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Rhizobia and Azotobacter play a conspicuous ro le  in n i t rogen 
cycle of the s o i l ,  Seeds of  legume crops are coated wi th  
rh i zob ia l  ce l l s  in assoc iat ion wi th i nsec t i c ides  and fungic ides 
t~ have e f f ec t i ve  nodulat ion and seed pro tec t ion .  In add i t ion ,  
rh i zob ia l  and azotobacter ce l l s  may be exposed to pes t ic ides  and 
t h e i r  metabol i tes present in the s o i l ,  Carbamate insec t i c ides ,  
carbofuran and carbary l  are widely  used for  crop pro tec t ion ,  
Carbofuran is  metabolized to 3-hydroxycarbofuran and 3-keto-  
carbofuran, carbary l  to l -naphtho l  in so i l  (Rajagopal et a l .  
1984) and these metabolic products are known to e f fec t  some 
b io log ica l  processes more than parent compounds (Lee 1976; 
Bollag and Liu 1971), The present i nves t i ga t i on  was aimed at 
studying not only the e f fec ts  of  carbofuran and carbary l  but 
also t h e i r  metabol i tes v iz ,  3-hydroxycarbofuran, 3-ketocarbo- 
furan and l -naphtho l  on the growth of  Rhizobium sp, and Azoto- 
bacter chroococcum in l i q u i d  cu l tu res ,  

MATERIALS AND METHODS 

Rhizobium sp. was iso la ted  from heal thy root  nodules of mung 
plants on yeast ex t rac t  mannitol agar, Rhizobium sp, was l a t e r  
t rans fer red  to syn the t i c  l i q u i d  medium wi th sodium glutamate 
( I , I  g / l )  as n i t rogen source (Bergersen 1961) fo r  studying the 
e f fec t  of  chemicals, A. chroococcum was i so la ted  on n i t rogen-  
free medium from Trombay Experimental F ie ld  Stat ion so i l  accor- 
ding to the procedure described by Clark (1965), The e f fec t  of  
chemicals on A, chroococcum was studied both in C lark 's  n i t rogen 
- f ree  and n i t rogen-con ta in ing  cu l tu re  media. 

Carbofuran, 3-hydroxycarbofuran, 3-ketocarbofuran, carbary l  and 
l -naphthol  d issolved in alcohol were added separate ly  to 50 ml 
l i q u i d  cu l tu re  medium in 150 ml Erlenmeyer f l ask  to obta in 
normal f i e l d  app l i ca t ion  rate and lO-t imes f i e l d  app l i ca t i on  
rate,  Untreated cont ro ls  received alcohol only,  The e thano l i c  
content of  l i q u i d  cu l tu re  medium was 0,5%, Bacter ia l  c e l l s  
grown overn ight  were inoculated in to  t reated and untreated 
l i q u i d  cu l tu re  media and incubated at 28~ on ro ta ry  shaker 
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( I00 rev/min) .  Each treatment was rep l i ca ted  twice.  At each 
sampling period, a l iquo ts  of cu l tu re  media were removed asep t i -  
c a l l y .  The growth was determined t u r b e d i m e t r i c a l l y  by measuring 
opt ica l  dens i ty  (O.D.) in Spectronic 20 spectrometer at 420 and 
540 nm for  Rhizobium sp. and A. chroococcum respec t i ve ly .  

RESULTS AND DISCUSSION 

Carbofuran, carbaryl  or t h e i r  metabol i tes at normal and lO-t imes 
the normal f i e l d  app l i ca t ion  rate had no e f fec t  on the growth 
of Rhizobium sp. (Table I ) .  D i f fe ren t  authors reported both 

Table I .  Ef fect  of carbofuran, carbary l  and t h e i r  metabol i tes 
on the growth of Rhizobium sp. 

Growth (O.D.) 
Treatment ppm Hours incubat ion 

8 12 20 36 

Untreated - 0.19 0.43 1.00 1.50 

Carbofuran 0.5 0.25 0.49 0.95 1.60 
5.0 0.23 0.45 0.95 1.60 

3-hydroxy- 0.5 0.22 0.44 0.97 1.60 
carbofuran 5.0 0.22 0.42 1.00 1.60 

3-keto-  0.5 0.23 0.47 1.00 1.50 
carbofuran 5.0 0.23 0.45 1.00 1.60 

Carbaryl 2.5 0.20 0.47 1.00 1.70 
25.0 0.19 0.49 I . I 0  1.60 

l -naphthol  2.5 0.19 0.48 I . I 0  1.60 
25.0 0.21 0.47 0.90 1.80 

innocuous and i n h i b i t o r y  e f fec ts  of  carbofuran and carbary l  on 
d i f f e r e n t  s t ra ins  of rhizobium and these aspects had been 
reviewed (Rajagopal et a l .  1984). Carbofuran had no e f fec t  on 
the growth of  R. m e l i l o t i i  and R. japonicum but i n h i b i t e d  the 
growth of R. leguminosarum and R. t r i f o l i i  (L in et  a l .  1972). 
D i f fe ren t  s t ra ins  of rh izob ia  iso la ted,  and ~ t r i f o l i i  developed 
res is tance to carbary l  (50 ppm) a f te r  se r ia l  t rans fe rs  and the 
res is tance developed was stable (Gupta and Shi rkot  1981). I t  
appears tha t  s e n s i t i v i t y  of rh izob ia  to carbofuran and carbaryl  
var ies wi th species and s t ra i n .  

The growth of  A. chroococcum in n i t rogen-con ta in ing  cu l tu re  
medium was not af fected by carbofuran and 3-hydroxycarbofuran 
at 0.5 and 5 ppm concentrat ions (Table 2). 3-Ketocarbofuran 
had no e f fec t  at 0.5 ppm, however, at 5 ppm the growth of 
A. chroococcum was delayed and normal growth comparable to 
untreated cont ro ls  reached by 48 h incubat ion.  There was no 
change in the growth of A. chroococcum wi th  carbaryl  or l-naphthoe 
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at 2.5 ppm. However, there was a delayed growth of bacterium 
at 25 ppm of both the chemicals. 

Table 2. Ef fect  of carbofuran, carbary l  and t h e i r  metabol i tes 
on the growth of A. chroococcum in n i t rogen-conta in ing 
cu l tu re  medium. 

Growth (O.D.) 
Treatment ppm Hours incubat ion 

I0 20 24 48 

Untreated - 0.01 0.09 0.28 0.30 

Carbofuran 0.5 0.01 0.13 0.31 0.30 
5.0 0.01 0. I I  0.29 0.29 

3-hydroxycarbofuran 0.5 0.01 0.09 0.29 0.28 
5.0 0.01 0.06 0.26 0.31 

3-ketocarbofuran 0.5 0.01 0.06 0.23 0.30 
5.0 0.01 0.02 0.02 0.32 

Carbaryl 2.5 0.01 0.09 0.29 0.30 
25.0 0.01 0.03 0. I0 0.36 

l -naphtho l  2.5 0.01 0. I I  0.29 0.30 
25.0 0.01 0.04 0.12 0.27 

Table 3. Ef fect  of carbofuran, carbary l  and t h e i r  metabol i tes 
on the growth of A. chroococcum in n i t rogen- f ree  
cu l tu re  medium. 

Growth (O.D.) 
Treatment ppm Hours incubat ion 

24 36 48 

Untreated - 0.06 I . I 0  4.40 

Carbofuran 0.5 0.05 0.37 0.72 
5.0 0.04 0.27 0.44 

3-hydroxycarbofuran 0.5 0.12 0.46 0.55 
5.0 0.04 0.18 0.37 

3-ketocarbofuran 0.5 0. I0 0.65 0.64 
5.0 0.05 0.26 0.22 

Carbaryl 2.5 0.04 0.45 1.00 
25.0 - 0.06 0.45 

l -naphthol  2.5 0.08 0.79 2.45 
25.0 0.03 0.20 1.00 

The growth of A. chroococcum in n i t rogen- f ree  cu l tu re  medium 
was i n h i b i t e d  by carbofuran, 3-hydroxycarbofuran and 3-keto-  
carbofuran and the i n h i b i t i o n  was more wi th higher concentrat ion 
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(Table 3). Carbaryl and l-naphthol were both inh ib i to ry  to the 
growth of A. chroococcum, the effect being more prominent with 
carbaryl. The sustained inh ib i to ry  effect of carbofuran, 
carbaryl and the i r  metabolites on the growth of A. chroococcum 
in nitrogen-free culture medium as compared to nitrogen-contain- 
ing culture medium indicate that these chemicals may be in ter -  
fering with the ni t rogen-f ix ing mechanisms of the bacterium. 
The toxic effect of carbofuran and carbaryl on the growth of 
A, chroococcum and A, vinelandii  had been reported (Rodell et al, 
1977; EI-Houseiny et al, 1985), Out investigat ions indicate 
that among the metabolites, 3-ketocarbofuran is more inh ib i to ry  
than the parent compound, However, the impact of these 
metabolites in a soi l  milieu on the ac t i v i t i es  of Azotobacter 
is dependent on the extent of the transformation of the parent 
compounds in soi l ,  
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