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Aquat ic  weeds, p a r t i c u l a r l y  Eichhorn~a crassipes, have 
become a major nuisance in the management o f  f r eshwa te r  
bodies in  many pa r t s  o f  I n d i a  (Varshney and Singh 1976). 
Of the v a r i o u s  methods t h a t  have been t r i e d  to  c o n t r o l  
t h i s  nox ious  weed, chemical  c o n t r o l  i s  the most 
e f f e c t i v e  (Gopal and Sharma 1981; J u l i a n  1984). Since 
the a c t i o n s  o f  most chemica ls  are not  con f i ned  to  the 
t a r g e t  organisms a lone ,  i t  i s  d e s i r a b l e  to  know t h e i r  
e f f e c t s  on aqua t i c  ecosystem as a whole (Way and 
Chance l l o r  1976). In an a t tempt  to  e v a l u a t e  the e f f e c t  
o f  v a r i o u s  h e r b i c i d e s  on w a t e r - h y a c i n t h ,  the present  
communication r e p o r t s  the e f f e c t s  o f  the urea h e r b i c i d e  
i s o p r o t u r o n .  The "large sca le  use o f  t h i s  h e r b i c i d e  f o r  
the c o n t r o l  o f  broad l e a f  weeds in  wheat, b a r l e y ,  and 
o t h e r  a g r i c u l t u r a l  crops in  many c o u n t r i e s  i n c l u d i n g  
I n d i a  (Smith and L i b i n g s t o n e  1981; Bha t i a  e t  al .  1981) 
may lead to  an i nc rease  in  i t s  c o n c e n t r a t i o n  in  a q u a t i c  
ecosystem through a g r i c u l t u r a l  r u n o f f .  The e f f e c t  o f  
t h i s  h e r b i c i d e  has not  been eva lua ted  f o r  the c o n t r o l  o f  
w a t e r - h y a c i n t h .  P r e l i m i n a r y  r e s u l t s  o f  i t s  e f f e c t  on 
t h i s  nox ious  weed and assoc ia ted  organisms are repo r ted  
here.  

MATERIALS AND METHODS 

A smal l  f r eshwa te r  pool o f  s e a s o n a l l y  d r i e d  up r i v e r  
w i t h  no t h rough f l ow  o f  about 9 x 4 m w i t h  an average 
depth o f  0.3 m was s e l e c t e d  f o r  the present  s tudy .  I t  
con ta ined  a n a t u r a l  growth o f  aqua t i c  macrophytes l i k e  
Eichhornia crassipes (Mart)  Solms and Ipomoea aquatica 
Forsk, besides o the r  n a t u r a l  f l o r a  and fauna.  The 
h e r b i c i d e  I sop ro tu ron  (50% a c t i v e  i n g r e d i e n t  a . i .  
wettable powder) N-(4-isopropyl phenyl)-N,N-dimethyl 
urea, was obtained from Paushak Ltd., Baroda, India. 
The pool and i t s  b i o t i c  components were s tud ied  
r e g u l a r l y  f o r  a week be fo re  h e r b i c i d e  a p p l i c a t i o n .  In 
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an a t tempt  to  s e l e c t  a s u i t a b l e  c o n c e n t r a t i o n  o f  the 
h e r b i c i d e  f o r  f i e l d  a p p l i c a t i o n ,  i n  a p r e l i m i n a r y  
exper imen t  d i f f e r e n t  c o n c e n t r a t i o n s  (0-5 mg/L) were 
t r i e d  i n  g l ass  t r oughs  c o n t a i n i n g  20 L o f  water  w i t h  
w a t e r - h y a c i n t h  p l a n t s  under l a b o r a t o r y  c o n d i t o n s .  The 
h e r b i c i d e  was added by d i s s o l v i n g  the r e q u i r e d  amount i n  
the pool water  a t  2 .5  mg/L a . i .  c o n c e n t r a t i o n  a f t e r  
c a l c u l a t i n g  the  t o t a l  volume o f  pool water  (Rao 1983).  
Water samples were c o l l e c t e d  i n  i - L  g l ass  b o t t l e s  from 
t h r e e  d i f f e r e n t  s i t e s  be fo re  a p p l i c a t i o n  of  h e r b i c i d e .  
A composi te sample was prepared by m ix i ng  the t h ree  
samples and ana lysed f o r  water  q u a l i t i e s  and i n i t i a l  
p l ank ton  community. For e s t i m a t i o n  of  p lank ton  
community a known q u a n t i t y  o f  water  sample was 
c e n t r i f u g e d  and concen t ra ted  sample was f i x e d  i n  4% 
f o r m a l i n .  F u r t h e r ,  p l a n k t e r s  were counted i n  
haemocytometer chamber (average of  ten coun ts )  and 
i d e n t i f i e d .  Water and p l a n t  samples were c o l l e c t e d  from 
the same s i t e  on every  t h i r d  day from the t r e a t e d  pool 
f o r  f u r t h e r  a n a l y s i s .  The i m p o r t a n t  water  parameters 
ana lysed were (ave rage ) :  tempera tu re  (31~ pH ( 8 . 4 ) ,  
d i s s o l v e d  oxygen (5 .6  mg/L) ,  c h l o r i d e  (112.4 mg/L),  
phosphate (0 .8  mg/L) ,  n i t r a t e  (0.27 mg/L) and hardness 
(187 mg/L).  P l a n t  d e n s i t y  was measured by l a y i n g  50 X 
50-cm quadra t  a t  the s tudy  s i t e s .  An average l e a f  area 
of  green and nongreen p a r t s  were determined by p l o t t i n g  
the l e a f  on a graph paper ( r ead ing  of  ten l e a v e s ) .  
C h l o r o p h y l l  c o n t e n t s  were ana lysed by e x t r a c t i n g  the 
acetone s o l u b l e  pigment from known q u a n t i t y  o f  l e a f  
(Duxbury and Yentsch 1956). Standard d e v i a t i o n  was 
c a l c u l a t e d  from th ree  r e p l i c a t e s  o f  each parameter.  
F i sh  expe r imen ts  were conducted i n  l a b o r a t o r y  g l a s s  
aqua r ia  us ing  Rosbora deniconius and P o e c i l i a  r e t i c u l a t a  
as t e s t  f i s h ,  ob ta ined  from M a l a r i a  Research Cent re ,  
Nadiad. Ten f i s h  f i n g e r l i n g s  of  a lmost  equal  s i z e  and 
age a f t e r  i n i t i a l  a c c l i m a t i z a t i o n  were t r a n s f e r r e d  i n  
d u p l i c a t e  se ts  to  l a b o r a t o r y  a q u a r i a .  Known amount o f  
h e r b i c i d e  was d i s s o l v e d  i n  the aqua r i a  c o n t a i n i n g  20 L 
of  tap water  to  ge t  f i n a l  c o n c e n t r a t i o n  of  0 .0  
( c o n t r o l ) ,  2 .5  and 5.0 mg/L a . i .  o f  the h e r b i c i d e .  A 
c o n s t a n t  a e r a t i o n  f o r  i hr  was g i ven  every  day. To keep 
the  h e r b i c i d e  c o n c e n t r a t i o n  c o n s t a n t  the marked l e v e l  o f  
aquarium was ma in ta ined  once i n  a day by adding tap 
water  (hardness 195 mg/L, pH 7 . 5 ) .  Length ,  we igh t  and 
s u r v i v a l  o f  t e s t  f i s h  were recorded i n i t i a l l y  and a f t e r  
iO and 20 d. 

RESULTS AND DISCUSSION 

E f f e c t s  o f  the  h e r b i c i d e  on the growth p a t t e r n  of  two 
a q u a t i c  weeds are shown i n  Table i .  I t  was observed 
t h a t  E. c rass ipes  d e n s i t y  decreased by 34% by the  t h i r d  
day and on s i x t h  and n i n t h  days i t  decreased by 46 and 
78%, r e s p e c t i v e l y .  The d e n s i t y  o f  I .  aquat ica,  however, 
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Table I :  E f f e c t  o f  exposure t o  2 .5  mg/L c o n c e n t r a t i o n  
o f  i s o p r o t u r o n  on E. crassipes and I .  aquatica 

Days Deneity/t z Leaf ~rea 6reen area Chlorophyll-a 
(No.) (cm) (cm) (mg g-~) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

K SD %I/D X 5D ZI/D X SD ZIiD X SD ZI/D 

E_., crassipes 

27,0 54,2 -- 47,6 ~3,7 -- 47,6 ~3,7 -- 1,21 s -- 

17,8 ~4,0 -34 28,0 s -41,1 9,7 SI,7 -79,5 0,89 s -26,7 
14,6 !2,6 -46 21,4 !2,8 -55,0 4,0 !1,2 -91,5 0,4 s -67,0 
5,25 ~2,3 -78,7 i0,2 s -78,5 1.5 ~0,5 -96,8 0,18 s -84,fl 

I_., aquati@ 

0 3.0 !0.8 -- 
3 2,2 ~0,4 -25 

6 S.O LI.2 -- 
9 4,8 f2,16+46 

II,5 +_.i,5 --  11,5 s  -- 1,66 s - -  

i7,0 +_ 1,4 +47,8 17,0 +_ 1,4 +47,8 1,65 s -2.3 
25,0 +_1,6 +I17,S 25.0 +_I,63 +117,3 1,79 +O,OS +5.74 
34.5 +__O,S +200 34,5 +O,B +200 1,93 s +14,5 

SD = Standard Deviations I = Increase (+ ) ,  0 = Decrease (-) 

remained u n a f f e c t e d  u n t i l  i t  i nc reased  t o  46% on n i n t h  
day.  The v i s i b l e  e f f e c t  o f  h e r b i c i d e  on l e a f  was l e a f -  
t i p  d i e - b a c k  f o l l o w e d  by c h l o r o s i s .  The average l e a f  
area of E. crassipes decreased i n i t i a l l y  f rom 47.6 cm to  
10.2 cm, a t o t a l  decrease o f  78% on n i n t h  day.  In 
c o n t r a s t  I .  aquatica l e a f  area i nc reased  up to  200%. 
When the green area o f  the  t r e a t e d  p l a n t  leaves  was 
measured, i t  reduced d r a s t i c a l l y  compared to  the  
c o n t r o l .  In E. crassipes the green p a r t  decreased from 
47.6 to  1.5 cm, a decrease o f  96% by n i n t h  day.  
C h l o r o p h y l l - a  c o n t e n t  decreased from 1.21 t o  0 .18 mg g-~ 
f r e s h  w e i g h t  o f  l e a f  t i s s u e  a decrease o f  about  85% on 
n i n t h  day.  I .  aquatica showed l i t t l e  e f f e c t ,  a f t e r  a 
s l i g h t  decrease on t h i r d  day,  showed 5.0 and 14.0% 
i n c r e a s e  s u b s e q u e n t l y .  F u r t h e r  on t w e l f t h  day E. 
crassipes p l a n t s  become w h i t i s h  and no paramete rs  cou ld  
be measured. A r e g u l a r  o b s e r v a t i o n  f o r  more than a month 
r e v e a l e d  no s p r o u t i n g  o r  r e g e n e r a t i o n  o f  wa te r  h y a c i n t h  
p l a n t s  i n  the  t r e a t e d  p o o l .  The occu r rence  o f  the  more 
common p h y t o -  and z o o p l a n k t e r s  c o l l e c t e d  b e f o r e  and 
a f t e r  a p p l i c a t i o n  o f  h e r b i c i d e  t o  the  pool  a re  shown in  
Tab le  2. The p h y t o p l a n k t o n  a re  r e p r e s e n t e d  by the  
members o f  Cyanophyceae, Ch lorophyceae,  Euglenophyceae 
and d i a t o m s .  The t o t a l  counts  o f  d i f f e r e n t  groups shown 
in  Tab le  3 r e v e a l e d  t h a t  the pool  b e f o r e  t r e a t m e n t  was 
dominated by e u g l e n o i d s  over  o t h e r  groups (E>Ch>D>Cy). 
However, h e r b i c i d e  t r e a t m e n t  changed the a l g a l  
c o m p o s i t i o n .  Eug leno id  dominance was ove r t aken  by 
d i a t o m s ;  o t h e r  a l g a l  spec ies  were a l s o  a f f e c t e d  
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Table 2. Composi t ion o f  phy top lank ton  and zoop lank ton  
o f  the pool  

P lank ton  P re t rea tmen t  Days 

3 6 9 

Phy top lank ton  : 

Chroococcus minor + 

Merismopedia glauca + 

Microcystis aeruginosa + 
Oscillatoria tenuis + 

Cosmarium occidentale Jr 

Schroederia setigera + 

Pediastrum simplex + 
Tetraedon trigonum + 

Scenedesmus abundans + 

S. quadricauda + 

Closterium monoliferum + 

Euglena acus Jr 
E. minima Jr 

Phacus armatus Jr 

P. circumplexus + 
P. caudatus Jr 

Navicula sp. + 

Nitzschia sp. + 

Zoop lank ton :  

Paramecium sp. + 

Brachionus calvciflorus + 

Trichocerca Iongiseta + 

Nauplius (larvae) + 

Cyclops sp. + 

Jr - -  Jr 

Jr J r  + 

Jr ~ Jr 
J r  J r  J r  

J r  § J r  

J r  - -  J r  

+ J r  J r  

§ - -  J r  

J r  ~ ~ 

~ ~ J r  

_ ~ J r  

J r  - -  J r  

J r  J r  J r  

J r  J r  J r  

§ § § 

§ § j r  

+ § § 

§ § § 

+ = Presence, - = Absence. 

(D>E=Ch>Cy). The phy top lank ton  p o p u l a t i o n  decreased 
from 29 X 104 to  12 X I04 c e l l s  mL -~ on n i n t h  day a 
decrease o f  about 59%. On the c o n t r a r y  zoop lank ton  
d e n s i t y  remained u n a l t e r e d  on f i n a l  coun t .  The t o t a l  
count  showed a s l i g h t  i nc rease  by t h i r d  and s i x t h  days 
(31xiO4mL -~)  but remained a lmost  the same on n i n t h  day 
(28xiO-4mL-~).  The r e s u l t s  o f  h e r b i c i d e  t r ea tmen t  on 
two t e s t  f i s h  in  a q u a r i a  are  shown in  Table 4. The 
l e n g t h ,  we igh t  and s u r v i v a l  o f  the t e s t  f i s h  were 
recorded on f i r s t ,  t e n t h  and t w e n t i e t h  days. A l l  the 
f i s h  s u r v i v e d  in  a l l  the c o n c e n t r a t i o n s  t e s t e d .  Weight 
and l e n g t h  o f  the t e s t  f i s h  were not  a f f e c t e d  g r e a t l y  
up to  20 d, however c h r o n i c  e f f e c t s  were no t  measured. 

I s o p r o t u r o n  l i k e  o t h e r  urea h e r b i c i d e s  i s  t r a n s l o c a t e d  
through the r o o t  system and i n h i b i t s  photosystem I I  
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Table 3 Plankton composition and pat tern  of a l ga l  groups 
of the isoproturon t reated pool. 

Days 

Phyto- Zooplankton 
plankton 
No. XIO4mL - i  No. XIO4mL - i  

Phyto- Phyto- 

plankton plankton 

No. XlO 4 mL -~ Pattern 

0 29 29 E = I0 

Ch = 9 

D = 8 

Cy = 2 

E>Ch>D>Cy 

3 22 30 E = 6 

Ch = 6 

D = 8 

Cy = 2 

D>E=Ch>Cy 

6 19 31 E = 5 

Ch = 5 

D = 8 

Oy = i 

D>E=Ch>Cy 

9 12 28 E = 3 

Ch = 3 

D = 5 

Cy = 1 

D>Ch=E>Cy 

E=Euglenoid; Ch=Chlorophyceae; D=Diatom; Cy=Cyanophyceae 

Table 4 E f f ec t  of isoproturon on growth parameters of 
20 f i s h / t r e a t m e n t  

(cm/ f ish)  Concen- We igh t (g / f i sh )  Length 
t r a t i o n  Days Days 

0 I0 20 0 i0 20 

R. daniconius 

Control 

2.5 mg/L 

5.0 mg/L 

P_. reticulata 

11.6 12.9 13.9 4.1-6.0 4.3-6.2 4.4-6.4 

10.7 12.0 13.0 4.1-5.7 4.3-5.8 4.5-6.0 

ii.0 12.2 13.1 4.2-6.3 4.4-6.5 4.4-6.8 

Control 2.6 3.4 4.6 

2.5 mg/L 2.5 3.5 4.6 

5.0 mg/L 2.4 3.4 4.6 

2.2-3.6 2.3-3.8 2.6-4.1 

1.7-3.5 1.9-3.8 2.1-4.3 

2.4-3.6 2.5-4.0 2.8-4.2 
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(Ashton and C r a f t s  1981). The h e r b i c i d e  a t  2 .5  mg/L, 
w i t h i n  a sho r t  span o f  9 d, showed about  80% m o r t a l i t y  
on whole p l a n t  bas is  and 85% on c h l o r o p h y l l  bas i s ,  
i n d i c a t i n g  i t s  i n h i b i t i o n  p o t e n t .  Complete m o r t a l i t y  
f o l l o w e d  and no r e g e n e r a t i o n  was observed u n t i l  the nex t  
month; however, a more d e t a i l e d  study o f  such a hardy 
weed may be u s e f u l .  Th is  h e r b i c i d e  i s  known to  p e r s i s t  
f o r  d i f f e r e n t  t ime p e r i o d s  in  s o i l  (Mudd e t  al .  1983) 
and complete d e g r a d a t i o n  was observed w i t h i n  a crop 
season o f  wheat (Randhava and Sandhu 1989). However, 
i t s  p e r s i s t a n c e  in  water  and sediment has not  been 
s t u d i e d .  In I .  aquatica lack o f  a b s o r p t i o n  through r o o t  
system, which remain anchored in  the bottom or  marshy 
land ,  might be the reason t h a t  i t  remained u n a f f e c t e d  
th roughou t  the p resent  s tudy .  The decrease o f  
e u g l e n o i d s  and o t h e r  phy top lank ton  due to  p h o t o s y n t h e t i c  
i n h i b i t i o n  by h e r b i c i d e  t r ea tmen t  has a l s o  been observed 
p r e v i o u s l y  (Sikka and Pramer 1968; Wright  1978). This  
i n d i c a t e s  the d i f f e r e n c e  in  t o l e r a n c e  by v a r i o u s  groups 
o f  a lgae  and cou ld  be used f o r  s e l e c t i v e  c o n t r o l  o f  a 
p a r t i c u l a r  a lga  or group o f  a l gae .  The n o n - t o x i c  n a t u r e  
o f  the h e r b i c i d e  to  o t h e r  b i o t i c  components l i k e  
zoop lank ton  and f i s h  i s  a l so  e v i d e n t  from these 
p r e l i m i n a r y  r e s u l t s .  

The zoop lank ton  remained u n a f f e c t e d  th roughout  the 
e x p e r i m e n t a l  p e r i o d .  S i m i l a r l y ,  t e s t  f i s h  when exposed 
to  two t imes h ighe r  c o n c e n t r a t i o n  o f  h e r b i c i d e  in  
aquarium they d id  not  show m o r t a l i t y  and su rv i ved  f o r  
a l l  the 20 d. A l though i n d i r e c t  e f f e c t  o f  urea 
compounds on f i s h  in  a q u a t i c  system i s  known, the 
ch ron ic  e f f e c t  o f  t h i s  h e r b i c i d e  needs to  be s t u d i e d .  
The measurements o f  l e n g t h  and we igh t  showed l i t t l e  
d i f f e r e n c e  from the c o n t r o l  se t  o f  the t e s t  f i s h .  Our 
r e s u l t s  i n d i c a t e  t h a t  i s o p r o t u r o n  may prove to  be a 
s e l e c t i v e  and po ten t  i n h i b i t o r  f o r  E. crassipes and sa fe  
a t  the c o n c e n t r a t i o n  used f o r  o t h e r  macrophytes, 
p h y t o p l a n k t o n ,  zoop lank ton  and f i s h .  
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