 91.17 to 95.89

*Professor, Department of Agricultural Engineering, Univer-
sity of Arkansas, Fayetteville, Arkansas.
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percent. There was a noticeable decrease |
of rice dried at 150° F. The number of p
ture content (13 to 10 percent) appeared fg
little, if any, effect on germination.

The major benefit derived from ovel
that it does not appear to deteriorate as ra
moisture rice and is not as vulnerable to in:

Rice Drying Reset

David L. Calderwood ¢
Reed S. Hutchison*

Research on improved technlques and
drying rice at commercial dryers is being
pilot rice drying plant erected by the Agtic
ing Service of the U. S. Department of Ag
Rice-Pasture Experiment Station, Beaumon

Tests are being made to determine th
temperature to which rice is heated during
the dryer on the market quality. Other
throughput rate, temperature rise of the hea
ing treatment and the variety of rice also af
quality. With so many variables, a large nus
necessary before results can be applied ove
of conditions.

Throughput rates of one and two ba
have been used with each temperature f
tempering treatments have been used and
of rice have been dried.

The usefulness of aeration as a sup|
ment to drying of rice in heated-air type ¢
explored. Aeration can aid rice drying i
ways:

1. Maintain “green” (undried) rice
temperature, thus avoiding heating and rapi
This allows rice to be held in bulk sto
before commencing a series of passes th

2. Cool rice to outside temperature ¢
pering period between passes through th
cooling usually results in a reduction of rig
tent. It also allows the tempering period

3. Cool rice to outside tempera
final dryer pass and avoid the need for usi
a section of it for cooling.

Green rice was aerated in corrugate

content of rice varied from less than 18 f
percent.  Although these findings should
case studies, they have provided the follow

1. Several lots of long-grain rice
bonnet and TP-49), initially less than 21 p
content and aerated at the rate of 0.8 cfm g
not damaged when held in aerated storag
11 days.

2. Two lots of medium-grain rice (
ally 21.7 and 23 percent moisture conte
and aerated at the rate of 0.8 cfm per bare
*Agricultural Engineers, Handling and

Branch, Transportation and Facilities Res
AMS, USDA, College Station, Texas.



0 held in aerated storage for 3 days. Another
ly 22 percent moisture content, and aerated at
f 2.00 cfm per barrel for 7 days was reduced in
m No. 2 to No. 6.

es of tests indicated that cooling rice to outside
re by aeration during the tempering period be-
sses through the dryer resulted in savings of both
deyer operation time. These savings are attrib-
e moisture reduction which generally accompanies
ing and the need for fewer passes through the

al of 18 lots of rice was included in these tests.
were six lots of each of three varieties, Gulfrose,
¢t and TP-49. Nine of these lots were cooled to
ir temperature by aeration during all tempering
tween passes through the dryer. The other nine
empered at high temperature. As nearly as
xtrancous conditions such as variety, initial mois-
nt, temperature of rice leaving the dryer, through-
nd final moisture content, were scheduled to af-
treatments equally. The results of these tests
ized in Table 3.

3, COMPARISON OF DRYING COST FACTORS
ECTED BY METHOD OF TEMPERING RICE

Rice stored

SELiL Rice cooled
; gfor to outside Percent
e(rr;p.24 air temp. diff.
’h(::lrs by aeration
4.700 3.600 23.4
sumption:
rice dried 0.310 0.270 14.7
ure removed 2.280 1.920 15.8
' | rice dried 0.340 0.350 —2.8
removed 2.640 2.520 4.5
peration
or) :
trel rice dried 0.046 0.038 17.4
e removed 0.370 0.271 26.7

,'city used during drying operations and also elec-
by aeration fans.

¢t quality factors such as percentage of germina-
ntage yield of head rice and the grades for these
¢ followed no trends that appeared to be related
pering method.

vations were made of the times required to cool
er-heated rice to near outside temperature. Al-
re were variations in cooling rates due to vary-
jons, a typical example was the cooling of a bin
m 114 to 84° F. in 25 hours, with an airflow
fm per barrel. Outside air temperature aver-
F. The time for cooling in other bins varied
irflow rate approximately according to the fol-
mula:
25

Airflow rate, CFM /barrel

e, hours =

Field Tests of Protectants
on Rough Rice

Elvin W. Tilton*

A large-scale evaluation test of protectants applied to
rough rice in bulk storage was conducted in Houston, Tex-
as, from July 1, 1958 to August 6, 1959. Rough rice was
moved into the warehouse and treated with malathion,
methoxychlor or pyrethrin-piperonyl butoxide. The treat-
ments were made during July 1-August 10, 1958, and the
test was terminated August 6, 1959.

The building was a loosely-constructed sheet metal
warehouse divided into 55 bins with a common overhead
space. The 55 bins were divided into five blocks and
various dosages of each treatment were randomized and
replicated in each block. Two check bins in each block
received only a spray of water equal in volume to that used
in the treatment of those bins receiving the protective treat-
ments. Intended deposits for the malathion were 7 and
14 p.p.m. from a wettable powder and 7, 14 and 21 p.p.m.
from an emulsifiable concentrate; for methoxychlor, 25
and 50 p.p.m. from a wettable powder; and for pyre-
thrum-piperonyl butoxide, 3 p.p.m. of pyrethrins and 30
p-p.m. of piperonyl butoxide, or 4 p.p.m. and 40 p.p.m.,
respectively. The materials were applied at a point ap-
proximately 12 feet from the feeder hopper directly onto
the rice stream as it moved down the auger.

The rice, aside from addition of the protectants, was
handled as it would be in normal commercial storage. As
weather permitted, bins were aerated in the normal man-
ner and for approximately the same length of time.

Sampling of the rice was conducted at the beginning
and periodically throughout the storage period. At each
sampling period, insect population, milling yield, residue
deposits on the rough rice and milling fractions, insecti-
cidal activity as determined by bioassay, temperature and
moisture level of each bin were determined.

Residue analyses indicated considerably less than in-
tended deposits of malathion and synergized pyrethrins.

Malathion applied to rough rice gave a reasonable
degree of protection against insects for 12 months’ storage.
Wettable powder formulations tended to be somewhat bet-
ter than emulsifiable concentrates. An application rate
intended to give a residue of 21 p.p.m. gave better protec-
tion than one that was intended to give a residue of 14
p-p-m., and 14 p.p.m. gave better protection than 7 p.p.m.
Residues of malathion on rough rice, rice bran and milled
rice never approached the 8 p.p.m. tolerance level.

Methoxychlor wettable powder at intended deposits
of 25 and 50 p.p.m. gave erratic protection, failing com-
pletely in several cases.

Pyrethrum plus piperonyl butoxide provided a fair
degree of protection at the dosages used. To get maxi-
mum benefit from this material, a dosage in excess of the
ones used in this test would be necessary. The relatively
high cost of this material could make it prohibitive. Resi-
dues of this material on milled rice were low.

*Entomologist, Stored Rice Insects Laboratory, AMS, USDA,
Houston, Texas.
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Some Cooperative Studies
on Drying Southern-grown
Rice
James J. Spadaro*

The primary objective of the cooperative studies un-
dertaken by the Southern and Western Utilization Research
and Development Divisions was to determine the feasi-
bility of applying the WURDD procedures to determine
and maintain more efficient rice drying conditions to
Southern-grown medium and long-grain rice. The pro-
cedures had been applied successfully commercially to short-
grain rice in California where both capacity and head
yields have been increased. Secondary objectives were to
determine whether dryer plant operators could conduct the
necessary control tests, to evaluate statistically the sampling
and testing methods and to determine the effect of drying
rice to as low as 10 percent moisture.

The only equipment used for conducting the drying
tests, aside from that normally available in a rice dryer
plant, was a rice sample-dryer which contained spaces for
10 trays, each with an area of 1 sq. ft. The rice varieties
used in the tests were Zenith (medium-grain) and Blue-
bonnet 50 (long-grain).

Tests were first conducted at mill A, where three
LSU-type dryers were operated in series. Results showed
that, with medium-grain rice (Zenith), feed rate could be
increased by over 35 percent by using air temperatures of
130° F. in all dryers except for the last pass in the third
dryer where cool air was used. Calculations showed that
drying costs were reduced by $0.035 per barrel. Small
gains attained in milling yields were considered to be
within experimental error. With long-grain rice (Blue-
bonnet 50) fastest drying was achieved when air temper-
atures of 140° F. were used. Although an increase in
capacity of 20 percent was attained, the results were not
considered conclusive due to the wide variation in milling
results.

Dryer operators were shown how to take samples, how
to determine frequency of sampling, how to operate the
sample dryer, etc. After the second test run, dryer per-
sonnel were conducting the actual tests.

Mill B was more “advanced” from the engineering
and mechanical viewpoint which was desirable since em-
phasis at this plant was placed on evaluation of sampling
and testing procedures.

Results of a series of tests conducted on the basis of
a statistical design showed that: 1. the variability among
samples dried in the sample dryer on the same day is neg-
ligible although the variability between samples of the
same rice dried on different days (effect of drying days)
is detectable; 2. milling results do vary from day to day;
3. there is detectable, sometimes sizable, variability in du-
plicate samples caught from the process stream; and 4.
milling operators may differ from one another though
there is some evidence that the variability actually found
between operators could be explained by differences in the

*Chemical Engineer, Southern Utilization Research and De-
velopment Division, ARS, USDA, New Orleans, Louisiana.
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days that prevailed and the moisture content
they obtained.

This work resulted in the determinati
variabilities that tend to effect evaluation
data, thus enabling the design of a mote |
mental procedure for studying rice drying,

Seven drying test runs at mill B show
was operating at near optimum conditi
the drying temperatures and number
creases of up to 54 percent were obtained
ylelds, decreased as much as 3 percent.
33 percent rate increase resulted in a 1 per
head yield as compared with the control.

A laboratory-scale study was made at
uate the effects of drying rough rice to n
between 14 and 10 percent. Results
head and total yields are affected by the
of the rice at the time of laboratory milling
a 1 percent decrease in moisture showed a
percent in head yield and 0.7 percent in &

Estimates were made on the possible |
to a rice miller by reducing the moisture o
to 10 instead of to 12 percent. Value
$0.05 per Ib. were used for head and b
ing for additional drying costs and .
mill handling 500,000 bartels of rice cou
tional return of $100,000 annually or 2
proximately 23.0 cents per barrel. Moi
milled rice back to 12 percent could mes
return of $100,000 for a total of $200,00¢

To summarize, the studies have sho
WURDD procedures can be applied to i
ing of Southern-grown medium-grain fic
sonnel can conduct the necessary contro
WURDD procedures to improve their
tions; 3. the use of a more efficient exp
dure can be used to study rice drying; and,
some benefits in drying rough rice to m
below 12 percent.

Heated Air D
Western Rice

Theodore Wasse -wi,

Short-time Tempering _

During drying, moisture removal is
of the dryer and becomes slower as
dryer. At the same time, internal s
kernels and increase as drying continues
these stresses become too great, the rlcé
or cracked. During tempering, moisturt
kernels and stresses are relieved. t
ture removal during drying will again be |
of the next pass. Thus multiple pass dry
ing between passes shortens the residence |
and tends to preserve head yields.

Adequate tempering usually is de
criterion such as feel or smell, or an
For practical purposes, complete equz

*Chemical Engineer, Western Uh.lnn!hl
velopment Division, ARS, USDA,



t necessary during tempering. The study reported
vas made to determine what tempering time is ade-
, using drying time and head yield as criteria. Since
tors may or may not cool the rice before tempering,
were designed to provide information for tempering
cooled and uncooled rice.

Caloro short-grain rice was dried in three passes from
to 13.0 percent moisture with 110° F. air. Two
of tests were made. In one series, rice was tem-
| at 105° F. In the other, the rice was cooled with
F. air for half as long as the drying period and tem-
Lat 75° F. Tempering times for each series were
'8, 16 and 32 hours.
Ffigure 1 shows the effect of tempering time and
erature on head yield. Four hours were adequate to
ve head yield for rice tempered at 105° F. Six
- were adequate for rice cooled after each pass and
ered at 75° F. Head yields of rice tempered at 105°
e 2 percent higher than those from rice cooled be-
empering.
Figure 2 shows the effect of tempering time and
erature on total drying time. Total drying time in-
s only the time when heated air was used, and does
nclude the cooling time. For rice tempered at 105°
ttle change occurred after the 4 hours of tempering
ed to preserve head yield. For rice tempered at 75°
ere was only a 14 percent decrease in drying time
the tempering time was lengthened from 6 hours,
ime required to preserve head yield, to 32 hours. Rice
d and tempered at 75° F. required 40 percent longer
d-air drying than rice tempered at 105° F.
The different tempering methods did not change stor-
haracteristics.
Plant-scale tempering tests confirmed laboratory re-
A lot of rice recirculated on a 4-hour tempering
ale was dried and cooled for storage in five passes
elapsed time of 18-% hours. This lot required the
drying time and produced the same head yield as a
tied under the same conditions but with normal tem-
g periods of 12 to 24 hours.

Moisture Affects Milling Yields

The USDA official milling appraisal test requires
g in 2 McGill No. 3 Miller for a definite time. In
milling yields of Caloro rice milled by this method
found to vary inversely with the moisture content in
ange 10 to 14 percent. Head and total yields in-
d 1.8 and 1.2 percent, respectively, for each 1 per-
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Figure 2. Effect of tempering time und temperature on
total drying time. Cooling time not included in drying time.

cent decrease in moisture. The same type of regression
was found with Caloro rice in four series of tests which
involved four different seasons, two different mills and
three different operators. Thus samples for comparison
of milling yields, when appraised by the official method,
must be at the same moisture content or correction curves
must be developed to correct milling yields for moisture
content. California grain appraisal laboratories are using
a variation of the official appraisal method. The mill is
allowed to run until the weight arm drops 2 inches. In
this method, moisture content has a much smaller effect
on milling yields than in the official method. There is
great need for further study of the effect of moisture con-
tent on milling yields.

Commercial milling equipment operates differently
than the official McGill mill. To determine whether over-
drying would result in higher milling yields in commercial
equipment, three 4,000 cwt. lots of rice at 13.5 percent
moisture were each split into two parts; one part of each
lot was dried under mild conditions (two passes with 120°
F. air) to 11 percent moisture, and the six half-lots were
milled in the plant. Head yields of the rice at 11 per-
cent moisture averaged 3 percent higher than those from
13.5 percent rice. Total yields were not significantly dif-
ferent. However, when weight shrinkage was considered,
value of rice dried to 11 percent was 5 cents per cwt. less
than the rice at 13.5 percent moisture. If the moisture
removed in redrying were replaced, value of the rice dried
to 11 percent moisture would be 5 cents per cwt. more.
In the limited tests described, overdrying did not offer
any economic advantages.

Dissemination of Information

In recent years, we have published a number of pa-
pers on improved techniques for drying western rice. Re-
ports of this research also have been presented at various
meetings of rice industry representatives. According to
reports from operators, our findings are being applied in
some form in numerous plants. However, most operators
are not making control tests which we have published, and
which are required to find the most effective operating
conditions for a particular plant. Discussions with opera-
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tors showed that further dissemination of information on
procedures was needed.

The California Warehousemen’s Association became
interested in this subject and enlisted the aid of the Cali-
fornia Agricultural Extension Service in setting up edu-
cational meetings. The Warehousemen’s Association sent
notices of meetings to the large number of drying plants
in their organization. The county farm advisors arranged
four meetings, notified dryer operators in their districts
and presided at meetings. Over 100 representatives of
drying plants, including plant managers and operators, at-
tended these meetings.

At each meeting, personnel of our laboratory discuss-
ed rice drying theory and explained each step of the con-
trol tests. A discussion period at the end of each meeting
provided an opportunity for operators to ask questions.
Several operators indicated that they had not realized the
significance of the control tests.

Many of the questions asked showed that the infor-
mation given in our publications had not been assimilated
fully by plant management and operating personnel.

From this experience, we have concluded that meet-
ings of the type described are needed to supplement pub-
lished results. This is particularly true in cases when re-
search findings are of use mainly to plant personnel.

Infra-red Drying of Long
and Short-grain Rough Rice

Harry W. Schroeder and
C. H. Kingsolver*

The drying rates and milling yields in relation to
infra-red drying of two varieties of long-grain rice (Rex-
oro and Bluebonnet 50) and two varieties of short grain
rice (Calrose and Caloro) were determined and compared.
The effects of initial moisture content and the length of
the irradiation period were studied for each variety. The
experimental treatments were essentially the same for all
four varieties.

All samples were irradiated at a rate of 4,766 BTU
input per hour per square foot of irradiated surface as cal-
culated from the rated input of the heater and the total
irradiated area. A gas-fired ceramic panel infra-red heater
was used as the source of infra-red. All samples were 200
grams (based on the highest moisture level of each va-
riety) and were irradiated in a layer of approximately a
single kernel thickness for periods of 5 to 30 seconds.

Drying rates for all varieties decreased as the initial
moisture content of the rice was decreased and increased
as the irradiation period was increased from 10 to 25 sec-
onds. The drying rates (based on grams of water re-
moved per 10 seconds of irradiation) varied from 0.9
grams for 14.8 percent Calrose to 2.1 grams for 21.6 per-
cent Bluebonnet 50.

The mean yield of head rice did not differ signifi-
cantly from the controls air-dried at room temperature in

*Plant Pathologists, Marketing Research Division, AMS,
USDA, College Station, Texas, and Beltsville, Maryland,
respectively.
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14 of 18 treatments for Rexoro, in 14 of 16 ti
for Bluebonnet 50, in 9 of 15 treatments for Ca
in 8 of 15 treatments for Caloro. A significant
in head yield was obtained only with Caloro roug
18.6 percent moisture irradiated for 5 seconds. In
head yield was reduced by the longer irradiation
with rice of low moisture content.

Differences between varieties were greater
ferences between grain types. The principal ¢
appeared to be due to the rate of absorbtion of he
by the rice. Bluebonnet 50 and Caloro attain
temperatures in a given irradiation period at
moisture levels than Rexoro and Calrose.

Economics and Market
Section
Troy Mullins, Moderator

Some Factors Affectir
Resource Adjustments
the "Old” and "New" |
Areas of Arkansas and
Mississippi Delta

Troy Mullins*

The Farm Economics Research Division, ‘
ing enterprise adjustments on rice farms in the
areas of Arkansas and the input-output requires
rice and other crops in the heavy soils areas of t

The proportion of the cropland occupied by
in the Grand Prairie area has increased from abou
cent before allotments on rice to 50 percent in 18
now account for about 40 percent of the gross.
come for the area. Seventy-five to 80 percent 0
acreage is irrigated during years of appreciable ¢

The period August 1 through September 15
for soybeans. More than half of the variations
can be explained by variations in rainfall during.
ing period, and extended drouths occur during tk
in 6 of each 10 years.

During “dry” years, irrigated fields produced
els compared with 21 bushels for nonirrigated fiel
the 5-year-period (including wet and dry years),
that received irrigation produced an average of 3
per acre, compared with 28 bushels for fields
irrigation.

Based on 1959 prices received for soybear
yield differences obtained for dry years, the &
land and management from irrigated soybeans
$33 per acre. This is above the $6.60 per act
applying 2.3 irrigations. For the same years, noj
fields produced only $16 per acre returns to
management.

*Agricultural Economist, Farm Economics Researc
ARS, USDA, Fayetteville, Arkansas.



The annual returns from irrigation during the 5-yeat-
d averaged about $8 per acre. Compared with non-
ted soybeans, this represents an increase in returns to
and management of a little more than 25 percent.

Although the growing of rice in the Mississippi Delta
ased to 0.2 million acres in 1954 (0.1 million acres
59), the Delta is a comparatively high-cost production
and one for which the annual income varies over a

The amount of labor and tractor time used is about
ercent higher in the Delta than on the Grand Prairie.
ptionally heavy equipment is required, which also con-
tes to high production costs.

The cost of supplying water to rice fields varies a
deal, and depends largely on the source of water.
e-fourths of the rice acreage is irrigated from wells
irect costs averaging slightly less than $11 per acre
overhead costs of about $4 per acre.

n the Delta, water requirements are high because of
s seepage from canals and field levees, and because
e wasteful practices of farmers. Delta rice farmers
iexperienced in levee construction. Some farmers
also that allowing water to move through their fields
neficial in the control of scum and other undesirable
ths in their rice.

n addition to high costs, the risks associated with
lishing good stands, with controlling grass and with
ing the rice through to harvest without lodging are
- factors that are difficult to evaluate. The develop-
: of effective management systems for rotating rice
other crops or uses may correct these difficulties.
ystems now in use are rice 1 to 2 years, then idle or
w for the same number of years; rice 2 years and soy-
for 2 or more years; and rice 1 to 2 years and wa-
wver for a similar period.

sts to Dry and Store Rice
in On- versus Off-farm
Facilities
Job K. Savage*

This is a brief report on a study now in process. Har-
). Traylor, assistant professor, Department of Agri-
al Economics, Louisiana State University, is in charge
ytk on the project in Louisiana and Texas. He also
borated with me in preparing this preliminary report.
The purpose of this study is to analyze costs and other
derations in drying and storing rough rice in on ver-
ff-farm facilities. It was formally initiated in July
‘and is expected to be in progress about 3 years.

is study is being conducted on a joint basis by
r Cooperative Service of the U. S. Department of
ulture and Louisiana State University. The Texas
ultural Experiment Station also is cooperating on this
it together with several other agencies, including the
cultural Research Service, the Agricultural Marketing
ce and the Grading Service of the U. S. Department
griculture.

f, Special Crops Branch, Farmer Cooperative Service,
A, Washington, D.C.

Important factors being examined in this study in-
clude:

1. A measure of the total costs incurred by owners
of various types of facilities now in use to dry and store
rice, including those costs due to variations in rice quality
and value resulting from the drying and storing process.

2. Appraisal of current and future market conditions
which may affect the need for facilities to dry and store
rough rice.

3. Some examination of the problems associated
with sampling and grading rough rice.

Eighty farm units and 24 off-farm units are being
studied. Of these, 50 are in Texas and 54 in Louisiana.
Questionnaires to obtain costs of drying and storing and
related information from the various types of facilities have
been developed and about 90 of them completed on 1959-
60 operations. Most of the information from them had
not been tabulated and analyzed as of June 1960.

The most important observations based on the work
to date are:

1. The difference in loss of value per barrel of rough
rice during drying and storing is not statistically signifi-
cant between farm facilities and commercial facilities.

2. Wide variation in drying and storage results in-
dicate that facility owners (commercial and farm) can de-
crease their loss per barrel.

3. During the past 5 years, the average yearly rise
in mid-monthly prices received by Louisiana farmers has
been 26 cents a barrel, as compared with $1.51 during the
previous 5-year period. This serious drop in prices, along
with the decrease in rice acreage, seems to have discout-
aged farmers in the purchase of farm drying and storage
equipment.

These observations are based on a small sample. When
additional data have been obtained they may be modified.

Factors Affecting the Cost of
Operation of Rice Mills
in the South

Nicholas M. Thuroczy*

As an approach to increasing marketing efficiency for
rice, the U. S. Department of Agriculture has recently con-
ducted a study of operating costs in the rice milling indus-
try. The major objective of this study was to provide a
guide to the individual rice miller to evaluate his operating
efficiency and his own competitive position within the in-
dustry. Rice mills, handling approxmately 75 percent of
the entire Southern rice crop, participated in this study.

Cost accounting data were used in this study. Since
the main function of the rice mill is to convert the rough
rice into a milled form, the unit cost—based on cost ac-
counting data for each mill—was expressed in terms of
the annual volume of rice milled.

The annual volume of rice milled was different among
plants. Some mills restricted their operations to milling
only; others dried or packaged, or performed both opera-
tions in different proportions of their annual rice milled.

*Agricultural Economist, Marketing Economics Research Di-
vision, AMS, USDA, Washington, D.C.
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Most mills indicated some variations in their annual mill-
ing capacity utilized. Differences also were apparent in
management practices. As a result of the wide variety of
services which these mills rendered, unit costs also were
expected to show a considerable variation.

To determine why and to what extent unit costs were
different in various rice mills, the effect of five major
factors on costs were investigated: (1) the annual volume
of rice milled; (2) packaging operations; (3) drying op-
erations; (4) the milling capacity utilized; and (5) man-
agement practices. Storage operations in this study were
considered as part of the standard milling operations and
handling. Parboiling operations were not analyzed.

Because of insufficient data on management practices,
this aspect could not be treated fully in our study. Only
milling and packaging operations could explain the differ-
ences in unit costs among the mills.

The study showed that a mill restricting its operation
to milling only, and handling an annual volume of 1
million hundredweight of rough rice, would be expected
to incur a unit cost of milling, including administrative
and selling expenses, of about 70 cents per 100 pounds of
rough rice milled. Mills operating at smaller annual vol-
ume would be expected to have a higher per unit cost.
On the other hand, mills would be expected to have only
slightly lower unit costs, if they operated at a volume
larger than 1 million hundredweight annually.

On the basis of this finding, it appears that, on the
average, the most efficient milling plants in the industry
are those which operate in excess of 1 million hundred-
weight of rough rice annually. This, of course, is true
for the average mill; it may not be true for all mills in
this volume category. Undoubtedly there are mills in the
industry with a much smaller annual volume which oper-
ate just as efficiently as mills in the large volume category.

Our study established six major cost categories for
milling operations. Approximately 40 percent of the total
cost represents payments to labor and other personnel.

As expected, packaging operations had a strong in-
fluence on total unit cost among mills. Since packaging
(in 5-pound or smaller containers) usually is considered
as a sideline operation to milling, we used a measure of
percentage of the milled rice packaged as a separate factor
in determining the impact of this operation on total unit
cost.

As the percentage of the rice packaged increases, that
is, as packaging operations become more and more im-
portant in relation to milling operations, the total unit
cost also will increase. However, these successive addi-
tions of costs to the total will become smaller and smaller
with equal percentage increase in packaging operations in-
dicating the inherent advantages, up to a point, of a large
scale packaging operation in relation to milling. After
reaching a level of about 35 percent, there will be little
change in additional unit cost when packaging operations
are further increased.

I would like to add a few words on our program of
rescarch. The question often comes up, how does such
a study as this fit in with the Department’s research to in-
crease the efficiency of marketing of agricultural products?
As you know, Congress in 1946 passed the Agricultural
Marketing Act, which among other things, requested the
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U. S. Department of Agriculture to carry on rest
the field of marketing, with the objective of provi
formation on how the spread between the farmer:
consumer could be reduced. There are many com
for which these studies are conducted in the Dep
and these studies are revised continually to brmg
to date. The rice milling industry usually reps
significant, although not the major cost segment,
marketing of rice. A more efficient milling
would mean lower marketmg costs for rice and pos
increase in consumption of rice, at least in certain
the United States. It also may increase expots.
the rice milling industry is basically competitive,
ings are likely to be passed on to the farmer or to
sumer.

Education and Extensi
Section
R. ]. Hodges, Jr.. Moderator

How Farm People Adec
New Ideas
Lewis Hill*

How to reach farm people more quickly an
tively is receiving more attention every year. A g
of research already has been done along these |
more is in progress. In Louisiana, particular
has been placed on finding out how far along fars
are in relation to their adoption of recommended
An attempt is being made to pin-point what pra i
to need most attention. Louisiana extension perst
increasing their use of findings about how farn
adopt new ideas.

The process through which people go, from ¢
of awareness of a new practice to the adoption
practice, has been divided into five stages: aware
terest, evaluation, trial and adoption. Defintels
guishable processes usually take place during es
however, these stages may overlap and may vary ¢
ably in time.

Distinct patterns of sources of informatios

is the finding that the effectiveness of various me
communication differ according to the various
the adoption process. For example, various type
media have been most effective in the awarene:
Contacts with friends or neighbors have been mo;
tive in the trial stage.

Farm people have been classified into diffej
gories according to their rate of adoption (or ne
ion) of practices. They are: inovators, ealy |
early majority, majority and non- adopters e
adopt new ideas first are the “inovators.” Th
which offers the greatest challenge is the “majorit
group make up over 60 percent of the farmers ¢
are the last to adopt new practices.

*Associate Specialist, Department of Agronomy, L
State University, Baton Rouge, Louisiana.



otentials of Long-grain,
ri-season Rice Varieties
]. Hodges and N. S. Evatt*

ce selections that can mature in approximately 100
on will be available to farmers in the southern rice
tesearch indicates that these short-season, long-grain
 have desirable agronomic and processing charac-
as good or better than existing varieties. Such
son varieties offer farmers several advantages:
roduction costs, possibility of other crops, or a sec-
crop being grown on the same field, more effi-
of water and reduced weather hazards.

Texas, an estimated 10,000 to 20,000 acres of the
ly-grown, early-maturing varieties were used for
ropping during 1959. Government acreage restric-
viously favor such a practice and these “100-day”
should be valuable to farmers who contemplate
production.  Increased production from two crops,
1 only one planting, lowers the overall cost of the
duced because of the relatively low production cost
econd crop.

ien these high-quality, long-grain, short-season va-
ith their stubble crop potential are put into pro-
farmers can realize more profit per acre than they
- making from early-maturing, medium-grain va-
Any great increase in medium-grain rice at the ex-
' long-grain rice would not be a healthy situation
southern rice industry because many of our do-
nd foreign markets are based on long-grain rices.

se long-grain, short-season varieties should be pop-
1 rice farmers. However, there will be an acute
expanded educational efforts by the Texas Agri-
Extension Service to acquaint farmers with their

st, Texas Agricultural Extension Service, College

Texas, and Associate Agronomist, Texas Agricul-
periment Station, Rice-Pasture Experiment Station,
Texas, respectively.

agronomic characteristics and necessary changes in man-
agement practices if the full benefits of these newer va-
rieties are to be realized. Practices such as proper seeding
dates, fertilization, irrigation and weed control will be in-
tensified greatly with the advent of the short-season va-
rieties. These varieties mature within 100 days under ideal
conditions.

The need for an educational program to help farmers
realize maximum yields from varieties that differ from
those commonly grown was experienced in 1959 when
farmers began to produce stubble crop rice on a large scale
with early-maturing varieties. Recent research regarding
production of stubble rice is important information that a
farmer must use to get maximum returns from early-ma-
turing varieties. Four years of research, which began in
1956, indicate that yields approaching 40 barrels per acre
are possible from a combined first and second crop of Cen-
tury Patna 231. Gulfrose, which matures 10 to 16 days
earlier than Century Patna 231, produced stubble yields
of 2,000 pounds per acre at the Beaumont Station.

In 1959, the station had a stubble test on one of the
promising “100-day” selections. It was not seeded until
May 1; yet sufficient time was available for a second crop.
Sixty days after the first harvest, 1,900 pounds of rough
rice per acre were produced from these plots which had
received 120 pounds of nitrogen per acre to the stubble.
The total yield of both crops was over 5,700 pounds.

This research indicates that 25 to 50 percent of the
original crop can be produced from a stubble crop using
short-season or early-season varieties, provided additional
nitrogen is applied immediately after harvest. Three-
fourths of the original nitrogen rate should be applied to
the stubble for the most economic returns. In the tests,
the normal combine cutting height, which left a 17 to
18-inch stubble, was satisfactory. Highest yields were ob-
tained when the plots were flushed following the nitrogen
application and kept moist, but not flooded, until new
tillers were 4 to 6 inches in height. The original crop
should be harvested by the middle of August.
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Rich Technical Working Group

Latayette, Louisiana, June 29, 30 and July 1. 1960

Al-Fakhry, Abdullah, (Iraq), trainee, Rice Experiment Station,
Crowley, Louisiana

Anthony, Henry, Alice-Sidney Farms, Lake Village, Ark.

Amrhein, L. N., Uncle Ben’s, Inc.,, Houston, Texas

Atkins, John G., USDA, ARS, Rice-Pasture Experiment Station,
Beaumont, Texas

Baker, John B., Plant Pathology Department, Louisiana State
University, Baton Rouge, Louisiana

Beachell, Henry M., USDA, ARS, Rice-Pasture Experiment Station,
Beaumont, Texas

Bollich, Charles N., USDA, ARS, Rice Experiment Station,
Crowley, Louisiana

Bowling, C. C.,, TAES, Rice-Pasture Experiment Station, Beau-
mont, Texas.

Caffey, H. R., Delta Branch Experiment Station, Stoneville,
Mississippi

Cain, Charles, Agronomy Department, S.L.I., Lafayette, La.

Canavan, Terence J., General Foods Corp., Tarrytown, New York

Cochran, James H., State Plant Board, State College, Miss.

Cowger, J. I, USDA, Plant Pest Control, Gulfport, Miss.

Crane, L. E.,, TAES, Rice-Pasture Experiment Station, Beaumont,
Texas

Dachtler, W. C., USDA, ARS, Washington, D. C.

Davis, Johnny H., LAES, Rice Experiment Station, Crowley, La.

Denison, P. B., Rt. 1, Box 25, Iowa, Louisiana

Denais, Rachael, Principal, Milton High School, Milton, La.

Deobald, H. J., USDA, SURDD, New Orleans 19, Louisiana

Derelle, Lynn, Student, S.L.I., Lafayette, Louisiana

Dockery, Joe R., National Rice Advisory Board, Cleveland, Miss.

Efferson, J. Norman, College of Agriculture, L. S. U., Baton
Rouge, Louisiana

Ellis, L. B., USDA, CSS, Washington, D. C.

Erdman, Lewis W., USDA, ARS, SWCRD, Beltsville, Maryland

Espinosa, Ezequiel, (Panama), graduate student, A&M College
of Texas, College Station, Texas

Evatt, Nathan S., TAES, Rice-Pasture Experiment Station, Beau-
mont, Texas

Faulkner, Macon D., LAES, Rice Experiment Station, Crowley, La.

Fieger, E. A, Blochemxstry Department, L.S.U., Baton Rouge, La.

Finfrock, DWIghl’ C., CAES, Rice Experiment Statlon Biggs, Calif.

Foret, ]ames A., Plant Industry, S.L.I;_ Lafayette, La.

Goodwm BX E,, LAES; Rice Expenment Station, Crowley, La.

Graham, Lewis T Blology Department, S.L.I., Lafayette La.

Hagberg, E. C,, Campbell Soup Company, Camden New Jersey

Halick, John V USDA, ARS, Rice-Pasture Expenment Station,
Beaumont Texas

Hall, Vernon, University of Arkansas, Fayetteville, Ark.

arrell Austin T., LAES, Rice Experlment Station, Crowley, La.

Havard, Darold G TAES Rice-Pasture Experiment Station, Beau-
mont, Texas

Henderson, M. T., Agronomy Department L.S.U., Baton Rouge, La.

Hill, Lewis, Agricultural Extension Service, L.S.U., Baton Rouge,
Louisiana

Hodges, R. J., Texas Agricultural Extension Service, College Sta-
tion, Texas

Hogan, Joseph T., Food Crops Laboratory, USDA, SURDD, New
Orleans, La.

Hudgins, Harry R., TAES, Rice-Pasture Experiment Station, Beau-
mont, Texas

Hutchison, Reed S., USDA, AMS, College Station, Texas

Irwin, M. Isabel, Home Economics Department, University of
Arkansas, Fayetteville, Arkansas

Jennings, Peter R., Rockefeller Foundation, Bogota, Colombia

Jodon, Nelson E., USDA, ARS, Rice Experiment Station, Crowley,
Louisiana

Johnston, T. H., USDA, ARS, Rice Branch Experiment Station,
Stuttgart, Arkansas

Keneaster, K. K., Uncle Ben’s Inc., Houston, Texas

Kester, Ernest B., USDA, WURDD, Albany, California

Kik, M. C., Agricultural Chemistry Department, University of
Arkansas, Fayetteville, Arkansas

Kramer, Harold A., USDA, AMS, Beltsville, Maryland

Lafleur, E. E.,, USDA, ARS, PPC, Chataignier, Louisiana

Lamey, H. Arthur, USDA, ARS, L.S.U., Baton Rouge, Louisiana

Lee, Si Chong, (Korea), trainee, L.S.U., Baton Rouge, La.

Lewis, R. D., Texas Agricultural Experiment Station, College
Station, Texas

Lindberg, G. D., Plant Pathology Departme
Rouge, La.
Lyons, M. D., Mississippi Rice Growers, Clev
McFarlane, Verncn M., USDA, SURDD,
McGuire, Judson U., Jr., USDA, ARS,
Rouge, La.
McMillian, William, USDA, ARS, Ent. Res.
Louisiana
McNeal, Xzin, Agricultural Engineering Dg
of Arkansas, Fayetteville, Arkansas
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Miears, R. J., LAES, Rice Experiment Stati
Milburn, R. E., Milburn Farms, Inc., Rul
Mullins],( Troy, USDA, ARS, University of At
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Nayar, N. M., (India), graduate student, L
Louisiana .v
Nester, Ruel P., A. A. Extension Setvice, Li
Newsom, L. D., Entomology Department, LS.
Ormrod, Dougles P., Agronomy Depa ment,
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Reaves, F. W., TAES, Rice-Pasture Experimen
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Roseman, Arnold S., USDA, SURDD, Nm
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Sheffield, S. S., USDA, ARS, PPC, Ja
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