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9. ABSTRACT
 

The objectives of this project are to investigate and develop methods for
 
controlling diseases and insects that attack selected food legumes adapted
 
to the tropics, particularly beans and cowpeas. The focus is on improvement

of production through control of insects and of viruses, bacteria, fungi,
 
nematodes, and mycoplasma. A summary of accomplishments during the project

year: A new bean strain of cucumber mosaic virus (CMV) was fully characterized.
 
Electron microscopy studies showed that the new bean virus was related to CMV.
 
A previously unreported mosaic virus of Canavalia maritima was characterized
 
through use of such criteria as host range, indicators, serology, physical

properties, vector specificity, and electron microscopy. The whitefly
transmitted mosaic virus of Jatropha gossypifolia was found to affect beans,

soybeans, and Jacquemontia tamnifolia. However, Bemisia tabaci race jatrophae,
 
the vector, will not survive on the leguminous hosts and Jat montia. A new
 
virus was 4 -covared to be affecting Poinsettia geniculata =EuphOria
 
prunifolia in the Isabela area. The virus will affect beans,'soybeans,

tobacco, and Datura stramonium but is not capable of infecting Rhynchosia minima.
 
It also fails to provokie--theformation of enations on Virginia 12 tobacco.The
 
virus was transmitted mechanically to D. stramonium. This entity seems to be
 
related to the Brazilian mosaic virus of E. prunifolia. The fungicides

chlorothalonil, mancozeb, dinocap, and benomyl controlled foliar diseases of
 
cowpea, such as powdery mildew (Erysiphe polygoni) and leaf spots (Corynespora

cassiicola, Cercospora spp.)o Dinocap was very effective against powdery mildew
 
during the dry season, but failed to protect the plants during rainy weather.
 
Dosages of benomyl as low as 1/4 #/A applied biweekly were enough to prevent
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infection by E. polygoni, C. Cassiicola, and Cercospora spp. Both basic copper sulfate
and copper hydroxide at the rate of 1 #/A controlled common bacterial blight of beans
 
(Xanthomonas haseoli) Bean rust (Uromyces'ap endiculatus) was controlled by mancozeb,
Plantvax, and TrforTne at 1 #/A. The last two-fungicides are systematic are were
applied every 14 days. Isolates of Xanthomonas from beans and cowpeas displayed the
following types of pathogenicity to these two crops: virulent-virulent, virulent
avirulent, avirulent-virulent, and avirulent-avirulento Isolates of Xanthomonas
phaseoli var. fuscans when inoculated to cowpeas and beans very frequently lost theircapacity to produce pigment0 
 Soil and root samples taken to determine the nematodes

associated with beans and cowpeas indicated the presence of several known and suspected

plant-parasitic species. 
 The most common genera found were Rotylenchulus, Helicotylenchus,
M, 
 Pratylenchus, Tylenchus, Aphelenchus, and AphelenhOldeso.Field tests on

the use of promising insecides wth beans and cowpeas were conducted, but no
conclusive results were obtained, sometimes because of low insect infestations, and
 on other occasions, because of heavy rains after applications Evidence of plant

resistance to the bean leafhopper (Empoasca fabae) was found ineight selections of

the white bean cv Bonita. Colored cvT a 
 -amaica, Marca Diablo, and Pompadour)

were very susceptible to leafhopper attack0 Yields of susceptible cultivars were very
drastically reduced. Preliminary evidence on the existence of cowpea cultivars resistant
to the cowpea weevil, Chalcodermus ebeninus, was obtained0 
 A possible varietal resistance
 
was also found on bean cultivars Sin Fibra 
nd Galana to the bean weevil, Acanthoscelides
obtectus (Say). Rust-resistant bean lines were obtained through naturally occurring

cross-pollination in the field. 
 Some of these lines have proved resistant against a

wide range of rust races endemic inthe tropics0 Bean cultivars with multiple virus
resistance were developed through field cross-pollinations. Several bean cultivars

have been selected for adaptability to warm humid lowland tropics, insensitivity to
short daylength, multiple disease resistance, and yield. The screening of the Inter
national Cowpea Disease Nursery for cowpea mosaic virus resistance resulted inthe
selection of several cultivars resistant to the highly pathogenic strain of the virus
 
present in Puerto Rico. The research findings in the virology phase of the Project

have been made available to CIAT, Cali, Colombia (the world center for improvements

of Phaseolus 
. A central bank of seed of diagnostic plant species isbeing established
at he Institute as a direct result of efforts in th Project, coupled with those of

investigators from elsewhere, who met inPuerto Rico inJune, 1974, ina 
workshop on
 
tropical diseases of grain legumes.
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REPORT SUMMARY
 

4 l.'roJect Title and Contract Number: 'Improvement f Tropical 

Production of Beans and Coiopeas thru Disease and Insect Control" 

Contract No. AID/CX/i a-C-73-26. 

2. Principal Investigators: 

°JUlio Bird, Pedro L. Melzdz , Catno Cruz, Jessa'1'R0u 

(Agicultural Experiment Station, uiiversity of Puerto Rico, 

Hayavuez Campus, P.O. Box H,' Ro Piedras, Puerto Rico 00928), 

-
Nader G. Vakil, George F. Freytag and Walter J. Kaiser 

(Mayaauei Institute of Tropical, Southern Region ARS, USDA,
 

PO.. B~x 740,' Mayaguez, Puerto Rico '00708).
 

DrWalter J. Kaiser was transferred to a position in Nairobi,
 

'Kena, on 4 April i974; Dr. George . Freytag joined the Pro

j'ct staff on"l September 1974. 

3 Contract Period (as ammended): 14 May 1973 to 31 March 1975. 

Period coveredby report: 1'"January 1974 to 31 December'1974. 

's. Total Aii fundinj of contract to date': 4,7. 

6. Total expenditures and obligations through previous contract year:
 

$I15,'665, 

7,Total expenditures and obligations 'for current contract 'year:
 

$325,408.1 

' b, Estited ' expenditures for next contract year (1 April°1975 

31Mrch 1976)': $385,426. 



B, -Narrative'Summary of Accomplishments and Utilization:
 

Dry-beans (Phaseolus vulgaris). and cowpeas (Vigna unguiculata) are
 

an essential, and in many instances the only source of protein for nil

lions of people In the humid tropics. The increase in human populatiori
 

brings about further dependence on these,and other related grain legume
 

To provide a reasonable assurance that an adequate supply~of.these basi
 

Brains will be available to satisfy the elementary protein needs of the
 

immediaie, short, .and long term future, it becomes imperative to increa
 

productionof these crops in the, tropical areas of consumption. Contro
 

of diseases and insects of these crops is a fundamental aspect of the
 

battle to improve production. Work on this Project, now under the sole
 

contractual responsibility of the University of Puerto.Rico, evolved as
 

an integrated effort of the former USDA and University components, and
 

permitted significant progress towards the achievement of its objective.
 

A summary of the accomplishments of the year follows:
 

The new beanstrain ,of cucumber mosaic virus (CMV) was character

ized fully. Electron microscopy studies indicated that, ,ultrastructur

ally, the new bean virus was related to CMV. A previously unreported 

mosaic virus of Canavalia martima was characterized using criteria 

such as host range, indicators, serology, physical properties, vector 

specificity, and electron microscopy. The causal agent seems to be 

new,' although perhaps related to one aphid-borne cowpea mosaic virus 

studied by Zettler in Florida. The whitefly-transmitted mosaic virus
 

of Jatropha gossypifolia was found, to affect beans,, soybeans and
 

Jacquemontia tamnifolia. However Bemisia tabaci race iatrophae, the
 



not surviveon the leguminous hosts.and-Jacguemontia. A
 

,new virus :was discovered affecting Poinsettia Reniculata mEuphorbia
 

prunifolia in the Isabela area. 
The virus will affect beans soybeans,
 

,tobacco and Datura stramonium-butAis not capable of infecting Rhynchosa
 
minima. It also fails Ito .provoke the.formation of enatLons on Virginia 

12,tobacco The virus was transmitted mectoD. stramonium. 

,This.entity seems to be related to the Brazilian mosaic.virus of E. 

prunifolia.
 

S,,The fungicides .chlorothalonil,,mancozeb, dinocap and benomyl con

trolled, foliar diseases of.cowpea, such.as powdery,mildew (Erysiphe
 

polygoni), and leafspots, (Corynespora cassiicola, Cercospora spp.).
 

Dinocap wasyery effective against powdery mildew during the dry sea

son,_ but failed to protect the plants during rainy weather. ,Dosages 

of ibenornyl aslow,.as 1/4 #/A applied biweekly were enough to prevent 

infection by R.,polygoni, C. cassiicola and'Cercospora spp. It is
 

,quspected thatanew,race of E. Polygon! capable of thriving under
 

highrelative humidity and rain is present in the field. ,Both basic
 

copper sulfate and copper hydroxide at the rate of 1 #/A controlled
 

common bacterial blight of beans (Xanthomonas phaseoli) Bean'rust
 

(Uromyces appendiculatus) was controlled by mancozeb, Plantvax and
 

rriforine atl1#/A. The last two fungicides are systemic and were
 

applied, every 1!4days,. 

:Isoldtes of Xanthomonas from beans and cowpeas displayed the
 

following types ,of pathogenicity to, these two, crops: virulent-virulent, 

,viruent-avirulent, avirulent-viruleht and avirulent-avirulent. Iso

http:aslow,.as


atero4fA:Xnovwhen.' i- ocUlatedo cowpeas
 
and beansvery frequently lo~t rcp yto'prodUce igment. A
 

-Xantnomoias culturei virulent t6 cowpea 'and -witn 'caacity't6 produce 

adistiinct blackish pigment,l was'is tated fr a . 'a....d...g mac-

Sult on-pg producng culture. Phaseoius hil aris cul.... h' " 


2 tivarsnmainly developed ieaf blight -sympto s"nd Vikh 'unguiculata cul

-tivars -mainly"dve oped s e ..:• '.' " . -i ... .. 

ulaited wi th 'a'nn -pimn rd uc...." 'tur " .... ' " 

eveloped stem canker:when'bothspecies 'were inoculated
 

with the same Xanthomonas culture.
 

'Soil aiidrooAt samples taken to determine "the"nematodes associated
 

with'beans .and,*cowpeas indicat 'd";the preseice of a"numbe f known and
... 


suspected plant-parasitic species,among which Rotylenchulus, Helicoty

lenchus., Meloidogyne, Pratylenchus, Tylenchus,; Aphelenchus and Aphelen

choides were the most common nematode genera found. Additional data is
 

needed to determine the degree of resistance or susceptibility of the
 

varieties ,or accessions examined to, any of-the above mentioned nematodes.
 
?Field' tests were performed with beanst and cowpeas to determine the 

effectiveness- ofpromisin ginsecticides onthe cotrol of the most impor
tknti'insects of6theSe crops.", '-Twenty.six cultivars or linDes-of beans and 

cowpeas were'.planted to observe differences on susceptibility to destruc

iveinsects- No-c6onclusive results were obtained with the insecticides
 

tested duei intpart, toa low'insectinfestation and, int er occasions,
 

possibly to heavy rains after application of treatments. 'Evidence of
 

plant'resistance,tothe bean leafhopper (Empoasca fabae was found in
 
8selections'of the ihite1,ean cv Bonita. Colored cvs (Rayada, Jamaica,
 

Mar6a DiablO''and-Pnmpadour)'were"very susceptible 'to leafhopper attack.
 



Aieldq of susceptible,cultivars were veryqdrasticall reduced. I-re

lminaryevidence.on theexistence of cowpea cultivars, resistant to 

the cowpea,weevil, Chalcodermus ebeninus was obtained,, rA possible
 

varietal.'resistance,was also found on bean cultivars Sin Fibra and
 

Galana. to thejbean weevil Acanthoscelides obtectus (Say). ,
, 


,. Rut ,resistant,-bean lines were obtained through. naturally occu;

ring cross-pollination in the field. ,Some of thesejlines have proved 

resistant against a wide range of rust races endemic in the tropics.
 

Bean cultivars with multiple virus resistance were developed through
 

field cross-pollinations. A number of bean cultivars have been se

lected for adaptability to warm humid lowland tropics, insensitivity
 

to short daylength, multiple disease resistance, and yield.
 

The screening of the International Cowpea Disease Nursery for
 

cowpea mosaic virus resistance resulted in the selection of several
 

cultivars resistant to the highly pathogenic strain of the virus pre

sent in Puerto Rico.
 

The rmsearch findings in the virology phase of the Project have
 

become available to the Centro Internacional de Agricultura Tropical
 

(CIAT), Cali, Colombia (the world center for improvement of Phaseolus).
 

A central bank of seed of diagnostic plant species is being established
 

at the Institute as ,adirect result of efforts in the Project, coupled 

to, those of investigators from other parts of the world who in met in 

Puerto Rico in June 1974 in a workshop on tropical diseases of grain 

legumes. 

http:lminaryevidence.on


a Tpa:reeders'ero. tos eeree "t dyean 

kybridswith multiple disease 'esistance 'characteristics an of
 

'14 selected rust resistant lines'-bean,.were published.'Seedsof
 

released cultivars were sent to cooperatorsand interted-re

searchers in 25':foreig countries, 9-states ofe'Unid ted,Btates
 
Sand others: in-Puerto Rico. was also.d sInfrmationiinated vii
 

publications ,'papers 'and seinars. 
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A. GENERAL BACKGROUND 

,Aunger, and malnutrition in,,the .tropicsconstitute one. of,the major world 
problems. Its prevalence could be,.reduced by-increasedipr0c ucton ofraro-, 

ved quality food. Edible legumes, such as field beans and cowpeas are good
 

sources;of cheap nourishing protein., However,.relativelyjlittle is known
 

about the diseases and insects affecting these and other edible leguminous
 

crops ,inthe tropics. ,In many.lnstances ,basic,.informatioii,relating to tro

pical diseases,.the predisposing factors,, and the vectors, if.any,qare little 

known.,Rarely are economic control measures available to, the grower., Thus, 

the information base which supports production of.these crops iis entirely 

inadequate. 

ThisProject is intended to contribute to the development of the infor

mation: and,materials.indispensable for improving the broduction of beans and
 
cowpeas in the tropics, particularly in.the humid .American tropics. -.To ful

fill these aims, research is in progress in the areas that follow: (1) sur

veys for and studlies,..toproperly,characterize -virus diseases and develop 

simplified methodologies to enable the evaluation of germ plasm for resist

ance ,.to,,the etiological agents of .,the diseases in Tropical-,Amerida, (2)eva

,luation of chemicals for the control of disease agents and.Insects,,,(3) sur

veys of.nematodes, (4),evaluation of germ plasm for resistance,to diseases 

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

vars with multiple resistance.,to diseases.
 

Work on the above mentioned aspects is conducted at the Agricultural
 

Experiment Station of the University of Puerto Rico, Mayaguez Campus, at
 

facilities located in Rio Piedras and Mayaguez and in various Substations;
 



in the Mayaguez Institute of Tropical Agriculture, a USDA research unit; 

.nd' 'cooperatively' in various +Central American &ounties, at'the Centro'and 


IntriaccnaldeAg'idculItra4Troial (CiA)''Cali,"'Colombia. 

'OF"PROJECT OBJECTIVES SASBi : STATEHENT ' STATED IN THE 'CONTRACT U',-, 

Tl major'objective of this "Project"Is t i0'nves tigAt*e 'a'd eel'o
 
methods for controlling diseases and insects-of selected food legumes
 

adapted','to"the tropics, particularly beans and 6 wpeas' The primary'
 

r
focs i'-obe:"ioniiprove mentof production through disease'(vf uses,. 

bacteria, fungi, nematodes and mycoplasma) and insect control;..The+
 

' oprgrai ifll receive complementary input froiiiwork carried out by the 

'
 
University of Puerto Rico in biology, nurtin genetics, and'o.the'i 

scifencesin the trOpical environment." 

C. 'CONTINUED RELEVANCE "OF OBJECTIVES, 

'The obJective stated in the C6tract, Ae. "to investigate'and 

develop methods of control of imiting diseases -and -insect's of' sel dtdd 

1f60o legumes'adapted to the'tropics, particularly'beans and cowpeas",
 

'i,+'till relevant. Research efforts in all , phases of the ProJect' are' 

aimed to the accomplishment of "this objective. 



r*;
A.,Virus Diseases
 
* Besides other .phytopathogenic viruses,u a ,new wtefly-transmitted 

agent,(Euphorbia prunifolia mosaic virus) wasm studied., So far,1 ,seven 

whitefly-transmitted,agents have been characterized and.their,,relative
 

,effects;on important crops,such as beans, cowpeas, and other, valuable 

legumes determined. On this account Puerto Rico has become an :important 

center for scientists endeavoring:,to ,solve,problems relative t virus 

,diseases,of legumes (particularly ru&aceous"maladies). _The methodolo

gies developed by the group in connection with the establishment .and 

:maintenance of stock cultures of Bemisia tabaci and mechanical inocula

otiOnof 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 oft identifying 

'these (through the proper use of-diagnostic plants,,.andindicators)-.an 

_easier task f£or others. 

The recopilation of data presented at,-the rPuerto Rico legume.d4sease 

workshop4into a volume will be,of great ivalue,to ,thosejworkin..,withlegume 

viruses in the tropics. 

Be-.Chemical Control ofyFungus.and!Bacterial Diseases. 

The -major;researchachievements during 1974 are as follows:,- Foliar 

diseases.ofcowpea (cv Early Rameshorn) were effectively controlled by the 

http:legume.d4
http:plants,,.andindicators)-.an


fungicides benomyl, manoiebo diiiap andd 6hlordfhalonil. Dosages of
 

benomyl as low as 1/4 lb per acre, applied biweekly, were enough to pre

vent infection by Erysiphe polygoni, the causal agent of powdery mildew,
 

and by Cercospora canescens and Corynespora cassiicola, causal agents of
 

ieaf ot -and target spot,'respectively;-' Yields as high as 1,925 pounds
 

er 'acre were obtained when higher dosages of benomyl, chlorothalonil and 

uiancozeb" were 'employed. ' Dinocap was highly effective' against powdery mil

dew during :the dry seasbnj butfailed to, protect the-plants-"'during' -rainy 

The fact that , tWel-fungicide benomyl,',in 'dosages as -low as 11/4:Ib' per 

acre effectively controlled foliar diseases -of-cowpea mdst -be:consfdered 

of .great 'significance since, besidesgincreasing yields,' both the concen

tration 'and number'of£ applications needed to secure good,control were 

half "of those needed' when other' fungicides, such' as mancozeb and 'chloro

' ,thalonil, were employed.' Therefore the use of this product, provided
 

pesticide"regulations 'are met in"Puerto Rico,;as'well as 'in other tropical 

and subtropical countriesi is'highly:recommended.;': By,using this -chemical 

,to protect his rplantings, :a'cowpea grower'in Puerto Rico 'would be "able to 

save as much as one-hundred-twenty-five ($125.00) dollars::per acrelper
 

op'i}reover, ' -amount into 2the! soil enthe ofpesticide 'incorporated 

viroimeni. 'would',be drastically reduceds thus helping toe keep contaminatior 

down to a minimum.
 

Benomyl',hassbeen successfully employed to.-control .the same diseases
 

(jowderylmildew, leaf spot and target spot),on crops';other than cowpea in
 

h~e~n1tJed States, 'South America, Canada'and .India. It-is claimed ithat
 



c 

4the ch"eical'inducesjutatior bye,~he pa:hoge.i mthecontiioi tisi o nd 


appearan off tacesristantf or toleranit tor"tie fngideSincenian

'cieb"chiorothaloilandl dihocap 'areas effectfve "asbenomyl "al'th6ugh 

concentrations, these,cdmpounds'-could be combined; in sprays
 

with benomyl in order to'reduce the hances'for new races of the )patho

ge'ns to develop.
 

The fungicides, Kocide'101l (copper hydroxide) and Copper 53 (ti

basic copper sulfate) atthe rate ofAl pound per acre were very effecti,
 

in controlling'common bacterial blight (Xanthomonas phaseoli) of bean ol
 

cultivar 1-l9, as indicated by the low disease indexes evident on this
 

dlti:var Common bacterial blight of
when.exposed to these compounds. 


e'ans Jiidging by our research results,*is not a limiting factor in bean
 

production no matter how heavily infected the plants are if attack takes
 

place when pods are already,developed. However when a heavy attack occurs
 

at an jearly stage of pod development total crop loss is to be expected.
 

Similar observations have been reported by researches from the United
 

'States (Michigan, Colorado, Florida) and Mexico. Work conducted in'these
 

countries employing copper compounds such as basic copper sulfate, copper
 

hydroxide and others showed that these compounds are very effective in
 

controlling the disease. Investigators claimed, however, that increased
 

'yields are obtained only when the fungicides are used to control early
 

attacks by the bacterial pathogen.
 

The ;systemic fungicides Plantvax and Triforine at the rates of 2 and
 

4/Z.lbVpeiJacrei respectively, and mancozeb at the rate of 1 lb per acre
 

Vegct6ed teofligeOf',biean cultivars,Blanca del Pats and Bountiful
 



ts.4th
,against rust, caused by2Uromyces appendiculatus.,r Hwever, 


oxycarboxin (Plantvax); were erratic. This fungicide, due, toAts.systemic 

,properties (longer residual effects) is ,highly recommended:,by.workeys en

,gaged in chemical control of bean, rust in other countries., ,Tiforine, 

;anlther systemic, ,behaved more or less similarly. ,or reseach is.needed 

in order to establish the role of these compounds in controlling bean rust 

in the tropics. Hancozeb,, although effective in higher dosages, always 

•.potected the,bean foliage ,against the disease.
 

C. Nematology
 
W.orkion the nematology phase was limited to preliminary surveys. Nema

odes rzepresentative of 12 genera of parasitic or suspected phytoparasites 

w.ere found associated with beans and cowpeas at the IsabelaSubstation, and 

K7 genera with 28 cowpea accessions at the -MTA farm, also at Isab*ela. 

D. Insect Control 

The most significant findings to date have'been the identification of 

the mJor insect pests of beans and cowpeas and the evidence of resistance 

ortolerance in some cultivars to some of these insect species. Evidence 

,was found of resistance to the bean leafhopper, Empoasca fabae; and to the
 
,cpeaweevil,Chalcodermus ebeninus, which are the most damaging insects
 

,.oflthese 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, Lirio

My.a sativae, the pod borers, Maruca testulalis and Etiella zinckenella,
 

'aphids and cutworms. Other species observed on beans were the vegetable 



Ieafminer : Ltridmyza
 ,sitivael '-Ithe,'bean-beetle;! Cbrotomafruficornis the
 

,sugar 6ane weevil, Diaprepes abbreviatus ,the lesser cornstalk borer,
 

Elasmopalpus lignosellus, the leaf roller, Urbanus proteus, 'and;other
 

leaf tiers.
 

The leaf miner, the bean beetles and the pod:borers also are species
 

of potential economictimportance, ,Populations of these insects should be
 

4observed carefully since an,outbreak!of any off theim;could, reduce yields
 

ig~nificantly.,
 

,
These findings will,facilitate:;us 
to concentrate outrresearchersfforts
 

toobtain resistance.andto developJbtherlmeasures to .contr01othetifrbst im

poitant insects., Selected'germ'plasm shown to be resistait 
 or ,tolerant to
 

'iisects :will:'be ;made available to the plant breeder.
 

L ':,E,'Virulence Study of Xanthomonas Isolates'
 

A virulence study with Xanthomonas isolates Indicated.that 14 V
 

unguiculata P.I. accessions were susceptible to Xanthomonas phaseoli
 

(Aieican'Type'Culture Co1lection #9563), 
the causal organism of the com

monibacterial blightrof.beans. 
These studies suggested that: (a)culture
 

{.#9563 was!a mixture!of X. phaseoli and X. vignicola, (b)itwas' contami

nated with X. vignicola during increase, (3)X. phaseoli mutated to; X.
 

viJnicolain passage through ,. unuiculata accessions, and (d)it 
con

tains' factors for virulence against certain V unguiculata genotypes.
 

Inoculation; tests indicated mthat vulgaris gives primarily a leaf 

lblight symptom while V. unguiculata produces'stem canker symptoms. ,These 

'two types of symptom development occurred irrespective of the Xanthomonas 

source.
 



tPreliminary. trialsr suggest, that "!Fuscans!". type iolates ,loseatheir 

,capacity for pigment.development.when.passed through susceptible V n 

culata accessions.
 

.F. Beans - Disease Resistance, Yield and Adaptability,!Trials,,,,,i
 

a. Red,Beans;
 

l. ResIstance of.locally4grown-,cultivars 

,4.numberof ,finall selections,and.trialsewere conducted on-theiadapta

bility, agronomic characteristics and disease resistanceiofbush..beans for
 

cultivationr i,-ertoi Rico.o-This work was started, in: cooperation with Dr.
 

H:Marcial!Rico-Ballester,4 Horticulturist, ,LajasrSubstation..: Varieties Bonita, 

Galana Colorada del; Pais~ and French:Horticultural were ,recommended for 

cultivation in Puerto Rico. The extens'ive work onthe ,selection,ofladapt

able bush beans resulted-intheselection of seven cultivars which will be
 

_:.,grown,in replicated yield trialsdurng 1975
 

2.. Others,
 

SFrom atotal.of 1,898 lines"in 1970, the final -screening of the red 

,bean lines resulted in 28 selections in; 1974.4 The screenings were 'done 

,for,both disease .resistance and-,.yield4,, These selections will be',subjected 

to replicated i.yield trials.
 

- reoistant cultivars twere Ecuador-299,and,Mexico-235.
,. .Themost .widely,, 


Both kcultivarsaare highly,sensitive.todaylength',v Selection,15R-148 is a
 

rust-resistant, CBMV susceptible, soil-bornedisease resistant, daylength
 

insensitive,"%moderate lto high.yielding.,! dark red,Mexicanp,
,dry beanF.cultivar
 

-,that.ould .serve.-as importantrparental material for breeding& red.-beans
 

adaptable to tropical lowlands.
 



most important diseases inidescendingorder of.their 4mportance 

Were, hioi a-root rotland,ste&; canker, fsouthern blight, ashy; stem 

Sensitivity to daylength and temperature, and,resistance .o:diseases
 

Odre'sbme of ,themost,iinportant factors affecting the yields of beans under
 
the iowland-humid tropical: conditions.' 

b. Black Bean Trials
 

Screening for resistance to soil'-borne -diseaseshas become a routine 
pioedure. Soi-borne pathogens. caused; severe ,loss among susceptible cul

tivars.during the rainy s ason, and' .were -&limiting yield'factorpo',The high 

'yielding, multiple disease, resistant cultivar,15R-55 proved resistant to 

soil-borne diseases in bean growing areas of Northern United States. 

Whitefly transmi'tted viruses (WFTV) caused:.severe floss in yield when 

'Infection'occurred,prior to :flowering. However, WFTV were inot a limiting 

e
fator'for yi'eld, if-fattack!occurred after podsetw,'
 

There'was a"distinct andsignificant .difference-in;field susceptibi

lity of bean cultivars to;WFTV-. Cultivar Venezuela-63 was !disease-free,
 

while ,cultivar'-51051.was:34.87v.diseased. I Also,,golden yellow .'mosaic inci

dence was five times higher than Rhynchosia mosaic incidence.
 

Th re'sults 'of, black bean ,yield trial indicated that.cultivars
 

Mexico-309 ;:15R-55, !15R-42,,Jamapa sand,71-lR-113 produced :the highest
 

yieids am6ng'12 lentries tested. The outstanding results:obtained with
 

the"'IdvancedIbreeding ',lines";developed in Puerto Rico (15p!55, 15R-42 and
 

71.11Rai3) tare,"highly simulating and-,rewarding
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ii!iEeani c€tivar vatie~Ln their leveltof suacep ~bUt ,tpjweb blight.
 

,'CultiValr 15R-55 had),the: higheti; toleranbe followed-byMex,co'3Q90. ow

ever, the latter cultivar, underfield stress (diseasesvandr,,climate) has
 

a-rtendency,to develop flat- seed&L.
 

Culti'ar 15R-55,:proved to;: be .an outstanding? candidate forl release as
 

adaptable, high yielding and disease; resistant -tropical ,black.,beauyith
 

an attractive seed form.
 

cr. Ruet Resistance ,Trials,
 

Field trial data suggested.that the lrust resistant cultivars La Vega,
 

Jamapa,145R-55, l5R-66, .71-lR-136-BK, and-15R-292 are good candidates for
 

lbreedingiadaptable,:multiple disease resistant, and high yieldingbeans
 

,forYthe lowland tropics.
 

*d.International Rust Resistance Trials
 

'On.April 1973, .seeds'of 22.rust resistant bean cultivars were send to
 

ten countries for tests against endemic rust races. Data from five coun-


Itries isravailable, and lwillappear in'the next annual report,. Some of
 

theroutstanding-results were the following:,
 

-CdC1tivar4I PR-S-70-45R-42-1-BK:was the only entry .resistant;to, all
 

,endemic-laces~in Southern Brazil.
 

-:Cultivars PR-S-70-15R-55-BK, 15R-167-4-BKiand PR-H-71-lR-113 were
 

imune to rust races studied at; Beltsvlle ,Maryland.
 

."-Cultivars:PR-S-70-15R-87-BK, 15R-277, ,PR-71-lR-63 and:-lB-69 were
 

,highly'resistant:.to rust races!in Colombia. Cultivar,,R-87-BK was 

chosen at CIAT as: one of£thexparental, linps nn breedingghigh yield

ing disease resistant beans. 



Twelve of the 22 cultivars were resistant toall endemic rust races
 

4in Au +ralia.. ;,Cultivar,PR.S-70!l-SE87..7K was, used, in a: number of 
9;oases., The analysis ,of. datal has. indicated the presence of five 

zfactors,,for rust,resistance. ,Cultivars PR-S-q7O-15R-210-BK,,and
 

15-R-66-l-BKwere, included, in, the rust nursery trials in, that, 

count fy.
 

Cultivars PR-S-70?-15R-87-BK ,and 15R-277-BK were resistanttoendemic
 

races in,five,locations in CostaRica,
 

owpeas -I Disease Resistance Trials
 

a. HortiCUltural (Yardlong) Cultivars
 

Disease screening tests indicated that yardlong cultivars (Vigna
 

uniuiculata var. sesquipedalis) were highly susceptible to a wide range
 

of diseases. 
Selections were made for agronomic and horticultural charac.
 

teristics and,.selected lines were tested in replicated-trials. ;;This work
 

iscontinuing, and the best,agronomic types will be bred for diseasere

b.:International,+Disease ,Nursery
 

In.cooperation with International,.Institute of.,Tropical Agriculture,
 

,Ibadan, y+Nigeria, 104 cowpea accessions were ,screened for disease resist

ance.+ The screening+tests indicated that two different strains of cowpea
 

mosaic virus were present in the two locations. Of the 104 cultivars
 

,tetd'3 were resistant to the CPMV strain in Puerto Rico. 
Seven acces

sto a were free from bacterial blight and canker.,
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-o G iral- ...H.' Remark 


:After,'five years of' research-effcrt, the'Puerto tRicot rd ect has
 

developedcultivars,with-multiple d sease- resistane and' 
pior yield
 

capaeity . Continued use of these highly; resistant 
'U.tivas'houldre

sult in
i'increased stability'and yi el 1 in'bean'productionb in tropical 

areas. Meanwhile, Stateside scientists are the major utftiiers of.the 
roject ' puto dfse''s resstantA matea.sea al"
 

The findings presented in,this report,indicate that the' screening
 

and selection program in Puerto Ricb has provided several!soiUrces of
 

disease resistance which have been widely tested and fund,to maintain
 

a high degree of resis tance and "adaptability'when dbmpared :to 6'ther
 

cultivars.
 

TI.' :Bean Breeding
 

-
TBean breediag has been dependent on the recupuration of natural


field hybrids occurring from flower visitation by the carpenter'beev'
 

(Xylocopa brasilianarum). 
 Present emphasis is being placed on'obtaiii

ing controlled manual crosses in the greenhouse for. specific gene trans

fer 'and for the formation of anintercrossing population or'genie pool of
 

multiple disease resistant lines.' Preliminary results indicate fairiy
 

high fertility (from 40-707.pod 'set) from the manual crossing, depending
 

on thelparents used. Of the lliparents in use for population formation,
 

thered bean line 15R-148 ha& show"n exceptional fertility both asi4a"nale
 

and female parent. Theuse fa.....' m 6 '
 e'd......r.combfning..
 

mistant germ plasm now offers great promise for accelerating'the bean
 

Lmprovement work.
 



of Data and iSupporting Eviden'e
 

A. 	Vir Diseases
 
.,a,"Mosaic of.Bidens _____
 

..... . ilosa
 

Th-_ .us 	 seems topose no problems 

tor'beans,p' cowpeas and 'other valuable legumes Judging from the results'ob

tained in mechanical inoculation and insect transmission trials.' The virL. 

was transmitted (with diffinulty) to Bidens (via aphids7- Dactynotus ambro

and by~mechanical means and aphids to cucumbers but not to beans nor
 

cowpeas
 

b. 	Bean Strain of Cucumber Mosaic Virus
 

The.data on transmission of the bean strain of the cucumber mosaic
 

virus is summarized in Tables'.l and 2. 'Our conclusions regarding the idez
 

-tity of this new aphid-transmitted (Aphis gossypii) virus of beans (BVBMVI
 

were confirmed by theresultslof electron microscopy studies carried out: 

by Dr. Roger Lawson (USDA) in Beltsville, Maryland and by serological test 

conducted, in! Puerto Rico by Dr. Howard E. Waterworth and our group. 7Thus 

it has been properly established that the agent is,beyond doubt,,,,a strair 

of common cucumber mosaic virus (CMV). The agent is not seed-transmitted 

under our conditions and its incidence in the field seems to be rather lou 

k'full report on the properties ofBVBMV was published In'the journal of 

g6iculture of the University of Puerto Rico and js
listed in'the publica

ions section (Appendix II - Section H).
 

c. k4osaic of Canavalia maritima 

The mosaic virus of Canavalia maritima was filly'characterized on the 

basis of its symptomatology, host range (Table 3), vector specificity (Table 

4), physical properties, serology, and ultrastructure (electron microscopy). 



Table l.-Transmission of-the vein banding virus from various sources to different hosts via aphids 

Aphid species tested and plants iafected:- '-
Virus source.plant 	 over plants inoculated - t SympSons2/on infected 

Test plant 
 -,-test plant, 
., A. craccivora , A. gossypii D. ambrosiae 	 p.ant, 


--	 II! I 

Phaseolus vulgaris L.
 
var. La Vega 0/ ' 5/6 0/8 ' VC,ICT, M, VB
 

P. 	vulgaris var. La Vega ,
 

Cucumis sativus L. , $ - ,
 
var. Black Diamond 3/8 ' 14114 1/6 ' }VC.icr M, yE.
 

P. 	vulgaris var. La Vega . . 

Cucumis sativus L. ,-	 .. ,
" var. Black Diamond 	 2/4: ' 14/14 I 19: ,'2/4 	 "114 0/ VC RR 

C. 	sativus var. Black Diamonds, : , 

Cucumis sativus L. ' 
var. Black Diamond ' " 

Vigna sinensis (L.) Savi ex.-'. 
Hassk. var. Black I . 

Cucumis sativus L. 	 t - i var. Black Diamond ' -'
 
4/4 VC,' ICT- MH VE
P. 	vulgaris var. Diablo I " . , , 

Is 

Cucumis sativus L. _ 
var. Black Diamond , - ." 

Plantain var. Maricongo ,, I/6LS, M, Ac
(Qusa sp.) 	 ,,.. . 

I/	Number of plants infected per number of plants inoculated; an equal number of uninoculate-_
 
control plants were included in each test. None of the control plants developed symptoms
 
of disease.
 

2/ 	Key to symptoms:
 
VC - Vein-clearing R - Ringspots iS - Lenticular spots 
M - Mosaic VB - Vein-banding Ac - Acronecrosis 
CS - Chlorotic spots ICT - Inward curling of leaf tips 



--

Table 2.-Symptoms incited by the vein-banding mosaic virus of beans on"a series of selected hosts
 
inoculated mechanically
 

Family 	 Species tested - ..... toms-

Amaranthaceae Gomphrena globosa L. --
Apocynaceae Vinca rosea L. -_ 

Carduaceae Bidens pilosa L. 
. Cucurbitaceae Cucumis sativus L. var. Black Diamond VC,M 

Luffa cylindrica (L.) Roemerer-_ VC,CS,-R 
Momordica charantia L. 

;Leguminosae 	 Cassia occidentalis L. 
Glycine max (L.) Merr. --

Phaseolus aborigeneus Burk. VB 
P. aconitifolius Jacq. 	 --

P. acutifolius Gray, Wright 	 --
P. acutifolius Gray, Wright var. latifolius Freeman 	 -
P. aureus Roxb. 	 S .. 
P. calcaratus Roxb. 	 --
P. lathyroides L. 	 'M, VBP 
P. lunatus L. var. 	Sieva 'VC,M

P. mungo L. %. 
P. ricciardianus Tenore 	 '"
 
P. vulgaris L. var. 	Coluibia VC,ICT,M,VB 
P. vulgaris L. var. Diablo-, 	 VC,ICT,M,VB 
P. vulgaris L. var. 	La Vega VC,ICT,M,VB
 
P. vulgaris L. var. Santa Ana VC,ICT,M,VB 
Vigna sinensis (L.) Savi ex. Hassk. var.-Black. -RM 

Solanaceae 	 Capsicum annuum L. var. Large Bell'ot' VC,M
 
Datura metel L. LCB
 
D. stramonium L. 	 LCB j 
Lycopersicon esculentum Mill. var. Floradel M 
Nicotiana glutinosa L.VCRHB 
N. tabacum L. var. Virginiai12- ' :VCRM, VB 
Solanum torvum Sw. OL' 

~I_ Key to symptoms: 
VC - Vein clearing R - Ringspots ICT - Inward curling of ileaf tips
H -,Mosaic VB - Vein banding LCB - Large chlorotic blotches i 
CS -,Chlorotic spots P - Puckering OL - Oak leaf 

-- - No symptoms 
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Table 3.-Host range of the Canavalia mosaic virus as determined by mechanical inoculation
 

P. acutifolius Gray, Wright var. latifolius 40/60 Ep,Ac
P. lunatus L. var. Haba de Toc6n 8/16 !Ep,Ac

P. lunatus L. var. Henderson Bush Lima*L 6/18 H
 
P. mungo L. 
 4/32 S 
P. ricciardianus Tenore 0/40 -
P. vulgaris L. var. Bountiful 22/39. Y,1
 
P. vulgaris L. var. Diablo 13/56 YM
 
P. vulgaris L. var. La Vega 0/46 -
P. vulgaris L. var. Topcrop 9/30 NL
 
P. vulgaris L. var. U.S. Green Refugee 0/14 
Pisum sativum L. var. Perfected Wales 0/25 
P. sativum L. var. Perfection 0/25

Trifolium pratense L. 0/30 
T, repens L. var. Ladino 0/30 
Vicia faba L. 10/90 M 
Vigna aconitifolia (Jacq.) Mardchal 0/35
V. angularis (Willd.) Ohwi and Ohashi 12/28 1
 
V. radiata (L.) Wilczek 8/15 ANN 
. umbellata (Thunb.) Ohwi and Ohashi 0/23 -

V. unguiculata (L.) Walp. var. Black 0/20 
....an e V. unguiculata (L.) 14!+. Walp. var- Early Ramshorn 48/50 


Colanaceae 0/15
Capsicum annuum L. var. California Wonder -
Datura stramonium L. 0/8 -
Nicotiana glauca Grah. 0/8 
N. glutinosa L. 0/8 
1j. tabacum L. var. Virginia 12 .0/8 
Solanum torvum Sw. 0/10 

1/ Key to symptoms: NL-necrotic lesions; CS-chlorotic spots; M-M
 
necrosis; S-stunting; Ep-epinasty; Ac-acronecrosis; Y-yellowing.
 

Family Species tested 

Azmaranthaceae Gomphrena globosa L. 
Carduaceae Bidens pilosa L. 
Chenopodiaceae Chenopodium album L. 

C. amaranticolor Coste & Reyn. 

C. quinoa Willd. 

Spinacia oleracea L .


Cucurbitaceae Cucumis sativus L. var. Black Diamond 

Leguminosae Cajanus indicus Spreng. 


Canavalia ensiformis (L.) DC. 

C. gladiata DC. 

C. maritima (Aubl.) Thou. 

Cassia occidentalis L. 

Crotalaria striata DC. 

Glycine max (L.) Merr. var. Kanrich 

Lupinus luteus L. 

Medicago sativa L. 

Phaseolus aborigeneus Burk. 

P. acutifolius Gray, Wright .
 

Number of plants
 
successfully inoc
ulated over plants Symptoms/
 

treated
 

0/15
 
0/15 . 
4/8 NI
 

20/20 NL
 
20/20 NL
 
4/8 CS
0/48
 

8/20 MNVNS
 
20/20 Ep,NVN,Ac
 
20/20 Ep,NVN,Ac'
 
40/50' -H 
2/8 H 
0/10 

25/43 M 
4/8 H 
0/30
 
15/24 M,NVN
 
6/17 Ep,Ac
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Table 4.-Transmission of the Canavalia virus to three leguminous hosts via
 
several aphid species
 

Plant species tested and number of plants infected 
over number of plants inoculated
 

Aphis species tebted 
 C. maritima C. ensiformis V. unguiculata 

Aphis craccivora 4/24, 6/24, 1/6 2/3, 0/9 10/20
 

Hyzus persicae 11/15, 2/6 0/9 

Aphis Rossypii '6/28 

Dactvnotus ambrosiae 0/6 0 /9r
 



Symptoms on legumes resemble, in general, those incited by bean common
 

mosaic (BCM) and bean yellow mosaic (BYM). The virus has a wide host
 

range within legumes and is capable of inducing the formation of local
 

lesions on Chenopodium cuinoa. The Canavalia virus is transmitted rather
 

osefficiently by Mzus persicae and less so by Aphis craccivora and A. 


spi. The physical properties conform to those which normally charac

terize the viruses belonging to the BCM and BYM groups. The results of
 

serological studies do not throw much light on the identity of the Canavalia
 

virus. Tests conducted with frecsh and reliable viral antisera have repeat

edly failed to disclose any relationship between the Canavalia virus and the
 

following viruses:,bean'southern mosaic, soybean mosaic, broad bean mottle,
 

cowpea mosaic, -clover white mosaic, clover yellow mosaic and tobacco'ring

spot. Ultrastructurally.tb,e virus resembles one aphid-borne cowpea mosaic 

virus studied by Zettler and associates inFlorida. However the local
 

virus is not transmitted, at least under our conditions, through the seed
 

produced by severely affected cowpea plants., The Canavalia virus is easily
 

propagated'by aphids-to"beansi cowpeas-soybeans and other valuables-legumes
 

and should be considered as a potentially dangerous malady. A full report
 

on this virus is to be published in'a forthcoming volume (Academia Press)
 

on Diseases of'Tropical Legumes edited by Julio Bird and Karl Maramorosch.
 

d. -Mosaic of Euphorbia prunifolia
 

The mosaic of Euphorbia prunifolia, characterized by yellow green mot

*tling and yellow veins, was discovered very recently in Puerto Rico affect

ing E. prunifolia in a small area surrounding an experimental soybean field
 

in the Isabela Substation. For more than 15 years we had been on the lookout
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' fr ihe Euphorbia oshtc after,'stad ,ing a report on ithei oxs'tenceo of such'' 

ses fi BraZil. In IShbela most oE the cases of mosaic were cohcen

trated in' a small area' receiving artificial light during the night.", Most 

of the E. prunifolia plants growing some distance away (100 feet or more) 

'l'ftom the artificially illudinated soybeans bore no symptoms of mosaic and
 

weredevoid of whiteflies. The fact that, the mosaic was nowhere to be en

couhtered but on that parti'cular 'farmraised questions regarding its pos

.,sible origin. Lately the mosaic has spread all over the Isabela Substation
 

'grounds. Was the causal agent brought in with some Brazilian cassava,
 

" iaiot utilissima Pohl., introductions (vegetatively propagated), or was
 

the virus transmitted from a local host to E. prunifolia?
 

S Te~t c.'onducted under contro1led conditions in the greenhouse indica

ted that the virus was efficiently transmitted by B. tabaci race sidae and 

that it was capable of infecting Datura stramonium (immune to the Rhynchosia 

'virus),. Phaseolus vulsaris, Nicotiana tabacum, Glycine max, as well as seed

l i plants of the primary host. Further studies will disclose whether it 

Sis a new virus in our locality or a strain of one of the locally known ruga

"'ceous entities. The local Euphorbia virus can be transmitted by iechanical 

means to D. stramonium. The virus appears to be closely related to the one
 

reported from Brazil by Costa and Bennett. Once in Datura the virus can be
 

easily (1007.) transmitted to plants of the same species. The etiological
 

agent was partially concentrated by differential centrifugation (high and
 

'low speeds) as well as by density gradient centrifugation (this last was
 

done by our cooperators. Dr. Karl Maramorosch and associates, at the Waks

man Institute of Microbiology, Rutgers University, New Brunswick, New Jersey).
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It was visualized via the electron microscope in Puerto Rico as wellas
 

by our cooperators in New Jersey. Electron micrographs indicate that the
 

viral particle is icosahedral. The virus was found in negatively stained
 

dip preparations and in ultra thin sections. Sections from unaffected tis

sues did not contain the aforementioned particles. Supernatant fractions
 

from preparations centrifuged at high speeds (30,000 rpm) were not infec

tive. The causal agent was still active 2 weeks after leaves containing
 

,the virus were dehydrated at room temperature (750F) with the aid,of cal

,ciwuchloride. Highly infective preparations were,obtained after the
 

)vi~us was partially concentrated by high and low speed centrifugation.
 

e. Rhynchosia~1osaic Virus
 

Studies onthe host range of the Rhynchosia mosaic vi;us and its 

Vector.were terminated. These are summarized in Table 5. 

f. Cowpea Mosaic.Virus 

Cowpea mosaic virus, transmitted in Puerto:Rico by Cerotoma ruficornis, 

-and.possiblyby other related species, is veryoften,found affecting cow

peas$.in varying degrees, in most plantings. Recently the virus was de

itected (via serological methods) in soybean plants growing in the vicinity
 

of infected cowpeas at the Isabela Substation. The results of biological
 

tests (host range and indicator plant studies) also showed that cowpea
 

mosaic virus was the causal agent of the mosaic affecting soybeans. The
 

implications of these findings are fairly clear. Cowpeas and soybeans
 

should not be grown in close proximity, and if so proper measures should
 

be taken to avoid spread of mosaic from cowpea to soybean fields via the
 

reported vector. Incidence of the mosaic on soybeans was noted to be high
 

(above 307.) in two cases.
 

http:peas$.in


Table 5.-Host range of the Rhynchosia virus and its whitefly vector. Bemisia tabaci
 
race sidae
 

Susceptibility to
Family Species tested .'Colonizatioq 'Rhynchosia v us 

'(+ or -)V '(+ or 

Caricaceae 	 Carica papaya L.  , 
Chenopodiaceae 'Chenopodium amaranticolor Coste,'J 

and Reyn. , . . 
Commelinaceae Commelina diffusa Burm. F. J - . 
Compositae Helianthus annus L. +
 
Convulvulaceae 	 Ipomoea batatas (L.) Lam. + 

I. quinquefolia L. +, . 
Jacquemontia pentantha (Jacq, 
G. Don. 	 + . 

J. tamnifolia (L.) Griseb. 4 A -
Cucurbitaceae Cucumis sativus L. - . 

Cucurbita moschata Duck. cv 
del pals I , . 

Euphorbiaceae 	 Croton lobatus L. -. , 
Jatropha gossypifolia L. - I . 
J. multifida L. 	 4e 
Ricinus communis L. . 

Leguminosae ' Ca.anus cajan (L-) Millsp. ' ,2 + 
Canavalia ensiformis (L.) DC. + 	 + 
C. maritima (Aubl.) Thou. +: + 
Centrosema pubescens Benth. - So 

Cicer arietinum L. . 
-

-

Crotalaria intermedia L. t -

C. Juncea L. 	 . I . 
_. striata DC. -. 


Desmodium tortuosum DC. ,5. 


-0 

Glycine max (L.) Merr. + 
Phaseolus angularis (Willd.) 
S Wright A +W.F. 

P. adenanthus Meyer 	 +5" -
P. coccineus L. 	 +, -
P. lathyroides L. 	 + 
P. lunatus L. 	 + 
P. trichocarpus C. Wright 	 +
 
P vulgaris L. . + 
Rhynchosia minima (L.) DC. + + 
R. reticulata (Sw.) DC. 4- + 
Vi~na hosei (Craib) Back. - :I/ -

V. luteola (Jacq.) Benth. 	 ,
V. repens (L.) Kuntze .
 

xalv! !.a-e V. sinensis (L.) ' t -.
 ' 	 Endl.Malvacea	 Abeloschus esculentus (L.),Moend. ji" ' 
Althea rosea (L.) 	 Car. 

Gossu ium hirsutum L. 	 5 

cv Sea Island 	 + 
cv Coast Land 	 +6 	 + 



Table 5.- (Cont.)
 

'Susceptibility to 
Family. Species tested' 'Colonization 'Rhynchosia virus 

.(+ or -)lI' (+ or 
I 	 l 

losaceae Musa paradisiaca L. ' -	 -

M. sapientum L. ' .
 
Phytolaccaceae Phytolacca icosandra L. - ' -

Rubiaceae Coffea arabica L. ' . .
 
Solanaceae Capsicum annuum L. .
 

Datura metel L. 	 -
D. stramonium L. -
Lycopersicum esculentum (L:)j'. c l . .. 

cv Marglobe , 
cv Rutgers - -

Nicotiana acuminata Hook I + 
N. bigelovii (Torrey) Watson . --	 -

N. bonariensis Lehmann ' . 
N. clevelandii Gray ', ,-	 + 
N. glauca Grah. , 

. glutinosa L. A +--
N. knightiana Goodspeed 	 '" + 
N. maritima Wheeler 	 ++ 
N. palmeri Gray 	 I"" .. -

N. paniculata L. 	 .. '- + 
N. solanifolia Walp. 	 ' . ;'t 

N. 	tabacum L. 
cv Beinhart 1000I' + 
cv Burley 2 . . ++ 
cv Connecticut All Purpose ' -+"' + 
cv Dixie Shade ' ' + 
ev Gigante ' ' + 
cv Native Chewing . , + 
cv Selecci6n Olor + 
cv Turkish ... + 
cv Virginia 12 : + 
cv Wisconsin Havana . + 

N. tomentosa R. & P. 	 ,
N. trigonophylia Dun. 	 :. 
Petunia violacea Lindl. , + 
Physalis angulata L. " 
P. floridana Rydb. 	 ' + • 
P. peruviana L. 	 "
 
Solanum nodiflorum Duna] + ' + 

' S. torvum Sw. + 
I 	 I 

1/ + denotes that whiteflies bred well, and = denotes that whiteflies failed 
to breed, or bred poorly, on the particular host. 

2/ + denotes that the species was susceptible, and - denotes that the species 
failed to develop symptoms. 



caL'ontl of Fungus and Bacteoial Di'seaseq 

"ai,-Leaf -Spot -of,Cowpea.. 

Data orA 'leaf, spot of cowpea 'caused by Cercospora spp. and target spot 

causedby Corynespora-cassiicola-wAs- recorded -from -the-same-experiment..-, 

since symptoms of both diseases are easily distin .ishable 'r'from each "t-ih 


Table, 6 ' ' ,
 _ 


ulum potential of C, cassiicolaws greaterthan that -of Cercospora, as
 

evidenced by the number of spots caused by each pathogen 


sunmmarizes,..the data gathered for 1bth Ldiseases.' Apparentl,'"i'

on the hoset -plants 

'However, the number of spots recorded for each fungus on'the non-...."d 

-controlswas.significantly greater than that recorded from most-of-,the, 

fungicide-treated plots. 
Therefore, all fungicides tested',effecjaveiy
 

controlled leaf spots. According to the data in Table 6, the best fungt

cide for the control of both diseases was benomyl, since dosages of this
 

4iemical as low as 
1/4 pound per 100 gallons of water checked both maladies,
 

Yields from plots treated with mancozeb and chlorothalonil at 4 pounds
 

per.100 gallons of water, and benomyl at 1/2 and 1 pound per 100 gallons of
 

water were significantly greater than;'yield for the non-treated control.
 

_ 
Control by .benomyl is considered of great significance due to the
 
fact that besides increasing yields drastically, number of'al.
 

cations and the concentrations were one half,,those of mancozeb or chlioro

thalonil. 
Therefore, by using benomyl to protect hisplantings a cowpea'
 

grower would be able to 
save as much as onehyandred-twenty-five ($125.00)'
 

dollars per acre per crop. 
Moreover, the amount of chemical incorporated
 

to the soil environment is drastically rqducedjhelping to keep contamina

tion down to a minimum.
 



Table 6.-Disease incidence and yield of cowpea cv Early.,Ranhorn, treated with 
fungicides to control leaf spots " " . ' ' '. 

Interval of Number of spots Pounds 
Treatment application per plant - per

(days) Corynespora Cercospora acre 

Mancozeb - 1.00 lb/l00 gal 7 47** 15 1,324 
Mancozeb - 2.00 lb/100 gal 7 26** * 1,290 
Mancozeb - 4.00 lbs/l00 gal 7 13** 3*', _ 1,393* 
Benomyl - 0.25 lb/l00 gal 14 l0** 0** 1,256 
Benomyl - 0.50 lb/l00 gal 14 32** 2** 1,406* 
Bea-omyl - 1.00 lb/100 gal 14 17** 1** 1,572** 
Chlorothalonil - 1.00 lb/100 gal 7 142* 55 1,394* 
Chlorothalonil - 2.00 lbs/l00 gal 7 62** 3** 1,254 
Chlorothalonil - 4.00 lbs/l00 gal 7 139"* 5* 1,520* 
Check 234 516* 910 

• Significant at the 5% level
 
•* Significant at the 17 level
 

Table 7.-Disease index and yield'o6f cowpea cv EarlyRamshorn treated Ath 
fungicides to control powdery mildew 

Interval of Pounds
 
Treatment application Disease index per acre
 

(days)
 

Mancozeb 1 7 * .. 2961.00 lb/100 gal 2 
Mancozeb 2.00 lbs/00 gal 7 16"*. 491 
Mancozeb 4,00-lbs/l00 gal 7 16** 407 
Benomyl 0.25 lb/100 gal 14 0** 355 
Benomyl 0.50 lb/l00 gal 14 0** 473 
Benomyl 1.00 lb/100 gal 14 '0.* 435. 
Chlorothalonil - 1.00 lb/l00 gal 1 32. '" 
Chlorothalonil - 2.00 lbs/100 gal 7 20** 396 
Chlorothalonil - 4.00 lbs/l00 gal '17 6* 36:? 
Check - 80 244. 

* Significant at the 57. level"'
 
•* Significant at the 17. level
 



b. Powdery MLildew of Cowpea 

Data collected from 3"'exiirments',oncftecal co6jirol of powdery ml

dorw jo o- A.,L4u &a aau&u 1, 0 auu 7. .uusus y Wue ui.sease inoex, as 

shown in Table7 (experimentt1);'good control was achieved with all fun

gicides tested. However, yields from fungicide-treated plots were not
 

significantly higher than those from check plots. Apparently, heavy nil

dew attack occurred by the'end of the growing season when drier conditions
 

favored maximum spore germination and penetration.
 

In the second experiment (Table 8) infection by the powdery mLldew
 

organism took place at an earl.ier stage of cowpea development. Therefore
 

the check plants were damaged to the extent of becoming almost completely
 

defoliated. Yields of plots treated with dinocap at 1/4 and 1 pound,
 

benomyl at 1/2 pound, and mancozeb at 2 and 4 pounds per 100 gallons of
 

water were significantly greater than yield of the control plots. Yield
 

of 1/2 ~ound beiomyl'-treaited plotswas 5'times greater-than that of the
 

control.
 

The'third experiment on chemical control of 0owdery'ildew (Table 9)
 

presented,a totally different picture. Regardless of the heavy rain which
 

prevailed!throughout the growing season, the plants were severelyattacked
 

by the ildew pathogen and total defoliation occurred in the check plots.
 

Judging by the disease indexes recorded for each fungicide (Table 9),
 

benomyland mancozeb effectively controlled the disease, but dinocap, which
 

had proven to be very effective under drier conditions, failed in this test
 

to protect the plants. Since mildew attack took place after most of the 

pods were already developed, the +check plots y4eLdedsmuch as most of
 



iTable, 8.-Yield of cowpea cv Early Ramshorn treated with "fungi
i4des to control powdery mildew
 

Interval of Pounds
 
Treatment application per acre
 

(days)
 

Dinocap - 0.25 lb/l00 gal 7 416.2** 
-Dinocap - 0.50 lb/100 gal 7 265.5
 
Dinocap 1.00 lb/lO0 gal 7 459.5**
 
Benomyl 0.25 lb/l00 gal 14, 333.3
 
Benomyl 0.50 Ib/100 gal 14 544.3*
 
Benomyl 1.00 1b/100 gal 14 269.3
 
Mancozeb - 1.00 lb/100 gal 7 205.3
 
Mancozeb - 2.00 lbs/100 gal 7. 354.0*
 
Mancozeb - 4.00 lbs/100 gal 7 386.0*
 
Check 109.2
 

*Significant at the 57. level
 
**,Significant at the 1% level,,
 

,able 9 .-Disease index and yield of cowpea cvEarly Ramshorn'
 
treated with fungicides to control powdery mildew
 

Number of Disease Pounds
 
Treatment application,_ index per.,
 

acre
 

Dinocap - 0.25 lb/lO0 gal 7 88 1,487.8 
.Dinocap - 0.50 lb/l00 gal 7. 84,, 1,367.4 
Dinocap - 1.00 lb/l00 gal 7 76 1,315.8 
Benomyl - 0.25 lb/l00 gal 3 12* 1,427.6 
Benomyl - 0.50 lb/l00 gal 3 8** 1,677.0 
Benomyl - 1.00 lb/100 gal 3, 4** 1,745.8 
Mancozeb - 1.00 lb/lO0 gal 7 40* 1,804.3 
"4ancozeb - 2.00 lbs/l00 gal ,7, Q* 1,740.6, 
Nancozeb - 4.00 lbs/100 gal 7 0"* 1,935.0* 
Check 100 1,522.2 

* Significant at the 57. level
 
*Significant at the 1-leyel:
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te' fdng cfde-treated plots r eaaes, eozto., e reasea 

t re p e c iv ,,o , t r e a t me n t s , -ob t h i n e d i n - t h i s - t r i a l - may - b e a tT~
yi ld : yields-rirrespective,'of'tetens

butd't~ nigner soil,'fetility of thei'site selected for the experiment,
 

.With-regards to-the-aforementioned mildew,attack,.it is-an-establi

shed , act that the disease is checked by abundant rain, but this'did "inot
 

h61d rue in this .'instance. Due to this unexpected phenomenon, It Las;sus

pected that a race.of the pathogen capable ,of thriving under high relative
 

humidity has developed in the field. Moreover, as mentioned earlier, the
 

firigicide dinocap failed to protect the plants, regardless of the"coicen

tration of the, chemical employed. Therefore, if a new .race hasdeveloped,
 

it appears to be resistant to dinocap.
 

The fungicide benomyl effectively controlled foliar diseases of cow

peas.. Therefore its .use, provided local rpesticideare net,
.egulations 

is highly recommended, since the farmer,: as mentioned earlier, would save 

both money and time by applying this chemical. In tests conducted in the
 

Pesticide Residue Laboratory at the Ag'ricultural Experiment Station no re

sidues of the chemical could be detected in ,the cowpea seed even after em

ploying up to 1/2 pound of the fungicide per"acre. 

c, Rust of Beans
 

,,As indicated in Table 10, all fungicide treatments cesceu in cneex

peri..ent established in January filed to protect "cultivars Blancadel
 

Pals and -Bountiful from leaf-rusti.- Therefore, there were no significant
 

differences between the yields of fungicide-,treated plots,and thoe of the
 

non-treated control.
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Table 10.-Yield of bean cvs Blanca del Pais and Bountiful treated with
 
fungicides to control leaf rust
 

Treatment 
Interval of 
application 

Pounds per acrel/ 
Blanca del Pats Bountiful 

(days) 

Plantvax 
Plantvax 

- 1.00 lb/l00 gal 
- 2.00 lbs/100 gal 

14 
14 

172.2 
359.5 

243.4. 
222.8' ' 

Triforine  0.50 lb/100 gal 
Triforine  1.00 lb/100 gal
Mancozeb - 1.00 lb/I00 gal 
Mancozeb - 2.00 lbs/100 gal 
Benomyl - 0.25 lb/100 gal
Benomyl - 0.50 Ib/l00 gal 
Check 

14 
14 
7 
7 

14 
14 
-

286.5 
357.6 
245.3 
273.3 
295.8 
312.7 
202.2 

344.5 
307.06 
280.8 
222.8 
179.7 
237.8 
234.0 

1/ There were no signfficant 'Iiffeeces among treatments. 

Teblt'l.-Dsese 'index "of bean °cvs Blanca del Pafs and Bountiful 
treated,with fungicides to control leafrust
 

Number of Disease index
 
Treatment application Blanca del Pais Bountiful
 

Plantvax - 1.00 lb/100 gal 2 62 38*
Plantvax - 2.00 lbs/100 gal 2 58 42*. 
Triforine - 0.50 lb/100 gal 2 ' 52* 36
Triforine - 1.00 lb/100 gal 2 56* 42*
Mancozeb - 1.00 lb/l00 gal 4 "34** 40*
Mancozeb - 2.00 lbs/lO0 gal 4, 30** 42*
Benomyl - 0.25 lb/100 gal 2 68 '46,
Benomyl - 0.50 lb/100 gal 2 70 50 
Check . 76k 80 

•... . .,. . ... . . . , . 

* Significant at the 57. level 
** Significant at the 17. level 
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The Oata from the experiment, established in Septembertds summarized 

in Tablie '1. -Ac"cor-ding"to the "disease 'index," Plantvax at the-rate of 2 

pounds per .acre protected lcultivar Bountiful, but f11ailed to protect Blanca
 

del Pals. Triforine, at the rate of 1/2 pound per acre protected both 

Bountiful and Blanca del Pals. tMancozeb effectively protected both4cul

tivkrs, while benomyl failed to.:protect them.' 

.ield data for theiSeptember experiment is not included. Maturity
 

and',harvestlof the crop coincided with continuous rains. 
 Excessive:,mois

t~ue affected .quality.and weight of the seeds adversely., 

d. Common Bacterial Blight of Beans ,;
 

R-19, a cultivar which is highly susceptible to bacterial blight, was
 

used in the tests. Copper hydroxide and basic copper sulfate, each at the
 

iratetof£J4* pound per acre,.-controlled the disease, as evidenced by the low
 

d sease indexes recorded for the fungicide-treated plots (Table 12 and 13).
 

R60aver, as attack took place when pods were already developed yields in
 

,the fungicide treated plots did not-increase significantly. Disease seve

.rity in both experiments, even in the non-treated plots, was appreciably
 

low in spite.of optimum conditions for bacterial infection and multiplica

"tion. : Therefore, the low yield in experiment 1 (Table 12) should uot be 

totally attributed to bacterial attack.
 

C. Nematology
 

Table 14 presents the nematodes isolated from the soil around the
 

roots of beans and cowpeas planted at the Isabela qubstation. A total
 

of 12 genera and species of plant-parasitic or suspected plant parasites
 

were found. Of the 3 bean varieties exaiined, the red bean cv Bountiful
 

http:spite.of
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Table 12.-Disease index and yield of bean cv R-19 treated with various
 
-. chemicals to control common bacterial blight 

Interval of Disease Pounds
 
Treatment application index per
 

(days) acre
 

Copper hydroxide - 0.50 lb/100 gal 7 37 833
 
Copper hydroxide -1.00 lb/100 gal 7 33* 83
 

Basic copper sulfate - 1.00 lb/l00 gal 7 53 F94
 
Basic copper sulfate - 2.00 lbs/lO0 gal 7 43 180
 
Benomyl - 0.25 lb/100 gal 14 43 F81
 
Benomyl - 0.50 lb/100 gal, .14 '1'47 124
 
Chlorothalonil - 1.00 lb/100 gal 7 40 140
 
'Chlorothalonil - 2.00 lbs/lO0 gal l50 ; !76r 
Check - 57 173 

* Significant at the 5%4level:, 

Table ,13.-Disease index and yield of bean cv R-19 treatedwith"various
 
chemicals to control common bacterial blight
 

Number of Disease -Pounds
 
Treatment application index per
 

acre
 

Copper hydroxide -0.50 lb/lO0 gal 6 i7 1,081.7 
Copper hydroxide - 1.00 lb/100 gal 6 58 1,323.0 
Basic copper sulfate - 1.00 lb/1O0 gal 6 33* 1,4547 
Basic copper sulfate - 2.00 lbs/bO0 gal 6 58 1,389.1 
Benomyl - 0.25 lb/100 gal 3 70 1,403.4 
Benomyl - 0.50 lb/100 gal 3 58 1,246.8 
Chlorothalonil - 1.00 lb/bO0 gal 96 f:63r 1,352.1 
Chlorothalonil - 2.00 lb/1bO gal 6 63 1,454.7 
Check - 67 1,363.5 

* Significant at the 57. level 
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Tabe 14.-Known or suspected 'phytoparasitic nmiitdes iound' in"soiaround'the 
roots of different legumes at the Isabela Substation
 

Legume Crop 
Nematode ./... 1/ 2/ 

Cowpea- Red bean2 White bean- Snap bean / 

Rotylenchulus reniformis x x x x
 
Helicotylenchus spp. x X..
 
H. dihyestera x x
 
H. tropicus x
 
H. curvatus x
 
Meloidogyne x x
 
Pratylenchus A x x
 
P. coffeae j
 
Tylenchorhynchus sp. x
 

=Tylenchus x X K
 
Aphelenchoides x x x x
 
Aphelenchus X x X
 

21 Cv Early Ramshorn
 
2/ Cv R.19
 
3/ Cv Bonita
 

Cv Bountiful
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harbored 11 of the 12 plant-parasitic nematodes found. 
The white bean and
 
snap bean harbored 6 and 7 plant-parasitic nematodes, respectively. 
The
 

cowpea variety examined harbored also 7 of the plant-parasitic nematodes
 

identified.
 

Table 15 presents the nematodes associated with 28 accessions of
 

cowpea planted at the HITA 
 farm at Isabela. Seven genera of known or sus

pected plant-parasites were encountered. 
The nematodes associated with
 

the majority of the accessions were Tylenchus, Aphelenchus and Aphelen

choides. The parasitic habits of species within this genera are still
 

questionable. 
On the other hand, truly parasitic nematodes (Rotylenchulus,
 

Helicotylenchus, Meloidogvne and Pratylenchus) were found associated with
 

less than half of the accessions.
 

Evidently, additional information"is'needed-to-make-final conclusions 

as to the resistance or susceptibility of these v1t A a"L, 

the nematodes encountered.
 

.,Table 16 summarizes the number or root-not larvae present in the
 
soil and roots of 11 bean accessions tested for resistance to M. incognita.
 

As shown in the table, accessions 1OR-58 and 4R-136 were found to harbor
 

the least number of larvae in the roots and soil. 
This finding iidicates
 

that there is some source of resistance within these accessions. 
On the
 

other hand, accessions 15R-66, 71-IR-113 and 15R-148 were found to harbor
 

comparatively high numbers of root-knot larvae, indicating, to a certain
 

extent, their susceptibility to M. incognita.
 

The number of nematodes present in the soil and root samples proces

sed were relatively low, due mainly, to the short period of time (30 days)
 

to which plants were exposed to the nematodes. 



Table 15.-Knownor suspected phytoparasitic nematodes associated with
 
roots (R) and found in soil (S) around the roots of different
 
accessions of cowpea planted in the farm of the Mayaguez Ins
titute of Tropical Agriculture at Isabela
 

Accession" RI/ H H P T A Ap 

EN 56 R SR 
EN 99 R S R , i 
EN 73 R R "SR 1 
10R 61 R R OR 
10R 65 S S 8 SR 0 
9N 69 S S ' 
EN 50 S S 8R SR SR, 
EN 63 S R R R SR-
EN 91 S S S. R R SR 
EN 85 SR R 
EN 46 S . R S 
EN 69 5 
EN12RR &S 
EN 43 R.3.3 
EN 96 R, R- R R 
EN 21 :5 5 S OR ' 
EN 11 R R, 
EN 51 3 -R SR 
EN 16 SR R 
EN 1 RS 
EN 6 0-1 ~R 
EN 9 S11R' 
EN 36 
EN 29 R R 

SR-_ 
1 

R,, 

ENl.. S . SR R RSR 
EN 77 'R. R. R. 
EN24 R R R sR 
EN 67 . R R SR R SR 

I/ R = Rotylenchulus, H = Helicotylenchus, M - Meloidogyne,
 
P - Pratylenchus, T - Tylenchus, A - Ahelenchoides,
 
Ap - Aphelenchus.
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Table 16.-Average number of Meloidogyne incognita larvae in the
 
roots and in soil around the rootc of 11 bean ac'
cessions1i/
 

Average no. of nematodes from 50 pots/accession

Accesssion 
 Soil 
 Roots
 

15R-42 
 2.1 
 9.0
 
15R-52 
 1.2 
 4.8

15R-57 
 1.7 
 6.5.
 
1OR-58 
 0.2 
 1.8

71-IR-63 
 3.1 
 8.7
 
15R-66 
 7.7 
 11.5
 
71-lR-701/ 	 5.1 
 9.5
 
71-IR-101 	 4.1 5.3

71-lR-113 	 6.8 10.6
 
4R-136 
 0.8 
 1.4
 
15R-148 
 '2.4 
 11.6
 

1/ 	Soil samples consisted in 250 cc of soil and root samples

of the entire root system. Samples were taken 30 days

after inoculation with the nematode.
 

2/ 	This accession was substituted for the variety Alabama
 
Pole due to its low germination percentage.
 

Table 17.-Average number of Meloidogyne incognita larvae in the
 
roots and in soil around the roots of 5 cowpea ac
cessionsl/
 

Average no. of nematodes from 20 pots/accession

Accession 
 Soil 
 Roots
 

lOR-3 
 8.6 
 32.6
 
6.3 
 19.6
 

4R-14 
 6.8 
 30.8
 
4R-22 
 7.4 
 42.9
 
4R-28 
 6.3 
 r4.124.5 

1/ Soil samples consisted in 100 cc of soil and root samples

of the entire root system. Samples were taken 35 days

after inoculation with the nematode.
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Table 17 summarizes the number of root-knot larvae present in soil 

ana roots of 5 cowpea accessions. As shown in the table, there seems to
 

be very little difference in the number of nematodes harbored by the dif

ferent cowpea accessions. The data suggests that accessions 4R-9 and 

4R-aesome degree of resistance to the root-knot nematode. 

The number of nematodes recovered in this' test were also low. due 

mainly, to, the short. period of time (35 days) to,which,the plants were 

exposed.: tolhe nematodes. 

The above findings are completely preliminary and conclusios cannot 

be drawn until more information is gathered. 

D. Insect Control
 

a. Insecticide Trials
 

1. Cowpeas and Beans
 

lns'ct populations in the first plantings were very low. 
Leaf miners,
 

bean beetles, aphids, leaf hoppers, pod-borers and the cowpea weevil ap

peared sporadically on cowpeas. At treatment time 367.of the first two
 

leaves were infested and 307. of the plants had aphids. A similar picture
 

was observed on beans. At treatment time leafhopper and leafminer popula

tions were very erratic.
 

Harvest data for both legumes is presented in Table 18. Differences
 

among treatments were not appreciable, though statistically significant
 

in some cases.
 

2. Control of Chalcodermus ebeninus on Cowpeas
 

Insecticide trials were performed to control the cowpea weevil, Chal

codermus ebeninus which is considered the most serious insect pest of cowpea.
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Table 18.-Mean yield per plot (120 ft2) of bean cv Bonita 1, and
 
cowpea cv Gold Coast treated with insecticides, Isabeia
 
Substation, January 1974
 

Treatment Yield (pounds/plot)
 
eCowpa Bean
 

2/  
Cygon 2.(.. - 0.5 pt/acre 3.3 a 3.7(dimethoate)"' 

Cygon 2.67E - 1.0 pt/acre 2.9 ab' 4A,
 

Diazinon AG-500 - 0.5 pt/acre 3.3 a" 37.
 
(diazinon)
 

Diazinon AG-500 - 1.0 pt/acre 2.4 b 3.1 

Guthion 2E - 1.0 pt/acre 3.2 ab 3.3
 
(azinphosmethyl) ..
 

'Outhion 2E - 2.0 pt/acre 2.8 ab '33 

Parathion 15 WP - 0.5 lb/acre 3.3 a - 3"7 

Parathion 15 W? - 1.0 lb/acre 3.0 ab 3.9 

Furadani1/ - 20.0 lbs/acre -: 3.4 
(carbofuran) 

Di-syston - 7.0 lbs/acre - 3.3 

Check 2.6 ab 3.7 

1/ Furadan and Di-syston were used on bean only.
 

/ eans followed by the same letter are not significantly
 
different at the 5% level.
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ion counts durine9Juna V.. 19 AA,, Io ' .n1e 7 

Table 19. I-On June,5, the heaviest infestation was on plots treated with 

Furadan. pparently, Furadan treatment in some way pade conditions favorable~~~~~~~ hisdinsent e 


able for thiinseat. On.June:12, the number of punt ei
 
Ina" .. " fa..vor-" 


... .
 p c ures per sample was
 

lower in all treatments than in the control. 
Lannate reduced significantly 

the"number o infested p . le number was still higher in Furadan treated
 

plots. The number of perforations on the Lannate and Toxaphene plots was
 

very low 4en compared with other treatments. On June 19, perforations
 

pei sample were similar in all treatments.
 

Mean yield/plot is presented in Table 20. 
 These, and the above ob

servations show that even when differences were not ample, the Toxaphene
 

and Lannate treatments were significantly superior to other treatments
 

and the check. 
It should be stressed that treatment time coincided with
 

a hiavyjrain period and that the test will be repeated.
 

b. Resistance Trials
 

Te yield and infestation per cent for the first group of cowpea cul
tiyars evaluated for resistance to the cowpea weevil, Chalcodermus ebeninus,
 

ire' included on Table 21. Cultivars Lentejas and Pequefto had the lowest
 

.nfestation, and Zipper Cream the highest. 
Apparently there is some rela

:ion between seed size and infestation. Lentejas and Pequeflo are small
 

ieeded cultivars.
 

Data on infestation by the pod-borer, Etiella zinckenella, is included
 

alo on'Table 21. Different degrees of infestation were found, ranging
 

frou a 1ow iof 9%,or Lentejas to a high 28% for Climax.
 



Table 19.-Infestation of cowpea weevil, Chalcodermus ebeninus7 oncowpea cv Early Ramshorn treated with insec
ticides, Isabela Substation, June 1974
 

Treatment 
 Per cent infested pods -.Mean punctures/sample 
 Mean perforations/sample

5 June 12 June 19 June- 5 June 12 June 19 June 5 June 12 June 
19 June
 

T.xaphene 
 -,2.0 pts/acre 
 3 32 ab2/ 38 "1.5 14.75 21.25 1.5 3.75 ac 5.75

(toxaphene)
 

Methoxychlor 50 WP -2.0 
lbs/acre 6 35 ab 
 32 5.0 25.50 14.00 4.0 7.00 ac 7.00
(methoxychlor)-

Thiodan 2E - 2.0 ptsicre 8r 29 ab 47 z3.75 :29.25 30-00 2.5 
 3.25 ac 6.50
(endosulfan) - T. 

Lannate 90S - 0.5 lb/acre 8- 23 a 50 2.75 14.50 2350 05 2.75 bc 8.50
 
(methomyl)-


.-

Cygon 2.67E 
 -1.0 pt/acre 
 41 32 ab 7 38 2.0' :22.75 20.00 0.0 
 5.50 ac 6.00
(dimethoate) 
-~ 

Furadan 
 -20.0 lbs/a, 17 
 . 21.5:- _726.00 15.75 9.5 9.00 a 5.50(carbofuran) -. 
 ..-


Check 
 4%. :38 b - 41 I.0 37.50 31.00 0.8 2.75 bc 6.50
 

l/ Inrestatlon count-based on sample of 25 pods/plot.
 

2/Meansfollowed by the same. letteer'are not siguificantly different-at the*5Z level."
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Table 20.-Mean yield per plot (180 ft2) of cowpea cv Early
 
'Ramsh6rn treated with insecticides for the control
 
of the cowpea weevil, Chalcodermus ebeninus,

'Isabela Substation, June 1974
 

Treatment 	 Mean yield (Rounds)/ 

Toxaphene 60% - 2.0 pts/acre 4.6a
 
Methoxychlor 50 WP - 2.0 lbs/acre 3.6 b
 
Thiodan 2E ' 2.0 pts/acre 3.9 ab
 
Lannate 90S 0.5 lb/acre 4.4 ab
 
Cygon 2.67E - 1.0 pt/acre -3.5,b
 
Furadan lOG - 20.0 lbs/acre 3.9 ab
 
Check 
 37 ab
 

1/	Means followed by the same letter are not significantly
 
different at the 5% level.
 

Tble 21.'-Infestation percentages of the pod-borer, Etiella
 
zinckenella and the cowpea weevil, Chalcodermus ebeninus
 
and mean yield per plot (60 ft2) of six cowpea cultivars
 
Isabela Substation, January 1974
 

q Cultivar 
 Per cent infested pods Mean yield (pounds)/
 
Pod-borer Weevil plot
 

Lentejas 	 9 
 12 0.8
 
Zipper cream 20 70 0.7
 
Pequefto 14 24 0.7
 
Gordo 21' 49 0.5 
Sin Fibra 12 52 0.4
 
Climax 28 42 0.8
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Populations of leaf feeding insects were low. Aphids and leafminer
 

were observed in some plots. Cultivars Lentejas and Climax presented
 

very low populations of both. Cultivars Sin Fibra and Pequeffo had the
 

heaviest infestation of leafminer and aphids. On Cultivar Gordo, only
 

some aphids were recorded. The rest of the varieties were free of phyto

phagous insects.
 

The yields and index of ipfepta ion for the first group of,Jean cul

tivars tested for insect resistanceare 4ncluded in Table ZZ.,- uamage in

dex of Cerotoma ranged from 1.3 to 2.6. These variations are notconclu

si e"and further testis should be "conducted. 'On the ther hand, 'infestation
 

indexes of Empoasca showed resistance to this insect in the selections of
 

Bonita, a white bean cultivar, while a high susceptibility was observed
 

in the rest of the color seeded cultivars. Cultivars Rayada, Jamaica,
 

Marca Diablo and Pompadour were among the most seriously affected. Even
 

when these are preliminary rials,,iheyevidence +of,vresistance to Empoasca
 

Seed of various bean cultivars kept at room temperature for 3 months
 

after harvest were heavily .infested with the bean weevil; Acanthoscelides
 

obtedbtus, (Say)'. Based 'onIfnn"seeds per cultivar, "the following information
 

was obtained: 

Fer cent Infested 
Cultivar Seeds Holes/100 Seeds 

Sin Fibra 37 68 
Galana .50 145 

Borinquen 
Rayada 
Jamaica 

64 
77 
95 

194 
363 
834 

Marca Diablo 82 378 



Table 22.-Index of infestation of the bean beetle, Cerotoma ruficornis and
 
rthe'leaf hopper, Empoasca fabae, and mean yield per plot (60 ft2 )
 
of 15 bean cultivars, Isabela Substation, January 1974
 

Average index
 
Variety Cerotoma Empoasca Mean yield (pounds)/


:
Dec. 4 Dec. 12 	 lot 

Bonita No. 1 23* 0 0 3.9
 
Bonita No. 2 1.3 0 0 1.1
 
Bonita No. 3 2. 3 0 0 0.7
 
Bonita No. 4 1.6 0 0 0.5
 
Bonita No. 5 2 6 0 0 0.6
 
Bonita No. 6 1.6 0 0 2.5
 
Bonita No. 7 1r 0 '0 0.8
 
Bonita No. 8 1.6 0 0 3.5
 
Sin"Fibra 20.0 ' 3.0 4.0 0.2
 
Rayada 2.3 4.0 4.0 0.5

Jamaica 	 4.5 5.0 f.'3 0.2' 

Marca Diablo 2.0 4.5 5.0 0.2
 
Pompadour r ,'61, 3.0 410 ' 0.5
 
Galana 2.3 3.5 3.5 0.7
 
Borinquen 2.0 3.3 2.0 i 0.3
 

1/ Index from 1 to 5; one is the least infested and 5 the heaviest.
 

Table 23.-Infestation of six cowpea cultivars by the cowpea weevil, Chalco
dermus ebeninus, Isabela Substation, June 1974
 

Per cent Mean per- Per cent
 
Cultvar Date podsi Mean punc- perforainfest1 d tures/sample foration/


sample 
 tions
 

2 /  P.R.-V-70-4R18 6/3/74 27 a 51.5 22.2 39.8 bc
 
P.R.-V-70-4R38 6/10/74 33 ab 83.0 4,5 7.5 a
 
P.R.-V-70-4R138 6/10/74 19 a 8.2 3.5 44.0 b
 

',P.R.-V-70-4R2. 6/14/74 27 a 25.2 ..5.. 15.2 ac
 
P.R.-V-70-4R1 6/14/74 23 a .16.2 4.7 33.6 ab
 
P.R.-V-70-4R28 6/16/74 46 b 44.0 13.7. . 25.4 ab
 

1/ 	 Based on 25 pods/plot. 

V 	Means followed by the same letter are not significantly different
 
at the 57. level.
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'Rayada,Jamaica and Marca Diablo had the heaviest infestation. As in
 

other cases reported, these are strictly preliminary results.
 

The results of a second group of cowpea lines planted on April 1-4,
 

1974 are included on Tables 23, 24 and 25. Results were erratic and were
 

not in agreement with preliminary observations made earlier in the course
 

of development of the Project. This could be due to a non-random distri

bution of the insect populations and to the very low population density.
 

However, based on the percentage of perforations (percent of punctures
 

- reaching the iseed) P.R.-V-70-4Rl38 andP.R.-V-70-4 18, even when ,they. 

showed very low pod infestation, were the cultivars most heavily damaged 

by the insects. It should be pointed out that cowpeas were not generally 

planted at ,the Isabela Substation prior to these experiments, and conse

-quently populations of insects associated with this crop are not well esta

blished. Repeated tests should be conducted to obtain conclusive'results.
 

Dry seeds observed for punctures of Chalcodermus and infestation with
 

.Callosobruchus chinensis showed that cv P.R.-V-70-4R138 is slightly more
 

tolerant to Callosobruchus than the rest of the cultivars (Table 26). Re

'sults with Chalcodermus were similar to those of the previous tests with
 

."fresh pods. Differences in yields/plot were considerable among cultivars.
 

c. Studies on the Leafminer, Liriomvza sativae
 

Liriomyza sativael/Blanchard (Diptera:Agromyzidae), known as the vege

table leafminer, is a serious threat to tropical and subtropical legume
 

production. During the larval stages of development, this pest consumes
 

I Liriomyza munda Frick (Diptera:Agromyzidae) has been determined
 
to be a Junior synonym of L. sativae Blanchard.
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Table 24.-Infestation of six cowpea cultivars by the cowpea weevil,
 
Chalcodermus ebeninus, Isabela Substation, June 19, 1974
 

Per cent Mean punc- Mean per.
 
Cultivar infested tures/sample foration/
 

1ods 1 /  sample
 
P.R.-V-70-4R2 17 a2/ 8.50 0.75 a
 

P.R.-V-70-4R18 18 ab :8.75 5.25 ab
 
P.R.-V-70-4R28 35 c -27.00 9.00 b
 
P.R.-V-70-4R38 18 ab 10.75 2.75 ab
 
P.R.-V-70-4R1 23 a 22.00 7.50 ab
 
P.R.-V-70-4R138 10 b ..7.00 2.50 ab
 

/ Based on 25 podd/plot.
 

2/ Means followed by the same letter are not significantly 
different at the 57. level. 

Table 25.-Infestation of Chalcodermus ebeninus and Callosobruchus
 
chinensis, and mean yield per plot of six cowpea cultivars,
 
Isabela Substation, June 1974
 

- / 
 Mean yield
Per cent infested seeds
 
Cultivar Chalcodermus Callosobruchus (pounds)/
 

plot
 

P.R.-V-70-4R2 4.0 1.0 8.7 
P.R.-V-70-4R18 4.2 1.7 2.2 
P.R.-V-70-4R28 5.5 1.2 3.3 
P.R.-V-70-4R38 0.5 1.5 5.8 
P.R.-V-70-4RI 4.0 1.5 5.2 
P.R.-V-70-4R138 .1.2 0.2 2.6 

1/ Based on a sample of 100 seeds per 180 ft2 plot..
 



Table 26.-Infestation of Chalcodermus ebeninus and Callosobruchus
 
chinensis on cowpea seeds treated with insecticides,
 
Isabela Substation, June 1974
 

-
Treamn Per cent infested seeds '
 Treatment Chalcodermus Callosobruchus.
 

Toxaphene 60% W 2.0 pts/acre 1.7 5.5 
Methoxychlor 50 WP - 2.0 lbs/acre 4.0 4.2 
Thiodan 2E - 2.0 pts/acre 2.0 3.2 
Lannate 90S - 0.5 lb/acre 2.2 4.2 
Cygon 2.67E - 1.0 pt/acre 5.5 6.5 
Furadan lOG - 20.0 lbs/acre 2.0 5.0 
Check 2.2 4.2 

/ A sample of 100 seeds from each plot was examined. 

Table 27.-Total number of adult Liriomyza sativae collected, dur ng a
 
2-month interval., at different daily sampling periods-1
 

Total number of adults collected
 
Daily sampling period Sex ratio
 

Males Females (Males/Females)
 

8:00 am 30 96 0.31
 

10:00 am 37 82 0.45 

12:00 am 68 P7 1.19 

2:00 pm 496703
 

4:00 pm 44 53 0.83 

1/ Collection'period was between 26 July and 26 Beptember, 1974. 



hthwe photosynthetic tissue of the-host plant, rSeVer infestations of L. 

Isativae may reduce the amount of photosyntheticl tissue to almost zero. 

k'This results in a dramatic reduction in yield&or in~extreme cases,,no 

yield at all. It is, therefore, imperative to study the biology of this 

species, in order that the most effective control approaches be determined. 

Extreme fluctuations, in the population density of L. sativae, have
 

beenobserved in a number of ,areas over a period of years. The possibi

"'lity of natural control ofithe pest population,:byiparasites, is an.area
 

of potentially productive investigation. Such an approach precludes the
 

disadvantages inherent in a purely chemical approach to pest control.
 

As a result of the investigations recently initiaced, three addi

tionaleparasites of L. sativae2/ were found in Puerto Rico. These spe

-cies have been identified-/ as (Hymenoptera'Eulophidae):Zasrammosoma sp.,
 

:Clostorcerus nr. cinctipennis, and nr. Derostenus. The two previously re

ported4/ parasite species were Digliphus begini (Ashm.) and Achrysocharella
 

-sp., also Eulophids. The determination of the species comprising the para

site complex, is the first step in the evaluation of, the degree of natural
 

control being exerted upon L. sativae.
 

2/ 	Parasitized, immature L. sativae were excised from tomato var.
 
Floradel leaves on July 15 and 18, 1974.
 

/ Specific determination of parasite species was conducted by
 
Dr. GOrdon Gordh, U.S. National Museum, Washington, D.C.
 

f/ 	 Pfrez-Pdrez, Rafael. 1973. Liriomyza munda Frick (Diptera: 
Agromyzidae) attacking beans and cucumbers in Puerto Rico. 
J. 	 Agr. Univ. P.R. 57(4): 350. 



A study of the diurnal periodicity (total abundance upon host plants) 

.of adult L. sativae was conducted. No significant difference in the total 

number of L. sativae, present on plants of bean cultivars Bonita, Rosita, 

Criolla and Naranjito, was found between five sampling periods. Sampling
 

periods lasted 15 minutes, during which time as many adults as possible
 

were collected. The sex ratio (males/females) changed during the day
 

(Table 27). The highest proportion of females was present at 8:00 A.M.,
 

while the highest proportion of males was present at 12:00 A.M.- Asta

tistical comparison between sampling periods revealed no'significant.
 

change in the sex ratio between 12:00 AM., 2:00 P.M. :arid 4:00-P.M.'I
 

'(Table28). Based upon.this'data and personal.observations,i:it'may be
 

concluded that mating occurs predominantly during the afternoon.
 

,,,;A correlation analysis between nine meteorological parameters and
 

.the total, daily number of adult L. sativae proved non-significant for
 

all nine comparisons (Table.29).
 

:"An attempt to rear L. sativae on artificial diet had negative results.
 

TheAdiet.was prepared as follows: 

Ingredient Quantity 

Casein 108 grams 
Wesson salt 36 grams 
Sucrose 95 grams 
Wheat germ 162 grams 
Yam flakes 35 grams 
Choline chloride (500 mg) 3.6 grams 
Ascorbic acid (L / 14.4 grams 
Vitamin solutionz- 35 ml 
Formalin (37%) 2 ml 
Tegosept 
Agar 

5.4 grams 
30 grams 

Aureomycin (250 mg capsules) 6 capsules 
Benylate (0.2%) 2 ml 
Distilled 1120 2800 ml 

5/ Vitamin solution was prepared by mixing 353 grams of vitamin mixture
 
fprlnsicts, Vanderzapt mod.fIW ion (obtainydfrom Nutritional BiO
cnemIca s Corporation), with JUUml of distilled water.
 

http:Table.29


,-b conparsonofne variatiio 
 n ex ratio -(mile/female) of
 
adult Liriomyza sativae at different daily sampling pero4s2/
 

14tl
 

Sampling periods compared Statistical interpretation
 

8:00 am versus 12:00 am Significant (17. level)
 

8,;8.O0 am versus': 2:00 pm Significant (17. level)
 

8:00am versus 4:00 pm Significapt (17. level)
 

10 00 am versus 12:00 am Significant (1%level)
 

llt'other possible paired comparisons Insignificant
 

/ Based on the number of adult Liriomyza sativae collected during

the 26 July - 26 September 1974 sampling interval.
 

Table 29.-Correlation analysis between different meteorological para
meters and total daily number of adult flies (Liriomyza

sativae) collected on 4 bean cultivars
 

Meteorological parameters tested1/ Statistical'interpretation
 

Maximum temperature Insignificant
Minimum temperature Insignificant

Mean (maximum + minimum) temperature Insignificant
 

2 
Solar radiation Insignificant

Rainfall. 
 Insignificant

Mean relative humidity Insignificant

Amount of evaporation Insignificant
 
Wind movement:
 

Daily 
 Insignificant

Daytime 
 Insignificant
 

/ Meteorological data collected"at the Agricultural Experiment

Station grounds at Rio Piedras.
 



A survey is presently being conducted, to determine the wild and cul

tivated, host plants of L. sativae. A mew insect record, for Puerto Rico,
 

Calycomyza malvae Burgess (Diptera:Agromyzidae), and a previously undes

.
cribed species of Agromyzid, Liriomyza nr. archibold, were reported-/


d. Insect Collections
 

Samples of insects present in the legume plots are collected and pro

cessed. Each sample is kept in 707. alcohol and is being separated in
 

groups and counted. This type of collections should be continued, as they
 

provide an idea of the insect fauna in the present crop ecosystem.
 

E. Virulence Study of Xanthomonas Isolates
 

Previous inoculation studies indicated that Xanthomonas isolates from
 

bacterial blight or stem canker diseased cowpeas (Vigna unguiculata) were
 

virulent to both cowpeas and beans (Phaseolus vulgaris). However, isolates
 

from bacterial blight diseased beans were either virulent on both species
 

or only on P. vulgaris. Hence, it was suggested that isolates that are
 

virulent on both species should be called X. vignicola (Xv)-type, and those
 

that were only virulent to beans as X. phaseoli (Xp)-type.
 

.The results of field and greenhouse screening for resistance to bac

terial blight during the past five years have indicated that resistance
 

to Xanthomonas was prevalent in cowpeas, while even tolerance to Xantho

monas was a rarity in beans. These results suggested that if cowpea cul

tivars with highly susceptible genotypes were located, they also could be
 

./ Specific determination of Agromyzid specimens was conducted by 
George C. Steyskal, U.S. National Museum, Washington, D.C. and
 
Kenneth A. Spencer, Cornwall, England.
 



susceptible-to the &2-type strains. The consequences of a search for viru-,... 

lance in Xanthomonas and resistance in V. unguiculata and P. vularis should 

be the following four combinations of reactions between the two host species_ 

and the pathogenic strains of Xanthomonas:
 

Xanthomonas 
type V! 

Host Response 
unguiculata P. vulgaris 

A Res. Res. 

B_ Res. Suac. 

CA Susc. Res. 

D Susc. Susc° 

The location of Xanthomonas isolates having the above pathogenicityl, 

types would serve the purpose of studying the inheritance of resistance. 

of the two host species to each of the pathogenic types, 

Inoculation Trial with ATCC Type Culture 

rwenty-five cowpea accessions and the standard cultivars Early Rams"
 

(a black-eye pea) and La Vega were planted in five replications in
 

rthe greenhouse. The standard inoculation procedures were used. The
 

Anocula consisted of American Type Cultures X. vijnicola #11648, X. pha-1
 

seoli #9563, X. phaseoli var. fuscans #13464 and the Puerto Rico culture
 

Xv #113. Seeds were sown on 5/29/74, seedlings were inoculated on 6/10/74
 

and disease response was recorded on 6/19/74. Table 30 summarizes the rem
 

sults-of the pathogenicity test. The response of cowpea accessions could,
 

be divided into: 1) resistant to the four cultures, 2) intermediate and
 

mixed response, and 3) susceptible to all cultures. The partial and mis

leading conclusions derived from this test were that: if only cowpea
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Table 30.-Pathogenicity test with Xanthomonas cultures
 

Host 


P. vulgaris
 

La Vega (check) 


La Vega (inoculated)' 


V. unguiculata
 

Early Ramshorn 

(Check)
 

Early.Ramshorn 

(inoculated)
 

4-R9 

4-R91 

4-R95 

44R105R'Rr 
4-R445 

4-R464 

4-R14 

4-R22 

4-R28 

4-R38 

4-R404 

4-R251 

4-R331 

4-R54 
4-R351 

4-R393 
4-R75 

4-R324 

4-R218 

4-R266 

4-R302 

4-R31 

4-R28 

4-R136 

4-R184 


Xv 

PR #113 


........
 

s, 


S 


R 
ItRro4" 
RI 


R 

t: 


MS 

R 

MS 
MS 

S 

MS 

MS 

S 

MS 

$ 
S 


'S 

S 

',.U 

8 

5 


HS 

I8 

HS 


Response to inoculationA!
 

ATCC Xv ATCC X ATCC Xf
 
#11648 #9563 #13464
 

S;
 

SR 0 

R f i 
R 

R' R R 

R R R 
W! RRR 

R R R
 
.R
 
MS R R 
MS MS R 
S S. R 
MS S MS 
MS MS S 
MS MS HS 
MS S S
 
S' MS ~ MS 
S S S 
S ;S -' 
S l1S s 
5 -A 
S 11S S
 
8 HS
M'
 
HS S S 
S u1 11us 
8 11S us 

/ Rum Resistant; MS a Moderately susceptible; S * Susceptible; 
HS - Highly susceptible. 



accessions 4-R9 (and other of similar reaction) were used, then all four
 

cultures would beiconsidered as avirulent; if 4-R31 and others were Used, 

thenall four cultures would be typed as Xv; if Early Ramshorn were used, 

then only:#9563 would be XP but #13464 would be typed with other two cul, 


tures as Xv; and if 4-R404 and 4-R38 were used, then only #13464 would be
 

typed as & and the rest as Xv. Consequently, the assignment of species
 

epithets to Xanthomonas isolates at this stage of the work does not seem
 

advisable.
 

Cultural Characteristics of the Re-isolates
 

Re-isolation of Xanthomonas from cowpea and bean seedlings that were
 

inoculated with Xpf type cultures yielded a high frequency of Xv or 

_types. In other words, when X. phaseoli var. fuscans was used as inoc

ulum., the majority (84.6 percent) of the re-isolates lacked the capacity
 

to produce pigment in agar media (Table 31). However, the change from
 

pigmentless, & or Xv, to pigment forming, Xpf or Xvf, occurred only in
 

about 1.3 percent. Culture P.R.#436 not only was the first fuscans type
 

2. vignicola, but also produced a characteristic blackish pigment. The
 

remaining two X. vinicola var. fuscans were re-isolated from cowpea seed

lings inoculated with the X. phaseoli var. fuscans type culture fofm ATCC
 

#11648. These two re-isolates produced light brown pigment on agar.
 

The low frequency of XPf types among the re-isolates corresponds with
 

the low frequency of Xf types under natural conditions.
 

The lack bf pigment production in the re-isolated cultures suggest
 

that the ability to produce pigment is not a fixed characteristic of a
 

Xanthomonas culture. Also, the non-pigment-producing types can mutate
 

and acquire the capacity to produce pigment.
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Table 31.-Change in strain characteristic in Xanthomonas,, aes,.affected 
by host-passage 

Original Re-isolate 

type Inoculated Host Type No. 

Xv Phaseolus or V Xv 25 

Xp Vigna Xv 40 

Xp Vigna Xvf 1 

Xpf Vigna xv 20 

Xpf Vigna Xvf 2 

Xpf Phaseolus Xp 4 

XP Phaseolus Xp 6 

Total 98 



-53,-r 

-Beansg.-Disease' Resit tance, YjeldjandAd bg!tyr,;ls 

a.Red Bean Trials
 

1. Disease Resistance of Locally-Grown1Cultivats,
 

Purpose.-Materials and Methods
 

Dr. Marcial Rico-Ballester, Horticulturist, Lajas Substation has se

lected several bean cultivars that have been grown for decades in Puerto
 

Rico. These cultivars are highly adaptable to various climatic conditions
 

of the Island and are preferred by consumers. During the past rainy sea

,son (May-July, 1974) it was decided to grow these cultivars under severe
 

claease conditions and select the outstanding ones.
 

Cultivars.--The cultivars of Puerto Rican origin were: Naranjito,
 

Rayada, Bonita, Galana, Borinquen and Colorada del Pals. Cultivars which
 

were selected by Dr. Rico-Ballester, but were not of Puerto Rican origin
 

were: Diablo, Jamaica, Pompadour, Nima de Colombia and French Horticul

tural., The cultivar Ecuador-299 was used as a standard because of its
 

resistance to diseases. The 12 cultivars were planted in a randomized
 

complete block design with four replications. Each replication consisted
 

of a row 15 feet long and 24 inches wide. Rows were placed at a 44-inch
 

distance from each other. 
One hundred seeds were sown per replicate, that
 

included two rows with 50 seeds each placed 18 inches apart on the raised
 

soil of the row.
 

Seeds were not treated with fungicides. No fungicides were applied
 

during the trial. Insecticides were applied whenever the presence of a
 

pest required it.
 



S -Ovelrhead irrigation was set up in the: plot. If no rainfall occurred
 

within two consecutive days, the plot was irrigated to maintain the high
 

level of Imoisture.
 

This trial was sown on Hay 9, 1974 and harvested betmeen-Ju.yg3 to
 

•July 23,1 1974. Planting was done at the Las Gomez field, Mayaguez Insti

tute of Tropical Agriculture, Mayaguez, Puerto Rico.
 

Results
 

Germination
 

Even though the soil was highly infested with soil-borne pathogens,
 

especially Rhizoctonia and Sclerotium rolfsii, the overall germination
 

was satisfactory. Six cultivars had 807 or more germination within a
 

eek (see Table 32). Perhaps a reason for the low germination of cul

tivar Ecuador-299 was that the seed was 18-month old.
 

Diseases
 

-I. Southern Blight.--Southern blight, caused by Sclerotium rolfsii,
 

usually attacks seedlings between emergence and 3 weeks of growth. Under
 

the warm humid conditions of the Island the early infection causes the
 

death of the seedlings.
 

Table 33 compares the number of seedlings germinated at 1 week, with
 

,the number of plants harvested. Cultivar Rayada was the only one that had
 

2.2% more plants at harvest. On the other extreme, 18.97. of the plants in
 

the cultivar Colorada del Pais died before harvest. Besides layada, cul

tivara French Horticultural$ Borinquen and Nima could be considered as
 

field resistant.
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Table j2.-Re"' andpno a xe1 Tal No. 1 .Slbd Gemiiti6n 

Cultivar Rep-A Rep-B Rep-C Rep-D Total Percent 

Ecuador 299 56, 42 55 59 212 53 

Naranjito 64 461 89 47 !261 65 

Rayada 33 65 89 82 ,269 67 

Jamaica 70 p76 90 82 3180 

Donita 80 78 80 85 323 81 

Pompadour 80 90 88 75 333, 83 

Galana 73 84 87 83 327 82 

Nima,de Colombia 94 71 77 74 316 79 

Diablo 87 82 66 78 313 78 

Borinquen 75 16 49 80 265, 66 

Colorada del Pais 82 94 84 74 334 84 

French Horticultura: 96 82 '89 89 A 356 8989 
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Table 33.-Seedling mortality due to southern bliht disease in 
Red Bean Trial No. 1 "ea.. d ". 

Number of plants Percent
 
1/ 2 Percent stand
 

Cultivar Germinated- / Harvested;- Loss (fior '400 seeds)
 

Ecuador 299 212 201 5.2 50.25
 

Naranjto 261 227 13.0 56.75
 

Rayada 269 275 +2.2 68.75
 

Jamai'ca 3.8 297 6.6 
 I74..5
 

Bonita''' 323 288 10.8 72.00
 

Pompadour 333 299 10.2 74.75
 
Galana 327 296 9.e 74.00
 

Nima de Colombia 316 311 1.6 77.75
 

Diablo 33 298 4.8 74.50
 

Borinquen 265 260 1 9 65.60
 

Colorada del Pais 334 271 18.9" 67.75
 

French Horticultural 356 353 0.8 88.25
 

1/ Counted one week after sowing.
 

2/ Counted 2 1/2 months after sowing.
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Cultivars Diablo, Ecuador-299 and Jamaica could be designated as
 

field tolerant, while cultivars Galana, Bonita, Pompadourv Naranj to and
 

-- del Pais as susceptible.
,Colorada 


'TI. Rhizoctonia Root Rot and Stem Canker.--Rhizoctonia solani infects
 

the bean plants from seedling to mature stages. Infections occur at both
 

below-grownd parts of the plants as well as in parts of the stem which may
 

touch the ground. Some mortality occurs during the seedling stage, but
 

the main effect of the disease is reduction in vigor and yield.
 

Disease Evaluation
 

A. Plants were graded for the size and frequency of lesions as: 

Slightly susceptible (SS) = superficial lesions less than 5 mn long at the 

below-ground or ground level of the stem; moderately susceptible (M) 

lesions about 10 imm long, brown color and slightly depressed, at below

ground or ground level on the stem; susceptible (S) - root system infected, 

lesions on stem and branches; highly susceptible (HS) - root system mostly 

rotted, adventitious roots maintain growth of the plant, many stem and 

branch lesions. 

B. Cultivars were avaluated by their frequency of disease inci

dence. For example, MS 7/74 means that seven out of 74 plants in the re

plicate-D of the cultivar Galana had moderately susceptible response to
 

Rhizoctonia root rot.
 

As the final column in Table 34 indicates, cultivar Ecuador-299 was
 

almost free from infections. On the other hand, Colorada del Pais was
 

447 infected. Even though one-third of plants in cultivar Diablo were
 

infected, the lesions were small and the disease was moderate. Only
 

cultivars Rayada and Galana had low disease frequencies.
 



T1lil3.4-Dieauee ncidence in Red Bean Trial No. 1" 

. Rhizoctonia root rot Ashy atemblight

ulaVra and stem canker
 

Percent dis- iPercent dis..... ..
 _Ratio 
 eased plants Ratio eased Plants
 

cuador 299 
 3/201 1.5 13/201 6.5
 

Naranjito 
 47/227 20.7 173/227 76.2
 

Rayada 40/275 14.5 205/275 75.0
 

Jamaica 55/297 
 18.5 227/297 76.5
 

Bonita 74/288 25.7 
 27/288 9.4
 

Pompadour 48/299 
 16.0 .134/299 44.8 

Galana 41/296 13.9 68/296 24.0-

Nima de Colombia 48/311 16.0 27/311 8.6
 

Diablo 100/298 33.6 181/298 60.02
 

Borinquen 38/,60 
 15.0 68/260 26.0 

Colorada del Pals 119/271 44.0 6/271 2'2 

French Horticultural 78/353 22.0 103/353 29.2.
 



II. Ashy Stem Blight.--Ashy stem blight, caused by Macrophomina
 

:phaseolil is a severe disease of beans both at seedling stage and at ma

ture plant stages. The seed-borne disease begins at the cotyledonar node
 

after seedling emergence. The infection spreads into the length of the
 

seedling stem, followed bywilt and death of the seedlings. On.thema

ture plant ashy stem blight occurs mostly after the flowering stage.. 

Secondary infections occur at pedicular, peduncular and stem nodes.,, Dis

ease spreads downward into the main stem. Usually one or two branches 

per plant are infected. Under high humidity, the infection spreads to 

pods and beans. 

Table 34 shows the ratio of infected plants in each cultivar. Colo

rada del Pals was the least diseased, followed by Ecuador-299, Nima and
 

Bonita. These four cultivars could be considered ashy stem blight resis

.ant. There is a need for further screening and cleaning of these culti

vars from the susceptible off-types or segregants. Cultivars Galana,
 

Borinquen, French Horticultural and Pompadour were susceptible, while
 

Naranjito, Rayada and Jamaica were highly susceptible.
 

IV. Bacterial Blight and Stem Canker.--Strains of Xanthomonas cause
 

leaf blight and stem canker of beans under the moist and warm climatic
 

conditions of the Island. The source of primary infection could be seed

.urborne, soil-borne, carried by wild legumes, or blown-in by wind. Leaf
 

blight symptoms are more commcn on beans than stem canker symptoms. How

ever, under hot and humid weather many bean cultivars develop stem canker
 

!lesions in the field.
 



Disease Evaluation
 

The size of the lesions, the frequency of infection, the presence
 

of stem canker, and the earliness (in relation to pod set) at which a
 

cultivar was diseased were used as criteria for grading susceptibility.
 

The grades were:, slightly susceptible (SS) - small lesions on leaves 

of mature green-pod bearing plants; moderately susceptible (MS) i leaf
 

lesions 10 to 15 mm in size, few, on mature plants; susceptible (S) =
 

leaf lesions 10 mm and larger, many, moderate chlorosis of older leaves;
 

_highly susceptible (HS) - large lesions, chlorosis of older leaves,
 

defoliation, stem canker, infection occurs before flowering.
 

The data on disease incidence in this test is summarized in Table
 

"-35. No bacterial blight lesions were observed on leaves of cultivar
 

',Bonita throughout this trial. Cultivars Nima and French Horticultural
 

were graded as field tolerant. Cultivars Pompadour anid Rayada were de

signated as moderately susceptible. Cultivar Ecuador-299, which is sen

sitive to day-length and continues to grow without flowering when planted
 

in mid-May, was graded as susceptible. Mostly the older leaves, some 2

month old, were diseased. All other cultivars in the trial were graded
 

;as highly susceptible. Cultivars Jamaica and Colorada del Pals were de

-foliated by the time their pods turned color.
 

V. Rust.--The summer rainy season is not an optimum period for rust
 

(Uromyces appendiculatus) development in the field. However, the cool
 

dry season of December to April provides the right conditions for severe
 

rust attack in the field. The yield trial conducted by Dr. Rico-Ballester
 

at the Lajas Substation was graded for rust during March, 1974. All
 



ITable '35. -Summary of bacterial, bliht, incdence, in.; the-Red.: Bean,Yield 

Trial No. 1 

Variety Cultivar Response -Avera8e
 

No. Rep. A Rep. B Rep. C Rep. D Response
 

C-III-1 Ecuador 299 S S -- S S 

-2 Naranjito HS .. HS HS 

-3 Rayada MS -- MS MS 

-4 Jamaica H1S HS5 HS HS HS 

-5 Bonita -- "M .. MM 

-6 Pompadour S -- - MS MS 

-7 Galana HS HS -- HS HS 

-8 Nia de Colombia MS 55 -- MS MS 

-9 Diablo HS HSI -- 1W HS 

-10 Borinquen 18 HSHS H'Mn 


-11 Col. del Pais HS HS HS HS NS
 

-12 Fr. Horticultural MS -- MS MS
 

I/ 	Xanthomonas strains.
 
Selections for bacterial blight resistance: Bonital Nima do
 
Colombia, French Horticultural
 

Date Planted: 5/9/74
 
Date Recorded: 7/11/74
 



cultivars in this test were susceptible to rust (Table 36). Cultivar
 

0ebl14as' thii most severely infected .1Ecuador-299 was,'free from rust.
 

VZ,..Common Bean Mosaic Virus.--Natural field infection of CBMV oc

icurred in the Lajas yield trial. The following cultivars were graded
 

as susceptible: Colorada del Pais, Naranjito, Diablo, Galana, Bonita,
 

French Horticultural, Nima and Borinquen. Cultivar Ecuador-299 is CBV
 

resistant (Tdble 36). Not a single case of CBMV was recorded in the
 

Mayaguez plot.
 

VII. Whitefly Transmitted Viruses.--Both golden yellow mosaic (GYM)
 

and Rhynchosia mosaic (RM) were present in the plot in low levels. The
 

ratio of GYM and/or RM infected plants to non-infected in each cultivar
 

was: Ecuador-299, 0/201; Naranjito, 3/227; Rayada, 5/275; Jamaica,
 

8/297; Bonita, 4/288; Pompadour, 7/299; Galana, 2/296; Nima, 7/311;
 

Diablo, 11/298; Borinquen, 5/260; Colorada del Pais, 9/271; and French
 

Horticultural, 7/353. The frequency of the whitefly tranemitted virus
 

diseases for the total plot was 2.0%.
 

Adaptability
 

Stand.--Cultivar French Horticultural had the best stand throughout
 

the trial (Table 33). Cultivars Jamaica, Galana, Nima and Diablo main

tained a good stand of between 74 to 77 percent of the seeds sown. Cul

tivars Naranjito, Rayada, Bonita, Pompadour, Borinquen and Colorada del
 

Pais had a fair stand (between 63 to 72 percent) of the seeds sown.
 

Ecuador-299 had the poorest stand (50 percent) (Table 33).
 



Table 36.-Sumary of field responses11/ of bean cultivars to diseases duriig the spring and amer of 1974 (Red-RM 
Yield Trial No. 1)
 

Bacterial Southern Rhizoctonia Ashy stem .
 ./CBKV blight blight root rot blight Rust- Selection orCultivar (1) (2) (3) (4) (5) -(6) disease resistance 
Ecuador 299 -R S MS R R 
 0 l,.45, and 6 
Naranjito 
 S HS MS S HS 5-.

ayada. 
 R MS R S HSI 5 1 and 3 

Jamaica 7R iES M SS -5 1-
BonitaSR S S Rs 22and 5 
Pompadour 
 MS S S S 
 5 1 ." 
Galana S ES S MS S 4 4 
Nima-S PT R S: R 5 2 3, and '5 
Diablo 
 S ES MS MS HS 4 
Borinquen --S ES S S 5 3 

Colorada del Pals . S ES HS HS R 

Fr. Horticultural S. FT . " - R S ..... S5 5 - - 2 andn 3
 

1/ Response: R - resistant; FT - field tolerant; MS  moderately susceptible; S = Susceptible;
 

ES - Highly susceptible.
 

2/ Rust response: 0 = immune to 5 = 
highly susceptible.
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Overall Field Performance.--Plants of Ecuador'-299 had the.beit dis

ease-free Iappearance, and were followed by those of Nima, Bonita and
 

French Horticultural, in descending order (Tables 36 and.37). Table 37
 

shows the ratio of disease-free with total plants in the field. Culti,
 

vars Diablo, Naranjito, Jamaica and Rayada had severe ashy 
stem blight
 

incidence. The infected stems of these cultivars gave a grayish cast
 

to the row of plants as pods began to mature. Both Rhizoctonia root
 

rot and ashy stem blight affected the healthy appearance of Pompadour
 

,plants. Bacterial blight and RhLzoctonia root rot affected the appear

ance of cultivar Borinquen. Plants of cultivar French Horticultural were
 

moderately affected with ashy stem blight and RhLzoctonia root rot. In
 

spite of these diseases this cultLvar appeared generally healthy. The'.
 

absence of bacterial blight on leaves of Bonita, rendered a green and
 

fresh texture to the cultLvar. The main disease of cultivar Bonita was
 

Rhizoctonia root rot. Severe bacterial blight disease and moderate in

cidence of ashy stem blight affected the healthy appearance of cultLvar
 

Galana as its pods began to mature. Cultivar Colorada del Pais was
 

rather remarkable in that in spite of its high degree of susceptibility
 

to bacterial blight it had a high percentage of "healthy" plants which
 

yielded well. The diseased plants were affected with RhLzoctonLa root
 

rot.
 

Response to Day-Length.--Plants of cultivar Ecuador-299 grew vege

tatLvely throughout the trial without flowering. Plants of the cultivar
 

Nima grew vigorously but flowered late. Less than one-half of the plants
 

set pods. Those that set pods had only one to two pods per plant. Most
 



Table,37.-Overall ratio of healthy1 plants (Red Bean 
 ial No. 1)' after 2 1/2 months
 
of growth in the field during the wet seasonD
 

Ratio of healthy plants to total stand per
 
CultivarHelh uireplicate Percent
 

Rep. A Rep. B Rep. C Rep. D Total
 

Ecuador 299 46/49 36/40 
 58/62 53/50 193/201 96.0
 

Naranjito 
 0/64 9/56 0/60 11/47 20/227 8.8
 

Rayada 11/45 11/88 4/81 
 13/61 39/275 14.2
 

Jamaica 2/66 5/69. 12/79 0/83 
 19/297 6.4
 

Bonita 45/72 
 48/68. 49/68 51/80 193/288 67.0 

Pompadour -38/80 : "43/80 33/77 4/62 118/299 41.0
 

Galana 40/58 50/80 43/84 
 55/74 188/296 63.5
 

Nima de Colombia" 78/89' 50/70 
 61/78 52/74 241/311 77.5
 

Diablo '';1/89; 4/68 2/68 5/73 12/298 4.0
 

Borinquen 41/61 '1114 0/52 0/67 52/271 19.2
 

Colorada del Pais 55/55 54/83 64/64 
 31/69 204/271 75.3
 

Fr.- Horticultural 
 51/84 54/79 34/91 39/99 178/353 50.4
 

l/ Absence of Rhizoctonia root rot and stem canker, ashy stem blight, golden yellow
 

and Rhynchosia mosaic diseases.
 

2/ Recorded 7/11/74.
 



of the pods were either empty or contained one or two beans. Only a few
 

plants in each replicate yielded normally and were selected as day-length 

insensitive.
 

Habit.--Cultivars French Horticultural and Ecuador-299 had vine habi
 

Ecuador-299 had indeterminate growth, while French Horticultural stopped
 

vegetative growth after pods turned color.. Cultivar Galana had a deter
 

minate low vine habit and cultivar Bonita was a semi-vine of intermediate
 

height. The remaining cultivars all had bush habit. 
Cultivar Nima had
 

a tall bush growth.
 

Grading of Seed After Threshing
 

The severe dLseaseconditLons under which plants in this trial grew
 

resulted in a great deal of seed damage due to fungus and bacterial in

fections. 
A number of diseased seeds were cultured on Nutrient Agar for 

identification of the causal organisms. Most of the bacterial lesions
 

were caused by Xanthomonas. The fungus lesions contained a number of
 

species which will be identified later.
 

Table 38 shows the summary of disease, pest and mechanical damage.
 

The grading was done after pods were threshed. A large number of seeds
 

from cultivars Pompadour and Rayada had the yellow bacterial lesions.
 

However, both cultivars were moderately susceptible to leaf blight caused
 

by the pathogen. 
Cultivars Jamaica and Borinquen had high seed infections.
 

The rest of the cultivars had a low incidence of bacterial lesions. The
 

incidence of fungal infection was highest in seeds of cultivars Jamaica,
 

Naranjito and Bcrinquen. Other cultivars had a moderate incidence of
 

fungal infection, except those of French Horticultural which had the
 

lowest incidence.
 



Table 38.-Urzleaned seed from Red BeAn Trial No. 1 graded 
Mly 1974) 

Grade Index/ tor 
Cultivar Bacterial Fungus 

lesion growth 

Naranj ito 3 7 

Rayada 7 3 

JaMaica 5 8 

Bonita 3 4 

Pompadour 8 3 

Galana 3 4. 

Diablo 3 4 

Borinquen '-6 7 

Colorada del P 3 4 

Ft. Horticultual 3 2 

1/ Index: I = no damage to 10- all seeds damaged.
 
2/ Chalcodermus ebeninus.
 
3/ Not recomended due to susceptibility to diseases
 

for disease, 

seed damage 
Weevil2' 

infestation 


4 

1 

1 

1 

1 

1 

1 

2 


2 


2 

insect,, and mechanical damage after thresbing 

Broken or Recommendation for wet 
split season plantim 

3 Not recommended 

3 

2 

1 Acceptable candidate 

2 Not recommended 

1 Acceptable candidate 

1 3 

i Not recomended 

3 Acceptable candidate 

1 Recommended 
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Covpea pod weevil (Chalcodermus ebeninus) caused some damage to the
 

seeds. During the rainy season introduceoXanthomonas into damaged seed
 

coats of infested beans.
 

Each cultivar was recommended for planting during the wet season on
 

the basis of the frequency of pathogens associated with the seeds and
 

their general appearance. Seeds of cultivar French Horticultural were
 

the least diseased and damaged. The variety was recommended for wet sea

son cultivation. Cultivars Bonita and Galana were acceptable candidates
 

for recommendation for cultivation during the rainy period. Cultivar
 

Diablo, though it had relatively clean seed, is not recommended as a can

didate for wet season planting due to its overall disease susceptibility.
 

The remainder were rejected for rainy season cultivation.
 

Yield
 

The Yield Trial No. 1 was centrally located in a plot with relati

vely uniform soil. The plants were fertilized with 300 pounds of a
 

5-10-10 formulation per acre. Weeding was done mechanically. The ab

sence of pod set on Ecuador-299 and Nima resulted in missing data from
 

eight plots within the layout of the randomized complete block design.
 

The complete yield data is presented in Table 39.
 

Cultivars French Horticultural, Colorada del Pals and Bonita had
 

the highest yields. Cultivars Pompadour, Galana and Borinquen followe
 

the first group in productivity. Cultivar Diablo was intermediate in
 

its yielding quality, while Jamaica, Rayada and Naranjito had the lowest
 

yields.
 



Toble 39.-Yield of red and pinto beans cultivated at Mayaguez during the wet season (5/9 to 7/23174) 

Variety 
A 

Weight of beans (grams) 
per replication 

B C D 

Total weight 
(grams) 

Average 
weight/ 

replicate 

Total
weight/ 
plant 

(grams) 

Kilogram 
per 

hectare 

1. Ecuador 299= ...... 

2. Naranjito 125.20 299.40 262.45 168.16 855.21 213.8 3.38 Z7.6 

3. Rayada 251.95 279.15 214.35 160.05 905.50 226.37 3.29 $4.5 

4. Jamaica 192.14 282.60 207.50 263.80 946.04 236.51 3021 A.3 

5. Bonita 306.93 381.15 301.65 333.45 1323.18 330.80 4.59 71.0 U 

6. Pompadour 266.90 375.15 313.53 182.70 1138.28 284.57 5.20 35.4 I 

7. Galana 133.10 382.51 381.63 238.55 1135.79 283.95 3.84 33.5 

8. 
2/

NiMa- -a--------- la 

9. Diablo 257.98 324.40 221.85 219.85 1034.08 258i.52 347 58.9 

10. Borii uen 307.40 132.05 269.30 388.15 1096.9 27422 4;.22 D5.0 

11. Col. del ftis 321.25 317.20 383.93 307.54 1329.92 332.48 4.91 76.0 

12. Fr. Horticultural 530.93 401.68 360.60 272.10 1565.31 389.08 4.43 42.0 

I/ Day-length sensitive; no flowering; only vegetative growth. 

2/ Day-length sensitive; late flowering; very limited pod set. 
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CultLvar Pompadour had the highest yield per plant, which was fol

lowed by Colorada del Palo and Bonita. Both French Horticultural and
 

BorLnquen also had good yields per plant. However, Galana, Diablo,
 

Naranjito, Rayada and Jamaica had low yields per plant.
 

Yield Comparison Between Lajas and Mayaguez and
 
Cultivar Recommendations
 

Table 40 compares the yield (kilograms per hectare) of the dry
 

beans harvested by Dr. Rico-Ballester in the Lajas yield trial with
 

those obtainedin the trial at Mayaguez. The main factors affecting
 

the yields in these two trials were time of planting and disease control
 

Some day-length sensitive cultivars like Nima responded drastically
 

to the slight increase in the day-length while others had a much less
 

severe reaction. Both French Horticultural and Galana had slightly lon

ger vines than was observed in the March planting at Lajas. In general
 

there was very little difference in the habit of other cultivars.
 

The Lajas trial was treated with pesticides. The only major dis

ease at Lajas was rust, while the Mayaguez trial was free of rust. At
 

-Mayaguez no pesticides were applied. The soil in the Mayaguez plot was
 

heavily infested with soil-borne pathogens. At Lajas, even though there
 

were coil-borne diseases, these were not as prevalent as in Mayaguez.
 

The warm weather in June at Mayaguez may have had some effect on
 

,pollen viability. However, Lajas is generally slightly waimer than
 

RHayagvez. A significant difference was the high humidity of May-July
 

which enhanced disease incidence in the Mayaguez plot.
 



Table 40tqCompartson of yield between winter planting wLth disease control at
 
Lajas and spring planting without disease control at Hayaguez 

•Cu~tivar Yield (Kilograms/hec tare)
Lajas Mayaguez
220/741 5/9/741/ 

Percent 
yield

difference 

Naranjito 1,652.0 627.6 62 

Rayeda 1,159.0 664.5 43 

Jamaica 1,28'.0 694.3 46 

Bonita Z,708.0 971.0 43 

Pompadour 1,734.0, 835.4 52 

Galana 1614.0 833.5 48 

Nima 1,439.0 No yield 100 

Diabio 814.0 758.9 7 

Borinquen 1,390.0 805.0 42 

Colorada del Pais 1,406.0 976.0 31 

Fr. Horticultural 1,114.0 1,142.0 +3 

Overall average 47.1 

1/ Planting dates. 
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Comparison of Cultivar Yields.--Yield of cultivar Diablo was low at
 

-Lajas. The main reason for this low yield was severe rust infection.
 

The main reaLon for the low yield at Mayaguez was its susceptibility to
 

ashy stem blight. However, seeds of this cultivar were relatively free
 

from diseases. The low yields of this cultivar at both trials indicated
 

that it was not well adapted to the lowland tropical conditions.
 

French Horticultural yielded almost exactly tha same amount of seed
 

in both trials. Perhaps the slight increase in the growth period, duo
 

to longer day-length, caused increase in pod set and hence made up for
 

disease losses. It is interesting that in the Lajas trial French Horti

cultural had one of the lowest yields, while in Mayaguez it had the high

est yield. The seeds of this cultivar were the least affected by diseases
 

(Table 38). French Horticultural is recommended for Spring cultivation
 

in the lowland tropics. However, it is necessary to secure CBMV-free
 

seeds of this cultivar.
 

Cultivar Bonita yielded well in both trials. It is highly adapted
 

to humid tropical conditions. If CBMV and rust resistance are incorpor

ated into this cultivar it could become and exceptional tropical bean.
 

Common bean mosaic virus-free seeds of Bonita should be planted on well
 

drained sandy clay loam soils. Bonita is suggested as a recommended
 

cultivar for wet season cultivation.
 

Colorada del Pais had intermediate yield at Lajas, but yielded
 

relatively well at Mayaguez. This cultivar is highly adaptable to wet
 

tropical conditions. It sets pods in spite of its high susceptibility
 

to bacterial blight and its seeds have a low index of disease incidence.
 



This 'cultivarmerit' further studies. 
 Its high yield quality, under warm
 

and vet conditions, should be analyzed in greater detail. 
Further tests
 

will be carried to ascertain its resistance to ashy stem blight. 
Resist

ance to CBMV, bacterial blight, rust and RhLzoctonia root rot should be
 

incorporated into this cultivar.
 

If ashy stem blight resistance is incorporated into Pompadour, it
 

could become a good wet season bean for the tropics. It yielded well at
 

Lajas, and despite the 52% 
loss of yield in the Spring planting, it still
 

produced above average for the period. 
 Pompadour was only moderately sus

ceptible to bacterial blight, which makes it an important candidate for
 

cultivation in the moist tropical lowlands.
 

Galana yielded well in both trials. The main reason for its rela

tively high yield in Mayaguez was its intermediate susceptibility to ashy
 

stem blight and Rhizoctonia root rot. 
 The seeds of Galana had a low index
 

of disease incidence. Common bean mosaic virus-free seed of this cultivar
 

is recomiended for cultivation from mid-November to mid-May. If CBMV and
 

rust resistance are incorporated into this cultivar it could become an
 

exceptional tropical dry bean.
 

Cultivars Naranjito, Rayada, Jamaica and Borinquen are not recom

mended for cultivation during the wet season.
 

The average loss of yield due to 
the combined efeect of (1) diseases
 

and (2) planting during the long day-length period was 47.1 percent (Table
 

40). 
 These data suggest that unless a farmer has a cultivar such as French
 

Horticultural, he way expect about 50 
yield loss if he plants in the Spring
 

as compared to yields he may realize in mid-Fall and early Winter plantings.
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2. Adaptability, Yield and Disease Resistance Trial
 
with Cultivars and Advanced Lines (Yield Trial No.2)
 

rurpose, Materials and Methods
 

Several red bean cultivars have proved highly adaptable to lowland
 

tropical conditiona in various locations. In this trial three recent
 

releases from the United States and nine tropical cultivars were grown
 

together for the purpose of comparing their relative response to dis

eases, and hence yielding capacity.
 

Cultivars.--Cultivars Ecuador-299, Mexico-235 and 27R were selec

ted from among the red beans in the Central American Cooperative Progra
 

for the Lmprovement of Edible Crops (PCCMCA). Cultivar Ecuador-299 was
 

used as "disease resistant standard". Galana is a Puerto Rican cultiva:
 

which was used as the "local standard". Santa Ana is a high yielding
 

early bush type from Nicaragua. Entries K-2-1-2, H-2-4 and 1-2-2-2 are
 

selections from the cultivar Pompadour from the Dominican Republic. Cu:
 

tivars Roy." Red Kidney, Big Bend Red Mexican, Colombia Pinto and Apoll
 

are USDA releases.
 

Seeds were not treated with fungicides. No fungicides were applie,
 

during the trial. Insecticides were applied whenever the presence of a
 

pest requLred it.
 

Overhead irrigation was set up fn the plot. If no rainfall occurr
 

within two consecutive days, the plo.t was irrigated to maintain the hig]
 

level of moisture.
 

This trial was sown May 9, 1974 and harvested between July 1 to 23,
 

1974. Planting was done at the Las Gomez field, Mayaguez Institute of
 

Tropical Agriculture (MITA), Mayaguez, Puerto Rico. This field is high:
 

infested with soil-borne pathogens.
 



The 12 cultivars were planted in a randomized complete block design
 

with four replications. Each replication consisted of a row 15 ft long
 

and 24 inches wide. Rows were placed at a distance of 44 inches from
 

each other. One hundred seeds were sown per replicate, in two rows with
 

50 seeds each placed 18 inches apart on the raised soil of the row.
 

Results
 

Germination
 

Even though the soil was highly infested with soil-borne pathogens,
 

especially Rhizoctonia solani and Sclerotium rolfsii, the overall germi

nation was at an acceptable level. Cultivar Mexico-235 was the only one
 

with over 75% germination. The rest, except cultivar Santa Ana, had a
 

germination percentage of between 55 to 65 (Table 41).
 

Diseases
 

I. Southern Blight.--Only Santa Ana seedlings appeared highly sus

ceptible to southern blight (Sclerotium rolfsii). Cultivar 27-R is also
 

susceptible to this disease. Southern blight was mostly responsible for
 

the death of all plants in two replicates of 27-R and in one replicate
 

of Santa Ana (Table 43). Most plants in these replicates were dead
 

before pods matured.
 

II. Rhizoctonia Poot Rot and Stem Canker.--Rhizoctonia solani in

fects the bean plants from seedling tr mature stages. Infections occur
 

at both below ground parts of the plants as well as at various parts
 

of the stem which may touch the ground. Some mortality occurs during
 

the seedling stage, but the main effect of the disease is reduction in
 

vigor and yield.
 



Table 41.-Seedling stand data from the Red Bean Yield Trial No. 2, recorded
 
20 days after sowing of seeds
 

Surviving plants
 

'Cultivar
 
Rep. A Rep. B Rep. C Rep. D Total Percent
 

Ecuador 299 40 56 60 64 220 55.0
 

Galana 84 69 58 48 259 65.0
 

Royal Red Kidney 66 42 32 73 213 53.0
 

Big Bend Red Mexi4 57 54 72 69 252 63.0
 

Colombia Pinto 68 47 53 70 238 59.0
 

Apollo 44 55 67 48 209 52.0
 

Mexico 235 74 78 74 84 310 77.5
 

Santa Ana 24 31 15 36 106 26.5
 

Pompadour K-2-1-2 60 72 74 72 278 69.5
 

Pompadour H-2-4 59 58 62 48 227 57.0
 

Pompadour 1-222 13 42 33 63 211 53.0
 

27R 12 48 76 47 243 61.0
 



DseaseE~Evaluation: 

hPlants were graded for the size and frequency of lesions as:iSlightly 

susceptible (SS) - superficial lesions less than 5 mm long at the below 

ground or ground level of the stem; moderately susceptible (HS) a lesion
 

about 10 mm long, brown color and slightly depressed, at below ground or
 

ground level on the stem; susceptible (S) - root system infected, lesions 

,on stem and branches; highly susceptible (HS) - root.system mostly rotted, 

adventitious roots maintain growth of the plant, many stem and branch
 

ilesions.
 

Cultivars Ecuador-299 and Mexico-235 were free from Rhizoctonia
 

disease symptoms during this trial. Both Galana and Pompadour (1-2-2-2)
 

seemed to possess a certain amount of field tolerance. Cultivars Royal.
 

Red Kidney, Colombia Pinto, Santa Ana and 27-R were highly susceptible.
 

III. Ashy Stem Blight.--Ashy stem blight caused by Macrophomina
 

phaseoli is a severe disease of beans both at seedling and at mature
 

plant stages. The seed-borne disease begins at the cotyledonar node
 

after seedling emergence. The infection spreads into the length of the
 

seedling stem, followed by wilt and death of the seedlings. On the ma

ture plant ashy stem blight occurs mostly after the flowering stags.
 

Secondary infections occur at pedicular, peduncular and stem nodes. Dis

ease spreads downward into the main stem. Usually one or two branches
 

per plant are infected. Under high humidity, the infection spreads to
 

pods and seeds. In grading bean response to ashy stem blight, plants
 

with one or two diseased branches were graded as susceptible (S)and
 

plants with the majority of branches infected as highly susceptible (HS).
 



Cultivars Ecuador-299, Mexico-235, Pompadour 1-2-2-2 and 27-R were free
 

from ashy stem blight disease. Cultivats Pompadour H-2-4 and Apollo
 

-could be considered moderately susceptible.
 

IV. Bacterial Blight and Stem Canker.--Strains of Xanthomonas cause
 

leaf blight and stem canker of beans under the moist and worm climatic
 

,conditions of the Island. 
The source of primary infection could'be seed

borne, soil-borne, carried by wild legumes, or blown-in by wind. 
 Leaf
 

blight symptoms are more common on beans than stem canker symptoms. How

over, under hot and humid conditions many bean cultLvars develop stem
 

canker lesions in the field.
 

Disease Evaluation
 

The size of the lesions, the frequency of infection, the presence of
 

stem canker, and the earliness (in relation to pod set) at which a culti

var was diseased were used as criteria for grading susceptibility. These 

were: Slightly susceptible (SS) - small lesions on leaves of mature green

pod bearing plants; moderately susceptible (MS) = leaf lesions 10 to 15 

mm in size, few, on mature plants; susceptible (S) - leaf lesions 10 mm 

and larger, many, moderate chlorosis of older leaves; highly susceptible 

(HS)  large lesions, chlorosLs of older leaves, defoliation, stem canker,
 

disease becomes severe before flowering. All cultLvars were susceptible
 

to bacterial blight disease.
 

V. Rust.--The summer rainy season is not an optimum period for rust
 

(Uromyces appendiculatus) spread in a bean field. 
 Due to the prolonged
 

presence of a moisture film on the leaves several bacterial species (in

eluding Xanthomonas spp.) enter the rust through the ruptured epidermis
 



qadcause the death of. the host tissue within and around the rust lesion. 

SAlso5 ahyperparasite of the genus Darluca attacks the healthy rust spores
 

and mycelia causing further reduction of rust propagules.
 

Evaluation of the rust reaction of the cultivars included grading
 

of pustule size and intensity of rust incidence. In grading the pustule
 

:,size, "0"indicates no infection, while "5". indicates a pustule of 500
 
microns diameter or larger. 
The intensity is presented in percentage
 

from "0" to "99". 

VI. Whitefly Transmitted Viruses.--The whitefly population is gene

rally quite low during the summer rainy season. One factor in reducing
 

the whitefly population during the prolonged period of high humidity ap

pears to be fungal pathogens that parasitize the larvae. Hence, the over

all frequency of the whitefly transmitted viruses was low in the field.
 

Cultivars Royal Red Kidney, Big Bend Red Mexican, Colombia Pinto, and
 

Santa Ana were free from whitefly transmitted virus diseases. 
The first
 

three cultivars possess resistance to Curly Top disease of beans. 
Culti

vars Royal Red Kidney and Colombia Pinto were resistant to Rhynchosia
 

mosaic in greenhouse inoculations at Rio Piedras during May of 1973. 
 The
 

cultivar Santa Ana was free i'om Abutilon mosaic at Masaya, Nicaragua, in
 

the Winter of 1972 and had shown resistance to Rhynchosia mosaic (RM) when
 

inoculated during the Spring of 1972 at Rio Piedras. 
No RM incidence has
 

been eficountered in the repeated plantings of this cultivar both at Isabela
 

and at Mayaguez.
 

VII. Common Bean Mosaic Virus.--No incidence of CBMV disease was re

corded during this trial.
 



:, ,II. Cercospora Leaf Spot.--Prolonged:,periods of high humidity'and
 

,Warm weather predispose bean leaves to infection by Cercospora cruenta 

or C. canescens. Cultivars Royal Red Kidney, Apollo, Pompadour K-2-1-2
 

and H-2-4, and 27R were susceptible to Cercospora leaf spot (CIS) dis

eases.
 

IX. White Mold.--Only pods of the cultivar Apollo were severely af

fetted by white mold (Sclerotinia sclerotiorum). Anollo aDoeared to be
 

especially susceptible to this fungus.
 

Response to Rainy Season Cultivation
 

Overall Response to Diseases.--Ecuador-299 had the best disease

free appearance, followed by Mexico-235 and Pompadour 1-2-2-2 (Table
 

42). Cultivars such as 27R, Santa Ana and Royal Red Kidney suffered
 

heavily from Rhizoctonia root rot and stem canker diseases. Southern
 

blight and Rhizoctonia took a heavy toll in seedling stand. Ashy stem
 

blight was not severe at the seedling stage, but its incidence increasl
 

as plants matured. The combination of foliage damage by bacterial blight
 

disease and of peduncles damaged by ashy stem blight resulted in poor pod
 

set and seed development. Other diseases were insignificant, except for
 

white mold, that occurred in replicates 1 to 3 of cultivar Apollo seve

rely affecting the green pods.
 

Yield.--Considering that: 1) no seed treatment was used, 2) seeds
 

were planted in a highly infested field, 3) no chemical disease control
 

treatments were applied to the plants, 4) continuous high humidity en

hanced disease incidence, and 5) high temperatures affected pod set, it
 



--

Table 42.-Overall response to diseases by cultivars in Red Bean Yield Trial No. 2
 

Cercospora Rhizoctonia Whitefly

Cultivar Bacterial 
 leaf root Ashy stem transmitted,


blight Rust-
 spot rot blight viruses
 

Ecuador 299 S 0,0 -40-
 f.- --- S 

Galana HS 4,6 -- S s-1S I
 

Royal Red Kidney S-HS 00 HS
S S-HS --

Big Bend 
Red Mexico MS-S 5,9 . ---

Colombia Pinto HSI 5*9 IS ---- 8-HS 

Apollo S-HS 0,0 IS S-HS S 8
 

Mexico 235 S-HS 0,0 ....
man s"" S 

Santa Ana S 509 --- S-S s, 

Pompadour K-2-1-2 HS 0,0 8 5-HS S S 

Pompadour H-2-4 S 3,4 8 S-HS 8 8 

Pompadour 1-2-2-2 S-HS 1,05 -- S -

7R S-HS 090 S S-HS --- S 

S - susceptible; HS - highly susceptible; MS - moderately susceptible 

I/ Rust reaction recorded as function of pustule size
 

(0 - no infection to 5 - 500 microns or more in diameter) and intensity of
 
infection (0-99.).
 



seems that a yield of 500 to 600 kilograms per hectare is indeed satis

factory (Table 44). Cultivars Colombia Pinto and Pompadour K-2-1-2 and
 

1-2-2-2 were the highest yielders (Table 43). The high yield of Colombia
 

Pinto was puzzling because plants of this cultivar had rather poor growth.
 

Adaptability.--The term "adaptability" here connotes the general
 

vigor and growth of plants, the amount of disease-free foliage, and the
 

ability to set pods at the relatively high diurnal temperatures. Sen

sitivity to day-length was considered separately, because, irrespective
 

of climatic conditions, day-length sensitive plants continue to grow vege

tatively, and fail to flower. Cultivars Santa Ana had the least vigorous
 

growth. The cultivar Pompadour K-2-1-2 were the most growth vigorous among
 

those with bush habit, Ecuador-299 and Mexico-235 had the overall most
 

vigorous growth.
 

Summary of Results
 

The results of this field trial indicate that day-length sensitivity,
 

resistance to diseases, and sensitivity to temperature are some of the
 

most important factors that govern yield of beans under lowland humid
 

tropical conditions.
 

The most important diseases in descending order of importance were:
 

Rhizoctonia root rot and stem canker, southern blight, bacterial blight
 

and ashy stem blight.
 

The most widely resistant beans were: Ecuador-299 and Hexico-235.
 

Unfortunately, both of these two cultivars are highly sensitive to day

length.
 



'Table43.-Yield data in the Red Bean Yield Trial No. 2, planted on 5/9/74 and
 
harvested on 7/15-17/1974
 

Weight of beans (grams
 
Cultivar per replication 

A B C D Total Avnaig. 

Ecuador 299 0.00 0.00 0.00 0.00 0.00 0.00 

Galana 143.70 147.18 154.35 127.75 573.06 143.27 

Royal Red Kidney 113.29 89.75 145.81 159.20 508.05 127.01 

Big Bend Red Mexico 106.73 75.90 92.45 96.35 371.43 92.85 

Colombia Pinto 128.95 158.65 192.00 346.05 825.65 206.41 

Apollo 74.64 270.00 91.98 130.85 567.47 141.87 

Mexico 235 0.00 0.00 0.00 0.00 0.00 0.00 

Santa Ana 60.35 92.80 Dead 112.23 265.38 88.46 

Pompadour K-2-1-2 153.15 132.90 129.74 299.45 715.24 178.81 

Pompadour H-2-4 83.47 95.15 159.99 133.45 472.06 118.02 

Pompadour 1-2-2-2 151.54 184.35 140.00 191.85 667.74 166.94 

27R 244.81 138.79 Dead Dead 383.60 95.90 



Table 44.-Field response, disease resistance, and Yield of red bean cultivars
 
during the summer rainy season inMayaguez
 

Disease Yield
 
Cultivar 
 Field response resistance (Kg/Ha)
 

Ecuador 299 Well adapted, daylength sensitive, Multiple resistance 0.0
 
vine
 

Galana Adapted with good pot set, low Widely susc. 420.5
 
vine
 

Royal Red Kidney Moderately adapted, bush Rust & RM:Res. but 
 372.8
 
HS to R Root Rot
 

Big Bend Red Mexic( Moderately adapted, tall bush to RM:Res. 272.8
 
semi-vine widely susc.
 

Colombia Pinto Poorly adapted, bush, semi-vine Widely susc. 605.0
 
Highest
 
yield
 

Apollo Moderately adapted Widely susc. 416.5
 
Rust Res.
 

Mexico 235 Well adapted; daylength sensitive, Widely resistant 0.0
 
vine
 

Santa Ana Not adapted, semi-tall bush to RM:Res. 259.6
 
semi-vine Widely susc.
 

Pompadour K-2-1-2 Moderately adapted, Rust:Res. 
 524.9
 
upright plants, bush Widely susc.
 

Pompadour H-2-4 Moderately adapted, bush Widely susc. 3464
 

Pompadour 1-2-2-2 Moderately well adapted, bush AS Blt:Res. 490.0
 
Widely susc.
 

27R Adapted, bush Widely susc. 281.3
 
AS Blt:Res.
 
ESP:RRoot Rot
 



b..Black Bean Trials
 

1.Adaptability, Disease Resistance, and Yield with
 
Black Bean Cultivars from Central America (Trial
 
No. 1)
 

Purpose. Materials and Methods
 

The purpose of this trial was to compare the performance of advan

ced selections of high yielding black beans from Central America for adap

tability, disease resistance and yield during the summer rainy season at
 

Mayaguez (sea level).
 

Cultivarsi--Cultivars Jamapa, Porrillo No. 1, Criollo Santo Domingo,
 

Venezuela-36 and 63, 1-65, 51051, 51052, 51057, and 50600 were black
 

beans included in the advanced yield trials of the Central American Co

operative Program for the Improvement of Edible Crops (PCCMCA). Cultivar
 

Col. I-63-A was a red bean with Rhizoctonia root rot resistance from the
 

Central American PCCMCA Trials. It was included for yield comparison.
 

Cultivar La Vega is a high yielding multiple diseaije resistant release
 

from Puerto Rico. This black bean cultivar was used as "local standard".
 

The growth habit of these cultivars was either semi-vine or low-vine.
 

Methods.--The entire trial was exactly in the same way as the red
 

bean trials. It was planted on 9 May and harvested on 15-16 July 1974.
 

Results
 

Germination
 

Seeds of cultivars 51057 and 1-65 had the lowest germination (17%
 

each) of the six trials conducted during this period. The highest per

centages were those of 50600, La Vega, Venezuela-36 and Criollo Santo
 

Domingo. As in the red beans, a major causa of low stand was infection
 

of the seedlings by R. solani and B. rolfeii.
 



Disease.
 

I. Southern Blight.--Southern blight caused by §. rolfsii usually is 

most severe on seedlings from emergence up to three weeks. However, when
 

beans are cultivated under high soil moisture, mortality due to southern
 

blight may occur up to mature pod stage. Generally the incidence of ma

ture plant mortality is much less than that of seedlings. Table 45 com

pares the percentage of seedlings growing 20 days after sowing with the 

percentage of mature plants 55 days after sowing. La Vega had 19% more
 

plants by harvest time than at 3 weeks after emergence. This also indi

cates that there may be some latency factor in La Vega seeds. Stands of
 

51051 and 50600 remained constant throughout the
cultivars Venezuela-3 6 , 


trial. After the initial seedling loss, the surviving plants of 51057
 

and 1-65 remained free from southern blight. From the other cultivars
 

only a few mature plants were lost during the trial.
 

I. 	Rhizoctonia Root Rot and Stem Canker.--The lesion grading method
 

In addition, an intensity index
described earlier was used in this trial. 


was added to the recording. The reason for this was that the cultivars
 

with high plant populations seemed to 	bear a high incidence of stem lesions.
 

The intensity index indicates the number of plants infected. That is,
 

"1" - 25% of plants infected, and "5" indicates 100% of plants diseased. 

Table 46 gives the response to Rhizoctonia at 50 days after sowing. Both
 

cultivars La Vega and 50600 had over 50% Rhizoctonia stem canker. However,
 

these lesions were intermediate in size. After the initial seedling mor

tality, the remaining mature plants in 	51057 and 1-65 had very little
 



Table 45.-Mature plants surviving 55 days after sowing, and comparison of the
 
percentages of suzriving to germinated plants (Black Bean Trial No. 1
 

Number of plants/rep.- / Percent Percent

Cultivar 
 A B C D Total Germination Survival
 

LaVega 64 
 82 78 75 374 75 94
 

Porrillo No. 1 
 46 62 58 46 212 59 53
 

Jamapa 
 58 48 56 48 210 58 53
 

Criollo Sto. Domingo 68 74 62 67 271 71 68
 

Venezuela 36 71 
 78 73 69 291 73 73
 

Venezuela 63 
 60 55 51 55 221 61 55
 

51057 
 20 16 13 15 64 17 16
 

1-65 '10 23 12 14 59 17 15
 

51052 61 62 
 55 53 231 60 58
 

Col.-I-63-A 
 46 55 57 45 203 55 51
 

51051 47 48 38 54 
 187 47 47
 

50600 77 74 
 82 83 316 78 79
 

Total 
 628 677 635 624 2564
 

/ 400 seeds sown per cultivar or 100 per replicate.
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plants could have been the sparse stand in therows which reduced shad

'iAng and mosture,
 

. II--Ashy-Stem Blight .-Cultivar Col-I-63-A (a",red,bean included-foi
 

comparison) was the only entry whlch was fr'ee from the ashy .,stemblight
 

disease. Cultivars,Porrillo No. ,, 1-65 and 51052 could be considered
 

as field resistant., The remaining cultivars were susceptible,to this
 

disease (Table 46),,,
 

IV. Bacterial Blight.--Bacterial blight was the severest leaf dis

ease in this trial. The responses ranged from moderately susceptible
 

(H4) to highly susceptible (HS) as shown in Table 46. All of the cul
 

tivars in this trial were susceptible to bacterial blight.
 

V. Whitefly Transmitted Viruses.--The data on incidence of white-,
 

fly transmitted viruses (WFTV) is summarized in Table 46. The frequency
 

of-goldeniyellow mosaic was five times more than that of Rhynchosia mosai
 

Venezuela-63, La Vega, 50600 and Criollo Santo Domingo had very low per

centagesof diseased plants. Also, Venezuela-36, La Vega, 50600, 51052,
 

and Porrillo No. 1 had only the golden yellow mosaic disease. -Both
 

..
Col-63-Aand.51051 had relatively,high incidence-of WFTV-disease&.
 

It seems at varietal differences in susceptibility to WFTVdis

eases do occur when cultivars are infested with a relatively low popula

tion of viruliferous whiteflies. wield observations in Central America
 

tend to support the above conclusion. During the autumn planting on in

termediate highlands, when the whitefly population is relatively low,
 

many cultivars such as Porrillo No. 1 and Porrillo No. '70 are free fron
 



Table 46.-Incidence 

-Cultivar 

La vega 

PorrILxo No.-] 

Jamapa 


of diseases and response:of cultivars toIcausal agents -... (Black Bean TrialN i. 1) 

Rhizoctonia 
stem canker 1 /  

Ashy stem 
blight 

Bacterial 
blight 

MS, 1.7 _S S-: 

NI 1 SS 

NI IS US 

Criollo sto. Domingo 1.0 S S-US 

Venezuela 36 is - HS 

Venezuela 63! I, 0.7 -S HS 

51057 lsi, 1.0 _7S-

1-65 IS$ 1.0 §S MS-S 

51052 ISi 1.2 SS US 

Col.-I-63-A qI R ESH1.5 

51051 S, 2.0 i4S MS-US 

50600 IS.2.5 S US 

11 Includestlesion size: (SS' 'to US), and,itnty (1-5). 

Whitefly transmitted viruses 
(%.infection) i" 

0.8 

42S
4.2
 

3.8 

1.8
 

0.7
 

0.0 

L2.5
 

3.4
 

4.3
 

4.8
 

1.3
 



GYM disease. At the same time numerous other cultivars may be 5 to 20%
 

diseased. ?However, all these cultivars may become severely diseased yhen
 

they are planted during the winter dry weather under irrigation The'dif.
 

ferential response of the cultivar Santa Ana to Rhynchosia mosaic at
 
Masaya, Nicaragua, in the.winiter 'of 1972,1bwas&,an ,striking-exiApleof 

field resistant beans to WFTV diseases.
 

VI. Rust.--Only was ruicultivar Col-1-73-A moderately infe4qted with, 

rust, the rest of the entries in the trial were free from rut i'nfection. 

Maturation 

The red seeded cultivar Col-I-63-A was the only early maturing entry:
 

La Vega, Criollo Santo Domingo, Venezuela-36 and 63, and 50600 were early
 

to mid-season in maturation; Porrillo No.l, Jamapa and 51052 were 4A_
 

to late season; and 51057 and 1-65 were late maturing.
 

Yield
 

The yield of the cultivars in this trial closely,reflected:the ex

tent of their resistance to diseases, especially to soil-borne diseases
 

(Table 47). For example, the yield in Replicate "A" for La Vega reveals
 

the compounding effect of high incidence of Rhizoctonia stem canker and
 

Xanthomonas bacterial blight (Tables 46 and 47). In Replicate "D'V of
 

Porrillo No. 1, the combination of moderately low stand and ashy stem
 

blight disease were most likely the cause of low yield (Table 45). The
 

surviving mature plants of cultivars 51057 and 1-65 were apparently the
 

individuals with high resistance, because none of these plants showed"
 

any significant root rot or ashy stemnblight 'lesions.' Perhaps, it'was
 

the cohinati n of ths resistance and sparse stand that resulted n'
 



Table47Smmary 'of yield data (Black'Bean Yield Trial No. 1)7 

Weight (grams) Yield 
'Cultivaz 'Average per Total/plant Kilograms 

Total replication (grams) per hectare 

.aVega 1869.07 467.26 5.00 1371.6
 

4.61 717.9
?orrillo Nc 978.28 244.57 


amapa 1239.65 309.91 5.90 909.7
 

5.75 1142.7
,Irollo Sto. Domingo 1557.05 389.26 


5.35 1146.7
lenezuela 36 1562.56 390.64 


5.16 836.7
fenezuela 63 1140.08 285.02 


51057 861.57 215.39 13.46 632.3
 

748.9
r-65 1020.54, 255.13 17.30 


5.56 942
1283.66 320.91
51052 


876.3
1194.lC 298.52 5.88
ol.-I-63-A 


356.24 89.06 1.90 261.4
51051 


4.63 1074.8
50600 1464.51 366.14 


Date of Planting: 5/9/74
 

Date'of Harvest: 7/12/74 - 7/23/74
 

Lcation: 'Las"G6mez, MITA, Mayaguez, . 



2.5 to 3.5 timesmore yield per plant (Table 47). The main reasons for 

low yields 0nReplicates'A"the highMSincidenceand "B" of 5105Lwas ,of 

arly infection byGYM. .. On the other hand; the severe incidence in-Re

,pliiate ,C" ofCol-I-63-A occurred after pods were set. Hence: the dis

ease had "ittle effect on the yield. Another factor which affects the 

marketable yield is the suscpetibility of seeds to infections. For 

example, about 157. of seeds in Venezuela-63 and 40% of seeds in 51057 

were diseased. For overall yield, cultivars La Vega, Criollo Santo 

Domingo, and 50600 were outstanding. 

Summary of Results 

Soil-borne pathogens seriously limit the yield potential of a bean
 

cultivar. During the summer rainy season thqy cause severe loss of stand
 

among susceptible cuitivars.
 

Bacterial blight caused by Xanthomonas species is a major foliar
 

disease.
 

Whitefly transmitted viruses (WFTV) when occurring before flow.ring, 

cause a OUvO&e loss in yield. However, if these diseases occur after 

pod set yield is not affected. 

There was a distinct and significant differential response to WFEV
 

in this trial. Cultivars Col-I-63-A and 51051 were the most, susceptible. 

There was five times more GYM incidence than RM. 

La Vega was the highest yielding cultivar, followed by Criollo Santo 

Domingo and 50600.
 



2. Yield Trial of Black Bean Cultivars and Advanced,
 

Lines (Trial No. 2)
 

Purpose, Materials and Methods
 

Several black bean lines have been developed during the past 6
 

years by the Edible Legume Project. These were released by the USDA
 

during 1973-74 as multiple disease resistant advanced lines. This
 

trial was conducted td compare the performance of these materials with
 

cultivars used in commercial production in Central Anerica. The riea

soning was that if these plants could produce well without disease con

trol during the rainy season while growing on heavily infested soil,
 

then they could yield well in small farm cultivation.
 

Mate~vial.--Cultivar La Vega was used as the "local standard", 

wnie Porrillo No. 1 and Jamapa were included as Central American com

mercial black beans. Mexico-309, an outstanding entry in 1970-72 PCCHCA 

trial, was included as a high yielding multiple disease resistant ad

vanced line from Central America. The eight multiple disease resistant 

black bean releases were developed by *the Project. These were: 1) 15R-42 

- common bean mosaic (CBMV), rust and soil-borne disease resistant; 2) 

15R-52 - same as (1); 3) 15R-55 - same as (1); 4) 15R-57 - CBMV suscept

ible, but resistant to rust and soil borne diseases; 5) 15R-87 - same as 

(4); 6) 71-1R-101 - CBMV and soil-borne disease resistant; 7) 71-1R.113 

sam9 as (6); and 8) 71-lR-136 - same as (6).
 

Method.--The same field methods described for previous trials were
 

empLoyed. The major factor was the absence of disease control.' Th trial
 

was planted on 9 May 1974 and harvested on 18-23 July 1974,at $as!Gomez,
 

,
MITh' Mayaguez, Puerto Rico.
 



Germination and Seedling Stand
 

The overall resistance of the entries to soil-borne diseases is re

f1ected in the very good seedling stand 20 days after sowing (Table 48).
 

The incidence of southern blight and Rhizoctonia root rot was very low
 

among these seedlings. The mature plant stand was the same as the seed.
 

lin2 count.
 

iseases
 

The main foliar disease in this trial was bacterial blight. All
 

entries were susceptible to this disease. Cultivar 15R-55 is consider

)ly field tolerant to bacterial blight. Cultivars 15R-57 and 15R-87
 

ire both infected with CBMV. Golden yellow mosaic, a whitefly trans-


Ltted virus disease, appeared late, and at very low levels in this
 

rial, and had little effect on the yield of the entries. Ashy stem
 

Light incidence was high in cultivars 71-IR-l0l and 71-lR-136.
 

Yield
 

Table 49 provides the summary of the yield data for this trial.
 

ie trial was centrally located in relation other trials at Las Gomez,
 

id both soil and the growth of the plants were most uniform. However,
 

t appears that the main reason for the uniform yields (see Average Re-


Licate Yield, Table 49) among replicates in this trial was the general
 

asistance to soil-borne disoeises of the entries. The analysis of var

ince for the yield data indicated that the differences in the yields
 

Etheselections were significant at 17. level of probability. The
 

ancan's Multiple Range Test was done for,Lie mean.yields of ,the, 



rable 48.-Seedling stand 20 days after sowing (Black Bean Yield Trial No. 2)
 

Percenat of
 

Cultiva' Number of Seedlings seeds
 
Rep'.A Rep. B Rep. C 	 Rep. D Total sown-l
 

,aVega 87 81 89 72 329 82
 

ramapa 70 68 77 78 293 73
 

82 86 86 81 335 84
?orrillo No. 1 


66
L5R-52 67 59 71 65 262 


75
i5R-55 74 71 67 87 299 


75
15R-57 80 	 70 65 83 298 


81 90 336 84
15R-42 84 81 


80 311 78
15R-87 72 	 77 82 


71-1R-101 67 	 82 63 
 73 285 71
 

71-1R-113 70 53 
 80 66 269 67
 

66 74 269 67
71-1R-136 60 69 


Mexico 309 91 82 94 96 363 91
 

1/ 400 seeds in four replicates of 100 seed each.
 



Table 49.-Yields of cultivars in Black Bean Yield Trial No. 2, planted on May 9
 
, andharvested on July 18-23, 1974
 

Weight of beans Cgrams) per Replicatl:fo.
 

__ _ _ _ _ _ _ _ _ _ Total Average. 
A' B - p 

La Vega 241.15 336.55 393.45 343.00 1,314.15 328.55 

Jamapa 324.25 393.55 326.20 336.03 1,380.03 345.01
 

Porrillo No. 1 260.75 264.15 286.30 370.58 1,181.78 295.45
 

15R-52 350.45 246.15 391.30 242.95 1,230.86 307.72
 

15R-55 359.25 298.95 399.65 404.48 1,462.33 365.58
 

15R-57 231.25 241.30 249.55 228.25 950.35 237.59
 

15R-42 369.45 315.75 422.75 347.00• 1,454.95 363.74
 

15R-87 208.35 236.65 218.15 262.80 925.95 231.49
 

71-1R-101 246.4 178.75 182.09 199.45 806.69 201.67
 

71-1R-113 329.35 321.95 346.65 352.83 1,350.78 337.70
 

71-1R-136 236.7 -283.35 307.90 267.50 1,095.45 273.86
 

Mex. 309 401.60 386.15 363.50 312.98 1,464.23 366.06
 

1F
 

Total . . 3,558.95 3,i5325 3,887.45 3,657.85
 

4,Al7.55'
 

Replicate
 
average 296.58 291.93 323.93 304.82 304.54
 

1,218.13
 

http:1,218.13
http:3,657.85
http:3,887.45
http:3,558.95
http:1,464.23
http:1,095.45
http:1,350.78
http:1,454.95
http:1,462.33
http:1,230.86
http:1,181.78
http:1,380.03


Ltivars (Table 50). The results indicate that Mexico-309 and 15R-55, 

-42,, Ja pa, ,and, 71-lR-l13 werethe,high yielding,cultivars;whkle. t,;wr 

Vega, 15R-52, and Porrillo No. 1 were the intermediate yielding cul

vars, and 71-lR-136,, 15R-57 and,71-1R-101 were the low yielders in this
 

ial.Again it should be noted that cultivars affected by diseases were
 

e lowest yielding,entries. Since all entries ,were affected by,bacterial
 

ight, the effect on this disease on the'yield.of the cultivars should%,.
 

uniform. Selections affected by additional diseases, such as ashy_
 

em blight in 71-1R-101 and 71-lR-136, and CBMV in 15R-57 and 15R-87,
 

owed corrsponding loss in yield.
 

Diseased Seed.--There was an excessive amount of diseased seeds.in 

is trial, possibly due to the ,fact that pods had,to be harvested welt 

d were stored until threshed. , Whatever the cause, these data should, 

flect the relativesusceptibility of seeds of.each cultivar to fungal 

d bacterial diseases. 

,nclusions 

1) Resistance to soil-borne diseases is an, mportant componenttaf. 

fecting bean yieldsin-lowland tropical soils. 
) Besides resis'tance to soil-borne diseases, a bean cultivar for 

the tropics requires resistance ,to viruses, as well as fungal
 

and bacterial blights in order that its yield could approach
 

commercial standards.
 

nro3) Four years of screening and breeding " Thi _vtn Rinn has 


duced high yielding advanced lines.
 

http:seeds.in
http:the'yield.of


Table 501.'Cu4!ai 0ndof, Yield 'Dataland Diseased Seed. in' tie,Bl'ack1Bean Trial 
No. 2 

Yield 
Cultivar Average "Duncan per Yield" Percent' 

yield Rangel/ plant kilogram/ damage4 
(grams) Test _(grams) hectare seed-2 

exicb 309: 366.06 a'403 1,074.6 15 

l5R-55" 365.58 ab 4.90 1,073.0 15 

15R-4t' 363.74 ab 133 504 1067.8 


jamapa" 345.01 .11ac l'012 8 40
 

71-1R-113 337.70 abc 5.02' 991.3 50
 

°
 La vea ' 328.55 abd '3.99 964.5 25 

15R-2' 307-.2, b46'903.3 15 

Por£hV.b No. 1 295.445 cde" 3.82 866.0 50 

' 
71-I136 273.86 de 2.95 803.9 40 

15R-57 237.59 ef 3."9 697.5 30 

15R-87 231.49 ef 2.96 -679.5 50 

71-*I-l01! 201.67 f 2.83 5920 5 

l/	Averages with similar letters do not differ at the 1%level of

probability. a 

"/Fungaland bacterial 'infections wiere the uiiaj'or cause .'of seed damage. 



3. 	 Yield Trial with Advanced Lines Selected for thi 

Itiny Season (Trial No. 3) 

Purpose, Materials and Methods 

Beans and cowpeas grown during May-July at Isabela had a high in

cidence of bacterial blight (Xanthomonas strains) and web blight (Thana

tephorus cucumeris) diseases. It was thought that a yield trial of the
 

selected black beans, 'in the same field, could provide information on
 

the relative responses of the cultivars to the two diseases.
 

Materials.--Cultivar La Vega was used as the "local standard", 

while Mexico 309, Venezuela-36, 51052 and 50600 were included as selec

ted Latin American black beans. These cultivars are high yielding and 

possess resistance to at least two diseases. Eight multiple disease re

sistant black beans developed by the Project were selected for this trial.
 

These were 15R-42, 15R-52 and 15R-55, which have resistance to CBMV, rust
 

and soil-borne diseases; 15R-57 and 15R-87, which'are susceptible to CBMV
 

and soil-borne diseases.
 

Methods.--No disease control measures were used in this trial. Seeds 

were not treated with pesticides, soil was not treated, and no foliage 

application of fungicides was used. Rainfall was abundant, resulting 

in sparse insect pests, hence no insecticide was applied. The number 

of seeds per replication and planting arrangements were the same as those 

described for previous trials. The trial was sown on 9 August i974 and 

harvested 17 October 1974. 



Results 

Diseases 

The main diseases in this trial were Rhizoctonia wtem
.wbpbnkAr 

blight, and bacterial blight. Ashy stem blight was uresent. but a lnw 

incidence level 

1. hizoctonia stem canker.--ThA r......t-A h1n.1V % 1a- . 

East to West direction, while there was a slight North to South slant 

to the field. Hence, Replicate "A" was 4 to 6 inches lower than Repli

,ate "D". This difference in elevation resulted in greater humidity in 

the soils of Replications "A"and "B". This occurred in spite of the 

raised rows. There was a greater incidence of stem canker among the 

)lants on these lower beds. The effect of higher humidity and frequency 

)fstem canker was reflected in the growth index of the plants (Table 51). 

rhe range of growth index for Replicate "A"was 4.30-6.38, while for Re

)licate "D", it was 7.07-8.76, an index of 10 being the most vigorous
 

Irowth indicating plants 18-24 inches tall. Among the cultivars, 15R-57
 

md 71-1R-101 had the lowest range of growth 40 days after sowing. At
 

:his stage, lesions from basidial infections (web blight) began to ap

0ear on the lower leaves. Only 15R-55, 15R-87 and Mexico-309 were free
 

.rom these lesions.
 

II. Bacterial Blight.--Thirty days after sowing, bacterial blight
 

iegan 'to appear in the plots. Ten days later almost all replicates were
 

Iseased (Table 52). Cultivars 51052 and Mexico-309 were heavily infected.
 

ultivars 71-IR-136, 71-1R-113 and 15R-87 were classified as tolerant in
 

his test. Both in this trial and in other field plantings, cultivar
 

http:7.07-8.76
http:4.30-6.38


Table 51.-Growth index of cultivars 40 Days after sowing. (Black Bean Trial No. 3)
 

Cuivar 


La Vega 

Venezuela-36 


51052 


50600 


15R-52 


15R-55 


15R-57 


15R-42 


15R-87 


71R-lR-101 


71-ix-iij 


71-1R-136 


Rep. Total Range 

Average 

...... ofgrowth index per replicationI ',: "'. A.vAverage 

A B C D 

6-7 6-6 6-8 8-9 6.50-7.50 

5-7 7-8 9-9 16O7C "7075-8.50 

4-5 5-7 7-8 8-1C 6.00-7.50 

5-6 5-5 7-8 8-9 6.25-7.00 

5-7 6-6 6-9 5-6 5.50-7.00 

4-5 7-9 7-9 7-10 6.25-8.25 

2-5 4-5 4-6 8-10 4.50-6.50 

5-7 6-7 8-8 7-9 6.50-7.75 

4-7 6-8 5-8 5-8 5.00-7.75 

4-5 3-5 4-7 7-8 4.50-6.25 

3-7 5-6 3-5 6-8 4.25-6.50 

4-7 4-7 7-8 6-7 5.25-7.25 

5-8 6-8 7-9 7-10 6.25-8.75 

56-83 A 70-8V. 80-102 92-114
4.30-6,38 5.38-6.69 6.15-7.84 7.07-8.,7( 

1 - 4 inches tall to 10 - 18 inches tall
 



Tabl., 52.vResponse of,40-day ,o,1d,.b,,ac!k~pbeiqqltvr tobceilbi 
(Xanthomonas strains) lduring ainy: season at Isabela. (Black 

,.Bean Trial No. 3) " 

Cultiva'r:: , ,Disease ratisg in repicates OveralV 

-A B C D
 

La Vega S - S S 

Venezuela-36:•S S S S S 

51052 - HS HS S HS 

50600 S - S - S 

15R-52 SS S S S S 

15R-55 S - S S S 

15R-57 S MS S S S 

15R-42 S S S S S 

15R-87 SS S MS S MS-S
 

71-IR-I01 S - S M S 

71-1R-113 - - MS S MS 

71-R-136 . .. S -- MS MS
 

Mexico-309 ES - MS HS IS EHS
 



15R-87 seemed to segregate for susceptibility to bacterial blight. The'
 

rest,oh-the(entries were tsuseepfible.' ie combined effectlofbacterial
 

-blight, hi-octonia_ stem canker, and basidial lesions on the lower leaves
 

Va.0chlorosis of the foliage. The chiorosis began about 35 days after
 

sowing, and at 40 days the replicates in'block B had-more chiorotic...
 

leaves than those in other blocks.
 

III. Basidial Infection of T. cucumeris.--Sixty days after plant.
 

ing, it seemed that there was not a single leaf in the plot which was
 

not covered by lesions incited by the basidial stage of T. cucumeris
 

These small round lesions with purplish borders were often so numerous
 

that they coalesced into an entire necrotic mass, resulting in defolia

tion. Table 53 gives the growth index of the cultivars at this stage.
 

Cultivars La Vega, 15R-55 and Mexico-309 had the highest growth index.
 

Table 54 gives the response of the cultivars to basidial infection. It
 

was interesting to note that replicates differed very slightly, but there
 

was considerable difference between the cultivars. For example, La Vega
 

was almost twice as much susceptible as 15R-55. Also Mexico-309 and
 

71=lR-l01 were not as severely affected as the rest of the cuftivars.
 

Table 55 gives the percentages of defoliation among the cultivars 'atf
 

this stage. Cultivars 15R-55, 71-lR-136 and Mexico-399 were the,least
 

defoliated, while 15R-57 and La Vega were heavily defoliated,. Sixty

five days after planting, or 5 days after the last recording of data,
 

all cultivars were leafless. The severity of the basidial infection was
 

so great that leaves fell without allowing the mycelia time to develop
 

the web stage of the disease. Seventy days after planting all plants
 

were uprooted and hung up to dry. Table 56 gives the summary of the
 

yield data.
 



BLacK-isea..Table 53.-Growth .index o£ cultivars (60 d,.ays; .after,sowing : 
Irial No. 3) 

0vRange of growth index per replicate 

A B C D 

La Vega 8-10 9-10 10-10 L0-10 9.25-10 

Venezuela-36 7.9 9-10 9-10 9-10 8.50-9.75 

51052 3-5 7-7 5-6 7-9 5.50-6.75 

50600 5-8 6-7 8-8 9-9 7.00-8.00 

15R-52 7-8 8-8 8-10 8-9 7.75-8.75 

15R-55 7-9 .0-10 9-10 10-10 9.00-9.75 

15R-57 3-5 4-5 5-7 8-10 5.00-6.75 

15R-42 6-8 9-10 9-9 9-10 8.25-9.25 

15R-87 7-8 8-10 8-10 7-10 7.50-9.50 

71-1R-101 5-7 4-10 4-10 5-10 4.50-9.25 

71-1R-113 5-7 9-10 8-8 6-10 7.00-8.75 

71-lR-136 8-8 9-10 10-10 7-7 8.50-8.75 

Mexico 309 9-9 9-10 9-10 9-10 9.00-9.75 

Replicate- total -,,-80-101 101-117 4102-118' 104-124' 

,Replicate average ,6.15-7.76 L 7.76-9 00,,,7.84-9;07:8.00-9.53 



Tabl'e.54 -Response' of. 60-day ,old 'black'- bean cultivarsaitokbasidia l infection 
(Thanatephorusi cucumeris) during) the rainyl seasonf at Isabela 
(Black Bean Trial No. 3)
 

Cultivar Disease Index-, per Replicate
 
A B C D 

La yega 8 8 8 9 8,
 

6nenuela-36 6 7 5 5 5.7. 

51052 7 6 6 5 5.8 

50600 5 6 4 6 3.2, 

15~5246 6 3.2 

X5lR,55 5 4 4 4 

15R"'57 7 8 6 6 

~i~25 5 5 5 

l~76 6 6 45. 

7XL1-ll5 4 64 

T71-R-113 7 7 4 4 5.5
 

,7-R-136 4 4 8 4 "5.01 

Mexico 309 5 6 4 4
 

Replicate totao, 74 77 72 74
 

Replicate average 5.69 5.92, 5.53 5.69,
 

I/ 1 - no.basidial lesion on leaves to 10 - all leaves heavily 
infected. 

http:Tabl'e.54


Table '55 -Percent- defoliation ofblack:, bean. cultivars due. to., severeu 
Sm incidence.. of basidial infection by, Thanatephorus cucumeris 

60 days after planting 

Tultivar. Percent defoliation per replicate Average
 
A B C D 

La Vega 90 85 75 95 :86.25 

Venizuela-36 7580500 

.5105 85 ~ 60 ~ 60 ~ 50 6 i5 

5060 75 60 , 40 ' 50 56 25 

15Rl52 40 70 3 60 " 60 57i50 

15R-55 50 A 30 -a 20 ' 20 '30(l0 

15R-57 85 90 8 60 V 50 7125 

15R.42 40 50 ? 50 50 47;50 

15R87 60 60 ' 50 1) 40 55100 

71-1R-101 60'a- 40 70 1 50 5.b0 

7l-1R-113 80 ' 80 ' 75 ' 30 66.25 

7 l-136 30 35 75 30 '42.50 

Mexido 309 50 60 4 30 30 '42.50 

Replicate total 820 740 725 605':;
 

Replicate average'. 63.07 56.92 55.71 46.53
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libl'56. -Yiled data fo'r" Blac6k Bean'Yield Trial N6.3 

Cultivar Yield in Grams 

Rep. A- Rep. B Rep. C Rep. D Total' Average 

iivega -' 7415. 76.90 95.10 54.45 *300.60 "75.15 

Ven.-36' 73.05" 74.70 107.60 149.60. 404.95 101.22 

51052 30.92 89.10 96.90 132.05 348.98 ' ' " ' 87.24 

506001 71.60 69.39 90;30' 55.15 986.64 71.61 

15R-52 59.55 66.45 59.80 42.15 227.95 ';56.48 

15R-55 114.70 132.40 154.40 138.15 539.60A - .134.91 

15R-57' ' 26.00 '22.50 64 39' 140.95' 253.85 63.46 

15R-42: 79'0557 66.60 '1127.10 92.55 365.80' ':91.45 

15R;4 7 ' 49.80 50.10 40.30 ' 8720 22.7.40 56.85 

71-.1R-101 '7.80 36,89- " 34.90 30.75 110.34"' 27.58 

71-1R-113 44.20 29.30 " i' 46;50 93.15 213 05 ''""53.28 

71-1R-136 116.60 100.00 r123.00 112.20' 451.80 112.95 

Mex309 i1060 "63.89 115.70 150.30 450.49 112.62 

868.52 878.22 1115.99 1278.65 



Yield,
 

In this trial allcultivars grew uniformly. For example, they 

flowered within 34 to. 37f days, were denudedof, leays, d; all had ma

turepodsat the same'time...Asthe data in'fTarble 56 indicates"the-yield 

of blok"A was the lowest and that of block D aas the highest. This gra

dation.,occurred almost throughout the trial.. ,However, what was,surpris

1ug was the wide differences between.the yields,of the cultivars. Tor 

,example,,cultivar 15R-55 yielded five times more than 71-lR-101. -The, 

'high yielding cultivars inthis trialwere: 15R-55, 71-IR-136, Mexico

.309 and Venezuela-36.'
 

,Conclusion
 

Bean cultivars ,vary in.their level of. susceptibility to web, blight, 

Cultivar 15R-55 has,high tolerance to bacterial'blight,and soil-borne
 

diseases. Cultivar Mexico=,309,also has high tolerance to soil-borne
 

diseases., However, under field stress due toi.diseases and climate.'its
 

seeds have a tendency to become flat.
 

c. Rust Resistance Trials
 

1.Adaptability Trial of Rust Resistant Advanced Lines
 

Purpose, Materials and Methods
 

The late spring and the summer rainy seasons in the lowland tropics
 

are unfavorable periods for bean production. In these seasons some var-,
 

ieties produce considerable vegetative growth and there may be a complete
 

absence of flower formation in others. The high ambient temperatures re

duce pod set while rains and high humidity increase disease incidence.
 

Only a multiple disease resistant, day-length and temperature insensitive
 

cultivar can yield satisfactorily during the tropical rainy season.
 



gv : These zrust<trials wereplanned toofavordiieise incidencei ISetds 

iwere snot .treated; against.: soil-borne diseases fand *io',foliar fungicides 

were;.applied during the trial,. Insecticides twere applied, when required. 

fThe rust trials included two plantings, one at the Lajas Substation 

q(from 24 April -,5 July 1974) and another at the Federal Experiment:ASta

,;tion at :Mayaguez (from 15 May -. , 19 July,!1974). - Both trials',consisted of 

30.entries planted ina complete randomized block depign in three repli

cates. Each plotconsisted of 30 seeds planted in two five-foot rows 18 

:inches apart. . Plots were 3 feetiapart and blocks were separated by 3

foot alleys. .. The Lajas 'trial.was mainly used for recording rust re

action, while detailedi'disease incidence data were gathered from the 

Mayaguez trial. , Cultivars Jamapa, Galana and La Vega were used as 

,standards... 

!Anoverheadirrigation system was set up in the Mayaguez plot for 

,the duration oftthe;trial. If no rainfall occurred within two conse

cutivedays,-,overhead,irrigation was applied to maintain high moisture 

levels in the field. 

.In.the LaJas-trial,-the standard cultivar La Vega was replaced by
 

the rust differential variety Bountiful-181, which is highly suscepti

bleto.rust. 'The purpose of this'changewas to record rust intensity
 

atLajas.
 

Results 

Germination 

The planting .of.untreated seeds in, a soil, heavily infested 'with 

soil-borne pathogensrrebulted in low seedling stands in h' numbieof ', 



1ultivars, ,The reduction, in Iseedling stand in the disease plot' at FES, 

'Mayaguez, was mostly due to two types of fungus diseases. These were
 

1pre-emergence losses caused by Rhizoctonia and post-emergence lossesV
 

.due ,to Macrophomina phaseoli (ashy stem blight)-. :Rhizoctonia also caused
 

some, post-emergence loss but principally caused gradual declfievof:the 

,,plants rather than seedling death after emergence.* Cultivars 71-1R-103,
 

Ecuador-299, Royal Red Kidney, 27R, and Galana were highly affectedlby
 

pre-emergence Rhizoctonia:rot (Table '57). A difference ingermintion 

iwas noted between the seeds of Galana sown at Lajas- and thosei sown at 

Mayaguez (Table 60). Seedling mortality in 15R-69, both at LaJas 'ad 

Mayaguez, iwas due to ashy stem blight (Table6'60) ,' 

The average germination percentage .for Lajas was 62.4 and5'for,.&' 

Mayaguez was 66.9. The two values were rather similar, but the cau'ses 

,of.the relatively low germinations iAn the itwolocat insi were different. 

,,The major factors for the low germinations were: soil-borne diseases, at 

Mayaguez and excessive moisture; levels, in'thez heavy soils at LaJas. 

Diseases 

.I. Comnon bean mosaic viruse (CBMV).--Severel natural! infection occur

.red both at LaJas and Mayaguez.: 

WII. viruses Heavy rains'usually,dehitefly transmitted (WFTV).-

crease the whitefly (Bemisia tabaci) population in the field andhence 

reduce the incidence of WFTVs, such as Rhynchosia mosaic (RM) and golden 

yellow mosaic (GYM). However, both diseases were severe.in the Mayaguez 

trial. Infections. occurred at two stagesw of,plant growth::.a low incidence 

at , the.seedling stage, and ai severe, outbreakt after.-pod4.set,. 

http:severe.in


Tale 57.-Germination of.bean untreated seeds of rust resistant,
-1letionsfn a pathogen-infested field at FES; ayaguez
 

, tv Number of seedlings
d"ultivar -.-per replication Total"' ' : ...Percent
 

A B C germination 

1R,-42 26 24 25 75 83.0 
'1i5R-52' 21 21 13 .55 61.1 
15R-55 16. 22 26 64 71.1 

"5R57' 28, 27 24 79' 87.8 
15R-63 20 16 13 49 54.4 
15R-66 '23 '22 27 72"' 80.0 
15R-69 7 7 9 23 25.5 
15R-87 ::2 26 27 '771 86.5 
71-1-R-101 23 24 25 72 80.0 
71-I-R-103 13 9 13 '35' 38.9 
71-1-R-113 25 17 23 65 72.2 
'71-1-R-136BK .23 21 18i62 68.9 
15R-148 27 29 28 84 93.3 
15R-167 21 '21 23' 65 72.2 
15R-167P 27 21 19 67 74.4 
15R-180 "21 22 23 6 73.3 
15R-189 11 21 18 50 55.5 
15R-193 25 25 '28 78 06.7 
15R-194 25 29 21 75 83.3 
15R-210 13 14 23 50 55.5 
15R-217 14 19 15 48 "53.3 
15R-287 '28 29 i 27 84 93.3 
15R-292 22 25 22 69 76.7 
Mex. 235 27' 25 28 80 88.9 
Ecuad. 299 12 14 18 44 48.9 
27R ' 7 24 22 53' 58.9 
Royal Red Kidney 
Jamapa 

7 
''20 

7 
19 

5 
17 

19 21.1 
156'62.2 

La Vega 30, 26 30 86 95.5 
Calana 1"'2 1'4' 4.4 

Planted: 5/15/74, 30 seeds per replication.
 
Recorded: 6/5/74.
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occurred 'through-
S.; Bacterial blight.--Severe natural qiqnect 


out the trial. 
However, some cultivars- such as 
15-R66, despite their
 

high degree of susceptibility to thwe bacte ia.t ght strains, produced
 

acceptable yields (Table 58).
 

IV. Rhizoctonia root rot.-The field in Mayaguez was severely,, n

fested with Rhizoctonia. Many lines with poor germination also~cocaznea
 

plants that had Rhizoctonia stem canker and root;-rot disease.
 

V.,Rust.--Natural infection served .as inoculum at Lajas, while"field
 

inoculurnwas provided .at Mayaguez by heavly rusted bean plants 'that
4 were
 

grown in the greenhouse. As Table 58 indicates, ,.the rust populatlon'at
 

Lajas differed from that in Mayaguez. The rust race or races atMayaguez
 

were more widely virulent than those atLajas. However, at Lajas,-due
 

to drier climate, rust intensityiwas more severe.,than at Mayaguez.
 

Yield
 

No yield data was gathered from the Lajas trial. The summary of the
 

yield data of the Mayaguez trial is presented in Table 59. Cultivars La
 

Vega,,jamapa, 15-R66,;15-R55, 71-l-R136-BK, 15-R42 and 15-R292 produced
 

the best yields in the trial. The following cultivars produce the high

eat yields per plant: Jamapa, La Vega, 15-R66, 71-l-R-136-BK, 15-R55,
 

15-R42, 'Royal Red Kidney and 71-1-R1130
 

Selection of Best Adapted Cultivars and Lines
 

Cultivars Mexico-235 and Ecuador-299 were the least adaptable for
 

the summer planting. Neither flowered during the trial period, but both
 

grew vegetatively. Cultivars 15-R63, 15-R69, 71-1-R103, Royal Red Kidney,
 

15-R210, and 15-R277 were not well adapted (Tables 58, 59, and 60).
 



Table 58.-Response of rust resistant bean selections to other pathogens during the rainy period of 4/24 to 7/19/74
 

Rust WFTV Rhiz. 
Cultivar ICBMV Lajas Maya- Bact. root Adapta- Field Remarks 

-uez RM GYM blight rot bility selections 

15-R42 -- " . .. S HS -- 5 +t+ 

15-R52 -- 3 .. .. HS -- 5 + 

15-R55 .... .. .. .. MR -- 5 ..I 

15-R57 .. 2 -- S HS -- 3 -

71-1-R63 S .. .. ES S uS -- 1 -

15-R66 --- 3 -- MS ES -- 5 +

15-R69 S 5 -- S S HS -- 1 -- Ashy stem blight 
4 - severe 

15-R87 .... .. .. HS MS Res. 4 + 

71-1-ROl .. -. 3 -- MS HS S 3 -

71-1l-R103 .- .. S HS HS S 1 -

71-1-RI13 .... .. MS S S -- 3 + 

71-I-R136-BK .... .. S MS S -- 5 +++ 

15-R148 S .. -M S MS Res. 4 + Good -stand 

15-R167 ES .. MS S Res. 4 -- Excellent -stand 

15-R167-P S 2. -- S S HS 3 -



Table 58.-Cont. 

Cultivar CBMV 
Rust 

Lajas Maya-
WFTV 

Bact. 
Rhiz. 
root Adapt- Field. Remak.s 

guez EM GYM blight rot bility selection 
15-R-180 SI -- -- S HS - - 4 -

15-R189 .. .... MS S MS S 4 

15-R193 ..... ... S S S 4 + 

15-R194 -- S S S S 4 -

15-R210 -- 5 -- ES -- HS -- 2 -

15-R277 - 5 4 HS -- HS -- 2 -

15-R287 HS .... HS HS HS Res. 3 -

15-R.92..- S S E -- 3 --

Mex. 235 S .... MS -- S -- Veget. --

Ecuad. 299 .. ... HS HS S -- Veget. -

27-R -- 5 -- S -- HS HS 3 --

Royal Red Kidney -- S 
Jamapa -- 2 4 -- MS S _ 5 

La Vega .. .... .. MS S -- 5 -Hi-- Good:stand' 

Galana -- 5 .. .. HS. -- 1 



Table 58.-Cont. 

'Diseases:, Common Bean Mosaic Virus (CBMV) 
Rust (Uromyces appeudiculatus)'
 

White Fly Transmitted Viruses (WFTV)

Rhynchosia Mosaic (RM) and Golden Yellow Mosaic (GYM)
 

Bacterial Blight (Xanthomonas Strains) 

Rhizoctonia Root Rot (Rhizoctonia solani
 
Ashy Stem Blight (Macrophomina phaseoli)
 

gust-,Index: 
Rust: 5 Highly susceptible to 1 = Resistant 

Disease Response: 
HR - Highly resistant; R = Resistant; MR = Moderately resistant;
MS = Moderately susceptible; S = Susceptible; HS = Highly susceptible 

Adaptability Index: 5 = Highly adaptable; 1 = Poorly adaptable 

Field Selection: Highly desirable = +++ to Reject = 



Table 59.-Rust resistance bean trial -Summary of the yield data
 

Cultivar 


1. 15R:-42 


•2. 15R-52 


3. 15R-55 


4. 15R-57 


5. 71-lR-63 


6. 15R-66 


7. 15R-69 


8. 15R-87 


9. 71-lR-101 

10. 71-1R-103 


1. 71-lR-11 


12. 71-1R-136 & 


13. 15R-148 

14. 15R-167 


15. 15R-167P 


16. 15R-180 


17. 15R-189 


18. 15R-193 


19. 15R-194 

20. 15R210 


21. 15R.277 

Average per plot 

igrams) 

520.4 


419.3 


583.1 


191.9 


73.0 


649.6 


33.2 


277.6 


147.2' 


36.6 


445.6 


537.0 


282.6. 


323.21 


254.1: 


169.9 


256.0 


404,9 ; JJ 

257.4 


110.7 


148.6 


YIELD
 
Average per plant Hectare
 

(grams) 	 (kilograms) 

6.9 	 509.3
 

7.6 	 410.3
 

9.1 	 580.6
 

2.4 	 281.6
 

4.5 	 71.0
 

9.0 	 635.7
 

1.4 	 32.5
 

3.6 	 407.5
 

2.0 	 144.0
 

1.0 	 ;.53.7
 

6.8 	 4 ''. 

8.6 	 525.4
 

3.3 	 2 76.6 

4.9 	 316,3 

3.7 	 248.6
 

2.5 	 '16.3
 

5.1 	 250.4 

.1396,3 

3:4 	 25f.9 

2'2 	 1083
 

3.0 	 145.4 



Table 59.-Cont.
 

YIELD 
vu uxvr Axerage per plot Average per plant Hectare
 

(grams) (rams) (kilograms)
 

22. 15R-287 367.14 4.37 509.3
 
+A 

23. 15R-292 515.11 7.46 504.0
 

24. Mex. 235 '.
 

25. Ecuad. 299
 

26. 27-R 309.02 5.83 302.3
 

27. Royal Red
 

126.4;Kidney 129.22 .6.8 

28. Jamapa 68.8.92 U23 674.0 

29. La Vega 907.16 10.55 887A6. 

30. Galana --- ,0"-- --- ,I 

Planted: 5/15/741Date 

Date Harvested: 7/19/74-8/5/74
 

Location: Las Gomez, FES, Mayaguez, P.R.
 



Table 60.-Selection of rust resistant bean cultivars for adaptability to the humid
 
lowland tropical environment in Puerto Rico
 

Percent 
Cultivar germination Adaptability .....Yield Selection 

Lalas Mayaguez In'dx W(Kg/Ha) Yfield-; Final 

15-R-42 85.5 83.0 5 509.3 1+-

15-R52 75.0 61.1 5 410.3 + + 

15-R55 77.0 71.1 5 580.6 4--+

15-R57 91.0 87.8 3 2.81.6 

71-1-R62 55.5 54.4 1 71.0-- "" 

15-R66' 84.4 80.0 5 635.7 ... 

15-R69\ 25.5 42'5.5 1 32.5 - -" 

15,R87) 77.0 8,4 407.5 + + 

71-1-RI01 50.0 N.8060 3 144.0 -

71-l.RlO3 53.0 -38.9 1 53.7 -- "" 

71-1-Rll3 53.0 7202 3 436.0 + + 

71-1-R136-BK 70.0 68.9 5 525.4 .- + 4+ 

15-R148 68.0 93.3 4 276.6 + 

15-R167 43.0 72.2 4 316.3 + 

15-R167-P 63.0 74.4 3 248.6 -- -" 

15-,R180 70.0 73.3 4 166.3 -

15-R189 52.0 55.5 4 250.4 -

15-R193 91 86.7 4 396.3 + + 

15-R194 64.4 83.3 4 251,9 -- "" 

15-IR210 72.0 55.3 2 108.3 

15-R277 46.6 53.3 2 145.4 -- "" 

15-P287 73.0 93.3 3 359.2 ,+ 



Table 60.-Cont.
 

-Percent
 

Laas 

15-R292 65.5 

•Mex.-235 44.0 

Ecuad.-299 35.5 

27-R 56.6 

Royal Red 33.0 
Kidney 

Jamapa; 1 55.5'V 

La Vega 

Galana' 194.4 

Mayaguez 


76.7 


88.9 


48.9 


58.9 


21.1 


62.2 


:955 


'4. 


'Selection: Highly desirable = 4-+ 


Index 


3 


Veget. 


Veget. 


3 


1 


'5 


5 


1
 

to Relect 

(Kg/Ha) 

504.0 

Field 

--

Final 

4+ 

-- -

-- -

302.3 i,-- + 

126.4 .... 

* 
"674.0,! 

87.+ 

4+ 
-1-, 
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The most adaptable selections include: La VegaP Jamapa, 15-R42,
 

p!.R55, l5-R66,. l5-R292,and 3-'!-l36-BK.
Cultivar.154.R55 had thejeaot,,; 

-diseased appearance.- Cultivars 15-R-148,-l5- 287 anidLa Vega had'dis- . 

ease-free root systems, while 15-R42, 15-R55 and 15-R66 contained plants 

with slight to moderate root infections. Cultivars 15-R55, 15-R180, 

15-R189, and 71-l-R13 were moderately resistant to tolerant to bacte,
 

rial blight.
 

Suggestions for Plant Breeding
 

The observations and results of this trial suggest that the rust
 

resistant cultivars La Vega, Jamapa, 15-R55, 15-R66, 71-l-R136-BK, and
 

15-R292 are good candidates as parental material for breeding adaptabi

lity, multiple disease resistance, and high yielding potential into
 

beans for tropical cultivation.
 

2. Interdational Rust Resistance Trials
 

Only the findings (pages 10-11) on international rust resistance
 

nurseries are given in this report. Interpretation of data and support

ing evidence shall appear in the 1975 report.
 

d. Screening Red Beans for Adaptability and Disease
 
Resistance
 

Purpose, Materials and Methods
 

Purpose
 

There is a great deal of consumer preference for red beans through

out Latin America. Also, some red bean cultivars produce the most at

tractive seed color and shape of the dry beans. However, most red beans
 

have low yields, which is often the result of their suscpetibility to
 



.ience,~ ii twa decided to searchyithin,he red beanaces-

BLonsoQr pec.filc~resistance, multiple resistance, and adaptab$1qiy to 

1pwland. tropics. 

t Plantio Method 

ISoiljwas treated with herbicides and insecticides before preparing
 

the,raised rows for sowing. Fertilizer, 5-10-10 NPK formulation, was
 

applied in a band atthe rate of 500 pounds per acre, The distance be

tween the rows was 44 inches from center to center. Fifty fungicide
 

.treated seeds were planted in 10-foot long plots. Foliar insecticides
 

were applied weekly. Applicat;ons of fungicides were made only when a
 

disease threatened the destruction of the entire planting.
 

Results
 

Screening Trials
 

On October 10, 1970, 1,898 PI common bean accessions were planted
 

at the MITA Isabela Farm, for seed increase and adaptability observations.
 

_During the growth period 84 red bean accessions were selected on the basis
 

of plant growth, stand, and disease-free foliage. After harvest, 93 more
 

red beans were selected on the basis of overall yield, seed color and
 

shape. ,On September 28, 1971, the 177 selected red beans were planted
 

In afield at MITA, Mayaguez. On November 6, 1972, the 84 field selected 

,red beans were planted at the Isabela Farm. Two types of bacterial blight 

.symptoms were recorded. The common bacterial blight lesions had a thin 

chlorotic band bordering the necrotic tissues, while tropical bacterial
 

blight lesions had wide watersoaked margins which dried into necrotic
 

tissue without any chlorotic periphery. Twenty of the selections were
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'*fte'e' fr&'both typ'ed' f bacteria1 blightB'symptoms," 4 'Showed' sUsceptible 

re 'ond and'-'wre hilyith either tyTe" 'ofsyiptom, sus'ceptible: 

Twenty-one selections did not have any CMV symptoms duting the trial-, 

while the rest were susceptible. The soil-borne diseaes.affected the 

siand and the vigor of the' plants and hence thei? yields. The yield per 
row varled from 25-582-grams.' Forty'eight of the 93 accessions selected
 

after the 1971 harvest were'chosen for further screening in the'field and
 

inoculation tests in the greenhouse (Table-61).
 

S: "Creenhouse Inoculation Test.--Ten seedlings from 36 selections were
 

allowed to grow in two black plastic bags, 5 seedlings per container.
 

The first set of five seedlings was inoculated with CBMV, and the second
 

set with rust. After responses of the selections to these two diseases
 

were recorded, the rust infected plants were treated with Plantvax. At
 

arily pod 'set stage, three weeks after the CBMV and rust inoculations,
 

theplants were inoculated with a suspension of Xanthomonas. Table 62
 

summarizes these screening tests. Seven selections were rated as rust
 

resistant, 21 selections remained free from CBMV, while three selections
 

were free from common bacterial blight disease'(Table 62).
 

On May 14, 1974, all 48 selections were planted at Las GomeziField, 

NITh, Mayaguez. Only earliness, days to harvest, and total yield'were 

recorded from this trial. The yield varied from 13-514 grams per selec

tiOn. Six out of the 48 red beans segregated for seed color which indi

cates that during the 1971- planting at Isabela, 'at least' 12.5 percent of 

the lines'were cross pollinated. 



-Table 61.-Earliness and yield data of 48 red bean cultivars selected '
 "
 
for inoculation in the greenhouse with CBMV, rust and the 
biftial: blight organism 

Earliness .. , 
(days to Yield ""Remarks 

PI No. harvest) (grams) 

150402 .,,59 .168 ,,Shiny 

31071 -67 68 \_Red Shi 

175266 63 L06 -Bft Pi. & Rei 

189406 62 ,46 .,Maroon, large. Selectedefor
 
seed shape.
 

195373 69 75 D. red, shi.
 

203920 68 66 D. red shi., small
 

205359 61 L46 D. maroon, medium 

207159 59 89 Red mottle, Navy 

207240 59 85 Red mottle, Kidney 

226523 .... Shi., small 

226880 62 169 Light red mottle, Kidney 

282052 70 66 Dull red, small 

304120 62 113 Shi., small 

307770 77 225 Shi., med. 

307774 62 120 Shi.# med. 

307819 62 84 Shi., mad. 

309849 67 166 Tan, lightpink, mad. shi.
 

310.14 68 47 Shi., small
 

310560 67 36 D. red, Med., Shi.
 

310569 69 52 Shi., small
 

310577 67 194 Red Shi., small and mod,
 

310756 59 104 Shi., med.
 



Table 61.-Cont,
 

PI No. 

310773 

310820 

310851 

310855 

310859": 

310863 


310864 


310865 


310869 


310870 


310871 


310901 


310913 


311187 


313678 


309835 


309867 


309875 


309886 


310559 


310534 


310595 


Earliness 

(days to 

harvest) 


59 

59 


58 


58: 


58:' 

58 


59 


63 


65 


63 


62 


72 


63 


71 


65 


70 


65 


65 


73 


69 


68 


73 


6310673
5 


Yield .... 

(grams)
 

26 

77 


97 


90 

59 

64 


69 


53 


82 


82 


47 


111 


i1 


75 


72 


96 


69 

SI(++ 
109 


126 


60 


104 


68 


108 


+.: t(J .. , , 
Remarks
 

Dark red,%.s 

Dark, shi., sinall 

Dark, shi., small, Navy 

tS., small -

Shi., small s 

Shi., small 

Dark, shi., med. 

Sh., small 

Dark, shi., med., segregating 

Dark, shi., small 

Dark, shi., small 

Dark & light, shi., med. 

Dark, shi. 

Bayo, Navy, med. 

Light, mottle, Kidney.,+ 

Maroon, medium
 

Dark, shi., med.
 
tl .+:+A 
Shi.
 

Red, brown, ahi.
 

Sh., med.
 

Dark, shi., small
 

Light, shi., small
 

Shi., med.
 



Table 6 1.-Cont. 

Earliness 

,P1-No. 

310752 

310862 

311189 

311823 

harvest)"'. 

71 

65 

70 

65 

-(grams) 

93 

61 

104 

115 

Segregating 

Dark, shi., small 

Shi. 

Light, shi. 



Tbble 62.-Response of selected ved beans to greenhouse inoculation with CBMV,
 

rust and the bacterial blight organism
 

.,..Suggestions for future 

1974-N2A 1971-1YGZ Rust Bct sd:i e're[ening 

Row-o1...... Row. No. Index Percent CBMV Bit. Rust CBMV Bact. Bit. 

-74 R-I 3 90 ,- S +
 

-75 R-3 3 50 S +
 

-76 R-4 2 90 - S +
 

-78 R-7 1 60 , S + + 

-80 R-9 5 90 -- + 

-83 R-16 3 60 -S + 

-84 R.18 2 90 -- S + + 

-86 R-22 3 50 S S 

-88 R-24 3 60 -- S +
 

-89 R-27 2 90 S S
 

-90 R-29 1 40 -- S 4+ +
 

-93 R-35 1 40 S S +
 

-94 R-36 5 40 S S 

-96 R-45 2 60 -- S + 

-98 R-54 1 60 S S +
 

-99 R-55 2. 80 S S + +
 

-100 R-56 V 40 -- S 4+ +
 

-101 R-57 2 80 .. .. + +
 

-102 R-58 2 80 . +
 

-103 R-59 1 40 S 4-4.
 

-104 R-61 5 40 S
 

-105 R-62 1 80 S I +
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Table 62.-Cont.
 

.e
 

RustBa 	 ,Suggestions,for future
4	 ,,1974='N2A'- ,9ii~ iGz' , act. screening 
Row No. Row No. Index Percent CBMV Bit. Rust CBMV Bact. Blt. 

-106 R-63 1 60 , S ,+ + 

-108 'R-"") 60T ".S + + 

-I1 R-72 1 10 -- S- + .1

-11R-95 80 - S' +~ ~ 

-112 R-98, 1 1*0 -- 4+, 

-113 R-99 2 70 S S. + 

-114 R-100 3 50 S S 

-115 R-103 2 80 -- S 

-117 R-160 -3 90 -- S 

-118 R-165 3 80 -- S 

-119 R-171 2 50 S S 

-121 R-176 1 10 -- S I-H +, 

-122 R-177 5 80 -- S + 

Diseases: 	Rust (Uromyces appendiculatus), Common Bean Mosaic Virus,
 
Bacterial Blight (Xanthomonas sp.), P.M. - Powdery Mildew
 
(Erysiphe polygoni).
 

Planted: 1 February 1974.
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By 	1974 the red been screening trials had resulted in 28 selections
 

basi ssts f disease, resistance and yieX, From this stage on these. , 

selections are -entered"-in replicated trials, both in,field-and greenhouse; 

.3.	Yield Trial of Advanced'Red Beans Lines Selected
 
by the Edible Legume Program at Mayaguez (Rq4,Bean

Trial No. 3)P 	 aae.
 

Purpose, Materials and Methods
 

The purpose of this trial was to compare yielding capacity and adap.

tability of 'seven advanced lines to thesuimmer rainy conditions of the
 

lowland tropics. These seven cultivars had been tested for rtst resist

ance and adaptability to humid warm conditions since the summer of 1970.
 

The highest yielding line was to be selected at this trial.
 

ultivars.--Cultivars Ecuador-299 and Mexico-235 were used as mul 

tiple resistance standards. Cultivar Galana was included'as local 

standard. Also included were cultivars Santa Ana, a high yielding, and 

early red bean from Nicaragua, and Gold 'Crop, a curly top disease and 

CBMV resistant, wax poded, white seeded, bush snap bean from Washington 

State. The seven local selections included were: 1) 15R-148 -sny 

red'seed, low vine, resistant to soil-borne diseases (especially Fusarium 

yellows) and rust; 2) 15R-149 - red seed, bush, resistant to rust and., 

CBMV; 3) 15R-193 - dull brown seed, vine, resistant to CBMV, rusL, and 

soil-borne diseases; 4) 15R-194 - shiny brown seed, semi-vine, resistant 

to CBiV, rust and soil-borne diseases, Selection 15R-194 - obtained froin 

a plant with shiny seed coat in 15R-193; 5) 15R-224 - tan seed, bush, :e

sistant to CBMV and moderately susceptible to rust; 6) 15R-277 - maroon 

and white seed, bush, rust resistant; and 7) 15R-287 - shiny pink seed, 
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semi-vine, rust resistant. All seven selections were susceptible to
 

whitefly transmitted viruses, bacterial'blight and angular leaf spot
 

(Isariopsis griseola)
 

Methods.--The entire trial was treated exactly the same as Trials
 

No. 1 and 2. The only difference here was that since the responses of
 

the seven selections to diseases were already known, ionewiset of data
 

on diseases was recorded.
 

Results
 

Germination'
 

In this trial the germination percentage of Ecuador-299 dropped 

from around 55% down to 45%. With the exception of Ecuador-299, all 

the'cultLvars with low seed germinatLon'(between 24 to 45%) were bUgh 

types, In this test again Santa Ana had the lowest germination, The 

semi-vine and vine types germinated from 65 to 80%. It is interesting 

to note that both Mexico-235 and 15R-148 are highly susceptible to CBMV, 

but possess a high degree of field resistance to soil-borne diseases. 

The 80 and 757. stand at 20,days after sowing reflects the quality of 

their seeds and seedlings for resistance to soil-borne diseases, which 

in this trial were caused mainly by Rhizoctonia solani and Sclerotium 
'Jd
rt, , 
rolfsii.
 

Yield
 

Neither Ecuador-299 nor Mexico-235 flowered during this trial.
 

RhLzoctonLa root rot and stem canker, southern blight and ashy stem
 

blight caused plant mortality in all bush types. Bacterial blight
 

was uniformly spread and rust was non-sLgnificant. The toll taken
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by root rot diseases among the bush types was reflected in their yields.
 

Gold Crop was severely affected by diseases. Selection 15R-148 in spite
 

of CBMV infections outyielded other selections. Selections 15R-193 and
 

15R-194 grew vigorously but had poor to fair pod set. Both selections
 

yield heavily when planted during the cool dry season.
 

Summary of Results
 

Selection 15R-148 is a rust resistant, CBMV tolerant, soil-borne
 

disease resistant, daylength-insensitive cultivar with dark-red, Mexican
 

type, dry beans. This cultivar is an important candidate for breeding
 

red beans adaptable to tropical lowlands.
 

Selection of Bush Beans for Cultivation in Puerto Rico
 

Background
 

During the Fall of 1969, Dr. M. Rico-Ballester (see Personnel) in

dicated that there was a need for bush beans adaptable to cultivation in
 

the lowlands of Puerto Rico. The recognition of this need initiated co

operative research. The high price of beans in the past year has made
 

commercial cultivation of beans on the Island a stronger possibility and,
 

hence has provided new impetus to our work.
 

Selection of Cultivars, 1969-70
 

Seeds of 136 Plant Introduction (P.I.) accessions selected as bush
 

beans in an earlier planting were cultivated near Mayaguez during the
 

Fall of 1969. Selected seeds from this planting plus 14 commercial cul

tivars were grown at Isabela during January-February, 1970.
 

Golden yellow mosaic (GYM), Rhynchosia mosaic (RM) and angular leaf
 

spots (ALS) (Isariopsis griseola) were the main diseases during these
 

trials. Selected seeds from the latter planting were used in a summer
 

rainy season planting (June-September, 1970) at Lajas.
 



19g70 L ~as Triali
 

Binglerowi of, sedl'cted cultivars*were' planti'd uriig 27-286 June 

1970. Each selection consisted of 50 seeds AThnchosia mosaic was the 

most prevalent disease followed by Phyllosticta leaf spot ( . phaseolina, 

61den'yellow mosaic (GYM) occurredisparsely, whie common bean mosaic
 

virus (CBMV) incidence was moderate.' White mold (Sclerotinia sclero

tiorum) was scattered' throUghout the field.
 

'Chlorosis..-Some bean cultivars when grown in Lajas or Fortuna
 

Substations, develop a,leaf chlorosis which 'is suggestive of a virus
 

disease. The chlorotic leaves develop a hard and'brittle appearance.
 

These symptoms could also be a response to micronutrient deficiency or
 

to toxic materials In the 'soil.
 

"Whitefly transmitted viruses (WFTV).--The fences nearby the bean
 

trial at Lajas were covered with diseased Rhynchosia minima, and the
 

incidence of PM among the e:perimental beans was very high. However,
 

a number of cultivars were ftee from WFTV diseases. Seventeen of these
 

cultivar have remained free from WFTV diseases in the five trials con

duciefd to date. 'These were: Lajas row-4, R-12, R-14, R-36, R-39, R-40,
 

R-414.R-51, R-52, R-57, R-88, R-91, R-101, R-117, R-141, and R-144. Fur.
 

ther-testa'are required to ascertain the extent of fteld resistance in
 

these selections.
 

Adaptability.--Even though RM and Phyllosticta leaf spot were pre

valent in the plot, and heat and rains made conditions unfavorable for
 

pod set, a number of selections maintained a good stand and yielded well,
 

rventy of the selections were free from diseases during this trial,
 



Dr. Rico-Ballester made further selections on the bas6sXf yg.ldi, plant 

h#bit. and seed,ch#rateri. tcso _qp f e to swere planted at 

Lajas again on December 19,,1972.
 

1972 Lalas Trial
 

On December 19, l972p the selections from the,1970-s'nzner,rainy sea

son were planted for seed increase. At harvest,, further.selections were
 

made. These were based on yield and horticultural characteristicsi,such
 

as high and concentrated pod position, tight formation of branches, and
 

stiff, upright stems. Selections made at this trial were planted :at 

Lajas on January of 1974. 

1974 Lalas Trial
 

One hundred seeds of each selection were planted in two rows,4,8
 

nphes apart, 50 seeds perorow. Each pair of rows was placed.at 5 feet 

from the adjacent pair. Ground irrigation was provided during the growth 

period. The trial was sown on January 15-16, 1974. 

,Diseases.--Both rust and common bean mosaic virus (CBMV) were pre

valent during this period (dry season, November to March) at ,Lajas,. 

Natural field infection by rust caused defoliation of some susceptible
 

lines 45 days after planting. The following selections were highly re

sistant to rust: Lajas Row No. 1, 4, 11, 31, 34, 36, 48, 58, 59, 979 99,
 

101 and 144. These were also a number of selections with moderately re

sistant, grade "2" reaction. 

Com on bean mosaic virus incidence was high among the selections. 

RoweVer, either tolerant response or late infection of the plants made 

itedifficult to designate clear cut disease responses in a number of 

http:placed.at
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eilections ....Thed following- selections were'"fre"'of -CBMV sjynptdmhl Lajas 

N 7' 26-B;42 *f 57, 67, 724-, 88, 18 ,126, 19147:and~l76 The 

frea selections will' . theirbe screened in the greenhouse to 'ascertaii 


resistance.
 

Even tnotign ".theLajas cLimate at tnis perioa is very clry ,a number
 

of selections had bacterial blight (Xanthomonas sp.). Anixnterestiig
 

.
aspect"of this 'trial was the low incidence of the WFTV such as RM and
 

GYM. 
Most likely the reason for this was destruction of the infected
 

R. minima planis near the plots, and the application of contact insec

ticides.
 

Infestation with leaf miner (Liriomyza sativae) was severe. The
 

flies seemed to prefer some selections to others as selections lightly
 

:olonized by the insect were adjacent to severely infested ones.
 

Aironomic Characteristics.--Two sets of agronomic data were gathe

red. The first set was obtained at flowering and full green pod stages,
 

and the second was prepared at harvest time, and afterwards in the seed
 

room.
 

Flowering and Earliness.--Line selections at 507. stages of open
 

flowers were rated as: Very Early (VE), flowered at 18 to 21 days after
 

sowing; Early (E), at 22 to 25 days; Intermediate (I), at 26 to 30 days;
 

Late (L), at 31 to 35 days; and Very Late (VL), at 36 to 40 days. Thirty
 

of the selections were in VE and E categories.
 

LodRing.--Plants standing upright were given an index of "1" or
 

lodging and those which were prostrate on the ground received an index
 

of "5". The lodging index was an average of grade for the appearance
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,of an entire selection. -. In4cate i nter-
The grades between l.nd 

mediate conditions. The upright habit of the plants eflected the tiff

ess of their stems and a well formed root• system that sustained the 

weight of the plant and its pods. 

High Pod Position.--The moist, warm and pathogen-infested soil of 

the tropics provides an excellent inoculum source for the bean pods that 

rest.,on it. Rhizoctonia solani, Sclerotium rolfii., Sclerotinia sclero

.tiorumand Fusarium rot any pod that touches the infested soil. Hence, 

only a bean plant that produces its pods off the ground can retain its 

yield at harvest. A good deal of attention was given in selecting plants 

w4th high-pod habit. 

Snap Bean.--Ten of the selections had stringless full pods. These
 

selections could become good candidates as fresh market snap beans. The
 

:following selections were snap beans: Lajas Row No. 14, 42, 52, 53, 54,
 

126 128, 143, 146 and 147. The selection Lajas Row No. 54 could become
 

an excellent candidate for fresh market snap beans. One selection (Lajas
 

Row No. 77) was wax bean.
 

Plant Maturity and Pod Ripening.--Often in the same row the stem
 

and pods of some plants dry at the same time, while other plants have
 

dry pods but green stems and fresh roots. Field observations have shown
 

that the reason for the dry stems of the former group is generally rot

ted root systems, but in the latter group the root systems had either
 

escaped diseases or are more tolerant. However, uniformly dry plants
 

are mode adaptable to mechanical harvest. The two groups were separated
 

at harvest. At harvest plants were also selected for erectness, high
 

pod location, concentrated pod set and high yield.
 



Selections,'-Bqped on upright, high pod position yrl~nssFyeld 
aqd4£feld response to diseases, 19 lines were selected asoutstanding. 

Oehundred thirty-five selections enumerated were planted in; heavily
 

pathogen-infested plot at Isabela during the rainy season ofjuly.,
 

September, 1974.
 

Isabela Trial, July-September 1974
 

* 
 There were variable amounts of seed per selection. Hencet plant
ing of each replication was repeated in replicates of 30 seeds eachy
 
:untill all seeds in each selection were sown. 
The number of replicates
 

per selection varied from 1 to 5 representing 30 to 150 seeds, respect
ively. Replicates 1 and 2 were sown on 31 July and replicates 3, 4 and
 

,.5on 10 August 1974. 
None of the seeds were treated with fungicides.
 

Seeds were sown in a field that was heavily infested with the causal
 
agents of diseases such as Rhizoctonia root rot, web blight, bacterial
 
blight, and ashy stem blight. 
The warm rainy season provided excellent
 

conditions for screening against these diseases.
 

Diseases
 

I. Rhizoctonia Root Rot (RRR).--The severe and uniform incidence
 
of RRR in this trial provided ample opportunities for examining varlous
 

components of the host-parasite interaction in the field, and hence draw-

Ing a fairly reliable conclusion on field tolerance of some of these se-'
 
lections. 
Four recordings of RRR incidence were made at 20, 45, 63 and
 
85 days after sowing. 
During the first 2 weeks after emergence seedling
 
mortality was high. Generally, disease severity decreased with age of
 

the plants. 
In some cases after the initial seedling mortality the
 



temaining mature plants, such as those in Row:106, displayed resistance
 

,to the disease. Some selections were rotally'resistant, e.g., four re

ptcates of Row 102 and five replicates of Row 113. In many a suscept

ible plant, the whole root systems up totl/2 inch below the soil-level 

was completely rotted. However, some of these plants were surviing due 

to adventitious roots that grew our from the stem. The high humidity 

allowed these adventitious roots to grow until reaching the soil. In 

spite of heavy rains, and the susceptibility to RRR, many selections
 

iretained ample'and viable root systems. When screening beans for re

asatanca to RRR, tolerance to infection is an important factor. For
 

iexample, plants of Row 76 developed a "strong and deep" root system,
 

even though most of its roots had Rhizoctonia lesions. Selections hav

ing RRR resistance will be further tested both in the field and in the
 

greenhouse. All selections were susceptible to web blight caused.by
 

the sporidial stage of Thanatephorus cucumeris.
 

The formation of rhizobial nodules on roots of 10 selections was
 

not anticipated, especially under warm and humid soil conditions.
 

I. Bacterial Blight and Stem Canker (B.Blt.).--Most selections
 

-were relatively free from bacterial blight before flowering. Between
 

;flowering and pod set the intensity of disease expression increased
 

and by the time pods were turning color some lines were totally defo

liated. Plants in some selections seemed to become more resitant as
 

they matured; The apparent n.ture plant resistance could be due to
 

greater leaf production by the resistant plants in the row. Twelve
 

of the 17 selections that retained 40 to 75 percent of the foliage 

http:caused.by


until 85 days old, were tolerant to bacterial blight. Seven of the
 

"leafy" selections had field tolerance :to both RRR and B. Blt, Of the
 

five remaining selections, four had mature plant tolerance, while the
 

lifth one retained its leaves in spite of bacterial blight disease.
 

Retention of the leaves was not associated with rust resistance.
 

It was due to the low intensity of rust incidence during the summer
 

rainy season.
 

III. Ashy Stem Blight.--Ashy stem blight caused by Macrophomina
 

phaseoli was prevalent in the field. However, disease incidence was
 

not uniform throughout the field.' Hence, it was difficult to assign
 

resistance with certainty.
 

IV. Anthracnose.--Selections from lines R-144 and R-146 were sus

ceptible to anthracnose. This was one of the few occasions that bean
 

anthracnose was encountered during the warm season in the tropical low

lands. These selected lines should be highly susceptible to a race of
 

the anthracnose fungus that is tolerant to high temperatures.
 

V. Whitefly Transmitted Viruses.--The incidence of RM and GYM was
 

low in the plot, but the disease was uniformly present.
 

VI. White Hold.--Mycelial tufts of Sclerotinia sclerotiorum af

fected leaves and pods of a few selections in scattered spots in the
 

field.
 

athosen-Infected Seed 

A bean cultivar may yield well, but when narvestea and threshed, as 

high as 60 to 80 percent of the seeds could be affected by bacterial and 

fungal lesions. Under warm and moist conditions and without any chemical 



treatment, high seed infection is of common occurrence. A y' ean cul

'tivr that maintainsduring the rainy season, relatively disease-free
 

seeds up to harvest, is worth selecting and studying. The data does
 

not suggest any relationship between disease-free seed characteristiLcs
 

and resistance to ashy stem blight or bacterial blight.
 

Agronomic Characteristics and Yield
 

Many bush selections had stiff, upright stems. The'majority of
 

these matured early (65 days after sowing). The average yield of 100
 

*grams per replication was considered satisfactory for the growing con

ditions. The majority of the seeds were large, weighing 30 grams per
 

100 seeds. Some of the selections had the undesirable characteristic
 

of seeds with open testa and protruding cotyledons.
 

Final Selections
 

Advanced selections were based on average yield per replicate,
 '
 

weight per 100 seeds, seed shape and color. These selections were mat

ched with disease resistance performance in the field, and desirable
 

agronomic characteristics of the selected lines recorded both at Lajas
 

and Mayaguez. Table 63 provides the summary of data on advanced se

lected lines at Mayaguez. Seven of the seventeen selections were inde

pendently selected by both Rico and Vakili.
 

The 1975 fall planting shall provide the final candidates for re

lease as locally adaptable bush beans.
 



Table 63.-Selected bush beans with best agronomic and disease resistance characteristics 

Selection 

R-17-B 1/ 

2'Habit-' 

B 

Seed 3 . 
color-

Maroon 

Grams/
100 

seeds 

48 

Days
to 

harvest 

65 

Foliage at 
85 days 
Percent 

---

CBMV 
WFTV 
1969-70 
RM GYM 

-- S 

B Bit 

---

MM_ Rust 

---

Selection 

3 

R..40 1/ B Cream'-Purple 
Piuto 

39 73 -- S H--MSS S * 

R-56 B Tan 20 73 50 -S - R "TR-

R-56-BKB B Tan 20 73 50 - S - R R --- ** 

R-69-BK-B B Tan 18 65 40 - S S -R R--- ** 

R-72-A-BK-i B CreamPurple 
Pinto 

30 65 5 NI - -- -- 1 .-- * 

R-72-A-BK-2 1/ B Pinto 31 65 40 NT - -.R r * 

R-8-BK-B " B Maroon 39 73 --- lII -- - . .. .. . 1 

R-91-BK-A l. B White 20 73 70 -- S___ R AR - * 

R-108-BK-A lI SV Drab 18 73 15 S - S R r * 

R-109-Sel B Brown 18, 86 - -- - .. AR 

R-109-BK-A ST Brown 18 86 50 R' - R R -- * 

R-117-BK 

1-128-BK-A 

1-135-

B 

B 

3 

Black 

Yellow 

Tan 

31' 

29 

23 

65 

65 

85 

50 

50 

30 

-

--

1 

-

--

--

S 

S 

--

--

R 

ic 

--

--

... 

. 

* 

R-148-B-BK SV Tan-Purple. 56 73 75 -- S S 1 -- -

1-176-BK I_ B Pinto-Purple 28 85 50 NI .. .. 
Pinto 

1/ Independently selected by Rico and Vakili. 
2/ Habit - B - Bush, S7 = Semi-vine 
_ * = A desirable cultivar, ** = Better than average, of high performance, and *** = An 

R 

excellent 

--- * 

cultvar. 
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u. uowpea uvsease Kesisrance "L'rais
 

J. Horticultural (Yardlong) Oultivars from 'rinidad , 

Background
 

Yardlong beans (VIgna unguicuhata-var. sespuipedalis) are"the sna
 

beans of the humid tropics. Seeds are sown at the start of the rainy!
 

season, generally during the month of May, and the long green pods are
 

harvested from July to November. At the market places, pods are sold),
 

in bundles ofl0 or 20. Green pods are cut into sections and cooked
 

as fresh vegetable.
 

Field observations in tropical MAerica by Vakili indicated that
 

yardlong bushes were susceptible to cowpea mosaic virus, bacterial
 

blight and canker, Cercospora leaf spot, target spot, Choanephora poi
 

blight, and web blight diseases. If yardlongs were planted under ir-;
 

rigation during the dry season, then powdery mildew causes severe de

foliation of the plants. Despite the high degree of susceptibility,
 

yardlong cultivation generally yields well and brings in a good price.
 

In 1972 the Edible Legume Project at MIT& began collecting yard-,
 

long cultivars and observing them for disease resistance and agronomic
 

characteristics. It was observed that yardlong cultivars varied greatly
 

in their pod length, but had the following common characteristics: bean

shaped seed; few seeds distributed in the length of the pod; and reduc

tion of fiberous tissues in the pod, which generally resulted in shrink

age when pods ripened.
 

Yardlong is a vegetable crop grown in Trinidad, and hence an object
 

of research interest in that country. In July 1973, Dr. T. U. Ferguson,,
 



Agronomist, University'6f the West Indies,' sent:to 'MTA76 ,lines of"Vi
 

Vikna uniuiculata which,included a number of yardlong types.
 These
 

accessions were subjected to greenhouse inoculations, and preliminary
 

field observations during the summer of 1974.
 

Results of Greenhouse Inoculations
 

Four seedlings per accession were inoculated with Xanthomonas
 

vilnicola (Xv), and another four with cowpea mosaic virus (CPMV).
 

Xanthomonas vixnicola Inoculation.--Seedlings at the third trifo

!iate leaf stage were inoculatedi,by placing a droplet of turbid bacte

rial suspension in the first trifoliate leaf node and then puncturing
 

the stem (through the bacterial suspension) with a sterile needle. ,.Inoe

ulated seedlings were placed in a humidity chamber for a week. 
The res

ponse of seedlings to inoculation was recorded (Table 64). 
 All,acces

sions with highly susceptible (S) response died within 2 weeks of: inoc

ulation. The susceptible (S)accessions survived inoculation but dis

played long stem cankers. 
Nonesof the Trinidad accessions was resistant
 

to bacterial blight.
 

Cowpea Mosaic Virus Inoculation.--Seedlings were inoculated'at the
 

primary leaf stage by rubbing the leaves dusted with carborundumtwith
 

forefingers dipped into the leaffextract from CPMV source. Fourteen
 

days later, inoculated seedlings were rated for CPMV response. 
Twelve
 

accessions were highly susceptible (HS). Growth of these plants was
 

severely retarded, some were malformed, and some seedlings were dying.
 

Forty-three accessions were susceptible (S). Susceptible plants dia

played mosaic and malformation of leaf tissues, but very slight reduction
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Tabl@64.-Results of greenhouse inoculations of Vigna unguiculata :V44;;
 

seedlings (raised from seed received from the University of the
 

West Indies, Trinidad) with Xanthomonas vignicola Qv) and;-,,
 

Cowpea mosaic virus (CFMV). 

Response to Inoculation 

Accession 
cn:S-PR-No.) Xv CPMV 

2883 "" "" 
"" 288k 

2885 "" "' 

2886" 
2887 
2889 
2890 
2891 
2892 

S 
UHS-1. 
HS 
MS 
HS 

US 
S 
MS 

:MS 
S 

2893 US 
2894 US MS 
2895 
2896 
2897 
2898 
2899 
2900 
2901 
2902 
2903 
2904 
2905 
2906 
2907 
2908 

HS 
HS 
HS 
HS 
US 
HS 
HS 
HS 
GS 
US 
HS 
uS 
US 
S 

8 
Su 
8
51 
8 
8 
8 
S 
S 
8 
S 
8) 
S 

2910 US HS 

2911 S MS 

2912 HS *S. 

2913 8 S 
2914 
2915 

US 
US 

8 
US 

2916 
2917 
2918 

HS 
US 
MM 

us 
US 
-" 

2919 US S 

2920 -"" 

2921 -

2922 

2923 US 5 

2924 B8; 
2925 
2926 

HS 
HS 

0
"I 

2927 HS 

mailto:Tabl@64.-Results
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Table 64.-Cont, 

,Accession Response toInoculatio 
(_S-R-No. X_v CPIV 

2928 HS S 
2929 HS uS 
2930 HS S 
2931 S. S 
2932 HS MS 
42'33,S S 
2934 HS S 

293 41, 
2936 HS S 
,2937' -HS s 
2938 HS S 
.2939 HS IS 
2940 HS S 
2941' -
2942 S S 
2943 HS HS 
2944 HS MS 
2945 S , S 
2946 S HS 
2947 lS- S 
2948 .... 
2949 HS "S 
2950 M-.. 
2873 

'2874 HS MS 
2875 -- -.a . 

2876 HS MS 
2877 Hs MS 
2878 5 S 
2879 IIS -HS 
2880 .. a. 

2881. ES 
2882 S S 
Standard HS SES 
Standard HS S 



ngrowth. Nine accessions which were moderately_.vscepr4blea(l), ..
 

displayed detectable leaf mosaic, but normal growth. There vere no re

sistant plants among the Trinidad accessions
 

Results of Field Observations
 

Five seeds of each accession were planted in a single hillJ.fach
 

hill was 4 feet (121 cm) away from the next hill in both directionS.
 

Planting was done on April 15, 1974. Table 65 provides field observa

,tions recorded O days after soTing. Only accessions which had passed
 

fl1owering stage were rated. This indicates that accessions not men

tioned in Table 65 were late flowering. A few accessios had mature 

pods at 51 days indicating early maturity. Shiunken pods suggested 

low fiber content in the pod tissues. Some cultivars were infected 

with Erysiphe polygoni, the causal organism of powdery mildew. Table 

66 presents the total yield per accession. Even though five seeds were 

sokn per accession, the yield does not include the seeds of five plants. 

In many cases only one survived, or the surviving plants were badly dis

eased. The days to harvest represent the average days between the first 

and the last day. Table 67 provides some of the components of yield re

corded at harvest. The information is based on the averages of ten pods. 

The length of the pods were recorded on dry pods harvested. The dry pod 

seemed to be slightly shorter than the green fresh pod. However, the 

data on pod length should be relatively the same for all accessions. 

The length of pod which contained a single seed seemed to be one of the 

factors indicative of yardlong characteristics. Table 68 divides the 

accessions according to pod lengths, while Table 69 provides the ranges 
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-Table 65.-Field observation on some Trinidad Yardlongs (!o unguiculata var.
 
sesquipedalis) 51 days after sowing
 

Pod Pod
 
Accession charac- Length Pod 

(FES-PR-No.) teristic (cm) set
 

2882 YL Med. GP
 
2889 YL ,Long GP 

2876 YL Red. OP 

2896 YL Med. OP 

2914 YL ,Long OP
 
2915 YL Med. GP
 
2937 YL Med. DP 

2941 YL Med. GP
 
2946 YL Med. OP
 
2947 YL Med. GP
 
2948 YL Long CP 

2898 YL-type Short GP 

2899 YL-type Short GP 

2873 YL-type Med. GP 

2880 YL-type Med. DP 

2902 YL-type Short GP
 

2919 YL-type Short DP 

2920 YL-type Short CP
 
2921 YL-type Short GP
 
2923 YL-type Short GP 

2933 YL-type Short GP 

2935 YL-type Short DP 

2945 YL-type Short GP
 
2895 CP Short GP
 
2900 CP Short GP 

2903 CP Short DP 

2911 Flower 

2927 Flower 


Abbreviations:
 

Remarks
 

PM:S
 
r
m:S 


Pu. Pod
 

PM:S
 

P14:S, Mid.
 
Red pod
 
Red pod
 
Early
 
Early
 

Shrunken pod
 

Pu. pod, PM:S
 
P4:S
 
Shrunken pod
 

PM:S
 
Shrunken pod
 
Late
 
B. Blt.:S, late
 

.YL - yardlong Pod length: 
CP - cowpea Short - 10-25 cm. 
DP - dry pod Medium - 25.1-50 cm. 
GP - green pod Long - 50.1-100 cm. 
veg. - vegetative growth 



rTable 66.-Yield of dry seeds from Trinidad Yardlong (V. unguiculata var.
 
sesquipedalis) accessions (15 May - 23 July 1974) 

Accession Totali' yield 

-(FES-PR-No.) (grams) Days toharvest 

2879 137.9 94 
2873 7.8 94 

2875 ;24.2 98 

2876 ;219.5 98 

2877 129.9 94 

2879 136.0 98 

2880 77.3 98 

2881 144.6 85 

2882 i93.2 97 

2883 275.0 85 

2884 '144.9 94 
2887 87.5 99 
2889 159.2 98 
2890 105.8 Op 

2891 84.8 98 
2892 9.3 94 
2895 195.5 90 
2896 259.7 90 
2897 221.7 90 
2898 185.6 94 
2899 236.6 90 

2900 177.5 90 

2901 167.8 94 

2902 '33.9 90 
2903 264.3 85 
2904 211.0 85 
2905 264.2 M, 
2907 167.0 38 
2908 329.2 ?4 
2910 37.7 
2911 227.2 
2912 201.2 
2913 205.7 ?4 
2914 88.6 35 

2915 .275.6 30 
2916 323.5 ?C 
2917 252.3 35 
2919 233.9 35 
2920 41.5 ?c 
2921 224.3 M 
2922 171.6 PC 
2923 11.9* 32 
2924 225.5 DG 

2925 265.0 95 
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Table 66.-Cont.
 

Accession. To a yield 2/
 
rFES-PR-No (grams) Day - to harvest
 

2927 164.7 82* 
2928 142.3 94 
2929 183.2 85 
2930 306.0 90 
2931 161.7 90 
2932 196.4 90 
2933 122.5 85 

147.0 90 
2937 133.3 85 
2934 


85
123.6
.2939 

2940 174.0 88
 

2941 262.0 90
 

2943 186.0 85
 
2944 154.3 90
 

2945 
 197.0 98
 
45.4 90
 

2947 29.0 85
 

2948 62.9 94
 

2949 177.5 90
 

2946 


/ Five seeds were planted per hill.
 

/Average of several harvests.
 



Table 67.-Yield components of Trinidad Yardlong Q. unguiculata var.
 
sesquipedalis) accessions
 

Accession Pod length 

&FES-PR-No.) cm. 


2870 27.3 

2873 19.9 

2876 26.9 

2877 17.0 

2879 19.0 

2880 27.5 

2881 55.4 
2882 32.8 

2883 33.3 

2884 95.9 

2889 53.0 

2890 53.6 

2892 26.5 

2895 19.8 

2896 20.1 

2897 26.8 

2898 30.1 

2899 29.3 

2900 18.5 

2901 21.5 

2902 20.3 

2903 19.2 

2904 18.8 

2906 18.4 

2907 23.8 

2908 28.8 

2911 25.7 

2913 24.5 

2914 51.9 

2915 31.2 

2916 32.3 

2917 30.4 

2919 23.4 

2920 17.7 

2921 20,3 

2922 24.5 

2923 17.7 

2924 20.7 

2925 31.5 

2927 20.6 

2928 17.5 

2929 18.4 

2930 16,6 


Average of ten pods---


Number of seeds/pod 


16.6 

9.6 


15.4 

15.7 

12.8 

14.4 

17.8 

11.0 

17.3 

18,5 

18.7 

16.5 

15.5 

12.6 

16.4 

14.8 

19.2 

18.3 

14.4 

15.3 

14.5 

14.6 

14.3 

14.2 

14.9 

17.7 

16.0 

16.4 

13.8 

17.5 

16.5 

18.3 

15.9 

13.8 

14.7 

18.9 

14.3 

15.7 

17.2 

16.3 

14.0 

14.0 

14.8 


Pod length
 
(cm)/seed
 

1.64
 
2.07
 
1.75
 
1.08
 
1.49
 
1.91
 
3.11
 
3.15 
1.92
 
5.18
 
2.83
 
3.25
 
1.71
 
1.57
 
1.23
 
1.81"
 
1.57
 
1.60
 
1.28
 
1.41
 
1.40
 
1.32
 
1.31
 
1.30
 
1.59
 
1.62
 
1.60
 
1.49
 
3.77
 
1.81
 
1.95
 
1.66
 
1.47
 
1.28
 
1.38
 
1.29
 
1.23
 
1.32
 
1.83
 
1.26
 
1.25
 
1.31
 
1.12
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Table 67.-Cont. 

Average of ten pods 

Accession Pod length Pod length 
-(FES-PR-No.) cm. Number of seeds/pod (cm)/seed 

2931 17.7 13.4 1.32 
2932 17.8 17.1 1.04 
2933 18.7 12.6 1.48 
2934 20.5 15.9 1.29 
2935 18.4 14.1 1.30 
2937 33.0 17.8 1.85 
2939 38.6 18.9 2.04 
2940 44.4 19.5 2.27 
2941 37.2 16.2 2.29 
2943 49.9 16.7 2.99 
2944 21.2 16.5 1.28 
2945 22.6 17.0 1.33 
2946 28.0 10.2 2.75 
2947 27.2 15.3 1.77 
2948./ 48.1' 8.1 5.94 

1/ Two types of pod lengths in this accession. 



Table 68.-Grouping of Trinidad 
(centimeters) 

yardlong (!. unguiculata var. sesciupedalis) acessions accordigto ,pod I" 

10-14.99 15-19.99 20-24.99 25-29.99 30-34.99 35-39.99 40-49.99 50-59.99 60-69.99 70-79.99 80-89.99 90-100 

2873 
2877 
2879 
2895 
2900 
2903 
2904 
2906 
2920 
2923 
2928 
2929 

2896 

2901 
2902 
2907 
2913 
2919 
2921 
2922 
2924 
2927 
2934 
29/.4"
2945 

2870 
2876 

2880 
2892 
2897 
2899 
2908 
2911 
2946 
2947 

2882 
2883 

2898 

2915 
2916 
2917 
2925 
2937 

2939 
2941 

2940 
2943 
2948 

2881 
2889 
2890 

2914 

2884 
2948 

2930 
2931 
2932 
2933 
2935 



Table 69.-Grouping of Trinidak Yardlong (Vigna unguiculata var.
 
sesquipedalis) accessions according to ranges of pod
 
length (cm.) per seed
 

i.00-1.75 1.76-2.75 2.76-4.00 4.01-5.00 5.01-6.00
 

2870 2873 
 2881 2884
 
2880 2882 
 2948
 

2876 2883 2889
 
2877 2897 2890
 
2879 2915 2914
 
2895 2916 2943
 
2892 2937
 
2896 2939
 
2898 2940
 
2899 2941
 
2900 2946
 
2901
 
202 
2903
 
2904
 
2906
 
2907
 
2908
 
2911
 
2913
 
2917
 
2919
 
2920
 
2921
 
2922
 
2923
 
2924
 
2925
 
2927
 
2928
 
2929
 
2930
 
2931
 
2932
 
2933
 
2935
 
2944
 
2945
 
2947
 

http:5.01-6.00
http:4.01-5.00
http:2.76-4.00
http:1.76-2.75
http:i.00-1.75


of pod length for each seed. As Table 68 shows, there were no acces

xtoms which had pod lengths of between 60 cm. Hny yardlong typesto 90 Ni 

had pod lengths of between 30 to 60 cm. Pod lengths lower than 30 cm
 

belong generally to the cowpea types. Also, as Table 69 shows, there
 

were no accessions which fell within the range of one seed per 4 to 5
 

cm of the pod length.
 

Selected yardlong accessions from the Trinidad group will be sub

jected to further studies and will be compared with other yardlong
 

accessions.
 

b. International Cowpea Disease Nursery (ICDN)
 

One hundred cowpea (Vigna unguiculata) accessions selected for
 

multiple disease resistance by Dr. Robert Williams, Plant Pathologist,
 

International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria,
 

were received 3 June 1974. Also included in the ICDN trial were four
 

standard susceptible cultivars. The trials included two replications.
 

The first replicate was planted at Mayaguez on 6 May 1974, while the
 

second replication was planted at Isabela on 19 June 1974. The plant

ings were done according to the plot layout suggested by Dr. Williams.
 

Two locally selected cowpea lines: 10-R61, resistant to cowpea mosaic
 

virus (CPMV), powdery mildew and Cercospora leaf spot; and 10-R65, sus

ceptible to CPMV, powdery mildew and Cercospora leaf spot were used as
 

local standards. Overhead irrigation was applied whenever sufficient
 

rains did not fall within three days.
 



ICDN Trial at Mayaguez
 

piseases
 

I. Cowpea Mosaic Vxrus kULKV).--Uowpea mosaic virus culture #X-44
 

from the Agricultural Experiment Station, Rfo Piedras, was used for
 

inoculation. Type culture was increased on cowpea seedlings in the
 

greenhouse prior to field inoculation. Field inoculation was done by
 

spraying seedlings at a distance of 15 to 20 cm with a pneumatic spray
 

gun, 50 psi nozzle pressure. The inoculum consisted of leaf juice from
 

the CPMV diseased greenhouse plants. The IITA cowpea entries were inoc

ulated twice, on 5 July and on 19 July 1974.
 

Recording Disease Incidence.--During the recordings performed on
 

17 and 24 July a number of lines showed more than one type of response.
 

However, by 5 August, or one month after the first inoculation, all
 

plants in each row had the same response. The local CPMV resistant
 

standard cultivar 10-R61 had a few vine type hybrids which invariably
 

had SS or MS type response. Of the 104 lines tested 13 were resistant
 

and two were moderately resistant against CPMV.
 

II. Bacterial Blight (Xanthomonas sp.).--A local bacterial isolate
 

culture #113 of Xanthomonas, was increased on Nutrient Agar for 48 hours
 

for preparing a turbid suspension. Field inoculation was accomplished
 

by sand blasting the plants at 50 psi nozzle pressure at a distance of
 

3 ft, before spraying with the turbid (1 x 107) bacterial suspension.
 

Plants were inoculated at flowering. The same inoculation was repeated
 

a week later, in order to assure uniform infection. The response of the
 

cultivars to inoculation was recorded 2 weeks after the first inoculation.
 
Seven of the IITA entries were free from bacterial blight lesions.
 



III. Rhizoctonia stem rot and web blight.-Rhizbctonia stemz'rot, 

and especially web blight, were prevalent in both fields. At isabela,
 

Sporidial infection became so severe that some cultivars were defolia

ted before mycelial infection could advance. At both locations the
 

entry IITA-96 seemed to possess field tolerance to this disease.
 

IV. Others.--Powdery mildew (PM), Cercospora leaf spot (CLS), and
 

target spot.(TS) were present in both fields. The cultivars that had
 

powdery mildew (Erysiphe polygoni) should be considered highly suscep

tible to this disease, since powdery mildew is not a rainy season dis

ease. Cercospora leaf spot was mostly caused by C. cruenta. Natural
 

infection by CLS occurred on nine out of twelve replicates of the stan

dard susceptible local cultivar, 10-F65, while the-twelve replicates of
 

the resistant local standard, 10-R61, were free from the disease. This
 

indicateo that the CLS-free cultivars were most likely resistant to this
 

disease. A few entries were affected by target spot (Corynespora cassii.
 

cola).
 

At Isabela the whole plot was severely infested by the cowpea pod
 

weevil (Chalcodermus ebeninus). About 90 to 95 percent of the seeds
 

were attacked. No tolerance to pod borer was detected during the
 

general field observation.
 

H. Release of Disease Resistant Bean Linet
 

At the beginning of 1974 a number of disease resistant bean lines
 

iad reached the level of selection that justified their release as
 

,ources of multiple disease resistance. lree of these lines are re

iistant to common bean mosaic virus, Puerto Rico cowpea mosaic virus,
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a strain of cucumber mosaic virus, rust and Fusarium wilt. Fourteen 

other lines were releasedlas sources of'resistance to rust. Eight lines
 

from this group were also resistant to common bean mosaic virus. De

tailed descriptions of these materials are given as Appendix I (Section
 

3. Research Design
 

No significant modifications were made in the research design Prior
 

to the current reporting Period.
 

E, DISSEMINATION AND UTILIZATION OF RESEARCH RESULTS
 

Efforts to disseminate the results of investigations conducted under 

the Project were made via (1)publications (Appendix II - Section H), (2) 

organization of a grain legume disease workshop, (3)participation in 

national workshops and meetings, and visits to collaborators and pros

pective collaborators in foreign countries and the United States (Ap

pendix III - Section H), (4)visits from interested scientists from 

abroad and from the United States (Appendix IV - Section H), (5) cor

respondence, and (6)distribution of seed requested by researchers 

(Appendix V - Section H). 

A list of statements that identify use of materials and information
 

produced by the Project appears as Appendix VI (Section H).
 



Line Item 

Total Budget 
Aiount 

411/74-3/31/75 

To Date 
4/1/74-
12/31/74 

Estimated 
1/1/75 
3/31/75 

Total Actual 
and 

Estimated. 
-I 
o5 

1. Salaries 

2. Honoraria 

3. Travel 

$167,748.00 

5,000.00 

24,411.00 

$ 86,452.12 

840.18 

6,591.76 

$ 81,295.88 

4,159.82 

17,819.24 

$167,748.00 

5,000.00 

24,411.00 

4. Equipment . Supplles 

5. Publications 

50,999.00 

2,000.00 

23,389.28 

2,000.00 

27,609.72 

-

50,999.00 

2,000.00 

6. Other Direct Costs 

7. Indirect Costs (Overhead) " 
Total 

7,954.00 

67,296.00 
$325,408.0o0 

39,767.96 

7,954.00 

27,528.04 " -
$i5,013166,366.70 

7,954.00 

67,296.00 
;2 0800z 

CI 

C, 

r 
C 

M, 



W PLAN AND,WPET FORECAST FORCOMMYAR 

,!o 	 Continue the, suryey, of virus diseases of legumes in Puerto Rico 

and 	abroad utilizing personal observations as well as contacts
 

established withinvestigators in other areas.
 

2. 	Properly characterize such viruses on the basis of transmissibi

lity (artificial, seed and insects), serology, differentials, 

host range, vector-virus relations and cross protection. New 

legume diseases such as the mosaic of Poinsettia geniculata = 

Euphorbia prunifolia will be studied in relation to its natural 

vector (Bemisia tabaci race sidae) and host range as well from. 

the standpoint of their transmissibility by mechanical means. 

Attempts will be made to visualize the causal agents of the
 

rugaceous diseases through the electron microscope.
 

3. 	Establish and operate an electron microscopy laboratory. This
 

unit is to be used mostly for identifying ultramicroscopic en

tities causing diseases of legumes.
 

4. 	Attempt to develop methods for the efficient transmission'by
 

mechanical means of the local rugaceous disease agents.
 

Control of Fungus and Bacterial Diseases
 

1. 	Conduct field trials on the chemical control of bacterial blight
 

of bean.
 

2. 	Conduct experiments (wet and dry season) on the chemical control
 

of bean rust.
 



3. 	creenfuniicidee i vitro for effectiveness against the cowpea 

foliar pathogens Corynespora cassiicola and Cercospora cruenta. 

4. Determine the etiology of a newly discovered stem disease of
 

c
€owpea; study the biology and control of the causal agent.
 

5. 	Identify, through the use of differential varieties, the physio

logic racesof Uromyces ohaseoli var. typica present in Puerto
 

Rico.
 

Entomoloiy
 

1. Conduct field tests to evaluate chemicals for control of insects,
 

particularly, leafhoppers, leafminers and cowpea weevils.
 

2. 	Conduct field tests to evaluate insect attack and damage on se

lected varieties of bean and cowpea.
 

3 Conduct field plot, shadehouse and laboratory studies to provide
 

information on:
 

(a)the biology and natural enemy complex of the leafminer
 
Liriomyza sativae
 

(b) to study host plant resistance to L. sativae in selected
 

varieties of bean and cowpea.
 

Screening and Breeding for Resistance
 

1. Continue screening to advance work on disease resistance and de

velopment of lines with the highest grade of rcsistance to:
 

(a)Bean - Rhynchosia mosaic, bean common mosaic, cucumber
 

mosaic, golden mosaic, Fusarium wilt and other soil

borne diseases. Large collections of new materials
 

from 	other programs (USDA, IITA, CIAT, Trinidad, etc.)
 

are 	available to continue the screening process.
 



(b) Cowpea - cowpea mosaic virus, bacterial blight, 

Cercospora and Corynespora leaf spots, and powdery
 

mildew.
 

2. 	Conduct further tests with selected material to obtain higher
 

grades of field resistance to the more serious insect pests
 

and diseases.
 

3. 	Continue breeding for multiple disease resistance. Controlled
 

conditions will be utilized to increase the percentage of seed
 

set by hand. Intensive use will be made of field pollination
 

by carpenter bees.
 

4. 	Conduct preliminary field trials at 6 locations in Puerto Rico.
 

5. 	Continue maintenance and expansion of the germ plasm bank at the
 

Hayaguez Tnstitute of Tropical Agriculture.
 

Outreach
 

1. 	Conduct preliminary yield trials with beans and cowpeas in co

operation with the institutions concerned, at CIAT, Cali,
 

Colombia; IICA, Turrialba, Costa Rica; EAP, El Zamorano,
 

Honduras; DGIEA, El Salvador; and Col. P-G, Chapingo, Mexico.
 

2. 	Announce the release of newly developed lines of beans and
 

cowpeas and distribute seed to interested breeders.
 

3. 	Prepare plans for a grain legume disease workshop to be held
 

in cooperation with CIAT in late 1975.
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Audiet 1975-74 

Line Item 

-1.Salaries *198,229 

2. Fringe Benefits. 330699, 

3. Honoraria 1,000

4. Travel 9,908 

5. Equipment & Supplies 229600 

6. Other Direct Costs 7,000 

7.'Indirect Costs (Overhead) 112,990 

Total $385,426 
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Appendix I
 

Uited States Department of Agriculture
 
Agricultural Research Service
 

Washington, D. C., 20250 

Notice to Plant Breeders of the Release
 
of Fourteen Selected Rust Resistant
 

Bean Lines
 

The Agricultural Research Service, United States Department
 
of Agriculture announces the release of fourteen selected bean
 
(Fhaseolus vulgaris L.) lines resistant to bean rust (Uromyces
 
piaseoli (Pers.) Wint. var. typica Arth.). These lines are also
 
high temperature tolerant and are adapted to humid tropical
 
environment.
 

This project is supported in part by the Agency for Inter
national Development under a contract (PASA AJ-3-00) entitled
 
"Regional Food Legume Improvement." 

In early 1970 close to 1,000 bean PI accessions and hybrids
 
were observed for rust response and 332 rust free lines were selec
ted for screening during the short and hot dry period, mid-January
 
to late July. Further field screening tests during 1971 to 1972
 
resulted in the selection of a few resistant lines which were
 
increased in the spring of 1973. Inoculation tests at Beltsville,
 
Maryland and in New South Wales, Australia have indicated that
 
these selected lines contain resistance against a wide range of
 
races. The rust resistant lines are divided into two groups accor
ding to their resistance to common bean mosaic virus.
 

Lines being released are:
 

a) The common bean mosaic resistant group:
 

1) Lines with semi-vine, black dull, and pea bean 
typo seed: PR-S-70-15-R12-l-Bk, flowering at 36 days and an early 
selection from PI 268108; PR-S-70-15-R52-Bk, flowering at 36 days
and a mid-season bulk selection from PI 306159; PR-S-70-15-R55-Bk, 
flowering at 37 days and a late maturing selection from PI 306162; 
PR-S-70-15-R57-Bk, flowering at 39 days and a late maturing selec
tion from PI 151027; and PR-S-70-15-R66-l-Bk, flowering at 30 days 
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and early selection from PI 307751. 2) Lines with vine habit, 
flowering at 41 days, mid-season maturing, heavy yielding, and 
with brown dull and navy bean type seed: PR-S-70-15-R189-1-Bk, a 
selection from PT 207179; PR-S-70-15-R193-L-Bk, a selection from 
PI 306151; and PR-S-70-15-RI94-2-Bk, an open pollinated hybrid 
with a shiny seed coat obtained from a dull seed coat selection
 
of PI 306151. 

b) The comnon bean mosaic susceptible group:
 

PR-S-70-15-R87-Bk, a semi-vine, flowering at 38 days,
 
mid-season with black dull seed, selected from PI 311809; PR-S-

70-15-Rl48-Bk, a vine, flowering at 36 days, late maturing with 
red shiny seed, selected from PI 209481; PR-S-70-15-RI67-4-Bk, 
an open pollinated hybrid with vine habit, flowering at 35 days,
 
early with tan shiny seed, selected from PI 208774; P11--70-15
R180-Bk, a semi-vine, flowering at 36 days, late maturing with 
pink shiny seed, selected from PI 310830; PR-c ,70-15-R287-1-Bk, 
a semi-vine, flowering at 33 days, late maturing with pink shiny 
seed, selected from PI 208774; and PR-S-70-15-P29G2-Bk, a semi-vine, 
flowering at 39 days, late maturing with buff dull seed, selected 
from PI 309863. This is a varied group and the lateness of some
 
selections could be due to susceptibility to the virus. Seeds of
 
these lines resemble red Mexican beans in shape.
 

These lines are released as parental material in breeding for 
rust resistance or as differential bean varieties for rust resis
tance. The Department reserves the right to name any of these 
breeding lines if they are cultivated commercially. 

A limited amount of seed is available by writing to Dr. N. G.
 
Vakili, Federal Experiment Station, P. 0. Box 70, Mayaguez, Puerto 
Rico 00708.
 

Approved: 

AdminiseatrhS Date 
Agricultural Research Service 
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iUnited States Department of Agriculture 
Agricultural Research Service 

Washington, D.C. 20250 

Notice to Plant Breeders of the Release 
of three Dry Bean Hybrids 

with Multiple Disease Resistance Characteristics
 

The Agricultural Research Service, United States 
Department of Agriculture announces the release of three dry bean
(Phaseolus vulgaric L.) hybrid cultivars possessing a high degree of
resistance, under tropical conditions, to a number of diseases.
 

This work is supported in part by the Agency for International
 
Development under the project number (PASA AJ-3-00) entitled "Regional

Food Legume Improvement." 

The enviionment of the tropical lowlands is unfavorable to the 
cultivation of beans. Continuous warm weather, heavy seasonal rainfalls 
alternated by dry periods, rapid growth of weeds, a multitude of ever 
present insect pests and vectors, and the pressure of soil borne and

foliage diseases drastically reduce the stand, vigor and the yield of 
beans. Cultivars with multiple resistance arc needed, if cultivation of 
beans in the lowland tropics to beare an economic feasibility. 

In Puerto Rico the development of hybrid beans with wide range of 
disease resistance was facilitated by a high frequence of open
pollination in the field, caused by the visitation of the flowers by aCarpenter bee (Xvloeona brasil nnoim L.) aid by the possibility of
growing four hybrid generatiorn: per year. Due to open pollination by
the bees, only the maternal parents of these hybrids are known. The 
three hybrid cultivars were ::electedoriginally for cultivation in LatinAmerican countries where black shiny beans are favored. They were also
selected for tolerance to warm weather during flowering.
 

The hybrid cultivars being released are: 

1. Cultivar designation: PR-1-71-l-RlOl. 

Cultivar PR-H-71-l-RlOl originated from a black dull seed and 
Vine type, maternal parent from PI 200956 which was acquired from 
X2. Salvador. The black shiny F2 progeny was screened for common bean 



-rus resistance. The F3 and F4 progenies were screened for 
Common bean mosaic virus and rust resistance. The cultivar was

bulked and increased at the F5 generation. It has a vine habit, 
flowers at 47 days and has a small Navy bean-type black shiny seed. 

2. Cultivar PR-H-71-l-RU3. 

The maternal parent of this cultivar is PI 289377 which has 
black dull seed, vine habit, and was acquired from Hungary. This
oultivar was screened and selected as the previous one and increased 
at the F5 generation. It has black shiny seed, semi-vine habit and
 
flowers at 47 days.
 

3. Cultivar PR-1-73.1--R136. 

The maternal parent of this hybrid is PI 195364 which has
 
black dull seed, vine habit, and was acquired from Guatemala. The
 
black shiny seeded hybrid was screened and selected as the previous
 
ones and increased at F5 generation. It has Navy bean-type seed, semi
vine habit and flowers at 47 days. 

All three cultivars were resistant to:
 

Common bean mosaic virus. The three hybrid progenies were
 
repeatedly subject to field and greenhouse screening in Puerto Rico
 
and finally at Beltsville against strains BV-1, PR.5 and PR-9. hese
 
cultivars were free from infections in two seasonal field trials in
 
El Salvador.
 

Seedlings of the three cultivars were resistant to Puerto Rico 
cowpea mosaic virus which is similar to the Arkansas cowpea mosaic 
virus. This virus is transmitted by chewing insects and is one the most 
prevalent diseases in the tropics. Also, seedlings of these cultivars 
were resistant to a strain of cucumber mosaic affects avirus which 
number of bean cultivars in the tropics. 

Rust (Uromyces phaEo!1 var. typca). The three hybrid cultivars 
were screened for rust resistauce at the F- to F5 generations. During
the past three years, these cultivars heve'been resirtant to rust races 
which severely infect all North American rust differential bean
varietics. At Beltsville PR-II-71-1-lII3 had an Immune r, sponce while 
the other two cultivars were resistant. At (an Andres, El Salvador,
these cultivars were moderately resistant while In flew South Wales,
Australia they had a resistant reaction to rust inoculation. 

Fusarium wilt (Funarium fxv-porum f. sp. phaseoli). The three 
hybrid cultivara were put through a severe fusarium wilt screening at 
12 and !- generations in the field. 



In E1 Salvador, cultivar PR-H-71-1-136 was infected with
 
Rhizoctonia root rot (Rhizoctonia solani) and cultivar PR-H-71-I-BU3
 
was attacked by web blight (Thanatephorus cucumeris).
 

No powdery mildew (Erysiphe polygoni) infection have been re

corded on these cultivars either in Puerto Rico or in El Salvadori
 

Golden Yellow Mosaic. The white fly transmitted virus disease,
 

golden yellow mosaic, is one of the most important diseases of beans
 

in the lowland tropics. Cultivar PR-H-71-1-RlOl has been susceptible to
 

this vins both in Puerto Rico and in El Salvador. The other two culti

vars have shown field tolerance.
 

The three cultivars are susceptible to Xanthomcnas phaseoli and
 

X. vignicola the causal organisms of common bacterial blight of beans 

and bacterial canker of cowpeas, respectively. 

The three cultivars, though having black shiny beans and vine
 

to semi-vine habit, Dossess a wide range of resistance and could be
 

cultivated commercially where black beans are the preferred local staple
 

Also, these cu-ltivars could be used as resistant parents for crosses
 

with adaptable and commercially desired local varieties. 

A limited anount of seed is available by writing to Dr. N.G.
 

Vakili, Federal Experiment Station, P.O. Box 70, Mayaguez, Puerto Rico
 

00708.
 

- Date
Ainistrator 


LAricultural Research Service
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A. Biblioaraphic List of Papers and Publications Developed
 

Under the Contract.
 

1. 	Bird, J. and J. H. L6pez-Rosa. 1973. New whitefly and aphid

borne viruses of bean (Phaseolus vulgaris) in Puerto Rico.
 

Proceedings of the First IITA Grain Legume Improvement Work

shop, Ibadan, Nigeria, 29 Oct. - 2 Nov., 276-278.
 

2. 	Bird, J., J. Sanchez, R. L. Rodriguez, A. Cortds-Monllor, and
 

W. Kaiser. 1974. A mosaic of beans (Phaseolus vulgaris L.)
 

caused by a strain of common cucumber mosaic virus. J. Agr.
 

Univ. P.R. 58(2): 151-161.
 

3. 	Bird, J., J. Sanchez, R. L. Rodriguez, and F. J. JuliA. Ruga-

In Troceous (whitefly-transmitted) viruses in Puerto Rico. 


pical Diseases of Legumes, Julio Bird & Karl Maramrorosch, Ed.,
 

Academic Press (volume to appear in 1975).
 

J. Sdnchez, R. L. Rodriguez, A. Cort6s-Monllor, W.
4. 	Bird, J., 

Kaiser, H. W. Waterworth, and R. 11. Lawson. A vein banding
 

mosaic of beans incited by a strain of cucumber mosaic virus.,
 

In Tropical Diseases of Legumes, Julio Bird & Karl Maramorosch,
 

Ed., Academic Press (volume to appear in 1975).
 

5. 	Bird, J., J. Sanchez, and R. L. Rodriguez. 1974. Virus af

fecting soybeans in Puerto Rico. Proceedings of the Workshop
 

on Soybeans for Tropical and Subtropical Conditions held at
 
- Intsoy Publithe University of Puerto Rico, Mayaguez Campus 


cation Series, No. 2, 109-111, May 1974.
 

6. 	Hirumi, H., M. Kimura, K. Maramorosch, J. Bird, and R. Woodbury.
 

1974. Rickettsia-like organisms in the phloem of little leaf
 

diseased Sida cordifola. Phytopathology 64: 581-582.
 

7. 	Maramorosch, K., H. Hirumi, M. Kimura, J. Bird, and N. G. Vakili.
 

1974. Diseases of pigeon pea in the Caribbean area: an electron
 

microscopy study. FAO Plant Protection Bull. 22(2): 32-36.
 

J. Bird, and J. SAnchez. Isolation of a strain
8. 	 Milbrath, G. M., 
of cucumber mosaic virus from beans in Illinois. In Tropical 

Diseases of Legumes, Julio Bird & Karl Maramorosch, Ed., Aca

demic Press (volume to appear in 1975).
 

9. 	Rodriguez, R. L., J. Bird, A. Cortds-Monllor, H. E. Waterworth,
 

M. Kimura, and K. Maramorosch. A mosaic diseasr of Canavalia
 

Maritima (bay-bean) in Puerto Iico. In Tropical Diseases of
 

Legumes, Julio Bird & Karl Maramoroach, Ed., Academic Press
 

(volume to appear in 1975).
 



10. 	 Vakili, N. G. and K. Maramorosch. 1974. Witch's broom dis
ease caused by mycoplasm-like organisms on pigeon peas (Cajanus 
caian) in Puerto Rico. Plant Disease Reporter 58: 96. 

Ll. 	 Vakili, N. G. 1974. Bacterial blight of beans (Phaseolus
 
vulgaris) caused by Xanthomonas phaseoli and X. vignicola in
 
lowland tropics. Workshop ou Grain Legume Diseases, Agricul
tural Experiment Station, University of Puerto Rico, Rio
 
Piedras, P.R.
 

L2. 	 Vakili, N. G. 1974. Distribution of wild hosts of whitefly
 
transmitted viruses in Tropical America. Workshop on Grain
 
Legume Diseases, Agricultural Experiment Station, University
 
of Puerto Rico, Rio Piedras, P.R.
 

13. 	 Valxili, N. G. 1974. Diseases of beans (Phaseolus vulgaris)
 
in Tropical America. Workshop on Grain Legume Diseases, Agri
cultural Experiment Station, University of Puerto Rico, Rio
 
Piedras, P.R.
 

14. 	Vakili, N. G. 1974. Survey of cowpea ('g unguiculata)
 
diseases in Tropical America. Carib. Div. APS, Port of
 
Spain, Trinidad.
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'B.Abstracts of Papers and Publications Developed Under
 
the Contract.
 

NEW WHITEFLY AND APHID-BORNE VIRUSES OF BEAN (PHASEOLUS
 
VULGARIS) IN PUERTO RICO. Julio Bird and Julio H. L6pez-

Rosa
 

Several rugaceous viruses are known to occur in Puerto Rico. Four
 

of them, i.e., Rhynchosia, Jacquemontia, Ipomoea and P. lunatus mosaic
 

viruses are whitefly-transmitted and affect beans (E. vulgaris) in the
 

field. The Rhynchosia and P. lunptus viruses are well distributed in
 

the Island and also seem to be present in other Caribbean islands as
 

well as in Central America and Northern South America. The results of
 

host range and cross rcotection studies indicate that the Puerto Rican
 

whitefly-transmitted viruses are not closely related. The Ipomoen,
 

Jacquemontia and P. lunatus viruses have a rather restricted host range;
 

the former causes a yellow leaf curl of tomato. The Rlvnchosia virus
 

affects many species belonging to several plant families. Certain bean
 

varieties have shown some degree of tolerance to the Rhynchosia virus.
 

No resistance to the P. lunatus virus has been encountered in the many
 

bean varieties tested. A seemingly new strain of cucumber mosaic virus
 

(CMV) transmitted by Aphis gossypii was found to be affecting beans in
 

Puerto Rico. Little is known about the distribution of this agent in
 

the Island. The aforementioned strain of CMV seems to be related to
 

the one that occurs on Commelina in Puerto Rico. In addition, it causes
 

symptoms on banana that are indistinguishable from those incited by the
 

local banana mosaic virus which has been shown to be a strain of CMV.
 

The P. lunatus virus was transmitted mechanically in Puerto Rico by a
 

French visiting scientist, Dr. lHerv6 Lot.
 

Proceedings of the First IITA Grain
 
Legume Improvement Workshop, Ibadanp
 
Nigeria, 29 Oct.-2 Nov., 276-278 (1973)
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A MOSAIC OF BEANS (PHASEOLUS VUWARIS L.) CAUSED BY A 
STRAIN OF COMIN CUCUMBER MOSAIC VIRUS. J. Bird, J. 
Sanchez, R. L. Rodriguez, A. Cortds-Monllor, and W. 
Kaiser 

A virus (BVbD-,) capable of inciting mild mosaic and vein-banding
 

symptoms on various hosts was isolated from field beans (Phaseolus
 

vulgaris L.) growing in experimental plots. The causal agent was trans

mitted by mechanical means as well as via aphids. The results of trans

missibility, serology, host range and physical property studies indicate
 

that the virus is a strain, possibly a new one, of the common cucumber
 

mosaic virus (CMV) complex.
 

Un virus (BVBMV) capaz do provocar lieeros sfntoms de mosaico y el 

bandeado de las nervaduras en varias especies de plantas fue aislado de 

habichuelas (Phaseolus v lgaris L.) cultivadas en un predio experimental. 

1l virus so transmiti6 por medios mccdnicos y a travs do worias especies 

do Afidos. Ls resultados obtenidos do estudios realizados sobre la trans

miusibilidad, gama do plantas hospedadoras, serologfa y propiedades ffsicas 

del referido agente viroso indican qua so trata de una cepa, posiblemento 

nueva, del mosaico comdn del pepinillo (CMV). 

J.Agr. Univ. P.R. 58(2): 151-161 (1974) 
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VIRUSES AFFECTING SOYBEANS IN P1s3uvi tuuu * j.; aura, 
J. Slnchez and R. L. Rodriguez
 

La soja no se siembra comercialmente en Puerto Rico a posar de que
 

,so pueden obtener magnificos rendimientos mediante el empleo de prdcticas
 

,tecnol6gicas modernao. Hasta ahora poco se conocia sobre los virus fito

patogedlcoo que afectan la antedicha cosecha en Puerto Rico. Reciente

mente se observaron dos mosaicos en plantaciones experimentales localizada
 

en las Subestaciones de Fortuna, Lajas, Gurabo e Isabela. La incidencia
 

do uno de los mosaicos, el enanismo (achaparramiento) amarillo, era ele

vada (.4s de 25% en algunas variedades) en la Subestaci6n de Fortuna pero
 

casi inapreciable (aproximadamente 1%) en Isabela, Gurabo y Lajas. El
 

virus que causa el enanismo amarillo no pudo ser transmitido par medios
 

mecdnicos pero se verific6 experimentalmente que era propagado par la
 

mosca blanca Bemisia tabaci Genn. Los resultados de estudios sobre la
 

transmisibilidad, sintomatologia y gama de hospederas indican que el
 

agente que causa el enanismo amarillo de la soja en Puerto Rico es iden

tico al incitado par el virus rugdceo de Rhynchosia minima DC. El otro
 

virus detectado en el campo causa un mosaico effmero en la soja y fue
 

transmitido experimentalmente (par medios mecnicos) a plantas de la
 

variedad Jupiter. Otras especies corrientes tales coma pepinillo,
 

tabaco, habichuela y caupi no desarrollaron sintomas al ser inoculadas
 

artificialmente. Los agentes que causan los mosaicos de Crotalaria y
 

Vina son capaces, segdn comprobamos, de infectar la soja en Puerto Rico.
 

Sin embargo no logramos aislar estos agentes de las plantaciones antes
 

mencionadas.
 

Proceedings of the Workshop on Soybeans
 
for Tropical and Subtropical Conditions
 
- Intsoy Publication Series, No. 2, 109
111 (1974)
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RICKETrSIALIKE ORGANISMS IN THE PHLOEM OF LITTLE LEAF-
DISEASED SIDA CORDIFOLIA. H. Hirumi, M. Kimura, K. 
Maramorosch, J. Bird, and R. Woodbury 

Bids cordifolia plants with a previously undescrioea £xcie Lear
 

disease were observed growing wild at Lagos de Vega Baja, Puerto Rico.
 

The diseased plants were characterized by dwarfed leaves, reduction in
 

internode length, and suppression of flowering. Occasionally leaves
 

on several branches were severely dwarfed, while leaves on other bran

ches of the same plant appeared normal. To elucidate the etiology of
 

the disease, portions of leaves and petioles were excised in the field,
 

fixed with 1.5% glutaraldehyde in'0.1 M sodium cacodylate buffer (pH
 

7.2), and further processed for electron microscopy using standard pro

cedures. Examination of thin-sections revealed the presence of pleo

morphic microorganisms, resembling Rickettsiae (RID), in the sieve tube
 

elements, but not in the xylem, of diseased as well as healthy-appearing
 

S. cordifolia col). ted in the same area. The RID were either spherical
 

or filamentous and had thin cell walls that disti guished them from myco

plasmalike organisms (MID). Healthy S. cordifolia from a location 2 kilo

meters away contained no microorgnnisms. Presumably RIO represent a group
 

of plant pathogenz, distinct from MID and from bactoria.
 

Phytopathology 64: 581-582 (1974)
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DISEASES OF PIGEON PEA IN THE CARIBBEAN AREA: AN ELECTRON 
MICROSCOPY STUDY. K. Maramorosch, H. Hirumi, M. Kimura, 
J. Bird, and N. G. Vakili
 

At laast four different diseases of uncertain etiology aeect pigeon
 

pea, Calanus ca n, plants in the Caribbean Islands. The whitefly-borne
 

agent of the yellow mosaic disease has not been visualized by electron
 

microscopy and may be a viroid, rather than a virus. The proliferation
 

or witches' broom disease observed in the Dominican Republic, as well as
 

the more severe proliferation disease occurring in Puerto Rico, has been
 

found associated with mycoplasma-like micro-organisms, as well as a
 

rhabdo-type virus. Plants infested by Empoasca leafhoppers showed mild
 

proliferation symptoms and typical hopper burn. No viruses or mycoplasma

like disease agents were found in such plants. Healthy plants were free
 

from viruses and MID.
 

FAO Plant Protection Bull. 22(2):
 
32-36 (1974)
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Appendix III
 

Travel by the Staff
 

A. 	National 

1. 	Dr. Vakili visited (August 19-20) the Regional Plant Intro

duction Station, USDA, ARS, Washington State University,
 

Pullman, Washington to discuss exchange of information and
 

materials. He was invited to give a seminar on Tropical
 

Diseases of Beans.
 

2. 	Dr. Vakili visited (August 21-22) the Food Legume Improve

ment Project facilities, USDA, ARS, Pasco, Washington and
 

arranged for exchange of breeding lines for inclusion in
 

disease resistance trials.
 

3. Drs. Freytag and Vakili participated (September 16-17) in
 

the WRCC-10 Technical Committee Meeting, USDA, ARS, held
 

at the University of Colorado, Fort Collins, Colorado.
 

4. 	Dr. Cruz attended (December 1-6) the Annual Meeting of the
 

Entomological Society of America held at Minneapolis, Min

nesota.
 

B. International
 

1. Honduras
 

Dr. L6pez-Rosa participated (February 11-15) in the 20th
 

Annual Meeting of the Programs Cooperativo Centroamericano
 

Para el Mejoramiento de Cultivos Alimenticios (PCCMCA) held
 

in San Pedro Sula, Honduras, C.A.
 



2. Canada
 

Drsv.iVakiliand Ldpez-Rosa attended (August 11-16) the joint
 

Annual Meeting of the American Phytopathological Society and
 

the Canadian Phytopathological Society hold in Vancouver,
 

British Columbia, Canada.
 

3. Colombia
 

Drs. Vakili, Meldndez and L6pez-Rosa participated (October
 

10-12) in the Bean Rust Workshop held at the Centro Inter

nacional de Agricultura Tropical (CIAT), Cali, Colombia.
 

Dr. L6pez-Rosa participated (October 14-16) in the Bean Pro

gram Evaluation Workshop held at CIAT.
 

4. Ecuador
 

Dr. Vakili visited (October 14-19) the Instituto Nacional
 

de Investigaci6n Agricola at Quito; the Estaci6n Experimental
 

Santa Catalina (INIAP), at Santa Catalina; the Estaci6n Ex

perimental de Pichilingue; and the Estaci6n Experimental
 

Boliche, at Guayaquil. The objective of these visits was
 

to discuss and arrange for cooperative research on diseases
 

resistance in Phaseolus vulgaris and Vigna unguiculata.
 

5. Perd
 

Dr. Vakili visited (October 20-24) the Centro Nacional do
 

Investigaci6n, at La Molina to discuss possible cooperative
 

work on disease resistance in beans.
 



6. 	 Trinidad 

Dr. Vakili attended (November 17-23) theAnnual Meeting of 

the Caribbean Division of the American Phytopathological 

Society held at Port of Spain, Trinidad. He presented the 

paper "Survey of Cowpea Diseases (Vigna unguiculata) in 

Tropical America".
 

7. Guyana
 

Dr. Vakili visitcd Guyana (November 25-27) at the request
 

of the AID mission in that country. The objective of the
 

visit was to discuss possible use of legumes such as cow

peas and pigeon peas as forage crops.
 

8. Venezuela
 

Dr. Vakili visited (November 28-Dccember 5) the Instituto
 

do Investigaciones Agion6micas at Maracay; the Universidad
 

Centro Occidental at Barquisimeto; and the Centro de Inves

tigaciones Agropecuarias de la Regi6n Centro Occidental at
 

Acarigua. The objective of these visits was to arrange co

operative research on disease resistance in beans and cowpeas.
 

At the Department of Plant Pathology, Universidad Centro Occi

dental he lectured on "Disease Resistance in Beans and Cowpeas",
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Appendix IN
 

Visitors Interested in Grain Legume Disease Research
 

Name Address
 

1. Dr. Richard Ford 


2. Dr. George L. Godfrey 


3. Dr. Gene L. Milbrath 


4, Dr. James B. Sinclair 


5. Dr. Robert Goodman 


6. Dr. . M. Pnphlman 

7. Dr, Vernon Dansteegt 


Dr. J. P. Meiners 


9. Dr. H. E. Waterworth 


10. Dr. Russell Desrosiers 


11. -Mr. Heleoduro Miranda 


12. Dr. Eddie Echandi 


Plant Pathology Department
 
University of Illinois
 
Urbana, Illinois 61801
 

idem
 

idem
 

idem
 

idem
 

Agronomy Department
 
University of Missouri-Columbia
 
208 Waters
 
Columbia, Missouri 65201
 

U.S. Department of Agriculture
 
Frederick, Maryland
 

Plant Protection Institute
 
Agricultural Research Service
 
U.S. Department of Agriculture
 
Beltsville, Maryland 20705
 

Plant Introduction Station
 
Agricultural Research Service
 
U.S. Department of Agriculture
 
P.O. Box 88
 
Glenn Dale, Maryland 20769
 

Agency of International Development
 
Department of State
 
Washington, D.C. 20523
 

Instituto Interamericano de Ciencias
 
Agricolas
 
Apartado 1688, Sucursal #1
 
San Salvador, El Salvador
 

Department of Plant Pathology
 
North Carolina State University
 
Raleigh, North Carolina 27607
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13o Dr, Alvaro S. Costs 	 Virology Department
 
Instituto Agronomico
 

Campinas, S.P., Brazil
 

14, Dr. Guillermo Glvez 	 Centro Internacional de Agricultura
 
Tropical
 
Apartado Adreo 67-13
 
Cali, Colombia
 

15. Mr. Carlos Granillo 	 Facultad de Ciencias Agron6micas
 
Universidad de El Salvador
 
San Salvador, El Salvador
 

16. 	*Hr. Antonio Dfaz Chdvez Divisi6n de Parasitologfa Vegetal
 
Centro Nacional de Tecnologia Agro
pecuaria
 
Santa Tecla, El Salvador
 

17. 	 Dr. Gordon Muller Ministry of Agriculture
 
.. Guyana
 

18. 	Dr. Reginald E. Pierre Faculty of Agriculture
 
University of the West Indies
 
Mona, Kingston 7, Jamaica
 

19. 	 Dr. John A. Spence Dept. of Biological Sciences
 
University of the West Indies
 
St. Augustine, Trinidad, W.I.
 

20. 	 Dr. N. D. Singh Department of Crop Sciences 
University of the West Indies 
St. Augustine, Trinidad, W.I. 

21. Dr. S. Q. Haque 	 idem
 

22. Dr. Karl Maramorosch 	 Waksman Institute of Microbiology
 
Rutgers University
 
New Brunswick, New Jersey 08903
 

23. Dr. James E. Duffus 	 U.S. Agricultural Station
 
P.O. Box 5098
 
Alisal Branch
 
Salinas, California 93901
 

24.- Dr. Floyd F. Smith 	 Plant Genetics & Germ Plasm Institute 
USDA, ARS, Building 470 
Agricultural Research Center-East 
Beltsville, Maryland 20705 



25. Dr, Robert J. Williams 


26. Dr. Francis Koo 

27. Joed M. Arrieta 


28. Domingo Bee-Rodriguez 


29. Donald Bravo-Flores 


30. Rodrigo J. Echdvez-Badel 


31. Sonia Esteves-VelAzquez 


32. Josd A. Gonzdlez-Rodrfguez 


33. Ernesto Leyp6n-Noguera 


34. Miguel A. L6pez-Guadamuz 


35. Pastor Petit-Rond6n 


36. Frank Sequeira-Bustamante 


37. Ivonne Villamarzo 


International Institute of Tropical
 
Agriculturt (IITA)
 
Oyo Road, PMB 5320
 
Ibadan, Nigeria
 

Tropical Agro-Sciences Division
 
Puerto Rico Nuclear Center
 
University of Puerto Rico
 
Mayaguez, Puerto Rico 00708
 

Graduate Student
 
,Hayaguez Campus
 
University of Puerto Rico
 

.......e Puerto Rico 00708
 

idem
 

idem
 

idem
 

Idem
 

idem
 

idem
 

idem
 

idem 

idem
 

idem
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Appendix V 

RecipLents of Seeds from Released Bean Lines
 

United States
 

John L. Bowers, Professor of Horticulture, Department of Horticul
ture and Forestry, University of Arkansas, Fayetteville, Arkansas
 
72701
 

10 cowpea lines
 

George Bruening, Assoc. Professor, Department of Biochemistry and
 
Biophysics, University of California, Davis, California
 

12 bean lines
 

Hark J. Bassett, Asst. Professor, University of Florida, IFAS,
 
Gainesville, Florida
 

14 bean lines
 

L. Curtis Hannah, Asst. Professor, Institute of Food and Agricul
tural Sciences, University of Florida, Gainesville, Florida 32611
 

11 cowpea lines
 

Mark J. Bassett, Asst. Professor, University of Florida, IFAS,
 
Gainesville, Florida 32611
 

3 bean lines
 

Richard W. llartmann, Assoc. Professor of Horticulture, College of
 
Tropical Agriculture, St. John Plant Science Laboratory 102, 3190
 
Maile Way, University of Hawaii, 1honolulu, Hawaii 96822
 

3 bean lines
 
14 rust resistant bean lines
 

J. P. Melners, Chief, Applied Plant Pathology Laboratory, Agric.
 
Res, Center, Beltsville, Maryland 20705
 

11 bean lines
 

R. Provvidenti, Senior Research Associate, New York State Agricul
tural Experiment Station, Cornell University, Geneva, New York
 

3 bean lines
 



Lko.Wilklnson, Department of Plant Pathology, Cornell University
 
Ithaca, New York 14850
 

370 bean lines
 

D. H. Wallace, Professor, Department of Plant Breeding and Biometry,

Cornell University, 252 Emerson Hall, Ithaca, New York 14850
 

1 bean line
 

Edward K. Vaughan, Professor of Plant Pathology, Department of Botar
 
and Plant Pathology, Oregon State University, Corvallis, Oregon 973:
 

9 cowpea lines
 

W. L. Ogle, College of Agricultural Sciences, Clemson University,
 
Clemson, South Carolina 29631
 

4 cowpea lines
 
1 bean line
 

Richard L. Fery, Res. Geneticist, U.S. Vegetable Laboratory, Box
 

3348, Charleston, South Carolina 294C7
 

cowpea and bean lines
 

M. J. Silbernagel, Res. Plant Pathologist, Irrigated Agriculture
 
Research and Extension Center, Prosser, Washington 99350
 

3 bean lines
 

L. W. Hudson, Asst. Horticulturist, Regional Plant Introduction
 
Station, Washington State University, Pullman, Washington 99163
 

18 bean lines
 

Puerto Rico
 

Carlos Cruz, Isabela Substation, Isabela, Puerto Rico
 

52 cowpea lines
 
45 bean lines
 

Joo6 Vicente Chandler, Rio Piedras Agricultural Experiment Stations
 
Rio Piedras, Puerto Rico
 

1 bean line
 



J, Viles Fortufto, Plant Breeder, Agricultural Rxpoemept Station, 
Rio Piedras, Puerto Rico 

4 bean lines 

11 cowpea lines 

Jesod Romdn, Agricultural Experiment Station, Rio Piedras, Puerto Ric, 

22 bean lines 
26 cowpea lines 

Marcial Rico Ballester, Agricultural Experiment Stationp Lajas,
 
Puerto Rico
 

17 cowpea lines
 

11 bean lines
 

Dr. Koo, Nuclear Center, Mayaguez, Puerto Rico
 

6 bean lines
 

Foreign Countries
 

Australia
 

Hiss Barbara Ballantyne, Department of Agricultural Botany, The
 
University of Sydney, Sydney 2006, New South Wales, Australia
 

2 bean lines
 

Austria
 

S. C. Hsieh, Division of Research and Laboratories, Plant Breeding
 
and Genetics Section, International Atomic Energy Agency, Karntner
 
Ring 11, P. 0. Box 590, A-1011, Vienna, Austria
 

4 bean lines
 
8 cowpea lines
 

Basseterre
 

S. George Pencle, Chief Agricultural Officer, Department ox ArICUL
ture, St. Kitts, Nevis, Anguilla, Basseterre
 

.3 cowpea lines
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Brazil
 

Engo. Agro. Eduardo Humberto 0. Barbosa, Jefe de Sector Frijol, 
InstLtuto de Pesquisas Agropecuarias do Lestre, 44.30 - Cruz das 
Almas, Bahia, Brazil 

1 bean line
 
1 cowpea line
 

Dr. A. S. Costa, Head, Virus Department, Instituto Agronomico,
 
13.100 Campinas, Sao Paulo, Brazil
 

2 bean lives
 

9. H. Paschal II, Purdue Contract, Am Cons/Rio/VLcosa, APO New
 
York 09676
 

11 bean lines
 

John M. Yohe, Plant Breeder, EMBRAPA Project, AMCONGEN-RECIFE,
 
APO N.Y., N.Y. 09676
 

3 cowpea lines
 

John M. Yohe, Plant Breeder, ANCONGEN-RECIFE, APO New York 09676
 

10 cowpea lines
 

Republic of China
 

Leonard Ho, Asst. Breeder, The Asian Vegetable Research and Deve
lopment Center, Shanhua, TaLnan, 741, Taiwan, Republic of China
 

14 bean lines 

Colombia 

Charles A. Francis, Coordinator, Small Farm Systems Program, CIAT, 
Cali, Colombia 

3 cowpea lines 

Costa Rica 

Antonio H. Pinchinat, Geneticist, Centro Agron6mico Tropical do 
Investigaci6n y Enseflanza, Turrialba, Costa Rica 

1 bean line 
1 cowpea line 



Ecuador
 

In&. Hector Buesttn, Jeoe Encargado del Programa do Leguminouas
 
do la 9. E. BolLche, Guayaquil, Ecuador
 

3 cowpea lines
 

El Salvador
 

Ing. Agron. Antonio Diaz ChAvez, Centro Nacional de Agronomia,
 
Ministerio de Agricultura, Santa Tecla, El Salvador
 

2 bean lines
 

Ethiopia
 

Staley L. Pitts, Pulse Project Officer, AID, United States AID
 
)fission to Ethipia, Addis Adaba, Ethiopia
 

17 bean lines
 

Guadeloupe
 

R. Bonhomme, Domaine Duclos, 97170 - Petit-Bourg, Guadeloupe
 

I cowpea line
 

Guatemala
 

Dr. Ricardo Bressani, Head, Division of Agricultural and Food
 
Sciences, Instiuto de Nutrici6n de Centro America y Panama,
 
Guatemala, C.A.
 

3 cowpea lines
 

Haiti
 

Roland Latortue, Service des Recherches Agricolas, Department do
 
l'Agriculture, Damien, Port-au-Prince, Haiti
 

14 bean lines
 

Honduras
 

Napoleon Reyes Discus, Investigaci6n Agropecuaria, Desarrollo
 
Agropecuario, Secretaria de Recursos Naturales, Tegucigalpa,
 
D.C., Honduras
 

20 cowpea lines
 
6 bean lines
 



Kenya 

Dr. Walter J. Kaiser, Head, Division of Plant Quarantine Service,
 
Fast African Community, Nairobi, Kenya
 

3 cowpea lines
 

2 ben lines
 

Halawi
 

L. L. Smuti-Phiri, Coordinator - Minor Legume Projects, Agricul
tural Research Council of Malawi, Grain Legume Research Laboratory
 
Box 215, Lilongwe, Malawi
 

596 cowpea lines
 

H. A. Siddigi, Principal Plant Pathologist, Plant Pathology Service,
 
Bvunbwa, Box 5748, Limle, Malawi
 

9 disease resistant selections
 

Nicaragua
 

Jos6 Angel Ponce B., Encargado, Secci6n Leguminosas do Grano, CEIEA,
 
Managua, Nicaragua
 

10 cowpea lines
 
4 bean lines
 

Fermin Balerdi, Consultor, Proyecto Adelante, Leon, Nicaragua
 

cowpea lines
 

Nigeria
 

U. U. Ebong, Federal Dept. of Agric. Research, Moor Plantation,
 
P.M.B. 5042, Ibadan, Nigeria
 

Perd
 

Oswaldo Voy. est V., Head, Grain Legumes Department, Centro Regional
 
de Investigaci6n Agraria - La Molina, Lima, Perd
 

14 bean lines
 



.Philippines
 
l G.iMmcpic, A . P'os sort ia Chairman; vvepaten ,of
 

Agronomy, University 6f' heifPtilijPines ;'C ee16
 
Philippines
 

3 cowpea lines
 

o' Lucia
 

' "
 'Anistry6f' 
aklxte."' "'g Officr,' .... I
Geo' 6Research T.LA.T. ;a'Ca tries
 

4 cowpea lines
 

Thailand
 

Wallace E. Manis, Agricultural 'Research Officer, U.S.Consulate,
 

APO San Francisco 96272
 

.17 bean lines
 

Trinidad
 

-

H. G. Schuetz, Project Director, ChaguaramaS'Agricultural''Develop
 
ment Project, Macqueripe/Chaguaramas, Trinidad and Tobago
 

19 bean lines
 
13 cowpea lines
 

Venezuela
 

Luis Marcano C., Fundaci6n Servicio para el Agricultor, Caracas,
all 
Venezuela 


4 bean linesis
 
9 cowpea lines
 



Statements that Identify Use~of Materials and InformationtProdued. 
by the Project
 

1.The methodologies aeveiopea in ruerto Kico tor the establish.

ment and maintenance of stock cultures of Bemisia tabaci and mechanical
 

inoculation of bean plants with rugaceous (whitefly transmitted) viruses
 

will enable scientists to adequately study similar diseases in other
 

parts of the world.
 

2. The workshop on grain legume diseases, which gathered workers
 

from Africa, South and Central America, the Caribbean and the United
 

States, offered an opportunity for participants to exchange informa

tion and ideas, and to plan cooperative research. The establishment
 

at CIAT, Cali, Colombia, of a central bank of diagnostic plant species
 

(part of the seed contributed by the Project) for use in studies of
 

rugaceous maladies throughout the tropical world is a direct result
 

of the workshop. A lasting contribution from this seminar will be
 

the publication of the proceedings in a volume which will be available
 

shortly from Academic Press.
 

3. Seeds of advanced lines and hybrids released in 1974 (Appendix 

I - Section H) were requested by cooperators and interested researchers 

in 25 foreign countries, nine states of the UnitedStats, and others in 

Puerto Rico (Appendix V - Section H). In the foreign countries, 29 re

searchers received 19 sets of Phaseolus vulgaris and 20 sets of Vigna 

unguiculata multiple disease resistant lines. In the United States, 



13 researchers received 13 sets of P. vuliaris and five of£V.u 
 il
 

multiple+dise~ase+ resi~tan1.+nea+ 
 n.P4erto Rico, six researchers re

ceived five P. 'vulgaris and four _V.unguiculata multiple resistant lines.
 

In Puerto Rico, six researchers received five P. vulgaris and four V.
 

unguiculata multiple resistant lines. 
 Recipients of seeds are evaluating
 

the materials for resistance to diseases and An.....1 -...
 ,. i_
 

ing programs (pp. 10-11).
 


