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Effect of sulphur dioxide on growth and nodulation of pigeonpea
N V SATYANARAYANA, P PRASAD and K V MADHAVA RAO
Department of Botany, Andhra University,Waltair 530003, India
MS received 22 January 1985; revised 18 October 1985
Abstraer. Effectof sulphur dioxide on the growth of pigeonpea (Cajanuscajan(L.) Millsp.)
was studied. Five day old pigeonpea seedlings were exposed to 10 and 20 ppm SO, in glass
chambers for 3hr/day continuouslyfor two weeks. Analyseswem made in 25-dayold seedlings
with respect to foliar injury, morphoiogical characteristics, dry matter accumulation and
nodule number. Sulphur dioxide affected le.avesshowed chlorosis, tip burn and marginal
necrosis. Root growth and nodulation were very much reduced in fumigated seedlings.
Sulphur dioxide exposuredeereased dry matter accumulation in all the parts of the seedling.
Keywords. Sulphur dioxide; Cajanus cajan; morphological characteristics; dry matter
accumulation; nodulation.

I.

Introduction

The impact of air pollutants on agricultural crops has not been assessed so far. Sulphur
dioxide is one of the most common industrial air pollutants. It has been established that
sulphur dioxide causes deleterious effects on plants (Thomas and Hendricks 1956;
Ricks and Williams 1975; Pandey and Rao 1978). Sulphur dioxide enter the plant
mostly through stomata and at toxic concentrations induces alterations in va¡
biochemical and physiological processes leading to reduced growth (Thomas 1961;
Thomas and Hendricks 1956; Rao and LeBlanc 1965; Coker 1967; Daines 1968; Syratt
and Wanstall 1969; BeU and Clough 1973; Ashenden 1978). Since most of the studies
are based on their local general vegetation, as there is little work on its influenee on crop
plants and the degree of response and delete¡
effects varies from plant to plant, the
present investigation is concerned with the effect o f high SO2 concentrations 'of short
term exposures on the growth and development o f pigeonpea; an important pulse crop
of India. These simulation studies may help in understanding the mode and mechanism
of the deleterious effects of SO2 on this crop plant.
2.

Materiais and methods

Pigeonpea (Cajanus cajan (L.) Millsp.) cv. P D M I seeds were planted in pots (18cm
diameter) containing soil and farmyard manure in 3:1 ratio. For proper nodulation the
seeds were washed and soaked in distilled water for 3 hr to remove water soluble
Rhizobial growth inhibiting substances, if any f r o m seed coats and then the seeds were
inoculated with 7-day-old cultures of Rhizobium isolated from the same cultivar and
grown in yeast mannitol agar broth. Since the Rhizobia that infect pigeonpea is a slow
growing type (cowpea type) they require 6-14 days to form 1-2 m m colonies (Dye
1980). Therefore 7-day-old cuitures were used. After 5 days thinning was done, keeping
I0 plants per pot. Three pots were fumigated in each concentration of 10 and 20 p p m
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S O 2 for 3 hr/day in 0-45 m 3 glass chambers for a period of 2 weeks. Du¡
that period
control seedlings were kept in glass chambers without SO 2. The seedlings were always
fumigated from 8-00a.m. to l 1.00a.m. after which the plants were allowed to grow
under normal conditions. Desired SO 2 concentrations in glass chambers (0-45 m 3)
were obtained by reacting Na2SO 3 with dilute H2SO 4 by the relationship that 2-6 mg of
Na2SO 3 with dilute H2SO 4 releases I ppm SO 2 in 1 m 3 air (Rao and Le Blanc 1965).
The released SO 2 get mixed with air in the chamber and produces the desired SO 2
concentration. Analyses were made on 25-day-old seedlings.
Fresh weights of the control and fumigated seedlings were determined immediately
on harvest. The materials were kept in hot air oven at 80~ until constant dry weights
were obtained.
Shoot/root ratios were determined by the procedure of Evans and Hughes (1961) as
presented in the following formulae:

Shoot/root ratio
(dry weight)

Mean shoot dry weight in mg
Mean root dry weight in mg

The level of injury such as chlorosis and necrosis was expressed in qualitative terms.
3.

Results and discussion

The symptoms, chlorosis, tip burn and marginal necrosis were observed in both
concentrations, however, the damaging effect was more with 20 ppm than with 10 ppm
SO2.
The shoot length and root length recorded higher values for the control than the
fumigated seedlings. Among the fumigated plants those received 20 ppm SO2 showed
lower values than those treated with l 0 ppm SO 2. The root length was more affected
than shoot length. The root length of seedlings exposed to 10 and 20ppm SO2 were
reduced by 52.47 ~ and 61-15 ~o respectively on compared to the controls (table I).
Nodule number was also reduced in pigeonpea seedlings due to SO2 exposure.
Control seedlings showed on an average 23-4 nodules per seedling, whereas 9-2 and 3-6
nodules per seedling were observed in lO and 20ppm SO2 exposed seedlings
respectively. The number of leaves per seedling were also reduced in the fumigated
seedlings (table 1).
Depending on the level o f S O 2 exposure a reduction in the fresh and dry weight of the
Table 1. Effectof sulphurdioxideon shoot length,root

length, nodule number and leal"number of pigeonpea
seedling (mean of 30 seedlings with SE)
SO2 con.
0 ppm
10 ppm
20 ppm

Shoot R o o t Nodule
(cm) (cm) number
26-43
_+0-69
17-44
-+0-34
16-65
_+0-32

27-88
+ 1.83
13.25
-+0-62
10-83
_+0-62

23-40
-+0-73
9.20
_+0-69
3-60
_+0-49

Numberof
leaves
6.I0
-+0-17
5-60
_+0-16
4-50
_+0-16
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Table 2. Effect of sulphur dioxide on fresh
weight, dry weightand shoot/root ratio of pigeonpea seedling (mean of 3 replicates with SE)
Sulphur dioxideconcentration
0ppm

10 ppm 20 ppm

Fresh weight (mg)
Whole seedling 2470-43
:t=17-89
Stem
544.99
+6.73
Leaf
1016"10
+4'33
Root
909.44
+6.75
Dry weioht (mg)
Whole seedling 353"93
+4.87
Stem
104.61
-t-1"97
Leaf
184.44
:l: 1"69
Root
64.88
+ 1"29
Shoot/root ratio
1.60
+0-O0

1255"22 962.83
-1-13.66 +1.12
293"32 240-41
+ 1 " 2 6 +1.10
689"99 528.75
+3'78
-]-1'25
271.90 193.66
+8.66
+0-79
171"36
+1-57
48'71
+0-29
100"71
+0"73
21.94
+0-58
2-22
:1:0-07

154.11
+0-18
45.83
+0-54
88.66
+0-29
19"62
+0-57
2"33
+0-O6

whole seedling as well as its different parts (stem, leafand root) was observed. Ofall the
plant parts roots were much affected. The roots showed 66.18 % and 66.67 % decrease in
dry weight in 10 and 20 p p m SO2 exposed seedlings respectively over the controls. The
stem growth showed 53-43 % reduction in 1 0 p p m and 56-18 % reduction in 2 0 p p m
SO2 exposed seedlings. The dry weights o f the leaves of SO2 fumigated seedlings
showed 45.39% and 51"93% decrease in 10 and 2 0 p p m respr
Since the root
system o f the fumigated seedlings were very much affected, the shoot/root ratio was
increased in fumigated seedlings than the control seedlings (table 2).
The growth reduction may be due to the reduced photosynthetic atea probably
resulting in reduced photosynthesis (Rao and Le Blanc 1965; Cocker 1967). The
reduced root growth and nodulation may be d u e t o the reduced photosynthate being
available for translocation to the roots (Ashenden 1978; Mejstrik 1980; Marshall and
Furnier 1981; Jones and Mansfield 1982; Singh and Rao 1982).
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