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The use of pes t i c ides  in ag r i cu l t u re  is i nev i t ab te .  The i n d i s c r i -  
minate use of pes t i c ides  leads to the accumutation of these com- 
pounds in the envi ronment d i s tu rb ing  the so i l  b io log ica l  ecosys-  
tem, inc lud ing the n i t rogen f i x i n g  bac te r ia ,  and also causes 
env i ronmenta l  po l lu t ion  (Chauhan and Sundaram 1986; Mr ina t i n i  
1986). 

The Rhizobium - legume symbios is  is the most e f f e c t i v e  a g r i c u l -  
tu ra l  system fo r  b io log ica l  f i x a t i o n  of a tmospher ic  n i t rogen.  In 
fast  growing Rhizobium sp (R. leguminosarum, R. t r i f o l i i  & _R" 
me l i l o t i )  the genes requ i red  fo r  nodulat ion (Nod) and ni t rogen 
f i x a t i o n  (N i l )  are located on a mega p lasmid ( >  100 Kb) known 
as the symbios is  (Sym) p iasmid (Nuti  et  a l .  1979; Prakash et a l .  
1980; Banfa lv i  et  a l .  1981; Rosenberg et  a l .  1981). The symb io -  
t i c  p r o p e r t i e s  of many fas t  growing r h i z o b i a  are repor ted  to be 
unstab le.  Th is  has been a t t r i b u t e d  to i n s t a b i l i t y  of p lasmids 
which could be enhanced by var ious env i ronmenta l  chemical  and 
phys i ca l  agents (Zurkowsk i  and Lo rk i ew i cz  1978; Morr ison et a t .  
1983). 

When cons ider ing the e f fec ts  of pes t i c ides  on members of the 
genus Rhizobium, one is concerned not only wi th  t h e i r  e f fec t  on 
Rhizobium sps.  and n i t rogen f i x a t i o n ,  but also how they  a f fec t  
the genet ic system of the Rhizobium, 

There are a number of r epo r t s  on the e f fec t  of pes t i c ides  on the 
growth of Rh izob ia  ( in v i t r o ) ,  nodulat ion and ni t rogen f i x a t i o n  
but the e f fec t  of these agents on the s t a b i l i t y  of p lasmid in 
Rh izob ia  was not dea l t  w i t h .  

In the present  s tudy ,  we have examined the e f fec t  of f i f t een  
commonly used pes t i c ides  (s ix  each of insec t i c ides  and fung ic ides 
and th ree  h e r b i c i d e s )  on nodulat ion,  ni t rogenase enzyme a c t i v i t y  
and sym p lasmids in t h ree  r h i z o b i a l  species nodulat ing th ree  
d i f f e r e n t  c u l t i v a r s .  Th is  study would also revea l  the co r re la t ion  
between the n i t rogen f i x a t i o n  and sym plasmid in these test  
s t ra ins .  

Send r e p r i n t  requests  to Professor  H. Polasa, at the above 
address .  
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MATERIALS AND METHODS 

Cultures used in the study inc lude Rhizobium sp.  IC3342 noduta- 
t ing Cajanus cajan (Pigeon pea) which was obtained from In te rna-  
t iona l  Crops Research Ins t i tu te  of Semi A r i d  T rop ics ,  Hyderabad,  
Ind ia ;  Rhizobium leguminosarum 2001 nodutat ing Lens escutenta 
(Len t i l )  obta ined from Indian Ag r i cu l t u ra l  Research Ins t i t u te ,  New 
De lh i ,  Ind ia ;  Rhizobium me l i l o t i  4013 nodulat ing Medica9o sa l i va  
(A l fa l fa )  obta ined from Bhabha Atomic Research Centre,  Bombay, 
Ind ia.  

The above cu l tu res  are fas t  growing and possess symb io t i c  p las -  
mids Rhizobium sp.  ZC3342 possesses th ree  d i f f e r e n t  p iasmids ;  
the midd le  p lasmid DNA harbors  symb io t i c  genes (Upadhyaya et  
a t .  1985). R. teguminosarum 2001 and R. me l i to t [  4013 possesses 
only a s ing le  large symb io t i c  p lasmid .  The impor tant  c h a r a c t e r i s -  
t i c  feature of Rhizobium sp.  IC3342 is tha t  i t  induces leaf  cur l ing  
of the p lant  which is a lways associated wi th  symb io t i c  n i t rogen 
f i xa t i on  (Kumar Rao et  a t .  1984). 

The fo l low ing  pes t i c i des ,  which are genera l l y  used as pest  con- 
t r o l  agents, were selected in t h i s  s tudy .  These inc lude i nsec t i -  
c ides (Monocrotophos,  Acephate,  D i ch lo rvos ,  D i c h l o r o d i p h e n y t -  
t r i c h l o r o  ethane, Danitol  and Sumic id in ) ,  fung ic ides ( B l i t o x ,  
Captan, Capta fo l ,  Di th ianon,  Hexaconazole and Zineb) and h e r b i -  
c ides (Bu tach io r ,  Simazine and O x y f l o r f e n ) .  A l l  compounds were 
techn ica l  g rade.  Stock solut ions of each pes t i c ide  were prepared 
e i t h e r  in acetone d ime thy i  su l f ox ide  or d i s t i l l e d  water  depending 
on i ts  s o l u b i l i t y .  

Pes t i c ide  t reatment  of bac te r ia l  cu l tures was done by tak ing an 
a l iquo t  ~0.1 ml) of an exponen t i a l l y  growing cu l ture  containing 
about 10- ce i l s  and inoculat ing 1 ml of yeast  e x t r a c t  mannitol 
(YEM) bro th  having var ious concentrat ions of one of the p e s t i c i -  
des.  Contro l  cu l tu re  tubes,  one consist ing of medium and the 
o the r  wi th  so lvent  were inc luded .  The cu l tu re  tubes were incu-  
bated at 28~ on a shaker  fo r  24 hours and the minimum i n h i b i -  
to ry  concentrat ion (MIC) was determined (Wink ler  et  a l .  1979). 
About 25-30 colonies (from below MIC t rea ted cu l ture)  were iso-  
la ted on YEM agar p lates (w i th  congored) and also from contro l  
cu l tures (Rhizobium sp.  IC3342, R. leyuminosarum 2001 and R. 
me l i l o t i  4013). Single colonies were-grown into i n d i v i d u a l  cu l tures 
and tested fo r  nodulat ion and ni t rogenase enzyme a c t i v i t y  by ino-  
culat ing the respec t i ve  c u i t i v a r  and percentage loss of symb io t i c  
p rope r t i es  was ca lcu la ted .  The same cu l tures were used fo r  
detect ion of p lasmids in each s t ra in .  

Plant assays fo r  n i t rogen f i xa t i on  were ca r r i ed  out as per  the 
method desc r ibed  by Vincent (1970). The test  p lant  seeds were 
surface s t e r i l i z e d  and four  seeds were sown per  pot .  Pes t ic ide  
t rea ted and unt reated cu l tu res  were grown to the exponent ia l  
stage and used to inoculate the seed l ings .  The growing p lants  
were supp l ied  wi th  evans n i t rogen f ree  nu t r ien t  solut ion (Evans 
1974) once a week and s t e r i l e  tap water  tw ice  a week.  The 
p lants were harves ted  a f te r  45 days and observed fo r  the p r e -  
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sence of root nodules. Nitrogenase a c t i v i t y  in the exc ised roots 
(w i th  or w i thout  nodules) was est imated by the acety lene reduc-  
t ion methods (Hardy et a t .  1968). 

Detection of p lasmids were ca r r i ed  out by agarose gel e l ec t r o -  
phores is  using 0.8% agarose (Kado and Liu 1981). Plasmid DNA 
bands were v i sua l i zed  under a UV t rans i l t um ina to r  at 2?4 nm and 
photographed.  App rop r i a te  cont ro ls  using untreated cu l tures were 
maintained fo r  comparison. 

RESULTS AND DISCUSSION 

The resu l ts  of the e f fec t  of insect ic ides~ fungic ides and h e r b i c i -  
des on symb io t i c  p rope r t i es  of three Rhizobium sps are summar i -  
zed below (Tables 1-3) .  

The MIC's of pes t i c ides  fo r  Rhizobium sp. IC3342 va r i ed  between 
800-25600 ppm. The cul tures prepared from below MIC pes t i c ide  
t reatment were inoculated into pots containing Cajanus ca jan and 
the p lants were examined fo r  nodulation and nitrogenase enzyme 
a c t i v i t y .  Of the 15 pes t i c ides ,  13 of them showed 55-100% loss 
of both nodulat ion as we l l  as nitrogenase a c t i v i t y  at var ious 
concentrat ions tested,  whereas DDT and Zineb showed a maximum 
of 16% loss of both the cha rac te r i s t i c s  at the h ighest  concentra- 
t ion tes ted.  

The above infected p lants which d id  not show nodulat ion and 
nitrogenase enzyme also los t  the leaf  cur l ing  t r a i t ,  a phenotyp ic  
character  associated wi th symb io t i c  ni trogen f i xa t i on  (Kumar Rao 
et a l .  1984). 

The MIC's of pes t i c ides  under study against R. le~uminosarum, 
2001 var ied  between ?00-16000 ppm. Of the s i x  i nsec t i c ides ,  only 
sumic id in  showed loss of nodulat ion and nitrogenase a c t i v i t y  in 
infected p lants  of Lens esculenta at the f requency of 90%, fung i -  
c ides showed a loss in both the parameters by 20-40%, whereas 
he rb i c i des  showed 35-?5%. 

Las t l y ,  the MIC's  of pes t i c ides  against R. m e l i l o t i  4013 va r ied  
between 800-22400 ppm. Of the s i x  insec t i c ides  only sumic id in  
was e f f ec t i ve  (upto 35%) in the loss of nodulat ion and nitrogenase 
a c t i v i t y .  The fungic ide and he rb i c i de  t reated cul tures showed a 
reduced e f f i c i ency  (20-100%) of nodulat ion and nitrogenase a c t i -  
v i t y .  

In a s i m i l a r  manner, the contro l  cul tures (untreated and so lvent )  
were inoculated to t h e i r  respec t i ve  c u l t i v a r s ,  1000/0 of p lants 
showed symb io t i c  p rope r t i es ,  i . e .  nodulat ion and nitrogenase 
a c t i v i t y  demonstrat ing tha t  the loss of symb io t i c  p rope r t i es  in 
t reated cul tures were due to pes t i c i da l  a f fec t .  

The above three cul tures were tested fo r  t h e i r  p lasmid p r o f i l e  
before and a f te r  pes t i c ide  t reatment .  I t  was observed tha t  a l l  
the cul tures which los t  the symb io t i c  p rope r t i es  showed loss of 
p lasmid as observed by agarose gel e l ec t ropho res i s .  The contro l  
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cu l tures e x h i b i t e d  symb io t i c  p rope r t i es  and harbored  the p lasmid .  

The s u s c e p t i b i l i t y  of the Rh izob ia l  s t ra in  to each pes t i c i de  was 
v a r i a b l e  w i th  regard to the parameters examined.  Out of the 
th ree  cu l tures examined,  the symb io t i c  p r o p e r t i e s  of Rhizobium sp 
IC3342 were more suscep t ib le  to the p e s t i c i d a l  t reatment .  S imi lar  
observat ions were repor ted  by Kaszobiak (1966) work ing  wi th  
d i f f e r e n t  Rh izob ia l  spec ies .  Fu r the r ,  fung ic ides  and h e r b i c i d e s  
showed more adverse  a f fec ts  than the i nsec t i c i des .  Of a l l  the 
pes t i c ides  tested DDT and Zineb were found to be least  e f f e c t i v e  
on the symb io t i c  p rope r t i es  of the th ree Rh izob ia l  cu l tu res .  Since 
Rh izob ia l  f e r t i l i z e r s  are in vogue, the informat ion regard ing the 
adverse  a f fec t  of pes t i c ides  on symb io t i c  p r o p e r t i e s  of Rhizobium 
and i ts  genet ic  system might  be usefu l .  
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