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FRONT COVER: Four field problems of 
beans. Background. a field severely infect ed 
with bean common bact.erial bli~ht (H . F. 
Schwartz): top inserto H.!/íQlhis v;rescens 
feeding (A. van Schoonhoven); lower left. 
manganese toxicity (H . F. Schwartz) ; lower 
nght. paraquat chemical damage (H . F. 
Schwartz). 

BACK COVER: Left, a di sease ohservation 
trial at the Obonuco Experimental Station of 
ICA, near Pasto, Colombia (H.F . Schwartz); 
right. clean seed production of a promis ing 
variety a t t he Quilamapu Experimenta l 
Sta tion of INIA, near Chillan, Chile 
(H . F. Schwartz). 

C IAT is a nonprofit organ ization devoted to the agricul t ura l and economi c developmen t of the lowland 
tropies . The Government of Colombia provides support as host country for C IAT and furni shes a 522· 
hectare farm near Cali for C IAT's headquarters . Collaborative work with t he In s tituto Colombiano 
Agropecuario (lCA) is carried out 0 11 several of it s experimental s tations and s imilar work is done with 
nationa! agricultura! agencies in other Latin American countries. ClAT is financed by a number of 
donors represented in the Consulta tive Group for lnternational Agricultura! Research. During thi s 
year these donors are the United Ste tes Agency for lnternational Development {USAIDl. the Rocke
feller Foundation, the Ford Foundation, the w. K. Kellogg Foundation, the Canadian lnternational 
Development Agency (CIDA), the InternationaJ Bank for Reconstruction and Development (mRD) 
through the lnternational Development Assoeiation (IDA), the In ter-Ameri can Development Bank 
(IDB) and the governments o f Austra lia, Belgium , t he Federal Republic of Germany, Japan , the Nether
lands. Norway, Switzerland and the United Kingdom . In addition, spec ial project funds are supplied by 
various of the aforementioned entities plus t he lnternat ional Deve!opment Reseatch Centre (IDRC) 
of Canada and t he United Nati ons Development Programme (UN DP). Informat ion a nd conclusions 
reported herein do 110t necessa ri !y renect t he pos iti on of any o f thc aforcment ioned agencies, founda 
tions or governments . 
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General Introduction 

Beans comprise an important protein component in the diets oí' mast Latin 
Ameri can people. Despite their importance , national y ields average on ly 600 kg/ ha, 
but beans possess the potential to yie ld over 4,000 kg/ ha . This grea l differenee 
between actua l a nd potential y ields is primaril y ca used by plan t di sease/ insect 
pest com plexes and so il nu triti o na l problems en cou ntered in rarmers' fields . 

Thi s booklet is ¡ntended to aid sci en tists, tec hni ci a ns , e xten s ion agents 
a nd farmers in the identi fi cat ion of production problems and deve!opment of 
control measures . As an ai d in fully de scri bing proble ms en countered in the fi e ld, 
sorn e names com monl y used in La tin Ameri ca are listed in blue on lhe right-h a nd 
margino P hotograph s of fun ga! structures and insects in thi s book are approxima 
tely life-s ize, excepl where the estimated magnification is noted under the photo
graph . 
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A . Plant Diseases 

lnlroduction 

Beans grown in the tropies are affeeted by many plant di seases eaused by 
fungi , bacter ia , viruses and nematodes. A la rger number of plant pa t hogens exist 
a nd infeet beans grown in the tropie s than in tempera te zones of the world. In t he 
tropics be ans are grown almost cont inuou sly and undee diverse env ironme ntal 
co ndition s favorable for in fecl ion by and surviva l of pa thoge ns. Environme nla l 
conditions range [rom hi gh temperature a nd moisture present in tropica l lowlan d 
areas to low tempera ture a nd hi gh moisture presen t in s ub-tropical h ighland 
areas . Sorne plant pathogen . are restricted lo spec ifi e regions; for example, web 
blight and bean gold en masa ie viru s are prev a lent in vaciou s lowl a nd regi o ns, 
while a nthraenose is prevalenl in vari ous highland regions, Other pl a nt pathogen s, 
like bea n Camman masai e virus and rus t , are present throughout al! grow ing 
region s. 

J 
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1. Virus Diseases 

1. Aphid Transmitted Virus es 

1.1 Bean Common Mosaic Mosaico Común 
Mosaico Comum 

Bean common mos ai e v irus (B C MVI is a seri ous probl em 01' beans throughout 
the world. Symptom express ion ma l' be affected by s t ra in of the vi rus, degree of 
res is tan ce of ~he bean va riety or age of the plan t , and different env ironmenta l 
conditioll ~ sllch as tempera ture . Leaf sy mptoms inc lude ¡ight - and da rk -green 
mottled or masai e pattern s on l eav e ~, whi c h o rte n ha ve a cupped appearance as 
the leaf edges curl downward s . ¡nfecled lea ve s are ofte n s mall er lh an normal, and 
mal' ha ve s ma ll bli ster, on the lea l wrfaee (Fi g. 1) . Plants are often stun ted , an d 
pods and blossoms may be deform ed. BCMV can be lransmi! t ed m ec han ical ly, by 
seed (Fig. 21 or by aphids (Fig. 3) 

Hi gh t emperalures (grealer lhan 26"C) mal' cause lhe production 01' loc al 
necrotic lesi ons on lea ves (F ig. 4) or plant systemic ne crosi s when resistant 
planto are infec led by s train s of BCMV. This reaction is actually a bl'persensilive 
respo nse nf the res istant plan t to in fec tion by the v irus. System ic necros is begin s 
wilh a s light wilting of youn g le a flel s al any stage of planl growth; lea ves turn 
brown or nea rl y black and lhen wilt (Fig. 5), followed by complele plant wilting 
and dealh, The plan l va sc ular sy stem also becomes necrolic (Fig. 6). T he v iru s 
cau ses a normal systemic mosa ic react ion al hi gh temperatures in sURcep tib le 
pla n ts . 

Bcrvrv is co nt.roll ed by plant.ing res is tant varie ties. Di sea se incidenc: e can be 
reduced by pl an ting viru s-free seed, and controlling th e insec t vector population 
(see Seclion 11. 1) . 

HOTlS 
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1.2 Bean Yellow Mosaic Mosaico Amarillo 
Moteado Amarillo 
Mosaico Amarelo 

Bean ye llow mosaic virus (BYMV) has a wide ra nge of hosts including bean s, 
soybeans, clover and gladiolus. Symptom express ion may be affected by patho
genic slrains of the vi ru s and differences in the resistétnce of planl va rieties. Leaf 
symptoms on beans consist of yellow and green_ mottled or mosai e patterns 
(Fig. í), which are more severe in their express ion than s imilar sy mptoms of bean 
eommon mosa ie virus (BCMV). Leaves tend to beeome brittle, coneave and glossy. 
lnfected pods and lea ves may be malformed and distorted. The plant may be se
verely stunted , much more so lhan stunt ing eaused by BCMV. Spee ific vi ru s 
strain s ma y cause purpling of the leaf bases of lower lea ves whi c h may resu lt in 
death of the plan l . BYM V is not lransmilted by seed, but is ea s ily Lransmitted 
mec hanieally and by aphids. 

Control measures co nsis t of planting resi~t.ant varieties and contro!ling the 
insec t vector population (see Seetion 11 . 11 . 

NortS 
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2. Whitefly Transmitted Viruses 

2.1 Bean Golden Mosaie 
Bean Golden Yellow Mosaie 

Mosaico Dorado 
Mosaico Dourado 

Bean golde n mosaie v irus (BGMV) is a serious problem in many tropica l area s 
01' the world where bean s and li ma heans are gro wn. Leaf symptoms eonsi st uf 
a y ellow and green mosaic pattern which may ca use the infected leal' to cud down 
wards (Fig. 8). Reeent ly -emerged trifo li ate lea ves show brighl yellow. genera l 
mosaie patlerns ; these may eont ra s t s harply wilh lhe older leaves wh ich exhibit 
less disline t mosaie sy mptoms (Fig. 9). ¡n feeled planls are easil y observed in 
lhe field b~ thei r genera l yellow appearance . Sorne varielies may be s tunted and 
have malformed pods (Fig. 10). High popula tions of lhe whitefly inseet vector 
(Bemisia taba e!) are necessary to cause BGMV epidemies (Fig. 111 . BGMV en n 
be transmitted mechanica Uy, but is nol seedborne. Weeds may al50 servl: a:; 
rese rvoirs of in oculum. 

Contro l measures cons ist of plan ting resista nt or t o lerant varieties and co n 
trol of lhe in see t vector population (see Secli on 11.4). 

HOH S 
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2.2 Bean Chlorotie Mottl e 
Bean Crumpling 

Euphorbia Mosaie 
Bean Dwarf Mosaic 
Abutilon Mosaie 

Rhynehosi a Mosaie 

Moteado Clorotico 
Mosaico de las Euforbiáceas 

Enrollamiento de la Hoja 
Clorosis Infecciosa 

Mosaico de la Rhyrichosia 

Enanismo del Fríjol 
Aníio Amarelo 

Clorose Infecciosa das Malváceas 
EncarQuilhamento da Fiilha 

Mosaico Aníio 

Bean ehl orot ie mot tle virus (BCLMV) does not usua lly ca use se ri ous losses to 
beans. but may frequently be observed. Beeause of a lac k of c ha raeter iza ti on, 
we have in cl uded under this virus name several viru s diseases with si mil ar 
sy mptoms described by different workers. Leaf symptoms inelude ehlorotie 
mottled patches wit h so rne assoeiated ieaf curling .nd deformation in certain 
varieties (Fig. 12) . If infeetion occurs during the early seedling s tage , a sus· 
eept ible plant m.y be severely stunted and produce a witches'·broom (Fig. 13). 
Several weeds sueh as Sida sp., Euphorbia sp . and other common tropica l weeds 
serve as reservoirs of inoc ulum . The virus is transmitted by t he whitefly (Bemisia 
tabaei). 

Control mea sures eons ist of planting res is tant variet ies and eontrolling the 
inseet vector population (see Section 11 .4). 

NOTES 
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3. Beetle Transmitted Viruses 
3.1 Bean Rugose Mosaic Mosaico Rugoso 

Ampollado 
Arruga miento 

Encarrugamiento 
Mosaico em Desenhos 

Bean ru gase mosaie viru s (BR MV) produces symptoms whieh may resemble 
those ca used by BCMV. Symptoms can vary am ong pathogenie strain s of the 
virus an d di fferen ees in the resistanee of plant va rieties. Leaf sy mptoms inelude 
a li ght- a nd dark-green mosaie pattern, often aeeompa ni ed by severe lear bl istering, 
eurling a nd malformation wi th a t hiekened or leathery appearance (Fig. 14 ). Plants 
are often quite stunted, espeeially if infeeti on oecurs during the seed ling stage 
of growth. Pods may be malform ed and exhibít a mosaic pattern. BRMV ís trans 
mitted me ehanica l1y, an d by species of Ceroloma a nd DiabrOliea. 

Control measures cons is t of planting res istant varieties and virus-free seed, 
and eontrolling the in see t vector population (see Seet ion lO.2) . 

NOTES 
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3.2 Bean Southern Mosaic Mosaico Sureño 

Bean southern mosaic virus (BSMV) has becn reported to occur in many coun· 
tries of Latin America. The virus may produce circular, brownish-red local lesions 
) ·3 mm in diameter, or systemie mottle and vein banding symptoms, depending 
upon the variety inoculated. The mottle symptoms eommonly resemble those 
produced by BCMV and BYMV, but they are less intense than those produced 
by the latter two viruses. Leaves may have bli s ters and be malformed . Pod symp
toms may consi st of dark-green, water-soaked blotches which are irregular in 
shape. BSMV is seed-borne and commonly detected by serologieal teehniques 
(Fig. 15) 

Control measures consist of plantíng virus-free seed and resistant varieties. 

NOTES 
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/l. Fungal Diseases 

4. Foliage and Pod Infecting Fungi 

4.1 A1ternaria Lear Spot Mancha Parda 

Alternaria alternata (Fr. )Keí ssler 

Alternaria tenuis Nees 

Mancha Foliar por Alternaría 

Alternaria lear spot can be a problem in locations with high humidity and 
relatively cool temperatures (l6-24°C). Lear symptoms appear as smal! reddish 
brown, irregula r zona te lesions surrounded by a darker brown border. These 
lesions grad ual!y enlarge and develop as concentric rings, which often become 
brittle and fal! out leaving a shot·hole appearance (Fig. 16). Lesions may coalesee 
and cover large area s of the leaf resulting in partial or premature defoliati on. 
Alternaria sp. can cause death of the central growing point of the plant or reduce 
plant vigor. The fungus can also blemish leaves (Fig. 17) a nd pods (Fig. 18) by 
producing a brown discoloration on the surface and damage to developing seeds. 

Control measures ;nelude crop rotation, application of ehemicals (benomyl 
oc thiophanate) and development of resistant varieties. 

"OHS 
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4.2 Angular Leaf Spol Mancha Angular 

lsariopsis griseola Sacc. 

Angular leaf spot of beans (Fig. 19) , is present in many regions of the world . 
Infection and development of lhi s fungus are favored by modera te temperatures 
(18·25°C) and periods of high humidity or moistu re. Lea f signs and symptoms 
generally appear first on the lower leaf surface as gray spots, which la ter turn 
brown and become covered by small columns of hyphae (synnemata) which bear 
gray-to black-colored conidia (Fig. 20). The les ions are angul ar beca use of delimi · 
lation by the veins and veinlets . Brown angu lar lesions are also apparent on the 
upper leaf surface, but usually do nol bear synnemata. Pod and stem lesions are 
reddi sh-brown and oflen surrounded by a dark-eolored border (Fig. 21) . The 
pathogen can become seedborne, and transmission also occurs from windblown 
spores . 

Control measures inelude erop rotation, planting seed free of the fungus and 
res istant varieties, ando application of ehemicals (benomy\ or thiophanale). 

-o TES 



M 
N 



24 

4.3 Anthracnose 

ColLetotrichum lindemuthianum 

(Sacc. and Magn.) Scribner 

Antracnosis 

Antracnose 

Bean anthracnose (Fig. 22), is prevalent throughout mos t regioll s oi" the \Vorld, 
espeeially at elevati ons above 1000 m. Infeeti on and development by this pathogen 
are fav ored by cool temperatures (J4·18"C) and hi gh humidity or free moisture. 
Spores are disseminated by wind and rain or m ovement through rield, by man, 
animals and in seet s. Leaf sy mptoms (Fig. 23), initially appear on lower lear 
s urfa ees and consist of dark briek·red lo black lesions along the leaf veins and 
veinlets. These lesion s may also appear o n the leaf petiole, branch, eotyledon, 
stem or podo P od infeetion generally appears as pink or rust ·eol ored to blaek spots 
whi ch develop into sunken ca nkers containing pinkish masses af spores (Fig. 24). 
The fungu s can become seedborne and cause severe yield losses. Anthra cnose 
sy mptoms may be ca nfu sed with Ascoe hyta sy mptoms, however, thei r d irferences 
are apparent (compare with Seetion 4.4). 

Control mea sures ¡nelude crop rota tio n, planting seed of re s istant varieties 
and seed free of the fungu s, and applieation of ehemicals (fentin acetate, captafol 
or ben omyll. Resistanee is a[feeted by the existenee oC different pathogenie races. 

NOrE S 
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4.4 Ascochyta Leaf Spot 

Ascochyta boltshauseri Sacc. 

Ascochyta phaseolorum Sacc. 

Mancha de Ascochyta 

Ascochyta leaf spot is primarily a problem at highland elevations greater tha n 
1500 m, and is favored by coo! temperatures and high humidity or moisture. Leaf 
s igns and sy mptoms cons ist of dark·gray to black zo na t e les ion s (Fig. 25), which 
may contain s ma ll, blac k pyenidia. Lesions ma y also appear on the peduncle, peti· 
ole (Fig. 26) a nd pod (Fig. 27), and ca use stem girdle and plant death. Premature 
leaf drop may oecur during severe epidemics. The fungus can be seedborne. 

Control mea sures include crop rotation , planting of res Lsta nt varieties or seed 
free of the fu ngus, an d applieation of ehemieals (zineb or be nomyl) . 

Itons 
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4.5 Chaetosepto ria Leaf Spot Mancha Redonda 

Chaetoseptoria wellmanii Stevens·on 

Chaetoseptoria lear spot can be a problem in regio"s with modera tely cool 
temperatures and moist environ ment s. In México infec ti on usualIy occurs on the 
prima ry len ves soon after plant emergen ce. Leaf sign s and symptoms cons ist of 
c ircular les ions with light-ta n lo cream centers s urroun ded by a reddish-brown 
border (Fig. 28). Small gray pycnidia may form in the les io n . Severe lear defoli· 
ation and yield 105S may oee ur. The fungo s is sus peeted to be seedborn e. 

Control measures include erap rolat ion. plan ting seed free or the fungus, 
applieation o f ehemical, (benomyl) and deve lopment 01' resistant o .. tolerant varie· 
tieso 

NOTES 
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4.6 Flou ry Lear Spot 

Ramularia phaseoli 

(Drummond) Deighton 

Mancha Harinosa 

Mancha Farinhosa 

Mofo Branco da Fiilha 

Floury leaf spot can QCcur in regions with modera te temperatures and moi sture . 
Leal' si gns and symptoms consist DI' white angular lesions which may coalesce and 
appear irregular on the lower surface of lea ves (Fig. 29). The fungus characteris 
tically produces a white floury-Iike growth of mycelium and spores . There may be 
a light-green or yellow discoloration present on the upper leaf surface, with no 
evidence of mycelium or spores. Infection generally occurs first on the older 
leaves and progresses ante new foliage. Severe infection may cause premature 
defoliation. 

Control measures inelude crop rotation, application of chemicals (thiophanate 
or benornyl) and development of resistant or tolerant varieties. 

NOTES 
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4.7 Gray Spot Mancha Gris 

Cercospora vallderysti P. Henn 

Gray spot (F íg. 30) ís prevalent at elevatíons greater than 1500 m where cool 
temperature and hígh moi sture conditions persi s t. Leaf s igns and symptoms 
consist of pale-green to chlorotic angular lesions (2 -5 mm in diameter) on the upper 
leaf surfa ce (Fig. 31). A grayish-white powdery growth of mycelium a nd spores 
may be prosent in these lesions on the upper leal' surface. A grayish mat of myce 
lium and spore s is produced on the lower leaf surface (Fig. 32) , and is very char
acteristic of the fungus. Severe ínfectíons may cause premature defolíatíon. 

Control measures include crop rotation, planting resistant varieties and 
applicatíon of chemí ca ls (copper hyruox ide or benornyl). 

/lOTES 
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4.8 Gray Mold 

Botrytis cinerea Pers . ex Fries 

Botryotinia fuckeliana (de Bary) Whetz. 

Moho Gris 

Podredumbre Gris 

Bolor Cinzento 

Botryti s cinerea is the eonidial or sporulating s tage of Botryotinia {llekeliana, 
and can be a problem during periods of low temperature and high moisture. In· 
fection usually occurs at wounds on plant parts such as lea ves, stems or pods, oc 
seneseent blossoms eol onized by the fungu 5 (Fig. 33). Symptoms appear as a wa· 
tersoaked, gray·greeni5h area on t he affeeted ti osue, whieh 5ubsequently wilt.s and 
dies. Seedlings may al so beco me wilted and die. but damage is usually limited 
to a watery, 50ft rot of pods.Blaek stromata and selerotia (up to 4 mm in diameter) 
may forro in infected tis sue and resemble those formed by Sclerotinia . Apotheeia 
and / or mycelium may be produced by a germinating sclerotium of B. {uche/iana 
(Fig. 34), and aceount for variability in virulenee. 

Control mea sures inelude reducing the plant density, application of ehemi
cals (benornyl) and dev elopment of res istant va rieti es . 

NOTES 
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4.9 Powdery Mildew 

Erysiphe polygoni DC ex Merat 

Oídium 

Mildeo Polvoso 

Mildiú Velloso 

Míldio Pulverulento ou Cinza 

Oidio 

Powdery mildew (Fig. 35) is distributed worldwide and ilS growth is favored 
by low humidily and fiaderate temperalures. Hawever, the fungus can be preva· 
lent ayer a wíde range of environmental conditions. Severe darnage may occur if 
young plants are infecled , however, infeetion is usually noticeable only on older 
plants and seldom reduces yields. Leaf signs and symploms inelude an initiall y 
darkened area on the leaf which subsequently becomes covered by white, powdery 
spots, generally only on the upper surface (Fig. 36). These superficial spats may 
coalesce and cover lhe en tire leaf with a white powder of mycelium and s pores. 
Seve re infection may cause premature defoliation . lnfecti on may occur on the stem 
and pods , causing the latter to be malformed and have a brown lo purple discol
oration (Fig. 37). Spores may be presenl on the outside of lhe seeds. bul the pri 
mary di ssemination of spores occurs by wind currents. 

Control measures ¡nelude planting fun gus- free seed or seed of resistant vari
eties and chemical applications (dinocap, lime sulfur or sulfur). Res istance is 
affecled by the existen ce oí different pathogenic races. 
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4.10 Rust 

Uromyces phaseoli (Reben) Wint. 

Uromyces appendiculatus (Pers.) Unger 

Roya 

Chahuixtle 

Ferrugem 

Bean rust is preva lent throughout most regions of the world. lnfeet ion ·by 
this obliga te parasite is favored by moderate temperatures (I7.27°C) and high 
relative humidity or free moisture. Rust spores are primarily transmitted by local 
and preva iling wind current.s . Severe yield losses can result if infection occurs 
ea rly in the season befare nowering. Lear signs and sy mptoms may eonsist of 
ehlorotie or white spots whieh develop into reddish ·brown pustules or uredia on the 
lower and upper leaf surfaees (Fig. 38). A pustule eontains thousa nds of brown 
urediospores during the growing sea son or dark-brown teliospores near the end 
of the season, espeeially in temperate regions of the world. The pustules may be 
surrounded by a ehlorotic or neerotie border (Fig. 39) , depending upon the path
ogenic raee, variety and environmental cond itions. Severe infection may cause 
premature defoliation. Pod infeetion may a l so oeeur (Fi g. 40). 

Control measure s inel ude destruetion of old plant debris, erop rotation, appli
ea tion of chemieals (oxyearboxin, benomyl or maneb) and planting resistant Or 
tolerant va rieties. Resistan ee is affected by the existenee of different pathoge ni c 
raees. Figure 41 illustrates the effeet of rust infection upon a re sista nt and a 
susceptible varie ty . 

NOTES 

---
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4.11 Smut Carbón 

En/y/ama pe/uniae Speg. 

Leaf blister smu t oeeurs in many regions of Central Ameriea and the is lands 
of the Caribbea n. Leaf signs and symptoms on the upper leaf surfaee eon si st of 
grayi s h·bla ek blisters or lesions (Fig . 42) whieh eontain subepidermal masses of 
blaek ehlarnydospores . Lesions are o ften del imi ted by the leaf vein s or veinlets. 
lnfeetion usually oeeurs first on the primary Or first and seeond t rifoliate lea ves. 

Control mea sure s inelude destruetion 01' o ld plant debris, erop rotation . 
application of chemica ls (carboxin) and development 01" resistant varieties . 

NOHS 
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4.12 Web Blight Mustia Hilachosa 

Rhizoctonia del Follaje 

Chasparria 

Rhizoctonia microsclerotia M atz. Murcha da Teia Micélica 

Thanatephorus cucumeris (Frank) Donk Podrida o das Va gens 

Web blight can cause severe yield losses when beans are grown in the lowland 
tropics where high temperature and moisture conditions persist. Leaf signs and 
symptoms begin as small watersoaked spots wich appear to be scalded light green 
to gray, and often surrounded by a dark border (Fig. 43). The fungus produces 
tan ·colored hyphae whieh grow from these spots to uninfeeted foliage , eventually 
covering the entire plant with a web of hyphae if environmental eonditions are 
favorable (Fig. 44) . Pods can also be in fected by the fungus. The fungu s produces 
small brown sclerotia (0.2·0 .5 mm in diameter) whieh ca ll survive in Lhe soi l. 
The fungus can beeome seedborne. 

Control measures inelude des truction ofplant debris, crop rotation, planting 
seed free of the fungus , applieation of ehemieals (benom)'ll, and development of 
varieties with open plant canopies and/or tolerance . 

/lOTE S 
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4.13 White Mold 

Sclerotinia sclerotiorum (Lib.) de Bary 

Whetzelinia sclerotiorum (de Bary) 

Korf and Dumont 

Moho Blanco del Tallo 

Sclerotinia 

Esclerotiniosis 

Podredumbre Algodonosa 

MOfo Branco 

Murcha de Sclerotinia 

White mold is distributed worldwide, and has a very wide range o( hos ts 
which ineludes most vegeta bies and many weed speeies. This fungus is favored 
by modera te to eool temperatures, high humidity or moi sture and seneseenl plant 
tissue (Fig. 45). Symptoms and signs of infeetion initiall y appear as a water·soaked 
lesion, foll owed by a white moldy growlh On lhe affeeled plan~ organ sueh as a 
leaf or pod (Fig. 46). This infeeled lissue laler beco mes dry . light·eolored and has 
a ehalky or bleaehed appearanee. Blaek selerotia (1-10 mm in diameter or larger) 
form in and on infeeted lissue within a few days after infeetion. The enlire plant 
and its parts may beeome infeeled, but generally infeetion oeeurs on above·ground 
plant pans. The fungus ca n be ~eedborne, however, it is primarily di sseminated 
as selerotia Or spores relea sed by a fruiling s trueture eaHed an apotheeium (Fig. 
47), produeed from a selerotium buried in lhe soil. 

Control measures inelude erop rotation, appliealion of ehemieals (PCNB, 
thiophanate or benomyl), reducing plant densities, and planting varÍeties 
whieh possess an upright plant architecture with an open plant eanopy, andjor 
resistance or tolerance. 

NOTES 
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5. Root and Stem Infecting Fungi 

5.1 Ashy Stem Blight Pudrición Gris de la Raíz 

Podredumbre Carbonosa 

Macrophomina phaseoli (Maubl.) Ashby Podridao Cinzenta do Caule 

Ashy stem blight can oceur ín regíons wíth warm temperatures and moderate 
to hígh moísture condítions. The fungus ís a pathogen of beans, soybea ns, maiz. 
and other crops. Symptoms usually appear after soílborne mycelía or sclerotía 
germí nate and ínfect seedling stems near the soil surface or at the base of deve 
loping eotyledons. The fungus produces black, sunken cankers whíeh have a 
sharp margín and often contaín coneentric rings. The plant growing tip may be 
killed or the stem may break . Old.r seedling and plant infections may cause 
stunting, leaf chlorosis, premature defoliation, hypoeotyl and root degradation, 
and plant death. lnfeetion is often more pronouneed on one s ide of the plant (Fi g. 
48). Older lesions turn gray and often conta in smal! black pycnidia (Fig. 49) or 
sclerotia (Fig. 50). The fungus can be seedborne . 

Control measures include planting seed free of the fungus , erop rotation , deep 
plowíng, applieatíon of ehemicals (benomyl) and development of resi stant varíeties. 
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5.2 Fusarium Root Rot Pudrición Seca 

Fusarium solan; (Mart.) Appel and Wollenw. 

f. sp. phaseoli Snyder and Hansen Podridiio Radicular Seca 

FusariuID root rot produces symptoms which inelude reddi sh streaks or 
lesions on the primary root one to two weeks after germination . This discoloration 
increases in intensity and extent, and may CQver the en tire root system. The red 
color later turn s brown and longitudinal fissure s or cracks may appear on the ex· 
terior of the taproot and extend lO the soil surface (Fig. 51). The primary and 
lateral roots are commonly killed by the fungus and persist as dried remnants, 
however, secondary roots may develop aboye lesions on the primary root. The 
main root and lower plant stem may become infected and eventualIy turn pithy . 
Small bluish·green masses of conidia may be observed on old lesions . Plants 
usually are not killed by the fungus, however, yields can be reduced. 

Control mea sures inelude crop rotation, wide plant spacing, planting in un
compacted and warm soils, application of chemicals (thiram, Ceresan or ben
omyl) and planting of resistant or tolerant varieties . 

/IIOTES 
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5.3 Fusarium Yellows 

Fusarium oxysporum Schlecht. 

f. sp. phaseoli Kendrick and Snyder 

Marchitamiento por Fusarium 

Murcha de Fusarium 

Fusarium uxysporum produces symptoms which are easily confused with 
lhose eaused by F. sola ni infeelion . However, F. oxysporum infeels through root 
and hypocotyl wounds and causes a reddish di seoloration ol' lhe vascular sys tem 
in the roots (Fig. 52), s tem, petioles and peduncles. It causes a yellowing of lower 
lea ves whieh progresses into leaves located higher on the plant (Fig. 53). The 
lea ves become progressively yellow and orten senesce prematurely. Slunl ed pIants 
oceur if seedlings are infeeted. The fungu s can be seedborne l'rom spores Iocaled 
on the seed s urface. 

Control measures include erop rotation , plantíng resistant or tolerant varíeties 
or seed free of the fungue, and applieation of ehemicals (ethylmercury chloride or 
hydroxyrnereuric hlorophenol). 

NOTES 
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5.4 Pythium Root Rot 
Pythium aphanide rmatum (Edson) Fritz . 

P y thium debaryanu m Hesse. 

Pythium myriotylum Drechs. 

Pythium ultimum T row. 

Phythium but/eri Gubr. 

Marchitamiento por Pythium 
Murcha de Pythium 

Pythium root rot is caused by a compJex oi Py thium·spp. and seJdom causes 
serious yield losses . The fungu s can cause root rot, damping off, and stem and 
branch rot o ¡nitial symptoms appear as elongated water·soaked areas on the lower 
hypocotyl or roots of seedlings. These lesions become tan to light ·brown in color 
and may be slightly su nken (Fig . 54). Plant wilt and death may occur in seedJings 
(Fig. 55) and even in mature plants when environmental conditions sueh as high 
temperatures and moisture persist, and allow the fungus to progress upwards onto 
other plant parts. The fungus caro beeome seedborne. 

Control measures incJude erop rotation, wide plant spacing, adequate soil 
aeration, planting resistant or tolerant varieties or seed free of the fungus, and 
application of chemicals (ethylmereury chloride or Busan·72A) . 
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5.5 Rhizoctonia Root Rot 

Rhizoclonia solani Kühn 

Chancro 

Podredumbre del Tallo 

Podridiio Radicular 

Tombamento 

Rhizoctonia root rot produces sy mptoms which inelude reddish·brown sunken 
canke" of varying si ze on the root and hypocotyl (Fig. 561. and may cause damp· 
ing·off of young seedlings. The cankers are usually delimited by a well·defincd 
border a nd become rou gh, dry and pithy as t hey age. lnfection often proceeds into 
the plant pith and causes a brick·red discoloration (Fig. 57) . The fungus ca n be 
seedborne. 

Contro l measures inelude crop rotation, shalJ ow planting depth, wide plant 
spacing, incorporating organ¡ c so il amendments. planting res is ta nt or tolerant 
varieties or seed fre e of the fungus, and arplication of chemicals (PCNB or chlo· 
roneb) . 
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5.6 Southern Blight 

Sc/erotium ro/fsii (C u rzi) West . 

Añublo Sureño 

Marchitamiento de Sclerotium 

Maya Blanca 

Pudrición Húmeda 

M al del Esclerocio 

Tizón del Sud 

Murcha de Sclerotium 

Podridao do Colo 

Sclerut;um rolfs;; has a wide host range an d produces symptoms which in
clude brown, water-soaked les ions on the stem or hypocoty l jus t benea th the soil 
surface (Fig. 58). There may be a s light yellowing of the lower lea ves and prema
ture defoliation. Infection proceeds into the taproot and destroys the corte x, even· 
tually ca us ing plant wilt and death if environmen tal conditi on, are favor ab le. 
Signs of infecti on include t he presence of white mycelium whi ch adh eres as a 
co llar around che root s or hypoco tyl or to soi l parti cles (Fig. 59) .The fungus al so pro
duces smooth spherical white sclerotia (1 -2 mm in diameter) which becorne brown 
as they mature . 

Control measures consi s t of crop rotclt ion . plant ing of res istant or tolerant. 
varieties, and application of chem ica ls (dicloran). 
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111. Bacterial Diseases 

6.1 Common and Fuscous Bli ghts Añublo Bacterial Común 

Xanlhomonas phaseoli (E.F.Sm.) Dows. Tizón Común 

Xanth omonas phaseoli v a ro fuscans 

(Bu rk.) Starr and Burkh. Crestamento Bacteriano 

T hese bacteria are di s tributed worldwide and ca use severe y ield losses, espe· 
ci ally in regions with modera te to h igh tempera tures and moi s ture. lnitial infee
t ion by comm on and fu sco us bligh t bacteri a appears a s water -soaked spots on the 
underside of leaves or leaflets (Fig . 60) . These ' pots sub,equently enlarge irreg
ul a rly and adjacen! les ions may coa lesce (Fig. 6 1). lnfected reg ions appear fl aceid, 
and are enci reled initi a ll y by a narrow zone of lemon ·yellow ti ssue, whieh may 
later tum brown and necrotic . Yellow droplet s ol' bacterial ooze or exudate may be 
visible on and around les ions. Stems and pods may al so be infecled; pod infeeti on 
prov ides the opportuni ty for seed discoloration and/or subsequent seed trans
miss ion of the bacteria (Fi g_ 62) . 

Control mea sures in clude ccap Totati on, plantin g bacteria -free seed , a nd 
t ol era nt vari eties , and applieation 0 1 chem ic a ls (copper hydroxide or streptomyei n 
sul fate) . 

NOH S 
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6.2 Halo Blight Añublo de Halo 

Hielo Amaríllo 

Tizón de Halo 

Cresta mento Bacteriano Aureolado 

Crestamento Bacteriano de Halo 

Pseudo monas phaseolicola (Burk.) Dows. 

Mancha Aureolada 

Mancha de Halo 

T hese bacteria are di s tributed worldwide and can be a serious problem 
(Fig. 63) in regions wi th cool t o moderate temperatures (less than 28"C) . Init ial 
sympt oms appear three to five days after infect ion as small , water-soaked spots 
generally on the lower leaf sur face. A halo of greenish-yellow ti ssue later appears 
a round these water-soaked areas (Fig. 64). Systemic plant chloTOsis with lea f 
yellowing and malformation may develop without the appearance of much external 
infec tion . A light cream or s ilver-col ored bacterial exudate may be observed on 
and around les ions . Stems and pods may also beco me infected and cause sub
sequen t seed transmission of the bacteria . 

Control measures inelude crop rotalion, planting bacteria-free seed a nd 
resistant or tolerant varieties, and application of c hemica ls (copper hydroxide 
or streptomyc in sulfate) . Resistance is affected by the existenee of different 
pathogeni c stra ins. 
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IV. Nematodes 

7.1 Root Knot Nematode Nemátodos de los Nódulos 
Meloidogyne incognita 

(Kofoid and White) Chit wood 
Meloidogyne javanica (Treub) Chit wood 

Radicales 
Galhas das RaÍzes 

7 .2 Root Lesion Nematode 

Pratyle nchus scribneri Steiner 

Nemátodos de las Lesiones 
Radicales 

Lesiones por Nemátodos 

Various nematodes are reported t o infest beans. In addition to the three li sted 
above which will be de scribed here, Triehodorus sp . (Stubby Root Nematode), 
Belonolaimus sp. (Sting Nematode), Heterodera sp. a nd Ditylelle hus sp. have been 
ident ified on beans. 

Symptoms of root knot nematode infeetion inelude plants which are stunted, 
yellowish and wilt during the warmest part of the day. Examination of the root 
sys tem of a n infected plant reveals numerous enlargements or gall s (1 - \5 m m in 
diameter or larger) in which the nematodes are located (Fig. 65, left s ide). These 
galls interfere with the plant 's abil ity to obtai n moisture and nutrient s from the 
soil and can greatly reduce y ields. Figure 66 (r ight s ide) shows feeding da mage by 
the root les ion nematode. 

Control measures for the root knot and other nematodes inelude crop rotation, 
application of chemicals (carbofuran, fenamiphos or ethoprop), a nd development 
of varieties with res is tance or tolerance. 

NOTES 
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V. Seed Pathology 

8 .1 Clean Seed Production Producción de Semma Limpia 

Many fungal, bacteria l and viral pa thogens are transmitted on or within bean 
seed used by farmers for planting (F ig. 67). T hese pathogens can su rvive for long 
periods of time, and then infect an d destroy the germinating seedling (F ig. 68) , or 
survive as epiphytes On the developing plant until en vironmental conditions 
beeome favora ble for infeetion later in the growing season. Seed storage life, seed · 
li ng emergenee and vigor, and plant yields can be seriously affected by these 
pathogens. There are three major control measures which can satis factorily reduce 
the effects of seed transmission. 

1. Varieties whieh are resistant or tolerant to infeetion by pathogens will 
prevent t he buildup of pathogen spores or baeterial eell s a nd as sure the produc · 
tion of elean seed. However, varíeties which are tolerant to infeetion may s ti ll 
exhibit sorne seed transmission which eould provide inoculum for susceptible varie· 
ties; this seed should be handled by one or both of the following measures. 

2. Various ehemieals are avai lable whieh can be applied as seed trcatments 
to destroy pathogenie fungi and bacteria present on or within the seed . Sorne 
ehemical s are systemic and can penetrate the seed coat to destroy internal conta
minants, while other chemica ls only di s infect the outer seed coat. ehemicals are 
also used to protect seed produced in the [ield. Foliar applications during the 
growing season, especially at pod formation and maturity, reduce the incidence 
o[ pod infection and seed contamination. Suitable chemicals for specifi c patho
gen s ha ve already been mentioned in previous sections. 

'.F iS 
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3. Production of pathogen-free seed can be easily achieved in areas where 
specific pathogens do not exist or where environmental conditions are unfavor
able for pathogen development. However, this requires additional producti on costs 
and an efficient system to distribúte the elean seed to farmers . 

Many farmers, especially those working on a smal! scale, commonly keep seed 
over for future planting. lf resistant or tolerant varieties are unavailable or cheroi· 
cals are not 'used to treat this seed, several other simple practices are effective 
for reducing the incidence of seed·transmitted pathogens. 

a . Harvesting should be as early as poss ible to reduce the period during which 
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the matUTe seed is exposed to pathogens and secondary contaminants (Fig. 69). 
b . Only pods which are not in con tact with t he soi l surface should be har

vested for seed t o be saved. 
e. Only pods from plants wh ic h obvious ly were not infected by a pathogen ic 

organism during the growing sea son should be harves ted. 
d. Seed whi ch is no t vis ibl y damaged or di sco lored sho ul d be selected for 

, tora ge a nd sub sequen t planting. 

NOTES 



B. I nsect Pests 

Introduction 

Beans may be attacked by many insect pests which cause defoliation, pod 
and seed losses on the plant, and 'storage losses. Beans in Latin America are often 
grown in association with other crops, and in diversified environments which tend 
to stabi líze insect. populations and maintain al1 equilibrium between pests and 
their biological control agents . Beans also have a relatively short growing sea son 
which usually enables the plants to escape s ignificant damage and yield loss be
fore insect populations reach serious levels. 

However, these positive factors are often complicated by current agricult.ural 
practices such as continuous cropping and varietal uniformity. Abuses Iike poorly 
planned pesticide policies often destroy natural biological control agents or stim
ulate pes t.s to develop t.olerance to specific chemicals. Some insect pest s are di s
tributed throughout Lat.in America, while others are restricted to specific growing 
regions. Problems caused by these insects are described in the following sections. 
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9. Seedling Attacking Insects 

9.1 Crickets 

Millipedes 

Molecrickets 

Ants 

Whitegrubs 

Grillos 

Ciempiés 

Grillotopo 

Hormigas 

Gallinaciegas 

Gusano Manteco 

A large number of ínseels sporadíeally atlaek beans duríng and shortly after 
planl germínatíon. Infes tatí ons of these ínseels are us ually unpredietable and 
seldom cause serious oc widespread damage. 

Crickels usually sever primary leaves or growing poinls from slems (Fig. 701, 
while moleeriekets and whítegrubs (Fig. 711 feed on underground plant parts eaus
íng seedling death. Millipedes and anls destroy seed prior to germinatíon. 

Control meas ures should rely upon ínseel baits plaeed near the base of the 
plants. A sa tisfaetory bait formulation may inelude sawdust, coromeal or wheat
bran, molasses and trichlorfon or disulfoton . It should be applied in the late 
afternoon. 

NOTfS 
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9.2 Cut worms 

Agrotis ipsilon Hüfnagel 

Spodoptera frugiperda (J. E. Smith) 

Spodoptera eridania (Cramer) 

Trozadores 

Cortadores 

Nocheros 

Rosquillas 

Lagarta Militar 

Lagarta Rosca 

The larvae of many species of noctuid mOlhs can damage bean seedlings . 
The adult moth lays eggs during the night on seedlings or organie mallero Larvae 
are usually gray-brown and can be found near lhe base of lhe plant a few centi
meters deep in the soil where they feed sublerraneously on the seedling slem 
and hypocolyl, severing lhe rools and slem and causing plant wilt and death 
(Fig. 72). Severe seedling losses may occur, especially in moist or humid areas 
of lhe field. Stem girdling (Fig. 73) ruay al so occur in older plants whieh wilt(Fig. 
74) or are broken by lhe wind. This damage is sometimes confused with that caused 
by root infeeling fungi. 

Bait forruulations are effective control measures. Adequate soil preparalion 
and removal of plant debris by. burning or soil incorporation oft en reduces pest 
populations. Preventive ehemical control is nol feasible sinee attaeks are 
infrequent and unpredictable. 
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9.3 Lesser Corn Stalk Borer 

E/as mopalpus lignosellus (Zeller) 

Coralillo 

Barrenador del Tallo 

Elasmo 

Lagarta Elasmo 

The lesser corn stalk borer can be a serious problem. especially in sorne areas 
of Peru and Brazil. The gray larvae (Fig. 75) en ter the stem just below the soil 
surface and tunnel upwards into the seedling, causing plant death. Adults lay 
their eggs in lhe soil or on le.ves, and larvae may form pupal chambers in so il 
a t tached to lhe stem (Fig. 76). 

Control methods inelude e1ean fall owing an d heavy irrigations. Chemical 
control (with methamidophos, monocrotophos or c.rbofuran) should be directed 
near the seeds or at the base of the seedlings. 

NOTE S 
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9.4 Seedcorn Maggot 

Hylemya cilicrura (Rondani) 

Hylemya liturata Meigen 

Mosca de la Semilla No ns 

Mosca de la Raíz 

Gusano de la Semilla 

The seedcorn maggot can severely reduce plant den sity in area s with modo 
erate temperatures, such as Chile and México. Larvae (white maggots) attack 
the germinating seeds at the growing point (Fig. íí), and prevent germination or 
deform the seedlings (Fig. 78). Larvae ean also penetra te the hypocotyL Adult 
females, resembling the common housefly, lay their eggs in recently disturbed , 
humid soil high in organie matter. 

Control is most easily achieved by planting later in the sea son when the soil 
temperature is higher and seeds germinale rapidly , thereby redueing the exposure 
time. Resi s tant varieties may also be planted , or the chemicals earbofuran Or 

di.zinon may be applied. 
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10. Leaf Eating Insects 

10.1 Caterpillars 

Eslígmene acrea (Drury) 

Hedylepta indicata. (F.) 

Trichoplu s ia ni (Hübner) 

UrbanUB proteus (L.) 

Gusano Peludo 

Tela rañero, Pega Hojas 

Falso Medidor 

Gusano Cabezón 

Gusano Fósforo 

Several species of caterpillars cause defoliation of bean plants. Yields are 
us ually not greatly reduced unless defoliation is severe due to larval feeding . 
You ng larvae of E. acrea aggregate (Fig. 79), are recognized by their hairiness 
(Fig. 80) and may vary in color fr om Iight·brown to blaek. Those of U. proleus 
are easily identified by their relatively large red·brown head capsule (Fig. 81). 
Feeding damage of U. proteu s is evident as folded leaf sec tions (Fig. 82), beneath 
which the larvae live. Larvae of Hedylepta sp. are green, and feed on leaf paren· 
ehyma ti ssue of lea ves woven together (Fig. 83). Tric hoplusia larvae are pale 
green loopers whieh may damage pods and direetly reduce yields (Fig . 841. 

Biological control is usua lly present since high levels of parasitism of larval 
stages OCCurs naturally unless broad-spectrum insec ticides have been applied. 
Ba cillus lhuringien sis is a bacterium which is efreet ive when sprayed onto bean 
plants to control the larvae. Trichogramma egg parasites can a lso be re leased in 
the vicinity of infe s ted plants. ehemical control (using endosulfanl is possible, 
however, it is difficult to reach larvae hidden between lea ves which are wQven 
togelher. 

NOTU 
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10.2 Chrysomelids 

Cer%ma facialis (Erichson) 

Diabro/ica baltea/a LeConte 

Neobrotica sp. 

Crisomélidos 

Cucarroncitos de las Hojas 

Diabroticas 

Doradillas 

Tortuguillas 

Vaquitas 

Vaquinhas 

Adult chrysomelid beetles vary in color according to lhe species (Fig. 85) . 
AlI are a bout 1 cm in length. These insec ts are widely di str ibuled lhroughout 
bean production regions and can transmit bean rugose mosaie virus. Adults can 
cause defoliation during the en tire growth cyele of beans, however, certain 
amounts of foliage damage can be tolerated before yield losses become serious. 
Seedling damage is usually more severe (Fig. 86), while fl ower and young pod 
damage al so occur. Larvae feed on plant roots and root nodules, leaving feeding 
marks (Fig. 87) Or perforations resembling adult feeding damage. Plants with 
severe root damage are stunled , and basal leaves lurn yellow with premature 
senescence. 

Adult feeding is controlled with foli ar applications of ca rbaryl or di az inon 
while band applicat ions of carb ofuran are effective against larva l feeding . 

NOTE S 
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10.3 Mexican Bean Beetles Conchuelas 

Epilachna varivestis Mulsant 

The Mexican bean beetle is a serious pest of beans in many regions of Central 
and North Ameri ca . Adu\ts are 5 mm in length and copper-colored with 16 black 
spots on their back (Fig. 88). Larvae are yellow and covered with branched spines 
(Fig. 89). Adult beetles and larvae can cause serious defoliation as adult s feed 
throughout the entire leaf, while larvae reed on the lower leaf surfa ce usually 
leaving the upper epidermis intact. Larvae chew and compress the leaf tissue 
but only swallow the plant juices. Stems and young pods may al so be dam aged . 
Adult females attach yellow to orange-colored eggs to the lower leaf surface, and 
mature larvae pupate whiJe atlached lo lhe leaL 

Control mea sures inelude des troy ing or deep plowing o[ plant debri s, reducing 
plant density, planting resis tant var ie ties or applying chemicals (carbaryl, disul· 
foton or malathion) . Chemical control can often be combined with the first spray 
application for Apion attack (see Sect ion 12. 1). 

Jloas 
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10.4 Leafminers 
Agromyza sp. 

Liriomyza sp. 

Minadores 

Leafminers are often abundant, but generally do not reduce yields. The larval 
damage appears as serpentine galleries (Fig. 90) and the pupae can be found 
altached to the leaf (Fig. 91). 

Control measures are not economically justi fied. 

10.,5 Slugs 

Vaginulus plebejus Fisher 

Limax maximus (L.) 

Babosas 

Lesmas 

While they are not insects, slugs cause seriou. defoliation of beans, especially 
In El Salvador and Honduras. Mature and young slugs are cylindrical, Ilattened, 
lack legs and have a brownis h-gray body which is soft and s limy (Fig . 92) . Mature 
slugs may measure 10 cm in length. The hermaphroditie adults lay egg masses 
in moist environments beneath plant debris Or weeds, and young slugs maturo 
in about throe months. They feed on foliage during the night, and hide beneath 
plant debris and weeds during the day . 

Control mea sures indude removal of weeds from field borders, de struction of 
plant debri s and appl·icati on of commereial baits. 

NOTES 
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11. Leaf Piercing Insects 

11.1 Aphids 

Aphis gossypii Glover 

Aphis medicaginis Koch 

Brevicoryne brassicae (L.) 

Afidos 

Pulgones 

Afidios 

Pulgao do Feijoeiro 

Several species of aphids attack bean planes. T heir feeding seldom causes 
di reet damage to the pl ant, but sorn e species are abl e to transmit viru s partic1es 
of bean carnman masaie virus ar bean yell ow masaie viru s. Aphids are small 
(2 mm) and green to black in color (Fig. 93), depending upon the spec ies. Aphids 
may be winged or wingless depe nding upon age and density of insect populations. 
Aphid popu lation s can expand rapidly s ince remales are v lv iparou s. 

Natura l preda tors such as lady bee tl es and some d ipt erous larvae (syrphids) 
constitute effecti ve control me asures. Appli cati on s o f ma lathion ar pirimicarb are 
also effective. 

NO TES 
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11.2 Leafhoppers 

Empoasca kraemeri Ross and Moore 

Chicharrilas 

Lorilo Verde 

Cigarra 

Sallahoias 

Cigarrinha Verde 

The lea/bopper is one or lhe most economically imporla nt insect pes t s or bean s; 
il orlen ca uses complete crop losses . Adults, measuring aboul 3 mm (Fig. 94). and 
pale green nymphs (Fig. 95) reed on lear unders ides and pelioles . Lea/bopper damage 
is apparent on lea ves which have yellowed margins and cup or curl downward s 
(Fig. 96) . Planls are stunled and have a bushy appearance. Beans are mosl sensi · 
live to lea/bopper altack during lhe flowering s lage . 

Control measures inelude planting during the wet season , and use of mu\ches, 
associated cropping and resistant varieties . Chemical control is achieved with 
seed, side ·dressi ng or foliar applications o f chemicals such as ca rbaly l , dime
thoat.e or monocrotophos. 

NOTE S 
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11.3 Mites 

Red Spider Mite 

Tetl'anychus d ese rtorum Banks 

Tetranychus urticae Koch 

Tarsonemid Mite 

Polyphagotnrsonemus tatus Banks 

Acaros 
Arañita Roja 

Acaro Rajado 

Acaro Blanco 

Acaro Branco 

Ae a ro T ropie al 

Mites do not usuall y cause significant damage but can become serious during 
the dry season and followin g hea vy appli eations of pestieides . The red spider mite 
is found on th e lowe, leaf surface (Fig. 97), and is identified by small red or brown 
spots on its abdomen . Feeding damage may be observed as a cluster of pinpoint 
sized white dots on the upper lea r surface (Fig. 98). Continued feeding causes 
th e lea ves to turn rust-brown in color a nd beco me eovered by webbing (Fig. 99) : 
The tarsonemid mite is a small, pale green mite whieh is not vi s ible without mag
nifieation . This mite ca uses the edge, of youn g leaves lO roll upwa rds (Fig. 100); 
lea ves oft en ex hibit a reddish·purple diseoloration on the lowe, surface (Fig. 101) . 
Continued feeding may cause leaves to tum yellow and fall prematurely . Heavy 
feedi ng may also discol or the pods. 

Control measures ror the red sp ider mite in elude planting in the wet season, 
using uniform planting dates and re s is.tant va rieties, and the judiciou s use 0 1" che 
mieal s (ca ,baryl, monoerotophos, endosulfan or Elosal). Tarsonemid mites a re 
eontrolled by the ehemicals. 

NOTES 
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11.4 Whiteflies 

Bemi .• ia tabaci Glennadius 

Tria/eurodes vaporariorum (Westwood) 

Mosca Blanca 

Mosca Branca 

Several speeies of whiteflies attaek bean plants. T he ir feeding seldom causes 
direet damage to the plant, but so me speeies and strains are able to transmit virus 
particles of bean golden mosaie virus and bean ehlorotic mottle virus. Adults 
are small white inseets (Fig. 102), about 2-3 mm in length, which often fly up in a 
cloud-li ke mass when the plant is disturbed . !mmature stages are oblong, pale 
green, and attached to the leaf undersi de (Fig. 103l. 

Whiteflies a re controlled by natural predators and parasites, or by applica
tions of oxydemeton -methyl , monocrotophos, phorate or aldiearb . 
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12. Pod Attacking Insects 

12.1 Bean Pod Weevil 

Apion godmani Wagn. 

Picudo de la Vaina 

Picudo del Ejote 

The bean pod weevil is a seriou s pes t in Central America and can ca use 
complete yield 1055 when larval feeding is heavy. The adult weevil, which is 
black and nearly 2 mm in length, reed s nn flow ers and pods with no apprecia ble 
damage. The adult remale chews a small hole in the mesocarp of small pods and 
deposits an egg on or above the developing seed . Thi s damage appears as a sea r 
on the developing pod (Fig. 104). Larvae, white rounded grubs a few millimeters 
long, reed down the pod wall lO the devel oping seed whieh then serves as a feeding 
ehamber (Fig. 105). The larvae pupa le in the pods and adults emerge when the 
pods approae h ma turi ty. 

Control measure s inc1ude timely planting (around M ay in Ce ntral America) , 
devel opment o f resis tant variet ¡es and application of the chemica ls carbofuran, 
carbaryl. or mo noc rotop hos. 

NOTES 



N~IIOH NOOH JS " " 

N]I\OHNOOH;)S 1\ V 



94 

12.2 Epinotia 

Epinotia opposita Heinrich 

Polilla del Fríjol 

Barrenador de la Vaina 

Epinotia sp . are lepidopterous pod borers which can be economically impor
tant in Peru, Chile and Brazi!. Young larvae are green while older larval stages 
appear pink. Larvae push masses of black excrement out of their larval tunnels 
onto the plant surface. Larvae feed on terminal and lateral buds (Fig. 106), or 
perforate stems and pods. Secondary rotting oflen accompanies the feeding dama
ge in pods. 

Control measures inelude early planting and application of the ehemicals 
carbaryl, monocrotophos or methamidophos. 

.OHS 
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12.3 Corn Ear Worm 

Heliothis virescens (F.) 

Heliothis zea (Boddie) 

Heliothis 

Helotero 

Bellotero 

Yojota 

HeLiothis sp . may cause sporadi c but severe damage to beans. Larvae are 
greenish ·yellow with longitudinal bands which are oft en reddish·brown in color. 
Adults lay their eggs on young bean lea ves , and larvae reed on flowers and devel· 
oping seeds in lhe pods by perforating lhe pod wall directly above lhe seed 
(Fig. 107). The larva e do not tunnel in side lhe pod but can destroy several seeds 
in each podo Secondary rotling often accompanies t hi s feeding and destroys lhe 
remaining seeds. 

Control mea SUres inelude the use of Trichogramma egg pa ras ites, or the 
Bacillu s thuringiensis bacterial pathogen on you ng larvae. The chemicals mono
crotophos or meth orny l are also effective controls. 
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12.4 Other Pod Borers 

Maruca testulalis (Geyer) 

Laspeyresia leguminis (Heinrich) 

Otros barrenadores de las Vainas 

Other pod-boring insects are encountered in ma ny reg ion s of Latin America . 
Man.lea sp. ¡ay eggs near or on fluwer buds, flowers, young leaves and pods. Dam 
age usua lly res u lt s from pod-boring followed by secondary rotting. Laspeyresia 
sp. cause da mage s imil a r to that of Epinotia, however, thi s borer usually web~ 
pods together_ Adults lay eggs on pods where young larvae bore into them an d 
des t roy the seeds (Fig. 108). 

Control mea,ure, inelude early planting a nd appli cati on of the chemicals 
ami nocarb or dimethoate . 
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13. Sto red Grain Insects 

13.1 Bruchids 

Acanthoscelides obtectus (Say) 

Gorgojo 

Gorgojo Común del Fríjol 

Carunchos 

Gorgulho de Feijao 

Acan/hoseelides ob/ec tus is the principa l s tored grain insect in ca 01 high· 
land regions of Latin America or in le~s tropical counlries such as Argentina, 
Chile and Mexi co. Adults are gray·brown and measure 3 mm (Fig. 109). Females 
lay eggs among s tored seed or infest beans in the field where they lay eggs in 
cracks or wounds of developing pods . Young larvae then penetrate the seed which 
serves 'as the feeding and pupation cell. This cel! becomes vi s ible as a circular 
window where the larvae feed on the lower surface on the testa . After pupation 
the adult pus hes or cuts this tissue out and repeals the egg lay ing cycle imme· 
diately after emergence . 

Control meas ures inelude dus ting stored, s hel!ed beans with inert materia ls 
s uch as crystalline silica, bentonite or magnesium carbonate or protecting stored 
seed with the chemicals phostoxin or pyrethrins. Seed can al so be protected 
with vegetable oils and resistant varieties are available. 

NOTES 
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13.2 Bruchids 

Zabrotes subfasciatus Boheman 

Gorgojo Pintado 

Carunchos 

Gorgulho de Feijao 

Zabrotes sub{asciotu s is the principal pes t of stored grain in warmer region s 
(u sually below 1500 m) of the tropies Adult females are grayish·brown with 
Iighter eolored spots on the abdomen . Adult males (about 3 mm long) are one·half 
the size of females and are uniformly gray·brown in color. Zabrot es females lay 
eggs and firmly attach them to the seed (Fig. 110). The larvae then hateh and 
bore through the egg shell and seed eoat in one proeess . The remainder of the 
life eyel e is s imilar to that of Acontha see lides obt ee tus . 

Control measures inelude s toring beans in undamaged pods and tl'eating 
seed. either with vegetable oils Ot ehemi cals (phos to xi n orpyrethrin s). 

/lOTES 
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c. N utritional D isorders 

Introduction 

In Latin Ameriea beans are grown on many different so il types wh ere different 
nu tri tional di fi ei enei es or toxie i ti es may I i mi t yield. In Centra l Am eri ea a nd 
western Sout h Ameri c a , beans are ge nera lly grown in mountain afe as wh ere Ando 
sois (Ineeptisols) pre domin a te. In these soil s phosphorus deficiency and alumi· 
nium/ manganese loxicity are the main problems . Between mountain ran ges, 
beans are grown in valleys whieh genera lly ha ve alluvi al soil s of high fert ility, 
but sometimes are (ow in minar e lement s. In many parts of Ve nezue la and Braz il , 
beans are grown on rather a cid , low fertility Oxi so ls and Ultisols. Phosphorus de!'i· 
ciency and aluminium toxi city are t he main li miti ng [a c eors, bUl zinc deficiency 
al50 aecurs. 

A1th ough beans ex trac t rather large a mounts 01' nit rogen and potass ium from 
the soil, the mos t common nutri t iona l problem is phosphoru s deficiency. Nitrogen 



defi ciency may a lso serious ly Jimit yields in low organi c matter soils or in soi Is 
where biological nitrogen fixation is nol effective due to high temperatures or 
soil restrictions. Potassium deficiency seldom occurs in Latin America. Beans 
are ext remely susceptible to alumi ni um/ma ngan ese coxicity whieh frequently 
occurs in acidi e sods. Am ong the minor element problems, boron and zinc deCi
cieney are most eommonly observed in high-pH so il s or soi ls with a very low con
tent of weatherable minera ls . 

A nutricional problem is generally diagnosed wit h the use of so il and plan! 
tissue analyses, as we11 as vi sual observation of symptoms. Sometimes a range of 
different elements is applied to either soil or folia ge to observe an y improvement 
of growth or disappearance of symptoms, so as to identify the specific element 
limi ting plant growth. 

10L J 
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14.1 Aluminium (Al) Toxicity Toxicidad de Aluminio 

Toxicidade de Aluminio 

Alurnini um toxicity occurs in large areas of Latín AmE'rica with acid Oxisol s, 
Ultisols and lnceptisols. Seans are quite susceptible to aluminium toxicity and 
generally do not yield well in these soils unless lime is added . Sean yields are 
affected ir the aluminium saturation of the effective Cat ion Exchange Capacity 
is over 25 to 30 percent . A1uminium toxicity produces stunted growth and necros is 
along leaf margins (Fig. 111). Under severe conditions aU leaves senesce and the 
plantdies (Fig. 1I2, left s ide). 

A1uminium toxicity is controlled by applying calcitic or dolomitic lime. Six 
tons lime/ ha was effective on an acidic volcanic as h so il as indica ted by improved 
plant growth (Fig. 113, background). Application ofbasic s lag and certain rock phos· 
phatesmay also reduce aluminium toxicity,while such acid-forming fertilizers as 
arnmonium sulphate and urea may intensify the problem . 

/lOTES 
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14.2 Boron (B) Deficiency and Toxicity Deficiencia y Toxicidad de Boro 

Deficiencia e Toxicidade de Boro 

Baran deficiency is mast camman on coarse-textured soils, low in organic mat
ter and high in hydroxides of aluminium and iron . Jt is also observed in high·pH 
all uvi al soí ls with low total boron eontents . Defieient plants have thiek stems and 
lea ves wi th yellow and neerotie spots (Fig . 114 and ll5): lea ves may be erin kled 
and turned downward, and terminal buds often die and lateral buds proliferate. 
Under condítions of severe boron deficiency, plants rematn stunted or die s hortly 
after germ ination (Fig. 116, left side). Defieienl plants have baron eantenlS of les s 
than 25 ppm in lheir upper leaves, while deficient sails generally eontain less than 
0.6 ppm af hal·water extraetab le baron . Black beans appear more susceptible lo 
boron deficiency tha n red beans. 

Baran deficiency can be controlled by soil applicat ian af 1·2 kg baran / ha 
as Barax , Salubor ar other sadium barates at planting. Higher applicatian ra tes 
may res ult in tox icity. Foliar appl ication o f 1 percent Solubor or 2 percent Borax 
at two and four weeks is recornmended when the deficiency i5 nol. extremely severe. 

Boron toxicity causes yellowi ng and nec ratie borders o f prim ary le a ves s hortl y 
(ifter emergence (Fig . llíL lt generally oc curs after non -uniform appli ca tion of' 
fertilizer Or when the fertilizer is band·applied too close ly ta the seed, especially 
du ring dry weather. 

NO TES 
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14.3 Calcium (Ca) Deficiency Deficiencia de Calcio 

Calcium deficiency is generalIy observed in combination with aluminiurn tax 
icity in acid Oxisols and Ultisols. Calcium deficient plants remain small with a 
poorly developed root system (Fig. 118, right side) . Leaves remain green with a 
slight yellowing at the margins and tips, and may crinkle and curl downwards. 
Internodes are often short, producing a rosette- ty pe of plant growth (Fig. 119) . 
Deficient plants have calcium contents in upper leaves of less than 2 percent 
at flower initiation. 

Calcium deficiency is controlled by deep incorporatian of calcitic oro dolom
itic lime, Or calcium oxide ar hydroxide . Low rates such as 500 kg/ha generally 
are sufficient to relieve calcium deficiency , but higher rates are often emplayed 
to neutralizt:: toxic amounts of aluminium. Calcium phospha te ~ources s uch as 
basi c slag, rock phosphate and superphosphate may con tribute s ignificantly ta 
calcium nutrition . 

NOTES 
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14.4 Copper (Cu) Deficiency Deficiencia de Cobre 

Copper deficiency accues mainly in organic or very sandy soil s . Deficient 
plants are stunted and young lea ves beco me gray or blue-green with shortened in· 
ternodes . Beans are relatively insens itive to copper deficiency. Normal plants 
have copper contents of 15-25 ppm in upper lea ves . 

Copper deficiency is generally controlled by soil application of5-10 kg copper/ ha 
as copper sulfate. Foliar application s of 0.1 percent copper as copper sulfate or 
copper chelates are al so effective 

14.5 Iron (Fe) Deficiency Deficiencia de Hierro 

Deficiencia de Ferro 

Iron deficiency may occur in organic soils Or mineral soils with high pH, espe
cially if free calcium carbonate is present o Deficiency symptoms appear as an in
terveinal chlorosis 01' upper leaves which later ma)' become uniformly ligbt yellow 
to whi te (Fig. 120). Normal iron levels are about 100·800 ppm . 

The dericiency is controlled by foliar application of iron chelates. 

NOTES 
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14.6 Magnesium (Mg) Deficiency Deficiencia de Magnesio 

Magnesium deficiency may occur in acid infertile so ils with low base status 
or in soBs high in calcium or potassium . Interveinal chlorosis and necrosis appear 
first on older lea ves (Fig. 121 and 122), later spreading over the eotire leaf aod to 
younger foliage (Fig. 123) . Deficient plants have magnesium contents in the upper 
leaves of less than 0.3 percent at flower initiation. 

Magnesium deficiency is controlled by incorporating dolomitic lime or mag
nes ium oxide, or by baod application of 10·25 kg magnesium/ha as magnesium 
sulfate. Foliar spray s of magnesium sulfate Or magnesium chelates may al so be 
used . 

IfOT€S 
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14.7 Manganese (Mn) Deficiency and Toxicily Deficiencia y Toxicidad 
de Manganeso 

Deficiencia e Toxicidade 
de Manganés 

Manga nese defic iency may occur in organi c soil s or high -p H mi nera l soils. 
De fi cie n t plants are s tun ted a nd upper lea ves become golden yello w betwee n s mall 
ve ins giving a mottled appeara nce on beans a nd soybea ns (Fig. 124). Normal pl ants 
ha ve man ganese contents o f 75-200 ppm in upper leaves, while deficient leaves 
generally con ta in less t han 30 ppm . 

T he defici ency is controlled by so il application of 5- 10 kg manga nese/ ha as 
manganese sulfate or manganous oxide, or by foliar applications of manganese 
chel a tes. 

Manganese tox icity is cornmon on very aci d , poorly drained so ils. Beans are 
quite susceptible to manganese toxi c ity and plants show ao in terveina l chl oros is 
of upper lea ves (F ig. 125) . With severe toxi c ity , upper lea ves are small , c rinkl e an d 
curl downward s (F ig. 126) . Leaves gen erally con tai n over 500 ppm mangan ese . 

The toxi c ity is controlled by liming a nd by improvi ng field drainage. 

• 
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14.8 Nitrogen (N) Deficiency Deficiencia de Nitrógeno 

Deficiencia de Nitrogenio 

N itrogen deficiency is cornmon in soil s with a low organic matter co ntent , a nd 
in acidic soils with toxic level s of aluminium or manganese, or deficient lev eIs o[ 
calcium and phosphate which reduce effective bacterial nitrogen fixation. Leaves 
nea r the bOLLom of t he plan! lurn pale gree n and event·ually , uni forml y yellow wi lh 
discoloration gradually progressing upwards (Fig . 127). Plant 'growth is stunted 
and yields may be affected. Upper lea ves of deficient plants contain less than 3 
percent nitrogen during flower initiation, while a normal plant contains ahoul 5 
percenl . 

Nitrogen deficiency is controlled by inoculating seed with effective strains 
of nitrogen-fixing bacteria, or by applying a green manure, animal manu re or 
chernical nitrogen fertilizers. The application of 50-100 kg nitrogen/ ha is ge ne
rally sufficient , although in sorne soils responses ha ve been obtained with 200-
400 kg nitrogen/ ha (Fig. 128, left s ide). Nitrogen fertilizers are generally ban d
applied at or shortly after seed ing, or as a split a pplication aL seed ing and !lower 
init¡ati on. Arnmon ium 01' nitrate SOUTces are equally effecti ve. 

/lOTES 
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14.9 Phosphorus (P) Deficiency Deficiencia de Fósforo 

P hosphorus deficiency in beans is eom mon on vole ani e ash so ils and in highly 
\Veathered Oxisols and Ul tisols. Plants lack general vigor a nd ha ve rew side bran
ches (Fig. 129, left side). Upper lea ves are dark green but small , and bottom lea ves 
become yellow and necrotic before senescing (Fig. 130) . Phosphoru s deficiency 
retard s flowering and maturatian (Fig. 131). Deficient pl a nts have less than 0 .35 
percent phosphorus in upper leaves at fl ower initiation. 

Phosphorus deficiency is contro lled by applying, at the time 01" planting, bone 
meal, basic slag, s in gle or triple superphosphate or roe k phospha tes. These treat
ments shou ld be broadcast and incorporated except for the superphos phate which 
should be applied in bands in high phosphorus-fixing so ils. The rate of applica
tion depends on the phosphorus content of the soi ls and its phosphorus-fixing 
capac i ty. H igh ra tes of 200-400 kg P2 0. / ha of a phosphori c acid ferti I i zer are 
required for maximum yield in high phosphorus-fixing soi ls (Fig. 132, le ft s ide). 
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14.10 Potassium (K) Deficienc)' Deficiencia de Potasio 

Deficiencia de Potássio 

Potassium deficiency seldom is observed in beans, bul can occur in infertiJ e 
Oxisols anp. Utisols, or in so ils high in calcium and magn esium. Symptoms appear 
as yel lowing and necrosis of leaf t ip s and mal'gins, initially on the lower part of 
the plant, but graduall y extending upward s (Fig. 133). Neerotie spotting may also 
oceur. Defieient planto have less than 2 percent potassium in upper leaves al 
fl ower initiati on, and this level may be laV/er in plants grown on high caleium 01' 

magnes lum so il s. 
Potassium deficiency is generally conlrolled by banding, at the time of plant

ing, 50-lOO kg pOlash (KzO) / ha in the form of either pOlassium chloride or 
pota:;s iurn sulfate. The sulfa te farm is recommended for soi ls which afe low in avad
able sulphur. 
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14 . 11 Sulphur (8) Defici e nc.y Deficiencia de Azufre 

Deficiencia de EnxOfre 

Su lphur defi c iency may occ ur in inrert iJ e Oxisols and Ult isol s, especial ly 
Lho se far re moved from indu s trial ce nters. U pper leaves beco me uniformly y ello w 
and res emble leaves with nitrogen deficiency symploms (Fig. 134). Unlike ca lcium 
defi c iency, root growth is not greatly arfected (Fig. 135, righl s ide). Defi cient plants 
have less than 0.1 5 perce nt sulphur in upper lea ves al fl ower init¡ation. 

S ulphur defici ency is controlled by applying 10·20 kg/ ha of elementa l slllp hur, 
or th e use o f s ulfur-conta inin g fertilizers 5uch as simple superphosphate, arnmonium 
and pota ,;s ium s u iphates. Certain fun g ici des su eh a s Elos al may contribute to the 
s ulfur nut riti on 01' the planl. 
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14.12 Zinc (Zn ) Deficie nc y Deficiencia de Zinc 

Deficiencia de Zinco 

Zi nc deflc iency occurs in high-pH soi ls Or over-limed aci d soil s with low zinc 
conten t. lt may be induced by high application uf phosp horu s. Zinc deficiency 
symp t oms appea r as an interveinal c hl oros is of upper leaves (F ig. (36), wh ic h la · 
t er become necrot ie (Fig. (37). Deficient plants have zin c con ten ts be low 20 ppm 
in th e leaves. while normal levels are abou t 40-50 pp m. 

Zinc defic iency can be co nlrolled by so il app)ication 015-]0 kg zinc/ ha as 
zinc s ulfate , 0 1' by foliar spray s of 0.5 percent zinc su lfate Of zin c chelates. 

NOTES 
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D. Miscellaneous Production Problems 

Introduction 

Many other factors besides plant palhogens, in sects, and nutritional disorder!::> 
may sporadically but severely damage beans during their growth. Various environ 
mental conditions such as frost, high temperature, wind, drought, etc. can injure 
plant:-;. Variation in soil properties , drainage, etc. may produce marked differences 
in plant appearance and vigor within loca lized area s of a field . Improper manage· 
ment may res ult in mechanical and/ or chemical damage . Proximity to industri o 
al cente" may also result in chemical damage which is induced by toxi c a ir 
pollutants . Symptoms induced by these types of factors are someti mes confused 
with those ca used by pathogen:" insec ts or nutritional di sorders, therefore, il 
i:s oflen necessary lO can sult trained personnel who can di fferentiate between 
these causat i ve agent s. 
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15.1 Chemica l Damage Daño Químico 

C hemi ea l damage may affeel beans during the growing season, espeeially 
duri ng germinalion a nd seedlin g deve lopment. i f ehemical s are nat applied aeeord 
ing (o man ufacturer's reco mm e ndation s. T ox ic co ncentratio ns of chemical and 
ferti l izer may be plaeed too clase to seeds. ereat ing problem s ir chemi eals do nol 
di ssolve and leae h ra pidly in to the rOOl zo ne. Oamage sy mptoms inelude brown 
or neerot ie tis sue on t he lea ves, us ua ll y al the lear t ips and margins tF ig. 138). 
Depending upon the severity of dam age, leaves may be deformed and s tunted in 
t heir development . Foli age burn can a lso oeeur as neero ti e spots tFi g. 139) ir loxie 
ehemieal sprays drift onto bean planlS. For example, 2.4- 0 dam age may oee ur 
if applied to other e rops nearby during moderate t o hi gh winds tFig . 140) . Phy, 
iologica l di sord ers ca n be ca used by other c he mi ca ls whic h may contain impurities 
or produ cts metaholi zed by so il microorganisms into lo xic by-products, or aggra 
vated by specifie soi l and envi ronmenta l cond iti ons. lt is beli, 'ved t ha t C rAl' re
cen tl y encountered a si milar si tuation in beans , ca lJ ed "Prohlem X ", whic h ma~; 
be caused by cheroica l toxicity in so il s "'\lit h a hi gh organic maU er content a lld 
high pH (Fig. 14 1 a nd 1421 . 
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15.2 Environmental Factors Factores Ambientales 

Variou s environmental factor !' can affeet beans during their development. 
Prolonged expos ure to e xcess so d moi s ture or s tanding water induce plant chloro
s is a nd zinc defic ien cy, Extreme heat and lac k o f moisture can induce plant wilt. 
'eo rehed leaves and even planl dealh. High winds and wind-blown so il partiele, 
can dama¡:e plants by tearing and ab rading th e t i'Sue (Fig. 143). Such wound, 
often provide s ites o f entry for plant palhogens s ue h as bacteria. Sun seald can 
occur on leaves or pod s when ti ss ue is covered by water drople ts or sa turated with 
moi s ture and exposed to inten se sunli ght and/or hea t, resulting in brO \I.' 1l necroli(' 
patehes on leaves, stems or pods (Fig . 1441. 

15.3 Genetie Abnormalities Anormalidades Genéticas 

Beans are occas ionally affected by various ge neti c abnorma liti es which may 
result from mutation, incompatibility or c ~l t op la s mic irregularities. Examples in 
elude a lbino plants which la ek chloroph y ll and u>ually die within a few day> after 
emerge nee, Leaf variegations. may be obser\'ed in popula tions of segregating prog
eny and are ~ecogni zed by mosai c paltern s 01' green, ye ll ow andj or white (is sue 
lFig. 145 and 146). Thi s condition often ea u'es malformed leaflets; pod s produ eecl 
by ~uch plant~ may abo be mis~hapen. These s~ mptom s may appear a l di fferent 
stages of plant develop ment and "ariegated l ea\'e~ are o ften pre~e nt on plClnl ~ 
which al~o have normal-appearing leave~, 
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