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Improvement of Tropical Production of Beans
and Cowpeas Throuqh Disease and Insect Control
(Extension) - University of Puerto Rico

Subcommittee: Dr. Maurice Peterson, Chairman, Drs. Max Milner,

B. S. Schweigert and Robert Whitney.

~ This proposal is for an extension of present research to October 1978

with estimated funding level of $1,157,000 for the 31 month period.

Dr. Peterson appraised the current projcct and proposed extension
.indicéting the subcommittee generally agreed continuation is justified.
He noted thatc RAC approved this project January 8-9; 1973 Qith provisions
that screening of breeding material for selected nutritive components he
incorporated in the project activity. Specific concerns expressed then
include (1) methionine content of beans and cowpeaé, (2) toxicants in
thesé species, and (3) socic-economic issves associated with protein
straéegy and changes in consumption patterns. He expressed the sub-
committee's serious -concern tﬁat these fecommendations, and particularly
those relating to nutritional factors, are not recognized in either the

progress report or future work plan.

Dr. Peterson suggested greater progress could be expected by narrowing
the objectives rather than broadening the scope of work to include other
/

grain legume species as recommended in the "general appraisal.” 1In

support, he poiated out that area yields of grain legumes have been
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essentially static (440 to 480 kg/ha) while cereal yields have increased
50% during the 1950-70 décades. Several basic problems impeding
improvement have been identified, such as high flower abortion and lack
of fertilizer respontsz. Also, grain legumes includeimany distinct crop
species which require separate breeding programs in:contrast to rice
or wheat. The project attempts to address all‘these problems but he

suggested it is unrealistic to expect much progress from such a broad

effort.

Dr. Peté;son indicated it would be presumptiousand not possible to suggest
pfiorities on the basis of information in the reports, but he did offer
- some éeneral commenté. Specifically, he noted the virology work appears
almost independent and asked, if it is intended to identify which diseases
are most important, then what is to be done with the results? Similarly,
hé asked what the nematode work is intended to accomplish. He noted breedin:
for‘resistance is not planned even when chemical cﬁntrol seems impract;cal.'
Becapse each crop species becomes dissected into'sevéral programs fof
developing resistance to the complex of virus, fungus and bacterial
diseases, insects, ard nematodes, and ié further complicated by classes of
varieties, he suggested the project be strengthened with more promise for
progress by including only the two crops, dry beans and cowpeas, with
emphasis only on the major diseases and insects; Arrangements to share some
' ~ which may be
of the specific objectives /difficult to attain in Puerto Rico,with U.S.
institutions having appropfiate facilitizs were suggested. These would

include nutritional qualities as well as environmental limitations

encountered in maintaining pure breeding lines. .
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Dr. Schweigert expressed agreement with the report and complimented

Dr. Peterson on the analysis. He further emphasized developing or limiting
priorities for emphasis. He reported the project manager has been
responsive to'the nutrition and toxicant questions and is incloding these

considerations in proper perspective.

Dr. Whitney noted that Some germ plasm having disease and insect resistance
has been released and distributed and sﬁggested that some emphésis be shifted
to oenetios and breeding to further pursue this objective with these improved
materials; He emphasized that close cooperation among scientists in the

rarious disciplines would be necessary to achieve the objectives and release

improved varieties.

Dr. Milner incdicated trypsin determinations may be more difficuit, but
"methionine could be easily evaluated by anyone having a basic bio-chemical
facility. Dr. Schweigert indicated he did not believe all toxicants could
be handled as =asily as antitrypsin, which is one type, but that thrcugh
breeding one could increase or decrea;e negative nutrition factors aﬁ

well.

Mr. Koith Byergo, TA/AGR, reported that work on the nutrition'aspects

and specifically methionine is being done at the University of Wisconsin
in close coordination with this projéct. He agreed with suggestions that
limiting the work to a few varieties would be beneficial, and explained

that the breedingefforts with a wide range of other varieties are only
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to locate rnsistance genes which can be transferred into the common
bean. Resﬂlts of viral resistance studies are being fed into the
breéding proarams as quickly as possible for developing resistance.
Close coordiration has al® developed among the Sreeders and pathologists
working on fungus and bacterial diseaseq. He noted that at the’recent
beans and cowpeas workshop in Columbia it was suggested consideration be
given to developing genetic resistance to the white fly vector. Close
coogdination of related work a% CIAT, in ﬂonduras, and othér areas is

in progress.

Dr. Peterson asked if it would be desirable to AID to convene a workshop
of U.S. breeders in fuerto Rico to determine if parts of this total
problem shouid be portioned out to address them with more talént than is
available at the present. Mr. Byergo indicated there would be some merit
in this, but since the emphasis is on tropical aspects of the problem the
potential pf tais grocedure would be lim}ted even though there are

techniques and expertise available in the U.S.

Dr. Baird irdicated that CIAT has responsibility among the International
Centers network for dry beans. Michigan State University has close
coordination in their work with CIAT. He also reported a consortium of
U.S. universities is being considered in this area and should include

the Univéfsity of Puerto Rico for disease and insect problems particularlf

in view of their location and developing expertise.
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Motion: Tnat the project be approved ﬁith the understanding that:
(a} The contractor sharpen the focus of the project
on fewer and higher priority objectives, and
(b) AID také appropriate steps to coordinate the
project activities at Puerco Rico with research on
grain legumes at various U.S. universities and CIAT.
Moved by Dr. M. Peterson; seconded

Vote: Unanimous approval.
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Improvement of Tropical Production of Beans and Covpeas
Theough Digcase and . nsect Control

This project was submitted for reyview but withheld from discussion
at the RICC eating on Cotober 26, 1972 because of new develomerts which
suggested the advisabiliky of cestructuring the proposal. As ocigina.lly
conceived, it was to be a cocperative pw:"\er'L balwoen ‘he Iniversity of
Puerto Rico and the Usna, with esch. ass’ aact scadndstrative recgonsibility
within their respactive areas OFf exsowiice as cuclined i1 the orlgu:.xl
submissicn (daied Septuwd RATYI }“. u i proposed, the administrative
:Le"pmu:_blnty for thae o ~J:z<:!: would ha given o tlis University of Puerto
Rico with key USDA personnel pan t"LClIJu’ ng 28 members of the UER rasgearch
ceam.  This would be roch lﬂ'(‘ the exishting .L‘J.cmoancnt' with the University
of Nebraska in tlie highly suscessfol winter wieat Smprovemant project.

In that case,the administrative respunsibility for the pm]ect regts with
the University, althouvgh one of the pris '**p‘._l soientists is euployed by
the DSOA.

1Ay

Since its -ncr'ptmn nearly ten yeiss ago, the regional grain lecume
(pulse) improverant project, conduchad wider a PASA with the USHA in India
and Ixen and later in Puerto Rico, has 1vide significant progress.  In
enabled Yndia to develop a sclentific kvise for on all-Indis pulse research
prograin anc at the same tim: provided te "-‘nic:\l assistance to ths couwtry's
operationg »’"Lwhim, Tt provided Irzon with essentially the s:me kind
of support in sufficienc c.e{)Lb that the PO has dacided to use Iran,
beginning in 1973, as a training base for pulse research workers in that
pext of the world., It has likewise been halpiul to the University of Puerto
Rico in the mowe than two years that tdhe UPR has been actively engagec in
thig activity.

in addition to the above, incyeascid research and training support to
the maior food leques on an international hasis is gradually being realized.
To date, responsibility for developing intexpaticnal retworks on major
legures has been assumed by the instituliicns listed balow:

K/”/) 5. Ser

1A
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Crop Responsible ‘Institution Athorizing Agent.

Pigeon peas ICRISAD ~ Tndia (Ge)

Chickpoas JCRISAT = India Ce

Dry baans CiAl - Colambia Governing Board

Cowpaas ITTA - Nigeria . Governing Roard

Mangl2ans AVRUCHE® o Q'adsn (overning Board

Soybeans USA ~ Undversity of Under cansidera-
: Tllinvis tion by A.I.D.,

CG and Private
| : . Foumdations

Further assigmments for cooparatila intermational food leguaie Limdrove-
ment are expected to folloy. Tufaislly needing avtenticy ere croundouts,
peas, broadbzans and-leniils in that nudar of priority. It is expected
that the 0% will ke providing a cationala for a ccordinated effort on thesa
crops within tthe next vear. Timg, the carmonents are being establishied for
international systams or netwerks for needed research and training for the
major food leguies, as was done for wheat, com, rice and nare recently for
sorghos, miliat and bavley.

Thase new activities in tha intercational field relating to food
/77 lequme inproverent, and related develeopiznts vihich are likely to take place,

have cauzed YAMGR over the last 12 0 15 months to take a new lock at the
role c¢f A,L.0. in supporbing. iuternztional vesearch in the food legume field.
It is precisely bkecause of these develommants that TA/AGR has norrcwsd its
fotus to @ specific arca of activity witich is of ligh priority, holds
premiga of a breakthrough, cad for vhich therPuerto Rico research team
has a current advantage in experience aid capability. The selected area
of activity is confined to diseases and insects of beans, cowpeis and
related wild legquras. Both heans and ciwpzas have high consuner accepta-
bility ard are basically well adapted to the tropics. Any improvenentsoor
breakthronghe in virus or cother disesase control would be immediately utilized
by international research canters and in interested country programs.

n this critical area of disease and insect centrol, nost of the
technical aupeclkise, motivaticn and facilities, as well as the tropical
g0il end climatic enviromnt, already #xist in Pusrto Rico. The new
lequme project with the University of Iuovto Rico will capitalize not

*CG ~~ Consultative Group of Worl:l Donors for Agricultural Research

AFAVRLC — Asian Vegetable Research and Development Center
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only on its special canpetence in the field of wvirology but also on the
widely 1ecoonized expertice in other diseases of the USDA scientists
assigned to the UPR research team. :

The major cokiective of thie projoct is to investigate the nature
and cantmol of diseases of the txopics end subtropics (virus, bacterial,
fungae, neapatedss and microplasma) and yalated insects.  Where possible,
improved plant popalations with gpeciflc or multiple resistance will be
daveloped by the Foerto Rico team and wide available directly te interested
developing countyies or through tha intommationzl network. New breeding
approaches will ke employed, e.g., the wse of chamdsterilants and cytoplasmic
male starilily to effect maxinum recomiiinations in the seqreaating popula-
tions similon o what is beinyg extensively acconplicdisd in sorghim, bagprove-
mant and is well unmder way vith rice, wheit and barley. Thus, there would
be a styeng intexdd scinlinars effoll o disease 2dd insect control involving
primerily plant Lreodting and ph ctopathelogy.

The present estinnte {g that within five yeare the project vill have
made sufificient pacorass chat a mvjor poct or @l of this activity could
be assumed &y the rasponsible intomational centers (CIAU, 11T, TCRISAT,
IRRT and AVRDC) or by somz of the more advanced developing countries such
as Colcnibla, Brazil, Wigeria and India. This progiess will ba in the foom
of impwoved vavietios with superior dissage and related insect resistance
vihich have the potential for heconing encnemically competitive with the
move popular and me esctensively guoam cereal coops.

Mderdun (Movambeyr 16)

The proposal as described in the follcwing Project Statement was
ravisied by the Inber-Hurean Technical “anmittes on Cctober 17, 1972, and
on Movanber 13 it was raviewed and approved by RIGC as indicated in the
foregoinyg Supplewent. In accordance with the RICC reconmendations, TR/AGR
is in the process of warking out with Iuerto Rico and the USDA details for
a consolidated work plen add raming Pucrto Rico University as the admini-
stratay of the projeci., Detadils on the work plen, managerial arrangement
and unifile
1973 nmeeting.

TA/AGR: SCILitzenkerger:sad
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PROJECT STAT:INT

Submitted: September 28, 1972
Amended¥®: Novewber 16. 1972

A. PROJECT SUMMARY

1. Statigticel

Project Title: Improvement of Tropical Production of Peans
and Ccwpeas Through Disease sid Insect Coutrol

New or Exteusion: DNew Project
J

Contrectors: College of rgriculture, the University of
Puerto Ricce (UPR), Maysguez, Puerto '.ico and
the U.5. Department of Agriculture

Principal
"--l » 03 Sl . - .
Investigators: Dr. Julio Lird, Bean Pathologist
University »f Puertc Rico

Dr. Walter "aiser, Pathologist, Plant Erecder
Dr. Neder ¥wiili, PPlant Breeder, Pathclogist
U. S, Depariment of Agriculture

Durstion: Five yzars [see Note below)
Total
Batimated Cost: $1,715,705.
Funding b
Fisesl Yeurs: 1972 {6 mos )~ $250,33p%%
197k - Lrs, TR
297¢ - 305,000
1976 - 305,000
1977 - 375,000
1978 {6 mos ) - 195,000
EgoJect lMansper: Dr. Chrrles wsreltonbach

Project vpecilalist: Dr. Samuel .itzenberger
S .

¥ Pege 1 only (see Addendun to Furegoing Supplement).

#* $250,330 for 18-monih initiel fnndihg of UPR contrect (Jsn. 1, 1973
to June 30, 197L); $175,375 for 12-mouth funding cf USDA PAGA (July 1,
1973 to June 30, 1974). Costs are merged for subsequent years.

NOTE: Duration proposed by TA/AGR prior to RIGC review. At its meeting
on November 13, hcwever, RIGC recommcnded epproval for three years, with
further funding contingent upon a review of progress qurdiig ‘the “third
year.



2. Narrative

One of the most promising ways o increasing protein for human
consumption in the developing countri:s is through an increased production
of edible legumes such as beans and cowpeas. They are high in assimilable
protein and thus a good substitute fecr less readily available, more costly
animal products. Beans and cowpeas a 'z already common items in the con-
sumption patterns of most of the Americas as well as many countries of
Africa and Asia. Their more extensive use is limited only by a lacic of
adequate production. It is generally =greed that the most serious factors
vhich have limited higher yields and jreater production in this group of
crops are dizeases, nematodes and insrct pests. Tn fact, diseases and
pests have cordinued to so reduce the yields of these crops that in mary
arcas they are now produced only for wibsistence.

Preliminary studies have indicat-d that there are numerous cases of
natural resistance to the major pests snd disezses of the legumincous crops
and that by the use of such selection; in breecing programs piesent yields
can be greatly incressed. In Puerto <ico, for example, soybean crops
grovn corsecutively throughout the yenr have produced aggregate yields of
almest 10,200 vounds of dry grain per acrae.  Selecltad pigeson peas have .
yielded 4,000 pourds of grain over a {ive months poriod. There anpears to
be little doubt that with control of lisezses and insecis, bean and cowpea
vields can cuprosch these production [iagures provided negcessary agroncmic
practices for lard preperstion, the uise of fertilirmers and =oil zuaendment,
weed cortrol and imnroved plent nubrl.ion cvan be mude available.

peder objzel lvas of this prodecl sre firsty to screen natuaral

ol Leod Lepumce adnpted 40 the tronics, particularly beans

erd cowcoas for notural sourecs of re-istance Lo the majer diseaces and
insects walch linih Shelr praducticn.  MHWaere natursl resistance cannob be
found, ¢ second mejor objective will e to invatlipate 2@ develon suitable
methods of diseass: snd insazt convrel. A furthee conpenist of the project
will be treining wupbord bo prepure tochandledzne who can exbend the activitie

financed under thiv cowbract Lo deve’  ponyg counbries throvghcut the world.

EAPAUDED NARRATIVI STATEMENT

1. rroiect Des

i T

iotdon and backnorid

Since 1663, A.L.D, has had o PAUA with tne UUDA on edible legume
improvement, first in Iron, lhen in India and Puerto Rico, AS a result of
this worl, considerables progresg has ieon made in the improvement of these
crops in Asia. The werk is belng coriinued by the Governmenis of Iran and

~India and by the A0. In Puerto Riec. the USHA project has releeced two
virug resistant beans.  One 65 reoistunt to Lz principel virus of zed

beans and the olhier resistant to the principal virus of black besns.
Resistance has alresdy been found to stunting virus and to golden yellow
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virus, two major viruses transmitted 'y the white fly in beans and cowpeas.
Resistance has also been found to a t:ztle-transmitted virus disecase of
these crops. Twenty lines of beans asd cowpeas are now under propagation
for release as varieties with resistance to one or more of these virus
diseases.

We now intend to discontinue the A.I.D./PASA agreement which has
been maintuined with the USDA and to wnitiate a cooperative USDA-University
of Puerto Rico project on bean and cowpea improvement at Puerto Rico.
The activities currently undervsy under the PASA in Puerto Rico will be-
comé an integral purt ol the cooperat-ve project.

2. Sigrdficance to A.I.D. Objectivis

A key project area of A,IL.D, estistance has been the improvement of
hasic food crops with emphasis on hipih quality and higher level assimil-~
able protein. Rescacrch activities currently are supported for the
development of 1mp10ved rro*oln in wbeat, maize and sovpmum.  A.1.D.
recogrdues that inhercntly grain legies are a better souwrce of plant
protein for humen consumption than tle cercals., They contaiin 20 to 40
percent, protein comparcd to the cererl grains which average only 1/& to
l/“ this erount.  Although there exiils ¢ rreab potential for incressing
presgent dszy yields of these crovs, very litile research hes been done on
then as bumpared o that in tue cerer crops. For this reacon, A,L.D.
considers pasearch in the beans and cowpras o be of very high priority.
This work will cemvriss e segment of 2 vrogram in legume development wvihich
ls part of the responsibility of the pibernsiicnal cenbers,

3.  Relaticn v fedsbior Suov

LI WY T pen T s

The grain legunes cousbibule a1 ujor groun of food crovs on which
relatively veary 2ithtle resecvch has Pesn ucdertaken. ¥hile the plant
breeders contiaved to stiese roeszarcl on the Improvemnn', of such cereals
as wheat, rlce, covi vihvn, the gealn legumes 20w be a3 very large
m2asuce neglactead, this hs - mean o coaseguoe: of the fact that
Yhe careals alesys Ponly Sood for most peopie while the
grain leguoes have Do conalcarad a: £ supplement in their diets,

DY
PR e

LS U o Y

3 - e Y
OO LAY

7 most of the trep ceroel is the major food orom.
This : ol wed, whonavar p,‘sib¢6, oy n seconddxv vlanting ¢ a grain
lggume. The grein lemines are g2 breated as cabeh crops which

make ufe ol that pact of tae growmng ;-Q,on in whizh “he laad 1s otherwise
not esployed., &< such little affori 13 ewpended oo their culturz; fer-
tilizers end dicchemicals te conbrol p@5us ere raresly cnployed. In fact,
farmers in most marts of the world el that arny production they may
obtain from thesc crops i3 a hunws woich they would not otherwise have
enjcyed. Thus, traditionally farm=r: have been satisfied with poor yields
and bhave dene 1ibttle to improve then, ‘
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) Only recently has the importance of the grain legumes attained
widespread recognition. This has re:ulted from the realization that
in much of the world protein starvation has become morz critical than
caloric hunger. The former has been linked to a reduction in the '
vitality of people and the ability ol small children to exploit their
full learning capacity. The need to incrcase the production of grain
legumes in the developing countries jias, as a consequence, assumed a
vital importance.

Present production levels in this group of crops are often less
than one-fourth what preliminary trials indicate they ave capable of
yielding when modern farming practices are introduced. For this reason,
there is little doubt that a high pav-off can result from A.I.D.'s
support of a bean and cowpea improvement program. The biggest constraint
to production are diseases ard insech pests. Thus, research directed
toward their conbiol io of highest priority.

4 Relation tc Obther Research

The new cooperasbive project with the Univevsity of Puerto Rico
and the USDA will differ from the current ALT.D./PASA agreement with the
USDA for grain legume dmprovement in that it will atiack a narrower
sector of the problem more intensely. The USDA PASA ..a5 dealt with a
considerable number of edlble legumes geovm in Asia, Africa, the Latin
Anericen countrics and in the U.S.A. In large measurs, it was a project
for the collection ard scresning of bhe principal edible grain legumes
so that they might be conserved for {ubnwe breeding programs. Only a
smell part of that progrom consisted in the development of resistance
to diserdes and pesta, LU is Ghis poch of the work that will be continued
ano. abtrenpgthensd under the new coptxecl. The Asian portion of the PASA
progran wos bolen over by the Indian Goverrment in 1962 =nd Iranian
Goverament in 1971. AL thah time;, & collecbion of several thousand
edible lepume selectiong was packed snd shipped to the USDA seed storage
facilities ab Fort Collins whersz it 45 conserved vs a germplasm rescurae.
Tt will be avellabls to this cocperaiica project.

Mow it ig izbouded Ghao AT.0, research undec the new project will
deal with cnly the Lwo cvopsa beans and cowpeas. The principal thrust
ol the new project will be bo gerecr Lo ddneg resistant to the major
diseasns und pests of thepe two cropi.  Ilesistant varieties will he
selected and rucombined in order to «hiain materials with multiple
reaistance for Alebtadbution te and voe by cooperating f.I.De Missions,
developlng countries and the dnternstional research institutes. Beceuse
diseases and peshts ofi/beznsg and cowpas are the primary causes for their
low production level, these problons mush be attaclked before other
components in a peckaged progrem for iucreasing yield (e.g. fertilizer
usage and controlled agronomic preclices) can prove effective. For that
reason, it has been concluded a concanurated effort such as described
above can provide the maximum returr. for A.I.D., input into a legume
developnent. effowxt.

S R ek e evmaaen
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The new project, titled "Improvem:nt of Tropical Production of Beans
and Cowpeas Through Nisease and Insecu Jontrol', vill be managed as part.
of the A.I.D. key effort for the develupment of basic food crops with
improved protein quality and conbent. As suvch; it will be coordinated
with A.I.D.'s ongoing research conbrachs in this area, namely projects
for the development of high quality, assimilable protein in the cereals
(wheat, sorghum and maizeg.

At the present time, the Consultative Group on International. Agricul-
tural Research (CG) is studying how adequate attention can best be given
to the major food legumes: Soybeans, teansg, cowpeas, pigeon peas, chick-
peas, lentils and mung beans. It s A.1,D.'s belief that the University
of Illinois, becsuge of its vast experisnce wibh the crop, may best be
designated as the international center for soybean research. This position
is encouraged by the Technical Advisorv Comnittee of the CG. It now appears
that existing international research irstitutes (CIAT, IITA and ICRISATX)
will developimajor rveseavch programs co chickpeas, pigeon peas, cowpeas
and beans. ;

The propesed bean end cowpea project shall constituce an-A,T,D.
contribution to the worldwide lepume ¢ velopment program. LU will be
closely inbegrated with research on the srain legumes cavried out abt the
international reseunrch institales, as tell as by regionaliand national
research centers, and it is dnbended 1o complenent their rescarch programs.
Muck-of the proposes work is of a move {undamenial nature than thst nor-
mally done at the intecnahional researih instibutes.

5. Preposcd Mork Flon

c - 03!
che PO ‘p.‘) Q5 ‘I SIN
oo SIS = evatorwrt SyE ot WoteY

It az the intent of the A0 coubragtual arrasgements wibth the
University of Poovbo Biao and sie USDE 40 focus en a well defined sactor
of the inbternational research snd cnircoach nebworls in prein legume improve-
ment.  Yhis is the sarecning of braniarl esupas populations for lines

vesistant to digease (Hingal s baasni aud vivus), nemstodes and insect
nesta, and the rocombinaii vy Gl these Lines dnbosvatieties which possess
multiple gicosua st peeb pesistanes.  Also dncluded would be irradiation

fo anduce 10 pubetions for resigstance Becance resistance may not always
he abvainable, do L8 dntended test bhe asresments include provisicon for
inveotdgations on othinr ceonenic neans of dirdsase and peat control. The
work conbtenpleaten bhe ghudy of Lhe bicloay of specilic pathogens, nema-—
tedes and dngect pashe in order Lo delorming ab which phase of an indi-
vidual dulebervions agunbta Lile cyela, biclogical controls, chenical
controls or cultural praclices can be vost effectively used. The study of
trensmission of virue digeases oy insc b vectors will be a major effort.

A concordsnt companent af bhe agrecnar 8 will be bo train technicicans who

*CIAT — [nternational. Genber for Tropi val Agriculture, Colombia;
IITA -~ International Instvituvte for Vreoical Agriculture, Nigecia;
ICRISAT - International CGeopetReacaveh Institute for the Semi- Arid
Tropics, India,
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will be able to make use of improved bian and cowpea materials and
improved practices for production in their own countries.

Germplasm lines of beans and cowpeas with multiple resistance
will be made available to International Centers, USAID Missions and host
country technicians for their particular use and breeding programs. It
is recognized that the ultimate selection of germplasm materials and the
adaptation of specific production praciices will have to be accompli‘shed
under speciiic country and climatic conditions. The University of Puszrto
Rico and the USDA intend to cooperate with individual developing country
institutions in this phase of the work,

As already stated under Sectiow 4, above, this defined sector of
legume research, which is more fundamental in nature, will constitute a
part of the international research network for grain legume research.
The work accomplished by the UPR/USDA rroject will be complementary to
that of the international research institutes. It i1s anticipated that
all or most of the project will be abzorbed by one or more of the inter-
ratiornal centers as well as by stronger developing country research systems
within five years. Thus, subject to unforeseen difficulties, this project -
would temminate by the end of 1977.

b. Work Pians

The work plans of the two cocp:rating institutions — the University
of Puerto Rico and the USDA - are prec:inted in detail for the initial 1&-
month period on pasges 8 end 9. These plans reflect an apportionment of
work according to the specialties in wiich each institution is bect
qualified. They provide for a cooperzlive effort in those activities in
which they are to function Jointly, i.:.: outreach programs such as the
training of foreign students and linksie programs under which resistant
materials will be ~tested in uniform rurseries abroad and released to
cooperating agencies in the worldwide !inkage system.

The University of Puerto Rico is well equipped to perform the
laboratory culture of the different fur7i and to study their bpiology. It
is developing its facllities in the i «ids of nematology and insect corirol
For these reasons, the University's work plan emphasizes laboratory re-
gearch on the races of viruses which ¢i'e most virulent on beans and cowpeas
and vhelr vector-trengmission relationships. It will work on biology of
the more serious bacterial and fungi < .seases, because through an under-
standing of their life cycles, it msy 2 possible to determine the most
practical means for contaimment of the disease. The University will alsc
bz responsible for research on diseasc and pest control by chemical means,

Tha USDA team has developed a strong capacity in the transmission
of discases observed in the field onto cultivated legume materials and in
the screening of legume cultivars for discase resistance. OCn the PASA
team, there is a skilled plant breeder. For that reason, the work
apportioned to the USDA is, for the most part, the survey of fungal and
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bacterial diseases which are seriously reducing yields in beans and
cowpeas and the screening of the world u:ollection for cultivars with
resistance to disease infection. The USDA will be responsible for
the breeding of resistant bean and cowpsa variet! :s and the develop—
ment of multiple discasz registant lines for distribution to inter-
national centers and institutes integrated in the worldwide bean and
cowpea network.

The work of both the University of Puerto Rico and the USDA
will be greatly facilitated by the fact that most, if not all, of
the important disecases of grain legumes, including pathogenic nematodes,
and insect vectors, are present in the Island's agriculture.

6. Research Methodolopy

The bean and cowpea activity will -mploy standard research
procedures for the screening and identiiication of disease and pest
resistant cultivars. Wherever it is possible to employ natural
sources of infectlon, an for example in the case of nematodes, the
screening prodedure will be effected utllizing naturel populations.
In most instences of disease resistance, where several subraces may
exist, resistance to individual straing will have to be tested by .
means of artificial infection with labovabory cultured:pathogens.

The UPR College of Agriculture is wroficient in the study of
transmission of virus diceases to plant waterials by the use of insect
vectors, and it maintains supecior facilities for rearing these virus
diseasc vectors as well as othar insect pests. The University also
maintains a well equipped virology labo-atory and is able to identify
different races of similar appearing viruses using modern serologilcal
technigues.

The USDA facility at Moyaguez is woll equipped to study tha
biology of fungal and bacterial diseasct under laboratory conditions
and thereby evaluate their rontrol by biological and chemical metheds.
The USDA stall is preparsd to bresd reslictant varieties of high
yiclding, quality beoans and cowpeas onc: resistant lines have been
identificd. As.poth crops are self-poliinated, breeding proecedures
arc simplified ond protection against c:o25 pollination is not required.
4 standard backeress procedure is generclly employed to transmit
disease or past resistoent factors to otunerwiss desired plant types.

By the backeross method, it is also postible to achleve multiple
resistance in a single varisty.
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I.

II.

ITI.

IV,

VI.

VII.

1II.

*IX.

*X,

UPR College of Agriculture Co:iribution to Cooperative
UPR~USDA Bean and (owpea Project

\Survey of virus diseasss of edible and related wild legumes with
regard to their transmissibility to beans and cowpeas.

Identification and characterization of viruses of edible and wild
legumes, especially those transmissible to beans and cowpeas.

a. Transmissibility
(1) artificial
éz; seed, soil
3) dinsects
b. Host range
c. Physical and other properties
d. Serological studies
e. Morphology studies, via electron microscopy, etc.
f. Vector-virus relationships
g Strains

Greennouse screening of hybrids anil selected varieties and lines,
for resistance to insect-transmitted viruses.

Study of insects asfocilated with b:ans and cowpeas.

Yield and agronomy of selected lines, hybrids and varieties.
Disease and insect control via ch¢vical means.

Study of ncmatodes in relation to “eans and cowpeas.

Study effect of envirommental factcrs on symptom expression and
survivel of virus aflfected legumec.

Outreacn programs.

3 Cooperation with cther tropicel institutions.

b. Atteondaence abt workshops, and ‘oceal and international scientific
meetings,

¢. Cooperative field triel studics and disease surveys in other
aress,

d. Fublication of research results.

Release of disease resgistent linec.

#* Joint UPR-USDA activity.



II.

Iv.

vi.

tVII.

*Vill.

USUA Contribution to Cooperative USDA-UPR Bean and Cowpea Project

Survey of fungal und bacterial direases of edible and related wild
legumes transmissible to beans and cowpeas,

Maintenarnce’and distribution of grimplasm collection at the Federal
Experiment Station, Mayaguez.

a. Field testing.
b.  Greenhouse testing with the exception of insect-transmitted

viruses.

Breeding for diseasc resistance, including studies on inheritance
of disease resistance.

a. Lines with multiple resistancec to differcat diseases.

b. Lines with mulltiple resistance to races or strains of the same
pathogen.

o Genetics of disease resistance.

Incorporating resistance to insecls and nematodes into multiple
disease resistant lines. (Support to be provided by UPR Departments
ol Entonology and Plant Pethology.

Studies on the effect of nutritiorsl and environmental factors on
growth, spread, pathogenlcity and survival of fungi and bacteria
pathogenic to beans and cowoeas.

Outreach programs.

a. Cooperation witn other tropical institutions.

b.  Attendance at workshops, and local and international scientific
maetings.

¢. Cooperative field trial studines and disease surveys in other
areas.

d. Pablication of research resulls.

Ralease ol dicease resistant liner.

* Joint USDA-UPR activity.
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7. Researcher Competence

The USDA has a FASA with A.I.D. for gradin legume crop development
under which good progresg has been madw:. The Department of Agriculture's
competence is well knowm.

The UPR College cof Agriculture's lwpartment of Plant Pathology
and Botany asnd the Nuomubtology Section of the Department of Entomology
are provided with spacious snd functiornl laboratories for work in
geneiral nlant pathology, serologzy, plant. physiology, plant vir .logy
and nematology. Greenhoudn space is a'nilable for the proposed re-
search including five large units for plant pathology and nematology
as well as eir-water cooled grecnhouse:: for rearing insect pests and
other virus-transmitting insects. The ataff of the College of Agriculture
includes morc than 100 scientists with .he Ph. D. degree. The College
oroposcs to maks available a profcessioiil sbaff of 10 senior scientists
to the contract, all or whom have alreu:ly earned a well-merited reputation
for their research in virus diszase trensmission. In addition, the
Experiment Station syatom of the Colle;r of Agriculture maintains six
substations in diffaoreal cc0¢ng ical re;ons of the island where compara—
tive trials may be run on disecase and lusect resistant materials.

8.  Contribution %o Tnstitution Build’ng

The University of Prerto Rico sha)es a common language and cuitural
heritagze with the Jatin Mmcrdican repub. .es, and therefore is able to
relay to those countrics tho hialdy dﬁ'ﬁ;oped agricultural technoliogy of
North America, without encnnnbor*nb ba: ~iers imposed by a different
languzge aand tradition,

of Puerto Rico though  amparatively small in area has a
varied rengc of soil vypes, climatlic cnnditicns and plant diseases re-
presenting mavy o those founa throughoat the tropics, Therefore, it
providas sovlenitural leboretory in uwhich students from other tropical
countries wi.ll fine cumditions 2imilar o theirs. Participants working
in the bean snd couvea progren will, an 3 consequence, find that as ihey
learn sweclf'iec meascuiras znd principles of disease control developed in
Puerto Rico they will hove breoad applicability back home.

"-‘L)n 'L :iT"

More dmmertaanl than bthe similsrit; of culture and that of the
ecology of lue larg: number of develop’ng countries throughout much of
the world; however, is the fact that hore the student will find a modern
university ait which o study end sxperi:nce the impulse of a country
which ros underpgone the trensition fron a primitive agriculture to modern
farming mcbhads dn relatively few year:.

Ore of the funchions of the University of Puerto Rico and the USDA
will he vy provide tie opportunity to 1.-ain students from all the con-
tiaentz, out particulerly from the fme:icas where beans and cowpeas are
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the rmore important grain legumes of th- diet, and to send them back
home prepared to utilize the informaticn they have acquired to improve
the production of these crops in their own countries. It is intended
that after their training in the progrem, these men and women will
return to their institutions and become the cooperators through whom
new materials developed in Puerto Rico moy be made use of and adapted
to local conditions.

9. Utilization Plans

It is inteaded trat new improved disease and pest resistant
varieties will be multiplied and made #vailable for extended use in
the developing countries, This applie” equally for new methods of
pest control. Of course, in maay instances it will not be possible
to use the new materials exactly as th-v have been received. However,
ths adeptive research required to rend.: them useful back home should
be relat relv uncomplicated. Generally, this will require such tech-
niques as bregg llng new ractors isolated for resistance to an endemic
discage 1nuw’Dr:rbrren varicty of a ep:eific country. It is the type
of adaptive research which purticipant: whe have prepared at Puerto
Rico will be prepared te do.

There shouid be wo difficulty in ¢ .sseminating improved varieties
ol bhenns and cowpeas. IEiperience has cliown that when farmers are pro-—
vided with now crop3 whose pruduction s dramatically better than the
varietioes Ll:zy have beon accustemed fo. Lhe transition is rapid and
sells iteseld,

10. dﬁuﬁﬂ eh fralysie

TRa budget presontod for the USDA [Attachment A) is for a 12-month
pericd and i35 Lo commence upon the teriinabion of the present PASA
agreemsnt o Jene 30, 1673, The buézs, nresented for the University

of Pusruvo Rico (Atvachacnt B) g for a 1%-month period and is projected
to sturi on Jamsry L, 1874, 112 will enable both the budget of :he
USDA PA3:s oad bhat ol bthie Yolwzeoity of TPuerto Rico to be funded simul-
tanecusly ﬁfteﬁ June 30, 1974,

o
R
‘-
;

1i. Internal and hxleqnal Boviews

- w.--.-.n. . g

Mue bo the lesbe ¢ ;\,pL of the pr:scnt proposal, it nas not b:aan
possible to *oll reviaw o the p*oae., with the Regional Bureaus prior
tc the prepareiion of Jhxu dovcumsent. A/AGR intends to schedule such a
review prior to the RIGC mesting., BIG: will be advised of the results.
This appreach, howaver, has been discussed with our Reglonal Bureau
counterparts over the last year.

[


http:c.;)C(~:l.pt
http:difi'i('.u~.ty

p. 12

12. Proposing Office General Evaluatio:

This proJect is retecd as of very high priority. It is considered
that research on the grair legumes should be carried out in conjunction
with the ongoing progects 1A/AGR has sponsored con the improvement of
protein content in the ceresls: corn and sorghum at Purdue University
and wheat at the University of Nebrasks.

The protein content available in legumes such as beans and cowpeas
is more than twice that in the best cei~als such as Opaque-2 corn. Our
goal is to increase the protein availalile in the diets of the people of
the developing countries. It is a project which we consider must not be

ey

Omer J. L{\elley, Dlr(c or
Office of Agriculture

A@tachments:
a "

Cloley B tindod,

Charles Breitenbach
Project Munager
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Attachment A

12-Month Budget for USDA Activitv (To start July 1, 1973)

Salaries

Present Staff

1 Plant pathologist
1 Plant pathulogist - Breeder
3 Research technicians
2 Crop research helpers
1 Clerk typist
L/A Labor

Proposed Additionsl Staff

2 Crop research helpers

Other Services (Maintenance)

Vehicles, Tractors and other machines
Irrigation and water facilities
Greenhouse end other facilities, housing
supplies and equivment for project

Travel

Local (within Puerto Rico and the U.S.)
International )
Home Leave and TDY

Expendable Supplies and Materials

Glascware, laboratory chemicals and svoplies
fungicicdes, insecticides, fertilizers, seed
envelopes, paper and plastic bags, etc.

’

Fguinment

S2ed storage and seed cleaning facllitys

Other ron-expendable equipment items, such as
pH meter, Bod incubator, balance, shakerv,
irrigation pipe, sprsyers, etc.

Total Budget (without overhead)
USDA Overhead (15%)

Total.
26,000
25,000
26,000
10,000

5, 500

Iy 500

97,000
10,000
2,300
800

Iy, 900
8,000

1,200
10,000
2,300

13,500

5,000

15,000

4,000
19,000

152,500
22,875

$ 175375




Attachment B

1&-Month Budgzt for University of Puert i Rico (To start January 1, 1973)

Salaries
Percent Total
Present Staff Of _Time (18 mos. )
Phytovirologist 75 22,500
Phytovirclogist =0 12,000
Associste Biologist (virus) 00 15,000
Entomologzist 50 12,000
Plant Pathologist -~ Nematologist "0 - 12,000
Laboratory Assistant 1C0 9,000
Stenographer 100 - 9,000
Propesed Acditional Staff
Plant Pathologist 100 21,000
Laboratory Asaistent 100 9,000
Research Assistant 100 12,000

Iy. T &
Hourly Wages

TLaborers — several part-time, equivalent to
two men full-time for 18 morths 12,000

Total Salaries 145, 5000

Indirect Costs (L6%) : 66,5300

Staff Support.
Travel Expenses 12,000

Visiting Scienbtists,
Stucents and Technicians 5,000

Enuipment

"r—e

2 Mini-grecenhcuses ‘ 2, 400
1 Insectary 3, 500
1 Percival chamuer 4, 500
Supplies_and Materials 9,000
Contractual Services (e.g., feed trials) 1, 500

Grand Total $ 250,330
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INFORMAL MINUTES OF RESEARCH AND Dr'ELOPMENT COMMITTEE MEETING M‘ ”r

November 25, 1975
Project: Improvement of Tropical Productiop of Beang;z;d Coééiizéii;ough

Disease and Insect Control (extenyion), 3 years, $1,157,000.

l
Contractor: University of Puerto Rico (Jf__, b
Project Manacer: FKeith Byergo, TA/AGK <
Discussicn Highlights: 27éi;f

Norman Cohen, PPC/DPRE, questioned thu pipeline situation for this project.
It now conteins $392,000 of unliquidaw.ed funds which is greater than 2

years at the current expeaditure rate. What is the need for new funding

at this tima? Is the timeing and the amount realistic? Keith Byergo the
project manager, commented that the lorge pipeline is due to expenses for
electron microscope accessories which are awaiting a source waiver, and
USDA restriction on travel of USDA personnel. Robert O'Brien, CM/COD
stated that the fiscal pipeline is reviewed and appropriate fiscal
adjustments in the contracts extensior are made during contract negotiation.

Norman Cohen stated that the purpose in the Log Frame does not agree with
the PP and qiestioned the evidence or progress towards the project goals
of 3 years ago and the anticipated gozls for the extension. How do the
findings get to the farme:? George A. Harwell, ASIA/DP, commented on the
need in the PP for yearly targets as @ basis for measurements in evaluation
and the rieed for acceptable evaluation criteria. Also the Log Frame
should be ravised to reflectanticipated accomplishments rather than

only past accomplishments. Keith Byeijo pointed out that the project is
considercd to be successful in the virus disease analyses. The University
of Puerto Rico reports on a calendar basis, and since 1975 is not

completed or reported, rererences in tne Log-Frame to 1974 may be appropriate.
Carl Fritz pointed out that informatiox dissemination plans are built into
the design of most projects, and, in aidition, external support for
appropriste utilization is available, Dr. Long commented that he believed
the responsibility for local utilization oZ research results belongs in
the 1.DC; the researcher should not be unduely encumbered with utilization
and information tasks. Jchn Balis, NE3A/TECH, recommended use of external
evaluaticn reviews for ail major inves:ments. Also, the PP would be improved
if it included a utilization phase. This would assist the Bureaus in
determining what the rescarch results .ire and how to utilize these results
in their projects.

Woocy Leake, AFR/NAR, questioned the () reported fundamental work under this
contract as contrasted to the adaptive work of the international institutes
and (2) possibly duplicative work on nematodes with that of North Carolina
State University. Answers given were tihat the work under this contract is
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INFORMAL MINUTES OF RESEARCH AND DEVELOPMENT COMMITTEE MEETING //{ /7/

November 25, 1975
73/-s8+

Project: Improvement of Tropical Production of Beans and Cowpeas Through
Disease and Insect Control (extemsion), 3 years, $1,157,000.

Contractor: University of Puerto Rico ;q

Project Manager: Keith Byergo, TA/AGH

Discussion Highlights:

Norman Cohen, PPC/DPRE, questioned the pipeline situation for this project.
It now contains $392,000 of unliquidaied funds which is greater than 2
years at the current expeaditure rate. What i1s the need for new funding

at this time? Is the timeing and the amount realistic? Keith Byergo the
project manager, commented that the large pipeline is due to expenses for
electron microscope accessories which. are awaiting a source waiver, and
USDA restriction on travel orf USDA pcrsonnel. Robert O'Brien, CM/COD
stated that the fiscal pipeline is reviewed and appropriate fiscal
adjustments in the contracts extension are made during contract negotiation.

Norman Cohen stated that the purpose in the Log Frame does not agree with
the PP  and questioned the evidence on progress towards the project goals
of 3 years ago and the anticipated gocls for the extension. How do the
findings get to the farmer? George A. Harwell, ASIA/DP, commented on the
need in the PP for yearly targets as & basis for measurements in evaluation
and the need for acceptable evaluation criteria. Also the Log Frame
should be revised to reflectanticipated accomplishments rather than

only past accomplishments. Keith Byerzo pointed out that the project is
considered to be successful in the virus disease analyses., The University
of Puerto Rico reports on a calendar basis, and since 1975 is not

completed or reported, references in tie Log~Frame to 1974 may be appropriate.
Carl Fritz pointed out that informationa dissemination plans are bullt into
the design of most projects, and, in aiditicn, external support for
appropriate utilization is available, Dr. Long commented that he believed
the responsibility for local utilization oi research results belongs in
the LDC; the researcher should not be mduely encumbered with utilization
and information tasks. John Balis, NE3A/TECH, recommended use of external
evaluition reviews for alil major inves:ments. Also, the PP would be improved
if it included a utilization phase. This would assist the Bureaus in
determining what the research results .are and how to utilize these results
in their projects.

Woody Leake, AFR/NAR, questiomed the {..) reported fundamental work under this
contract as contrasted to the adaptive work of the international institutes
and (2) possibly duplicative work om nematodes with that of North Carolina
State University. Answers given were that the work under this contract is
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PROJECT STATEMENT XTer @

PROJECT SUMMARY
1, Statistical

Project Title:

New or Extension:

Contractors:

Principal
Investigators: Proj, Leader,

Duration:
Funding to date:
Total

Estimated Cost:

Funding by
Flscal Years:

Project Manager:

Improvement of Tropical Production of
Beans and Cowpeas Through Disease and
Insect Control

Extension

College of Agriculture, the University
of Puerto Rico (UPR), Mayaguez, Puerto
Rico. Mayaguez Institute of Tropical

Agriculture, U.S. Department of

“Agriculture, Cooperating.

Dr. J. H. Lopez-Rosa, Plant Pathologist; v
Dr. Carlos Cruz, Entomologist; v
Dr. Pedro Mellindez, Plant Pathologist -

“Pr. Julio Bird, Bean Pathologist - V/

University of Puerto Rico; Dr. N. G. Vakili, v
Pathologist, Plant Breeaer, Dr. G. F. Freytag, "V
Plent Breeder — U.S. Department of Agriculture.

January 1, 1973 - October 31, 1978

$ 800,000 thru FY 75

$ 1,157,000 (thru FY _78))(

1976 - 340,000
1977 -— 395,000
1978 - jﬁ@/
Keith M, Byergo / / :(Z)
) 00~
o ,(



Narrative:

During the initial two years of this project, the Univers;ty of Puerto Rico
(UPR) staff in conjunction with the USDA Mayaguez Institute of Tropical
ﬁgriculture (MITA) staff have established a sound base for research in tropical
bgan and cowpea culture. With competent staff and facilities, they are in

a position over the next three years to provide varieties of beans and cow-
peas thaf have commercially accepted quality, and due to inbred multi~"
resistance to prevalent insects and diseasés of Létin America, greatly in-
‘creased yields. Already released varizties are being ¢ mmercially produced
and:are in general use in the national and internation;i grain legume

development programs of the region.

As detailed in the initial project statemeht,.legumes are the principal pro-
 tein source of the target area, the LDCs in Central and South America
and the Caribbean. Further, developments in Puerto Rico are often applicable

and.uséful in Asian and African Grain legume work.

Research is in progress in the areas that follows: (1) surveys for and
studies to properly characterize virus diseases and develop simplifigd
methodologies to enable the evaluation of germ plasm for resistance to the
etioiogical agents of the diseases in Tropical America, (2) evaluation of
chemicals for the control of disease agents and insects, (3) surveys of
nematodes, (4) evaluation of germ plasm for resistanée to diseases and

insects, and (5) breeding work to produce high yielding lines and culti-

vars with umltipie resistance to diseases.,



Work on the above mentioned aépects is conducted at the Agricultural Experi-
mental Station of the Univergity of Puerto Rico, Mayaguez Campus, at
facilities located in Rio Piedras and Mayaguez and in various substations;
in MITA at Mayaguez and regional substations; and cooperatively in various
Central American countries; at CIAT, Cali, Colombia an@ the University of

Wisconsin,

The current internationally recognized competénce of the University 6f

Puerto Riéo in the field of grain legumes vou;hes for the success of the pro-
jeét in this area, Newly released varieties, consultancies, graduate students,
séminars ana puSli;héd ﬁapefé..tﬁé Worgshoé'on.éropical bisease of Grain

Legumes and the resulting book, all have attested to the excellent capability

of the project institutions and their staff,

2. Research Purpose and Expected Products:

Purpose:

The major objective of this project is to study the insect and disease .
problems effecting production of grain legumés in the tropics and to
develop and disseminate means of control., Also of high priority ic¢ im-

proving grain legume research and production cbmpetence in'LDCs.

Expected Products:

1. Multiresistant varieties of beans and cowpeas for commercial pro-
duction, suited to the various ecological conditions in tropical and sub-

‘tropical areas will be the principal product of- this research.
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2. A germ plasm bank of a size .and variety to constituce a major source

of b}eeding material for cooperating national and international programs.

3. An experienced and well equipped staff at UPR with internationally
recognizéd competence in grain legume insect and disease control and a
bank of knowledge available to other institutions involved in like work.
This will constitute a resource to continue the research necessary to
maintain viable lines of grain legumes ag#inst the evolution of new diséases
and insects. It is foreseen tﬁat the current grain legume programs of
CIAT, IITA, ICRISAT and major national programs will benefit sufficiently
from the.work initiatedvunder the AID/UPR contract to continue the necessary

research and development following completion of the contract.

4, A staff of newly trained scientist who will constitute a nucleus
of expertise in developing competent national programs in grain legume

production.

5. A éystem of linkages between institutions involved in grain legume
research that will assure continuing cooperative efforts in the exchange

of research and production .technology.

3, Significance and Rationale for the Research:

A key project area of AID assistance has been the ihprovcment of basic
food crops with‘emphasis on.high quality and higher level assimilable protein.
Research activities currently are supported for the development of improved
protein in wheat, maize and sorghum. AID recognizes that inherently graiﬁ

legumes are a better source of plant profein for human consumption than the
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new cereals. They contain 20 to 40 percent protein compared to the cereal
grains which average only ¥ to % this amount. Although there exists a
great potential for increasing present day yields of these crops, until the
initiation of this project little research has been done on tropical grain
legumes as compared to that in the cereal crops., Commercial planting of
newly developed project bcan}varieties kave produced 2 tons per acre in
Puerto Rico. This comparcs with average ylelds of 500 to 600 pdunds per

acre.

In much of Latin America, Africa.and Asia grain legumes are the second
largest food crop both in areas and toas of production, and the primary
protein source. Population increases in LDCs also increase aggregate demand
for grain legumes, More ¢fficient production, other things being equal,
mean a higher return to the small farm producer. For this reason, AID

considers research in the beans and cowpeas to be of very high priority,

AID through it's initiative can maie a significant contribution in the
basic research and training necessary :or national programs to develop.
The first two years of the project have: defined the problem and indicated
answers. This proposed three-year extension would develop the bank of
knowledge and Qechnical expertise from which national and regional programs

could build.

This two-year involvement of the Uriversity of Puerto Rico in coopera-
tion with USDA has been a productive period with advances being made on all

fronts to increase grain legume ylelds particularly beans and cowpeas.
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Building on staff, facilities and technical information that has been
developad over this period, it is reasonable to assume that commercilally
acceptable varieties of higher yileld and prorein quality potential will

evolve {rom rescarca conducted during a three-year extension of the contracr,

Schematically the project functions as follows:
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4. Plans to Corrdinate and Link Research:

The extension of the bean and cowpea project shall constitute an AID
contribution to the worldwide legume development program. It will be closely
integrated with research on the grain legumes carried out at the inter-
natlonal research institutes, as well as by regional and national research
centers, and it is intended to complenment their research programs. Much
of the proposed work is of a more specialized nature than that normally
done at the international research institutes., In this way a major contri-~
bution will be made to existing adaptive and production type programs.

Following are the international institutions and grain legumes for which

they have international natwork responsibility:

Crop Responsible Institution
Pigeon peas ICRISAT - India
Chickpeas ICRISAT - India
Dry beans CIAT - Colombia
Cowpeas ' IITA - Nigeria
Mungbeans AVRDC - Taiwan
Soybeans - USA - University of

Illinois

It is with the institutions as well as with major national programs in
Colombia, Honduras, Mexico and Costa Rica that the project staff maintain
close linkages via seminars, workshops, consultations and research data and
germ plasm exchanges. Tha workshop held at Mayaguez and one scheduled in
Colombia, December lst, 1375 on disease and insect control of grain legumes

are examples of the close coordination fostered by project staff,
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5. Plans to Facilitate Utilization o Research Results;

In addition to the above listed project linkages with other national
and international programs, the publication of research findings and seminar
and workshop proceeding, graduate students from LDCe in Central and Soﬁth
Anterica have been assigned as.reseérch assistance to project staff., These
students will form a nucZeus in the home country for the diesemination of
research information and 2stablishing grain legume programs.

Within Puerto Rico the University extension specialist and vill#ge staff
are kept informed of‘project findings and supplied with new germ plasm for
adaptive research and demonstrations to local bean growers. As progress is
nade in the development of impro;ed verleties greatef effort will be made

on outreach programs. The major contribution to date has been in research
methodology and breeding programs.

6. Manazement Considerations :

Non-contract funded contributions comprise a sizeable input into the
project, These consist ol two USDA stalf members, a plant pathologist and
a plant breeder who woTk Zull time on the plant breeding aspects of the
project. Also two members of the UPR staff make significant contributions
to project research from their work on cultural practices and insect resistance
Their studies are conducted on the more promising cultivars at the reglonal

research stations of Isabela and lajas,

Reguiar on site evaluutions using non-project staff from USDA, regional
bureaus or universities ave planned. This has been the past policy and has

been bencficial to the project as well as broadening the base of detailed

information on the project.
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Project leadership on site is provided by a UPR staff member. He is
responsitle for maintaining close coordination aﬁd communication between
the MITA staff and UPR staff. With staff at Mayaguez, Rio Piedras and at
regional stations this becomes a major and essential'activity.. Nonproject
activities of the UPR are closely related and supportive of projéct research
and must be incorporated and considered in analysis activities, The USAID
project manager can be helpful in this coordination activity as well as

ascist in coordination with national and international centers.

7. Technical Review:

Yield comparisons of traditional varieties with newly developed disease
and insect resistant varieties have shown a three -fold increase in yield
where the nonresistant varieties are only partially infected with prevalent
discase and insect pests. Heavy infection can result in no yield in non-
resistant varieties. Having found resisfant genes in certain cultivars,
the problem now is to incorporate a number of resistant genes in stable
commercially accepted varieties thus providing multiple resi;fance along

with high quality and yield.

Tﬁe original PASA with USDA made a start with research on grain
legumes in India and Iran., The more difflcult tropical environment is now
being researched under the UPR/AID coni.act. In addition to international
programs atvIITA and CIAT, a number of Central and South American national

programs are .also being escablished.
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The work in Puerto Rico is currently more extensive therefpre'work being
done there in coordination with other national and international. programs
will be cited as an example'of the current state of troplcal grain legume
research, This will be reported under five headings: Virus, Fungl and

Bacteria, Entomology, Nemztology, and Breeding.

A, Virus Diseases
The small group of virus workeirs in the project staff has been
able to characterize, beside many other phytopathogenic viruses, 7 different
whitefly-t_ansmitted agents, determining their relative effect on important
crops such as beans, cowpeas, and other valuasble legumes. On this account
Puerto Rico has become an important center for scientists endeavoring to
solve problems relative to virus diseases of legumes (particularly rugaceous

naladies). The methodologies developz:c by the group in connection with the

establishaent and maintenaore of stock cultures of Bemisia tabaci and mephanical
inoculation of bean plants with rugaceous (whitefly-transmitted) viruses

have eﬁnbled scientists to adequately &study similar disease agents of

legumes in other parts of the tropical world, The fact that many of the
rugaceous diseases have been properly characterized will make thé job of
identifying these (through the propér use of diagnostic plants and indicators)

an easier task for others.

B, Tungus and Bacteriual Diseases
The major research achievements during 1974 are as follows: foliar
diseases of cowpea (cv Early Ramshorn) were effectively controlled by the

fungicides beﬁomyl, mancozeb, dinocap aad chlorothaloail. Dosages of
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benomyl as low as ¥ pound per acre applied biweekly were enough to prevent

infection by Erysiphe polvgoni, the causal agent of powdery mildew, and by

the fungi Cercospora canescens and Cerynespora cassiicola, causal agents

of leaf spot and target spot, respectively. Yields as high as 1,925 pounds -
per acre were obtained when higher dc-uges of benomyl, chlorothalonil and
mancozeb werc employed. Dinocap was highly effective against powdery mildew

during the dry season, but failed to protect the plants during rainy weather.

The systemic fungicides Plantvax cad Triforine at the rates of 2 and %
pounds pcr acre, respectively and maucozeb at the rate of 1 pound per acre
protected the foliage of bean cultivacs Blanca del Pafs and Bountiful

against rust caused by Urcmyces aopen.iculatus.

Both, Kocide 101 (copper hydroxic«~: and Copper 53 (tribasic copper
.sulfate) at the rate of 1 pound per ¢:.e were very effective in controlling

comon bacterial blight (Xanthomonas .lhaseoli) of bean cultivar R-19, as

indicated by the low disiezse indexes .vident on this cultivar when exposed to
both fungicides. WNo significant diffcrences in yields were detected among
fungicide~treated and control plots d e to the fact that bacterial invasion

occurred after pods were already deve'oped,

Exchange of informaticn internat: ually, was accompanied by a "Tropical
Discases of Grain Legumes Workshop" b-d in Puerto Rico in June 1974. A
book has recently been published covering the finding of the workshop edited
by Dr, Julio Bird of the project staf’ znd Dr. K. Maramorosch, Project

Consultant.,
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C. Entomology

The most outstanding findings =o date have been the identification
of the most important insects attackinz beans and cowpeas and the evidence
of resistance or tolerance in some cul:ivars to the major insect pests.

Lvidence was found of resistance to taa bean leafhopper, Empoasca fabae,

and to the cowpea weevil, Chalcodermus ebeninus which are the most damaging

insects of these crops in Puerto Rico and possibly in other tropical
regions. Preliminary observations also suggest resistance in beans to the

bean weevil, Acanthoscelides obtectus,

Other insects found on cowpeas were the vegetable leafminer, Liriomyza

munda; pod borers, Maruca testularis and Eitella zinckenella; aphids and
cutworms. Other insects observed on beans were the vegetable leafminer,

Liriomyza munda; the bean beetle, Ceroroma ruficormis; (also on cowpeas)

the sugar cane weevil, Dicprepes abbreviatus; the lesser cornstalk borer,

Elasmopalpus lignosellus; the leaf roiler, Urbanus proteus and other leaf

tiers.

Besides the cowpea weevil and the leafhoppers, other insects of
potential economic importaace are the loaf miner, the bean beetles and the

podborers. Populations of these insects should be observed carefully since

an outbreak of any of them could reduce yields significantly.
X

Twenty-six lines o beans and ccwpeas were field tested for the
effectiveness of insecticides in controlling distinctive insects. Conclusive
results will require further testing. Natural resistance and local pre-

dators arec also being screcned to reduce dependence on chemical controil,
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Evidence of resistance to leafhopper was found in eight selections of white
beans., Colored beans however proved vety susceptible., Resistance to cowpea
weevil was also moted. All of these observations will require continued

work and screening before varieties can e released for commercial productio:x.

These findings will enable us to concentrate our research efforts
to obtain resistance and to develop othal' measures to control the most im-
portant insects, Selected germ plasm sliown to be resistant or tolerant to

inrsects will be provided to the plant braeder.
D. Nematology

Work on the rnematology phase he¢s been limited to preliminary surveys,
Nematodes representative of 12 genera of parasitic or suspected phytoparasites
were found associated with beans and cocwreas at the Isabela Substation, and

7 genera with 28 cowpea ac:essions at the MITA farm, also at ILsabela.

With the assignmeat in FY 76 of a nematode specialist from Canada
on a year's sabbatical leave to MITA, it 1s expected that cultivars with
resistance to known nematodes will be idrntified,
E. Breeding Program
The bean breeding has been depe.dent on the recuperation of natural
field hybrids occurring from flower visitation by the carpenter bee (Xylocopa

brasilianarum).

This technique of using carpenter bees to cross-pollinate normally

self-pollinating beans has resulted in crossbred lines with rust and virus
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resistance, day length insensitivity, better climatic adaptability and
increased yield. Screening of the International Cowpea Disease Nursery has

resulted in improved cowpea mosaic virus resistance.

Present emphasis is being placed on obtaining controlled manual
crosses in the greenhouse for specific gene transfer and for the formation
of an intercrossing populction or gene pool of multiple disease resistant
lines. Preliminary resulis indicate fairly high fertility (from 40-70% pod
set) frowm the manual crossing, depending on the parents u§ed. 0f the 11
parents in use for the population formétion, the red bean line 15R-148 has
shown exceptional fertility both as a male and female parent. The use of a
manual procedure for recozbining resistant germ plasm now offers great

promise for accelerating the bean improvement work,

The germ plasm collection has been increased with the addition of
566 new lines this year. This greatly broadens the base of parent stock for
breeding programs and the seiection of desirable plant characteristics. This
will lead to cooperative testing with other regional institutions to increase
yield, quality and resistzance co insects and diseases prevalent in Latin

America and the Caribbean.
Research Findings:
(1) Virulence Study of Xanthomonus Isolates.

A virulence study with Xanthomonas isolates indicated 14 Vigna ungui~

culata P.I., accessions were susceptible t«. Xanthomonas phaseoli (American
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Type Culture Collection #9563), the causal organism of the common bacterial
blight of beans., These inoculation studles suggested that: (a) culture’
#9563 was a mixture of X. phaseoli and X. vignicola, (b) it was contaminated
with X. vignicola during increase, (c) . phaseoli mutated to X. vignicola
in passage chrough V. unpguiculatuy accesrions, and (d) it contains factors

Lor virulence against certain V. unguiculata genotypes,

Inoculation test indicated thar P. vulgaris gives primarily a leaf
blight symptom while V. unguiculata-prodices stem canker symptoms. These
two types of symptom development occurred drrespective of the Xanthomonas

source.

Preliminary trials suggest that "Fuscans" type isolates lose their
capacity for pigment development when passed through susceptible V. unguiculata

accessions,
(2) Disease Resistance, Yield and fdaptability Trials with Beans
a. Resistance of locally growr cultivars

A number of Final selectionv and trials were conducted on the
adaptability, agronomic characteristics ond disease resistance of bush beans
for cultivation in Puerto Rico. This w¢ k was started in cooperation with
Dr. Marcial Rico-Ballester, Horticulturist, Lajas Substation. Varieties
Bonita, Galana, Coloradg del Pais, anc Ireach Horticulture were recommended
for cultivation in Puerto Rico. The extr~nsive work on the selection of
adaptahle bush beans resuited in the selrction of seven cultivars which were

grown for replicated yield trials during 1975.
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b. Red Bean Trials

From a total of 1,898 lines in 1970, the final screening of the red
bean lines resulted in 28 selections in 1974. The screenings were done
for both discase resistance and yield. These selectlons will be subjected
to GClicaged yield trials.

The most widely resistant cultivars were Ecuador-299 and Mexico-235,
Both cultivars are highly sensitive to daylength. Selection 15R-148 is a
rust resistant, CBMV susceptibic, field resistant to soil-borne diseases,
daylength insensitive, moderate Eo high yielding, dark red Mexican, dry.
bean cultivar that could serve as an important cultivar for breeding red
bean adaptable to tropical lowlands.

The most_imporéant diseases in descending order of their importance
were Rhizoctonia root rot and stem canker, southern blight, ashy stem
blight and CBMV.

Sensitivity to daylength and.temperature, and resiétance to diseases
were some of the most important faztors affecting the yields of beans undex
the lowland humid tropical conditisas.

c. Black Bean Trials

Soil-borne pathoiens caused severe loss of stand among the susceptible
cultivars during the rainy summer season and were a limiting yield factor
in beans.

Bacterial blight is a major irliage disease during the wet secason.
Due to absence of effoctive chemical control it was difficult to estimate

the loss due to this disease,
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Whitefly transmitted viruses (WFTV) caused severe loss in yield when
infection occur prior to inflorescénce. However, WFTV were not a limiting
factor for yield, if cttack occuvred after pod set.

There was a distinct and significant differcuce in field susceptibi~
lity of bean cultivars to WFIV. Cultivar Venezuela 63 was disease-free
while cultivar 51051 was 34.8% di:2ased. Also, golden yellow mosaic ineci- |
dence was five times higherx tban fihynchosia mosaic incidence.

The results of a black beag vield trial indicated that cultivars
Mexico-309, 15R-55, 15R-42, Jameps and 71-1R-113 had the highest yields
among 12 tested. t-vas interestrng to note that after 4 years of screen-
ing and breeding the advanced breeding lines developed in Puerto Rico
{(15R-55, 15R~42 and 71-1R-113) equsled the yields of the best advance line
and commercial cultivar in Central America, Further the new Puerte Rican Varie
have superior insect and disease r.sistance as compared to the other two variet

Bean cultivars varied in their level of susceptibility to web blight.
Cultivar 15R-55 had the highest tolerance followed with Mexico-309. How-
ever, the latter cultivar, under ficld stress due to diseases and climate,
has a tendency to develop f£lat sced,

Cultivar 15R~55 proved to be :n outstauding candidate for reclease as
adaptable, high yielding and diseas: resistant tropical black bean with an
attractive ;ced rorm,

d. Bean Rust Resistant Triais

Tield trial observations and data suggest that the following rust re-
sistant cultivars La Yega, Jamapa, 15R~55, 15R-66, 71-1R-136~BK, and 15R-292
are good candidateés for breeding adaptability, multiple disease resistance,

and high yields in beans for the locwland trapics.



e. International Rust Resistant Tests
On April 13, 1973, a group of 22 rust resistant bean cultivars were
sent to ten different countries for tests against endemic races. Up to
date data from five countries have returned, The summary of these data
shall be presented in the next annual report.

Some of the outstanding waterials from these trials were:

Cultivar PR-S~70~15R-42-1-BK was the only entry resiséant to all
endemic races in Southerﬁ Brazil.

- Cultivars PR-S=70-15R-55-BK, 15R-167-4-BK and PR-H-71-1R-113 were
immune to rust races studied at Beltsville, Maryland.

- Cultivars PR-S$-70-15R-87-EX, 15R-277, PR-4~71-1R-63 and 1R-69 were
highly resistant to rust races in Colombia. Cultivar 15R-87-BX was
choscen as one of the parental lines in breeding high yielding dis=-
ease resistant beans,

-~ In Australia, 12 of the 22 cﬁltivars were resistant to all endemic
rust races. Cultivar PR-S-70-15R-87-BK was used in a number of
crosses, The analysis of data has indicated five factors for rust
resistance. Cultivars PR-§-70-15R-210-BK and 15-R-66-1-BK were
included in the rust nursexy trials.

- In Costa Rica cultivqrs PR~5--70~15R-87~BK and 15R-277-BK were re-
sistant to endemic races in five different locatioms.

(3) Cowpea Diseasc Resistance Trials
a. Horticultural (Yardlong) Cultivars

Disease screening tests indicated that yardlong cultivars (Vigna

unguiculata var. sescuipedalis) were highly susceptible to a wide range
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of diseases. Selections were made for agronomic and horticultural charac-
teristics and selected lines were tested in replicated trials, This work

is continuing and the best agronomic t;pes will be bred for disease resistance.
b. International Disease Nurreory

In cooperation with International Institute of Tropical Agriculture,
Ibadan, Nigeria, 104 cowpea accessions era screened for disease resistance.
The screening rests indicated that -two different strains of cowpea'mosaic
virus were present in the'two locations. Of the 104 cultivars tested 13
were resistant to the CPMV strain in Pusrto Rico. Also, seven of the

accessions were free from bacterial blizht and canker,

4. GShipment of Seeds of Released Varieties to Cooperators and Interested
Researchers During 1974.

R

Seeds were sent to 25 foreign coruntries and to 9 states of the United
States and others in Puerio Rico. In the foreign countries 29 researchers
received 19 sets of P, vuigaris and 20 sets of V. unguiculata multiple
disease resistant lines. In the United S5tates 13 researchers received 13 .
sets of P. vulgaris and J sets of V. uniuiculata multiple disease resistant
lines. In Puerto Rico 6 -esearchers re:zived 5 P, vulgaris and 4 V. ungul

culata multiple disease rasistant lines,
5. Kelease of Germ Plasm.

Wotice to plant bireeders of the release of three dry bean hybrids

with multiple disease resistance characteristics, USDA/ARS, January 4, 1974,
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Notice to plant breeders of th?» release of fourteen selected rust

resistant bean lines, USDA/ARS, March 11, 1974,

8. Project Design and Methods.

There are four major cctivities, all of which contribute to the realiza-
tion of the research objective of controlling diseases and insects of beans,

cowpeas, and other food il.gume crops ia the tropics,
a. Virology studies

This activity will phase out in FY-76 with the incorporation of an
ultramicrotome facility into the electwon microscope work, and the refinement
of the "air brush" technique for inoculating plants with a specific virus.
Both of these techniques will facilitate the determination of resistance in

the plant breeding phase.
L. Control of Fungus and Bacterial Diseases

A number of commcrcial fungicmdes and bactericides have already
been teséed for controllirg the common diseases of legumes in the tropics.
Further tests on the application time ¢and rate will be made, and new
experimental fungicides will be included in the evaluations. Also to be
included will be any new strains of di:eases which are divulged. Deter-

minations to be made of varieties which demonstrate consistent resistance

to diseases.
c. Entomology

This activity will parallel item b., above, as it relates to insect

attacks and insecticides. An added element will be the study of natural
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enemies of the major insects which attack legumes. The scientists will

endeavor to identify varieties which are most resistant to insect attacks.
d. Plant Breeding

Varietieé or lines of legumes which possess good cultural charac-
teristics will continue to be crossed with those types identified for their
discase and insect»resistance (items b, and c., above) in the hopes of
combining all of the desirable traits into a.few varieties which would then

be tested on a worldwide basis.

Graduate students will be traina! in the various functions invelved
in this research program. Inputs for each activity are included in the

Work Plan below.
9. Work Plan,

a. Virology: This subsection will t< completed with the end of FY 1976.
Tnis year's activities will include further characterization by electron
microscopy and the use of an ultramicrotcme attachment to make ultrafine
sections of plant tissue to determine the existence and type of virus active

in the plants.

An electron microscopist will be rvecruited for six months to train
UPR staff in the expert use of the electton microscope and 1ts accessories,

Five research assistants are expected to bec trained.
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Lr, Karl Maramorosh will serve as consultant in the evaluation of the

Viroiogy Section Research.

The project developed "air brush” technique of inoculating plants
with a specific virus for positive infection to determine positive resistance

will be further refined uand UPR and MITA staff trained in its use.

Two publications are planned for the year, one on the mechanical
inoculation with the golden yellow mosaic virus and one on Euphorhia virus

as related to beans.

Current project staff and equipment either on hand or being made
available will meet subsection research needs., To train staff in electron
microscopy a Spanish speaking expert from Brazil has.been located and is

available for a six-month's training program.

Six professional staff and three technical staff providing 43 m/m with
30 m/m of labor will prcvide a total of 73 man/months of efforts during

this funding period. Costs for the :tntal budget are $78,000.

b. Control of Fungus and Bacterial Diseases: Trials will be expanded
to control diseases of Zegumes other ihan beans and cowpea., Of particular
interest is pigeon pea (Cajanus, cajan) and canker diseases caused by the

fungi Phana Cajan, éhvlu:ghthard parasitica, and Balryodypladia.

(1) Work Plan 1976-77.

(a) Common Bacterial Blight of Beans,

Trials will be conducted in the field, both at the Isabela

and Lajas Substations in order to establish how effective are the fungicides



(bactericides) Copper 53 and Kocide 1lil in controlling common bacterial
blight. A new fungicide (Bactericide), Nabac 25, will also be tested against
the disease. In vitro tasts in the laboratory will also be conducted in which
this bacterial pathogen will ﬁe expos2d to ecach of the three above-mentioned
chemicals as well as to any other newly developed bactericide on hand.

(b) Rust of Beans.

Two experiments will be established, one at ‘the Isabela and the other
at the Lajas Substation in which Plantvax and Dithane M-45 will bé tested
against bean rust. A third fungicide, Triforine, will also be tested.
Experimental designs and methodology «will be essentially the same as those
employed for previous trials,

(¢) Powdery Mildew of Cowpea,

In spite of the perrfect control displayed by Benlate on powdery mildew
for the first two field experiments c~aducted to screen various fungicides
against this disease, it failed to eff:ctively protect the follage of cowpea
during a third trial, Therefore, an -~dditional trial must be conducted in
order to establish if failure of this fungicide to protect against powdery
mildew is due to inactivation of the :hiemical by adverse storage conditions
or due to the developmeut of new phvsiologic races of the fungus resistant
to the chemical. The trial will be c¢:cablished at the Isabela Substation.
The expariments for the detection of races resistant to Benlate will be
conducted in the greenhouse.

(d) In Vitro Screening of Chemicals

Laboratory tests are underway in ~vhich both EL 370 and Benlate are tested

against the fungus Corynespora cassiicola. Other fungicides and bactericides

to be tested are Nabac 25, Kocide 10l and Daconil either on C. cassiicola or
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on Cercospora spp. and Xanthomonas phaseoli. Both dry weights and radial

growth of these microbial pathogens will be recorded for each chemical
under study.
(e) Physiologic Races of Bean Rust

Bean leaves infected by U. appenciculatus will be collected from all

the bean growing areas of the Island as well as from experimental plots
established at the Substations. This material will be in turn purified in
the greenhouse by employing cultivars which are highly susceptible to' the
disease. At least 20 bean differentials of those obtained from United States,
Brazil, Colombia and Australia will be exposed to the material collected
throughout the Island.
(2) Work Plan 1977-78,
(a) Complete the work initiated in 1975-76 and 1976-77 on chemical control
of those diseases which are endemic on both beans and cowpeas.
(b) Find means of coantrol for those diseases reported as new to beans
and cowpea in Puerto Rico
(¢) Test newly developed pesticices (fungicides and bactericides) against
endemic as well is against new diseases of both beans and cowpea in
the laboratory, zreenhouse and under field conditions.
(d) Initiate researca directed to control diseases of legumes other than
cowpea and beans, such as pigcon peas and chickpeas. An important
disease of pigeon peas in Puecrto Rico is stem canker caused by the

fungus Phytophthora parasitica.

(3) Work Plan 1978-79.
Continue research directed to control diseases of edible legumes, with

special emphasis on those which represent a menace to the economic production
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of these legumes under cultivatien.

To continue testing Zfungicide and bactericide as they are released by
the chemical companies.

Eight professional staff and three technical staff plus 12 m/m of labor
provide a total of 54 m/a for FY 76 and 95 m/m in FY 77 & 78. Total budget
costs are $70,000 in 1975, 114,000 in 1777 and $122,000 in 1978.

Major equipment to ba purchased in ¥Y 76 includes, a growth chamber,
transfer chamber, incubatcor, two dissecting scopes and a hygrothermégraph.
No further equipment necds are foreseen tirough the project life.

(4) Expected Products and Time Frame for Accomplishment,

(a) Informatiow in 1977 on =zhe control of bacterial blight of bean

caused by Xantomanas phaseoli via the fungicides and/or bactericides, basic

copper sulphate, copper hydroxide, and Nwvbac 25,
() Informatior. in 1977 on the control of rust of beans, caused

by Uromvces appendiculat..s, via the fungicide manzoceb, oxathiin (Plant Vax)

and the systemic compounc Triforine,

(¢) In 1977, ar explanation of why the systemic fungicide benomyl,
which had provided excellent control of powdery mildew of cowpea, did not
control the disease in the last tost conducted at the Isabela Substation.

(d) An,iﬂ_!igéi.evaluation of compounds for control of the target
spot (cowpea) and bacterial blight (b2ans) causal organisms (1978).

(2) TIndicationc in 1978 on the races of the bean rust pathogen
present in Puerto Rico,

(f) A screening of cowpea accessions for resistance stem canker-

inciting pathogens (1978).
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¢, Work Plan - Entomology - 1976-78,
(a) Continue field tests for the screening of new selections and/or varieties
of beans and cowpeas to determine the presence of resistance to the major

insect pests, particularly, to the leafhopper , Empoasca fabae, to the leaf-

miner, Lirlomvza sativae and to the dry seed weevil, Acanthoscelides obtectus

on beans, to the bean beetle , Cerotcma ruficornis on beans and cowpea and

to the cowpea weevil, Chapcodermus ebeninus,and to the dry seed weevil ,

Callosobruchus chinensis on cowpea. - This screening should continue for at

least 1976-77 and 77-78.

(b) Conduct field test to evaluate insect attack and damage on selected
varieties of beans and cowpea. Efforts will be made to determine the effect
of different levels of insect populations on yield. This will be started
this year for the leafhopper on two varieties of beans, one susceptible and
one resistant. Similar tests will be :conducted during the following three
vears in order to determine the insecf population causing econonic damage.
(c) Field test will be initiated wiﬁh existing commercial varieties of pigeon-
peas to ev: - te insect damage, particularly of pod-borers (Heliothis spp.)
at different planting tinme through the plgeon pea season. For this,eggs of
Heliothis will be counted at pod setting in all planting through the season
to determine the insect damage at diffarent levels of egg infestation.,

This should be done for at least three years in order to obtain reliable data
to predict insect damage based on eggbcounting at pod setting which 1s the
time to decide on control measures,

Based on the above results insecticide trials could be done (probably after

3 years of data) for the refinement of control measure decision (timing).

Efforts will be made to determine the natural enemy complex of Heliothis
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larvae in Puerto Rico, and eventually, its efficiency on control. The

effect of recommended irsecticides on natural enemies will, also, be studied,

(d) Continue field plot, shade house and laboratory studies to provide
iuformation on the natural enemy complzx of the leafminer, Liriomyza
sativae. These studies should continue for at least 3 years. Once the
potential enemies are identified, the efficiency of these should be deter-
mined as well as the adverse effect of vecommended insecticides.

(e) Continue field test to evaluate ch:micals for control of insect pests
on the above crops, particularly for th2 leafhoppers, ‘leafminers, the bean
bectle, the cowpea weevil and the dry s2ed weevil. Emphasis will be given
to secure minimum chemical dosages taat will control the above mentioned

insects.

A staff of three professionals aad one technician will be required
through the life of the project. They will provide 55 man/months including
field and laboratory labor staff in 7Y 76 and 94 m/m each in FY 77 and
78. A portable area meter and a stere-miscroscope fitted with photography
equipment will be major equipment neads in 1976. No other major equip-
ment neceds are foreseen. Annual fuading requirements are $39,000 in FY 76

and $5&,000 in FY 77 anc $63,000 in TY 78,
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d. Plant Breeding for Resistanc:,

This portion of the work plan will be presented under the individual
species being investigated or to be included in the near future.

(1) Common bean (Phaseolus vulgaris).

(a) Exchanpe of advanced lines with other bean improvement.
programs (1976-77).

(b) Incorporate major sources of multiple resistance into one
or morc populations of nanageable size. (1976-77)

(c)* Test these populations for reselection of higher accumu-
lated resistances and for favorable agronomic characteristics., (1977-78)

(d) 1Initiate tests to preserve the highest level of nutritive
values with the reselection for high multiple disease resistant types.
(1977-78)

(e) Release advanced high yielding disease resistant lines.
(1977-78)

(f) Deternine the genetic base and inheritance of resistance

to some of the diseases tested. (1977-78)

(2) Cowpeas and Yardlong (Vigna unguiculata and sesquepedalis).

(a) Continue crossing and reselection for the accumulation
of multiple disease resistance. (1976-77)
"(b) Initiate breeding program for the incorporation of yield
and quality characteris:ics of adaptable commercial types into the
multiple disease resistant material. (1976-77-78)
(c¢) Develop cooperative testing of advanced disease resistant

lines for adaptability and yield with other tropical countries. (1976~77)
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(d) Release improved higl yielding disease resistant cowpeas

and yard long beans. (1977-78)

(e) Incorporate male sterility into breeding lines and popu-

lations. (1977-78)

(3) Tepary sean (Phaseolus acutifolius.

(a) Obtain germ plasm fxon areas where the tepary is native or
in cultivation. (1976-77)

(b) Evaluate for disease rasistance, yield and adaptability
under tropical conditioms. (1977-78)

(¢) Cross and select for mulrtiple disecase resistance, (1977-78)

(4) Scarlet Runner Bean (Phasenlue coccineus).

(a) Increace germ piasm base through acquisitions and
collections., (1976-77)

(b) Screen for multiple disease resistance through the forma-
tion of separate bush and vine type cormosites or populations. (1976-77)

(¢) Develep multiple discinse resistant types for tramsfer to
P, vulgaris. (1976-77)

(d) TIsolate important agronomic and morphologicai czlaracteristies
into compatible lines from which they cxn be transferred to P. vulgaris.
(1976-77)

(e) Develqp commercial typ#s for adaptability and yield test-

ing. (1977-78)

(5) Lima Bean (Phaseolus luamatusg).

(2) Increas: germ plasm base through acquisitions., (1976-77)
(b) Continue screening for multiple disease resistance to

reduce the number of linas to a more manageable quantity. (1976-77)
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(¢) Test advanced lines for their range of adaptability and
yield (1977-78)

(6) Pigéon Pea (Cajanus cajan).

(a) Cooperate with the University of Puerto Rico on the im-

portant international disease problems, (1976-77-78)

Priority and Time Distribution for Principal Research

Personnel
Crop . Priority Patholcgist Breeder
13=high %Z of Time

P. vulgaris 10 .30 50
V. unguiculata 9 30 20
V. unguiculata

sesquipedalis 6 10 10
P. acutifolius 3 10 10
P. coccineus 3 10 10
P. lunatus 3 : 10 -

C. cajan 2 — —

Mine professﬁonal and four technical staff will be assigned to the project.
Counting assignred laborers a total of 195 m/m will be used in FY 76 and 334 each
in FY 77 & 78. Projected funding recquizements are $139,000 in FY 1976,
$223,000 in l977 and §$237,000 in 1978. Special equipment needs will consist of

field cultivators, a portzble bean plot thresher, microscopes and sprayers.



10. Eavironmental Impact.

The overall aim of this research project is to increase the food
availability to the people of the LDCs, It hopes to accomplish this by
reducing losses presently caused by diseases and insects. Ideally, bio-
logical control mathods will be identi?ied, - barring this, various chemical
controis will be indicated. 1In either case, the effects of other bio-
logical forms or of chenicals will be raken into account before aﬁy
recommendations are made, so that any possible adverse environmental effects
will be duly considered.

Further grain leguues properly inoculated fix nitrogen from the air
to essentially meet piant requirements. A residual is left on root
nodules to reduce the nitrogen requirement for future crops. This results
in a lowered requirement for chemical nitrogen, saves fossil based fuels
and reduces soil and water polluticn, The benefits to be derived from
this work are not biasec¢ toward any particular economic or social segment

of the population of LDCs,
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19. General Appraisal,

The 1974 PAR indicated progress was as planned and no major production
or administrative problems had arisen. Transitional problem of transferring
the project to UPR leadevship had essentially been solved. Some divergence
and lack of communication still existed and more staff meeting and improved
oxchange of information on each team member's activities was recommended.

Broadening the scope of the project to include other grain legumes was
also recommended. As facilities, time and staff permit this is béing
accomplished.

As part of the outreach effort, including more LDC graduate students as
research aséistants on the project was suggested.

In the 1975 project.review progfess was noted in all of the 1974 recom-
mendations. Some work is now being done or planned on pigeon pea, yard long
bean and lima beans. Three graduate students have been assigned to the
project and improved comnunication wzs evident,

The 1975 review again noted good progress on research objective.
Virology studies have progressed to the point that they can be terminated at
the end of FY 1976. With more proven results being available increased out-
reach and training activities can be started. Also closer coordination with
the soybean pqoject and cxchunges of pertinent information was suggested.

In sumrary, reviews indicate a successful project on schedule with

objectives being met.

PROVOSING OFFICE GERIRAL FVALUATION AND RECOMMENDATION

The Project contirues to hold the highest priority amoug the projects
supervised by the Ofrice of Agriculture and is an integral part of the
program of the Division of Crop Production. It addresses directly, by
improvement of the grain itself, the all important problems of hunger and
malrutrition as well as making a contribution towards the improvemenﬁ of
the lot of the small farmer.

A three year extension will allew for the reali n of important re-
search in progress and solution of problems dire

y affecting food produc-
tion and nutrition in the LDCs. 7. M |

Leon F. lesser, Director
Office Of Avriculeema man
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Milestone Life of Project Schedule

Extension of Project

Project Completion

Objective/Product Start
FY 1976 FY 1977 FY 1978
A. Virclogy Studies (S)~———mmmm e
1. New virus characterization (S) ————mmm———— (c)
2. Ultra activity (§) ~—mmm e
3. Electron microscope (§)—=-—~—rv
training
4. Training in manual (8) —--—mrm
"air brush" virus
inoculation
5. Data Publication Activity (8) ==
+ Fung! & Pscteria Diseases St S - ——==.0)
Cowncy, MIllew Stilics B i (L)
Leaf Blight Stulles (€5 [ SO SO S O -(t)
Leaf spot studies (8) —m e e s e o e ()
Rust studies (8)=—mm e e e e [ ()
Natural means of control (8) ~m——m e e <)
New disease studies (S) e e e e e (©
Other Grain Legume Studies (§)—mmmmmm e - - (c)
C. Entomolcry (S)mmmm e e — )
1. Bean and cowpea scrcen- (S) =~ e — e e (c)
ing for major insect
resistance.
2. Determine economic level (S) e e - A —— )
cf insect populations.
3. Pigoen pea zcrozning for (8) = mrrmr e e e e e e e e e e e e e e (c)

Insect resistance
levels.

Egg count and natural
enemies will be studied.
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Milestone Life of Project Schedule (Cont'd)

Objective/Product

Extension of Project

Start
FY 1976

FY 1977

Project Completilon
FY 1978

c.

4.

Evaluate chemical control
of major insects

(©)

Plant Breeding

1.

Common Bean
Exchange bean lines with
other improvement programs
and incorporate multiple
resistance in one or more
populations
Select for favorable agrono-

mic characterictics and high
in multiple
disease resistant bean types.

nutritive valuces

Release most promising lines
Cowpea & Yard Long

Develop multi-resistance and
commercial quality

Pevelop cooperative breeding
programs and release
promising new lines
Tepary Eean

Increase germ piasm bank and
disease resistance and
quality characteristics

Cross and select for multi
disease resistance

Increase germ plasm base and
screen for multi disease
resistance and ccmmercial
quality traits.

(s)

()

(s)

(8)--

(©)

(©)

(s)

©)

S (©)

-(C)

-(C)

(9
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Milestone Life of Projcct Schedule (Cont'd)

Objective/Product

Extension of Project
Start
FY 1976

FY 1977

Project Coupletion
FY 1678

9. Develop resistance and
agronomic traits in lines
compatible for transfer to
cormon bean (P. vulgaris)
Lima Bean

19. Increase germ plasm, screen
for desired traits, test
advanced lines for range
of adaptability and yield,
Pigeon Pea )

11. Screen available material
and cooperate closely with
UPR st=ff in developing
commercially acceptuble
varieties

(8)--

©

(8)-

©

()

(S)—=—=
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INPUTS

1. Salaries

2. Consultants

3. Fringe Benefits

4. Overhead

5. Travel and Trans.

6. Allowance

7. Other Direct Costs

8. a. equipment, vehicles
b. materials aad

supplies
9. Publications

Total Costs by Inputs
OUTPUIS*

Reteazch Chleck. #1

e e

7irology)

Regearch Object #2

(Bacteria § Furngus)

Research Object #3
(Entomology)

Breeding (MITA) #4

Total Costs by Outputs

ARegearch objectives or other

#*Seven nonths funding only, FY

FORMAT FOR WCRKPLAN/CONTRACT BUDGET AND LIFE-OF-PROJECT COST ESTIiMATE

76%* 77
First Two Fiscal Years
Est'd Est'd Prior Years Costs
Man Cost Man Cost (000)
Mos. (000) Mos. (000) : FY 73-74-75
S $ $
378 156 523 220 444
.2 1 0 0
378 19 523 25 48
378 93 523 124 234
20 17 24
32 ) 28
9 9 13
378 340 523 395 800
13 92 - = 184
_s4 70 95 114 201
56 39 9% _s8 109
195 139 334 223 306
378 34 523 395 800

— prstnbly —

program categories as described in Items 8 of project statement.

77 & 78 full 12-menth funding.

To beject
Completion
(007)

_FY 1978

$
230
0
26
130
17

F o

22

p—
] N
w N

N
w
~

|

ol
N
N

|

Wicth FY 73 6 74
75 Cost
Total Est'd
Life of Proj.
Research Cost

(000)
$

1060
D §
118
590
78

60
40

[
-]
]
~

ll
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Preiect Title & Hurber:

FROJECT B

<

roand _Covneas_ oo

Iop Trop Pirod Banan:

IZSIGN SUMMARY
LOG!CAL FRAME®

URK

Lote of Pryacer
Fiom FY

Totet U 5- Forndng
Care Plc)a'cd

19 Y __

FARRATITE SUMWARY [’ CRJIECTIVELY VEXIFIABLE 1-DICATC 2% NS OF VE ES.FiCATION TTCRTANT 2550027 o
Pe_grcm or Sectar To The trezder ¢hjective to Yeasures of Gral Achizeemens: 1. 1DC -ror,. ,).u.\(. qetion rrcords., Avsumuto-8 far acteving o3l tsegete:
v~ ¢ch Bis 210,231 conint e 1, Sipnificant increase in per cepita | 2. Inc»- & and TAS crop 1. 10274 will devise policies
5 1nerease quaaticy and nutrlcicnal production of major fond crops i1 estd to (nccutage iopreve food
value of food crops In developling. LDC's. 3. Nutritional quality surveys ia LDC's, producifoa.

countries.

2. Improvement in nutriciensl qualicy
of r:ajor LDC fond crops with

enphasis un protein levels.,

2. Varicties; ava{lable thact
{c;rove nusriticaal quslity

withoot teducing ylelds.

Praject Purrsse: -
Taprove the tropical production

of beans and cowpeas throngh
disease and iInsect centiol.

Conditions that will indicole pyrpose Scs been
achieved: End of project status.

1. Malridisex c-rr';i“Cunc vacrleties
aveilable to 1.0
L2, Research and .gV\xCrﬂch respon=
n,  sibllity assweced by LLCs and
4 -

Clonal incuituoe i,
of cxn staff and roscarc
facilitics developed at UPR and
fev latin Amctican countries.
. Technical reference material
published and disscainzted.

It

and

Conusiin

13 Seminars

and

publishicd and c'l

D :-'cl’ngs
"

»“

ETPL
1. Scareh for dinsose-resiszant genotypesil. 13 1 of dizcase resistant
of beans snd cavpeas. cropetn releanad,
*2. CTuvels;zment of wuleidicease~vesistant {2. 19 1iuvs of dincase resisteat
liac-. beans released.
3. Traintag of INZ fersonncl. 3. Ia 1974 3 dry bean hybrids with
8. Estzblishizent of exchange linkagas. multiple disease resistaace
$. Bank of rescacch findings cel d.
4, In 1974 14 rust resfustent bezn
- 1{res relensed.
{o5us: o In,; uc.v'Ll an I"l-‘-l (T, onod Quuntiyy)
1 1. 4060 par year proviide >
1. Qualificd ;erzoanel, canpus aad (12ld i 7 i Sy
facilities provided by centractor, EO -
2. Sudget zupport provided Ly AIL/W. 'f AL,
3. Porseoancl, fecilities and Jocnl c .
su;pert providad by 1.0Cs © i dapats
4. Internas znal liakages .nd Zeatopmann h CTAT,
aeratesy ronfsted by GUAT,

intornationasl ¢
instituttinns.

1. AID/Ww veanrds.

2. Contvact repavih
3. USAID reporis,
4. Internatisanl a

coguras.

1. Discase-reslistanc germplass identifter

2. Discase-vesistant matevaal waler trial
in I.DC

3. LuC ﬂn'foﬁnol In ureintsg.

4, Materials and {nfer-ation cxchange
wich 1UCs srearienal Institutes

S
.

s13u~phicas fur 3cN.eving purpose:

1. Preblers af yleid and nutri-
tienal qiality with resis-
tance caa b2 soalved.

2. LLC traiaing snd extensioa

staff cas zrafn farzsr3s “a
aes chralory.
LBC's researc) In
can puerfeorz raqul
ticny.

tec
(2884
red

L~

1. LETA (MATAY aad LeLeUls.
2. Breading records ol nacional aad

ougerating research

5 ua s{te {nspections.
en sfte inspeccions.
ad macleaal prageua

At mpticms for cchiing catputn:

1. LOC%s ané USAID's will
request (ad use research
finiings and technlcal assia-
tance avitlosle.

2. Croperation of Inzeszatleral
institutions.

3. Avaflable staff 2nd rezoulee

in LDC's.

1. Am/w (unuing ulll be

cvaflable,

2. Corntractoer staff and {aci-
ities ~:211 Ye adegucte.
J. Interrnat:onal institutions,

LiZ's and U$Alu's will have
feesonna. and resonreces to
1%%a

QU tore LK SYR ItV
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November 18, 1975

MEMORANDUM FOR: Members of thie Research and Development Committee
: 7
FROM: TA/PPU,lCar Itz

SUBJECT: Research & Bevelopment Committee Meeting --
November 25, 1975

A meeting will be held at 2:00 p.m., Tuesday November 25, 1975,
in Room 2884, NS. The following following Project Statement
wiil be presented “or review by the Committee:

Improvement of Tropical Production of Bearns and Cowpeas Through
Disease and Insect Control. Unlversity of Puerto Rico, Research,
KPA #2.

Attachment: a/s

Distribution:

(See attached sheet)



bISTRIBUTION FOR RESEARCH AND DEVELOPMENT COMMITTEE MEETINGS (R & DC)

RESEARCH AND DEVELOPMENT COMMITTEE

MEMBLRS - B.
AFR/DP, Frank Moore

EA/TD, Herbert Dodge

LA/DR, Charles Stockman -
NESA/TECH, James Dalton
GC/TF&HA, A. R. Richstein
SER/IT, Joseph Kovach
SER/ENGR,. John Rixse
SER/CM/COD, Robert J. O 'Brien
FFP/FDD, P. Sheehan'
PPC/DPRE, Arthur Handly
PHA/POP, Steven Sinding

0/LAB, Sigurd Moody

INFO : D.

A/AID, H. Kosters w/o att.*
IGA, John Kurelich w/att.
PPC/RB .L. Rogers w/att.
SER/MP, N. Ayers w/o att*
PPC/PDA, R. Muscat w/o att.

A/AID, Gilda, Varrati w/att.
OMB, Ed. Sanders, w/att.

(*Attachments on request)
Rev. 10/75

ALTERNATES

AFR/DS, John Blumgart w/att.
AFR/NARA, Woodrow Leake w/att.’
EA/TD, Fletcher Riggs w/o att.
LA/DP, Austin Heyman w/att.
NESA/DP, Richard Birmberg w/att
GC/TF&HA, Jan Miller w/o att.
SER/IT, Dale Ciark .

SER/CM/COD, V. Perelli w/o att.:
PPC/DPRE, Norman Cohen w/o att

PHA/PVC, Cleo Shook ‘w/a’:t.
OLAB. Paul Fera

" TA QFFICES

AA/TA C. 'Farrar
M. Belcher
E. . Long
K. Levick w/o att.*
T. Arndt
S. Butterfield
M. Kilgour
T. Brown
TA/PPU, C. Fritz
J. Gunning .
T. Eliot (211(d))
C. Molfetto
TA/PPU/EUI, D. Myren’
TA/AGR, L. Hesser
TA/DA, J. French
TA/EHR, J. Chandler

TA/H, L. Howard

TA/N, M. Forman

TA/OST, H. Arnold

TA/RES, M. Rechcigl

TA/:"CS, W. Jones

TA/UD, W. Miner

TA/RD, T. Owens

TA/PPU Analysts (as appropriate)

TA/MGT, L. Crain
TA/PPU, E. Shields, R & DC Files
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6.
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Salaries

Consultants

Fringe Denefits

Overhecad

Travel and Trans.

Allovance

Other Dircct Costs

8. cquipoent, vehicles

b. materials and
supplics

Publications

Total Costs by Inputs

OUTPUTS*

Rescarch Object. #1

(Virology)

Rescarch Ohjcct'bZ

(Bacteria & Fungus)

Research Object 43

(Entomology)

Breeding (HITAi [ 14

' Total Costs by Outputs

#Research ob}cc:ives or other program ~ategories as described in Items 8 of project statement.

FORMAT FOR WOREPLAR/CONTRACT BUDGET AND LIFF-OT~PROJECT COST FSTIMATE

76%% 77
First Two Fiscal Years
Est'd Est'd
Man Cost Man Cost
Mos. (000) Mos, (000)
$ $
378 166 523 220
2 1 0
378 19 523 25
378 93 523 124
20 17
32
9 9
318 M0 523 395
13 22 = =
_S4 0 95 14
56 39 9% _s8
195 139 334 223
378 340 523 395
= _ = ==

tt$oycn soanths funding only,FY 77.6 78 full 12-month funding.

Prior Years Costs
{000)

FY 73-74-75

$
444

0
48
234
24

800

To Péhjcct
Cozplaotion
(C09)
FY 1978
$

230
0
26

130
17

II&
e
N

Pt
[
~

w

N
W
~

Eo)
N
N

With FY 73 6 74
15 Cast
Total [it'd
Lifc of 2roj.
Research Cost
Jg—onl—
$
1060
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PROJ ECT DESIGN SUMMARY
LOG!ICAL FRAMEWORK

* Pioject Title & Nymbe-; __LMp_Trop Prod Beans and Cowpeas . ___

Lile of Prajece:
Fiem FY :

Totel U. & Funding o o
Dete Pnc:tvc:;_:'_‘_:

e Py __

NARRATIVE SUNMARY

ORJECTIVELY VERIFIABLE INDICATCRS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

Pi.gram or Sector Gool: The broader abjective to Measures of Goel Achievement: 1. LDC crops production records., Assumpi.ons for achinving ges! tergers:
wh ch this project contributes: 1, Significant increcase in per capita | 2. Incternational agency and FAS crop 1. 1DZ's will devise policies
‘To increase quantity and nutritional production of major food crops in estimates. to cncourage improva food.
- value of food crojs in developing. . LDC's. 3. Nutritional quality surveys in LDC's. production, ,
countries. 2. Improvement in nutritional qualicy 2. Varietics available that
of major LDC fuod crons with icprove nutricional quality
cmphasis un protein levels. without reducing yields.
Project Furpose: Conditions that will indicate purpose h.ue boen 1. Discase-resistant germplasm identified| Assumptions for achieving purpese:
To investigate the nature, distribution, | ochieved: End of project status. 2. Discasc-resistant material under trial] 1. Proble=s of yleld snd nutei=
and control of diseases and related 1. Multidiscase-reslistant varietics in LDCs. tional qsality with resis-
insects of grain legumes limiting pro- available to LDCs. 3. LDC persoanel in training. tance can be solved. )
duction in the cropics. 2. Research and development respon- 4. Materials and information exchange 2. LDC training and extension
' : . sibility assumed by LDCs and with LDCs and International Institutes} staff can train farzers in
internatlonal Institutes. Conducting of Seminars, ncv technology.
z 3. YNucleus of expert staff and researchS. Seminars and workshop proceedings 3. LDC's research Institution.
T e facilities developed at UPR and published and d.is:ributcd. can perfcrm r2quired funec~
key Latin American countries. tioas. '
4. Teclinical reference material
published and disscminated.
Outputs: Magnitude of Outputs: 1. USDA (MITA) and UPR records. Assumptions for ochieving eutputs:
1. Search for discase-resistant genotypes|l. 13 lines of discasc resistant 2. Breeding records of national and 1. LDC's anc USAID's will
of beans and cowpeas. coupeas released, international cooperating research regquest ind use research
*2. Development of nultidiseasc-resistant {2. 19 lincs of -dlscase resistant inscitutions. ' findings and technical assis
. lines, beans relecased. tance av:ilable. ’
3. Training of LDC personnel. 3. In 3 dry bean hybrids wich 2. Cooperation of International
&, Establishment of exchange linkages. multiple discase resistance Institutions.
S. Bank of reseazch findings. relecased. 3. Available sctaff and resourcs
4. In 1974 14 rust resistant bean in LDC's.
1lines recleased.
Inputs: Implementation Target (Type ond Quantity) 1. AID/W rccords. Assumptions for providing inputs:
1. Qualified personncl, campus and field 1. 400 mn per ycar provided by 2. Contract reports on site inspections. | 1. AID/W funding will-be °
facilfties provided by contractor. contractor. 3. USAID reports, oa site inspections. available.
2. Budget support provided by AID/W. 2. $400,000 budget provided by AID/W. [4. International and national program 2. Contractor staff and faci-
3. Puzsoancl, factlities and local 3. Adcquate rescarch field and records. lities w:11 be adcguate.
, support provided by LDCs. laboratory facilities to use iaputs 3. Ir.u'arnat;onal ll'lstltuttoal.
§. International linkages and developaent 4. Linkages established with CIAT, LDC's and USAID's will have

eirategy assisted by CIAT.

I1TA, and ICRISAT.

personne. and resources to

support this activity.
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PROJECT STATEMENT

A. PROJECT SUMMARY

1. Statistical

Project Title: Improvement of Tropical,Production of
/S

Beans and Cowpeas Through Disecase a
Insect Control bx
\ ﬂf
New or Extension: Extension ‘kl,\kﬁb
- et

Contractors: College of Agriculture,. the Unive*s*ty
of Puerto Rico (UPR), Mayaguez, Puerto
Rico. Mayaguez Institute of Tropical
Agriculture, U.S. Department of
Agricultuze, Cogperating.

Principal

Investigators: Dr. J. H. Lopez~-Rosa, Plant Pathologist;
Dr. Carlos Cruz, Entocologist;
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Narrative:
muLall e anatlal TWo years Or this project, the University of Puerto Rico

(UPR) staff in conjunction with the USDA'Mayaguez Institute of Tropical

Agriculture (MITA) staff have established a sound base for research in tropical

bean and cowpea.culture. With competent staff and facilities, they are ir
a position over the next 2% years to provide varieties of beans and cow
peas that have commercially accepted quality, and due to inbred qulti—

resistance to prevalent insects and diseases of Latin America, greatly in-
creased yield;L“_Algsidy released varieties are being commercially produce

and ar /iﬁ‘generq;_us ' in the national and international grain legume
development programs of t;Z";ZEIEHT*--\\q,1 pA%/Lﬁﬁ”KA //

As detailed in the initial project statement, legumes are the principal p:
tein sovurce of the targset avez, the LPCs 2n Cerneral and Scuth Ameriecr
and the Caribbean. Further, developments in Puerto Rico are often applica

and useful in Asian and African Grain legume work.

Research is in ﬁrogress in the areas that.follows: (1) surveys for and
studies to properly.characterize virus, diseases and develop simplified
methodologies to énable the evaluation of germ plasm for resistance to the
etiological ageﬁts of the diseases in Tropical America, (2) evaluation of "
chemicals for the control of disease agents and insects, (3) surveys of
nematodes, (4) evaluation of germ plasm for resistance to diseases and
insects, and (5) breeding wcrk to produce high yielding lines and culti-

vars with multiple resistance to diseases.
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ﬂbrkfon the above mentioned aspects is conducted at the Agricultural Experi-
mental Station of.the University of Puerto Rico, Mayaguez.C;mpus, at
facilities loéated iﬁ Rio Piedras and Mayaguez and inLvarioué sﬁbstations;

. in MITA at Mayaguez and regional substations; and cooperatively in various
Central American countriesj;at CIAT, Cali, Colombia and the University of

Wisconsin,

As an institution building exercise, the current internationally recognized
competence of the University of Puerto Rico in the field of grain legumes
vouches for the success of the project in this area., Newly reieased
varieties. consultancies, graduate stuaents, seminars ané published papers,
the Workshop con Trepical Disease of Grain Legumes and the resulting book,

all have attested to the excellent capability of the project institutions

and their staff,

2. Research Purpose and Expected Prcducts:

Purpose: ’ U;t

The major cbjective of this project is<:;_;:3§$:;he insect and disease

problems effecting production of grain legumes in the tropics and to

develop and disseminate mcans of control. Also of high priority is im-

W

- e e et & -

proving grain legume research and production competence in LDCs.

Expected Products:

l. Multiresiscanc variecies of heans and cowpeas £or commercial pro-
. :

duction, suited to the various ecological conditions in tropical and sub-

tropicel areas will be the principal product of this research.



-5-
2. A germ plasm bank of a size and variety to constituta a major source -

of breeding material for cooperating national and international progranms.

3. An experiehced and well eqpipped staff at UPR with intefnationally
recognizad competence in grain legume insect and disease control and a ‘
bank of knowledge available to other institutions involved in like work.
This will constitute a resource to continue the research necessary to
maintain viable lines of grain legumes against the evolution of new diseaées
and insects. It is foreseen that the current grain legume programs of
CIAT, IITA, ICRISAT‘and major national programs will benefit sufficiently
from the work initiated under the AID/UPR contract to continue the necessary

research and development following completion of the contract.

L, A slaff of necwiy irained scientist wiow will comstitute 4 nucieus
of expertise in developing competent national programs in grain legume

production.

5. A system of linkages between institutions involved in grain legume
research that will assure continuing cooperative efforts in the exchange

of resecarch and production technology.

3. Significance and Rationale for the Research:

A key project area of AID assistance has been the improvement of basic
food crops with emphasis on high quality and higher level assimilable proteéin.
Research activities currently are supported for the developmeht of improved
proteain in wheat, maize and sovghum, AID recoynizey thuet inherently grain

legumes are a better sc;,ée of plant protein for human consumption than the
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‘new cereals. They contain 20 to 40 percent protein compared to the cereal
grains which average only % to )5 this amount. Although there'exists a
éreat potential for.inereasing present day yields of these:crops, until the
initiation of thie project little reeearch has been done on tropical grain :
legumes as compared to that in the cereal crops. Coomercial planting of
nevwly developed project bean varieties have produced 2 toms per acre ia

Puerto Rico. This compares with average yields of 500 to 600 pounds per

acre,

In much of Latin America, Africa and Asia grain legures are the second
largest food crop both in areas and tons of production, and the primary
protein source. Population increases in LDCs also increase aggregate demand

&L - V- - . W £ Y. e~ * Aadea e
for grolz Qegumos, More e2lflciceat p;cducti-n, cthor thipgs tcolng equal,

—

mWean a higher return to the small farm producer. For this reason, AID
N

— e

considers research in the beans and cowpeas to be of very high priority.
\ »"M

AlD through it's initiative can make a significant contribution in the
basic research and training necessary for national programs to develop.
The first two years of the project have defined the problem ard indicated
answers. This proposed 2% .year extension would develop -the bank of
knowledge and technical expertise from which national and regional programs

(,could build.

This two-year involvement of the University of Puerto Rico 'in coopera-
tion with USDA has been a productive period with advances being made on all

fronts to increase érain legume yields particularly beans and cowpeas.
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Building on staff, facilities and technical informaﬁion that has been

developed over this,périod, it is reasonable to assume that commercially
acceptable varieties of higher yield and protein cuality potential will

evolve from research conducted during a 2% ~year extension of the contract.

Schematically the project functions as follows:

Project Administrators

{

L’ Fungus & -
Virology P | Bacterial Disease ] . Insect |
Studies < > © Studies B Sa— Studies :

Selection &

Breeding
Programs

New Resistant Varieties 1
)

Training

Educatic
utreach’
(/Progra

N —"




4. Plans to Coordinate and Link Research:

The extension of the bean znd cowpea project shall constitute an AID
contribution to the worldwide legume de?elopment program. It will be cloéely
.1n:egrated with research on the grain legumes carried oug at the inter-
national research institutes, as well as by regional and national research
centers, and it is intended to complement their research programs. ﬁuch
of the proposed work is of a.more fundamental nature than that normally
done at the intcrnational research institutes. In this way a major contri-
bution will be made to existing adaptive and production type programs.
Following are the international institutions and grain legumes for which

they have international network responsibility:

Crop Responsible Institution
Pigeon peas ICRISAT - India
Chickpeas ICRISAT - India
Dry beans CIAT ~ Colombia
Cowpeas IITA - Nigeria
Mungbeans AVRDC - Taiwan
Soybeans USA - University of

Illinois

It is with the instituticns as well as with major national programns ia
Colombia, Honduras, Mexico and Costa Rica thag the project staff maintain
close linkages via seminars, workshops, consultations and research data and
germ plasm exchanges. The workshop held at Mayaguez and one scheduled in
Colambia, December lst; 1975 on disease and ingect control of grain legumes

are examples of the close coordination fostered by project staff.



S. Plans to Facilitate Utilization of Research Results:.

In addition to the above listed project linkages with other national
and international.programs, the publication of research f;ndings and seminar
and vorkshop'proceeding, graduate'students from LDCs in ééntrai and South
America have been assigned as research assistance to project staff. These

. students will form a nucleus in the home country for the dissemination of lvo/vu)./

- L. e e
e re e o————— v
p———— 4} [}

regearch information and est;blishing grain legume programs.

Within Puertoﬁki;o the University extension specialist and village staff
are kept informed of project findings and supplied with new germ plasm fo?
adaptive research and demonstrations to local bean growers. As progress is

macda in the development of improved varieties greater effort will be made

on outreach programs. The major contribution to date has been in research

6. Management Considerations:

Non-contract funded contributions comprise a sizeable input into the
projecg.. These consist of two USDA staff members, a plant pathologist and
a plant breeder who work full time on the plant breeding aspects of the
project. Also two members of the UPR'staff make significant contributions
to project resgarch from their work on cultural practices and insect resistan:
Their studies are conducted on the more promising cultivars at the regional
research stations of Isabela and Lajas,

Regular on site evaluations using non-project staff from USDA, regional
bureaus or universities are planned. This has been the past policy and ha;
been beneficial to the project as well as broadcning the base of detailed

information on the project.
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Project leadership on site is provided by a UPR staff member. He is
responsible for maintaining close ceordination and comnunication between
the MITA staff and UPR-staff. With staff at Mhyaguez,'Rio:Piedtas and at
tegional stations this becomes a major and essential activity. Nonproject
activities of the UPR are closely related andAsupportive of project research
and m:st be incorporated and considered in analysis activities. The USAID
project manager can be helpful in this coordination activity as well as

assist in coordination with national and international centers.

7. Technical Review:

Yield éomparisons of traditional varieties with nevly developed disease
’and insect resistant varieties have shown a three-fold inc;eése iﬁ yield
where the nonresistant varieties are only partially infected with prevalent
disease and insect pests. Heavy infection can result in no yield in non-
resistant varieties. Having found resistant genes in certain cultivars,
the problew now is to incorporate a number of resistant genes in stable
commercially accepted varieties thus providing multiple resistance along

with high quality and yield.

The originai PASA with USDA made a start with research on grain
legumes in India and Iran. The more difficult tropical enviromment is now
being researched under the UPR/AID contract. In addition to international
ptograms at IITA and CIAT, a number of Central and South American natioaal

‘programs are also being established;
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The work in Puerto Rico is currently more extensive therefore wérk Being
done there in coordination with other natibnal and internatibnal.programs'
will be cited as an exampie of the'pprrent state of tropiéallgrain legume
research. This will be reported under five headings: Virus,'Fungi and

Bacteria, Entomology, Nematology, and Breeding.

A. Virué Diseases
The small group of virus workers in the project staff has been

able to characterize, beside many other phytopathogenic viruées, 7 different
whitefly-transmit:ted agents, determining their relative effect on important
crops such as beans, cowpeas, and other valuable legumes. On this account
Puerto Rico has become an important .center for scientiste endeavo;ing to
sclve problems relative to virus diseases of legumes (particularly rugaceous
maladies). The methodologies developed by the group in connection with the

estznblishment and maintenance of stock cultures of Bemisia tabaci and mechanical

inoculation of bean plants with rugaceous (whitefly-transmitted) viruses

have enabled scientists to adequately study similar disease agents of

legumes in other parts of the tropical world. The fact that many of the
rugaceous diseases have been properly characterized will make the job of
identifying these (through the propér use of diagnostic plants and indicators)

an easier task for others.

B. Fungus and Bacterial Diseases
The major research achievements during 1974 are as follows: foliar
diseases of cowpea (cv Early Ramshorn) were effectively controlled by the

fungicides benomyl, mancozeb, dinocap and chlorothalonil. Dosagesiof
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benomyl as low as X% pound per acre applied biweekly were enoukh'to‘prevent_

infection by Erysiphe polvgoni, the causal agent of powdery mildeﬁ, and by

the fungi Cercospora canescens and Corynespora cassiicola, causal agents

of leaf spot and target spot, respectively. Yields as high as 1,925 bounds
per acre were obtained when higher dosages of - benomyl, chlorothalonil and
mancozeb were employed., Dinocap was highly effective against powdery mildes

during the dry season, but failed to protect the plants during rainy weathe:

The systemic fungicides Plantvax and Triforine at the rates of 2 and %
pounds per acre, respectively and mancozébvat the rate of 1 pound per acre

protected Lhe foliage of bean cultivars Blanca del Pafs and Bountiful

against rust caused by Uromyces appendiculatus,

Both, Kocide 101 (copper hydroxide) and Copper 53 (tribasic copper
sulfate) at the rate of 1 pound per acre were very effective in controlling

comnon bacterial blight (Xanthomonzs phaseoli) of bean cultivar'Rf19, as

indicated by the low disease indexes evident on this cultivar when exposed t
both fungicides. No significant differences in yields were detected among
fungicide-treated and control plots due to the fact that bacterial invasion

occurred after pods were already developed.

Exchange of information internationally, was accompanied by a "Tropical’
Digeases of Grain Legumes Workshop" held in Puerto Rico in June 1974. A
book has recently been published covering the finding of.;he wérk;hop edited
by Dr. Julio Bird of the projecf staff.an& Dr. K. Haramcrosch, Frojcct

Consultant,
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C. Entomology

The most outstanding findings to date have been the identification
-of the most important insects attaching beans and cowpeas and the evidenee

of resistance or tolerance in some.cﬁltivars to the major insect pests.

Evidence was found of resistance to the bean leathpper,‘Empoasca fabae,

and to the cowpea weevil, Chalcodermus ebeninus which are the most damaging

insects of these crops in Puerto Rico and possibly in other tropical

regions. Preliminary observations also suggest resistance in beans to the

bean weevil, Acanthoscelides obtectus,

Other insects found on cowpeas were the vegetable leafminer, Liriomyza

munda; pod borers, Maruca testularis and Eitella zinckenella; aphids and
cutworms. Other insects observed on heans were the vogerable icafminer,

liriomyza munda; the bean beetle, Cerotoma ruficormis; (also on cowpeas)

the sugar cane weevil, Diaprepes abbreviatus; the lesser cornstalk borer,

Elasmopalpus lignosallus; the leaf rollef, Urbanus proteus and other leaf

tiers.

Besides the cowpea weevil and the leafhoppers, other insects of
potential economic importance are the leaf miner, the bean beetles and the

podborers. Populations of fhese insects should be observed carefully.since

an outbreak of any of them could reduce yields significantly.

Twenty-six lines of beans and cowpeas
—— PR PN e imyeen

vere field tested for the

effectiveness of insecticides in controlling distinctive insects. Conclusive
-

‘results will require further testing. ‘Natural resistance and local pre-

- dators are also being screened to reduce dependence on chemical control.
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Evidence of resistance to leafhopper was found in eight selections. of white
beans. Colored beans however proved vety susceptible. Resistance to cowpea
‘weevil was also noted. All of these observations will require continued

work and screening before varieties can be released for commercial production.

These findings will enable us to concentrate our research efforts
to obtain resistance and to develop other measures to control the most im-
portant insects. Selected germ plasm shown to be resistant or tolerant to -

ingects will be provided to the plant bréeder.
D. Nematology

Work on the nematology phase has been limited to preliminary surveys.
Nematodes represenﬁative of 12 genera of parasitic or.éuspected phytoparasites
were found associated with beans and cowpeas at the Isabela Substation, and

7 genera with 28 cowpea accessions at the MITA farm, also at Isabela.

With the assignment in FY 76 of a nematode specialist from Canada
on a year's sabbatical leave to MITA, it is expected that cultivars with

resistance to known nematodes will be identified.
E. Breeding Progranm

The bean breeding has been dependent on the recuperation of natural
field hybrids occurring from flower visitation by the carpenter bee (Xvlocopa

brasilianarum).

This technique of using carpeater bees to cross—pollinate normally

self-pollinating beans has resulted in crossbred lines with rust and virus
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Tesistance, day length insersitivity, better climatic adaptqbility-and
increased yibld. Screening of the International wapea Disease Nursery has

resulted in improved cowpea mosaic virus resistance.

Present emphasis is being placed on obtaining controlled manual
crosses in the greenhouse for specific gené transfer and for the fprmation
of an intercrossing population or gene.pool of multiple disease resistant
. lines. Preliminary results indicate fairly high fertility- (from 40-70% pod
set) from the manual crossing, depending on the parents used. Of the 11
parents in use for the population formation, the red bean line 15R-148 has
shown exceptional fertility'both as a male and female paréqt. The uéé of a
manual procedure for recombinirg resistant germ plasm Aow offers great

promise for accelerating the bean improvement work.

The germ plasm collection has been increased with the addition gf
566 new lines this year. This greatly broadens the base of parent stock for
breeding programs and the selection of desirable plant charactéristics. This
will lead to cooperative testing with other regional institutions to increase
yield, quality and resistance to insects and diseases prevalent in Latin

America and the Caribbean.
Research Findings:
(1) vVvirulence Study of Xanthomonas Isolates.

A virulence study with Xanthomonas isolates indicated 14 Vigna ungui-

culata P.I. accessions were susceptible to Xanthomonas phaseoli (American
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Type Culture Collection 09563). the causal organism of the common bactérial:
blight of beans. These inoculation studies suggested that: (a) culture
#9563 was a mixtufe of X. phaseoli and X. vignicola, (b) it was contamiﬁated
vith X. vignicola éuriﬁg increase, (c) X. phaseoli mutated .to X. viggicélé
in passage through V. unguiculata accessions. and (d)‘it contains factors

for virulence against certain V. unguiculata genotypes.

Inoculation test indicated that P. vulgaris gives primarily a leaf
blight symptom while V. unguiculata produces stem canker symptoms. These
two types of symptom development occurred irrespective of the Xanthomonas .

gsource.

Preliminary trials suggest that "Fuscans" type isolates lose their
capacity for pigment development when passed through susceptible‘y, unguiculata

accessions,
(2) Disease Resistance, Yield and Adaptability Trials with Beans

a. Resistance of locally grown cultivars

//’
A number of final selections.and--trial *“ﬂtQ—EQEQEEE§7_SE*EEE;
number ol

adaptability,'agronomic characteristics and disease res eof bush Seans
for cultivation in Puerto Rico. This work was started in cooperation with
Dr, Marcial Rico-Ballester, Horticulturist, Lajas Substation. Varieties
Bonita, Galana, Colorada dnl Pais, and French Horticulture were recommended.
for cultivation in Puerto Rico. The extensive work on the selection of

adaptable bush beans resulted in the selection of seven cultivars which were

grown for replica;gﬁ yield/trials cduring 197i:’;::>
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b. Red Dean Trials
From a total of 1,898 lines in 1970, the final screening of the red '
.-bean lines resultéd in 28 selections in 1974. The screepings were done
for both disease resistaﬁce and yield. These selections will Be gubjec;ed
to replicated yield trials.

The most widely resistant cultivars were Ecuador-299 and Mexico-235.
Both cultivars arc highly sensitive to daylength. Seélection 153-148 is a
rust resistant, CBMV susceptible, ficld resistant to soil-borne diseases,
dayiength insensitive, moderate to high yielding, dark red Mexicaﬂ, dry.
bean cultivar that could serve as an impoftant cultivar for bIeediné red
bean adaptable to tropical lowlands. .

The most.imporéﬁnt diseases in descending order of their importance
were Rhizoctonia root rot and stem canker, southern blight, ashy stem
blight and CBMV.

Sensitivity to daylength and temperature, and resistance to diseases
were some of the most importaﬁt factors affectingz the yields of beans under
the lowland humid tropical conditions.

c. Black Bean Trials

Soil-borne pathogens caused severe loss of stand among the susceptible
cultivars during the rainy summer season and were a limiting yield factor
4in beans. |

Bacterial blight is a major foliage diseasc during the wet scason.
Due to absence of effective chemical control it was difficult. to cstima;e,

the loss due to this disease,
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Hhitefly transmitted viruseé (WFTV) caused severe loss in yield when
infection occur prior to inflorescence. However, WFIV were not a limiting
factor for yield,. if attack occuured after pod sét. o

Iﬁete was a distinct and sién?ficant differcnce in field susceptibi-
1ity of bean cultivars to WFIV. Cultivar Venezuela 63 was disease-free
while cultivar 51051 was 34.8% diceased. Also, golden yellow mp;aic inci-
dence was five times higher than Rhyﬁchosia mosaic incidence.

The results of a black bean yield trial indicated that cultivars
Mexico-309, 15R~55, 15R-42, Jamapa and 71-1R~113 had the highest yiclds
among 12 tested. It was interesting to note that after 4 years of sScreen-
ing and breeding the advﬁnced breeding lings developed ip.Puerto Rico
(15R-55, 15R~42 and 71-1R-113) equaled the yields of the best advance-line
and co:mcfci&l cultivar in Central America. | |

Bean cultivars varied in their level of susceptibility to web blight.
Cultivar 15R-55 had the highest tolerance followed with Mexico-309. How-
ever, ;he latter cultivar, under field stress due to discases and climate,
has a tendency to develop flat seed.

Cultivar 15R=-55 proved to be an outstanding candidate for releasc as
adaptable, high yielding and disease resistant tropical black bean with an
attractive -seed form.

d. Bean Rust Resistant Trials

P,

”Kfif}d trial observations and data su;;:;?\fhat the following rust re=-
L . -

sistant cultivars La Vega, Jamapa, 15R-~55, 15R-66, 71-1R-136-BK, and 15R-292

are good candidates for breeding adaptability, multiple discase resistance,

and high yields in beans for the lowland tropics.
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e. International Rust Rcsiétant Tests

On April 13, 1973, a group of 22 rust resistant bean cul;iyars were

S

e b -t b by e W et
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sent to ten diffetent coqntries for _tests against endemic :aces.. Up to -

P et et P

date data from five countries have returned, The summary of these data

shall be presented in the next annual report.

Some of the outstanding materials from these trials were:

3)

Cultivar PR-S-70-15R~42-1~BK was the only entry resistant to all
endemic races in Southern Brazil.

Cultivars PR-S~70-15R=55-BK, 15R-167-4-ﬁK and PR-H-71-1R~113 were
immune to rust raceg studied at Beltsville, Maryland.

Cultivars PR-S-70-15R-87-BX, 15R=277, PR-4~71-1R-63 and 1R-69 were
highly resistant to rust races in Colombia. Cultivar 15R-87-BX wa
chosen as one of the parental'lines in breeding high yiclding dis-
ease resistant beans. |

In Australia, 12 of the 22 cultivars were resistant to all endemic

rust races. Cultivar PR-S-70-15R-87~BK was used in a number of

crosses. The analysis of data has indicated five factors for rust
resistance. Cultivars PR-S-76-15R-210-BK aAd 15-R~66-1-BK were
included in the rust nursery trials.,

In Costa Rica cultiv;rs PR-S-70~15R-87-BK and 15R-277-BK were re-
sistant to endemic races in f£ive different locatioms.

Cowpeca Disease Resistance Trials

a., Horticultural (Yardlong) Cultivars

Diseasc screening tests indicated that yardlong cultivars (Vigna

unguiculata var. sesouinedalis) were highly susceptible to a wide range
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‘of diseases. Selections were made for agronomic and horticultural charac-
teristics and selected lines were tested in replicated trials, This work . .

is continuing and.the best agronomic types will be bred for disease resistance,
b. International Disease Nursery

In cooperation with International Institute of Tropical Agriculture,
Ibadan, Nigeria, 104 cowpea accessions were screened_for‘disease ?esistance.
Tﬁe screening rests indicated that two different strains'of cowpea mosaic
virus were present in the two locations. Of the 104 cultivars testéd 13
were resistant to the CPMV strain in Puerto.Rico. Also, seven of the-

accessions were free from bacterial blight and canker.

4. Shipment of Seeds of Released Varietics to Cooperztors and Interested

Researchers During 1974.

.Seeds were sent to 25 foreign countries and to 9 staies of the ﬁnited
Stafes and others in Puerto Rico. In the foreign countries 29 researchers
received 19 sets of P. vulsaris and 20 sets of V. unguiculata multiple
disease resistant lines. In the United States 13 researchers received 13
sets of P. vulgaris and 5 sets of V. unguiculata multiple disease resistant
lines. In Puerto Rico 6 researchers received 5 P. vulparis and 4 V. ggggi

culata multiple disease resistant lines.
S. Release of Germ Plasm.

Notice to plant breeders of the release of three dry bean hybrids

with multiple disease resistance characteristics, USDA/ARS, January 4, 1974,
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Notice to plant breeders of the release of fourteen selected rust

resistant bean lines, USDA/ARS, March 11, 1974.

8. Proicct Design.and Methods.

There are four major uctivities, all of which contribute to the realiza-

tion of the research objective of controlling diseases and insects of beans,

cowpeas, and other food legume crops in the tropics.

a. Virology studies

This activity will phase out in FY-76 with the incorporation of an
ultramicrotome facility into the electron microscope work, and the refinement
of the “air brush" technique for inoculating plants with a specific virus.

Both of these techniques will facilitate the determination of resistance in

the plant breeding .phase,
b. Control of Fungus and Bacterial Diseases

A number of commercial fungicides and bactericides have already
been tested for controlling the common.diseases of legumes in the tropics.

PFurther tests on the application time and rate will be made, and new

ixperimental fungicides will be included in the evaluations. Alsc to be
.ncluded will be any new strains of diseases which are divulged. Deter-

iinations to be made of varieties which demonstrate consistent resistance

o diseases.
c. Entomology

This activity will parallel item b., above, as it relates to insect

attacks and insecticides. An added element.will be the~étudy'o£ ﬁatur@l
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enenies of the major insects which attack legumes. The scientists will

endeavor to identify varieties which are most resistant to insect attacks,
.de Plant Breeding

Varieties or lines of legumes which possess good culﬁural charac-
teristics will continue to be crossed with those types identified for their
Qiséase and insect resistance (items b. and c., above) in the hopes of
cembining all of the desirable traits into a few varieties which would then

be tested on a worldwide basis.

Graduate students will be trained in the various functions involved
in this research program. Inputs for each activity are included dn the

Work Plan Dhelow.
9, Work Plan.

a. Virology: This subsection will be completed with the end of FY 1976.
This year's activities will include further characterization by electron

microscopy and the use of an ultramicrotoma attachment to make ultrafine

sections of plant tissue to determine the existence and type of virus active

in the plants.

An electron microscopist will be recruitﬁd:for six months_ab train
. S e -

UPR_scaffuinuthe~expg§t use of the electron microgéapc and its accessories.

P

\\Pive research assistants are expected to be trained.



DPr. Karl Maramorésh will serve as consultant in the evaiuation of the

Virology Section Research.,
The project developed "air brush" technique of inoculating plants

with a specific virus for positive infection to determine positive resistance

will be further refined and UPR and MITA staff trained in its use.

ations are planned for the year, one on the mechanical

Narmormmrmprprad

Two public
. . — e B TVIN
inocsulation with the golden yellow mosaic virus and one on Euphorbia virus

as related to beans,

Current project staff and equipment either on hand or being made
To train staff in nutromn

available will meet subsection research needs.
microscopy a Spanish speaking expert from Brazil has been located and is

available for 2 six-wonth's training program.
Six professional staff and three technical staff providing 43 m/m with

30 m/m of labor will provide a total of 73 man/months of efforts during ?

M

~N

)
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b. Control of Fungus and Bacterial Diseases: Trials will be expanded
to control diseases of legumes other than beans and cowpea. Of particular (\k
. N\
interest is pigeon pea (Cajanus, cajan) and canker diseases caused by the Ksﬂigz;
. t_&@

fungi Phana Cajan, Phvlerphthard parasitica, and Balryodypladia.

(1) Work Plan 1976-77,
- \§J

(a) Common Bacterial Blight of Beans,
e Isabe'a

this funding pericd. Costs for the total budget are $78,C00.

Trirls will be conducted in the field, both at th

and Lajas Substations in ordc: to establish how effective are the,fungicides



(bactericides) Copper 53 and Kocide 101 in controlling common bacterial
blight. A ;ew fungicide (Bactericide), Nabac 25, will also'ﬁe tested against .
the disease. 1In vitro tests in the laboratory will also be conducted in ﬁhich
this bactefial paﬁhogen will Se exposed to each of the-thfeé ébove-mentioned
chemicals as well as to any other.ﬁewly developed bactericide on hand.

(b) Rust of Beans.

Two experiments will be established, one at the Isabela and the other
at the Lajas Substation in which Plantvax and Dithane M—AS will be tested
.aga;nst bean rust. A third fungicide, Triforine, will also be tested.
Experimental designs and‘methodology will be essentially the same 2~ those
employed for previous trials.

{c) Powdery Mildew of Covpea,

In spite of the perfect centrol displayed by Benlate on powdery mildew
for the first two field experiments conducted to screen various fungicides
against this disease, it failed to effectively protect the foliage »f cowpea'
during a third trial. Therefore, an additional trial must be conducted in
order io establish if failure of this fungicide to protect against powdery
mildew is due to inactivation of the chemical by adverse storage conditions
or due to the development of new physiologic races of the fungus resistant
to the chemic&l. The trial will be established at the Isabela Substation.
The experiments for the detection of races resistant to Benlate will be
conducted in the greenhouse.

(d) In Vitro Screening of Chemicals

Laboratory tests are underway in which both EL 370 and Benlate are tested

against the fungus Corynespora cassiicola. Other fuugicides and bactericides

to be tested are Nabac 25, Kocide 101 and Daconil either on C. cassiicola or -



on Cercospora spp. and Xanthomonas phaseoli. Both dry weights and radial

growth of these microbial pathogens will be recorded for each chemical
under study.
(e) Physiologic Races of Bean Rust

Bean leaves iniected by U. appendiculatus will be collected from all

the bean growing areas of the Island as well as from experimental plots
established at the Substations. ' This material will be in turn purified ;n
the greenhouse by employing cultivars which are highly susceptible to the
disecase. At least 20 bean differentials of those obtained from United States,
Brazil, Colombia and Australia will be exposed to the material collected
throughout the Island.
(2) Work Plan 1977-78,
(a) Complete the work initiated in 1975-76 and 1976-77 on chemical ontrol
of those diseases which are endemic on both beans and'cowpea;i’lLY .
(b) Find means of control for those diseases reported as new to beans
and cowpea in Puerto Rico
(c) Test newly developed pesticides (fungicides and bactericides) against
endemic as well as against new diseases of both beans and cowpea in
the laboratory, greenhouse and under field conditions.
(d) Initiate research directed to control diseases of legumes other than
cowpea and beans, such as pigeon peas and chickpeas. An important

disease of pigeon peas in Puerto Rico is stem canker caused by the

fungus Phytophthora parasitica.

(3) Work Plan 1978-79,
Continue ressarch

ccted to centrel dizezzes of cdible legumen, with

opeci#lAéﬁbhnsis on those which represent a menace to the economic productioa
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of these legumes under cultivation.
To continue testing fungicide and bactericide as they are released by
the chemical companies. |
| Eight professional staff and three technical staff plus 12 m/m of labor -
provide a total of 54 m/m for FY 76 and 95 m/m in FY 77 & 78. Total budget
costs are $70,000 in 1976, 114,000 in 1977 and $122,000 in 1978.

Major equipment to be purchased in FY 76 includes, a growth chamber,
transfer chamber, incubator, two dissecting scopes and a hygrothermograph.
No further equipment needs are foreseen through the project life.

(4) ﬁxpected Products and Time Frame'for Accomplishment,

(a) Information in 1977 on-the control of bacterial blight of beans,

caused by Xantomanas phaseoli via the fungicides and/or bactericides, basic

.~copper guiphate, c¢cpper hydroxide, and Habac 25,
(b) Information in 1977 on the control of rust of beans, caused

by Uromyces appendiculatus, via the fungicide manzoceb, oxathiin (Plant Vak)

and the systemic compound Triforine,

(¢) 1In 1977, an explanation of why the systemic fungicide benozyl,
which had provided excellent control bf powdery mildew of cowpea, did not
control the disease in the last test conducted at the Isabela Substation.

(d) An gg_xggig evaluation of compounds for control of the target
- gpot (cowpea) and bacterial blight (beans) causal orgénisms (1978).

(e) Indications in 1978 on the races of the bean rust pathogen
present in Puerto Rico,

(£) A screening of cowpea accessions for resistance stem canker-

inditing pathbgens (1978),
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¢. Work Plan - Entomology - 1976-78.
(a) Continue field tests for the screening of new selections, and/or varieties
of beans and cowpeas to determine the presence of resistance tO'the‘major |

insect pesté. particuiarly, to tHe.leafhopper ’ Empoascalfabae, to the leaf-

miner, Liriomyza sativae and to the dry seed weevil, Acanthoscelides obtectus"

on beans, to the bean beetle , Cerotoma ruficornis on beans and cowpea and

to the cowpea weevil, Chapcodermus ebeninus,and to the dry seed weevil ,

Callosobruchus chinensis on cowpea. This screening should continue for at
least 1976-77 and 77-78.

(b) Conduct field test to evaluate insect attack and damage on’selected
vafieties of beans and cowpea. Efforts will be made to determine the effect
of different levels of insect populations on yield. This will be started
this yvear for thc.ieafhoppcr on two varieties cf beans, onc susceptible and
one resistant. Similar tests will be conducted during the following three
years in order to determine the insect pcpulation causing economic damage.
(c) Fieid test will be initiated with existing commercial varieties of pigeon~
peas to evaluate insect damage, particularly of pod-berers (Heliothis spp.)
at different planting time tﬁrough the pigeon pea season. For this,eggs of
Heliothis will be counted at pod setting in all planting through the season
to determine the insect damage at different levels of egg infestation.

Thi; should be done for at least three years in order to obtain reliable data
to predict insect damage based on egg counting at pod setting which is the
time to decide on control measures, |

Based on the above results insecticide trials could be done (probably‘af:er
3 years of data) for the refincment of controi measure'decision'(timiﬁg)

Efforts will be made to determine the natural enemy complex of ‘Heliothis
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darvae in Puerto Rico, and eventually, its efficiency on control. The

effect of recommended insecticides on natural enemies will, also; be studied.

(d) Continue field plot, shade house and laboratory studies to provide
information on thé nétu;al enémy'gomplex of the leafminer, Lifiom§za'
gsativae. These studies should continue for at least 3 years. Once the
potential enemies are identified, the.efficiency of these should be deter-
mined as well as the adverse effect of recommended insecticides.

(e) Continue field test to evaluate chemicals for control of insect pests
on the above crops, particularly for the leafhoppers, leafminers, the bean
beetle, the cowpea weevil and the dry seed weevil. Emphasis will be given
to secure minimum chemical dosages that will control the above mentioned

insects.

A staff of three professionals and one technician will be required
through the life of the project. They will providg 55 man/months including
field and laboratory labor staff in FY 76 and 94 m/m each in FY 77 and
78, A portable area meter and a stereomiscroscope fitted with photography
equipment will be major equipment needs in 1976. No other major equip-
ment needs are foreseen. Annual funding requirements are $39,000 in FY.76

and $58,000 in FY 77 and $63,000 in FY 78.
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d. Plant Breeding for Resistance.
~ This portion of the work plan will be presented under the individual
species being investigated or to be included in the near future.

(1) Common bean (Phaseolus vulgaris).

(a) Exchange of advaﬁced lines with other bean improvement
programs (1976-77).

®) Incorpbrate major sources of multiple resistance into one
or more populations of manageable size. (1976~77)

(c) Test these populations for reselection of higher accumu-
lated resistances and for favorable agronomic characteristics. (1977-78)

(d) Initiate tests to preserve the highest level of nutritive
values with the reselection for high multiple disease resistant types.
(1977-78)

(e) Release advanced high yielding disease resistant lines.
(1977-78)

(f) Determine the genetic base and inheritance of resistance

to some of the disecases tested. (1977-78)

(2) Cowpeas and Yardlong (Vigna unguiculata and sesquepedalis).

(;) Continue crossing and reselection for the accumulation
of multiple disease resistance. (1976~77)

(b) 1Initiate breeding program for the incorporatioh of yield
and quality characteristics of adaptable commercial types into the
multiple disease resistahc material, (1976-77-78)

(c) Develop cooperative tcsting of advanced discase resistantc

lines for adaptability and yield with other tropical countrics. (1976-77),
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(d) Release improved high yielding diseaseiresistant-coupéas
and yard long beans, (1977-78)

(e)..Ihcorporate male sterility into breeding lines and popu-
lations. (1977-78)

(3) Tepary Bean (Phaseolus acutifolius.

(a) Obtain germ plasm from areas where the tepary is native or
1o cultivation. (1976-77) |

(b) Evaluate for disease resistance, yield and adaptability
under tropical conditions. (1977-78)

(c) Cross and select for multiple disease resistance. _(1977-78)

(4) Scarlet Runner Bean (Phaseolus coccineus)

(a) Increase germ plasm base through acquisitions and
collections. (1976-77)

(b) Screen for multiple disease resistance through the forma-
tion of separate bush and vine type composites or populations. (1976~77)

(¢) Develop multiple disease resistant types for transfer to
Pe vulgaris. (1976-77)

(d) Isolaﬁe important agronomic and morphological characteristic&
into compatible lines from which they can be transferred to P. vulgaris.
(1976~77) |

. (e) Develop commercial tybes for adaptability and yield test-
ing. (1977-78)

(5) Lima Bean (Phaseolus lunatus).

(a) Increase germ plasm base through acquisitions. (1976-77)
(b) Continve screening for multiple divesse recistance zo

reduce the number of lines to a more manageable quantity. (1976-77)
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(c) Test advanced lines for their range of adaptability and
yield (1977-78)
(6) Pigeon Pea (Cajanus cajan).

(a) Cooperate with the University of Puerto Rico on the im=

portant international disease problems., (1976-77-78)

Priority and Time Distribution for Principal Research

Personnel
Crop Priority Pathologist Breeder
10=high % of Time

P, vulgaris 10 30 50
V. unguiculatz 9 30 20
V. unguiculata :

sesquipedalis 6 10 10
P. acutifolius 3 10 10
P. coccineus 3 10 ‘ 10
P. lunatus 3 10 -
€. cajan 2 - -

Mine professional and four technical staff will be assigned to thé project.
Counting assigred laborers a total of 195 m/m will be used in FY 76 and 33% each
‘1n FY 77 & 78. Projected funding requirements are $139,C00 in FY 1976,
$223,000 in 1977 and $237,000 in 1978. Special equipment needs will consist of .

" field cultivators, a portable bean plot thresher, microscopes and sprayers.
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10. General Appraisal,

The 1974 PAR indicated progress was as planned.and no major production’
or administrative problems had arisen. Transitional problem of frahsfetring
the project to UPR leadership had essentially been solved. Some divergence
and lack of commuhication still exiéged and more staff meeting and improved-
exchange of information on each team member's activities was recommended.

Broadening the scope of the project to include other grain legumes was
also recommended. As facilities, time and staff permit this is being
accomplished.

As part of the outreach-effort,including more LDC graduate students as
research assistants on the project was suggested.

In the 1975 project review progress was noted in all of the 1974 recom-~
mendations. Some work is now being done or planmmed on pigeon pea, yard long
bean and lima beans. Three graduate students have been assigned to the
project and improved communication was evident.

The 1975 review again noted good progress on research objective.
Virology.studies have progressed to the point that they can be terminated at
the end of FY 1976. With more proven ‘results being available increased out-
reach and training activities can be started. Also closer coordination with
the soybean project and exchanges of pertinent information was suggested.

In summary, reviews indicate a successful project on schedule with

objectives being met,
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11, Environmental Impact.

The overal;.aim of this research project is to increase the food
. availability to the peoﬁle of the LDCs., It hopes fo accqmpliéh this by |
reducing losses presently caused by diseases and inse;tﬁ; Ideally, bio-
logical control methods will be identified, - barring this, various chemical
controls will te indicated. In either case, the effects of other bio-
logical forms or of chemicals will be taken into account before.any
recommendations are made, so that any possible adverse environmental effects
will be duly considered.

Further grain legumes properly inoculated fix nitrogen from the air
to essentially meet plant requiremen;s. A residual is left on root
nodules to reduce the nitrogen requiremcat for futurc ércps. Thic xecults
in a lowered requirement for chemical ﬁitrogen, saves fossil based fuels
and reduces soil and water pollution, The benefits to be derived from
fhis work are not biased toward any particular economic or social segment

of the population of LDCs,



Milestone Life of Project Schedule

Extension of Project '
Objective/Product " Start Project Completion

FY 1976 FY 1977 FY 1978

A. Virology Studies (S)~~ (c)

1. New virus characterization (§)=—mmmmmee e (C)

2. Ultra activity (S . (c)

3. Electron microscope () Prm—— ©)

training ' )

4. Training in manual ) D a— (c)

- "air brush" virus
inoculation

5. Data Publication Activity (S§)~mmmmemreem ()

B. Fungi & Bacteria Discases (s) < '
Powdery Mildew Studies (S) : - (€)
_ Leaf Blight Studies [(S) ; - ()
Leaf spot studies (S) -(c)
Rust studies (S) ()
Natural means of control (s) (C)
New disease studics - (8)-- ()
‘Other Grain Legume Studies (8) (c)

(©)

C. Entomolopy I(S) (c)

1. Bean and cowpea screen- (s) . (C)

ing for major insect

resistance. :

2, Determine economic level (s) (C)

of insect populations. ‘

3. Pigeon pea screening for (s) . ==(C)

insect resistance ’
levels.

Egg count and natural
eneaies will be studied.




-35-

Milestone Life of Projcct Schedule (Cont'd)

Objective/Product

Extension of Project

" Start
FY 1676

FY 1977

Project Complet:.on
FY 1978

C. 4.

Evaluate chemical control
of najor insects

(s)

-(C)

D. Plant Breceding

1.

2.

3.
4.
5.

6.

7.
8.

" 'Common_Bean.

Exchange bean lines with
other improvement programs
and incorporate multiple
resistance in one or more
populations _

Select for favorable agrono-
mic characteristics and high
nutritive values in multiple

disease resistant bean types.

Relecase most promising lines
Cowpea & Yard Long

Develop multi-resistarice and
commercial quality

Develop cooperative breeding
programs and relcase
promising new lines
Tepary Bean

Increase germ plasm bank and
discase resistance and
quality characteristics

Cross and select for multi
disease resistance

Increase germ plasm base and
screen for multi disease
resistance and- commercial
quality ‘traits.

(s)

(s)

(s)

(s)

(s)

(s)

(©)

(s)

(s)

(©)

()
(€)
()

(©)
(©)
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Milestone Life of Project Schedule (Cont'd)

Objective/Product

Extension of Projcct
Start
FY 1976

FY 1977

Project Cbcpleclon
FY 1978

9. Develop resistance and
agronomic traits in lines
compatible for transfer to
common bean (P. vulgaris)
Lima Bean

10. Increase germ plasm, screen
for desired traits, test
advanced lines for range
of adaptability and yield.
Pigeon Pea .

1l. Screen available material

' and coopcrate closely with
UPR staff in developing
commercially acceptable
varieties

(s)

(s)

(c)

«(C)

(s):

(©)





