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Regigtration
Words of welcome Fernando Ferndndez
CIAT's Bean Program Peter H, Graham

Coffee break

Vigzit to CIAT's field experiment
plots

Lunch
Virus diseases of beans in Iatin

America, as limitinpy factorz in
bean productien Rotdrigo Gimez

Identification and biology of
whiteflies as vectors of bean
virus diseasnes, Loulse Russell

Biscussion

Caoffee break

Bran Colden Mosale and Bean G Galscz (+fides)
Chlerotie tottle virudes - T ded
thelr transmigsion and control AtraraSanbos.—Loets

Hscuasion

Control of whiteflles, vectors
of BUMV and RCMV T'reddy Alonso

Discussion

Informal cocktall party

Tnesday, Uerember 2 - Jolnt Sevsion - Room A"

68 15 -« 08 45

08 45 - (09 15

o e i

Chairman  lodrigo (Amez

Pean RBupose Mosalec and relatoed
viruses “nd thelr transmssinn
by beetles Hrward Scott

Bigcuasion
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Coffee breatklk

Breeding for resistance to the
various straina of Common Bean

losafic Virusg,

Dscussion

Uae of serology for the identi-
fication of bean wviruses in the

field,

Discussion

General discussion
Lunch

Chairman Kazuhiro Yoshii

Survival of phytepathnpentic
bacteria in the tropics,

Discussion
Coffee break

Screenfop for resistance to
Ficterial Rlights.

Discussion

Sced-borne disetges of sovboan,

and beang, and thelr control

Discusqion

fntomology Session ~Room 17"

Chnirman  Alfrede Saldarriapa

Pests of beang in Tatin Americn,
with esphasis on cultural and

bi{ological control
Niseugsion
{i offee break

fhe {eportance of [mpoageq
sprcies as bean perts, thefr
hinlogy and control,

Discussion

Feleo Driifhout

Sue Tolin

Plant Patholegy Segsion ~ Room "A"

Hax Schuster

Alfred Saettler

James Sinclair

leonce Bonnefil

tloyd Smith
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Wednesday, December 3
Plant Patbolopy Session — Room “A™
Chairwman  Eddie Echandi
08 15 « 0% Q0 Fungal digseases of beans, at
. different ecologies, in the
troplcs Fddie Tchandi
09 a0 - 02 30 Discusgion
09 30 - 09 45 Coffee breaktk
09 45 - 10 15 DMscussion on Rust,
10 15 -~ 10 435 THscussion on Authracnose
10 45 - 11 15 Ulscuasion on web-blight
11 15 - 11 45 Piscuss lon
11 45 ~ 12 30 Mscussion on other fungsl diseases,
12 30 -« 14 00 Lunch
Fntomolopy Seasion - Reom 1"
- Chailrman  Diego Nivas
08 15 - 08 45 Bean pod weevll and itg control
by resistynt varfetier José Mancia
— .- OB &5 -~ (9 15 Mscug~lo=-- - -
02 13 - 09 10 Cof fee breeal
05 306 - 10 00 the Hexican besan beetle and {t-
control by resistant virdeties P S Benepal
10 00 - 10 30 Drscuszion
10 3 - ~11 00 Tte bean leafliopper wwd {ts control
by resictant varieties Arrf. van Schoonhoven
11 on - 17 on Blecureton
12 30 - 14 00 Lunch
Jotut segsion - Room (A
Chnivymin Teter {rihnm
h 00 - 15 00 future cooperative 1ccearch punfects
in entomology
15 00 - 15 1S Coffee bronk
1515 - 16 15 fututr cooperat{vs trrpearch projects
fn plant patholopy
_ 16 15 - 17 15 teneral discarsion
17 15 - I8 1% Clasird® words Tdutrdo Alvarez~Tuna
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SCMINARIO SOBRE PPOTECCICN VEGET/L DEL FRIJOL (Phaseolus vulgparisg)

BCAY {Phaseolus vulgaris) PROTICTICH WOP¥SHOP

C.I.A.T

Diciembre 1.3, 1975

PARTICIPANTFS

ERASTL

ELLIDT ¥, KITAJIYA

Depto, de Biologia Celular,
Institote de Ciencilas Bioldgicas
Upniversidade de Brasilia,
70,000 Brasilia, D.T.

COLOMBYA

HECTOR F, AYALA

Jefe del Depto. de Tungicidas
¥ Bupsrvicor de Compo,
CELAEROK COLO BBLANA

Estaridn Evper.mental Palmara
Apariado Aéreo 2050

Cali

"RCDOLTO BARRIGA 0,

Programa de Fitopatelogzia,

. €. A&,, Centyo Tibaitarsd
Apartado Aéreo 151123, "1 Dorado"
BOGOTA, D, E.

ARMATOD BELLIYI V,

Jefe del Depto de Insecticides,
CLLAERCE COLLTIBLARA 8,7,
Estation mxperi—ental - Palmira
Apartado déxeo 2060

Call

ALVARD BULLA B.

Unaversivad haclonal

Facultad de Cienciss Arropecusrias
&partado Aéreo 234

Pelnira, valle
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LUIS A, CABRALES M, LYZ STFILA COBO
Universidad Tee, del Msgdalena Sanided Vegetal,
Apertado Adreo 234 I. C, A,, Instxtuts Coloubiano
Santa Marta, “zgdalena Apgrorecuario

Palmira, valle

REMATO CAVALLO V.,
Universidad Racional FULVIA GARCIA R,
Facuolted de Ciencias Agropecuarias Programa de Entomologla,
Apartedo Adreo 234 I. C A,
Paloira Apartado Aeveo ho,733

Palrura, Valle
PAUL G, CUERD *,
Depto, de Brclogia - Clenciczs,
Unwoersadad del Velle
Ciudad Univers:itaria, Melindez
Cali

MARGEL RORADO

Poiversided Kacioral

Feenitad de Cioncias Agropecsarias
Aportado férco 234

Palmira

GUSTAVO A, GRsADA Ch,
Jefe Seccidn Fitopatologia,
I. C, A,

Apzztado Adreo 233

Paloora

VOLEER HA®RIES

Jefe Depto, Lntomologis/Acarologia
Sub=darector,

CELAMERCE COLO BIANA S A,

Estacibn Daperimental - izlrira
Apartado féreo 2060

Cali

JULT0 TERED A,
Jefz Secciongl
ARDLUL,

Apartade ireo 7911
Cali -

SEIXA LO¥Z D,

Jefe de la Seccidr de Faitopatologia,
Federzeitn Haciroral de Cafeteros

fe folombian

Cemicafl{, Chirching

Caldas



C2R¥EN LLAROS ¥
Unisersicad haclonal
Faculred de Agiononia,
Palmiva

RAFAEL RAVARRO A,

Depto de Fitoparologia,
Instituto Colombiano
Agropecuaria, I,C.A,
Apartado Aéreo 51784
Medellin, Antioquia

BETTY C. KODBMANH DT OPOZCO
Profesor Fiteopatologia y
Microbiologia,

Uniwersidad Tec del Mzgdalena,
Sanfa twrta, Hagdelena

BYREIMIN PIKCDA L
Seepidn de Fitopatologia,
Universidad de Céreoba
Apattado Aereo 354
Monteria, Coracha

HEREAN RAMIREZ A,
Deszrrolle de Productos
Quimicos para Apricultuyra
Eohm and Heas Coler sza 8.4,
Apartedo Aereo 606

Ave, 6a A wte $24.-58

Cali

SIT¥I0 ROSERO A,

Universidad de hatifo, Apdo, £f1e0 1175
Carrera 18 £16-44

Pasto, harifo

ALTREDO SALDARRIAGA
Entonélogo « Investipacién
Instituto Colowbia o
dgrepecuvario, I € A
Apartedo Af€reo 51764
Medellin, Antioquia

BENETIN A, SAWDO §

Facultsd de Ciercics Agricolas,
Dnivergided de tor.fo

Apartado Aéreo 1175

Pasto, RB-rifio
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JAI¥E SICRRA F,
DUPONT DE COLOMBIA
Apartado Aéreo 15024
BOGOTA, D, E,

IVAR VELLZ M,

DUPONT DE COLOMBIA,
Aparxtado Aéreo 15024
BOGOTA, D, E,

RUEBEN DARIO ZARATE R,

Yacultad de Ciencias Agropecvarizs,
Universidad Nacional

Apartedo 4Léreo 234

Palmira, Valle

COSTA RICA

CARLOS L, BIANCHIMI P,

Jefe Depto. Fitopatologla

Ministerio de Agricultura y Ganaderia,
Apartado 100%4%

San José

RODRIGO GAMCEZ

Frofesor en Virologia,

Universidad de Costa Rica

Ciudad Universitaria “Rodrigo Facio",
San Josgé

MIGUEL GONZALEZ P,

“Encargado de las Secciones

de Fitopatologia y Entowmologia,
Panzna Development Corporation
of Cogta Rica

Apartado 4084

San José

BAPZEL A, MORA R,

Coepafiia Bansnera Atléntica Ltda,,
San Jos&

HABDEY, ¥, JIMENEZ
T Pont
San Jost

CARYIDS A, 5070 8,

Sub~Jefe Dept Fitopatolopia,
Ministerio de Agricultura y Ganaderia
Apartedo Aéreo 10094 -

San José

CHILE

CARLDOS QUIRQZ E,
Avenida Scta, Rosa 11610
1.a Granja,

Santiago
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CUBA

DORIS FEYITO P,

Director Provincial Laboratorio Oriente,
Instituto Nacional de Reforma Agraria,
Direccidn Nacional Saunildad Vegetal
Prolongacidn Carbd s/n y Calle Holguim
Dpro, Parera, Holguln Ote

MIRTA GORZALEZ

Instituto dz Investigaciones
Fundamentales de Agricultura
Tropieal, I,H.I.F,A.T.
Santiago de las Vegas, iHabgna

JORGE R. OVIES

Director Laboratoric Central

de Diagndstico

Instituto Nacional de Reforma
Agraria,

Direccién Nacional de Sanidad Vegetal
Calle 44 ¥, 54 A Miramar

Le Habana

ECUADOR

SULI0 C, DELGADO

Jefe Depto, de Fitopatoloegia,

I.N,I,A.P,, Estacién Experimentel "“Boliche"
Apartado 7069

Guayaquil

ELSA LUQUE G,

Ministerio de Agricultura y Ganederia,
Direccidén Bacional de Desarrollo
Agricola,

Depto, de Sanidad vVegetal

Quiro

MEBARDD TZQUIERDD L.

Ministerioc de Agricultura y Ganaderia,
Direccidn Nacional de Desarrollo
Agricola

Deptro. de Sanidad Vegetal

Quite

JUAN G, VEGA V.

Jefe del Depto. ae Fitopatologia,
I,8,1,A,P,, Instituto hacional de
Investigacliones Agropecuarias -
Estacidn Experimental ""Santa Catalinag"
Apartado Aéreo 2600 y 340

Quite

M
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Fl. SALVADOR

SAUL E, CONTRERAS G

Jefe del Depto, de Parasitologia

Vegetal,

Paculted de Clencias Agronduicas

Imiversidad de El Salvador

Apartado Postal 773 y 747

San Salvador !

FRARCISCO A, FISCHMNALLR D,

Coordinador del Area de Fitopatologia,
Facultad de Clenciag Agrondmicas,
Universidad de El Salvador

Apartado Postal 773 y 747

San Salvedor
CARLOS MARIO GARCIA B, Actualmente se encuentra em C.I.A,T.,
Centro Kacional de Tecnologia hasta el 19 de Diciembre,

Agropecuaria, C,E.N,T.A,
Final la, Av, Norte
Santa Tecla

CARICS R, GRANILLO H.
Avwelar Hnos, S.A,
(06) 998, San Salvador

JOSE E., VMANCIA C, -
Coordinador del Area de Entomologia,
Facultad de Ciencilas Agronémicas
Universidad de El Salvador

Apartado Postal 773 v 747

San Salvador

BERJAMIN H, WAITE

USADD /University of Tlorida,
U, 5, Embassy,

San Salvador

CUADALIPE

ALAIR COLEMRD

Institut Haticnal de la Recherche
Apronomique, I N.R.A,

Domaine Duclos - 87170, Petit Bourg

A, FERMANREC

Institut tational de la Recherche
Agrenomique,

I.N.R,A,, Guadalupe

Antillas Francessas




GUATEMATA

FREDDY R, ALONZO P,

instituto de Ciencia y Tecnologia
Agricolas, I.C T,A.

Za, Av, 11-59%, Zona 9

GCaler{ss Espafia, 4o, Plso
Guatemala

HAUAIT

ARNNE ALVAREZ
University of Hawali,
3190 Maile Way,
Honelulu, Hawali 96822

HOLAXDA

EELCO DRIJFHOUT

Reseaych Plant FBreeder

Institute for Horticultural Plant
Breeding, I.V.T.

Mansholtlaan 13, Wageningen

?; 0; Box 16

NETHERLANDS -

HONDURAS

JORGE HERNARDEZ M,
Ministerio de Recursos
Naturales,
Tepgucigalpa, Honduras

JOSE MOWTEREGPO B,

Director,

Secretaria de Recursos heturales
Direccidn Agricela Regional Centro
Oriental

Apartedo Yostal £#1207

Tegucipalpa

JOSE ANTONIO SALAS L.
TELA BR Co,,

La Limz, Cortes
HORDURAS, C.A,
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MEXICD

JORGE CAMPOS A,

Auxiliar del Depto. de Leguminosas,
Jastituto Nacional ce Investigacionesg
Agricolas,

Chapingo

MARTID CONTRERAS R,
C. I M MY, T,
Londres 40

Apdo, Postal 6-641
¥México 6, D,F.

LEOPULDD FUCTLOVSHRY
Colepgio de Postgraduados
Chapingo, México

LUIS GUERRA S,

Cooxd, Programa Entomclopia,
. I.A. - 5.A.G.,

CIARE,

Apartado Postal 247

Torredn, Coah,

México

PONCIAND PEREZ G, -

Coord, del Programa de Leguminosas
Comestibles,

Instituto Necional de Investipaciones
Agricolas, C,I.AM.E.C.

Apartade Postal ho 1
*Chapingo, Edo, de México

NICARAGUA

FARIADS J, SOMMEIJER
Hinisterio de Agricultura -
F,4.0./U.N D.P,

Managua, Nicaragua

PANAA

DIEGD HAVAS

Profesor -~ Investigador enm Entomelopia,
Farultad de Agronomia,

Universidad de DPanané

Panani
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PERD

FELICIAND AVALOS

Centro Regional de Investipacidn
Agraria “La “olina",

Apartado 2791

Lina

SEGURDD L., DOWGO b,

Direccidén de Produccidn

Agricola

Av. Sslaverry s/n

Ministerio de Trabajo - Piso 100,
Lima

PUERTD RICO

JULID BIRD

Estacidén Dxperimental Agricola
de la Universidad de Puerto Rico,
Box “H",

Rio Piedras, Puerto Rico 00928

LEONCE BORFEFIL

Department of hatural Resources,
LCommonuwealth of Puerto Rico

San Juan, Puertoe Rico 0DY06
Apaztado 5887

CARIOS CRUZ R,

_Entemdlogo

Lstacidn Experimental Agricola
Subestacidén Isabela

Fox 506

Isabela, Puerto Rico

JULID B, LOFLZ POSA

Director,

Depto. de Fitopsatologia y Boténica
Estacadn Experimental Agricola
Apartado “H"

Rio Piedras, Puerto Rico 00%28

MARCTAL RICO B,

Estacion Experimental Zgricola
iversidad de Puerto Rico

Bax !t};iﬂ

Rip Pledras, Puzrto fiico 00928

BADER G, VALILI

Mayaguez Institute of Tropical
Agraculture /S,P, /ARS/U,5.D.A,
P, O, Box 70

Mayepuez, Puerto Rico 00708
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REPUBLICA DOMINICARA

SAMUEL E, CONCEPCION T,

Encargado de la Divisidn

de Proteccion Vegetal

Centro de Desarrollo Agropecuario,
C.E.H, DA,

Apartade 700

Santiago de los Caballeros

SURINAM

FRANL, ALBERT DLL PRADO

Head of the Division

Plent Protection and Production
Division

Ministry of Agriculture

Animal Husbandry and Ficheries
P, O, Box 1153

Parsmaribo, Suriname

ROBEPT H., POVER
Mycologist
Agxric, Experiment Station
Coltvurtuinlaan 12
Paramsribo, Surinams

TRILIDAD & TOBAGO

BOMALD BARROUW
Ministry of Agriculture,
Port of Spain

U, 5, A,

P, 5., BENEPAL

Chajirman and Program Director
Virginia State College
Department of Life Sciences
Box - 1,

Petersburg, Virginia 23803

KEITH M, BYERGO
Agronomist

AJI.D, /TA/AGR,

Room 2239

Departuent of State
Washington, D C, 20523
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EDDIE ECHARDI

Forth Carolina State University
Department of Plant Patholopgy
Raledigh, North Carolina 27607

RODRIGD RODRIGUEZ K,

Botany and Microbiology Dept,,
Auburn University

Auburn, Ala, 36330

LOUISE M, RUSSELL

UOSOD#AO"

Systematic Entomology Laboratory,
Bldg. 0U3, Room 4

BARC~West,

Beltsvilie, Maryland 20705

ALFRED W. SAETTLER

Bean Disease Investigations
ARS5/U.S. Dept. of Agriculture,
Dept. Botany and Plant Pathology,
Michigan State University

Fast Lansang, Michigan 48324

HOZARD &, S5COTT

Dept, of Plant Pathology,
University of Arkansas
Fayetteville, Arkansag 72701

MAX L, SCHUSTER
University of hebraska
Lincoln, Nebraska 68383

ROBERT J. SHEPHERD

Field Crop Virus Diseases
Dept, of Plant Pathology,
University of California
Davis, California 95616

JAES B, SINCLAIR

Plant Pathology Department,
Tnaversity of Illincis
Horticulture Field Laboratory
Urbana, Illincis 61801

FLOYD ¥, SMITH

Y., S. Dept, of Agriculture
Agricultural Research Center
Eldp. 470

BARC-Ezst

Beltsgville, Marvland 20705
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SHIRIEY HASH SMITH

Dept. of Plant Patholegy,
University of California
Berkeley, California 94705

SUE 8, TOLIN

Vires Diseases of Leguwes,
Tobecco and Cereals

Varginia Polytechnic Inst,

- & Siate University

Depariment of Plant Pathology
and Physiology

Blacksborg, Virginia 24061

ROTERT WHITCOME

U. B, Department of Agriculture,
Agricultural Research Center
BARL -~ East,

beltsville, Maryland 20705

WILLIAM J, ZAUMEYER
380% Thornapple St.,
Chewy Chase, Maryland 20015

VEREZUELA

FERSANDO MORALES
Fundacfdn Servicio
parz el Agricultor,
Cagma, Estado Aragua

KNEISON R, PLRCZ P,

Jefw Programa Leguminosas,
Minds.erio de Agriculrura y Cria
Dareccifn General Desarrolle
Agricola,

MAC - Piso 13

Torre Norte ,5.B8,

Caxaras

CENIPD TNTTRNACION AL DE AGRICULTURA TROPICL (CIAT)
Apaztado Acreo 67-13,

Cali, COLLBIA Cables  CINATROP
ROBERTO ACUILAR HMIGUEL AWGEL ALTICRI
Programa de Firopatologia Recario,

Programa de Control de
GEWAR ALVAREZ Malezag y Entowlogia

Programa de Fitopatologia

ROGBERT BURKS
ARTFORY BFLLOTTI Germoplasma Frijol

Programa de Entomologia



RICARDD CAMPOS
Fitooe joramiento Frijol

MOTISES R, CARDERAS
Becario - C.I.A.T.
c/fo: Escuela Graduados,
I. C. Al

Apartado Adreo 7984
BOGOTA, D, E,

PATRICIA DE CALDEROH
Proprama de Fitopatelogia

MICHAEYL ELLIS
Progrema de Fitopatologia

JOSE GALINDO
Programa de Fitopatelogla

PATRICIA L, GARCIA
Biblinteca

CARLOS A, GOLZALEZ 2,
Agronomia -~ Frijol

PABLO GUZMAN
Fitopatologia Frijol

RAFAEL LABERRY
FPrograma de Fitopatologia

JOSE IGNACIO NUREZ
Entopologia

MARTA TERESA MORENG
Figinlogia Frijol

MARTIR PLRLZ
Entomologia

LUIS BDJAS
Fitemejoramiento Frijol

AART wan SCHOOMHOVEN
Entomologia Frijol

GUILLIRMD VALENCIA
Fitomejorzmiente Frijol

TECTOR VARGAS
Prograna dc Fntomelogia

JULTIA THRA ZURIGA Di RODRIGUDZ
Documentacidén en Frijol

LUCERQ CARDENAS -
Bocumentacidn~Biblioteca

MAURICIO CASTARO
Programa de Fitopatologia

RENE CORILS
Programa de Fitopatologia

CARLOS DERAS
Programa de Entomologia

FPED ESKAFI
Programa de Entorologia

GUILLERMO GALVEZ
Fitopatologiz Frajol

LUIS GOMEZ
Programa de Entomologia

PETER H GRAHAM
Microbiclogia Frijol

GUILLERMO HERNANDEZ-BRAVO
Fitomejoramiento Frijol

DOUGLAS .LATNG~ - — —

Fisiologia Frijol

CARLOS J, MEDINA S,
Agrononmia de Frijol

JORGE PERA
Entomologia

JATHME PIEDRAHITA
Entomologia

MARTIN PRAGER M,
Azistente de Investigacidm
en Frijol, Maiz Asociados

FERRANDO TAIZEGASNI WV,
Programa Agronomia de Frijol

ARGELA TASCON
Programa de Fitopatologia

KAZUO YOSHIX
Programa de Fitopatologia
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ESTUDIOS EN Fhaseolas vul~aras L. SOBRE EL COXIROL D= LA 103
CA BLANC4 Berisia iobaca: (uern) EL LA 200A SUR-OPIELTE DE ==
GUATEIALA.

%}J

Por: Preddy Alonzo, Ing. Agr. Fit.; [i.Sc.

Entomologso Proorama Frijol
ICGQTORC‘

Introduccidn

Los praincipales problemas entomolégicos del frijol Phaseolus
vulsoris L. en la zena sur-oriente ael pals lo consiituyen —
én orden de rmporsancia lz chicharrita verde Zmroasca so, el
prcudo de la vains apion rodmanl (VWegn) ¥y la mosca clanca ——
Bemisiza taoszci {Gern), por e.iar presentes como élagas en cé
8i tocas las areas en donde se cultiva esta leguminosa.

Considerznfo la imporiarncias de la mosca blance por su dasitri
bucién y dafio econdmico czusando al frijol en ésia zona, el
proyecto de entomolo~fz ha pretendido ercontrar, a corto ~la
zo, un control quimico adecuado ¥ econdémico. En la busqueds
de un control inte-rzdo, ha tratado de conocer la fluctuacidn
de las poblaciones de émte 1nsecto en el traznscurse del afio
de acuerdo con las diferentes condaciones climdticas rrevalen
tes y con la nresencia de hosrederog. Comno una promesa pera
reducir el uso de pesticidas, tambien se ha propuesto identi
ficar fuentes de resistencia en fermeplasma nacionzl ¥y rprove
riiente de otros centros de investi-acidn,

Control Quimico de R. itzbeca

Fediante la evaluacida ¢e insecticioes cve hasta zhora se re
portan en al unos raices como los mds efectivos en el control
de la mosca blanca y la chichearrita verde (Bonneiil I, 1667
Cernel: y 3oteo, 19703 Ambriz J, 1971; Diaz CG., 1971a, Dbizz,
1971b, Ramirez J., 1S971; lLancie, Diaz vy ('olana, 1973; Schoon
hoven A, 1975), se rezlizaron en el afio 1974 ensayos Terlica
dos en estaciones ex,erimentales de I.0.T.A. lccalizadas en
MonJaes e Irals, fuaterala (in este articulo se presentan so-
lamente los resulioados obtenidos en Honjas).

Los estudios consistieron en la evaluzcidn ae nueve insecti~
cidas esperjedos = los 15 y 30 dies después de la siembra v
tanbien en la evaluacién de tres insccticicas granulados apli
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cados en cinco erocas diferentes (al morento de la siembra,
7, 14, 21 y 28 dias desvués de la misma). Los dicefios expe-
rimenteles usacos fueron res—-ectavasente el de bloouez al -
azar simrle y el de un arre -lo conbinatorio distribuido tam
bien en bloguez completos a2l szar.

La siembra se hizo con ls variedsd hepro Jalrvatagva a 0.4 n.
entre surcos y & 0.2 m, entre pluntas (2 rcranos por rata),
previarente fertilizado con 135 K7 por Ha de 16-20-0.

En azmbos ex_eriaentos se tond como indice de eficirencia de
control, la frecuencia de plantas con mosgico dorado. Las -
ddsis usadas por hectares, de los insecticidas evoluados en
ambos enszyos se presentan en la Tavla 4.

Resultzados ¥y Daiscusidn:

Zn base a la menor frecvencia de plantas (¥abla 1)}, con mo=-
saico dorado se encontrd en la eveluacibn de insecticidas ~
asperjados,gue 'evasistox, se uido de luvacron y Folimat die
ron la nejor proteccidén contra mosca blanca con 3, & y 12 -
plantas enfernmas respectivamente por parcela de 12.8 m2.

Debe notarse sue el mejor rendimiento (Pabla 1) se registrd
con Letasistox (854 EKz/Fa), que fué el tretamiento que tuvo
Ja frecuencia nenor de plantas con mosaico dorado. —
Respecto a lz evaluacidn de tres insecticades granulados y

de cinco ejocas daferentes de aplicacaidn pzra el corirol de
las praincirales plagas del fraijzol, se enconird {Fis.l y Ta-
bla 2), gue FPursdcn y Thimet dieron la mejor nroteccibn con
tra mosca blanca, siendo esta superior cuando.llz aplicacidn
se hizo al fondo del surco al hacer la smeﬁbra (11 y 14 plcn
425 con mosaico dorcdo por pareelz de 16 m® respectivanenie].
Trodan {al i1gual ous el testa"o), tuvo mucho meyor frecuen-
c1la de rlantas con moszico dorado y una vendenciz no definl
de por epocas de aplicacidn.

En relacidn a la interacidn ingsecticidas~erocas de anlicg—e

c16n tara rendimiento {(Fir.2 y Tabla 3}, se encontrd cue Pu-
raden y Thimet aplicados al momento de la sienbra, fueron -

los mejores tratzirzentos con rendimientos de 518 y 428 kalo

£raaos por hectarez, respectivamente.

Los rendinientos rewortados en ambos ensayos (asverjzados ¥y
grenuladces), son bajos debido a cue el picudo de la vaina -
A. ~odmanz mermé los rendimientos en un 21 y en un 70 5 res
yectivacente (Tablas 1 ¥ 3). Uste insecto no se controld,
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Figura 1,~ Tendenciz de la frecuencia rromedio de nlantas
con mosaico dorado (en 16 m2) en cinco érocas -
de aplicacidn de tres insecticidzs granulados,
konjas, Jal., (Sep.-Dic.) 1974.

70
- —— Furadan

50 1 - = —- Thamet

(3]

5 - w—— = = Prodan

530 -

£~

é&0~ Y, Testigo=T71.79 plantas con mesaico

¥ L ]
N.S 7 14 21 28 daizs
Epocas aplic.

# Aplicacion al momento de la siembra

Tabla 2.~ Discrimainecidn ae nrO%edlos de plantas von mosalcd
dor dorado {en 16 m2) en cinco eroces de aplicacién de
tres insecticaidas oranuladcs.
Monjas, Jal. (Sep-Dic) 1574.

Insecticioa Frony

Epocas Thimet fursasn Tiodan spoce
Al monmento de la siembra 141 111 50 25§
7 dfas despues 34 36 57 43
14 dfss des-ues 33 441 =7 44
21 dizs desypues 36 5914 52 49
28 diecs desrues 451 611 50 52
Procedio ror Insectiicida 32 42 53
Ironedzo del Testiro 69.7¢

Daifereacias rara insecticidas, para eroczs y rara la anterac
cadn « %
Rota: Datos redoncendos.,




Pagura 2.- Tendencie de rendimiento promedio de tres insec
41cidas granulados arlicados al suelo en cinco -
épocas de aplicacidn cortrz B.tsbaci y Emnorsca
sp. Fonjas, Jal. (Sep.-Dic.) 1973.

00 T Test 47.26
en lgO = . grf.:"t
450 -
. 3 Furasdan
350 - - = —~ Thimel
i \ —— — Trodan
o \
8 o504 v
s \
fﬁ i
m
g 150 N
e o -, -’,:L\w.
50~ - —y - ~, R
T T g T T t

i
.S 7 14 21 28 dias
Epocas de Aplicacadn
+ Aplicaciér al momento de la siembra

Tabla 3.~ Discraminzcidén de promedios de rendimiente (Kg/Ha)
dados por los anseciicidas #ranul“das eveluados con
tra Bemisia y Empozsca en cinco erocas de aplica——-—
cibén. Lonjas, Jal. (Sep.-Dic.) 1974.

Kr/Ea
Ewoczs Thimet ?ﬁredan tiocon l'rom/Sroco

Al morento de la siembra 429 | 5181 81 411t

7 dizs desvues 174 2141 54 l?él

14 dirs desrtues 107 122 42 107‘

21 dizs €es—ues T4 124 T2

28 dfas despues 33 93} 60 84!
Tromedio nor Insecticada 163 213 62

Fromedio fdel Testigo 49

Diferencias para insecticidas, rara erocas y rara la interace
cidn + +

Grano daiado por A. rodman: = 69.567%
Kotaz Daotos redondeados
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por conveniy mas hacer andlisis de residualidad en el grano,
de los insecticidas aplicados, pudiendo la aspercidn de otro,
alterar la resadualidad ora znal, £n relacibn a ésto; se en-
contrd (“abla 4), aue 30 dias despues de la cosecha, tanto -
los ainsectiicidas asrer)ados como los granulados arlicados al
momenio de la siembra, su residualidad fué minima {(con excep
cién de Sevain gue tuvo 0.132 pom y de Folimat gue tuve 0.1 =
ppm); t2l es el caso de metasxstox, de Furadan y Thamet cue
fueron los insecticidas que dieron mejor proteccidn contra -
mosca blanca.

Debido =z oue el pecuefio asriculior de esta zona lobora gene-
ralpenie en terrenos con pendientes mayor de 8 4%, el autor -
consxrdera gue las razones por las gue los insecticidas granu
lados le son, més promisorios gue lcs asperjados son las si=
rsaentes: l.- Alteran menos el ecuilibric ecoldgico, permi--—
tiendo 25l gue las poblaciones se mantensen a un navel méds -
baje; 2.~ EL trabaac de asrersidn en estos terrenos es ney -
daficil y muchas veces imposible; 3.- Se dificulta la obten-
cidn y travsporte de afua para asmerjar y 4.~ Bajo la condi-
cién de lozrarse unza mezcla homogenea, pueden aplicarse jun-
tamente con el fertilizante, reauciendose asi, el costo de -
aplacacidn,

Pluctuacidn de rFoblacioneg de B, tabecr - - - 7 - '

———

Bstudios realizados con otros irsectos por varios investiga-
dores {.21lliams 1940; Lerkl vy Perimer 1955, Hardino 1961; -
Wilde 109562, Kiecxgher et 21 1864, ohip ¥y nwrhart 1867 Snow
et al 1968, Jonnson 1969, Leigh et 2l 1970, Svarks A. 19?2'
¥ Alonzo 1973 2,0), seralan la 15 ortancia g ¢ tienen las -
conficiores climztacas nrevdlentes, asi como el tino de tram
pa, la 2lturz y orientaciédn de la misma, para increnentar 1la
capiura.

Eound {1062), en un estudio sobre lz sencibilicad olfatato—-
Y2z v a colores de la mosca oplance, enconird que 8. ftacoci -
eg atraida por dos ~ruvos de luceu, el azvl uliraviclets ¥y -
vor €l esrectro de vartes amerillas. Amaia (1973), estudior-
do 1la atraccidén de la mosca blanca a diferentes coleores usa-
€0 cono aéherentes czpa de vaselaina y aceite 1ubrlcante Lo

30, rezortz que el qrarmllo 2601, es el color aque DAs las —-
zitrajo. Tambien indicz gue lag torjetes de cartulins coloca-
das soovre o 21 nivel del follaje del fraijol, tuvieron mayor

capturz.
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En un intento vor perfeccionar el método para estudisr {luc
tuzcién de poblaciones de moscw blanca, se esludiaron bajo
condiciones de camvwo (0.5 Ha senorado con la variedad Jomo-
pa), en Ionjas, Jeolaro las daferencias enlre el empleo de -
tres foras &e troomas (recvan~ulares, cubicas ¥y erlinéri--
cas)y 8 15 altures aistintas (de 0.1 hasiz 4 m), vreviomen-
te pirtedes con anarillo 2501, Tambien se trato de conocer
la variseidn de los poolocrones de mosco olanca y estaolecer
como las conolcronces clindticas rrevalentes, asi{ cono la pre
scneia de hos-eacros, afectan cu cpundancia.

La instalzcadn de las dtrampes on el camvo se hizo forrando -~
una "X", alternando las airferentes forurs y alturas.

Los recuentos se hicieron cada 24 horas, de lunes z viernes
{c a sfbado cuendo fud posiple). Lia horz de recuento oscild
ermbre las & v G.30 AL ., anotando de cada trampa el nineroe

de B. tapccl captur“aa. Tan nronto se terainaba el recuento,

ge removiun log ingc» tos airapddos ¥ c¢on una brocha se agre
geba r©&s acherente.

Los datos clanstoldricos (1) de temperptura minima, maxima
¥y prozedio, dzda cn °C, (2) de humedad relptiva mainime, nd-
xama ¥ rro- edio, dada en b, (3) de velocidad del viento mi-
mna, mdxia ¥ uromedro, amda en km por hera, asi como SU -
direccadn predoninante, se forsron diariamente dél rezisiroT
de la estacidn meteoroldzica, localirzzdr a 800 m aproximeda
mente.

Resuliados y Discusidn

De los regsaistros de capture reslizado por las wrempas a di-
ferentes 2lturas (Toola 5), se encontrd que las trampas de
forma c¥haica carburarcn 27, mis gue la de Torma cilindrica
sicndo la cdiferencia mayor, resrecto a lag de formz recton—
sular. Lz orieniccién ce la tremva que tuvo golarente dos —
caras res~ecso o la dircccibn Cel vienio, fud determinzute

arz 1ncre*entar la co-tura. Los tronpes gue cubriceron con
wus éos coras Log nuntos carcincles lorte-Sur, gue es de —-
donde prévlcncn los vicntos dorainanses en esta loczlidead,
increrentaron su carntura en un 24 por cicnto.

La prvueba de inderendenciz de i {(Tabla 5), hecha con log -
totales de rosca blonca cavivrados por las trarmras de forma
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ctbica, indican gue esladisticamente la 2ltura de la trampa
es 1nmyortante io~pren pora cunentar la caviura. sl 600 se -

capturd de 0.1 a 0.3 m, el 35, de 0.4 a 1o ¥y solamente el -
2 &> de 1.5 a 4o de cliura. La cantura del 265 del total, a
O.lm de zltura, susicre que B. tobaci prefiere volar a nlve
les vajos, resuliados cue no concuercan con los rcnextados
por Amaya (1973). .urgue lo captura de B tobocor, fué rela-
tivemente minina 2 naveles superiores de 1.5, c¢g foctable
gue dichos inseclos anrovecnen corrientes de aire pars movi
lazarse a nayorec dastancias. Lo anterior es algo gue val-<
dria 1o pens anvesbtirar.,

as liness de tﬁnﬁencla de promedio semanal 1/ de tenmperatu
ra,{oﬁ)}ée huaeo .0 z2lativa (»), de veloczdﬁd el viento =
(km{hr) y el fota 1 de lluvia re*zwtreé asi como el prome
dro diario por tramrs de mescns blancas, cawtar?aas en tran
pas ée forna cdpica anstalodas 2 Q;lm,dc allvra, s¢ vresen—
tan en la fayuvra 3.

En Tonjes se repistraren del 8 de Julro £l 6 de Diciembre,-
cuatro crestas meyores de voolacionces, coaincadirendo dos con
cada ciclo de cultivo de frijol. Lag primeras dos s regis-—
treron del 29 de Julio ol 3 de Arosto y cel 19 zl 24 édel al

timo nes, con promealos_Cco cavtura draria ver traompa de 56 e oo e

v 78 céultos, reecrective wente. Las vltimas dos crestes se —
preseataron d¢el 7 21 12 de Qcwvbre won T3 odulios ¥y 1& vl
ma del 185 a2l 22 de hovierbre con 149 odultos mor tromma. La
»ramera cresta ocurrid ¢ ando el cultlve (51cmbra de Junvlo-
Agooto) estaba en cjote (voinos de unos 15 dias de edad) v

la serunds cuando ¢l fraijel esiezba nrdni—o e comecnwr En
1la siembra de se-undo (bc“rlanarﬂleclemave}, se re«xstré -
la praimerc, cvonde el culiivo lexia 27-31 dics de ecad y, -
la senaidc una semsng antes ée le cosecha.

%aﬂﬁnvmn estidro ce recesocciicnto de hosnederas dée B.teboel
¥ de 2. fobae, reclaiz-do Lor el sudor (1974), el fraao

ITO Y0 €5 uha nos pedera rreferica de 2.tancci, ¥ en el valle
de i onjyas, la rresencig éc conwos cu1u19 wol con toboco (i
coti s %ebﬁahﬁ) y ¢e tomnste (ﬁ"ce*cv s1eo1 =cvlentiur), asl

cooo Lo jreosencie oe Llis o ~lests (sceoopillo (}160 5, )3 cel -

gir~sel silvestrc {*elicnlhus sv} son hos_eueras 1,48 corunes
curamie el a0, vor lo ruv Son rlews irmortantics s2ra las po-

blaciones Ce J.trboel.

Sl e A G e W Al e, e V.

lf Los crorecios ce cadn fector clandidico jrocewen de 1la ou
ma €el wmro~edro drorire, alvicioo entrce el nurero ce dias.
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Respecto 21 efecto aue tuvieron las condiciones climdticas,
sobre les crestas y cescencos de poblacidn, se observa (Fig.
3), que fueron scmejontes en anbos cosos, excepto por la —-
preciritacidn. La lluvie fué reneralmente més ahundonic du-
rante las seranas cue gntecedieron a2 log desceascs coro du—
rante éstos, en comparacidn con las dos semanas analizadaes
para 2eda cresta.

“. " FEn las Tablas € v 7, se presentan las veriables del factor
1luvia cue iniluyeron sobre las crestas y descensos de po—-—
blzcibn,

Las variables del Tzevor de 1lluvie mdis adversas yara lags po
blaciones ce B.icbeear, parecen ser leo intemsidnd ce la 1lu-
via sesuirdo de la wuiccidn de la misra. Dluvias regzisiradas
por esrazcio de 35 minutos a B horas por semana, tanto en 1a
senana anterior al descenso de npoblacidn como en ésta, a in
tensidad ¢e 5 a 11 mm vor hora, redujo lo poblacidn de odul
tos desde el 41 hasta el 82 por ciento. .

Las ventajns de {ste tipo de estudios son+ (1) Permiten —-
orientar el uso de insecircides a énocos onortwws, (2) Per
miten recreir el rivel de pobploeilones medicnie el control -
de hos_edercs alternos, (3) Termiten usaor c2lenuarios GO e
siembra como método de control interrzdo y, (4} Termiten en
evalu2ciones ac serqpoplosmo, procrzacs la sietibrg ¥y 001 con—
siurente la tona ce datos a epocss ojortunas.

Seleccidn ¥y Flan de n.cjoremiento de “hescolus vulcerais I, -

For lo-rreferencia para Uvaimosicadn y alinentzeidn ce . 1

brei.

S& hon hecho esfuerszos tratondo de encontrar fuentes de re-
sissencia en Ifrigol 21 "virus', zrente cousel de la enferme
dad ccnocida co” o roscico dor-do, rere cdici nads se ha hecho
trotvende de ceteco.or fuentes ce resistencio en Thrgeolus val-
. feris 2l veotor 3e agia taboea (Gerny.

Husien et el nenciorsdo wor Tawmnter {1€51), indiea gue
sastenciz o rosco blonen en zleeddn varece estar reloer
con daferencirs ¢r el rH de la sobir, ~ero que ésta var
de estrocadn 2 estoerdn ¥ ce wua alc 2 Oovro

=Zn bese ooun estudio de reconocimrento de nos ederos (e 1o
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18-22 10 I ERET 35.25 0.0 o 0-30 0.GD
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mosca blance y de la chicharritc verue Emmossca sp (-lorzo F.
1974a), v a un cstudio de fluctuncidn de rooicciones tombaen
de estos dos 2hsectos (Alonzo F. 1974b), se afirna que Tha—-
seolus vul~-oris no es una hosredery preferida de Benisia,

E1l zwtor considerz, ror recventos de ninfas eflectundos en ——
evalvaciones de geruorlasma, gne ¢s rosible encontrar vorie-
dades con nivel alto.de no~rrefercncia para ovivosicidn 7 —--
quizd tombien jora alirentzcidn, con lo cual se reducairin --
considerablenente 1o frecuencis de plantos con nmosgico dora—
do; a2s5f cono el uszo de insectrcicos, a soloaente epocas en —
que ge presenten alias voblaciones.

Tambren, vuede ser rosible elevar 12 no~preferencia para Ia
ovaiposicidn y alizentacidn a un nivel nds olto, mediante la
cruza de los naterizles seleccionzdos CcOMo proniscrios segul
do de selecciones indaviduales en 1z progenie (F1 y ¥2).

La tarea seria mvcho nds fécil, si1 la no-rreferencia pera ~
alimcaterse y para oviresiiar estuvieran covernadas nor ¢a-
racteristices rorfoldricas o de esiructura diferentes. Lsto
perartiric {nevrante la reco~binacidn gérica anducida median
te cruzamientod, la concentiracidn en al-unos inaiviauocs, de
un mayor potencial pora no preferencia (varias caracteristi-
czg relaclonacos)e— . . .- - v e - —
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" GENETIC METHCDS OF INSECT CONTROL WITH
PARTICULAR REFERENCE TO MEXICAN BEAN BEETLE

BY
P. S Benepal

VIRGINIA STATE COLLEGE Q
PETERSBURG, VIRGINIA

INTRODUCTION:

The use of chemical pesticides to control pests of plants presents a
great problem of toxic residues to personnel using the chemicals as well
as to the consumer of the harvested plant products In addition the use of
pesticides causes development of resistant strains of 1nsects, outbreaks of
secondary pests resulting from the destruction of their natural enemies,
and side effects on non-target organisms including man Often the pest
populations quickly return to higher level than before treatment There
is also direct danger to human health 1n the application of pesticides
Thus, the hazards from the use 6?-best1c1des to control pests of plants
cannot be overemphasized
In certain cases the chemical control of the pest is very difficult
because the plants are harvested daily and chemical residues cccur Control
methods such as genetic resistance 1n plants need to be exploited Insect
resistant plants do not harm beneficial insects, have very 1ittle effect 1n
disturbing nature's balance between destructive 1nsects and their natural
- enemias. They are compatible with other control methods (chemical, biological,
or cultural) Even if the effective and safe 1nsecticides become available in
the distant future, a logical analogy would be "Why to fight a fire 1f a fire

procf building 1s possible Insect resistance involves minymum production

costs as compared with the use of chemical pesticides to control insect-pests

—
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The total cost of research 1n the Unmited States by Federal, State and

- o T v e et & A

Private Institutions on four insects of economic importance (Hessian Fly,
Saw Fly, Alfalfa Aphid, and European Corn Borer) have been $9 3 millien
However, as a result of this effort the savings passed on to the consumer by
way of Tower food prices are estimated at $310 mi1lion per year The net
pay off, thus have been $300 00 per $1 00 spent on host plant resistance
This is, of course, n addition to savings from eliminating chemicals and

their residues, and future safeguard against insect-pests There 1s, thus,

oI P B e £ ol sl it v e e BTIBa el B e 4 et e B

pressing need to search for and maintatn possible sources of genetic resistance
Locating resistant germ plasm to insects 1s the 1deal way to safeguard plants
against insect-pest losses and at the same time preventing pollution of the

envircriment and health hazards to human beings

—_ ———— o u—

GEMETICS OF INSECT RESISTANCE
The pioneer work on insect resistance was done 1n horticultural crops on

wooly apple aphid {13) and grape phylloexera 1n 1854 (3)  However, as of now

horticultural crops have fallen farther behind 1n 1nsect resistance studies

than field and forage crops

Rl el L T A R e F ] ""’!W’"I‘* B e ) PR Rt W AR e o

A significant progress has been made 1n developing varieties resistant
to insects 1n cereal and forage crops and varieties resistant to Hessian fly

in case of wheat, and spotted alfalfa aphid 1n case of alfalfa are extensively

L]

grewn (12, 15, 25) Whereas there are only few vegetable varieties available

A b

which are resistant to 1nsects Similarly there is need of extensive search
for genelic resistance of plants to insects 1n high protein leguminous crops
of economi¢ imoortance  There are many references 1n literature on 1nsect

resistance 1n vegetable crops and various reviews have been published (1, 2,

17, 22, 23, 24, 25, 26) but only a few thorough studies have been made to

ey oy ey g
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screen for insect resistance and to determine the nature and genstics of
i-sect reststance Benepal and Hall (3, 4, 5, 6, 7, 8) have made severst
studies to determine the nature and genetics of insect resistance 1n vege.ille
crops  Stoner {26) in a review writes that resistance to 37 insect species

n 25 vegetable crops have been reported but most of these studies are baseu

an etdapted varieties and lines Hardly any effort has been made to fol’:z.

search in depth and to wmaintain germ plasm for 1insect resistance There 1s
 basic reed to Tocate genetic resistance n plants that could be further
w«titized 1n developing resistant varieties and help reduce health hazards

due to pesticides (18, 23, 26) After the available qerm plasr 1s scroened
4 resistance has been found, the next step should be to determnne the
geretic basis or inheriiance of resistance  The chemical basis of resistance
.. alse be very useful n screening for 1nsect resistance and n breed.ng

Sorang

insect resystance 15 a complex of many factors and 15 affected by
2rgus environmental factors such as temperature, humidity, fertility of
==Y gic  Besides, biological forms of insects add to the complexity of

= urolivem izwese~, the fact that plants differ 1n their resistance ic

“=szic g2t recogmzed as early as 1778 {11)  As defined by Painter {1§;

L8

~ eamyLiance ¢F plants to imsects s 2 relative amount of her-tabig yue
~~cersed by the poant wnich T luences the u'firate degree of damege o~"g o,
= ~rrect TMla-is somelime may escape in‘estatior or insect dawadge duc oy
=~ 2gu3 reasons  Thus 1t does not necessarily nean that vn a cusceptibie
“=+g* ¢ 3 plant not infested 15 resistant It cannot be overemphasized tre~
=7, stteves of 1ts progeny w111 confirm the vesults  Pnysiolegicil, onc

~artural charaziers are related to resistance to insects Thersefovrs, 0 % e
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resistance 15 a function of the genes which determine the hereditary
characters of plants It 15, of course, a natural development by evolution
which may be further exploited by the plant breeder

A knowledge of the factors contributing to 1mmumity or resistance and
the conditions which influence these factors are valuable but not essential
(2, 21, 24) since varieties of wheat and alfalfa have been evolved without
any definite knowledge of basis of resistance At the same time the need to
pay a special attention to the basis of resistance in crop plants cannot be
overemphasized The financial limitations rather than the need, has been the
cause of not having well balanced 1nsect resistance programs The real
progress 1n this area can be expected only with a combined concerted 1nput
from various disciplines such as entomology, plant pathology, plant breeding,

genetics, plant biochemistry and plant physiology and organic chemistry

A knowledge of genetic basis™1s very essential fof all genetic nvestigations ™

and extremely valuable to a plant breeder The genetic analysis can help 1n
differentiating resistance mechamisms occuring simultaneously 1n a single
strain  This can in turn lead to a knowledge of the cause{s) of resistance
Thus, a relationship of resistance can be established with physiological and
bicchemical characters of crop plants

The resistance of plants to disease and insects has been developed by
natural selection and evolutien since the resistant plants could have been
exposed to a given insect or disease for a long time Of course, the
opposite could be true 1n case the host plant lacks necessary resistance to
the same pest, and may be resistant to other 1nsects No doubt there are
problems 1n which insects resistance offers an ampie solution and 1n many

cases 1t 1s recessary to select plants with fair degree of resistance combined

-
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+~th other desirable characters rather than to have the h.g™o,
ver siance. Immune varmeties are very rare Resistance ¢-.
#g rmuity or as Tow as a 1ittle more than low susceptabi?
weyet of resistance could be of great economic value from £ -
Jroesticidal control (10} The host plent resistarcers no- .

c~~Trpl method, however, 1nsect resistant verieties do affe, ~ ~-

3 tzmiral an effective insect control and must be inclucee .

Ereeding Tor insect resistance 1s not basically differcc -
ior various other desirable traits o plants Many interre: -,

-+ -2 respensible for host plant resistance It 15 desi-

. "e= desirable plant characterist.cs when breeding for ~rz-~. .

z<~stance from a plant lacking desirable characteristics 7
= .21ity can be transfered to ancther commercially ecic,
ooseprny, selection, cressirg followed by selectiony,—es! -

&

% Tisepd 1n developing varieties resistant to insects
it 15 2 waste of time and effort to attempt to breed = o -
-~ ' =psigtance can be found in some variely alreads -~ -
o7 i the country Therefore, one smust look for ror
~=x,.  Tre next step should be to mass screen piarl -
= woyntries  However, 1t 15 recognmized that the »nt .~

»

“v.3+=s may have adaptat:on Tipitatiens to a new locas-.

e

-2y mstances of insect resistance being obtained *
L .ctions
“eYection 1s the simclest scthod of obtatning plante -

2 .+ orly be practiced 1f there are adecuate insect n° -

L]
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p]éﬁts Artificial 1nsect infestations can facilite the progress of
selecting resistant plants However, this method 15 Tymited by the extent
of genetic resistance carried by the heterczygous variety or plant introductios

Crossing followed by selection has yielded excellent results in the

development of resistance varieties The objective of hybridization 1s to
combine 1n a single variety the desirable characters of two or more lines,
varieties or species The pedigree, bulk and backcross methods have been
used successfully 1n developing resistant varietres, Multiple resistance to
insects could alsoc be accomplished by recurrment phenotype selection. {

Synthetic varmeties of alfafa with resistance to more than one 1nsect-pest

have been developed In breeding for resistance to insect-pests efforts
should be made to Tocate and combine as many sources of resistance as
possible to have a broad genetic basis against biotypes Of course, 1nduced
mutation 15 the only available choice 1f no genes for resistance to a specific
fnsect-pest are available 1n a crop plant

GENERA! ORGANIZATION OF THE PROGRAM AT VIRGINIA STATE COLLEGE

1 AP i b

The research program, Plant Cerm Plasm Resources For Improved Quality

and Food Safety, was approved by the Cooperative State Research Service, U

S Department of Agriculture in 1972 and I have been directing this program
since 1ts inception The following research projects have so far been

developed

1 Genetic tieans of Control of Insect-Pests Through Resistant Plant
Cerm Plasm Resources

W FA DGl o L VR e 3P

2 Cenetic Means of Control of Diseases Through Resistant Plant Germ
Plasm Resources

3 Brochemical Components Especially Protewn and GQuality of Protewn
of Selected Plant Germ Plasm Resources

-
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The primary objectives of the research project, Genetic Means of
Control of Insect-Fests Through Resistant Plant Germ Plasm Resources,

, are as follows

To lacate sources of resistance in plants expecially vegetable crops,
and leguminous crops of economic importance

To determine the components of resistance involved

To maintain and share resistant germ plasm with other interested
scientists

A team approach to the problem of controlling insect-pests and diseases
by resistant varieties and wmprovement of nutritional value of selected crop
plants is being established The present research staff at scientists level
on the research program 15 as follows
Program Leader
Entomoiegist
Plant Pathologist
Plant Biochemist
Plant Breeder
Post-Doctoral Fellow (Biochemistry/Physiology of Insect-Disease

Res1stance)” ~
Post-Doctoral Fellow {Organic Chemistry)
Post-Doctoral Feliow (Ultrastructure-insect/Disease Resistance)
The fallowing facili1ties and major egquipwent will also be available
Scanning Electron Microscope, Amino Acid Analyzer with Integrator, GC-Mass
Spectrophotomer, Gas Chromatographs, Grain Quality Analyzer {for moisture,
ash, protein and 011 determinations etc ), UV Visible Spectrophotometer
with Kinetic System, Infrared Spectrophotometer, Ultracentrifuges, Electron
Area Meter, Climate Control Greenhouse, Permanent Germ Plasm Storage, Computer

1BM-370-25 etc

PROGRESS MADE

Bean Phaseolus vulgaris L and cabbage Brassica oleracea var capitata

L were initially included 1n the study, while soybean Glycine max L

:‘“‘*m.‘_____‘_“% [ —— b
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{Merri11) was ncluded during the year 1974 The main insects under study
are mexican bean beetle incase of bean and soybean and cabbage looper and
imported cabbage worm 1ncase of cabbage I will, however, restrict my
discussion primarily to the control of mexican bean beetle by resistant
varieties.

An e1ght feet observational row of each of the cultivars was planted
for study under field conditons of natural insect populations A comprehensive
record of botanical characteristics and resistance of each of the cultivars
to mexican bean beetle was made as shown in 'Key' for Entomological and
Botanical characteristics on the following pages  In addition, disease
resistance ratings were also taken as given 1n 'Key' (1tems 39-44) It is
also planned to study the following biochemcal quality characteristics of

selected Tines moisture, ash, total carbohydrates, dietary fiber, o011, protein,

and amino acd profile”
- Some 5,652 cultivars of beans were acquired through the courtesy of Plant

Introduction Station, U S Department of Agriculture, Washington State

University, Pullman, Washington and various seed companies During the year

1973, out of 2,340 collections screened, 117 showed a folrage damage of 0-10%

Jnder field conditions of natural 1nsect populations {Table 1} Whereas 4,140

cuitivars were screened 1n 1974 out of which 144 showed a damage rating of

1{D-10Z folrage damage) The overall Mexican bean beetle damage was approximatel

20% greater during 1974 than n 1873 1,338 cultivars were screened during

the ye=ar 1975 and 37 showed a foliage damage of less than 10%  Thus about 5%

of the total germ plasm screened have been selected for further detarled

study. A no choice feeding preference test under controlled conditions 1s

being conducted on the selected cultivars A dual choice test on all selected

e Raemaad e —
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KEY
EntoMoLocicAL AND BoTaNICAL CHARACTERISTICS
BEANS
1974
1. SeriAL NumBer

2. PLaNT InTRODUCTION (P,1.) oOR Variety: (L = CommerciaL Cope
UNK = UnNkNOwN
3, CountrY ofF OriGgIN®
AEG = AFGAHANISTAN ENG = ENGLAND PAR = PARAGUAY
AFR = AFrICA ﬁ = £AST PAKISTAN §U = PERU
AEA = ARABIA = THIOP{A S = PHILIPINE ISLANDS
ARG = ARGENTINA & = FReNCH (AMER, OL = POLAND
ASM = Asia MINOR N = RANCE g = eﬂrusah
AR/ = ArR1ZokA (] = GEORGIA = PUERTO RICO
é% = AUSTRALIA R = GERMANY RUll = Ruanpa-URUNDA
= BeLgiuM Conco BE = GREECE SAF = SoutH AFRICA
Et = BELIGIUM & = [JUATAMULA SCT = ScoTLAND
OL = BoLivia = HAITI SEN = SpaIN
= BrITICH CAMER Ou = HONDURAS bR = SouTH RHODESIA
= BRAZIL rU = HUNGARY = SWEDEN
UG = BULGARIA [N = [NDIA = OWITZERLAND _ __.
KUM = Burma - = |RAN = SYRIA
CAL = AL:FGRNAM = |TALY = [HATLARND
gﬁ = CENTRAL AMERICA JAP = APAN ﬁﬁ = TANZANIA
ﬁ = [ANADA EA = OREA = TURKEY
(Rt = (HILE KEN = KENYA UGD = llGANDA
f?ﬂ = CHINA = | EBANON OKR = UKRAINE
E = [HANNEL ISLAND EX = qsxrca USA = UniTtep St oF
a = aLamg A NE = MAINE MgRiCA
{RA = Costa Rica NIIK = HorTH DAkOTA USR = Un. oF Sov, Soc.
LSR = ZECHGSLQVQ& \E = NEPAL RepPuBLIC
, OCIALIST REP. NCT = NETHERLANDS UTK = UniTep K. oF
“i8 = Lusa ? = |JEW HAMPSHIRE G.B. &N
o1 = DEdNAPK NIC = NICARAGUA VE = VENEZYLA
£ = Ecuapor NMX = New MExIco HGR = WEST GERMANY
EAF = EasT AFRICA NOR = IDRwQY WPK = WesT PakisTtan
Eug = FGYPT SXt = EEN ORK YUG = YuGcosLAYIA
tLS = kL SaLvapor AL = PALESTINE

*BLank Represents ComMercialL VARIETIES,
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Key
4, MaTuriTy: E = earLy, M = MEDIUM AND L = LATE
5. Hasit oF GRoWTH: B = BUSH, R = RUNNER & P = pPoLE
B. Visor: 1 = LeasT 10 5 = MosT
7, UNtFORMITY: 1 = LEAST TC 5 = MoST
8, Prant Heieur (cms )
9, Raceme LencTH: g 2=47108,3=871012, 4 =12 to 16,
ﬁND = 16 ¢cMS,
10, Foriage., 1 = LEAST 7O 5 = MosT
11. Lear Size: % 5,2=2571765,3=5717.5,4=7,57v 10,
ANB = 10 cms,
12, PerioLe LenetH: 1=5,2=57107.5, 3=7571 10, 4 =10 = 12,5
aND 5°=12.5 cus,
13, Internope LenetH: 1 =2.5,2=2571065, 3=570 10, 4 = 10
10 15, AND 5 = 15 CMS s
14, BrancHINg: 1 = LEAST TO0 5 = MosT
15, Frower COLOR: L = LAVENDER, W = WHITE, Y = YELLOW, PR = PURPLE
AND P1 = PINK
16, Pop SeT: 1 = LEAST Toe 5 = mMosT
17, Pop LenetH: 1 = T0o 7.5, 3=7,5710 10, 4 = 10 10 12.5
AND 5 = 12 CMS .
18, Pop WiptH: 1 = g 5,2=05101,3=1715, 4= 1,570 2,
AND 2 CMS,
19, Pop Beak: g 5,2=05701,3=11015 4=15r7102,
AND = 7 ¢MS,
20. Pop ConsTRICTION: 1 = LEAST TO0 5 = MosT

21,

22.

Pop ColLoR: & = | IGHT GREEN, Z = GREEN, 3 = DARK GREEN,
= YELLOW, > = SPLASH, AND b = PURPLE

Pop SHAPE (CROSS SEcTion): 1 = ROUND TO 5 = FLAT
Pop CURVATURE 1 = STRAIGHT TO 5 = CURVED

Poo STRINGINESS 1 = STRINGLESS AND 2 = STRING
Pob FIBER. 1 = LEAST T0 5 = MosT



Key

26,
27,

28,
29,
30,
31,

52,

33,

34,
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SEep Size: 1 = LEAST TO 5 = LARGE

SEED SHAPE: T = TRUNCATE, P = pLump, Ov = ovaL, F = FLAT,
AND U = OBLONG

WHITE, [ = TAN, G = SpLASH, H = RED, | = PURPLE,
BLACK, K = GREEN, AND L = YELLOW,

Mexican Bean BeeTLe (NATURAL INFeESTATION}: 1 = LEAST 10 5 = MosT
Lear Hopper {Naturat INFESTATION): 1 = LEAST 70 5 = MosT

PREVALENCE oF INSECT DAMAGE: NUMBER OF PLANTS PER CULTIVAR WITH
EXICAN BEAN BEETLE INFESTATION/
NUMBER OF PLANTS PER CULTIVAR,

INTENSITY OF INsect Davace oN Leaves: NUMBER OF DAMAGED LEAVES
(LEAVES WITH A MINIMUM OF
ONE CENTIMETER sggaag OF
TISSUE DAMAGED) RANDOMLY
SELECTED LEAVES PER CULTIVA

%, 2= %, 3 =72 307
98T$ 1035 2™, gSTD 208y 6= 2T gez,
6) 1o 704, 8 = 10 80%, 9 88 TG 04,
A&D il = 90 To 100%.

Lear Hopper DAMAGE (szgAL Es§§ﬁATIoN OF HOPPER BURN ON LEAVES).
E SCALE

I

Seep CoLor: % = FLECKEﬂE B = moTTLED, C = sTREAKED, D = BROWN,

Pops DAMAGED:

U4

i i£

Mexican Bean Beetie Damace (VisuaL EST#MATIGN OF LEAF AREA
DAMAGED BY MEXICAN BEAN BEETLE
ADULTS AND LARVAE SEE ScaLe 33,

CorBINED DaMAGE RATING: THE ADDITICN OF RATINGS FOR LEAF HOPPER
AND MEXICAN BEAN BEETLE).

OveraALL RaTing LEaF HoppeR: H.S, = HIGHLY SUSCEPTIBLE,
= SUSCEPTIBLE

, = MODERATELY RESISTANT

E RESISTANT

H.R, = HIGHLY RESISTANT

OveratlL RATING = MeExican BEAN BEETLE. Si&e ScaLe for 37,

it H

™



40,

41,

42,

43,

44,
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Key

DIseasE RESISTANCE:

Root Rot Fusa SOLANL F.
PHASEQLI AND §é§§ﬁ£lﬁﬁL&
SOLANL

ANTHRACNOSE COLLECTOTRICHUM
LILDEMUTHEARUM,

ACTERIAL BLIGHT

BeAN MOSAIC VIRUS:

BLack Rov
: CAMPESTRIS

BLack LEG
PromMa LINGANM

U LSO AR N et UL ANt U A ANt

HEALTHY (NO DISEASE)
SLIGHTLY DISEASED
MODERATELY DISEASED
SEVERELY DISEASED
PLANT DEAD

i

HIE

HEALTHY Pons (NO DISEASE)
SLIGHTLY DISEASED
MODERATELY DISEASED
SEVERELY DISEASED

PODS ROTTING

I T I

NO DISEASE SYMPTOMS

FEW LLEAF SPOTS

MODERATE NUMBER OF LEAF SF.
NUMEROUS LEAF SPOTS
SEVERE LEAF SPOTTING

it H

HEALTHY LEAVES (NO SYMPTOV
SLIGHT DISEASE SYMPTOMS
MODERATE DISEASE SYMPTOMS
NUMEROUS LEAVES SHOWING -
DISEASE SYMPTOMS

PLANT WITH SEVERE DISEASE

I

I

b
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TarLE 1.

TotaL Numser orF Bean CULTIVARS
ACQUIRED, SCREENED AND SELECTED

1975 1878

1575

CuLTivARS SCREENED 2,340 4,140

CuLrivars SeLecTeD For
FurTHER STUDY 177 1ah

b ot

W

o

[N

“ctaL Numaer oF CULTIVARS
ACQUIRED 5,624
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cultivars will also be made A susceptible variety w11l be included along
with the selected resistant cultivar. It 1s possible that a combination of
susceptible with resistant or moderately resistant could be used as a
cultural control method especi1ally n kitchen gardens or on small farms
A partial list of comparatively resistant germ plasm of beans to Mexican
bean beetle screened under field conditions during 1973, 1974 and/or 1975
is given in Table 2. A heavy 1nfestation of Mexican bean beetles existed
durtng the years 1974 & 1975 The same fields were used during each of the
years for bean plantings Sixteen cultivars showed less than 10% foliage
damage during two or three years of study

A preliminary study was done to determine the non-preference of Mexican
bean beetles to 31 selected cuTtivars with a damage rating of 1{0-10% foliage
damage} A randomized complete block design with ten replications was used.
Each treatment consisted of a leaf from 31 genotypes screened during 1975
The first mature leaf from the top of the full grown plart was used Each
leaf was placed wn a transparent plastic cup 2"x1" size contaiming distiiled
water This cup was placed 1n another 5"x4" clear plastic container with a
perforated T1d  One adult Mexican bean beetle was released on each leaf
The leaf consumption was determined with the help of a grid after 24 hours
of Mex*can bean beetle feeding Leaf damage (cm2/24 heurs) on each cultivar
is given 1n Table 3

There was a sigmficant difference 1n Mexican bearn beetle feeding
preference for various selected cultivars The leaf consumption varied from
0-7 Cm2/24 hours  According to Ouncans' Multiple Range Test the first 13

Tines did not differ significantly, whereas the last three cultivars were

most preferred A feeding of 2 emse of folrage was considered Tow Atleast



TaBLE 2.

ComPARATIVELY ReSISTANT Germ PrAsM of Beans To Mexican Beay

BEETLE SCREENED UNDER FieLp Conpitions Durine 1973, 1974 awp/
or 1975 (PartIaL LisT)

CuLTivar DAMAGE RATINGL CuLTIvVAR DamaGE RATING
P.1. 151392 1 P.1. 290936 1
P.1. 152211 1 P.1. 299382 1
p.1. 174910 1 P.I, 308900 1
P.1. 183343 1 P.1., 308695* 1
P.1. 185350 1 P.I, 309706 1
P, 1, 201331* 1 P.1. 309879 1
P.1. 201380 1 P.1., 310778 1
P.1. 206223* 1 P,1. 311824 1
P.1., 206979 1 P.1, 311862 1
P.l, 207212 1 P.I, 313608 1
P.1, 209439 1 P.I. 32u600" 1
P.1. 208201° 1 P. I, 326347* 1
P.1, 228258 1 P.1, 338972* 1
P. I, 250166" 1 P.I. 339423* 1
P,1., 271501 1 P.1. 352755% 1
P.1. 281595* 1 P.I. 368061 i
P.1. 281899* 1 CCoo 37% 1
CCoo 75* 1

1¥ysual ESTIMATION OF TOTAL LEAF DAMAGE ON A SCALE OF 1-1Q
as fFotrows  1=0-10, 2=11-20, 3=21-30, 4=31-40, 5=41-50,
6=51-60, 7=61-70, 8=71-80, %=81-90, 10=91-100%.

*CULTIVARS SHOWING LESS THAN 107 FOLIAGE DANMAGE DURING TWO OR
THREE YEARS OF STUDY,



~}6-

TasLE 3,

ApuLt Mexican Bean BeeTLE Lear FeepIng PREFERENCE
oN 31 BeaN CucTivarsl (No CHolce 7Asis)

]
i

S. No. CULTIVAR LEAE/gﬁMﬁRS S« No, CULTIVAR LEAE DArg

CMS cMss/

1 CC0078 0,0 17 . 207211 2.1
2 £C0037 0.4 18 207186 2.1
3 306151 0.6 19 5 352753 2.3
4 250166 0.9 20| 306153 2.3
5 €C0075 1.0 21, 310897 2.3
6 311862 1.4 :° 313608 2.4
7 311824 1.5 2 ¢ 310695 2.4
8 299389 1.5 207 299386 2.6
9 313882 1.5 2 309698 _ 3.4
10 299383 1.7 2 309879 3.4
11 £C0036 1.7 2 361505 4.4
12 338491 1.8 20 315709 4,8
13 281959 1.8 20 31171 5.9
14 326347 1.9 30 247699 6.4
15 345577 2.0 31 361504 7.0
16 282108 2.1

IALL CULTIVARS HAD A LEAF DAMAGE RATING oF 1(0 0% LEAF DAMAGE)
UNDER FIELD CONDITIONS,
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the first 13 lines appear to be resistant The experiment will be

- repeated with 4 Mexycan bean beetles per leaf rather than one and leaf
consurpiion will be determined with the help of an electronic area meter

Hine of the 53 cuitivars os soybean screened during 1974 had a2 damage
rating of 1{0-10% foliage damage) and appear to be comparatively resistant
to Hexican bean beetle (Table 4) The Mexican beetle leaf damage was
corparatively less on soybean as compared with on beans

An effort was also made to determine the effect of Mexican beetle
foliage damage on productivity and quaiity of bean seed and the results are
shown 1n Tables 5 & 6 Swmulated insect damage conditions wers created by
removing 6 5, 130, 10 5, 26 0, 32 5, and 39 0% of plant foiiage Other
treatments were natural Mexican bean heetle infestation, release of 3 Mexican
bean beetles per plant, and 6 Mexican bean beetles per plant  The experimenis
were conducted under wire cages and a2 randomized block design with 4
replications was used The experiments were repeated for 3 vears unde= field. ——
cenditions  The resuits indicate that 7-10% of leaf damage does not affect the
praductivity significantly, whereas reduction 1n plant productivity due to
ratural Tnse;ﬁ-1nfest3tten {11-20% folrage damage) was 12%, and 3 Mexican
beetles {31-40% foliage damage) and 6 Mexican beetle (71-80% foliage damage)
reduced 28 and 62% of plant productivity, respectively as corpared with the
control {no 1nsect damage} There seews to be a direct relationship between
the foliage damage and reduciion 1n yield  In addition, higher infestations
of Mexican beetle seems to reduce protewn and 011 content of bean seed
Thus a visual leaf damage rating of 1{Tess than 10% folrage damage) can
be safely used to characterize a plant resistant since the productivity and

quality of the plant 1s not affected significanily at this level
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TesLE 4, Mexican Bean BeetLe Lear Damace on 53 CuLTivars oOfF
Sovyreans Screened Unper Frewp Conptions purine 1975

DYBEAN Damacel SOYBEAN DAMAGE
LLTIVARS RATING CULTIVARS RATING

MOTH YELLOW
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TaHLE 2.
7 Errect of Mextcan Bean BreTie Damace oN Propucrivity of BEAN SEED

b

ST B -

YieLn/PLanNT IN G,

Year | Year 11 Year 11 AvERAGE FOR 3 YEARS

YiEtD ZDECREASE Yietd ZDecrease  Yiewn ZDecrease Yietp  %DecreAse
% of LEAVES
OTTROET 92,4 meee 21,5 - 18,6 - T R—
6.5 | 91,5 1.2 19.7 84 136 26,9 41,6 5,9
13.0 87.4 5.4 14.9 30,7 11,2 49,8 37.8 14,5
19,5 30,3 13,1 13,8 35,8 16.8 41.9 34,9 21.0
26.0 713 22.8 136 36.7 9.6 484 3.5 28,7
32.5 68.4 26.0 12,6 41.4 10,3 44,6 30.4 31.2
29.0 £5.3 29.3 12.3 42,8 7.0 6Z.4 28,2 36.2
INSECT INFESTATION
NATURAL
InNFESTATION 83,3 9.8 18.9 12,1 14,1 24,2 38,8 12,2
3 MBB/Prant  76.9 16.8 10.4 51.6 7.5 59.7 31.6 28,5
6 MBB/PLant  ---- - 9,1 57.7 6.4 65.6 7.7 61.7

LSD at .05 5.7 ——— 2.1 —— 1.9 — 3.3 ———

“51-



tergeT oF Mexican Bean Beetie Damace oN QuaLiTy or Bean Serp

ProTEIN Z O1L R
Year I Year Il Year [Il  Averace Year | Year Il Year 111 AveRa
4 g? LEAVES ’
EMOVED
6.5 34,2 35,1 35,6 25,0 22,2 21,1 20.9 21.4
13.0 33,6 34,8 35,2 34,5 22,7 20.6 20,9 21.4
19,5 33.8 3.6 24,4 34,3 22.7 20.7 20.9 21.4
26.0 33.4 34,2 24,5 33.9 22.4 20.7 20.9 21,3
32.5 33.1 33.6 34,1 33,6 22.7 20.4 20.7 21.2
29,0 32,6 33.7 34,0 33.4 22,5 20,1 20.6 21.0
InsECT
N
INFESTATION 32,9 34 34.6 3,0 2.1 2.2 191 20,8
3 MBB/PLANT 33,0 33,9 33,4 33.4 21,2 20.1 19,2 20.1
6 MBB/PLANT - 23.0 33.1 33,1 - 15,8 18,8 19.3
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After a thorough screening of the available germ plasm, studies on
the nature and genetics of resistance will be conducted  Induced motants,
which has the possibility of adding resistance without giving up the desirable
characteristics of a comercial variety, will glso be studied Any resistant
germ plasm Tocatad will be shared with other interested scientists

One of the main problems 1n a well balanced resistance program involving
scienti1sts from various disciplines could be of a human nature The team of
scientist must not only be well qualified 1n their respective areas but alse
understand, appreciate, and cooperate in all phases of the work  They should
be cognizant of the difficulties and problems in other areas thatn therr own
A team spimt and full cooperation among the research scientists working as
a team 1s very essential element i1n the success of a research program

There 15 & problem of handling huge data on beotanmical, entomological,
pathological, and nutritional characteristics on targe number of cultivars
being screened As of th1siyear all field data are recorded on preprinted
sneets  These sheets are directly used for punch cards When the data for
the three years are punched on computer cards correlafions among various
characteristics and resistance to insect-pests and diseases ameng various
ctultivars screened will be determined

The Plant Introductien Accessions in certain cases are quite heterozygous
Seed from different plants 1n such cases s harvested separately  Because of
iow supply of seeds, hand plantings are done which take considerable time
Mzy bea counted number of seeds could be put or a seed tape ouring off season
prior to planting and these Ssed tapes coula be laid out in field at planting
tyma  Inscot infestations have not been a problem under field conditions

An early planting of an alternate row of a susceptible variety can help
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increase insect infestations., Occasional replacement of laboratory

pcpulations of insects with those wn the field w111 be desirable

SUMMARY

There w31? be an 1ntensified search for host plant resistance to
mnsect-pests and diseases in the future and efforts will be made to
combine the desired genes for nutritional value and insect and disease
resi1stance to more than one insect or disease n a single variety The
development of better and less time consuming methods of screening germ
plasm will be needed The chemical basis of resistance and knowledge
about the factor{s) that govern host specificity in insect pests may also
be very useful in controlling insect-pests

Virginia State College 1s trying to establish a team approach to the
problem of controlling insect-pests by genetic means  Bean Phasesolus

vulgaris L and cabbage Brassica oleracea var capitata L germ plasm 15

being thoroughly screened for insect-pests and diseases, and nutritional
quality The bean germ plasm seems to have potential sources of resistance
to Mexican bean beetle fFurther detatied studies under controlled conditions

are needed to select the most valuable germ plasm

o
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THE CONTIPOL OF BEAN  INSECTS IN  LATIN AMERICA

oW

Dr. Léonce Bonnef1l

This paper 15 anlented to_be a brief overview of
the bean insects problem in Latin America with an emphasis
on the necessity to strengthen cultural and biological
controls. The protective role of tnese strategies has
indeed gained consaderable importance in lhese last few
yearss. It 1s evervbody's knowledge that because of the
adverse cffects on non-target organlsms and Lheir insi-
dious cftect on the total efosystem, many pesticides are
now being phased out or are bsing considered for phasing
out 1n the countries where they are manufactured.

Although these compounas continue to be edported
to other countrices where they are ncet manufactured, these
will eventually embark on environmental studies which
w2rll tond Lo limit the use of agricultural chemicals

dingerou., Lo man, plants ind wildlaife and eonhance natural

controls.




Chemical control of bean insect pesls

It may be considered fortunate that bean production
1n Latin America has never been overly dependent on pes-
ticides. This 1s not because bean plantings cannot be
critically damaged by insects, but because bean culture
1in that region i1s predominently a small domestlic enter-
prise of low financial return which cannot very well pay
for the cost of chemical control. Nevertheless in the
countries where beans are produced on a commercial scale,
insecticides have been used and presumably will continue
to be used.

As for most crops, among the pesticides used, there
is a definite shaft i1n favor of non-persistent, fast-
acting, narrow-spectrum insectrcides (2). The latest
recommendations of the United States Department of Agri-
culture (5} and of the University of Florida (3) for che
major bean pests are listed below.

The following compounds are suggested Lo control

aphids (Aphis) Diazinon, Demeton (Systox), Dimethoate



{Cygon, De-Fend), Parathion, Mevinphos (Phosdrin),

Nagghlon, Demeton and Dimethoate are systemic, the rest
act on contact. All of them (with the exception of
ltalathron) are highly toxic and require that they be
applied only by trained operators.

Against the Mexican Bean Beetle (Epilachnia) are
suggested Dirazinon, Malathlon, Parathion, Carbaryl
(Sevin), Carbophenothion, Dimethoate, Methoxychlor,
Disulfoton, Rotenone. Dlsulfoton and Parathion should
not be used in home gardens and shauld_be apglxed °“1Z“_
by tralned appl:icators. Treated plants should not fed
to livestock. Carbophenoctnion should not be used more
than twige per season. Methoxychlor is the only organc-
chlorinated compound in the groupj; unlike most products
of 1ts category, 1t shows little to no tendency to
accumilate in the body fat of animals and is generally
not toxic to crop plants.

The Bean Pod Weevil (Apron spp.) is best controlled



by repeated applications of fast-acting insecticides
such as Parathion or Carbaryl but these applications
should ke made only when the insect can actually be
seen.

The treatment recommended against leafhoppers
{Empoasca spp.) makes use of systemics like Dimethoate
or Disyston (Disulfoton), but Carbaryl (Sevin),
Methoxychlor, Parathaon or Malathion can also be used

in foliar application.

The Banded Cucumber Beetle {Diabrotica), Leaf

Beetles (Ceratoma,Andrector) are controlled with

Carbaryl (Scvin), Diazinon, Malathlon, HNMethoxychlor.
There isjéendency to be overly alarmed by lhe specla-
cular damgge inflicted by the adults of these beetles
to the bean foliage although the damage caused by their

larvae to the roots 1s often even more important.

Whiteflies (Aleurotnrinusl), vectors of the golden

yelloy mesairc, are prone to develop resistence when the



insecticldes applications against the other bean pests

are exceedingly frequent. They can then take up the

status of primary pests.

Cultural and biological controls of bean insect pests

Generally, the insecticide recommendatlons have
not varied signifricantly in the last few years largely
because none of the insectlclides used 1n the control of
the common bean insect pests has been phas=d cub or
laimrted 1n 1ts use. This 1n 1tself is a favorable
sirtuation bat the end results would be just as signifi-
cant, less costly and certainly caslier on the environ-
ment 2F the application was made minimal. In particular,
spraying should be properly timed. As a rule, 1t 15 best
to wait until the pooulation of 3 certain pest has
developed to the point that its impact on the plant is
cconomrcally sagnificant - bas reached the Economic

Injury Level, A good example 1s Disbrotica which can
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At e

remove a large portion of the leaf area withoub serious
effect on the production of the bean plant, Conversely,
a high population of the leafhopper Empoasca at the
early stages of the growth of the bean plant, will cause

stunting, leaf cupping, yellowing and a grain production

ploncotn o Al bt

In every case, sound cul tural practices wirthin or

next to null.

around the plantation will help cut down the buirlding-
up of large invading populalions or tne carry-over of

great numbers of adulis from oné"pléﬁﬁidéﬁto the next.

Plowing In addition to destroying veeds, volunteer bean

o

plants and wild hosts will also contribute Lo the eradil-

cation of rootworms, wireworms, cubtworms, exposing them

L S W,

to farm animals and natural onemes, ,
FPormal biological conbtrol of bean insect pests has

recerved relatively little attention an Latin America in

s e

spite of the fact that thesre have been ldentified pre-

-

dators ond parasttes for at least the major pests, namely

J
by o o ol felley
%jfﬁ@

el 3 Lo Y . e
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the Mexican Bean Beetle, the Bean Pod VWeevil and Lhe

Bean Leafhopper (1). Resistent varieties of bean to
leafhoppers were developed in llexlco as early as 1957 {4)
but it appears Lhat these very valuable developments
were never pursued. Presumably similar discontinulty
has occurred 1n other countries of Latin America.

As a rule, there has baen comparatively little
published work on bean insects control in the last
several years. Out of 194 articles on the subject, as
reported by the Asociecldn Interamericana de Bibliote-
carios y Documentalistas Agricolas (AIBDA), from January
to September 1974, only four (4) delt with bean insects,
three {3) with their biology, one (1) with thelr control.
This 1s hardly believable uvhen it 1s known Lhat Phaseolus
vulgaris lends 1tself so marvelously to scientific
research.

If bean production has to keep r1tks present status

of domestic crop of comparatively small extension and



little financial return not allowing for protection by
chemicals, 1t 1s 1mperative that biological and ecolo-
grcal stodies be aintensified so that yields can be
maintained or increased. The baslic blology of most of
the pests has been worked out quite satisfactorily but
therr relationshaip with the varled environment, wath

the bean plant on which they are totally d@pendentf

must be glven increased attention. Only then will it

be possible to work out satisfactory controls: blological,

cultural ormzhiegréfeé with the chemical control.

L

San Juan, Puerco Rico November 11, 1875
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thle L Miutrihuofon ot §opreiscl ¢y cormon boan (Phy volus vurza- & L) in Ceatral "wcvica
Lou wry Loctilaty Altrtude Rrintall Surbebrlity for Species Life zone
{m )} (wan ) bean production encounterad {Holdridge)
COSEA AIC\ Turrialba 600 3,500 Mot suitable I phaseola? Premontane molst
forest
Paraiss 1,450 2,060 Hob uitasle too hasenled Prowoolars moist
. foroet
Corvaites 1,375 2,000 ﬁa% Luitbile [ liemeri, pba~ Subt.spreal ver
seol”, ot~ tar? wet forest
San Anwonio 800 1,560 Very suitable L lracmer:, pha- Subtioprecal rain
! secla, arator® forest
Capas 160 1,000 Suiltable E kraemeri, ara- Tropical dry for-
torb est, molst prov-
wnee bransation -
Alajuela 1,200 2,000 Verny suitable E kraemeri® , a- Subtropical humid e
ratord, phaseola forest
Libe.ra 300 1,750 Very suitable P okraemeri® | a- Premontane moist
' ralor forest, hasal
) belt transition
$1n Isidra - 2,500 Very surtable P kraemeril Tropredl moirst
del Genaril i forest
C-rtago 2,350 2,560 Suitable E ophisgel]na Premontane moist
‘ forest
LR L Mat nalpa 900 1,300 Jeﬁ, quirabl. L Praemar., a- Tropreal dr; for-
i 1 or,rhts:olﬁ’ est, MOLST province
Somoto 750 1,250 Sur'table E kriemorid Tropical diy forest
Estelr a0 1,000 Verv sultable F kraemcri, a- Trovical dry forest

aﬁunerxcaliy more abundant or exclusive

bAbuﬂdant
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Table 1., {(continued}

Country Locality Altitude Rawnfall Suitabirlity for Spacies Life zone
{m ) {mm } bezn production encountered (Holdridge)
EL SAL' ADO®  San Andres 500 1,800 Sustable L kraemer:d, Subtropical wet for~
phoseolab gst
Apapa 600C 2,000 Siurcable I kraemeri, pha- Tropical dry forest
scola
|
GUATELIALA Las Moripcas 500 2,100 Ve%y sultable E Xkraemecri?, Tropreal dry for-
, i phaseolab est, moist province
. transition
Jutiapa 900 2,000 Very suitable E kraemeri@, Subtrepical dry
5 shaseolal, arator forest
Chiral-~ 1,950 1,500 Not suitable b phaseolad, Premgntane wet for-
tenango ' kraemery est
HO DURAS Danlz 800 1,400 Very suitable L kraeweri, Subtropical wet for-
phaseols est
Zzrorano - 800G Su.table E Lraemery, Subtropical dry for-

phascola ast

5
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LAS PLAGAS SEL FaHOL
EN CENTPOAMERICY Y SU COMDATE

teance Bonnefil

INTRODUCCION

De fines de noviembre a prnoipes de diciem
pre de 1964 twve la cportumided de tomar parte en
un recorndo por America Ceng al con el p opédsito de
obsarvar las oondhoones del culivo del friol Mo ta
e BN Y8rmuncs generales fus e! reconcoiruento de
25 plagas la determinec 4n hesta dorde fuera posi
ble de su diswibucidn s evalue on de los dafos ceu
szdos por elles vy el mvenierio de los med os de com
haie Las fuenies de micrmacion que uw lizemos fue
101 COMVErsarmmes <on ecowos 08 eget cas guber
nerrentales v porticulares agen es de gx ension fin
gue o5 obser saniones pe sonsles en el tempo v peor
vlumo la revison de matenal tecruco e divulgacion
v romplace Car las gracias en esia oporiunidsd a
varios tecricss que con muche gentileze me prepoer
upnaron datos en proteso de recoiezcon o analists
y cue no habum wdo aun publicados

No se esperabas que ese econocimnen o fusra
exhaustin g PUBS's que .ales trooans por 1o gengral
exgen mutho ma, tempo del gue dispusimos Sin
embargo  se lemrsron algunas obeervationes prebimi
nares gue pueden servi de gu a para ur programa
de wveshgaaom

Estas observaciones fueron fas sigumenies

1 hay bestanve sacer oJumbre en cuanto & la
wentdad de los insec os gue dafian el fnjel
en Centroamer ca

2  se sabp relativarente pooo de la bologie v

de la ewologia de mud o5 de estos organis

mos

3  Ios medios de contro’ ne son uriformes y
pueden deavare giendet venans de la
confromuecton de ios msticdos p okados en
tos diferen es parse: oon el ann de abtener
un metade a 2 ver ef csz prsciizo v econo

frtiiNe]
4  ademas del control auinko pare” ere aue
gebe troducirse 21008 medins L contiol

L8 583 PAS reCmpilier © PErd eyuda 8
este Por eemp’o me o es pracicas cubu
ra‘es vanedeaes resisteates coriral espea
hieo pars la protesaoa de orga vemos bene
fups et

En esta charke se preser @n las mio mooo s
dispombles por potas gue sean en relac o1 con las
chepr fari ©5 enarerada anoer ore ante Sa dan e
worocer o5 estuerzos decplegades pare aealbiaelas
18 sea por oont wucdn de nshiu. ones dediadas a

t chajar el fryot 0 a rraves de enseyor gue hemes
wucado en el Institulo Interame wane de Centiss
Agricolas

En pamer lugar creo unl wennficar bresemen
& Jos orgamsmos que encanframos spuniando parh
cularidaces mlere.d [BS Dara sJ CONDCHMENIO ¥y en
caz corbaie lusge hablaremos de los metodos de
conirol obsenados  terminande con una  discusidn
mieve sobre los trabaos que <e estdn levando 2 ca
bo en el Cenfro de fnsenanza e | wveshigation def HCA
en Turrialba

PLAGAS BAPORTANTES DEL FRUOL EN
AMERICA CENTRAL

De ios 90 v mas ncectos qui atacan al injol en
fa Amerca Lota 78 se sncuentran con certa fre
cuencie en Cenroamerica y no mas de unos 15 de
elics <on realmente de imporarcaa economica

De esie numero algunos nsectos son muy Lone
ados y comc fambien ccurre en ohas reqiones son
responsabntizados de daflos quzas mayores de los
gue en reahdad cauzan oiras al contrano son poco
corcadas o gnoradas sun cuando sus denredaciones
son de gran importanc:y  Se cree que ia causa de es
te & o es que no sempre fos dafos especiaculeres
son los maes sernos Una comporaton hipica es la de
las vacuitas y de los s~hahojas

Par oua parte los nombres vulgares se prestan
a machas confusiones S erwrar ¢n muches detalles
de toronomaz el misro nombre cubie tioos muy
ferertns Al contrerio el mi.mo ocrganimo racibe dis
tirtos nombres en los vanos pases La clasficacién
axorémca de los Hpos ceniroamencanes Bs InCom
ple a v los especiahisias estan revisardola actualmen
te

En ls rapicla desst poion gue he 2 de a5 plagaes
tratare de reunyt fode  fos nombies comwres v odar
a conocer las adoanhnicac ongs mas regerites

fa concnvels toruay Ha Laquita ¢ <a
tar 12 (Emilachna vanvesins) 25 un nusc o coleop
tera de la fariha Cocomnelludae

Es vma plage bier coraada ; samphamente dix
rbiida sr Cantro merca Sus cda~cs son bastant. k
peas  aungus algunas roces pueden covfundirse wn
los e ciettes cucancs ¢ de or sornelides sobre iodo
cuendo es0. doncs con resientzs Por o genersl son
muv orien o, per pae =1 canar o ugho ae egion a
regron , on 1 mismaz e on ce U luger & ofro ¢ de
wa ensca 30 8 Ssaur Eldy MoAtlsier (1) las con
d~omes sccas , cshide bhmuan gb desarrolls de una
rostuaon cita de esie insolo o ro~ocen o denos

G
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Se ha es'ablecido que el sumerio de hymedad

v temperatrs durante <l verano hacen que el inec
1o salga de los lugares donde paso su estado de le r
gao Tonte las 'aras como log adubios se aigmentan
del follaje del friol por la cara infenor Bl tepdo ve
getal es deverade en hendas pa alzfac Cuando el
dafo esta muy avanzide sole guedan partes, de ia
epinermus supenor v lac pervadures princpales ¥
las hojas toman enloncos un aspecio esqueleizado
Las Jarvas ccasionan m-s danos oue ios odulios
una lerva op aren lamano p;av’fsﬁ eot sy hasta yna
boja al da Szhemas de casos de 1 ifestacion en los
cuales no solo fas hoes «no ¢f wilo las flores v las
vainas son czvoradss
La Epslachna vanvestng es un gorgopo de forma
hemisferica de color amardio, do 1/4 a 1/3 de pul
gada de 'argo y 1/5 de pulgeds de ancho con ocho
punios negres de cada eliro dispLestos en tres lineas
a traves del cuerpe del insecte Las larvas completa
mente deserrolladas muestran 6 hileras de espmas
brfurcadas con punas de color negro Son de formra
ovaleds de color amaitlo  Se al mentan acavamente
dura=e uras 2 o 5 semanas v luege se convierien en
pupa en la manera coracteristics de fos cotoinelidos
generalmen e en ! enves de la hoja cel ol o de
otrz planta Fo.pedera la larva cementa su parte pos
teror 2 Y8 sopechie foliar oo danada fuerza Tz prel
punal a replegs so sobre el abdomen y deja espue.
ta la parte snenor que aparece ha redondas v de
celor amandlo El msecio pass hastza 10 dias en este
es ado pupal El ccla entero dura un mes como pro
mecho
€l piwdo del ecte (apron gadmam} es un <o
leo~ ero de la famiha Curculomideae  Esle secto
paede bhawo certas condwiones v an Gertas  areas
ser considerade como una plegs de syma impoerfanca
puasto gue puoede Tegar o impedi ¢l colino del fr
ol
2 Se debe hacer ncfar {5) que muchs veces a la
gspecie A gouoman sg agrega la A aunchalceum
«wendo embas ecpecies muy perec das A godman es
de mayor srpo tanca  ocavenando dafios nmas ox
WIECS  AUNGUS 00 JEMBTC 28 CNCUEN Fa 8N N aYOr
ebundancia Los hueveailos de A gndman son pues
tos indwoidualriznte en o wodes fos gronos de les
vemnas vy las larvas al deucreollar @ cons ruyen oeno
los separados ruentras gue en ol caso oe A aun
sealceum  lat larvas son greganas se desarrollan so
bre un niumero menor de graios y PUpan en un Loy
Ho me varos comparhimienios
£l ateque 2l picudo empreza con leg fleracion
¥ ef eiclo bolegee del insecio se desarrolia parslels
mente al crecur ento de iz vama  Llos adulios son
Iy pequenss , maazn de 250 a 280 am son de
oy seare con uroes nelos blancos
£ edulto se alimenta el folaje flores Y vaINas
‘?ﬁﬁrera!mﬁnin ¢ puede \or e~ 13 par e wianor de
Ly howpe ¢ alrezegor oo las flores o los vammgs v de
It grangs Wia Lola larvs ouede destrur una sem
Teriars soes jorna o puede dana Lerullas mady
¥ gue piercen por este hecho cohidad comercial
3 vairas 3 aceras son flagdas y preser tan oepre

siores de color smardlo Las sainas maduras cuyos
granos han sido reemplarados por las cobieras de
capullos vacios  apsrezen marchilas v muesiran o,
agureros por los coales salieron ios adulios

El desarrollo de la poblacion de picydos esta
mas relationado con el estado Je desarrollo de las
vamas que con las varwoiones chimaticas  La infesta
con s mansfiesta cada afdo en 'a nusma epoca y las
fluctwiciones del grado de mnfestacion de afo a afio
probabiemenie son debrdas a 11 influencia de facto
res ambientales como le siembry a cambios en las
varedades vsadas ec

Lz dencmnacion vuloyr de vaguites  conch
tas o doraditlas abarca vanos msectos cau odos
colzopieros de ta tamibha Chrsomelidae, de los gene
ros Cerotoma, Aadrector, algunas veces Diabrofiea v
prebablemente ciros Considerande  pruneramen e
tas vaguites Ceretoma  se conocen fas especes €
atrofasviata, © salvime y € rubicorms que son proka
biemente las de mayor difusion por lo menes en
Costa Rice la clasthcacion complets v defimtiva ro
ha sino hecha aun  En nwestre recarnde noe Cendro
ameca celec vymos un gran numero de tpos gue
eslames claef cardo

Lla especse de Diabrofica gque aparentemente se
oncuertra con ey or frocoenc en wa region es D
halteata sobre todo a asliuras mreanores de 2000 me
tros sohre gl nivel del mar Bl inse o hiene um carac
teristico pahon verae con cuslro bandas ransversa
les amurllas  Mide aprorimadamene 44
longitud y 31 mm de ancho  Como la Cerctoma la
Diabrotica pone sus hu9v03 an ei w&]o y_lay larvas
s al mentan de fas rares”

Sin embargo 10005 0$ios QOTG0jc. HENEN Car "
seres morfologuicos imidares  fos mismos habiios 4
otesionan ganos semegntes  Por lo gereral (4 a
ran mycho en color y dibupss nude  1/5 de pulgada
hasta 1/4 Myy a menudo taman una actitud do repo
so en el enves de las bojas y se dejan caer al suelo
si son perturbades Ticnen un porcentage de reproduc
cion Bastante alte  los hueves dan nacimiento a lar
vas peguenas oelgadas de color blanco que <e ab
mentan de rarces del fryol Bl eotvdo de pupa o a
<z en el surlo en una celula de terra 3 una profund
dad de mas o menos 4 pulaadas

B! dano causaco por la Cerctoma of foilawe <e
preseria on forma de huecos mas o manos redondos
£s muy faal corfurde este cano con el de s dora
dilla (Dhabretical aungue esta ull ma especiz nende
a comer el borde do las ho»e o ¢l pecolo aiguna,
veces seporandclas de la mata del fryel

los adultos oevoran pioc as veces el tallo de
las matas jovenes expomerdalas ai atague de bacle
rias y hango.

las depedacioncs de las vaauwites y doredillas
influyen muche en el rerd miento sl reducr el 4rea
fohar y corsigumeniemer te is superfioe fotesintes ca
y dafar el sistema rsae! Bl gono es particuiarmee
imporian'e cpando fa ma v ¢s joven  los sueios suel
tos v humedas favorecen la ovipoacion vy el desarre
o ae fas larvas  En peoosodos cecos los Fuovos se
detecgn la carararon de terra gue rodes las pupass
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desintegra y estes queden expueslas & foda clase
'pebgros
. £t enenador de le hop {Lircomyza sk ) pertenece
irdens Diptera y a ta famiia Agromynidie  Sus lor
. munan ol mesodermis de las hojes  Estas larvas
3 las en formaolindics pupan en el suelo 2 po
prefurdidad B adulio es une mosca de coler ne
y con patastlarges y delgadas wna cabera mezs lar
gue ancna  las hembras ocasionan un denc hims
o ahmentandose de las hojas

Fi darfo es mas umpotiante cuat do las planies
an tiernas y sal o en crcunsiancias especrales al
wsn urt ninel pebgroso Por Yo general el defce
menos i poerien 2 cusndo el suelo es fernl y tiene
s ampla camiided de matens cerganica L2 hume
2 del suelo fowvoiece un creamiento rapnds de las
m tas y previene el atague de los minadores

la mosca blanca  es un homop ero de la fami
Aleyrodidae. Como le india el nombre su calor
Blanquecmo pero no es una mosca  El coler blan
w2 debs 8 unas secreciones con toxtura de cera se
ntes a filos delgados y nzados prodioda por
Jormas Juverdes que smparien un aspecio lano-
al individuo Al contrars de otros homopteros
exvdacion arucarada no caa del irceclo sino que
reune en globulss largos schre su cubierta lanc
los huevos som puestos en arlos en el emdés
las hops espeaalmente las mas viepas tas mn
. e transformen en mmages depndo sw opiel e
da a la sumerhow folar

ta mosca blanta se entuent a en cast 1odos los
bierdes  No se wzbe ¢on cerleza 1= magmitud del
Ro que pueden crasionar pohlaniones grandes ce
s nsectos Por o menos o prodace dafiod iw
, 4 nibles  Se debe recordar sin emoArgo que es
. nsectos son vecores de erfermedadec vitosas
wertos cultivos como el algodon 4 que pucden
rar strslarmenie o 2l ool

El chinche verde [Mezara wvindula) v olros ho
oreros e e mems familia Pentatenudae se o cuen
n en et * 10! pero nunca en gron numero al iqual

e pulgones del gesero Aph, De maners gengral
o8 nsecios chupesores no amern an un aelamenio
oecral en plan.acores comerc ales wonde se Hevan
cabo aplicaciones para el control de plagas de ma
r imporiancs

El gusano pelsce (Eshgmene aorzea) es un le
soptere de la famidia Arciudae Lade conshiluw
problema muy ser o para los preductores de frjol
n frecueries las miestaciones fue les y es tan xo
2 que puede dest urr conplolamenie el follae v
zctar gl rengdhimoeno
I tos gusanos den g nero [shgmene constduyen
a plega  Llas lenvis muden en gromedio 5 an son
wlor cafe o negro con hness ama nle B adulic
una manposa gue zne las alas an criores blincaes
punes puntos negras 3 fus alis frasores bilangas
ta hembrs y ensranadas en el » cno
la siembra del Fiol s muy 8 roenudo atacedn
vains guzanos gue salen dol sue'o en la noche

la farmilia Nectueidae y periereien 8 an05 gui e
H

s¢ esconden o anenscer Todos son fap dop o 0.

ros  Helothis, taphygma Prodems, Fcitia Agrobs
L dafic varia con las especies e un ahc al oiro
Algunas especies se hmian a conar las plenidas al
ruvel del suelo y comen muy poco de ellas ofras
subien al follaje v devoran cas ioda la superficie fo
har olras oermanezen en el suelo y comen las ras
ces

El ciclo biologico oepende de la espeae Unas
especies se desarrglan ¢n pocas cemanas olras e
quieren cast un ano Can potas vanecones el me
wdo de contiol es el mismo paa todas

Los chienarrdas o ocdas famb en como -3
tahoas  son una plaga de suma imporlancia en todas
1as regiones dende se cultiva el fryol  La Chid arria
srcde es de i oeres gachicolar un insecto homaopte
ro de ia famiha Cicadellid-e, del geneic Impoascy

Por o general los selizhojas chupan la sava
de las hojas ias cusles muesiran una muttiud de
punios blances peqrenas & muy posible que eni
ests formae los insecios puedan influr sobre el Jdesa
rrctte normal de fa planta y por consiguiente sobre
u produccion

Sintomas similires son caraciens wos famben de
ohtas especies de Bmpoasca tales como B maligns
E abrunta B filaments B bafuicats, eic Otess oo
me B fabap € mal E phaseeh no se alimentan d2i
mesohilo sino del floema o =ed del tepds conductor

de saes v ocasonan ofro tipo de dane  Las hojas
Liernas se arrugan  se empietan a amanliar por los
berdes v fuogo we secan Bl dese rello general de los
mea as se reouce 7 b produccicoy de vanas es cav
nuis  No hay evidenca que scan nveciados subis
teitios 1orica. v B plaste sungue by sido demo, ra
do nue £ Solwm inyecta dhas asa vy posiblermnente in
vertisa en vna deta arhtiaal Parsce muy posible
que tos daros al sistema de arculen on de savia um
piden el desarrol's normal de los fopdos en el enves
de la hoja lo que owewiona el arrugemiento

Ne se ha verifede la rasn sson de virus por
saliahoas nero s posble cue lags olarmtas atacedas
POt esos insecios sewn mas suscent hles & algunas
enfermedades cripiogamicas

La chwcharnia pasa todo su cielo bologo sobree
iz mats de fryol Lla duracion de wile ¢cle parecs
vangr con lo, factores ambientales 2l 1gual que [a
exprasion de los sintomas siendo esios mas severo.
en ligares cahemtes En luga es poco elevados log
nseel0s 5on muy achives s reproaucen mas rapida
mente y coma consecuencia danan mas las matas de
fryol

Lo auesiros parcelas exper mentales en Turnial
by hemes observado un poesito del {rgol moy poce
Lamiun o un mseclo depidap oro que poitunose a g
fomilia Clethrevndae y « ges ero Lasweyresia Sequn
sl Dr D Dy e la U S Mauona' Muteum es pos
e que lo especie <ea nueve * Bl msecte ha wido ob
=ervicio heste @1 ol 30% de las matas Fsamos ac
trelr ine o procese d2 a2 ermunir el ucle brologs
co del garacio y por c:0 o fenemos dalos muy exac
s Las larves se crouemite groerslye ate o1 el cue
lio de fys plentss a poca prafuads fao sokte o co 1
73 bl cwello oe las maas parasicdas e ensemchy
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wonsiderablenente

_,xf'" La presencia de las lamas y pupas on los teqdos
ne afectia el crecimanio de la planta m wyerfiare con
3 producaien sclo en cerlas ocasiones la plante se
pone amardia ¢ muesre v las vainas ya ne maduran

>

=S
, Comumpwacion pursonal

;{:ﬁ..

"_!f
'+ FLAGAS OBSERVADAS FN 105 PAISES DE
¥ AMERICA CENTRAL

El recoirndo gue h amos per los paises cenvirg
amencanos tyvo lugar al final del penodo lluvioso y
el herrpo ya estabs bastante seco  Duranie las clos
emanas que dure ¢l nae o <wolo un dia cere
de iz frontera de Nicaragua ; Couta Rica La siembra
se postrera agebeba de madurer en la mayoria os
les zonas o ya se habis cosechado No ers 13 época
~a3 mdicada pera chservar la, plegas que atscen
serprang 2l frgol {gusenos cortadores pulgones mi
naderes, eic) De todos wodos la cpmwen undmime
83 que la primera siembra es la oue generalmente oy
‘re mayores danos y la mejor epoca para asludiar
sles plagas sema en mayo o a mes tardar abnl La
wlormendn sobre la prnimera siembra _fue obteruds
& t aves de publicaciones o tonlacics con otras 8¢
oo

£l primer pais gue vistamos fue MNicaragua Fn
s parcelas de inijcl de la Estacion Dxpenmental da

la Caleia  del Munisterio de Agricublurs y Ganadena
svontré ura infeswaion rouy Tuerte del gusene pe
ludo {Estigmene), también de gusanos cortadores (Fel
12) da gusano de elgodon {Alabiuml y mozcs blanca
{Aloyrodidan)  En Jinciepe (450 metros sobire ol
vel del mar) coleccionamos  chicharrites (Bmpoasea)
wmoidn en Matagatos ¢ Jinolcge (1 020 mairesd Ls
w3 regones son Lastante Huviesas ¢ m sy pows pobla
<ot Los culfivos predonmnen e85 <ot la pape las ner
<izas y el cafe Les regiones fopoloras de iMica agua
=0 de Esel: Malecslpe hecta la frontera con Hon
SJras Sen regones de elevationss med anas {1 029
fue 03} o kajas (560 metros) con 800 a 1 000 mm de
precpiacidn Lo siembrs de primera que se cose
s en who segun tesimomo de la gente sufre
tenos de las plagas E! frijol se cuitiva en escels co
e cial y una busng pette de la cosecha se arports
-‘3 endhmien o s ba.tan e cho y se hace use de
£ itwdas len E<telr los producicores espolscrean con
% alipn Menibico)

En Ia region ce Snts Ana en Bl salvadmr encor
® una wndestacion muy alta {407 © mas) de puudo
“Bpion).  as plantectones ectaban en estado muy
erzado de madurer pera sin emborgo  se poda
e var gran awmero oo chicharrtas La manidosia

cion det dno por estos msecios vanag mutho sob e
iodo con ol hpo de Bl L frijol oe maa on lo re
gion de Santa Ara mostro bastanie arrugamenio v
occe amaritlumento e frol de guis solo revelo un
puateado blanco s rmunguna deformacien de las ho
[ 2]

La mo.ca blanca (Aleyrodidae) era muy abun
dente B Centro Naniona!l de Agrononia en Santa
Tecia esta efectuardn ensayss para el conirol de es
te insecio temibnen esta trabysnoe sob e la posible
trensrrusion de wires por las chinsritos EBmpoasea)

La primers region visi ada en Guatemala fue
Parremos a 1 820 metros de altura seca vy fria Las
exploiaciones son basienle grondes y se obhenens
dos to echas a3l ano la privers o3 la méis dafads
por les plaass

Se encontrd doradile  conchuelas chicharntas
la nowa blanca y pulgones  tos Lmomas del dane
se manifostaban muy levemente  En Chimszhenango
los dafics fueion muche mas asibles gsoeciaimen
e los coaswonedos por chicharniss v vequiias En la
Estac &n Erpermental de! AN (Instituto Agropecus
110 Naciwone!) habien algunos ensa,os pere el con
fral de vaguidss y de la deradilla

Se visie despues o region de Jutiaps seca v
desolada Se obse varon pocos ineolares y se efec
tyaron dos colecciones a alturss de 760 v 480 me
tros  El picudo {Apien} v la chicharnta {(Empoasca)
fueron las especies medormante, A pesar del ca

lor el dano causade por Empoasca, ne fue hpico

En '3 Escuelas do Agecultura de Borgenas eran
muy chundantes las vaquitas chicharrdas y moscas
blantes  Se noto un achaparramienic muy 1enso y
vt amanllzres to de las hojes nerras Alrededor
dei Lage Amonitlon se siembra 2lgo de friol tanto
de mats come de guia  Llas siembias parecian bas
'anle sanas a pesar de que halhan pre.entes chicka
rritas Mo se observe evidenc 8 de dano

In Honduras con lg valiosa eyuds de los téen
cos de la Escuela Agricols Panamerwaneg ‘ue posbie
visitar fes zonae de Daih {820 met oo)y El Paraso
{780 me ros} Son regiones  aparantemerte  muy
apropacas pard ol cultng del fryel en 1ealidad ob
wrvamos muchas siemb as de buen lamrato pero
[PECOS M £C 08 UNiCeMueme Blgunes sarpnias y chicha
rrrras Los danes eran poce visibles

Provistonalmenie se preserta el cuadro N
«obre la madenna de 12 plagas del friol en los os
o pares centroamericanos  Se puede consie 2 gque
fos sa tahoias son ta plraa nas frecuenic  seguidos
£nImpo onA Por las vaguitas y 13 moscs blanca
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ESTADO ACTUAL LR LA LUCHA CONTRA LAS
PLAGAS DEL FRIJOL En CENTROAMETICA

Por regla gene al el producior de {ryci cn amé
s Certral no combale los nsecies gue mvaden sy
sem s By obvio gque nofa vy apreca las perdidas
ve prasonan las plagas su achitud negabive anie
%3 se puede explicar por varias razones

Bl culing de fruol zon exieucion de wer as per
& de Guatemala Hondurss v MNizaragea =< una ac
vdad de csrfcter famihar B tamane de s eaple
Iones @3 muy pegueno sJ s omindio ecde 114 g
120 manzanas

Una manzana B388 96 metro cun-hia s

FI moducio de la swembra es primordiaimente
para tonsumeo domesico y <2 veaden solamen'e log
oorantes  Algunas  eces <e consersa yna canhdad

de semila pera siembrac futures

En los poses en que se culnva el fmpol para 8
exporiacior el producior no erpeorta sine que vends
sus cotechas 8 un ntgrmedano Su explotanidn
asnque tens enionces un cardcler comeraisl es de
tamane reduado de medo que no o Gifice la compra
oo egdipo © rsechicdas para el comibate de las pla
gas  El i~ ermediarnie 1o parece preccupar.e por el
rerhm en 9o pLesio que AU negoc o <2 Truta a com
p er el vroduc ¢ de varas agrculiores v e revender
lo con gananua

Por o ra pette el fiol renz un penoco vegele
1ve muy cor oy el o de pesticiats debe hacerse

<
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g Hiempe y en concenlracienes exaclas  Por cons
% gurente el combate para ser eficar y eLonomico re

w quiere bastan’e conoamiento vy disaipling de  parte
“irdel agriculior

efecio parece ser el products per excefencia paras el
control da la Epilachna

Mc Relvery Cuevarr v Cortes en 1944 reco

%

BT

:%j.nesgm caranenshicos del cellivo
3

E:S

'&é@?t no poder milor sobre el precio de su producto en

gl mercado stempre es refienie e 1 wile lo menos

i
:
&

. son bastante extensas y de caracter comercis! o3 in

La siuacon se complica porque, delrde a los

et preaio de los
“grenos estd sueto a mucha fluetvacion Bl pro-ucior

zposible en su explolacién

solo el groducior en gian escala tiene interes en
' sumentar los rendimientos por medio del combate de
las plagas En las regiones donde las explotsc ones

sec.or y enfermedades se comba en coe qerfo gra

“do de éxito y por esto los rendimientos superan los

de las exploteciones familiares de manera muy sigm
ficahva

Los produdtes y las concentraciones uhhzadas en

el combale de las plages varan muche de un lugas

% & ofro. los servicios de eccnsion y las agencias de

S

IR

~ firmas producicras de pesticidas pubiican fol'etos de
diyulgacién con recomendocione  Mis vahosas soa
~las pruebas que flevan 2 cabo los orgarismos oficia

les de los chiferentas paises cenirpamericanos gn sus

esiaciones experimieniales
i En MNicaragua ituwvimios la oportunidau de wvisi
{5t un entayo pare &l control del gusano peluds en
t Salvador, tno para €l control de la mozca blanca
¢ en Guatemala o'ro contra vacquias y chicharnias
o resultades de estos ensoyos serén publicadeos pro
kablemente en el curso de 1965

TRABAJOS PECIENTLS SCLRL CONTROL DE
PLAGAS DL "RUOL

En la reveion ae los trabaos sobre control de
pleges efectuados en ef Conhinente Amerncano y Afn
ta se puede opserver que del ano 1946 al presenie,
<2 ha publiceds comparabivamente poto acerea del
combate de los insecios dal frycl cen excepodn do
ke corchuela (Epilachnal

tos primenss trebaos que se levaren ¢ cabo en
Ies Estados Unmos de Amirica v México, establooe
mn que este wreetto ers muy suscept ble 8 los eph
taciomes de Roerona  Fn mezcla con piedra pomez
¥y azufre esle producic ¢id un confrol absoluto (100
% de monabdad) En aquella oporturudsd el Pa
tation, Toxaleno Dieldrin Sevin  eron considerados
tomo prometedores En 1951 s conchurla mrostio
esisterzia a lp Botenona v se recmplazo enonces por
¢ Malation que era muy efitez ¥ lenla una toxicd=A
Destante baja psra los mamiferos Po mucho, eics
€l Malaoon fue el fratamienta clesico hasta gue & su
ver, fup dewlazsdo por ofros producias sumamer 'e
t'iraces tales como el Closton ol Drinevo el Alofn
el Dieldr n el Thiedan y el Sevin  Es'e ultime miser
Wida por sy grde de eftcenim nmuy considenia, su
*=x dad bap para los mamife os y su prolengade

monda on en Mexico e BDT ¢ ef BHC como los me
jeres productos en el combate del peude (Apidn god
ming aphcados en forma de polvo Fumedacible en el
penodo de floraoon  Lstos rusinos tecnicos eteciua
ron ensayoes subsiguientes ublizando  Parandn  DOT
Metoxiclore Clordano EPN Aldan Deeldrin y Dilan
£l ODT y ef Paratidn resultaron ser los producios mes
eficaces

J} Guevars Calderon (8} propuso un combinacidn
de varnecdades roastenies v iz anlcacdn de insech
cidas como el ml'cdo de confrol més eficaz  la ve
riedad  Piio 168  que es altamanie resistente
{muestra solamente 8 15% de infestec &n), no requ:
né aphcacien de insechicidas, en cambio  Mex 228-
7 (15% a 45% de infestacion) necestd uns ephics
cién, Pue 152 moderadamente cuscoptible {45% &
160% de mfestecidn)  Dgo 224--42 y Ch 551-11
que son suscephibles necestaron dos aplicaciones de
Folidol para p otucir econdmicor-ente v la varcdad
Megra Mecentral  altamente susceptible  necesito
mis de dos aplicaciones

le chicharra Emjoasxca  fue primeramente con
wolada con celdo bordelds, azufre o piretre  luege
se comprobd que lo Sabadilia era més efectiva Gro
novsky en 1914 descubrio 13 gran efect vidad dsl
DDT  Podernermente &l Toxafeno el Demetdn ol
KMetoxicloro el Parahidn resultaron muy efwesces &n
trebajos mé. recientes Metasystox y Labacyd han ds
do exceiente cont ol El sistémico Thimet (Phorate)
ha dado control abscluio con wna sola aplicacidn al
ambrar el friol en Guanaceste Copta Rica  lgusles
resultados se obuenén con D5, <1on En gl Brasd
R Vazr de Arruda (13 ha demostrado que ls eplicacidn
combmada de DDT v Metosysiox supera la accion ois
tada del sis*émco posiblemerte cebido a s accidn
acancida de Me asystor Bl DOT supero al Endnn y
al Diazinen  Es internranie notar qus A Suplicy v M
Fachigas (8) cobtuvieron resoifade. significativamente
meores con D Sysfem que con Thumet

Bl munador Linemy~a era combahdo  antencr
mente con sulfatc de micoting acene y ague  Luego
g venfico que el DDT el Toxafeno, el Duzinen, ol
Delden y el Paratsion conrelaron et insec o sahs*ac
to samenie  Linomyza puede deserrollar resistencia al
DT

Ei tratenuento de las semillas con Endrin Diel
drin Ald wn preoperciona contral completo sin efectos
derimentes » ia germinacion  No se ha esablecdo
cual ¢. el metanismo de gste efecto

Myy escesa es i inveshgecion scbre el con ol
de la, ploges meno. importames cel frigol En el
Cuedro N® 2 se han condensado las recomendac anes
para el conrol quimico de las principates ploges del
cu 1so Us os datos fueron tomados en par e de las
Pecomancaciones of%re maechadas publnades
gor 'a Division . Inveshgaconus Entomoldg cas del
Departa nento de Ay wu'tura de fos Cstaops Umidos
y er parte dul informre final de fa Poera Assmbles
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i v Plaga tnsechicidos attiva por acrg agheacion Precsutianes N
f‘*"’;’ Rotenona 025 FE
¥ conchuela Melation 125 P PH
{-puachna) Paration i5 o pPH 016 por persenas con
- Toxa'eno 2 P PH expenancia
i * Sevin i PPH
" Meoceyolorn 15 PE
. Dieidnin 05 P FH
- Las plarn o3 tratadas ton
Diannon 975 P |
N rehgrosas pars el
¢ oot 073 cerH ganado
¥
| T ! G Thimet y Disyston deba
Disyston ! G 10 de las semillas (no en
e contacto con ellas)
| cagsitas  doradilla ooT ! PPHE Les plantas ratadas son
{Cerotoma, Andrector Sevmn ! P PH peligroses para el
Diabrohica) Bowenona G 25 PE ganado
*Malatbn 125 FPHG
tu~adares Halation v 25 PHE
{triomyza, Chalepus) Dazindn 75 PHE
Puigenes walehion ) PPHE
{Aphis} Cewne on 05 F Soie por personas con
e o0 e T - e gRperencs T
Phazion
Paraiion 3 PPHE
Salshojas oot 0735 PPHE Las plentas tra adsy son
lEmpoescal Sev 1 PPHE peligrosas pars el
<talstion 175 PPHE ganado
. Metoxyeloro 15 P PH
Thiret 15 G
Bisyston 15 G
Busenos cortaderes Lot Z PPRE Aplicar 8 2 suserfce
{(Fels, Prodemia eic) Dieidrin 2 PPHE de! suslo an es Je
Toxefero Z PFPHF semprar
rudn boT | P PH Los plan as tratadas sen
{Apitin} Me oxyclowo '3 ?PH pehgrosas pera el
Sein 2 P PH garado
Lhinches Savin o] O PH
(Nezara, eic) DO ! Prof

Les plontus tratacas son
pahgroses para ef
gan o

P == polvo seco
==gramules

PAy=Pobug L ume eroe
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F-orencentrado
ermulsificable
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talinoamencana de Fuoparsiologia (Mlseo) vy o
nene ademas aigunos dalos parsomiin

CTPOS MEDIOS DE COMIATE

Con pocas gacepaones los frgols ex que visila
mes no estehan biea cuidaces Pocas explotas ones
psaron fertihzante  La .emi'a era de dudosa cahidad
y No recibic mingun e anvenso on le navens de s
casos Bl desa rolio de las malas e bas cast unradha
el ¢racmento de lzs matas de Fuyor Es o o rade
gue esias condwicnes .~n wllsles pars ol cesanrollo
gz las plagas y enfermedaacs qu. contabuoyen a dis
mwuir avn mas el rendumente Unas buenas poach
cas culivrales puaden contnbue Jacidwdemente a b
pro eccion cel culthvo

Ademas de fa lucha pol medias 1iccanicos v qui
mices aigunes de los plo jes del Togol sefren lo ac
cion de aerlos orQanismos o Lilos  Una mosca de
ta farmubia Tachimdae, Phococeia clanpu mis pone sus
nuerecillos blencos sobre 12 larva de 8 conchyels
Epilachna  Por lo generol sclo uny Tirva de ta mos
& complets su desorsolle £ grads U2 4o asnmo
es por eso bastanie Law “ay ors rwsca Tl
dae (Paradores epdacdhineel ave pucde see ulilizada
en un programa de wentrol balogiee

Ademas las larsas v pupis de fa conchuels sir
ven oo ashrento 3 sanos ineoctos piodalores Muy
poces enfermedaces Lot nauss fcclen wsfe msecto
y B9 S8 COTCLEn paray) Cs ml.inos

{a lar a del Apren es naresilage nSe unz avispe
peguena del genere Tnaspr Mo Vo, wrfocimauen
exac & acersa de lo efwac o d2 careporasio - -

La ponbitigad de wilbizar seraades resis erie,
2} preudo mpsen y le enirha ite Cmpoas a ba s fo
vesagado o Mewico por €1 B dose Gusvars Calde
én {7) y es.e méicoo ce o noal. es probublemente
unp de los mas desesbles gn Con rewrurnca

Ulimamerte (B) se ha prebado i efacto de
haciones Comma v de o tard zazon guin o scle »
fa ronchuels Epdadt ma Modd oa vy Lo wtes ool nge-
1o fueron eatenhiz=das con buan _aln He moras no
males aparcadas «on roachos iter Bz O LICauplron
Haevos estanles Hem'res  olde teafas  avarsude
con machos rormales 10 pus orea bue o Hemb g
rorma'es aparestas Ton Mae BN o5 RreradUe precy
seron huevos ostodos poro *po ddes 'igac oy ma
thos normeles produossron huosos poarinales

CONCLUSHORIS ¥ RECOAL AT GRS

Be to oue vrectoe s piode corrior g

1} El cuntve cet ‘ol en Ar » e Contral € w culd
hvo darily o oen redu o oscala

2) las cordipres o PIC WELIGR €A g 2o
desfzsorubies a uy rendin @ o maxin
do ips olantas debruvar , expusbas ¢ 11 ¢
cion daf na oo sa at poar oo ferreaadls

3 Sa erbyge el ol e da hao Jdo e alppen
tgerm dal paceio canacamur Gl s poar LD L
preguccic s cdeby ser awro ter'a ; omaig odo

4 Las plegos oue atacan ef f ! sor be tfenb. o

500
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rocid v en su botogra pore no sucade 1o g
M2 con su coolog e, p omoipalmente sus rela
civ s con 1 oplarte v oo consiguionte By
porfainon do ue deno
fl combate de = tas plagis ha sdo es udiado
LN RUMErS.S pases o Bstanie exdd Los
adedantos dccuces logrados on las uihmae de
oidas han nuesio 1 chsposicion de los agricul
reres o luios de oticamie mas ampha Ls cla
10 sn umbirge gue para ayudar eficazmenie
P oagneultor con gamerceno 2 raguielen me
odos e lucna completoc suncdlos efectivos v
e tes
& Dchos meones lebic an consishie en prachcas
roturales © o9 I apleanion de producios qut
mices de resy'tade, in~eoiatos que fueran re
srple ados ) osteriormente por metodos b olo
gice o po o meros uns  combinacon  de
metodos bologiwos v qou weos

Con bas= a «+as conclusiones me parece oper
i o hacar alguna, sugerencias o pesar de la poca
expefiuiy it ungo en la g7 on
1} Por medio de in‘ercambio de informaciones
y de estrecha cocp cracion entre fos s arios orgamsmos
dadca o3 3 lg investigacion dibiera hace e un es
tudio cudadose de las plagas que incluya clasifica
cion 1asonouca  distnbucon qeografice  fluctuscie
nes onuakes d2 ey poeblaciones  pientas hospedoras
et be sugie e que <e esiudie un plan progresvo v
se cenfie el mismo @ uma s ducion que se entargue
de sotar por le con nuidad de dcs 1radao, de nvesh
ceio Tde la 0% e vion™y Cigemzacion de Jos dafos
y hinzainente iy {2 puol cetion de los resultados
2} Pueden orgas izarse los 1pos de ratejo Uno
cor ¢ pla.o gque proporcionsna de os de necenided
mmed ata por elemplo sobre 3 sonomia o el con
ol oulmizo de los plagas ohro a large plaze que in

rlust reba o de du ed0n inas @4 ensa poOr eem
wio o et van g srionvechar nanto e parasi 02 opre
de ores Jde errollo pe veodz fes usmsentes ek

toal MCA e nay auzindo ‘rebajos de ambes b
Los Foroun faddo se esla wstuoia do 2] coniral guiny
oo oc des Liacas , se esian levanzo a cabo estudios
me0 woer Poroorro ledo se estan desarrcidando va
roawdey ros teates zobre todo o la chicharr o Em
PoYca Feseecio 2 este vlamo proyocto estamos en
el iz v e geiermmaenad las escewes Empoasca 2so
ward~ 8y 2o les mhirias ho v ederas |, o hipo del da
ro P omo hempo ot ras kuascendo en la colee
cion de fogl! oel insht s ¢ ev denc os de res stencis
e ba guporancy de oncea ror tue” es de res sEnGa
el <€ o Jasicnnimonie pary o desa olfo de va
rioac L8 fosis enfes

Elanel oo un tu nvo e e pooste oo fanirled
¢ mopoos odoes tiads can on ominma de nemoo
My 0 . a0 3 g tes o los gueorabajames e in
icb o1 mes b oopyunndd map Lcable o sole de
reeizar rabaes clennfizos (1 ninaes y ooe 3l g cah
Gur 3 w0 Yarebwn do oo vy ac ~eore™ 2n o Jo
la e tuaw 7 o calidad deoun , foo i a0 2abicio
ba o



L, Al
) T

Ll e T L e P

o ST oy el vy Fradl 2 »-f-

.

-

P . |

-

17

OBSLRVALIONS AMD PXPLORATORY TRIALS

Collection of Impoasci

The first phase of my resetich on Gentral Amcrican Gicadellidne
invelved basic informiition on thei:r taxonomic p sition, distribution
eénd bionomics  During lne three years of r1eseaich, collecitions were made
repeatedly at a great daversity of sites The specimens were 1dentified
with the assistance of systematistsof outstanding cvperience in that
group of insects Therr determindations indicqated that several species
of Empeasca occur in the bean fields and on some common wild hosts, pose
91bly with a predoranance of £ kracmery and £ phascola, ihese species
seen to drstribute themselves in 1ather close correlntion with the
moisture gradient, kracmeri being wostly found in the dry locat:ions
and phaseola in the humad  Other Impodasca species of some significance

were found te be prona, fabalis, abrupti, and grigeton  Mzay specimens

could not be named and were simply 1dentaified s belonging Lo large
species complexes  Faiguve § shows where rhe differont species were
collected Table 1 relates elevation and vainfall ar stactions nearest
to the actual collection sites, pecifies the surtability of these

sites “or bean culture, and rndicites Jhe Life sone ol loldisdge's
teolo,ical map This last information 1» 1ntended a< 1 gross dpprovima-
tion te actual moistute indicatals wonich reguire abundint and varied
wteerclogical records, which, unlortunitely, are not 1lwiys ivairlable on

weount of rhe great daversity of Lhe bioclamite of the region and the

Mirmirted number of weather stations

khere there 1s an alterration of dry and wet seisons, the two
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Taibia 1 Diruributlon of Bapot ca en o non buan (Phascolus wvuleart T ) in Lentril Amciica
Country Localicy Altyrude Rnrinfall Suitabrlity for Specics Life zone
(rn Y ofrm ) bean production encounterad {(Holdridge)
COSTA RICA Turrialba 600 3,500 Not suitable E phaseola® Premontane moinst
forest
Paraiso 1,450 2,000 ; Not suirable L phasecla® Premontane molst
f forest
Cervantes 1,375 2,000 Not guitable £ kraemeri, pha~ Subtroericzal very
seola, aratorD wet forest
5an Antonis 800 1,300 Very suitable £ kraemer:i, pha- Subtropical ran
i seola, arator? forest
{anas 100 1,000 Suitable E kraemer:, ara- Tropical dry for-
tor D est, moiLst prov-
) inee fracsition -
Alajuela 1,200 2,000 Yery suitable L kraemerid | a- Subtropical humd -
rator?, phascola forest
Liberis 300 1,750 Very surtable £ kraemeri® , a- Premontdne moinst
| raLoxr forest, basal
belt transition
San Is.dro - 2,500 ' Very suitable E kraemeria Tropical morst
del General forest
Cartago 2,300 2,500 + Suitable E phaseolad Premantane roist
forest
H
NICARACUA Hatagalpa 900 1,300 | Very suitable E kraemeryi, 2- Tropical dry for-
! rato~, phaseold est, mo.st province
Somoto 750 1,250 Suitable E kraemeri? Tropical dry foresc
Fstela 300 1,000 Very suirtable E kraemer:i, a- Tropical dry forest
rator

aNumar;caliy more

bAbundant

abundaant or exclusxuk
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Country Locnlity Altrtude Rawinfall Svitabilivy for Species Life zone
{m ) {mm } bean production encountered {(Holdridge)
LL SALVADOR Sar Apdres 500 1,800 Suitable E kraemer:®, Subtroprcal wet for-
phaseoclab est
\popa 600 2,000 Suirtable E kraereri, pha~ Tropical dry forest
seola
GLATFMALA Las foritas 500 2,100 Very suitable F kraemeri?, Tropical dry for-
1 phasgolab est, moist province
transLtion
Jutiapa 500 2,000 Very suitable E kraerer: 8, Subtropical dry
phaseolag,arator forest
Chi~al- 1,850 1,50G Not suitable E phascolad, Promontane wet for-
tenango ; kraemery est
HOJDLRAS Danly 200 1,400 Yaery suitable E kraemera, Subtrovical wet for-
phasecla est
Zamorano - 800 Surtable E kraemer:, Subtropical dry for-
phasecla est

'
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T 2070 acters
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oy Oviposition on M1 70 Plaol 5Spacius
. ;
; A cursory survey wvas made of Lhe nost common wlil spucies jrowing
¥
3
vy taneously on or near furmstceids to de towmine whoihoer they were used
3 b4
i :
1 wssts by empeascan lerfhoppers Acnmisin uhorcscens Schleehd
tvcally called "hustatd!, (ostrim y2i<ccviersas klotzsch, an ornamental
1
vy, Pollznia and Bihlia, specics of whieh we cithel grown 18 orwa-
3
4 - ¢=ls or found in the wild ectate, volunieer polate pioats (Solinum
Iad
- _rusunt LY, weire esamined for duage to the leline o1 presence of 0

Joth Acmistus and Custrwim cre heavily wnfosted (Tigs 7 and b)
Test speciles are uscd s Lave poot oo hwdges and obviously repiresent

- =_.worrs of outstadany 1moo. b 1o Rolliria and Dahtix are not as

eotrsread and prebably  ce ol lis.cer sigmrbicanee 1noocbe miantenance of

- o~y trors of the Touihiay s it vis su opriowy Lhat pocalo, although
270 Ty amorg cormor by 1 pioine , thensclves sewcicty rrtacked, showed no
.z ot damage and 1Ko Gen oo locitea i thu g u: b sootions of stems

e seareh for wild tost 1 ot pvisucd oy Lurther althou,h in the

“cre drvelsily of Lito o) plmals, 1 Fruidd My 0fe 00,08 Mmdsl o sdlvo

so 07Ls Lo Jwmroisct Toifaoppen
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Rt
s E s second phase of the pregr ur was comducted 1t the Turiralha
T 3
ms bie el Center an Costa kica i tation 1~ iocited on the Pagitic
Lo

s, at an elevation of 800 necur e the bwste plin wis Lo doevelep
~  populations which could be imrpuliled wweordin, Lo noeds
s first colomies to be sibiished weve 0o 8 phtscola [ron a-

“tr w1is collected on 1 wild solwy weous plant (o i 1 Wil o Wlesil

o osunoat Cartago, Costa hrca, eon the Centirl Platou, it wm aloitude

AT R W

s 4300 v ekers (ag B) from provious determinalions, chluict LLe
1t tne population would be pure and nobl 1 mstwre of species Porrodic

srnings a4t that oite showed e the condi Lions wero undoubiediy Nivor-

B

vrie 35 evidenced by an evii-puoosent dense populttion of T phiseois

e

wonrtural population s woll s e ciptsve one L the he 1 b Con-

s oaole frequently cnecacd Lovr pu Ly heference specimens, diy on

2. tts, were deposited vath L jont lnseet {ollection

Soon 1t was esLiblishdd Lhet OVipo tlion would ocuinn 1o ¢ plavaty
cor=gn bean Other wcivted plar e poeres sucn a Time bon (Phiscolus
17tu LY, covpea (Viend sincist indl g, vanpor boewn {(Pht colus

e 1), and puteet (Miadhin Bopogdc e b)) vere Liow trrad

syerecbed plant hosts Lot Tite he tory dooccranmicrons had to be
s 1 gt protection irow wvielene voither conditions xnd way from
1ot othoer thn Lhe poirc cish LUV a1t s wicenhouse 30 m
e 10 morade, md 15 5y st the Pl ot soant of che slan'od roef was
oyl Ty, D) All loul stdues weie covets P with sarmm erecr and the

vroas ol poiyethydene 1l v 0 3 0 ek Phe sLlucturc «is padrlae-

o ed Lress41ys LNLO Liu cautl suctions, ¢ne Lo Be osua Jor Jho
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production of plint 1tetrat {ree from all insect contimination 'nd thy
othur to rear tesi 1nsacls It w1s orrented 1n 1 o ral evstewe st dr-
rection for protection agarnst the often violent rains and winds orig-
imating  from the northeast e [loor was of coarsc ground volcanie
rock for rapid drainage

lhe plants were grown in long tooden boves, 9 m long, 60 cm wide,
43 e hagh, the hettoms ol vhich were puilotated 1nd yarnished vath a
S«mm layer of pebblcy All =01l used in growing plants vas fevtrlzaed
vith a nitrogen-1ich f{ormula of the oype 20-10-10

The wooden boxes were set on bonches to case vobsoriation and
nandling (Fig  il) 1he insects were relied an cages 60 em long, 60 cm
wide, and 50 c¢m haigh (lig 13) the two Literal eudis wut the bk
woere coveled wilh siran soreoning the upper htll ol the frout was

linee with pleazglacs and che lower hall vas oceupied by a sleeve of

prr— o it - - e - - e

Iight cotten cioth io [eed the colonies of leafbhoppors, scloected -l;c:z.z
species were grown in wooden {1:irs 50 em ~ 40 wa x 19 em which could be
intreduced within ovhe ciges tliueough the oloove
Records were kopl of the temporiture wnd morsture within the screcn-

house wilh the holp of o reco ding wygrothermogiaph  Iypleal roadings
for a complece ,car a1 tistud 1n lable 2 Bec mse the screonhouse wis
farrly tall, the hot a1t wewwlited 1t 1 acrght wuddo could nol ad-
versely affcet crther pliie oy apscols Pven turing the 1ull marking
the darly brocce S<hifr trom tlo nertneast to the southwest, no harm-

ful effcct was wver r1ecorded In fwt, p to a height of 1bout 5 meters,

me‘gﬂvfl'%*‘ﬁ"z‘.""‘“’* bl T . s T W P H- A Wy o - v r— "t 3 Y A b tamat g, Sl ot g aa il b 4 I B g - ot o o
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et
;é-, jg Table 2, Screcihouse handity and Lemperature recordings L Turvialba,
TR Costa Rica, for the peried July 1966-Jjune 1967
e
AL g8
.S‘jw 3 Week Momedaty fvmperature
: D LN 1mam Mznimanm Maxamum Minimur
e
x *’”?
L July  4-11, 1966 93, 48% 30°¢ 18°%¢
j;g%. 11-18, 1966 937 487 32°%¢ 19°¢
T 18-25, 1966 957 491 31%¢ 187¢
R 25-Aug 1, 1966 941 527 31%¢ 18°%¢
¥
- AVERAGES FOR JUTY 1966 93 5 &9 3/ s1°C 18 3°C
I3 Aug. 1-8, 1966 95/ 474, 317¢ 17°¢
4 8-15, 1966 957 % 31%¢ 19°L
ok 15-77, 1966 947, hh ) 33 ¢ 19°¢
22-29, 1966 957 &7/ 31°¢ 17°¢C
29-Sept 5, 1966 9 4, 487 3176 157°¢
1
1 (¥
H AVERAGLS FOR AUGUST 1966 9% 4/ 46 04 31 47¢ 18 2°¢
+
t Sept  5-12, 1966 55/ 437, 327¢ 18°¢
i 12-19, 1966 557 437 337 17°¢
19-26, 1966 947 &24, 32%¢ 18°¢
. 26-0ct 3, 19066 957 40/ 31%¢ 18°¢C
~  AVER&GES *OR SIPJ 1966 - B&-UYY - - 47 O/ - 32 0V¢ 17 8¢
Cet. 3-10, 1960 95/ 38/ 332( 18§g
) 10-17, 1066 95, 437 18°¢, 19°c
. 17-24, 1966 07 &0%, 3920 18°c
' 24-31, 1966 947 367 38°C 197¢
4 31 hov 7, 1900 95/ 50/ iovc 18 €
AVERAGLS 10W vt 1966 95 3/ ey 44, 16 6 ¢ 18 4°¢
. Yov. 7-14, 19066 gR G447 39?( 1sjc
14-21, 1900 957 44/ A1 150{,
21-28, LUGG 25 50/ 1T 17°¢
28-Dee 5, 1966 Y6/ 417 30°¢ 16°¢
AVERAGI S 10R UOV 1966 95 3 44 8/ 30 3¢ 15 8°¢
*{4» )
L .
2
‘i
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1able 2 {continued)

f@ﬂmwm» R e e et o h - » it

Week Humidity lempotiture
Maw Lmthn Miniwmum Mlal um Ihnimum
Dec. 5-17, 1966 95/ 537 30%¢ 177¢
12-19, 1966 41/ 45/ 29'C 17°¢C
19-26, 1966 3.7 btr/ 30°¢C 16°¢
26-Yan 2, 1967 95/ G4 38°¢ 18%¢c
AVERACES OR DLC 1966 93 8/ 46 51 31 5°4 15 8°¢
Jan. 2-9, 1967 96%, Y4/ 34°¢ 15°¢C
9-16, 1967 977 457 347¢ 17°¢
16~23, 1967 94/ 404, 35°¢ 16 ¢
23-30, 1967 95% 4467, 38°¢ 16°¢
30-Feb 6, 1967 974 407 38°¢ 14°¢
AVERAGES FOR JAN 1967 95 8/ 40 64, 35 8¢ 15 6°¢
Feb. 6-13, 1967 967, 357 37°¢C 15°¢
12-16, 1967 95/ 407 36°¢ 16°¢
22-27, 1967 36/ 18/ 357¢ 15°¢
AVERAGES ™OR TIP 1967 95 74 37 74 36 0%¢ 15 3°¢
ar “i-6, 1967  — Gd, PEYARE 36%¢ - whe ™ - — e
6-13, 1967 967, 1Yy is‘c 16°¢
1420, 1967 97 7 307/ 35%¢ 147¢C
20-27, 19o7 98/ 30 37°¢ 14°¢C
27-apt 3, 1967 7% 32/ 6 c 15°¢C
» EReCES FOP MAR 197 96 49 3004 35 8¢ 14 6°C
apr 3-10, 1907 95/ 36/ 3270 187¢
10-17, 196/ 97/ 4374 367¢ 18°¢
17-24, 19567 5G /A 421 27Y¢ 18°C
WERACES rOR APR 1967 G6 0 L1 04 25 0% 18 0%¢C
RS M A D LR AL N -+ Een il N SN Sl M St AP IS Sl o (ol ARSI SV Ml YRR - QT R < ' s (i i 1 A
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Table 2 {ceatinued}
Week Hunidety lemperatule
Mas Lmam RS ERNINL Maximum Minimun
May 1-7, 1967 97 4 367 377°¢ 16°¢
8-15, 1967 96/, 42/ 37v¢ 19%¢
15-72, 1967 977, 39/, 37°¢ 17%c
22-29, 1967 97/ 427 374¢ 15°¢
29-June 5, 1967 97 ¢ 4 7 36°%¢ 18°C
AVLRAGHFS 10k MAY 1967 96 14 39 8% 16 87¢C 17 8°C
June 5-12, 1967 964, 37/ 36°C 187¢
12-19, 1967 574 407 8¢ 19°¢
28-July 4, 1967 95% Liz/ 38°¢ 18°¢c
AVERAGES [OR JUNT 1967 a6 37 41 3% 37 V¢ 18 3%
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the temperature ainside and outsiade the screenhouse differed by only 1 or
2 degrees., The roof and the sides did modify normal radiation, however,
with the result that rhu plapsts were abnormally elongated, although they
did not appear chlorotic or adversely alfecled 1nn any other way

Building and plant boxcs wore hept rvegularly spriyeé with ledion
to prevent establishment of phytephigous mites ihe colonies ?f leaf-
hoppers were often invaded by hordes of a small black-headed ant,

Taprpoma melanocephalum Tab | whach readily devowred the small nymphs

The bernches supporting the cages had te be kept sprayed with & persistent
insecticide, most comronly Aldrin At one time, anthracnosis {{ol-

letotrichum laindemuthranum Sace and Mign ) became a scraous problem on

gur common Lean plantangs (Phascolus vulgaris L ) but was successfully

cradicated thercafter by fumpation of the soil with methyl bromide prior

to f2lling the troughs, In addiition, to prevent the buildup of any

- s

pathogen, the sorl at the cnd of cach growing cycle ;as réplzccd with a
freshly fumigated lot and the coitainers scriped and washed  Miner
putbursts of apgular leal spot and powdery mildew could be controlled
before thes got out of hand,

Under f1eld conditions 1t could casily be obscrved that certawn
cultzvars of commoen bean were espocirally suitable host plarts In the
wnterest of ancluding a range of comrcicailly grown legumes in the life
bistory studies, legwwms that are st growang, of smill growth habad,

and teadily accopted by leafhoppers were sought ihe lellowing

- PR R AP gl g e g YT g vy ey
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were s¢elecoed

srdney bean Phiseolus wvulgaris 1 var S5-19-h

}raa bean Phaseplus lunatus var Henderson baby lima

{owpe 1 Vicni S1inongis

From 1 variety trral of some 300 entries in llonduras Jhe kidney
bean cultivir, 5-19-¥, well met the criterzt ibove In addvtzon, 1t
grew erect, wis tolertnt of diseases, mnd, owcept 1a mld atcichks of
powdery mildoew, grew well and produced gret amounte of foliage

A s mple lot ol Henderson baiby Tima bean v 1s obtiinced Tiom the
United State Deprutment of Agriceltiie 2l Belisville, Moty nd lhe
variety proved suitable and large quaintilies of seceds could bhe pur-
chased {rom comme:ici1l houscs Seeds of cowpetr of 1 sunlibla, bui un-
fortunttely unidentifzed vairiety wiie awwvarlable at the lurrialba Center

in ample awounts

Scleetaion of Oviposilion Siic

S1iec tht ¢, of I phiscola are inserted ante the plant where
they are scucely visible, &0 w15 ncee sary Lo dizcover whieh plant
regions wote used i ovaposition With this wnforrmiion 1t world be
possible to dovi Tap appropraate techniques tor coliecting and observing
the dev . lopment ol Lo @g) SLIgl

The conpeir 22d Tamn bBean vere wood 10 thaes tosi Suspecling that
fhe oviposition nrht vy vith the soipe of development of the plant

host, potted  codiimg , respoctive sy 120 1% aomd 24 days old, wire used

and 3 replicate plante wide provived in ¢ oh wipe proup fssentzally,

gt 12 duys tne young pluwl bt only wus si=ple leives bubt thucg aic
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1

fully v lopud the 15-dwy plint bas fts Fhist tibtollate tot and a

t

¢

termnmal choot with tudinentiiy compound Leives At 26 days of age,

vtf?:;

the plant has developed 4 trifoliate leaves, Lhe teiminil shoot i1s now

T,

a strangy leider with pessibly one dditionzl leat bud, the sumple
leaves arc siill present and have not droppod

The plants vere caged {rom the Lime the seeds woere sown The
cages were sumple cylindeis of inert plastic cheeting ol Luch 2 di-
ameter that they could be 1nserted into the sorl of enthen pots 30 em
1n diameter Fhe upper ond of the eage was elosed with [ine nylon
gauze held an place by a rubber band  When the plant had icached the
desired age, female leafhoppers known to be ovipositing were introduced
through a round cpening 1n the side of the cylinder at the rate of 2
1nsects par full, sprcad leat and 1 dditironal for the torminnl grovtn

The ¢ iged plinegs were set up wn a laborxtory that wwasured ibout

[P— J——— o eT— - —_ — - i s A—— 4 PR

8 m x 10 m and hid two wide bay-w.ndows openin, to the north Temper ~

ature wis maintained farily constant at about 25°C and the velative

humdity fluctuated between 50 and 704 Four 2-tubc, 24-{t fluorescent

cerling lamps provided Al undane s1pluminition

The plants vere obsersd for 3 doys Tiom 5 00 an o 6 00 p m

and at irreyular antervals durang the cvenwng ap to 11 00 pom Lite 1n-

sects scomed to spond the major pirt ol toerl iLime on the underside of
T leaves but werd alsoe seen [or variable pericds on Lhe lcafl peticles and

on the stem.  they were not observed to be particulirly attracted to

the succuleni tersinal shoots and shoved prefoience for tne trifocliate

leaves only 10 those were fully espinded Following enposure to ithe

y
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2% insects, the plants werc cut 1nte scebions nd cleared in hot laclo-

4

3 phengl according to the method peifucted by 0 V. Cavlson ind B T

taje

?ﬁf Hibbs {19G2) lhe wpps weie gountod and averged [or edcn plant section
"4 A simlar procedute was used for 1imi ben, but only ol one 1ge, namely
i 15 days {he results arc represented praphically ain tig 24 and sum-

'E marrzed below in Tible 3

Table 3 Number of eggs per scction of cowpea (Vipnl s1nensts)
and limy hem {(Fho colus Junat is)

Piant soctions (owpea f1m1 ben
12 gays 15 day 24 day., 15 days

o
L e

1 Ster below simple lecaves 1 0 0 0
2 Petroles of «imrple lewes 22 g 4 4
3 [Mir-iL intoinodeo 31 3 it 0
4 Petiole of Trrst trifoliite - 31 20 4
5 Seecond wnlornode - 6 0 G

- — Gy Putiroic of sceond tri1idiiice B 3 21 9
7 Mearan tenllet of [ir bt tizfoliite =~ - G
8

Thiod pniovaosde - - a -
H 9 petiole of tnuid cuafelsake - - 38 -
} 18 Fou th wntornode - - 0 -
. il Petiole of fourth trifoliate - - 3 -
3 12, Teawinal yiov Lh - - 29 -
§
i
§ In sur=mary
& 1 ine placemens of (pis 1w hafied an ow upwnnd direction 48
} the plaal grovs sad orLures
3
H 2 ho wggs rere bound withon leal voins of  cowpea or lima
1
f
: beawn
4

3 douthful (toaminil) o o th 1s not sough. after fov ey
&

p

duposition

e o

-l
e
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4 Leaf peticles are a Jholce site, regavdless of leaf age,
except for the very carly ox very late stages of leaf
devclopment

5, The tciminal growth becomes @ significant oviposition site
late in the development of the foliage after the lower
piarts of the plant hive aged

In luma bean, the leaflets we ttached by petiolules to a con-
mon petiole or rachis This feacurc was expected to i1nform furrher on
the localized character of the oviposition site  Indeed, the eggs were
observed clustercd in the central petiolule

The favoiite oviposition site was thus determined and subsequent
observations could be made about the development cycle of | phaseola

The saapbox technique perfected by O'Keeffe (1965) was used extensively

Rite. and Dutation of Oviposition _ . o

The total nunber of egegs lzid by mated females was determincd by
marntaining the insects on excised petioles withan 3 3 < 3 5§ x 3 5 enm
clear polystyrene plastic boxes A lateral aperture 9 8 ocm 1n diam was
provided Lor the antrvoduction of the test insect  The plant material
was renewed every 2% Lo 3 days and the ecages cleaned of honeydew
Eggs vere counted in peticles cleaied i1n hot lactophenol at each
period of petiole chrnge until the femalce died Tae time lapse betwsen
consecutave petiole changes wis proeclsely rocorded so that the ovie
pesition rate per 24 hours could be ¢ tlousated

In ordey to detevmine vhethe:r the type of food might bave an 1a-

fluvence on either the total numbor ol eggs deposited or the auration of
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egp deposition, the dhice lepumnous higst plant. weic segucntially used
with approcuwttely 60 specaimens in vach case No pecaal coisideration
wds given to the stage of mituraty eof the plant malorial Only mited
females were wncluded  Soe maited female would not evijosit and were
discarded. he data recoided in ttus esploratory ti1al are condensed

in Table 4

Table 4. \wverage Lotal m-~ber ol cggs por female and ducwion of ovi-

posiiron of 1 piisecoli on threc leguminous hosts
Yhagoolus Plirsen lusy Vigui
witlear iy lunituy S NeNnSly
Total eggs lard per femile 159 23 115 97 32 43
Duration of oviposiiion {diys) ThO47 64 9} 61 12

L21 development

Prants wvith tzrtisiscd oges 2o therr trssues vore ruronved from the
oviposition cages nd Lhe pro ence ol femiles to concrollod conditions
of a growth chinber Mo plats vere osvvmned 1L Liequent 1ntorvils
especially 1n the wouum ihe drte ad howr of wntigence were noted
awd tne farst 1asLil 1 A Vel Lo oved vith v fane em i's-hair brusn
{vetted 1o do Codjod vorter) o 01 ¢t toey sould ¢ t1,e nd Lt
toward the neapbboriey, 1o the  wvorige mcubition poeriod was selwoen

¢ awd 10 duys
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gviposition by Virgin [emales

All excised petioles from all ciges were processed at each change
and seuchod tov (Lgs ihts led Lo the finding that some {cmales which
had not been obuweivid copulating waire, neverthelcss, depositing eBgs

In ordat to cstablich whether or not vargin fewmiles deposited
viable epzs, [ufth 1u tir nymphs vere eoliceted Lrom one of the leaf-
hopper c¢olonles O COMMON bean and introduced imdividually inte cages
with bean petsoles AL emergence, the males were dascarded and the
females mainlained cncaged through 4 changes ol petieles, (v e about
12 days) the potioles 2t cach change were cledred o lactophenol and

exarmned for ogg- jhe nunbers of eggs which were counted from 20 such

virgin Lonales are Libulated an Table 5 [hese ovipositing, non-mated

femiles we ¢ Lhe  ploced onm potted young bean plants wiach weve {rae
of infestition Iy were allowed to stay 6 diys wd were then i1her-
ated Ih plaints, now without ciges, wore introduced 1n controlled
environmnt chanbers and cbserved for emcrgence of nymphs (fi1g  16)
Mier 7 dw o, and sater aflter 10 days, 3 planls were scleceed at
random, 1nd the cccrione processud in lactophenol ind se1reched for
developlrg o ggs he egos from the virgin {emales showed no definite
cutline or contunt, insLoad, oblong cavities, slaghtly tan-celorud,
were obscived saguoesting the coplacement of egss which had tasiled to

deverop md hia deeaysed
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3 Tible 5 Ovipositrion by virgio Tumiles
Female mumbor Periods during which epgs were counted (3 days)
i 2 3 4
I 0 0 9 6
2 0 0 O 0
3 0 4] 7 7
4 2 7 -1 -3
4 5 7 [ § !
b 0 5 - e
7 7 9 1 N
8 0 &) 8 &
9 0 ¢ 3 9
, 10 0 a 8 4
| B 0 5 0 0
| 12 0 0 4 1
13 6 i1 0 a
14 0 0 3 6
-5 0 0 0 0
3 16 0 a 6 0
17 0 Q 9 6
i8 0 0 7 8
19 0 0 0 0

a
lgg count omitted by error

it
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Nymphal Development

All nywphs born in the couwrse of coue diy were promptly transferred

to rearing cages 3 5 x 3 5~ 3 5 cm hangad plastic borus altiched by

way of rubbcr tubing to florist's vaterpicis [illed with 3/ suciose

solution  Petioles with petiolules and a small scetion ol leaf area

were used 1s food substbrare
to facilie e the fecding of
srte, since 1L Lhat stage of

strong acgative phototroprsm

lhe portron eof {oliar suilice wis intended
newly vorn nymph« and oftcy them a shaded

therr development lTcafhoppers display

411 cipes vere numbered and examined twiee dandy w0 00 a m and

& 00 p.m.  the dourition of the different instirs was deterwined by the

number of ex»uviae. The shed skains were counted ab calh obscrvation and

Lach additional one meant the passage from one nastar Lo the nent (up

to a raximun of 4), 1L which time the adult emerged lhe days were

[E——

divided 11to 00 halves of 12 hours each, the moulilings (2f any) ocH

curiing duting the night or early morning L1liwng into the first half

and tpose occurcam, during tne day into the sccond hnlf lhe time of

erargence of the wult wis recorded and the scex detel mned

ALl three legpumes were tiied 1s Lood substrites mostly to determine

whether they would present any probiems ~ad could be <ificly included

in planncd aaperinents

Table & swwmiirirses the dica which were thus

obraincd and they are cxprossed both 1s individuel 1astars and total

average lcngth of the acvelopnont cycle

1he given data represent

averages over 38, 42, and 31 specineas raisced respcetively Ior at

least 10 consecufive generatioins oo common boan, ilira bean, ana cowpes



& G

M%
e
e

35

%

; Hiar
R

Fable & Averre dunation (an days) of the aymphitl U ol 1 phascotn
toted on thice {cgumnous hosts

Pl b
R
b &

L 3
R g

XA
jag
i -]
By ) Tislrsg
Ve Host plants 1 it i1k v W iotal duration
E:'&
2 Phaseolus vulparis 220 1 87 197 20% 3061 11 66
k2
" Phaseolus Junatus 2 51 1 84 2 04 2 39 3 85 12 &0
N Vigna sinensis 3 31 213 2 37 2 53 3 B4 14 19
1 Adeans 267 195 213 232 377 12 84
e
; Sux Ratio

3 e

Armong the 111 individuals which successiully compicted theinr
development on the tinee leguwinous hosts, the soxes wre tound to be

distributed 1% tollows
i -

Table 7 Sex 1atio of 1 rhaseola relied on thiee lequmuncus hiowts

1 Male TFemale

Plant host remmales Males Totils SCh Tatio
| Phaseolus vuludlins 138 20 38 L 07
Phaseolus lumiii s 20 22 L2 1.8
Vigna S5 ns1s 15 16 33 1 12
TOLALS 53 38 i1l 1 09

The overill soex 1itio was thus found fteo be 1 09, mndicating « veiry

shight picdomnance of nale brrins

Rl

X}
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Lonpoevity of Matcd temiles

The life-span ol jnseminited fomiles of 5 phaseol v wis evaluated on

211 three substrate types I'he obseivation o oes attached te water-

& g

i

picks 1n the usual manner were of slightly lirier dimensions, 4 5 x 5.5 :

e

T z"

x 315 cm, to accommodite 2 longer section of petiole and median petiolule

i%;
L

The food was 1enewed at suitable intervals and the snapboxes {reed of

x ;
“ |
P honuydew This clewning was found Lo be incresing Iy wmportant as the }
4

;.-Q

o specimens aged and weakened they would hrequently be observed with

1 i
3

: the wings glued to the swugary exudale, fiying Lo [ree themselves The

A

: spuiimens found dead, ammobilized by boncydor, vere diset ded Ciam the !
3 £
L

. computations Table 8 summarizes longevity LI uies aveiaged on 37 1
i

- ~ated females rcared on common bean, 38 on lima bein, 1w 34 on cowpea

Tidble 8  Tongevity ot mated females of T phiseola on Lhice leguminous

1
: hosts [ - e - _—— . o e
?
Host plants Averige number of days lived

L‘a‘
- Pirseolus vulgaris 76 7h
3 P1iseolus lunatus 02 B9
[ 11oaa S1NONS1s 61 s2

Orer1ll mean Jongevity 67 16

Mating

14

Another adaptation of O'keelle’s rLecanique was wsed 1n that test

A S T I oy

it consisted cssentially 1n maintainlog appropriate sectiens of planc

- ,‘.Ms“w e

W&h

f
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material i a drcsh condition within small ohscivation eages ol cloar
plastic  ILcaf petioles were used with the centizl peliolule attached
the sections metsured Lotally iboul 8§ cm 1nd the cul ond wis rmmcrsed
wn 2 3% sucrose solution cont tined 1n a {lorist's wviterprek Ihe ob-
servation cage wds 1 plistic snapbos, & 5 x 3 5 5 1 3 way, lasped on a
piecc of plastaic tubing O 9 cm in dyunater, boul % ow long, Lhrust into
the neoprenc cap of the waterpick fhe sn~pbox v is provided L the
side with an additionnl cirecular hole for tne ntroduction ol tosL 1n-
secls

After 1t was found that several test inscets would be hilled ae-
crdentally while spapping the cage closed, 1 *mall modifaciiion vas in-
troduced, as scen wn Frg 17 Tastead of having the wapbos clisped
te the tubing thaust inte cthe waterpick, the pioce of tubuing was made
to fif tightly 1nto 1 rtound opening provided on one h1lL of the snapbox
The latter could b ognn;;wglgﬂzﬂ“;HZL;nsf.l c??; (T 23}, ¢icaned of
honeydew, or otherwise warpultod wilbout scpreatinr cage and vager-
pick  Ghe mnsccl paturally escapod but vis rel 3cved eisily with a
small glass rube nd retwrned te the cage now clean ( leaning of the
gpservalion cages and venewal of the plant materia]l v e perforacd Lo~
sether the timmsfer crge wis 60 em long, 50 cm v oo, 50 ca Lall, with
sides of fine saran scrienrag 1nd a top of plastie ilm The froat
pirt was davided rvto Lwo halves the wpper, Littad with plexaipglass,
served ag an observation window, the 1o o1 was Lurnished with black
cloth to be used as 1 slesve

Toe facilrtaic recapture, 1 brighe light source wis sorciimgs
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marntainced opposite the trimsparcnt top  When (gpgs had to be ecounted,
the peticles, befoic clearing in hot lactophenol, verc 1dentified with
labels of bond paper strung with No 10 gauge cwing thiotd

In the course of the i1eseaich, miting prirs were olten obscrved in
the screemhouse 1nd in the laboratory It became prompily evideal chat
copulatzion wis moie frequent in the early moinwng hours Some maLings
did oceur lite 1n the forencon, vervy few werc observed in the tfteincon
and none i1n thoe evenung lo detevmine whether copulition would occur
during the niyht, visits were ocoistonally wmude to the Iibovitory,
theugh not as 1cpulitly and {requently s during the daiytime Lhe
lights weie net swilciied on and 1nspeetion wias catried out with a {lash-
light, The ansects were found to be extromely quiect and inicetive in
contradistinction to the great mobrlity nd restlessncss which are dis-
played vhen matings are-freguent - -

The mating schidule as mentioncd above was not disiipted under
conditions of controlled temperituie and huridivy nor under artificiral
1llumnation the wnteascty of lLighe did not ~conr Lo hive my sip-
nificant «fiect, as cviduenced by comparablie 1ctrvaity duriag bright and
¢1o;dy days. Althouph day lengths 1n the Tropics do pot viiy appre-
c1ably at dif{crent Limes of the vear, slipht variations deo occur nd
photoperiod in the laboratory was changed to wmimic the [1eld condirtions
In general terms, an average day is cqually divided betieen daylight
and dariness.

A fivst group of 52 females vas observed on common bean (Phascolus

vulgaris L ) About 200 filth instar aynphs were collected from the
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soarim, g0 e the cicenhou ¢ and 1atiodiccd pndoviduadlly 1n ob-
servation cages, 3 5 v 3 5 x 3 5 cm, with lfean petioles s food Records
were hept of the tine of eme gewnce ol both sexesr 2ud of Lhe time that
miles were wntroduced into the cages of the virgin for1lis, which were
numbered  Two miies were provided for cach femile

Obsarvations were made 1L hourly intiwvals frion about 5 30 2 m to
6 00 pm The time and duration of copuli were ricordod they 11c
summarized in bibles 9, 10 and 11 Onee miting wis ccomplished, the
males were promptly iemoved and the inseminited femiles vore retiwned
cncaged, ander the same rdentilying number, tor  twdy ol oviposition
and longevity As muentironed earlier, the {ood wie rtencwd about cvery
3 days, at which time the cage was cleancd of honcvdew with 1 svab of
cotton dipped 1n distilled water

Although no palaxcui?szﬁéong Lime was spent watching mating bo-
havior, mwny of the events reported by workcrs such as 0 ¥V Carlson
(1967) were neoted, g incieise in activily, precming, parallel
positioniny ol tae mites, stift crreling ending 1n the interlocking of
the geartal appondnages, tapping of the sides of the mnle by the female
while 1t copulo Tatei locked 17l md female veacted in unison to
brisk distvrbincrs an the enviiovr-ent such 1o shalt in the substrate,
sudden change 1o 1 llumination, strong norses, and movem uts of sur-
rounding porsons or objeets fhe mitiag couple would move 1n harmonious
coordination ind, 18 a rule, would not separate, oxcept perhaps, 1f they
had been copulating for considecnble time Pairs acecrdentally shaken

off folin,e dropped onto the bottom of the ¢age o1 gnto Lthe so0.1 and
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;’:am“” Table 9@ Time ind duration of miting of | phiscolr on common bean
ﬁ:%& (fha colus vulgirin)
afi
€ Beginning obscrved Termination obscerved fotal duration
f;‘é : 1t 1t (hours)
o
A 730 am 900 am 1 hr 30 mn
F 710 ™ 10 15 " 3 "op5
6 35 " g op 1 25 ¢
ﬁrt 6 30 11 ? QU HH 1 11 3{3 L1]
~fF 1245 pm 215 ¢ 30 0"
6 3anm G a6 " 2" 250"
- 4 30 pom 6 30 pm 27T 00 0"
- 745 am 9 45 7 m 2" 00 ¢
i 600 g 40 2% 40 ®
545 " g 15 " 2" 300"
g2 " ¢ 0o " gv 40 "
i 545 ¥ 743 " 1" 55
b 6 00 ¥ 8 30 v 2w 55 v
545 % g8 20 ¢ 2 35
g 30 " 10 30 ¢ AL ¢ ¢ B
* 5 3 0 730 ° LI s To R
6 30 " g o0 "¢ T 300"
b 6 Q{} 3] 8 {}G 1 2 ig O(} "
3 700 ¢ 9 10 " 100"
6 (’JO 11 7 &5 it 1 Er [;S if
8 60 ¢ 0 15 ¢ 2" i3 ¢
6 ‘%{} " 8 20 Bt 1 1 50 L£]
T8 10 N e -~ 10 30 i - - T 20 i
715 ™ 6 30 21 15 n
6 00 " 745 ¢ I
6 00 ¢ 3 3 ¢ 2w 300"
g 30 v 1050 " 1 2000
630 " 10 " L &0 "
6 {}{3 tt 8 30 Tr 2 TE 3{] "
8§15 " 16 30 " 2" 150"
6 00 ™ g 40 ® 2" 400"
1 600 @ 725 " L2
LRI 19 B 12 05 pm P35 0@
6 3 " 8§10 an L4 "
545 " 7o IS
740 0" s oo ¥ o™ 20 v
600 " g 40 " 2" 40 "
Tortl tine 66 05 "
Numher of pairs 37
Mot mating duracion 2 hr 20 min
i
b
3
)
t 13
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Table 10,
{Phaseclus lunatus)

Time nd durition of mating of ¥ phascoll on lima bein

Beginning observed

lermination ob cived

tot1} dur ttion

at ar (hours)
G 30 am 900 am 2 hir 30 min
510 *# 720 " 2"
5 25 H 7 )€5 TE v 20 1
6 00 ¥ 500 v 2" o0
535 ¢ 6 45 v 1 10 "
520 1 45 £t YERL 25 t
5 3{} " ‘? {is Tt 2 111 15 j1]
530 ¢ 6 40 ¢ i g "
700 @ 9 00 " 2" oo v®
6 15 ¢ 7w " AL
9 30 o 10 1‘0 11 -L 3] 10 L]
§ 3{} "W 8 {}{} w 2 (3} \30 i
6 00 ({1 7 !éo 111 1 1t {‘0 1]
715 = 8§15 * 1" oo "
706 ® 8 i ¢ T 3 v
6 00 £ 8 40 111 2‘ 1 &0 11
543 ¢ g00 v 2% 1% v
730 7% 835 " ISR+ ¢ B
530 ° 73 v 21 g0 "
51 *® e 30 M 2% 15 v
340 pom 4 %5 pom o0
9 00 a . 1700 2 m 2" 00 ¢
‘? 20 £ b 3!5 [41 1 11 15 ]
515 ™ 8 00 2 45 00
5 29 1 8 GQ " 2 tt AO (43
545 © 7 i3 ¢ it 3o
1045 12 45 pom 2" npg
515 ¢ 6 45 am 1 30 0"
245 " ER AR | A S S
5 15 1" ? 15 [N} z 1t GO 1"
520 * 7 0o ¢ AL 3¢ B
700 v 8 30 v i 30 0"
8 00 k41 9 23 n i it 25 12}
5 15 (1] ? 39 it 2 it 15 H
130 pon 230 anm 1m0
6 G0 am 7 4% 1 nm i 43 M
FARY A B 8 30 1" 306 "
100 pom 2730 pon o300

&
Suspected to have started eqilier



Table 10 (contunucd)

Beganning observed
at

& m
Y

Ly
1l

LH

9 T LT LR ]
[FERE B e o P
O W QL0

Termination obscerved Total durition
at {hours)
6 3 am 1 hr 00 mun
8 3{) 11 ‘§. T 3(’) 1
730 ¢ it 30 ¢
8 50 it 2 14 0!‘:“ 1]
? 30 1] 9 1] 00 i
Total time 71 35 0w

Number of pirrs

Mean mating duritioun

43

2 hr 05 mn

b e e i e
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Libte 11,

bime nd durwton of mitinp of

{Vis,01 sinensis)

phi coiy on cow pea

Beginning obsecived

al

i

25
]
Go
35
i0
15
00
ic
20
30
30
00
20
04
00
20
30
15
30
50
o0
10
50
35
50
00
00
30
00
00

R . N N~ = = B LT AR ' B TN B SR L N I LW I - ST T S o L - SR B R SN R

oD a2 m

= R =

Termination observed

fotal dueation

ag {(liours)
9 15 1 m 2 hr 15 mn®
12 00 1 Y, £ j§ 1
9 45 v 7 45 a
Lt 40 " L™ &0 v
10 30 ¢ 1" 55 v

8 OG LAl 1 It f‘,{) (33

800 " 1" 45 ¢

3 25 " 1" 25 na

g} 45 1] 9o 35 "woa

i1 15 ¢ o 55 00
10 35 ¢ AL ¢ I S
i 45 ¢ yvo 1y o
8 50 1 2 i 59 3]
10 40 ¢ 3noan ¢ a

83 ™ 1% 30 " @

9 15 " AL 15 n 4a

750 " 1 3¢ 4

}‘1 &5 T "y 113 ;_5 3]

300 _" | A AT

it 15 " 245 00

9 iﬁ A4 i_ t 25 i

9 35 " 2 % a5 N i
iy 10 " A ¢
12 3¢ " 2" o400 "

S {}0 1" ;{, mn 25 (33

10 3G Hh 1 i a(} (43

10 30 3 30 n@

10 00 3v oo n?@
11 30 ¢ 3" oo o

‘) 00 H 2 ¥t 00 (R}

9 0(} n " 2 (3] O{} 2] a
Total time 67 " 05 ¢
Number of prirs 31
Mear mabing curdbion 2 hr 16 min

a
Suspreted to hive started earlrer
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remained coupled In general, however, all possible causes of disturb-
ance wvere carefully avorded, especially aL the times when matings were
at a peak, between 5 00 am and 11 G0 a m
In addition to informatzon about time and duration of mating, the
ages of both sexes at mating were also tecorded and are summarized in
Table 12 In ordcr te bring out such information as length of premating
in erther sex, relative importance of male and female qges in deter-
menation of mating, interaction of male and female 1ges, the mating data
were organized as follows
a Age of female at exposure to males
b  Age of males at exposure to female
¢ Time lapse between esposure of scxes to uvich ether and
miting occurrence
d Age of femile at mating .- - e
¢ Age of the males at mating {1t wis not difficull to use
males of the same age, that i1s, born the same diy)
A statistical nalysis was made of thesc data nd 15 presented

within the experimentation section

lecding of Ennoasct leafhoppers on Legumes
The great majority of bean fields in Cenziral Amerirct *ic invariably in-
, vaded by [mpoasca leaflhoppers  Many wild spicies ippedt alse te be partic-
ularly sought after by the i1nsects Genewrallv, two to three bean plantings
e realized 1n one yoav the first 1s wnitrated as soon as the "spring"

rains have started win April and 1s havvested by late June to md-July,
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Table 12, Miting age (an days) of 1 phaseslt on Phascolu, vul tiss

Age of female Age of males Time Iipse be- Age of fontle Age of males

ar exposure ab enposure Lwee Lappsurs at mating, at mating

to males to female and mating

2 O 7 9 7
g 4] 12 12 12
0 G 7 7 7
5 0 6 i1 5]
6 35 1z 18 47
0 0 & b 6
1 i 3 & 4
5 6 3 8 9
¢ 14 6 6 20
6 0 3 9 3
2 S 4 6 i3
5 7 1 6 8
3 21 7 1@ 28
] 4 5 1 5
3 ! 5 8 5
2 0 2 4 2
4 5 2 G 7
2 0 7 9 7
1 1 8 9 g
1 i 8 9 9
] 1 5 il 5
1 1 9 10 10
6 0 6 12 6
1t 11 5 5 16
i 21 14 1] Ji
8 0 4 17 4
2 G 7 4 7
2 Q 5 7 3
2 3 12 14 17
9 7 0 9 7
2 EA 4 [§ 8
L ) Z f 1G
0 10 27 27 37
0 3 12 1.2 20
{} 0 2 G g
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an dry seathey tht svcond 1s cstablished 1n warly Aucuse and 1s miture
1a November, when the sccond ramny scison Ls over Lwmpodascan leathoppers
burld up during the first crop and tiansfer n great numbers to the secm
ond, jeopudizim, or tanilizliting all productrion of commereitl heins
Most often, the plantations will not fail altoguther but will be diversely
atisered aemerdirz o the .ntens:t. or tme :wading popuidation  hen
e pest doisity s e bizgh, the veat freld will quickly be damaged
pRIONY TaCe ar  anC ftne texirgooers L1l disperse to otmer food plants

AT LTIen . AT_O0 0L vodeTate arz2tsil -1 C2za.” Ev.ciar gros g™ arva
bring about 4 profusion of asillary branching whic: laigely compensates
for tn. mrrested terminal elongation 1€ the 1nfestition pursists,
stunting of now growih, rinkling nd roughening of Lhe {foliage wrll
develop  After «ome taime, the foliage will stirt to vellow  In the
sequence of symploms, yellowing 3s rteally the one which raxses alarm ——
in the {awmer  Strmgely, the other damage capros-ions, though of
greater phvsiclogical consequence, often ¢ cape notice or atre not as-
socrated wiEn tine presence ol tne 1nsocts In the dreas where L
phaseoln predeminated, damage expression wis less scriking, though es-
sentraily the same 8 for kraemcri, and wis riven wven lesser considera-
tron.

'te plant reaction te lenfhopper attickh was obscrived to vary an

dilferent types of legurwes (ommon hean (Phoseolus vulgaris L ) showed

Lreit sensit:vity Lo the wnscct tttack, reicted with abundant axillary

growih, cncouraging furcher prolafcration of the pest, and succumbed
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rapudly to 1ts damage in the scieeahouse, the capes had to be i1nfested
with relatively few wosects so that the abundant proveny would find food
enough to complcte its development  Lima bean (Phaseoius lunatus)
fostered numerical incrcase toe 2 much lesser entent 1{ the zavading
population 15 strong, 1t will seldom succeed 1n killing the plants,
instead, that peopulation will dwindle and will somelimes come close to
extinction The plants are heavily damaged but will recupelrate, pro-

ducing nevw foliage for the progony and the few suwivivors (g 10).

Cowpea (Vigna sinensisy will tolerate high numbers of 1nsects with-

out apparent dnmage, axillary compensition is slow and of little signi-
ficance  tnder freld conditions, nymphs are seldom scen on tne lacter
species, indrenting that 1t 1s not icadily 1anfested

The pattewn, s tell as the extent of yellowing werc obscerved to
be different with the two predawiningt spoeies of Licadellodae (kigs
18 and 19) L kizemeirir damage, 1n addition to developing fa ter,
showed a pattern whuch reealls hoppeirburn, 3 e, L mirginal dryiag up of
the tissues, dowmwtid (anstcad of upwnid) curlieog ol the loliar wdge
E. ph-seola damage s slower to develop nd displays 1 daistinet angular
yelloving fu contrast to the damage inilicted by 1 kreemer: (Fig
19, lonr scires of 3 leaves), the darage by L piiiscoia may never ex-
tend to the entire marginal area of the leal (Fig 1%, upper 3 leaves)
unless noerosis sets in, completely destroving the rexf (I'tg 18, upper
left coracy) lrg 18 shows in a clockwise order, the progressive
changes whicn took plice 1n the bean leatr as a reocult of damage by o

pltascola, the herlthy leal oceupsing the center of the 1llustration
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From the puoccding obsoavations ant cxplotttory (oids 1t wrie ob-
vious that the lceding and oviposition of ) phiseoli were far from belng

indaseruminate and that the quality and type ol rhe subsirate had to
be taken into account 1f the brological processes of the leafhopper were
to be asscssed with ome degree of precision

The observations and trials carried out radicited plawnly
that £ phascola displays dilfevent rates ol oviposition and longevity
on different host plants One plant specius will loster il 1eproduction
and Iengthen the life of the insect md others will prove Lo be less
faverable substrites  None of the thice Iepumes 1nclnded un the Lests
wnterfered driastrcally encugh with the biolopy ef the leafhopper to
suggest potont anhibarory quilities, though inhibitors may occur in
other sti1ins It s already been mentioned that the observed l1ack of
arrractivencss of cowpel to lexfhoppers in tiv field i overcome in
;an;nengnt It would %eu;;—;rtagm;;gc;eﬁL to Jetevimoe whit piant

gqualarr, 1o the basis {01 the insects limited deccpldncc
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PAPERTHL NTATION

Two expoerinents weve conducted to mcasure the influence of the host

plant wporn fecundity and longevity of 1 phiseola

Lapoerimont I

The object of this experimuent was Lo measure mmd comparc the rate

of egg deposition and 1ts duration among [umales restiicted to common

bean plants of pre-bloom and post-bloom matuirity 2nd Lo observe vhether

or net the oviposition rite would be wnfluenced (ind how quickly in-

P VM

kS

fluenced) 1[ ovipositing females were translerrved after 30 days on

H

petioles of port-bloom plants to the petroles of pre-bleoom plants

3 Matorials and methods

Greepbouse plantings of common bean were Limed to provade ahundant -

_% plants of pirc-bloon and post-bloon maturity during the course of the
§ expertmunt (1igs 14 wmd 15)
tricmeeyver {¥achs (300 co), filled with 3% sucrose solation, were

fitted arth cork stoppers in which & loles weie perforated  Four leaves

A g il P,

clipped liom the median portion of wmature planis, about 30 days from

planiing, vire cautiously introduced through the holes 1n the stoppers

LT

ana the cut ends of the petioles nmeised 1n the sugar splution {Fig 20}

The 1eal blades were oriented as far apart as possible to aveowrd over-
shadowing wnd to provide aeration nd {reedom ot wovement for the insects

engaged in feeding ind mating  1he flasks were scattered over the

aviilable bottom surftce of a4 transfer cage {lig 12} which was lighted

with a 2-tube flwvorescent lamp set c¢lose to the traasparent plastic Lop.

Lok
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Tne test inwcets wore tihen {ron severtl ~caring cuws in shach
leafhoppers had been continuously raised on tne same host for at least
B to 10 generations lhey were caplured as {1Eth instdy nymphs and
taken to the laboritsry, where about 500 of the nymphs were releascd
gently and unifoimly cover the foliage in a transfer cage  Here they
wore held for 9 days, 2 for the comploetion of the last imstar and 7 {orv
premaiing  The cage was fiequeutly observed for omcigence to the adulc
form and possible mating  Pairs in copulo st ted to show in appreciable
mambey around the 7th day and continued thiough the 8th md %th  Larly
on this last day the sexes were separated and the fomalcs individually
caged

Groupe of 30 individually caged lemadcs vore distirbuted 1andomly
ampng the {ollowing, tieitments

A Ovipoesilion cage concinuously supplied with poticles

. ] e

of plants 1n pre-bloos stage
B Ovipooition ¢ige supplicd with petioie~ of post-bloom
plants for 30 days, then transtaired to pre-bloom petioies
¢ fhapoesition cage continuou. by supplied with post-bloom
petioles
lhe oviposition cages were clear plastic snaphoxes 3 5 x 3 52 3 5
ew with thiee noles, one slightly larger than an average petiole (about
4 mmoan d1am), 1 second on the opposile side wide enough to recerve a
prece of plrstic tubing 7 mm in dinm, awd 1 last one oun the lateral side

of the hinged half of the snapbox, about 5 rmm 1n diam

- o [ e T, e ey
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- Thw excisct teaf svas anscrted Liest thiough the mall upper holo,

bt d
=§ in 2 florist’'s watcerpriek filled with a 3% sucrose solution (g 22)

W
fefore the cipus were closed, cotton was gontly caulked acvound the

Fib

Biy, ¥

petiole at the apeitures to preveat escape of the female and protect the

s

. plant part ngainsi rupture or bruises 1t was soon seen preferable to

P

first wiap the petioles in wetted cotton prior to thorr imserfion i1n the
snaphoxes at @ height corresponding to the upper hole, perfecting the
- ceulkaing late: with a pointed wnstrument, L[t wis casier and less

X

hazardous to install the cotton plug around the base of the petiole in

the section of plastic tubing fhe cages woere then roady to reccive the
females which woere wintioduced chvough the lateral hole, which was

closed with ~ cotion plug

Leaves from the scquentwal plantings wn the greoeniiou. e were col-

lected to cupply the oviposibion cages i1n the following minuet Ap~
preximatels 1060 leaves, [rom pro=bloor plants (27 drys from plintisn,),

o« from post-lLloowr plints (39 d4ys Liom planting), vere clipped clo ¢ teo
their junclion with ithe stem, placed to stand 1n watey, and promptly
taken Lo a cool wd well 1lluminited room io rweomplish tais with the
least damage to the plant material, shallow crancl pris were used
Rectangular scetions of 4-in nesh hairdvare cloth were cut and mounted
on wooden fiarmes Lo L1l wnto the pans ind to core up [luch victh the con-
tainers brim ine pans were filled with waltei so tnat ithe leaves?®

petioles would be 1mmersed while the blades rested rlat on the screen

surface

B
é@dmn cautiously pushed across Line section of tubing, the fiec ond 1mme rsed
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At the time of foliage renewil und cgg count, Lhe petioles were

clipped at tne upper surface of the cage, pulled gemtly 2 te 3 cm out

e

of the plrstic tubc and agiin olipped Pulliag out the peliele a short
distance was nocecsary because, ofton, the inscet vould oviposit very
close to the petrole base or even duscend within the tube Lo deposit
eggs  The scctrons thus esxcised represented vather esteltly the lengeh
of substiite on vhich the temale bid been fecding am! ovipositing  The
petioles werce slzt lengthwrse with a r11zor blade, 11billed, and cleared
in beiling lactophencl for 2%, minute. The practice was soon dopted
to let thoem stand 1n cold lictophencl overnight, the (L count Lo be
carrted out the following morning

Records were kept of the number of egps depositcd and the number of

days lived 1his made possible the assessmeat of the lollowing brologireal

variables (1} number of eggs duposited during the insect's entire life

as a fortrliced tonale,  (2) duration of the oviposaition peried;, {3}
darly oviposition rate, (&) overall rate of oviposition {or the total
period of epy deposition, and (5) the total life-span

Tae daily oviposibion 1ate was determined lor cieh female by divading
the number oi epgs deposited 1n the interval of two consceutive leaf

changes b, the anumber ol hours that waterval lasted nd multiplying the

e A L e L e 2 ]

quotient by 24 Ihe [igures thus obtawned werne aveiraged for tho nunber
of fFemales alive during the intervil berng considerad
The curves obliencd by plotirn the drily oviposition rates gainst

the dnys of peliole 1enewal were tempered 1t Litst by Lhe r1elaitavely large

sample sise, bul became more and nore sensitive 18 the number of survivirg

PTL Y

females becime smaller



S

o 53

]

e

ol

Z to get way from this biay, ao ovir-all ratlo was computod tor cich
i

L

%%ﬁlndiv;duai, dividing the total number of epgs diposited by the total

{;1numbax of days lived By plotting the values thus obtained, 1 distribu-
g% tron could be deltermined, this time on the basis of 1n over-a1ll level

§? of oviposition {lrgs 26, 27, and 28)  Any clustering of point 1t one
?A age-level would be xidicative of the relatively eritical importance of
;; this partaculan period of the i1nsect gn tecundity

; Results

% Total nunbcr of egos deposited Ihe effcecr of tieatments A, B,

- and C on the pumber of eggs deposited wis studied by comparing freat-
. ment A o B, lreatment A to (, and [reiteent B to tor cach treat-
et rhe mean and the variance woie calculated so thar t vilues could

be determincd for all 3 comprrisons nentioncd ibove, a~ follows

RNy 176 41 — 153 73 22 63
£, = - - = 0 91
A3 -
si 9§ Vis.555 62 + 12,776 66 Ve1s 90
e + —- 46 46
a B
L S L3,
AC e e -
Vst 2 \V s44 33
T s A
¢ A
5 - S
tﬁc - B ¢ P _.,,.,:?M%" = 1 71
) sf sf 483 91
~ %
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ﬁ?”?he number of fewtles wias 46 10 e wh ol tHe 3 trettmonts, the number

"‘Sw
i
of degrees of Ircedom per comparison was (46-1) + (46-1) = 30  The
_'“: P
ggfespcndlng tabulated t values were respectively 1 44 and 2 60 as

R

gerapolated {rom the values for 60 and 120 4 § |, only compirison AL was

L;»l%lcant and only atL the 54 level
T

iy

-

purition of ovipesition the ¢ value, raleulated for AR, AC

g. B were -0 12, -0 335 and -0 22, respectivily Neone was significang
= pther words, the age oi the leaves had no offcet oun the duration of
&

-1ppSikion in 411 casecs considercd

Dirly and overall oviposition rales these r1ates aie presented

s Fipgs. 23 to 23,

-

Tig. 25. Thoe lines repiesenting the 3 treatments are all broken,

s a greater or lesscer extent  No correspondence could be found in the

i of vccerrence, the fraqueacy-or the amplitude of peaks and troughs
a the curves., Sowme features, however, could be obscrved in a2ll three

1. An initial stcep drop,

2. A pradurl veturn to the origival rate level,

3. A stcwdy deevease {rom the point mentioned under 2 to

the tersanation at zero rate
A partrocularly shavp peal at perioed 17 1n the curve describing

eateent A stands put Time was ktaken to investaipate this apparent
pinaliity,  The ividivadual curves ifor the females involved in the aver~

ged 14te were plotted on tixe sane coordinates and the outstanding peak

T!ut wis Found to 1eprosent the corvect mean for the values Reasons

or this occurrence will be pioposed in the discussion
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« duration of ovipgsition 1s exntended The number ol low values is rela- !
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Tag 26 (Hventmunt A) the mrjoraiby o5 Uk pownts we located

}

™

about a level of 3 and only a few &t o1 near zere A rather large

A,
5 %
r
PR e Al
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lumping s presenl at 120 days  The young plant material would seem

-
03

h

¥

)
o
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p maintain a high oviposition rate thioughout the Tife of Lhe [females |

%
¥,
3

ig 27 (Tieitment W) The points e seatiered md average at !

"y

sbout a level of 2 5 there 1s no clustering at 1 lace age and the

-

R
b i e
Thapess oy

[red
o ahe fa g

rvely small  An increqre in rite s visible after 30 days, following

e transfer {rom post-Lloom to pre-~bloom

-

e

o

g 28 (liertmnt ¢) The tates 411 1long a lrne which ap-

U Fopt

.
LR

W W

aroxumites a level of about 2 and are thervefowe slightly lover than in

™ iring

W
e

£

the preceding ticatments There can also ke ohserved 1 grester number

£

T n
En% 0

of low vhlues beolween QO wd 1

vy

s,

W

1
STafe =span The longevity-reans were -compired giving the fol- ‘

w,
e

AT

SLALE

Imang ¢ ovalues AR 1 43, AC 2 36w, uC Q27 Referraing again to

%
+ ¥

the tabulated valucs For 90 4 £ given previously, only AC was signufai- ,: ‘3
%

- 1Y

caxwt wmd only at Lhe 57 level So, a sigwifiicant iffeience 1n longevity h

wis found only betwcen tne femtles maintaried thicoghout the experiment

:.s 'AE_Ay: “: L

on exther pre-bloonr or post-bloom peticles, the chinge from old to young

My
o

material showed no significant effect upoa longevity

e R L

T

Papetiment LT

A seeond experiment was designed to exposc the effect of selected

WA g

T0sk planes upon the rate e duration of oviposition and as woll  the

tongeviiy ©f the femile Jeafhoppers  Of the plent species ircluded za
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exploratory trials, two legumes, the cotmdon bein and the cowpea, were

selected Tecund fumale letfhoppers rriscd continuously on ench ot the
two host plants were rimintained on Lhe same host oi ibruptly transfeired

from one host to the other and the offeccts noted

haterials 1ud M thods

Both thie eompon benn tnd cowpea vere wisy to grow i the screen-
house nd produced folinge :n adequite quantity of unifowm maturrty for
wmplementing the simultineous Lreatments

Plint materr1l of wntermediate 1ge (30 days {rom planting) was used
1n all cdases and the med: i pertions of plants exclusively utelived,
avording both youthful 1nd decodent Loliage It wis assumed that dif-
fereniin] levils of physiolegical activaty rma the plant, 1, ffccted by

age, 1ould be minwmired 1f the same degree ol plnt matuiniy vere pro-

- - —

vided 1n 1ll tieatnwnts Petroles and the atitiched medrisn petioclule,
were uscd wn the tosts

Thoese petioles were placed in florist's wacerprcks, the lower cut
end rmmersed in 3/ sucrose solution lhese watcipichs, in turn, were
attached (s 1n PTxperiment 1) by way of 2 small sectron of plastic
tubing to the [oeding and ovaiposition cages, which vere clear plastic
sapboros 3w 5 + 5 em Ihese snapboxes vere perforacved in the center
of the boctom side <o thit the 0 7 cm hole vould be equally divided
berweon the (wo hinged halves, the second hole vas bored on one of the
twp Jaternl sides

Appro-onaite by 300 (ifth instar Tealvopper nynpas were colleceted

from scicenhouse colonies which had been maintarncd succossiully Tor

———

e
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about 10 ginut itions HAlE the nwmboer of fmvtluie tewcets wore tiken
from common bean nd hall from cowpuan fhe insects {rom cach source
were placed in separate biceding cages, wheire cach group was grown Lo
the adult stige nd permitted to mate 1n cownon

Individual female leafhoppers voie removed [rom the brecding cages
to the appropriale avipositron cages 1m groups of 50 pcy test, cach
ovipesition cape gontaiming a leaf petiole of Lhe ippreprinste test plant
to accomplish the following five treatments

I Reaired on cowpea, tested on cowpea {V = V)
11 Reared on cowpea, tested on cowmon buny { V= P)
1LY Reaied on common bean, tested on coupea (P -+ V)
Iv HRenred on common bean, tested on comman bean {P 3 P)
VY Rearcd on cormon bean, te-ted for 30 day on cowpen,
returned to common bean, {P 0V D)

The petioles and the sucrose solution were renewed every 2% to 3
days and the cages cleaned to remove honeydew al each time of change
The plastic oviposition cages were opened within a transfer chamber
(Fig. 23) and rhe petroles gently puiled cut of the plastic tubing
about 1 to 2 em hey were then clipped, slit lengthwisc Lo a depth
about hnlf £hicir thickness with a r1azor blade, and labelled Clearing
was carried out in boiling lactophenol for 3 mnutes 1¢ avord mixing,
the prilolers fiom cach trcatment tere ticatred scparately ard kept
ammersed 1n cold lactophenol r1 labelled bepkers

hocord  were hept of the number of cags inserted .n the tissues up

to the Livw of death of 1mdivadual [emales fhese date allowad the
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determaation, for wdaell treatment, ol the following data (1) numper

of eggs deposited, (2) duvation of oviposition, (3) overall ovi-
position rate, (4) darly rate of oviposition, atd (5) number of days

1ived.

The 1nalyses piresented hereinaltoer are compaiisons of reans of 3

E i samples of uncgual sices but common population vaiiance ihe goservations
¥ O

e are not piired Tn arder that the statistical troalment be exposed

sk

* briefly wnd more clearly, 1t was thought that symbols could be assigned

- ta the 5 ticatments Xl, Xz, . XS The means would then be Xl’ Xz

2+

2 S o2
2! *U5

The effect of the rearing host plant, thus, was detcymined by

. wwsy is, the viriances S
coupling the means in the {oilowing manner fgé - kl} 4 (§3 - gz) ar
vy - (v 24 (P Py — (Vv Py ], the rearing hosi plant varies
whale the gperimental host plant does notl

The t viluc of this efflecct was calculated, as follows

(\& - \1} + (AS - YZ}
7
2 2 2 2
\/ “4 . S"i + ‘;3 - _f}l_"
51& }“21 n3 1"12

The vaiiances swie obrained {iom equitions such as shown below for

;N - (M) n
2 ] R} 1

"1, ) ny —~ 1

the number of degries of [eedom was (ﬂg - iy 4 (ﬁl ~ 1) +—(n3 — 1)

{n, = 1) = 34 + 4y + 40 + &9 = 181
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similarly, the «ifect of the gxperimental host planl was detcrmined

by & t value calculated 1s follow.s

p= G mEDH Oy X9 , also for 181 d £ , the
v ‘32 52 52 ‘;2
2 4
131 + n1 »%‘ . Il + i”i:}
2 1 4

e M T AT X also for 181 4 T
vbz <2 (2 52
S S S
1’11 113 ﬁ& ﬂ2

A t value was computed separately foi comparison IV to V

t = \S B (& The number of 4 £ 1n that case
2
T T Ta
5 4
was (nS*Z}*&(tEE}“l)ﬂZfé% 34 = 48
Resulls
lotnl number of eyps deposated lhe procedurce outlined avove was

applied at lour difl.crent ages ob the test winscets to delecet the possible
effect of 1ge ard also Lo bring oub more styikaiugly the effect of re-
vertrng, {rom the cxpoiimentai bost piant, back to the reqring host plant
The ages chosen wore 15, 45, 75, axd 120 days {from mating  The cal~

culated L are cxposed in Table 13
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Table 13 t valucs for the effects of r1caring ind experimental host
plit, interiction between the two, and reversion from ex-
perimental to iearing host on oviposition of F  phaiseola,
usini, common bern (Phiscolus vulgiiis) and cowpea {(Vigna
SLNens1S)

Variable Student-L caleulated at davy
15 45 75 120
Rearing host plaat 148 0 24 029 J 26
Experimental hosl plant 10 09¢* 15 40« 2L 60« 13 59
Interiction bolwcen r1ciring
and (xpenimental host plant 117 0 21 0 38 019
Reversion {rom erperinental
to rearing host plant 021 0 12 5 O o 6 31

signefieant at 14 lavel of probabiiity

" Tae tvulzried vililes at the 34 and 17 Tevels dor 1817d7f | were, -

respectively, 2 16 and 2 77 The b values tor the roining host plant
farled altogi ther to show signiticance, while these of the experimental
Bhost plant wese very highly saignifzcant The interaction was, in no
case, signcficant and the revelsion to the retring host from the experi-
rent1] nost proved highly signilicant following the reversion, which was

made oa the 21sb poetiele chaage, 1 e rouphly 60 days from mating

" ration of oviposition table 14 summarizes the t values ob-

tained for duiation of ovipesition in the 5 treatments, the tabulated
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z%f values 3t the 57 and 14 levels are given lov 181 (v in the rable) and 48
Egﬁ:(e%trape}ateé betwern 45 axd 50)
. %ﬁi
= Table 14 Duftervntzal effecrs of reairing and experume it il bost plants
E N {Piiscolus vulsaris and Vigna sinensis) on dwation of ovi-
%gﬁ positron of £ phiseola
e S S
L 5 Variible Caleulated t d £  Tibulneed L vilues
. values 5/ 17
i
L * Rearing host plnt 2 08 181 215 2 77
7 Experimuental host plant 9 4879 181 216 2 17
Interaction of icdring and ex-
+ periment] host plant 0 83 181 2 16 2 77
Reversion Lo rearing host plant
M from eapervimentnl host plant 39 62 48 L 97 2 68
i
¥
3
1
' x I - -
- Srpmifseant 1t Lthe 1/ level of puobability
] The cifects of wxperimental host plant and of reveision to rearing
host wire aiphily sipnificant, vhile the other coffects failed to reach
signiileance,
H Parly md over nil ovarosiiion 1ites The dairly rate of

pvipusiiion 1 picsented syneptically for Treatwents I, IT, ITI, IV,
and V in fapg 29 and the overall rates for these treatments and Treat-

ment V an ligs 30 to 34

bt posde
S —
H
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P 29 ALL 4 curves have a hioken coursc, ocisionlly show-

ng 1 petle of wnusual applitude the comnmon fetuie 15 o Lradual
dowrwird trepd Depending on the host plant used in rearing, there can
be an initinl diop (more or iess pronowiced, ¢ g 1n P 4V and P o Py,

no sharp diop as 1n V 4+ ¥, or a rise as 1n V 4 r

Fag 30 (v » W) fhe points are clustered fiom O to 40 days
and spicid thinly {rom 40 to a little over 145 days ihe level of epg

depasitron 1s generally low with 4 maximum of tbout 4

lig, 31 (¥ # P)  The clustering of 1ather modeittely high ovi~

pesition races between O and 40 diys 1s nol apparent heie as n V o ¥V,
The overall iate 1s maintaincd at & Ot, 1n some eases, 15 higher than
that 1are Two femiles oviposited beyond 140 diys, 1lthough at veiry

low leveis

bapg 32 (P - ) ihe peints 1 1lmost cventy di Lrabuted ve- T h
tweey the relatively high rates of 6 and 2 In 111 Cwes the rate was
then nigh, but oviposition was comparatively shoit is comparcd to V 4 V

and V 2 p

113, 33 (P -» ¥y fltis curve 1y <tithing 1a thie all the polnLs

are clusteied between 0 and a little ever 40 daye and show @ very steep

decrease Lrow over 14 dowvn to nea: O

115, 36 (P 5 ¥ 2 P} il sane temuhable patiein Ls again {ound
as oV oan Lhe Tirest et of Lhe cuive Oviposition drops to U from
near 40 to wear 80 days and picks ip Ciom there, marnta,uing 1tself in the
viewnily ol 1 2 overall 1l Ine durarion of the oviposition peried 1s

extended beyond 140 days

U
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Ffcet of Mile and fumile Age on Duration of Premating

A multiple regiession analysis nide of the male and female mating

dats 1n Fible 12 resulted in the followiug analysis of variance

Table 15 bStatistical analysig tffect of mile and femile ages on

the duration of premating

Source of viuiiation d { 58 S F
Regression 3
Female age 1 128 60 178 60O 10 05 o
Male ape i 52 88 52 88 2 97
Interaction 1 0 35 0 35 0 62
Frror 32 568 92 L7 71

Srgnyfacans at 1/ level of probability

ne | value for the offect of femile ape 1s bighiy signrfacant,

the tabulated value at the 17 level berng 7 30

Ite male age and the

wntertction betieon the ages of the sgses both failed to show signofi-

cance. even ~t the 34 lovel the tabularted value ar that level 1s 4 15
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DESCUSSION AND CONCLJSION

Tne resules ol the cyperiments and the antilysis of their data along

with the pretiminary observations lead to a few vather well-supported

conclusions md 1lse riaise several iateresting possibilities regarding

the relition~hips ol L phisceola with 1ts host planls in Central America.

(n the basis of these studies it miy be concluded that

1

Leguminous plant parts i1elatively voung, but not youthful, are
favorably accepited by the leafhopper ! phaseola and have a
measurable offect on the nmumber ol egus depositad by that
species. I0 plant wmiterial of chis qualivy s fed continuously
to females, the duration of the oviposition and the rate of

«ap deposition will ba wncreasaed

Pre-bloom leaves will oxtend the Lile-wpan of the femile leaf~

o L i e i

hoppers to 1 ?IénafiE&ﬁt deggac g;naaélnt.%ollagc and stoms
wtll 1 suic for some time the suivival of the insects In
this, the contiollcd experiments were wn compiete accord with
tne preluminary observiltaions, whaich revealed thac decadent
vegetttion dad not fosten eyg deposrtiron bubt could assure
suivival a rathe: long taime after oviposition had ceased
lhe guomman boin hd a distinetly Lavoral le effect on egg pro-
duction, duracion of oviposition, oviposittion rate, and 1yfe-
span

t1e id obscvations sewnforece these findings large

numbetre ol nymphs wd 1dults are common in bean frelds
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Haidly ny infestation occurs on cowpea plintings  The {ict
that cowped does not harbor leafhoppers under ficld couditions
1s probably wndaicative that 1t lacks some attractant  This is
further corroborated by the fact that this wpecies allows
survaval and multaiplacation of leafhoppuis under conditions of
confinement In other words, cowpea does not seem to contain
any deterrent to leafhopper suwvival
L phiseoln 1s able to survive on & rither diversilied seiles
of host plants

The case of cowpea which 1s a mediccre to poor host lor
the leathoppers i1n the field w15 puzsling Thrs plant speciles
will sustain the insecit when de latter 1s conflined on 1t but
will not faver its longevity nor 1ts (gg production It scems

logrecal that the reason may lie in the quility or abund wnce of

some specific food elements lnat nutrients may be lamiiing

1% suggested by the obscrvation that leafhoppers miy survive

on nutriment obtiined by feeding on the sap of dwmiged plants,
practically deveoid of green tissucs Under these cricumsiances
the females do not ovaposit and 1t 1s suspected that the eggs
do not successfuily miture Lt 18 probable, however, that

the interruption, even in extreme sirtualions, dous not reach
the cowlicion of ocosorption, the follicle cells ceasing to

participate 1n egg formition and the ococyte dying and being

reabsorbed This scems to be indicated py the strrkingly
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fist resumption of oviposition in femiles <hifted from a
dcficient to 1n adequate host plant  Oogencsis and vitello-
genesis would drain heavily on Lhe [umile leafhoppers' ieserves
of proteans, nucleic acids, lipids, and glycogen heplenish
went would depend upon the quality of the food seouice

Mating 1s largely governed by the age of the female leafhopper
The males are ready to copulate 1s etrly 1. 2 days afte:

they nave reached the adult siige

The Lenles hhave to

go through a period of maturation of L lcast 6 duys Inter-
action belween the seves was found to be wnsignificant, males
and {emiles mating successfully at all ages and giviong rise to
nymphs which develop normally

Since the males can mite several tines, they can i1nsomi-

nate females not only of their own gencration but of any of the

overlapping guenetl itions in the bean flgla, 4 factor of great
mpo.Linee n Lhe maintenince wnd increase ol 'eilhopper
populations

Lndor the climatic, vegetational, and agricultural conditions
prevarling in Costa Rica ind thioughout Cential America,

t9p01 ¢ plitscolt Qman, therefore, gquite successfully sarvives

and i1eproduces in larye numbers As long as such crops as
comnon becans and limt beans arc cultivated in small home gar-
dens, the dawmage by the insect will be important but not pro-

hibitive ihe situation can change drastically 1f large-scale

ol

—T T T
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plantations darc cstablished, [or example, for the purpose of
exportition The pist will no morc be inconspicuous but wril

have to be recognized 1s onc obf oulstanding irportance
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EVALUJACION DE VARIEDADCS D& FRITOL POR SU RESISTENCIA
AL PICUDO DE LA VAINA Apion Godman {(Wang )

JE Manca 1/
COMP ENDIO -

En El Salvador, durante la Epoca lluviosa ¢l cultive del fryol estd influen -
crado por una serie de factores que inciden en los bajos rendimientos unita
ri:os del mismeo, pudiendose mencionar entre estos, los dafios ocasionados
por las plagas, siendo la de mayor importancia el picudo de la Vaina del -

Fryol Apion godmani, Por la importancia que cste insecto tiene como «

plaga del frijol y por ser el producto de este cultive bidsico en la dieta ala-
menticia de los salvadorefios, desde el afio da 1966, para tratar de buscar
una soluctdn integrada al problema, se comenzaron a efectuar una ser1e de
trabajos, entre e¢llos la Evaluacidn de Variedades de Frijol por su Resig~~

tencia al dafio ocasionado por Apion podman: Para tal efecto se introduje-

ron al pats 2 004 varicdades de la Coleccidn Mandial del U.S D AL para -~
ser evaluadas. Su avaluacidén de campo comenzd en agosto de 1966 y termy
nden 1971, La siembia de las varicdades y lineas de la Coleccién Mua~
dial estuvo localizada en el Cantén Izcaquiliya, jurisdiccidn de Atigquizaya,
Departamento de £huachapdn, lugar escogido nor la alta incidencia de la
plaga mencionada- La Zvaluac:dn se efectud en base al porcentaje de dafio
ocasionado por el picudo en las vainas, obienwendose como resultado final

once varicdades resistentes

INTRODUCCION
El frijol, es bdsico en la dieta 21limenticia d2 los salvadoreilos, ¢s el pro-
ducto qui nog aporta la mayor contidad de proteinas, no obstante la produc
Pl wh
c16n actual del pais no llena las necesidades de consumeo, debido a que los
readimicentos unitarios del cultivo son bajos y consecuentemente ocasiona -
una fuga de divisas 2l tener que wmportarse d@ otros paifseg de Latinoamé-

rica Los rendimientos bajos del cultive e~ tdn irflucrciados por varios ---

1/ Facultad ce Ciencias Agrondmicas U de El Satvador
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factores entre ellos se pucde mencionar los dafios ecasionados por las pla-

gas, swendo en nuestro madio la principal durante la épeca tluviosa, el pi-

cudo dz la Vaina del Friyol Apion podmanr Wagn, ¢l cual en algunas zonas

{frijoleras ocasiona hasta un 94% de dafio, 1nfluyzndo directamente en la -~
produccidn del cultivo.
En vista de la importancia del cultivo Jde fryol, como fucnte de proteinas -
y vitaminas en la dieta alumenticia del pueblo salvaderedio y por la tmpore-
- taociz que la plaga representa como un factor que incide directamente en -
la produccién, desde ¢l afio de 1966 para tratar de buscar una solucidan inw
tegrada al problema, se comenzaron a efectuar una serie d2 trabajos, en~-
tre elios, la Evaluacibn de Vairiedades de Frijol por su resistencia al dafio

ocaswnado por Aplon godmant,

REVISION D& LITZRATURA
Los Mecanmismos de resisiencia Panter (1941), analirando la resistencia
de las plantag de los insectos, cncontrd que es muy dtil dwvidir el fendme-
no de resistencia en tres comoonentes o mecanizmos

Estos tres mecanismos s2 enuncian en 2l diagrame siguicnte

PREFTR TNCIA A NTIBIOSIS

Para oviposicidn Zfecto rdvarso de la

alimonto o abrt planta sobre la biro~-

BO. logic del insecto.
TOLCRSNCIA

Reparagidn de tejidos, recuparacidn o habilidad
para soportar infustacibn 3o inscctos
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Preferencia Scusapara definir ¢l grupo de caracteristicas de lag -

plantas y respucstas de los insectos gus, gulan o repclen a €stos haga

Wi

N la utidizacida de ura planta determineda o un grupo de variedades.

i
é
¥
i

e
.

Lty

Este es ua fendmeno complicado, los insectes pucden encontrar sus 2l

B L)

mentes guiados por la vista, luz, gravedad y humedad, pero la tempe-

di’
p

¥ o
st S5

4%

ratura y humedad pucden modificar el comportamicato de los insectos y

Ht gy
4

tambiln tiencn una influcnecia diferencial en ciertas vailledades, se debe

w3E
T

considerar el estimulo mecdnico que e un facior adn no bien gstadiado

H

o
(!

oy

Antibiosais Zs la tenaencla a prevenir dafios o destruir la vida de un -~

insecto. Dethier {1851} 1a subdivade en dog fases.

a.- Plantas gue son deficientes en ambientes requeri1dos.

%
~

et La iy 4

-

b.- Plantas con st stancias tdxicas

.

M

La antibibsis parace ser ¢l cardcter mis deseable en la seleccidn de varie
dades resistentes en cientos-de-casos pero en muchas vrmedades de-plane.-
tas, otros mecanismos son tan importantes como {sta, sin embargo mngin
- componente de resistancio es absoluto, cas: siempre cexisten complejas in-

Fe

- terrelaciones entre diversons factoros,

Tolerancia ®sunmecamsmo de resistoncia con @l cual la planta mues

tra una habilidad pora crecer y reproducizse, ya sea reparando en parte ¢l
dafio causado por ¢l msecto, o no mostrando sefizles de pérdida de vigor a

pesar de soportar una poblacidn de la plaga aproximadamente igual a ague-

lla, que dafia un hulspad susceptible (Paiwnter 1951),

La tolerancia es telvez ¢l moecanismo menos estable cn relacidn con la ro-

sistencie, y parece sor 2l mds afecta 1o por las condicioies del ambienta,

que achiin en la plama,

Causrs de la rosistencia Muy unportanwes conceptos se discuten cn el -~
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Libro de Painter (1951)<n retacidn con este tema. Dwersos wtnvestigadozos

~t
Ay

0

: gf- a menudo encuentran coriclaciones enlre caracraeristicas morfolégmas, -
{2

i i - -

iéz? sustancias quimicas, © condiciones [istoldgicas de las plantas, cuando apa-
%3 Lizan los datos obten:idos en comparaciones hechas, con un grupo reducido

i ‘é‘?ﬁ‘? de variedades, sin embargo, cuando se vstudia una coleccidn grade de va
wl -

i %;% riedades, las correlaciones no siempre son werdaderas,

{55 Antes de tomar curlguier conclusidn sobre la causa Je 1esistoncia es nece
o =
L
b -~
+%  sario tomar en cuenta gran ndmero de fictores., Hay tres puntos de cviden
I
e

§ -~ cia que deben nvestigarse totalmente, ostos son discutidos por Pamnter -
z:ﬁ}’“

L?ij;L {1951).

i" -~
Ay 1 - Svidencia cxperimental de una intima relacién entre la supues-
s

l} i ta causa de rcsistencia y la fisiologia o el comportamuaento del
=
5

HEL wsecto
)

e
- 2 - Demostrar la completa asocizcidn entr1e la causa asignada y -

-

- algdn factor genltico, st ¢s quc este factor ocurre, determinan
- do esto por medio de la segregacidn obtentda, de cruzar ancre
varwcdades resistentes y susceplibles,

xt,i't > - )

4 3.- Alta corrclacidn estadistica ontre la causa asigeds y la resis--

tencia.,

Fi

A 3 (1953) def 1 s1st 4

»
Wingayr d (1953) define la resistencia de campo, como et grado
de resistencia sulicentemente granlde paia no permitur a las -
plantas safiir sciios Jafios, que hagan bajar sus renmmientos

Sclece1dn de varie Jades Jo {rijol resislentes al preudo del ejote Mokelvey
¢t al, reportan ¢n 1951 algunas obsurivocioncshachas en un grupo de varseda
des resistentes al preudo lol ejote en mlxico

Dosde 1951 a 1955, su winmprendid un tiobnyo sobre variedades resistentos
al Apwon godmam Vagner Il mdtodo que se uso pria seleccionsr las varie

dades con cretta rversterein al picudo dol ejote se baso cu el examen do -
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50 vainos colectadas 3l zzar en ¢gada linca o waricdad,

Hasta 1950 habitn sido seleccionadas las wriedades Puebla 32, Hidalgo 6
e Hidelge 24, para 1951 scaumentd este lisia cen las wariedades Chiapag 92,
Oaxacn 3, Oaxaca 9, Pueble 55, Gaerrero 8, Qualemala 33, Guanajoeto 20
y Veracruz 10 Todas estas prosentaron menoz de 0.2 insectos por vawna.,
0 1952 se examunaron 328 lineas, para scleccionar algunas con resisten-
cia a la plega y se obfuvo material para tiabajos futuros, que variaba Jes-
de 0 04 & 0.36 1nscctos por vaina

La mayor parte Jde lasg selecciones resistentes al picudo del ejote hasta w-~
1954 no tenian gran valor cometrcial, evcepto Rocamex-1y 2 A P, 88 B ~
de color amarillo, Hidalgo-12-A-1 y Puebla~2 color negro.

Las varisdades de frijol consideradas inmunes en México, pertenecen a la

especie Phaseolus mualtifloius

MATERIALSS Y METODOS
El ensayo estuvo localizado, en ¢l cantdn Izcaquiliyo, Atiquizayz, Departa
mento de Ahuachapdn, escogiindose este fugar, por ser pPLOPIO PAra una =-
burna evaluacién del material, debrde ol gran poicentaje de Jafio de piculdo
en las vawnas,

El pramer paso o sepu.r fue ¢l Je introdacar al pafs 2 004 varwedades do fry
jol, progelentes de ls colecctidn Mundial del U § D ;fi

El trabajo se comenzd en Agosto de 1966, sembrdndose surcos de 2 metros
de largo por cadn variedad vy 2 una distancia de 0,60 ems uno del otro, se
fertihizé con f8rmuala 20-20-0 2 razén 1. 3 qg/M7.

La cvaluacién 4ol mzterial se tlevd a cebo 15 dias antes y 1l final de su c1-
clovegetativ o,

La prumera evaluacidn s2 hiso un cren vainas por variwedad, tornando en --

caenta anicament. ol lafio superf{icial Jdo ustas, 1o scgunda se cfectud ol ~-
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final del ciclo vegetativo, contando de cada una de las cien voinas, el nd--
mera total de sennllas y el namdro de estag, dave las por el picedo, para
231 sacar un porceataje de dafio y determinar g1 estas eran tnmunes, resig
tentes, tolerantes o susceptibles a [a plaga, También se efectuaron rocuen
tos de picudo por varwedad para lotermunar la presancia Je eslos, el recuen
to se hizo duecto tomanlo 10 plantas por surco de 2 mts observando la pre
sencia de Apion ean la parte baja, medie y alea de 1a planta, al mismo tiem-
po anotanlo dafios ocasionados por Cstos en las hojas.

Para letermnar la resistencia de las viaredades, en ta primera owluacida,

ge tomnd la siguiente escala

Inmune 0 9% de dafio
Altamonte registente laa 5% Jde dafio
Resistenta 5 a 10% da dafio
Suceptible 10 6 mds
 RESJLTADOS

Como resullados Je este taabajo, se obtuvo lo siguiente

1.~ De lag 2004 varicda des sembradas para la primera evaluacidn,
se seleccionaron 149 varedades que aparentemente fueion alta
mente resistentes al picado de la vana vy 51 variedadeg resis--
tentes,

2 - Enla segund: evaluacidn se seleccionaron 18 variedades que se
mostraron alcamante res stentes y 73 resistentes, obtenidas de
lag 200 varwadades selecoinnzdas anteriormente (Ver Tabla 1)

3.- De la 3a. aveluacid de las varwedades llevadas a sabo el 30-X5-
68, se obtuv o como rosultaso 9 vari. lades ~liaments resisten--
tes y 2 resistentes

4 -~ En Agoste dzl 69, se Bvaluaron nuevamentle las once varic.ndes

obtenienlose Ll mismo resalta io entorior (Vor Tabla 3}
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. CONCLJSIONES J1

1.~ Se obtuvieron 9 variclades de fiyyol con alte resistencia de

campa, y dos resistentes al dafio ocasionado por el Apion g1
mant

2 ~« Todas lay varizdades obtenidag son fotoperiodicas y se pueden
sembrayr umcamente en Agosto y Diciembre
3 - %g necesario hacer una evaluacidn Jel material criollo, en bug

ca Jde 1esistencia al picado do la vawna del fryol.
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TABLA ] Varmdades abamcste too ontes 2l proodo de s vams del & ol Apon wodmam (Wan ) releccronzdas de 200 varedades
3 {Honduras 972 56 fitduco 1103} 58 (htdsica 1122)
B0 ftioacs 1135) &= Iflre 1153} B3 iMdxico 1225)
i {Moxa 1243} ¥ {htdxmcn 12504 79 {irix co 1308}
ar {Mixizn 1503 ity {Niceraaus 1468} 193 {tiicerague 1495}
105 (ftcarzjia 1453) 132 {Conario 1736} 136 {fasa de castilia 1755
334 {tdfxiyy FRO-957 938} 167 {Mexico 1342} 174 {h8xico 1410)
ABLA 2 Vapedadesaliamentores featey ¥ Eest lentes al prewdo de la vana
2 Entrada Nambre-—-Veriedad cloDafico AR S R
13 972 Honduras 275 +
56 1109 W& oo 40
58 1122 Mixca 95 +
80 1135 Mérico 118 4
62 1153 Méx:co 20 -4-
63 1225 Mixica 30 -+
66 1243 México 50 4
74 1290 Mén'co 3s -+
79 1326 Wéxico 20 -
90 1403 tiexico 50 4
100 1488 Nicaragua 410 4-
103 1495 Nigaregua 600 4~
105 {Testigo) 1408 Niceragua 890 -~
132 1736 Cenarnio 70 -
138 755 Posa de Castilla 530 -
156 03 -{ B } Mérico 150957 480 e
167 1242 Mexiro 165 50 +
174 1410 Mexico 65 -+
154 54749 50
TABLA 3 #valuscion find e wortedades de 16 1ot ot re wtemct s de ean po 3l Apion podo ant {Waga}
N2 N2 N2 Deilos ofo Vainas ofo Dsfos
Entrada Pioy o /0P 20 haws flaPadas Samille 2R ] s
56 g 126 471 202 +
58 16 104 168 G0 321 —§-
62 15 134 428 O B7 -
63 15 51 14 67 7 42 +
66 15 a0 £ 62 313 +-
74 11 116 1200 146 -+
78 " 68 1578 4 86 -
S0 17 121 52 72 742 J—
154 14 94 542 130 +
167 18 g7 504 131 +
174 11 i1 524 1568 +
05 {T) 20 151 69 25 6375 -
SATIT) 15 147 93 4% D307 -




g TABLA 4 Reonon de algonss carartenatnas A gononucas de fas varedodes alte nes te semcaintes v resmientes ol Apwor godmane

22 ar

T —

S

P (lo {olor Habt» Pasiansy 1¥ae B)as Color Califica
Eonada Varedad tacon flor creey e o Yamas Mufurer cosecha  fam fie aon 45 y
brlle 65 dfas
senplla
56 1109 Méx a3 M G A 73 81 P-M-B XX
8 1122 Méx 40 B G A 78 a0 A~P—B XXX
.62 1153 Méx 41 M G A 9 UR P ff =B XXR
63 1225 Wiéx 33 M G A 73 g5 N-P-B XX
Bh 1243 Méx 24 M G A 63 12 pg XX
74 1250 Méx 33 0 G AM 74 B5 N-M-B XX
79 1326 Méx 41 B G A 80 43 P8 XAX
80 1403 Méx 32 B G A 75 g3 Ba—~G--B XXX
154 7-4-8 a1 M SG B 71 76 N-M-N XXX
157 1342 Méx 33 8 G A 4 85 Ba—M—-8 XXX
166
¥74 1410 Méx 32 B G A 70 81 Ba--M-—-8 AK
1 - Mosads ¢ Guls A Plie P oigte N Howo M Medowo € Crante
B Blangs SG Riampmis B Bap R R Ba Bavy I feguena B Brdlance

-
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live specdes of Aleyrodidie are ' rwown to oceur on bons, Phascolus

vuigaris and Phaweolus lunitus, and on soybenns, Glycine mix nd Glycine

hispida, in the Americas  They are Bemisla tabaci {(Gennadius), Bemisia

tuberculata Boundar, Tetraleurodes acacize (Quaintance), Trialeurodes

abutilonea (Haldeman) and Trialeurodes vaporariorum (Wesiwood)}  Of these,

only Bemisia tabici is bknown to be 1 vector of bean discases It trans-

mits golden mosafc, yellow mosaic, mottled dwarf and perhaps other dis-
cases of beans  Two other species are injurious, and all merit discussion

because they live on bems

Bemisia tibaci was Injuricus to tobicco in Grecce when 1t was de-

sceribed in 1899 It is now 1 scriocus pcqt)on S5 contivents It 1s a
vector of diseasces of beans, cassavi, cotlion, tobacco 1nd many other
plants It also injures plants by feeding nd by evereting honey-dew
in which fungus prows and smothers the plant Tt lives on éumorou9-§£fg“
plants from which 1t reinfests cultivated crops 1the species has been de-
scribed under 11 specific names that are recegnized as synonyms of tabaci
Hamea of racces of tabhaci, sudh 4s those proposed Ly Bard (1971}, in nmy
opinlen, reprisent only biotypes

Several worhers bhave davestipated the blology ol £2bici and thelr
[indings are condenscd on the fellowing pages Only ope of ehe authors
cited reared tabacd on beans

The life cyecle of tabaci varies considerably snd is correlated with
climitic and vepetitive conditions Hormilly epps are dopnsited sinply ol
in groups on the lowtr surface of the upper nd newer loaves In hcavy
infestations, efps also nay be found on the upper surfice of leaves and

on stems The 1dull female penetrates the epilderwis nd mesophyll of the
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teaf with her ovipositor nd embeds the tip of the padicel of the epg in
the miwte openmany Thus the cpgs are firvmly anchorved In the leaf and
remiin viable as long as the leaves are alive If the leaves die, how-
ever, the eggs also diec unless the incubation period is nearly complete
In this case, survival Is possible Epps are Iaid by maited females which
praduce both miles and Temales and by virvpin females whoso ongs glve rise
to miles only.

Costa and Beonett (1950} determined that in Brazil, in surmer, on
various plants, tabacl required 21 to 24 days to dovelop from the eqp to
the adolt, In Puerte Rico, Bird (1957} found thit 20 diys were required
for examples of tibaci caged on g3£59233_3§§5x2;52$§3 to complete the
1ife cycle.

Nene (1972), who worled with tabaci as a pest of pulse crops in

Tndia, indicated that the complete life eycle of tabicel on urd beans, .

rang beans and soy benas, required 13 to 24 days from March threugh Yo-
vember and 72 days Ducember through Jinuary  Hene noted that adulrs
declined on miture crops of the beins in October when adults started to
move fron them {o crucifers, loncils, pcas nd other vepetables Ihe
adults remaaned wctive but development was greatly reduced from November
through March. In®late Tebrunry and Harch, adults moved back to urd, mung,
spy beans, sweot potato, ete , and multiplied more rapadiy 1s the weather
becane warmer.

Husadn and Irelin (1933) studied the biology of tabaci, under the

g
synonymous name Bemiedq jossyplperda Misra 1nd Lamba, on cotton in Irdia

These workers pave the complete life cycle of tabaci ss 16 to 107 days,

the shortest peraods being 14 to 21 days April te Septerbor, and thne longest



periods wgsually 69 te 72 days from Noveuboer to Icbhruary In 1 few cnses
the duration of the 1ifr eycle was 101 to 107 duys

fusain nd Trelian stated that the 1verage number of efgs 1add per
fenale was 25 one year and 43 another year and that the highest numboer
laid by a femile dn captivity wis 119 over 1 perfod of 18 days The
average number of egps l1ad duraing a 24 hour period wis 6 one year, 8
another yecar and the miximumn number was 16 Ihese workers observed that
miximum oviposition occurred 1t temperatures above 2%? deprees C and
that oviposition stopped when the aiy temperature {c¢ll bolow 246 deprees

Husain and 1rchan grve the development periods of tabici as {ollows
ovipos{ition perdod 2 to 18 days, incub1ti0; period 3 to 33 davs, 3 to 5
days April to Scptember, 5 to 17 days October and November, 7 te 16 days
February and March, 33 days In Beecmber and Januqrvy, the first 3 imnmature
szﬁgeq conbine§)9 to 14 diys K;?ll thr;ugh ;cptcmber, 17 to 73 days duning
the remasinder of the yen and In 2 single instance the time was 81 days,
pupal stage 2 to 8 days  adults in captavity 2 to 5 days 1n summer, up to
24 days in Uovember ihere were about 12 penerations in the course of =z
year but since tie brood overlapped, prictically all <tapes were prisent
at all times They stated that temperature was the controlling factor an
the development of tabaci

ifusain and Trehnn found that the varietles of cotton with which they
worked were about cqually acceptable to the whitcfly but at different
searons of the y03£fihﬂL the planis wito not equally infestod during each
gseason They alap feand that tle newest nnd the sldest plants were lers
heavily Infosond thhin others This wuppests 2 proference of the Inscet

for 2 certaln sthige dn the developmit of its host
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Avidov {19556} made an cxeellont, detiiled study of the blolopy

.*;éf tibaci oa oy, plant in lorel His evporaments woerxe cirried out

i
25540 open air conditions 1in the laboritory for more than 2 years 4nd
o]
g -

£ .. for 25 continuous generations  Observations and surveys also were
§ <Fac

Avidoy found that wults of tabacd wire active soon fter omor=
gence and that in cummer they wmated within 1 to 8 hours, while in the

spring and £111 they matad 1 re 3 days after emcipeace Lopulation

= took place soveral times dursnpg the Life of adults The pre-uvviposition
period varied during different scrasons of the year and vas governed by
- temperature md hunmidi{ty-on very hot, dry a?yq, g erp were laid and
adults died A relacvive humidity of 61 to 76 per cent did not affecet
the duration of the pre~oviposition period  The threshold for oviposi-
_  tion was about 14 derrec €, that for developr. t of the (s was 12 5
deprees, while that of the immature stapes wis 12 degrecs €
Durany the sunmer months, hatching of the lirvae occurred within
a few minutes after ory doeposizion, but in the winter, hatching sometimes
toock several hours the larvae crawled for a vory short distance and
within 1 fow hours in surmmer and 3 few davs 1n cooler woathoer, scitled
perrmently, tnscrted thelr stylets nd began to feed Firmly anchored
to the lcaf, they were not greatly affected by extreme weather conditions

or by relataive hunildity 1s long as the leaves were turgid
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The duration of the devilopment lapes of tabact fur cich month of
the year is given in the following tablc by Avidov

prest on £3wnd N1 FHE LIAPE MAENT STV RS BN THI TOBACT Y WINTE FIY
PO ARIGE MONETIS OF THE VLA

. Dretodopmental stages
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As shown, the life gcycle was shorrest, 13 to 17 days, in Aunust, B
when the mein temperature was highest, 20 5 degrecs C At that time the
pre~oviposition porrod wi1s 2 te 3 days, the epg stage 4 to 8 days and the
larval stapes 7-11 davs he Jonpest totil development period was 53 to
75 days in December vhen the mean temperature was 16 5 deprees € The
length of the preovipesition and cgg stages woere not dwdicated for De-

cambeﬁébut the laryil stages lasted 42 to 60 dave in thot month



Avidov pave the seasonnl varlaitisn in the loagevity of adults in

the followinp table

REANEN Y OARRENTEENNY LI OAREIYT JOSTIVIDY

{nwe}

Venth Urat o m_“ziaim Femules .
of temp idults Fauge ity Mo af Longe wiy
tinerg Heg ‘el Yo owg 1o #rie adults L) nax
iJhrgary 114 14 i%1 iy 22 333 0¥
Apd 1% ) 1 w9 3 186 it
My 17 * I3 n 2 %25 19
June i 32 84 1% i L2 H
July 80 o o1 17 0 .00 <k
Ayt nR i6 104 3 18 10 WG
Sepsten bior ] it 10 3 is 170 .t
Oetobier T 17 e 19 kA 314 41
Novaminr ab t is 17 2% %0 13
Deeember 151 1 10 34 12 553 %

The minimum lonjevicy of femiles was 23 days and of males was 3
days in September when the mean temporature was 23 & deprees € The
miximun longovity of females wis 78 days while males lLived ouly 54 days
in Becember then the moan tomperature was 16 5 deprees O

Avidov found thit adults that emerged in Ducember overwintered and
started to oviposit in fic spring when tempesrature wias above 14 5 degrees C
Whea the relative humddity avernpyed below 00 percent, fowiles stopped

ovipasiting and many diecd premiturely Beovelopmant ceased below 12 de-~

A
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Avidov stited that the number of gencitiatione of tabicl varied be-
twegen 11 and 15 pur yeu 1o different parts of Iaracl In the scquence
of penerations studied by Avidov 1in the laboratory, the shortest life

span was 13 days in July and the lengest was 84 days {rom Hovember to

February
FOUERAT 0F CPNPEATHING IN TORACCO MGIITF FIY
O cwrnar Fify spin cLlEre el fefe spin
Cenr atreu f1ed seqgrl {ife?‘.f} f';’mi sear} {fzf ;;:}
st Nov b -Nay 1 . et N 11 Iy
Ind Per 1 ~Fenr 1 41 Nov 2i—I¢h . 81
tred W 19 pr o H feh  *—Apr 4 i
ath Apr 6-Mn ¥ i Apr PO0—RMay 1% «%
b May  7-Myy 27 0 Bivy 21—June & 2z
6ih May 0emjune 15 i Yune 15—July 3 13
7ih June 2ieeJuly 1% 2t iy 5—Juls 73 i
Bth Julv 12—Jubh 1 £ 3y Juby Zi—tuz B8 18
oth A Teedur Y 12 Autg 1t—Anz 30 ¢
1ok Nug S2-t B 1t Sept  G—Yopt IN kil
fith R R P L T 17 Sept 13-t 10 27
{*th i ¥kt g Fad —
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Although Avidev did not work with tabaci on beans, he reported the

insect from Phnseclus vulgnrds, Phiaseolus lunitus, Pisom sativum, Caianus

indicus, Vigni sesqulpedadis 1nd Vipna sinensis

The obs=servaticons of the several workers caited show that the dura-
tion of the life cycle of tabuci is faxrly similar an the countries where

it has been workadsout

A cpecies that I have adentified as bemisia tubercui-ta Boadsr has

been found on soy bewns in Peru 1his species 1+ 1 under tyd L8, 17 s
variable s 1s tabacl It 45 also very clese to tibacd, but I believe
the twn ti1e di tinct opeeies

Bomi 11 taboreoulac: was reported to %i 1 posaiblic veetor of tobaceo
Ieaf curl 1n Venezueln by Wolf, Vhitconb and Hoonwy (1949) fts blology

apparently his not been Lwestigated, but I suspect it would be similar

il ot

¥



that of tabaci 1 have not seen horry dnfestations of tuberculata

; Ay Teiralcurode, acwdwe (Ourdntancd) 1s 1 common species on trees
zg%and shrubgs of the Leguminosae in warmer areas of the United State;
(Arizona, Californii, !lorida, Texas), Mexico, Central Amcrica, and the
fAp Hest Indies  And I hove scen a fow examples from Surisim nnd Vinezuela
¢i1 have seen only 2 collictions of this specics {rom beans, 1 [rom Moxico
- and 1 from Guatcmala

tr The specles has not been recorded as a vector of any disease  The

. Jife cycle of acaclae has not been studied

- Trialcurodes abulilonea (Haldeman) 15 a common spicices on many plants

1nm£hc United States, md it alsoe cccurs iRk Mexico, Central Amcrica and
< the West Indies It is found on green beans and soy bewny Ln the United
Bttes but I litve not scen {t ou beans from othicr areas  Carman and
- Jowett (1922} stated that indoors 1t nad 4 preference tor leguminous plants
Lalrd and Dackwon {1959} were not able to transmit the leal erumple
of cotton with this whitefly, and Dysart and Chamberlais (1960) fatiled to
transmit tobacco ringspot virus from infected to healthy soy bLean plants
with twoe speecies  lHowever, Uildebramd (1959} reported that abutilonea
was a vector of swect potatﬁfeathery mottle in Maryiand, USA, though
Jater (1960) he stdted thar the whitefly transmitred only one componont,
yvellow dwarf, of featherv mortle
Tne bioloyy of 1butilones was investigated by Dysart (1961) on Abuti-

lon in n outdoor insectorv in IFllinols, USA ysart stated that the

r———

e

egp stare Listed 5 to 8 days, tod the dmorture stapes 6 to L6 days The
1ife span of wdults and the total life span were not indicated

Trialcurodes viporariorum {(Westwood), known commonly s the green-—
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house whitefly is known througlout the world as 1 peet of numerous plants
It has long bien barmful In greenhouses in lurope and North Amcrica, and
in recent years his beccome a serlous pest out-of-deors in warm and in
temperate, climates during summer months

Trialcurodes viporaricrum appavently has not proved to be 1 vector

A

of wny virus disecise " Bysart and Chamberlain {(1960) were unable to trans-—

mit tobacco rinpspot virus from infected to hoalthy sovhetn plants with

this aleyrodid

1he habits wnd biology of vaporariorum have been investipated by

sceveril persons includinp Morrill (1503, 1905, llarpreaves (1915), Cirman
and Jowett (19223 and Weber {(1931) Their studies were conducted in
greenhipuses on various plants

Horrill (31503, 1905) stated that the incubition perioed of the wgg

PO - - PR - - - - ——

wag 10 to 12 days, the fiist larval stapc 5 to 7 days, thoe second and
third stapes eich 4 to 6 days, the fourth stage 13 to 16 days, and the
1dults 23 and 3¢ days in the cases that were observed lorrill indi-

cated that the cntare 1ife span of vapoririorum usually was nearly 5

week .

Garmin and Jewctt (1922) found that the epg stape of vaporariorum

lasted 6 to 13 diyg, tte farst ond second larval stages 2 to 8 days, the
third stage 2 to 6 duys, 2nd the fourth stage 6 Lo 13 days These authors
did not give the life spin of adults  The longest 1ifc cyeic they ob-
served was 46 days, but the awverage cycle »1s 21 to 41 divs

Harproaves (1915) gave longer periods for each stape, 11 to 14 daye
for the co,,, 1} to 17 days for the first stage larvae, 14 Lo 22 days for
the second stape, 3 to 36 days for the third stape and 21 to 59 days for

the fourth stage \V'eber (1931) polnted out that the 14 to 22 days given

o g

33k
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%ﬁéby Bargreaves 1s the duwralion of the o cond stwpe were valid for sub-
3 {s

'%?fﬁptiMﬁl temperitures  In Woebor's own experdments, at optimum temper-
i

L

£ atures pf 25 to 30 deprecs £ , the second larval instar lasted 1 to 2

% days, and at 19 deprees € it lasted 3 days  Weber found that the third

Ead

li%-a,!;

e

“larval stage took lonper, 2 days 1t 29 deprees €, 3 to 4 diys 2t 20 Lo

A
l

23 degrees, 6 days 1t 16 to 19 deprecs At 8§ deprees €, development

:

ceascd in the sceond 1md third stage larvac and 1n e,gs  Heber indicated

ﬁ% E?{ l&;‘ ?ﬁ:?g‘

that temperature and reiltive humldity were amportant factors im the 1life

o

k4

* and mertality of the varilous stapes of the greenhouse whitefly

)
T Pupae of the 5 species that I have discussed can be separated into

-

}

3 recognizable groups on the basis of ghei; appearince on their host

¥
4
Helgh %’ .

plants. larvae of the 3 sroups alse are somctimes distinguishable,

o
PN

bul most adults are not It should be remembered that the chiracter-
-  istics that di.tinpuish the 3 groups may noi sepirate them from eother

specics that miy eventually be found on beans

Tetraleurades ngacilac represents one group  The pupae of this

species are black, couvex dorsally with a depressed line arcund the
submiTEIn The body i+ enexreled by 1 white, slightly [loceulent,
waxy secretion that ertends ocutwird fiom the marpin Perfcot speci-
mens have a little thitc was on the dorsum, but this froquently 1s de-
stroyed.  The color, the convexity of the body amd the pature of the
waxy cecretion ef the dnsect oave entively dastinct from the other specles
treated here  The favvae 1lso ire black anae convex dorsally

Slide of Tetrnleuvodes acacine

Bemasi tabicl and Dewisin tuberculata represent another group

Shese species ave colorless or very pale yellowish or preenlsh, and thedir
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waxy sceretion is colorle.s, very thin wd uvsuaily is ipparent enly under
magnification lhe body cutline of ¢ibicd <sd tuberculats varies, but
it tends to tuper toward the posterior end and to be sliphtly nirrower
there thao at the anterler end  The dorsal surface is flat or very
slightly convex  The larvae of thesc 2 species are colorless or slipht~

1y vellowish or preenish

Irialeurcdes abutilenen ind Trialiurcdes vaporariorum represent

the third rroup these species are actuilly or neirly {11t dorsally and
bear consplcucus wisy scereatlons  Glassy, colorlecs vod  of wax arise
from the hody, there¢ Is 1 thin laycr of <dfitlar was on the dorsum, and
in mature pupae a vertical pildisade of thain, trapslucent wax cxtends

from the body maryin to the surface of the leaf These speeres are

Subf&lliptic&l an outline  lhe body is colerless or pile yellouish, -~

or abutilonca miy be brown in the median arer of the devsunt Larvae
of these species 1lse are subelliptical dn outline and can sometime  be
separated from Bemicia by their <hape

Slides of Irisleuvrades abuytiloncy and vaporariorun

Accurate determivatzons of the specres discussed hiere cin be made
only from well prepared, slide mounted specimens Lxmples of Tegrileu-—
~

redes acaciie must be bleached, «hile the other specics should Le stained

for best results  The species of Lemisio and iriileuredes exhibit exten-
~jve vairistion in some structures and in such cases, (xpericnce is m
1sset in dotermining the insects VYaraiation in structure  froguently

can b corielrtid with the physical properties of the Loaf on vhich the
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ingects developed Such variation is «vident ia the illustrations of
Demisiz gibaci, Trrgleuroder :butilonen and Trialeurodes ¥iporaricrum

The illustration of letralcurodes acacize serves only to show dif-

ferences botween this and the other species discussed here




Tetraleurcde- acaclae,

alfter Quaintance
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The following key, combined with the {llustrations, should bLe

of help in scparatine the 5 specice  Please refer to the 1llustrations

1 Pupice dark brows or black, mirpin with strong tecth, well de-
fined ridges cxtending from marginal tecth to submarginal
ridge, with 1 submarginal ridpe bearinp a single row of
disklike pores, with a furrow just vesad of the submarpin-
1l vidye, operculum £illing the vasiform orifice and con~-
cealing the swill spatulate lingula
letralenrades acnefie (Quaintince)
Characters not as zbove N 2
2 Without subrurginil or ether papillae, linpula not lobed,
body marglo not wniformly crenulate, body outline sub-
avod o - 3
With submiri {n7] and with or without dorsal papiillae,

Iinpuly lobed, body wirpin uniformly crenulate, body

outliane subcliipticnl 4

* I ﬂ,}f
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Widest part of vaclform orifice 18 wide or slijhtly wider

than length of the caudal furrow, with 1 meddan tooth
at distal end of vasiform orifice and usually with 1
to 3 teeth 1t antvrior end of caudal furrow, operculum
broadly curved around poctoerior margin, pupac 0 60 te
0 85 wm long 1nd 0 45 to O 60 mm wide

Bemisit tabaeci (Gennadius)

Widest part of vasiform orifice about one~third less
than lenpth of caudal furrow, without 4 median tuoth
at distal end of vasiform orifice or at anterior end
of caudnl furrow, but with 1 or more’trinsverse lines in
these areis, operculum nirrowly curved around posterior
margin, pupac 0 75 to 1 mm lonp and O 60 to 0 75 vm

wide Bermigiv tuboerculata Bonaar

Minute pores mesaud of submarginal piplllae, papillae
broadly curved 2t apes, mirginal crenulaticas nar-
row, “hout 30 in 100 p, pupae usually O 60 to O 90

mr1 leng and O 45 to 0 80 wide Trialeurodes sbutileonesr (Haldeman)

Minute pores distad of submirginael papilltae, papillae nar-—
rower nd shreper at apex, mirpinil crenulatlons wider,
2bout 12 4 LOO w, pupae wsually € 75 to 1 10 om lony

and § 50 to O 75 =m wilde Trideuvedes vaporaviorum (Weetwood)
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Breeding for resistance to Empoasca kraemeri.

A v Schoonhoven
CIAT, November 1975

1.~ Intreoduction

Resistance to insects in plants 1s defined by Painter
{1951} as the heratable characteristic of a variety of plant
species to produce a larger crop of & beltor gqualaity than othro

varieties at the same level of insect population,

[n this definilzion resistance 15 limited to diffcrences
within a plani species. Difference in insecl attack among spedc.
fall in the category of nost-planbt seleckbion The defainition
also says that Lhe cnaracteristic 1s ainherited from parents
offsprang. Apparent reosislance may also boe due Lo for insiec.

a fertilizer response or escape from attack and ave erouwpls

of noninherited resistance.

»~

seststant plant varietics have many advantages over r-
which are not resistant Insects are controlled without int
vention in other species, there 1s no pollution and once t--

1 resistant variely i1s developed, 1t can bhe nsed without extee

costs which 1s of special 1mportance to low inccme produace. ™
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Some of the disadva@ntages of resistance are the time and
cost 1nvolved to develop a resistant variety, which i1s however
rmuch cheaper than the cost of Lhe development of an insecticige
Very few examples are known where resistance to an insect has
broken down This is in contrast to pathology, where new races
often are formed as rapidly as new resistant varieties are
produced In parthenogenetic reproducing insects some examples

are known of lost resistance.

2 — Resistance Mochanisms

Resistance, as observed in Lhe f1eld was divided by Painter
{1951) into Lhrae‘ggéhan;émswba%eﬁ on inseci-host-plant inter-
action. khostlly a combination of these 2 mechanisms 15 present
in resistance  inese are
a.- Non-prefcrence a wariety 1s less preferred than ancther
variety for oviposition, fecding or shelter,

b - Antibiesis a variely has an adverse effect on Lhe biology
of the insect Thas ris probahly Lhe least desirable form
of resistance as it places a selection pregsure on the
mnsects

c ~ tolorance fhis 15 the abirlaby ol a plant varicly to repall:
recover or withstand insect attack This i1s the most {aver-

able and natural form of resistance in my opinion, as it

daes not croate seleclive {orces to break resistance., Planté
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and winsects in their individual struggle for survival have
found a status 1in which no evolutionary forces to break
this status are present It also permits continuous insect
populations as hosts for parasites and predators It re-
quires however training of the crop grower to convince him
that no economic losses will result, within certain limits
{the economic threshold population}, despite Lthe presence

of 1nsects,

3.— Literature on resistance in boans to L. kraemery

In the literature, eg Gutisrrez et.al. (1975),E. kraemer:
15 reported as Lhe principal bean pest in Lalin America It
does not. transmit wvirus diseases bul 1t 1s suspected that ag™™
induces growlh regulaling substances 1n Lhe plant tissue. The
wide distribution of the leafhopper and its high population
numbers, ?spealally in dry season conditions, contraibute to

1ts mportance

the literature on E. kracmery 1s limiled, while most
research has been done on E  fabace lhe two specles were sepa-
rated in 1957 by Ross and Meore and L fabae scems te be limited

America and the Caribean E. kraemer:i does not transmit virus




diseases 1n beans The only leafhopper hnown to transmit virus

diseases in beans in America 1s the beet leafhopper Circulifer

{=Eutetlix) lencllus, which transmits curly Lop Resistant

varieties to the becet leafhopper like Idaho Refugee {(reported
resistant to £ fabae) Burpee Stringless Cicenpod and Landreth
Straingless Greenpod do alse have reduced virus ncidence,

{Dallock, 19463.

Chalfant {(1965) tecsted 28 varietiecs (or leafhopper (E.
fabae) resistance He found a highly significant positive cor-
relation (r = 0 64) between insect counls and damage scores.

The nunber of nymphs per leaf ranged from 0 15 {(on fopcrop) to

2.21 {on Whalte alf Runner}, vhile the danage on a 0-10 scale

ranged from 0 4 (C 14} Lo 3 5 Ffor NMo'ntaincer

McFariane and Reeran {1943) tested 27 varicties of Ph.
volgari . for E. fabac resistance Thoey fourd Henderson Bush
Lima noustsresistant vhile Idaho Retfugee raaled 3rd. The resist-
ance ratings of the same varieties over the 1 replicates was

wery wniform, indicating homoygeniety of infoslation

Most. tesearch on resistance 1n beans to 'L fabae has been

publizhed by Wolfenbarger and Slecswan in 1961 They also found

a haighly siomaiflrcanl positive correlation belween hopperburn

rating an’d nymphal counts {(r = O 90}, hovcver they also found
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tolerance to nymphal attack This was expressed in FM-52
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per leaf reached 15.0. They walue resistance scores based on
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nymphal population higher than hopperburn ratings as this also

included prefeorence for oviposition Low nymphal counts were

o at ¢ %
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%
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¥
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= obtained from PI 151-014 and PJ 173 - 024 with 0 3 and 0.4

%i nymphs per leaf, respectively, while Duteh PBrown with 19 7

3 nymphs per leaf was the highest recordsed rhey obtained a cor-
- relation of r = -0.19 {n g )} for number of cpidermal hairs and
i3 nymphal population Therefore hair density was not related to
resistance bul hair type st1ll may be. In other Phaseolus
species thay alsc fodﬂgwgraagwéi%fexences 10 resistance ranking
among the varieliles Jlagh levels of resistance were found among
Ph. aureus and Ph lunatus and Ph radiatus sources. They found
in interspecific crosses boetween resistant and susceptible
materials andications Lhat resistance was recessive FPlant
Character;3t1C5 that were studied for association with resist-
ance showed, that pod color, leafarea, and growth habit were
uncorrelated with nymphal counts, however taller plants had
significant fewer nymphs, and also intermedipte maturing varie-
ties and those possessihg mOSalc resistance were more resist-
ant. Pink sceded varieties were more resistant than those with

. a mottled secd color
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Medina and Guerra (pers. comm.) found Dwpoasca resistance,
in Negro 606 and Canario 101, wnich were also resistant to the
Mexican bean bectle and the bean poed weevil. Avalos (pers. comm )
also found large differences in Dnpoasca resistance among bean
lines, with some lines giving equal yields in protected and non-

protected plots

4 - LIAT's Empoasca kraemerl resistance program

CIADM's entomology program has as main objective to reduce

the econcomic 1mportance of pests by increasing the resistance

T

to these pesls in new bean varieties 1t 13 hwped that in this

- w - [ P - - . R

way the need for insecticides will be »educed and that in absence

of c¢hemical control measures a reasonable yield can still be

¥

ehtained

veveloprent of resistance to Cmpossca kraemer:, the princi-

ple bean pest of Latin America, 1s the first objective in our

program

o achicove above obijectives for L kraencrl varietlies were

screened for resistance to L kiaemeri. irst commercaial va-

s
S e 38 bt B DR 2 | el S e ¢k wbe e b

rieties werce tested, and as the levels of resistance found were
not high enough, resistance sources mentioncd in- the literature .
were Lested, folloted by the screening of Lhe CIA! 's germplasm

bank {aboubt CG00 1 ove been scroened, which 1s the avairlalbkle

J DT SR E S T



part}. Until now we have not encountered levels of resistance
high encugh to ensure good yields under high leafhopper popu-
lations. Sore attention 1g paird to levels of resistance in
other cressable species with Ph. vulgaris, lx2ke Ph. coccineus.
However the main emphasis 1s placed on a large hybridization
program within Ph  vulgaris to raise the level of resistance,

or to combine different resistance mechanisms to ralse relst-

ance in this way

After screening the available material in the germplasm
bank of CIAT, 395 entries were selected for advanced testing.
These entries will be planted in replicated plots .tc score — - -
damage, in the form of hopperburn and to make nymphal counts and
jinstar distribution of the nymphs, which we hope will indicate
aniibiosis type of resistance. Until now, field tolerance was
the main type of resistance selected for. Some materials, re-
ported resistant, were not classified among the most resistant

entriecs.

Mechanigns of resistance
i —

Lines selccted for resistance in the Mield did show average
leafhopper populations In detairled laboratory tests with few
varzeties we found a significant ovipositional non-preference

in ICA-Tui, @ blact sesded variely being least preferrod But



placing the varieties andividually, in cages without choice,

no dirfferences were found in oviposition rate, indicating a low
level of non-preference. Che non-preference was as well for
oviposition as for feeding when tested with males only Anti-
bicsis in these selections and in 54 addalional ones tested,

was not found,

e level of resastance found so far i1s sufficient in
the wet scason, when leafbopper populations are generally low.

" Selection 73 vul 3624 yielded equal with and without insect-
icadal protection, but in the dry season undoer high population
pressure the yield increased 4 2 fold fcellowing protection
this clearly indicated that resisiance is present, especaally
wiien data are comparcd with susceptible lines, which gave a
3 and 36 fold yield increases in the wet and dry season, respec-
tively the 36 fold vield increase was oblLained with the most

-

popular Colombaian varicly, Diacol-Calima

5.~ Future yescarch

. Fourtren of our besit sclections entercd a diallel crossing
program Lo wiasure which crosscs gave Lot wncrease in resist-
ance {combining ability) TIndividual plants, selected in the

F2 will be cros-cd and tested again  With this recurrent selec-

R SRR L N T M Sy
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tion procedure we hope to raise the level of resigtance suf-
ficiently Also crosses are being made between the 14 selections
and a susceptible varrety to test inheritance of resistance

and detect different genes for resaistance.

Studies are underway to refine screening procedures both
to better screen indavidual plants in segregating populations
and to make the evaluation scale sufficiently sensitive to detect
small differences in levels of resistance. When the level of
Empoasca resistance can be raised sufficiently by hybradization

and selection, more emphasis will be placed on saimilar programs

for leaf feeding beelles (Diabrgtica, Cerclowa, etc) and mites.
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waxy secretion 1s colorle s, very thin mnd wsuilly Is spparent only under
imxgnificatlou ithe body eutline of tibicl wnd tuberculata varies, but

it tends to taper toward the posterlor end and to be slightly nsrvrower
there than at the anterior end  The dorsal surfnce is flat or very
slipghtly convex The Iarvae of these 2 species are colorless or slipht-
1y yellowash or greenish

S1iles of Bewmisia tabaci nd guberculata

irialeurode s butilonen ind Trialcurodes vapoririovum represent

the third proup  1lhese spoecies are acturlly or neirly {1t dorsally and
bear conspicuous wany sccreations  Glassy, colorles roed of wix avise
from the body, there is 1 than layer of sidmilar win on the dorsum, and
in mature pupae a4 vertictl palisade of thain, translucent wax cxtends
from the body margin to the surfacre of the leaf  lhese species are
subfelliptical in ontline” 1hdbody is cororress or piic yellowish,

or sbutilonca miy be brown in the median aren of the dorsum Larvace

of thesc species also are subelliptical in outline and can sometime. be

separated fror Lemisit by their shape

Slades of Irisleurcdes abutilonc and vaporarierun

Accurate determinitions of thoe speciecs discussed hoere ein be made

only from well prepared, slide nountod specimens Lxanples of Tetralep-
LY

rodes 1qcaciae nust be bleached, while the other specics should be stained

for best results  The spicics of Lemisia and driilcurodes exhibit exten-
slve vairistfon in some structures and in such ¢ases, cxporience 1s
wsset in determioing the inscots Yariation In structures froquently

en b coriolated with the physical properties of the Lof on which the
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insects developod Suel variation is «vident in the illustrations of

Bemisfa tibaci, Traalenredes abutilonen nd Trisleurodes vaperariorum

The illustration of letrilcurodes acacine serves only to show dif~

ferences between this and the other specles dilgcussed here

i —

-

e
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Tetrileurades 1caciae, alter Qualatance
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The {ollowing key, cormbined with the 1llustrations, should be

of help in scparating the 5 specles  Pleise refler to the fllustrations

1 Pupac dark brown or black, margin with strong teeth, well de-
fined ridpes catending from marginal teeth to submarginal
ridpe, with 1 submarginal vidge beavingy g oingle row of
disklike pores, with a furrow iust vesad of thoe submarpin~
1] ridee, operculum £illing the vasiform orifice nd con-
cealing the smill spatulate 1lingula

letraleurades 1eacite (Qualntance)

Characters not s above , 2

2 Without ubnarpinal eor other papillae, lingula not lobod,

body margin not wndformly crenulate, body ocvtline sub-

ovoid — - ) T - T T3
With submirginal and with or without dorsal pipillae,

linpuly lobad, body mavein uniformly crenulate, body

outline suocliiptical 4




1%

3. Widest part ol visiform orifice 18 wide or <1lijhtly wider
rhan lewpth of the chudtl furrow, with 1 modian tooth
at distal end of vasiform orifice and wsually with 1
to 3 teeth a1t nterior end of caudal furrow, operculum
broadly curved around pocterior margin, pupae 0 60 to
0 85 mm lonp nd O 45 to O GO om wide .
. . . Bemisis tabact (Gennadius)
Widest part of vasiform orifice about one-third less
thhan length of cawdal {urrow, without 2 median tooth
1t distal end of vasiform orifice or at anterior end
of ecrwudal furrow, but with 1 or more’trinsverse lines in
thesc 1rets, operculum narrowly curved around posterior
margln, pupae 0.75 to 1 mm long -nd O 60 to O 75 nm

wide “anaaew Bemisia tubcrculata Bondar

4 Minute pores mecad of submirginil paipllize, papiline
broadly cutrved 1t ape+, wiarglnal crenulations nar-
row, about 30 in 100 p, pupie usually O 60 to 0 90

mr lonp and 0 45 to 0 60 wide Irisvleurcdes abutiloner (Haldeman)

Minute pores distad of submirginal papillze, papillae nir-
rower ind shwwper at apex, mirginil crenulations wider,
ibout 12 in 100 u, pupre usuilly 0 75 ta 1 10 =m lony

and D 51 to O 75 mm wide irinleuredes vaperariorum (Westwood)
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Breeding for resistance to Empoasca kraemeri.
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Resigtance to ingsecls in plants 1s defined by Painier

§

{1951} as the heritable characteraistic of a variety of planl
species to produce a larger crop of a belter quality than othe

varielies at the same level of insect population,

n this definition resistance 1s linited to drfference~
within a plant species. Difference in wnsect attack among spe .
1 fall 1n the caktegory of host-plant selection The definition

also says that Lhe cuaracteristic 18 inherited from parenis

offspring Apparent resistance may also ke due to for irsts .

b ol

a Jorte,.zer Lesponsc or escapc {rom attack and arce eranplsz

A& a2

of noninherited resistance,

| *

Resislanl plant varietlies have many advantages over th

vention in other species, tnere i1s no pollotion and once the
reststant variely 1s developed, b can e used withoul oxbrs

whach are not resislant Insects ave controlled without in
costs which is of special importance to low income produaco.



Some of the disadvantages of resistance are the time and
cost involved to develop a resistant variety, which is however
much cheaper than the cost of the development of an insecticide
Very few examples are known where resistance to an insect has
broken fown. This 15 in contrast to pathology, where new racesg
often are formed as rapidly as new resistant varieties are
produced. In parthenogenetic reproducing insects some examples

are known of lost resistance

2 ~ Resistance Mechanisms

Resistance, as observed in the freld was divided by Painte-

(1951} 1into three mechanisms lbased on insect-host-plant inter-

action llostly & combination of these 3 mechanisms is present

m resistance  Thesoe avle

a - hon-prcference a variety is less preferred than another
variety for oviposition, fecding or shelter

b - Antibicsis a varrety has an adverse effecl on the biology
ol tue insect This is probably the least desirable form
of resistance as 1t places a selection pressure on the
msects

¢ —~ twlaance thais is the abviwty of a plant varicly to repalfr:
recover or withstand insect attack This 1s the most favoI”

able and patural form of reeirsiance 1n my opinion, as 1t

dees nol craate scleclive {orces to break resistance plant®

o
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and insects in their individual struggle for survival have
found a status in which no evolutionary forces to break
this status are present. It alsc permits continucus insect
populations as hosts for parasites and predators. It re-
gquires however training of the crop grower Lo convince him
that no economic losses will result, within certain limits

{(the economic threshold population), despite the presence

of insechs

3.— lateratuyre on resistance in boans to ©. hraemeril

In the literature, eg Gutierrez et.al. (1975)},F. kraemeri

1s roported as the princapal bean pest in Lalin America It

deoes not Lransmit virus diseases bubl Lt_zsgguspected that 1t

induces growith 1egulabing substances i1n the plant taissue. The

wide distribution of the leafhopper and its high population

nusbers, especially in dry season conditions, contribute to

its uweportance.

it

ine literature on £ Kkraereri is limited, while most

rescarch has heen done on E  fabae ithe twoe specles were sepa-

rated in 1957 by Ross and Moore and L

L B TR, AR

to the USA while I kraemer:i 1s reported {rom Florida, Latin

Arerica and the Caribean L. kraemery does not transmit virus

o
T
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o
H
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fabac scems to be limited



diseases in bheans The cnly leathopper hnown to transmit virus

diseascs in beans in America is the beet leafhopper Cairculafer

(=Butettix) Lencllus, which transmits curly top Resistant

varietles to the beet leafhopper like Idaho Refugee (reported
resistant to [ fabae) Burpee Stringless Giecenpod and Landreth
Straingless CGreenpod do also have reduced virus incidence

{(Nallock, 1946).

Chalfant {1965) tested 28 varieties for leafhopper (E.
fahbae) restistance He found a highly signilicant positive cor-
relation (r — 0 64) between inseci counts and damage scores
The numbexr of nymphs per leaf ranged from 0 15 (on fopcrop) to
2 21 {on Whaite Half Runner}, while the danage on a 0~10 scale

ranged from 0 4 (L 14) to 3 5 for tlo'nlaincer

cTarlans and Reeran (1943) Lested 27 itarielies of Ph.
vulgaris for E. fabac resigtance. Tacy found Henderson Rush
Lima rostsre.asiant while Idaheo Relugee ronled 3rd The resist-
ance ratings of the same varieties over the 4 replicates was

very vniform, indicating homogenitety of infestatlion

baost re-carch on resistance in bean. to I fabae has been
publisbicd by Wolfenbarger and &icosman in 1961 Fhey also found
a highly siaualicanl positive correlation velween hopperburn

rating and nymp.al counts (r = 0 90), ho cver they also found

=7 m-»iﬁm
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tolerance to nymphal attack. This was erpressed in FM-52

which had a hopperburn rating of 0, while the nymphal population
per leaf reached 15.0 Trhey value resistance scores based on
nymphal population higher than hopperburn ratings as this also
included preforence for oviposaition Low nymphal counts were
obtained {rom PI 151-014 and Pl 173 - 024 with 0 3 and 0,4
nymphs per leaf, respectively, while Dutch Brown with 19 7
nymphs per leaf was the highest recorded rhey obtained a cor-
relation of ¥ = -0 19 {n 8 ) for number of cpidermal hairs and
nymphal populataion. Therefore hair density was not related to
resastance bul harr type still may b¢  1In other Phaseglus
species thay also found great differences 1n registance ranking
among the varielies Iiiagh levels of resistance were found among

Ph. aureus and Ph lunatus and Ph, radiatus sources. They found

in interspecific crosses between resistant and susceptaible
materials 1ndycations that registance was rccessive Plant
cﬁaracter;stics that were studied for association with resist-
ance showed, that pod color, leafarea, and growth habit were
uncorrelated with nymphal counts, however taller plants had
significant fcwer nymphs, and also intermcdiate maturing varie-
ties and those possessing mosalce resistance were more resist-

ant Fink scoded varicties were more resistant thon those with

a mottled sced color



Medina and Guerra [pers. comm.) found Luwpoasca resistance,
in Negro 66 and Canario 101, which were also resigtant to the
Mexican hean beetle and the bean pod weevil. Avalos (pers. comm |
also found large differences in Empeasca resistance among bean
lines, with some lines givaing equal vields in protected and non-

protected plots

4.—- CIAIl's Lmpoasca kraemerl resistance program.

CIAT's entomology program has as main objective to reduce
the economic importance of pests by increasing the resistance

to these pests 1n new bean varieties, It 15 hoped that in thas

— V. SN -

way the need for insectaicides will b reduced and that in absence
of chemical control mcasures a reascnable yield can still be

obtained,

Developrenl of resistance Lo Empoasca kraemeri, the princi-

prle hean pest of Latin America, 1as the first cbjective in our

program.

I'o achicve above cbiyectives for £ kiaemeri varieties were
scraened for resistance to E. kracemery [Mirst commercial va-
rickties wore lested, and as the levels of wesisiance found were
not hirgh enongh, resistance scurces mentioned ain the literature
were tested, followed by the screening of the CIA s germplasn

Iank {aloutb £000 heve been screened, which 1s the available

A el
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part} Until now we have not cncountered levels of resistance
high enough to ensure good yields under high leafhopper popu-
lations, Some attention i1s paid to levels of resistance in
other crossable species with Ph. vulgaras, like Ph. coccineus.
However the wmain emphasis is placed on a large hybridization
program within Ph  wvulgaris to raise the level of resistance,
or to combine different resistance mechanisms to raise reirst-

ance in this way.

After screening the available mater:al in the germplasm
bank of CIAT, 395 entries were selected for advanced testing.
These entries will be planted in replicated plots to score
damage, 1n the form of hopperburn and to make nymphal counts and
anstar distribution of the nymphs, which we hope will indacate
antibicsis type of resistance Until now, ficld telerance was
the main type of resistance selected for Some materials, re-
ported regsistant, were not clagsified among the most resistant

entries.

Mechanisng of resistance

Lines sclected {for resistance 1n the ficld did show average
leafhopper populations In detailed laborabtory lests wilh few
varielties wo found a significant ovipositional non-preference

in ICA-1u1, a olaclk seeded vairicly being least preferred But



placing the varieties indivaidually, in cages without choice,

no differences were found in oviposition rate, indicating a low
level of non-preference. rhe nen-preference was as well for
oviposition as for feeding when tested with males only Anti-
biosis 1in thesec selections and in 54 addilional ones tested,

was not found.

rhe level of resistance found so far i1s sufficient in
the wet scason, when leafbhopper populations are generally low
Selection 73 val 3624 yielded equal with and without insect-
1eadal protecth&: but*ig the dry season gp&gf_@}gh population
pressurce the yield increased 4 2 fold following protection
Ihis c¢learly indicated that resistlance 1. present, especially
when data arce compared with susceptible lines, which gave a
3 and 36 fold yield increascs in the wet and dry season, respec-
tively Tho 36 fold vield increasce was opntained with the most

~

ponular Colombian varvicly, Diacel-Calima

5 - Futbture r1escarch

R iouriren of our bost selecetions entered a daallel crogsing
pragram Lo ™ acure whaich creocses give be L incvease in Lesist-
ance {(conbining ability) Individual plants, selected in the

Fz will he crossed and Lested ajawn Wikth this reocurrent selec-
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tion procedure we hope to raise the level of resistance suf-
ficiently. Also crosses are being made betwseen the 14 selections
and a suscecptible variety to Lest inheritance of resistance

and detect different genes for resistance

Studies are underway to refine screening procedures both
to better screcen indivadual plants 1n segregating populations
and to make the evaluation scale sufficiently sensitive to detect

small differences in levels of resistance When the lewvel of

Empoasca resistance can be raised sufficiently by hybradization

and selection, more emphasis will ke placed on similar programs

for leaf feeding beelles {(Driabrotica, Cerolowa, etc) and mites,
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THE IHPORTANCE OF EMPOASCA SPECIES
AS BEAN PESTS, TYPES OF INJURY,
THEIR BIOLOGY AND CONTROL

Floyd F Smith

US Department of Agriculture
Agricultural Research Center
Ornamentals Laboratory
Beltsville, Maryland 20705

From a taxonomic standpoint, the genus Empoasca 1s large and difficult
More than 300 species have been described They are distributed through-
out the world and vange from Arctic regions to the Tropics It seems
apparent that many more new species remain to be 1dentified and described
Identification 15 difficult because specific characteristics for differ-
entiating species are based on the internal male genttalia that are re-
vealed only by clearing the insect 1n heated, caustic potash (KOH)
solution, dissecting 1n glycerine, and examining them under high magm-
fication (Lenglitz 1964) To positively identify an Empoasca female,

it 1s necessary to rear her progeny under 1solation and to examine the
male offspring.

Distribution of a given species of Empoasca 15 generally confined to one

T regton although tt may be wideéspread 1n 2 continental area  For example,

the potato leafhopper, Empoasca fabae {Harris), 1s widely distmbuted 1n
the eastern half of the Umited States and parts of Canada but does not
occur in South America as once reported {Langlitz 1964) The southern
garden leathopper (E solana Delong) 1s generally distributed throughout
the United States but has not been reported from the Tropics The eco-
nomically important leafhopper (Empoasca kraemeri Ross and Moore) 1s
known from Florida, Puerto Rico, Mexico and i1ntervening Central American
countries to Peru 1In ET1 Salvador, 1t was apparently the dominant spe-
cies in a complex with three other species of Empoasca

Hany species of Empoasca in temperate regrons Tive throughout the year
in the same genera% area, the winter 1s passed as hibernating adults or
as eggs in plant tissue However, the potato leafhopper, Empoasca fabae,
does not survive 1n colder regions but winters only 1n the warmer Gulf
States and migrates nporthward each spring From two to three generations
develop on crops during the summer growing season The female ynserts
two or three eggqs per day into the veins or petioles of leaves on the
underside. Eggs hatch in about 10 days, and wingless nymphs 1ncrease
rapidly in size and molt 5 times when they become adults in about two
weeks. Populations are highest from June to September after which they
decline and disappear with freezing weather




Types of Feeding Imjury by Empoasca

The species of Empoasca may be divided 1nto two groups according to their
feeding habrts E]ﬁ Those that feed on the spongy mesophyl? and pati-
sade tissue cause the cell waills to be torn, the cells emptied of their
contents, and definmite stippling on ithe upper surface Of 5 species
studied, each caused a stippling distinct for the species  Also, these
mesophyll-feeding species e«creted dark fecal deposils characteristic
for each species, whereas the phloem-fesding non-stippling species ex-
creted ¢lear droplets (Smith and Poos 1931} (2) Those species that
feed on the phloem and other vascular tissue deposit sheath material
that interferes with translocation which results n accumulation of car-
bohydrates and 1n the development of secondary syrmptoms of yellowing,
reddening, distortion, and death of leaves ¥Wilting and death follow
when xylem tissue 1s plugged and disorganized by the feeding leafhoppers
{Smith and Poos 1931}  Smith {1933} showed that sheath material 1n the
feeding tracks in Empuasca fabae could be differentiated from plant ma-
terial by color reactiors that wndicated 1t was proteinaceous  Johnson
(1934, 1938) was able to reproduce the symptoms of Jeafhopper feeding

1 clover and alfalfa by mechanically severing phloem and xylem tissue
1n the vascular bundles and concluded that carbohydrate accumulation and
characteristic symptoms of the affected host were due Lo clogging of the
foed~conducting elements and wmaproper translocation

Medier {1941} 1n histelogical studies on feeding punctures by E fabae
noted hypertrophy of affected cells characterized by nuciear enlargenent
and prominent satranin-staining nucieolr  He interoreted these Tecal
changes as evidence of the insect's toxvcogenicity as the cause of pri-
mary symptoms  External sywptoms of chlorosis and reddening as noted

by previous workers were ascribed to interference wiith translocation and
considered to be secondary symptoms {Carter 1962} The nature of the
toxicogentcity by £ fabae has not been identified  However, Herford
(1935) reported that £ solana Delong, which Jike fabae feeds 1n the
phloem tissue and causes hopper burn, injects the enzyme diastase while
feeding This enzyme 1$ capable of nverting suerose

Crop Danage by Empoasca Leafhoppers

The potato leafhopper, Ewmpoasca fabae (Harris), ¥s the most serious pest
of potatoes 1n the eastern Umited States and 15 bnown to feed on wmore

than 100 cultivated crops and wild plants  The insect overuinters 1n
Florida and other Culf States vhere 1t breeds on alfalfa, beans and weeds
it magrates northvard In ihe spring, feeding on young leaves of oak, hickory
and other forest tiees + appears” suddenly 1n May or June on beans, clo-
ver, alfalfa, and young shoots of apple maple end many forest trees
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Later, 1t attacks potatoes when sugar content becomes higher Popula-
tions can reach 12 to 25 mi1lion leafhoppers per hectare  Injured
leaves on beans, apples and forest trees are stunted, dwarfed, crinkied
and curled On alfalfa, leaves become yellowed and, on clover, leaves
become reddened Nymphs cause more damage than adulis

The potato leafhopper feeds on the veins on the underside of leaves

On potatoes, where the 1njury 1s called "hopper-burn," the first symp-
tom 1s & brown, triangular patch at the tip of the leaf, folloved by
sw lar patches at the end of each lateral veinlet Entire margins be-
come brown and furn nward untal only a small area of green remains
along the midvein  Yield of potatoes 1s greatly reduced

Impoasca kraemeri (Ross and Moore), another phicem feeder, was described
from beans 1n Nicaragua and has been reported from Columbia, Cuba, Hon-
duras, Hexico, Panama, Puerto Rico and Florida We found 1t to be the
most abundant species on beans in E1 Salvador Langlitz (1964} reported
1t from Peru on cotton, potatoes, sweet potatoes, barley, beans, corn,
Pantcum sp , peanuts, Ricinus commumis, Vigna sinensis, and tobacco
According to Langlatz (196), the earlier report that E fabae (Harris)
g;cﬁrred ;n Peru was %ﬁ error  The species involved was gctuai?y .

poasca kraemery  Of the 15 species of Empoasca reported by Langliiz
from Peru, 11 species are described as new  Although Langlitz listed 10
species from economic crops in Peru, he did not relate the nature of
their injury  His bibliography includes reference to a number of taxo-
nomic papers which should be valuable as reference malerial

_According to my observations in E1 Salvador, Empoasca kraemery 1n asso-
ciation with three other-species, E prona, £ arator, and £ spp ,

was most abundant on bean crops during the dry season Curling and
chlorosis of bean Teaves and stunting of growth was typical of that
caused by Empoasca fabas In the Sudan, E libyca de Bergevin, a

phloem feeder, caused severe hopper-burn injury on cotton  Cotton-
growing 1n Luzon vas prevented because of £ flavescens Fab ilhat caused
wilting and drying of Teaves In Haway1, £ solana causes severe hopper-
burn injury on lettuce and celtuce {Carter 1962)

Among the mesophyl]-feeding species of Empoasca, several occur 1n the
United States as major pests of vegetable ¢rops The intermountain
leathopper E filamenta Delong occurs at hygh altitudes in arid regions
where rainfall 1s under 25 ¢m and 1s a pest of beans, sugar beets and
potatoes The western potato leafhopper, E abrupta Delong, and the amd
teafhopper, E arida Delong, occur at Tow attitudes and low relative hu-
midity from Texas to Oregon and cause extensive stippling of foliage on
bean and potato  The apple Jeafhopper, £ maligna (Walsh) causes exten-
sive stippling 1njury on apple foliage wn the eastern United States

{Metcalf 1962)

The cotton leafhopper. Empoasca devastans Distant, i1s the principal pest
of cotton 1n India and also breeds on other crops (Nielson 1963)




Disease Transmission by Empoasca

The papaya leafhopper, Empoasca papayae Oman, was first suspected in 1938
as a vector of bunchytep virus 1n papaya 1n Puerto Rico  Adsuar (1946)
reported the successful transmission of this disease 1n Puerto Rico  The
symptoms of the disease were expressed 1n 71 of 80 trees 1n about 1-1/2
months after inoculation  Sein and Adsuar {1947) found that males as
well as females transmitted the disease Bird and Adsuar {1952) found
additional information on the nature of the virus  This leafhopper 1s
the only known vector of bunchytop virus of papaya

The cotton leafhopper, Empoasca devasians Distant, 1s the principal pest
of cotton 1n India and also breeds on hollyhock, castor plant, eggplant,
potato and okra This species was reported as a vector of little leaf
of eggplant (Thomas and Krishnaswami 1939}  tHowever, only one of 9
plants tested became infected and there are no later records confirming
transmisston It 1s unlikely thal this species will becomme mportant
{N1elson 1968) as a vector although 1ts damage by direct feeding 1s of
great economic importance

Control of Empoasca

Plant resistance In studies on resistant and susceptible potatoes,
varietal differences n reaction to fTeeding by E  fabae may involve both
morphological and physiological charactermistics  The resistant varety,

Sequora, compared to~the susceptible Cobbler, has thickér-walled collen- ~

chyma and 1ts phloem 1s more extensive and 15 at a greater distance from
the lower epidermis and thereby less accessible to the leafhoppers
(Peterson and Granovsky 1950}  Sleesman (1940} 1n testswith 12 species
of Solanum found that four species were highly resistant or ymmune In
tests comparing 27 varietres of snap beans and Vima beans for resistance
to E fabae, Mc Farlane and Rieman (1943) found that early maturing
varieties were generally more susceptible than late maturing varieties

I have made Timited obseivatvons on beans from the world collection that
Ing Beinado Patinio has grown in E1 Salvador for testing susceptibility
and resistance to both golden mosaic infection and Empoasca 1njury  Be-
cause of the great differences awong individual plants in the same lines,
1t appeared that selections for resistance would be successful It was
noted that at least some resistant planis 1n these plots had excessive
numbers of hooked, spiny hairs cn the Teaves and stems In earlier stud-
1es, we have found that many leafhopper nymohs become impaled on hairs of
this type and that populations did not 1ncyease
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Chemical control  In the United States, control of £ fabae 1s essential
in the successful culture of potatoes, beans, alfalfa, clover and many
other crops including ornamentals such as dahlia, warigold, lupine and
tree seedlings

Insecticide applications {DDT dusts and sprays) to alfalfa resulted 1n
300% yield 1ncrease, to beans 80% yield increase {Carter 1962}  So1l
systemics (thunet and disulfoton) on beans and tree seedlings have been
highly effective 1n protecting the crops for a full growing season 1in
our tests at Beltsville, Maryland

Current registered pesticides for ieafhopper and Mexican bean beetle con-
trol on beans 1n New York State and the U S are carbaryl 80 WP {1 12 kg},
dimethoate 2 67 EC { 28- 56 kg), parathion 8 EC {56 kg), Guthion 25 EC

{ 56 kg}, all as foliage sprays per hectare, also Disulfoton granules as
a systemic in the so1l at planting time

In E1 Sailvador experiments initiated in cooperation with Ing Jose Mancia
{now at the University of E1 Salvador), both so1] systemics and foliage
sprays were highly effective against Empoasca kraemer: and assoctiated spe~
cies on beans In later tests, one to three applications of Azodrin
foliage spray provided excellent control and increased yield of beans
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Transmisién del Mosaico Dorado de la Habichuela (Pha<eolus wvulgarwis)
en Puerto Rico por Medios hecdnicos

Julio Bard, Rita Rodrfguez, Amelia C. Monllor y Josefina S4nchezl

La haba 1ima (Phaseglus lunatus) es la hospedera primarit del agente

gue causa el mosaico dorado de la habichuela (F wvulgaris) en Pucrto Rico
Este mosalco se propaga con extrema facilidad de plantas enfermas a plantas

sanas de las antedichas especies a través de la mosca blanca Bemisia tabacw

Genn. Los resultados obtenidos en Puerte Rico en la transmisién de este
mosalco por medroc de la téenica de Meiners et al utilizando indcule proce-
dente de P. lupatus no fueron muy halagadores (menos de 18% infeccadén)

P;r el contrarioc la proporcidn de plantas enferras a sanas aumentd hasta un
25% cuando se utilizé savia sin diluxxr de las variedades Diablo y Top Crop
Estos fltimos resultados se obtuvieron, desde luego, durante la época de
wverano cuando las temperaturas diurnas en el 1vvérnécula fluctuaron entre
los 27% y 35°C. Se lograron resultados de bhasta 100% de infeccifn cuandg— - - — ——-
se empleg wnfculo procedente de plantas de habichuela Top Crop y Diablo

El proceso usado en la preparacibn de diche infcule fue el sigurente  Se
e;cogié follaje tierno con mosarco bien definmido de plantas recién ainfec-
tadas {14-21 dfas después de haber sido 1noculadas) Para la maceracifn
s& usaron morteros v trituradores congelados  La trituracidn se hizo en
presencia de una solucidn amortipuadora fria de fosfato potdsico (0 1 M

K HPOs, pH 7.0) a razbn de 1 g de hojas tiernas pox 4 nl de solucitn amor-

tiguadora. La pulpa resultante fue expramida a través de gasa estéril

Despufs de anadir 1 g de carborundum {(~600) por cada 100 nl el indculo se

1/ Fitopatélogo, Ayudante de Investigaciones, Bacterifloge Auvxaliar y
Bitlego Auxmaliar, respectivawente, Estacién Iwperimental Agiyfcola, Umiver-
sadad de Puerto Rico, Recinto Universitsirro de Mayaguez, Rie Predras, Puerto
Rico. - - B ‘
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virti1d en una vasija de cristal rodeada por cubos de hielo La savia asi

dilufda fue usada directamente para inocular Se cmplearon para este pro-

.

pbsito recortes de gasa, hisopos de algeddn o pincel de aire En el caso

del pancel de arre el 1ndculo se cold a través de una capa {ina de algodén

para evitar la obstruccién del pincel por fragmentos de tejido vegetal

Para efectuar la inoculacidén por este medio, la presién fue mantenida a

80 1b por pulgada cuadrada y el pistero (boquilla) se abrié 1 1/2 vueltas
Las plantas fueron inoculadas en la etapa de hoja primaria, esto es, antes
de que afloraran las primeras trifoliadas Por medio de este método se con-
sigu1d hasta un 100% de infeccién  La inoculacién con el pincel de aire es
répléa v permite el manejo-tratamiento de grandes poblaciones en may poco
tiempo. Desde luego que el consumo de indculo es mayor que el que se uti=-

1iza por otros métodos pero no tanto como para que se descarte éste a favor

del método de 1noculacibén a mano el cual resulta ser muy tedioso

Es curioso notar que dos de estos agentes rugacecs se comportan de
manera simlar en lo referente a2 su actividad infeccrosa sobre el huesped
primario al inocular por medros mecinicos Al 1nocular mecinicamenie con

sus respectivos virus se logra un bajo Indice de infeccidén tanto en el caso

de Euphorbia prunifolia como en el de Phaseolus lunatus No sucede asi

cuando se efectua la 1noculacifin a través del vector natural 1 e , la mosca
blanca B. tabacu Sin embargo, cilertas otras espceies como por ejemplo la

habachuela en cuanio al rosarce dorado y Datura stramonium en cuanto al

mosaico de E prunifolia, son excelentes tuéspedes y fuentes de los refe-
ridos virus. Es de rnotar que esta actividad i1nfecciosa s6lo se observa en

ciertos y determinados huéspedes como los jy2 citados Es muy probable que
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lo misre suceda con otros virus rugficecs gue han demostrado ser altamente
refractarios a la transmisidn por medios mecfnicos  Sabemos ya que con

el virus de Rhvnchosia minima la savia precedente de plantas de tabaco

infectadas es mds infecciosa a la habichuela que la que procede del hues-

ped primario Rhynchosia runima  Es muy posible que este fendmeno sca

debido a la presencira do substancias inactivantes que surgen en la savia
como resultado de la trituracidn de los tejrdos de ciertas y determinadas

plantas huéspedes



TOMAR HoyAs TIERNAG
DE PLAWIAS nricrapas
VARIEOAD Top.cop
14-21 DIRS DESPUES
DEYnocULACiow

it
ﬂj& Weso
v
%@ LAVER LAY
: 5@@‘
PESAR Hosas SEChns
~ Vi A
N pesar Hoias(mosoord -
bE WUEVS — -
VT B

DiFEREVNCIA ENTRE PESCO HOIAS

SECAS Y MolABAs SE RESTA PE.

WLUMEN DE GolyCioN PMORTISURDORD
QUE HABRE De AVAMIRSE

EiemPlo PESO  HodAS SCchs~ |0 LRAMOS

PESS  10IRS MOJADAS-3 GRA vy
DIFERLENCIR  3GRAMOS

Volumep SoluCion RMORTIGUADORD R
AVADIRSE PURAWTE TRty Raciow ~

10X 4 -3 = 3Fcc

L . o GASR
SEEMPLERN EL I NO0CULo DIRECTRMENTE 7] (Lo bENTAL

E Uliwizp EL PINCEL DE PIKE REGULA DO " %0 LitsRAS POR
LEADA CORIRRDR COJ woguiLn AL ILRTA VY, VECES

BNTR, DItey INSCULARSE EN ETAP. HuAy PLIMARAS Y B¢
WERNALL-E Cox) TE MPERRTUR® DE vESRi‘0 (30 ~35°C ) P

NOo UsSRR P LUNRTIS Somo FUENTE

Hisabo pEecbow

LIBRRR HOJAS DE RGUA
EYEXCES0(SALUDIEMDOLAS
BRYUSCH ME MTE)

TRITURAR N FRIO coy
(MSTPSME TS CONGELADSS
Y Bt PRESENCIA DE 0,1 M

KotiPoy , ¢l g (Fri8)
PROPORCION  LECC PoR

COph GRAMO po TEJLDO
FOLARR

\Y
IS SE ExPRiWME MBCERADC

B IROVES DE CRSP ESTERIL ¥

PENTPO PL VASIIA EN

A0 DE JiLio gF RUADE

[ 6RAMD D2 CARBORUULJIM POR
Ongh {000 BE
{nocubo

* 4po-600 M

o #

4 SN



B« DRIJFHOUT

~Clegsification of sirains of Bosn common mosailc virus snd genetic

* anteraction between these strains and Phaseoclus vulgaris [,

N

-~ Introduction

The seed borne and aphid transmitted Bean common mosaic vairus (BCMV) is
coniined to beans but world-wide in distribution It 18 the inocitant of
“comron mosaic™ and "black root disease", the nature and severity of the
symptome greatly depending on variety, virus strain and conditions.

So far, hest genetics concerned in resistance to different siraine of
BCHY is mot well understood, while genstios of plant viruses in general
is 8%ill iIm iis infency. |

Some 18 straine of BCMV have been reported, but most of them have been
described on unreliable grounds.

In this study I have iried to improve the knowledge of the host-virus
relationship by 1) anslysing the resction types of beans after inoculation
with different sirains; 2) grouping the varieties according to their
resistance specirum with the Dutch strains, 3} claseifying the strains

deocribted so far on the basis of their reaction on bean differentialsy

and 4) eiudying inheritance-of resistance by means-of varicus orosses, — -

-

Analyeis of host reaction

The hoei reactions of besn plante on inceculsiion are shown in table 1.
Table 1

4 varaety with necrosis gene I recessive ray produce moesaic with esome
gtrains. Plants with gene I dominant may produce neorosig but naver mosale,
Flantis «ith recessive necrogis gene may have no sympitome at all after
inocuistion, or oenly & local defence reaction, or systemioc mosaic, sonetimes

combined with = local defence reaction, depending on virua strain and
iariety. The somotimes fowd superficial parenchywma ciscoloration on the
upper swriace of the inocualated leaves 1s irdiocated as leocal defence
resotion. I consider plants with only local symptoms and no systemic virus
epresd ag resiatanl, pionts with systemic symptoms as esunceptible. Thus
the plants with recessgive necroeis gone without symptoms and thoee wath
orly & local defonce renpctlon sre resistart Plants with mosaic. are

sunceptidle to the sirain invelved, but may be resistant to other sireins,



Yarletleg with dominant neorosis gene may have no symptoms at all, or
may ghow local pin-point lesiona, or local lesions that extend into local
vein necrosis, or locael vein neorosis followed by systemio necrosis
(black rcot), depending on virus strain and variety.

Wath some.strazn~variety combinations, systemic neecrosis ie 1induced,
practicslly without local necrosie. Analogous te¢ the davision in the plants
with recessive nacrosis gene, the plants without sympioms or with only
local necrosis sve considered to be resistant to the mirain concermed and
the plants with systemio necroslis as beilng suscepiible to that strain,

Thus, in the varieiy group with recessive and in that with dominant
necrosis gene, thers is a type of resistanca, not showing sympiome with
certain straine. However both types oan be reovognised by inoounlating »
detached leaf of each plent with a strain that resdily induces necrosis
{necrosis test). The leaf of & plant with dominant necrosis gens will show
pin-point lesions, mostly followed by vein necrosis, the leaf of a plant

with recessive necrosis gene not,

Variety teating for resistance spaciras

Soma hundreds of varleties, breeding lines, P I. numbers asnd Phaseolus
species were tested with alx Dutoh strains, These sitrains were: Westlandis,
Imuns, Richelite, Great Northern, Jolanua and Colana named after the
varietles from which they were isclated. Ao some of these varieiies are
gleo uvsed es differentials, the namez of the strains are confusing.
Therefore I have now encoded theam as NL1, N¥LZ2, NL3, NL4, NL5 and NL6,
respectively.

As a result, the Phaseolus-genoiypes could be devided into 11 groups,
each with a different resiastence~gpectrum In table 2 they sre mentioned
together with the varietries and breeding lines of each group, used by ns

or oihers ag differeontinls
Table 2

The variety groups 1-6 contain genotypes wiih recessive necrosis gense,
the groups 7~11 genotypes wiih dominant I The classirfication is based on
eystemis symptoms Reslstant plents show no systemic symptoms, while
npread of trhe virus cennoit be proved by indexing to the very sensitivae
varirety Double White (DW)

Ho varaeties wilh resiastance io all strains were found. Only the
breeding line IV77214 (recessive "i*} gphowed resigstance to all strains,
s 2id the braeding line IVP7233 (dominant "I"), selected from cross GN31
x v.7uez  IVP7214 shows no symptome at s8ll, while an IVT7233 local pin-
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One of the aims of the research, to find ganotypes with resistanoe to
all strains, has besn achieved with these IVD-breeding lines.

Identrfication of stralus

All strains desoribed up to 1975 were used for comparison, exoept two
German ones, which are no longer available and the Costa Rica and Peru
strains, of which no material was sent on request. In anddition, two
recently found, not yet published, Dutch strains, indicated as HL7 and
NLB were used,

The strairs were compared in several tests on the differentials of table

3.
Table 3

In table 3 tha virus atreinsg are arrenged in seven olasses. These
claspes drffer in reaction of the differsntials with recessave "i* (hoat
groups 1 to 6). The strains within a oless give the same reaoction on the
varieties with receseive "i%, but the reaction on the differentials with
dominant "I" may differ, Hence m oless may comprise irdentical strains and
Yparallel”™ straing, only differing in reaction on varisties wath dominant

L

In the latter cases the olags is subcivided into a and b. The sirains
in éébalass b more readily induce systemic necrosis than thoge 1in
gsuhclasn a.,

In faot, streins of one class or subolass are meraly isolates of one
strain. Thess investigations snhow that the Weetlandis, Puerito Rico and
probably the Costa Rica sirain all are isolates of the older Typse sirain.
The Western and Colana straine are isolates of the Idaho strain, while
the Mexicen strain an i1solate 15 of the Great Northerm sirain,

The strains Costa Rica and Peru are provisionally placed in classes
7 and Il‘reapactlval}‘ Straain Peru an classe IX together with WLT,

riginelly isclated from plants grown from seeds from Feru.

The reoults of Table 3 not aluays agree with data published by the
autnora of the straine, probably due teo oraiginal contamination of +the
strains, genetical xmpurity of the differsntials or contamination of som

gepeas of the diffsrsniisle with unknown mtrains Obviously "new" airain

" Pave elso becen described with help of incomplete ranges of differential:

#iost obeervations in Table 3 were mimultaneously made in the USA by
Ir. Silbsrnagel as a rasult of co-~opsration, using 1dentival virus leocl
and geed lote of the diffsreriialn.

For proper identification of strains 1t a1 essential to use & slande
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and inspected for digeases to axolude ssed Infection Ar nminimum one
rapresentative of each host group of Table 3 ohould be used except the
nok necessary groups 6 and 11 Baock inocsulation to & highly senpitivae
variety such as Double White 1g & must in oases ol no or doubtful systenio
symptoma,

o B s B i R

Inheritance of the resistance

As not both the strain identification and the inheritance of the
resigtance can be presented in detail here, only some indications about
method and segregation results of the analysig of the inheritance of the
ronistance are given,

Diallel crosses wers made between representatives of host groups 1 to
6. In these 6 differentials with recemeive "i* different resistance genes
munt be present.

The Fi and F2 of these combinations were tested with a representative
of all strain classes So the F1 and F2 of 15 oombinations ware tested

with 7 sirnine to anslyse the inheritance of resistance and the number of
genes 1nvolved.

The same resistance genes, or some of them, will be present in the
differentials with dominant YI", as these varietles genetlcally originated
from varieties with "i" recessive These differentzals with domirant UJI' jWﬁww;
wore crossed wilith Machelite and GH31.

After determining the resistance genes of the differentisls with
retcesslive "1Y, {those of the differentials with "I" dominant oould be

determined,

Genotypen for registance and pathogerlctty

The results of the gnalyses of the crosses between differentiale with
revessive "i¥ yere compared with the expected results afber some models

of genoiypes.
Table 4

Table 4 shows genotype models in which resistance genes form a gene-
for-gene velationship «1th pathogenicity genss COne “a" gene in thess
medels, togethar wiih "e" recessive, mey give reslstance Lo mors thsn o
strain. The recengive alleles of "a" are noecaossary to obiain xesigtanae
to any strain In Double White the gene is present in dominant sonditio
in the other differenfials with recessive necrosis gene, .n recessive
condation. In table 4 two genotype modeln are presented, ons with the
genss 2, o a, on different loci and another with one locus for the "a

~anee . . to a. mnd the dominant allele A forming & series ©of multipl
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alloloo. "A" dominont gives gusoopbibility 4o nli niralns, Fer the vizus
strainn, thoe pnthogonlolty geneps F1 to P4 aroe mupponed Lo bo prosent 4in
driforent combinationg,

A differentiel 13 pusceptible 1f the strain involivoed has corrgsponding
P genes for all the resistance genes "a" in that variety. The strain
has overcome the resiatance genes of the variol;. But on the other hand,
g recessivo “a' gene gives resistance to all sirains laclking the corres—
ponding P gene,

Up to now the results of the genetic analyoes aie mosily in agreesnent
with thogs erpocied in the case of "a" gones on different loci.

For the line TVI/214 we need an addition to the gene model with & gene
"p*, togothor wvith "s8" recessive glving resistance to all atrains, no
matier which "a" ganes ars present.

Then fthe "a" genos of 7214 are not al to a4 as indicated in the gene
model, but, brsed on the inheritonce analysns, must bs A1AZa3A4 ss in
Inchelite.

After dotermining the resisiance genes of the dsiferentinlsg widh W
rocessive, thope of differcptials waih dominant "IM vill be enalysed.

As o result the gene foimulas of the differentinls wiih rocessive "iM

could be tontetively demiguned as shown in table 5.

-

Tabla 5

Geone=forwrene relotionship and stipins fo be capected
In iadble 6 2 rene~for-gene rolabtirionship is shoin bebueen the resistance

genes al tod ol und lhe pathogenicity genes P1 Lo V4
Table 6

ipaanst 16 Lost-sonotypes 16 vizrue-genotypes are jicsenied. So far §
host—gonoi;pes ard 7 virus-genciypes lave beon found

It neoms likely thot the strainse evelve as indiceicd 1n figure 1.
Tha developnent aloug the line P11, P1P2 is the most productive one.
Thie scema an fnvour of e theory of evolubion to genoviypes with genes
of highor "e2dor®, In the future stratns uill prabibly bo found xn whach
the genen T, nud P4 arg combined for Instance DIP2rJr4, attacking all

vexrietiasa vath "iY recessive, execepl the line IVI{214.

Tinal ronarl o
Iromn thio o

ton. 1t hag become clear that Llhoe reosistance mechanssm of P.



vulgurio bo BV 4is boxed on at Leusb 4 lypes oi ones. Ve dinbinguished :
o Argiobant pane ety of whioh tho wresssslve ullolon nie hoocassary Lo {
ronlstancss four Yo" gotessof which the revesalve nlleles form o gotte= |
for—gsne rolnilonahly with fouxr pathogendelty poenes of tho slraling of

BCIMV, a gene “b", of vhich the homozygous receonive nlleles confer raesis-

tance to all lmown strains of BCHV, and a necronin gone "IV, proventaing
nogaic, but governing the development of necrosis oiter infection with

a strein hoving the ability to induce necrosis, Vhether local or systomie
necropig arises depends on which allelss of "p" and "a" ere present. For
systemo necrosis, besides I dominant, evther 5 dominaut, or A dominant
oxr recesailve "4V alleles are neceassary,overcome by the strain concerned.
Ovidontly "p" bon to be presont with dominant ~llcles.

The breedius lines IVE 7233 and IVT 7214 confor complole resistancs 1o
all Imown gslraowns IVIT233 waillh pgones at and ad pives only pru~podnt
lesions on the inoculnted leaves with thoe eany ncorosis inducing straans
NLGB, WL ond L5 and no symptoms ot sll with the other strainae, At
predcnt Lhis 1osiptance 18 sufficrent. Jlowever v nevw virug strain combining
the genes Do ond P4, will be able to induce systemic necroplo wn IVET7233
and te overcone wbls resisbance.

the line IVP{214 moy lorgoer rosisl the svolulion of 1he virus thanks
to 1im zone "BV, apporenily hoaving o dafierent netwie than the Ye*

fonet.

JUR— — - - —~ P - ———— RV —

There aro slill o fev gueslions’lelt leox 1uilonce 1t 18 nol yet
cleer why bhe parallel stroing Floride and L5, or i~15 end WL2, or
L% onl ULS differ wn their abrlity to induce necrogio, while heoving the
gane palhosenrerty gones. Othox visus gones muat be involved,

Hespite throe unenowored questions I hopo to hove contributed to a
niore pffic ent breeduing for resiotence to BOIV and to a better undersieonai:
of the 1eletron Letueen host resistance and virus pothogenircriy in

conoral

Qetober, 19719,
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Claspiticntion of ptraiteg of Pean common mosale Yirug

and genetic interaction between thase stralns and

Phaseolus wvulgaris L

E DRIJTCHOUT

Institute for Horticultural Plant Brecding (IVT), Wagenangen,

The Netherlands

summary

The present study was meant to investigate the genetac
relationshap between Pl vulgaris and BCMV with the aim
of giving programs for breeding beans resistant to BCMV
a sounder basis A second aim was Lo obtain genotypes with
mosalc~resistance and necrosis-resistance to all strains of
the vairus, as preliminary trials revealed thal such varieties
were not yeb available

First the host reaction was analysed and classilied Then
some hundreods of varieties ard othor accessions were tested
with s:1x siiiins Based on the test results, Lhe Phaseolus
goenotypes coula be divided into cleven ygroups, each with a
differont resastance-spectium Two groups arc ropresented by
an IVI bigeutag line conferring resistance to all strains
With tnese lines the second aim of Lhe study was attained

vith representatives of each of eleven variety groups
twonty-lave virus straing and 1sclabtes (nine from the Nether-
lands ard thrvicen from abroad) wore dafforontiatoa and classi-
fied lon stiawns could bo distinguished, having o difiorent

pathogenicily spectrum, the other twelve had Lo be considered

as 1dentical wilh one of thoe Lon



-} -
Crosses woere made between differentials of each host group.

Fl and Iy of tho crosses were tested wlth representatives of

ecach strain class to analyse the mode of inheritance and the
nunber of genesg involved

From this study it has become clear that Lhe resistance
mechanism of P wvulgarils to BLMV consists of at least four
dirfferent types of genes We distinguished a gene "s", of
which the recessive alleles are necessary Lo gbtain resistance,

genes a_ to Ay cf which the recessive alleles form a gene-

1
for-gene relationship with four pathogenicity genes of the

strains of BCMY, a gene "b" of which the recessive alleles confor
resistance Lo all known strains of BCMV, and a necrosis gene "I,
preventing mosailc, but governing the development of necrosis,

after infeclion with a strain having Lhe abality to induce

necrosis  Whother 1083l orsysiemic nocrosis arises, “depénas ™ -~ -

1% E ¥ 11

on which alleles of "s" and "a" are present

In the gene~for-gene relationship between host and virus
gones the possibility of development of new strains and their
influeace on the prescnt resistance were discussed

December 1975
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Berle 1. Rezeivon types and principal sympionms after

inoculation with BOIV
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Tabkle 2 Variety groups with drfferent resistance-spectra fourd by testing

Veriety ¢roup ana repgresenitatives wsed as differertials Virus sirain

PL L& L2 NL3I L5 1.4

1 Douebkle White, Str Green Refugee, Common Rea .lexican + + + + +

2 Imuna, Puregold Wax | - + + + + +

3 Redlands Greenleaf B, Great Morthern 123, GM3S - + - + + +

4 MMichelite, Sanilac, Panto 111, Re? hexican 34, GN15 - - + + + -

5 Great Neorthern 31, Red Mexican 35, Lonroe, GN16 - - - e - e

6 IVT7214 - - - - - -

7 Jubila - +n +n +n +n -

8 Topcrop, Irproved Tendergreen - +n - +n +n -

9 r1dusa ! - - - +71 +n -

16 Amanda i - - - - 41 -
1l IVvT7233 - - - - - -

+= gasceptible, systemic mosalc, +n= sasceptible, systemic necrosis,
{

-= resistant, no s, stemic symptons, virus spread not recovered by indexing
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Tavle 4 . Models ©of & gene-for~gene relationship after Person in whach one gene for
dafierential resistance together with gene s may give resistance 6 more than one strain

2.ilerentaal Strain group I 11 TII T v VI VIt
2Braety Virus strains N1 NL7 NL8 NLE or NLZ2 or NLS or NLd
Flox “Y—15 NL3
P genes Po Pl P3 P1P2 P1P3  P1P2P3 P1P2P4
r genes |
Da SA_ALA_A i or SA 2 + - + + + 4
177277374 |
Imuna salAz,&BA4 58, . + + + +
BB sa1a2A3A4 saz : +
Micnelite 5A1&2a3A4 Sa4 + + +
GA3l saia2A3aq sa, -+
VTiZi4 sa,a,asa, Sag

r

1 a, gives resistance to the strains lackang Pl etc , only one allele of each gene is

mertioned,

2 .I tne genes form multiple alleles




Table 5

with recossive
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Resistance~genotypes of the differentials

Double Vhite

Imuna

Pedlands Gireenleaf B
Machelite

Greoal Northern U T 31
VT 7214

S€A1ﬁ132A2A3A3ﬁ4A4BBii

ssalalh2A2A3A3h4A438i1

ssalala2a2A3A3ﬁéhqﬁBll

ssAlAl&)A2a3a3A&ﬁéﬁﬁli

5sala}ﬁzhzﬂ3ﬁ3a4346811

ssAIAlA2A233a3A4Aébbil
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PRINCIPALES ENFERNMEDADES DEL FRIJOL (Phaseolus vulgaris) EN LOS TROPICOS

AHERICANOS Y SU DISTRIBUCION EN DIFERENTES ZONAS ECOLOGICAS

Fddie Echandzlf

El frijol {Phaseolus vulgaris) y unas 126 especies del género Phaseolus

son de origen Americano P vulgaris se origind en Hexico y Guatemala (13)

E} frijol ha constituide la principal fuente de proteina de los pueblos
de Ta Zmerica tropical, pero a pesar de su ymportancia los promedios de ren-
dmiento por area siempre han sido bajes En los Gl1twmos 20 anos por gjemplo,
los resdimientos han sido de aproximadamente 600 bg/ha , y se han mantenido
practicamente 1guales a traves de los 20 afios {6), mientras que otros cultivos
como maiz, arroz, etc , han logrado aumentos espectaculares Por otro lado,
1a poblacifin americana consumidora de frijol ha 1ncrementado considerablemen-
te Este incremento de poblacibn ha ocasionade un_aumento_en ia demanda de. . . ..
frijol que muchos paises no han podido satisfacer En Costa Rica, por ejem-
pio, a pesar del aumente de precio del grano el problema de la escasez de
fri,ol se torna mas grave cada ano

Cuades son los factores Timitantes de la produccidn de fri3oi?, La mayo-
ria de los investigadores concuerdan en que las enfermedades constituyen uno
de tos factores Vimntantes de la produccidn de frigol, y posiblemente las
Ffyrgosas sean las que causan los mayores danos (12}

Desde el punto de vista ecologice los trdprcos Americanos son sumamente
varindos y complejos, sin embargo existen mapas ecolégicos de paises tales

comg  Cssta Rica, Guatemala, E1 Salvador, Panamd, Bolivia, Puerto Rice, Peri

ljrrﬁf&SOr de Fitopatologia, North Carclina State Umversity, Raleigh, North

Carolina, 27607



y Cotombia  Estos mapas permiten identificar y delimitar cartograficamente
1a relactén entre el clwma (macrocTima) y las formaciones vegetales (14)

E1 mapa ecoldgico de Costa Rica fué empleado por Echandr (11) para
mciar estudios de la relacién del clwma y las enfermedades del frijol
Las caracteristicas de las cinco zonas ecolfgicas en gre se siembra frijol
en Costa Rica aparecen en el Cuadro 1 Los trabajos 1niciados en Costa Rica,
fueron extendidos luego al resto de Tos paises de Centro America y Panamd
En esta etapa participaron varios técnicos y se colectaron datos por varios
anos  Desafortunadamente esz 1nformacidn no ha 1legado a publicarse

PRINCIPALES ENFERISEDADES DEL FRIJOL

Roya La reoya causada por Uromyces phasecli (Reben) Wint se encuentra amplia-

mente distribuida en los trdpicos americanos y ha sido considerada de pripor-

di1al mportancia en Perd, Brazil, Colombia, México y Venezuela  Los mayores

danos al menos en Costa Rica, se prodicen en las zonas subtroprcales y montano boyo 1€

dro 2),1a roya no ha causado danes de wmportancia en los climas secos y muy
cdlidos de Costa Rica (11} En el trdpico el estado perfecto de U phasesly
aparece en los clwmas frios al final del c¢iclo de la planta En Costa Rica
Christen y Echandy (9), 1dentifrcaron las razas 3, 8, 10, 15, 22, 25 y 32
En HExico Crispin y Donge (7} tdentificaren 31 razas del hongo  En Colombia
Zufiiga de Rodriguez (22) tdentificéd 11 razas  En el Brazil Agustin y Costa
(3) wdentafican cada afio Jas razas predominantes en el Sur de Brazil En la
zona templada {EEUU) se han 1deniificade alrededor de 35 razas

Christen v Echand1 (9) encontraron 6 introducciones resistentes a las

razas predominantes en Costa Rica En Néxico exysten varios cultivares resis-
tentes (8} En ios ELUU los cultivares US Pinto 5 y 14 son resistemes a
muchas de las razas de roya que @parecen en ese pais No existe ningln cui-

tivar resistente a todas las razas conccidas de roya (18)

&hac‘-{mﬂw&-—wﬂ
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Antracnosts  La Antracnosis causada por Colletotrichum lindemuthianum {Sacc

& Magn ) Briosi & Cavara es de wmportancia primordial en Guatemala, México,
Brazil, Colombia y Venezuela  En Costa Rica aparece en las zonas subtropi-
cales y montano bajo, no aparece en zonas secas y muy cdlidos como la zona
tropical (Cuadro 2} Posiblemente esto se deba a que la alta temperatura que
predomina en esa zona 1nterfiere con el crecimiento y ta esporulacidn del
hongo (17}  En estudies cenducaidos por Villao {70}, en Costa Rica se deter-
mind que en ese pafs predominan las razas alfa beta y gama Las razas alfa y
gama fueron las de mds amplia distribucidn  Olvery et al  (16) determing 7

razas de C lindemuthianum en Brazal  Villac (20) 1noculd 450 introducciones

con las razas alfa, beta, gama y delta, y encontrd varias resistentes a las
cuatro razas  Olvert et al (16} encontrd que Cornell 49-242 es resistente a
las 7 razas del hongo observadas en Brazil  En México existen 6 o mds culti-
vares resistentes a la antracnosis
Hace algunos aios §;M§ntéélﬁésza era unéweﬁfeémedéd d@‘érén 1mp0r€ancza
econfmica en los LLUU  En aqueila época la mayoria de la semilla de frijol que
se ut1lizaba en ese pais era producida en el Este y el Sur, en donde las con-
dicyones son 1dedles para el desarrollo de la antracnosis  Hoy 1a antracnosis
no es una enfermedad de wmporiancia en los LEUU, ya que en ese pais se utiliza

semitlla Tibre de antracnosis y variedades resistentes

Chasparrta  La Chasparria es causada por Thanatephorus cucumeris {Frank Donk=

Corta-va oo arcdoiotia {Matz) veber  Esta enfeimedad estd ampliamente dis-
tribuida en los hidpicos anericanos y causa 10s mayores danos en cliimas
¢di1dos y hitucdos con periodos maolongados de 1luvia {Ceadro 2)  Los dafios
causados poy la Chisparria y su apariciin sibita, recuerdan al Tizén tardio
de Ta papa. bien conocide por todos los Fatopaldlogos {11} Cudndo el

mnficulo es acarrcaco por 13 semilla el hongo se disem(na rapidamenie, ya que



predeminan las formas esporulantes y Ia diseminacidn por basidiosporas es muy
eficiente (10}

En Florida la Chasparria causé dafios serios hace algunos afios, perg el
uso de semilla Tibre del hongo, rotaciones prolongadas y la siembra de frijol
en zonas no propicias a esta enfermedad, son aparentemente las principales
razones por Tas cuales la chasparria no es de mmportancia econdmica en los
EEUD

Mancha angular lLa Mancha angular causada por lsariopsis griseola Sacc estd

ampliamente distribuida en los trdépicos Americanos, la enfermedades seria en
£1 Salvador, Guaterala, México, Colombia, Brazil y Venezuela En Costa Rica
causa 10s mayores danos en la zoma subtropical {Cuadro 2) Stlvera (19} en-
contrd 14 lineas de frijol resistentes Olave (15) enconlrd que Tos cultiva-
res léxico 11, Héxico 12 y-Lauca 27a, ruestran resistencia  Brock (15} deter-
mind 19 cultivares resistentes y 11 que calificd como nmuy resistentes

Mildw u Oxdrum Bl Mildiu u Ordyum es causado por Erysiphe polygomt D € ex

laret , aperace en cualquier zona,siempre y cuando las condiciones de humedad
sean adecuadas para su desarrollo {Cuadro 2)  Se ha observado en Costa Rica
principalmente en las siewbras de verano (éboca seca) En general los danos
caysados por el Mildiu no son muy serics  Sin embargo, en el Perid esta enfer-
nmedad puede ser grave (4}  Existen cultivares resistentes a varias razas del
honso {21}

Sciergtinie La Sclerotimia causada por Mhetzelinia sclerotiorum Karb &

Dumnont es una enfermedad seria pero afortunadamente de distribucibn muy res-
tringida, se hz obseivado en las zonas llontano bajo himedo y muy himedo
{Cuadro 2} La enfermedad aparece por 1o tanto, en lugares altes v frios

sopre todo en €pocas de mucha precipitacidén  Adams (1) determind 9 cultr-
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vares de P coccineus tolerantes y 2 cultivares y 2 17neas de P phaseolus
también tolerantes Andersen (2) et al encontrd 5 cultivares de P

phaseoluys tolerantes a Sclerotinia
Maya blanca La maya blanca causada por Sclerotium rolfsiy (Cruzi) West

aparece en la zona tropical seca y con menor frecuencia en la subtropical
himeda y muy himeda (Cuadro 2) Es una enfermedad de lugares cdlidss La
Meya blanca se presenta amenudo en lugares en que previamente se habia sem-
brado arroz o sorgo No existen hasta el momento cultivares resistentes

En los EEUU Ta Maya blanca es wmportante en las costas Este y Oesteendonde
los suelos estdn infestados con § rolfsia

Hancha ascochyta La Mancha ascochyta es provocada por Ascochyta baltshausers

Sacc  Aparece en Costa Rica en Ta zona montano bajo muy himeda (Cuadro 2)
En Guatemala se la encuentra en las montanas allas y himedas Esta enfer-
medad ¢s tipica de lugarss-frios-ya-que el Optimo para su desarrollo g 2lvree. -
dedor de Z0C  Su distribucién Twmitada en cuanto a clima, posiblemente se
deba a la temperatura y en menor grado a la precipitacidn o existe informa-
c16n respecto a fuentes de resistencra
CONCLUSIONES DERIVADAS DL LUS ESTUDIOS ECOLOGICOS
A continpacidn trataré de enumerar algunas de las conclusiones obtenidas
en los estidios ecoldgicos realizados en Costa Rica y Centro America
1 ros mapas ecoldgicos son un instrumento valsoso para ei estudio de las
enfermedades del frijol con respecto al ¢lima
2 Exaste gran variacidn en la distribucidn de las principales enfermedades
del frigol en cuanto al clima

3 Huchas enfe medades no se presentan en ciertos climas



E1 sistema permite predecir 1a presencia o ausencia de crertas enferme-
dades en ¢iertos climas

E1 sistema permite determinar zonas propicias para el cultivo del frijol,
as? como tambtén aquellas que no Jo son debido a 1a 1ncidencia de ciertas

enfermedades
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LAS EMFERMEDADES VIRALES COMO FACTORES LIMITAHTES TH LA PRODUCCIOI

DEL FPIIOL (Phnseolus vulagaris) EN AHERICA LATINA

Rodriao Gamez
Centro de Investigacidn en Virologia, INISA
Universidad de Costa Rica

THTRODUCCION

£s un hecho claranente establecido que las enfermedades constituyen
uno de los factores de mayor importancia que lTimitan la produccidn de}
frijol en América Latina  Humerosas investigaciones han permitido cluct
dar que patdgenos tales como hongos, bacterias, virus y nemitodos s0n
los responsablces de un nimero apreciable de enfermedades gue afectsn a
este cultivo a través de todo Latimoamérica, ocastonanda scrias pérdidas
en su produccirn  Las enfermedades fungosas son quizds 1as m3s nuncrosas,
y entre ¢llas sc¢ hallan la mayoria de las mds importantes det cultivo
Las enfermedide  wviralus_ocupan un segundo lugrr ¢n cumnto a ndme (s, pLro
inctuyen entre lias también algunas de las doe mayor tnportancia conndmi -
i b caby b s hhacteriales y tas causadas por nemdtodos, son wnos

TICEE Y bt ontes on guneral que las antoriores

Antes do roferirnos al probluma de las enferrcdades virales, es con-
veniente tuner «n monte ¢l principio cldsico do que ¢l desarrollo de una
enfermedad estd determinado ror ta presencta del patdacno, de un g noLipo
susceptible v dste y de und condicidn wbiental detorminada oue favorezea
7 who v o1l ¢ Uabilocrmienio Jdoe 1y relacidn patdarnoshio podanil Loncoe -

mos cue b frijol os cultivade on Am¥rica Latine dos le hace muchos siglos,



bajo condiciones ccolbgrcas sumamente divercas, do o ~uil entre otras
cosas, ha resultado la selecc16n y desarrollo do uny cnorae variedsd de
genotipos cultivados, con caracteristicas tambila wy hiferontes I
asT como poiurns (neontrar Jran diverstdad on la sdonted d, sovorian
distribuctdn 0 1 enfurmadades & ouns localidae o rogidn v olra, 14

comg do una ¢ Lrrepnady Jpoen ool o 2 1y otra

Los virus con LhLuyun un orupo o paldgeras o aarctericticas bios
16atcas muy particalores fntrce otris co.as, Iy saintonatelogia de las
enformedides que produc n, con rwcha frecuencia no permite  precisar con
alquna cortezy la tdentidad del virus involucrado asi que su identsfo-
cacifn corrocta rr‘muaﬁud{t Iamﬁg?xﬁcaczén de crerta metodalogia especi
c?, no stempre 11 “lcance de alounos de nuestros investirgadorcs  Encor-

tesos por lo Lanlo que en la litcraturs sobre enfornedades del frijol on

rwdrica Latin: apirecen nugrosas weaciones a enfeemedides virales con so

lo una descripeion de sus sintomas, lo cual no aes pormite conocer e

tdentidad real de Iy enformedad, pure sT fenor una bdoa doe 1 Jistribuceer

e (mportancsa rolitiva do tales enfermodades

PO FHIOAD Y iSTRiUC L0 N LDS YiEPUS LEL FRIJuL 12
AFERICA  LATHA
Lo, nurer o catudios revlizado i virios do nuaelros paises, €t

nue s~ v wdantificads apropidasmente 1os virus vy as enferm dades @
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elios causan, hace posible ya tener un panorama mis preciso de su rdenty
dad y distribucidén en Amdrica Latina CUn el Cuadro 1 aparecen los prin=-

cipales virus rdentificados en diversos pafses de la regidn
LN

LY

El virus del mosareo comin se encuentry distributdo por toda Améri-
ca Latina La variibilidad del virus es notarsa, y1 quu tanto an Centro
América como «n Sur América se han aislado numeros3s variantes o razas
def verus, que han sido rtdentificadas principalmente co base a la reacg-
¢c106n de variedades diferencinles de frijol La unmifornizacidn de crite~
rios para la identificacidn de razas del virus en Amlrica Latina es LI
aspecto de singulsr inportaoncta no sdlo para propésitos de diagndstico
sino tambicn para 1y utilszacidn de genotipos resistentss F1 virus del
posaice amarslla, wu;wéﬁréggé;gntg reEae;ﬁﬁaéa éi d£¥ ﬁg;gién comén: ‘E;H

sido descrito cn 13 Arcentina, Chile, Brasil, Colonbia, HWixico y los ks~

tadns Unicdos

Bajo o} nwbre de virus del mosarco rugose se ha incluide un grupo
‘movirus cercanas. nte relacionados, o razas de un mismo  gros, halladas
hasta el momento on Contro América v en el sur de los tsicdos Unedos T
sosatco sureno ha sido rdentifrcado en Héxico y Costa hica, al squal que
en los Istacos Unidos, ) moteado amarillo dnicarente en ostos Jos Glor-

nos palsc.

7] -
Bl nomre del virus Jel rosatco dorado® vdentificr ty Lién oa ofro

qrupts o corple ju Jdi virus cercmnanente relacionados o re.as dJoo un crsed



virus, descritas on o] Carihe, Contro Amdrica, Brasil, Coloshiy y Venerue
lTa fgualmente, bajo la denominacidn de virus de 1o clorosts infecciosa

de las malvaceas y virus del nosaico do las euforbiaceas se ha  agrupads
un comple o de vitus ariginslmente rdentificados coro patéeenos en plan-

- L

tas de Ins famtbias yencionadas, pero que tanhién infectan et frigol i
las mismas reqioncs que el mosaico dorado fxisten uiros virus del  fr-
jolb de una distribucedn que parccrera en cste momento ser mas localizads

For ejemplo, énicamente en Vergzuela se ha informado do la presencia del
virus del mosarco de ta alfaifa v del virus de la mincha anular del taba-
co, en Brastl, del virus du) mosarco necrético 7 del Yvira-cabeoa', anbos

sertepecientes ol arupo del "spottod wilt’, v del virus "ne-verisiho

{ ‘tobacco streal ’)
HPORTANCIA DL LOS VIRUS DEL FRITIOL

b los virus ctualmente conocidos, es obvio nuz ol del mosaico comie
g5 el cur posce una distribucidn quogrdfica més wplia, io cual posibiceen
te se1 dubido cn parte a su transmusibiicdad poar semilla y por crertas e

pectes do dfndos como booru persicae, que trenen fambiénsun ranao muy  ams

plio do discribucidn v adaptacidn ccoldgica  Por otra narte, la importan-
Cia ecordmica y arioe de dicvamnactdn local del virus csid intmanente Di-
gata a lo, senotipos de frijol utilizades profercatem nte en fa regtdn in
ras prantaciones o 1a costa del Pacifico ce Chile y Fard alcanza  qgrados

de 1 oidcr i hesta de oon 1007, causande serias plrdidas en produccidén  de
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LOS IHSLCTGS COMO VECTORES DE VIRUS DEL FRIJOL

[1 papel de notorta i1aportancia desempefiado por los insectos en ia
diseminacidn & los vires del frijol habia sido sefinlado anteriormente
Sy

Podemos apreciar ciiramente, de lo antertormente descrito, la existencia

T de tres‘grandi s grupos de virus, de scucrdo al tino de voctor que poseen

Estos son los transmitidos por &fidos, por colceépteros y por moscas blan
cas Los transmitidos por a3fidos, Myzus persicae principalrente, compren
den las virus del mosarco Comﬁﬁ,.ﬁmsaiﬁﬁ amarillo y mosaico de la alfal-
fa  los transmitidos por Coledpteros, Disbrotica sp y Cerotoma sp entre
otros, 1ncloyen el grupo dol mosalco rugoso, mosarce surcho y moteado ama

rillo. La mosca blanca Bemisia tabaci transmite el complejo de virus del

“masatco dorado, v los de td clorosisanfecciosa de 195 milvaceas y el mo-
satco de las cuforbidceas  HMientras que la distribucibn ccoldgica de los
Gfidos es mds wplia, los coledpteros y particularmente las moscas bian-
Cas y sus respeclives virus parecen estar circunscritos prancipalmente a

las areas subtropicales vy tropicales del continente mericano

OBSERVACIONES SOLPE CL COHTROL DE LAS BHFERMEDADES VIRALES DEL FRIJOL

Fil AMERTECA LATIHA

Conocsendo a grandes rasgos la naturcleza, identidad ¢ importancia
de los problemis virales en frijol en Anérica lLatina, es adecuado hacer a)
qunas’considoraciones generales sobre e aspecto del control de tales en-

formadrdes ta uttlizacidn de semilla sana es una de las medidas mas sen-



ctllas y faciles de implementar, pero a la que todavia no se le ha dado
en nuestros paises la woportancia que rerece Las ventajas de la utity
zacién de este tipo de semiila son ampliamente conocidas, en lo relat-
vo a virus, darfa una soluctdn adecuada pira el problems del mosaico co
min ts un hecho establecido aue la rayoria de las variredades suscepti
Bles a este virus utilizadas en nuestros pafses, 1o transmiten a travéds
de sus semiilas cn porcentajes notablemente elevados £l indeule prima
rio provicneg casi en su totalidad de semillas contaminadas  Consecusn~

temente, el uso de semilla sana seria de gran utilidad practica

£1 uso do qenotipos resistentes, por olra parte, constituye la me-
dida mis efectiva y ccondmict de control de patdgenos, incluyendo  los
virus  Existen numsrosas fuentes de resistencia para el mosatco comon y )
mosatco rugoso, que podrian utilizarse en los programas de mejoramiento
ta bisqueda de materiales resistentes al complejo de virus transmitidos
por moscas silancas ruquicic atencidn cspecial, no <Glo por 13 qoportan-

¢i1a del provlema, sino por la complejidad de Ja naturalesa viral del mus

MG

El aspecto ccoléqico hn recibido en general poca atencidn en  nues-
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tros trabajos Un conocimiento idecuado de las condiciones ecoldgicas ri
yucridas paras ta sabrovivencia y diseminactdn de 1os virdas y sus vectoros
podriy darnos no sélo un mejor conocirmicnto de las enfoermedades  wirales,

sino también anformic1dn relevante al desarrcllo de métodos sds adecuados

para su control é
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CUADRO 1 PRIUCIPALES VIRUS DEL FRIJOL EN AMERICA LATIHA i
&
PAIS VIRUS «
E
VRC  VHA VR VIS VMOA VMU VO i g
SUR AMERICA ;
Argentina 4 3
Chile - .
T Perd + ¥ ”’;
Bras: | + + + 2 + %
Yenezue la + 1 + :
Colombia + - g
CENTRO ANERICA &
Costa Rica F ki * ¥ ¥ * t 45
ficaragua k * * + 3
Honduras > 1 % . ?
El Salvador o] + + k :
Guatemala . * A, T e d e — ———wi
CARIBE
Puerto Rico + 4 + v
Jamaica 4 +

Reptblica Cominicana

HORTE AMERICA :
MéExico ¢ + +
Estados Unidos + + 4 4 +

o s Mg ST S Re S o Lepoipb SO el Ao TW B0 iy BE W0 g

UMC Virus del mosaico comin, VA Virus del mosaico anarillo, VIR Virus <ot
saico rugoso, VHMS Virus del mosatco sureito, VMoA Virus dol moteado amal t Mo
VMD  VYirus del rosarco deovado, VCIY ¥Yirus de la clerosis infecciosa de las 1!
vaceas, VHE VWirus del mosa:co de las cuforbiaceas

ol vt ad P F ¥ LA AL

Se ncluye por comparacidn
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Ceniro Internacional de Agricultura Tropical~ CIAT,
€Cali, Colombia~ 1 a 3 Daciemnbro, 1975

MORTEOLOCY OF THE VIRUSLS AFFECTING TEAN AND THD ULTRASTRUCTURE
OF THE IMFECTED CELLS

E 4. Kitngima & 4.5. Coots

Dept.Biel.Cel,,IB, Univ.Brasilie, 70000 Bru.=ilia,DF aud Virus
Depl., Inct.Agronomico, 13100 Cawpinas, 5P, Brasal

Vizuces maght, under certain c¢ircusstences, cause contiderable
logres 1n the tean preductavity. The knosledge of tie pariicle
morphology aud the cytolegy of the infected cells help to conplete
the cliracterizztion of the causal vairus and to wndsrstand the
basie events involved 1in the infeotion progess. Thess informations,
furthermore, serve as m 411d for a qulck and precise dipguosas,
an ampertant factor 'in the contriel of the diseases cau.ed by these
viruzeg., & brief survey of what 1s presently known on the morpholegy
and cytopatlolos of the bean viruces will be precented in the
following lines,

BLOXGYTED VIRILES

Pean ecrron mocaic (BCMY) and been yellow mosaic (HIV) virusess
Thess viruse. belory to ihe so-talled POTL group {1}, with reported
norral lengts of 750nm {2). Particle length up to B00um has been
rejorted but suct viriation i1s_ preobably dae to prrepsrablivo processes
(ﬁﬁ. BCEY a-d VPV are cerelogieally rel ted, but the cytology of
the 1nfected colls e sordrhat different. In IZCWV-infected cells,
the lamellor sucluszore te d Lo hove a tubular or reroll shave
(panwheels), ahiile an the ¢z~ of WV, thewe larellac terd to
acpregate 1n the fom of thick fial | lntes {;73}. A particulurly
scvere st vn of 10OVY ("Paracicile™) as able ‘o induce 1m ine
nfectod cel'ny, besades the ~insheels, the foraat.on ot rerdiponous
woobls, 1 varently; derived fiom the Uolgy bodies (;g). Both BC.V
nd FIMY ¢t cler wgn be aetected dn *pe oytopluasm of infectfed
cells, exthey {orparpy agoregates or asrociated 1o the larellar
anelucaons (4,8%.

P

INCLIUMRIC vinUlP

Yputher tean "o ve sirus (37 yv3s 5.V oas g ver, sable, ironciric
virLs (cz 30nm an crwm }{i1}. Viriors weire detocted in ilan oections
of 1nfected cellsn, forming direretle aggregsies, in the ricleus, cyto-
vlarp, md vicucle L;gf£i). Large crysiilline aggrepnter of virus
paticles ware ob ecrved ap tre nucleus and oy toplasm of the oow.ea®

sfinin of 1'e 375V (14).
Lite rattern vro 1o a~u~ {BIPFV)  An 1 onetric virun, £ 30 a0 fipm.

Wwid 27¢l Lo om Cougoame ad nared PLPIY Tor the 61’00 1t cauaoo in
benn (;i}. Tt so~ur an rigk eoncent ation in infeeted iecaves, being
quite o¢.511, iu.ifzed, Infected cells unually contasns laige cryiialline
apgregate- of the vitaons in the ¢y toplesm. Anotler eryriallane
inclusicr of anh=avn n tire :lso occurs 1 these celin, Txic <ive
vezierl 13 3them of 1te opto, lasm is associnted with the znfeclieon (gg).




"Bean pod mottle virus (BPrV):Thio 4s o virus with biprrtite genore,
belonging to the group of cowpea mosaic virus (CFIV), +1th which

BPEV is serologically related (;1). BPMV is about 30nm in diznm,

and 1t his bLeen det.cted in the cytoplasn and vaocuole of infected
cells, A fibrous inclusicn was occasionally founl in the c¢ytoplasm

of BFMV-infected cello. A very charamctoriitic feature of the BPMV-
nfection is the appeirance of tubules conitrinin, virus p.rtacles
cmbedded in tre o~1l wall, oftén associated with fingerlike pro-
tuberances of the latter (18,19).

Bean rugore mosaic viruc(BRIV): An 1sometric (ca.30nm an diam.) virus,
iransmitted by chry somelid beetles, wae found in Guatemalaj 1t was
namzed BRMV., It is s rclogrezlly related Lo both BPMV and CPMV'(E_).
Tiscues infected by 2 str.ins of BRIV, rerpeotively Al and Ap, were
corpared in the electron microscope. Cull changes induced by strain

Al was similar te thet caused by BLP¥V and SBIV (lurge virus crystals
and a oryslzlline inclusion of wnkrown nature), whereas infection by
strain Ap recexbled that of BPIV and CPMV (virions 1n the vocuole a.d
ves~els, fitrous inclusions in lke ¢ytoplasm, prclifer tion of ¢ to-
plazmic ve~icles), Outgrovth-of the cell 12ll, con.ainins tubules

with virug r.rilcles, similar to that de.craibed in BPMV-infected

cells, was obrervaed only with strain A} (g;).

Bean "ampollado" virus (BAV): Thie is an isometric virue (Eg.30nm

in diaom.) found in Central Amcrioca. Eleciron sicro.co 1c exxlint.on

of B V-infecied tr, uor vevealeld virions in tle vicaols, and occasionally
mn the cyi'oply ny foraiag disgorete agrerez:ites n it tha ) istad. G to-
plasric arsas rich in ve~iclens J4are coanonly obamived, In 31 feq cices,
virions wes; noticed witiin ‘the vos els (22).

Boan rted knot ™1 cooadition 1s caweed hy the Bia-i1liun tobacco s.riak
virus, an ize~*tric virid of ¢1.30nw 11 diawster, and roluled in the
reco~tl, crest 3 ILARsiru grouy (lng;,24), yvith trlp ri.te sonoma (E:J.
Cucumber a0 120 viru, (Ci/): A cise of [ield infectien of bean b, C.IV
Wi, Teport d 11 Lho Varuna State, Brazil (gg). CtV i3 also a varuas rata
tripartito gunore (7).

Bean jo0ldey mooile  3-ur (BGHV): oMV s a1 whitefly, Lraa ntled rivais
(28) Peco! aor.  noecl Lt M ¥-partaclos ave ve , cuall, c3.15n0m
in duc1et r, usuall, ocewrring a9 dairers (gg). I:. tan r ations, rivaulake
particlas g2 . eccravi 1 1ly szen am fae 3rave tute , lut this neelp

furtier ool Loy (U0) ro ttic eh e 1 taie Wlotur last mol holoyy
13 1alucud Tepafectuon  pa-btieul.xl  an atg Tanell o 17s en (30).

In Bra 11, 1 o o*har girtefly~tra1 aabltel vica eu fTect f1eld buars,
res.ectivel;, 1alectiouz c.loruzis of 1 nlvsucea, *rducinag wiarf mouilc,
a1l Erprorbar mouare, wilch e~uoes 1.1f curl ho in orintion regarding
the ™ rphalo,. ef *10.~ vairases .1 o aalaible =t (12)

PHED - QUTLY VI TNl L

B2rn n erctic noLvie virae (Pt I} BTV prrobp ly tslon ~ to tnu *37ato
apottaed will viriz ziouy (LQFT'I+L sarticle ale w.o brinz-cowndad, C0-100nm
11 11am , bersrz @31l de*ascted an leaf Jip preparet.ons. Serolo 1acsi
relitaior » 10 Yo T3' 4.3 0t 1nveatigited yet Virug particles occur -itaar
‘he wndoplicp ¢ x¢ 'acnlum of infected coll « & dease, umn— hous azxza,
wuil'y cecu 11 the ¢, ton Low of L e 1alesleldl callr (i&).

A Toosilla rlY 10 1mu ceagpalted witn mosaiwac ondl blioter: In bean leafl
g2l , colire' 1 9t Toadan, Nigerin, thabdoviruslih: ;airticl s werve

fo ml 1 tae . iniel:ar spoce of dells from leaves shoi-n, wvosiie wd
blaster Be ida:r the-o _rii¢l 5, pinvheel 1nclu.ions, t,pic.l of
winfoction by 10Tiviraiss were Jd-o 1otrced (12).
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Breeding Dry Edible Beans {Phaseolus vulgaris L ) for

A W Saettler, Research Plant Pathologist,
Bean Disease Investigations, Agricultural
Research Service, U § Department of
Agraculture, Michigan State University
East Lansing, U S A
Seed-transmitted bacterial diseases continue to be serious production-

himiting factors for dry beans 1n many areas of Latin America, as well
as m the humid Great Lakes regions of the U S and Canada Especially
bltight = Xp), X phaseolr var fuscans {fuscous blight = Xpf}, and
X wvignicola (tropical hale blight = Xv]  Tor purposes of smmplicity and
to avoid confusion, Xp as mentioned in this paper includes Xv

The 1974 8th Edition of Bergey's Manual designates Xp, Xpf, and Xy

as nomenspecies of X campestris

;tha!y sources of infection 1n Xapthomonas biights include 1nterpally-
and externally-contaminated seed and overwintered 1noculum in the field
Subsequent disease development and secondary spread are favored by humid
or wet, and warm weather conditions Leaf and pod infection can occur
through natural openings such as stomata and hydathodes, or through
wounds caused by insects, blowing sovl particles, machinery, or anunals
including man  Internal infection of developing bean seed most commonly
results from a systemic invasion of the vascular elements of the upper

pod suture




Although practical short-term control of the Xanthomonas diseases
1s possible through the use of disease-free seed, crop rotation, and
possibly chemical sprays, long-term control depends on the development
of disease-resistant or tolerant cultivars It has only happened 1n the
past 10 1o 15 years that major programs of breeding Xanthomonas tolerance
1nto dry edibie bean types have been 1mitiated Programs of this type
are located at the University of Nebraska {D P Coyne and M L Schuster),
Michigan State University - USDA (M W Adams and A W SaettTer}, Puerto
Rico ~ USDA (G F Freytag and N G VYakili), Canada (J W Aylesworth
and 4 H Haas), CIAT (G H Bravo and G E Galvez), and Cornell
University {0 H HMWallace and R E Wilkinson) There may be other

breeding programs 1n addition to these with which the author 1s unacquainted

of pathogen, host, and environment  Among the intricacies of this inter-

action are  pathogenic variation, developmental stage of host, method

and site of 1noculation, and method of evaluating the disease reaction

1 Pathogenic Variation

The presence of pathogenic variation in X phaseoll was 1mtially
suggested 1n 1956 by Smale and Worley {11) who detected pathogenic
differences 1n windwvidual colonies of stock Xp cultures A year later,
Corey and Starr (3} 1solated from a stock Zp 1solate four colomal
mutants which differed 1n pathogenicity, pathegenicity, in terms of
Teston number and size was directly proportional to the amount of

extracellular poiysacchoride produced 1n liquid medium  Heither of
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these papers actually reported comparative virulence of several different
isolates, but only of sub-isolates within a stock culture

Definitive evidence that variation 1s present 1n Xp 1solates from
varigus geographical areas was presented by Schuster and co-workers in
Nebraska {8,9,10) Xp isolations from seed of Colombian (hsolates (6 and
€7} and Ugandan (1solate U2} dry bean cultivars were moere virulent on the
‘tolerant’ bean selection, Great Northern {GN) Hebr #1 sel 27 than was
the standard Nebr Xp S 1solate The authors suggested that, in view
of the high virulence of certain Xp isolates, pathogenic variation may
be an mportant factor in the development of tolerant varieties

Ekpo and Saettler (5,7) confirmed the existence of pathogenic
variztion 1n Xp and extended the existence of such variation to Xpf
2s well One of the WMichigan Xp 1solates {Xp 15} which they tested was

somewhat more vivulent on GN Tara, Jules, and Hebr #1 sel 27 than were

the £6 and C7 solates mentioned previcusly, Xp i1solate U-2 was also
confirmed to be quite virulent on GN Nebr #1 sel 27

In general, Ekpo and Saettler found that Xpf i1solates were sopewhat
more virulent on the bean varieties tested than were Xp 1solates For
example, Xpf 1solates 16 and 19 from Michigan, 844 from Guatemala {via
Nebr ) and CIAT A from Colombia {via Nebr ) incited severely susceptible
disease reactions on GN Nebr #1 sel 27 Only 2 of 8 Xp 1solates incited
a swmilar veaction  In addyiion, although all eight of the Xp 1soiates
incited a tolerant or slightly susceptible reaction 1n PI 207262, four
of the Xpf 1sclates 1ncited a moderately- or severely-suscepiible reaction

on th1s Twne  These authors also point out that extremes of pathogenic



variation 1n Xp and Xpf could well be greater than that reported

There 1s controversy regarding the taxonomic differentiation of Xp
from Xpf on the basis that Xpf produces a brown, soluble pigment 1n
certain culture media while Xp does not (1,2,4,9) This controversy,
n turn, s associated with conflicting reports that Xpf s more virulent
(6,7,12) or not more virulent {13) than Xp  Brown pigment production
1s stable for Xpf and can be used to separate it from Xp (1) However,
separation of such closely~related pathogens as Xp and Xpf on this basis
15 unnecessary, and separation on the basis of pathogenic varitation 1§
mvalid  What 1z wmmportant, then, 15 to realize that there 1s extreme
variation in pathogenic potential of these organisms, and that understanding
this variation 15 crucial to the develepment of widely-adapted Xanthomonas

tolerant bean cultivars
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2. Developmental Stage of Host

That bean leaves of different ages are not equally susceptible to Xp

1nfection has been known for some time Goss reported that as leaf age
1ncreased, Xp susceptibility also increased {17) On the other hand, F
Patel and Walker noted that the youngest rather than the oldest leaves
were the most susceptible (19} Both of these studies were made with
plants 1n the vegetative stage of development, however, and did not
stmuiate a natural field situation of Xp disease development

In the field, the Xanthomonas diseases become most visible at or

on the Jower, older leaves Secondary spread of the pathogen occurs most
rapidly after this tmme The importance of evaluating breeding material
1n various stages of development was emphasized by Coyne et al who

determined that plants of both susceptible and 'folerant’ Tines were

more susceptible to Xp when in a reproductive stage of developuent (14,15,

16). Increased susceptibility to Xp and Xpf when plants are in reproductive

as compaved to vegetative stage of development was recently reported to be
a common phenomenon by Saettler and Ekpo (7} There was a strong
suggestion of higher virulence of Xpf 1solates to reproductive rather

than to vegetative plants as compared to the Xp isolates In some tsolate/
host combinations, however, the opposite phenomenon resulted whereby
vegetative plants were more susceptible to Xp or Xpf than were repro-

ductive plants ¥



Even though developmental stage 1s 1mportant vhen evaluating breeding

material for Xanthomonas tolerance, previous work on 1nheritance of Xp

tolerance based on 1noculation of vegetative plants 15 not negated {18,20)

This s especrally true for Honma's successful crossing of P acutifolius

var. Jatifolius {Tepary bean) with P vulgaris cv Great Northern,

and 1dentifying at Teast some of the progeny as highly Xp-tolerant GN

Nebr. #1 resulted from this interspecific ¢ross, and sel 27 was 1n turn

selected out of GN Nebr #1 {16) This sel 27 has been used extensively

as a source of Xp and Xpf tolerance in other breeding programs

4.

15

16.

17.

18

Coyne, Dermot P , and M L Schuster 1974  Inheritance and linkage
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3 Method and Site of Inoculation

fumerous methods of 1noculation have been employed to screen for
Xanthomonas tolerance n beans  Perhaps the two most commnon methods are
water-soaking {22,23,29) and single-or multiple-needle pricking {21}
of leaves Fkpo {5} compared multiple needle, and leaf water-soaking
1noculation methods using one 15olate each of Xp and Xpf on bean cuitivars
Tara and Mich-Cal Cranberry Extremely variable levels of necrosis and
chloresis developed with the needle 1noculations, whereas very reproducible
Teaf lesion symptoms developed with water-soaking method  One can some-
what question the needle 1noculation technigue also on the basis that 1t
causes a fair amount of artificial tissue wngury Arp, et al {22} have
also moticed that, under field conditions, tne leaf water-socaking method
15 extremely useful in showing differences between susceptible and tolerant
cultivars

Ekpo described a leaf-incision technigque for primary and trifoliolate
teaf morulation which was useful 1n '"typing®' pathogemic variation,
however, there was no useful correlation of leaf-incision symptoms with

the Tield reactions of both susceptible and tolerant cultivars




In addition to method of inoculation, the qualtty and quantity of
moculum are wrportant 1n detecting Xanthomonas tolerance in beans  That
guality of inoculum 1s mnportant has already been discussed under pathogenic
variation, this author belreves that breeding material should be exposed
to a wide, geographical spectrum of pathegenic potential  Quantity of
1noculum 1s important 1n that field-tolerance may be overlooked 1f too
kigh of an 1noculum concentration 15 used

Coyne, et al (16) alluded to the importance of 1noculum concentration
in screening for reaction to Xp {they employed the multipie-needle ynocula-
tion method} Ekpo {5) studied the relationship between inoculum concentra-
tion and disease reaction 1n susceptible Manitou bean cultivar using 8 Xp
and 7 Xpf 1solates under greenhouse conditions, the water-soaking method
of 1noculation was used on 18-day-old-plants  Disease reactions of

_plants under these conditions correlated with reactions 1n the field only

7

when an 1nocutum concentration of 2 8 x 107 cells/ml was used, 2 8 x 103

5

and 2 8 x 107 cells/ml generally gave disease reactiens of tolerant or

slightly-susceptible,Coyne et al found 5 47 x 10’ celis/ml optimal ¢£
their study (16)

In the absence of useful selective media for Xp and Xpf, 1t 15 1mpossible
to determine 1nocuium concentrations of these pathogens 1n the field It
would be extremely useful to momitor actual Xp and Xpf cell concentrations
during secondary disease spread in the field, this would ailow one to

more carefully 1noculate bean lines with an 1noculum concentration as 1t

peeurs 1n the field
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tions using the water-scaking technique to identify tolerant materials
Breeding lines are usually 1noculated directly with the bacterial
suspenston just at or after the blossom stage  In the Michigan-USDA pro-
gram, however, only alternate 'spreader' rows are inoculated, and evaluations
are hased on the degree of secondary disease spread 1nto the tolerant
Tines (28) Both of these procedures are useful and result 1n quite
reproducible blight ratings

Pod wnocutation with biight bacteria 1s useful for detecting
virulence (26,30) and could be a useful technigue for identifying tolerant
Tines (5,24)  H111 et al (25} have shown that pod reaction to the halo

blight pathogen (Pseudomonas phaseclicola) s under genetic control, this

may also be the case with Xp and Xpf Tolerance to leaf infection does
not nsure tolerance to baé tnfection with Xp and §gﬂ_“andmggy;& and
Schuster suggest combining high foliage with high pod tolerance (24)
Ekpo {5) has confirmed the suggestion of Coyne and Schuster 1n that pods
and foliage of hoth tolerant and susceptible bean cultivars may react

independently 1n response to Xp and Xpf noculation
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4 HMethod of Evaluating Disease Reaction

Most of the rattng scales used to define disease reactions of
wnoculated plants are quantitative, as well as qualitative in nature

For exampie, Coyne and Schuster (8,10,16,22} generally use the following

£

scale .
S
P T = Tolerant, no visible symptoms
2 §1-5 = ST1ghtly: susceptible, small lesions develop on a few leaves
3 Mod-S = Moderately susceptible, moderate leaf lesions develop with
some chlorgtic lestons
4  Se~S=Severely susceptible, many large lesions develop on most of
the leaves with pronounced necrosis and chlorosis
5 Very severe infection, plants chlorotic, necrotic and largely

defoliated
Saettler and Adams {28) have used the following scale n evaluating

breeding lines for Xp and Xpf tolerance

Rating Symptom Type
00 no—disease - - - e - e T
10 a few blight lesions, 5% leaf infection
2 0 5-10% leaf infection in the row
30 10-20% leaf 1nfection, lesions large and spreading
40 25-50% leaf infection, many lesions coalescing
50 50-100% leaf 1nfection, most plants dead

Lines developing a disease rating of 0 0-1 8 are generally classified as
tolerant, and »1 8 are classifired as susceptible  The actual ‘cut-off’ -
value between tolerant and susceptible vartes from test to test, and 1s
determined by comparing the disease ratings of numerous susceptible and
tolerant checks wn the KBursery
A standardized blight rating scale should be developed and utilized
uniformly by those voived n screening for Xp and Xpf tolerance 1n the
field At the same time,methods of inoculatron should be standardized
as wuch as possible so that a particular b11g§§ rating w111 mean the

same thing to breeaers and pathotogists alike around the worid



One possible complication relative Lo blight rating scales 1s that
absence of visual disease symptoms 1n inoculated {issues {or Lissues
nfected from secondary spread) does not guarantee absence of Xp or Xpf
Indeed, several workers have shown that symptomless tissue of tolerant
{5,16,31.,32) or susceptible (5,33) bean cultivars can contain detectable
Tevels of Xp or Xpf It 1s suggested that additional research studies be
initiated on the epi- and endo-phytic phases of Xp and Xpf relative to
tolerant and susceptible cultivars Tissue from field-tolerant lines

should periodically be assayed to guarantee absence of Xanthomenas pathogens

Literature Crted

1. Allington, ¥ilitam B , and 0 W Chamberlain 1949  Trends in the
population of pathogemic bacteria wnthin leaf tissues of susceptibie
and 1mune plant species  Phytopathology 39  656-660

2. Scharen, Albert L 1959  Comparative population trends of Xanthomonas
phasedly 1n susceptible, field tolerant, and resistant hosts
Phytopathology 49  425-428

13 Thomas, W D , ur , and R W Graham 1952 Bacteria 1n apparently

healthy pinto beans  Phytopathology 42 214

5 A Cocperative Approach for Screenting Phaseolus vulgaris L germplasm

for Xanthomonas tolerance

A Imitral Assumptions

1 Standardized method of inoculum preparation, including

quantity {concentration} and quality (pathotypes to be used}
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2 Standardized method and twme of 1roculation using the
water-soaking techmique (direct 1noculation of test plants,
or use of ‘'spreader rows' for secondary spread)

3 Incluston of at Teast two susceptible and two tolerant
check varieties

4  Standardized method of evaluating discase reactions

B. Proposed Procedures

1 Xanthomonas Blight Nurseries would be conducted in the
field by interested programs using the above assumptions In
the 1nterest of phytosanitary considerations, 1t 1s suggested
that 1nitially, only indigenous Xp and Xpf 1solates be used
for artificial 1noculations in the field

2 Continuocus, and expanded efforts, should be made by each

program to 1dentify new sources of blight tolerance Since
transgressive segregation 15 now known, a much broader genetic
base for tolerance 1s feasible, and attainable
3 Since most programs have, as an end product, a blight-
tolerant cultivar with rather specific agronomic traits, crossing
and selection procedures will be rather individualized  The
inheritance of resistance n new sources of tolerance should
be ascertained, however, 1f at all possible
4 Free exchange of tolerant lines, bacterial cultures {with
appropriate care in their use), and expe~tise is not only
encouraged, but also demanded f we are all to succeed n
1ndwvidual programs ”

Presented by A W S to Bean Plant Proteclion Workshop, Center Inter-

nactional de Agricultura Tropical, December 1-3, 1975, Caly, Coclombia
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SURVIVAL OF PLANT PARASITIC BACTERIA OF TROPICAL PLANTS
M I, Schuster

University of Nebraska-~-Lincoln
UsS A

Althovgh my specific assignment 1s on survival ¢f plant parasitad

bacteria of beans grown in the Tropies, 1t behooves me to expand the
topic to other bacteria and crops in the Tropires, and also include
seme work done 1n the temperabe pone,in antaicipation that the infor-
matien can be applicable and extrapolated to bean bacteria

But before we get anto thiz topig, let me offer some
introductory statements

The plant paras:itic bacteria and other microorganisms that exist
today have become adapted to survive under current conditions Sur-
vival of the species 1s the important terminus 1n orgenic gvolution
For plant pathogenic bacteria, 1t 15 the mogt immediate aspect of
survaval that concerns us  Not many natural abodes or habitats offer
microorganiems any great degree of continuity of environments or
conditions, ard an important hurdle for the species 1s the bridgainyg
of raterruptions in 1ts environment, this ircludes discontinurties
in the supply of plant hosts— -

With crop plants and orops artificial culture i1s upintsrrupted,
or nearly so, crther spatially or wn time, and the presently survival
problem for the parasite i1s thereby taken care of Such an example

may occliy in the tropices with perenntal crops or with a sucoession

of crops the dry and wet periods in the tropics would provide a dis-
continurty of crops, howsver, because both perieds are too favorable
necassarily )
¢

Agricultural or norticultural methods arrange some modicum of
discortinuity befween related host crops This interruption may,
nevertheless, bo less irmportant than trat «hich exists in nature,
and, therefore, the properties evolved by the pathogens for bridging
natural gaps are rore often suffzrcient for bridging those in arti-
freral prant culture Prohliems of disease control are in girect
proportion to the case with which a pathegen can tranafer from one
crop to another, cithexr .n space or time tnyformity of crop germ-—

Plesm favors rnocnlum buildup and perhaps perpeturtion of the patho-
gers  In a recent re~ort on "Genetic Vulrerability of :ajor Crops,”

it 15 roported that bean 1n U § A have a nerryow germplasm hase
{Tvo tvpes, the Michigan navy bean and the Pinto account for 60% of
all drv beans gicen ain U 5 A Two pinto vers ~-Pinto 111 and 114~
zecount for slmost 2l the acreage of p.nics A1l four navy bean
vars derive over 20% of their germplasm from the varaety Hichel:ite

PAGE
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It 15 clear that much of the edible dry bean acreage 1n U S A rests
mwon a dangerously small germplasm base This i1s true for the navy
kean The situation 1s less critical for the Pinto class because
the production 1s dispersed in several different states, whereas the
ravy beans are produced in a single concentrated region in Michigan
Host of the dry beans are susceptible to common and fuscous
bacterial blaghts

To control diseases, one has three courses to follow

{1) One may seek means to reduce the severity of disease,
once a plant or crop 1s infected

{2) One may seek methods or ways to prevent infection, once
the pathogen has reached the surface of the host plant, or

(3} One may seek to prevent any contact between pathogen or
plant host

there are several explanations why the third approach 1s the
mst desirable, and:1t can be accomplished by interfering with the
normal mechanisms of the pathogen for overcoming its environmental
giscontinurties The transfer mechanisms that pathogens have
adopted are related to the types of discontinuities that they face

These fall into two categories--spatial and_temporal {taime)
Spatial transfer 15 from one crop to another distant but contem-
TOorary crop ' gus and viral patbogens are notably successful at
this type of dissgmination However, in these two groups some
important pathogens have solved their prohlems by temporal rather
than spatial spread Nematodes are of limited mobility at best, and
host finding 15 normally by persistence in soil

Plant-pathogqenic bacteria, as opposed to animal pathogens, are
&lso mainly i1ithout any special adaptation to spatial dispersal,
althouah there are important exceptions

A sufficient amount of inocculum must be able to survive the
off-seasong 1n order to tre-establish the pathogen when favorable
condrtions are again presented It would be prcsured that obligate
parasites (those that reguaire a living host to grow) are more handi-
capped by discontinuous growth The main effect of growth stoppage
of the pathogenic bacteria 1s the decrease in the amount of potential
woculom {The tcrm inoculum refers to bacteria thit, when placed
in suitable contact with the host plant, cause discase )

The rerativ~ success or farlure of a plant pathogenic bacterium
depends cn the anount of i1noculum In the case of bacterial plant
arseases, the bacterial cells themselves are the inoculum Pathogens,
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such as bacteria, which have a short disease cycle, can he sxpected
to develop more rapidly toward epidemic proportions because of the
rapid 1noculum burldup from & small amount of surviving primary
inoculum

A poant at this time concerns the minamum amount of incculum
necessary to anitiate dissase Large amounts of primary inoculum
are of little or no value 1f succegsful transmission to a susceptible
host plant does not take place Therafore, i1t 15 suggested that the
source, evit, and transmissron of the primary inoculum into new Crops
shonld also be considered This troika g regquired for disease to
ocenY, for survival, and for continuity of the bacterial species
Knewledge of these factors could be arportant in control by estab-
lashment of a “curtain” between host and the primary inoculum phase
of the pathogenic bacterivm  Contrel might be a simpler and cheaper
task in the pramary incculum phase than secondary inoculum phase
The population levels are usually at their lowest point durang off-
seasons and more susceptible (and amenable} to control Plant para—
sitxc bacreris dissemination is a difficult task to prevent, once the
digease 15 established {The population levels are very high at thas
stage )

Two extreme dispersal patterns can usefully be characterized by
thear efficiencies, ranges, and reguits 'Imperative dispersal,’

means whereby the hacterium exploits 1te habitat It 1s typically
thorough, often freguent and specralized, and may employ many agen—
cies, wnclusang the growth of the host There are many intermediates
between this and the other extreme of ‘capricious {changeable, fickle]
dispersal]” which :s occasional and, although it may spread an organ-—
1sm, 18 not nece<sary for 2t to survave Because 1t must operate at
greater ranges than imperative dispersal ana necd pot succeed, 1t 18
less freguent and can use less gfficient methods Put the area,
tara, and number of bacteria are so enormous that eventually i1t will
be successful--thias 1s the game of chance, on the other hand, the
impeyative dispersal s a game of skill

the sucerss of bhacterial patecgens and cevends upen its ability to
escere or endure adverce envirohmental condifions Survaval may
cepend ureon external (phyeical ard biolegical enviveomment) factors
as well 2% the internal make-up and form of the praimarv inoculum of
the pathogen The combination of these factors afiects the mainimum
concentration of primary riroculum necessary for iratiation of a
disezse upon re-esiablishment of favorable infection concitionsg

These are sone of the poinls that need to be considered in sur-
vival rechanisms of plant pathogenic bacteria Since there are about
200 drfferent “species variations in modes of survival are destined
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to ccoour  Different species illustrate dafferent types and sesitablish
basie concepts  The bacterial phytopathogens occur in four families
( ¥ in two orders { Te
and are represented by only 5 or & genera  Pseudowonas (80 spp ),
¥anthomonas {120 spp )}, Brwinia (and Pectobacterawni {17 spp ),
Corynebacterium {12 spp } and Agrobacterium {7 spp )

Plant pathogenlce bacteria are aercbic non-spore forming rods
All except Corynebacterium are Gram-negative, most are motile with
exther polar or peritrichous flagella, but a few are non-motile
{atrichous)

Some bacterial diseases are locally or generally of great eco-
pomlg amportance Faor example, Pseudomonas phaseolicola (halo blight
of bean), Ps syringe (brown spot of beans and many other crops),
Xanthomonas phaseolr {common blight of beans)., 8 p fuscans (fuscous
blight of beans) X wvignicola (blight and canker of beans and cowpeas
Corynebacterium flaccumfaciens {(bacterial wilt of beans), Pz
splanacerum bacterial wilt of 200 species of musaceous and sglanaceocu
plents, including the bean, P savastonor (olave knot)

Wellman (1972} lists many bacterial diseases found in the Tropicg
which are caused by Eseudomonas and Xanthomonas species In fact,

{(1863) about 20 years before Burrill  sugarcane gurumnlng caused by
X. vasculoruwm Wellman {(1972) refers to 20 bacterial palhogens {in
6 genera} ir Tropacal America (Neotropicgl that are fairly common
causes of plant diseases Presumably, these digsease syndromes could
drfferentially affect the gsurvivalability of the pathogens, directly

or indirectly

In bacterial discase, primary incoculum sources are the various
survival nechanisms adopted by the pathogens during dormancy i1mposed
by the growth peradicity of the tost plant, or unfaverable periods
for 1nfection and develepment  winter in the temperate zones oi the

Jusi as studies of daspoersel are important in the control of
diseases, o, 1f durstion of survival of pathbogens 1s to be reduced,
it 15 vmportant to unaerstand the mecharisms of survival The
arfficurties may, of course, be greater in some survival sites than
others

tiechanians of survivalabilaity can be presented by use of duif-
ferent approaches Piant parasitic bacteria do not form resting
snores or abtructures comparable to othor pathogens {nevatodes or
fungi) and remaly dormant durirg the cquiescent period in association
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seeds
plant residues
perennial plant hosts or parts thereof

epiphytes
soil and other non-host materials
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Pathogen longevity will be referred to under naturazl and artificial
envirgnmental conditions

Pathologists have devoted much time and effort to the growth
stage of the life cycle It 1s this pericd that effects of bacterial
growth are most noticegable leaf spots., blights, wilts, galls and
other symptoms that result in plant lesscs Knowlerlge of the life
cyeles and survival may provide amproved contrel measures Presum—~
ably, the vulnerable period for bacteria 1z commonly during low pop-
ulation levels  One should attack the pathogen during this period
This period 15 usually between seasons or wet and dry per:ods (an
the tropics? Reference 15 made here Yo Praimary Inoculum Primary
inpculen survival i1s from season to season Secondary incoculum
survival refers to survival for minutes-days (short term)

The 1life cycle of a plant pathogonic bacterium can be divided
into three phases pathogenic, saprophytic, and survival phases
Ieben has added a fourth, "resadent, to include all types of asso-
ciatioes of microflora with healthy plants The vathogenic,—83PLG—
phytic, and resident phases are consideved as growth phases 1n the
secondary infection category, the fourth phase could be considered
as primary infection or inoculum  How 15 sach phase involved in the
productron of surviving cells® It 18 a practical crercise to discusy
how phytopathogenic bacteria survaive during unfavorable periods
More and more ve are trying to refine our comprenension of life
cycles and modes of survaival
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SHORT TERM SURVIVAL

Pathologists are mostly concerned with the practlcal effects of
long-term survival It might note be inappropriate to mention survival
of metabolically and physically active bacteria for shorter perrods -
hours and days  Physical, chemlcal, and microbrological facters affect

Free water is required for bacterilal reproduction and locomotion  Act-

1y when expesed Lo desiccation  Lehen found that Pbeﬁdamqgégxglycineqt
bacteria on glass slides died within minutes after waler suspensions
were dried High relative humidity favors epiphytic growth in general
{(Leben)

Plant parasitic bacteria on aerial plant posts preobably are quickl
decimated by uvltraviolet rays of sunlight UY drradiation kills bacter
ia (X p. var. sojense) on the leaf surfaces but not in the intercellu-
lar leaf spaces (Barnes, 1965) The effect of UV 1s influenced by rel
ative humidity

=

After infection and during disease develoyment}pathoganic bacterfa
are subject to effects of other microorgenisms As the disease develop
nonpathogenic microorganisms Initiate decay of the lesions and of patho
gens therein, this decay iy more rapid when anfection 1s in proaimity t
the soil  Survival time would depend on the rate of decay of the plant
tissues Interactions BE€Ween bacteria: specios cin influence popula-
tron buildup and consequently survival Prlor inoculation with aviru-
lent mutants may protect against virulent pathogens (Goodman)

¥}

i

d

Thus survivabaility of active cells is apt to be of short duration
Bacteria washed from an active lesion on foliage probably would die
quichkly due to desiccation and UY Irradiation Thas relationship shoul
apply to epiphytic bacteria but this would depend on species and drvang
conditions  Pathogenic bacteria migrating from active lesions on leaf
or root become inactive in the soil, by and Jarge because of lack of
energy sources.and unfaborzble conditions Should enerpgy source become
avarlahle other organisms would be better able to use tt, because plant
pathogens are not nutritionally versatile and less actaive biochemically
(Misaghy ond Gropan, Sands ano Schroth) Thus 1t seems likely that un—
less a sultable niche could be found auickly, migrating bacteria to soifl

vould expire 1n 1 short time  There are a few excopticns and these wil
be rentioned later

o

=

AL this peant, 1t mipht be stated that uith respecl to the subject

of sorvival of rliit pathopenic biceerie, surprisingly little work has
been done on thas pert of the life eycle

Three “iomeworls of fact and speculation concerninp survival can
be coisidercd

both short~ and long-term survival, information on the latter 1s sketchp

ively growinp asporogenous bacteria existing independently succumb quick-
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1 (1) Loeng~term survival of pathogens in nature takes place only in
association vith livaing or dead plant tissue This s a "cratical

s |trait®. (Alexander, 1971) that alleows pathogens to survive in the face of
recurrent or occasiongl stresses

(2) long-term survival is not likely to take place unless bacteriall
4 |cells are in aggregates or unless they are in association with living
plant tissves in "protected positions"

(3) Pathogens in a state of reduced metabolism are more Iikely to
g [survive than are active cells

7 HYPOBLOSIS

# Bacterial cells 1n a state of reduced metabolasm are designated
hypobiotic cells  In the hypobiotic state, microorganisms may live lon
8 [periods without added nutrients and are wore likely to survive the chem
1ea2l and physical stresses that incite death thapn when metabolic actavi
1ty is high. Hypobiosis can be induced experimentally by loss of water,
low temperature, Increasting salt concentration, and z number of other
Il {means.

o

12 It seems redsvnable to assume that pathogens surviving for long
periods are in a hypobiotic conditdon, having assumed thils state as a
13 lresult of the natural processes taking place with the apmng of diseased
tisgues  Hypobaiotic cells would be the sarvaivors in dry leaf, stem, anfi
4 lroot lesiens of ammual plants  they would revrcsent 1 small portion of
the masses of bicterial cells that at one time were alive within the

15 {lesaon. Hypobiotic cells are, of course, qizte differont from actively
metobolizang one and deserve wore study

16
For example, Ps aeruginosa cells were mole sensitaive Lo drying in
17 |the ewponuntial siowth phase than when cells were 7 davs old Also
Kormand et al (1971) found the morpholopy of Ps phascolica (halo blagh
18 [of bean) cclls was different in the lesion ceunter than at rhe lesion
edges, where the hacteria were younger (cell size and plamysis edge)

vr

2
3 Some bacter:al pathogens can survive for many years in diseased

sp iPlant tissues that are dry The surviving cells in the tilssaes, 1n
addition to beaing in a hypebiotic state, probably are protected im vary
21 fang degrees by the s.rrounding masses of dead bacterral and plant cells
and by products of the pathogen~host interaction {On the other hand,
20 1£s cepacia dred 1u dry and brattle onion leaves, this may be an except
tion {Kawamote and *arbeer, 1972)

H

H

SLIDE

The bean patho,ens X phaseoli, X p wvar fuscans, Ps phaseolrceja,
25 IPs. syrinpae ano Corvnebgetereum flaccumizciens as well as soybean blight
and pustulc were found to be Favored when infected bean reslidues ware

S ———— [ ——

.
:

5B oz spinpE e e 3 i 2 ) v napied e anuoni B N R L A ] st dhe rarhd hand prarginn
5



i

1}

12

13

14

15

16

17

18

1%

20

21

23

24

a5

Maintained on the sorl surface compared te incorporation 8" in soal
This indicates that bacteris survive in dry plant parts Companion
studies were vun in the  greenhouse in which these bean and soybean bac-
terial pathogens In infested tlzsues survived in dried soil (0 957 WHC)
ané soon died in moist soil (30ZWHC), these were maintained at tempera-
tutes ranglag from 80-120°F {25-35°C ) This work at Nebr , U S A wag
confirmed for X malvacearum (cotton blight) in Sudan (Africa) and Tangt
anyika to some degree In arid climate of Sudan infested debrils is a
threat to the next cotton crop In Tanganyika where the vainfall 1s
considerably higher than in the Sudan, X malvacearum barely survived
between cotton crops on the soal surface  Bacterzal spot of tomato

(X vesicgtoria) which overwintered in tomato and debris in Nebr , U S A
wag iuntroduced in transplsnts grown in sosthern U S A

X oryzae can easlly survive in dried rice straw but survives only

1~2 mouths when the raice straw as plowed in the soal In the Philippines,

X oryzae was not recovered from rice stubble 18 days afrer the "Kresek]
stage when waintained 1n pots after removal of all but the basal 3cm
(Bwigwe, 1973}, presumably the stubble was moistened which favored its
breakdown  The wirm humid climate of the tropics and the current trend
for continuous rice cropping favor the perpetuation of X oryzae, the
bacterial blaight, as most of existaing varieties are susceptible

The bacteria survive in draied lesions on infested tissues, 1f
moistened as would oceur if debris is "plowed under" and exposed to
microbial decomposition, it is expected that surviving ceils surrounded
by diseased tissue would not be st readily decayed zs when imbedded in
smaller amounts Cells in woody tissues would be less subject to decomy
position than those in soft tissuves This was well x1llustrated with LI
disease of maire (€ nebraskense) (slide} bacteria survived 10 months
in stem and crown tissue at 4 and 8" depths compared to their disappeartd

-

ance 11 leaves and other softer corn tissues Debris from diseased plants

should be considered a possible source of carryover  But how likely 1s
it that debris will decompose between susceptible crops I xt 18 not
decomposed vhal is the Iikelihoed that surviving bacterizl parasites
w1ll come in conitect with susceptible tissues With our ordinary crop
cultivation methods, survivers in dasessed leaves, etc , would oceur
near susceptible seedlings rarely, :f ever, particularly 1f crops were
rotated

SEFD

On the other hand, diseased debris associated with seed would be
kept dry and Lhus not subject to deterioration Tn rhig condation,
nacterial cells wny well suriive as long as the seed 1s viable  Seed
co~tararation mipht occur during harvesting and processing, halo blight
wvas found visble in seed infested debris after 13 months {(Grogan and
Xamble, 1967)
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"The flowers of all the morrows are in the seeds of teday"(Cowen,
1974}  A&s vehicles to spread new life, seeds can be pnemies to the sury
vival of man when they carry unwanted parasites

Seed 1s considered the ideal agency in which plant pathogens sur-
vive periods when the host is lacking Orton (1931) indicated that any
of the bacterial pathogens is likely to be transmitted by seed. His pre
diction is becoming a reality as the roster becomes greater

Bacterial pathogens that irfect Phaseolus vulgaris and other le—
gumes serve as excellent examples of seed-borne pathogens  Xp, Xpf, Xv
Ps phaseolicala, P syr , € f, Cfa, Cfv Ps solanacerum which 1s
common fn the tropies zlso can infect beans and may be seed borne, it
has been found in seed of soybeans and peanuts

The growth and developrment of the seedbean industry In the semi~
arid West of U 8 A was based on the relative freedom {rom several bac-
terial pathogens (Pp, Xp, Xpf, Cf and Psyr} But the bean industry sus
tained disastrous ecoromic losses as a result of severe outbreaks of
bacterial diseases 1963-1967 Reasons for this sudden appearance of
bacterial diseases were {1) occurrance of favorable weather, {(2) intro-
duction of diseasec on seeds grown for increase, (3) and occurrance of
new races viz Race 2 of hale blight By a concerted effort by several
agencles the seed bean industry has cleaned up their bacterial problems}

A few seeds infected can result in disastrous epidemics  In Wis~

random cosld result in an epidemac  In Canada 1t was shown that O 5%
seed Infected with fuscous blaight can be dasastrous

133

The use of bacterial free-bean seed 15 a classic example of diseas
contrel  However tle recent {196G's) outbreaks of bacterial diseases
ain ¥ S A, demonstrated how widespread epidemics can occur when seed is
protduced n a locallzed area

In Wew South Wsles {Australia) seedbean production 1s located in
haigh reirfall climstes {cotpared to low rainfall areas in U S A )
Purpose 16 to form development of bacterial Llaights and anthracnose so
tnat trace irfections of these diseages are readily detected In late
19530%s ard early 1960's ecreages for certification in New South Wales
and Victoria declined becruse of the ircgreasang cests and the consider—
able risk of wet weather at harvest (Ballantyne, 1974)

the druer eliwate of Novth Queen land {Austrilia) was less favor-
alle for rroduction of high gerninating seed of some bean varieties
s (stringliess) than the mo.ster clinates of New South Wales In 1967,
Gueenslar d Department of Primary Industries also required that equip~
ment used for planting, harvesting, and cleaning hean sced be cleaned
aind dasinfected with elther a mixtore of cetrimide and chlorhesidine
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{Johnson and Arvier, 1967) or methyl bromide to mimimize risk of conta-
mination by bacterial blights in the Certification and Approval Schemes
(We checked MBr and found it does not affect germination of RK nor af-
fect rubber {tires).

There is a need for decentralization of bean seed ecertification
From the experience in the 1960's concentration of production in Idaho,
for example, Is dangerocus and creates a potentially vulnerable situastioa
for users of this seed (Zaumeyer, 1972, Natl Acad Sci )

Similarly in Australia seed produtfion of green and wax beans is
concentrated in Northern Queensland {dry tropics) and unfavorable sea-
sonal conditions and outbreaks of diseases have caused reductions in
quality and quantity of bean seed produced some seasons The location
amdl development of other bean seed productlon areas in Australia 1s alsd
desarable (Ballantyne, 1974)

Survival per se of a bacteraial pathogen in seed or other agency is
not the complete answer  Two seed-berne pathogens of corn(E stewartn
and C nebroskense)have negligible transmissicn to seedlings The bean
seed bactersa on the other hand ere notorious for transmission, in gree
house tests we find that haleo blight is especially notorious an this
respect

Obviously bucterial diseases are alse a problem 1n the fropics  We in Ye-
braska isolated {rom bean seed sirains (C-6, U2) of cormon blight more
virulent than those in Nebraska Ex  Xp C-6, (-5 from Colombia
and Xp U-2 from Uganda (Africa) From Brazil, Colombis, Tl Salvador,
Guatemala, Honduras we isolated Zpf and X p  From bean
seed from Colombia we isplated bacteria (Xv~£7) that attacks cowpeas
(Vigna ung 1 calata) inciting stem canker and blight (MS and DPC 1975)
This 1s comparable to ¥ wvignicela from sub-tropical Texas (U § A )
(Burkholder, 1944}, and Puerto Rico (Val1li, et al 1975) This andi~
cates danpers of seed enchange without proper precaut:ions Seed in~
creases of such seed perhaps should be done ann Lhe greenhouse on indi-
vidual plant basis

Plant parasitic bacteriz may reslde in pon-host wmaterlals, such as
soxl It behooves us to differentiate between survival in infested
plant reeszdues and in sozxl A case in ppint 18 the assumption that
% rhascolil survived in the "so1l" with the exact inoculum source not
ascertained Since than we have found that the pure cultures of bean
bgcteria do w0t survive in or m the soil, as such

Plant patasitie bicteria can be categorized into three groups basef
or zurvivil wn so.l (buddenhegen, 1965)
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Most plant parasitic bacteria belong to the group
that soil phase 18 a rapidly decreasing one I wmen-
tioned the bean bacteria as belonging in this category
Citrus canker (% citrl) eof oranges ete , is another
example i1n Florida, U s A Japanese clalm otherwise
But the fact that citrus canker was eradicated in citrus
areas of the U S A by systematic destruction of diseas-
ed grove and nursery trees and sanitation would indicate
that X citri 18 poor sorl organisms Citrus canker
oceurs sporadically in Tropical America but compared to
Fs solanacearum is of little importance

Ps solanacearum, which attacks about 200 plant
gspacies including beans, is probably indigenous to the
tropics (Wellman P177, 1972) According to Wellman
(1972) once Ps solanacearum becomes established in a
reglon it becomes a permanent resident in the soil
Wellman and let me guote, wrote "This I have found is
also true of so-called bacterial blight {(Xantheomonos
phaseoli) on bean and the sorghum bacterial stripe
{Pseudomonos androvogoni) I do not have the refarencas
on bean blaght but it Is an interesting phase to i1nvesti-
gatre survival in the soil " End of quote

As mentioned before, one must differentiate between
soil) and ainfested debrrs 2n uwr on the soil Ps solana-
cearum 4and crown gall (Agrobacteryum tumefaciens) may
owe their long term cccurrence in the so1l because they
may be host dependent with their populations in the so1l
increasing or gradually decreasing according to cropping
practices Nevertheless, these 2 bacterial species are
the only ones that approach the true soil-borne cate-

gory

A common eaplanation fer poor survivalabalaty of
plant pathogenic bacteria in sc1l 1s 1inhibition of
antagonistis microflora, manv actinonycaetes, bacteria,
furgr are antagonistic for plant pathogenic bacteria
Bacteriophaze unlakely affect bacterzal ecology,
Anderson { } reported that under favorable in vitri
conditions the lowest initial concentration of a viru-
lent phaze required to eliminate a single cell was in
the vicinity of 107 particles/ml Crosse (9483 found
that plant Eathsgen bacteria (P sytingie} have rarely
exceeded 10 phaze particles/ml of so01l suspeunsion
Since this yield 15 eguivalent to the lysis of only 2 orv
3 bacterral cells it 18 clear that the inatial concen~
tration of 'phaze 15 very low and chance of absorption
onto cells ccecurvring, very remote Sutton and wallen
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EPIPHYTES

Evidence 1s accumulating that plant organs sustain a
characteristic epiphvte bacterial flora These have been
found on roots, buds, and leaves An dnteresting report

was that of Hagedorn, et al (1972 who recovered the bean
brown spot bacterium (Ps syringie) throughout the year
on leaf surfaces of healthy vetch (Viecia villusa), and
associated patural outbreaks of brown spot with these
weed epiphytes Baas ( ) found under artificial
inoculations X p var fuscans survived on surfaces of
bean primary leaves but disappeared quickly from uni-
folizte leaves Other workers have found saimilar
relations with bacteria on other crops, soybeans, apple,
cherry, citrus, pears

Certain plant pathogen bacterlia survave c¢n root sur-
faces such as P tobaci and P anpulatu on reots of wheat,
vetch and weeds P phaseolicala and X p var solenise
were found not to overwinter on wheat roots Stanch
and Laszk found that X p fuscans coleoenizing bean roots
up to 2 weeks and then disappeared These are a few
examples of eprphytes surviving on surfaces of plant
parts. We have found that X p and Cfa overwinter
ingide weeds, pagweed and goosefoot- and could-be .nsolyv-—

14 #d 1n bean blight and wilt eprdemiology Weeds have
been shown to be i1nvolved in many other plant diseases
15
INSECTS
18 A few plant pathogen bacteria have adopted a special-+
12ed means of survival and persist in a characteristic
17 manner A classie example Is Stewarts wilt that surviv-—
es In the corn flea beetle They were able to forecast
1 the prevalence of thais dasease and weather conditions
The cucurbit wilt bacteraum, E tracheaphila, 15 com-
S pletely dependenrt on striped and 12 spotted cucumber
beetles (Acalymma vittatumy for 1&5 survival between
20 seasons Other examples of insect survival and disper-~
sal of plant pathogen bacteria are olive knot, potato
21 blackleg, and certain diseases incited by Myvcoplasmas,
raickettsia-like bacteria (Piexrces' disease of grapes,
32 almond scorch and leafhoppers) Perenrial plantis can
act as woody protected places for bacteria, fire blighe
23 of FPosaceae, X juglandis (Pollen) P meory prunum,
a ©€atri, ¥ prunz, holdover cankers or blighted twigs
24
Tro alfalfa pathogens, X alfalfa and ¢ 1nsidiosuim
5 can renain in the perennial creop f£rom season to season
IS Lugae topray o0k watethe IR oo T M ot ond tvplts, s it s 30 1 o5 ) M b aftt 16 dtal o ss E431 B ir i ad
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Bacterial ring rot of potato (C 58 ) also 1s perpetuated
in tubers and there are many other such diseases, orna-
mentals, flowers (calla 1lxly, hyacinth, nursery stocks,
ete ) Preseume many tropical diseases are perpetuated
in perennial plants or parts

I would like to back-track for a woment concerning
bacter:ia and soxl as a site of surviwval In Wellman's
book on "Tropical American Plant Diseases" are mentioned
certain points that may Have a bearaing on soil survival,
"Crude observations give evidence that soil bhacteria in
the moist, warm tropics are very smuch more numerous than
in the cool, dry patrts of the temperate zoune The organ-
ie matter, though produced in great quantities, is
decayed at a high rate"

Another evidence of great bacterzal effects on tropi-
cal soills 1s the oecurrence of widely encountered
laterite formations These soi1ls are red and not easily
cultivated for prefit (large amounts Alg and Fen)

These are left frowm effects of intensive bacterial
action along with rains and warmth Laterite must be
disturbed as little as possible in cultural processes,
cever crops and mulches This 3f laike minimum tallage
could affect survival in residues on soil surfaces

The bacterlal content of tropical soils can be of

tse 1n plant pathology There 1s speculation that bac-
terral populations have types that depend on fungus
hyphae 1n soi1l for existence Perhaps these bacteria

mrght affect plant pathogen bacteria 0y possibly, the
tropical secrls might faver tremendous buildup of plant
paresitic bacteria? Wellman did state that once common
blight of bean, {and brown ro0t (I3 solanacearum)), for
evanple, berome established it becomes a permanent resi-
dent of the soil

Bean halo blight, 2 serious diseazse, 1s probably
in all bean growing areas of the New Tropics {Trep:ical
American) evcept, perhaps where 1t 15 vary dry

Bean fields of manv couwntries in Tropical America
are severely attacked by common blight (X p }
The disease often becomes 1ntensif ed in seveyrlty 1in a2
few vyears In [l Salvador, starting with a few plants
in a fleld affected, 1n 3 years time the crop was
practically destroyed by this blight Attempts to
change the cultural practices of the farmers were not
successful The farmers. insaisted on kaeping the kind
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of beans they have esten for generations and any sort of
cerop disease control was restisted The wvillage had teo
move to another side of the volcanic slope Simrlar
problems had been present in the U 5 A But disease~
free seed acceptance waill be a problem in case resistancd
18 strong Field demonstrations do help 1n "educating"
the growers, this is based on personal experzence

CONCLUSION

The thrust of these comments has been t¢ emphasize
that plant pathogenic bacteria are poovly adapted for
survival in nature away from plant tissues Thew
survive off-season in aggregates in assocration with
infected dry plant tissues or as individuals in protect-
ed places assoclated with healthy plant or plant part
{resident) Surviving cells are possibly in a dormant
ox hypobirotic state rather than in an active conditlion
most often studded in the laboratory

Ia mnature, the pathogenic phase of the life cycle
probably contributes most of the cells that carry the
bacteriza through adverse periods The contribution of
the regident phase (bacteria in or on healthy plants
or plant partsy-wmay well be inportant, but.the evtent 4
of its natural occurtence 185 unknown On the other
hand, the sgprophytic phase seems to contribute few
cells that survive (%}

Now 1f these presentations have validaity, it s
clear that we uneed to study hypobioszs, and the nature
of protected survival sites and how pathogenic bacteria
get into them With more knowledge, we may learn how
re change byroblosis and expose protected positions to
our advantage

CONTROL METHODS

Control of bacterial diseases of beans is essential
secause they are epirdemic type discases Adeguate con-
trol can be accomplished in several ways Eradication
of the pathogen, and development of genetically resis-
tont benn varleties are accepted measures The latter
3 & lopg range pregram, ovne that has polential and
325 the 1deal metheod but requires intenmsive effores by
all concerned The former can be accomplished, but
#1211l require the cooperatzon of all the segments of the
seed bean industry
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All students of plant patholeogy know there are three
factors to consider in a control program They are
1 The presence of a susceptible host

2 The presence of the pathogen

3 A means of moving the pathogen to the
susceptible host
If any of these three factors can be eliminated, control
can be successfal

For exanmple, 1f all bean plants ave resistant ov
lmmune to the pathogen, the problem is controlled,
P acut) folicus has resistance to all strains tested
of Xp, Xpf and a1s resistant to one isolate of X

vigincala (C 7)

The problem is in crossing tepary with P wvulgaris, s

requires embryo culture Perhaps by modifying the agar
medium better success may be reallzed
(2)

If the pathogen is eradicated from the area of
susceptiblie plants, control is accomplished, sead
certification {(disease free sesd) Check seed Fo:
presence of bacterla by socaking 200 gn seed in buifered
solurion and water scaking leaves with atomizey attached

to 15 psi Or test seed stocks bv serclogy, bucket
testing, plant anoculation, UV light, Then foundation-
type program can be 1nitiated Decentralization of seed

Leen areas is necessary, recall ¥ 5 A 1n 1960's and
digsaster

(S}Ii meang of spread is eliwinoted, disease control
15 possible Lrop rotation, deep plowing (fall}
decrease primary inoculum However, in the Trepical
America conditions 1n soil survival might be different
from muth of the work done on beans elsewnere
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I am grateful to you for this opportunity to appear
before you and for your patience

Ia closing, I might add an additional word of thanks
toe Dr. Guillerme Galvez, the organizing committee, and
CIAT for the privilege they provaded us to meet and
exchange 1deas on the subject of bean bacterial diseases
that dominates several of cur professional laives and
pugsibly even haunts us at times
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- SEFD-BORNF DIs]ASIS O sOYBLANS
by

Jues B Sinclair
Plmt Pithology Department
University of Tllinols
107¢ Horticuliure bleld Laboratory
Urbana, Illineis GIROL

Introduction Plant pathologists and soyben brecders have become {ncreasingly
rare within the pa.st two years that the single most important factor in the go-
11led "yileld barzier®” in soybean production is a pathological one  The organisms
- greatest economic lmportinre cause diseascs of the roots, stems and seeds  Most
- the important pathogens are sced-borne  Only within the last year has the ef~-
et of seed-borne microorganisms on seed quality, seedling vigor and yields been
derstood.

Microorganisms and viruses 1wsoclated with soybean secds Ihere 1re about 100
nera of fungl, nine species of bicterin, aboul 30 penera of nematodes, and about
s viruses rveported associated with soybonns (14, 19, 20, 21D About 100 micro-
ganisms are associated with the seeds (20, 21) In 1 recent study on the micro-
gra associared with surface <tieidiltised soybeans sieds grown In Lihlopia, Mengistu

} reported 20 penera of tungl 1s new records tor Lhe world

The souybean seed coat 16 the tissue most {requently coloniced  Histopathologl-
1 studies have shown the following microorganisms colonize the "hour-glase cell
iyer of the soybean sedd cost, which 1s stardh~1ich {16, 18) Bacillus zubrills
. R - Foor, UIUL, personal communitci€ion) ?ﬁéﬁ%ﬁﬂﬁﬁﬁigggﬁﬂﬁLL; (6}, Colletotrichum
rpatiam var  truncalum (16)  Braporthe phaseclorum vu  sojie (6), and Peronospora
anqnurica {(4) Tt ppears thit the dead orpanic tissue of Lhe soybean seed coat
$4 support many lypes of microory mniems

Disporthe phiscolorun vir w0y (Phemopsts sofue), causal ageat of the pod
1d stem blight disease, was found inteinilly sced-borne mong slx varieties from
% states In the U & |, India, and Lethiepia (3, 5, 7, 8, 11, 15, 22) lhe per-
ntage occurrence viried with harvest year, locatien and variety (3, 7, 8, 22}
ien the percentage occuriunce approached 25 percent or mort In any one seed lot,
¥ vitro getmlnallon d fleld vmcagence oo veduced 73, 7, R0 11, 12 22)

Besides the orpanisms listed above, otlur sced-boine [ungl studles were
spergillus Slavus (1), A melteus (2), ind Macrophoming phaseolin: (11)  Pestalotia
re d Thiclavia basicola were rxported for the fiist time to be sced-borne in U § -
v seeds (10} Spucies of Pythaum, Botiytfs, Cladosperium wd (lietoplona were
ported for the fiist time to be intorniils seed-boine in sewds grown In India (17)
gd-borne funpy v unled quantitatively md qualit itively wong cultivars md logn-
tons {2, 3, 7Y, plantiyg date (L1) and storape ctonditfons (U, }1)

Purlcg routiae ovaulnation of seed-borae orgwlsms 1o soybean at the University
F 111ineds, 1 bucran il grouth commonly occurred over the suiface ol many seeds
nen surface-stertld od and plated on syotheedle madiy (9, 11, 13, 22, 23) We have
3nside'ed the bacterium to be P oglyveines, but now know It is Baciilus subtilis
aciilus subtilis was detecied In soybein sceds harvested in six states of the U S




and Tadis % 13 ' Tlete wets
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sevd Fols of the  are wirlety (9 11, FE, 20
CUL RO NC, , oMo Pne ey md vidld (9, 11, TE, 02 Y1)
emuerpence of seedbing s from ndeated sords wrs i wonl st 150 (21)
recovery of the baotorfuwn In vitio wis it I Gmpubl] hed)

in

ne sipgnitie wit JItoronoes v ocourrenee bo-
wnong, different
Hu bwterium pehiees jermination,
The presbest roduction in

md the greatest

PITTRAMIURL it p

Phingry o b T | Nicholson, md I B Siciah 1971 Taftuence of

Lempaerating on teeovery of \sperptilus £nous Trow soybe i used Plant Dis
heptre o7 IhS 187

Fillis, M A , M B 1lyis, wmd 1 b Sinclads 1974 1{ieet of vultivar
and prowioe tovion on Intornal sy seed=borne tusng e md Aspurgiilus melleus
pthogenicity in soybe Plant Dis  Roeplr Sh §32-334

Fllis, ¥ A , L ¢ Mubaulo, { Purisailser, ad T B Sunclbaiy 1974
Voearremee ol Diaporthe phistolotum v sofwe {(Fhomopwla. sp )} in varlous
soybean woudlots Pt Dis Reptr 58 173110

Hiltdebrmd, v A, wmd 1 W hkodh 1991 A wtuly of wystemic Infection by
downy mildew o1 soybewr with specinl 1cloronce to symptomology, (conomic
signlfliy wioe amd centrol Scr Agr o 31 Buh- b

Mewpisty, A 1474 Seed-borae micivotg aisms of soybe w prown In §thiopin

wd remienl contiol of suud-borne micioorpwileas 1o Illiners M Se Thesls,
Infsers.ty of il inoteetr by 97 pp - -

[, - [R——

Ifvas, M B, 0 B Dhilogey M A Fl1ds, usd 7 B Soonctadr 1975 location
of ryrctiom of Drsperthe ph colorum v sep e and (orcospory Wikuchis In
Savhor we ed Flant Dis keplr 59 17-19

Nichotwen, ¥ ¥ 00 1 Dhwngry wmd 1B 51l 1972 internal seed-
bon niature ol s Toretinly solerotoriar wd Phowmopsls sp -md thewr effects
on werbe 10 ol quality tortigg bed to roead Internil sced-boroe nature of

Diworthe phascoloiun v sopw (Phomopstls sp ) 1ad tlwir effects on soybean
seed gquality ¥ Phytopitholopy 6o 1261-1261

Nichelson, 30 Dhiryey oand OB sincian 19713 So1l temporatures
wd yaveulatton fechplgues flecl emerpenee wd rersnfilion of sclerotinia
s lerplotium frem sovhe m fotretbosd to 10 ud “oll torperitures and dnocula-

tion techalque s Atfent amersenie aud rogsolitton of Draporiln phastoleorum var
s from seate Hywopsth  “aeol  Appt 0 179-187

sivhed s 70, wmd 1B i bur 1971 Am ooy soybo i sood guimdination

fahibired by Paowdoemoris g lycine: Phytepitholony 61 1380-1593

icholwsou, 1 % md oW Sy lals 1971 Ihistaviy bislcols and Pestaloria
sp arlersliy <cwaborne i soybe m I'Jwt Dis Ropir 5% 911-912

o

g oW R femr gaen et

EAI Sy~ T T B

i rm e wr W owed A 4 pabaf




I

11. Nichelson, 1 F , and J B Sinclalr 1973 1 flect of pl mting date,
storage conditions, and secd-boine fungl on soybean seed quality Plant
Dis. Reptr. 57 770-774
12 « Wicholseon, J t , 3 B sinclair, and Lk toshl 1973  Seed-borne
- Pseudomonas glycinea and fungl affect soybesn sced in India Plant bis
keptr 57~ 531-3533

13 Nicholson, J F , 1 B winclair, and T ( UWhite 1974 Survival and
entry of Pscudomonas plycinea into soyhcan seed  Phytopsth 2 78 357-364

14 Roebel, ¥, and M 3 Richardseon 1868  An annolaited list of seed-borne
disetses. Lommounwealth Mycol Irst , Kew, Surrey, bogland 191 pp

15 Prasartsee, ¢ , F D Temne, ¥ B Ilyxs, M A 11%is, and T B Sinclalr
1975. hdduction of internally sewdborne Diaporihe plisscolorum var sojse
by fungicide sprays Plinl Dle Reptr 3% 20-:18

16. Schneider, R W , 0 D Dhingra, J F Nicholson, wmd 1 B Sinclair 1974

Colletotrichum truncitum boine within the scedeoit of soybean  Phytopathology
64  154-155.

17, Schncdder, 8 W , P W thapllyil, and J B Sincidr 1971 Fungi associated
with soybean sced from India  Indian Phytopith %4 792-794

18, Sinclair, J B 1974 the role of the sced coat In dlsease control of soybeans

Froc. 9th Ann  11linois Soybean Coni 22 fllinels (rop Improvement Assn , Urbana
19 Sinclalr, 3 B 1975 1iriet of "seed-borne bLicterls In soybean on germination
aud emeigence p 1135-137 In Fodiwd md k0 Harwmorsch {eds ) lropical

diseases of legumes Academic Pross, Tae New donk

20, Sinclair, J B, wd 0 & Dhungry 1975  An mnotated bablioyraphy of soy-
bean discases INTSOY Publ No 7 Undv  Illinods Press, Urbana

21 Sinclal:, 7 OB, md M L Shurtloff {eds } 1975 A conpendium of soybean
diseases \mer Phsvtepathol  sec , St Paul, Mionesota 80 p

22, Temme, } D [ C TFrasavtsee, ¢ § Machaido, and J B Sinclifn 1974
Variation 1n germinition and sced-borne pathogens among suybein secd-lots
frop three regions 1a Ellinels  Flaunt Dis Reptr 58 411-413

23. White, 1 ([ 1 F Nicholeoa, wd } B Sandlalr 1971 1ifecd of sell
tenpeorate o md Poiudomonas plyclner on cmergem el prowth of soybean
sevdlings Phatopathelogy o G6-297



CHEMICAD CONIROL OL 511 D=-B0KNI PATHOCENS
PN SOYRAR
by
James B Stocela
'l wt Pathelopy Doputment
University of {ilineols
10/¢ Hortrealosre Ficld 1 aboratery

b, Hllinols Glyol

latroduction A few jyuars age this toplc would be tonilned to the use of
compuunds “Tn the form ot dusts, wetlable powders, siurry, or In~thoe-furrow treat-
ments applied to voods the pplicattou of Toung 3 ldes wd wmtlbiotles to soybean
seeds Is restrictid §f the woode must alse be fnoculaled with Rhizobium japonicum
Also, spybian seed ceabs 1endily Imbibed wator and the use of quuiéﬁ or a slurry
softens the seadiott o that plinting is diffooult fhere hve been some inter-
esting developments in the chemecal contrel of scud=horne pathogens in soybean

Sced treatment prior to planting llwre are r numbor of studles on the uses
of varleus sced-tieatmat coupounds on soybe my surds (77) 1t has been cousidered
that lgtle benefft could be gilnad from tret ing soybuan scuds  However, therc
his beem 1 renewed fotorest In soybean seed oo itment with the dafreduction of
gystemie fuupic Ides {21) and restrfcced use of moriury In gencral, poor quality
secds (0% germination or less 1t 25 €, low scedling vigor and 107 or moye dnter-—_
nally-barni funyl) bene 3T oty Tiom serd Lre rtment than pood quility seeds (abovc
70/ germination, hiph secdling vigor md less thas 107 dnteraslly-borne Lungl) (4,
9, 14, 15, 17, 21, 22, 213)

temyillv, the st seed tie ttment miterials are those that contain thlram
(4, 9, 14, 15, 17, %) A fworable rosponse usium, ponicdlitin sugpests that
bactoria a1 well as fungl may b favolved 1o Uk sled-botne diseise complex (15,
16, 20).

v method wys developad Lo antroduce socd-trortment (ompounds into soybean
covds slthoct  cttdeg them (20 20} Nichloiomethine {methvlene chlioride) (DUMY,
facilitoted the movewent of thisbendazole {TR7}, wethyl 2-benzimldazelecarbamite
(MBL), amd pericillin nto dotmant soybe in sewd Seeds treated wikls MBC 4+ DUM
and TBS # KM had less ianteroarly-beorne fum,l and Dlporthe phiscolorum var solae
{Phomopsis sp ¥ (13) highor gormination In vitro mnd emergpence In vermicullte and
soll thar asontretted seods o1 wods Brettad ith DOM atone DLH appt wred to have
some wntituaptl properties

Appilcation of Tunglordes In Lhe Vhold  one of the bmportant fictors affecting
soybean sevd quillicy 15 the amount of iuternills secd-borne wivicorganisms (1, 3 4,
5, 6, 7, 10, 11,18, 19, 24}  Diaporthe phascolorun vir scjac (Phomepsis sp ) (13)
is oune of the esost fiegquently found fungl nesocitted with poor seed gqualicy (1, 3

5, 6, 9,149, L, 14, 15 17 1y, 2% Secds Infected with this fungus rarely ge-mi-~
nite  Tie ocgurrente of this lungus and other Tungl Increascs when hirvest 1is de-
layed {1, 8, 1, 19

ey
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The feliay application of binomyl and othe: funglcides on soybenn plants
significantly reduces the wmount of ainternilly sced-borne N phascoleorum var
sojdae and other fungf (1, 5, 7, 8§, 10, 11, i8, 19, 22 and pntislly controls
the incldence of sccd-borne fungi and decrease fu spermination issociated with
delwyed harvest (1, &, 11, 19) Seme of the tungicldes Lhat have beuen found
effective are  benowyl, thlophmste-methyl, thishandasole, <hlorothalonil,
and mancozel (L, 5, 7, &, 10, 18, 19 22
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SOYBEAN STED PATHOTOCY  STATUS AND RLS!ARCH
by

Jamcs B Sinclaiv
Plant Pathelogy Department
Univerwaky of Illinois
107¢ Hoiticulture Field laboratory
Urbans, 1llinols 61901

Introduction Plant patholegists and savbean breeders have become increasingly
aware within the past two years that the single most important factor in the so-
called "yield barrier” in soybean production is a pithologlcal one  The organisms
of greatest economic Importance cause disecases ol the rootls, sleme and secds  Most
of the Important pathogens e <eed-borne  Only sithiln the liel year has the ef-
fect of ssed-borne microorpanisms on <ecd quality, serdling vigor and ylelds been
understood.

Hicroorganism« sud viruses associated sith soybenn seeds ihiere arc about
100 genera of fungi, nine spicies of bacterin, 1bout 30 gunera of nematedes, and
about 15 viruses reported associited with soybeans (13, L7, 18, 19 About 100
nicroorganisms 4re assoclated with the sceds (18) In 1 recent study on the micro-
flora associtted with surface sterilized soybean gieds grown i1n Lthiopla, Mengistu
{11} reported 20 genera of fungl 1s nev records for the world

The saybean sced coat is the tissue most Lroguently colonized  Uistopatho-
logical studies hive shown the following microorginisms colonise the "hour-glass”
cell layer ef ERP sovbean seed ceat, whiun Is scarth-rich (16) —Bacillus subu%%*% e

dematiuvm var truncatun {16}, QidoorL1L gﬁxqcoiarum var  sojae (8), and Peronoseora
sanshurica ¢6) It appears thar the dead organic 1issue of the goybean seed coat !
can support wmany types of microooganisms

Effect of sced-berme nlcrooigwiors on yield Iinols-grown seeds of the
caltivars dmgoy, Beeson, Wayne, williars, and Wolls were plwnted in small f£leld
plots under ifrrigated conditions nc4r Davis, Cilifornia in 1974 Seeds from
this planting and fllirvois~givvm sieds of the same cultivars were planted in a
ratdemteed, replicated [ield plot 4. the University of 11llinois in 1975  There
wE% 0N sdartation n plant nL151L atd plausts bopoested, but plarts of all culti-
vars [rom seeds produced in (1liferiia yielded hetter than those from [1linois~-
grovn sevds  Bloassays showved tiat scead grown o falifoinia had o greatly re=-
ducea mivroflora

dcholson b 2l {32} showed that there w e v sagnifze mt roduction in yileld
of sovbean plants grown from seods irtitlclally fnowuiated with a susponsion of
Baciitus subtilis by vaicows Infiltrstlon

Indlrect evidence of the effcct ol scud-borne mlcroorganives on yield was
presented by Pragartece ¢ 1l (14)  They showed thit the 500-sced weight from
coybuan plants sprayed itk Lonorvl, thiophiaate-methyl, chilorothelonal, thia~
bendazele or mineb + #inc v s s1ge ifdoantly bitphor thn thit from nonsprayea
plmts  Ross {19%) tound thnat yicids from bonemyt-spriyed plant under drrigation -
were sigalflcantly Lighes than nonspraved plants  Horn ot al (7)) reported that



ylelds of three cultivars of sovbean were signiffcntly fucruised when sprayed
with bememyl, tiiphenyltin hydroxide or thiabendasole and ylelds of two other
cultivars were ifncroised signiticantly wlwn sprayed with benomyl — Yield in-
creases were due Lo secd werght yvither than scud number

Lffect on in vitro germinition, field emergence and scedling vigor Soy-
bean seeds inoculated with an isolate of Aspergitlus flavus had a lower germi-
nation than noninoculited weuds (3) Asperpillus melleas icduced the gernina~
tion of dnoculated scods and ciused a seedling blight (4)  Diaporthe phaseolorum
var solac (Phomopsis spp ) (10), causal agent of pod nd stem blaght (18, 19),
was foumd to be internally secd-borne among all cultivars in the U 5 with the
perientage oceurrence varving with harvest year, geographleal location, and
cultivar (2, 5. 7, 1b, 19, 20) Tow rates of germinition were gssociated with
high percentages of D phaseolorum var sojae-infected seeds (L, 2, 5, 7, 10,
11, 14, 15, 20, 22}  When the cccurrvence of thls fungus approaches 25 percent
or more, In vitro germination and field emergence ave rteduwced  !xudates from
seeds can dncrease susreptibitaity to Pythium spp (9) Tow temperatures can
predispose soybean seeds and scedlinps to infectlon by Pythivm «pp (21)

ot S Y

Bacillus subtllls can reduce In vitio germinition, emergence and yields
{personal communicaticns, 20)  High soil tempeiatures « m pred{spose soybean
beeds to decay by B subtilfs
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IDENTITICATION OF LIGUML VIRUSLS IH TPL FILLD BY SLROLOGY
Sue & Tolin

Asscclate Professor of Plant Patholopy, Department of Plant Patholopy and
Physlology, Virginia Polytechnic Institute and State University, Blacksburg,
Virginla, 24061

Natural imfection of legumes by viruses is common throughout the world
Identificatlon of the causal virus is accomplished by a number of techniques
varying in sensitivity, specificicy and/or reliability, as well as in the
ease with which they can be performed Unless fleld-collected tissue can be
used directly for the identificarion tests, transmisslon of the virus te
other hosts by mcans of vubbing extracted sap onto leives or by the use of
piological vectors is necessary This step may eliminate one or smore of a
complex of virusces ceusing the disease Testing ficld-~grown plants for virus
infection may also becowe dmportant in 1ndeaing seed stocks for the presence
of seedborne virusces

Inocculation of vivus to a number of differeatial or diagnoestic host
speciles and observation of the rvesponse may erable Identificatien of the
virus, but slight changes in pathogenicity may lead to the erroneocus con-
clusion that a new virus or strain has been found  The use of this type
of bleassay for routine indexing 1s effective, but large amcunts of greenhouse
space and labor are necessary

Divect detection of virus Infection is possible by electron microscopy,
botin by tle leaf dip procedure and by thin sectioning, but ddentification can
be rade only 1f olher techniques are applied to confirm the identity  Slight
differerces in diometer or rod length 1s no longer considered evidence that
a new virus has been iscolaced

Serological rcactions between a plant pathogenac virus and ats specific

antibod, hive moven very uscful dn deteradoine relatdio VI ! cutt 41w
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and in virug fdentification (van Regenmortel, 1966, Matthews, Noordhawm, 1973),

Serology has also been extremely useful 1In the nomenclature and taxonomy of
viruses, cnabling the grouplng of similar viruses and/or separation into
Yserotypes”  Liimination of o number of differcont nomes for Lhe same virus

has been made possible by scrolegy  Distant relacdionships may be demonsirated
by using high-titered, relatively broad spectyum sera that react with a

nuwber of virus Isolates  Precise Identification of viruses, lLowever, is best
done with lower-titered, relatively specifle sera Serum prepared from antact
virlons is ginerally more specdfic than thit mide by injectling disscciated virus
protein (Shepard ¢t al , 1974) and way be preferred for diagnostic purposes

In all scrologlend r1eactions, of course, precautions must be taken to avoid
antibodies to heat antigens thit wmiy Interferve with Interpretation of the
reaction  Ideally, all host antigens are removed from the virus by purification

prlor to Iiiection Into the-i1abbit .

A number of techniques for performing serologleal tests with plant
virvges have been recently summarized by Ball {1974)  Sowe of the tests
whach car be performud puccessfully with field-grown tissue include 1) the
Quchterloay double diffusion test in apax, 2) the sitgle or radial diffusion
in sgar, 3) ilocculaticn or agglutination of a solid matrix onto which specific
antinodies are adsorbad, 4) precipitain tests in a liquid medaum, particularly
if analyzed by sucrosc density gradient contrifupgation, and 3) observation
an the electron nicroscope of antibody bound to virus particles in a leaf
gip preparation Vtest selected for £ield diagnosis should be rapad,

simple aid reldiable, and stould require a wainamum of facilitles, time and

eqaipnert



Cf the rests mentioned, the latter two require anm ultracentrifuge or
an electron microscope, and thus their use on a routine basis may be limited
Thedr specificiry, however, is very high since in both cases the virus -
antibody complex is obscived directly Most legume viruses attain a suf-
ficiently high concentration In tissuc to enable the detection of virus
from clarified sap by photometric scanning of centrifupged sucrose density
gradient ¢oluans Tlectyon microscopy s useful primarily with rod-shaped
viruses The latex flocculation tosts has been used recently by Barnett and
Gibsoun (1975) with clover yellow veln virus and other clover viruses  This
test is very sensitive for detecting low ceoncentrations of virus, but its
spegificiry Ia sublect to @ number of factors, such as tomperature, genotype
of host, enviromnmeot of host growth, antigen antibody ratio, serum variability,
and the need for a higlhetitered serum (1 2000 or sbove) Thus, 7ithough the
dlagneatic tool

The first two tests mentioned, both utilizing diffusion of antigen and
antibody through an agar =wmoedium, offer perhaps the best possibilaities for
routine fleld diagnosis  The single diffusion, or radial issmuncdiffusicn
test is performed in plastic Petri dishes or on glass slides The antiscium
is Incorporited into the agar, and the virus is pliaced in wells punched
in the agar  As tho virus diffuses from the well, it rcacts with the
antibody and forms a visible precipitate This best has been applied by
Shepard and Secor (1969) for indexing large nurbers of potato tubers for
potato virus X and wmore veceontly by Slack and Shepherd (1975) for indening

barley seeds for barley stripe wosaic virus (BSMV) Richiter and Prell (1975)
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- cused radial Immunodiffusion for quantitative determination and mass testing of
cucumber mosalc virus from several anaturally infested hosts  Although use of
this techaique has not yet been reported with legume viruses, bean pod mottle
virus has been detected from soybeans by the radial mmwunodif{fusion method
{Tolin, unpublishcd} this test has the advancage of accommedating a large
number of sawplcs simultaneously and thus is quite uvseful for indexing
Rather large quantlities of antiserum may be needed, since it {s Incorporated
into the agar ip amounts depending on its titer  The sensitivity 18 very high
Slack and Shepberd (1975) detected about 1 pg BSMV/ml, approximately a X0-fold
greater sensitivity than cenventional double diffusion tests  The virus
concentration in field-grown legume tissue 1s usually fay greater than
the minimen level of detection Inability to detect virus may be related

more to isproper properticons of antibody to antigen rather than to insuf-

ficient virus e S e - — e ——

in equally satisfactory rethod for detecting virus from crude sap,
clarified extracts or purified preparations is the Ouchterlony agar
double-diffusion test  Antiserum and virus are added to wells punched in
agar which ig placcd in plastic Petrd dislcs or on glass slides  The wells
are arranged so Lhat the serum s in a center well surrounded by pexiphoral
wells containing the antigen  Antidbodies and virus both diffuse Into cthe agar
and preeiplitin zones develop where they meet The ratle of antigen to anti-
body must be such that the precipitin band forms betwaeen the wellsg rathex
than within either will  Sera tiat reasct slightly with proteins from healthy
plarts as well as with virus ¢an be used since their precipitan lines ravely
coincide Contrels of healthy sip and norwal servum should always be included

to show the lecation of any mon-specif{le binds A positive coatrol known to

adat K sitmcimm o R el O R
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" and eoncentration of agar, the preservative, the fonic constituency of the

“ zzedivm;;ﬁnd other additives to give conditlons suitable for the development
of specific precipitin bands for most legume viruses

The yemainder of this presentation will be deveoted to a discussion of
the sgar double-dif{fusion procedure for the diagnosis of both spherical and
rod-shaped lepume viruses  Much of this dinformation 1s bascd on erperimental
data fros the avthor's laboratory using sap extracted from greenhouse and
field grown legumes, as well as purified virus preparations No attempt is
made to provide a comprehensive reviev of other works

Spherical legume viruses are relatively easily deltected by this
procedure. The well-characterized viruses can be divided voughly into
three groups bascd oun their stabllivy  Alf{alfas sosaic vivus (AMV), and
members of the Brovwvirus group - broad bean mottle (BEMV), cowpea
ehlorotic mottle (CCMV) and bean yvellow stipple (BYSV) = and of the
Ilarvirus group - tobacco streak virus (TSV) = are relatively labile
vituses, sensitive to high lonic strength and/or pH  TLach virus atcaains
a high councentration in infected tlssue, is casily purafied in large
guantities, and is s good antigen in rabblts, Inducing 5 high-titered
specific antiserum Strong precipitin bands develop dIn gels within 36-48
lairs 1f the proper ratio of aatibody to antigen is placed in the reactang
wells.

The second growp Includes the Comoviiruses - cowpea vosale (CPMV) and
rean pod oottle (BIMV)Y viruses, as well as southern bean mosailc (SBMV) and
tobaceo ringspot (IRSV) viruses Tnese virus capsids arc more stable, and
all but EBMV form capty capsids upon infection They are easily purified,
&rémgnnd anﬁigéns in 11bbils, and preduce strong preciploin bands dn gels
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s The third group includes the legume-infectlng Cucumoviruses =~ certain
stralns of cucumber mesalc (CHMV) and peanut stunt vizus (PSV) The capsids

of these viiuses are soensitive to salt, detergents, and a nuomber of othe:
agents  Thus they avc often diffienlt to purlfy ceven thaugh they reach

rather high concentrations in host tissues  They are poor antigens and ave
generally thought to dissociate in rabbits unless stabllized by pretieatment
with formaldebyde (Francki and Habild, 1972) The titer of the antiserum
produced Is rarely high  The type of agar, ionlc conditions, and vatio of
antipgen to antibody are all critical to the formation of a precipitin bamd
distinguishable from the hezlthy sap and normal serum controls Some stiains
are more stable than others and can be detected readily froam erude sap using
the double-diflusion method Once conditions ave established for any on virus-
host syatem, the method is very reliable  In gels premared from 0 8/ Tonagar
No 2 or Agsrose, contiining 0 1% scodiuvm azide, we have detected PSV from field

grown peanut (Arachls livporaca), bean (Phaseolus vulgaris) and tobacco

{Micotiana tabacum) {Tolin, unpublished) A dilution of serum (8~£0l1d) was

required in the center well, and a volume of only 0 02 ml was sufficient in
3 mm diameter wells to detect as little as § 02 mg PSV/ml  Lven though the
gerum contained some antibodies to healthy proteins, the precaiplitin reaction
bands could be distinguished easily  Sarples positive by serology were also
positive by clectron microscopy and mechanical transmission

A large number of viruscs infecting legumes are flexuous rods belonging
to the Potyvirus Potexvirusor Carlyvirus groups Tlese viiuses, particularly
the Potyviruges, ave privertea by thelr size and shape from diffusing through
agar gels Purlification of viruses for antibody producticon is moere dafificulr

than with spherical viruses,-but the viruses are relatively pood antigens
Ty i H
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Antiserum produced uvpon injection of Intact virus rods into rabbirs alsc
reacts specifically with dissociated or soluble protein subunits The titer
of the scrum to free protein Is much less than that to virus particles

(5 or more 2-fold dilution stups less)  The titer to free protein may be
Increased In serum by using Lhe dissocdated virus to Inject the rabbits,

but speclfieity 1s then greatly decreased  The resulting antibodies may
react wlith several viruses withiln the Potyvirus group (Shepard et al , 1874}
Such antisera are usceful In determining distant relationships between viruses,
but perhaps have less value in routine dlagnostic studies -

A number of reapents have been employed to dissociate virus particles to
free PgoteinﬁUbuﬂitﬁ that can diffuse through the agar and react with antibodies
Some of these Include high pif (Purcifull and Shepherd, 1964, Purcifull and
Gooding, 1970, Langenberg and Bnall, 1972) and detergents (Hamilton, 1965,
ggeph;rd and Gropan, L%67, G;;;;;gwanévﬁing;v1970) The dissociation can be
done elther prior to addition to the well, or reactants cen be lncorporated
into the agar so that dissociatlon cccurs within the agar gel  Problems may
arise because reagents uscd to disscciate the virion may also affect the
antibodies and cause non-specific precipitation

Most of the dissociation procedures werce attomptod in our laboxatory
for the detection of Potyviruses of tobacco, soybean (Clycine max} and peanut
in crude sap of field and greenhouse grown plants  The antisera were fiist
checked apdnst purified virus by the microprecipitin test to determine the
specific titer, and then tested in the dissoclating medium  The most

veliable resulrs with tobacco viruses were obtalned with the method of



Geooding and Bing (1970} in which O 3% of the detergent sodium dodecyl
sulfate (8DS) 1s incorporited into the O 8% Ionsgar and 1/ sodium azide
This methed woas also preferable because the extracted sap vequired no
add{tional treatment, and sharp precipitin bands developed overnight
Soybean mosaic viius (SMV) was usually detectable in soybean sap by this

method Peanut mottle virus (PMV) in pea (Pisum sativum), peanut and soybean

developed falnt precipitin bands but considerable non-specific precipitation
often occurred I'he intewsity of the specific and noa-specific bauds with

both PMV and SMV varied greatly with the type and concentratfon of agary the
§D8 congentration, and the donic conditicns of the medium The addition of
apdium chloride to the nedium eliminated much ¢f the non—specific precipitation

The medlum In thich moot consistent vesults have been obtained ds composed of

U 6% Towagar ko 2, 0 2% 8DS, O 77 NaCl and O 17 NaNj (lotin and Roane, 1975)
The increased salt uviéengg; dcgg;;sea the interaction between SDS and serum | w”ﬁk“wj
proteinsg which results in non-specific précipitin bands {(Palmer et al, 1971,
Cho and Feng, 1974)

We have found it necessary, however, t¢ alter this medium wath different

lots of antiseruwm, but slight changes (40 24) in haCl or BDS concentration has

been adequate Thus far, we have found conditions for each let of scrum and
varus tested, ircluding SMV, PMV, bean common mosale (BCMV) and bean yellow

mosaic {BVIV} wviruscs from soybean, pes, pesnut, and bean (Phaseolus vulgaris)

Gooding {personal communication) has also adjusted his conditions for tebacco
virus identification by varying SDS and 511t concentracions
Other ifuvestigttors hive also had success with the SDS-doublae duff{usion

procedure  Uywioto, ot al  {1972) used SDS with BCHY andpyyy , but pgencially

preferred fieatment of sap with 0 3/ SBS prior to adding it to the igar
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precipitation of the serum proteins by SDS and was not reliable
* Provvidenti and Schroeder (1972) identified BYMV with 8DS in gels, but
1\'li\ai:ter Prevvidentl and Hunter (1975) treated extracts with SDS prior to
adding them to the wells Jones (personal communication) modified tne
procedures of Tolin and Roane (1973) by using 0 1M Tris-HCl, pH 9 buffer
in the agar medium, and has suéﬁg&sfully indexed hundreds of naturally
infected red clover samples fér BYMVY
It is apparent that the agar double-diffusion test is useful for
identification of spherical and rod-shaped legume viruses  Condatlons of
the medium can be modified for each case to make the test relizable The
proper CO;centrntion of the antipen and antibody 13 esscential  With rods
about 0 05ml of undiluted serum 35 used per S mm well surrounded by 6-8
peripheral antigen wells  With spheres the same volume of serum Is added,
- bat prior dilutlon of 1 8 to 1 512 may Le necessary Sap eatracted by
_ grinding in a wortar and pestle with a small amount of water or buffer, or
expressed directly from leaves is used  The concentration of vi{ys in field-
grown legumes should be sufficient to give a pasitive reaction ié the
antlbody concentration is correct  SMY, PMV and BPMV have been detecied from
field-grown soybein lowves picked at intervils through the seasen to maturity
The sgnir double-diffusion test is simple and requires no elaborate equip-
_ment other lan a means to melt the agar and suction to remove the plugs of

agar from the wells It Is readily adapted to fileld ceoncilions and coffers

perhaps tne best methed for dduntifving lepume viruses in the £1icld
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