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The dry or common bean { Phavenlus
vilgaris L) 1s exposed to a large numiver of
varied constraints during its growth Many

tactors inciuding discases, insects, sonl
problems, chimatic stresses. and  poor
AETONOMIC praclices contribute to the

large gap between actual and rotennal
vields. in Latm Amenca, tor cvampie.
average vields are less than 6005 oerams
ner hectare. [n temperate regien. of Lann
Amenca and other parts ot e world.
average vields of up to MO0 Kilecroms have
been attmned under conditions ot atensn e
production. Even in these rones, however,
vields have teveled off or even Jdechned,
largely due to 4 compiex oi production
problems. On the other hand. many
cultivars currently grown and breedig
materials bang developed mas vieid much
more than 2000 Kilograms per hectare
under expenmental conditions

BEAN  PRODUCTION  PROBILEMS
provides a comprehensive review of the
diseaseansect, sotland chimatic Constrnts
contnhuting to poor vields of Praseolus
viedgars, 1t s antended to assst cennfie,
extension and  admimstrative perooanel
volved i programs to improve prosduc-
tion of dry beans

Pwenty authors have reviewed more than
one hundred specihe conditions dfecting
production ot drv beans  Chaprers are
preceded by detairled tables of conisnts to
provide easy aceess to speetfic topies while
compiehensive  reterence st tacibtate
referral to ormanat bterature sources. More
than 200 tigtres and color plates iliustrate
most of the problems described. Appen-
Jices are imcluded to wd 1 wentityimg
pesticdes. ane converting measurements,
and Lo cantving the current tivonomy of
sartious leyume species
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Foreword

Weare pleased and proud to present to the world of agricultural science
this book on diseises. pests, and other problems of beans.

The book represents the combined etforts of dosens of researchers. who
have contributed therr expertise an this important subject. We believe the
hook v one of the most comprehensive works vet published on bean
prohlems und brings together in one volume the most thorough. current
Anowledee mvantuble from some of the world's leading plant scientists and

reseatchers,

Beansrepreser very importanteomponent of the diets of the people of
Fatn Americacar they are produced chiefly by smad] farmers, The fuct
that vields have remaned stagnant over the past two decades has resulred
inan actual dechine in per capita production in Latin Americi, The very
large gap between potentiad vields demorstrated on expermment stations
and actual vields readized by tarmiers is due to a great extent, to the many
diseases and imsects which bestege this crop. Tt is our hope that this book
will contnibute to the solution of these important problems,

Publication ot the hoon is i keeping with CLA TS continued devotion to
the agnicaluiral and ceconomie deselopnrent of the fowland tropies and the
unprovernent of Iiving standards of s peoples,

John L. Nickel

Director General, CIAT

I
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Preface

More plant pathogens, and more aggressive or virulent isolates of these
pathogens, are attacking heans ( Phaseolus vielgaris 1.y in tropical regions
than in temperate regions. The pathogens vary greatly between seasons and
vears for their incidence and damages henee it is diftficult to obtain the
cconomic data required for their priority ranking. Various pathogens are
restricted to growing regions which possess specific em ironmental factors
necessars tor therr survival and perpetuation, Other nathogens are
abiquitous throughout Fatn Americi and other regions of the world.
Additional pathogens and insects may he importantin specitic production
regions, but they do not reduce total Tatn American bean production
sipnihicantly,

Sinee it nounhkely that cesistance to all major pathogens can be
combined immediately in commerctally aceeptable cultivars. some
grouping is usetul to determine prionities for speetfic production systens,
Beans produced in cool climates frequently sutter vield Tosses due to some
combination of hean common mosaic vivis, rust, anthracnose. angular leaf
spot. roat rots and bactertal blights. Beans produced in warm-hot,
relatively dry chimates trequently sutfer vield Tosses due o some
combination ol hean common mosaie virus, bean golden mosaic vivus,
rust angtlar et spot. root tots, and common bacteriad bhght Beans
produced o warm-hoto relatively moist chimates frequenthy suffer vield
Tosses Jue o some combination of web hhght, root rots, and common
hactenial blight. However, it s ot uncommaon to encounter production
regions s ineh conditions tavor epidenies of common hacteral blight.
anthraenose, web blight and other diseases simultancousiv or during
different stiages of the hean production cyvele.

Diseitses stich s web blight, common bacterid bhight and bean golden
mosate virts e been mportant factors in the development of dry bean
production policies threarhout Eatin America Weh blight and common
hacterial blight are nonportant diseases inrelatively warm and humid
regions and currently construnbean cultivars from heing grown profitably
i many production zones. Bean polden mositic virus has been a
devastating disease in parts of Brazil, Central America, the Cartbbean and
Mexico.

\i



Many of the Prncipal insect pesie, such us leathoppers, leid-teeding
bectes und larvae, and CUBWOTMS. are encountered throughour gl
production regions and can damage beans seroushy during varions
Pettiods. Other msects, sueh s the Mextcan bean beetle and bean pod
weeloare primarily encountered anbuan regons of € entral Anierica, the
Caribbean and Mexico, SoragEe insects, or Bruchids, are Very pervisive
nd i serious economice problen hecanse they ofpen toree producers to sell
beans imniedutely atter i ev w hen the ke SUpPIv s saturated and

prices are low,

Dry bean production also is atfected by NI constramis other than
plint pathogens and insect Pestse Sotl fertility 1y extremeh vartihle
throughout Latin America and other regions of the wotld, and bean
production often iy severely limited by deficiencies and Or tovientes of
clements required for plant development, Miseellineous production
problems mav be induced by such factors s agncultucal Chemicals, g
pollutants, climatic varitions orestrentes and venetic ahnermahines

Much literature n bean production constramis b heer Publiched by
TSt the American continents and other parts o the world since
F9S70 when Do W Zaunieyer and H R Phomias released ther
authortatine manegraph on bean diseases methods tor then control,
Cur book woa witten 1o supplement ther monograph as . technieal and
carrent review ol maror and minor beun production constrimmts which
occutin b atim Amerea and other dn bean growing regions ot the world, I
ahonsaimtended (o g saentibe admimstian e eNXtenston personnel
tvolved i programe 1o mprove oy bean production

Fhus baok s disded into four veneral sections, ciach contimng chapter
Wien on specttic diy bean Constramis by one or more of the 20
contabuting authors Intensive reviews are presented  for dry bean
Droduction and losses, fungal discises. bacterial diseases, mycoplisma-hike
and el diseases, and other production constraing. melud g seed
patholor nemutodes, miscellaneous problems. voil fertlitn . iseets and

ot pests

Fhree appendices are ue luded toaid the reader in the identification of
pesticides reterred to throughout the book, (o convertmetricto U S units,
and o clarify the current 1e onomy for certain lepume species.

Mo, 19Ty

H.I- Schwarty
G.E. Gilver
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Chapter 1

Bean Production and
Pest Constraints in
Latin America

Introduction

Dry beans (Phaseolus vulgaris 1..) are exposed to a large array of yield
constraints during their growth eycle in Latin America and other regions of
the world. This chapter will concentrate primarily on disease and insect
constraints which influence bean production in Latin America. A brief
review is given on Latin American bean production, followed by a
discussion on cconomical and pathological aspects of control strategies,

More than one-third of the dry bean production in the world occurs in
Latin America. Average bean vields in Latin America are less than 600
kg ha. compared to monoculture vields of nearly 1400 kg ha in the United
States { Table 1) and three to five tons under experimental conditions in
Latin America (). During the last decade the production growth rate of
beans in Latin America was substantiad™ less (0.27¢7) than the population
growth rate (2.8007), and cansed per capita consumption to decrease while
bean imports and legume prices inereased. These trends have aggravated
nutrittona! and bhalance-of-payment proolems in many Latin American

countries ( 24).

lotal bean production has changed relatively little in I atin America
during the last decade due to a net balance realized between expanded
production arca and reduced crop productivity (Table 2). Not only have
dry bean vields declined during the last decade, but they also have <howed
extreme fluctuation between vears. Variable weather conditions, poor soil
fertility, bean diseases and insect pests appear to he the mostamportant
factors contributing to declining and crratic vields (3, 13, 23,25, 26, 27).
The recent decline in Brazilian vields greatly influenced total productivity,
since Brazil is responsible for 54¢¢ of Latin American bean production.
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Recent severe disease epreemies ol heey vold s nosne viras and clirnnic
problems witn anthr wenos and commor, pocteab blight appenrtc have
been most responsibile for Uis decline (24)

Brazthan vield dechnes alo have heen inthicnced ey the displiacement of
beans 1o more marnnal prodoction arecs due 1o the influs of more
profitable crops such as sovhoans, 1 his displaceinrnt also hay occurred
frequently thronghous other evio, of 1 adn Areriea because of the
mberent risks involved L oean production, Tow absolute vields and
proftabidity a d the Tack of o stable price atter hars ting. T hese fac tors,
phus ditfienlties in mechant g the div bean harve o, have concentrated
hean pre fuction on small Sarmy in most o1 Lanr Amocries (130 16).
Production on smadi furms o suadhy implissiow tever o our hased pULs,
assoctiated cropping, and pro duction areq shittsas <ol netrients bécome
depleted ar eroded (Fable 3

Dretermining Priorities
Among Bean Pathogens and Pests

Fhe importancee of a plant pathoger or pest iy determined by tne
ceononie ose it esases The magnitude of this Toss depends oi how
frequently it occurs and how severe the dinage 1s during cach crop cycle.
Mostesumates of vield Tosses in T atin America are based on experim ntal
daticand sheald. theretore, be regarded av estimates of vield losses nnder
cohitiony of pood soils, high level manigement, often high use of mputs
and sy hagh disease or inseet incrdence Table 4 lists estimated yield
fosses obtaned for inportant bear rathogens and msect pests, priivianly
under these condinons. However, it i difficult 1o extrapolate these
erxbernnent station o plasshonse disease loss estimaetes to those of

vomme el operations,

One stady of farm lvel aest gnd pathogen incidence was conducted in
die mager Colombrn sone. of bean production in 1974-1975. Based on
dati tehen duning e e d visis o 177 farme, the relative importance of
Yartots pestsand pathopens was estimated by multiple regression analysis
C22000 dable Ssan iz the magnitude of production Tosses obtained
durimge this growth vele mo v anons Colombian regions b example,
leathoppers cavsed T35 madhon dollars dimage in th - repions during one
setiester's production Pes, g pathopen incidence o ovpected tovary not
anlvoby repon bt also between seasons and cotevars. Henee, much
Itormation i necessany tor the detinitive priotes ranking o specific
production regions i Latin America.
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Bean Discase Control Strategies

Many measures are avinlable o Latin America te controb bear diseises,
including cultural ractices, crop totation. sanitation and disease
avoidance, production of pathogen-free or clan weed. chemieal control
and resistance breeding, Assocuted cropping vath maize may reduee
certain inscet problems and crcate 4 physical harrier to the spread of a
pathogen such as the common bacterial bhght bacterium (1101,
However, it can enhance infection by other pathogens suchas the angular
Jeaf spot tunuus (200,

Dy bean pathogens catsing diseases such as bean common maosaic
virus, commen bacterial blight, angular leat spot and anthracnoseare able
to intect seed and be transmitted within seed. When comnared with highly
ifected farmers seed. unpzessive resuits have been ohta ied by planting
clean seed (3.0 7). In Guatemala, «laan seed combined with other mputs
raised vields to 1.3 tons ha on &4 hiom owo vallevs compared with the
national averape of SIS kg hae Results o Colombin tar certified and
protected weed (produced with heavy chennealappheation e hiph raintall
regron) were not mpressive. Tnfacts certitied seed gave fower vields than
farmers’ seed and the protested seed was only marginably superior with a
106 ke hadifference (3. Inhean prodaction regions with a high incidence
of pathogens, pathogen-free seed may have to be combined with other
control strategies to reduce disease meidence. Subtantially higher vield
ditterences will be necessary to offset the costs of implementing and
maintaining clean seed production programs,

Clean seed production in semi-arid regions of the western United States
undoubtedly has contributed substantially to the reduced importance of
anthracnose and bacterial blightsin the United States, However, clean seed
progrims are expensive since thev require:

specific regions unfavorable to pathHeen development and survival,
but favorable to plant development

increased production costs for irrigation. inspection, chemical
protection and transportation back o production regions
distribution to farmers

A successtul clean seed production program often requires tina.cial
support by the government or a pioducers’ cooperative to reduce seed tosts
and insure farmer acceptance However, when combined with other
control measures, clean seed may be a low cost and effective control
measure for certain pathogens (3).
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coturn than alternative controls or s the only practica conttolavaikable to

prodicers wath hinited cconomie resourees,

Another problen: s the mereased probuability of o general epidemic
Secnrting adter widescale diftusion of @onew enltivar with race-speaific
resstanve of ditterent culnnars derned tromeelats ey sinlas and untform
vermplisnt sovrces. Such an eprdenne ocenrred during 197010 the Enited
Stdes when 7590 of the comemercial mase hvbnds planted were derved
troni a sineke source of cvtoplenm. Thees hohads e ancceprible 1o
vatious pathorens such as Phvllonticta navdesand flelminthosporium
Prandis ice U bhe Loter vedneed SO vields B 130 1970 (4,
Cooutaphical diser-it ot production areas and larming systenis,
Jitlerences n consiiner reterendes tor beap svpes and ihe expeoted slow
Jiftuston of new matertals to e many simall tarmers producig beans
ot Amenc ! rednee the daseer of awedeseale eprdemiomberent inan
wrenltural svtem which relies onwidely dattused and e callv unitorm
ciltivars Nevertheless, the stabilits of plant resistimes Cechanisms must
be anonitored  continuotsly o by escarci ant oste ision personned
frcnvhout batin Amenea and othes dey bear o duction regions in the

ot 1\1

Summary

Beans are attached by a farge number of plant pathogens and insect
pestesmans of which can reduce viclds destieadly Farmers with small and

Nobdmes usualls have Hinnted resourcees but produce most of the beans in
Foan Amenan Conrrol srateeies feastble for these growers may he
tostiwted B those steatees s hch doonot require Targe cash inputs, henee

§

b e tane ot e the most desrable alternanive avandable.

Bpeedine
Satnonial and antermatenal bean production programs must aceurately

o

by otd constrants prevalent i spocitic production regtons 1o

prosade o erhicenn wee on e Leee nanpower research expenditure

aid e reguireeent s necessany to anplement resistaree breeding

Stabihiey of ettt matenede can beoimproved wath anontegrated

v oob resistance, enlinal practicess chenncals and

ContEod Srate Cotisis
cheag seed produecton tor those diseases e hich resstance does noteonter
crmunity tooantecton Phesonteerrted control stratess wall need 1o be
achapted tospectic Torenal srohlomss N the case of diseise and insect
ocnte adentifcaiton, e sostematie collection of mtorniition s
ecessary oo cvadite the costoand probaihien op stceess tor control
Satepies o thiet the rosearch by patholopy. entonsclors and hreedmg on

e esperiment station s more appheable and quick v avinable to lyrmers,
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Chapter 1

Fable 1. Dry bean production in the world during 1975.77 uy.

Plluills‘llr‘ll

Iotal

Average

\rew Productuon Yields

Country 000 ha 000 Lo, (kg ha)
Woari” ATAN 1973 S
A IGNTRR 1525 837 547
\rienting 167 157 1085
Chile ¥2 RS 1032
Colombig 12 s 693
Gruatemadn 19 70 599
Paragnay 70 54 771
Nicarigua 69 Si 746
Peru 64 49 772
Venerzueh 95 48 49]
Huonduras 87 47 540
L Salvador 54 8 703
Domimican Republic 45 33 73
I etador 66 30 451
Cuby 35 24 686
Conta Rica 36 15 417
Pinama 17 4 235

Latn Amerien b 6486 3677 567
Clhung 2603 2229 856
Umited States 570 779 1370
Lipan 113 148 il
Canada 68 97 1435
Far P 9472 RY il 336
A 1961 1106 564
Wostern Firope 941 483 513
Near Fast 230 2 IKIK
South Atrica 09 %] 927

Warldy 27 12392 522

A Cewpeas were deleted trom the Brasalian bean duty
NoNeveral batn Ameniean vtntries were cnchuded becanie of HIC 0T8I

SHare ol producton was very smal!

tidaty However, therr

ST These taals mclude production dats 1 e the above countries plus others not listed

i
P
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Rust

Introduction

Bean rust is caused by Uromyvees phaseoli (Reben) Wint, (U
appendiculatus (Pers.) Unger). The disease has a worldwide distribution
(¥5). Tt causes one of the more important production problems in many
arcas of Latin Amcerica (84), including Brazal 170 71), Colombia (86),
Mexico (200, Peru (25) and the tropies in general t8). Yield Josses are most
severe when plants are infected during the preflowering and lowering
stigres of development, approximately 30-45 davs atter planting (1, 17, 20,
320740 79) Dhsease loss estimates in the glasshouse and field include 40-
S0 plant dry weight reduction (), and vield Tosses of TR-2877 (25, 74, 86),
IS5 (52 and 40-10077 (39, 66, K5).

Uromyvees phaseoli can infect many species of Phaseolus, such as £,
acuttfolias var, latifolivs, Poederanthis, Poanisotrichus, Pococcineus, P,
dvsophyilus, P lunatus, Poobvallates, Poopolvstachivus, Poretsus, P
snnatus, Povadyaris, Viena unguicidara (57,85), 1 repensand Vovexillata
{1,

Common names frequently used for rustin Latin Americaiadlude rova,
ferrngpem and chahuxtle,

Itiology

Uromyees phaseoli o ap obligate parasite: which belongs to the
Hasidiomycoting subdivision of fungi. [t has an autoecius hfe cyele which s
completed entively on the bean host (5)

Accra are tarely observed i vatire (43, 85) but were studied in detind in
the preenhouse by Andrus 5y and mere recently by Groth and Mogent35),
Atter undergomyg a condioning or dormancey period, teliospores may
serminate to produce basidiospores which infect bean leaves and in about
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Fig. 1- (Left)y Pyenica of Uromyees phaseolt on upper leaf surtace
- ]

Fig: 2- (Right) Accia ot {rom e phasecd on lower leat surface,

six days at 22° - 26°C produce a small chlorotic feck or pyentum (Fig, 1),
which after approximately seven days contains droplets of cloudy white
nectar, spermatia (+ or - mating type) and receptive hyphae.

Cross fertihzation by pyeniospores from the opposite mating type will
initiate accium formation (Fig. 2) within nine to 12 days at 22° - 26°C on
the lower leal surface. Accia may form occasionally on the upper leaf
surface also. Aceciospores form in the white accium and, upon their release,
are able to infeet bean plants and eight to 10 days later produce a pustule
with urediospores (5,35). Subsequent cveles of infection rely solely upon
the urediospore stage. These spores are capable of germinating to provide
infection hvphae which infect the piantand form new pustules wherein new
urediospores and eventually teliospores may develop (5). Teliospores
reportedly undergo a dormancy period and germinate six months after
production and subsequent storage at 9-C (38). However, Groth and
Mogen (35) were able to remove possible inhibitors by washing teliospores
in running cold water for three days and observed teliospore germination
on water agar within two to four weeks at 247C.

The most commonly observed spore forms are the urediospore (suinmer
or vegetative spore) and teliospore (winter or resting spot.). Urediospores
are produced in rows within a sorus or pustron the upper or lower Jeaf
surface. Urediospores have a short hvaline pedicel and are ight brown in
color, one-celled, spiny and thin-walled. and globord o ellipsoid in shape.
Fhey may have two equatorial or superequatorial pores, and measure 22,5
1 by 28 1. Near the end of the growing season, teliospores may form within
the pustule in response to changes in lightintensity, temperature, moisture,
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cultivar response, race differences, leat age or plant maturity. Feliospores
Bave a short hyaline pedicel and are dark brown, one-celled. smooth and
thick-walled. and globoid to broadly ellipsord in shape. They mas have a
hvadine papilla over the pore and measure 24 1 by 30 10 (85),

Almeida (4) reports the existence of anew viricty of bean rust collected
from  Phas. olus fongepeduncrdates Mart, i 1945 by AP Viegas, who
named the rust Cronivees phaseoli longepeduncudati Vicgas, Almeida
studied herbarium samples of the orneinal collecnon, confirmed that it
ditters trom U phaseoli, and, according to current nomenciature rules,
named it Lromyvees appendicutaios (Persy Ungs var, brasdiensis R
Almeida var, nov.

Uiediospores have two distinet germ pores present o slighy
superequitorial position, in contrast 1o (0 phaseodi urediospores which
have indistinet pores along  thelr equator or rarely inoa shightly
superequatorial position. Tehospores wsuadly are smooth-walled and
rarely have small, inconspicuons warts, in contrast to {0 phaseoli
tchospores which rarelv are smooth-walled and usually have numerous and
prominent warts.

Stthongh 0 phaseadi does not grow 1n culture, viahic spores can he
preserved for varving tune periods in the laboratory. Died feaves bearing
pistules and spores have heen stored at =20 C for two vears (37)
Urediospares stored it 7 C for 26 weeks infected plants in the greenhouse
(3490, Viable spores (4047 germination) have been recovesed ateer storage for
nearly two vears at -607C {63y, and for seven vears in hgquid murogen (21),
Davison and Vaughan (230 had simibae results when spores were
stoted at =187 C but they claim that spore viabihtv and content of selt-
ibnbiting chenmeals were itluenced by temperature and  moisture
conditions present durig spore production. Dundas £26) reported that
Sorze at =180 for tive to seven months reduced spore germination
marhediv and mduced pithogenie mutations,

Fpidemiology

Intection by Lramices phaseoli s favared by prolonged periods (10-18
fours) of moisture condittons greater than 9577 relaive humidity and

moderate temperatures hetween 170 - 200 (70 30 380 020 by

emperatures gratter than 32 C may kil the funpens (2006100285 and
temperatures fess than 150 mas retard tungal development (200 85) Day
fenpth and hrhtintensies e naportant tactors (37) and Angostn eral (7)
teport that itection s v ored by imcubation i fow hgh mtensan (25 10

ne e osec hy tor 1R hons

Urediospore production and =lease also are mthienced by mosture and
winperatiure condit ans. Spore production mereased when infected plants
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by farm implements. insects, animals and wind currents (76, 85). Later,
tehospores may form in these pustules, and telia appear dark-brown to
black (Fig. 7). The bean rust fungus 1s not seed-transmitted (85).

Various anteractions have  heen observed  between infections by
Cromyees phaseoli aud oiher bean pathogens or non-pathopens, usually
andes controled conditions. Rust intection miay predispose plants to
subsequentinfection by bean pathovens  sach  as Pyeudonienas
phaseclicola, Colleromrichum lindemuthianon | Fr Sooand Dhielaviopsis
hasicela and non-pathogens such as Sphaerotheca fulivena and Tobace
Mosaie Virus 177 T,

A bhigh incdence of rust imtection My suppress the appearance of P,
phascolicola svmptoms (77) Necrane rngs can oceur on the perimeter ot
rustpustules when rustintected plants are inoculated with Tobaceo Mosaic
Varus (310 73 and possibly other virises (Fig. 9. or cuenmber downy
mildes caused by Peeudoperon. spord cubensis (75). Heavily rusted
seetions of leaves were slowly killed during the interaction between bean
rastand cucumber downy mildew, R spores mav contain compounds
which inhibit vitus multiplication when the two organisms are inoculated
simnltaneously onto plants (31, 73).

AR

Fig 9-Neerotiering development i ound bean
rust pustules catsed by interaction with
untdentihied virus.
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possessed much pathogenic variability (37 Various sets of diflcrentiat
bean cuitivars have been utilized (Table 1 1o characterize the different
races of bean rusthased upon pustule vize, intensity, chiorosis and necrosis,
Variation in natural populations consists of 39 races identitied in Bravil
C1317)0 10 vaces in Colombia {863, 31 races Mexico (19). 12 races in
Piierto Rico (43), four races in Nicaragi, e race i Honduras (67, 6%),
Eve races in B Salvador ¢69), weven taces in raatemala (70), four races in
Peru (360 1 eaces i Costa Rica, 1] rees i Australian cieht races in Fast
Atrica and 35 races 1 the United States (5, 160 OS5 Untoe anately, ity
ditficult to compare these data becaase differen rating seadesy Tahle 2)und
ditterential cultivars were used (18)

Maost workers have relied un sources ol specthic resistance effective
avainst o himited number of physiological vaces prevident in specific
focations (7089018, 200 36, 45, S8 60, 83, S.4. 89) Selection ol resistant
cutiviees o germplasm usuadiy s bised on the compiete ahsence of rust, ot
salt pustule size, Specific resiatance msuathy s simphy inherited and
daminant (7085 However, some sources hive imvolved mutiple factors,

meainpleie donnmance v transgressive seRreRation (539,

Many commercnd Qi possess resislinee Lo ong o1 mote races,
Hovever, o date, no cultivi, RETPISIE saurve i been immune of
esintant tall reporied races or popotations of rust (24 Data from the
PHSIO Interuational Boan Rust Nursery were vathered on 132 entries
tested it ELend (5 locatons in 1975 and 1976, respectivels Noentry was

resistiont at every location in hoth vears. See Table 3 014).

Covie and Schuster (18) sugggest that speaific resistance may be used
wore ctieetuvely to provide @ longer-lsting and stable protection by
rthizmig gene pyranuding, multilines, multiptasnand regronal deplovinent
ol venes. Johnson and Allen (425 reduced the sporalation of a highiv
sulent race by first applving o weakly virulent race. Ihey feel this
prinaple may be usefun i o multline. Vicira (72) states that the diverse
caltvaars wrown e Boazil were developed focilly and. in total. previde
hotzontal g neld resistance o rustand other bean disenses, Substitution
of this msture with o few impron ed, venctically untform cultivars moy
place much selectior pressure on pathogen populations,

Fhe effective tse of specitie resistance demands that an internationil set
of ditferential cultiviars and rating seale be developed to coordinate
research activities througheut thewor Standa d technioues alsomust be
developed for uniforin procedures o nocitlete difterential cultivans (15
A5 AT Virious inierna G nal elionts are now underway throngh the
International Committee on - Coordination  of Rust Research, the
Committee on International Bean Differentials. and the Irternational

Bean Rust Nursery,
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Rescarch also must intensify to develop forms of race non-spectiic
resistance to supplement or replice existing sourcees of specitic resistiance.
Nearly 60 vears ago itwas observed (30) that bean cultivars ditfered in their
rust reaction by edueed numbers of ufections, decreased pustule size and

spore production. and carly teha formation.

Revent workers (5 TH hove revived anterestn this torgotten area of
pesearch by suppesting that factors which aiso may contrtbute to non-
cpeatic resianee include fenpith ot dew petiod produced on speeific plant
venotvpes, efticieney or pathogen penctration. length ol incubation perind,
rate of pustule development and increased resistance with plant maturity.
Rodiigues of af (391 1eport that Mesieo 3091 siiseeptible to riee CR-29
hut sichded ws well as resstant cultivars, many of which were early-
maturing. Canessaand Vareas ¢12) obsen ed cultivals were more heavily
mfected in the Jower than the upper tolee. They feel that this type of
resistanee may e usetul Gongdldez (Y reporis that Bolita 41, Victor &,
Ficoten and Holrnn 200 are Lite on slow qusting Other workers also have
observed this reaction m other matenals (Memners, Ballantyne, porsonil
Commeations, Methods mint be dessned to measure these coinponents

Al corporite usetul oo mto brecdimy programs.

Diteetn e and stable et control o bean rust may be achieved by
comblnng spectie et triee venes il various tustors contributing to
non-pecthic resistance ) tetepration with other control imeasures, such
o chenicod and cuitunad pracnees, o have to e considered to achieve

fong-lastimg and stable protection auainst bean rust,
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Anthracnose

Introduction

Bean anthracnose is caused by Colletotrichum hindemuthianum (Sace. &
Magn.) Serib. (24) and is distributed worldwide on susceptible cultivars
grown in locations which hive cool to maderate temperatures and high
humidity or free muoisture The perfect stage of the fungus has been
idenufied s Glomerella cnpdara (Stonem) Spauld. er Vo Schrenk (52),

Ihe anthracnose pathogen has caused econonie losses in North
America, Furope, Atrica, Austrabi, Asta(91), and insuch Latin American
countries as Mexiwe (24, Costa Rica. Guatemala, N enezucke, Colombia
(30) and Brasail {23, 851 Dicease Trsses can approach 10077 when badly
contaminated seed iv planted under conditions tavorable tor disease
development (91 For example, vield losses ot 95077 or 385 occurrad when
i susceptible cultivar was moculated one o sixoweek s after plant
crnerpence. respectivels, i die highlands of Colombia 1200 43)

Colicterricbwm lindemuthianu s o pathopen of Phaseolus valgars L
2o hnatues Lo 1 timensis Muel Poaciaifolius vac faofoles bre, P
coccinens, 1 aurens Roxho Viena ungrcndata and Ficia fuba T 167,86,
Y1

Common names frequently ased tor anthracnose in Latin America are
atracnosts ond antracnose,
Etiology
Collerotrichum fmdennatiinu s o member of the Fungi tmpertect
ard produces septite. branched mycchum with changes i cclor from
Bvalime o nearly black upon matunty. Poeellular hvaline comdia are
produced which mensure 3o Shy PV o 2200 Thev usually contam avlea
vicaeleslike body near e center Conidial shape may he ohlong,
evinndrical, nidnev-like or S-ike with rounded or shehthy pomnted ends. A
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Contdim may gernmate i s 1o nime hours and produce one totour germ
tubes which torm appressorin at thes tps dunog pathoeenesis (86 91

Comdia are horne inacenvuli on host tia e I+ n-nvee. the comdia appear
silmon, ochraceons or pink. Condin wic borne on hvahne, cerect,
unbranched conidiophores 40-60 1 in beneth Sctae man appear in culture
among the condiophores o on the hoot qr the Warg ot an acervulus,
Fhev are pomted, s, septate brown hoirs 30- 0060 0 Long (9]

Optimum tungal growth occurs m cultuie SE225 0 ST Conidial

pmduy!mn IS optimum between 1418 C (3132 50y Loand s severeh
bnnted or prevented by temperitures ereater than 30 C (3 12 9y,
S mrulmnn Botvored at pH oS 05 and s unattected by aeration

natural or ultrasy olet heht (59, Bean nod g mediun 1], 30,

sterhized
pods (91 potato-dextrose agar and €, thek medim 9 most otten ag e
used for calture growth However, vomne olates sparulate onlv when
srewn enamediutm contmnme elucose, minerd salts o neapeptoane Sy
Paolites many fone vathihoy and pathopeniens whoop repeatediv transterred
trcalturesunless occision Iy rerolated o toculated plants or Gored
vider dow temperstures Hwang or of  1ds, sloted molates 1o
months wt S0 1o 196 0wl o Toee b oy pathoretieny,

Fhe pertect sape of 1. et ormaily was calbed  Gloonerelio
Indemutinana Sheas (). bu iecenths b been cenamied O cimendarg
e The tuneas produces pentheaa with o diamcter of (202210 10 and
Pesttnn A0 R0 woan femth Perthea contun hvadine and Hlitorm
feriphes bl mml Tdavs ot ape and ase which mes astire N by dNaa gy
wnd dsappea arer 27 30 dinve F el aseigene ontins e htascaspores which
i beadantond (605 € 20 1 o ¢ hpsord G4 100y 4, e Ascosparesare
teoted from the aaons 050,

Intectono v partictes have been detected inmalires ot Coliviorrichm
fncderan thuamom d oansterred foo v free molates by hyphyl
anistormss 284 whad vrowth and sporilation by nteeted icalites e

reduced, but there g . reports of altered pathoreman

radela Fithio ! Porpen sy teport that o ditterent speoies ot
Collerorr v ws Nobtted tron anthiac o Sttected plants in Byl
Phe tungns was identiteed o ¢ PRI b raneaia s e N A
Possessed buahne . curved, conoey, pedimcelnle conidin 270 S and
setae anmony the uvmdmp'mu\ Purther rescareh s NUCessury to contirm
this repart and deternyne the Feduena and impartanee of (his SPeCies
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Crispier al (285 ecommended sprasvmg tobape at flower imtiation., late
fowering and pod-tithng 1o achieve satistactory control, However,
tungicides are cxpensive and ey have himited avatabidiv m Latin
American bean produciion

Control by Plant Resistance
Physiologic Speciatization

P B9800 was discosered that cultivar dittered in their reaction 1o
mtection by Coadleiotricoim lindemchiamon and that the pathogen
possessed pathogenie varabibinn. Burrus ¢ FUTS ornmmadly deweribed two
phvsiolopcal aees desinated alpha and beta, 1he sarmma e then wis
decovered Ot Howed by the delt ) and epaton races (191 A mutant
ctrthe wdphi race 10 enaed alpha SNy s Tnter named lumbdy 26

8

Recenthv o Sehine s eral (79) discon cied thie thnet suain, subsequenthy
cenatned the happa cace (33 Hubheling (47 wolated the lotarace from o
Sreenhouse oo ation of Bappieresitant seedlings with: o mxture of

s vatnacde b and b racees. How cver. the yoti race his not\ et
becti detected o matine Roaee desipnations have been based on the
Siterential renctions o anthracnose isolates when moculated  onto
drtterentiad Bost calos s possessiny duterent gencis) tor resistunce to one

CU oI Taces {9,

Numerons surveys have been made throughout the world to identify the
provadence and distribution of speaitic races, Unfortunately, workers have
wed difterent sets of ditferential cultivirs and race designations, making it
dithienlt o compare ther data, For example, workers m Mexico (8%, 89)
ed eehtditterentild cultivig - tochssitvisolates MA <] through MA-10 44
belonpine 1o Mevico proups LOHCHT corresponding: roughly o the beta
racesand races MA- T throuph M A~ Leorresponding raughly to thealpha
race Ruces i Australia have heen destznated Aust-1 1o =X (87), o 4y riaces
20320 Racesn Grermany hine heen designated A-F G-NUN (70), and
alpha, hetal wamma sy

Bannerot 11 has desienated races in France as 'y, Calphad, 1)y,
(hetin b teamnin, 1y odeli, - tepslon) and I < (gamma plus delta).
Phe wlphas beta, camma, deltg and epslon races ocenr i [talv(37) Ruces
atphas bet, pamima, delt epsilon. limbdi have been identified in France,
Holland and or Vaanda (19, 45 87 gy Brazilian races have been
dentitied s alpha, beta, pamma deltas Brazthan-alpha, Brazilan L
Brazihan 11 Mex T and Mex A7 51605 66,71 Racesalpha, beta and
smn occur i Chile (60 and the beta and gamma races are prevalent in
Colomihiy (20, 21, 43,
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S Yerhes W D and MOT O 19sy New

taves ot Collerorrichum
lrdemuthiann:

Mevico Pn’l_\((\}‘»_i[hm!ﬂ:&)‘ d0 Ahd-SkT
M Zaumever. W I und | PoMeinere, 1975 Dicease Fosistance mbeans, Ann. Rev,
Phytopath. 13 3)5-300

YE Zaumeyer, W and 1 R Thomus, 1957 4 monographic study ot bean

diseases and methods tor therr control, 1S 1) A Agro Tech Bull No. R6K,
288 4
AT
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Chapter 4

Angular Leaf Spot

Introduction

Angular leat spot of beans is ciaused by fsariopsis griseola Sace. whichis
prevalent in tropical and subtropical regions such as Brazil, Colombiy,
Costit Rica, Guatemala, Mexico, Peru, Venezuela, and in Africa. Ttalso
exaists i other regtons, such as Australia, Furope, India, Tran, Israer Japan
and the United States (2,0 7090 120 130 140 180200 25, 31, 32033,36). Yield
Josses can be quite severs and have reached 5097 in the United States (18),
40 1o 6007 in Colombia (200 and ROTT o Mexico (14).

Phe tungus s a host range which includes Phaseolus vulgaris, P,
lunacies (91, P mudnfloras (6, Pisuns sativum (10) and Vigna sinensis (15).
Abramanott, cited by Cardona-Alvares and Walker (9). considered
sovbeans (Glvenme maxy to be i hosts but this has not been confirmed.

The common name trequently used Tor angular leaf spot in Latin
Amenca s onancha angular,

Etiology

Isariopsis griseola is an iinperfect fungus and is synonymous with £ laxa
(K1) Sace., Graphiam luxum BN, Phaeoisariopsis griseola (Sacc.)
Ferraris, Cercospora coltmnare Flloand Ev., Lindaumyces griseala Gonz.
Frag.. Arthrobotrvum puttemansii Henan. and Cercospora sthulmanni
Henn, (7. 360,

In nature the tungus produces groups of eight to 40 conidiophores,
which ar joined together Joosely to form the dark columnar coremia or
svanemat. which bear conidiospores. A synnemata may have a diameter of
20 10 40 2 und be 500 1 .nlength, The conidiophores tend to separate near
maturity and fructivicatic n (10). Conidia are gray, eylindrical to fusiform,
shghtly curved, and measure 7 to 8 1 x 50 to 60 1 with one to five septations
(36).
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fertopsin vriveodd nrow slowly onenitnre medi and rodiiies 23 U and
apH e S o6 or opimam developrent. Adequate vrewth medin include

Potiato-destiese aear plus hean leat estract (° 9, honey peprone aear,

bbby tood tassorted yegetablesy - caicium carbomite apar (25) and potate
yeast dextiose aear. Abundant sporalation oceurred in 10415 Jave when
the funpts was srown at 19 Cin darknes on Vs ceetiahle fiee ayar (200

'

duble pee, Ve CnCO qnd - et e dded o sutticien:

VL v
distifled warer tomabe Vit o0 Disereer colonies tonm on the medu,
and smede spore ot mas exlubit Canson Wathindopetrd plate 1o

colony stractre, coloruon and duantits b ponnation 7y,

Epidemioiosy and Plant Infection

Phe pathogen aitects bead tieaue e entermg throueh omata and
advanaing mtereelltlaris 1 the mesophyll and palisade parenchyma.
Wathin nime Javs alter intection, the tingas develops intracellulurh
thiroughout necrotic fesions, Within nine 1o P davs, stromata develop in
the substomatal cov iy and sporulistion then iy oecu during pertods (29
te AN heurd of continions moisture (7 9, Optmum temperature
conditions o development of svonemata and contdi incultnre and undes
naterad conditions taige from 20 1o 2§ 19,9,

Seed transanssion mav oceur {16, 24 320 but the fungus survives
primanlyinanfected plant debis on and i soil for up to 40 o SO davs (7,
Yo TAD The tungus may be disseminated from the debris by splashing
wittet o wand-blown soil particles and from sporalating lesions by wind
current. (7Y,

Epdenie development may be affected by the tvpe of cropping svstem
ted 1o produce beans, Morenn(22) reports thatangular lear spot infection
Sdh o Imone severe nobeans grown in association with maize than n
ANSCton wWith sweet potato, cassava or in monoculture,

Symptomsatology

Symptoms of imfection are most common on feaves and usually appear
within six days atier inoculation (215, 1 esions mayappear on the primary
feaves, but usually donot become prevalent onsubsequent foliage until late
flowering or carly pod st (4 1 ecions inttrdly are gray or brown, mayv he
surrounded by o chlvronc halo and have indefinite margims 1 esiony
become necrotic and well-detined with the 1 precal angnlar shape by nine
daysafter infection (Fig 1y, Lesions then mavancrease tnsize, conlesce and
cause partial necrosis and vellowing of deaves, tollowed by premature
defohation,
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Lorrosvi vrive Antection o bean e s

B

b Pod. branch and petole imfection

B the aneaiar coat spot tumius

Lesion size may be inverselv related to lesion number per leaf or leaflet
(11). Lestons may appear on pods (Fig. 2) as oval to circular spots with
reddish-brown =enters surrounded by darker colored borders (4,7.9. 14,
13, 3. Infected pods mav bear poorly-developed or entirely shriveled
weedst ) Brown elongated lesions mav oceur on plantstems, branches and
petioles as also shownin B 207,90 140 A characteristic sign of Isariopsis
griveola v the production of dark gray to black svnnemata and conidia in
lestons on the lower leat surtace (g ). stems, branches and pods during
fong pertods of high hunndity ot free moisture €7, 9). Phe pathogen can be

seedborne (16, 24, 12)

Gp - Svnnente production endoser surtace of bean leat

59
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Chapter 5
Root Rots

Introduction

Root rots of beans have been studied much tess in Latin America than
have foliar discases. Soceific roat rot diseases are known to oceur in several
countries (35, 420590 610 6%, but there are few reports of vield loss
assessment or research concerned with developing control measures
adapted tor specific: production regions. While root rot pathogens
senerally cause less conspicuons symptoms than foliage infecting
pitthopens. root rot discases can yreatly reduce plant development and
production. This section describes various bean root rot pathogens and
tactors which intluence thew growth, pathogenicity, reproduction. survival

and control,
Rhizoctonia Root Rot
Introduction

Rhizoctonia root rot. caused by Rhizoctonia solani Kuhn
(T hanatephorus cucumers (Franky Donk), is a eommon root rot discase of
beansan b atin Amenca and the world (3,41, 42, 51, 68, 87, 154, 166). The
g distributed throughout most agricultural soils at vanous levels of
mtestution CHL 93 and can mlect a wide range of txononueally different
plant Toases of mare than 1697 biave occurred inrhe United States | 166).
Phe diseane morelative s wimmporant in the states of Minas Gerais and
Croes e Braal €700 but R solan toeether with 7 srien solani . sp.
Phasects Tuve caned sield osses of up to 6077 i Sao Paio (6X)

Common mimes trequentic ised tor Rhizoctonn root rot in Latin
Amencr include chancros toan, pudricion del tallo, tombamento,
podredurobre del tallo and pododao radicular,

Itiology

Mthough highly variable tor morphological characteristics, isolates of
K volunare commonly identified by production of:
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Chapter §

P 3 Otder cankers and pith
intection cinsed by Rluzocionia

vedan

rough, dev, pithv (Fig. 3y and subsequently retard plant growth, When
seedlings become mtected. the funwus incites neerotic lestons or girdling of
the stem which mav cause damping-otf Reddish-brown cankers(delimited
by well-defined borders) often develop on older plant hypocotvls and
occastonally extend ahove the sond surtace tinute brown sclerotia may
develop onthe wurface ot on be cnbodded e these cimbkers Kosolani can
mfeet pods i contact with the soil surtace. catsing water-soaked and
brown sunken lestons with distinet margins. Thewe lestons NYLY serve d4s an
mocuhim source for beans in transit and msure seed dissenmimation ( 166) as

welh as couse seed disenlortion (497

Control by Cultura) Practices

Stce Rosolani has awarldwide distribution (1) mneluding uncultivated
soils 11 exclusion and eradication asually are not effective tield contro)
meastres. Nevertheless, the focal pathogente potential can he increased
upotrstroduction of infested soil, plants or seeds tansported trom other
resiens R solani can he eradicated from intested greentiouse woil by
steaming at 60 C for 30 munutes (93),

Rhizoctone volani infection may be reduced by ovarions culiurad

practices. Seedling injury iy minnmized by shallow planting so that less
seedhing tissue i exposed (o inoculum. but increased plant lodging may
oceur. Manmng er ai 1102 report that seed planted 7,50 deepdeveloped
more root rotand hypocotvhinjury than seed planted only 2.5 con deep. In
the San Joaquin Valley of Calitornia. shallow phanting (1.5- 2.5 cm deep)
apparentls reduced  divensy severity without the need o fungcidal
application (93,

Planting shonld be delased untd sonl has wartned sufticiently to reduce
R.solaniinfection (22, 166), Crop rotation with non-hast crapscanreduce
the incidence of hean root rot but does not completely eliminate the
pathogen. K soluni populations vapidiv dechined in soil planted to wheat,
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Root Rots

mayv become pithy or hotlow There i no pronotneed host wiit, thoueh
planc growth may be retarded and exhibit fewt vellowine and premature
Ahacission. Lateral roots oftendevelop above the il lesions and suppaoit
plant growth so that @ vield sulis produced 1 surtace soil molsture is
adequate, although pod number per plant and serd size may be reduced.
Plants which are heavily damaged and subsequently moisture stressed,

iy be stunted or hilled (166)

Control by Cultural Practices

When virgin sonl s putimto agriculture production. measures must he
Gaken to prevent ntoduction ol the pathogen in manure containing
mrested bean readue. contamimnated irrigation water or soll adhering to
aencultural miplement- Fradicaton ona karge seale i+ uneconomical and
senerally impossthle once the pathogen hecomes established within a tield
{151

Beans shonhd be grown mowell-dromed and tertihized sards which allow
vizerous plant growth When mfection oceins, chatlow cultivation will
reduce pronme of lateral oot tormed ahosve the Jestons sustaining the
plant High plant populaions may nereise diseuse incidence due to root
competition and concentrated toot evudites (Burke, personal communica-
Gong. Long-term crop rotation with nonsusceptible plants reduces sotl
populations of, and fection by /o volani (100). However, this method 1s

celdont pracieal or cennomicadls fenstble

Sorl amendment with vanous crop restdues may enhancee natural
biotorical  control by resident soll microorgianisms. Mater (99
demonstiated that meorporation of harley straw into soil infested with /-
solant vedieed disease inedence. Adams e al (5) report that Fusarium
oot tot wis controlbed unde plasshouse condittons with i soil amendment
ol spent cotlee pronnds incorported seven to I4 davs befure planting, bt
1t Beid practicaliny has ot been deronstrated. Actnomyeete activity and
suppiession of Pavarinn sofuncin the thizosphere also may beintluenced
by the gy and pantty of amino acids released by plants (107)

Control by Chemicals

Varions chenneals teported to reduce Fusarium root rot seedhing
hypocotvis and vouny roots mcdude: Nabam, Formaldehvde, Thiram.
PONB. Benome L Difokitan o Captafol and Busan Ahdel-Rahman 1)
obtained good control by application of Benomylacun overfurrow sprid
(0.56 kg had immiediately after planting. Busan W0 ¢4 hatand Ditolatan
(4.7 1 ha) also provided adeguate control (1) However, most chemical
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Root Rots

Pl - Pothiom damage to
feeder ooty showane healthy

root, et and danmaeed ooty

- :
Caed b Pothin

Larpine o

pathogen spread between prants (166). Natrogenous compounds can be
tenie toand suppress 2 apha ridermatum when incorporated into the soll
(3 Rotation nyuedly is nof satisfactory because of the pathogen’s wide
Bost tanpe. Howeser, it can Ofluence diseise developrient by reducing s nl
papulations of Pvthium spp. Disease incdenee and see eritv s afected by
root damape (1171, and practices sucivas sorl cultivation must he caretully
conducted to minimize root pruning. Pieezarka and Ahawa (118) suggest
that Pythium oot rot mcidence will be less it beans are planted m well-

dramed sorls and 1o raised beds or ndges.

Controd by Chemicals

Virions chemieals reduce the severity of infection caused by Pethium
spp. Fhese include Dexon or Fenaminosulf, Demosan or Chloroneh,
nroxvehlor, Captan, Thiram, Zineh and combinations ot Captan-
Fhiram, 1 hitam-Chloroneh o Captan-Chloroneh. Funnigints sueh s
Chloropicrm and Methyl Bromide also have been used (78 Seed
treatments with Prothiocarb also are effective (1E2). However, treatment
of a large field may be cconomically unfeasible. Tn most instances, the
problem iy not severe enongh to justits chemical control,
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Chapter 5

o 12 Hypocon ] and root
fevions and selerotia produced
by Sclerctiem rolfaii,

steai ot hypocotvl just below the soil line (hig 129 The desion extends
downward through the wtem into the tap root and may destrov the cortex
teartical 1ot Foliige svinptoms consiat of lead vellowmg and defoliation in
the upper plint branck s (166, followed by sudden wiltc 1SSy Abundant
white coarse myveelinm, selerotia and soil often are attached to the stem
base, Pods which touch soif aleo may become mfected and rot, and the

fungus can be seed-borne (21)

Control by Cultural Practices

Measures should be taken to wvoid introduction of Sorolfsiiinto virgin
helds in contaminated seed o plant material, Fradication of suseoptible
weed hosts and destraction of intected host residues by burning or deep
plowmy reduce sonl populations ot S rolfsid tnoctlum esels also can be
reduced by selecting tields with Tow ol acrdinyand good drionagee, utilizing
wide plant spacinge, apphune lime 1o incrense soil pH and naany a crop
Totiatton with tolerant or jesistant Crops s ch as sorvhuny, corn or other
cerealss Sodbamendment with nurate and ammonia s o fertlizer or nre-
plant teatment can reduce S rolfvia imlection (8090 Revnolds (126)
reported that o soil amendment woh coconnt muld b reduced infection and
mcreased vield considerablv, i -Polinee and Cantro (52y molated a
Pentciliien <powhich vive pood biological contiol ot Scleronum rolfyii

under yreenhouse conditions.

Control by Chemicals

Inpenerad seleroti are dittionlt 1o destroy with tungicides. However,
Vartous fumgcides e ctective apainst S rolf Fhev clude PONR,
Ditolatne 4 o0 Capratol, Brestanol or Fentin € ‘hlonde and Calixin 78 op
Fodemorph (38005104, 1), PONEB (207 actvemnpredient, 17-22 kg hay
v eltective i Beazil when apphied 1o the seed and surronnding soil in the
furrow (ox)
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Fre 13- Symptoms of root intectinog he Thiciaviopas bavicola.

fungus also is favored by soil WRalmiyand NO3=N (126). 1) hasicola may
penetrate host tssue through wounds produced by infection from other
pathogens. such as Fusarivm solani 1. sp. phaseoli (1551 or through
umnpured tissue, The fungus appears todevelop casddy over plant roots in
natural soil (¥ Apparently imtact tssue is penctrated directly without
priotappressoniim producton (36), Lumsden and Bateman (95) report
that phosphatiduse substances may play a role during penetration of
eprdermat cells. Chlamyvdospores are produced abundanty inintected root
and hvpocoty] tssue and allow fungal survival in the soil,

Syvmptomatology

Fhe fungos titially infects the hypocoty] tust below the soil surtace and
catises reddish-purple lesions which later turn brown to charcoal-black. A«
mfection progresses. the hypocotvhdiscoloration extends towards the tp
rootand rootlets (Fig 13, and causes plant stunting or death (155, 166),

Control

Pathogen dissernimation to distant arcas may e by transportation of
mtected host residue and or contaminated soil adhening to animals and
agneultural ools Welldinned soils, eradication of susceptible weeds and
plinting ot nos-suseeptible craps anmtested sonls should reduce soll

Populitions ot 7o Ausioof,

Hossin esal 077 report that hine 21140 Sand PE2039SN e resant to
black root rot However the pathopen seldom becomes severe cnotgh to
Hecessitiate w control messare and usiadv s found in dassoctiion with other

sotl-borne pathopens (166,
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Koot Rots

Texas Root Rot

Introduction

Fesas  toot ot or Phvmatotrichum root rot s caused by
Pivvenctorric b onpnn aruer (Shear) Dugger. Although the fungus has
becn teported  Calitorecand Utah Gy Targely conined toalkaline
sosls ot southuwestern Cnited States and Northern Mevicord%0 Crispinand
Campos 425 report iU o minor boean disease i Mexaoo Hoawever it b
not heen reported mother Lann American counties ikewee, no

estitnetion of fosses cansed by this fungus s avabable

Ihe funcus has a o wide host ranve, nchudine trait and shade trees,
araniental shreba weeds and vegetables (38), However s principally a
discisse of cotton and altalta (166),

Common names frequently used for Texas root rotin Latin America
mclude mugehitunmuento de Phymatotnichum. pudricion texana and
pudiraon texana de Ly s

Itiolepy

Fhermpertest stage of Poonnuyorunt consists of myeehum. comdiaand
wlerotin Fhe myeehum mavy be of three forms: farge-celled. tine-celled-
sttaond and actcular hvphae (166) The comdinare hvahine. smooth, elobose
tooon e aned borne on the swotlen tp otvegetative hvphae, The tunction ot
conndnm the e cvele ounknoswn ainee they never have been observed to
NSRRI

prediced st orm Chiens Basidia Cperiect stage) are tormed e clusters

4

selorotio are darks cane e shape and siees and are

Al Bacadiosperes are strongly cunved oF2n

Fpidemiology

Phe tragus s prman!y dseminated as selerota or mveehium im sotl or
cropresdue Selerotia abiov the tunpas tosurve e soabim the absence ot a
o Phomatotocehum oot ot ectound i tocalized spotswathin o fredd and
cvetns prnvaniy o seaddsowath aostbats Gordightl bgher oy T he tanene
peirtiates Y st tssue atter nnecchad straeed s has e enveloped the oo
Clena Dhease developowent os faveasd by pebanely die sonds gt hagh
fotnrciatures Phe tungus tooos tavord o subszero temperatires 138 and
canot prodace selerotar at o pH o below 50097,
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Chapter b

Syvmptomatology

Phe tnnos o sol-borme and imnfects anderpround plant parts, causing
dark sunken soft lesions which generally are concred with corvrae whitish 1o
vellowash mvechum. A pmbish-bnft coloy may be present on fightly
mtected voung tootlets The above pronnd SSIPLors cansist of stunting

andsudden waltng which usualiv appeatsduring hlossomimitation ()66
Control

Fonycrop rotauon with resistant cropestich as corn, simall cereals, and
sarrhim, erndicanon ot suseeptibie weeds OO Chotee of sonle with
relateeehy dow pHL deep plowing and sotb appheation with NHa N jeduoce
sotbpopnlitons ot the fungus. Dy hean permplasm should be sereened 1o
wlentity sources of resistance it availahle and practical as o contiol

mcisure
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Chapter 6
Web Blight

Introduction

Web blight of beans is caused by Thanatephorus cucumerts (Frank)
Donk. (3. 24, 293, and is prevalent in tropical regions with high to moderate
temperatures and moisture. The fungus was first described in 1917 as
Rhizoctonia microsclerotia Matz as the causative agent of a fig discase in
Flonda (44}, Since then beans have been identified as a host in the United
States (41, 12, 44), Puerto Rico (12), Japon, Philippines, Burma, Ceyvlon
(Sti 1 anka), Brazi (6, 32, 44), Costa Rica (13, 37), Colombia, Ecuador,
Guatemali, Bl Salvador. Mexico and Panama (71 Discase losses can be
severe as entire crops mayv be destroved (30 23), especially ntropical
Jowlands and humid subtropical regions.

Thanatephorus cucumeris is a pathogen of nearly all crop plants. Tts host
range of 200 plant species includes bean, beet, carrot, cucumber, eggplant,
melon. tomato, watermeton. and foliage and fruit of uncultivated plants (8.
23).

Common names frequently used for web blightin Latin America include
mustia hiliachosa. telarafia, chasparria, Rhizoctonia del follaje. murcha de
ter micehica and podridao das vagens,

Etiology

['be web blight fungus is homothallic and has theimperfect stage known
as Rhizoctonia solani (1. microselerotia), which is distributed wosldwide
(2. 20, 3. The perfect stape was dentified in 1891 and the fungus has
received i succession of names. such as Hvpochnus solani (220 400,
Corticium vagum var. solani or Coosolani (21, 220 4000 Rhizoctoniu
microsclerotia, Corticinen niicrosclerotia, Pelliculara filamentosa (21,28,
30, 34y and P filaraentosa Eosp.microselerotia (44). The currently aceepted
form s Thanatephorus cucameris (E8), Parmetereral (35y determined that
Rhizoctoniaisolates which possess multinuclear hyphae have 77 cucumeris
as the perfeet stage, while those which possess binuclear hyphace have
Ceratobasidivum as the perfect stage.
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Rhizoctonia microsclercia produces hvaline, granular hyphae (6-8 14 in
width) which become septate:, imore or less empty and brown with maturity.
It produces oval, thin-walled and hyaline bastdiospores 9-17 1 in fength by
5-6 1 in width, Small (0.2 0.5 mm diamecter), superficial, white sclerotia
alsoare formed and become brown to dark brown, rough and sub-globose
with maturity (42).

Thanatephorus cucumeris was later deseribed as having thin-walled,
seplate hyphae (5-7 win width) which frequently have eruciform branching,
Fructifications appear whitish and torm on top of a discontinuous
hymenium of oblong or barrel-shaped basidia in ereet terminal clusters.
Basidia measure 15-1% 1 length by 8-10 1 in width, and frequently are
connected. Fach basidivm produces four cerect. slightly  divergent
derigmata which measure 3 10 i width by up to 15 w in length. A
hasidiospore is produced on cach stengmatam and is hyaline, thin-walled,
smooth, oblong, ellipsoid with @ tlat edge or obvalate in shape with a
truncated point. Basidiospores germinate by repetition (24, 335, 40).

The fungns grows rapidhy i continuous, direct or intermittent light,
and within 24-36 hours cain cover the surface of a petii plate containing
artiticial medimeubated at 26 229 € Sclerotia form in culture but differ
from those produced on host plants, since they are brown to dark brown,
wregular i form and size (up to 1 em in diameter), ai’ more or less
Mattened (1) Heterokarvosis oceurs in I cucumeris and may alter the
ability 1o forne selerotia on minimal media or thewsolate pathogemicuty (17,
31). Vartation can oceur due to anastomosts, heterokarvosis, metosts and
mutation 6 40300 135,

The perfect -~ et web blight can he indueed inoviero (14, 38, 39) with
12-16 hours of Tpht (18, 38,42, 43, adequate acration (43), 207-307C and
40-600; relative hnnedity (38,42) Self-sterile mutants frequently appearin
progenies ov bastaiospores (37.43) and isolates or species vary for their
cultural charaer=rnes and abiliey o truit onactificial media or sterilized
Soil (22.38) B comple pathogenic isolates of 70 weumeris fruit only on
sterilized soil, woaie nonpathogenic isolates trut o cither substrate (28),

Pathogenic  variation  oceurs within and - Fetween species of
Thanatephoris, sobated tronn specilic crops, snee sone specien are
pathogenic to many crops, others toa hmited nuanber Hf crops. Nome are
non-pathogenic to ol crops (150170 22)0 Pathosene varation also s
apparent when soliates wie grouped aecording oo caltural charactenistics
(19, 22y, Pathagemie races have been identitied Ty their ability to infeet
ditferential hosts consisting of wheat, fettuce, tomato, heet, and cabbage
(15). Races abso ditfer i thelr degree of virulence, sinee some cause leat
death white others muy prodoce ondv i few feal spots within six days after

mocukttion {21, 25, 25
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Lpidemiology

Fungal development in the field is tavored by hegh to moderate airand
soil temperature and moisture (42, 44), and plant. with high nitrogen and
low calcium content ( TE, 230 Tsolate nathogenicity €25, 23, 25), growth in
soiland ability to colonize organic matter, resistance o antagonistic micro-
organisms, inoculum potential, @ d dissemination also are important
factors during epidemic development on o susceptible crop (2, 36).
Selerotia generally previde the primary inoculnm which s disseminated
Jocally by wind, rain, running water, and movenent throughout a field by
anmimals, man or agoultural impiements (42), Sclerotiavean remain viable
in soil for one or Laore years (24), and the tungue also can survive as
vegetative mycelium within plant residue (420

Symptomaceingy

Sclerotia germaoate during perods  of  fnorable environmental
conditions by producr g hvphie Geoaew ms in lepeth) which branch
profusely until reaching vounp or old host tissue where an infection
cushion develons and penctiation ocenrs direetly or through stomata (10,
1, 42y, Sube pedermal hvphae develop inter- and intraceliularly and the
infection appears as small, creulan, reddish-brown, necrotic, water-soaked
lesions wh eh roay measwre -3 emoan diameter and are delimited by
Jongituding t leal verne and vemnlets,

I hese lesons appeir 1o have been sealded by hot water and may appear
gras-greenish to dark brown (b D The watersoaked area may aftect the
entire Bt b 2) and extend to adjacent plant tissue contiguous to the
infecte:d ussaes Phe light brown superticial hyphae spread fan-shaped and
develop on eithier leat surtace, but they are more prevalent on the surface
whict iy exposed to higher moistore. Fhe pertect stage may form on the
[ower feat sartace at the margin between healthy and infected tissue. at the

g 1= Tmnal leat antections Fag - Odder feat lesions catsed by the web
hasidiospores and mnveeha of the web hindht tunus

hlieht tungus
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base of herbicenus plants or heneath soil aggregates (43). Basidia then
form and bawidisspores are dispersed during the night (12) until the leaf is
disintegrared by the fungus (42). Hyphae may grow rapidly over healthy
tissue of feaves, petioles, flowers and pods (Fig. 3), eventually killing plant
parts or covering che entire plant with a web of myveelium (Fig. 4) and small
brown sclerotia (big. S) which form three to six davs after infection (42, 44).

Bean pods may become ifected at any stage of development, and voung
pod infections appear as light brown, irregular-shaped lesions which
fregrently coalesce and kill the pod. Lesionsonolder pods ate dark brown,
circular, lightly zonate, and sunken with a dark margin or border. Usually
they do notkill the pod unless the peduncle is destroved or the lesion is very
deep (42, 44), Seeds can become infected in the endosperm and radicular
end of the embryo or infested by myeelium and sclerotia on the seed coat
surface (1, 3, 26, 27).

Control by Cultural Practices

Caontrol by cultural practices includes planting seed free of internal or
external contimination, sanitation of infected crop debris, and crop

1C6



Web Blight

rotation with non-hosts such as tobacco, maize and grasses Planting dates
should be early enough in the tropics to assure that the crop will mature
before the rainv season begins. Beans should not be nlanted by
broadcasting, but rather in spaced furrows (42, 44) t, maximize .r
circulation and microclimatic conditions adverse to faneol doviieprient,

Control by € hemicals

Muaneb (0.55 g 1) has been sprayed onto foliage twice ai intervals of 15
days after symptony appearance 0 provide some contro of web blight.
Discase control also has been ackieved by Benome 1(0.5 ky ha). NF-44(0.5
kg ha), Derosal 60 or Carbendazim (1 kg ha), Rrestan 60 or Fentinacetate
(0.8 k. hay, and Difolatan ot Captafol (3.4 ke ha) (1, 29). The use of
systemic fungicides is important where rains prevail. Beans have yielded
one ton ha when spraved wiih systemic fungicides i5.27. 36 and 51 days
after germination, compared to the unspraved check which was completely
destroved (4).

Control by Plant Resistance

Cultivars differ in their response to iziection by the web blight fungus,
since susceptible cultivars exude chemicals which stimulate the formation
of infection cushions. Resistant or tolerant cultivars apparently do not
exude these chemicals (17). Various cultivars which are to'erant to
infection by 77 cucumeris (4. 25, 29, 42) have been identified bu there are
no reports of cultivars. whicn possess i high degree of resistance or

immuniy.

CIAT (5) has utilized the following scale to eviluate beans when leaves
are inoculated with the web blight fungus under controlled conditions:

no symptoms ol infection

little growth of pathogen. chlorosis around the inoculation point
vein necrosis and 3360 leaf chlorosis

vein necrosis, 5007 leaf chlorosis

complete feaf necrosis.

Integrated control measures probably will be necessary to achieve
satisfartory control and should consist of plant resistancr or tolerance,
upright plant architecture and open canopy. wide plant spacing. crop
rotation and the judicious application of chemicals.
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White Mold

Introduction

Sclerotinia - sclerotiorum  (Lib.) de Bary, similar to  Whetzelinia
selerotiorum (Liby Korf and Dumont (37), is distributed worldwide.
Although most important in the temperate zones of the northern
hemisphere. italso can be a problem inareas with tropical or arid climates,
especially during cool seasons orunder favorable microclimatic conditions
(59). The tungus has been reported in dry hean and vegetable fields in
Argentina 0320 Brazil( 20, 65), Mexico (24), Peru(17). Colombia and other
arcas i banm America (27).

Nelerotinia scleronorum is pathogenic to a wide range of host plants.
Adims er al 0S5y found 190 species from 30 genera and 45 plant families
stsceptible to the fungus, Schwartz (601 listed 399 hosts (unconfirned
reperts msome instancesy and 374 species of 237 generain 65 plant families
mentioned in the world literature. Diseases include blossom ot of fruit
trees and Hlawerss storage rot of vegetables, and white mold of beans.

Beans can be damaged <everely by the tungus. Snap hean preduction has
been reduced greatly in Now York during growing scasons conducive to
fungal development (1. 51) Zaumever and Thomas(81) report bean losses
of 307 m Virginia during 1916, Yield losses averaged 307 in Nebraska
during 1970-1973 - hide dosses in imdividual CGelds were as highas 9207 (36)

Common names trequently used for white mold 10 1 atin America
include moho blanco del tallo, Sclerotinia. esclerotiniosis, salivazo,
podredumbre algedonosa, mofo branco and murcha de Sclerotinia,

Etiology

Sclerotinia sclerotiorum s a member of the order Pezizales in the
Ascomycete class of fungi. The fungus produces large (one to several mn,
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Fig. 1 - Sclerotal torms producad by the white mold tunpetss left cultare produced. center.

unconditioned and ol peoedeced neht contitonad and narsrath produced

diameter). black and irregularlyv-shaped resting structures called selerotia
(Fig. 1) which germinate to forns hyphae or myveelivm. A sclerotium, after
undergoing a conditioning perind. also can germinate carpogenically to
produce the sexual stage of one or more apothecia (Fig. ). These may
average 3 mm in diameter and protrude 3-6 mmabove the soil surfuce (SK).

tach apothecinm contains thousands of evlindricallv-shaped asci. each
of which contains cight ascospores (7%). The ascas measures 7-10 1 in
diameter by 112-156 1¢ in length (18, 3%, 58). Over a period of days, an
apothecium may discharge more than 2 x 10 ascospores {(6). The
ascospores are ovord and vary in width from 4-10zand infength from 9-16
w (18, 3% S8, 780 S solerotiorm can produce microcomdia (3-4 1
diameter) during any stage of s life eveie, but these have not been observed
to function during sexual fertiization or host infection (38, 5X).

kpidemioclogy

IFields used repeatedls tor bean production, even in short crop rotations,
often will contain manv selerotin Sclerotia formed on or within diseased
tissue may be dislodged onto the soil surface by wind or harvesting

Lol - Apothiecia produced in field

Brom gemunated sele otium,
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operations. Subsequent land preparation redistributes them within thesoil
profile and over the fieid (19). Sclerotia also can be distributed by furrow
irrigation within ficlds (62) and by reuse of irrigation runoff water between
ficlds (14, 73). They can survive in sandy loam soils for at least three vears
(19) and are capable of producing secondary sclerotia (4,19, 79).

The minimum quantity of soil-borne sclerotia needed to- induee
significant plant infection has not been intensively studied. Sclerotial
populations of 0.2 30 em? (1), 1-3 kg of soil (62) und 3 kg otsoil (A are
known to exist in fields planted to snap, Great Northernand Pinto beans,
respectively. Schwartz and Steadman (62) determined that | sclerotium 5
kg soil was sufficient to cause 4677 plant infection in Nebraska, Suzurand
Kobavashi (75) reported that 3.2 sclerotia m® caused 60-95¢¢ plant
infection in a kidneyv hean tield in Japan.

Apothecia formation {earpogenic germination) is greatestal 1S -18°C
with soil moisture at 500 of field capacity (Duniway, Abawi and
Steadman, unpublished data). Carpogenic gerrination oceurs in fields of
dry beans, corn and sugar beet (61, 62). snap bean (D). cauliflower and
tomato (40, Tettuce (33.52) and table beet as well as 'n grassland (75). It
also oceurs i lemon, orange (66) and other fruit orchards (1. In a sandy
loam soil studied by Schwartz and Steadman (62). numerous sclerotia
germinated and tormed apothecta in dry bean (11-14 apothecia mfYand
sugar beet (7-11 apothecia m?) fields. An average of two apothecia were
produced by cach germinated sclerotium regardless of the crop beneath
which it germinated. The majority of apethecia were produced on the side
of, or adjacent to, plant stems in the irrigated row,

While most ascospores discharged by o germinating sclerotium are
deposited close to the release point (74). crop intection has been reported in
ficlds as far as 0.8 kilometer away (9. 15 The fungus clearly survives
periods of unfavorable microclimati: conditions. Ascospores on bean
leaves remuined viable tor 12 davs in the field and mycehium in dried.
colonized bean blossoms remained viable for 25 davs in the laboratory (D).

Selerorinia seleratiorumn i cosmopolitan tungus and can be expected
to oceur in regions where temperature and moisture conditions are
favorable (591 Brooks (13 and Moore (50) report that swhite mold
epidemics are favored by mzen temperatures less than 21 C and hiyh
humidity or mosture levels, Sceondary spread of the fungos s tavored by
18°C and 1000 refative humdity (67,77 Abawiand Grogan (D feel that a
surfiace moisture i s necessary for the tungus to develop and spread on
plant tissue.

Fhe rate of spread also can be influenced by temperature {Weiss, Kerr
and Steadman. unpublished datay. Gupta (30) reported that Coriander
plants infected with S, seleroniorum were killed in four to 10 days at 197-
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24°C but were not kilted at 297C, apparently because the plants outgrew
the  fungus.  Microchmatic  conditions may  he as important  as
macroctimatic conditions for infection and pathogen development. Hipps
(34 showed that armngaton practuees signiticanty altered microchmatic
parameters present within the dry bean canopy and conducive to
development ot S0 selerotiorum. Frequent turrow arrigation reduced
davume aivand leat temperatures 3 -4 Cand sotltemperatires 10 Cland
increased soil moisture content by 1064

Plant Infection and Symptomatology

S, sclerodorum infects bean plants by colonization of senescent plant
organs such as blossams (g 3), cotvledons, seeds, leaves or injured plant
tssue (1020194751, 56), Blodgetti 12y observed cotvledonary rot on bean
seedlings which developed trom mveelia- or selerotia-infested seed Tots
planted i tne greenhouse. However, Steadman (68} showed that infected
seeds were completely colonized by the fungus prior to germimationand or
plant emergence, and that no plant imfection was observed in healthy-
apocaring seed trom nfested seed Tots, Colomzation of senescent tissue
usualhy is due to germinated ascospores, but myeelial colonizationalso has

been observed (1. 19).

After calonzation of a senescent plant organ, the tungus enters the host
by mechanical disraption ot the cuticle with @ dome-shaped intection
cushondevelopimg fromanappressortum Large vesicles form between the
cuticle and eprdermal Lavers, and infection hvphae developantercellularly.

e dies

‘,,..) 5

boo v Bean blossoms colonized by
cooepates ol Selerotinia

e bobar g
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Hyphae branch from the infection hyphae and ramifyv inter-and
intraceltularly (44, 55), causing i watery sott rot. The fungus produces
many enzvimes and other products Cincluding endo- and exopolygalac-
tironase, peein methyvl esterise (41) and oxalic acid (451 which are

impaortant to pathogenesss

Svinptoms and siens eof infection appear inttially as w water-soaked
l< don (e H foliowed by white moldy growth on the atfec ted organ (Fig.
CSelerotin form o and on infected tissue soon atter mfection. This
intcctcd fastie Tater becomes dry, light-colored and wssumes o chalky or
bleached appearance (hag ) (12081 Plant wilting also mav be evident

P N e B aenad sumpron o bean plant cverely
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P 7 Canopy wilt cansed by swhire mold aatection ot bean segetation
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within the plunt canopy atter infection of the plant stem and or vines
oceurs (Fig. 7).

Control by Biological Organisms

Many  soil microorganisms are associated  with  sclerotin of 8.
selerotiorym and may catse sclerotia to degrade or not germinate. Such
organisms include Contorhvriten minitans, Trichoderma sp., Aspergillus
spo. Penicilliun sp.. fusarium sp..and Mucor sp. (35, 49, 57, 76). S.
seleroniortm also s mhibited by various antihiotic substances produced by
Gibberella baccara (29), Strepromyvees sp. (39,4 and other actinomyceetes
and bacteria (25). None of these biological agents has been used effectively
i reducing S sclerotiorunm ineidence under practical tield conditions.

Control by Cultural Practices

Zaumever and Thomas (31 recommended cultural practices such as
crop rotation, floodimg, reduced seeding rates. fewer irrigations and
destruction of bean cull screenings which contain sclerotia as methods of
controlling the pathogen. Similar recommendations nave been made for
control in Brazil (20). Deep plowing also has beer: advocated (49) and
disputed (13, 28, S as w control measure. Crop rotation is not hikely to be
ctfective sinee sclerotia sursave wsorl and tillage o eratons will assure the
presence of sclerotin at or near the sol surtace (19),

lirigation fregueney can mtluence disease mcidence on cultivars with
indetermimate plant growth habits and dense plant canopies (11). Growers
are advised not tormigate ot white mold infectionis prevalent within their
bean tields (70). Re-use of irrigation water should be eliminated. or the
witter treated to remove selerotial and or ascospoetic contamination which
can contribue to current or tuture discase epidemies (73).
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A survey of bean fields in Canada revealed that infected and non-
infected crops were grown on soils witha pH of 7.5 and 7.0. respectively.
However, the authors did not determine the nature or applicability of this
association (31). Heavy fertilizer rates are not recommended. since thevare
associated with increased discase incidence (7), presumably because of the
stimulatory effect upon plant canopy density.

Control by Chemicals

Application of Benomyl, DCNA or Dicloran, Dichlone, PCNB or
Thiahendazole around carlv- to mid-bloom controls S. sclerotiorum
infection on snap beans under dryland conditions (10, 16, 20, 28, 42, 48,
51). However, Partvka and Mai (53) report that repeated soil fumigation
with a dichloropropene-containing compound actually inere ised the
incidence of white maold inlettuce. Satistactory chemical control inwestern
Nebraska hias not been obtained onindeterminate dry bean cultivins grown
under irrigation (69). Sporadic results also have oceurred in Calitornia,
Colorado, Montana, Washington and Wyoming. Timing of the chemical
application and thoroughness of coverageare critical to successful control,

Control by Plant Resistance and Architecture

An association between plant canopy development and white mold
discase incidence and severity has been observed invarious crops including,
beans. Row spacing, growth habit and plant density can influence bean
canopy development and discase incidence 12,21, 22,23, 31 51,64, 71,
£1). An open plant canopy which will facilitate air circulation and light
penetration within the canopy helps prevent infection. 1t results in more
rapia drving of moisture-covered leat and soil surfaces (21).

As an example of row spacing-cultivar interaction, the cultivar Aurora
escapes infection when planted at a within-row spacing of 4-5 cm because
of its upright, open growth habit (22). However, when planted 30.5 cm
apart within the row, it sprawls and s more severely infected. Orientation
of bean rows parallel to the prevailing wind direction also maoyv reduce
disease incidence by providing improved air circulation and better light
penetration (3.

Resistance to S, seferotiorton has been observed in Phaseolus vulgaris
permplasm (12, 26, 46, 58, 80). but comparative differences between
cultivars were not reported until recently (8). Resistant cultivars include
Black Turtle Soup, Charlevoix and Valentine (8, 63).
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Resistance also has been identified in P coceinews (6. 72) and P
cocerrens XOP vudgaris hybiids (1) Attempts are being made to develop
stable resistance by using a plant structure which maximizes discase
avoidance and also possesses phyvsiological resistance to infection b S,
ceferotiorum (22). Such cultivars would be conducive to an integrated
control program which could include tungicides and cultural pracices it a
greater degree of plant protection stll s required.
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Chapter 8
Miscellaneous Fungal Pathogens

Entroduction

Dry brans are exposed to many pathogenie fungi at various stages of
their plant development. and infection mav oceur on seedlings and mature
plants throughout the growing season or post-harvest. Some of the more
prevadent and ccononucally important plant pathogenic fungi have heen
deseribed previously in this book. nfortunately, very littie information
eXists concernig the epidenuology and control of many other fungi
generallyv considered 10 be ot minor importance to bean production,
However i the tropics many of these minor pathogens can become Very
mportant inospecitic regions of bean production. T ikewise, minor
pathopens may become minor pathogens in the future as agricultural
practces are moditied. This chapter will deseribe brielly some of these

fungr and o others reported to be pathogens of beans
Alternaria Leaf and Pod Spot

Abternir teat and pod spot s ciased by vaniows lireriaria species
wmcluding A alrernara (b Kol 1 hravacae 1 phaseoli Brun., A
favcicudar cCheoand THE U R Tones and Grour, and L rennis Nees (1.
P26 25 don These bung are reported to oecur in Brazil (311, Costa
Rica 017y Colombia o159 Chade, Mexico, Venezuela (43, Fagland (26),
and the United Sutes o0 270 280 460 Severe epidemies HELY Cause

premaiure detobiction but veehd oo usmally are notsiemificant However,
snap bean fosses of 200 aecurred i New York sinee ifectesd pods were

tacceptiahle tor procesang i

Common names trequenthy used for Alternaria leat and pod spot in
Patn Amenca are mancha parda and mancha foliar por Alternaria.

Alternaria brassicae produoces preemish-brown, septate and branched
hvphae with ereet condiophores i culture. Conidin are smooth. long-
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Fig. - Leaf esions caused
“hy Alternaria infection.

beaked. obclavate shaped  with many transverse and  longitudinal
septations, Conidia ire borne singly or in chains of two to three spores and
measure SC-35) x 9233 10 (),

Arernaric spp. are consideraed to be wound parasites and usually {0 rm
iestons ondy on obder plant tssue during periods of high humidity fortl ree
or four dass 1 28y and atrelatvely cool temperatures such as 16°-20°C
(28) Saad and Hagedorn (27) reported that AL renuis also could pencirate
the lead directhv or through stomata, . rendy produces a toxin (tentoxin)
i culture which mduces plant chlorosis when applied to roots (11, 29).
However, the tungus does not produce deteetable quantities of tentoxin

during natural infection of feaves or pods.

Leal symptoms appear as small reddish-brown, irregular shaped spots or
tlecks whych miay be watersoiked and surrounded by o darker brown
border. These Testons pradually enlarge and develop as concentrie rings,
which may become brittle and fatl out, leaving a shot-hole appearance (Fig,
I Lestons raay coualesce and cover farge areas of the leat. resulting in
partial or premature defohation. Alrernaria spp. can cause death of the
central wrowing point of the plant or reduce plantvigor, The fungus also
can blemish leaves (Figo 2 and pods (Fig. 3) by producing a brown

i

}

wazmers”

o 2ovietto Biemish on bean leat
cased b Urernania spectes

ey

A Wi

o
42

2wt

b 3-vngeht) Blemishon bean pods
cansed by Alrernaria wenun
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discoloration on the surface and demage developing seeds 1,17, 26,2841,
46). The reddish to dark brown or black flecks may coalesee and produce
streaks on infected pods (1 Alrernaria spp. can be seed-borne ¢ 13).

Control meastires seldom are warranted but wider plant and row
spacing, chemicals, developmentof resistant cuttivars{ Dand crop rotation
are stggested. Chemieal control mcludes Chlorothalonil (1200 g aa. D
(D). Thiophanate (2 ¢ D and Zineh (24 ¢ ), Waorkers report that A
alternata is msensitiv e to spray appheations of Benomyl o1, 261

Ascochyta Leaf and Pod Spot

Avcochyta braf spot of beans is cised by Ascocnves boltshatseri Sace.
and A phaseolorum Saccardo (41400 The Tungus oceurs N Many reglons
of 1 atn Amenca, sueh as Brazil Colomb, Costa Ricaand Guatemalad 7,
1222 3 the U pited States and other regtons of the world t46) Axcochvia
pise i b, oceurs m Venesieks (A3 The commuon nime fregnentiy used for
Ascochnt leat spotm Fotn Amernics s mancha de Ascochytn

Sveochine spp prodece hvaline, septate submerped myvechum in
culture, camd spores usuadhy are twoscelied and 2008 S o stze (46)
Sportlation and germmation s optimum at 21 Cowhile myvechal prowthis
optimum at MO0 The tungus s imaetivated by temperatures above 30°C
(22 The tameus produces pyendie which measiore H0-150 110 diameter

{6

Infection by ctseochvia spp.oas Lavored by high humidity and cool to
moderate temperatures (120 Symptomsinitidly appear on Jeavesas brown
o black zonate festons (g 31 which may later contain smadl black
pvendin T estonsaiso mayappear on the peduncle. petiole (Fie Srand pod

bt Doy g dower Bat e
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(B 6) and cause stem girdle and plant death, Premature leaf drop mav
oceur during severe epidemies (41, and the fungus may be seed-horne.

Control measures include crop rotation, wide plant spacing, plinting
clean seed. chenueal treatment of seed and folio apphication ot sulfur
tungicides €330 Other cheoneal controlb measures mchude Benomyt (1185
g b Zmeh i 2y hand Chiorothadonth (2 24k hao Doy bean permplasm

‘

should be screened o dentidsy wourees o resistance, H availiabie and

pracueal as o control mensure

Ashy Stem Bhight

Ashv stem blight of bean s caned by Moo rophontma phaveolitNaubl)
\shby ov M phaseodna (Tassn Gowdaneto (90 410360 The funeus i g
warni-teinperatiie pathopen o beaes c Phaseolus sadvaris and P luncius g,
sovheans, corn, sorghum and meav other crops 0y Tt occurs inosuch
regions of Fatin Amenica s S3raat o7 1003036 Mesicn, Peru, Colombi,
Venesnclaand m ¢ entead Amencaib and inother parts of the world (36,
osses ot 657 have occurted nobeans pronvnm the United States (400,

However, no loss ostimates are avanlable tor Fatn Amenean

Common nanmies trequenthy used tor sy eer bhehtim Latin America
mclude pudricion pris Ge Lo ravz, pudnieon carbonoza de Taraiz, tizdm
centzo ded tllos padredusibre carbonosa and pododieo cinzenta do caule.

Ihe frnos produces coe-colled tusitorm conrdi winch are pointed at
one cnd and roanded gt the other end FPhe stieht o shightdy curved
comdicare FS-30 0 Jongand S-Xpwide and are produced on nearly straipht
contdrophores which may have a truncate npand measure 1222000 width
by 625 oan lenpth (6 Seleroua and pyemdia also are produced on
imfected plinis.

Svinptoms inay appear atter sot-borne mveeha or selerony germinate
and infect seedhng sivme near the sotl hne at the base of developing
cotviedons (B 7y The faas produces black, sunken cankers which have
asharp margn and orten contain concentrie rings. T he plant-growing tp
mav be Killed or stem breakiaee can occur where the stem s weakened by
the canker. Infection mayv continie todevelop into the hyvpocotvland oot
region or the primasy leat petioles. Older scedhing and plant infections mas
cause stunting, leat chlorosis, premature defoliation and plant death. The
infection often s more pronounced on one side of the plant (B 8)(7.9, 36,
41, 46).

A few davs after infection, the tungus produces small, smooth. black
sclerotia (50-150 1 in dicanetery ininfected tissue (B 9) and inside plant
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stems. Small, submerged. black pyenidia also may form in this tissue and
usually are present on a grav background which has a characteristic ashen
appearance (Figo 10). The fungus may produce air-borne conidia which
cause leat spots on mature plants (10). Macrophominag phaseoling can be
seed-borne (13, 41, 46),

Sceedhng atection due to

Voo péiseoio

tabon e HO S berotia ot

=

s e g on mitecied hean
|
P o thover oty vemdie ot
Pue S ntial it st b cem bligdit Vacrcpicmmma piveeolond on mtected bean
Tungeus o one side of pham stem
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Control measures include planting clean seed. treating seed with
chemicals such as Ceresan, and using santtation or deep plowing to bury
plant debris contaimmg pyvemidia and solerona, Organie sol amendments
(Carbon Nitragen ratio of 102200 and high <ol temperature (30 C) and
moisture (607 maoisture holdimg capacuvy may reduce selerotia levels (9).
Sclerotia survival insoil can oe reduced turther by apphication ot Benomvl
(kg hayand Fhiophanate-methvic Yo or by soif tumigation with Methyl
Bromide and Chloropierin (401 Resistant cultivars such as Negrito have
been dentiticd (9, 36, 46).

Cercospora [.eaf Spot

Cercospora Teat spot and bloteh ot beans are caused by Cercospora
caneseens Ellis and Martin, and C cruenta Saccardo, respectively, ¢
phaseoli Dearness and Bartholomew and ¢ caracallae (Speg ) Chupp alse
cause lead spots ob bean e 15, 32 4104600 These fungi, primarnily O canescens
and Coeruernta, oceurin Brasl (3D, Colombii (32), Puerto Rico, Trintdad,
Jamuwica, Venesuehie Argenting (43 and the United States (46). Yield
Tosses are shghtin the oited States but can beserious i the Phallipmes on
Phaseolus aurews (46). There are no reports of sertous losses in Latin
Amenca: however, detoliation has occurred in Colombrg (23),

Common aumes freguently used for Cercospora leat spot in Latin
Amertca mctude mancha de Cercospora, mancha vermelha and mancha
blanca.

Cercospora spp. produce hvaline comidia with varving numbers of
septiations, Spores mav be club, curved or straight-shaped. €. cruenta
spores measure 50-150 2 in length by 6-9 0 in width, while ¢ canescens
spores measure S0-100 ¢om length by 32405 ¢oin width (46),

sSvmptoms mclude brown or rast-colored lesions (kg 11) which may
coalesce and vary i shape terrcular to angular) and size (2-10 mm). C

b T Corvonpora species

wsions onandected bean feaves,
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canescens produces irregularly-shaped light brown lestons with a gray
center inleaves, pods, stems and branches(23), These lestons may containa
gravish center and be surrounded by aslightly reddish border. Fesions may
drv and portions fall out, leaving o ragged appearance. Premature
defoliation mayv occur, but vigorously growing leaves are seldom affected.
C. cruenta may cause numerous lesions on primary leaves but seldom infect
the tritoliates. Blemishes may oceur on stems and pods, and the fungi can
become seed-borne (23, 41,46). A pink to purple discoloration occurred on
bean seed moculated with Cercospora kikuchiin solated from infected

sovbeans (21,

Control measures seldom are warranted but foliar applied copper
fungicides are eftective (46), Orozco (23) reported that Cundinamarca 116,
Mexico 32, Mexien 275, Mexica 487, Mexico 507, Venezuela 42 and other
cuttivars were resistant to iniection by Cercospora canescens,

Chaetoseptoria Leaf Spot

Chactoseptoria leal spot of beans is caused by Chaetoseproria wellmanii
Stevenson, It oceurs in Mexizo, Panama, Central Amernica, Venezuela and
the West Indies (43), The fungus has a wide host range within the
I eguminoscae and may cause complete defoliation of beans with up to 50¢;
vield reduction in regions weith high humidity and moderate temperatures
(42). The common name frequentdy used for Chacetoseptoria leal spot in
Latin Amernica is mancha redonda,

bago 12- Feat festons cansed by Chactoseptornia
leat spot.

Chactoseproria wellmanii produces medinm to Larpe, circular lesions
(Fige 12y which may have a gray surface with black pvemidia in the center
and be surrounded by i dark border (42). Infection is more common in
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primary leaves in Mexico, and defoliation also may occur. The pathogen
mav be seed-borne (8),

Control measures include the development of resistant or tolerant
cultivars (81 Benomyb0.55 g 1) may provide safficient chenical control,

Diaporthe Pod Blight

Diaporthe pod blight of beans is caused by Diaporthe phaseolorum
(Cooke and Flhs) Saceardo (40 1y arcna (Fasch) Nits, 1s known to he
pathogenic to bean stems (46). D phaseoforum has acontdial stage known
as Phomopsis subciremata Bl and By (343 No estnuaies ot its prevalence
or importance are currentls available, although Weilinan (43) reports that
s oweak parasite in Honduras, Common names frequently used for
Phiaporthe pod bhight in Latie America are aitublo de vama snd nzdondela

Vg

Ihaposthe phaseolorupi produces hvabine, oblong ascospores with one
septation and measure 10-12 00 by 24 0 The ascospores are produced
within black penthecia, 300 10m diameter. Pyenidiospores are produced in
the bluck pyemidiag and the oval spores measure 6-9 10 by 2-5 1 (41).

Svmptoms appear (st on feaves as creridarlvahaped, brown lesions
surrounded  byoa distinet border. Black pyemdia and  oceasionaily
perithecin totm in o zane or are sadttered throughout lesions. Pod
ifections then may occur, and pods become discolored with pyenidia
present i the festons (410 he tungus can be secd-horne insovbeansand in

heans (13).

Control measures metude crop rotation, planting clean seed. and nse of
foliar tungicides such as Benomyvl .55 ¢ 1), Resistant cultivars have been
developed for sovbeans, Dy bean germplasm should be sereened to
wdentity sources of resistance. it avatlable and practical as a control

nicasure,

Downy Mildew

Drowny mildew is caused by Phvrophthora parasiica Drast (46) and P,
phaseoli Thaxter (8). The pathogen has caused vield tosses in Mexico,
Puerto Rico (8, 46y, 1 Salvador, Venesuela, Peru and Panama (43),
Infection i favored by low temperatures and high humidite, Common
names frequenthy used tor downy mildew in Latin America are muldeo
velloso and milda velloso,
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Svmptoms tstappeas on the petioles as white spots which enlarge and
eventnlhy may catse the deal o wilt and dies Blossones, buds and other
plant parts may he kdled by the fungus, Whate patches of myeehum are
s1aible on green pods, espectally those i contact with the soil surtace (g,
I3y This pateh usually is surrounded by i reddish-brown border. H tow
termperatares and high humidity persiste the entive pod iy be infected.
shined and dry up (%)

Control measures include crop rotatien tor three vears: chemicils such
as Zineh, Manch, Nabam or Captan (50 prodaction of pods free from soil
contact G0k and  development of cultivios with an upnght plant
arvintecture and apen plant canopy toamprove mr crculation. Dry hean
vermplistn also should be sereencd todentify sources of resistanee, af

aviatlable and pracucal as aocontrol measare.
Entyloma Leaf Smut

Forvioma feal smuot of beans e cansed by aospecwes of Barifoma (30, 35,
423 Eatvloma feat st occursm bean production regrons of Costa Rica,
Dominwcien Republic, FEsaboadon Guatemala Honderas and Nicaagua
(3038, FErevloma petuniae Spee ocons ot beatsom Argentina GH The
comnton mime frequenthy used tor anntin Datin Anerea s cirbon

Fatvioma spp. cause o bhister st which s esident as darh -coleged
swebhings on the upper feat sorface. Fhe swethngs are tfled wath mveelia
and teliospores of the tungus (4200 1 esions are reund o oval fisbappeas
witensaahed but become grav-brown o olor onthe uppe lead surtaee and
gray-blue on the lower leal surtace cFges BHOT evtons e coalesee und be
delimuted by leat veindets (3 Infection usuedls occurs ondy onthe primars
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leaves, er first and second sets of trifoliate leaves. and severe foliage
infection of 40-6007 may occur (35).

Chemical control may be achieved by applving @ seed treatment of
Carboxin (5 ¢ kg seed) or a foliar sprav of Benomyl (0.55 ¢ 1), Dry bean
germplasm snsuld be sereened to identify sources of resistance. if available

and practical as a control ineasure.

Floury I.eaf Spot

Floury feaf spot of beans s caused by Ramdaria phaseoli( Drummond)
Deighton (41). The fungus oceurs in Brazil (Minas Gerais and Ispirito
Santo) Nicaragua, Colombia and Venczuela (4, S, 36, 38, 39). Ecuador,
Honduras, Parama. Guatemala and the Dominican Republic (43), No

estinnates of vield lowses caosed byt are available.

Common names frequently used for floury Teaf spot in Latin America
inchide mancha harmosi, mancha tarinhosa and mofo branco da folha,

Ramudaria phaseoli produces hvaline, generally non-sepiate conidia
which are oval to lemon-shaped and measure 7-18 x 446 (41).

Rumudaria phaseoli produces a white growth (1-1.5 em in diameter) of
comdiophores and comdia on the lower surface of leaves (Fig. 15). I

Aot bl beons canaed by Raeidar g phaseol;
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should not be contused with powdery mildew (Frvsiphe polveoni)
infections. which usuallv are present onlyv on e upper leal surface.
Chlorosis may oceur on the upper leal surtace corresponding to the lower
feat Testons, Intection gencrably appears st on older leaves and then
progresses onto new folipe. Severe anfections mav cause premature
defoliaton (5040 however, tins s not commonly observed, espeaially in

Brasl,

Chenncal control results by applving Benomvyl(0.55 ¢ Ty or Thiophanate
(2w b Dy obean permplasm should be sereened o identify sourcees of
resistanee, 1f avatlable and practuical as o control measure,

Gray Moid

Grav mold ofbens iscaused by Borivns cionerea Pers, ex Fries which has
the perfect stage Borrvotinia fuck efranc (de Barvy Whets, (25), The fungus
can be a osertous problem dunig penods of high moisture and low
temperatures in vartous reprons of the U aited States and Furope (25, 46), 1t
isawminor pathogenn Braziband seidom causesany signiticant damage (7).
ICalsos reported i Perus Prindad, Bl Sabvador cd3and € slombia (13),

Common names frequentty used tor vray mold in oo America are
moho gris, podicdumbre griy and bolor cinsento.

Lhe tungus produces hght brown s eelium and hvaline, oval conidia 12-
208 81200 size (U Apathec (B 16) and ascospores are formed by
the pertect stage of the tungus, which provides torvariability invirulence of
difterent strianns and matimg tvpes (25

Infection usually oceurs trom senescent blossoms colonized by the
fungus or at wounds on plant parts sueh as feaves, stems or pods (Fig. 17)

P T Apothean and comdia produc- Fage 172 cogho Bl

cd by Beurvonua i heltuna colomzation amd s
mtection by gras !

139


http:duii,.in

Chapter 8

and penctration oceurs from an infection cushion (16). Symptoms appear
as a0 water-soaked  pravegreenish area on the aftected tissue which
subdsequenty o wilts and dies. Sceedlings also mav become wilted and die. but
damage nsualv s Timred o awaten softrot of pads G460 Black stroma
and selerotictup o mme i diameten) may be produced inintected tissue
£ and resentbie those torned by Sclerota scleronoriam. The Tungus

cian be seed-borne (13,

Control measures melude reduced plant densits, row width and
rrigation frequencey (204 and application of foliar tungeides. However,
>0 striainy of the fungus are resistant to tungicrdes (30 25) Dry bean
germplasm should be screened todenuiv sonrces of resistance, it available
and pactical as a control measure.

Gray Lezf Spot

Gray leal spot of beans s caused by Cerconpora vandervsii P Henn,
which occursin Venezouchs, Central Amenica 43 Brazil (M inas Gerais and
Fspirito Santo) (31,360, 37 39 and Colombia, usually ateleyations greater
thin 1000 m where high mosture and Jow to moderate wemperature
conditions persist (320 Noestimates of vield losses are availabie, 1he
commaon name trequenty used tor gray leat spot i Tann Amenica iy

mancha v,

Svmptens appear on the upper deat surtace as heht green o shightly
chlorontic angukir lestons (2-5 mmom diameter), nsually delimited by the
veins and vernlets (Brg 180T esions man coalesce and Liter becanie covered
bo fine powdery. pravishiwinte prowth of myveelum and spores. A dense

grav mat of mveehum dand spores subseguently torms on the Tower lead

surbace Ches 19 and s very drrenostie tor the pathoven (32 30y Severe

sproduced on
:

“pot

. St b .
[ EE A N . ! Ha|
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Fig 20- Severe plant aintection by
the gray lead spot tunpus

infections (Fig. 200 moy cause premature detolition. Symptoms may
resenble those of white leat spot especiadhy dunmg carly stages of infection.

Chemical control consists ol Benomyl i0.85 ¢ Hand Copper Hvdroxide
(224 ke had Other controb messiures melude resistant o tolerant cultivars
suedt as Rico 23 BUH 3938 and Porto-Alerre Vavem-itoxa (36).

Phyllosticta [eal Spet

PhyHosticta deal spet s cansed by Pindiosicra pluseoling Succardo
which i tavared by hich moisture and moderate temperature conditions
(I8, 33600 Phe fungus oceurs e Brad 0150 Costa Rican Nicaragua, Fl
Salvador, Guatemalie, Peru Srgenting, Poerto Rico ¢33 and the Umted
States (IR30) N reports areavailable concermng vield Josses. Comimon
names trequently used for Phviosticta feat spot e Latun Amenica include
mancha de Phvllosticta and ¢ ima da folhapem

Phnilosticia phuseoltna produces hvaline, one-celled pyenidiospores
which are -6 1 223 i diameter. Pyemdia are 90 10 diamceter (42).

Svinptoms geaerally appeqr only on mature eaves as small water-
sogked spots wineh may coalesce and ealarge to 7210 mm o duuneter.
I esions have a light-colored o erene centerand are surrounded by rusty-
hrown margin, he conter ot old toorens may tall out and leave a shot-hole
appearance. Small blick pyentdin mas feseton throughout the lestonand
alonge the margin T esions may occur onpetiojes and stems and tarn flowes
buds hrown Smalllesionsdmmom diameteriwath dack centersand reddish
nargins may develop on pods (180 46),

Control meastires consist of foliar fungierdes G663 Dry bean germplism

should be sereened to adentiiv sources of resistanee, it avidlable and
pracucal as a control measure.
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Powdery Mildew

Powdery mildew of beans is caused by Ervsiphe polygoni DC ex Merat.
and s distributed  worldwide, Infection s tavored by moderate
temperatares and hunidity. However, it can be prevalent within a wide
range of snvironmental conditions (46). The pathopen seldom causes
extensive damage i Latn American countries such as Brazil and Costa
Rica (12, 31, 36) bui can senously reduce vields in Peru (12),

Common names trequently used for powdery mil' 2w in Latin America
mclude  oidium, audio. mildeo polvoso, cinza, ceniza and  mildio
pulverulento.

The tungus produces hvaline conidia in chains on the leaf surface. The
spotes are ellipsond, one-celled and measure 26-52 x 1523 1 in size.
Spherical black perithecia (120 12 in diameter), rancommon in the tropics,
contam ascr and ascospores which are 24-28 x 11213 10 (41).

Svmptonis tirst appear as shightly darkened mottled spots on the upper
leal surfuce. which subsequently become covered by circular growths of
white, poswdery myeelium (Fig, 21 The entire leat and plant mav become
covered by mvechum (g 22) malformed, vellow and senesce premature-
Iv. Stems and pods can be intected (Fig. 23), resulting in vield loss and seed
transmission. Pods may be stunted. maltormed or killed during severe
eprdennes The fungus can be seed-borne (46), probably as spores on the

seed coat st tace.

Control measies include planting clean seed and using toliar chemicals
such as sultur, Dinocap (1.2 ¢ D or hme-sulfur (10 ml 1 Conceperon (6)
did not observe signiticant vield increases with chemicals such as Benomyl
Resistant cultivars exist. but resistance is complicated by the existence of
ditterent physiologic races (45,461 Sources of non race-specific resistance
should be sought and utilized if practical.

White Leaf Spot

White Ieaf spot of beans isciused by Preudocercosporella alhida (Matta
& Belliard) comb. nov.and recently has been observed in Guatemala (47)
and in Colombian (H.I- Schwarts, personal observation) highland sitesat
clevations preater than 1500 m. No estimates of vield losses are available.
The common name frequently used for white leaf spot in Latin America is
mancha blanca.

Symptoms appear tirst on the lower leat surface of older leaves as white
angular spots (2-5 mm in diameter) restricted by the leal veins.
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[ i Prowdery mnddew P 23 - Pad v nonm

frosphe polve
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Anpolar whnte spots thae 24y alao may ocour on the upper leat surface
and cventuadly enliee and conlesce T eal necrosis and defoliation may
oceur T Svmptoms ciosely resemble those of gravleat spot, especialhy
dunme the earhy staves ol mdection. Mived infection by whitesnd grav e

spot has necuried i Colombia (g 25,

Yoshitand Aamodiid?) reportthat the tolfowimg cultivars were resistant
tomtection m Guatennada: Mexico T Pucbli 401 Fuebla 41-1. Puchla
PN, Puebla 1S1-B. Prebly 109, Artascalientes-79 Michoacan 3. Arrox |-
305 and R0 Antioguia 18 No other disciase contral methods have been
mvestigated.

Y east Spot

Yeastspot or seed pitting of beans is catsed by Nesnatospora corvli Pegl,
and can be a seed production problem in Brasil (7. 36), Costa Rica,
Feuador, Peru, the West Indies (43) and the Unted States (361, Ity
cconomic Importance viiries trom 10-100¢; vield Toss due to ws efteet on
seed quality and commercin! appeal. waich may be greathy reduced.
espectally in lima bean production (46) Common names frequenthy used
for yeast spot i Fatin Ameria are mancha dedevadurn and pustal
bacteriana,

Insects, sueh as the sonthern sreen stinhbug ¢ Necara vindede (1), and
Iygus bugs (£ v hesperus Kngtoand 1o el Van Duseer, transmit the
causal organisnr and also mav damisge seeds directlv troni toxins seereted
during the feeding process (46). Gall er al CI5) reported i 1963 that
Nematospora corvli also persists in weds such as Cassia occidentalis,
Momordico charantia, Faudiinea putpurea and Crotalaria op
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The veast organism produces a variable morphology in culture as
elliptical cells 6-10 1 wide by &-14 wlong predonunate mitiallv, followed by
mature spherical cells 207 m diameter and mveelium-like strands which
measure 2.5-3.5 1 inwidth by 90-140 inlength, Nematospora corvli grows
in culture at temperatures between 15 - 30 C bt 25 - 30 C s more
favorable tor mtection (46),

Svmptoms appear aiter sects teed on pods. puncture the developing
seeds and transter tungal propagules to the wound wites. The spores
germinate and ntect the seeds, including the embrvome eorvledonary
leaves, thereby producing rregular, shightly sunken lesions about Tmmin
diameter. The lesions mav be rose, tan or brown (7, 36,41,

Control meastres consist of eliminating weed hosts and controlling
mmsect populations (40).

Additional Pathogens
Other fungi are reported o be pathogens of beans ( Phaseolus species)

and are not discussed in this book. Some of these organisms are listed in
Table 1.
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Chapter 9

Common and Fuscous Blights

Introduction

Common blight caused by Xanthomonas phaseoli(E.F .Sm.) Dows. and
fuscous blight caused by X. phaseoli var. fuscans (Burk.) Starr and Burk.
are major bacterial discises of dry beans. The two organisms are found
frequently in association and are reported to occur in many bean

production regions of the world (13,26, 2747, 51,62, 81, 92).

Yield tosses due to cach pathogen are difticult to estimate becanse their
svinptoms ate simlar. Common and fuscous blight bacteria trequently
ocenr together wnatield and probably on the same plant. increasing the
ditficulty ot associating vield Tosses with a specific pathogen. In 1967, at
Jeast 750 of Michigan's 650,000 acres of Navy beans were damaged by
common and tuscous blights, with 10-2077 vield reanctions (20

Wallen and Jackson (521 reported a 387 vield Toss in Oprtario, Canada
due to common and fuscous blight in two vears of freld trials, Aerial infra-
red photographic survess suppested that fosses for the bean crop grown in
Ontarie raneed trom 1252 tons i 1970 10 218 tons in 197239, K2). Yield
Josses estimated at 2200 and 4377 have been buained by natural and
artiticial infections, respectively i Colombia (880, Economic surveys.
based upon ticld observations in the same region, estimated vield Tosses of
137, due to common and fascous blight hacteria (50),

Hosts ticlade Phaseotus vudearis, Pococemenus, Pomenga, Poaurens, P
acutifolivs, 1% acontifolies, Poaneularis, Fablah niger, Strophostyles
helvida, Glverme max, Stizolobium deeringianum. Lupinus polvphy!lus,

and Vigna sinensis (77.92)

Common names tregquenthy used tor common bacterial blight in Latin
America include bactenosis, anublo hacterial comun, tizdén comun and

crestamento bacteriano,
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Laboratory isolations and purthications are necessary to distinguish the
two organisms. The oniv sgmiicant character which distinguishes V.
phaseolt trome X phaseoli var fuscans s the production of a diffusible
brown pigment (melanmm by rhe latter on womediam contamime tvrosine
{36). Pigment-produecimy isolates tend to be mere virulent than those
unabte 1o produce the przment ¢hr however: the przment may not be
essential for pathogemictv, Dve 020y concluded that there was little
justhication for sepaine N plraseoli trom N phaseofin ar, fuscans, sinee
prement production s common i Xanthomonas species not pathogeme to
beans and mayv not cven be o stable character (4).

Nanthomonas phasecds has been deseribed accordimg to the tollowing
hiochemcal, phyvsical and phyvsiological charactersties: Toproduces sigle
cells which are straneht rods and motile by means ol o polar flagethum. Ttis
gram negative and sioctly aerobies It produces o vellow pipment due toa
non=water soluhle cacotenod and a mucord growth on nutrient ghucose
agar. Aad s produced as aometanohic byv-product when cells grow onmedia
contaming arabinose, glucose, mannose, palactose, rehatose oreellishiose.

It alse causes proteolvsis of nalk (37

Both organisms grow well on potito dextrose, nutrient and yveast-
extract-dentrose calerum carbonute agars. Lhe htter medim s used most
commonly and consists of 10y veast extraet, 10 g desirose, 28 pealeum
carbonate and 20 e agarin | liter distilled water (300 A relatnvels selective
medium has been develaped tor iolating Naprthomonas spo (400 and Y
campestris (60), but X. phaseoliand X phaseoli var fuscans grow only in

these medin when mass-streiaked onto the plate.

Epidemiology

N phaseoli and N phaseoli var. fuscans are warm temperature
pathogens in contrast to Pyeudomonas phaseolicala which 1s a cool
temperature pathogen (3 Common and fuscous hlight bacteria Gruse
more severe damage to plants at 28 C than at lower temperatures (34, 49),
N phaseolt grovws bestin viro at 28 - 32 Coand growth dechines gradually
as temperature s fowersds AU 16 O hitte growth oceurs. Detanled
meteorological and  mwerochimatological data are not avanlahle to
determine the factors that mtluenee development of bacterial bhight
epidenues. In generals however common blight eprdemics are fvored by
high temperature and high hunudite 075),
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Plant pathogenie bacteria can survive adverse environmental conditions
and extended absence of host plantan the field by severd means, One of
the most effective means s on or within antected bean seed Seed
trunsmission of N phaseolt hias been known sinee 1572 (66, 69y, Bacteria
have been recovered trom three (51 1090 and 15 (71 T2-vear old beun
seed. Such seed-borne soliates nonmally are viable and virulent when

recovered from seed (36,0 57,59, 70y,

Seed oty can be assaved tor the _m‘csc‘ncc of hactera byvancubation in
water o a hquid mediam which then is ioculated mto suseeptible plants
by injection, watersoaking (67) or vacuum intiltration (80). Saettder and
Perrv OS9 assaved 101 Navy beansced lots tor imternal contanmination with
N phaveoland N phaseolivar fuscans, Approsimately 3577 of these were
contanmunated with X prhesealn, 130 with X phaseolivar, fuscans and 3207
with hoth onzamsmis. Wallen erafl (82 sampled 23 seed lotstrom Ontario,
Canada and solated viadent cattwres of X phaseolr v rascans from
more than S0 or the samples The mimumum lesel of primary iocuium
required to meite an eprdemie s not known but <hould be derermined tor
vitrons cultural and environmental conditions,

Short term survival within heafthyv-appearnng bean plants can occur
during a growing scason (76), and bacterial numbers can mereiase on
svimptomiless leaves (86 Both X phasecdtand N phaseolivar, fuscany can
svive hetween growng seiasons 10 temperide Zones within mfested bean
debris ot o9 Sunvival occurs i hean debus placed on top ot but not 20
crn be w the soal surtace, and survival s preater under dry than under
moist environmental comditions, Bacteriare recovered trom the soil up to
>IN weehs atter bural, but Schuster (64 speculated that surnvival aceurred
i antested plant debres, .

Suiten and Wallen €751 could notisolate X phaseolt trom soil in which
mtected plants had beer grown, Schuster and Covie (7 hehieve that
survival i the tropios i he greater than in temperate zones because of
the opportumties to continuady inerease populations and to possibly
survive as epiphvtes on perenntad hosts Studies are needed to deternune
the extent of Vo phaseodr and N phaseoli var fuscans suivival inntested
plant debos and sod under tropical conditions.,

Although plant pathogenie bucterin Jo not torm spores. many are
tolerant to desiceation and  can surnvne extended dry conditions X
phascoliproduces anextracetinlar polvsaccharide inculture and in the host
plant(42). Tecan surviven this exudite tor prolonged pertods under varied
environmental conditions (87).
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The bacteria obvioushv can he disseminated quite ¢!t ctively on and
within bean sced. Plants grown from infected seed trequently bear lesions
on the cotvledons, nodes or primary feas es whach serve as initind centers for
pathogen spread during tavorable envitonmental conditions (92 Infected
seed or imfested plant debrs may be present within bean cull piles and can
serve as it sites for disease developmentt 7). bntested bean straw residue
present i tields can provide another locus from which bacteria mav be
dissemmated to suseeptible plants (69),

Secondiny spread of common and fuscons blight bacteria is made casier
with rain accompanied by wind (92)0 wind-blown soils (111 possibly by
rrigation water (74 and by ansects suchas the white fIv (55), Common and
fuscous bhght bacteria can survive on the bodies of tnsects and be
transmitted to wounds caused by eat-teeding inseets such s Diaprepes
abbreviata and Cerotama ruticorniy (471, Some bacterial pathogens such
as Pseudomonas glvemea are spread within acrosols €791 but this has not
been reported tor X0 phaseoli or N phaveodi var, fiscans.

Plant Infection and Symptomatology

Nanthomonas phaseolt and X phascolt var. fuseans induce wentical
sympteoms onleaves, stems, pods and seeds. Lead symptoms inntially appear
as water-soaked spots on the undersides of leaves or leatlets (Fig. 1) These
spots then endarpe wrepukarhe. and adiacent lestons frequently coalesce,
Intected regons appear thaceid. are encircled by a narrow zone of lemon-
vellow tissue, Jater tuen brown and necrotic (b 2) and miay be so
extensive o 3 as o catise defoliation or stem pirdle (92),)

Blight bactena enter leaves through natural opemngs such as stomata
and hyvdathodes, or through wounds (92) The hacteria then i ade

intercelhular spaces, causimg o gradual dissolution of the middle lamella,
he bactena may enter the stem through stomati of the hypocotvl and

o bW ter sonhed ot cansed by et Fao 2 Common blichit boons showiny
mtection of Ccominotand fascons blieht femon vellow and necrotie comprtons
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epieotyhand reach viscubar elements tromoantected feaves or cotvledons,
Presence of i sutticient number of bacteria m the svlem tissue may cause
plant wilting by plugeinge the vessels or disitegranon o the cellwalls,
phaseolr does not mduce svstennue intection meall Phaseolus valeari
cultivars (35 Stem wirdle o jomt rot may develop at the cotvledonary
node, especraldb o plants that ongmated tromontected seed. and cause the

plant to break (923 thie 4

Pod lesions appear as water-socked spots which gradualiy enbarge,
hecome dark and red and shrhtly sunhen Tt omfection occurs during pod
and seed developmentonte wed seed may rot ocshiel tbrg S Common
and tuscous bheht bacter s are harhored both within the seed and on the
seed coat Thes enter pod sutures trom the vascular svs moot the pedieed
and passonte the tumcutus througeh the raphe Teading 1ato the seed coat
Fhe nucropste also iy serve as a pomt of entrs anto the developiny seed.
Dhirect penetration thionely the seed coat has notheen reportad. butitmay
oceur. I bacterne enter throneh the tumculus, onis the hilam may beconie

discolored, Sceed mtection s ditticult to see when seeds are dok i color,

| I TE T AR IR ot e ey oot g

hirhe
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but tis evident as butter-vellow spots on white or hight-colored seeds (59,
921 Seedlings which develop trom intected seed mav sustain damage to the
growing up and be billed (snakhe head) or stunted (92

A bean plant mas be more sisceptible tomfection by common blight
hacterue it provionsdy itected by another pathoven Panzerand Nickeson
R demonstiated that common bhvbit s o wevene 1 the nresence of
bean common mosaie viras, particuliany Lite i the senson Hedpes (37)
tound that the virus persisted mcultures of v pdiaseadi tor sis weeks Dias
Polanco 28 also showed that g ssnermstic ettect existed botween v

plicseoleand Macrophonna phaseoling intection of bean leas o

Svmptoms of N phascods are not siesbicantls ditterent from those
catsed by N phaseoli vt fcans Zaumesor wad T homas (920 obeeryod
that \opliaseolivar fivearns mas catse a shehthvpertrophy and darkenimyg
of the stenat the pomt of arnbend imocubiation of voung seedhngs Severe
PLIIE Sy Mptoms can ocers tom mocubitons of fseons hlight huctern (33,
Y200 However anocufations with mised mocula of fuseous and commaon
blight bucteria can induce more severe s mptoms thin observed with
mdradual moculitions 13

Cortrol by Cultural Practices

Cultural practices atten utihized to redince common hhght are the use ot
pathogen-tree seed. proper crop rotation and deep plowing (92), Clean or
certitied seed can be produced inarepon tree of the pathogen ot where
environmental conditions are nntav o, ahle tor disense development. Crop
rotation swaith plants notsusceptible toheht can reduce or ehmmate bivehit
bacterie i bean debris within o ner i Sueh recommendations can,
however, prove ditheult for 1 aun Amer can producers with small land
haldings and himited coononig oot e,

Control by Chemicals

Various chenneals hinve been applied s o seed *eatment or foliage
protectantto control common bhight betore moderite to covere infection is
apparent. They e controlled toliaee miection ettectis ol although vield
mereases have been mmmal Such compounds mdude osae Coppar
Sultate (29 Copper Huodrovide and petinsim Chvdrosymethyly
methvidithiocarhamate or Bunenng s %) Streptoniem has gnven marginad
controbm the beborator wnd tiedd and s tansdocated within the plant but
notinto develnpimy seeds 0836050 However, antibiotios should not be

foltarly applicd since reastant bactenal mutants mas be induced
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Control by Plant Resistance

[solates of Xo phaveoli s e been shown to ditterm vicudence within and
hetween geographical locations from which they were collected (68),
Schuster and Covne 165) tound wolates from anfected bean seed from
Colombie were much more voudent than standard Noath American
isolites, Other isobites trony Preandawere tannd 1o be aboutas virudent as
the Colombren solates €70 Boolates with even greater vitudence have sinee
heenidenntied £33 89 However, these difterences may be compheated by
virtations noocntanon methods, aee of selates, and other factors.
Intterence s pathogeniats also canexist hetween suh-isolates taken from
mdividual stock cultures o1 X0 pluaeods 0120 730 Pathogenie vanation
occurs abso i X phaseolt var tuccans isolates (34

Virtous methods of mocubetion have been used and include:

sticking the cotvledon o catsledonany node with a needie orscadpel
dipped i mocntum €308

rubbiny the second titolite leaves with a cotton swab soaked with a
carborundim moculum nusture 112)

sodhing leaves with wateranoculation at high pressure (3, 63)
using vacouwm ndltration oo deaves (80)

pricking feaves with oomultple needle cushiion (F53)

chipping leaves with saissors dipped momocutum (320 84y,

Inocuium concentrations can inthience the disease reaction, Optimum
concentrations are reported to be i the range between 107 to 107 cells ml
(2432050

Phaseolus vadeariy cultivars and breeding materals have been noted to
vary m then reaction to infection by common and fuscous dlight bacteria
(Fig o bumumty to intection has not been tound, but many lines are
resistant Creferred toas tolerant by earbier workers) tointection, with httle
itoany vield loss, However, bactersn can survive i this resistant ussue

P o0 NVanation shown b
Phseodus cudvaris venmpiaen
tor s resbainee toantection by
common  blight bactery oaus

ceptibie ket resistant nights
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without inciting disease symptoms (61). In general. beans are more
susceptible to intection after the start of the blossoming or reproductive
stage of plant development (17, 200 24). Most workers inoculate plants
during flowenng and evaluate three to four weeks later. However,
moculations at three to four weeks atter planting may be more effective in
the tropies it germplasmos quite vartible forits maturity, growth habitand
adaptation (100 84 In addinon, Covne and Schuoster (18) reported a
difterential deat and pod reaction o infection by Xo phaseoli which wis
conferred by ditterent genes. Theretore, time of evaluation and discase
rating scales must be designed carefubly to account tor the previously
mentioned tactors {58),

Schuster (63 first reported that Plraseolus acutifolins (tepary bean) was
resistant 1o X phaseodi. Honmi (38) then used the tepary bean as a source
ol resistance to incorporate in Phaseolus vidgarts. Covne and co-workers
{16, 22) surveved more than LODO plant mtroduction (P10 lines for

resistience to commaon and tuscous bhight intection i the tield.

Fhe tollowing Phasealis vudearis hines and cultivars had a high degree of
resistance: PO 16311T7 Geeession from India), P T167399 and PLL 169727
(accesstons trom Lurkevy, POLO 197687 faccession from Mexico). Pl
207262 and TCA-Guali ticees: ons from Colombia) and Great Northern
(G.N) Nebraska Noo L selection 270 Yoshin er all (90) reported that P
282086 and P 133343 had resistant fohage, but the former had
siseeptible pods P acutifolnes = Tepary Butt™ (16)yand P.1169932(90) had
high degrees of resistance with no symptoms observed. Some 72 coceineus
lines also were quite resistant, but less so than Tepary (16).

Fhese resstant matenals have heen tested at various locations and
exposed to more vitulent bactenal solates than ongimally used. Thus,
while G Nebrisha Moo Daelection 27 and PLE 207262 also were resistant
to Brazihan wsolates of N phaseoli and N phaseolt var, fuseans (9). the
tormer was susceptible to Colombian and Ugindan solates of X phaseoli
(65, 70, PL 207262 dise was susceptible to o Colombian isolate of Y.
phaseolt and moderately suseeptible 1o some Vo phaseoli var, fuseans
poliates £33 Poor plant adaptation to tropicad goowang condiions in
Colombia mhihited the expression of resistancee by dules and P10 207262
(1N, nnnl then roesedance was tansterred to agronomeativ adapted
and susceptible backgrounds

Inheritance of commaon blight resistiance recenthy has been reviewed (17,
43,90 Honma 03y made the interspecttic cross between resistant
Phaseolus actrnolue ™ Tepary 47 and suscepuble 2ovalvarss und tound
that resistance was quanttatnel inhernted. Covne e af (23 turther
studied whentinee of the resistantselections crossed to an carlv-maturing
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susceptible cultivar G.N. 1140, The resistant reaction was inherited
gquantitatively and linked to defaved flowering under  long photoperiod
and high temperature (24).

The Tate-maturing GN Tara and Jules (140 15) and carlyv-maturing
Vidley (191 cultivars were derived trom the cross with G NL 1100 They
possess resitianice to common bhight i temperate regions of the United
States. GUNC Starr i an carly maturing cultivar denived  from six
backerosses of P T630OTS (tolerant to Corvaehacterium flaccumfacions)
to G Nebraska =] sel 27 ctolerant to V. phascoli), resalting in resistance
to both bacterial puthogens (21, Covie er ¢l (24, 25) report that the eross
between GNCTHO aad GOND Nebrasha <0 el 27 exhibited partial
dommance for suscepubihny This neritance also was reported by
Pompeu and Crowder (52) for suniliar crosses between G N, Nebraska #1
sel 27 and suscepuble parents Crosses between resistant P10 207262 and
susceptible cultivars such o~ GON TR0 reyveaded that the resistant reaction
was completely dominant i the By Q2000 Transgressive segrepation has
heenrohserved in these crosses (24,2552, 78 and should allow breeders to
mereinse the levels of resistance within promising germplasm,
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Halo Blight

Introduction

Halo blight ol beans is caused by the bacterium  Pseudomonas
(haseolicola (Burk .y Dows. The bacterium is distributed worldwide and is
tound i many regons of Latin America with moderate temperatures., such
assouthern Chile and Brazil o, 200 Yield losses of 23-33¢7 have occurred in
research fields i Michiean (630 The pathopen can infect various plant
species ncliding Praseoles acuntolies, Poanendarts, P hracteatues, P,
cocomews, P lunatas, Poopolvanthis, Poopolostachvus, Pooradianes, P
videari, Ghiopic maes Pueraria fuesara and Pothunhergiana (82, 91),

Common names frequentls used tor halo blightin [ atn America include
anublo de hado, manncha de hato, tizon de halo, hiclo amarillo. crestamento
hacteniano aurcolado. crestamento hacterino de halo and mancha

dticobiada
Ftiology

Isewdomonas phaseolicola exhibits the following characteristics: Cells
ate smglesstraight rods which are motile due to multitrichous flagella, ©he
hacterium iy gram necative. strictly acrobic and does not require growth
tactors. Poly-B-hvdroxybuty e s not accumulated as an intracellular
carbon reserve. Cultures produoce ditfusable fluorescent pigments,
particelar v inoron-deficient medie Stemine dibvdrolase is absent (19).
Fhe bacterimm does not otilize elutarate, meso-tartrate, D1 -glveerate.
soascorbates betres ervthntol, sarbitol mesasmosital or N-caproate. It
does utlize D-glaconate, ooy arabimose, suctose, succinate, DI - i -OH
butvrate, transacomtate, -serine. 1 -alamne and p-hvdroxvbhenzoate (44,
t1)

Fhe optinm growth temperature s 2002 23 CLand the bacterium

produces white to cream colonies on agar with a bluish hue which may be
accompianied by green tluoreseent prigment (86).
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Bacterial cells can survise liguid nitrogen storage av -172°C for 30
months with no alteration of pathogenicity (46).

Epidemiology

£ phaseolrcola sunveoes inanteeted seeds and plant residue on the soll
surtace until environmental conditions hecome favorable for infection
(71, P phaveclicola sunvived tor nime months after passage through sheep
which consumed infesied pheat debris (77) The pathogen enters plants
through wounds or stomata during pertods of high reiative humidity or free
moisture (63, 83,90 L htimtensity mavintuencee the plantand the nature
of its response to £ phaseolicola (34

P jmaseolicola multiplies rapidly on or near the surface ot lesions in the
presence of dew. Tt s disseminated between leaves and plants by splash
dispersal and winds durnmp pentods of raintall. The bacterium has
tremendous discase potential, since o dozen infected seeds per hectare,
distributed #t randonr. are sufticient to start a general epidemic under
fivorable environmental conditions (833 Halo bheht incidence wis
abserved to be lower in hean maize association than in bean mionoculture
(401, This implies that the maize may have served as a phyvsical barner o
bacterium spread throughout the assoctited croppuig

Halo blight vaiptoms may develop in six to 0 davs at 247 - 28 Cloand
mayv be delived two o three davs at higher temperatures (91, Halo
CXPression s more conmon at 1o - 2000 thanat 24 - 28 €450). Halo
swinptones naally doonot develop above 26 €0 although small and
numeraus water-soaked testons sull may be evident (91)

Svmptomatology
Firee to fee does e itection. smadl water-soaked spots appear,

penerally on the Towor e suntace (483 hato of greenish-vellow tissue
appears fater awronnd the penimeter of this water-soaked area (Fig. 1). The

! S ey ol halo bhght infection on
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stentand pods o mas beeome mtected during aowevere eprdemic i bag. 2

and produce tpcal preasy spotsvmproms cbig 30 Whenaintection oeeurs
throuehout the waselar systemy, tssue adjacent to vermns and espectally
branches appears water=soaked and has o reddish discoloranon . Stem
airdle or jomt rot oceurs at nodes above the cotvledons when mtection
origmates from contaminated seed. Infected pods commonty exhibit
brown or red water-saitked spots, and developime seed may rot or he
shovelled and diseolored (91 Water-soaked lesions canappear three divs
atter mocnlation of detached pods placed in water or nutiient solution (35),

Zavmeve and Thonmis (91) report o snakehead amptom, i which
tpury or dectruction of the growing tip mas appear atter intected seed is
planted. Regardless of the plant partintected it s conimon to shaerve i
Ieht cream or silver-colored exudate produced by the pathopen at lesion

sttes (g ).
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Fag 3o Sastemie plant chlorosis
cattsed by halo blight bacterial
nitection

Systemic plant chlorosis with leat vellowing and malformation (Fig. 5)
also may develop without much external intection (90). Hildebrund and
Schrath (35) have bolated P phaseolicola trom such feaves. Phis systemie
chlorosis is more pronounced and uniform at about 20-C (9. 91). Thisand
the typical halo svmptom are due to a non host-speeitic toxin produced by
the bacterium during intection 14, 38,82y, This toxin has beenidenufied as
phascolotonin, which has the main tunctional phytotoxin called N./-
Phosphosultamylormthine (45).

Patil er ¢l (53)tound an ultraviolet-induced mutant which was unable to
produce toxin, and neither indueed typical halos nor invaded the plant
systemically, Subsequent tests have confirmed that toxin production is
necessary for pathogemcnty £22)0 The toxin may suppress production of
antibacterial phytoalesins such  as phascolling phaseollimsoflivan,
counmestrol and kievitone (230 Also there is a buildup of methionine in the
halo region, and Patel and Walker (30) suggest that the toxin interteres
with the urea evele. Ammoma production his been associated with the
plant reaction to toxin production by the bacterium (47)0 but rescarchers
do not agree on whether it plivs o maggor role m the plant’s response to
infection. P phaseolicola is known o produce henmieellulases which
degrade host cedl wall materials during pathopenesis (42),

Lesion size may be mcreased by prior mzection trom the rust tungus,
Urorcvees phaseolt 189) Tesion numbers also have been anereased by
inoculation with a mixture of P phaseolicola and Achromobacter sp.(43).
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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 advocated to
reduce initial inoculum pressure (91). Ttalso isadvisable to remove infested
debris (sanitation) from ficlds in Latin America. Walker and Patel (83)
report there is no evidence that halo blight iy spread by cultivation
cquipment in intected bean fields in temperate zones. However.movement
through infected beans in fields should be delaved until free moisture has
dried from the tohage.

The use of pathogen-iree seed grown under conditions unfuvorable to
the organism is important in reducing the amount of initial inoculum
within a ficld (91). Because seed can be contaminated by any bacteria
present in powdered plant tissue (25, 27), such dust should be removed
from the seed by thorough cleaning atter threshing. Contaminated seed
also can be treated with chemicals or antibioties to destroy bacteria present
on the seed coat surface (28, 89, 91, but it is seldom effective against

internallv-borne hacteria,

While current technology does noteradicate bacteria inside the seed coat
or embryo, contaminated seed may be identified by exposure to ultraviolet
light when a bluish-white fluorescence is evident. Wharton (88) reperted
that 2077 of seeds exhibiting tluoreseence contained P phaseolicola, while
1, ol non-thuorescing seeds contained  the bacterium. Since other
organisms can clicit this response, Parkerand Dean (49) stated that this test
wis not definitive but could dentify potentially contaminated seed lots
which then could be eviluated using more criticat and specitic lnhoratory
procedures.

In the United States, clean seed production is a major method tocontrol
halo blight. Clean seed production in Idaho depends upon:

ficld inspection for vivible evidence of infection

laboratory inoculztion of susceptible pods with

preparations tiom seed lots

serological evaluation ol seed-borne microorinisms
establishment of quarantines to prevent importation of bean seed
from areas where the pathogen exists (4, 5)

If the bacterium is detected mna seed ot the seed is not certified and
henee is not planted by progressive prowers. Despite such precautions,
irrigation practices and or envirommental conditions m the region ¢an
favor pathogen developmentand epidemics occurred during 1963-1967(3,
5).
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Control by Chemicals

FHado bhyit has been controlled chemically using Bordeaux Mixture.
Copper Ossehlonde, Copper Sutfate. Cupnic Oxide. Streptomyein
Sultutes and Dibvcdrostrepromyen Sulfate (330 560 750 91 However,
cantrol mayv not alwans be otfective or practical. Such chemicals are
apphied byymound or aermal spray equipment on aweeklv or hinweckv basis
atthe tate of J00-400 ¢ 1000 m- . or at tiest Hower and pod setat the rate ol
0177w 6751 hato prevent spread and development of halo blight on

leaves and pods (3363 75),

Raldph 636y reported that o 027 Streptomvenn soak tor 1wo hours
clhinmated transmission of halo blight bactena i contannnated seed buat
reduced plant emerpence more than 2007 o that obtained from water-
sodhed controiv Hagedorn 025 found that Stuepton e seed treatment
was notabwivs beneticad, althoueh the chenical appeared to attord some
resudiral protection aramst subseguent plantmtection Tavlor and Dudley
(79) reduced 980 ot the primars mtection trom ifected seed when it wis
sturny treated with Steptonivan t 25 e ke seed) or Kasugamvein 10,23
pa Kgseedh Streptomvemn-resetant mutants hase heen obtaned o vitro
but otten were not pathogenie or dod not survive i bean tissue (39,

Control by Plant Resistance

Puthogeme sanation oceurs i 2 phaseolicola populations (39, 65, 71,
T2 wath twe magpor raee pronps wentitied €50, AT isolates tested had a
amilar tate of mulupheation regardless of then race designation (22),
Varwtion i virulence of straans belongie to ather race s attnibuted to
ditferences i the rate at which thes prodace toan 0390 53599 Muny
workers teel the race desymation s not sahid (650 7He o addivon,
serological tests indicated that P plaseodicola antiserum s not race
specttic (26). Schuster and Covne (7 1y report that more virulent stranms of
Pophascolicola are betier adapted for survival than less vicadent strains,

Vanous noculation micthods have been used. They aclude partal
viccnum anoculation of seeds 0 atonzing and watersoaking leaves at 15
posaein the glasshouse and 150 poss o the tietld (500 66,607y and rubbing
leaves with moculum-carborundum €395 Inoculum concentrations of 14-
107 cells ml have heen used (67),

Plantresstance to P pduneodicoly s well known, leencompasses specitic
and general resistance treterred tooas tolerance by carlicr workers)
mechanisms ta both race groups o strams which vany greatdy for ther
virulence bnpeneral, older plieet e anore reststant to mfection (48, 50,52,
91 Bacterin are known to o multiply an the xviem of susceptible and
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resistant plants (48). Hubbeling (39) stated that field resistance may oceur
when there s a reduced rate of bacterial multiphication i vaseular tissue
and a4 necrotic response of parenchymitous tissue or meristems to the
hacterial toxin, N o quabtatn s difteiences exast between the tree amino acid
content present an unimfected suseentible plants and those which are
resistint (504

Independent genes govern resistance tor the leaf. pod and plant svstemic
chlorotc ranctions (209,130 14). Pod suseeptibihty mav occur frequentlyin
plants which poy o leat resistance. Tinkage has been detected between
difterent penes controlling the leat and plant svstemic chlorotic reactions
(140361 Russell (605 reports that resistanee to the aalo blight bacterinm
enceapiasses two phenomeni resistase 1o growth ot the bacterial cells in
vive, and resistance to toxan production.

Bean germplism bas beenidentitied which is resistant to races Tand 2ip
field and greenhonse tests. Resistanee 1o hoth races exists in Great
Naorthern (GoNO) Nebraska w1 selecnon 270 GUNL =16, Calitornia Smah
Wohite S9N STOEM-T Blue Take o Nebraskaselectiontfrom Pl 150414,
PO 203955 and OSU L0183 02090 130 36, 80, %4y, Red Mexican UL 3. 34
and 35 are resistant to race (39,

Schuster taoy reported that Atk Y ellow and Mexiwcan Red conferred
one ol hwo hnmn/\):nll\ recessive genes for resistance i progeny
dependimg upon which sasceptiblie parent was used. Patel and Walker (52
report thet 1 ES04 1 possesses recessive resistance to races 1 and 20 and
thit Red Mesican s domianthy resistant to race T Hileraf 036) showed
that P T 1S0404 and GONC Nebraska #1 selection 27 contain the same
dominant cllele responmsible for resistance to race 1 hut difterent genes

conttol the reaction to race 2,

Covne ecal (12 proposed a breeding scheme hased upon i backeross
and sth-cross desien to combine resistance o P plaseolicola (qualitative
mheritance)y and  Nunathomonas phaseoli (quantitatine  inheritanee)
Hagedorn e alo 03y recenty developed Wi HBR 30 and 72 which are
resistant to race Tand 2 of halo bhight. In addition, Wis, BRSR 130 48
tesistant o both races of halo blight, to commaon blight, to hactenal hrown
spotand to varous tungal pathogens (31 Covie and Schister (99 stress
that it important toseleet germplasi which has aresistant pod. leat and
non-systemie plant seaction,

Successtul and Tongterm control ol P phasecolicelad L atn Amenica
willtequire bean production reerons toadoptintegrated contral programns,
A combmation of ticld samtation of infested plant debris, crop rotation,
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planting clean seed, progressive cultural practices. limited use of chemical
applications and greater rehianee upon resistant cultivars should allow
growers to readize ligher vields from their crop,

Bacterial Wilt
Introduction

Bacterud wilt of beans s caused by the bacterium Corvaehacterium
flaccumtaciens (tHedges) Dows Zaumever and Thomas (91) report that the
pathogen can cause severe losses i the Pnited States, but its presence and
inportance i batm Amerea are unknown,

Hosts mclude Phaseolus angudarts, Poawrens, Poceocemews, Polunaiis |
macrocarpus, Pomuneo, Povuldgarts, Lablab niger, Glycine max, Viena
sesquipedals and Foosinensis (91 Common names frequently used tog
buctertab wiitm T atn Amenica are marchitanicnto bacterial and marchites
hacteriad,

Etiology

Corvnebacternum flaccumfaciens exhibits the tollowing characterstics:
Cellsare shightly curved rods with some stratght cods and wedge-shaped
torms. Fhe bacterium s ginm positive. stiiety aerohic and motile by one o
rarehy two or thiee polar or subpolar flagellia. he bacteriam also causes
hvdrolysis of esculin 017,

Fhe optimum yrowth wemperatare s 37 C0 T he hacterium produces
vellow e oranpee. stnooths wer and Shiny agar colomies (30), Pathogenic
strnns o thes bacrenenn include an orange-colored okate, ¢ placcom-
factens sar auraniacien Sehuster and Christiansen (09, 75) and o puaple -
colored isolate, ¢ Alaccunitecieny v viodacewm Schuster, Vidaver and
Mandel 173 7oy

Epidemiology

Divease development s tavored by temperatiures above 32 Cand stress
conditions such as die weather 1163 Sprewd of the pathogen s sidan to
that for common and halo blight bacterie and snded by rngation wate
and caon-tinl storns ¢ association with plant wounds (98,
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P o Seed discolotation due o bacter,
wiit anfection by ditterent poathor o

St

O fluccumfacions s seed-borne and can survnve e to X vears
infested seeds which may hive vellow, ornge o blue discolontion a9, 70,
9Ty ke 60 The bicterium does not overwinter well inosoil but can
sivive hetween growimg seasons in plintdebris oronweeds More virulent

strans e berter adapted for survival (7).
Srmptomatolopy

O rheoontaciens iy g vaseular parasite which infeets plants through
mtected seed and wounds on acnal plant orpans (140 3508591 or root
wounds varhed by nematode teedimg or cultvation damape (68). 1 he rate
and deeree ot plantinfection depends upon the point ot er L and the stage
of plant prowth Young plants are paaticulariy susceptible and svstemie
developrent occurs sapidiy onee the baeteria reach the vascular systemin

the stem o petole 158)

Fhe rmtral svmptom ot imtection by the wailt bactenmm oceurs during the
watiest patt of the dis when feaves appear tHacord and hange hmply, These
leaves mas repan e turerdiny dunmg penods of lneh maoisture and fow
tempetature but asuall will torn browns swath subsequent plant wilt and
death Fhe vodtimg o catsed by obatrne ron o the vascular bundles nifled
with muloplvinye bacternna Golden vellow necrotie: Tead Testons which
teserble those cansed by commuon blight bacterw mun develop but the

beston manzms aire tore revalian (83, Y1)

Although O flaccentacions mas cnter the plant through stomata (73,
T httle watersounme aconrs s contrasts with common hlipht
(Nunthomonas phaseale sood N phesecds san feescans g and hado Blight
tIheudomonas phasec, dae b e whach normally peretiate through
somie and pranly anvade parenchyvinatons tssne (94)
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Control by Cultural Practices

General contrelreconnmendations haveancluded planting pathogen-tree
seed wnd crop rotation (55 91 which, however, wre relatively ieffective
becaise of the pathoven's ability to suivive o plant debrs or on weeds.

Schuster er al (75 demonstrated that bacterin sursive and multiphy
resistiunt plants and could be transmitted via intected seed o certann
resistant cultivars, Macroorganisms Horne on resistant cultivars could be
disseminated tosusceptible matertals crown nearbyindicating the need tor
clean seed. even i cultivars presurmad sesistant to bacterial infection,

Control by Plant Resistance

Germplasim has been identtied which is resistant to Co flaceumfaciens
(11 1oy and snclude the following aceessions: P 136677. P01 136725 P 1
P67 P 177510, oL 204600 ( Phaseolus valearis), P10 165421 P
1S1790 L cocomens), L 213000 P 1L 2043320 P acuifolines ), P 237686
(P calcaratun), as well as accessions ot Pooqureus, P braciecrus, I
fathyroides and Pomango. POE 2476080 had no svmproms atter taoculation
\though workers Tunve observed that the xvlem vessels of resistant
vermplasm e Jareer than those of suseepuible selections (120 00, Covne
and co-workers concluded that sviem size s noteorrelated with resistance,

Inoculation methods have ancluded: removal o the cotvledon and
mscrtuon ot a needle tp coated with moculum into the stem at the point of
conledonany attachment (9), petiole moculation (58), and partal vacuum
moculation of seeds (24,

Inheritance of bacterial walt resistance has been studied by Covne and
co-workers (150 Io) Resistant GONL Star was derived from the cross
between P T6SO78 (resistunt aceesston from - kev) and susceptible
Great Northern Nebrasha #Eselection 27(10), Susceptibility was conterred
by two complementary domimant genes, and the absence of either one o
hoth resulted i resistance. Susceptibility also was donumant im i cross
between Pob T3I6725 (resistant accesston from Canaday and susceptible
GUONCHIA0) T across between POE 165078 and G ONL T0L resistinnee wis
quantitativels mhernted. The degree of resistince varies hetween germ-
plsm sources,sinee Pob 130725 15 less resistant than PoE 165078, especially
at high temperatures. PTE65S078 was erossed with G NG THIO o produce
the resistant cultivar Foerson (8), which has been used tor commerceial
production of Great Northern beans,
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Bacterial Brown Spot
Introduction

Baucterial brown spot of beans is cattsed by Prewdomonas syringae van
Hall, The pathogen can be serious in the United States (29,53 and Robbs
reports that i oceurs in Brazil06). However. no estimates are avatlable for
Tosses )t America. This bacternl pathogen has an extremely wide
host tange which includes Phaseolt s vulgaris, P lunaius, Tablah nieer,
Ghetme max, Pucraria hirsuta, Vieia faba, Vigna sesquipedalis and 1
sirenady (91).

Common names frequently ased for bacterial brown spot in Latin
America are mancha bacteriana and punto café bacterial.

Etiology

Prencdomonas svringae exhibits the following characteristios: Cells are
smgle, straght rods, motile by means of multitnchous tflagella. The
hacterinm: is gram negative, strictly acrobic, and does not reguire growth
actors. Polv- i -hvdroxybutvrate s not accumulaten as an intraceliular
carbon reserve. Cnltures produce  diffusable fluorescent pigments.
paticnbar sy moron=deticient medias Arginime dihvdrolase s abseat (19).
Ihe bactetin  utitizes  D-gluconate,  glutarate, meso-tartrate, DI-
glveerate, isoascorbate, betaive, sorbitol. meso-imositol. sucrose. N-
caproate.  N-caprvllate, N-caprate. DE- o -hvdroxvbutvrate, citrate,
elveerol and T -proline (44, 64),

[he optimum growth temperature is 280 - 307Coand the bacterium
produces white, convex and transparent colonies on agar with @ green
fhiorescent pigment (S04,

I.pidemiology

[he bacterium has a wide host range but only isolites from heans are
highly vitulent to beans (62) Bean isolates can infect other crops such s
peas (P sanvuen), espeendly when grown in fields with a history of
hean mfection 129, 83 The hacterinm can survive and mubiply on weeds
wich as ey veteh and provide imtal moculim sources to mleet beans,
especilly dunmg rmnstorms (21 P osyrmae can undergo an epiphyvitic-
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SEphant shonnata E2000y)
b

testdent phase dunng which itcan survive and multiply even on leaves (Fig.
7y and buds ot headthy bean plants ¢4 1) Tealso can survive in nlant residue
(711 Intection bye and spread ofl the pathogen s tavored by sprinkler
trigation prictices (29, 370 33),

Symptomatology

P osvringae produces tleeks or neerotic brown lesions of varving size
which mans 17 o miny not (53) be surrounded byiavellow zone g, 8). Na
macroscopreally abvions water-soaked tssue or bacterial osudite s
produced 1t these Baons, aceordimy to Potel e af (53 howeser, other
workers observed watersoaked lestons (87)0 The pathogen can hecome
svatenne and cinse sen festore (910 Patelb er af. (33) observed that pods

trom freld-mtected plantss conld e bentor twisted i bags O and Saumiever
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Fable 1. Miscellaneons bacteriul pathogens of beans,
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Chapter 11

General Review of Mycoplasma - Like Diseases

F.W. Kitajima

Introduction

Various workers (16, 32) have used clectron microscopy and antibiotics
to demonstrate that some plant discases, known as “vellows™ and believed
to have a viral ctiology, actually were caused by myeoplasma-like
microorganisms (M1 M) Many disease problems huve deen associated
with M1 A since 1967, eupecially when symptoms have oeen characterized
by general plant chlorosis, stuntine excessive prolifera ion of branches
(witches hroom) and disorders of floval organs(phyllody) (o 11012035, 37,
48). Many of these causal agents are transmitted naturally by leathopper
msects to varous hosts, including cultivated crops in the  family
Pepaminoseae (5060, %, 33,42, 45),

Mycoplasma organisms are prokarvotes, lack a ¢ .. wall. are highly
pleomerphic, measure 0.2 - LO um in diameter, poss < a membrane,
contamn rnbosomes, RNA and DINA (37). MEM can be «een by electron
microscopy within plant sieve tubes but may occur in the phloem
parenchyma They are difficult 1o grow in virro. However, Sugiura et al.
(47) have maintaiaed and apparently ultiplicd MM assoctated with
Peach-X-discase by placing them in dead zells obtained from the salivary
gland ot its leathepper vector (Colladonus montanus van Duzee). Sinee
MEAM lack a celb wall, they are resistant to peaicilling However, they are

suseeptible to other antibiotics, such as tetracyeline

F'wo other tvpes of plant pathogenic prokarvotes are known to infect
variou: hosts b ut have notvetbeen detected inbeans, The first *vpe s called
a spiroplasma, which is motile, kas a definite helicoid morphology and
measures 0.25 < 3-25 gm. Spiroplasmas have been cultured in virro (9, 17,
44. 49y and are traasmitted by leathoppers (9,40, 49). Corn stunt (13) and
stubborn discase of citrus (17) are caused by spiroplasma organisms, The
other type of prokarvoie is called a rickettsia-hike bacterium. It has a
rippled cell wall, and may be located by electron microscopy in xylem
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vessels or occastonadly in the phloem (28). Pierce’s disease of grapes (! 19,
261 phony disease of peaches (30) and rattoon stunting of sugar ca_.e (38)
ere caused by rickettsia-tike bacteria,

MILM Associated with Tepume Diseases

Various MEM are known to infeet beans and other legume crops and
inc:te svmptoms deseribed peneraliy as legume hittle-feaf, witches' broom
and phyllody, and virescence. Various examples of these diseases are
described i this section,

Lepume Little-Leaf. dutton and Gryvlls (31) deseribed the tutle-leaf
disease associated with forage legumes in Australin. This MM s
transmitted by the leathopper Orosius argentars Fyans, which also 18 a
veetor of tomito big bud. Flectron microscopy studies revea'=d the
presence of MEM n sieve tubes and phloem parenchyma of naturally
infected plants of siratro ¢ Phaseolus atropurpurens), altalfa ( Medicago
sativa), tomato (L yvcopersicon escrdennor) and Viena sinensis: aswell as in
expenimentalive anfected  plants ot Nicoriana elutinosa,  Datura
stramonium, Cathararthus rosews and Phascolus vulgaris. They also were
detected 10 the sieve tubes of  Cuscrra anstralts used tor hitte-leal
transmission and o the saliviary gland of the teathoppers (0 areentatus)
that had fed on mtected plants (5, 6, ).

Trials carned out with tetruevehine showed that sprav applications (100
ageoml) everytwo or three davs tor tour o cight weeks eliminated Hitde-leat
svmptoms on new growth of o glurinosa, Callistephus chinesis and
Lycopersicon esculenium. However, the symptoms reappeared when the
treatment was suspended. Blectron ivicroseope examiations revealed that
there were no pleomorphic corpuscles present in the phloem of plants
which extibited o decroise in svmpoom severity, Moreover, leathoppers
were not able to transnit the pathogen frone these plants (7

Witches' Broom and Phyllody. Witches broom disease has existed fora
long timein Fapanon sweet potatoes (Ipomaoca batatas ). sovbeans ( Glyeine
max), peanuts (ebrachis hypoveay, peas ¢ P sativeen ), beans and Tivna
sinensey (42,35) Shinka 16y found that the leathopper vector of sweet
potato witches” broom was not die same as that tnsnting witchey'
broom of legumes, although both species belonged 1o the genus
Nesophrosyne, later reclassified as Orosius. The vector of sweet potato
witches' broom infected onlv species in the tamily Comvadvulaceae and
Vinca rosea. The veetor causing witches” broom in legumes was able to
infect members of the Leguminoseae and several species of Compositac.
Amaranthaceae, Crocderae and Chenopodiacenae (42, 45) The vectors of

200


http:IIowcsr.cl
http:t)rmiu.ar
http:du+trih.ed

Mycoplasma-Like Diseases

witches' broom in legumes and sweet potatoes now hive heen classified as
Crosius orientalis, and O rvukvuensis, 1spectively (461

Fhe mcubation pertod i the vecton of v cansad aeent of witches” broom
ol legumes is about one month, bat thes can be shortened by raising the
temperature (eog T2 davsat 300 C5 Disea ed bean plants exhibit the tvpical
svmptoms of witches” broom - =o' Uings reduced Teatlets. shoot
profiferation and phvlloid-ike disordees of the floral organs (42, 45).
Mycoplasma-like corpuscles were detected in the phloem of discased
fegume plants by clectron microscopy (15).

Although Phaseolus vudgaiis was not included in the list presented by
Iwaki (33)0 this aathor reported the occurrence of witches” broom and
phyludy i Indonesia in severai legume crops including sovbeans, peanats.
mung beans ( Phaseolus muneo), Viena sinensic and Crotalaria sp.Orosius
argentatus was dentified as the vector in which the MM has an
incubation period of pearly three weeks. Transmisston trials showed that
the witches” broom cansal apent in fegumes could infect other plant species.
Fhe presence of MEM was contirmed in the tissues of affected plants by
histologieal exammations made with the clection microseope.

Witches broani and prviiody hine caused ccononie damage 1o Figna
staensos i the Plalippimes (30 and Phadand (140 Flectron MICTOsCopy
reveaded the presence of MEN i the phioem of itected nlants. However,
there s noadditional imformation concerning the transmission and vectors
of these diseases, Brothe revision of vires and plant problems associated
with MM Muishra (41 deserthed witehes” broom i Phaseclus anrens
(Roxboyand 2 muneo i India but gave no itormation concerning the
pathogen.

Kitapimi and co-workers (35, 36) reported the occurrence of witches'
broom in several depumes such as Croralaria juncea, C pavdinea,
Dexmodiam sp. sovbeans and siratro. Electron microscopy observitions
demonstrated that there wis i consistent association between MM and
the discase. However, no work was done onits transmiss,on or vector
wdentitication.

A few cases (1-377) of witches" broom and phyvllods have been observed
in the green-belt ol the Federal District in Brazil, The mfections nature of
this disease wis shown by pratting trals, but ity vector his not been
identitied. Mycoplasma-like corpuseles were tound in the siey e tubes ot the

201



Chapter 11

vascular region of naturally or experimentally infected plants (Fig. 1 and
Fig. 2).

Maramorosch eral (39) reported the presence of MM inthe sieve tebes
of prgeon pea ( Cajanus cajan) plants exhibiting witches broom svmptoms.
However, no details were given for ity pathology or transmission.
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P 1= ctop) Hlectton nncrophetovraph ot donstmdimal section of bean sieve tubes (S1)
contapng nnmerous pleomaorpine corpuscles 18

Fig 2= tbottony lection microphotowaph o nvcoplasina-hke corpiseles 18V showing
absence of celb wall amd presence of plastids 11
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Virescence. Cousin er al. (10) idemtified mycoplasma-like corpuscles
which were present in the cortical parerchyma of beans exhibiting
symptoms of virescence and collecied in Zagora and Morocco. However,
they did not furnish economical or pathological data concerning the
disease and its pathogen.

Unfortunately, few data are available to indicate the identity of the
MLM associated with witches” broom of legumes in different parts of the
world. In the three cases studied in most detatl - Australia, Japan and
Indonesta - the similarity in host range and vector (31, 33, 45) suggests the
possible identity ot the ctiological agent.

The available information on problems associated with MLM is
insufficient to conclude fhat all of them are caused by the same ordifferent
species of a member of the mycoplasma group. Host and. or vector
specialization could explain why certain ME.M are associated with diseases
that have a restricted host range.
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Mycoplasma Diseasc in Colombia

G.A. Granada

Introduction

A mycoplasma-like disease was first detected in 1968 in infected sovhean
plants grown in the Cauca Valley of Colombia (2. 20). Since then its
incidence has increased in cultivated sovhean crops and can varvirom0.4-
80.0¢¢ plant infection with corresponding vield losses of 8- 1600 kg ha(26).
A similar disease has been observed since in beans with §-]5¢ plant
incidence in commercial plantings grown in the Cauca Vallev.

This myeoplasma-rike organistn can infect the following hosts: Glyeine
max, Phaseolus vulgaris, Poangularis, P.calcarats. P lunats, Crotalaria
spectabilis, Co juncea, Desmodim sp.. Vinea rosea, Cajanus cajan,
Rhvnchosia minima and Galactia glaucescens (21, 25). Common nanies
frequentty used for bean mveopiasma in Latin America are machismo and
amachamiento,

Etiology

Electron microscopy evaluation of infected hean or sovbean tissue
reveils the presence of mycoplasma-like corpuscles which fack cell walls
and are located in the phloem cells. The myeoplasma-like etiologv also has
been contirmed by svmptom expression and the remission of symptoms
when infected plants are treated with teiracicline (24, 27, Granada.
unpublishied data).

Transmission

Fhe mveoplasma-like oiganism is transmitted by the brown leathopper
Scaphyiopius fuliginosis Oshorn (Fig. 3) (20, 23), High population levels
of this inseet have been detected in infected sovbean tields in Colombia
(18). This vector has been shown 1o transmit the miveoplasma-hke
organism to bean plants grown under controlled conditions (Granada,
unpublished data). Newson recentiy has utilized o Scaplivtopius species 1o
transmita viral-like organism m sovbeans (MUE Trwin, IN TSOY. personal

Fae 3= Deathopper vector (Scaphviopus fuliginosus)
ot bean mycoplisma-hike organism in Colombia.
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correspondence). Other species of Scaphyiopius transmit mycoplisma-like
diseases. such as stubborn disease of citrus (S rrricls), aster vellows (8.
defongi and S. irrcratus); or virus diseases suen as alfalta witches” broom
(S. acutus) and a ~ranberny diseise (850 avdalensisy (33, 43y

Whon one to six-¢av-old bean seedlings were exposed to cage-reared
infective adults ot S siddiginosus for five day s, the average incnbation time
of the pethoger was 37 days (range of 31-43 dayvs) (Granada, unpubitied
data). ! his is stmilar to the 39-day incubation period obtained i soybeans
tested under he same conditions (23). The organisi is not transmitted
mechanically or by eed. but it iy graft transmissible (Granada,
unpublished d ). Bowyer and Atherton (6) report that legume hittle leat
has an incubation peried of only 19-23 days, while other insect vectors have
incubiiion periods which range from seven to 102 days (31).

Symptomatology

Svmptoms o1 mveoplasma infection generally become appacent during
flowering and pod development when the plant reproductive stage 1s
converted into i continuous vegetative stage. Fime of infection determines
the extent of this conversion within the plant.

Uarly infection causes flower petals to belight or dark greenvirescence),
and owers are smaller but have longer sepals than normal flowers. A
corrugated stricture emerges from the unopened floral apex which is
filitorm @ the upper end and resembles i rolled feer when dissected
(phyvlody )i Figs . Later infections may cause pods to be ngid, thin, erect,
twisted. cortagated, oriented upwards. and shaped like a halt-moon (Fig.
5). These pods tarm few it any seeds. Severe symptoms may appear as

Fage 4= Phallody caused by mveophasma b S- Pod detormation caused by bean
intection of bean mscophisma infection
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P 6o Peat and petnele determation e 7 Warchey” brocm svmptom o

catsed by bean mveoplasmi intection mtected phatit

flowers are reduced to small buds supported on a large petiole from which
additional small leaves and petioles may prohiferate (Fig. 6). The general
plant symptom niay ceembple a tvpical witches' broom (Fig. 7). Late
infection of plants bearing healthv-appearing pods may stimulate the
premature germination ofseeds bornin the pods{F g 8). These germinated
seeds can be tansplanted and develop into normal plants free of the
mycoplasma-like organsm (Granada, unpublished data).

This mycoplasma-like organism induces similar symptoms during
flowering in other hosts, such as P lunatus, sovbean (big, 9y, Poangularn
P. calearatus, Galactia glaucescens and Desmodium sp. However,infecte .
Crotaiaria spectabilis plants demonstrate abundant vegetative ramifica-
ton before {lowering, which does not occur in €. juncea (Granada.
unpublished data).

Frg N Cahove) Premature eermation of boan seeds

moanmature pod

Fur 9 bt Mycopiasnig svinptoms i sovhean
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Control

Control measures include maintaining an adequate crop rotation and
not planting continuous or simultaneous cveles of susceptible cropssuch as
beans and sovheans, o willavoid a build-up and the continued survival
of insect vector popula o s and sources of inoculum from intected plants.
When cconortcally fe.able, infected plants should be remoy ed from the
tield and drstroved. T addition, weed hosts should he ehimimated from
fickds and surrounding Sorders or irrigation canals. Fnsecticides may
reduce populations of the vecetor and should consist of those tsed to control
the preen leathopper (Empoesca Aracmert). Plant resistance may provide
an ideal control measure, but no information iy available concerming
varietal response to nfcetion.
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Chapter 12
Aphid - Transmittec Viruses
General Introduction

Four aphid-born.. viruses infect beans. 1 ney re bean commor mosaie
virus (BCMV), bean yellow mosaic virus (PYMV), cucumber mo: . virus
(CMV) and altalia mosaic virus (AMV). This chapter will review the
geographical dist:ibution, economic importance, host range, physical
properties, purification, transmission, epidemiology, symptomatology.
and control measures reported for this group of bean viruses, except AMV,
which has b.¢n included in the miscellancous group of viruses.

Bean Common M osaje Virus
Introduction

Bean common mosaic was one of the first virus discases reported in the
world, when Iwanoski (88) observed it in the Soviet Union. Since then, this
seed-borne virus has been reported in nearly every country of the world. It
is economically important throughout Africa, Europe, North America and
Latin America (1, 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. | HO, 111, 112,113,114, 118, 138,
139, 146, 164, 169).

Plantinfection may reach 10007 in fields. and yield losses are reported to
range from 35-98¢; (28, 31, 64, 77, 109 Hampton (77) reported that pod
number per plant was reduced 50-04%7 and seed yield perplant was reduced
53-68%, depending upon the viive strain, Galver and Cihrdenas (64)
reported that vield losses varied fror. 0-98¢7, depending upon the cultivar
and time of infection,

The host range for BCMV is more limited than that reported for B MV,
but still includes: Phaseolus vulgaris, P. limensis, p. acutifoliuy var,
latifolius, P. angularis, p. aconitifolius, P. calcaratus, P, mung. , P,
coceineus, P atropurpureus, P. radiatus, P. aurew,, P, lunarus, P,
polyanthus, Vigna sesquipedalis, V. sinensis, vicia faba, Crotalaria
spectahilis, Canavalia ensiformis, Lupinus alba, Nicotiana clevelandir,
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Macroptilium lathyroides, Pisum sativum, Medicago sativa, Dolichos
lablab, Trifolium pratense and hynchosia minima (21, 68, 91, 92, 103,
118, 130, 137, 169). Sesbania exaltata and Macropiilivum atropurpureum
are reported ‘o be symptomless hosts (103). Chenopodium quinoa,
Gonsphrena globosa, Tetragonia expansa and cultivars of Phaseolus
vulgaris serve as local lesien indicators to various strains of BCMYV (21,
123, 130, 134, 135, 141, 55, 157, 166).

BCMYV was called bean virus Fand M-rmor phaseoli Holmes by carlier
workers (169). Common names frequ.ntly used for bean common mosaic
virus in Latin America .nclude mosaico comun and mosaico comum.,

Symptomatology

Bean common mosaic virus may incite three types of symptoms: mosaic,
systemic necrosis fhlack root), or local lesions. depending upon the
cultivar, time of injection, strain and environmental conditions. Mosaic
symptonms appear in systemically infected cultivars and may cause a
mottling, curling, stunting and malformation of primary leaves (Fig. 1)
especially if the primary intection oceurred through contaminated seed.
The trifoliate leaves express leaf curling and malformation and a mosaic of
yellow and various shades of green (Fig. 2). Infected leaves may appear
narrower and longer than uninfected leaves, and leaf tips curl downwards
and deform the leaf (Fig. 3).

) o "
Fig 2 Feat mosac svmptoms induced
by BONNY anfeciion

i
: Soa . E 2
P 3 eat cuchnge and maltormation

of feaventected by 17ty mduced by BO SN nfection.
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Fig. 4- Inital fead svmptoms of black root Fig. 6- Black root induced necrosis in vascular
reaction induced by BOMV. svstem ol bean pods.

e ——
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N

black tont.

Systemically infected plants may have smaller pods which containfewer
seeds than pods from uninfected plants. Infected pods occasionally may be
covered with small dark green spots and mature later than uninfected pods
(167. 169). Symptoms of systemic mosaic are expressed more clearly at
moderate temperatures between 20° - 25°C.

Systemic necrosis or black root symptoms may appear in cultivars
posscssing resistance (hvpersensitive 1 gene) to systemic mosaic and which
are infected by necrosis-inducing strains at low temperatures (20°C) or
other strams at high tomperatures (26° - 32°C). Infection may reach 40-
1000, and occurs trom aphids which transmit BCMV particles from
susceptible beans or other hosts to resistant plants.

Symptoms initially appear asleat lesions (Fig. 4) orin the plantapex and
voung trifolates which wilt, become dull green and then black (Fig. 5).
Fventually the entire plant wilts and dies. A chararacteristic necrosis
(reddish-brown to black) of the vascular system may be evidentin leaves,
stems, roots and pods (Fig. 6) (55, 80, 81, 82, 169). Bean southern mosaic
virus, the neerosis strain of bean vellow mosaic virus and a strain of bean
rugose mosaic virus also are able to induce systemic necrosis symptoms (35,
J¥, 169).

2156



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 varving size and frequency, depending upon the
cultivar, strain, and environmental conditions. Cultiva:s which are known
local lesion hosts include Great Northern U.1. 31 and 123, Pinto U.L 111,
Potomac. Stringless Green Refugee, Plentiful and Monroe (123,130, 134,
135, 141, 155, 157, 166).

Physical Properties and Purir  ation

BCMV particles can be observed easily with the electron microscope in
crude sap or partially purified preparations. The flexible and {ilamentous
virus particles are 730-750 nmin length and 12-15 nmin width (26,74 (04,
T'hese particles are similar in morphology to those produced by been yel-
low mosaic virus, see Fig. 12, Cytoplasmic inclusions al ¢ are casily
observed in preparations and may be present as iilaments, tanellates and
pinwheels (Fig. 8) (36, 79). Virus particles are transported throughout the
phloem and can be detected in upper plant parts within 24-48 hours andin
the root svstem within 60 hours after inoculation (58, 59, 60. 61).

Sl

< <
S BN :
P 8- tabove) Cytoplasmic in-
Jusions o pinwheels (25000 X)
produced by BOMN L

Fage T-tletty Docal te aons produced
by BOMN  in o gnoculated  bean
leaves

BCMV particles are inactived in sap at 567 to 65°C, have a dilution end
point of 10 "to 104, and are infective for one to four days(21, 67, 106, 137).
Nioralss (109) determined that BCMYV has a 260 280 absorbance ratio of
127 and a molecular weight of 32.5 to 34.4 x 107 daitons for the capsid
protein subumt.

Other physical propertics have not yet been determined for this virus,
since it is difficult to purity. BCMV particles tend to aggregate and
precipitate atlow centritugal forees and are difficult to separate from major
plant contaminants (21, 6%, 101, 103, 110, 158). Recently, Morales (109)
developed a purification method which permits the isolation of BCMYV
with a high degree of purity and in adequate amounts to produce a specific
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Fig.9- Winged aphid adults such as these may act -
virus vectors.

antiserum. This purification procedur: utilizes clarification with
chloroform and carbon tetrachloride, precipitation with polyethylene
glveol and equilibrium centrifugation in cesiura chloride.

Transmission and Epidemiology

BOMY particles may be transmitted mechanically, in pollen and seed
from infected plants, and by insect vectors. BCMV-infected leaves, used as
imoculum, can be homogenized in water or buffers such as potassium
phosphate and-then manually applied to leaves of healthy susceptible
plants (109 Many workers also have added abrasives such as carborun-
dum powder to moculum to facilitate the intreduction of virus particles
into plant cells (33, 169).

An moculation etficiency of nearly 1009 can be achieved in the
glasshouse, while in the field the efficiency is lower due to adverse
environmental factors which may affect both the viruses and the plants.

Virus particles can be transmitted in pollen grains. ovules and flowers of
infected plants (58, 59, 163, 169). Seed transmisston likewise can oceur in
susceptible cultivars ot Phaseolus vidgaris, P. acutifolius, P. coccineus, P.
polvanthus, Pomungo, Macropulium lathyroides and Rhvnchosia minima
(910 1030 1170 1220 125, 1260 1310 137, 147). The percentage of seed
transmission may vary tfrom 3 1o 950 It s affectzd by the cultivar and the
time of infection, especially betore flowering (5, 28,3940, 4,, 42,43, 44, 49,
54,64, 05,98, 106, 107, 118, 140, 169). BCMV particles are reported to
sLovive nobean seed for at least 30 vears (169),

Inscet vectors such as aphids (Fig. 9) can transmit BCMV effectively
from infected plants to healthy plants. Repcorted aphid vectors include
Macrosiphum solanifolii. M. pisi, M. ambrosiae, Myzus persicae, Aphis
rumicis, A, gossypii, A medicaginis,  Hvalopterus  atriplicis  and
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Rhopalosiphum pseudobrassicae (169). Studies have determined that
aphid populations often are lower than those of otherinsect species in bean
fields, but that the aphids are responsible for transmission of BCMV
particles. The efficiency of transmission depends upon the leaf (source of
inoculum) on which aphids feed (170) 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 for BCMYV in the tropics and other
regions (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 1009 plant infection
from a seed source that was only 15-25¢% contaminated (39, 40).

Control by Cultural Practices

Various cultural practices, such as planting date and clean seed
production, have been used to reduce the incidence of BCMV infection in
susceptible cultivars. Burke (29) found a correlation between planting date
and virus incidence which was associated with aphid population levels.
Therefore. bean plantings should be adjusted to minimize the period
during which susceptible cultivars may be exposed to infection by aphids
migrating from other crops to beans during the £rowing season.

Production of seed free from BCMV can effectively reduce the initial
inoculum. However, it also may be necessary to control the aphids with
insecticides to reduce transmission of BCMV from other infected bean
plants or weed hosts (40, 136). No chemicals or other treatments are
available to remove or destroy BOMV particles present within infected
seed (39, 169),

Control by Plant Resistance

Plant resistance 1o bean common mosaic virus has been available for
nearly 60 years since the cultivar R obust was discovered to beresisiant. The
resistance of Robust was later determined to be conferred by a single
recessive gene (11, 34,72, 78,120, 134 169). Cultivars subsequently derived
with Robust resistance include Great Northern U.L. No. 1, No. §9, No. 81,
No. 123, Red Mexican U.I. No. 3 and No. 34, Roval Red, Pinto U, No.
72.No. 78and 111(32, 148, 149, 169). These cultivars have been resistant to
the type strain of BCMV 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 a
dominant 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
vears (165), and Burke and Silbernagel (30) have suggested that the Corbett
Refugee type of resistance be widely incorporiated into commercial
cultivars.

These sources of resistance also have been used to develop resistant
cultivars in Latin America, such as ICA-Tui and ICA-Pijao in Colombia,
Titan and Arroz Yin Chile, Peru 257 in Peru, Tacarigua in Veneruela, and
Jamapa and Sataya 425 in “fexico (34, 40, 55, 106, 107, 119, 156, 173).

Hagel er al. (75) have reported that certain BOMYV resistant cultivars,
such as Black Turtle Soup, also express tolerance to insect vectors such as
aphids. Additional studies are necessary to determine the effectiveness of
this type of aphid resistance and its applicability to commercial produc-
tton,

Plant resistance to BCMV s 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 virne strains and sources of resistance (6, 7, 14, 55, 56, 57. 144).
Drijthout and co-workers have assigned 22 cultivars to !l resistance
groups. and divided the 5 known viral strains in seven pathogenicity
groups. Galves er al. (65) huve proposed a similar system of nomenclature
(BOMVY-1 10 BOMV -7y to distinguish these seven basic viral groups (Table
1. The Internationat Working Group on Legume Viruses has presented
another viral strain classification,

Cultivars in resizaanice groups one to six do not express systemic necrosis
to any viral strains but do express svstemic mosaic symptoms to one or
more of the viral groups. These cultivars, therefore, possess recessive alleles
for the nezrosis gene 17 ikewise, hine IVT 7214 (resistance group 7) does
not exhibit svstemic mosaic or necrosts upon inoculation with any known
viral strain and possesses recessive alieles for the necrosis gene. Cultivarsin
resistance groups cight to 1) exhibit svstemic necrosis to one or more viral
strains, and no systemic mosaic svmptoms to any viral strain. These
cultivars, therefore, possess dommant atleles for the necrosis gene. The IVT
7233 line likewise possesses dominant alleles for the necrosis gene but
exhibits only local necrotic Irsions.

Results from these investigations should allow breeders and pathologists
to incorporate resistanee gene(s) etfective against the known pathogenicity
spectrum and provige growers with resistant commercial cultivars adapted
to the tropics and other regions of the world.
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Bean Yellow Mosaic Virus
Introduction

Bean yellow mosaic virus is widely distributed throughout the world on
beans and manv 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), Brazil (46, 95),
Uruguay (Juan Izquierdo. personal communication), and possibly
northern Mexico. The distribution of BYMV in Latin America is not
completely known, since it often has been confused with bean golden
nosaic viruys.

BYMV can infect up to 1007 of the plants grown inafield as observed in
the United States (169). Hampton (77) reported that BYMV could cause
serious vield losses with a 33¢7 and 41¢7 reduction in pod number and seed
vieid, respectively. Little research has been conducted in Latin America to
measure vield losses induced by BYMV. However, the existence of virus
complexes has made it difficult to measure accurately the effect of
individual viruses.

Bean yellow mosaie virus has been ealled Phascolus virus 2, Gladiolus
MOSKIC VITUS, pea mosaic virus, and bean virus 2 by carlier workers (169),
Common names trequently used for BYMV in Latin America include
mosaico amarillo, mosaico amarelo and moteado amarillo,

Bean vellow mosaic virus has a wide host range which includes
Phaseolus vudearis, P oaureus, P lunaius,  Cajanus  indicus, Cicer
arietinum, Lativvrus odoratus, {ens esculenta, Melilons alha, Cucurbita
satvunt. Pisum sativum. View tuba, 1 americana, V. omonantha, 1.
villosa, V. sativa, V. atropurpurea, Vigna sesquipedalis, Viena sinensis,
Trifolivm pratense. I incarnanm, T hvhridum, Medicago sativa, M.
lupulina,  Glveine max,  Gladiolus spp.. friconella foenumeraecum,
Crotalaria specrabihs. Lupines deusiflorus, Proboscidea IYavs
Cladrastis lutea, Robinia paeudoacacia, Freesia sp.. Bahiana sp. Ivisap
Sparaxis sp.Trionia sp.. Nicotana tabacum, N svlvesiris and Nornviea
(20090, 127, 128, 169, 171,

Symptomatology
[nitial symptoms of BY MV svstemic infection appear as small chlorotic

spots one to three mm n diameter, which are often surrounded by a halo.
These spots gradually enlarge and coalesce to produce a general chlorosis
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P B0 nioroncieat sumpromis Catised by Fooo TE Deat maltormation anduced by
HY WIN ectiom BY MV intection

on attected leaves (Fige 10). Young teaves become brittle, glossy, concave
on the upper leaf surface, and may be malformed (Fig. 11, Yellow and
green motthing becomes more intense on leaves as thev age. Infection
causes shortened mternodes, proliferation of branches and plant stunting.
It also may delav matunty (169).

Systemic necrosis svmptoms can be induced by certain strains of BYMV,
Symptoms appear as a purplish coloration at the base of the lower teaves,
which may be accompanmed by veinal, stem and petiole necrosis, top
necrosts at the ternunal growing point, or plant death. These svmptoms
mayv resemble those mduced by necrotic strains of BOMV (Black Root).
Other BY MV strains are able to incite local necrotic lesions on leaves. The
tyvpical chloratic Teat svmptoms also mav be evident (35, 169). Reddish-
brown spots mayv torm on infected pods. which can be malformed,
depending upon the specttic virus strain (169),

Physical Properties and Purification

Partucles of BY MV resemble those of BUMV sinee they are long, flexible
(B 125 and measure 750 nm in fength and 15 nmin width (25, 26, 161).
Cytoplasmic inclustons may be spiral, ring or lameltate pinwheels which

Fage 122 Badamentons
particles of BY MV
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are typical of the potyvirus group (19, 20, 27, 36, 87, 95, 153). These
pinwheels are similar in morphology to those produced by bean common
mosaic virus, sce Fig. 8.

BYMYV has a 260 280 absorbance ratio of |, 18- 1.20(89. 108). BYMV
particles have a thermal end point between S0° to 60°C,and adilutionend
point between 10 Vand 10 4. Particles retain their infectivity for one to two
days and occasionally up to seven days. These properties depend upon the
virus source, host plant and experimental conditions (20, 116, 169),

Purification ot BYMV was difficult in carly work since particles
aggregated casily and also agglutinated to plant chloroplasts. Various
workers developed niethods 1o partially purify BYMV (12, 82, 84, 162).
Morales (106) developed a procedure which vields highly purified and
nondenatured BYMV preparations. The purification procedure is similar
to that described for BOMV . 1t utilizes elarification with chloroform and
carbon tetrachloride,  precipitation  with polyvethylene glycol and
equilibrium centrifugation in cestum chloride. Sodium diethyldithiocar-
bamate (cheliating agent) must be added to the extraction buffer to purify
the necrotic strain of BYMV . Jones and Diachun (90 also have ueveloped
a rehiable purification procedure.

BYMV has some serological similanties to BCMV but can be
distinguished, BYMV 4lve has various strains which now can be
distinguished serologicaily (13,74, 15, 20, 23, 24,70, 90, 116, 169). Jones
and Duachun (90y identificd three BYMV subgroups within a collection of
BY MV jsolates obtained from infected red and white clover. These
subgroups ditfer for serological and biologicai factors such as host range
and symptoms. Additional work i required to establish an acceptable set
ot host differentials and strain classification.

Transmission and Epidemiology

BY MV particles mav he castly transmitted mechanically and by insect
vectors such as aphids. BYMV is not transmitted in seed of Phascolus
vidgaris. However, it can have a low transmussion in seed of Ficia faba and
some other legumes (20).

Aphid vectoss include Acvrthosiphon pisum, Macrosiphum euphorbiae,
Myzuy persicae and Aphis fubae (20, 7100150, 151, 152 154). Aphid
transmission from infected beans or other hosts i primarily responsible for
natural cpidemics of BYMV. Some strains of BYMYV are not easily
transmitted by aphids (63, 150, 154). and some BYMV strains may lose
aphid transnussibility during storage or maintenance by mechanical
Ioculation (154).
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Control

Alternate hosts of BYMYV 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 By-2 (53, 142). Sources of resistance to the BYMV
strain inducing pod malformation have been identified in various Great
Northern lines such as G.N. U.l. MNo. 31,59, 123 and 1140. This resistance is
conferred by three recessive genes with modifiers (9, 10, 35, 73, 168).
Resistance to BYMYV strains and BCMV has been found in interspecific
crosses between Phaseclus vulgaris and P. coccineus (8. 11, 169), Black
Turtle Soup is resistant (o 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 BYMV (129).

Cucumber Mosaic Virus
Introduction

Cucumber mosaic virus (CMV) is widely distributed throughout the
world, including the United Ttates, Puerto Rico, Spain, France and Brazil
(16,22, 102, 104, 105, 145, 169). The virus is not reported to be a serious or
cconomically important disease (16, 104, 169).

Cucumber mosate virus has been called cucumber virus 1, Cucumis
virus 1. Marmor cucumeris, Spinach olight virus and tomato fein leaf
virus. The common name frequently used for CMV in 1 atin America is
virus del mosaico del pepino.

The host range of MY anctudes Phaseolus vulearis, Poaborigeneus, P,
aconitifolius, P. angvularis. P bracteatus, P calcaraius, P caracalla, P
coccineus. Podumosus, P.oervihroloma, P lunatus, P. panduratus, P.
phyllanthus, P pilosus, P polystachios, P radiatus,  Macropiilium
atropurpureum, M. lathyroides,  Capsicum annuum,  Chenopodium
album, Cucumis sativus, Nicottana <pp.. Ocimum basilicum, Spinacia
oleracea, Canavalia ensiformis, Lathvrus sativus, Pisum sativim, Vicia
Saba, Vigna unguiculata, Gomphrena globose and Musa spp. (22, 104,
124).

Symptomatoiogy

Symptoms of CMV 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

CMYV particles are isometric and may be 20-22 nm (105). 24-27 nm ( 104).
or 30 nm (69) in diameter. The particles are present in clusters of 180
subunits which form pentameres or hexameres (69), CM Y particles have a
thermal end point of 70°C, 4 dilution end point between 10+ and 10-%, and
are infective in vitro for three to six days at 23°C (1905).

The virus particles have a sedimentation coefficient of 98 S. a molecular
weight between 5.8 to 6.7 x 10¢ daltons, a diffusion cocefficient of .23 at
D20 x 10 " cm 2 /sec, its isometric point at pH 4.7 and electrophoretic
mobility of 8 x 10 * ¢m? sec volt in 0.1 M butfer at pH 7.0, 4 260 nm
absorbance of 5.0 and a 260 280 absorbance of 1.65. The virus particles
contain RNA which has a molecular weight of 1 x [(rd, protein subunits
which have a molecular weight of 3.2 x 104d, and more than 280 amino
acids (69).

Various purification procedures have been developed by workers (18, 22,

104, P15, 143). These procedures have enabled researchers to develop
antisera to studv CMV and its strains.

Transmission znd Epidemiology

CMV particles are casily transmitted mechanically, in seed. and by insect
vectors such as aphids. CMV may be transmitted mechanic..ly {rom

PTA " SV Y A A
A LHATS g
v g e TN

Fig 13- Teat svmptoms of cucuimber mosaie vitus ininfected cucumber

plants
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infected beans, tobacco, cucumbers(Fig. 13)and other hosts(16, 102, 104).
Seed transmission may vary from lessthan 1% to 309, depending upon the
bean cultivar (16, 22, 102, 104, 124). Bos and 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 Myzus persicae (94, 104, 124). Meiners et al. (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 includ. planting seed free of contamination by
CMYV and crop rotation to reduce the number of hosts [or the virus and/or
its insect vector. Lhemical control may be used to reduce aphid
populations in bean ficlds or other Lost crops. Cultivars mey differ in their
resistance. How=ver, little rescarch has been justified in this area since
CMYV is of such minor and ‘or currently unknown importance.
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Table 1. Differentiation and Rrouping of BC MYV strains and host resistance groups.

Pathogenicin Kraup of the viius

i

f 1 1 1Va IVih Va Vb Via Vi VII :

Host —_— i

resist- Woear- Puerio Flor- Weat-  Idaho Cola- Miche- Jo- Mexi- Great |
ance Dutterentid Lindur Tape Rico da ern or B na NY IS Imuna lite landa  co North.
group cultivar name NTOUN PR | NL? NLs USs US4 1S3 NLe US 2 NL2 NL3 NLS US 6 NI 4

Cultivars with recessive alletes I*1* o1 the necrosis gene

| Dubbele Witte + * + + - + s + + + + + + + + +
Str. Gr., Ref + + -+ + + + + + + + + + + + N

2 Redl. Gr. C - - - + - + + + + + + +t + - +
Puregold Wax - - - + - + + + + + + +t +
Imuna - - - +t - + + + + +1 + +1 +

R Redt. Gr. B - - - - - + + + + - - + + + +
Gr. North, 123 - - - - - + + + + - - + +t + +

4 Sanilac - - - - + - - - - + + + + - -
M Khelite 62 - - - - + - - - - + + + + - -
Red Mex. 34 - - - - + - - - - + + + + - -

s Pinto 114 - - - - - - - - - + + + + - -

Zi 181dey)



Lee

Monroe

Gr. North,
Red. Mex.
IVE 7214

- -
s . .

Cultivars with dominantalieles (1) of the necrosis gene

b Widusa - - - +n - *n * in - - +n n - -
BL Turtle 5. - - - +n - *n + *n - - +n +n - -
94 Jubila - - - . - +n +n +n - +n +n +n - -
9b Toperop - - - - - +n + + - +n +n +n - _
Imp. Tendergr. - - - - - *n + * - n +n +n - -
10 Amanda - - - - - - - - - - - +n - -
| VT 7233 - - - - - - - - - - - - - -
. Susceptible, sensilive, sysleno nosic «n Suscepuble, sensitve, usually all plants with svstemic necross. not clearly
+1 Susceptible. tolerant, systemic symptoms questionable or very weak. virus dependent on temperature
recovered from uranoculated teaves by back-inoculation onto Dubbele Witte +n Susceptible of resistant, dependent on temperaters. from none to all but mostly
- Rear Gant, fo sy atenie ssmptams, virus not recovered from uminocslated leaves aniy . tew plants with ssstemie necrosis, the number varyingin repeated tests and
! b ' A h &
by back-ioculation icreasing with temperature. Greenhouse mean temperature 22.26 €, day and
mght tluctuation at most 20-24 C i wenter and 20307 C in summer ( S5.8T).
e e -

SesSnJIA paniwsuel) - piydy



Chapter 12

12

10,

Literature Cited

Abella, AL 1962, El cultivo det frijol en Nicaragua. In, Provecto Cooperativo

Centroamericano  de M oramiento  del Frijol, "la. reunién  Cen-
troamericana, Sian Joxt, Costa Rica,

Acufia O Hern B0 19760 Manual de enfermedades de cultivos tropicales.

Centro Nacional de Teenologia Agropecuaria, CENTA, FI Salvador. Bol.
feo 00 1277,

Aleonero Roand 1P Meiners. 19740 The effect of environment on the
response of bean caltivars to intection by strains of bean common mosaic
virus, Phyvtopathole v 640 679-6K82,

Alconero, ROEP Meiners and AL Santiago 19720 A new strain of common
bean mosase i Puerto Rico. Phyvtopathology 62: 667 ( Ahstr).

Alvires AL ML TYCS Dicterminacion de L resistencia por hipersensibilidad al
noosaics comun del trijol (Phasealus vitas 1) Agr. Tee, 250 114-119,

Avares ALM 1977 Dreterminacion de hipersensibilidad al mosaico coman
deb frijor en hons aorputadas v otactores genéticos que condicionan su
herencra, Apr. Tee, 370 19223

Alvires AN and A Znvar N 1965 B s train™ NUYL 1S de mosaico comun del
fritol en Chile, Apr tee 28 [71-172,

Bagpett, TR 9SO, The inhentance of resistanee to strains of bean vellow
rosiic virgs anthe interspecttic cross, Phaveolus vulgaris x P coccineus,
Plint Dis. Repu. 400 702707,

Bagpett, 1 ROI9S7 { ttects of prenetic segregation in Phaseolus vidgaris on the
svmptoms induced by bean vellow mosaie virus, Phytopathology 47: 365-
36K,

Bagget, o Roand WA Frazier, 1987 The inheritance of resistance to bean
vellow mosaie vins in Phaseolus vadvaris. Proc. Amer. Soc. Hort. Sei.
70:325-333

Baggett, TR WA Frazier and FPD MeWhorter, 1966, Sources of virus
resistance in beans. Plant Dis Reptr, 50: §32-534

Bancrofte F B and P Kaesbere 1959 Partial puritication and association of
filiamentous particles with the vellow  mosaic disease of  bean.
Phyvtopathology 49 713.7]8

Beesner LoD/ Maatand 1 Bos 1976 Phe relationslip Fetween neerosis
virus and bean vellow mosaie virus, Netherbands b Plant Path, R2:41-50.

Berchs, Ro19600 Serolopische Untersuchungen zur Differenzierung von
[solaten des Phascolus virus 2 und ther Verwandsenatt mit Phaseolus Virus

I Phytopath. 7 39120 )28

Bereks, RU19610 Serolog che versandtschatt zwisehen kartoftel-Y virus,
rubenmosaik-virns und Phaseolus virus 20 Phytopath 7. 40: 157-365.

224


http:istam.cc

20.

Y

i

Aphid - Transmitted Viruses

Bird, I., Josefina Sdnchez, Rita Rodrigues, Amelia Cortés-Monllor and W,
Kaiser. 1974, A mosaic of beans ¢ Phaseolus vidgaris ..) caused by a strain of
common cucumber mosi' virus. J. Agr. Umiv. of Puerto Rico 5a:151-161.

Bird, J., Josefina Sanches, Rita Rodriguer, Amehia Cortés-Monllor and R.
Lawson. 1975 A vein banding mosaic of beans incited by u strain of
cucumber mosaic virus. o, Tropical Diseases of Legumes. Eds., J. Bird and
K. Maramorosch, Academic Press, New York, pp. 103-11],

Bock, KR F.J Guarie and M. N, Pearson. 1975, Notes on Fast African
Plant Virus Diseises. 9 Cucumber Mosaice Viruses. Fast Airican Agr. For. 1.
JLKT-R4,

Bos, T 969 bnclusion hodies of bean vellow mosaic virus, some less known
closely related viruses and beet mosaie virus, Netherlands 1P lant Path, 75:
137-143

Bos 101970 Bean vellow mosaie virss. I Description of Plant Viruses. No,
40, po 1L PO A AL

Bos. 11971 Baan common mosaie virus, Commonwealth tveological
Institute wseociation of Applicd Biclogists. Deseription of Plant Viruses
Noo 73

Hos o Loand DUZ0 Maat 19798 A strin of cucumber moside virus, seed-
transuuited i beans, Netherlands 1o Plant Path, 80: 113-123,

Bos L Cz Kowalshaand D2 Maat 1974 1 hedentification of bean mosaic,

nea vellow moe and pea necrosis strams of hean vellow mosaic virus,
Netherlands 10 Plant Path, 800 173-191.

Boso b D¢y Kowalsha and D20 Muat 1974 The identitication of .ome pea
mosae and necrosis imdicing isolates of hean vellow mosaie vivus, and a

further discussion of vicus vination. Aan. Rept. Bean Improv. Coop. 17:21-
Akl

Brandes, J 1964 Identifizierung von gestreckten ptlanzenpathogenen viren
aut morphologncher grundlage Mue Biol, Bund Anst. Ld-u. Forstw, 110: 1=
| 30,

Brandes, Joand L Quants 19550 Flektroaen - miktoskopische 1 nter-
suchungen uber Buschbohnenvicen (Phaseolus - Virus T ound Phaseolus -
Virus 20 Naturwissensebuiten 42:88%,

Bruna De Tossoo A and € Urbing de Vidal, 1976, Presencia del virus del
mosaico amartdly del trepol en Clile Agr. Fee, (Chile) 360 19225,

Burga, M.Coand ROSchetter-M 1970 Fandios de transmisain por semilla del
virus det mosaico comun del tripol visu etecto en el tendimiento. Restimenes
2 Congreso Nal dnvestizadores Ave del Pera (1L CONTAP LT ina 12-16.
Aposto, 197 4010

Burke, DWW 1964 Bime of planting mrelation to discase incidence and vields
ot brans i central Washington, Plant hs, Repti. da780.793

Burhe, W and MO Sibernapel 19740 Hypersensitive resistiance to bean

conunon mosine Vit incdiy field beans, Ann. Rept. Bean Improv. Coop
17:22

229



Chapter 12

R

RID

40,

41,

45,

46,

Rurke, DAV and MO Sithernagel 1970 Yeld response among bean selections
inocnlated with 0 prevadent strains of bean common mosate virus. Ann,
Rept. Bean hmp oa Coop 17223

Hurke, DOW OV E S Wilsonand WL Zaunmever, 1969 Roval Red. a new dark
red kidney bean with resio nee to carly top and mosiie virses, Seed World
j04: 14,

Catati Ko COR 196k, noculacion de trioles con Phascolus vitus a partirde
Bariva de senntlas de plantas enfermas, Agr Tee 2% 130-131

alati Ko Coand MO Abares AL 1975 Mejoraniento en freioles (Phaseolus
vdgaris L) para resistencia al mosaico coman i Phascolusvirus Dy sustrain
NOY OIS Apr Teo (Chiley 38 1524157

~

whati K. CoGo Baseur B0 ead HL Guglichmets ML 1976, Reaceror de
variedades v de tineas de cruziomiente de trejoles frente sl mosaico amarillo
del trejol Agr Teo 36R3-1H3,

-

amereo, YR des BOW aound AN Costar 1968 Estudo ao
mictoseoplo clecttonies deweeidns de prntas infectadas peto vims do

JEOSGICO comun ¢ mosaico amarelo do fonociro, Bragantia 27, 409-120,

udona, UL B Herren-Ko and € biménes-Fo 19070 L caraota y otras
fepuminonis de grano cu Venezoela, Conseio de Bienestar Rural (Caracas),
266 p.

IAT. 1973 Bean Production Progran. Ann. Rept. Centro Internacionad de
Aprncultura Fropieal, Calis Colombia

—_

TA T 1974 Bean Production Program. Anne Rept Centro Internacional de
Aprcultuva Tropicad, Cah Colombu

TAT 1978 Bean Pooduction Proviam, Ann. Rept. Centro Internccional de
Agricnltura Tropieal, Calis Colombia

-~

TALL 1970 Bean Prodnction Prograni, Ann, Rept Centro Internacional de
Agricuitra Tropical, Cali, Colombia

—

_

AT 1977 Bean Producton Program, Ann. Rept. Centro Internactonal de
Agncultura Tropiead, Calic Colombia,

—_

TAT 1978 Bean Production Program, Ann. Rept Centro Internacional de
Agricuftura Tropieal. Cah Colombia

ostas AS and Ana M R Carvadho 1963 Transmissao do mosaico comon do
teociro (Phaseolie vilgarn o pelassemante nas diferentes variedades pp.
IX6-187. I Anads do oo Semmamo Panoamenicano de Sementes, Bzl

—~

-

st ALSLC L Costa FoDC Almeida and VL Bulizan, 1971 Reacao anomaldi
de tres selecoes de feijoerro (Tuba [ 20 3 acinfecae pelo vinus do mosaico-

comun. | Sitposio Brasiisiro do Feigo, Campinis, Agoste 22-29

Testit, ALSL FOW Kitajma, S Mavasaka and 1.1 Almeida, 1972 Moléstias
do feijoeiro causadas por virns, o, Anads do T Simpaosto Brasderro de Fenao.
Uiniv. Fed. Vicosa, Minas Gerais, Brazu, pp. 342-384,

~

230



47.

449,

S0,

51

N
9

53

Sh

60,

63.

Aphid - Transmitted Viruses

Crispin-Medina, AL 1962, Virologia del trirol /o, Reumon Tatmoamencana de
Fitoteenia, Sa. Buenos Adres 518 Nov, 1961 Actas Buenos Adres, [nstituto

Nacional de Teenologin Agropecuana, v 20 po 448

Crisping AL and ) Campos 19760 Bean discases of importance in Mexico in
FOTS Plant The Roepro oy 838

Crispin, A and R G o Gropan 1960 Seed transmission of Deian miosiie viruses.
Phytoputholopy SPAR24560
Craspin, MOS0 and W D Yerkes oo 19560 Tos viras del tigols Agr. Tee,

(Mesacor 19 3530

Dean. 1.0 and VI Wikvon 19590 A new strain of common hean mosaic in
ldabo. Plant [ns Reptr J31TOS-TTHO

Debrot-Co A and AL Ordoseronttn-E 1977 Investigaciones sobre virus de
feguminosas Je vtano en Venesueln, Reunion de Sociedad Venezolina de
Fatopatologia, Sepr 1977017 p

Dichson, MO and T Natin 1968 Inheritance of resistonce of Phasenois
vidizaris o bean vcilow mosne viras, Phivtopatholopy 55014350

Drongo, S - and CoA Sotamavor, Nod Edentiticacion de viras de trirol
(Peiy, Servicio de fnvestigacion v Promocton Apriie. fntorme Fspecial
No v p

Dieythout, Foo1975. Genetic interaction between Ziaseslus vidgaris and bean
common mosare virus with aimphcations for st identificition and
breeding for resistance. Apr. Ress Rept, Center for Apr. Publishing and
Documentation, Wipeningen, Y8 p

Drijthout, 1 oand . Bos 1977 The identiiciation of two new strains of hean

commion mosiie virus, Netherbods 20 Plant Pati 83:13-25

Dirijthout, o, MU Silbernaget and DOW Burke 1978 Pifterentintion of
strains of bean common mosate virus, Netherhinds TP Lint Path, 84:13-26,

Fhpo, F.I A 19720 Maltiplication and distribution of bean common mosiic
virus CBOMY™ i bean MUSO Thews, Miclipan Stite Eane 60 py

Fkpo, F.EA and AW Saettler, 19740 Dhistithution patiern of bean common
maosaic virus i developing bean seed. Phyvtopatholopy 60 269.270,

Ekpo. FL A and AW Sacttler, 19740 Apparent transport of bean common
mosate viras inthe phloem ot bean plants. Ann, Rept. Bean Improv, Coop
17:36-3K.

Ekpoo A and AW Saetder 1975 Mutuphicaton and distiibution ot bean
common mosaic virus in Phaveols vidvarss Plant D Reptr, 349939043,

L Shamy, MR SO HL Nasaar and MOS Awias 19720 Amal (Giza 3 aonew
variety of snap white bean resistant to common mosaie virus, Agr. Res, Rev,
Remp. Fuvpt SG:93-10N

Fvans., LR, and FWo Zettler. 19700 Aphid and mechanical transmission
properties of bean vellow mosine virus isolates. Phytopathotoey 60: 1170~
1174

231



Chapter 12

04.

65.

-0,

[{h %

6H4,

4

76.

79.

Gilver, Goboand Mo Cirdenas, 19740 Pérdidas cconomicas causadas por el
virus del mosaico coman (BOMV) en J variedades de frijol. Proe. Amer
Phytopath. Soc, 1121-122

Galvess Gob o Mercedes Otovie and Flva Flontop, 19770 Determinacion de
cepas del o virus del mosico comin del treitol (BOMVY Proc Amer
Phytopath. Soc 4177

Games, Ro19700 Ruvzas del virus del mosiico comun de dripol en Cen-
troamenicas BSalvador vy Nwearaguae po SE-S30 00 Programa Cooperativo
Centroamencano pary ¢l Mejoramiento de Cultivos Alimenticios, NV
Reumon Annal Antieua Guatemake, Guatemala, Danuaos 25230

Gamesc RT3 Tossiusdel triol en Centro Amenca, HT Razasdel sirus ded
mosico comiun del torol de FISalvador s Nicaragua, Formadba 23 475476,

Givmies, RO A Osanes ond B Fehand 19700 Una raza neeva del virus del
mosaico comun del ol Turtiesa 200 397300

Cuabps A T and B D Harnson 9700 Cacumber mosiae vinas, i Deseriptions
of plant virtses Noc TN LA AR Kew Sures, Enelaad.

Granctto AL and 10 Provadenn, 19750 Partial puntication and serological
relationship af thive straims et bean selow mosaie vicus, Ann. Appi Biol,
ST 3-8 ’

Gryvllso N 1972 Aphad intestuton and virus infection of peas and beans on
the central tablelands of New South Wales Australian 1 Fap. Aer Amimal
Husbandry 120 668-674,

Guertas b o Osoresand B Fehandn, 1971 Herenera de Ja resistencia a b raza
pertan ded virus del mosarco cornin del trijol Turniatba 21 184-18K,

Gugliclnett, MOH 1974 A bean vanety with tesistance to vellow mosaie
(TP A Tisect ":ng S U TR T

Hagelo Goloand ROO- Hampran 19700 Dispersal ot aphids and leathoppers
from red clover to Red Mexican beans. and the spread of bean vellow maosaie
by aphids. o Feon Fotomol 63 105721060

Hagelo GO 0 MO Sbernavel and DOW, Burhe, 1972 Resistance to aphids,
mites, and thops m hield beans relative to tection by aphid-horne viruses.
S DAL ARS 330039 4 p

Hampton, R.O- 1967 Natural spread o virnses infectious 1o beans,
Phytopathology 570 476451

Hampton. R O 1975 The nature of bean vield reduction by bean vellow and
hean commuon mosare vivises, Phytopathology 65134221346,

Hermandes-B 0 Goand Gl Gihees, 1976 Inheritanee of disease resistance of
dey beans, Phasecds videarn, in the trapies. L R ust. common bean mosaic
virus and common bactenal blight. Ann. Rept. Bean tmprov. Coop, 19:47-
4.

Hoche H.OLUand R Provvadenti. 1975 Ultrastructural localization of bean

commen mosiaae virts an dormant and germimating seed of  Phaseolus
vadparss, Phvtopathology 6532733

232



80,

hES

Y.

)

91

g2

91

l)1

08

QI

Aphid - Transmitted Viruses

Hubbeling, N 1963 Complicaties bij de toetvng van bonerassen op resistentic
tegen Phascolus virus | oten gevolgs van het voorkomen van atwijkende
virusstammen Medehmeen van de Tandbouw Opzockstins. Gent, 258:1025-
1033

Hubbeling, N 1969 Genes Lot resistiance to contmon mosate Virus and strains
of the virus, Ann Rept Bean Improv. Coop 12:26

Hubbeling, N 1972 Resistance i beans to strans of bean common mosaie
virts, Meded Faes Tandbouwetenseh Gent 37:4588-466.

Huttnpea, Ho 1973 Properties of virases of the potvvirus group. 1A simple
method to puriy bean vellow mosaie vintus, pesitosaic virus, lettuce mosaice
vitas and potato viras Y Netherlands L Plant Path, 79:120-129

Hatunga, Hoand WH A Mosch 1974 Properties of viruses of the potyvirus
grotp. 2 Buovant densitv, S-vadie, particle morphology and molecular
weight of the coat protem. subunit  fbean vellow moseic Vieus, ped tnosaic
Virtisetinee mosiee virus, and poiato vires Yo Neiherlands BoPlant Path
ST A R

Ingram. W RO1969. A note s the failure to controlaphid intestations on beans
with insecticides in Upanaa. Fast Mncan Agr Forc ) 340376481
Inouve, 1. 1969, Fhe Jegume viruses of Japan. Rev, Plant Prot Res, 242251

Inouve, 1. 1973 Characteristics of evtoplasmie inchisions iduced by bein
vellow mosaie vitus, Nowmiku Kenkvu 34815517

Iwanowshi 11893 Ueher e Mosukhranken Der Fabakstlunze. Imp. Akad
Nauk v (Acad Tmp Sar St Petersboure Bul) 35:67-70.

Jones, R 1974 Pusihicatnon, biologcal and phyvacal properies and serology
of bean vellow mosine virus molates trom sovbean. navy bean and clover,
PhoD). Dissert, Olio State Unnversity, Columbus, 198 p.

Jones RO and 8. Diachun 1977 Serologically and brologically distinet bean
vellow mosaie virus strans, Phvtopathology 670 S3E-N3K

Kaiser, WoI and GoH O Mossahebr 19740 Natural intection ot mung-bean by
bean common mosac virus, Phvtopathology 64120941214,

Kaiser, W o G Mossahebr and M Okhovat, 1971 Alrernate hosts ot
vivuses aftecting tood evanmes o lrans Tran 10 Plant Path, 7:25.29.

Kaiser, Wb oD Dranesho MO ORhosat and Ho Massabebr 1965 Dhiseases of
pulse crops tedible Tepumes) in bran, Plant [ Reprrs S2:6087-09

Nennedve TS OME Das und VB Fastop 19620 Y conspectus of aphids as
sectors ob plant viuses. Londons Commonweaith Institute of T atomology,

Rtapma, FWand AS Costie 19740 Adtercacoes pelas estruturas celulares
assoctdas aontecao peto solado " Pracicaba™ do virus do mosaico amarelo
do feoerro. Bragantia 104744

Kiesser, P 1961, The virus diseases of beans, Bothalia 7:821-553.

233


http:Mlosa.ic

Chapter 12

97 Krutman, S 190N Primerros resultados sobre tenqoeiro ¢ Phaseolus vudgaris 1)
ma Zona da Mata de Pernambuco. Pesquisa Agropec, Bras, L 111-125.

95 Kutkarnn HOY O 1973 Notes on Fast Atrcan plant virus deeases, 1V, Bean
common mosane sius Fast Atnean Agr For 1037276

QU Leon Coand T Calar 1975 Frecto del bean mosae vitus ¢BMY) sobre ¢l
rendimiento cn dos vanedades comercidles de poroto @ Phaseolus vulgaris ).
Anades de Lo Socedad Crentitica Aveenting 1962127

too. FocNhar, B one HUD Boscher 19740 Chrone intection by seedborne
commuot prosarc virts e Moroceos Plant Dise Reptrs S5307-30%,

100 Foundseaard, 1019760 Serolowieas! tests top the wdentnitication of seed-borue
plant vituses. Dansh Government Inst Seed Pathology, Copenhagen,

P02 Marchous, G LB Quiot and BT Devergne, 1977 Caracterisation d'un
isolat du viras de lamosmaue du concombre transims par les granes du
haricot ( Phaseolus valearis 10 Ann Plivtopath, 9:421-434,

1030 Masers, TP AG Gillaspwe T o RHD Tawson and BB Spth, JU78,
Tdentficaton and puatial charactenzation of o strnn of hean comimon
mosdde Vs on A kovie panera Phviopathoiopy 9% 2R3 IK7

POL Memers, T P OM P Warerwortin 8 Stanh RO Alconeroand ROH U Tiawson,
1977 A sead-transntted staie of cucumber mosione vitas solated from
hean JoAgr Uone Puerto Rico 61 137147

TO5S, Miutbrath, GOML T Bird and Joseting Sanchesz, 1975 Tsolation ot & strain of
cucumber mosaie virus from beans i inos, ppo TH3-T o Tropical
Dhscases ot Legumes, ) Bird and Ko Maramoerosch, Fds o Acadenie Press,

NUY

M6, Maontenepro-Bo 19700 Tdentnhicacion de Tos poncipales vitus del trijol enel
estado de Guanapuato v evaluacon de b resistencnn de vente vanedades.
Fesis MoS EBaenela Nacronal de Avncultura, Colegio de Postgraduados,
MEnTca, Ol .

FO7 NMontenegro B0 1 and 1 Galindo A 1974 B vrus del mosiaico comin del
frijol en ol estado de Guanapuato v evaliacion de L resistencns de varedades,
\grocieneig 1N 8995,

T, Mordes Gob L 197 F lectrophoretie properties of the siral capsid proteinin
relation to the dependent transmission phenomenon of potyvsiruses. Ph.D,
Prissert Unversity ot Flonda, Gainesvitle, 96 p

109 Morales G EoL 19790 Puntication iand serology of bean common mosiic
virus, Turradbie T Press,

Free Morteno, ROR Gamez and 1O Gonzdes, 1965 Fivirus del mosiatco comun
debtrirol (Phaseols vidvaris Ty en Costa Rics Turmlba 182587226130

HE Maoreno, RO CoGongzales and RO Gamer, 1969, 1 ntermedades virosas del
frjoben Costa Rica T Mosaieo Comin, pp 133134 /i, PCOMOAXITY
Renmaon Anual. Teencgalpa, Honduras, Teb 27 Mav

FE2 Mukunva 1AM 978 Bean diseases i Kenvae Anne Repr Bean Iniprov,
{ aop L TRTLAY

234


http:C'14C4.d4
http:1<:D0-..87
http:I,)(,'.rc

13

14

I

Plo

Ys

10

I

1)

(RIS

Aphid - Transmitted Viruses

Muller, AS 1933 Doencas do tenocro e Mo Gierse Bol o Awer Zoot,
Vet 5:3K3-38x,

Muldler, AS 194l Fotermedades de Lo coactas, tijodes o+ habas en
Veneszuela, A Apnciitor Venesoliino o 1520

Murant, A 196y Tae morpbaings of cucumber mosie virts, Virology
IR RS

Muosio M Olen Desbove and Jelucn Mansosie 19750 Properties of six
polates of boan s eliaw miosae visns irom Czechoslovakia, Biotogia 300 435-
5]

Nohleo Mooand ST Rachardson 196 An annotated st ot seedborne
diseases. CAB O Phvtopatholowy . Papes Noo N

Ocdosgoitty, A 1972 Bdentihivacion del mosaico comin de by cariota
(Phaveclus vudvars 1y o Nenezuelas Nerons Trop, 200 0.3

Optera VS and GO Haree D700 Tacanua @oness vatiets of black bean

clfase s vidvirno Uy Ngrons Toop 221364

Porersen, HUE 9S8 Bertraee o Genetie von e o videaris 1 aul
Toteh oot Phasceins voee Tostamin Voldoesens Zevtschant fus
Mhanzenzachtung 29N 00

Phalen, v Vo Do s Fomesacoamanllo dad parotos Phaseolus vicus 2

1,

fRrereer Sonth cnccantios e habas anved v poroto en fos adrededores de

Bucnos e B de Tivests Apricolas 1792

Phoatab, H O 1978 soed-hore plant virases - identihication and diagnosisin

| Seed Sor bech 2P 1SS

sed headth testine
Poig b and B Ched 1970 Phee sisuadization o focal lestons catised by the
Corntiteots Bean mosan vty Bioloeta Phintaoim 143602370

Procvabonn, 10 o0 Roew i o fPaec oo wead Vacropivm species to g
stan of cienrsber mmesae vitts. Pt b Reptr o0 28920013
Poovvident, F0 and SN Hovcrman 19760 Seed nansinieeaon of hean

173

i phoeemy beans Phctopathodops 6612741271

Comllniion foedte St G

Procandent Boandg T oin 1975 Seed trananieson of hean common
TV s By Dean oo Dl Repre Sy o6y

oand BEOH e b Brae velions s vinus infocion n

Provdent
Cladracte Tdeas oot bononnons e Plantins Repty 89 a6-37

Prosvadentn Booend Wb o e o070 N tind on s nenes on ther bean
vetlose tosane s e Frcda g e Plant D Repte, 5608480550

Provodentn RO Do SChiroeder 1976 Roevstance i Pleesecdie vadsans

to the sovere st of begneliow s viras Phvtopatholows 63 1962197

gtz b P9ol b atreac et uhier oas cowobindiche Bohnenmosaikvrus

7

und das Sooe b vias Phviopath S 33 790

Robeotsan Jr DRSS 1962 The role ot seed transmission o the epidemiology of
hean mosioe e Central Woshmeton, Plany [hs Reptr d6 71272

235



Chapter 12

t40

I+

J42

[46,

[BhY

149

150.

Robertson Jr RS and F (. Klostermever. 1961, Aphid transmission of bean
viruses in tield beansin Central Washington. J. Feon. Fntomol S44d4d]a.

Robertson 1 R S0 and O K ostermever 1962, The role of alternate plant
hosts an the tansmission o bean mosiies o Central Wiashington, 1. Feon,
Frtomaor 85 den-da2

Rudort. W 19Ss Fin Benraye 2 renctic der resistans pegen das Bohnen
mosaievirus boPhsvtopath. /0 3103712380,

Saetther AN dnd GoE o Tranllos 19720 Manroe bean as a local lesion 1os tor
bean common mosaie virus Phytopathology 62:489-390

Sanchess R and AM Pichinat, 1974 Bean seed quahty in Costa Rica,
Turnalby 24 7275,

Safudo, Boand G F Galves 1979 Wdentificacion v earacterizacion parcial de
i cepa ded virus del mosaico comun del trijol (BOMVY de Phaseolus
poliansine v oPococcontes. Turrialba: In Press.

Schicher bopand, Provcipales enfermedades Jel trifol en Guatemada, Fitorec.
L alnoamerncana 889,

Semebers B 1900 Fatermedades del ol £ Phaseolis videaris) en la
Republica Domimicana. Turrithy 200 2003,

Schuppers, B ol Fransmisston of bean common mosaic virts by seed of
Phaseolis vedvarie ey Bekan Acta Botaniea Neerlandica 12:433-497

Schneder, LR and JF Warley 1962 A Tocal-lesion dassiay tor common bean
mosaie viras Phyvtopathology 820166 ¢ Abatr ),

Schroede S W and R Provadentn [9es, Resistiance of boan ( Phaseolus
vaelearsy to the P2 Strinn ot bean sellow mosaic virus conditioned by a
single donnmant gene A Phyvtopathology SK:1710

Scottc Ho 963, Purification of cuctmber mosaic virus, Virology 20:103-106.

Silbernapel. MU 1904 Mexican strain of bean common MOSAIC virus,
Phytopathology 590 1809-1%12.

Suberschoidt, Ko 1963 Feijoeiro com doenca de virus. O Riologico 29:117.

Sitherschmift. Koand N R. Nobrega, 1943 Notas sobre umadoenca de virus
em feiroa v de poreo (Canavalia ensiformis D¢ Jen outra em feijao-comun
(Phasec b vulgaris 1y O Biokogice 8 129-133,

Shothind, CB.and 1DW Burke, 1961 A seed-horne bean virus of wide host
ranee. Phutopathology §1:365-368,

Smithe B 1962 The mosaie-resistant smali white S9 variety of bean: g
history of ats development. Calitornia State Depto Agr. Bull, S1IK7-197,

Smithc B L J962 Breeding tor mosaie resist; nee in pink beans. Ann. Rept,
Bean Improv Coap. 5018,

SORIS.SC IO Tiects onantrinsic factors m the transmissior: of bean vellow
mosiic virus by aphids PhoD. Dissert . Oregon State Pnnversity. 100 p.

236



151

156.

159,

160,

161,

162.

163

[ 6.1,

Aphii - Transmitted Viruses

Swenson, K.G. 1968, Relation of envitonment and mitition Lo plant
suseeptibility to bean vellow mosaic virus by aphid (nsmission, Oregon
Agro bBxpoSt Tech, Bull, Noo 106, 23 p

Swensonc KGoand R EOWeltan 1966 Fyatuation of plant susceptibilite to
infection  with hean sellow mosaie vins aphid - transmission.
l’])}l(‘[’.lthtﬂnp‘. 3610927

Fapoo L1972 Inwacetlular appearance of bean vellow mesaic virus, Ann,
Avr Fenn 113342300

Phottappadlv e G0 0 Faar and LED Badh, 1962 Ditterentul aphd
transiission of two bean vellow mosal virus strams and comparative
transmission by biotapes and stages of the pea aphid. Ann. Entomal. Soc.
Amer. 65912915

Frunfo, GoEoand AW Syettler, 19721 ocad lesion assay of bean common
mosiie virus (BOMA) on "Manree bean™ Plant Dis Reptr. 56714278

Pranlto, G and AW Sactler, 19720 Reaccion de s varedides
senesotinas Coocinaotas, Praseolis vadivariv L a Vi Vs de plantas,
Aveon Trop, 22020942,

Prupllo, GEoand AN Saertder, 1973 Algunos aspecios telativos g la
prodeccion de lesiones focales en caraota r Phaseolios sudiaris | Aporeivirus
del mosaien comum de L caraot tBONMY). Apran, Frop, 23379239

Pryemoto, TR R Provwidenti and W 1 Schroeder, 1972 Serological
relattonship and detection of bean comnion and bean vellow mosaie Vituses
inagar gelo Anns Appl Biol, 71:235.232

Vindessehen, L1963 Quelques considesations sur Fidentitication des
principaus virus capithles d'intecter e haricot (Phaseols vudearis 1) en
Furope, Medelimgen van de Landbouw hogschoolen de Opzockingsstritions
van de Staate Gent, 28 1011-1024,

Viandervehen, 1968 Tnhibition de Ly transmission aphidieme du virus de la
mosaique rune du harieot par Phuile, Bull, des Recherches Agronomigue
Gembloun V748753,

Virma AL AL Gibbe RUD Woods and 1T Fineh, 1965, Some obser ations
on the structure of the filimentous particles of several plantviruses. J. Gen.
Virology 2:107-1139.

Woetter, C 1960, Partelle reinipung cimper pestreekter ptlanzenviren wod thre
verwendnng als antipene ber der mmunisicrung mittels Freundschem
Advans, Arch. Mikrobiol 37:275-292

Wibon, VE and 11 Dean. 1963 Flower of infected bean as 4 source of
virus Phytopatholopy 54489,

Yerkes, WD oand A Crispin. 1956, Bean diseises of importance in Mexicoin
T955 Plant Dis. Reptr, 40:222.223,

165, Zaumever, W 1960, [he angin of resistance 1o common bean mosiic in

snap beans, Seed World 105:8-9,

237



Chapter 12

[,

]f')-,"

168,

f6y

Zaumever, W and RW Goth, 1963 Two new tvpes of focal festons
produced on heans by the common bean mosuic virus, Phytopatholog
5349049

Zaumeser. Wl and RAV, Gothe 1964, A new severe svmptom-inducing
st of common hean mosaie virws, Phyvtopathology 540137521385

Zaumeser Wl and TP Maners. 1975 Dhiscase resistatice i beans. A
Rev Phytopath, 12310334

Zanmeverc AL and HRC Thomas, 1997 A monogiaphic stidy o hean
discases and methods tor ther control t SO A A Tech, Buil Noo Ses,
258 P

Zettters BWO 1968 The Buterogenicny of bean feives s souices of bean
COMMON mosite vrus tor aphids. Phyvtopathology 32:1109-1 10,

Zettlet, W and MM Nbo FENIL 1977 Bean vellonw miosate v irus
mtections ot ehdiolus i Flonda Pl Tis Repty of 243047

Zettlers BOW and RE O Wakinson 19a6 [ itect o probg bebivaor and
ST AHOn ol Vs pesst de on T iission of Dea s Comimon Mosdic Vi s

Phvtapathology So 1079 o8

Zuver NS and Ottt K19 Ao 3nueva vaniedad de trepodes e
evportacmn Investigaadn © Progreso Agedcola (Chaler 2032

[®]
o8]
o]


http:I0,r'.rc

Chapter 13
Beetle-Transmitted Viruses

Rodrigo Gamez

Page
General Introduction .. 241
Bear Rugose Mosaic and Bean Pod Mottle Viruses
INrodUuCtion . 241
Symptomatelogy ... ... B U U T PP U U U PR PPPPN 242
Physical Properties and Furnification .. ..o 243
Transmission and Epideniology....oii, 245
CONMIOL o e 245
Bean Southern Mosaic Virus
Introduction TR PO U PPPPR 246
Symptomatology 246
Physical Properties and Purification ... 247
Transmission and Epidemiology ... 248
CONIOL L 249
Bean Yellow Stipple Virus
Introduction O OO UPU PR 249
SYMPLomMatology . . 249
Physical Properties and Purification............ccooooi i 250
Transmission and Epidemiology. ... 251
Control ... . ... P P TP P PP UR PO RO UURUPPPUPRPRII 251
Beran Curly Dwarf Mosare and
Bean Mild Mosaic Viruses
IrOdUCTION o e 251
SYMPLOmMatalOgy . e 252
Physical Properties and Purification ............oovoveeeveccni 252
Transnussion and Epidemiology............ooi 254
Literature Cited . 255



Chapter 13

Beetle-Transmitted Viruses

General Introduction

One group of bean discases with characteristic virus symptoms includes
mosaics frequently assoctated with leaf and plant malformations and green
or yellow stippling. These diseases are caused by isometric viruses, which
are 25-30 nm in diameter. Tre viruses are easily rransmitted mechanically
and are very stable and highly antigenic. They belong to various groups of
plant viruses distinguishable by their serological properties, host range and
the number of nucleoprotein or protein components.

The most important known insect vectors of this group of bean viruses
are beetles helonging to the subfamily  Galerucinae of the family
Chrvsomelidae. This chapter will review the geographizal distribution,
cconomic importance.  host range, physical properties, purification,
transmission.  epidemiology.  symptomatology, and control measures
reported for this group.

Bean Rugose Mosaic and
Bean Pod Mottle Yiruses

Introduction

Limited intormation is avaitable on the distribution and economic
importance of bean rugose mosaic virus (BRMV). The discase was first
observed in Costa Rica in 1964 (18) and later in Guatemala (17) and Fl
Salvador (24). Bean pod mottle virus (BPM V) was originally discovered on
heans in 1945 in southern United States (72). Bean pod mottle and bean
rugose mosaic viruses belong to the comovirus group and are serologically
refated.
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The host range for BPMV is restricted to legumes such as the common
bean ( Phaseolus vulgaris 1), lima bean (7. lunatis 1.} and soybean
(Glycine max 1.y (66,72, 74). The J-10 strain of this virus, however, also
has been reported to systemically infect Chenopoditm quinoa (43), Bean
TUgose Mosaic virs canses a4 syvstemic infection in some cultivars of P
vulgaris, Poacutifolies, P lathyroides, P lunatus, Ticia fuba, Tritolium
incarnatum. Glveine max, Cicer arietinus and Pisum sativunt (1X). Vigna
unsuicidane also has been reported  as suseeptible 1o BRMV (6),
Chenopodium ariaranticolor s w local lesion host,

Common names trequently nsed for bean rugose mosaie virus in [atin
America include mosaico rugoso, ampollado, arrugamiento, and en-
carrugamiento. Mosaico em desenhos possibly corresponds to this disease
i Brazil. The common name trequently used for bean pod mottle virus in
Latin America s moteado de las vaina:,

Members of the comovirus group are highly antigenic and serologically
refated (26, 56). Five important serogroups within the comovirus group
nave beenidentiticd in lepumes (12) and consist of two serogroups of the
COWPCH IONHIC VITUS, one seroproup of the bean LUZOSE MOSHC Virus, one
seroproup of the qeatl pea mosaic viens (42) which inchides the strain that
causes curly dwarf mosaic on heana (40, 67y, and the serogroupof the bean
pod mattle virus (43},

Cowpea mosaie virusis the type member of the comovirs group and has
alarge number of strams in two serogroups. The tirst serogroup includes
strans from Arkansas, Costa Rica, FL Salvador and Puerto Rico, | he
second serogroup contains the Shostriain and the vellow strain (12, 13),
Phese strains also ditfer in virulence and host range. The BRMY group iy
composed of isolates from FI Salvador, In the BPMY seragroup, the J-10
stramn,isolated  from sovheans,  ditfers serologicallyand  symp-
tonmatologieally from that wsolated from Chenopodivm quinoa (43),

Symptomutology

Phree different types ot reactions have been observed in beans when
mtected by BENMY ot BRMV . [ hese reactions are systemicinfection, locul
bestons and mmmunite (IS, 7490 Cultivars which are susceptible to systeme
mtection do not express Tocal lesions, and cultivirs which show focal
festons nsaally do not become svatemicilly infected.

Fhe severniv of svstemic intection depends upon the sitas strains and
plint cultivar infected  In peneral, plants infected by BR M exhibit a
severe mosaie, rugosity, outdto, ation and Jeat puckermg (big 1y The
pads of the indected plants exhiby vanving degrees of maltormation and
motting, although i some cultivars motthng i not evident (6, 18, 24,
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o b e blisters and atfonm gon o ed b

Dean HEose oS v intection

Plants infected by BPMV <how maestting with leat malformation and
necrosis i some cultivirs but lack the rugosity characteristic of BRMV'
Syvmptoms are most severe on pods, which exhibit an intense mottling,
maltormationand. frequentty.a more intense green tone than healthy pods
(72,74,

Focal lestons nduced by both viruses are similar. On primary leavos, the
local fesiens appenr three o four davs after inoculation, are Leht o dark
hrown, necrone, and approximately 2 mm in diameter. The size varies
sighthy depending upon the caltivar, plant age and number of lesions per
leaf (1K, 74).

HBean cultivars usea s diagnostic species for BPAMV and BRMV (6, 15,
A3 nclude Pinto 11 Stringless Green Refugee. Kentucky Wonder, Sure
Crop Waod, Michelite, santlac, Potomace, Teader Green, Top Crop, Great
Northern B 60, Plenuful, Bountiful, Cherobee Wax. Black Valentine,
ICA-Pyao and 27R. Cowpea cultivars sveh as Monareh and Farly
Ramshorn, and sovbean cultivars such as eeo Hilll Hood, hnproved
Pelican, Hamptoa, Bienville and Biloxi, also have been used

Numeroas bean cultivars produce Tocal bestons after moculation with
cither virus, Some cultivars used to determine the properties of these
viruses include Idabo Pinto, Pinto P Jamapa, Pareedba 20 and 1CA-
Pijao (1, 6, 18, 72). The beun cultivars Col. 109-R. 27R . and 1CA-Guali
hiave been used 1o propagate BRMV (6. 18). Bean culuivars such as Black
Valentine and Cherokee Wax, and sovbean culnvars such as Lee and
Gibson, have been used to propacate BPMV (143 7)),

Physical Properties and Purification

Phe particles of BRMV and BPMY are polvhedral in shape and about
2530 nmon diameter (1, 150 30,320 Tnoaltrathiin sections of bean leaves
infected with sarain Aol BRMV | Firpe crvatals appear which are formed
by spherical units or partiches abont 20 nm i diameter (5) and regularly
spaced about 30 nm row the center. In tissues iatected with strain A s of the
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same virus, the small 20 nm particles are dispersed in the evtoplasm and
probably represent the virions (32). In the evtoplasm of bean plant cells
infected with BPMV, 25-25 nm particles have been observed dispersed or
as erystals in the wbules and vacuoles Such particles correspond insize to
those observed in pure preparations (29 30). BPMV also produces
osmiophilic globules and myehinic bodies in the cvtoplasm of infected cells

(3.

The thermal mactivation potat of BPMV is hetween 707 and 757C, and
of BRMV between 605 and 70°C Both viruses have a final dilution point
between 1074 1o 10" BRMV reniunsinlective in erude extracts for 48 1o Yh
hours at 22 Coand BPMV wonfective for 62 davs ar 15 C N7

Both viruses can be puritied using bean or sovbedan s propagation
plante. Frozen Jeaves are thiwed and homovenized in 500 K SHPO, A
solution ot 605 M phosphate butter at pH 7 0y added 1o the extract and
the pulp i pressed through gauze and mised with cqual parts of n-butanol
and chloroform. Atter 30 to 60 minutes, the erubsion is separated and the
VI exiract is sahjected to differential centrifugation. The pellet 1
resuspended inthe sanie butfer solution, and the virus is precipitated by
adjusting the preparation to pH S0 with aeetic aeid HOC) The virus s
restspended - the same buiter and put through i second cvele ol
ditferenual centnfupation and tinally resuspended i P 2N butterat pH 7.0
(1, 18).

Alternatively s the virus may be precipitated with polvethvlene glveal
() and NGCar 0.3 MR Gamer, unpubhished information), or the
method used by Gilves eral (15, 16y, urther puritication is vbtained by
sterose deosiy wrdions centritugation. Three centritugal components
tvpical of the comovirus group are separated  the top component which
lacks nucleic acid, & middle component and a bottom component
composed of nucleoprotein (1), The middle and bottom components are
infectous only when present in o mixture, since this 2roup ol viruses has a
divided genome requining both particles to be infective (59).

Fhe isometric preticles of BEMV have sedimentation coetlicients of 54
b and 112 S for the op, muddle and bottom centiitugal component
respectively (1) These properties and the moleculur w cight have not been
reported vettor BRMV The matecular weight of the BPMY nucleie acid is
B9 and b 1y dadtons dar the maddle and botron: compotents,

respectisety (3

Bean pod mottle vivus contins single stranded ribonuclee acid. IR of
which is present in the middle component and 317 in the bhottom
component. Fhe biase composition of the RN A 1y guanine 20,077, adenine
32000 evtosine 6.8 and uracil 3110, (1.51). These properties have not
been determined for BRMY,
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Transmission und Fpidemiology

Comaeviruses can be casily tamsmitted mechanicallvin the laboratory or
plasshouse. BRAIV and BEMA e disseminated in the tield by 1nsect
vectors in the sabtamly Geleracinae ot the tuonls Chriosamelidae (13).
Buean rugose mosmic vires s transmitted by Cerotoma ruficornis,
Diabronica balrecra (Fig, 2) and D, adelpha (6. 12, 18), Bean pod mottle

boe 2o Ndudt beetle of Diahron a balicata

virus is transmitted by Cerotoma trifurcata, D. balteata. D. undecimpunc-
tata, Lpilachna varivestis, Colaspis fluvida, . lata and Lpicanta vittaia
(13027, 43, 45, 48, 61).

Both viruses can be acquired by their vectors during teeding periods of
less than 24 hours. As with many virsvector assoctations, high
percentagre of the nseets transmit the vitus Tor up o two davs. The
transmusston rate then drops marked v dlthoughs occasionally, some
sects can transmit the vinus tor longer periods (13,50, 643, [n the case of
BRNN L Coraficornis can transmit the virus for seven to mine davs, but D
palteat .md D acdelpha transont it for only one to tiree davs (6, 18).

Atthe same e, Kovarivests carels transimts BPMV for more than one
day. while Corrifurcara can transmit it tor several d: S O Previously it
hiad been assumed that transmission resulted from contamination ot the
heetle mouthparts. However, the transmivaon mechanism now i
considered o be a more complex hiological phenomenon which is not
completely undcr\mod Fhe virus has been dcuucd v the hemolvmph,
rrgurgitant, and feces of vituliterous heetles (12, 13 S0,

Bean rugose mosaic and bean pod mottle viruses are not seed-borne. No
other mtormation is available on the eprdemiology of BRAY or BPMV [
transmission by seed does notexist, then it must be assimed thist there are
other hosts from which insects aequire the virus to transent it to beans. The
entity ot such plants as well as the ecological conditions which determine
their survival, need to be studied (50)

Contro!

Populations of insect vectors can be controlled with insecticides (see
Chapter 20 for specific recommendations),
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Cultivars which react with tocal lestons are resistant, sinee damage from
tocal antecoon under dicld conditions 1y not mportant. Numerous
commercial bean cuitivirs are immune to one or hothviruses (18, 19, 720 16
the viruses become o hmiting tactor to bean production, it would not be
dilticult 1o meorporite resistance to systenie infection nto commercial
susceptible cultivars,

Gienetie actors which determine immunity, local lestons, and SVStenmice
mtection by BPAMV and BRMY are simibar, Inhenitanee is maonogenic and
coverned by three alleless the tirst of which is dominant over the other two
and confersmmunity 1o the virus, T he second i dominant over the third
and cenfers bypersensitivioy, and the third determines stsceptibility o
systemic infection (36, 37 55),

Bean Southern Mosaic Virus
Introduction

Bean southern mosaic virns (BSMA) was originally observed in
Foustane and has since been found e several states in southern and
waostern United States (71, 700 In T atin America it has been observed in
Mexico (700, Colambra, Costa Rica (44) and Brazil (7). This virus can
reduce bean production 17:4) In Costa Rica, losses of 83-94¢ ocenrred
rmder cxperunental conditons, while in Mevico, Brazib and Colambia its

portance s considered to be maoderiate (7 7)),

Bean southern miosaic sirus intects Paseolus vidvares, P lunatus, P
acunfolius. P cocemens, Ivitoluan alexandrinum, Cvamopsis sp.,
Yelilones indica, sovbeans and cowpeas. No species outside the legume

Bl

faml s reported o be susceptible (25, 53 70y,

Bean southern nosaic virus consists of a group of strains which are
serologicanis related (520 the severe strain described in Mexico (70), the
Ghana stran which mieets beans and cowpeas (34), and the cowped strain
(25, 53) waich docs not inteet beans.,

The commaon name frequently used for bean southern mosaic virus in
Latn America 1v mosdico strefio,

Symptomatology
Bean southern mosaie virus induces three major types of symptoms in
beun cultivirs. These are local lesions, mosaic or mottling, and svstemic

necrosis. the tvpe ol symptom and severity depend upon the cultivar.
chimane conditions and virus strain. Tocal necrotic lesions which appear
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two to three days after inoculation are dark reddish-brown and 1 to 3 mm
in diameter. Their size depends upon the cultivar, feaf age and number of
lesions produced per leat

Symptoas of svstentie ifection may resemble those induced by bean
rugose mosite or bean common mosaic viruses, The first svmptoms of
sVstemie indection consist ot a mild motthng (Fig. 3) which may increase in
severity duning flowerine, Vein banding, rugosity and deformation
frequently occur. A redoction m plant size and severe leaf malformations
conumoniyv e observed in highlv susceptible cultivars and with SOME Virus
stranns CHOTO0 T Pod symptoms usuallv are severe, as they become
disturred and acgmie a dark ereen or mottled appearance (44, 745,

Fhe bean cultivars Fall Measure, Fogan, Plentiful, US 5, Refugee, and
Stringless Black Valentine are infected svstemically by the tvpical strain
and the severe strain from Mexico. The Tatter strain induces local lesions
and systemie infection i other cultivars such s Blue Lake, Kentucky
Wonder, Pinto UL 78 and Suter Pink (25, 70.74). Numerous cultivars
which teact with Tocal lesions (o the severe strain mclude Kentucky
Waonder, Sutier Pk and Blaneo 157 (25,46, 70, 74). Bean cultivars
susceptible to svstemic imtection and used (o propagate the virus include
Bountitul and Black Vilentine. The cow pea cultivar Black Fve has heen
used 1o propagate the cow pea strain (9, 22, 25, 879,

Physical Properties and Purification

Bean southern mosaie virus has sometric particles (g, 4) which are 25-
20 nm i diameter when observed under the electron microscope in purified
prepariations (150470 Viral particles 20.5 nm in diameter have been found
n-locad Tesions (10) while Tater studies deseribed the existence of spherical
particles (25230 nm) i the cvtoplasm and nucleus of plants with local
lestons or svstemic mtection. ] he cowpea strain forms crvstals in or near
the viscular tissues, while the bean strain does not formtrue ervstals (8. 69),
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The thermal imactivation point is between W0 and 95 Coalthough there
are shght variations within this range tor ditterant strians (53,70, 71, The
virus tolerates dilutions between 5 x 10 1o 4 x 10 7 depending upon the
strain and test plant The virus remains infective for 11 weeks under
laboratory conditions and 32 weeks at 8O (700 71y

Ditferent methods have been used to punty the vicus, The mitial
extraction ustidlv s done vith a phosphate butter at pH 7.5, The extract
can be either heat-claritied at 60 °C for 10 mimutes betore centrttugation it
fow velocity or treated with oreanie solvents betore centnitugation. The
preparrations are subrected to saniats eveles ot ditterental centritugation,
Fhe virus can be further puntied by preaipitation by aaditicauon to pH 5.0
with 001N HOTor s aamonnun sullate (9. 25 53570 Centeifueation in
suctose density pradients separates the vinus as accnele component with a

sedmientistion coctticient ot TIS S (25 40

Fhe molecular weight of the virus is 6.0 x Hrd (4 The virad capsid s
about 5.2 1 d and the nuclecacad isapproximatehy T 107 d 9, 2287
Ihe ribonucleie acid of the virus s sigle-stranded and reprosents 212234
of the vinton. Phe composition of the bases is guanine 2700 adenine
2RS0evtosine 2257 and uractd 27007 022,57 Immuno- dittusion i ag
gels and other serologieal tests have been - to study relationships
between virus strauns which have been S o be related but not

serologicallv dentical (25).

Transmission and Epidemiology

Bean southern mosie virus has been reported to be transmitted in seed
couts (38, 39) More reeently, it has been detected in embrvos (5%) The
cowpea stram abo s seed-transmitted 8350 Phe virus can be transmitied
mechamceally. Natwiad dissemimation occurs by ehinvsomehd beettes 12,13,
50, 60 The Coleoptery species, Ceratoma trifurcata and Epilachn
varivesis, are vectors mthe United States (1 602063 Diabrogica adelpha
wis shown to transnit the virns in Costa Rica 3400 The msects can acquire
the virus atter feedinpg onmtected phants torless than 2 hours ¢ rrfurcata
can retain the vous and tansnt o for up o to 19 davs, atthough the
pereentape of msects transmiting the viros decreases atter the second dany
(OS) Lo varmvesas taredy transints the vitus for more than one Lay (),

The virus also has been detected inthe hemolvmph otinsect vectors (54),
Previously it swas believed that the transmission mechanism of this virus.,
ke those of other viruses i the comovirus group. consisted of 4 simple
contanunation of the buccal parts of the isect, but now it is behieved tobe
more complex biolopical phenomenon (12, 13)
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L ontrol

Fhe use of insecticides or other methods to controb beetles should be an
effective measure, although such practices have not been proven
experimentaliv. Phanting BSMV-free seed should be anadeguate control
method.

Although the mmonity of bean cultivars are notimmune to afl strams of
the virus, those which exhibit Jocul lestons can be considered to be
commerciatly resstant. Resistant cultvars imelede Kentucky Wonder,
Blue Pake, Decatur and Grear Northern Noo 15039 and 123 (74). The
Mexwan cultivar Blanco 157 18 also hypersensitive (70).

Bean Yellow Stipple Virus
Introduction

Bean vellow stipple vitus (BYSV) was firstisolated in Hlinois in 1948 (73)
and Tater m Costa Rica i 1972 (20, 21). There are no studies on the
cconomic importance ol BYSV in beans.

Only species belangng to the legumes have been reported as susceptible
to svatemie anfection by BYSV. Suscepuible plants include Phascolus
vidvarss, Pooacunifolies, P lunatus, Poocalvaratus, Pooriccardianus, P
acornifolie, 1 daihvroides, Vigna sinen..s, Voosesquipedalis, V. hirta,
Glveie max, (0 javanica, and Cajanus indicus (21, 33, 60). In other
studies, Cramopsis tetravonoloba, Phaseolus mungo, and Pisum sativum
also were susceptible (73,

Fhe common name frequently used for bean vellow stipple virusin Latin
America is moteado amanllo,

Symptomatology

Only svatemie mtection his been observed in bean cultivars inoculated
with BYSV. Infected plants show mitial svmptoms of very light vellow
stippling and., Later, small yellow spots on the trifoliate Jeaves. These may
coalesee to form spots or vellow arcas with well-defined borders and an
irregular shape. The spots decrease inintensity and number on the new
leaves tormed at flowenng. Slight vanations i severity occur depending
upon the cultiviee, ume of infection and climatic conditions. Some cultivars
also exhibit shight growth reduction. In general, the infected plants do not
show malformation, rugosity, or mosaics commonly associated with other
bean viruses (20, 21, 73).
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Bean cultivars susceptible to BYSV include Stringless Green Refugee,
Pinto [11. Bountitul, Michelite, Sanilac, Top Crop, Tender Crop. Tender
White, Fender Green, Great Northern UL 60, Kentucky Wonder and
Tender T ong. The cowpea cultivar Black Fuve adso s suseeptible. Several
speaies of egrumes which react to the virus with Jocal necrotic fesions
mclude Dolichos lahlab, Ghvcine max, Ceotaluria wneea and C padin.
Dolichos lahlah has been used instudies onvirus mtectivioy. Chenopodiom
amaranticolor and Coalbue react with whitish tocad lestons, The bean
cultivins Col T09-Roand Pinto U 1 Vs have been used to muluply the virus
(217N

Physical Properties and Purification

Bean vellow stupple virus is a member of the hromevirus group (26, 350,
Pypical of the bromovirises, BYSV hus sometric particles 26-30 nm in
diemeter (200 200 Ininfecred beans and cowpeas, BYSY produces
amorphous inchusions, tfilamentous mclusions and membranous vesicles

(30-100 uman diameten) which contain virus particles £28). Fhe viros has o
thermal inactivation point of 76°C adilution end point between |-Sx [04)
and i longeviy irviero of tve dinvs ac 180 and one day an 200 C 21,73

Phe virus can e punihed by homogenizing 100 ¢ of tissue i 100 ml of
0.00 M phosphate butfer at pH 7.0, then pressang the pulp throueh gause,
and mixing the extract with equad parts of chlorotorm and n-hbutanol After
one hour at 4 Cothe emulsion s broken by low speed centritugation. and
the virus i the agueous phiase then is subjected to two eveles of ditferential
centrifugation. The sitns pellet s resuspended inthe same butfer and
eventually centrituged o sucrose density gradient (170 The virus s
separited das oa single band or centrdugal component which has
sedimentation coetticient ot 815 (34, 1)

Fhe molecular weight and chemical composition of BYSV has not been
determined. Cowpen chlorotic mottle virus has a molecular weightot 4 .6x
Ird and contains 2400 nhonucleic acid moa sngle strand, with g
composition of guamine 2040 ademine 2530 evtosine 2035 and uracl
KO

Phe viruses of the brame mosiaie viros sroup are serologically related.
Phe serological reactions were determined by gel diftusion and showed
differences among strions. The known stinns mclude the W pr cowpea
strain, astrain from Arkansas.and the vellow stipple of beans from Costa
Rica (130 14). Brome mosaic vitus, toe tvpe member ot the hromovirus
group, s related serologically o the vellow stpple virus of cowpea (49)
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Transmission and Epidemiology

Bean vellow stipple virus is not seed tansmitted (21, 74) but is easily
transmy ted mechancally Dissemination appears to oceur prineipally by
heetles such as Ceratonia ruficornis and Diabrotica balteara in Central
America. Virus acquisittion by the vector can oceur inless thian 23 hours. ¢
ruftcorms can retiin the virus trom three to six dass but 1 balieara tor
only one to three davs, As with other grouns of viruses which are
transmitted by Colcoptera insects, the transmussion percentige decreases
rapidiv during the third dav atter virus acquistion €200 Fhe mechanisny o
transmission of the virus apparently is similar to that of bean rugose mosaic
virus and bean southern mosate virus (13, 80, 64y The cowpea chlorone
raottle virus also is transmitted by Coerifurcata, D.oundecimpunciaia (659,
and £ varivests (VP Fulton, unpublished imtormation).

No mtornition s avliable on the epidemiotogy ot this vitus in bean
tields. Prelmimary studies carried out with cowpeas in Costa Rica have
shown that ecological condittons related to the season of the vear and
svstems of production affect vector populations and subsequent virus
maidence (23)

('ontrol

Noanformation s available on methods of control for this virus in beans.
Al cuttivars of beans tested experimentally have been susceptible (21, 73)
Fhe apparent natural incidence is low, and perhaps the vitus does not
severely atfect production. Control of meect vectors conld constitute an
citective method to reduce virns imadence in the event that i should cause
important cconomice problems

Bean Curly Dwarf Mosaic and
Bean Mild Mosaic Viruses

Introduction

Bean curiy dawart mosioe viros (FCDMY ) and bean mild mosaice virus
(BMMNY) were solated from beans m P Sabvador in 1971 (40, 68). No
estitnates o vield Tosses cased by either viras are avalable. However,
BODMNV reportediy occurred in 12157 of plants growing in different parts
of bean ticlds i T Sahvador odm,

[he host ranee ot BODNAN ancludes Phaseolus vulvaris, Poacuatifoliuy,
Poiunanes, Capanus caran, Croer arietinum, Crotalaria paneea, Glyeine
max, fathvras satevrs, Tens calinarss, Macroptfium lathvroides, Psum
sativin, Seshanir exaltata, Vicra taba and Viena radiata (300, The host
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range of BMNV includes Phaveolis vulgaris. Poacutifolius, Dolichos
lablab, Macroptidivm lathvroides, Glycine max, Canavalia ensiformis,
Sesbania exaliata, Gomplirena vlobose and ¢ henopodivum quinoa (68),
Hosts expressed o range of svmptors atter imoculation with either virus
meledimg sostenie infection with or withou sWmptom expression (its
presence was detected serologieativy and top fecrosts (40, 68},

Phe commuen name trequently used tor BODMY i ann America s
mesien venanisne tado del tiol The literal translation of BAMMY
would be virus del mosnco suave del trijol.

BODNMV seiologieadly related 1o Quail Pea Mosdic Virus tQOPMV)
and Squash Mosaie Virus but s not releted serologiesliv to BRMV or
BMAMVY 405 BMMV does not helong toany of the five serogroups in the
comoviruses (o8} However, hoth BAIMY and BCD MV are transmitted by

beetles,
Symptomatology

BODMV induces 4 wide tange of symptoms with varving degrees of
seventy, depending upon the cultivig (g 3 and stage o plant
development. Symptoms may resemple those induced by hean rigose
mosaie s, Plants infected by BCDMV q1an carlyv stage of development
arc extremely stunted and prodice no vield Older plants which become
intected are less severely attected and produce Lmited viclds. Svimptoms
may he observed onde i the termimal vrowth of some cultivars with an
mdetermmate growth halit, Symptoms nclude mosaic, rusose, curling
and twisting ot leaves and plant dwarting. 1 he viros may cause chlorotic
and or neerotie Tocal lesions, vemn aecrosis, top necrosis and  death,
depending upon the cultivar (40),

BMMVY muy produce o barelv discernible mild mosaic {hig. 6), shight
vein-handing., roughenme of the et surface or no visible SVIMPtems,
Chlorotic local fesions micy ferm on inoculated primary leaves but appear
to depend upon unspecitied environmental conditions. BMMV Joes not
stuntplentgrowth or ciause severe feat deformations, RODMV canoccurin
combinztion with BNMV (Fips 7y under frield conditions in FI Salvador
and cun incite gregter damage o certimn coltivars than BCDMV intection
onlv (68,

Physical Properties and Purification

BODMY  mav be extucted  from freshlv hiarvested  leaves  and
concentrited by centifupation. The virns pelleras then resuspended and
clantfied with activated chiarcoal betore the nesteentifugation at X000 g for
fve munates. The nearly colorless supcernatant containing the virus is
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Fhe BCODMN particles are 23225 um in diameter and infectious in
dilutions up to 1y 10 1 0.025 A phosphate buffer. Dilutions still are
mfectons atter incubation at toom temperature for three weeks or heating

At S0 C tor 10 manutes (30,
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eoncentrated by centrifugation at 105,000 g for 1.5 h: or by precipitation
with 1077 (w v) polvethvlene glveol 60V betore centrifugation at 12,000 g
for 30-6d) minutes. Virus pellets then are resuspended in 0,02 M citrate
butfer for 4-24 b betore centrfeation ot B0 ¢ 1o remove plant materials,
Phe virus is further puritied on 10-4077 fincar stcrese gradients in (002 M
neutral citrate before centrifuging s swineime backer roior at 100000 p
tor two hours, Gradients then are bractonated mto o sigle virad
component and subjeted o diddvsis 1o remove noost of e suerose. The

virts then s reconcentrated by high speed centrituvation

Phe BMMV particles are 28 amoin diimetss and intecthions iditutions
up te 1o 107 i 0 25 M ophosphate butfer even aiter incubation it room
temperature for six weeks, Polvacrvlamide gel electrophoresis determined
that BMMV-RNA had o molecular weight of 1.27 x 1(Fd. The base ratio
wirts deternned o be poanatie 20700 adenine J587 0 evtosine L8 and

urac 21000 (60
Transmission and Epidemiology

BCHMY and BMMVY muav be ansmitted by the spotted cucumber
beetle (Diabrotica wundecimpunciata liowardi Barber) and the Mexican
hean beetle Chpilachna varivesiis Mulsant). Fhe banded cucumber beetle
(0. halteata b e Conted and a flea beetle { Cerotonta ruficornis Oliver) are
suspected to he natural vectors of both viruses in FESalvador (40, 68). The
spotted cucamber beetle and Mexican bean beetle retuined BODMV
infectivity tor two and three davs, respectivelveatter o 24-hour accession
feeding (40). These vectors retamed particles of BMMV and were
infectious for 21-40 hours after & 19-hour aceesston feeding (68). Both
viruses are transmitted mechanicatlv (30, 651 BODMV wis nottound to be
seed transmitted (40). Seed transmission studies by BAMY have not been

icported.

Studies in FISalvador cuggest that imseet veetors transmit the viruses to
heans trom miected wild plant species growing on the edge of fields. sinee
the incidence of virus-infected plants is less in the center ot bean fields than
i the auter cdges (40), BMMV commonly oveurs i mixture with
BCDMNV . Tts ceonomic importance may depend on the combined tnfection
with other viruses (68).

No control measures are reported tor bean curly dwart mosaic and bean

mild mosaic viruses.
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Chapter 14
Whitefly-Transmitted Viruses
General Intro®iction

Whiteflies belong to the order Homoptera, tamily Alevrodidae, and are
cuerrenthy reported to transit 238 ditterent plant viruses of beans and other
crops (711200 WVhitetly species reported to he vectors of plant viruses
imclude Ko cabacr Gennadius (=12, meonspicua Quaimtance). B
lonicerae, B owndious Frappa, B wiberculera Bandar, B vavassierl
Foappa Aleurorrachelus socialts Bondar . tlewrothrives occosies Mask.,
lrwleurodes  abunlonead Haldeman, 45 naralenss Corb. and 71
vaporariorum Westwood (13032036091, 10%; Whitetly populations are
commonly restricted to tropieal zones below 1300m, where thev are
capable of transmitiing viruses to various plant species (13 32,36, 61, 68,
95102, 119, 12,

Bemisia tabacris the mostecommon whitetly vector of bean viruses and is
vartabie moats teeding habits and reproduction rates on dilferent plant
spectes. Flores and Sitbersehmidt (36) and Russell (107) characterize this
variation s bistvpes However, Bird (9. 10,11 I denotes the variation as
races. B rabuct taee jatrophae and B tabact race sidae.

Phe virus diseases transmitied by whitethes (43, m/»m 17are prouped into
TWo main tpes by Costi 321 aecording 1 their x\mp(nm ttology. These

tvpes are mosaie and leat curl,

Apreen, ar more frequenti vellow, mosaic of toluge is the most
conspictous svaipton in the mosian eroup, Yellowimg nin .m;n iratlong
the vens and develop mtoa vellow ngtor be limited by the verne Curhing or
crinkling ot the toliee may oceur due to the abnomd o uneaual growth
of healthy and mtected mosine areas of the leat. As the toliee matures. the
mosaie tends oobecome less apparent. and tor certnn diseases, such as
coltton common mosie, the sellow areg® may tarn rwddish late in the
scason (281 Inthe ciase ot Malva parvitlora intected wath the disesise agent
trom Aburilon thompsona, the mitial mosaie s tollowed by witehes” broom
symptoms (583 The charactenstie vellow or eoldnehlor of infected plants
18 casy to distnguish from healthy plants o held

263



Chapter 14

10 the case of leaf curl, infected plants do not exhibit clear mosaic
symptoms but may show a diffused vellowing of leaves and vein clearing
which mav be easily overlooked. The characteristic symptom caused by
this group is the stunting of fected plants, curling. enation, and vein
thickening of {olidge.

Costa (36) recently included a third group of whitefly-transmitted
viruses which produces vellowing symptoms to distinguish from similar
svmptoms induced by aphid-transmitted viruses or nutritional disorders.
Yellowing svmptoms induced by whitetly-transmitted viruses commonly
appear only ater during plant development.

Svmptomatologicil differences suggest that the first group of viruses
oceurs in parenchyvmatous tissue and the second group occurs in phloem
vessels (321, However. some diseases mayv induce symptoms of the first
group in some hosts and svmptoms of the second group in other hosis. FFor
example, the discase agent from infected Rhynchosia minima induces a
bright vellow mosaic symptom on Rhyvacosia minima but induces leaf curl
and enation on tohaceo €11, Dutfus (54) also mentions two major groups
of whitefly-transmitted viruses identified as variegation-nroducing and
plant malformation-producing types.

Very few whiteflv-transmitted diseases have been isaliated and provento
have a viral ctiology. The previously mentioned groups of viral diseases
have been based upon arbitrary classifications due to similarities in
symptomatology and presumed insect vectors. Bird ef al. (20) suggested
that these whiteflyv-transmitted viruses with unknown or incomplete
etivlogy he placed in one group. rugaceous diseases. instead of different
groups primarily distinguished only by symptomatology. Much organized
and collaborative rescarch s required to characterize these whitefly-
transmitted viruses and establish their true relationships,

The following viruses of beins and other plant species have been
demonstrated to be whitet v-tr nsmitted. many however. only under
research conditions. These virises are prouped inorder of their decreasing
cconomic importance: a) bean golden mosaic: b) bean chlorotic mottle.
abutilon mosate. vellow dwart mosaie, infectious chloross of Malvaceac:
¢) cuphorbia mosaie: ) rhynchosia mosaics ) jatrophic mosaie: f)
Jacquemontia mosiic: ) ipomoea or merremia mosaies and h) mung bean

vellow mosaic,

Fhe following sections of this chapter will review the geographical
distribution. ceonomic importance, host range, svmptomatology. physical
properties. transmission, epidemiolopy and control measures reported for
these viruses.
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Bean Golden Mosaic Virus

Introduction

Bean golden mosaie virus (BGMV) was first reported in Latin America
in 1961 (30). at which time 1t was considered to be a minor disease in Sao
Paulo. Brazil. It has <ince occurred in practically every major bean
production arca in Brazil, including Minas Gerais. Parana. Bahia,
Pernambuco, Cewra, Para, the Amazon, and the Valle del Rio Sao
Francisco ¢33 34, 1211 BGMV has been reported in many other bean
production regions of Latin America. such as FI Salvador (66, 67, 126,
127), Guatemala, Nicaragua, Costa Rica. Panama (66, 67), Puerto Rico
(12017, 21 Jamanea, Domimean Republic (1. 2. 101, 102, 108), Colombia
(63). Cuba (23), Behizeo Mexico. Honduras and Veneruela (Galver,
personal abservations).

Identification and nomenclature of BGMV has been quite diverse and
must be stundardized between workers in different regions, since BGM V-
like svmptoms have been called BGMV, bean vellow mottle, bean golden
vellow mosine, bean vellow mosaic and bean double vellow mosaic (12,17,
21046047 45108, 1260 127). Galvers er al. (64) utilized serology. electron
microscopy and density gradient centrifugation to prove that isolates
mducing simular disease svmptoms in Mexico, Guatemala, Fl Salvador,
Colombia, Cuba, Puerto Rico, Dominican Republic, Braziland Nigeria all
were bean golden mosaie virus, This relationship between isolates also
should be clantied by utilization of the BGMV antisera developed by
Goodman (75) from solates collected in Puerto Rico.

Bean polden nosaie virus iy an cconomically important discase,
espectally i regions of Tatim America such as razil and parts of Central
Amernica and the Canbhean. Brazilian bean pro duction has been reduced
greatly by the virus sinee 1972, and 1ts seriousness his been attributed to the
mcreasing whitefly populations associated with the expanded production
of sovbeans in bean growing arcas (33, 44, 121). Games (66, 67, 70)
considers BGMY 1o be the pomerpad bean disease in the Pacitic coastal
plams of FE Salvador, where discase incidence frequentiyv reaches 1004,

Vatous workers (42069, 101, 102) report that infection by BGMV
teduces the number of pods. number of seeds per pod and seed weight.
Reported vield losses consistof 777 in Jamaica (101, 102), 48-85¢7 in Brazil
(42,90). 40-10017 1 Guatemala (96), and 52-1007 in FI Salvador (Cortes
and Dz, personal correspondence). Yield losses vary greatly depending
upon plant age at the time ot mtection. varieta) difterences and passibly
vical striins (33, 61).
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The host ranyee of BGMNY includes Phaseadus vuleares, P lunars, P
acutitolis, P polvsiachios, P loneepedunculatius. Pooaborigeneus, P,
coceineus, Desmiodivm occueatim. Macroptitesc ladhiroices. Terramnus
urcinatus, Viena radiana, bV ounsccidaie and Celopogonan. cauconioides
(20 P20 130200 200270 X 330 335, 36, ST, 57, 6% T 102 122 124),

Commaon nemes frequentty eaed tor bean golden mosaie virus tn Latin
Armenicn mclude mosaico dorado del trijol, moteado amanllo del trijol and

mosao Jouredo do tenoerro,

Symptomatology

Svimptoms of BGMY are readily visible in mfected bean plants which
exhibita brdliant yellow or golden color of leaves (g . Symptoms may
appear an the primary deaves withm 1 dave atter planung af high
populations of whitetlies ire present in or near the freld. Bird ez al (20, 21)
ohseryed the presence of smadl vellow spots, sometimes apparent as star-
shaped Testons, near the feal vens three to four davs atter exposure to
viruhterous wintetlies,

The primary systemic vmptoms of BGMY intection are apparent as
rolling of the lower lea? surface o voung leaves, which later exhibita range
of mosaiv svmptoms (Fig. 250 Phese svmptoms are predominant near the
seins and within the Teat parenchymatons tissue, where an intense and
often bullant vellowing devetops Suseeptible cultivars exhibit a marked
rugositv and rolling of leaves, many ot which may be completely vellowed
or occastonally white to nearly hleached. Tolerant cultivars otten present
symptoms with less intenc e leal moses and mav exhibic some plant
recuperation at ¢ later stage ot development

Most cultivars do not show i reduction of leat size (33), When the
infection occurs during the seedi ng stage. susceptible plants mayv become
stunted. Pods ot infected plants mow exhibitmosaie spots or be maltormed
thig. 3y Seed mav be discolored, maltormed. and reduced i size and
welght (24, 66, 67).

[he svmptomatolopy of BGMN appee - to be sinnlin to that reported
tor lima bean golden mosaic virus i Mree 1220 and g bean vellow
maosaie e Indi but the tatter ditters its host o ange 95, 105 Mung bean
vellow mosaie, urd bean vellow mosaie virases and vellow mosaie of
Dolichos fablab Likewise are not able 1o mifeet the maority ot Phaseolus
vidgaris cultivars (1040 Hewever, these sinases appear to have o similar
svimptomatolopy on the respective hosts as does BGMV an beans (92, 93,
95, 104, 128).
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Lo St el ed e echden miocae s beans

Floction microseopy evaluations of intected bear tissue reveal that the
principal celbdar sumptom s evident as adramatic chanpe in chloroplast
morphology . particuiarly i the Jumellar system (8T Recendy Kim et af.
(401 reported that the svmptoms are limited to the phloem assue and cells
adpjitcent to the parenchvma tissue, Virus-like parvicles appear as packed
hexiconal et arrangements or as loose aggregates i the nucler of
infected cells Dyistinet changes i the nucleolialso are evident, sinee there ds
aserrettion of erandar compleses and fibrils which may occupy 7547 of

the noclear volume ¢76)
Physical Properties

Bean wolden mosate virus has been classitied as aviral disease because of
ity chanicteristic transmission by insects, symptomatology and mode of
dissemination in the hield (210 31068, 85,101 Howevero it viral etiology
wis not completed until it solation was accomphished in 1975 by Gilves
and Castafio (62) They observed that tixed BGMY has o specific form
which consists of acosahedral particles uaited tn pars Odentical dumer
particles or geminates) The bonded particles are tlattened at ther point of

: ! o U pad madtormiation caused by

P 2 Moo comptonoand bt oaaltor :
mation mduced by BOSNY dection BOMY ntection of o saseepiible bean

sl
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union (Fig. 4) and measure 19 x 32 nm. while individual particles have a
diameter of 15-20 nm. Matvis er al. (87) reported individual particles
measured 12-13 nmoin diameter. A similar particle morphology was found
tor the viruses causing tomato golden mosaic., cuphorhia mosaic (86, 87) as
well as BGMV of beans in Brazil, Colombia, Il Salvador, Dominican
Republic, Guatemata, Mexico. and BGMV of £ lunarus from Nigeria (64),

Goodman er al. (77) could not determine whether these geminate
particles actually were the infectious entities or artifacts of fixaton,
However, Gilves and co-workers (24, 62) could observe particles in
unfised preparations, and they gave the highest infectivity. When the
BGMV particles were disassociated with FDTA at high molarity (0. 1M),
infectivity was almost completely lost.

BGMNY particles have a thermal inactivation point of 50°C (18, 19) 10
S5C62) a final dilution end-point of 10 1(62) (o 10 2 18.19). and an in
vitre longevity ot 48 hours at room temperature (62). Goodman and co-
warkers (76, 77) determined that the particles have a sedimentation
cocthicient value of 69 S_a molecular weight of 2.6 x ¥ daltons, a 260 nm
ahsorbance value of 7.7 and i 260 280 absorbance ratio of 1.4, The genome
of BGMY contiins DNA which has a sedimentation coefticient of 16S.a
molecular weight of 0.75 x 10 daltons. and composes 297 of the particle
(24,25.72.73.76, T'we protein companents, of molecular weight 3.8 x 19
and 5.5 x HF daltons, were isolated by Cardenas and Gilver (24, 25). The
DNAGs single stranded and resistant to exonueleases (24, 74). It has a
buoyant densitv of 1.717 g ml in cesium chloride and is resolved into two
components during polvacrvlamide gel clectrophoresis in 8 M urea (74,
77)

P

Fig. d- Geminate particles of bean golden mosaic virus (160000 X)
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Franckiand Bock (60) have included BGMV in a new virus group called
the Geminvirus, based upon its particle characterization, phyvsical-
chemical properties and single-stranded DNA.

Transmission and Epidemiology

BGMV can be transmitted naturally by whiteflies and artificially by
mechanical inoculation. Other whitefly-transmitted plant viruses such as
cuphorbia mosaic, abutilonmosaic and sweet potato virus Balso have been
transmitted mechanically (32, 36). However, Meiners er al. {88) were the
first workers to mechanically transmit BGMV to beans. Successful
inoculation required a high temperature of 30°C, and a 3077 transmission
rate was obtained at 247 - 28°C. No transmission occurred below 21°C.
Bird and co-workers (16, 19) originallv obtained only a 4 transmission
but have sinee improved this efficiency.

Galves and Castano (62) obtained nearly 1007 transmission under
glasshouse conditions at 25°C with BGMV inoculum extracted from
plantsinfected 21 davs carherina 0.1 M phosphate buffe, at pH 7.5and 1¢;
2-mercaptocthanol. Transmission was significantly reduced or zero if
moculum was extracted from plants infected after 21 davs. Bird er al. (19)
utilized a similar buffer at pH 7.0 to obtain 1007 transmission hy
moculation with an airbrush at 80 1h in®. Matviseral (87)were notable to
transnuit. BGMV dsolates mechanically in Brazil. which mayv re‘lect
difterences in methodology or strains. Some strains of BGMV may be
transmissible only by the whitefly vector (36, 41, 76).

BGMMV has not been shown to be transmissible in seed from infected
bean plants. Pierre €102) tested seed from 300 infected bean plants, and
Costa (3133 34,36) tested seed from 350 infected lima bean plants. None
of these seeds was found to he infected by BGMV,

The principal mode ot BGMV transmission. especially under field
conditions, oceurs from the whitefly vector. Bemivia tabaci. Whiteflies are
able to extract plant sap. but the principal threat to crop productivity is
thetr ability to transmit plant viruses, Costa (32) stated that the whiteflv s
able to tramsmit viruses to more than 16 plant species. including cultivated
and non-cultivated plants,

Nene (94) has studied the biology of whiteflies in relation to legumes such
as Phaseolus aureus, Viena mungeo and Glycine max. The insect can
produce 15 generations a vear. during which time populations may be
restricted to asingle crop species or migrate to a variety of plantspecies. A
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whitefly may lay 3N-106 cgps (1. Syduring is hte evele, which requires 13-
20days dunimg Mareh to October or 24272 davs duning November to Mareh
- Indie Populations of wintetlies are reduced as the mung bean crop
matutes. Fhese ponalations then may nugrate to other plants such as

cructers, tentls and peas.

Fhe lite evele oncotton i India (107) varnes from 14 TO7 davs s shiortest
durmg Apribto September (14-21 dave), and s tonger during Novemberto
Bebruany (69-72 davar The mavimum oviposition occurred at tem-
peratures  preater thin 2605 C0 and no o oviposition cceurred  at

temperatures below 24 ¢

Adults ot B wabacr are able 1o transmie BGMV ina circulative manner,
Fhere s no evidenee ot transovirial transmission or viros multiplication
wathin the whitefly (32, 36,93

Costi (32) states that whitetly -transmitted viruses e not acquired as
rapdly as aphid-transnntied vireses, Inoculation efficieney increases niore
beciuse ot longer acquisition pertods than becinuse ol differences in virts
infectivtn. Whitetlv-transmitted  viruses have a defined but shorter
mcubation period, and particles are retamed for more than 20 davsin the
msect vector, Whitetly adults can acquire and transmit BGMV within 8
nunutes (7,21 68) and the moculation efficieney ts inereased as populition
stze s mereised permtected plant (7,13, 3203065 1200 Gimes (681 found
an average acquwsition and incubation perrod ot three hones cach. 1 he
retention petod varies according to the acquiation penod but mas 1each
Tdivs or the entire Iite of the whitetly (7,20, 32, 36,65 1205, 1 he msects
occasionilly hive been observed 1o lose then capacits for transmission
(ON),

Tminature forms thae o) are able to aequre mung bean vellow mosaie
sirus which persists durmy pupation and can he tansmitted during the
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Frgs ™ The adult whiteths (Benmsea tabaci) vecton
ot BGATY

TR PR S * PN e .
adult stage. At least SO0 transmission has oceurred from adules (hig 7)
obtained from immature forms which had previoushv fed onontected plants
(95, 105), Costa (35) reported that temale whitethies were more etticient
than males asvectorsof BGMV o Phaseolus vadearts, 18 acutifolins and P,
polvstachios, However, males were more etficient vectors on P lunatus
and I loneepedunculain.

BGMA S notseed-transmitted and. therefore, probably exists in many
reptons i plantreservons such as lima beans and other susceptibic fegumes
mcluding voluntary and cultivated beans, and weeds (34, 36, 51,52, 61, 6K,
120 Prerre £102) considers that ima beans and Macroptiliun lathvroides
are aatural hosts for BOGMY o bamaca, in addition o poinsettias
(Lupdoorbu pulcherrima), increased prodaction of sovbeins has imereas
whiteth popudations and BGMV ancidence greatly in beans planted in
Paruna and Sao Paalo, Brazl (334312100 Tobaceo, tomato and cotton
phntimes e EE Salvador and Guatenala are responstble tor the high
whitetls populations i those countries (5, 6, 27032 o], 7%

Boean polden mosaie virns s more prevident m lower to intermedite
clevatrons 0130 300 normally below 2000 m where whitetiv populations,
temperatures and mocufum sources are preater. BGMV incidence is less
dunmye November to March when temperatures and nsect vector
pepulations are Tower i Jaminca, Cuba and the Domimican Republic.
BOMY vmore common and severe i Brazil atelevations between 400-800
meand near the end ot the summer o drey period Chanuary to February)
when whitethes mugrate from other maturing crops, such as sovheans, 1o
the voung bean plantings. Whitelly populations decline rapidly during
cooler pentoads of the vear, when temperatures are unfivorible 1o the
whitetiv and when tewer siseeptible crops exist (3, 33)

Control by Cultural Practices

Pheanewdence of BGNMY g bean production regron cive he reduced by
chimmatimy altcrnative plant resenvous o moculum such s volunteer
plants ol Phaseclus vuliee P lunatus, P loneepedunculdatus,
Caloporanuensp o and oticr plant speeies. Crop rotation and distribution
within o production regron also e important,. BGMV inadence s
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increased greatly by planting heans near fields of sovbeans which, although
net susceptible to BGMV, are favorable for whitefly populations which
mayencounter and transmit BGMV from infeeted plants. such as Sida spp.
and other hosts, to developing bean crops (33.102). BGMV infection of
beans can theretore be reduced by not planting beans near ficlds of otlier
crops such as sovbheans, tomatoes, tobacco and cotton, which favor the
build-up of whitefly populations,

Date of planting should be varied. it possible. so that young bean plants
develop during periods of lower temperature and higher moisture which
are less tuvorable to the whitefly and its ability to transmit BGMV (5 6,23,
32033036, 44, 700 78, 102),

No ccononncal and practical biologic..! control measures are currently
available (951093 Plant mulches have been shown to reduce whitefly
populations (%), possiblv due to alteved air temperature near the plants,

Control by Chemicals

che whitefly vector can be controlled bv applying insecticides 1o
ccononically reduce the population size ang incidence of BGMV
tranmission to - suseeptible cultivars, Various insecticides are cffective
sganstwhitethes (Bemivia wabhaci and Trialewrodes vaporariorum). 'l hese
wclude Tamaron 600F (1 ¢ ha). Nuvacron 60) (0.5 1t ha), Folimat 1000
(ST haos Bus 360 and Thiodan 35 or Fndosultan (1.5 It hay (50),
Popalanons o whitetlies were reduced cltectively in FI Salvador by
applvine Tamaron 600 (11t b ey ervosevensdays during the first 30 days
after plantemergence (5382831 Alonso (6) reported that Nutasystox R-
250 hag tollowed by Navacron SO (1S I hin and Folimat X0 (0,33
Bohan ettecrively comtrolied whitetlies when apphed 15 and 30 davs after
planting

Systemic msecthicides, sueh s Furadan and Thimer, eftectively control
whitetlv: populations when applicd av planting (6). Substantial vield
mereases were obtned meoothe Dominiean Republic by applying
Carboturan (Furadan SGy2 s ¢ oy row) at planting tollowed by 0.15¢;
N onocrotphos (Azodnn 60 apphed at s 1S and 30 davs after plant
cmergene (LR 991000, Nene (90 obtained chicctve control of whitefhes
- Indie witk o misture of () 0., Fhiodan, 0017 Metasvston and 2
minetal ol and amitare of (o Malathion 0.1 Metasvstoxand 2¢;
mimeral oil He obsenved that the mineral oll acted as an ovaade

Chemmical conttol of insect vectons cap be effective and economical in
arcas with ssoderate o low disense prossare and whitetly populations,
However, ts effectiveness can he reduced i regrons where high numbers 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 accesstons of  Phaseolus
vulgaris, and some accessions of P lunatus, P acutifolivs, and P. coccineus
under field and laboratory conditions, but they have not found anv source
of high resistance or immunny to BGMV (24, 26, 27, 31, 33,43, 61, 66, 67,
68, 102, 124). However, some aceessions have exhibited a low to moderate
level of resistance or tolerance, mcluding Pornlto 1 and 70, Turnalbha 1,
1ICA-Piao, [CA-Tui, Veneruela 36 and 40, Pucbla 441, Guatemala 388 and
417, and CIAT G-051.-716, -729,-738, -843,-951. -101K. -1069, -1080.
-1i57, and -1257. Vanous P coccineus accessions from the 1CTA
germplasm bank are resistant in Guatemala  Theyv include Guat.
S1278, 1279, <1288, 1291, 21296, -1299, MT7689A and M7719 (24, 26. 27,
79,124, 125),

Pompeu and Krany (103) observed field tolerance in Acte-1 37, Acte-
I 380 Acte-1 40 (Bico de Ouro tvpes). Rosinha G769, Carioca 99 and
Preto 143 1060 Rio Tabagt and Goianio Precoce are tolerant in
Capinopolis, Brazil(Rava, persenal communication). Tulmann-Neto eral,
(11601170 118) obtained @ tolerant mutant, TDM-1, by treating seed of
Cartoca with 0457 ethyl methanol sulfonate for six hoursat 200C. TIYM-
[ has o fevel of tolerance similar to that of Turrialba 1, but it is nos as

agronomically aeceptable.

The tolerance of Turriatba 1 Porrillo 1 TCA-Tui and 1CA-Pijao has
been contirmed m Guatemala, B Salvador, the Dominican Republic,
Brual und Nigeria under ngh discase pressure in bean nurseries inter-
planted between tomitoes. tobacco, cotton. and sovbeans to favor high
whitefly populations tFz 8y Glasshouse inoculations and subsequent

Fig. 8- Bean golden mosncy
ViFlls screening nuisers o
the Dominican Republic
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lithoratory analvaes revealed that these tolerant materials contained lower
Virus concentrations than highly susceptible accessions (24, 26, 27).

Phese tolerant materials hinve been utilized in hreeding programs, and
atial progenies wppea Protisme (05 1290 Some provenies are highly
toferant to BGMV and produce 1.5,0 b haunder high diseise nressure. as
compired to vields o OO0 C1CA-Praos and 650 CTurralba 1 ke ha for
the progenitors, hew progesies can produce X000 kg ha in conditions
where the virus s not g imiting factor to production

Bean polden mosaie virus and it whitetlv vector aie able to survive on
sodomtect varous plant species, melnding beans. Integrated control
measures canclfectively redoce the merdence and sever Y ot BGMVY. These
meisures should consst of reducing veetor populations by chemicals,
climimating alternative hoste. and tsti ditferent planting dates combined
with the development of aerononncally aceeptable cultnvars with improved

fevels of oleranee o) Fesistianee.
Bean Chlorotic Mottle Virus

Introduction

Bean chlore ve mottle virus (BCIMY) abutilon maosaic virus (Abn1V),
vellow dwart mosaic virus and infectious chlorosis of Malvaceae have a
similar svmptomatology and are considered s a group in this section,
Addional rescarch s required 1o fullv characterize these viruses to
determine whethier or not they are identical

Phese virnses reportedly are widespread throushom Latn America,
wherever the whiteflv vector exists (4, 10, ' P15 16,36, 38,45, 78),
Fhey have been observed in Colombrg, Mexico, Guatemala, Pl Salvador.
Costit Rici, Cuba, Dominiean Republic, damaica. Trinidad. Fobago,
Venezuela, Feuador, Pern, Bolivia and the United States. Ofren they are
presentin regions where bean polden mosaic virus and K hynchosin mosaie
virus exist. Fheir svmptoms frequently are confused with those of BCIMA
and AbMV (2729031, 32 36, 61,97, 11 P30 123).

Common names frequently used tor bean chlorotic mottle virus and
abutilon mosaie virns i 1 atin America imclude moteado clorotico del
ol enanismo amarillo, enamsmo del trijol. anio amireto, clorosis
miecciosa de b Maivaceas, and mosaico de Abutilon,

BCINV can cause 10097 infection in susceptible cultivars but seldom is
ceonomically imporant, Is incidence normally is only 2-5¢7 10 Brazil (31).
However, Costa (33) reported that BCIMV caused 10077 vield loss in each
ol five ealtivies that he studied
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)

S-oPlant stunting and
o broam produced by
hean chlorotie mottle

This group of viruses has a wide host range which 1mlt des /’/um ('/U\
vilvaris, 1 lunaras, Ahutdon hrcem Sweet, Alchere rosea (1) s
Bastardiac viscosa (1 RN Cordhorus aestruans 10 Gossypiuni

barbadense Vo G dursaaen 1 Goooesendentume N Hibisens
hravilensis Voo 41 escrdentio Vi parviflora U Malva silvestris T,
Valvaves o . Stda acamimeie 1 C 0 S agerevata Presl S brader

Fibricht. S corpomtolia LS cardiodia U0 S elabra ML S vlomerata
Cav o S hueadie Cav.o S micrantha SUHILD ST procumbens Sw.o S,
rhomihodia VN arens U Dt a stramonieen Vo Nicandra ple saloides
Gaertn., Necorna vhanmosa U N qabacunt U0 Solamnn ciberosum 1
Arachis hopovea 1o Canavalte enstjormis DO Cramopsis
retraonalobie by Taub L Glvaone max ey Nerr Lens culinaria \1cdik
1. esendeniia Moench  fapinis albus 1oand Piveos sativam LoCHO 12,

P TS 200 200300 3 39 40, 45 490 Ss S0 6 TRONTOONHIO T IlZl.

Syimptomatology

BOINIY and ABMV ntection can canse a severe dwarting ot susceptible
plant«. secompanied by oa bneh proliferation of buds and @ bunchy or
tosette tepe of plant deselopmient I intection occurs in vouny plants. a
witches” broom s prodoced and Jeaves often extnbit chlorone mottling
(Fie 93 Chlorotic spots o mottled areas mav be produced on leaves of
tolerant culuvirs or older suscepuble plants (Figs 1OV These spots ma, be
JoSeverel atfected phints

accompiniced h\ argosiag of lunul} 1w |

Toe o € ot minttic oy torn Foo bE bt e s ted e b pdneed e
produced an e anlectes NIy

BN
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e -

Fae 12 Chlotoue motthng induced by P 13- Tndections chlorosis of Mahvaiceie
AN tection of Pavorna sidactolia ssptoms mduced manmtected Malvasp
plant

produce few or no pods. Figure 12 illustrates AbMV symptoms produced
i an infected Pavonia sp. plant, and Figure 13 illustrates svmptoms of
infectious chlorosis of Malvaceae in an infected Malva sp. plant.

Physical Properties

Sun (115) observed ultrathin evioplasmic sections of Abwtilon striatum
var. thompsoniiintected with AbMV and found spherical particles 80 nm
in diameter. These particles consisted of an inner core 16 nm in diameter
surrounded by an outer shell. Kitajima and Costa (81) observed isometric
particles 20-25 nm i diameter in infected tissue of Sida miicrantha.
Additional studies are needed to compare these observations with BCIAVV
tolated trom other infected hosts including beans,

Costaand Carvalho (39030) determined that AbMYV had a thermal
nactivation point of S5 - 60 Coa final dilution end-point of 5-6. and
retned it ntectivity tor A8-72 hours in vitro in water o sodium sulfide
butter.

Transmission and Fpidemiology

Mechamcal tansmision of ABMV has been vers ditficult but has been
accomplished by Costaand Carvadho (39,400 trom Malva parviflora and
Stda micrantha to sovbeans. i he virus can be propagited in these Species as
well asan St carpanfolia Bud cral Q200 was unable to transmit AhA Y
mechanmically wnd had dithiculties with s natangd vector, Somisia fabad
race siddaes Stran ditferences may enst within the sius and whitethies,

Whitethes have been demonstrated o transmit BOINMV and AbMY (o
beins (10,20, 2930, 3133 36,38 86,97 113, 114 Bird ez al. (201 showed
that whitethes could acquire the vicus dure o4 1520 minute feeding and
retain their ahihy to transmit AbBMV for seven divs Costa( 33 was able to
tansmit ABMY  caily frome Sidda sp o to beans but had ditheulty
transterrmgat from beans to beans via the whitetly,
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Studies have not found BCIMY or ADMV 10 be seed transmitted (0)

Theseviruses appeat to have awide host ranye. including man tropeal
weed species. wineh serve as tnoculum sourees from which whitethy
populationsacqure the viras and transmit it to beans. Fpidenies of AbMV
and BCINY abve may occur i beans when L plantmgs ot other
stiseeptible crops such s sovheans and cotton, are planted nearby (27,3
(3 I ARY

Control

Very hittle research exists concermng control measures. However, Costa
(3. 36) did not enconnter any resistance within Phaseolus yulvarts in
Brazil Resstunce was tound in other species of Phaseolis, such as 12
cosdarits Poacireus, Pocalcarane aod Porrinery i (3D, T he following P
vidvarsy aecessions were observed o be resintint to BCIMY during a
natural eprderme at CINTOTON - Tui Teupllo ™ Honduras 0 P 307824
and L0739 A ddimonad research s required to verity the resistancee of
these materals and the prectieading of mearporatiag ther resistance mto
agronomitcally desirable backerounds

Fuphorbia Mosaic Virus
Introduction

Fuphorbi mosaic virus (CEMV) was isolated in 1950 from Luphorhiu
prunifolw Taeg. (37) and has sinee been observed in Many species of
Fuphorbia: The viras has been detected i beans in Brazil but does not
appear to be cconomicallv important. Common names frequenthvused for
ENMY an Tann America include mosiieo de s T uforbisceas and
cncinguithamente du tolhs

Fhe host tange or MY wcdudes Fuphorbia prunifolia. Datura
Mramaonuam, Fycopersicon osculentun, Nicandra phyvsalowdes, Nicotiana
vlatimosa, Canavalia cnsitornus, Glveine max, Lens escudenta and
Phaseols culearie (180200003030 3, 400,

Symptomatology

FMN or bean coumpling generally produces onlv local necrotic leaf
lestons at the feeding sites of viruliterous whiteflies. Occisionally EMV
may mduee aosstemie infecton characterized by twisting or erumpling o
leaves due 1o the unequal prowth of green tissue surrounding the initial
necrotie lestons Abnormal development of ausillary buds ilso mMay oceur,
and plants are commaonly stunted.
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Physical Properties

Matvis er al (86, 87) purified FMV partally and reported that it consists
ob identcallv-paired particies 25 nm in diameter and mdividual isometric
particles which measure 12 - 13 nmoan diameter. Theyv determined that
MY belongs th the Genunivirus group.

Costa and Carvalho (39,400 reported that FMV i sap has a thermat
mactivation point ot S5 - 60 C and retmns it infectivity in virro for more
than 4% honrs, Bud er afld 018y also report that EMV has o thermal
mactivation nomt ot S5 - 60 € hut retams ats infectivity i virro less than
24 hours and has o difution end point ot 10 Infectivity can be maintained
in tissue doed i aloum chionde atd C ror 12 weeks.

Transmission and Epidemiology

Fuphorbie mosae vrus can be transtintted - mechanically {from
Fuphorbua sp.otbips B4 to Dacara sp.at arate of 3177 and easily between
Datura spo (1502239400 Transemssion from sovheans to sovbeans is
dithienlt, MY Gs ot seed-transoatred (20, 34,

Benvista tabaci supply the natural mode of transmission, can aequire the
virgs during o Hennnnte teeding pentod, batres e 20-minute period for
transmission, and can retan ther mtectivity for 20 davs (20, 31, 36, 37).

Fuphorbi mosaie virus seldomis observed in bean ficlds unless there isa
high incadence of whitethes und infected Zuphiorhie spp. near or within the
field.

Control

Very hittle research has been conducted on control measures for EMV,
which is even Tess infectious to beans than BCIMVY or ABMV (31,33, 30).
However, plant resistance has been identfied inaccessiors, of Nhaseolus

e 1Y ead wrinkling and chlorasis of
an Luphorbna spo oplant infected with
I uphorbi mosioe virus,
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angularis, P.oaureus, P calcaratus and P.orinervies. additional research is
required to determine if resistance exists within 2 valvaris and is practical

as a4 control measure.
Rhynchosia Mosaic Virus

Introduction

Rhvnchoste mosire viras (RMV) wae isolated in Puerto Rico and
produces syaptoms simlar to those reported for infected Rivnchosia
nurtina i other ropical countries (1L 12013 140 15,20084) Symptoms of
RMN e sl to those caused by BCIMY and ABMY. Rescarch is
tequited to determine the relationsiup hetween these viruses, Rhynchosia
mosare vras s transmitted by whitethies bt o not reported to cause

ceanomic problems,

Fhe common name trequent!s used for Rhvnchosia mosaic virus in
Fatim America s mosaco de Tn Rhvachosa,

Fhe viras has o host range whieh indudes Safvia splendews Sellow.
Caranes andicus Spreng. Canavalia onsifomis (8 ) 1Y C 0O maritima
(Nubly Thouo Crotalaria encea 10 Gheome a0y Merrll,
Vacropuliem fathvrowdes (0 0 Unhan, Pacherriuzies eronaes 11 1 U rban,
Phasealis aboreencis Burk., Poaewatolive A Grav, 1L Wiight, P2
acuattfolucs N Gray dartoloe, P cocemens VP lunanes L1
trichocarpus Co et Povadvarie Vo Rivon hosia oanesa DO, R,
reticidat DC L Viena acomitolia Chacg o Marcechal, U oanendars tWilld )
Ohwiand Ohashis thelmowchius excnd nies o8 0 NMoendi Goss pium
Sursiiing b Malachra capitata V0 Oxalie berrelieri T Nicotiana
actommara Hook o N adara Tink and Ottol N bongrenss | ehimann, A
chiamona b 0N ehoana Goodspeed | N miarimia Wheeler, N paniculara
[and N rabacun U0 2,

Symptomatology

Rhvnchosie mosaic viras itection of beans causes svmptoms such s
leat maltormation, vellowing (Fig. 15) witches” broom and plant stunting.

e 15 Bean feaves mfected s
Rbyvnchosi mosaie v



http:kfaii.ll

Chapter 14

When infection oceurs invoung plants, svmptoms consist of i proliferation
of flowers and branches and fittle i any seed production (14,

Ihe virus his not vet been partfied to study its physicat properties.
Transmission and Fpidemiology

Mechanical transimission (1800 has been demonstrated by using butters
and the tohaceo cultivar, Virgint 120 as sourcee of imocudum (12020,
Rhynchosi mosaie vitus his not been found o be seed-trnsmitted (20

[he virts s easily tansmtted by Bemisia tabaci (11200 Tramsmission
can be achieved 1 less than 23 honrs and the tsect retaims s infectivity for
weven dinvs, Apparently, the virus survives nomntected weeds sach s
Rinnchosia ninema which is widespread throughout the tropies.

Control

very little rescarch has been condueted into control measures for RMVL
Glasshouse imvestigations in Puerto Rico (20)0 revealed that the bean
cultivars La Vega (R19) and santa Ana (selection from Masaya.
Nicaragua) were tolerant to the virus and had @ good level ot resistance mn
the field.

Other Whitefly-Transmitted Viruses

Bird (9200 reports that three viruses were capable of anfecting beans
under controlled conditions m Pierto Rico. They were Jatropha mosaic
vitus, isolated trom Jarropha gossepafolia (120 Pohland transmitted by
Bemisia tahact race (hiotvpe) jatropha; Merremia mosaie virus, isolated
trom Merrepna quomqguetolia Hall wnd tansnntted by Beminda wabaci race
(hiotype) iddac; and Jacquemontia mosaie virus, solated from Jae-
quemontia tanvufolis Guiseb and transmitted by Bepisia tabact race
(hiotvpe) sedae

Fhis chapter has reveswed briefly some of the whitefhv-transmitied
viruses which are reported 1o ntect beans under natural and aruticial
conditions. Much confusion exists between investigitors as to virus
identitication and relanonshups €200 33, 360 410 610 700 X6 Additonal
rescarch is reguired to clucidate this complex group of viroses and to study
the variabitity which may exist withm these viruses and therr whitetly

vectors,
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Chapter 15

Miscellaneous Bean Viruses

Introduction

Previous chapters have reviewed many bean viruses transmitted by
msectvectorssuch as aphids, beetles and whiteflies, Other bean viruses also
are known to be transmitted byt we veetors, or by other inseets, such as
thrips and leathoppers. Some hean viruses are not known to be transmitted
by ars anseet vector. This chapter will review hrietly some miscellancous

virus diseiases ot Phaseciis vulvares.
Alfalfa Mosaic Virus

Alfalia mosaie viras (AMV) s an aphid-transntted virus that was
il detected on beans o the United States (311 AMV consists of
vartous strans ncludimg vellow dot altalta vellow mosaic (313, vein
necrosis 301 and spotmosatc (290 None of these srains of AMN hadbeen

reported to he cconomically important 131)

AMV s hnown previoushy as T ucerne mosiie virus, Alfalta virus 1,
Altalfavirus 2o edicaso vnus 2 and Marnior medie aginis Holmes (7,37,
Altalta mosae virus has not been studied on beans i Latn America, but
AMM anduts strams hanve the Spanish names of mosiico de Ly altalta, punto
amardlos mosaica amandio de L altalla, necrosis venal, mosaico de la

mancha and cabico

AMA  nd s st many produce o heht svstemie motthng, an intense
chlotoncmotthng of feaves, nectosis of leaves o stemscand dichack of the
st pormnt However, the most common s mptomconsists only of Tocyl
necrotic festons which nnas have w diameter of 0053 0 mm Ll

VYV s caaly tansminted mechumicaliv and e aphids o1 Tt not
teported tohe tramsantted i bean seed . but s tansitted 1 seed o altulta
(O rand pepper -5 00 AN nlulu.m bacllitormin shape. have three
ditterent fengths and contam RN A
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Sinee AMV s not an cconomically important virus disease of beans,
little research has been conducted with control measures. However, some
differences have been observed in the trequeney of Tocal lesions produced
on specitic been cultivars (16), Susceptibility is also cotrelated with plant
ages ability o the vicus to induce Tocal Tesions o svstemie intection. and
temperatures duimg the pre-and post-inoculation perod (3,6, 14, 19, 28).

Curly Top

Curly top ot beans v transmitted by the beet leathopper, Circuldifer
tenellus (Baker) This virus can catse cconomic losses to beans and other
caltivated crops. such as beets (8cra vadvaris 12y in the United States and
Canadis (431, Curly top has been called Ruea verriecosonn Carv &
Bennettand reportediy contains 10 stiams which d tfer tor their simlence
(3 The common name of curly top i L atn Ameniea apree tizadode

remolacha,

Fntected young bean plants commonly exhibit tritoliate leat svmptoms
of puckerng. downward curling, vellowing and death. Pronary leaves of
mtected pliants may be thicker and more brittle than those of uninfected
plants. The mitial symptoms of curly top may resemble those induced by
bean common mosaic virus (31), 1 el surhing and vellowing also may
resemble damage induced by green leathopper (Empoasea sppoi teeding.

Virus particles ot curly top are geminate. have a sedimentation
cocthicient of 828 and w2077 nucleic acid content (20, 22y

Control measures consist ol resistant cultivars. T his resistance s
temperature-sensitive in some bean cultivars since it can he destroved wt
high temperatures, regardless of plant age at the time of moculation (25).
Silbernagel (24) reports that the breedimg hines. ARS-6BP-5 qand ARS-
SBP-7. e highly resistant 1o the cutly top virus

Bean Summer Death

Bean summer death is reported to oceur in New S outh Witles, Australia
(L2080 The disease agentis rransotted by ihe brown leathopper. Orosius
argentatus, which adso s hnown to tanarit vaqje cooplasao vke
pathouens of beans and other legumes (refer to savter T Beas suaamer
death was ongmally sospected to have mycoplasma-hke ctiology, but
Bowver and A therton (8) clnm that the ciusil agentis nota myceoplisma
but s sinilar mosome respects to curly top,

Lhe host ranee ot bean summer death inclides Phaseolus vuldgaris.,
Duatura stramonuem, Bera vudearis van, vulgarss, 8ovulearis var, cicla and
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Callistephus chinensis (8). The Spanish name for bean summer death iy
muerte de verano del frijol.

The symptomatology of  this disease consists ol velowing and
subsequent death ot beans, commonly tollowing o pertod of high
temperature (1,20 The insect veetor has a mimmmuam latent penod of 24-48
hours and remams infective tor at least 21 davs atter acquisition of the
cathal agent durimg the nvmphal or adult stage.

Lattle rescarch has been conducted into control mesures. However,
Ballantyvoe eral (20 report that vanous materials resistant 1o curly top in
the Umited States also were resetant to bean summer Jdeath i Austraha,
Additional research s required 1o adentfy resistant cultivars and to fully
characterize the agent responstble tor bean summer death,

Tomato Spotied Wilt Virus

Fomato spetted wilt vitus (TSWV Y s reported to oceur in Brazib and
Canada on vanous plant species. [t is not reported 1o cause serious
cconamic damage to beans However, it can atfect other Jegumes,
tonutoes, tobacco, pincapple and ornwmental plants. The virus s
transmitted mechameally i tomato seed and by various tvpes of thrps,
such as Hhrps tabace, Franklineellaschulezen, Fofusea, Fopaccivpiosa and
oo ocetdentali (9 1011 20

Fomato spotted wilt vitus also s known as Kromnek virus, /ycoper-
sterm virts 3 Paneapple selfow spot virus, tonito bronze feat virus and
vira-cabeca viras Tos commonldy reterred to as marchituniento manchado
del tomate i I aun America

Kitanoa oo /™ reported that particles of the virus were partially
sometne, apparenth surtounded byoa membrane, continn RNAL and
medasure S0-120 nmoan daameter. FSWA was the first plantvirus reported to
contam hipds (270 Its wdennfication and charactenization are reported by
Best (Syand e (1S

Red Node

Red node his been reported to occar mothe United States (3 but rarely
in Fatn Amenca (11 260 Fhis vical discase o reported to be related to
tobacce streak sirus (3 The common T atn Amencan names of red node
and tobacco sticak virus ate nudo roro and mecnceo ravado del tabaco,

respectively,

295



Chapter 15

Svmptoms include a reddish discoloraion at the nodes of stems and
pulvini of Jeaves, as well us reddish coricentric rings on pods. Pods mav be
shriveled and not produce seed. Plants also mav be stunted or Killed (31).

Fhevirus s transmitted mechameally andin bean seed €12, 31, Thereare
no reports of mmsect vectors. The virus particles are mometne, measure 28
nm o dieneters contan three to ftour nucleoproteins, and have a
sedimentation cocthicient between 90-123 5 (21,

Fhe virus may be controlted by production ot clean seed amd use ot
resistant cultvares such as Kentueky Waonder Noo 780 and Kentueky
Wonder Brown Noo K143

Other Bean Viruses

Many other viruses are reported to anteet beans, but primarils only
under controlled conditions i the Taboratory or gl shouse (13310 A tew
examples of these viroses are clover bloteh, clover tred) necrotic mosaie,
cowpeiaphid-borne mosaie, adzuki bean mosaie, peadwart mosae. clover
vellow bean. and Desmodium vellow mottle. Tittle ot any intormation is
reporied concerning the natural occurrence of these minor bean viruses,
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Chapter 16
Seed Pathology

Introduction

Dry beans (Phaseolus vudvares Ty are not vegetatively propagated.
Fheretore, they depend upon seed production tor perpetaationof the crop.
I he quahty of dey bean seeds used tor planting by Latin Amenean farmers
senerally s tow, especradly among those with small Tand holdings.

Sanches and Pinchinat (36) conducted a survey of seed used by farmers
in Costa Raca and tound an average germination of 680 Fllis et al. (16)
conducted o simdar survey of tarmers with small land hoidings n
Colombia and reported that germination was s low 2 8O with 10077 seed
intected by fungl. Cortified seed s datticult to obtain and rarely nsed by
farmers o batin America, sinee less than 377 of @l seed sown s eertified
4

Seed Transmission of Pathogens

Seeds provide an ethicient method for the transter of plant pathogenic
arganisois between locations More than SO0 ot the major bean diseases
are seed-borne (140 A tarmer plants intested seed, he also sowy the
potenttal tor futere disease problems. Sced transmission ot plant
pathogensas of concernn batin America becanise most tarmers plant seed
saved from previous harvests (200 The effect of seed-horne organisms
upon seed germination s not well documented, butinternallv-borne tungi
are associated with decressed seed cermination and field enrergence ot diy
beans (Fies. =4 p odo Blhs er el (16) found a correlation of -(1L8K
between percentiage recovery of nternadlv-borne fungt and scedbng
crnerpence. Seed viabthtv, pernunation and contamimanion by micro-
otanismiy also can be atfected by mechameal damage which may occur
Junmge harvesting, threshing and or planting (9, 39),

Sced Storage Problems

Conditioms o seed stotare are coreal o the survivad of lageh quality

aeed for long pertods and to the depiee of storage Tosses incited by various
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Fig. 1- Sample ! seed relatively free ot
seed-borne organisme,
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Fig. d3- Seed from contaminatzd  seed
sample surface disinfected and incubated
on potato-dextrose agar.

seed contaminants and seed-borne pathogens (see Table 1). Lopez and
Christensen (26) report that the seed moisture content should be less than
156, preferably 13%, and sced should be stored in conditions with less than
7500 relative humidity. Lopez and Crispin (27) report that cultivars vary in
their resistance to storage rot organisms. Also, storage temperatures lower
than 10°C should extend the viability of dry bean secd.

Control of Seed-Borne Fungi

Numerous fungi are reported to be borne internally or as surface
contaminants in weed of Phaseolus vulgaris (Table 1). Many of these
organisms also are secd-borie in other members of the Leguminoscae, such
as soybeans, pigeon peas and cowpeas (16). Figure Sillustrates the manner
by which Collerotrichum lindemuthianum may become seed-borne in dry
beans. Most internally-borne fungi are located inside the seed coat and
some infection may occur in the cotvledon or embryo (1, 15).



Seed Pathology

Fig. - (right) Pod and sced infection by the
anthracnose fungus.

Fig, 6 - (lower right) Seed sample harvested at
maturity, surtace disinfected and incubated on
potato-dextrose agar.

Fig. 7 - (below) Sced sample  anvested two
weeks atter maturity, surtace disintected and
incubated on potato-destrose agar.

Protectant fungicides such as Captan (Orthoside), Ceresan and Arasan
or Thiram diffuse into the seed coat where many seed-borne fungi are
located but do not enter dry bean cotyledons (14 15, 40). Recommended
application rates for most seed treatments is 1-2 g per kg seed. Seed
treatment is relatively inexpensive and can improve germination and ficld
emergence of seed lots with moderate levels of infected seed.

Systemic fungicides such as Benomyl can penetrate the seed coat and
cotvledons  of beans to provide some degree of control (1. 14).
Investigations are being conducted with chemicals such as ethylene oxide
{34) which has excellent biocidal and penetrative properties and may prove
to be practical in removing seed-borne contaminants with little reduction
in sced viahility,

Svstemic fungicides were foliarly applied beginning 40 days after
planting. with tour applications made at 9-day intervals by Ellis and co-
workers. Benomyl (1 kg ha) significantly reduced seed infection by
Colletotrichum  lindemuthianum when compared to the non-sprayed
treatment (11, 13). A protectant fungicide such as Difolatan or Captafol
wis not as cffective, because heavy rainfalls consistently washed the
chiemical off the plants. Fungicides may be useful for clean seed production
in Latin America. However, they may not be cconomical for regular
production operations unless growers are willing to pay for the increased
production costs.

Date of harvest is important in the production of high guality and
pathogen-free seed (13, 35). The percentage of seed infection by fungi
increases and the percentage of seed germination decreases with prolonged
time in the ficld after plant maturity (Fig. 6 and Fig. 7)(13). Therefore, itis
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A DR
Fig. Y- Sced intection by Macrophomina
phaseoling (hlack myeelia) and Phomaopsis
species (white myeelia).

important that seed production fields be harvested immediately after plant
maturation. Foliar applications of Benomy) during the growing scason can
reduce the incidence of seed-borne fungi and low seed germination
commonly associated with delaved harvest. Similar results are reported for
sovhean production (10),

In some drv bean cultivars, pod contact with the soil may cause
significanty higher levels of seed infection by various soil-borne fungi,
suchoas Rhizoctomia solani, Sclerotium rolfsii (Fig. 8), and Macrophomina
phaseolina (Fig. 9). This mav result in a significantly lower seed
germination than i seeds collected from pods of the same plant free from
soil contact (12, 47). When harvesting seed production fields, it would be
beneticial to avoid pods which have soil contact. especially for farmerswho
can hand-pick desirable pods with seeds destined for fuiure plantings.

Fhe most efficient method of producing clean seed free from a specific
pathogen is to use o cultivar that is immune or resistant to infection by that
pathogen. For example, York e al. (46) have studied resistance to Pythium
seed decay intensively. Cultivars which are tolerant to a spectfic pathogen
may allow limited development of the pathogen and its potential to be
transmitted within the seed. Therefore, seed from such cultivars must be
assaved caretully to determine whether seed-borne fungi are present.

Control of Seed-Borne Bacteria
Itis reported that 95 species and varicties of bacteria may be sced-borne

in numerous crops (%), Various bacterial pathogens are reported to be
internally sced-borne in Phaseolus vulgaris - (Table 1), Xanthomonas
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Table 1.
dry beans ( Phasecls vudvaris 1),

Ogitism

Common Name

Examples of seed-borae and seed-contamineting organisms associated with

Litsrature Cated

FUNGI
Acrostalagmuy spp.
AAlernar spp.
Asenchva spp.
AAspersilluy candidus
Asperedius glaucus
Aspergillus niver
Aspereillus repeny
cspergillus restrictus
Borrvodiptodia theohromae
Botrvtis cinered
Cercospora cruenta
Chaetoseproria wellmerii
Cladosporium herbarum
Colletotrichunt dematium
Colletotrichum findemuthian:om
Colletorrichum runcatum
Curvularia spp
Dendrophona spp.
Dhaporthe phaseolorum
Ihiplodia natalensis
Levaphe polyvson
Fusariim equnsen
Fusariam moniliforme

Fusarnen oxvsporum
tsp. phaseol:

Frsariunt roseum
Fusarium sentitectum
Fusarwam solani

Fusarium sulphureum
Isariopsis griseola
Muacrophomina phasesling
Vontlia spp.

Mucor spp.

Nematospora corvli
Vigrospora spp.

Fenicillium spp.

Leaf and Pod Spot
Leaf and Pod Spot
Storage Rot
Storage Rot
Storage Rot
Storape Rot
Storage Rot

Seed Decay

Gray Mold

I.eat Blotch

Leaf Spot
Cladospor.um Spot
Anthracnose

Stem Anthracnose
Leaf Spot

Pod and Stem Blight
Seed Contaminant
Powdery Mildew
Damping Off

Fusarium Yellows
Pod Decay

Root Rot
Angular Leaf Spot
Ashy Stemn Blight
Yeast Spot

Storage Rot

16
37

27
27
16
27

16
16
47

42
16
47
25

16
47
47
16
2

43
12
27

{continued)
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Orpanism Common Natne Literature Cited ‘

|
Pestalatiopsiy spp - 6
Pevronelluva spp. - 16
Phomopsis phaseolina Leat and Pad Spot 16
Rhnzoctonia solan Root Rot 24
hizopus spp. Soft Rot |
Selerotima selerotiorum White Mold 47
Nelerotitum rolfsii Southern Blight 1
Sporotrichum spp. - R
Stempnvlivun spp. Leat Spot »
Mevriopiorus cucumerts Web Blight 47

BAC TERIA

S hromobacter spp. - Xy
Verohacter aerogenes - Ry
terobacterium radiob cter - 17
Uealivenes viscosus - n
B tllies cereus - Ky
Ractllus mesatherium - 37
Racdls polvmixa - RY)
Racilhey sphaericus - Ry
Hacillus subtilis - 3
Racierwam globiforme - Ry
Corvnehacterium flaccumfaciens Bacterial Wilt 47
Corvnebacterium helvolum - Ky
Micrasonca spp - RY)
Daetedomonas fluorescens - ¥
Pyewdiomonas phaseolicola Halo Blight 47
Pyendonionay syrinstae Bacterial Brown Spot 47
Yanthomonas phaseolt Common Bacterial Blight 47
\andhomonas phaseoli var

T ans Fuscous Bacterial Blight 47

VIREUSES

Hean Common Mosaie Virus BOMY 47
Bean Western Mosare Viros Stram ot BOMY 47
Hean Southers Mosaie Virus BSMV 47
Fobaceo Sticah Virus Red Node Stran 47
Cacumber Mosae Virus CMVLPR 30
Cherry Feat Roll Virus - 22
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Chapter 17
Nematodes

Introduaction

Numerous nematodes (eelworms) have been found on the roots of beans
and other plants throughout the world (Table ). Many of these and other
nematodes are reported to oceur on beans worldwide, with species of
Melordogyne and Pratylenchus trequently encountered in Latinand North
Arerica (5, TOCET 14, IR.200220 24,300 3, 3 35,36, 37, 38,45, 49,51, 56).
During severe wfestations, vield losses may reach 10 to 8090 with root
lesten £33 nematodes, or SO 1o 9007 with root knot (14, S0 56) nematodes,
Fhis chapter will concentrate primuanle onresearch with species o
Vieloideesne and Prarvienchus,

Common names trequenthy used tor Melowdoyvne species in Latin
America inelude nematodos de los nodulos radicates und galhas das raizes.
Common names  frequentiv used  for Fragvienchus species include
nematodos de las lesiones radicales, festones por nematedos and
detinhamento de nematode.

Epidemiology and ILife Cycle

Veloidogyne speeies are most prevadent i light sandy sotls with good
dravvage and an average soll temperature of 25 10 3070 (9). Nuperous
nematode species are transported between growing regions or ficlds by
irrivation water, vegetative plant parts and soil contaminated with epgs or
Farvae which adhere to tarm implements, aiimals o man (7,943,510, 52
Sy Length of survival in soil varies with the nematode species, stape of
development, soil type, moisture, temperature (520 53), soil aeration and
feneth of the Tallow period.

Phe Bite evele of Meloidogyne spp. ivolves vartous develepmental
Aages barvae hateh from egps. They grow between aseries of three molts
st adult mades and temales, and the Tatter lay eges o gelatinous mass,
Sematode eggs are oval, someties ellipsoidal and shghtly concave on the

317


http:37.38.45
http:2t1.22.24

Chapter 17

and egg

g larvae  of - Meloidogyne oo, Yelidogone onecies.

species.
-
P
//’
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RN

Fig. 3 - Young larva of  Figo 4 - Adult temale  of
Melowdogyne species. VMeloddogvne incognita.

side (Fig. D and measure 30-52 by 67-128 14(47). Eggs usually are pre tected
from dehydration by a gelatinous mass or matrix (glycoprotein substance)
scereted by the female (Fig. 2) (3).

Larvacare vermiform (Fig. 3), have a stylet whichisabout 101 long and
may have an overall length of 375-500 w2 and a width of 151 (35). Adult
males are eylindroid. measure 6 13-0.36 by 1.20-1.50 mm. lack a bursa and
have a well-developed stylet. Adultfemales are pyriform (Fig. 4), are pearly
white (visible in roots without magnification), have a soft cuticle and
racasure (0.27-0.75 by 0.40- 1.0 mm (42, 44, 53). The entire life cyele may be
completed during a period of 17-57 days following inoculation (27),
depending upon the soil temperature (48).

Plant Infection

Larvie of Melidogyne spp. penetrate the plant root system (100-300
larvae seedlingy within 48 hours after inoculiation (29) and migrate inter-
and intracellularly thre gh the cortical tissue into the stele. The larval head
is inserted into the vascular system to obtain plant nutrients. Plant cells in
the viciity of the larvae increase in aumber (hyperplasia) and size
(hypertrophy). thereby producing the root swelling, or gall. Giant cells form
near the larval head by the fusion and enlargement of plant cells in response
to nemaiode feeding. Shight injury is apparent 10 days aiter infection, but
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within 40 days epidermal cells often collapse after females have deposited
cpgs near the outer root surface (28). Infection by and pathogenesis of
Meloidogyne spp. are atfected by plant age, plant susceptiblity, size of
nemiatode populations and environmental factors (6. 16, 21, 25, 29, 40).

[ arvae of Pratvleachus spp. penetrate the root system and migrate
mtraceliularly through the cortical tissue causing the cell wall to break. The
nematodes usually are oriented lengthwise to the vascular tissue which
hecomes neerotic 25-32 davs after infection. Larvae also may be coiled
within one or two host cells (46). The 60-day life cvcle may be
completed inside host tissue, where all larval and aduli stages are eel-
shaped migratory endoparasites (47).

Symptomatology

Svrmptoms of nematode feeding upon plant root systems often appearin
above-ground plant parts which beecome chlorotic, stunted, burned at the
leat edges and may wilt during periods of moisture stress (Fig. 3).
Svmptoms of rootinfection by Meloidogyne spp. consist of the appearance
ot root galls (as large as 12 mm or greater in diameter) on primary and
secondary roots (Fig. 6). reduced root systems, shortened and thickened
roots. or a reduced number of lateral roots.

g 6 - Root galls produced after infection by
Veloidagyne species.
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Chapter 17

During severe infections, the roots may appear as a mass of galls. These
cin cause plantdeath, due to interference with normal root functions. They
cannot be detached casily from the root system without breaking the root,
in comparison to nogules formed by nitrogen-fixing bacteria which are
foosely attached to the sides of roots (33). Nematodes may feed on bacterial
nodules of sovbeans and expose the nodules to subsequient iafection and
degradation by other species of bacteria, nematodes and fungi (2). Stem
and hypocotyl tissue may become infected and exhibit galls when seed is
planted too deeply

Lesion nematodes produce brown or black lesions on roots (Fig. 7)
during their feeding activities in root epidermal ind cortical tissues (28, 46).

Control by Cultural Practices

Crop rotation can reduce the population levels of parasitic nematodes
wiien beans are planted once every two or three vears in rotation with corn
or other cereal crops or with canopy crops such as Tagetes minuta
(marigolds), Crotalaria spectabitis (rattle box) (11, 23, 56). or Indigofera
hirsura (hairy indigo) (34), However, many nematode species have a wide
host range and make crop rotation impractical. Otker cultural practices
which reduce nematode populations include long fallow periods, deep
plowing and flooding for ene or two weeks (9. 51).

Control by Chemicals

Chemical control can be effective but is expensive and often requires
spectalequipment for soil application. Soil fumigants such as
Dichloropropene-dichloropropane or DD, Ethylene Dibromide or EDB,
Nemagon (DBCP 756, FCY 19, 32, 34,39, 41, 56), Phenamiphos 4004(19)
and MethyvlBromide plus Chloropicrin(35) have been used successfully for
control,
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Chapter 18
Miscellaneous Problems

Introduction

Many other factors besides plant pathogens, insects, nematodes and
nutritional disorders mayv damage beans severely during their growth,
Parasitic plants such as dodder can attack bean plants and reduce vields,
Various environmental conditions ancluding trost, high temperatures,
wind and drought can injure bean seedings or mature plants. Varation in
sont properties and drainage may produce marked differences o plant
appearance and vigor within locahized areas of a field. Genetie and
nhysiclogieal abnormalities may cause obvions ar subtle chinges in plant
development. Improper pesticide and tertilizer applications, or toxic air
potlutants may cause chemical damage.

Svinptoms induced by these tvpes of factors sometimes are confused
with those caused by other problems deseribed elsewhere in this book.
Proper dentification o the causal agent often reauires a complete history
of all past and current factors relevant to bean production in a specific
region. Uhis chapter will describe brietly some miscellaneous problems
which may occur during dry bean productionin Latin America and other
parts of the world.

Biotic Problems

Parasitic plants such as dodder are known to cause damage to cultivated
crops, including dry beans (17, 18,20, 21). Cassyrha filiformisis reported to
parasitize bean plants under controlled conditions (20), and Cuscuta
epithyvmum (clover dodder) is @ general parasite of legumes (21). Dodder
produces slender, nearly leafless vines (Fige 1 page 330) which may be
white, vellow, orange or reddish purple. When a vine contacts a host such
as o bean plant, it wraps around the plant part and develops haustoria or
suckers through which the dodder mav obtain nutrients from the bean
plant. The dodder vines then mav extend from plant to plant and can
seriousty reduce vield (18). Pieces of the dodder vine and seeds can be
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oo 1 - Patasitism of potatoes by dodder

disseminated by animals, man. farm implements and surface irrigation
water. Control measures include amitation betore the dodder produces
seeds, burning residue to destros seeds, and rotation with resistant crops
such as cereals, sovbeans or cowpeas €17, 21).

Adpae also aie known to occur onomany topreally prow o plants:
however, there dare no reports of damage caused to beane,

Climatic and Physical Probiems

Beans are grown under o wide range of environmental conditions. out
certan cultivars may be better adapted to growing conditions unigue to
specific production arcas. However, cultivars that are reasonably well-
adapted toa specihic growing regron may then be ftected by extremes or
variations which occur for ane or more environmental factors during the
course of a production scason.

Moisture

Plants mav be subjected to high or low moisture stresses which can
mthience physiological processes, plant development and susceptibility to
plant pathogens, A low soil moistre content can damage plants due to the
unas ahability of water for plant roots, the accumulation of toxic tons such
as magnestam and berong stomatal closure, restricted uptake of CO > cand
temporary or perniinent plant wilt (id).

High soil moisture and tlooding may feach important nutrients required
tor normal plant development, reduce oxvgen content, induce general
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Chapter 18

soth moisture or hmited root growth, High temperatures and winds may
compound plantstresses from low soil moisture by physicatly inducing soil
agpregation, cracks and subsequent root damage (13). Seedlings mayv
devefop basal tlestons at the soil line if the soil surface laver becomes too hot
(13I8, 2025

sunscald

Sunseald ol bean leaves. stems, branches and pods may occur during
pettods of intense sunlight (ultraviolet wave length), espectally following
conditions of high humidity and cloud cover (18, 29). High temperatures
also may induce sunscald damage (18). Symptoms appear s small water-
soaked spots on the exposed side of the plant. The spots become reddish or
brown, may coalesee, and form lurge necrotic or discolored lesions on
attected plint stractures (Figs 3) These symptoms may resemble those
citined by the tropical spider mite and air pollutants,

Beun development abso can be infliienced by light intensity, quality and
duration (photoperiod). Reduced light can cause etinlation as plants
produce succulent growth with fong stem internodes. and often reduced
chlorophyil content and lower production (13, 18). Cultivars which i
semsitve to photoperiod do not flower normallv, and ofien produce tew
pods late i the growing season when planted athigh fatitudes. Plants often
appear healthy and green unless tow temperatures cause abnormalities
(personal communication, Dro DR Laing, CEAT Bean Phvsiologist),
High hight intensits can scorch or burn leaves and pods (russet), cause
Hower and pod abortion, and increase damage caused by chemical spray
droplets or air pollution. especially that caused by photochemical
pollutants (13, 25),
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Fig. 6 - Leat variegations
caused by a genetical abior-
makity,

producing bads m the axils of the cotyledons (Fig. 5). A similar symptom,
snakehead, may ocews fromdamaee by insects or conrmon bacterial blight.
Seedlings which survive the effects of nechanical damage often are
stunted and vield poorly (4, 25)

Physiological and Genetical Problems
R [}

Beans occasionally exhibic physiological and genetical abnormalities
which may be confused with svmptoms induced hy plant pathogens or
abiotic fuctors. Albmo seedlings may oceur but u: watlv die within a few
days, due to their Tack of chlorophyil | cat variegations may appear as
mosaic patterns of green vellow and white tissue ( Fig. 6), and can cause an
abnormal development of the plant and pads. Individual leaves or
branches may be affected. ar the entire plant mavexpressvariegation (21,
25). General plant chlorosis and pseudo-mosiie svymptoms can be heritable
traits. Small chlorotic spots (Yellow Spoty may appear on primary and
tritoliate feaves of certain cultivirs which still dey clop normally, and the
trait s heritable (25),

A hentable seedling wilt, not cau-ed by root rot, has beer reported to
aceur when primary leaves become pale, bronsed, curl dighthy and senesce,
resulting in plant death. Internal necrosis is also a heriuole trait which
produces brown accrotic spots on the flat surface of cotsledons (25).
Cripples or abnormal plant development can occur and also may be
ciused by a genetic abnormality.

Seed coat sphitting neay take place in certain cultivars and appears to he
heritable, Symptoms consist of the uneven growth of cotvledons and the
seed coat, which cause the exposed cotvledons to uxtend bevond the seed
coat and appear cone-shaped, ronshened and serrated (25). Other factors,
such as moisture and temperature, muy be involved.
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b Patguatl spras-dott damiage to

bt

Chemical Problems

Chemical Toxicities

Chemical damage may atlect beans during the Erowing season,
espeeratly during germination and seedhing devetopment if chemicals are
not applicd according to manufacturers’ recommendations. Toxic
Concentrations of various chemicals and fertilizer may be placed too close
to seeds. creating problems if chemicals do not dissolve and feach rapidly
throughout the root zone (130 23). Insecticides (Fig. 7), Paraquat sprav-
dote (B 8y and 242D sprav-drift (Fig. 9) can produce distinetive
necrotie or morphological svmptoms o affected feaves or plant parts,
Other physiological disorders may be coused by chemicals which contain
mnuntios or products ietaholized by seil microorganisms into toxic by-
products, or aryranvated by specific soicand environmental conditions,

Root injury by herbicides and pesticides may be increased by soll
Motstiree stiess, deep planting, soit compactiona d mechanically damaged
weed (22) Chemically damaged roots often are predisposed to subsequent
merection and greater vield foss by root rot pathogens (120220 23, 24).

Adr Pollution

vie pellution has become an important problem in many parts of the
world where beins are planted near small or large industries w hich release
i : m -

%

Fieo 9 - Damage by 2.4-D sprayv-dntft.

335






Miscellaneous Problems

Hm I heyto

mage (42 pphn
hean planis exposed 1 shade detty and sun trghthat

220

TR

: 10- tabave)  Ozone
vk g S0 pphim tor Ahi)

b bean leaves

Fag. 12-(righy Peroxsieets]
nrate (PAN)Y damage to
Pinto hean on nght.

Fig. 13- ety Sultur dioxide
damage (1 pphm for Throto
Pinto bean.

chlorotic or bleached svmptoms on the upperleaf surtace. These symptoms
may extend to the fower feaf surface and resemble SO damage. Neerotic
lesions induced by NO> may fall out from the leat. leaving a shot-hole
appearance (6).

Adr pollutants are reported to interact with cach other or with plant
pathogens to alter the type or intensity ot damige to heans. Addinve,
sviergistic or antagonistic interactions have oceurred between ozone-PAN
and ozone-SO >, depending upon the concentration of cach pollutantand
sensitivity of plants (8.9, 101 Various pollutants influence plant pathogens
and the resulting symptoms on infected or exposed plants (6).


http:Necr,,.ic










Chapter 19
Nutritional Disorders

R. H. Howeler

Page
INtrodUuCtion Lo 343
Effect of Soil pH on Nutrient Availability ... 344
Nutrient Deficiencies and Toxicities
AlumMIMIum TOXICITY e 344
Boron Ceficiency and Toxicity ... 345
Calciom Deficiency . . TP PO UU ORI URRUPPR 345
Copper Deticiency . 347
fron Deficiency . 348
Magne sium Deficiency ... ... NPT PROPRURT 348
Mangeoese Deficiency and Toxicity ..o 348
Mitrogen Deficiency .o 350
Fhosphorus Defictency ... i, EUTURROUOT 353
Potassium DeflCiency ..o 355
Sulfur Deficiency o o 356
2ine DefiCiBNCY oo 357
LIerature CHEA v et 358

341









Nutritional Disorders

P 1 Stunted plant growth and
feaf nargin necrosis caused by
dlununinm toxicity,

Aluminium toxicity is contiolled by deep incorporation of agricultural
lime. calcium oxide or calcium hydroside until the pH isabove 5,210 5.5,
or the aluninium contentis kess than 25 1o 304 0 25) howeser. this may not
always be cconomically feasible, Application of 1.5 to 2 ton per hectare of
fime witl neutralize one milhigram equivalent of aluminium per 100 grams
of soil. Six tons lime i was ettective on s acidic voleanic ash sotl, as
indicated by improved plant prowth Application ot basic slag and certain
rock phosphates also may reduce alunimum toxicity, while acid-forming
fertilizers such as ammonium sublate and vred may mtensity the problen.

Boron Deficiency and T oxicity

Boron deficiency commonly occurs in coarse-textured soils fow in
onanic matter and high in atuminium and iron hydroxides (6, 64). Tvalso
cien be very serious in aluvial soils with a high pH and low total boron
content (15,160 17).

Boron deticient plants have thch stems and teaves with vellow and
nectotic spots (Figs 2 and Fig. D Inless severe cases, leaves are crinkled
and curl downwards, similar to .symplnms caused by virus or Empoasca
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Figo 4 - Yellowing and neerosis of
leal margins ciaused by boron tox-
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attack. Under conditions of severe boron deficiency, plants remain stunted
or die shortly after germination. The critical l2vel for boron deficiency is 20
1o 25 ppanoin leaves (38) and 0.65 ppm hot-water extractable boron in soil.

boron deticiencey can be controlled by soil appiication at planting of | to
2 Kilograms of baron per hectare as Borax. Solubor or other sodium
borates, or by foliar application of 177 Solubor or Borax. There are large
varictal ditferences for suseeptibility to boron deficiency. Black beans
generally have been more susceptible than red beans (17).

Boron toxicity causes yellowing and necrosis of the margins of primary
leaves shortly after emergence (Fig. 4), and of older leaves. The critical level
for boron toxicity is 40 1o 45 ppm in Jeaves and 1.6 ppm in soils (38). Fox
(29) reported that beans are more susceptible to boron toxicity than corn,
cotton and alfaltu. Toxicity symptoms appear when the soil content
exceeds 5 ppm bhoron. The toxicity generally occurs after non-uniform
application of fertilizer or when the fertilizer is band-applied too closely to
the seed, especially during dry weather.

Calcium Deficiency

Calcium deficieney is seldom observed in beans, although plant growth
and nitrogen fixation can be affected in many acidic soils with a low
caloum status (). Caleium deficiency generally is observed in combination
with alumimium toxicity in acid Oxisols and Ultisols. Beans grown in such
solls generally respond o liming. The effect is due to a decrease in
exchangeable alummium and or manganese ions. and the increased
availabifity of caleiim, magnesium and molvbhdenum.

Calaium deficiency symptoms are apparent s the leaves remain dark
green with only slight vellowing at the margins and tips and the leaves
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R ) L W et
Fre S - Poordy developed root system Fig. 6 - Shortened internodes and rosette-
(nurht) caused by caleium deticiencey, tvpe plant growth (toreground) caused by

calcim delicieney.

crinkle and curl slightly downward. Calcium deficient plants remain small
and root growth may be reduced seriously (Fig. 5). Internodes often are
short, producing a rosette-type of plant growth (Yig. 6). Optimum calcium
levels in leaves are 200 (1), while values of 5to 6¢¢ have been detected (7, 10).

A critical caleium level of 1.44¢ occurred in upper mature leaves at
flower initiation (18). Since little caleium retranslocation oceurs within the
plant, apical leaves depend upona continuous caleium uptake by the root
system (R, 9. 1) Caleium contents of leaves decrease with increasing
potassium applications (28).

Caleium deficieney s controlled by deep incorporation of calcitic or
dolomitic lime or caleium oxide or hydroxide. Low rates, such as 500
kg ha generally are sufficient to relieve calcium deficiency, but higher rates
often are emploved to neutralize toxic amounts of aluminium, Calcium
phosphate sourees, such as basic slag, rock phosphate and superphosphate.
mav contribute significantly to cileium nutrition,

Copper Deficiency

Copper deficiency has occurred in the Everglades of Florida (62). and in
organic or very sandy soils, but it has not been studied in Latin America.
Beans are relatively insensitive to copper deficiency when compared to
other crops (43).

Copper deficient bean plants are stunted, have shortened internodes,
and voung leaves become gray or blue-green. Normal copper content of
Jeaves is 15 to 25 ppm in upper leaves.

Copper deficieney s controlled by soil applications of 5 to 10 kg

copper ha as copper sulfate. Foliar applications of 0.1 copper as copper
sillate or copper chelates also are cffective.
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Pig. H0- Manganese dehicienes symp-

toms 1 bran

SN

conanganese

toviciiy

351



Chapter 19

2

oy

I o : TN NPT Ry, T e\ AT S ™t ?ﬂﬁ; v PTPRRIT ™
N : - -
- . &

.
e
”~ *"
. oo
¥ B} - )
v s
- ) -
s A
~ o e
k3 ¥ .
S
- ;‘;
-y {:
K
S
ﬁh“ﬂk{

¥ w‘gﬁ /
P AT
N",}:‘}{‘ﬁ\'u;’ .
@" " ¢ ./é -
ad . P

P 0 Plant Chiiorese taduced nitrogen detiaienes

Nitrogen deficieney '.\_\.‘lilpinmh e cadent when feaves near the bottom
ol the plant trn pale green and eventually vellow, and the discoloration
progresses gradually apward «Fig. 13 Plant growth is stunted and yields
may be affected. Upper leaves of plants which exhibit deficiency symptoms
generally have a nitrogen ¢ontent of less than 3¢; during flower initiation
(10,56), compared to an optimuin of 5 10 normal plants (44). Carvajal
(1Y) reported that petioles are more useful in the diagnosis of nitrogen
deficiency than are leaf blades. He reports eritical petiole levels of 600 ppm
for nitrates, 200 ppm for soluble organic nitrogen and 800 ppm for total
soluble nitrogen.

Nitrogen deficiency may be controlled by applying a nitrogen fertilizer
at by the incorporation of animal manure (59) and greenmanure (2,48 50,
523 Nosignificant differences have been noted between nitrogen sources
such as urea, ammonium niteate, sodinm nitrate or caleinm ammonium
mtrate (47, 58), or between application tines (47), On acid soils, sourees
such as calcium ammonium nitrate, and on alkaline soils, sources such as
ammonturn sulfate may be beneficial In general, however, the choice of the
aitrogen source is determined by ity cost per kilogram of useable nitrogen,
Responses to nitrogen application rates varied from no TCSPONSe M many
trials i Brazil (25, 350 51), to large responses to evels as high as 200 (24)
and 400 kilograms of nitrogen per hectare (17). Of 232 NPK trials
conducted in Brasil. only 67 showed a positive response to nitrogen
ferithzation (45) Nitrogen tertilizers veneradly are band-applied at or
shortly after seeding. or as a split application at seeding and flower
mitiation,
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T T . na X7
o o Intenvernal chlorosis ot vounger P 20 - Symptoms ot zine deticienes on
e due sd b sne deniceney older Teaves

Zine Deficiencey

/e deticieney oceurs insoils with o high pH oor inacid soils that have
had high rates of lime and or phosphorus applications.

Zane deticieney symptoms begin as an interveinal vellowing of vounger
leaves cbige 19y and older Teaves iFig. 200 which may advance into necrotic
spots at a later stage,

he eritical level of zine i bean tissue is 15 to 20 ppm (42), while normal
levelsare 42 1o 50 ppm zine €39). 1 evels greater than 120 to 140 ppm 7ine
can decrease vields (3, Zine deticieney may be induced by large
appheations of Time, phosphorus, iron (3) or copper (53, 54).

Culuvars ditter m o susceptibtlity 1o zine deficieney. A Tow zine supply
reduced the content of starch and soluble starch svnthetase ot a culuvar
stisceptible to Z2ine deticieney, suggesting that zine may be essential for
statch synthesis (39,

Zine deticieney can be controlled by sotlapplication of Sto 10 kilograms
ol Zine hacas 2ine sultate O, ortoliar appheation of 0.3 1o 0,560 zine sulfate
or 2img chelates €3 360) Soil applhication of zine sources should be hand-
mixed,  because incorporation into fertilizer granules reduces their
solubility (26), except when mixed with ammomum polyphosphates.
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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
atter harvest. Attempts to reduce these losses through pesticides have been
relied upon less in bean production than in othercrops. Bean productionin
Fatin America occurs principally on small holdings where growers often
have limited economic resources. conditions not conducive to programm-
ed pesticide use. Moreover, bean< often are grown inassociation with other
crops, which may help to stabilize insect populations. While such factors
tvor an integrated approach to insect control. the short Zrowing seasons
and rapid crop turnover in beans may not suit a stable ccosvstem, which is
desirable for etfective pest management practices.

Fois chapter reviews pertinent literature available on bean pestsin Latin
Amencas with emphasis on bean pest ecology and non-chemical control
methods Sinee the Latin American literature contains no information for
some pests, references are cited from other regions on crops hesides beans,

Ruppeland Tdrobo (100) listed a total of 208 insect species which attack
heans, while Mancia and Cortez (65) st more than 400 insect species which
are found on hean plants. Bonnefil (6) considers 15 insect species to be
ceconomicallv important in Central America. Most bean pests dre
omnivorous, attacking several cultivated legumes or ather crops. The most
tportant bean pests reported in the literatare and according to the
authors™ observations are listed in Table 1. [he given division cannot be
maintained strictly, since the Mexican bean heetle and chrvsomehids also
may attack voung pods while Epinotia and Feliohis spp. may also attack
leaves and buds. Not all pests listed are inseets, such s slugs and mites,
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Fae. 1- Geographical distribution of principal bean pests in Latin America.

Distribution of Important Insect Pests

The bean pest complex varies greatly throughout Latin America and s
not well documented. However, Gutierres et al. {(43) reperted that the
leathopper is the most widely distributed inseet in Latin America, with
chrysomelids (mainly - Diabrotica balteata), cutworms. crickets, pod
damaging insects (especially Apion godmani) and storage insects listed n
decreasing levels of importance (Table 2). Theauthors gave no estimates of
the cconomic importance of these pests. The leafhopper is the most
important bean insect in Central America (6), followed in importance by

the chrysomelids (Table 3,
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Asimplified distribution of the principal bean pests sshownom b igure 1
Forexample, the Mosican bean beetle occur i Mexico. the Gua temalan
hehlinds and Ncaraguias The bean-pod weestl Cdpion sppa all s a
problem as farsouth as northern Nicaragua, Snals not shown,iare asevere
problem to bean culture in FUSahvador and Honduras

Stored  prain msects,  Acanthosoeiides obrecis and Zabrotes sub-
fuscianes. are Jound o all areas ot Latn Amiericie AL obrecrs oceurs
umartdy e higher alutudes moboth ticlds and warchouses in Chile,
Arpentina, Peruand Colombian mountuins, while Z. subftusciarus is tound

prinyaniv in beans stored at lower elevations.
fcconomic Losses

Potential loss trom insect damage varies greathy between and among
regions, due to ditferences in planting dates, cultivars and cultural
vractices. Miranda (81 reported insect Tosses of 33-83¢7 when non-treated
plots were compared 1o treated plots, Losses from AApion in El Salvador
were W (67) although average losses are fower. In Toinsecticidal trials in
Central America, contreds vielded an average of 4777 less than the highest
sielding mseeticidal treatment, with greatestlosses mtlicted by leathoppers
tlabled) Fhesefigures probablv over-estimate the importance of insects in
hrean culture, singe such inseeticidal trials normally are planted to coincide
with the highest levels of inseet attack. This was apparent in studies with
Dracol-Calima, which s susceptible 1o leathopper attack and which
ststained fosses of 142307 Gaverage 22¢7) dunng the rainy season, while dry
season losses were 73957 The average loss was 7607 (Fig. 2). Studies by

O
22
- 1.5
=
5
=2 [0
]
-
760
s+
Figo 2o Average vield of
Priacol-Calima of hestinsec- L L.
tvdal treatment compared Protected  Nan- Protected  Non-
with nonprotected plots in protected protected
wert and dey season (Ave 3
tieds i each seison) Wet season Dry season
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Postrup-Andersen er el s the Canea Valley m Colombia estimated
that Fonpoasca Aracriers caused anaserare 108 crop loss on 12,000 ha of
Beans grown e 970 testitng i a foss of STA000 m ULSL careney Tog
that growing season.

eonomice Threshold P opulations

An nnportant aspect of pest management is ihe Jevel of damage thatcan
he tolerated ceonomicatty, Greene and Laaea £39) obtained a 377 vield
reduction due to 2307 defoliation ane week betore tlowering, while 25-336¢
Jetoliation during tTowering did not reduce vield. Results have shown that
Jetolintions between 30 and 45 davs atter planting (heginmng of flowering
toend o Howernnpey were most damapming to sield (15). Yield Tosses greates
than 3% ¢ occurred onlv when more than 6077 of the folge was removed,
Feathopper studies at CEAT (15y indicated a0 6,44 vield loss occurred for
cach additional nymph present per Teaf (Figo 3. These dataindicate that
beans can withstand certamn levels of defoliation betore vield losses oceur.

Noctd rans e

[ TR TR IR NI TN
oyt

P nvmphoas oy Joss

Sl 32 Ywelds of devobeans at
Smereasng populations of l:'.;
Araemert nyvmphs. ‘

Voo 1he3 50 - 10625
IR RTIN T T8

0N I nvmiphoas 6000 o

] 1 A Ny m[;hx leat

Seedling-Attacking Insects
Seed Corn Magpot

folone g g cRondaon dhnptecs Anthomeadie

Fhe seed corn magpot is a bean pest in Chile, Mexico and areas of the
Eanted States and Canadic The genus has been named Delia, Phorbia and
fhodeniva. Other species reported on bheans include L platura and H.
ftrara, 11 cilicrura and 11 liturata are closely related (79), although
Mol cod (765 separated them by differences in nutritional requirements
and interulity of interspecific hvbrids,
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P one Bean plant severed by oo Pag 7 Cutworm Jamage on an older bean

cutwaern larva plant

Common names frequently used for cutworms in Latin America include
trozadores. cortadores, nocheros, rosquillas, Tagarta militar and lagarta
rosca, Common  names  frequently  used  for  whitegrubs  include
gallinacicgas, chizas and mojojoys. Common names frequently used for
crickets include grillos and grillotopos.

Cutworm attack in beans oceurs erratically and is difficult to predict.
[ herefore. it is better to control cutworms with baits applied in the late
afternoon near the plants than to use the common preventive chemical
control with Aldrin. A formulation of 235 kg sawdust (or maize flour). 3
liters molasses and 1 kg Frichlorfon per hectare also is effective in
controling crickets and mithpedes.

o prelimimary trials at CLA T itappeared that beans were nota preferred
host tor Spodoptera frugiperda, which is one of the most important
cutworm species. Tn associated cropping of beans with maize. cutworm
damage in heans was nearly zero. [ikewise. cutworm damage was
sipnificantly greater (7190) in maize monoculture than in maize associated

with beans.

W hitcerubs (Fig. 8) mainlya problemin crops following pasture. can be
controlle 1 by proper fand preparation. Chemical control is possible with
Carbofuran or Disulfoton band-applied (0.9 kg a.i. ha) and with Aldrin
incorporate 1 into the soil.

Fig. 8- Whitegrub larvae extr. ted
trom the base of infected plants.
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Cncketsand molecnichets also are listed s nests of beans (kg 9) insome
votntnes (90 but they seldom cause signiticant economic losses,

Lesser Corn Stalk Borer

st oS oS epidopten Py talidaen,

Lo fignosellus is asertous bean pest in parts of Peru (F. Avalos, personal
commumcation). Brazil (18) and other countries in Latin America. It
attacks aovariety of weeds and cultivated plants including maize, sugar
vinie. cereals, Tegumes and nutgerass.

Common names trequenty used for the lesser corn stalk borerin Latin
Amencanclude coralilo. harrenador del tallo. elasmo and lagarta elasmo.

arvae (Figs 10) enter the stem just below the soil surface and tunne
apwands (B T, causing plant mortality and subsequent stand loss. The
adult oviposits eeps singly on the leaves or stems, or in the soil. The six
Lusalinstars are passed in 13-24 days, after which they pupate in the soil
39 Duapree (23) tound little evidence of stem bormg activity prior to the
third st

Control s achieved with clean tallowing for prolonged periods or with
heavy rrigation (11, 124), Leuek and Dupree (60) observed ceg and larval
parasitism by species of Tachinidae, Braconidae and Ichneumonidae on
Favie collected from cowpeas. Chemical control should be started at
planting time and granular insecticides should he directed near the seeds to
Kili larvae present in the soil,

Leaf-Feeding Insects
Chrysomelids

Many species of Chrysomelids attack beans in Latin Amernica. the most
prevalent genera (Fig, 12) being Diabrotica, Neobrotica, Cerotoma and
Andrector (6). 1) balreata 1.eConte probably is the most abundant species.
Ruppel and Idrobo (100) list 36 species of Chrysomelids. including the
addittonal genera Epirrix, Chalepus, Colaspis, Maceolaspis. Svstena and
others. This review will concentrate mostly on 10 balteara (Fig. ), the
handed cucumber beetle,

Common names frequently used for chrysomelids in Latin America

metude crisomelidos, cucarroncitos de las hojas, diabroticas. doradillas.
tertuguillas, vaguitas and vaguinhas,
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i CR N
i fre o0 ‘Q\":{’

SR e B
b e o SRl
P 9- Typieal enchet damage on g hean plant

o

[ 10- Mature Litvae of the lesser
corn stalk  horer, Havnropalpan

fivnosellus

Fig. 11 (righty Damage caused by lesser corn

;'V\“

stalk borer.

Fig. 12- (below) Color variation in adults of
Chrysomelids.

Fig. 13- (lower right) Adult  Digbrotica
balieata.
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e 17 Bean deat olded by voung lirva of the bean
leatroller

vceur per plant. The titth instar consumes about 162 em? of leaf area. and
ceonomic losses oceur when an average of four larvae eat 337 of the total
leat e Assuming 5007 mortality per instar. 141 cges per plant (a
population level seldom observed) would be required to cause significant
damape

Fhe butterfly lays one to six eggs per lower leat surfiee. Young larvae
then told and tie a small section of the leaf margins together (Fig, 17) within
which they live and pupate. However, often they may feed clsewhere,
arvae are easily recognized by their three dorsal lonzitudinal lines and
larger red-brown head capsule (Fig. 18) (92). Greene (3%) reported that in
thetteld only 407 of the eggs reached the fifth instar, At129.5 ¢ cepes hatehed
mothree davs, the Larval stage was passed in 15 davsand the pupal stage
passed i nine davs. He observed Targe numbers of adults on Lantana
camarda tlowers and in flowering bean tields. Vi Dam and Wilde (119)
studied ats life evele in Colombia and found that the cep stage lasted an
average of four davs while the larval and pupal stages reginred 23 and 11
daysrespectively, o develop, Tarvae have been foind frequently on
beegar weed (Desmodium tortuosim ) and other Desmoium spectes (92),

Chemical control seldom is justitied and natural control by parasites and
predators 15 commonly observed. In Colombin. for example, larval
parasitistm ranged from 21 to 4005 during a one-vear study (119).
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cattmuvsi {atertiifug
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Fiwe saltmarsh caterpilhan, adihouyh commuonly tound on beans, nsually
o orecosnzed as o pest ol eotton lettuee and sugarbeets (1HO) Y oung and
Sutventes (LA D report preterred naterad hostsinclude Aomaranths palvier
e Phveals anresdare. L he pest adso ocears onmatze, horticeltural erops,

e e, sesame, tonaeco, cotton sand several weed hosts,

Fivcontmon name requentiy used for the saltmarsh caterpillarin Latn
crica s pusano pelido,

Die adudt moth places e nieses ot up to 100 cees on L palmeri, and

Lo desclopom P78 davss The voung lanvae ageregate (Figs 19)and can

Aetonrse solated bean plants, Older laevae are solitary . their bodies are
cvered witn setue (g 200 and they pupate on the soilin plant debris. The

a white moth with hlack dots onoats wings (131,

oty onowhich the eregarious stages e passed may be
Sitapad severeho adithoreh beaaeseldony sulter eceononie damage. o the
Conna Vadier o Cotombea 1Y Tepicrous species catsed an average 3177
Carasiting on Linvae (900 Youne and Situentes (131 reported that
coesnetbids and malachidds e cop predarors, and reduvinds are larval

i

cverad hvinenopierons panisttes o farvie also have been

Chenneal contrsb eoserdom pustided.

LT
Dot n
sal Oldet
Hedsdepty
coeesandanecbab ol cpidopiers Poahdaed
Leopddicara s pest ot beans, sovheans and other legumes in South

Lo G200 The commaon name frequentiv used for Hedlepta
cotaonc batin Amenica o Hedvlepta,
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S

Fag. 28- (above)

Nviaph of
{mipoasca hraemert.

Fig. 27- (left) Adults of Em-

. N R poasca kraemer:,

Feps of £ Araemeri hateh in eight or nine days, and the five nymphal
instirs are passed meeight to Thdays (123). Females and males (Fig, 27) live
for 65 and S8 dayvs, respectively. Oviposition ranged from 13-168 eggs
(average of 107) per female. The eggs are commonly laid singly on leaf
bludes, petioles, feaf tssue or stems of bean plants; 50-829% of the eggs laid
per plant may be located in the petioles (34). Leafhoppers breed on many
cultivated and non-cultivated plants. Fmpoasca spp. nymphs (Fig. 28)
Iive been collected srom more than 80 plant species in Colombia.

Plant dangze may be cansed by phvsical teeding njury in phloem tissue,
although a toxin also mav be involved. Plant damage appears as leaf
curling and chlorosis, stunted growth (Fig. 29), greatly reduced yield (Fig.
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Value of product
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30y or complete crop loss. Leathopper attack is more severe during hotdry
wetther assoctated with insufticient sotl moisture. Furthermore, damage
by unif-rm number of leathoppers (8. fubae)is less during humid weather
than during periods of motsture stress (5). Miranda (80) obtained vields of
P12 ke ha when dry beans were planted December 21 butonly 121 kg ha
when beans were planted Tunuary 21 in Bl Salvador, Ttis assumed that high
temperatures and water stress agpravate Empoascaspp. damage, especially
i arcas of Colombia at elevations of 1000-1500 m(99). Sereemngat C1A]
tor Fopoasca kraemert tesistanee usualhy is made during drv or semi-d+
weisors when insect populations are highest (14). However, plantings
Jduring the late part of the dry sesoon sometimes remain relatively tree of
damnage. and leathoppers collected at this time caused less damage than

those coltlected earlier.

Vartous cultural practices oten can be manipulated to reduce
Eeathopper populations wad damage. Muaize has reduced populations ot
Imipoasca hraemers when beans were planted i association. Leathopper
populistions were reduced s icanty i plots where maize was planted 20
Jdavs prior o beans €72 adults o 90 bean plants) as compared to felds
where maze and heans were planted on the same day (133 adults per 90
bean plantsy, Com swhotl worm (Spodopiera fruyiperda) populations also
woere stpnfrcanty redueed in fields where beans were planted 20 davs
betore matze teght Tarvae per 40 manze plants). compared to fields where
tevze and beans were planted on the same day 026 Larvae per 40 maize
plantsy.
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RRERS)
e

tahovey I)mulnl ton ot lower feat

Ly -
suttacye die to Ilnpl\'.xl nite

o 45 dlett beat tolling sy mptoms caused by

tropcal nnte datnage.

Fa T e olotation ot hean pods due to topueal Fre 45 Adult slug oo bean plant
Dt with pod and deaf teeding damage

recommends Carbophenothion, Chlorobenzitate, Chlorfensulphide and
Fodosultan tor control on cotton. Mite populations apparently are
stimulated by Dimethoate (47).

Slugs

Slugs (Fig. 48), like mites, do not belong to the class of inseets, however.
occastonally are serious bean pests i Fl Salvador and Honduras, The
reported species belong to the tamily imacidae. and include 3 agintdus
plepeius Fisher, Linax maxinne 1 and Deroceras agreste 1. (49, 64).
Common names frequently used tor shigs in T atin America are hiahosas
and lesmas

Althongh hermaphroditic, atter copulation females v up to X epgs in
e masses under plant debns orin soil cracks. AU 27 °C they hateh in 24
davs and reach sexual maturity three or four mont'is Later. Slugs are
nocturnal hut may be active during wet, cloudy dayve, v oung shug damage is
apparent when whole leaves, with the exception of the veins, are consumed
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fae - eat damiage due to slug feeding.

R I P T, .

Chge 39 Older stugs consunie entire leaves. Satire seedlings also may be
comsunted, and pod damapge may oceur. Most damage oceurs along
Borders of ficlds and progresses imwards, especially if vegetation and debris

provide ample protection for the slugs during the day.

Control s Hest achieved by cleaning tields and borders of weeds and
plant debos, Corative control s nbtimed with baits, such as Methaldehyde
or Carbarvlapphed m bands along borders or within affected areas in the
Treatternaer Some tormulations are (per ha) Methaldehyde 9907 (65 g)
meed witiowheathran (25 k) and mrolasses (20 D.Carban 180 (0.5 kg) or
Phochlorton (08 By may be used (o replace Methaldehvde (64),

Future of Insect Control in Latin America

Cudtnvars are asadenle which possess genetic resistance to insect pests
such as Empoasca Eraemeri, Apion godmani, Epilachna varivestis, and
Foanota oppaosita, The maan objective i bean entomology rescarch should
B toomcorporate resistance too key insect pests nto commercially
aceeptable cultivars which already posses resistance to pliant diseases such

s bean commou mosaie virus and rust.

Development of vanetal resistance will take time, during which most
tationad programs are umproving current chemical control recommen-
dations Recent studies with svstenie granular insecticides such as
Carboturan or Phorate have reduced bean golden mosaic virus incidence
creathy and iy preserve natural biological control. Several bean
progeams st recommend appheation of chlorinated hvdrocarbons o

conttol maeer pests

Fatare cophasis must be placed on development ot a pest management
sorensswachmowhich biologeal, cultural and other control strategies are an
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