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EFFECT OF SO, ON GROWTH, NODULATION AND ROOT-KNOT DISEASE

OF PEA

KAMAL SINGH, M. WA JID KHAN AND M. K. KHAN
Depariment of Botany, Aligarh Muslim University, Aligarh - 202 002

(Accepted August 1995)

Effect of intermittent SO, exposure on pea (Pisusn sativum L.) cv. Rachna was studied on plant growth, nodulation and root-knot disease
under artificial treatment conditions. SOZ at 0.1 and 0.2 ppm and root-knot nematode, Meloidogyne javanica, individuzaily caused significant
reductions in plant growth of pea. Greater reductions were recorded in joint treatments. Root nodule bacteria, Rhizobium leguminosarum
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, particularly in presence of R. legwninosarum. 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 produced by coal burning
(Wood, 1968). In urban areas, the concentration of SO,
may vary from 0.05 10 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 caused by
plant parasitic nematodes are also known to be influ-
enced by air pollutants (Heagle, 1973, 1982). Repro-
duction of Pratylenchus penetrans is reported o be
enhanced when the infected soyabean plants were
exposed t0 SO, at 655 ugm?, butof Heteroderaglycines
and Paratrichodorus minor was inhibited (Weber et al.
1979). Recently Khan and Khan (1993) recorded se-
vere root-knot disease caused by Meloidogyne incog-
nita on tomato plants exposed to 286 ngm SO, m”.

Thediscrepanciesin the response of plant parasitic
nematodes to air pollutants are probably due to paucity
ofinformations on thisarcaof rescarch. So we designed
an experiment o investigate the effect of SO, on plant
growth, nodulation and root knot discase on pea grown
in artificial treatment conditions.

MATERIALS AND METHODS

Exposure chamber : The chambers (Standard Ap-

pliances, Varanasi, India) used to expose pcas were of
dynamic state (Khan and Khan, 1993) and were made
of transparent lucite sheets with aheight of 120 ¢cm and
8100 cm?cross sectronal area. The frontof 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 tray was placed in order to provide additional
space to the pots. A control 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 airand
injectitthrough the perforations fora 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,SO,) under controlled conditions.
Flow of both the reactants in the reaction chamber was
controlled through the mechanical valves fitted to the
capillary tubes originating from the bottles. On com-
pletereaction, the I MNa SO, produces 1M SO, or 126
mg Na, SO, that yiclds 64 mg SO,.

To determine the concentration of SO, during the
exposure of plants, air sampling was done by placing a
handy air sampler (Kimoto Electricals, Japan) in the
chamber. The sampled air was analysed in laboratory
according toamethod given by Westand Gaeke (1956)
as prescribed in National Environmental Engineering
Rescarch Institute, Nagpur in its Air Quality Monitor-
ing Coarse Manual (Anon, 1986).
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Tabie 10 Effect of SO, on shoot and root length of pea
T —
Shoot length {cm; Root length (cm)
e ppm ppm

0 0.1 0.2 MM 0 0.1 0.2 MM
P 95.72 G2.48 89.36 2.52 38.54 34.36 3232 35.07
P+R 114.00 96.70 9364 101.45 42.06 39.72 3448 38.75
P+ M 9310 K7.64 83.32 88.02 35.16 32.18 30.02 3%.45
P+R+ M 104.60 90.72 84.72 93.15 40.10 34.14 31.34 35.19
VM 101 86 91.89 87.76 38.97 35.10 3204
Cd at P = 0.05; Treatments = 1.39,50,=1.20 Treatments = 1.22, SO, = 1.06

Treatments x SO, =2.41 Treatments x SO, = NS
Table 2: Lffea of SO, on fresh shoot and root weight of pea

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

Treatments ppm ppm

0 0.1 02 MM 0 0.1 0.2 MM
P 30.36 28.36 26.50 2841 15.42 13.22 11.56 13.40
P+R 35.50 31.44 29.48 32.14 17.72 15.46 13.40 15.53
P+Mj 28.20 26.22 25.28 26.57 14.80 11.58 10.20 12.19
P+R+M; 32.54 29.40 27.48 26.81 16.12 14.18 12.16 14.15
MM 31.65 28.86 27.19 16.02 13.61 11.83

Treatments = 1.44, 50, = 1.25
Treaiments x SO, = NS

Treatments and plant culture : The seeds of pea
(Piswm sativum L.) cv. Rachna, procured from IARI,
Pulse Research Section, New Delhi were water-soaked
and surface sterilized (0.01% HgCl,). Seeds were then
sown in clay pots of 20 cm diameter. Prior to sowing,
seeds of some pots were treated with the mixture of
commercial Rhizobium leguminosarumand sugar. After
twenty one days of sowing, the seedlings were inocu-
lated with Meloidogyne javanica (2000 J /pot). Two
levels of SO, ie. 0.1 and 0.2 ppm were selected to
expose the plants. The treatments were as follows :

Unexposed treatment (i.e. Control) :

T, Plant

L Plant+  Khizobium

T, Plant + Nematode (= Melowdogyne javanica)
T, - Plant + Rhizobium + Nematode

Exposed treatment ¢

T, Plant + SO, {0.1 ppm)

1, Plant + Rhizobiwn + 50, (G.1 ppm)

Plant + Nematode + SO, (0 1 ppm)

T, Plant + Rhizobium + Nematode + SO, (0.1 ppm)
1 Plant + SO, (0.2 ppm)

T,, - Plant+ Rhzobum + SO, (0.2 ppm)

T

Plant + Nematode + SO, {0.2 ppm)
1., - Plant+ Rhizobuiwn + Nematode + SO, (0.2 ppm)

Treatments = 1.19, SO, = 1.03
Treatments x SO, = NS

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).

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 10
count rhizobial nodules. Pinkish nodules were consid-
ered as healthy i.e. functional one.

Disease intensity and reproduction of the nema-
tode were studied according a method given by Khan
and Khan (1993). Date were analysed by testing Null
hypothesis (Dospckhov, 1984).

RESULTS

Plant growth (lengths, fresh and dry weights of
shoots and roots) was greater in presence of Rhizobium.
Pcas inoculated with Meloidogyne javanica alonc,
showed reduction in growth parameters. Suppressions
in length and weight of plants caused by M. javanica
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I'able 3: Effect of SO, on shoot and root weight of pea

L

Dry shoot weight (g
Ireaunents Ppm

Dry root weight (g}

ppm
0 0.1 0.2 MM 0 0.1 02 MM
P 5.84 5.21 496 534 474 4.50 422 4.49
P+R 6.91 £.5% 6.00 6.50 5.86 sS85 336 562
P+ “J 372 422 4.02 4132 389 378 132 373
P+R+M 6.07 537 5.06 5.50 492 4.59 127 +.39
MM 5.89 534 5.0i 4 85 463 434
CdaP=005 [rcatments =074, SO. = 1.28 Treatments = 0.63, SO, = \S
Treatments x SO, =NS§ reatments x SO, = NS
Fable 4: Effect of SO, on functional and total number of nodules/reot systemn
Number of functional nodulcs Number of total nodules
Ureatments ppm ppm
0 0.1 0.2 MM 0 0.1 0.2 MM
+R 2412 150.4 104 8 165.5 266.2 176 8 1300 197.7
+ My - - . R - .
+R+M; 198./0 121, B8 R 136.0 2082 156 4 1338 166.1
M 291.6 1358 PLR. 2372 [66.6 1418
SdatP =0.05 Treatments = 5.3, 50,=64 Treatments = 5.6, SO, =69

Treatments x SO, =91

were comparatively less in the presence of Rhizobium.
Rootnodulation alsodecreased in the presence of root-
knot nematode. Number of galls, females and cgg
masses werce suppressed in the presence of R.
leguminosarum. But nodulated peas showed signifi-
cant increase in fecundity.

Intermittent exposure of plants 0 SO, caused
significantSuppressions to lengths, fresh and dry weights
of shoots and roots, being greater at 0.2 ppm than 0.1
ppm (Tables 1-3). These reductions were compara-
tively less in bacterized peas at cither concentration of
SO,. Sulphur dioxide cspecially at 0.2 ppm in the
presence of M. javanica caused highest reductions in
the plantgrowth incomparison to other treatments. SO,
also caused decline in the number of nodules on pea
roots, which was further suppressed in the presence of
M. javanica (Tablc 4).

Numbcr of galls, females, egg masses and fecun-
dity showed a progressive decline at 0.1 and 0.2 ppm of
SO. (Tables 5 & 6). Like the growth parameters, the
decline in the severity of root-knot was greater at 0.2
ppm. Root-knot discasc (except fecundity) was sup-
pressed 1o a greater extent in nodulated plants particu-

Trcatments x §0,=9.7

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

The critical difference of treatiments and SO, were
significant for all the measured parameters except dry
weightof root. The interaction critical difference (i.c.
CD of treatments X SO.) was significant for only shout
length and root nodulation.

DISCUSSION

Root nodulation caused by Rhizobium on legumi-
nous roots facilitates the fixation of atmosphereic
nitrogen and provides additional nitrogen to plants
which results in an improved plant growth and vield
(Subba Rao, 1972). We also recorded better growth of
pea in the presence of R. leguminosarum. However,
suppressed plant growth of a nematode infected pea
was apparently due to the nematode-induced imbal-
ancesintheconducting tissue (Endo. 197 1). M _javanica
causes impairment in absorption and translocation of
water and nutrients. The decline in the nodulation
mightbe duc to the nematode-galling, thus lcaving less
root area (Barker and Husscy, 1976) available for the
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Tablc 3: Effect of 8O, on shoot and root weight of pea

Dry shoot weight (g)
Treatments ppm

Dry root weight (g)

ppm

0 0.1 0.2 MM 0 0.1 0.2 MM
P 5.84 5.21 4.96 5.34 474 4.50 422 4.49
P+R 6.91 6.58 6.00 6.50 5.86 5.65 5.36 5.62
P+Mj 4.72 4.22 4.02 432 3.89 3.78 3.52 373
P+R+Mj 6.07 5.37 5.06 5.50 4.92 4.59 4.27 4.59
MM 5.89 5.34 5.01 4.85 4.63 434

CdatP=0.03 Treatments = 0.74, SO, = 1.28

Treatments x SO, = NS

Treatments = 0.63, SO, = NS
Treaunents x SO, = NS

Table 4: Effect of 8O, on functional and total number of nodules/root system

Number of functional nodulcs

Number of total nodules

Treaumnents ppm ppm

0 0.1 0.2 MM 0 0.1 0.2 MM
P - - . - . - R -
P+R 241.2 150.4 104.8 165.5 266.2 176.8 150.0 197.7
P+ Mj - . s - . : . -
P+R+Mj 198./0 121.2 88.8 136.0 208.2 156.4 133.8 166.1
MM 291.6 135.8 96.8 2372 166.6 141.8
Cd at P =0.05 Trcaiments = 5.3, SO, = 6.4 Treatments = 5.6, SO, = 6.9

Treatments x SO, =9.1

were comparatively less in the presence of Rhizobium.
Rootnodulation also decreased in the presence of root-
knot nematode. Number of galls, females and cgg
masses werc suppressed in the presence of R.
leguminosarum. But nodulatcd pecas showced signifi-
cant increase in fecundity.

Intermittent exposure of plants to SO, caused
significantsuppressions to lengths, freshand dry weights
of shoots and roots, being greater at 0.2 ppm than 0.1
ppm (Tables 1-3). These reductions were compara-
tively less in bacterized peas at either concentration of
SO,. Sulphur dioxide cspecially at 0.2 ppm in the
presence of M. javanica causcd highest reductions in
the plantgrowth incomparison to other treatments. SO,
also causcd decline in the number of nodules on pea
rools, which was further suppressed in the presence of
M. javanica (Tablc 4).

Numbcr of galls, females, cgg masses and fecun-
dity showed a progressive declineat0.1and 0.2 ppm ol
SO, (Tables 5 & 6). Like the growth parameters, the
decling in the severity of root-knot was greater at (0.2
ppm. Root-knot discase (except fecundity) was sup-
pressed o a greater extent i nodulated plants particu-

Treatments x SO, =9.7

larly at 0.2 ppm. In contrast, fecundity showed morc
suppression in the exposcd plants in the absence of R.
leguminosarum.

The critical difference of treatments and SO, were
significant for all the measured parameters except dry
weightof root. The interaction critical difference (1.c.
CDof trcatments X SO,) was significant for only shoot
Iength and root nodulation.

DISCUSSION

Root nodulation causcd by Rhizobium on legumi-
nous roots facilitates the fixation of atmosphereic
nitrogen and provides additional nitrogen to plants
which results in an improved plant growth and yicld
(Subba Rao, 1972). We also recorded better growth of
pea in the presence of R. leguminosarum. However,
suppressed plant growth of a nematode infected pea
was apparently due 1o the nematode-induced imbal-
ancesin the conducting tissue (Endo, 1971). M. javanica
causes impairment in absorption and translocation of
water and nutrients. The dechine i the nodulation
might be duc to the nematode-galling, thus lcaving less
root arca (Barker and Husscy, 1976) available for the
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CdaP =00 freatments = 36,50, - 4.4 s .80, =42
Ireauments x SO, = NS Treatments

Fable 6. Effect of SO, on egg mass production and fecundity of Melowlogvae javanica on pea

Number of egg mass

Treatments ppm ppm

Q U1 0.2 MM Q 0.1 0.2 ASAS
p
P+R . -
P+ M, 27.8 228 172 26 06 4 2902 2744 2903
P+ R+ M 21.8 20.2 14.2 18 44 RO X 291 4 3018
MM 248 215 157 04 2949 2820

Cdat P =605 Treatments = 1.3, SU: =19
Treatments x SO, = NS
MM = Mecan of means, R = Rtuzobium, Mj = Melowlogyne javanica

Values in the tables are mean of five replicates.

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

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 er af, 1976; Khan and Husain,
1988). The increased fecundity in bacterized peas can
be correlated to availability of additional nutrients for
the development of healthy females, which layed
greater eggs.

Greater suppressions in plant growth ot 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, 1993). Disturbance in synthesis
of pigments may reduces photosynthesis leading to
decrease in overall plant growth. SO, readily reacts
with soil moisture and cause acidity which might have
been responsible for the suppression in nodulation.
Low pH of soil can reduce infection and nodulation of

[reatments =
Treatments x SO, = \S

39,8Q, = 4%

Rhizobium (Shriner and Johnson, 1981).

[n the present study . number of galls, females, egg
masses and fecundity was reduced by SO.. Singh
(1989) and Pasha (1990) have also reported decline in
galls, females and egg masses in SO exposed legumi-
nous and nion-leguminous plants. The inkibitory effects
on the nematode disease was due to their direct toxi
effects or indirectly through the host. Soil acidity
caused by SO, might have contributed the suppression
in penetration and development of M. javanica (Abeles
et al. 1971). Poor nutritional status of the SO,-exposed
plants due toaltered physiology (Johnsen and Sochung.
1973; Shimazaki et al. 1980) can also be correlated 1©
the suppressed development of the nematode. Ateither
concentration of SO, fecundity was greaterin nodulated
peas than non-nodulated ones but galling, female popy”
latton and egg mass production were suppressed. In
Rhizobium inoculated plants, nematode 3pp~m‘§“”_3
received additional nutrients as a result of symbiotic
association.

Decline in the intensity of root-knot ncm:uodc_ ha as
maximum in SO -exposed peas inoculated with Rz
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bium than the uninoculated. It indicates that the bacte-
ria developed protection against penctration 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. ‘
The senior author is thankful to the CSIR, New
Delhi for the award of Research Associateship.
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