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Acid rain is largely derived from oxides of sulphur and nitrogen tha t  
emana t e  from fossil fuel combust ion.  In eas te rn  North Amer ica  and 
several  countr ies  of Europe, acid rain is considered to be a f ac to r  
in 'w i ld s t r aben ' / ' f o re s t  die back ' .  Various dele ter ious  e f f e c t s  (direct  
and indirect)  of acid rain on vege ta t ion  have been extensively  reviewed 
by Evans (1988). In India too, a reas  around industrial agglomera t ions  
and urban a reas  burdened with motor ized  vehicular  t r a f f i c  a re  no 
longer prist ine.  In Bombay, Trombay and Chembur  a reas  have a l ready 
exper ienced acidic  precipi ta t ion.  

The increasing human population in India is necess i ta t ing the opt imum 
use of cul t ivable  land for increased food production.  Eradication and 
control  of pests  and pathogens is an essent ia l  component  of any s t r a t egy  
for increased agr icul tural  production. In this context ,  the use of pes t i -  
cides to control  the incidence of disease in crops becomes  inevi table .  
Most of the pest ic ides  used for foliar  spraying invariably contain 
su r fac tan t s  in their  formulat ion,  which not only increase  the surface  
wet tab i l i ty  but also enhance permeabi l i ty  of the cut ic le  for more  
cat ion infusion/effusion and hence they may make  the leaf more 
suscept ible  to di rect  e f f e c t s  of acid rain (Kirkwood, 1987). To eva lua te  
the val idi ty of this assumption,  an exper iment  using endosulphan, the 
most  commonly  used insect ic ide in India, and acid rain of d i f ferent  
pH was conducted on Vicia faba. 

MATERIALS AND METHODS 

Five seeds of Vicia faba L. var.  Seo-chana were  sown in each 30 cm 
ear then pot,  lined with polyethylene containing a h l  mixture  of garden 
soil and compost  manure .  An equal amount  (2 g) of N-P-K mixture  
was added to each pot to improve the nutr ient  s tatus.  Plants  were 
wate red  on as needed but avoiding foliar  washing. Before t r e a t m e n t  
appl icat ion plants were thinned to one plant per pot of comparab le  
growth and vigour. 

A 0.2% solution of endosulphan (thiodan, commerc ia l  formulat ion 
Hoechest  of 95-98% purity) was used in this exper iment .  Acid rain 
of th ree  d i f fe ren t  pH (5.6, 4.0 and 2.8) were  prel~ared using deionize~ 
water ,  sulphuric and ni tr ic  acids of a sulphate (SO 4 -) to n i t ra te  (NO3-~) 
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ratio of 2:1 and appropriate concentration (ppm) of cations and anions 
(Na-8o4, K-1.2, Ca-17.4, Fe-0.2g, Cu-0.02, Zn-0.1% Pb-l.06~ CI-0.10) 
PO4-0.26, NH4-0.26). 

A hand stainless steel sprayer w_~s used to spray endosulphan or/and 
acid rain at the rate of 6.7 mm h "  Five ml of endosulphan or/and 
acid rain per plant per treatment were sprayed. 

Plants were grouped into five sets for the following treatments: 

Standard control- plants, sprayed with deionized water. 
Plants sprayed with simulated acid rain of three different pH 
(5.6, 4.0, 2.8). 
Plants sprayed with 0.2% endosulphan (pH 6.5). 
Plants sprayed with endosulphan followed by acid rain. 
Plants sprayed with acid rain followed by endosulphan. 

Experiments had five replications and were repeated twice. Sampling 
was done when the plants age was 40 (Pre-flowering), 60 (Flowering) 
and g0 days (Post-flowering). 

Plants were examined regularly to observe the emergence  of any 
symptom/injury.  On each sampling day plants were excavated,  washed, 
part i t ioned into root and shoot and dried for their  constant  weights 
for phytomass determinat ion.  Photosynthet ic  pigments and protein 
were es t imated following the methods of Lichtenthaler  and Wellburn 
(1993) and Lowry et  al. (1951), respect ively.  

Stat ist ical  analysis (analysis of variance and Duncan's multiple range 
test)  were performed on all exper imental  data.  

RESULTS AND DISCUSSION 

The study revealed that the sequence of treatments application did 
influence the response of plants. 

Plants treated with acid rain of pH 2.8, showed Ioliar phytotoxic 
symptoms mostly on leaf margins and interveinal areas. Premature 
senescence of the affected leaves was also witnessed. Plants treated 
with endosulphan and subsequently with acid rain of pH 2.8 showed 
more Ioliar injury than those exposed to pH 2.g alone or acid rain of 
pH 2.g followed by endosulphan. Foliar size was also considerably 
reduced in the treated plants (Table 1). Plants exposed to acid rain 
of higher pH (4.0 and 5.6) with or without pesticide, did not manifest 
any visible injury symptoms. 

In all treatment combinations, except in acid rain of pH 5.6, reduction 
of chlorophyll level in plants treated with endosulphan followed by 
acid rain was more than in plants exposed to either acid rain of pH 2.g 
or endosulphan singly or acid rain followed by endosulphan (Table I). 

The protein (a measure of crop quality) concentration also decreased 
in all treatment combinations in comparison to control and the trend of 
change was the same as in the chlorophyll (Table 2). 

Acid rain and endosulphan both had an adverse impact on the growth 
and development of the plants. The root and shoot lengths and number 
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Table 1. Leaf area (cm 2 plant -1) and total  chlorophyll (mg g- l f r .wt . )o f  
Vicia faba t rea ted  with endosulphan and simulated rain of 
different  pH at  flowering stage (values are mean from 
five observations). 

Treatment Leaf area Total  chlorophyll  
sequence 

0 AR + 0 E 410.0 b 15.6 be 

0 AR + 0.2 E 399.3 c 15.8 b 
(-2.6) (1.3) 

5.6 AR + 0 E 418.9 a 17.0 a 
(2.2) (8.9) 

5.6 AR + 0.2 E 377.2 d 15.2 c 
(-8.0) (-2.6) 

4.0 AR + 0 E 337.3 e I#.3 e 
(- 17.7) (-8.4) 

4.0 AR + 0.2 E 321.8 f 12.6 j' 
(-21.5) (-19.2) 

2.8 AR + 0 E 305.5 g 11.5 g 
(-25.5) (-26.3) 

2.8 AR + 0.2 E 210.6 h 10.5 gh 
(-#8.6) (-29.5) 

0.2 E + 5.6 AR #09.6 b 15.0 d 
(-0.1) (-3.8) 

0.2 E + 4,0 AR 323,2 f 10.3 h 
(-21.2) (-33.9) 

0.2 E + 2.8 AR 183.6 i 8.1 i 
(-55.2) (-#8.1) 

AR-- Acid rain (pH); E= Endosulphan (%) 
- Means in column followed by the same superscript are not signi- 

f icantly different  at  the 5% level according to Duncan Multiple 
range test .  

- Values in parenthesis indicate per cent change from control.  

of nodules decreased significantly over the control  (Table 3). On the 
other hand, the plants t rea ted  with pH 5.6 acid rain, showed bet ter  
growth. 

The phytomass which is the ul t imate product of metabolic activit ies,  
increased in all sets of experiments till matur i ty ,  but decreased during 
the senescence (Table 2). Though pesticide alone did not a f f ec t  the 
plant growth much, it caused significant decrease in the phytomass 
accumulat ion.  This was particularly evident when the pesticide was 
sprayed prior to acid rain t rea tment .  

Results reported herein show that  Vicio fuba is very sensitive to acid 
rain. Its sensitivity increases when acid rain is combined with endo- 
sulphan. 
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- I  
Table  2. P r o t e i n  c o n t e n t  (mg g f r e sh  v~t of  l ea f )  a t  f l ower ing  s t a g e  

and p h y t o m a s s  (g d ry  wt .  p l a n t - ' )  a t  pos t  f l ower ing  s t a g e  of 
Vioia raba t r e a t e d  wi th  endosu lphan  and s i m u l a t e d  ra in  of  
d i f f e r e n t  pH (va lues  a r e  m e a n  f rom f ive  o b s e r v a t i o n s )  

Treatment 
Protein content Phytomass sequence 

0 AR + 0 E 36.7 b 123.6 ab 

0 AR + 0.2 E 37.4 a 120.7 abc 
(1.9) (-2.3) 

5.6 A R  + 0 E 37.9 a 124.9 a 
(3.3) (1.0) 

5.6 A R  + 0.2 E 34.6 c 121.8 abe 
(-5.7) (-1.4) 

14.0 A R  + 0 E 30.2 d 117.1 bcd 
(-17.7) (-5.2) 

4.0 AR + 0.2 E 26.1 e 112.6 d 
(-29.7) (-8.8) 

2.8 AR + 0 E 25.8 f 104.0 e 
(-29.7) (-15.8) 

2.8 A R  + 0.2 E 21.3 g 101.0 e 
(-41.9) (-18.2) 

0.2 E + 5.6 A R  34.0 e 116.5 bed 
(-7.3) (-5.7) 

0.2 E + 4.0 AR 22.6 (7 97.8 f 
(-38.4) (-20.8) 

0.2 E + 2.8 A R  15.2 h 64.8 g 
(-58.6) (-47.5) 

AR= Ac id  ra in  (pH); E= Endosulphan (%) 
- Means  in co lumn fo l lowed  by t h e  s a m e  s u p e r s c r i p t s  

s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  5% leve l  a c c o r d i n g  to  
m u l t i p l e  r ange  t e s t .  

- F i g u r e s  in p a r e n t h e s i s  i n d i c a t e  % c h a n g e  f rom c o n t r o l .  

are not 
Duncan 

The dorsiventrally flattened and pubescent (hairy) foliar surface of 
V. /'abn does not retain rain drops for long periods because of the 
angle of contact between the drops and the foliar surface (Martin and 
3uniper 1970). It has been observed that endosulphan affects the 
submicroscopic structure of the epicuticular wax layer, consequently 
increasing the surface wettabi l i ty and enhancing the penetration of 
endosulphan and hydrogen ions. 

Acidic precipitation may have adverse effects on plant growth and 
productivity (Evans et al. 1982). Dry weights and lengths of root and 
shoot and the leaf area of acid rain treated plants were reduced by 
high rain acidity (pH 2.8). The combined treatment of acid rain and 
endosulphan showed an enhanced effect on plant growth, as endosulphan 
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Table 3. Response ol Vicia faba plants treated with endosulphan and 
simulated rain of dif ferent pH at flowering stage (values 
as mean from five observations) 

Trea tment  Root length Shoot length Nodule 
sequence (cm) (m) 

0 AR + 0 E 18,6 b 57.7 a 24 b 

0 AR + 0.2 E 17.1 d 52.1 abc 22 e 
(-8.4) (-9.8) (-8.3) 

5.6 AR + 0 E 19.3 a 52.6 ab 25 a 
(2.4) (-8.8) (4.1) 

5.6 AR + 0.2 E 18.0 c #8.2 bcd 21 d 
(-3.4) (-16.4) (-12.5) 

4.0 AR + 0 E 16.2 c 48.g bcd 20 e 
(-12.8) (-15.5) (-16.6) 

4.0 AR + 0.2 E 14,2 fg 45.6 cd 18 f 
(-23.9) (-21.0) (-25.0) 

2.8 AR + 0 E 14.4 f 44.3 de 14 g 
(-22.4) (-23.2) (-41.6) 

2.8 AR + 0.2 E 12.0 gh 38.4 e 12 h 
(-35.5) (-33.4) (-50.0) 

0.2 E + 5.6 AR 13.5 g 44.1 de 20 e 
(-27.6) (-23.6) (-16.6) 

0.2 E + 4,0 AR 11.9 h 38.0 e 14 g 
(-36.1) (-34,2) (-41.6) 

0.2 E + 2.8 AR 9.5 i 29.1 f I0 i 
(-48.7) (-49,5) (-58.3) 

number 

AR= Acid rain; E= Endosulphan. 
Means in column followed by the same superscripts are not signi- 
f icantly different at the 5% level according to Duncan Multiple 
range test. 
Values in parenthesis indicate % change from control. 

would have also caused a decrease in levels of cellulose and hemicellu- 
lose, by blocking their synthesis, and levels of pectins by accelerating 
their degradation, as reported earlier by Agarwal and Beg (1982). 
Interference of endosulphan in mobilization of food reserves and their 
subsequent ut i l izat ion in the developing plant parts could have also 
affected the plant growth adversely. Such effects of pesticides were 
observed by Dalvi and Salunkhe (1975). 

Reduction in chlorophyll concentration increased with rain acidity 
(Fernbaugh I976, Hindawi et aL 1980) but the effect was more pro- 
nounced at pH 2.g than at pH 4.0 and 5.6. Perhaps higher rain acidity 
either retarded chlorophyll synthesis or induced the breakdown of chlo- 
phyll molecules. Further, the presence of endosulphan with the 
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acid rain t r e a t m e n t  s t imulated chlorophyll reduction.  

It may be concluded that  the sensi t ivi ty of pJants to acid rain (pH 2.8 
and 4.0) was signif icantly increased by prior exposure to endosulphan. 
This synergism between acid rain and endosulphan could be due to 
increased ionic imbalance  of the plant leaves as the pest icide (foliar 
sprayed one) changes the foliar sur face  charac te r i s t i c s  by disturbing the 
epidermis,  cut ic le  and wax layers (Mersie and Foy, 1986) thus fac i l i t a t -  
ing the infusion of endosulphan molecules  from leaf surface  and also 
hydrogen ions. The synergism could also involve an influence of low pH 
on the degree  of dissociation of the pest icide molecule  which might 
enhance its penet ra t ion  through the cut icle .  
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