
S M I C  DOCUMENT 

SORGHUM AND MILLETS INFORMATION CENTER 
international Crops Research Institute for the Semi-Arid Tropics 

lCR ISAT Patancheru P.O. 

Andhra Pradesh, India 502 324 



B I O L O G I C A L  CO-ROL O F  PESTS: 

ITS P O T E m Z A L  IN WEST AJ?RI_CA 

Proceedinpof International 
Conference h e l d  in D a k a r ,  S G n g g a l ,  

February 9-13,  1981 

USAID -GIONAL FOOD CROP PROTECTION 
PROJECT 625-0928 PHASE I1 
B-P, 49 Dakar, S G n i E g a l  



In te rna t iona l  Crops Research I n s t i t u t e  
f o r  t h e  Semi-Arid Tropics (ICRISAT), 

Cooperative Programme i n  Senegal, 
CNRA, B.P. 51, Bnmbey 

Abstrcct 

Present s i t u a t i o n  of insec t  pes t s  o f  sorghum and pear l  mi l l e t  i n  Weet 

Africa i s  summarized. Notes on d i s t r i b u t i o n  and host range of p a r a s i t e s ,  

predators  and pathogens a re  presented and t h e  scope of b iological  control  i s  

discussed.  Among p a r a s i t e s  reported from West Africa : Apanteles s e s k a e  

Cam.,  Tetrns t ichus  a t r i c l a v u s  Wts., Pediobius furvus Gah., HyperchdLcidin 

soudanensis Stef., S t u r m i o p ~  p a r a s i t i c n  Cur. are major pa ras i t e s  of stem- 

borers and Tetras t ichus  d ip los id i s  Cravf. and Eupelmus RO_E G i r .  a re  of  grain 

midges. Ants, cocc ine l l ids ,  syrphids and bugs may prove useful  a s  p o t e n t i d .  

predators.  Surveys and further s tud ies  on insect  pes ts  and na tu ra l  erlemieo 

a r e  suggested. 

I - Introduction 

I n  West Afr ica ,  sorghum (Sorhum b ico lor  ( L . )  Wench) and pear l  m i l l e t  

(~enniseturn  typhoides Stapf .  & Hubb.) are t h e  major food crops occupying an 

a rea  of about 17 mil l ion hectares .  These crops a r e  damaged by a range of 

i n s e c t  pes t s .  E f f o r t s  have been made t o  evolve au i t ab le  control  s t r a t e g i e s  

i n  order  t o  reduce t h e  pest populations and thua t h e  crop losses ;  v i z .  stem- 

borers  ( ~ a r r i s ,  1962) ; grain  midges (Har r i s ,  1961 ; Coutin, 1970 a,b) ; m i l l e t  

earhead c a t e r p i l l a r s  (Vercambre , 1978) end shootf ly  ( ~ d e s i y u n  , 1978 ) . 

t Presented a t  In te rna t iona l  Conference on Bialogical  control  Of p a t s  : 
i t s  p o t e n t i a l  i n  West Africa; held i n  Dskar, Senegal, Februnry 9-13, 1981. 
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A t  p r e s e n t ,  few c u l t u r a l  p r a c t i c e s  ( p a r t i a l  burning o f  stems, da t e s  of 

p l a n t i n g  e t c . )  are being  evalua ted  f o r  t h e  c o n t r o l  o f  s temborers .  S imi l a r ly ,  

work on v m i e t a l  r e s i s t a n c e  t o  t h e  p e s t s  o f  sorghum and p e a r l  m i l l e t  i s  under- 

way through ICRISAT's r eg iona l  programme. It i s  proposed t h a t  t h e  surveys 

and b i o l o g i c a l  and eco log ica l  s t u d i e s  on in sec t  p e s t s  end t h e i r  na tu ra l  ene- 

mies should be undertaken. This  would help i n  f u t u r e  t o  p l an  a n  i n t eg ra t ed  

c o n t r o l  where all s u i t a b l e  techniques could be used i n  a  compatible manner 

t o  maintain t h e  p e s t  popula t ions  below economic i n j u r y  l e v e l s .  

The o b j e c t i v e  o f  t h e  present  paper i s  t o  review t h e  b iocon t ro l  resenrch  

i n  West Af r i ca  nnd t o  d i scuss  i t s  scope i n  c o n t r o l l i n g  t h e  mnjor i n s e c t  p e s t s  

of sorghum and m i l l e t s .  

I1 - Major p e s t  spec i e s  on so r~hum and m i l l e t s  

The i n s e c t  p e s t s  a t t a c k i n g  sorghum and m i l l e t s  hnve been s u r v r y e d  by 

Risbec ( 1950) cnd Appert ( 1957) i n  Senegal. and M a l i ;  Forsyth (1960) i n  

Ghana; Ajayi  ( 1978) i n  Niger ia ,  Bridge c t  t i l .  ( 1978) i n  t h e  Gnmbin; iidoyc 

( 1979 e) and Gahukar ( 1981 a )  i n  Sene@ ; Bonzi ( 1900) i n  Upper Voltn nrtd 

Dournbin ( 1980) i n  b l a l i .  Only t h e  p e s t s  of  economic importcmce nrt. tiiscussed 

here .  

( i )  S_e_e_gibg-~e_st_s : Lenf feeding b e e t l e s  a d  s h o o t f l i e s  ( ~ h l o r o p i l n e . ,  

bluscidae) a t t a c k  t h e s e  crops  at  seedl ing  s t a g e .  O f  t he  s h o o t f l i e s  

i d e n t i f i e d  i n  West Afr ica ,  o r i y  A t h e r i ~ o n a  socca ta  Nond. i s  R major 

p e s t  a t t a c k i n g  sorghum, s p e c i a l l y  t h e  l a t e  I l an t cd  crops ( ~ e e m i n c ,  

1971; Adesiyun, 1978; Gahukar 1981 b ) .  

( i i )  hllxe~ees : Young 8s well  a s  o ld  leaves  nre e a t e n ,  throughout 

p l a n t  growth, by a  number of lep idopterous  p e s t s .  Some a r e  s p o r ~ d i c  

p e s t s  and complete d e f o l i a t i o n  m y  occur i n  case  o f  e a r l y  a t t a c k ;  

v i z .  Spodoptera exempt8 Wlk., 2. e x i m a  Hb., Mythimna l o r e y i  Dup., 

M. s e p a r a t a  Wlk., Amsacta moloneyi k c .  During t h e  prolonged - 
droughts ,  aphids  (~hopalos iphum nlidis  it.) invade young p l a n t s  

o f  sorghum and cause some reduct ion  i n  y i e l d .  
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( i i i )  S_t_~rnbore~s : The following stemborers have been recorded on g r a m i -  

naceous crops ; some of them a r e  important p e s t s  (Risbec,  1950, 

1960; H a r r i s ,  1962; Bren i s re ,  1971; Bonzi,  1977; Ndoye, 1977: 

Eoumbia, 1980) . 

Busseols. fusca  N l e r  

Sesa.rr.ia c a l a m i s t i s  b p s .  

S. p e n n i s e t i  Tams and Bowd. - 
S. p o e p h a ~ a  Tans and Bowd. - 
S.  c r e t i c a  Led. - 
S. n o n a ~ r i ~ i d e ~  botenphaga Tams and Bovd. - 
Manga b a s i l i n e a  Bowd. 

Acigona i g n e h s a l i s  Hrnps. 

E ldma saccharins l a k .  

A desc r ip t ion  of l i f e  h i s t o r y  of major borers  and host p lnn t s  hns 

been given by H n r r i s  (1962) .  B. fuscn i s  a major pes t  of sorghum 

and m a i z e  i n  most p n r t s  o f  t r o p i c a l  Afr ica .  Whereas, ;. c a l f m i s t i s  

i s  n polyphagous p e s t  d i s t r i b u t e d  throughout East and Vest Afr ica .  

Another important b o r e r ,  A. i a n e f u s a l i s  p r e f e r s  m i l l e t  but trlso 

ettscks sorghum and o t h e r  c e r e a l s  i n  West Af r ica .  

(iv) Earhead-~ests : The sorghum midge ( ~ o n t o s i n i a  sorghicoln Coq.) nnd 

m i l l e t  midge ( ~ e r o m y i a  penn ise t i  ~ e l t . )  a t t a c k  flowering heads m d  

can cause up t o  100% y i e l d  l o s s .  Biology o f  these  p e s t s  has been 

s tud ied  i n  Senegal and Niger ia  ( ~ a r r i s ,  136 1 ; Coutin and H a r r i s ,  

1968; Coutin, 1970 a ) .  Since 1972, a  complex of species  including 

Vasal ia  spp . ,  Reahuva d lb ipunc te l l a  De Joannis;  Raghuva spp. ,  has 

been not i c e d  a t t a c k i n g  m i l l e t  ( ~ e r c a m b r e ,  1978). Recent s t u d i e s  i n  

S e n e g d  confirmed t h a t  only R. a l b i p u n c t e l l a  i s  a major pes t  in '  

sahe l i an  coun t r i es    doy ye, 1979 b). The developing g ra ins  a r e  

devoured by H e l i o t h i s  a r m i ~ e r a  Kbn., Eublemma ppyneri Roths. and 

Pymderces  simplex Wsm. which sometimes may cause some l o s s e s .  
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Various species of  bugs, b l i s t e r  bee t l e s ,  t h r i p s ,  j a s s i d s ,  earwiga, 

grasshoppers a t t ack  t h e  crops during vegetat ive and flowering s tages .  

Deta i l  s tud ies  a r e  necessary on these  insec t s  t o  essess  the  y ie ld  

l o s s  and economic in ju ry  l e v e l s .  

111 - P a r a s i t e s ,  predators  and pathouens on major pes t s  

( i )  P_ayg't_e_s : A range of hymenopterous an2 dipterous p w a s i t e s  hnve 

been repor ted  from West Africa  able 1 ) .  The f k l i e s  of these  

p a r a s i t e s  a r e  a s  follows : 

Hymenoptera : Braconidae 

Bethylidae 

Chdcidae  

Encyrtidae 

E u l o ~ h i  b e  

Eupelmidae 

Eurytonidae 

Ichneunonidae 

Platygasteridne 

Pteromalidae 

Scelionidae 

Diptera : Sarcophagidae 

Tachinidae 

Chloropi dae 

Phor i dae 

The review of l i t e r a t u r e  ind ica tes  t h a t  very l i t t l e  information i s  

avai lable  on t h e  est imation of e f f i cacy  of  these  pa ras i t e s  in  t h e  

con t ro l  of insect  pes t s  i n  West Africa.  I n  Nigeria,  Harr is  ( 1962) 

reported t h a t  3 p a r a s i t e s  (Apenteles sesarniae Cem., Tetras t ichus  

a t r i c l a v u s  W t s . ,  Pediobius furvus Ga.h.) were e f f e c t i v e  i n  con t ro l l ing  

t h e  lnrval population of g.  fusca  while Syzeuctus sp. was e f fec t ive  

agains t  A. ignefusalis;  even though t h e  l e v e l  o f  paras i t i sm was only - 
1 Furthennore, t h e i r  population varied from year t o  year and from 



one spec ies  t o  another .  

Recently,  Ndoye (1980) s tud ied  t h e  biology of a be thy l id ,  Goniozus 

procerae  Risb. which a t tacked l e s s  than 2% o f  t h e  diapausing l a rvae  

of  A. i g n e f u s a l i s  i n  Senegal. 

Coutin and H a r r i s  (1968) observed considerable reduct ion i n  m i l l e t  

midge popula t ions  due t o  p a r a s i t e s .  On sorghum midge, Eupelmus 

popa Gin. was predominent i n  Senegal and Niger ie  ( ~ a r r i s ,  196 1 ; 

Coutin,  1970 a ) .  O u r  observat ions  during t h e  l a s t  3 yea r s  show t h a t  

T e t r a s t i c h u s  spp. and Eupelmus spp. a r e  important i n  c o n t r o l l i n g  

sorghum midge, but pa ras i t i sm i s  usua l ly  low during t h e  peak of pes t  

inc idence.  Their  populations increase  only a t  t h e  end o f  crop season 

when t h e  p e s t  incidence i s  decreasing and crop i s  a l ready dcunnged. 

Moreover, favourable c l i m a t i c  condi t ions  and a v a i l a b i l i t y  of flower- 

ing heads play an important r o l e  i n  t h e  f l u c t u a t i o n s  of pnras i t e  

populnt ions .  

I n  case of  d ip te rous  p a r a s i t e s ,  they a r e  comparatively r a r e  i n  West 

Af r i ca .  One p o t e n t i a l  p a r ~ s i t e  i s  a t a c h i n i d ,  Sturmiopsis p a r n s i t i c a  

Curr. which o t t a c k s  stemborers. The r o l e  of surcophfygids, chloropids 

and phor ids  a s  p a r ~ s i t e s  i s  problematical  s ince  they a r e  saproyhngous. 

( ii) Ee_dg'ro_r_s-: Predators  l i k e  a n t s ,  b e e t l e s ,  bugs, syrphids and mites 

a t t a c k i n g  stemborers,  g ra in  midges, aphids and Amoacta l a rvae  have 

been repor ted  from West Afr ica   a able 2 )  . Among ver tebra tes .  b i rds  

a r e  obviously important as insec t  p reda to r s ;  although t h e i r  e f f e c t i v e -  

ness  has  not been s tudied y e t .  S i m i l a r l y ,  behaviour of sp ide r s  and 

chrysopids should be s tud ied  and perhaps t h e i r  p o t e n t i a l i t y  cnn be 

measured. 

( i i i )  Pathoggns-: The most common d i seases  of i n s e c t s  a r e  caused by 

b a c t e r i a ,  f u n g i ,  v i r u s e s ,  protozoa and nematodes. Bacter ia  and 

fung i  have been i d e n t i f i e d  from larvae/pupae of  stemborers i n  

West A f r i c a   able 3) .  



IV - Advantages and requirements  o f  b i o l o ~ i c a l  c o n t r o l  

The development of p e s t  management systems should be based on ecolo- 

g i c a l  cond i t i ons  ( ~ u f f a k e r ,  1974; Pimentel  and Goodman, 1978). Natura l  

enemies p l ay  an important  r o l e  i n  t h e s e  systems ( ~ e l u c c h i ,  1971; Hurpin, 

1975).  

I n  b i o l o g i c a l  c o n t r o l ,  e s t ab l i shmen t ,  m u l t i p l i c a t i o n  and d i s p e r s a l  

on wide a r e a  o f  n a t u r a l  enemies are important  s t e p s .  Such p r o j e c t s  need 

high i n i t i a l  i n p u t s  but  can prove t o  be economical on long  term b a s i s ;  

s i n c e  t h e  c o n t r o l  i s  s e l f  pe rpe tua t ing .  Using b io log ica l  c o n t r o l ,  r i s k s  of  

environmental p o l l u t i o n ,  development o f  r e s i s t a n c e  by p e s t s  t o  p e s t i c i d e s ,  

t o x i c  e f f e c t s  i n  food c h a i n s ,  dangerous e f f e c t s  on p o l l i n a t o r s  and na ture1  

enemies e t c .  a r e  avoided and n a t u r a l  balance i s  not d i s tu rbed .  I t  is  t r u e  

t h a t  100% p e s t  c o n t r o l  i s  not  achieved but  t h e  p e s t  populnt ions nrc mr-in- 

t a i n e d  below economic t h r e s h o l d s .  The b i o l o g i c a l  con t ro l  i s  succes s fu l ,  

p a r t i c u l a r l y  i n  t h e  s i t u a t i o n s  where repented  n p p l i c a t i o ~ ~ s  of p e s t i c i d e s  

a r e  r equ i r ed .  Moreover, it can be made more e f f e c t i v e  by predict ink;  t h e  

p e s t  ou tbreaks .  

For succes s fu l  b i o l o g i c a l  c o n t r o l ,  c o r r e c t  i d e n t i f i c a t i o n  of pcs t  

spec i e s  ar?d t h e i r  p a r a s i t e s / ? r e d a t o r s  m d  r ecogn i t i on  of  c ryp t i c  spec i e s  

o r  i n t r a s p e c i f i c  e n t i t i e s  a r e  o f  utmost importance ( ~ o s e n  rmd Debach, 1073).  

A s  f a r  a s  p o s s i b l e ,  surveys should be mad;, f o r  local.  p a r a s i t e s  s ince  t h e  

r e l a t i o n s h i p s  p e s t s  - p a r a s i t e s  a r e  s t a b l e .  These c o l l e c t i o n s  m y  rilso 

Show d i s t i n c t  r a c e s  o r  ecotypes which may be s u i t e d  t o  p a r t i c u l n r  hos t  

o r  environment. Af t e r  having confirmed t h e  absence o f  l o c a l  p n r a s i t e s ,  

p o t e n t i a l  p a r a s i t e s  can be in t roduced  i f  t hey  a r e  ( i )  p e s t  s p e c i f i c ,  

( ii) non p l a n t  breeder ,  ( iii) not  a t t a c k i n g  o t h e r  primary p a r a s i t e s .  I n  

ca se  o f  p reda to r s  and p a r a s i t e s  o f  in t roduced  p e s t s ,  t hey  are t o  be 

searched i n  t h e  count ry  o f  p e s t  o r i g i n .  



V - P o s s i b i l i t i e s  of  b iocontrol  i n  West m i c a  

Chemicals were t e s t e d  aga ins t  s h o o t f l i e s  ( ~ d e s i y u n ,  1978) ; m i l l e t  

earhead c a t e r p i l l a r s  (Vercambre, 1978) and g ra in  midges  outin in, 1970, a ,  

b ) .  However, c o s t  of p e s t i c i d e s ,  phytotoxic i ty ,  app l i ca t ion  techniques,  

res idues  i n  g r a i n s  and s t a l k s  a r e  some of t h e  problems which requ i re  f u r t h e r  

s t u d i e s .  Cu l tu ra l  p r a c t i c e s  were suggested f o r  t h e  con t ro l  of stemborers 

( H a r r i s ,  1962; Adesiyun and Ajayi,  1980) ; midges ( H a r r i s ,  1961 ) and m i l l e t  

earhead c a t e r p i l l a r s  ( ~ e r c a m b r e ,  1978) ; but socio economic problems may 

hinder t h e  p r a c t i c a b i l i t y  of sone of  these  recommendations. For example, 

des t ruc t ion  of  borer  in fes ted  s t a l k s  which a r e  genera l ly  used f o r  hut 

const ruct ion and fencing by v i l l a g e r s .  These few examples i l l u s t r n t e  t h e  

scope f o r  b i o l o g i c a l  con t ro l  i n  West Afr ica .  

(a) Transfer  of  pe ras i t e s /p reda to r s  within A f r i c ~  

There i s  a  urgent need t o  survey t h e  p a r a s i t i c  fauna nnd t o  study 

t h e i r  b io lo rn ,  seasonal  populat ion f l u c t q a t  ions ,  p o t e n t i a l i t y  i n  pes t  

con t ro l  e t c .  Then t h e  t r a n s f e r  of se lec ted  pa ras i t e s /p reda to r s  can be 

implemented i n  t h e  sane ecological  zones wi thin  West A f r i c m  coun t r i e s .  

I n  West Africn,  p a r a s i t e s  s u f f e r  in dry season due t o  c l ima t ic  condit ions 

and t h e  diapause of host  i n s e c t .  This breaks t h e  ~ ~ n c h r o n i s a t i o n  between 

host  and p a r a s i t e .  Few p a r a s i t e s  a t t a c k  diapausing lt.rrvae/pupae, but  

pa ras i t i sm is  general ly  a t  a  low l e v e l .  Thus, t h e r e  i s  8 scope f o r  in t ro -  

ducing few p a r a s i t e s  which should be ab le  t o  undergo 8 r e s t i n g  s tage  d o n g  

with host  i n s e c t s  and should be a b l e  t o  r d t i p l y  quickly and produce a  l a rge  

population when i n s e c t s  become ~ c t  ive  . 

I n  case  of  midge p a r a s i t e s ,  p o t e n t i a l  p a r a s i t e s  e x i s t  i n  West Afr ica ,  

but  they appear l a t e  i n  t h e  season. S u i t a b l e  condit ions should be in-  

ves t iga ted  so  t h a t  they  mul t ip ly  during high pes t  incidence.  This can 

probably be done by groving e a r l y  f lowering v a r i e t i e s  o r  a l t e r n a t e  host  

p l a n t s  as one of  t h e  p a r a s i t e s ,  g. d i p l o s i d i s  i s  s t rong ly  a t t r a c t e d  t o  

sorghum heads r a t h e r  than t o  host  i n s e c t ,  C. sorghicola  (McMillan and 

Wiseman, 1979). 



The major midge pa ras i t e s  a r e  : 

( i )  Tet ras t ichus  d ip los id i s  Crawf. - It  i s  a larval-pupal endoparasite 

recorded i n  Senegal and other  West African countr ies .  

( i i )  Eupelmus po~a G i r .  - It i s  larval-pupal ec toparas i t e  and probably a 

hyperparasi te through 2. a t r i c l avus .  The f i r s t  i n s t a r  larvae  feed 

upon larvae whereas l a t e r  i n s t a r s  a t t ack  pupae. Few la rvae ,  Rfter  

feedicg upon one hos t ,  complete t h e i r  growth upon plant  sap. 

The following s t e m b r e r  p a r a s i t e s  a r e  importntlt i n  East Africa ( ~ n h y -  

addin and Greathead, 1970) and are  reported from West Afr icc ;  t h e i r  use 

can the re fo re  be suggested- 

( i )  Apanteles sesamiae Cam. - It i s  a gregarious l a r v a l  endoparasi te,  

widely d i s t r i b u t e d  i n  Africn. Even though it i s  attacked by hyper- 

p a r a s i t e s  : Ceraphron sp . ,  Eurytoma sp . ,  P la tye r i zo tes  soudanensis 

Ferr .  , Pediobius homoeus Wtrst . ,  it i s  qu i t e  successful  i n  wet 

a reas .  It produces a l a rge  number of a d u l t s  from a s ing le  host .  

( i i )  Sturmiopsis p a r a s i t i c a  Curr. - It i s  pr imar i ly  a larvril nnd occasion- 

a l l y  a larval-pupal endoparasi te.  Although few hyerpr.rasites h u v i  

been r e p r t e d  ( ~ p i e n c ~ r t u s  s p . )  from Nigeria,  it remains a s  m 

e f f i c i e n t  pa ras i t e  due t o  synchronization of i t s  life his to ry  with 

t h a t  of  B. fusca.  

( i i i )  Dentichernias busseolae Hein. - I t  i s  n s o l i t a r y  pupal endoparasi te,  

widely d i s t r i b u t e d  i n  East Africa,  and well  adapted t o  dry areas .  

I n  West Africa it was found only i n  Nigeria on I\. ignefusa l i s .  

( i v )  Pediobius Purvus Gah. - It i s  a gregarious pupal endoparasi te,  

widely d i s t r i b u t e d  i n  West Africa.  It g e t s  adapted t o  a wide range 

of  ecological  condit ions and produces many adu l t s  f r o m  one host  

i n s e c t .  



(v) Hyperchalcidia soudanensis S t e f .  - It i s  a s o l i t a r y  pupal endo- 

p a r a s i t e ,  adapted t o  d r i e r  areas .  It has been reported from 

Nigeria,  Senegal, M a l i ,  Kenya, Uganda and Cameroun. 

Tvo West African stemborer p a r a s i t e s ,  G. procerae ,  2. a t r i c l a v u s  have 

been reared i n  laboratory  and were re leased i n  African countr ies  (Pordat 

e t  al.. 1977. 

I n  West Afr ica ,  l i t t l e  information i s  ava i l ab le  on egg pa rns i t e s  . Five 

p a r a s i t e s  of  family Scelionidae were recovered from lepidopterous p e s t s .  

Recently, one un iden t i f i ed  species  of Trichojiramma (Trichogramm~t idae) has 

been repor ted  from Senegal a t t ack ing  eggs of  Rqhuva sp. (Bournier J . P .  

Pe r s .  Cormnun.). The egg p a r a s i t e s  a r e  r a r e  i n  East Africa;  t h e  p o s s i b i l i t y  

of t h e i r  t r a n s f e r  i s  the re fo re  very l e s s .  I n  Uganda, a n t s  (Tetrmorium 

puineense Fab., Pheidole megacephaln Fab., Carciocondyln badonci Arnold and 

C-eneryi  Fore l )  were found responsible f o r  more t h m  90% mor ta l i ty  of eggs - 
and e a r l y  i n s t a r  l a rvae  of 2. f'usca and Chilo p a r t e l l u s  Swin. (khyudd in  

and Greathead, 1970) and of  Eldann snccharina Wlk. ( ~ i r l i n g ,  1978). However, 

t h i s  m a y  hinder the  host  a v a i l a b i l i t y  t o  egg p a r a s i t e s .  Ants a l s o  ~ t t n c k  

l a rvae  and pupae of  stemborers harbouring i n  o l d  s t e l k s ;  t h e r e f o r e ,  t h e i r  

p o t e n t i a l i t y  may be explored i n  borer con t ro l .  

(b) In t roduct ion of  ne tu ra l  enemies 

Ef fec t ive  enemies may be imported i n  West Afr ica  t o  control  e i t h e r  

t a r g e t  pes t  o r  species  r e l a t e d  t o  it o r  f o r  t h e  s u e  type of micro h a b i t a t .  

These p a r a s i t e s  should possess the  q u a l i t i e s  such RS ( i )  high host  senrch- 

ing a b i l i t y ,  ( i i)  high degree of host  s p e c i f i c i t y  o r  preference ,  ( i i i )  high 

b i o t i c  p o t e n t i a l  r e l a t e d  t o  hos t ,  ( i v )  good adapta t ion t o  wide range of 

environmental condi t ions .  

Information on a range of  p a r a s i t e s  of some of t h e  graminaceous stem- 

bore r s  *om Asia i s  ava i l ab le  (Bennett,  1965; Sharma e t  al. 1966; R a o  

e t  al. 1971). Mhyuddin and Greathead ( 1970) discussed t h e  p o t e n t i a l i t y  of -- 
some of  t h e s e  p a r a s i t e s  and suggested in t roduct ion of following p a r a s i t e s  

i n  East  Afr ica  due t o  t h e i r  wide d i s t r i b u t i o n ,  high b i o t i c  p t e n t i a l  and 
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wide host  range. If s a t i s f a c t o r y  r e s u l t s  are obtained, t h e s e  p a r a s i t e s  can 

be recommended in West Africa. 

( i )  Apanteles f l av ipes  Can .  

( i i )  A. ch i lon i s  Munak. 

( i i i )  Bracon chinensis Szep. 

( i v )  2. onukii Watanabe 

( v )  Sturmiopsis inferens  Towns 

Subsequently, f i r s t  2 p a r a s i t e s  were bred on laboratory  host insec t s  

and re leased  i n  Reunion and Madagascar Is lands  ( ~ o r d n t  e t  al.. 1977). 

Other introduced p a r a s i t e s  t r i e d  i n  East and West Africa a re  : 

( i)  Tetras t ichus  i s r a e l i  Mani 

( i i )  Trichospilus d ia t raeae  Cher. & MRrgh 

( i i i )  I t o p l e c t i s  narangae Ashm. 

The eulophids,  2. i s r a e l i  and ;. dia t raeae  may not be e f f e c t i v e  since they 

a r e  p o t e n t i a l  hyperparasi tes p f  t ~ c h i n i d  pa ras i t e s  (Bennett ,  1 9 6 5 ) .  

The e f f e c t i v e  paras i tes /predators ,  p a r t i c u l a r l y  Tricho~ramm.'l ecg 

p a r a s i t e s ,  may be imported from o the r  cont inents  and t r i e d  i n  West A f r i c n .  

The pathogens whose commercial preparations are ava i l ab le  ( f o r  example, 

Baci l lus  thur ing iens i s  B e r l ) ,  may be used agains t  lepidopterous pes ts .  

Mul t ip l ic2t ion of p a r a s i t e s  f o r  a l a rge  scale  r e lease  may pose a 

problem i n  present s i t u a t i o n s .  Importation of p a r a s i t e s  needs high cos t .  

Furthermore, development of simple and l e s s  expensive breeding techniques 

and t r a i n i n g  of  s t a f f  i n  handling t h e  p a r a s i t e s  may be necessary. The 

shipments t ake  a long time t o  reach the  place of f i e l d  re lease  end sometimes 

t h e  p a r a s i t e s  may be found dead. Thus mult iple shipments are required f o r  

establishment of na tu ra l  enemy and t o  study i t s  performance i n  t h e  given 

environment. It i s  suggested t h a t  the  s tud ies  on population ecology and 

gene t i c s  of  n a t u r a l  enemies, importation p o l i c i e s  and t r a i n i n g  of personnel 

should f i n d  a p lace  i n  forthcoming p ro jec t s  on b io log ica l  con t ro l  of 

i n s e c t  pes t s .  
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