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Preface 

More plnt pathogens. and unoic aygrcssive or vhiutlCnt isolates Of these 

pathogens. arc attacking beomn ( 'wmw'ut% \'ttri., I) in tropical regions 

tha n in tcmpC ate regiot',. I hc pathogns \ trv greatlv hetv, ccn seasons and 

'yeats for their incidence and iaL'talyii: hence i is Ctilu to obtain the 

tcOnOnic dati rtpcqicd ir their priority ranking. \'aiios pathogens are 

restricted to( yLrowtelllgiol', " hich po',css ,pecific en\ ironnintil .actors 

Icessr. lotr theit ,ririvl and perpetuation. ()ther natholgens arc 

zlhiqUit'- ttroiiglhhu latin Ameica and othcr rcgiown, of the \,o.rld. 

Additional pathocns, arid itscts mia he inportaint in spccific production 

hil lt\ rI( ied uce, toital I atill \1ericall he ll productiot+i ll. d not 
.ie nil , lltk . 

'Since it ,, lUiilkcl liat Iilatce to aill major patlo!icns eln he 

cminhitued imniedi:atel ili coimrireialhl acceptahlc cultiu;irs, Sonic 
slnls.gnrtipuitm I,i. rise! tii tog dte l eI pril tics to specific prodtiotl lll 

litlls produccd in cool elirrites Irepieitl' stiffer \ icld losCs dte to some 

colli lli at itill ) aI coi rrinull lIl r o "'ii \ 1iils. rist. ; Ill r .ose, Il taat . a 'ui lar 

"pot. i ,l fot arid t;re tcrti blightt. Bealtl, prldtuced in \atrt-hot, 

tcl;ili\c'\ dr.tr. lirlit "- lrctlti tlt\ slutter .luf liss,, duc to someti 

,.',urihI))I iia tn (iof t uruc il iu114 il t i',llC tl:rIIc n lSaic ItS.\0iri1. ,lut ti \ 

itl ,t liiuliul Ieat .p ot. ' . m lA llitII bactelial oiget . eacnisliltT e. 
l 

\\tl ll()l it ji[lts. inl Ciltlluait 
pVmi tit.ct In \krllll-htul. retwiti\el\ n11l1 celiiratc,, iticltl\ 'suffer vield 

mlotN, t_ "ifirIe Coll) hiunait 

, 
 tel ructiliollhaic'telia;l hlieh t l1,kc.\e r. i i lit ri irIll ll it r t ) cllt rll ir ploi 

t , l' c p csll (dl C ( ,Ill lll , ,Il h a ctl ilc g i , ,[ Il \kihlic h w , ,l h t i z \ ( l fu U ' i t l Mlig h t . 

unthrate'ifC. vh hltilt and o)ther diseases 'iriutltanett,ilv or during 

difCfrCI t ''ItI!, ien rimidutctin c\elc. 

I )i,,:at, slit! v:-i , lh _'hit. ern1n1nuiri0ha tiCItil Ilie lit r bandtl iihleii
 

[riiiis<l ' \ lll hi- I t cii iipliitaitll l;ctil" ill ent I dr1', etall
tI(ltc\ciilp ' 
'lica c ic'h hlihl aint rlilrliiidti liln p licts thwtn'h liit I li ii\V 


haot-i'rl lalight lt nimihsrtil disCe ',is ii tclal\tl\ \\i i nlliluiid
 

l en I ill I'Cani elli\; frlilli Ieing!_,lrw t l Iiti,ly
Iihrs anlt crr 

Ili IlarlV pritltlLtiii /ires'. Bteir pmldet irmosaic \irtus has been i
 

ira/iI. (Cenlitil Armerica. the (Uriblleatiard
dceastli' ti , s- in prls of 
Mexico . 



)Ia pIiIi; IIi tihe l nsect sHch ds l I ho )11e-s, ICti -Iecd Irifie I i~t c, itl "'ctt u it a1c re CniittI
l i 

;Ir( 
C! thr I mlyluum all.,lct togurVeic p r a d CM) (1,1111aiy beans, N ~litiol dlfflid.(ticvf SaritvO il1ect\. .ttchl Ilc; the 1r-cm beaun becetle andl heart podica;t plifimati Is eie miitero. mil in r (~r.it( eriral\rnria. the('iribbtanl arid \eenStir;l)e( 111c( t1., if iRfucid. alo. %csers ~:ifad ;t skerin. eclillirti fpr~~iblri hoei'i, lies, 1r'rr ltoreplclc estoslartsiltitatlk itterl bartl il~en thIe fitt 11p;t)ki is, ;iiaell and 

Il'4 h tic p Il(d ictimll ;I so Is a IIeetIed bY :I iiia111tk011 I IftrrtthnMteplant patiloilrr and insect pests. Sodi Iertility is eietL!thiitlilt iihiLatin Amrrerica andtihe teljiii(d ittlt, 55,rld, midtpriiitttitin Ittvfl beauis,seseitis lrimited ho. slelieit'rcie5 andi 11 O\ clies oifICrIletri rrtav binucd pa deob laors is ititlo picrpiie m heidcdhy p tUhfMMOIC111il Lleiiiic:,Illitatsclininit Ar%artittilis(It t rtiit. icrricticiliriiii 

%1tichli Itclitttit il betan rriutitor t'irriirit h~ r purbhllc h.%'ciciit~si in thre \111et cart corfiirart arnd titerc partl, (, liw is1957 \sieri I ),, r!d 5itteeWj. /arirttever ;lttu 11R I lfij, i. e eas~tl theinjiltii iitise It Iiripm (it hea1rt diseases, arid fitliitls Im tltif tortitoL 

InIi !i iAn ntlercfi ;1111(!t er il %b:Iic i1ii e ii IIli ild, ht 

ri l x i I! Il lt~I 5e .' h lli p1 lduit timl 

!11 11(tl 1,pett i hs le; lit)i ~lila t b in;c r lI~l i( I Ire 21)[f
%illtiili Vl "iii sc dfotiihcalisit hcetdiease rmcl(ilt thie2 

illilil' ad )Ihc[ ploilntirn tiitiit.liclit1 *ti2 sc! 
iM1I 1 M i)Illi) ls)" " I t 11'C I 111(1 

incie ;Ipjpenices aire it, liuded to aid tire reader in the idetiiietioti of' 

anl tio caril's the( current a~, moolr Iii certain leLgtiicepce. 
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Chapter 1 

Bean Production and
 
Pest Constraints in
 

Latin America
 

Introduction 

Dry beans (Phaseolus vulgaris L.) are exposed to a large array of yield 

constraints during their growth cycle in Latin America and other regions of 

tileworld. This chapter will concentrate primarily on disease and insect 

constraints .,hich influence bean production in Latin America. A bricf 

r'view is given on Latin American bean production, followed by a 
discussiol on economical and pathological aspects ot control strategies. 

M,,re than one-third of the dry bean production inthe world occurs in 

Latin America. A er!age bean yields in latin America are less than 6WX 
kg ha. compared to monoculture ieldsofnearly1400kg ha in the United 

States (Iable 1I and three to five tons under experimental conditions in 

Ikatin America 13). 1)uring the last decade the production growth rate of 
beans in l.atin Aricrica was suhstantia,,' less (0.27('j) than the population 
grwth rate (2.8('').,and caused per capita consumption to decrease while 

bean mports and legume prices rcreased. These trends have aggravated 

nutitiia! aid balance-of-payment pronlerns in IallY Latin American 
counties (24). 

1 tal bean production has changed relatively little in I atin America 

durin tibe la.t decade due to a net balance reali,,ed between expandLd 
production area lhieNot only haveaid rilluced crop produitivit.\ (a 2). 
dry bean yields declined dtiring the last decade, htll they also have ,bowed 
extreme fluctuation hctss- cueair. Variable weather condition . p,,,r ,oil 

fertility. hean diseases md insect pests appear tl be the most mportant 
factors colributing to declining and erratic yields (3, 13. 23. 25. 20. 27). 
Ihe recent decline in lrriailall yields greatly intlucnced total productivity. 

since lirail is responsible for 54( of latin American bean production. 
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Chapter 1 

Recent ,covcre ollcs (d hi v>(Aoi~et~~iii~ IR Illaril Inic 

hcen 1,1repi~lct ltI n'oi P, 4 

hira'ihan11
yl clie ha\ e 1een iitPIetIwed <~ttof, 

1 TiltHlre ' ~l J miilictiol a i lTi(, to till IeiTill it IlonIc 

l triitti~l ih i a. ~ Ili :.:"Jla (:;,! 'W also) Ili's otc ared 
trejitn~\ titiel~t~ohi. e'i'. t Iiuti \v.Crita cause 4f tileInterejit rI,Ks 0c:i tn~~li, pildutic~onl I'm absolutte \ieldi, antd

Jiiittait (Idth. lack to'. stilec piuce alter bar.f'o. Ihese!facors.
Plus~ diffic'Ztin niechani.-oy the djI\ hcar imta. have coititil tedbeaul pic 1;etion0r o ill :11.11iimc,mostIli m klw.vAn :rn:i ( 13. 10).
I'Io iic I ii )IIsltll t [1i 11' S OL l ni)pl[P -' le,, J , niiflr ased 11plits,it "oeiitted cropp~llp,.1N IMti diCHTett areal Shi!'! ' III-~it' il it t, bt.C01me
ilvplcttd , OI~ flilcde 3) 

Amnug P1',a P~adjotgens am'~ Pests 

IeI, IIIjIItaIMCC (d al [lilt p(thoe::i pest Is duerried he tile

eeioielos it C:i ws. I be rrtay'iitijdle (if this loss depends ou.how 
I ~nrrIst
OCCIurS anTd hodisc 
ch da;tui is (lurin each crop cycle.

NIs:c f ldtur losses1,,LinI I tml Amieriea are hbased on exnperiro utal~(1i1;t 111(1h-tfld. thelire. he rcgalcd as' estimiates of .,mIld Ios,,,s tinder. 
it(i pmgoo soils, Igh level rtai(eitoftel high use 'lnptts

:till: silhugh dI se orI tisect lil dnee, labc 4 lists estitnatedl yield
)h a ned I 0 iiiportaii heal Is t') ms and Insect pests, pralm]V


11d1i Ihe',e( coiidttimis liev 
 it r' ihiffistilt to ctriaj)ola'ti 1these 
c[sltlori m i1is !,Ise hley',ex 1hss estrnu1;tes toi those~ of 

ri ifpirit n us.TICs 

TJenitl- Ilin ~ "Iuhfali Production Ili hiY'4-U75. Hased kilt
d l uket'l dMiii1 te di isits to) f?7" farmIii the re!ltve ilupollnct lot

SIT hliii lies! soid r i siia'i hit'yitilt IeI Negueseol analy sis.i 1 i able 4;sit':ii' deitirutte Pr " tictinni hissesobtaiined 
(111T:111-1 ci isctill .li II ' dI lt, (0 MIlilr legionli it- xI ii~ l 

'eIIIt:tie i'liitctiu P(:,; . ifl fpithii- ltiuri T .(*tt moce( 

111 ilai ­ is Ti-ces;Ir t(l iltte lcfrult'e~ Jprit.. ttj itein SJ)eeCific

Iulduttion le)'viotis IIiI Latini 
 Atrieria. 
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Bean Pioduction 

Bean Disciese C'ontrol Strategics 

Mlanv,' , :ne:istiire a\;iilabl" i lti An ic, t.,conrliol bcar'di(iseC . 

incldrue cultiiral Ircc',.",CCti op n, sanititiin and dIscase 

avoridailer, prc troll ol p;atiIk, vcn-lfc wr cl-ll .Cod. chcrllical control 

Int rcistatict hr .cdin. . 'otcd,roppiric v ith mai/e nav reduce 
i- il harrie I t tiI ,,preud itaccrtain irisc t prI, Ilci n Cr( I p 


p;itht 1011 Iis ,uch ihtt co rirI [i bacteiI blebiII. 11).
tactCriun Itt. 

IlsteCvCr, II .I i ic Itfcctii( v ,hthIc I;tt s: , as, the:ingulritr, ,cu Ii 

ec~t spt luei. (2Wli
 

I)iv hcan p;il Icns cart sin; discase such is bean _ourrinrun mlo)saIic 

virisc,C()IIIIi n bicteril blght, arrnular heat (pIt.aind itritirai 1c a able 

to iect -ued ttrid hc tritrisrittCd wilhin seed. When comiarcd with highly 

Infected tarmrcrs" .do issis reslts havc heefn ,htai led hv plitling 

.lan sCcd (3, C Ined %tih oilhel Inputs7 ). In1(in itCiILtil. 'cd c 

riised IIClds to I.5 IMonl i 1 4 ha in I c)iTpailCd \sth theIt , \llcv\ 

ntiona Iaverac ott 5C5 h. ha. st lts-, inI ( Ilon/itli i ) cr t itIt'd alnd 

pro ccled .e (p) Iti uIII' "1,i1 hc . \ cheni, l ;Ip i:II) in;' hih r iintallI I 

rC r1onI \o.eic ii tlol s1 illsIc . lit tact. 'Iitiled sCTd Vilsc Iw,'..I %'i ,!I thatn 

tlid the! I'ho1 ,,) c ted seed w,a oly atari n11ll , . snpI o ipChIat;kInwci' sced 

0li!kg ha, diflc (3). In eIIn poi driction regions sith a hieh incidence 

.it patl )cCns). k ced Ina' havc to b c(r)nbi ned %.ih ot herilahoMatilt rtck 

C'rItrokl stratciut toI reduce disease incidencC. Sii, tintitl hiehir yield 

dilterencer will be nece,sary to ot fset the costs, ot iruplCCntin', and 

ainlaiiltine clean sCCd priductio progrMis. 

lealn seed productiorn in semi-arid regions (,t the \vestcin I nited States 

undoubtcdly has contributed surhstantiall\ to the reduccd importance of 

;tnthracnose aind bacterial blights in the I 'nited States. t owvCr, clean seed 

piogratils are expensive since they require: 

specific regions unfa',vorahle to path mien dcchpmcnt and survival, 

but favorable to plant development 

increased production costs t"or irrigation, inspection, chemical 

protection and transportation back to prot(lncti l regions 

distribution to, farmers 

A successful clean sed n!,,dritioi program otten requires ina cil 

srrppoit by the gi\rnluCmIt or a prieuicers' cort'ise tod tice secd ?osts 

and instire firmer acceptancc IlIowever. when combined with other 

coitrol measures, clean seed b aind effective controlmlatye loiv cos't 

measure for certain pathogens (3). 
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Chapter 1 

In Latin American bean production, chemical control involves multiple:spraying and substantially increased 
\ 

production costs. However, it oftenresults in only limited success, For ex ample, growers in the Ciauca Valley ofColombia spent large amounts for agricultural pesticides and still sufferedsubstantial damage from lust and leafhoppe,'s (23). Chemical control alsois often associated with large farm size, since these farmers generally usemore inputs and receive more technical assistance than those with smallerfarms (Table 3). However, most bean production in Latin America occurson small farms. When chemicals are used, they may be inappropriate tocontrol'specific plant ,path ogens orinsect s,"since-fi-t rir-6ff6 a pi-tn -.those chemicals which are known to be most effective on their moreprofitable cash crops such as coffee or potatoes (Sanders, unpublisheddata). Moreover, indiscriminant application of broad spectrum chemicals
can eliminate beneficial insect predators 
 of bean pests and reduce thepotential effectiveness of biological control agents. Chemical control ofbean diseases and insects in Latin America, therefore, should be considered
 a large farmer solution, a short- term measure 
while resistances are beingincorporated into commercially acceptable bean cultivars, and a

component of integrated control.
 

Breeding for disease and insect resistance is an essential component if thecontrol strategy for Latin America is to be directed toward all producers,irrespective of their economic resources. The gain from breeding forresistance to specific pathogens and insects will depend on expected yield
losscs from the pathogen, the probability of success in breeding resistance
into a high yielding and marketable cultivar, and the period during which
the resistance mechanism maintains its effectiveness. Thus, not only must
sources of resistance exist and be incorporated easily into commerciallyacceptable culik ars, hut they also must endure long enough to ensure that
overall benefits are greater 
 than the costs incurred in breeding and
 
diffusion efforts.
 

When multiple races or strains of a pathogen exist. probability of the
loss of effective resistance becomes an important consideration, especially
in !he tropics where environmental conditions in many regions favor nearly
continuous 
 disease pressure. Alternative breeding strategies for morestable resistance, for example non-race-specific resistance, also mustspecify the time period and cost required to develop this protection. It is notsufficient to point out only that race-specific resistarce breaks down. It alsois necessary to identify a higher payoff with an alternative control measureand to compare net returns during the different time periods. Race-srecificresistance to rust would have been w)rth 1.2 million dollars, even ifeffective only for one season and the cultivar were distributed onlythroughout the Cauca Valley jTable 5). Nevertheless, stable anda morelonger-term form of resistance is prefeiced if it has a higher economic 
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Chapter 1 

I AIble I. I)r earl produciir if, Ilt orld during 975-77 1,o). 

)itlt iA Acragc%\rc'! I',qlti, I1 1r'0I) Y ields. 
1') ('i )(t.:;, (kg hI) 

,19 52 1 
' 525 837 547 

JilL" 1I 7 1l)5
2 85 1 2d',112
( ,, h i. 

693( t~cmd~1]19 
70 599 

Pra' 70 54 771 
Ica I uu 69 51 746 

64
'c u 

49 772Vic/Iiucll 
95 48 493ilit ir,Ir 
87 47 541 

38),tuimLia Rpuhlrc 
54 703 
45 33 731I , trdo 
66 30 451 

i 35( ,It Riit 24 686
36 15 417 

I'mu ilr'i 17 4 235 

I ,n .afctic.it 6486 3677 567 

h.kmi 2605 2229 856rittcI 'Sltc, 571 779 1370 

113 14S 08 
{,l Md. 68 97 1435 

I , I , 9472 3179 336
\li;.,L 

1961 1106 564
H I nii,lmc 941 4X3 513I ,t 230 302 1313h, uth \I i:a69 (1"4 927 

I.17 
12192 

,i( , c kl cl dch.'ivdi"' froml Owt Iil /fli~in hc',rl d'it.1 . 1,dlI drilll \111ML'lt~ll I IMt riL'S lt..LI*
' hlt Ld ht'101; 'V 1, r+11 "1, ill I~ 


C"Ic '111 IMlllch ' frtt1Itl lill .al, I'm) lic 


11II\'-te'r. their 

I INc ttntrllio pIu tl.ri tot Ii'tcd 
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Bean Production 

Rates of increase for production, area and yield of beans in Latin America 
Table 2. 
during 1965-1976 (24).' 

CounitryPrdcinAeYel 

Brazil 

Mexico 

Argentina 

Guatemala 

Colombia 

Chile 

H ond uras 

Nicaragua 

Haiti 

ElSalvador 

Peru 

Paraguay 

Venezuela 

Dominican Republic 

Ecuador 

Cuba 

Costa Rica 

Panama 

Uruguay 

L.atin America 

Estimated with the semi-log model: LY 

Rate of Increase 

-0.89 1.92 -2.81 

0.99 -2.07 3.05 

16. 17 14.89 1.28 

4.21 2.24 1.97 

6.77 3.26 3.50 

4).69 2.75 -3.45 

-0.54 0.88 -1.43 

1.93 0.77 I.16 

1.01 0.33 0.68 

8.79 6.27 ('j 2.52 

-3.80 -2.04 -1.76 

2.04 6.65 -4.61 

-3.76 -1.76 -2.00 

3.41 I 05 2.36 

-1.16 -0.48 -0.67 

0.35 -0.59 0.94 

-2.21 -4.25 2.04 

-5.83 -4.01 -1.82 

-2.66 -0.65 -2.01 

0.27 0,79 -0.52 

hX, where IY isthe log to the hase c of productionA 
or area. A and h are the parameters of the regression, and X represents years. lifferentiating L 

with respect it) X h,thus theannual rate ofchange isb.When hismultipliedyear gives 9 LY: 

by 1(N),the geometric growth rate is obtained. 
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Chapter 1 

Tablc 3. Characteristics of bean productio ilthe four Principal production regionsof Colombia (23). 

Production Region 

.... cteristhar, ........... .. 
 ..... ll Antio
 

Average eIe iOn- ­
(meters above se'alevel);i 1120 
 1323 1309 2270Average farm size(11) 40 29.5 9.2 2
 

Area in beans (ha) 
 22.6 4.4 1.8 1.5 
Percentage 	of farms using:
 

Irrigation 

45 
 0Certified seed 

2 0 
52 7Fertilizers 	 584 20 0 0 

llerhicides 32 0 00 
Insecticides 87 20 5 33 
Fungicides 100 14 0 42 
Credit 

87 53 58Technical assistance 	 50 
70 18 5Mixed cropping t 74 50
 

Machinery 

44 

100 05 0I100} 
 0j 
 0
lean yield (kg'ha) 	 906 680 467 533
Bean equivalent yield (kg ha)h 
 906 825 732 723 

Ihe iange ' slbst;ar1ilAin two ofthe regions: 

'tlle 1030 1310n, Nariftlc 8t5. I 60 ni.\nthotti. 22W<124 10im. Ilurlh 
950 - 156o In. 

h IIle bean eqi alent elit is: 1,t * l'cYe Y 

1,It 
"'hele Yi is ileeqiValetll yield heari, Yield or %ie d,Yc is the cornad Ic 	 olier crop yield, Y11,t hean.	 is tireisthe corn (or (1lier crop price) relative to tilebean price (t11)1 
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Bean Production 

Table 4. Estimated bean yield losses attributed to plant pathogens and insects. 

IPlant Disease or Estimated Yield Literature 

Insect Pest Loss Cited 

Bean Common Mosaic Virus 53-68% (U.S.A.) 15 

16-95% (Latin America) 3 

Bean Golden Mosaic Virus 48-85% (Brazil) 5 

Common Bacterial Blight 10-38% (U.S.A.) 28 

18-45% (Culombia) 22 

Rust 38-50% (Brazil) 21 

18% (Colombia) 29 
40-80% (U,S.A.) 28 

Anthracnose 38-99% (Colombia) 3 

100% (U.S.A.) 28 

Angular Leaf Spot 50% (U.S.A.) 
40-60% (Colombia) 

14 
2 

80% (Mexico) 6 

Root Rots 60% (Brazil) 12 

15-86% (U.S.A.) 17 

Leathoppers 14-23(; (Wet season, Colombia) 
73-95% (Dry season, Colombia) 

25 
25 

Bean Pod Weevil 94% (El Salvador) 18 
90% ( Mexico) 8 

Storage lnsecs (Bruchids)a 35%.t (Mexico, Central America, 
and Paniama) 19 

7,4w:, (Colombia) 26 

L tI he insect dainage tIosseAwce not %tpalated trorn other storage losses, 
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Chapter 1 

Table 5. Bean production losses caused by plant diseases and insect pests in threeColombian bean zones during 1974.1975 (23). 

. ... stimitcd ° Pou'aie-rodtction Loss During 

One Crop C'cle 
Production Problem Cauca Valley a Ituila and Nariflo" 

Plant DiseasesR 

Rust L,.S.S 1,171.000 
Common lacterial Blight 933,000
Angular Leaf Spot 552,000 
Viruses h 
Anthracnose 0000 

sPowdery 
282,000 

Mildew 400,000 

Root Rot, 
250,000 

- 207,(00 

I-c;|fhoppcrs !0.000
749,000 537.000*5 
Thrips -510M 

onhe.id
eage ekltion .'tbOvetcii 120 i in te,I0elw ti Canca V alleyand i uila and1320 min 

hfie uterviev, ing agronomists were unable to altays differentiate hetween virus symptom%
caused by bfan conmon MosliC virus, bea rnrugose mosaic Viris or other irnss.s No attempt %ka, made to identiAv the specific root rot pathogen responible. 
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Chapter 2 

Rust 

Introduction 

Bean rust is caused by I 'rmvic p/w.eoli ( Rben) Wint. ( U. 

appendiculatus (lPers.) I nger). Th disease has a worldwide distrihution 
(85). It caiUes Ofle of itt rnmthe ilpo~tiat pro)dlction problems in manY 
arcas of I.alin America (84). including B|iaiil 17. 71), (Colonihia (86), 
Mexico (20), Peru (25) and the tropics in genel; i ,).Yield lsses,are most 
scVcru ',Aien plants art infecicd during the prl1o\ocrnP nid flowering 
si,,c o(f dvlopinenit, approximately 10-45 da\ afrr plintiTlg ( I,17, 20. 

79). I)iscloss stimates 
50' ; plant dry we.ighl rduction (1), and yield lof lI 18-28 7 (25. 74, 86). 

3,-451 (52) ind 40-11(W 39, 06, 85). 

52. 7.4. h il the gl isshous. :|id f'cld include 40-(. 

1rl)rocer /!a.m'ohi can infect manyrV specieI, i th ohascWtS. 1'.Stih 1.,, 


a,imlo m.% var. latiiouo, 1. ade,-anthii. 1'. animrir'ht,,. . 1)'iti't.. 
ll ,ph/tl2 Iids, P. imaiJo, 1' f)thaj/ats, P. o/ tilafo iI.S. 1'. tnlt,., P. 

11111(tw. P.I'llrb1u., I'llha tinLgtuictlta(57, 85). 1 r,'c anii d I ".Ic.Vt lata 

,fiiion na il,frequently us(l fr01 ItIi atI .\me ica i:.lI ude roya, 
Irm iteeain! chahtixtlt. 

Etiology
 

Urojmovcek p/haw,,,i i, am obligate' parasite which belongs to the 
titsidilonlVcotina sl-idisisio of funsi. It has ;i)autorcius life cycle which is 

comqlpleted etirely ol thr brall i05 iSt) 

Acri;a rit'. obse,,rv.d m , la ) , )lbut wre studicd in dctil in 
i,: mer¢:culhise by ,nrru( 5) and nlit recently by (irotli and N igen 35). 
Aftter lidtfgilllif aitrditiolini tr dornmanc\ period, teliosporcs may 
,ciirnin!ICt P -prdc )idiospole. which infect beant Icc;.''. and in abhott 
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t)cmca oft
Fig. I-tl-eff) V7rOMiMt, Ph , on t)ifperlal ,ujl.0c
 

Fig. 2- (Riit). \tclt ,t I ',m ba 'h nrj ' o c i nirfacic. 

six days at 220 - 26°C produce a smll chlorotic fleck or pychiflrn (Fig. I),which after approximately seven days contains droplets of cloud' white 
nectar, spermiatia (+ or - mating type) and rcceptivc hyphae. 

Cross fertilization by pycniospores from the opposite mating type will
initiate aecitumi formation (1-ig. 2) withinl nine to 12 days at 22' - 26'C on
the lower leaf surface. Accia may form occasionaliv on the upper leaf
surface also. Aeciospores form in the white aeciun and, upon their ,clcase, 
are able to infect hean plants and eight to 10 days later produce a pustule
with urediospores (5,35). Subsequent cycles of infection rely solely upon
the urediospore stage. I hese spores are capable oft Lgerminating to provide
infection hyphae which infect the phant and form new pustules wherein new

urediospores and eventually teliospores may devclop (5). lelTospores

reporitedlv undergo i dormancy 
 period all( germinate sirm(onths after
 
production and slhsequelt storage 
 at 9'-( (3). HIOvever. (1roth andMogen (35) were able to remove possible inhiibtors by washling eliospores

in ruining cold water 
 for three days and observed teliosporc germination 
on water igar withinmo to f'our weeks at 21' (. 

Ile liost comlroil\ observed spore fm ins are tilrmediospore (suiimn-er 
or ',egetatlvc spore) and teliospore (winter or restinel sp()I,') . cdliospores 
are produced in rows withi, a sotls Or putll ,'': otn the tpper of h05cr caf

surface. rediosp()resc, ha 't lvalin pediccl and arc hyliti s.,l in
color, om-celled. spinx and tlhin-wallu. and ghbmod Iiellipsoid ill ,lapc.
I hey mIlay have two equatorial or superequal(trial poei,., id tieiiMrc 22.5 
u by 28 u. Near the end of tlie growinmg tasilll. tcliospires maV formi withiin 
tIe pustule in response to changes in light intensity, tem]perature, moisture, 
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atgie iii Ich)ipmeN 

hax ta ulml lt~llie tdicel iln! ilt dark !il1 )x. oric-cc lcd. nIuuot h and 
)iik-xalcii.and ld, bud itu hr uilj ellip~old InI Nli 1 1 i. hI tin haxLc a 

Iln! ine INIpilla xCl ile fluIr anld riienIedL 24 R hY 30) ti ( 85). 

(iiltixviilcti. lii:c diftwn lx paiit llatifii(. 

A\licida (4) refiurts the existence of ai fle% aik *V%ut hanl I I collected 
u/iI.u Ialt. A.Pl.troil I'/la. M~~~iuil~Ui.ill 1914 h., \'iegas, who 

namned it rormncA ua/quid/imla. ,'u ( lin.) ut ai. btaui/iuri.% R. 

;.lio~pihe' L m distinect u preseni inl a slightetw ccvIii 

tax% indistinct pole', alongli thejir Cqua~tii: (it' I iieI ill ;I ittl 
\iipcietjatonral poi'atiiin. lcliuuspiic> iiiiiilk ire \nliiut-,xltleul and 
tairclx' liixe smnall, inc ililpiciloih \Vkilts. ill co ntrast ti) I '. phiuaiu)Il 

liiispuirs sehich rarelx il CNlliiuiit1i-u alled anti iisniIk llax I iriMTro l 
ph 'lilleit War.11 

.%Illhulil I . p/lo.wioh dlili [lout LfIn citllitc. viahkC '4pife' canl he 

purrse',eid for -air~r i ttle periods ill tllt Iahuuiarul,r I )rid lexshear ili 
pii'.tiile, alt spuhics haxe hCecii ,tiirc~dlat iut \'i Scacs((,;) 137). 

iel1 sut loinci at 7 U ir 2bi weks irfcted plants & hepe nausc 
OX). Viahle spouire(40Y eetlntiul av ei restedi rsIirirt lot 

nric)' txxu year"~ ai 4t() C i03), antidu iiilli(jlt 21xIIcv ciirer ltitlo!iWAel 
I iIl aiitl a 11itieli )2.1 hiadi xIilaiIrsults M'iii %%uuCs1 .ie 

"tlltI iat 18 (hult thoe claii i that Npoil \ iiihilit\ arid coilicin iAi sell­

itlhtiliiii! irciiai %cie iilliii dt hr 1tiilicrlitiieli t il uliituirt: 

(I'iiihitlow"i piucCit (liiii Iii) spic pI iuic, iuii. 1iil 126i) iepolitedi that 

Epideiology 

oII Iltec I)t I hr It' 'I,M IN J/au"i'it I" ~ix tued liv pI(dilil~etl pertil 1 0-18 
nix ll IloNulvtuiiuix.cic thanl 1(5 relatix h~iiiiditx anld 

iiiudct,:itc tein1pr ites 17xciiI-- 2.( 7 33.1 2. 

cInpci ati l cIs IIe. tIIt Ii I S-I 1i l a 1i t at utt i iicIic dfori pl,] ,\1 i I ) 

,hl) I t int11ctit I i I t lx iuciluitiuul ill lu's hylt l i st (I'IIII 

' it l C( 1) 1w I hom'i 

MIisd ilicicllcilipl I tII C )iridIt I Ins., Spur e)Mprutliictiuin ri e Pllt", 
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were exposed to high moisture conditions for limited periods of time (76).
Sporulation increased when infected plants received at least a 12-hour
photoperiod (16). U.phaseoli can produce 10" urediospores/cm2 on leaves
bearing 2-100 pustules!cm2 (76). Nasser (52) reported that the greatest
number of spores are released during temperate (greater than 21C), dry(less than 60% relative humidity) days which are preceded by a long dew
period or rain the previous night. Urediospores can survive under field 
conditions nearly 60 days (82). 

irediospores and teliospores can overwinter in bean debris and on
wooden supports used for climbing beans (23). Urediospores can betransported long distances by wind currents and probably provide the
initial and secondary inoculum during epidemics in Latin America, wheremultiple bean cropping and staggered planting dates provide a continuum
of susceptible germplam during favorable environmental conditions. 

Bean rust incidence may be influenced by different cropping systems
used to produce beans. For example, rust incidence was lower when beans were grown in monoculture than in association with maize(44). This lower 
rust incidence may reflect the higher relative humiditypresent within the 
inaize-heanII canopies. 

Plant Infection 
The infection process begins as an aeciospore or a urediospore produces

a germ tube which develops an appressorium after physical contact withthe edges of a stomata (75). An infection peg develops from the
appressoriumn and pushes the guard cells apart until the fungal cytoplasm istransferred into the substomatal vesicle, The substomatal vesicle contains 
numerous glyoxysomes, lipid bodies and glvcogen particles (49). The

fungus develops infection 
 hyphae and hatsi oria as it proceeds in­
tercellularly throughout 'lie host tissue, eventually forming younga 

pustule (85).
 

Plant physiology and biochemistry are affected during the infection and
sporulation processes. Initially. reducing sugar, sucrose and starch 
contents increase in infected ti;sue. later, varl ios arno acids and sugarsdecrease as sporulation begins (40, 56), Various e,'ynes. such as
peroxidase, catecoloxidase, glycolatc-oxidase and gloxalate reductase
increase their activity during infection (51. 56. 65). Quinones, such asVitamin K I, plastoq iinoncs A, C aOndd0, a (1ubiquinone. increase during
rust infection and development (50). 

Infection reduces the transfer of metabolic by-products froin leaves toroots arid developing seeds (:- I). .Stoniatal transpiration (decreasestwo (lays 
after infect ion (64), while transpiration and water vapor loss through thie
damaged cuticle increases as infection proceeds (27. 64). Infected plants
become onore sensitive to moisture stress as sporullation occurs (27). 
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'Symptomatology 

Uronvcesphaseoli may infect leaves (Fig. 3), pods (Fig. 4) and rarely
 
stems and branches (Fig. 5). Initial infection may occur on the upper or
 
lower leati surface. However, symptoms usually appear first on the lower
 
surface as minute, whitish, slightly raised spots (Fig. 6) about five or six
 
days after inoculation. These spots enlarge to form mature reddish-brown
 

. pust uleswhich t ;ture theepidermisand may attain-adiameter-of 12 mm-----. 
within 10-12 dab p;ftcr inoculation. Secondary and tertiary pustules may 
develop around the pcrimeter of this pri:nary pustule and merge with the 
original pustule (85). The entire infection cycle occurs within 10-15 days, 
after which urediospores are released passively from pustules and scattered 

I'rix 
P1Fig. 4.- Matuie rust 
* , pustules on infected beii 

, ¢, ;poll. 

Fig. 3- Matre lus pustules on [ ,
 
infected bean lIalt-


Fi,; 5- Maline nst p~tlule im hg. 2Immature rus puuics liv to six days after 
ilect heaI(?b land1|)I[I' . infe'ui im.l| 
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Rust 

Control by Cultural Practices 

Cultural control recommendations include crop rotation and removal of
 
old plant debris which may bear viable urediospores and teliospores (7 1,
 
85). Reduced plant density also may decrease rust incidence. Planting dates
 

. may be adjusted- for specific- production .zones- to avoid -or_-reduce-the ..... 
incidence of rust infection during the preflowering to flowering stage of 
plant development. 

Control by Chemicals 

Bean rust reduces yields more severely when infection occurs before
 
flowering than when it occurs after flowering. Therefore, chemical control
 
is most effective during early plant development (79). Bean rust has been
 
controlled by dusting plants every seven to 10 days with sulfur at a rate of
 
25-30 kg/ha (20, 38, 85) when the first pustules are observed. Asimilar time
 
schedule is recommended for other preventative chemicals, such as
 
l)aconil or Chlorothalonil (225 g/ 100 I), Dithane M-22 or Maneb p4-5
 
kg! ha), Manzate D 80W or Maneb (4 kg/ ha in 1000 1water)and Dithane
 
M-45 or Mancozeb (3-4 kg/Iha) (17, 20, 29, 32, 39, 71, 74).
 

Plantvax or Oxycarboxin can be somewhat therapeutic. It is effect ve
 
when sprayed at the rate of 1.8-2.5 kg/ ha 20 and 40 days after planting or
 
every two weeks until the end of flowering(17, 20, 29, 32, 80). Dongo (25)
 
reported that one prefnowerf application of Plantvax (0.9 kg/ha) reduced
 
rust infection by 40% and increased yields by 26%. However. seed
 
treatment with Plant~ax did not give satisfactory control (29). Oxycar­
boxin (4000 ppm) is therapeutic when applied up to three days after
 
inoculation and preventive when applied less than seven days before
 
inoculation(2, 3). However, Issa and Arruda (41) coicluded that chemical
 
control was not economically practical in Brazil.
 

Control by Plant ikenistance 

Many workers have observed that bean cuhivars varied in their reaction
 
to infection by Uromyces I?' ?li (Fig. 10), and that the pathogen
 

" i~
 

,,te. (I-Ribc vairet rihn i t. *[~t 
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Chapter 2 

Table 3. Reaction of most widely resistant entries in the 1975 and 1976 IBRN (14). 

Number of locations where the 
entry was classified 

1975 1976 

ENTRY 

. 0 

Compuesto Chinaltenango 3 
'urritalba 1 

ICA - I1ijao 

Mexico 309 

Mexico 235 
San Pedro Pinula 72 
Ecuador 299 

Cornell 49-242 
1P.I. 226995 

4 
4 

3 

6 

2 

4 

5 

3 
4 

3 
3 

I 

5 

1 

3 

7 

5 
6 

2 
2 

4 

1 

2 

3 

I 

4 
2 

I 
3 

3 

0 

0 

2 

0 

I 
0 

5 
3 

4 

3 

10 

3 

2 

2 
3 

5 
3 

3 

6 

6 

4 

3 

2 
1 

9 
7 

6 

3 

4 

6 

6 

4 
5 

2 
6 

7 

3 

4 

5 

6 

9 
7 

I 

1 

i 

2 

2 

2 

2 

2 
2 

0 

0 
0 

0 

I 

0 

0 

0 
2 
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Anthracnose 

Introduction 

Bean anthracnose is causcd I,' ( rd'totrhJinthilchnwthiarium (Sace. & 

NiMagn.) Scrih. (,X4) and is (1stributed worldwide on susceptile cultivars 

cro,,n in locations Mhich hac cool to nodrate temperatures and high 

humidit, or herc rnis trc I he perfect stage of the fungus has heen 

Miril ied as my,A.a (Hiern. ) Spalrid. (,I V(imhorera ,rc'/ Schrenk (52). 

1 hti: ant hiac)mv. ['ath ''! has canrucd econotuic losscs in North 

.\nrcrica,. lorpc.\tA\ X' r ii, sia ( ] I), and in sci.h latin American 

c',ntrs as Icxic . (2 , sia Ric. (iuatemala. \ oncl/ . (oonbia 

5. o I can lNM-, badly(10) and Bla.'il (23, SA I)i ,scs approatch "hen 

i;rII s iC. Idp1 I td nd c onditions :;trahk, hii d isease 

il:chlupiTOmn; ()1) Ii '.'iinphvw'd lo sc o )5"( iV;3; ,occturrdMicii 

1 s,-,ceplih C1itlti. vas illocllaltef t.. of SiX %seek, aftel plant 

i'rniyc cc. rsc i'i',,:i'. , 'I.: hi.chlands i (',oom a i ). 43) 

})/',r ir i l it~ t (-te' ?ii , iri it i t ?t I )1 t ;i t .,.!:i ('I, i)] t t i%'t -,, l (irt 1... 
i/t ItI I , //:.Im i i ( )h I ', Iit 41SI Ir-.. ,/'. I?Iri'siu h c s 1ii I . 

' I. IIi ,lo I la . (67.CIPi'L, P hitrv l ,ixh.. t1ii,''iitl 1i/i arid iti ,a I 86, 

(.,itniri names I ejiierilv b,cd 1iw arlllrlaiilisow in l.aiin America are 

Itt l iosi/isi' ;iid il ;cris-.' 

Etiology 

AWth",itrih'm /ihn iult/m is a member Af the Funi Intper ecti 

at , pridiccs ,cptaitc, br;,ian.d M. om'w11inwrth chall'cs ill crdm fllm 

it,* urie to acarl.black U1i,n :;.in t Irliclhllal h alnc .umifa are 

[Id;, i ,0 'hl I .In I% 1 I4 t'1 22 1 I hex iruaflx cutaiaill a Lica 

VaCi0l1ike hidx na: 1),. ((nctil (',)nidIal ,:,r i'm hi: l,,h 

cvlndrical, idnc -Ii(.: e o) -. l.ew it b ,r ndCon 1!di ,lihil ;in,)til t'nd, A 
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0 Itllid ill I l' ) lixll l L'i l h! 4 rIllic 11 )I,) ( I).[ )fInl(1 p ,hICC, 1 1 to llf III, III 
l ,) tI ] ) )+r l ;ii)jI t)1 i tI{ 1 I)I~I i ''. [ll l ) ' (~ i ) ( ~~if,111., 11,1! 

("'it I lla It I, It 11C11I l t I Ii mil h oHIt I I)~c-w t)uh IIf,,- {, +ltlI l; i l Iui t 1; 


l ll ulIWI d ct t h C',)l Ih t 40)-00) + l nLt' fj'li , I Ill;j\
i+p ' t p +I tl i' ] t I ' 
Mll ll ll t :l cm+I I(D IlIt f ": , I ' )lIII hI ) ,, I! IHI reI l il ;~ l '' \l |,lilt\ M C it lt'I, (, 1111, wtplattc" hfo %I,r 11li ,1 ) ( l)y I )l) " ( 

( )Plll~ ll 1ll '11l ' If I ) lk Lt lI III, fih U I I Ic+ t(fRi ( il 
p I )d( L!hI)T I" ()p mitImI~ll h t%%,ctll 1 , - 1 ( (( I. ", :iI ) ' ( - '. c I((
lIlt lI t > I II ed\ h V It II uI tl t Lilt h ll 1II VI'f(- Ict'I' I h2 [1 . 
pI lll(lll l l cfLtj 111 1) 11 ) @ ;illd 1", Illlial fc( ed h(T I\(* mI t I )I

(It t IIl;l]t o, l ltr~ w\ l c' ]Ip, t ll ). lit,;Hll I( ! :iiI';i I;n tillI [I)l Il~ ;i . i l L,
lI)(k )d"9 1 . pl )talt()-d '),t I (I"v .lAg lrF !It (+/Hd l' ll Illll l Il Ill I 't ti HII 1
i' I I if cu ltlt I c I![ I )\ h ,,t .1- 'I)111\11 w I( dl:itc , ,( il t IIl +I ill\ % ill'! 

I' II ,1 111 ;1 I( Kl'd it Ill t,( )I( I if ,I i I LC !) i li t) lIl, I I-dll I t,( Iu, , p ,,' u <5 i 
, r11 \r1;ti1% I I)lLI I % Ii[it! P ;tt t ~~! 'A Ir i LI t!; d [[f.1t c l Io(i I l i ' 

111~tcIi , {Iffi l , I 11 , I .,I%]\- ll ( I't i(,I,, Ilttl Iit4 i ".A ]; t ' 

t' l'I.1 ] ) < I t lil )( .1 [I,~i c \ p ' llh I, t 'I lI I ll l~ , ? ) 2 ( l ~t 
( :l i 1(4()I~ I 1 1 (t l) ) i It nh I I ,' "l I pt' ) i l : l l L l ( t ~ l ,~ 

,i~~it!~ ,:+ 1(';p d;1%'\ .;III,(il~ti l Ait' I IIIuIihlltwll",'ik. ,yp i \ u.II, I.%t 
' 1',: H c( t\! ltp !,ItIl fIc M. & I ;1+ 'il!it 11 1l l Ill , It i'hl(td ,'t i h ch;lt 

,
( 't II {", ' 'Id'"t ;IiIlCh' 

r','tbilc''tj,ill th :' [ ,,! 11 i;lr lt ] <l"po( it 1t' ilt,c1% l eI'(\ 

f t '/jH/ I~Ij?, kI, i ,l'j >l f . I, r ;l IIc ,' -Illl ' I<''d !' ; l III l it ,'i!I h tlt fli'll, ,.I , I t'kfitl 11II'd I l' -" !, t';I 'l /l ./1,1" ,i, ) l', , l 
p (PJ'ow" ,(-'(I hl .l iif I l lw 1 ! C,f ( i,,I ,.,Ii~tl li wc lI I!, l, i dt~~ , , "i t i,-1

l ~ r ml sl Ill,' llltf,, 1I 1I t t -ltl I J I'1.'h 1-, nltt , 1"I 4)1 11lllr I:(p" !t : ,I ! t ;iflit i -!'r-i I ll. < fict l li<'Ti,,' .1l d i lIl l 'litl l h l I 1h' 1)1.c IIc', 
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Anthracnose 

Epidemiology
 

is favored by moderateInfection by Colletotrichum lindetuthianum 
- 26°C (25, 37. 48, 54, 85, 91), with an optimumtemperatures between 130 

- .301C.Ai m it..infection and.of l7'C (54).-Temperatures-- greater -than 

development of the fungus (75, 78), High humidity (greater than 92%) or 

free moisture also must be present for infection to develop successfully (25, 

37. 	54, 85,9 1). Moderate rainfalls at frequent intervals also are essential for 

in a water-soluble gelatinoustle local dissemination of conidia present 

matrix and the development of severe anthracnose epidemics, Conidia also 

of insects, animals and man. especiallymay be spread by the movement 
when plant foliage is moist (91). 

Plant Infection 

in six to nine hours underC. lindeinuhianwm conidia may germinate 

lavorable environmental conditions to form a germ tube and appressorium 

which 	are attached to the host cuticle by a gelatinous layer (29, 91). The 

cuticle and epidermis by mechanical meanspathogen penetrates the 
applied by the appressorium and infective hyphae which develop from it 

(29, 56, 91). Infective hyphae enlarge and grow between the cell wall and 

protoplast for two to four days without apparent damage to the host cells. 

ded, probably by L-galactosidaseSeveral days later, the cell walls are e 
. to the appearance of water-soaked(35), and the protoplast dies. It-

lesions (56, 62, 9 I). Mvcelium theii may aggregate within the lesion site and 

form an acervulus which ruptures the host cuticle. The acervulus contains a 

stromatic layer of three to 50 conidiophores. depending upon the lesion size 

(91). 

Symptomatology 

Symptoms of anthracnose infection may appear on any plant part 

depending upon time of infection and source of inoculum. Infected seed 

are primary sources of inoculurn for local epidemics.and crop debris 
Initital symptoms may, in fact, appear on the cotyledonary leaves as small, 

dark brown to black lesions. Conidia and hyphae then may be transported 

by rain or dew to the developing hypocotyl where infecticn causes minute 
lengthwiseflesh-l o-rust-colored specks. The specks gradually -nlarge 

aalong, and partially around, the hypocotyl and youiog stern, forming 


sunken lesion.
 

L.esions may develop initially on leaf petioles and the lower surface of 

leaves and leaf veins as small. angular. brick-red to purple spots which 
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become dark brown to black (Fig. I and Fig. 2). Sporulation can occur inlesions on the petiole and larger leaf veins, thereby producing secondarynoculum (91).Pod infections appear as flesh to rust-colored lesions whichdevelop into sunken cankers (1-10 mm in diameter) delimited by a slightlyraised black ring-surrounded:.bya- reddish-,bowi ordei (Fig 3). 

The lesion center is light colored, and during periods of low temperatureaid high moisture may contain a gelatinous mass of flesh-colored conidiawhich, with age, may dry down to gray-brown or black granulations.Young pods may shrivel and dry up if severely infected. The fungus caninvade the pod and infect developing seeds (Fig. 4), whereby mycelia andconidia may infect the cotyledons or seed coat. Infected seeds often arediscolored and may contain dark brown to black cankers (Fig. 5) (91). 

Control by Cultural Practices 
Production of anthracnose-free bean seed has been accomplished invarious regions of the world to control the disease (22, 23, 25, 50, 90, 91).Pathogen-free seed of susceptible cultivars is produced in semi-arid,irrigated regions where high temperatures ad low humidity conditions areunfavorable for infection and survival by the anthracnose fungus. Whilethe use ol pathogen-free seed could reduce losses greatly, few countries inl.atin America possess either the production areas and/or the facilitiesnecessary to produce and distribute clean seed to growers (85, 91). Heattreatment of contaminated seed at 50' - 60"C successfully eliminated thefungus; however, seed viability was significantly reduced (91). 

Because tie pathogen can survive in infected crop debris for two years,
crop rotations of two to three years are 
recommended (91, 92). Infected
plant debris should be removed from fields soon after harvest (25). It also is
important to restrict the activity and movement of man and agriculturai
implements throughout a field when the foliage is wet from rain or dew 
(85). 

Control by Chemicals 
Various chemical treatments have been examined as a control for beananthracnose. Seed coat infestations are controlled effectively with Ferban,Ziram (25), Arasan 75 or Thiram (23) and Ceresan (0.5 g/ 100 g seed).Ilowever, internal seed contamination may not be reduced (92). Preventivespraying with protectant or systemic fungicides has been attempted withlimited success (49, 82, 84, 92), Mancb (23, 25, 49, 92) and Zineb at 3.5 g/l(25, 69, 91), l3enomyl at 0.55 g/i (21, 40), Difolatan 80 or Captafol at 3.5kg/ha (43), Carbendazim at 0.5 kg/ha (21) and Du-Ter or FentinHydro.xide at 1.2 g!l (69) have been used to control anthracnose. 
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lhkUil aund toI)~i atCiL\C~ Cmiijo.iIificof. xkc.ItIit g ICi d"'. , ' CX ) : Il mdi n,!11;1- hi c lim ited ax ailahiiit% In I jiti 

C'ontrol by Plant Recsistaince 
Phio' S(logic Sp)cili/atj(,r 

jim~leixmm~ctmu t i\m mI~I:/iI dutI ndIfl ih IuCpiIt ctmI Ium 
1 i,1fIIt Pt1~t~, )yc IIuIm 1;t I, I I I II~" I 1, 151()m 11 ii1 Ij Itd ', rL'IttU t\

pit'. ~~u'u~aJumt fiplm anld 1Octa. 
iim 

Hl li IumIrIIa Imcc Kimxnm 
II,L.~.dcvLI' I t 12 111d c ~I), iII; I _c~ * din lb1 . \ I IumtI IuIm 

I lua t cd p"il't 5 N ,%! k ui 11,17,: h~l 46u m !Ill tu 
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Therefore, it is apparent that much pathogenic variability exists 
throughout the Norld. However, an international set of' differential 

cuitivars and race designations must be developed to coordinate the 
h eiigeof data andresearch efforts by all wor er andiiNdfiltith---

resistant germplasm. 

Physiology of the Host - Parasite Interaction 

Much research has focused on the host-pathogen interaction resulting 

from infection of a specific cultivar by a specific race (pathogenic or non­

pathogenic). Griffey and Leach (42) inoculated cultivars of different ages 
or 	 races.which were differentially susceptible resistant to various They 

found a similarity between the small necrotic lesions formed on old tissue 
lesions on young tissue of resistantof susceptible cultivars and the same 

plantcultivars. They concluded that the 	 former reaction was due to 
was due to a specific protoplasmicmaturation, while the latter reaction 

areaction. The fungus develops slower in a resistant cultivar than in 

susceptible one, thereby allowing the defense reaction of the plant to 
develop sufficiently (5, 9. 10). Also, the pathogen did not produce cell wall 

degrading enzymes, such as L-galactosidase, as early as in susceptible 
cultivars (33, 35). 

Inoculation with a non-pathogenic race may prot-ct the host from 

subsequent infection by a pathogenic race (33, 83). However, this 

protection is located only in tissue actually infected previously by the non­
means (6,37) and freezing ofpathogenic race (83). Injury by mechanical 

local tissue also can induce localized protection. The latter phenomenon 
may be regulated by a different mechanism than that conferred by 

inoculation with a non-pathogenic race (74). 

Heat treatment (320 - 37°C) of tissue before inoculation also can confer 

local and systemic protection which is non race-specific (34, 72, 75). Heat 

treatment decreased the effectiveness of the mature plant small lesion 

reaction and systemic protection, but it did not affect the effectiveness of 

local protection or racc-specific resistance. This suggests that theremay be 

two groups of resistance mechanisms ope',ating (33, 34). 

Resistant cultivars produce a higher quantity of plant metabolites, such 

as phaseollin (inhibitory to Colhtoirichum lindemuthianum in vivo), than 

do susceptible plants (73, 76), and phaseollin accumulates earlier in 

resistant plants infected by a non-pathogenic race (10). Phaseollin. 

phaseollidin, phaseollinisoflavan and kievitone accumulated in tissue 

infected by pathogenic or non-pathogenic races (9). 
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Phenylalanine ammonia lyase levels increase in tissue prior to lesionformation and may be related to the subsequent production of compoundssuch 
. 

as phaseollin, isoflavonoid andco umestrol (.77).-The-fungus, is not. sensitive toiphai611iif/h"iiro,(9), becuseit can metabolize phascollin intoless toxic compounds such as 6a - hydroxyphaseollin, 6a, 7 - dihvdrox­phaseollin and others (44). However, there is little evidence that metab',icconversion of phaseollin by C lindemuinhi/rtttnu is important during (!he
host-pathogen interaction. 

Inheritance of Resislance 

Resistance to anthracnose is the most appropriate control measure (Fig.6) (38, 46, 49) and has been used extensively in North America and Errope.While several sources of resistance have been identified in Latin America, 

Fig. 6- Resistantl and suscep~tible bean gerniplasm, 

little effort has bcen directed towards incorporating resistance intocommercial cultivars (3, 7, 27). Resistance to the alpha and beta races iscontrolled by single, independent, dominant genes (60,61) which have beencombined in cultivars such as Char!evoix (I) and Wells Red Kidney (89). 
Although Burkholder (16) reported that resistance to the gamma race isconferred by a single dominant gene, resistance to the beta, gamma anddelta races appears more complex with the presence of 10 genes in threeallelomorphic series composed of duplicate genes for resistance,dominant agene for susceptibility and interactions at threeResistance to alpha, beta and 

loci. (2). 
gamma races included duplicate andcomplementary factors, as well as multiple alleles (18). 

Recent sources of resistance include the Venezuelan black bean namedCornell 49-242 (ARE gene) which is resistant to races alpha, beta, gamma, 
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delta, epsilon, and lambda (8, 11, 41,46, 53, 58, 60); but it is susceptible to 

Brazilian-alpha, kappa, and jota races (38, 47). The ARE source of single 

.gened ominant-resistance-has been-reported to-have-undesirable-linkages . 
(90). Leakey (57) recommended that the ARE gene from French accessions 
such as Confinel, Peonel and Verdon be used in place of Cornell 49-242. 

However, Fouilloux and Bannerot (39) created four pairs of isogenic lines 
derived from Cornell 49-242 with no apparent unfavorable pleiotropic 
effects. 

Other genetic sources are resistant to many races and consist of Mexico 
222 and Mexico 227 containing the dominant gene Mexique 1, which may 
he composed of an allelic series ( 13, 38). Additional genes such as Mexique 
2 and Mexique 3 also are resistant to the kappa and Brazilian-alpha races 
(38). Resistance to alpha, delta and kappa occurs in Kaboon, Coco ,ala 
Creme, Kievit KGckoek, 130-22 and Evolutie (12, 53). However, 11.1. 
150414, Titan and Metorex are moderately resistant to kappa, while an 
unspecified accession of Phaseohs coccineus is resistant to all known races 
(53). In addition, P.I. 165422 and P.1. 207262 are resistant to the kappa and 
jota races (47). 

Workers have relied LOmpletely upon race specific resistance to control 

specific races of Collettrichunt lindetmathianum, and the fungus has 
expressed much pathogenic variability by mutation. natural selection or 
other mechanisms. Mycelium of non-pathogenic races also can survive in 
lesions in resistant tissue for tip to 25 days. Possibly this could result in the 
development and selection of new pathogenic races (36). Therefore, 
pathologists and breeders must work closely together to develop new and 
stable sources of resistance (race-specific and possibly race non-specific) 
which will control yield losses incited by the anthracnose fungus. In 
addition, a uniform race differential series and system for evaluation and 
inoculation of germplasm must be developed. 
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Chapter 4 

Angular Leaf Spot 

Introduction 

Angular leaf spot A beans is caused , !ari,.i garis a Sac. which is 

prcvalent in tropical and subtropica! regios ,uch as Bra/il. ('olombia, 
K',, ' Oe.\ICO, PCrt, VCezuegla. and in Africa. It alsoa 61,al.nala, 

c\:st" in 1th rcionr such isA. tralia, India, Iran. Israci, JapanII)Fumpe, 
and Oe I nlited -tates ,7. !2.1.1,4. l. 2(), (0).Yield2S, 3l. 32. 33. 
I,,e, can he quite s in the 17'nited States( l8),tre amd hlaC reached 50)¢/ 

4 ,)61; in (ldinb ia (-!I. wid I) ; in Nicyico (14) 

lIhe LuII,'u has a host vtlanc! Mich includes Ihaw'lus vt/,ari.s, 1, 

/mwitus (9). I'. mi tir ,ru ,)./ uio\uil'lwn (10) and ' im ' /Pi.S'S(15). 
A.br;nluml.It. cited hv ("ardna-Alerc/ and Walker (9), considered 
,sobhcawui(l tm toi a host, hut riot been confirned.ow I1) be this ha> 

Ilicciuniou nam i cqueitl? used for angular leaf spot in latin 

Etiology 

bar,,)/)is i'ri /,a i mni upetece fungus and is svnonvmous with I. laxa 
(I-11.)S ac(..' Gra/diiun i I1haeoisariopisis gri.seola (Sacc.)Iatui 1:ll., 

I crraris,( C(r, o.I)ra ,,iar' i II. and -v.,lindaum tces griw'olaG on. 

L rag., ,.1rthroboinain:/,titte tistilienn. and Cet'(oqwra sthulnianni 

Icnn. 17. 3(). 

In nature the fungus produces groups of eight to 40 conidioplhores, 
which ar ioined together looselv to form the dark collmr.na. coremia or 
s\ ncma(,,which hear coridiospores. \ sVnntat: Inay havc a diameter tata 

2(1 to 40u and he 50)) uri length. lhc coridiophores tend to separate near 
niaturity and fructiuicati( n (10). (onidia are gray, cylindrical to fusiforrn. 
slightly curv'ed, and .iw:asure 7 to Hu x 5(1to 60u with one to five septations 
(36). 
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... ... ,,-.,l t i, in-­'y,''J It1' 11 ,C l Ica c t t. ' ., ! tI( I
it,! :ti-i: ,, t i it it'\ t']apll- a.x. c;i,,q [ li i . I!(h~t,, i pc' l iil' ]t c 

iit1 t iC(I1Tti Y CIa I]\ ' - '; 1i' Ii'ttCIIit1l t (-'). .iiIn pa'ttl,
',,:a,I cXI' i r. AbUndanill :ptrtlittion ' llt 10-1 d, " ,WiL[I

th - , a.'t NI ( IIn1di kic, tl . , c tllc t (I) 

anld ,il: ." ,p,u r a ' 11~ ',. :..\O ll l ; , l , !!; , a !c p la ,..' 1( ! 

Epidembl,'g.os and Plant Infeclion 

ialfw ipmlhi'om cll I:lc - li el b"c i lu 1i1 p xi" 'h \'tid lin ,ipar l tk ll'r l . : ,.!iv.- ' ll.?itletl llah' ot,.. h',, a][, c irartclc hlt la'A thi T da!ivs alll ttc lietti hotr.itjiie \ d''.,! n t iectll, iri\ 
. 

;)tlAl( Idtllf 1,ci m) 20ttosu25 C i .191.I,) iti ttireti 

'ice! i itmviit~iiiV~iif ec U (It 2. . 3), hilt Ite utim snrx es,;p 

prI)rIiul, inll .c,td pla:nt dd, t is ntiid i) sOtil or h ito 1401l 5() 
 da\ i(71I . ]he1 rtliy tra he dis,-lininated Irm the dhris by 'plashitq! 

,[ ;ind-bhm n soil p:trticles ;in(] front spOrtlalltn' eii!uN I)',' illdl 
t'lc 'lt 9 .(7, 1T 

Fpilanic dwhehopmemnoit, the affeeted h the i.efW i crppir. O'slnl
Im,cd op ilicct bcans. Nlmen (22) report that ii lar i& splot infcction 

. orMIMI- crv illh1 cil t.spr( rl in ;1,,sci;itioli with tail/e thall in 
:I",(-.malirlol Oh1skvect Poitato. tiaia (11 it) triotioeiltirc. 

;yinpt onmt-ology
 
Sym'tptomts of
(0'Intect(l irellttst c riOn On in \, aleade t l.lyV appeal 

ssithin six dayvs after im tctn (21!). I estqoni mn;iv appear on the priary
leames, but usual', d int ,' it' plc' alml otlts bsectucrlt loiact until latcflowering or early pIK lWe 1) 1 ivihins initiall are gray or bo n. imi i hesurrounded h' a ch h it hih, in d ha\e indefinite Ini glirl I c'\lln',becomne necriic iiand \el-dC litt'd %iih the is pital ,ttittiliir ihapc h nne1
days after iifcctih (I-itt I), lsill lh inmay itmciavc in i/, C;c.,ci andi
Cause partial nccrosvind cl lm ine III leaves. 1flh sed hy pre alti e 
defoliation. 
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UX 

4'i. K i.-,. 

dc*~pl n 'Ind~ 

IIL2. IH1, 111 h p,II AL , 111'C,1th,n)t 11 

l.esion .lc mii hc Imn,,.r ,lv relatd to ]c sion numhcr per leaf or leaflet 

(II). I, srn,, mi ;ippcir )n pods (Fiy. 2) as ov,al to) circular sp(ots with 
7. 9. 14.IcofiIh-hr( tn :enter,, Nurr uniIdoo h, darker c)lorcd horders (4, 

33. ' Intec.tud ni hcar pIl.,-devcloped or entirely shrieled3. pods 
_) 4,4). } rom. n uelogattcd l ,u, mi cc()UIo plant stemis, braILhes and 

petit', , :irk' hos 1 in IFr. 2( 7. L. 14). A char.cteristic sign of Isurio).si. 

iri l I i', the p1miid1tll tml (Ixlk glc.v to black svnm iata and corida in 

lesi i t t h)s r +citI ,,urtii (ccly.3. stems, branchle and pOd]s during 

long periods 4I hi1h htin1it\ (ot tree mi ttire 7. ) [h palthogen can he 

sced(bone (16. 24, 12) 

6.
 

N, ..r ...!I H.. ' i., c 'li ii 
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Chapter 4 

E'ig 4- B~ean plant infection fromn provio)usiy inf,!sted, bean debris. 

Control by Cultural Practices 
Crop rotation for at least two years, planting pathogen-free seed,planting in well-drained soils, and removal of previously infected crop'debris are advised control procedures (3, 7, 13, 14). Fig. 4 illustrates yuungbean plants infected by spores liberated from~ adjacent infected crop debriswhich had not been removed from the field after the previous beanproduction, 

Control by Chemicals 
* Chemical control measures include Ferbarn-sulfur-adlierent (5), Zineb(3). Benomyl (0.5 g/l) and Thiophanate (0.2 g/l) (30). Costa (13)recommends thle use of Maneb, Ziram, Copper Oxychioride and BordeauxM'ixture. Gonzilez et al,(17) obtained control economically by applyingMancozeb, Captafol and Metirani 20, 30 and 40 days after planting.Chemical seed treatment also may he warranted if seed lots are suspected tobe contaminated. Araya (1) found that seed treatment with Benomylreduced subseq uent leaf infection significantly. 

Control by Plant Resistance 
Various workers have, identified sources of plant resistance to angularlea f spot. Brock (6) reported that Alabama No. 1,Cafe, California SmallWhite, Case Knife (Phaseo/us (.occineus),Epicure. McCaslan, Navy Bean,Negro Costa Rica, Scotia and Rojo Chico are resistant. Other resistantcultivars include Mexico 11, Mexico 12, Cauca 27a (23), Fin de Lima (15),Caraota 260 (26, 27, 34), Cuva 168-N, Manteigao Preto 20 (13) and others(29). Schieber (28) observed field resis'ance in a group of Guatemalanaccessions identified as 2465, 2503-12, 2504 and 2809. 
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Angular Leaf Spot 

I nheritance of resistance has been studied and is conferred by recessive 

and dominant genes, depending upon the parental cultivar. Sanrtos-Filho et 

al. (26) reported that the resistance 6f Caraota 260 is controlled by asingle 

recessive gene. Barros et al, (2) found that in most crosses resistance is 

iecessive and control!ed by two or three independent factors. However, 
resistance was dominant in a few crosses. Curdona-Alvarez (8) found that 

Line 258 possessed dominant resistance governed by a single gene, 

Researchers must develop methodology to produce inoculurn uniformly 

and to screen geriplasm in the laboratory, glasshouse and field. Singh and 

Sharma (30) utilized field screenings by inoculating soil with previously 

infected bean debris. Spores of Isariopsisgriseoahave been harvested with 
good results at CIAT (IH) from PDA or Vs juice agar, suspended in 

stet ilized, distilled water (2 x l0W spores! nil) plus dispersing agents such as 
gum arabic (2-5 g/1)or Triton -AE (0.1% soln,) and sprayed onto plants in 
the glasshouse or field during optimum conditions (high moisture and 
moderate temperature). A uniform evaluation scale also must be developed 
and accepted by workers. Moreno (22) classifies infection grades by the 
following scale: I . no infection; 2 less than 5% of foliage with lesions; 3­
25% of foliage with lesions; 4 50%of foliage with lesions; 5-yellowing and 
death of foliage, 

'CIAI(I1) utilizes tie following leaflet evaluation scale: 

iti'.mune, no infection 
resistant, less than 2% actual leaflet area infected 
intermediate, 3-10% actual leaflet area infected 
susceptible. 11-25% actual leaflet area infected, may be accomi­
panied by limited chlorosis 
very s! ;eptible, more than 26% actual leaflet area infected, often 
accompanied b\y chlorosis and/or defoliation. 

Villegas (35) inoculated 14 differential cultivars individually w,ith 30 

single spmoe isolates of the angular leaf spot pathogen which had been 

collected from different bean production sites in Colombia, He concluded 

that tle isolates contained 13 diffet ent pathogenic races, buw he questioned 

the genetical purity and uniformity of the differential cultivars he utilized. 

Ilocking (19) recovered an isolate in Tanzania which produced circular 
lesions and was highly virulent at 102 spores! ml. He specu!ated that the 

isolate may have been due to a single mutation within natuial isolates. 

Most cultivars have been tested only against local isolates of the fungti 
and should he exposed to other Populations to ascertain the specificit. 6f 

the host-parasite interactions-and to confirm the possible existence of 
different pathogenic races which could influence the breeding strategy 
Uitilized to control Isari(iu.isgriseola losses. 

61 

http:Isari(iu.is


Chapter 4 

Literature Cited 
1. Araya, A.C. 1977. Efecto de la 6poca de producci6n y tratamiento de semilla enel vigor y transmisi6n de enfermedades fungosas en la semilla de frijol(Phaseolus vulgaris). Tesis, Univ. de Costa Rica, 47 p. 
2. Barros, 0., R. Cardefosa and R. L. Skiles. 1957. The severity and control ofangular leaf spot of beans in Colombia. Phytopathology 47: 3. 
3. Barros, 0., C. Cardona and R. Cardefilosa, 1958. The control of angular leafspot of bean in Colombia. F.AO, Plant Prot. Bull. 6: 97-101. 
4. Barros, O., C. Cardona, R. Cardefiosa and R. I. Skiles. 1958. Angularleafspot

of bean in Colombia. Plant Dis. Reptr. 42: 420-424. 
5. 	Bazijin de Segura, C. 1953. Principales enfermedades de las plantas en el Perl6.La Molina Peril Estac., Exp. Agr, Inf. 51. 
6. 	Brock, R.D. 1951. Resistance to angular leaf spot among varieties of beans. J.Australian Inst. Agr. Sci. 17:25-30. 

7. 	Cardona-Alvarez, C. 1956. Angular leaf spot of bean, PhD. Dissert., Univ. of
Wisconsin, 49 p. 

8. Cardona-Alvarez, C. 1958. lierencia de la resistencia a la mancha angular en
frijol. Agr. Trop. 18:330-331. 

9. Cardona-Alvare/, C, and J. C. Walker. 1956. Angular leaf spot 'f4 bean.
Phyt pal hology 46:610-615. 

10. 	 Chupp, C. 1925. Manual of vegetable garden diseases. The MacMillan "o.,
New York, 646 p.
 

II, CIA 1. 
 1979. Bean Production Program, In, 	 1978 Ann. Rept. CentroIntrnacional de Agricultura Tropical. Cali, Colombia. 

12. ('ole Jr. I. 1966 	Angular leaf spot associated with severe defoliation of redkidney beans (Plraseolis vulgari,)in Pennsylvania. Plant l)is. Reptr. 50:494.
 
13, ('oa. A.S. 
 1972. Anais Do I Simposio Brasileiro de Peijao. 11, Investi'acoessobre mole1stias do fijoeiro no lrasil. pp, 316-319. Univ. Federal Vicosa,Hrazil. 

14. ('rispin A...1.A. Sifuentes and J. C. Avila. 1976. 	 Enferinedades v plagas delfrijol en W(xico. pp. 15-16, Inst. Nac. Invest. Agr. Mex., Foll. Tee. 39, 
15 Dial '.. C. I. dc \rnias and A. Barros. 1965. La mancha angularde la caraotaproducida por IAiriopsi.I, grieola Sacc. en la cuenca del lago de ValenrciaAgron. Frop. 	(Maracay) 14:261-275. 

16. Ellis, M.A., , (ialvez and .1.1B. Sinclair, 1976. Ilongos internarnenteportads por la semilla y calidad de la semilla (IIhaseolus vuwkaricosechado err 	 L.)fincas de pequerlos agricultores en ctatro departartentos de('olonibia. Not. Fitopat. 5:79-82. 

62
 



.Angular Lea[.Spol, 

1977. 	 C'ombate de17, (iontzilez. 1,.C., R. Gutitrre/, F. Cascante and F. Portilla. 
enfermedades foliares en frijol (Phaseolus viuilgri.s) mediante ei uso limitado 

de fungicidas. Agion. Cost. I: 107-118. 

D.J. and E.K. Wade. 1974. Bean rust and angular leaf spot in18. 	 Ilagedorn. 
Wisconsin. Plant Dis, Reptr. 58:330-332. 

19. 	 Hocking, 1). 1967, A new virulent form of Phaeoisariopj.)isgriseola causing 

circular leaf spot of french bean. Plant Dis. Reptr, 51:276-278. 

20. 	 Kaiser, W.J., I). l)anesh, .NIOkhovat and 1-. Mossahebi. 1968. Diseases of 
pulse crops (edible legumes) in Iran. Plant Dis. Reptr. 52:687-691. 

21. 	 Llanos M.. C. 1957. Patogenicidad del Isariopsis griseola Sacc. en frijol 

(Pihaseolus vulgaris L.). Acta Agron. (Palmira) 7:164-169. 

22. Moreno, R.A. 1977. Efecto de dferentes sistemas de cultivo sobre la severidad 
de la mancha angular del "rijol (Phaseolus vulgaris L.). causada por 
Isariopvisgriseola Sacc. Agrn. Costa Rica 1:39-42. 

23. 	 Olave 1... C.A. 1958, Resistencia de algunas variedades y lineas de frijol 

(Phas 'olus. vulgaris L.) ,l Isariopsis griseola Sacc. Acta Agron. (Palmira) 
8: 197-219. 

24. 	 Orotco-Sarria, S.11, and C. Cardona-Alvarez. 1959. Evidence of seed 

transmission of angular leaf spot of bean. Phytopathology 49:159. 

25. Santos-Filho. 1I.P. 1976. Isolamento e esporulaco "in vitro" de Isariopsis 
Univ. Federal V..osa. Brazil. 39 p.griseola Sicc. Tese de M.S., 

1976. Inheritance of resistance to26. 	 Santos-Filho. IL.P.. S. Ferraz and C. Vieira. 
angular leaf spot in Phawseolus vulgaris L. Ann. Rept. Bean Improv. Coop. 
19: 69-70. 

S. and C. Vicira. 1976. Resistencia a mancha27. 	 Santos-Filho, S.., Ferraz 
angular (Isario.sis grise(la Sacc.) no feijoeiro (Pha.eolus vulgaris L.). Rev. 
Ceres 23:226-230. 

28. 	 Schieber. E. 1964. Principales enfermedades del frijol en Guatemala. Fitotec. 
Latinoamer. 1:85-94. 

29. Silvera, G.A. 1967. Evaltaci6n de la resistencia de frijol a la mancha angular, 
algunos aspectos fisiol6gicos de lsariopsisgriscola Sacc. y patogenicidad de 

algunas cepas colectadas en Costa Rica, Tesis, Turrialba, Costa Rica, 59 p. 

Singh, B.M. and Y.R. Sharma. 1975. Screening of bean lines for resistance to30, 
angular leaf spot caused by Isariopsis griseola. Indian Phytopath. 28:435­

436. 

Aggarwall, 1973. Bean, (tPjaseolu.s31. 	 Singh, B.M., YR. Sharma and V.D. 
vulgaris); Angular leaf spot, Isariopsis griseola; Floury leaf spot, Ramularia 
phaseoli. Am. Phytopath. Soc, Fungicide and NematocideTests, Results of 
1972, 	28:64. 

63 



C h~it~ 4 

nqi.n.95 I VIOr fifh 

A 'u:! 

I
tC / f!t1 I I(PinniSn It~ In~ndtt)I
nny f n An~n~lnI y! 

/' 111c I. miI n in, k I l , q nnt IL I))\ n ,\ )'Lr, Lcc~ !I. d 1 ):; 

64
 



Chapter 5 

Root Rots 
H. A. Bolkan 

Page 

Introduction .............................................................................. ..... 6 7
 
Rhizoctonia Root Rot
 

Intro ductio n ... . .. . ........ .................................................... ....... .. 6 7
 
Et iolo gy .......... ........ ............................................................... . . . 6 7
 
E pidem iolog y .. ........... .............. ................ ....................... . 6 8
 

Sy mptonoitolo gy . ... .... ................... ...... ........................... .. 6 9
 

Control by C( 11Itnra Practices ................................................... 70
 
C o ntio l hy Ch u nmica ls ... ...................................................... .. 7 1
 

Control by Plant Resistance ................................................... 7 1
 

Fusaiiurn Root Rot
 
Inltr(J d tu ctI l . ... ................... ....... ........ ................. 7 2
....... ...... 


Etioionqy ..... ..... ...... ...... .... 72
................................... 


Epidem ioloqy and Plant Infection ............................................ 73
 
1 
.-:nimntrcl 1 ................................................ 74
 

i'l: mr (-il h y ,]tiltlmi l P rac tic e,s .. . . .......................... .................. 7 5
 

:r rtrl by Pla R-sist nc...... .......... ............... 76
 

Irt ,kdfittFIc .' 0........................................................... 7 6
 

r-h~; . . . ......................................... 77
 

Int ! .l.............. .................. 77
.......... .......... 


i r r l. ............................. 7 8
t .. ........ ........ 

[lw rodh (:1yPyFti olo t ............ . .. .... . . . . . . . . .. . . . . . . . . . .......... 78t7 8
 

Epidem iology and Plant Infection .......................................... 78
 

Synl ptor1oa)t o ,/ .. . . . ....... ....1 I..... .... ...... 80
 

(:0 11t1 )l .y C Ult u r; l r. .......... ................. .. ........ . .. 8 0
 

( b 



Cl aptor 5 

Page
 
Control by (21m.'m ca I, 8
 

C lo nCt o el m i a l,; ... ... .. .... .. .........................................
Control by, Phant [Resistance .8 
8 1
 

Ch o n Pht o l n t R sis a n ce ... ................................................... 


Southern Bliqht 
8 2
 

Introd(uction

In dtrou c tio n.. .........
........................................
I.............. 8 2
 

Etrolojy 
Elpidernuloqy nd Plant Infection 83
 

St t ............ 83
.. .............................. 

• .... ..... ..... ..................................... 
....... 8 33
 

C'Lo~tro by Cnttjr]il Practices . 84
 
tootetool by Chnca:. 84
Soy.......................................................... 8
 

.......................
.......................
tfhiwk Ho~ot Hut ... 85
 

Epid e)to l . . . .. .... .. . ....... ............................. I.. ........ 8 5
 

l and .yPlant.Infection............
.................... 85
 
.Corr.i.rinfoln t(hg . .. .n.... .. ...... 86
m olo y ............................. 


R oot Rot ......... ... ............ 86
 . ...... .................... .
 

.... ............................ 
 1....... 87
 
lq................
bnI .. ... I..... I,................... 87
1 oI ..... ......
.......................................................... 
.. 87
 

to o .. ..............
................................................... 
..88
[Il.rt .rtrpCit ........ ........................ 89
..... ................
....
........................ 
..88
S .................
................................................ 
.....
8
 

66
 



Chapter 5 

Root Rots 

Introduction 

Root rots of beans ha c htn itudied much less in Latin America than 
h'v\e Ioliar diseases. Snccitic r[i lot diCa,,es are known to occur in ieveral 
ciuntries (35, 42. 59, (,1 ,,I, but there ;ire few reports of yield loss 
;IsCSSIl.enit Or ,c-&nrch c[Incd wkith developing control measures 
adiptcd ilor spccihc production reylolns. While root rot pathogens
icnerallv cause k- ,.iuon, llsi,, iC(l "llpto thall foliage infecting 

,[piatliincll,. rfol roi seaci ­ rel'ce plant development and 
priductio.r I his section describes v',lon', heii root rot pathogenis and 
tcl(,ri Rich ilii yr th. pathooericurv, reproduction. survivalintluence thc % 
alid tmI lor . 

Rhizoctonia Root Rot 

Introduction 

kRhi, ore;oniariot rot. causwd hv Rhizuutopia solani Kuhn 
Ii/]idh'~ih'!orti u (I I niik ) I) ,ri'uimr'r 1t1 

hc;m ,, ill Iinati r ica i , hidwk,rrld 1 , .12, SI. 68, X7, 154. 160 ). T h e 
!11: ., IN,(iilsrl bluift-d fl iO il'hlil Iost ;ueriCeiitlal sol , illava lotus ltvels of 
jlll"-kttwin (I I . 

,, N IMrlrll l rot disease of 

)3) Aid call lllt'C v, ide ian e of t." tin ilicall v different 
p nt.. I otf. r . i lce a li .thall 1(W ('Cca! i :l ' ni ed State"( 166).

lhI i <:,,2 isrtil, riaris inimopr ant M\1iC 0ks in the -I (cr,ais and 
. Ailt t lh /, :11a1n ,i, i f. sp,( id. H!it, h, R. n 14/ i t'l,i 

l i i ,~ear sses rt~.illi toi(1)i S 0ollIi lltji( i n 

pldicdhillhlc d(.1 I'dth !,,,drldal,;111(1 r, diclkil 

F"tiohog 

\ltiVi hi tulyl variable io! nurpli o.gical charactcristics, isolates of' 
AI\'i'h i meim colliiirll ldCiiCdv ptoducti m MI : 
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Chapter 5 

multinucleated cells, especially in young vegetative hyphac 
a prominent septal pore apparatus in the septum 

.aconstrictionofhyphal ranchesat theji|rtion of main hyphae and--­
formation of a septum at the branch near the point of origin 
branchig near the distal septum of cells In young hyphae 
brown coloration of mature aerial hyphae (113). 

Monilioid cells sclerotia not produced by alland are isolates, and 
therefore are not valid criteria for identification. 

When grown on potato-dextrose agar (PDA). isolates mav differ in 
mycelium color, zonation, amount of sclerotium formation (67), amount 
of aerial mycelium, growth rate (109), saprophytic behavior (108). and 
enzyme production (110). However, they can be stable in the laboratory 
even after more than 100 transfers during a six-year period (Bolkan, 
unpublished data). 

The perfect stage, fianawlorus c'ciiwnris(37), may occur and form 
hasidia at the base of plants and or on the underside of soil aggregates
during periods of high humidity and rainfall (121). BRsidia are relatively 
short and barrel-shaped with stout straight sterigniata, while basidiospores 
are smooth, thin-walled and hyaline. Some R.solani isolates may he 
induced to produce the basidial stage in vitro (66, 86. 135). Rhizoctonia
 
solalli utiliZes carbon and mineral sources with a high efficiency (133).

lowever, no specific carbon soLrCe consistently supports the growth ofall
 

isolates (8). /?solani isolates are generally antxotrophic (143), brr" some
 
require specific growth factors (127). 
 Ihe optimum gr\th temperature is° 
2 3 - 28'C although lower (147) and higher optima have been reported for
 
vat ious isol ates. Specific isolates may also respond differently to varying
 
pil levels. hut mosl isolales attain optimun growth at pit 5-7 ( 134).
 

Elpidecmiolo gy 

Rhizocioria .ohani contains a widh itrray o1 pathogeic isolates (145).

Some isolates are specific for one crop. sur1h as belins, while ot h,.i.s
attack a 
wide rangc nt hosts (69, 110,III 133). Isolates vary in the degree of 
virulence exlressed toward a single host (.0. 50. 98 and diseae severity is 
influenced by soil milisture. soil temperature (166), urn itional status ofthe 
inoculum ( 132, 1591, anid plant ald root exmrrdrte vlrichvl tiilrl;ite Imveelill 
giowth (533. 152). 

It is reportedthat I-'(i is thre ioptirfl i ill soil tetileiratil,v for (levelopr ent 
of Iypocotyl catlkers. Reclatively few Cankers dcvclop a!t tetrmptrattrtes
a1bovc21 ( (166)1 the nne apidlApparentlv plats emerge n at hogh 
ternperattries ;n( thtrt ' alpe inf'ction (22. 91. 166), 
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R. solani inoculum consists of sclerotia, mycelia and basidiospores. 

However, the importance of basidiospores as an mnoculum source is 

.. iuk i-n1ncuf lii-mayrstrivC insoil-as-sclerotia or thick-walled-hyphae 

associated with plant debris (25), and / or by saprophytic growth on organic 

Pathogenic variants may arise during basidiosporematter (122). 
production or more commonly by hyphal anastomosis between different 

field isolates (19, 20). R. solani field population levels are dependent upon 

the presence of a susceptible crop (46). The pathogen can be disseminated 

into new areas by irrigation water, transplanted material, aerially 

disseminated sclerotia or spores. and infected seed. The fungus may be 

internally and externally seed-borne (21, 49. 63, 90). R. solani can survive 

in dry soil particles (128) and may possibly be transmitted via wind-blown 

soil particles (148). 

Symptomatology 

Rhizoctonia solani may induce damping-off, stem canker, root rot and 

pod rot. The fungus can penetrate the intact cuticle and epidermis by 

infection pegs produced from infection cushions (37) or by individual 

hyphae (55, 56) and through natural openings and %;ounds. Penetration is 

believed to occur by mechanical pressure and enzymatic degradation of 
host cells (17). 

)uring initial hypocotyl and root infection, the fungus causes dark 

circular to oblong sunken cankers delimited by brown margins (Fig. I). As 

infection progresses the sunken cankers enlarge (Fig. 2). become red. 

ir! 2- (right Ilpoct.I cankersI poduced h the
 
khi tot l ribo '?t 111tfi ncu
 

IPm
 
Figt. I- (how'c Yoiunig6lesions caused h% 9i:or. 
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rnl.ly.l d1%, pith :i!lld SLhIbLfIjfll ictiIld p!lnt L'romth. Whlenl 
seedling!s 11eeffie lleC(tCefl.' I lnii. iCite:S necrot11Ic lusiifnS or .,irdling ofthe Stull]~ hkIch)11W i tlL (ilpii>-fffI Redd~~lhr\ ii ca1k Cf. (d(elilllitedl
h.y % l!I-d(llie( hofrdciN) fttchfl c~cllp ff11 (fIici 11i111 iiqpfcfftk'IN anfd 
ffCL8if11ll\d extenfi di Oah"f\ i W;i M I 1N1 :I1 itc I ScIiffftiiIliai\ 
(IL'. Clip)(I I1C th l (d,~fmc nCI. i; h :'-i bIlh d III. TI (',t I.!I/Ur w arl 
Inlfect pfIn,k clmit~lci %'.iili[th i odi lIL .LCitiii' c~nda';trNn

1 f!')%\.Ii S lie Icloff115'.'. iii , iiil . I tic"( IL I 1)8 SCIAC :IS in
ilffl iii iu l i to) l ' III, Ii i i~lL SeetIit 11"'(1 dis>'.iinjmi i l( i)a 

(Control ibx ('tiii iral Pra ctices 

soilsi(II ). e iimid imt:, tiqluiaflk are [lomt elltecti'. efield Controli 

tljifi 0oicimihiflf()Ift jhilLt:ifl "(dI pltiit> of NL'fLI tiiipit- lffoin l) licl
I CI I II 1'fU !icl (mL~WN t~d Ii I M1t CitLI L Oi~ f fli1 i oI Ii h\
 
stIca I fill ! at 
 00f C ii Im )11i)Iiiite"(91 

pli ctliCl. Scd m ilire IS till iili/edl be a1lm Pla ti ll So 11,1 Ic>
Seedlirni t ii: i.I-) et to irIO~miilt. hitili;LI2 p t IIdiiriL rIim'. 

mote [foit iot andi ifoov cinj thitr ,(Ll 1 liit-d fil' 2.5 cm oc-I 

(t Iic
an Joal il)n Va1Pe\ (it( I lit' amil. iV l ifil,H I( - 2.5 Cm dLCWI

iipparclitl1% reduced 
 (IIf',\Iit-v \kit11f 11t tIbe needI lii h -ICIml 
aipplicatioin (9-)j 

R. sohfi ll flcctii 2. ff6). ( loP IfilltiflkI vtli IlffiiIoff t fp-e;n ilee
tile iniillcu f icU1li rofft lift bilt doe, nlot ComlpletllY e-lilliltiate the
paitloge'i. A' .(idamu popillatifln:. lmpidlvY declined InISoil pl~mttd tif wilieat. 
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in soil
oats, barley or corn. Population levels remained relatively high 

. . . 
pIlanited to sisceptI tiibe'be',fn"pea-or pot ato--pla nts (-166).. 

A suggested but yet unproven alternative to crop rotation is soil 

or the incorporation of
amendment with decomposable materials (25, 93) 

III, 138). Snyder et al. (138) demonstratedselected plant residues (101, 

that bean infection was significantly reilced in greenhouse studies by 

ment. Similarly. Manning and
incorporating a barley, wheat orcorn amen 

a corn amendment significantly reduced
Crossan (101) showed that 

rot under glasshouse and field conditions, the inhibitory effect
hypocotyl 
lasting nearly a year. However, this control measure has not been used on a 

practical basis under field conditions. 

Control by Chemicals 

Fungicides which control R. solai infection include: PCNB. Benomyl, 

Vitavax or Carboxin. Busan, Thiram, Zineb, Demosan or Chloroneb and 

Captan (1-3 g ai./ Kg seed). These fungicides commonly are applied as seed 

treatments prior to or during planting (21, 63, 115). PCNB is the fungicide 

to control R. solani and Crossan (44) reported that 
most commonly used 

PCNB applied as a low volume spray (5.8 kg in 378 I water" ha) behind the
 

planting shoe wetted seed and soil in the furrow during planting to provide
 

excellent R. solani control. Similar results are reported by Abdel-Rahman 

I) and Bristol et al. (27). PCN B and Demosan are highly specific towards 

?.solani and should be mixed with Captan or Pyroxychlor where I'thium 

spp. also are a problem (93). Chemical control of R. solani often is effectiv 

for seedling emergence and development but seldom provides protection to 

zone of older plants.the expanding root 

Campbell and Altman (33) report that the herbicide. Cycloate, reduced 

the colonization of bean segments by R. solaniand was probably due to an 

rate. However, G rinstein et al. (72) reportinhibition of the fungal growth 

to infection by R. solani.
that Dinitramine reduced plant resistance 

Control by Plant Resistance 

Older plants often are more resistant to R. solani infection, possibly due 

to increased calcium content in plant tissue ( 18), induction of phytoalexins 

(120. 137. 150) and, or decline in hypocotyl and root exudates which 

stimulate infection cushion formation by the fungus (48). 

It has been difficult to identify a high degree of resistance to R. solani in 

dry bean germnplasm. However, a lima bean line was resistant to R. soani 

infection and the resistance was inherited asa single dominant factor( 166). 
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The dry' bean cultivar Uribe Redondo was reported by Cardona (34) to. .....
ighl-resistanti t&Rii/ii-ti6iroiorot' in"Colombia. Prasad and Weigle(123, 124) report that Venezuela 54 a ,dP.I. 165426 are highly resistant toR.solani infection and suggest that resistance may be linked to dark seedcoat color. Extracts from black seeds contained phenolic substancesinhibitory to the growth of R.solani(125). Dickson and Boettger (54) haveobserved a relationship between black-seeded materials and resistance, butnow have identified white-seeded materials with resistance. Recently, twodry bean breeding lines, B 3088 and 133787, and a wax bean cultivar werereported to be highly tolerant to Rhizoctonia root rot (165). Resistance toother root rot pathogens and possibly nematodes may have to be combinedwith resistance to R.solani to provide sufficient protection against thecomplex of soil pathogens which commonlv occurs in bean production
regions of the world. 

Fusarium Root Rot 
Introduction 

Fusarium root rot of beans is,:aused by t.ariunisolai (Mart.) Appel
and Wollenw. f. sp. phaseo/i(Burk,) Snyder and Hansen. The pathogen is
prevalent and causes 
varying degrees of damage in most bean-growingareas of lhe United States, such as New York, Idaho (155) and Nebraska(142). It has been reported also in Spain, Bulgaria, and England (166).Latin America. Fusarium root rot 
In

has been identified in Brazil (41, 68,154), Colombia (13). Peru (59). Venezuela (35),Mexico (43). Keenan et aL. (85) 
Costa Rica (61) and

reported that an unusually high yieldreduction of 86(%, occurred due to a decrease in pod number/plant in('olorado. Burke and Nelson (31) found that yield losses tunder severedisease pressurc ranged frot 6-53%, depending upon the cultivar. Galli eta/. (68) considered [usarium root rot an important hean disease in Brazil,but they made no estimate of economic losses caused by the pathogen. 
Phaseolhs vulgaris I., A,lintensi. L.. .co(WCilCtts, P. angular s(Willd.)WV.F. Wright, P. Iuttzus L.., Pistm rativutn 1. ,'igna unguiculata (38).Onohrrch vtci/i)lia (10). Phaseolus acu,'fiiliusaUMitif/o/us .acq, var, latifoius, p.and Pueraria thmnberiana (Sieh. & ZLncc.) Benth.
166) may he infected hv Ittsariutn ,1ohaif, sp. phaseoli.
 

('ornnlon nalel frequCntly used for Fiisartuon 
 root rot in Latin America
are pudricidin seca and podridao radiclllar seca. 

Etiology 

When the funtgus is grown on artificial nedia such as potato-dextroseagar or ('zapeks, the production of aerial mycelium is sparse and usually 
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giyisl W hikliThe fungus-produces chlamvdospores, macroconidia-and 
microconidia, although tile latter are rarely observed. Macroconidia 
develop mainly from short multibranched conidiophores which emerge to 
form effuse minute sporodochia without a stroma. Macroconidia are 
hyaline and fusiform with a pointed, slightly-beaked apical cell. Size of 
macroconidia and number of macroconidial septa vary according to 
culture medium used and incubation conditions. Macroconidia generally 
range in length from 44 to 50 u, in width from 5.1 to 5.3 j4 (166), and are 
three or four septate but rarely five septate (155). Microconidia develop 
from sparsely-branched conidiophores. Microconidia are broad, oval and 
may have one septation. Chlarnydospores are 0-1 6)1 in diameter (106) and 
form terminally on short lateral branches or intercalarly. They form singly, 
in pairs, or occasionally in short chains and may be round-subglobular or 
pear shaped. 

Epidemiology and Plant Infection 

Ajusariunt solani has a low mobility (28) and exists in naturally infested 
soil as chlamydospores associated with or embedded in tissue fragments or 
humus particles. Macroconidia may form on plant lesions which extend 
above the soil surface, and upon dissemination into soil are converted into, 
and survive as. chlami:,dospores (106). Chlamydospore germination is 
stimulated by exudate, from non-susceptible (130) and susceptible plant 
roots (129). Under natural conditions, F.solani can exist as mycelial- or 
sporodochial-type vegetative ckmes (106). Chlamydospores provide the 
primary field inoculum of F., solani. The fungus does not grow 
saprophytically in the soil (106) except on organic matter (166), and 
chlamydospores are stimulated to germinate by seed and hypocotyl 
exudates from nearby plants (40). 

Plant susceptibility is influenced by environmental conditions such as 
soil compaction. temperature and pll. Burke (29) demonstrated that 
Fusarium root rot is aggravated in compacted soils, the stressed roots being 
unable to escape infection. lie concluded that the fungus has little influence 
on the yield of plants with vigorously growing roots, Although the fungus 

-has an optimum growth rate on agar medium between 29' 32'C, Chupp 
and Sherf (38) report field damage was more severe at 22°C that at 321C. 
Infection is reported to be favored by acid soil or by soils fertilized with 
NIh-N. and may be suppressed by soils fertilized with N0 3-N (136). 
However, Burke and Nelson (32) report that the form or rate of nitrogen 
applied to a field did not affect root rot severity. 

Tousson (It a/. (146) demonstrated that infection is influenced by the 
nutritional status of the inoculuni. Glucose enhanced chlamydospore 
germination and mycelial growth but delayed penetration and subsequent 
pathogenesis. Nitrogen enhanced early penetration and pathogenesis. 
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kobii 'rt Idamage is aggra.vated during 1p-eriods of high soil moisture when
the oxygen diffusion rate is lowered ( 103). H utton et atL (84) reported that 
root rot development was greater where plants inoculated with Fusarhim 
solani were associated with nematodes such as Pratvlenchtspenetransor
Meloidogvne spp. Apparently, the nematodes influence the initiation of
fungal infection. A synergistic effect also occurs between f solani and 
P'thiun ilthinnim (116). 

The pathogen is d'sseminated primarily as chlamyd ospores or conidia.
The fungus Lsnot transmitted to any great extent by soil capillary water 
movement (28) but may be transported in drainage and irrigation water, in
soil adhering to agricultural tools and animals, bean straw, manure and
possibly in soil or as spores washed by rain or floods, The primary means of
dissemination in New York is within bean straw and manure (38). Once 
introduced into a new area, the fungus may survive indefinitely as a soil
saprophyte on organic matter ( 66) or as a mycorrhizal component of non­
susceptible crops (68). Fungal incidence then may he greatly increosed by
repeated cultivation of a susceptible host. The fungus is not internally seed­
borne, but it may be present in soil particles which adhere to the seed coat 
surface (166). 

Symptomatology 

t-usarinm root rot initially appeams as reddish lesions or streaks on the
hypocotyl and primary one to 
emergence. As infection progresses, the lesions coalesce, become brown
(Fig. 5) and may extend to the soil surface but rarely beyond. The lesions 
have no definite margins and may be accompanied by longitudinal fissures. 
The primary and lateral roots frequently are killed by the hingus and 

Wien the primary root is killed, the lower stem 

root (Fig. 4) two weeks after seedling 

~I 

I ig. 4- Runt,{t. }ld t i IIIp4.I.¢ UIItl , I I IIi iOcailyl :Ilid l'o tc lr t~ ll\.d 
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treatments are not completely effective, since the lateral root developmentreceives little or no benefit from the fungicide (30). 

Mussa and Russell (105) report that the herbicides Treflan or Trifluralinand Basagran or Bentazon and the pesticide Metasystox or Oxdemeton­methyl stimulated growth of F solani and may have aggravated root rotproblems. Eptam also may increase root rot incidence (162). 

Control by Plant Resistance 

While root rot resistant cultivars are available, genetic linkage often isdetected between resistance and undesirable plant characters (157). Statler(14 1) found that bean cultivars with purple hypocotyls and black seed coatswere more resistant to Fusarium root rot than cultivars lackingcoloration. However, Dickson and Boettger 
this 

(54) did not find anassociation between seed color and resistance to Fusarium solani. 

Wallace and Wilkinson (156) report that N-203 (P.1. 203958) and NY.2114-12 have a high degree of resistance when exposed to low inoculumlevels. Resistance to Fusarium root rot may be controlled by three to sevendominant genes (26), Hassan et al. (76) confirmed these findings and notedthat the gene action is mostly additive. However, a quantitative inheritanceand dominant genes for susceptibility occurred in crosses between resistantPI. 203958 and susceptible California Small White, State Half Runner orCascade Fulton (23). They also stated that recurrent selection would be themost suitable breeding method improveto this quantitative trait.Boomstra et al. (24) recently tested 800 accessions and identifiedintroductions (primarily 18 plant
Mexican in origin) and various cultivars whichwere resistant to Fusarium root rot. There are, however, no reports of theuse of tolerant or resistant cultivars in Latin American countries. Pierre(1 19) reports that phaseollin production inhibits germination and growthof hisu.arium solani and may play a role in resistance. 

Fusarium Yellows 

Introduction 

Fusarium yellows of beans is caused by Atsarium o.v sporum Sch echt.f. sp. phaseoli Kendrick and Snyder. The fungus occurs in regions of theUnited States (166) and of countries in Latin America such as Colombia.Brazil and Panama and in Central America (45, 161). 

Common names frequently used for Fusarium yellows in Latin Americainclude marchitamiento por Fusarium. murcha de Fusarium and tiz6n por
Fusarium. 
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Etiology 

oxysporurn produces hyaline, non-septate chlamydosporesFusarium 
measuring 6-15 x 2-4 p. Elongated macroconidia are curved with two to 

3-6.u (158).
three septations and measure 25-35 x 

Symptomatology 

Infection occurs on the roots and hypocotyls, usually at wounds (57). 

The vascular bundles of the root, hypocotyl, stem and petioles may become 

IA
 

nm
 
ig. 6-Root and hypocotvl infection by Fig. 7.Icaf yellowingulti h I. 

oxi ip\'w.ut 0J\ irtetionmpt~t't*tluoari 


discolored as tissue turns reddish-brown (Fig. 6). The fungus may cause the 

plant vascular system to become plugged. which results in slight yellowing 

and premature senescence of lower" lives (Fig. 7) resembling symptoms 

caused by phosphorus deficiency. This yellowing becomes more pronounc­

ed and progresses into younger leaves' however, plant wilt usually does not 

occur. Stunting may occur if the plant is infected during the seedling stage. 

The fungus also can cause water-soaked lesions on pods (7 I). The fungus is 

spores on the seed coat surface (158. 166).seedhorne, probably as 

Control 

Control measures are similar to those advocated for Fusariumsolani 
orand include crop rotation, chemical seed treatment with Ceresan 

45, 165).Sernesan, and planting resistant or tolerant cultivars (41, 
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Resistant cultivars include Manteigao Preto, Manteigao Lustroso,Manteigao 41, Pintado, Roxinho Precoce, Carioca, Pintadinho Precoce,and Rosinha Sem Cipo (45). Dongo and Muller(58) reported that resistantcultivars they have identified generally are red-seeded and produce a largenumber of strong lateral roots after infection. 

Pythium Root Rot 
Introduction 

Pythium root rot is caused by several Prthium species such as Puitimttn [row. P. irregulare Buism., P.aphanidermation (Edson) Fits. (=
P. butleri Gubr.) and P. nmvriotylumn Drechs (35, 70, 81, 88, 96, 117, 140,155, 166). Less common species are cited by Zaumeyer and Thomas (166)and Lumsden et al. (96). In Latin America, P. aphantidermattum appears tobe a common species (35). 

The disease occurs in the United States (53, 75, 78, 81, 88. 117), Brazil(47, 153), El Salvador (3), Mexico (42, 43) and Venezuela (35.pathogen isa major problem of snap beans in the United States (53, 
The 

117),but its importance in Latin America is not reported.
 
Common names frequently used for Pythium root rot in Latin America
 

are marchitamiento por Pythium and murcha de Pythium. 

Etiology 

P1'thium species grow well on artificial media, and hyphae arecoenocvtic. The sexual stage (sporangium) has a filamentous, globose oroval form depending on the species. The sporangia may germinatedirectlyby a germ tube or produce zoospores. Zoospores are kidney-shaped wititwo lateral flagella. Zoospore production is preceded by formation of abubble-like vesicle at the tip of a tube which arises from the sporangium.
1 oc sexual 
 stage is characterized by union of the oogoniium andantheridium, resulting in oospore production. Oogonia are smooth-walled
in some species and spiny in others. The antheridium also varies between
species for shape, origin and number per oogonium. Oospores are thick­walled, smooth, plerotic (fill the oogonial cavity) or aplerotic (partially fill
the oogonial cavity) and germinate by a germ tube. 

E-pidemiology and Plant Infection 

Prthiumn spp. arc natural soil inhabitors which survive by saprophyticgrowth and resistant structures such as oospores (139. 155, 160). However.they are poor competitors (79) and their saprophytic activities generally are 
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restricted (14, 15). Pvthium spp. are favored li. high ,soilmoisture (79, 118). 

P. 1Itinium sporangia ca- survive for II tnonths in soil, and P. 

aphanidermatum zoospores have survived ip to seven days in field soil 

(79). Hoppe (82) reported that P. ultimum stirvived in air-dried soil for 12 

years, and at -18'C for 24 months. The optimum pH and tem le rature ior 

.....-apIanidermanm-oospore germination-in sterile- soil is-7.5-and. 30C, 

respectively (4). while P. ulhint'an infection isgreater at 15'C (118). Species 

varyIfor temperature requirements, since P,utim and P. debarvanum 

ire cominon at low soil temperature, while P. a)hwidtermaium and P. 

myriotvhntm are more common at higher soil temperattrs ( 166). Hoch et. 

al. (81) reported that P. ultintum is highly pathogenic at 16 C and 28'(71 
bul P. aphanidermaftmt is only slightly pathogenic at I6W" ind highly 

pathogenic at 28"C'. However, Piec/arka and Abaw. (118 found that a low 

temperature species, such as P. ultinum, was more severe at 15 1l"than at 

higher temperatures. 

Variouis workers have studied soil population cxeli of Pohwtm spp., but 

their data usually has been influenced by a mixitule of pitthogenic and non­

pathogenic species. Pieczarka and Aba\w.i (117) report that 85("} of their 

field isolates were pathogenic and that the inocultim potential of a low 

such P. 133-156(0temperalUre species, as ttltinntm, ranged front 

propagulesig oven-dry soil. Subsequent greenhouse tests revealed that one 

propagule g oven-dry soil was able to cause an 85W reduction it stand. 

Dispersal within fields nost likely occur sfrom /oosporcs which are able 

to s.ii in a film 6f soil water for a fewk millimeters, or by spotangia and 

mvcelia which :,re detached and carried 1y wind or water splash (Q). Long 

distance dispersal may occur b\ oospores and chlamycosporcs which are 

transported in plant or soil debris within irrigation \kater and possibly by 

\%ind-blown soil particles (78). 

Penetration by Pvthium spp. :' ally occurS througl the unwounded 

host surface after formation of .. 'eclion pegs (60, 4). P'cnetration also 

may occur through nat ural openings with or without appressorial 

formation anid ditectly through wounds by individtal hyphae (64). 

Infection is intluenced by plant exudates, inoculunI densitv, soil moisture. 

soil temperature and pH (89. 118). Soil temperat tire and moisture, 

howx ever. are tile most important |lactors since +vthitmnspp. arc most active 

is pathogens in soils with high moistur 'leels (78). 

Ini general, PIhvitm species contribe to t lie complex involving other 

root rot pathogt ns such as hi:oconia ,solani, 't.xusturim ',olwi f. sp. 

piusvoli and tnetnatodes (53. 116). I'iec/arka and Abawi (116) report that 

t)vjlhium I..'timut act r synergistically with I,!varium .olani to cause 

greater 1Ptiiiwtr root rot, but Rkh,.ocitmo iam tniiatppaItelly is antagonistic 
to P. ultinn1in and reduces IPythitim root rot, 
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Symptomatology 

Py'thiutn spp. may infect a germinating seed, cotyledons, terminal bud,radicle and hypocotyl tissue prior to emergence, ever, Aally leading toseedling death (pre-eenrgence damping off)..Sutr'iving seedlings-subse.­quently may be killed three to five days after emergence (post-emergence
damping off), or be damaged by root rot or plant wilt and death (117).Pythiurn root rot symptoms appear as elongatedI water-soaked areas onhypocotyls and roots one to, three weeks following planting. The warzr­soaked areas may extend sevet.il cm above or below the soil level, and 25­75% of the hypocotyl region may be invaded within three weeks(8 1). As the 

~t I 
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inf'ction progresses, lesions become dry and tan to brown (Fig. 8) with aslightly sunken surface (Fig. 9) In later stages of infection, much of thesubterranean hypocotyl and fibrous root system is destroyed. 

I'r'Ihium spp. also may infect seedling or mature plants (6). Plantsinfected betore or shortly after emergence may colIlapse and die (Fig. 10).symptonms which may be confused with those caused by Rhizoctoniasolami 
infection. When infection occurs aflter hypocotl cells or main roots have
 
developed secondary wall thickenings, damage commonly is restricted to
lceder roots (Fig. II) and or to superficial areas on the hvpocotyl near thesoil surface. IHot and moist weather may induce the fungus to iinade the
stell cortex and lateral branches, thereby causing older plant wilt and

death (166).
 

Control by CultLurl Practices 

Since I'rlium slpp. are indigenous to most soils (139). excltision is riot apractical control mleurllre. Iythititl root rot may he trimirpractices ized by cultluralsuch as wide plant spacing and Soil anmendiments, Wide plantspacing provides better soil ;eration. less soil shading and iniminzes 
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Chapter 5 

Control by Plant Resistance 

Certain cultivars are 
.... 

resistant to infection by -Pthium-spp.-(7,53,.75, 164); A'degb6lijd Hagedorn (7) report that P. 203958 and Bush GreenPod are resistant to Pythium bliht caused by five species of PI'thium.Thesnapbean line 1273 (white seeded) is highly resistant to seed decay and pre­emergence damping-off caused by . apb'anidermatmi in artificiallyinoculated soil incubated under grcwth charember conditions (53, 164).Resistance was found to be polygenic and recess;ve in nature, and seedcoatcolor and resistance were broken. Specific parental combinations did yielda higher proportion of resistant F3 progeny with colored seed coats (164).Dickson and Boettger (54) found an associat;on between colored seed andresistance to P.|thiumspp. However, line 1273, Black Turtle Soupand P.1,203958 all were found to be susceptible to the root rot stage of P-thitum spp.infection, and germplasni may have to be evaluated separately forresistance to each stage of infection (117). 

Southern Blight 
Introduction 

Southern Blight or Sclerotium root rot is caused by Schrotuhn rolfiiSacc. (166). The disease occurs in many countries and states betweennorthern and southern latitudes at 38' (38). Latin American contrieswhich have reported Sclerotium root -rot a:,an important disease olbeansinclude Brazil (41, 68, 87, 131, 154),' Nexico (42, 43). Costa Rica (62)andVenezuela (35). Direct estimations of losses caused bv this pathogen arc not
available. 

Reported host plants inclde artichoke, bean, brussel sprouts, cabbage.carrot, cauliflower, sweet crn, cowpea, cucumber. egg-plant.escarole, garlic, gourd, endive. 

parsley, 
ground cherry, lettuce, muskmelon, mustard,pea', okra, onion, peppers, potato, pumpkin, radish, rhubarb,soybean. sq ash, sweet potato, tomato, turnip, watermelon, yam andyautia (38).,There are no reports of its occurrence on grasses or small 

grains. 

Cornmhon nam2s frecuently used for Sel(rotiutm root rotAi;erica include in Latinaf ublo surefio, marchitarniento dc Selcrotit nm. tiz6nstirefio, maya or malla blanca, pudrici6n hfimeda, real de csclerncio. tiz6ndel Sridl, murcha de Sclerolium and podridao do cohb. 
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Etiology 

Scirotiumrolfvii is characterized by format ion of small (approximately 
0..5-:5- -mm- scierotia-. Recently-formedin- diameter);-globose;-smooth4 
sclerotia are white but turr, brown with age. Sclerotia form by occurrence 
of clamp connections in the hyphae and white coarse mycelium. Basidia 
may forin on mycelial mats and produce thin-walled hyaline basidiospores 
on short sterigmata (155). 

Epidemiology and Plant Infection 

Sclerotia are the coef meams of survival for S. r/fii. NIoisture and high 
temperatures are required for optimum growth. The fungus is not well 
adapted to low temperature conditions, but in culture it may grow at 
temperatures between 13' - 37°C. with an optimum at 300 - 35°C. Sclerotia 

-germinate at 10' - 35 C, and the fungus requires relative humidity above 
99 i. Sclerotial germination decreases with increased soil depth due to 
red iced aeration (2). Germination occurs at a p1i range of 2.6-7.7 with an 
optimum at 2.6-4.4 (39). Sclerotial germination is induced by volatiles 
which emanate from crop residues in the soil (94). 

S. rolfVii inocul urn consists of sclerotia. mvceliuin and basidiospores. 
The rmle of basidiospores in the life cycle is not known, but Walker 
considers them to be of minor importance (155). )ispersal may occur by 
contaminated irrigation water. soil adhering to cultural tools and animals. 
or seed. S. rol ii sclerotia can pass through the digestive tract of animals 
Withut losing viability and. therefore. be transported relatively long 
distances hy animals which feed on infected host materials (92). 

I)isease development is affected by high temperature and moisture 
which favoi scleroiial gerinialion and optimum mycelial growth. The 
futus may rvIletrale host tissue through natural openings and Wounds o' 
may inllvae by direct penetration of intact tissue ( 55), Before penetration 
carn occur. appreciahle mycelial growth must take place in fhe plant 
surface (2, 391), h lufmtnrgu produces protopectinase and pectinas, which 
cause cell disintegration in bean hypocotyls ( 166). llateman (16) reported 
the production of cellulase, and Van Fttcn and Bateman (149) detected 
en/ves w.hich readily degraded pectic galacta it, geilacto inrnan ,Ind 
xvlan, These substances may play a role in infection caused by S,r,,l./fii. 

SyNll) toIn ato logy 

Sch'rotnien rOdffii can cause damping-off. stem blight and root rot. Plant 
symptoms initially appear as a dark-hrwn, water-soaked lesion on the 
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Eptam aggravated damage caused by S. rolfsii on ladino clover and 

cotton and reduLced biocontrol activity by Trichoderma Wiride (114). 

Control by Plant Resistance 

Plant resistance has been identified and includes the cultivars Mexico 

348-2 and Blanco, which are moderately tolerant to S. rolfsii (154). 

is required to identify more sources of resistanceAdditional research 
and/ or tolerance to this fungus. 

Black Root Rot 

Introduction 

Black root rot is caused by Thielaviopsisbasicola (Berk. and Br.) Ferr., 

and is a relatively unknown root rot disease of beans ( 155, 166). No report 

is available on the distribution and importance of this pathogen to beans in 

Latin American countries, although it is known to occur in the United 

States, Italy and Germany (166). 

Susceptible crops include alfalfa, beans, beet, carrot, celery, corn, 

cotton, peas, tomato, squash and sweet potato (38, 163). 

Common names frequer tly used for black root rot in Latir. America are 

pudrici6n negra and pudrici6n negra de la raiz. 

Etiology 

The f:nigus exhibits considerable variation when grown on culture 

media. IIuang and Patrick (83) report that 7. basicola isolates grown on 

potato-dextrose agar or V8 juice agar were variable for colony appearance, 

zonation, growth rate, production of spores, and the shape and number of 

cells per chlamydospore. 7iie/aviopsishasivola produces endoconidia and 
and arechlanydospores. Endoconidia are borne on young mycelium 

haline, small and cylindrical. Chlamydospores originate in chains or 

clusters produced laterally or terminally on the mycelium. They are hyaline 

when formed but soon become thick-walled, dark brown and so parate at 

imiaturity, 

llpideiniology aiid Phint Infection 

The hingus persists iii soils for an indefinite period (155), and invlides 

rools during cool an( wet weather. Maier (99) reported that pathogeniu;.N 

towards bean hypocotyls decreased as temperature increased, and a 

constaiint temperature of 15.5" or 18.5°C favored disease severity. The 
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Chapter 6 

Web Blight 

Introduction 

Web blight of beans iscaused by hanawephorus cucumeri.s (Frank) 

I)onk. (3. 24, 21)), and is prevalent in tropical regions with high to moderate 

terupelattires and Ire. lu ngus first 1917 asnoi tt, Ihe was described inl 

Rhi:octoniamicrowlcrtia l ,ttas the causative agent of a fig disease ill 

lorida (44). Since then beans ha,.e been identified as a host in the United 

States (41. 12. .14), Pucrto Rico ( 12)..lapiin. Philippines. Burma. Ceylon 

(Sri I inka). Brail (6. 32. 44). C'osa Rica (13. 37). (olombia. Ecuador. 
(uatcnala, l Salkador. Mxico and Panama (71. I)isease o()s es can be 

scvclc a,, entire crops may bC d-Stroved (3,23). espccially il tropical 

lowlands and humid subtropical regions. 

lhanatphorru. (lm ri. is a pathogen of nearly all crop plants. Its host 

iiinge of 200 plant species includes bean, beet, carrot, cucumber, eggplant. 

melon, tomat,. watclc ,i. idfaliage and fruit of uticultivated plants(S, 

23). 

(ommno nanmes frequently used for web blight in ILati America include 

mu1stia hilachosa, telarafia. chasparria, Rhioctonia del follaie. murcha de 

teia micelica and podridao das vagens. 

Etiology 

Ihe web blight 1urus, is lomuothallic and has the imperfect stage known 

as Rhi:motoia woiani (R.m, r, 'roia) sMich is distributed woldsk ide 

(2. 21, 34). 1he per)ctlt n!c si, Identified in I 9I. and the lungus has 

received a successimon of nmes. suc as lvMl,mhi No/dmi (22. ,40). 
(',,tiim vav,t~m %al. wh,/lmi (,[C+ whimi (2]. 22. -10). ffhi=m Ionia 

micn'+. 'cr,Jia. ( ,,ritz'ramicrm~oi 12S.pn hria,l'lita t ia ,n ++ 


4), 4-1)and P.filammtta p.p, mir)A&crtia(44). I liecurretl\ accepted 

lori Is lhamjhorm t umcor IS). Itanmiete.'I ).(35 determlined that
 

Rh /i'lltma hich pis-,cs- rmiltintmclcam e F Ituimt'ri.
isdates I phae hia, 

as1. the perlect stage while tlhose which pos'ess bintmilcar hyphae have 
(I'ratada.sihitm as the perlect stage. 
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I~hizoetowi niuro.'h'rclto produces hyaline. granular hyphae (6-8 v in 
width) which becomle sepla . more or less empty and brown with maturity. 
Itprnduces os al, thin-walled and hyaline hasidiospores 9-1 I u in length by 
5-6 u in width. Small ((1.? 1.5 mm diameter), superficial, white sclerotia 
also are formed and hecori hrowr to dailk hrwn, iough and suh-globose 
with maturitv (42). 

iTrcuiueloa.'h, r;i im'wri was Laociv dc,cri bed as having thin-walled, 
septate hyphae 5-7u in width) which frQuentctly have cruciforni branching. 
lIrLctilications appCar whitish and fortm on t<op O1 a discontinuous 
hvicniun of obhlong or barrel-shaped ba.idia in erect terminal clusters. 
Basidi a mcasure 15-I8 u in length by 8-10 unin width, and frequently are 
connected. l'ach hasidiurn produces four erect, slightly divergent 
,t.eriimata sshiclh mfcasure 3 It inwidth hY up to 15 t in length. A 
btidiospore isproduced onteach ,terielg ltrnl and is hyaline. thin-walled, 
sm toth. cllipsoid with a flat edec oi- in shape with atb,hh~ltg, obvalate 
tiunca,'cd pi)int. Icnisdi)spores .rminate by repetition (24. 35, 40). 

1i N iapidi .1h_ tllll1 t ;,. '. i c ntiniihiv, , indirwet or intermittent light, 
anl Aithili 24-16 lois (:an c(sci the ,urflace of a peri plate containing 
artilicial media incubated at 2 -26 (" Sclerotia lorm in culture but differ 
fromn thosc produccd (ilhost plants, since thcy are brown to dark browrt, 
irtCgnlatr iil rm01+11si/C (up I ctn more lessand to in di;ateter), ai. or 
flattencd (42) Ileterokaltvosi, occurs in F cuto'ncris aitd inav alter the 
abilit\ 1a fmi .clcwtia on minimal tncdia or the isolate pathognicity( 17, 
311. 	 \'Itriithi cain ii (fire A) na;t.omosis. heterokarvosis, meiosis and 
itat iii I1(. I t 3,3 , . 

I he perfect -,o.0 S, 5, h bigh ht can Ibcindluced invilro (14. 38. 39) with 
12-16 hottrs ,tlieht 3, 42, -13). adeqtuatc acration (,13),I 20' -31"("and 

,10-001 ri ,I t, (3X, .Q2).Self-tei ile IllrltantS ltletnerItly appear it)elatt 
pro(gcIics o,h Ii-ip . I varv for their1 I , ( 1-).inoiud, tcs (,r species 
cultural chlt;aiar Lj 4lam Nli ii to !t irt oilartificial media or sterili'ed 
sil (2r, 1 mic ilu uc isolat'e, of i' uc' i.bp, nl I risfruit only on 
sterili/cd sil s incI oell,ueniciso+late-s frint ,11e:ither substrate (38). 

i ) wi taId mu of 
lii,(i/uip roi is l i spt-c -. i:! specie:, 

%aiiiahl,etici) . ithii(n 1:twvk species 
tomted i, c1op,1. son1C are 

patlioiq clnic t, liuall'. tli.." lrIiteilt'd r,(rips 'ii nl,it it c!ops. Sonic are 
, lth-t.i:'nc a ii is 

appalicltit hi li 1 "tl ti , ccr iiue 
nioin-pitliolieiut t ')ic l: 11 I I . I ". 22). s ;rilsii 

e !_iip'tl ,. uliiral ch ar~ictcristics 

I1'. 22). Iilu i laCeeheiIc bCCn idCnilitI v their abilitk to infect 
dillc titual , coslluitlluoit If Illat. beef, aid c; ha ,eto C l.hlttce 

(15). Races als l(ii iihtfuciu degrce of sirulenci. Since ;olC cause leaf 

death sslit oitllcu'ox litlitico.. oil a iceail %kithinisix days aftter 

iii cllatl li(21, 2.'. 231 
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L pidemiology 

Fungal development iMthe hell i , favored hy h-pi to moderate air and 

soil tenperature ;nd maoistunrc (42, 4.1), and plant vith high nitrogen and 

low calcium content (I I, ( Isoltte plogCniiclt\I .'., 23. 25), growth in 
soil and ability to coloireagqnic matter, resistance to aintgonistic miCro­

organisms, nocultit potcrntial, i! dissemination also are important 

factors d'ring epidemic dev\nuh Lut on a susceptible crop (2, 36). 

Scierotia, gcnrcallk pri,.id, the priniai/. inoctiltin which is disseminated 
locally hv wind, rail]. Unni* \Vai.t i fiiilloiti'.ctlit tlirotlehont a field hy 

aimals, man i ag: iultural imnpieine t, (42). Sclcrotia can i niain viable 

in soil lor one or .,ioic vcar (24), illdi the '1itit< to ill sur'ive as 

SCgcti ti\e Ityceliuin within plant rcsidue (42). 

SelCrotia gemiuatte duiing Isot of ic,orabhl crivironimnntal 
conditions bv 1',, t: g i' ph;lic (a c%,, mwr in len''th) wihich branch 

profuscly until reaching I)[ii ld host tissuC cr iall infectioin 

cushion devl ,, and penultr1titit ,)Cll " dirIclv or till Oligh StOlilt (10, 

41. 421. Sub, i)dcl'eiilI h.plc do.el',p inter- and iitrtcellularlv and the 
intfectionl 1ijpe " ;aN, sllill. cir ,:hi,,h-hiown, necrotic. witer-soaked 

lesions x%h cl !',t\ uiasiiji I-- i cm in diameter and are delimited by 

hoigituli;di ',L-if an'td \itlk. 

1hse I...N ;ippeit-; I',h he,_' ,cAldhyd hot wae,:r and may appear 

tlr',-,.-iclish h i (I ilI I. lhc watersoakd rllllfect thedit k w.ara 

cittiuc 'A:tIliI ;ild c.tetl itlaitCCtI platit tissue contiguous'2 d to tile 

infle hi'tc,:c. I lie liht brw', ii NuipcriciAiI hivphac sprcad lai-shaped and 
devlotp ii eihCe lea! 'III titC, hut iierV uic' prevalcint ot the surface 
Mshi, P c) ,, .l to hiithici toI itte. I11Cp rfect stilgc lmla orl oil the 

h c Vtc 1C itlMiti'ltl ,t\cttn hC it tileIC;d ;i1 lthyl and intected tissue. 

I III/ lal 'l 11 il". IntIckI, ' 1'! )M CIdv IL'Il h'-:xIul,,CMused h\ the N~ch 

hh ,I I ItIItuI 
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1k .i 

I H' U"ll+q €IP~ n~ t~ it'\+' 

h .usof herb: i. plants or benath soil aglr'egates (43). 1 sidi then 
form and h >,,diospores are dispersed during the night (12) until the leaf is 
disintegracd l1%tie fungius (42). I yphae may grow rapidly over healthy 
ti!,sut. of !ev\c,. 1,1ioles, flowers and pods LFie. 3), eventually killing plant 
parts oi tvrihec entire plant %,itha web of myceliim (Fig. 4)and small 
brmvii Fcleroti: si\ days after infection (42, 44).ig. 5)which form three to 

13can pods mv becolme infccted at any stage of development, andl yourg 
pod infections appear as light hrown, irregular-shaped lesions which 
freq-cntly coalesce and kill thc pod. L.esionsonoldcr pods ae dark brown. 
circular, lightly /onate, and sunken with a dark margin or border. tUsually 
the do not kill the pod tinless the peduncle isdestroyed or the leion isvery 
deep (42, 44). ".,eds can become infected in the endosperm and radicular 
end of the embrlyo or infested by mycelium ald sclerotia on the seed coat 
surface (1, 3, 26, 27). 

Control by Cultural Practices 

Coutrol by ,ultural practices includes planting seed free of internal or 
external cont;mination, sanitation of infected crop debris, and crop 
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Planting datesrotation with non-hosts such as tobacco, maize and grasses 

should be early enough in the tropics to assure that the cop will mature 

rainy season begins. Beans should not he planted bybefore the 
44) t,maximive air

broadcasting, but rather 	 in spaced furross (42. 
'.".p: ,nt.circulation and microclirnatic conditions itdve'rsc to ",.;i 

Control by ( lnemicals 

Maneb (0.55 g 1)has been sprayed onto foliagL twice a 	 intervals of 15 
of web blight.days after symptom appearance 'o provide som, contro 

Disease control also has been acHievcd by Bcnotrn 1(0.5 kg, ha), NF-44 (0.5 

kg ha), )erosal 60 or Carbendaziin (I kg ha), Brstan 60 or I entinacetate 

(0.8 kZ hal. and l)ifolatan o!Captafol (3.4 ke ha) (-), 29). The use of 

systemic ungicidCs is import:,t where rains prc :il. Beans have yielded 

one ton ha when sprayed ,i ii svtcmic funigicides iS, 27. 39 and 51 days 

fter germination, compa red Io the uuspraVCd check which was completely 

destroyed (4). 

Control by Plant Resistance 

Cultivars differ in their response to 1.1cction by the web blight fungus, 

since susceptible cultivars exude chemicals which stimulate the formation 

or tolerant cultivars apparently do not
of infection cushions. Resistant 

which to'erant to
exude these chemicals (17) Various cultivars are 

timvri.(4.25. 29, 42) have been identified bUt there are
infectionii by cu 

whim1 possess a high degree of resistance or
ti reports ot ctultivars 
unv!ltIIII,i1\..
 

CIAI (5) has ut ili/ed the 	 i()llow ing scale to evaluate beans when leaves 

blieht ftungus under controlled conditions: are inoculated sith the \web 

no symptoms of infectior 
little growth of pathogen. chlorosis around the inoculation point 

vein necrosis and 33('i leat chlorosis 
vein necrosis. 501'' leaf chlorosis 
complete leaf necrosis. 

be necessary to achievemeasures 
and should consist of plant resistant," or tolerance,

Integrated control probably will 

satisfartory control 
anid open canopy. wide platit spacing. crop

upright plIant architectire 

rotation and the judicious application of chemicals.
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White Mold 

Introduction 

S'lerotinia vcvrotii)rum (lih.) de Harv, similar to illetzelinia 
xeh'rotiorrmr (l.ih) Korf and I)rmont (37), is distributed worldwide. 
Although most important in the temperate iones of the northern 
hemisphere, it also can bca prlohlem in areas wih tr()pical or arid climates. 
especially durtilp cool scas'ons or under favorahle microclimatic conditions 
(5)). IHc uing, has Kcen reported in dry hean and vegetable fields in 
.\recyurma 2). lira/il( 20.65), MIexico(24). Peru(17). Colombia and other 
arca, I-,I tim America (27). 

.N( h'ltltt leolIt' 1rrtis path y'cnic to a wide range of host plants. 
\atrims 'tcl/.A 15) loml 1)) qpcies from i30 ecnerm and 45 plant families 
ctscceptihle to ln'its. scltesi; (60) listed 399 hoststhe: t/ (unconfiri,'J 
repin Isoit',me inwstaces) and 174 spccies of 237 genera in 65 plant framilc, 
luciti~m,:d inIh ssld literature, )is .ases include blossom rot (f fruit 
trc" itte) I] cr tr ot of %eyclashles. irnd white mlId eof healn. 

!icntnscarhllc i,-everel, bythe lungts.."nap bean pr11duction has 
bcen reduced eretl, oc N!!I Yrl. during growing ,eac rs conduci\'e to
 
futgal deelopment )SI v aumevcr and 
 lotraq (SI ) report hean losswes
 
of 10, , it)Virginia Juill.i 16. losses averaged
11) Yield 301'' inNebraska 
clui itg 197))-11973, . tile lesss i i,di\ idual f'elds were ishigh :is92c( (3( ) 

(eCtmrmteonr namt Ircqticntle used Ie Mute reold il I atin America 
include illto blainc, drl tallhe."cierotittia, csclcretinie,,is, salivao, 
pedredtillibc alg rdolloesia.iteele brallco arid inlulrclia de Sclerotitlia. 

Etiology 

Sehrtinfia .e, rtiorum is member thea of order Pezizales in the 
Ascomycctc class of fungi. I hreinngus produces large (one to several mn, 
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1 ! f 1 [ittjd ccdIj ti %clti~i l,,IJ1 bIt,,[11. , vilticl. 

, 

lill l ~i*(tt ,lotldl~ t t~ l'l r < <, l' I 'd I tt Illk
"vI p wllll'dt
 

diameter), hlack and iricvilarl\-Sh'tped reSting siruieturcs called sclcrotia 

(Fig. I) which gcrnmirlate til fotm hyphiac ol n1i\cclini. A srclotmm, after 
undergoing a co(ditionng pcriod, also can gerniliate c rpogetiicallv to 

pr .dnce the sexual stage of ,iicmr moi apothcCia ([it. 2.) I hcse mia', 
average 3 mm ill Cthe soil sLI f;!CC( 58).diamcter and piotrude 1-6mm a 

Lach apothccillin contains thousalds oC ylindric;tllv-sh;IpCd asci. each 

of vhich coltils eigvht ascosporcs (7,). 1heC S measurcs 7-1( 1,in 

diameter h\ 112-1 SO o illlength (I ,38, 5,").()vcr a pciiod (idays, an 
apotjhcCini na diseharee lm(re than 2 x (Y. ascospors (62). 1lie 
ascispor es areo vary idtlifrom 4-!(Iu and in iclitli from 9-1601(1 an~d ;iNiln 
u (8, 58 7 )..S'. ,hroti(,tun carl pro uce microconidia (3-4 ti. . 
dianctcr) during any stace of its ltc c\ Cie, mit t Isc havc not been ohservcd 

to tllnctio , dling sexual fcrtiili/tiori (orhoSt inelction (38, 58). 

Epidemiology
 

IFields used repc;tedl. Ir bean prodiction, CCn in sthort v:r(op rotations. 
often will contain nim;rnv ecrot(ti. Sclcrotia f rmed oi or within diseised 

tissue may he dislodged otlIO the s)l snrf",acc h', %ind or harvesting 

'V.! 

'w 7. l vc fil ,III w r")'l lt 
11 -.t . p, cci prndrmxd inIirht 
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White Mold 

operations. Suhsequcnt land preparatiol redistributes them within tie soil 

profile and over the field (19). Sclerotia also can he distributed by furrow 

irrigation within fields (62) and h\ reuse oli ligatiOn runoff wvater between 

fields ( 14, 73). 1hey can survIvc illsandy loam soils float least three years 

19) and are capahlc of pioducing secondar.\ sclerotia (4, 19, 79). 

The minimum quantity of soil-horne sclcrotia needed to induce 
significant plant infection has not been intensively studied. Sclerotial 

pcpulations of 0.2 30 cm- (1). 1-3 kg of soil (62) and 3 kg of soil (42) are 

known to exist in fields planted to snap, (ireat Northern and Pinto beans. 

respectively. Schwartz and Steadman (62) determined that I sclerotitim 5 

kg soil was sitficient to cause 46(; plant infection in Nchraska. S,<ui and 

Kohav-ashi (75) reported that 3.2 sclerotia uP- caiused 6()-951' plant 

infeleion ill a kidnev hcan field in Japan. 

Apotliccia tormation (carpogcnic germination) is greatest at 15 -18 C 

with So Il misture at 501(' of tield capacity (D)nniwa\, .,\hai and 

Steadanill.tl. unpublished data . (arpogenic germinatioii occurs in fields of 

bean I ).cauliflowNer anddrY beans, corn and stream beet (61. 62). snap 

tomato (40), lettuce (33,52) and table heet a.,well as in'rasslarid (75). It 

and other fruit orchards ( I ).In a sandyalso occurs Inlemon, orange (66) 
loam soil studied by Schwrllt] and Steadmnan (62), iinIMCrOs sclei otta 

germinated and Iormed apotlhecia in dry hean (I1-14 apotheia mi and 

sugar beet (-I11 apothecia m) fields. An average ol twNo apothccii \were 

producCd h\ each germinated sclerotium regardless of the crop beneath 

which it pcminitd. I lie Ilajority of apotthcciai were produced on thle side 

of, or adiaccnt to . plant stellls iII the irrigated row. 

While most ascspores d ischairged hy a germinating sclro itirn are 

dCpositCd close o the release pint (74), ctrop intectioni has been reported in 

iwvv (1). 15). lie fungus clearl\ sur\ivcsfieldsts , ;t as ()., kilom ter 


periods ot IIntaoihlc ri'icroeliniati: conditions. A.scospores oilbean
 

leaves rcmaimcd \ael c I 12 days illthe field and nl\celiilm iIldried.
 

colhni/cd he;i b ,,in,renained viahle tor 25 days in the laboratory( I ).
 

1otIu ;Isad he expected.clh'tli'm cosoplloolit'lin cai 

to occuri C clL andd conditions Ire 
.nh'ou illia Is 

Illclo s 55 1 mloisturciitulne 
) l Mtirc (5(0) thit moldlavorablc t591. 3rooks (I o report ",hi1 

epidemics arc l(\oied hiu i tempeiitires less 21'I ( and hi1'h1 

hlllnllidtv or o llIc es1lwels. SLcoiidal, spc;Id ot the ItlunoI, is t;ilorcd hn 

IX(' arid 100 ; reluti\ c IIIlliditv)07 . 771. Ahawvi aind (irogan (I)Icel that it 

stlliace lloistllrc I h1 is ic.'ssiTV for the I ltigls to deCelop nld1p1e1I;ld On 

plant tissue. 

I leate of sple'ad also call be influenced h\ tenmiperaiture (\Veiss, Kerr 

and Steadmn. unpublished data). (ipta (30) reported that Coriander 

plants infected with S.vl'rotiorin ,,ere killed in ftour to I0(d;\sat 19"­
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24D"U hll ,ere not killed at 2)"(', apparently because the plants outgrewh 
the lt1ngts. NMicroclimatic conditions may he is important as 
macrtoclimatic conditions for infect]i and patlogen dCvClopment. I1ipps 
(34) showcd that irilgation practices sigmiicantly altered microclimatic 
paralricters prlvslt vithin the (i1Y baltl callop, niidconutcive to 

declopmennt of S../'rro orlirm. I'reqtllt itti o,nireducedtitlirow ic 
da\ytim air and IeaI telmpcraturt O -4 (1ad soil temnperat:,es I(It (. and 
increased sodl moisture content b (' 

Plant Infection and Snymptomatology 

S..1whrotiorutn infects bean plants by coloijiation of senescent plant 
organs suc as hlo,s,ns (I-ig. 31, clotledons, seeds, leaes or injitred pllnt 
tissue ( 1.2. Fldgetn I12) observed eotvlcdonarx on beanlIt)..47,51.5. rot 
seedlii,, which developed ror eIvcelia- or sclerotia-fulsted secd lots 
phlintcd iI Ituereerliose. II ome, teadnuin (,Si Ihlo\cd tilat inected 
,,cdS,WcrcCpeCl'C II to geml IinaI tioli orcob 'ni/cd bv tfllgts plt aIld 

p!:11t emllergctcc. mil thait no plalt ilnfection t' h b crsd in hacillthy­
;apocirill ',Cd 1 n1 tl d lo0t', (' tniI1 o1 sencen.'Ctlt tisstle 
Hl,ly;1 Is :ius.' ,",hill IIt clial colonilatiouiil sodue ti ,eCrllillioan d ,[pi' b has 
hccb ih,,ccd I. I) 

Alter cl ltmitt iu (d it,cilcrtil plaint orig . tlu tnguS enters tile host 
by, Tnchanii.l dis',rilitnM of the cuticle \kith a do0me-,haped infection 
clihlus \ pilt Iron i ;iptI soriliroI I aime sc,,icles lorm hetwecen thel 
uticic Mrid ,'pi'lruiil aid inlection hClopmavces, h\ plac dc intercellularly. 

.. #',,..# 


r,,4/ " 4" ­

_ .. .- ":"4 
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hro'nch t rui the Infect ion hyphae and rarmi Iv inter-andHy\phae 
sott rot. Tfhe~l gungu,producesnracellularly (44, 5>7. cauilsin a Nkaterv 

iii1l\ I/IOC and tither prodm!C,1, includingi ,-nd- andl(evnpolyg '.Iac­

tnrniiois. pctminnctIM cestci,s (43) and oxalic acid 05) which are 

il, Ani1Iidection appear liialy as at%\atcr-soakedS" nTlpumis 

imltectecl tiv ki~trhl ull (11i%.light--colored amid 	 isu tweall:%ci or 

dlimeIll;,% he, c ((emilthleaichelapeni IL! ( 12. 1) Plit so 

"6' IP:'dk1l!0In 

yr 
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I II, ' ( .!lop'. %k~i!l v.Lw c'd I,\ t 11.'+h' I~dIitu lq +11 L kc. t'mI 

within the plant canopy ;flter infection of the plant stem and or vines 
occurs (:ig. 7).
 

Control by Biological Organisms 

Many soill rnicrooritnisus ;are associated with sclerotia of S. 
wli'roirum and mnav caisc sclIcrota to degrade or not germinate. SLch 
organisrns inclde ( m in,,/r irium mnitn., riuhotdermea sp., ,.grillus 
sp., l',zi<'illimn, Fliorim sp.. and .ru'or sp. (35. 49. 57. 76). S. 

'rr.'rtimalsoi,, inhibited 1bv,'arious antibiotic suhstances produced by 
(,/hcor'/l/,, (W nr sp. (39.41) and other actinorncetes(2')..iiri'pomi ' 
no bacteria (25). Noue of these hiological i ent, has been used effectivclv 

iI reduciriI S. o/,'rooi,rwn incidence tinder practicall field conditions. 

Control by Cultural Practices 

arid a,1 
crop rota tlo, flo diii2. rcdtccd SCCdinV rates. fcsse: irrigations and 
destruction ,Ifbeau culi>ccnes vhich contaiin sclet ota as methods of 
controlling the pathopcu. Simnilar + ICCommen1clidation, n'tve beeI made for 
control ini [haiil (20). I)eep pioping also has beeL advocatcd (49) and 
disputed( 13. 2,. 54Crs a mu'ittri r:astur. (rop rot;tion is not lilkel to be 

Zamni Ci ;111 I1 I) eciomicided cultural practices such as 

cllective since sole oti ti . xc Il (l,l.aid tillatemi eIcrat:tmrs ill assulrc th: 
presence (olel icit iiat; Arlr icir the soll Surface (( ')). 

Itrmwaitior lrei*eric cINilncnce disease inciderce on cultiirs with 
iidteirminate plant r,vwth hahits aiid dense plant canopies (I I). ( ros,,el 
are ad. ised not to ir iealc it s hiltemold irlection is pre\alent soithin their 
bean fields (70). RU-us ofIiArigatiori siter should h eiinnated, ortthe 
\tller tcrited to lCllove sclclotill and of ilfseotpo i"coritarrhintion which 
can c(rtIlibltec to clrrent mr future diaits epidecsc, (73). 
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non­

on soils with a ptt of 7.5 and 7.0. respectively. 
A survey of bean fields in Canada revealed that infected and 

infected crops were grown 

However, the authors did not determine the nature or applicability of this 

association (31). Hleavy fertilizer rates arc not recommecnded. iince thev aire 

associated with increased disease incidence (7), presumtably becau ;e of the 

stim ulatory effect upon plant canopy densi tv. 

Control by Chemicals 

orApplication of Benomyl, I)CNA or I)icloran, )ichlone. PCNB 

to mid-bloom controls S.sclrotiortilIhiabenda/ole around earl-

infection on snap beans under drvland conditinls (10. 10. 20. 28, 42. 48, 

that repeated soil ftuntigatlit51). II wver. Partvka and Mai (53) report 

with a dichloropropene-contalling conipotirid actually Mtire Ised the 

incidence of hilte mold in lettuce. Satisf actory chemic: control iI western 

Nebraska has not heen obtained on indeterminate dry bean cultiva l , eown 

have occurred in (ialitornia.,tinder irrigation (691. Sporadic results alkn 

('olorado, Montana, Washirilton and Wyomning. liming of the chemical 

application and thoroughnCss of covrage arc critical to succCSsful control. 

Control by Plant Resistance and Architecture 

Ail association lictwen plant canopy developmenlt and white mold 

disease incidence and severnty has been observed in various crops including 

habit and plant density can inluencc beanbeans. Row spacing, growth 
31, 51. 64, 71,canopy dcvclopment aid dise'ase incidence (I 2, 2 1, 22, 23. 


81). An open plantl canopy which will facilitate air circulation and light
 

penetration within the canopy helps prevent infection. It results in more
 

rapiu drying of moisture-covered leaf and soil surfaces (21).
 

As a1nexample of row spatcing-cultivar interaction, the cultisar Aurora 

escapes infection when_planted at a withii-row spacing of 4-5 ci because 

of its upright. open growtli Ii bit (22). 11owever, ,Ohen planted 30.5 cm 

apart within the row, it sprawls and is more severely infected. (rientation 
rnv 

diseasC irIcidCeIcC by providing improved air circuhation, and better light 
penetration ( 3 1 ). 

of bean rows parallel to the prevailing wind direction also reduce 

Resistance to S.'..',rotiormwihas been observed in Ihascolti. vulgaris 

germplasir (12, 26, 46. 58, 8(0), but comparative differences between 
Resistant cultivars includecultivars were not reported until recently (8). 


Black 'Itrte Soup, Charlevoix and \'alentinc (8, 63).
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Rcsistauce also has hcn identified in 1. 'cc'incu. (6. 72) and . 
c(c,'inLeu x1. vuo]tris 'hvid:, (.1). A\ttenlp, arc bcing mlade to develop 
,tibhl' reistaicec by ,,iny a plant smtucture Which maximies disease 

awiance and alko pw,'ssc phvmogical rcitInec to inlectiOn l" 5. 

,'Icr(,iorwnf 22i. Suh ciltivars \%old he cmducixe to al integrated 
cnll''I piw,11im which culd include tun1icidcs and cultural praciices lfa 

greater dlcege ol plant protectil still is reqtuired. 
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Icn ,ntti t3 . Ita I I mtill in ,)iw nIi ')-' I (1, . mi c 5.S 

32 lnit~n-l Ik I iait cctpI lanItic, ciiIIitccN cli 

AIU1.1 t(lii W1 Ictt: .I arlc. Iitcnn' .\irC'.\t \aI,c. it ut 

\.it. 0-6 il: til doli.22§ l tpilccao 

i/0rai iniaM1 lax1 if, (tc I I Id . \% /.ci,id .1. A \ur Re'. 19: 3S3-38(i. 

34. 	 Ili pp'. I*A. 19". Infiicrxc ofit: IcaLItaIIi litW ciciacinltccam 
(i t%;,liCmoltI tl'.kc i IrT ckIlihc [can'.. MI.S. I lc'.i'. I ikelrttv of 
Nchiska. L inicoln. 

II itIII! I I .( Ilani .-A. i IIC . 19'6. P n lcr ioar :IItl infeccti ill .cti/ti lia 
a Ii:,r~i,( h tnhhuzi.('aiatlin I lit .54:it~tritri 	 411-410. 

Kellti. 1' 1) I1 R. S'tctflii itil I AN tktan. NtJT. [stInaIKI61 (It MlitC 1 a0d 
tl t'.ttC lolifii a C! Aill efit] cOIIPOIItnelt edi bICIetii 	 %ilt ilil leh heans. Crop 

17K if. R 1'. ind K .1. I )umiiit, 	 aii/ii tar1)72 iincN% eicic naie 

S, lf'rt1111duIt; ri,ini mid S.hIir'. NIt loioi 64: 248-251. 

K isi. BntIii . \k i liitc )ItL luauI t i~I~0IIin ;/m 1iiJ~i 	 ciatldic 

41. ~ ~ ~ '1,citl':. ant (I Kem. [lilt i ut1~ ( I0,i1ili 	 39: itt 

40. 1 t11A.I fiI I H'A j lld I InS ~II l f1heeNt7.liti ~ miItid Ct r i t 

ciit'tl \% i i lt 1 )1, R i-pt i l) . 

I3I [inteI IT I. I A I) (i i i' iht' mid' ( 'J, Kemi.a t 1) S, ri A ikt ohei 

C111/MIMitit aI IPiiii~i ,iclca tt eniai i nlne1mp htiip 4S: 30e 
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, 1,1 , \ 1 ', lIco I ic;,,] Ii/'Ca H Il/ ,a/IIIp C /tIirf.. I VI.thpI I II Il ,. 

Il "I1.I 'JpI I) NI I')5 ('I a,lc l a lap/ad p't r/, Ill ilada't,,lal rt ail/vr/tcl c, 

',. 'a ",',,,
1
11a~,P I'Pala,la,n I h.) I)I1M , a1htt I :,, RcjImr .12: (0(3-((6( 

I" \l~, a~lljpp I: . .I 1l)-3 (t'a li m~lc l ,,lll ,/P I'a'a Iha'!ip .",,taltt' ,;It. 

•.1 '\I',' P//alP 
5', PI I '> ~ll[v ii t Jai pt'it 1,a 1 t ' /,'p,'.lapuil ar aIp'arapapptt Ill pa1l

! , . RilI. a. 5-1 ll:t " H I 

"'' \.la,,apa.. \\ I,tL- 1I5P I0It a .! 1AtITIill .1ad ILlI/pl i I'Ca 1t0 lilt: illl('Il ICttc a0 ,,' , : , la. I a,tt.lap in aa'apldla>, i a Ill~hIaal iltl i nl iKhll.' L/IIa I944 
1a 1Q54 I'iaaa I Rcpii 11;P4 )--412. 

' I" ii1 1 .. I ' 'I I; I ,c.i/,,l,,a ', alld t.,ntilI all h ,l ',fliL.' fl Iold. 

all ai. i) .i ( '". I1c , \11'1,f. ,P: I '/lll l TlI il/lta.tol .U 

'. , . ' ,':I%t'll I(.',l' P,P pn \\lpa.'llla. Ipn! I)i,. 

,* ,t ' I " ,alapi I\ " la i l'Jq" , p''lilaa 'i l,' P IH lt?;iipa ta >,a.'laa!;,aj 

Ia.T;llillqN ;a'a, I a ,'aaaa Iaa " IaP-52()a. I ,all'P .i',''papa 'Iahta'a pt/a;?d 11',Lih-I or p !11 P l t p il 

,;..1 i ,aialt I [ tI N1,p . I'l lal'U, 'I ca/a /;a'laa//c.'I II ItlcIllh ,i ' lII' 
'a:, 'a ;a''!,'/ a, PaallarlaIa: .11 llhl,.lllaT', .4/al '',,at'' t:,*Ia. I'ha t,'r.ala 4. -/ 

,'*' I".,1,, I II ', aap/a lalph l' alPaallaa p )'I, cl t a l l Paalaalh 13.ll la 
,I it, ill , , , ,'a I,)'- j1,11II, l.' 11',l'hi'tah l, lla-tla, 

"I '.11' ppal(R l' ' o n,11I~ll /l. ' "ltcta. lta.ail l/i 4 lp a hI hc 

,l,.a''aa,tla'a I Pp iaUI./, , a aif"P' ',l, la/ I~, )al'Iki.I~a~nt lI' I-Il);la2 

x ww ,. ,1)( , c [tl .ril l ' Ill/ %a1 ­

<' } I!a// ,Ld.. (I al ;i ' a : *,' p,!; /i ,'I' P". ' , I/ ' ,J '. I \'.a.''l; hlap , Il/la'.'l 

pLal \ ' ' I d? S ha' 

§p {ia t.lI a*l/all l'/t .: a Pa/pa/ ap '1.1 a/l ill,l I I I / a.'.I I I lV ­
U--p PlI , '/P I a/a/a!lh a l '1, ilh l iaaa \~Kl [ i _ g 

,
I Ial , t! II Ra A ' II 11,, P p1 , d, II , ' I II,' o pt 11q.I 

laP~~ I '/ ~I/ *. 1 l 1,p/ I ' fa''I ClP / 12 I, I/ 10 I aSl l ollrimir/llaaa/, a/p I '.l . t .kA, I, h ' /I Il /d 0a l 1!Al I . 
;l\aala~llat'p Il/ I/PNH IIll//l/ l)j)l [)a al, I PlaCa~l',, ap1 ".a'llt ,l.a Illin.'al ,1 

II. "aI/'a;/lt/. II 1 l/lll II( S/a'./allIh\lill.l/. ll , IIlIt lIa'tIaI/ N aalI IclP 'Iilhlrc 
"a.Ip'',Il~lpah 'a /'/,la',Ppat : \a.,'l 12 l ./'kl h, .\all4lli I aa a lhld '\lla.
I'hll! PIP/h "'a,. (a,";!h N/rl/ptap INlaa'll . Ni /t' 'Na 12 
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2l S\ I/ d . lI ilh- 1 .I IllUI I ' 

14 Ill /CI /1'. 1 ,le 11i2411l1111111.f Ifid I.llt11.11 ' hN 4 IN,/.1,k 14 

63. 1 1{1 1 R1 4 : )-NI 

'1 It"!. I U. 1(4 (llI 11,r4, 1 4 I'ii ~ 1:0PI(4: 2eI LTI4~4 1-I! 

11
I1cIl'!!Ii.l c -ftII Il44LI ' (144' I ' \ til ith P'h ' 1 1/14J 

:111144- hi,- 1e , 1, ;111 11' 1 U' thl 14 1 3 -it 141iv. l I Ill 

:.i4'.4 I ( ., tc I I i 11, 9-1 4 li14424. kca 11 

, N. o 2014144't 411 . )1t ) IIt 101),444 i ll' 14 1 )1i , .P11%. 4,4.4 N[4og 08-H~ 

I I; , I. I Ii .1 d 44-4 lc lj )lI0avc I 1. H llo 

%\ii,'' 1- 1 . 4, I '4T 4)'4I 

12I c:'ljd lI): N1 I44 1 

H 441. 4 R4).4, '111 I I ) dvi,44 444 Pb 4/44 114I'll.4i4441144i4 .11411 lI 

[4.I.N14144'Iiv!u t,- 'Id~ I I,4 I t I~'04 4.4,I 1)24445 

11,hIl125 ' 1 h l,:m l iviv fh ~ .A n 
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77. 	 \'tn Den IBeI.. I . Md ( P. I Cnt /. I IhC CttLCI -rfltivCIhumidit\ and 
' t'i)fliat MI \ 1\ id kkro of Botrit(I ( e(rcra and I 

NC',!Ctt ) lI(II I C a II td.!l.I iot. 4t): 1 1-'7-:CrllpcaI I ,[ll I t 
. lI I 1,
 

. taL ind IIt Ii Op' 1"1'4 '7-424i' . .%, , mi i78. kci.,. Jl.(" , c;ii
I d t/11. IA I t I'ithIhIIII- I I(ITI. \ 1J I I I - iiI H O,Ik ('o.. \ \Ok Ilk. 

1 1)('5l hit /1r1hi0l' H\M+tri l rwNimII7). \\illi'Ii,. ( ; I. ;td I I, I 
t iIIt II-1 (if ll oU . 1 	1. (tifl \ l 
. i 'ph icI Irik,, ,llid IIt c I ICLt ,il o~l :t111wl IH I li- ' 

I -,-26>,IIt I1:11 11 \nll. \ ppI. Blil 2f,:Ct'l 


ITn Nttn iico_P I;iit ).,.Reply.. crkc Ii.. I). 1I§h./ri/ti i ilit .1i 

39: 47. 

Ih ma,. 1957..\ imongir-aphic ,tmd' if beanSl. /;Liii,.cr. W.I. and Hl.I{. 
).A. Agr. Icch. 1ull. ,'6S.pp 4 2­disca ,cs and nmcthods hor theircontrol. .LS.1 

47. 170-177. 
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Chapter 8 

Miscellaneous Fungal Pathogens 

Introd.ction 

I)I., 'r. ls are c\x:;scd. to mlin, patl)ogrcnic tungi at %ariotsstages of 
th:ir planl developmcnt. and infcciron me occur on secdlings and1matureivay 
plali- throuclowt :he l',rowing scason oi" post-hIrvcst. Some of' the more 
pli:,alcnt ald ccolloniilv illmprilit plant pallogcnic funjgi havc hecn 
dlc'scrihcd picoilsly in this book. I lolrttnltclv. \crv little ilmormatiao 
c.'ii,, cincrning the cpidclrolovgy and control of mally otir it Irgi 
t!'c2ict lly cinirdcrcl to hc ot 1l1or illrpoltancc to heal prodlCtiol.
! Iss c.ci. ill tlhc oI these minor pathocnis can %(I%trlopics lla" hecocllr 
!l1ip)i an! in ,ccilic rt'.ilrlci ()I he il loduction. I ikeI i,,L, 1111ino0 

ii cii'. na, b1 t rllc ralorih pathoclns ill tlc !Ilturc ;1 a rlcIltalml 
pirir1 1', ,re rrriiditicd. I Ills ,.phel'tc .kill dl,,:ribC bri'lk ll e ol i 'il,' 
html.,] ,til I itpcir1hrtl t fe pim' ,, ,k.it ',cin , 

Alltrnaria lcf and Pod Spot 

\llll ll ' a lid (! '()' .i 
, l'd h% , l ' 

winiii!. /i'ri (:Ii I 1 K, 1 p/rn in/ Brtttr A. 
tar/al (4 indA1 11 r i 

I 1. 1'. ro e, ari' spccics 

ih i + r111'11ivNccs I' 
S 2,.. . . 14() 1h AlCir Iire Ill k ,im!131. CostaI , tcd to OC(I 
R icai lF ). ( o )I,n ij, I I \tI c' V.' I.cr/ I I l1 . [ 1relaId (26). 

['irircd i scrc citlscmind Oc Snatc" 1I . >.. c cpidCniric, ur;1% 

",llp fleir I e'-,.- ci'()1 IT,; rfr Ii \e , \ ,k Illc. I t! i ds \,crc 
i dill I ~ h]C kI, 111 ,,k',"%-I111' I i 

( lli i l nr;rlilr' lcnj itl1 iit(l I .\llrc iial ICA allld pod spot il 
l irenralirci irrl ilir c l11trrr ,\l1rert;r print Ardri irtr pot \lterrraria. 

,..thtiprtr m /uu;.u ir o pliI m -ces Ic'ccish-b i(mll. scpl.itc ;iA hantrhei d 
lV hilc \k1Irr cIet LliMridliophircs in culluel ( mitrldi:, .rc stiliilh. lii­
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Chapter 8 

l ii. !- Ca le'sions caused 
.,A '' hv ,\Iternarna ultccticn. 

t 

f 

beaked. obclvatw shapet.d . nan tranc!verse and longitudinal 
scptations. (onidia are ,orne sinlly ,r in chains of twa to three spores and 

easue 5('-35t) \ 9- (41. 

,l'raria ,pp. ait con,,iec, to he vv ound parasites and usually f, rm 
:L'.iollid,.nr,1Vly pl',ant u'disdring periods (,f high hunmiditv fortl ree 

-Or four d~ w 1,. 28). l at iclai', col temperatures such as 16' 204C 
(28). S ad and 1 ayndu n (2t repotted that . n'u.;also could penerate 
the Ileaf di IvT' il 1 t1tllatta..A. proJ ices iatoxin (tentoxin)I tht Ofuch 14,11,i1 

in[cultuet t Inich p)lain1t (sls applied toildlccs chh11 when roots ( II, 29). 
I to,,vet the Iungus do)Cs tot prmniticc detectahle quantities of tentoxin 
(furinill 1itild ilfection OI leaseus or pods. 

I[cal ,,iii[(ult i ipp icaas, sadl itcdii h-hriown, irregular shaped spots (1i 
lecks ss huci1 111;1%\ he-. tc rioike and niirIounded bv at darkcr brown 

bhOdCr. I hcse IcsioiiS yradtiillv cilatr ianddevelop as concentric rings, 
Mhich urnIs hecioc brittle and fall olit, lcaing a sht-hiol ippeariince (tFig. 
1). I esins ria, coalescc and cor iaige areas of the leaf, resulting iu 
paltial of prernatiire lefoliation...Illh rnarta spp. can cause death of the 
central l)%,i M p+,tint (t0 the plant or reduce plant vigor, [he fungus also 
can bliuushl ely. 2) and pods (Fig. 3) by producing a brown 

1 1 TI : W,~k m,h on bean IC.11 + : "; 

4".,',', 

''4..; ;,,',. 5.. 
too "A' , .".. ., . ,, , ,: 

,. . at.,.Im." h% IIf. 11, l i '. 
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Fungal Pathogens 

2,2S.41
I1, 6.discoloration on the surface and da7.c develping seeds 

46). lhe reddish to dark brown ,rblack fleck, mt\ cotlscee and produce 

.lwt ctn hc wcd-hornc (13).streaks.on incteld pods I I aria spp. 

Control IetiIc, wldom ;rc \illlntcd hiltwJtl pl;alln d row 

I i):nld clop 1i1itOillde\ clop e 
hltlilcth il I I 21)11111 ii.i. 1 

spacng. clictlil s',11'. l I (dt ' itIII ci'lt 1iv 

are suggt:sttd. (heoical cimtil iiiicL'5 
I. \\'W kcr, lcp l that .,1.(I), Ihioplhan'ialt I.' H,I) d nlich (2.4 	 2 

' ol ,I I. 261.}lc'blol
alt'rlflatl is iisesltli\ 1() s,l)rc iP illI 	 , 

AscocII'ta Leaf and Pod Spot 

sit l beas -Ik it,; o/ 'ri Satce.ot',~l , ciised by ,1\ niu.~l~lt.\tI achHit!;l 

i hecIliis, nectens in Ilmany rcgionls!, i,allI .. ,,'/tdsc,,/g<ic ctd 141. 4(o 
7 

, I atil\t 'lci tlraiil. ( <lonihil. ( <otla<R{ica, niid (}iuat,..rlal ,ier ,.abh asl' 

Irild ih ici I t i the \,otld .40) lACC,hlit 

i ilib. ci~iil . , itie,a~1(.3). I lie comitlino , Ti!ic ti ic.ir.tlv used for 

, clhtti ctO 'TO! Ill I A in \n r _ 1sri ii ha Ic...,cIch.'tt 

1 .22 31)1. the I muieild '-t,lte's 

.. 

A% hi, pp prIh'.ce livlur:e, ,llt subielgcd ivcclin iln 

5 ti in I !/(- 00).titim . And wiilall. tic c i nd 21) x 

.i ,d c l ,iii
, C, \ ile n iccli i Is 

li e 1\ 

llitimi' itil is ptiriin i it 21 

is inativaiedh tenipeiralir ahv 301C"(pti1iiiiiii it '.I I he tlil 


I .2i. I tteinllls pl ilcc" pvclmld ia %%hich llt!
ei:lu (0-1501 illdiamecter 
I If I 

pp. 1',!ki. i 1dhigh1vhlniiditv aid c0il to111 cclt in b. .1 ,oi hl 

initiat s
IIudcl'litC teilpl iltl cs ( 12). "rliilills lly appcal (t/Iva C":l,br wn
 

I, bl il k /ointei c.
lelsion I- is,. .4)%\hich Ili"alatel conlilil 	, Ill black 

Ii l may appcir inIlhe pcdililcle, pct Il FiV. 51l d podp\cilidi I i:sin 

I.- I ,i
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Chapter 8 

To. 6) and c;lme sltet q, airdl plant de:ath li.renature leaf drop nia
 
OC_ i sx Cl e 41 ). and the tinglti" Inia\ he seed-borne .
tiUine itcr),dcrlid i 

( ontr, l m ilms iiiiid <(Ip in. p!.!nt plint:lge < i(Itti s idt" "'ac'in. 

(d ltreif 
c'tt, t ;llT1) ()W hrf ch,.111icill t (,tlllol 11Cllk'xli l[iltlde' lIcliolm l M( 55 

g In I Wtlt i 2 41 g I ati if)Ih .lkil( I h ,l I 

cklilinlL ie' 'd. tI iir ilet cil ",t'( l oi ili tloHl l ol illtur 

Z ' ~ , rii h; li2. i -xii ,L:r lq l 
hc< fC11Clil ittcn .,!% , i~"hol, i. ' 10l -)l,r - < I " 'd i'_' it lc'alli d 

i~l;i< ~l:t1l, :1 n l , ll 'l ! l 

Asty SeIn light 

lil. t eIlciII . f- d'\ Iv qCtn 1 i I !" i, Il I'i 1 h t1' q , :Ita ha /I NI itthi. 
(

\lbe oi"t f. pha -\il's cli (I al8r,oi ioiJ il -h !i. -N c 11. i e. t llrtl i., i 

,Wi, .,. ( 11i (10t iLw ,;ll O rt t ' l 11 1 ',lChCA " I i h11),!IV ih lt,! I ) Sl mI' e> 41 

IO f i,ml I Ia IA l l i I;it1 iriliI ,' it. ";.t I.. F . 1Ml \ I. lit.I 1 . ( 'o h111 ia.
 

it ill ( ,ti tit .unt
VclI lit 1.11 cAillil I i n l t l pa!IU il h , (d1,. 

itl, I j,l rex h ;l L,- cilli' d tiit tI l, !e p,\%,tr i L li tc d ")lailc, I0t . 

milL) ",tt r. 11 , I,-it tll l fi , '11 Il il l! 1iw i ilel . ;sc it ( l~i C" 

I llihx lng ' hr itl.'I \ prid lts Ih l'.cr bi l Il till cria.tit' \i 


il :hlm tlinlm t'll l i , Lit !ii/, p ildlitci!lLi tin s i i haii l ti
c llol ; liit i 

ncI hell/( br, aki c ii uLLwi h cil/ ikl ed tte ic1 ;ind pdti dtio cattd le. 

I 1w i, i) l c' ., - cl ' 111 illlll co,~ l ia, .%hich an'.: poillicd at 

,tlhe e tiikd Ind lil tt i lhct (itlctl 'l lh tti i !I m lleiit ll dI luill(.1% 

C'r in' ol c I eatpe1t olelslal.d( Ile d li d plant ll cark t aits h 
ti 

,(.'MIidi tpI, l.%hIl i'hlI ha% aI I I I! l caI Iitpa ritt e' II.lw I 7-.20 11 iit ili tl 

L-it% s-untInl l" ( '. prem i and ull itltt, plant c oh 

inlectired phitp. 

IltrI turth t at 

llc nll~'-, inplto in, ii,a\ aippc'tr ,llb i',ctdia ill "C'ler~ita tC'rllla1V~lt 
<an/d tic nct a h e ,,,i! line the lscedlifng, ltict ' alT 'dlu do edloping 

AIShaip illall!li and ltllll llcoll~ i i cl itlc ring-'. i l ilant-giowing, lip 

tilitv le kille'd or "qicllhrcakal),r Caill O)C(Al %O e"lhft ,ll'lH is, \\N'akc'Ild 11,% 

tile canker.c'l lnliecthilIna .'orn llil"'Il th de"Co I int il ll h oc,l vi' and l~wt 

lei onh (1 tlhe ri ll~l)kat pcfiolcs ( )!dhu scedlinga;lnd planin fctions nlla\ 

ces stunting. leafl clohrosis, priillit defliation and lahnt death. I he 

illction oftenl is lliore pror""ince~d on1 one¢sice of Whe phWn (t'oi. &A7 9, 30. 

41, 46). 

\ few days afher infltiir, the fuangus priduces stnall. xmooth. lack 
sclenroli (50- 51) u in diiirileu in itfected tissue (I'i. 9) and inside plant 
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Fongal Pathogens 

sterns. Small. subincrgcd. black pvcnidia also may ormi int this sn and 
usually are present on atgrayv background which haia charact.eriStic ahen 
appearance (Fig. 10). I he fn'nHmaty prod CCir-tb ne conidia Mhich 
CaIsI11 On mattlc phints (10)..lhwroJhotitiu Ihb~1Ac(/l can heeal spot, 
secd-horre (13, 41,46 

"Pr Tel 

I ' -; " hI:'i } , l . h l U.' t 
Sh i r , i ' . . .L * '
A 

1 !1ll,t tl *t,''h. pNJll tm , , I'hl I tl'c.'d h iall 
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Chapter 	8 

Control mca,,urs includ, plaimine clean seed. treating eed with 
chemical, ,,tch as ( resan. and usinL ,ani,ation o)r deep plowing to hury 
plant detri cM)ntning'_, plC ,dia md ,,, rta. ()rganIc soil amendment',s 
((arlhl Nlt4genri rt, I(1-20) ;and ih tcmpr;atnc (30 C) andoil 


Mtoitsture (00, f, Itl ittic lildlie Ipt 	 levels(9).111a% reduce ,clerotia 
11 e tS clot)tI, 	 ,tiri, 1, iicsi) .nI t .iu, it 1itlr \ ;tppIIl.ittmto f Bcntll
 

and IpIa il itl n vith \lethl
( I kg lt) I tt-m ut , ( 19). kI )\ ' I t iitta 
IitnmtilC anI (h )r)piCrin(40)) RCstant Ctiltivar, such a, Neltito have 
bcnl delitilcd (9. 36. 46). 

Cerco,1pora Leaf Spot 

s[p(it !)Hotchl )I bains ;tie 
(0l/,mWmIS FlVits ntl, i-tim. 'andd ( ,rmla Saceartdo. respectively. C. 
/haseio I )cati , a i r-t ilhincv and C ' )('h opp alsm 

CC!o,,pota letl :Iud 	 c used b (erc pora 

t'ara(a/I (l/ Spe 
cats cal ,p t, I) mll I ".11.41 .(1. I hC'C lu i, primarily ( . m,,,c.wm'n., 
tnt ( . ntr,'nta. occti in lBt mi) (31 ). ()olnbia (32). Putot( Rico. Trinidad. 

limnaici\Acn/ut.\:IcntId (43) aInd the I itC States (46). Yield 
h ,sc, are slieht in the ( nitud S;tatc', ht an bc et jot, in thte PhillipinCs on 
/haw,,/s aurcu I hu r I( srIs.ml iII(4t) i no cIpotolt osses latin 
\merica: hoveCI. dCliatoIn 11t:, t,occutrCd i ((oinba (23). 

(Comnton ittl tr tlntl\ ti-,et I l ( ctcospoi et spot inl Latin 
'\tiirI ttelludc ltliIt ch; dI (e r'ISpo a. uatlha vr elllCIIinlld nl,1anchi 
bht)nca. 

(',"o wI;a ,pi. protduce i'valitte coritdia with %;irving nuinbers of' 
septationt. Spoic , tna, be club. curved () ,traight-shaped. (. cruleita 
s.porcs ntCa',urc 5)-150 o itt length by (-) 1 ii widt , v, hide (. (iltN'tN 
spo~r,.s. ncis e 5))- (I) : ittn ytI th 3-4.5 u in %idtl (40). 

Snluptot ,, iniclidc brl it or ru't-colorC I ot, (1'i1. II ) which may 
c(lescc and %it1iln +apc (circular to atmmlglar) and ,i/c (2-I) m1m). C. 

TW' 
,-++, +
-.~~~ . , 

/ 	 f..A.+:+,, 	
Ow 

: ... ­
eIl, 

' ,o 2 . 
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canwcens produces irregularly-shaped light brown lesions with a gray 
center inl leaves, pods, stems and branches (23). These lesions mav contain a 
gravish center and be surrounded by atslightly reddish border. I.CSio01s may 
drV Ind portions tall out, lcasing a ragged appearance. Premature 
dcltol:ation may, occur. bui1t viurouIslv etrowinii lea us ac seldom affected. 
C",fructbllarlm cause Tumlerous lcsions on pritmlary le.aves hut seldom infect 
the trilIntlics. Bletuishes micv occur on sten., and pods, tnd the fLngi can 
buc me ,cd-borne 123. 41. 46). A pink to purple discolration occurred on 
bean seed inoculated ,, ith (''rc,.yra kikuchii isolated from infected 
soy hC'i,t, ( 2 1). 

Contol lleasllres sehdolll ire wkarranted but foliar applied copper 
Iiiniici(lcs arecflective (46). ()ro/cu (23) reported that Cundinamarca 116, 
MI exico 32. i cx icn 275, Mcx ico 4X7. NI exio 507. Venezuela 42 and other 
cllti\;ir, \,Cce resistalnt to inulectiotl by%(C.'Cr\os Jron('( t'C .';. 

Chaetoseptoria Leaf Spot 

(hactoscptora leat spot ob i-,citlscd h yean, tomIxioriawellmaniiv 
stc,,risori. It occurs in \Icxi:,. P t 'aaa.,( 'cntral America. Vene/uela and 
the West Irleies (43). 'li fiutlniuis h;'s i wide host minge within the 
Ic.ctnlImisac a d ruav cauise complete defoliatit o beans with up to 5O(' 
,,icld rdMIct on' in legiols with high htmtidity 'and noderate temperatures 
(42). I ecormmron niatnc IrcLuietllv used for ('lactoseptotrii leati spot inl 
1 ;1111.\lmn.ilca is Ili cha redolld;i. 

I i . 12- C I I I, II I C;i I C )I h I ;I t llt I " "ltt L " ' 

ICr'd 'pot 

(hatl..sqotforia wllmunii priduces mnediut to large c cular lesions 
(i1g. 12) which may have. a gray suirfice ,With black p\ciuidi i i thu. center 
and be surrounded by a dark bordej (42) Inflectiot is 1r1oic cMrtiItIOi ill 
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primary leaves inl Mexico, and defoliation also may occur. The pathogen 
\b he sccd-h. rue (8Xj. 

Contril incitsurcs include the development of resistant or tolerant 
culliva rs (). llcnoin, r0.55 g 1) ma. proN iAc solficient chemical control. 

Diaporthe Pod Blight 

D tpoulthe pod bligh! ,f beans is cui,;ed hv l)iaorthc'jhas'oi rum 

(( okct aI)d Ellis) SiIcci do (4 I 1). arcto(I i chl 'its. is krmiwi to he 
pat hogenic to bean stcms (4,) /). Iphawoio'nII ha a coIIidi:l sIt ie known 
it, Phmqo.is mwi/nviata El and IFv. No'34) sit I iiec, ot Ik prexv'tl:nce 

r imporutancc are currentlI, ;vail~iblc. (4) Cpor1ts thIt 
it is i, %,ctak pirasite ill londuras. (onin/on n;es rvquiently used forfI 
l )iapoIthc pod bliir in latin Aiertia ire :tfihlo dc lina :mld ti/tn de la 

I)u'oitrt [)Ita.soI rnmi produce., h\,l liii., oblong iscospores with one 
,,.pttloll mrid v!itatl-C 0-121 b'. 2-1 u. I he ascosp c,, ire produced 
, iilil hltck pci ihecia, 300 u in diticter.il\cnidio,;pors ar, produced ill 

the black pycnidili. and the o,.al sporc, ncaure 6-) n by 2-5 14(41). 

symptoms appacir lirst on Icacs its ur ,Ii ., , n lesiols 
,ttr , ;inddI distilct h(Idcr Illalck pvyu'idii and occ'asionlltlv 
peliecia Ia ini a; IIC )r ;tic sltetcd th! oilhti lcsiolns. Pod 

their o c die, ,oIcIIlcctio ,, ii II I, ;titul polds becCLo;'e 0 d with pvriidil 
piesclt Ill the lesolls .411 [hcl I ti'i, call be sccd-I,, , i '-, abcils and ill 

hc.a , (13) 

("(Ilir l /lcisil i-s illucliido crol) loatin. pliriting ' ',la d Ilsew icdanll d. of' 

trld litunwicides such a. numIlii5 !). Rcsistantcutltisiitbeen 
dexcltpcd tor ',yhc;ins. )r\ bonn1 'erinpml'.lin -hould be screened to 
icniilk soutirccs ol rcitaicc.1i available anld )rctlcal ;is a control 

Hblld IT.2 

Downy Mildew 

I )tovlV rnildlw I.sctised b, /u ttqdt ra par,'a.lticaD)ati. (,461 ailti 1. 

phaiUNOUi I hiaIXCr (8). 1lIe p;IthogCI hts caue',C'd yield lnsc', in Mexico. 
Puerto Rico (X, 4I) 1.[I Ki-iador. \'eiucli. Peru and Platitnama (431. 
Infectioni is ta' edd bv I) tellilitcritdr ;t l hi'h hinmidil. Ulmol 
IMlUaS IiCiltle' r Used Io l Inildcs inlI atil Allcr ic'it ale mildeo 
vellost) and l ii i Idii sClh si. 
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Chapter 8 

leave's, <r first and second sets of trifoliate leaves, and foliagesevere 

infcctiM, f 40-60 may occur (35).
 

(Atllicl] c,n tl, may he achi,C\d hv applytin a sed treatment of 
(';ithxgn ( ,kPccd) mra 1flitr sprayf.ntlicmml (0.55 g 1). I)rv bean 
Lcrmphasm s1, Ild hC scrCenld to identif stOrce, oIFrC+isl;tnce. ifaeailahle 
indl .-tic;t) a"a; a 'ont ];lulcasor-c. 

FlourN' Ieaf Spot 

Flillr.oic f spot("I cblal, is caisedhY RaUilrlo //u,'uli(I )rummond)
1)eiehon (0). [b1 t).nI11 oCCir , inI lPra/il ( linas (icrais and [spiritco 
Santo). Nica;ralala. ( olbhit mrid \'eciucla (4, .5, -.0. ., 39), ctiador.Hll iitlili iias.l a ll., (iulucua ;Illah mid thc 1)tniinic'in eIcpublic (43). No 
stim~t(s %ioild I,,ses c;ued h it arc a\;.o]ahlc. 

mliii l alllcs lic tUcultlv [I"ed(] flourY Ical spot in ltin America 
incbutde ane,11ca thilllo";i, lluioa. h;ila rinhosa riod 11t(4(1 hirnco da folha. 

R/,xloli l phl 'ii produces Il-nv , ;ili% non-scptat conidi;a 
s lCh AiL' ov;il t) l luou- fLtpctf :alld mCa'irc 7-1,8; x 4-6 u (41). 

a'mio/oruo uawiotl' p:uhfucCs a Mhitc .uromt I 1-1.5 crm in diameter) of 
crliltli~hor~,and collnltii on tihe hoer suftace of leaves (Fig. 15). It 
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should not be confused with po\sdcriy uitdc\w (ff:ri.tpht Jpoi.olig 
illfectiolh. which iisnilnv aron sl nry (tCe ipper hat sui.act. 
('hlro'k m,.()cciill It the upper liii suihes eorspoidiue to the lmwr 
Ifea lcsi,,is elei onlt . appcmars 1irst It ,Idol lc cse alid thenI l gcl 
pr (T t,  el : ,s t is l i t \ iv eir. S t \' .i t i i ti i ils I 1l \ Cla l l 'l ' I il 

5 'e use l l ~t l i e 

dcfdlilmm ( 4:.4h:iT\ 2\e. tils i lnt ui lll\ oh"cr\cd. espccill' inolleu 


htl'ilopialat
( 1i.uiituiI clll resutsL h\,'ilifpI\'inii Iteiioiii'I (1).52 lt o r lhiiophanie 

2 ). )l\Bemn Pci lp nslshould e sciecuned to identifN sourccs (d 

(ilav mold of hens11 isC;ciiised hs f Z." il i'ItUPci .I'.c'.trlies wvhichl hla 

the pc Jfcct starc Tharv'Hfiio !ioc'l,, de B;ir Wt . (25). lhi funguts 
i prohlcm clii. hI lu andCall 11i seiouts duii,.in pc111 1 istuc low 

tellpmtul!re\ ill l ii iei !iol. ,fi Ii ! ied talts and Iuropc(25. 46). It 
liO eil in I1a1i1 d stidi isu ins si 

It tso is rCp tI ed ill lI ie. I ifld;id. I I Sa:t ,:ilm )43anid I fl m bln ( 13). 

is i:llil lt,i t1m ail s niticant datnaeel7). 

lallls dll "Il.\ I l are( mlllilTil I reqc l ls,used Ill 11 i d in A lerica 
<
lll l( PI-l".p()dICd[IIllh 'c'g1"1 anld hb!lm cilllclit).
 

I he Ili ls p[ lm ic hImiv i Iniclitlin oif hyaline' o\a] conidia 12­
2) \ 8-1) 11 insi/c (11) \p, Tw,ie (Iit,. I ,)ilid iscosporcs ac form cd bv 
licperect t l incuw, ls1 ielcfor %miibility invirtlcnce oftl;i' l ll( i 

t ISt llIl l tai imndillitilil! t pcs f2_ 

lilftlChm isiillk oCulls1 Illi -cle~ccilt hlos,,ols cloiiiled by the 
llillLi rl (M, pat h as leases. stems or pods Iiu. 

-i 

1,lIt, \polhc (1:11,mild 1,,d 1i uc~lh - I Iv.,F'- (ill1hliIll....... 

c d h% , 1 1 i 1 , , ,111,hk t'l" l i;llll id 
IIIet imll h > 1' I, : ; , 
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am!d penctririon occur,, from Ill infection dlish on H 6)(\ Svnptms appear 
a V e\-prCenillIsl area onl I lie it teed tis1ile Muhiiti-Nlkel-

~Im~qi~l~Iik~ill' tlluhfC' theN. Setfiieg, ;o imixu heeomiie d.ied and die, bill 
ii2 IiI;I f\I "I I ILIIIt c, I;, .1Itci \ s It I )i o Ihpoi (~I.11. 40 l1Iliek ,trmn a 

)clkIot!LL (~if111 1('1 1 ill d licIc! ) 111;1%IlL JiloduI I e iIll ifio (I tiiodic 

)I,;ad rco.nilhic hlo" l I ll-d h',. N hr 't111(l ' /Lrnl Illc Iiiruuwii 

(ontiol 111iIieiLuidL I d lit (In'Lt-I! . . I(1\t11 a idc iLIC 
I1* wai wm 1f~co-ilie\ ( 2m). an~d aPPlication of loliar i livelcIdesNIIfVc\ C. 

ieho~c~ra~oI 1aeliN IrCe eCiIdIll to far11ILde .1. 25 ). I)r heanl 
gl'iii lfsnii NfiLmiflf 'Ic ,N:icclicki toL i l I(%f Nirce L.'f I Ci~ta lie. If :Iu ailahlCI 

anld p acteda as a Control rn1cuiic 

G ray [eaf Spfot 

(11r1 ICii SPot of I)CMnx I, CuiLJS,' b"' ( Cfn ITU V 1 lI.,'rf 1). I Itna1. 
Vhlich occulr" inl \'enmichu, (LlAl \mi it 1- Bla/1! (NI i1ia" ( erakand 

FIpiLitSanito)O(1. 3( 3-, 301 aid ( Lolomihi,i~~iI it c~iii~LFa 
thin ((1 In I!;MluIC And kms to lloddrcl 1 tell)pcr~lt llCIOM luCcII h 
dLulitILi rilIsN ( o..."NL' .\ elL! iiC u\ifmhc11mrirue (d h'L' I lie 
CeliiiiioP niri 1A Cidiitl 1ied I,)! gl';P\ fltA ,o :11 l;i l[, A ricrici 1 
nra lich: lLii. 

~\iI o'l 11' 1 p;iI I Il Ili I)( i ) PCLr lafi I 11acu id I s litI111t!IIC IL), 
ch1,1fl o aI Iiriu lau I cill 9>11 ( m I c~). I lI I L ,.II IiiiIC I lik.I I 1111 l I~i 
'ciii> uit l ii II Iv . i :I I II cII hcc rI Cc o.IIIL.I I I C I 1 ,Lc ;lo I Ioll 

1cIi l i! Lf d~I c t i I 1 1!11- I l LI I if \ (thi a ,oiL '\,- ci 

ii~i 

1 v 
r. 
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Chapter 8 

Powdery Mildew 

Powdcrv miuiile hcans iscaused hv /Vhriili/poY.goniI)C ex Merat. 
and I.s distributed worldwide. I lectit , I taorcd by moderate 
tclIpcritIIIcs iii huii.it\. Ilov,,:vCr, it can he prevalent wkithin a wrde 
ranige of .mr iroltlwii eltal contliti tos (4(). file pithlot..ll ,eldolll c iuses 
extensive di maegc in I atii Ancrician ciintries such a, IBr ;tiil and Costa 
Rica (12. 3 .3 ) hiii can ,erotiuslY reduce yields in Pcru 112). 

('Common r nie,, requcintlv used lot pmdery mil,:w in Liatin America 
include , idcul, (1O. mild ptioso, Cin/a, cCnra mildini o and 

puilseriilento.
 

IIlie flngls producc hyaline conidia in chains on the leaf surf'a,:c. The 
spi".es ale e.llipsoid, one-celled and measure 26-52 x 15-23 ui in site. 
Splicr ical lack pertheca (12) i i) diamleter), I'ncommon in the tropics, 
contain asci iid iscospores which arc 24-28 x 11-.3u(41). 

Sv tntiis tilst ippcal a', -+lihtly darkened mottled spints tin the ipper 
eatssitirhc. whzCh NibSecLIuCHitly become covered by circular growths of 

v,hite. pdc \ sceliuin PFie.. 21 ). [lie entire leaf mnd plant may become 
it'icled h% III cu Pig . 22). nl'ltriicd, vellis, anda s[ees prcmatutire-
Ix. SciwI d pod' eii rilceted IClL. 21), restilting in yield oss and seed 
trt/I~isnPsii. lids-,i% be utlted. uialtrimied ofr killed diirin severe 
epidetliis I l 11111!wilcan he secd btrnc (4(), prtuahlv as spores on the 
sccd (,tat SIII t(a . 

tiitrol licasinl es include plantiill c slee and ISill tftliar chemicals 
snI as snller, lI ntcaf, 1.2 g if lie-sulfur (10 fil I) Cttncepcion (6) 
did lh tibsers c sireilticant yield increases with chellictils slich as Heronml. 
Rcsistait cultiars exist, hit resistance is ctimplicated by the existence of 
difterent jivt,,ilotuic race, (45. 40). Sources Of nr) race-specific resistance 
should be soughi aid iitiliIcd if practical. 

White Leaf Spot 

White lea ,pttt of beans is causcd bsvi'i,'h n,< /trt'I/,rlJ/!i( atta 
& Belliard) com1b. rrO . and ICCnItlV hi;l been ObserCtLd in (ititemala (47)
and il ("oh lbiari ( II.I. s is.%art,, perstral t ssatlotl) highland sites at 
elcations ,reater than 15)0 in. Nto estimates of yield tisses are available. 
Ihe cOrnii naile freqLCTttlv used for white leaf spot in latin America is 
illariela blillca, 

S*viI/ptttlls appear lirst on the Itwer leat sutrface of oilder leaves ias white 
ailuilar sptits (2-5 mir it diameter) restricted by the leal veins. 
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A'I 

lld uu tllI rlrc ilj k';li'c~c I Catf t(CcfoIr " anid detl lati)I ll aN 
OciIl iticch iiI I icrt.ia\ ict11iilrt , !uIAt a~l) i. t 

t hiN111cc in1cl(1L(\i i (d hioi (I Ic 2Nrfp"I, 

tic iiitcctwill I iiiciil 14. Th-

]18 Iclichj~t1 51j-1. I'11iic i 1) \~a cl'urN7
 

IC\ I 40-11,~ ichia 41- 1. IPuchjaj 
) \icho;icau -I! *At ro I­

.sM andl R20 Art I ~IIio(j1:1I r Ifsc~cticwotiad" Ila\ c beenr 

Yeast Spot 
YtcastISpot orI Wed( pittim- oI hcais is j I~c VCM\ %pwac/f c/''i Pco2I." fl 

art! can be a seed] Prodiiction pr-oblem Ini 131;1/it (" . 0), C osta R<ic.I.

[-cuadior, Peru, the 
 Indis midfrj~t 143) thu I rlited jjjjc, (4(11. It.s

1CCM10loftlC imfpota lice 
 s ri I InIl I ()- , I.% i 1, - AitI I[" ectc onseed qnalrrv ir!h c irMer ju1CiI'i ia bC Q5acri,01 i~diilCtl
especiallY inllraba rdit~ i rm liin:1 liti1cii7il\ s
 
for veast Spot in itii \ic
:111 111uu iaicm !t ;o li~mi mid pistlila
hac cerill 

Ilnects, sulch is thc scirhun vii cli 'riirkbie i /na an
Iv-'uS hulgs (I iuxh'wucI 12.ad L c/illk S icitansmlit the
Causal ccrgaiiri1ii ;irll ;11s' 11,1Y 'Llic~i "':dl ilrct1k ti)oi l.il" secreted
duning the Icc-diiic jil Ofcc,allcI. itrjictcd in 1963 that 
N\'uai/ orri/iaili a;is!( ii~ iN 

OW!l ',11 1'j&, (ha~i c ulrej 
MAoldicc charaia.i lA!i:Ilca /flJ/cidca and ( c'iJ/l I "j) 
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The yeast or.ani'm pioducc, a ,'ariahle M oriphdopy in culture as 

elliptical cells 6-10 ic hhv 8-1 4 hlg pcdtm'natc initially, fllowKed by 

in dianet,.r and ImccliiIm-iiktc trtnds whichmature sphericAi ccl, 2(0 ui 

measurc 2.5-3.5 u in \, dth h\ t,)- I t in Ictle th..\',, UIt<,q dr, , i 'rov5 
- 3) ( i, morein culture it tclpcrattuics }hctccn 15 - 40 C. hut 25 

lavorable Ior ilt'ctwio '16). 

ted )n poitl. pullctl ]i the esdoping, iiqif),omts appcal at1r iio4'et 

seeds anid ! priri\vpri.p"eile-it to the \ ',til it . Ibe p l,..s 
I ati"t itncludiT)i.e the CeCI}I r\ nI1]cttiei' rlIIin;it InlItI,.ct thI ,cetis, 

Ica es, Ihiecl, x pl, dili: 1, iTrctilar, ,,lightlh . I kel >.leW, a kout,, 1111111t t in 
,

diameter. I ic ,iO'n\ In!a ,. i sc. tan ,r hrt,. n (7. 36. -1 ), 

cm trolling
(C'ojitro iicaistlrc, conirt ,I chilli atiiig sreed lio t and 

Inisect ptPulati tl, I(46). 

Additional Pathogens 

arc rcported to) K patlio.gCns (0 beans Il'ha.sc'o/.A species))th,r tiinm 
these r lanisms are listed inand are not discussed in this book. None At 
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c nJlant P't " l,lphonl I it.Cited 	 C 

00 

P''d 	 42 
4 

, . r, '' )P 	 d [ c:i 14*'Lbp I t 


A Pod )isca~e 	 42 

13 

13 
!'h. ' . Irea: Rus (S ybean Rust) 46Pha"j.,,,,, /, j, : t-tSvdow) 

l,,,a
i'rr, tt';,'*. n Secondar\.. Root Rot 	 46 
.
tP:11a,h,,r,... cnn.)Ih. and Syd. 
 let. Spot (Iar Spot) 	 34 
V, .
 ILcilSpot 42 
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I'h'ioha,':a : ,, K :.mi fuihcs Leaf and Pod Spot (Brown Spot) 24 
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Chapter 9 

Common and Fuscous Blights 

Introduction 

Con inn 1 blight caused 1v .\Vmh/ninnas pta.oli(.F.S i.) Dows. and 

fiscouw, hiight caused hy V. W 4. var.,,a /ii'ani (Flurk) Starr and Burk. 
arc naijor hacterial dicasc,( t dr, hcans. J li twoo organisrns arc found 

ficcqctntl, in asstociation and arc rc(portcd to occur in mllany bean 

production iccions otltHit \korld (13. 26. 27, 47, 51, (2. XI. 92). 

Yicld h,\,,c dltc to caci p ithogcn are dilicult to estimate hccausc their 

SVlllloltl, ait: )Initiar ('oilnlon and hicol" hlight hactcria frequently 

occr tc thi i in a ic and proahly on the satme plant. iucrcasing the 
dlilliict \ It .I ,.,ciatlll \.tld Ih'yts.ith spcrific pathogcll. Inv , a ;967, at 

oi lii 1)(0 Na 'ci ns dllligcd hv 
Coun~lt()[ and' llxt'cols blig ht",. ,,% t(- i \lIcl+. inns (2).
Ileat' , \ an's (,5 a es" ot \ wcrc 

th led wlc 

\Vaililn and .lckson, W)s2reporilni a 1w ;vicd o'sin ()Wtalt,Canada 

Line to Cllo!lilltII A 10 I, .t-IlNbliclit in t\,o yc;'ts (t helld trials. Acrial intra­

red plhoto~iaphtli -i',li' ti2g+,ttid that Ilosses Itltilehcat crop gro\n illi i 

()itai, fattlgcd Ir,l 12n 5. tlo,in 1970 to 218 tonis in 19172(39, 82). Yield 

lscs ctiiiitct at 22'; and 45 haw Mcen Otainctd h natural and 

artilicial jntcetion,.i epcctition. in (oloithia (S,. Leo imic ,ur\eVs. 
)1il~ ltlo l ill ohb',e+\ ,litillB in lilti ilcctar ioil, t',,tiilItel \ it'l 1 lo~sses I 

lia (50)).
13'; due to ,',,tnuI10 1 111d i ',.Lt bln.0ht haLc'tI 

, /P.
II;,,t, islc ol c P ' d/It.N\I11tgiI1I. P. P,,l m iowt 11411 wire'u.II, P. 

(Icuti/}l('1 . '. / , l '.ww t11(11 , 111,'l. d t.tlh .P,,~ l !,',I .'r 

hwlv~la. (;/', ma k..S'll:,,,, wnim 1Utt.q*m ,]'rl)bdtq. .l 

iuildI , I jj
jjjjl't jN (7"7.1)2]) 

('(lntI n[I , Iiii t I,(d 1 1)I I b i ghid I-atillvIIc,.lUIIC-n IIIlml(~m tcll l t itn 

l t I is hlI i I c,\inciicai itludc hatcltl osoII( ah Iict In IIll,Ii 'I) Illtillai nd 

crcstaiilciito hicil rlilo. 
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Chapter 9 

Fti0logy 

L aborit or. ilt io ' al.nd p r;idi iiw. ir inoce,,sary to diinguish the 
Noi organlisnaN. 1hr olikl Niglnllcnltf chanictcr \,Ihich (listilL'lijshe\ X'. 

ILIN'cll Il JItlawoh slt'i lo all 1'iilthl! I, tI~th 4)t aevdIittleI 

liijitis~ 11th IIh hiii1tea 1 Iilti\ ~ t anl;uit MI Inii 4) 

lilt) slilild~e~i ii.' pi~IIICC1218111 ile~l~ite ht I \li' il~iiC tIII ti A, 

Ua hkui 10cis IitlLIC .1.51 (iita: bvOuin Ct\l I L II fnii\ 1](1 biei1 

1112.1! Iitci \ C Imc~iL'ailiit il m pa)() L %.i (l~ll~'A) I~olul ,'d thalelkiIeIh ft 

ItiL'lili111 (5I'l eli ie l li iht b .\zln1,ulrS,4 s 1j. lprsen / nic e 

)lunf1.crtip(60tt,1,0tA11 b~ Ini e I i o(l) jihujudiil /1A11[ Ah 

shen teie tc p d ! oteIohthese n i a ii '1 hia iliti) Cie ae. , il 

PCtbng'n%% i C t ralt I I andlll iuiil h i 11i~ (1t lilg ll m It i) 

iii' le) nqeilmt81andl' luclknS i 1 It tlutu i lIS i iIei ll title 4o) 
\ im(\ 1 iijeriss et 'l1 w it.2' ai-U(.1h~ i jII, melcli t g~and issm III 2ltlid I 

agariiiii Il 1 
Iduc thua lmta Ile ItS Ildulct iI)) i cteIII Incliei8L 

colitaninlu~~ ~ ~ 58hloc-;Iat-,Il.1ls 1 clhoc~ ~i(~'m iloc 



Common and FLISCOus Blighits 

P'lat parhugenic bateria can1 Nur ad \CtN2'' en'I\e(I' tnmcnial cuiditiu,, 

and extended abhence (i hint plants in the icld bh cu',cil ile tnN. ( )nc ,I
 

the ll s)t effectlit Ilicall, I,,of o %,,1,thin iritct,.id be.anl ,c,d SCCd
 

tr",tll~lii ,1 .\ /A ''!h ht, hccn ,n t, ,illc 1"-2 I, ,61,11. liat ria
of m 


hait,bleen rcco,,cicml Wtrn tl.ec (51. I M m)2 Is C i bicah
htlh !.72)-'. old l
 

seed. Such ,eed- ic inhttei nomiall\ tric %i ,l \iiilctk-t
and x hcii
 

ItCtC' \trCccCd It)
t II. 

Seed lr ca i aat a\'d for the pertcc ot bact'ria; b\ uitihbatin i
 

w\ticl I I liquid niL'ditil Mhiicl then i,,inocuilated lltt)s,nicpl iblc pli fit',
 

b% inlcctitn. a kitl I 7i t) \aclltl 'aettlcr
iti.eatl r inlfiltiation (8)). ar d
 

l'lr\ { )) ;istNhav d 101 Nav, beal ,eed lotNor inlteiia cimllitininationi "ith
 

A, P/Wut 'I rdVwiti\a.liict.Apit rit 51, oh t hc\ CLt
 

Cot I t i i .V./,/a ' ii. I. 'ithi V.phi ,,h'41ar . 1lw ( i andil
 
Slhil t h Iim lllnlN \%a! Icl 'Ial, , aiiplld . ee hot', I i !1 ( )itar it. 

(' hId nIrit,a lI ile'ftIi IIIII oI \ h iulI i\a ;ilul 1\ lliiII. uttli 11 I 

rutic th ll i0ii (t te ,;ilplc I IIe: ti iniIII inI lt'%Cl (u ijriin i ti'dtln 

1,rc nctr't II incite aillcl-idcuic iiH ki~o 'Cllbat ,hi t itihrllCd lt'ttdCI1, 
CtriuIs Ctltural amid culntrilnlrtiettal c ldiditiui'., 

Shot [tcr, i ,urm ;al health--appe-l iun bea p iitll, tetclwithin u calt 

dititii t CIC I ' seaiol h Ituliubrcl cal nHCIa o1(7 ). atnid Icteial 1e 


, itptIllpiu ,Icalt cs (V),'Blt hi X. [iaui 'l ntti i 'hi rrt . fl a ,can
, 


Ili\ IC bhmc i cIll in n c a"O~t Il ctItpcaIde CCt itallin 111111 in ICI- a 
di I t 'sl l t\ all ct In b a Cal n b",utnott dll placcd (l it il 20OW 11t ce 

' 
1l \ ' cl hll I Ihl L.IO n.~the t ,+,k" ll f t~land;i a l Itt'sl l(ti.' i 111litt 

ti be ', the -Nil Niritce. intJ kliiili.itl i. e t'!irthcr dtry Itidel,.llre thanl 

Il(6t Cri%if onntientI _onII( t IitIns. Bacteria ate c c r Itoii the , ill upl(cd to 

,,x ,.ee, iter burial. h t Schusttr (4) ,pcutatcd lhat iu i, l\ cmi edtl 

in ini-etcd plant dbhi,,. 

'
 ll tiuht r 

rltccic'tplant h d bentCC' .rt.Schuister and (t\1ne ("9! hcliec that
 

tirvralill the Irepiis i +'c in tilnuipeiatc ca'it 


Stl niiltrid \V tilhiiI( t is IaitL A. p/hti wi'/z t qll oiilln %,,hich 

a'., urtetalcl /itic" c o 

lprt till to itcthe ti it"s C litti il lv aetse 1)(ltliilithit) tiarid ti p lifihl. 

,illV'i e a",cp!pil t iitrutl ttIid ti tIICtcrit s tiil t1ie hIth, , tire1nieetdCd ITic 

the extent II \ pha ii,,', V / /it [ii\ it il illa nd 1l,1a ,',I ;I aw ril'i,,tc 

1)la ittI dh tI I itti NlI iI1 Ii c ruttuItI IcaI C(Ild it Ii)us 

.\Ithttt h Itlitit !1 t .'ic hatt cr i I l IiIl\ m pltN .ithtl11 Iit I a are 

tleI'raut t d icei titrl aitd cal 'Util CC XteL eiCdtin1 C.etid Stn, . 
Iuhi.+ Ui l hticc'> ;trit' l p, k icchtiild inettltirc and in tIe host.I\tacehllia IUvo 

pltnit (.121. It Ctli sirl i.e ii thi', e\IId;Itc ItM iprOlti el w iit)tdi Uindersaried 
lititri ncUl;til ctnditions ( ). 
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[hlie hacteria olmIhs iI\ he tjIc Mt\ anldit c dkIfinatCt1 ICM Iv 

%kithilbcanl sccod. 1101 snieeed
Pias. 12Iii\ iniM~ flCL)ntIl1\ hear. 112',1011 
(In thle 011.%tvLeIWIN 11)Ii tiPriliAI\ \ Iefc~Mde lea e' hch initial centers tor 

rittc1 he present "kithinl Khu anilar 
smre as, initi1al slic f(o Isesdtltpi 71. Intesteti heanl str~i\ csittie 
piresenit InI lclot cat lpiti ie aiitii hitcs l imn M iicti mtetei tit, he 

seed or pimt debti 1isna\ chil es1112Il 

diseetndliicd sito UCTIOi) 'illlt o (09).tii llllthitciiI taeese 

%,,11ti ni aicci im i l Ii)% ~ it) (1)2). juid-hltix\ii s Vi ( I 11, P issi hit h\ 
iriuta tin \%tle ' 4), Midt hi, msti-cltsu asti Mietthjti ( ). ( irnhonad 
fusicouts bli lit hicucri can i i,mmc (i t-hthiies (I 11nscts anid he 
tiiiiisittittcd t10 \%Mtlildtl cali'tio h.\ liticfeeda"i! inects uch a 

abi//r'vi1 aii antd I crtt'tna i 1, i\ (.41). Sotini: hAt erial pahtessuch 
as Pkf 11d ?W1ji i\i,1 uzta MrC s1Pread \s thin jerlsis) (0-)) hut this hlIis 1(t 
hen i cittirtd Iii X 1 thawsti oi A. 1 thath i/iaIfiit 

PlIant Infection and Svrnptoniatology 

\hX/M~pipIIi(Ji(ttI /W 1 ttld X. jI/tlwiit \al. fiiit Induciitite identical 
,svmIlpt it~s tIn lea\ vs. 'tvctns. miidadseeds. I e;i) ".\lIniPfils I Ii aIappea r 
aIs Waicr-s0tIkcd spitstil thle Ilint.-f.tiiies )I Itases tIr lact) li Lv ). lic 
spil theni ciamrc 1riliri. aund adjacent lests I r1cotiieilk citlclscc. 
Infeictedt we'iii ililica 1(liecit. ate ecicleld ht ;I fliltnt\ /ittl it)I Ielilttn1­
sciltis ti'sitc. latet t1utu hinstil andtltictittIit (1 11-!. 2) lit iuiat,\ hi sti 
cnttil (;.IL!. 3) at ttt causec de1liinI iw steni L!Irdle (ii"). 

Hiliv)lt hictet ii cnitet cat. is Ifniiie natra OItpIMIiiii2 IuCh as stmitata 
andit hitstlit)ict. (It tliiiuii0l \%i(milic1s )) lieo [hitcmil then itustC 
in~tttrt'tiIuIktt sfMuiCes. iiiiisitie- ; 'n~~I1I I iAiss(1ttlIItjtI (tt the IIIItitil' liitnielli. 
I lie batenI nu;i% cii tc stelin tiriut sIuital Ofttlit' h\ ptIr antd 
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bca rifi/t.A I lp 'IlLt It. tttcjtt'iL rIt,,J I hLI 01II01 [)t 1 

h tci~~tcliL i it I I I, tLLCd I I!LI& LIEt,I 11 'tr LLc ; 11(1~iit t\i 
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Common and FLJSCOU~s Blights 

Control by~ Plant R esistance 

Iliatesi It.\ 'ble'' ii t% il ~t~I I. ]nhn rili nr difti;Ilt 
hcet\enci 'ilh~i ctii' n xhinch idii vctc cllected (68). 

'illi~it \iliticit mwc iinu tlt Nktldmt VNI th Allncrican 

tueilc( ii' i ! lmI ~ih~c jic hitr lhliltc 1 tu.,ll uln .Q 

co lth-,InhI )ttlt;n ill' 11.1(Ilclti' aIt!L il~l im lctols 111 

N~~ ~ I ~ ic~ I ~ IiN t)l utrel2 f I e l Il I I,INI~iII I I na 

I lrtII it-, N t I / I l Illc 111 N1 ilt c l 3 t iuhNnkClw t 

&itptiti tn' Nlth NCINll m iii ti in ;it illf 13 3. 63) 

111l 11 ittii~lllillt call lt11til oll t: i ~iseractila. Optimum 

(24. 3. , 

I'IIIJN hit td/ i '11 ncl i l~leicll toculli.w i..illwNnii li~te hecit nted 

tesistalit I relicd Il 1NIlli llt h% ifltliclll kvlN) IIMtlictlltC H , ith little 
it amt tclti INNS II INN c e, bacteria canl Nn cIll til, re~i~tant tissUe 

zT. 
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Chapter 9 

without inciting disease symptoms (61). In general. beans are more 
susccptiblc to infcction after the start of tie bhssoming or reproductive 
stage of plant dcvchopment ( 17. 20. 24). MI ost ,orker inoculate plants 
dnritni l]os, and to %,Cck,, later.l-Mri Caluatc thre-c Itour Iloweser, 
irotculatiN it three t eeK afiter mai"lx Il n lau]ltimiAe bel mote effective in 
the tropiec, it ,e,,ipla' , is quitc sariablh it, t f it..! 5 ti htbit and 

adaptation (10. 4). In addiliui. ('ovule and SchuStC ( 18) reported a 
diiclfntiial kaf rcaction intCctioti (y V. hIOAi'Oi Mich wasmid p()dl to, 

c(onlfrCcd b dilcrCit I hcretorc. time C\aliaition and diseaseucms 1of 

rating scles mnntt he dcsipucd cairctully to acctunt for tlie previously 
mentioncd fact u" 5). 

Schuster ( 3) tirt rCpo0rt(d that ]:lzt',,/I\ Nil O liu' (teparv bean) \%as 

resistlant to . 1piuo,'(h. lontiia (3t1 then used the teparv bin as isource 
of resistance to incorpmriac in Ilha.w'oh and co-\orkersculi'rs. (ot,,'lc 
(16, "! .rlced HiC than plant (P.A.) for2or I.1),) introductiotn lines 

resistance.' +to and hliht infection in the field.
cimi flisheoii 

[he luh\ iie i:/ic0ul lines atud euhiva rs had a hield degree of 

re:mstance: l 11631 I- acesuom, limn Indiat. P.I. 10739() and P.I. 169727 
(accc,,ion , fihii I urks . I1. 19768 7 accCssion rMn Mexico). P.1. 
207262 and ('A( uali (acCC,: oti , from ('olonibia) and (ircat Northern 
((;.N I \Cblra,,ka N,,. I Celection 27. (,1shii1a/. (9)I) reported that P.I. 
2820s6 itd P I 313343 laid resistant toliace, bitt the former had 
,ucceptible pmol, P>a(i(di/I,/i.\ - I 'pam) BtulI atid I. 1(i9932(9t)()had.)A 


.

hiph dio,ih1c ifl mic mi stlptom , o)ler cd. Some 1 'oi'ltil.y,tciti \\itlh 
luS also \ qtlC Ci,,taltit. so) hiatt I cpir) ( 16).tiC btlss 

IlheC ICtillll uitetICial', ha.C bemi testCd At "ifrious locations and 
expoed t,inllc ,if[ileiit bacterial isolateslthan otiginalls is,,ed. lhits. 

Weile (i. Nclih.fka N I sclct0io 2- and PTj1 2)7202 also( sscer rcsistant 

toI kr;/lian ' , \ //a't /i and .\. iOa.w(l \ . ltil,'s (9)..)l, isa l the 
ottiteCr \a, siisctibl.t ( ,lmnbiaillaid I 'o;iufil isol;ite, ot .\. pihase'odi 

((5. 71). I' I. 2)Y2 ai, , "usceptibhe to a ("dlmlmbiain io,,late o . 

Ihaw,,/i aiu tti o l c ',sl<i,- t he tan \. /IaMN,',,ii ,ioWri otC sAt. m 
,inollites, { l '',ripLan i it u tiil t tl~pie~il es,\\1 ielti dltl li in 

('olmttjljii ihilttCd thrc epr ,-ii ,I1CeltaincC b atid 1,1 2(7262.liulc, 


iltt \,u,,IIli (if (iiekihlls, 

[lltetlitaic.' ,ifcliiii blinh e iti i.e~c recetutls ha,,beeti iL'\ essed t " 
,,
43(,t)li. I~'iinnia 3.'i! miih: the itt.'specitic sl+s be'tisccii listattll 

I'/iaol',/#ItoI, io till 1e'pam \ .4 atid siiscel'itible I'.i+ii'ai, antl Ittind 

Iht uesi"iteellc 55is' tait i~il.' Iilililutei. (is iie c' a!+ (23) fiuttter 
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Common and Fuscous Blights 

susceptih cultiar G.N. 1140. The resistant reaction \kas inherited 
qtaititativcly and linked to delavcd tlo\\ecring under a long photopetiod 
aind high tenperature (24). 

S liatc-natuiinc (i.N. I ldra and .ulc,, ( 14. 15) and cail\-uattirit! 

\'alley ( 19i) culti.ars "ce derivc d nom the cros, \ th ( . 114). 1lie\ 
po1sCss lc',itar.c 1i CoIll0I l ight if) tellpelatc region, m the ('r1itcd 
State,,. (.N. Starr in anl C Irlk,, aturilnil eultivar derived fromn si; 
hackcroe,,, il I'. T 1657S toclwant to ( urit'thucte'riuu 1l7mcufi ii/nPl. 
to (i.N . ih ,, ;:I -,.j. 27 tolerant to) .\./l , o/ . rsaltine in rcsitancc 
to both bh,-'Ictlil palhocns (21. (K, c, rip :. (A4. 25) reprt that the cross 

2 7het'accn (.N. 114) fd (N Ncbriaka :, scj exhihited partial 
/lri lilnlic. iii ,t,,cep'illt\ lhil, iln' tlitaltict. a , \\i', repotcd b' 
iP'tIrIpeiilan ('andCrdcr (52) or sjlaii cros,,s hct\%cci (i N. Nebraska -.' 

,i. 27 and usccpuillc pac.t- ( s-cs hct . ..eeri ,lstiit 1)I. 2rf'262and 
sisccptihlC eitii\ats ,II., (i N I I6Il) recaled that the rCssiat reaction 

i. coiriplctcl drmniniant in thI I r2). lralnsgresix\ c LcyLtioil has 
hccii obse, ed in t hc,,C cro",Cs (24. 25, 52, 7S1 and should a;lhns, breeder, to 
inccac the locik (t resistance within prilmisint germplasm. 
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Chapter 10 

Halo Blight 

Introduction 

IItlo bliciti llt s ttsed b' the bacterium 

/ t1lNt i I )osms. i e 


o hatlr, Psudonronas 
,I (It rk Ilk htctet iu1ms ditIhttd rldw ide and is 

imtil d tlIi;tn\ ctor!>tI,, ILI'tim IIIt "ca%ith llod.rat temerature Sich 
iN ,tili l ('hi 'ieaId ll tJi((. 20 , '"ieidlo ses tit2.1-43 ;t11occtirred in\ 
ie'e.'tic lielit Iii \l hichall((.ll. 1l1" pitol'ocihl c;iil infect %aiiotts platit 

itliltldiiil, ];
", If~, w ',is la dedlu,,Ut. ]'.'Inul]art.s t. ,r afcwum, . P ' 
,1,W.'/I /i :l,,, P. /t,/ aith . P. voi i u/t', P radiatni, 1).

I II/,i,IrIN.,I I:, a a i]im I, cr~tviami (,X2.9 1).( d , a k.]P 'lciahit<,tl ilnd 1), 

( ( tiirii,+ii tiI\it k iih10 tintA reiW-cIl ri iiei", l i lo hli.cht julI .. at in1clude
 
;lil tl It I1111!1( 11itit' h 11dc 1111, Io.clrc"t;.lielnlto
, l l', hltl li1/6+ iclo aililim 


Iii'ii/ '01/ I'/i,]+i'lic,C0hthits the fotllni,ilc characteristics; Cells 
il"ingle. stinict rKd-' tc ImotilC It ihi1'h U dUe tulitricho1us fl~aclla. ;h
 
mtclCriRill I, Liram riclt\c. ,tiictk acrrbio
i ln] doe ,not require grtiwth 

' ,
1;ictoiN. Ioik-l-hy\dro .\hit\ratt i olf:liCCltitLCd t an inicdirtlar 
c;tbhotl Ccrsc. ('illtire piodm tie dillwthilc flt mecc[t pigmill. 
pir1tiettLats illtru-tlc ii i ritll dih \\ 1liite 1di1 i ,,oic i" ;li'seit (]9).
Ih tic taiIlIIIIdt,,C.,Hot+ utiliu c.1,11 ;tl;llc, t.'n mliiilllc t l t- I)1 -Vkt' laltC'.
 

+,

I',;'+c'~lt~iilht'lil, ', t hlilfo[. ,,Ill . fllc'o,-illo)llt il N-Ca;lotlc . It 

ir~lc'I tiilw ,tlswq.iicu Irtiii/c I )-_ittl . , ) t;ti c. tctCiTLIIc. I)1 - ,.-()I 
,
iiart,;tetiit;ie. I -,c . intl -h tl-i xhcii/ itt.titis ic. ic I -al:imiit d d (44. 

Ite iptiiti I ll tli ,IM ilPc1;t0tic 2) - 23 ( ;.tnd tire hactcrtil l 
p ti e' ll 0 which ir aV heitt i to) erCri 4ltitt") ( 01 ;1i1tlI',ith athili,,i hlitic 
te rit itr a eeiltor,cCIt pt licitll: ilet+ Ci r ( ). 
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Chapter 10 

Ilactcria l cell, cat *.tir\ i, liquid nitrogen storage at -172'C' for 30 
nrin lti , v hih;o, alicratltti of pathouctnicitv (4 ). 

Lpidt'l)idglV 

P /hJdt ,'' la ,tit , I%,- n icl cticted e(k rid plant rcsidue inl the soil 

sili act. tlllil cirS rirlricnrlal cmo dition huctm e t' olabl for iifc'tion 

(71 ). P'. hawi', '1t! ll IS. \ .d t)Ir nillc Ill,I th\ itfteT pas iyte IlIru(I gt.h shccpI , 
\L,hitelr e)ilkilntl illt';cd plait dChrbis ~'7) he p.ilgr)gcll enters plants 

thiol h x,irtil,. or tuini-r t rituritL. Ieodi t Ihih It.lasi humidity or freei m 
rijtoisttlre (, . S3, g r. I h l lltellitv ill;ie iili ltluc'lice th. 1 ilr arid thell iltur 

(Ii its rcsprnic to t3'. t ', / / ) 

P./,,,a.w,OhJli,:multiplies raiildl\ on hir near the surface ot lesions in the 

iprcc. o4 det.. It is di,,cniraitacd hctseen leaves and plants by splal 

dispersal and ,,iirL ddinirig pe'ods (it railitall, [hc hiacteriunil has 

treiiCndoiRis dls,,aC pt.litii. ,imicc a dieill incctcd seeds per lectare. 

distrihiuted at riMIl urr. ;ic ',rlicHierilt to stirt a1t ilrer;tl Cpl((Cl iic ilinfcr 

lliftwlalc esl\ iroirire 1l cotndtionMs0 (,L3). t,il0 bhi,h incidence' \%ias 

ohSeIr(' lto he loeCr il hI tl ml i sc a,'tioItlhTn i;ii hani1 iunociltrure 

(40). 1hils inplilc the \ i rC d phI ,sil:;t harNer it,h, t Iirn i/ lm e setli i I 

hacteriiri spread iii orithotlt the aiociiited croppin 

illih liihli \t%ripltilil, 111\ dtr ihlesp ii six to) 10 d;%,, iat 24 - 2S C anid 

liaV hl delCI d I%% ,,1 IthrCC lll-'e'iir t;.t etirtirp (91). Hall 

XplU ,i,,in i, iiwarie m ii, i it I - 2( C thii itl 2.1 - 28 ( I(t). Halo 

,,'rlllpltll i dt clj e)\c ilm ,rtall(h)all. ,I ;i (C, uliph mid 

nliririrerrs \ ti' r-' ,4ke !'sihrr, still ii,\ he csilrcit (91) 

I riceu I, s; la' ,r hnatrrI. striirl vmate-sraked sptts appear, 

vcrIrnill, )n il i . : .i 'ilithe -I ). *\ hArl1 gtlcenlsh-vellow tissue 

ipearh l ate il Y: :11:11d.'e't i, 1i,, %k;srir-,uAked area (Fig. I). The 

. hit1 



Bacterial Diseases 

mi;)I pd-i~a VIc. hit J'Ii It i1( 1 Wni .1i pilrri Jr 

h ihc t1 w tc-wkcl'pi> anti1w ;]~I ii. dit 1 
illa\t i K 

.iu Iic'.c rin litdilai (91) rcpnrt a nic ),itl ti)htiii,11 i \% i01to , 

plarCIt11d.1 Rtntlc tth pat itti1 i.aIt~ iinnil'c~11(1(CIC pln 
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I,,.' .mic chMcuuiif-",..t plant 

,iw,' h hald hlighI bacterial 

S.\stcmic la;nt chhroi, ith Ical velhw.%Ing and m'alformation (Fig. 51 
also uiv delop itlott much c\tcrnal itectiin (90). Ilildebrand and 
Schrn,th (35) hae isolated Ihi sstemiCP.p.//ao,,ood/ tImn such leaves. ,, 

chl r ,isisis more pronotunced anl tinilc i at ihout 2()' (). 91 ). Ihisaid 
the typical hl)o sviptliol mcci tic to a nm hIs-spc.'ciliC t.Xin produ.Ced b% 

the hactritum durii 2 Itcctiowu 14.38. 82). 1lhis toxin has hcen identiliecd as 
pliasccdlt ',. Mli the functional called\,.Ich has main phytotoxifl N.,-

I'ospliostillarn . t[iintliic (415). 

lIatil cia/. (54)fmind at iltiavilet-indud ta nt wvhih wa,unable to 

produc. ti.\]. aMd neitheCr irtducUd t.Lpial hIlos nor inatded the plant 

scqtiut lc conlirmed thatsystemically. Suib-, tests has toxin production is 

nccessa r\ tIItho..I.In!t\ ( 22). 1he toxin may su i.pess production of 

antihactcrial pl,tntlxIut, such as phatscodlin. plhaseollinisofiasan. 
COumestr)l ;ild ksitoitel ( 2 , Also there is a huilup t ructlton n i the 

halo reelm. and latil d \\'makcr (5)) stil'ixest tha the tiin interleres 
+
with the lllt c \Aiiil , plictclii s been asoci . thesci\. mim haI atel ith 

plant letiol l t toXill pIioldtlt 1l1v tilhactUriiu (4-). hut ec;iitchurcs 
do not avich ml MIether Iit t lsa it olti.' in thy plhnt', toilt ' CspousC 

)lj'0/i is ,\ MI hen.cl-1hiiilas M,,ilinfect ion. 1).pl/)h(,W kI t ii 10 t o tCC 1ic , 

dIgride host ccll s,all iitrials dulling patho, i -tsis(42). 

Ill/che hc; lil0 illcctliml lst hiigus. 
/rolacc'''.phaM' c/i (,tJ. I.,icl iiiuitrt l s, has'eCbeTen ilIIcitISe.d hV 

in culation with i anix tii eof P. Jhah c lit. cnd o/,,'hr,p.(43). 

I..sitno l ay lll K fIin the t 

oh .i 
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Control by Cultural Practices 

Since the pathogen survives between growing seasons in bean tissue on 

the soil surface (71), deep plowing and crop rotation are advocatcd to 

reduce initial inocultim pressure(91). It also is advisablc tdo relove infested 

debris (sanitation) from fields in latin America. Walker and Patel (X3) 

report there is no eidernce that halo blight is spread by cultivation 

equipment in infected bean fields in temperate ,ones. lI over,Ill.ellient 

through infected heanw, in fields should be dela\ed until lree moisture has 
dried from the Ilolaie. 

[he use of pathogcn-irce seed gro \n under conditions unfavorable to 

the organism i, i'nportaut in redricing the ;iroulnt ofl initial inoculum 

within a fheld (91). Because sCd can he contaminated h any bacteria 

present in posvdel plaint tissue (25, 27), such dust should be removed 

from the ,ed b\ thormlgh cleaning after threshing. (ontaninated seed 

also can he tleated silh chemicals )r antibiotics to destroy bacteria present 

on the seed coat surf acc (28. 59, 91 ), but it is seldom fcfective against 

internall-bc ic bacteria. 

While current technhology dos rot eradicate bacteria inside the seed coat 

or embro, conmtininated seed riav be identified by exposure to ultraviolet 

light M\Ier a hIluiish-.hlite fluorescence is evident. \Vha rtoil (88) repcrted 

that 20' ;,I seeds exhibiting flIorescence contained 1). pliaA,'oii'ola,while 

I I o' oI -flurrescirig seeds contained the bacterium. Since olher 

orgaislnIscan elicit this respuIrtsc Parker aid I)en:in(49) sta.ted Ithiat this test 

Wits not0 dCetnirise but could idCntitfy potCntiallV contallilalted seed lots 

which then could he evaluated using moIre critical and specific laboratory 
proced l ,. 

In the I 'nitcd Starcs, clean seed production is a nliaor iMethod to cotrol 

halo blrght. (ileari seed prductio iln Idaho depends uponl: 

field inspect(in for \ Wie cviu:ence of Infection 
laboratory illoctll;Lll; ItoI ssllCepLible pods with 

hicpi r:.tilis In ll seed lot', 
scrlocical e\all'at ll eled-brin IricoIn irisriisho lc 

estIblishtnierrt f tltrrarltl toCS if seedpieOCrt in t1polltiori beall 

Irorri areas here the pathigern e.ists (4, 5). 

It' the bacteriuir is detected in a seed lot. the seed is rit certified aid 

hIere is riot plaiLted b\ pr,gressc grov. crs. I)spite such precatrtions. 

irrigation practices and orc lvirmlnierrtll conditions in the reliori can 

favor pathogen dc\elopfileI arid ,pideIItics ocCurred duiiic 1963-19673. 

5). 
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(Control I)N Chlemicals 

II ;I I(IhI I vi I I i~I"hcen t.ittrIIdI cricnicaI~ It tii Bourdeaux M i.'ture. 
( oplim ( )''. irdw. ( upper Suftate. (irpi ic ( )\ide. Slrcptotnvcin 

and~tue rr~~r1 rr~i Sriuftitc (33. 5(,. 'N. 9). Ifuiocl. 

c(iI li' niiai r tli ceree hI i cctr it mt pla t icalt lih t1 ilica I ell-C 

appii ld hliitL tliilld [aiI't I"hlaiI~co.1 irt til ol m~I dud 11)ut ie\ 

nt1. 7,1e 

kaip (5h r p'I tcd ui ai rI.p/ai il / ipa lt tIM 1) (uS .1 
t~n'h har dni't etuV.~ ~ li) ~~1 e iup ( ) Iliite hill 

rurlirc pil i ittpIL Ilili o 111:1tdl (t tht ')ide (I d hlim" i t 2)c 

in)kc'. ihIce Fueli ete tt t1ik itm1wijir rrithal de itd 

~Iuse it )Ip ICLrillt1(u) A rid (P,1 htie HLIi Jpilit in!: \1 l etit1an 'tt dit\i 
I79fi/i uci'il i/ , iw Atct dipteuinti iii\ town itiiieitt"c tl.Illityil 

'J iuil iac rt .ill I t.. rii0H1Ct Iu lr i e ri euI. Kanit t l d t25ttL\ch 

",_i.c ) a ( ihbrimgaii the iedidI I it aie h (5). t~ i l t i 

hill iiiii.L \oii( te i i ialile ;LHu iii' il etii Ill httea li (N 59).5. 

7) %IHtIeit kIna y(Ii tlpt\ id t51t fltc, hadie iii i i .\ lti iieeptcbi 

'a nllu l 1 Il(ilip i ;twn w ra dl" 'I tic l a c c180li l(2 ) 



Bacterial Diseases 

resistant plants (48). Ii nhhucliL! 0 9istatcd that hel icidtctin[cc Illa\ OCCLnr 
%kltenf titeic IN,a icdli.-it l il acteriai tilil t111111 %i tl atll tiSSIleb11 l 
and a nIltoic ILTLct a ~cl tliitt 1ivN,11c kit IttctIr'icit io tile 

Contetcii IcCtlt III 1llr1(LtICcil NlNcptiIC )pliltti altld thine M~lild ire 

ill)I11' IrCNI'tillli 10 I' l d Mi st n i 

ch~ntct~i~ti 29.13, 14. Pnd NtPICCept1ibillt OMil\ncu rCUTjtrerrt1linll 

plankl M ich pov .leaf r lan I inkaiee her dietectedl betweenMcC. haNs 
(111C~ct l l,- Co;1f llig t'! cat anld plaiti N.\Ntcnnic Cinliirtic reaictintls 

( 4. 30i I( UNwiI ((,(); teport, that Ie II I (c ti l e :%do hl: irti haietcritrril 
Cl1 	 iL* illN CeN[\%I PiIictlittniimi lsista:! IntOeIIt Ioi tile hietCtt~i cells illi 

' an N t t d actloitild IC IiaaCe i p r 

HCMiI 11C(Ill jiLIlNIIll iNCI ditiliI1Itditl itieh I, lisitalit to laes I arid 2 ii
 
I cid aIiid eIrcirl' 1i . lei. lt0 r1 sI 11n
Ic~t Rce 'it ance ni 1';Le s reaIt 
NIthII)CM (G N~It~; :I ICI-lecrin 2.- NA.*,10(aiflnaa Smnall 
Vhil L ,). I-\1 S) F N -I Hluc I ikc. it NOhi aska Ncc rn tI om 1).j1 150414, 
1)I . 2n3)Ss ; inn 1ns 11. 4). Red %ILiexitit I .1, 3.314',0~12.)9. . 
a rid .15 AIcL' CI i lit11 1 iWC I ( '19 

SCIti (I 1 16cptiI I t hatl A\Ik;irI t "I~u an1(%ild %1\Iexiit Red OniteCII'd 

lie -It kil hri\e IiN rcsslC verit, for re"isimcc inl ptni Lct V 

dc-it ili I I [I \k1)1 Id jitl N iiK ~IN CilI'ii Ii i 	 I- itll 2 i(1 

thil 	 R cd \l1 ii Ndoii ia ti lx le"I'i lfii Il I ;I f. 't1 / NiL 1. I 1111 I d 

thu I' I I S d I- jijil: IM' INC'hti III Nh) Iitui I' h ~ltl1It tI c1 I 

"1111u0 11t. 'ii It 1icc 2.l cctu 

ict (,1 11. ( I 2) pi jn' d ai hi ceitn cIlim h;i'cd tnliII ita hCkCrnNN 

iid)N~-iiN i t o L'Illimbue, I eI~IL.nC. 1() 1'! j t ll41' '/( In jihaitit Nc 

iuihicttt~i-1)mu \ dCC \\u1, tilt u lt) -,t/z In',ii IziC 1n W It 

Il aii I II 	 'AI (NIN Ilat iceI Mi lhill' hi hit Ill Adii i. I) B Rk Ii 0 i 

IIpoIt N lNi ti IL jlio lIII I-v lp I im c ;I I ( 1i1 %l.,ttI() 
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CImiapier 10C 

pIa it]iii cluani seed. piiogr~iveJL curlt ira 1)practice,,. liiited LuSe 01icheilil 
.ipplicaittris and greater weliirie upon reistant etiltiars shouild AllM 

t\cl eIt il'ieali/e IiiL'hei. Yields fromt their crop. 

Bacterial \4'ilt 

Inmtroduc'tion 

b1acterial %killillhealis I,, cautisI 1) thle hactcriiin (ointwhcierium 
f/u wilin~ I edeN I)om" /aiiiiever and Ihoa eotta h 

pit hecn-l can ca ti'esocierelosscN int111 'nte11ats hut it pre'seneand 
in~, ii iii: Ill I at itl Amencrica al!ic in iiwn 

I i iicliitle I'/ia'oUw aliihlfi IA I'. 11111eiIA. P' iJi% ' ifii~ 

lbaocii ii it)i I atul t'ilie[ Ica at ( iitirCluitiiieit IhIad Ctilal id Iiuaiehiit(V 

HI/Uh'rlou 7( imita il L..\1h his tlie Iollowinrg cla racier isi e,: 

e'lI' ie lt.- liiied nds "Atl soiii Oigllt roul anil d e -sh"Iaped 
IoIII". Ilie hiLCIIIII1 a C, "t IitIly aet-ohic and mol le h\ eliteoiitl l Iiill po)\i 

iaie'lI%%- O5 1i pt! 1hpolau I he hbietemiiin akin causes,t ilte in tlapellil. 

a~i k Il ill ctl I 

eIil t snuchl ;gs I hk~iii i pineiffl' 37e; the1 I l sitil(iiiti)d 

.CII etllutidti 'Actit itiet 11%Iglt-his00)dsuld iiiteitieeitli 

"llaill"lhl o! 11 )ll8?fo td Io ilc /,1 0 1 
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( /u.4' 11i0la ii' IN ,ctd-h tiII( I I i N l\ I, II 2I i I i 
fI~L"'IL.'dNeeu hliCI 11;\ c 'dli', {',,ii mH l li l )."0-(-. d., II;,\ , ,, ;tNI I .d 1',dtm,,I 

IhI i '.L' lIII IL."N Il~ % I\ I I .I II h III ,..',I III I'Im' k:,I, 1 i [I\,N I), 

1 11 , ' t P Ill' I ' ,l III ~li',III iIN 1 (111 kCi '-i tL:1h1 11iA'-, Ilh 

~;f1: I ' I INIl llI II- I . I' I I 3 

/,, ,.,I, ',I 1 " III,, m1", ,;',.uliI pal ailc %,,hichilco lpki Ilhr igh 

IIII C .,1 ! I .; , IMkI I III Ia,' ldt. I - NIII ; I 'c 1;n I,viall,I 1 .. ;',X5. 9 1 } . lo,,l 

,..,l'~ ,.l J,I I '" t'i114Idt. g 4 1 c'lllIV%;11 (IX).I lie. ralco.I tI" I .l I; ice.d In Il d atli;l, 


illM, l iltcl I'mldc'pc'ild, 11)11 l d C. . .alid tle
!, ! .',c ['11i Ht 'Plh,Int ."-u~lp' 

,IfpLm ,i III ll, JINHtl "ll N_%,,.\ p];ttlt"- atI' . 111 , LCc' llihlc ;ind ,t.miC" 

!,,'1W'!I lIl hII(I ,t .;t t . ill" , , ,,( ti I I;q1l ',Il,: M' t ' ch ItheI\aw tila,",-tc'Ill 

Illh ' P ,,'l '':11 , 1,,Ik x i 

I h e'., I it1.11 p~ ll ! i ( ll I)% h t l Ic'lIll ll I ll II 'L eM itl 111 11:'l Il t.' litl IllI Ico. !I lh 

\,,! . IIl I . i, . I %("'\,','; l a .CIl 'Ln11I I, I h110,Cll,." Iq L'. ;I )Il 11 daid hl;I ' r , 

Ic;'l\tc'1,I Il I 11 1 'l1t111', . [ ll1 ~ 1 I d11 h)(IN PliL t' 0111 ] 10 %%1 L1!; I': l wl'l tL ll I _e , 

tll) 1)~,'[ 11 11 Ih) ti ! I11 1 I I . It 1 N.,H uC .),iI11, \%,ill \.k11\\ h -'." I IIII % l H,I 
(I( ;o I Ilit, %. II Ililt! , . il'' !., t III,it II111 Ilk, \1.' ll I l I l d I ',,lled 

,

I p I " \lI I ' r ddt-r \ 1,(I.'A1l Nll\-

I,-,'iil , ,, ; l,. h\ hh l!h l t Il,i h ilt the 

\ lit; m .,!1)tk Ict ( 1,, \ '!L- ,. ILcT'id H ICNIM .,h i 
I, ' {, im , ''I \ dI'\,'h q)[ 


It'h H I il 111 11 il , , i l , 0 11 . Ifll t'! ll I 1- , ' I 

h II Lt' ql L!lM q l l; (7. 

'1)lItIc .\ 11Cl , a-,Ii,1 ,cI"h1 CIIIIIl~d NIN 0 111ll 

.\l ,!h- IWH 10 NH11,1 h.- pLIrll 11 lh 

I (IIIII , I \\i11l 11)l 1111 h Il ht 

(Ilp ,# l w w, \ fh, w',,h ,, t),oh .''Id '.lI 10.11n,h 1l,, l 111 

,IfoIIia l l l .lIll[\1il\;ld ctpifit l i h\llh lH.1-1(w.k'I l'n;lll ,N 

I1Wi 
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Control bN ('tilura P~ractice% 

iilxir anid tN ill 111,111 (ilit . 9IN Olir .~ hNINI~il toCacteIal~ l in lectii 

( llipal (itlt~111cI llNbci Ill i e ll itt'Ilt to li (if IilM7U ' 

\ 'It CIAICI N . Nd wiqltNcI that haleXNl NCNNIIN lkIndllI Ilt 

Ic"It - t l it ( I hflI 4 I IIlt d \iii lIl 5XIa n p I M itiiii IlniCil 


Ic Ii l IIIlll cu1:1l"NheiN(NIc ~ i a i i on ita al oIilil Ic Iiti 

Icl "eltai . c l ilbitulti a I)tCl~NtatI-t ;,tal 10tIt fialb' Iwuetil 

iII- ,.l p la) In If;, hL(I.c Ii I Wd %IfN tar Nd, (citi ti i tot thei~~~ itv, 

It~I,If)). d 1110MI iOWihIIlt iii ccNionsl rtI 1.\107, ,I, 107. PtiL 

(65"7Kt \vhc i-7lISkPC :IANHIdcthawd 11.1, 16542t21,itPT~iI~lCi1 27)(m~ 

huh l idiltid /IIld Njgtivi I!. 2 tibI tad n NviN 1c iIp[ oillliIIia uNNat' 

hitlNmilI I3l '2 l.. ti~t: tt i i il x (h iiil i ); i fthat wNI~iplail
 

(:1N fil ) In a- irn, t n 11", I01 t 11111( IU . llit0)
CN.h1 410iI (')IIC 

flN l n 1iN Ili I h;1 5 11IN iC I CItaIttial () the Ll~tI dC~~i tilii 

huh .dlti(ll lI iit-lC .)4)I N Nd IIN ii'~tl( N 1)IIpiit 

11111clitalicc~ ~ t[C aSbe)SL& d1VC VI n(dh~ ccB4vIlls 



Bacterial Disr.ses 

Bacterial Brown Spot 

Int rod tictit nr 

HBwicl 1 (ci i\ i1 it oft hCallt 1,, ctiwi d h.\ PwudetI(Iii.Pi Nt riqi,'ae' xanIl 

l1;lI!. I 1 c ith v c al hCiiS C ciii III tile i 'litett.:tttc,( 29. * 3t. midt Rohhs 

01~~ ii~ IIi (0). ectiii:itc\, mef ;i\; i hIc Itotl:11 	it I ra/3ii lu~i,%ccr. noi 

it -\ITIC1ic;i. IhiI~IIicc',if potthtogel hai, al itttiWIN wideI'i 

(Iit,mI ( tiPu c udc lih uc P~I/(1iiI I W (ttiiI.b/a/1hK I *.I(,ItCi I 	 I I n 

( uItnoll rllnl:s Ifre(quently used Sot ImcteriaI Sitii\ n pi1 ill Lntinl 

A\ irea tIc mncha haetertanla alnd putttt cafe bacterial. 

Ic~tui~ntta yvi-int,'ai exhihits tile I(fllowing elittacteristics: Cells are 

"Ingei rodsIi hv ott nitltit ichitts tialxlla. Ilietiiil.niile nicans 

hnttcitmw I- ptin ritaive. strictlN acroihic. anid djoes not reqie p (Ill t 

Cut~tiC~.(tltmtes produce ditiisithletI,:) ,i~accIt 1)11,Ilil e It. 

I 11C batter 11111 tttiluies, l)-PlneOtatC. gLttaiitte. tlICi-IM-tIrate. I W 

c';Ipt 1iate. N-c:tpItIVI aIte -C; 1)1t 1t. 1) - -ltVdtI()\hittv 1;i1c. cItIIateL. 

rteI Iird 11I- dine (44, 04) 

I lie iipttntut growli temperature Is 28 30' C. and thle hacteriuni11 

praducu" wvhire. C(111\0 111d transparent coliitte. ()i agtr withi a gren 

fill ir"elett pilunuenft 06)t . 

I lie liaiitcitlt lit. alI,;wide host i-ange hilt only Isoulates trim heatrs are 

11101% i lcllt 1(i hcarrt (0'-)). lie~ti isoicte canl ilfect iithet crop" itlch ashlv 
1)iL' ( ViPI il ti l' , , I)Call\ ().t i i eld s wit 11 a hisi i,(1%)tW espee111 whelln I 

Set.Il ltie 2(11 a ttIllrt (I I l inl e d(ttt 9. 5 1) 1It(lie IC C; tIl\ S C ;11Ilflt (itt i 
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', •tw, m i rinvac cell h 

IClIdC 11 p1 i; sCd d 1 W I ' \11 h itI( ' i ,III%i\L anid multiply even on Icav s(P ig+ 
7) hid bud , ()I hctIIIhv hb an ILtntN (4 1). It also cMn sur ive iII Plant residue 

-"I Inctctiin ,. l pat11ogcn orcd byI ),Ih%,;td ,di.th is ta SpriniklCr 
ifi at uit )r:mct '., ( 29. .1'7. 53). 

P i W' ,l tc , m eirit'Itic hrtxI lesii is tf sI/c 

,Slifch Iiih\ * I h Ih hu) (5 ) he sIhI iitlid d h. \ I x /011 C ie. ,) N 
l'I pi flc.,ks hr \ .iar%111L, 

llltL',+'t.'+]3+'t~l,+[+\l~l ,llt'l-I~ikt+l 1iY,t: Mr hiltIUI'IiI ,ll ] t.'i 

,
x't, kel t 'hs u. iiiir , kl. I(iI)Iii L,1ic L'] ;i I.Ni/a Cii I)LL'hCilL 

x',('li cjitl,,, ,w-"i) aq,/.(53),+' \ , 11111t p<,d'k'aid Pu,+,ld'tcU)l: 

It m ' ,. twt ]ht-11t m+ Mi i 1'I1!'' AI,, IItWl. "ClllJll(lcdllfctfut [+i~ 11Mi +'tL tl ,tt 

.- ~ ~ ,h~ ~', .. ~ ' :"!A 
18 

,+m '+:""11+sk ~+-I +!--y­

,,.'.d+ . ++,. !. +,.­
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Bacterial 	Diseases 

anmd 'Ilmi 91)rpr hIrispotsm orm on infected pods. Older 

plants generally are more resistant (91), but plants at the sixth or seventh 
Plants can be

trifoliate 	 leaf stage can be inoculated in the field (7). 
under moisture

inoculated successfully in the greenhouse even low 

conditions (61). 

Control 	by Chemicals 

et at. (33) report that various chemicals, such as Copper
IHagedorn 

Sulfate or Copper Hydroxide (86% Cupric Hydroxide with 56% metallic 
2 to control foliage

copper). can be applied at the rate of 200-400 g/ 1000 m

and pod lesions. [his control required weekly sprays after emergence of the 

first trifoliate and resulted in a significant yield response only during severe 

epidemics. 

Control 	by Plant Resistance 

Phaseolus germplasm observed to be resistant to infection by P. ,yringae 

10 (31), 133 (18),Wis. 1313SR WBR
includes Tempo, G.N. 1140 (7). 


Earliwax. 1.1. 186497. P.I. 326353. P.I. 326419. P.I. 339377 (32), P.I.
 
313404 (1).

313234, 1.1. 313390. Il. 313416, P.I. 313297 and 11.1. 

dusting seeds with pulverized
Inoculation methods have included 

infected tissue (32) and spraying at 15 p.s.i. in the glasshouse and 150 p.s.i. 

in the field(7,61). An inoculum concentration of IVY'cells! ml has been used 

(7). 

133 appears to be recessive and possibly
The resistance of WBI R 

polygenic (30). Pod resistance of WBR 133 was greater at low t'an at high 

inoculum concentrations, and resistance was adversely affected by 
130 wa:, derived from aWisconsin (ABIISR)increased 	 soil moisture (18). 

selection 	 from P.1, 313537 and susceptible
cross between a resistant 


Slimgreen. It is resistant to bacterial brown spot, common bacterial blight,
 

mosaic virus, race gamma of anthracnose. two
halo blight, bean common 

rust races, and IFusarium Yellows (31).These and other germplasm sources 

should provide useful levels of resistance that can be incorporated 

effectively 	within commercially acceptable cultivars. 

Miscellaneous Bacterial Pathogens 

be pathogens of beans (Phaseotus spp.)
Other bacteria are reported to 

but are not discussed in this hook. These organisms are listed in Table I. 

bean literature concerning their
Little, if 	 any, information exisis in 

importance. distribution, symptomatology, epidemiology and
economic 

ControI measures.
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Chapter 11
 

General Review of Mycoplasma - Like Diseases
 

E.W. Kitajina 

Introduction 

Various vorkcr s ( 6,32) have used electrun microscopy alid antibiotics 
to demonstrate that some plant diseas.,, kr.i\\'n as "yellows'" aid believed 
to have a viral etiohTY, actu alt' \Ncre caused by mvYoplasrna-lik, 
microorgamnsm (NIl NI. Miany disease problcms hl.vc :een associated 
with NIlI,XI,inice 196'7, e!.pecillyv,when svtnptons have ,oecieharacterized 

by ceneral plant chlorosis, stuntin'. excessive prolifera iom of branches 
disorders ot i 1 ,al organs) phvllody')((wvitches, broom) and,. :.!I. 12.35,.37. 

48). Mmv of thcse causal agents are transnitted niaturallv by lcafioppcr 
insects to s,riols hosts, including cultivated .rops in the fatvily 

. ,. 3'.I .ejyJ iltscaec ( 33, 42, 45). 

NIyctipltsm 0oruanilsnis arc prokarvotes, lack atL . wall. are highly 
plconior chic, htieasurc 0.2 P,{) dianeter, p)oss ", !flembrane.-. in iti 

contain ri bosomes, R NA and I)NA (37). MI.NI ca b:- ,een by electron 
nicroscopy s\ithin plant .;ic\c tuhes but mav occur in tile phlocm 
plrerichi'ma I1le.\arC difficult to grow in vitro. iloweser. Sugitra ct al. 
{47 iha1v maiiitairl( and apparently rultiplied NI IN associated with 

Pcach-X-discasc by placi!iu them in dead .ells obtained from tile salivary 
gland ot its leafhoppc sector (olladontis tmiOtltmi.s van l)siee), Since 

I I.M lack a cell wall, tle\ rc resistant to pcaicillin. Iowevvcr, they arc 
susceptible to othr ttantibiotics, such as ttracycline. 

I'wo other types of plant pathogenaic prokilr'_otes arc known to infect 

variou: hosts) ut have not \,.t lirst 'ypc is calledbcCn dtccted in bCans. I hie 
.spiroplasrua, which is mnotile, has a definite helicoid mTorphology and 

nicasures 0.25 3-25pim. Spiropiasmas have been cultutrt. in 0iro (9, 17, 

44. 49) and are traismiltted by Icaihoppers (9, 40. 49). Corn stunt (1I) and 
stubborn disease of citrus (17) are caused by spiroplasnia organisms. The 
other type of prokaryoi is called a rickettsia-like bacterium. It has a 
rippled cell wall, and may be located by electron microscopy in xylem 
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vessels or occasionally inthe phlocni (28). Pilcc' discase of grapes ( 19, 
2 ri 'on of peaches ( 30) and rattoon tunting i!-sugar ca e (38)pi. diseasc 

,!rC causedi by rickcttsia-like bacteria.
 

MUM Associalted viih Legtaume )iseases 

\Various M 1 % r1 knOwn to infct beans and .ther legumte crops and 
incle symptoms dscrihed tencrallv as ICninC Wittle-leaf. ,vitches broom 
anilt1phylhodv, arnd ircultce. Valrio. exampICs of these diseases :ir'e 
descrihed illthis scthin. 

l.eome Little-leif. lutton and (rylls (31) du+trih.ed the little-leif'
 
disease associated ,ith f+orage legumc,, is:\utralia. IIs Ni 1I1 is
 
transmitted by th lealloplct t)rmiu.ar.i'tc'!.tsl Fvais. Mhich also is a
 
vectoir of tomatl hie, hud. Fh.ctrorll nicr'f'Op' stldit- l\t.a,'td the
 
presence ,I Ii inic',c tubes and ilhh,-'m .'anhvrna of naturally
 
infected plaits 0)sr tr (Pianzno/usi(riii/ir'I) alfalfa (Afe'di( ago 
sativa), tomato (I ,'li'ric++l ,'o li'#it , i iid I l'jiio Nin it'a well as in-

expel Imlentally infected plits o .iolo'ia g/mll o, lztura 
.runoiiitihim, (atharzl;mt b ;|I1adIi i'ulitiri.. Ihev aL wClcs ritit /ad us'Ii 
detected inI the sicvc ttbe f, ( o ilulytr,ll.s ld for littlc-Ical
 
transmiisson and in the sailivarv gland of the lcalhoppcr, (0 . ,lr4ittutits)
 
that had ted on lal,._ctel plants (5. 0. >).
 

I rials C:ired with ctra,'vc'lni litc-hwoLed that spray applicatiols ( 10) 
jig i ' tMn rt h e t,1 elimin ltdlittle-lea'fIi to eieht i, 

Symptoms ' , , t .. U/titlo O, ( "'ul/,tt'!,1iis and
iinw.. i I 1t1ti'tIX 
li'copi'rw, ii ,c;itnwm. IIowcsr.cl the niptoin , rc;aIllpearel whell the 
treatment was. ,icnteided. Ilhct on tt'i.re'pe ex ;itroIu ;cvacalcd that 
there \w ic not itlnorphic corptl ,I, prt.-Cliltilllltph(will of plants 
which exhibited a ltenas ill ryptmi ,ceritv.tcr. Nr' lcallhopper, 
wetr ilot alile ta the patige'n rift it , lhcc tila ut, (71 

Witcles' Broom and I'hld;.\'itelihs' broom disease has cxitcd lora 
hing tilc illtai:il on skect tatoes (/p,',iia /,uoIt). ox belal (('/i 1iwh 
mla.), peaiiuis (.Irachis Io poIB'o . (/a'ii st'l and I ina 

- tim'uIo ). belal 
.wmnxi Ax (42. 451.. Shiikai (46,1 totiiid that the lealhiolpecsect 'il ,\('1 
potato witchcs' a,[;i I 'Inc that 1inltinbloom I ,:ti' a. nll ,it_'hcl 

broom of legume,. alth iii, both 'fpecics hCht'tel to the ec'ils 
Ne'soplrosiw', later a I lie vector ,of swcct potatoiclassified (a)r,,lOtu,. 
witches' broom infected mlv species illthe tatils (onrI'id/n/u'a' rand 
lit,,eiros ,. I lie vectiti cauilg ,itchcI hinoi ili Ic'iiliit \' i, <iklk to 

erlilh IOw it ,positac.infect e rs it thi ei.tliiis ac several spcies- o ('o 
'inlalainthice'ae.,, ('r terac and ('htltpodiaccac (42. 15). 1h -cctor s of 
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witches' broom in legumes and skcct po toc,. m\ haI.c hec- classIfied as 
(ros.its orienttali., and () t i.t. 1 .'p (cr1Sc , I J,",1 

lh cI Ct1c i l I pci ]().I IT!III(, :.,chl~ Iw( I%lt-'hu ,hroiofl/'A".i ',;t';ldlc'll 

,t 
tcnpcratt 'c(.. I di,,', ii 'I) ( I l ,i hcan plaitexhihit the typical 
Syllipttl s of %.itche"' etaowl ' '- 11 i Ict ltltc l kcarlets, 

Ol legumes Is ahbolt ntc Iionlth, ert l1hi., el hc sh it'ned hy raisri"g the 

shoot 
prerhilrlitmr iid lhiolhd-ikc li'.ud.,, oI thellHoral eains (12. 45). 
MN.copltsma-ikc CetrpuiiclCs it_.i'deLiercd in the phIoCItn f dis ased 
leniuLne." plants hy electteim microscop\ (!.5). 

Althogh Pha'.wolus u'li'i.v \;as riot included in tile list presented by 
lwaki (33). this itithoi reported tile OcCtliIrC of titches' hroomii and 
phvlh d% in IndoaeSNi in Se\'t rI legumC crOs ITIi tidill! ,et\ beC;ans. pcaints. 
unrtigan s (I'hil.r'sc ztliy,>), I .Si7?le'piY alid ( ,r.alr u sp. ()r.cih. 

ari111(elt . \;1s id ut'ii ,:d t, the s'Ctor" il l hi'h the NI l has il 
lncubatiin per ittd of riCarl% thic %%cck,. I rr;sinisioni trials liestmed that 

rhc witchs" biololml tal r .raeltCenid,rerit a ll iIfecCt oililr plant species. 
Ilhc preserrc ofl NIIA stis ':olt rrmcd in the tiss, Iif1tctd plants by 
iris..dtol ietil e<,;;lirlr rio ls lmd vith the cdcclioir rlrlcl'e"pt. 

\\ Itches' hlOOri 'tilt pu.II. , d.h' i: c;icd collllien llila t o I 7tY 
ile'Ii\ Ili iithe l(lfr lpp r . I l iid I l iliicl t I-l). 1heetrri rniiit ,,tretyli 
rt'ct'ilc tilt re ctlc fl MI\Ill tie phicrir d l urCtcted pliilit,. tltosc\C'r. 
thert' I,, io ,thitnI al ml1i:it i i r {rlli'cr'rIl ti!, tiuitiirMss i nt \jit c"i is 

,of thece di'.ac,. Ir th e ioi dI l: irid phi;it pri eirt.lnasolciated 
,, ;h I I I, \10hra (41)) dc.ks1rih'd ksituire', blo lli it)ll /e]h 'lUc Ciilr'idx 

M OOb ) ,i l PI mrlne, ill India barli1 Sc llot inlt inatlin c ng tIeclleCrCni 
patIih i i. 

Kitalina alid co-, St k)ire (I53, reported the occurlrect of etitches' 
hrTtorI iii several cy tiiln", ,uch as ( 'rotalaria /imi'a. ( '. /tardmar 
/Amitt)(iti sp., "o ibcanrdMilo. Ciat Ilectronllriicrop obscrvationll 
deioirrsrrtcd tHIM lherc \Sas a co liste'rt ;ia.ociitioill ht-IscelT I I 1 aid 
tire disCes (c-I. Iotrk Oil \tsctorIt o %tAS doL' itlS 

dtcniiciiat it ii
 

A fw Case's ( 1-3 I tf stitchs' hiotrianil ph Ih hlasc been tuhsei-ved 
ill tile prCCn-belt etl thICFdertal I ),iri i in BIAirl. I he itct.iour, iliC tOl 
this iscas'i \%;a" llet ri by eratlil e hi ll It' seette has ruet hit'Ci 
identified. \iscoplaia-hike teer pir,clc tt'uIe t inIIttire sie' CtrilheO thit'd 
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vascular region of naturally or experimentally infected plants (Wig. land 
ig. 2). 

Maram orosch m' . (39) reported the presence of L.NI in the sieve t hes
of pigcon pea (( a/atn tian)plants exhihiting witches' broom svyiptons.
II wc','cr, no details were given for its pathology or transmission. 

" -s .. , . 2
 ..
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Virescence. Cousin etal. (10) identified nycoplasnma-like corpuscles 
which were present in the cortical parenchVma of heans exhibiting 
symptoms of virescence and collected in Zagora and Morocco.However, 

they did not furnish ecoromiic:l or patholgical data concerning the 
disease and its pathogen. 

Unfortunately, few data ae available to indicate the identity of the 
MlAI associated w ith witches' broom of legumes in different parts of the 
world. In the three cases studied in most detail - Australia. Japan and 
Indonesia - the sijuilaritv in host ra nec and vector (!. 33. 45) suggests the 

possible identity ot the etiological agent. 

The available information on prohlenis associated with NI.M is 
insufficient to conclude ;'.it Ali of them are caused hy the same ordifferent 
species of i menher of the mycoplasma group. HIost and or vector 
spCciali/ation could cx plain s,hv certain Nil IMare associated with diseases 
that have itrestricted host rangc. 
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Mycoplasma Disease in Colombia 

G.A. Granada 

Introduction 

A\nlvcoplasma-like disease was first detected in 1968 in infected soybean
plants grown in the Cauca Valley of Colombia (2, 20). Since then it!;
incidence has increased in cultivated soyhean crops and can vary from 0.4­
80.0"( plant infect ion with corresponding yield losses of 8-I O kg ha (26).
A similar disease has hcen ohseived since in heans with 8-15"; plant
incidence in commercial plantings grown in the (auca Valley. 

1his mycoplasma-likc oreanish) can infect the follwving hosts: G'lcifu' 
max. fPhaxl'u. vulc.ari., I'. an P.cal'arat'i.ul!ari.v, P /tmatu.,(rnialaria
Vsecla)iiv, (C /incea, !h'.vnuo'hmm sp., 'tinIrnsca. C llanutt ca/al. 
]011r1holia niilinta ;nld (calactia i,,latexccens ('1.25). ('tommon nanes 
trcquentlv used for beai mycopiisma in Lat in America are nachismo and 
aliacham cut1. 

Etiology 

1:lectron m icrovcopy evaluation of infected hean or soyhean tissue 
reveals the presence of mycophnsma-like corpuscles which lack cell walls 
and are located inI the pliloem cells. The mycouplisma-like etiology als(, has 
been confirmed hv syniptomn ,\pr,:ssion mid0the remission of symptoms
when infected plants are treated with teiraccline (24, 27. (iranada. 
unpuhtisled data ). 

Transmission 

lhC m1ycp1dsnia-lik ,ieaiinism is transmitted by the hrwn lcafhopper 
.S'aph l il f ()shorn (Fig. 3) 2(D 1ighl ipcc . 23). I ;ccptlatin levels 
of this insect hac been detected in inlected sovhcan ields inColomia 
18). [his Vector ha;-been I ,11ni, transmit the m\ccplasma-likte

organisni to ' i] comntrolled conditions, (iranada.heall plants .rmll 
iinipuIhlisIedl diil). Nc"s icI his iitili/ed a Ncalph i'tl~ctcceilll\ species to 
transmit a ,ia-like orgnismn in sc,\ heans( M.l. Ir iin,IN I SOY. personal 

t cacihmcqcpr,.cchcc ,jcf,ijq,1-d i.'c /lduhictcc ) 

m.c,\c~ a-hkcI)[ bcc c't nph, rgakincI in (cctuunihia. 
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correspondence). Other species of Sc'ajphyvii s t I'nsril It cIplalmn-like 
,,cllowsdiseases, such as stubborn disease of citI S.VzitriL i. ,,,tcr . 

eongi anud S. irro;wltiIs): or virus disca c:,suchn as at lni -%.itchcs"hroom 

(S.acutus) and a .ranhcri\ diseae (S. n tidall'mis)i .34. 431. 

Wh ._n one to hcri xpied ti cage -rca:rd;lx-Cix-old seedlini., ,,,e:O"ci 
incilhatiin rlineintectixe adult it S. iginf).sts for fivc dai. thgeaverac 

of the p,:ihogei \xas 37 days(range (it 31-43 dxysl (iraIIada, IuIpuireil:.hd 

data). ! his is .milar to the 39-day incuhation period ohtirlcd in soyheans 

tested tnder h simi conditions (23). Phc irial in is ruunrtim;irsllirted 

Mechanicallx or h\ ced, hut it is graft transmissible (6;im.da. 

unpublishCd d ":aI). owv\cr and .tlherton (6) report that legume little leat 

has an incuh,ition period of only 19-23 days, while othei insect xectors hlave 
to) 102 days 131).itcutbation pertiods which range from scvcn 

) iiaS ynip (o t ) gy 

Svnilpt ills oI irsCeiaisitlla infectiot cOcItallv becore appaeit: during 

floxyciin. nd piod dexeloprent Mhen the plaint reproductive stage is 

cii crncd into coutints xegetatixt.'staic. lime of infection dten,,'::rmnes 

tile extent it thi , eotxcrsiorn wittin lhtephint. 

tl~in catses liixcr petals ii,he light or dark green (xirescence).larlx ik 
' ialler hit l;ic longer sepals than normtal flowers. A;iii tlici ire n 

CIIrucatlil sir iCrrc eric'reles IIlltthe urripehcd floral Ipex which is 

flilorr <: '!h tipper cid and renrhllhes a rolled leli v,hen dissected 

lIi. 41.aite inlectioris mayM caiSe pods Itohe rigid, thint.erect,(phyllod) 
twisted. cor .gated, or icnted ilpxamrds. aind shaped like,a half-moor (Fig 

5). hese pod, tori fc\ it any seeds. Secrc svntptons Imay appear as 

\<$',, it 


'1' 
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flowers are reduced to small buds supported on a large petiole from which 
additional small leaves and petioles may proliferate (FHg. 6). Ilhe gencial 
plant symptom rn. ,c.,inOL a typical witches' broom (fig. 7). late 
infection of plants hearing lhcahh-appearini- pod, nmv stimulate the 
prematur e Cernimat ion r seeds horn in the pods( ig. 8). I hose erm mated 
seeds can he transplanted and dcclop into normal plant,, free of tile 
mycoplasma-likc orgmism (iranada. unpuhlished data). 

This mycoplasma-like organim induces similar s,,mptolms duriny 
flowering in other h sts. sich a, P.limmo,. sovhear (IIig. 9), 1'. auleari 
P. cal/uratti , (J'I ii 'ila u,ce.s( 'i and lA,mw imi sp. tt o,. ever. infecc _ 
(rotai'aria ywci'tfatilis plants dcmonstrate abundant vegetative ramifica­
tion helfre 1lowecring, which does not occur in C. /imca (Grana.ula. 
unpublished data 1. 

AN, 

t'. S- (, , c' l 2 tllhl [ ,'Ilxt ' 'eI~tlll~ 
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Control 
Control nicasares includeimht:ihjing an aIdcqutte crop rotation and 

rlot planting Colitilluols 'rsI ltiltari ots Cyclcs tit,uccptihle crops such as 

.can,.,ill a\wi., a budld-np ird the continllued surivalhcan;anlld sI 
insect \ CCII- popula io is arid SOureCS ouoctlrr!, tIOni itllCctCd plants.tif 


rtcIllo d trill t.eWhen ccmnr'icall, Ic.. Idc, intecteid plants should he 

icld and d,stOVU'd. i, tiditioll, ,ced lot should ticCelt1unricd Ii ll 

su dii- ctMUor jriiation canals. In,,Stticld:, iavficlds i ,tl lmtu "'' 

r'ltcdc populitiols o, 0''\ ctor :md should consist (t tho, ti.cd to control 

i lilfmPai a A'ratcm rin. Plant rc_istairlcc a.V pro\ idetile Lere il1citholppel 
in idal control measure, hut no intiornlatrion is availahle Concerning 

\ irictal rcsponsc to ilkxtion. 
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Chapter 12 

Aphid - Transmitted Viruses 

General Introduction 
Four aphid-born, viruses infect b,-ans. 'I hey ,,re bean commor nio.aivirus (BCMV), bean ,yellow mosaic irn:; (PYMV), cucumber mo virus.(CMV) and altalJk mosaic virus (,04V) This chapter will reviev thegeographical dis,:ibutioo, economic importance, host rangc, physicalproperties, putfcation, rransinission, ep:d-rmiology, symptomatology,

and control mcasures reported for this group of bean viruses, except AM V,which has hcn included in the miscellaneous group of viruses. 

Bean Common Mosaic Virus 

Introdi.oion 

Bean common in')saic was one of the first virus diseases reported in theworld, when Iwanoski (88) abserved it in the Soviet Urion. Since then, thisseed-bornc virus has been reported in nearly every country of the world, Itis economically important throughout Africa, Europe, North America andLatin America (I, 2, 4, 34, 37, 38, 39, 40,41,42, 43,45, 46, 47. 48, 50, 51,52,54, 62, 66, 67, 6;, 86, 93, 96, 97, 98, 99, 100. 110, II1, 112, 113, 114, 118, 138,
139, 146, 164. 169). 

Plant infection may reach lM"; in fields. :rnd yield losses are reported torange from 35-98i (28, 31, 64, 77, 1(9 Hampton (77) reported that podnumber pet plant was reduced 50-,4- and seed yield per plant was reduced53-68(.', depending upon the vi,,, irain. (ilvez and (,irdenas (64)
reported that yield losses varied fro,:. 6-98i, depending 11pon the cultivar
 
an(1 time of infection.
 

The host range for BCM V is more limited than that reported for P 't 'AV,but still includes: Pha.wolus vulgaris, P. limenis, P actitiWiti%var.latfilius, 1. angularis, P. aconitifolius, P. calcarattlA, P. munt; ., P.coccineus, P. atrolrpureu., R. radiatu', P. aureu.,, P. hatus, .polvantius, Vigna ses,uipedai.S, V. sinensis, Ccia laha, ('rota/arias ectahilis, Canavalia enriformis, Iiupinus alha, Nicotiana c'velandii, 
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Afacroptilium lathyroides, Pisum sativ.um, Medicago sativa, Dolt,',os 
lahlab, Trifolium pratense and ?hy'vchosia mnimia (21, 68, 91, 92, 103, 
118, 130, 137, 169). Seshania exaltata and Aacropiilium atropurpureuni 
are reported lo be symptomless hosts (103). Chenop''cdium quinoa, 
Goi;:iltrena glohosa, Tetrag),onia e./)ansa and cultivars of Phaseolus 
vulgaris serve as local lesion indicators to various stiains of BCMV (21, 
123, 130, 134, 135, 141, 155. 157, 166). 

13CMV was called bear. ;irus I and Afrmorjphaeoli Holmes by earlier 
workers (169). Common names frequ, ntly Used for bean common mosaic 
virus in Latin America ,nclude miOSWCo( comt n and mosaico comum. 

Symptom atoog 

Bean common mosaic virus may incite three types of symptoms: mosaic, 
systemic necrosis (hlack root), or local lesions, depending upon the 
cultivar, time of inlection, strain and environmental conditions. Mosaic 

symptoms appear in systemically infected cultivars and may cause a 
mottling, cairling, stunting and malformation of primary leaves (Fig. 1), 
especially if the primary ilct!ion OLCUIrred through containated seed. 
The trifoliate leaves express leaf curlinrtg and malformation and a mosaic of 

yellow and various shades of green (Fig. 2). Infected leaves may appear 
narrower and longer than uninfected caves, and leaf tips curl downwards 
arld deform the leaf (Fig. 3 ). 

nx 

. t 'Ild ili '', 
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Fig. 4- Initial lcat wn1ploml of hiack ioot I ig. 0- Ilack root induced Icecr silsin .,iscUilar 

reaction i nducCd hb tI V, ol haiin podN.\,'kJ 

I'lick 11101. 

Systemically infected plants may have smaller pods which contain fewer 
seeds than pods from u ninfected plants. Infected pods occasionally may be 
covered with small dark green spots and mature later than uninfected pods 
(167, 1(,). Symptomns of systemic mos ic are expressed more clearly at 

.moderate temoperatures between 20' - 25'C-

Syvstemic nocrosis mr rlack root symptoms IaV appear in cultivars 
possessing resistance ( hypersensitive I gene) to systemic mosaic and which 
are infected by necrosis-inducing strains at low temperatures (20'C) or 
other stiains at hi.h :-mnerattires (26' - 32 ('). Infection may reach 40­
IOX)"i, and occ ur:, froml aphids which transmit BCNIV particles from 
susccptlible beans or other hosts to resistant plants. 

Symptoms initially appear as leaf lesions( Fig. 4) or inthe plant apex and 
yoing trifolItes ',vhic'i wilt, h omC doll g7Cen an1d then black (Fi . 5). 
Vventuallh the el ire plant wilts and dies. A chararacteristic necrosis 
(eddish-brok ii to black) of the vascular svste in may be evident in leaves, 
stems, roots and pods (Fig. 6) 55, 80, 8 1, 82, 169). licn southern mosaic 
viriis, the necrosis strain of bean HOWellow virus and a strain of bean 1osaic 

rugose inosaic virts also are able to indulce sy'stemnic nec rosis sym ptorns(35, 
38, 169). 

215 



Chapter 12 

Local lesions may appear on leaves of cultivars resistant to systemic 

mosaic infection. These lesions may be induced by mechanical inoculation 

or aphid transmission. They are evident as reddish to dark brown necrotic 

lesions or spots (Fig. 7) of varying size and fiequency, depending upon the 

cultivar, strain, and environmental conditions. Cultiva:s which are known 

local lesion hosts include G reat Northern U.1. 31 and 123, Pinto U.1. 111, 

Potomac. Stringless Green Refugee, Plentiful and Monroe (123, 130, 134, 

135, 141, 1L5, 157, 166). 

Physical P:operties and Pui ation 

particles can he observed easily with the electron microscope in13CMV 
crude sap or partially purified preparations. The flexible and filamentous 

virus particles are 730-750 nim in length and 12-15 nm in width(26, '-' :3t'). 

Ihese particles are similar in morphology to those produced hy )...n yel­

low mosaic virus, see Fig. 12. Cytoplasmic inclusions al' ;tre asily 

observed in preparations and may be present as i;laments, .j,ellates and 

pinwheels (Fig. 8) (36, 79). Virus particles are transported throughout the 

pliloem and can be detected in upper plant parts within 24-48 hours and in 

the root systen within 60 hours after inocuation (58, 59, 60, 61). 

,r,
 

.h ,,i, oi plninel, I25.0W X)
 

h lt( 1 \ h u 

~ h'1 ti) lionl ca bea.~ ~ "-..~ ~ l 1 \ oc I t. 

to 65'C, have a dilution endBCMV particles are fnacived in sap at 56' 

point of 10 1 to 10 -,and are infective for one to four days(21, 67, 106, 137).
 

Nloral-'s (109) determined that BMV has a 260 280 absorbance ratio of
 

32.5 to 34.4 x 101 daltons for the capsid1.27 ai: a molecular weight of 

protein subunit.
 

)ther phvsical properties have not vet been determined for this .1irus, 
to aggregate andsince it is difficult to purify. F3CMV particles tend 

precipitate at low centrifugal forces and are difficult to separate from major 

plant contam inants (21, 68, 101, 103, 110, 158). Recently, Morales (109) 

dveh\lpcd a purification method which permits the isolation of BCMV 

with it high degree of purity and in adeutiate amounts to produce aspecific 
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I-ig.9- Winged aphid adults such as these may act i 
virus vectors. 

antiserum. This purification procedur: u1tilizes clarification with 
chloroform and carbon tetrachloride, precipitation with polyethylene 
glycol and equilibriun cent rifugation in cesiura chloride. 

Transmission and Elpideaniology 

WiI V particles may he transmitted mechanically, in pollen and seed
 
from infected plants, and by insect vectors. 13CMV-infected leaves, used as
 
inoculuim, can be homogenized in water or buffers such as potassium
 
phosphate :nod-then manually applied to leaves of healthy susceptible
 
plants (I1)). Many workers also have added abrasives such as carborun­
du in powdclr to inoculum to facilitate the introduction of virus particles
 
into plant cells (33. 169).
 

A.,n ioculation etficiencv of nearly 10'" can be achieved in the
 
glasshouse, while in the field the efficieny is lower due to adverse
 
environnental factors which mac affect both the viruses and the plants.
 

Virus par-ticlcs can he trbemisitted in pollen grains, ovules and flowers of
 
infected plants (58. 59, 163, 169). Seed transmission likewise can occur in
 
sisceptihlc cultivars of I'haswolu,s vd'
iraris, P acuti/lius. P.coccineus, P. 

/0 iliantizs, P. mt nigo, Atacrotilnim lathYroidcs and Rhvnchoiaiininia 
(91, 103. 117, 122, 125, 120, 131, 137. 147). I1lie percentage of seed 
transmission mav vary from 3 to 95' (. It iPaffect.d hy the cultivar and the 
time of inlectin, especially belorc Ilosering (5. 28. 39,40,4., 42,43.44, 49, 
54, 64, o5, 98, 100, 107, 118, 140, 169). BIiMV particles are reporteJ to 
st.:Vive inbean seed lor at least 30 years (169). 

Insect vectors such as aphid (l'i. 9) ran transmit B'M V effectively 
Iron infected planlS t( healthy plants. Rep( rted aphid vectors include 
Afacrosiphmi %soanifi/ii.M1. pisi, At. amhro.sia, Ift' is Jwrsicai'. Alphis 
rumicis, A. gos.si-pii. A1. nie'icaginis, tIvalopterus atriplicis and 
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Rhopalosiphum pseudohrassicae(169). Studies have determined thataphid populations often are lower than those of other insect species in beanfields, but that the aphids are responsible for transmission of BCMV
particles. The efficiency of transmission depends upon the leaf (source ofinoculurn) on which aphids feed (1"0) and the period of pre- and post­
feeding by aphids (172). 

Infected seeds and plants of susceptible bean cultivars and weed hosts 
serve as sources of initial inoculum fo: B('MV in the tropics nd otherregions (131, 132, 133). Aphids are responsible for the secondary
transmission of the virus. In Colombia, studies determined that relatively
high apterous aphid populations were able to incite lQO()g, plant infection
from a seed source that was only 15-25% contaminated (39, 40). 

Control Iy Cultural Practices 

Various cultural practices, such as planting date and clean seedproduction, have been used to reduce the incidence of BCMV infection insusceptible cultivars. Burke (29) found a correlation between planting date
and virus incidence which was associated with aphid population levels.
Iherefore. bean plantings should be adjusted to minimize the period
during which susceptible cultivars may be ex.posed to infection by aphids
migrating from other crops to beans during the growing season. 

Production of seed free from B(IMV can effectivelv reduce the initial
inocu I110wlo,;ever, it also may he necessary to control the aphids with
insecticides to reduce transmission of I('MV from other infected beanplants or weed hosts (40, 136). No chemicals or other treatments areavailable to removc or destroy ICNIV particles present within infected 
seed (39, 169). 

Control by Plant Resistance 

Plant resistance to bean common mosaic virus has been available for
nearly 60 years since the cultivar Robust was discovered to be resistant. The
resistance ot Robust was later determined to be conferred by a single
recessive gene ( 1I, 34, 72, 78, 120, 134 169). ('utivars subsequently derivedwith Robust resistance include Great Nor:hern I.1. No. I, No. 59, No. 81,No. 123, Red Mexican 11.l. No. 3 and No. 34, Royal Red, Pinto 11.I. No.72, No. 78 and I11 (32, 148, 149, 169). These cultivars have been resistant to
the type ;train of CIMV for more than 50 years (165, 168). 

Nearly 50 years ago another source of resistance was identified in
Corbett Refugee. This resistance was determined to be conferred by adominant gene (hypersensitive gene affected by black root). The majority 
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of cultivars developed in the United States have derived their resistance 
from Corbett Refugee and include Wisconsin Refugee, Idaho Refugee, 
Refugee U.S. No. 5 (169). This resistance has been effective for nearly 50 
years (165), and Burke and Silbernagel (30) have suggested that the Corbett 
Refugee type of resistance be widely incorporated into commercial 
cultivars. 

These sources of resistance also have been used to develop resistant 
cultivars in 1Latin America, such itsICA-Tui and ICA-Pijao in Colombia, 
Titan and Arroz 3 in Chile, Peru 257 in Peru, Tacarigua in Veneiuela, and 
Janiapa and Satava 425 in AIexico (34, 40, 55, 106, 107, 119, 156, 173). 

Hagel et al. (75) have reported that certain BCMV resistant cultivars. 
such as Black Turtle Soup, also express tolerance to insect vectors such as 
aphids. Additional studies are necessary to determine !he effectiveness of 
this type of aphid resistance and its applicahilitv to cornirmercial produc­
lion. 

Plant resistance to 13CMV is affected by the nature of the gene(s) 
conferring resistance, variability between virus strains and environmental 
conditions. Various workers have investigated the relationships between 
different virum strains and sotirces of resistance (6,7, 14, 55. 56, 57. 144). 
l)rijfhout and co-workers have assigned 22 cultivars to I I resistance 
groups, and divided the 15 knoxs n viral strains in seven pathogenicity 
groups (;(l e, t a!. (65) have proposed a similar system of nomenclature 
(('.M V-1 to l('M\'-7) t distinguish these seven basic viral groups (Table 

). I he International Working (i roup Ol Iegure Viruses has presented 
another viral strain classificatimon. 

Cultivars in re::.,alice grotps onc to six do not express systemic necrosis 
to any viral strains but ( o ,xpress systemic mosaic symptoms to one or 
more of the viral groups. Ihese cultivars, therefore, possess recessive alleles 
for the necrosis gene "I". I ikevise. line IVI 7214 (resistance group 7)does 
not exhibit systemic mosaic or necrosis upon inoculation with any known 
viral strain and possesses recessive alleles for the necrosis gene. Cultivars in 
resistance groups eight to 10 exhibit systemic necrosis to one or more viral 
strains, and no systemic inosaic sympt oms to any viral strain. 1hese 
cultivars. Ihcrctor, possess dominant alleles for the necrosis gene. Ilie IVI 
7233 line likewise posscsscs doni runt alleles for the necrosis gene but 
exhibits only loc'l necrtutie I,'sion . 

RestIts from these invetiLatims should allow breeders ,nd pathologists 
to incorporate resistanc genet ) eftectivc against tle known pathogenicitv 
spectrum and prov Je growers with resistant commercial cultivars adapted 
to the tropics and other regions oif the world. 
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Bean Yellow Mosaic Virus 

Introduction 

Bean yellow mosaic virus is widely distributed throughout the world on
beans and many other hosts. The virus is reported to occur in North
America, Europe. East Africa, Japan (20, 86, 159, 169), and l.atin
American countries such as Chile (27. 35), Argentina ( 121 ), Brail (46. 95),
Uruguay (.Juan lzquierdo. personal communication), and possihlv
northern Mexico. The distribution of BYNIV in Latin America is not
completely known, since it often has been confused with bean golden 
mosaic virus. 

BYMIV can infect up to 100('; ofthe plants grown in a field as observed in 
the U.nit!d States (169). lampton (77) reported that BYNIV could cause
serious yield losses with a 33( arid 41(' reductOn in pod number and seed 
yild. respectively. L.ittle research has been conducted in!Latin America to 
measure vield losses induced by BYMIdV. tlowever. the existence of virus
colmplexe .: has made it difficult to, measure accti'atelv the effect of 
individuat viri ses. 

Bieau .ellow mosaic viris has been called PIhasColus virus 2,Gladiolus 
mosaic virus, pea mosaic virus, and bean virus 2 by earlier workers (169).
Common names 1rCqnuently used for BYMV in Latin America include 
mo10saico amarillo, t1nosaico aitarelo and ml-ioteado anmarillo. 

Bean velhox1 mosa.lic ViFilS has a wide host rantge \%hich I includes
lha.Neolu rri/.'aro, I aurcus, 1P. hmatm.s, C(aianu. mefidbu.v, Cjeer
arietinium, lathirut ot raitt., l'eir.s v.'cule',ta, A elih tu a/la, Cucirhita 
Nai\mIi? m ativaum, I '( 1(i bta, 1'.americania, I t'iiuiaiil, I'. 
v llo.sa, '. tl 'a,I ir. ,''t rpi r'. 'I,'ira .'x/qtilli/a . Ili'viaz h'clCr. al' ij,
7r/ )hImO /rat'ti w. ' t. ,arpratr r, ' 1 jh,ritm . M[cA(i a,(' wlira. Af.
/Iqm i/jfla, (;It-in' ,at , (;/ai,)II spp., r '''i /1 ,buro ra tr .
('rhlaria Np't'icabrih . Iuid/'im (Icu.sif/hru, /'r ,/,.,,ia /ti\
m ir,
C/adrawi.m /l100, ?,,/,miaj, mla,a( a, 'rev.sia sp.. Iahitma ,p-. Ixoi sp.. 
.S*wraxi% ,p.. "ritul,l -p.. \'! , a ba .uA and aa/a . IAcstri , N. itit(2N. 9(0, 12 7, 12,,It,? 17l11. 

Symiptonatolog,, 

Initial symptomns of BYNIV systemic infection appear as small chlorotic 
spots one to three rnt1 it diameter, which are often surrounded by a halo.
Ilhese spots gradually etlarge and coalesce to produce itgeneral chlorosis 
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lit,*! Wi"IS 

,, % 171, I{'tH ',I m',.1I1 

on atfhctCd lea,,,es (I-ig. I)). Y(1oune lea;ves be),.Icom1e brittle. glossy, concavC 
oIn the lipper lcaf surface. arid may hie malforned 0 g. II). Yellow and 
green mnottline becomes more intense on leaves as they age. Infection 
catiscs shO(rtcred inltermiodes, proliferation of branches and plant stunting. 
It also may delaI maturiltv (19). 

Systemic nccrosis s.y1ptomns can he induced by certain strains of BY NI V. 
.";nptomns appear as a purplish coloration at the hase of the lower leaves. 
Ohich Ilia\ bo a npacolymnied h\ ,cinal. stem and petiolc necrosis, top 
nccr,)sls it the lerminal rwling p)int, or plant death. these symptonis 
mav resemle those induced bY nccroti Ksrains of B('MV (Black Root). 
Other BY XIV strains rc ahle to incite local necrotic lesions on leaves. The 
typical chhortic Icat symptoms als,) ni be eicnt (35. I69) Reddish-
hroM,1i sp(pls la\ ormon (infected pods. which can be malformed, 
dcpCndin. npori th, speCitic virus strain (I ,)). 

Physical Irop)erfic,, and Purification 

Particles A BY NIV resemhle thosc of P'% sincet he, are long, flexibleIX 
(Fig. 12) and mcasurc 75) nrn ililength and 15 nim in width(25, 26, 161). 
(ytoplasn ic inclus.io)ns t1ay he spiral, ring or lamellate pinwheels which 

'fs! "r .. . 

/ i, . . . >­
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are typical of the potyvirus group (19, 20, 27, 36, 87, 95, 153). Thesepinwheels are similar in morphology to those produced by bean common 
mosaic virus, see Fig. 8. 

IIYMV has a 260 280 absorbance ratio of 1.18 - 1.20 (89. 108). BYMVparticles have a thernmal end point between 50' to 60°C, and adilution endpoint between 10 'and 10 4.Particles retain their infectivity for one to twodays and occasionally up to seven days. These properties depend upon thevirus source, host plint and experimental conditions (20, 116, 169). 

Purification of BIYMV was difficult in early work since particlesaggregated easilv and also agglutinated to plant chloroplasts. Variousworkers developed niethods to partially purify BYMV (12, 83, 84, 162).Morales ( IN0)developed a procedure which yields highly purified and
nondenatured BYMV preparations. The pu-ificatinm procedure is similarto that described for BCNiMV. It utilies clarification with chloroform andcarbon tetrachloride, precipitation with polyethylene glycol andeq uilibriui centrifig;ltion in cesum chloride. Sodium diethyldithiocar­
bamtate (chelating agent) iust he added to the extraction buffer to purifythe necrotic strain (itBYIV. .lon!s and [)iachun (90 also have developed 
a reliahle purification procedure. 

IIY.\IV has sine serologicai similarities to BCM V but can bedistingiished. BYNIV als: has various strains which now can bedi igNuished wei,, icial (13, ]'1, 15, 20, 23, 24, 70, 90, 116, 169). Jones am I )iach n (9(i identified three BY NIV subgroups with in a collection ofIlYMV i ,lalcs btaincd h orn infected red and white clover. These
subgroups dif!er foo serolgical and hiologic,; factors such as host rangeand svmllptoms. Additimal ,,oik isrequired to establish an acceptable set
of host diffcrentials and strain classification. 

Transm is!ion andipid emiology 

BIYMV particles mav be easilv transmitted mechanically and by insectvectors such as aphids. BAIfV is not transmitted in seed of Phaseolus
'ulu'uriy. Htowever, it can have a low transmission in seed of 'iciafaha and 

sonic other leguimes (20). 

Aph id vect o,-s incl ude -.1cv'rthsiphon Irirn, Alacrc siphun euphor/riac,
.1lvzus pcr.icae and - phis fijhat, (20, 71, 150, 151, 152 154). Aphid
transmission trom infected beans or other hosts is primarily 'esponsible fornatural epidemics of i YNIV. Some strains (o BYMV are not easily
tiansmnitted by aphids (3, 150I.154). and some BYMV strains may loseaphid transmissibility during '.iragc or inairtciance by mechanical 
iioclulali,2(2154).
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Control 

Alternate hosts of BYMV should be eliminated from bean fields and 
adjacent areas and as components of crop rotations. Chemical control may 
be utilized to reduce aphid populations present within bean fields or other 
host crops (74, 75, 76, 85, 132, 160, 169). 

Plant resistance appears to be the most reliable control measure 
available (168). Resistance to specific strains is conditioned by specific 
plant genes such as Bv-2 (53, 142). Sources of resistance to the BYMV 
strain inducing pod malformation have been identified in various Great 
Northern lines such asG.N. U.I. No. 31,59, 123and 1140. This resistance is 
conferred by three recessive genes with modifiers (9, 10, 35, 73, 168). 
Resistance to HYMV strains and 1CMV has been found in interspecific 
crosses between PhaseohlS t'u1/garis and J. coccineus (8, 11, 169). Black 
Turtle Soup is resistant to BCMV and likewise is not a preferred host for 
aphids (73). Additional research is necessary to identify and incorporate 
sources of resistance effective against all strains of BY.MV (129). 

Cucumber Mosaic Virus 

Introduction 

Cucumber mosaic virus (('MV) is widely distributed throughout the 
world, inclh.ding the United "tates, Puerto Rico, Spain, France and Brazil 
(16. 22, 102, 104, 105, 145, 169). The virus is not reported to bea serious or 
econmlically important disease (16. 104. 169). 

('ucmmher Iosaic virlus has heen called cucumrnher virus I, Cucumi.v 
virus I,.VAar,,nor cucmuw'ri., Spinach blight Iuil and tomato fein leaf 
virus. le commm name fLequently used fLr ('IV in I ato America is 
virus dcl insaicm, del pepino. 

The host iange , C N V if l mdcs I'ha.wolus vul 'ari.s, P. a/llorineius,P. 
aconitilplius. 1. ankiulari,,. J) /PracteatfP. calcaratisx, P. caracalla, P.s, 
rocc'itvis. . d am e u.s, P. e'r-throloma, P. hmaru.t, P. patndturatus, F" 
ih /hllanthu.,.P. pl/u.suv 1. jpoh/stachio.v, P. radiatitv .facroprilium 

alropjrmdre'min, I f. lahvroide, (Gip.sicum anntm . (7'he'opo,,im 
cIlbiuw, Cu umins ativus, Vicetialna ,pp.. Ocilnitm havilicum, Spiime ia 
oleracea, C(anialiaet.si/i rnii., lathvru. satii',is, t mcwiinati-um. l icia 
fhta. Ig'na utu,ui ulata, Gonphrena g!ot ov,; and .Jfu.aspp. (22. 104, 
124).
 

Syniptomn1toogy 

Symptoms of NI V infection may consist of a mild mosaic, vein clearing, 
vein banding, leaf rolling, epinasty and or apical necrosis. Symptoms may 
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resemble those induced by BCMV. The intensity of symptom expression 
may vary, depending upon the cultivar, strain and time of infection. 
Symptoms may become less noticeable in older tissue if infection occurred 
in very young plants. Pod distortion also may be evident ( 16, 17, 105, 124). 

Physical Properties and Purification 

('M V particles are isometric and nay he 20-22 nn (105), 24-27 nn (104). 
or 30 nm (69) in diameter. The particles are present in clusters of 180 
subunits which form pentameres or hexameres (69). (M V particles have a 
thermal end point oA70-'(",a dilution end point between 10 4 and 10-5,and 
are infective in vitro or three to six days at 23'C (105). 

1he virus particles have a sed imentation coefficient of 98 S,a molecular 
wcight between 5.8 to 6.7 x MY' daltons, a diffusion coefficient of 1.23 at 
I)20 x 10 ' cm 2 sec, its isornetric point at pl 4.7. and electrophoretic 
Inobility of x 10 ' ct1 2 sCc volt in 0.1 INI buffer at p1i 7.0, a 260 rm 
absorbance of 5.0 and a 260 280 absorbanee of 1.65. The virus particles
contain RN A which has a molecular weight of I x I(Y'd, protein subunits 
which have a molecular weight of 3.2 x 104d, and more than 280 amino 
acids (69). 

'arious purification procedures have been developed by workers( 18. 22, 
104. 115. 143). These procedures have enabled researchers to develop
antisera to std,, ('MV and its strains. 

Transnission and Epidemiology 

('N V particles are easily transmitted mechanically, in seed, anI by insect 
vectors such as aphids. CNiV may be transmitted mechanicly from 

,,I), VA '1 .M 
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infected beans, tobacco, cucumbers(Fig. 13)and other.hosts( 16, 102, 104). 
Seed transmission may vary from less .han 1%to 30%, depending upon the 
bean cultivar(16, 22, 102, 104, 124). Bosand Maat(22)report,d thatCMV 
retained its infectivity in stored bean seeds for 27 months. 

More than 60 species of aphids may transmit CMV. They include Aphis 
gossypii and MVzuspersicae (94, 104, 124). Meiners etas. (104) report that 
aphids retained infective particles of CMV for up to 40 minutes after a 10 
minute accession feeding period. 

Control 

Control measures may include planting seed free of contamination by 
CMV and crop rotation to reduce the number of hosts 'or the virus and/or 
its insect vector. (-hemical control may be used to reduce aphid 
populations in bean fields or other Lost crops. Cultivars m,.vdiffer in their 
resistance. How,:ver, little research has been justified in this area since 
CMV is of such minor and 'or currently unknown impoltAnce. 
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Chapter 13 

Beetle-Transmitted Viruses 

General Introduction 

One group of bean diseases with characteristic virus symptoms includes 

mosaics freqtuc otly associated %,;itleaf and plant malformations and green 

or yellow stippliny. lthuse di.,t:ascs ar caused by isamctric vii'uses, which 

in d iaelcr. I nc vit uses are easily transmitted mechanicallyarc 25-30 urn 
and arc clrvstble ,,nd hIThIy antigenic. Ihey belong to various groups of 

plant viruses distinguishmble by their serological properties, host range and 

the tnumbet ot nucleoprotein or protein components. 

I hc most importalt klowll insect vectors of this group of bean viruses 

arc beetles henmiing to the subfanily Gah'rucinat of the family 

('hrsoit icldac. I hi. chaptcr will review the geograpi al distribution, 

economic i rmpot tatlic,host range, physical properties, purification. 

tratsnlsslon. cpidemiIlogv, s.vrrnpttlol.1,', and control measures 

reported for this group. 

Bean Rugose Mosaic and 

Bean Pod Mottle Viruses 

Introduction 

l.ilitcd ilitorIllatitn is available on the distribution itnd economic 

importance ot beaIn r1ugose mosaic virus (RMV). lhe disease was first 

observed in Costa i ca in1(1 -I(I 8) arid later in (inateniala (17) and tEl 

Salvador (24). Icaii pod mottlc virtis(lilPI' V)was originally Liiscovered on 

beanstit 19)45 insouthern I inited States (72). Bean pod mottle and bean 

Rultose mosaic viruscs bclong t,tile comoviris group and are serologically 

related. 
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[he host ratnge for IPM V is restricted to legumes such ais the common 
bean (PI'aseolu./ vuiari%..), lima bean (P. ltratiis I..) and soybean
(GlYcimn max I..) (00. 72, 74). The J-10 strain (f this virus. however, also 
has beeni repoted to, syteicIallv inftr (/u'nop'oditm quiio (43). Bean 
rugose nosllic virtus causes a s,,stnliic infection lnt omc cultivairs of P.
i'i/k,'ariA. I'. aj 'u!if no, ]f. hithrroidev., P. /imattii(, I'/i /iZlba. [irld"him
iP llrflaiiu;. (, 'is(t''0 1V. cr arir' timilt "lidi .im seil i(itn (I X). 1"iti',lta

ti ii Idula Aso hias been Iprcj1rted :as susceptiblc to) BR NIV (6). 
Cht/' ??/)OlitdtU (1o;arultjltdl]r is ;tIocal lesiol host. 

('0t11n10on InLMe', fI(cyuenrl ueCd f(or btean rnumsc m1loslic virLs in latin 
Americta include thmsaico rl,,()s alp(oladl, atrrugamienrl o and en­
ciirril'amti)to. i )saicocr0 deeIilt -ospossibIV corresponds to this disease 
it Brimil. lhc co ront name frucnuentlY uscd fo- heart pod mottle virus in 
I atili An\icuica is rot.;ll) Ic l;s ,atina 

N'lihers of tile chm, irtls vrumyip are [ti hlv intigotit and serologicallv
rClated (26, S(,j. Viv ivruprt;int stc+rtop. within the collovirus grotp
have h InIidentifi L Il.tirue (1s 2) ilt i c(P.sist (f twol serogroumps of' the" 
Owp rmosa0icM One ritHUp of IIte hearl irViilils .ci se mOSliC virus, olne 
,ero~roup o)f te.' yuai pea 's;'icr u11,(,42) which includes the strain that 
ctlses culV dwilarf ,itio ,c (,4,( (7),on- b, ;andIte srrtip of tilh bea';n 
pod ll. ttle virus (43). 

'ime, moaicllius itlte \ pe ciberopea tle contohVils rotlp andlas 
a1llt I ir.ber inl two sereI-otips. I[lie filst scorl(olp includ"tit (d strIll 


siatls itill .Ailkilli s, ( (stiRica. 1.1 sals td ml nd)l irtt 
 Ric). I[he 
s- <t l llt rti(p ittmilin Oiwtiluns b ,tt;iillti vhe sttii (12. 13).il: lhoS 

I hc,, straill, illso dfille ill iruletllce atd host rlit 
 .I I I' Ifl \ roiip is
:oIilposed f isolatu fotuI [Ill5 Idor, In rite BPl'.MV scl,,Vip, the .- I))
st rliIn. isolated tI' Il un. o Iswy-ea dif c ,tufro) elis:Illva il d 'Vllp­hm~ltt4 ,.kI(+: l ml),l Ot I 'L:ledt( rtm 0 Ilv ,,,,,lim m (tmnmi (43). 

S flllt oaigy 

Ifrte (llutelri types-, Mt Icictius hlat.Ie ll oosrcveddll hnean whell

litl rcted b. [['NIV mi[ Ni'V. htl.- r-,le 
 tiotlls ilre s\stcillic inft on.l, (w ll

ILT'its lid iltlinItullit% (18, 71). (CultisirsS%
hi h are usceptible' to s'VsteIilC 
ilct itthl (it) lhit e'.f'l ss l>cal l'sion ,ltll e'lltall\ s %01lt sil)\% lwoal 
le, mi,. stia1%ll\ o llot ot)CCOlIC ,issIteIIiIllinifectei. 

I ti 55'\.1itS\ ( ",vs tI it- iltote tIItt (IC I)CIldI, 1114t fW ' lt ,tsilirl, antIdl
pl(tlt k-tltt%,1u inllcetc Ill t lctrit., pILaIttl ilifecteul h%+ fIM NI\ cxhui))il at 
sC'+tCI, Il'l (SI I l,etitiiI ,I5. ItaII ,, 'Itmi ;i t ll ii plicktl iit'l (IJIu . II I lie
[~lmt l(i lh. i letm'v'l l litl t il, t 1) t,+tim ,s,) ,t t11 itriSliin2 c wti h ll 

l -\h,I t (6, 18. 2,4). 
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iPlaritS infected by BI"MVN'Show. 1 tr itk h 1c: i ml oilt Wland 
IICIrcOyIn I ISO Me CultiIvars hu I lack Ihec r tirc, t, chai I rctcirtrc oiIBtR Mi V. 
S'vrnptonis are nirist seccc On pird'. w~hich cxhihIrman rtcrr"C IllotllIrII2 
nrialtornat ion anrid. t'rccluentlo,'. aIiOr nlo i ctc Ihmn hlcaltho, p()& 
IT', 74,). 

1 rlIc-,wwrr rrilrccr hv boith v ii rit'w Mc "diriil. I)II pI iniirv lea'S. tile 
!)tI ic~wrrr' rJ111ii threce 11)1(Ir t;i S afttt rl-ircrrlnrmi Ii. lit I!) I) (dark 

(irtsr.r ti~c. mid appic'mi\rr1rCl\N 2 i11r1i Ill drnict. I'lrc iM' varies 
'uIld. dc'pc:'rdrrrL' Irpairtir . plant t,, ira lur]rrrrrhcr ()I lc innrrs ;icrI~ll( 

l ( I V., 7-4). 

BjC;jrr Crrlljjrir n dialrrrstic spccics no arV I(W %1V'(6, IV,"id 
'11 rICIlndc, ['till( I 11. StirrfglCSS (irCeh RCIIIrgcU. KcTrrrrck %\nindcl. Snuc 
'(q.Vi'\ax, NIlitlnlitc. Sirrilac. P~otoumac. *1crldcr (Iren. 1op ( 'rip. (irert 

Nortlcin !r:.1. 00,h P~lentiful, BnrrrrI IVx). hr1n lfac), \':rlerrtrnile 
1( midrin 7R. m,,per cullti\'ar' tMicNlnnre'.r nd lar\11( ( sa-ch a 
l~Rrrshnr mrid ,()yvemr crrltri'.r sirnir ;ro . 11111, Inani, IrnprnnMCdI 
l'l Ca Ir, 11:IT1a p, RIIirv Ie and) 1 InnXI, alIsi lU\ e he'' a rr en) 

'~rricrnnr)n;nlnrltin~al s inure nnII; ltesrInins ritC1nncilni with 
citrcr\rrs n'rreCnltI%;I[' 1rscd tin olc;er linac ine pnpcr tie's nif thecse 

itIISCI rat,11oladn l pkrhn ( Pit,(into I 1 I. i:h mind W(A­1Inuan. 2. 
irjat( 1, 0, 18, 72). 1 hC hCscan etrlltaS COL 109-R.P . l d lLAnGI(iali 

hrave h..aeri uscd Innproagate~rl BR NI (6). IX). BarnW eriltr; rr sclr aS Black 
Valcatineli and ( h1crnkce Wax, anld snivhcarr crnltrs nrs mrch a" iee arid 
Gibsonr harve been IIsd Ia po vapt BPMV ( 1, *fl. 72) 

Irhe particic (It Ilk NV rtind] H)I'\ Mr pinI')hdri ill ,hapc and ahmit 
25-10( rr1rr Ill iaricter (I. IV. U)1, _; Ill tilimhatIrl seclrmrs of heanl leaves 
rrrtcctcd witir sirarin A (dl BR NIVN, ry n tBappcar winch are fornied 
[)\' Sjlierieal riartS Ill j:rtiIdf. A)llrt t i Illd;imrrrenr(5) anrd r20Iun rceg'rlarr 

11i 111le rIrlStrainspaced ahmirt 101r mill thre . I sties I~leln A Of-tle 
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same virus, the small 20 nm particles are dispersed in the cytoplasm and
probably represent the virions (32). In the cytoplasm of hean plant cells 
infected with BP MV, 25-2 nm particles have been observed dispersed or 
as crystals in the tubules and iactalde, Such particles correspond in si/c to
those obscrved in pure prcparations (20 )0). BPMV alsk produces
isnlophilic nLhIc(l,, and ut,(linic hoducs iIn tilt coplasu 01 infected cells 

(31). 

The therail tuactisation [1( of BPI 'V is betwecn 7(): and 75-(, and 
of BRNiV hetw-cu 65 and 70 ( Both viruscs have a hinaldilution point
beti,%cci lW -I ) 1)< \l \\ teirtit s itilectix,,. Illcr tki a(!,H;ictftlot48 t1)H
hols at 22 ( . ;1t1oHPl'\ \ I" !,ti) 1r 02 d , at 1, (I ( Is. -2).

Both virttse, puriied 1"Ilkcall bc c !t;all or )\'talrl ait' pror asoitsthi 

plint . to/ci leases ir' Oilt\Vc. tid lt /d I K ,l1 ) \N
Slul ton l () \1 p h ull.'i lt - Ii is atd;ded 1t t e I t. illd 
the pulp is presCd throu0gh ,gat/c mid fitixCd \, itl equal parts it ti-bttanol 
;ind citlorolfoto. After 30 to (0 11litttc",, til l it is eparauted arid the 
situ> evr-,ru is ,tihjuctcd to diflerential cIntrifugat ot. Itw pellet Is 
rcsiusptlded in tile -atllic buller ,lutit. iud the irus is pieclpitated h'. 
adutin , the par;tati o t fill 5.1) with acetic icid t 10(('). [ e virus u, 
I, ,pLJdC tI 1l theoI' am t hIi p)u t trlotlue ;I ,CcOlld Ce cle tf 
ditlcrtitial mdltclutiathi rtitiupcridcd in 0 2N hiferand linAlk t p1l 7.0
(I1, N8;. 

Alt(rVtuiti%(,k. t11 ir it .y hoe precipitated with pojvtevln( elveCl,
(."') ;til N;it ;it ().. NI (tR (i miitci, utnpublislted infolrtilation), ir the 
tInclhod used 1), ( I'd o.e 'ii/. I5. JU. lltilter purification is ohltiicd hy
"till)t i- c i"t% Yfa iii -t'lltritlatiyti. three cctlitillgi l Comtipotnents
tyica' l the t tith\lrlu uip are scpatiatcd tile top ci+Illpouteut \hich
 
lacks itucleic i tiridd C lltpllfl t
ltlil. c ru1 and ba a !Itoitt cot'u lplteilt
 
clltloscd tt:lcoteloicin ( 1. Ihr t1iddle 
 ind tttnud-om arecomtptncnts 


llfcctlr 
 o(015t \uslot l r e,+t ioi t Illix.ttire. sife thi , erotup of s i eohas a
 
divided iu/cmi e Icqui! it, ;),ll 
 )irticl, to he itilctivc t59). 

Flte isotueti ic iPMI B hlive scdimetati,,'IIV cctlicier's of 5.' 
atd I1.I .i tie t(t. , tllt le atid bototil cettiliietj,;Il Cotnponcnt

respectiverly ( It I leC tIndit " ti e llt(tt ttullitr \cifw it use\cl t bt'teen
reported vet lr N',+. I i t,, 'til11 wctelut o the BHIM V tincllcacid i,
I. ; I .+..'A s lie dlt mu ,;i Ti l,' lliddl" od1 b u c' l(i t,'llt ,.
I c "1)'i( 1%i,c . (<l 

t itli pofd titottl' u t t,uillutu:t nl r suelt tld-'d ti tticl ic acid, 381(,7 ol, 
wliclh is prc t it tithn iddlle collptocit and 31 ( it the bottol 
compotett. lItc base citmptsiti~ti oif the I NA i,,sgulnine 20.01,7 adeni tie
3 . 1;, cvIo situc I1h.X7i itd uracil 31. 1K (1.51 ). Icsc p-IItperties hac n(ot 
been (cc rinic (tIfor I NI V, 
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Beetle-Transmitted Viruses 

lra nstniyir and [iFpidi ll y 

,hc ~rtr fic(till i cm eIt.. 
'

1 Itechtllricallv ilI thelaoratory or 
litssh i> t k A\ Int lIlt'\I, arl' disseminated in the field hy insect 

Se'er,5 iIItic tri i/i 'o i ll ht il i ,11,11c,iil ( 1r ' o nlit ' lt (13).
e'an "eosc' m)~l$aic ,ifis iI tiransmiitcd bv ( ¢r-otfmla rtllicortis, 

/,al1i .f>ia aalcwt iFi". 2) and /). ad*ipha (6 I2. I). ean pod motle 

VI 
I. Ity,!, ., ," .". .: .. .7 

0.," 

oir us ie,tra usini tted by (Crat nna fyrc/ata. A) /'al'azc A inhhimpi/unc(
Iala, 11\uachna v'ari'exis, fluar/a.,o/asj!,io . la anrd Lpicma ittaw 

I1. 13, 27, 43. 45, 4X, 61). 

Both virtises can he aicqtired h their '.ct r, dutirlle Icc'di n pcrids of' 
e, than 24 hlours. A" with IIIotn'. Ii oitliost highiis'.;etor 

pcr 'eIIage' If the ilsc'sCk trarn itti h,' ilti,, ti tip to t\%() di\s . Ihe
tliiinnislioilr rate then d ,ops itail icd! ili.,iit occasimali]. ')ollc
inlsects cir tranisit tile viuli loi hltteCr peliods Ii. .4). In the c.aIe_ I 
Ill-', NI\' ( .r iili,,,rnit tan iar ir ilie'it!f sei t run dat s, hut I). 

S ih tll. a// 'ia ,ml#aii t lot n Ik't ' icll' ((,tthis 18). 

Al OWi"ani: tinie.L: iiwtt :aids tinitrtr HlNIlof oirtorrhaiire 
dlt\. while ( . ri/ilrw i t Iar rui titlt '.eera) tcans 1 revionslv i
 
had ut-r'sisiiill th;it iratls/lts itii resiulici 
 cfrmontin;ti n of the

O a l k~ n u t l t l t \ , v\ w , t h t' l , l l . l ll ' .- c h mli ki l l [lI ( ) % kh p a nl , l i~i 

Illitlcred to heI a tol r ottjlec ,t ti phet ittettort hitch is lot 
cotplelltely uinderslood. lire i. hir e'n detcCted ill (it hllllol\ mph. 
: ~reit lan,aid fcce,, o \it tilitro mt hCtlcs 112, 13 Stir. 

liall rtgiis iSaiC ;tld heair pod intitle viruses ire n,,t ccdl-ho ic . N 
other inlonration is avtiahihlo he eflc irdcioloc% oiftlfI N V or HPN V' If 

rsis i wc c ist.or,',ih seed does irot tllil it 1111ist )e;asistretd tlat theic ar 
oti' 1 iost" 1r l %khichillccls aCitiic thC %ir I t,0 ai tI11i to hearts. Ihe 

i 1 i' plants, as %kellas the ccorloeical Cotdfittoni ,ohichdetermiine
 
hfic tirsis:!. nc'd to he studied (51).
 

Iilltlt;iltli (it insect vectuors Can he contolled skith insecticides (see 
hrpriier 21) fot specific recom nendat ions). 
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( iIrnA "ohrch react wa h iwal lci~lon am-. stani. wince damayie from 
[ical Ilicctill: u nd2'! li id c'll tiii ,ls Is no ii/lp l . ,Nt iltnIerous 
LllrIl(iCi'ail W a"tni 'iit.I!, al iluilluncl t 011C. l(0t h N JUSCs( 1I8. 19.72. If 

e 1 I- t h e ,Ttile. LIII .1'li Hi ti 11 la.t l n ,lI) i ion,.'k itw.vould not be 
,![,,l'to lt' p ~t I',iY,,IICC_to 
 1111tll+IIC 'IloN into Collilllici 'd 

elteilf ml dlc nIill.to:l s , cllh niniic lnlv. lcal lusiIN., and l" Clllic 
iniect t [m ,'and I l{ \1V are slif nr t,lv HP NIV lai. alc[i,. m ylLenl and 
.va,,.n:cd Av :lit cc lleLH._the tir ,ltwhich is dnilitmnt o",cr the 11hcr Ivtwo 
and c Illlcl!. iiil un.lt, I ' I ,.I h(:,tcmnd i doninant o%cr the thirdtile % m: 
and colcl, ;pcrsensitl,,it.Third dteLmrllinc' "Isiccptibility t,knd the 
s;ste icinlecti 1 37,5( 6 7, 

Bean Southern Mosaic Virus 

Introduction 

Ieal ,msothei ,lirIlt ,in " ' ,SMVfa ,rig inally observed in 
I ouliart aliandhIas IiLc bcl n ll IIt ',\crd;i 'statCs ill sutthern and 
.slcril ited,. Statcs l.71 In I atin America it has bch observed in 

Nexico W7W(olnhia,. (W'ta Rica (44) and Mrail (7). lhi, virus can 
i:dttcc le ianpoducn IIn isttnt(7.1). ( IR :a, lssc-, (I '3-94(i occurred 
tner c perlil ta colrl ilin. \lhilt in . i,' . r:It/ l and C (io,:'. 
 ,mhia its 

; Ir ti lceI C I Isi kI tI I)c I I I ) ;(II 7 -( . 

]enIlI IItIB.'Ic lI IIh I III "1 ,l1 I f I I CLtl , d ,I/1) tt r t.i% , I.P h l l. ii P. ]llnll 'sL 

41/ 'li I' 'i ribI ll P. ''lfl ,, l /li/In /l[ '\kntiir uiti. ( 'anrop.is sp., 
fc/ilt, , uiic mbcawsavlildn1 'ovvlpcaii. N 'I species 11iutsidc the legume
 

tItili , iP, 10lhC ".tCcptiblC (25. 53. "tO).
IUpitCd 

Rea I soItherll iili( Vitic .if L+i',ts Itgrolp of strains v lhich arc
 
serllhlL'ic t rela.i (524.the severe strain described inMexico (701. the
 
htlla ,tr:in which Iltct beas ;llandc,,vpcas (34). atnd the co,pea strain 

(25. 5.3,s.mli ddm not inlcct bcans. 

ciuntiiiottI lIc naniecIclqUcntly used for hean southern mosaic virus in 
'lA 1, 111ILatini ,\1l/1C ' ,M~l'ol'0 ILh(l. 

S ill)it .\111 ia I ll ate sl Lt 
Svn.'tllomato hog 5 

lit Il t itIll '%if-irs induces three major types of symptoms in 
bca culti.ttr',. I iI eic(cal lesions, mosaic or mottling, alnd systemic 
niowst. I tit type o ,yrnpttil and severity depend upon the ctultivar. 
iclimtic CeMditiltls td irus strain. I ocal necrotic lesions which appear 
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Beetle-Transmitted Viruses 

I,A I 1 , 

r t IJ I I I' I L 

tWo to thrtC da", , let !r1oC'Ulation are dark reddish-br\own and I to 3 imi"
in diameter. Their fli, dlpinds upon the ctultivar. leit age and number of 
lesions pr Iduced pCr Iat 

.,[[tI a I) 5,'-,"-tilI iritec'ill ri'iV rt' ,Cri le thlse irIni ced hy beanT'llV()w h',i11 c'nri rhrl iItises . ofIfi c )Il III Iirc fhe fir t, Illp to llis 
sxste~ttir 1 i[I ]owsI~t (I :tmild tmottliry ( [it'. 3) wich miay increase in 

t(]evet ll (. nc"i11vri lw , . \ bInti11ring, rugosit ;trl detorm ationIreCltictly
[i tI c r. ,\It) lrIct 1 It] plailt ,,'earnd sCve c Ilaf l alf'orniations 
C(Ih1t.I:IIni, ' ,r .idCt inlh L, s ',c'cptihlcctilti.rS and vwith ,onic virus
sttair144, "I. 7 , 741. I',ld syrptm ',.+ ti, llv are severe, ;Is tile\- become
d!, cd Imt II q1l ait;i irk grcenIor mottled appearance (44, 74). 

]1hr 'incul Iif r .[till ,icatsire., I opal. JIleritiI, I 7S ::5, Reult ee, andStrrruI[ lc , Ret k 'ail(iIIC aIrInfected wi,'iti ically hv the typical strain
Atd the t'",' "!iin ltri. MCxic . Ilfie lattC sttm ilinduces local lesions 
arid ,',emn cii iII o her eltie irs such as Blue Lake, Kentucky
\V,)drc. l'it,, I 1 1, dtitcr 701, 74). NumeroIs cultivars!!n Pink (25, 

which ix'Mt %kith Int'Il 
 h',iI)V to sccvre includethe strmin Kentucky
W\on,(ter, S it k ,ml. l latico 15'7 (25, 46.I tl 711, 74). Bean cultivars 
1,usecptihle to >\srerr ltccti n arld tiLed topiopaipate the virts include 
limnittitl1n1rd Blact'k \,%IlCfifC. 11he cos,pei Lulti ar Black Eve has been
 

lsCd tI,pr ,pai.it the cr.[ne a atrain(9.22. 2 ,57).
 

Phyvsical Properlie,,,and 'nirificatioti 

Bear ertr1ttIt rmiC riI ha , ,torueric particls ( ig. 4)which are 25­2 rn herrii diirietCI %% b.rrCeud tIi theerct r-unncI microscope in purified,
p[rCpitilitorr S25. ,17). urVii miparticles 20.5 ini diamieter have been fotnd
in hoemil le ilis I It). kkrile mater stidits dcscribcd tire existence of spherical 
par iClc, (25-30 irn 1 iM the t'yttoplm irrr arid litileis ot plants with local 

o 11trrle~sionl rIti cirilttiri [lie cowpea stlaii lorrr crYstals in tir rrear
tire VatCUll tiSsusC, Mshilc the bean strain dotes not foin true crystals (8.69). 
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Ihc therm l inactilation ptoint i, hct'\ . ,()90 ind 9)5 C. alt Ioi Ih there 
alte sliL'ht ,,ariation ,,\% thin tlhi, lin i rlli train. 53, 7(), 711.rIC.Lnt Ihe 
virns tiler:itc, diluiton, bteen 5 x I) ,t -4x ) . tlepcildin2 yPon the 

, 	 -stirain and te t plat. lihe "irul. rnlin.ih infecti\ t0r I I ,,Ck Under 

labiiatrwtv c ,lnditi,) .ti ndi '.+,cck., at ( ( 0. 71 

D~illt'r lit ilnt.tlIito ', ]Ih \Cl , ct' t1',cd I'l p u ll+, th,.' \ It-, lil_ in itiall 

..xtr;ic'ti'm li ii;ll\ i., d it' v ith ;)i w pl+, hnitn it ;lf 7.5. I h :xttat-t 
call he citicr h:fat-clatrilid at (0) (ClI ]()nlinutt" b : tic rnttii atatit 

It, treattt%, o it i11 1) l\nItN U. I liehl\,. " ,c i eda 'r II c , c it-, ,j'e_it iiW itiI I .
 
pilpm ltiomn, al c ,it hpu.ctcd. it,, +,,a i~l ,nCvCIt_', il dtltI,.'t cimtai tt-ntl if t il.
 

I i_ \iirt aln hc 1tltinct piiriticd Ix p iccIpitittii K, iitlit-'itiut ti)p1 5.0 

Ixliu t (dtthe %l ll, 1!,0.0 x tl d (.1 1lie ,iral capId i,, 

l .ahIt+tt 1.? \ luYd atncd tientucl ,'w id i' i'l i\~ l It,.[, .-I , ]Y()t f 5-.+$ 

1he rib innlti, acit.d thie 'l, l, I'. ,iInh.-,,tIaIIdCd ind r[cp rt.l, 21-23' 
Illt I xi l i I. II e i l pt .iItiiIt tIetI I I N,, i' I;itiilie 7.(), . jd rietiC 

k ct ,c 225 an l 21.v' 22. 5A;. Ilin dilimbil in ati 
t l' and lther ,Crolt~iic)ul tt. axe bCCn 1t) ,tudl, rclatinhip 

b(tt\xCC.'n ,IrIIx tI-ailN which haC ke.CnI a It be related bt not 
Nct hiL'icill\ identical 125). 

Transmissri lid lpidenflolog 

ibeam '.iitht'll tlIhilc \ ilt,, hi been rClortcd to he troi liltel il ,ced 
,C+akI 0 ", 19). Motor recently, it ha' , heen ditectd inl ltbri ONi(58). 1 fie 

ciwpelo irlin ,ld'. i,, _ed-tanilu Jilittd i5 	 l Ih \ iUx e;t h_ trthi'.nitlcd 
,neehaliicall, \,itiict] ,uliintion occur lx ,x',tCiutr1iN hrtll 12. 13. 

50, -;) 1 lit: I ,,',,i, Nr ci . ('i tmj ril/oix. a tl t d lpi/,i Jil 
. .ctii, tilt- I 'nitcd I 1 0Q, /Iia/r,tmujmi ' \( %tl\ !i St;itt e 03) ,odc/lpJhi 

a,, ,hi it, to Il l,iii titt hi % iiti In ( I ',i lw'icr -i t I i( Il, 'l rCall ;ic luire 

the t .i ttl 'I c. ailn i ptt it s I 	 i cI,,, thin hm ni ( . t im r,'li,l ii 	 .!4 

Call tcliin Ilh r1 ti aind lieiiit i'. to i lleiu i\,,. :11i11inl th ile 
.. rpc~r cIIa l , t oltl ili<ctc

, 
tlia ',Iln illl tiht_ \ 11I1",d e'( it<,' ailtl tl e' 't ' lltd d a~\ 

(0 5 ). F:. tarlt +'rw i lit!cl% {[ t i. i', !wt %1 	 ii I ll 1 l'C th 'tl l ,+Ili- .. 1, ( tI I) 

I he. \i Iu 
, 

ako,( Ilim, ht'tei M VTtI. I in lite hIC:111)i\ HI~p )() ! I 'c ! \c1',Ct ,,CI5 ) 

IqC\ h 11 ,, it \'.a,
, 

h c e\d that! tilt' litl, i+i mlc+haill"i+.ll (tl 11hi" % il"+. 
' -like- IOw, (2 (11 (tqheu % ll+ Ill the O'<llIM fill,,' ~l, C0I,I,,tc,: 01i t ,,I 1ple 

r linillnt iiatioi (t l el itucct] p;at1 ll the' ni c'tt bitttill it INtcli'ed t(o ca 

ItuiMe 'mplll.x hioloical plie)euiin I I2., 11) 
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Control 

I he use (l insccticidcs m 4tilcii t d,k tol ll hekJc ,hould he alnl 

ellc tve 1 til':. llgh ,tich pr actic'c ia c not bCl pr ,ellalc' ;Illh 

\pcrir entll;. ['l,it1,I S M \'-Ire seeC b' :;1 Ji,'d ',hlil iiteCCOlW tl01 

lilctlil).
 

L!Th; 

(ih. t, ,.thw %,, hiitI 'hihit local Ie. ," be be 

A, 01010111hO nc i~i, ,I bean;l cliltix:ti tc 1 ti 'llnill It'iil tliii, (f 

i,: cnlihdercd to 
c(i in1 ci0Illk re.-It, t,,it cIltiilrk incl'dr ,_iiiclkv W onder, 
bll l. i'Ax )e:t.lnI itl (Tal .Nothcllii No. 1 5) and 123 (74). "[he 
Mexicktn ctilti\sir rin 1§- s il57K e ei,,sii (70). 

Bean Yellow Stipple Virus 

Introid uti(in 

liett cll ,tipl c kiiu)t 1 'i \"was first iscolatedl in Illinois in 1948(73) 
arltditer ielI ,tRici in 1972 (2(0, 21 ). Ihere are Io(studies on the 
COMIlic iiinportance ()I t'iSV ilheants. 

b iii 

to ,\',,.ilic inccinitl b\ Ht'S\. Susceptible plants include Pha.s'lris 

()nII ,c" 'vllrIt the lugiuies have hccn reported as susceptihle 

iiil'orP. I' atllm/th, I. loune/n. I'. cal,aramtt, P'. ric'cardianu., P. 

m a) ii/i/,'lit',. P ni/iL ilt', 1'ii afliP2...I, I' .esqiripidalis. 1. hirta, 

( m Imixi. (0 'ioxri , llid(al!an simiuu s (21. 33. 60!). In other 
sI tide,. ( t.lo/ Iholah ui(e'/ruf ,nlnba. llltlik'), and Thsuu .sali\'ui 

lo \\ct ,wocptiblu (73). 

1he cnnllll ntllc"frel ently used for bean yellow stipple virus in Latin 
,\ielric.a; is,iinteaditJtllirilln. 

S Iici)((11n 1I ( thvlay 

)nl, vtlct Infection has bCCn ubserved in heall cultivars inoculated 
\\ith l tl lnlecied nll, 5, ,of light yellowS\. plants initial 5nplt o ,'rv 
tilpliil ! atd, later, small tcllh spots in the trifoliate lc'es. lhese Imy 
calc"cc tn 1(milrspot or yellow aircas with well-defined bhoders and ;all 
irreprilal shilpe. I he spoi icclease i intet'ritv and nuilblic oil the new 
lca'.c' lornied it finwcring. Slight vatriions in SeCvr:tv OCCtir depending 
upol the cultva;r, iiianv of linecim ind clitnliatiC ctnditloilns. SoIlel cultival.S 

ilso ciiibit ,,lilit giowth re'duction. In generial. the infectcd plants do not 
show niallollit lioll, liositv, or Itloiic.1,Cs M MOltrlV associat ed with other 
bealn viruses (20, 21, 73). 
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BCa, cultivars susceptible to BYSV include Stringless reen Reftgee.
 
Pinto II . Bountiful, Michelitc. Sanidac, Iop Crop. lender Crop. Fender
 
White, lender (lrcen. (reat Northern 1r'.]. 00. Kentucky \ ,nder and
 
leICider I minc. I hc ci pca (iiltiv;ir Black I. c l,,i NlLo S cveral
u. th, 

species (d lci'tllncl 55,h th rc;act tI, the %ii. i I c ll icIcsion,
ll c -ci 

111 Mik I(include I),)Io /l la/l,, (I1 n , t /W:( Pa and jIIl/,1. 

111MINIM0',, itnd 
+ 

(1/b.1lm,,tict wiltl s~hitish lca CA ittri. le bitil 
culltlital, 109<-R 1 : li~ V the('d mind P'ilot) hilc I+CET! +lcd to tiIII mVluD 

(21. ".. 

Physical Properties and Purificatii
 

Hei 
 l s .tpplc 5 irti,. i lltll bC l t,:- ln '%iruyi g oUp (26. 351.
 
Iypical )I the ,inSilt , l'\SV hiN, iolllltic particles 26-30( nin in
 
diilnctcr (2). '1). 111 ill ict.Id hcalll <tnd copea,,, BYSV ploduce


< il t
;li lllllph tl' lincltl on!', Ilikimlc~i-.1i itsiH m dlim:1711llichlrlmi" :1icllu 

t0-)I0) Tim in di:trlietctl sihch c(Ilitijil vilus p tric ,(28) Ih S ll i!"i,
 
lthcrll inlacti Sit llit,,1 (7
, ll p - tdillitiol' end po lltbet v -;II s I\I 

arlid tJhllui'csnst\ II tdItutI o ;, , i I (" :ll:i Il'(1;1t ilt2() ( 21. 73. 

lic %siru, c'i iv purilicd h% hlllllc l/lIn t2 I)0 1, (i 'll I m l ()tO fil)) 

0.0 1 tolMpi( hitell l ; ,, tilepit II . then pII nlIC pulp t IIIo L'h eit/e . 
itild sirtI in tile) it l %.li t th m '(I c lt'' tI Il midt ne ut ll-ltl.lt-tir
 

ll( e eli

the Vifit,, In tIII( Ill', Ihfl&,L Owcn i<<,Ilhi(C'jcd Ill 1\,, clc" (ofdi1l lit lal
 
(e l tt l l ,ti(i.l4t'I'. plli is i e.llspin.d I,, i Ce allmi ltt rml. mdth 

;tkclilc_ oc 
ccll fl if111 Ih ;ItiLPJ)c'l,i(t I c,,u<pcidcd ill thr: <,;ito hullerI and 

itrltilu i I,,( ll 7 lhe:c'teitiill cc t Ilcdn i l U , k nell, 'rit t,7I. 1i Is 
SCpir ted it, aI lnlct' bIIdIll ColltitlllUP't I _ l 1pIllil I . Iich lab, i 

ine illtla ,IIlt li ; ( ,icd i icltCt uIN II) 

IlIe ntolccular wcleht and chemical colmposition il IIYSV Ila" not been 
deternined. (, ea chlo otic mottle virus has a molculai vcight of4 6x 
Iltd itlt i 'nt,ii 2 ' rib1,nnIHC ic acid It it '1iniI0c strlind, %kith ai 
colllpwl i ll of Li'ui lic'(, 4) atdcllirl25.3' 1,c'\' ilwi2(0 1' ; illd i'll
 
251.)'; (2,di. 

I Ile silu ll t e brwI t'lil %i5 ll,Vr p ;tic ,cI .ieical]\lelated.
 
I liesclologic;il ieactio s ,,t dccllr inctd h" ecl dilltuli 
llantd shi' cd 
dillciricc., i n strills.rli y w. I hii .10. 51n ,trail i iu,lttitc thps c'sspc, 
stlraii, ;i ,t l;iirn tt lh ' tlpplh ttrirni .\rkills.i, ,'11t h"'nsh 1 (ml]osti
Ril ( +tj1j IhI-un j),Jc .%11,;lCllIi' 1,,pc nljC'liIl(.j tl lht 1r1U."rtl 

gillp. i" Itelated ,trllllelcailhx ti the tcllio, ,)tipple 1til IIi tlp a (49l)u, 
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Traiismission and Fpidenifloog 

I,, w It wee II 74 
tranIII! ted rIIccI'ini altI )i ii1iiu1t1oII'a pc:ir tiI ocu prIncipaly h% 

bectlteCS St(Ich sI' ( 'r '!iiiu1' ! i'/ is n i d I)uII/hr. /)' in1 ( cn r;t 

IlcaI) veIlow "tippI C fiI\ tI nlitted (21. hut is eitsil 

.ierici . \ iriis ieS iwisitIl! b\ 1t \Ctr C I(II )cclrIn Inv+ thMn 24 hour. (. 
" 

rufIt,,rI i ciln rctill tl;e 1il'I1Itrit thr ,eto siX d;i hut /). /, a ua Imr 
UI C 

,
(-l] t in o eV days..s. ith IICIe I' ]-I I shicht three 0I lir ',it k arc 

triI , oteipitera inrisects, the tr;irt,,imihn p[e .ta cile teis-'.ISrnittIt.Cd bv ( 
r;ipidly (dil ily the third daY atter virus, ',tiqtihin (211 . hu1 i .chaisin 

trI nrlHiIn pit Inewo.itPof the virus ipparently is sirlilt to that M eaH1 
viris anid bean southern tmos;a , (i 3,11(4[ lie,,\t, tpeaehiol itrc 
riottle Viru., aISO is transHm ttCd by ( . Irill ra a, 1). imh/f(iitit/ fltat t 65, 

;iIl I-'. ,'ariveeti.i (.J.P. ttiton. unpublished lil tiimillloll). 

No inlorlim t.tiin i t%: iih;th.c l tie cpidenliolo:\ ')t i ll.it us in h rtIn 
,flicl . Pr-illiira Sttudio-, c riCd lolt %oithcos~,tci' il (Costa Rict hasti: 

.hl,,mn that ecologeicarl conditiotns related tii tile season (it the year and 

sS'sctit of production alfct vector populations and s;IbSequI~ent Sirus 

('ontrol 

,, mlriim;tior is a,,ailable on methods of'cointrol for this %irus in heait,. 
All ult il " (f beins tested experirmt:rjlly have been susceptihle (21. 3)
 

,
lie ippacnrit naturlI incidence is hov,. arid pelhi;p, the % it doeus not 
scieels AifIet prodictiorn. (Coiito I )I .Clo c cilltlttlte,l rce:tl - ilI il 

tteti.emlli d to rculucc ,l i ili !le Cet IltiLidiCi it should cus' 

illupurttit cc'tlo llic prlbiern , 

Bean (urlv )warf "Mosaic and 

Bean Mild Mosaic Viruses 

Intr(ductitin 

)it.'i. n di' 1I ,-. ,- , . -, ( I J1'I \., rid heart mild m osaic virm s 
uIIM\ I,,c '(,,lticdti(,m he'm, Ii II .- lsMidi in 1971 (40. 65). No 
stii,ite itt.' SI etil I,,>ss, (itill, h. thcl virus, aire availa le. jios e1er. 
It( I )fV 1utl),i tluld in I -5', ,I plants gro%%wil in ditferent pairt,tell', , 

I lie list i ne itI ) \1 s i cl(')c rl t u air 1 aciit1f(l/iid. 
] i.t t . ( fjlfri?111 , t1, 0 (' rll'lll' i +tlltl'la Ilitm ca, (Glllii tl w~ll tltll, , 

rt [~tli iwll ti '..I"1I1I1 \. Ila lhII l ~~i ti.l s\, /I ll 'M h ro, . a f P-mmtrdl 

1( \ lli..%(' lll iek/!llai. I Ia Il l/l arni lit ti/l radiatw (4(0). lie ho t 
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range ofi MN inu des P/ia nous 1A~inis /A avuufo/iu, Wi~oehm)
1/1(/Alacr )/tili lthir hwmiks (iwj,' mea.x. ana 1/iavh e'imiil'ormis,

*S/iabanu cva/tlta. ('I/irin.: i bo. and ( hr"teioliii,;r1 111iltiOa ((iX). 

xictdali~Iii~ ~ ~~~~%0 if (t \kuitcrmi 'culltml i n (iltsoNIxnh 
itj illof~i 6 ) 

%wIi %ifuit hl Ai Ii r 'ii i i x ictiii (t 
[iicc Iiu \a'drI,, c i rca i l l tolil (I1ti(4!). ,(Q .%ViL.; , 

anid Squash Mliiarc ilit5! %~r hii riTI rlk:tcd sciol'n'icall';. to IiRNIV
IIII f,101 IlI\\ doc irit hchmricf 

or 
Ill any (11fitic lit c.Sclortrips inl the 

IH MA\"Indumce" ;I % dc raiiuc (it N cmptornls \kith \;irvirrg dcnirvct oftxclI% cpCldinL' llm it(-th culi'.ai (i. 5) aind (tid 
it1 

ii"In
tics Cl pIilrcrIt. fllapiiifo11 111(11CiscrIiii_ indiiiccd hy ht~nII Rhigiii

iiis~icS ii,.Plantls iimcctcd liv B( )NN1 it l ncaml Nl ucildccipr
iarc citfcrici tmi'itcd arid piiidiicc [I( sicld ( )ldtcr plamnts %hich bcoime
ifilcotc( are k",, sCcilv altCCtc1k arll Iitodricc lifrrlim citulptwlls
rliai hc itifit i'. iiitIr % lcirrirrim rr ioh)t )!l kallt;.,_11 v.!111 anriidctcli tinia tc g'rimit i h; it11 S%iili ii d ud c it sa 2. lIl!Hwt curling

and twistiiijv I Icaosc" 'fill! jii ssmln I nc 
 '.m rtima-, awic chiloirotc
aend ofr iico-ltic huicl lcsiiirit 5 cue rccis. topf iicctiil arid dea;thi.

d'cp-iid inrg upilf O 
 k: ucit salrI40). 

It3i NV rrrlit ilrrct( ;I hbirck iisccrrmjlrlc mild rliisami (lic'. (e) Slightvci mc.ighurim dn t Sc-h~irid Ical ,urfacc (Ir no\Ijl'stmtei. 
on~viunii 

to depend ulpon 

ii hr otic kcal lct a !irrtl inoculated pc lirr ica"Us hut appcar
ir'~pt-clemd cmsirmumcntal cirnili ou. BtNI NI dut notstunt plirt ynritsth mrcarisc 'cscrc Icat dclorrilatiiint !I( l)IV canl occur in

ci im hiria.t ii kiuit I NI V (I ii ) i racr lucid cmoutit in' inl 1:i Sakalvai
and canlrrrclic iPr(itcr dli)mc hrccrtairlira' thamiWI )NI\* rertcctiol 
(11nts (0""). 

vical PPhys Iropertiesu anid h~irification 

irmasj)NI\a~ofJt( [)( iccIcile [,(. IIt( Ic trii lrrctd Cr~ lc: sCS and
tmCiict.r~;rtiit hoit TITIlf!irir. IclIC %111 I'tltr 1', tliCiH Rcslitiislcule and
Ciliitilsi eimrstCI cT rmI'lrChCOtIn i\rit(_ifrin~ItIti it 000g2liii
usc iiiiuiiittt. I tic rictus tiliicN ilcriiitailt cinitaiiiirv tlic %iWli is 
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1 L 

; t I I,li ItI,% I 1, e t t'2;t 

further pu(5-d deu0itv rdi cut I5-30*( sucrose) ccutrifugation and 
stLIirmiilcd int') th X 1'tr;C1 CLlmponents. 

fhc I('I) NI , potrid!,e , ; 23-25 rim in diameter and infectious in 
(iotiti up t II)' mI).125 NI phosphatc huffer. Dilutions stillu, \ are
 
i11fetlill l,,tct ilh:Itlml at rui tmiperalturc for three weeks or heating
atl50 (' lot H)lm mintcu (4. 

tli1 \1V nts, h.c',tl;,ttd ImniLircshlv harvcntcd leaves bv blcnding in 
v to hlre ( 112 s"odium citrate buffer at pH 7.5 

(Ol I11i1,IcHII ,N .\I-I L Jt~ lc<hulI.l ('old chlorolorm (20 ml 100 g
i\,tcu)1'. ditl'h I(' thlh ,l e'1 t,i MlcutrilltgatiIn at l(}O) g tr I0 

I tu111111. ' Ip l11c clear v lhV. stpcrn t;im t containing the virls then is 

I''++.:- I .. 

IndI, 1+ ,hi,, " ', t r , '
11 ,I , l ,) 1: II IP, J q r ,I +
 

In',.,d Iit ll.1'lm%kithM I'i\I1 "if I)\I \ ,arndf \ 
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g for .5 hf: 

with 10'i (w v) polcthylctn glycol 00%i beore centrifugation at 

concentrattd hv centrifupation at 105,0()0 o or by precipitation 

v 120(X) g 

for 30-t) minutes. Vium, pellet, then arc rcsu'+ ndtd in) ().1)2 % citrate 

bu efft n ,.t (X}{). p! i-nove pltitimiterials.for 4-24 h before c iri atiot 
[hI \ irU is tirthcr purified on ll-.) lincai s rtuit , n f.(H)2 NI,l,.c 

ncutral citate helnc tctitttttll t i in t wittllyib t+.c: I t(IiotItMOt) ) g 

air tst hours. (iadin,t-, then iti c : ttOn:ittcd into a ,ine ',iral 
componeulI and lhj(. ted dls' retlion. ti tdc nctv.[ftcthe 

,i1 then is, conet1rtat.d b,. hiich s,ccd cenlt: t!wl ' ll 

A urn i.bhlutionr 

up to I , 10- in 0 25 Nf phosphate butlr csc aitior iicibation at r no 
temperature for six \ecks. 140vacr,,latidelvA Hem or sis dtrrind 

that II iNIV-R.NA had :Itmdccculai v h of 1.27 x l(Y d. [he bae ratio 

the HNI NIV pat t Its ire 2 0in diarniet.: and cilc'ttio 

. .

\yt'. IcitlloUcd to' hr "t' 2a '' ad rct )§5 , c\t l.i 1.5' all 

n1itcl +.i ,) 

Transmisiooiland FJpidenioIovy 

It(AIMV afid lNi\' re1t,' h,-. tinlsttittcd h the SpMt tCd cueti nbe:r 
bcctl (/ a itth,"imwna,rat, /im arIi Barber) atnd the MXicant 

in ltr'ctii N1 ulsant). Ih banded cuuiimhcr beetle 
1). ltct/tctla I C'olitc) and a Ilea 'rotwa eri ae 

bean beetle ( ,i.lea 

becetlc ( rtu/ico.ni.s ()Iivr 

suspccted to he natural \ cctor, o btoth %iruses in II: iI\kadt (-40. (). lhe 

sptottcd CuIcluhber Ncm(', batli hetlu ilettitcld tW(.)Ni \bcctland earl 

itifectiit. for tw atid thrc' days, 'lv. Ampcti\tttet a 24-holur ;acscsiolt 

feedintt (40). ic.he \tctsi- rti ne'd n itticc, of !I NI\ mitd xclc 

intLtctiuN tr 21-4) ItUtt, ilter ;Ilt-hb tt :icce,,,n fc dii (f ). Both 

\ rus s arc ttttisniittcd r+cchanticall 4). (e) l(( '1)no\ itot I urtd to bc 

sced trtisamitted (4), ";ccf titnstitissiott stitifics hv lNi NI V hl\te not been 
icp rted.
 

StudiCs itt FI ,ls',tdor UtlgeCst that insect \ectors tria nit the viruses to 
beatns front Ilctd %ildplant spccics grusi ng on tIe e.'dge of field., since 

tie iticidetic of %irui-iutcteldplants is less itt the c tt,.f fields thanof b ant 
it the niter des (41)). NI V otnmirnln*v occurs in mixture with 
BI' )N V. It,ectiluic imp rt;iil +iavdepelnd on tic Ceihbined iniftnti 

6ith other .inlises 10(8 ). 

d]\ar llniisait 


iild itia sit1iuss,.
 
\t ctntitln ticaisurs a e reported ftr bat (rill% id healt 
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Whitefly-Transmitted Viruses
 

G eneral Introc iction 

\\'iitfljt hcill ')nto he mdc1 ltnfoptefa. taffflv All.-rndidac. and are 
Ct Iendl IC trI 2 if,(: (,12 and othierlpm I d 1In', I I I (ltclIe IIIIfIIt %it 'hcans 
mirr. ( 1 120 ) %'hIteulI tt\Ieslictd to) he vctorfs of Plant viriuses 
Includte Jvmtlll, :Ial ( lull1f;lil,,f /f/t miuafutance I. BI.tz1~~fl f,~ill 

1)110 'rat, 1'i-ii, Irappai, 1Y off/h HIiwdi' . 11 la i a 
I ;fiplIm A lew'fl ,Yra, hf0/f s s, f,w l i {'f(f(LtI,I 'l/ t~ t hn k'11' hi , ,( , 1S M as I, 
I hri t' dco1' ahafth/'?fe' II itflia i l, -!(itNi ( *VohfI. IK 

R, olIt- f/idat %) 'ri 

AF a ld 
v'U~wrarw roof \\~e~to(l) 1 3, 32., 'lo. 1, '; [itipitttris are 
C0111Ilfl"Irsrcc I() tropcal /mIcs 1c~I300111. \Mil tilt.%ale
 
capahbc () tIfs \l*1ffcs to Plant! spccfc\ I3.312. 36. 01. 68,
%tif kMiti"f 

Awmwi~ie 1i,111 1s1i1lic tlit t'ffffflIl \%ilt k %Sitif (d ihcait \ it istS atll Is, 
valilj:! In it', tcc:(lii hahils adl Icf)[ltolcimil mdtcs ( (11ifrerft plant 
"r:~s F-I: fInd Sii)"hti,llidt I '6) ild kfstI(i' .lIitMf/2this 

'ri'MIm;lti , hi.tpc% !'' kC%Cl, [tiWdis II '). 10. 11, 14 lcnotcs,thle \ :ri1atiorl aIS 
races. U?. mbcuf a i 11aropiiac ;11d 1? laa I Iact'0/O' 

it \k ;i 
tkkSIff fldf I i', KI 't > iCL 'id fle 

I lit \l it,, C' If.1f1111 ful Ii, S hi tc! l ics ( B. t~i/'i 1)12c'rotiped ]into 
to, tlil 

ll." llil t' i S' c t i jp21i t'c F In )it S I' 'A lpf . l II! t' " L.li flitS!L 

Nt~~i',tIII( it it t c lj'5J ~ /'I I till( 'If tth'ibl')III." .I lifI(t Il 'tltlo F tis 

lot lit.LS l ltdt l ll it\' 111 11s ci 1111f f thI cl thitiic ma ii ". 

11ll 0"]"ic( t, co m ic Ic ' A ld 1 1 Lu l 'til6H ll3 
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iithe case of leaf curl, infected plants do not exhibit clear mosaic 

symptoms but may show Idiffused yellowing of lea es and vein clearing 

which may be easily overlooked. The characteristic sviptom caused by 

tiis group is tilestunting of infected plants, curling. cnation, and vein 

thickening of foliage. 

Costa (36) recently Included i third group of whiteflv-tarisnilittcd 

viiuses which prodLces Vellowing Sv llptorns to distinguish from similar 

iidtccd by aphid-transmitted viruses or nuiritional disordcrs. 

Yelhloing symptoms induced by whitetly-transillittcd %irLIses conmnonlv 

appear only later during plant development. 

s'llptoms d 

Svmptomatologicitl differences suggest that tile first grotIp of viruses 

oCCurlS in parcnichvnatous tissue and the second group occurs illphloeill 

vcssel:, (32). Inoweveer, sime diseases iav induce syniptois of tile first 

gloUp in)so(nie hosts and syniptoills of tilesecond group ini other hosts. For 

exampIe, lie diseasC agent Ifrio intected Rhitchmoia minima induces a 

bright yellow%mosaic sviiptoi oiloRhi'no.s ia minima but induces leaf curl 

arnd eriation oiltobacco I II).I)uis (54)iso mentions two mai, ongroups 

of whitefl\-transmitted viruses identified as variegati(oi-produLcinrig and 

plant .nnall )lnatioii-proiricing types. 

Verv few v,iitcly-transniitted diseases have been isolated and proven to 

have a ,,ialctiolog-.I l previorisly iniitioned groups of viral diseases 

have been based upoin arbirtrarv classifications uife to similarities in 

Bird el al. (20) suggesteds\ illptolitllohiy aind piesitliied insect vectors. 

that tilese( \hittlv-transniltcd viruses with unknown or incomplete 
instead of differentetoi(Ligv, ceplaced in one group. rugaccors diseases. 


griups pi iiirilv distinguishrld only by sympto iatilogy\. Much rrgani/cd
 

and cilliboratiMe rcsearch is reLluired to ciMracteriiC these whitCflv­

trarismitted viriss ald establish their true relaimnsiips.
 

I 1e tOlhoiine \iIlt, (), he, is arid other plant ,pccie , hasc been 

deiornistrated to be hi'teiv-tr; nsmitted. many h ItMvr, Only under 

rcseaich coiditiors. I hiese ,>es Mre Irolupcd inordetr of their dccreasing 

econiuuriic importance: aln .- mosaic: b ) bean chlorotic initile.i gulden 

aiitilhi molsaic. ,Clluiss d\sari inlusaic, inlfcctious chlorosis iiI alsi'ae'at
 

iplittphacuphirbia niusalic dh) hv;chiisii iinsaic;, ti Illioaic: f) 

jacllc1iint1iii InusliA, c: 12)ipill ,ca or i1c-rf iiia l lilic': Aiid h)ltung bean 

.,vlI llosaic. 

chapter revie\ 

ristribiiun, ccOi ,1inic iripirtiricc. hiost rine. .vniipinatologv. physical 

propertics. tmni.,iiliSiion, epideiniiuliuy nlnd clt(uiul ri) i,.,asrrc", 

life 1,ulloinc sections (id tills mill the geogr:lpfical 

ncpnted for 

thce sirriUses. 
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Whitefly-Transmitted Viruses 

Bean Golden Mosaic Virus 

Introduction 

Bean golden mosalic virus (MINIV) was first reported in I atin America
 
in 1961 (31). at v hich time was considered to he a minor disease iin
it Sao 
Iatilo. tra'il. It since in practically every balorhas occurred bean
 
production aria in Brai/il, includineg Minas (ierais. Parana. flBhia,
 
Ilernamhurbro. (car, Para. the A.,maon, and tile Valle dcl Rio S"ao
 
I:rancisco (33. 44. 12 B(INV has been reported in manv other bean
 
pro(tIctiou rCeions of1latin America. such Is1- .,alador (66. 67. 126,
 
127). (iuatemrala, Nicaragua, Costa Rica, Panama (66. 67), Puerto Rico
 
12, 17, 21). Jamaica. l)ominican Republic (1.2. 1(1, 102. lO). Colombia 

(63). (uiha (23), lielie, Mexico. 11onduras and Veneuela ((ilve, 
pelsonal nhser \itlis). 

ldcniilc;ition arid uoirenclature of (INIV has been quite di.ersc and 
mu.t be standardi/c(f het wcen workers in different regions. since 1G(I V­
like *,ymptinlsha'.c been called IG MV. bean yellow mottle, bean golden 
\Cl l misaic, bean yellow mosaic and bean double velh% mnosaic( 12. 17. 
2.46.4,7 47. I . 126, 127). Giilve, e al. (64) utilized serology. electron 
uicr)sc I) arid dens;itlgradicnt cuntrifugation to prove that isolates 

ilidtlcing sim1ilar dieasle soVnptolls in Mexico. (iatemala. FI Salvador. 
(lihubia. ( iba. Prticto Rico. I )ominican Republic. Hrauil and Nigeria all 
Acre bean .Idderll illosaic ulrt',. I his relationship between isolates also 
shiild he clarified b\ ritilia;iain (d the (INIV antisera de~cloped by 
(jodrrii (75) Ifro isolates collected in Piuerto Rico. 

Be;n e(lden uotlsaic virus is Ilneconolnicalllv iimportant disease. 
CepCciallo. in reci )is o I ltmAmerica such as -4 ralil and parts of Central 
Anrerica and the Caribbean railian bean pro dlction lhas heen reduced 

hreotlvby the v irus since 1 72, and its seriousness has been attributed to the 
increasing wvhitelly populations ,issociated with the expanded production 
of s t'ea s il beanl gro', ri' atieas (33 44, 121). (';ilrnt (66, 67. 70)) 
conIslis INi-V to bherie 1Iiciurid beut diseasC in th,. Pacific coastal 
plains of I Sal .i,,lr. ,.,here dica<,c incidence Ireql\llti% leaches I0))f. 

V\iills .olkcrs 142. 69. 101. 102) report that infectilo Iy H(iMV 
reduces the nunmber t p(ds. nunmber o sceds per pod and seed wNeight. 
RIpoirtcd %id ls.'scorsist of 5711 in.lanaica( 101. 102). 48-X5i7 in Brail 
(42, 90). 40-10 1 f im)(iuatelnala (96), and 52-)100); in FI .al': ador (Cortel 
,imldI)ii!, pcrsonal c orresporndcl. Yield lossCs 'ary graCtily depending 
uiln plant age at the tine of infection. ,irietal dilflercnccs and possibly 
\1u;1i strains (33. 61). 
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lhr ht1 rali-e \( PI'Iaw.,l I 'll,W .1 inluides h/aris. 1'. lr tinur's, P.
 
,lP iiilti.1'' ,/ri4i lh i, . ' i' japc'nhircululhm . 1'. a/:riq 't'.nei:, P.
 

')( (ict%.\ ki;uui, ( i/i imm, lacr rtb lathinur9. JerramZas
 
IIIlmatl %. I ll ! hua.l I lifww'l lo/O[an (" lllil 1fi t id .
 

(2.4, 1. 13. 2 . 5. 7,' 102. 124).
21.>' 3.4. ,h,51. !. 122. 

,,
(urnrrr names itm m. . ' d ull goildcn llosic viri.,t+'bo II I atmii 
.\:qc'iea include mwimic.,) a diiadlil,lnimrla armiIhI(I dcI rilol and 

rympt iatohloi 

SVmlptom,,of B(GN ire readily iihlc in uifuctcd bean plants which
 
exhibit I brilliant ,Cll,,m or golden col d learus IFigII. S'mptorns may
 
aippcitl illthe plulilr . IcaI s 5\,itii 144 kk 'l ,t rr plianting it high
 
piplarliortmrs of whitcl]iui are picNew in if ncar the ield. Hird i,'al. (20, 21)
 
ohser%cd the plCenc oIslall] ellhs spts. ",lctillrics appi crt a,, star­
-hapcd lesions, lncal tihe lf . he I()ito days. ittCl expouSre to
hlt (tonr 
\irwhllcrtvu ,'hlitct lic',. 

I he primrary s,,tenlnc .,ymrrpt oml, o l( \lV rit.ection are aipparent itls 
ro0lling of the ho\kcr Iea, ' s iUlln,'clat, ltcrsici :xhihit a r.trge 

2
of r ,osaitsymnptoiws ("ir.. . 1hc,c L,%mptorin, ;irepr edomli n rnt2ar the 
'tirns and Nithirr tire t pa emtrclh.iiat tisl, %% an ardis , here irrtense 
oft r1 hrllhant \cllosirg de,,lips Sm,,tcptiblc c'tlis ,rs exhibit i rmarked 
rnre'sily and roliing of lcacs. rr o,tr\hlch irahe.c rml vclo\scd\%. ephllyc 

,n ,cicasiiinali"v 55 rite toi ,l'pt blacathed I lca tcoltl.;r ten present 
SVllptons, %,ith lc:,s Ilei - ndima xhibit plantinteri. e mn,,, ;ti et .orrmc 
recrperatllioln at litet.r Cnmp nta 'tgs at1escip 

Most cultli dosrot cdurtinll si/c (33).tlr ,ho\, it leaf W hen the 
inlection occtu dilinl the CCdI lng.tigc. susc,,-ptible plant,,mit becomne 
stunted. Pod., oI irliectld p!/ant, Im '. exhihit mIsamc ,potr wrhe malformed 
Ilie. 31. Sced, ma, be disc?,red. ntlrMnUd. itd !edIu(cd in sie aind 
Sci..rl(24. (w . 67). 

lie sIr ptlrm~lIt i 'e (of I1\I\ ;ippc' ,I h, la,, urr-it t) tli: r-portcl 
!( I lirla bean , dclilIrsaric .liu, III lrIc , 22) a r i i2?ir bea sulh v 
rrroaie ill httui ditters in g:eindi;: hrir tile tw hins:. 95, 11. %l unrrg hen 
\Chuv iraic', tr beal s l. i;ic sirtll-cs arid selhis, nlto.aic i f 
/),/lr(r I ,la/! i es, se ire nit able t,)infectl rime. li olit' (d tl'm wohl.r 
It rl'dcUlll .irs If5(euer . thce . ir1rs ppeal i l ,lmililri ( 11) all t i e a 
,rtirrUrat,,hu l'I. t [ pccti',,rlsts as uloe,, ft( i V in hc rs (92. 93,II c-r 

9)5,lNW. 6).
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l: 	'CtIIll I itII'ciMC l\ ,\ ,:",IIi t"ions (it iin Ictcd I)CtiI' tI LC IiCev IeI tha;t the 
, ' dcL' rdianmti chm,ucII n chlhroplastI)i ilml I,'lihifi itVili I liit , ;I 

rim()ilwl< I-I pti ti tit l",,i iif] 1 1 lCiillti ',, teIn (, I). Reeenritlk K im (,I al. 

(i rI t I h t t thc ;,IIpi ;IrI limited t,, the plil,, ll (usticatid cells 

adI; t'ciit I t pt rI t;-s \ii ptticics ap packedhte ,,: htnti e. ,,iik, I: ;icr i,, 

hcvt, iu ii CiI it , .c aitiarc"att il11, te Luclei ofe'i\,tl\nt , 

Ir c.ted , ell. I )i,,tinet ICh itilee, In the iielu,li l ireident. since there ill 

. llu c ti 111 it iijIple,\C. cl h nimt 75('7 of1,,Vt, r anJ fIhii,, occtip. 

th l lI+ t i \ Viilte 1ltAc 

Ph v",ic'aI l'r() ert ie", 

Ouiin LIVIC~t~i irlas,;u curtishas heti clissif't, ie-d as' a viral diseaset , becauseu of' 

Its,,iCI etAI1"1cate fl usm issior b) insects. sv% Iinputu IVVUV an milode ot! 

d,, Inumt i(hn iII the held (21. 31. 08 85. 101. lltv,er. it,, ir.aletilo . 

\kas nolt cVipteceel until it', isolationl %ki> uccoraisIlC 11n11)75 h\ iule 

aid (Cat,;ihoI t' I hie% oh,,c'Cd thIt tl.'tied B(IIV lit, ,i "pcitic form 

.ili cnists t4 ICuiltedI par-ticles in1 ie I dINi:ited lrs nticaln 

p;altiIel 4)r ti)I lite,,) I 1 Vmilel re it t chl pic t of1a tic,'s ;tt. Ilittcli i 
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union (ig, 4) and measure 19 x 32 nim, while individual particles have a
dianeter ol 15-20 nrn. Matyis vt al. (87) reported individunal particles
nicasuired 12-13 run in diameter. A similar particle morphology was found 
tor the \ irls,,. caUsin' tomato g olden mosaic. eriphorhia roisaic(,86, 87)as
well as MiNIV if beans in Bra/i,. Colomblia, [I Salvador, l)ominican
Repuhlic, ( tuatemial;, Niexico, and B(IV Of . witu/ii from Nigeria (64). 

(,oodnimrtlc'11t. (77) could not determine ,Mhcther these eirnmte 
particlcs tctuallv v,erc the infectious entities mr artifacts of fixation. 
IIowe.\er. ( ; I]ye, ard co-. orkcrs (24, 62) could ( hservc particles in1 
unfixed prcparatioins, and they gave the highest infcctliitv. When the

MNI V particlcs werc disassociated %kithEl)TA at hih molaritv (0. 1M ).
ife''tivitv was almost complctely lost. 

i(INI\' particles hac a thermal inactivation point of 5W( i8. 19) to 
55 ( (62), ;afimal dilution cnd-point of 10 ' (62) to 10 2(18. 19), and in ir
viro lonc, ity of .1, hour,, a room telriperatrire (62). (oodman and co­
'.%irkcrs (76. 77) determined that the particles have a sedirientatiorr 
coclficicnt v.aIic of 69 S. ;a molcc lar wcight of 2.6 x l(Y]dahons. a 260 nm
;ib.,ric, aloe of 7.7 od a 2t() 2,() :rbsorhance ratio if 1.4. [he genome
of Ii(NIV contains I)NA which ha, a scdimenltation coefficient of 16 S. a 
mo lectular wcight ol 0.75 x 10' dalonms, and composes 29('j of the particle
(24, 25, 72. 7., 6 1,v" protein comrponents, of molecular weight 3.8 x I
and 5.5 x 1"W d;itl mi,,. ,.,,'cre isolated by ('irdenas and (il,,'e/ (24. 25). The
IN.A is single trainded and resistaint to exonucleases (24. 74). It has a 
boivart density of 1.717 g nil in cesium chloride and is resolved into two 
c i pncnt,, durirg polvacrylarnrd, gel clectrophoresis in 8 I urea (74, 

7-..
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Whitefly-Transmitted Viruses 

Francki and Bock (60) have included BGMV in a new virus group called 
the G(eminivirus. based upon its particle characterization, physical­
chemical properties and single-stranded DNA. 

Transmission and l'pideniology 

BIiMV can be transmitted naturally by whiteflies and artilicially by 
mechanical inoculation. Other whitefly-transmitted plant viruses such as 
ciphorbia mosaic, ahutilon mosaic and sweet potato virus B also have been 
ransmitted mcchanically (32. 36). Hlowever. Meiners cI al. (88) were the 

first workers t i mechanically transmit BGMV to beans. S uccessful 
inMculation required a high temperature of 30"C , and a 30"1 transmission 
rate was obtained at 24- - 28-,C. No transmission occurred helow 21'C'. 
Bird and co-\\orkers (16. 19) originall, obtained only a 4' transmission 
hut ha\c ,ince: imprio\ud this efficiency. 

(iiive/ and (';staio (62) obtained nearly 100:"' transmission tinder 
glasshtse condition, at 25 ( with BGNIV inocutlum extracted from 
plants infected 21 days earlier in a 0. I M phosphate buffe, at pl 7.5 and I ' 

2-mercaptocthutiol. I rtnsmissiti was significantly reduced or /ero it 
ilnoculm was extractcd fhoml plants infected after 21 days. Bird e't al. (19) 
utilized a similar hufter at pl1 7.0 to obtain 100(' transmission hy 
inocultion with an airbrush at 80 lb in:. NIatvis e al. (87) were not able to 
tiallsmit BC(Ni\ isolates mechanically in Brazil. which may relect 
diftetccs iu methodology or strains. Some strains of BGiMV may be 
tmaiusiuissible inl by the whitefll vecto (36. 41, 76). 

(iM' has not been shown to be transmissible in seed from infected 
bean plamil'. Pierre ( 102) tested seed from 300 infected hean plants, and 
('*osta (31 33, 34.36) tested seed fIroni 350 infected lira bean plants. None 
of these seed." \t.s h i md toi be intectcl by BCMV. 

The principal modc (of B(MIV transmission, especially under field 
conditio- s, occurs from the %,hiteflv ,ector. lk'misia i'aha(,. \Whiteflies are 
able to extract plant sap, but the prIncipal threat to crop productivity is 
their ability to trlnsmnit plant ii uses. Costa (32) stated thllt the \%litel]v is 
able to transmit vir uses to more than 16 plant species, immLidinMI cultlialted 
and mim-clltivaited plants. 

Nene (94) has studied the biology of whiteflics in rClation to legmmnes such 
as I ureuTE.. I'ii,,ta miuno and (,Iuim , max. The insect caneIma~ihu.s 
ptroduce 15 generations a year. ditring which lime popuilatioms may be 
restricted to a single crop species r inigrate to a varietv of plant species. A 
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20 &~i.\ dLIIn11!%1ilh it( )cChci ) 24- 2 k;i%~ (li it e \wxcmihrr to MarIch) 

J)Iat ill\" ILJ L 10 2 (h[ 11;I 11112111[ 111JH) i l asto ict 'Lli lc 


tClIlf;Cll.Iclin Ind~24 Ca
 

II I % f10 fIIIu Ic Li!c m1(I I I d I; 1(I1j 17CI; Il !C,, I t I 14- 1H it ,.tI i I q 1(.I 1 

1,111111111 A III I2L S''IL IIINC CI 14~ ?1(11 , MdlIlP~LI,ojIIm d i uLN'L\ ciII ll. 't
 
iFlchrull-C 7 I-I,I)lh Ii\1'mlm
69L da1CL r:~c CILL 1L!%i(I occ I(I L(C it tCri
 

pllLIICinl pLCI ! if, l i
il 11 ,~1 111Iid I10 llIn Il dCj~o t1I cctI ll 
tllipeC atLCiU \ltC'niI II Iyll 111 CalrlC Bj\VsCi 

AduIIIlt'L( . i f[( th hIB.2 ijb). III) iCI LCC iCLIL'' InIt clQKicilatp1 mal ner. 

I/L I noC~a~ j)IiccI I i fLs c %; ( 3 oO iin 11 1 I'll 2 (j 11 iplIiaioll 

ta1112121 C 


Clap I l l 111L n t l ICC,ili hpi-l%lill C I ILLoci 11th~l CII (111 i )i I c C I I IIII
 

11 o -L, ') (ltj ai %li Ik 1 -lihCfmi1 et1c I, C , mel not ii q uirc a,,L 

lic-ciI;c III L CI iji I I I 'm I C I 111( 11.Mt(II I)CC IlL o lIdi II ICC1' Ill %tUL 

Li I l1Ic'lFLIt 11Il I~I1 i Iv'll :1 d l l I! ithI 11:;1\cheCIIIt1ICCL 1 C . 

li~ ih, llIlpCi ar i l , t c r utlv l)- lh o 0 L \" l h 

11', fltC ll% il ,C L: lit \1V th%tCtl. l11 if CL M m d 1 )" I % l 

Illilc ( .21. ai lc l.(t -tmAh ~ lc , a w l" 1 - p~ tm 

IIIciC illd TICctcca cdp ail (7, 3. 2,_1?. 2(1 .- 1;I )c/I , ' 1tntfl~YItLIIf ;I li! ~ ' ol 1 i111 iwlh to lp Iw i li 
JI~1(tcol lll lI " c o d lf )i l. c o ilIl1 

2 tit:citlc& % m 11 (t ll % f it: % hcr~ Il. c 
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itdu It sta I!c. A t least 50"; tran~s I Iit'()C.h I IC( lion) mit'lv I[ 
nhtaimtd Ionilritiefi1) hadfpi5llii inft Itt pliutsii td ()n 
95 KA Moa (35 epiired that eitc s~ sseie etiejeu%1iuIhc,%%i fu 


than s c si t Pae .aut ldihm aud 1.
I\iIhasti/,vi lzlhi,'wz 

I Il/. l kmcll . \\H/il/tfii~l L t(ISOlP./11(11 

iIV I,, IIt \tttftii~i ittt aind. t11ieIelIie. tuiihahfs c.\stN i itii
 

ieeiisq in plau-t leesOi uhI, l
Iifilit heausmt 1 hei'tNCfIHefndiiC
 
incluiifitt! %oliiiitiJ\ and cijitisalcd heaus. antd %%cWis(34.36, 51,52,61MO.
 

I(. Pici ic(102) considers thua lufila beaus" and lfuwpflImmu 1(11111h­

it Ithtual hosts for IiGNIV In .laltatii. it) ;jtditii I(i plllsettias
 

liq.. iactd Imlet i has 'I
r/io juhlu'ru,,}. t i-u ()I'Sh~ lci ta 
%%Ihitelk population.) andf 13l%' 1ilfi i heaus" plainted iNI itIn 
Pal11ina aul( S,io IPaiil() l a/d "'lft,44. 2.11 1.ih~aCC,. 101uui ittndl ctti 
p-IIutiui!, in I I akadofi and (iliatei'ala ;tc 11puihlfiIslimli 

It*I I du n I t , StuIfc Ii I IitI I C j1 i~lIIII111 lt tu IiS it;i t ctt 

c~tit~ttii I 1 3. ) lialfShllS 2000I{ ft MhicI v. lilefl\ hpftiis 

Iciliciilit 'Ind MOiiItIIiiui soIreCS aMe t'ueatf. lii,1\%iTiCideuIte is, fISS 
lii 5ii' tiibIlli \IlaCh MsICii terulfatwiucs and usedCc StCti)1 

isiiit( cui 'ii iii)sescue iii Brit atd (ltliui betv111alRCI)II~ 

Sisic)ucIt. OnIlmelat ,cttcic ~iiiiil idatip.sl' ssl )li, 

Inan w tiebe1au ,1 Otlt' \\ Iitt cl I'i( ptijc i s(elIt(0;11: I-CIlfdar 

till 1cil itl ('1 tic I itI l tiicitiis 1 uiii iaabe to the 
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increased greatlv bv planting heans near ilelds of sos hean!, which. althoughnot susccpt ibc to B(i j\'. are favorahlc for whitefly populations which may en counter and transmit ( NI V frm infected plants, such as Sida spp.and other hots, to develp,in bean crops (33, ](2). W ;MV infection ofbeals can thrct.c be tcduc h; not platnting heans near fields of otherClops stich as sw hctl, tomatoes, tobacco and cottom, Mhich favor the 
hnikd-up tf v.whitcflv populations. 

I )atc (d pllntiI ,litld hc varied, if possible, so that voting hean plantsdcsucp dil ring period,, of lower temrperat tre and higher moisture whicharc lcs lat rabic to the' Mlitff], and its ability to transmit BGMV(5, 6,23, 
31. 32, 33. 30. 44. 7 . 2). 

No tco itnliecl ;ind plactical biologic.,. control measures are ctrrentlv
i\.,illiblc ,5,) 1ot). Plant nilches hive been shown to reduce whiteflY 
piplatin, . ps,, l due to altcicd air temperature near the plants. 

("ontrol bv Chemicals 

bhe , iitclv vcetor can be controllcd bv aipplying insecticides tocMonnMcMillc reduce the p(opulation sue and incid''nce of BUM\Vtiiluumm,in t) susccptiblc cuiltiars. Various insecticides arc cffectivC:,gl'I t v, h i c', (l(/'nitm io lua i ;ind "liaul'urod.vuporarirmnmin: dc lkimltr,,i n{) ). l }hst600 HI i +l~ Ntlmact i 00 (0.5 It hia) FItliflt M0O0 
It lil) liti\ IN) a illo I hidian 35 (it Flds,,ti lan (1.5 It ha) (50).

'1, i tttl'lWc, vcere rcdilIted( c'lcctise, in1 1:1Salv:iohr ,pl irl ! tiIII, (f) I It 11; i ever%:.\ x cni days iri n! thli fist 3ff da s;iftcr l ;i: t-ocll ,L.ene , N?. AI..J nso t)f rcportcd that Nutassvstmx R­25 I It liii. I,d!,,cd h\ \[Ii ,ci,, 5ff (1.5 It ha) I tFodiri t 'X )0.33It i. tI)L t col,tlr d v, hltcIlic,, M,ien) applicd IS, anwd 31 da\s afterIll it iti, 

, IItctinci li',cctid l ie,ni+,l si r~iMln aId 1hi ict, cftcctivcl\ controlS.itelli. pipitt v,xxl i pplicd at planting (0). Si bstariila yieldInclcT '+C xxcrc btiint ili n tIe lnI o i c;Iu Itcpublic h1 Ipplyingrb.i aii (Iutadan 5(j 12 ce, II w(,) at pli tinc f olx cd by 0. 15 ;(or1 ICr t lit11 s iWriil (011 I ;I p)iic ;it I. 15 ; ni l) di \ s i ftc r plant
CiI IC, C ( .II .3).0 fi0 \ C I_. tl ' bt;i I iCLI tcctxIIC 'cC() it II I ( iteflicsi11Illl ii tl a l fat it . 1t I hhIixlai, 0.1' 1 cta t\ and 2(7:IIl l Ioil, aid tl) i IIIIici ()(. 1 1;1 at hl1)ion, 0. 1 \1et ls,is lo aId 2'iitIliciil oilI c (,b '.Icd thIlt I li-i, ra ,lI ' acted isat :il 

('Iclilici lcon1: l of) inscct \eetiCsll clll bc tflectlxe ;and ccotmilloci l iII;irC;i x 9,,,h':;0dtlc i;ic 1o l) f i , 111,',. llic ind tiit'lli populations.IIx cx ci. its eIcClI% lti , be relidil d InI coon x'.t err ii:li rlltiri r of 
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viruliferous vectors migrate continuously from other infected plant species. 
Therefore, chemical control may have to be combined with other control 
measures, such as plant resistance, to achieve a higher level of protection. 

Control by Plant Resistance 

Plant resistance can provide an economical method of disease control. 
Workers have evaluated more than 10,000 accessions of lhawsolu. 
vruharis,and sone accessions of P. hunaus,R.acutritdius, and . co(cineu 
under field and laboratory conditions. hut they have not found any source 
of high resistance or immunity to BGM V (24, 26, 27.31, 33, 43, 61, 66,67. 
6(1:,102, 124). I owever, some accessions have exhibited a low to moderate 
level of resistance or tolerance, including Porrillo I and 70. Turrialha 1. 
I(A-Pliao. (AI,\-I i,Vencincla 36 and 40,Puchla 441, (iuatemala 388 and 
417, and I'\ 1 (1-651. -716. -729, -73X, -843,-951, -1018. -1069,-1080, 
-1157, and -1257. Valiols f1.occit'uts accessions from the IC'TA 
gerrniplasni bank are resistant i (iuatemala lhev include Guat. 
-1278, -1279, -1288, -1291, -1296, -1299, M7689A and M7719 (24, 26. 27. 
71),121, 125). 

Ioimpc and Kraz' (!03) observed field tohmance n Acte-I 37, Acte-
I 3,. '\et- I 40 (Hico de ()uro types). Ronsnha (7 69, Carioca 99 and 
Prcto 143 liJ. Ri labagi and (iianio Precoce are tolerant in 
('ap'imioputlis. Bijil R,ava. perso',nal commanunica:tio n). Tulmann-Neto ct al. 

( 6,11 II8)obtained ; tolerant mutant, II)M-lI, h treating seed of 
(ri,ca i,48 C0l10 nlfonate for six hours at 20 C. I)M­ethyl methanol 
I has ei,l ot nicran ce similar io that oI I nrrialha I,but it is no, as 
;tAlIll it. cceptable.K 1 k 

Ihc e lal c,Of Itirrialba I. Prrillo I,I'A-liii and I(A-Pijao Yas 
been cnu1imcd in (i;aitmniaL, II1.-al,.tado. the l)Dominican Rep-,blic. 
Bra/1i ;1and N -criatildC high dicase prcssure in bean nurseries inter­
plantcd bet%%C,CIotnla ". tobacco, cotton, and so's beans to Lvor high 
%khitellv populatliown 0!i1!. l.asshnnse inoculati:ne and snuhscnent 

. . ,,;(r ,..'r,,-'.
 

2.. •.,..i 

~,o 
gAA 

ge4L 4r 

Fig, 8-Betan g ldch'i =i 

%,inll wsclelling 1i111,1" ,. I"S 

i11C ID)minicam RcI h .1,,,, 
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Lih Ia or Inls\aI e; t
-. Ie hIt t .t.ItnIIr toerant iil.,contaitied lowerVicu eoncentrations thian hiLh!M' susceptihlie ae(ccions (24. 26. 27). 

I hcc, tlcerait at~ltri;I!s i;a'.v hoxt'i Itliie/ej inrhireeineI pO r;imlrls. and 
.- a,,-,il9 0iin 12Q).ili plo(!enic, f 1,, are


tI'l rlt I ( NI\' midtileuulh)il .cIt,) 


tit 
f,( r. ' s highly

INl lij, l..ie pressurh. asI,('"Illplct to \ , 5 ,lI,(hi)) l( '-1S()' i d ( i irrllhaai )ki<ha lorthe Ihc,,c irr,, can-,i1c, prtod c . l.0i)6 L,th ill tifLcditio slls
\M iet 11.lie x ., a llittti,Iactt tto pf du+tli
 

le i i '.'t C ,Ju.,S ti] S I 1 it,5,I Itcll% ,,..ct;t'a c
+ ',iiia ' I c ',tlrr 'ixt Ot 
ititre's e+.;lIueftect t', ou~ll ,.-" 


rrte;risres 


clV ric the oil i t.[cet e'rit'o,If( I \. TVhlse, 
shil l .i,i, , lc)tisc t t o dmliti-ns h\ chemicals.inttah
vlmi~a 
rt tt,. h Y~,, +tilt'In-+.tlillcrt 
tnll Vli md~lttCs,,L'Oinild
 

(I
 loi :olr 1t11,i o. 

lc:ci. oI l, rice M,ti i , i t t ,.
 

o,ith file n clotriic l k:ieI OcclStitblct t~cili\ a rs i\ ith itoproved 

Bean (horotic Niottle Virus 
Introductioln
 

liatt chlon !,cmolttle irit, Ct(.NI\'1 , ihtiho mosaicsirus (AhIV).
'VeltmiIJ.rl 
itioaic ,irus and infectiouns chlhroosis ot Malvaceae have a,itnillt 
 C ila,itit attnptd are colnsidered as aiL'totp1 illthis sectiO .\dditiolral Icscatc'h Isrituir d to lull v char icteri+, these ruscs to

dethliiiiw hlici
ht~k r noth ex are iterhtiC.l
 

I hies xiriscs ricl 
 \eidcsprcad thitt hniout latin n crucai.
Sictexer the 'o.hitly v ctor 1,xi 0,4. '2.13. 1-., 15, 136.,+.Th. 45. 78).I 'liehlae heeti obscr ied in ( ' lihia, NIC.cio. (i al'ni1:ia. I'ISalvador.
(C sta Ric . a. I )ouirlih'IW Rep tublIW, .iiruraa. l inidad. I ohaio.


i ( i 

V\'ene'iucia,Fuadt 
 .ru, Hol
(livia and the I nited State.s. 011,-fte. \ Mut
 
preent illn Irt' \o,
,ls Ic , to isai'C ind h t tde virus, l h,,,i[ mosa;iicSirils exist. [ heir.s\rptoil, ltequeidtk are co tlsusecd o ith thosc olf(IWM

and .AhM V (271 ). 31. 12, 
n , . 77,. , 11-1, 123).
 

(omotl natrues heciueritk 
 tietltor hart chlornolt illhtioluxtitatd
abulihl ruosalku %iMis in I atlln \merica Include fliolt'<l' cl(l tieo elfrijol, clianisilit imlrillo, nar1lisil ttdl til0l, ilao aliactlo. clo osis 
lilleci dc it,,\AdI<ivaccas. and ntlosa ico dCe.\htlilon
 

[(MTIMV call 100, " inlectioti 
is


9lut it sutsceptihle cultivars hut (selol

tCOMirOtric;ilv itti1 ip lant. Its incidth'ce n ruinall is onlv 2-5'; in H iaiil(31).Iloiw'ver, ( ohla (1) iptel th;it I( 'IMV Ciised 101,1( .veldloss in each 
ol Iuc clultisigu-, thi;t lie studied 
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IhtL 1 .I t~ i 111 , hll :Iluc hi I l\iiiitn aI~ic~ ii icv i! 

produce fe\ or nolpods. Figeure 12 illuistrates. Ahl\V svntptomis pr-odujced 
in in inected P sp. plant. and Figure 13 illuStrates symnptomls of 
infectious ellrosis of Nialvaceacln an infected AIa/vei sp. plant. 

Physical Properties 

Sum ( I S) osr,,cc titirathit i cytoplasiic sections of A brui/oni strialum 
vtr. ,,,m i inlccted with AhMV and fou nd spherical ptrticles ) ni 
in diameter. Ilhsc particles consisted of an inner core 16 n in ldiameter 
sli romindid )\ all outcr shell. Kitaiiiia and ('()sta (8 )Iohserved ismc tric 
particIlo 20-25 itl inl diameter in infected tissue of ."ili nzn'ramiiuh . 
Additioil sttiis arc needed to) colmpare these ohservations \ tith B('INV 
i(da:d torn1 othci infcctcd Io"s includine hearts. 

('(),,ti mid (aui,,lhoi (3), 40) determincd that AhMV had at thelrinal 
iniactt;iat i.,npo,,int of 55 - (0) ('. a fiaf dilution end-point of 5-0. and 
retatmctd tt Itilt it frs 4,/-724i. f t ini (it diul1'ro vater s sulfide
 
bulletl.
 

Transmission and [i)ideiluOg, 

Mechanicil tvlisn,n fIt\ ha, been \ct\ diflicult hut has heli 
,ccomphilcd bh,( o'r, aii (;its;tlh) (3.1), 40)) rutl fal'alw/iillora ill(d 
Sit/c , ta mha ti ,)%he~an, i lic', itt, can he pI Maeitld in t 2,C ,,pCetesas2, 
vkcll is il ."ill i , /,ili 1 /tl,h lild , ,i!I 12()) ,;l'a uitihle t() tinsrnlt t .\h+\IV 
itic'h llica] lli i hl t;i;ifi llcit s, i it, 1i I ' tI. /m m i d w Izi 
[act: ,i/' . S11111 1 ftl t rtt s tl1t t lit1t %t' .i r \tlItitclics 

Whitcflics h cc' dhee nilmmrtlcd tii it)itt,it MI \f\ iVid Ah'MV toi 
heani f If . 2ff. '9, 3 . 1. ;. 3(' S. S ,.()- . 113. 114) Bird vi al.( 20f sJilm scd 
tat \h i t01fdC I.1e'iif ltl 15-'0 llli editie aridIt , Clilt' i din11 i lltt' ICrt 

retain their Ailits toatinit \hMV fit ssr dtils, ( 1ti)saafetm 
tiaisitnr .\h\f\ evils fIdt .m t ',Ip tI heaiiu mihail dIflictiltv 
tl;Il sI itlllll it fiirii hearts tim fienis \ a ht.' M\hllL \. 
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StuLdiles have not foilnd H(CI MV oI :Th MV to he ,(cd I InNIfIIt C(f () 

i.%CcCNJ~imcIL Mtii&Ii \ I I iiiiciitifil Nmil'c IIII AhIch %kilitctI\111[ 

l[I L tl tlttill. 1)it pllu l l i '()I A2 .h .VNINopiiim)r t IIN HI %It\N. iCI it 

\f litle IC2N;Il INI CMWtl[llflj LCflhlit IIIC;ISIIICN I~cc. (uO'tUl
 
31 ;6(it (]i lwl CflCWtltcf ;ilIX l\ ti~ ,%Ithin 'll~ j ht lh~ i if)
 

hiiiijl. kc'ICIc tidtll III othlh N"t~tiLN A' /'l tthd ,t llh a" P.
 

[liltIuil IIci~llit' ;11('I \ tit. I i t~~(-.(ir& iit 4. . 107S 2F
 
il 11.1 i',I) \kjtjijiiiiilic- i , lt, liL I~cit \CL il\ tile i
ofIt~l.. 

t~Lk-:t iIt--II;II tl1 111 C ti t~~i 11 Il l lpo :Aui ,Iltuin iLIc" Isa ce Into 

Fiiplorbiat Xl osaic Virus 

I ilrodijction 

/I)II11iiit/i J;1CLI 0') Mid11;1 N',jflCe liLCul CIIU1hN1\%~j Ili~NI1CCIC 0?ce"o 
IIi/thlria l h irtruNs h rii ic-trtt.-dIill hcli Ill Ilni/I bill dotr' rnot 

t/tjlfl110/i I t/' , a ipm' i/''iiuu ~\jEan ill ICCIId l'CItuuuh'/ thot 

I \ l N;ti fl Ai MCiIIir lIit,- aIIC j1n1tlulr odul i'I J1I~iC& Iti Il? 

ImNtiI matl /(I(rl Q,,Illnl i W0ltr \ irilaitrratph'ttjr IN (h)rajnll ll\ 

III\F IiIIIIICC ;I S\ NIIIL' InltrCI 1 Ill L'1;1 nil(Ctr I/dhYI I'u\ naI (itt MU 0r Crump n11g 
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PhysicalI Properties 

N jt\ia , 't a!. ( ) 1,urified .I\" p;rtia llv and reported that it consists 
(f iderlticallv-palire.d paticles 25 rin in) dianieter arnd individual isometric 
particles,, licrh 12 - 13 nrn i dllimter. I 1-,, determined that 
F1 V hhoneN, t Itht ;,.1mi iilrus L'riip. 

(o~t, a lid I ; ,ilit (39, 40 ) epotted thllnt l\\' if) sap ha s a therinll 
illatli atll pmnt ol 5 - ( aridl retaills it, infectiit\ i '.-itro lor moire 
than -S hll i,. Iird ,t a/. < ) al", report that [Ni\' has t thertal 
i CHti'\,ititi ,,ilit t 5 - )() ' hil t [tlil, it', tivi?\ i, 'itra les,, thanMt 
24 l) ii anrid has t i ('[c vllt,[t 1(1 '. I iVitV ea n he maintaitrled1;i a en l M t 

in tist. c ef' ill ii tlcum cli IoII. t 4 ( lot 12 wceks.n .. 

Transmission andiElpidemi0). 

I up I hill 11,. ' . it t,1 c:a1 te tra itliitt'l ,.,ecli tiicallvI frot 

li hIIui ,p. (I ]i! 14i t) Il atu;ra ,I, at a rat tf 31 " and casil\ hutween 
/)trtira Npp* ( 1i. I ."2. 0lii I t;ir). siorou Nvbearis to s.vheans is 

dificilt. I.l%I\ I,, nit ..'cold:. iN ilte d (2)). 3;1. 

]', iiia tal/ (r, pl\ the rr;ittr;i l it de (0 ttlir is '+iiu. cat lt l. ii. tie 
w, I ) liit i it, itli pri td, hiut wk lilt:t 20-riiirtitc period for 

,ii oilt i l, I, Ad i ti til thel t itit t it% Il 2(0 fa ', (2). 31, 3.3 ,7). 

I pphi ll m ia l ait iI uiN-eldolr i,, h e i ed i la fields t le+, t here._' is a 
Illh i rdllIrld fdM ilte)lic, arid irrfectf ar or withi thetlice L:hp/ior/uta "pp. 
Il Id. 

\'er little rcLimtch lii heen conducted on control mreasures for FINIV, 
, hich i., een eI'c, irilctimp, to) bhearls thalrl l( N or AhNV (31. 33. 30). 

ll , .\,ese.plaint reeetaice haN been identified inl acess ,.. PI'/zaseoltus 

A' v..::, 

1X11.! 1.1 1Ic,11%k t iill. llngll hllk l sis oil 
ml Ia iIi riktrri[ g ur illict d w ith 

i ,"+ I 1111h(1i lill II14N11L' M ,l l , 
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Whitefly-Transmitted Viruses 

(Jig'!Iarj. P. amr'u., 1'. cahcaraivsanrd P' truo'r\ is. wdil Iitl scar-ch is 
required to detenfiniuc it rcsitanCC ex Iis \%,ilillI ,11/tmri\ ;1[1d Is pIraCticj~d 
its atconid mrcastirti 

R hynchosia Nlosai : Virus 

Introduction 

II, rCht) 	 t IIIWs;HCIt 11lls,(Ri \1\I 1 iltcd III PLIzCrt Rico Miud 
iil i I I cp)( fo t it ''a%'111111pi n la i tI , c tcd inIccLtCL A'!i 

;ttwp:I cf~ l([it ';Il CnitI I 1 1. 1.13. 14.IS. .(0 4), 'snIp~tOIn1so 
R<\1\' iit iim to h cimicu h.% B(.II\ and.hMV\. Resulatch Is 

Ic'11Il I u ')f t)I fcils. h.i al im lpO c im v R % c os; 

1/tit11wt I U% SiI siltc hI Mii i ic/ ,Ittic 1I ) ( lc(tT , tocai
 

Ck 1111 I Ii . (11 'cll! ll c I (/v Il pc I N r il
I i 

I c'lt o~ mu l/i lll im- I'c,/ hsii ci'c 	 r1 in.c tt/%i (110cui III 

I I i ,iI 	 I1(m., ( I'lal la Ia, c I , (! / ?WzgM\Iu f. (; IcC'IIIItl 

'/l i '( .\ 	 JI m.iim? l;i'Iii,utik (I ijI \ i:, \\ ctl oI\ , I'Ic hia 1, 

Iad 	 tin;m '11i P. Iic . Pi/ I P.2 

iupt P~ ai\I hnalmf]mlwia R 

1Ilisddlus 	 IN Iitt)Na1i litli itited'elir0 , wlqeI ial 111 s rI i irs sc dasII 

cl~it i mII kfaii.ll /11i ii i 5).l ~I(6cl h i'n /wandf I tI, \(s Idllr'

1ia 1(,il 1INIdV1k i ~qwc!P.4 t-il 111 
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\'hen intectitn occurs in l'ing plawnts. syvmptmitts conmit ota prli,.retioin 

of t~ v, .rs and branches atnd little it an' seed p-tdtiti ii ( 14). 

1 he ,iruN haw, nt let c cn puried to ,tud , it,, pl 'sic tpropertics. 

E pide.Transmision and J io( , 

\echaitiialt ialtnt ,, ( ]'I ,h li',hbCii lin watet:d h lil titlhiluir', 

and tiil+ theo ht c, c tI [. %\ I t nt 2? .t', , lree I id ciilililui ( 12. 2M . 

,h nch ,i',a ijh ,'atc \ itn'., ,1,I t it ll IMtndIt ') he ,C d-tt iIIIItICd I ) 

lhe \ ifi, ', Cat,,li, t;tai ,, ittcd h, l ' 11NNI 11ba:i( I. 2()) I njiI',. i'nI 

C;ait he ;hlC\ii' ,eIn lC'wwthan 24 litatir, nd the iIt'eCL ItCtiiltl , Its, IIitC tiit', ltt 

,,tc\ enl ' .\ppirenlt]" . tile \i ,tint,i\i', in ilictctcd \.c.]ed, tli'h ais 

li/hti hios, iimmmia lt the tropic',., %.hichi,, %.'idc',.pcI;it thlupiht 

bcn tmeat,,tres fo~r RNI\ l,ittle t e,,ieliha'. hee, tdtuted into ctttt M\. 

(;ai-,,h uic in. estig;titn', in I'icirto Rico (211. leet led that the bean 

,uilli:. arl.a \'ega (RI} and Santa \na (selection 11ron \Iaava. 

ca+'tlnna I) '.',er to~leraltt t h ir inth-, antid had a um d level of re.istatce 

the field. 

Other Whitefly-Transmitted Viruses 

1[ltd ()20) cpot'.ttha thlcc \iiee'. , ,v.cl capahle oif inlccting bean.si 

Mtte l Ct.ititoill L0Il1ititt'. Ill ]'lt'ieit lico,. I ht. vcrc .latrophl llo'waic 

'.ius, Isolated trit lthtjn.q,/it ur, l'li I IP01hl and triaIsnmitted hb 

/l'm s (i 1/,(tI I tace Oit, pc latrplia.N lrrctii It'. ,.aicvirtis. isolated 

rttiii 'ii IH td itt( i I tibil race 

( hitttpc) ,l'u and lac illoltia 1o aitc_" ir ,. tiolated tttti lAlt-
I m b1t'it1/ztn/tt/l'all l H ;d + 

qfu'OIt'l I Ill l? il an tiit tittcd by l k(31i f 1l't! race 

(hiot vp) tria 

Il', chapter hi te,. .'.c1d (irl'. notnc tot the .litcll,,-Iran,,m itted 

vitse, ', Inch are rCp iltcd It tIlCt healls tIIdc ttIIIral atid at liticial 

."oiiesiw invetie',tti villus 
idIVntitlcatti~n allt tculat ,,, . 5 +. -11, ,. .,ddititon ilcttnditio si'. luc cltoiiti' n t'ete , an. to 

nwittf,} I[ A11), A n, 86h 

i-CsCaich is IlirCtl t(elIcIdalte tisciiiple. tip' I S iiii',,iild tO stldV 

the %atiathilit\ v, tieli ity exist vithin these vilrusss and tiheir vhitclv 

clo s. 

280
 



Whitefly-Transmitted Viruses 

Literature Cited
 

I .. \ rc u-R-. l''M7s\ lIcniti;Ilo'I IL I tilIIL, d ) IlIthichlla~Iac' o;HCl;I dcL la 
(PI/10-('11-t t/::rIa I I cl Rcipuhilici D orlimlc~tir InC L' iI0l 1-4 

\A~r~ I2 .. ic 	 ir-IR.. and L IQ') IdcI~rict;ici,m ic Il rrtI;icIIQ0 Id dcIt 

p' ,vt lll I pCi 11, CII Ii.rI~I'. ej1CIQ;I n InI I CI cit (itz 

ReLItrt%'n 
 IlI'I (1tII \ ( \ . \ eeici\\ .IRL11 1rd N11 . it cit-llI l 

4. Aiiul. I l't, \1,1I. -- , de%~t ! I; Ijl Il 1-2hH L't~ tilc~c ~' 

L IOtIjIlL tIItII .I /1 L1 Id~lwld(I I'Ifl1 r I \ tI Lo kt C kil c l ali 
p(IkrIII c Ic1 tI111t'.'Ld c pthtc )kT~mow~~t :(wi Iii'biI. X \346 

5.:\I~h~i \-J'..i. i'>. IItkt.P ~ /'tk l,'k/i I II/I(UrI% I hILdl Cu IIltI HI -23C, 

6. 	 Aluidt,-' I II. RC\I WlLti~CttI l 'al~NIIClIII Cl 1 I C'I lI 
%II I/It I qt .ihlc I?~k~ fOJI',wt I( ILtIL I ) \ SNlI itt-I i le l Con I ltoc o~~ 

57 A ol..\ I, 197 I . t I I I.1I) iI/II- I I , t I II t kIt I CI I I I IIL I N hI (I)I I NLc 
I) tIi Ic IA I I 1 1 11 CIIII, C I i k I / (tI//I I t I I IlcIitc Cr (I t, II c I I I ItI V1 

j NIi 	 Ill % ItL 51c,il 'I(LlILkkI I'l P . 1-. ,l. 0 1[1hi.I)C 

tit- S.1iplw I ILL1 I Ich c I III Q ldkI ' II I LII IIIkL 22r ) -5 tWl 

Ic P1 \1tIl *. S,'ILII INCkl. "I t RIQe 26I 2 

2.11 I 1 t~l I HII Ill/ 11<t Ili I ( lhLcIn1, I ..It l A II \1,1 IlL ih I ll11 ill 

Klt%1111kc.1r R - SII L128\ti15­



Chapter 14 

kI11I \011[cilics. \d% il \fill,~kc',-;ircll M .5~ 

1-4 Sm dI. l{. tfhtcdIHir.I. ;tl .1 cm , -I p /-k-W um i~\\ llI -I llIllrmc.Jimu \ 

Ict ['l\ ici'IL Ric\~~mpm ~cun pcm mdSb 

t[ 1'mm i \L \;tm bI ,I ,;t mimmmmmL./I 1mm. R P),11 c 1( -1 Ilim Il i tC 'I imh.S 

Sin. : 2. pp.l I09-1 1 1 

Hu .. ,ic kmt mid N (1. \ 19"'. (loiti lllo.mc (11hmtaii 

I'Iimawlm'mi mmm/L!mI1kj (kl'. (3. 1 1,,15 
1,I iiid 1 1, S, ikill \lm 

mml'mcie :,ii\top! Iilommmv 

IN I iI I .1ifAI \ mmL \lmm ilm. . I imtIm/ mmlidP I I.Rdm t. 11)77. 

I pied-1,11C i 10, ill Ii iii' f1 111,1112 ~ill Im C I I IATiiIII l LI 11C 1 mitt ba , 

.1. ' IIk,'P kItm Imm. I~imc .1 .Imi.21) I 1,mI. k., P[ mc , I f, p; I I)) 

IH~i'Illm! (Im 'k.., I R10pm1 l . I I picmIIilmte I ,l mmmm I Il ~2pucm 

imL~~ i~mm indl \Mti;m kdI, IicN.t I Blmi K owciCm. Ac~ilcmm 

21. IHiiI..1 I I'emc/v. R ,mm (J.'lA1im timI P,. I \Mkmmici. 19-2 A 
ie1iim,1-1.i'milil'm ii c il \ i in m . HH,I '' I P'Ii I /ll Imi1immm Ill 

I licill ki' I \I-[' Ie m " Ptt t P i n 1 -

22 Itid. I,. \1. Kmmmmmimm.I ll \101111111 R I I(mmmmm 1 S,m mIie mmmIIK 
\1 i i, Ill)"! !' \1 t l m I1 /itwm/ill./' l .11Imc( Cii Im ilt 1 1, 'NOWmml 

%lRIL1 I I 11i111mmmm 1W. 1,11imi I mii.1, /1, \IRuim .,'I lcimmmm 

B , mm'm , ' I - 1m Atiihiim mI i . i I ;i i ci-k,i1 . i HCI mm11 9II w i 
A mmm m!., c I :, 21dwf 

Immmmm,1. I~mm I(in.\111" 

1mm, x111 ; 'lmt i't Il m,m I'm mmmemiwf It((\1\ I\mmm 1 m m . d I !i (\1\ \ P! 

6 \ mmi I I .- mi'tmImImcm. 11101,111,0iIImm';I- \ 1 'id in 0 mm ­
mlmll' d(.I mIfi mIW \I\ I 'ml im m'ii'1 1mmcptimlic' m\ imm ti mcit lil 
I'llo w' 1m km'i'm,'i1 I I '. 111iCI , mm)tI,Im i(OkIrI 'i i t 11Ii mi .' llmdeit mmp~mi 

I'm \mmm 1 I~I'im~.;mmm4 S 

282 



Whitefly-Transmitted Viruses 

(UtI. le Ia iTh d\\hLICIl i i I u10 1(in li.) p n i V etrn~~ 

CIhit I LI 't' I 11 J 11?)IJ ItI ILI IJltI p1,( inI.!hl . pI1p . R2- . 

J"tI I9S4'.e I l ,-LIIIJL)9 .. llos. cof! illK .\1irlodo cIl t!',.os 

I II ":\k osi ( Ij ti JIi~iI'I, IpJC kr 1.1 21 I-27. c /,J,~ I / jj 

ii Ci l\h CM)i llVs , ( I rn I K ic kCt! JJO:I 
.IL.. F .'A~ IjIJll 1101 1.' 1ci1 

J lliC I il l m~ %in11 I iits(Ijf p l)- I (n. \riJViF I L'. Vetr s~ 

;111c~iv,l lj K \ l' m lo c md 11 op t s i.C283lt l ci n e 



Chapter 14 

4-4. (o1;j ( j - I P' (iipcritiil (" \I-ir-ii iind I.\\' K iaiimi 11475 . Incidericiai 

I r ( Ze~ i ~ i ~i 32: 1--15 

4 ( 4idl I H s 195.t *\U tiin, IIL liii.iii 'Ind ' iphilL' ofiL hitiIi 

-161 ,11itt i .it I\Id .IL Itl t e). HIli\'Hd 11. J(it IiiI :. i M ' i.j7 *il 

1 - ( L I I I . %I, . Ah ) I Syi-l t il (~N.( . ( ii I lep9 4 i I iLile (IL I , pttlagat~
dchil fit eli l i~ Lit ('\;i [ ine \gr- S \(ll~i ( d],<Nit :33L 1-41.cu 

I iS1( iiY5.\N.. 'J' liilL't ind A It 'milpiiL, 1 i'0' , lie Ill'iditiCSt i p . 

dkitI .Si"I eldt ~ II . l I \~i llNpid. Ii \ji . 1 11.dc1I-211. o 3 .2 ) 

iiii;1 "t- I' el 1t% I N S II -iI~I opI ',I\iin ) pp 3l 4L142S 

7I It. Ii cm) N(ii. iLN SillitL ' \t 'tI\-ttitp iloL. IH1111 L - Nilan i l qit 

II ';i Cli1L o oI 2w:Int~ICI 1AIti o de Nl xo Ai.'-c 

_I ih7L-2 li 

/IIlia , A I 1) -'. I I i I, d4 p SI ~, I ' 1C CII S S28 N I %I I 



Whitefly-Transrnitteci VirUses 

51). 11-1 .esF.. K. SiIhcr,,ch fitidIi d \1 . K I i~tfie . IQ I, I ihxer%.m 'IN( I~...C 
iifC60mS~l CI&Sillili L'C.I VMittoIll;tt( di cmillflo !):lIci~i. _2 (,5-w) 

(1.1 ItIL!. , I rttII PI\ ,(IcI %! 19.eI i K lmit I)" IigIf USet ( x rol ) 

( rcHit ,) te \ertertltmmim I1op iI, aII.(I m! nIbjm 3 

timirirte l 1:\CIM LC 'Imri c, IV 26l .emt1,1tt77. iiP~t trm ol5-21)7 eil 

~~r ~~~ ( d I IItoica~lx;r 5* 'rexeiieim tie hi) iNi. mItmi Cali Co 

delilt~,iet 11(m\ Ie .tt~ti 1(l ili Ii l Ific li) oof ltieIl.I l\tmIfel\ 

(0l r(ell~u andS i 1975.~ Pf,,nc3-4.s~r 

ehkS~k0rtlie ;. (fiLttttit r tIkcitttttimtic o elI iii joiic e olo iia.iACttts i 

\iiicmI Iitt V, .1,m iC NIt.Uoi m ha;it . hic. 4:17 o-177. 

( InIt, IC .. 1< lk I Iiitlile. cc tif~hif va1<.i1 ;rtl/. ju';d t) k i L.Ri iA.\hrem e 

)5 jIII it \ IC ) I A /m'iirr% I. Si tI it 1 i) 177.sit,t II Iit il (It., hit i. 

Nettleti 12. 263 t Ahstr. i 

fil N ~11(1I I ilSlil~ i fhitt ll cur. 32-3o), Sm~um ,Iii. i 24-.?tl. 

i cirn r it)Xi\irli i i to nii piIII,r I.1<hi'IlkI , I iihr I I ).1%tlefI. i tiim 

f Ii I R "IrI I r1d - I1 )c Itl II22-' II CI.III 

tin')( t i 1 Itk ., I A I. %I .1I'l I!- II '-Imdektl l /11, P L-111 1 Ai i CIC1 

f INptltilk i 1 1rr i IIP, I III II i CitItI I i t' Wit I fit' i I [t) 

f Nt ;\ .( NI irma -A..'.m L,. dmr. I: I- ' np t s i 

12. 1-l, 

7. I1f\l Q I~I~ 11,' I I'I s Iu t t C(IIhrtm . I N Iiitc Ik,-tm t' ) tt ' 
I'It i ll tact, Ihu itNmite 26.65, 

285 



Chapter 14 

73. Goodman, R.M, 1977. Single-stranded DNA genome in a whitelly­
transmitted pian virus. Viroiogy 83: 171-179. 

74. Goodman, R.M. 1978. Properties of bean golden mosaic virus DNA: . . .. treatment -with--exonulcleascsaiid- tfm1platacitivi with LI.cvii .NApolymerase I. Fourth Intl. Congress for Vrologv. Aug. 30- Sept. 6,The , Hague. p. 39 (Abstr.). 

75, Goodman. R.M. 1978. Preparation of antiserum against bean golden mosaicvirus. Abstract presented at the IGI V-Zurich. Switzerland, Aug. 26-30. 

76. Goodman, R.M. and J. Bird. 1978. Bean golden mosaic virus. CMI /AABDescriptions of Plant Viruses No. 192, Commonwealth Mvcological
Institute, Kew, England. 

77. 	 Goodman, R.M., .1.Bird and P. Thongmeearkom. 1977. An unusual virus­like particle associated with golden yellow mosaic of beans,
Phytopathology 67: 37-42. 

78. Granillo, C.. A. . )iaz, NI. Anava and L. A. lBermti'dde Paz. 1975. Diseasestransmitted by Ik'misia tabaci in El Salvador. pp. 51-53. hi. TropicalDiseases of Legunes J. Bird and K. Maramorosch. eds. Academic Press. 
New York. 

79, I.C.T.A. 1976, Programa tie nroducci6n de frijol. informe anual. Instituto deCiencia NTecn ologia Agricolas, (tuatemala. 73 p. 

80. K im, K. S., T. L. Schock and R .I Goodman. 1978. Infection of' Phas,ohsvcilgaris by bean golden mosaic virus: Ultrastructural aspects. Virology89:
22-33. 

81. Kitajima. F.\W. and A.S. Costa, 1974. Niicroscopia clectronica de tecidos'oliares tie pIita s aleta(las por virus transmitidos por mosca-branca. VII
Reuniao Anual Soc. Bras, Fitopat. 9: 54-55. 

82. 	 NIancia, I.E. 1976. Utilizaci6n de insecticidas sist .icos granulados en Cl
control de la mosca 
blanca I'misia tabtaciGenii. c infecci6n virosa en frijol 
comun. Siades 3: 77-81. 

83. Marncia, .l:.. A. Dia and O.G. Nlolina. 1973. Utilizaci6n de insecticidas
sistrnicos granuladvs cn el control de la mosca blanca IA',idsia labaci(Geni.) e infeccien virosa en frijol. In. XIX Reuni6n Anuml 	 (lelI.C.C.M.C.A,. San Jos,. Costa Rica. March 5-8. 

84. Maramorosch. K. 1975. "tiology of \%hitelly-horne diseases, pp. 71-77. h,Tropical Diseases ol ILeg urs. .1. lirid and K. Maramorosch. eds. 
Academic Press, Ne\ York. 

85. Martyn,i.,. 1968, IFlant viru, names. MommonweaIt h N\'cological lIn,,itute.
I'hyiopathological Paper No. 9: 1-214, 

86. %latyis..IC,. I). N Silva, A.R. Oliveira and A.S. Costa. 1975, Purificacao eiMnf ilogia dio virus do Iosaico dourad o do tolma teiro. Sunmnti
Phytopath. (Brazil) I: 26-274, 

286 

• 	 l I 

http:latyis..IC


Wh itefy-Irr masrnittec( Virits es 

I.I'.C Ii R. I \ 6.,x %l,Ia I I \, A 1%,- : Ith I " \N,.hniid 

p p , I I doI Ies ,i. I h -I Ip . I'A ? II Iil , I .I I K 

~lCci II 
( )%\ci\;ii.' iL , \ i l ti lct 1 L.'it illcI.I 

Sx. \ ih+c ,l, i \ .I \rei,.f 'i ( l ,tj ititRri. 'I7. 
1L[lt I 	 ,c( ci , oI l h c'htis 

1 l-rltCil .I.( \1. A 	 l \tldii, H -9. HL';lll Iv TIL I :,, l , \ C't,, Ml \ } Bi 

N itI I . lXIt t II lI w 11d I p. -t%tIS")' I iC1 

'I \+,,tili,I I N) I Ihlip..htl, 4 i, t-+t11%I 210--1 /b, \' iU ,c, anid M, 


iln. c Kc \tt\ lihhcd i ll ,, ',. I /td I, tlu.r i[tilI 

\ m [ 'I,(I , ) .1 vnlc';jil .IS , ,ift.,h 111-4 R ct,lctilnl l Ucit t ill tlltdbc.all 

'., t ,.ttc..', llC M ,,, , t ili,,tu u ; hc~in,. 11u,.limt,, H 	 l 1 ,1hl ath. 2-: 2i h-

X iI~+II l'INl'dli i Ph'w+ho l Iti + 	 II K , ill,;n. lll lll! b,%- (/a~~' ic o'l . 
I'h~,,l+itii lit2/ 


*ll,'ic'.\ ' I' ,it 0 lll ,/ I 'M l lantI i , i t ,1 NI'#+ ' i' iMi II. ,% t.al 

Idtic',ll~ \!.I t 1 -+ll! " l -11 l!
 

, - ]
Nil, .'i' l l ' ' ~ 'hi. X .litl N 1t\ xl .I 2c'kI t.+'." llIll 

iI ,i / 	 t -1!tr' i I it i t' I , iiit\ i ' .dt tic I , c li .II 
S11tt; , P.111! 1 I RCI ,h -28 	 Bll7\M111c1 

9ir, V)dX Ki i -, % I 1,, pc I, I,-l'' I I : ,h!l II " 11lltl11 dc Iict,C'I 

C',li+, ( If 10w}, l I \11Y !Plt~ \ lt t l hi: i L' u~~l~ t 11,111 %c, I' 

liitltll~ %Ili',,1t,: "!i~ ,,. I€,d I',\fi~ ! " ,i. + I " H , 'tl !il, L" lwli 

H I i 1i+ -1 11jl %C1h0 " 1, ,l tT,I.IfI, i C I "I111111 t LIL,'tl, 111:l W - , 1 < 

IIIIII I,ClIhtIl \ t.% )kI 1,1 'i.1 \ 1,; Ili,il lid '-,iao t"Itul,1 I- ,I. 

t C1\1t'lI94 l i' t',c", 1.1 C AuC" 1idt .]Ill ' , , P~ ,AL
.1 	 \1. A IL k'% , Ill Il'1i 111,h,\ ".l1lth1 

99t . P~t-'h I , I'): " '~<l i ' ,tIA 1 1 ,i
', . AnditI \l' d ', I d;llt 'ill C'l It l ll~h icki 

P7'heist"]ho ki,]/1I'o, 1 .1 , lIlmhll tit. aIM aLimllmll%\'11 tclecto elli !,1 

IlckICcl I ,IlC'I 11 (t rnhi C IL'",l WllIC I CIii Ih lk ,'l I II . +I 1 

287
 



Chapter 14 

ii~c7 i kI)-(,. I 7tI d~i de L' Cl1l;I i. 1lt: i IiL;i' %CLctliL II ' \ I L I lC III tIk (ILC 

;i haihichtil L l /'/ililN'11Ii uli"a.'tI L I I t /l (IL Su ItJl ImItdc LI 

I >2.thif l. . I , H-'. I Sthe Ic.(, M~L\utc%Al11I W4 Ic tcaiwh Pheiwee 

I\ hI I I hitIltl.i /11 1i 1 52c~ 2-123. hliiL.LI 11.i IdI 

allId~II sIf11111LI\\Ite l., IIIh tb n i \ 'iet t'tl iILt.K JiKS 

104R a: nai I h. 1it Kii IKi I Ida \k I I n 211K 2 I- i 1)ttm .R. 

I a~ii~Ipp 11 -,, 1'2 a[Ii ~ I ieI; i tan e an 9 3 

I I1.%ii 11,117/ '" 11_ 

lil,I I 1 "CI\1 "I no ril 'l288 sl 



I 

Whitefly-Transmitted Viruses 

H Sil, (.N.. . 904. ):i, .\iittzctcttei vI t \'irul,;irticl.lt \hotnii n-( hhiui .uht)[.l:\,J ,turtitl 21). 4'-4At) 

116b hl~ttN ... \ 11(h) and, V\ S+.Co,,,tll ;+t,. c'tllkt+.,.,litu Ilotuli-lt ;it
( ' 1 1 1 II l l t tj k' d l I t l t i l i o l l Il i h tcmt n , ( P] h a w o' h,l s \ t /, ri + t ' ;l l lI 

alltic'tu"Ic'l'llml I, moltJ'll,:llLc',r11 ,. \1111 R It ]Huil l11111)10% ',WI). 

ItJ ,',, 

I tultntltIII-\ V \ .\llJ ;tlc!-V S.V . 1 'oq,,t. 1977. I 'la tHic',Jdin oLI i; ll at 

I \ . IItI N . " llI 1 t'llpII.Ih i Ni L' Il i l zl Ipa \' 1 1t] I a [iti 1tI dii 1tt111 
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l' ,IIItllt l 'i1 I4liiitl 1,'11L-llit ,+3. N 24, I -i11%'0I I L.l 

F- \ I ' i F FI 1 l \l I~ 'Li.N. F I it ' C .i 1, .i t t Ill c tll w i, sdit l 

, .~ P ull l~t l 1 1 I~, 1 1,1,),m' 4 ,i t m, i , , i , lIt ) IIIll Nir.,] F)~I , i t \ItI I ( I. NhF.\+ l~ n ,u , , v Ic, i t.,tIl rt ,t1Si . 
sk+ 

,L ( ' tI .+'I \ i..IU -t til '+, l ., It ti~I,,I.*kIl l i L - n mi o+ iii-(,7 Il\ i c t .,, 
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' -J~K i, lll I' I""''ta d 1 %,n- A lgco: e i
 
I' ~ <l 


+ 9 o l~iltd 
uI',.hlKI ,c 'nu,, l;1Ill " I k'la.tu dc!,ulhol HO/iM a\ . , ,I \all, 

it I ; 1 'Ltcwa pa Ill(tl;N Nhticl, I,)-1,p 

1 2 H4C , ;~ I IL,,'u t u I r k,,l ,i ,, c , l!',L+i,C I I, II k , i'I in,k ...
 
f 'il .,'1,M ,, ;i','t m,,1;+,1 , I ,t h 1 , , \ + Rtll l ",
k tkl ' \ 111l,11d c\ 
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Chapter 15
 

Miscellaneous Bean Viruses
 

Introduction 

ltrvitl, C.hapter, halc levie cde Idma lln hertviucs transmitted by
insect kectmrs such 'I"aphidk,hlc t Nand %%hitefl]ic. ( )t le hean viruses also 
mec kto \n to he transmitted bt'v 'Se vectors, it-hv other insects, such as 
thrip,, it ea han pet,. Smile bean Fituses r nol,knoin to he transmitted 
b\ arl, iInectl eCtlr. I hII chap1t, %kill reoiew%briel stle ntiscellaneois 
S II S eaeC (o1 /u i th'ri s. 

Alfalfa I osaic Viruis 

Allaka lil (. VI)\ an virus that %kasc \ilt" isIti hipld-ratl~ttitted 

tilitI;lsI%tI
c te IIiIbea i IIIillthe I ti tt es (31). AN V consists of 
\tlliIOUS t,Il, IInhielmidtin vCiiN dot., :atita yell 111'.oic (31). rein 
IwctslNs 
 alid tis 1t Il ,ilN' Ic \ i itIlt ' st;iii o t .\\ .nA IV bVe:i 
l u 1ticd t l he t leal \ IIi pItlltl 

.\XI \ %%,',ktI(i%n r io i I t li isOU\sllas ieltt lc% ill,..AlItal %irta1," 
•\llalla sit Is .\ledii i12 I ,aintad [fr,)i,rnii'h,,inttli tlFllnic ( 31,
 
..\lalla 'ill,,
%i1);iihl, ii fit llStIItL ti tnt heai, iI I atit A mteiea. bUtethe 5p;lii tnlt.\ \l V a il it st,lil,ta i a tq i lctteof ~ itt.is i iaaIfa t la. ptitt ~t 

1s Nit t I, ciita 11(,, Itt t ii i.t I c 1iit' (a. tellro , .5 ;l ta llta le.ot II1, 

Iaiciht tl tiliuci 

11II 11I ,1II IC f i ~i i ll L- ) d. lf 11 I c L~~i 

'\\I\ p,ill t ssI, eimt.1%11, ,tt I 11 itt l laL,,L11lIlk 11i1,t'111H '\ t 111 VIt tii is Alti l IIIt'I,!' ,.', l l,(Lll IL';INC, 1 tIl0' Lt '1111, dI~'! c. (ict'.t h e 

tn ht- .[ tlt,ufli'IIl ,i I ' ,lh C M t1III,icN ,IllNI sthi 0 t. 'c ()II%\ lIWI Iitk~lt )I(bh II!,i%, t 
I 
tl 

Pli 
(Iq 

l 
II lI 

l 
I 

lt'c'ihi ' ti Cillc'II ' - I 

I 11tit ,Ildt I\ I t N l, 
ip)ItL'(I, ho' Il 1t',NII 

\\ 'dI i, ,,\ 1 .111,, [ 'd]lIC'c'11.11ii,111,, 11111di I I l 
ll[WtlIIIt,',r "C'd \ III.bI)I1, lii' 1,tltt 't'kl<It,11ila 

It ; il c , 111l0 )Li lh
, I lit 1 ) 'U I II-g I \ \I \ j) w (.'bI-'iM 11 11 I - h x,C~th1it't.(illlet (111l1 CI I S \ it t hINe IasihLI, ItIulI Ihae\ t*")
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Since AM ani. lint ccoi uinicalllv iinpottauit \\lins disease of beans. 
little1,sc.lch hit, hc.rIl c'ndu ctcd '.ilth c ntllri Inlca-,ic,. 11 \\c'cl. sonlc 
dill(lcccCs hatcbcii sciscJ in th ticqi.'r <\ I,,cal ILsiOls plOdiccdus 
onl sp,.ecific hc: 1ncultlllar,, (1+Po, StlsCCpti1Mlt I"Atl,11 otdc t'.' ,ith plant 

i,1+. ibilit\ o 11it:%icim, to id 't(local [o-on, tl 111cL nt.ctimn. and 
s;
ttiii iritu, 1U ln' . ptl' -arid p ,-t-it'tllAIt ilrpCrli. ( 1.-. 11). 2Sf. 

Curly Top 

('urls tp1 ) (0 b i',trlHtIn.nIttCd \ llt hctt dtfthtppC'. Cir( 1/it r 
it1i k..r) Ill s LsttiI.i t C s Ito(h ill, ai rtltoth(']l1(al I II t + ;i Ca tUili111t lvt11 I 
cIltisat'aIcd crops. so:h s, ,+_t,/ l . ti/ ,r , I .). in th.,c itIC, " sI I frItcd Stc ;Id 
(Viida (4.3 H) (illv top has hccn callcd /TH,.: \'i'vcri(+ ( s.& 
lHo,.ciii tt. and Itjsi ontains W sIlr ns %%tulld I) Inch (.1 I[ thuici '. ;t l oic 
I I)I li t't im llna t ''i] top i I ann ni Nti ap t-.'c . d e lIanll nc i t i 

r.;Ill, .
d]at'ha 


I[ilLt'ct l (uIini beanI1 1;ItnI, IrnIls) c.xhin t1itlo iittIccIIt IaI s.\ nt n 1S,+It
J)uICIHItt+ dJO %ll\\;ld Ctlllhn 
,VCllin and death, lil l~rtlIl."\:, Of 
inCCctd plalnts Ia\ hc thickcT and rlIOrc brittlc than thsc it riintccttcd
 
plants. lhc initial 
snuptons Of cnrly top inas' rc,,cmhl th,,,,cindnccd 1) 
t t cOntri rn mOsaic virus (31). I caI ;-:irnui , sc lho%it imitso inasand m 

ics-mhlc damnmae Iduccd by grccn Icalhioppcr ('/ a', spp. ittding. 

,irnl,pirtic SlcOt '111 tmOp .C111ia;itc. a;ait' hasC sCdilIncillatini
 
cw~iclcnt Ai 
 82 ,Sand a 20'; nUlcic acid c'ntcnit 2 . 22). 

('itrlYOil II contsi, OL'aSLIrIC- ICoSi IItaCtiiltiVals. I is rCs ;llc is 
cIlpcriturc-scnsitivc in solle hcall Cnlt sars sinCC it Call - dcStriscd at
 

high temperatures. rcgardlcss Of 
 plant aec It111C tiic OI in,,culatini (25i.
SI hcinajxl (24) reports that the hncdinig inc-.. \lineS-.I and ARS­
511P-7, aic hig'hly [csistant t the ciul\ top SII ui'
 

Bean Summer Deaith 

lBc;mn SunHnMnr dcath Is rcprit' tof) ccul il Nc\. S m \tlh\%';iesAistialia 
he(1. 2 A). Imc tscatc arcnit i.traisnmltct hi Mehhc i~s Icalhnppcr. ()r ,hW 

Ir~!-'Pll. \Ohichr aIso is kli \k It) t li 1111tr St ... . , p ,i, kc 
palhogcnso (tlnlsintrl ihtlic Ii , ic (1cIt+ to x)Tcr I I ).lIt-il inliiti 
death A:is oligirill\ liispcctctl to haisc a ttcoplaslli-likc ctiolg\. bult
 

i. arid Athc:tl (S)claim thatitI casml agcnt is tnt a it plasnia 
hint Is ",iilmt iIn 11i. IC,pCCts 10ti lv til 

It' .' riI h host lIna al tiri CIItI iiit tl(I S I/hO / ,111, i1I..'ri. 
I)atiiraramnn nini. IA-ta iti ,,jrlS ai.vu,/tlr ..Y, vtilm,'aro am. c/tlaand1t 
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Miscellaneous Bean Viruses 

(alPalephu% chint'nsis (8). The spanish nane for beanl ',luirne death 1.1 
mue.1rte de verano del frijoii. 

Sile svmn jpioliato)Iiog' of tiii' (isease cowIINN Of \ \ n andc 
SlihSCI~IIrIt deat t Of diN COItottuOitIV th l(i I l '11'i t I)Lttdiii t' 1tiit 

tetttptattv I I2) 1 K lie CLt ecctoi ha, it minlititi ltnt liiod (it 24-48 
hour N and teilliluNilttellctl(e ft ilt leao't 21 daivN adtct a c)IINlitIl of the 
can It ize duriney fte iTvntpiti ta.l­~CI 01 aiid 

Little tecdlch l taN hvcCciuliCtCI 1110 C'oIltiI1l;~lc t \c~ 

t11CeIltiled Stllc ;ijo wle 'Leyltl to heanl "11n1111c *lcii ill Al\'iililta 
Addctitil Ic~cilicit 1" rcqui cc) ticnlittit)III1 ccI~tittt lliad to hijlly 

Ioptlat() Spotted Wilt Virus 

I ilitii Np)(td wci it til, ( I )\ 1\ I vPOIitcdi to iiCCIIt Inl lita,'i anid
 
(anaIdaa( ictOi \iol p1a~1:1')lclc ItI 1kut reite l tii t citis2 scriOLI
 

to *11 C;Iec t!Ceet )ill.'[ leICnteN,
eCCIIOiltic ulattiec:g hciti ci t ii 
!oiltt lit ce . tObacco. ptuetf)J)'c illiii it itd11IIc' atl platttc" I lie %ruN It, 

ttatil',1ited tC'CtIttnCillkill tOIltttOu '<cd aId h)e %~iitlN t\ (I~ohthi 

OiuittOt N,))uItCLi ccii t ut "Oii t kntui I i N itick %m\t , ,iN. er 

(li tittitti:- ill I ttll \tttc'llct 

Kttitimi, '1 oil,! i ) pttecI tlit ftttticIcc Of tlth ic' ccc l.J tiall\ 

icuitticIlic. i I.d~cki bc it 1Cttilhrtic. c,(Itt;ItttII R\ A. and1;tllttct 

ulca" cieSt i ll] in u1 i't .cl. IlS\\' \N\aNth hi"t 1)111t11 %ii1,, tcpiitcd to) 

ciiltt'tilt lipJidi f 2') It' tuAiiiatil .td haatiitui it IlJ'itecd h\ 
B~est (S) ilici Ic (IS ) 

PPio Noode 

IRed nde liaN hcetirpoiecl tI, cc:1Illitttue1 ittcd Statec ( ;I hitt tatclc 
fIp d toIll Latini Attietica I 1 I 20)1 iitc ciiutei c c)iildc bc elalte'd ti) 

tlhaci' cIttc-i \111thi 11 I ' O11111 itl 1 AHCICH tt,it lech1) 1 .01tttt \lc Tcatt ii tt0ii 
ttcik \11 ntichi tiN~danid tobacco itAinit itq aint ttth'micii idel cit) tiio. 

T."c' ct INeI. 
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sylmptonls include a rcddish discolot at the nodes of stems and 
pil, ifiot leac,, a,, %%ell a,, ieddish concentric in , onl pods. Pods miay he 
Shriled and 11ot rotei P alnt hu iftucdSeed. , aIsoII be or killed (31). 

lie \ru, , t tiaiiI1tte l and in heaiant:,+hLt1111icall, ,ccd( 12.31 ). I here are 
HO reorts ot tetL't \Nit, e le 28I 1k pilticl', ,it"ouleic. u i"+ca 

I IllLtiit er., 0oirtiril three to copiot eiri,. N;ise\ atll tin! li] 
s IlIinicIttittt In ,+kctliI'c it h t%%,cr ' )(- 123 S (21) 

I tic ,1[tsw, it;i\ ledt.]h t t ot t'itl ail sh. c'tid }, r uct i seed ul t1( 

rsistaut ctitisrs stich a,, Kntuck, \ ,,ndet No. "SO) nd Kentuckv 
\Votndr I s'Mt, \i .14 (II). 

Other Bean Viruses 

M;ans other.u \rrs'c, lrereported t) uItlr h'eau, hit priualril olnl\ 
tneIcIt rt lled c'diti rtI r1.la'liot t ( 1.3.-1). \ ,esvs in tIL orv 
,:a.i (l tI these, irries AiTclo' elrblotch, clo\r (rled) lnclrotic osaic. 
t.'si ipulil-borue l.tki he;Iti mosic,t.closltmsn.1/t, ic. pea dtar 
sellos. bea, elti t %chlos. llttle.. I ttlC it is 11Illtatiorn is). h l 

leporicd colICCrItirlm tire riirttlal oc:cu lllc o theseI irror hear l tlsns. 
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Chapter 16 

Seed Pathology 

Introductioni 

I)rv beans r/Ivu/ I ar 1 %cuLetatively propagated.(I'hasclu nit 

I hc'retulctihey deper tiipin l iu,dmii<in I i m frltuation othe crop. 

I he t(iiit\., of c . Im mtiit,1%h ,c; wied piiirii h\ I a .\nerican farmrn rs 

e,ei ,e,,[ 4tlrliflh ith 'reii ~la is hi\\,. i'itlV, th,,\L, %% l land holdings. 

conduticted ;I stircv oft 

ii i R iicat;i tttm fi'l flatr 1ff, . h (16) 
S;i rie i mtd Ilirihitl;mt I ( I) ,cel tlsed by farmers 

tld t in l .fr; rtatnii WOi i't a/1. 

C(M,Ir t , la-r t;iiuieIaih ll and holdings init ir stlI , \c"ii IIIII , 

( ',dfriiii i rIrriatitlin \, ;i"s hI, , 1;t ithard repirttd that gc i,11, v, 0('; swed 
1rit tl'(''d (crt i, dittiilt t (11,ti1,i arnd ratelY ,Isd h%h% ttonni. lid s.eed 

Imlii.' iII I till.\ rlici;. since les. th;itn f ill sc d s,% I i,cenrtified 

Seed lransmissioii (A*t'athogers 

ieedls pii\,i-th allellici'it iCItid ' !he tnml.itl (d 1,tit pathl rgeiric 

(11 ,L'i,,i1, iuuit,,iccl 1 "',itliiii, . 11:hin itd IlmloiN1I 5,))' til.e he;In disea.ses 
Mre ,,'d-iin, \, IirMt, ',',.I:also tileI 14 L tiririr testeItd '.Ws 
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Seed Sto)rage Problems 
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seed contaminants a1d seed-borne pathogens (see Table I). L6pez and
Christensen (26) report that the seed moisture content should be less thl,n
15%, preferably 13%, and seed should be stored in conditions with less than75% relative humidity. L6pez and Crispin (27) report that cultivars vary intheir resistance to storage rot organisms. Also, storage temperatures lower 
than I04 C should extend the viability of dry bean seed. 

Control of Seed-Borne Fungi 
Numerous fungi are reported to be borne internally or as surface

contaminants in -,eed of Phaseolus vtidgaris (Table I). Many of these
organisms also are iecd-borne in other members of the Leguminoseae, such 
as soybeans, pigeon peas and cowpeas (16). Figure 5 illustrates the mannerby which Coll'iotrihttn lintdemIthianutm may become seed-borne in drybeans. Most internally-borne fungi are located inside the seed coat and 
some infection may occur in the cotyledon or embryo (1, 15). 
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F ig. 5- (right) Pod and seed infection by the 904 
anthracinose fungus. 'A 

Fig. (6- (]lov, right) Seed sample hat%estd it 
111ftlirilt. ,tllitce tcd ondisinliected and inctihm 
pt!tato-d ext rose agi . 

-ig . 7 - (h eI t %)S ced a m h ea rI)i t d I\o 

disllotCd and 
illcubated on potati-dxt 'ose agar. 
\eeks aiter mattrity. stlrtilce 

Protectant fungicides such as ('aptan (Orthoside), Ceresan and A rasa n 
r [hiram diffuse into the seed coat where mny seed-borne fungi are 

Iocated but do not enter dry bean cotyledons ( 14 15, 40). Recornmi'nded 
application rates for most seed treatments is1-2 g per kg seed. Seed 

treatment isrelatively inexpensive and can improve germination and field 

emergence of seed lots with moderate levels of infected seed. 

Systemic fungicides such as Benomvl can penetrate the seed coat and 
cc,tyledons of beans to provide sotne degree of control (I, 14). 
Investigations are being conducted with chemicals such as ethylene oxide 
(34) which has cxcellent biocidal and penetrative properties and may prove 
to be practical in removing seed-borne contaminants with little reduction 
inseed viability. 

Systemic fungicides were foliarly applied beginning 40 days after 
planting. with four applications made at 9-day intervals by Ellis and co­
workers. Benotnvl (I kg ha) significantly reduced seed infection by 
(olht4otrichum liinh'muthianumn when compared to the non-sprayed 
treatment ( 11. 13). A protectant fungicide such as Difolatan or Captafol 
vkas not as effective, because heavy rainfalls consistently washed the 
chemical off the plants. Fungicides may be useful for clean seed production 
in I.atin America. ll,,ke\er, they may not be economical for regular 
prod uction operations unless growers are willing to pay for the increased 
production costs. 

)atc of harvest is important in the production of high qualEfy and 
pathogen-tree seed (13, 35). The percentage of seed infection by fungi 
increases and th,,'percentage of seed germination decreases with prolonged 
time in the field after plant maturity (Fig. 6 and Fig. 7) (13). Therefore, it is 
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mportant that seed production fields he harvested immediately after plant
ruaturat ion. Foliar applications of 13enomyl during tlhe growing scason can 
reduce the Incidence of seed-borne fungi and low seed germination
cimiionhv associated with delayed harvest. Similar results are reported for 
soybean production (10). 

In some drv bean cultivars, pod contact with the soil may cause
signilicantly higiher levels of seed infection by various soil-borne fungi,
,:uch as RItizolctmia sohmi, Sch'totiim rllXi (Fig. 8), and Aacrophonflifa
phascolil (lig. Q). lhis may result in a significantly lower seed 
gerinination than iII seeds collected from pods of the same plant free from 
soil contact (12, 47). \Vhen harvesting seed production fields, it would be 
be neticeial to avoid pods %khich have soil contact, especially for farmers who 
can hand-pick desirable pods with seeds destined !'or fuiure plantings. 

I lie most efficient method of producing clean seed free from a specific 
pathoeten is to use a cultivar that is immune or resistant to infection bv thatpitthogen. I'or cxample, York etal. (46) have studied resistance to PVthium 
sued decay intensi clh. (ultivars which are tolerant to a specific pathogen 
may allow limitle' dc\clopment of the pathogen and its potential to be 
transm itted within thte seed. Iherelore seed from such cultivars must be 
assa\cd carcl lv to dc(crmine whether seed-borne fungi are present. 

Control of Seed-Borne Bacteria 

It is reported that 9)5 species and varieties of bacteria may be seed-borne 
in nitncr tns crops (38). Various bacterial pathog'ns are reported to be 
internially seed-horic Pha.volusin vul,iaris (Table I ). Vanthomonas 
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phaseoli and Corynebacteriu.flaccu~nfaciens can remain viable for two to 
10 and fiveto 24 years, respectively, in seeds (38). 

No satisfactory method of seed treatment will completely control 
internally-borne bacteria of dry beans. Several methods and compounds 
have been tested with varying results, but the general conclusion is still 
negative. External seed contamination can be contolled by applicationi of 
Streptomycin or Kasugamycin (41). 

The most reliable method of producing seed free from bacterial 
pathogens is to select production areas where environmental conditions 
and cultural practices do not favor bacterial growth and development (19). 
Copeland et al. (4) state that additional control can be achieved by long 
rotations of different crops, planting different cultivars in alternating 
seasons and sequential planting of adjacent fields to reduce large acreages 
of susceptible plants at one point during a growing season. 

At present, no commercial cultivar is immune to infection by the 
common blight pathogen. However, resistance to infection has been 
reported and differential pod susceptibility (5, 6) may be used to further 
reduce seed contamination. 

Control of Seed-Borne Viruses 

Viruses are reported to be seed-borne in Phaseolus vulgaris (Table 1). 
Bean common mosaic virus is transmitted internally in cotyledons and 
embryos but not in seed coats, while southern bean mosaic virus is 
transmitted in , bryos and seed coats (17). Once seeds Pre infected, no 
seed treatment, available currently will eliminate the viru4s from bean seed. 
The most effective procedure is to produce clean seed ia an area where the 
virus-infected plants can be eliminated and where vectors which transmit 
the virus can be control!ed or do not exist. 

Developnent of resistant cultivars also will allow the production and use 
of clean seed. However, research still is needed to determine if low levels of 
virus can persist in restant or tolerant cultivars and serve as reservoirs of 
inoculum for infection of susceptible cultivars by insects or other vectors. 

Production of Pathogen-Free Seed 

Benefits derived from the use of clean seed have been demonstrated in 
temperate regions such as the United States (4, 19) and in Australia (28) 
and Latin America (2, 3, 18). Clean seed production has beer difficult in 
Brazil (23), but programs still are being developed. Clean seed production 
fields should be located in areas where the environment is unfavorable for 
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survival, infection and spread of pathogenic organisms. An ideal 
production site should have an annual rainfall of less than 300 mm, a daily 
relatiVe humidity lessthan 60%a daily tern perature regime betweefn25 ° . 
350C, and gravity irrigation facilities. These production sites also should be 
located in regions where dry beans or other legumes are not grown 
commercially in order to avoid contamination by insect transmitted viruses 
with wide host ranges. A seed production program will require a form of 
inspection and certification to ensure seed cleanliness and purity. 

Seed production programs often are provided with :i limited seed 
quantity. The CIAT bean production program has used the following 
glasshouse and/or screen house technique (Fig. 10) to produce small 
quantities (10-100 g) of pathogen-free seed: 

Seed of each entry is plam-nd (2 seeds/pot measuring 15-20 cm in 
diameter by 25 cm in depth) iri sterilized soil in a glasshouse or fine­
meshed screen house. 

Seedlings are carefully irrigated to avoid physical contact between 
plants and observed daily to identify the expression of bean disease 
symptoms. When an infected plant is identified, the data isrecorded 
and the plant + soil + pot are immediately sterilized. 

Surviving plants are protected f, m outside contamination and 
observed daily for symptom expr sion. 

-IN
 

Fig. 1)- (lean Seed production in 
scrcen hliose iacilifics at CIA . 

308 



Seed Pathology 

- Seedlings and/or mature plants may be assayed serologically and 
harvested separately to avoid contamination, especially from latent 
see'd-borne viruses, 

Pathogen-free seed then is stored in sealed containers at less than 
100C and 13% relative humidity. 

Field production and increase of pathogen-free seed should be 
undertaken in the proper production zone. Seed should be planted 25-30 
cm apart within rows spaced I m apart. Plants must be inspected frequently 
(weekly) during their growth to detect and eliminate plants infected wiih 
diseases. Critical evaluation times after germination include 15 days to 
detect bean common mosaic virus; 30 days to detect common bacterial 
blight, angular leaf spot, and web blight; 45 and 60 days to detect common 
bacterial blight, angular leaf spot and anthracnose. Chemical applications 
may be required to prevent plant infection by pathogens or the buildup of 
insect vectors. 

It is ideal to tolerate 0% infection by any bean pathogen which may be 
transmitted by seed. H owever, this tolerance may have to be raised to 0.5-
I%'Z infection when seed is produced in tropical environmental conditions 
which are marginal for successful clean seed production. 

Successful production of clean seed also is dependent upon proper field 
management during maturation and harvest. Foliar applications of 
chemicals seven to 10 days before plant maturity may reduce pod infection 
by plant pathogens and/or saprophytes and ensure good seed viability. 
Mature pods which are not in contact with the soil should be harvested 
immediately. 

A windrow inspection is advised if beans are not harvested and threshed 
immediately. Pods must be carefully threshed and cleaned to avoid 
mechanical damage and cracking, and they should be stored under proper 
conditions. Subsequent laboratory (serology or other detection 
procedures) and greenhouse tests may be conducted to verify that the seed 
is indeed pathogen-free (21, 29, 45). Certified seed should be planted in 
pathogen-free commercial production regions or protected with chemicals 
to assure improved production. Additional yield advances may be possible 
by utilization of clean seed practices for newly developed high-yielding 
and disease resistant cultivars. 
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SIN(il 

A4 ritsahltaiw slip. 16 

.1lttri lri 'pp. Lcal and Pod SPot 37 

AM Mh Ia pp. leal and Pod Spot I
 

I ,stri,dlh.J ,'and:tiv Stioule Rot 27
 

1ql'ergillat 'a'. Storage Rot 27
 

ii,'r-t1j t Iriflli Storage Rot 16
 
.AI /rvilu repwas StoragveRot 27
 

.. ,, iiu r.'.triu'ttA' Storage Rot 27
 

1krilip!, h ia.ii thliiororiae Seed l)ecav 16
 

Iurirtts (i'ar''a Gray Mold 16
 

( 'roop ra 'ra'.'tit" ILeat tlotch 47
 

('hav'io.w.''toria I llmt:no Leal Spot 7
 

( uadmpriimt h'.rhorapo Cladospot .dnl Spot 42
 

( "'th, otthppit doiitim 16
 

( l totrj.iiii li leTuthiaw,-' Anthracnose 47
 

,,ll'totri/litonirtawatutm Stern Ant hratcnose 25 

iurtidar i spp leaf Spot 8 
l.NJr)[)mm sp . I 

I/ ia!rtl pha' runi Pod anrid Stem IIight 16
 
/ h,!,,'L a ', ced Contaminait 47
'1 h'aj. 


iri iji/l' poli ;,pa I'oderv Mildew 47
 

/,iiiir'i i'fi I)amping Off 16 

l~aimtoar i, ifr 32 

p, ,ha.wol 1:usarium Yellows 47
 
Iiwariiioi roio.'iti 8
 
Ii w ,iraoi a 'itt Piod Decav 43
 

IidsarIai %,haWii Root Rot 31
 
a i 16rinsillihiiietw 


1.a,,,n'pit., ira',r /a Angular leaf Spot 
 33 

Aiacro!hmiita lha.sef,lina Ashy Stern Blight 47 

ttai,'ia spp. 16 

IIh', or 'pp. 8 

\Vmamimra i'ri'li Yeast Spot 43
 

\,i'roslior spp. 
 12
 

F1,riillitum spp Storage Rot 
 27 

(continued) 
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oticascs aiit ntIctlihds Ior ticIr cintrl . I', S. D.A. Ngt. I cch. Ill l N, 868.
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Nematodes 

tntrodaction 

ac bern It d Ori roots of bems 

and other plants throughout tIi o%,ld(Iable ). Miany\ of lhese and oitier 

iallittodes are Ieported to occur on ealls I.,oldwide. with species of 

fc/[o[r ,do, m;nd Pr(tIvciJiI . tiqItIcitlv (licotittetcd IIItti .lmr" 

Numerous neinitt odts f eeIwI ()I in , ) It n teli 

I North 

Americ, (, 10, II,14, IX. 2t1.22.24. 30, 31, - . 35. 36 . 37.38.45, 49.51. 56). 

I)uri!u s,erc olestatlonsjeld olste,, reach ') with rootlirti\ i0 to 

les-,iI i,5 t, orF 90 knot (14. 6,)cilttitodcs.( niettlatoll 50 kilh rot 50 

11is chapter sill conceitrat, pritaiil, ii rcscarel ,vith species -I 
v , a ]rat-h-ti'h.,,'Ith adt-iiw 

(Cotllloll liallmes frcqnentl\ used lot Mchifh,1,i'trc species if) Iatin 
.Nl':ltea inel e leItIdos d ls tIO'dIItlWs fAdW;it I.' .tIld Vlllhst das rtiies. 
( 'tuitiont noalne.')iequtlt[ ulsed for l'UiulI[ii'oN'.II species include 

ite'ItOtls Lie las lCeiolles ramlicales,. le n po[ tllsiealltoos and 
dhilnhatll nto de Illll;tltlldc'. 

Epidemiology and I.ife ()',,ie 

/ l0 Itllos soils with good 
dl IAI' tidtcIla.lagC 01i) te.iipittie ()1 25 Ito30 ((9). NumCrous 

fedoll ,, sptcies aIrc p[I\;iedIt in liL'ht sati(\ 

icllatode speeies aIre trnspi)ited bctset ccil tltigilions or ficds by 
irri1;itinm water. vegetativcl plant artis, and oil cOutIninated \.ith eggs or 

la~'iec h inplicincints. miiriials ot mall (7 . 9, 43, 51.52,hiclIatdhere to larm 

531. Ilneth of tirisal in "(il sai s s ith thiinatode species. stau, ofA 

devlopnent. soil type. moisture, IcIlnpt.'atue (52 5 . so'il acation 'Ind 
Icneth of the fallow peliod. 

CialI lie life cycle of ehhlidn,'i ,pp. irit'les ,aIMs d(.'IchMh 
ieL !.atrae hatch lro eggS.Ali.. glro,bl CuC ;tsCiCtsohlee molts 

111,;tdult males and fetnales, and the latter la\ eggs iIIa .elatinons Mass. 

nmtodt. eggs are osml. sotnetilltics ellipso(id1l anl slightly cotcas e on the 
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....2, , .. : -.. . , .;,: :.. ,'@ 

lit 1'w ooio rl I , m/11 , N 

,g. I3 - : o,u nlI,.dc\ch p- i !.. - A I.I,I ' It ,l ii egg 

ifc ldoi,I fit,I hpcc ieN. ,v# I k s.,.d, 'Iogl , ' .im',ogil/1 

Fie. 3 - YoPung tar,.a ' I 2,. - .\tult tem', te 
,t'hOhIP~i! PIt' +fl -CIL-'. t ,',lpp,q IP ItPH ,'PIlIJ. 

side( Fig. I), and measurc 30-52 hy 67-128 u (47). .Vgs usually are pro tected 
from dehvd ratim by a gelatinous mass or matrix (glycoprotein substance) 
secreted by the femalc (Fig. 2) (3). 

Larvae are vermil'orm fig. 3), ha .,ea stvlet which is about 10iu oni! and 
may have an overall length of 3'5-500 u and a width of 15 vi (35). Adult 
males are cylindroid. measure C 93-0.36 by 1.20-1.50 nam. lack a b ursa and 
ha. c a well-developed stylct. Adult ftemiales are pyrilorm (Fig. 4). are pearly 
white (visible in loots without nmignification), have a soft cuticle and 
micasulre 0.27-0.75 hy 0.40-I. *0)1mm1(42, 44, 53). [he entire life cycle may be 
copillccd during a periol of 17-57 days following inoculation (27), 
depending upon the soil temperature (48). 

Plant Infection 
I .rvac (4 Mtel mdo.i,'im spp. penctilate the plant root systen (100-300 

larvac scedlinei within 48 h1ours aftcr inoculatiot (29) and migrate inter­
and intraccli',il tlir( gh the cortical tissue into tile stele. The larval head 
is inserted into, the vascular system to obtain plant nutrients. Plant cells in 
the vicinilty of the larvae increase in number Ohperplasia) and size 
(hypertrophy), thereby producing the toot swellinkoor gall. Giant cells fortn 
neaJr the larval head by tlhe fusl tirand enlargeient ol plant cells in response 
to neiia;ode fecding. Slight inju ry isapparent I0days alter infection, but 
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,

)
-, *t:.VoJp . , &.. 4 :;,,:. 

n iii c~h trs 21,25nematod p iipulI'i'iasn l enal2faIu I,n1,'i 2 , 0) 

:lr\'tc of /Prttvh' /o'is] spp. penetrate the root systeml and migrate 

ntraccliularlv through the co>rtical tissue causine the cell wall to break. The 

nenmat odes usua liyare or icn ted lengthwise to the vascular tissue which 

hecomecs necritit 25-32 days after infecttion., l.irvac also may be coiled 

s',ithinl one or two( host cells (46). The 60-day life cycle may he 

where all larval and adul' stages are eel-Corilpletcd inside host tissue, 
shaped migratory endoparasites (47). 

Sy mpio ma tolo gy 

S \Tilptomls of flllilltode Iced i l Il plantl root Sy' terns often appear inl 

a b vke-gro u rd p Iarat parits which hbcc me chlorotic, slcunted. burned at the 

Ieaf edges a ad may wilt during periods of moisture stress (Fig. 5). 

Svmp t inms of root inrf e:t ion hv A1il(id),,.tfe spp. conlsist oft hclappearance 

otiroot galls (as large as 12 ra ni r greater in diameter) on primary and 

scon~lda.ry roots (Fig. 6), reduced root systems, shortened and thickened 

roots, or a reduced number of lateral ro~ots. 

-I'g. 6,- t(oot gallIs produrced afrer nfecriion bvN'1" 
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During severe infections, the roots may appear as a mass of galls. These 
can cause plant death, due to interference with normal root functions. They 
cannot he detached easily from the root s\ stem without breaking the root,
in comparison to nodules formed by iitrogen-fixing bacteria which are 
loosely attached to the sides of roots (33). Nematodes may feed on bacterial 
nodules of soybeans and expose the nodules to subsequent ijfection and 
degradation by, other species of bacteria, nemat odes and fungi (2). Stern 
and hypocotyl tissue may become infected and exhibit galls when seed is 
planted too deeply (12). 

,4I2'k 

FI1. 1-1R,)dmrllI.' cauj,,d h. hrall('le l .u%
%rt/lm rt feeding. 

L.esion nenat odes producec i)rown r black Icsi jrns oIn roots (Fig. 7)
during their feeding activities in r()ot epider a;tl arid cortical tisstes (28,46). 

Control by Ciltural Practices 
Crop rotation can reduce the population levels of parasitic nematodes 

whien beans are planted once cver tw) or three years in rotation with corn 
or other cereal crps or with canopy crops such as Tagetes minraa 
(m.aligolds), ( rotalariaxe,tatilt.s(rattle box) (I I,23, 56), or Inhiofira 
hirstta(hairy ind ig()) wever, many nenatode species have a wide34). If 
host range and make crop rotation impractical. Other cultural practices
which redulrce n1ematodc populations include long fallow periods, deep 
plowin., and ftloodil, or I(me or two weeks (9. 51). 

(ontrol by (hemicals 
(heroical clnr' ca blle fective but i Cxpensive irid often requires

speciail eqtuipruerr r il Soil furnigants such as, s() ,11plication. 
I)iehhoropro)pene-dichhor(opr pairror I)D,Ethylene Dibromide or EDB. 
Nemagon ()11( 751(' () 19, 32. 34, 39, 41, 56), P henarniphos 40((,( !9)
and Ni ethvl B1ronide p1 is ('hhor pierin (35 have beu used succes!;!'ully for 
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Control by Plant Resistance 

Plant resistance to root knot nematodes such as Meloidogyne incognita 

exists in many bean lines including Alabama No. I, Alabama No. 2, 

Alabama No. 8, Alabama No. 19, Spartan, State, P.I. 165426, Rico 23, 
anao ...Mnteiga Fosco I I,Porto-Alegrc-VagCm-Roxa, Coffee Wonder,M 

Wonder, Spring Water Half Runner and Wingard Wonder (4, 13, 17, 34, 

30 51, 54, 56). P[e istant lima bean cultivars include Hopi, L-5989, 

and White Ventura (I). P.1. 165426 is resistant to M. 

......


Nemagreen, Westai 
incognita (13) but is susceptible to a simultaneous infection by M. 

incognita and M. javanica (26). Ngundo (26) reports that the following 

bean lines are resistant to infection by both species: P.1. 165435, P.I. 

313709, Nyakahuti, Red Haricot, Rono, Saginaw and Kibuu. 

Wyatt (55) reports that resistance to galling and the build-up of 

nematode populations in root systems aie independent characters and 

probably governed by separate genetic controls. Selection often is based 

upon root galling, egg mass formation and number of eggs produced per 

gram of root tissue. However, gall index is not always correlated with yield 

Resistant reactions also may include the appearance of root necrosis(26). 
This reactionfour davs after inoculation and an absence of giant cells (13). 

is influenced by soil temperature, since galling, egg mass production and 

female development increases as the soil temperature increases from 160 to 

28-C (13, 15). 

Breeding for resistance to nematodes is complicated by various factors 

already presented. as well as by the facts that: 

Plant resistance and galling response apparently are controlled by 

separate genetic mechanisms. 

Beans are very sensitive to disturbances of the root and therefore 

pose problems to seedling evaluations and conservation by 

transplanting (13) 

also may be com­Resi,;tance or tolerance to nematode species 

plicated by the presence of different races or biotypes of nematodes. 

In sovbhans, for example, susceptibility to one race of the root knot 

nematode was partially dominant, and resistance was qualitatively 

inherited and conditioned by one major gene in association with at 

least one modifying gene (5). 

A modified backcross system has been used to incorporate high levels of 

tolerance or resistance to root knot nematodes in snap beans (13). 

Methodology must be developed to improve dry beans as well. 
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Table 1. List of nematodes frequently encountered in association with roots of dry 
beans and other plants. 

Scietific Name* ........................... 


.phelenchoides spp. 

1AIlonolainus gracilis Steiner 
[lonolaimis longicadatus Rau 

Criconemoitesspp. 


l)ity enchus dipsaci (K Olhn) Filipjev 

Dit-lhnchtusdestruttorThorne 


hlicot*r/enchusspp. 

Ih'teroderagly'ciws lchinohe 

hteromera /ttmuli Filipjev 

h,wrodera schachii Schmidt 
Ih'reroderatrifo/li Goffart 
Ahloidogyn arenaria (Neal) Chitwood 

Afehklog ne hap/a Chitwood 

Ahloid(og ne incgnita (Kofoid & White) 
Chitwood 

Mehhlogyne javanica 
(Treuh) Chitwood 

Pratrlenchusbrachytrus (Godfrey) 
Filipjcv & Stekhoven 

Pratienchuspenetrans (Cobb) 
Filipjev & Stekhoven 

Pratylenchusseribneri Steiner 
Rot h'nchulus renfformis Linford & Oliveira 
Trichoh)risspp. 

7T/'hnchl rtychus spp. 
,iphineina elongatun Stek hven 
& Tetinissen 

Aiphoneina krugi Lordello 

Niphiinea setari, Luc 

Common Name...............
 

Bud and Leaf Nematode 

Sting Nematode 
Sting Nematode 

Ring Nematode 

Stem Nematode 

Potato Rot Nematode 

Spiral Nematode 

Soybean Cyst Nematode 
Flop Cyst Nematode 

Sugar Beet Nematode 

Clover Cyst Nematode 

Root Knot Nematode 

Root Knot Nematode 

Root Knot Nematode 

Root Knot Nematode 

Root Lesion Nematode 

Root Lesion Nematode 

Root Lesion Nematode 

Reniform Nematode 

Stubby Root Nematode 

Stunt Nematode 
Dagger Nematode 

Dagger Nematode 

Dagger Nematode 

This lable does not list all the important nenatode specics, and many are endemic to specific 
soils, hosts and regions. 
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Miscellaneous Problems 

Introdudlion 

MIalIother fictors csiJc., plnt pathognis. insectS., nlemlla1todes .vid 
nutritional disorders mav dam;iac bac severely durin their growth.,ns 


I"araitic plants such as dohddcr can attack hean plants and reduce viel s. 
\rious invironmiental conditioins includiie trlost. high te npciaturc,. 

iid and ,dro,Ight can 1u11nrc bcaen ,r natituiroigs plants. Variation in 
')Ii pr p e 'itnddlailniitae ina\ prtiu ce marked differences in plant 

AppeLali:ce and gor within locailiicd arca, of a field. (;eictic andviad 
oh., ,, ical abnormalitics imay caus, o)h%ittu, or sbtle chances in plint 
,;hltme ,lnprp er pesticidc and Icrtillcfi applicatitui, or toxic air 

111puh llit,, !11:i clse icil dai u lc.titc.'ii 

1,1mttms indtlnccd by the'sC tvpcs of lactors somnetime-s are conftused 
,kith those caused by otheir ptiblerns described elsewhere in this hook. 

lrttlpcr identification of the causal itcnl often retitres a complete history 
oI ;ill past and currenit facltti relevait to hean production in a specific 
I gi:ult. Iiis chapter will dcsci he trielv so ni miscellaneous problems 
which ni:iv occur durinv dr\ bean; pitdiction in litin Anerica aind other 
gl itt lhe world. 

Biotic Problems 

Parasitic plants such as (fddcr uc kit ,ii to cause diaie ttccultKted 
crOps. including dry beans (17 I .,,20) 21). ( +Cdvthuikl/lrmi is reptirted to 
parasiti/e bean plants under contillcd condititvi (20). and (anmila 
'pitlh.rinut (clover (htddlr) is eclrl paaite ol ic ,(21). o)dder 

prtdlutces slerder, neairl'y leafless vincs (fig. I, pic ; ,)) which Iay he 
white, yellow, orange or reddish purple. Vhelin viinc coliacts a host such 
us a bean plant, it wraps artoind the plant part aindl dclhps haustoria or 

sickers through whicth the dodder mav htalin nutrients from the bean 
plait. Ilhe dodder vines then Imay extend fron plant itt plant and can 
seriously rleduce yield (IX). Pieces tf the dodder vine and seeds can be 
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a .- 1 . .PJ , ' _. *.*" +-. 

dissem inated by mial. IntIph.'1Cettt,, and ,,urface irrigaition]LimiilsI+, fitrltt 

water. ('ttrol mel+r',include minltilion heloicte l dodder produces 

t + %l~ resis{Mtant crops',
stceds, burningl. residue to d ro-tlsLcedk. mid iotitttio l 

SUCIh 'ISYCCI-,.';+ ,h Loll_'t Ctot\ t;Y I+ 1) 

,

111ctCVlh e+ 'iI'll-no epotst(11 dilill;Igc cia l,.',]+tll 1,..1( 

C'limatic and Physical Probiemis 

, I 

licaI/hll. c' 'in n ulldel. it\o,.e lc ~lL'n1\Ill clileI ctlldiltioll;. OLI 

llII ete 

>,p citc p + tl,:ti+n tc '+, ol\vC,.ci, cuilti~ars, that rt,+c well­

uertam~~~~~~~~~~~Idp,.dt Illlt'~~l1.()\k C't fdtitoms uil, ti 

iire mahl\' 

aIdapted toit sPe.'LlL"1 ,llICI fleeted hb\extrentcs or121('\ i ll lTm\ then h, 

\aiIill Io v, l'ortee (itm ore e tfn11n rtallfalctolrs d.utring tilejtm h Ih o,+.',.'tl 

C{+tll,,e: tJ tjll.,d +o ll. -)Lt
oIl t 


N1loisture 

lltm, r11;1% h_ stilejcted to 11i.0h or ho\% Moisture stresses M,\ichl call 

lilthilice pl\y',io,,gicill III CCs'c,e., toplaint dc\ chopilnent and Susceptibility 

1)1tljt jpijthtoLCil"+,.h I\ l cot en~ dte totile"otIl Ill/oi t call dillmage ! l',!nts 

juji ;jjjf I Ih11.i I{1lto foo~ts, OftI xic iOnlssuIchit t t\,alter the At'CIlllItlJ1.l601l 

aisll ttm cl cstnictd uptake ot r('r02,t dli-,tnatd h 11' nIna, . ,.it irite, 


c aIitIr\ a p lnt %\'ill(i ).
malpcll nclt 

r. gd 
[()I nrclil prlit dc\cltl a wIdtlce oxygen COicItl ilidtlCC gen.erlt 
Ille ,ol o, thr e and loodr tmay each iiposdltt nutrients reuired 
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soui) Iiiloltt ir ol 1niitcd loot grow~th. I 1 0h tcellIpcratiircs alid \\111(k Ina
 
Comnpouind pkint s(icsNcs ruiln lnx ln1
solIls [)l)'.iC lIhuLl'. Mii 
;tlgret lollir. 'I ;Icks1; Id srrlhSnql CIicrtrun)t dairrrige (i13). Sccdi11 ns iiaV 
dcC lop basill kricsol al tile still line ii the Soil sini-ace laver hciinics too lint 

,Sniisl"(ld oll beanl leaves. Stems. hranelies and I'wis IMay oCIIeerdir
 
reCIhl', (11 Intenlse slIiliht (Lilt raviolet wave lenth), especiallyv filoingir
 
01i)iitins of hiilrli irniiditx' and Cloud Cocver K5 25). II il temperatures
 

usrll'Induce MIlriscald I~ld (pon appea as1));1SSMAll It­
u,1,kedspnt).s (In the eXposed sideott hfe phlt Ilisis eiciiil r 

hr os il. Iia\ cilewc, anid fli1 L1tIn ncrlotic mi discololc cileio 11 11ii 
iitilI phut srncnr (1in'. 3). 'iese symptom,,mminecsmble those 

hudi.Ohe tropical pidermit and air poillutant. 

lcan iiecliipinenil alsi Call be 1111 nied jHIiiiitHL-"i-V Iiehtl ilteIISi\%. and
 
dliiiitiuti ;)iitoilodii). (-I~Iuiiii'1 ilht t etiiilriiin
, Cal ce utsplats 
prudne uceu-lenti rlowll th t l lioii~v stern iterrruiles arnd oftten rcdiiceu 
(1cluinilI coltntl mnd l1uismer product ion (i13. PS). ( II1%VMsl :\H!-'a 
'Cersi ta Iot phot iferii iiid nit I luis er 110rrl11MlH\ , ;I 0(1 otte pr1 IC%%I )1odu1ce 
Iuiti la to 1i the grLInin.g "Csoir whenl plan11ted itl llig1 la tit lides. Nlnts oI Iten 
Appcmt i haltl. n grceul unless low ternipcrarres, cawse ahninrralitics
 
peisitial ColnIlu niicat loll, 
 I ) r, I ).F(. I .iiri11 v (IAA Beall Phlvs iiloiuii). 

I uIhOlilit Iiiteu"irv*Call scuorch ) bn anid podls russet ), causelhill lceuves 
II \%kcr l Pod abortiOnl. a11d deaaeillnaut a spray"eauui)%chemi1caIl 

pililitallts 113.251. 



Miscellaneous Problems 

Wind 

Wind speed and direction can affect plant development. 

- . vapotranspiration rates may, be increased by consistent winds and....... 

aggravate plant moisture stress(13). Violent plant movement niay damage 

roots and predispose them to subsequent root rot problems, break stems 

and branches, and cause plant lodging, especially if soil moisture is high 
(13). 

Beans also can be damaged by the abrasive action ofwind and air-borne 

soil particles (2, 25). Yield losses of 8% occurred when seedlings sustained 

leaf danmage (Fig. 4), and a 14% yield loss occurred when flowering plants 

sustained the loss of buds and blossoms, after a 20-minute exposure to 

winds (15.5 m see) in the field (2). 

Iig 4 - IPrima lefIt h g cau ed hy wind and afir- Fig. 5 - IBaldhead symp­

hrne ,.nl partlc, ton s induced by 
physiclialy damaged seed. 

Physical 

iean plants can be damaged physically during cultivation, application of 

pesticides. or preparation of irrigation furrows if not properly managed 

and if bean plants have produced too much vegetation. Wounds on leaves 

and other plant parts can provide entry sites for various bean pathogens, 

especially bacteria. 

Bean seeds may he mechanically or p nvsically damaged during 

harvestin,., threshing, processing and planting operations, especially when 

the seed moisture content is low (4, 21, 25). External seed damage may 

consist of cracked seed coats and cotvledons. Internal damage may consist 
of detached cotyledons or injury to the hypocotyl, radicle or epicotyl and 

pluniule. When the growing tip is injured or killed, seedlings produce the 

typical baldhead symptom. from which plants may survive only by 
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r. -.- hg. lef var.e,.ti,, 

pioduiteine h'id. Mnthe ixilk the c otyeos (0 ig. 5). A similar symptoml,snakchead, tmiy occ'; Ir wi;iiaeg h, insects or corinon bacterial blight. 
Sedlne' idK h!tiCi cte l el of titchanieal damage often arc 

sttntel t id vichl p orlv (4, 25) 

Phsiolo nt Gi rs{enet ical P'r 

Beans occasionall e.shi ht phty siol cte l arid pcectiial ahniormalities 
M,hich ma\- be onftsd v. th s mfpti, , intdtcd h:, plant patl',Ceris or 
thi)tic Iactors. Alhino ,cedlitie hit )tL ilI' die '\ ithini a le,,. I t: 
days, (11c to their laCk (It Chllrophl1l. 1Cat;rl iCaLtittis mly appear as 
ilolsaic patterns of rlc ,l II) a tid\ tei u 6jar lcan CaUse an 
ahnorial development ,t the plan! a.ld pods. I ridiv',duA l lea s or 
branches tnaY he allected., ir th entire pl:nt ma exptc.s variegation (21. 
25). ( cheral plant chhorois and psci(i'-ti-atlc symptomts L,1 be heritable 
traits Small chlhrotic spts1 , (YClhoM Spot may appear on primary and 
ttitoliate leaves of curtaint cults irs which still declop normally. and the 
trait is hcrital-c (125). 

\ heritable sccdling s,.ilt, not cau' e.d b root rot, has beer reported to 
occur When primary leaves become pale, bron'ed, curl ,lighth and senesce, 
resulting in plant death. Internal necrosis is also a heritaole trait which 
producces brown necrotic spots on the fHat surfacc 1) cft ledons (25). 
('ripples or abnornal plant development can occur ald also la',' be 
caused by a genetic abnortalit'. 

Sced coat splhttinl r'tv take place in curtain cultivars and appears to be 
heritable. Sytnptoins consist of the uneven ,rNos, th! ',f :otlledors atnd the 
seed coat. sk'hich cause the exposed cotyledons to r.\tend beyond the sued 
coat and appear cone-shaped., ronohunCd and sctratCd (25). Other factors. 
;uch rmoisture atnd tentiperatiire., mlaV be ino'lCd. 
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M ISce Il a not s PIob!os 

i 10i I L,t\L" I 1. I' : ' 111 ,udmut~ t o 

Chenmical Piroblemis 

(hchiical 'Ioxicifics 

season.mayttle,.t dtring 

,peeliall\ dtiie ,germirnatrn arlid scodling developncnt it chenilcals arc
 

(huIieiiiiea dtinar~ ' heans, the growing 

' 
ii ,tplied tolll0 i 1113 tlliti S' recoimeridatioil . 'I oxicaCo.-o!d t I ITTl 

, ,*ic~li liotns is\I,,I h nical. aad fertiliier niv closebusit, h o e pliced to)o 

1.... *Cd,,. cucling prohlen, if chci cials di not dissolve iiri lcach iapidly 

th w'iiu,ioI the root rule (13. 25). In,ccticidc, (ig. 7), Iaraqiiat spray­

di ili . l aid 2.4-1) spray-drilt (1+g. 9) call poduce distincti',C 
or pla t paits.lice'i ()lILtor iliorpholoical symptoms Oi 'fC<t d Ilea\Cs 

I ) l'l pIO'ioIu al dsorde.l., may he ced ") tichicals which coiltail 

!1pI it , m products iruetaholiled hy woil iicioolTu'anisi, ilto toxic t'­

d,tii l l.itir ;a ,tcd byv spcuilic soil anti cn ironlrcnlu al CoidittiiinS. 

V I n1i\ i\ herbicidC , and pCsticidCeS nIM' be increasedl h' soil 

lic ti ese, deep plantiti ,oil compaction a 'd nichanically danuaeed 

Ied (LaIniTiMd .LprediposcdrootS Ottfn are It) subsIiueni(22). ( 'hi.'liall\ 


Iu(tik mu mid gicarer yield loss h%' root rot pathogcns ( I , 2! 23- 24).
 

A i I(o)llution 

all iII Ii; n\\i1 p lhitio llis becoet ali impoirtant problILtni par ts oltO le 

%%,Iid c herebtans arc planted near small or large ind ustries %%hichirelease 

I t 1)aiage h. 2,4-1) ,pray-di -tt 
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gaseous by-products produced during their processing operations. Other 
gaseous by-products generated by transportation vehicles or natural 
environmental processes can toalso contribute air pollution. Air
pollutants which affect beans include ozone, peroxyacetyl nitrate (PAN),
sulfur dioxide, fluorides, solid particles and chlorine. Air pollutants also

.cai 'i.fluence the interactions between beans and plnt pathogens. 

Ozone (03) is a common air pollutant formed by electrical discharge
during thunder storms, the action of sunlight on oxygen, gases liberated by
combustion engines and as a by-product of photochemical reactions (6).
Yield losses greater than 50% have been reported on dry beans( 16). Ozone 
damage appears on the upper leaf surface first as small watersoaked or
necrotic lesions which may coalesce and become bronze or reddish-brown
(Fig. 10), resembling sunscald damage (6, 8,16, 19). Premature senescence 
and defoliation then may occur, especially when ozone concentrations 
reach 100 ppb (16). The severity of plant damage is affected by the ozone
concentration, cultivar sensitivity, leaf age, light (Fig. i1), temperature,
humidity, soil moisture and texture, and plant nutrition (I, 6, 16). 

lPeroxyacetyl nitrate (PAN) is formed by the photochemical interaction
between hydrocarbons emitted by the incomplete combustion of
petroleum products and oxides of nitrogen. PAN damage appears on the
lower leaf surface inititally as a watersoaked, shiny or silvery symptom
(Fig. 12), which eventually becomes bronzed. Symptoms may resemble 
those induced by frost, sunscald or various insects (6), such as the tropical
 
spider mite.
 

Sulfur dioxide (SO2 ) isformed during the combustion of fossil fuels and 
can act directly as an air pollutant or combine with water to form sulfuric
acid mist (6). S02 damage may appear on the upper or lower leaf surface as 
a dull dark-green watersoaked area which eventually turns necrotic or

bleached (Fig. 13) (6, 8). SO2 damage generally is more serious on younger

leaves than on older ones (6), especially when temperature and relative 
humidity are high (18). 

Other air pollutants exist which can damage beans, but generally they
are not as common as ozone. PAN orSO2. Hydrogen fluoride may damage 
young leaf tips and margins which become necrotic and may cause the leaf
edges to curl downwards. Chlorine gas can induce dark green leaf spots or
flecks on the upper leaf surface, which later become light tan or brown and 
may resemble ozone damage. Chlorine also may cause interveinal 
bleaching similar to SO2 damage. Hydrochloric acid can cause yellow
brown to brown, red or nearly black necrosis (flecks or spots) surrounded 
by a cream or white border of leafmargins or interveinal tissue on the upper
leaf surface. HICI also may cause aglazing on the lower leaf surface which
resembles PAN damage. Nitrogen oxide and nitrogen dioxide can cause 
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12-i} i iltl'Td\ I I I 

lIhntu hit_,t~tiirht. 

laifIr .ti svi Pt nll,.Fr c..
,lil t,.."hl, cd s.v oilml on-thc tipp .cc.I hC ( 

and resermble.. .S(). lamace. Necr,,.ic 

induce..d hs, N(o- nmay fll out Itrout the leafl, inc 'ashot-holde 
Imid,!:1i.IndItith, lov\,er leaf :,urfla..' 

l,.as
l,.sio~ns 

ippea,rance+' (6+). 

o lher or with plat~.\itpollutatnts' are. reportial to interac.t vith te:ich 

pathogens to+ alter the type or intensu>ity ofldatn~ig to be.ans,. Additi,,.. 
se+n to/ont.-I.,Nhal"stc occu't red~ betv, 

and u/onc-.S() depe'nd.ing til, the conceunt ratiomtiJof",tach plhttatit an~d 
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Rust and halo blight infection can be altered by an interaction with
fluorides. [or example, smaller, but more numerous rust pustules
developed more slowly in the presence of fluorides than in non-exposed
and inoculated controls (7). Prior inoculation with bean common mosaic
virus reduced the extent of ozone damage when sensitive beans. were 
sushequentl exposed to the pollutant (5). 

Air pollution damage by ozone has been reduced on various crops,
including tobacco and onions, by applying antioxidants such as Dichlone 
and the dithiocarbamates (10). Bean damage by oxidants has been reduced
by application of Benom yl (I I. 15) and N- 12-42-oxo- l-imidazolidinyl)
ethyl I -NI- phenylurea or EI)U (3), Other control measures may include 
the identification and development of cultivars which are less sensitive to 
damage by the various pollutants or their interactions. 
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INutritional Disorders 

Introduction 

In Latin America, beans are grown on many different soil types where 

different nutritional deficiencies or toxicities may limit plant development 

and yield. In Central America and western South America, beans generally 

are grown in mountain areas where Andosols (Inceptisols) predominate. 

Phosphorus and nitrogen deficiencies are most common, although 

deficiency of minor elements and aluminium/manganese toxicity can limit 

yield seriously in certain areas. 

Between mountain ranges, beans are grown in valleys which generally 

have alluvial soils of high fertility but which may be low in certain minor 
onelements. In many parts of Venezuela and Brazil, beans are grown 

rather acid, low fertility Oxisols and Ultisols. On these soils beans may 

suffer from aluminium and/or manganese toxicity, as well as a deficiency 

of phosphorus and occasionally zinc. 

A nutritional problem generally is diagnosed with the use of soil and 

tissue analyses and visual observation of symptoms. Soil samples are taken 

with a soil auger in the root zone of the plants, and several subsamples from 

the same general area may be combined into one sample. Leaf samples 

(without petioles) generally are taken at the top of the plant from the 

uppermost leaves present at the time of flower initiation. The leaves are 

oven-dried at 60' to 80'C for 24 to 48 hours, ground and analyzed. If plants 

show symptoms of nutritional disorders, soil and plant samples are taken 

from areas with and without symptoms and the analyses compared to 

identify the element causing the symptoms. 

orSometimes, a range of different elements is applied to either soil 

foliage to observe any improvement of growth or disappearance of 

symptoms so as to identify the element which is limiting growth. The latter 

method is more time-consuming but is useful if laboratories are not 

available to analyze soil and plant tissue. 

In order to use these diagnostic techniques, researchers must recognize 

symptoms of nutritional disorders and know the critical levels for 
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deficiency and toxicity symptoms to occur in the soil and plant. These are 
described later for each clement. 

Effect of Soil p11 on Nutrient Availability 

Beans grow best on soils with pi1's from 6.5 to 7.5. In this range. most 
plant nutrients have their maximum availability. However, soils in Latin 
America have a pH below 6.5, and there are important -agricultural areas 
with a pH1 above 7.5. Beans will tolerate a low pt1|of about 4.5 to 5.5 but 
below that, generally they stiffer from aluminium and/or manganese 
toxicity. 

In alkaline soils, beans will tolerate a p H below 8.2 (19). but many soils 
with high pH also have problems with excess salt (salinity), excess sodium 
(alkalinity), deficiency of minor elements and poor drainage. According to 
FAO maps. there are 55 million hectares which have salt problems in South 
America (20). Salinity can be caused by an excess of sodium chloride. 
calcium chloride, sodium sulfate and magnesium sulfate. However, it is 
mainly chloride salts which cause stunted growth, yellowing, flower 
abortion, hastened maturity and low bean yields (20). Excess sodium salts 
reduce plant uptake and disperse clay minerals in the soil, thereby causing 
poor drainage. Beans will tolerate a sodium saturation percentage up to 8 
or l9(, and an electrical conductivity (measure of salinity) up to I 
mmho cm.Above these levels, yields drop sharply (19). 

Soil salinity problems can be controlled by planting salt-tolerant species 
and cultivars. In soils with good internal drainage, the application of 
elemental sulfur or gypsum in combination with large quantities of water 
may reduce the problems, but at a very high cost. 

Nutrient Deficiencies and Toxicities 

Aluminium roxicity 

Aluminium toxicity occurs in large areas of Latin America with acid 
Oxisols, Ultisols and Inceptisols, 

1'igure I shows symptoms of aluminium toxicity. If the toxicity is very 
severe, plants may (lie shortly after germination. In less severe conditions, 
lower leaves become uniformly yellow with necrotic margins, plant growth 
is stunted and yields depressed. Beans are particularly susceptible to 
aluminiurl toxicity. There are large varietal differences for susceptibility 
(30, 31), BlLak beans have been reported to be less susceptible than beans of 
other colors (14). I owever, this observation is biased by limited sampling 
of' other colors. 
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I iv~ 4 - Ycto- ingand riccross of 
, ; . " K it migimn caiscd h%boron tox­

attaick. I nder coditions of sevcre horon deficiency. plants remain stunted 
M'die short lv after germination. The critical lvel for boron deficiency is 20 
to 25 ppm i hca \Cs (38) and 0.05 ppm hot-water extractable boron in soil. 

ho, on deficienc, can hc controlled by soil application at planting of I to 
2 kilgranis of hr ron per hectaret as Borax. Solubor or other sodium 
hormites, or hy foiar application of I ; Solubor or Borax. There are large 

irct;il dillercnccs folr susccptibility to boron deficiency. Black beans 
i.encrally have been more susceptible thai red beans (17). 

ololl toxicity catnScs Yellowing and necrosis of the margins of priniar , 
leaves Shortly il tcr emergericC ( Fig. 4), and of older leaves. The critical level 
for boron toxicitv is 41 to 45 ppni ill leaves ind 1.6 ppl ill soils (38). Fox 
29) repolted thit hcalns are more susceptibl, to boron toxicity than corn, 

Cotto n and iltalf a. I xicitv svmpt oms appear when the soil content 
exccds 5 pplm horon. I lie toxicitv generally Occurs after non-uniform 
application of fertili/cr or when the fertilizer is band-applied too closely to 
the seed, especially (liring dry weather. 

('alciuim l)eficienc 

Calcium (dliciency is seldom observed in beans. although plant growth 
intl nirloci fixation canl be affected in many acidic soils with a low 
calc'inl s itils(.4). Calcium deficiency generally is observed ini combination 
\k ith ;luiiniunr toxieiu\ ini acid Oxisols and I ltisols. Beais grown iri such 
s,,ils imene rlllv rCpond to lim., lic fetS is d tto aI decrease in 
cxclhaniuecuhlc iluriniIjunI adid or iuinganese ions. a d the increased 
ailililhilit% Of calCIIuni., eLsnCiiu ;1u 1d urn.i i a iuolvbdei 

('alcutm ilf ict miptom, ire apparent :i, the leaves remain dark 
I!ccii \kith oliv slihit .ellim ing at the nirguir s alld tips and the leaves 
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oduc a of plant grh( calciumyi it, h in n csl~e-tlp i\g. 6).Oi mumnnd 

levels in leaves aire 2' ( ! ), while values of 5 to 6%; have been detected (7, 10). 

\ crit icail calciurn level of .44l occurred in upper matutre leaves at 

flo~we" initiation (1S). Since little calcium retranslocation ocirs wvithin the 

plant apical led', es depend upon a continuous calcium uptake by the root 

systeto I S 9, 4 I). ( alcitim contents of leaves decrease with increasing 

potassiumn applications (2,5). 

'alcitun dct ciencv is cout rolled by deep incorporation of e:alcitic or 

doh noiti,- lime or calcium oxide or hvdrox ide. l ow rates, such as 500O 

ke ha ecnerallv arc suf icient to relieve calcium deficiency. but higher rates 
often ;,re emploed, to neutralic toxic anmotints of aluminiuml. Calcium 

pl isphate sources. sochI as basic slag. rock phosphate and stiperphospha te, 

oa\ contribute significantly to calcium nutrition. 

(opper lDeficiency 

opper deficiency has occurred in th~e Everglades of Florida (62). and in 
,rean ic or very sandy soils. hut it has not been sttudliedl in I atin America. 

Beans ire relatively insensitive to copper deficiency when compared to 

,thter crops (43). 

opper deficient bean plants are stunted, have shortened internodes. 

and young leaves become gray' or ble-green. Normal copper content of 

Icaves is I5 to 25 pptO in upper leaves. 

( opper deficiencyv is controlled by soil applications of 5 to 10} kg 

copper ha as copper sulfate. Foliar applications ofO0.1%e copper as copper 

sulfate or Cipper chelates also ire effective. 
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Iron Deficiency 

Iron deficiency is not common but can occur in certain organic soils or ..mineral soils with a high pH. espciiilly if freeciikimcirbonatiieispiresen . 

Iron deficient plants have light yellow to white upper leaves with veinswhich are initially green (Fig. 7). Normal iron levels in bean leaves may 
reach 100-8(X ppil (7, 10). 

Iron deficiency can be controlled by applying iron
0hy lened iaminotetraacetic acid (ED'A) or other chelates to the soil.Hmlrganic iron is precipitated easily, especially in high pH soils (37). The
,;,!cation of EI)DIHA (ethylene diaminedi-o-hydroxyphenyhicetic acid)

Oit'r"ascd iron transport within the plant by decreasing copper uptake,
hI.e I)TPA (diethyleietriaminepentaacetic acid) increased the uptake of 

c Otpr, manganese, zinc and iron (63). Foliar application of iron chelates 
can control iron deficiency if initial plant growth has not been affected 

v,catly b, the deficiency. 

Magnesium Deficiency 

NMagnesiuni is a basic component of chlorophyll, and optimum levels
therefore are vital to photosynthesis. Magnesium deficiency commonly
occurs in acid infertile soils with low base status and in volcanic ash soils 
ielatively high in calcium and potassium. 

Interveinal chlorosis and necrosis appear first on older leaves (Fig. 8),
later spreading over the entire leaf and to younger foliage (Fig. 9).Magnesium is not very mobile. During stress more magnesium goes to 
younger leaves. thereby causing a deficiency in older leaves. Magnesium
deficient plants commonly contain 0.22 to 0.3% magnesium in leaves (18,

56). while normal plants contain 0.35 to 1.3% (7, 10).
 

Magnesium deficiency can be controlled by soil application of 10 to 20

kilograms of magnesium per hectare as dolomitic lime, magnesium oxide
 
or magnesium sulfate; 
or as a foliar application of 1%magnesium sulfate
solution if the deficiency is not too serious. Lime and magnesium oxideshmld be broadcast and incorporated, while magnesium sulfalte may be 
more effective when band-applied. Magnesium is absorbed rapidly by
primary leaves but is not readily translocated (12). However, it is rapidly
distributed throughout the plant when applied to the root system. 

Manganese Deficiency and roxicity 

Manganese deficiency occurs in organic soils, mineral soils with a high
pil or over-limed acidic soils (27). High calcium levels depress both iron 

348
 



Nutritional Disorders 

(A rq\ 

A 

VA'it "'t" 

, 
C ' L' S \III I Oil ld,1 l01i ge'll~li I; I~t!L' 'III I ll\ 

3419
 



Chapter 19 

and manganese uptake. Under these conditions, tile optimum iron: 
manganese ratio is nearly 2. 

Manganese deficient plants are stunted and upper leaves become golden­
yellow between small veins, giving a mottled appe,-rance (Fig. 10). 
Deficient plant, contain less than 30 ppm manganese, -whilenormal plants 
may contain 75 to 250 ppm. 

Manganese deficiency can be controlled by soil application of 5 to 10 
kilograms manganese per hectare as manganese sulfate or manganotis 
oxide (27), or by foliar applications of manganese chelates. Application of 
manganese-ethylened iaminotetraacetic acid (FDTA) was not effective, 
because it increased iron uptake and induced more severe manganese 
deficiency in organic soils (40). Manganese and zinc are absorbed primarily 
during the first 40 days of plant growth (51). 

Manganese toxicity has been observed in poorly drained, acidic volcanic 
ash soils in Colombia (18) and in hydromorphic soils in Brazil (23). 

Figure II shows, symptoms of manganese toxicity which include 
interveinal chlorosis of young leaves. In more severe cases, plants become 
completely chlorotic, and the upper leaves are small, crinkle and curl 
downwards (Fig. 12). Symptoms of manganese toxicity are easily confused 
with those of zinc and ,agnesium deficiency. 

Both manganese toxicity and magnesium deficiency occur in acid soils, 
but the former produces symptoms in the young leaves while the latter 
affects the older leaves. Zinc deficiency is more common in high p1-I soils. 
Beans are more susceptible to manganese toxicity than corn, and the 
toxicity seriously affects plant growth, nodule formation and nitrogen 
fixation (23). Plants suffering from manganese toxicity may contain 1000­
3000 ppm (18). 

Manganese toxicity can be controlled by liming (18. 23) and by 
improving field drainage. 

Nitrogen Deficiency 

Although beans are a legume and therefore capable of symbiotic
nitrogen fixation with the appropriate Rhizohium strain (33, 34), soil, 
varietal or inoculation difficulties can limit fixation (16, 23, 58), thereby 
forcing the plant to rely on soil or fertilizer nitrogen. Nitrogen deficiency is 
most common in soils with low organic matter. It also is found in acidic 
soils in which toxic levels of aluminium or manganese, or deficient levels of 
calcium and magnesium, limit microbiological decomposition of organic 
matter and nitrogen fixation by Rhizohimm. 
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preresse.,s wradna lly iwi~d fi1. )1. I'ht irwtlh is stllted and yields
nntaOhc affected. I Ippen lae. ot plants, hiuh cWAhihit dclhciency symptoms 
gimeily hl aitriogei y i l taiclultt N 311 during flowr initiation 
10. 56), comparcd to)an optimium if 5i in nirjial plats (44). ('arvajal
13) rcported that petiolcs are imoic icls ii the diagnosis of nitrogen

deficiency thaln ;e Icl blades. i1crcports critical petiole levels of 600 ppm
for nitrates, 200 ppm Im soluhle oiga ic nitrogen and MYH)ppm for total 
soluble nitrogen. 
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In an acid, volcanic ash soil in Colombia, a negative response (fertilizer 
burn) occurred to band application of urea above 80 kilograms of nitrogen 
per hectare during a drought. In the same soil. application of 320 and 640 

kilograms of nitrogen per hectare produced negative results due to a 
Slowering offoil. pH1 and a subsequent induction of manganese toxicity. 

Manganese levels in leaves increased from 250 ppm in the check to 600 ppm 
with the high nitrogen application (19). 

In soils where phosphorus is the principal limiting factor, beans may not 

respond to nitrogen until sufficient phosphorus is applied (61). Nitrogen 

fixation may be ineffective in the absence of adequate amounts of lime and 

phosphorus (16, 23, 55), since Rhizohium spp. are sensitive to high 

aluminium or manganese levels and low calcium and phosphorus levels. 

Liming may increase the efficiency of nitrogen fertilizer application (55) 

and nitrogen fixation (23), Whenever soil and temperature conditions are 

conducive to nitrogen fixation, it may be advisable to inoculate seed with 

Rhizobium to replace or supplement chemical nitrogen fertilizers. 

Phosphorus Deficiency 

Phosphorus deficiency probably is the most common nutritional 
problem of beans in L.atin America. Phosphorus deficiency limits bean 

yields in many areas of Brazil. especially in the Campo Cerrado (35), in the 
Oxisol and Iltisol soils of Puerto Rico (I), and in Andosol soils of 
Colombia (16, 17) and Central America (22, 46). 

Phosphorus deficient beans are stunted, have few branches (Fig. 14) and 
lower leaves are yellow and necrotic before senescing (Fig. 15). Upper 

I Fig 14 -(lefi) Siunted plant growth and sparse 
5 hi trw hiig induced by increa.sing levels ofl 

tp phhomls dtlitienc, lfIt t right 

hPi. 15 - 11 11| ('h1ol( iclt andtl 
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Vi.ig. I6- Redti dt fhwering and small leaf
 
Inrman~timi caused hy phosplhoruL sdeficien­

leaves often are dark green but small. Phosphorus deficiency reduces 
flowering and affects maturation (Fig. 16). Plants become taller and more 
vigorous when more phosphorus is applied. 

Deficient plants generally contain less than 0.2% phosphorus in their 
leaves (56). In the uppermost mature leaves, phosphorus contents of 0.2 
(21) to 0.4% (44) are optimum levels during the 10% flowering stage. At
C.IAT (17) the critical le 'was calculated to be 0.35% phosphorus. The 
critical phosphorus co, ,Mehlich extractant) of soils in Minas Gerais 
(Brazil) was 8 ppmt. ,hileat CIAT ( 18)the critical level was found to be 
10 to 15 ppm ()lson. Bray I and If extractants). 

Phosphorus deficiency generally is corrected by applying phosphorus
fertilizers such as triple superphosphate, single superphosphate, rock 
phophate or basic slag. These materials should be broadcast and 
incorporated, except for the superphosphate which should be applied in 
bands in high phosphorus-fixing soils. Best results generally are obtained 
by application of triple superphosphate or single superphosphate in soils 
that also are sulfur deficient. Basic slag and rock phosphates are better 
suited to acid soils where their relatively large calcium or calcium 
carbonate content can have a neutralizing effect. The effectiveness of 
ground rock phosphates varies considerably depending on the crystalline
structure of the mined rock. The phosphorus availability of each source is 
determined tby its solubility in ammonium citrate. Bean experiments in 
Coiombia showed a good correlation betwc: n this solubility index and the 
agronomic effectiveness of rock phosphates (18). 

The phosphorus availability of rock phosphates can be improved by
acidifying them partially with sulfuric acid or by mixing them with sulfur 
and sulfur-producing bacteria ( 17, 18). In most soils, beans respond to low 
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phosphorus application rates (22, 35), while in some soils beans respond to 
400 kilograms P205 per hectare (18). 

In a high phosphorus fixing soil of Colombia, beans responded to 

broadcast applications of triple superphosphate as high as 2060 kilograms 
11205 per hectare. However, when the phosphorus was band-applied, 

similar yields could be obtained with 300 kilograms of P2 0 5 per hectare 

(19). Thus, in phosphorus-fixing soils, highly soluble sources, such as triple 
superphosphate, should be band-applied to reduce the soil/fertilizer 
contact. Less soluble sources, such as basic slag and rock phosphates, need 

good soil contact to dissolve and are more effective when broadcast and 
incorporated (19, 57). 

In Brazil, beans responded positivelIy to phosphorus application in 103 
of 232 trials (45). HI owever, high phosphorus applications may induce zinc 
deficiency (3, 42). 

Potassium Deficiency 

Potassium deficiency seldom is observed in beans, but it can occur in 

infertile Oxisols and Ultisols, or in soils high in calcium and magnesium. In 

Brazil, a positive potassium response was obtained in only 15 of 232 NPK 

trials (45). 

The symptoms of potassiunideficiency consist typically of yellowing and 
necrosis of leaf tips and margins. These appear first in lower leaves and 
gradually extend upward (Fig. 17). Necrotic spotting may occur in cases of 

severe deficiency. The optimum leaf content is 2% potassium (44). Blasco 
and Pinchinat (10) and Berrios and Bergman (7) report that slightly higher 
levels occur in field-grown beans. Deficient plants have less than 2% 

!, Z' 
iN- .I 17Ui. Iicet 

355
 



Chapter 19 

Fig. IX- (hloroic leaf symp­
toms causcd by ardeficiency of 

potassium in upper leavs at flower initiation, and this level may be lower in 
plants grown on ',gh calcium or magnesium soils. 

Potassium deficiency can be controlled by hand application at planting 
of 50 to I(10 kilograms potash (K 0) per hectare in the form of either 
potassium chloride or potassium sulfate. 'he sulfate form is recommended 
for soils which are low in available sulfur. 

Sulfur Deficiency 

Sulfur deficiency is not common in ILatin America but may occur in 
infertile Oxisols and Ulltisols, especially those far removed from industrial 
centers (49), 

Symptoms of sulfur deficiency are evident as uniformly yellow tipper 
leaves (Fig. 18). similar to symptoms caused by nitrogen deficiency. 
Although top growth is reduced, root growth is little affected by sulfur 
deficiency. Sulfur deficiency occurs in soybeans if plants contain less than 
0. 15%'j- sulfur (32). while in beans the critical level is about 0.2 to 0.25%(19).
A proper nitrogen: sulfur balance is important for protein formation (60). 
The optimum nitrogen: sulfur ratio in bean tops is near 15:1. Sulfur 
deficiency causes an accumulation of inorganic and amide nitrogen in 
leaves and inhibits protein synthesis. In sulfur deficient soils, nitrogen 
fertilization should be accompanied by sulfate application at a ratio of 
nitrogen: sulfur of 15: 1. 

Sulfur deficiency can be controlled hv applying 10-20 kg' ha of elemental 
sulfur, or by using sulfur-containing fertilizers such as ammonium sulfate. 
simple superphosphate, potassii.m sulfate or the application of elemental 
sulfur. Certain fungicides, such as l losal, may contribute to the sulfur 
nutrition of the plant. 
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4A.
 

zinc I)ficienlc, 
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Chapter 20 

insects and Other Bean Pests in Latin America 

Introduction 

Pests take their toll of bean production as in any crop, both before and 
after harvest. Attempts to reduce these losses through pesticides have been 
relied upon less in bean production than in other crops. Bean production in 
I atin America occurs principally on small holdings where growkers often 
have limited economic resources. conditions not conducive to prouramllll­
ed pesticide use. Moreover, bear), flte are Lrow n in association with other 

Si+,s. wvhich maY help to stahilize insect populations. While such factors 
tatrifan integrated approach to insect c(trol, the dliort ir\;ein- seasons 
amd rapid crop tulritns Clin heatlls nav lo! suit a stable ecos-.stein., vhich is 
deirable lorCfflcctie pest manaellell practices. 

I nis chapter rcev ws pertinent literature availablc on bean pests in latin 
\mcrilea. \ith eniphiasis on bean pest ecology mid non-chenical control 
.:thtmids Sinc the L'atin Americlln literature contains no inorrmation for 

,,taitp, referenccs are cited from other regions on crops besides bealls. 

R ipp,:l and ioto (100) listed a total of 208 insect spccics . hich attack 
he:in, \k hilt %iancia and (Cortei (65) list more thai 4)) Insect species which 
irctminld on bean plants. llonnefil (6) considers 15 insect species to be 
cCMiiiicallv imlportant Anierica. t beanill(entral sl pests are 
0inilis Io)tiS,. attacking several ctrli\ ated l, tiles or ilr rol',s. [I tllost 
Iniipr'lrnt beian pests reported in tilelift.'eatic :tind ickodirie to the 
tithors' observations are listed inIable I. lic ivcn tl~is sin Canot be 

miirtaillned strictly, since the .Iexicaln beanl bcctle idchivsomllids also 
1iv attack loung lods while fL;it iiand Ii/i,his spp. navialso attack 
]cil- and buds. Not all pests listed ICillcL, such Issies arnd mites. 
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Distribuihn (ofImportant Insect Pests 

ihe heani pest (inpll.xaries greatly thrAomhiti I ain ,erica aindt is 
no t wsell dCtu cn e t d., tt iv c er, ( iti cirre/ if a. ( 43)7 i epf t/rtcd tha t tlie 

lalh pp~i s th~e mnut widel\' distributed inecti in I.,ittn .\nierical. ,.ith 

c h} r v ,o r n e h d .sIt s u z rti c aI 
, 

( n tal i l [ ) ' b a ha~l~ ). tlit\ ), ur II . lic'k e,ts. p od 

tillnitii 7 inset Is pecially .. 1jyiun itodmanti) in) ttlitee insccts lited ini 

dc e a si ni le s el s idl in p or ta n ce ( I a hl e" ). [ ihe aJnth tor s gais e' i ) e timi te i)f 

thes,, pests. Ilhe lafhoppr is the mostthe coflliflic: imprtance ofi 


i mpo,rtalnt bet.an insc't in ( entral A m erica (6). lii1howcd in importance by'
 

the chrvsomnelids (Iahle 3). 
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Econonic !osses, 

P.l"Cinlial loss trm1 ilCcl datiil v \Iics gieat., , b.i en and aMlIong 
iw!iins, LILIC tio dildcircides in pltilli, dalcnctiik rs and cultural 

nr',cticcs;. N iranda (k1)reported insect hosus or 3 Men non-treated3i-S3m97 
plots were comparcd to ticatd phlo. I asses r'Cnl..Ipim in Fl Salvador 
s cre i),T! (67). altiough iv'rIie ] ,,es ire lwei . I 'insecticidal trials in 
clul;il \merii. Co tils 'iClded i i ; dli .eo ,O7f7 less than the highest 
icldin.ee msocie;iii treiint wit, h lratailffiissesinflicted hy Iealuoppers
I:blea I ). liese fieiires tprohahil\ er-estimqate the impta<nce aifinsects in 

ba' ai t(nre, Sic Nlich inscClicidal trials noriritlv are planted to coincide 
%vilithe! hiih-st levcl s (d intol.attack. Ibis was appirllt in stidies with 
I )iaeol -(tljiii~i. which is susceptible to Ictfhoppc'r attack and \khich 
"11,tiiiicd loss sco 14-2371 (avcec 22;)duirinig the rainy season, while dry 
sea:im losses xweie 73-951 Ile miverage loss was 7A7 (fIig. 2). Studies by 
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Economi). Threshold Population1s 

in ii J lt:1rr! 'nqf(ei! oI J)iL.st n i~ \IiMII~ iIIuuIeIt i .uI damutage !iuat cai 
h)(It]cnlt L'uunclhtiiei' (icci *......... (39) , a 371i yieldI\ . irld , h ihi .nn 

ItdIi'ti~M diuc t2 dchilltirn olne \e k befre th,erini. whie 25-33"1 
f ,l tl i-iil ,ika did Ilot IC that111111( t ClI uLC %vildResnults 1iii,c Shoun 

J'tI(IlrI iN,hct\ .;J) i: if) LIS d;\'vs after plantirie (heein linlgflo%%cring 
t, cirrd (1 1i\( tiiiill llot uf in rln.n Ito Yield los greatet\2cic \ IcId (15). ,ses 

th~ini 3 ( occiii rt i khll llori than (O' of, the tolii \kitss remm\ ed. 
Ic rinlh studie s (1, I( a ' occurred forl cr it 5) indicated 0.4( \ield I os, 

,tdh aiddlitoinn ,ntniph pieent per Ic'l(aig.3). 1hese diita indicate that
ii 


h-' tll, t(ain \Vitlsthind certain lvclsIf defoliatioin before yield losses ocecur. 

Iip.3-n' ilds, oftdry beaillat 
ilcIC;P'lii popullatioinsl ill i;. 
Araclcrt nymilphs. 
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I !+ \s\irhs ]t;i! 

Seedling-A ttack ing Insects 
See(d Corn Maggot 

rlliln cal in ( 1ile1.,Ihe' s coliIccd l isa nllpest e\xico and areas of- thle 
nitcd sfaitl ;t ( I fiegctiis has bcen naniet Dela, I'horhia andmil aliai,. 

Ill i'm a. ( Iicr species icportcd on bean inclide /1./phaturaand /i. 
Imor , 1.,iilh,rura mid I. liturata are closer related (79), although 

\I cd C,)
Ti'Iiidt thent hy diffcrcnccs Innutritional requirnmcnts 
;iia! irIctilit of titerspecificIlV h\ brids. 
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Insects and Other Bean Pests 

Common names frequently used for tile seed corn maggot in Latin 

--America includemosca de la semilla. mosca.de,lia raiz and gusano de la 

semilla. 

Oviposition takes place near seeds or plants in the soil. Larvae feed on 

bean seeds (Fig. 4) or seedlings (Fig. 5)and pupate in the soil (79). Harriset 

al. (46) reported an incubation period of two days, a larval stage of nine 

days and a pupal stage of eight to 12 days at 21' - 23'C. Crops susceptible 

to larval attack include beans, maize, potatoes, beets, pepper, tobacco and 

other vegetables (79). The scientists also found evidence that above 241C, 

pupae enter estivation. -he average female produced 268 eggs. 

F ig. 4- 1above L arvac seed corn lnggot 

hvI'nia ,ilicrura feeding on i bean seed­

ling. 

V,ig. 5- (right) Damage caused by the seed 

co. n5I(ggo) on hean sc.yedliigs. 

Adult females (the adult fly resembles the housefly) were abundant on 

dandelion and aphid honeydew and were less active at temperatures higher 

than 32'C. Adults arc attracted to newly disturbed soil and organic matter 

in which their larvae can develop, for example, in decaying spinach. Size of 

the adult population is not necessarily related to severity of seed damage. 

Hleriveldt and Vulsteke (50) report 20-30% germination loss when one or 

two larvae were present per bean seed, while two or three larvae reduced 

germination 50%. Damage includes poor germination and production of 

deformed seedlings (baldheads) and occurs when larvae feed between the 
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cotyledons, thereby injuring the embryo. Larvae also can penetrate the 
stem.of germinating seeds and damage young plants. .. . .
 

Late planting in Chile causes rapid seed germination and reduces 
exposure time to ityIemya spp. In three spring plantings at one month 
intervals the percentage of plants which germinated and were damaged by
tlyylema spp. was reduced from 27 to 9 to 2%, respectively (C. Quiroz, 
personal communication). Humid soils with high organic matter were 
more likely to attract ovipositing females, especially if the field was recently 
plowed. 

Biological control is reported to operate only at low levels and does not 
provide effective control (79). 

Plant resistance to seed corn maggots is reported by Vea and Eckenrode 
120). To insure the high larval population needed for screening, they

planted during periods of high fly population and increased natural 
infestation by band-applying meat and bone meal. The bean lines C-2114­
12 and P.A. 165126 showed 0 and 4% stand loss, respectively, while the 
susceptible cultivar Sprite had an 88% loss. The percentage of emerged
seedling damage also was lowest for P.I. 165426 and C-2114-12. White­
seeded cultivars were susceptible. Rapid emergence and hard seed coats 
contributed to resistance. Guevara (40) also reported differences in level of 
attack by tlIvh'mya spp., and black-seeded cultivars were less damaged 
than yellow-seeded cultivars. 

For many years, a combined Dieldrin + fungicide seed dressing was the 
standard treatment for control of H 'lemiraspp. (36), Repeated exposure of 
the maggot to chlorinated hydrocarbons has led to development of insect 
resistance to the chemical. Insecticides such as Diazinon, Carbofuran and 
('hlorpyrifos applied as granules in the furrow or as a seed slurry can 
control the larvae effectively (24). C. Quiroz (personal communication)
obtained better contrM1 with Carbofuran than with Aldrin when applied as 
a granule at planting Jine in Chile. 

Cutworms, Whitegrubs, Crickets 

Many species of cutworms damage beaus by causing stand losses as 
larvae sever the stems of young seedlings (Fig. 6). Older plants can be 
damaged by stem girdling (Fig. 7), which predisposes plants to wind 
breakage. Common cutworm genera include Agrotis, Fe'ltia and 
Spodoptera. General biology and control of cutworms are discussed by 
Metcalf and Flint (78). 

370 



Insects and Other Bean Pests 

I -(,jjt\k, OIli .]iamapct onl an olde.r he.a;nk p hclc~ 1,% .1Ic'mt id 

ll 
ti w adorcs. ,.'orladolc', 1lochleros, rosquillas, lagartal imlitar and lagarta 

Ioca'. C.omonIII1 II1[Ile, frequencttly used I-or whitegrt, bs incluicde 

ii C frequently used for 

('Llllh~l le|C I~clctly used for ctt\,qils ill Laui America Include 

yallillaciega", CIias arnd y.(ommon names 

crickets Include gi illw, and gilllotopos. 

O'lt\,orl ll Ituck Ill hcawll occllw erratically and is difficult to predict. 

I hecielore, it ',holer h()cotrio cutworms with baits applied inl the late 
use the common prev-entiveC chemicalatlcrl'ooll nicalt tile plmnts) than to 

('01tr,,I v,i1h Aldrim. A torintlatiori of 25 kg salwdulst (or maize flour), 3 

li1[121III LSSC' arld I ky I Ilh.:hhion per hectare also is eftective Ill 

ColltrollifnL crickets"'and 1millipedes. 

Ill plelil tutllr', tillsa't(T'1..\1 it appeatred. that beanis werernot a preferred 

hot Im Sltm..,pdlncra !lul.irda, which 1is()Ie of tile most important 

Ctlunl spcies'. Ill :i,,,0st~d Cr()pplmg 01 banIs \ Ith ma1:6e. C1.tvwornm 

tll l ;~II2C I h ; i l lS II 
, 

I IC,; tllel , e i n . l.I k c v\, se . c ul ",o,r mll d a rr ag e w a s 

siei~ic n lg eater (71", ill iri .,e m o, i ctlt me than illm a ice associated 

\V ltuu :, F g.EL m',inlk a,t ohlc inli _'r opqt ld , t m p ,ture, can bc 

CMnltlll I h%pllmrqc land preparatio+n. C'hemnical control Is possihle with 

C'arhotturi Ill listilfoton hanid-applied (0.9 kg a.i. ha) and with Aldrin 

Incorpo+rate iIinto the soil. 

I-ig. 8- W hitegrub Iaru,,e extr,, tal' 

Irmn the base of infecitd plants,. 
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tifct iid;) ii L ilt. ilt~i,',Itji l t t p.l t't[ .heaiS .. 9) n %som.e 
011( 1).i~ hI~ lioi caiiisc s1giitiiCaiit economric losses. 

icsser (orn Stl.ik Borer 

/.Iiio',r/l., is a sci ls hean pest in parts of 'eru (FP.Avalos, personal
vui iti,,ri), lBaiil flSI a(d oither countries in, l.atin America. It 

ct:ks rict ff ,cds and ctLltivated plants including maize, sugar 
TIii.cals ILeturiis and iitrasS. 

( 'niuilom imit uictulv used fIr the lcssr corn stalk borer in Latrin 
\ (ici .iltiileu,r ihll. mi'criidoici de[ tallo. clasino aind liagarta elasrno. 

I t1tic ( -It,.U1)cutor the stenl just below the soil surface and tuncl 
[Ip.\ii, ( I li,.I). ciusin. pLbint mnortlitv and subseqIuCit stand loss. I he
1d1li1 o posit, cu. ' iiimnltlt leases or stems, or illthe "oil. he si
Losatl instf, ;irpassed. in 13-2-1 da's,alter which thev ptpitc in the soilI 1)iipr ( 10 .311oundlittle est- iece of stem horing activitv prior to the 
hiid i ixta l 

(ontrl iS achicveCd %kithclean lallowing for prolonged periods (r%%ith 
iri, ation ( 1 I 24 ). I tick and l)uprce (60) observed cu and larsal 

ir;ii iiui b-.%specics of lachinida., Biraconida+ aid Ichnl.urinlonidLc, onn 
lkii,;t collected from cowpeas. Chcinical control should be started at 
plntine rime ii dilrailikil insecticides should be directed the t(ioiciir e,,ed 

kill laric present in tire Soil.
 

Leaf-Feeding Insects 

( h rysomelids 

\lIi Species of ('hr. sorirelidS attack htins in latin America. the llost
pies lc.itge.ncra (Fig. 12) being l)iahr uica, A'oroti a, ('>roloma and
ftindritor (6). 1). hatiata IeContc pribably is the most abundant species.

P~ Ui)Ipel Aiid Idrobo (100) list 36 specie i)fChr'somclids. irCIludiuri the
Addittonial gcne.ra li ri.x. (haui., Clas,L . Afae,(o.Jl.7im. Sive'nla and
,Ihe.rs. Ihis review will concentrate mostly on 1). huitwa (I.ig. 13). the 
h;ilCd Cuclinilbue Ic.h 


(n'wi n narcsm frequently used for chrysomelids in Latlltt,\merici
iriliideCcrisomclidos, cucarroncitos de las hojas, diabroticas. doradillas. 
timilil i,. vacuias and vaguinhas. 
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Ii. I I gt-li i a Causetd bllles er corn 
stall, hotcl. 

I'iLz. 12- below) Color variation in adults of 
ClII sonielids. 

Fig. 13- (lower right) Adult 1)/abroifL 

bara/woa. 
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.........Most damage by Chrysomelidsoccurs during the seedling stage(Fig.- 4). 
when the insect consumes a relatively high prcentage of foliage. 
IBoonekamp (7) concluded that feeding by adult ('hrysomelids has little 
effect on bean yield except when attack occurs during the first two weeks 
after planting or. to a lesser extent,dtiring the flowering stage of the plants. 
L.arvae also may damage bean roots and root nodules containing 
Rhizohium (nitrogen-fixing bacteria). Sometimes adults feed on young 
pods. Chrysomelids also are known to transmit bean r'tlgose mosaic virus 
(29). 

Females (one to two weeks old) oviposit eggs singly or in clusters of up to 
12 eggs in soil cracks or beneath plant debris. An adult may lay more than 
800 eggs during a lifespan of' 17-44 days (average 26 days). Oviposition 
usually occurs at intervals of a few days. Eggs hatch in eight days at 21 "C 
and six days at 27°C. [he three larval stages are passed in II days on 
soybean roots at 27°C. Pupae form in a pupal cell in the ground, and this 
stage lasts seven days at 27'C (88).Yotng and Candia (130) reported an 
incubation period of five to nine days, a larval period of 17 days, and a 
prepupal-pupal stage of nine to 17 days. The maximum egg production by 
adtlts that fed on bean leaves was 144 per female. IPulido and 1.6pez(91) 
found an average of 326 eggs produced when adults were fed onlysoybean 
leaves and 975 eggs when adults were fed soybean leaves, flowers and 
young pods. When fed soybean leaves, adults lived for 69-112 days. Harris 
(48) observed adult color variation within 1). !alteata and especially within 
(C'rotomafiwialis (lirichson). 

While adults feed on many plants including maize (silk and pollen) and 
beans (leaves), the larvae may develop on roots of maize, beans (F'ig. 15) 
and other crops. Pulido and I-6pez (91) list 32 host plants. Of these, maize 
and beans with five other plant species are listed as hosts for adults and 
larvae. Hlarris (48) reported that common bean-field weeds in the Cauca 
Valley serve as larval hosts and include Amaranthus ih/biuts. l7Iochloa 

Fig. 14-Sterc damlge caused by Fig. 15- I.arval damage ol ('rotoma./iliali. on 
a Id ('hry,omelids e L 
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fi/ormis; .'Echinocllacolonm and Roithoellia exahtaiI He found ..­
halteata and C.facialis adults preferred beans rather than soybeans. 
peanuts, cotton or maize. Larvae of D./,alteata can be reared on maize but 
not on bean roots, while those of C.f4cialis can be reared on beans but not 
on maize roots (7). Young (129) reported that in Mexico . balteata adults 
have a feeding preference for young bean plants and an oviposition 
preference for voting maize plants. When bean and maize were grown in 
association. C.fawialis larvae had a high preference for bean roots and D. 
halteata larvae for maize roots (7). 

I s Adi'LI Red uviid preAng on 
an adult cim'rvsm clid. 

Predation of adult chrysomelids by Reduviids(Fig. 16) often isobserved 
in the field. Young and Candia (130) reported aTachinid occurred as an 
adult parasite. Chemical control often is recommended with Carbaryl, 
MIalathion or l)imethoate. 

Lepidopterous Leaf Feeders 

Several species of Lepidoptera develop on beans. Although larvae 
commonly are found on beans, populations usually are too low to cause 
economic damage. 

Bean Leafroller 
I r'banto ( L.'tahtmi (I. Ilespriidae),) proste I .pithlptera: 

The bean leafroller isdistributed widely on beans from the United States 
to Brazil. Greene (37) calculated that yield reduction occurred when more 
than 725 cm2 leaf area per plant was destroyed. 

Common names frequently used for the bean leafroller in Latin America 
are gusano f6sforo and gusano cabez6n. 

Although the first three larval stages of the leafroller do not cause 
apprecable damage, the fourth can reduce yield when more than 26 larvae 
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I I I IT ,d hl 'Ifcdb m ig.' . ,i tI }[ biean 
hit llul 

ConSi W1".per lat, lyhe to Si ahou16t nIf ofWleafareaand 
,chn1 l iss'e occur when anwaver of ten lara eet ov herotal 

Kit ae. .rrt - ,gsher itpr star. 149eg l (p,ptiltti level seldtml observed) would he renired to cahse significant 

Ihe hut erf]v la,s one to six egs per lower leaf su ltce. oilng laa.e 
then t,d and ti+ea ill section ofthe leaf margins tocetVIi r -ig. 17) within 
,Allih Itcy live and pupate. tlov,1ever, often theylt:may feetl elsew;here. 
x.La,.,c ire easily recogni.ed hv their three dorsal hlogitudinl linies a2id 
li cer rcd-hriiwn head capsule andig.18)(92). (reene ( 3 repirted that inthel icl only 4i oft he eggs reached the fifth ista r. .\t 29.5 t"eggrs hatched 

three days,ii tie larval stage ,,is passed in15 v.s and the pupal stage
p:til in nine days, lie ihbser,.d I ree iiumher s of adults ni1lainaialblmare flhners and in flix~riue heain tields. \' l)au iii d \\'ihdc (119)
studied its life cycle in ( 'tlohiiian;id folund that the ege.st;ru lasted anl 
0i.eclfe ~ foiur day\s while the lanl+,:ianid pupil stalges ricqiiured 2 3 ad I I

Jdtvs reipectis'elv. tii deehip. tI ;it-s,hais.e heen to nd I riuuentiv onl 

(1ii'W#lli(/ifll,!'gii"\t.ed IoJrtigioiupi) ,:tidt hleri /) 'Aouu,,Iu#,,pecies (t2 

( lieintjcil cut i l seldou is istificd and na.tural cwnulrW~ Li.patrasitc.s and 
[iicdtJ.l{rs, is conlliruiill ihb,,erice. lii ('oloniti. fti e.xanlerip, larval 

p;iiirsini raiged froil 21 ti 40' (liring aione-ear study (II()). 
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V. V 

AduI tmothis oviposit on the lower surface of leaves, where a female lays 
an] average of330 eggs. The eggs hatch in four days, the green larvae (Figs. 
21 and 22) develop in I I days. pupate (Fig. 23)., and five days later the adult 
emerges (52), Larvae teed on the parenchyma of leaves which they weave 
together (Fig. 24). Therefore, they are protected from exposure to 
insecticides. 

I he level of biological control ishigh. Garcia (32) found more than 851" 
larval parasitisn by 7Thwophroit's apicalis ([ vmenoptera: 
lchneu onae). A carabid predator of I. indicata larvae passes its entire 
life cycle bezween the leaves woven together by lIdIv/hpa (57). Chemical 
control is most effective with Methamidophos and Dicrotophos (30), but 
their use is seldom justified. 

, 
l w , 2 3 - 11tp a ( it / Ih-rhh 'pta i di,'ata a m ol F'ig , 2 1- 1Iyp ica l d a m a g e c a u s ,e dl b y 'l 

, et hel Y th,e1 , O t IdiclaCIh'dc ell top 
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Mexican Bean Beetle 
14-fihalha var ivestis k optera: (C'ccinellidae).Mulsant ((' 

The Mexican bean beetle is mainly a soybean pest (118), but beans have 
bceen damaged in theU nited States, Mexico, Guatemala and El Salvador 
(in de latter during the wet season). It differs in behavior from most 
coccinellids in that larvae and adults feed on foliage, stems and young pods, 
whertas the family is more commonly predaceous. Synonyms include 
Epilachna corrupta M ulsant and h inaculiventris Bland. 

The common name frequently used for the Mexican bean beetle in Latin 
America is conchuela. 

In El Salvador, Phaseolusvulgaris. P lunatus, P. atr,purpureus, Vigna 
sinensis and Glycine max are hosts (65) while beggary eed also is reported 
to be a host. Turner (116) reared the beetle on P. vutgt.ris, P. coccineus. P. 
!unatus, V. sinensis and Dolichos lablah; high larval mortality occurred on 
the latter. fie classified P. aurcus and Viciafahae as immune. P. aureus, P. 
mungo and P. radiatus are less preferred hosts than P. vt'lgaris(4,127). 
TIhis preference is attributed mainly to the sucrose concentration which 
serves as an arrestant combined with differences in olfactory action of the 
foliage (4). LaPidus et al. (54) confirmed these results in studies of seeds 
from resistant and susceptible plants 

Young larvae feed on the lower leafs, "ace and usually leave the upper 
epidermis undamaged, while older larvae (Fig. 25) and adults (Fig. 26) 
often feed over the entire leaf. Third and fourth instar larvae consume more 
than adults. Sterns and pods often are eaten if high population densities 
exist. The larvae do not chew the leaf tissue, but scrap the tissue, compress 
it and then swallow only thejuices, Dc laIaz et al. (21) concluded that most 

Fig. 25- Mature lr'vaI Miexican bean Fig, 26- Adult Mexican bean beetle on 

beetc. I,ver sturi'cuni a hear leaf. 
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damage occurred when young plants were infested. Infestation of 41-day
old plants with 25 larvae each, morereduced yield 93% than delaying 
infestation to 71 days after planting, 

.The adult'-female beetle begins- oviposition seven to 15 days-after...
copulation and lays yellow to orange-colored eggs on the lower leaf surface 
in groups of four to 76 (average 52) (100). Mancia and Roman (66)
obtained an average of 10 egg batches with 36-54 eggs per batch (average
43). Eggs hatch in six days, the four larval instars are passed in 15-16days, 
the prepupal stage in two days and the pupal stage in six or seven days. The 

ellow larvae are covered with branched spines. Pupation withoccurs 
larvae attached to tile lower leafl'surface. Adults are coppercolored with 16 
black spots and live four to six weeks. in El Salvador, the beetle passes four 
generations on beans from May to November. In the United States, adults 
hibernate in \koodlands and bean debris and are often gregarious (25). 

Predators of and first larval instar includeeggs the Coleonegilla
maculat: l)e (eer and Ilippodnnia convergens Guen~e. Adults are
 
attacked by the mite, ('occipolipus ma(farlanei Husband (66). and C.
 
,'pi/whnu Smiley also is observed in (108).
El Salvador Peiobius
 
fai'olatusi(Crawford) ( liimenoptera: Eulophidae) reduced Mexican bean
 
beetle populations on sovbeans (109).
 

Removal of plant debris and deep plowing are recommended to control 
the insect. Reduced plant density decreases beetle injury, as egg mass 
numbers per plant decreased from 1.07 to 0.15 when plant spacing was 
ineased fro1 5 to 12 cm. Yield reduction was decreased from 23 to 11%. 
and pod (,idmage also declined (117). 

Plant resistance to tile Mexican bean beetle has been studied in some 
countries. In free-choice cage studies on 60 bean and lima bean cultivars,
Idaho Refugee and Wade were resistant, losing only 25% foliage. while 
Bountiful had 62% of the foliage destroyed. The number of eggs and egg 
masses and adult weights were reduced more than 50% wvhen beetles were 
reared on resistant versus susceptible lines (10). Wolfenbarger and 
Sleesnian (127) did not observe resistance in P. vuilgaris material they
investigated. They tested Idaho Refugee and Wade and rated them 
.:isceptible (8.5 on a 1-9 scale, with 9 most susceptible). Based on leaf 
feeding damage, the highest level of resistance was found in Phaseohs 
auvreus. Navar and Fraenkel (82) hypothesized that phaseolunatin (a
cyanogenic glycoside) attracts beetles when present in low concentrations 
but may be responsible for resistance il germplasin containing high
concentrations of this compound. The entries Puebla 84 (P. cocciweus), 
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Guanajuato 18 and Zacatecas 48 (P. vulgaris) were resistant (31). Fewer 
eggs were laid on Gto. 18 and Oax, 61-A. They concluded that antibiosis 
and non-preference were responsible. More recently, Raina et al. (93) 
found that the cultivars Regal (snapbean), Baby Fordhook (lima) and 
liaby,White (IiIa) had less than 40% leaf damage and suffered significantly 
less from attacks than other cultivars tested. Raina et al. (93). Thomas 
(113), Wolfenbarger and Sleesman (127), and Campbell and Brett (10) 
concluded that lima beans as a group were less preferred than snapbeans. 

Cadena and Sifuentes (9) obtained effective chemical control with 
Carbarvl. Malathion and Methyl Parathion were much less effective. They 
suggested the first application be made when 25 adults,:ha were present, the 
second application be combined with Apion spp. control and a third 
application be made only if needed. Recommendations in the United States 
are that farmers spray when one beetle or egg mass is found per 6 foot ( 1.8 
m) row, The beetles are counted on the ground after shaking the plant. 
Ilagen (44) obtained an effective 10-week control with a planting 
application of insecticides such as Disulfoton, Carbofuran, Phorate, 
Aldicairb and Fensulfothion. 

Piercing Insects 

l.eafloppers 
1,pot a Ara't Ron,s t Ndio e (Htllopi t:('ic;dcllidtae). 

1Ekraewnuri is the most important insect pest of beans. It occurs from 
Florida and Mexico south to Ecuador and Peru. F.,fhav and E.solanac 
occur in the United States and Canada but not in South America (97). 
Other t'mlasca species in South America include E. prona, EL aratosand 
tL phaseuli (6). 

(ommon names frequently used for leafhoppers in L.atin America 
Mcluc Em poasca. chicharritas, Iorito verde, cigarra, saltahojas and 
ciga rrinha verde. 

/' kra in'ridoes not transmit virus diseases, the only 'ntpoascaspecies 
known to have this attribute being ..la I,,ae which transmits bunchv top.-, 
virus of papa a. The only leiafhopper knovn t\transmit a bean virus(bean 
curly top) isthe beet leafhopper. (irculfer tvnelus.The brown leafhopper. 
Ntaptylviopiw/tf qiuOu (sborn, transmits a mycoplasma-like organism 
to bea lS aind sovbcans in Colombia (Refer to Chapter 11). 
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iL 2S (aho•d Nmp of 

F ig. 27- (lelt) Adults of 'm­
.'. [,poa.wa/krawt-ri. 

I v /'.Aim'evori htch in eight or nine days. and the five nymphal 
,
ilit'r mie pascd Ii eight it) I days(123). Females and males(Fig. 27)live 

mr 05 md 58 day'\,, chpcctcly. ()viposition riged from 13-168 eggs 
(average ot 107) per female. The eggs arc commonly laid singly on leaf 
blades, petioles, leaf issIe n sterns of bean plants; 50-82/1 oft he eggs laid 
per plant may be Ij itcd i the petioles (34). l.eafhoppers breed on many 
C1ui,ated and nair-cultivated plants. linpoasca spp. nymphs (Fig. 28) 
have been cllectce rat i mole than K()plant species in Colombia. 

l'lairo dainacc itar he cauiseud b physical IIcCding inIjnryIin phlilem tissue, 
ulthahhi :atOiin alsI na\ bc invdvcd. Plant damage appears as leaf 
culling antI chihorai, tunted growth (Iig. 29), greatly reduced yield (Fig. 

" Y 

*)? I ,.i,skIt h iii iu~ri~,iul(d c I\l ii t;irrnutc ct:',t ic eyIdO~~c fe ig 
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Leafhopper adult and nymphal populations were decreased 43 and 70%. 
respectively, in bean plots with nearly 100% weed cover (16). This 
reduction in l:nqmascakraeneri populations was not ascribed to increased 
parasite-or predator populations. Bean yields were comparable in weed-.. 
free and weedy plots, the decre,-e in I-Aflopper populations being counter­
balanced by the increased weed competition " ;; j.eafhopper populations 
also were significantly reduced in bean plots surrounded by borders (i fn 
wide) of grassy weeds such as Eeusine indica and l'ptochloafiliformis. 

Mulching and shading also reduced initial E,'npoasca kraenieri 
populations. Only 18 insects were collected from mulched plots at 20 days
after planting, whereas non-mulched plots yielded 103 adults. By 45 days
after planting, the beans in the mulched plots were more vigorous than 
those in the non-mulched plots wherein the leafhopper populations were
 
then highest (16).
 

Varietal resistance to leafhoppers in beans was reported in the United
 
States for Wells Red Kidney (5) and other materials (71). Idaho Refugee

and U.S. Refugee No. 5 are resistant to leafhopper damage by E..fahaeand
 
E. krauemeri ( 15, 33). Tissot (114) observed equal leafhopper population
 
levels on resistant and susceptible cultivars, which isconsistent with results
 
obtained at CIAT.
 

In the United States, Wolfenbarger and Sleesman (125, 126) evaluated

1619 lines for resistance to .f/e and found that I. 151014 had 0.3
 
nymphs per leaf (lowest count), while Dutch Brown had 19.7 nymphs per
leaf (highest count). They found no correlation between number of 
epidermal hairs and nymphal population per cultivar but reported a 90­
96% co-rrelation between nymphal counts and damage estimates (125). A
 
relationship did exist between leafhopper resistance and plant

characteristics such as tallness, resistance or
to BCMV, pink mottled­
colored seed and intermediate maturity (125). The lowest nymphal counts 
were obtained on Phaseolus hnatts, Phaseohs aUreus and V. mungo.
'here are barriers to crossing these species with P. vulgaris. However, 
results from interspecific crosses between P. vtulgaris and P. coccineus 
suggest that resistance may be recessively inherited (128). Chalfant (12)
reported a 50% yield reductinn when protected and unprotected plots were 
compared, regardless of the degree of varietal susceptibility. 

A major screening program for varietal resistance to F,npoasca kraeneri 
has been inititatud at CIAT (Fig. 31) where more than 8000 P. vulgaris
accessions have been tested to date. The selection scheme is based on 
elimination of highiy susceptible materials. Ten test cultivars are planted
between rows of ICA-Tui (standard tolerant cultivar). I)iacol-Calima or 
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Fig. 31- Susceptible (left) and -
resistunt (right) entries after 

exposure to "Empoasca, 

- .
 

kraemner,, 

7 , 

ICA-Bunsi are planted around thle plot as a susceptible border. ICA-Tui 
always is rated as grade 2 in a 0-5 damage scale. In wet season plantings, the 
most resistant bean materials identified yield equally with or without 
insecticidal protection, while susceptible cultivars suffer losses of up to 
40%. Such resistance levels have given adequate protection against 
Empoasca in Peru. However, in the dry season at CIAT, even these 
materials require insecticidal protection. A breeding program is underway 
to increase resistance levels within commercially acceptable cultivars. 

Correlations have not been obtained at CIAT between nymphal counts 
and damage scores as reported by Wolfenbarger and Sleesman ( 125) and 
Chalfant (12). Populations of the insect are much higher at CIAT than in 
the United ';tates and susceptible cultivars receive so much damage that 
leaflhoppers avoid them for oviposition (15). 

The resistance mechanism is not clearly understood, but tolerance is 
probably responsible. ICA-Tui has a low degree of non-preference which is 
lost during no-choice tests. Antibiosis has not been found to be present 
(122). Hooked trichomes can capture nymphs and may be another 
resistance mechanism (86). Nvmphal mortality of E.kruemeri was low on 
hooked trichomes in studies at CIAT and may be due to decreased 
trichome density on expanded leaves. By the time leafhopper eggs hatched. 
the leaves in which they were laid were fully expanded and the trichomes 
were less dense. 

Two egg parasites (AInagrus sp. and Gonatocerus sp.) and a diyinid 
nymphal parasite have been reported as natural enemies of E', kraemeri 
but they do not seem to be very effective. Thus, G6mez and Schoonhoven 
(34) concluded that in spite of high levels of parasitism (60-80(,), Anagrus 
sp. was unable to keep the pest popul'utions below acceptable levels. 

Cherical control of leafhoppers is obtained by a variety of products.
Folia r sprays of Carbaryl (I kg a.i. ha) and Monocrotophos (0.5 kg 
a.i. ha) are effective. Granular soil-applied Carbofuran (placed under but 
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not in contact with the seed) at 0.7 - 1.0kg a.i./ha protected plants for 30-40 
days, while 0.6 - 0.7 kg a.i. / ha of Carbofuran seedcoated also gave excellent 
control, ( 14;-, 16). 

W hiteflies 

Five species of Aleyrodids live on beans in tile Americas. They are 
lkniisia tabaci, Ii. tuberculata, I trah,'ro(des acaciae, Triaht'rodes 
aIttionaeand T. vaporiarorutfl.These species also have other leguminous 
and non-leguminous hosts. 

Common names frequently used for whiteflies in Latin America are 
mosca hlianca and mosca branca. 

B. tabaci (Gennadius) is a vector of bean virus diseases such as bean 
golden mosaic (BGMV) and bean chlorotic mottle. The insect species hasa 
wide range of synonyms. Some race identifications are based upon their 
virus transmission characteristics. Whitefly feeding does not damage bean 
plant development directly but does so indirectly when a virus is 
transmitted. 

Eggs are laid singly or in groups on the lower leaf surface where the egg 
pedicel is inserted into the epidermis. The egg to adult stage requires about 
three weeks. Oviposition ranges from 25-32 eggs per female. The three 
immature stages and pupal stage occur on the lower leaf surface (Figs. 32 
and 33). Identification is made on the immature stage (10 1). 

In Guatemala, large differences exist according to geographical zone and 
planting date (3) for intensity of attack by whiteflies. Chemical control is 

Fig. 32- (left) IFggs of whitelies. 

Fig. 33- (elow) Pupa (if Triahw'uroh'sspecies. 
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most effective (measured as reduction of percent BGMV infested plants) 
with Metasystox or Oxydemcton-methyl an(d Monocrotophos (foliar 
application l5-Ind 30 days after planting), or! himet or l'horate and 
Carbofuran granilar application during planting (3). In El Salvador, 
Mancia et al. (68) report good control was obtained with the systemic 
granular insecticides Aldicarb, Carboftiuran and Phorate. 

Aphids 

Several aphid species attack bean plants. Their direct damage is assumed 
to he of little im portance. but their ability to transmit bean common mosaic 
virus makes them important pests economically. Further details are related 
by Zaumever and Thomas (133) and elsewhere in this book. 

Commonn names frequently used for aphids in Latin America include 
afidios, pulgones, afidios and pulgao do feijoeiro. 

Zautncver and Thomas reported the following aphids capable of 
transmitting hean common mosaic virus: Aphis go.;sripti, A. nedicaginis, 
,-I. runtiis. .I, .viruecola, Brevicorvn trassicae, Ir'alopterus atriplicis., 

, ,Rhopalsiphumn ludlIrassicae Aacrosifldhi amtbrosiae, A!. 
Sounif dii, M. 1)isi and Afvs wrsicae. Costa and Rossetto (18) report 
aiphids occur on bean foliage and roots in Brazil. In CIAT. control of bean 
corn11101m 1omosaic is sought by incorporation of genes which are resistant to 
the virus. 

IIiiih aphid mortalitv occurs when insects are captured by hooked hairs 
on hean leaves. Capture percentage and number of hooked hairs increased 
when plants were grown under dry conditions, compared to when they 
were growvn under ample moisture (_28). A similar relationship was reported 
by McKinnev (75) fr .lif/1ns /ersicue and tirips. 

Thrips 

Ilhrips have bccn fond as pests of beans in several I atin American 
countries, bUt their attacks may not have iuich economic importance. 
Fru lla sp., Svricothril)s sp. and ( 'Cliothrips'ra.iliviisis (M organ)
have been reported in Brazil (98) ;id(] Colombia (90), where C.brailietsisv 
is liet most abundant species, Comm1on naies frequently used for thrips in 
Iat:n America are trips and bicho candela. 

I.'vae arid adIlts Iced oi the undersurface of ihe cotyledonairv leavyes of 
seedlings. In older plants they also can be found feeding on leaves, flowers 
and petioles. When populations are high. thrips cause reduction in the size 
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* Fig. 34- l)amnage caused by 
thrips on young bean plant. 

and development of young plants(Fig. 34). In general, they seldom become 
an econonlic pest. Most attacks are localized towards the borders of the 
field and usually occur in hot, dry weather. 

Females insert their eggs in the leaves, petioles and stems. In laboratory 
studies at CIAT, the eggs of C. braziliensis hatched in five to six days. The 
first larval instar lasted one or two days and the second instar four or five 
days. Pupation occurs in the soil and debris. The pupal stage took from two 
to three days to develop. Longevity and fecundity of the adults of this 
species have not been studied. 

Chemical control is seldom justifie;. Adults and nymphs of Orius 

trislicolorare common predators of Sericothrips sp. and C. braziliensis. 

Pod-Attacking Insects 

Bean Pod Weevil 
,.'llo! .godiolati Wagner (Coleoptera: Curculionidae). 

A. godhnani is a serious bean pest in Central America where Mancia et al. 
(67) report up to 94% bean loss in El Salvador. especially during the rainy 
season. Tie bean pod weevil is considered the most serious bean pest in 
certain regions of El Salvador. The weevil also is of importance in Mexico, 
(tatemala, Honduras and Nicaragua and has been reported on beans in 
Colom bit ( I). 

Common names frequently used for the bean pod weevil in Latin 
America are picudo de Ia vaina and picudo del ciote 

The weevil is prevalent especially in the highland, central and southern 
regions of'Mexico during the rainy season (74), where up to 90% of the crop 
may be destroyed (26). In Mexico, A. aurichaceun is second in 
importance to A. godhnani. The oviposition behavior of the former species 
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is different since the female lays about 35 eggs in the distal portion ofa poe, 
allowingthe other seeds of the -pod to escape-attack (74). 

Several other less important Apion species also attack beans and include 
A. aurichalcezm, A, lwrpilosthn, A. calcaratipes, A. germanum, A. 
grisetm and Chalroclenus ae'nerus, A. godmani also has been called 
Trichapion got/manii (62, 74). Other host plants include Dal/a. 
Desmodiwm. Rhinchosia and Tephrosiaspp. (73). 

The adult weevil is black and about 3 mm long. During the wet season, 
two generations nay be formed, with possibly a third occurringduring the 
dry season. Overwintering sites could not be located in Mexico (74). Under 
laboratory conditions of 20.8°C and ain average 75% relative humidity, 
Mancia (62) stated that the egg stage of the weevil lasts five days. The three 
larval instars are passed in six days, while the prepupal and pupal stage last 
two and nine days, respectively. The adult insect can remain three or four 
days in the pupal chamber but usually emerges immediately after pupation. 
Adult lomngevity may extend from 10 days to nearly a year (62). and adults 
may mate several times. Mancia (62) reported a maximum of 392 eggs were 
laid by each female, with four to six eggs laid per day. The preoviposition 
period lasted 10 days with a 12-day incubati6n period, 22-34 day larval 
stage, two-day prepupal stage, six to 10-day pupal stage and a two to !hree­
month adult stage. 

Adults appear when bean plants are still small Iand occasionally cause 
light feeding damage to leaves, pods and flowers. Oviposition damage 
occurs in the newly formed pods. )uring the daytime the female adult 
chews a Small hole in the mesocarp of 1-4 cm long pods, usually above the 
developing seed, and deposits an egg. These spots are visible as white 
hyperplastic deformations (Fig. 35), and later the adult exit-holes from the 
pod wall also can be found (73. 74). Young pods which are attacked may 
abort (26). 

F ig 35- 11 'Ipcrt ) tsic d tm r a ti on , c a u esl~d h'Y3vir f stkil g 
oI ,ptont
lellialets 
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QI 'ig. 36- Damtiage caiused Iby larv o'ifi 

Larvae in the second instar stage bore into the mesocarp of the pod wall 
(I ig. 36) and begin feeding on the developing seed, leaving the hylum
intact. One larva per seed is normal. However, three to live larvae per seed 
have been found during heavy infestations, with a maximun of 22 larvae 
present in a pod (62). McKelvev et at (73) normally found one larva per
seed and a maximum of seven per seed and 28 per pod. Larvae live in a 
feeding chamber and cannot feed on mature seed (73). 

Mancia (62) found two Braconid parasites ofApion larv,e. one of which 
belongs to the genus Tria,vpis. McKelvev e al. (73) found no influence of 
planting date on level of infestation, although there was a tendency for 
lower infestations in early and late .antings. 

r;uevara (41) tested six cultivars for resistance and found that 4% of 
Pinto 168 bean seed was infested, while 679% ofNegro Mecentral bean seed 
was infested. Puebla 152 (17% infestation) and Mexico 228-7 (12%
infestation) were intermediate in resistance. Pinto 168 yielded equally well 
with or without chemical protection, Puebla 152 and Mexico 228-7 
required two sprays, and the susceptible test cultivar Negro Mecentral 
required three or four applications to control the weevil. 

Ramnirez et aL (95) tested 14 cultivars and found Negro 151 was the most 
resistant with 84 /pion godmani larvae per 60 pods. Resistant Bayo 164 
and Pinto 168 had 90 and 108 larvae per 60 pods, respectively. Canocel was 
the most susceptible cultivar with 806 larvae per 60 pods and the highest 
adult count per pod. Ranked in descending order, Negro 151, Chapingo 55­
111-7, Pinto 168 and Amarillo 154 had fewer adults. Mancia (61) tested 
2004 A. vulgaris entries for resistance to Apion spp. and obtained nine 
highly resistant cultivars and two less resistant but did not identify them. 
Highly resistant entries had 1-5% seed damage, while the most susceptible 
entry had 43-94% seed damage. 
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ifter four years of testing, McKelvey et al. (74) report the cultivars 
Puebla 152, llidalgo 6, Pucbla 2, and I-I dalgo 24 consistently had lower 
infestations than others tested. Other resistant Cultivars included Puebla 
32-A-2 and 20-13-2; Hidalgo 33-A-I, 28-A-2. 38-A-I and 14-A-3: and Gto. 
3-A-2 and IG N-5. Guevara (40)evaluated Apion spp. resistance in Mexico 
and resistant sources (based upon percent seed infested in 100 pods) 
included Pinto 162 and 168; Amarillo 153, 154 and 155; EAP 88B and 
Negro 151. Later, lidalgo 15A and 24; Puebla 2 and 57-13-3; Triax. 2-1-C; 
Amarillo 156,an- 104 and Negro 157 were added (42). Resistance to Apioon 
spp. was inco~porated in crosses involving Hidalgo 6 and Puebla 32. 
Although no details are given on the resistance mechanism or mode of 
inheritance, highly resistant lines were obtained in crosses between Puebla 
2 x Hlidalgo 12-A-I, Hidalgo 12-A-I x Puebla 32 and Zacatecas 4A-2 x 
Ilidalgo 6-I. Medina and Guerra (77) tested 14 cultivars and found Negro 
66. .Jamapa, Canario 101 and 107 were resistant to Apion spp., Empoasca 
spp. and the Mexican bean beetle. Ojo de Cabra and Negro Criollo were 
resistant to ,,ipon spp. and Elmpoasca spp. Bayornex, Delicia 71 and 
Quertaro 183-I were resistant only to Apion spp. Mancia (61) states that 
mimunity to /1/)ion spp. exists in Phaseouscoccineus (- P. nuliflorus). 
Ilowever, in a recent study, Yoshii (132) did not find a significant difference 
in Apion attack between 11. viu!aris and P. coccineus. 

Although future use of resistant cultivars holds great promise, chemical 
control still remains important. Several products have been tested and 
Monocrotophos, Methomyl, Methyl Parathion and Carbaryl give effective 
control. i ranular Carbofuran applied at planting (2.5 kg a.i. , ha) gave the 
best control (63). Methyl Parathion gave adequate and economic control 
when applied as a spray six days after flower inititation and again seven 
days later. A single spray was cffective if applied 13 days after flower 
initiation (69). 

Corn Ear Worm 

)amage by the I, "this complex, /. zea( Boddie) and II. virescens(F.) 
(Fig. 37), is sporadi, -)utcan be severe. Common names frequently used for 
the corn ear worm in Latin America include Heliothis, helotero, bellotero 
and vojota, 
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'he adult oviposits on young leaves, and larvae(Fig. 38) feed on seeds by 
perforating the podwall above the seed. Several seeds per pod may be 
destroyed, and secondary rotting can destroy the remaining seeds. It is not 
clear which of the two species is most common in beans. However, during a 
severe attack at CIAT only IL virescet:s was found. 

Chemical control of older larvae is difficultbbut high levels olparasitism 
usually occur. Posada and Garcia (89) list 26 different parasite or predator 
species of tteliothis spp. in Colombia. In a CIAT study, 89% of field 
collected larvae were parasitized by a Tachinid fly. Recent findings also 
indicate that pyrcthrins at low dosages effectively control Ileliothis 
virescens larvae. 

Other Pod-Boring Insects 

Epinotia 
I:Epiiotia olpfwita Hcinrich ILcpidoptera: Olethrcutidaie). 

E. opposita is an important insect pest in Peru and Chile(124). Common 
names frequently used for I'pinotia opposita in Latin America include 
polilla del frijol and barrenador de la vaina. 

Its larvae feed on or in the terminal buds, and/or perforate the stems and 
pods. Larvae weave their excrement together and push it out of the feeding 
canals. The insect also may cause flower damage and abortion. Bud and 
stem deformations occur after larval attack (Fig. 39), and pod damage can 
result in rotting by secondary organisms (2). In alfalfa, young larvae web 
leaves together and live therein. Other host plants include soybeans, 
peanuts, peas, cowpeas, lentils and clover (124). 

Fig. 38- lar f Ileiothis species feeding on bean Fig. 39- [tit(deformation caus­
pod. 
 cdIhv iitl feeding tit[ii3otia
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About four days after copulation, females oviposit an average of 110 
eggs in four to eight egg masses during a period of one or two weeks. Eggs 
are laid on young plant tissue. The egg stage lasts four and seven days 
during summer and winter, respectively, and during these corresponding 
seasons the five larval stages arc passed in 14 and 23 days. Pupation occurs 
in a cocoon on the leaves or the ground (124). Adults live 15-22 days and are 
actwe at night, ... ... 

Wille (124) observed a Tachinid larval parasite (Eucelatoria australis) 
which pupates in the host pupal ,kin. Avalos (personal communication)
tested nearly 200 cultivars for 1lpinotiaopposita resistance and found large 
differences in percentage of terminal buds and pods attacked. Adequate
chemical control was obtained with Aminocarb, Toxaphene + Methyl 
Parathion or Omethoate (115). Early spring plantings reduced percentage 
ol od damage by lpinotia to 4,%, as compared with 72% damage in late 
spring plantings (C. Quiroz, personal communication). 

Laspeyresia leguminis 
nlillo pdoptera: ( )letI ,%/,'I WMW /c'Ku I Iinrich. (I ' retali~ja). 

I. egutntinis attacks beans, soybeans, broad beans and lima beans (1,
124). l'he common name frequentlV used for Laiseyresia leguminis in 
Latin America is Laspeyresia. 

Its damage often is confuised with that caused by I'pinotia opposita.

Ilowever. unlike IEpinotia opposita, it may web pods together (Avalos.
 
personal communicat ion). Adults oviposit on pods where young larvae
 
bore into them and destroy the seeds, The larva pupates in the pod (124).
 
Control is similar to that of Epinotia opposita.
 

INTarica
 
er
Ilvt a otm al I(it",(.elldu 'lpll: l'yra idae). 

Al. erstt/alis is reported to occur in Brazil ( 100). Colombia (90), Cuba, 
Puerto Rico (58) and \frica (112). Iike most of the other podborers, M. 
lesti/alis oviposits ncar or on flower buds. flowers. young leaves and pods, 
The common name frequently used for Afaruca testtua/is in Latin Arnerica 
s gusano perforador de la vaina. 

)amnage to leaves and llowers occurs prior to podboring-type feeding 
(106). 1lhe insect may attack several species of legumes (58). According to 
Ioadley (8) larvae pass through five instars in eight to 13 days at 25' ­
29 (.'. Plupation occurs in the soil. 

M. tstutalis is distingtuished from tiel/a :inckenelhj (the ima bean 
podborer) 1wy lar% al and adult coloring. .llartia t'stdalis larvae have four 
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black or dark gray spots on each segment and adults rest with wings 
outspread. Larvae of M. testulalisexpulse frass from the pods, while those 
of E. :inckenella leave it in the pod ( Ill). 

. Storage. nsects 

Bruchids 

The principal pests of stored beans are Acanthosceliles obtectus (Say)
and Zabrotes suhfasciatus (Bohemnan). Synonyms of A. obiecrus include 
Nfrlabris ohtectus and Jiruchis oltectus, while synonyms of Z. 
stihfasciatts are Z. pectoralis, Z. dorsopictus and Spermatoplagus 
subfasciatus. Both pests are widely distributed from Chile to the United 
States. Common names frequently used for bruchids in Latin America 
include gorgojo, gorgojo pintado, gorgojo comnin del frijol, caruncho and 
gorgulho dc feijao. 

At least 28 other insects are reported to occur on stored beans but are of 
minor importance or migrate from nearby stored produce onto beans. 

The life history of the two most important bean storage pests, A. 
oitectus and Z. subfasciatus, is basically similar and was studied in detail 
by Ilowe and Currie (51). The main difference is in oviposition behavior. 
,.I. ohtectUs females scatter eggs among stored seeds or infest beans in the 
field where they lay eggs in cracks or cuts of growing pods. The newly­
hatched larvae of A. ohtectus later penetrate tile seed. In contrast, Z. 
sUbfhsciatus eggs are firmly attached to the seed and after hatching, the 
young larvae bore through their eggshell and the seedcoat in one process 
(51). 

l.arvae of both species molt four times before pupating. During the last 
larval instar, the feeding and pupation cell becomes externally visible as a 
circular window in tile seed where larvae feed on the lower testa surface. 
After pupation the adult may remain in the cell for several (lays before 
pushing out the window. It also has the ability to emerge by eating away the 
exit. Adults normally do not eat but may consume water or nectar. 
Oviposition starts rapidly after emergence as adults are short-lived (51), 

The optimum conditions for rapid development of A. ot'ctus eggs are 
70(%i RII and 30'C, when the insects spend 22-23 days inside the beans. 
Mortality during development occurs mainly when larvae penetrate the 
seed or when the exit hole isnot large enough for adult emergence. Adults 
live 12 days at 30'C and 70% relative humidity. A ,emale may lay an 
average of 63 eggs (51). 
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['he optimum development period for Z. Su1) 'ciaums, including the egg 
stage, is about 25 days at 70% RH and 32.5'C, In thisspecies, 7%ofadults 
were unable to escape from the pupal cell (Fig. 40) and died. Zabrotes 
,Srvuisciatus adults exhibit strong sexual dirmorphism. The female usually 
weighs 1.5 times as much as the male. Adults live eight days at 30'C and 
70% R H. A fenale may lay and average of 36 eggs (51). 

Acanthoce(ides obtectus (Fig. 41) is distributed throughout higher 
latitudes and altitudes, while Zabrotes subfasciatus (Fig. 42) is found 
predominantly in warmer areas (103). In studies by Giles in Nicaragua 
(Giles. pfersonal communieation), beans were infested inititally with A. 
obttectus (99.7!: ) and Z.sulfasciatu. (0.3%) at different elevations above 
sea level. After 16 weeks the ratio became 0: 100%at 56 m; 5: 95% at 450 in; 
and 27: 73%(at 68) in. Average temperatures at these three elevations were 
28.2'C. 25.2c'C and 24.3°C, respectively. These data suggest that A. 
otheiuts is a stronger competitor at lower temperatures. 

No precise information was found in the literature concerning economic 
losses caused by insects in stored beans (Fig. 43). McGuire and Crandall 
(72) estimate that storage losses may reach 35% in Mexico, Central 
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America and Panama, but they do not specify if losses are caused bv insects 
or other factors. A marketing survey in the Recife area of Brazil revealed 
that the average storage and handling losses incurred during the mnarketing 
process amounted to 13% (107). A survey of farms in bean-growing areas 
and 30 warehouses in Colombia revealed that the average storage period is 
short and that only in estimated 7% loss occurred (lo3). 

Farmers control weevils by applying ashes from fireplaces to beans 
stored for future planting. This method appeared to he effective (15) as a 
physical barrier to weevils. Storing beans in undamaged pods is a safe 
control measure against Zahrotes sthfasciatusattack. Eggs deposited on 
the podwalls hatch and larvae penetrate tie podwalls but die inside the 
pods wit hout penetrating tile seed. However, this method cannot be used to 
control Acanthosceliches ohtect us, since this insect isable to attack beans in 
the pods, l.abcyrie (53) showed that storing beans unshelled or delaying the 
harvest greatly enhanced Avanthoscel his obtectus attack. Another non­
chemical method for controlling weevils is the use of black pepper. One 
gram of ,round pepper per 385 g of beans reduced infestations of A. 
ohtecrus hv 78%, after four months storage when compared to untreated 
lots (55). Inert dusts, such as crystalline silica, bentonite and magnesium
carbonate effectively kill A. obtectus. Apparently the fraction of fine 
particles determines the efficiency of control. Adult death rates of 50(.. in 
12 how s by bentonite has been ascribed to water loss (13). 

Vegetable oils, applied at the rate of I ml oil1kg seed, reduced progeny

production on bean seed treated with cotton seed oil to 
five Bruchids, 
compared to 265 on non-treated samples. The treated seed retained its 
germination ability (17). Total control was obtained with 5 ml oil /kg seed. 
No adults emerged from material infested 75 days after treatment ( 104). 

('hemical control is readily obtainedof wee%iIs with at variety of
products. Pyrethrins are highly effective (70, 102). Pyrethrins with bases of 
marc gave long-lasting control and provided more acceptable seed 
appearance than Pyrethrins with talc as carrier (15). Synthetic Pyrethrins
also gave excellent control. Most warehouses in Colombia used few 
products to control storage insects. In 33% of the warehouses, owners used
alumlinium phosphide, 40% used methyl bromide, 27(' used carbon 
bisulfide and 13% used Pyrethrin. One warehouse owner confessed he used 
Aldrin to cont,'ol bruchids (103). 

Mich ofl tile Phasehtlus 'u4garis germplasm collection of CIAl has been 
tested for rs stance to A.sulfisciatus.Several entries were rated inititally
iesistant but were susceptible when retested. Seed should show resistance 
(luring at least txmo seed generations before it can be considered resistant 
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and useful for further Studies. Varietal resistance to the bruchids also has 
been reported by Lefebre (56), Pab6n et al. (84) and Ramalho et al. (94). 

Other Pests 

M ites .... ... 

Spider Mites 
li'tranvchu deewr/orm Banks (Acarina: Tetranychidae). 

Spider mites usually attack beans (Fig. 44) near physiological maturity 
and rarely affect yield. Common species are 7.desertorum and T. telarius. 
7. lesertorum has a wide host range as Nickel (83) observed 13 hosts in 
Paraguay. Common names frequently used for the red spider mite in Latin 
America include acaros, arafiita roja and a'caro rajado. 

L.ea
F ig. 4-1- Iimarc and %%hs produced hy spider 

The biology of 7.dhsertorum was studied by Nickel (83) wvho concluded 
that low temperatures limit geographical distribution of the pest. In 
laboratory studies on beans in Colombia, the incubation period lasted five 
days. the immature stages six days, and the female oviposited an average of 
four eggs per day during 15 days (85). [his is a slightly slower development 
rate and also at lower oviposition rate than cited by Nickel. 

I he cultivars Oreg6n 58 , (.1. . Rodriguez, personal communication) 
and CR IA - I-I. are resistant in Peru. Under CIAT greenhouse conditions, 
both were more resistant that. ICA-Pijao and Diacol-Calima, but in the 
fiekl Oreg6n 58 R was itssusceptible as D)iacol-Calima and ICA-Pijao. 
CR IA-I-I exhibited an intermediate level of resistance. Biological control 
Iby several predator mites has been effective in detailed studies,. However. 
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chemical control is used mostly. Mites can become resistant to pesticides. 
thereby requiring the application of different combinations of chemicals. 
Gonzalez (35) recommends tile use of uniform restricted planting dates and 
chemical control with Ornethoate mixed with Oxydernetonnethyl or 
Ttradifon with.Monocrotophos. Wilcox and II owlund ( 121), recom-nmend 

Phorate and I)isulfoton as granular soil-applied insecticides for lima 
beans. 

Tropical Mites 
l'¢l) /ltltot',iU1lld

', 
I li[Ink,) (AcainLvI iVlsoll.idta1.L'. lhumtt 

.
P)Iatt, sometimes called the tropical niite, can attack beans and c use 

post-flowering damage cspecially during humid and warm weather. The 
mite genus is synolymous with Tfars' ,ones, V'eolarsonemiS and 

Ihmitarsonmtus. It is a small pale green mite, difficult to see without 
magnification and little known on beans. Common narmes frequently used 
for tiletropical spider mite in Ilatin A merica include acaro blanco, acaro 
branct and acaro tropical. 

[he mite is a bean pest in lirazil (18) and in the Cauca Valley of 
Colombia It also has been observed in Peru and Central America. Many 
other hosts beside beans are known and include potato (22), tomato. 

(entro.wma spp.. Dolictlos spp. (20), green pepper, dahlia and cotton (45), 
The mite also attacks several commnm weeds in bean fields. Neasurements, 

On individual plants have revealed 56 yield loss in beans grown at CIAl 
115). 

The tropical mite has a short life-cycle which is composed of the egg. 
larva, pseudopupa (developmental stages) and adult stage. The 
developmental stages last one to three, two. and two days respectively at 
27"C (27). U nder laboratory conditions of 22' 28-(" at CI AI (105), the 
dtration of these periods was two, one. an( one day. respectively. Males 
lived for 12 days.while females lived I5days and laid an average of48 eggs. 

Symptoms of mite damage become evident as leaf edges roll upwards 
and have a shiny appearance (Fig. 45). Depending on the cultivar, the lower 
leaf surface may turn purple. Young leaves do not develop normally and 
remain stunted, often turning yellow to gold (Fig. 46). The pods can be 
attacked and becomle covered with a brown wound tissue (Fig. 47) which 
may resemble sunscald damage. Some cultivars show a downward curling 
Of leaf edges and a darkening of'the leafblade. Symptoms are comnonly 
confused with those induced by virus or mineral deficiencies. 

['lAdosullan. Monocrotophos. ('arbai\i, I)icolol, lriaophos and 
()iiethodc proxide good chemlical COluitol at ('IA I (105). ('osta (19) 
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V4 

orarireritd s,('ar thopherr th hor , ('h horo he tri lhte. ( hlorlensirlplride a ntd 
I (lhstruli Otr cotr~l tin cotth. Mie lrptrlattions apparently a~re 
stirirrlited 1)v lJirithirate (47). 

' lrgs (Fi. ,4X), like mites, do rot behong to the c'lass. ol1inSc'ts, lioweser, 
casionalv dle serious bean pests ii il .vhador and IIondnras. I he 

rcportec pecis belong to the farihi I rnircid'ae, and intlndi l}zintulus 
Iph'bi rv.itl i sher, l ii a m a .\I it an d I)/llt 'r ol (J',r' .h'I' I . (4 9 , 6 4 ).lU. ro 

(' o n n o o n()ln a m el s, freq rle ntlv u sed h r sltig :s i I I ittiri .. rti r ica are os ash a hb 

*.\Ihorellihcprnohtitic. lter coptnlattur leiiiles ay ip to (iiteggs in 

cI,) nrt,,.,s tnder plait debris ort rrsoil t ri,_k..,t 27 '( the', hiater in 24 
l i x , orld recll.h s e.xuail Irrt iirity th r e e. ii) r riitll ti l ls l te r. Slt g s arfe 
n O V,. t tiii ria l b t l mla' be a cr tire d n ijo v, et,cho u ldl u ,v .. 1 onln g s,iig d air u a. g eis 
ilppileut ',%rieni w~hole leaves, with thec exception o1 thce '.errus. are ctmstinrd 
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* i ,- I cal damage due It) slug feeding. 

l -~.4 ) ( Icl luu M 1,1 Lcic I c,e .. ilire seedlings also may he 
11, "l,, !"hd. mid pod dmtfllt!wc 111;iv ,tl. M ost dafllge occtirs alo~ng 

,,1&Ill .I t .,:,mv-,ards, csp,.chtlly it vegetathor and debrisi,+Mt- L lu 

i~t ,.dc+n tc ,+"tt.'ctitm l< t e du g tile day.
tIII(s dtl 

Imtttl I", Iclch',cd bY dlalnn fields and bhntders of weeds and 
I ' lit ofh , III !I,+c c+ont I d I,,ibtainud wvithI hailts, such ais Mict haltchyd 

1+!(,l"I I it III halltd, + 
border,, areas tile,' aIIVI;Ipp1liedi Ahmll tor withini affected lit 

1 11 ' ;lk:1 ll'-W r' )Mlll t + tmm lti ](111, ;Il+,. (per hit): Nlcthm idtlhyde 99"' (65 y) 

Ilvcd v I, , , hic'thmiln( .' kg) :iml ru,+las",CO(20 1).C.arhar~lXO('f (0,.5 kg)oi­
' I h+l 1 hIIlulm ',}. ki'' Ilm ', 1' t"Cl! It) iiflace %1Ctha~td hvdl: (04). 

Futture of Insect (Control in L~atin Americ~a 

%k.,tllnh glt'llticI 1u111\M "r,,alc c pl)',,ts i+ 
res-istantt+ce to) inlsect pests 

"Ilk'h +' ].[O W] ,' k,aflvncril+, .'piotil i,mlimaml/ , 1,'})il ',clh l v'arivenvi., and 

+.t') mncm ptlttt Ic?,bt'IInT it). kc.\ insect pests, Into commercially 
J(,.p~l CtTIN Iti\ ;trI", \011( 11,tllti 'Vposses resistanclte to plant diseases, stich 

, I 1C M L I , 0 1 1 1I 'l1t' ll II,N Il( % if tl ' lM id I-list. 

I h. ttiIvmlittl tatke tinme, dturing which mrostclpt rc,,istancu" will 

l~~~tt"Iltlt n ,\lv ",,Ic.'m ic.. .Uaniflar insecticides such']',u i 111 s.Lt ats 
Iillnltil Ill k'l I'llm ;It(-' 1 (a..I CkllICCI I)CMl Y.OMdCn m o1saic1 virlIS iilCidCn1CC 

1! 1 t', l md :i', pl',I,c c nialtlr l hillh~lical Conlltrol. Sevclal bcll 

l+:n~~t+>,.,tll r<_,n~n.: d 'Ip licatlonl oll chlorinated Ihvdrtlcathols to 

I tl1! l;w tillphl t-,l'-,11111"It (- phkcId l)tdc%(:l~rh llL'rc1l (dl it pest mnalgemenlt 

-.. ,:III ildh Nhical. cultumal and ()t~im cm troI stritlegies are al 
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integral part. However, the short growing season of beans and fallow 
periods may reduce tile effectiveness of biological control in these systems.
The increasing use of resistant cultivars should reduce the need for 
.pesticides and assu're. the survival of agents contributing to. biological 
-)ntrol. It may be desirable to locate and release more efficient natural 

ernics. However, national programs may be restricted by lack of fuiids 
nd trained personnel. Biological control by other agents, such as parasitic 

.ungi or bacteria, also must be investigated further. 

(ultural practices should play an important role in a pest management 
system. Shifting of planting dates may be a powerful tool in controlling 
insects. However, it has limited application where rainfall distribution 
primarily governs plantingdates, :;mloascakraemericontrolis favored by
planting at the beginning of the rainy season when leafhopper populations 
are low. llvleimva spp. control is favored by a late planting date, and a 
preplant plowing may also be useful. However, the biology and ecology of 
most insect pests has not been studied sufficiently to allow valid 
reco inendat ions. 

As discussed before, the distribution of principal bean insects varies 
greatly within I.atin America. Proper quarantine measures also should 
continie to be enforced to limit pest distribution. 

Fhe most mirp-<rtan t aspect of crop pest management will be elimination 
of uinnecessatv pesticidil applications in a practical and economical 
manner. Accuratc knowledge must be obtained between the relationship of 
tinsect pest populations and yield redactions. M ost entomologists involved 
with hean rescarch expect that a certain anount of feeding damage can be 
suIstained -, nile plant before economically significant yield reduction 
,c,:tjrs. l eafhopper research indicates that the first insect present on a plant 

causes more damage thani those which follow (16). This indicates that the 
decision to spray is not onlv based upon expected yield loss, but also upon
the cost of insecticidal spray and the consequences of this spray to later pest
dcv-lopilcnt, such as lepidopterous insects and their hiologicaI enemies. 
Ihe curvc of population level versus bnlmus.a kraw'neri damage is 

dtillerelt from thaft of' foliage feeders where part of' the fIoliage can be 
r"moved without adversely affecting yield. 

A\ssociated cropping isa system in which an ,:stimated W( of the heans 
a I.n arc 'Ihis systell demaadsLatin A nvrica grown. more attent ion. It is 

possible th.1t abandoning this systeil r1Ia',' reduce the stability ofithe eco-
s'ystcI aid increase specific insect pest pioptulllitris ano theil iaporta rice. 
,V. 

IFially, excellent work has been accomplished by Latin American 
ctitoltiologist, IIowever, lack of funds often prohibits publication of this 
wkork. No othcrs ca nnot prolfit from their knowledge and experience. The 
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vacuum thus created has hindered more rapid progress in bean 
entomological research to reduce bean yield losses due to insects in Latin 
A merica. 

ialhle I. Major insect pests or heans in I,atin Aerical. 

S IFTI)[.ING-A I .ACK IN(i I NSECI S 

Seed Corin Maggot lih/'mria spp. 

Cutworm Spoiopte /rafrugiprda 
\Vhiiegruh 

Cricket 

Iesse (CornStalk Horer Ua aopalpil lignoelhA 

LAF-FFI)ING INSECTS 

('irysmelid, I)iahroicahalteata 

_'erotoia spp. 

I 'pid ptetia-Sa ltaiarh erp Fti'mene acrei,ia Eva 

-Dean I eaffoller Urbanus proteus 

Ihedyl'hpta indicat 

Mexican Ilean Beetle ilachna varive.rtis 

SUCKIN(G INS[C('IS 

ILeiillapper Emlpoasca krae'ncri 
White Fly 10nisia tabari 

Aphids ,,Aphi.r spp. 

lhrips Caliothrips bra:iliensis 

PVOI)-A I'FACKIN(; INSECTS 

IBean Pod Weevil ,Ipii goti h nant 
Pod Boht!ersi t4lnotia opposita 

laspae'resiahlguninis 
Afattca lestulali.s 

lh'liothis spp. 

S-ORAGFI NSE~ 'TS 

llruchid, Zlhrotes subfiBsciatus 
Acantllhoscelides obtectms 

OI1FR IS'IS 
Mires - Spider Mites Tetranrchus spp. 

- Iropical Mites Polrphagotarsonenus latus 
SILtgs Vaginuhtis plhbeius 
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]auble2. Most important insect pest% ill12 ,aitio Amerinot countries (43). 

N.mbcr ol coulltries 
Plrincipal in which inscc,

'est dIlmmg: group species isimportant 

Iiercing Ilsects I:nipoamwa spp, 12 
I.cLi-1cdint, Inhccts Iiahrotiaspt. 10 
(not ILepidoptera) t?:'ilihna spp. 10 
(lt worms,Crickets 8 
Pod-attai'king Irnicct ,pioli igo~liani 5 
Stoled (irmin Insects ..... 5 

Ilt'il/11, icat. I'l Sahtl t,~ fllilai.C'oilmia, Cota~ Glli Muh11. Ilindumlls..Niumptlll Panamal;, 

iind licllaragu. P'leru In1rican 1Rt'p 

'lte 3. Relative iniportiincve of besm ie in ('inrIl Anierica (h). 

lin'aai
poll Mcxicai heian(COlinlrv I cilllopplis (.hry'soiiiidiaI wteelvtx'c \V'hitcil]'l 


(ostli Rica. 4 1 2 1 
liIat 31 I 3 3 

I:1SaI'.,idoi 3 3 2 1 
IIondllilis 4 3 4 3 1 
( iilliciil;ila 2 2 4 

RclitdatlIIn !1 i , liic,i,it'di iti0 t1-4cal, It I Ile.tsi m 4 , iii:vtN Nerr 111rllleollu. 

I iitl 4. Aritge piret, yield hilo(hig lstlvii ii lIe com aiiilg iiinect idhlIt ntil red 
Withilniittled phlts) follni 16 inihclicidl Iriil, repoarted ill banhi literature. 

Nijinher of I'lincipal insect A'erage '' 
%yea pelinc i nivoilved yieldlioss 

\-ci,'.,I oli
Sial 5 lpion 1'ililtlai 54.2 
MI tic 
 I thtmpoi s a kratiiri 64.10 

Mnico 
 ihi ,r'an2 I. hlw tis 55.0 
IllSaIxit.i Mvxicli 

uIert Rico 6 . pltCilied 30r5 

16
ItiI Wrighiled Iverage 47.25 
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Appendices 

Appendix I. Official common name and formula of chenticals cited In text. 

The chemical compounds listed below %,zre cited by authors in various chapters of this 
hook, 'Ihe list is intended as an aid in the proper identification of these chemicals and does not 
constitute an endorsement of them by CIAT. 

Official Common Name Chemical Formula" 

FU N(i Cl)FS 

Benouyl Methyl 1.4 htylcarbamoyl)-2-heniimidazolecarbamate 

Bordeaux Mixture Mixture of copper sulfate and calcium h 'droxide 

IBrlema Potassium N -hyd roxyrnetlhyl-N-metlhvldithiocarbhamate 
Ilusan 241'hioceanornethylthio) heniothia/ole 

('aptafol cis-N-( I,1.2,2 - 1 et'rachloroethythio) 4-cyclohexene­

1.2-dicarbximide 
(aptan N rrichloromethylthio)-4-cychexene- .2-dicarhoximide 

Carbenda/im Icthyl- I-hen.emidazol-2-ylearhamate 

Carboxin 5,6-I)iiydro-2-niet hyl- 1,4-oxsathiin+3-carhxa nilide 

Ceresit P1henl mercuiric acetate 
(loroleh 1.4-I )ichhoro-2,5-dimetioxyben/ene 

Chlotothlonil Tetrachloroisophthalonit rile 

I)icllone 2,3-I)ichloro- 1,4-na pht hoqunone 
Iicloran 2.6-1)ichloro-4-nitroaniline 

Dilocap Mixture of 2.4-I)initro-6-octylphenyl ciotonate and 

2.6-1i)iiitro-4-ocylylplienyl crotonate 
I-cnaminosiill Sodium p- di methylaw ino) henve nedia/ sulfonate 
Fentiracetate Triphenyltin acetate 

I-eot i Chloride triphenyltin chloride 

cot IiHydroxide Iriphenyltin hydroxide 
t-crham Ferric d inrethyldithoi)carhaitate 

Mauco/ch Manlganese puhseisdithiocai .+uraae [1us inc ion 

.Manch Manreanoois ethyl enehisdithiocai hm;uo;te 

I homison. WI, 977 Ailnculluhl cihemic.alo,,, I-tV. 
I hiIilOi( 'alhications, I 1V5(o, CtliolIiad. 
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01 icial ('uninion 

MetirilNI 

Nahani 


N 1 44 


( )'ysCarbi'hx 


PsNro.\vchior 


'I iuahndawole 

Altiopiiiaat 


'IIitalateIInthy 

I hi!a111 

I ridento rph 

Zineh 

i1UNIIGAN IS 

Chilotopic if) 
0)1) 

Iiij If 

IFthfilenc Ox.ide 

Micthvl itomide 

Nemagon 

I'lleflanI4I 

liintamon 

I ittitraniirle 

Eptatnl 

Plaaqat 

I ritluralin 

'Name (hentlical Fot lila, 

ixture of ammilonliates, of' ethIclne (dlithiocarharnate)­

* Wi aneiiicnhisd ti crl tmeacid bimolecuilar 
and tri nokle ila r cycl ic an h~drosnl tiides and distlifides 
iisodjuin ethlIcbisdlithjcasthamaite plus metallic sullfates 
24 3-methioxs cat bon l-2-thiourcidol aniline 
5.(6-I) ihvd ro-2-tniethtI'-i 4-oxahlii-3-cairhoxiarilide..4. 

hvd rochloridle 
2-cliloro-6 ttio-.(IIilrnciIlpidc
 

2-{4-ihA~ ~ he.njiidazole
 
Dietitvi 4.4,-o-pheny'ienchis 3-thiuliphanate
 
) imnet hl 4 ,4-o-phenyienchjs (3-thi oallopha ha I)
 

'1i disulfide
etatnthylthjuranj 

N-F rtidecvi -2.6-di metlhyliii pholinie
 
/illcethi,eneh sd it iiiiicarhiiiiiatte
 

irichltrotit rolet hlanie 
NIixture of .3Ijeinoopn and 1,2-Diciiloropr panle 
i2-Dijbromi WI ha ne 
I: poxyet ha ne
 
Ilroinomethane
 

I.2-ii oiiu-3-ciinroipropanie
 

tiv--,cti s-4(Inliv thin) pitensi (Ii-methyl eth
 
pitosphiora In idate
 

3-ist'propl1- 111-2,1i 3-hcnethialidjai/ii44
 
311imc 2.2-dim~ide
 

IN'N'-iethyl 2.4-iilltro-6-t riliurometitvl- 1,
 
3 plicnylenediarnine
 
S-Fihyl dipiopy'Ithiocat hatnate
 
1:i-I)tnitlivl-4,4'-ltipvriidiiiititi (cation) diehloride
 
Alpha. Alpha, Alpha, Triluot-2,6-dinittn-N,N­

dipropyl-p-toiuidine
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Wh)fzia Commion Name Chemnical lFornula 

INSI((iiC~)Fj 

Aldiearh 

Ac 

"a rharyi 

Car hot ra n 

Carhop henot h olt 
Cl ort cnsu Iph ide 

(ihoro hetwi iate 
Ctitorpvr itos 

IDicofol 

DI)crlo o1DI) 


IDieldlilnlah0~p~ 


I iilliioate 


I isulfotonl 


I~rndostillim 


)i'Cnillthioll 

Nialatlion 

- , 

NI Clha ldelil dc 

N1el IlaInidoph os 
Nletho~nllSttl 

NIhylllO natllflon 

Olnielhoale 

O [Culllls 

ICI rad till 

I o~ipllelle 

I licllls 

2-NI ct lyl-2-{methylthItio)propionaldchyde O-(methvi.carhaniovi) 

Ox uine
 
IiI exach lorohexahy r-endo. exti-d inet ha oaphhl
 

i-N aphthyl inettivlcarhartlate
 

2,3-I) i hvd ro-2,2-dimet hyl-7-hen/ofu ra i~vI met hvlca iharmate
 
S-(( p-chloroplitinvi io) niethyl )O.O-d iethvl, phosphorod it hicate
 
4-Chtlorophenvl 2,4,5-trichl orop henvi avosulftide and
 

I, l-Iis-(4 chllorophenylethanol
 
Ethyl 44-d ichlorohenvi late
 
1,0-1) ictli-f43,5,6-trichliro2lvi ii I phosphorot IIioa IC
 

1)h1os[h)o rotil1iate
 

1,I-ltstfi-Chlorophenyl)-2 2 .2-trictllorocttlanol
 
mellivi phosp hateCester withI 3-hvNd roxv-N. N -di miet ttvl-c is­

othdoedCl-ileial~attlIn 
0.0-tnethyl S- ririlaramo' i!lv)phospho od ithioaIc 
0.0tI)ietill-(s-2-(etllltthio)ethiNI) phlospholrodirllioate 
6.7.8,1 ). 1,Ilxcir- 5a..I-hxhdo69 
miet ha nio-2,J 3-heniiod boxa tliie-pin -3-ix ide 
0.0-iithyl 04-(4 ethiyistilii)pllenvI I phosphioothioale 

(l.0-iDimethyl phosphorodithioate ester of dieth%I
 
Ilmeretoueinate
 

NI el acela ldetisde
 

1,5-DcI plloSilitanlidottiliate
)lt11 

\4lll~ia hnoi)~ thioacetimlidate 

0I )ehl llylo-pIII Idr-ti, del. ',-N-lilthIlV ZCrlllalld 

(Itt-I imetl'IS. -nehlahlnOIch ;Illlsptlrlitliole 

- I o.'.-3-lie Jt.* tell-I -o t-voph 

ester oft di cjstlanschr~'sallthclilmll mioliocirhox',iic acid 

)-,:lmophll~ 2.4,S-Iriclloropfhen\%I silphotie 

()cla.:hlorocalnphene 

-'eiI .4t diciltlopus i-I iiIOIlll o.4-l 
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Appendix If. Crimvrsion ,+lues for nctiuturvnient units comtionly referred to in text. 

IUIN 	 1:U.S. TrO \I EiR IC I IS* FIR IC 1O U.S. UN IlS 

Tempterature
 
-
lDegrees FaIrenheit = (C x 1.8) + 32'F Degiees Centigradc = (FO - 32)' I.8 

I.ength aind Area
 
I inch =2,54 centmicters I centimeter 
 =0.39 inches 
I ftoot =-0,.31 meters I necter =3.28 Neet 
I squ ire loot 0.09 squalre meters I squat c meter - 10.76 scqtliie feet 
I acre 0.4 1 heclares I hectare 2.47 acres 

Wetight 

I ounce 28.35 grams I gramn .01.04ottnccs 
I pound -0.45 k ilograins I kilogrim =2.21 pounds 
I ton =0.91 metric ton I metrtic tonl .10 tonls 

* Vorlumet 
I 	fluidonce - 29.57 cubic ceitjnimee!tes I culbiccentimci -)0.03 fluidounces

torI.) Intl.) 

I gallon -3.79 liters 	 I liter !.262 gallons 
I ource gallor -7.49 giraisliter I gran litier t0.13ounces gallon 
I uince (ll.)gallo-7.XI millilirts. liter I milliliter liter -0.13 11,ounces gallon 
I porndu ace 1.12 kilograms he tare I kilogram licetare 0),$9 pounds.'acre 
I gallon acre '9.35 litets hectare I liter hectare - V.11 gallons acre 

Other V'svful Cmen trmi o
 

I gallon - 4qiaits - 8pints - l6tps - 12$fluid ontircs
 
I Illtid ountce - 2 tablespoons - 6 teaspoons
 
I pat per millioII ppi I 	 I milligram liter - 0,00 IC; (IM13fluidounce. 100 gallos 
IV' I IItI ppm - ]I)0gra itls:ttr - 133 uncei galhon
 
Im itniIrio - Ix 0i ceniinetr 34 x l0~inh
 

Lt'I t l I1)( 1')ll utes adated fIpte A F iliil ( h nrrCll I h ,I l h c , I lln tmgi, 1971, 77 R 	 ,Pcsilr 
hY \. I. If r.or. I htr. t'mnIhhl~ii ,.r21 IS(t() I uhlcs.a + Iarlmdhotk of I)ata th titIolhicaland
 
th I +'igt 'uIerrilsts, 4t 1d [tieps ln'" II 9 trsrrtuinirs'2 l t ollr e IicClotlpailrdaiind "rrNltilaimidc 
Itests, V.tI 13,IRr'ultsI 1t97 ,..Aircrv c.lrt lltihp.ulr loitcll;l Stolet%. 
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A ppendix III ll.Taxonomic clarificationi of vaurius bos)t scientiric nlnU'% cled in IeN I. 

Cited Name 

1)oljchosv Iaabh 0-.) 
IalaI' nuresr Niedik, 

A' a~atin tls (i. 1;e', t 

* ~ ~~(mg'isierg6 1Willd. I W.FI. Wight ~ 

* ~ ~~I' lte;erpreu D C. 

* Pau Roxh. 
P' brejewauca Nees. aild \NIlt 

PI , alrt RoxhIi 
PI' i ophynu lHen liail 
A~ heuh, riq'Se/f I. 
A~ ljjpi*mit NIacad yen 

P I',iI~IIhf1 IIN141111. 

' P lfle' I'. 
P ohvelomllui.e 5th echb I 

* I' pel w~th i (; eelmnl 

I'. rle/Il~f~lI. 

P. ri ire/(eai,e I c 

P' wluutfllfe Neiil %:xFla . andi 
Si lay 

I 'tena harz Hook(:; 

II r.Je~',e (I.i~ li/IU 

* I a qiciee/al a S III. ia be 

I estsi~e taSI..ISari c II a 

Nek Clasiication, 

Iahiblob puitjiio-4 %(1" Sweect 

L. purluirew (I Sees 

afuletieuu/aa (G, V. Maeverj 

1. antrtiderts (Willd 
S )lii and 01is llli 
.AIecte'pelnp tit? rurpureu m 
OW).) Urban
 
I* rituatae (L.. R, Wilc/ck
 
.%/.Ieraceanan
 
(Nees and MIart.) MIalecha I and ila lwae 

1'. um,,Iltla (. Ii a Ohwti andl (iha ee1nh1. 
11.elroprurireo 


M1.lilt/i vrendies (I..) U rhani
 
l'/ai'el' hnatus L,.
 

P e'0eifl,'aet L.
 

Jtn IIDC.) ulJranl 

1111111,1!)(W.) Ilepper 

P califlt s hsp, toh valanets (S cli ubsl.) 
Mareehal, Niascherpa and Stainier 
A tee sjnc'us suhsp. polsenth/ut (GCreernmani) 

NI .uechal, Niaseher-pa anrd Stainlict 
Urae/tea (I-) it. Wilc/ek 

Iwo/ellata (lhb, O 

P )eet ar, 


1 .Ihwi and Ohajsl 
venWejNiue u tsI 

\I a,eclal, \6aschelpa and Stainiel 
ievas//a W.) A. Richard 
waole (Jaeq.) B enthamo inl M~alt, 

imqn,'geteg/~a sib ap. tnaeagul,,e 
cS.(5s a.'aevq'.'et1A~i F WVestphal 

ws 'sihiual 0I - Wa tpels 

Acoalri iS Iiel~iR.. alaelicipasand I Sslnjeee I9'N lue limmeoumiqrthm'il gr.ipt!* ~~cseeplew d'e de'Nveoeee IPhllwis eeca'SalecVSe a 11Pep leeereIc) suelrtit base de eleance
111m lp ~ijq tic, l is,$lle11(1iae,t toiles pa IInal %sviicc rvaelearmo,g~eSI om inars e(toaeonsereajtteere t. il 1it)
Iflotaniquoe dit' 1.1 'aelle it- elte c. tl'iisev';. 'u. 2M,273 1, 
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Contributing Authors and Photographers
 

Code Code 
No. No. 
I. 	 Dr. (6corge S. Ahwi . i)r.Ia,:n A. IJolkan 

I)palloll.'n off I'lail ll athiogy l),.partamento de IIiologia Vegetal
IFntoioology - Plt l'atholigy Universidade de IIrasilia 

ILahoratory 70.000 Irasilia, D.F.
 
(ornell University 
 Ihazil
 
(icnew, Ncw York 14,156,7.S.A.
 

I9.ic' 	 Patricia Nicto dle Caldcr6n1.r IN,1AB I'rog)ram Viroog Technician 

('asilla 5427 (aI\I I
 
Sanliagi, Chile ,\parladoi Arcti 67-13
 

Cali. Colombia
 

3. 	 lg, Ilancia Var6r tic iwgtrd..Iui 
Fitipatologia 10. hg. M.Sc.,*Mliss C rdretas 
Inrtlit ColI bialhljal. Ranii, d. "iitopattiOjgi.J 

Agropectiario (I.C.A.) Colgio de Ilost grad uad os 
,rpartadoiArco 233 Chapinlgo, NIxico
 

Palmira, (iloihia
 

11. I )r, CUsar Cardona4. 	 Ing. M..e. (ierrairi Alvare/ Ilica Program Enttmologji
icnmtic RoullrceN ,\sx.Lciatc (IAT

(,IA I Apartado Arco 67-13
A,\piladol A6-co'{ 67-1 (ali,C~ C ohlmbia 
Calli. Colom~ibial 

S. 	 Dr, St F. Iiche 12. r in. latnicio ('atalro 
IlcarI Il'ct, BripramVirology Assistanat 
C'IA I'

A(lt'dI h 67-13 \partado .,\,cii 67-13 

('Cli,"iohia
 

1h..li0. Ihod 13 D1, (icrald N. (' hve,

Plant lol itq \1111nistrio tict ucaLcao e OIllumr
 

I *incrsit. of Rit"Pittin I likitIladeIcclal de \'icoua 
Rio Vivdras. Puerto Rico 30,570 Vic's, M.(; 

7,Dr, llovard I., Ilissoiete 

I clitaltlicll of Plat tlhIology 14, ( tCommuicat, ionl "tipport Utnit 
310.)Stakintm Mll of 'livnt FPatholhgp ('IA I 
I'lli'.cllty (of Miilcotla Aparlad.l A.\io o7-I3 
Sf+t.Paul. Millne'.Nita 5510X I(S.A. (all. Colrnhia 
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( ontribit inig A tFir4n aind Ph otographersi (continuied). 

Code (odf
No. No. 

15 	 Dr. Michael A, Elisk 23. IDr. Jamerns 2 (iroi

ANN,Prolussor of*Plant 11ll)l)y Iepartnicnt of F'hintIIahI 
o~
I )pm 	 lamen, of' Cu'op Protection 304 Stainz 11;11(l of lan Pthology
11 nivclsitv of, F'uer to Rico I jnivelrsjr oflIjt!e"4ra 

N1\.t~iciF'i~rioRica O07O0...... 

10 	 DIr, Silanrat Fermai 
MIinisterio 	 dle Iducimcjo c C(ulturat 24. 11. Pl1)GI/ljl 

Univi-siade e \ie('S~lF scola Sill. Agi-ic. "Lidsi de Quri-Fedral 

36,570 \'icosa. SMU.Psgauaa 
131-ali )epr-:rt':.icrro l-itoptologiaj 

13.4001 Si~ci~. 1),P 

Training Associate 
CIV! 215. Dr. Dl~oiald .1. Ilagcdorn
Npar rato A61eo 67-13 I)par-Itrr of Plant P'athlrogy 

"iii. Colombhia I tIIVersjt' of Wiwrm sin 
Niadison. Wisconsint 5370)6, US..V 

18, 	 Dr. tIuilernns , .(~l
 

(ll1C ,I\I*J~ 26, I. Anr F: Hagen
 
Apattadi, 55. ('or 441:14 Panhandle Fxpelrirenr Station
 
Sar Jw Cot Ric UIti~Vc-sit 4) Nebraska
 

Scottsbluffl. Ncbraska 6'Y36I,(I 'SA,.
 
19), Dvi. Rodrigo (iTImC/ 
 27. IX-~i~arI.Ioee
 

4)rtio dc Irrmcstje.1c66r ell 
 (:ssa Irograrr Soil Scientist 

UIIr d:,litl LIC(OJ~ iCasta Aparrado Atirco 67-13
 
(iuild 11i~arisrlraria -Rodrrgo 
 Faciu" Cali, Colorrhja 
('oria 	Rica 

28. 	 l14. FIho: W, Kitajirna 
21). 	 M~r. R. V. van (iGent Dept Fliol. (*Cl,-fI 

FIocestemrr M1 I nixi'crjtlul Ile (Irasilia 
\\'ef IHW Netheirlanrds 70,0()( I asl+,I­.Ige[WOg, 

21. I.. Petre 11 I.Ihala 29 	 Drt.R. K44lrnr
O1can 	 PI-optramr NI clob4io)1gist 1IItstrtlo 

(IM Bo4.1 linRsnhsitie
 
Apairtado ,Wreo 647-13 hmRsac
 
Cali. Co4lo)mbia Cornell UIrrcisilY
 

1119Gistot,Mc. iraadaIthaca. \c.t Ym-ik 1.1853.1 .S..N, 

I-itoplatolugji 30. 14). lDumwh"r R. Lainig

Iti"fiititl ('olombriaro IDilecot '- ('11
top (eclt 

*\Arra1idl o e 233 Apartiado ,\ teo 67-13
 
Patlrnra. (olornhia, 
 Cali, 	 Colombia 
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Contributing Autlhors rnd Photographers (continued). 

Code 	 Code 
No. 	 No. 

31. 	 Mr. Jan vanrt Le.n 40. 
Studenit 
CIA \VWageningen 

I hc Netherlands 


32. 	 Dir. Jack I'. Memers 
Applied Plat Pathology Laboratory 41. 

I S I)A-AR S 

Bleltsville. Maryland 20705, U.S.A. 


33. 	 I)r. Stiryadevia K. Moihan 
IAPAR 
Caixa Postal 1331 42. 
86, 100 lonidrina 
Parana. Ilra,'il 

31. 	Ing, lieriardo Iirenes Mora 
[)ep;r ameItCjd I itopatltogia 
\I jisteri( de A gi jCultIra 

y (ianaderia 43. 
(tradaluile, San .os,, 
Costla Rica 

35. 	 )r. i reancisco .1. Monkaies 
Bfearn l'rograni Viologist 
CIAI
 

Apaartado Aeo 67-13 44. 
(ai. Colombia 

36. 	 Iri. Ictor .1.()spinan 

Itainoig Aswoeiate
 
(IA 	 45. 

:Nrtlit~ddo Aereo 67-13 


Cali, (Colomiha 


37. 	 Potash Institute of North America' 
Atlarta. (icorgia
I ,S. 

46. 
3. 	 I)r. John II. Sanders 

liern P logiaill ticonrorllist 
CIAI 

Apartado A,2reo 67-137S1. 
(ali,(olomtia 

47. 
3). I)r AmrI %anSchoitihox en 

Iean Program Coordinataor 
(IAT 

Apirtado Atbrco 67-13 

Cali. Colombia 
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Di. Max I.,Schuster
 
Department of IIorticulture
 
University of Nebraska
 
Ioincoln, Nebraska 68583
 

Dr% Iloward F.Schwart, 
Bean I'rograin Pathologist 
CIAT 
Apartado A'reo 67-13 
Call, Colombia 

Dr. .lames R. Steadman 
Department of Plant Plathology 
-16 I'lant Sciences Building 
1 nisersity of Nebraska 
ILincoln, Nebraska 68583 
1).S.A, 

1)r. C. Iayh a 
IlHojcc I'lolipsotll Institute for. 

Plant Research 
Cornell University 
Tower Road 
Ithaca. New York 14853, 1.S.A. 

Ing. Edgar Vargars 
Universidad de Costa Itica 
Ciudad 11.1niversitaria "Rodrigo Ia:cin'"
 

Cost a Rica 

)r. I.11. Weinsteir 
Ioyce I honipson Instifute for 

Plant Research 
Coirnell University 
Iower Road 
Ithaca. New York 14853 U.S.A 

I)r. .lames 17.Wyatt 
U.S. Vegetahle Lahnratory 
I.O. Itox 3348 
('harleston,. South ('ariolina 29417 
I 

I)r. Kazrhiro Yodfli 
Irlitilto n (tlcencila 

\ Tectrologia Agricolas 
5a. Avenida 12-31. Zona 9 
l[dificio "F"Cortei'' 
(hatenala City, (irratemala 
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('ode listingof phtol(3grlfphers (contiuied) 

Figure Photogra pher 	 Figure Photographer 

Chni) er Numlber Code Chapter Numher ('ode \ 

17 6 9 20 1 14 
7 I 	 2 14 

3 14 

4 2 

5 l14 
41 

6 14 
2 39) 

33 
41 

4 41 
5 i5	 9 39 

I10 14t 41 
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20)
41 13 14 

14 14 

15 14
II 43I 

17 14 

'I)5	 7 
0 435 

IS 14 
1') 14 

I)I 14 	 21 141
22 14 

2 17 	 22 14 

17 23 14 

4 17 24 14 

1-4 25 	 2o 
6 1.1 	 2, 2(6 

27-2 14 
S 36 2s 141 
S22) 3t) 

lO 17 	 3u. 14 
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12 21 	 32 ,
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