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EFFECT OF SO, ON GROWTH, NODULATION AND ROOT-KNOT DISEASE 
OF PEA 
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Eitect of intemitient SO, exposure on pea (Pisun sativum L.) ev. Rachna was studied on plant growth, nodulation and root-knot disease 

under arificial treatment conditions. SO, at 0.1 and 0.2 ppm and root-knot nematode, Meloidogyne javanica, individualy caused significant 
reductions in plant growth of pca. Greater reductions were recorded in joint treatments. Root nodule bacteria, Rhizobiun leguminosarun 

improved the plant growth and provided a partial protection to plants against SO, and nematode. Root-knot disease caused by M.javanica was 
also found to be decreased on 0.1 and 0.2 ppm SO, exposures, paricularly in presence of R. leguwminosarun. Unlike others, fecundity 

Suppressions were comparatively less in case of the roots inoculated with root nodule bacteria than their absence. 
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Sulphur dioxide is a potential phytotoxic gaseous 
pollutant and is principally produccd by coal burning 
(Wood, 1968). In urban areas, the concentration of sO, 
may vary from 0.05 to 0.4 ppm (Heagle, 1973). Sulphur
dioxide readily combines with water vapour and forms 
acid rain that falls on ground during the atmospheric 
precipitation (Likens and Bormann, 1974). SO, after 
entering to leaf tissue is converted into sulphate and 

sulphite ions (Petering and Shih, 1975) and these ions 
cause disruption in various metabolic pathways and 

injuries to the plants. The impacts of air pollutants on 
crop plants are now being realised in different parts of 

the world (Heck et al. 1986). Some discases causcd by 

plant parasitic nematodes are also known to be influ- 
enced by air pollutants (Heagle, 1973, 1982). Repro- 
duction of Pratylenchus penetrans is reported to be 
enhanced when the infected soyabean plants were 
exposed to SO, at 655 ugm , but of Heterodera glycines
and Paratrichodorus minor was inhibited (Wcber etal. 
1979). Recently Khan and Khan (1993) recorded se- 
vere root-knot disease caused by Meloidogyne incog- 
nita on Lomato plants exposed to 286 ugm S0, m" 

pliances, Varanasi, India) used to expose peas were of 

dynamic state (Khan and Khan, 1993) and were made 

of transparent lucite sheets with aheight of 120 cm and 
8100 cmcross sectronal area. The front of the chamber 
was provided with movable door to place the test 

materials inside the chamber, while the bottom plate 
had several perforations with nozzles for uniform 

inflow of SO. Sixty cm above the bottom plate, a 
meshed iray was placed in order to provide additional 

space to the pots. A conurol panel fitted to the bottom 

regulated the air flow from the blower into the cham-
ber. Function of the blower was to mix SO, with air and 

injectit through the perforations for a uniform dispension 
inside the chamber. 

SO, generation: SO, was produced in a generator 
by the reaction of sulphuric acid (10% H,SO,) and 

sodium sulphite (Na, S0,) under controlled condiüons. 
Flow of both the reactants in the reaction chamber was 
controlled through the mechanical valves fited to the 

capillary tubes originating from the boules. On com- 
plete reaction, the 1 MNa, SO, produces 1 M S0,or 126 
mg Na,SO, that yiclds 64 mg SO, 

The discrepancies in the response of plant parasitic 
nematodes to air pollutants are probably duc to paucity 
ofinformations on this arca of rescarch. So we designcd 
an experiment to investigate the effect of SO, on plant 

growth, nodulation and root knot discase on pea grown 
in artificial treatment conditions. 

To dctermine the concentration of S0, during the 
exposure of plants, air sampling was done by placing a 

handy air sampler (Kimoto Elecricals, Japan) in the 

chamber. The sampled air was analysed in laboratory 

according to a method givenby West and Gaeke (1956) 
as prescribed in National EnvironmentaB Engineering 

Research Institute, Nagpur in its Air Quality Monitor 
ing Coarse Manual (Anon, 1986). 

MATERIALS AND METHODS 

Exposure chamber: The chambers (Standard Ap- 
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Table 1: Effect of SO, on shoot and root length of pea 

Shoot length (cmj Root length (cm) 

Treatments PPm 
0.1 0.1 0.2 MM 

P 95.72 92 48 89.36 92.52 38.54 34.36 32.32 35.07 

P+ R 114.00 70 93.64 101.45 42.06 .72 34.48 38.75 
32.45 M 

P+R Mj 
93.10 87.6 83.3 88.02 5.16 2.18 30.02 

104.6 90.72 84.7 93.15 40.10 .14 31.34 35.19 

MM 1018 86 91.89 87.7 38.97 35.10 32.04 

Cd at P = 0.05; Treatments = 1.39, S0, = 1.20 

Treatments x SO, = 2.41 

Treatments = 1.22, SO, = 1.06 

Treatments x SO, = NS 

Table 2: 1Effect of SO, on fresh shoot and root weight of pea 

Presh shoot weight (g) Fresh root weight (g) 

Treainents Ppm ppm 

0.1 0.2 MM 0.1 0.2 MM 

28.41 
32.14 
26.57 

P 30.3 36 3.36 26.5 15.42 13.22 11.56 40 

P+R 

P+Mj 
P+R Mj 
MM 

50 31.44 29 .48 17.72 15.46 13.40 15.53 
28.20 26.22 25.28 14.80 1.58 10.20 12.19 
32.54 29.40 27.4 29.81 16.12 .18 12.16 14.15 
31.65 28.86 27.19 16.02 13.61 11.83 

Cd at P = 0.05 Treatments = 1.44, SO, = 1.25 

Treatments x SO, = NS 

Treatments = 1.19, SO, = 1.03 

Treatments x SO, = NS 

Treauments and plant culture: The seeds of pea 
(Piswn sativum L.) cv. Rachna, procured from IARI, 
Pulse Research Section, New Delhi were water-soaked 

After the nematode inoculation, designated pots 
were exposed to SO, by putting them in exposure 
chamber on alternate days for three hours up to the 

termination of experiment (i.e. 70 days). and surface sterilized (0.01% HgCL). Seeds were then 
Sown in clay pots of 20 cm diameter. Prior to sowing, 
secds of some pots were treated with the mixture of 
commercial Rhizobium leguminosarum and sugar. After 
twenty one days of sowing, the seedlings were inocu- 
latcd with Meloidogyne javanica (2000 J./pot). Two 
levels of S0, i.c. 0.1 and 0.2 ppm were selected to 

Cxpose the plants. The treatments were as follows: 

Each treatment was replicated five times and pots 
were arranged in glasshouse in complete randomised 
block design. Atthe time of harvesting, the plants were 

carefully uprooted and the roots were washed thor 
oughly under tap water to remove the sticked soil. The 
lengths and fresh and dry weights of shoots and roots 
were determined. Roots were visually examined to 

count rhizobial nodules. Pinkish nodules were consid-
ered as healthy i.e. functional one. 

Unexposed treatment (i.e. Control): 
Plant 

Plant+ Khizobium Disease intensity and reproduction of the nema-
tode were studicd according a method given by Khan 

and Khan (1993). Date were analysed by testing Null 

hypothesis (Dospckhov, 1984). 

T Plant+ Nematode (= Meloidogyne javanica) 

T, Plarnt+ Rhizobium + Nematode 

Exposed treaunent 
RESULTS Plant+ SO, (0.1 pprm) 

Plant+ Rhizobium + SO, (0.1 ppm) 

Plant Ncmatode + SO, (01 ppm) 

Plant+ Rhizobium + Nematode + SO, (0.I ppm) 

Plant S0, (0 2 ppm1) 
Plant + Rhizobum+ SO, (0.2 ppm) 
Plant+ Nematode + SO, (0.2 ppm) 

Plant+ Rhizobiwn Nematode SO, (0.2 ppm) 

Plant growth (lengths, fresh and dry weights of 
shoots and roots) was greater in presence of Rhizobium. 
Peas inoculated with Meloidogyne javanica alonc, 

showed reduction in growth parameters. Suppressions 
in lengih and wcight of plants caused by M. javanica 
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Table 3: Effect of SO, on shoot and root wcight of peca 

Dry rout weighi (g) 

Ppm 
0.1 

Dry shoot weight (g) 
Treaunents ppm 

0.1 0.2 MM M 

5.84 5.21 4.96 5.34 4.74 50 4.22 4.49 
6.91 6.50 5.86 5.65 .36 5.62 

R 6.58 6.00 

32 3.89 3.78 3.52 3.73 4.72 4.22 4.02 Mj 
P R Mj 

P+ 

59 4.27 4.59 4. 
4.63 

6.07 5.37 5.06 5.50 4.92 
MM 5.89 5.34 5.01 4.85 4.34 

Treatnents = 0.74, SO, = 1.28 

Trcatmcnts x S0, = NS 
Treatments = 0.63, SO, = NS 

Treaunentsx SO, = NS 

Cd at P = (0.05 

Table 4: Effect of SO, on functionaB and total numbcr of nodules/root system 

Number of functional nodules Number of Lotal nodules
Trealnents 

Ppn Ppm 
0.1 0.2 MM 0.1 MM 

241. 104.8 165.5 266.2 176.8 150.0 197.7 
R 150.4 
Mj 

Mi R 198./ 121 1.2 88.8 136.0 208.2 156.4 133.8 166.1 
IM 291.6 135.8 96.8 237.2 166.6 141.8 

Treatments = 5.3, SO, = 6.4 

Treatments a SO, =9.1 
Treatmcnts = 5.6, SO, = 6.9 

Trcatments x SO, = 9.7 

d at P = 0.05 

were comparatively less in the presence of Rhizobium. 
RoOL nodulation also decreased in the presençe of root 
knot nematode. Number of galls, females and cegg 

larly at 0.2 ppm. In conurast, fecundity showed more 
suppression in the exposed plants in the absence of R. 

leguminosarurn. 
masses were suppressed in the presence of R. 

leguminosarun. But nodulated peas showed signifi- 
cant increase in lecundity. 

The critical difference of treaunents and SO, wcre 

significant for all the measured parameters except dry 
weight of root. The interaction critical difference (i.e. 
CD of trcauments X SO,) was significant for only shoot 

length and root nodulation. 

Intermitlent cxposure of plants to SO, caused 
significantsuppressions to lengths, fresh and dry wcights 
of shoots and roots, being greater at 0.2 ppm than 0.1 
ppm (Tables 1-3). These reductions were compara- 
tively less in bactcrized pcas at either concentration of 

SO. Sulphur dioxide cspecially at 0.2 ppm in the 
presence of M. javanica caused highest reductions in 
the plant growth in comparison to other ireatments. SO 
also causcd decline in the number of nodules on pca 
roots, which was further suppressed in the presence of 

DISCUSSION 

Root nodulation caused by Rhizobium on legumi-
nous roos facilitates the fixation of atmosphereic 
nitrogen and providcs additional nitrogen to plants 
which results in an improved plant growth and yicld 
(Subba Rao, 1972). We also recorded betuer growth of 
pea in the presence of R. leguminosarum. However. 

suppressed plant growth of a nematode iníecied pea 
was apparenly due to the nemaiode-induced imbal- 

ances in the conductingtissue (Endo, 1971). M. javanica 
causes impairment in absorplion and uranslocalion of 
water and nutrienis. The decline in the nodulation 

M. javanica (Table 4). 

Number of galis, females, egg masses and fecun- 
dity showed a progressive decline at 0.1l and 0.2 ppmof 
SO, (Tables 5 & 6). Likc the grow th parameters, the 
dccline in the severity of root-knot was greater at 0.2 

ppm. Root-knot discase (except fecundity) was sup- 
pressed toa greater extent in nodulated plants particu 

might be due to the nematode-galling, thus leaving less 
root area (Barker and Hussey, 1976) available for the 
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Tablc 3: Effect of SO, on shoot and root weight of pea 

Dry shoot wcight (g) Dry root weight (g) 
Trcatnents ppm Ppm 

0.1 0.2 MM 0.1 0.2 MM 

P 5.84 4.22 4.49 5.34 

6.50 
5.21 4.96 4.74 4.50 

P+R 6.91 6.58 6.00 5.86 5.65 5.36 5.62 

P+Mj 
P+R Mj 

3.73 3.52 
4.27 

4.72 4.22 4.02 4.32 3.89 3.78 
6.07 5.37 5.06 5.50 4.92 4.59 4.59 

MM 5.89 5.34 5.01 4.85 4.63 4.34 

Cd at P 0.05 Treatments = 0.74, SO, = 1.28 

Treatmentsx SO, = NS 

TrcatmenLs = 0.63, SO, = NS 

Trealunents x SO, = NS 

Table 4: Efect of SO, on functional and total numbcr of nodules/root systcm 

Number of functional nodules Number of Lotal nodules 

Trealments ppm Ppm 

0.1 0.2 MM 0.1 0.2 MM 

P 

P+ R 241.2 150.4 104.8 165.5 266.2 176.8 150.0 197.7 

P+Mj 
P+R+Mj 198./ 121.2 88.8 136.0 208.2 156.4 133.8 166.1 
MM 291.6 135.8 96.8 237.2 166.6 141.8 

Treatments = 5.3, SO, =6.4 

Trcatmcnts x SO, =9.1 

Treatmcnts = 5.6, SO, = 6.9 

Trcatmentsx SO, = 9.7 

Cd at P 0.05 

were comparativcly less in the prescncc of Rhizobium. 

RoOL nodulation also decrcascd in the presence of rool 
knot nematode. Number of galls, females and cgg 

larly at 0.2 ppm. In conurast, fecundity showed more 

suppression in the exposcd plants in the abscncc of R. 

leguminosarum. 
masses were suppressed in the presence of R. 

leguninosarum. But nodulated pcas showcd signifi 
cant increase in fecundity. 

The critical difference of treatments and SO, were 

significant for all the measured parameters except dry 
weight of root. The interaction critical difference (i.c. 

CDof trcatments X SO,) was significant for only shoot 

Iength and root nodulation. 

Intermitucnt cxposure of plants to SO, caused 
signilicant suppressions to lengths, fresh and dry wcighis

of shoots and roous, bcing greatcr at 0.2 ppm than 0.1 

ppm (Tables 1-3). Thcse reductions were compara- 

tively less in bacterized pcas at cithcr concentralion of 

SO. Sulphur dioxide espccially at 0.2 ppm in the 

presence of M. javanica causcd highest reductions in 

the plant growth in comparison to other urcatments. S0, 
also causcd decline in the number of nodules on pea 
roots, which was further suppresscd in the prcsence of 
M. javanica (Table 4). 

DISCUSSION 

Root nodulation causcd by Rhizobium on legumi- 
nous roots facilitates the fixation of atmosphereie 
nitrogcn and provides additional nitrogen to plants 

which results in an improved plant growth and yicld 
(Subba Rao, 1972). We also recorded betuer growth of 
pea in the presence of R. leguminosarum. However, 
Suppresscd plant growth of a nematode infected pea 

was apparently due to the nematode-induced imbal- 

ances in the conducting tissue (Endo, 1971). M.javanica 
causes impairmcnt in absorption and translocation of 

water and nutrients. The decline in the nodulation 

Number of galls, females, cgg masses and fecun- 
cdlity showed a progressive decline at 0. 1 and 0.2 ppm of 

SO, (Tables 5 & 6). Like the growth parameters, the 
dceline in the severity of roo-knot was greater at 0.2 

ppm. Roo-knot discase (excepl fecundity) was sup- 
pressed o a grcatcr extent in nodulated plants particu- 

might be duc to the nematode-galing, thus lcaving less 

root area (Barker and Hussey, 1976) available for the 
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Tabe S: ftect ot S), on gall and female producton of MelouiogvRe gRca on pea 

Narznder ot females Number ot galls 
seainents 

Pm 
MM MM 

P R 
P+M 44 35 4 298 

257 
26 20.6 

P R M 23 366 306 254 309 
MM 186 404 330 

Treatments = 5. SO, = 4 

Treatments x SO, = NS 

Cd at P0.05 ireatments = 36, S0, - 4.4 

Treatnents x SO, NS 

Table 6. Etlect of SO, on egg mass production and fecundity of Melouiogyne ja Hanica on pea. 

Number of egg mass Fecundity 
Treatments Ppm 

MM 0.l 0.2 MM 

R 

290.3 
301.8 

228 17 226 306 290 744 P+ M 
P+R Mj 21.8 20.2 42 18.7 3144 2996 291 4 

24.8 21.5 15.7 310.4 294.9 829 MM 

Treatments = 1.5, S0, = 1.9 

Treatments x SO, = NS 

MM = Mean of means, R = Rhizobium, Mj = Meloitogyne javanica 

Treatments = 3.9, SO, = 4.8 

Treatments x SO, = NS 

Cd at P= 0.05 

Values in the tables are mean of five replicates. 

infection and development of rhizobial nodules on pea 
roots (Taha, 1993). 

Rhizobium (Shriner and Johnson, 1981). 

Decrease in the number of galls, egg masses and 
females in bacteria inoculated plants can be seen as a 
protection provided by Rhizobium against nematode 
infection (Bopaiah et di, 1976; Khan and Husain, 
1988). The increascd fecundity in bacterized peas can 
be correlated to availability of additional nutriens for 
the development of healthy females, which layed 

In the present study. number of galls, females, egg 
masses and fecundity was reduced by SO. Singh 
(1989) and Pasha (199%0) have also reported decline in 
galls, females and egg masses in SO, exposed legumi 
nous and non-leguminous plants. The inhibitory effects 

on the nematode disease was due to their direct tOxIC 
effects or indirectly through the host. Soil acidity 
caused by SO, might have conuributed the suppression 
in penetration and development of M. javanica (Abeles 
et al, 1971). Poor nutritional status of the SO,-exposed 
plants due to altered physiology (Johnsen and Sochung 
1973; Shimazaki et al. 1980) can also be correlated to 

greater cggs. 

Greater suppressions in plant growth of peas at 0.2 

ppm SO, than at 0.1 ppm are in support of other 
rescarches (Kumar and Yadav, 1986; Prakash et al, 

1989). The suppression were apparently due to the 
interference of SO, in various metabolic processes 
related to synthesis of pigments (Sharma and Prakash, 
1991; Khan and Khan, I1993). Disturbance in synthesis 
of pigmcnts may reduces photosynthesis leading to 
decrease in overall plant growth. SO, readily reacts 

with soil moisture and causc acidity which might have 
been responsible for the suppression in nodulation. 
Low pH of soil can reduce infection and nodulationof 

the suppressed development of the nematode. At ethet 
concentration of SO, fccundity was greater in nodulateu 
peas than non-nodulated ones but galling. female pop 
fation and egg mass production were suppressed. In 

Rhizobium inoculated plants, nematode apparenuy 
received additional nutrients as a result of symbOtIC 
association. 

Decline in the intensity of root-knot nematode was 

maximum in SO,-exposed peas inoculated with RaizU 
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bium than the uninoculated. It indicates that the bacte- 
ria developed protection against penetration of the 

juveniles. From the present study, it can be predicted 
that damages caused by the M. javanica and SO, to 

crops may be reduced if treated with Rhizobium. 

Khan M R &M W Khan 1993 The interaction of SO 
and root-knot nematode on tomato. Environ Pollution 

8192-103. 
Khan T A & SI Husain 1988 Effect of irdividual, 
concomitant, and sequential inoculation of Rhizobium 

Rotylenchulus reniformis. Meloidogyne incognita and 

Rhizoctonia solani on cowpea plant growth, disease 

development and nematode multiplication. Indian J 

Nematol 18 232-2138. 
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