
Ptic 

k4,0; 31f 33 

A GRANT TO STRENGTHEN THE INSTITUTIONAL
 

RESPONSE CAPABILITIES
 

OF THE UNIVERSITY OF PUERTO RICO
 

IN
 

CROP PROTECTION OF SOYBEANS FOR TROPICAL
 

AND SUBTROPICAL AREAS
 

DAMAGE FROM 	 DAMAE FROM 
 AMAGE FROM
 
WE E DS DI S E ASE [INSECTS
 

POTENTIAL SOYBEAN PRODUCTION 
IN THE TROPICS 

ANNUAL 	 REPORT OF GRANT AID/CM/TA-G 73-50
 
OCTOBER 1, 1977 TO SEPTEMBER 30, 1978
 

SUBMITTED TO 

THE AGENCY FOR I NTERNATIONAL DEVELOPMENT 
DEPARrMENT OF STATE 

WASHINGTON, D.C. 

BY 
DEPARTMENT OF CROP PROTECTION
 

COLLEGE OF AGRICULTURAL SCIENCE
 
UNIVERSI1Y OF PUERTO RICO
 

MAYAGUEZ CAMPUS 

INTERNATIONAL SOYBEAN PROGRAM, INTSOY 



TABLE OF CONTENTS
 

A. 	TITLE PAGE ............................................................... 1
.... 

B. 	NARRATIVE SUMMARY ........................................................ 2
 

C. 	DETAILED REPORT ...o....................... 
.............. ................ 4
 

1. 	General background and description of the problem ................... 4
 
2. 	Purpose of the grant ........................................ ...... 5
 
3. 	Objectives of t)-i grant ............................................. 6
 

D. 	ACCOMPLISHMENTS ......................................................... 
 8 

Output I. 	Expanded knowledge base and
 
research capability .......................................... 9
 

I. 	Seed pathology and.the production of
 
high quality seed ......................................... .... ...... 9
 

a. 	Internally seedborne microorganisms of soybean
 
in Puerto Rico .................................................. 10
 

b. 	The effect of incubation temperature on recovery
 
of internally seedborne fungi and germination of
 
pigeon pea seeds ................................................ 11
 

c. 	Studies on the transfer of techrnoloqy for con­
trolling seed pathological problems of grain
 
legumes in the tropics .......................... ........... o... 12
 

(1) 	The effect of delayed harvest date and
 
fungicide sprays on internally seedborne
 
fungi, seed germination and field emergence
 
of four legumes ....................................... ..... 14
 

d. 	 Effect of genotype on internally seedborne fungi
 
and germination of soybean-selection and breeding
 
for good seed quality characteristics ......................... 21
 

(1) 	Effect of pod inoculation with Phowzpois sp.
 
on seed germination of two soybean cultivars ............... 21
 

(2) 	Continued eva]liatton of seed quality
 
charactiristics in tropically adapted soy­
bean germplasm ................................... ........ 24
 

*. 	Effect of fungicide seed treatment on field
 
emergence of soybean in the tropics .................. . 28
 

f. 	Studios on the use of low level technology for
 
meod storage of grain legumes ;n the tropics .................... 30
 

(1) 	The effect of initial seed moisture content
 
and container type on pigeon pea seed viability
 
in storage ................ o.......................... ... 31
 



2. 	 Weed Science .................................................... 
 00. 36
 

a. Chemical control ................................................. 
36
 

Isabela ............. .............. 
 ........... 	 . 37
 

Lajas 
(3) 	Contro

........... 	 ............................. 

l of Johnson grass with 

... 38
 

Dalapon ..................................................... 	 43
 

control in soybean ................. 
 43 

b. 	 Weed competition studies ................. o......0-..*.. 
 .... **.*. 44 

cultivars ................................................... 44
 
3. Nematology ............................................................ 48
 

a. 	 Survey of nematode species in soybean 
plots at Isabela ..................................... 
48 

b. 	 Screening for ne'Aatode resistance and
 
the effect of chemical control 
 ..... ........................ 
 48 

c. 	Screening for resistance to root-knot
 
nematode in soybean ................... 	 .......................... 
 48 

......... 
 48 

Output II. 
Education and training .......................... 
 ............. 50
 

1. 	Development of the Department of Crop Protection
 

4. 	 ................... 54
 

Output III. Advisory capacity ................. 	 55
 

Output IV. Linkages ..................................................... 
 56 

Output V. Information capacity ......................................... 
57 

(1) 	General herbicide evaluation at
 

(2) 	General herbicide evaluation at
 

(4) 	Evaluation of non-selective
 
herbicides for Johnson grass
 

(1) 	Effect of time and frequency of
 
weeding on yield of 3 soybean
 

4. 	Associated and Coperative research 


at UPR/MC .......
 .......................... 
 500....... 

2.* Graduate studies . .............................. 
 . ... 	 .. . ... .. .... ... . .. . .. ... 5so
3. 1ork-study training program 	 54
.......................................... 


Participation in international training activities 


3. 	 IMPACT C GRANT-SUPPORTED ACTIVITY IN ACHIEVING GRANT PURPOSE ........... 57
 

F. OTHER RESOURCES FOR GRANT RELATED ACTIVITIES ......................... 
 58 

G. 	UTILIZATION OF INSTITUTIONAL RESPONSE CAPABILITIES IN
 
DEVELOPMENT 
 PROGRAMS ............. .... ................................. 
 59 



36
 

36
 

H. PLAN OF WORK AND ANTICIPATED EXPENDITURES FOR YEARS I AND
 
37 II OF THE GRPANT EXTENSION ................................................. 
 59
 

38 I. INVOLVMIENT OF MINORITY PERSONNEL AN WOMEN ............................... 	 72
 

43 TABLES
 

I Distribution of 211(d) grant funds and contributions
 
43 from other sources of funding ......................................... 73
 

44 II 211(d) 	Expenditures report-actual and projected suinary .................. 74
 

III 	 211(d) Expenditures report reporting year detail under
 
institutional grant #AID/ta-G-50 ......................................... 75
 

44
 

48 APPENDIX
 

A. Associated Researcn ..... .............. ............................... 76
 
48
 

1. 	Inheritance of resistance to Soybean Mosaic
 
Virus ............. ........... ............................ .. 77
b 

48 	 2. The effect of seedling vigor on soybean
 
nodulation by Rhiaobium jponioui................................ 77
 

48
 

;8
 

7
 

7
 



Date Due: December 1, 1978
 

Date Submitted: January 1, 1979
 

A. Title Page
 

Grant Title: 	 A Grant to Strengthen the Competence of the
 
University of Puerto Rico in Disease Control and
 
Related Insects and Cultural Practices of Soybeans

and Other Food Legumes tor Tropical and Subtropical
 
Areas
 

Grantees University of Puerto Rico, Mayaguez Campus
 

Grant Program 	Staff: 
 Dr. Raul Abrams, Associate Director of INTSO¥
 
Dr. Mike Ellis, Grant Director and Pathologis

Dr. Guillermo Riveros, Weed Scientist
 
Dr. Pedro Helendez, Pathologist
 
Dr. Nelia Acosta, Nematologist
 
Eileen Rosario, Research Assistant
 
Eduardo Riera, Laboratory Assistant
 
Rafael Ruiz, Laboratory Assistant
 
Rogelio Nieves, Field Assistant
 
Maria Pagan, Secretary
 

AID Sponsoring Technical Office: 
 TA/AGR
 

Statistical Summary:
 

Period of Grant: 
 September 16, 1973 to.Septembe, 16, 1980
 
Amount of Grant: $837,676
 
Expenditures:
 
a) Report Period $121,851.47
 
b) Accumulated $500,000
 
c) Anticipated
 

for Next Year $167,638.50
 

http:167,638.50
http:121,851.47


-2­

5. Narrative sumtary 

The University of Puerto Rico was granted $500,000 (AnD/CN/ta-g-73-50)cover the period of September to16, 1973 to September 16, 1978.of The purposethis grant is to strengthen the existing cometenceresponse and institutionalcapability of the University of Puerto Ricoresearch and to provide training,informational linkages, technical assistance and consultation
on major problems related to limiting diseases and associated insects and
cultural practices of soybeans and other food legumes for theand subtropical tropicalareas. The developed cometencies areincrease significantly tropical soybean production, 
being used to 

with the intent ofimproving the human diet of the low income areas of the world. 

This grant is a collaborative effort with the University of Illinois.The Universities of Illinois ari Puerto Rico complement each other withrespect to developing an overall capability for conducting research and
educational work on soybeans into the tropics.
 

At the beginaing of the present grant, soybeans were of no economic
importance 
 (as far as production is concerned) to the Commonwealth of
Puerto Rico; therefore, Puerto Rico's research and advisory capability
in soybeans was very low. 
Through activities conducted under the present
grant, Puerto Rico has made significant progress towards the development
of a coordinated, interdisciplinary research and advisory program in thearea of tropical crop protection of soybean. 

At present, the University of Puerto Rico's soybean programinvolves active (INTSOY-UPR)research areasin the of plant pathology, weed science,and seed quality problems of soybean in the tropics. With emphasis onthe development of an integrated, coordinated crop protection research
and advisory team. IDTSOY (University of Illinois) has establishedposition for a asoybean breeder who is perw.nently stationed at Puerto Rico.
Through cooperation and consultation with the UIUC breeder,our program is the scope ofexpanded to incorporate genetic variation of tropically
adapted soybeans into the 
overall pest manalemant And control program. 
In July 1977, Dr. Stewart Smith (INTSOY-University of Illinois-Soil
Microbiologist) joined the soybean program at UPR and will be of greatvalue in determining and controlling problems related to nitrogen
fixation and nodulation of soybean under tropical conditions.
 

In March 1978, Mr. James Oard (Assistant Agronomist-UIUC) joined the
soybean program at UPR. Mr. Oard will assist the UIUC plant breederin order to assure continued development of the INTSOY breeding program

at Puerto Rico. 

The development and strengthening of the University of Puerto Rico'sexisting compitence and institutional response capability in the areaof tropical p-oduction and protection of soybean beenhas demonstrated.Together, the University of Puerto Rico and the University of Illinois
constitute the International Soybean Program (INTSOY), which theyestablished in July 1973. 
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The grant has had 	a marked effect on the development of the University of
Puerto Rico's plant sciences program. 
In July 1977, the 	College of
to 	 Agricultural Sciences established the Department of Crop PIotection.
toae 
 This now4eaartment is an attempt to integrate the disciplines of plant

al 
 pathologYk nematology, entomology, weed sciences and pestic.ce usage
g, 	 into a single program. The new department should facilitate the'
 

tion 	 integration of teaching, research and extension in the science of crop
hd 	 protection. The department of crop prctection has a staff of 50
 
scientists at the M.S. or Ph.D. level.
 

Grant staff members have been active in the development of a new curriculum
for both the graduate and undergraduate programs within the new department.

The new curriculum is intended to meet the needs of the department in pro­viding integrated training in akl areas of crop protection. At present,

9purses within the field of crop protection are being offered and

graduate students are enrolled in the program. 
Grant personnel are in­volved in teaching graduate and undergraduate courses in the areas of
plant pathology, weed science and nematology. Grant personnel are also

active in advising graduate student th~sis research at the M.S. level.
 

The University of 	Puerto Rico recognizes it's role in international out­reach and training activities. 
Efforts are being 	made to increase these
types of activities, in order to more fully utilize the results of
research and existing staff competence of the program. Within this
reporting period, the participation of program staff in international

training activities has significantly increased. Program staff have

participated in training and outreach activities in Costa Rica, Brazil,

Peru, Colombia, Panama and Puerto Rico.
 

During the reporting period, UPR has accepted four graduate students

from Peru. 
These students will be concentrating their M.S. thesis

research in the areas of agronomy, soil microbiology and weed science.
In addition one nondegree trainee from Peru waG at UPR for five months
engaged in work-study training in the area of seed pathology. 
It is

anticipated that the experience gained by the previously mentioned
Peruvian students will be extremely valuable in developing a strong

national program for soybean production in Pcru. In addition,

Mr. Oswaldo Zambrano from Ecuador and Mr. EmJlio Salaues from Bolivia

both received their M.S. degrees in plant pathology and agronomy,

respectively, and 	have returned to their countries to resume their
 
research positions in soybean production.
 

The original grant terminated on September 16, 1978. 
 AID has granted
UPR a two year grant extension to cover the period from September 17,

1978 to September 16, 
1980. Through this grant extension, the components
of nematolog,' and entomology,are being incorporated into the overall
grant program. In January 1978, Dr. Nelia Acosta joined the INTSOY-

UPR staff. 
I). Acosta recently finished her Ph.D in nematology at
the UniversAty of 	Illinois. 
Through research and training activities

conducted by Dr. Acosta, the nematology component is incorporated into

the overall tropical crop protection program for soybeans. 

Best Av lable Document 

http:pestic.ce
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At present, UPR is interviewing candidates for an INTSOY-UpA entomologist.
When the entomologist comes on board, the INTSOY-UPR research and advisory
team will include the following disciplines: pathology, seed pathology,
nematology, entomology and weed science.
 

Formal linkages with national and international organizations have been
initiated within this reporting period.
 

C. Detailed Report
 

1. General Background and Description of the Problem
 
Malnutrition, caused by deficiencies in calories, protein and other
nutrients affects an estimated 400 million to 1.5 billion of the
world's poor. 
Hardest hit are children, whose growing bodies demand
2 1/2 time.# more protein, pound per pound, than those of adults.
Nutrition experts estimate that 70 percent of the children in the
low-income countries are affected. 
It is extremeli' difficult for a
human being to work, think or smile when he or she is hungry and in
a state of poor nutrition. 
Now and in the future a great deal of
emphasis needs to be placed on 
the world food situation.
for humanitarian purposes, but to insure future wor.d peace 

Not 
and

only
 

stability.
 

Due to the lack of technology appropriate for their specific environ­mental, cultural and economic conditions, the world food picture does
not present a pleasant outlc.,

populated areas of the tropics. 

for many regions, especially in over-

However, through coordinated,
international efforts in research and development, we can accomplish
a great deal towards alleviating the program.
 

Food legumes such as soybean (glycine nwx),Vutgraria), cowpeas field bean (Phaseclue(VWirja Di eniaj), pigeon pea (Cajawuo caja), andothers will become increasingly important in the tropical and sub­tropical regions of the world. 
All of these legumes provide an
excellent source of Inexpensive yet high quality vegetable protein.
The potential production of meny food legumes in the tropical and
subtropical parts of the world has been clearly demonstrated.
Recent research conducted by the University of Puerto Rico with the
University of Illinois has shown that the tropical production of
loybean is feasible. 
Not only can the crop be grown throughout the
entire year, but yields of 3 to 4 T/la have been reported. 
 Thistonnage of seed is composed of 40 to 44% protein and approximately

20% oil. 

The high yielding potential of many food legumes combined with vast
amounts of potentially arable land which is not presently cultivated,
tends to provide an optimistic outlook in terms of future food pro­duction in the tropics. 
However, when one reviews and observes the
destructive potential of agricultural pests, the outlook is not so
bright. 
The combined natural forces of plant disease (fungi,
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bacteria, virus, mycoplasma, and nematodes), insect pests, and weedspresent a barrier against increased food production which is extremely
difficult to overcome. This applies especially to the less developed
regions of the tropics, where climatic conditions favor the continual 
growth and reproduction of organisms which are harmful to crops.
Unless adequate crop protection measures are developed and applied,
the use of high yielding cultivars combined with the potential to
produce two or three crops a year will not be sufficient to meet the 
food requirements of the tropical countries. 

d 

In the tropical and subtropical regions of the world, where the need
for improvement of the human diet is greatest,-the soybean will becomeincreasingly important as a source of high quality human food. Towards 
this end, AID has awarded a seven-year grant (AID/CM/ta-g-73-50) to theUniversity of Puerto Rico. The grant is being used to strengthen the 
existing competence to provide needed training, research and informationa
linkages, technical assistance and consultation on major problems related 
to limiting diseases, weeds and insect pests of soybean and other food
legumes for the tropical and subtropicil regions of the world. This 
grant, which emphasizes soybean crop protection, is a companion grant
to grant AID/CM/ta-g-73-49 to the University of Illinois at Urbana-
Champaign, which concentrates on soybean breeding. These grants have
been highly effective in deve.oping 'the International Soybean Program, 
INTSOY. 

2. Purpose of the Grant 

The purpoL1 of this grant, as stated in the original document, is to
strengther the existing competence of the Univeisity of Puerto Rico 
to provide needed training, research and informational linkages,
technical assistance and consultation on major problems related to
limiting diseases and associated insects and cultural practices of 
soybeans and other food legumes for tropical and subtropical areas 
of the world. It is a collaborative grant with the University of
Illinois and will utilize the competence, leadership and facilities 
of the University of Puerto Rico and the University of Illinois. 

Following the scheduled 18-month review of the grant program in June 
1975, the statement of purpose was slightly modified. It was recom­
mended by the review team that the University of Puerto Rico concentrate 
it's efforts in the area of crop protection (disease,'insect, nematodeand weed control) of soybean under tropical conditions. At present,
the University of Puerto Rico ia continuing to develop a cooperative­
interdisciplinary research and advisory team in the area of tropical
crop protection of soybean. Research and trainIng efforts are being
focused on the production of high quality seed, and the control and 
management of diseases, weeds and insect pests of soybean. Major
emphasis is on the development and dissemination of technology appli­
cable to the small farmer, with the intention of increasing the quantity
and quality of human food. 

Best AvailaLle Document,
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3. Objectives of the Grant
 

a. 
Grant objectives focus on the development and improvement of the

University of Puerto Rico's institutional response capability in
the area of tropical crop protection and production of soybean.

The grant emphasizes the development of background knowledge

through research and informational linkages in order to provide

training, technical assistance and consultation on major problems

related to crop protection and production of soybean 
.n the
 
tropical regions of the world. 
The four major objectives (out­
puts) of the grant are:
 

(1) Improved education and training capability. Improvement of

the University of Puerto Rico's educational and training

capabilities in order to fully utilize and disr-eminate the 
knowledge and technology which is generated through the
 
research program or obtained through informational linkages.
 

(2) Extended knowledge base and research capability. Development

of mechanisms which make possible effective, interinstitutional,

interdisciplinary research programs in the area of tropical
 
crop protection and production of soybean. 
Emphasis is placed

on the multidisciplinary (teamwork) approach toward solving the

major problems related to soybean crop protection in the tropics.
 

(3) Increased advisory and consulting capability. Development of

mechanisms which facilitate effective interdisciplinary advisory

and consulting capabilities relative to crop protection and
 
production of soybean in the tropics. 
Emphasis is placed on
 
the development of a coordinated, interdisciplinary research
 
and advisory team.
 

(4) Expanded research and informational linkages. Development of a
worldwide network of linkages with institutions and individuals

which are interested in developing soybean as an important crop

for nutrition of human populations in the LDCs of the tropics.
 

b. Review of objectives
 

The development of information and technology relative to tropical 
crop protection of soybean which is applicable to the small farm

level in the LDCs is of prime importantce to this program.

Relatively little is known about diseases, weeds and insects

affecting soybeans in the tropics and methods for their control. 
Rarely are specific economic control measures available to the

farmer. The information base which supports crop protection of
 
soybean in the tropics is entirely inadequate.
 

The development of human resources is 
a critical element toward
building a U.S. institutional response capability. 
The develop­
ment of human resources through graduate education, professional
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training, and development of advisory capacity is also of prime

importance to the University of Puerto Rico's soybean program.

The development of human resources and selected technoiogies

receive the majority of the programs attention and resources.
 

c. Review of critical assumptions
 

The world food situation has not significantly changed since the
 
initiation of this grant. 
The need for high quality protein in
 
order to improve the nutrition and health of the world's poor is
 
still beyond our means. In order for this program to have a
 
significant effect in increasing the world's protein supply

through increased production of soybeans in the tropics, several
 
critical assumptions must be met. These assumptions are as
 
follows:
 

(1) That a two year 211(d) grant extension be awarded to the
 
University of Puerto Rico. The present grant ends on
 
September 30, 1978. The two y0ar extension would finance
 
the program until September 30, 1980. By the year 1980, it
 
is anticipated that continued funding for grant activities
 
will be available through Title XII.
 

(2) That funding will be made available to the University of
 
Illinois in order to maintain an interinstitutional,
 
cooperative program, with emphasis on developing genetic
 
technology of tropically adapted soybean cultivars.
 

(3) That future fu.ding for the University of Puerto Rico
 
and the University of Illinois' International Soybean

Program (INTSOY) be made available through Title XII
 
or some alternative mechanism of funding by the year
 
1980.
 

(4) That AID will provide assistance in the initiation of
 
linkages with tropical LDCs through identifying training

needs of iiistitutions and individuals and in exchange

of information as part of the linkage network.
 

(5) It is assumed that U.S. and national LDS institutions will
 
cooperate with the University of Puerto Rico in the initia­
tion and strengthening of linkages, exchanges and visits by

staff and students, information exchange and other coopera­
tive activities.
 

(6) That increasing numbers of students, both from the U.S. and
 
LDCs will be interested in graduate programs and other
 
educational and training activities at the University of
 
Puerto Rico which are relevant to crop protection of soybeans.
 

Assumptions No. 4, 5 and 6 were sustained in varying degrees during

the report period. AID has supported the program to some extent
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through identifying certain LDCs which do require technical aid
in the area of soybean crop protection and produztion in the
tropics. 
In addition, AID has given direct cooperation and
support in the area of training. Through the office of inter­national training (Mr. Earl B. Terwilliger) the need for specific
training in certain areas has been identified and UPR/MC is
responding to requests in these areas. 
The interest of LDCs in
supporting graduate students in studying various aspects of
soybean crop protection and production at UPR/Y' is good. 
The
interest of LDCs in the tropics and subtropics in developing
national soybean programs is extremely high. 
The need and desire
to produce soybeans as a source of high quality vegetable protein
and oil for human consumption is increasing at a rapid rate;
however, the information base which supports production of soy­bean in the tropics is developing at a much slower rate and, at
present, is entirely inadequate, especially in the areas of crop
protection, seed production, and seed storage. 
It will become
impossible for any program with highly limited financial support
to meet the majority oi the requests for technical aid, training
and consultation in tropical soybean production and protection.
 

Assumption No. 1
was sustained in full by AID. 
AID has granted
the University of Puerto Rico a two year grant extension to cover
the period from September 17, 
1978 to September 16, 1980. The
amount of $337,676 has been provided by AID to maintain program
continuity for the above mentioned two year period.
 
The failure to be able to state categorically that assumptions
No. 2 and 3 have been or will be sustained could have a debilitating
effect on the maintenance and constructive use of the developed
institutional response capabilities of 1oth universities. 
It is
hoped that by the year 1980, a continued source of funding will
be made available to the International Soybean Program (INTSOY)

of UIUC and UFR.
 

D. Accomplishments
 

Since the beginning of the grant, UPR/MC has stressed the development
of a strong research program in the area of tropical crop 
,rotection
of soybean and other grain legumes. Following recommendations made by
AID personnel in the 18-month review, progrL! emphasis has been placed
specifically on soybean. 
 Research on other grain legumes has been
continued in the area of seed pathology and production.
 

The reason for stressing the development of a strong research program
is that in order to demonstrate true institutional response capability
it is essential to demonstrate the ability and expertise to conduct
original research which provides problem solving results. 
Through
conducting original research, staff members provide answers and
recommendations for problems which-previously were noncontrollable.
In addition, staff members gain a true perspective of what the
problems are and their importance to tropical soybean production on
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a first hand basis. 
When an institution has demonstrated the

ability to conduct research and obtain significant problem

solving results, it is then that other countries or institutions
 
(LDCs) will look to that institution for training and consultation
 
in the problem area.
 

The University of Puerto Rico has developed a strong research program

in tropical crop protection of soybean. 
The program emphasizes the
 
interinstitutional, interdisciplinary, cooperative and coordinated
 
approach toward conducting research. 
At present, cooperative research

is being conducted within and between the fields of plant pathology,

seed pathology and production, weed science, plant breeding, soil
 
microbiology and agricultural engineering. The University of Puerto

Rico has developed an interinstitutional, interdisciplinary, cooperative

and coordinated research team in the area of tropical crop protection

of soybean. 
The research team is also an advisory or consultative team.

As requests for aid in consultation or technical training are generated,

team members are available to respond to the requests in several disci­
plines.
 

Whereas the UPR/MC soybean program will always stress the importance of
 
a strong research program, emphasis is being changed tc the development

of outreach activities (training, consultation, and publishing) in order
 
to more fully utilize the results obtained through original research and
 
informational linkages and existing staff competence.
 

Accomplishments for the report period are discussed under five headings:

(1) expanded knowledge base and research capabilityl (2) education and
 
training; 
(3) advisory capacity; (4) linkages and (5) information capacity.
 

Output I. Expanded knowledge base and research capability
 

Most of the work published and research conducted on soybean need

pathology and production, diseases, weed control, 
insect control,

genetics and seed storage is mainly from the temperate zones.
 
Relatively little is known or published in relation to soybean crop

protection and pest management in the tropics. 
 in many instances

basic information is not available. 
Rarely are specific, economically
feasible control measures available to the small farmer. Thus, tileinformation base which supports the production and protection of

soybeans in the tropics is entirely inadequate. On th. basis of this 
rationale, research activitie3 have been initiated with the intention
of developing selected technologies in soybean crop protection and 
production in the tropics. 7)e work presented under this outpututilizes the well developed linkages between UIUC and other colla|jora­
tors. 
 In thi cooperative, interinstitutional, multidisciplinary

research program, moot research activities involve inputo from several
 
scientists in several disciplines.
 

1. 
Seed Pathology and the Production of High ulity Ieed. 

The need is one of the most basic elements to any legume production
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irogram. 
Without seed cjermination and seedling emergence in the
field, there in no soybean production. 
One of the major problems
facing increased soybean production in the tropics is a source of
high quality, disease free seed for planting. Soybean seed quality
problems can be divided into two major problem areas:
production and 
(2) seed storage. (1) seed
Problems encountered in the pro­duction of high quality Heed incJudet seed infection by micro­organisms) damage froen pod and seed feeding insects, unfavorable
growing conditions for the crop which includes attack from disease,
Insects and weeds1 
"nd unfavorable climatic conditions (rain and
high temperatures) a' time of harvest.
mainly due to conditions 
Seed storage problems aijof high temperatureduring storage. and relative humi'lityHigh temperature and relative humniditycOndusive to long are notterm viability of soybean seed.
 

Due to the importance of high quality, diseasecant portion free seed, a signifi­of the UPP/MC research program hasdetermining problems be.,i devoted torelated tc soybean seed productionand methods for their control. in the tropicsPenarchand production includes inputs from 
in the area of seed pathology 

pathologyj the following di'ciplines:plant breeding, weed plantscionce, and agricultoral engineering.It is aJiticipat.d that future research effortsproduction in th,. are., of seedwill include inputb from entomology at wi-11. 
Inenala. Internal aredbo-seedorne microor,!anlbmsj ofm r~qnb. novixian in Puerto Rico 

The INTSOY a 
 hoh( 9 y cu2ture collection 

The noybanneed pathology culture collection was
1975. initiated in
7th ptrpone of thr collection Iu to develop ani
a semi-permnent coliection m,%intain
of funlalwhich have Imen found if)a1oc la 

and hIcterial vicroorganiums
lon with noybcanconditions. un ter tropical
Zpocimens 
 are maintalned onculture tuban. potato d(extio ,iagar inAll cultures arc covcrt, wIth uterile mineral oilto insure uuccounful 
lontj 
term btorage. 
 InI additiou, allturen Arc tranufarred cul­to I-w culture tubes aboutDuplicatca ery bix moIths.of any culture III the collr':tlol alt availall
soybean reacarcthern e to

around tho world uIlx rer:ue st. 
The collection will b¢- mantaitcd ad l w'reanedAt present in the fUt¢ule.the collaction conni1t of the tollowlnq fungii 
Fusarisi- o0'nu .¢ t:,n* 1 10,:,,ru- up. . :' ,'rtotn10g 0p.,I .,. Cri)w­,,,tUZ o :;,,.1 , ., Artl:*:n:',,, n,np. lie
1p. ,'urvausz.a 
Aoaw lor, 

p,* I'h,- III. 'JpJp,,r,i .1, 1' "I. re~oil 131. 1 ,, ,ti'rofoi Nujnriponi, uap.1u r, {: a l',o~,J71YO6:ot 
Oln 

ic;tov;'hiwpulin 1. I ,:, :-"Hzff,. :';a i.,K::.\l1ro ,,160 1,. 1 rpflatUntf ollc,r, Olum 
tr ;a' 1' l,,rvlL Ilia,', 
 . ,,, ,rZ4 )n.,,j,:' , A,". Z 

PravootanA:, Col'dwloaporium,potift.-., ao?, h1tor.....tsp .), 0t11op.# and lbtpuwlar(a ap. 
10M 



- 11 -

The collection also contains cultures of the following bacteria:

BaoiZ8 aubtilia and Xanthonvnas phaaeoZi var. 8ojensis. 

b. 	 he effect of incubation temperature on recovery of internally
seedborne fungi and germination of pigeon pea seeds. 

one of the major factors limiting the increased production of
 
pigeon pea (Cajanu8 cajan) in Puerto Rico is low seed germination
 
and emergence in the field. The field emergence of several
 
commercial plantings in 1976 ranged from 28 to 45%.
 

In oreer to better understand the relationship between internally

seedtorne microorganisms and reduced seed germination and field
 
emergence of pigeon pea, the effect of four incubation temperatures
 
on the ixcidence of internally seedborne fungi and seed germination

in vitro was studied. The experiment was conducted as follows:
 

Pigeon pea seeds of the cultivars "2B-Bushy", "Line 69-68". and "Kaki"
lics 	 were produced at the Isabela substation of the Puerto Rico Agricultural

0 y 	 Experiment Station in the 1976-77 growtng season. 
One 	poor quality

at 
 (high percentage of seeds infected by fungi and low percentage germination]
 
ng. seed lot of each cultivar was used in this study. All seeds used for
 

in vitro studies were surface disinfested by soaking in a 0.25% solution
 
of sodium hypochlorite for 2.5 min, then in a 70% solution of ethanol
 
for 2 min, and finally rinced in sterile distilled water.
 

Three replications of 100 surface-d±_qinfested seeds per cultivar were
 
plated (four seeds per culture dish) on PDA and incubated at 20, 25,

30% and 35*C. In vitro germination and percent incidence of fungi
 
were recorded for each cultivar am! incubation temperature after
 
seven days. The exreriment w,,i conducted twice using a completely
 
randomized design. 
Analysis of variance was performed on all data
 
and means were compared using Duncen's Multiple Range Test (P-.05).
 

Results of the study were as follows:
 

The 	following fungi were isolated from the seeds used in this study;

A. tenuioaim, Cladooporium sp.j F. oornitectum; L. thcobronu 
and
 
Phomopois op. The maxium incidence of total funqi from seeds of all
 
three cultivars was obtained at 25"C (table 1). 
 There was little
 
difference between the percent in.cidence of total fungi or fungi by
 
genera between 20 and 250C. At 300C, the incidence of fungi in
 
general was significantly lower than at 250C. 
At 350C, the recovery

of total fungi and fungi by genera for all cultivarn was significantly

less than at ary other temperature.
 

In vitro germination for all cultivars was loweut at 20 and 25*C
 
(table 1). Germination significantly increased for all cultivars
 
with an increase in incubation temperature from 25 to 300C. The
 
hIgheaL percent germination for all cultivars wan obtained at 351C.
 
For 	"Line 69-68" and "Kaki", the percent in vitro germination doubled
 
with an increase In incubation temperature from 25 to 35*C.
 

te 	 rIbt D o . 
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Tle I . The avrge per--ent incid ence of total internally seedborne fungi,and aced gem ination in vitro for three 
incidence of fungi by generacultivars of pigeon pea incubated at 20, 25, 30 and 35-C. 

Percent fungri b 
 eea
 
incbetion 
 Total 

temperature "C 
 fungi Alt. Germination
Clad. 
 Fus. 
 Lasio. Phom. 
 in vitro
 

2b-Bushy
 

20 
 65.0 
?/ 11.0 a 6.3 a 13.7 a 
 23.3 a
w 10.7 b 65.3 c

25 
 69.3 a 
 11.3 a 
 4.3 b 
 15.0 a 
 25.7 a 
 13.0 a 
 64.7 c
 
30 4 1
 

4.3 b
.3 c 2 .0 c 9.7 b 20.7 b 4
 .6 c 
 76.0 b
 
35 
 15.0 d 
 0.0 c 
 0.0 d 1
2.0 c 
 3.0 c 
 0.7 d
s Line 69-66 91.7 a
 

20 80.7 b 6.7 akb 1.0Ob 4.3 a 24.7 b 44.0Oab 30.3 d 

Kki 

85.3 b
20 9 .7a 4.0 a 9.7:a 24.7 b 37.3 b 
 36.0Od
 

25 9 8.3 a 10.3 a 
 3.3 a 10.0 a 30.0 a 4
*30 6 5 .75c 
4.7 a 4 0.0 c


4.b 
 0.0 b 
 6.7 b 2
31.3 a 
 3.7c 
 68.0 b
 
rq, 35 
 20.7 d 0.0 c 0.7 c 0.7 c 6.3 c 
 13.7 d 80.0 a
 

yAlt. -AttIU2zara taeinisi, clad. - CZa~doepOrmr~lLaaiodipZia t eobmme Pus. - -Pusawiwn aemiteotwn, Lazio.-
MMeanm within a coloni 

and ehorn. - Phomp ti sp.followed by the sme letter are not significantly different0.05 level using Duncan's Multiple 
at the 

Rane for significance. 
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When in vitro germination was correlated with the incidence of
total fungi, A. tenuiesim, Ctadoeporium op., F. aemnitectum;
L. theobromue and Phoripaiesp. the following significant
correlation coefficients (0.01 level) were found for cultivar"2B-Bushy", "Lne 69-68", and "Kaki", respectively: -.989,
-.955, -.885, -.978, -.954 and -.943; 
-.928, -.918, -.516,
-.818, -.851 and -.933; and -.911, 
-.955, -.926, -.906, -.604
 
and -. 937. 

'1JInternally seedborne fungi were associated with reduced
germination of pigeon pea seed.
4 	
As the percent incidence


A of seedborne fungi increased, the percent germination invitro decreased for all cultivars tested. All fungalspecies recovered 	from seeds were negatively correlated
 
with in vitro germination.
 

Incubation temperature had a mar]:ed effect on recovery of

Z 	 fungi from seeds and seed germination in vitro. By changing

incubation temperature from 25 to35°C, the apparent health 
%4 	 of all seed lots tested was significantly improved as expressed
ii 
9 

by in vitro germination. hen seed lots incubated for seven* days at 250C were 	 observed, a high percentage of seeds hadgerminated (apparently dead) 	 notand were covered by fungal mycelium.0 	 With incubation at 350C, the same seed lot had 	a significantly 
lower percentage incidence of seeds showing fungal growth and
significantly higher in vitro germination. 
The germination

potential (the actual number of viable seeds of each seed lot)was more accurately recorded at 35°C than at 250C and the number
 
of seeds infected 	by fungi was more accurately recorded at 259C

than at 350C.
 

.
 Studies on the transfer of Technology for controlling seed
 
patholo2ical problems of grain legumes in the tropics. 
Increased emphasis on the production of grain legumes in the
tropics has led to increased seed pathology related problems.In order to understand and overcome these problems, additional

0-i 	 re iarch in the area of seed science will be required. At present, 
the number of scientists actively conducting research in seedIpathology
is inadequate, especially in developing countries.

Those scientists which are actively involved 	 in seed pathology
research are usually confined to one crop or crop type.
a 	 In view
of the importance 	of tropical seed pathology and technology and
the shortage of seed scientists, the complete utilization of
research findings 	is essential.
 

Research conducted on soybean (Glycine max (L.) Herr.), dry bean(PhaseoZP vuZgaris L.) 
and pigeon pea (Cajanua cajan L.) has shownmany similarities in seed pathblogical problems and methods .or their
 
control. 
This suggests that many research findings on specific cropsmay be directly or indirectly transferred to other crops. 

J est ATW lble Document 
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in 1976, research was initiated'to determine similarities in 
eod pathological problems of soybean, cowpea, dry bean and 

pigeon pea produced under tropical conditions. Experiments 
have beep conducted at the University of Puerto Rico, Mayaguez, 
to text the feasibility of transferring seed technology between
 
these four leguminous crops.
 

(1) The effect of delayed harvest date and fungicide sprays on 
internally seedborne fungi, seed germination and field 
emergence of four legumes 

The transfer experiment was conducted au follows:
 

Field plots of pigeon pea, dry bean, soybean and cowpea were
 
planted at the same location at the Isabela substation on 
October 15, 1976. Individual plots consisted of 4-6 m rows
 
on 61-cm centers for each crop. Plots of each crop were
 
treated after pod set by spraying four times at one week
 
intervals with either ben~myl (Benlate 50 WP, E. I. du Pont 
de Nemours and Co., Wilmington, Delaware) (1.14 kg a.i./ha), 
maneb (manganese ethylenebisdithiocarbamate, Manzate 80 WP, 
E. I. du Pont de Nemou-s and Co.) (1.82 kg a.i./ha), maneb 
" benomyl (0.91 + 0.57 kg a.i./ha, respectively) or maneb 
+ benomyl (1.82 + 1.14 kg a.i./ha, respectively). Sprays 
were applied with a hand sprayer. Nontreated plots served 
as controls. Each treatment was replicated four times in 
a completely randomized block design for each crop. 

For all crops, seeds from one row of each sprayed and non­
sprayed plot were harvested at maturity (first harvest).
 
One of the remaining three rows per plot was harvested at
 
1, 2 and 3 weeks after maturity (delayed harvests). All
 
seeds were dried to 12-13% moisture and stored at 10°C until
 
assayed in the laboratory or planted in the field.
 

The experiment was planted a second time at the Isabela sub­
station on July 11, 1977. Mixtures of benomyl + maneb were 
not included among the treatments in the second year of the 
experiment. All other procedures were as previously described. 

For all crops, one-hundred seeds from each replication per 
treatment and harvest date for both plantings were bioassayed 
for incidence of internally seedborne fungi and percentage
germination in-vitro. All seeds were surface-disinfested by 
soaking in a 0.25 percent sodium hypochlorite solution for 
2.5 minutes, followed by 70 percent ethanol for 2 minutes,
 
and finally rinsed in sterile distilled water. Seeds were
 
then plated on Gibco potato dextrose agar (PDA) in culture
 
dishes. The percentage of germination and incidence of
 
fungi were recorded after 7 days at 250C. A seed was con­
sidered germinated when the radicle was 1.5 times the lcngth 
of the cotyledons. 
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An additional 100 seeds from each replication per treatment
 
and harvest date for both dates of planting were planted in
 
the field at the Isabela substation. Seeds were planted in
 
3 m rows on 61-cm centers in a completely randomized block
 
design. Pnergence in the field was recorded after 20 days.

Analysis of variance was conducted on all data.
 

Results from the study are as follows:
 

Internally seedborne fumgi
 

The following genera of fungi were recovered from seeds of
 
all four crops: Alterwnria tenuissima; Fsariumsemitectum;LasiodipZodia theobroriae; and Phortpsis sp. The internally
seedborne fungi were almost identical for all four crops. 

The percentage teed infection by these fungi significantly

increased with time in the field past maturity for all crops

tested (tables 2, 3, 4, 5). Foliar applications of benomyl

significantly reduced the increased seed infection by all
 
fungi (except A. tenuissia) which accompanied delayed

harvest in all crops tested. Maneb alone appeared to have
 
no or very little effect on controlling seed infection by
 
fungi in the field for all crops.
 

Germination and field emergence
 

At maturity, all treatments for all cropr had good seed
 
quality (over 85% germination). The percentage seed
 
germination and field emergence for all treatments and
 
crops was significantly reduced with a delay in harvest
 
date past maturity (tables 2, 3, 4, 5). The trends in
 
reduced seed germination and field emergence were almost
 
identical for each crop tested. 
Seeds from plants treated
 
with benomyl maintained a higher germination percentage

than seeds from plants treated with maneb and the non­
treated control. For all crops, there were little or no
 
differences in seed germination and field emergencu between
 
seeds from plants sprayed with maneb and the nontreated
 
control.
 

The results of this study demonstrate the many similarities
 
in seed pathological problems of grain legumes in the tropics.

Not only was the internally seedborne fungal microflora of
 
each crop almost identical, but the methods tested for
 
controlling them gave almost identical results for each
 
crop. The concept of transfer of technology in the seed
 
production of grain legumes appears to have promise.

This study has demonstrated two methods for controlling

seed infection by fungi which are directly transferable
 
between all legumes tested. Harvesting seed production

fields immediately at maturity is extremely important in
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the production of high quality seeds. This probably 
applies to all of the food legumes. The importance of 
timely harvest is one example of knowledge which we now 
have that could be directly applied to all seed crops in
 
the tropics.
 

At times it is impossible to harvest at maturity. Wet 
%peather at the time of harvest has resulted in four to 
six week delays in harvest of soybeans in Illinois and
 
Indiana. Under situations such as these, the use of
 
foliar fungicides may be beneficial in maintaining higher 
seed quality until the harvest can be made. The results 
of this study suggest that the use of fungicides is another 
bit of technology which could be directly transferred between 
grain legumes in the tropics. The appl 4 -ation of fungicides 
is often limited by economics; however, in problem situations
 
and if applied only to seed production fields, their use may 
be economically feasible on ,anumJer of different crops.
 

In order to fully utilize the results of tropical seed
 
pathology research, the concept of transfer of technology 
should be studied further.
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Table 2. 	 Mean percentage germination in culture plates (Germ.), field emergence (Emerg.) and total percentage of seeds with internally
seedborne (Fungi; of soybean from plants sprayed with maneb or 
benomyl alone and in combination during 1976 and harvested at

four weekly intervals beginning at maturity. 

Treatment and 
Rate in kg a.i/haa/ 

Harvest after 
maturity 

(in weeks) Germ. 
Mean percentage!?/ 

Emerg. Fungi 

Maneb (1.82) 0 99.0 87.7 9.0 
1 90.0 82.2 16.7 
2 78.0 67.5 36.7 
3 49.0 37.0 91.3 

Benomyl (1.14) 0 99.0 95.5 2.0 
1 97.0 93.0 4.2 
2 95.5 91.7 21.7 
3 78.5 78.0 53.7 

Maneb (0.91) 
+ 

Benomyl (0.57) 

0 
1 
2 

99.5 
98.5 
94.0 

96.2 
92.5 
89.0 

2.0 
4.2 

20.5 
3 81.0 80.0 58.5 

Maneb (1.82) 
+ 

Benomyl (1.14) 

0 
1 
2 

98.5 
97.0 
95.5 

96.7 
93.5 
92.0 

1.5 
4.0 

22.0 
3 82.5 80.2 56.8 

Nontreated 0 98.5 89.0 9.5 
1 88.5 84.0 15.0 
2 77.0 69.2 34.5 
3 51.0 33.2 89.0 

LSD (.05) - Between harvests within 
treatments ­ 2.57 5.13 2.76 

- Between treatments within 
harvests - 2.53 5.16 2.95 

/ Benomyl - methyl 1 (butylcarbamoyl-2-benzimidazolecarbamate 
as
 
Benlate 50 WP; maneb ­ manganese 	ethylenebisdithiocarbamate as
 
manzate 80 WP; a.i. 
- active ingredient. 

b/ Based on four replications of 100 seeds from each treatment and
 
harvest date.
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Table 3. Mean percentage germination in culture plates (Germ.), field
 
emergence (Emerg.) and total percentage of seeds with internally

seedborne (Fungi) of pigeon pea from plants sprayed with maneb or

benomyl alone and in combination during 1976 and harvested at
 
four weekly intervals beginning at maturity.
 

Harvest after
 
Treatment and 
 maturity

Rate in kg a.i/haa/ (in weeks) Germ. Emerg. 
 Fungi
 

Maneb (1.82) 
 0 	 88.7 
 75.7 29.7
 
1 	 77.5 67.0 58.5
 
2 	 60.8 
 57.3 76.2
 
3 	 54.8 51.0 91.5
 

Benomyl (1.14) 
 0 	 91.7 85.5 21.0
 
1 	 88.0 87.0 33.5
 
2 	 83.2 83.7 
 52.5
 
3 	 73.7 70.0 75.5
 

Maneb (0.91) 
 0 	 93.2 89.0 
 19.8
+ 1 	 87.7 
 87.7 34.3
 
Benomyl (0.57) 
 2 	 83.0 84.5 
 52.0
 

3 	 71.3 72.3 75.0
 

Maneb (1.82) 
 0 	 92.7 
 88.3 19.8
+ 1 	 86.7 87.7 34.0
 
Benohyl (1.14) 
 2 	 82.3 84.2 54.0
 

3 	 73.7 74.5 74.8
 

Nontreated 
 0 	 87.8 73.5 30.8
 
1 	 77.7 
 65.5 61.5
 
2 	 59.5 55.8 75.3 
3 	 52.3 48.5 91.5 

LSD (.051 - Between harrvsts within
 
treatments ­ 2.86 2.41 
 3.99
 

- Between treatments within
 
harvests ­ 2.96 3.65 
 3.81
 

BDenomyl - methyl 1 (butylcarbamoyl-2-benzimidazolecarbamate as 
Benlate 50 WP; maneb ­ manganese ethylenebisdithocarbamate as
 
manzate 80 WP; a.i. 
-	active ingredient.
 

_/ 	Based on four replications of 100 seeds from each treatment and
 
harvest date.
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rnally Table 4. Mean percentage germination in culture plates (Germ.), field- eblor emergence (Emerg.) and total percentage of seeds with internally
 

rmneb o seedborne (Fungi)*at of dry bean from plants sprayed with maneb orbenomyl alone and in combination during 1976 and harvested at
 

four weekly intervals beginning at maturity.
 

Harvest after 
Treatment and maturity Mean percentageb/
Rate in kg a.i/haa / (in weeks) Germ. Emerg_. Fungi 

29.7 Maneb (1.82) 0 89.7. 90.0 21.058.5 1 73.5 70.0 39.5

76.2 
 2 64.0 59.2 60.7

91.5 
 3 d..7 43.5 87.2
 

21.0 Benomyl (1.14) 0 98.2 93.0 10.2
 
33.5 
 1 95.7 95.0 28.2

52.5 
 2 88.2 89.0 54.7

75.5 
 3 73.5 72.0 84.2
 

19.8 Maneb (0.91) 
 0 98.7 97.0 5.7
 
14.3 + 
 1 96.2 95.2 23.5
 
;2.0 Benomyl (0.57) 2 
 91.5 87.7 57.7
 
15.0 
 3 74.0 72.0 83.0
 

9.8 Maneb (1.82) 0 99.5 96.5 4.5
 
4.0 + 
 1 98.0 95.5 22.2
4.0 Benomyl (1.14) 
 2 94.5 89.7 60.5 
4.8 
 3 79.0 74.0 83.2
 

.8 Nontreated 0 85.7 
 84.7 23.0

1.5 
 1 69.0 68.2 43.7
 
i.3 
 2 58.5 57.7 63.3
1.5 
 3 43.5 40.0 94.9
 

LSD (.05) - Between harvests within 
1 99 treatments - 2.92 3.26 4.49 

- Between treatments within 
.8 
 harvests ­ 2.71 3.63 4.22
 

a_/Benomyl - methyl 1 (butylcarbaoyl-2-benzimdazolecarbamate 
as 
Benlate 50 WP; maneb - manganese ethylenebisdithiocarbamate as 
manzate 80 WP; a.i. - active ingredient. 

b/ Based on four replications of 100 seeds from each treatment and
 
harvest date.
 

Best Available Document
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Table 5. 	 Mean percentage germination in culture plates (Germ.), field 
emergence (Emerg.) and total percentage of seeds with internally 
seedborne 	(Fungi) of cowpea from plants sprayed with maneb or
 
benomyl alone and in combination during 1976 and harvested at 
four weekly intervals beginning at maturity. 

Harvest after 
Treatment and a maturity 
Rate in kg a.i/haA/ (in weeks) Germ. Emerg. Fungi 

Maneb (1.82) 	 0 95.2 97.2 14.5 
1 	 85.0 85.0 34.5 
2 	 77.7 78.7 62.5
 
3 	 67.0 70.0 96.0 

Benomyl (1.14) 	 0 99.5 96.7 5.2
 
1 	 97.0 95.7 14.2
 
2 	 94.0 91.7 40.2
 
3 	 90.0 85.0 79.0
 

Maneb (0.91) 	 0 99.5 99.0 4.0
 
+ 1 99.0 96.0 12.2
 

Benomyl (0.57) 2 95.0 93.0 38.7
 
3 	 88.0 84.5 78.5
 

Maneb (1.82) 	 0 100.0 98.5 3.5
 
+ 1 98.2 94.2 11.7 

Benomyl (1.14) 2 93.0 92.5 39.2 
3 	 90.0 85.7 79.0
 

Nontreated 	 0 95.5 93.5 13.5
 
1 	 83.0 82.7 33.2
 
2 	 76.5 76.0 62.0
 
3 	 67.7 66.7 97.0
 

LSD (.05) - Between harvests within 
treatments - 2.06 3.07 2.16 

- Between treatments within 
harvests -	 2.21 3.40 2.43 

_/ Benomyl - methyl 1 (butylcarbamoyl-2-benzimidazolecarbamate as 
enlate 50 WP; maneb - manganese ethylenebisdithiocarbamate as 
manzate 80 WP; a.i. - active ingredient. 

b/ Based on four replications of 100 seeds from each treatment and
 
harvest date. 
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ield 
ternall d. Effect of genotype on internally seedborne fungi and germination of
tb or 	 sobean ­ selection and breeding for good seed quality characteristics.
 

d at The 	most direct method of eliminating seed production problems at the
 

small farm level in tropical LDCs is to develop tropically adapted
 
soybean cultivars which have inherent good seed quality characteristics.
 
Resistance to seed infection by fungi in adapted cultivars would greatly

increase the chances of a small farmer to produce high quality seed,
 
even under adverse growing conditions.
 

Fung 
 Research was initiated in 1975 to improve seed quality characteristics
 

14.5 of tropically adapted soybean cultivars through interdisciplinary
 
345 research in plant breeding and plant pathology. The research has
 
62.5 	 been focused on the detection of genetic differences in the incidence
96.5 	 of soybean seed infection by fungi in the field. In addition, the
detection and selection of cultivars which maintain a high percentage
 

5.2 	 seed germination under adverse growing conditions (delayed harvest)
5.2 	 has also been a major.objective of the project.

14.2
 

40.2 	 The results of an initial screening for seed quality in 1975 and
 
79.0 	 results of the seed quality evaluation ."onducted on 24 lines selected
 

from the original screening have been reported in previous annual
4.0 	 reports. The results obtained to date indicate that there is con­
12.2 	 siderable genetic variation for seed quality characteristics under
 
38.7 	 tropical conditions, and that progress in improving or incorporating

78.5 	 these characteristics into high yielding cultivars may be possible.
 

In order tc study the 	inheritance of good seed quality characteristics,

3.5 	 crosses have been made using superior seed quality lines "PI 219.653",
11.7 	 "PI 204.331", and "PI 205.908" in combination with "Hardee Late Selection"
 

39.2 	 and "Jupiter". The results of these inheritance studies will be reported

79.0 at a 	later date.
 

13.5 (1) 	Effect of pod inoculation with Phonvpsis sp. on seed germination

33.2 	 of two soybean cultivars.
 
62.0
 
97.0 	 Based on the results of the seed quality evaluation trial, which
 

was conducted in 1976, aad 1977, the cultivars "PI 205.912" and
 
"Hardee" were selected for use in this study. "PI 205.912" has
2.16 	 shown good seed quality characteristics (high viability and low
 
incidence 3f fungi) under delayed harvest conditions. "Hardee"
2.43 	 has shown poor seed quality characteristics (low viability and
 
high incidence of fungi) under identical conditions. Both
 
cultivar3 reached maturity at the same time '(109 days). 
 At­
tached pods of both cultivars were inoculated in the green­
house at four different stages of development with isolates
 
of Phomopsis sp. recovered from infected soybean seeds. Pods
 
were inoculated by immersion in a suspension of mycelium and
 
spores of Phopopeis sp. Noninoculated pods served as controls.
 
All pods were harvested at one week after maturity and their
 
seeds assayed for incidence of Phomopsis and germination in­
vitro. 
The object ,e of the study was to detect varietal
 
differences in the rate and/or effect of seed infection by
 
Phomvpsis sp. 

Best Available 
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Results of the study were as follows:
 

Phor pai. was not recovered from seeds of noninnoculated pods 

of either cultivar. The mean percentage seed infection and 

germination in-vitro of seeds from inoculated pods of "PI 205.912" 

was 61 and 71%, respectively, and 67 and 11%, respectively, for
 

Hardee (Table 6). The percentage seed germination in-vitro 

of seeds from noninoculated pods of "PI 205.912" and "Hardee",
 

There was no significant
respectively, was 88 and 79%. 


difference in the incidence of Phonvpe in seeds from 

inoculated pods of both cultivarsi however, seeds of
 

"PI 205.912" which were infected by Phomrpoie bad a sig­

nificantly higher in-vitro germination percentage than in-


This data suggests that "PI 205.912"ofected seeds of Hardee. 
may posses some form of tolerance against seed or seedling 

death incited by Phmopisosop. The results of this study 

are very encouraging in that they indicate that varietal
 

differences in the effect of seed infection by Phomopsis
 
used in order to conductdo exist. Program funding will be 


future research directed toward further study of seed quality
 

differences and the incorporation of good seed quality char­

acteristics into high yielding, tropically adapted cultivars.
 



Table 6. Percentage of seeds infected by Phoompas sp. and percentage germination in-vitro (PDA) ofsoybean seeds fro pods of two cultivars inoculated with Phonvpei8 sp. at four stages of
maturity in the greenhouse. 

Green-seeds Green-seeds 
not expanded fully expanded Yellowing Mature
PI/ H PI H PI H P1 H 

p. Inoculated 861/ 94 79 83 
 46 48 33 44
 

Noninoculated 0 0 0 0 0 0 0 0 

Germination 
Inoculated 80 16 83 20 70 6 so 4 

Noninoculated 85 82 84 79 92 78 89 76 

1/ PI - PI-205.912 

H - Hardee 

2/ Based upon the seeds obtained fro 30 pods. 
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(2) 	Continued evaluation of seed quality characteristics in
 
tropically adapted soybean germplasm.
 

The preliminary screening of groups XIII, IX and X for good
 
seed quality charavteristics has been previously reported.
 
Several cultiv.trn in the preliminary screening looked promisingi
 
however, only 24 were selected for additional testing in a
 
replicated field trial (the results of which have also been
 
previously reported). In order not to overlook other promising
 
lines, 84 additional cultivars from groups VIII, IX and X which
 
look promising in the preliminary screening were selected for
 
this study,
 

Six motor rows of each cultivar were planted at the Isabela 
substation in July 1977. The planting was randomized and 
there were two replications for each cultivar. At maturity, 
one half of each row was harvested. The remaining half row 
was harvested after three weeks (delayed harvest). Fifty
 
seedc from each replication per cultivar and harvest date were
 
assayed in the laboratory for incidence of inteinally seed­
borne fungi. One hundred seeds from each replication per
 
cultivar and harvest date were tested for germination per­
centage in 4 seed germinator at 30'C.
 

Results of the screening were as follows:
 

A great deal of variation was observed in seed quality
 
characteristics for the 84 cultivarn tested (table 7).
 
Most 	 cultivars had good seed quality (high p.rcentage 
germination) when harvested at maturity. This agrees 
with previous reports and emphasizes the impcortanc, of 
timely harvest in the production of high quality soybean 
seed. Under adverse conditions of delayed harvest, many 
cultivars r4pidly lost seed viability. The cultivars 
"Hardee" and "Jupiter" wore included in the trial as 
controls. The percentage germination of fardee" and 
"Jupiter" after a three week delay in ha -ut date was 
6 and 26%, reopectvoly. "Ily of the selected Itivars 
maintained a porcitage : germination of over 00% under 
identical conditions. It iould be noted that conditions 
at the time of harvest were not condusive to production 
of high quality ueed. Rainfall wan recorded almost every 
other day under delayed 1,arvest conditions. The fact that 
several cultivarO still maintained good weed quality (over
80% germination) under these adverne conditions is extremely 
encouraging.
 

It i A.opod that t1 ,p>A "Cod quality -ultivarn which have 
ben identified In the ncreeninj trials at IJPl will Ie 
examined more clonaly In nAtI,4 1 breedlng lpro(grasj of the 
1=C4. If U001 characteriativa (.-an be incor­cjXl equAlity 
porated into locally adapted cultivars, a great deal car, be 
ccOMpliehed toward allevIatlnj problems auociated with the 

production of high quality soybean se*ed under tropical 
condI t Ione. 
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Table 7: 
 Soybean Seed Quality Evaluation - 1977
 

First Harvest 2 / 
Second Harvestl /

Garr. 3 / Gerz.. 4 / Total Germ. Germ. Total,Etry S. G. PDA F Phow. S. G. PDA __gi Phom. 
1. 85.897 65 77 
 29 11 43 
 39 70
2. 159.922 60
80 74 78 
 54 38 34
3. 159.925 86 88 60
84 20 
 9 13
4. 175.177 88 90 

10 71 33
18 4 17 11 69 28
5. 181.696 
 93 92 3 
 1 S8 a5 57
6. 18,.697 94 47
90 4 
 1 91 84
7. 191.698 91 90 65 52
7 1 52 50 57
8. 183.900 89 93 33

5 1 
 79 77
9. 203.3%8 50 23
91 93 3 
 2 74 39
10. 203.100 78 70 35
84 i5 
 8 39 45 
 67
11. 204.337 89 93 24

2 
 2 77 78 42 
 22
12. 204.339 
 94 92 2
13. 204.340 90 89 19 

0 31 32 83 64
9 78 72
14. 205.909 91 89 56 24
14 
 3 73 75 19
15. 205.991 94 1091 5 1 85 8416. 205.913 94 93 20 5 
61 15 

92 87
17. 205.914 93 93 58 21
7 1 
 89 84 
 69
18. 208.434 24
92 88 12 4 27 30
19. 209.340 81 86 43 
81 45
 

36 55 
 53 73 57
20. 209.837 80 76 
 41 20 
 7 
 4 93
21. 210.178 72
96 90 14 
 5 87 83
22. 222.547 92 91 34 18
3 0 
 84 80
23. 222.548 57 28-- 5/ ­
24. 222.550 ­95 95 4 
 1 85 84 
 59
25. 224.268 13 21 20
63 59 
 1 
 4 93
26. 239.237 64
94 93 
 1 1 
 87 82 44
27. 240.666 19
91 95 1 
 0 69 62 
 61
28. 259.538 98 96 402 1 84 83 3329. 250.540 93 18
94 9 3 88 8530. 259.543 90 91 61 168 0 88 85 43
31. 262.180 72 81 18
27 22 29 
 28 70
32. 274.507 56
82 88 24 
 15 76 73
33. 281.888 90 91 60 49
17 
 9 8c 73
34. 284.814 93 92 60 407 1 75 71 66 42
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Table 7: Soybean Seed Quality Evaluation - 1977 

First Harvest 2 ! Second Harvest2/Germ. 3 / Germ. 4 / Total Germ. Germ. TotalEnr S.G. PDA Fungi Phom.. S. G. PDA Fungi Phom. 

35. 323.564 81 84 16 
 10 42 
 45 78 67
36. 324.068 56 60 
 78 39 
 50 51 
 86 49
37. 331.793 92 
 93 4 
 1 57 41 66 41
38. 331.795 37 36 71 
 47 27 
 36 88 
 60
39. 376.845 82 84 
 12 
 3 88 81 63 
 27
40. 374.155 91 89 
 38 16 
 90 85 
 51 22
41. 374.159 88 91 10 
 2 83 85 69 
 25
42. 374.161 90 82 
 30 18 
 73 70 
 70 32
43. 373.162 92 91 
 25 16 
 74 71 
 65 21
44. 374.163 95 
 94 2 1 90 86 
 50 21
45. 374.165 94 
 97 1 
 0 72 69 70 32
46. 374.166 94 94 
 8 2 82 84 47 
 21
47. 374.173 90 90 
 33 19 
 -. 
 ......

48. 374.180 89 
 91 46 
 30 29 32 
 88 73
49. 374.181 90 91 33 
 24 79 82 
 36 19
50. 374.182 90 90 
 43 27 
 31 37 89 
 66
51. 374.183 90 92 
 41 25 
 84 85 
 40 20
52. 374.186 95 
 93 14 
 7 88 77 
 58 30
53. 165.524 92 91 
 12 4 
 87 83 56 
 22
54. 205.902 90 94 
 5 1 
 87 85 
 57 30
55. 259.542 89 
 87 35 
 22 23 31 
 90 58
56. 307.597 92 87 
 40 26 
 82 84 73 
 26
57. 307.891 93 91 
 20 8 70 63 69 
 44
58. 309.655 92 92 
 14 4 
 84 79 
 40 25
59. 323.563 88 
 93 13 
 6 80 75 62 28
60. 324.187 85 91 
 6 1 65 55 78 
 43
61. 340.899 88 91 
 55 18 
 83 81 48 
 20
62. 340.00 89 89 
 16 8 
 70 59 78 
 43
63. 341.241 80 
 87 6 
 2 66 61 80 43
64. 341.246 94 
 93 17 
 5 90 83 35 
 20
65. 341.251 87 86 
 38 19 29 30 82 
 64
66. 341.257 85 88 
 7 2 

67. 215.688 82 
 80 64 
 25 39 41 82 60
68. 261.272 84 87 38 21 40 
 32 66 



93
65. 341.251 87 86 38 61 80 43

19 29 30 
 82
66. 341.257 85 88 7 2 29 82
67. 215.688 82 80 6464 25 39 41 82 
 60
68. 261.272 84 87 -i 21 an .8-


Table 7: Soybean Seed Quality Evaluation - 1977 

* 

69. 274.453 
70. 291.897 
71. 281.909 
72. 307.896 
73. 340.904 
74. 341.254 
75. 341.258 
76. 374.188 
77. 374.191 
78. 374.198 
79. 374.204 
80. 219.653 
81. 204.331 
82. 205.912 
83. Jupiter 
84. HLS 

First Harvest!/ 
Germ.3/ Germ.4/ 
S. G.- PDA 

- --
93 93 
83 90 
- --
95 91 
96 95 
91 90 
- . 
-........ 

- .......... 

93 93 
69 77 
88 92 
51 57 
41 45 

Total 
FIgi 

.-
30 
34 
00 
21 
2 

50 

.---...... 

5 
56 
9 

61 
74 

Phomo 

5 
18 

8 
0 
19 
-... 

2 
25 
2 

35 
40 

--

Germ. 
S.G. 

-­

86 
21 

69 
91 
72 

84 
23 
7. 
19 
9 

--..... 

Second Harrest./ 
Germ. Total 
PDA Fungi 

83 41 
27 R2 

81 51 
85 49 
69 60 

82 39 
25 86 
76 43 
26 93 
6 100 

Phcm. 

22 
61 

4 
16 
45 

-­

25 
68 
25 
70 
76 

1/ 

2/ 

_/ 

First harvest = harvested at physiological maturity. 

Second harvest - harvested 3 weeks after physiological maturity. 
Germ. S. G. - Germination in germinator based on 2 rep. of 100 seeds incubated 
at 300C. 

4/ Germination on 
at 25*C. 

PDA, total fungi and Phomopsis based on 2 rep. of 50 seeds incubated 

5/ Missing data. 
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e. Effect of fungicide seed treatment on the field emergence of 
soybean in the tropics. 

The use of fungicides in developing countries (LDCs) is generally 
considered to be highly limited due to economic factors. In contrast 
with foliar applications of fungicides, the use of fungicide for seed 
treatment is very inexpensive. The recomnended rate for most seed 
treatment fungicides is 2 to 4 ounces per bushel or 100 pounds of 
seed.
 

Research conducted under this grant has demonstrated that fungicide
 
seed treatment is beneficial in increasing the field emergence of 
poor quality (high percentage of seed infected by fungi and low 

percentage seed germination) seed of several grain legumes in the 
tropics. When it becomes necessary to use seed of poor or marginal 
quality for planting, fungicide seed treatment may prove to be 
economically feasible, even at the small farmer level in tropical 
LDCs.
 

During the reporting period, a seed treatment trial was conducted
 

using four soybean cultivars of varying seed quality. Seed quality
 

of the four cultivars ranged from excellent to extremely poor. The
 
results of the trial are as follows (table 8):
 

Poor quality (below 70% germination) seeds of the soybean cultivars 
'UFV-1', 'Jupiter' and 'GH-31-8-2' were harvested in 1977 from plants 
grown at the Lajas Experiment Station, University of Puerto Rico. Good 
quality (above 90% germination) seeds of the cultivar 'CH3' were harvested 
in 1978 from plants grown at the Isabela Experiment Station, University 
of Puerto Rico. Seeds from each cultivar were bioassayed before treat­
ment for presence of internally seedborne fungi and germination in-vitro. 
Three replications of 100 seeds per cultivar were surface disinfested 
and placed on sterile potato dextrose agar. Incidence of internally 
seedborne fungi and germination in-vitro were recorded after 7 days 
at 25*C. The percent internally seedborne fungi and in-vitro germination 
for cultivars 'UFV-1', 'Jupiter', 'GH-31-8-2' and 'CH3', respectively, 
were: 69, 47; 42, 67; 86, 22 and 8, 95. Internally seedborne fungi 
for all cultivars consisted mainly of Alternara spp., Fusarium spp. 
and Phorpsi8 spp. Seeds of each cultivar were treated in 100-seed 
lots on August 28, 1978 and planted 4 days later at the Isabela 
Experiment Station. Treatments were arranged in a completely randomized 
design with 3 replications of 100 seed per each 6 m row. Stand counts
 
were recorded at 15 days after planting.
 

Except for Hertect on seeds of 'UFV-I', all treatments significantly
 
increased the percent field emergence over the nontreated control for
 
the three poor quality seed lots ('UFV-1', 'Jupiter' and 'GH-31-8-2').
 
There were no significant differences in percent field emergence between
 
any treatments and the nontreated control for the good quality seed lot
 
('CH3'). Phytoxicity was noted on seedlings treated with Mertect at
 
both rates tested. Mertect phytoxicity was observed as a marginll
 
necrosis on cotyledons of seedlings from seeds treated at the rate of
 
4 oz/bu and as a marginal chlorosis on cotyledons of seedlings from 
seeds treated at the rate of 2 oz/bu. 
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Table 8: N 0SoY - 1978 soybean seed treatment trial. 

9 
0 Treatment and rate UFV-1 

Mean stand count 
Jupiter 

at 15 days1 

GH-31-8-2 CH3 

i 

* 

S 
* 

Arasan 50 Red 4 oz/bu .............. 58.3 a 

Arasan 50 Red 2 oz/bu .............. 58.0 ab 

Orthocide 75 WP 2 oz/bu ............ 57.0 abc 

Zinc Omadine 4 oz/bu ............... 62.3 a 

Tecto 104 oz/bu...................50.0 cde 

Tecto 10 2 oz/bu ................... 51.0 bcd 

Tecto 10 2 oz/bu
+ Arasan 50 Red 2 oz/bu ............ 60.0 a 

Mertect 340-F 4 oz/bu .............. 45.0 de 

Mertect 340-F 2 oz/bu .............. 43.6 ef 

Nontreated control ................. 38.3 f 

81.0 a 

79.0 a 

70.6 b 

80.0 a 

68.3 b 

67.3 b 

79.0 a 

65.6 b 

63.3 b 

60.3 c 

41.3 ab 

35.6 bc 

34.6 bcd 

46.3 a 

26.0 ef 

29.3 def 

33.0 cde 

22.3 f 

21.6 f 

11.0 g 

92.6 a 

92.0 a 

93.0 a 

92.0 a 

92.3 a 

92.3 a 

92.0 a 

9z.0 a 

91.3 a 

91.0 a 

1Similar letters indicate Duncan's multiple range groupings of treatments which do not
differ significantly at the .05 level. 
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f. 	Studies on the use of low level technology for seed storage of
 
grain legumes in the tropics.
 

Once high quality seeds have been produced, they then have to be
 
successfully stored until the crop is plmnted. Tropical conditions
 
of high temperature and relative humidity are not condusive to the
 
maintenance of soybean seed viability. Soybean seed storage (main­
tenance of viability) is a serious problem in the tropics. I'-the 
tropical production of soybean is to be increased, practical methods 
of seed storage must be developed and applied. Present facilities
 
and economical situations in most LDCs of the tropics may limit the
 
practical use of cold storage. Therefore, alternate seed storage
 
methods are being sought.
 

The International Soybean Program (INTSOY) has been conducting
 
research on soybean seed storage in the tropics since 1975. This
 
storage work has been a cooperative effort between the Department
 
of Agricultural Engineering and the Department of Crop Protection
 
at UPR/MC and UIUC.
 

Major emphasis has been placed on the identification of factors
 
which inhibit successful seed storage in the tropics, and the
 
use of low level technology in seed storage methods.
 

Research which has been conducted thus far indicates that two major
 
factors affecting soybean seed storage in the tropics are initial
 
moisture content of the seed and relative humidity in the storage
 
environment. Results of the first seed storage experiment were
 
presented in the 1975-76 annual report. The results showed that
 
the viability of high quality seed declined rapidly to almost zero
 
after six months of improper storage in a tropical environment.
 
The loss of seed viability appeared to be closely associated with
 
a marked gain in seed moisture during storage. Containers resistant
 
to moisture vapor transmission tended to preserve seed quality.
 
Drying soybean seed to a safe moisture content was shown to be of
 
little value if no effort was made to prevent moisture gain during
 
storage. The moisture content of unprotected seed approached
 
equilibrium with the humid atmosphere of the tropical environment.
 
Reducing the seed moisture content and maintaining it during storage
 
were shown to be essential ingredients for preserving seed quality
 
at an acceptable level for nine months storage in the tropics. Sealed
 
metal containers or plastic bags placed in metal containers with
 
covers offered adequate storage protection for seed with a low initial
 
moisture content.
 

In a second phase of the seed storage work, the effect of seedborne
 
microorganisms on soybean seeds stored under tropical conditions was
 
of primary concern. Results of the second phase of research were
 
almost identical to those of the first phase. The rapid loss of
 
seed viability in storage was directly related to percentage moisture
 
level of the seed and time in storage. The best containers for
 
storage were those that maintained a low initial moisture content
 
throughout the storage period.
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In the studies conducted thus far, seedborne fungi have not appeared
 
to play a major role in reducing seed viability in storage. The
 
recovery of total internally seedborne fungi has been observed to
 

be decrease with time in storage. In addition, fungicide seed treat­
tions ment had no affect on seed storability. 
the 
main- The incidence of seedborne Bacillus sp. has been significantly and 
the negatively correlated with decreased soybean seed viability in
 
ethods storage. BaCilZue sp. may play some role in reducing soybean
 
ties seed viability in storage.
 
t the
 
Rge From a practical point of view, the best method of controlling
 

increased populations of seedborne microorganisms and decreased
 
seed viability in storage is to maintain a storage environment
 
which does not permit the growth of pathogens and provides maxium
 

lis conditions for maintaining seed viability. Research conducted
 
int to date indicates that this type of environment can be obtained
 
Lon by drying the seeds to a low initial moisture content (below 12%)
 

and placing them in an air-tight container which will maintain
 
that moisture content.
 

Future research in the area of seed storage will concentrate on
 
the development of a simple storage container that will maintain
 
initial moisture content and can be used at the small farm level
 

iajor in tropical LDCs.
 
al
 
ge (1) The effect :f initial seed moisture content and container
 

type on pigeon pea seed viability in storage.
 
t 
ero 
 In order to confirm the results of previous storage experiments


the following experiment was conducted using pigeon pea (Cajanus
 
th "cajan) Pigeon pea was selected for use in this
as a test crop. 

stant study because of their economic importance to Puerto Rico. At
 

present, long term storage of pigeon pea seed is a considerable
 
Df problem facing Puerto Rican agriculture.
 
Lng
 

The experiment was conducted as follows:
 
it. 
)rage 	 Seeds used in this study were harvested on March 15, 1977 from
 
Lty a five hectare field of pigeon pea (cultivar "2B-Bushy") at the 
Seale( Fortuna Substation, Agricultural Experiment Station, University 
I of Puerto Rico. Three samples of 400 seeds were tested for per­
.nitia] centage incidence of seedborne fungi and germination in-vitro 

ILotato dextrose agar (PDA)I. This assay was conducted in order 
to determine initial seed quality. All seeds were treated at
 

rne 
 the rate of 113 g product/45 kg seed with the insecticide
 
iwas 	 thiodan Ji,7,8,9,10,10-hexachloro- 1, 5, 5a, 6, 9, 9a-hexahydro-6,


9-methano-2, 4, 3-benzo (3)-dioxathiepin-3-oxilds. Insecticide
 
treated seeds were divided into lots of 3.5 kg and adjusted to
 

sture 	 either 9, 13, or 17% moisture content (dry weight basis). Seed
lots at each moisture content were than placed in cotton cloth
 
bags or sealed in plastic (polyethylene) bags with a thickness of
.0012 cm. Plastic bags were sealed with plastic tape and care
 

Best Avallable Document 
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was taken to make sure that bags were air tight. Seed lots
 
at all moisture contents and in both storage containers were
 
placed either under ambient conditions at Mayaguez or in cold
 
storage (130C) at the Lajas substation on March 25, 1977.
 

At two month intervals up to one year, seeds from all treat­
ments were tested for percentage incidence of seedborne fungi, 
germination in-vitro, emergence in sand, and moistur,= content. 
Three samples of 100 seeds from each lot were surface disinfested 
by soaking in a 0.25%solution of sodium hypochlorite for 2.5 min, 
then in a 70% solution of ethanol for 2 min, and finally rinsed
 
in sterile distillec water. Surface disinfested seeds were then
 
placed on sterile PDA (4 seed per culture dish) and incubated at 
250C. After 7 days, the percentage in-vitro germination and
 
incidence of seedborne fungi was recorded. Three samples of 
100 seeds from each lot were also planted in a sandbench at
 
the Isabela substation. Percentage emergence in sand was 
recorded after 14 days. The percentage moisture content
 
of each lot was measured using a Dicky John seed moisture 
tester V-ich was equilibrated for use on pigeon pea. After
 
one year of storage three replications of 100 seeds from each
 
treatment were planted in the field at the Isabela Substation. 
One hundered seeds were planted 
in a completely randomized desig
after 21 days. 

in 
n. 

3 m rows 
Field e

on 
mer

65 
genc

cm 
e w

centers 
as recorded 

Results were as follows: 

The seeds used in this study were of high quality prior to being
 
placed in storage. The mean percentage in-vitro germination prior 
to storage was 94% with 15% of the seeds containing internally
 
seedborne fungi.
 

The initial moisture content of all seeds stored in air-tight
 
plastic bags was maintained at plus or minus .5% for one year.
 
Seeds placed in cloth bags under ambient and cold storage con­
ditions equilibrated to 16.5 and 13.5%, respectively, after
 
4-months storage, and maintained this moisture content (plus
 
or minus .5%) for one year.
 

For all treatments in cold storage, and seeds at 9 and 13% 
moisture sealed in plastic bags and stored under ambient con­
ditions, there were no significant differences in either the 
percent seed germination in-vitro or emergence in sand when 
comparing the 2-month and 12-month sampling dates. All of 
the above mwntiuned treatments had at least 90% germination 
in-vitro and 88% emergence in sand after 12-months storage 
(table 8). All treatments stored in cloth bags under ambient 
conditions had no significant differences in percent in-vitro 
germination or emergence in sand after 2-months storage. 
Germination in-vitro and emergence in sand significantly 
decreased for all treatments in cloth bags under ambient
 
conditions for each sampling date beginning at 4 months. 
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There was a significant decrease in percent in-vitro germination
 
and emergence in sand at all r.mpling dates up to 10-months for 
seeds at 17% moisture in sealed plastic bags stored under ambient
 
conditions. After 10-months, all seeds at 17% moisture in sealed
 
plastic bags under ambient conditions were dead.
 

Seedling emergence in the field after 12-months storage was con­
siderably lower than emergence in sand or germination in-vitro
 
for all treatments (table 8). There were no significant'differences
 
in percent field emergence between all treatments in cold storage

and 9 and 13% moisture in sealed plastic bags under ambient con­
ditions after 12-months storage. The percent field emergence
 
for these treatments ranged from 68 to 72% after 12 months.
 
Seeds from all treatments stored in cloth bags under ambient
 
conditions had significantly less emergence in the field than
 
the previously mentioned treatments. There was no significant 
difference in percent field emergence between any treatments
 
stored in cloth bags under ambient conditions. The percent

field emergence for all seeds stored in cloth bags under
 
ambient conditions ranged from 16 toA9%. Seeds at 17%
 
moisture in plastic bags under ambient conditions did not
 
emerge in the field. The reduction in percent field
 
emergence below percent emergence in sand and germination

in-vitro cannot be explained from the results of this study,
 
but is probably due to unfavorable field conditions for
 
seedling emergence.
 

Seedborne fungi have been associated with decreased seed
 
germination in storage. In this study, seedborne fungi
 
were not associated with reduced seed germination. The
 
initial percentage of seeds infected by fungi was low (15%).
 
The percent incidence of seedborne fungi significantly
 
decreased for all treatments between the 2 and 12-month
 
sampling dates. No treatment had over 2% incidence of
 
seedborne fungi after 12-months storage. A bacterium
 
resembling Bacillus subtiZis was associated with all dead
 
seeds observed in this experiment. Bacillus subtiZi8 has
 
been reported to be associated with reduced seed viability
 
of soybean in storage.
 

Seed moisture content and storage temperature are critical
 
factors in the long term (one year) storage of pigeon pea
 
seed. When seed moisture content was adjusted (dried) to
 
9 and 13%, then maintained at that level by placement in
 
an air-tight container, seeds were successfully (germination
 
in-vitro maintained at 90%) stored for one year under ambient
 
conditions at Mayaguez. Seeds at high moisture content (over
 
13%) lost viability rapidly under ambient conditions. When
 
seeds with over 13% moisture were placed in cold storage
 
(13*C), they were successfully stored for one year.
 

The results of this study indicate that successful seed
 
storage of pigeon pea can be accomplished without conditioned
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(dehumidified and refrigerated) storage. 
Low level technology

can be employed in seed storage. The elimination of dehumid­
ification and refrigeration equipment could result in reduced
 
storage costs and a reduction in problems associated with equip­
ment maintenance.
 



Table 8. Effect of seed moisture content, storage container, storage e ixogmat, and time tvmtgermination in-vitro (PDA), 
pe emid 

emerqnce in sand and field emergence of Pigeop pea. 

Storagel/ 
Treaent 

2 mo. 
GI E 

4 mO. 
GI E 

P%.-cent/ seed germination in-vitro (GI),
emergence in sand (E) and field emergence
(FE) at various.sa-pling times in months (o).

6 mo. 8 mo. 10 mo. 
GI E GI E GI E GI 

12 n. 
E FE 

9-A-C 95 93 93 88 72 66 63 59 53 50 37 32 19 
13-A-C 94 93 93 87 71 66 61 55 52 49 36 34 16 
17-A-C 94 93 92 92 73 65 62 54 51 50 36 33 17 
9-A-P 94 93 94 92 93 91 92 91 91 89 91 91 73 
13-A-P 94 92 92 68 94 92 93 90 92 90 91 91 72 
17-A-P 89 88 72 90 41 34 15 5 0 0 0 0 0 
9-CS-C 93 92 93 92 93 89 91 90 90 90 91 90 72 
13-CS-C 94 93 92 91 92 89 90 89 91 91 92 92 71 
17-CS-C 93 92 92 91 93 88 91 89 90 89 91 89 69 

9-CS-P 92 93 94 92 92 92 90 90 92 92 92 90 70 
13-CS-P 92 92 92 91 93 91 92 91 91 91 91 88 72 
17-CS-P 93 93 93 93 91 89 88 90 90 90 91 68 

LSD for germination in-Vitro between any treatments and time periods (.01 level) ­ 3.45
LSD for emergence in sand between any treatments and time periods (.01 level) 
 - 4.64LSD for field emergence between treatments after 12-months storage (.01 level) ­ 5.32
 

1/ Nine, 13 and 17 ­ percent initiai moisture content; A - ambient conditions at Mayaguez; CS - coldstorage conditions at Lajis; C a cloth bag; and P ­ sealed plastic bag.2/ Percent seed germination in-vitro; emergence in sand, and field emergence based on 3 replications of100 seed per treatment and time period.
3/ Field emergence was recorded only after 12-months storage. 
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2. Weed science 

field crops in the tropics.
"beds are a major problem in the production of most 

this grant has demonstrated that without successful
Research conducted under 

the tropics in not feasible. Program
weed cnntrol, soybean production in 

has been placed on the identification area of weed scienceemphasis in the 
of weed species comonly associated

and study of competitive characteristics 
and the development and application of feasible 

with soybeans in the tropics, 

weed control methods.
 

populations against soybean pro-
Research on the competitive ability of weed 

for the past two years at the University of
in progressduction has been 

in the degree to which soybean yields are reduced 
Puerto Rico. Variations 
by weeds have been observed and recorded. This variation appears to depend
 

cultural practicesamount of weeds (population),on weed species involved, 
Work in thi3 area will be continued
 being used, and climatic conditions. 


species present the greatest
in order to determine which weedand expanded 

and to relate their growth
danger to soybean production in the tropics, 

In addition,
 
characteristics with their competitive ability 

against soybean. 


the behavior of weeds toward variations 
in cultural practices will be studied.
 

A number of herbicides have been studied 
over the past two years for their
 

selectivity to soybean and their ability 
to control tropical weed pests of
 

The behavior of these herbicides has been 
observed over a variety
 

soybean. 
Although no products are completely
 of soil types and weed populations. 
 Future work
 

effective for all environmental conditions 
and weed species. 


with herbicides will be focused on determining 
and applying the proper
 

methodology for using herbicides in the 
overall weed management program.
 

The use of various agronomic practices 
in controlling weed pests, as well
 

Of
 
as, mechanical and manual methods of 

weed control will be studied. 


primary concern, will be their methodology 
and application within the over­

in the tropics.all soyb'an production program 

Research conducted during the report 
period can be divided into two major
 

(a) Chemical control and (b) weed competitions 
studies
 

areas: 


a. Chemical control
 

established at the Lajas and Isabela 
substations.
 

Herbicide trials wp:e 
(1) to further evaluate
 

The primary objectives of these trials 
were: 


compounds for their selectivity to soybean 
and efficiency in controlling
 

to obtain
 
selected weed species under various tropical 

conditions; (2) 


information which will provide solutions 
to specific weed control pro­

(3) to evaluate the selectivity and percentage 
weed control
 

blems; and 

on newly developed herbicides.
 

Herbicides evaluations were conducted 
as follows:
 

of ths cultivar "Improved Pelican" were 
planted at a density of
 

Soybeans Seed were inoculatedrows. 
330,000 plants per hectare, with 60 cm between 

Triple superposphate was
 
with RAisobiwu Japonicum in the planter box. 

annitad at the rate of 100 kg/ha. Herbicides were applied with an A-Z C02 
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pWerod sprayer at a pressure of 30 p.s.i. Spray volume was equivalent to 
200 liters per hectare. Treatments were arranged in a randomized complete 

tropics block design with an individual plot size of 3 x 10 meters. 

asu preplant incorporated (PPI) compounds were mixed with the soil prior to

ion 
 planting using a Troy--Built rototiller. Sprinkler irrigation was applied
 

ioted immediately after application of the preemergence (PEM) treatments and after­mible wards as needed. 
 Insects were controlled chemically. Insecticide, rate and 
time of application varied with insects species and intensity. 

The soil in which the trials were conducted has the following characteristics:
pro-
f 
Ed Isabela - ph 7.7, organic matter 3.2%, clay 51.8%, silt 24.8% 

and sand 23.4%.
Pend 

Cos Lajas = ph 5.9, organic matter 4.2%, clay 65.1%, silt 23.8%
 
adt 
 and sand 11.11.
 
at
 

Euphorbia heterophyZIal Iponoca
ition, The predominant weed speciesat Isabela were: 

tiliacea and Omalis curviculata. Populations (of -hinochioa colonum, Digitaz-rl
sanguinali8 and EZcusine ijica were also presc"i. iii small amounts. 

cilrof The predominant weeds species at Lajas were: Sorghum haeZCcnUC (johnson gras,.)
ofty and Cypcrus rotwidus (purple nutsedge). Small populations of IpomrCa till2-CL' ,
sty Enhinochloa colonu' , D[.it:r- ca';q;,'.Zi and Elcuninv indica were also prert ,t. 

y
rk Herbicide trials were conducted at both Lajas and Isabela. Additional trial­

were conducted at Lajas for the specific control of johnson grass. The folloiafJg
 
data was collected from herbicide trials: (1) a visual (subjective) rating of
 
herbicide toxicity to soybean wai, conductel. A scale of 0-10 was used, where
 
0
 (no damage) and 10(complete kill); (2) visual ratings for peicentage 
control were made for each treatment. Rati!g, were expressed an a percentace 
of the unweeded plots; (3) weed samples were collecte1 1,y throwing a wooden
 
frame (50 x 25 cm) into each plot twice. Weeds within the frame were collectei
 

in paper bagr and taken to the laboratory for identification, countinig and
or weighing. 

Results of the .ierbicide trials were as follows:
 

Is&bela 
te
lng 1. General herbicide evaluation
 
-raing
 
tain Previous trials have been conducted at Isabla in 1976 and 1977. In
 
0O­t0e1 these trials, connistantly good weed control has ben observed with


nmetribuzin (0.75) (Note: 
 all numbers following chemical name 
 re­
present the rate applied in kilogramw of active ingredient per hectarre) 
RP 20630 (1.0), RP 20810 (1.0) and combinations of metribuzin (0.5) 
and alachlor (1.0). Toxicity of metribuzin, RP 20610 and RP 201J10 to 
soybean has ,,aried from year to year, and appearr to be hlqhitot when 

ted high rainfall occurs ahortly after application. Th, highest degreu 
of toxicity han been observed on Wd' 20630 followd by MiP 20fit1, with 

CO2 metribuzin showing the lowest degre, of toxicity. All three of thoo 

Bet Avglobl. Docume. ' 

http:ca';q;,'.Zi
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with mtribuzinproducts gave good control of Iponvea sp., 

giving the highest degree of 	control. Other promising treat­

(2.0) and linuron plus metribuzin
ments included 	linuron 


(1.0 + 0.5).
 

(0.75) and in combination
In the 1978 trial, metribuzin alone 


with several other products gavu good results (tables 9 & 10).
 

Good control for up to 30 days was obtained by oryzalin +
 

(1.0 + 0.5), vernolate + trifluralin (3.0 + 1.0),
metribuzin 


vernolate (4.0)j alachlor + metribuzin (1.0 + 0.5) and
 

Best control was observed on plots
metribuzin (0.75). 


treated with oryzalin + metribuzin (1.0 + 0.5) and alachlor
 

(1.0 + 0.5), with 72 and 67% control, respectively,
+ metribuzin 

at 6 weeks after treatment.
 

In general, treatments with lower weed counts 
and weed weights
 

(2.0)
One exception was alachlor
provided the highest yields. 


which had high weed counts and weights. The high counts and
 

weights were due primarily to Oxazli oornicuata which does
 

not compete vigorously against soybean.
 

Highest yields were obtained from plots treated 
with metribuzin
 

The average number
 
(0.75) and oryzalin + metribuzin (1.0 + 0.5). 


row for these two treatments were 
7.70 and
 of weeds per meter of 

(1.0 + 0.5) gave a
Alachlor + metribuzin
7.75, respectively. 


how­
similar degree 	of control with 7.8 weeds 

per meter of row; 


were much lower. The average
for this treatmentever, yields 
per plant for alachlor + metrtbuzin (1.0 + 0.5)

number of pods 
of pods for metribuzin (0.75) 

was 81.9. Vie 	averag" number 
120.0 and 129.6,

and oryzalin + 	metribuzin (1.0 + 0.5) were 


The main difference observed between these
 respectively. 
a high count and weight for Ipoirvoa op. in the 

treatments wan 


al4chlor + metribuzin treatment.
 

Lajas
 

2. General herbicide evaluation
 

field which has been used
 Trials were conducted in the 	same 

Predominant weed species in the
 

for the previous two yearn. 

Sorghum ?wtcparine, Iponvea li i-acac, area include:experimental 

The soil at thisand ormT-lifna difilaa.rChinoohloa ,CooiHM,, 
and has poor internal and
 

in heavy (65% clay),
particular area 

soon after planting,rainfall occursexternal dr.inag-. When heavy 	

verytreatments, which 
toxicity has been observed on neveral 	 are 

Theconditionu.other environmentalselective for noyblan under 
after

of poor *oil drainage and heavy rainfall noon 
combination of neveralincreased phytotoxicityplanting usually resulto in 


herbicides to aoylxan.
 

mont of the c(njiounds in the 
In previous trial# at IAJas, 

1.5 to 2.0 kr a.i./M)
qroup (uned at 	rates from 

control of qIranson. However,dinitroanileno 
have provided relatively good 
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when used alone, broadleaf weeds, especially Iponvea op.,

rapidly invade the plots. Metribuzin, at the rates of 0.5
 
and 0.75 Kg a.i./H, controls broadleaf weeds and a few annual
 
grasses. 
The best total control at Lajas has been observed
 
when compounds in the dinitroanilene group are used in com­
bination with metribuzin; however, the problem of phytotoxici
 
is often observed with these combinations. Therefore, we nee(

to develop alternative methods of control. 
Additional researi
 
nei'ds to be conducted in the following areas: (1) developmeni

and testing of more aelective preemergence applied compounds;

(2) evaluation of preemergence applied compounds followed by
 
postemergence compounds; and (4) the use of direct applied
 
postemergence compounds.
 

In order to screen new treatments and compare them with the
 
best treatments observed in previous trials, a trial including
 
twenty treatments was established on June 27, 1978. Data on
 
degree of phytotoxicity and petcent control of total weed
 
species is presented in table 11. The trial was not taken
 
to yield because many plots became heavily infested with
 
Iponrmea sp. and Johnson grass after the fifth week.
 

A low degree of phytotoxicity was ob!.erved for all treatments,
 
even those which had pronounced phytotoxlcity to soybean in
 
previous trials at Lajas. This is probably due to the low
 
amount of rainfall which occurred shortly after planting.

Low rainfall permitted the application of desirable amounts
 
of water.
 

The best total control at three weeks after planting was
 
observed in plots treated with: 
 oryzalin + metribuzin
 
(1.0 + 0.5); metribuzin (0.75)h metolachlor + metribuzin 
(1.0 + 0.5), alachlor + metribuzin (1.0 + 0.5)h vernam 
+ trifluralin + metribuzin (3.0 + 1.0 + 0.5) and linuron
 
+ metribuzin (1.0 + 0.5). The previously mentioned treat­
ments also showed good cont.al at five weeks after planting.
 

Good control of broadleaf weeds, especially Ipomara op., was
 
observed at three and five weeks after planting in plots

treated with carboflurofen. These results were 
similar to
 
those reported for Isabela.
 



Tble 9. Soybean Herbicide Evaluation, Isabela 1978. Toxicity degp of control and yield. 

Rate Time of Yield 
Treatimnt kg a.i/ha Application Toxicity Score Percent control kr/ha 

A B C/ A B C 

1. Trifluralin 
2. Trifluralin

2 iflurain 
letrib:uzi 

1.5 
1.0 
0 

0.5 

PPI­1 /  

PPI 

1.3 

1.0 

1.3 

1.7 

1.3 

1.0 

75 

70 

57 

57 

47 

43 

2.117 

2.145 

3. Vernolate 4.0 PPI 3.0 2.0 0.7 90 73 50 1.908 
4. Verrolate 3.0 

Trifluralin 1.0 2.3 1.7 1.0 93 77 53 1.938 
5. Vernolate 3.0 

Trifluralin 1.0 PPI 1.6 2.3 1.3 83 70 53 1.966 
Metzibuzin 0.5 

6. Alachlor 2.0 PU 1.0 1.3 0.7 67 57 47 1.983 
7. Oryzalin 1.5 PU 0.7 1.7 1.7 63 57 43 1.694 
8. atribuzin 0.75 PEN 0.7 0.3 0.0 75 70 50 2.317 
9. Ozadiazon 1.0 PEU 1.3 1.7 1.0 78 67 57 1.873 

10. Linuron 1.5 PEN 1.0 2.3 1.7 43 43 33 1.639 
11. A~lachior

11. Abuzin 
Netriuzi 

1.0 
0

0.5 PE 2.0 0.7 0.0 83 73 67 1.836 
12. Oz41

12ryzin
Metribu-4n 

1.0 
0 
O. 5 

PEN 2.0 3.3 2.0 85 80 73 2.236 

13. Linuron 1.0 PEN 0.3 0.7 0.3 73 63 50 1.971 
Vetribuzin 0.5PU03 .7 .3 3 

14. Natolachlor 1.0 PE 1.0 0.3 1.0 50 50 37 1.521 
15. Metolachor 1.0 PEN 0.7 0.0 0.0 77 53 43 1.933 

Metribuzin 0.5 
16. Caroflerofen 0.75 PWS / -- 0.3 0.3 0 70 50 2.026 
17. Basagran 1.5 POST --- 0.0 0.0 0 27 17 1.652 
18. andweeded 0.0 100 100 100 1.967 
19. Cultivation at 24 days - 0.0 0 63 63 2.003 
20. Unweeding - -- 0.0 0 0 0 1.268 

y 	 PPI - Preplanted incorporated; PUK Preemergence; POST - Postemergence 
0 - no injury - 10 - complete kill 
A - 2 weeks B 4 weaer C - 6 weks after planting. 



17. Banagranis. -&-w 
19. Cultiystion at 
20. Uf din 

1.5 

24 day 

POST -
. 
-

-

0.0 

-

-

0.0 
0.0 
0.0 
0.0 

0 
100 
0 
0 

27 
100 
63 

0 

17 
100 
63 

0 

1.652 
1.967 
2.003 
1.268 

Table 10. Soybean Herbieides 3'ailution, 
weka after planting. 

Isabela 1976. umb and ed weight by species In .37S m2 at 4 

Tteatment 

ABV a C 

Usd mber 

D E Total A 3 

Use 

C 

Weight 

D 

(gras) 

E Total 

0 1. Trifluralin 
2. T ifluralin 

1.trib1zin
3. Vernolate 

4. Vernolate 
Trifluralin 

5. Vernolate 

1.0 
i.3 

7.0 

49.7 
46.0 

31.3 

31.0 

6.0 
19.0 

12.7 

6.3 

--
16.0 

10.7 

7.7 

2.7 
5.3 

5.3 

4.7 

59.4 
87.6 

67.0 

49.7 

.2 
3.6 

4.1 

90.0 
77.5 

37.2 

29.1 

11.5 
26.2 

15.6 

9.4 

--
4.0 

3.1 

4.3 

3., 
6.9 

5.9 

7.0 

105.2 
118.2 

65.9 

49.8 

Hatribuzin 

6. Altachlor 4.0 71.0 16.0 134.7 3.0 
7. Orzain 2.7 .30.0 0.7 27.3 5.3 
8. Met_-ibuzin 10.0 6a.3 10.0 52.7 4.7 
9.n90xadtao 6.3 28.3 26.3 42.0 7.0

10. LI-uron 13.3 48.0 36.3 52.0 4.011. Alachlor 
et n3.0 13.3 16.0 11.3 3.38 12. yzaljn 2.3 30.3 1.3 43.7 3.7 

13. Lion 19.3 50.7 6.7 47.0 6.3 

3etribuzin14. Metolachlor 2.7 61.7 24.7 20.7 5.7 
15. Nstolac-Alor

Nut buri 1.0 82.0 9.3 22.7 3.316. Caroflerofen 11.3 30.0 17.0 9.7 4.7 
17. Basagran 10.0 59.0 27.0 123.7 5.3 
18. Randwded - -- -- -.. 

19. Cultivation at
24 days 24.7 8.7 3.3 66.0 3.0 

20. Unweedng 20.7 37.3 30.3 29.3 14.3 

1/ A - Annual grosses Echinochloa coZowmi and EeurUine indica 
B ­ &q~phoirbia heterophtZa 
c - Iponvea ttlada 
D - OmZie broadleacies 
E - Other broad leafed species. 

228.7 
86.0 

145.7 
109.9 
123.9 

46.9 

81.3 

130.0 

115.5 

118.3 
72.7 

225.0 

105.7 
131.9 

3.0 
1.7 

10.0 
;5.G 

5.9 

10.7 

1.2 

6.9 

2.8 

0.3 
50.6 
28.2 

-­

42.0 
37.0 

69.2 
87.2 
49.6 
29.6 

37.3 

26.7 

36.1 

42.3 

103.6 

88.3 
36.0 
80.1 

14.9 
62.2 

40.8 
2.7 
6.0 

84.0 

91.1 

25.8 

1.8 

5.4 

49.4 

10.3 
17.5 
54.1 

13.5 
60.7 

33.2 
8.7 

15.5 
7.5 

16.6 

34.8 

11.2 

23.8 

5.7 

7.8 
3.9 

44.5 

16.4 
8.1 

2.5 
3.6 
2.4 
9.5 

5.1 

2.7 

7.2 

7.2 

2.7 

2.6 
11.3 
9.5 

6.6 
25.7 

148.7 
103.9 
83.5 

146.2 

156.0 
100.7 

57.5 

85.6 

164.2 

109.3 
119.3 
216.4 

93.4 
193.7 



Table 11. ob bezbicide evaluation, Laj as, 1978. Crop injury and percent weed control at 3 and 5 wek. 
after planting. 

Percent control 
Broad 

Rate Tim of Crop1njury / Total Control leaf Grasses 
Treatment kg a.i:/ha application July 1!/ Aug. 1 July 15 Aug. 1 Aug. 1 Aug. 1 

1. 	 Trifluralin 1.5 PPI 0 	 0 25 27 13 37
2. 	 Txifluralin2. riuin 	 1.00.0 	 0.7 1.0 
 45 55 43 67
-ribuzi 0.5 
3. Vernolate 4.0 PPI 0 0 	 50 42 30 53 
4. 	 Vernolate 3.0 

0 0.3 50 52 37 67
Netrifu1.nPI

5. 	 Vernolate 3.0
 

Triflurlin 1 .0
 Mri uln 0.5 Pp 	 1.3 1.7 83 
 65 67 63
 

6. Alachlor 2.0
 
Carboflurofen 0.75 PR/VPOST 0.3 0.7 43 70 60 80 

7. 	r 1.5
 
Carboflurofen 0.75 P31POST 1.0 0.7 10 70 63 
 77
 

8. 	 Metril-uzin 0.75 PEN 0"7 1.3 87 74 77 70

9. ladiazon 1.0 PER 
 0 0.3 47 18 13 23 

10. Linuron 1.5
 
Carboflurofen 0.75 PI/'POST 0 
 0.. 	 33 61 50 73
 

11. 	Alacdlor 1.0 
I?etribuzin 0.5 PER 0.7 1.0 83 72 73 7012. 	 Oryzalin 1.0 
Hatribuzin 0.5 PER 1.0 0.7 
 90 79 80 7713. 	 linuron1.tribuzo n 1.00.5 PE 0.3 
 1.0 80 67 67 67
 

14. 	I tolachlor 1.5
 
Carboflurofen 0.75 P31/POST 0 0.7 
 40 65 60 70
15. 	 F~tolachlor 1.0
 
Netribuzin 0.5 PE 0 0 83 
 72 77 6716. 	Oxiflonrfen 0.5 PU 
 0 0.7 40 32 20 43
17. 	Carboflurofen 0.75 POST 0 1.0 
 10 56 57 55
 

18. 	Lasso 1.5
 
Oifluorfen 0.5 PER/POST 0 0.7 57 55 37 
 73
 

19. 	TrifluralIn 
fluorfen P31/POST 0 0 53 74 70 77 

20. 	Handweeded 
 0 0 100 100 100 100
 
21. 	Ubweeded 
 0 0 0 0
-	 0 0 

1/ 0 - no injury - 10 - complete kill 
2/ 	i't observations wee zcorded - 1978. 
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C eCotrol 	of Johnson grass with Dalapon 

Dalapon at the rates of 5, 7.5, 10, 15 and 20 kg a.i/H were evaluated in single 
and repeated applications at one month intervals. Single applications oZ 5, 7.5 
8M 10 kg ai/M failed to provide effective and lasting control Fifteen and 20 
kg a.I/H provided 70 and 75% control, respectively, for up to three months after 
application. 	 When plots received two applications of 10 kg a.i./H, they had a 
higher percentage control than those treated with single applications of 20 kg 
a.L./H. Best 	control was obtained with three applications of 7.5 kg a.i./H.


I V o 	 Plants in all plots were cut on November 10, 1978 and the number of Johnson 
grass plants which recovered was recorded on November 20, 1978. Less recovery 
was recorded in plots receiving three applications.of either 5, or 7.5 kg a.i./H. 
Plots treated once with 15 kg a.i./H also showed a low,level of Johnson grass 
recovery. 

an Ln 0 

Evaluation of 	non-selective herbicides for Johnson grass cntrol in soybean 

An area infested with about three Johnson grass plants per m2 was used for 
,- 0 0 this trial. On July 24, brcxnacil (6.0, 12,'0 and 18.) and velpar (1.0,
-" and 4.0) 

2.0 
were applied before emergence of the weeds. On September 24, velpar

(1.0, 2.0 and 4.), glyphosate (1.0, 2.0 and 3.0), Dalapon (5.0, 7.5 and 10)
and asulox (2.0, 3.0 and 4.0) were applied over Johnson grass plants about 
50 cms. tall. 

o o o a On October 3, seventy days after the application of preemergence treatments,

2there were about 0.8 Johnson grass plants per m in plots receiving bromacil 

(6.0) and none 	in plots treated with higher rates. Plots treated with all
 
rates of velpar had an average of 0.2 plants per m2 . Control (nontreated)
 

2
plots had an average of 2.2 plants per m .
 

On October 3, ten days after the application of the postemergence treatments,
there was a complete kill of Johnson grass in all plots treated with glyphosate.
Severe symptoms of toxicity in Johnson grass was observed in plots treated with
 
asulox followed by dalapon, with velpar showing the least degree of toxicity.
 

One row of soybean was planted on October 3 in plots treated with preemergence
treatments and five rows (on 60 cm centers) were planted in plots treated with
glyphosate. Soybean seeds germinated, but by October 18, 53% of the plants 

W1 i i I had been killed or ex.hibited severe toxicity symptoms in plots treated withbromacil (6.0), and 100% of the plants were killed at higher rates. 
Control
of Johnson grass was 67% in plots treated with bromacil (6.0) and 100% for the 
higher rates. 

In plot. treated with velpar (1.0), soybean showed only slight injuryii~~~IiYMIPtOins1 hco.ever, toxicity from velpar increased with an increase inrate.
Johnson grass control was over 70% for all rates of velpar applied as a 
preeMergence treatment. 

NO injury was observed on soybean in plots treated with glyphosate. Plots 
treated with glyphosate became heavily infested with annual weeds shortly
after Planting soybeans, however, Johnson grass was completely controlled. 
his indicates that measures for controlling annual weeds are necessary 
hen planting soybeans after destruction of Johnson grass with glyphosate. 

~Avathable Dock'.,:, 

http:applications.of
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and velpar gave 89, 82 and 55% control of Johnson grass, respec-
Asulox, dalapon 

tively, when applied as postemergence treatments.
 

from plots which received velpar, asulox 
On November 5, Johnson grass was cut rowthe weeds. One 
and dalapon as a postemergence treatment applicd directly to 

planted inAn additional row of soybean was 
of soybean was planted in each plot. 

60 daysOn "November 20, 90 and 
the plots treated with preemergence treatments. 

the applicatin of preemergence and postemergence treatments, respectively, 
after 

soybean in any of the postemergence treatments. 
there was no injury symptoms on 

plots treated with velpar (1.0, 2.0 and 
Only slight symptoms were observed in 

on was in plots
4.0) as a pr%.emergence. Severe toxicity soybean observed 

(12.0 and 18.0), and moderate toxicity was observed
 treated with bromacil 

with bromacil (6.0). 

Johnson grass control was 42% in plots treated 
with bromacil (6.0) and 100% in
 

Plots treated with velpar had an average control
 plots treated at higher rates. 

of 75%.
 

The average number of Johnson grass plants per plot which 
recovered after
 

treatment with all rates of glyphosate, asulox, dalapon 
and velpar was:
 

1.9; 22.0; 23.0 and 42.0, respectively.
 

b. Weed competition studies
 

1. Effect of time and frequency of weeding on yield 
of 3 soybean
 

cultivars
 

Previous trials conducted under this grant have 
indicated t!hat
 

under favorable conditions for germination and growth, the 
of soybean growth is When
period between the 3rd and 5th week 

weeds (which start growth simultaneously with 
the crop) have
 

their maximum adverse effect on yield.
 

An experiment was established in order to observe 
the effect
 

of frequency and timing of weeding on yield 
of the cultivars
 

Improved Pelicai, Jupiter and Williams. The trial was planted
 

in Isabela on june 6th using an split-plot 
design with 4 re­

were
The nain plots were cultivars and sub-plots

plications. 
weed control treatments.
 

in three 25 x 50 cm frames were taken weekly
Weed samples 
from the plots prior to bedng weeded on 

that particular
 

date. Soybean plant height waR taken weekly from the 

the eight week after emergence. Weedings
second through 

15th or one week after soybeanonand sampling started June 

emergence. 

Weed population consisted mainly of Euphorba heterophyZLa, 

and Ipo'ea tiliOea. The changet in pro-
Oze ,mzirtian, 
portion of the different weed species expressed as percent 

are presented in 
of fresh weight during the first 7 weeks 

table 12.
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it can be observed from this table that at the beginning 

0. ir ti w was the most abundant weed but was dominated 
.fmthe second week on by E. heterophyZa which con­

tributed with the largest amount of fresh weight. The
 
proportion of grasses started to increase the 3rd week
 
and this increase was more pronounced in the plots of
 
the cultivar Williams. In Williams, the .largest fresh
 
weight of weeds was also recorded.
 

As seen in figure 1, growth of weeds was more rapid be­
tween the fourth and fifth week after emergence of soy­
beans. Weeds increased in number from 242 plants/m2
 

the first week after emergence to 411 the 4th week.
 
After this time weed number was relatively constant
 
so that t.he increase in fresh weight during the 4th
 
week was due mainly to increase of biomass, hence they
 
were using large amounts of water and minerals. Growth
 
of soybean cultivars measured as plant height increased
 
for the cultivar Williams up to the end of the 6th week
 
after emergence. The other two cultivars still increased
 
in size after the 8th week. In general, they grew over a
 
more extended period of time than the predominant weeds. 

The effect of weeding treatmentg on weed components shows
 
that with the same number of plants per plot the number of 
pods per plant decreases in unweeded plots. The plots
 
more frequently weeded had the largest number of pods per
 
plant.
 

There was not very much difference in the number of seeds
 
per pod among treatments. Effect of the weeding treat­
ments on one hundred seed weight was evident only in the
 
cultivar Jupiter where the unweeded control had 16.1 gms
 
and plots weeded every week had 19.6 gms/100 seeds.
 

The yields obtained from this trial are presented in
 
table 13. Comparing the average for the three cultivars
 
it can be observed that two weedings at 16 and 30 days
 
after planting provided yieldi very similar to those
 
weeded every week until the 37th day. Looking at the 
yields of the individual cultivars it can be observed 
that Iqroved Pelican provided higher yields when weeding 
was performed at 16 and 30 days. A single weeding at 30 
days provides better yields than when performed at either 
16 or 23 days after planting. For the cultivar Jupiter 
a single weeding at 30 days provided similar yields to 
those of plots weeded at 16 and again at 30 days, and to 
plots weeded every week up to the 37th day. This cultivar 
seem to either restrict weed growth after the 30th day 
more efficiently than Improved Pelican and Williams, or
 
to tolerate more competition during the 30 initial days.
 

The cultivar Williams provided higher yields when weeded 
every week until the 37th day and with 2 weedings at 9 

rm-t Available Docume',.
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and 30 days. This fact indicates that cultivars that 
do not cover the ground completely need more protection
 
against weed competition. Furthermore since this cultivar
 
has a shortLr growing period, critical weed competition 
may develop earlier so that weeding programs have to 
start earlier. This may also be true for the other 
cultivars when planted during the periods of short 
day length in Puerto Rico. 

The treatment of alachlor plus metribuzin (1.0 + 0.5
 
kg a.i./Ha) behaved similarly to si.le early weedings, 
especially for the late cultivar. It appears that this 
txesitment needs to be complemented with hand weeding 
or cultivation performed at around 30 days after planting
 
in order to minimize yield reduction due to weed competition.
 

The data obtained from this experiment will be analized 
statically and will be incorporated into a publication 
together with the previous data on weed competition with 
soybeans. 

2. Effect of plant and row spacing of 3 soybean cultivars on growth of weeds.
 

This trial is being harvest at the present time. The ins­
formation obtained will be presented in next year's report.
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Table 12. Proportion of weed species. Weed competition study - Isabela 1979. 

Var 
Weeks after soybean emergence 

Wed species 1 2 3 4 5 6 7 

%Fresh weight-1i 

r. hateophl-Za 33 46 49 67 68 74 72 

0. amwtiaa 52 30 21 9 3 2 2 

X. titiaosa 7 13 9 7 8 8 7 
ng 
itio: other dycots. 3 4 9 7 5 5 6 

aexy 5 7 12 10 16 11 13 

1/ Average for the 3 cultivars. 

rowth of we 2/ Digitariaaanguinalis, Echinochtoa coZonum, 
Cenchrus echinatus. 

EZeusine indica, 

ort. 

Table 13. Yield of 3 soybean cultivars under different weeding schedules. 
Weed competition study - Isabela 1978. 

Weeding time 
in days from Improved 
planting Pelican Jupiter Williams Mean 

Yield kgs/ha 

16 days 1556 1743 1244 1514 

23 days 1411 1674 1255 1447 

30 days 1910 2043 1394 1782 

9-23 1700 1737 1801 1746 

16-30 2274 2004 1488 1922 

Om 9 to 37 2121 2161 1893 2058 

Chemical 1422 1216 1635 1424 

Unveeded 0 931 825 825 
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Figure 1. Growth of 3 soybean cultivars and of associated weeds 
Isabela, Puerto Rico- 1978. 
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Menatology 

a. Survey of nematode species in soybean plots at Isabela. 

Seventy one soil samples were collected from soybean plots

at Isabela. The nematode species isolated from 250cc ofsoil were: RotylenchuZus reniforms, HeticotyZenchue op.,T enhorhynchus crasicaudatue, TyZenchue sp., Aphelenchue
op. and ApheZenchoideB sp. RotyZenchus reniformi8 was found 
in 95% of the samples and had the highest population levels.
Soil factors such as concentration of phosphorus, potassium,calcium, magnesium, %organic matter, pH, and nitrogen con­tent and the cation exchange capacity were 4etermined. All ofthese factors will be correlated with nematode population levels.Further information on this survey will be presented in next
 
year's annual report. 

b. Screening for nematode resistance and the effect of chemical 
control. 

A field experiment was established to evaluate the degree of
resistance or susceptibility of 20 soybean cultivars to the
different nematode spe-ies in soybean. 
The soybean cultivars
tested were: Bossier, SJ-1, Davis, Parana, Orba, Santa Rosa,
Calland, Bragg, HLS, CH3 increased, Improved Pelican, ICA
Caribe, Hardee, Ponce, Buffalo, Hill, Local 
(S.L.), Williams,
Clark 63, and Jupiter. 
The effect on nematode control of the
nematicide-insecticide Mocap 10G at rate of 18.2 k gms a.i./ha
was also studied in this experiment. Another field experiment
will be initiated shortly using 13 soybean cultivars. Cul­tivars such as Hutton, Forrest and Bedford '*hich are rcsistant
to the soybean cyst nematode) will be included. 
A treatment
of Mocap 10G applied to the soil at planting time will be in­cluded to test the effect of the nematicide on the nematode
Population and on the development of each cultivar.
 

Other field experiments will be established to test different
nematicides applied preplant to the soil at different dosagesfor the control of the most important nematodes species in the 
Isabela area. 

c. Screening for resistance to root-knot nematodein soybean. 

Two POpulations of the root-knot nematode, (MZoidogjneop.)one from tomato (Lycopareiom eacuZentum) from Isabela andthe other one from squash (Cucurbitapepo) from Santa Isabelare maintained and increased in the tomato cultivar Rutgers
in the greenhouse. The resistance of more than 50 soybeancultivars to these root-knot populations and others will be

studied and evaluated under greenhouse conditions.
 

Associated andCooperative Research 

The develoS*ent of strong and meaningfula linkage between UPRA/C 

58 
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and UIUC has lead to the initiation of several important associated
 
research projects. Under the companion grants, AID/CM/ta-g-73-50
 
(UPR/MC) and AID/CM/ta-g-73-49 (UIUC), an interinstitutional, co­
operative, coordinated and interdisciplinary research program has
 
been developed. Through cooperation with UPR/MC, UIUC has developed
 
a strong soybean varietal development program for the tropics at
 
Puerto Rico. Through this same cooperation, UPR/MC scientists can
 
work directly with the plant breeder. UPR/MC and UIUC personnel
 
are using the plant breeder and the breeding program as a vehicle
 
to develop better-quality seed and resistance to disease, weeds
 
and insects.
 

Several research projects have been initiated since 1975 dealing
 
with specific problems affecting the ability of soybean cultivars
 
to adapt to different environmental and cultural conditions. Work
 
is underway in the following areas:
 

a) 	Seed quality deterioration experiment to study genetic
 
differences in tropical soybean germplasm for storability
 
under adverse conditions;
 

b) 	Testing soybeans for percentage seed transmission of Soy­
bean Mosaic Virus;
 

c) 	Studying the inheritance of resistance to Soybean Mosaic
 
Virus;
 

d) 	Studying the inheritance of the hard seed coat characteristic
 
in soybean.
 

e) 	Studying the inheritance of good seed quality characteristics
 
in tropically adapted soybean cultivars;
 

f) 	Intercropping of soybean and sorghum;
 

g) 	Effects of weed competition on nodulation of soybean by
 
Rhizobium japonicum; and
 

h) 	The effect of seedling vigor on soybean nodulation by
 
Rhizobium japonicum'
 

The majority of these studies will be presented in detail in future
 
annual reports or in appropriate annual reports from INTSOY-UIUC.
 
Brief summaries of two projectF Nre presented in Appendix A.
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t associated 
ta-g-73-50 
tional, co-

program has 
has develop. 

tropics at 
lentists can 

personnel 
s a vehicle 
se, weeds 1. 

O'utput 1i. Education and Training 

the primary objective of this output is to build institutional resi 

capability through strengthening of the educational and training ci 

bilities at UPR/MC in the area of tropical crop protection. Gradui 

studies, short term work-study training programs, and staff partic 

tion in on-canpus and on-site courses, seminars, workshops and con. 

ferences are the primary akeans of addressing this objective. 

The Development of the Department of Crop Protection at UPR/MC. 

75 dealing 
n cultivars 
itions. Work 

netic 
rability 

The grant has had a marked effect on the development of the Univerg 
of Puerto Rico's plant sciences program. In July 1977, the Collegt 
of Agricultural Sciences established the Department of Crop Protect 

This new department integrates the disciplines of plant pathology, 
nematology, entomology, weed science and pesticide usage into a sir 
program. Integration of teaching, research and extension is also 

achieved through the development of the new department. The depart 

sent has a staff of 50 scientists, rost of which are the M.S. and 
PhD level. 

of Soy- The primary objectives of the new department are: 

Mosaic 

racteristic 

1) To conduct research in the areas of entomology, plant patholot 

nematolJgy, weed science, pesticide evaluation and application, 
residue analysis and environmental protection. All research wl 
be directed towards the development of technology in the area c 

tropical crop protection and pest management; 

acteristics 

2) to train coupetent professional personnel who can effectively 
develop and apply technology in the area of tropical crop pro­
tection; and 

3) effectively disseminate the technology of tropical crop protect 
for the benefit of agriculture and the community in general. 

an by Grant personnel and activities have had a direct effect upon the 

Sby 
development of the Department of Crop Protectlin at UPR/NC. All 
grant personnel are faculty members of the Department of Crop Pro­tection and have been active in the development of a new curriculum 

for both the graduate and undergraduate programs. Dr. Alejandro Ay 

tail in futur 
INTSOY-UIUC.:ndix A.. 

is the head of the new department. 

The establismnt of the new department will strengthen UPR/4C inst 
tional response capabilities in education and training in the area 
tropical crop protection. 

2. Graduate Studies. 

At present, there is a shortage of well trained personnel in the 
fields of tropical crop protection and production of soybean and 
other grain legumes. It is a major objective of this grant to pro­
vide advanced degree training to qualified persons from tropical 
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LDCs. 	Research facilities and support provided by the grant are
 

excellent. A total of 20 courses relevant to the science of crop
 

protection are currently being offered by the Department of Crop
 

Protection. These courses are being taught in Spanish. The
 

opportunity for advanced degree training in the field of tropical
 

crop protection (especially for persons from the LDCs of Latin
 
America) is currently available at UPR/MC.
 

During the reporting period the following graduate students have
 

received grant support for their thesis research:
 

a. 	Mr. Oswaldo Zambrano cnpleted his M.S. degree in
 

crop protection with a specialization in plant 
patholojgy. Mr. Zambrano is the first student to 

receive the M.S. degree from the recently established 
Department of Crop Protection. The title of Mr. Zambrano's 

thesis is "Efecto de los hongos sobre la calidad de la 

semilla de soya en Puerto Rico y algunas medidas para su 

combate". Mr. Zambrano has returned to Eruador where he 

will be conducting research in soybean pathology at the 

Instituto Nacional de Investigaciones Agropecuarias (INIAP). 

Mr. Zambrano will make a solid contribution to the develop­

ment of the national soybean program in Ecuador. 

b. 	Emilio Salaueu also completed the M.S. degree in the Depart­

ment of Agronomy. Mr. Salaues worked under the guidance of
 

Dr. 	 E. It.Paschal jformer INT SOY plant breeder). The title 

of Mr. Salaues' thesl is "Efectos de fotoperiodo en las
 

characteristicas fenologicas de cultivares de soya (Glyciflc
 

mx"). Mr. Salauen has returned to his previous position 
in iolivia with the Instituto foliviano de Technologia
 

Agrolecuaria (.II.T.A.). Mr. Salaues will be involved in
 

the soybean breeding program and will make a solid con­
tribution to the national soybean program of Bolivia. 

c. 	 Dr. Pornpod 7.,onqmccarkom recently complete'i the Ph.D. at 
the Department of Plant Pathology, University of Illinois. 
A significant p>orLion of Dr. Thongmeearkom's research was 
conducted at the Isabela substatio-. of the University of 
Puerto Rico. Dr. 1ion(gmeearkom's research involved various 

aspects of infection by cowpea mosaic virun of soybeans. 

Tho study wac divided i4 ato three related experiments. Those 
includes tranuminsion of the virus by insect vectors (mainly 

Coyotomn app.)i a yield loss evaluation trial, and a varietal 
su~ceptibilty trial. Dr. Thonq:n e.earkom has returned to his 

provioun position in Thailand. 

d. 	 Mr. Glen Iklorn in alao a graduate student in the Department 
of Plant 1,athol(xjy at UIUC. le han recently completed the M.S. 

degree 	 in plant pathology and hai initiated research for the 

Kr. hower', advisor is Dr. Robert M. Good.tian. IInPh.D. 
previous oxpurimenta conductod at Puerto Rico, Dr. Goodman
 

Identified severAl noybean lines which may have resistance to
 



iant -re 
* of crop soybean mosaic virus (S1V). Mr. Bowers is studying the
of Crop 	 inheritance of resistance in some of the promising lines.

The A significant portion of Mr. Bowers' field research is
 
tropical 
 being conducted at the Isabela substation.
 
Latin 

e. 	 Mr. Peerasok Srinives is working toward the Ph.D. in agronomy
at the Department of Agronomy, University of Illinois.nts 	have 
 Kr. 	srinives is studying the inheritance of the hard seed 
coat in soybean. The hard seed coat characteristic may
have important implications in relation to soybean seedn 	 storage under tropical conditions. A significant portion 
of Mr. Srinives research is being conducted at the Isabela 
substation. 

ished 
Zambrano's f. Mr. koger Elmore is working toward the Ph.D. in agronomyde la at the Department of Agronomy, University of Illinois. 
Para su 
 Kr. Elmore is conducting thesis research in the area of
where he soybean-sorghum intercropping. Mr. Elmore's research
 
at the 	 is being conducted at the Isabqla substation. 

ias (INIAP).
he develop- 9. 	Mr. Gary Brinkman is working toward the Ph.D. ir.agronomy

at the Department of Agronomy, University of Illinois. Aportion of Mr. Brinkman's thesis research is being conducted 
the Depart- at the Corozal substation of the University of Puerto Rico.guidance of Brinkman isMr. 	 studying role of calcium in the mechanismThe 	 title of aluminum tolerance in soybeans, the affect of aluminum 
o en las 	 on soybean root nodulation, and the effect of certain soil 
a (Glycine treatments on the availability of soil nutrients.
 
position


D ogia h. r. Gonzalo Del Rio has recently initiated study for tbh- H.S.volved in degree in Agronomy. Mr. Del Rio is from Peru and is currently
id con-	 working within the Peruvian national soybean program. Mr. Delivia. 
 Rio's thesis research will 	be conducted in the area of nitrgen

fixation in soybean. He will be studying the effects of
Ph.D. at moisture, temperature and time on soybean nodulation by

Illinois. Rhi&obiwn japonicum in the 
field. Mr. Del Rio will be
-earchwas 
 working under Dr. Stewart Smith (INTSOY-soil microbiologist).
reity of 	 M.
r. merico Celada has initiated study for the M.S. degree in 
red various 
y beans. Agronomy. Mr. Celada is from Peru and is currently workingMts. These 	 within the Peruvian national soybean program. Mr. 	Celada=:tors (mainly 	 will be working under Dr. Guillermo Riveros in the area of%. r varietal 	 weed science. His thesis will involve studies on the effect
 

,rned to his of spacing and plant density on weed growth in soybeans. 
. Mr. Homer Arnulfo Tuesta has also initiated study toward the 

i Department 
 N.S. degree in agronomy. Mr. Tuesta is from Peru and isieted the H.S currently working within the Peruvian national soybean
irch for the program. "r. ruesta will be Londucting thesis research inthe 	area of soybean-corn intercropping. Dr. Tony Sotomayor-r. In (plant breeder - U.S.D.A.) 	has agreed to be Mr. Tuesta's advisor.
 
resistance to fk. 	 also from Peru and has 

M. 	Otonfl Mendoza is recently 

Best Av tilablo Document 
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initiated study toward the H4.S. degree in agranopy. 
Mr. Mendoza will be working under Dr. Guillermo Riveros 
In the area of weed control in soybean. His thesis 

research will involve studies directed toward increasing 
selectivity of metribuzin to soybean. Mr. Mendoza is 
also currently working In the Peruvian national soybean 
program. 

The four Peruvian graduate students are at the University of Puerto Rico 

under scholarships provided by A.! .D. It is anticipated that the experience 
and knowledge gained by these four men will be of extreme value to the 

national soybean program in Peru. They ihall give leadership to national 

research programs in the areas of nitrogen fixation, weed control and 

varietal development of soybean. 

The above list of graduate students which have received support from 

this grant and are currently involved in studies on soybeans, gives 
of Puerto Rico's commitment toa clear indication of the University 

the development of a strong training program in tropical soybean 

production and protection. The University of Puerto Rico has made 

significant progress toward strengthening it's institutional response 

capabilities in the area of providing advanced degree training with 

a specialization in soybeans to qualified persons of the LDCc. 

Since the beginning of the grant a total of 22 students have received 

H.S. degrees with specialization in the area of tropical crop pro­

tection. These students represent the following countriest Ecuador, 

Guatemala, Puerto Rico, Panama, Colombia, Nicaragua, El Salvador and 

Bolivia. At present, 25 students are enrolled in the graduate program
 

of the Department of Crop Protection at UPR/NC.
 

Due to the cooperative ties which have been est-'blished between 

UPR/NC and UIUC, an excellent student exchange program has been in 

progress between the two universities since 1974. Nine graduate 

students from UIUC have conducted thesis research at UPR/MC. The 

IPR/AIC-UIUC student exchange program has allowed these young scien­

tists to conduct research under tropical conditions. Their inter­

national and tropical experience will aid in broadening and deepening 

the tropical soybean knowledge base. 

Five graduate students from UPR/K have been accepted into graduate 

programs at UrUC. Four of them are working towards the Ph.D. and 

one toward the H.S. degree. 

Dr. Jaime Jordon recently completed the Ph.D. in the Department of 
initiatedAgronomy at UIUC. Be has returned to Puerto Rico and has 

and will also be teaching andresearch in the area of weed control 
advising graduate students.
 

recently completed the Ph.D. in the Department ofDr. NMelia Acosta 
Plant Pathology at UIUC. She has returned to Puerto Rico and is 

Initiating research in the field of tropical nematology and is also
 
leadership toteaching at the graduate level. Dr. Acosta is giving 

the ITSOT-UPR program in soybean nmtology in the tropics. 
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01 

lng 

Iclinic 

Mr. ArcaenI Rodriguez recently copleted the .S. degree in the 

Deparmlnt of Plant pathology at UXUC. He has returned to Puerto 

Roe and Is currently in charge of the plant disease diagno is 

at the Rio piedras substation. 

gn or. Julia rspperly recently completed her Ph.D. in plant pathology 

ad has resed her teaching and research responsibilities at the 

Puerto I Nayeguez Capu3. 

: the eq 
Lue to t |. Urk.|tudY Training Program 
?to t Zn recent years, a nmber of requests have been made for short term 
%trolan4 Naniegree train -ng programs in the area of tropical crop protection 

and production of soybean. In this type of program, interested and 

Drt from 
I gives 

tgvnegree
bena
bean s made 

qullfied persons will join the rNTSOY-UPR staff for on-the-job 

training in a variety of areas in crop protection. This type of 

training eliminates problems of academic prerequisites 
m language problems in relation to Spanish. At present, trainees 
frm any Spanish speaking country can come directly to Puerto Rico
with no language problems. During this reporting period Hr. Cesar 

ng with Vallee Panduro conducted a 4-month work-study program in the area ol 

ng vith soybean pathology. The objectives of Mr. Valles' work-study progran 

were 1) on-the-job training to become thoroughly familiar with the 

receive 
recpro-
pro-

Identification, prevention, and modern control methods for soybean 

diseases; 2) travel and work with plant pathologists and soybean 
disease specialists to learn research techniques that can be applied 

rcuadoZ In Perui 3) review research data; and 4) visit various soybean field 

rador an to study disease and management problems. After comleting a success 

~te progn program at the University of Puerto Rico, Mr. Valles went directly t 

the University of Illinois where he attended and completed the INTSC 

men 
soybean production short course. Hr. Valles has returned to Peru an 
resumed his position as soybean pathologist at the experiment static 

wmin in "h1 Porvenir" at Tarapoto. It is anticipated that the training rece 

E5taJ by Mr. Vallee will be beneficial in strengthening the national soybe 
SThe program in Peru. 

p scien­
inter- Future work-study programs will be made available to qualified parse 
deepenil from tropical WdCs. 

graduate 
4. Participation in international training activities. 

D. and The strengthening of the University of Puerto Rico's institutional 
responss capabilities in the area of tropical crop protection and 
production of soybean has been demonstrated. Program personnel 

ment of are available to attend and participate in international training 

nitiated activities such as workshops and short courses. To the fullest 

Lng and extent possie, funding will be used to cover travel 
csts for program personnel participating in training 

and per diem 
activities. 

The University of Puerto Rico is ready and willing to respond to 

=ent of requests for aid in supplying expertise for training in on-site 

md is short courses and other training activities. During the reporting 

k Is aIN Peziod, only one request for aid in international training activitie 

OMrp tA we" received. The University of Puerto Rico did respond to this 

h request. 

Best Avallable Docunen;., 
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An international training course on seed technology was held in
 

San Jose, Costa Rica on August 7 through 18, 1978. The coursL 

was a cooperative effort between A.I.D., El Centro Para In-

Granos y Semillas de la Universidad de Costavestigaciones en 
and the seed technology laboratory of Mississippi State
Rica, 

was attended by participantu fromUniversity. The course 
Central America, Panama and the Carribean. Sponsoring 

developed expertise in seedorganizations did not have 
ve
pathology: therefore, Dr. M. A. Ellis was requested to 

two lectures on seed pathology at the course. The following 

lectures wexe presented at the course "Actividad microbiana 

y calidad de semillas" and "Control de pat6aenos acarreados 

por semillas". 

In order to more fully utilize the developed competency of
 

the University of Puerto Rico's soybean program, grant program
 

personnel need to be involved in more international training
 

It is hoped that A.I.D. and international orga­activities. 

nizations and institutions will recognize ed utilize the
 

training capabilities of the University of Puerto Rico. 

Output III. Advisory Capacity
 

As was mentioned in previous section of this report, UPR/MC has 

developed and is continuing to develop a research and advisory 
tropical soybean protection and production.team in the area of 


has committed itself to the development of an expert
UPR/MC 
response capability in the area of weed, disease and insect 

control of soybeans and other food legumes for the LDCs of 

the tropics. This grant has developed and is maintaining 

coqpetence among it's core staff. Grant personnel are 

prepared to respond to requests from AID, other donor, and 

tropical LDCs for expert advise or assistance in the problem 

area. The function of advisors may include: problem identifi­

cation and analysis, project design, project operations, 

education and training, research and evaluation.
 

The fact that both Spanish and English languages are used by
 

the faculty members and technical personnel especially qualify
 
UPR/AC is
this university for work with LDCs of Latin America. 


ir a unique position to provide advise and consultation of value
 

for these areas. 

UPR/HC grant personnel are directly linked with the grant personnel 

of UIMC. Through the combined grant personnel of UIUC and UPR/NC,
 

INTSOY provides an advisory team in the area of tropical soybean
 

protection that can respond to requests for aid in seed production,
 

disease control (fungal, bacterial and virus), insect control,
 

control of soybean in the tropics.
nematode control and weed 

for aid from Panama and
During the reporting period, requests 

were responded to by UPR/NC grant personnel. he
Costa Rica 


discussed
response to the request from Costa Rica has been 


under "participation in international training activities"
 

(Output II).
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held in gequest for technical aid from the Faculty of Agronomy, 

Cour8L tiversity of Panama was responded to during the reporting 
ten days in Panama givingIn- period. Dr. Guillero Riveros spent 

Costa mwgultation and recommendations on weed control in soybean 
in soybean weed control.sMd research methodsState 

Paiama giving lecturesDr. Pedro Helendez spent ten days in 
and consultation in soybean disease diagnosis, disease control, 

Lve and research methods in plant pathology. Dr. Nelndez conducted 
survey of existing soybean diseases in Panama. ng * 

ama 

_ or. ichael A. Ellis also spent ten days in Panama giving con­

sultation in soybean seed production and seed pathological 

problem in the tropics. 
of 
rogram Written reports were left by each staff member, prior to 

ing leaving Panama. 
rga-

It Is anticipated that UPR/HC requests for advise and con­
sultation in the area of tropical pest control and manage­
ment of soybean and other grain legumes will increase as 
the tropical production of soybean increases. 

jChas 	 Output IV. Linkages 

-otion. 7he primary objective of this output goal is to develop formal 
uot research and informational linkages with national and inter-
Oct national organizations and institutions. Through the develop­
of 	 ment of these linkages UPR/MC and UIUC can provide leadership 

for the establishment of an international network of orga­

nitations and individuals which are 'linked in such a utilization
 
of progri. outputs, and continued development of future soybean 

1410 produc' and utilization programs for the tropics and sub­
tropics.
ntifi-


Since the beginning of the grant, linkages have been developed 

with the following institutions. 

dby 
lify (a) International Crops Research Institute for the 

Semi-Arid Tropics, Hyberadad, India.is 
of value (b) Centro Internacional de Agricultura Tropical 

(CIAT), Cali, Colombia. 
,t personnelt prAC 	 (c) Instituto Colombiano Agropecuario (ICA), Colombia. 

soybeanlsp.oduction, 	 (d) Instituto Interamericano Ciencias Agricolas (11CA), 
ton, 	 El Salvador, San Salvador.
 

trol, 

icos. (e) Instituto Nacional de Investigaciones Agroecuarias 

.And (INIAP), Quito, Ecuador. 

'e 	 (f) Universidad de Panama, Panama. 

(g) International Institute of Tropical Agriculture
 

(IIT), Ibadan, Nigeria.
 

25,tA'ctabl. Docu n,. 
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(h) Centro Internacional de la Papa (CIP), Lima, Peru.
 

(i) Ministerio de Alimentacion, Lima, Peru.
 

(j) 	 Asian Vegetable Research and Development Center 
(AVRDC), Taiwan. 

(k) Fundacao Instituto Agronomico do Parana (IAPAR),
 
Londrina, Brasil.
 

(1) 	Canada Agriculture Research Station, Winnipeg, Manitoba.
 

At the national level, linkages have been developed with the Mayaguez
 

Institute of Tropical Agriculture (MITA), the United States Department
 
of Agriculture and Agricultural Research Service, Iowa State University,
 

North Carolina State University, Mississippi State University, Oregon
 
State University and the University of Hawaii.
 

Output V. Information Capacity
 

Through the development of grant stpported research activities, a 
significant amount of new information relative to soybean breeding, 
seed production and crop protection for the tropics has been developed. 
This information is intended to have practical application for the LDCs 
of the tropics. This information is currently being published in 
scientific journals and will be distributed among tropical LDCs and 
international centers that have interest in the production of soybeans 
and other food legumes for human consumption. 

Human resources are a major portion of UPP/MC information capacity.
 
Highly qualified staff personnel are aware of research being conducted 
within their respective fields. Through informational linkages and 
information generated through program research, grant personnel are 
an e.ttremely valuable source of information which can be supplied on 
relatively short notice. Through correspondence, travel and publication, 
the bank of information and data which is available is being disseminated 
to tropical LDCs and other interested organizations and individuals. 

The library at UPR/MC contains all major journals and other publications 
pertaining to tropical agriculture and agriculture in general. Reference
 
material on any subject is readily available to staff personnel and
 
graduate students. In addition, UPR/MC is linked with n&cional and
 

international organizations which provide information retrieval
 

services. Special reference is made to the Soybean Insect Research 
Information Center (SIRIC) of UIUC and the information retrieval 
service of the Centro Internacional de Agricultura Tropical (CIAT) 
on PhaeoZus vul.2g,'s. 

Z. Inpact of Grant - Supported Activity in Achieving Grant Purpose
 

There is no question that grant funding has had a positive effect in
 

developing uifR/MC institutional response capability in the tropical crop
 

protection and production of soybean and other food legumes. Grant 
supported activities are an integral part of the Department of Crop 
Protection. The Departmeit has demonstrated it's keen interest in 

*-o,.,-ho f rnt nv,,rm­
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,she grant has had a profound effect on the teaching program within thecollege of agricultural sciences and the Department of Crop Protection.Staff personnel have been active in the development of the curriculumfor the new department and three grant supported staff members arecurrently teaching courses at the graduate level. Through providingnew and improved laboratory facilities, audiovisual equipment, increased
library resources and increased staff personnel, the grant has enchancedthe quality of teaching at UPR/MC. 
At present, 25 graduate students are
working toward the M.S. degree in Crop Protection and the number of
iitoba. 
 students developing interest in the field is continually increasing.
 

Mayaguez Teaching and research facilities have been significantly improved underepartment this grant. New laboratory facilities, includingUniversity developed at the College Farm 
green houses, have been 

SOregon available to staff and 
(La Finca). These facilities are currentlypathology students. Laboratoryand nematology have facilities on campusalso been developed for plantand made available to 

staff and students. The development of these facilities has had a directeffect upon the development of UPR/VC institutional response capability.At present, UPR/MC is capable and willing to provide education, training,
, a 
 and consultation to LDCs of the tropics in'protection and production of

tding, soybean and other food legumes.leve loped.

theLoes Grant funds have
thin been used to provide travel supportThis provides for staff members. 
iand 

two major benefits for the insitution and the programs1) the broadening of professional experiencesoybeans development and expertise and 2) theof linkages and establishment of new joint research projects. 
V. Other Resources for Grant Related Activities
city.
 

.nducted 
 Funds provided under this grant have never been used to replace existing
nd 
 funds for other university projects. 
Activities conducted underi are grant have been thisIdare designed to complement and strengthen existing programs.led on In direct support to the grant, UPR/MC has provided and will continue 
iblicati- to providet
 
Loseminati
luals. 
 1. Administrative costs including salaries and utilities in administrative
 

)lication offices.RefereU- bonus of $200.00 per month.
The project director, Dr. M. A. Ellis receives an administratii
and This amounts togrant is paying for administrative salaries. $2,400.00 per year that the 

and 
No funds from the grant art
used to cover costs of services or senior administrative officers in the
College of Agricultural Sciences. 

arch 
 2. Class 
oms, library, field space and facilities, office space, and
1 
..T) laboratory space and utilities have also been provided to grantPesonnel by UPR/WC. 

L'periment Station have 
All facilities available through the Agricultural

been made available to grant personnel andgrant related activities. 
The services of the Central Anolytical
l4boratory of the Agricultural Experiment Station, the soil testinglaboratory at the Nayagaez campus and the Nuclear Center have alsobeen made available to grant personnel and projects at no charge 
to the project. These costs (contributions) are very difficult to
assess. 
They are roughly equivalent to the overhead charges for a
research cohtract. 

Best Available Document 

http:2,400.00
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In order to develop institutional response capability in the area of tropical 
crop protection of soybean and other food legumes, UPR/MC has spared no 
expense and has always given 100% support to the program developed under 
this grant. 

No other sources of funding have been made available to this program. 

G. 	 Utilization of Institutional Response Capabilities in Development Programs 

It should be pointed out that prior to receiving this grant, soybeans were 
of no commercial iaportance to Puerto Rico and UPR/NC. Therefore, the 
institutional response capability of UPR/C in tropical crop protection of 
soybean was very limited. For the above mentioned reason requests for 
assistance from tropical LDCs have been few. Since the beginning of the 
grant, UPR/MC has worked to develop its institutional response capabilities
 
in this area. At present, UPR/MC has developed and is continuing to develop 
significant response capabilities.
 

Through the development and demonstration of UPR/MC response capability, 
the number of requests for assistance has significantly increased duz 'ug 
the reporting period and it is anticipated that the number of requests 
will continue to increase as interest in the tropical production of soybean 
increases. 

Requests for assistance during this reporting period have been presented and 
discussed under Part D Accomplishments (Output II Education and Training and 
Output III Advisory Capacity) of this report. 

H. 	Plan of Work and Anticipated Expendit'res for Years I and II of the Grant 
Extension 

Since the inception of this grant first priority has been given to the develop­
ment of a strong research program and the establishment of education and train­
ing facilities and staff in the area of tropical crop protection of soybean
 
and other food legumes. This priority ranking will be slightly changed for
 
the 	remainder of the funding period. Future program emphasis will be placed 
on the utilization of developed institutional response capabilities in develop­
ment programs. 

The 	continuation of the on going research program will maintain a position
 
of high priority in the last year of the grant. The maintenance of a high
 
quality research program provides the following primary functions:
 

1) the development of needed technology in the area of tropical
 
crop protection of soybean;
 

2) the continued development of staff expertise and knowledge in
 
the problem area; and
 

3) the demonstration of UPR/MC institutional response capability
 
in the problem area.
 

Included for funding in the two year grant extension, is pi ogram expansion 
in the areas of entomology and nematology. 
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area of tropi© or. Ilia Acosta has recently received her Ph.D in nematology at UIUC. 
a spared no Dr. Acosta was involved in the grant supported student exchange program 
eloped under between UpR/C and UIUC. Her return to UPR/MC has facilitated the in­

corporation of the nematology component into the present program. The 

development of response capability in tropical nematology of soytean
 
p~rogram. has received funding in year V of the grant and will continue to xeceive
 

Acosta has initiated
 year grant extension. Dr. 
nt Progra funding under the two 

research in control of nematodes in soybean under tropical conditions. 

The research has 	recently been initiated and to date no results have
 

soybeans were been collected. The results of Dr. Acosta's first year of research 
efore, the will be presented in next year's annual report. At presnnt, the 
protection of grant is providing 20% of Dr. Acosta's salary. 
m-_ts for 
sbng of the The area of entomology continues to be of primary interest to future 

e bilitio program development at UPR/C. At present, we have developed significant 
iuing to devel response capability in the areas of plant pathology, weed science and 

seed pathology. Response capability is currently being developed in the 

area of nematology.capability,
 

eased during When entomology is included into the grant program, a well-rounded 
f requests tropical crop protection research, advisory and training team will be 
:ion of soybeam established. UPR/MC will be ready and capable of responditig to most 

requests for aid 	in tropical crop protection of soybeans. Funding
 

for the entomology component has been provided by A.I.D. in the two 
mn presented a year grant extension. A job description for an INTSOY entomologist 
md Training a at UPR/MC has been written and distributed. Arrangements are currently 

being made to interview candidates for the position. Hopefully, the
 
entomologist will be on board around January 1979.


o f the Gi'.nt 

Continued development and maintenance of facilities for research and
 
training will receive program support and funding. Of special interest 

Fen to the dove to this program, is the establishment and continued development of the 
lucation and tr newly founded Department of Crop Protection. 
ion of soybean 
ly changed for Full program support will be given to pertinent graduate student research.
 
will be place In addition, A.I.D. has provided funding for two graduate assistantships.
 

lities in deve AssLstantships will be provided within the Department of Crop Protection
 

for research on tropica: crop protection of soybean.
 

in a position Continued development of informational research and informational linkages 
ne of a high will be supported. In all grant related activities, our primary linkage 
Ions: with UIUC will be continued. UZUC has truly distinguished itself as the 

leading institution in world soybean development. Through cooperation and 

ical planning with UIUC and other linked institutions and organizations, the 
basis for a truly international network of organizations and individuals 

ledge in which can sustain future soybean development programs for the tropics has 
been developed. 

ility 
As funding permits, all requests for assistance from LDCs will be answered. 

m expansion 	 The development of literature (in Spanish and English) based on current
 
knowledge and results from program research will receive funding during
 
the last year of the grant.
 

Best Avullable Documeni 
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of 	the
Individual work plans by objective and activity for years I and I 


A sunuary work plan by objective, activity
grant extension are included. 

and cost for years I and II of the grant extension is presented below:
 

1. Su mary work plan by objective, activity and cost for Year I and II of
 

the 	proposed extension.
 

Objective I--Expanded knowledge base 

and research capability 

A-1 Seed pathology and production of 

high quality seed 


A-2 Plant Pathology of soybean under
 

tropical conditions 


A-3 Weed Science 


A-4 Tropical Nematology of Soybean 


A-5 Tropical Entomology of Soybean 


(to be incorporated in year 1
 

of proposed grant extension)
 

Year I Year II 

Activity Objective Activity Objective 

$124,676 $126,926 

$27,551.52 $28,051.52 

22,420.00 22,920.00 

32,860.00 33,360.00 

12,000.00 12,250.00 

29,844.48 30,344.48 

Note: ExFenditures listed under Objective 1 include salaries and fringe
 

the 	grant program director and secretary.
benefits for all grant personnel except 

the program director and secretary are included under Objective IIISalaries of 
Advisory Capacity. 

Objective II--Education and training 


A-1 	 ContinueO development of training 

and education capacity within the 

Department of Crop Protection 

UPM/4C 

A-2 Graduate assistantships 

A-3 Travel and support for work-study 

training program 

Year I Year II 

Activity Objective Activity Objective 

$13,000.00 $13,074.00 

$1,000.00 $1,000.00 

11,000.00 11,074.00 

1,000.00 1,000.00 
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Year I Year I 
Activity Objective Activity Objective 

*bjective Ill--Advisory Capacity $16,000.00 $16,000.00 

A-1 Maintenance and continued 

dsvelopment of staff personnel 

which can act as an advisory 

team in tropical Crop Protection 

of soybean $9,000.00 $9,000.00 

A-2 Travel in response to requests, 

for aid in development 7,000.00 7,000.00 

Objective IV--Information Capacity 
 6,000.00 
 6,000.
 

k-1 	Publishing of grant supported
 

research results and other
 

grant supported publications 6,000.00 
 6,000.00
 

Objective V.-Linkages and Networks 8,000.00 	 8,000.( 

A-I 	 Travel 5,000.00 	 5,000.00
 

A-2 	Administrative and research 

support 
 3,000.00 	 3,000.0 

Total Year I $167,676.00 Total Year II $170,0
 

http:167,676.00
http:3,000.00
http:5,000.00
http:5,000.00
http:8,000.00
http:6,000.00
http:6,000.00
http:6,000.00
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2. Individual work plans by objective and activity for Year I and 11 of the 

Grant extension. 

WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211(d) GRANT--

SUBTROPICSDEVELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs Or TROPICS AND 

Output No. I 

Program subcategory No. I Activity Seed pathology and the production 

of high quality seeds under tropical conditions. 

Staff to be involved Seed pathologist, plant pathologist, plant breeder 

and laboratory technician. 

Scheduled events Continued development and application of needed
 

technology in the area of tropical production of high quality disease­

free seed. 

Expected results A significant increase in knowledge and training
 

capability in the problem area.
 

Costs Year I Year II 

Personnel $21,551.52 $22,061.00 

Travel 2,000.00 2,000.00 

Research support 4,000.00 4,000.00 

Subcategory total 27,551.52 28,051.52 
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211(d) GRANT--

DEVELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output No. I Expanded Knowledge Base and Research Capability 

Program subcategory No. II Activity Plant pathology of soybean under 

tropical conditions. 

Staff to be involved Plant pathologist, seed pathologist, plant
 

breeder and one full-time techniciar.
 

Scheduled events Continued identification of soybean diseases present
 

in Puerto Rico. Screening tropically adapted soybean cultivars for
 

resistance to selected foliar and root rotting diseases.
 

Expected results Identification of soybean germplasm with resistance
 

to selected plant diseases.
 

Costs Year I Year II 

Personnel $15,420.00 $15,920.00 

Travel 2,000.00 2,000.00 

Research support 5,000.00 5,000.00 

Subcategory total 22,420.00 22,920.00 
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211(d) GRANT--

DEVELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output No. I Expanded Knowledge Base and Research Capability
 

Program :ubcategory No. III Activity Weed science-control and study
 

of weed specios commonly associated with soybeans in the tropics.
 

Staff to be involved Weed scientist, one full-time technician and
 

plant breeder.
 

Scheduled events Continued research in methods of controlling weeds
 

in soybeans under tropical conditions, and competitive ability of
 

common weed species against soybean.
 

Expected results Sinificant increase in knowledge and training
 

capability in tropical weed control in soybean.
 

Costs Year I Year II 

Personnel $25,860.00 $26,360.00 

Travel 2,000.00 2,000.00 

Research support 5,000.00 5,000.00 

Subcategory total 32,860.00 33,360.00 
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211 (d) GRANT--

EVEXfPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output No. I 
 Expanded Knowledge Base and Research Capability
 

Program subcategory No. IV 
 Activity Tropical nematology of soybean
 

Staff to be involved Nematologist and plant pathologist.
 

Scheduled events Initiation of research on the effect of nematodes
 

on tropical soybean production, and methods for their control. 
 Develop­

ment of research and training faculities in tropical nematology.
 

Expected results Development of institutional response capability in
 

the area of tropical nematology of soybean.
 

Csots Year I Year II 

Personnel $ 5,000.00 $ 5,250.00 

Travel 2,000.00 2,000.00 

Research support 5,000.00 5,000.00 

Subcategory total 12,000.00 12,250.00 
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RICO 211 (d) GRANT--WORK P ANS FOR UNIVERSITV OF PUERTO 

VEVLOP NG RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output N. I 

Program subcategory No. V Activity Tropical entomology of soybean 

Staff to be involved UPR/MC entomologist (current not employed), 

and plant breeder.I TSOY entomology staff at UIUC 

Scheduled events Development of a research program and institutional
 

response capability in the area of entomology. Development of pest 

programs for soybeans in the tropics.management 

Expected results Development of institutional response capability in 

soybean entomoloqg' under tropical conditions. 

Year I Year II
Costs 


$18,000.00 $18,500.00
 Personnel 


2,000.00 2,000.00

Travel 


9,844.49 9,844.48
Research support 


29,844.48 30,344.48
Subcategory total 


http:30,344.48
http:29,844.48
http:9,844.48
http:9,844.49
http:2,000.00
http:2,000.00
http:18,500.00
http:18,000.00
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211(d) GRANT--

DEVELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output No. II Education and Training Capability 

Program subcategory No. I Activity Education and training within the 

department of crop protection (UPR/MC). Graduate student research support 

and international work-study training program. 

Staff to be involved All grant personnel and grant program director.
 

Scheduled events Continued teaching and graduate student advising on
 

the part of all grant personnel. Support for pertinent graduate student
 

research. Support for work-study trainee from Peru.
 

Expected results Continued development, and utilization of institutional
 

response capability in the area of education and training of tropical
 

crop protection.
 

Costs Year I Year II 

Personnel $--

Travel 2,000.00 2,000.00
 

Other program support 11,000.00 11,074.00
 

Subcategory total 13,000.00 13,074.00
 

All grant personnel will be
 

used in grant supported
 
education and training
 
activities as needed to meet
 
program objectives.
 

http:13,074.00
http:13,000.00
http:11,074.00
http:11,000.00
http:2,000.00
http:2,000.00
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211 (d) GRANT--

DMELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS AND SUBTROPICS 

Output No. III Advisory capacity 

Program subcategory No. I Activity Maintenance and continued develop­

ment of staff personnel which can serve as an international advisory 

team in the area of tropical crop protection of soybean. 

Staff to be involved All grant personnel and grant program director. 

Scheduled events Maintenance of present grant personnel and continued
 

development of grant personnel. Special emphasis will be given to
 

entomology and nematology.
 

Expected results The development of a well rounded advisory team in the 

area of tropical crop protection of soybean. 

Costs Year I Year II 

Personnel $ 9,000.00 $ 9,000.00 

Travel 7,000.00 7,000.00 

Research support -- --

Subcategory total 16,000.00 16,000.00 

Salaries listed above included the 
grant program director 0.2 Fte and 
the program secretary 1.0 Frt. All 
grant personnel will be used in grant 
supportid advisory activities as needed 
to meet program objectives. 
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RICO 211 (d) GRANT--WORK PLANS FOR UNIVERSITY OF PUERTO 

TROPICS AND SUBTROPICECAPABILITY IN SOYBEANS FOR LDCs OF
DEVELOPING RESPONSE 

Output No. IV Information Capacity 

I Activity Publishing of all research results 
Program subcategory No. 

of program publications in soy­
obtained through this program. Funding 

bean protection under tropical conditions.
 

Staff to be involved All grant personnel and grant program director.
 

Scheduled events Publication of grant supported research results.
 

Publicatirn of extension-type bulletins related to the tropical crop
 

protection of soybean. 

Expected results Presentation (in English and Spanish) of sinificant
 

program research findings and current knowledge 
in the area of tropical
 

crop protection of soybean.
 

Year II
Year I
Costs 


$

Personnel 


.m
Travel 


6,000.00
6,000.00
Publication costs 


6,000.00
6,000.00
Subcategory total 


http:6,000.00
http:6,000.00
http:6,000.00
http:6,000.00
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WORK PLANS FOR UNIVERSITY OF PUERTO RICO 211(d) GRANT--

AND SUBTROPICS
DEVELOPING RESPONSE CAPABILITY IN SOYBEANS FOR LDCs OF TROPICS 

Output No. V Linkages and networks 

No. I Activity Continued development of linkages
Program subcategory 

with international research centers and other 
organizations. Linkages
 

with tropical LDCs in the areas of research, education 
and training.
 

Staff to be involved All grant personnel and the grant program director.
 

Scheduled events Continued development of informationl" 
and research
 

linkages with international organizations and LDCs institutions.
 

Expected results The development of an international 
network of
 

organizations and individuals which can sustain 
future soybean
 

development programs in the tropics.
 

Costs Year I Year II 

Personnel $ -- $ --

Travel 5,000.00 5,000.00 

Other program support 3,000.00 3,000.00 

Subcategory total 8,000.00 8,000.00 
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j* 	 Involvement of Minority Personnel and Wonon 

The grant has provided opportunities for empioyment of women. The program 
secretary and one research assistant are women. In addition, the program
 
nmatologist (Dr. Nelia Acosta) is a woman.
 

The 	University of Puerto Rico is an affirmativo action, ieq'2ai opportunity 
employer.
 



Mbe?. Diztribtio of 211(d) Grant Funds and Contributions From Other Sources of runding*
 

Reporting Period October 1, 1977 to September 30, 1978
 

Grant Cbjectives/Outputs Period Under Cumlative Projected Projected to ln 211(d) PUndinq
 
Review Total Nsxt Year end of Grant Antmnt from UPR/MC
 

1. 	upanded Knowledge
 
Base 62,000.00 260,513.77 124,676.00 251,602.00 40,000.00
 

I1. 	 Education and
 
Training 40,000.00 177,421.18 13,000.00 26,074.00 32,000.00 


laIII. Inforsation 
capacity 	 10,000.00 21,958.36 &,000.0 12,000.00
 

V. Linkages and 
Advisory Capacity 9p851.47 40,106.69 24,000.00 48,000.00
 

Total 121,851.47 500,000.00 167,676.00 337,676.00 72,000.00
 

These fiqures are our best estimates. 

1 

http:72,000.00
http:337,676.00
http:167,676.00
http:500,000.00
http:121,851.47
http:48,000.00
http:24,000.00
http:40,106.69
http:9p851.47
http:12,000.00
http:21,958.36
http:10,000.00
http:32,000.00
http:26,074.00
http:13,000.00
http:177,421.18
http:40,000.00
http:40,000.00
http:251,602.00
http:124,676.00
http:260,513.77
http:62,000.00


- 74 -

Table 1I 

211(d) Expenditure Report 

Actual and Projected Summary 

Under Institutional Grant #AfD/ta-G-50 

Expenditures Projected 
to date Expenditures 

Reporting Cumulative For Two Year 
Period Total Grant Extension 

Salaries 70,000.00 293,313.46 175,860.00 

Employees 
Benefit 13,000.00 35,714.86 31,654.00 

Travel & 
Subsistence 15,000.00 68,429,28 34,000.00 

Supplies & 
Materials 15,851.47 52,142.86 36,000.00 

RPusarch 
Support 8,000.00 50,399.54 38,088.00 

Fellowships ---- ---- 221074.00 

Total 127,851.47 500,000.00 337,676.00 
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Toble ziX. 
 211 (d) Expenditure Report Rporting Year DetailUnder institutional Grant #AD/tg-G.So
 
Reporting Period October 1, 1977 to September 30, 1978
 

.. Salaries
 

A. Acadeuic 
 Percentage Time 
 Amunt
 
Grant Director 

N. Ellis 20 	

1,200.00

30
P. Ralendez 
 4t431.48
50
R. Riveros 	 11,872.32
 

N. Acosta 100 	
20,760.00


E. Rosario 20 	
3,208.00'100 
,600.00
B. 	Clerical 


6,000.00
 
C. 	Technical Aide (2) 


12,928.20

D. floyeeg Benefits 


13,000.00
 

ZZ. Travel
 

A. Domestic 


4,000.00

B. Foreign 


8,997.00

Ill. Materials & Supplies 


15,605.0o

IV. 	Duipment 


8,000.00
 
V. Graduate Student
Research Support 


2t249.47
Total 


$121,851.47
 

http:121,851.47
http:2t249.47
http:8,000.00
http:15,605.0o
http:8,997.00
http:4,000.00
http:13,000.00
http:12,928.20
http:6,000.00
http:3,208.00
http:20,760.00
http:11,872.32
http:4t431.48
http:1,200.00
http:AD/tg-G.So
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APPENDIX A
 

ASSOCIATED RESEARCH
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1. Inheritance of resistance to Soybean Mosaic Virus 

A study to determine the inheritance of resistance to soybean
 
sac virus (SNV) in soybeans is being conducted at Isabela,
 

Puerto Rico. A dialslele set of crosses has been made between
 
the resistance parents Buffalo, P.I. 324.068, P.I. 341.242,
 
P.!. 374.193, and the susceptible parents Jupiter and Hardee
 
Late Selection. A cross has also been made between Buffalo
 
and P.I. 96.983. P.I. 96.983 is a SHV resistant line whose
 
genetics have been worked out with respect to resistance to
 
one isolate of SMV. Populations of F1 and F2 plants for 8
 
of thi crosses have been planted in the field. Each F1 and
 
F2 population has been divided into 6 samples with each sample
 
inoculated with a different isolate of SHV. Different isolates
 
are being usad because not all resistant parents are resistant
 
to the same SHY isolates.
 

2. The effect of seedling vigor on soybean nodulation by Rhizobium Japonioem 

Research has been completed in cooperation with Dr. R. Stewart
 
Sith (University of Illinois stationed at University of Puerto
 
lico) investigating the effects of soybean seedling vigor on the
 
amount and location of nodulation. Preliminary results from this
 
study were reported in the previous annual report of Grant AID/C"
 
ta-G-73-50, University of Puerto Rico.'
 

Field experiments were conducted using seeds of three soybean
 
cultivars (Jupiter, SJ-1 and Orb&) which were adjusted using
 
the accelerated aging technique in order to provide seed lots
 
of each cultivar with a high degree of variation in seedling
 
vigor. Aged seeds were uniformly inoculated in the furrow with
 
a Rhixobium laponimm liquid inoculum. Reduced seedling vigor
 
within each cultivar was positively correlated with reduced
 
plant size, number of tap root nodules, total number of nodules 
and nodule dry weight per plant. Significant decreases in the 
number of tetp root nodule@ and total number of nodules were 
observed between each of the three earliest emerging treatments
 
in a sandbench trial. In 79% of the instances there were
 
significantly more tap root nodules, total number of nodules 
and nodule dry weight per plant on the earliest emerging treat­
went than on the latest emerging treatment. ,ibe number of tap 
root nodules woks more closely correlated to seedling vigor than 
were total number of nodules or nodule weight. 

This study indicates that the amount of early nodulation is 
influenced by the seedling vigor. As the length of time from 
planting to seedling emergence increased the number of tap
 
root nodules, total number of nodules and nodule weight per 
plant decreased. In general, there were more instances of 
significance and higher negative correlation coefficients 
between the number of days to emerge mid the number of tap 
root nodules than between the number of days to emerge and 
total number of nodules or nodule weight per plant. This 
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indicates that tap root nodulation is influenced more by seedling
 
vigor than are total number of nodules or nodule weight per plant.
 

This study suggests that experiments intended to evaluate the
 
amount of initial soybean nodulation should utilize seedlings
 
of uniform vigor. This may acsist in reducing undesirable
 
variables in studies involving the symbiotic relationship
 
between soybean and Rhizobium japonicum.
 


