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PREP ACE 

Thi s is a s umma ry o f  a wo r k sho p on the man a g e me n t  o f  
a q ua t i c  we e d s  i n  the i r r i g a t i o n  c a n a l s  of t he G e z i r a S che me , 
Wad M e d a n i , S ud a n . Th e wo rk shop , h el d  D e c emb e r  3 - 6 ,  1 9 7 8 , 
w a s  j o i n t l y s p o n s o r e d  b y  t h e Un i v e rs i t y  o f  G e z i r a  a nd t h e  
U . S . N a t i o n a l  A c a d emy o f  S c i en c e s - N a t i o n a l  R e s e a r ch C o un c i l  
( NA S / N RC ) . The b r o a d  o b j e c t iv e  w a s  t o  f o rmu l a t e r e c o mm en d a ­

t i o ns f o r  an i n t e g r a t e d w e e d  ma n a g emen t p r o g r am us i n g  s h o r t ­
and l o n g - t e rm c on t r o l  t ec hn i q ue s . 

I r r i g a t io n  c a n a l s  a r e  d e s i g n e d  t o  l ea d  w a t e r t o  a g r i ­
c u l t u r a l l ands  whe re r eq ui r e d . Th e e f f ic i e n t  f l ow o f  w a t e r  
i s  imp o s s ib l e t o  ma i n t a in when t he c an a l s  a r e  c h o k e d  w i t h  
a q ua t i c  w e e d s . Th e mo s t  o b v i o us r e as o n  f o r  c o n t r o l l i n g  t hes e 
t h e s e  w e e d s  i s  t o  enab l e  t h e  c ana ls t o  o p e r a t e  a t  the i r  ma xi ­
mum e f f i c i e n c y . 

H ow eve r ,  ano the r r ea s o n  f o r w e e d  c on t r o l , o f t en o v e r ­
l o o k ed , i s  t o  a l t e r  c o nd i t i o ns t ha t f a vo r  t h e  t r a n s mi s s i o n  
o f  d i s e a s e . Ma l a r i a  an d b i lhar z i a  a r e  e n d e m i c t o  t he i r r i ­
g a t ed a r e a s  o f  t he S u dan an d t h e i r c o n t r o l  i s  of p r ime i m­
p o r t an c e . Th e i rr i g a t i o n  c an a l  wa t e r , s low movin g , a n d  r i ch 
i n  v e g e t a t ion , no t o n l y  s up p o r t s  t h e  v e c t o rs o f  the s e d i s ­
e as e s  b u t  a l s o  i s  an i d e a l  e nv i r o nme n t  f o r  the i r  p r o p a g a t i o n . 
Th i s  a d d e d  d im e n s i o n  mak e s  i t  imp e r a t i v e  tha t a n  i n t e g r a t e d , 
c o o r d i n a t ed a p p r o ac h  b e  c o ns i d e r e d  i n  t h e d e s i g n  a nd imp l e­
me n t a t i o n  o f  p r e s e n t  and f u t u r e  p r o g r ams o f  a q u a t i c w e e d  
c on t r o l . 

Th i s  p ub l i c a t i o n  i s  w r i t t e n f o r  a d min i s t r a t o rs a n d  s c i ­
e n t i s t s d e a l i n g  w i th w e e d - i n f es t ed i r r i g a t i o n  s y s t ems i n  d e ­
ve l o p i n g  c o un t r i es . P a r t A o f  t h i s  r ep o r t  c o n s i d e r s  t he 
thr e e  p r i n c i p a l  c on t r o l me th o d s - -b i o l o g i c a l , he rb i c i d a l , and 
m e c h a n i ca l  o r manua l . B a r t  B c on t a i n s  t h e  w o rks h o p  p a p e r s 
and b ac k g r o un d  ma t e r i a l s and i s  s p e c i f i c  t o  t he S ud an . 

P a r t i c i p a t i o n  b y  the NAS w a s  mad e p o s s ib l e  thr o u g h  f u n d s  
p r o v i d e d  b y  the O f f i c e  o f  S c i e n c e  a n d  T e chn o l o g y , B u r e a u  f o r  
D ev e l o pm e n t S u p p o r t , A g e n c y  f o r  I n t e rna t i o n a l  D e v e l o pme n t  
( A I D ) u n d e r c on t r a c t A I D / t a - C - 1 4 3 3 . 

i i i 
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I NT RO D U C T I ON 

I n  N o vemb e r  1 9 7 5 , the u.s. N a t i o n a l  A c a d emy o f  S c i en c e s  
N a t i o n a l  Re s e a r ch Co un c i l  ( NA S / NRC ) a n d  t h e  S ud a n e s e N a t i o na l 
C o u n c i l  f o r  R e s e a r ch ( NCR ) j o i n t l y s p o n s o r e d  a r e g i o n a l  w o r k ­
sho p , " A q u a t i c W e e d  Man a g em e n t  a n d  U t i l i z a t i on i n  t he N i l e  
B a s in . "  The s ub j e c t o f  t h i s  w o r k s h o p  w as t he c o n t ro l  and 
u t i l i z a t i o n  o f  w a t e r  hy a c i n th ( E i chho r n i a  �a s s ip e s  ( Ma r t . )  
S o las ) . F o l l ow i n g  the w o r k s h o p , di s c us s i o n s  w e r e  h e l d  b e­
twe en t h e  s t a f f  o f  t h e  B o a r d  on S c ie n c e and T e chno l o gy f o r  
I n t e r n a t i o n a l  D e v e l o p me n t  ( BO S T I D )  and  S ud a n e s e  w e e d  c o n t r o l  
s p e c i a l i s t s  o n  the n e ed f o r  a w o r k s h o p  a d d r e s s i n g  the p r ob l em 
o f  a q u a t i c  w e e d  ma n a g emen t i n  c ana l s .  Th e S ud a ne s e  r e q ue s t e d  
a wo r ksho p t o  c o ns i d e r  c a n a l w e e d  man a g eme n t  f r o m  t h e  p e r ­
s p e c t i ve o f  b o t h  s h o r t - t e rm c on t r o l  and a l o n ge r- t e rm p r o ­
g r a m  o f  i n t e g r a t e d c o n t r o l . 

D r . M .  Ob e i d , Vi c e -Ch a n c e l l o r  o f  the n ew ly c re a t e d ( 19 7 8 )  
U n i v e rs i t y o f  G e z i r a , o f f e r ed t o  ho s t  the w o rk s h o p  a t  the un i­
v e r s i t y , whi ch is s i t u a t e d  in  Wad Me d a n i , in the c e n t e r  o f 
t h e  Ge z i r a  S c h e m e . A g r i c u l t u ra l  p ro d u c t s  d e r iv e d  f r om 
g r a v i ty - f l ow i r r i g a t i o n  a r e t he e c onomi c m a i n s t a y o f  the 
S u d a n , an d t h e  G e z i r a is t he o l de s t  an d la r ge s t s y s tem o f  
th a t  k i n d . Mo r e o ve r , i t  i s  t h e  en g in e e r i ng mo d e l  f o r  a l l  
o t h e r  i r r i g a t i o n  s chemes  in  th e S ud a n . W ad M e d a n i , a p p r o x i ­
mat e l y  1 5 0  k i l o me t e r s s o u t h o f  Kh a r t o um , i s  o n  t he w e s t e rn 
s i d e o f  the B l u e  N i l e . W a t e r  f o r th e 9 0 0 , 00 0  h e c t a r e s  ( 2 . 2  
m i l l i o n  a c r e s ) G e z i r a  S cheme c omes f r om the Sen n a r  D am on  
t h e  B l u e N i l e . 

Th e S ud an i s  b a s i c a l ly an a r i d  c o un t r y , w i th o nly a 
s ma l l  p e r c en t a g e  o f  l and ma s s  s u i t ab l e  f o r  p l a n t s  r e q u i r i n g  
a n  a q u a t i c o r  s eai aq ua t i c e nv i r o nmen t . I t  i s  i n  t he c a n a l s  
o f  t h e  i r r i g a t i o n  s che me s tha t f avo rab l e  c o n d it i o ns a r e f o un d  
f o r  t h e  o f t e n-ob s e rv e d  " e xp l o s i o n "  o f  a q u a t i c  w e e d s . T h e  
nu t r i en t- r i ch s e d ime n t  a n d  th e s l o w-mo vin g , o f t e n  c l e a r  wat e r  
f r om t h e  N i l e , c o up l ed w i t h  w a rm w e a the r an d t h e  h i gh r e p r o ­
d u c t i v e  p o t e n t i a l  o f  c e r t a i n t r o p i ca l a q u at i c  w e e d s , p r o vid e s  
c o n d i t i o n s  t h a t  e n ab l e we e d s t o  f i l l  u p  c a na l s  i n  a r e l a tiv e l y  
sho r t  t i me . 

3 
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W e e d s  a r e  d e f in e d  a s  p l a n t s  th a t  g r o w  w he r e  man d o es 
n o t w i s h th em t o  g r o w , and  p l an t s g r o w i n g  in th e i r riga ti o n  
c a n a l s c e r t a i n l y  f i t  t h is de f i n i t i o n . A q u a t i c w e e d s  a r e  
c ommo n l y  c a t e g o r i z e d  a s  f l o a t i n g  ( e . g . , wa t e r  h y a ci n th ) , 
s ub m e r s e d  ( e . g . , p o n dw e e d ) , a n d  eme r s e d ( e . g . , c a t t ai l s ) .  
I n  i r r i ga t i o n  c a n a l s  t h e  mo s t  s e r i o u s  p r ob l em s  a r e  f r eq u e n t l y  
c a u s e d  b y  s ub me r s e d  we e d s , wh i c h  a r e  t h e  mo s t  d i f f i c u l t t o  
c o n t r o l  s i n c e  t he y  c a n n o t r e a d i l y  b e  s p r ay e d  w i t h h e r b i c i d e s  
and d o  n o t e a s i l y  l en d  t he ms e lv e s  t o  c l e a r an c e  b y  ma ch i n es . 
I n  f a c t , h e rb i c i d a l  t r e a tmen t mus t b e  a p p l i e d  t o  t h e  en t i r e  
vo l ume o f  w a t e r  f o r  s ub me r s e d p l an t s , a s  o p p o s e d  t o  s ur f a c e  
t re a tmen t o r  s p r a y i n g  f o r  f l o a t i ng a n d  e me r se d  p l a n t s . Wh en 
c a n a l s  a r e  e v e n  p a r t i a l l y  f i l l e d  w i t h  a q u a t i c  w e e d s , w a t e r  n o  
l o n g e r  m o v e s a t  th e d e s i g n a t ed r a t e  o f  f l ow , which in c r e a s es 
l o s s th r o ugh se ep a g e , e v ap o r a t i o n  and  t r ans p i r a t i o n , a n d  u l t i ­
ma t e l y  r e d uces  t h e  s up p l y  n e e d e d  f o r a g r i c u l t u ra l c r o p s . T h e  
n ea r l y  s ta g n a n t  w a t e r  e n c o u r a g e s  mo s q u i t o  b re e d i ng a n d  e n ­
h a nce s t h e h ab i t a t  f o r  b i lh a r z i a -ca r ry in g s na i l s . 

Th e c an a l  s ys t e m  o f  th e Ge z i r a  i s  b r oke n d own as f o l l ows : 
mai n , maj o rs , m i n o r s , Ab u XXs , a n d  Ab u V I s . T h e  mai n c a n a l , 
w h i ch d r aw s  w a t e r  f r o m  t h e  S e nn a r  Dam , i s  2 0 4  km l o n g , 4 0  m 
w i de , a n d  4 . 5 m de e p . B r an c h in g  o f f  t h e m a i n c a na l a r e  9 8 7  
km o f  maj o r  c a na l s , w i th a n  a v e r a g e  w i d th a n d  d e p th o f  1 0  x 
3 m ,  r es p ec t i ve ly� Th e re a re 3 , 8 5 6  km o f  mi n o r c a n a l s , v a ry­
i n g  in w i d th f r om 4 t o  8 m a n d  h av i n g  a n  a v e r a g e  d e p th o f  
1 . 5  m .  T h e  Ab u XX s a n d  V I s  a r e t h e  c a n a l s  l e ad i n g  t o  t h e i n ­
d i v i d u a l  p l o t s . W e e d  mai neen a n c e o f  t h e  Ab u XXs a n d  V I s , th e 
r e s p ons ib i l i t y  o f  p r i v a t e  f a r me r s , v a r i e s  a c c o r d i n g  t o  i n d i ­
v i d u a l  wh i m s . Ma i n t e nan ce o f  t he ma in , m a j o r s , a n d  mi n o r s  i s  
th e r e s p o n s ib i l i t y  o f  t h e  Min i s t ry o f  I r r i ga t i o n . Howeve r ,  
b e caus e o f  th e i r s h a p e , s i ze ,  a n d  w a ter ve l o c i t y , t here i s  no 
s e r i o us a q ua t i c w e e d p rob l em i n  the m a i n and ma j o r  c a n a l s , n o r  
a r e  t hey s ui t ab l e f o r  t he v e c t o rs o f  ma l a r i a  and  b ilh a r z i a .  

Wh e n  o n e  s peaks o f  a w e e d  p r ob l em w i th in th e i r r i ga t i on 
s ch emes , t he n , t h e  r e f ere n c e  i s  t o  the m i no r c an a l s . Th e re 
a re 1 1 , 2 50 km o f  m i n o r can a l s  in t h e  S u d a n , b r ok e n  d own as 
f o l l ows : G e z i r a ( 3 , 8 5 6  km) , Mana g i l  ( 3 , 9 5 8 k m ) , A g r i c u l t u r a l  
Re f o rm ( 1 , 2 88 k m ) , New H a l f a  ( 1 , 3 3 1  km ) , S uk i  ( 3 1 1  km ) , T amb u l­
G un ie d  (30 4 km) , W e s t S e n n a r  ( 1 1 7  km ) , a nd Ab u N aama ( 8 5 k m ) . 
A l l  p r o vi d e  co n d i t i o ns th a t  a r e  a dv an t a g e o u s  f or ma c r o p hy t i c  
a q u a t ic w e e d  g r ow t h  b e c a us e  o f  t h e i r  c o n s t r u c t i on , de s i gn ,  nu­
t r i en t  ri ch s e d i me n t , and a s l ow r a t e  o f  f low tha t make s t h e m  
p rac t ica l ly s t a g na n t  p o o l s . Th us th e s e c ana ls a r e  h eav i l y  i n ­
f e s ted w i t h  w e e d s  an c h o re d i n  t h e  m u d . * 

*I n c l ud i n g  Po t amogetop pe r f o l i a t u s L., P .  n o d o s us Pr i or , 
P .  c r i s p u s  L., !· p e c t i n a t us L., N aj a s  pe c t i n a t a  ( Po rl . )  Ma g ­
nus , C ha r a  slob u l o r is Th i l l i e r , O t t e l i a  a l i s mo i d es (L.) Pe rs . 
a n d  0. u l vi f o l i a  ( Pl a n ch . )  Wa l p . ;  a l s o th e b a nks o f t h es e 
c a na l s  a r e  inh ab i t e d  b y  eme rse d we e d s  s u ch a s  Pan i c um r epens 
L . , Cype r us r o t un d us L . , I po mo e a  r ep t a ns Po i r ,  C y n o d o n  d a c ­
tyl o n  (L.) Pe r s . a n d  Ty pha ang usta t a  B o ry & C h o ub . 
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S u c h  a q ua t i c  w e e d s , i n t e r fer i n g  w i t h  w a t er f l ow i n  t h e  
m i n o r s , h ave b e c o me a s e r io u s l im i t a t i o n  t o  t he e ff i c i en cy 
o f  t h e G e z i r a s ys t em of i r r i g a t i o n . B e c a u s e  t h e  c a n a l  n e t ­
wo rk p r o v i d e s  w a t e r  t o  t h e  p eo p l e  f o r  d r i nk i ng , c o o k i n g , 
b a t h i ng , w a s h i n g  c l o t h e s , f i s h i n g , a nd w a t e r i ng a n ima l s , t h e  
c o n t r o l  m e a s ure s  m u s t b e  c o mp a t ib l e  w i t h  t h e  mu l t i p l e - us e 
f a c t o rs . 

A q u a t i c  w e e d  c o n t r o l  i s  c a r r i e d  o u t  t h r o ugh o n e , o r  a 
c o mb i na t i o n  of , th e f o l l ow i n g  me t h o d s : b io l o gi c a l , h e rb i ­
c i d a l , m e ch ani c a l  o r  m a n u a l , and d r aw-d own . T h e  d r aw - d o w n  
me t h o d  k i l ls  o f f  t h e  a q ua t i c ve g e t a t i o n  b y d ry i ng up  t h e  
ca n a l s  d ur in g  th e h o t  s e a s o n  ( Ma r c h - J un e ) . T h i s  t e c h n i q u e 
i s  n o  l o n g e r  us e d  b e c a u s e  o f  t h e  p r a c t i c e o f  i nt e n si ve , y e a r ­
r o un d  c r o p p i n g  t h a t  t h e  S u dan ad o p t e d  i n  t h e  1 9 6 0 s . I n  t h e  
p a s t ,  m a n u a l  c l e a r in g  a n d  d r aw - d ow n  o f  t he c an a l s  i n  th e 
Ge z i r a  w e r e  t h e  t e c h n i q u e s  emp l o y ed . 

H e rb ici d a l  c o n t r o l  i s  r e l a t ive l y  new , d ati n g  fr om th e 
e n d  o f  Wo r l d  War I I . Me ch a ni c a l  c o n t r o l  w a s  n o t c on s i de r e d  
f o r a numb e r  o f  r e as o n s , e s p e c i a l ly c o s t  a n d  t he t r a d i ti o na l  
r e l i a n c e  o n  m a n u a l  a n d  d r aw- d o wn me t h o ds . Bi o l o g i c al c o n ­
t r o l  i s  j us t  s t a r t i n g t o  b e  a c t i v e l y  r e s e a r ch e d  a n d  a p p l i e d . 
Howe v e r , wi th t he i n t e n s i v e  c r o p p i n g  o f  t h e  1 9 6 0 s , t h e  i r r i ­
g a t i o n  s ch e me m a n a g e r s  f o und t h a t th ey w e r e  h a v i n g  t o  c l e an 
t h e  c a n a l s  o n  an  ave r a g e  o f  e i gh t  t im e s  p e r y e a r . W i t h  mo r e  
t h an 1 1 , 0 0 0  k m  o f  c a n a l s , t h e  c o s t s w e r e  b e c o m i n g  p ro h ib i ­
t ive . F u r th e r , i n  t h e  1 9 7 0 s  t h e  d e m a n d  f o r  u n s k i l l e d  l a ­
b o r e r s  i n c r e a s e d s i g n i f i c a n t l y in  the u r b an c en t e rs a nd the 
ne i g hb o r i ng o i l - r i c h s t a t e s . A l so , t h e r e  w a s a n  i n c r ea s i n g  
awa r e n e s s  o f  h ea l t h  h a z a r d s  a s s o c i a t e d w i t h  wo r k in g i n  t he 
c a na l s  a n d  t h e  s o c ia l  s t a t u s o f  t h e  w o rk w a s  l o w . Th e l a­
b o r e rs h ad o t h e r  o p t i o n s  a n d  e x e r c i s e d  t hem . Th u s , th e i r­
r i g a t i o n  s ch eme mana g e rs w e r e  f a c e d  w i t h  i n c re a s e d  cle a r i n g  
d eman d s  a n d  a r e d uc e d  l ab o r  f o rc e . 

T h e t en d e n c y  w a s  t o  t u r n  t o  h e rb i c i d al c o n t r ol .  How ­
eve r ,  th i s  m e t ho d  r e q u i r e s  s p e c i a l  t e c h n i q u e s , e q ui pmen t ,  
a n d  t r a i n e d p e r s o n ne l , a s  w e l l  as  f o r e i gn e x c ha n ge f o r  t h e  
chem i c a l s . H e r b i c i d a l  co n t ro l  i s  f u r th e r c omplic at e d  b e c a use 
o f  t h e  t h r e a t  o f  c o n t a m i na t i o n  o f  a dja c en t  f o o d  and c o mmer­
c i al c r o p s. C are mus t a l s o b e  t aken t o  p r o t e c t  t h e  f i s h, 
a n ima l , a n d  h uman p o p u l a t i o ns l i v in g  i n  a n d  n e ar t h e  w a t e rs 
b e i n g  t r e a t e d . H e rb i c i d a l  t r e a tme n t  t e c hn i q ues vary not 
o n ly a c c o r d i n g  t o  th e t ar g e te d p l a n t  s p e c i e s  b ut also a c­
c o rd i ng t o  t h e  r a t e  of  flow a n d  th e i m p ur i ti es in t he wa t e r . 
Knowl e d g e  o f  l i f e cy c l es , phy s i o l o gy , a nd r e p roduct i v e  ch a r ­
a c t e ri s t i c s  o f  t h e  w e e d  s p e c i e s  may p rov i d e  c l u e s  t o  the 
p rop e r t i mi ng for h e rb i c i d a l  a p p l i c a ti ons as well a s  fo r 
o t h e r  c o n t r o l me a s u r es . Fo r t he m o s t  p ar t , h owe v e r ,  t h i s 
b a s i c  knowl e d g e  i s  not y e t  ava i l ab l e , and i n  f a c t  an i n v e n­
t o r y o f  no x i o us  w e e d  s p e c i e s  i n  t h e  G e z i r a  i s  j u s t  b ei n g  
comp l e t ed ( 1 9 7 8 - 8 9 ) . 
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Th e a d v an t a g es o f  h e rb i c i d a l  c on t r o l are t h a t  d r ama t i c  
r e s u l t s  c a n  b e  a c h i eve d w i th i n  a f ew d ay s  ( or l es s ) o f  t r e a t ­
men t a n d  t ha t  c o s t s  a r e  r e l a t iv e l y  l o w . Di s a dvan t a g e s - - i n  
ad d i t i o n  t o  e nv ir o nme n t a l c o nc e r ns - - a r e  th a t  l ar g e  ma s s e s  o f  
d e a d  pl an t m a t e r i a l  may o b s t r u c t  s h a l l o w  c an a l s , c a u s i n g  
o xy g en d e p l e t i o n  and l ea d in g  t o  e u t ro ph y c a t i on a n d  s ub s eque n t  
r e g r ow th o f  th e s ame o r  o t h er no x i o u s  s p e c i e s . I n  s um ,  h e r ­
b i c i d a l  c o n t r o l  d o e s  n o t s o l v e  t h e p r o b l ems o f  c a n a l  c lea r ­
i n g , b u t  d o e s  l e n d  i t s e l f  w e l l t o  t rea t i ng eme r g en c y  s i t u­
a t i o n s . 

T h e  m a n a g e rs o f  t h e  v a r i o u s  i r r i g a t i o n  s ch e me s  ar e 
f a c i n g  i n c re a s e d d eman d s  f o r m a i n t e n a n c e  and  d i f f i c u l t y  i n  
r e c r ui t in g  s uf f i c i e n t  l ab o r e rs . T h e  r em e di e s  a r e  u s e o f  
h e rb i c i d e s  w i t h  s h o r t - t e rm e f f i c a c y  a n d  a c c o mp any i n g  d i s ad ­
van t a g e s ; m e ch an ica l c o n t r o l w i t h  exp e ns i ve e q u i p me n t  a n d  
l i t t l e  v a r i e ty o f  c ho i c e ; a n d  p r om i s in g , y e t  l ar g e l y  un­
t e s t e d  and l i mi t e d , b i o l o g i c a l  c o n t r o l t e ch n ique s . I t  w a s  
i n  th i s  c o n t e x t  t h a t  t h e  S u d a n e s e t u rn e d  t o  t he N A S / NRC f o r  
a s s i s t a n c e  a n d  c o o p e r a t i o n . 
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AGENDA , PART I CI PAN TS , AND WO RKI NG GROUP S  

Th e w o rks h o p  w a s  h e l d  f r om D ecemb e r  3 - 6 ,  1 9 7 8 , a t  
th e U n i ve rs i t y o f  G e z i r a , W a d  M e d a n i . Th e f i rs t two d ay s  
w e re d evo t e d  t o  b ack g r o u n d  b r i e f i n gs b y  the  S u d a n e s e  a n d  d i s ­
cus s i o ns by  th e NA S / NRC p an e l i s t s  o n  the s t a t e -o f - t h e - a r t  o f  
a q u a t i c w ee d  co n t r o l  i n  th e Uni t e d  S t a te s . Th e th i r d  d a y  
w a s  an a l l - d ay f i e l d  t r i p t o  o b s e rve t h e  G e z i r a  i r r i g a t i o n  
n e tw o r k  a n d  i ts we e d  p r ob l em .  F o r th e f i na l d ay o f  t h e  w o rk ­
s h o p , th e p a r t i c i p an t s  me t in  t h r e e  w o rki n g  g r o up s  t o  d i s c us s 
b i o l o gi c a l , h e rb i c i d a l , a n d  m e chan i ca l  co n t r o l  t e ch n i q u e s  and 
t o  m ake s p eci f i c  re comme n d a t ions f o r  b o th t h e  s ho r t - and l o ng­
t e rm i n te g r a t e d  c o n t r o l  p r o g r ams . S e ve r a l  ge n e r a l  r e c omme n d a ­
t i o n s  w e re a l s o p r es e n t e d  a n d  c o l l e c t iv e l y  e n d o r s e d a t  th e 
f i n a l  ses s io n . 

Th e U n i v e r s i t y  o f  Ge z i r a h o s t e d  a r e ce p t i o n  S a t u r d ay 
eve n i n gl De c e mb e r  2 .  F o l l ow in g  t he f o rm a l  s es s i o ns a nd f i e l d  
trip , t h e re were i n f o r ma l s l i de s h ows a n d  t a lk s b y  b o t h  u.s. 
and S u dane s e  p a r t i c i p a n t s  o n  v a r i o us a s pe c t s o f  th e w ee d  p r o b ­
l em a n d  c o n t r o l  t e c hn iq u e s . 

Th e d e t a i l ed w o rks ho p  a g e nda f o l l ow s : 

S unday, D e c e mb e r  3 

A . M .  

C h a i rman : H a m i d  0. B u rham , D i r e c t o r - G e n e r a l  
A g r i c u l t u r a l R ese a rch C o r p o r a t i on 

O p e n i n g  Rema rks - M .  Ob e i d , V i ce -C h a n ce l l o r  
Un iv e r s i t y  o f  Ge z i r a  

Re f re s h men t s  

- D a v i d  L .  S u t t o n  
A g r i c u l t u r a l  Re s e a r ch a n d  E d u c a t i o n 

C e n t e r 
Uni ver s i t y  o f  F l o r i d a  

7 
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P ap e r :  T h e  N i le i n  th e S ud an 

- M .  E .  Be s h i r  
D ep a r tm e n t o f  B i o l o g i c a l S ci e nce s 
U n i ve rs i t y  o f  G e z i r a  

G e n e r a l D i s cus s i o n  

P . M .  

C h a i rman : D a v i d L .  S u t t o n  

P a p e r :  Gra v i t y- F l o w  I r r i g a t i o n  i n  t h e  S u d a n  

- K a m a l  M .  Ab d u ,  D i r e c t o r  
I r ri g a t i o n  S e rvi c e s  
Mi n i s t r y  o f  I r r i g a t i o n , W a d  Me d ani 

P ap e r : C r o p -Wa t e r Requi r e me n t s  and O p e r a t i o n  o f  M i no r 
C an a l s  

- 0. A .  A .  F a d l , S o i l  P h y s i c i s t  
Agri c u l t u r a l  Re s e ar ch Co r p o r a t i o n  

D i s c us s i o n : Me c h an i c a l  C o n t r o l  i n  th e U n i t e d  S t a t e s 

c. M .  ( B r a t e ) B ry an t  
Aq uama r ine C o r p o r a t i o n  

- W i l l i am c. D o e r i n g 
S p e c i a l  P r o d u c t s D i v i s i o n  
L an t a n a  B o a t y ar d  

Ge ne r a l  D i s c us s i on 

Mo n d ay, Dec emb e r  4 

A . M .  

Ch a i rma n : M .  Bakh e i t  S ai d ,  D e p u t y  D i r e c t o r - Ge n e r a l  
A gri c u l t ural R e s ea rch C o r p ora t i o n  

P ape r :  D i s t r i b u ti o n o f  Aq u a t i c  Ma c r o p hy t e s  i n  t h e  Gez i r a  

- A .  M .  H amdo un , We e d  C o n t r o l  S p e c i a l i s t 
Ag r i c u l t u r a l  Re s e a r ch C o r p o r a t i o n  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A q u a t i c  W e e d  M a n a g e m e n t :   I n t e g r a t e d  C o n t r o l  T e c h n i q u e s  f o r  t h e  G e z i r a  I r r i g a t i o n  S c h e m e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 4 7
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Pap e r: S ch i s t osomi as i s  i n  th e Ge z i r a 

- Mu t am a d  A .  Ami n ,  F a c u l t y o f  Me d i c i ne 
Uni ve rs i t y  o f  Kh a r t o um 

Pape r :  M a l a ri a in I r r i g a te d A gr i c u l t u r e  

- A .  M .  H a r i d i , Ma l ari a D i v i s i o n  
Mi n i s t r y  o f  He al t h  

D i s c u s s ion : He rb i c i d a l  C o n t ro l  i n t h e  Un i t e d S t a t e s  

- W i l l i am T .  H a lle r 
C e n t e r  f or Aq ua t i c  We e d  Re s e a r ch 
U n i v e r s i ty o f  F l o r i d a 

J o h n  E .  G a l l a gh e r 
H e rb i c i de D i vi s i on 
Amch em Pr o d u c t s , I n c . 

- Ro b e r t  J .  G a t e s  

Ge n e r a l  D i s c us s i o n 

S p e c ia l  S up p o r t  D i v i s i o n  
S o u th w e s t Flo r i d a  Wa t e r  Managemen t 

Di s t r i c t  

P . M .  

C h a i rma n : M .  Ob e i d  

Pape r :  P a s t and Pre s e n t  Me th o d s  o f  C o n t ro l  

- A .  M .  H am d o un 

P ape r : B i o l o g i c a l  C o n t r o l  b y  F is h  

- T .  T . G e or g e  
F i s he r i es Re s e a r ch C e n t e r 
Ag r i c ul t u r a l  Re s e a r ch C o r p o r a t i o n  

P ap e r :  Th e En g i n ee r ' s  V i ewp o i n t  

- Kam al M .  Ab d u  

D i s c us s i o n: B i o lo g i c a l  C o n t r o l  i n  th e Uni t e d  S t a t es 

- Wi lli am M .  Ba i le y , J r . 
Ark ans as S t a t e Game an d F i s h e r i es 

C ommi s s i o n 
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G e n e r a l  D i s c u s s i o n  

T u e s day, De cemb e r  S 

F i e l d  T r ip :  Ge z ira I r r i g a t i o n  N e tw o rk 

We dn es d ay, D e c emb e r  6 

A . M .  

Wo rk i n g  G r o up D i s cus s i o n s  

P. M .  

Ch a i rman : M .  Ob e i d  

Re p o r t : B i o l o g i c a l  C o n t r ol 

Re p o r t : H e rb i c i dal C o n t r o l  

Rep o r t : Me ch ani c a l  C o n t r o l  

R e p o r t : S umma r y  & Re c omm en d a t i o n s  

Th u rs d ay, De c emb e r  7 

A . M .  

Dep a r t u re f r om W a d  Me d an i  

P ar tic i p an t s 

S udane s e 

Mo h amm ed Ob e i d , V i c e  C h an ce l l o r , Uni ve r s i t y  o f  G e z i r a , P .  o. 
Bo x 2 0 , Wad Me dan i ( Ch a i rman ) 

Kama l Moh amme d Ab d u , D i re c t o r, I r r i ga t i o n  S e rv i ce s , M i n i s t r y  
o f  Irr i ga t i o n , Wad M e d a n i 

H us s e i n s. A d am , Le c t u rer , U n i ve r s i ty o f  Ge z i r a , W a d  Me d an i  
Ak as h a  M .  A l i , We e d  C o n t r o l  Spe �i a l i s t , P l an t P r o t e c t i o n A d ­

m i ni s tra t i o n , W a t e r  H y a c i n th S e c t i o n , M i n i s t ry o f  Ag r i ­
c u l t u r e , F o o d  an d  N a t ur a l  Res o u r c e s , Kh a r t o um N o r th 
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M o h amo ud A d a m  A l i , A g r i c u l t ura l Re s e a r ch C o r p ora t i o n , Ge z i r a 
R e s e a r ch S t a t i o n , W a d  Me d a n i  

Mu t am a d  Ah me d Amin , L e c t u r e r , C o mmu n i ty Me d i c i n e , F a c u l t y  o f  
Me dic i ne , Uni vers i ty o f  Kh a r t o um ,  P .  o. Bo x 2 3 7 1 , Kh a r ­
t o um 

A .  G .  T .  B ab ik e r , W e e d  S c i en t is t ,  Ag r i c ul t u r a l R e s e a r ch 
C o r po r a t i o n , G e z i r a  Res e a r ch S t a t i o n , Wad Me d a n i  

M .  E .  Be s h i r , Le c t u r e r , Uni v e r s i ty o f  G e z i r a , W a d  Me d a n i  
(Wo rk s ho p  C o o r d i n a to r )  

Hami d 0. B u rh am , D i r e c t o r -G e n era l ,  A g r i c ul t u r a l Re s e a r c h  
C o r p o r a t i o n , W a d  Me d an i  

D a v i d  C o a t e s , L e c t u r e r , U n i v e r s i ty o f  G e z i r a , W a� M e d a ni 
L u t f i  A .  D es s o u g i , B o t a ny De p a r t m e n t , F a c u l ty o f  S c i e n c e , 

Un i vers i t y  o f  Kh a r t o um ,  Kh a r t o um 
S ami a Am i n  E l  Kan ib , T e a c h i n g  As s i s t a n t , Z o o l o gy De p a r tme n t , 

Univ e rs i ty o f  Ge z i ra , W a d  M e d a ni 
Moh ame d I d r i s  Mus t a f a , T e a ch i n g As s i s t an t , D e p a r t me n t  o f  

B i o l o g i ca l  S c ie n c e , U n i ve r s i t y  o f  Ge z i r a ,  W a d  M e d an i  
A. I .  E l  Mo ghr ab y , Hy d rob i olo g i c a l  Res e ar ch Un i t ,  U n i v e rs i ty 

o f  Kh a r t o um ,  Kh a r t o um 
Mi r gh an i  T�g E l  S e e d , By d r ob i o lo g i c a l  Re s e arch U n i t ,  U n i v e r ­

s i t y o f  Kh a r t o um , Kh a r t o um 
Y o us i f  M .  E l  T ay eb , L ·e c t u r e r , Un iv e r s i t y  o f  Ge z i r a , W a d  Me d a ni 
Ab d a l l a  Moh ame d El  Z ub e i r , As s is t a n t , Ag r i c u l t ur al Ma na ge r ,  

S u dan Ge z i r a  B o a r d , B ak a r a t 
O s man A .  A .  F ad l, S oi l Ph y s i c i s t , A g r i c ul t ur a l  Re s e arch 

C o r p o ra t i o n ,  G e z i r a  Re s e a r c h  S t a t i o n , Wad Me d a n i  
Thoma s T .  Ge o r g e , F i s h e ri es Res e a r ch C e n te r ,  Agri c u l t u r a l  Re­

s e a r ch C o rp o r a t i o n , G e z i r a  Res e a r ch S t a t i o n , ·  W a d  Me d ani 
A zh a r i  A .  H ama d a , Wee d C o n t r o l  Sp e c i alis t ,  A g r i c ul t u r a l  Re­

s e a r ch C o r p o r a t i o n ,  Mi n i s t ry o f  A g r i c u l t u r e , P .  0. B o x  
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REC OMMENDAT I ON S  AND C ON C LU S I ON S  

Th e r e c omme n d a t i o n s  a n d  co n c l u s i o ns t h a t  eme r g e d f r om 
th e t h r e e  w o rki ng g roup s ( b io lo g i c a l , h e rb i c i d a l , a n d  mech­
an i c a l )  a r e  s ta t e d  b e l o w .  S i n c e  t he re we r e  a n umbe r  o f  s im i­
l a r  re c omme n d a t i o ns f r om e a ch g r o up , the cha i rmen me r g e d  
th o s e  re c o mmen d a t i ons a n d  c o n c l u s i o n s  i n t o  a ge n eral c a te­
g o ry . 

Ge n e r a l  P r og r am Recomme nd a t i o n s  

T h e  f o l l o win g g e nera l r e c ommen d a t i o n s  w e r e  m a d e : 
1 .  A na t i o na l  c o mm i t t e e  s ho u l d  b e  e s t ab l i s h e d  a n d  

f un d e d  t o  wo rk c l o s e ly w i t h th e Mi ni s t r y o f  I r r i g a t i on i n  
p l an n i ng a n d  d e s i gn in g  n ew i r r i g a t i o n  c a n a l s , msn-m a d e  l akes ,  
a n d  r e s e rvo i r s , as w e l l as  t o  c oo rd i na t e  res e a r c h and c o n­
t r ol op e r a t i o n s f o r  a q ua t i c  w e e d s  a n d  es t ab l i s h g u i d e l i nes 
f o r  t he s a f e us e o f  h e rb i c i de s . Th i s  comm i t tee w o u l d  h e l p 
i n  t h e  p l a nn i n g  p h a s e s  o f  i r r i g a t i o n  p ro j e c t s and  i n  de ­
c i d i ng u p o n  and imp l eme n t i ng t e chn i q ue s  f o r  c o n t r o l l i ng 
aq u a t i c w e e d s . 

2 .  Th e v a ri o u s  g o v e r nme n t  d e p a r tme n t s  c o n ce r n e d  w i t h 
aq ua t ic we e d  p r ob lems s h o u l d  d e v o te  g r ea t e r r e s o u r c es t o  
r esea r c h , e d u c a t i o n , and c o n t r o l  o p e r a t i o ns . 

3 .  I n  o r d e r t o  a ch i eve i n t e g r a te d  wee d c on t r o l  o b j e c­
t i v e s , a m u l t i d i s c ip l i na ry t e am s h o ul d  u n de r t ake a l o n g - t e rm 
res e a r ch p r o j e c t . The o u t c ome o f  s u ch a n  i nv e s tme n t c o u l d  
l e a d  t o  a b e t te r  un de rs t an d i n g  o f  th e aqua t i c wee d p rob l em 
and  an i n t e gra t e d  a n d  mo r e  e f f e c t i v e  m a n a g e m e n t  p r o g r am .  
I n t e n s i ve r e s e a r ch s h o u l d  b e  c a r ri e d  o u t  o n  t he b i o l o g y , 
ec o l o g y , t ax o n omy , and d i s t rib utio n o f  a q u a tic p l a n t s , and 
t h e  i n f o rm a t io n  ap p l i e d to  i m p r o v i n g  w e e d  c o ntro l .  A d d i ­
t i o n a l  s t u d ies a re ne e de d  o n  b i o l o g i c a l  c o n t r o l  m e t h o ds s u c h  
as  f i s h ,  i n s e c ts , a n d  p a th o ge ns . Al s o , s t ud i e s  s h o ul d  b e  
m a d e  r e g a r d i n g  t he u s e  o f  h e rb ivo r o u s s n a i l s  w h i c h  a r e  � 
in t e rme d i a t e  ho s t s o f  s ch i s t o s omi a s is an d f e e d  i n t e ns e l y  o n  
aqu a t i c  v e ge t a t i o n , i . e . , Ma r i s a  s p p .  Emph as i s  s h o u l d  be 
p l a ced on s c re e ni ng h e rb i c i d e s  ( an d  t h e i r  as s o c i a t e d  
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ap p li c a t i o n  t e ch n i q u e s ) t o  e va l ua te t h e i r  e ffe c t i ve ne s s i n  
r e la t i o n  t o  p o s s i b l e  s i de e ffe c ts . Te s t i ng sh o u l d  b e  c o n­
d u c t e d  on t h e  fe a s i b i l i t y  of me ch an i ca l  c o n t r o l . 

4 .  Th e Mi n i s t ry of H e a l th , in co o r d i n a t i o n w i th t h e  
M i n i s t r y  o f  Ir r i g a t i o n , t h e  Uni ve rs i ti e s o f  Ge z i r a  a nd J ub a ,  
th e S u d a n  Ge z i r a Bo a r d , a n d  t he A g r i c u l t u r a l  Re s e a r ch C o r­
p o r a t i o n  s ho u l d  c o n d u c t s � u d i e s  on the i nc i de n ce a nd d i s t r i ­
b u t io n  o f  w a t e rb o rne d i s e as e  v e c t o rs , es p e c i a l ly b i lh a r z i a 
and m a l a ri a . T h e  l i f e  c y c l e s  of t h e  ve c t o rs s ho uld b e  s t ud ­
i e d  in re l a t io n  t o  b o t h t he a q u a t i c  w e e d c o n t r o l  tech ni q ues 
i n  us e at p re s e n t  and t h o s e unde r c o ns i d e r a t i on fo r p o s s ib l e  
f u t u re u s e . 

5 .  Th e h e a l t h ,  s a fe t y ,  a n d  w e l f a r e  o f  p e o p le as s o cia t ed 
w i t h  th e v a r i o us i r ri g a t i o n  s ys t e ms s ho ul d  a lw ay s  b e  t ake n 
i n t o c o n s i de r a t io n  in p r es e n t  a nd f u t u r e  w e e d c o n t r o l  p ro ­
g r ams . 

Re c omme nda t i o ns o n  Wee d C o n t r o l  Me t h o d s  

Th e w o rk i n g g r o up s  m a d e  a numb e r  o f  re c ommen d a t i o ns 
t h a t  r e l a t e  t o  s t u dy i n g  o r  imp l e me n t i n g  v a r i o u s  me t ho d s of 
we e d  c on t r o l . 

B i o l o g i c a l  C o n t r o l - -Sh o r t - t e rm A c t i v i t i e s  

1 .  P o p u l a t io n  and b eh av i o r s t ud i e s  s h o u l d  b e  c o n d u c t e d  
o n  f i s h  and o th e r  v e r t eb r a t e s  i n  t h e  c a na ls t o  d e t e rm i n e  p o ­
t en t i a l  p r eda t o r s  a nd t o  id e n t i f y  s p e c i es o f  f i s h  i nh a b i t i n g  
t h e  c ana l s . T h e  r e s ul t s  w i l l  b e  us e f ul fo r de t e rm i n in g  t h e  
s i ze and  numb e r  o f  gr a s s c a r p  f i n g e r l i n gs t o  b e  s t o c k e d  and  
fo r d e ve l o p i n g  a n  i n t e g r a t e d a q ua t i c  weed  man a g emen t p ro g r am .  

2 .  P l a n t  p o p u l a t i o ns in t he c a na l s s h o uld b e  s u rvey e d  
t o  de t e rmi n e  th e de g re e  o f  we e d  i n f e s t a t i o n  s o  a s  t o  ev a l u­
a t e th e numb e r o f  g r as s c a r p  r eq u i re d  fo r c o n t ro l l ing we e d  
g r o w t h . Th i s  i nfo rma t i o n  w i l l  a l s o b e  us e d  t o  p i npo i n t  a r e a s  
whe re t he g r as s  c a r p  may n o t  b e  eff e c t i ve and w h e r e  o th e r 
c on t r o l  t e ch n i q ues s ho u l d  b e  re c omme n de d .  

3 .  Wh e r e  s ui t ab l e ,  c a n a l s  s ho u l d  b e  s t o ck e d i mme d i a te ly 
w i t h  5 - t o  6 - ye a r - o l d  f i s h  th a t  a r e  c u r re n t ly a va i l ab l e . 
Th i s  w i l l  no t o n l y  p r o vi de fo r t h e  g r ow th and de v e l o p me n t  o f  
fi s h  ne e de d  f o r  b r o o d  s to ck ,  b u t w i l l  a l s o e n ab l e  a s t u d y  on 
t h e  e f f e c t i ve nes s o f  g r a s s c a rp f o r  we e d  co n t r o l . I t  w i ll 
a l s o p r o v i de i nf o rma t i o n  o n  s t o ck i n g r a t e s  of m a t u re g r as s  
c a r p  th a t  w i l l  b e  n e c e s s a ry f o r  e ffe c t i ve c o n t r o l  o f  a q ua t i c  
w ee d s . 

4 .  Tempo r a r y  b ro o d- s t o c k h o ld i n g t anks w i th  co n t i n u o u s  
w a t e r  fl ow sh o u ld b e  c o ns t r u c t e d f o r us e i n  th e s p aw n i n g  p ro ­
g r am u n t i l  a ha t ch e ry i s  compl e t e d .  { S e e r e c omme nda t i o ns 
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b e l ow f o r  c o ns t r u c t io n  o f  the h a t che ry . ) A h a t ch e ry i s  u r ­
ge n t ly ne e ded b u t  i s  mo re p r o per l y  l i s te d unde r t he l o ng­
t e r m  r e c o mmen d a t i o n s  be c aus e o f  the t ime r eq u i red to c o n­
s t r u c t  i t .  

B i o l o g i c a l  C o n t r o l--L o ng- t e rm A c t i v i t ies 

1 .  A f i s h  h a t che ry and re a r i n g f ac i l i t ies s h o ul d  be 
c o ns t r uc t e d  t o  pro v i de an adequa te s u p p ly o f  g r as s  c arp f o r  
s t o ck i n g i n  t he c an a l s . 

2 .  The g r a s s c a r p  and  o t h e r  f i sh f r om the c a n a l s  
s h o u l d  be s t ud ied f o r  h er b i c i de a n d  i n se c t i c i de re s i dues t o  
de term i ne i f  they a re s a fe f o r h uman c o ns ump t i o n . I f  the 
pes t i c i de res i d ues a r e  f o und t o  b e  w i t h i n  t h e  t o le r a n ces 
s e t  by the S ud an G o ve r nmen t , t e n a n t s  s h o u l d  b e  a l l owe d t o  
harve s t  the f i s h  a f te r  weed c o n t r o l  h a s  been a c hi eve d . 

3 .  A s t u dy o f  n a t i ve h erb i v o r o us f i sh e s  s ho u l d  b e  m a de 
t o  de term i ne i f  na t i ve s pe c i es m i gh t  a i d i n  t h e  b i o l o g i c a l  
wee d  c o n t r o l  p r o g r am i n  the can a l s . 

4 .  A s t udy s ho u l d  be d o ne o n  th e fe a s i b i l i t y  o f  c u l ­
t u r i n g f i s h  i n  t he c a na l s  t o  p r o d u ce f i s h  p r o t e i n fo r h um a n  
c o ns ump t io n . A q u a c u l t u re i n  the c a na ls  m a y  n o t  o n ly p r o v i de 
an a l t e r na t ive s o u r ce o f  h i gh q u a l i ty p r o t e i n , b u t m ay a l s o 
p ro v i de a mea n s  f o r  c o n t r o l l i ng aq u a t i c wee d s . 

5. Wh e n  r a p i d c o n t r o l  o f  a q ua t i c weeds i s  n e ces s a r y , 
t he c o n t r o l p r o g r am s h o u l d  u s e he rb i c i d a l  or me c h a ni c a l  
me t ho d s , f o l l owed b y  b i o l o g i ca l  me t ho ds f or l o n g - te rm c on­
t r o l  o f  re g r o w th . 

6 .  E d u c a t i o n  a n d  t r ai ni n g s ho u l d  b e  p r o v i d e d  t o  te ch ­
ni c i ans r e g a r d i n g  t he s p aw n i ng , c ul t uri ng , and  g r ow i ng o f  
g r a s s  c a r p . 

7 .  Me t h o ds o f  a pp ly i n g  in s e c t i c i des to t h e f i e l d s  
s h o u l d  b e  imp r o ve d  t o  l im i t t h e  amou n t  en t e r i n g t h e  c a nal s 
( e s p e c i a l l y c h l o r i n a t e d  h y d r o c a rb o n s , w h i c h  a r e  per s i s ten t 
i n  t h e  s o i l  and b u i l d up  i n  f is h  t i s s u e s ,  and  o r gan o p h o s ­
ph a te s ,  wh i c h a r e  hi gh l y  t o x i c  t o  f i s h ) . 

8 .  B i o l o g i c a l  c o n t r o l  agen t s , i n  a d d i t i o n  t o  the g r a s s  
ca r p , s h o u l d  b e  s t u d i e d f o r  t hei r p o t e n t i a l  i nc l u s i o n  i n t o  
a n  i n te g r a t e d  a q u a t i c  w e e d  c o n t r o l  p r o g r am .  

He rb i ci d a l  C o n t r o l  

1 .  He rb i c i des  s h o u l d  n o t b e  us e d  f o r  aq u a t i c w ee d  c o n ­
t r o l  i n  c a n a l s  nea r  vi l l a g e s  o r  s et t l em en t s  o f  immi g r an t  l a­
b o re r s , as the s e  c a n a l s  a re o f t e n  ve ry heav i l y used b y  the 
peo p le . 

2 • 

c o n t r o l . 
On ly t he s a fe s t herb i c i d e s  s h o ul d  b e  u s e d f o r  w eed 

C o n s i de r a t i o n h as bee n g i v en to the h uman u s e  o f  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A q u a t i c  W e e d  M a n a g e m e n t :   I n t e g r a t e d  C o n t r o l  T e c h n i q u e s  f o r  t h e  G e z i r a  I r r i g a t i o n  S c h e m e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 4 7
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wa t e r , t o  f is h  a n d  w i l d l i fe p o p u l a t i o ns , and  t o  i r r i g a t e d  
c r o p s �  T h e  p r o p e r  a p p l i c a t i o n  a n d  us e o f  t h e  herb i c i d e s  
rec o mme n de d  s h o ul d n o t b e  detrimen t a l t o  a ny as pec t o f  the 
Gez i r a  o r  o ther i r r i g a t i o n  s ch emes .  The h erb i c i des rec om­
mend e d  h a ve a t t a i ned t h e  u.s. E nv i r o nm e n t  P r o tec t i o n  A g e n­
c y's s t an d a r d s . 

3 .  T he u se o f  herb i c i d e s  in  a q u a t i c  weed c o n t r o l  an d 
th e i r  e f f e c t s o n  i r r i ga t e d  c r o p s  h av e  n o t b e e n  s t ud i e d  i n  
th e Su d a n . I t  i s  impera t i v e  t h a t  a h e rb i c i d e  res e a r ch p r o ­
g r am o f  t h i s  t y pe b e  i n i t i a t e d  f or as c e r t a i n in g  t he o p t imum 
us e and l i m i t a t i o n s  o f  s uch h erb i c i des . 

4 .  Res e a r c h  p r o grams i n  a q u a t i c  we e d  c o n t r o l  s h o u l d  b e  
r a p i d ly e xp an ded . S u ch p r o g r am s  sh o u l d  p r o vi d e  f o r t r a in in g  
o f  mo r e  p er s o n n e l  i n  wee d  s c i e n c e s , an d e x c h a n g e  v i s i t s  b e ­
twe e n  u.s. a nd S u dane s e  s cie n t i s t s  i n v o l v e d  i n  aq u a t i c  w e e d  
c o n t r o l . 

5 .  A h erb i c i d a l  aq ua t i c  w e e d  c o n t r o l  p i l o t  p ro j e c t  
s h o ul d  b e  i ni t i a t e d , i nv o l v i n g t h e  M i n i s try o f  I r r i g a t i o n , 
th e G e z i r a  B o a r d, A g r i c ul t u r a l  Re s ea r c h  B o a r d , an d s c i en ­
t i s t s  f r o m  t h e  Un i ve rs i t i e s o f  G e z i r a , J uba , and Kh a r t o um . 
Th i s  p i l o t  p ro j e c t w o u l d  a l s o  i n c l u de s t ud ie s  of t h e  we e d  
b i oma s s , a n d  mo n i t o r i n g t h e  u p t ak e  o f herbi c i d e s  a n d  t h e i r  
f a t e  i n  t he a q u a t i c  e c o s y s tems a n d  i n  the d i f f eren t a g r i c u l ­
t u r a l c r o p s . 

L o n g - r a ng e  H e rb i c i d a l  R e s e a r ch 

S ome ur g e n t  n e e d s  i n  th e h e rb i c i dal control program 
have b e e n  d e t a i l e d e a r l i er , i n c l u d in g  e d u c a t i o n  a n d  t he 
te s t i n g  o f  h erb i c i d es l i s ted i n  Tab le 1 .  E f f ec t iv e  c o n tro l 
p r o g r ams w i l l  r e q u i re c o n t i n u o u s  mo d i f i c a t io ns , wh i ch c a n  
o n ly r e s u l t  f ro m c o n t i nu i n g  r e s e a r c h . Ag r i c u l t ural ma n a gers 
sh o u l d  alw ay s  be l o o k i n g  f o r  b e t t e r  t e chn i q ues , a d d i t i v e s , 
s p r ay t i mi n g , a nd o the r imp r o v emen t s  th a t  w i l l  r es u l t  in 
s a f e r , mo re e f f e c t i v e , a n d  e c o no m i c a l  we e d  c o n t r o l . The 
f o l l ow i n g  l i s t i n c l u d e s  i t ems th a t  s h o u l d  b e  un d e r t aken in 
c on j u n c t i o n  w i t h  t he d e v e l o pm e n t  o f  w ee d  c o n tro l p r o g r a ms . 

1 .  Re c ommend a t i o ns in t h i s  s e c t i o n  a r e  des i g ne d t o  
mi n i m i ze h er b i c i d e  l e vel s i n  t h e  i r r i g a t i o n  wa t e r .  The 
he rb i c i d e s  r e c omme nded a r e  l o w  t o x i c i t y ch e m i c a l s  w i t h  a 
s h o r t  r e s i d u a l  h a l f - l i f e , b u t  t hey a r e  a ls o  ex p e ns i v e . E x­
p e r imen t a t i o n w i t h o t h er h e rb i c i d e s  und er Su d a ne s e  c o nd i ­
t i o n s c o u l d  r es u l t  i n  t he dis c o ve ry o f  m o re e f fec t i v e  ap pli ­
c ati o n  ra t e s , t im in g , o r  c omb i na t i o n s  o f  c om p o und s . 

2. Sp r ay a d d i t i ves co u l d  imme d i a te l y  imp r o v e  t h e  c o n­
t ro l  p r o g r ams . Rai n d r o p n o z z l e s  and  d r i f t - co n t r o l add i t i v e s  
w o u l d  r ed u c e  d r i f t  d a n g e r  t o  c r o p s  a nd r es u l t  i n  mo re herb i­
c i d e  on the t a rg e t  p l a n t s . Th e ra p i d  dry in g of  wa ter mi x e s  
and s l ow u p t ake o f  he rb i c i d e  b y  emers e d  p l an t s  c o u l d  b e  a l ­
lev i a ted b y  a d d i n g  o i l  s u r f a c t a n t& t o  t h e  t ank m i x . 
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TABLE 1 Re c o mmended Herb i c i de T rea t me n t s  f o r  Aqu a t i c Weed C o n t r o l  i n  t he 
Gez i r a  S ch e me 

Plaau Loc:atioa Berbic:ide Coac:eatratioa 

l•b•eraed Weed a le•ote •1aor Diquat 1 ,,. 
c:aaale ladotbal 1-2 ,. 

l•eraed Weeda •alae, •ajora1 Clypboaate 9 Utna/ba 
sear Yillaaee 

l•ereed Weeda •1aore Clypboeate eee label 
Alia U: Dalapoa " " 

Diquat or " " 
(paraquat) 

IrA 
'roleraac:e 

Potable Water 

0.1 
a 

b 

II 
c: 

0.1 

co-eat a 

See text. 
Aquathol-k 

Very safe to uae on 
e•eraed werdR, no 
herbicidal effect 
expected ia 1rr1aa-
tion water. 

Foliar apraya uaually 
reault in very little 
herbicide ia water. 
Theae herbic id e& 
ahould be safe used 
in cloae proximity to 
crop a in Abu XX. Drift 
coatrol aad aurfactantn 
will be beneficial, 
Spray dry Abu XXa for 
•axieue aafe ty . 

a. Tolerable levels of endotbol in drinking water (potable water) in the United 
States have not been established by the Environmental Protection Agency (EPA). 
However, a tolerance of 3 ppm is being requested by the chemical industry. 
Current labels of endothol products prohibit the use of treated water for ir­
rigation until 7 days after treatment. 

b. Glyphosate is a new herbicide and tolerance limits in potable water have not 
yet been established. However, glypbosate is very biodegradable, bas low 
toxicity, and levels occurrin& in water near sprayed emersed plants will be 
insignificant. 

c. Dalapon does not have a tolerance in potable water. Its tolerance in irri­
gated water in the western United States is 0.3 ppm. Foliar treatments, 
partic ularly spot treatments, of � and other emersed vegetation, would 
generally res ult in concentrations much les s than 0.3 ppm in the irri&ation 
water. 

I 
' 
i 

Copyright © National Academy of Sciences. All rights reserved.

Aquatic Weed Management:  Integrated Control Techniques for the Gezira Irrigation Scheme
http://www.nap.edu/catalog.php?record_id=19847

http://www.nap.edu/catalog.php?record_id=19847


1 9  

3 .  S t u d i es u s i n g  h erb i c ides d u r i ng c an a l draw- down a s  
a c o n t r o l  t e chn i q ue c o u l d  a l s o  imp r o ve weed con t ro l  pro g r ams . 
I n i t i a l tes t s  c o uld b e  c ondu c t e d i n dra i n a g e  or exp e rime n t a l  
c an a l s . 

4 .  B i o l o g i c a l  s t udi es , b a s i c  l i fe h i s tory s t u d i e s , and 
mon i to r i n g s t udies sho ul d b e  c a r r i e d  o u t  to de term i ne t he e f ­
f e c t i v e n e s s  o f  t he con trol p r o g ram . S u c h  s t udies c ould a l s o  
p i n p o i n t  idea l t i mes t o  s p ray th e veg e t a t i o n . For e xamp le , 
s p l i t  a p p l i c a t ions o f  g l y p h o s a t e h ave con tro l led T y p h a  a n d  
P h r agm i t e s  for two y ears o r  long e r  i n  t he U n i t ed S t a tes . 

I n  s um ,  t h e  herb i c i d e  work i n g  g r o u p  c o n c l u ded t h a t  h er­
b i c i d a l  w ee d  con t ro l  p ro g r ams c a n  s ol ve s ome o f  the p rob lema . 
Con t a m i na t ion o f  w a ter u sed i n t e ns i v e l y  f o r  a gr i c ul t ure and 
d o mes t i c p urpo s e s  i s  a n  ob s t a c le t ha t c a n  b e  a vo i ded b y  c are­
f u l  p l an n i n g  a nd p ro per heb i c ide s el ec t io n  a nd a p p l i ca t ion . 
T r a in i n g  o f  weed c o nt rol p e rs o nne l a n d  addi t ion a l  sc i e n t i s t s  
i s  needed . He rb i c i da l  c on t rol p roj e c t s  c a n  b e  s t a r ted i m- · 

me d i a t e l y  a nd a f u l l - s c a l e , e f f e c t i v e p rog r am c an b e  i n  o p e r ­
at i o n  w i t h i n a f ew y e a r s  i f  b o t h t h e  a u thor i t i e s and t he 
p u bl i c  r e c o gn i z e  t h e  weed p rob lem and dedi c a t e t h ems e l ves 
to i t s so l u t ion . 

Me c h an i ca l  C o n tro l  

1 .  A o n e - y ear s t udy s ho u l d  b e  cond u c t ed t o  comp a r e  
var ious me c ha n i c a l  m e a ns f o r  con t r o l l i n g a q u a t i c w e e ds . The 
go a l  of  t h e  s t u d y  s ho u l d  be to  de t erm i ne: 

0 E f f i c i e n cy ( co s t o f  tr ea tmen t p er k i lome t e r  
p e r  day ) ;  
° F r e q ue n cy o f  weed r emo v al o p e r a t i o n s ; 
0 Ad e q uacy o f  lo c a l  s k i l l s  f o r  o p e ra t i n g 
mach i n e s ; 
0 O p e r a t i n g  co s t s and down- t i me ;  
0 Ava i l ab i l i t y o f  s pare p ar t s ;  
0 I ni t i a l  cos t s ; 
0 T o t a l  sy s tem c o s t s ; 
0 L i f e  i n  y ears ; and 
° C o s t / b en e f i t  r a t i o . 
2 .  U n t i l  t he s t udy i s  comp l e t e d  an d t h e mo s t  s u i t a b l e  

me c h a n i ca l  me t ho d  s e l ec t e d , c urr e n t  manu a l  remo v a l  me t hods 
s ho u l d  be c o n t i nu e d . I t  is  r e c ommended t ha t  re f i n em e n t s  b e  
a d d e d , s u c h  a s  pro t e c t iv e  c l o th i n g  f o r  workers . 

3 .  E xp erimen t s  w i t h  can a l  des i g n , e . g . , d e e p e r  and 
n a r r ow e r  c ana l c r o s s - s e c t ions , t h a t w i l l  d e l i ve r  t h e s ame 
vo l ume a n d  v e lo c i t y  o f  w a t e r  s ho uld b e  c o nd u c ted .  Wi th n ew 
c a na l d e s i g n , i t  may p r o v e  p o s s ib l e  t o  mo v e  t he s ame vo lume 
o f  wa t e r  at co mp arab l e s p ee d s  b u t w i t h  r e d u c ed g r ow t h  o f  
aq ua t i c  mac r o ph y t e s . 
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WO RK I N G  GROUP RE PORT S 

B i o l o g i c a l  C o n t ro l  

B i o lo g i c a l  c o nt r o l a ge n t s  a re defi ned a s  t ho s e  o r g an­
i s ms t h a t  e f f e c t i ve l y  re d u ce th e g ro w t h  of t a r g e t  s p e ci es . 
T h e  go a l  i n  b i o l o g i cal we e d  co n t r o l  i s  re d u c t i o n  of p l a n t  
g row t h  t o  a n  a c ce p t ab le level , no t e r adi c a t i o n  o f  t he p lan t s .  
A b a l a n c e  mus t b e  a c h i ev ed tha t w i l l  p e rm i t  eno u gh p l an t  
g r ow t h  t o  m ai n t a i n th e c o n t rol o r g a n i s m  and e n o ugh c o n t r o l  
o r g an i sms t o  m a i n t a i n  t h e  w e ed g r o w t h  a t  a l o w  l eve l . One 
o f  t he p r i n c ip a l  b e ne f i t s o f  th i s  b a l a n c e  i s  t h a t  o nce i t  i s  
a ch i ev e d , we e d  c o n t r o l  w i l l  b e  ma inta i n e d  fo r a n umb e r  o f  
y e a r s  w i t h  l i t t le c o s t f o r  addi t io na l  c o n t r o l  un i t s ,  th o ugh 
o c c as i o n a l  r e s t o c k i ng may b e  n e c e s s a ry . 

V a r i o us me t hods of b io l o g i c a l  aq u a t i c  wee d c o n t r o l  h a ve 
b e e n t e s te d , b u t w i t h o nly l i m i te d s u c c e s s . On e o f  t h e  few 
e x ce p t i o ns h as b e e n  t he us e of a r th o p o d s  f o r  c o n t r o l  of a l­
l i g a to r  w e e d { A l t e rnan t h e r a  ph i l o xe r o i de s ) . A no t h e r e x ce p ­
t i o n  i s  th e g r a s s c a r p , a l s o  c ommo n ly c a l l ed th e wh i t e  am u r  
{ C t e noph a ry ng odo n i de l l a  Va l . ) , w h i c h  h as b e e n  f o un d  t o  b e  
o n e  of t h e  m o s t p r o m i s i n g o r g ani s ms f o r  t h e  c o n t r o l  o f  a 
numb e r o f  aq ua t i c  w e e d s , e s p e c i a l ly s ub me rs e d  o ne s  s uch a s  
Po t am o ge t o n , N ajas , C e r a t o phyl l um ,  C ab omb a , U t r i c u l a r i a , 
E l o de a ,  and  Hyd ri l l a s p e c i e s , s ome fi l ame n t o us a l g ae , i n­
c l udi n g  P i th oph o r a , Ch a r a , Ni t e l l a , a nd Sp i r o gy r a ,  a nd fl o a t ­
i n g  p l an t s  s u c h  a s  L e m n a  o r  W o l f f i a .  We eds t h a t  h a ve n o t 
b e e n  c o n t r o l le d  b y b i o lo g i c a l  me ans unde r f i e l d  c o n d i t i o n s  
i n c l ud e  mo s t  o f  t h e  e me r s e d  p l a nts s u c h  as  T y ph a ,  E l e o ch a r i s , 
B r as e ni a , S c i r p u s , O r o n t i um ,  Ph ragm i t e s , P o l y go num , C y n o d o n , 
Cyp e r u s , I p om o e a , P h y l a ,  and E ch i no ch l o a . Ex p e ri menta l re ­
s u l t s  s ug ge s t th a t  s o me o f  th es e w e e d s  m i gh t  b e  bio l o g i c a l ly 
c o n t r o l l e d  w i t h  i n s e c t s , p ath o ge ns ,  or  c o mp e t i t i ve p l an t s . 

NOTE : T h e re a r e  s o me s i t e s  w he re s p e c i f i c b i o l o g i c a l 
co n t r o l s  s h o ul d  no t b e  u s ed a n d  w h e r e  the b i o l o g i c a l  c o n t r o l  
o r g a ni sm m a y  p o s e a th re a t  t o  t h e  a q ua t i c  s i t e , t h e  t e r re s ­
t r i a l s ur r o undi ng s , o r  t o  the p e o p l e  w h o  are a s s o c i at e d w i th  
i t . F o r e xamp l e , in  e l e v a ted c a n a l s  b u r r ow i n g  s p e c i e s , s u ch 
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a s  c r awfi s h , a r e  a n  ob v i o u s  dange r and s ho uld no t b e  us ed .  
S i mi la r ly , comp e t i t i v e  p l a n t s , s u ch a s  t he dw a r f  s p i ke r us h , 
n e e d  t o  b e  s c re e ne d  t o  as c e r t ai n  wh e t he r o r  no t th e p l a n t s 
migh t p r o v i de a d d i t i o na l  h ab i t a t  fo r t h e  s nai ls t h a t are 
ve c t o r s fo r b i lh a r z i a . A ls o ,  i n  s om e  a re as th e r e  m a y  b e  a 
un i q ue n a t u r a l  fa una tha t s h o u l d  n o t  b e  di s t u rb ed b y  th e i n ­
t r o d u c t i o n  o f  a ne w s p e c ie s . 

C a p i t a l o u t l ay r e q ui red fo r de ve l o p i n g a new , unp r o v e n 
b i o l o g i c a l  c o n t r o l  o r g an i sm may b e  ve ry h i gh , and the r e ­
q uired exp l o r a t o ry re s e a r ch c an b e  t ime - c o n s um i n g a n d  e xp e n­
s ive . Once a n  o r g an i s m i s  ide n t ifi ed ,  i t  no rmal l y  i s  p l a ce d  
i n  a q u a r an t i n e  wh i l e  addi t i o n a l  r es e a r ch i s  c o nd u c t e d . Th e 
e ffe c t  up o n  t he t a r g e t s p e c i e s  i s  s t udi e d  i n t e ns i v e l y . If 
th e o r g a n i s m  p r ove s e ffe c t i ve , t h e n i t s effe c t s up on n o n ­
t a r g e t s p e ci e s  and t h e  e nvi r o nme n t  m u s t b e  s t ud i e d . P r o ­
d u c t io n  c o s ts  m u s t a l s o  b e  c o n s i de r ed t o  de t e r m i n e  i f  t h i s  
me t h o d  i s  p r a c t i c a l  f o r  fi e l d  ap p l i c a t i o n . 

B a s e d  o n  p a s t e xp e r i e n c e  i n  th e U n i t ed S t a te s  and o t h e r 
c o u n t r i es w i t h g r a s s c a rp and t h e  a l l i g a t o r w e e d  f l e a  b e e t le 
as  b i o l o gi c a l  c o n t r o l age n t s , i t  i s  c le a r th a t  t he t ime b e­
twe e n t he i ni t i a t i o n  of re s e a r ch and a c t u a l  p l a c eme n t  of the 
o r g a n i s m  i n  t h e  fi e ld r e q u i r e s  c o n s ide r ab l e t ime (9  to  10  
y e a r s ) . T h e  a c t u a l  t i me s p e n t i n  s e a r ch of a b i o l o gi c a l  c o n ­
t r o l  a g e n t m a y  b e  f a r  l o nge r . T h ere f o re , i t  i s  mo r e  p r a c t i c a l  
a t  t h is  p o i n t  t o  c o ns i de r  t he w o r k  d o ne e ls ewh e re and th e n  
a p p l y  t hi s  kn ow l e d g e  t o  t h e  p r o b l em s  i n  t h e Ge z i r a . Th i s  
app r o a ch w i l l r edu ce m u c h  o f  th e t ime a nd e xp e n s e  inv o l ve d  
i n  de ve l o p in g  a b io l o g i c a l  c o n t r o l  me t h o d . E x p e r ie n ce h as 
s h own t h a t  o n ce b i o l o g i c al c o n t r o l  p r o g r ams a re i n  o per a t i o n , 
t he y  a r e  ge ne r a l ly th e l ea s t ex p e n s ive a l t e r n a t i ve f o r p e s t 
co n t ro l .  

Th e i de a l  s i t u a t i o n  w o ul d  b e  o n e  wh e re t h e  c o n t r o l  o r­
g an i s ms r e p r odu c e  i n  s uffi c i e n t numbe r s  t o e ffe c t i ve l y  re ­
du ce p l an t g r ow t h , b u t  do n o t r ep r od u c e  t o  th e e x t e n t  t h a t  
a l l  p l an t s a re e l i m i n a t e d  a nd no ne a r e  avai l ab le fo r f u t u r e  
p o p u l a t i o n s . 

We eds c an b e  e r adi c a t e d  b y  th e u s e  o f  h erb i c i d e s , b u t  
m any p r ob lems a r e  as s o ci a te d  w i t h  t he i r  u s e . Th ey a re o n ly 
p a r t i a l ly e f f e c t i v e , th e i r  e ffi c a cy i s  ge ne ra l ly t em p o r a ry , 
a nd the i r  c o s t c a n  b e  ve ry h i gh . Th e y  may h ave un known e f­
fe c t s  o n  t he e nvi r o nme n t , p a r t i c u l a r ly w i t h r e g a rd t o  r e s i d ue 
p e r s i s t e n c e  i n  w a te r ,  s oi l ,  p l a n t s , and an im a l s . Th e r e  a r e  
n o  s u ch f e a r s  o f  c o n t ami na t io n  w i t h  b i o l o g i c a l me ans . F u r ­
t h e r ,  b i o l o g i c a l  ag e n t s  a r e f a r  l e s s  exp e ns i ve a nd h a ve a 
lo n g e r- l a s t i ng c o n t r o l  e ffe c t . 

One o f  th e maj o r b enefi ts of us in g t he g r as s c a r p  fo r 
b i o l o g i c a l  c o n t r o l  i s  t ha t  t he w e eds m ay b e  c o nve r t e d  i n t o  
us e f u l p r o t e i n . Th e g r a s s  c a rp m a y  c o nve r t  a s  m u ch a s  80  
pe r ce n t  c r u d e  p r o te i n  on  a d r y  w e i gh t  b a s i s , a b e nefi t t h a t 
i s  l o s t wh e n  a l t e r n a t i v e  m e t ho d s o f  we ed c o n t r o l  s u ch as 
wi t h  h e rb i c i de s  and me c h a n i c a l  m e t hods a r e  us ed . 
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B i o l o g i c a l  c o n t r o l wo rks g r adua l l y  and i s  l es s  l i ke ly 
t o  c a us e  o xy g e n  dep l e tio n ,  wh i ch may k i l l o th e r l i v i n g  o r ­
g a n i s ms . B i o l o g i c a l  c on t r o l  a ls o  c a us e s  le s s  p hy s i c a l  di s ­
t u rb a n c e  o f  t he h ab i t a t  t ha n  m e ch an i c a l  c o n t r o ls .  Mo r e o ve r , 
i t  f o s t e r s  a mo r e  s ui t ab l e  e nvi r onme n t  t h a n  o th e r c o n t r o l 
m e t h ods f o r  i n t r odu c i n g  s t i l l  o th e r  b io l o g i c a l  a ge n t s  t o  re ­
du c e  mo s q u i t o  l a rvae . A l t h o u gh any t yp e  o f  w e e d  c on t r o l  
sh o u l d  r educ e mo s q ui t o p o p u l a t i o n s  and m ake remai n i n g  l a r v ae 
m o re v u l n e r ab l e  t o  mo s q u i t o  f is h  (G amb us i a af f i ni s )  o r  o th e r 
n a t u ra l  p r e da t o rs , c hemi c a l  a nd me ch an i c a l  c o n t r o l s  may a l s o  
r edu ce th e mo s q u i t o  fi sh and o th e r  na t u r a l  p r eda t o r s t hr o ugh 
o x y g e n d e p l e t i o n  or  by  me c h ani c a l  dama ge . 

Wh e n  c o ns ide r i ng b i o l o g i c a l  c o n t r o l , i t  i s  n e c es sa r y  t o  
we i g h no t o nl y  t h e  b e ne f i t s  b u t  t h e  d i s a d v an t a ge s  a s  w e l l . 
F o r  i n s t a n c e, t h e  kn own b io l o g i c a l  a g en t s  w i l l  no t c o n t r o l  
a l l  t y p e s  o f  a q u a t i c w e eds .  Age n t s  h av e  n o t y e t  b e e n  di s ­
cov e r e d  th a t  a r e  e f f e c t i v e  a g a i n s t e me rs e d w e e d s  s u c h  a s  
Typ h a . F ur t he r , g r as s  c a r p  w i l l  no t r e p r o du c e  un d e r  S udan­
es e c o ndi t i o n s w i t h o u t  h o rmo ne i nj e c t i o n s , r e q u i r i n g  s k i l l e d  
p e r s o n n e l and s p e c i a l  e q ui pme n t . Th e r e q u i r eme n t s fo r s p e ­
c i a l  e q u i p me n t  and t r a i n ed ma n p o we r , h ow eve r , g e ne r a l ly a r e  
th e s ame f or ch e m i c a l a nd m e c h a n i c a l  c on t ro l  t e c h n i q ue s . 

Th e w e ed c o n t r o l  p r o g r am u s i n g  g r a s s  c a r p  c o u l d  b e  s e r i ­
o u s l y s e t  b a ck o r  de s t r o y ed b y  i n adv e r t en t  s p i l l a g e  o r  s p r ay­
ing of  p e s t i c i d e s i n  c a na l s  c o n t a i n i n g  fis h p o p u l a t i o n s . 
C a r e  m u s t t h e r e f o re b e  t a k e n  t o  a s su r e t h a t h i g h l y  t o x i c  
ch emi c a l s  do no t e n t e r  t he c an a l s . 

Wh e n  u s i n g  a b i o l o g i c a l  co n t r o l a g e n t , i t  i s  n e ce s s a ry 
t o  r e l y  up o n  th e c h a r a c t e r i s t i c s o f th e c o n t r o l  a ge n t  t o  
a ch i e v e  th e de s i r ed g o a l . M a n , th e r e f o r e , c anno t ma i n t a in 
t o t a l  co n t r o l of e i th e r  th e a g e n t , the p ro c e s s , o r  th e ex­
t e n t  of  we ed r emo v a l . T h i s  l a ck o f  c o mp l e t e  c o n t r o l i s  in  
s ome ways  s i m i la r  wh e n  c h e m i c a l s  are  u s ed ,  w h e r e a s  w i t h me ch ­
ani c a l  me th ods , t h e  desi red d e g r e e  o f  c o n t r o l  may b e  mo r e  
e a s i l y  a c h i ev ed and ma in t a in ed .  

O f  the a v a i l ab l e , p ro ven b i o l o g i c a l  c o n t r o l a g e n t s , 
o n l y  th e g r as s c a r p  r e a d i l y f i t s  t h e  n e eds o f  th e G e z i r a  
S c h eme . I n  s o me s i t ua t i o n s , c o mm o n  c a r p  ( C y p r i n u s  c a rpi o ) ,  
h a v e  a l s o  b e e n  us ed s uc c es sfu l l y t o  c o n t ro l  aq ua t i c  w e eds . 
Th ey a p p e a r  t o  b e  es p e c i a l l y  u s e f u l  i n  b o di e s  o f  wa t e r  w i t h  
m u d  b o t t o ms . C o mmo n c a r p  in  s u f f i c i e n t  n umb e r s  i ncre a s e  
t h e  t u rb i d i t y o f  t h e  w a t e r , t h u s  redu c i n g  p l a n t  g r o w t h  b y  
s hadi n g . T h e  c o mmo n c a r p  m i gh t b e  c o n s i d e r ed a s  an a ddi t i o n  
t o  t h e  g ra s s c a r p  c o n t ro l me t h o d . 

Aq ua t i c  p l a n t s  i n  th e G e z i r a  c a na l s  t h a t  c a n  be co n t r o l ­
l ed b y  t h e  g r a s s  c a r p  i n c l u d e  a l l  t h e  s ub me r s ed s p e c i e s . 
Typh a , t h e  maj o r  eme r s ed p l an t , p r ob ab l y  ca nnot b e  c o n t r o l l ed 
by g r a s s c a rp . 

T h e  us e o f  g r ass c a r p  f o r we e d  c o n t r o l  h a s a n umb e r  of 
pot e n t i al b e ne f i t s t h a t  s ho u l d  b e  c o n s i d e r ed in  mak i n g  a 
f i n a l  c ho i c e  of c o n t r o l me t ho d . Th e s e  a r e  d i s c us sed b e low : 

Copyright © National Academy of Sciences. All rights reserved.

Aquatic Weed Management:  Integrated Control Techniques for the Gezira Irrigation Scheme
http://www.nap.edu/catalog.php?record_id=19847

http://www.nap.edu/catalog.php?record_id=19847


23 

• U s e of g r a s s c a r p  fo r we e d  c o n t r o l  h a s p r o ve d  t o  
b e  r e l a t i ve ly i ne x p e ns i ve i n  o th er c o un t r i e s . 
• G r a s s  c a rp c onve r t s e x c e s s  p l a n t  b i om a s s  i n t o  a 
u s ef u l  p r o d u c t , fi s h  p ro t e i n .  
• Us e o f  g r as s  c a rp w i l l  r e d u c e  the n e e d  f o r  o the r 
c on t r o l  m e t ho d s . C a rp may b e  p a r t i c u l a r ly effe c t i ve 
i n  inh ib i t i n g  p l a n t  re g r ow t h  w h e n us e d  i n  an  i n t e ­
g r a t e d  c on t r o l  p r o g r am w i t h  h e rb i c i d e s  a n d  m e c h an i c a l 
me t h o d s . 
• G r as s c a r p  w i l l  g i v e l o n g - t e rm c on t ro l  of s ubme rs e d 
w e e d s  d u e  t o  t he l o ng l i fe s p an of t h e  fi s h .  I n  s o me 
a r e as c o n t ro l  h as b e e n a ch i e ve d  fo r as l o ng a s  8 y e a r s  
w i t h  a s i n g l e  s to ck i ng o f  fi sh . 
• We e d  p re ve n t i o n  i s  a l s o p o s s ib l e us i n g g r as s c a rp . 
A s ma l l  nu•b e r  o f  th e f is h , ab o u t  t en p e r  h e c t a r e , 
s t o cke d i n  c an a l s  t ha t  d o  n o t h ave p l an ts , may p r e ­
ve n t  w e e d  g r ow th . 
• G r as s  c a r p  c o n s umes all exp ose d pl a n t  ma t t e r , the r eb y 
r e d u cin g t h e  h ab i t a t  f o r  d i s e a s e  v e c t o r s . T h e  a d d i ­
t i o n o f  c o mmo n c a rp , wh i ch u p r o ots p l an t s a n d  c o n s um e s  
b i l h a r z i a- c a r ry i ng s nai l s , m i gh t b e  a fu r th e r ai d .  
Wee d c o n t r o l w i l l  a l s o  re d u c e  b r e e d i n g  a r e as fo r m o s ­
q ui t o e s a n d  w i l l  enab l e  t h e mo s q u i to f i s h t o  mo r e  e a s i l y  
p r ey u p o n  t h e  mo s q u i t o l a r v a e . 
• Th e a c tua l  c o s t of a q ua t i c  we e d  c o n t r o l  b y  g r as s  
c a r p  may b e  c o mp l e te ly o f f s e t  b y  t h e va l u e o f  th e 
f is h  a s  an e nd p r o d u c t . Wh e n  t h i s  va l ue i s  a d d e d t o  
t h e  o th e r g e ne r a l  b e nefi t s  o f  w e e d c l e a r a n c e  th e c o s t /  
b e n e f i t  r a t i o  o f  we e d  c o n t r o l  w i t h  g r a s s  c a rp may b e  
p a r t i c u l a r ly favo r ab l e . 

H e rb i c i d a l  C o n t r o l  

Th e maj o r  p r o b l e ms n o t e d  i n  t h e  G e z i r a  w e re s u bme r s e d  
we e ds (N aj a s , P o t am o g e t o n ,  and O t t e l i a  s pe c ie s ) , p r imari l y  
i n  t h e  mi nor c an a l s , a n d  v a r i o us g r a s s e s  (T yp h a , P an i��. and 
Cype r us s p e c i e s ) o n  t h e  c a na l  b a nk s a n d  i n  s ma l l e r Ab u XXs . 
Th e  s ub me r s e d  we e ds c o ns t i t u t e  a f av o r ab l e  h ab i t a t  f o r  b i l­
h a r z i a  sn a i l s , and t he s h a l l o w  wa t e r  i n  the Ab u XXs p r o vi d e 
e x c e l l e n t  h ab i t a t  f o r  ma l a r i a  v e c t o rs . F u r th e r  p ro b l ems 
c a u s e d b y  t he s e  we e d s a r e  a s e r i o u s  re d u c t i o n  in  w a t e r f l o w .  
Re s e a r c h  c o n d u c t e d i n  th e U n i te d  S ta t e s  h a s sh own t ha t  w h e n  
wa t e r i s  s lowe d d ow n  and ma de s t a gnan t b y  s ub me r s e d  we e ds , 
t h e  s u rfa c e  w a t e r b e c o mes ve ry w a rm a n d  e v ap o r a t i o n  r i s e s  
s i gn i f i c a n t ly .  

I n  m ak i n g  r e c omme n d a t io ns fo r ma j o r  aqu a t i c  w e e d  c o n t ro l  
pro g r ams , i t  i s  d e s i r ab le fo r p l anne r s  t o  know th e c o s t /b e ne f i t  
r a t i o  t o  d e t e rm i ne wh e t he r a p a r t i c u l a r  c o ntr o l  e f f o rt c a n  be 
e c o n o mi c a l ly j us t i fi e d . Th e h e rb i c i d e c ommi t te e  w a s  th e re fore 
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in t e r e s t e d i n  re s e a r c h  e f f o r t s  t h a t w o u l d  h e l p  de t e r m i n e  t h e  
p o t e n t i a l  e c o no m i c  l o s s e s  c a u s e d  b y  a q ua t i c w e e d s , p a r t i c u­
l a r l y s t u d i e s  r e l a t i n g  t o  t h e  r e d u c t i o n  i n  w o r k e r p ro d u c ­
t iv i t y  d u e  t o  a q ua t i c - b o r n e  d i s e a s e s a nd t he va l u e  of r e d uc e d  
c r o p  y i e l d  a s  a f unc t i o n  o f  r e d u c e d  w a t e r  s up p l y  t o  c r o p s . 

G e n e r a l l y , w e e d  c o n t r o l  m e t ho d s  a r e  d iv i d e d  i n to th r e e  
t r a d i t io n a l  a p p r o a c he s : b i o l o g i ca l , h e rb i c i d a l , a n d  m e c h ani ­
c a l . Th e h e r b i c i d e  w o r k i n g  g r o up s t r e s s e d  t h e  n e e d  f o r  an 
a d d i t i o na l  a p p r o a ch- - p r ev e n t i o n . C u r r e n t  w e e d  p r ob l em s  a p ­
p e a r t o  b e  r e s u l t i n g  f r o m  i n d i g e no u s  a q u a t i c  p l an t s , b u t th e 
p r o b l ems w o ul d  l ik e l y  in c r e a s e  d r ama t i c a l l y  i f  e xo t i c  a q u a t i c  
p l a n t s  w e r e  in t r o d u c e d - -wh e t he r  a d v e r t en t l y o r  i nadv e r t e n t l y - ­
i nto th e G e z i r a . G e z i r a  a u th o r i t i es a n d  na t i o n a l a u t h o r i t i e s 
s h o ul d  w o rk t o g e t h e r  t o  p r e v e n t th e i n t r o d u c t i o n  o f  a l i e n  
aq ua t i c p l an t s  s u ch a s  Hyd r i l l a  v e r t i c i l l a t a , Myr i o phy l l um 
s p i c a t um ,  a n d  o t h e rs i n t o  S u dan . Th e G e z i r a h ab i t a t  a p p e a r s  
f avo r ab l e  f o r  e x p l o s i v e  g r ow t h s  o f  Hyd r i l l a , a p l a n t  t h a t 
i s  s p r e a d i n g  r a p i d l y  t h r o u gh o u t  t he w o r l d . Th e Mi n i s t ry of 
A g r i c ul ture h as a n  a c t iv e  p r o g r am t h a t  h as s u c c e s s f u l l y  p r e ­
v e n t e d  w a t e r  h y a c i n t h  f r o m  r ea c h i n g  t h e  Ge z i r a . T h i s  a s p e c t 
o f  w e e d  c o n t r o l  s ho u l d  b e  s t r e n g t he ne d  b y  t h e  a u thor i t i e s t o  
p r e ve n t en t r y o f  p o t e n t i a l ly no x i o u s  aqua t i c  p l a n t s  i n to th e 
S udan . 

NOTE : H e rb i c i d e s ·  o f  v a r i o u s  t yp es a r e  av a i l a b l e  f o r  
c o n t r o l l i n g  a l l  the  w e e d s  i n  th e i r r i g a t i o n  c ana l s  o f  th e 
G ezi r a . How ev e r , t h e  u s e  o f  c an a l  wa t e r  f o r do me s t i c pu r­
p o s e s , i n c l ud i n g  b a th i n g , dr ink i ng , and w a t e r i n g  l i ve s t o ck 
may a r g u e  a ga i ns t t h e us e o f  s ome h e rb i c i d e s . C o ns e q u e n t l y , 
w i t ho u t  a maj o r  e d u c a t i o n a l  p ro gr am t h e u s e  o f  t o x i c  b u t 
v e r y  e f f i c i e n t  h e rb i c i d e s , s u ch a s  a c r o l e i n , may n o t b e  p o s ­
s ib l e  i n  t h e  G e z i r a .  H e rb i c i d e s  s ho ul d  no t b e  u s e d  f o r  
s ub m e r s e d  w e ed c o n t r o l  ( t o t a l  vo l um e  t r e a t m en t )  i n  c a n a l s  
ne a r  vi l l a g e s  o r  s e t t l emen t s  o f  immi g r a n t  l abo r e r s , a s  t he s e  
c a n a l s a r e  o f t e n  v e ry h e av i l y  u s e d  b y  t h e  p eo p l e .  

R e mo t e  m i no r s  c o n t a i n i n g  s ub me r s e d  w e e d s  may b e  c o n s i d ­
e r ed fo r t r e a tm e n t  w i t h  h e r bi c i d e s  ( T ab l e  1 ) .  C e r t a i n  p r e ­
cau t i o ns c a n i n c r e a s e t h e  s a f e ty o f  t h e i r u s e . T h e  s l o w e r  
t h e w a t e r  f l ow ,  th e mo r e  e f f e c t iv e  c o n t r o l  w il l  be . A n  
i d e a l  s i t ua t io n w o ul d  b e  one wh e r e  wa t e r f l ow c a n  b e  s t op p e d  
fo r  4 8  h o u r s  a f t e r  t r e a tm e n t . A l t ho ug h  th e h e rb i c i de s  r e c om ­
men d e d  w i l l  b e  e f f e c t i v e  i n  s l ow- mo vin g wa t e r ,  t he a d v an t a g e s  
o f  s t o p p in g  t h e  f low f o r  4 8  h o u r s  a re : 

1 .  Th e h e r b i c i d e  r e m a i n s  wh e re i t  i s  a p p l i e d . 
2. T r ea t me n t s  a t  i n i tia l c o n c e n t r a t i o n s  w i l l  b e  ab ­

s o rbe d by p l a n t s  and ad s o rb e d b y  th e s o i l . P h y s ico ch e m i cal 
and  b io l o g i c a l  d e g r a d a t i o n  w i l l  b e g in r e s u l t in g  i n  much l o we r 
h e rb i c i d e  l ev e l s  i n  t he w a t e r  af t e r  4 8  h o u r s . 

3 .  He rb i c i d e  t r e a t m e n t s t o  no n- f l o w i n g w a t er g e n e r a l l y  
g iv e  b e t t e r r e s u l t s . 
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B e c a u s e  th e h e rb i c i d e s  r e c o mm e n de d  a r e  c o n t a c t f o l i a r  
s p r ay s , a nd n ew l y  g e r mi n a t e d c r o p p l an t s  may b e  a d v e r s e l y  
a f f e c t e d o r  k i l l ed i f  c o v e re d  wi t h  i r r i g a t i on wa t e r  c o n t a i n ­
in g con t a c t  h e rb i c i d e s , a s af e r  m e t ho d  f o r  a p p l i ca t io n  o f  
h e rb i c id e s  to s ub me r s e d  w e ed s  i s  t o  i n t r o d u c e  th e ch emi c a l ( s )  
when t h e  i r r i g a t ed c r o p s  a r e s e ve r a l  c en t ime t e rs t a l l . 

Eme r s e d p l a n t s  a r e  e a s i e r  t o  c o n t r o l , a n d  few e r p o t e n ­
t i a l  h a z a rds ex i s t t h a n  w i th h e rb i c i d e  t r e a tm e n t  of s ub me rs e d  
w e e ds . Eme r s e d  fo l i a ge i s  us u a l ly s p r ay e d  w i th a h e rb i c i d e 
m ix p l a ce d  o n  th e t a r g e t s p e c ie s; w i t h  p ro p e r  a p p l i c a t i o n , 
l i t t l e  o r  n o  r e s i d ue i s  found i n  w a t e r  n e a r  t h e  t r e a t e d  
p l an t s .  T h e  h e rb ici de s r e c omme n de d  i n  T ab le 1 a r e  the s afe s t  
t o  us e i n  i r r i ga t i o n  and d o me s t i c  w a t e r s up p l i es . S p o t ­
t r e a t me n t s  i n  maj o r , m i no r , a n d  m a i n  c an a l s , e ve n  i n  v i l l a g e  
a r e as , w i l l  n o t  e n d a n g e r  t h e  p ub l i c .  T re a t m e n t  of t h e  Ab u 
XX s w i l l  b e  m o s t e ffe c t i ve an d s afe s t t o  c r o p s  i f  t he y  a re 
d r ai ne d  b efo re h e rb i c i d e  t r e a t me n t .  

T h e  h e rb i c i d e s  r e c o mme n d e d  ha v e  low mamm a l i a n  t o x i ci t y  
a nd , s o  f a r  a s  i s  k nown , w i l l n o t h a ve a d v e rs e effe c t s o n  
i r r i g a te d  c r op s  i f  p r o pe r ly a pp l i e d . T h e  maj o r  h a z a r d  of 
h e rb i c i de u s e i s  to t he i nd i v i d u a l  mi x i n g  the ch emi c a l  c o n­
c e n t r a t e s  fo r s p ray i n g  t he c a na l s . L ab e l  p re c a u t i o ns an d 
p r o p e r  a p p l i c a t i o n  t e chn i q ue s w i l l r es u l t i n  m i n i ma l h aza�d s  
t o  t h e  o p e ra tor . Th e h e rb i c i d e s  r e c o mmend e d  a r e n o n t o x i c  t o  
f i s h i f  a p p l i e d  p r o p e r l y ; h ow e v e r ,  l o w  oxy ge n c o n t e n t  i n  
w a t e r  w i l l  o c c u r  p e r i o d i c a l l y wh e n  t r ea t i n g  s ub me r s e d  we e d s  
a nd mi no r fi sh k i l l s  c an b e  e xp e c t e d . T h es e  c a n  b e  mi n i mi ze d 
b y  t re a t i n g  o n l y  a p o r t i o n  of t h e  m i n o r  c a na l s  a t  o ne t im e  
(l eav i n g u n t r e a te d  a r e as t ha t  w i l l  c o n t i nu e  t o  p ro d u c e  o xy ­
g e n ) . T re a tme n t  o f  e me r s e d  ve g e t a t i o n  sh o u l d  n e ve r re s u l t 
i n  f i sh m o r t a l i t y . J ud g me n t  a n d  e x p e r i e n ce w i l l  e n ab le h e rb i­
c i d e  a p p l i c a t io n s  t h a t w i l l  affe c t  t h e env i r o nm en t t o  t h e  
sm a l l e s t ex t e n t  p o s s ib le and y e t  p r o v i d e  f o r  max imum c o n t r o l . 
P ro p e r  t r a i n i n g  and s upe rvi s i o n  a r e  e s s enti a l  f o r  t h e  h ea l t h 
and s afe ty of th e o p e ra�ing p e r sonne l ,  t o  a v o i d  damage t o  
c r o p s  and  fis h  p o p u l a t i o ns , an d t o  p r o t e c t  t h e  h e a l t h o f  
h uman a n d  a n i ma l  p o p u l a t i o n s . 

Th e h e rb i c i d e  w o r k i n g  g r o up h a s  r e c omme n d e d  t he s a f es t 
h e rb i c i d e s  f o r  we e d  c o n t r o l  i n  t h e  G e z i r a  b a s e d  u p o n  t h e  
m u l t i- us e  na t u r e  of th e w a t e r i n  t h e  c an a l s . C a r e f u l  c o n ­
s i d e r a t i o n  h a s b e e n  g i ven t o  t h e  v i l l a g e  p o p ul a t i o n s  i n  t h e  
G e z i r a , t o  fi s h , w i l d l ife , a nd a ni ma l  p o p u l a t i o n s , an d t o  
i r r i g a t e d  c r o p s . P ro p e r  a p p l i c a t i o n  a n d  u s e  o f  t he h e r b i ­
c i d e s  s h o u l d  r e s u l t i n  c on s id e rab l e  e c o nomi c b e n e f i t s a nd 
s h o u l d  no t b e  d e t r im e n t a l  t o  a ny a s p e c t  o f  l i fe i n  th e 
G e z i r a . 

Th e u s e  o f  h e rb i c ides  fo r w e e d  c o n t r o l  c an b e  i n i t i­
a t ed imme d i a t e l y and c a n  b e  c o n t i n u ed un t il a l t e rna t i v e  
c o n t ro l  m e a s u r e s  a r e  s a t i sfa c t o r i l y  w o r k e d  o u t . T h e r i s k s 
o f  not c on t r o l l i n g  w e e d s  i n  t h e  i mmed i a t e  f u t u r e  a r e : 
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• We e d  p rob l ems a r e  b u r ge o n in g  in the Ge z i r a  S cheme , 
con c u r r en t  w i t h  l ab o r  sh o r t age a n d  i n t e ns i f i c a t i o n  o f  
a g ri c u l t u r e ; 
• D i s e as e  p ro b l ems as s o c i a te d  w i t h  a q u a t i c wee d p o p �  
u l a t iona  w i l l  i n c re a se un l e s s  aq u a t i c  we e d  c o n t r o l  
p r o g rams a r e  b e gun imm e d i a t e ly ; 
• I n cre as e d  c r o p  p r o d u c ti v i t y  i n  th e Ge z i r a  i s  l i m­
i te d , amo n g  o the r f a c t o r s , b y  a q ua t i c we eds th at r e ­
t a r d  th e f l ow o f  wa t e r ; a n d  
• S emi a qu a t i c d i t chb ank wee d s  s u ch a s  Di ch a n th i um 
ann u l a t um w i l l  s p re ad an d cau s e f u r th e r p r o b lema . 
Re s ea r ch and mon i to r i n g me chan i s ms s h o ul d  b e  e s t ab l i s h e d  

a t  t h e  t ime o f  ini t i a t io n  o f  h e rb i ci de c o n t r o l  p r o grams . H e r­
b i c i d e  mo veme n t i n  c a n a l s  c a n  b e  mon i t o r e d  w i th dy es . T i me 
o f  c o n t a c t and h e rb i ci de r a t e s  s ho uld b e  s t ud ie d . He rb i c i d e 
res i d ue s s h o u l d b e  te s t e d  t o  s t udy t h e  e f fe c t s of t hei r c o n ­
c en t r a t i o ns o n  g row th a n d  p r o d u c t i on o f  i r rig a t e d  c r o p s . 
Li t e r a t u r e  s e a r c hes a n d  n ew info rm a tio n on  new a n d  o l d  h e rb i­
ci de s s ho u l d  b e  c o l l e c t e d . S oi l - a pp l i e d  h e rb i ci d e s  s u ch a s  
f e n a c  an d di ch l ob e nil as w e l l  as v a rio u s  u r e a s  a n d  t ri a z i ne &  
sh o ul d  b e  s t u die d f o r th eir e f f e c ti v en e s s  i n  l o n g - t e rm we e d  
c o n t r o l  i n  d r a i n a g e  c a n a l s .  Re s ea r ch o n  d ry i n g m in o r s  c o u ld 
a l s o  b e  c o n s i d e r e d . Li f e  c y c le s a n d  d i s t r i b u t i o n  o f  aq ua t i c 
pl a n t s  i n  t h e  G e z i r a s h o u l d  b e  s t ud i e d  t o  d e t e rm i n e  t he o p ­
t i mum t ime f o r a p p l y i n g  he rb i c i d e s  a n d  t o  p r o v ide a da t a  b as e  
f o r  f u t u r e  e va l ua t i o n  o f  t he h e rb i c i d e  c o n t r o l  p r o g r am . 

I n  s um , i t  is t he o pi nio n o f  t he h e rb i c i de w o rk i ng g r o up 
th a t  the b en e f i t s  o f  a q u a t i c  we e d  c o n t r o l  b y us in g h e rbi c i de s  
g r ea t ly o u twe i gh any p o t e n tia l  a d ve rs e r i s k  o r  e ffe c t  o n  t he 
p eo p l e , c r o ps , liv e s t o ck ,  and w i l d l i f e  o f  th e Ge zi r a . 

Me ch ani c a l  C o n t r o l  

Me c ha n i c a l  me th o ds a r e  c u r r e n t l y t he d om i n a n t m e t ho d s o f  
c o n t r o l  i n  t h e  Ge z i r a  c a na l s , i n c l u d i n g  c h a i n - lik e s aw s  p u l l e d  
manu a l ly a c r o s s th e c an a l s  a n d  d r a g l i nes o p e ra t e d wh e r e ve r i t  
is n e c e s s a r y  t o  d e s i l t  a c a na l . A t  p re s e n t ,  t he r e  a re 70  
d r a g line uni t s  op e r a t in g in t he Ge z i r a  a n d  o th e r S c he me s . 
Th es e uni t s  a re d o i n g  a s a tis f a c t o r y j ob o f  r e li evin g t h e 
c a n a l s o f  the i r  s i l t  l o ad a n d  of r e movi n g  th e a q ua ti c  w e e d s  
i n  th e p r o c e s s .  

Bo th  s ub me r s e d  an d emer s e d s p e cie s c an b e  c o n t ro l l e d  b y  
me ch ani c a l me a ns . I t  i s  e nvis a g e d  t h a t me ch ani ca l me t ho d s  
c o ul d  b e  o p e r a t e d , i n  t h e  Ge zir a  c an a ls , ei t he r f r o m  t he 
c an a l  b ank s o r  o n  th e w a te r s u rface . H o w e ve r , th e e n gin ee r­
ing s t r u c t u r e s  i n  t h e  c a n a l s , c a l l e d  r e a ch e s , c a n  p o s e  s ome 
p r o b l ems . of i n te r r u p t e d  m o ve men t f o r  w a te rb o r ne m e c h a ni c a l  
s y s t ems . O n  t h e  o th er h and , th o u g h  c o n t r o l uni t s  o p e r a t i n g  
o n  c ar. a l b a nks wo u l d  n o t b e  l i m i t e d  b y p h y si c a l  b a r r i e rs 
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th ey may , d e p e n d i ng o n  th e t y p e  o f  mach ine , r e q u i re a s mo o th 
g r ade d c an a l  b a nk i n  o r d e r  t o  o pe ra te w i t ho u t  i n t e r r up t i on . 

Be c aus e o f  th es e l imi t a t i o ns , i t  i s  envi s a g e d  t h a t  a 
wa t e rb o rne me ch a ni c a l  s ys t em migh t c o ns i s t  p r in c i p a l ly o f  
s u i t ab l e t r ans p o r t  e qu i pm en t , a c r ane , and a c on t r o l  un i t . 
On  th e o th er h an d , a g r o und s y s t em wo u l d  r e q ui re a s c r a p e r  
s e rvi c e  uni t in add i t i o n  t o  a s e l f - p r o p e l l e d con t r o l un i t . 

Th e two t y p e s  o f  c o nt r o l  s ys tems m e n t i o ne d  ab ove a r e  
e n v i s a g e d  o n ly f o r  w e e d  r e mo v a l . S i l t  r emo v a l  i s  a d e q ua t e l y  
t aken ca re o f  b y  th e p r es en t f le e t  o f  d r a g li ne s , an d t h e re 
ap p e a rs no urge n t  n e e d  f o r  p ro cu reme n t  o f  o th e r e q u i pme n t  
t o  r ep l ac e  t h i s  m e t ho d . 

T o  a de q ua te l y  e v a l u a te t h e  tw o s y s t ems o f  we e d  r e m o va l , 
i t  i s  s ug ge s t e d  th a t  an exp e r i me n t  b e  ini t i a t e d  t o  c omp a re 
v a r i o us uni t s  o f  t h e  two s ys tems w i t h  r es pe c t  t o : 

• O u t p u t  i n  km pe r day ; 
• Ra t e  an d f r eq u e n c y  n ee de d  f o r  w e e d remo v a l ; 
• Q u an t i t y o f  v e g e t a t i o n  r emo ve d ; 
• Ma t ch in g o f  l o c a l  s k i l ls t o  ma c h i n e ; 
• Run n i n g  co s ts ; 
• Avai l ab i l i ty o f  s p are p ar ts ; 
• In i t i a l  c o s t ;  
• T o t a l s y s t e m  cos t ;  and 
• L i fe in y ea rs . 
Th i s  comp a ri s on w i l l  en ab l e  a s o un d  b a s i s  f o r t he ch o i ce 

o f a s y s tem . I t  w i l l  b e  a d v an t a ge o us i f  di f f e r e n t  s chemes  
can b e  i n c l u de d  i n  t he t r ia l  so  that  t h e  v a ri o u s  types  o f  
me c han i c a l  s y s tems av ai l ab le a t  p re s e n t  can b e  j ud ge d  unde r 
l o cal c on d i t i on s . I n  a dd i t i on t o  t h e  ab ove c r i te ri a , the ex­
p e r i m e n t  w i l l  enab le t h e  de te rmi na t io n  o f  a co s t / b e ne f i t r a t i o  
th a t  c a n  b e  u s e d a s  a b as i s  f o r c o mp a r i s on w i t h  b io l o g i c a l  
a n d  chemi c a l  co n t r o l  me t h o ds . 
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O B S ERVAT I ON S  AND COMMENT S 

Th e b a s i c p u r p o s e  of t n e w o rks h o p  w a s th e e x c h a n g e  o f  
i nfo rma t io n  and e xp e r i e n c e  b e tw e en u . s . a nd S ud a ne s e  p ar ­
tic i p an t s . T h e  w o rks h o p  me t t h i s p u r p o s e  w e l l . A p p r o x i­
m a t e l y s i x h o u r s  o f  f o r ma l  s e s s io n s  w e r e  h e l d  e a ch d a y , 
and i n f o rm a l  s e s s i o ns a f t e r  t h e  me e t in g s  we r e  e q u a l l y l o n g . 
Th e U . S .  p a r t i cip an t s b r o u gh t  films an d  s l i d e s  o f  p e r t in e n t  
w e e d  co n t r o l  a c t i v i t i es , e x t ens ive l i t e r a t u r e , and ab u n d a n t 
s amp l es o f  h e rb i c i de s  . a nd ap p l i c a t io n  e q u i pme n t . I n  a d d i­
t i o n , t h r e e  o f  th e u . s .  p an e li s t s  w e r e  inv i t e d t o  r ema i n  
fo r fu r th e r c o n s u l t a t i o n  a f t e r  t he w o r k s h o p  e n d e d . 

Ove r a l l a t t e n d a n c e  a t  e a ch f o rm a l  s e s si o n  w a s  3 5 - 4 0  
pe o p le , a n d  th e q u a li t y  o f  b ac k g r o un d  p ap e r s  a n d  p a r ti ci p a­
tio n w a s  h i gh . S ome of t h e  o u t s i d e  p a r t i cip a t io n  te nde d t o  
e n d o r s e b io l o g i c a l  me tho ds - - p r o bab ly i n  v iew o f  th e g lo b a l  
c o nce r n  f o r  t he e nv i r o nme n t . Rav i ng h ea rd a n d  c o ns i d e r e d  
a l l  p o i n t s  of v i ew ,  t h e  w o r k i n g g r o up s  me t in c l o s e d  s e s s i o n  
o n  th e f i n a l  d a y  t o  p r ep a r e t he i r  r e p o r t s w h i ch w e r e  s ub s e ­
q ue n t l y p re s e n t e d  i n  au o p e n  s e s s i o n . 

Th e Un i ve r s i t y of G e z i r a , unde r t h e d y n am i c  l e a d e r s h i p  
of D r . M .  Ob e id ,  V i c e-C h a n c e l l o r , i s  p l ay i n g  a l e ading ro l e  
i n  c o o r d i n a t in g  w e e d  r e s e a r c h  i n  t h e S ud a n . Th e univ e rs i t y 
is s p o�s o r in g  a s ymp o s i um o n  w e e d r e s e a r c h  la t e  i n  1 9 7 9  a n d  
w i l l  b e  l a un ch i n g  a w e e d  r e s e a r c h  a n d  t r a i n i ng p r o g r am a t  
t h e  g r a d ua t e  l ev e l  i n  e a r l y  1 9 8 0 . T h e r e  i s  e v e r y  r e a s o n  t o  
b e l i ev e  t h a t th i s  w i l l  h ap p e n , an d s up p o r t  sh o ul d  b e  g iv e n  
t o  th e univ e r s i t y  in  t h i s  r e g a r d . 

T h e  w o rk s h o p  p u l l e d  t o g e t h e r a wid e r a n g e  of S u d an e s e 
o f f i c i a l s  c o n c e rned w i t h we ed s , h ea l t h , and e ng i n e e r ing fa c­
t o r s  in ir rig a t i o n  s ch e m e s  and h ig h l ig h t ed t h e  n e e d  fo r 
g r e a t e r  c o o rdin a t i o n  and c o mmun i c a t i o n  among t h o s e  c once rne d . 
T h e  me e t i n g  f u r t h e r  e s t ab l i s he d  a di a l o g u e  t h a t  w i l l  l i k e l y 
c o n t i n u e  b e tw e e n  t h e U n i t ed S t a t es a n d  S u d a n . F i na l l y , a q u a t ­
i c  w e e d  r e s e a rch h a s  r e c e iv e d  r e l a t i v e l y  l i t t l e  a t t e n tio n i n  
the  S uda n i n  t h e  p as t ,  ( ap a r t  f r om t h e  co n t r o l  o f  t h e  w a t e r  
h y a c i n t h  in t he Nil e ) . I t  i s  an t i c i p a t e d  t h a t th e w o rk s h o p  
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w i l l  inc r ea s e  t h e  Gove rnme n t  o f  S u dan ' s  c o mm i tme n t  t o  th i s  
imp o r t a n t  b u t l a r ge l y  n e g l e c t e d  a s p e c t  o f  h e a l t h and a g r i­
c u l t u r a l  d ev e l o pmen t . 
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I N T RODUC T ION 

M .  E .  B e s hi r  

Th e U n i ve r s i t y  o f  Ge z i r a  h as de s i g n a t e d a q ua t i c  w e ed 
mana g e me n t  a s  a p rio r i t y n eed . Th i s  f o c us f a l l s w i t hin t h e  
e d u c a t i o n a l  a n d  r e s e a r ch r e s p o n s ib i l i t i es o u t l i n e d  i n  t h e  
19 7 5  A c t  c r e a t in g  th e u n i ve r s i t y .  

I r r i g a t io n  s ys t e ms a r e  de s igned t o  p r ovi de w a t e r  t o  
c r o p s ; a q ua ti c  w ee d s  i n  t h e  c an a l s  impe d e  th i s  f un c t i o n . 
T h e i r  c o n t r o l ,  t he r efo re , i s  ne c e s s a ry f o r  b a s i c  ag ri c u l t u r e . 
A q ua t i c  w e e d s  a l s o  c r e a t e c o ndi t i o ns f av o r ab l e  f o r  d i s e a s e  
ve c t o r s . Th e h ea l t h p r ob lems a n d  t h e i r  r e l a t e d  s o c i o e c o n omic 
c o ns e q u e n ce s  m ake c o n t r o l  a l l  th e mo re vi t a l . 

A q u a ti c  we e d  i n f e s t a tio n i n  t h e  mi n o r  c a n a l s  i s  a di ­
r e c t  r e s u l t  o f  th e now m o re - o r - l es s  c o n t i n uo u s  o p e r a t i o n o f  
th es e c a na l s . An e nv i r o nme n t  s ui t ab l e f o r we e d  g r ow t h e xis t s  
y e a r- r o und b e c au s e of t he in t e n s i f ic a t io n  an d di ve rs i fi c a t i o n  
of i r r i g a t e d  a g r i c u l t ure . 

O n c e  th e a q u a t i c  we ed p r o b l em w a s de f i n e d , th e n e x t  s t e p  
w a s  t o  a s s e s s  i t s d im ens i o ns a nd p ro p o s e s o l u t i o ns . W i t h i n  
th i s  fr am ew o rk t h e  Un i ve rs i t y o f  Ge zira h o s t e d  th e w o rk s h op , 
w i t h j o i n t  c o o p e r a t i o n  and s p o ns o rs hip of the  U . S .  N a t io na l  
A c a d em y  o f  S ci e n c e s -N a t i o n a l  Re s e a r c h  C o u n ci l  ( NAS / N RC ) . 

Th e w o rks h o p  c o n s i s t e d  of a f i e l d  t rip a n d  d i s c u s s i o ns 
b e tw e e n  a S udane s e  p ane l , which de f i n ed t he n a t u r e  and  s c o p e  
o f  wee d  i nfe s t a t i o n  an d i t s as s o c i a t e d p r ob l e ms , a n d  an Ame ri ­
c a n  p a ne l ,  w h o s e me mb e r s s h a red t h e i r  e x pe r i e n c e  i n  th e s t udy 
a n d  c o n t r o l o f  aq u a ti c  w e e d s  i n  v a r i o u s w a t e rw a y s  a n d  s y s t ems . 
Th e r e c omme nd a t i o ns p ro p o s ed b y  t h e  j o i n t  S u d an e s e -NAS p a ne l ­
i s t s  (P a r t  A o f  th i s  r ep o r t )  w e r e b as e d  o n  b a ck g r o un d  d a t a ,  
dis cu s s i o ns , e xp e ri e n c e  a n d  o b s e r v a t i o n s . 

Th i s  p o r t io n  o f  t h e  w o rk s hop r e p o r t  i n c l u d e s  t h e  b a ck ­
g r o und d a t a  b e g i nn i n g  w i t h  a b r i e f  s yn o p s is of th e h is t o ry , 
ge o l o gy , and h y d r o l o gy of t he N i l e . Th e me t hod of g r avi ty ­
f l ow irr i g a t i o n  i s  de s c rib e d  i n  s o me de t ai l ,  in c l u d i n g  th e 
de s i g n  an d t o t a l  le n g t h  of t he i r r i g a t i o n  ne tw o rks i n  t h e  
v a r i o us i r r i g a ted a g r i c u l t u r a l  s c he m e s  i n  t h e S u d an . 

One p a pe r d i s c u s s e s  th e i r r i g a t i o n  re q ui re me n t s o f  t h e  
d iffe re n t  c r o p s , a s  e s t ab l i s h ed b y  f ie l d me a s u re m e n t s , a nd 
c o mp a re s t h e m  w i t h  t he a c t u a l  r e l e a s e s  from th e S e nn a r  D am . 
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Th e s ame p a p e r  g i ve s e v i d e n c e  o f  t h e  " l o ss o f  h ea d , "  wh i ch 
o f t e n  o c c u rs as a r e s u l t  o f  c o n ti n u o u s  o p e r a tio n o f  mi n o r  
can a l s  ne ce s s a ry t o  m e e t t h e  i n c re a se d  d em a n d  f o r  wa t e r 
c a us e d  b y  th e p o l i c y o f  i n t e n s i f i c a t i o n and di ve r s i f i c a t i o n  
o f a g r i c u l t u r e . Th i s  lo s s  o f  h ea d  r e s u l ts i n a f u r th er r e ­
t ar da t i on o f  wa t e r mo v eme n t and h e l p s  c re a t e add i t i o n a l  
s ta gna t i o n  o f  th e m i n o r c a na l s . 

The  d i s t r ib u t i o n o f  we e d  s p e c ie s  i n  t he m i n o r c a n a l s  i s  
di s c us s e d i n  t h r ee p a pe r s . C o l l e c t ive l y  t he y p ro v i d e  a p r o ­
v i s i o n a l  ch e ck l i s t o f  th e s p e c i e s  p re s en t  i n  t h e  c a n a l s , 
th e i r g r ow t h  p a t te r n s , and t h e  m a n u a l  me t h o ds emp l o ye d f o r 
the i r  remova l . 

Wa t e rb o r n e  h e a l t h  h a z a r ds  ( ma l a r i a  a nd b i lh a r z i a )  as s o­
c ia t e d  w i t h  th e c a na l s a r e o u t l in e d  b y tw o c on t r ib u t o r s , wh o 
p r ov i de  d a t a  o n  h i s t o ry , s p e cie s , a n d  e n d e mi ci ty , as w e l l  a s  
indi c a tio n s  o f  t he s o c i o e c o n omi c c o ns e q ue n c e s  of t h e  tw o d i s ­
e a s e s .  

Th e f i na l p a p e r r e v i ews t h e  p o t e n t i a l  of th e C h i n e s e 
g r as s  c a r p  f o r c o n t r o l li n g  a q ua tic we e d s . 

This p o r t i o n  b r i n gs t o ge t he r  t h e  d a t a  avai l ab l e  t o  d a t e  
c o n c e rni n g  a q u a ti c  we e d s  i n  th e Ge z i r a  S ch e me a n d  i t  i s  h op e d 
th a t  i t  w i l l  b e  a us e f u l s o u r c e  b o ok . A l t h o u gh th e d a t a  a r e  
s p e ci f ic t o  t h e mi no r c ana l s  i n  t h e  Ge z i r a , t h ey ar e b e l i e ve d  
t o  b e  u s e f u l  a n d  ap p l i cab l e  e l s ewh e r e  b e c aus e o f  t he s i mi ­
l a r i t i es  o f  th e d i ffe r e n t  i r r i g a t i o n  s c hemes i n  th e S u d an . 

I w o u l d  l i k e t o  t h ank t h e  a u t h o rs f or  th e ir e x ce l le n t  
c o n t r ib u t i o ns and f o r th e i r  r es p o n s e , c o n c e rn , a n d  e n t h usi­
a s m  ab o u t  a q u a t i c  we e d  m a n a g eme n t . 

My th an k s  a r e  a l s o  d u e  t o  M .  Ob eid , V i ce - C h a n c e l l o r  o f  
t he Uni ve rs i t y  o f  Ge z i r a . D r . Ob e i d  i n i t i a te d  t hi s  e n d e a v o r  
a n d  g ave i t  a l l h i s  e nco u r ag e me n t  a n d  s up p o r t . 

Th e Un i ve r s i t y  o f  Ge z i r a  i s  g r a t eful t o  th e N a t i o n a l  
A c a d emy o f  S c i e n c e s f o r  i t s  s u pp o r t . 
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T H E  N ILE IN  T HE S UDAN 

M .  E .  B es h i r  

I n  t e r ms o f  g e o l o g i c  t ime , th e o r i g i n  o f  th e N i le d a t e s  
b ack t o  t h e  M i o c e n e  p e r i o d  a n d  p r o b ab l y  f a r t h e r  ( 2 5  m i l l i o n -
3 6  m i l l i o n  y ea r s  ag o ) . I n  a h uman t ime s c a l e , t h e  N i l e h i s ­
t o ry i s  al s o  v e r y  o l d . A t  l e as t i n  i t s  no r th e r n  p a r ts , the  
N i l e  V a l l e y  has  b e en the h o me o f  th e c i v i l i za t i on s  s p a n n i n g  
s om e  2 0 , 0 00 y e a r s - - a  h i s t o ry unp a r a l l e l e d  i n  v i g o r a n d  c o n ­
t i n u i ty . Th i s  h a s  r e c en t ly b e en r e vea l e d  b y  r ad i o c a rb o n d e ­
t e rm ina t i o n  o f  p a l e o l i th i c a r t i f a c t s f r om t h e  N ub ia .  

Th e N i l e  a s  w e  n ow know i t  i s  y o un g ; t h e  e x is t in g  hy d r o ­
l o g i c  p a t t e r n i s  n o  o l de r  t han 1 2 , 0 0 0 y ea r s  a n d  may b e  as 
y o un g  as 10 , 0 0 0  y e a r s . At t h a t  p o i n t  t h e  c l i m a t e  a l o n g  th e 
r i v e r c h a n g e d  a n d  mo v e d  g r a d u a l l y  in t o  a ph as e o f  a r i d i ty . 
By th e f o u r th m i l l enn i um B . C . , E gy p t a n d  t he f a r  no r t h e rn 
S ud a n  b e ga n  t o  f e e l  th e ad ve n t  o f  d es e r t  c o n di t i o ns . Th e 
s av a n n a  t ha t  p r e va i l e d d i s a p p e a r e d  a n d  man h ad t o  mo ve t o  b e  
n e a r  t h e  p e rma n e n t  wa t e r  s u pp l y - - th e N i l e . S o o n a f t e rwa r d , 
a t temp t s  a t  wa t e r  man a g em e n t b e g a n . 

Ab o u t  5 , 0 0 0  y ea r s  a g o , Me ne s , th e f i r s t  k i n g  o f  E gy p t , 
d amme d th e r i v e r  t o b u i l d  the c i t y o f  Me mph i s . S i n c e  th e n ,  
much h uma n e f f o r t h as go n e  tow a r d s  c o n t r o l l i n g  th e r i ve r  u p o n  
wh i ch l i fe  d e p e n ds , a n d  i t  w a s  ma n ' s  i n f l u e n ce t h a t  t u r n e d  
E gy p t a n d  t he S u d a n  g r e en th ro ugh a g r i c u l t ur e  i r r i g a t e d  f r om 
t h i s  g r e a t  r i v e r .  

F a r t h e r  s o u th in th e S u dan , i n t e r es t in t h e  o r i g in o f  
th e N i l e a r o us e d  H e r o do t u s , i n  ab o u t  4 6 0  B . C . , t o  un de r t a k e  
h i s  f am o u s  j o u r n e y  to  t h e  S e c o nd C a t ar a c t in an e n d e avo r t o  
f i nd t h e  s o u r c e  o f  th e N i l e . Th e A r ab p ene t r a t i o n  i n t o  t h e  
S u d an , w h i ch b e g an i n  6 5 1 A . D . , b r o ugh t i n t o  t he c o un t r y  
Arab t r a v e l e r s  and s c h o l ars , amo n g  them th e famo us g e o g r a ph e r 
I d r is i i n  t h e  1 2 th c e n t ury , w ho w r o t e  wh a t  mi gh t b e  th e f i rs t  
e c o l o g i c a l a c c o un t  o f  t h e  c o un t r y  w i t h  th e N i l e  a s  i ts mos t 
s t r i k i n g  ph ys i c a l  f e a t u r e . 

E u r o p ea n  v i s i to r s  and e xp l o re r s  b e g a n  v is i t in g  t h e  S ud an 
i n  the l a te 1 8 t h c e n t u r y , and w i t h t h e m  a n ew i n t e r es t in  th e 
N i le  b e g a n . I n  th e f i r s t  h al f  o f  t he 1 9 t h c e n t u ry , a n t iq ui ­
t i e s  o f  t h e  N i l e  c i v i l i z a t i o n  c a p t u r e d  t he mo s t i n t e r e s t , b u t 
i n  the s e c o n d  h a l f  o f  t h e  c en t u r y  th e q u e s t b e gan f o r  th e 
s o u r c e  o f  th e N i l e . 
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G e o mo r ph o lo g i c a l  H i s t o r y 

I n  i t s p r e s e n t  f o rm ,  t h e  N i l e  i s  b e li e v e d  t o  h av e  b e gun 
a s  s e v e r a l d i s t i n c t  sy s t e ms th a t  b e c ame j o i n e d  at a l a t e  
s t a g e  i n  ge o l o g i c a l h i s t o ry .  B a ch p a r t i s  re l a te d  t o  a d i f ­

f e r e n t  h i s t o r i c a l  a n d  s t r uc t u r a l  d e v e l o pmen t . 
T h e  B l ue N i l e b a s i n  w a s  f o rme d  a s  a r es u l t  o f  th e u p ­

l i f t i n g  o f  t h e  E t h i o p i an p la t e a u , wh i c h w a s  a c c o mp a n i e d  b y  
vo l c an i c o u t p o u r i n g s . Th e h e a dwa t e r s  o f  t h e  Wh i t e N i l e  
d r a in the t e c t o ni c a l ly a n d  vo l c ani c a l ly a c t iv e  U g an d an 
p l a t e a u . I n  t h e  S u d an ,  th e Wh i t e  N i l e  b a s in o c c u p i e s  a v e r y  
b r o a d  a n d  i l l - d e f i n e d t e c t o n i c  d e p r e s s i on ,  i n c l u d i n g  th e �· 
Th e mai n N i l e  n o r th o f  Kh a r t o um i s  l es s  s t r u c t u ra l l y c o n­
t r o l le d and f l o w s  i n  th e t e c t on i c  l ow b e h i n d  th e Re d S e a 
h i l ls . 

Th e avai l ab l e  g e o lo g i c a l  a n d  g e o mo r ph o l o g i c a l  evi d e n c e 
i nd i c a t es t h a t  th e B l u e  N i l e  i s  an an c i e n t  r i v e r  s y s t e m  
da t i n g  f r o m  l a te C en e z o i c p e r i o d  w h e n th e A f r o -A r ab i a n  Sw e l l  
w a s  f o r m e d . I t  f l ows a c ro s s  i t s  own s e d i me n t s  f r o m  Ro s e r ie s  
n o r thw a r d . I t s v a l l ey w i d e n s  g r a d ua l l y  un t i l ab o u t  t h e  l a t i ­
t u d e  o f  S e n n a r , wh e r e  i t  m e r g e s  w i t h  t he Ge z i r a P l a i n , a n d  
th e r i v e r  i s  s t i l l i n c i s e d w e l l  b e lo w  th e g e n e r a l  t o p o g r a p h i c  
l e v e l . 

Th e Wh i t e  N i l e  s y s t e m i n  U g a n d a , c ommo n l y  k n own as t h e  
A l b e r t  N i l e , i s  b e l i e v e d  t o  h av e  j o i n e d  n o r t hwa r d s  a s  l a t e  
a s  t h e  P l e is t o c e n e . N o r th o f  N i m u le , t h e  r i ve r  i s  k n ow n  a s  
B ah r  e l  J eb e l a n d  f l ows o v e r th e o u t c r o p  o f  the  Umm R uw a b a  
f o rma t i o n , w h i c h  i s  o f  t e r t i a r y and P le i s t o c e ne o r i g i n a n d  
c o ns i s t s  o f l a c u s t r i n e  and f l u v i a t i l e  s e d i me n t s . I t  f l o w s  
a s  f a r  no r t h a s  M o n g a l l a  i n  a w e l l - d e f i ne d  v a l l ey . Th e v a l ­
l e y  w a l l s d e c r e a s e  i n  h e i gh t ,  un t i l a t  B o r  th ey me r g e  w i t h  
th e s u r r o un d i n g  c o un t ry a n d  th e r iv e r  e n t e rs t h e  S u dd  s w a mp s . 

I n  t hi s  re g i o n  t he re i s  a m a rk e d dow n s t r e am s l o p e  a n d  
i n  c l e a r  r i v e r  ch a nne l s  t h e  f l o w  is ve r y  s t r o n g , r e a ch i n g  
1 . 1 - 1 . 3  m / s e c  i n  th e m a i n  s t re am .  T h e  sw amps  a r e  t h e re f o r e 
f o rm e d  no t b y  l o ng i t u d i n a l  p o nd i n g o f  ch a nne l s  b u t b y  o v e r ­
b an k  f l o o d s . T h e f l ow o f  w a t e r  t h r o u gh t h e  S ud d  i s  c o n­
t r o l l e d b y  t h e  h e i g h t  o f  Lak e V i c t o r i a . Th e s u d d e n a n d  un­
u s u a l  i n c r e a s e  in th e l ak e  l ev e l  in 1 9 6 4 , w h e n  i t  r e a c h e d  
i t s ma x i mum r e c o r d e d  d i s ch a r ge o f  3 6 - 5 1  b i l l i o n  m 3 , w a s  t h e  
c a us e o f  t h e  f l o o d i n g  i n  s o u th e rn S u da n . 

S o u th o f  Ma l ak a l , B ah r  B l  J eb e l  i s  j o i n e d  b y  t he S o b a t , 
wh i ch r i s e s i n  th e E t h io p i a n  H i g h l ands . I t  h as a s t r o n g  
s e as o na l  f l ow s i m i l a r  t o t ha t o f t h e  B l u e N i le . I t  i s  
th o ugh t t o  h av e  o r i gi na t e d i n  po s t - O l i g o c e n e  t i mes . 

T h e  Wh i t e  N i l e  f r om t h e  S ob a t  j un c t i o n  t o  Kh a r t o um i s  a 
r a th e r  unus u a l  r i v e r  w i t h  a g r a d i e n t  f a r  l ow e r  t h a n  th a t  o f  
th e S u d d , th e f a l l  b e in g  1 1 . 6  m i n  8 0 0  km o r  1 i n  7 0 , 0 0 0 , 
wi t h  a c o r r es p o n d i n g  de c r e a s e i n  c u r r e n t . 
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N o r th o f  Kh a r t o um ,  a l l uvi a l  de p o s i t a ar e r es t r i c t e d  and 
th e aai n N i l e f lows t o  th e no r t h  o v e r  the B as emen t C o mp l ex 
a n d  N ub ian f o rma t i ons . De t ai l s  o f  t h e  hi s t o ry o f  t h e  N i l e  
in th e no r th e rn S ud an a r e  s ubj ec t t o  d e b a t e , s in c e  ev i de n c e  
is  s t i l l  f r aam en t a r y . C ur ren t s t u d i es are  u a in a  r ad io c a rb o n 
d a t ina . r u r t h e r  s t udi e s  w i l l  b e  n e e d e d  t o  c o mp l e t e  a co­
h e r e n t  a t r a t i a r aphy o f  t h e  N i l e  i n  t h e  n o r t h e rn S udan . 

Bydro l o ay 

Th e  N i l e , 6 , 6 9 5  km l o n a ,  i s  t h e  l o n a e a t r iv e r  i n  th e 
w o r l d . O f  th i s  l e n a th , no t l e a s  th an 3 , 8 5 2  km l i e  w i t h i n  
t h e  b o r d e rs o f  the  S ud a n  A f u r t he r 8 0 0  km c a n  b e  a d d e d f o r  
th e B l ue N i l e  and ab o u t  2 , 2 5 0  km f o r  t he t r ib u t a r i es o f  t h e  
Wh i t e  N i l e . Ad d i n a  th i s  t o  t h e  i n t e rm i t t en t  r i v e r a  s u c h  a s  
th e D i nd e r , Rah a d , a n d  A tb a r a , s ome 7 , 0 0 0  k m  o f  r i v e r s  a r e  
wi t h i n  th e S ud a n . 

T h e  ave r a a e  ann u a l  f l ow o f  the  Ni l e  meas u re d a t  As wan 
is 8 6  b i l l i o n  m3 w i th a r e a t  v a r i a t i o n  b o th w i t hi n  and b e ­
tw e e n  s e a s o ns . Mo r e  th an 80  p e r c e n t o f  t h e  annu a l  f l ow o c ­
c ur s  b e tw e e n  A u a u a t an d O c t ob e r ,  wh i le t h e  r em ai n i n a  2 0  p e r­
c e n t i s  d i a ch a r ae d  ove r t h e  o t h e r  9 mon t h s  o f  th e y e a r . T h e  
y ea r- t o -y e a r  v a r i a t i o n  i s  a l s o a r e a t ; th e max imum re c o r de d 
d i s ch ar ae w a s  1 5 5 b i l l io n  m 3 in 1 8 7 8  a nd t he l ow e s t re c o r de d 
w a s  4 2  b i l l i o n  m 3 i n  1 9 1 3 .  

Wate r s  d r a i n iDI f r om t h e  E t hi o p i a n  p l a t e a u  ( B l ue N i l e , 
R ah ad , D i n de r  a n d  A tb a r a )  a c c o u n t  f o r  8 6  p e r c e n t  o f  th e 
t o t a l  annual f l ow . O n l y 1 4  p e r c e n t  c o m e s  f r om th e e q ua t o r­
ia l r ea ch e s  o f  the N i l e , w i th th e l o w  c on t r i b u t i o n  d ue t o  
th e l o s s e s  ( 10 b i l l i on m 3 ) th a t  o c cu r  i n  the S udd  a r e a  
th ro u ah a p i l l a ae and e vap o r a t i o n . 

I r r i aa te d A ar i c u l t u r e  

O f  th e S ud an ' s  t o t a l  a r e a  o f 2 , 4 9 6 1 1 3 8  km 2 , 4 9  p e r c e n t  
i s  d e s e r t  a n d  a e mi d e a e r t , w i t h  a r a i n f a l l o f n o t mo r e  th a n  
3 0 0  mm/ y ea r . Tw en ty - s ev e n  p e r c e n t  i s  s avanna , w i t h  r a i n f a l l  
b e tw e e n  3 0 0 - 80 0  mm a n d  o n ly 2 4 p e r ce n t  i s  t r o p i c a l  f o re s t 
and w e t l an d  s av anna . 

Ann u a l  r ai n f a l l  i s  low a n d  s e a s o n a l  i n  cha r a c t e r . Th e 
S ud a n  i s  c o n s e q ue n t l y v e r y  de p e n d e n t  o n  th e N i le s ys t e m s  f o r  
p e r enn i a l  i r r i a a t io n  f o r r e l i ab l e a g r i c u l t u r a l p r o d uc t i o n . 
Th e f l ow l e v e l  o f  t h e  N i l e  i s  a ls o  s e as o n a l , w i t h  s om e  o f  
i t a  t r ib u t a r i e s  r u n n i n a  o n l y  p a r t o f  t h e  y ea r . I t  i s  th e re ­
f o r e  n e c e s s a r y  t o  r e g u l a t e  r i v e r f l ows b y  d ams a n d  i r r i g a­
t i o n  n e two rks . 

A t  p r e s e n t  4 . 6 8 mi l li o n  f e d d an a  a r e  i rr i g a te d ,  c o mp r i s ­
i n g  th e Ge z i r a , N ew H a l f a , Rah ad ,  S uk i ,  T amb u l -G un i e d , Wes t 
S e n n a r , Ab u N aama , A a a a l ay a , K e na na , and t h e  A gr i c u l t u r a l  
Re f o rm S ch e me s . Th es e s c he mes n ow u se 1 8 , 2 5 8  b i l l i o n m 3 o f  
wa t e r . S ud a n ' s  s h ar e o f  t he N i l e ' s  w a t e rs i s  2 0  b i l l i o n  m 3 . 
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Aq u a t i c H ab i t a t s 

Th e ve g e t a t i o n  o f  t h e  S u dan i s  c la s s i f i ed i n t o  f i v e  
z o n e s , o n e  o f  w hi ch is  th e aq ua t i c  h ab i t at  o f t he S ud d , 
wh i ch c omp r i s e s  an a r e a  o f  a p p r o x ima t e ly 9 5 , 0 0 0  km�d is  
p e rhaps th e l a r ge s t  swamp re g i o n  i n  th e w o r l d . Th e o th e r  
ve ge t a t i o n  z o ne s  a r e  adap t e d t o  t he h i gh ly s ea s o na l  r ai n f a l l  
c on d i t i o n s . 

Ap a r t  f r om th e S ud d ,  th e N i l e  s ys te m  o f f e r s  t he o n ly 
o t h e r  p o t en t i al e n v ironien t f o r  a q ua t i c  o r  s em i a q u a t i c  p l an t  
l i f e . Wi t h  th e i n t r o d u c t i o n  o f  i r r i g a t i o n  i n  th e a r i d c l i ­
m a t e  o f  t h e  n o r t he r n S u d a n , n ew aq ua t i c  h ab i t a t s h ave b e en 
c r e a t e d . Th e e x t e n t  o f t h e s e  h ab i ta t s  i s  i n c re a s in g  as i r ­
r i g a t e d ag r i c u l t u ral deve l o pmen t c o n t i n u es � A t  p re s e n t ,  i r ­
r i a a t i o n  n e tw o rk s , in c l u di n g  m a i n  a n d  b r an c h  c a na l s  a n d  
d r a ins , t o t a l  s ome 1 8 , 0 0 0  km . 
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A S TATEME N T  O F  T H E  P RO B L EM 

M .  E .  B e s h i r  

I n  th e p a s t d e c a d e  t he re h a s  b e e n  a n  inc re as e a nd p r o ­
l i f e ra t i o n  o f  aq ua t i c p l an t s  i n  t h e  m i no r c an a l s o f  th e Ge ­
z i r a  S ch eme . Th is h as b e e n a d i r e c t  r es u l t o f  th e new p o l i c y  
o f  i n t ens i f i ca t i o n  a n d  d i v e r s i f i c a t i on o f  th e c r o p p i n g  p a t ­
t e rn s . 

F o rme r l y , o n ly 6 3  p e r c e n t  o f  th e l an d  w a s  u n d e r c ul t i­
v a t i o n  a t  a ny o ne t ime b e c a u s e  S u d an ' s  s h a r e  o f  th e N i le  
wa t e r s was  l imi t e d . A f t e r  th e 1 9 5 9  N i le W a t e r A g r e e men t 
wi t h  E gy p t ,  S ud an ' s s h ar e  w a s  i n c re a s e d , p e rmi t t i ng imp l e ­
me n t a t i o n  o f  the i n t en s i f i c a t i o n  p r o gr am i n  1 9 6 1 .  

Th e i mme d i a t e  o u t come o f  i n t e ns i f i e d  c r o p p i n g  w as an 
i n c r e a s e d  de mand f o r  i r r i g a t i o n  w a t e r , w i t h  th e c o ns e q u e n ce 
th a t  m i no r  c an a l s  b e c ame o p e r a t i v e  t h r o u gh o u t  t h e  y e a r . 
P r i o r  t o  1 9 6 1  many o f  t h e  m i n o r  can a l s  w e r e  s hu t  o f f  a f te r  
t h e  end o f  Ma r ch . Th i s  c l o s i n g  re s u l t e d  i n a d ry in g p e ri o d  
o f  u p  t o  th r e e  mo n th s  wh i ch , c o up l e d w i th th e h i gh temp e r a­
t u r e s  d u r i ng Ma r ch t o  J un e , a f f o r d e d  a r e a s onab l e  de g r e e  o f  
w e e d  c o n t r o l  t h r o u gh d e s i c c a t i o n  an d g r o w th re t a r d a t i o n . 
Th e p re s e n t  s i t u a t i o n  i s  t h a t  o f  c o n t i n uo u s wa t e r  f low i n  
the cana l s , a n d  s in c e  t h e  f l ow ve l o c i t y i s  no rm a l ly l ow ,  c o n ­
di t i o ns o f  p o n d i n g  c o n d u c ive t o  we e d  g r ow t h  h ave b e en i n ­
c re a s i n g l y  c r e a t e d . Th e e x t e n t o f  th e p r o b l em o f  we e d  g r ow th 
in t he cana l s  c an b e s t b e  ap p r e c i a te d  w he n o ne k now s the re 
a re s o me 7 , 2 0 0  km of mi n o r  c a n a l s  in th e Ge z i r a  S ch eme . 
P o nd i n g  c o n d i t i o ns a r e  th e r e s u l t  o f  th e t o p o g r aph y a n d  c ana l 
d e s i g n . 

Mos t o f  the w e e d  s p e c i e s  a r e  o f t h e  s ub me r s e d  t y p e  w i th 
t h e  g re a te s t r a te o f  g ro w t h  o c c u r r i n g  a f t e r  N o v emb e r  wh en th e 
s e d i me n t  c a r r i e d  i n  th e f l o o d  wa t e r s  h as b e en d e p o s i t e d , 
wh i ch al lows g re a t e r  p e ne t r a t i o n o f  l i gh t . I n  t u rb i d , s e d i ­
me n t  l a d e n  f lo o d  w a te r s , l i gh t p ene t r a t i o n  i s  r e d u c e d an d 
th e g r o w t h  r a te o f  m o a t s p e c ie s  i s  r e t a r de d . F r ui t i ng and 
s e e d  s e t t i n g  o c c u r s  d ur i n g  t h e  p e r i o d  o f  c le a r  w a t e r ,  a l ­
th o u g h  s o me s e e d  g e rmi n a t i o n  o c c u r s  i n  t urb i d  w a t �r a . 

Th es e g row th ch a r a c t e r i s t i cs h ave b e e n  th e b a s i s f o r  
th e n o rma l c o n t r o l  me t h o d  u s in g  s aw - l i ke ch ai ns . Th e c l e a r­
i n g  o r  c u t t i n g  i s  app l i e d o n  a r e g u l a r  s che d u l e ; d ur i n g  th e 
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pe r i o d  o f  c l e a r  w a t e r  th e ve ge t a t i on i s  cu t e v e r y  1 0 - 1 5  d ay s  
and i s  de s i g ne d  t o  w e ak e n  v e g e t a t i v e  g r ow th . A l o n ge r  pe r i ­
o f ( 2 0 - 2 5  d ay s )  i s  a l l ow e d  b e tw e e n  c u t t i ngs  d u r i n g  th e t u rb i d  
w a t er p e r io d . 

Th i s  me t ho d  p ro v e d ve ry s u c ce s s f u l  i n  th e p as t m a i n ly 
b e c au s e  o f  the a v a i l ab i l i t y o f  l ab o r  a t  ch e ap p r i ce s . How­
eve r . wi t h  t h e  de v e l o pmen t o f  a d di t io na l  i r r i g a t e d l an d  i n  
t h e  Ge z i ra and e ls ewh e re . e s c a l a t in g  l ab o r  c oa t s . and h e a l th 
h a z a r d s . the p r e s e n t  m e t h o d  l e a ve s  mu ch to b e  des i r e d  i n  
te rms o f  e c o nomi cs . e f f e c t i ve n e s s . a n d  f e a s ib i l i t y . 

I t  i s  t o  b e  no t e d  th a t  th e m in o r c a n a l s  i n  th e G e z i r a  
a n d  e l s e wh e re a r e  a q u a t i c  h ab i t a t s  i n  t h e  a r i d  c l ima t e  o f  
c e n t ra l S u d an . Th e o n ly n a t u r a l  aq u a t i c h ab i t a t s i n  th e 
S u da n  a r e  f o un d  i n  th e R i v e r N i le  and i t a t r ib u t a r i es  and i n  
th e sw amp s o f  the S ud d  r e g i o n . Th e c a na l s  a r e  m an-made aq u a­
t i c h ab i t a t s . and t h e i r  e x t e n t  an d p o t e n t i a l  f o r  aq u a t i c  we e d  
h ab i t a t i o n  i n c r e as e w i t h e v e r y  i r r i g a t e d  a g r i c u l t u r a l  d e ve l ­
o p me n t  p r o j e c t . Th e r e f o re . new a n d  i nn o v a t ive we e d  c o n t r o l 
t e chni q u es a r e  n e e d e d  t o  r es p o nd t o  th e p r e s en t  s i t u a t i o n . 
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O P E N I N G  ADDRE S S  

D avi d L .  S u t t o n 

I t  i s  i n d e e d  a p l e a s u r e  t o  b e  ab le  t o  a t t e nd th i s  w o rk ­
s ho p  and s h a r e  w i t h  y o u  s ome o f  th e a q u a t i c  w e ed c o n t r o l  
t e c h n o l o g i es th a t  a r e  c u r r e n t l y  b e in g  u s e d  a n d  de v e l o p e d  i n  
th e U n i t e d  S t a t e s . Ade q ua t e  s up p l i e s o f  f r e sh w a t e r  a r e  e s ­
s e n t i a l  t o  th e we l l - b e i n g  a n d  e c o n o m i c h ea l t h  o f  a ny c o u n t ry . 
L o ca t i o n  o f  p o p u l a t i on c e n t e r s  and f a rm i ng a c t i vi t i es a re 
h i g h ly d e p e n de n t  o n  t h e  ava i l ab i l i t y o f  w a t e r f r om r a in f a l l  
a n d  o n  th e e a s e  w i t h wh i c h  w a t e r  c an b e  m o ve d  f r om o n e  l o c a ­
t i on t o  a n o th e r .  

I h ave a lw a y s  b e e n  in t e r e s t e d i n  th e  N i l e  b e c a u s e  o f  
th e c l o s e as s o c i a t i o n  o f  man t o  i t s  na t u r a l  c y c l i c  f l ow an d 
i t s p l a ce i n  h i s t o r y .  I t  h as b e e n  a g r e a t  p e rs o n a l  p l ea s u r e  
f o r  me  t o  b e  ab l e  t o  s e e  th i s  g r e a t  r ive r and b e t t e r  un d e r ­
s t a n d  i t s  i n f l u e n ce o n  th e h is t o ry a n d  d ev e l o p men t o f  t h e 
c o u n t r i e s  t h r o ugh whi c h  i t  f l ow s . 

B as e d  on es t i m a t e s  f o r  p o p u l a t i o n  g r ow t h  i n  t h e  c omi n g  
y e a r s , i t  h a s  b e en e s t i ma t e d  th a t  th e w o r l d ' s  p o p u l a t i o n w i l l  
d o ub l e i n  th e ne x t  2 5  t o  35 y e a r s . T h e i m p a c t  th a t  t hi s  i n ­
c r e a s e  w i l l  h a ve o n  p r e s e n t  r es o u r c es i s  d i f f i c u l t t o  c o m p re ­
h e n d . Ano th e r  w a y  o f  l o o k i n g  a t  i t  i s  t o  v i ew t he p r o g r e s s  
o f  c r o p  p r o d u c t i o n . T h e  w o r l d ' s  p r es e n t  c r o p p r o d u c t i o n  i s  
b a s e d o n  k n o w l e d g e  wh i c h  h as b e� n  g a i n e d  s i n c e  man f i r s t  
p l a n t e d  c r o p s  a n d  h a r ve s t e d  t he i r  y i e l d s . Th e i n c r e a s e  i n  
c r o p  p r o d u c t i on i n  t h e  n e x t  2 5  t o  3 5  ye ar s mus t e q u a l th e 
t o t a l  yi e l d  s i n c e  t h e  b e g in n i n g  o f  a g r i c u l t u r a l p r o d u c t i o n . 

I t  a p p e a r s  th a t  th e amo un t o f  c u l t i v a t e d l a n d  t h r o ugh o u t  
t h e  wo r l d  i n  g en e r a l  w i l l  n o t i n c r e a s e s ub s t a n t ia l ly . H ow ­
e ve r . t h e r e a r e  a f e w  c o un t r i es , s u ch as t h e  S ud an , wh i c h  
o f f e r  t he h o p e  o f  b e in g  ab l e  t o  a d d  t o  t he l and ar e a  a v a i l­
ab l e  f o r  c r op p r o d u c t i o n . 

O n e  o f  th e g r e a t e s t ch a l l enge s f o r  t h e  r e ma i n d e r  o f  th i s  
c en t u r y  w i l l  b e  t o  d o ub l e o u r  p r e s e n t - d a y c r o p p r o d u c t i o n 
f i g u r e s . T h e  S u d an ,  a p p e a r s  t o  b e  o n e  o f  th e f ew c o un t r i es 
th a t  h a s th e l a n d  a n d  r e s o u r ce s  t o  b e c ome o ne o f  t h e  maj o r  
c en t e rs f o r  c r o p  p r o d u c t i o n  t o  m ee t  t h e n e e d s  o f  the w o r l d ' s  
e xp a ndin g p o p u l a t i on . I t  i s  my h o p e  t h a t  o u r  p a r t i c i p a t i o n  
i n  th i s  w o r ks h op w i l l  i n  s ome w a y  as s i s t  y o u  t o  mak e  w i s e  
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c h o i c e s  a nd d e c is i o ns ab o u t  th e te c hno l o gi es t ha t w i l l  l e a d  
t o  a h i ghe r l ev e l  o f  c r o p p ro d u c t i o n  i n  y o ur  c o un t ry . D u r­
i n g  t he s e  n e x t f ew d a y s , I h o p e  t h a t  o u r  d i s c us s i o ns w i l l  
s t im u l a t e  i d e a s  o n  th e f o rmu l a t i o n  o f  s ho r t - t e rm a s  w e l l  a s  
l o n g- t erm s t r a t e gi e s  f o r  h e l p i ng t o  man a g e  aq u a t i c  w ee d  p r o b ­
l ems . 

A q u a t i c  m a c r o phy te s  a r e  a n  i n t e g r a l  p a r t  o f  a l l  f r e s h ­
w a t e r  s y s tems . I n  th e e v o l u t i o n a r y  d e ve lo p me n t  o f  p l a n ts , 
o n l y  a few o f  t h e  my r i a d  o f  p l a n t s h ave b ee n  ab l e  t o  adap t 
t o  th e h a rs h c l i ma t i c c o n d i t i on s  c re a t e d  b y  an aq u a t i c s i t e . 
I t  i s  e s t ima t e d  t ha t  l es s  t han 1 p e r c e n t  o f  a l l  p l an t s  c an 
c om p l e t e  t he i r l i f e cy c l e  in  o r  n e a r  w a t e r . O f  t h e s e  p l a n t s , 
o n ly a h a n d f u l  g r ow in  s u ch p r o f u s i o n a s  t o  b e  c l a s s i f i ed a s  
w e e d s  o r  h a rm f u l p l an t p e s t s . Th e f l o a t in g  w a t e r  hy a c i n th 
( E i chh o r ni a  c r a s s i p e s  ( Ma r t . )  S o lms . ) i s  a g o o d  e x amp l e  o f  
a n  aq u a t i c  p l a n t  w h i ch i s  c l a s s i f i e d  as  a we e d  t h r o ugh o u t  
th e w o r l d . W e  m u s t r e c o g n i z e  th a t  s o me d e s i r ab l e  p l an t s , 
wh e n  g i v e n  t h e p r o p e r  s e t  o f  e n v i r o n me n t a l  c o nd i t i on s , c an 
g r ow in  ab un d an c e  a n d  c r e a t e  p r o b l ems a s  g re a t  a s  t ho s e f r om 
any we e d  s p e c i e s . 

I n  th e r e c e n t l y p ub l is h e d  b o ok b y  H o lm , e t  a l . ,  O n  th e 
Wo r l d ' s  Wo rs t We e d s : D i s t r i b u t i o n an d B i o l o g y , ;it e r h y a­
c in th is l i s t e d  a s  t h e  e i gh th mo s t  t r o ub le s o me p l an t  p e s t i n  
t h e  w o r l d . Th i s  i s  n o  new s  t o  y o u  wh o h av e  w i t ne s s e d  the 
r ap i d  sp r ead a n d  g r ow t h  o f  t h i s p l an t  i n  th e N i l e ' s  s y s t e m  
d u r i n g  t h e  l as t 2 0  y e a r s . Th e manne r i n  w hi c h  t h i s  p l a n t  i s  
ab l e  t o  i nvad e a n d  d om i n a t e an a r ea i s  n o t c omp l e t e ly unde r­
s t o o d . A b e t t e r  u n d e r s t a nd i n g  o f  t he f a c t o rs a f f e c t i n g  the 
g r ow t h o f  w a t e r  hy a ci n th wi l l  a i d  in a t temp t s  to c o n t r o l  t h i s  
w e e d . 

I n  t h e  U n i t e d S t a t es we  h ave re ce n t l y w i t n es s e d  t h e  
s p re ad and de v e lo p me n t  o f  a n o t h e r  p l a n t , i n  t hi s  c a s e a s ub ­
me r s e d  o ne , hy d r i l l a  ( Hy d r i l l a  ve r t i c i l l a t a  R o y le ) . Th i s  
p l an t  c a n  d o m ina t e  a b o dy o f  w a t e r ,  c row d i n g  o u t  o th e r  p l an ts  
and a n im a l s . In  canal  a n d  f l ow i n g w a t e r s y s t ems , i t  i s  
p r o v i n g  p a r t i c u l a r l y  d i f f i c u l t  t o  c o n t r o l . Ag a i n , a b e t te r  
unde rs t an d i n g  o f  t h e  l i f e  cy c l e  o f  h y d r i l l a  wi l l  ai d i n  th e 
s e a r ch f o r  b e t t e r  me t h o d s  t o  mana g e  th i s  w e e d . We  m us t p ay 
p a r t i c u l a r  a t t e n t i o n  t o  any w e ak s p o t  i n  i t s g r ow t h a n d  d e ­
v e l o p men t wh i c h  w i l l  a l low f o r a n  i n c r e a s e  i n  t h e  e f f e c t i ve ­
n e s s o f  a p a r t i c u la r  c o n t r o l  me t h o d . 

Aq ua t i c w e e d  c o n t r o l  m e t h o d s  c an b e  s e p a ra t e d  i n t o  
s e p a r a t e  a nd d i s t in c t  c a t e g o r ie s . I t  a p p e a rs , h oweve r ,  th a t  
a c omb i na t i o n  o f  the se i n d i v i d u a l  m e t ho ds w i l l  b e  n e c e s s a r y  
t o  ma x im i z e  t he i r  e f f e c t iv e n es s . A g ai n , a b e t te r  und e r s t a nd­
in g  o f  th e l i f e  c y c l e  o f  t h e  p r ob l em we e ds w i l l  a i d  in s y n­
ch r o n i z a t i o n o f t h e s e  v a r i o u s  m e t h o ds f o r  the mo s t e f f i c i en t  
and e f f e c t i ve c o n t r o l p o s s ib l e . 

Th i s  w o rk s h o p  i s a c o n t i u a t i o n  o f  t h e  d i a l o g u e  wh i ch 
h a s  b e e n  e s t ab l i s h e d  b e twe e n  t h e  N a t io n a l  C o un c i l  f o r R e ­
s e ar ch i n  th e S ud an an d th e u .s. N a t i o n a l  A c a d e my o f  S c i e n c e s . 
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I am s u r e  th a t  o u r  p r es e n t a t i o n s  w i l l  t o u ch o n  t o p i cs wh i ch 
h a ve a l r e ady b e e n d is c us s e d a t  th e p r ev io u s w o rks h o p . P ro ­
a r e a s  t owa r d  ach i ev i n g  th e go a l s  a n d  r e c omme nd a t i o n s  o f  th e 
p r evi o u s w o rks h o p w i l l  b e  o f p a r t i c u l a r imp o r t an c e  in o u r . 
d i s c us s i o ns a t  th i s w o rk s h o p . 

Th e r e  a r e  no e a sy a nsw e r s  o r  s o l u ti o ns t o  th e p rob l em 
o f  c o n t r o l l i n g  a q u a t i c  we e d s . I f  t h e r e  w e re , th e n  w e  wo u l d  
no t b e  h e re t o  d i s c u s s  th e p r o b l e m a  t h a t e x is t i n  t h e  N i l e  
a n d  i n  many aq u a t i c  s i te s  i n  th e Un i t e d  S t a t e s . I h op e  th a t  
o u r  d i s c u s s io n s  a t  th i s  w o rk s h o p  w i l l  i n c r e a s e  o u r  u n de r ­
s t an d ing o f  th e c aus e s  o f  th e aq u a t i c  w e e d  p ro b l em i n  ad­
d i t io n  to g i v i n g  us a b e t t e r  un d e r s t an d i n g  of th o s e  m e t ho ds 
and t e chni q ue s  wh i ch h ave p r o d u c e d r e s u l ts i n  s o me s i t u a t i o ns 
and e n ab l i n g  u s  t o  a p p ly t h em t o  o th e r we e d  ar ea s . 

O n  th e o n e  h a n d , w e  k now tha t aq u a t i c  p l an t s  w i l l  g r ow 
i n  a b o d y o f  w a t e r and a re e s s en t i a l  t o  th e o v e ra l l  p r o d u c­
t i vi t y  of t h a t s y s t em .  O n  th e o th e r h a n d , whe n  p l an t g ro w t h  
d is r up t s  th e p r o d u c t i vi ty i n  th a t  s i te o r  in te r f e r e s  w i t h 
w a te r  us e , s ome a t t e m p t mu s t  b e  made t o  man a ge the p l a n t s  s o  
th a t  t hey c a n  b o th b e  o f  b e n e f i t  t o  th e n a t u r a l  p ro d u c t iv i ty 
o f  th e wa t e r  an d a l l ow f o r  e f f e c t ive u s e  o f  the wa te r  f o r  
man ' s  a c t iv i t i e s . 

I th i nk t h a t  th e c o nce p t  we  s h o u l d s t r i ve f o r  i s  a m an­
ageme n t  s y s t em whi ch a l l ow s  f o r  g r ow t h  o f  aq u a t i c  p l a n t s  b u t  
h o l ds t h e i r g r ow th t o  a n  a c ce p t ab l e  l eve l .  Th e s p e c i e s  o f  
aq ua t i c we e ds a n d  s i te s  de t e rmi n e  t o  s ome e x t e n t  t h e  m e t ho d s  
wh i ch c a n  b e  u s e d . Fo r examp l e ,  o n ly c e r t a in h e rb i c i de s  can 
be us e d  f o r  we e d  p r ob l ems in p o t ab le wa te r s up p l i e s . 

Ano th e r  c on ce p t wh i ch b as a t t r a c t e d  c o ns i de rab l e  i n t e r ­
ea t i n  r e c e n t  y ea r s  i s  the  u t i l i za t io n  o f  a q u a t i c w e e d s . 
S e ve r a l  app r o a c he s , s u ch as t h e i r  us e as f e e d s t o c ks a n d  i n  
comp o s t in g , a p p e a r  p r om i s i n g . I n  any manageme n t  p r o g r am , 
e f f e c t i ve u s e  o f  e x c e s s i ve wee d g r ow t h  w o u l d  h e l p  t o  o f f s e t  
t h e  c o n t r o l  c o s ta . H ow e ve r , t h i s us e mus t b e  c o a t -e f fe c t i ve 
and p r o du c e  a p ro d u c t wh i c h w i l l  b e  o f  b e ne f i t o r  s e r ve a 
us e f u l  p ur p o s e .  

I n  th e Uni t e d S t a t e s , m an a g e me n t  p r o g r ams a r e  us i n g  p r i ­
ma r i ly h e rb i c i d a l , m e c ha n i c a l , and b i o l o g i c a l  me t h o d s  t o  c o n­
t r o l  aq u a t i c  we e ds . I w o ul d  l i ke t o  b ri e f l y  d i s c u s s  s ome o f  
th e s e a n d  to s umma r i z e  s om e  o f  o u r  a t t e mp t s  t o  c on t r o l  v a r i ­
o us a q ua t i c  we e ds i n  di f f e re n t  s i t e s . 

As I me n t i o ne d  e a r l i e r ,  hy d r i l l a  h a s  b e c o m e  a m a j o r  w e e d 
p r o b l e m  i n  th e Un i t e d  S t a t e s . Th i s  p l a n t  w a s  f i rs t  i n t r o d u ce d  
i n  F lo ri d a  i n  the l a te 1 9 5 0 s  a n d  s i nce tha t t ime h a s  s p r e a d 
t o  a n umb e r  o f  s t a t e s , b u t  is c au s i n g t he b i g g e s t p r o b l e m  i n  
F l o ri d a . Th i s  p l an t  h a s  p r o v e n  t o  b e  e x t r em e ly d i f f i c u l t  t o  
c o n t r o l .  I t  i s  es t i m a t e d  th a t  hy d r i l l a  i s  p re s e n t  as a s e ve re  
i n f e s t a t i o n  i n  a p p r o x ima t e l y  8 1 , 0 0 0  h e c t a re s  i n  F l o r i d a  and  
o c cu r s  t o  a l es s e r  e x t e n t i n  a n b th e r 2 0 2 , 0 0 0 h e c t a r e s . 
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N o  n a t u r a l  e nemi e s  h ave b e e n  f o un d  i n  th e U n i t e d  S t a t e s  
t o  ch e ck t h e  sp re a d  o f  hy d r i l l a . A l t ho ug h  t h e  p l an t i s  
f o u n d  p r im a r i l y  i n  t ro p i c a l  a r e a s , i t  h a s th e ab i l i ty t o  
a r o w  u n de r t e mp er a t e  c o n d i t i o n s  a s  we l l . 

H e rb i c i de s  a r e  o n e  o f  t he mo s t  c o s t - e f f e c ti v e me ans o f  
co n t r o l l i n g many a q ua t i c  we e d s . H owe ve r , e nv i ro nme n t al c o n­
ce rn o v e r  u s e  o f  th es e chemi c a l s  i n  th e w a t e r an d r i s i n g  d e ­
ve l o pm en t a l  c o s ta  h av e  t e n d e d  t o  re d uce t he i n t r o d uc t ion o f  
n ew h e rb i c i d es  in r e c e n t y ea rs .  

Mo s t  imp r o veme n t s  i n  h e rb i ci de te c h no l o gy h ave b e e n  ma de 
in h e rb i c i d e f o rmu l a t i o n s  or ap p l i c a t io n  t e c hni q u es . T h e  
m ixi ng o f  h e rb i c i d e s w i t h  o i l an d wa t e r  an d a n  emul s i f i e r  to  
f o rm an emu l s i o n  i s  o ne m e t ho d  o f  p l a c ing t he h e rb i ci de  i n  
c l o s e c o n t a c t w i t h  t h e  t a r g e t we e d  s p e c i e s . De p en d i n g  o n  
th e s o l ub i l i ty o f  th e h e rb i c i de , i t  i s  mi x e d  w i t h  t h e  o i l  o r  
w a te r  p r i o r  t o  the  f o rm i n g o f  t h e  e m u l s i o n .  A w e i g h t i n g  
a g e n t  i s  m ix e d  w i t h  t he em u l s i o n  t o  i n c r e as e  i t s s p e ci f i c  
g r av i ty f o r  u s e  i n  c o n t r o l l i n g  s umb e rs e d  w e e d s . Th e e m u l s i o n  
i s  i nj e c t e d  und e rwa te r a n d  s inks  t ow a r d  t he b o t t o m  u n t i l  i t  
come s i n  c o n t a c t  w i t h the we e ds . 

Ano th e r  r e c en t  d e v e l op m e n t  in h e rb i c i d e  t e chno l o gy i s  
th e m i x i n g o f  c e r t a i n  h e rb i c i d e s  t o  p r o d uce s y ne r g i s t i c e f ­
f e c t s . I n  o th e r  w o r d s , t he ph y t o t o x i c i t y  o f th e r e s ul t in g  
mix t u r e  i s  g r e a t e r  t ha n  t ha t  o f  t he i n d i vi d u a l  c om p o unds . 
I n  th i s  w ay , l es s  he rb i c i de i s  r e q u i re d  to co n t r o l th e w e e d s . 

As y o u k n ow , b io l o g i c a l  c o n t r o l  m e t ho ds inv o l ve t h e  u s e 
o f  o ne o r  m o r e  o r g an i sms t o  f e e d  o n  th e w e e d s  and  r e d u c e  
t h ei r b i o mas s un t i l t h ey a r e  n o  l o n g e r  a n ui s a n c e . O n e  o f  
th e p r ob l ema wi t h  t h e  in t r o d u c t i o n  o f  a b i o lo g i ca l  c o n t r o l  
me t h o d i s  t o  ens u r e  t ha t  th e o rg a ni s m  b e i n g  i n t r o d uc e d d o e s 
no t b ec om e  a p ea t  m o r e  s e r i o us t h a n  t he o ne wh i ch i t  h as b ee n  
i n t r o d uce d t o  c o n t r o l . H o s t  s p e c i f i c i t y o r s ome � th e r  c o n­
t r o l  m e a s ure o f  th e i n t r o d u c e d  o r g a n i s m  i s  e s s e n ti a l  s o  th a t  
i t  d o e s  no t b e c ome a p rob l em . 

Th e b e s t e x amp le o f  b io l o g i c a l  c o n t r o l  o f  an  a q ua t i c 
we e d  i n  th e U n i t e d  S t a t e s  i s  t he u s e  o f  th e a l l i g a t o r  w e e d 
f l e a  b ee t le t o  c o n t r o l  a l l i ga t o r  w e e d . Th i s  f l e a  b e e t l e  h a s  
b ee n  q u i t e  e f f e c t i ve i n  r e d u c i n g  t h e  e x t e n t  o f a l l i g a t o r  
we e d  i n  a re a s  i n  Ge o r g i a a n d  n o r th F l o r i d a . Th e f l e a  b e e t l e  
i s  no t a s  e f f e c ti ve i n  o th e r a re as , ap p a r e n t ly b e c a us e o f  
t e mp e r a t u re and p re d a t o rs . 

Th e mo s t r e c e n t  d e v e lo p m en t i n  b io l o g i ca l  c o n t ro l  te ch­
no l o g y  i nv o l ve s  a c o n t r o v e rs i a l  h erb i v o r o us f is h , the g r as s  
c a r p  ( C l e n o ph aryns o d o u  i d e l l a  V a l . ) . Th e g r a s s  c a rp ( a l s o 
comm o n l y  c a l l e d  t h e  wh i te am ur ) 1 a l t ho u g h  no t as  h o s t sp e ci f ­
i c  a s  the a l l i g a t o r  w e e d  f le a  b e e t l e , a p p e a r s  t o  h av e  g r e a t  
p o te n t i a l f o r  th e c o n t r o l  o f  a n umb e r  o f  a q u a t i c  w e e ds , p a r­
t i c u l a r  s ub me r s e d  o ne s . Th e g r as s  c a r p  d o es n o t  r e p r o d u c e  
i n  s ta t i c  w a t e r ; th e r e f o r e , i ts n umb e r  c a n  b e  co n tr o l l e d 
th r o ugh s t o ck i n g  o f  f i s h i n  t he s e a re as . Th e s p aw n i n g  r e ­
q u i r eme n t s o f  t h e  f i s h  a r e  s o mewh a t  r e s t r i c t ive i n  t h a t  a 

Copyright © National Academy of Sciences. All rights reserved.

Aquatic Weed Management:  Integrated Control Techniques for the Gezira Irrigation Scheme
http://www.nap.edu/catalog.php?record_id=19847

http://www.nap.edu/catalog.php?record_id=19847


4 5  

r i ve r  s y s t em o r  f l owi n g  w a t e r  i s  r eq ui re d  f o r  n a t ur a l  r ep ro ­
d u c t io n . N a t u r a l  sp aw n i n g  i n  s t a t i c wa t e r  h as n o t b e en r e ­
p o r t e d , a l th o u g h  th e f i sh h as s p aw n e d  i n  s ev e r a l  a r eas o u t ­
s i d e  i ts na t i ve h ab i t a t . I ts n a t ive s p awnin a a r e as are th e 
l ar g e  r i ve r sy s tems o f e as t e r n Ch ina an d S i be ri a , w i t h i n  a 
l a t i tude  o f 5 0  t o  2 3  de g r e e s . As  me n t ione d , th e g r a s s c a r p  
h a s  b ee n  i n t r o d u c e d  i n t o a n umbe r o f c o un t r i e s  b u t  h a s  s p aw n e d  
na t ur a l l y  i n  o n ly a f ew r i ve r  s y s t ems i n  Mexi co , J a p a n  and th e 
we s t e r n  p a r t  o f  th e S o v ie t  Un i o n . I t  i s p re s e n t  i n  the Mi s ­
s is s i p p i  R i v e r s y s tem i n  th e Uni t e d  S t a t e s , b u t  app a r e n t l y  
h a s  n o t  s p awne d ye t .  T h e  g r as s  c a rp i s  a m e mb e r  o f  t he cy­
p r i n i d  f ami ly , b u t  i s  re a di ly d i s t i ng ui s h e d  f r om o th e r f i s h e s  
i n  t h i s f am i ly b y  i t s  d o ub l e- r ow e d  a n d  c omb - l i ke ph a r yn g e a l  
t e e th . Th e s e  te e th a r e  w e l l  a d a p t e d  t o  te a r i ng a n d  l a ce r ­
a t ing p l an t  ma t e r i a l  b y  th e mo ve me n t  o f  o n e  s e t  o f  t e e th 
a g a i ns t t h e  o th e r and a g a ins t a h a r d  p a d l o c a t e d  o n  the  r o o f  
o f  th e p h a rny x .  

Th e y o un g  g r as s c a r p s ub s i s t s  o n  a d i e t  o f  a l gae , r o t i ­
f e r s , and o th e r m i c r o o r g an i s m s . As i t  i n c re a s e s  i n  s i ze , th e 
amo un t o f  a n i m a l m a t e r i a l  i t  e a t s  de c re a s e s  a n d  th e p r o p o r­
t i o n  o f  aq u a t i c ve g e t a t i o n  i n c re as e s , u n t i l  i t s d i e t  i s  a l ­
mo s t e x c l us i ve l y  ve g e t a t i o n . Th e g r as s c a r p  c a n  g r o w  a t  a 
r a t e o f  o ne k i l o g r am o r  m o re p e r mo n t h , d e pe n d i n g o n  th e 
ab un d a n c e  o f  v e g e t a t i o n  a n d  o n  w a t e r  temp e r a t u r e . 

An a d d i t i o na l  b e ne f i t  o f  us i n g  t he g r as s  c a rp i s  th a t  
p a r t o f  t he wee ds a r e  c o n ve r t e d  t o  f i s h  p r o te i n . I n  m any 
a r e as , t h e  g r a s s  c a rp is b e i ng c u l t u re d as a g o o d  f i s h  f o r  
h um a n  c o n s ump t i o n . 

Me c ha n i c a l  me t h o ds a r e  us e f ul i n  a r e as w he r e  h erb i c i d e s  
o r  o th er m e t h o ds a r e  e i t he r  i ne f f e c t i ve o r  r e s t r i c t e d . Me ch­
a n i c a l m e t ho d s  may be p a r t i c u l a r ly u s e f u l  f o r  o pe n i n g  up a r e as 
s uc h  a s  b o a t  t r a i l s  o r  c hanne ls in  c a n a ls . U t i l i z a t i o n  o f  the 
r e m o ve d wee ds wi l l  h e l p o f f s e t  the c o s t s  o f  m e c ha n i c a l  c o n t r o l  
me th o d s . 

Co n t r o l  o f  w ee d s  i n  f l o wi ng w a t e r  and i n  p o t ab le w a t e r 
s upp l i es are  t h e tw o m o s t  d i f f i c u l t a re a s  o f  w a t e r  p l an t  man­
a g eme n t  in t he Uni t e d  S t a t e s . Th e u s e  o f  s e ve r a l  c omb i n e d  
m e tho ds may b e  n e c e s s a r y t o  c o n t ro l  w e e ds  i n  t he s e  a r e a s . 
As m e n t i o ne d  e a r l i e r , i t  i s  t he a i m  o f  aq ua t i c we e d  c on t r o l  
t o  m a n a g e  o r  t o  r e d u ce t h e  p l an t g r ow t h  t o  a n  a c ce p t ab l e  
l ev e l . I n  many c a s e s , wh e n  o ne wee d i s  r em o ve d  i t  i s  r ep l a c e d  
b y  a n o th e r  p l a n t  o r  b y  r e g row th o f  t h e  w e e d  i ts e l f . Mo s t  o f  
th e c o n t r o l  me t ho d s  a r e  o n ly t e mp o r ary , a n d  t h e  w e e d s  q ui ck l y  
r e g row o r  a re r e p l a c e d  b y  o t he r n o x i o us p lan ts . N o  o n e  c o n­
t r o l  me t h o d a p p e a rs t o  b e  i d e a l l y  s ui te d f o r  e v e ry w ee d  p r ob ­
l em .  R a th e r ,  i t  a p p e a rs th a t  an e f f e c t i ve c o n t r o l  p r o g r am 
wi l l  m ak e  us e o f  a l l  o f  t h e  m e t h o d s  t o  ke e p  th e we e d s t o  a n  
a c c e p tab l e  l eve l .  

I t  i s  my h o p e  t h a t  a t  th i s  w o rks h o p  w e  c a n  i n ve s t i g a t e  
th e r e a s ons t h a t va r i o us me th o d s  w o rk i n  c e r t a i n  a r e as and 
d o n ' t w o rk i n  o th e r s , and t ha t  i n f o rm a t i o n  g a i n ed f r o m  o u r  
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d i s c u s s i o ns w i l l  b e  u s e f u l  i n  f o rm u l a t ina w e e d c o n t r o l  me as ­
u r e s  f o r  y o ur c ana l sy s t ems . 

A g a i n , I a p p r e ci a t e  t h i s  o pp o r t un i ty t o  b e  ab le  t o  d i s ­
c u s s w i t h  y o u  the va r i o us te c hno l o g ie s  f o r  us e i n  th e c o n t ro l 
o f  a q u a t i c we e ds . I h o p e  t h a t  o u r  p a r t i c i p a t i o n  i n  t h i s w o rk­
sh o p  wi l l  b e  h e lp f ul to yo u in c o n t r o l li ng a q u a t i c wee ds  i n  
t he Ge z i r a . 

Th ank y o u  ve ry much . 
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G RAV I TY - P LOW I RR I GAT I ON I N  S UDAN 

Kam a l  Moh amm ed Ab d u  

Th e d i s t r i b u t io n  o f  t he annua l r a i n f a l l  i n  th e S u d a n  
r an a es f r o m  o ve r  1 , 50 0  m m  i n  t he e x t reme s o u t h t o  l es s  th an 
S O  mm in the n o r t h . I n  th e c en t r a l  a n d  no r th e rn p a r t s  o f  
th e c o un t ry r a in f a l l  i s  n o t  s u f f i c i en t  f o r  mo de r n  a g r i c u l ­
t u r e . Fo r th i s  r e a s o n , p e o p l e  in th e s e a r e as h av e  dep e n d e d  
mai n ly o n  t he Ni l e  a n d  i t s  t r ib u t a ri e s  f o r  c e n t u r i es . 

Th e r e ar e s e ve r a l  d i f f e re n t  i r ri g a t i o n  me t h o d s  p r a c t i c e d  
i n  th e S ud a n : g r avi t y  f l ow , p ump s , b a s ia ,  an d f l u s h  i r r i g a­
t i o n . H ow eve r ,  g r a v i t y  f l ow i s  t h e  m a j o r  m e t ho d . 

G r avt ty I r r i g a t i o n  S ch eme s 

I n  th e s e s ch e m es , wa t e r  i s  t ak e n  f r om the up s t r e am s i de 
o f  a d am and f lows b y g r a v i t y  to  the c r o p  f i e l d s . Th e m a i n  
i r r i ga t i o n  s ch e m e s  a r e : 

0 G e z i r a  a n d  Manag i l  E x t e n s ion S ch e mes t ak e n f r om 
S e n n a r  D am o n  th e B l ue N i l e  w i t h  a n  a r e a  o f  2 , 1 5 0 , 0 0 0  
f e d d a ns ; * 
° Kh a s h m  E l  G i rb a  S ch eme , t ak e n  f r om Kh a s hm E l  G i rb a  
D am o n  A tb a r a  R i v e r , w i t h an a r e a  e q u a l  t o  4 6 0 , 0 0 0  
f e d d ans ; and 
0 R ah a d  S ch e me , i r r i g a t e d  by p um p s  o n  th e B l ue N i l e  
t ak e n  th ro u g h  R ah a d B a r r a ge o n  R ah ad Ri v e r , w i t h  an 
a r e a  e q u a l  to  3 0 0 , 0 0 0  f e d d ans . 

T y p e s  o f  I r r ig a t i o n  and D r ai n a ge C an a l s  

A l l  i r r i g a t i o n  a n d  d r ai n a g e  c an a l s  a r e  e a r th c anals , i . e . ,  
un l i ne d  w i th a b e d  s l o p e  f r om 2 t o  1 0  cm / km , a nd h e n c e  t h e  
wa t e r  ve l o c i t y r an g e s  b e twe e n  0 . 2  a n d  1 . 0 m / s e c . · 

1 .  I r r i g a t i on c a n a l s  
Th e i r r i g a t i o n s ys t em g e n e r a l ly l e a d s  f r om t h e  d ams 

o r  r e s e rv o i r s  t o  mai n c an a l s , b r a n c h  c a na ls ,  maj o r  c an a lR , 
mi-nor c an a ls , aad fi e l d  c ana ls  ( s e e A p p encl i c i e s  1 and 2 )  • 

1F e d d a n  • 1 . 0 3 8  a c r es . 
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2 .  D r a in a g e  c a n a ls  
In  th e ma i n  i r r i g a t i on s c he m e s  o f  th e S u d a n , the  

w a t e r t ab l e  is  g e ne r a l l y  1 0  me te r s b e l o w  th e s u r f a c e . T h e re ­
f o re , d r a in a g e  c an a l s  a r e  r eq ui re d  o n l y  f o r  s u r f ac e  r uno f f  
d u r i n g  h e avy r a ins and a r e  d is ch a r ge d i n t o  t h e  N i le . Th e r e 
a r e  th r e e  ty p e s : mi no r ,  c o l l e c t o r , and p r o t e c t i ve d r a i ns . 

The Ge z i r a  I r r i g a t i o n  S ch eme 

Th e Ge z i r a  is th e l a nd ly i n g b e tw e e n  t he Wh i t e Ni l e  and 
th e B l u e  N i l e , wi t h  an a re a  o f  o ve r 6 m i l l i o n  f e d d ans . 

I r r i g a t i o n  s t a r t e d i n  th e Ge z i r a S c heme i n  1 9 1 1  as a 
s m a l l e xp e r i me n t  f o r  g r ow in g  c o t t o n , w i t h  wa t e r p ump e d  f r om 
th e B l u e N i l e . A f te r  t he e x p e r i me n t  was s u c ce s s f u l , th e c o n ­
s t r u c t i o n  o f S e nna r D am w a s  s t a r t e d i n  19 1 4  and c omp l e t e d  i n  
1 9 2 5 . I n i t i a l l y 3 0 0 , 0 0 0  f e d d a ns w e r e  i r r i g a t e d . Th i s  w a s  
th e b e g inni ng o f  g r av i t y i r r i g a t i o n  i n  th e S ud a n . 

Th e i r r i g a t e d a r e a  w a s i nc r e a s e d  t o  6 7 0 , 0 0 0  f e d d an s  i n  
1 9 3 1 ,  8 4 0 , 0 0 0  f e d d an s  i n  19 3 7 , a n d  wa s e x p an d e d  t o  o n e  mi l ­
l i o n  f e d d an s  d e ve l o p e d  b y  th e e n d  o f  1 9 5 2 . A f te r  i n d e p e n d ­
e n ce i n  19 5 6 , d e ve l opme n t  o f  Mana g i l  E x t e n s i o n b e g an . I t  
w a s  c o mp l e t e d  i n  1 9 6 8 , and a d d e d a n  a d d i t i o n a l  a r e a o f  a lmos t 
o n e  m i l l i o n  f e d d a ns b r i ng i ng t h e t o t a l  t o  n e a r l y  two mi l l i o n  
f e d d ans . Wi th th e d e ve lo p me n t  o f  G u n e i d  a n d  no r thw e s t S e n­
nar p ump s c he me s  and  s ma l l  f r i n g e a r e as , th e Ge z i r a  S ch em e  
r e a ch e d  i ts p re s e n t  t o t a l  a r e a o f  2 , 2 8 7 , 5 0 0  f e d d a n s . 

The  Mi n i s t r y  o f  I r r i ga t i o n  i s  re s po ns i b l e  f o r  th e p l an ­
n i n g , d e s i g n ,  c o ns t r u c t i o n ,  an d w a t e r  c on t r o l  o f  a l l  i r r i g a­
t e d  a re a s  i n  th e S udan . Th i s  i n c l u d e s  t h e  o p e r a t i o n  a n d  u p ­
ke e p  o f  th e G e z i r a S ch e m e , a l t h o u g h  th e S u d an Ge z i r a  B o a r d  
i s  r e s p o ns ib l e  f o r  a g r i c ul t u r a l  man a ge m e n t . F r o m  th e i r r i ­
g a t i o n  s i d e , th e s c heme i s  d i v i de d i n t o  s i x D i vi s i o n s , w h i ch 
a r e  s ub d i v i d e d  i n t o  2 3 S ub d iv i s i o ns , e a ch u n de r th e c o n t ro l 
o f  an As s i s t an t  D i vi s i o n a l  E n g i n ee r .  T h e  S ub d i vi s i ons  a r e  
f u r th er d iv i d e d  i n t o F i e l d  S e c t io ns , c o n t r o l l e d  b y  As s is t a n t  
E n g i n e e rs .  

T h e  A g r i c u l t u r a l  M an a g e m e n t  d i v i d e s t h e  s c heme i n t o  1 4  
G r o ups , wh i c h  a r e  s ub d i v i de d  i n t o 19 7 B l o cks , e a ch un d e r  the 
s up e r v i s i o n  o f  a B l o ck I ns p e c t o r . 

Th e ma i n  t as k s  c a r r i e d  o u t  b y  th e Mi n i s t ry o f  I r r i g a t i o n 
e n g ine e r i n g  s t a f f a r e : 

1 .  S up e r v i s i o n  a n d  c o n t r o l  o f  th e wa t e r  s upp ly i n  c an ­
a l s  t o  e n s u r e  th a t  i t  s a t i s f i e s  t h e  c r o p  re q ui re me n t s ; 

2 .  S t ud y o f  d i s t r i b u t i o n  f a c t o rs an d w a t e r r e q u i re m e n t s  
f o r  d i f f e r e n t  c r op s  i n  d i f f e r e n t  l o c a l i t i e s ;  

3 .  S t u dy o f  t e c h n i c a l  i r r i g a t i o n  p r ob lems a ri s i n g  i n  
th e f i e l d  a n d  f i n d  t h e i r  b es t  s o l u t io ns ; 

4 .  C l e a r a n c e  o f  s i l t a n d  a q u a t i c w e e ds i n  th e c a n a l s ; 
a n d  
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S .  Annua l i ns p e c t io n  and aai n t e nance o f  the wa t e r  
c on t r o l  s t r u c t u r e s . 
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A P P E N D I X  1 T y p i c a l  C ana l D a t a  

0 

T Y P B  01' D I KBR S I OII S  I ll  KIT I I.S SLOP I 

CAIIAL A I c D I I' CII/ U  

H a l o  20 - 4 0  ) 2 . 00 2 . 5 0 - 4 . 5 0 > 1 . 0 0 >s . oo >2 . oo !"6 . 5  
I r anch 10 - 2 0  2 . 0 0  2 - 3 . 5 0 1 . 0 0  5 . 0 0 2 . 0 0 7 - 1 0  

Maj o r  5 - 10 1 . 50 1 . 5 0 - 3 . 0 0 0 . 7 5 2 - 4  0 . 5 0 4 - I 

K i n  o r  4 - I <o . 5o 0 . 75 - 2 . 0 0 0 . 4 - 0 . 6  1 . 00 0 . 2 0 - 0 . 5  2 - 5 

l' i a l d  0 . 5  - 1 0 0 . 6 5  - 0 . 7 5  0 . 2 5 - 0 . 5  I 0 . 50 0 . 1 5 - 0 . 25 0 - 4 

( 1 )  Le n g t h  o f  a l l i r r i g a t i o n  c a n a l s  i n  t he S ud a n  up t o  A u gu s t 1 9 7 6 . 

LUGTB ( l )  
u 

6 3 2  

160 

1 . 152 

1 1 . 30 3  

+ 
- u . ooo 

1.1'1 
.... 
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AP P END I X  2 L e n g t h s  o f C an a l s  a nd D r a i n s  i n  E x i s t i n g S ch e me s  

Kala Braach Maj o r  Ki aor Za cape Co llector 
Bo . S ch eae C aaa1a C aoala Caaala C aaala Dr a i Da D raiu �ota1 

Ita . Ita . Ita . Ita . It•�- Ita . Ita . 

1 .  C e s i r a  2 0 4  1 3 6  8 5 1 3 ."8 .5 6  3 2  1 . 101 6 . 11 7  

2 .  Kao a a 1 1  .5 7  4 .5 2  7 .5 9  3 . 9. 5 1  1 2 3  1 . 13 1  6 . 417 

3 .  lthaaha Z l  C i rh a  2 7  24.5 110 1 , 3 3 1  86 515 z . n• 

4 .  S u k 1  4 .5  - 6 8  3 1 1  - 371 7 9 5  

5 . Taah o u 1  - 2 7. 4 2  3 0 4  9 1 . 4  5 0 514 . 4  

6 .  Seoaar Buaar 5 7 . 6  - 2 2 . 5  1 1 7 . 9 1 6 . 5  5 1 . 6  266 . 1  

7 .  Ab u Ha ' aaa 1 7  - - 8 5 . 6  - 105 . 9  201 . 5  

8 .  S a y i a l  2 8 - - 2 5 . 8  - 2 7 . 1  ·1o . 9  

9 . lta 1 1  ao cl  lti t &J &h 2 2 . 7  - - 2 6 . 1  - 31 . 5  10 . 3  

1 0 . C aaaouiJ& 2 - - - - - 2 

11 . Aarariaa P ro cl u c t ioa 
S ch eaea 1 7 4  - - 1 , 2 8 8 - - 1 . 462 

'r O'r.AL 6 34 . 3  860 1 , 85 2 . 2  11 , 30 3 . 4  3 4 8 . 9  3 . 39·1 . 1  11 . 39 7 . 2  
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C RO P  WAT E R  REQU I REMENT S AND MANAGEMENT 
OF M I N O R CANAL S I N  THE G EZ I RA 

O s man A .  A .  F a d l 

and 

H us s i e n  s. A d am 

D u r i n g  t h e  1 9 7 7 - 7 8  s e a s o n , mo r e  th an 6 b i l l i on m 3 o f  
w a t e r  w e r e  r e l e a s e d  f r om S en n a r  D am t o  me e t  th e d ema n d  o f  
1 . 6 mi l l io n f e d d ans o f  v a r i o us c r o p s  i n  t h e  G e z i r a . T h a t 
q uan t i ty w a s c a r r i ed t h r o ugh c a n a l s  wh i ch w e re o r i g i n a l l y  
d e s i gn e d  t o  m e e t  a c r o p p in g  i n t e ns i t y  o f  5 0  p e r ce n t  o f  th e i r  
c ap a c i t y , b u t  wh i c h  now o p e ra t e  a t  7 6  p e r c e n t . I t  wa s p o s ­
s ib l e t o  a t t a i n  t h a t  inc r e a s e b o th b e c aus e o f  the  s a f e ty 
ma r g in in  th e d e s i gn an d c o ns t r u c t i o n  o f  t h e s e  c a n a l s a n d  
b y  e n l a r g i n g  t h e  ma in c an a l . T o d a y  t h e  c a n a l s  h ave r e a ch e d  
t he i r  c a r r y i n g  l i mi t s , a n d  unl es s th e i r  o p e r a t ion and man ­
a g emen t f r o m t h e  d a m  t o  th e f i e l d  a r e  r u n  smoo th l y , p r ob l ems 
wi l l  a f f e c t  a l l  as p ec t s  o f  f l o w  a n d  c o n s e q ue n t l y  o f  c ro p  
y ie l d s . Ob v i o u s l y , s i l t in g  a n d  w e e d  g r ow th in ca�a ls a r e  
imp e d imen t s  t o  f l ow , a n d  un l e s s  t h es e p r o b l ems a r e  l o oke d a t  
i n  p r o p e r  p e r s p e c t i ve , e f f o r t s  t o  r e c t i f y th e s i t u a t i o n  may 
b e  uns u c c es s f ul . 

T h i s  p a pe r  a t t emp t s  t o  d is c u s s th e r e l a t i onsh i p  b e tw e en 
w a t e r  f l ow and w e e d s  in m ino rs and c o n t inuo us l y  f l ow in g Ab u 
XXs . I t  in c l u d e s  a n  a c c o u n t  o f  th e wa t e r  r eq ui remen t s  o f  
s ome c r o p s  i n  th e Ge z i r a  a n d  th e r e l a t io ns h ip o f  th i s  w i th 
th e w e a t h e r e l e me n t s  o b t a in e d , b y  t h e  u s e  o f  P enma n ( E 0 )  a n d  
c ro p  f a c t o rs . B as i c  f a c t s r e l a t ed t o  m ino r s  a nd Ab u X X s  a r e  
p r es e n t e d  i n  c o nn e c t i o n  w i th a q u a t i c  we e d  g r o w t h . Th e v a l u­
ab l e  c o n t r i b u t i o n  o f  H .  G .  F a rb r o t h e r  ( FAO- T C P ) in f i e l d  
s u rveys a n d  t h e  d a t a  p ub l i s h e d  i n  h i s  r e po r ts a nd i n  th e 
T e ch n i c a l  N� t es o f  th e G e z i r a  Re s e a r ch S t a t i on w e r e  o f  g r ea t  
h e lp i n  p r e p a r ing t h i s p a p e r . 

5 5  
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C l i ma t i c  C o n d i t i o n s  i n  t h e  G e z i r a  

T h e  a v e r a g e  va l ue s  o f  th e m a i n m e t e o r o l o g i c a l  e l e me n t s  
f o r  W a d  Me d a n i  a r e  g i v e n  i n  T ab l e  1 .  Th e r e  a r e  t h r e e  d i s ­
t i nc t s e a s o n s : a s h o r t  r a iny s e as o n  ( J u l y - S e p t e mb e r ) , 
d u r i n g  w h i c h  th e t emp e ra t u r e  i s  mo d e r a t e  an d t h e  h umi d i ty 
i s  h i gh ,  a c o o l , d ry w in t e r  s e as o n  ( N o v e mb e r - F eb r ua ry ) , 
a n d  a h o t  s umme r  s e a s o n  ( A p r i l - J une ) . Ma r ch an d O c t ob e r  
a r e  t r ans i t i o n a l  mo n th s . 

W a d  Me d an i  is  i n  c e n t r a l  G e z i r a . The re i s  a v a r i a t io n  
o f  c l i ma t i c  c o n d i t io n s  a c r o s s  th e G e z i r a  f r om n o r th t o  s o u th . 
Th e r a i n f a l l  i n  th e ex t reme no r t h o f  t h e  G e z i r a  i s  2 8  p e r ­
c en t  l o w e r  t h a n  t ha t  o f  W a d  Me d an i , wh i l e  t h e  e x t re me s o u t h 
o f  t h e  G e z i r a h as a r a in f a l l  2 7  p e r c e n t  h i gh e r  t h a n  W a d  K e d ­
an i .  

D ur i n g  t h e  d r y  p e r i o d , t h e  r e l a t i ve h umi d i ty d o es no t 
ch a n g e  s i gn i f i c an t ly a c r o s s  the G e z i r a , b u t d u r in g  the r a i n y  
s ea s o n no r t h e rn G e z i r a  i s  d r i e r t h a n  W a d  Me d a n i  b y  ab o u t  1 0  
p e r c e n t . S o u th e rn G e z i r a  h a s  a r e l a t iv e  h umi d i ty s im i l a r  t o  
W a d  M e d an i . 

C o mp a r e d  t o  W a d  M e d a n i , no r th e r n  G e z i r a  i s  ab o u t  l ° C  
c o o l e r  d ur ing w in t e r  a n d  l ° C  w a rme r d ur i n g  th e r a i ny s e a s o n ;  
s o u t h e rn G e z i r a i s  ab o u t  l ° C  w a rme r  d u r i n g  w in t e r  a n d  1 • c 
c o o l e r  d u r in g  th e r a iny s e a s o n . 

C r o p  Wa t e r  R e q u i r emen t s  

T ab l e  2 s h ow s  th e m o n t h l y  wa t e r  r e q u i r e men t s  o f  c o t t o n , 
g r o u n d n u t s , wh e a t ,  a n d  ve g e t ab l es i n  mi l l ime t e rs a n d  i n  m 3 
p e r f e d d a n . T h es e v a l ue s  a r e  d e r i ve d f r om th e ev a p o r a t i o n  
d a t a  s h own i n  T ab l e 1 .  Th e m e t h o d  u s e d  i s  t h a t  e s t ab l i sh e d  
b y  F a rb r o th e r . 

F a rb ro th e r  meas ured a c t u a l  w a t e r  l o s s f r om d i f f e r en t  
c r o p s  o ve r  s e ve r a l  s e as on s . Wa t e r  l o s s r e p r e s e n t s  e v a p o ­
t r ans p i r a t io n  ( ET ) , s i n c e  th e Ge z i r a  s o i l  i s  o f  l o w  p e rme­
ab i l i t y and t he w a t e r  t ab l e i s  1 5 m .  

E T  w a s c a l c ul a t e d  f r o m  th e d e p l e t i o n  o f  s o i l  mo i s t u r e  
me a s u r e d  b y  u s i ng th e t r a d i t i o n a l g r a� ime t i c  me t h o d s . F a d l  
us e d  t h e  n e u t r o n  p rob e f o r  th e s e mea s u re men ts . B y  c omp a r i ng 
ET o f  th e d i f f e r e n t  c r o ps  w i t h  t h e  e v a po r a t i o n  c a l c u l a t e d  
us i n g  t h e  P e nman f o rm u l a , c r o p  f a c t o r s  we r e  e s t ab l i sh ed . 
Th e c r o p  f a c t o r  d e p ends o n  t h e  s t a g e o f  d e v e l o p m e n t  o f  t h e  
c r o p . A t  p l an t i n g  t h e  c r o p  f a c t o r  i s  ab o u t  O . S ,  a n d  i t  in­
c r e a s es  to  mo r e  th a n  1 . 0 at  f ul l  d ev e l o pm en t . 

Th e mo n th ly w a t e r r e q u i r e m e n t s  f o r  t h e G e z i r a  S ch eme 
c a n  b e  c a l c u la t e d  b y  mul t i p l y i n g  t h e  va l u e s  i n  T ab .l e  2 f o r 
e a ch c r o p  b y  th e a r e a  o f  t h a t  c r o p  and  t hen a d d i n g  th e f i g u r e 
f o r  a l l  c r o p s . 
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U s i n g  t h e  ab o ve me t ho d , th e t o t a l  wa t e r  re q u i r e d  f o r  
t h e  Ge z i r a  S ch eme w a s  c a l c u l a t e d  f o r  a n umb e r o f  s e as o n s . 
Th es e val u es c o mp a r e  we l l  w i t h  t o t a l r e l ea s es f r om S e nna r 
Dam . T ab le 3 s h ows th e c l o s e a g re e me n t  b e tw e e n  the  c a l c u ­
l a t e d wa t e r  r e q ui r em e n t s  a n d  the r e l e a s e s  f r om S e nna r D am 
f o r  th e s e as o n  1 9 7 5 - 7 6 . 

C an a l s  and Aq ua t i c  W e e d s  

T h e  o p e r a t i o n  a n d  co n t r o l o f  t he ma i n  c an a l , b r a nche s ,  
and maj o r  c a n a l s  a r e  th e r e s p o ns ib i l i t i e s  o f  the Mi n i s t r y  o f  
I r r i g a t i o n . H oweve r ,  m i n o r  c an a l s  a r e  o p e r a t e d b y  th e B l o ck 
I n s p e c t o r s ( B I ) , wh o a r e h e l p e d  b y  o n e  t o  th re e gh a f f i r s 
(w a t e r  g u a r ds ) a n d  o n e  h ea d  gh a f f i r . A B I  c a l c u l a tes d a i l y  
inde n t s  f ro m  th e n umb e r  o f  F i e l d  O u t l e t P ip e s  ( F OP s )  t o  b e  
o p en ed a t  a P ip e  F a c t o r  o f  5 , 0 0 0  m 3 p e r  d ay . H o we v e r ,  F a r ­
b r o t h e r s u rvey e d  2 0 3 F O P s a n d  f o und a m e a n  d i s ch ar g e  r a te o f  
2 , 8 0 0  m 3 p e r  d a y . F o r th e j ud i c i a l  d is t r ib u t i o n  o f  w a t e r  i n  
the Ab u XXs , gh a f f i r s c o n t r o l  t h e  l ev e l s  i n  a m i no r  b y  the  
numbe r of  o p en FOP s a n d  t he s i z e o f  the  o p en in g  of  g a t e s  o f  
th e va r i o us r e g u l a to r s . 

S i n ce th e i mp l e m e n t a t i o n o f  t h e  p o l i c y  o f  in te n s i f i c a ­
t i o n  a nd d i v e r s i f i c a t io n  i n  th e 1 9 6 0 s , t h e  n umb e r o f  o p e n 
F O P s  h as i n c r e as e d . Th e re f o re , a l o s s  o f  h ea d  ( d r iv i ng f o r c e  
o f  wa t e r )  o n  th e F O P s  h a s  o c c u r r ed . I t h as l e d  s o me inve s t i ­
g a t o rs to  q ue s t i o n  t h e  v a l i d i t y  o f  t h e  ni g h t  s t o ra g e  p r a c t i c e  
un d e r  th e n ew c i r c ums t an c e s . F a rb r o th e r  c l ai ms t ha t  t h e  un­
o f f i c i a l  a do p t i o n  of  c o n t in u o u s  f l o w  a nd t h e  ab a n d onme n t  o f  
n i gh t  s t o r a g e  a r e  maj o r  r e as ons  th a t  w a t e r s up p l i e s h ave n o t 
me t th e d e mands n e c e s s a r y  f o r  i n te ns i f i c a t i o n  t o  b e  s u c ce s s ­
f u l . I t  i s  t r ue , h ow e v e r , th a t  g a t e s  ar e no t c l o s e d  a t  ni gh t , 
t h o ugh th e y  a r e  mai n t a i ne d  a t  o p e n i n g s  j ud g e d  t o  g i ve f a i r 
d i s t r i b u t i o n  o f  w a t e r . E x c e s s ive ch an g es i n  s e t t i n gs c a u s e 
ab r u p t ch a n g e s  i n  l e ve l s , wh i ch c omp e l  gh a f f i r s t o  f u r th e r 
ch ange g a te s e t t i n g s . I t  i s  a l s o  a f a c t  th a t  FOP s o p eni n g  
t o  c o t t o n  f i e l d s  a r e  no t c l o s e d  a t  ni gh t , th o u gh t h e i r  v a lve s 
mi gh t b e  s e t  t o wh a t  t he t e nan t s  c o n s i de r  t o  b e  a s a f e  o v e r ­
ni gh t  f l o w . 

Th i s  c o n t i nuo u s  f l o w  r e s u l t s i n  a l o s s o f  h ea d  and a 
c o r r e s p o n d i n g  d e c r e a s e  i n  v e l o ci t y . T h i s , in t u r n , c a us es  
b o th s i l t i n g - up a n d  e nh an c e d  a q u a t i c we e d  g r ow t h . Th e s c o u r ­
i n g  ve l o c i ty a t  th e mo u t h  o f  F O P s  g ene r a l l y  p re ve n t s  s u ch 
p r ob l ems i n  t he i mme d i a t e v i c i n i ty o f  th e p i p es , b u t  w i th 
r e d u c e d  v e l o c i t y  t ow a r d s  t h e  t ai l  o f  mino r s , w ee d  g r ow th o n  
the s e  r e a ch e s i s  o f t e n  e x t e n s i v e . Th e d e g r e e o f  · g r ow t h  ob ­
v i o u s l y  d e p e n d s  o n  f l ow c o nd i t i o ns o v e r  a p e r i o d  o f  t im e . 

W e e ds i n c r e as e th e r o u g h n e s s o f  t h e  ch an ne l s , wh i c h  
c a us e s  maj o r  l o s s e s  o f  h e a d  d ue t o  f r i c t i o � .  D re d g i n g i n ­
c r e a s e s  th e r o ug hn e s s  o f  c an a l  s i d e s  c a us ing g r ea t e r  
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r e s i s t an c e  t o  f l ow a n d , th e r e b y , a dd i ng t o  i n c r e as e d  s i l t i n g ­
o u t  and w e e d  g r ow t h . 
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DO\' .  36.4 
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YEAR )6 . 7  

-

5 9  

Av e r a g e  V a l ue s  o f  S ome Me t eo ro l o g i c a l  
E lemen t s  ( 1 9 4 1 - 1 9 7 5 )  f o r  Wad M e d a ni 
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i 
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a 
• 

• 
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Ver.e�b1as · 

�3 -

6 0  

Mo n t h l y Wa t e r  Re q u i r em en ts o f  S o me C r op s  
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(P . W) 
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TABLE 3 C a l c u l a t e d Wa te r Re q u i r emen t s  a n d  Re l e a s e s  f r om S en n a r  D am ( 19 7 5 -
1 9 7 6 )  ( in m i l l i o n  m 3 ) 

-

J une - A u g u s t - O c t ob e r  - D e c em b e r - F eb r u a r y  -
J ul y  S e p t emb e r  N o v emb e r  J an u a r y  Ma r ch 

Re l e as e s  f r om 
S e nn a r  D am 1 , 1 5 9  6 2 1 1 , 7 9 8  1 , 4 2 1 9 5 2  

C a l c u l a t e d  
Re q u i reme n t s  1 , 3 0 0  5 1 7  1 , 9 4 2  1 , 5 4 6  9 6 4 

A f t e r  B .  S .  Ad am and B .  G .  F a rb r o th e r ( 19 7 7 ) , W o r l d  Wa t e r  C o n f e r e n c e , A r ge n t i na . 
( A l s o ap p e a r i ng as t e chni c a l  no te N o . 1 2 , G . R . S . , Wad  M e d an i . )  
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A P P END I X  1 

M i n o r  C an a l  

6 2  

D a t a  f r o m  M i n o r  C a n a l s , Ab u XXs an d  
Ab u V I s  

1 .  G r o s s  F a c t o r s  ( G F )  o f  c ana l s : t h e  ma i n  c a n a l  i s  
c o n s t r u c t e d  o n  a G F  o f  1 4  ( i . e . , 2 8 m 3 / f e d / d a y  a t  5 0  p e r c en t  
c r o p p i ng ) . T h e m i n o r ' s  G F  i s  1 7  ( 3 4 m 3 / f ed / d ay a t  5 0  p er ­
c e n t  c r o p p i n g ) . 

2 .  M i n o r s  g e n e r a l l y  r un a l o n g  th e c o n t o u r  l i n e s , 1 . 4 2 
km a p a r t  and o f  v a r i ab l e l en g t h s , d e p end i n g  o n  th e  ai r i r ­
r i g a t e d  ( 3 0 0  t o  1 3 , 0 0 0  f ed ) . 

3 .  M i no rs a r e  de s i gn e d  t o  c o mmand 2 0  e m  ab o v e  t h e  h i gh ­
e s t s p o t  i n  th e f i e l d  ( up t o  5 0  e m  ab o v e  g r o u n d  a d j a c e n t  t o  
b anks ) . T h i s  i s  known a s  F S L  ( F u l l  S u p p l y L e ve l ) . 

4 .  B ank s a r e  b u i l t  6 0  e m  ab o v e  F S L . 
5 .  R e g u l a t o r s  a r e  c o ns t r u c t e d  a l o n g  m i no rs t o  d r o p  t h e  

c o mmand f r o m  5 0  e m  t o  2 0  em i n  th e a r e a  s e rv e d  b y  th e  f o l l ow ­
i n g  r e a c h . Th e s i z e o f  r e g u l a t i o n  p i p e s d e c r e as e i n  p ro p o r ­
t i o n  t o  th e a r e a  s e rv e d  d ow n s t r e am .  

6 .  Mi no rs w e r e  p l a nne d t o  h av e  t h e  g a t e s o f  th e r e g u ­
l a t o r s  and t h e  F O P s  ( F i e l d  O u t l e t  P i p e s ) c l o s ed a t  s u ns e t . 
Th e d i s ch a r g e  co n t i nu e s  a t  th e s ame r a t e  an d b u i l d s t o  a 
l e ve l known a s  N S L  ( N i gh t  S t o r a g e  L ev e l )  b y  s un r i s e . 

N S L  • F S L  + 20 e m . 
1 .  C a p a c i ty o f  a mi n o r i s  m a i n t a i n e d  a l o n g th e l e n g th 

o f  th e c an a l , th o u gh t h e  d i s ch a r g e s  d e c r eas e f r om o n e  r e a ch 
t o  a no t h e r  w i t h a c o ns e q u e n t  r e d u c t i o n  o f  v e l o c i t i es t owa r d s  
t h e f a l l . 

8 .  NMS (N o r ma l  Ma x i mum S up p ly ) • 1 4  o f  t h e  ma x i mum d e ­
s i g n e d  c a p a c i ty ( s e e  p a r a . 1 ,  ab ov e ) . I7 

Ab u XX 

9 .  An Ab u XX is f e d f r o m  t h e m i n o r t h r o u g h  a ( 3 5 em 
d i am . , 1 2 m l o n g ) s t e e l  p i p e  known as a n  FOB , w h i c h  i s  c o n­
t r o l l ed b y  a va l v e . 

1 0 . Th e c omma n d  o f  an Ab u XX i s  1 0  - 2 0  e m , w i t h b anks 
50 em ab o v e  g r o u n d  l ev e l . 

1 1 . T h e l en g t h  o f  an Ab u XX i s  1 . 3 9 4  k m  and t h e d i s ­
t an c e  b e tw e en c h a nn e l s  i s  2 9 2 m .  

1 2 . Th e c h a nn e l  s e rve s 9 0  f e d d a n s  ( k n ow n  a s  a N umb e r )  
o f  t h e  s ame c r o p ( s ) i n  t h e r o t a t i o n . 

1 3 .  Th e h e a d  o n  a n  F O P  i s  t h e  l e v e l  d i f f e re n c e  b e tw e e n  
t h e a p p r o p r i a t e r e a c h  a n d  t h e  Ab u XX . 
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Ab u V I  

1 4 . Th i s  c hanne l is  s p a c e d  a t  1 5 0  m a l o ng Ab u XX f r om 
w h i c h  it  i s  f e d . 

1 5 . T h e  w i d t h i s  0 . 6  m a nd t h e  d e p th 0 . 3  m ,  w i t h t h e  
c ommand d e s i gn e d  a t  8 - 1 2  em . 

1 6 . T h e  o r i g in a l  d e s i gn w a s  t o  c a r ry 2 0 0 0  m 3  p e r 1 2  h r  
d ay . 
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AQUAT I C  WEE D S  IN  I RR I GAT I ON S CHEME S - ­
T HE E N G I N E E R ' S  V I EWP O I NT 

K ama l Moh amme d Ab d u  

Th e P r e s e n t  S i t u a t i o n  

T h e  m a i n  p r ob l em i n  i r r ig a t i o n  c a n a l s  i s  c au s e d b y 
a q u a t i c w.e e d s . D u r i n g  th e g r ow in g s e as o n w e e d s  may c o mp l e t e ­
l y c h o k e  t h e  c a na l s , a n d  t h i s c r e a t e s  c o ns i d e rab l e  d i s t u r ­
b an c e  t o  mo v eme n t  o f  i r r i g a t i o n  a n d  d r a i n a g e  w a t e r .  T h i s  
p r ob l e m  e x i s t s  ma i n ly i n  t h e  f i e l d c an a l s ( Ab us )  a n d  mino r 
c an a l s , w i t h  we e d s  c a u s in g l e s s  t r o ub l e i n  t h e  m a j o r  c ana l s  
and  v e r y  l i t t l e i n  th e b r a n ch a n d  m a i n  c a n a l s . T h i s  i s  b e­
c au s e  o f  t he r a th e r h i gh c u r r e n t  ve l o c i t y i n  t he b r a n ch a n d  
mai n c a n a l s . 

I n  th e d r a i n a ge c an a l s  th e p r ob l e m  i s  t e mp o r a ry ,  s i n ce 
t h e s e  c a n a l s a r e  u s u a l ly f r ee o f  w a t e r . 

Ty p e s  o f  We e ds 

Tw o t y p e s o f  we e d s c an b e  di s t i n g u i s h e d  i n  t he c an a l s : 
eme rs e d  and s ub m e rs e d .  

Eme rs e d a n d  c a n a l  b a n k  w e e d s  g r ow o p t i m a l l y  i n  t he r a i ny 
s e a s on ( J une - S e p t e mb e r ) , wh i l e  s ub me r s e d  w ee ds s h o w  o p t im­
a l  g r ow t h  i n  t h e  w i n t e r  mon ths ( N o vemb e r - F e b r u a r y ) . 

D u ri n g  t h e  c r o p - g r ow i n g  s e a s o n , a l l  a q ua t i c  w e e d s  g r ow 
v e r y  f a s t ,  re c o ve r i n g  wi t h i n  ab o u t  2 w ee k s  a f t e r  re mo v a l . 
W a t e r hy a c i n t h h as b e e n  k e p t  o u t  o f  i r r i g a t io n  s c he me s  b y 
ve ry s t r i c t  s up e r v i s i o n  o f  a l l p r ob ab l e  p o i n ts  o f  e n t ry i n  
the ne i g hb o rh o o d  o f  t h e  B l u e  N i l e . 

I n  th e f i rs t  10 ye a r s  a f t e r e x c a v a t i on o f  t h e  c a n a l s , 
the  eme r s e d  w e e d s  l i ke  T y ph a  p re d o m i n a t e ;  t h e re a f t e r ,  s ub ­
m e r s e d  w e e d s  b e c ome t h e p r i n c i p a l  t yp es . 

Me t ho d s  o f  F i gh t i ng Aq ua t i c We e d s  in th e S ud a n  

Aq u a t i c  w ee d s  a r e  s t i l l  b e i ng r emo ved l a r g e l y  b y  m a n u a l  
m e t h o ds . A s aw- l i k e  ch ai n ,  wh i ch c u t s  b o th eme r s e d  a n d  s ub ­
me r s e d  w e e ds , i s  p u l l e d  a c r o s s  th e c a n a l  b y  tw o me n . Th e 
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cu t w e e d s  a r e  s e t  o n  the b anks b u t th e e f f i c i e n cy o f  r e mo v ­
ing w e e d s  i n  t h i s  way i s  r a t he r  l ow , a n d  m a n y  we e d s  r e m a i n  
i n  th e c an a l s . 

Th e c o s t o f  r emovi n g w e e d s  m a n u a l ly is  a p p r o x im a t e ly 30  
S u d an e s e p o und s p e r k i l ome t e r  ( ab o u t  U S $ 7 5 ) . 

F i gh t i ng we e ds i n  t h i s  w a y  is d i f f i c u l t b e c a us e :  
1 .  Th e w a t e r i s  i n f e c te d  w i t h  b i lh a r z i a ; 
2 .  I n  w i n t e r , th e w a t e r  t e mp e ra t u r e  i s  t o o  l ow f o r  

p eo p l e  t o  wo rk i n  th e c a na ls ; a n d  
3 .  T o o  f ew p eo p l e a r e  a v a i l a b l e f o r  r e m o v i n g w ee ds  

m a n u a l ly . 
Manu a l  w e ed c o n t ro l i s  c a r r i e d  o u t  c o n t i nuo us l y  d u r ing 

t he y e a r . D u r i n g  th e c r op  g r ow in g  s e as on , wh e n  c an al s  o p e � ­
a t e  c on t i n u o us ly , week l y  ma i n t e n a n c e  o f  th e c a n a l s  i s r e ­
q u i r e d . 

A t  th e e nd o f  the g ro w i n g  s e as on ( Ap r i l - May ) , m o s t  o f  
t h e  mi n o r c ana ls a re th en f r e e  o f  w a te r  and b o t h w e e d s  an d 
s i l t  a r e  r e m o ve d manua l ly . S o me y e a rs a g o  t he n o n- i r r i g a t i o n  
p e r i o d  l as t e d  a p p r o x im a t e l y  4 m o n t h s , b u t  b e c a u s e o f  th e i n ­
t e ns i f i c a t i o n  o f  a g r i c ul t u re , th i s  p e ri o d  o f  d ry i ng h as b ee n  
re du c e d  t o  2 mo n th s . Th i s  l imi t s  th e o p p o r t un i ty f o r  w e e d  
c on t r o l  i n  mi no r c a n a l s  whe n t h e y  a r e  d ry . 

C h emi c a l  w e e d  c o n t ro l  h as no t b e en c o ns i d e r e d  s e r i o us l y  
b e c a us e  h umans as we l l  a s  a n ima l s  us e t he s e  c an a l s  t o  s w i m , 
was h , and s o me t ime s f o r  d r i nk i ng wa t e r . 

I n  th e S ud a n , p e o p l e  ar e no t s a t i s f ie d  w i t h  t he p r e s e n t  
w ay s  o f  w e e d c o n t r o l ; h ow eve r , o th e r  w ay s  t o  f i g h t a q u a t i c  
w e e d s  h a ve no t y e t b ee n  us e d . 

N ew me t h o ds o f  w e e d  c on t r o l  a r e  s t i l l  i n  th e e x p e r i m e n­
t a l  s t a g e , o r ,  l ik e  me ch a n i c a l w e e d  c o n t r o l , h ave n o t y e t  
b e en in t r o d u c e d .  B i o l o g i c a l  a n d  c hem i ca l  me t ho ds w i l l  r e ­
q u i r e  y ea r s  o f a d a p t a t i o n a n d  t es t i n g  i n  l o c a l  c on d i t i o n s  
b e f o r e t h e r e  c an b e  a r e a l i s t i c t e s t o f  t he i r e f f e c t ive n es s . 
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A P R E L I M I NARY S U RV E Y  O F  AQUAT I C  W E E D S  
I N  T H E G E Z I RA C ANAL I ZAT I ON S Y S T EM 

A .  M .  H amdo u n  

and 

L .  A .  D i s s o u g i  

G r avi ty f l ow i r ri g a t i o n  i s  an  o u ts t a nd i n g  f e a t u r e  o f  th e 
Ge z i r a  S ch eme . W a t e r f r o m  th e S e nn a r  re s e rvo i r  c o n t i n u o us l y 
s u p p l ie s  th e ma i n  a n d  maj o r  c an a l s  wh i ch , i n  t u r n , f e e d  a n e t ­
w o rk o f  m i n o r c a n a l s . Th e t o t a l  l e ng th o f  t he m i n o r s  i s  
ab o u t  7 , 80 0  km . M i n o r s  co nvey w a t e r  t o  Ab u XXs ,  e a ch c om­
m a nd i ng 90  f e d d ans of  c r o p l a n d . E a c h  Ab u XX f e e d s  n in e  Ab u 
I V s , e a ch i r r i g a t in g  a 1 0 - f e d d a n  p l o t . I n  a d d i t i o n  t o  s u p p l y  
a n d  d i s t r i b u t i o n  c a na l s , t h e  s ch eme i s  c h a r a c te ri z e d b y  a 
n e tw o rk o f  d r ai na g e  c h an n e l s  t h a t  t ak e  e x c e s s  wa t e r  f r om th e 
f i e l d s  t o  th e r iv e r . 

T h e  c o n s t r u c t i o n  o f  re s e rvo i r s an d c an a l i z a t i o n s ys t e ms 
w i th a s l ow r a t e o f  f l ow i s  a l w ay s c o n d u c ive t o  a q u a t i c w e e d  
g r o w t h  a n d  we e d s s t a r t e d  t o  a p p e a r  o n l y  4 y e a rs a f t e r  g r av i ty 
i r r i g a t i o n  s t a r t e d to o p e r a te . A g r a d u a l  b u i l d - u p  t o ok p l a c e , 
a n d  w i th t h e  re c e n t  i n t e ns i f i c a t i o n  a n d  d i ve r s i f i c a t i o n  o f  
c r o p p i n g , a q u a t i c wee d s  a r e  a s e r io us p ro b l em .  

A s t u dy o f  a q ua t i c  p l an t s  an d th e i r  c o n t r o l i n  the c a ­
n a l s  o f  th e G e z i r a  w as c o nd u c te d  i n  th e 1 9 4 0 s , b u t s i n ce th a t  
t ime n o  i n te n s i v e  s u rv e y s  h av e  b e e n  m a d e . Th e p ur p o s e  o f  th i s  
p a p e r  i s  t o  p r e s e n t  s o m e  p r e l i m i n a ry re s u l t s  o f  a n  o n- g o i n g  
s u rve y u n d e r t ak e n  t o  d e t e rmi n e  th e e x t e n t  o f  t he p rob l em a n d  
t h e  c o mmon aq ua t i c  w e e d s p e c i e s  i n  t h e  s y s t e m . T h e  s u rvey 
was s t a r t e d  in N o ve mb e r  1 9 7 8  b e c a us e w e e d  g r ow t h  is  us u a l ly 
a t  i t s max im um a n d  w a t e r  t u rb i d i ty i s  a t  a m i n i m um . 

Me t h o ds 

F i f ty - two mi n o r  c a n a l s , s ome Ab u XXs , and s o me d ra i ns 
w e re s e l e c t e d  a t  r an d o m  i n  th e S o u th , C e n t e r ,  Me s s e l e mi a  a n d  
W a d  Hab o ub a d m i ni s t r a t i ve g r o up s . I n  e a c h  c an a l  o r  d r a i n , 
f r om 6 - 9 s e c t i o ns ( 1 0 0 - 2 0 0  m l o n g )  we r e  e x ami ne d . Th e s t a t us 
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o f  w ee d  i n f e s t a t i o n , t h e  i nd i v i d u a l s p e c i e s , and th e r e l a­
t iv e  ab undanc e w e r e  r e c o rd e d . 

Res u l t s  

S u rv e y s  o f  a q ua t i c  we e d  g r ow th in  t h e  mi no r  c a na l s  h a v e  
s o  f a r  r ev e a l e d  the p r e s e n c e  o f  th r e e  c a t e g o r i es o f  w e e d s , 
name l y , s ub me r s e d , eme r s e d , and f l o a t i ng . Th e s p e c i e s  in­
v o l v e d a r e : 

1 .  S ub me r s ed 
P o tamo ge t o n  p e r f o l i a t u s  L .  
P . n o do s u s  P o i r .  
Po t amo ge t o n  s p p . ( un i d e n t i f i ed )  
N aj as pe c t i na t a  ( P a r l . )  Magnus  
O t t e l i a  a l i s mo i d e s  ( L . )  Pe r s . 
� ·  u l v i f o l i a  ( P l anch . )  Wa l p .  

2 .  Eme r s e d  
E ch in o ch l o a s t a gni na ( R e t z . )  B e a uv . 
Phy l a  n o d i f l o r a ( L . )  G re e ne 
I po mo e a  ag u a t i c a  F o rs k . 
Cyp e rus r o t un d u s  L .  
Cy n o d o n  d a c ty l o n  ( L . )  P e rs . 
T y ph a  angus t a t a  B o ry & Ch a ub . 
P o l y go n um g l ab r um Wi l l d . 
Ph r agmi te s ma u r i t i anus K un th 

3 .  F l o a t i ng 
S p i ro de l a d e c ima ( M ue l l . )  K t z . 
L e ana mino r L .  

P o· t amo g e t o n  s p p . a n d  ! •  s t agn i n a  a r e  t he mo s t  c ommo n 
s p e c i e s  i n  m ino r s  and a r e  r es p o n s ib le f o r  mo s t  o f  t h e  d amag e . 
O f  t h e  5 2  c an a l s  s u r v ey e d  6 0  p e r c e n t  w e re a l mo s t  f r e e  o f  
w e e d s  b e c au s e o f a r e c e n t  ma nua l o r  me c h a n i c a l  c o n t r o l  o p e r ­
a t i o n , 1 5  p e r c e n t  w e r e mo de r a t e l y in f e s t e d , a n d  t he re s t 
w e r e  h ea v i l y  c o l o n i z e d . Th e t a i l s e c t i o n s  o f  c an a ls a r e  
us ua l l y c lo g g e d  b y  w e e d s  b e c aus e th e wa t e r  t he r e  i s  a lmos t 
a l w ays s t a gn an t . T h e  ma i n  f a c t o r s g o v e r n i n g  t h e  d e g r e e o f  
i n f e s t a t i o n  a re c o nt r o l  o p e r a t i o ns and t he amo un t o f  t ime 
th a t  h a s  l a p s e d  s in c e  th e l a s t co n t ro l  e f f o r t s . We e d  g r ow th 
in a c a n a l  is us u a l l y  n o t un i f o rm ;  s om e  s e c t io n s  a r e  c l e an 
wh i l e  o th e r s  a re · w e e dy , wh i c h  i nd i c a te s  t h a t  c l e a ra n c e  o p e r ­
a t i o n s  a t  a n y  o ne " t ime a r e  no t m a d e  t h r o ugh o u t  t h e  l en g th o f  
the c an a l . 

Re c o l o n i z a t i o n  o f  c l e an mino r a  b e g i n s  w i t h eme r s e d  
wee d s  s u ch a s  E .  s t a gn in a ,  ! ·  a g u a t i c a  a n d  P .  n o d i f l o r a . 
Th es e s p e c i es s p re a d  f r om th e b anks t o  th e wa t e r .  T h i s  c o ul d 
b e  d u e  t o  th e i ne f fe c t ive n e s s o f  me ch an i c a l  d e s i l t i ng and o f  
man u a l  p u l l i n g  o r  raki n g  o f  w e e d  s p e ci es ro o t e d  a t  th e b ank s . 
Th e g r o w t h  o f  eme r s e d  we e d s  de c re as e s  t he f lo w  v e l o c i ty and 
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p ro v i d e s  f a v o rab l e  c o nd i t i ons f o r  re i n fe s t a t i o n b y  s ub me r s e d 
w e e d s  s u ch a s  P o tamoge t o n  s p p . , ! •  pe c t i na t a a n d  O t t e l i a  s p p . 

G e n e r a l ly sp e ak i ng , mo s t  Ab u XXs w e re f a i r l y  c le an , p a r­
t i c u l a r l y  th o se t re a t e d  w i t h  p a r aq ua t . O n  the  o th e r h and , 
mo s t  o f  the d r a i ns w e r e  h eavi ly in f e s te d .  T h e  p o o r  s t a t e o f  
d r a ins i s  a r e s u l t  o f  i na d e q u a t e  ma c h i ne ry , wh i c h  i s  us ua l ly 
emp l o y e d  f o r  c a n a l  r a t he r  th a n  d r ai n c l e a r an c e . 

C o n c l us i ons 

S ome o f  t h e  aq ua t i c  weed s p e ci e s  r e p o r t e d i n  p r e vi o us 
s u r ve y s h av e  s o  f a r  n o t b e e n  r e c o r de d i n  t hi s  s u rv e y . O n  
the o th er h an d , tw o s p e c i e s  o f  P o t amo g e t o n  no t re p o r t e d  e a r ­
l i e r w e r e  p r es e n t  in l ow d e ns i t y i n  s om e  m i no r  c a n a l s . 

Al t h o u gh t h e i nv e s t i g a t i on s  a r e  no t y e t c omp l e t e d , th e r e  
a re i nd i c a t i o ns t h a t  the o c c u r re n ce and d i s t r ib u t io n  o f  a t  
l ea s t  s ome aq ua t i c we e d  s p e c i es i n  m i n o r  c an a l s  may b e  r e­
l a t e d  t o  w a t e r  l eve l s  and d i s ch a r g es , w ind , r e l a t i v e  h umi d i ty, 
and w a t e r  q ua l i ty . 
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REV I EW OF AQUAT I C  WE E D  C ONTROL MEA S U RE S 

A .  M .  H a md o un 

Th e G e z i r a S ch eme i s  ch a r a c t e r i z e d b y  e x te n s i ve i r r i g a­
t io n  and d r a i n a g e  sy s t ems t ha t  a t  p re s e n t  s u p p ly w a t e r  t o 
8 0 0 , 0 0 0  h e c t ar e s  o f  c r o p s  annua l ly .  S o o n  a f t e r  th e c o ns t r u c­
t i o n  o f  th e S e nnar r e s e rv o i r , i t  wa s c o l o n i z e d by  w a t e r  w e e d s  
t h a t  o r i g i n a t e  o n  th e mu d- f l a t s  o f  t he B l ue N i l e . Th e p r e s ­
e n c e  o f  a q ua t i c we e d s  in th e Ge z i r a  c a na l s  w as r e p o r te d  i n  
19 2 9 , o n l y  4 y e a r s a f t e r  t he i r r i g a t i o n  sy s t em s t a r t e d  t o  
o p e r a te . T h e  i n f e s t a t i o n  g r ad u a l l y  in c r e as e d  a n d  w i th th e 
p re s e n t  i n t e ns i f i f i e d  p l an t i ng an d i r r i g a t i o n , w e e d s  n o w  c o n­
s ti t u te a ma j o r  c o ns t r a i n t  t o  the i r r ig a t io n s ys t em .  The 
p r ob l em is  p a r t i c ul a r ly a c u te in the mi n o rs , Ab u XXs , a n d  
d r a i ns . 

Th e mo s t  p r eva l e n t a q ua t i c  w e e d  s p e c i e s  i n  c a n a l s  a r e : 
P o t amo se t o n  p e r f o l i a t us L . , ! •  n o d o s u s  P o i r , N aj as p e c t i na t a  
( P a r l )  M a gnus , O t te l i a a l i s mo i d e s  ( L . )  P e rs . ,  Vo s s i a  c u p s i ­
d a s a  ( Ro xb . )  G r i f f . ,  T yph a a n g u s t a t a  ( B o r y and Ch a ub . )  F o r s k , 
I pomoe a ag u a t i c a  F o rs k . ,  Cyp e r us r o t un d u s  L .  and C y n o d o n  
d a c ty lo n L .  T h e s e  s p e c i e s  p ro p a g a t e  b y  s e e ds as w e l l as 
ve g e t a t i ve ly and s ome ha ve unde r g r o un d  s t r u c t u r e s  t h a t  re ­
ma i n  vi ab l e  d u r i n g the s umme r wh e n  mo s t  m i n o rs , d r a i ns , a n d  
Ab u XXs a r e  d ry . They a r e  th e re f o r e  v e r y  s u c ce s s f u l  i n  th e 
c o l o n i z a t i o n  o f  th e i r r i g a t i o n  s ys t e m  t hr o ugho u t  t he g r ow in g  
s e as o n ,  p a r t i c u l a r ly d u r i n g  t he w i n te r  mo n th s  w h e n  t h e w a t e r  
i s  c l e a r . 

Los s e s  C a u s e d  b y  W a t e r  We e d s  

The re a re n o  f i g u r e s  a v a i l ab l e o n  the d i r e c t  o r  i n d i ­
r e c t  l o s s e s  t o  c r o p  p ro d u c t i o n  d ue t o  a q ua t i c  we e ds i n f es t i n g  
th e G e z i r a  c an a l i z a t io n  s ys t e m . Th e ann u a l  e x p e nd i t u r e  o n  
we e d  c l e a r a n ce b y  th e M i n i s t ry o f  I r r i g a t i o n  is  n ow c l o s e  t o  
La . 7 0 0 , 0 0 0 . Th e Ge z i r a  t e n a n ts  a ls o  s p en d  mo r e  th an L s . 
5 0 0 , 0 0 0  in an a t t e mp t t o  c o n t ro l w e e d s  i n  Ab u XXs . I n  a d­
d i t i o n  t o  the s e  l o s s e s , s ome i n d i r e c t  l o s s e s  a r e  e v i d e n t . 
S ubme r s e d  w a te r  w e e d s  d e c r e as e  th e f low ve l o c i t y  b y  r e d u c i n g  
the c r o s s - s e c t i o na l  a r e a  o f  th e c a n a l  an d b y  i n c r e a s i n g  
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f r i c t i o n . F u r th e rmo re , h eavy i n fe s t a t i o n s  c a us e e x c e s s i ve 
wa t e r l o s s t h r o ugh e vap o r a t io n , s i l t ing , and s e e p ag e . A l l 
th es e f a c t o r s r e s u l t  i n  s ho r t s up p l y  o f  wa t e r f o r  p o r t i o ns 
o f  th e i r r i g a t e d  a r e a  a t  th e t ime wh en c o t t o n , g r o undn u t s ,  
wh e a t , a nd v e g e t ab l e s  a r e  s t i l l  g r ow in g . D u r i n g  1 9 7 7 - 1 9 7 8  
s e a s o n , a b o u t  5 p e r c en t  o f  wh e a t  a n d  c o t t o n  i n  W a d i S h a i r 
a n d  Ma t o r y  G r o u p s  we re h i t  h a r d b y wa t e r  s ho r t a ge s , m a i n ly 
b e c a us e o f  e x c e s s ive g r ow t h  o f  wa t e r  w e e d s . D r ai n a ge c a ­
n a l s  a r e  o f te n  ch oke d b y  wee d s  a n d  a r e  r e nd e re d  i ne f f e c t i ve , 
e s p e c i a l ly in s e as o n s  o f  h i gh r ai n f a l l . D r a in b l o ck a g e  i n  
J u ly a n d  A u g u s t o f  1 9 7 8  c o n t r ib u t e d  t o  th e w a t e r l o g g i ng o f  
v a s t a r e a s  i n  th e s cheme . 

I n  a d d i t io n  t o  e c o nom i c  l o s s es c a us e d  b y  a q u a t i c w e e ds , 
th ey a l s o f o s t e r  d i s e as e s  amo n g  the i nh ab i t an t s  o f  t h e  Ge ­
z i r a  i r r i g a t e d  a r e a . Th e d i s t re s s  s u f f e re d  b y  l ar g e  s e c t i o ns 
o f  t h e  p o p u l a t i o n  as a r e s ul t o f  ma l a r i a  a n d  b i lh a r z i a  h as 
no t b e en a s s e s s e d .  

W e e d  C o n t ro l  

T o  ma i n t a i n  th e e f f i c ie n cy o f  th e i r r i g a t i on a n d  d r a i n ­
a g e  c an a l s , i t  i s  n e ce s s a ry t o  k e e p  th em f r e e  o f  w e e d s . 
Me t h o ds f o r  th e c o n t r o l  o f  a q ua t i c we e d s  i n c l u d e : man u a l  
p ul l i n g  and c u t t i ng , m e c ha n i ca l  c u t t i n g  a n d  e x t r a c t i o n , th e 
u s e  o f  he r b i c i d e s , an d t h e  u s e  o f  b i o l o g i c a l  c on t r o l  a g e n t s . 
Th es e a r e  d i s c u s s e d  b e l ow . 

1 .  Manu a l  c o n t r o l  
T h e  Mi n i s t ry o f  I r r i g a t i o n  emp loy s t e ams o f  l ab o r ­

e r s o n  a p e rm a ne n t  b a s i s  s o l e l y  t o  c o n t r o l  we e d s  i n  the 
h e av i l y  i n fe s te d  mi n o r  c a n a l s . C o n t r o l  is  a ch i ev e d  by p u l ­
l i n g , c u t t i n g , r ak i n g , c h a in i ng , a n d  h a rv e s t i n g  a t  i n t e r va ls 
o f  2 - 3 w e e ks . Th i s  p r a c t i ce u s e d  to b e  f e as ib l e  and e f f e c ­
t i ve . H owe ve r , wi th t he p r e s e n t e x t ens ive c a n a l i z a t i on and 
d r ai n a g e  s y s tem , th e s c a r ci t y  o f  l ab o r  and th e re l uc t a n c e  o f  
t h e s e te ams t o  wo rk unde r h a z a rd o us c o nd i t io ns , th is  m e t h o d  
o f  c o n t r o l  i s  b e c o m in g  e x p e ns ive a n d  i s  l e s s e f f e c t i ve th an 
i t  us e d  t o  b e .  

2 .  Me ch an i c a l  c o n t r o l  
T h e  Mi ni s t ry o f  I r ri g a t io n  c o n t inuo us ly d e s i l t s 

m i no r c an a ls , us i n g  me c h a n i c a l  g r ab e r s , an d i n  th e p ro c es s , 
wee d s  a r e  up ro o te d  a n d  p l a ce d  o n  th e b ank s . D ue t o  t h e  
s h o r t a g e  o f  m a ch i n e s  a n d  s p a r e  p a r t s , t h i s o p e r a t io n  c a nno t 
b e  re pe a t e d  i n  th e s am e  y e a r  i n  any o n e  a r ea . 

A new me c h a n i c a l  d evi c e  d e ve l o p e d  b y  t he A g r i c ul ­
t u r a l  E n g ine e r i ng S e c t i o n  o f  t h e  S ud a n  G e z i r a  B o ar d h as s h own 
c o n s i de r ab l e  p ro m i s e i n  c o n t r o l l i ng we e ds in mi n o r  c a na l s . 
Th i s  imp l e me n t  c o ns i s t s  o f  a s t ee l b a r w i t h  l o n g  h o o k s  th a t  
e x t e n d  i n t o  t he b o t t o m  o f  the c an a l . Wh e n  i t i s  p u l l e d b y  
two t r a c t o rs . one o n  e a c h  b an k , s ub me r s e d  a s  w e l l  as eme r s e d  
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w e e d s  a r e  c u t  a n d  s h r e d d e d . I t  i s . h ow e v e r . n e c e s s a r y  t o  r e ­
mo ve p l an t  ma t e r i a l  manua l ly . A v ar i e t y o f  ma ch i ne s h av e  
b ee n  o r de r e d  f r om t h e  Ne t he r l an d s . b u t t he i r  e f f i c i e n cy i n  
m i no r s  rem a i n s  to  b e  t e s t e d . 

3 .  C h e m i c a l  c o n t r o l  
T h e  us e o f  h e r b i c i d e s  h as p r o v ide d a p a r t i a l  s o ­

l u t i o n  t o  th e a q ua t i c  we e d  p r ob l e m  i n  c a na l s  a nd d r a i n s . 
P a r a q ua t  a t  th e r a te o f  0 . 4  kg  a c t ive i n g r e d i e n t  f e d d an 
( a . i . / f e d . )  w a s  e x te ns ive ly u s e d  i n  d ry Ab u XXs t hi s s e as o n 
b y  the Ge z i r a  B o a rd . S ubme r s e d . eme r s e d . a n d  b ank w e e d s  
we re e f f e c t i ve l y  c o n t r o l l ed . Rep e a t e d ap p l i c a t i o ns w e r e  
n e ce s s ary f o l l ow in g  l a t e r  i r r i g a t i o ns . D al ap o n a t  3 - 4  k g 
a . i . / f e d . and  g l y ph o s a te a t  1 . 5  k g  a . i . / f e d . we r e  e q u a l l y  
e f fe c t i ve i n  c o n t ro l l i n g  m o s t g r as s  we e d s  i n  d r y  Ab u XXs . 
G r e a t  c a r e  i s  ge n e r a l ly ne c e s s a ry t o  avo i d  d r i f t  o f  th e ch e m­
i c a ls  t o  a d j a c e n t  c r o p s . 

Ap p l ie d  re s e a r c h  o n  h e rb i c i d e s  t o  co n t r o l w e e ds i n  
mino r s  i s  c omp l i c a t e d  b y  s e ve r a l  f a c t o rs : 

• W a te r  i s  c o n t i nuo u s l y  f l owi ng t h r o u gh o u t  
th e g r ow i n g  s e as o n  wh e n  w a te r w e e d s  c o ns t i ­
t u t e  a p ro b l e m . T h o s e c an a l s  a r e  n o t l i k e l y  
t o  b e  c lo s e d d ur in g o r  a f t e r  h e rb i c i d e  a p p l i ­
c a t i o n ; 
• H e rb i c i de - t r e a te d  w a t e r c anno t b e  u s e d  f o r  
i r r i g a t io n  s o o n  a f t e r  a p p l i c a t ion ; a n d  
• C an a l  wa t e r  i s  us e d  f o r  d o m es ti c p u r p o s e s . 
I n  v i e w  o f  t he s e l i m i t a t ions . p re l i mi n a ry h e rb i c i d e  

eva l u a t i o n t r i a l s we re c a r r i e d o u t  f o r  t h e  c o n t r o l  o f  T .  � 
g us t a t a . P o t amo g e t o n  s p . a n d  ! • pe c t i na t a . T h e  r e s u l t s  i n d i ­
ca t e d  th a t  f o l i a te s p r ay s  o f  ami t r o l e  a t  3 . 0 k g  a . i . / f e d  • •  

d a l a p o n  a t  3 . 0 kg  a . i . / f e d  • • ' g l y p ho s a te a t  2 . 0 k g  a . i . / fe d  • •  

and p a r a q ua t a t  0 . 8 k g a . i . / f e d . we r e  e f f e c t iv e  a g a in s t T .  
angus t a t a . 

D a l ap o n . ami t r o le and g ly p h o s a t e  we re m o r e  e f f e c­
t i ve when a p p l i e d  b e twe en f lowe r i n g and s ee d  ma t u r i t y . P a ra ­
q u a t  w as mo re e f f e c t i ve w he n  a p p l i e d  d u r in g  t he e a r l y  s ta g e s  
o f  g r o w t h . I t  w a s  e v i d e n t  i n  t h e  te s ts t h a t  n o  t r ea t m en t  
h a d  a p e rman e n t e f f e c t  up o n  n umb e rs o f  s h o o t o r  g r o w t h ; 
s i ng le a p p l i c a t io ns a r e  a p p a re n t l y  n o t  a d e q ua t e  an d re p e a t e d  
a p p l i c a t i o n s  are ne c es s a ry . A f o l l ow - up t re a tm e n t t o  ami t ro l e 
o r  d a l a p o n  o n e  m o n th a f te r  e i th e r ami t r o l e  o r  d a l ap o n  c aus e d  
s h o o t numbe rs t o  f a l l . S ub s e q ue n t l y .  i n i t i a l  p o p u l a t i o n  re ­
c o ve ry w a s  s l owe r a n d  t h e  o ve r a l l d i f fe r e n c e s  b e twe en p o p u­
l a t i o ns in c r e as e d  f o r  ab o u t  9 we eks a f t e r  t h e  pa r a q u a t  t re a t­
me n t s . T h e r e a f t e r . s h o o t numb e r s i n  t h e  n o n - p a r a q u a t - t r e a t e d  
p l o t s ap p e a r e d  t o  s t ab i l i z e . wh i l e th o s e  in  p a r a q u a t - t r e a t e d  
p l o t s  c o n t i nu e d  t o  re co ve r . 

T h e  d e n s e c a n o p y  o f  T .  a n g us t a t a in  th e m i n o rs  
lim i ts t he us e of  g r o un d- s p r a.y i n g  e q ui p me n t  b e c a u s e o f  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A q u a t i c  W e e d  M a n a g e m e n t :   I n t e g r a t e d  C o n t r o l  T e c h n i q u e s  f o r  t h e  G e z i r a  I r r i g a t i o n  S c h e m e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 4 7

http://www.nap.edu/catalog.php?record_id=19847


7 2  

uns a t i s f a c t o ry c o ve r a g e  o f p l an ts and d i f f i c u l t y  in p e n e t r a t ­
i n g  th em . As a r e s u l t , p l a n t s i n  t h e  mi d d l e  o f  t he c a n a l  r e ­
ce i ve l i t t l e o r  n o  s p r ay . 

P a r a q ua t  a t  1 . 0 k g  a . i . / f e d . , d iq ua t  a t  1 . 0 k g  
a . i . / f e d . and ame t r y ne a t  1 . 6  k g  a . i . / f e d . w e r e  t es t e d  o n  
s ub me r s e d  we e d s  i n  s t a gn a n t c a n a l s . A l l  th r ee h e rb i c i d e s 
s h ow e d  c o n s i d e r ab l e p r om i s e i n  c o n t r o l l i n g  we e d s . 

4 .  B i o l o g i c a l  con t ro l  
Th e Ch i n e s e  g r as s c a rp  ( C t en o ph a ryn go d o n i d e l l a  

V al . )  i s  a f a s t - g rowi n g  and e c o nomi c  f o o d  f is h . I t  i s  c o n­
s i de re d  o ne o f  t h e  mos t p r o m i s i n g b io l o g i c a l me ans o f  r e ­
d u c i n g  in f e s t a t i o ns o f  aq u a t i c wee d s . F o l l ow i n g  th e i n t ro ­
d u c t i o n  o f  f i nge r li n g g r a s s  c a rp a t  the E x p e r i me n t a l  F i s h  
F a r m  a t  S h ag a r r a  i n  1 9 7 5 , a l im i t e d  n umb e r o f  f i s h  ( av e ra g e  
w e i gh t  2 5 0 g )  wa s i n t r o d u c e d  i n  1 9 7 6  i n t o  a n  e nc l o s e d  s e c t i o n  
o f  B a r ak a t  m i no r th a t  h ad b ee n  h eavi l y  i n fe s t e d  w i t h  P o t a­
mo ge t o n  s p . an d N .  p e c t i n a t a . Wi t hi n  a f ew mo n t hs , a l l s ub ­
me r s e d  a q u a t i c  ve ge t a t i o n  w a s  e a t e n , a n d  th e re a f t e r  th e f i sh  
w e r e s up p l i e d  w i th P o t amo g e to n s p . f r om o th e r in fe s te d  c an a l s . 
T h e  i n d iv i d ua l  we i gh t  o f  s ome f i s h  i s  a t  p r e s e n t  o v e r 3 k g . 
Th e f i s h  a r e  s u rv iv in g  i n  t h e m i n o r s  and n o  p r e d a t o r s  h av e  
b e en ob s e r v e d . Th e s uc c e s s  a c h i e v e d  s o  f a r i n d i c a t e s  th a t  
t h i s  s p e c i es c a n  b e  s a f e l y in t r o d u c e d  i n  t h e  m ino r s .  

Ano the r e f fe c t iv e  b io l o g i c a l  ap p r o ach t o  the c o n­
t r o l  o f  aq u a t i c a nd s e mi aq ua t i c  we e ds is  th e u s e  o f  c om p e t i­
t i v e  p l an t s to  d i s p l a c e  no x i o u s  s pe c i e s . Th e Ge z i r a  te n an t s  
h av e  d i s c o ve r e d  t h a t  g row i n g  p i g e o n  p e a ( C aj anus caj a n  L . )  
a nd L ub i a  ( D o l i ch o s  l ab l ab L . )  a l o n g  t h e  b an k s  o f  Ab u XXs 
an d Ab u V I s  r e d u c e s  we e d  i n f e s t a t i o n  b y  d i t c h  b ank g r as s e s . 
Th i s  p r a c t i ce i s  now w i d e ly a d o p t e d  t hr o ugh o u t  t h e  i r r i g a t e d  
s che mes . 

Th e Ag r i c u l t u r a l  Re s e a r ch C o r p o r a t i o n , i n  c o l l ab o r ­
a t i o n  w i t h t h e Mi ni s t ry o f  I r r i g a t i o n , h a s  r e ce n t ly c o ns t r u c ­
te d a q ua r an t ine n u r s e ry f o r  g r ow i n g dwa r f  s p ik e- r us h ( E l e o ­
ch a r i s  co l o r a d o e ns i s  ( B ri t t . )  G i l ly ) , wh i c h  w i l l  b e  t e s t e d 
f o r  t h e  c o n t r o l  o f  s ubme r s e d  aq u a t i c  we e d s  s u ch as P o t amo ge ­
� sp . and N .  pe c t i na ta .  

C o n c l us i o n s  

Th e p r ob l e m  o f  a q ua t i c  we e d s  i s  m a i n l y  e n c o un t e re d  i n  
mi no r s  and Ab u XXs . Th e p r es e n t  c o n t r o l  me th o d s , t h o u gh 
s u c c e s s f u l  i n  l i m i t e d  i ns t a n ce s , h ave no t p r o ve d  ade q u a t e . 
The m o s t e f f e c t i ve we e d m a n a g e me n t  w o u l d i nv o l v e  a d o p t i o n  
o f  an  i n te g r a t e d  ap p r o a c h  w h i c h  c o mb i n e s  m e c h an i c a l , che m­
i c a l , a n d  b io l o g i c a l  me t ho d s . 

I mp r o ve me n t  i n  c u r re n t  and f u t u r e  c o n t r o l p r a c t i c e s  
c o u l d  b e  a c hi eve d  t h r o ugh i n t e ns i ve r e s e a r ch i n  b io l o gy , 
e c o l o gy , and t a xo nomy , and on the d i s t r ib u t i o n  o f  b i o l o g i c a l 
c o n t r o l  age n t s  s u ch as f i sh e s , i ns e c t s , a n d  p a th o g e ns . 
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H e rb i c i d e s a n d  t he i r a s s o c i a t e d  a pp l i ca t i o n  t e c hn i q u e s  a n d  
s i d e  e f f e c t s  s ho u l d  b e  s t ud ie d . D i f f e r e n t  t y p e s  o f  me chan i ­
c a l  e q u i p me n t  s h o uld  b e  t e s t e d . In  o r d e r  t o  a c h i ev e  t h i s  
ob j e c t i ve , a t eam c o n s i s t i ng o f  b o t ani s t s , c h e m i s t s , a q u a ­
c u l t u r is t s ,  e n g i n e e r s , e n t omo l o g i s t s , a nd p a t ho l o g i s t s  s h o u l d  
und e r t a ke a r es ea r ch p r o j e c t  f o r  4 - 6  y ea r s . Th e o u t c ome o f  
t h is i nve s tmen t w i l l l e a d  t o  a b e t t e r  u n d e r s t a nd i ng o f  t he 
p r ob l e m  and t o  e f f e c t iv e  and l a s t i ng a q u a t i c  w e e d  man a g eme n t . 
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S CH I S T O S OMIAS I S  I N  GE Z I RA I RRI GAT I ON CANAL S 

Mu t ama d Ahm e d  Ami n 

Th e e c on o mi c j u s t i f i c a t io n  f o r  t he de v e l o p me n t o f  w a t e r 
r e s o ur c e s i n  the S u d a n  i s  b ey o n d  a r g um e n t . Th e r e  i s  a n e e d  
f o r  mo r e  w a te r  t o  mee t t h e  g r ow ing d e m a n ds f o r  f o o d  a n d  e n ­
e r gy . H ow e ve r , th e d e v e l o p men t o f  s u ch wa t e r  r e s o u r c e s  h a s  
l e d  t o  mo d i f i c a t i o n s  i n  th e env i r o nme n t  t ha t  f a v o r  th e s p r e a d  
a n d  mul t i p l i c a t i o n  o f  d i s e a s e  ve c t o rs a n d  h ave p r o d u ce d  d r a ­
m a t i c  i n c re as e s  i n  th e p r e v a le n c e  o f  ce r t a i n  d i s e as es . I n  
no i ns t anc e h a s a wa te r r e s o u r ce s  p r o j e c t  b e e n  i mpe d e d  i n  
i t s p l ann i ng o r  e ar l y d eve l o p men t b e c aus e o f  th e wa t e rb o rn e  
d i s e a s e s  t h a t  c o u l d  e ns ue . S ch em e s  i mp l e me n te d  w i t h o u t  any 
p r e ve n t i ve m e a s u r e s  h av e  o f t e n  f a i l e d  to  d e ve l o p  to th e i r  
f ul l  p o t e n t i a l . Th i s  r e g re t ab l e s t a te o f  a f f ai rs ap p ea r s  t o  
s t em f r om two ma in c a us e s : 

1 .  A f a i l u re o f  communi c a t io n a t  a l l  l e ve l s  b e twee n 
th e s e ve r a l  d i s c i p l i ne s  a n d  b o d i e s  i nvo l ve d  in w a t e r r e ­
s o u r ce d e v e l o p me n t  p ro g r ams ; and 

2 .  A la ck o f  aw a r e n e s s o n  th e p a r t o f  p l ann e rs , e n g i �  
n e e r s , e c o n o mi s ts , an d a dm in i s t r a t o r s  o f  th e i ne v i t ab l e  
s p r ea d  o f  w a t e r b o rne d is e as e s  l i k e  m a l a r i a a n d  s c h i s t o s o m i ­
as i s , a s  we l l  as a l a ck o f  c o nvi c t i o n  o n  th e i r  p a r t  o f  t h e  
s o c i o e c o nomi c impo r t an ce o f  t h e s e d i s e as es . 

A c l a s i c  e x amp l e  o f  th i s  s i t u a t i o n  i s  th e G e z i r a  S ch e me . 
B e f o re i r r i g a t i o n ,  t he ar e a  was a n  a r i d , f e r t i le p l a i n  wi th 
s c anty s e as o na l  r a i n f a l l . Ma l a r i a an d s c hi s to s o m ia s i s w e r e  
no t a p ro b l e m  a t  t h a t  t ime , a f t e r  t he e s t ab l i s hm e n t o f  c a na l ­
i z a t i o n , b o t h d i s e as e s  ap p e a re d  and a r e  now en dem i c . 

Th i s  r e p o r t  g i ve s  an a c c o un t  o f  t he s p re a d o f  s ch is t o ­
s omi a s i s i n  th e G e z i r a  S c heme a n d  d i s cus s e s  t he e nv i r o nme n t ­
a l  f a c t o rs th a t  h ave f av o re d th e mu l t i p l i c a t i o n  o f  t he d is ­
e a s e ve c t o r s . 

S ch i s t o s o m i a s i s  

S ch i s t o s omi as i s ,  o r  b i l h a r z i a ,  i s  o n e  o f  th e mo s t  i mp o r ­
t a n t  p a r as i t i c  d i s e a s e s  o f  m a n  i n  t r o p i c a l a n d  s ub t r o p i c a l  
A f r i ca , E a s t As i a , th e C a r i b b e a n  I s l a n d s , and S o u th Am e r i c a . 

7 4  
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The  d i s e as e  i s  c a us e d  b y  i n f es t a t i o n  w i t h  p a r as i t i c  b l o o d  
f l uk e s  t r a n sm i t t e d  b y  aq ua t i c s nai l s . I t  i s  a t y p i c a l  ex­
amp l e  o f  a d i s e as e  f a c i l i t a t e d  by man . Th e d i s e a s e  wa s no t 
known in  t he Ge z i r a  b e f o r e  i r r i g a t i o n  and e xi s te d  o n l y  a l o n g 
th e Wh i t e  N i le . 

Th r e e  y ea r s  a f t e r  t he e s t a b l i s h me n t  o f i r r i g a t i on b y  
c an a l i z a t i o n  ( 1 9 2 8 ) , s na i l  i n te r m e d i a t e  h o s t s  a p p e a re d  i n  
th e s y s t em .  E gy p t i a n  l ab o re rs i n f e c te d  w i th s .  h aema t ob i um 
( u r i na ry t yp e )  a n d  Wh i t e  N i l e f a rme r s  i n f e c t e d  w i t h  s .  m a n­

� ( i n t e s t i n a l  t y p e )  w e r e  b r o ugh t t o  t h e  s ch e me t o g e th e r  
w i th un i n f e c t e d p eo p l e . Th i s  p o t e n t  c o mb i na t i o n  o f  s na i ls  
an d i n f e c t e d  s ub j e c t s  le d t o  the e s t a b l i shme n t  o f  th e d i s ­
e as e . 

S ch i s t o s om i as i s  i s  now c o ns i de re d t o  b e  th e f o u r th mo s t  
i mp o r t an t  p ub l i c  he a l th p r ob l em i n  t h e  S u d a n . I n th e Ge z i r a  
S ch e me , r e ce n t  s u rve y s  i nd i c a te th a t  t he ge n e r a l  i n f e c t io n  
r a te i s  6 0 - 7 0  p e r c e n t  a nd c a n  b e  o ve r 9 0  p e r c e n t i n  s c ho o l  
ch i l d r e n  age d 8- 1 5  y e a r s . 

I t  w a s  e s t im a t e d t h a t  9 p e r c e n t  o f  ag r i c u l t u r a l p r o d u c ­
t i v i t y w a s l o s t a s  a re s u l t  o f  ab s e n t e e i s m d ue t o  i l l - h e a l th 
o r  d ur i n g  t re a t me n t . I n  t e rms o f  g r o s s  n a t io na l  p r o d u c t i o n  
f r o m  ag r i c u l t u re , i t  h as b e e n  c a l c u l a t ed t ha t  th e annu a l  l o s s  
due  t o  s ch i s t os o m i a s i s  a l o ne w o u l d  amo un t t o 3 0  mi l l i o n  S u­
d a n es e p o un d s . 

The f a c to rs th a t  c o n t r ib u te t o  t he h i gh p r eva le n c e  o f  
s ch i s t o s o mi a s i s in c l u d e : 

1 .  Th e d e s i g n o f  t h e s ch eme , the i r r i g a t i o n  p r a c t i ce s , 
a nd t h e  wa t e r  manag em e n t  te c hn i q u e s ; 

2 .  E c o lo g i c a l  f a c t o rs , s u ch as  temp e r a t u r e , p H , s a l i n­
i t y , a n d  a q u a t i c w e e d  g r o w t h ; 

3 .  H uman f a c t o r s s u ch as de f e ca t i o n , u r i na t i o n , w a t e r 
con t a c t a c t i vi t i e s , and p o p u l a t i o n m o vemen ts ; an d 

4 .  I ne f f e c t i ve c o n t r o l  me as u r e s .  
I t  w a s  ag a i ns t t h is b a ck g r o un d  o f  p rev a le n c e a n d  w i d e  

d i s t r ib u t i o n  o f  t h e  d i s e a s e  t h a t  t he Mi ni s t ry o f  He a l th re ­
q u e s t e d  th e  d eve l o pmen t o f  a n  e f f e c t ive p ro c e d u r e  f o r  c o n t r o l .  
T owa r d s  th is e nd , a p i l o t  p r o j e c t w a s  e s t ab li s h e d  w i th th e 
f o l l owi n g i mme di a te ob j e c t ive s : 

1 .  T o  e va l u a t e  th e e x is t ing s n a i l - c o n t r o l  m e a s u r e s ; 
2 .  T o  c o l l e c t  e p i d e m io l o g i c a l  and b io l o g i c a l  d a t a  t o  

se r ve a s  a b a s i s  f o r  a s t udy o f  th e d y n am i c s  o f  s c h i s t o s o ­
m i as i s  t r ans mi s s i o n , s o  th a t  p re d i c t i o n s  can b e  m ad e  as to  
th e e f f i c a c y  o f  c o n t r o l me as u r e s ; 

3 .  T o  a s s e s s  th e p ub li c  h e a l t h  s i g n i f i c a n c e  o f  s c hi s ­
t o s om i as i s  unde r de f i n e d  c o nd i t i o n s  o f  t r ansmi s s i o n ;  a n d  

4 .  T o  t r a i n me d i c a l  a n d  p a r ame di c a l  p e r s o nn e l  i n  b i l ­
h a r z i a  w o rk . 

Th e da t a  c o l l e c t e d  b y  th e b i lh a r z i a  te am w a s  us e d  t o  
f o rmu l a t e  a c o m p r ehe ns i v e , i n t e g r a te d  ap p r o a ch f o r th e c o n ­
t r o l  an d p re v e n t i o n  o f  ma l a r i a a n d  s c hi s t o s omi as is a n d  o th e r  
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w a te r - a s s o c i a t e d  d is e as es i n  t h e  G e z i r a  and R ah a d  S ch emes . 
T h i s  p ro g r am w a s  de s i gn e d  un de r t he s p o ns o r s h i p  o f  th e Wo r l d  
H e a l th O r g an i z a t io n  an d o th e r i n t e r n a t i o n a l  age n c i e s . 

Th e c o mp reh e ns i v e  s t r a te gy w i l l  make us e o f  ava i l a b l e  
me t ho d s  o f  c o n t r o l , in c l u d i n g e nv i r o nme n t al m a n a geme n t ,  b i o ­
l o g i c a l  a n d  ch em i ca l  c o n t r o l  o f  ve c t o rs , a nd ch emo th e r a p y . 
Reh ab i l i t a t i o n  and c o mp l e t io n  o f  t he w a te r  s up p ly a n d  s a n i ­
t a t i o n  me a s u r e s , s t re n g th e n i n g o f  h ea l t h  s e rv i c e s , a n d  p r omo ­
t io n  o f  c o mm u n i ty p a r t i c ip a t i o n  w i l l  a ls o  b e  imp o r t a n t  c om­
p o n e n t s , as we l l  as imp r o veme n t  o f  i r r i g a t i o n  and ag r i c ul t u r­
a l  o p e r a t i o ns a n d  p r a c t i ce s . C o n cu r re n t ly , n ew e r , mo r e  e f­
f e c t ive and e c o nomi c a l  me t ho d s  o f  co n t r o l  w il l  b e  d e v e l o p e d  
a n d  f i e l d- t e s te d . 
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MALARIA I N  I RRI GAT E D  AGRI CULTURE 

A .  M .  B a r i d i  

Ma l a r i a  i s  c o ns ide re d t h e  aaj o r  h ea l t h  p r o b l ea in the 
c o un t r y . I ts e ndeai c i t y  r ange s f ro• hy� o - endeai c i n  no r ­
the r n  S u dan t o  h o l o - e n de a i c i n  the s o u th a nd i t s c o n t r o l  i s  
g i v e n  t o p  p r i o r i ty i n  the c o un t r y ' s  h e a l t h  p r o g r aa .  

Ma l ar i a T r a ns ai s s i o n  

Ma l a r i a  t r a n s ai s s ion in the S u d an c a n  b e  d i v i d e d  i n t o  
na t u r a l  t r a ns a is s !o n  a n d  a an-aade t r an s a i s s i o n . Man . i n  h i s  
e n de avo r t o  iap r o ve h is s t an d a r d  o f  l iv in g . a l te rs t he en­
vi ronae n t by cons t r u c t i o n  o f  daas and i r r i g a t io n  c a n a l s .  
Mo de rn a g r i c u l t u re p r o d u c e s  e co l o g i c a l  ch an ge s  t h a t  f avo r 
a a l a r i a t r ans ai s i s o n  t h r o ugh : 

• I n c r e a s e d b re e d i n g  p o t e n t i a l  f o r  ao s q u i t o  ve c t o rs 
o f  a a l a r i a ; 
• A ai c r o c l i a a t e  th a t  s u p p o r t s  aa l a r i a t r an s a i s s i o n ; 
and 
• Res i s t an ce to i ns e c ti c ide s . 
B e c a u s e  o f  t he s e  f a c t o rs . aa l a r i a  t r ansai s s i o n  in i r­

r i ga te d  a r e a s  h as ch a n ge d f r o• s e as o n a l  t o  p e re nni a l . a n d  
e ndeai ci ty r an ge s f r o• ae s o - e n d eai c t o  hyp e r-e nd e a i c .  

Mo s q ui t o  B r e e d i n g  

B r e e d i ng o f  ao s q ui t o es i s  f a c i l i t a te d  i n  i r r i g a t e d  a r e as 
b y  i n cr e a s e d  w a t e r  i n  t h e  f i e l ds and i n  th e c ana l s . 

Th e We e d  F a c t o r  i n  Mo s q ui t o B r e e d ing 

We e ds g ro w i n g  i n  canals  favor a o s q ui t o b r e e d i n g  f o r th e 
f o l l ow in g  r ea s o ns : 

• Th e w a t e r  c o u r s e i s  o b s t ru c t e d . s low i ng d o wn th e 
f low and c r e a t in g s t a ana t io n r S t a a n a t i o n  i s  g re a t ­
es t i n  Ab u XXs an d ai n o r  c an a l s  and ao s q u i t o  b r ee d ­
i n g  i s  r aap an t . 
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0 D e ns e  ve g e t a t i o n  i n  t h e  c a n a l s  a nd o th e r  
b re e d i n g  s i t e s r e d u c e s  t he e f f i c i e n cy o f  t h e  
c o n t r o l  me as u r e s . The l a r v i c i de s , i n  a n  o i l  
b as e , d o  n o t s p r e a d  e ven ly o n  t h e  w a t e r  s ur ­
f ac e , ch emi c a l  s p r ay s  c a nn o t  p e ne t r a t e  t o  
th e t a r g e t , a n d  f r e e  m o v eme n t o f  a nim a l  l i f e  
i s h i n de re d , r e d u c i n g  th e e f f e c t ivene s s  o f  
la r va - e a t ing f i sh and o th e r p r e da t o rs . 

We e ds a r e  e s s e n t i a l f o r  th e b r e e d ing o f  ce r t ai n mos q ui t o  
s pe c ie s s u ch a s  Ano ph e l e s  ph a r ae ns is , whi ch c a nn o t p r o p a ­
g a t e  i n  t h e i r  ab s e n ce . Th i s  s p e c i e s  is f o un d  i n  i t a h i gh e s t 
d e ns i t i e s  i n  i r r i g a t e d a r e as , e s pe ci a l l y  i n  t he w i n te r s e as o n  
w h e n  i r r i g a t i o n  i s  a t  i t s m ax imum . How e ve r , � ·  p a r a e na i s  
i s  no t an imp o r t a n t  ve c t o r  o f  m a l a r i a i n  th e S u d an . An . 
f u ne s t us b re e d s  in  w a t e r  c o v e re d w i t h  ve ge t a t io n . Th i s  s p e ­
c i es is  mo re comm o n  i n  t he s o u th e rn p a r t  o f t h e  c o un t ry a n d  
i s  an im p o r t an t  ve c t o r  o f  ma l a ri a .  An . g amb i ae , the  p r i n ci ­
p a l  v e c t o r  o f  m a l a r i a i n  no r th e r n  S u da n ,  p re f e r s t o  b r e e d  i n  
c l e a r , s t ag nan t wa t e r . I t  i s  f o und i n  h e avy d e n s i t i e s  i n  
Ab u XXa , wh e re th e w a t e r s t ag n a t e s  a s  a re s ul t  o f  d e n s e ve g e ­
t a t io n . 

The we e d -mo s q ui t o  as s o ci a t i on i s  g r e a t e s t  b e twe e n  Ma n ­
s o n i a  a p . and w a t e r  l e t t u c e  i n  t h e  Wh i te N i le . Th e l a rva-­
b e l o n g i ng t o  t h i s  g r o up a t t a c hes i t s e l f  t o  th e r o o ts o f  
t h e s e  p l an t s  in o r d e r  t o  g e t oxy g e n . Ma ns o n i a i s  an imp o r ­
t an t  ve c t o r  o f  f i l a r i as i s .  

W e e d C o n t r o l 

Wee d s  re p r e s e n t  a p e rmane n t  p o t en t i a l  h a z a r d t o  t he n a ­
t i o na l  h e a l t h  b y  as s i s t i ng in t h e  p r o p a g a t i on o f  d i s e as e  
ve c t o r s . Th e imp o r t a n ce o f  v e g e t a t io n  c le a r a n c e  a s  a n  e n­
vi r o nme n t a l  mana gemen t mea s u r e  f o r  c o n t r o l  o f  m o s q ui t o e s  and 
s n ai l s  nee d s  t o  b e  s t re s s e d ; i r r i g a t i o n  c an a l s  and d r a i ns 
s h o u l d  b e  ke p t  f re e  o f  we e d s  a nd o t h e r  p l an t s th a t  g r ow p ro ­
f us e ly i n  t he b e ds an d b a nks . 

Co o r d i n a t i o n  b e tw e e n  i r r i g a t i o n , a g r i c ul t ur e , and  h e a l t h 
a u th o r i t ie s  i s  e s s e n t i a l  t o  a ch i ev in g th i s  p u r p o s e .  
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S T U D I E S  OF  THE C H I N E S E  GRA S S  C ARP AND I T S  E F F I C I E N C Y  A S  
A B I O L O G I CAL CONT ROL AGENT F O R  AQUAT I C  MACRO PHY T E S  

Th o mas T .  G e o r g e  

I n  th e 1 0 2 nd Annu a l  M e e t i n g  o f  th e Ame r i can F i s h e r i e s  
S o c i e t y a nd th e I n t e r n a t i o n a l  As s o c i a t i o n  o f  G ame a n d  F i s h  
Commi s s i o n  ( B o t S p r i ng s , A rk ans a s , S e p t emb e r  1 0  - 1 5 , 1 9 7 2 )  
W i l l i am M .  B a i le y , J r . p o s e d t h e  f o l l ow in g q u e s t i o n : 

" Sh o u l d  w e  c o n t inue t o  a d d  t o  th e p o l ­
l u t i o n  o f  o u r  wa t e r  w i t h  ch emi c a l s  wh i ch 
h ave , i n  s ome c as es , k n own h a r m f u l  s i d e  
e f f e c t s  o n  o u r  e nv i r o nmen t a n d  i n  o t he r 
c a s es unknown a i de  e f f e c t s , w h i c h  a c t u­
a l l y  may ki l l  t h e  maj o r  o xy g en p ro d u c e r s  
on  e a r th , o r  s h o u l d  w e  u s e  a n  a l t e rn a t i v e  
me th o d o f  a q u a t i c  w e e d  c o nt r o l , p r o v i d e d  
b y  n a t u r e , wh i ch h a s exh ib i t e d  n o  e nv i r o n ­
men t a l  h a rm ? " 

I n  f a c t ,  n a t u r e  h as p r o v i d e d  us w i t h  a h e rb i v o r o us f i sh , 
known v a r i o us l y  as th e C h i n es e g r as s c a r p , o r  the  wh i t e amur , 
( C t e n o ph a ryns o d o n  i de l l a  V al . ) , wh i c h  c o ul d  b e  u s e d a s  a 
b i o l o g i c a l  c o n t r o l  a g e n t  f o r  a q ua t i c  m a c r o ph y t e s  a s  w e l l  as 
a f o o d  f i sh . S t ud i es an d o b s e rv a t i o ns on t h e  f e e d in g  h ab i t s 
a n d  e f f i c a cy o f  th e g r a s s c a r p  in a n umb e r  o f  c o un t r i e s , i n­
c l u d i n g  Ch i n a , J a p a n , T a i w an , I s r a e l , T h a i l an d ,  Ma l ay s i a , 
I nd i a ,  P ak i s t an ,  t h e  U S S R , US A ,  UK . Rumani a ,  and H un g a ry , 
h av e  s up p o r t ed the v i ew tha t t h e  f i s h  h a s  e x c e l l en t  p o t en ­
t i a l  f o r  c o n t r o l l i n g  a q ua t i c  w e e d s . R e c e n t l y  th e g r a s s  c a r p  
h a s  a l s o b e en in t r o d u c e d  t o  S ud a n  a n d  t h e  p u r p o s e  o f  t h is 
p a p e r  is  t o  p r e s e n t  a d e t a i l e d  a c c o un t  o f  t he g r as s  c a rp and  
i t s  e f f i c i en c y  a s  a b io lo g i c a l  c o n t r o l  a g e n t f o r  a q ua t i c  
w e e d s  i n  i r r i ga t io n  c a na ls . C o mp a ri s o n  i s  a l s o m a d e  b e twe e n  
ob s e rv a t i o n s  o n  t h e  g r a s s  c a r p  in S u d a n  and re p o r t s  f r om 
o t h e r c o un t r i e s . 
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Th e C h i n e s e  G r a s s C a r p 

D i s  t r ib u t i  o n  

Th e C h in es e g r as s  c a r p , whi c h  b e l o n gs t o  t h e  f ami l y  C y ­
p r in i d a e , o r i g i n a t e d  i n  t h e  Y ang - t z e R i ve r i n  Ch i n a  a n d  i s  
a l s o  a n a t ur al inh ab i t a n t  o f  th e mi d d le and  l ow e r s e c t i o ns 
o f  t h e  Amu r  R ive r wh i ch f o rms p ar t  o f  t h e  b o un d a ry b e twe en 
Manchur i a  a n d  t h e  S o vi e t  U n i o n . Th e g ra s s  c a r p  was in t r o - ·  
d u c ed i n t o  J a p a n  i n  1 8 7 8 ,  b u t  i t  w a s  o n l y  i n  1 9 4 8  th a t  i t  
s t a r t e d  t o  b r e e d  n a t u r al ly i n  v a r i o u s  p ar t s  o f  the T o ne R i v e r 
s y s t e m , th e l o n g e s t i n  J ap an . Howe ve r ,  th e h ab i t a t  o f  t h e  
g r a s s c a r p  i s  now c on s i d e r e d  t o  b e  t h e  A s i an c o n t ine n t , whe r e  
i t  i s  w i de ly d i s t r i b u t e d f r om th e Kak u r y u  R i v e r s y s t em i n  
th e n o r t h  t o  th e r i v e r s , s t r e ams and l ak e s  o f  No r the rn V i e t ­
n am in th e s o u th (As a n o , 1 9 7 4 ) . 

E x t e r n a l  F e a t u r e s  

Th e g r a s s  c a r p  h a s  a n  e l o ng a t e d b o d y  t h a t  i s  mo de r a t e l y 
c o mp r es s e d l a t e r a l ly a n d  cove r e d  w i th un i f o rm l y  l a r g e  a n d  
h e avy s c a l es  ( n umb e r i ng 4 2  a l o n g  t h e  l a te r al l i n e ) . The b o d y  
o f  th e f i s h  i s  d a rk g r e y  t o  o l i ve o n  t o p  and s i l v e r  o n the  
b e l l y ; all  f i ns a r e  d a rk , a n d  the b a s e  o f  e a ch s c a l e  i s  d a r k  
b r own . Th e g r a s s c a r p  h as a b r o a d  h e a d  wi th a s h o r t , r o und 
s n o u t . T h e  up p e r  j aw is s l i gh t l y  l o n ge r t ha n  th e l o we r .  

I n t e r n a l  F e a t u r es a n d  B i o l o gy 

T h e  g r as s  c a rp h a s  a t o o th l e s s mo u th b u t  p o s s es s es 
s t r o ng , s p e c i a l i z e d  ph a ryn g e a l  te e t h . Th e s e t e e t h  o c c u r in 
tw o r o ws , the u p p e r  row c o ns i s t i n g  o f  tw o s ma l l  t e e t h o n  
e i th e r  s i de  and t h e  l o w e r  o ne o f  s t r o n g comb - o r  f i l e - l i k e  
t ee t h .  I n  f i s h  l e s s  than 3 0  em l o n g , t h e  l o w e r  pha r y n g e a l  
t e e t h  t e n d  t o  h ave a s e r r a t e d  c u t t in g  s u r f a c e , w h i l e  i n  
l a r g e r  f i s h , t h e  t e e t h  a r e  th i c ke r  a n d  te n d  t o  h ave a d o ub l e 
f l a t t e n e d  s e r r a t e d  c u t t i ng and r a s p i n g  e d ge t h a t  enab l es t h e  
f i s h  t o  mas t i c a t e th e l e av e s  o f  t o ugh t e r r e s t r i a l p l an t s  an d 
f ib r o us g r as s . T h e  s e r r a t e d  n a t u r e  and t he a c t i o n  o f  t h e s e 
s t r u c t u r e s mak e i t  o b v i o u s  tha t t h i s  f i s h  i s  a t y p i c a l  he r ­
b iv o r e ,  w e l l  a d a p t e d to  c u t t i n g  a n d  ma s c e r a t i n g  p l an t  ma ­
t e r i a l . 

Th e g r a s s c a r p f e e d s  mo s t l y  o n  z o o p l ank t o n  ( r o t i f e r s 
an d c r us t a c e a n s ) , un i ce l l u l a r  a l g ae , an d o c c as i on a l l y  ch i r ­
o nomi d l a rv a e  un t i l i t  i s  ab o u t  a mo n th and a h a l f o l d . I t  
b e c omes p h y to ph ag o us , f ee d i n g  p r im a r i l y  up o n  s ub me rs e d an cl 
f l o a t in g  a q u a t i c w e e ds a n d  f i l amen t o us a l g ae ( N i ck o l 1 s k i i , 
1 9 5 6 ; Kon r a d t , 1 9 6 6 )  wh e n  i t  r e a ch e s a l en g t h  o f  3 em . A c ­
t i ve f e e d i n g  b e g i n s  w h e n  t he w a t e r  t emp e r a t ure  r i s e s  ab o v e  
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1 o • c ,  b e comin g i n t en s i ve a t  t emp e ra t u re s ab o v e  l 6 ° C  and 
r e a ch i ng a n  o p t imum at  ab o u t  2 6 ° C . G r as s  c a r p  w e i gh i n g  l e s s  
than 1 . 2  kg  may e a t  s ev e r a l  t i me s  t he i r  b o dy we i g h t  in  p l a n t  
m a t e r i a l d a i ly , wh i le  l ar g e r f i s h , u n d e r f avo r ab l e  c on d i t i o n s , 
c o ns ume t h e i r  b o dy we i gh t  i n  f o o d  e a ch d ay . 

Th e d i g e s t ive t r a c t o f  th e f i s h  is s h o r t , o n l y  2 - 3 
t ime s th e b o dy l e n g th . The g u t e n z yme s a r e  l i p a s e ,  amy l as e ,  
a n d  p ro t e a s e s . B e c aus e o f a s h o r t  g u t  an d th e ab s e nc e o f  e n­
zymes f o r  ce l l u l o s e d i g e s t i o n , t h e  g r as s c a r p c o n s um e  l a r g e  
amo u n t s  o f  p l a n t  m a t e r i a l  ( H e s t a nd a n d  C a r t e r , 1 9 7 8 ) . I n  
exp e r i me n t a l  p o n d s , 5 0  k g  o f  f re s h  B y d r i l l a  w a s  c o ns u m e d  t o  
p r o d u ce 1 k g  o f  f i s h  f le sh . H oweve r , o n l y  abo u t  6 5  pe r c e n t  
i s  e ge s t e d  i n  th e f o rm o f  d e n s e  p e l l e t s  t h a t p ro v i de  " g r e e n  
manu r i n g " o f  th e w a te r . 

G ra s s c a r p  h av e  a l i f e s p a n  o f  1 2  - 1 5  y e a r s an d g r ow 
q ui ck l y . B e c a u s e  o f  t h e  s h o r te r f o o d  ch a i n ,  th ey a r e  ab l e  
t o  co nv e r t  a q ua t i c  w e e ds  in t o  f i s h  f l e s h  ve r y  e f f i ci e n t ly , 
r e s u l t i ng i n  h i gh y i e l d s . T h e y  ge n e r al l y  a t t a i n  a w e i gh t  o f  
1 k g  i n  1 y e a r , 3 k g  i n  2 y e a r s  a nd 5 k g  i n  3 y e a rs . T h e  
max imum l e n g th r e p o r t e d  f o r  a s i n g l e  s p e c iman i s  1 2 0 em , 
wi t h  a wei gh t o f  3 2  k g . O n  a d ry we i g h t b a s is , g r a s s c a r p  
f i l e t s  c o n t a i n  a p p r o x im a t e l y  80  p e r c e n t  c r u d e  p r o t e i n  ( 1 8  
p e r c e n t  o n  a we t w e i gh t  b as i s ) , m ak i n g  t h e m  a n  e x ce l l en t  
s o u r c e  o f  h i gh - q ua l i t y  p r o t e i n . T h e  f l es h  i s  w h i t e , f i rm ,  
f l ak y , a n d  no n- o i ly ( B a i l e y , 1 9 7 2 ) . 

G r a s s c a r p  a re ve ry a c t i ve . T h ey t o l e r a t e  s l i gh t ly 
b r a ck i sh w a t e r  a n d  c an r e s is t th e e f f e c t s  o f  l o w  o xy g e n  te n­
s io n  a n d  r es t r i c t e d s p a c e . 

I n  i t s n a t u r a l  h ab i t a t  i n  C h in a , th e g r a s s  c a r p  r e a ch 
s exu a l  m a t u r i t y  i n  3 - 4 y e a r s a n d  we i g h t  3 . 6  t o  5 . 9 k g  
( L i n , 1 9 3 5 ; Ch e n  a n d  L i n , 1 9 3 5 ) . I n  E ur o p e  ma t u r i ty i s  
r e a ch e d  i n  4 - 7 y ea rs , a n d  i n  t he Mo s c ow a r e a a t  1 0  y e a r s 
o f  age  ( W o y n a r o v i c h , 1 9 6 9 ) . Ma l es m a t u r e  o n e  y e a r  e a r l i e r 
th an f e m a le s . I n ab a , !! �� ( 1 9 57 )  e s t ima t ed 4 8 5 , 0 0 0  e g g s  
i n  a g r a s s  c a r p  8 8  em l o n g  a n d  we i gh i n g  7 . 1 k g . 

Th e g r as s  c a r p  d o  n o t s p awn o u t s i d e  t he i r  n a t i v e  r an g e  
t ho u gh t h i s h as o n ly o c c u r r e d i n  T a iwan a n d  J a p a n  ( T a n g , 
1 9 6 0 ; Ku r o muma , 1 9 5 4 ) . N a t u r a l  s p aw ni n g  o c cu r s f r om May t o  
Aug u s t a n d  i s  i n f l ue n c e d  b y  t emp e r a t u r e  ( 2 5 °  - 3 0 ° C )  a n d  
f l u c t u a t i n g  wa t e r  l e ve l s  ( 6 0  e m  - 1 . 2  m )  o v e r no rma l l e ve l  
( I nab a , � a l . ,  1 9 5 7 ) . T h e  s p awn ing a c t i v i ty i s  c a r r i e d  o u t  
b y  a g r o up o f  s e ve r a l  m a l e s  an d f em a l es . Th e e g gs a r e  r e ­
le a s e d  i n  t h e  c ur re n t  i n  tw o t o  t h r e e  s t a g e s , w i t h  t h e  l ar g ­
es t vo l ume r e le as e d  in  th e f i r s t r o u n d  and a r e  imme d i a te l y  
f e r t i l i z e d  b y  th e ma l e s . D e v e l o pme n t  o c c u rs a s  th e s em i ­
b o uy an t  e g g s  f l o a t  d own s t r e am w i t h  t h e  c u r re n t . 

T he e g g s  a r e  o f  a ch a r a c t e r i s t i c  y el l o w  a n d  d e e p  g o l de n­
b rown c o l o r . T h e  d i ame te r  o f  t he e g g i s  1 . 5  mm wh en i t  i s  
l a i d , b u t  a f t e r  ab s o rb ing w a t e r  i t  sw e l l s  t o  ab o u t  5 mm . 
O n e  h o u r  a f t e r  f e r t i l i z a t i o n , e g g  d i vi s i o n  t a ke s  p l ace ; b y  
1 8  h o u rs th e eye s be c o me v i s ib l e ,  and h a t ch i n g  c omme n ce s 
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a f te r  ab o u t  3 2  - 4 0  h o ur s  a t  a w a te r  t e mp e r a t u r e  o f  2 7 °  -
2 9 ° C (N i ck o l ' s ki i ,  1 9 5 6 ) . As me n t i o ne d , th e e g g s  a r e  s emi ­
b o uy a n t  and wh e n  a r t i f i c a l l y  i n c ub a te d , th e y  mus t b e  a g i t a t e d  
o r  e l s e t he f i s h  d i e b e f o r e h a t c h i ng o r b e c om e  de f o rm e d  and 
d i e s oo n  a f t e r  h a t ch i n g  ( B a i l ey , 1 9 7 2 ) . 

I n t r o du c t i o n  o f  th e G r as s  C a r p  i n t o  S u d an 

Be f o r e d e c i d i n g  to i n t r o d u c e  th e g r a s s c a r p  i n t o  S ud a n , 
the F i s he r i es Re s e a r ch C en t e r  ob j e c t iv e l y  d e t e rmin e d : 

• T h a t the r e  i s  a r e a l  nee d f o r  th e p r o p o s e d i n t r o ­
d uc t i o n ; a n d  
• T h a t the g r a s s c a rp w o u l d  h ave a d es i r ab l e  e c o ­
l o g i c a l  a n d  e c o n o mi c i mp a c t  ( Ge o r g e , 1 9 7 5 a ) .  
J u s t i f i c a t i o n  f o r  i n t r o d u c i n g  t h e  g r a s s  c a r p  i n t o  S ud an 

i n c l u d e s  t h e  n e e d  f o r n ew s o u r c e s o f  p r o t e i n  and f o r c o n t r o l ­
l in g  a q ua t i c  we e d s  i n  n a t i o n a l  wa t e rway s . Th es e  n e e ds a r e  
d i s c us s e d  b e l o w . 

P o ly c u l t ur e  

F i s h  cu l t ur e  o r  f r e s hw a t e r  a q u a c u l t u r e  f o r  i n c r e as i n g  
a ni m a l  p ro t e in s t a r t e d  i n  1 9 5 3  a t  the E x p e r imen t a l  F i s h  F a rm 
a t  S h a g a r r a  u s i ng a s i n g l e  i n d i g e no us  s p e c i es , S a r o t h e r a d o n 
n i l o t i c us ( T i l ap i a ) . I n  s u ch a mo no - c u l t ur e  s y s t em ,  t he p r o ­
d u c t i o n  of f is h  p e r  h e c t a r e  i s  r a th e r  l o w . B u t  t h e  e f f i c i e n ­
cy c a n  b e  i n c r e as e d  b y  a p p l y i n g  t o  t h e  p o nd m i c r o c o s m  th e 
s c i e n c e  o f  e c o l o gy . A d r ama t i c  i n c r e as e in y ie l d  c an b e  o b ­
t a ine d t h r o ug h  p o ly c u l t u r e , t h e  r e a r i n g  o f  s e v e r a l  s p e e ie s  
no t n a t u r a l l y co mp e t i t i ve , t o  make mo r e  e f f i c i en t  us e o f  t h e  
t o t a l  p o nd e nv i r o nmen t . I n  p o l y c u l t u re , a b o dy o f  w a t e r  i s  
c on s i de re d a th r e e - di mens io n a l  g r ow i n g  s p a c e  p r o d u c i n g  a 
n umb e r  o f  d i f f e r e n t  f i sh f o o d  o r g ani sms s o  th a t  s t o ck i n g  
s in g l e  s p e c ie s  o f  f i s h  was t e s  n o t o nl y  s p a c e , b u t  f o o d  ( B a r ­
d ach , e t  a l . ,  1 9 7 2 ) . Thu s . b y  in t r o d u c i n g  t h e  g r a s s  c a r p  a n d  
c u l t u r i ng� t  a l o n g w i t h o th e r  o mn ive ro us s p e ci e s  and / o r  b o t ­
t o m  f ee d e r s  l ik e  t he c o mmo n c a rp , t he r e  w i l l  b e  a s �v i n g  i n  
f ee d  as w e l l  a s  s p a ce , a l o n g w i t h  a n  i n c r e as e  in p ro d u c t i o n  
o f  a n i ma l p r o t e i n in a g i ve n  a re a  th a t  m ake s t he o p e r a t i o n 
e c o n o m i c a l  ( Ge o r g e , 1 9 7 4  Unp ub l . ) . 

Aq ua t i c  We e d  a n d  H e a l th P r ob l ems i n  Mi no r C an a l s , " H a f f i rs , '' 
a nd F i s h  P o n d s  

T h e  de ve l o p men t o f  a g r i c ul t u r e  i n  any c o u n t r y  i s  a f un c ­
t i o n  o f  t h e  avai l ab i l i t y  o f  w a t e r .  A s  w a t e r  c h a nn e l s  a r e  
c r e a t e d  t o  p r o v i d e  t h i s wa t e r ,  t h e  a r ea o f f e r e d t o  g r ow t h o f  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A q u a t i c  W e e d  M a n a g e m e n t :   I n t e g r a t e d  C o n t r o l  T e c h n i q u e s  f o r  t h e  G e z i r a  I r r i g a t i o n  S c h e m e
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aq u a t i c  we e d s  i n c r e as e s . Th e r e s u l t  i n  S u d a n  h a s b e en aq u a ­
t i c we e d  and r e l a t e d  h e a l th p rob l e ms . 

T h e  m i n o r c an a l s  o f  G e z i r a  ( 3 , 8 5 6  k m ) , Man a g i l  ( 3 , 9 5 8  
km ) , A g r i c u l t u r a l  Re f o rm ( 1 , 2 8 8  km) , N e w  H a l f a  ( 1 , 3 3 1  k m ) , 
S uk i  ( 3 1 1  km) , T amb u l -G u n i e d ( 30 4  km ) , We s t  S enn a r  ( 1 1 7  km) , 
a n d  Ab u N a ama ( 8 5 k m )  p r o v i d e  g o o d  c o nd i t i o n s  f o r  m a c r o ­
p hy t i c  a q ua t i c we e d  g ro w t h  b e c au s e th e i r  c o n s t r u c t i o n , d e ­
s i g n ,  a n d  s l u g g i s h  f lo w  mak e t he m p r a c t i c a l ly s t a gnan t p o o l s . 
Th e s e  c a na l s  a r e  t h us h e a v i l y  i n f es t e d  b y p l a n t s  an c ho r e d  i n  
th e m u d , s u c h  as P o t amo ge t o n  p e r i o l i a tus  L . , �· n o do s u s P o i r ; 
P .  c r i s p us L . ; P .  p e c t i n a t u s  L . ; Ch a r a  g l ob u l a r i s  Th i l l i e r ; 
N aj a s  p e c t i n a t a  ( P ar l . )  M a g n u s ; and O t e l l i a a l i s mo i de s  ( L . )  
P e r s . , and t h o s e i nh ab i t in g  t h e  c an a l  b a nks ( s u ch a s  P ani c um 
r e p e n s  L . , Cype r u s  r o t un d u s  L . , a n d  I p o m e a  r ep e n s  P o i r . 
( Be sh i r , 1 9 7 8 ) . A s  a re s u l t ,  th e f o l low i n g  p r ob l ems exi s t :  

0 Th e aq u a t i c w e e ds a c c e l e r a te t h e s i l t i n g  o f  th e 
m i n o r s  as  w e l l  as  s l o w�n g wa t e r  f l o w ;  
0 Th e w e e ds and f o l i a t e b re ak in g  t h e  wa te r s u r f a c e  
e nh an ce mos q ui t o  b r e e d in g  b y  p r o te c t i n g  t h e  l ar v ae 
f r o m  w ave a c t io n  and l a rvi v o re f i sh , t h u s  i n t e r f e r ­
i n g  w i th mo s q u i t o c o n t ro l  p ro c e d u r e s ; a n d  
0 Aq u a t i c  we e d s h a rb o r  t h e  ve c t o r  s n ai l s  B u l i n u s  
a n d  B i omph a l a r i a  o f  S c hi s t i s oma , wh i ch f i nd adm i r ­
ab l e s h e l te re d  h ab i t a t s w i t h  r i ch s up p l i e s  o f f o o d  
a n d  s u r f a c e s  s ui t ab l e  f o r  o v i p o s i t i o n . 
S i mi l a r  p r o b l ems o c cu r  i n  t h e h a f f i r s ,  wh i c h  i n  w e s t e r n  

S ud an a r e  us e d  f o r  s t o r a g e  o f  d r ink i n g  w a t e r . 
Ano the r t y pe o f  we e d  o c cu r r i n g  i n  f i s h  p o n d s  i s  the  a l ­

g a l  b l o oms . Th e s e  us ua l l y  re n d e r w a t e r s  th i ck g r e e n  o r  b l u e­
g re e n  in c o l o r  and o f te n  c a u s e  q u i cke r a n d  mo r e  d r as t i c  c a ­
l ama t ie s  th a n  o th e r aq u a t i c w ee d s . Ro t t i ng a l g a e  c aus e 
o x y g e n  de p l e t i o n  and a c c umu l a t i o n  o f  t o x i ns i n  th e w a t e r , 
c on d i t i o n s  whi c h  t o g e t h e r b r in g  ab o u t  mas s m o r t a l i ty o f  aq u a ­
t i c  l i f e  ( R amach and r an an d  Ramo p r o bh o , 1 9 6 8 ) . 

Th e G o ve rnmen t s p ends a g r e a t  d e a l  o f  m o n ey a n n u a l ly i n  
man u al r emo va l o f  a q ua t i c w e e d s  and e r a d i c a t i o n  o f  m o s q u i t o  
l arvae an d b i lh a r z i a  ve c t o r  s n a i l s . T h e  F i s h e r i e s Res e a r c h  
C en te r , r e c o g n i z i n g  t he s e  n a t i o n a l  p ro b l ems , r e c omme nde d t h e  
i n t r o d u c t i on o f  g r as s c a rp in t o  S u d an .  

P e s t i c i de s  a n d  P o l l u t i o n  P r ob l e ms i n  t he M i n o r  C an a l s  

D ue t o  a p p l i c a t io n  o f  D D T  a nd D i e l d r i n , An o ph e l e s g am ­
b i a e , t h e  p r i n c i p a l mal a r i a  ve c t o r i n  th e S u d a n , h as d ev e l ­
o p e d  d o ub l e  re s i s t a nc e t o  the s e  ch l o r i n a t e d  hy d r o c a rb o n i n ­
s e c t i ci d e s . C o ns e q ue n t ly , t he o r g a n o p ho s ph o ro us c o mp o u nd 
Ab a t e  was  i n t r od u c e d a s  an a l t e rna t i ve l a r v i c i d e  i n  th e G e ­
z i r a  c an a l s  ( Ab d e l  N o u r , 19 7 2 ; H a ri di , � a l . , 1 9 7 3 ) . 
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U n t i l  v e ry r e c e n t l y , c o p p e r  s u l f a t e  w a s  u s ed  a t  a c o n ­
c e n t r a t i o n  o f  3 0  p p m , f o l l o wed b y  c o n t i n u o u s  a p p l i c a t i o n  a t  
0 . 1 2 5  p p m  t o  c r e a t e  a c h em i c a l b a r r i e r  ( S h a r a f  a nd E l  N o u r , 
1 9 5 5 ; E l  N a g ar , 1 9 5 8 ; Ami n , 1 9 7 2 a ) .  T r i a l s  we r e  u n d e r t aken 
f o r  r e p l a c i n g  c o p p e r  s u l f a t e  b y  N - t r i t y lmo r p h o l i n e  ( Fr e s c o n )  
ap p l i e d  a t  a d o s e  o f  0 . 0 4 5  p p m  ( Am i n , 1 9 7 2b ) .  I nv e s t i g a t i o n s  
ind i c a t e d  th a t  F r e s c o n c a u s e s  a c u t e o xy g e n  d e p l e t i o n  i n  
w a t e r , r e s u l t in g  i n  h e a vy f i s h  mo r t a l i t i es ( E l  Mo gh r a b y , 
1 9 6 8  Unp ub l . ) . A c r i t i c a l  a p p r a i s a l  o f  t h e  wa t e r  p o l l u t i o n  
p r o b l em i n  t h e  G e z i r a  c an a l s , wi t h  p ar t i c u l a r  r e f e re n c e  t o  
a q u a c u l t u r e , i s  g i v e n  b y Ge o r g e  ( 1 9 7 6 ) . Th e s t a t u s o f  p o l­
l u t i o n  i n  t he S u d an , i t s c o n t r o l , a n d  t he p ro t e c t i on o f  th e 
l i v i ng r e s o u r c e s  i s  g i ve n  b y  Ge o r R e  an d E l  Mo gh r ab y  ( 1 9 7 8 ) . 

Th e F i s h e r i es Re s e a r ch C e n te r , r e c o g n i z in g t h i s  s i t u a ­
t i o n , b aa b e e n  f a c e d  b y  t h e  d i f f i c u l t and p e rp l exi n g  q u e s ­
t i o n  o f  h ow t h e  aq u a t i c  w ee ds  m a y  b e  r emo ved a t  a c o a t th a t  
th e p o p u l a t i o n  o f  a d e v e l o p i ng c o un t r y  c an a f f o r d  and t h a t  
w i l l  n o t  h a ve h a z a r d o us e f f e c t s  o n  th e e nv i r onmen t . T h e  r e ­
p l y t o  th i s  q ue s t i o n ,  b aa e d o n  i nv e s t i g a t i o n , w a s  " I n t r o d u c e  
t h e  g r as s  c a r p i "  ( G eo r g e , 1 9 7 5 a ) .  

I n t r o d u c t i o n  o f  t he G r as s C a r p  

A h i s t o ry o f  th e i n t r o d u c t i o n o f  th e g r a s s  c a rp i n t o  
S udan , i n c l u d in g  t h e  r e s u l t s , f o l lows . 

T h e  E xpe r ime n t al F i s h F a rm ,  S h as a r r a . T h e  Mi n i s t e r o f  
S t a t e f o r  A g r i c ul t u r e ,  F o o d , and N a t u r a l  Re s o u r c e s  g r an t e d  
th e F is h e r i es Re s e a r ch C e n t e r g o v e r nm e n t p e rm i s s i o n  t o  i n t r o ­
d u c e  in t o  S ud a n  two ex o t i c  s p e c ie s , £ .  i d e l l a  ( V a l . )  a n d  c .  
c a rpi o L .  Th e G o ve rnm e n t o f  I ndi a p r e s e n te d  t o  t he G o v e rn­
men t  o f  S u dan a g i f t  c o n s i g nm e n t  o f  th e tw o s p e c i e s . 

On 1 s t J a n u a ry , 1 9 7 5 , 1 0 , 0 0 0  f i n g e r l i n g s o f g r a s s c a r p  
r an g in g  i n  s i z e  a n d  w e i gh t  b e tw e e n 3 . 3  - 4 . 7  e m  a n d  0 . 4 -
1 •. 4 g a r r iv e d a t  Kh a r t oum a i r p o r t  f r om C a l c u t t a . Th e  e n t i r e  
co ns i g nm en t was p u t  i n  f i f t y  t i n s , e a ch c o n t a in i n g  a p o l y ­
th ane b a g , a l i t t l e  w a t e r , a n d  t he f in g e r l i ngs .  B e f o r e b e ­
i n g  i n t r o d u c e d i n t o  th e f i sh p o nd s , th e f i n ge r l i n g s  we re a c ­
c l i ma t i z e d  t o  c o nd i t i o n s  i n  S ud a n  b y a d d i n g  N i l e  w a t e r a t  a 
t emp e r a t u r e  s i m i l a r  t o  t ha t  i n  th e p o l y t he n e  b a g ,  t he n  g i v e n  
a b a th i n  a c c r i v l avin as a h y g e ni c me as u r e . Fo r tw o mo n t hs 
t h e  f i s h  w e re f e d o n  r i c e  b r an and o i l c ak e  ( G e o r g e , 1 9 7 5b , 
c , 1 9 7 6 b ) .  

Th e Mi n o r  C ana ls  o f  G e z i r a . I n  N o v emb e r  1 9 7 5 , th e Wo rk­
s h o p  on t h e  Mana g emen t a nd U t i l i z a t io n  o f  Aq ua t i c  We e d s in 
th e S ud an a n d  t he N i l e  B a s in , s p o n s o re d  j o i n t l y by the N a ­
t i o n a l  C o un c i l f o r  Re s e a r ch a n d  t h e  u . s .  N a t i o n a l  A c a d emy o f  
S ci e n ce s , f o rmu l a t e d  t h e  f o l l owi n g  re c omm end a t i o n : 
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11 Re c omm e nd a t i on a - -He rb i vo r o us F i s h  
Many c o un t r ie s , es p e c i a l l y  i n  A s i a  and 

E u r o p e , a r e  now b e g in n i n g to  us e th e g r as s 
c a rp , C .  i d e l l a , t o  c l e a r  s ub me r s e d we e d s 
f r om cana l s . Th i s f i s h c o nve r t s  th e w e e d s  
d i r e c t l y i n t o  h i gh l y  n u t r i t i o u s f o o d  t h a t  
i s  w e l l  l ik e d , f o r  i t s  f le sh i s  s o  d e l i ­
c i o us t h a t i t  i s  r ank e d  amo ng t he t op b es t  
t as t i n g  f i s h  in t h e  U n i t e d  S t a te s . A f t e r  
the f is h ' s  f i r s t w e ek o f  l i f e , t h e  g r as s  
c a r p  e a t s  o n ly p l an ts . I t  e a t s  s ub me rs e d 
w e e d s  o f  t h e t y p e t h a t  a r e  s o  t r o ub l e s ome 
i n  · c a n a l s  in t he G e z i r a  and E g y p t . I t  w i l l  
n ib b l e  o n  wa t e r  h y a c i n th b u t  a f f e c t s  t h e  
p l an t l i t t l e . I n  th e S t a t e o f  A r k an s a s , 
U S A , wh o s e  w a t e rs f o rm e r l y  w e r e  ch o k e d  wi th 
we e d s , th e f i s h  h as b ee n  w ide l y  re l e as e d  
d u r i n g  the p as t  f o u r  y e a r s . T o d a y , t he 
S t a te i s  r ep o r t e d  t o  h ave no s ub me r s e d  we e d  
p r o b l e m  w h a t e ve r . 

S ci en t i s t s  i n  b o t h t h e  S u dan a n d  E g yp t 
h a ve a l r e ady i n t r o d u ce d  f i n g e r l i n g s  o f  t h i s 
f is h .  

Th e w o r ks h o p r e c o mme n d s  th a t  t r i a l s  
l e a d in g  t o  r e l ea s in g  t he f i sh i n t o  ap p r o ­
p r i a t e c a n a l s  b e  u n de r t ak e n  r a p i d l y . 11 

Th i s  re c omme nd a t i o n  c onv i n c e d  th e t e ch n i c a l commi t t ee 
of th e F i s h e r i e s  Re s e a r ch Ce n t e r to p e rm i t  t h e  i n t r o d u c t i o n  
o f  th e g r as s  c a rp i n t o  o n e  o f  th e m i n o r  c an a l s  i n  t h e  G e z i r a . 

Th e g r as s c a r p  w e r e  i n t r o d u c e d  o n  th re e di f f e r en t  o c­
c a s i o n s  s o  th a t  i f  mo r t a l i t y  o c c u r r e d , t h e  l o s s  w o u l d  no t b e  
g r e a t . Ma le c ommo n  c a r p  w e re a l s o  in t r o d u ce d  t o  s e e i f  
b r e e d i ng w o u l d  t a k e  p l a c e ; i t  d i d n o t . Th e f o l l ow i ng t ab l e  
g i v e s  an a c c o un t  o f  t he f i sh i n t r o d u c e d . 

Av . T o t a l  Av . W e i gh t  
D a t e  S 2e c ie s  N umb e r  L en s t h  � em} � s l  

Ma r ch 3 ,  1 9 7 7  g r a s s  c a r p  3 4  2 9  2 0 0  
mi n o r c a r p  5 1  

May 2 1 , 1 9 7 7  g r as s c a r p  5 2  3 2  2 5 0 
J u ly 1 0 , 1 9 7 7  g r a s s  c a r p  2 5  2 7 . 4  1 7 0  

s c a l e  c a r p  1 7  

Wi r e  m e s h  w a s  f i x e d  o n  t h e  wa t e r  p i p e s  a t  two c o n c r e t e  
b r i dg e s  aao u t  5 0 0  m e t e r s ap ar t a l o n g  t h e  mi n o r  c ana l ( S o r i b a ) ,  
t o  c o n t a i n  t h e  f i s h . Th e g r a s s  c a r p  ( 3 4 f i s h )  a nd ma l e  m i n o r 
c a r p  ( 5 7  f i s h )  w e r e  i n t ro d u c e d  o n  Ma r c h  3 , 1 9 7 7  i n  t h i s a r ea . 
I n  th e b e g i nni n g  o f  May 1 9 7 7  tw o w i r e  m e s h  p a r t i t i o ns , e n ­
c l o s i n g  a d i s t an c e  o f  3 2  me t e r s , w e r e  f ix e d  i n  th e s am e  c a n a l  
a n d  o n  May 2 1 , 5 2  g r as s  c a r p  w e r e  i n t r o d u c e d  i n  t h is ar e a ;  o n  
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J u l y  1 0 , 1 7 ma l e  s e a l e  e ar p  w e r e  in t r o d u c e d  i n  th e s ame a r e a 
and 2 5  g r as s e a rp w e r e  s t o c k e d  i n  o t he r p o r t io n s  o f  th e c an a l  
e x t e n d i n g  s o u th o f  t he w i r e  m e s h  a n d  t h e  c o n c r e te b r i d g e , a 
d i s t a n c e  o f  1 1 3  m e t e r s . Th e f i s h  w e r e  t r an s p o r t e d  b y  e a r  i n  
t i n s  w i t h  a p o l y th e ne b ag c o n t a i n i n g  wa te r and i n  a l a r g e  
b ar r e l . Be f o r e  th e f i s h  w e r e  r e l e a s e d  i n t o  t he m i n o r c an a l , 
th ey w e re g i ve n  a b a t h  o f  a e e r i v l avi n s o l u t i o n . 

A f i s h  p o nd w a s  a l s o d u g  a n d  d u r i n g  A u g u s t ab o u t  2 5  g r as s 
e a r p  w e re r e mo ve d  f r o m  th e m in o r  c a n a l i n t o  t h i s  p o nd f o r  ob ­
s e r v a t i o n  o f  t he i r  m a t u r e  s t a t e  ( Ge o r g e  and B ab i k e r , 1 9 7 7 U n­
p ub l . ) . 

Re s e a r c h  Ob j e c t i v e s . Th e b a s i c  ob j e c t i ve s  o f  t he re ­
s e a r c h  p r o g r am o n  t h e g r a s s  e a r p  a t  th e E x p e r imen t a l  F i sh 
F arm a n d  i n  t h e  G e z i r a a re as f o l l ows : 

• T o  c o n d u c t  s t ud i e s  o n  t h e  c ompa t i b i l i ty and c o m ­
pe t i t i o n  o f  t h e  g r a s s  e a rp  a n d  o th er i n d i g e n o u s  
s p e c i e s  i n  f is h  p o nd s  a n d  i n  c a na l s ; 
• T o  as s e s s t h e  e f f i c i en cy o f  g r a s s  e a r p  i n  e o n­
t r o l l i n g  a q ua t i c  we e d s  i n  t h e  c an a l s ,  w i th a vi ew 
t o  i mp r o v in g  the r a t e  o f  f lo w  a n d  to a s s i s t i n d i ­
re c t l y  i n  th e c o n t r o l  o f  ve c t o r s n ai ls o f  b i l h a r ­
z i a ; 
• T o  d e t e rm i n e  i f  t h e  p r es e n t  l eve l o f  p o l l u t i o n  
o f  t h e  G e z i r a  mi n o r  c a n a l  wi t h  p es t i c i d e s i s  w i th ­
i n  t o l e r ab l e l i mi ts t o  t h e  e a r p ; 
• T o  d e t e r mi n e  i f  t h e  g r a s s  e ar p  r e p r o du ce s  in  
p o n d s  an d mi no r c a n a l s ;  and  
• T o  de te rmi n e  the  e f f e c t  o f  g r a s s e a r p  on  p l a nk ­
t o n  a n d  w a t e r q u a l i t y . 

Res u l t s  o f  G r as s C a r p  I n t ro d u c t i o n 

A c c l i m a t i z a t i o n  

A l t h o ug h  th e g r as s e a r p  i s  n a t i v e  t o  t h e  r i v e r s  o f  Ch i n a , 
M a n ch u r i a  a n d  S i b e r i a  w h i ch f low i n t o  t h e  P a c i f i c O c e a n  f r o m  
l a� i t ude s 5 0 °  N t o  2 3 ° N ,  i t  h as a c c l i ma t i z e d  w e l l  i n  t he w a r m  
t r o p i ca l  w a t e r s  o f  S ud a n , b o t h  i n  t h e  p o n ds o f  t h e  E x p e r i me n­
tal F i s h  F a rm a n d  the m i n o r c a n a l s o f th e Ge z i r a  i r r i g a t i o n  
s y s t e m  a t  W a d  Me d a ni . 

C o n t r o l  o f  A q ua t i c  M a c r o ph y t e s 

S i n ce th e i n t r o d u c t io n  o f  the  g r as s e a r p , r e s e a r ch h a s  
b e e n  i n  p r o g r e s s  t o  e v a l u a t e  i t s  e f f i c i e n c y  i n  c o n t r o l l in g  
a q ua t i c  ma c r o p hy te s . I nv e s t i g a t i o n s  c a r r i e d o u t  a n d  th e r e­
s u l t s o b t a i n e d  a r e  b r i e f ly o u t l i n e d  b e l o w . 

Wh e n  t h e  g r a s s  e a rp w a s  i n t r o d u c e d  i n t o  t he m i no r  c a ­
n a l , t h e r e  wa s a h e avy i n f e s t a t i o n  o f  a q ua t i c  we ed s , m a i n l y  
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P o t amo s e t o n  s p p . Ove r  a p e r i o d  o f  ab o u t  a mon th , a r em a r k ­
ab l e  r e d u c t i on o f  a q u a t i c  ma c r o phy t e s  o c c u r r e d . Th i s  d i d  
no t h ap p e n  i n  t h e  a d j a c e n t  s e c t i o n  o f  th e c a n a l  w i th o u t  g r as s 
c a r p . The v e c t o r  s n a i l s  o f  b i l h a r z i a  ( B u l i m u s  and B i omph a l ­
a r i a ) , w h i c h  a dh er e  mo s t ly t o  t he l e a v e s  o f  w e e d s  ( 8 4 p e r ­
c en t  o n  l eaves , 1 6  p e r c e n t o n  s t em )  w e r e  e a t en a l o n g  wi th 
th e  l eaves . As t h e g r as s c a r p  c o n t in ue d  t o  f e e d , t h e l e av e s  
w e r e  n ip p ed o f f wh i l e th e s t ems f lo a t e d . Wh e n  2 5 0 f l o a t i n g  
s t ems w e r e  exami n e d f o r  s na i l s , o n l y  2 3  s n a i l s  w e r e  r e c o r d e d ; 
2 5 0  s t e ms w i t h  a t t a ch e d l e a v e s  w o u l d n o rma l l y  c o n t a in n o t 
l e s s th an S O O  s na i l s . F u r th e r , t h e  f l o a t i n g  s t ems w e r e  e a t e n 
l a t e r  whe n  th e l e a f y  p l an t  m a t e r i a l  w a s  d e p l e t e d . 

As a l r e a d y  men t i o ne d , m a l e  c o mmo n c a r p  w e r e  i n t r o d u c e d  
a l o n g  w i t h  t h e  g r a s s c a r p  t o  s ee i f  b r e e d i n g  w o u l d  t ak e  p l a c e . 
A l s o , th e commo n c a r p  h a s  a s ub t e rm in a l  m o u th w i th p r o j e c t a­
b l e  l i p s  a nd b a rb l e s  t o  f e e l  a b o u t  t h e b o t t o m . I t  i s  t h u s  
a d a p t e d  t o  g r a s p i n g , r o o t i n g , a nd p u l l in g  u p  t h e  v e g e t a t i on , 
t h e r e b y  mud d y i n g t he p o n d . U n l ik e  t h e  c o mmo n c a r p , t h e  g r as s 
c a rp f e e d s  f r o m  th e t o p  d ownw a r d  " mo w i n g '' o f f  t h e  ve g e t a t i o n  
r a t h e r  t h an r o o t in g  i t  u p  and m u d d y i n g  t h e  b o t t om .  T h e ob ­
j ec t iv e  o f  t h is o p e r a t i o n  w a s  f o r  t h e  c ommo n c ar p  t o  r o i l  t h e  
b o t t o m  m u d  w i t h  t h e  r e s ul t i n g  muddy w a t e rs p re v e n t i n g  s ub ­
me r g e d  a q u a t i c we e d  g r o w t h  b y  s h a d i n g ; a q u a t i c  wee d s  we re 
th e n  i n t r o d u c e d  d a i ly f r om o th e r  a r e a s  to f e e d  the g r as s  c a r p  
i n  t h e  c on f in ed e x p e r i me n t a l  a r e a . I t  w a s  a l s o  o u r  i n t e n t i o n  
t o  inv e s t i g a t e  w he th e r  th e mu d d y i n g  p r o d u c e d  by t h e  c o mm o n  
c a r p  h a s  any e f f e c t  i n  r e d u c i n g  ve c t o r  s n a i l s . T ry o n  ( 1 9 5 4 )  
and Th re i n e n  a n d  Ho lms ( 1 9 3 4 )  a t t r ib u t e d  w e e d  c o n t r o l  b y  th e 
c ommo n c a r p  t o  t he m u d d y i n g  o f  w a t e r s  b y  i t s  f e e d i n g  h ab i t s . 
U s e  o f  th i s  s p e c i e s  t o  c o n t r o l  f i l ame n t o u s  a l g a e , e s p e c i a l ly 
P i th o ph o r a  s p . ,  w a s  r e p o r t e d b y  S w i n g l e  ( 1 9 5 7 ) , G r i z z o l l  a n d  
N e e l y ( 1 9 6 2 ) , and S h e l l  ( 1 9 6 2 ) , a n d  Ava u l t  ( 1 9 6 5 ) . 

I n  th e p o n d s  o f  t h e Exp e r im en t a l  F i s h  F a rm a t  S h a g a r r a , 
th e g r a s s  c a r p  h a s  b e e n o b s e rv e d  t o  c o ns ume a da i l y va r i e ty 
o f  a q u a t i c w e e d s  r e g a r d l es s  o f  t h e  f a c t  th a t  c omm e r c i a l  f is h  
f o o d  was a l s o  a d d e d t o  t he p o n d . B a i l e y  ( p r i va t e  c o mmun i c a ­
t io n , 1 9 7 2 ) s t o ck e d  g r a s s  c a r p  in a p o n d  wh e r e  p o ndw e e d s  
( P� t amo s e t o n s p p ) , c o o n t a i l ( C e r a t ophy l l um d eme rs um ) , d u ck­
w e e d  ( L emna s p p . ) ,  P i t h oph o r a , and Ch a r a  w e r e  g r o w i n g .  Al l 
t h es e  w e e d s  w e r e  r e a d i l y c o ns um e d  i n  a d e f in i t e  o rde r o f  s e ­
l e c t i o n , a n d  a f t e r  th e mo r e  s u c c u l e n t  s ub me r s e d  w ee d s w e r e  
d e s t ro y ed , t h e f i s h  w a s  ob s e rv e d  l ea p i n g h a l f w a y  o u t  o f  th e 
w a t e r  t o  r e a ch l eave s o f  s m a r twe e d  ( P o ly g o n um f l u i t a ns ) an d 
s e ve r a l  o t h e r  t e r r es t r i a l  p l an t s . S o me t r i a l s o n  we e d  p r e f ­
e r e n c e  o f  g r a s s c a r p  w e r e u n d e r t ak e n . I t  h a s b e e n  o b s e rv e d  
t h a t P .  p e c t i n a t us i s  p r e fe r r e d  t o  P .  modo s u s , ( G e o r g e  and 
Bab i k e r ,  1 9 7 7  U np ub l . ) . 
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C omp a t ib i l i t y a n d  C o mp l e t i o n  

T h e  g r a s s c a r p  d i d n o t s h ow any a g g r e s s i ve b e h avi o r  t o ­
wa r d  t h e  i nd i g e n o u s  o r  e xo t i c s p e c i e s  a n d  g r o w t h  r a t e s  w e r e  
n o rmal f o r a l l  f i s h . F u r th e rmo r e , t he f e c a l  m a t t e r a c t s  a s  
" g r e e n  man u r i n g "  o f  t he w a t e r  b o dy , t h u s i nc r ea s i n g  t h e  vo l ­
ume o f  n a t u r a l  f o od f o r  o t h e r  s p e c i e s . 

I n  a p o nd a t  t h e  Exp e r ime n t a l  F i s h F a rm wh e re g r as s 
c a r p  i s  c u l t u r ed w i t h c o mmon e a rp , i t  w a s o b s e rv e d  t ha t  t h e  
l a t t e r  r e a c h e d  a s i z e o f  7 3  e m  a n d  a w e i gh t  o f  6 . 1  k g  i n  
t h r e e  y ea r s ' t im e . N i ko l ' S k U  a n d  V e r i g i n  ( 1 9 6 8 )  o b s e r v e d  
t h a t h e rb iv o r o u s  f i s h  h a v e  i n c r e a s e d  t h e  f i s h  p r o d u c t i o n  o f  
p o n d s  b y  5 0  - 1 0 0  p e r c e n t . 

A t  t h e  S h a g ar r a E xp e r imen t a l  F i sh  F a rm t h e  g r a s s  c a rp 
d i d no t c o mp e t e w i t h  o th e r s p e c i e s  f o r  f o o d . I t  a t e  a l l  
t h e  w e e d s  s up p l i e d d a i l y , d e s p i t e t h e  ad d i t io n  o f  o the r 
s up p l e men t a r y  f e e d  s u c h  a s  r i c e  b r a n  a n d  o i l  c ak e . K i l g e n  
a n d  S mi t he rman ( 1 9 7 0 )  o b s e rv e d  t ha t  i f  t he w e e d s  we r e  r e ­
mo ved , th e g r a s s  e a r p  d i d  no t d e p l e t e  t he m a ny Ch i r o n o m i d  
l a rv a e  f o und in t he p o nd b o t t om .  The y c o n c l ud e d th a t  t h e  
g r a s s  e a r p ' s  f e e d i n g  h ab i t s a r e  n o t a t  a l l  s i mi l a r t o  t ho s e  
o f  o th e r  f i s h  and t h a t t he y  d o  n o t p o s e  a t h r e a t  a s  a c o m­
p e t i t o r  f o r  f o o d  o r g a n i s m s  e a t e n b y  g ame f i s h .  A c t u a l l y , 
a l o o k  a t  th e mo r ph o l o g y o f  t h e  f e e d i n g  p ar t s  ( B a i l ey , 1 9 7 2 ) , 
s h o u l d  a l l a y  f e a r s  th a t  t h i s  f i s h  c o u l d  b e  a p r e d a t o r  o r  
c o mp e t i t o r , o r  t h a t  i t  c o ul d  mu d d y  th e wa t e r  and h a ve a n  i l l  
e f f e c t  o n  s i g h t  f e e d e r s . Th e t y p i c a l  l a r g e  mo u t h  f o r  c ap ­
t u r i n g  p r ey a n d  t he t e e t h f o r  h o l d i n g  t h em a r e  m i s s i n g  o n  
t h e  g r a s s e a r p . Th e mo u t h  i s  t e r m i n a l  and  a d a p t e d t o  b i t i n g  
r a� h e r  t h a n  r o o t i ng ; t hu s  t h e  f i s h d o es no t r o o t o r  m u d d y 
th e wa t e r . 

P l ank t o n a n d  Wa t e r  Q u a l i ty 

I n  S ud a n , i t  h a s  b e e n  o b s e rv e d  t h a t  t h e  o x y g en l e ve l  
d r o p s  s i g ni f i c an t l y wh e n  t he w a t e r  i n  t he f is h  p o nd e o n t a i n ­
in·g g r a s s  e a rp i s  no t c h an g e d  f o r  a l o n g t im e . S t i l l  f u r t h e r 
s t ud i e s  a r e  n e e d ed t o  d e t e r m i ne wh e t h e r , u n d e r S ud a n e s e c o n ­
d i t i o ns , t h e  g r as s e a rp i n c r e as es  p l a n k t o n  o r  n o t .  

W a lk e r  ( 1 9 7 1 )  r e p o r t ed t ha t  p l a n k t o n  b l o oms i nvar i ab l y  
d eve l o p  i n  w a t e r  wh e r e  g r a s s e a r p  i s  i n t r o d u c e d . B o y d  
( 1 9 6 8 ) , B u r t o n  ( 1 9 7 1 ) , a n d  C a r t e r a nd H e s t a n d  ( 1 9 7 7 ) , r e ­
p o r t ed t h a t s i n c e  a q u a t i c  m a c r o ph y t e s  a c t  a s  a r e s e r vo i r f o r  
i no r g an i c n u t r i en t s , th e i r  r ap i d  d e s t r u c t io n  r e s u l t s  i n  t h e  
r e c h a r g i ng o f  t he w a t e r  w i t h  nu t r i e n t s ; t h e s e  n u t r i en t s  ar e 
th en a va i l a b l e  f o r  i n c r e a s e d  p h y t o p l ank t o n  p r o d u c t io n , wh i ch 
c o u l d  b e  mo r e  d amag i n g t o  w a t e r  q ua l i ty t h an d e ns e  s t r a nds o f  
ma c r o ph y t es . I t  wo u l d  a p p ea r  t h a t  t he i n t r o d u c t i o n  o f  t he 
g r a s s  c a r p  i n t o  an a q ua t i c  e c o s y s t e m  c o u l d  c a u s e m aj o r  
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cha n g e s  i n  t h e  s y s t e m . H owe ve r , H e s t and and Ca r te r  ( 1 9 7 8 )  
h a ve re c e n t l y do c ume n t ed t h e  e f f e c t  o f  g r as s c a r p  o n  p h y t o ­
p l ank t on c o mmun i ti es . A c c o r d i ng t o  th ei r ob s e rva t i o ns , th e 
nu t r i e n t s  r e s u l t i n g f r om t h e  c on t r o l  o f  ma c r o ph y t es b y  g r as s 
c a r p  w e r e  n o t a v a i l ab l e  t o  p h y t o p l ank t o n , s in c e  n o  a p p r e c i ab l e  
ch a n g e s  i n  wa t e r  q ua l i ty w a s  f o und . Th e y h av e  a t t r ib u t e d  t h i s 
t o  tw o f a c t o rs . F i rs t ,  t h e g r a s s c a rp r e l e a s es h i gh q ua n t i t i ­
t i e s  o f  o r t ho - p h o s p h a t e , i r o n , and m a g n e s i um t ha t  a r e  p r e ci p i ­
ta t e d  b y  o r  w i t h  o r gan i c a c i d s . O n c e  t he y  r e a ch the s e d i me n t s  
a t  th e b o t t om ,  t h e s e n u t r i e n t s b e c ome b ound i n  c omp l ex o r g a n ­
i c  mo l e c ul e s  t ha t  a r e  no t ava i la b l e  t o  p hy t o p l ank t o n ; r o o t e d  
aa c r o ph y t e s  c o u l d  u t i l i z e t h e s e  nu t r i e n t s , b u t b y  e l i m i n a t io n  
o f  th e ma c r o phy t e  " nu t r i e n t  p umps " t h e  g r a s s c a r p  c a u s e s  an  
in c r e a s e  in  th e s e d ime n t  n u t r i en t c o n c e n t r a t i o n  a n d  th us in­
d i r e c t l y d e c r e a s e s  ph y t o p l a nk t o n  p r o d u c t i o n . Th e s e c ond f a c ­
t o r  th a t  a f f e c t s t he ava i l ab i l i t y  o f  n u t r i e n ts t o  phy t o p l a nk ­
t o n  i s  th e c on ve r s i o n  o f  p l an t ma t e r i a l  t o  f is h  f l e s h . E a r­
l ie r  w o rk e rs s u ch a s  Ah l i n g a nd J e r me l o v  ( 1 9 7 1 )  f o un d  n o  c l e a r  
in f l ue n c e  o f  g r as s c a r p  o n  phy t o p l a nk t o n  a n d  n o  i n f l u e n ce a t  
a l l  on  z o o p l ank t o n . H ow e ve r , G ry g i e r lk ( 1 9 7 3 )  ob s e r v e d  m o re 
d aph n i d s  i n  f i s h  p r o d u c t i o n  p o n d s  w i t h  g r as s c a r p , p r ob ab ly 
as a c o ns eq u e n c e  o f  mo re b a c te r i a. 

T o l e r a n c e  t o  P o l l u t io n  and V a r i o u s  P h y s i co ch e m i ca l F a c t o r s  

Th e w a t e r s  o f  th e m ino r Ge z i r a c an a l s  a r e  p o l l u te d  w i t h 
pe s t i ci d e s  ( G e o r g e , 1 9 7 6 ; Ge o r g e and Mo gh r ab y , 1 9 7 8 ) , b u t 
i n  s p i t e  o f  th i s , n o g r as s  c a r p  m o r t a l i t i es h ave as y e t  b e e n  
r e c o r de d . How e v e r , mo r e  d a t a  w i l l b e  ma d e  avai l ab l e o n  t h i s  
s ub j e c t . 

P r e l im i n a r y  s t u d i e s  i n d i c a t e d  th a t  the g r a s s  c a r p  r e ­
q ui r e s  a n  o xy g e n  c o n c e n t r a t i on l e v e l  o f  3 p p m  f o r  no rma l 
b eh av i o r , b u t  i t  c an t o l e r a t e a n  ox y g e n  l ev e l a s  l ow a s  1 p p m . 
S i ngh , � a l. ( 1 9 6 7 )  w o r k e d  o n  v a r i o u s  ph y s i c o ch e mi c a l  f a c t o rs 
o f  w a t e r  i n  r e l a t i o n  t o g r ow t h  o f  y o u n g  g r a s s c a rp r a n g i n g  
i n s i z e  f r om 2 2  - 1 2 5 mm an d f o un d  t ha t  t he y  c an t o l e ra t e  
a t emp e r a t u r e  r a n g e  o f  1 6 °  - 4 0 ° C ,  t urb i d i ty 1 2 4  - 2 1 5  p pm . 
p H  5 . 0 - 9 . 0 ,  d is s o l v e d  o xy g e n  1 . 0 - 2 8  p pm , t o t a l a l k a l i n ­
i th 8 8  - 6 9 0  p pm , s a l in i t y  7 . 5 - 8 . 0  p e r c e n t , f r e e  ammo ni a 
up t o  3 . 5  p p m , f r e e  ch l o r in e  up t o  0 . 0 8 p p m , a n d  f r e e  s u l­
ph i d e  up t o  4 . 0  p p m . 

Re p r o d u c t i o n  

O u ts i d e  i t s  n a t i ve C h i n a , e x c e p t i n  s ev e r a l  w i d e ly 
s ca t t e r e d  l o c a t i ons o f d i ve r s e  p h y s i o g r aph y ( S t en l ey , 1 9 7 6 ) , 
th e g r a s s  c a r p  h a s  f a i l e d  t o  b r e e d  n a t u r a l l y . Th i s  h a s  b e e n  
t r ue o f  t h e  g r as s c a r p  i n  S u da n . H o w e v e r , i t  s h o u l d  n o t b e  
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c o n s i d e r e d  a d r awb a ck i n  th e c u l t ur e  o f  t h e  g r as s c a rp f o r 
t h e  f o l l ow i n g  r e a s ons : 1 )  a t t emp t s  t o  b re e d t h e f is h  b y  
h o rmone i nj e c t i ons  p ro v e d  s u c c e s s f u l  an d s o  i t s d i b r ib u t io n  
c a n  b e  f u l ly c o n t ro l l e d ; 2 )  t h e  f i s h  h as a v e ry h i gh f e c u n ­
d i ty , and i f  a l l i t s e g g s  w e r e  r e l e as e d  i t  m i gh t  b e c ome a 
p e s t . 

I n  S u d an , the f ema l e  g r a s s c a rp r e a ch e d  f u l l  ma t u r i t y  a t  
3 . 5 y e a r s ; th e ma l e s  s t a r t e d  o o z i n g mi l t  a y e a r  b e f o r e . Th e 
f e c und i ty o f  a 3 5  em f e m a l e  f i s h  we i gh in g 3 . 5  k g  w a s  7 3 0 , 0 0 0  
e g g s . P r ik h o d ' K o a n d  No s a l  ( 1 9 6 3 ) r e p o r t ed t h a t g r as s c a r p  
we i gh i n g  3 . 0 - 3 . 8  k g  i n  N i vk f i sh f a rm in  th e U S S R  s h owe d 
ab s o l u t e  f e c un d i t y  r ang i n g  f r o m  1 80 , 0 0 0 , 2 9 5 , 0 0 0 , t o  4 4 2 , 7 5 0 , 
wh e n  t h e  f i sh w e r e  i n  d i f f e r en t s ta g es o f  ma t u r i ty .  I n  
I n d i a ,  3 0 8 , 8 0 0  t o  6 1 8 , 10 0  e g g s  w e r e  f o und t o  b e  th e f e c u n d i ty 
o f  g r a s s c a rp i n  t he r a n g e  o f  7 3 . 8  - 7 9 . 2  e m  l o n g  an d w e i gh ­
i n g  4 . 8 - 7 . 0  k g  ( A l ik u nh i  a n d  S uk uma r an , 1 9 6 3 ) . 

T h e  s p awn i n g  s e a s o n  o f t h e  g r a s s c a r p  i n  S ud a n  s ee ms t o  
e x te nd f r om J ul y  t o  m i d -A u gu s t ;  m a l e s we re o b s e rve d t o  o o z e  
m i l t  r e a d i ly f r om J un e  o nwa r d  and a s  e a r l y  a s  Ap r i l . How­
e ve r ,  d ur i n g  J u ly / Au gus t an a t t emp t was  m ad e  t o  b r e e d  t h e 
g r as s  c a rp a r t i f i c i a l ly b y  h o rmo n e  i n j e c t io n s , u s i n g  m e t ho ds 
f o l l owe d in th e U S A  and I n d i a . T h e  d r y  me t ho d  o f  a r t i f i c i a l  
f e r t i l i z a t i o n  w as emp l o y ed a f t er t h e  f em a l e s  w e re adm i n i s ­
t e r e d  h o rmo n e  inj ec t i o ns a t  th e r e c omme n d e d  i n t e r v a l s . T o  
e f f e c t c o n t a c t  b e tw e en e g gs an d s p e rm , th e s t r i p p e d  e g gs and 
mi l t  w e re p l a c e d in  an e name l p an and c a r e f u l l y  s t i r re d w i th 
a l ar g e  f e a t h e r . The  f e r t i l i z a t ion p r o c e s s  w a s  c o mp l e t e d 
w i th in ab o u t  a m i n u t e . I mm e d ia t e l y  t h e r e a f t e r  th e e g g s we r e  
w as h e d  w i t h w a te r  t o  r em o ve t h e  f l u i d m u c o u s  d i s c h a r g e d f r om 
th e c a v i t i es o f  t h e  b r ee d e rs . Th ey w e r e  t he n  p l a c e d i n g l as s  
a q ua r i a w i t h c i r c u l a t i n g  w a t e r  f low and a e r a t i o n . 

T h e  o p e r a t i o n  w a s s uc c e s s f u l , b u t  wh i l e t he e g gs w e re 
i n t he f in a l  s t a t e s  o f  d e v e lo p men t ( b r i s k  mo v em e n t ) , th e 
e l e c t r i c i ty f a i l e d  and de a t h  r e s u l te d  t o  a l l  t h e  f e r t i l i z e d  
e g g s . 

Di s c u s s i o n 

Th e F i s he r i es Re s e a r c h  C e n t e r in t r o du ce d g r as s  c a r p  i n t o  
t h e  c o un t ry b e c a us e o f  a )  t h e l o w p r o d u c t ion p e r  h e c t a r e  o f  
f i s h  i n  a q u a c ul t u r e ; and b )  e x ce s s ive we e d  g r ow t h  i n  i r ri g a ­
t i o n  s y s t ems . P r ob l em s  a s s o c i a t e d  w i t h a q ua t i c w e e d s  a r e : 

1 .  S i l t i n g  and s l ow i n g  o f  t he wa t e r  f l o w  r a t e ; 
2 .  P r omo t i o n  o f  mo s q ui t o  l a rvae ; and  
3 .  I n f es t i o ns o f  ve c t o r  s na i l s  o f  S ch i s t o s o m a . 
T h es e p r o b l em s  f a l l  w i t hi n  t h e  s co p e  o f  i n t e r e s t o f  v a r i ­

o u s  a g e n c i e s s u c h  a s  th e F i sh e r i es Re s e a r c h  C e n t e r , t h e  Mi n ­
i s t ry o f  I r r i g a t i o n , t h e  Ma l a ri a S e c t i o n  o f  th e M i n i s t ry o f  
H e a l th , o r  th e C e n t r a l  Me d i c a l  Re s e a r ch L ab o r a t o r y . 
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Th e F i s h e r i e s  R e s e a r ch C e n t e r b e l i e v e s  t h a t  t he g r a s s  
e a r p  w i l l  c on t r ib u t e  g r e a t l y  t o  t he s o l u t i o n  o f  a l l  t h e  p r o b ­
l ems men t i o n e d  ab o v e . An i d e a l  p ro g r am f o r s o l v i n g t h e s e  
p r ob l em s  s h o ul d  i nvo l ve t h e  c on c e r ne d  b od i e s  s o  th a t  t h e y  
c an i n t e g r a t e  th e i r  e f f o r t s t o  p ro mo t e  b i o l o g i c a l  c on t r o l . 

B i o l o g i c a l  c on t r o l  w i l l  n o t  t o t a l l y  e r r a d i e a t e  t h e w e e d s , 
a n d  t h i s  s ho ul d  no t b e  th e me a s u r e  o f  s u c c e s s . I n  na t u r e , a 
b a l a n c e i s  m a i n t a in e d  b y  p l a n t - f e e d in g  i n s e c t s , s n a i l s  and 
o th e r  f a c t o rs . B io l o g i c a l  c on t r o l  a g e n t s  are  s e l e c t e d  t o  
t i p  t h i s  b al an c e  and r e d u c e t h e  p l an t ' s  v i g o r , b u t  no t n e c es ­
s ar i ly to  d e s t r o y  i t  c o mp l e t e l y . O th e r  s p e c i e s  o f  f i s h  th a t  
f e e d  d i re c t l y  o n  s n a i l s  c o ul d  a l s o b e  i n t r o du c e d  t o  s o l ve 
the p rob l em o f  b i lh a r z i a , i n c l u d i n g  t h e  b l a ck e a rp , My l o ­
ph a ry n s o d o n  p i e e us , and t he r e d e a r  s un f i s h , L epomi s mi e r o ­
l o ph us ( G un th e r ) . F o r  imp r oving w a t e r  q ua l i ty an d p r o mo t i ng 
p o l y e u l t u r e , t h e  s i l v e r e a rp Hypo ph t h ah m i e h thys mo l i t r i x , a 
p h y t o p l ank t o n  f e ed e r , can b e  i n t r o d u c e d . 

I n t r o d u c t i o n  o f  t h e gr a s s  e a rp d oe s  no t m e a n  th a t  t h e  
r o l e  o f  a l t e r na t e  m e t h o d s  o f  we ed c o n t r o l  s h o u l d  b e  to t a l l y  
i g n o r e d , s inc e t h e s e  me t ho ds a l s o h av e  m e r i t a n d  may b e  u s e­
f ul in  c o n t r o l l in g  w e e d s  wh i c h  a r e  no t c o n t r o l le d  b y  th e g r as s 
e ar p . 

G e n e ra l l y , h o weve r , me c h an i ca l  me t ho d s ar e , a t  b e s t ,  ve ry 
t emp o r a r y  and e x t r em e ly e xp e ns i v e  ( B a i l e y , 1 9 7 2 ) . C h emi c a l s  
a r e  mo r e  p ra c t i c a l  f o r  l a r g e- s e a l e  u s e , b u t  many p r o b l e ms a r e  
as s o c i a te d  w i t h  t h e u s e  o f  h e r b i c i d e s  i n  wa t e r . Mo r e o v e r , 
al t h o u gh h e rb i c i d e s  do  c o n t r o l  w e e d s  i n  s om e  a r e a s , c h em i c a l  
c o n t r o l  i s  o n l y  p ar t i a l ly e f f e c t i v e , t emp o r a r y , e x p e n s i v e , 
a n d  may adve r s e ly a f f e c t  t h e  e nvi ro nme n t . Wa lk e r  ( 1 9 7 1 )  
s t a t es t h a t  r e p e t i t i v e u s e  o f  ch em i c a l s i s  us u a l l y  t o  t h e  
d e t r i me n t  o f  f i s h  a n d  o t h e r a q ua t i c l i f e . A t  p r e s e n t , n o  
a q ua t i c h e rb i c i d e  i s  r e gi s t e r e d  th a t  me e t s  t h e  c r i t e r i a  f o r  
a l l  us e s  and none h a s  b e en l ab e l e d  w i th r e s i d u e  t o l e r a n c e  
l imi t s  f o r  d r i n k i n g  w a t e r , f i s h , a n d  s he l l f i s h .  C o ns e q u e n t ­
ly , f i s h  a n d  s he l l f i s h  f r o m  t r e a t e d wa t e r s  c a nn o t  b e  s o l d  
f o r  h uman c o n s ump t i o n . Th e re i s , t h e r e f o r e , n e ed t o  e v a l u a t e 
th e e f f e c t s  o f  h e rb i c i d e s  on f i s h  a n d  t h e i r  f o o d  o r g an i sms , 
a a  w e l l  a s  t o  co l l e c t  d a t a  o n  t h e  p e r s i s t e n c e  o f  h e rb i c i d e  
r e s i d u e s  i n  w a t e r  a n d  b o t t o m  mud . L i t t l e  w o rk h a s  b e en c a r ­
r i e d  o u t  i n  t h e s e a r e as ( T o o b y , 1 9 7 1 ) . 

Th e r e  a r e  n o  s u c h  p r ob l ems a s s o c i a t e d  w i th us in g th e 
g r a s s  e a r p  a s  a b io l o g i c a l  c on t ro l  a g en t . T h e  f o r e g o i n g  
i n f o rma t i o n  s up p o r t s  t h is c l a im .  F u r t h e r  evi d e n ce i s  s up ­
p o r t e d  b y  Wi l l i am M .  B a i l ey , s p e c i a l  p r o j e c ts c o o r d i n a t o r 
a n d  s up e r v i s o r  o f  h a t c h e r i es f o r  t h e  Ark an s a s  Game and  F i s h 
C o mmi s s i o n . S i n c e  1 9 7 1 , Mr . B a il e y  h as s t o c k e d  ab o u t  3 5 0 , 0 0 0 
f is h  ( 1 0- 2 0 - 5 0 0  p e r  a c r e ) i n  w e l l  o ve r  1 0 0  l ak e s ,  c o mp r i s i n g  
mo r e  t h a n  5 0 , 00 0  a c r e s  and h as f o und no i l l  e f f e c t s  o n  f i s h 
p o p u l a t i ons ; i n  s o me e a s es t h e  p o p u l a t i o n s  h a v e  i n c r e a s e d . 
Mo r e o ve r , t h e  c o s t o f  a q u a t i c  w e e d  c o n t r o l  u s i n g  t h e  g r a s s  
e a r p  i s  l e s s t han tha t f o r  �h emi e a l  a n d  me c h an i c a l  t r e a t m en t . 
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Und e r  S ud a n  c o n di t i o ns , i n t r o d u c t i o n  o f  the  g r a s s c a rp s h o u l d  
p r o v e  t o  b e  s u c c e s s f u l , a l t ho ugh a d d i t i o n a l  f a c i l i t i e s  a nd 
m u ch w o rk w il l  b e  r e q u i r e d  t o  r e a ch o u r  g o a l s . 

C o n c l us i o n s  a nd Re c o mm e n d a t i o ns 

I t  i s  n e c e s s a ry th a t  a l l m e tho ds o f  w e ed c o n t ro l - -b i o ­
l o g i c a l , m e c h a ni c a l , a n d  ch emi c a l  b e  c ons i d e r e d  i n  o r d e r  t o  
m a k e  u s e  o f  t h e  b e s t c o mb i na t i o n  f o r a p ar t i c u l a r e n v i r o nm e n t .  
T h e f o l low i n g  r e c omme n d a t i o n s  a r e  m a d e : 

1 .  An i d e a l  p r o g r am f o r  s o l v i n g  a q u a t i c we e d  p r ob l ems 
in m i n o r  c an a l s  s h o u l d  inv o l v e  a l l  t h e c o n c e r n e d b od i es (M i n ­
i s t ry o f  H e a l th , M i n i s t ry o f  I r r i g a t i o n , F i sh e ri es R es e a rch 
C e n t e r  and t h e  Uni v e r s i t i e s  o f  Kh a r t o um a nd G e z i r a ) to i n t e­
g r a t e  t h e i r  e f f o r t s . 

2 .  Th e e c o lo gi c a l  ni ch e s  o f  t h e  v a r io us f i s h s p e c i e s  
s h o u l d  b e  b e t t e r  u n d e r s t o o d  s o  t h a t  b i o l o g i c a l  c o n t r o l  an d 
po l y c ul t u r e  t e ch n i q u e  c a n  b e  p ra c t i c e d o n  a m o re i n f o rmed 
b a s i s . I f  r e s e a r c h  d i s c l o s es th a t  not  a l l  ava i l ab l e  ni ch e s  
a r e  b e in g  f i l l e d , a d d i t i o na l  s p e c i e s , f o r  e xa mp l e , H .  mo l i t r i x  
( f o r  p o l y c u l t u r e ) and M .  p i c e u s  ( f o r  s n a i l s ) s ho u l d  b e  i n t r o ­
d uc e d . 

3 .  Mo r e  e f f e c t i ve m e a n s  o f  s p aw n i n g  t he g r a s s c a r p  mus t 
b e  deve l o p e d . Th i s  means t ha t  b e t t e r  f a c i l i t i es s h o u l d  b e  
m a d e  a va i l ab l e  f o r c a r ry i ng o u t  s u ch w o rk . 

4 .  Wh e n  b r ee d i n g  o f  th e g r as s  c a rp c a n  b e  a s s ur e d , ex­
pe rime n t s  on t h e  amo un t of  a q u a t i c v e g e t a t i on c ons ume d i n  r e ­
l a t io n  t o  g r ow t h  a s  w e l l  a s  s t o ck i ng d e n s i t y sh o ul d  b e  c ar r ie d  
o u t . Th i s  a s p e c t  h as no t b e e n  a d e q ua t e l y  s t u d i e d . 

5 .  L a r g e - s c a l e  o p e r a t i o n a l c o s t s  o f  us in g t h e  g r as s  c ar p  
a s  a b i o l o gi c a l  c o n t r o l  a g e n t  f o r  aq u a t i c  wee d s  s h o u l d  b e  de ­
t e rmi n e d . Th i s  s t udy s h o u l d  a l s o  c o ns i de r  t he c os t s  o f  a l t e r­
n a t iv e  c o n t ro l  m e ans . 

6 .  Re s e a r ch s h o u l d  b e  c a r r ie d  o u t  o n  t he e f f e c t s o f  t h e  
g r as s  c a rp o n  p l ank t o n  a n d  w a t e r  q ua l i ty . 
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