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I .  INTRODUCTION 

I n  West Af r i ca  human t rypanosomiasis  caused by Trypanosoma gambiense Dutton no longer  
occurs  except  i n  r e s i d u a l  f o c i .  However, t h e r e  i s  s t i l l  a r i s k  of recrudescence of t he  
disease,  p a r t i c u l a r l y  i n  areas of new se t t l emen t .  

During t h e  l a s t  decade i t  has been n o t i c e d  t h a t  immigrant popula t ions  are h igh ly  s e n s i t i v e  
t o  l o c a l  s t r a i n s  of trypanosomes. Under t h e  Onchocerciasis  Cont ro l  Programme i n  the Vol ta  
River  Basin area (WHO, 1973) it  i s  planned t o  resume c u l t i v a t i o n  of t h e  f e r t i l e  l and  i n  t h e  
v a l l e y s  abandoned by the farming popula t ions  on account  of t h e  h igh  preva lence  of onchocerc ias i s .  

To obv ia t e  t h e  danger of t h e  reappearance of s l e e p i n g  s i c k n e s s  among the r e s e t t l e d  popu- 
l a t i o n s  i t  i s  becoming urgent  t o  f i n d  a technique  f o r  c o n t r o l l i n g  tsetse f l i e s  t h a t  can be  
app l i ed  r a p i d l y  over  l a r g e  areas.  
meet these requi rements .  

The a p p l i c a t i o n  o f  i n s e c t i c i d e s  by a i r c r a f t  seems t o  

I n  E a s t  A f r i c a ,  the aeroplane  has been used  since 1948 f o r  the c o n t r o l  of savanna tsetse 
f l i e s  ( rev iew of work from 1948-1970; L e e ,  1969; Tarimo, 1971). The h e l i c o p t e r ,  which came 
i n t o  use  much more r e c e n t l y  (Sp ie lbe rge r ,  1971; Spie lbe rge r  & Abdurrahim, 1971; Spie lbe rge r  
e t  a l . ,  1971) seems b e t t e r  s u i t e d  than  t h e  aeroplane  t o  the e c o l o g i c a l  cond i t ions  p r e v a i l i n g  
i n  the West Afr ican  savanna. I n  t h i s  p a r t  of Afr ica  the tsetse s p e c i e s  involved i n  human 
t rypanosomiasis  are r i v e r i n e  s p e c i e s  (G. p a l p a l i s  gambiensis Vanderplank and G. t a ch ino ides  

- W e s t w . ) :  The i r  h a b i t a t  is  l i m i t e d  t o  t h e  g a l l e r y  f o r e s t ,  “sacred  woods”, and t h e  vege ta t ion  
growing around permanent water-holes. Genera l ly  t h e  watercourses  are c h a r a c t e r i z e d  by t i g h t  
bends t h a t  an aeroplane  cannot  fo l low c lose ly .  The h e l i c o p t e r  i s  a b l e  t o  f l y  ve ry  low over  
t h e  canopy of t h e  g a l l e r y  f o r e s t  a t  a low speed. Moreover, i n  a large-scale programme the 
l o g i s t i c  base of a h e l i c o p t e r  can be moved as t h e  work proceeds,  whereas an aeroplane  must 
have l and ing  s t r i p s .  

Under t h e  ausp ices  of WHO and w i t h  t h e  a i d  of t h e  Government of t h e  Federa l  Republ ic  of 
Germany and of USAID, t r i a l s  were carried ou t  du r ing  t h e  1972-1973 dry  season  i n  t h e  area of 
Kout ia la  i n  t h e  Republ ic  of Mali. 

a - Medical en tomologis t ,  ORSTOM. 
b - Medical entomology t e c h n i c i a n ,  ORSTOM. 
n 
b - Hel i cop te r  p i l o t .  
d - Hel i cop te r  mechanic. 
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I I .  GENERAL ASPECTS OF THE TRIALS 

l. A i m  of t he  t r ia ls  

The aim of t he  t r ia ls  was t o  s tudy  t h e  e f f e c t i v e n e s s  of s e v e r a l  i n s e c t i c i d e s  app l i ed  i n  
u l t ra - low volume (ULV) o r  i n  powder form wi th  a r e s i d u a l  a c t i o n .  

S ince  the  i n s e c t i c i d e  is sprayed above t h e  g a l l e r y  f o r e s t  and the  r e s t i n g  p l aces  of t h e  
tsetse f l i e s  are s i t u a t e d  i n  t h e  lower l a y e r  of vege ta t ion ,  t h e  problem is t o  f i n d  out  whether 
t h e  d r o p l e t s  sprayed above t h e  canopy' can p e n e t r a t e  t h e  f o l i a g e  and reach  the  micro-environment 
of t he  f l i e s  i n  s u f f i c i e n t  quan t i ty .  

2. T r i a l  a r e a s  

T r i a l  a r e a s  w e r e  s e l e c t e d  i n  t h e  Koutiala  reg ion  (Mali)  w i th in  the  r e c t a n g l e  between 12" 
and 13"N and between 5"  and 6"W (Map 1).  

The Kout ia la  reg ion  is s i t u a t e d  i n  zone 20 of t h e  "Vegetation map of Af r i ca  south  of t he  
Tropic  of Cancer" publ i shed  wi th  t h e  a s s i s t a n c e  of UNESCO, and c o n s i s t s  of "und i f f e ren t i a t ed  
and r e l a t i v e l y  dry  type savannas" or "wooded Sudanian savannas".  
seven t o  eight-and-a-half  months, and the  r a i n f a l l  is 500-1000 mm. 

The c l ima te  i s  d r y  f o r  

The permanent h a b i t a t  of G. p a l p a l i s  gambiensis and G. t a ch ino ides  is the  g a l l e r y  f o r e s t s  
f r i n g i n g  t h e  watercourses ,  s ac red  woods near  t o  v i l l a g e s  and ponds,  l akes  and water-holes t h a t  
remain comparat ively humid dur ing  the  dry  season owing t o  the  presence of running,  s t agnan t  or 
underground water.  

To ob ta in  an adequate  l eng th  of g a l l e r y  f o r e s t  f o r  each t r i a l ,  t he  experiments  were 
conducted i n  s e v e r a l  zones d iv ided  i n t o  sec t ions .  
(Map 1). 

Each of t h e s e  s e c t i o n s  i s  b r i e f l y  descr ibed  

Experiments I and I I :  Kout ia la  zone 

The geographica l  d i s t r i b u t i o n  of t h e  s e c t i o n s  of g a l l e r y  f o r e s t  used i n  t h e  experiments  
is shown i n  d e t a i l  i n  Map 2 .  

Sec t ion  1: f a i r l y  h igh  g a l l e r y  f o r e s t  w i th  many palm trees covering dense undergrowth, 
i n t e r r u p t e d  by openings i n  t h e  canopy; 

Sec t ion  2 :  g a l l e r y  f o r e s t  w i th  spaced palm trees and undergrowth; 

Sec t ion  3 :  clumps of palm trees sepa ra t ed  by spaces  f r e e  from vege ta t ion ;  

Sec t ion  4 :  dense mango f o r e s t  c l o s e  t o  a v i l l a g e ;  

Sec t ion  5 :  mixture  of palms and o t h e r  f r u i t  trees, a l t e r n a t i n g  wi th  a g a l l e r y  f o r e s t  of 
normal appearance,  sometimes 15  m wide; 

Sec t ion  6 :  mixture  of palms and o the r  f r u i t  t r e e s ;  

4 S e c t i o n s 7 , 8 ,  and 15:  t h i c k  undergrowth 3-4 m h igh;  

' Canopy: crown of dense vege ta t ion  a t  t h e  top  of t h e  g a l l e r y  f o r e s t .  



Sect ions  9 and 10: g a l l e r y  f o r e s t  10 m wide, w i t h  l a r g e  trees and undergrowth; 

ru' 

Sect ions  11, 1 2 ,  13 and 14 :  g a l l e r y  f o r e s t  about  15 m wide, w i t h  l a r g e  trees and under- 
growth. 

Experiment I I I  : Konskgudla zone 

h There a r e  10 s u c c e s s i v e  s e c t i o n s ,  4-5 km i n  l e n g t h ,  a long  t h e  same watercourse ,  t h e  Koba 
i (Map 3 ) .  

f i r s t  of l a r g e  palm trees cover ing  dense v e g e t a t i o n  
which i s  f a i r l y  s t r a i g h t ,  i s  completely enclosed by a .vaul t  of v e g e t a t i o n  t h a t  i s  r a r e l y  
i n t e r r u p t e d .  The r iver-bank v e g e t a t i o n  i s  about  1 5  m wide; i t  c o n s i s t s  of shrubs  5 m h igh  
w i t h  remarkably dense f o l i a g e ,  and s e v e r a l  metres t h i c k .  A t  some p o i n t s  t h i s  l a y e r  of 
v e g e t a t i o n  is s h e l t e r e d  by l a r g e  trees, sometimes about  1 2  m high. The i n t e r t w i n e d  branches 
of t h e  bushes a t  t h e  f o r e s t  edge form an i n e x t r i c a b l e  t a n g l e  t h a t  g i v e s  the  r e s t i n g  s i t e  p e r f e c t  
p r o t e c t i o n .  

Level wi th  t h e  v i l l a g e  of Fissankoro i s  t h e  s t a r t  of a g a l l e r y  f o r e s t  c o n s i s t i n g  a t  
(Sec t ion  10). A f t e r  t h a t  t h e  s t r eam,  

Experiment I V  

( a )  Koni zone 

The Koni (Map 4 )  i s  a f a i r l y  l a r g e  r i v e r ;  30 km of i t s  middle reaches were d i v i d e d  i n t o  
s i x  experimental  s e c t i o n s ,  s e p a r a t e d  from each o t h e r  by a 1 km b a r r i e r  t r e a t e d  wi th  DDT. 

The watercourse is  c h a r a c t e r i z e d  by wide bends and i s  f r i n g e d  by an open g a l l e r y  f o r e s t ,  
bu t  t h e  v e g e t a t i o n  covers  both  banks without  i n t e r r u p t i o n  f o r  a f a i r l y  c o n s t a n t  width of 
10-15 m. The l a r g e  trees s h e l t e r  s m a l l e r  trees, sh rubs  and bushes. In S e c t i o n s  5 and 6 ,  
t h e  h igh  v e g e t a t i o n  i s  f r i n g e d  by a s t r i p  of bushes s e v e r a l  dozen metres wide. 

(b )  N'Tiesso g a l l e r y  f o r e s t  

This g a l l e r y ,  about  6 km long,  c o n s i s t s  of l a r g e  palm trees cover ing  dense undergrowth, 
but  i n t e r r u p t e d  a t  p l aces .  

( c )  Sacred wood of Niessoumana 

Near t h e  v i l l a g e  of Niessoumana, a t  t h e  head o f  a f lood  p l a i n  w i t h  no g a l l e r y  f o r e s t ,  
i s  a sma l l  s a c r e d  wood, roughly c i r c u l a r  i n  form and one h e c t a r e  i n  a r e a .  Half t h e  wood i s  
made up of l a r g e  trees, whi le  t h e  o t h e r  h a l f  i s  covered by sh rubs  and bushes 4-5 m h igh  forming 
an impen,etrable mass of vege ta t ion .  

Supplementary experiment:  Nasso g a l l e r y  f o r e s t  

To speed up t h e  pre l iminary  t r i a l s  wi th  Gardona, a supplementary experiment was c a r r i e d  
o u t  nea r  Nasso, 17  km from Bobo-Dioulasso. The g a l l e r y  f o r e s t  i s  about 10 m wide and 
c o n s i s t s  of l a r g e  t r e e s ;  beneath t h e  canopy are f r e e  spaces  wi th  a few palm trees and bushes. 

r' 

III .  METHODS AND TECHNIQUES 

1. I n s e c t i c i d e s  and formula t ions  

I 
Il 

** 

( a )  P y r e t h r o i d :  

t h e  ULV formula t ion  of NRDC 119 (OMS-1800) has  a c o n c e n t r a t i o n  of 2.5% a c t i v e  
i n g r e d i e n t  ; 
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( b )  Organophosphorus compounds: 

Nexion i s  a ULV formula t ion  wi th  35% bromophos (OMS-658); 

f e n i t r o t h i o n  (OMS-43), a ULV formula t ion ,  con ta ins  100% a c t i v e  i n g r e d i e n t ,  

Gardona (OMS-595) or t e t r ach lo rv inphos  i s  an e m u l s i f i a b l e  concen t r a t e  w i th  24% 
a c t i v e  i n g r e d i e n t ;  

Nuvanol i s  a ULV formula t ion  wi th  20% jodfenphos (OMS-1211); 

( c )  Organochlorine compound: 

methoxychlor (OMS-466) i s  an e m u l s i f i a b l e  concen t r a t e  w i th  20% a c t i v e  i n g r e d i e n t .  

Laboratory t r i a l s  showed t h a t  t he  ULV formula t ions  of NRDC 119 and jodfenphos can be 
mixed wi th  water ,  while  a l l  p roducts  except  f e n i t r o t h i o n  can be mixed wi th  d i e s e l  o i l .  

Gardona i s  a f a s t - a c t i n g  i n s e c t i c i d e ,  whi le  bromophos and jodfenphos a r e  s low-act ing,  

2. Techniques f o r  i n s e c t i c i d e  a p p l i c a t i o n  

The h e l i c o p t e r  used was a B e l l  47 G-4A1 305 hp, whose ope ra t ing  speed is governed by the  
output  of t h e  nozz les  and a tomizers  and by t h e  amount of subs tance  t o  be sprayed pe r  hec ta re .  
The speed range is from 32 t o  80 km/hour (20-50 mph.). 

F o r  t h e  a p p l i c a t i o n  of ULV i n s e c t i c i d e s ,  two r o t a r y  a tomizers  ( s p i n n e r s )  a r e  f i t t e d  6-8 m 
a p a r t .  Two types  a r e  used:  du r ing  experiment I one type produced d r o p l e t s  between 20 and 
30 i n  diameter  a t  a r a t e  of 0.6 l i t res  pe r  minute;  t he  o t h e r  type ,  which has l a r g e  a p e r t u r e s ,  
produced d r o p l e t s  80-100p i n  diameter  a t  a r a t e  of 1.2 l i t res  pe r  minute. 

For  t h e  a p p l i c a t i o n  of subs tances  i n  powder form, the  number of nozz les  v a r i e s  according 
t o  t h e  amount of mixture t o  be sprayed p e r  hec ta re .  T r i a l s  w e r e  conducted wi th  nozz les  of 
type  D3-25, which produce d r o p l e t s  200-300 p i n  d iameter ;  f o r  f e n i t r o t h i o n  t h e  D2-23 model 
was used ( d r o p l e t s  50-2OOp i n  d iameter ) .  

The nozz les  a r e  f i t t e d  on a 16 m boom. The width of t h e  swath t r e a t e d  i s  20 m ,  so  t h a t  
t h e  l e n g t h  of g a l l e r y  f o r e s t  equ iva len t  t o  one h e c t a r e  i s  500 m. In  very wide s e c t i o n s  t h e  
h e l i c o p t e r  has t o  make two o r  even t h r e e  journeys.  

The h e l i c o p t e r  f l i e s  a t  a cons t an t  h e i g h t ,  about 2 m above t h e  canopy; it makes t i g h t  
t u r n s  t o  fo l low t h e  bends i n  the  watercourse.  The powerful a i r  c u r r e n t  p rope l l ed  downwards 
and backwards by the  r o t o r  c a r r i e s  w i th  i t  t h e  i n s e c t i c i d e  d r o p l e t s ,  which i n  t h i s  way a r e  
a b l e  t o  p e n e t r a t e  t h e  v e g e t a t i o n  and r each  t h e  ground. 

In  o rde r  t o  avoid t h e  convect ion c u r r e n t s  t h a t  develop above t h e  ground a f t e r  s u n r i s e ,  
Powder sp ray ing  by nozz le  can t h e  ULV a p p l i c a t i o n s  a r e  conducted from 6 a.m. t o  8.30 a.m. 

con t inue  u n t i l  about 9.30 a.m. The ope ra t ions  can be resumed i n  t h e  evening from about 
a 4.45 p.m. when the  a i r  i s  calm. 

3. Study of d r o p l e t  s ize  and d i s t r i b u t i o n  

S t r i p s  of s e n s i t i z e d  paper  a r e  p laced  a t  random i n  t h e  g a l l e r y  f o r e s t s ,  from ground l e v e l  
up t o  a he igh t  of 80 c m .  
p laced  i n s i d e  empty cages and another  s t r i p  near  t o  those  cages.  
t h e  paper  d i s s o l v e  i t  t o  form a c i r c u l a r  c r a t e r  w i th  f a i r l y  d i s t i n c t  edges and a black bottom. 
S ince  w e  have no s u i t a b l e  equipment f o r  measuring t h e  diameter  of t h e  impacts we use a camera 
l u c i d a  (one camera l u c i d a  u n i t  = 6 p). 

When captured  tsetse f l i e s  a r e  used, a s t r i p  10 c m  i n  l eng th  i s  
The d r o p l e t s  depos i ted  on 

a 

Y 

* 
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4. Evalua t ion  of t h e  e f f e c t i v e n e s s  of t h e  a p p l i c a t i o n  techniques  and the  i n s e c t i c i d e s  

( a )  On batches of t se tse  f l i e s  kept  i n  cages 

The tsetse f l i e s  c o l l e c t e d  i n  t h e  t e s t i n g  s e c t i o n s  were d i s t r i b u t e d  i n  cages of t h e  
modified Roubaud type (15 x 8 x 5 cm), wi th  w i r e  n e t t i n g .  
g a l l e r y  f o r e s t s  before  t h e  h e l i c o p t e r  f lew over ,  a t  v a r i a b l e  'he ights  above the  ground up t o  
1 m ;  they w e r e  removed a q u a r t e r  or half-an-hour a f t e r  spraying  and placed i n  a cooled 
i so thermic  con ta ine r .  Control  ba tches  were p laced  e i t h e r  i n  an un t r ea t ed  g a l l e r y  f o r e s t  or 

These cages were p laced  i n  the  

o u t s i d e  t h e  t r e a t e d  g a l l e r y  f o r e s t  but  shaded by vegeta t ion .  , I I  

The m o r t a l i t y  of t h e  exposed batches,was recorded where t h e  m o r t a l i t y  of t he  c o n t r o l  
batches was n o t  excess ive .  
formula. 

When i t  exceeded 5% t h e  m o r t a l i t y  was co r rec t ed  by Abbo t t t s  

I - I  

( b )  On wild popula t ions  

When t i m e  pe rmi t t ed ,  tsetse f l i e s  were c o l l e c t e d  p r i o r  t o  t rea tment  i n  t h e  experimental  
s e c t i o n s .  Teams of two t o  f o u r  c o l l e c t o r s  went through t h e  g a l l e r y  f o r e s t  ca t ch ing  tsetse 
f l i e s  i n  ne t s .  
ou t  t o  t h e  same s e c t i o n s  t o  t ake  samples of t h e  r e s i d u a l  populat ion.  

On t h e  day of t rea tment  and/or on t h e  fo l lowing  days the  same teams were s e n t  

I 

Inso fa r  a s  t i m e  was ava i labpe  t h e  captured  ba tches  were d i s s e c t e d  t o  determine t h e i r  age. 
For males s i x  age-groups were def ined  by Jackson (1946) accord ing  t o  t h e  e x t e n t  of wear of t he  
r e a r  edge of t he  wings. F o r  females w e  used t h e  phys io log ica l  age method based on t h e  number 
of f o l l i c u l a r  r e l i c t s  (Saunders ,  1960) ,  a s  improved by one of thei tpresent  au tho r s  ( C h a l l i e r ,  
1965). 

In  Table V I 1 1  t he  r e s u l t s  a r e  given i n  s i m p l i f i e d  form. For both sexes  t h e  " t ene ra l "  
specimens (T, n t  or Nt) a r e  those  t h a t  have no t  y e t  taken t h e i r  f i r s t  blood meal; they  emerged 
r e c e n t l y  and t h e i r  tegument i s  s t i l l ,  s o f t .  , The males .are  subdivided i n t o  " t ene ra l "  specimens 
(T or t ) ,  young f l i e s  ( Y )  belonging t o  t h e  f i r s t  t h r e e  age-groups def ined  by Jackson, and o l d  
f l i e s  ( O )  belonging t o  t h e  l a s t  t h r e e  age-groups. Among t h e  females  w e  d i s t i n g u i s h  t h e  
t e n e r a l  n u l l i p a r o u s  (Nt) ,  non-tenera1 nulLiqarous (Ntn) aged two t o  e i g h t  days,  young parous 
specimens (Py) belonging t o  t h e  phys io log ica l  age-groups I ,  II and I I I ,  and f i n a l l y  t h e  o l d  
parous specimens (Po) aged more than  one month. 

Age de termina t ion  wi th fema les  i smore  p r e c i s e  than  wi th  males,  and i t  is p o s s i b l e  t o  
deduce t h e  d a t e  when an i n d i v i d u a l  emerged. I t  is thus  p o s s i b l e  t o  f i n d  out  whether a female 
captured  a f t e r  t rea tment  emerged before  or a f t e r  , t ha t  t reatment .  This in format ion  i s  e s s e n t i a l  
f o r  t r ea tmen t s  wi th  immediate e f f e c t :  s i n c e  t h e  i n s e c t i c i d e  has  only a very  s h o r t  pe r iod  of 
a c t i o n ,  t he  tsetse f l i e s  emerging from t h e  s t o c k  of pupae bu r i ed  i n  t h e  ground form a popula t ion  
t h a t  should c o n s i s t  only of very  young i n d i v i d u a l s  which should be k i l l e d  by a f u r t h e r  t rea tment  
before  they can reproduce. 

I V .  DESCRIPTION OF THE EXPERIMENTS 

Experiment I ,  from 17-23 October i n  t h e  Kout ia la  zone 

I n  d rde r  t o  ob ta in  r e s u l t s  r a p i d l y  t h a t  would i n d i c a t e  t h e  e f f e c t i v e  dose,  t h e  t r i a l s  
were conducted on ba tches  of c a p t i v e  tsetse f l i e s .  

NRDC 119,  bromophos, f e n i t r o t h i o n  and Gardona were app l i ed  i n  smal l  doses ,  u s ing  a tomizers  
w i th  smal l  a p e r t u r e s  and nozzles .  . 
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Experiment I I ,  from 1-6 November i n  t h e  Kout ia la  zone 

Because t h e  a tomizers  w i th  s m a l l  a p e r t u r e s  broke down, t h i s  series of experiments  inc luded  
only t r i a l s  u s ing  nozz les .  The t e s t i n g  s e c t i o n s  were d iv ided  o f f  by bu f fe r  zones t r e a t e d  wi th  
DDT . 

Y '  

NRDC 119, bromophos, f e n i t r o t h i o n  and Gardona were app l i ed  i n  doses  twice a s  high a s  those  
used i n  experiment I. Jodfenphos was sprayed i n  a low dose. 

4 

Since none of he r e s u l t s  s o  f a r  was s a t i s f a c t o r y  a t r i a l  was conducted on ba tches  of 
cap t ive  tsetse f l i e  p laced  i n  open country,  and a h e l i c o p t e r  equipped wi th  nozz les  f lew over 
them a t  a he igh t  of fou r  metres. This experiment showed t h a t  t h e  i n s e c t i c i d e  doses need t o  
be increased.  

Experiment I I I ,  f r o h  16-21 November i n  the  Konséguéla zone 

The 10 s e c t i o n s  marked o f f  on the  Koba were t r e a t e d  wi th  doses  t w i c e  a s  s t r o n g  a s  those  
used i n  experiment I I .  The e f f e c t  on c a p t i v e  and wi ld  tsetse popula t ions  was assessed .  

Experiment I V ,  from 28 November - 4 December on t h e  Koni 

For t h i s  l a s t  series of t r i a l s ,  s i x  s e c t i o n s  4-5 km i n  l eng th ,  i nc lud ing  a 1 k m  bu f fe r  
zone t r e a t e d  wi th  DDT, r ece ived  doses  equal  t o  o r  ,higher  than those  used i n  experiment I I I .  

The t r i a l s  w i th  NRDC 119 w e r e  no t  cont inued s i n c e  i t  was found t h a t  two a tomizers  were 
n o t  enough t o  provide uniform d i s t r i b u t i o n  of d r o p l e t s  over t h e  e n t i r e  width of t h e  g a l l e r y  
f o r e s  t. 

The t r i a l s  w i t h  f e n i t r o t h i o n  were d iscont inued  because t h e  s t o c k  was exhausted. 

Bromophos and odfenphos w e r e  appl ied  i n  ULV, whi le  Gardona and methoxychlor w e r e  
sprayed wi th  nozz le  a s  a r e s i d u a l  t reatment .  

Supplementary experiment i n  t h e  Nasso g a l l e r y  f o r e s t  
I 

Since t h e  doses  adminis te red  i n  experiment I I  d id  no t  provide  s a t i s f a c t o r y  r e s u l t s ,  a 
supplementary t r i a l  was c a r r i e d  out  between experiments  I I  and III. Gardona was app l i ed  wi th  
nozz les  and a tomizers  i n  an amount of 1.440 kg/ha. One day and 11 days a f t e r  spraying ,  l e a f  
samples were taken f o r  l a b o r a t o r y  examination of t he  e f f e c t  of t h e  i n s e c t i c i d e  d e p o s i t ,  u s ing  
Kernaghan and Johnston 's  method (1962). Tsetse f l i e s  p laced  i n  tubes  were brought i n t o  
con tac t  wi th  t h e  s u r f a c e  of t h e  l eaves  f o r  one minute. 

Study of t he  r e s i d u a l  e f f e c t  of Gardona and methoxychlor 

Co l l ec t ions  took p l a c e  20 days a f t e r  t rea tment  w i th  Gardona i n  t h e  N ' t iesso  g a l l e r y  f o r e s t  
and a f t e r  t rea tment  wi th  methoxychlor i n  the  sac red  wood of Niessoumana. From 8-13 January r) 

p laces  and i n  secti  ns  5 and 6 a long  the  Koni. 
. 1973 a f i n a l  eva lua  ion  of t h e  r e s i d u a l  popula t ion  was c a r r i e d  ou t  i n  t h e  two above breeding 

f b 

c . V. , RESULTS 

1. Quan t i t a t ive  a&ipects of t h e  e f f e c t  of i n s e c t i c i d e s  on tsetse f l i e s  

The r e s u l t s  ob ta ined  f o r  each i n s e c t i c i d e  a r e  assembled i n  a t a b l e  showing t h e  e f f e c t  of 
t rea tments  on c a p t i v e  and wi ld  tsetse f l i e s  under d i f f e r e n t  experimental  condi t ions .  
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A. Atomizers 

Mortalityamong 

I %  

thecaptive flies is rapid; there is a substantial "knock-down" effect in ' 
a quarter-of-an-hour, but some individuals recover during the hours following the treatment. 

When low doses (10 and 20 g/ha) are administered to open gallery forests, Ithe mortality ' 
' 

among captive flies approaches 9C%, whereas at a dose of 40 g/ha mortality among the wild 
population of a closed gallery is negligible or non-existent. 

B. Nozzles t * 8  

At low doses, mortality among the captive flies is lower than that found during the trials 
with atomizers. In experiment II (Kouniana-12) mortality may be regarded as total if the 
results for one cage in which none of the tsetse flies died are disregarded; .this cage was 
placed at the edge of the gallery forest, and was sheltered by a bush. 

The wild populations are scarcely affected.; the specimens eaptured after-treatment are 
mainly non-tenera1 flies. 

NRDC 119 mixed with water has some effect on batches kept in cages (64% mortality). I 

' , ?  

i 

I 1 ,  

A. Atomizers i *  , 

A dose of 800 g active ingredient per hectare is needed to achieve a satisfactory reduction 
in the population. In experiment III (Konséguéla-5) no flies were captured three days after 
treatment, but in the other experiments the reduction was 96% for G.,palpalis gambiensis and 
94% for G. tachinoides. A higher dose, applied to a dense gallery forest (IV-Koni-3) achieved 
a reduction of only 83%. The presence of non-tenera1 specimens in the samples captured after 
treatment shows that the effective dose must be higher than 1 kg active ingredient per hectare. 

B. Nozzles . 

Low doses applied to open galleries have a by no means negligible effect; the reduction 
was as high as 93% at a dose of 400 g active ingredient per hectare in experiment II (Niessasso- 
9), whereas it was only 84% for the dose of 800 g applied to a closed gallery (III-Konséguéla- 
8). The specimens captured two-and-a-half days after treatment were mainly non-teneral flies 

( 1 3 / 2 0 ) .  

iodofenphos Table III I 
A. Atomizers 

The two treatments at 600 g active ingredient per hectare produced fairly similar reductions 
(74% and 79.5%). At 800 g the effect was almost total (96.4%), but there were still a few 
non-tenera1 flies after treatment. 
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B. Nozzles 

Doubling t h e  doses  l e a d s  t o  a c l e a r  i n c r e a s e  i n  t h e  e f f e c t  on wild popula t ions :  t h e  
reduct ion  progressed  from 39% a t  160 g a c t i v e  i n g r e d i e n t  p e r  h e c t a r e  t o  95.5% a t  600 g.  An 
unexpected r e s u l t  was o b t a i n e d  wi th  a dose of 600 g mixed w i t h  12 l i t res  of water: 
t e n e r a l  female was captured  two days a f t e r  t reatment .  

a s i n g l e  
4' 

& 

f e n i t r o t h i o n  Table I V  ' E I ï  
A. Atomizers 

While low doses had a n o t  i n c o n s i d e r a b l e  e f f e c t  on t h e  popula t ion  of open g a l l e r i e s ,  t h e  
maximum dose adminis te red  t o  a c l o s e d  g a l l e r y  was comparat ively i n e f f e c t i v e .  
r e d u c t i o n s  w e r e  noted f o r  doses  varying i n  a r a t i o  of 1:lO. 

Roughly s imi l a r  

B. Nozzles 

A t  a dose of 800 g a c t i v e  i n g r e d i e n t  p e r  h e c t a r e t h e  m o r t a l i t y  of c a p t i v e  tsetse f l i e s  was 
low (3C%), whereas t h e  r e d u c t i o n  of t h e  wi ld  popula t ion  was 87.5%. 

Gardona Table V E l  
A. Atomizers 

The t r i a l s  wi th  low doses  produced no r e s u l t s ;  a t  a dose of 720 g a c t i v e  i n g r e d i e n t p e r  
h e c t a r e ,  m o r t a l i t y  among t h e  c a p t i v e  f l i e s  was only 45%. 

B. Nozzles 

During t h e  i n i t i a l  t r i a l s ,  low doses had a f a i r l y  s t r o n g  a c t i o n  and caused a reduct ion  
of 93.7% (I-Dougoumasso-5). 

The l a t e s t  t r i a l s  on g a l l e i y  f o r e s t s  w i t h  dense v e g e t a t i o n  (Koni and N ' t i e s s o )  produced 
somewhat c o n t r a d i c t o r y  r e s u l t s ;  t h e  s t r o n g e r  t h e  dose,  t h e  lower t h e  reduct ion  i n  t h e  
G. p. gambiensis p o p u l a t i o n s :  t h e  r a t e s  f o r  1.440 kg, 2 kg and 3 kg were 97%, 81.5% and 62% 
r e s p e c t i v e l y .  

C. Residual  e f f e c t  

In  t h e  N ' t i e s s o  g a l l e r y  f o r e s t  t h e  p r o p o r t i o n  of non-tenera1 tsetse f l i e s  captured  w a s  
s t i l l  h igh  (12/13 n t )  20 days a f t e r  t r e a t m e n t ,  and 40 days a f te rwards  i t  w a s  21/22; 
same p e r i o d  on t h e  Koni, 12  non-tenera1 specimens were captured  i n  t h e  s e c t i o n  t r e a t e d  w i t h  

a f t e r  t h e  

. 1.440 kg and n i n e  i n  t h e  s e c t i o n  t r e a t e d  w i t h  2 kg (Table V I I I ) .  

M o r t a l i t y  among c a p t i v e  f l i e s  exposed i n  t h e  Nass0 g a l l e r y  f o r e s t  was 42.4%, a va lue  t h a t  

, i s  f u l l y  comparable w i t h  t h e  43% obta ined  by b r i n g i n g  t h e  f l i e s  i n t o  c o n t a c t  w i t h  l e a v e s  
removed 24 hours  a f t e r  t rea tment  (Table VI). Their  m o r t a l i t y  was no more than 12.5% a f t e r  
exposure t o  l e a v e s  removed 11 days l a t e r .  

. 
? 
* 



WHO/VBC/74.493 
Page 9 

methoxychlor m 
-* The s i n g l e  t rea tment  wi th  a dose of 3.2 kg a c t i v e  ing red ien t  per  h e c t a r e ,  app l i ed  i n  t h e  

sac red  wood of Niessoumana, produced no r e s i d u a l  e f f e c t ;  t he  p ropor t ion  of non-tenera1 spec i -  
mens was 4/10, 7/15 and 15/17 a f t e r  two, 20 and 40  days r e spec t ive ly .  e 

Experiment i n  open country Table V I 1  

This experiment shows t h a t  Gardona and f e n i t r o t h i o n ,  which d id  n o t  produce s a t i s f a c t o r y  
r e s u l t s  i n  the  g a l l e r y  f o r e s t s ,  a r e  neve r the l e s s  comparat ively e f f e c t i v e  i n s e c t i c i d e s .  
Doubling the  dose of jodfenphos causes  a c l e a r  i n c r e a s e  i n  m o r t a l i t y .  

2. Q u a l i t a t i v e  a s p e c t s  of t h e  e f f e c t  of i n s e c t i c i d e s  

During experiments I I I  and IV, popula t ion  samples taken p r i o r  t o  t rea tment  ( c o n t r o l s )  and 
a f t e r  t rea tment  were examined t o  determine the  age of t h e  ind iv idua l s .  

On examining Table V I 1 1  i t  i s  noted t h a t  t h e  average age of t h e  c o n t r o l  popula t ions  is 
r a t h e r  h igh;  about 5w0 of t h e  i n d i v i d u a l s  a r e  o l d e r  than one month. 

In  experiment I I I  (Konséguéla) t h e  propor t ion  of o l d  females remained f a i r l y  h igh  a f t e r  
t rea tment  i n  most cases .  Only jodfenphos app l i ed  by nozz le  and bromophos appl ied  by atomizer  
had any c l e a r  e f f e c t ;  i n  t h e  former t r i a l  one t ene ra1  female was captured ,  whereas no tsetse 
f l i e s  a t  a l l  w e r e  seen  i n  the  l a t t e r .  

In experiment I V  (Koni),  d e s p i t e  a r educ t ion  i n  the  number of P l i e s  a f t e r  t h e  t r ea tmen t ,  
o l d  specimens were s t i l l  observed, 

In  the  N ' t i e s so  g a l l e r y  f o r e s t  and i n  t h e  sac red  wood of Niessoumana t h e  s i t u a t i o n  was 
t h e  same a s  t h a t  found on the  Koni o r  a t  Konséguéla. 

3 .  Study of t h e  s i z e ,  d e n s i t y  and e f f e c t  of Gardona d r o p l e t s  on caged tsetse f l i e s  

S e n s i t i z e d  s t r i p s  o f  paper  were p laced  i n  s e v e r a l  experimental  s e ç t i o n s  of t h e  watercourses .  
The r e s u l t s  were very v a r i a b l e ,  s o  w e  s h a l l  only cons ider  those  obta ined  dur ing  the  t r i a l s  a t  
N a s s 0  ( s ee  Table V). Gardona was sprayed wi th  24 D3-25 nozz les  (1.44 kg a c t i v e  ing red ien t  p e r  
h e c t a r e  a t  40 km/hour) and two a tomizers  wi th  l a r g e  a p e r t u r e s  (720 g a c t i v e  i n g r e d i e n t  per  
h e c t a r e ,  non-di luted,  a t  40  km/hour). 

( a )  I n t e r c e p t i o n  of d r o p l e t s  by t h e  cage n e t t i n g  

Comparison of t he  d r o p l e t  d e n s i t y  i n s i d e  and o u t s i d e  t h e  cages i n  f o u r  series of cages 
3 

i shows t h a t  t h e  n e t t i n g  i n t e r c e p t s  about 50% of t h e  d r o p l e t s  reaching  t h e  ground (17%, 47%, 
52% and 55%). . 

(b )  Diameter and d e n s i t y  of t h e  d r o p l e t s  sprayed 'by  nozz le  

The' d r o p l e t  diameter  was measured i n  10 samples (Table I X ) .  
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S t a t i s t i c a l  a n a l y s i s  of t h e  r e s u l t s  (A. Lafaye, In :  Doc. Tech. OCCGE, No. 5 261/86/DOC- 
STAT.09 and Doc. Tech. OCCGE, No. 5 651/102/DOC-STAT.40) shows t h a t  t h e  d i s t r i b u t i o n  of t h e  
diameters  i s  bimodal ( f i r s t  mode around 96 p;  second mode around 336 y); two s u b - d i s t r i b u t i o n s  
(small  and l a r g e  d r o p l e t s )  a r e  t h e r e f o r e  d i s t i n g u i s h e d ,  w i th  t h e  d i v i d i n g  l i n e  around 221-230 p. 

The means were compared by va r i ance  a n a l y s i s  a f t e r  conve r t ing  t h e  d a t a  (x' = l o g  XI. 
For both t h e  l a r g e  and the  smal l  d r o p l e t s  t h e  means d i f f e r e d  very s i g n i f i c a n t l y  (P  = 1/1000). 

By apply ing  the  test  t o  means arranged i n  decreas ing  o rde r  of s izes  t h e  means can be 
d iv ided  i n t o  homogeneous groups:  

smal l  d r o p l e t s  : 

samples:  10 (? ) .  7 4 5 3 8 1 2 9 6 

l a r g e  d r o p l e t s :  

samples:  5 9 3 6 2 ( ? )  4 10 8 7 1 

The c l a s s i f i c a t i o n  of t he  means i n  dec reas ing  order  f o r  t he  smail  and l a r g e  d r o p l e t s  
t oge the r  'is a s  fo l lows  : 

samples:  10, 7 ,  4 ,  2 ,  9 ,  5 ,  3 ,  8,  6 ,  1. 

The sequence of samples i n  t h e  g a l l e r y  f o r e s t ,  from sou th  t o  no r th ,  was: No. 1, 2 ,  3 ,  
10, 4,  8 ,  7 ,  5 ,  6 ,  9 ;  sample No. 10 was taken from the  f r i n g e  of t he  g a l l e r y  f o r e s t .  

The v a r i a t i o n  i n  d r o p l e t  diameters  a long  t h e  g a l l e r y  f o r e s t , a p p e a r s  t o  be t ime-linked. 

( c )  Densi ty  of d r o p l e t s  app l i ed  i n  ULV 

The d r o p l e t  dens i ty  dec reases  i n  t h e  d i r e c t i o n  of  t h e  f l i g h t  (Table X I .  

(d )  Mor ta l i t y  of tsetse f l i e s  exposed i n  cages 

The r e l a t i o n s h i p  between the  m o r t a l i t y  of t he  c a p t i v e  tsetse f l i e s  and d r o p l e t  d e n s i t y  
was s t u d i e d  on t h e  b a s i s  of t h e  da t a  from the  Nasso experiments  (Lafaye, l oc .  c i t . ) .  The 
r e s u l t s  ob ta ined  a f t e r  sp ray ing  Gardona from nozz les  (Table  I X )  were ana lysed  a f t e r  making 
t h e  conversion l o g  x' = l o g  x i 0.060 and p r o b i t  adjustment .  The r eg res s ion  equat ion  i s  a s  
fo l lows :  Y = 20.7 X I  - 2.9 (confidence i n t e r v a l  of t h e  r e g r e s s i o n  curve f o r  p r o b a b i l i t y  
P = 5%: 20.7 + 12.15, i.e. 8.5 t o  32.9) .  This  equat ion  is used t o  c a l c u l a t e  t h e  e f f e c t i v e  
d e n s i t i e s  (ED) of d r o p l e t s  caus ing  5C%, 90% and 99% m o r t a l i t y  i n  the  cages:  

- 

ED 50 : 2.10 droplets/cm2 (5% confidence i n t e r v a l  : 1.99-2.23) 

ED 90 : 2.41 droplets/cm2 (5% confidence i n t e r v a l  : 2.18-2.67) 

ED 99 : 2.71 droplets/cm2 (5% confidence i n t e r v a l  : 2.31-3.18) 

ED 99, ex t r apo la t ed  wi th  a l l  t h e  usua l  r e s e r v a t i o n s ,  shows t h a t  a d e n s i t y  of t h r e e  drop- ' 
l e t s  p e r  cm2 is  enough t o  k i l l  a l l  t h e  tsetse f l i e s  exposed i n  cages.  
ULV (Table X )  t h e r e  was t o t a l  m o r t a l i t y  i n  t h r e e  ou t  of f i v e  cages where t h e  d e n s i t y  was 
h igher  than t h r e e ,  whereas m o r t a l i t y  was low i n  t h e  cages pene t r a t ed  by less than  t h r e e  drop- 
lets pe r  cm20 

I n  t h e  t r i a l s  wi th  
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V. DISCUSSION 

To f a c i l i t a t e  comparison between t h e  v a r i o u s  types  of t rea tment  and between i n s e c t i c i d e s ,  
t h e  r e s u l t s  a r e  summarized i n  Table X I .  

3 

1. Methods of e v a l u a t i n g  t h e  e f f e c t  of i n s e c t i c i d e s  

When t h e  e f f e c t  of t rea tments  was eva lua ted  both  by t h e  method u s i n g  captured  tsetse 
f l i e s  and by t h e  method of surveys  of wi ld  popula t ions  before  and a f t e r  t r e a t m e n t ,  t h e  former 
method c o n s i s t e n t l y  gave l o l e r  r e s u l t s  than tbe l a t t e r ,  wi th  one except ion.  

We were not  a b l e  t o  conver t  t h e  impact d iameters  i n t o  a c t u a l  d r o p l e t  d iameters ,  but  t h e  
comparisons remained v a l i d .  

The v a r i a t i o n s  i n  d r o p l e t  d e n s i t y  and diameter  are no doubt due t o  d i f f e r e n c e s  i n  f o l i a g e  
d e n s i t y .  I t  is therefOre  p o s s i b l e  t h a t  i n  s e c t i o n s  of g a l l e r y  f o r e s t  w i t h  very dense vegeta-  
t i o n ,  t h e  d r o p l e t  d e n s i t y  is not  s u f i i c i e h t  t o  k i l l  100% of t h e  tsetse f l i e s .  

I ,  

I t  does seem t h a t  t h e  d e n s i t y  of t h e  d r o p l e t s  produced i n  ULV a p p l i c a t i o n  is  h i g h e r  on 
average than  t h a t  gf t h e  d r o p l e t s  sprayed from nozzles .  The small d r o p l e t s  a r e  more l i k e l y  
t o  reach  t h e  ground than t h e  l a r g e  ones. 

The m o r t a l i t y  of tsetse f l i e s  i n  cages is  low0 when t h e  d r o p l e t  d e n s i t y  is  h i g h e r  than  
t h r e e .  An area of 1 c m 2  may t h e r e f o r e  c o n t a i n  t h r e e  d r o p l e t s ;  t h i s  d e n s i t y  can t h e r e f o r e  be '  
taken as t h e  lower l i m i t  of t h e  e f f e c t i v e  d e n s i t y .  

I t  i s  p o s s i b l e  t o  e v a l u a t e  t h e  e f f e c t  on l i l d  popula-kions, even w i t h  
s t u d y i n g  t h e  composition by age-groups of t h e  samples taken from r e s i d u a l  

2. E f f e c t i v e n e s s  of t h e  i n s e c t i c i d e s  and t h e  a p p l i c a t i o n  techniques  

Some of t h e  r e s u l t s  ob ta ined  wi th  low doses  a r e  not  n e g l i g i b l e  (NRDC 

l i m i t e d  sampling by ' 

popula t ions .  

119, bromophos and 
Gardona) and show t h a t  t h e  e f f e c t i v e n e s s  of t r e a t m e n t s  can be s a t i s f a c t o r y  i n  g a l l e r y  f o r e s t s  
without  dense v e g e t a t i o n ,  such a s  those  t r e a t e d  i n  e x p e r i m e n t s ' 1  and II. The g a l l e r y  f o r e s t s  
i n  experiments III  and I V  r e p r e s e n t  t h e  worst  c o n d i t i o n s  t h a t  çan be encountered i n  savanna 
areas; s i n c e  t h e  r e s t i n g  sites i n  t h e  Koutiala  r e g i o n  a r e  c l o s e  t o  t h e  n o r t h e r n  l i m i t  of 
d i s t r i b u t i o n  of t h e  s p e c i e s  involved  i n  t h e  t ransmiss ion  of s l e e p i n g  s i c k n e s s ,  i t  i s  reasonable  
t o  suppose t h a t  t h e s e  v e g e t a t i o n  c o n d i t i o n s  a r e  even more p r e v a l e n t  i n  t h e  southern  d i s t r i c t s  
of t h e  savanna. I n  o r d e r  t o  a s s e s s  t h e  vazue of t h e  c o n t r o l  techniques  i t  i s  e s s e n t i a l  t o  
experiment under such condi t ions .  

The i n s e c t i c i d e s ' u s e d  i n  t h e  t r ia l  were s e l e c t e d  f o r  t h e i r  e f f e c t i v e n e s s  a s  demonstrated 
by l a b o r a t o r y  tests o r  i n  t h e  f i e l d  ( f o r  Gardona, C h a l l i e r ,  1972);  t h e  t r i a l s  on open t e r r a i n  
(Table V )  show t h a t  f o r  a given technique i t  i s  s t i l l  necessary  t o  a r r i v e  a t  a c h a r a c t e r i s t i c  
dose f o r  each i n s e c t i c i d e .  

The b a s i c  problem, t h e r e f o r e ,  is t h e  p e n e t r a t i o n  of t h e  d r o p l e t s  through t h e  v e g e t a t i o n .  
Where t h e  v e g e t a t i o n  is very  dense it is  impor tan t  ' t o  d i s t r i b u t e  t h e  i n s e c t i c i d e  a s  w e l l  a s  
p o s s i b l e  throughout t h e  e n t i r e  space occupied by t h e  g a l l e r y  f o r e s t .  Here it  seems t h a t  t h e  , 
smal l  a p e r t u r e  a tomizers  used i n  experiment I are p r e f e r a b l e  t o  t h e  a tomizers  w i t h  l a r g e  
a p e r t u r e s .  According t o  I r v i n g  e t  a l .  (1969) synerg ized  p y r e t h r i n s  a r e  most e f f e c t i v e  w i t h  
equipment producing d r o p l e t s  between 30 and 40  p i n  diameter .  
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Observat ion (II-Kouniana-12) of a cage i n  which n o t  a s i n g l e  tsetse f l y  d i e d ,  whereas i n  
a l l  t h e  o t h e r  cages a l l  t h e  tsetse f l i e s  d i e d ,  shows c l e a r l y  t h a t  i n s e c t i c i d e  a p p l i e d  i n  ULV 
must be w e l l  d i s t r i b u t e d .  There must be enough a tomizers  t o  produce a homogeneous m i s t  
a c r o s s  t h e  e n t i r e  width of t h e  g a l l e r y  f o r e s t .  

’ A r a t h e r  unexpected r e s u l t  w a s  ob ta ined  w i t h  jodfenphos mixed wi th  water .  

Under t h e  t r i a l  c o n d i t i o n s  Gardona and methoxychlor showed no a p p r e c i a b l e  r e s i d u a l  e f f e c t ,  
whereas  t h e  same products  have proved e f f e c t i v e  i n  powder form on t h e  ground. The s h o r t  
d u r a t i o n  of t h e i r  e f f e c t  must be due t o  t h e  s m a l l  amount of i n s e c t i c i d e  reaching  t h e  tsetse 
f l y  r e s t i n g  p l a c e s .  The doses  w i l l  no doubt have t o  be i n c r e a s e d  f a i r l y  s t r o n g l y .  

3. Behaviour of tsetse f l i e s  as an impeding f a c t o r  

During experiment I V  (Koni-3) a team of i n s e c t  c o l l e c t o r s  i n s t a l l e d  on t h e  s i t e  a t  
6.30 a.m. b e f o r e  t h e  h e l i c o p t e r  f lew over  r e v e a l e d  t h e  presence of about 10 tsetse f l i e s  a t  
rest among t h e  t a l l  g r a s s e s  f r i n g i n g  t h e  g a l l e r y  f o r e s t .  These f l i e s  were d i s p e r s e d  up t o  
about 10 metres from t h e  e a s t e r n  f r i n g e  of a s e c t i o n  of t h e  Koni flowing n o r t h  and south.  

G.  p a l p a l i s  gambiensis,  a t t r a c t e d  by t h e  r a y s  of t h e  r i s i n g  sun from below t h e  horizon,  
moves eas tward  and leaves  t h e  g a l l e r y  f o r e s t .  The number of f l i e s  observed, comparat ively 
h igh  f o r  an area as small  a s  t h a t  i n  which t h e  c o l l e c t i o n  team w a s  posted,  leads t o  t h e  
assumption t h a t  a n o t  i n c o n s i d e r a b l e  p r o p o r t i o n  o f . t h e  popula t ion  leaves  t h e  r e s t i n g  p l a c e  and 
t h u s  escapes  any immediate e f f e c t  t reatment .  

This  behaviour on t h e  p a r t  of t h e  tsetse f l i e s  might c o n s t i t u t e  an impeding f a c t o r .  
However, i t  i s  p o s s i b l e  t h a t  t h e  i n s e c t i c i d e s  a p p l i e d  i n  ULV have a r e s i d u a l  e f f e c t  t h a t  i s  
very  s h o r t ,  but  s t i l l  long enough f o r  t h e  tsetse f l i e s  t o  undergo t h e  a c t i o n  of t h e  t reatment  
on t h e i r  r e t u r n  t o  t h e  g a l l e r y  f o r e s t  when t h e  sun has  r i s e n  s u f f i c i e n t l y  h igh  above t h e  
horizon.  

V I .  CONCLUS ION 

The i n s e c t i c i d e s  a p p l i e d  i n  ULV by h e l i c o p t e r  are e f f e c t i v e  on t h e  tsetse f l y  popula t ions  
of g a l l e r y  f o r e s t s  w i t h  very  dense v e g e t a t i o n ,  provided t h a t  they  a r e  uniformly d i s t r i b u t e d  
over  t h e  e n t i r e  width of t h e  r e s t i n g  p laces .  

The doses  provid ing  d r o p l e t  d e n s i t y  t h a t  i s  adequate i n  t h e  lower s t r a t u m  of v e g e t a t i o n  
a r e  i n  t h e  o r d e r  of 1 kg a c t i v e r  i n g r e d i e n t  p e r  h e c t a r e  f o r  bromophos and jodfenphos and over  
1 kg f o r  f e n i t r o t h i o n .  

The v e r y  v a r i a b l e  r e s u l t s  ob ta ined  wi th  NRDC 119 permit  no d e f i n i t e  conclusion.  The 
t r ia ls  need t o  be resumed w i t h  an adequate  number of a tomizers .  

Res idua l  t r e a t m e n t s  w i t h  Gardona and methoxychlor provided only  a t ime- l imi ted  e f f e c t .  
,To achieve  t o t a l  and l o n g - l a s t i n g  e f f e c t i v e n e s s  a dose of more than 3 kg a c t i v e  i n g r e d i e n t  p e r  
h e c t a r e  would be requi red .  The problem t h e r e f o r e  i s  t o  f i n d  o u t  whether t h e  i n c r e a s e  i n  dose 
would be r u l e d  o u t  by t h e  c o s t  of t rea tment  and by t h e  harmful e f f e c t s  on t h e  environment and 
e s p e c i a l l y  on non-target  fauna. 
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1 Experiment no. 1 
I I I 

No. captured 
No. captured I place,  sec t ion  of Corrected C O R t r O l S  ga l le ry  f o r e s t  %age ( t o t a l  

no. a f t e r  n hrs 1 
of observation) 

1 before treatment after treatment (') 
. (n days a f t e r )  

~ ~~ ~~ 

I - Kouniana 14 57% (30-4h) 1/20 32 13 (1 d)  59 

1 I - Niessasso 9 25% (40-4h) 0/24 15 2 (1 d) 87 

I - Niessasso 10 12.5% (40-4h) 0/24 15 11 (1 d)  27 
I - Kouniana 13 27% (30-Eh) 1/20 32 19 (1 d) 40 

I - Niessasso 10 3/15 (13h) 0/40 15 11 (3 d)  27 
I - Niessasso 9 1/15 ( 4h) 0/43 15 2 (3 d) 87 

II - Kouniana 12 100%. (54-Eh) 3/60 18Cq 29 8 8 n t  (1 d)  60 

Insec t ic ide  dose 
appl ied per  ha 

I 

Helicopter  

1 

I I I  - Konséguéla 10 O 
613t (42 nt)!? 
938 (20 n t F  

11/3& (13h) 7/32 628, 3 0 ~  

0.2+1 d i e s e l  

0.4-t.2 d i e s e l  

11 .. 
11 I I  

80 07.05 
80 16.45 
40 07.45 
40 16.40 

37.5 1.5r13.5 water 40 08.15 

TABLE I. EFFECT ON G. PALPALIS GAMBIENSIS OF NRDC 11s (ULV, 2.5% ACTIVE INGREDIENT) 
APPLIED TO GALLERY FORESTS 

I Mortal i ty  i n  cages (%) I Effec t  on wild tsetse f l i e s  
Equipment 
B = nozzles 

A t  = atomizers 
( type)  

ingred.ien1 Active 
( g / W  

1 Speed 1 Time 
( l i t r e s )  ( km/h ) 

100 
I - T i r i  2 89% (48-9h) 3/43 1 9 1 - Koutiala 1 86.5% (48-921) I 3/43 5 

2 A t ,  small 
holes 

2 A t ,  l a r g e  
holes  

0.4 unmixed 07.25 
0.8 unmixed 06.30 

1.5.tl.5 d i e s e l  06.20 

0.4 unmixed 08.15 
20 0.8 unmixed 40 08.05 

2 B/D3-25 - . 5 (3 d)  
I - Nietabougouro 4 25% (40-9h) 40 
I - Kaniko 3 1 5/49 (7h) 

6 B/D3-25 ' 5  
5 
10 
10 

10 B/D3-25 5 
10 

0.2+ d i e s e l  I ;3 I 17.30 
0.4+ d i e s e l  16.35 

12 B/D3-25 40 1.6+3.7 d i e s e l  I 40 I 06.45 

37.5 1 1.5c7.5 d i e s e l  I 40 I 07.00 ~ 111 - Konséguéla 1 97% (39-2411) 15 B/D3-25 

24 B/D3-25 

a Number of dead t s e t s e  f l i e s / t o t a l  number i n  batch. 

b - t  = t enera l  t s e t s e  f l i e s ;  n t  = non-tenera1 tsetse f l i e s .  

%20 o dissec ted  out  of 38 captured. . 

. .  
4 
(D W 

.. . 

e 



TABLE II. EFFECT ON G. P. GAMBIENSIS AND G. TACHINOIDES OF BROMOPHOS (ULV, 35% ACTIVE INGREDIENT) 
APPLIED TO GALLERY FORESTS 

Equipment 
B = nozzles 

Helicopter Insecticide dose 
applied per ha 

I I 
Mixture I ~~~~1 ] Time (litres) 

(type 1 Active 
At = atomizers ingredien 

, I (g/W 1 Controls 
(deaths/ 
total) 

No. captured 

(n days after) 
No. captured after treatment Reduction (%) 

before treatment 

2 At, small 
holes 

15 B;/D3-25 I 800 I 2.3+6.7 diesel 1 40 1 07.30 

100 0.3 unmixed 96 07.25 
200 0.6 unmixed 48 07.20 

P 
W W 

2 At, large 
holes 

6 B/D3-25 

12 B/D3-25 

I Mortality in cages (%) Effect on wild tsetse flies 

800 2.31-0.7 diesel 40 07.00 
07.20 
07.00 

1050 3 unmixed 40 07.00 

.I II 1 ,  

9 ,  .1 I t  

100 0.3+0.9 diesel 80 09.35 
200 0.6+1.S diesel 40 09.35 

400 1.2+4.1 diesel 40 07.30 

Corrected 
%age (total 

no. after n hrs 
of observation) 

Experiment no. 
place, section of 
gallery forest 

III - Konséguéla 5 
IV - Koni 4 
IV - Koni 3 

I - Famessasso 7 
I - Sourbasso 8 

I - Karangasso 5 48% (23-14h) 
I - Lele 6 29% (23-14h) 

14/16') ( 8h) 
20/32 (12h) - - 

- - 

5/12 (12h) 
14% (22-12h) 

;/32 - 
- 

~~ 

II - Niessasso 9 ~ I ~ 66% (79-€3h) 

- O (3 di - 
P:ltd: 2t, 3nt2 96 

94 
P:678, 760 
T:lO$, 1: T:lto (3 d) + 

T: 08, 26 
P:238, 30: P:lt: 2nt3, 61-19 83 

T:O (3 d) 100 

III - Konséguéla 9 3/32 ( 811) 

0/24 
0/24 

a P = G. palpalis; T = G. tachinoides. 

Number of dead tsetse flies/total number in batch. 

C t = tenera1 tsetse flies; nt = non-tenera1 tsetse flies. 

P : 26 4 (1 d) 84.5 - - - 

PE : 80 29 (1 d) 
2/24 P : 3  2 (1 d) I 64 - 

5/32 I P : 167 I O (3 d) I 100 

3/79 1 P:l84 12: I lnt, ltp (1 d) I 93 

5t, 6nt3 
2t, 7nt4 (2*5 d, 

P : 127 



TABm III. EFFECT ON G. P. GAMBIENSIS OF JODFENPHOS (ULV, 20% ACTIVE INGREDIENT) 
APPLIED M G&LERY FORESTS 

Corrected 
%age (total 

no. after n hrs 
of observation) 

Equipment 
B = nozzles 

At = atomizers 
(type) Controls 

(deaths/ 
total) 

2 At, large 
holes 

No. captured 
before treatment 

12 B/D3-25 

15 B/D3-25 

No. captured 

(n days after) 
after treatment Reduction (%) 

24 B/D3-25 

528, 20: 

372, 16: 

482, 91y 

383, 30 
243, 6: 

66 

I I Helicopter Insecticide dose 
applied per ha 

4t, 6nt& 75 
4t, 4nto (2 d) 
554 23; (O d) - 
2t, 8 n t q 2  d) 79.5 
It, 5nto 
428, 716 (O d) 
ltd, 4nly (2 d) 96.4 

258 (O d) 39 
96 (O d) 70 

2ntZ lntz (2 d) 95.5 

i 
I I I Experiment no. 

600 3 unmixed 

place, section of 
Mixture gallery forest 
(litres) I Active 

ngredien 
( g/ha ) 

40 06.50 III - Konséguéla 9 

800 

II 8 9  06.20 IV - Koni 1 

4 unmixed 32 06.30 IV - Koni 2 

160 
320 

600 7 3+6 Tiesel I ~ 40 I Oi.10 1 III-- Konséguéla 7 

0.8~4.5 diesel 40 07.00 II - Kouniana 13 
1.6+3.7 diesel 40 07.20 II - Kouniana 14 

600 

&Number of dead tsetse flies/total number in batch. 
b - t  = teneral tsetse flies; nt = non-tenera1 tsetse flies. 

3+12 water 40 17.15 III - Konséguéla 3 

hlortality in cages (%I 

37% (31-2511) 4/32 

5% (40-llh) 
19% (37-llh) 

- 
21/29 (llh) 1- 7/32 

lty (2 d)  100 

- 1  Effect on wild tsetse flies 

c i 



Equipment 
B nozzles 

A t  = atomizers 
( type)  

No. captured 
before treatment 

2 A t ,  small 
holes  

2 A t ,  l a rge  

tia. captured 

(n days a f t e r )  
a f t e r  treatment Reduction (%) 

TABLE I V .  EFFECT ON G. P. GAMBIENSIS OF FENITROTHION (ULV, lo@& ACTIVE INGREDIENT) 
APPLIED M GALLERY FORESTS 

1000 

800 

I Helicopter 
Insec t ic ide  dose 
appl ied per ha I 

1 unmixed 40 06.50 I I I  - Konséguéla 6 

0.8 unmixed 72 06.55 II - Kouniana 11 

I 
I I I Experiment no. 

518, 6p 

place,  sec t ion  of 
ga l le ry  f o r e s t  

Active 
ngredient I ~ ~ ~ ~ " e ' s " ,  1 ~~~~~1 I Time 1 
( g/ha 1 

5 n t 4  2nto (1 d) 87.5 + 

0.1 unmixed 08.20 I - Kouniana 1 2  
0.2 unmixed I :: 1 07.35 I I - Kouniana 11 200 

a Number of dead t s e t s e  f l i e s / t o t a l  number i n  batch. 

2 t = t enera l  t s e t s e  f l i e s ;  n t  = non-tenera1 t s e t s e  f l i e s .  

nfor ta l i ty  i n  cages (%I 

Controls 
(deaths/ 
t o t a l )  

Corrected 
%age ( t o t a l  

no. a f t e r  n hrs  
of observation) 

- -  

17.5% (40-9h) 1/2$ I 1/20 18% (38-l lh)  

74% (32-l lh)  

3C% (78-l lh)  

,a W W 

Effec t  on wild t s e t s e  f l i e s  1 

32 - 

167 
1 5 t , b  37ntB 
9ntp (2 d) I 63 



Corrected 
%age ( t o t a l  

no. a f t e r  n h r s  
of observat ion)  

No. captured 
(deaths/ before t reatment  
t o t a l )  

45% (61-27h) 

8/56 (eh) 
6/56 (8h) 

16% (79-13h) 

5/36 - 
7/57 P : 80 
7/57 - 
3/79 P:5& lo, 

42% (36-2411) - 0/36 - 
- P : c  582, 1120 

T: 208, 13. 

TABLE V. EFFECT ON G. P. GAMBIENSIS AND G. TACHINOIDES OF CARDONA 
(EMULSIFIABLE CONCENTRATE, 24% ACTIVE INGREDIENT) APPLIED TO GALLERY FORESTS 

Insec t ic ide  dose 
appl ied per  ha 

Hel icopter  Mortal i ty  i n  cages (%) I Effec t  on wild tsetse f l i e s  
Equipment 

- B = nozzles 

A t  = atomizers 
( type 1 

Experiment no. 
place,  sec t ion  of 

ga l le ry  f o r e s t  
No. captured 

a f t e r  treatment 
(n days a f t e r )  

Active 
igred ien  
( g/ha 1 

Mixture 
( l i t r e s )  

Speed 
(km/h ) 

ieduction (%I Time 

2 A t ,  smal l  
holes  

100 
200 

0.4 unmixed 
0.8 unmixed 

80 
40 

08.10 
08.20 

I - Sourbasso 8 
I - Zougoumasso 7 

O - 7/5& (8h) P : 26 
10/60 (9h) 8/57 - 

2 A t ,  l a r g e  
holes  720 3 unmixed 07.15 40 

80 
40 

Nasso 2 

I - Zougoumasso 5 
I - Famessasso 15 

I I  - Niessasso 10 

6 B/D3-25 

12 B/D3-25 

0.4+0.8 d i e s e l  
0.8+1.6 d i e s e l  

1.6+3.7 d i e s e l  

06.45 
07.05 

06.45 

100 
200 

400 40 2 seen (1 d)  

15 B/D3-25 1440 6+3 d i e s e l  40 07.30 III  - Konséguéla 2 79% (28-llh) I 0/32 I P: - 2t ,& l n t 8  (2 d)  
2 t ,  2n te  

24 B/D3-25 1440 
1440 

6+9 water 
6+9 water 

40 
40 

40 

40 

08.00 
06.30 

Nasso 1 
I V  - Koni 5 

- 
- 

97 
1 O0 

P:76, 90 
T:2# 3; (O dl 

P:znt&’, T : O g  0: 3 t o  (’ dl 

06.30 I V  - Koni 6 
81.5 

22 

2000 8.3+6.7 water 
an to  

T:2t, htc? ( 2  d)  
3 t .  4nto 

06.45 I V  - N’tiesso 3000 11.5+3.5 water 
62 

Number of dead t s e t s e  f l i e s / t o t a l  number i n  batch. 
b - t = t e n e r a l  tsetse f l i e s ;  n t  = non-tenera1 t s e t s e  f l i e s ,  

P = G. p a l p a l i s ;  T = G. tachinoides. 

t t- 
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4 n o z z l e s  D2-23 
f e n i t r o t h i o n  
800 g 

TABLE V I .  MORTALITY OBSERVED I N  THE LABORATORY AMONG BATCHES OF 
MAW TSETSE FLIES (G. PALPALIS GAMBIENSIS) BROUGHT INTO 
CONTACT FOR ONE MINUTE WITH THE SURFACE OF LEAVES TAKEN 

FROM THE NASS0 GALLERY FOREST AFTER TREATMENT WITH 
GARDONA - KERNAGHAN & JOHNSTON'S METHOD 

11 2/20 94% (18/19) 

M o r t a l i t y  a f t e r  
n h r s  of 

A c t i v e  i n g r e d i e n t  Per  Leaves removed Mor t a l  i t  y C o r r e c t e d  
h a ,  mix tu re  a f t e r  ( c o n t r o l s )  obse rva  t i o n  m o r t a l i t y  (%) 

1440 g ( 6  1 + 9 1 24 hours 2/25 10/25 (21  h )  4 3% 
w a t e r )  - 24 n o z z l e s  11 days  0/4 O 0/40 (26 h )  12.5% 

2/25 4/25 ( 2 1  h )  8.7% 
720 g (unmixed, 24 hour s  

2 a t o m i z e r s )  

NRDC 119 40  g 

jod fenphos  
400 g 
800 g 

TABLE V I I .  MORTALITY AMONG G. PALPALIS GAMBIENSIS I N  CAGES OM 
OPEN TERRAIN WHEN EXPOSED TO INSECTICIDES APPLIED BY 

HELICOPTER FLYING 4m ABOVE THE GROUND 

1 2  n o z z l e s  D3-25 3 2/20 100% (18/18) 

1 2  n o z z l e s  D3-25 13 0/3 O 1.0% ( 2/20) 
1 1  11 

I 1  I t  65% (13/20) 1 1  

I n s e c t i c i d e  and  
dose  ( a c t i v e  

i n g r e d i e n t / h a )  C o r r e c t e d  %age 
and (no.) 

Cont ro  1 s 

Obse rva t ion  n 
Equipment hours a f t e r  

exposure  

~~ ~~~ 

Gardona 400 g I 1 2  n o z z l e s  D3-25 I 16 1 3/79 I 68.4% (13/L9) 

I l  
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8 

- 

5nt5 
24nt 
42nt 

O 
6nt 

6n t 
2nt 
O 

37nt 

lnt 

O 0  
1 2  

6 2  
O 0  

& o  
4 1  
3 0  

1 8  
12 
15 

1 0  
3 0  
7 0  

TABLE VIII. COMPOSITION hY AGE-GROUP OP G. PALPALIS GAMBIENSIS 
POPULATION SAMPLES COLLECTED BEFORE (CONTROLS) OR AFTER 

THE APPLICATION OF INSECTICIDES (FOR AGE-GROUPS SEE TEXT) 

Y O  

0 -  
G 2  - 

1 
o 
1 

Age of males and females 

Control 

Treatment : dose 
(g/ha) 

equipment 

- 
- 
- 

No. collected 
before treatment 

1 
1 
2 

O 

Place and date 
of observation 

6 
1 
1Gb 

O 

No. of days 
after 

treatment 

2 

1 
O 

O 

2 

O il 
5 

3 
1 
O 

6(+2$ 

Gardona 
3000 - 24 nozzles 

methoxychlor . 
3200 - 24 nozzles 

- 
T 

O 
1 

- 

- 
- 

4 
6 
13 

O 
5 

4 
O 
O 

15 

2 - 

1 
1 

2 
1 

O 
O 
O - 

O 
1 
O 
- 

4 
4 
O - 

318, 8p 

222, 4p 

Nt Ntn 

Koni (13.X) 
Koni (2.XII) 
Tiri (12.XII) 

1 
O 
2 

3 
O 
1 

- - - 

2 
2 
2 

3 
2.5 

2 
2 
2 

2 

2 

I 
Konséguéla 
(16-21.XI) 

NRDC 119 
37.5 - 15 nozzles 
37.5 - 24 nozzles 
40 ' -  2 atomizers 

bromophos 
800 - 2 atomizers 
800 - 15 nozzles 
jodfenphos 
GOO - 2 atomizers 
600 - 15 nozzles 
600 - 24 nozzles 
fenitrothion 
1000 - 15 nozzles 
Gardona ~ 

1440 - 15 nozzles 

1 
O 
O 

O 
2 

4 
O 
1 

O 

2 

O 
O 
2 

O 
O 

O 
O 
O 

O 

1 

- 
- 

628, 307 

167 
127 

528, 20; 
66 - 

167 

- 

bromophos 
800 - 2 atomizers 
1050 - 2 atomizers 

jodfenphos 
600 - 2 atomizers 
800 - 2 atomizers 

Gardona 
1440 - 24 nozzles 
2000 - 24 nozzles 
2000 - 24 nozzles 

Koni (28.XI- 
4.XII and 1.73) 672, 200 

238, 30: 

378, 160 
484 914 

286, 37; 

584 1120 
288, 370' 

3 
3 

2 
2 

2 
40 
40 

O 
1 

1 
' O  

O 
O 
O 

N'tiesso 
(2.XII and 1.73) 3 

O 
1 - 

2 
4 
2 

1 
O 
1 j-+ O O 

2 
20 
40 

2 
20 
40 

Niessoumana 
(2.XII and 1.73) O 

1 
2 

a - nt = non-tenera1 specimens. 

16 out of 38 dissected. 

'plus 2 of indeterminate age; 

rl males with soft tegument. 
2p = 2 parous. 

10 males with the "smoke-blackened" wings of teneral specimens and with blood still red in the midgut. 



TABLE I X .  MEAN DIAMETER (p) OF GARDONA DROPLETS ON SENSITIZED PAPER, 

1440 kg ACTIVE INGREDIENT PER ha - 24 3D-25 NOZZLES - 4 0  km/h) 
DENSITY PER CM2, AND MORTALITY O F  TSETSE FLIES EXPOSED I N  CAGES 

(NASSO TRIAL: 

Samples 1 2 3 4 5 6 7 8 9 10 

Mean d r o p l e t  d iameter  e 413 352 344 366 319 348 413 412 334 401 
115 1 0 4  98  102  125 9 5  106 119 86  

TC 269 1 7 3  221 154 192 250 144 250  192 125 

b P- 108 

No. of d r o p l e t s  
p e r  c m  

M o r t a l i t y  of tsetse 
f l i e s  i n  cages 

2 0.88 2.58 1.92 2.20 1.97 6.70 2.38 3.19 3.80 1.50 

a - G = l a r g e  d r o p l e t s .  
b - P = smal l  d rop le t s .  
C - T = t o t a l .  

TABLE X. GARDONA DROPLET DENSITY PER CM2 ON SENSITIZED PAPER AND MORTALITY OF 
TSETSE FLIES EXPOSED I N  CAGES (NASSO TRIAL: 720  g 

ACTIVE INGREDIENT PER ha - 2 LARGE-APERTURE ATOMIZERS - 40 km/h) 

Samples 11 1 2  13 1 4  15 1 6  17 18 1 9  2 0  

NO. Qf dX'QpletS 
2 p e r  c m  

Mor ta l i t y  of tsetse 
flies i n  cages 

6.2 6.6 7.4 5.3 3.5 2 2.9 1.5 2 0 .6  



T BLE X I SUMM RY OF RESULTS (PART 1) 
PERCENTAGE REDUCTION OF WILD POPULATION AND PERCENTAGE MORTALITY 

AMONG BATCHES OF G. PALPALIS GAlllBIENSIS I N  CAGES (BETWEEN 
BRACKETS) AFTER THE APPLICATION OF INSECTICIDES TO GALLERY FORESTS. 

-- 
Dose o f  a c t i v e  i n g r e d i e n t  (g/ha) Product  + 

s o l v e n t  
( 1 i tr  es/ha ) 

I n s e c t i c i d e  and 
formula t ion  

% a c t i v e  
mgredier  

10 20 40 100 200 600 800 

NRDC 119 
ULV 2.5 

~ 

0.4 + O 
0.8 + O 

2.5 
2.5 

lOO(89: 
100( 86.5 ) 

0.3 + O 
0.6 + O 

35 
35 

64(48). bromophos 
ULV 35 

f e n i t r o t h i o n  
ULV 100 

(29) 

0.1.+ o 
0.2 + o 

1 O 0  
100 

60( 17.5: 
1ga(18) 

Gardona 
CE 24 

0.4 + O 
0.8 + o 

24 
24 3'( O )  =-=I=== O( 11/30) NRDC 119 

ULV 2.5 
1.5+1.5 d i e s e l  1.25 

b r  omophos 26.6 
,1  . 
I t  

35 

100( 14/16): 
(20/32)b, 

96p, 94t-- 

2.3+0.7 d i e s e l  
1 1  Il I I  

1 1  Il Il 

3 + 0  
ULV 35 

b 83- 

3 + 0  

4 + 0  

Il Il 

20 
1 ,  

l, 

75 (48 )i 
7-9.5b 

jodfenphos 
ULV 20 

b 96.4- 

1 + 0  1 O 0  ¡3(74) f e n i t r o t h i o n  
ULV 100 

Gardona 
CE 20 

3 + 0  24 

a - No. of tsetse f l i e s  c o l l e c t e d  a f t e r  t r e a t m e n t ,  w i t h  no c o l l e c t i o n  before  t rea tment .  
b - E f f e c t  on tsetse f l i e s  i n  g a l l e r y  f o r e s t s  w i t h  a very  dense canopy. 

- p = , G .  p. gambiensis ;  t = G. t a c h i n o i d e s .  C 



TABLE XI. SUMMARY OF RESULTS (PART 2) 
PERCENTAGE REDUCTION OF WILD POPULATION AND PERCENTAGE MORTALITY 

AMONG BATCHES OF G. PALPALIS GAMBIENSIS IN CACES (BETWEEN 

USING D3-25 NOZZLES (D2-23 IN THE CASE OF FENITROTHION) 
BRACKETS) AFTER THE APPLICATION OF INSECTICIDES TO GALLERY FORESTS, 

-+ c 

Insecticide and 
formulation 

NRDC 119 
(ULV 2.5) 

bromophos 
(ULV 35) 

jodfenphos 
(ULV 20) 

fenitrothion 
(ULV 100) 

I 
No. of Product + 
nozzles (litres/ha) 

0.4+0 I 0.8+0 

l; , 1 0.2+1 

diesel 

0.4+2 diesel 

0.2+1 diesel 
0.4+2 diesel 

1.5t13.5 water 

6 I 0.3+0.9 diesel 
0.6+1.8 diesel ;; 1 1.2+4.1 diesel 

2.3+3.6 diesel 

0.8+4.5 diesel I 1.6~3.7 diesel 

15 I 3+6 diesel 

3+12 diesel 

0.8+0 

0.4+0.8 diesel 
O.Bc1.6 diesel 

12 I 1.3t7 diesel 

6+3 diesel 

6+9 water 
?.3+6.7 1 1 2 ,  water I I  

11.5+3.5 water 

a No. of tsetse flies collected after treatment, Nith no collection before treatment. 

Effect M tsetse flies in gallery forests vith a very dense canopy. 

p = palpalis; t = tachinoides. 
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MAP 2. TEST AREAS I AND I I ,  KOUTIALA 

LEGEND : Sca le  1: 200 O00 

Watercourse 

Boundary between s e c t i o n s  - 

ssc 



MAP 3.  TEST AREA I I I ,  KONSEGUELA 

Boundary between 
s e c t i o n s  / 1 2 O 3 0  - 

S c a l e  1: 200 O 0 0  

MAP 4. TEST AREA I V ,  KONI 


