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INTRODUCTION 

The ~ e d - b i l l e d  Qucle.3 Puelea quelea,  while only one of the many ploceid 
weaver p e s t  s p c i e s  i n  Af r ica ,  i s  probably the  most numerous aviari species  
in  the world, and perhaps t h e  most des t ruc t ive .  I t  ranges over floodplains 

s e n i a r i d  p a r t s  of Africa south Of the Sahara (Magor 1974), inhabiting 
about 20% o f  t h e  la11d a rea  and adversely a f f e c t i n g  the economies of 25 
nat ions (De Grazio 1978) . I n  Sudan, it occupies about 90% of the countryls  
grain product ion a reas  arid i s  responsible  f o r  damage t o  sorghum, r i ce ,  
and wheat. 

Because t r a d l t l o n a l  farmers s u f f e r  a d i spropor t~ona te  share of the 
t o t a l  b i r d  damage compared with large c e r e a l  schemes, economical, simple, 
and appropriate methods o f  h l r d  damage con t ro l  are necessary fo r  small 
p lan t lngs .  This  repor t  s m a r l e e s  the  fieldwork accomplished i n  Sudan, 
Kenya, and Tanzania on the use arid e f fec t iveness  of the chemical methiocarb 
(4-methylthio-3,5, -xylyl N-methylcarbarnate) a s  a b i r d  repe l l en t  on broad- 
c a s t  seed and r ipening g ra in .  He th~ocarb  is widely used and regis tered f o r  
severa l  crop application uses i n  the United S ta tes  as  a b l r d  repel lent  and 
has been t e s t e d  recent ly l n  Senegal (Bruggers 1979) and East  Afrlca 
(Bruggers e t  a l .  1361) . A t  low l e v e l s  of R50 = 0.015% t o  0.178% (Shumake 
e t  a l .  1976; Shefte  1982) , l t  1s a r e p e l l e n t  t o  Red-billed Quelea, the 
p r inc ipa l  b i r d  p e s t  l n  Af r ica ,  and o ther  p e s t  species  i n  Sudan l ike  Village 
Yeavers Ploceus  c u c u l l a t u s ,  Red Blshops Euplcctes  o r i x ,  Golden Sparrows 
Passer 1  u t e u s ,  and Masked Weavers Ploceus taen iop te rus .  Methiocarb i s  
thought t o  r e p e l  b i r d s  by causlng a n  ~ l l n e s s - i n d u c e d  conditioned aversion 
(Rogers 1974, 1978). 

METHODS 

Ripening gra in  app l i ca t ion  

Demonstrations and t r i a l s  were co~iducted between 1977 and 1980 wlth 
farmers and a g r i c u l t u r a l  researchers  on r ipen ing  sorghum, mi l l e t ,  and 
wheat i n  s e v e r a l  provinces of Sudan. Repellency was evaluated fo r  several  
b i rd  s p e c i e s  ia wire o r  n e t  enclosures  of 2 m3 t o  8 m3 placed over ripening 
crops and on e n t i r e  f i e l d s  of vulnerable  c e r e a l  crops. Exposed cereal  heads 
i n  the cages o r  i n  small f i e l d s  were sprayed with portable  Aandi sprayers ,  
B & M sp rayers ,  and motorized CP3 knapsack sprayers;  large f i e l d s  were 
sprayed using a i r c r a f t .  I n  a l l  enclosure s t u d i e s ,  the b ~ r d s  were introduced 
a f t e r  t h e  heads had been sprayed. Addit ional  treatment d e t a i l s  fo r  c e r t a i n  
speclf  i c  t e s t s  a r e  described under r e s u l t s ,  Repllcatlons were used whenever 
possible .  
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Broadcast s e e d  t r ea tmen t  -- 

The t r i a l  was conducted a t  t he  A g r i c u l t u r a l  Research Corporat.ion ( A R ~ )  
s t a t i o n  a t  Wad Medani. Two r e p l i c a t e  600 m2 a d j a c e n t  bands i n  each of two 
4.3  ha r i c e f i e l d s  were seeded a t  a r a t e  of 77 ky/ha. The seed fo r  one 
each p a i r  o f  bands was t r e a t e d  with  methiocarb (0.20% by seed weigh t ) ,  and 
Rhoplex AC 33 adhesives  (48% s o l i d s  -- 0.10% by seed weiyht.) i n  a water 
s o l u t i o n  i n  a b a r r e l  mixer, sun-dried (water  evapora ted ) ,  and handsown into 
7.5 to 10.0 cm furrows and covered with  2-3 cm of s o i l .  'I'he f i e l d s  were 
i r r i g a t e d  a f t e r  seven days, s imula t ing  p l a n t i n g  cond i t ions  a t  t he  Gezira 
Scheme. Counts were made of t h e  proport ion o f  damaqed t o  undamigcd seeds, 
the rimer of  p l a n t s  i n  a 625 cm* sampling u n i t ,  atd h e  number 3 f  birds  
feeding i n  t h e  t r i a l  f i e l d s  du r ing  peak a c t i v i t y  pe r iods .  Seeds a n d  Seed- 
l i n g s  were collected fox r e s i d u e  ana lys i s .  

RESULTS AND DISCUSSION 

Ripening gra in  app l i ca t ion  

The i n i t i a l  work wi th  methiocarb l n  Sudan was co~ l s idexad  e i t h e r  
promising (Martin & Jackson 1977)  o r  ~ n c o n c l u s f v e  due t o  i n s u f f i c i e n t  bird 
pressure  (Mart in  1976). Smce 1977  s e v e r a l  o t h e r  f i e l d  t r i a l s  and e n c l o s u r ~  
s t u d i e s  have bccn conducted i n  Sudan t o  eva lua te  f u r t h e r  the effectiveness 
of methiocarb as  a means of reducing darnaqe by queleas  and o t h e r  b ~ r d s  t o  
ce rea l s .  

Enclosure t e s t s  I n  a t e s t  near Jodah (coord.  12O30'N x 3300r15), i.n 
which queleas  and Vil lage Weavers were placed i n  n e t  e n c l o s u r e s  i n  a sorghum 
f i e l d  with  a l t e r n a t i v e  food, e x c e l l e n t  p r o t e c t i o n  w a s  ach ieved  with 1 t o  3 
kg of methiocarb/ha head sp rays  (Table 1). In t h i s  t e s t ,  each  head was 
t r e a t e d  with  5 cm3 of e i t h e r  a 0.09% o r  a 0 . 2 7 %  methiocarb suspension with  
a U & M sp raye r .  No more than 2.64 damage occurred i n  the t r e a t e d  
enclosures  compared with  42 .6% i n  the un t rea ted  enc losu re  (Table 1 )  . Damage 
was  from 16 t o  4 1  times g r e a t e r  i n  t h e  un t rea ted  enc losu re  and  the  y i e l d  
w a s  from 34% t o  98% l e s s .  The b i r d s  consumed from 2 0  t o  43 g of a l t e r n a t i v e  
food i n  the  u n t r e a t e d  enc losu res  compared w i t h  60 g i n  the  t r e a t e d  enc losu re .  
Methiocarb was t o x i c  t o  both spec ies ,  p a r t i c u l a r l y  a t  the 3 kg/ha l e v e l  
(es t imated 200 p p m  res idue l e v e l ) ,  as 43% of  t h e  54 V i l l a g e  Weavers and 30% 
of t h e  4 0  que leas  died; only 3 %  of the  41 que leas  d i ed  a t  the 1 kq/ha r a t e .  
The n i o r t a l i t i e s  i n d i c a t e  t h a t  law l eve l s  o f  methiocarb shou ld  be  used  and 
probably would be effect ive i n  r epe l l ing  que leas  and Masked Weavers. 
Methiocarb has  been ari e f f e c t i v e ,  broad-spectrum, and n o n l e t h a l  r e p e l l e n t  t o  
many b i r d  p e s t s  i n  many coun t r i e s  (Guarino 1972, Crase 5 DeHaven 1976, C a l v i  
et a l .  1976) .  

Aer i a l  a p p l i c a t i o n  I n  October 1977,  a t  Hawata (coord,  13'20'N x 
34O 3El'E) , an aerlal app l i ca  t l o n  of 4 ky/ha o f  methlocarb, by a P ~ p e r  supercub 
w i t h  booms, wi th  1 kg/ha o f  an d c r y l i c  resirl  adhesive,  Encxyl E ,  on th ree  
p l o t s  o f  4 ha each of sorghum d i d  no t  provide p r o t e c t i o n  because of app l i c -  
a t l o n  problems. S tud ies  with  b i r d s  pu t  In  enc losu res  i n  one of the a e r i a l l y  
sprayed f i e l d s  confirmed t h a t  t he  spray was i n e f f e c t i v e  i n  t h e  manner 
app l i ed .  However, t he  same concentra t ion,  when app l i ed  t o  soryhur~l with a 
knapsack s p r a y e r ,  r e s u l t e d  i n  good p ro tec t ion .  
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1 p r o t e c t i o n  of r i p e n i n g  heads Q E  dura  sorghum i n  8-m3 enc losu re s  
s p r a y e d  w i t h  rnethiocarh at Jodah, llpper N i l e  Province ,  Sudan; 
Navembe r 1 9  78 

Treatment No. b i r d s  
r a t e  per e n c l o s u r e  

(kg/ha) 
Species  % damage* 

-- --- - -- 

3 5 4 V l l l age  weaver 1.4a 

3 4 0  Que lea 0 .ga 

1 41 Quelea 2.ba 

~n t r e a  t e d  40 Que l e a  4 ~ ~ 6 ~  -- - -  ---.---. 

* significant c l i f f e r ence  (P < 0 . 0 5 ;  &- t e s t )  occu r r ed  between damage 
percentages  w i t h  d i f  f c r e n t  superscripts 

T a b l e  2 Crop damage and b i r d  p r e s s u r c  in whea t f i e ld s  t r e a t e d  w i th  methlo- 
ca rb  I n  Kenya, Tanzan~a, and Sudan 

Untreated T rea t ed  
f i e l d  f i e l d  

Nanyuk i  , Kenya No. damaged h e a d s / l ,  000 493 60 

No. b i r d s / o b s c r v a t l o n  

b e f o r e  t rea txr~ent  
a f t e r  treatment 

Rujewa,  Tanzania N o .  damaged heads/1 ,000 5 10 50 

No. b i r d s / o h s e r v a t i o n  

b e f o r e  t r e a  tlnen t 
a f t e r  treatments 

Shambat,  Sudan P l o t  1 

No. damaged headsj1,OOO 116 
Avg no. b i r d s / o b s e r v a t i o n  54 

P l o t  2 

No. damaged h e a d s / l ,  000 46 53 
Avg no. b i r d s / o b s e r v a t i o n  463 2 2  

- - - . - - - - - _ - _ _ . _ - I _  - 
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Table 3  Comparison o f  the e f f e c t i v e n e s s  of complete and edge-only methio. 
c a r b  a p p l i c a t i o n s  t o  fou r  v a r i e t i e s  o f  r i p e n i n g  w'neat a t  znambat, 
Khartoum; February 1980 

Spray coverage 

Complete -- Edge 

Yield  
I_______ 

Yie ld  

- Repl i ca t e s  X loss (kg/32 m 2 )  B l o s s  (kg/32 ,2) 
-- -. 

Mex XG 155 L2 75/76 1 0 9.5 9 7 . 9  
2 8.0 9 .7  3 .O 8.1 

Son 64 XC - 271 1 0 .0 1 0 . 1  !i -0 10.9 
2 10.0 9.3 0.0 9.6 

Mex XG 155 L15 75/76 1 0 10.7 0 3 . 2  
2 * - - 10.0 9 . 5  
3* 5 .o 8.6 

Average 3 . 7 9.0 3 .6  9 . 1  
-- -- 

* Only one complete-spray coverage p l o t  

Table 4 Residues of methiocarb and i ts  s u l f o x i d e  and s u l f o n e  me tabo l i t e s  
( i n  ppm) from a 0.20% seed d r e s s i n g  t r ea tmen t  (by sccd weight)  of 
r i c e  seed i n  Sudan, June 1980 

Growth stage Time (days)  Methiocarb Methiocarb sulfoxi.de Sulfone 

Presowing 0 0.11% - - 
Nongerrninated 10 2 9 and 12 < 1 (1 
Seed l ings  15 2 <I < 1 < 2 
Seed l ings  20 3 1 <1 <2 
Seed l ings  25 < 1  < 1 < 1 < 1  



~ j - ~ l d  t e s t s -  S t u d i e s  demons t r a t i ng  t h e  r epe l l ency  of  methivcarb  LC 
pest b i rds  a l s o  were  c a r r i e d  o u t  on sorghum, m i l l e t ,  and wheat a t  ARC f i e l d  
Stafions a t  shambat (coord .  15°35'N x 3 2 ° j O ' ~ ) ,  and  Wad iiledani ( c m r d .  
1 4 0 2 3 ~ ~  33O32'E).  A p p l i c a t i o n s  o f  2% and 6% methiocarb s p r a y s  t o  
, n d Y i d u a l  heads o f  sorghum a l o n g  one edge, and two days l a t e r  t h e  renlaining 

of a  0 . 1  ha f i e l d ,  markedly reduced tlie number o f  b l r d s  f eed ing  on the 
heads i n  t h e  f i e l d  d u r i n g  t h e  f i r s t  few days. Heads sprayed w i t h  e i t h e r  

were n o t  e a t e n .  B i r d s  r epe l l ed  i nc luded  House Sparrows passer  
domesticus,  and weaver b ixds  of t h e  genera Ploceus and E u p l e c t e s  . However, 

me d i d  n o t  P r o t e c t  t h e  remainder Of t h e  f i e l d ;  b i r d s  soon began 
and a f t e r  one t o  two weeks, only  t he  sprayed heads i n  t h e  f i e i d  

were no t  complete ly  e a t e n .  

A similar a p p l l c a t l o n  of 2% and 6% nlethiocarb on vu lne rab l e  heads of  
r,pcniI1g r m l l e t  r e s u l t e d  i n  a dec rease  i n  t h e  number of Ploceus spp. feeding 
on t he  m i l l e t  from abou t  300 b i r d s  t o  fewer t han  5 0  t he  day a f t e r  application. 
The bird p o p i ~ l a t l o n  b u i l t  up again fol lowing 6 mm of r a i n ,  which presumably 

o f f  t he  methiocarb  s i n c e  no  adtleslve was used. Respraying t h e  heads 
again reduced t h e  numbers of Ploceus from s e v e r a l  hundred t o  l e s s  than 5 0  
h l r d s  a day. 

s e v e r a l  a d d i t i o n a l  methiocarb  demonst ra t ions  were conducted i n  Eas t  
n f r i ca  (De Craz io  & DeHaven 1974) . At Nanyuki (coord. OQ1'N x 37"7'E) , 
Kenya, dur ing  J anua ry  1974, one  o f  two 1/8 ha  p l o t s  of  r i pen ing  wheat was 
sprayed with meth ioca rb  and  a  0 .5% l a t e x  adhesive  s o l u t i o n  a t  t h e  rate of  
3 kq/ha. S i x t e e n  days  a f t e r  a p p l i c a t i o n ,  b i r d  damage was e i g h t  t imes  g r e a t e r  
or. the u n t r e a t e d  t h a n  t r e a t e d  p l o t .  Observat ions  on arid nea r  t h e  wheat p l o t s  
before  t rea tment .  i n d i c a t e d  twice  as many b i r d s  i n  the a rea  t o  be t r e a t e d  
than i n  t h e  u n t r e a t e d  a r e a .  Obse rva t ions  a f t e r  t r ea tmen t  showed the r eve r se ;  
about t h r e e  t i n e s  more b i r d s  i n  the un t r ea t ed  than i n  the t r e a t e d  p l o t  (Table 
2 )  . Many b i r d s  had a p p a r e n t l y  l e f t  t h e  a r e a .  Queleas ,  Ches tnu t  Weavers 
Plnceus rubi y i n o s u s ,  and Long- t a i  led Whydah Euplectes proqne were t h e  most 
obvious p e s t s .  

Another demons t r a t i on  was conducted a t  Rujewa (coord. E 0 5 4  ' 5  x 
33O27'E), ' ranzania ,  i n  February  1974 on one of two 0.05 ha p l o t s  i t 1  a 1 . 2  
ha  f i e l d  w i th  the  same a p p l i c a t i o n  methods and r -a tes  a s  t h e  p rev ious  t e s t .  
Af t e r  t h r e e  days ,  b i r d  damage was 10 t imes  g r e a t e r  i n  t he  u n t r e a t e d  t h a n  
t r e a t e d  p l o t .  B i r d  p r e s s u r e  a l s o  i nc rea sed  on the un t r ea t ed  p l o t  compared 
t o  tlie t r e a t e d  p l o t  (Table  2 )  . 

A s  a corisequence o f  t h e  encouraging r e s u l t s  ob t a ined  i n  some o f  these  
p re l imina ry  t e s t s ,  we dec ided  i n  19PC to detcrminc t h e  e f f e c t i v e n e s s  of  an 
edge s p r a y  i n  p r o t e c t i n g  a n  e n t i r e  f i e l d  (edge a p p l i c a t i o n s  be ing  more 
f e a s l b l e  e c o n o m ~ c a l l y  t han  who le - f i e ld  a p p l i c a t i o n s ) .  I n  a t r i a l  a t  Shambat, 
Sudan, methlocarb  was a p p l i e d  a t  the r a t e  of  1 kg/ha t o  the o u t e r  edge (1/3 
t h e  a r e a )  of two 0 . 2 5  h a  f i e l d s  o f  r ipening wheat dur ing the milk  s t a g e  and 
again  110 days l a t e r  d u r i n g  t h e  soft-dough s t a g e .  Two s i m i l a r  s i z e  f i e l d s  
were leCt u n t r e a t e d .  B i r d  p r e s s u r e  and damage were moni tored weekly-  Each 
t r e a t e d  f i e l d  was l e s s  damaged t h a n  i t s  u n t r e a t e d  p a i r ,  and fr-om 18 t o  20 

:nore b i r d s  were counted i n  t h e  u n t r e a t e d  t han  t r e a t e d  f i e l d s  (Table 2 ) .  

I n  a  second demons t r a t i on ,  a l s o  a t  Shambat dur ing 1980, methiocarb  Was 
a p p l i e d  t o  expe r imen ta l  n a t i o n a l  wheat v a r i e t y  p l a n t i n g s .  A l l  heads i n  11 
Q-F 70 3 2  m2 p l o t s  (352 rn2 t o t a l )  were i n d i v i d u a l l y  sprayed w i t h  a  t o t a l  of  
l . 3  kg of  methiocarb  and 16  1 of  w a t e r ;  adhes ive  was n o t  used.  The edge 

of t h r e e  o t h e r  32 m2 p l o t s  a l s o  were s p r a y e d  t o  compare t h e  e f f e c t i v e -  
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ness  o f  edge  and complete coverage  a p p l i c a t i o n s .  B i r d  damage was es t imated 
v i s u a l l y  b e f o r e  sprayirlq and  j u s t  b e f o r e  h a r v e s t i n g .  Effectiveness 
comparisons were made u s i n g  y i e l d  and damage p a t t e r n s  of wheat grown a t  
Shankat d u r i n g  the  same p e r i o d  i n  t h e  p r e v i o u s  two y e a r s  when methiocarb 
was n o t  used.  R i rd  coun t s  were conducted b e f o r e  and a f t e r  methlocarb  was 
app l i ed .  

Methiocarb  r e p e l l e d  Pouse Sparrows, b i s h o p s ,  and P.1oceus weavers; the 
number i n  t h e  s tudy  p l o t s  dec rea sed  from a n  avcrage  o f  73 p e r  10 rnin 
obse rva t ion  p e r i o d  du r iny  t h e  t h r e e  days  b e f o r e  t r e a t m e n t  . t o  I.ess than one 
b i r d  p e r  obse rva t ion  p e r i o d  du r ing  t h e  two days  immedia te ly  f c l l owing  
a p p l i c a t i o n .  Ten days l a t e r  t h e r e  were st111 l e s s  t han  two birds p e r  
obse rva t ion  pe r iod ,  on ave rage .  The reduced number of b i r d s  r e s u l t e d  i n  
an average  o f  only  2.98 Loss i n  t h e  14 p l o t s ,  compared w i t h  5 .6% I n  12 plots  
i n  L978/79 when methlocarb  was n o t  used.  

F ive  v a r i e t i e s  o f  wheat  grown i n  1979/80 a l s o  were p l a n t e ?  i n  1977/78 
and 1978/79. Pour oE t h e s e  v a r i e t i e s  (Son 64  XC-271, Condor,  Pa to  Argentina, 
Nayab 701 were l e s s  damaged i n  1979/80 tinan i n  t h e  V.io p r e v i o u s  y e a r s .  
F i n a l l y ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  (P < 0.05 ; t-test1 o c c u r r e d  be tween t h e  
y i e l d s  o f  edge-sprayed anti completely s p r a y e d  plots (Tab le  3 )  , aga in  
suppor t i ng  t h e  f e a s i b i l i t y  o f  t h e  l e s s  cxpens ive  edge a p p l i c a t i o n  methods. 

D&ar v a r i e t y  sorghum is n o t  an ea sy  c r o p  t o  p r o t e c t  because  ( a )  i t  has 
smal l  s e e d s  (slot un l ike  m i l l e t ) ,  (b)  t h e  g r a i n s  do n o t  p r o t r u d e  f a r  Eror~l t he  
glumes s o  t h a t  l e s s  chemrcal r e p e l l e n t  i s  p r e s e n t  on t h e  s u r f a c e  a r e a s  o f  
g r a i n s  that que lea s  a t t a c k ,  ( c )  q u e l e a s  attack i t  inu i~ed ia t e ly  a f t e r  t h e  
f lower ing s t -age ,  ( d )  s t a n d s  a r e  s p a r s e  ( c a  5 ,000 p l an t s / ' ha )  , and ( e )  s t a n &  
o f t e n  r i p e n  unevenly. T h i s  leas t  s i t u a t i o n  makes a spot.  s p r a y  t o  the f i r s t  
r i pen ing  heads  p a r t i c u l a r l y  appeal ing.  For  example, when the f i r s t .  1% of 
the  heads  a r e  i r ~  t h e  dough s t a g e  and under  b i r d  a t t a c k  w h i l e  o t h e r s  a r e  
s t i l l  i n  flower, t h e s e  few maturing heads  c o u l d  be s p r a y e d  by v i l l a g e r s  wi th  
a  r e p e l l e n t .  

Broadcast seed t rea tment  

Methiocarb was e f f e c t i v e  i n  West A f r i c a  as a s eed  d r e s s i n g  f o r  reducing 
b i r d  l o s s e s  t o  b roadcas t  r i c e  (Bruggers 1979) .  Farmers a t  t h e  Gcz i r a  Schcmc 
in  Sudan sow t h e i r  f i e l d s  a t  r a t e s  of 77 t o  110 kgl/ha t o  compensate f o r  
var ious  c a u s e s  o f  nongexminatlon, l n c l u d r n g  b i r d  damage which can be s o  high 
t h a t  some f i e l &  have t o  be e n t i r e l y  resown. Using a  b i r d  r e p e l l e n t  can 
p rov ide  a technique whereby farmers  can sow a t  reduced r a t e s  and probably  
a l s o  e l i m ~ n a t e  t he  n e c e s s i t y  t o  resow. 

Iri t h e  one seed d r e s s i n g  t r i a l  conducted i n  Sudan, the main b i r d s  
e a t i n g  t h e  newly sown r i c e  were Chestnut  Sparrow Larks E r e r n o p t e r i x  l euco t i s  
and C r e s t e d  Larks G a l e r i d a  cr.is t a  t a .  They were p a r t  o f  a s m a l l  r e s i d e n t  
popu la t i on  and averaged on ly  10--20 Sparrow h r k s  and 3-5 C r e s t e d  Larks  p e r  
day i n  t h e  a r e a ;  t h r e e - q u a r t e r s  of t h e  v i s i t s  were t o  u n t r e a t e d  p l o t s .  No 
que l ea s  or Gol.den Sparrows v i s i t e d  t he  f i e l d s ,  a l t hough  both s p e c i e s  were 
i r l  the  a r e a  dur ing the s t u d y .  

The p ropo r t i on  of  damaged seeds  was 3 .8  t imes  g r e a t e r  i n  t h e  u n t r e a t e d  
p l o t s  t han  i n  t h e  t r e a t e d  p l o t s  (averages  of 16.9% and 4 . 4 9 )  . The x a t e  o f  
s e e d l i n g  s u r v i v a l ,  17 p e r  sampling u n i t  i n  the t r e a t e d  and 15  p e r  sa l r~pl ing 
u n i t  i n  the u n t r c a t c d  p l o t s ,  was aboc t  th? same due t o  d i sp l acemen t  of s eeds  
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during flooding, incidence of ungerdnated seeds, and uneven d is t r ibu t ion  
seeds on and below s o i l .  The t r i a l  denonstrated tha t  methiocarb can 

r i c e  seed dmage t o  la rks ;  similar resu l t s  were obtained i n  1977 with 
these species i n  a t r i a l  on melon seeds i n  Senegal (Bfuggers). 

Residue a n a l y s i s  

apen ing  grain:  Residues averaging 74.6 ppm were found on heads of 
(seed and glum@) 10 days a f t e r  t rea t ing  with 3 kg/ha of methiocarb i n  

Sudan. These are  l e s s  than the 102 ppm found on sorghum in  Senegal (seed 
and glume) fo r  the same time period foflowing a 2 kqjha applicat ion (Gras 
et al, 1981). Residues on the seed i t s e l f  would be expected t o  be even 
less than the 3 . 0  ppm found on sorghum a f t e r  2 5  days since the wheat seed is 
campletely covered throughout maturation. More detailed chronological 
residue analyses a re  needed fo r  ripening grains. 

Broadcast seed: Saod and seedling samples for  residue analysis of 
raethiocarb and i t s  suLfoxi.de and sulfone metabolites were obtained by 
randomly col lec t ing  a t  l e a s t  300 seeds o r  seedlings itnm~diately a f t e r  the 
chemical was applied and a t  days 10 (after i r r i ga t i on ) ,  15, 20, and 25 (when 
*e plants were between 10 and 15 cm in  he ight ) .  The samples were 
immediately frozen and sent  by a i r  to the Denver Wildlife Research Center 
(DWRC) Chemical Research Laboratories. The samples were analyzed by the 
procedure of Greenhalgh et a l .  (1976). A portion af each sample was 
analyzed ' w e t '  as received a t  the laboratory. The r e s t  of the samplea were 
dried, analyzed, and corrected t o  the wet weight basis. The resu l t s  are 
presented i n  Table 4 .  Methiocarb residues from the dried samples were a l l  
< 1 ppm a f t e r  15 days indicating no taxici  ty hazards. Differences of only 
1-2 pprn were found between the wet and dry samples. The chemlcal already 
i s  reg is te red  i n  the  U.S. f o r  several f r u i t  and grain crops a t  much higher 
l eve l s  of 15-25 pprn (Schafer .1979) . 

CONCLUSIONS 

our r e su l t s  ind ica te  t h a t  l a t e  dough-stage sorghum (dura variety)  can be 
pro tec ted  i n i t i a l l y  a t  applicat ion rates aa low as 1 kgjha when sprays are 
d i rec ted  only a t  the  heads. Th i s  probably is near optimum effectiveness as 
the residue leve l  a t  t h i s  concentration was computed t o  be about 65 ppm. 

These r e su l t s ,  supported by more detai led t e s t s  on the ro le  of adhesives 
i n  Texas (Besssr & El ias  1979), suggest t h a t  the acry l ic  res in ,  Rhoplex 
AC-33, when used a t  one p a r t  adhesive so l ids  t o  three pa r t s  methiocarb so l i d s ,  
probably i n t e r f e r e s  with ar masks the repellent  properties of methiocarb. 
When adhesives a re  used i n  spray treatments i n  very dry climates, such as i n  
Sudan, r a t i o s  oE a t  l e a s t  one pa r t  adhesive t o  20 parts  methiocarb should be 
used. 

Rlthough t h e  r e su l t s  of these studies are encouraging, additional f i e l d -  
word tes t ing ,  par t icu lar ly  with farmers, i s  necessary t o  fur ther  delineate 
t h e  conditions under which methiocarb can be recommended a s  a crop protection 
me thod . 
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