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o . ABSTRACT oo

Pulse crops (grain legumes) are an increasingly important
source of progein - for a maJority of the world s people.‘This o
"y paper provides background information and~selected references;' ”i:
| that a pest manager would-find useful when working with an
’“A*i““‘*b*unfamiiiarﬂcroppingssystem~of pulseSAand“their“insect pests“ru%*“% “““““
| The first chapter summarizes agronomic,'economic, and

%

nutritional data on 14 major species of pulses References

are provided to sources of information on these and 15 otherrmwrﬁﬁ
important species. " |
The second chapter identifies the insect genera and species
v-,thatfgrbhimportant,pests of»pulses, Approsimatelyfzzo species
of insects'and related arthropods>arevcatalogued'indicating
common name,’commonly damaged”pulse crop”hosts;Wand"selected”'“t“"'
references. Three species that are representative of common
types of pest problems are’ described more thoroughly in terms of
their biology, ecology, and control These are _gmi_ig if- .
tabaci (Genn ) (Homoptera' Aleyrodidae), Heliothi armigera |
‘f- o ’ (Hubner) (Lepidoptera. Noctuidae), and Ophziomia -
‘ ( Melanagromzza) ghaseoli (Tryon) (Diptera.iAgromyzidae)

'7 The concluding chapter discusses the status and o

possibilities of pest management on pulse crops and provides

information jon several internationally important institutions e
that are conducting such work. |

111
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, 1
- INTRODUCTION  *

The function of this paper is to provide quick access to f*
information on the maJor pulse crops and their most important
insect pests such as might be needed by a pest manager faced
\with a new crop or pest. References to the literature were
therefore selected to emphasize ‘the type of information that is-

necessary background for the development of a basic pest control

Wwprogram Such generalized“info;mation-mouldwoeiagstarting point
for a person needing a thorough*understanding of a host-pest
situation. * . - . .. 3; ,e',ﬂ,,,w,,,, e e
A pest manager needs to'be ¥amiliar/with the host as well
as the pest. To this end,v14 species of major pulse'crops‘are

described in terms of their uses, culture, and level of cultivarj

deVelopment. Other lesslimportant pulse'species
giving synonomy, common names, an lected references.

Approximately 220 insects’ were found to be often

economically damaging pests of pulses. References to literature
illuminating the biology, ecology, and control .0f these insects’
is‘provided,n » .

| Because of the'possible magnitudenof this project, three

pests representative of'widespread and damaging groups of

insects were!selected for more detailed,review. These reviews

";*arem6iamples”6f”concise descriptions of 1ns§at pests that should.

" be available to persons {nvolved in local, In-the-field control -~

programs. As5contro1'personnel are upgraded by legislated-4

regulations and.a_growing professionalism, a need is apparent



. .v2 X
for information bridging the éap between the'aimple pamph%\tA

available to the farmer and. the technical research report. E{he -

data gatherihg for this paper took advantage of applied

entomology manuals that are available for many parts of the

world. They are often the most complete and accessible sources

of information on specifiec species;(They are also often more

available‘to-the man'inlthe field than scattered journal papers..

'For'the threemrediéﬁs”of’representatiVe pest specles, searches =

r/were also undertaken of the scientific iiterature.

A chronic problem when dealing with crops and pests on a
worldwide oasisvis a lack of knowledge, or lack of attainable

published knowledge} on the organisms involved. Particularly

when working on tropical crops, the&dearth of basic research on

many agro- ecosystems results in this type of project being

incomplete. Much of* the problem is due to language barriers and

to publications with limited circulation outside their home

region. An example’of this is Latin America; avregiOn.highly
dependent’on;pnlses, which'publishes mostlyiin Spanish and o
Portuguese,—often in hard-tosget_proceedings of annual meetings
and conferences Information of this type from China and the
USSR 1is also difficult to obtain. In contrast English-

language books. are available on crop pests of many of the

'meountriesmthat have a British eolonial—histery—~ﬁ - —

~The;workwdoneainfdevelopedwcountries~hasvpurposelywwWWW.

not been over-emphasized in this paper. The sheer mass of

literature producec concerning crops such as soybeans in

the United States indicates a highvlevel of»specialization and

\



“feasible for much of the world to produce food by the

‘-intérnaéiOnally-sﬁbnSOPed research on the "miracle grains" to

3 - : ‘

<

sophistication.. Such information is useful and probably . . .

' trend-setting, but it is.ndt necessarily even potentially

7

industrialized«manner by which it is grown in North America.

‘Compared with some other ¢rops, pulses have until recently

_ been relégated to a secondary position in the "green revolution".

Pest control has played an important role in the attempt by .
- 788 prayec an FIperhent TP R

keep food production iﬁcreasés at a ratgrapproximating that of

,population growth. However, the potential of pulses‘io produce

a larger percentage of the world’s protein needs than ihey ’

presently ho is only currently4béing.exploited. The last-

" . chapter of this paper examines several major attempts to improve

pulse prbduction, particularly with respect to pest control,

"
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| I. PULSE CROPS

1. SPECIES OF PULSE CROPS OF ECONOMIC IMPORTANCE
a) Definitions and Criteria for Selection - -

Tne legume family of.planta is second in inportanoe to
mankind only to the grains of the grass family, upon which a
m& jority of the worln’h population depend for their‘staple
energy source. The high'protéin valne of ‘legumes makes
them of great 1mportance to a worid already experiencing
ma551ve protein- calorie malnutrition, with even greater food
deficits on the horizon. The relatively’ high protein~compoeition'
of legumes, even when not heavily fertilized may be in large
measure due to their ability to symbiotically fix atmospheric
nitrogen into a form that can be utilized in the synthesis of
amino acids and~theneforevpr0teins. ) ' ' \\

Legumee are ﬁtilized by humane either by Qirectlconsumntion
of the pod and seed or'secondariiy througn feeding to livesteck.
Eorage,legumes Such as alfalfa’(lucerne) and clover are generally
unpalatable to hnnans, but are an indispensible SOurce of;

nutrients for domestic animals. *However;-many legume species,

N és'p’ec izlly a fter tentu ries of - se’i*e' ét’i’GlT;W produce a seed large '"” o

—andwwholesome~enoughftoWbe'eatenwbywhumans;mItjismthi3wséed~thatm o
is called a pulse.

Webster’s Third New International Dictionary'5i966) eefines
"pulse” as "the;édible seeds'of various-leguminous’crops (such

L n,
.

. C e
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. as peas and beﬁgg}ﬁmggﬂﬁa plant ylelding égise".' The -word

itself is probably derived from the Greek gdltos‘or_the;Latin
,’Qg;g, meaning porridge. The term is syﬁonymous with "edibie
legames" of "peas, beans, and.lentils", which‘is'the common
terminology iﬁ the Ameficas. The term "grain/legumeé" 1s
sometimes advocated whenySpeoifioally’referiﬁg to crops whose
seeds are harvested in a dry or mature state. This
differentiation is necessary becaﬁée many legume species have
cultivars that have been ;elected to ppoduce a Succulent young
'seed’or'pod that is eaten,aS'a"vegetable; such as %hebstring,v_
bean and gardenapea. Although'theée garden cultivars are
impéftant sources of vitamins and other nugrients,’their bulk
 and short shglf-life generally make theﬁ ihpractical.as majér
proteié Sggrces. ,These'&vegetableﬁ legumes are usually affected
’by tﬁe sSame pests that damage dry seed production and so most of
‘ their"inééct'pests are to be found in/this paper. |
The plants Qﬁich are consfdered in this papéé?yere selected
on the basis of meeting ﬁhree~reqUirements. First, they must be
taxonomically classified as(memberévbffthe botanical f;mily, |
Leguminosae (=Legﬁminqsaceae, %eguminales), subfamily
Papilionoideae (:Fébdidae,’PapiliOnatae; Fabaceae,

‘Papilionaceae). Althdughiéeveral’"beans" from tﬁopical o

- leguminous trees of the subfamily Mimosoideae are locally eaten,
S B N
they are of no great agricultural importance. =

‘,Secondly, the plants listed here are species whose seeds

and sometimes pods are consumed by humans as a source of SN
- N .
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nourishment. Not included are those plants'whose 8ole eeonomiéw'

_importance is as a cover crop, green manure, animal feed or

forage, or as a solrce of'céndiment, drﬁg, insecticide, or
other biochemical. ’

The third criterion is more difficult to apply due to its .

'subjective nature. It was found neceésary to limit'the pulse =

spe01es considered here to those that are of significant

,economic importance on at least a. continental ‘scale. The .

research for this review revealed over 95 species of legumes
eaten by man. Only about a third of these are a major portion of

the diet of any nation. To keep this project within reasonable

limits, it Qas necessary to concentrate on 29 species that are

of enough importance tha ,pﬁex might justify the presence of a

pest manager. Of tﬁesé, 14 species are considered "major" pulses.




b) List of 29 Speq&gs of Important Pulse Crops (Including

L Sybondmy,AComdbn Names, énd Selected Referenqéé?r

% = Covered more fully in section 2 - Major

‘Pulse Crops of the Wobld

* Arachis hypogaea L.
peanut, groundnut, goober, earth nut, earthjaimdnd,
_monkeynut, grass .nut, Manilla,npt

3

% Cajanus cajan (L.) Millsp. a S —

[=C. indicus Spreng.]
pigeon péa, Congo pea, Angola pea,

no-eye pea, red gram, alberga

Canavalia‘énsiformis (L.) DC.

jack béan, horse bean,'oveploqkfbean,

Chickasaw lima bean

References: Aykroyd and Doughty -1966 p.TZ;!Harrisonvgg al.
1969 p.40; Herkloté 1972 p.233§ Purseglove 1968 p.2M2;A

Whyte et al. 1953 p.258.

~ - % Cicer arietinum L. e ST

—~gram7wehick~pea;mgarbanze—bean75Indianfgramywwwmw741m~7~rw—7~~m

Egyptian pea, Idaho peé, ceci bean

/8



Doliqhos uniflorus Lam.w

“horsegbam, kulthl bean

— —{=D. biflorus auc t.—non. Linn.]- S e

References: Aykroyd and Doughty 1966 p.14;‘Commonwealthg‘

Bureau of Pastures and Field Crops [date unknownlgj

Purseglove 1968 p. 263, Whyte t _1671953_P.272;

l—GLyeinemmax:(L.)fMern.,l,wwh 

-’[:Q, sojé (L.) Sieb. and Zucec.; Soja max (L.) Piperj‘

soy bean, soya bean

Kerstingiella geocarpa Harms.

[:Voahdzeia-poisson; Chev.]
.VKebSting's groundnut , ground bean, geocarpa
References: Aykroyd and'Doughﬁy 1966 p.15; Purseglove.

1968 p.329; Uphof 1968 p.548.

7 *'Léblab niger Medik

[=Bolichos lablab L. L. vulgaris Savi.]

: hyacxnth bean, lablab bean, waby bean, bonavist bean,

Indian bean, dolichos}bean,,Aqstrallan pea, papayaﬁbean;f.r'

Egyptian kidney bean

Lathyrus ochrus DC

ochrus, ochrous pea, louvana
Referencesb Aykroyd and Doughtﬁf9966 p.15;

Hedrick 1919 p.328.



Lathyrus sativus L.

grass pea,'chickling bea, grass peavine, chickling vetch
,References Aykroyd and Doughty 1966 p 15 Purseglove l
1968 p.278, Hedrick 1919 p.328

% Lens esculenta Moench. | -

[=L. culinarus Medik.; Ervum lens L.]

lentil e

.LUpiogL albus L.
[ai.‘sativus Gaertn.]o
"white iupine{'fiéld lupine, wolf-bean
‘Refereoces:vAykroyd ano Doughty 1966 p.16; Hedrick
1919 p.341; Uphof 1968 p.32 o

Lupinus termis Forsk

- Egyptian 1upine” 7
References: Aykroyd and. Doughty 1966 p. 17 Hedrick

1919 p.342; Uphof 1968 p.32.

Phaseolus aconltlf ius Jacq.

[=P. trilobus Ait.] BN

f

moth bean, mat bean, dew gram, Turkish,gram3.acooite;

- leaved kidney ‘bean, phillipesara :
- "iReféfences ‘Aykroyd and Doughﬁym1966 p.18; Commonwealth
Bureau of Pastures and Field Crops [date unknown]j;

Hedrick 1919 p.418; Herklots 1972 p.244;



| o 10
 Purseglove 1968 p. 287; Uphof 1968 p.399;

IS

Phaseolus acutifolius Gray var. latifolius Freem,

tepary bean, Texas bean,.dinawa
References: Aykrdyd-and'Doﬁghty“1966 p.183 Commohwealth

Bureau of Pastures and Field €Crops ([date unknownlj;

EHerklotSr1972'p;2#5: Purseglové-1968"p;287; e

‘Whyte et al. 1953 p.33.

Phaseolus angularis (Willd.) Wight

adzuki bean; adanka bean
References: Aykroyd and Doughty 1966 p.18; Commonwealth
Bureau of Pastures and Field Crops [date unknown]j;

Purseglove 1968 p.289; Whyte et gi..1953 p.33.

- Phaseolus calcaratus Roxb.

% Phaseolus aureus Roxb.

- [=Vigna aureus '(Ro'xb") Hepper]

-mung bean, mungo bean, gréen gram, gdlden gram, mash
bean, Chinese bean sprouts, Tientsin green bean,

Oregon pea, chickasano pea

rice bean, red bean

_ReferenceS' Aykroyd and Doughty 1966 p 18 Commonweélth

‘Bureau of Pastures and Field CrOps [date unknown]j,

Harrison et al. 1969 p.36; Herklots 1972 p. 247,

—oee——Whyte-eb—al *'r'95'3*p';*3'37’.‘, T T f" ‘ ‘””*"'*’;’”’”"” mmT T
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M;mggfgggiove 1968 p.294; Whypgggt al. 1953 p.34.

Phaseolus coccineus L.

[=P. multifldrusﬂil“ld.]
scaflet,runner bean, white Dutch runner bean, multifloba,
bean, astec bean; Oregon lima béén" ,
_ References: Aykroyd and Doughty 1966 p.19; Commonwealth
Buréau of Pastures and Fieid Crops [daté unknown]i;
Herklots 3972 b.248;7Pﬁrseglovév1§68 p;295.
® Phaéeolus lunatus‘ﬂf
[=P. limensis Macf.; g:”inamoenus L.]'
- lima bean, gieva bean, butter bean, sugar béan;vBurmé'
'.bean, Madagascar bean, Java beéﬁ, Raﬁgoon bean,'civet |

bean, guffin bean:

<

* Phaseolus mungo L.

,[=Vignavmungb (L.) Hepper]
‘black gram,'urd‘bean, wooly pyrol

hY . -

% Phaseolus vulgaris L.

‘common bean, kidney bean, navy bean, pinto bean, haricot

bean, snap bean, string bean, green bean, Freneh_bean,

77“?ﬁﬁﬁéfwﬁééﬁ;ff}IﬁéiééfﬁhEBiEEdéiawj"wfﬁ’”m
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”“"\*"”'[ P. arvense (L. 7 PoI? ; P. hortense Aschers and’Graeleﬁi] o

pea, garden pea, fleld pea,vEnglish pea, Chinese pea,

edlble podded pea, sugar pea

Psophocarpus tetragonolobus (L ) DC.

goa bean, winged bean, asparagus be n, four-angled

-

*'*”~bean, Manlla bean,” princess ‘pea’
References Aykroyd -and Doughty 1966 p.11; HedPick
1919 p. 468; Herklots 1972 P- 257, Purseglove 1968 p. 315,

Uphof 1968 p.433. -

Vicia ervilia (L.) Willd.

[zEprvilia sativum Link.;vEPVUmpervilia L.]
bltter vetch erv1l
References: Aykpoyd and Doughty 1966 p 112 " Hedrick

1919- p.593; Uphof 1968 p. 543

% Vicia faba L.

(=V. esculenta Salisb.; Faba vulgaris Moench 7.

broad bean, fava bean, Windsor'bean, fleld bean, horse

bean, English bean, pigeon bean, tick bean

y;ola monanthos Desf.
| " bard vetph .monantha vetch
Refebences Aykrgyd and Doughty 1966 p. 112,
1919 p. 596 Uphof 1968 p.543.
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-~ % Vigna unguiculata (L.) walp,v, ' SV ' .

!

~4~¥f~—wUsué%lyﬂcqnsi&erédlthémbotanicai‘paréﬁt’ﬁf“ﬁ

‘the two following "species".

a -
2

‘Vigna cylindrica (L.) Skeels.

E:y, cat jang Walp.; Dolichos catjang Burm.;

Q. unguiculatus L.; Phaseolus cylindricus"L.I

cat jang, catjung, cat jang cowpea, Hindu cawpea,
-~ China pea, Kaffir pea, marble pea, Jerusalem pea

A

Vigna sinensis (Stickm.) Savi ex Hassk.

‘[=boliéhos sinensgis L.]

4

.common cowpea, southern peé, black-eyed pea, black-eyed

-

_bean, crowder pea,'oqrnfield pea, cherry bean

o anndzeiélsubterranear(L.) Thouars

bambara‘groundnut;.earth nut, earth pea, groundnht,ijuga'

bean, Congo cobber, Madagaséér peanut . -

.2



: | | oo
2. MAJOK PULSE CROPS OF THE WORLD

3 . - . . U

a) Descriptions and:Uses of 14 Species

Arachis hypogaea L. o Peanut

Peanuts are native to Brazil and were domesticated in much
of the WestennHemispnere,at<the,timeofAthefinStMEuropean:ssw~~
e;piorers.fThey.were taken toAAfnica by the Portuguese and to
the orient in Spanishtships'via the PaCifiq.(Purseglovek1968).

‘The peanut is often conSidenéd as’anroii'crop”natnenrtnan

| as a pulse,‘ow1ng to the exten31ve use of its oil in both food

/‘

f°and:Lndustrial,applicatlonsf Peanut oil is second only to ~\/
‘soybean oil in worldwide economic ;mpontance.‘ However, in
addition to the cash value of the oil, the peanut’s high protein,;‘
calorie, andNB vitamin content make it a very important local

food crop in thé drler areas of Africa and Asia. There are also

~
S

substantlal quantltles grown in the southern United{States,
mostly for peanut butter. Peanuts are eaten raw,,roasteq, and
- as flour. ,Both‘the hayvanc the ﬁcake" left after oil extraction
'make high—quality'animal.feed.

Peanuts grow best in light soils in warm areas'where'rain-r

fall is not exce551ve, particularly durlng the flowering perlod o

R phosphorus and thelr response to additlons of nitrogen, calcium,
sulfur, and potassium is erratic (Purseglove 1968). The gOots

‘are usually heavily nodulated with nitrogen-fixing bacteria. As
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- with many legumes, the practice of,inoculating the eeed with the

——baeteria- gives vary1ng*results unaer ‘different conditions
In most of the world. peanuts are intercropped with lanﬁe
grains such as-maize or millet and the cultivation isvdone with
‘simple machiner§ or nand tools. IntenSive specializedr
mechanization and peanut monocultures have been common mainly in
highly industrialized countries such as the United States
Peanutshare~often:botanically'diVided"intojtﬁo'groups,
The prostrate runner and sbreading bunch forms include the
"Virginia" and many of the African cultivars Branching is

sequential and seed dormancy must be bnoken before germinatlon

.
e

The growing season is five to six months?hnd they are the
preferred type for roasting.;\ﬁ ro 0
: SN : S

Many of the more common commercial cultivars are erect
bunch forms, eepecially thosebgrown for 0il extraction such as
the "Spanish" and ﬁValencia? types. ‘Branohing’is alternate and
- the nuts are closer to the plant ‘s base, allowing for eéasier
digging at harvest. The season is shorter; commonly three to
four months. | | o ‘

Geneticvimprovement,has proven difficuit’with peanut;jdue'
to their tendency'toward self-fertilization before tne flowers

" open. Only about 20 selected cultivars are grown in the world

and often a very few make up the maJority oi,a countryAseewee~emf¥ww¥w7w
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Arachis hypogaea (continued)

'*Selected references: Acland 1972 p 11BT‘IF§ﬁf“19517,
Feakin 1973; Harrison’et al. 1969 p.22; Herklots 1972

p. 228 Janick 1969 p.372; McIlroy 1963 p. 78 Magnes et al. 1971

p.16,183; Masefield 1965 p.33; Mortensenyand Bullard 1964 p.1u6ﬁ

. National Research Council 1972 p.217; Purseglove 1968

“Woodroof 79731fb"“w">”"M

p.225; Tindall 1968 p.167; Whyte et al. 1953 p.255;

Cajanus cajan (L.) Millsp. : Pigeon Pea

i

,The pigeon pea is a major pulse throughout much of the

tropics. Its seeds have been associated with Egyptian ruins of

'Vthe second millenium B.C., indicating 1ts ancient domestication

'(Purseglove 1968). It is the second most important bean in
India, where it is eaten'in the pod as a vegetable, dried and
b01led as a pulse, or made into dhal, a staple food item in
southern Asia (Ayk;o%o and Doughty'1966). Dhal*inclodes several
methods of»prepariné decobticated buises.; Genepally a peste is
made from the split,. soaked, dry beans before various cooking

techniques are used to prepare avvariety of dishes. .Pigeon peas

_are usually produced for local markets, although associated =

canning industries occur in several countries. =
- The plants are frost-senSitive, short-livéd perennials
reaching a height of 1 to: 4 m. Their deep ‘roots make them'

drought resistant and they can do well on many soil types
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L

. date, but selection is underway ‘on several continents for higher

- National Research Council 1972 p.217; Purseglo?e 1968 p.236;
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‘Pigeon pea is the only pulse éreatly influenced by outcrossing,

insects. The plants are sown either by broadcasting or by

“interplanting every few rows among crops such as sorghum,

‘millet, maize, or sesame (Purseglove 1968)
Many cultivars are grown throughout the tropicsl&nd bver»
100 occur in Indié‘aloné, They can be separated into two groups
'On'the"basié”of’b0§antcalwand”cultura1 characteristicsi”'g;“¢'”9'"9W*

-

cajan flévus DC. is early maturing and suitable as a single

season crop and is grown as such in southern India E: Eﬂlﬁﬂ
bicolor DC. is taller and is cut back after the first year's
crop isrharvested so that a second growth will develop. It is ‘
the dominant type in northern'India,

| Genetic improvement of the cultivars has been limited to
yields, moré'éxploitable cultural characteristics and disease

resistance.

‘Selected references: Aykroyd and Doughty 1966 p.102;
Commohwealth Bureau of Pasture and Eield~Crops‘[date unknown];;
‘Harrison et al. 1969 p.34; Hedrick 1919 p.124; Herklots 1972

p.232;rMasefi¢ld 1965 p.35; Mortensen and Bullard 1964 p.151;

'Senewlratne ‘and Appadurai 1966 p. 153,7Tinda11 1968 p. 2085

Whyte et gl. 1963 p.256.
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Cicer arietinum L. . Gram, Chickpea

\ : ' J
3. &

" This bean was familiar to the early'civilizatiens'around

the eastern Mediterrahean and is now grown in limited amounts
S

throughout the world Gram is the primary pulse in India where

it is often conéhhedlafter being processed into dhal.

Gram is a e¢6l weather crop when grown in the tropics or a

~ 8

summer crop in more temperate regions. It is sown as a pure =~

stand or mixed with cereals (Whyte et al. 1953). Its. -
adaptability to clay-loam so0ils allows it to.be”rbtated with
lowland ﬁice, although it doeSWbest in a moderately'dr? elimate.
The éereral cultural requ1remente are'much like that of the ’

common bean, Phaseolus vulgaris. ’

~Only one or two seeds are produced per pod and the young
peda are sohetimes eerved:as a Vegetable.‘ K/type of vinegar
consistihg of malic and oxalicracidris colleeted in Indla by'
sbreading cloths over the plants,at hlght,to colleet the plahts
"exudations" trapped in the morning'dew (Purseglove 1968).

There has been relatively little selection work carried out

to 1dentify or develop superior cultivars, although such work
is now underway in India and Iran. .

-

Selectedrreferences: Aykroyd and Doughty 1966 p.103;

'W<Commonwealth Bureau of Pasture and Field Crops [date unknown]f

Harrison et al 1969 D. 38 Herklots 1972 p.236; Masefield 1965 o

p.37; Mortensen and Bullard 1964 p. 130 Purseglove 1968 p.246;
Senewiratne and Appadural 1966 p. 173, Sevey 1915 p. 1 Whyte

t al. 1953 p. 262
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" ‘Glycine max (L.) Merr. ; Soybean

e f———* - - | ul/

The soybean is one of the oldest known cultivated crops and

‘was mentioned in the literature of its native China in 2838 B.C.

China still produces about 30 peracent of the world’s crop, with
the United States accounting for 60 per'eeht, It is the foremost

source of vegetable oil'in the world and the left-over protein

"cake is an important food supplement for li#estock (Purseglove

1968) Soybean’s high protein content will make it incre351ngly
valuable as a food source for,humans. |

/' Soybean has almost a Feompleteﬁ»protein,cdmplemept,

being fairly highfinvthe'essential aminoiacidﬁlysine which‘is'in

short supply in most other grains'and legumes. Unfortunately,

its high 011 content and secondary chemicals make it difficult

to cook palatably It has therefore not become accepted in many
cultures where the local pulses are preferred.r Special
processing techniqueS*enable the bean to be used as milk, fleur,
or curd, but this requires either’a knowledge ofltpaditional
oriental methods or fairly high levels of food processing
technology (Aykroyd apd Doughty 1966).

Soybean is grown under highly mechanized and intensive

cultuﬁe in the midwestern and southeastern United States, where

(Purseglove 1968) . The strain of symbiotic n1trogen~fix1ng
bacterla that nodulates the roots is specific to soybean,

whereas most other cultivated legumes can be cross-inoculated'td

~it - is- often rotated with-corn. - In 'Han'c'huriﬁa*‘ifi’s' Trotated with

——SOPghuméﬂﬂ~millet~andainfpartsmofrseuthepneASiamwithari¢e~ree4wrw~~fm~
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some extent. Increased yields are often noticed after several

7W§é§fs @f”éropbing,'péfﬁé@gﬁdﬁgffo a Build-upfgfithese §§nef101al
bacteria in the soil. | | |

Soybean is basically a‘temperate—region crop since the pods
of most culfivars do not filvaroperly in the tropices. However,
progress ié being made in the selecting of types suitable to
tﬁopical conditions. /Thouéandé of cultivars ére‘known; bpﬁ iess
than é'idﬁéﬁe&“é?e’éébwh'ih’tﬁé.ﬁéAf"”Moéfmdf”EHééé7éb§;EHewﬁ‘W‘
progeny of azdoien or so of the‘best cultivars broqght from‘°
,China betwéen 1900 and 1930177Thé;limited genetic base in the
bulk of soybeans commercially grown in the USA cog;q potentially
be a factor in an epidémic of plantvdisease shduld‘a more

virulent form of a disease develop or be introduced. (National

Research Council 1972).

‘ Selected references: Commonwealth Bureau.of.Pasturé and
Field Crops [daté unknown]n; Godfrey 1974; Harrison‘gg'gl.‘;969
p.24;‘Herklots 1972 p.238; Janick j969 p.370; Kipps 1970 p.39;
McIlroy 1963-p.88; MaSefield'1965 p.35; Mortensen and Bullard
1964 p.122; Nationai Resgarch Cbuncil 1972 p7209; Purseglo?e 1968
p.265; Senéwiratne and Appadurai 1966 p.161; Tinzékl 1965'p;100;

Ware- and McCollum 1968 p.518; Whyte et al. 1953 p.275.
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Lablab niger Medik . Hyacinth Bean _/

A

s This tall, herbaceous plant ié cultivated in th;'tropiés‘,
. as a.vegefable’or pulse crop and is also a ma jor source of M
livestock feed. gost‘all conﬁumption is local.

In its native southern Asia two basic types of plant afe
.Qistihguishable throughdﬁt the many unselected lines. L:'Qiggg T
zlab}abL.isgrownonsfakesvtO‘support'theﬁwining‘bfancﬁesJ;>’
that prbduce tendér green pods used as a vegetabie. L. glggﬁ |
lign¢sus (L,) Préin‘is preferred for field productién of beans
aﬁd fdddér ﬁhébé iﬁs éféctrbushy férmgénq dfought resistance are
desireable. It is grown in the Sudan,in‘rotationewith cotton
énd sorghum and is commonly intercropped Qith the cereal
EIéusine,Spp. in India (?uéseglo%e 1968).

- Both forms of hyaciﬁth bean are pefennials growh as annuals -
and the photoberiod rgsponse vahies Qidely. Genetic imbrozé;;nt
appears to be a difficult problem, since 25 years of selection
work in the Sudan did‘not significahtly improve upon the local > \

unselected types.

.Selected references: Aykroyd and Doughty 1966 p.15;

Commonwealth Bureau of Pasture and Field Crops'[date_unknown]g;

Harrison et al. 1969 p.44; Hedrick 1919 p.245; Herklots 1972 ~

p.241; Magnes et al. 1971 V.40; Mortensen and Bullard 1964 p.12;

Purseglove 1968 p.273; Schaffhausen 1963; Tindall 1965 p.98;

Tindal 1968 p.98; Whyte et al. 1953 p.272.
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Lens esculentarMoench. : Lehtil

Lentils are another crop‘of ancient.huebandry, having beeh,
found in Egyptian‘tombs dated before ZOOOAB.C. (Aykroyd and
Doughty 1966). The seeds are usuelly consumed as flour or in
soup, but in India‘dhal is prepared from them and the green peds
are used as a vegetable.

" Lentils are grown in large quantities only in the Middle
East and South Asia. The plants are not suited to the wet ™
tropiecs. They are usually grown_aq'a mixed crop with uplaed rice. = .
or other ﬁereels. - - o \\\\\\

In.geheral, large-seeded cultiyars are common around ﬁhe '
Mediteﬁranean, smaller-seeded ferhs being more common in

southern Asia (Purseglove 1968); Selection work forlsuperior

cultivars is only beginning.

| Selected‘feferences; Aykroyd ahd»Doughty 1966 p.106;
Commohwealth Bureau of Pasture and Field Crops [date unknownli;
Harrison et al. 1969 p.42; Hedrick 1919 p;331; Magnes'eg é&. |
1972 p.ub; Pubseglove 1968»p,279;'Seﬁewiratne and Appadurai
1966 p.176;,Whyte et al. 1953 p.283; Wythes and Roberts 1906

p.53.



- Phelseolus aureus Roxb. ~  Green Gram, Mung Bean

Phaseolus auregs is indigihousvﬁo sou;heﬁn Asia and is -
thought to Qe dérived from the wild,bean P. radiatusrL. with
| Whicﬁvit is sometimes confused in the literature; It was an
eafly introduction td southernAChina'and South-East Asia'aﬁd

within the last hundred yéarsrhas,become aniimportant crop in

,,pants”of”centpalﬁandWsouthennwAfnicaﬁ(Pupseglovew1968).ﬁIn the . . .

New WOgld, gféen gram 1is usually grown for'greenAmanure or
fodder, although the United States consumes about 12,ZOd tonnes
of seed per year, mostly in the form of "Chinese bean sprouts".
About one-half to ﬁWo—thirds of these are imported from. the
Orient (Magness et al. 1971). ', |

.Green gram is considered in India to be the aristocrat of
pulses bedause it l?cks the "heaviness" often associated with‘
the digestion'of other'beans. The green podgrand‘ieavesrare 
~ consumed as a vegétagle‘élthough'primahyf;sé3is made of the
dried beans either whole or made into dhal or flour. |

The cultivation of green gram usually begins.at~the end of
the wet Sghégn.and each year severél crops are matured, taking
two to four months each. Sééd set is inhibitéd by rain or high

humidity and the plants require a fairly weilAdrained soil

(Tindall 1968). These factors plus a tolerance for moderate -

drought and- heat makerg, aureus a crop well adapted to the ’

semi-arid tropics, or at least to areas with a pronounced dry
‘season. Green gram is commonly grown in rotation with rice or

intersown with sorghum.
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7Two‘groups of cultivars are réeoghiéed by‘desegier (1968);

The yellow seeds of’most "golden" gram cultivars are prone to
rlpen unevenly and to shatter. These types produce superior
forége anq,greenrmanﬁre crops and several good pulse cultivarg
are known in India. The "green" gram types are the coﬁmon
p#lse-producers. Many ldcal qultivars'of both‘typ;;.are known
and there,isvstill much potential for selection and breedihg'
beybnd.theworkcarbiédoutihflnqia“éhdthébdihedISthés'tA"““”“

date. -

Selected referehces:A Commonwealth Bureau of Pastures and
’ - ' A
\

Field Crops [date unknown] ¢,h; Harrison et al. 1969 p.38; |,
Herklots 1972 p.245; Magnes et al. 1971'p.52; Purseglove 1968
p.290; Smith and Welch 1959 p.108; Tindall 1968 p.165;

Whyte et al. 1953 p.303.

.9

Phaseolus lunatus L. ' Lima Bean

Peruvian graves of the fifth mlllenium B.C. have yielded
seed 1dentiflable as this species (Kaplan 1965). In . -
fwpostnColumb;anﬂtimesuitfwasmdistributedwtnneugheutw%hemwogld;w~w»~~w~~
aﬁdhasbecomeamajcr.pulseinpabhsvéfAféica.andsouth_East
Asia. | | o -
| - The lima is often COnéidered the most sensitive of theS

- Phaseolus species. Its culture is most similar to that .of the
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”.GOmmon'bean; out'it”needsﬂarnalnyrolimate; frosé-fﬁeé'fbé'thbés

“to nine months but.not above 27 C d@&ing the flowering period

YSome oultivars are day- neutral, although the better ones are

-
short-day plants.

These beans are'either tall climbers with large seeds or

-

smaller bush forms producing nsieva" or "baby" limas. There is

a great array of sizes, shapes, and colors inherent in.this

'”spe01es,'asginwnostﬁotﬁersfmﬁoueuer}”the caaﬁiﬁgmaaa”fﬁééiiﬁg“”“
‘ industry in the United Stateés has developed very standardized

cultivars. From ‘these lines have come many of the cultivars now

commeroially grown throughout the world (National- Research
Coun01l 1972)

Some genetic lines of lima bean contain dangerous amounts
of an enzyme and substrate capable of liberating hydrocyanicr
acid (HCN). Soaking the beansffor 24 hours'or:thorough/oooking

destroys the enzyme. The white-seeded cultivars are usually

" below the danger level of 100 ppm,HCN (Herklots 1972 p.227).

»

S

‘Selected references: Aykroyd and Doughty 1966 p.109;
Commonwealth Bureau of Pasture and Field Crops;[date'unknown]i;'
Harrison et al. 1959,p.38; Hedrick 1919 p.418; Herklots 1972

p.249; Kaplan 1965 p.358; Mortensen and Bullard 19o§'p.121;

1968 p.111; Uphof 1968 p.400; Ware and McCollum 1968 p.227.

wPursegio¥eﬁJgégmpTQEB;WSeveyleJB;WIindallm1965Apfgl;mTindaLl;ffﬁwfﬁfﬁ;
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V'Phaseolus_dhngp'L. . o ‘fBladk Gham7

~

{

Black gram is a preferred dry pulse in parts of East Africa

and in its native India, pérti¢ularly.in the region around
'Myéore state. Confused in the older literature with the mung

bean (g, aureus Roxb,),‘théy are now cdnsidered distinect, if

gibling speciés. In addition to being a common source’ of dhal,

ﬁaiAbk“g}aﬁ?EQWQQEhgsié*%é?”ité”AbiiiEy”tawﬁﬁEViaé“iEAVéﬁea”caﬁeé*““*““”

. due to the presence of a gluten-like material in the bean’s

floun;(PUPSéEiQYeﬂ1968);,W

The plant requires.a gréwihg season without extensive hain
although its ability to withstand dﬁogght Vaﬁﬁeé aﬂong
culti;;rs. It grows well in clay soils of rough tilth and so can
be rotated with wet rice. vMixed cultivation is also commonly
employed.’

The*éariy-méturihg cﬁltiVarS'produce'black seeds and grow.
at altitudes of up to 1830 m. These cﬁltivarsiare considered
'supeaior to the late-maturing types which have olive-green seeds
(easy to éonfuse with’g; aureus). Selectiop of superior |

cultivars has not been extenéive in India. A'primé objective of

present work is to obtain a line with a single harvest time._'A

.-

LY

r*vwmfseieeteeupeféregéesiwﬁAykpoydfand_Dought¥=1966~p+109;;ﬂ~~fm~li

W”C@mmgnwealth;BupeauwomeaatunﬁfandWEieldﬁCnstmﬁgéﬁg;ggkngigjgigmA

Herklots 1972 p.251; Purseglove 1968 p}301;‘Senewiratne and.

~ Appadurai 1966 p.170.

¥

£el
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- Phaseolus vulgaris L. jf’”"'l" " “Common  Bean

Remains of thisispecies'have'been found»throughout Latin )
-~ America in archeological excavations. One of the oldestcfrOm a'
cave in Mexicoﬂwas radiocarbon dated ca. 4900 B.C. The earliest

European explorers found it throughout the Americas and it was

spread through'Europe 1n’the 16th,century and to the rest of the

fﬂf?ffr\w01¢~Woridfsoonfehepeaftérh(Purseglove»19689»hfem_~aueeeawmfe»veé~uu~w,

Common beans are the best known and most widely cultivated
of all the pulses, although the people of the old world tropics
often prefer to cultivate thelr 1nd1g1nous legumes.'

P. vulgaris is most productive in temperate climates where
the plants can mature slowly without getting much precipitation.
They are therefore most important,in the temperate regions and |
at high altitudesior during cooler seasons in the'tropics' Soil
type may vary w1dely, -as long as 1t remains damp but well-
drained. ‘The extent of root nodulation fluctuates, especiallyrin-

- areas where‘the spe01es does not.have a long history of L
cultivation; lnoculation with the symbiotic bacterium‘under
‘such conditions has produced erratic results.

Its nitrogen—fiXing ability and twining‘habit'havevmade the

tcommon bean’a favorite crbpito'be interplanted with the larger

grains, such as, malze and millet except in mechanized North

American agriculture l Rotation w1th other crops often must be

practiced to keep soil-borne diseases in check. The best seed
grows in dry, disease-free areas, such as found in Tanzania

and California. | -

v
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The species is highly polymorphic but is divisible into

two types. The dwarf or bush cultivars are early maturing andrw
day-neutral. The climbing or pole cultivars take longe/¢§o
mature but‘have a longer bearing seaspn'and'can prodﬁce'avbetter
crop under eonditions of ‘higher rainfsll. ShOrt—day:and,'
day;neutraiicultivars afe both commonly found in the climeing )

group Beans are also classified according to thelr use as a

" vegetable e. g 1mmature pods of string beans, or as a grain
legume harvested after the seeds. have dried,
f'Extensive~selectionvtowdevelop the most uniform-and - -
productive cultivars.has,taken_blsce,ih‘the temperate begiohs.
Relatively little work of this type has been done for the
thogics, although‘it is becoming a mohe common area of research
as ‘the ;orld‘fedd situation becomes more critical. iLatih
ﬁAmerica, the orlglnal source of P. vulgaris and the world 8
lafgest producer, -is the region of greatest potentlal for
research'ohsthis species. In the Unlted States, a significant
producer of dry beans,rabeut-60 per cent of the crop cemes'from
cdltivarsvsteming from three major sources of germ plasm .
(National Research Council 1972). Tﬁé‘"landraces"'
.(traditionally seiected culti#ars)”of‘Latih Ameriea snd'Afries‘

have much more inherent variability and'so are less prone to

“disease epidemics. Howévéf}’tney,aLSO,nave,serious drawbacks,
-~ such-as a high percentage of  beans that do not softem with —— -
boiling‘and a lack of the crop standardization needed for a

modern processing industry.
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Phaseolus vulgaris (continued)

,S?1¢°t9d references ~ Acland 1972 p.20; Axkrovd and

Doughty 1966 p. 109 Bland 10971 p 265 Commonwealth Bureau of
Pasture and Field Crops [date. unknown]m; HarriSOn gg al. 1969
p.36; Hedrick 1919 p.uzz;;HerFlots 1972 p.252; Kaplan 1965'p.358;
Kipps 1970 p.431; Knott 1962 p.215; Moétensen ahe Bullard 1964
p;120' National Researothouncil 1972 p.ééu- Purseglove 1968

7 34 Schery 1974 p. 453, Sevey 1918; Tindall 1965 p. 98 Tindall
1068 p.104; Ware and McCollum 1968 p. 227

)

Pisum sativum L. . Pea

Peas are,grown,boph as a secondary souEQe of dried pulse
and as a\vegetable.throughout fﬁe temperate regions ano above,
1220 m in the tropics (Purseglove 1968)} They are of ancient
domesfication, having been ;dentified'from archaeologicaifqigs
in Switzerland (ca. 4560.B.C.), as well as‘from early Egypt and

Troy (Aykboyd and Doughty 1966). It is a cool seasoh crop which

N
A
b

1

requires moist soil during flowering'and moderate températures’
for seed set.
The.species contains tWO»mejoh‘diviSions which are

sometimes given specific ranking, but their complete

7inter-fertiliﬂy makesfiifoeet to oohsider them as two subspecies

‘or groups of cultivars.gﬁﬁfrsativum arvense (L. ) Poir, the

field pea, is a belatively hardy type whose seeds are harvested

dry for use whole, split, or as flour. The garden vegetable pea;
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P. sativum hortense (L.) Poir, is normally a larger plant than

)

**““*"””‘*mitS*fieidigrcwn*coﬁstnfbut*is*mbPE“sansitiVEftb‘éﬁrd"and,
drought. It became a pépular'vegetable in Eubope only after the
16th century, Aykroyd and Doughty (1966) réport there being a
fad for it at‘the cdurt*of King Louis XIV.;VSome cultivars lack
the papery lining inside the pod and so the entire legumé’is

edible.

temperate zone, some work having beep done for the tropies. The
harvesting and processing.of gheen peas i?‘industriél countries
”ié highiyri;cﬁéﬁi%edwfééﬁlﬁihgwigWé ﬁeéa }df ﬁﬁif;fmAcultivars.
An estimated 96 per cent of the green pea crop in the United 
States ié groWﬁfrom tgo sources of genetic material,‘d?y peas

. héving only a slightly widér'backgrognd (NationaliReseapch

Council 1972).

Selected references: Aykroyd.and Doughty 1966 p.109;
“Bland 1971 p.326; Haérison et gi. H9§9 p.42; Hedrick 1919 p.A441;
qukiétéfi972 p.254; Kipps 1970 p.436; Mortenséqvand Bullard
1964 p.1u7;‘Natipnal'ReéearchFCouncil 1972 p.244; Eurséglove
1968 p.311; Tindall 1968 p.198;<Ware and McCollum 1968 p.355;

Whyte et al. 1953 p.305.

h~~"~~“*~~Theﬂdevelopment*offcuitivaré has been extensive im the ~— —
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Vicia faba L. - ~ Broad Bean-

The broad bean is kngun to have.been grownnbi the early
voivilizations around theéﬂediterannean and was the only'bean‘
commonly eaten in northerﬁ Eyrope before contact with the New
Horld‘introduced’the common and'lina'beans.t Broadvbeanstmay
have been spread to China as early as 2822 B.C. (Hedrick 1919)
,,and are_now. established throughout the world Broad\beans are_.
an 1mportant crop for both anlmal and human food throughout
Europe, Africa, and the Mlddle East. o
’Being a temperate plant, flowerlng is adversely affected by'”'
‘hot or dry weather and it has difficulty setting seed under
hot, humid conditions,(nykroyd and Doughty'1966). In some -
tropical situations it does well in the cool season or at higher
altitudes. The grouing season can be three to seven montns,
depending on ciimate. Soil preference ranges from moderate to:
heavy clay,‘liberal moisture being required. Tolerance to soil
salts is superior to most other beans. |
The many cultiVars are grouped accordtng‘to such
'QUestionable botanical characteriStics'as seed,siée, Commoniy,'
a distinction is made between the small "pigeon pea" (V. faba
é;ngi), the 1arger "horse bean® (equina), and the yet larger B

"fava" or common broad bean (major). Breedlng work on this crop

is not advanced Selection, hybridlzation, and even

1nter speclflc crosses are. possible means of 1ncreaslng yleld
resistance to pests, self-fertility, and protein compliment

(Bond 1970). Most such work to date has taken place in Europe.
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e

Vicia faba (continued)

Selected references Aykroyd and Doughty 1966 p. 112,

Bland 1971 p. 264 Commonwealth Bureau of Pasture and Field

———

Crops [date unknown]b; Harrison et al, 1969 p.40; Hedrick 1919
p.593; Herklots 1972 p.260; Magnes et al. 1971‘p.65,197;
Mortensen and Bullard 1964 p.119; Purseglove 1968 p.319;

Tindall 1968 p.101. =~

N e e e e i n e et s e

”Viéna”unguiculata,(L;) Walp. Cowpea

The cowpea is believed to have evolved in Africa and thence

T

spread to the Near East early enough to be mentioned in Sumerian

records dated ca. 2350 B.C. (Herklots 1972). It was the

“phaseolus“ bean of the Roman Empire and was spread eastward to

‘Chinaband,Malaya in unrecorded'times. Early explorers of the New
s World completed its dlspersal throughout the tropics and

sub- tropics

The'cowpea>is a primary pulse for much of the world,
particularlp Africa' It is better adapted to. conditions of dry
heat than the common or lima beans wet weather results in |
» vegetative growth and a susceptibility to fungus diseases. Seed

germination requires warm o0il and the plant is not frost’

tolerant It is a vigorous grower under ‘good conditions, even

- OPOWdiTrg Wt the SWiOWIYEggPESSIVE weed ™ Imperata éylfnﬁr,'fca T

r—ﬂ~w~~rwibv)~Beauva~{S§aﬁtonsg§~§§:71966:MWhyte~g§;g;;~+95337~waitnough=~~wf—f

most importantly a pulse crOp, its indeterminate growth

characeristic allows the leaves to be regularly picked for use

-

as a vegetable.
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In the trOpics, cowpeas are ccmmonly interplanted with

maize— sorghum4 miriet“or “sudan grass Monocultures are
preferred in the southeastern United States and California where
cowpeas are often rotated with cotton or maize Cowpeds do’best
on a rich, well-drained 501l,zhut they can .survive adequately'pn
poor sites andISO are often'ueed'as a soil improverh

Pods mature in threevto five monthe,'depending on thev
cultivar.--- The- tendency for cowpeas to ripen over a period of'
time makes a single harvest difficult. ‘Much of the selection
for better cultivars has revolved about this ‘problem, in
additicnuto:deveioping ‘resistance to pests and 1ncreased

yields.

“Both domesticated types of cowpea (V sinensis and -

- V. cylindrica) are 1nterfertile and are thought to be

der1v1t1ves_of,-1f not synonymous'with, E. unguiculata (L.)
 Walp., the wild African cowpea (PureeglOVeLJQES)I A sibling

<epecieé, E. sesquipedalis (L.) Fruw;; is known as the yard-long

bean and is commonly grown as a Vegetable in the’tropics.v

z:'cy11ndrica, the more primitive of the two domesticated

cowpeas, 1ncludes a myriad of landraces in Africa, each show1n€r
great variety in seed size and color The Chinese call it the

_"horn bean" due to the tendency for the young pods to remain

erect On the stem In contr'ast LJ+ Jsinensj,a,ither type most-— ——

'commonly commercially cultivated throughout -the. uonld, ha3~pods e

that quickly beeome pendant (Herklots 1972)

e
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Vigna unguiculata (continued)

Seleeted PeferenceS‘hAAykroyd‘and Doughty 1966*p;112, e
Commonwealth Bureau of Pasture and Field Crops [date unknown]ﬁd |
Harrison n et _;  1969 p 4y, Herklots 1972 p.260; Kipps 1970 p.425;
v'MagnésAet alv i971 p. 66 Mortensen and’ Bullard 1964 p. 159,
~Purseglove 1968 p. 321' Sellchop 1962 p. 259 Senewiratne and |
Appadurae 1966 p.147; Sevey 1915 p.59; Stanton et al. 1966 p.35; ;,Y
~Summerfie;dmg§wg;;—4 74;TihdallﬂQﬁSp;96;Tindali4968‘p;1&#7f‘~3“?

Whyte et-al. 1953 p.342.)

Voéndzeia subterranea (L.) Thours. Bambara Groundnut

The bahbara groundnutvis similar‘to the peanut (Arachis
hypogaea) in both culture'and groéﬁrmorphology. It was an -

important indigenous pulse of sub-Saheran Africa but is

increasingiy'being displaced by the:more'productive‘peanut
(Aykroyd ahd Doughty/1966).' Although Europeans spread the
bambara gboundnué to South America in the 17th oenturyﬁand to

Southeast Asia in the 18th, it has not become important outside

of~central-Africa.. All the cﬁop is 6onsumed locally and'it is

not used as a source of vegetable oil (Purseglove 1968)7 B

The plant is short and bunchy, w1th underground pods

codtaining one or two seeds near the base. As explalned by
Purseglo%e (1968), the uﬁdergbound fruit is significantly
different in etiology from the peanut. At harvest the plants are

‘pulled and the pods collected "green" or first éllowed to dry in

-
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l 35;;__ .

) the sun. The green seeds are eaten after soaking and boiling

" "and are easier to cook than ripe seeds, which are often roasted -

and,ground to flour.

| Bamoara groundnute’do well on a'light:'eandy soil But their
hardiness allows them to be the first crop grown on poor, newly
cleared land. They are tolerant of high temperature and drought

and their freedom fromvserlousvlnsect or disease pests should

traditionally selected cultivars occur in central Africa.

e

Selected references Aykroyd and Doughty 1966 p. 113,

Commonwealth Bureau of Pasture and Field Crops [date unknown]a,

: Harrison et al. 1969 p.34; Hepper 1970; Purseglove 1968 p. 329,

Tindall 1968 p.170; Whyte et al. 1953 p. 344.
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b) Tabulated7Ihformationfon'Kgrohomic Ch&ractéristidé}A

vsbecifié'bofanical and’cultural characﬁeristics_of the
‘major’species of pulses péeviopsly deSéribed[are arrgnged for
coﬁparison in Table I. Simiiaﬁibut more extenéive compilations
are provided by Rachie (1973) and Whyte et al. (1953 p.358).

_Pulses are a. major source -of-protein for much of the world ‘s
population and 1mpending chronic food shortages will make them
of even greater importance The role of legumes in humanrfr
"nutrltlon was examlned by Aykroyd and Doughty (1966% in a very
readable report publ;shed by the Food and Agrlculture
'Organization bf the United Nations.'Otherrintergsting studies on
the culinary aspects of pulses were done by Kéys and Keys (1967).
and Dragonwagon (1972). |

The relative proportion'of essential amino acids determines
a protein’s usefulness to the body.‘Harvey (1970)lconsolidatéd
the ;iterature on analyses of amino acids'for pulses and bther
foods. Lappe (1971) explains how to combine the proteln ratios
of foods of vegetable orlgin to obtaln an increase in available‘
protein. The per cent proteln, carbohydrate, and fat of the 14
maJor pulses are provided in Table II |

The world production of several of the most. valuable pulse .

crops is quantlfled in Tables III IV, and V The figures are

”wthe most recent avallable from the Food and Agriculture

Organization. The relative productivity of the various

continents was calculated from the original data for each crop
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,Aih’terms cf'tohnés”(metbic'tonéf per hectare. SﬁéhfpféQUéﬁiQitf“iii'f

cent contribution each crop and region makes to the world’s- food
requirements. It also shqws the differences that the production

technology available in developed cQuntries can make tb yields.
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ormation,oanaJQr>Pulﬂe Cropsa.

TABLE I. Tabulsted Gencral Inf N
5 L G P Chromo- P 0 0 D "M P A Y
P ) i r a somes h tt r i a-r v 4 o
o el P o g t 1 s . ) o e e
e : e W t t c R t o d a 1 .
‘1 t e o r i r r u s ood
e . S h E ) p S0 - n i- e {kg/ha)
s p a ‘ &7 . g b 1 .
a F t P r s u n
n o e 1 1 1- t g
r n o - o n 1
m 1 an d [ o
d « n
y . (3) :
Arachls “ - ’ :
hypogaea a h gs, tet 40 7 0-6. Brazil TR, China, 450-2300
: ds - ST India,
Usa,
- Nigeria
Cajanus
cajan ’ p W g3, dip, 22 s 5-40 Africa __.__ TR. —-1Rdid,— o~ 56G=1 120 o
B € - § S - £- SRS -1 PR . Africa,
) ' hex Carib.
Cicer ‘ S
arietinum a h ds, dip 16 n 0+ Mid East TR, India, 450-1600
: gp ST . Mid East
Glycine h . >
“max a h - gs, tet 40 ' s, .1 _.EAsia- ST, USA, - .500-2700
- B o ds . 1 ST ‘ﬁ and :
SE_Asia -
Lablab - )
niger p “h ds, dip 22,24 7 © 0+ Asia TR India, 450~ 1450
- (a)y . gp . N Africa,
S America
Lens . ’ -
esculenta a h ds, dip 14 s, 0+ Mid East TP, Mid East, 600-1680
gp : ST S Asia
Phaseolus i .
aureus - a h ds, dip, 22 s, India TP, S Asia,’ 450-1120
£p tet - 1 TR. China,
) . E Africa
agseolus ,
. lunatus a, h gs, dip - 22 n 0-18 S and TR, Usa, - 1350-1680
p . ds, T ‘Cent .~ TP Africa,
) gp S America SE Asia
Phaseolus R ) .
mungo a h Yds, ‘dip 22,24 n, i} India TR India 200-900
(44 3
Phaseolus
vulgaris a v, gs, -dip 22 n, 0 S Amer, TR, Latin, 225-1350
] ds, -1 : TR N Amer., -
gp Africa
Pisum
sativum a. v gs, dip. 14 7?7 0 - E Med., TR, USSR, 400-2000
gp Cent . TR E Asia,
Urasia . Europe
¥icia ) X
faba a h ds dip 12,14 ? 0~30 E Med, TP Europe, 560-2700
. : Mid East -
Vigna . ) : » e
unguiculata a h, ds dip 22,24 s 0+ Africa, TR, Africa, 450~-2800
v S Asia ST S Asia,
USA
‘¥oandzeia ‘
subterranea a h ds dip 22 ? 0 W Africa TR Africa _ __ 560-31120. . __
‘Key to Symbols: a = annual 3. = short-day
p = perennial 1 = long-day o I
. h = herbacenys __ n ..z - -day-neutral oo T e e
- T D v = vine-like TR < tropical
w = woody TP = temperate
g3 = green seeds ST = sub<tropical
da = dry seeds dip = diploid
gp = green pods tet = tetraploid
hex = hexaploid’
Data gathered from the many references given for each species inh Chapter I

Photoperiod data from Allard and Zaumeyer 1
Chromosome data from Darlington and Wylie 13

94u;
9553

Pursaglove 1968,
Purseglcve 1968.
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Per Cent by Weight

(to nearest whole number)i'

‘Species Protein Carbohydrate Fat

Arachis hypogaea 26 to 30 12.to0 19 45 to 48

- peanut o , .

Cajanus cajan 19 to 20 57 to 64’ 1 to 2
pigeqn pea : ' o :

Cicer arietinum 17 to 20 61 5
gram : '

Glycine max 30 to 35 14 to 33 13 to

, soybean - S L e

Lablab niger - 21 to 25 ',60'to 65 1
hyacinth bean :

Lens esculenta "~ 24 to 25 59 to 60 1
lentil

Phaseolus aureus 22 to 24 57 to 58 1
green gram

Phaseolus lunatus 20 to 21 57 to 64 1 to 2
lima bean -

Phaseolus mungo 23 to 24 56 to 57 1
black gram :

Phaseolus vulgaris 22 to 24 57 to 62 1 to 2
‘common bean

Pisum sativum " 22 to 25 57 to.60 1

pea : .

Vicia faba 23 to 25 48 to 60 1 to 2
broad bean ' 4 _ _ v
’WJVTEnaWUHgUiéﬁlatéfWﬁr*22"f5”23“m7f°"STW€6?6ﬁW"W7“77m7;T“f6 2
cowpea A
Voandzeia subterranea 16 to 21 50 to 62 4 to 7

bambara groundnut

‘\vf o

18

Sources: Platt 1962; Purseglove 1968; Watt and Merrill 1966.
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Table III. World Production Figures for All:Pulses,
Dry Beans, and Dry Peas, 1971.  ‘
Dry Peas

- A1l Pulses | Dry Beans®

e N e o N
. - 1000 - 1000 ' 1000 _
: tonnes t/ha tonnes t/ha tonnes - t/ha
~— .~ Europe " 10020. ND e . .
(inel. USSR) : e St
Europe . .o cen 828, 0.3 - 635. 1.6
- USSR , ce ces 70. 1.8 - 4670. 1.4
N America 1090. ND - 801. 1.4 - 230. 2.0
Latin America 4400.  ND 3832. 0.6 101. 0.7
Near East . - 1460. ND 193, 1.4 101, - 0.7,
Far East 21700, ND e ‘e T e cee
(inel. China) N : - :
Far East e ... . 263T. 0.3 796. 0.8
: China o “e . T 14230 007 3400. 1.0
Africa 4200. - ND 1235. ° 0.7 4ou. 0.7
Oceania- 80. . ND o y, 0.8 70. 1.6
World 43000. ND - 11023. 0.5 10316. 1.1

* Phaseolus vulgaris, P. lunatus,
P. mungo, and P. aureus.

-1

ND = no,data

Sources: S : - R
All Pulses - Food and Agriculture Organization 1973g¢. ,
~ Dry Beans and Peas - Food and Agriculture Organization 1973a. = =




)

 r~"ATABLE‘IVV“igOPIderoddctionkFigubesufor*-m:"?~i~~wlk~‘~3k¥-“

-~

Qybeans and Groundnuts, 1971.

v _ Soybeans Groundnuts
P ’ ; (in shell) o
1000 . 1000

tonnes——t/ha tonnes— t/ha

Europe cee e 23. 1.9
(incl. USSR) - , v
Europe 185. 1.1 e ce
USSR | - ND . ND Ceee e
N America . 32285. 1.8 . 1363. 2.3
Latin America = 246R. 1.3 - 1542, 1.3

Near East R 18. 1.2 519, 1.0
Far East 1147. 0.7 7223. 0.8
_China 11741, 0.8 2678. 1.2
Africa 14, 0.5 5844, 0.8
" Oceania 9. 1.3 31. 0.8
World ‘ 48402, 1.3 - 18051. 0.9

ND = no data ‘ - o
Source: Food and Agriculture Organization 1973b.




b2

.\r,‘

,TABLE V ‘World Production’ Figures for Broadbeans

= Chlckpeas,Aand Lentils, 1970~

‘ \Broadbeans - Chicijeas : ’Lentils
7000 - TTooo 1000
'~ tonnes. t/ha ,ﬂ'tonnés/—«~t/hag-~tonne3f’ t/ha
Europe . 918. 1.3 169. 0.6 C e
(inel. USSR?) I o . | , :
Europe e, el “en e 58. 0.7
‘USSR : R cen voo eee - 80. 1.3
N America - ND ND ND ND : 33. 1.3
Latin America. 164, 0.8 . ~180. 0.5 30.. 0.6 -
Near East 35". 1.8 , 186. 0.8 233. 0.7~
Far East = . " 11, 1.2 6173, 0.7 962. 0.5
(inel. China?) o - AR ‘ a .
‘China . - ND - ND . ND - ND , ND - ND
Africa ~371. - 0.9 364, 0.6 .. 132, 0.5
Oceania s ND ' ND "ND ND ND _ND. ~
World . 5123.. 1.1 7072. 0.7  1028. 0.6
ND = no data .

Source: Food and Agriculture Organization 1972.
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VIl. INSECT PESTS OF PULSE CROPS

7largely due to the close phylogenetic relatlonship betﬁeen the

1. INSECTPPLANT SPECIALIZATION AND TYPES OF DAMAGE

The pulses are associated with an insect fauna that is

vusually capable of survival on several or all legumes Thisris

pulses " The legume family has had sufficient geographical

diversity over a long period of time for. many insect species to.

‘(Achthosiphon pisum), the Mexicanibean’beetle (Epilachna |

become well.adapted to it. For example,. the pea aphid

I/—‘\ k]
\v

vérivestis) and most members of the family Bruchidae (bean
"weevils") exclusively live on legumes |

The different geographical origins of the_economically
important pulseiéenera’have sllowed‘close:insect;host
relationships to develop. The'numerous:species of Phaseolus,
despite their variety and widespread range, are in most cases i», -

similar'in~susceptibility to each other's pests  Other pulse

genera, such as Arachis, Glyclne, Vicia, and Vigna, also have
a complement of 1nsects that feed preferentially within the -

genus, Asrthe plants and'insects‘were nedistributed throughoﬂt

ﬂ—maeh'cfmthe~woridebywboth?man"andunétufe**many of‘the*insects T

,,adapted ,,,,, to- legumes—othep thanstheirsnative host AStillw~eaehmofw'w~;f

the legume genera has its own specific insect contingent
in addition to hosting the more general legume feeders.

' Many.of the insects most damaging'to pulses also inflict
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'large losses'on other crops. - Examples of such polyphagous

'v'feeders whose wide host. range show either a lack of-
"~ discrimination or a wide variety of acceptible stimuli are the -

.armyworms and fruitworms of the noctuid;family and several

pentatomids and mirids;

i Defining the usual and absolute host ranges of the insects

ﬁattacking pulses is beyond the scope of this paper. It would

) also ‘not be a very ‘useful means of generalizing about the

insects, for the majority of the most economically‘important

ones are not ‘highly discriminatory betweemnr most pulses. B

A more useful ‘method of describing pulse pests is in terms
of the type of damage that they 1nflict on the host.
Generalities can thereby be made on species filling similar
ecological niches in different geographical locations. »’
Undoubtably, many 1nsect pests of pulses that are locally
important in certain parts of the world have been unknowninély
omitted from the list presented in ‘the second section of this |

chapter. However, 1t is likely that a closely related species,.

probably in the same genus, is included Often when working with

“an ill- defined pest complex, it is frequently necessary to

extrapolate from related<species that have previouslyvbeen

studied more thorougnly This is, of‘course, not a substitute

,lforelifewhistory~studies of- the*locai~pest’s ecology. It seems -

to_be the natm'& ‘of insects to appear more ew}ggiﬁny complex

as they are more closely studied, so one should not rest on
assumptions gathered from "similar" material any more than is

made necessary by lack of data.
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' Ranking insects by their actual 6r'potentiai dabége»to

pulses is not easy. Some insects, such as the locqéts, are well

known for their ability to reach massive populationsrduring

certain years and so cause considerable damage. However, pest

~species that are recurning, serious'problems over widespnead '

areas undodbtably are more important from the viewpoint of

~entomological research on pulses per se. The types of damage .

'uﬁhﬁéMﬁd“ﬁﬁIéégwcbﬁiéfbéMCIéﬁgifiéd“iﬁ‘ééiéﬁaiﬁﬁéyé}J§EE§18éFIﬁ§f”““m“

the variety of species of host piants, pests, and locations

dealt with in this paper. Six divisions based on the part of

~~-the host plant attacked are used here. ~Only those genera that =~

contain the most important pest sbeéies for each type of damage
are given in Table VI. The decision to inélude a genus was
primérily based’on'its geographical and host range and damage °
potential. This list provides atbasiclguide to the many species

referenced in the next section of this chapter.
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Insects Damaging Flowers and Buds

Agzgsferndm
Euschistus
Nezara

-Lygus

Acanthomia',

N (Hemiptera: Pentatomidae)

‘(Hemiptera: Pentatomidae)
(Hemiptera: Pentatomidae)

‘(Hemiptera: Miridae)
(Homoptera: Coreidae).

Insects Damaging Developing and Mature Pods

t"H'éllf'o‘thi‘s‘”“"”""
~Spodoptera

Maruca:

~(Lepidoptera: Noctuidae)
(Lepidoptera: Pyralidae)
T

Insects‘Damaging Leaves

‘Locusta
Locustana

Nomadacris
Cerotoma
Diabrotica

. Plagioderma
‘Pogillia ‘
utoserica

-Agromyza

Liriomyza

‘Amsacta

Estigmene
Autographa

Chorizagrotis

‘Peridroma

Spodoptera
Lamprosema

X

(Orthoptera: Acrididae)
(Orthoptera: Acrididae)
(Orthoptera: Acrididae)
(Coleoptera: Chrysomelidae) =
(Coleoptera: Chyrsomelidae)
(Coleoptera: Chrysomelidae)
(Coleoptera: Scarabaeidae)
(Coleoptera: Scarabaeidae)
.{Diptera: Agromyzidae)
~(Diptera: Agromyzidae) = . -
(Lepidoptera: Arctiidae) ' =~ -
(Lepidopteraz Arctiidae)
‘(Lepidoptera: Noctuidae)
‘(Lepidoptera: Noctuidae) -
(Lepidoptera: Noctuidae)
(Lepidoptera: Noctuidae)
(Lepidoptera: Pyralidae)

Insects Damaging Stems and Roots ;

~ " @Graphognathus

Hodotermes -

Melanagromyza

Ophiomyia-

- Phytomyza
~ Colaspis =~ -

agra
'~thIIophaga”7

B

v

. (Isoptera: Hodotermitidae)
(Diptera: Agromyzidae)
(Diptera: Agromyzidae)
(Diptera: Agromyzidae)

(Coleoptera: Chrysomelidae) -

____(Coleoptera: Scarabaeidae) -

- (Coleoptera: Curculionidae)

_(Coleoptera: Chrysomelidae) —
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TABLE VI. Insect Genera Causing Greatest Damage to Pulse Crops

(continued)

Insects Damaging Séeds

.Acanthoscelides
‘ Bruchus ’

Callosobruchus

Zabrotes

Apien

Sitona

Delia

Etiella

Ephestia

... .Hylemya - - w

(Coleoptera: Bruchidae)
(Coleopterd: Bruchidae)

(Coleoptera: Bruchidae)

(Coleoptera: Bruchidae)

(Coleaptera: Curculionidae)
- (Coleoptera: Curculionidae)
‘(Diptera: Anthomyiidae)

(Lepidoptera: Pyralidae)
(Diptera: Anthomyiidae)-
(Lepidoptera:~Pyralidae)

»

Insects Damaging the Vasoular System or Individual Cells

Tetranychus
Caliothrips
Hercothrips
Kakothrips
Thrips
Acyrthosiphon
Aphis
Pergandeida
Bemisia v
Cicadulina

-Empoasca
orythuca

v

(Aearina. Tetranychidae)

(Thysanoptera: Thripidae)

(Thysanoptera: Thripidae)
(Thysanoptera: Thripidae)
(Thysanoptera: Thripidae)

. (Homoptera: Aphidae)

(Homoptera: Aphidae)

(Homoptera: Aphididae)

(Homoptera: Aleyrodidae)

' (Homoptera: Cicadellidae)
(Homoptera: Cicadellidae)

(Bemiptera:.Ting}dae)*'

i AN
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2. LIST OF ARTHROPODS COMMONLY'DAMAGING'PULSE CROPS

B X ~spelling,aut%:eity,etc ' unconfirmed or missing

Ed
4 .

a) Insects

VAcanthomia horrida (Germ ) (Homoptera: Coreidae)

Hosts: Vigna unguiculata
References: AcTand 1972 p.113.

: _w
A. tomentosicollis # '
Common name: bean bug. ‘ i ,
- Hosts: "beans" ”AW,”HWW,H,,,ﬁww;,wg_ﬂelwWWm,ﬂ#ehwm
References. Smit 1964 D. 13u “}“

Acanthoscelides obtectus (Say) (Coleopteba: Bruchidae)
=Bruchus obtectus Say s
- Common name: compon bean beetle or weevil,
L ‘dried bean beetle

Hosts: all pulses L : : ,

References: Metcalf et al. 1962 p.937; Davidson and Peairs
1966 p.276; Wilson and Becker 1963 p.196,201; Avidov and
Harpaz 1969 p.289; Rivnay 1962 p.214; de Pury 1968 p.132;
Smit 1964 p.279, Aeland 1972 p.23.

Aceratagallia sanguinolenta (Prov.) (Homoptera: Cicadellidae)
Common name: clover leafhopper
Hosts: Vigna unguiculata, "beansa"
References: Davidson and Peairs 1969 P. 257.

Achaea finita Gn.#* (Lepidoptera Noctuidae)
Hosts: Arachis hypogaea

Wyniger 1962 p.347.

Acherontia styx Hestw. (Lepidoptera’ Sphingidae)
Common name: sphinx moth ;

Hosts: Phaseolus spp
References. Wyniger 1962 p 193.

Acrosterpum hilare (qu) (Hemiptera' Pentatomidae)
.Common name: green stink bug

Hosts: Glyecine max,. -P. lunatus, "beans"
References: Metcaif et al. 1962 p.547,578,621; Davidson and

m~ﬂ/¥ﬁwBeaiﬂsf1966791252;—Natieﬂai—Researehmeounciimﬂ972~fj —————————— e

p.215.

‘ Acyrth031phon gisum (Harris) (Homoptera. Aphidae)
=Macrosiphum pisi (Kalt.) .
=M. pisum (Harris) S
Common name: pea aphid, green pea aphid
Hosts: Cicer arietinum, P. vulgaris, Pisum sativum,
Vicia faba .
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' References: Metcalf et al. 1962 p. 626 Davidson and Peairs =

1966 p.272; Gane et al~w197$‘p*vrgﬂﬁﬁiyiabv and Harpaz

ST 71969 p.108; National Research Council 1972 p. 247

Rivnay 1962 p.210; Ware and McCollum 1968 p.363;
Purseglove 1968 p.315; Commonwealth Institute of
" Entomology 1952 Trought 1965 P. 16.

A, sesbaniae Kan. Dav.
Hosts: Vicia faba .
References:, Schmutterer 1969 p.94.

Adisura atkinsoni Moore-
Common name: pod borer ' ,
Hosts: Lablab niger - e
ReferenceS' PursegIbve 1968 p 276 /

Adoretus spp. (Coleoptera. Scarabaeidae)
Hosts: Lablab niger
References: Schmutterer 1969 p.126.

Agriotes spp. (Coleoptera: Elateridae)
Common-name: wireworms
Hosts: all pulses
, References:Gane et al. 1971 p.VI-5; Metcalf et al. 1962
D 618; -Davidson and Peairs 1966 p.139; Wilson and Becker
1963 p.199; Gram et al. p.108.

Agromyza lathyri Hendel (Diptera: Agromyzidae)
Common name: pea leaf miner
Hosts: Pisum sativum : S :
References: Gane et al. 1971 p.VI-15; Spencer 1973 p.87.

-é. phaseoli Coq. _ ' .
" see Ophiomyia phaseoli (Tryon)

égrotls ipsilon (Hufn ) (Lepidoptera. Noctuidae)
ypsilon (Rot.)
Common name: black or greasy cutworm
Hosts: all pulses ‘
References: Metcalf et al. 1962 p.477; Pradhan p.66.

A. pronuba & » :
~ see Triphaena pronuba (L.)
Aloides arculatus Bohem.* (Coleoptera: Curculionidae)

Hosts: Arachis hypogaea 4 . e

A leucogpamma (Erichs.) ‘
Common name: striped bean weevil )
Hosts: Phaseolus spp.
References: de Pury 1968 p 155; Wyniger 1962 p.189.




gAnticar31a gemmatalis (Hubn ) (Lepidoptera'rNoctuidae)

j ixe
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Amsacta.albistrigafwalk;'(Lepidoptera: Arctiidae)
Common name: red hairy caterpillar '

... Hosts: Arachis hypogaea . .- : | ‘ S —

References: Wyniger 1962 p.345; Purseglove 1968 p. 233,
Senewiratne and Appadurai 1966 p.357. v

Anisolabis spp1f(Dermaptera. Labiduridae)
Common name: earwig .
Hosts: Arachis hypogaea
ReférenceS' Avidov and Harpaz 1969 p.234.

Anoplocnemis curv1pes (F.) (Hemiptera' Coreidae) -
Hosts: Arachis hxpogaea, Vigna un; uiculata
-Reference5° Schmutterer 1969 p.65.

Common name: velvetbean caterpillar
Hosts: Arachis hypogaea, Glycine max,
Vigna unguiculata
References: Davidson and Peairs 1966 p.272; National .
Research Council 1972 p. 215 Puraeglove 1968 p.271, 233,
-Woodroof 1973 p.78.

Aphanus sordidus F.#* (Hemiptera. Lygaedae)
Common name: pod bug
Hosts: Arachis hypogaea
References:'Wyniger 1962 p.352..

Aphis craccivora Koch (Homoptera: Aphidae)
=A. laburni Koch
Common. name: cowpea aphid 4
Hosts: Arachis hypogaea, Cicer arietinum, P. vulgaris,
Pisum sativum, Vicia faba, Vigna unguieulata

References: Acland 1972 p.22; Wilson and Becker 1963
p.84,254; Wheatley 1965 p. 153, Avidov and ‘Harpaz 1969
p. 116 Tlndall 1965 p. 2

4. fabae Scop. ‘
Common name: black bean aphid _ .
Hosts: Glycine max, P. aureus, - mungo,
P. vulgaris, Vicia faba
References: Acland 1972 p pP. 23 117; Metcalf gg al. 1962
p.621,873; Wilson and Becker 1963 p.63; Avidov and Harpaz
1969 p.118; Trought 1965 p.19.

--—-Hosts: Arachis hypogaea — — — — -
References: Avidov and Harpaz 1969 p. 120 Rivnay 1962 p. 63

(£

laburni Koch S
See Aphis craccivora Koch S ‘ .

. gossypii- <}onn5r***”4”*~m"““”"******“**’"”*4**"" - T T —
ommon name: melon aphid, cotton aphid



Azazia rubricans Boisd. (Lepidoptera: *)

|
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Apion aestivum Germ. (Coleoptera::Curculionidae)

‘Hosts: P. vulgaris, Pisum sativum
References: Avidov and ‘Harpaz 1939 p.290.

~~ Common name: clover apion - B 5

arrogans Wenk.
Common name: legume apion

Hosts: Pisum sativum, Vicia faba ‘ |
References: Avidov and Harpaz 1969 p. 290 ;

Autogragha californica (Speyer) (Lepidoptera. Noctuidae)
Common name: alfalfa looper
Hosts: Vigna unguiculata
References: Davidson and Peairs 1966 p. 267

. chalcites * v
see Plusia chalcites (Esp.)

je

egena *
‘see Syngrapha egena Gn.%

A. gamma (L.)
—Plusia gamma L.
Common name: silver "Y" moth, gamma owlet
Hosts: P. vulgaris, Pisum sativum ‘
References: Avidov and Harpaz 1969 p.343; Gane et al. 1971
p.VI-14; Rivnay 1962 p.125.

Autoserica castanea Arrow (Coleoptera: Scarabaeidae)
Common name: Asiatic garden beetle
Hosts: "beans"
References: Metcalf et al. 1962 p.606.

Common name: gram caterpillar
Hosts: Dolichos uniflorus
References: Purseglove 1968 p.264.

Bellicositermes natalensis (Hav.)
see Macrotermes natalensis (Hav.)

Bemisia tabaci (Genn.) (Homoptera: Aleyrodidae)
=B. gossypiperda Mis. & Lam.
-B inconspicua (Quaint.)

" Common name: tobacco, cotton,. sueetpotato,,, S S S

or tomato whitefly

_see page T5. . .

Bombus spp. (Hymenoptera: Bombidae)
Common name: bumble bee, humble bee
Hosts: P. coccineus:
References: Wilson and Becker 1963 p.162.
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Bruchidius chinensis (Thunberg) . :

see Callosobruchus chinensis (L.) | o

B. gtro;;neatus Pic. (Coleoptera: Bruchidae)
Common name: bean beetle, bean weevil

Hosts: P. lunatus,: a unguiculata

References' Tindall 1963 p.157,275.
quinqueguttatus Oliv.

Common name:. five- spotted weevil

Hosts: Cicer arietinum, Vicia faba
References: Avidov and Harpaz 1939 p.284.

tw

‘Bruchus spp. (Coleoptera: Bruchidae)

R ~Common name: bean and pea weevils T e

Hosts: all pulses
References: Purseglove 1968 p. 241 248,310, 328

B. affinis Frol. ‘
-Common name: Spanish bean beetle -
Hosts: Vicia faba
References' Wilson and Becker 1963 p. 196
B. brachialis (Fahraeus)

Common name: vetch bruchid
Hosts: Vieia faba
References: Davidson and Peairs 1966 p.255.

B. dentipes Bdi.
Hosts: Vicia faba
References: Rivnay 1962 p 215

ervi Frol.
Common name: lentil weevil
Hosts: Lens esculenta
References Avidov and Harpaz 1969 p. 383, Rivnay 1962 p.215.

B. obtectus Say

see. Acanthoscelides obtectus (Say)

oo

B. pisorum (L.)

Common name: pea weevil

Hosts: Pisum sativum ' -
References: Metcalf et al. 1962 .935; Wilson and Becker
1963 p.196; Smit 1964 p p,279l,Rivnay 1962 p.212; National

Research Council 1972 p.247,249; Davidson and Peairs‘
1966 p.275; Avidov and Harpaz 1969 p.281.

B. guadrimaculatus F.

\seegaugmmmﬁmmlm (F)




\

~B. rufimanus Boh. - ,
o Common name: broadbean weevil , ', '
. Hosts: Yicia faba, Pisum sativum ST
References: Metcalf et al. . 1962 p.936; Wilson and Beeker '
1963 p.196; Avidov and Harpaz 1969 p. 283; Davidson and
Peairs 1966 p 278; Rivnay 1962 p.215.

_gggg cautella (Walk y
see. Ephestia cautella (Walk )*

- 53
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Caliothrips impurus (Pr.) (Thysanoptera Thripidae)
=C. fumipennis (Bagn. & Cam.)
=Hercothrips fumipennis (Bagn. & Cam.)
: Common name: dark cotton leaf thrips ,
- Hosts: Arachis hypogaea,. lLablab niger, - vulgeris e
References: Schmutterer 1969 p.4b6.

C. indicus (Bagn.)
=Heliothrips indicus Bagn.
Common name: cotton thrips
 Hosts: Arachis hypogaea
References. Wyniger 1962 p. 348,

C. sudanensis (Bagn. & Cam.)
ommon name: grey cotton leaf thrlps
Hosts: Arachis hypogaea, Lablab niger
ReferenceS' Schmutterer 1969 p.u8B,

Callosobruchus spp. (Coleoptera: Bruchidae)
'~ Common name: bean weevils
Hosts: all pulses
References: Tindall 1968 p.147, 276 Purseglove 1968 p. 310.

C. chinensis (L.)
=Bruchidius chinensis (Thunberg)
. Common name: southern cowpea weevil, adzuki bean weevil,
chinese weevil.

Hosts: all pulses ' :

References: ; Metcalf et al. 1962 p.937; Smit
1964 p.279; Davidson “and Peairs 1966 P.279;
Avidov and Harpaz 1969 p.285; Rivnay 1962 p.215.

C. maculatus (F.) ‘ _
=Bruchus guadrimaculatus F.:
Common name: cowpea weevil
. Hests:-all pulses ——
References: Metcalf et al. 1962 p. 937 576; Schmutterer 1969
e . p.136; Avidov and Harpaz 1969 p.287; Davidscn and Peairs =
1966 p.278; Smit 1964 p.280; Rivnay 1962 p.215.
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“Carydon serratus (01liv. ) (Coleoptera. Bruchidae)
- =C. gonagra (F )

Hosts: Arachis hzgogaea
References. Avidov*and Harpaz 1969 p. 289

Cerotomg dentlcola * (Coleoptera' Chrysomelidae)
Hosts: Glycine max
References: Senewiratne and Appadurai 1966 p. 164

C. ruficornis (Oliv ) '
Common name: bean-leaf beetle
Hosts: Glyeine max, Lablab niger, g_ lunatus,
Vigna unguiculafa, "beans"

U P S S,

o~ ~ and Agriculture Organization 1959 p.93,122.

c. trifurcata (Forster) :
Common name: bean leaf beetle
-Hosts: Arachis hypogaea, Glycine max, P "JTunatus,"’
P. vulgaris, Pisum sativum, Vi na unguiculata
References: Metcalf et al. 1962 p.b 6; National Research
Council 1972 p.215; Davidson and Peairs 1966 p.281;

Chalcodermus aeneus Boh (Coleoptera: Cucurlionidae)
- Common name: cowpea curculio . :
Hosts: P. lunatus, P. vulgaris, Vigna unguiculata '
References: Metcalf et al. 1962 p.576; Davidson and Peairs
1966 p 251; Purseglove 1968 p.328. ,

_Chorizagrotis auxiliaris (Grote) (Lepidoptera. Noctuidae) B
Common name: army cutworm , , Y
Hosts: all pulses :

References: Metcalf et al. 1962 p.u76.

Chrotogonus sp. (Orthoptera: Acrididae)
Common name: grasshopper :

Hosts: Arachis hypogaea
References Wyniger 1962 p.347.

Cicadulina arachidis China#® (Homoptera* Cicadellidae)
and C. similis China®

Hosts: Arachis hypogaea ,
‘References: Wyniger 1962 p.348.

" C. zeae China _

!

'”“”m””"f’ﬁHUBtE‘uﬁFaéhfé "hypogaea
References: Avidov and Harpaz 1969 p.69.

Cnephasia vi;gaureana (Treits.) (Lepidoptera' Tortricidae)
Common name: flat tortrix moth : .

Hosts: Pisug sativump o
References: Gane et al. 1971 p.VI-TS.

=C. bipunctella (Hatsumura) ) - mﬁlﬂg#fm,ﬁv,ef;ff”;wﬁ,;
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Colaspis flavida (Say) (Coleoptera: Chrysomelidae)
Common name: grape colaspis, clover rootworm =

ww~w~/~uf—ﬂ;mf~ﬂosts' Glycine max, P*'vnlgéris, “Vigna unguiculata, "beans"
: References: Metcalf et al. 1962 p. 51 Wyniger 1962 p.188.

Colias eurytheme Boisd. (Lepidoptera: Pieridae)
Common name: alfalfa caterpillar
Hosts: Arachis hypogaea .
References: Wyniger 1962 p. 345; Hetcalf et al 1962 p.555.

Contarinia‘g;si L. (Diptera: Cecidomyiidae)
Common name: pea midge , ,
Hosts: Pisum sativum ' v
ReferenceS' Wilson and Becker. 1963 p. 198 Trought 1965 c
e p+17; Gane et al< 1971 p.VI=16. ~— e

Coptosoma cribraria F. (Hemiptera. Plataspidae)
. Common name: stink bug -~
Hosts: Lablab niger
-References: Purseglove 1§68 p.276.

Coryna spp ‘(Coleoptera: Meloidae)
ommon name: blossom beetles

" Hosts: P. vulgaris, Vigna ungciculata v
References Acland 1972 p.T113. A _ .

A a

C. apicicornis Guer.* .
Hosts: Arachis hypogaea
References: Wynlger 1962 p.351.

Corythuca gossypii F.* (Hemiptera: Tingidae)
. Common name: bean 1ace bug

Hosts: P. lunatus, P. vulgarie "beans" B
- References: Wyniger 1962 p 195 Food and Agriculture
Organization 1959 p.163. :

Cosmolyce ‘boetica (L ) (Lepidoptera/ﬂLxgEenidae)
=Lampides boeticus (L.) - , o
=Lyceana boeticus (L.)
Common name: pea blue, blue copper butterfly
Hosts: Cajanus cajan, P. lunatus, P. vulgaris,
Pisum sativum, Vicia faba,‘Vi na unguiculata
References: Avidov and Harpaz 1969 p.320; lalhou 969
p.26,199; Rivnay 1962 p. 23# Senewiratne and Appadurai
1966 P 157 - B , o .

Creontlades pallidus Ramb. (Hemiptera: Miridae) B
s -~ Common name: shedder bug LT

Hosts: Arachis hypogaea =
References: Wyniger 1952 p. 3&3
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Delia c¢ilierura Rond”

Diabrotica undec;#punctata howardii Barber
(Coleoptera: Chrysomelidae N ' S
Common name: spotted cucumber beetle, southern corn rootworm

and D. undecimpunctata undecimpunctata Mannerheim
. Common name: western spotted cucumber beetle -
Hosts: Arachis hypogaea, "beans" '
References: Metcalf et al. 1962 p. 510 625, 631

- Woodroof 1973 p.T77.

Diacrisia obliquapﬁ;lk (Lepidoptera: Arctiidae)
“Common name: common hairy caterpillar

- ---Hostst P, -mungo, “beans" .
References “Wyniger 1962 p.193; Pursegloye 1968 P. 304

I°

strigulata *
see. Spilosoma strigulata Walk hd }
D. ir‘ginic (F.)

Common name: yellow woolybear
Hosts: "beans" : .
References: Metcalf et al. 1962 p.611.

' Doiichothbips varipes * (Thysahopteba: *)
’ Hosts: Cajanus cajan
References: Senewiratne and Appadurai 1966 p. 157

Dysmicoccus brevipes (Ck1l.) (Homoptera: Pseudococcidae)
-Common name: pineapple mealybug '

Hosts: Arachis hypogaea
" References: Wyniger 1962 p.220,344.
 Ecpantheria elbicornis Gn. (Lepidoptera: Arctiidae)

Hosts: Tbeans"
References: Wyniger 1962 p.197.

Elasmqpalpus liggosellus (Zell.) (Lepidoptera: Pyralidae)'
" - Common name: lesser cornstalk borer

Hosts: Arachis hypogaea, "beans"
References: W o&roo% 1873 p. 773 Wyniger 1962 p. 190.

E. rubedinellpus (Zell.)

Common name: pigeon pea worm‘ivgw, ,;;WMﬁ,;ﬁ,w,;ﬁ,f&e,_;m,ﬁﬁ,_ﬂm

~Hosts: Cajanus ca an
References. Tin al 1968 p.209, 278 Purseglove 1968 p. 241

Empoasca decedens (Paoli) (Homoptera. Cicadellidae)
Hosts: Arachis hypogaea
References: Avidov and Harpaz 1969 p.68.




.
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" E. decipiens (Paoli)
~— . Hosts: P. yvulgaris, Vigna un uiculata

References: Avidov and Harpaz 19 9 p.67.

E. fabae (Harris) .
© Common name: potato leafhopper : N
Hosts: Arachis hypogaea, Glycine max, P. vulgaris,
Vigna unguiculata, "beans"

References: "Metcalf et al. 1962 p.6U43; Davidson and Peairs

1966 p.256; Wyniger 1_32 P. 347 Zaumeyer and Thomas 1957
p. 127

fabalis Delong*
_Common name: bean leafhopper
Hosts: "beans" T
References. Wyniger 1962 p.195.

facialis (Jac. ) e
Common name: cotton jassid

Hosts: Arachis hypogaea o ' B
_ References: SchmuEterer 1969 p.77; Wyniger 1962 p. 349 Smit

1964 p.140.

Ephestia sp. (Lepidoptera. Pyralidae)
Common name: stored grain moth h .
" Hosts: Glycine max
References. Senewiratne and Appadurai 1966 p. 164 .

E. cautella (Walk.)*

-=Cadra cautella {(Walk.)
Common name: almond moth
Hosts: Arachis hypogaea
References: Avidov and Harpaz 1969 p.361.

Epicauta spp. (Coleoptera: Meloidae)
€Common name: blister beetle
" Hosts: Glycine max
References: P*rseglove 1968 p. 271

E. aethiops é&atr )
N Common dame: grey blister beetle

Hosts: /Lablab niger, Vigna unguiculata .
References: Schmutterer 1969 p. 130.

v Vigna unguiculata ,
References: Métcall et al. 1962 p. 576 642‘ f
Wyniger 1962 p 191. \

‘3
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Epilachna varivestis Muls. (Coleoptera: Coccinellidae) - R
=E. corrupta Muls. ‘ - .

oo = Common name: Mexican bean beetle
- . Hosts: Glyecine max, P. lunatus, P. vulgaris,
Vigna unguiculata, "beansW
" References: Metcalf et al. 1962 p. 576 622; Davidson and
Peairs 1966 p.280; National Research Council 1972
p. 2;5 ,238; Ware and McCollum 1968 p.239, 519, Wyniger 1962
- p.192.

-+ Eremotermes nanus Harr. (Isoptera: Termitidae) o _ A :;
. Common name: termite ‘

Hosts: Aprachis hypogaea
References‘ Schmutterer 1969 p. M2

R

ng&hggngggg sp. (Homoptera' Cicadellidae)
-T hlocyba sp.
éosEs "beans"

References' Wynlgep 1962 p 195
'E. coacta Ribaut B

Common name: Cyprus corn leafhopperv
. . .+ Hosts: Arachis hypogaea - -
. References Avidov and- Harpaz 1969 p.68.

E lubiae China ' o
" Hosts: ‘Arachis hypogaea, Lablab niger, P. vulgaris,
-~ Vigna -unguiculata . -
: References Schmutterer 1969 p 77

E. pallidifrons Edw ) ‘
: Common name: glasshouse leafhopper

. : o Hosts: -P. 'vulgaris
e ReferenceS' Wilson and Becker 1963 p 108

Estlgmene acrea (Drury) (Lepidoptera. Arctiidae)
Common name: salt-marsh caterpillar:,
‘Hosts: "beans"

References Metcalf et al 1962 p. 611

Etlella zinkenella (Treit.) (Lepidoptera. Pyralidae)
Common name: lima bean pod borer, legume pod moth
Hosts: Cajanus cajan, Glycine max, Lablab niger, P. lunatus,
: P. vulgaris, Pisum sativum, Vicia faba
o References Schmutterer 1969 p.154; Metcalf et al. 1962
T T T p. 622 Avidov and “Harpaz 1969 p. 366,‘Daviﬂscn‘and"PeatrS""””mj
‘ 1966 P. 271, Hyniger 1962 p. 197 Rivnay 1962 p 237

r Euschistus servas # (Hemiptera Pentatomidae)
‘ Common name: brown stink- bug
Hosts: Glycine max
References: National Research Council 1972 p 215.
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" Exelastis étomOSé°W.”(Lépidoptepaf'!)'

Hosts: Cajanus cajan

~References: Purseglove 1968 P Zﬂu e = e

Franklinlella fusca (Hlnds ) (Thysanoptera Thripidae)
- Common name: tobacco thrips .
Hosts: Arachis hypogaea
Wyniger 1962 p.350.

F. robusta ¥

see Kakothrips robustus (Uzel)

F. tritici (Fitch)

Common name: common flowéb'thrips. _ , I
- - Hostgt Arachis hyPOgaea— - =« e
'~ References: Wyniger 1962 p.350. :

Fundella cistipennis Dyar,* (Lepidoptera. Pyralldae) -

Common- name: beah pod borer

~Hosts: P. lupatus
Refererices: Wyniger 1962 p. 196

'Gnagolitha nigricana *

— H. virescens (F.Yy

"~ see L. igricang (Stephens)' ‘

Graphognathus leucoloma ‘(Boh.) (Coleoptera. Curculionidae)
=Pontomorus leucoloma ¥
Common name: white-fringed weevil or beetle
Hosts: Arachis hypogaea, Glycine max, na unguiculata
References: Metcalf et al. 1902 p 576 07 Hyniger
1962 p.342; Purseglove 1968 p. 233

Halticus bracteatus (Say) *
Common name: garden fleahopper -
Hosts: P. vulﬁgris, Pisum sativum, Vigna unguiculata,
Theans
ReferenceS' Metcalf et al. 1962 p. 615

Hellothis armigera (Hubner) (Lepidoptera' Noctuidae)
=H.. obsoleta F.
'-Helicoverpa armigera (Hubner).
see page 087. ' .

H. peltigera (Schiff.)
Hostsa: Arachis hypogaea

" Referentes: Schmutterer 1969 p.188.

Common name: tobacco budworm
- Hosts: Cajanus cajan -
References: Purseglove 1968 p. 241




60_"

.5zea (Boddie) :
=H. armigera (Hubner) [in part]

=

Common name: corn earworm, cotton bollworm,
tomato fruitworm
Uosts: "beans"
References: Davidson and Peairs 1966 p. 158
Metcalf et al. 1962 p.498.

Heliothrips indicus Bagn
see Callothrips indicus (Bagn. )

Hercothrlps fasclatus (Perg.) (Thysanoptera' Thrlpidae)
Common name: bean thrips
~ Hosts: "beans™ ) ‘ g : '
References: Metcalf et .al. 1962 p.578,621,742;
Wyniger 1962 p. 1947, - .

Hercothrips fumipennis (Bagn & Cam.)
~see Caliothrips 1mpurus (Pr )

Herse anvolvuli (L.) (Lepidoptera Sphingidae)
~=Sphinx convolvuli L.
Common name: convolvulus hawk moth
Hosts: '"beans™
References: Rivnay 1962 P- 339.

Hllda patruellis Stal.* (Homoptera: Tettigometridae)
-~ Common name: groundnut hopper = -

Hosts: Arachis hypogaea , , L
References: Iclang %572 p.122; wneaggey'1965 p.15;
Wyniger 1962 p.34l4. '

Hodotermes mossambicus Hag. (Isoptera: Hodotermitidae)
‘Common name: termite ’ ' '
Hosts: Arachis hypogaea, "beans"
References: Wyniger 1962 p.188, 342, 383, 457 Acland 1972
p.122; Smit 1964 p.91.

Hofmannophila pseudospretella Staint. (Lepidoptera: *)
{ommon name: brown house moth ,
Hosts: Pisum sativum, "beans"
References: Wilson and Becker 1963 p.201.

\ Hylabris temporalis * (Coleoptera: %)
-~ _Hosts: Vigna unguiculata. B -
ReferenceS"Tf—T 1T 19565 p.239. '

Hylemya czlicrura (Rond.) (Diptera. Anthomyiidae)
=H. platura (Meig.) '
=Delia cilicrura Rond.

Common name: seed~corn maggot, bean seed fly
‘Hosts: Arachis hypogaea,'ﬁlycine max, P. vulgaris,
PFIsum sativum, "beans™ -
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References: Metcalf et al. 1962 p 518 622; Zaumeyer and
: ~ Thomas 1957-p.129; Avidov and Harpaz 1969 p.451; Rivhay

1962 p.131; National Research Council 1972 p. 215, :
Commonwealth Institute of Entomology’ 1962 Trought
1965 p.20; Wilson and Becker 1963 .p788, 199 -

Hypera meles (F.) (Coleoptera Curculionidae)
- ~  Common name: clover head ervil
" Hosts: "beans"
References: Daﬂ{gson and Peairs%4966 p. 248.,"

H. punctata (F.)

Common name: clover leaf Weevilgl.;j
‘Hosts: Glycine max, P. vul aPiS“

H

H. sububvittata (Cap ) ,
' ‘Hosts: Pisum sativum,'Vigna un uiculata
References: Avidov and Harpaz 1959 p-297;
‘Talhouk 1969 p 26,142,

Icerya purchasi Mask. (Homoptera: Cocecidae)
Common name: cottony cushion scale
Hosts: Cajanus cajan
References: Food and Agriculture Organization 1959 p.4s5.

Isia isabella (J. E. Smith) (Lepidoptera. Arctiidae)
Common name: banded woolybear |
Hosts: "beans" , ‘ i
References: Metecalf et al. 1962 p. 611.

Kakothrips robustus (Uzel) (Thysanoptera: Thripidae):
‘=Frankliniella robusta #
Common name: pea thrips
Hosts: Pisum sativum, Vicia faba
- References: Wilson and Becker 1963 p.163,173;
Gane et al. 1971 p.VI-16; Trought 1965 p.18.

Lachnosterna jamaiceansis # (Coleoptera: Scahabaeidae)
Hosts: Cajanus cajan
References: Food and Agriculture Organizatlon 1959 p.56.

Lagria cuprina ® (Coleoptera: Laguidae)
Hosts: Vigna unguiculata

L. villosa (F.) ,
Hosts: Glycine max
References: Tindall 1965 p.55.

Lampides boeticus (L.)
see Cosmoclyce boetica (L.)

HéferenceS' Davidson and Peairs 1966 p.2u6, o

. .. References: Tindall 1965 p.239. . .
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Lampldes icarus .

—_see Polyommatns icarus lucia Cul.® . S 7

Lamprosema indicata F.# (Lepidoptera:»?yralidae) . a ,
Common name: leaf eater moth, leaf folder e
Hosts: Gly01ne max, P. lunatus, P.. vulgaris, "beans"
References: Wynlger 1962 P 196, 3H6 enewiratne and
' Appadurai 1966. p.164; Food and Agriculture Organization

1959 p.163."" v

I

Laphygma exigua Hubn.
see Spodoptera exigua (Hubn. )

_ Laphygma frugiperda (J.E. Smith). . .~ .
—see 5. frugiperda (J.E. Smith) _ .

X __Laspeyresia dorsana (F.) (Lepidoptera' Tortricidae)

- Hosts: Pisum sativum
References: Avidov and Harpaz 1969 p. 338 ‘Rivnay 1962 P 236

L. glycinovorella Mats. - , :
Common name: soybean pod borer soybean moth
Hosts: Glycine max
‘References: Wyniger 1962 p.197; Purseglove 1968 p. 271.
L. nlgricana (Stephens) _ I

=Gnapolitha nigricana *#
Common. name: pea moth
Hosts: Pisum sativum
- References: Gane et al. 1971 p.VI-12; Davidson and Peairs

1966 p.274; Talhouk 1969 p.26,174; Metcalf et al. 1962
p.627; Trought 1965 p.15. :

Leptoglossus phyllopus (L.) (Hemiptera. Coreidae)
Common name: leaf-footed bug
- Hosts: P. vulgaris, Vigna unguiculata, "beans"
References: Davidson and Peairs 1966 p.271.

, Liriomyza spp. (Diptera: Agromyzidae)
‘ ommon name: leaf miners
Hosts: "beans"
References: Spencer 1973 p.97,153,214,215,226.

g. cicerlna (Rond.)
e - Hosts: Cicer arietinum——
References' Spencer 1973 p 90

con esta (Beck )
ommon name: pea leaf miner.
Hosts: Cicer arietinum, Pisum sativum
References: Gane et al. 1971 p.VI-15; Rivnay 1962 p.239.
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L. sativae. Blanchard:
=L. munda Frick
“Hosts: Cicer arletinum, P. lunatus, vulgaris,
« Vigna unguiculata C.
References: Spencer 1973 p.219.

Locusta spp. (Orthoptera: Acrididae)
., References: Metcalf et al. 1962 p.H465.
L. migratoria migratoriodes (Reiche & Fair.)
Common name: African migratory locust

Hosts: "beans" :
References: Wyniger 1962 p.448.

Locustana pardalina Walk. (OrthopteraiﬂAéﬁididaé)”
' Common name: brown locust. g -
Hosts: "beans"
References: Wyniger 1962 p.448; Smit 1964 p.63.

 Lupérodés quaternus Fairm. (Coleoptera: Chrysomilidae)
. Hosts: Arachis hypogaea, Lablab niger
- References: Schmutterer 1969 p.134; Wyniger 1962 P. 3&&

Lyceana boeticus (L.) :
see Cosmolyce boetica (L.) ‘ N -

Lycophotia saucié *
‘see Peridroma saucia (Hubn.)

Lygus elisus Van Duzee (Hemiptera: Miridae)
and L. hesperus Knight -
Common name: lygus bug
Hosts: P. lunatus ‘
References: Zaumeyer and Thomas 1957 p.156.

i

lineolaris P. de B. o o 2
-Common name: tarnished plant bug h :
Hosts: Glycine max
" References: National Research Council 1972 p. 215

(o

pabulinus L.
ommon name: common green capsid bug
Hosts: "beans™
References: Wilson and Becker 1963 p. 153
L. vosselerl (Popp ) , /
__see Taylorilygus vosseleri (Popp.) o

Macrosiphum pisi (Kalt.)
and M. pisum (Harris)
see Acyrthosiphon pisum (Harrls)
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Macrotermes bellicosus (Smeath.) (Isoptera: Termitidae)
Common name: war-like termite '

”7"’*’7'7*"1'}08133F”kl"a(lrhff hypogaea ' . — - - —

ReferenceS' Schmutterer 1969 p. 38

M. natalensis (Hav.)
-Bellicositermes natalensis (Hav )
~Hosts: Arachis hypogaea :
References Schmutterer 1969 p. U

Marseulia dilativentris Reiche (Coleoptera' Chrysomelidae)
Common name‘ cereal leaf beetle
‘Hosts: P. yulgaris, Pisum sativum, Vicia faba
Reference3° Avidov and Harpaz 1969 p 276

Maruca testulatls (Gey ) (Lepidoptera' Pyralidae)

" Common name: spotted pod borer, mung moth : v
Hosts: Arachis hypogaea, Cajanus cajan, P. vulgaris,
Vicia faba, Vigna unguiculata “"beans
" ‘References: Acland 1972 p.23,113; Wyniger 1962 p.197,346;
. Schmutterer 1969 p.161; Senewiratne and Appadurai 1966 3

 p.15T.

Megecoelum modestum Dist:'(Hemiptera‘ Miridae)
Hosts: "beans™
References: Wyniger 1962 p. 198

>

,Melanegronyza-spp.»(Diptera: Agropyzidae)

Common name: bean flies
Hosts: "beans"
.References: Spencer 1973 p. 32 3& 37 by, 50 52

M. obtusa (Malloch)

Common name: seed maggot, red gram pod borer

Hosts: Cajanus cajan, P. mungo, "beans" :

References: Spencer 1973 p.40; Senewiratne and Appadural
1966 -p.157; Pradhan 1969 p.T1. _

g

see Ophiomyla phaseoll (Tryon)

Microtermes thoracalis Sjost. (Isoptebai Termitidae) |

- Common name: cotton soil termite
Hosts: Arachis hypogaea, Lablab niger
References Schmutterer 1969 P.39.

Monolepta australis Jac. (Coleoptera: Chrysomelidae)

Common name: red shouldered leaf beetle

Hosts: Arachis hypogaea .
References: Wynlger 1962 p.350. ) ,
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| Monoptilota pergratialis (Hulst) *
Common name: lima bean vine borer R

Hosts: P. lunatus
References: Davidson and Peairs 1966 p. 271

Mylabris oculata * (Coleoptera Meloidae)
o Common name: C.M.R. beetle, bean flower beetle,
‘blister beetle
Hosts: "beans"
References: Smlt 1964 p. 240 de Pury 1968 p. 159

M. pustulata *
Common name: flower eating beetle
Hosts: Cajanus cajan
"References: Senewiratne and Appadural 1966 p. 157

Myllocerus sp. (Coleoptera: Curculionidae)
Hosts: Arachis hypogaea
References: Wyniger 1962 p.345.

Nematocerus sp. (€oleoptera: Curculionidae) '
Common name: shiny cereal weevil, legless grub.
Hosts: "beans" ' E
References: de Pury 1968 p. 140

Nezara viridula (L.) (Hemiptera' Pentatomidae)
=N. hilaris (L.)

“Common name: southern green stinkbug, green,plant bug

Hosts: P. lunatus, Vigna unguiculata, "beans"

References: Schmutterer 1969 p.54; Wyniger 1962 p.190,363;
Smltg;964 p.135; Zaumeyer and Thomas 1957 p.157; Rivnay
1962 p.49; Commonwealth Institute of Entomology 1970.

Nomadacris septemfasciata Serv. (Orthoptera.'Acrididae)

Common name: red locust’
" Hosts: "beans" ,
References: Wyniger 1962 p.449; Smit 1964 p.68.

Ophiomyia spp. (Diptera: Agromyzidae)
ommon name: bean flies
Hosts: "beans"
References: Spencer 1973 p 56 59 68 70

1O

phaseoli (Tryon)

. .=Agromyza phaseoli Coq.

=Melanagromyza phaseoli (Tryon)

~Common name: bean fIf, _snap .bean fly, bean -stem maggot -

see page 96.

Oxycetonia versicolor F. (Coleoptera: Scarabaeidae)
Common name: flower beetle '
‘Hosts: Arachis hypogaea
References: Wyniger 1362 p. 351
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‘Pagria signata Motsch. (Coleoptera: Chrysomelidae)

Hosts: Glycine max

‘Pergindeida robiniae Macch.® (Homoptera Aphididae)

Phymateus leprosus (F.) (Orthoptera: PyrgomOPphidée)

References Awynigenﬂ1962 p71877m4J~¢4~4ff5~4eww e

Hosts: Arachis hypogaea
References Wyniger 1962 p.349.

Peridroma saucia (Hubn.) (Lepldoptera Noctuidae)
z=Lycophotia saucia * '
Common name: variegated cutworm
Hosts: "beans"
References: Wynlger 1962 p 198.

ﬁBhyllophagahspp (Coleoptera. Scarabaeidae) - - -

" Common nhame: May beetle, June beetle, white grub
Hosts: Arachis hypogaea
‘References: Woodroof 1973 p.76.

Phyllotreta cru01ferae Goeze (Coleoptera' Chrysomelidae)
=P. columbiana Chitt. '
Common name: cabbage flea beetle
Hosts: P. vulgaris
References: Avidov and Harpaz 1969 p.278.

- Common name: bush locust, bush grasshopper
Hosts: "beans" : ‘
‘References: Smit 1964 p.T71.

Physomerus grossipes F. (Hemiptera: Coreidae)
“Hosts: "beans"” '
References: Wyniger 1962 p.190,214.

Phytometra chalcites Esp.*
see Plusia cha101tes (Esp. )

Phytomyza atrlcornis Meig. (Dlptera: Agromyzidae)
=P. horticola Gour. (in part) '

Common name: chrysanthemum- leaf miner

Hosts: Pisum sativum, Viecia faba

References: Spencer 1973 p.205; Wilson and Becker 1963
p.148; Avidov and Harpaz 1969 p.430; Rivnay 1962 p.238;
Przdhan 1969 p. 71 Commonwealth Institute of Entomology
19 5 ‘ o

: g; hortlcola Gour

.~ _Common name: pea leaf miner -~ -
Hosts: Cicer arjetinum, L_eaaeml.en&.a P_Laumaa_um

‘Vicia faba, Yigna unguiculata
References: Spencer 1973 p.229; Gane et al. 1971 p.VI-15.
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Phytonomus nigrirostris F. (Coieoptera{ Cucuﬁiionidae)
Hosts: "beans" S ' )
References Wynlger 1962 p. 189 - A ,

Plagierrmaelnclusa Stal. (Coleoptera. Chrysomelidae)
Common name: soybean leaf beetle
Hosts: Glycine max :
References Frohlich and Rodewald 1970 p.216.

Planococcus citri (Risso) (Homoptera: Pseudococcidae)
Common name: citrus mealybug
Hosts: Arachis hypogaea
References: Avidov and Harpaz 1969 pP. 176

N

Plathypena scabra (F.) (Lepidoptera Noctuldae)

- Common name: green clover worm -~ S s s

Hosts: Glyc¢ine max, P. vul aris, na unguiculata
References: Davidson and Peairs 19 p.266; National'

Research Council 1972 p.215; Metcalf et al. 1962 p.556.

- .Plusia chale¢ites (Esp.) (Lepidoptera ‘Noctuidae)

=Autographa chalcites . ¥ :
=Phytometra chalcites Esp.*%
Hosts: P. vulgaris

References: Avidov and Harpaz 1969 p.'345; Rivnay 1962 p.130.

P. gen *

see Syngrapha egena Gn.*

P. gamma L.
see Autographa gamma (L.)

Podagrica uniforma (Jac.) (Coleoptera Chrysomelidae)
Commqn name: flea beetle = : -
Hosts: P. vulgaris, Vigna unguiculata S '
References Tindall 1965 p.55,239. . L

Polyommatus icarus lucia Cul.® (Lepidoptera. Lycaenidae)
=Lampides icarus ¥ :
Hosts: Vigna ungu1culata .
References: Rivnay 1962 p.235.

Pontomorus leucolgmg *
see Graphognathus 1eucoloma (Boh.)

~Popillia japonica Newman (Coleoptera.rScarabaeldae)
Common name: Japanese beetle ,
Hosts: Glyecine max

‘References: Ware and McCollum 1968 pP.519; AR

Metcalf et al. 1962 p.TH9.



Prodenia litura F.

. Pseudoplusia includens: (Walk.) (LepidOptera Noctuidae)
=Pseudophisia [sic] includens (Walk.) -
Common name: soybean looper
‘Hosts: Glycine max
References: National Reséarch Coun011 1972 p.215.

Ptinus tectus Boield. (Coleoptera: Ptlnidae)
=P. ocellus Brown

‘Common name: Australian spider beetle -

Hosts: Pisum sativum, "beans" > » . .

. References: Wilson andAQecker,J963W91201¢A,ﬂﬂ T i

Rhadidopalpa foveicollis Luc. (Coleoptera: Chrysomelidae)
Common name: red pumpkin beetle
Hosts: P. vulgaris
ReferenEeS' Avidov and Harpaz 1969 p.275.

Ve

Rhizopertha dominica (F.) (Coleoptera: Bostrychldae)
' Common name lesser grain borer

Hosts: vulgaris, "beans".

References Avidov and Harpaz. 1969 ‘D.248.

Sagra sp. (Coleoptera: Chrysomelidae) e 4
Common name: sStem-boring beetles
Hosts: Canavalia, ensiformis -
References' Tindall -1968 p.117,275.

Schistocerca americana (Dru ) (Orthoptera° Acrididae)
=S. paranensis (Burm.)
“Hosts: "beans"
: References Wyniger 1962 p.u448.

S. gregaria (Forsk.)
‘ ommon name: desert locust

Hosts: "beans"

References: Smit 1764 p.70; Wyniger 1962 p. 447
Schizonycha africana Cast. (Coleoptera Scarabaeidae)
: Common  name: cockchafer

Hosts: Arachis hypogaea

References: Wynlger 1962 p. 341

S, 01brata Blanch :
Hosts: Lablab niger —
“Reférences: Schmutterer’ 1969 D. 125 de Pury 1968 p. 139

801rtothr1ps dorsalls Hood¥* (Thysanoptera Terebrantia)
Commorr name: thrips , :
Hosts: Arachis hypogaea
References: Wyniger 1962 P 347 384.
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£ : ‘ -
Sitona spp (Coleoptera: Curculionidae)
CQmmongnamefgpea weevii'~bean”weevtif“’*
- Hosts: Pisum sativum, Vicia faba
References: Gane et al. 1971 p. p.VI- 93 Wilson and Beeker
1963 p.134; Trought 1965 p 14,

S. limosa Rossi -
Common name: leaf weevil
Hosts: Vicia faba . R
" References: Avidov and Harpaz. 1969 p.291; Food and
Agriculture Organization 1959 p.286. . ‘

S. lineata L.
~ Common name: bean-and - -pea leaf-weevil
Hosts: Pisum sativum, Vicia faba A : ‘
References: Wilson and BecMer 1963 p.143; Avidov and Harpaz
1969 p.291; Talhouk 1969 p.136; Rivnay 1962 p.216; Gram et
al. ‘1969 p.46.

Sminthurus viridis L. (Collembola: Sminthuridae)
=Smynthurus [sic] viridis L.
Common name: lucern sprlngtall
Hosts: P. sativum, "beans"
References: Food and Agriculture Organlzation 1957
p.253,254,257; Rivnay 1962 p 206.

mon name: root aphid
osts: P. vulgaris, Vicia faba
~References: Wilson and Becker 1963 p. 45

\

Smizégggodes betae Westw. (Collembola' Smihthuridae)

Sphenarches caffer #* (Lepldoptera Pterophoridae)
Common name: plume moth
Hosts: Cajanus cajan ‘ ' -
References ‘Senewiratne and Appadurai 1966 p. 157.

Sphenoptera perotetti G (Coleoptera\ Buprestidae)
Hosts: Arachis hypogaea :
References: Wyniger 1962 P. 3#3, Purseglove 1968 p.233.

Sphinx convolvuli L.

see Herse gopvolvuli (L.)

e — [ ! episi - ,( : ELE) ISR e
e - y :i % :2 “ - ! - . — e
ItEf ere_nc S, w ﬂ ge{) 96 p 3_4 [ — R

Spissitilus festinus (Say) (Homoptera Membracidae) »
Common name: three-cornered alfalfa hopper :
Hosts: Vigna unguiculata, "beans"

References: Davidson and Peairs 1966 p.270.
]
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SPOdOPtePa exigua (Hubn.) (Lepldoptera, Noctuidae)
T =Laphygma exigua Hubn.

Common name: beet armyworm, lesser armyworm

Hosts: Araohls hypogaea, Pisum sativum, Vigna unguiculata,
"beans™

Réeferences: Smit 1964 p.219; de Pury 1968 p.107; Wyniger

© 1962 p.346,409; Metcalf et al. 1962 p.610; Avidov and

~ Harpaz 1969 P. 332 Schmutterer 1969 p.185; Talhouk 1969

p.26, 190

twn

frugiperda (J.E. Smith) = ;
=Laphygma frugiperda (J.E. Smlth) R

Common name: fall armyworm
Hosts: Arachis hypo aea, "beans"

"References: Woodroo. 1973 p.783% Metoalf’gt al. 1962 p.u73;
.Food and 'Agriculture Organizatlon 1959 p.69; Commonwealth

Instltute of Entomology 1956.

littoralis (Boisd.) g
Common name: Egyptian cotton leaf worn, cotton worm
- Hosts: Arachis hypogaea, Glycine max, P. ulgaris
Vigna unguiculata, "beans"
References: Schmutterer 1969 p.186; Avidov and Harpaz 1969
p.327; de Pury 1968 p. 1075 Tlndall 1965 p.55.

1A

1?

,lltura (F )
=Prodenia litura F.
Common name: cotton worm
Hosts: Arachis hypogaea, ‘"peans"
References: Wyniger 1962 p.194,347, 423, Rivnay 1962
p.102,387; Talhouk 1969 p.26,188; Commonwealth
Commonwealth Institute of Entomology 1967.

- Stomopteryx nerteria Meyr. (Lepidoptéfa: Gelechiidae)

Common name: leaf roller moth , _ v
Hosts: Arachis hypogaea ‘

References: Senew1ratne and Appadurai 1966 p.357; Purseglove

1968 p.233.

S. sub8901vella Zell »

Common name: groundnut surul
Hosts: Arachis hypogaea
References: Wyniger 1962 p.345.

_-Syngrapha egena Gn.* (Lepidoptera: Noctuidae) L

=Plusia egena * o
~ =Autographa egena * ' /~\¢
Hosts: "beans™
References: Wyniger 1962 p.198.




R Common _name: weevil = - — R

e

Sxetates spp. (Coleoptera: Curculionidae)

Hosts: Arachis hypogaea
References Acland 1972 p. 122

Taeniothrlg; distalis Karny* (Thysanoptera' Thripidae)
- Common name: thrips
Hosts: Arachis hypogaea
References: Wyniger- 1962 p. 348

‘Taylorilygus vosseleri (Popp ) (Hemiptera. Miridae)
=Lygus vosseleri (Popp.)
Hostst Vigna unguiculata
~References: Schmutterer 1969 p.63.

Thosea unguiculata Walk.* (Lepidoptera: Limacodidae)
Hosts: "beans" ,
References Wyniger 1962 p.193.

ThPlQ spp. (Thysanoptera' Thripidae) ’
Common name: thrips . '
Hosts: ‘Arachis hypogaea, Pisuﬂ‘sativum, Vicia faba,
' Vigna unguiculata
~ References: Wilson and Becker 1963 p. 107 Woodroof 1973
P.77; Acland 1972 p. 113.

_T. angusticeps (Uzel)#*

- Common name: cabbage thrips
Hosts: Pisum sativum '
References: Gane et al. 1971 p.VI-8.

)

'T. tabaci Lindeman
- Common name: onion thrips - :
Hosts: :Arachis hypogaea, P. vulgaris, Pisum sativum, "beans"
References: Avidov anafﬁarpaz 155§ p.U49; National Research
 Council 1972 p.238; de Pury 1968 p.u42; Rivnay 1962 p. 7M
387; Commonwealth Institute of Entomology 1969.

Tipula spp. (Diptera: Tipulidae) :
Common name: cranefly, leatherjacket

Hosts: Pisum sativum
References: Gane et al. 1971 p.V-IM.

Trichoplusia ni (Hubn.) (Lepidoptera: Noctuidae)

--— T (Common nafme: eabbage'leoperv—m—~ﬁﬂ~f7~WW~w~mew:¥—ff<v~;ﬂfé~ﬁﬁﬁ~~~~

Hosts: P. vulgaris

E— - References: Avidov. and Harpaz 1969 P 345,7uw7wvewww”;mm,fﬂfffeaw

Talhouk 1969 p.195.

Trlphaena pronuba (L.) (Lepidoptera Noctuidae)
rotis pronuba
ommon name: large yellow underwing
Hosts: Vicia faba ’
- References: Avidov and Harpaz 1969 p.336.




- Typhlocyba sp.
~ see Erythroneura sp

' Urentius euonymous Dist. (Hemiptera. Tingidae)
A Common name: lace bug

Hosts: Cajanus cajan

References: Schmutterer 1969 p.59.

Utetheisa lotrix (Cram.) (Lepidoptera. Arctiidae)
Hosts: Cajanus cajan
References Schmutterer 1969 p. 168.

Valaq&g nigrlcornls Burm.® (Orthoptera. Agpididae)
Common name: grasshopper
. Hosts: "beans" - — - oo
,References‘ Wyniger 1962 p. 194

Virachola sp. (Lepidoptera.'Lycaenidae)
5 - Common name: bean butterfly o
Hosts: Pisum sati 4 - "beans"™ - S
References: de Pury 1968 p.126.
Zabrotes subfasciatus Boh. (Coleoptera. Bruchidae)
v Common name: Brazil bean weevil
Hosts: Cicer arietinum, Pisum sativum, "beans"
References: Frohlich and Rodewald 1970 p.320.

Zonocerus elegans (Thunb.) (Orthoptera: Acrididae)
Common name: elqgant grasshopper
Hosts: "beans"
References: Smit 1964 p.73. Y
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-b) Other Arthropods

) Armadillidium vulgare (Latr ) (Isopoda. Armadillididae)
' =A. nasatum "B.-L. , , o
=Qniscus asellus L. B C SN
Common name: pillbug, woodlouse N ‘
Hosts: P. vulgaris, "beans" «
References: Metcalf et al. P. 883,_Wilson and Becker
1963 p.132. .

T A

Julus spp. (Diplopoda: Julidae)
T also Blaniulus guttalatus ( osc ) and
- Orthomorpha gracilis
,‘,Q,szn.onknamg,:_,_lni,l;,i,pgggm4, N
Hosts: Arachis hypogaea, Pisum sativum, "beans"
References: Metcalf et al. 1962 p.620,884; Gane et al.
1971 p.VI-6; Schmutterer 1969 p. 1# Nilson and Becker
1963 p.199; Sevey 1915 p. 40.

I

Halotydeus destructor (Tucker) (Acarit Eupodidae)
Hosts: Pisum sativum
References: Food and Agriculture Organization 1959
p.252,253,257.

Tetranychus cinnabarinus (Boisd ) (Acarina. Tetranychidae)
and 1. urticae Koch
=T. telarius (L.) N , :
-Common name: common red spider mite, two-spotted mite,
glasshouse red spider mite S
Hosts: Arachis hypogaea, P. vulgaris, Vicia faba, "beans"
References: Metcalf et al. 1962 p.b616; Wilson and Becker
1963 p.106; Wyniger 1962 p.196,350, 415 Smit 1964 p.43
‘Rivnay 1962 p.68; Talhouk 1969 p. 26 63, National
Research Council 1972 P. 238 Avidov and Harpaz 1969 p.9.
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3. THREE REPRESENTATIVE INSECT PESTS , ——

a) Criteria for Selection

i
)

x

Three important pests of pulse crops were selected for

detailed study. The“criteria for inclusion were (1) that the

~wr~fl~wr~pest~has—a;wide~geographicalwrange~of,inﬁestation,ut2)McausesfW,Wllwlm

serious economic damage to pulse production, and (3) is
representative of other pest species. For example, the whitefly
gmisig tabac is representative ofiother v1rus vectoring

homopterans and ‘the seed pod- boring Heliothls armigera fills a

Aniche 81milar to other pod borers, such as Maruca testulatis

or Etiella 21nkenella

Although not all types of pests are considered examples of
- several of ‘the most damaging typesrofrinsectsrare provided. 7
These inSects) are primarlly a. problem in the warmer parts of the
world where p lses ‘often fill a large part of the protein '
requirements of the population. The 1nformatlon on taxomomy,

¥

damage, biology and population‘regulation is purposeful}iv

slanted toward the type of knowledge.required by a pest manager.
In most cases, the selected references are sources'of

1nformation readily accessible through a library system.

s

In any particular area the local agricultural advisory
publications are the best source of current control
recommendations. The control methods mentioned here are not

vrecommended for any specific location, but are rather
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indicationsvof methods commohly’used/inﬂsome areas. This'

are generally no longer allowed in some 1ndustrialized

countries, but that are still a mainstay of pest control

programs in much of the world.
The three insects dlscussed in the follow1ng section are:

Bemlsia tabaci, a virus- vectoring whitefly, Heliothis armigera,

‘a pod-borlng caterpillar; and Ophiomyia (:Melanagromyza)

Qhaseoli, a stem-boring maggot.

=~

b) Review of Taxonomy,,Damage, Blology,

- and Populatlon Regulation

Bemisia tabaci‘(Genn.) (Homoptera: Aleyrodidae)

=B. inconspicua'(Quaint.)

=B. gossypiperda Mis. & Lam.

tobacco, cotton, sweetpotato, or tomato whitefly

4

Taxonomy

of characteristics that clearly differentiate between species

1

and sometimes between genera. Most adult whiteflies’are'very

‘'similar and do not provide adequate criteria for identification

1

The identificatlon of whiteflies ia difficult ‘due to a lack i”m,;r
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(El-Helaly et al. 1971a). Certain stages of_the'nymphs and

special preparation for microScopic examination. A key to seven

genera of whiteflies commonly found in Egypt (Habib and Farag .

"1971) is one of few such keys avadlable. It may be of some use

in other parts of the tropics,and sub-tropics Thorough'

descriptions of the instars of Bemisia tabaci are also prov1ded

“The structure of the waxy filaments covering the- nymphs
can vary greatly 1ntraspecifically in wniteflies, causing
confusion'in their,identification. Mound (1963) determined that
thelwaxy struetnresrare.differently~influenoed by varistion in

the micro-topography of the. host species’ leaf surface.

Damage

Injury to crops bY»"sucking" insects ean-be one. of the

most difficult types of damage to measure and control. This is

Mdue not only to the physical loss of nntrients by the plant, 'but -

also to the common phenomena of pnytotoxic salivary secretions
and of wvirus .or mycoplasma disease transmission

Aphids and leafhoppers are well known for their role in

”re4ucing crop productivity by these methods. A less-studied

group, also within the order Homoptera, are the whiteflies : »

(Aleyrodidae) In temperate regions whiteflies are common pests
of greenhouses and some horticultural crops. In the tropics,

however, their sensitivity to oold.is,not such a limiting.factor

*W*“p&pae”*havewdefinableﬂtaxonomicfch&racteristies¥after -

]
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80 they are mobe important és céuses of plant damage. Bemisia

tabaci plays a role among whiteflies somewhat analogous to that

of Myzus persicae (Sulzeh) among the aphids. Both are vectors

of tany plant diseases and have 1arge'host’ranges.~’§, tabaci

a

has been recorded feéging on at least 172 plant speéies_in 34

families (Azab et al. 1970) and it transmits over 25 diseases

throughout its pan-~tropical range (Varma 1963).

' Much of the earlier work on B. tabaci concerned its damage = -

fﬁo cotton in the southeastern Mediterranean region; althbugh it

is also considered-a pest of many qrops throughout the tropics
and subtropics. The economic significarice of this whitéfly has

been realized only in the past few decades. Beginhing in the

; mid-1950'sjit was considered an important pest on Egyptian

cotton (Azab et é}.»1971) and proof of it$ role as a ﬁgctor.of
viruses has been available only since the mid 1940°s .(Costa
1969). There is relaﬁivély little known about the blant
diéeases'thisvinsect vectors. ) ’7
| The effect of B. tabaci on pulse érops is.not thoroug;ly
documented. Twenty-nine legume species are recorded as hosts,

more than. any Qiher botanical family (Azab et al. 1970). Most

pulses would seem to be potential hosts. The greatest damage to

pulses is likely to result from vectored viruses, although under

: conditionsﬂfavopablewtempopulationﬂba£lé4ups~%hewphysiealmimpactmmwwm'f

masses of whiteflies can lead to wilting (Avidev and Harpaz

1969; Smit 1964).

~of nutrient 1>8g and necrotic or chlorotic puncture. spots from -



. Copulation takes place on the host leaf one hour to three
days after emergence of the adult ‘This and all life stages of
B. tabaci are,temperature—dependent and so the pehiod of time
needed for any part of the 225 degree day life cycle depends on

e;cllmate and season. (Avidov and Harpaz 1969).

Ov1positlon'begins one to 8ix days after copulation in

summer and usually after leBss than 22 days in w1nter ' The small;

| oval O 1—mm eggs are lald scattered or roughly clumped, mostly
on the. ventral surface of the host plant’s upper leaves (Azab et
al. 1971).‘ The eggs are "hung" by a pedicel (0. 03 mm) that is
anchofed in the mesophyll. The pedicel appears to keep the egg
moist,by transmission of moisture from the leaf, thereby
overcoming the lethal effects of desiccation.

The botentisl fecuﬁdity of this inseet is indicated by‘
expesiments carried out by Avidov and Harpaz (1969) 4ifi Israel.
'Labpratory cultures at summer tesperetufes’increased their
numbers 50-fold for each of seyen,generations. During warm
weather (Z%OC is optimum) the life gycle requifed'only two
weeks. Aseb'gg al. (1971) reporﬁed thaﬁ caged females oviposit a
mean G\ 161 eggs. Parthehogesesis occured,’but the offspring of
unfertilized eggs were all male. \Thes found the sex ratio during——

the cooler season wes weighted towards ‘the females (1:2° to,ﬁ, e

1:5.75) and during the summer waSgapprox1mately even.
The eggs hatch after a few da&s to a feﬁ weeks and

"crawler" first instar nymphs emerge to wander about the plant
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for several hours. The crawler attaches itself with its

[ —-stylet-to a suitable -site on-the-underside of a leaf, often-on-a

| part of the plant lower than where the eggafweneriaid.‘The
insect willlnot move from this position until it emerges as an
adult (Avidov and Harpaz 1969)

The nymph passes through three molts. Each time it
loses insectflike body characteristics until it molts to the
~fourthfinster}rawsellow,'fiattened,ovoidrnymph,commonly,mus,im, S
though incorrectly, called the pupa, puparium, or pupal oase -

; The striking metamorphosis of whitefly nymphs into the winged
adult suggests a phylogenetlc stage intermediate between the
hemi- and holometabous 1nsects.u Filaments of wax cover the edges
of the insect féom the third instar through adult life and it
excretes increesingly large amounts of honeydew. In heavy
infestations this honeydew drips down to cover the surface of
the lower leaves and'sometimes'even the soil. Sooty mold grows
on it and‘photosynt?esis and,flowering»of the plant is reduced.
Unlike honeydew from other homopterans, it does not attract ants 3
and wasps (Avidov andrHabpaz 1969).

Adults begin to feed on the lower surfaces of the most
succulent plant parts soon after they emerge from the last

instar. They feed continuously throughout/their two-ﬁeek to

of the leaf They seem to prefer low-growing plants that shade
Vthe entire ground perhaps due to higher humidity amozz the dense
vegetation (Avidov and ‘Harpaz 1969) Adult B. tabaci were found
to be p051tively photosensitive and negatively geotactic by A

-

two-month life span, flying only when disturbed by strong movement o
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El-Helaly et al. (1971b).

R

-Vectored. Diseases

The symptoms 0f an attack by viruses (or or other

undetermined pathogens) known to be vectored by B. tabaci are

f'either~a—mosaicntype~chlorosis ofdthe*parenchymamor a“curlingr“*hi‘

and stunting'of the phloem. The particles most often seen in
electron micrographs of infected plants are spherical but
little is known of their composition or taxonomy The diseasesr
of pulses vectored by B. tabaci are transmitted between host |
plants neither mechanically, via dodder (Cusguta spp.), nor

through the seed (Costa 1969). There is not yet conclusive

ev1dence that these diseases are specific to the 31ngle vector

B. tabaci, although\it is thought to be a primary vector in many

cases. Ahmad and Harwood (1973) in Pakistan obtained no
transmission of the easily B. tabaci-vectored yellow mosaic'of’

Phaseolus mungo with three species of aphids,‘three

leafhoppers, and two thrips.
B. tabaci has occured in Puerto Rico since the 1950°s

and Bird and Sanchez (1971) divided it into two races on the

b331s of its ability to live on and vector viruses in certain

plants §. tabaci race sidae vectored the ieaf curling type

Rhynchosia v1rus that affeots many legumes, including ajanus

ca jan, Canavalia sppl, Phaseolus lathyroides, and P. vulgaris.

7
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Bird et al.-(1972) described another virus vectored by B.
Qébggimuhich,theymcalledmthe;gclden,mosaie—virus~o£~?h&$eol&sf~FWWWffv

lunatus (lima bean). It or a close relative is present in

- Puerto Rico in crops of P. lunatus, P. lathyroldes, and‘P.‘

vul aris Symptoms include yellowing of the veinlets eight days
after 1noculation by the whiteflies and a mosaic of new leaves

as thev emerge. These symptoms are similar to others described

for a whitefly-vectored mosaic'inMSouth,andfCentralwAmericasandw

in Southern Asia (Bird et al 1972; Costa 1965) . ‘
E. vulgarls and P. lunatus are the only two known
economically important hosts of golden mosaic in Brazil.'COSta‘

(1965) states that commmercial plantings often experience 5 to

10 per cent infection; but that special_control measures are not

usually considered warranted. Dolichos spo. failed to be
infected by the mosaic in caged tests and only smell’dlfferences
in tolerance to the disease were.noted'during.screening for .
resistance of 28,varieties of P. vulgaris. |

The yelloﬁ mosaic of P. aureus (green gram) and P. nnngo

(black gram) in India is known to be vectored by B. tabaci

(Williams et al. 1968). Infection of these pulses in
agriculturally‘important regions of India is widespread and can
be severeiy damaging to production -Evaantion"of several

hundred- germplasms of theSe pulses for re31stance to the

"whltefly inoculated disease resulted in the 1dentif1cation of a

—— £

Whighly resistant 1ine of P mungo, but all samples ‘of. P auneus

were susceptible (Nene et al. 1972). Ahmad and Harwood (1973)

also reported several highly resistant lines of P - mungo and
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note that P. aoonltifolius and Glycine max are also susoeptible

—to the*yellow mosaic.

Bird et al (1973) found that the virus can be retained 7

- Wwithin the whltefly for up to six days and plants exposed to the

v1ruliferous insects became infected after 24 hours of exposure

The percentage of 1nfected plants was proport10nal to the number

of vectors present. The viruse3~ooncerned appear to be

~rofwthe—circulatiVE”type‘(Costa 19697‘: The virus passes fromrﬂ

the insect’s gut into the haemolymph and reaches the stylet via
the sallvary glands, unllke the mechanical or- stylet borne type

A single whitefly.can produce disease symptoms in a host, although
10 insects per plant were'required‘for consistent transmisslon

(Costa 1965). In contrast to Bird et al. (1973), Avidov and

Harpaz (1969) state that the whitefly can remain viruliferous for

10 to 12 days after aquisxtion. They also noted that the whitefly

‘must lose its ability to transmit before it can re—aquire the

.virus. The term “periodic aquisition" was suggested.

The development of control methods for insect vectors of |
vlrus diseases’is difficult, particularly when the hcst ranges
of both virus and'vectdr are so wide. A major difficulty is that
even a few survivors of an effective control:program could

inoculate a field. Fortunately, B. tabaci is sedentary if not

Hdisturbed'and s0 does not _feed Qn,largeanumbersfoﬁeplan%sﬁm¥heﬁuﬂWf"ﬁ””

"v1rus is not subJect to transovariol transmlssicnlandutheﬂw -

immobile nymphs do not play a role in vectoring the diseases \\
(Costa 1969). By avoidlng unnecessary disturbances (tractor

passes, etc.) it mlght be p0331b1e to reduce the tendency for
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the adults to fly, thereby reducing the spread of the disease

This is only speculation,,however

The development of cultivars resistant or tolerant to
the vectored viruses is a- potentially more practical method of
’combatlng B. tabaci thagstnying to control ;ts numbers. The
suscess of such progbsms'wiil?depend_on the spesenca of

resistance in the accsssible gene péol and on the abiiity of the

VVibUé”to:bVéﬁééﬁéAsﬁéh*Fésigféﬁéél”'ﬂ'&

N éspslatisn Regulation

B. tabaci adults are very susceptible to low relative 7
humidity despite;the waﬁy platelets covéring/their bodies»which“'
probablyéserve to conserve moisture..ﬁotjdry winds 50cusring-in
spring asd'eably summer in Israel were found to keep ths' -
whiteflies below anredonomicaliy'damaging level’throughout'the
rest Of.the growing season. ThiS«reductionrﬁas correlated with >
humidity below 60 per cent (Avidov a?d‘Harpaz 1969).‘Itvwould‘be
interestirg to investigate the possibility that the wind-induced
movements of the plants coﬁld keep the whiteflies in flight and

| theréby sontribute to lowsr oviposition ratesland'higher\i

___mortalities. Vakili,ilgz3l”nated,thatfsxsessunainsuneducesf e

~whitefly populations and so recommended plantLngmbggnswstwths,snd,W””,W

of the wet season. | E ' . o .
Msnipulation of the micboclimate‘near the so0il was found

to keep ovipositing adults out of seedbeds.,A l-cm sawdust mulch
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lowered the soil temperature but raised that of the air around

the plants from 45° to 51° C Since adults die at’ 46 to H? C,

ov1position was interrupted (Avidov and Harpaz 1969). ji gbac

is most active during the ‘warmer parts of the. day, although

®,

i oviposition takes place to some extent at all hours (Aza et al.

1971). | T

Natura} enemies of B. tabaci do not appear to have a ma jor

) effect on population regulation, but knowledge on this topic isW7

-sparse. Recorded parasites and predators~include-Eretmocerus o

,SPP; (Hymenoptera: Aphelinidae), PrOspatella,(:Encarsialfspp.’
(Hymenoptera: Chalcididae)) Ambgseius.spp, (Acarina: _
Phytoseidae), Chrysopa sp. (Neuroptera: Chrysopidae), and v' &
"unidentified mirids and spiders (Avidov and Harpaz'1969;', |
El-Helaly et al. l971g; Gameel 1969; Schmutterer 1969). The
‘iseginning'of B. tabaci's status as a serious pest of cotton -in
Egypt in the 1950°8 (Azab et al. 1971) coincided with the
'widespread use of chlorinated h&drocarbon insecticides, This
should be investigated as a possible case of a’pesticide-induced'
population upset,. ’ |
 When environmental conditions allowrahbuild-up of B.
tabaci on economically important”crops, the/traditional control
‘measures: have not been very satisfactory Smit (1964)
fMﬂMWWfreeemmendedfdestructioﬂ o&ithefinsect*sfalternate~weedrhosts*mm'”*'Wﬁ*
v,lTlllllIheueffeotixenessloﬁfcleanfcultureftO—step—winterlbreeding/is it
guestionable due to B. tabaci s wide host range and ability to
move considerable distances on theywind It is probably more

-useful to concentrate on destroying alternative virus hosts

\



| (Schmutterer 1969) or. planting in areas free from large stands
—¥~7mf~ww~40£fv1ru3-infeeted—weedsh%Gosta—1965)Ma—Vakilir(i9?39 stated—tnatl——~w-
recently harvested rice f1elds are usually free of weed hosts
viof the golden mosaic virus and further warned against planting
beans near cotton fields. | | " |
'Pesticides have not proven to be a simple method of
Py f~comhatin§:§; tabaci. Nicotine sulfate was'long recommended'hut:
e iwasiunsatisfactoryaformgood4controlrEDDT.andedieldrin~were~notf~eef~~w~
much better (Rivnay 1962). The cyclodienes endrin and | |
endosulfan have been used successfully (Avidov and Harpaz 1969)
but residues can be a proble;‘in countries where the same fields
are used for both greenvand dry beans, The more’potent
{ ‘ “organophoSphates applied as high volume sprays (to drench the
nymphs)'are nowfcommonly used in preferance»to the residual
chlorinated hydhocarbons (Schmutterer 1969). 7 |
The primary problem when;controllingrwhitefliesris'
penetrating the_waxy secnetions of the nymphs; Even complete
destructionVOffonlg the adults is practically useless,lfor they
1can be neplaced in a few days by unaffected fourth instar®
nymphs. Systemic insecticides such as‘diméthoate are useful
because B.‘tabaci is an intercellulanfphloem,feeder and
therefore is in direct contact with relatively high

concentrations of the poison (Costa 1969) Naresh and Thakur

S S B o

systemics such as aldicarb monocrotophos, and phorate increased
. yields of E. mungo and reduced B. tabaci and yellow mosaic |

incidence significantly The effect lasted only about a month
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" and subsequent sprays wefe'ﬁécésééry for maximum &ieIGSi""Thé -t
o réiaEEQelyﬁﬁigh cost of many systemics and the inherent dangérﬁ*A%ff‘”f
of using tﬁem on food crops’shouldfbe éérefully.analyzed,_ | |
particulafly if part of tbe crop may bevhapvested green.
.Selected ﬁgférences:\l e
| ~Avidov and Harpaz 1969 p.?é;kﬁivnay 196g p.56;"
T se Hiﬁu't‘fé‘rér 1969 p.795 Smit 1964 P43 Vakili 1973:
o B o I ‘( - ’
- . i
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ﬂgligtnig rmigera (Hubnen) (Lepidoptera'*Noctuidae)

- ,,...H,fg g!g F o ] s

~

=H. rama Bhattacherjee & Gupta [unclear status]

-—Hellcoverpa armlgera (Hubner) d%

Confused with g.fzea'(Boddie)
) S

African cotton bollworm,,ﬁmeripan bollworm, corh earworm,

¥

'lTaxenomY\c
The Heliothis moths are known for their ill- defined '

taxonomy. In the fleld they are probably best separated from
'other noctuids by their feeding<pgbits and host plants (Smit

1966). Their taanomy,haSWChanged oven;the years-from

considering\b011worms‘35 3 singleespecies throughout the world

(usually H. obsoleta or H. zea) to revognizing two dominant

species (H. ggé in‘the NeﬁJWorldiand H. armigera in the 01ld
V‘WOrld) plus seVeral'mone localiied‘species (Hardwickv1965) This

has resQ%ted in much confusion in’ the literature and accounts

- for the widespread name "American bollworm" for the 0ld Horld

spe01es H. ‘armigera v B

gram pod borer, citrus bollworm, tomato.worm, cob.worm . . .-

Hardwick (1965) revised the subfamily Heliothidinae and

plaeed ﬁ, Zrmigera and H zea in the new genus Helicoverg .
Apparently this has not bee generallyvaccepted.~ Bhattacherjee

~and Gupta (1972) erected th¢ new species H. rama to indicate
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what was formerly known in India as the maJOr'pest’species H._‘

armigera. They do not state if this is a replacement or- an

addition to the anenclature for Indian fauna. Since "H.
armigera" continues to be commonly used in the literature, it is® .
retained herein | y | '

H. zea and H. armigera are similar in appearance;'beha;ior,

and host range, but differ in geography and genitalia H.

Awarmi eralis found in erica, southern Europe, the Mid East'

South, Southeast, and East Asia; Australia; New Zealand Oceania.

and Japan (Schmutterer 1969) »

‘Damage‘,‘i P . C

' The moths of the noctuid‘famil¥.together comprise one of
the most damaging of all insectqfamilies.rlheVcomplex of species
known as "cutworms"rand "arnyworms" severely attack all,manner
of crops throughout the world. The moth larvae of the genus'
Heliothi§ have a specialized ability to search out and feed,on
the fruiting bodies of their diverse range of hostqﬂw/mhis ,
behavior has been explained as being "stimulated by a continuous 7
need for food with a high prd!ein content" (Hardwick 1965)

Since these same fruiting bodies are often the most ‘valuable:

 part of the crop to us, it follows that this group ‘is of great .

~concern to farmers throughout the- world
H. armigera is almost omnivorous on plants with fleshy

: : : %
fruits, The Leguminosae and Solanaceae are the most frequent

%
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{hosts althoqgh flowering maize is often preferentially atta@ked

'f(Hardwick-f965).'Coﬁtonvis heévily damaged by H. zea in thé
Americas. In the 01ld Wohld,.ﬂ.'arﬁagera seems to be less of a
- pest of cotton, a}beitione of increasing econoﬁichmpoftanée
(Bhattacherjee and Gupta 1972; Pradhan 1969).
.The damage to pulée crops by_ﬂJ.armigera»can be

overwhelming. The pnoduction of Cicer arietinum in India is

‘commonly reduced by fifty per cent (Gupta.et al. 1971). Aii”dmm””*'m"iw“

pulses are susceptible %o some extent, espeéially when in

flower. Q.Varietinuh"and Lablab niger are very attractive to’
ovipositing females even when not in bloom . (Hardwick 1965). The
mosiﬂzbmaging'aSpect qf H. armigera is the ten ¢y for the
- .

larva to bore into a developing pod and. gnaw on nly a few of

N the seeds, then moving on to many otnersdto do t e same. ‘In this:
manner morg‘seeds are ruined by discolorétion and'deformity'thanF'
are actually eaten (Koehler and Rachie 1971). It is very,
difficult to sort out the damaged seed after harvest, ﬁhebeﬁy
reducing the quality of the cfop. High\populations’of bollworm

‘during time of floweriﬁg and pod set -are partibulariy damaging

(Passlow 1969). A single'lapva can eat 30 to 40 Cajanus cajan

)

- puds (Koehler énd Rachie 1971).

The proclivity of this pest for appearing unexpectedly

~_and irregularly in large numbers often catches farmers off

guard. Unless the presence of high populations i3 detected

early, the‘famage can be done before céntrol measures can be
taken (Smit 1966). The ability of H. armigera to fly long

distances and rapidly increase its numbers makes it a pest of -

}
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even newly develooed isolated irrigatioh projects in desert

areas (Avidov and Harpaz 1969). Methods for detecting impending
pest populations of e%§nomically sigoificant magnitude have

included field surveys of eggs; larvae, or damaged fruit. Egg

'oounts are’ dlfflcult and unreliable and damage from larvae is

not directly proportional to the potential for more harm. Numbers

of larvae are therefore considered the ‘most useful indication of,

a need for control measures (Schmutterer 1969 Shepard gg al

1974) .

Biology

Mating'takes place soon after‘emergenoe of the adult and the

mele,dies within a few days. The female, however, mey

spend up to threetweeks laying 3OO to 3000 eggs oh or near

-potential hosts, particular§ if .she has a source of nectar. Thef

yellow, truncated sphere-shaped eggs - (0. 5 mm in diameter) are
placed individually, aIlowing a single moth to infest a very

large area (Avidov and Harpaz 1969;’Schmutterer "1969; "Talhouk

- 1969). In three to five days the eggs’ hatch and the larvae begin
to feed on tender leaves and shoots. After five to six days they .
__prefer flowers and buds and the lat er,Winst‘ar&ieedme*;&us,;ve}yw R

_on fruiting structureg _When devouring the. seeds_inwaﬁpod4 the

posterior part of their body and a pile of frass are exposed to
view. (Koehler and Rachle 1971) The larvae are very prone to-

cannibalism at high population densities, particularly in the
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early instars (Twine 1971)

,,,,,,,,,, A,Ine 8ix larval. insbarsereach~maximum size'f20“t0*ﬁ0‘mmf”"“”
‘ in'51,days at 17.5° C and 18 daysrat 22.5°C (Sehmutterer 1969, |
Rivnay 1962). The-caterpillars range invcolor from yellow-éreen
to orange-brown to_blaek. They usually,have dorsal and lateral
‘ lines of a lighter color‘and spmetimes'the spiraclea are
vdarkened. Unlike otner'noctuids, they do not crawl to the 3011
Vdurlng the day’ (Avidov and\Harpaz 1969) aﬂliwal_ :;Arlfuk’i
Pupation occursrin a chamber: formed in tne'eoil about V
 Five to‘ten‘mm deep. The pupae are‘identifiable py two spines -
" on tne_abdpmenﬁlPupatipn may take as little as 1u”days: waard
‘the end:of’sumner'the pupae ofﬁen go intoldiapause and.do'not'b
" emerge until favorable tenperatnre andinoiSture are
present the'folldwingiiear A few days of post- diapause
'development are reqnired before the adult emerges Diapause is
yathought to be temperature dependent, although it has been
experimentally induced with a day-length less than 1M hours at
21° C. _H. armlger a does not go into diapause in equatorial
regions (Rivnay 1962). . ” _ o
The total life- cycle takes 25 to 40 days in summer . and about .
six months for individuals completing overw1nter diapause. '

Overlapping generations are very oommon, partioularly in regions:

without marked seasonal change (Avidov and Harpaz 1969)
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Population Regulation

e e N

Hot winds reducevfenalepfertility and eggs become
nOnuiable at 38°C. Heavy nains can dro;n‘therpupae (Avidov:and
Harpaz 1969; Rivnay 1962). |

Natural enemies of H. armigera probably play an important

but as yet undescribed role 1n their population regulation.

,,M?ny,Qhélcidoidﬁ,,Predatori,wasps,.tricnognammatidsjltachinids, e

. and lacewing larvae parasitize or prey upon the larvae. Most

prograne releasing large numbers of parasitéa (e.g. Trichogramma:

spp.) have not successfully reduced jthe field population of
B bollwonms (Hardwick 1965). The upsurge in pest status of H. “v
armigera in India since WOrld War II as noticed by BhattacherJee’
and Gupta (1971) could possibly be the result of a reduction in

~hatural control agents by the use of pesticides A similar

increase in ﬂ, armigera is reported for the Sudan after

)pesticideS”wereawidely ueed against'Bem131a tabaei_on cottonrr
(Schmutterer 1969) | '\» | |

Viral diseases of Heliothis spp. probably are a major
influence on their population fluotuations A nuclear polyhedral
virus selectively effective on five species of Heliothis has
beenvdeveloped,to_a commercially useful state. It will- work beet

‘as a supplement to natural controls. It is claimed'to

i . ,7-,,7”r7", e i e

be as lethal as most chemical insecticides, although S ower

T acting. “The spray requires ‘thorough coverage' sifce the virus .

particles must ‘be ingested by the larvae to be effective

(Ignoffo 1973). Preliminary tests of the commercial formulation
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Warmigera as virus extracted from local African larvae (McKinley»
1971). Field trials do not always live’ up to the expectation of
laboratory experiments, however. There are several reports éf
failure of this method in the field Older instar larvae are

much less susceptible to the virus than younger instars,

-~

therefore an application of the virus does not;alwavsdgillwfastVMhdw”W

7trenough to be used in the traditionalgstopgap "insecticide"'
manner. The breakdown of the virus ltraviolet light has.
reguired special formulation'techno Oéy (YoUng and Yearian
ﬁ97u). Other pathogens are known toAbe lethal tovﬂ, armigera.
An infective granulosis virus of Heliothis in southern Africa
was found to be transmitted through the feces of the

linsectivorous cattle egret Arboela ibis throughout its

migratlcns (Gitay and ?olson 1971). Bacillus thuringiensis

7»Berliner,is‘lethal to Heliothis spp., although'the strains
currently used‘are not capable of creatingvepizootics. It is
”available in commercial formulations. | - ; g

| Attempts torcontrol 5: armigera s damage by reducing its
regional population have generally been unproductive (Hardwick
1965) . The’ability‘of theégoths to fly long distances have
eounteracted suChvpractices as crop rotation, fall ploughing,

~and-flovding to kill pupae. “Killing adults with uItraviolet

~light. t’:ap& Or— pOiBOHe& baits -is not- practj;cal dug to 1h31r. e

large numbers Presently available repellents are 1ncapable of
protecting field crops such as pulses because they generally

'have a small region of influence and a short life span
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The most successful control programs for Heliothis have

lbeen those’aimed at reducing the population of insects that arei
on the cronLand actually damaging it rather than trying to
reduce the general population over a wide area. This approach
has included early planting to avoid having the erop in an Ty
attractive stage (i e. flowering) when the first ma jor flight
oceurs in the spring The use of trap ‘crops to lure ovipositing
females from the more valuable crop has given varying results
The females seen to prefer laying eggs on the lower of two
equally attractive plants (Hardwick 1965) and 1n”Afriea Lablab
ngiggg is used as a trap crop to protect cotton. Maize is also
‘érown near beans teygrotect the latter. Conflictiﬁ§ and
~inconsistent reports, noweyer; limit the usefulness of this
method (de Pury 1968;’Scnmntterer 1969) . ‘
| Chemical pesticides nave proven,themselves,effeotive against

bollworms when used correctly. , Cryolite, arsenicals, |
fluorosilicates, and botanical_inseeticides were moderately1
successful in tneyearly'days,,bUt_the;introduction of DDT
overshadowed them all fHardwick 1965) . Comménly'enployed
persistent synthetio pesticides include mintures_of'DDT and-

endrin, BHC, toxaphene, and endosulfan. OrganOphosphatesisuch“

as parathion and trichlorphon'are frequently reeommended now

_‘that the inonmentaluhazards,of,the more . Dersistent :
chlorinatedipydrocarbons are acknewledged Carpam§§e§m§gqh"asri
fAcarbaryl’are~generally only moderately effective, and are |
phytotoﬁicjin'norking dosages»to,somefpnlses (Cubta et gl, 1971;
_Frohlich and Rodewald 1970; Smit 1966; Koehler and Rachine 1971;



95
2N Rivnay 1962).

~ — — Resistance of H. armige r‘f’tWDDT*&S‘W%GG"O&lty'"*ff"ﬁm
] .
Australia and Thailand (Wilson 1974). H. zea and particularly

/-,f\

-

_ g; virescens (F.) in thé\ﬂmericas are resistant to both
chlorinated hydrocarponSAan qrganophosphates. It took only ten
years for resistance/zaxgjyélop in Australia, whereas it took 20

‘yeabs in the United States.

Selected References: :
Avidov and- Harpaz 1969 p. 3“0 Hardwick 1965,.
' Rivnay 1962 p.119, 387 Schmutterer 1969 D 178
Smit 1966 p.219; Talhdﬁk 1969 p.192.
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Ophiomyia phaseoli (Tryon) (Diptera: Agromyzidae)

~ =Melanagromyza phaseoli (Tryon) )

=M. phaseoli (Coq ) [common but invalid authority]

=Agromyza phaseoli Cogq.

bean fly, snap or French bean fly, bean stem maggot,

(pigeon) pea stem borer, agrdmyzid fly
Taxonomy
The recent monograph by Spehcer (1973) on agromyzids,of

economic importance clarifies many of the misunderstandings

regarding the taxonomy of Ophiomyia phéseoli and its close

rélatives Spencer moved the bean fly from the genus

‘Melanagromyza to Ophlomyia as the result of detalled studies on

the adu;t genitalia, larval anatomy, and feedlng habits. Most
references to this species»in all but véry rededt literature ar¢ 

to Melanagromyza phaseoli;

The adult bean fly is exterhally'nearly identical to
several other agromyzids that attack pulses. Recently, Greathead
(1969) defermined that the bean fly populatlon in parts of

Africa is actually a mixture of two sp801es, G. phaseoll and 0.

spencerella (Greathead). The latter is probably of even greater
economic impértance in Africa bécausevit preferentially

'attacks'thé'youngest?plants -
Identlfieation of damaging agromyzids has been greatly
,fa01Litated by the key to genera and descrlptlons of spe01es and

their damage'complled by Spencer (1973).
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: Damage;

Theﬁiean fiy is a kej”pest,ofrmca; SpeCiee of pulses in
tropical and sUb—tropical'Africa,,the Mid-East, South and
South-East Asla, Australia, &nd dceania (Commonwealth Institute
oﬁ Entomology 1§é1). 0. Qhasecli is a best of tﬁe’Qld'WorLd,
vbut iﬁ presehts a constant challenge<to»quarantine organiaations
in the Americas,due'to,itsapotentialafor destruction there. It
was accidentally introduced into Hawaii in 1968 and quickly
spread throughouf the islands (Dav1s 1970). |

The host plants of 0. phaseoll include all of the
economlcally important species of Phaseolus. Considerable damage

is also done to Glycine max, Vigna unguiculata, and Cajanus c¢ajan

and it can survive on many wild legumes.‘ Reports indicate that
several legumes are relatively immune to 0. phaseoli, including

Phaseolus sublobatus Roxb., Lupinus spp., Cicer arietinum,hPisum

sativum,(Spencer 1973), Viecia faba (AbuleNasr and Assem 1966),

Canavalia ensiformis and C. gladiata (Davis\1969)i Crotalaria
sp. 'is reported as a host by.de Pury (1968) but lacvae did not .-
complete their development on it_undervexgehimental'conditicns
(Greathead'1§69). Some species and varieties appear more

susceptible to attack than-others, Phaseolus vulgaris usually

belng the most devastated (Walker 1960) -

Closely related stem borers specialize on other pulses,

such as Helanagromyza vignalis Spencer on Vlgna unguiculata and

M. sojae (Zehnt.) on Glycine max. Several,of these agromyzids

have adapted to bucrowing in the pod of pulses rather than the
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stem Examples include M. obtusa (Malloch) on Cajanus cajan and

M bonavistae on Lablab niger and‘Vigna unguiculata (Greathead

The severity of the damage inflicted by Ophiomyia phaseoli

is due to the destruction of the stem tissue of youngdseedlingn.
An entire crop can be virtually destroyed in the first two weeks
after emergence if high populations of the fly are’ present The
disruption'of'the vascular system by'the*older;larvae and
puparia is responsible for most seedling mortality. White
stneahs, swelling, leslons, and cracks down the stem are
indications of thé maggots” presence (Avidov and Harpaz 1969)

It takes only one or two larvae to kill an emerging’seedling.

Vigorously growing plants can sometimes survive with up to four

larvae per stem, but commonly 20 or more are present (Ho 1967):1\

Walker (1960) noted that the cracks allow termites to ‘gain

) entrance and Talhouk (1969) considered that the infection‘%ﬁﬁthe'

lesions with saprophytic microorganisms is an'important»

- contribution to the damage. Plants over three weeksvold can -

usually sustain high levels of infestation without appreciable

losses in yields (Ho 1967), although such infested branches are

prone to breakage (Walker 1960)., Control of the bean fly
is therefore most important while the plants are young.
Some bean plants are able to develop adventitious roots‘ '

above the area of stem minlng and can thereby 01ncumvent the

interferance w1th the vascular system, although reduced growth
potential is inevitable. Several authors have remarked on the
ability of seedlings to survive a light to moderate attack

’

g
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if it is followed by wet weather. Presumably this allows the

”adyenﬁigiqua,zoqtsmﬁgﬁgetwﬁstab;igngd before the plant is

desiccated (de Pury 1968; Ho 1967; Greathead 1969). The practice
bf farmers in many countries of hillihgsoil‘agound the stems
takes advantage of the production of adventitious réots. (Davis
1969). It was noted that cultivars introduced into Africa from
temperate hegions did not ha?e the tendency to form adveﬁtitious
roots compared to the loqal peansrthatfhéﬁllong beenrthe target
of natural selection (Grea£head 1969). Losses from the bean fly
are particularly severe during peridds ofbdrought (Frohlich and
Rodewald 1970). | |

iThe extent of damage to pulse crops in a susceptible
region 6ften fluctuateﬁ with the season, year, and specific
location. It has not been practical to evaluate the need for
chemical control measures on a field-survey basis since the |
démage is done'within such a short time after emergence.
A peSticideymust be in placevwhile'the plants are young
and sqgc;ptible, otherwise it may be too late. The factor *
of timing becomes crucial ﬂhen dealing with lafée orrinédéquétely
attended fields. As a result, the croﬁ is usuélly treatédy
on an "inSﬁranceﬁ or "calendar"™ basis, whether or not the insect

has reached an economic level. There is a neéd=for developing
e . _ ,
methods for more accurate predictions of populations in areas

'Whéfé"gf'phaééblfmiswhot'aWEOnéfénﬁmeébIém}f”mm”m"
- The”damageicaused”by'gg'phaseoli”ié*sometimes’cdnfused

with that of Alcidodes leucogrammus (Erichs.?), the striped bean

weevil. The maggots are easy to mistake in the field for those'
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» of various saprophagous diptera (Greathead 1969).

Bioclogy

The fertilized females of Q. phaseoli are most active-
on warm, clear days. They tend torléy their eggs during the
mopning on tﬁe ﬁpéérréidééiofréotyiééoné{ahd iéé;éé,rbfgéhggéérai
the petiole. Oh dull, rainy dajs they,bvipésit more on theU
undersides,(Davis,j969; Rivnay 1962; wygigé} 1962).

'The female uses hér ovipositor to repéatedly punéture a
leaf’s epidermis with a slanted slit whose opening is towand the
main stem (Greatheéd 1969). She "gxéavates“ a small space
withiﬁ the parenchym%}ob vein tissue and lays a single, oval,
nearly invisible, 0.775 x 0.35 mm, ‘white egg (Hd 1967;78pencer
1973). The eggé were found‘in oniy one~tenth of the punctures»l
by Davis (1969). The female is known to imbibe the sap that
exudes fbbm phe punctures. The act of ovipogitién ¢reates a
small, yellow, translucent, Sunken "win@ow“ in the leaf’s
ebidermis (Ho 1967). A few eggs may be‘laid in the gtemé near
the'gréund rather than‘on the leaves or cotyledons (de "Pury

1968) .

: Aftenﬁabnutrtwo;daysrthe eggs-hatech .and- the -yellow-brown — - —

,l%rvaemminﬁ,through,thewpahenchyma.wln,leaves,they,initiallx;: ,
mine towards the distal end of the leaf. Upon meeting a leaf
vein they turn and follow it to the midrib and continue down the

petiole. The leaf mines are most visible'fEbm the underside (Ho
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.1967). 1In young plants the larvae mine the inner epidermis of

- the‘main‘stemﬂtoﬂaboutwgroundﬂ}evélr YUnlike members of the genus .

\
Melanagromyza, Ophiomyia spp. do not 'feed in the innef cortex

of the stem unless they are overcrowded (Spencen 1973). On older
plants they complete thelr larval instars and pupate below a
stem node before reachlng the lower main stem, therefore not
‘usually causing lethal damage (Avidov and Harpéz 1969} Greathead
1969), | B

The lahvai period-lasts eight to ten days'unQer‘warm summer
conditions and up to 40 days during winter (Davis 1969). The
.léfvae'of 0. phaseoli have cOnspicuous:HﬁSQGeh mouth
hooks and yellow, conical projectlons on the%;;posterior
'splracles The third instar larvae just before phpation are 2. 5
to‘4.25 mm long (Ho .1969; Spencer 1969). The light to dark brown
puparium (up to 3 mm long) is found within the stem under a thin
layer of epidermis.

'The adult fiies emerge from thé pug;rié after 7 to 20 days,
depending on the temperature (Ho,%967;.Spencer 1973). The female
passes through a two day pre-oviposition period before a two-
week period of laying eggs (Spenger 1973). Rivnay (1962) beportqi
an a?erage of 94 eggs and a maxiﬁum*of.183 per feﬁale. The imago
is a shiny, blaok; Ytypical® agromyzid with “wine red" eyes. It

is from 1.5 to 2.0 mm long; the.female distinguished by a blunt

posterior abdomen (féihéﬁk”HgégiithéyiiféiEYEiEWB?mé;wﬁﬁééébli"ﬂ’"””

ranges from 12 to 48 days, approximately three to four weeks
being common in- the summer (Avidov and Harpaz 1969; Talhouk

1969; Spencer i973).
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Population Regulation

9, phaseoli reaches the high populations that make it an
economié pest only during monéhs»of moderately warm weather.
| The populaticn tends to fluctuate‘ahnuallyvin all but the most
consistently wa;m climatégﬁ:Late summer through autumn is |
usually cons}dé}gdthe period of serious damage in Australia
(Davis—1969) éndrthe Mid-East,(Avidov,and.Harpaz 1969; Talhouk .
'1969). In India, however, Pradhan (1969) described 0. phaseoli
as a pest of "temperate" weather, one that is abundant during
the épring, fall, and sometimes winter but not thriving in the
intense heat of summer. The sowing date of the late summer crop
was not fQund to affect the levgl of infestation in Egypt
(Abui;Nasb and Assem 1968). The spring cbop, exclusively used
for green‘pods, was attacked only lightly. There is some
confusion here‘as to what people from.differént climateé
considered typical weather for each season. A

Cultural controls of regional ﬁopuiations of 9.‘phaseoli
have generally not proven,practicai. Pulses grown in East
Africa are exposed to partioulafly ﬁigh pqpulations of bean.
flies if successive planiings are made throughout the long
growing season that is made poséible by irrigation (de Pury
1968). The relatively cheap protection available with
insecticides does makes interruptions in potential plantings
aﬁ'ﬁﬁécééﬁééﬁié”éitéfﬁaﬁiﬁérﬁbﬁférméféﬂ | R
Other cultural cgontrols recommended in‘Kenya included

'the burning of infested plants and "earthing up" soil around the
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lower stems to trap emerging adults (Wallaee 1939). Placing rice

straw mulch over the emerging Seedlings was thought to reduce
the level of oviposition. This would be an interest%ng method to
teet more rigourously. The removal of infested leaveslis
recommended for light infestations (Pradhan 1969) but would be
practlcal for gardens at best TheApresence of a wide variety
of wild legume hosts of 0. phaseoli makes p01ntless most attempts
-at reduoing populations by d;nying cultivated hosts."In”
a few situations irrigated cropland does make crop rotation a
;possible‘cultural control during'thebdry season,rsiﬁce'mostrwild
hosts will have dried up.

Ovefcoming damage by the use of cultivars selected for
resistance to 0. phaseoli has not received adequate attention.

Preliminary field trials were carried out in the Phillipines

to evaluate resistance of Phaseolus aureus to this pest’s damage

(Balboa 1972). Two of the five named cultivars tested showed
superior survivél rate and overall yield. Contributing factors
'may include a thick, pubescent, tough stem although general
vigor probably played an'imoortant role.in overcoming the
maggot ‘s attack. o . N Y

The natural gnemies of 0% phaseoli are known to

significantly reduce populations, but usually not ehough below

econOmically tolerable levels to be easily noticed. Studies

undertaken by the Commonwealth Institute of Biological Control s
East Afrlca Statlon (Kampala, Uganda) have 1ndicated the
importance of several parasites. The most effectlve of these is

Opius melanagromyza Fisch, a braconid with a density-dependent
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relationship to its host. Although pafééitism is usually over 50

per cent, damage to pulses is still severe (Greathead 1969).

0. melanagromyza was sent to Hawaii to combat the newly arrived

Ophiomyia phasedli.l'Up to 80 per cent parasitism was reported
(Davis 1970). ’ w
Many_othe; parasites have been identified in the bean fly,

idclUding chalcids, pteromélids; eurytomids; eulophidé,
:bynipids, and eupelmids. Spencer (1973) prov;deS’a'cqmpilation
of parasite records from Java, Australia, East Africa, and .
Egypt. Additiénal record; from Egypt are given ﬂy Abul-Nast and
Assem (1968). o | -

The use of bfoad spectrum insecticides undoubtably reduces:
the populaﬁions of natural enemies andlin the long run incyeases
the damage potential of this pest (Spencer 1973).  Experiments
on other agromyzid pests on vegetables have indicated the value
of seleétive‘insectiéides, such as dimethoate and dioggthion,
that are lethal to the leaf-miner but ﬁot its enemies (Gepzin
1960) . Unfortunately, no conclusive data is available for
insecticidés with éuchvselectivity to 9; phaseoli.

The first effective means of protecting young beans was
sprays or dusts of nicogiﬁe or rotenone, Sprays of oil,

kerosene, and carbolic acid were used with less success (Ho

1967).  Chlorinated hydrocarbon insecticides were found to be

7 quite satisfactory for control of 0. phasebli and DDT is still
applied to young plants in several successivé sprayé in many -

parts of the world (Davis 1969). Field experiments in Malaya

tested sprays of five chlorinated hydrocarbons and eight'
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brganophosphaUES. Dieldrin was the only one-of the former that

,did_not,anYide,goodmcontrQlJWThewonganophosphahes;malathiohwandw_VﬁﬁW

trichlorphon gid not .perform satisféctorily, despite théir
common use by farmers. Diazinon was considered the best from the
dual standpoint of cost‘and efféctiveness (Ho 1967). |
‘The treatment of seeds and soil befbre planting has been
popular because it protects the seedling_in its most critiecal
stage. Endiiélhas been most commonly used, However, care must
be taken in‘tg ing fhe seed or the-gérmination and vigour of

the plants will Ye reduced (Jones 1965). Seed treatment was
e

L

suggested as a practical means of protecting less valuable

crops, such as Vigna unguiculata, that are not usually sprayed

(Davis i969). Endrin applied as &—s0il soak is transported

systemigally into the leaves of young beans and can kill the
larvaé there. No repellent action towards ovipositing females
was fbund during stqdies by Wickramasinghe and Fernando (1962).
Dusts-of aldrin and BHC applied to/the soil‘befobenplanting;'

reduced the infestation rate in CajanuS‘cajan from about 50 to

25 per cent (Singh 1970). Pre-plant granular applications of

the newer insecticides phorate, monocrotophos, and aldicarb

provided good bean fly éontrol on Phaseolus muhgo for up to four

weeks (Naresh and Thakur 1972).
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- Selected References: . B

.~ Avidov and, Harpaz 1969 p:431; Davis 19695 —

“Frohlich and Rodewald 1970 p.223, plate 34;
Greathead 1969; Ho 1967; Rivnay 1962 p.239;

Spencer 1973 p.4,12,21,6.1,342; Talhouk 1969 p.219.
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III. THE ROLE OF PEST MANAGEMENT IN INCREASING
‘PULSE CROP PRODUCTION— e

1. FACTORS INFLUENCING THE PRACTICE OF PEST

MANAGEMENT ON PULSE CROPS

Control of -insect pests can provide significant broduction
dividends for pulse crops grown at nearly any level of |
agricultural bechnzlogy. In reference to soybeans grown in the.
Uniﬁed States, Turnipseed (1972) stated‘"Probably no other insect
complex of a major érob affords better‘opportuniﬁy for immediate
~and long-term Success with a modest research effort". This is
also true to a large degree in countries where even the actua;k-
pest sbecies have not been fibm;y characterized. The loss in
yieldiof pulse crops as theiresult of insect damage was
estimated by Bindra (1968) as between 10 and 15 per cent. for all
of India. Booker (1965) reported‘a tenfold increase in cowpea
yield as the resuit of pesticide sprays, compabed to the
national average in Nigeria. While such tests are not
necessarily representative of the level of control p0551ble for
the actual farmer, they do indicate the potential level of loss

attrlbutable to 1nsects Plant diseases and weeds are probably

even morg damaglng to Dulses as a ‘whole than the insects, and so

repfesent ‘another aspect of pest control needing.continuing
_ research. The general question of improving pulse produation in

developing countrles has beedgdlscussed by Masefleld (1967),
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v'Reem (1967) and Stanton (1970)
N Entomologists:rllhevthe“pnactitioners of most scientific
disciplines, attend to problems:in a selective manner that vi? ,
reflects the value of the work to their society. In most cases
economic values are foremost. The worth of the discipline to
society is‘generally considered to be relative to its ability"to‘
negate factors such as pest losses that inh1b1t production and
profits.f Development of agrlcultural entomology in the o
induetrializedvoountries therefore was, and"eontinues to.be,
- Stimulated by a'ready cash market for food and fibre. Under such
_conditions pulse peSts have receiVed an amount'of study
generally in line with their economie‘value. Those cultivars of
pulse species that produoe pods or seeds eaten or procesSed
while still green have probably received more attentlon from
entomologists, plant pathologists, and plant breeders than those
SPOWn-for dry‘seed. This is largely because of the hlgher ‘price
that_vegetable-type legumes command per hectare than pulses,
~economic damage from pests therefore being a greater liability.
When scientific'pest oontrol‘was introdnced to the Third

BN
World by colonial governments or by corporations, efforts were

concentrated on those crops that® produced cash revenues.ﬁln most
cases these cash crops were not food crops or, at least did not
lnolude,looalxsub31stance staples”suehﬂaszpulses.mAsTalnesult,”,l
~plant protection sclentists working inlthe Third World have

hlstorlcally put little emphasis on the local pulse crops,

perhaps wlth the exceptlon of groundnuts grown for oil.

w8
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If pulses in developing countries are to justify the cost

of improved pest control; they must have s market that ean

’absorb increased yields while maintaining good prices This is
a prlme problem in many countrles Farmers w1ll not finance
' 1mproved production techniques if prices fall from a resulting
iﬁsunplus". The possibility of pricing pulses out of the‘reach of )
the people who need them most is particularly apparent in aress',ﬂ
- where they anermainlysarsubsistance,crop.,f

Leakey §1973)‘proposed that beans‘grown for seedvin regions
of low nainfall in the tropics could become a crop justifping-
nelatiuely high levels of production’technology such as pest
~control. This would follow the experience of Nobth,Amenica
where seed pnoduction is-limited to,theverid'West. Crops ghown
on the ‘slopes of Mt . Kilinanjﬁro and perhaps the Andes onld
“avoid many seed -borne disease problems encountered when seed is
produced in the humid tropics. Progressive lowland farmers would
be’likely to pay premium prices_for seed that is convinecingly
'diseese—free.‘ ' |

Chemical control—of‘pests in developing countries is

2 e -

" increasingly being hampered by the rising expense of all
petroleum pnoducts. In addition, the high acute toxicity of many
of the newer compounds nequire‘rigorous sefety precautions.

Intercropping, a phenomenon primarily of the tropics, presents =

hlghly complex problems in terms of toxicity to hoth the plants -

and beneficial insects. Davies (197“2, 19742) suggested that'

under such circumstances the use of insecticides will remain



Insecticides were seen as being of greatest value when used in
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less intense than'in developed countries for some time tO'come.,
special applications such as seed dressings<or,to protect
research‘plots. | ‘

The scarcity of qualified workers 1n agricultural research
and exten81on in Third World countries and the often transient |
nature of scientists v151ting from industrialized countries has
resnitecrin a deantn of”coh931ve, basic scientific data on_the |
ecology.of'tropical'agricultunal systems.'The nameféﬁs'deéédég |
that it took 301entists 1n temperate regions to reach their
present state of knowledge concerning agriculture should make
one reslize'the difficulties encountered_when trylng to obtain
valid nesults'from work in_developing regions,unden fan more

pressing timezconstraints. These regions are likely to produce

vthe'most dramatic increasesﬁinvproduction,yet to come, but

~

one should not be misled by naive idess such as the inherently
great potential for prodnctivity of.tropicai ag?iculture} In
much the same way that sone tem}erate cultivars are often not
adapted to tnopical;conditions, SO_too'must agricnltural

, - 4
science,'including entomology, be wiiling to/approach these
nnfamiiiar regions without undue assumptions,bssec‘on‘

H

experiences gained under temperate conditions.

P

2. MAJOR PEST MANAGEMENT RESEARCH EFFORTS FOR PULSE CROPS —

The development of the pest'management concept in

industrialized nations is the result of experiénce gleaned from

decades of experimental research and observation. In North
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_America, pest management has come to mean a high level of

‘»funderstandingeoffeferepfs~oulture7—economios;vandmthe~available:f"'

control methods. 'It'ie being popularized as a means:of\reducing
lossee‘through the integration . of various control methods that |
are implemented on the basis of periodro pest population surveys
”In addition, it is‘boped to be a method'of nedu01pgﬁtpe'

environmental damage that can come from over-use of certain

_pesticides. There is,the,possiblity”in the foreseeableufuture of -

the use of complex mathematical models utilizing inputs of both
biotic and abiotic factors that would allow control measures to
be based on. the probability of a pest S potential for damage
Ecological models have been developed for many crop- pest
systems, but -the level of aocuracy needed to apply them to
practical'problems has usuall& been lacking. Soybeans in the‘_
southern United States have recently’become the subject of a
coordinated effort at modeling (Newson 1974).

Pest management proérame in over 30 states are being funded
by the U.S. Department of Agricultz;;T}The beeic plan calle.foe '
"scouts" to check selected fields at weekly intebvals,{the
decision to epply pestioides_being mede'onvtbe basis of their
counts of pest populations. Cultural pfactices arevalso noted in

the hope of'integrating them into the program. Soybean has been

a major target and égcal programs have recently included peanuts

(French 1973,~Hoelscher et al: 1973)7end lima beans (Bushing and

' Burton 1974 Divelj “and Caron'1974) These pilot programs are
likely to become the standard for control of insects, plant

diseases;'and weeds on crops whose value justifies the added
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”during the early ‘stages of a country’s development of
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expense In some cases they may be carried out by "pest

- _ __management. speeialistsﬁ who,are hiredfbymtheffarmerwtoetakefawmwiaf;wj

charge of pest control responsibilites (Council on Environmental
Quality 1972). N

If pest management necessarily involves the sophistlcated
level of applied seience now being experimentally attempted on a

few pulse species in the USA, what is its botential for those

_parts of,therworld,that,are~sbill“stnugsliﬁg”tomfeed”themselves?:l,i,,

If pest management is meant to.refer only to supervised,

integrated‘control programs carefully designed for a specific

‘erop in a specific locality, then it is a long, long way off for

pulseAcrops'grown in developing countries. However, the term has

SUffered in exaotness of meaning by its multitude of definitions -
and has come to be used byvmany to indicate an attitude '
toward the problem rather than as a particular control strategy
This v1ewpoint sees pest management as a process utilizing

the best available, yet economically practical control methods,i=
keeping in mind the potential environmental drawbacks that can‘
accompany some control programs. This less strict definition

tries to'acknowledge a control program’s relative advance over

previously employed methods, but it effectively dilutes the

meaning of "pest management' from the original.

Relatively great improvements in pest control oan take place

2

‘agricultural technology if adequate numbers of trained ‘personnel

are available. Often cultural controls requiring a greater

change in the farmers’ habits than in their technical expertise
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can be implimented by extehsion workers having oniy moderate
edible legumes specifically for and in developing cquntries was
discussed by Eernandez (1973). 7

In the iaet'decade of so the overriding importance of
drastically increasing the world’ s agricultural productivity has
generally become acknowledged; Pulses will necessarily be a

vital part of this effort, for reasons presented in the :
introduction. On a global scale pfobably a majority of humanity
. depends on the "poor mans meat". The affluenﬁ nations may
- consider pulses'of seégndary importénce,vbut the trend toward
food spertages on all fronts will likely drive up the value of
pulses throughout the world.

The realizationqthat coming food scarcities could have
widespread and unsettling effects on the internationel political
and economic sitﬁation, in addition to ceusingrwidesﬁ;ead
suffering, prompted action from.hoiders of key positions in many
Weetern nations.'One result that revolutiohiZed agricultural |
research for the Third World was the establishment of
international reeearch institutes endowed with funds deriVeg
from both private foundations and governmental agencies. Lines

of genetically improved wheat, corn, and rice developed at the

Interhational Center for Maize ahd.Wheat‘Improvement (CIMMYT)

‘and ‘the Internatlonal ‘Rice Re°earch Institute (IRRI) became the""”'h;'w

~foremost-articles of the '"green revolution'". Great increases in’
yields in many countries have in fact been realized, but they

must be accompanied with the understanding that such advances
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are only buying time unless population gr0wth'ie restrained. The
crops became apparent and several more are now in operation.
Those whose wWOork includes pulse crops are described below.
The World Bank in 1971 agreed to bake over the financing
of most of these 1nstitutes from their éormer sponsorlng

foundations, primarily Ford and Rockefeller.n A Consultative

A Grouplon~Inbernational~Agricultural~Researeh~(CGIAR)»wee formed

under the JOlnt sponsorship of the WOrld Bank the Food and
Agriculture Organization (FAO) and the United Nations
Development Programme (UNDP)_with Canada playing a leading role.
The CGlAR ooneisted of 29 coun@ries as of 1973 and funded six*
institutes. A Technical Advisory Commiftee-of twelve scientists
was also established to suggest research pPlOPltles (Horld Bank

1971, 1973) o ‘ .

Each of the institutes employs an international selection
’ ~ . - » ’ ’
of scientistS'Who are assigned the important tasks relative to

increased food production. The great need for coooperation

between the institutes and research workers at more local

?

institutions was’ stressed by Nickel (1974) The new seeds and

improved husbandry techniques developed at the institutes must
be tested and evaluated by local workers since their feedback

determines the ratlng of antitem 5 actual success in the field.

Buildlng and utilizing large germ plasm collectlons for plant
breeding is the mainstay of all the centers, but crop proteetlon

systems are also being developed for the improved cultivars.
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At least three of the institutes funded by the Consultative

&

 Group are now undertaking research responsibilities for specific

pulseICPops. A'Grain Legume Improvement Progﬁam was begun-in
1970 at the Intérnational Instituﬁevof Tropical Agriculture
(IITA) [P.M.Bl 53205 Ibédan,vNigeria]; This‘institute has been
assignedvby the ICGAR primary wgrld réspbnsibility for cowpea

research and secondary responsibility for soybean and pigeon

pea. Some work is also being carried out on -mung and lima beans. =~

. ) . >,
The latter{has proven itself to possess an "unusuai;y high level

of reliability and productivity" in the humid tropics
(International Institute of Tropical Agriculture 1973).’ About
90 per{ceht Qf the entomologica progranm is devoted to peéts.of
cowpeas. Cultivars have been discovered whi;h\poséess a -
‘tolerance to leafhoppers and thrips ahdjwhiéh interact
synergisticélly with applications of selective insecticides.
This may provide the beginnings of an integrated control
prbgram.  /

The International Center fon Tropical Agriculture
(CIAT) [Apartado Aereo 67-13, Cgli,'Columbia]—specializes in

research on cassava and common beans. The entomology program

includes develdpingrsafe controls for the bean bruchid,’Zabrotes

subfasciatus (Boh,), a sevérely damaging pest of stored products.”

An integratéd3control package for leafhoppers and spidermites is -

aléo being actively pursued (%, van Schoonhoven, personal

communication). The proceedings of a seminar held at CIAT in
1973 on "Potentials of field beans and other food legumes in

‘Latin America" have been published and providerne of the moSt

-
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up-to-date and extensive discussions of pulsé crop research for

, déveiobiné’b6ddtffééféV&iIéEIéf(W311ﬁ7973)7“\Wﬁ """" T e

‘The recently established International Crops Reeearch
Institute for tne:Semi-Arid/}ropics (ICRISAT) [1-11-256,
Begumpet, Hyderabad 500616, A.P., india] has primary
responsibility for chickpeas, pigeonApeas,pand groundnuts} The
program is just getting underway'in 1974 and will include an
entomology section (CE'F; Bentley,~pereonal communication).
ICRISAT is currently conpiling a directory of researeh’workers
on pulse crops (P. J. Shannon, personal communicatlon)

The Asian Vegetable Research and Development Center (AVRDC)
[P.O. Box 42, Shanhua, Tainan,. Talwan] is another recent
addition tolﬁhe poei of expertise. Ié»ls beginning-e breeding

program to 1nclude seven species of Phaseolus, ‘cowpea, and goa

bean (Psophocarpus tetragonolobus) (MécKenzie 1973). No

information was available on the beglnnlng of entomological nork
there. | :

Soybeansﬁhave;reeched very high levels of productivity.
in the midwestern and southern United States. The international
Sonean'Program (1974) (INTSOY)_of-the University of Illinqis end
the Univereity—ofiPuerto Rico ie concerned with alf phases of
‘20ybean produetion, protection, and processing One'of its

7rearller progects surveyed potentlal soybean produc1ng areas in

‘Indla and 1dent1f1ed several regions suitable for thla crop whererr
1t had not been commonly grown (Reem 1967). Reeently INTSOY
expanded its activities to'provide‘information resdureee,

research coordination, special training,'and technical assistence
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for developing oountries.'Tne directorate is at the

”Univenéioy”of”illinoié7TTT3”MGﬁfoFdWHEIIT“ﬁfﬁenéfflllinoiglﬁf”;””W'W”W"’

The Internationel.Development Research Centre of
éanada-has orovided funding'for,nine overseas projects
dealing with improving pulse oroduotion between its ;
establishmént in 1970 and dune lQTﬁ. Ma jor orojects‘havel
inecluded: a-leeding'role in the establiehment of ICRISAT in
:Indla' funding of pigeon pea research at the University of “the
West Indles, Kingston, Jamalca; and .aid to the Arld Lands
Agricultural Development Progrdm (ALAD) in Beirut, Lebanon
(Intennational Development and Research Centrev1974§.Veinof£e
1974). | | |

The United States Department of Agriculture (USDA) and
the U.S. Agency for International Development (USAID) have,
‘been offlcially involved in many grain legume 1mprovement
prOJeots in the Third World. The USDA has sponsored dozens of
research-efforts'on,pulse crops and thelr_pests at foreign
| institutions under the "Special Foreign Currency Program“
(Public Law MBQ)..vUnder,thiS program, funds accrui%g'to'the
USA for'goods'provided are spent in the country of origin.
Indexes to the pPOJects and their results are available (U.S.
Department of Agriculture 1974a, 1974b)
t,,;” The Regional Pulse Improvementw?pOJect (RPIP) was. inltiated
by USAID in Iran in 1965 and the following year in India. /
Small/KEams of U. S Agrloultural Hesearch Service 301ent1e£s

were stationed in each country and formal working

relationships were. established with the local agricultural
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research. centers. VResults.were'not of the dramatiec “miraelei
justification. Improvement of tropical pulses was a different

situation compared to crops suoh as wheat that were already

hiéhly developed in temperate regions. There was no simple

~transfer of technologylor cultivars possible éhd the work was

too basic to expect great réturns‘in only a few years. A

bibliography on 31 species of pulse crops was prepared referring }—~

to approximately 20000 articles,v6000 of them.abstractedj
(Regiouel Pulse Improvement Projeot 1969, 1970). Unfortunately,
it has not been published (J. M. Schalk, personal .
communication).,lhe USA pulled out of the RPIP in India in 1970
and from Iran in 1971 due to‘budgetrcuts;

The ﬁPIP stimulated a large increase'in pulse interest
and research capebility and national organizations are
continuing the work. The Plan Organization of the.government~of
Iren is funding research on several pulses, partioularly
chickpea, lentil, and‘mung bean. An important result of the work;

there has been the identification of‘cultivars,whose-seeds are

not attractive to oviposition.by Callosobruchus spp., serious'

pests of pulses in both field and storage (Schalk 1973) The

- Indian Congress on Agricultural Research established the All

India Coordinated Pulse PPOJeCt to carry on the work begun w1th

the RPIP India is a producer and consumer of vast amounts of p

pulses and its agricultural un1;§rsit1es and 1nst1tutes are
conducting a veryrsignificant abhount of thevworld s research on

tropical pulses.
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.Thé Brazilian Natidhal Soybean Program Qgs initiated and
 participated in by USAID, the IRI Research Institute [of New
York], and severai ﬁﬁiyersitiesvin the USA. Yield trials and the
importation-of soybean cultivars‘from the southern United States

were the major accomplishments (Reem 1967). ‘Brazil, the world’s

largest produceb of Phaseolus vulgaris,_has carried opt research
on beans.since the early 1960 s under the coordination of its

’ Nétichéeréan'CoﬁmiSSiéh. A National Bean Projéct is now
underway at the FéderalfUniversity.Of Vicosa,l[Vicosa, M.G.,
BrazilJA(Rdbitai;l; 1974) . Priméry‘wprk'will be on nitrogen
fixétibn énd'germplaSm screening fo? diéease resistance and
favorable cultural’charactebistics.

Pulse research in Latin America is spread widely throughoﬁt
many univérsities and ohganizaﬁions. Pinghinat (1973) reported
Athe results of a survey on pulse research conducted by the
Instituto Interamericano de Ciencias Agricolas (IICA)
[Turrialba; Costa Rical] of the Organization of American States.-
The IICA’s Centro Interamericano de Documentacion e Informacion
Agricola (1972) (CIDIA) is a prime«source of information on
bulses and has produced several editiéns of comprehensive
bibliographies on Phaseolus_spﬁ.‘and Vigna spp.. ‘

Efforts are~undérway to develop an information hetwbrk
among food legume workers in Latin A!!léfi,f?,a tQ!h?,lB,, ,0»995‘1;19???,,
(efforts and publicize results. Proposals (Anon. 1973; Monge
ﬁ973)’have called for the establishment of an organizagional
‘publioation similar 56 that-provided‘by the Bean Improvement

Cooperative % 1974) (BIC), an organization primarily oriented
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ﬁb North America.
| At many research institutions, entomological research on
pulses is meshed with not onlyvbthen aspécts of plant |
protection, but'with'the whole problem of legume production. The

need for such inter-diSciplinary approaches is particularly

evident at the'international crop improvement‘centers where

plant breeding is a prime component of the program. If new -

cultivars are to be cbmmerciéiiy‘éuccéssfui;vthey must be
developedvthr6ugh a holistic approach thatrincludés resistance’

to diseases and ;hsects, high producﬁivi;y ét médergté rétes of

cultural and énebgy_input, and’goéd mérketing qualities.

These examples of research efforts on pulses are not
comprehensivé. Almost every modératély advanced,country is
vmaking some effort in the control gf insects on pulges, usually
- as part of a vegetable of field crops program. However;'the
programs outliﬁed above do include most.of the large-scale or

international efforts specifically concerned with pulses,

particularly those in the Third World. This indicates the recent

advent of intensive research on pulses grown in developing

countries and the problems yet to be overcome if pulses are to

make their potential contribution to the human diet. Puiseslhévef'

belatedly'bﬁt widely become a popular subject for bésearch. The
possibilties inherent in the largely untapped gene pool and the

‘common lack of sophistication in pest control provide a fertiie
R RS T e it i S SR A
field for needed research, if only economics and politics will

allow.

h
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