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Summary. There were significant differences among

pigeonpea [Cajanus cajan (L.) Millsp] Rhizobium sp.
strains (IC 3506, IC 3484, IC 3195, and IC 3087) in
their ability to nodulate and fix N, under saline con-
ditions. Pigeonpea plants inoculated with IC 3087 and
IC 3506 were less affected in growth by salinity levels
of 6 and 8dS m™! than plants inoculated with the
other strains. For IC 3506, IC 3484, and IC 3195, there
was a decrease in the number of nodules with increas-
ing salinity, while the average nodule dry weight and
the specific nitrogenase activity remained unaffected.
However, in IC 3087, the number of nodules increased
slightly with increasing salinity. Leaf-P concentrations
increased with salinity in the inoculated plants irre-
spective of the Rhizobium sp. strain, and leaf-N con-
centrations decreased with increasing salinity in IC
3484 and IC 3195 only. Shoot-Na and -Cl levels were
further increased in these salt-sensitive strains only at
8 dS m~’. Therefore there may be scope for selecting
pigeonpea Rhizobium sp. symbioses bétter adapted to

saline conditions. The Rhizobium sp. strains best able

to form effective symbioses at high salinity levels are
not necessarily derived from saline soils.
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Pigeonpea [Cajanus cajan (L.) Millsp] is one of the
important grain legumes grown in semi-arid regions
where salinity problems can be acute (Chauhan 1987).
Since the agricultural importance of legumes is partic-

ularly related to their ability to fix N, in root nodules,
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any study on the feasibility of growing pigeonpea un-
der saline conditions must include information on the
effects of salinity on the pigeonpea— Rhizobium Sp.
symbiosis. Various reports have been published on sa-
linity effects on the nodulation and N, fixation of
different legumes (Bernstein and Ogata, 1966 Wilson
1970; Lakshmi-Kumari et al. 1974; Balasubramanian
and Sinha 1976; Lauter et al. 1981; Yousef and Sprent
1983; Singleton and Bohlool 1984; Siddiqui et al.
1985) but only a single Rhizobium sp. strain was used.
in each study. There is wide variation among Rhizobi-
um sp.:strains in their ability to grow and survive un-
der saline conditions in yeast extract mannitol agar
medium (Singleton et al. 1982; Subbarao 1984); the ex-
tent of the variation in their symbiotic ability under
saline conditions is still to be determined. In the pre-
sent investigation, we attempted to measure this. varia-

tion in the pigeonpea=Rhizobium sp. symbiosis.

Materials and methods

Rhizobium sp. strains and culture conditions. The Rhizobium sp.
cultures used in the pi-esent study were obtained from the pigeonpea
Rhizobium collection of the Legumes Program, ICRISAT, India.
These were selected on the basis of their growth habit, tolerance to
NaCl on yeast extract mannitol agar, and ecological origin (Table 1),
and were all effective in fixing N, in symbiosis with pigeonpea. All
cultures were maintained on yeast extract mannitol agar slopes (Vio-
cent 1970). A loopful of Rhizobium sp. cultire was inoculated into
the sterilized yeast extract mannitol broth and inctibated at 28 °C for
3 and 7 days for fast- and slow-growing strains, respectively. After
incubation, the culture was checked for pur1ty by streaking a loopful
of the broth culture on congo red yeast extract manmtol agar and
mcubatmg at 28°C. .

Plam‘ culture. The growth medium consisted of sieved river sand,
which was washed and soaked in acid solution (pH 1-2) for 24 h,
and then thoroughly washed with tap water, dried, and filled in
180 mm diameter plastic pots. The pots with sand were steam-
sterilized. Pigeonpea seeds of the salinity-tolerant genotype ICPL
227 were surface-sterilized with 0.2% HgCl, solution for 5 min and
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Table 1. Origin and growth characteristics and tolerance to NaCl
salinity on yeast extract mannitol agar (YEMA) of pigeonpea Rhi-
zobium cultures used in the study

Rhizobium  Strain origin

Soil Growth  Tolerance
isolated on to NaCl
from YEMA on
YEMA
dSm™1
IC 3506 Gujarat, India Vertisol Fast 86.0.
IC 3484 Maharastra, India  Vertisol Slow 34.2
IC 3087 ICRISAT Center  Vertisol Slow 8.6
(saline)
IC 3195 JICRISAT Center  Alfisol  Slow 4.3

then washed with deionized water. Eight surface-sterilized seeds
were sown in each pot. The sand surface in each pot was covered
with 50 g of polythene beads in order to minimize evaporation, and
the pots were supplied with sterilized deionized water. For all water-
ing and flushing operations, the solutions were sterilized before use
i order to avoid cross contamination. On the 10th day after sowing,
the seedlings were thinned to four per pot. There were four salinity
treatments, 0, 4, 6, 8§ dS m~!, and seven N/Rhizobium sp. treat-
ments: (1) fed with inorganic N; (2) inoculated with Rhizobium sp.
strain IC 3024 at the time of sowing (IC 3024 early); (3) inoculated
with IC 3024 14 days after sowing (IC 3024 late); (4) IC 3506 late;
(5) IC 3484 late; (6) IC 3087 late; and (7) IC 3195 late. The N-fed
treatment was given 50 mg 171 N as NH,NO; from 28 days after
sowing. The results of the N-fed, and the IC 3024 early and late
treatments are being published separately.

A modified Arnon and Hoagland N-free nutrient solution (1:4
strength) amended with NaCl+CaCl, (1:1 w:w) was used for the
various salinity treatments. The composition of the nutrient solu-
tion (full strength) in mM was: 0.9 KH2P04,' 2.08 KCl, 1.01 MgSO,
- 7TH,0, 1.46 CaCl,-2H,0, 0.006 MnSO,- H,0, 0.0009 ZnSO, - 7TH,0,
0.001 CuSO, - 5H,0, 0.004 H;BO;, 0.0002 Na,Mo0,-2H,0, 0.16
NaFeEDTA. The electrical conductivity of the nutrient solution
(1: 4 strength) without any added salt was 0.33 dS m 1. The experi-

ment was arranged in a randomized block design with four réplica-
tions, in a greenhouse with a mean temperature of 28/22°C -
(day/night) and relative humidity of 60—70% (mean day+night).

The salinity treatments were imposed on the 14th day after sow-
ing by flushing each pot with 11 treatment solution and the Rhizo-
bium sp. inoculation was done afterwards. For the no-salinity treat-
ment (control), a 1:4 strength nutrient solution was used for all the
flushing operations. One milliliter of broth containing approximate-
ly 108 rhizobia was added per seedling and this was repeated after
3 days to ensure a sufficient Rhizobium sp. population in the pot.
The pots were flushed with the treatment solutions (0.251 pot'1) :
once every 4 days to avoid salt build-up. At the end of every day, the
evapotranspirational water losses were made up by adding sterile
deionized water. The pots were rerandomized every 4 days to mini-
mize spatial effects in the greenhouse. »

On the 65th day after sowing, the plants wcfe harvested. The leaf
area was measured with an automatic leaf-area meter (Delta T De-
vices Limited, England) and the nodulated roots were assayed for
nitrogenase activity by acetylene reduction (Dart et al. 1972). After
the acetylene reduction assay, the roots and nodules were cleaned of
sand by washing in water and the nodules were separated and count-
ed. The plant tops, roots, and nodules were dried at 70°C for 48 h
and the dry weights were recorded. Plant samples were finely
ground by a Cyclone mill (UDY Corporation, Colorado, USA) for
various chemical analyses. The N and P contents of the plant mate-
rial were determined by a block digestion method and a Technicon
autoanalyzer (Industrial Method No: 218—72 A). For the determi-
nation of Na, finely ground samples of 200—300 mg were digested
with 6 ml tri-acid (HNOj;:H,80,:HCIO, at 10: 0.5:2) in 50-ml

- volumetric flasks in a sand bath at 250°C for 6—8h (Piper 1952).

The digested samples were diluted and analyzed by atomic absorp-
tion spectrophotometry (Varian, Model 1200). The chloride content
in'the plant samples was determined by Mohr’s volumetric method
(Blaedel and Meloche 1960). '

Results and discussion -

In all the Rhizobium sp. treatnients, leaf area and
shoot and root dry matter decreased with increasing
salinity (Fig. 1). However, there were significant differ-
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Fig. 1. Effect of salinity on a leaf ar-
ea and b shoot and ¢ root dry matter
of pigeonpea genotype ICPL 227 in-
oculated with four Rhizobium
strains. Data are means of four repli-
cations. 100% leaf area values 629,
614, 559, 586 (cm? pot~!); shoot dry
matter values 4.84, 4.65, 4.32, 4.31,
and root dry-matter values 1.22, 1.32,
1.25, and 1.23 g pot™?! for IC 3087
(X), IC 3506 (®), IC 3195 (O), and
1C 3484 (W), respectively
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ences in the salinity response among Rhizobium Sp.
treatments. Rhizobium sp. IC 3484 and IC 3195 were
more affected by salinity than IC 3087 and IC 3506.
This shows the variation among Rhizobium Sp. strains
in symbiotic ability with a common host under saline
conditions.

For three of the Rhizobium sp. strains, the number
of nodules decreased with i increasing salinity, and at
8dS m™! there was more than 90% reduction in the
plants inoculated with IC 3484 and IC3195 (Fig. 2). In
contrast, the number of nodules in plants inoculated
with IC 3087 increased with increasing salinity. These
results confirm that Rhizobium sp. strains vary in
their ability to nodulate under salinity stress. In several
legumes, such as soybeans (Singleton and Bohlool
1984), pea (Siddiqui et al. 1985), cowpeas, mungbeans
(Balasubramanian and Sinha 1976), and faba beans
(Yousef and Sprent 1983), the total number of nodules
was reported to decrease with increasing salinity. In
soybeans, even 2.7 dS m~! was able to suppress nodu-
latlon by 50% with nearly total suppression at 8.0 dS

! (Singleton and Bohlool 1984), a response similar
to that observed with IC 3484. There appears to be no
published work indicating an increase in the number
of nodules with increasing salinity for any Rhizobium
sp. strain, as occurred for IC 3087..

The total nodule dry matter decreased with in-
creasing salinity in all Rhizobium-sp. treatments (Fig. -
2). However, the reduction with IC 3087 and IC 3506
was significantly less in comparison with IC 3484 and
IC 3195. For IC 3506, 1C 3195, and IC 3484, there was
no significant change in the average nodule dry weight
with increasing salinity .(Table 2), and thus the de--
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Table 2. Effect “of salinity on average nodule weight, specific
nitrogenase activity,-and leaf N-and P of pigeonpea genotype ICPL

227 inoculated with different Raizobium strains

Rhizobium strain Salinity level (dSm™%)

0 4 6 8
Nodule weight (mg nodule~!)
IC 3087 0.57 0.33 0.31 0.28
1C 3506 342 2.89 3.60 3.16
IC 3195 1.88 1.74 1.82 . 2.20
IC 3484 2.78 2.53 " 3.65 2.07

LSD at 5% = 1.21
Specific nitrogenase activity (umol CH, g~ -1 dry nodule h™1)

IC 3087 91.7 105.5 86.4 97.6
IC 3506 115.6 - 84.8 90.7 114.6
IC 3195 101.3 ' 71.8 83.6 192.9
IC 3484 109.3 66.5 97.1 114.6
LSD at 5% =150.8
Leaf N concentration (g kg"1 dry weight)
IC 3087 31.9 32.0 32.3 33.9
IC 3506 32.0 - 325 . 33.0 -34.9
IC 3195 ) 33.1 33.2 32.8 25.5
IC 3484 .33.0 . 295 ;293 29.2
LSD at 5% =3.24

" Leaf P concentration (gkg ™! dry weight)’ ’
IC 3087 1.5 1.5 1.7 22
IC 3506 s 1.6 1.6 =~ 1.6 2.4
IC 3195 1.5 1.7 1.9 S 2.8
IC 3484 1.6 1.5 1.7 2.4
LSD at 5% = 0.26 ‘

crease in the total nodule dry weight was merely a con-
sequence of the reduced nodule number. This shows
that nodule development is not affected by salinity,
which is in agreement with the observations of Single-

% of control

Fig. 2. Effect of salinity on a nodule
number, b nodule dry matter, and

¢ total nitrogenase activity of
pigeonpea genotype ICPL 227 inocu-
lated with four Rhizobium strains.
Data are means of four replications.
100% nodule number 460, 135, 202,
153 (pot~1); nodule dry weight 261,
400, 379, 419 (mg pot~1); nitrogenase
activity 24.0, 45.8, 38.3, and 45.0
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Salinity level (dS m™")

(umol C,H, pot™! h™Y) for IC 3087
(M), IC 3506 (0), IC 3195 (@), and
IC 3484 (0), respectively
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ton and Bohlool (1984). However, with IC 3087, the
average nodule dry weight was reduced to 50% of the
control (non-saline) at 8 dS m ™%, but this was not sta-
tistically significant due to the very low average nodule
weight even in the control, in comparison with the oth-
er Rhizobium sp. strains. This was the main reason for
the decrease in the total nodule dry weight with this
Rhizobium sp. treatment, even though the total num-

ber of nodules increased with increasing salinity. It is

not known whether the apparent reduction in the aver-
age nodule dry weight with IC 3087 was due to a direct
salinity effect on nodule development or an indirect
effect of the reduced shoot growth at § dS m ™", caus-
ing a reduced supply of photosynthate to the symbiot-
ic system. : _

The ‘specific nitrogenase activity remained unaf-
fected with increasing salinity in all the Rhizobium sp.
treatments, except with IC 3195 at 8dS m~!, where
there was a significant increase which could have been
caused by a severe reduction in the total nodule dry
weight (Table 2). This shows that nodule functioning
in general remained unaffected with salinity stress in
all of the Rhizobium sp. treatments. The decrease in
total nitrogenase activity with increasing salinity (Fig.
2) would therefore be due to the reduction in total
nodule dry matter. ‘

There was no significant change in the leaf-N con- '

centration with increasing salinity with IC 3087 and
1C 3506, whereas with IC 3484 and IC 3195 leaf-N lev-
els decreased with increasing salinity (Table 2); howev-

Table 3. Effect of salinity on leaf, stem, and root Na concentra-
tions in pigeonpea genotype ICPL 227 inoculated with different
Rhizobium strains

er the. latter was significant only at 8 dS m ', This
shows that Rhizobium sp. IC 3484 and IC 3195, which
gave severe reductions in nodulation and N, fixation
at 6 dS m~! and above, were not able to maintain a N
supply to the host under salinity stress, possibly lead-
ing to N deficiency. There was an increase in the leaf-P
levels with increasing salinity (Table 2) in all the
Rhizobium sp. treatments, suggesting that P uptake
was not impaired by salinity. This is contrary to the .
findings of Wilson (1970) in soybeans, where P uptake
was reported to be decreased with increasing salinity.
Na and Cl levels in leaf, stem and roots of the
pigeonpea increased with increasing salinity (Tables 3
and 4). There were no substantial differences among
Rhizobium sp. treatments in this respect except at 8 dS
m~!, where shoot Na and Cl levels were significantly
higher with IC 3195 and IC 3484 than with IC 3087
and IC 3506. ‘ :

In previous studies, the selection of Rhizobium sp.
strains for saline soils was made on the basis of the
ability of strains to grow separately in saline yeast ex-
tract mannitol agar media (Yadav and Vyas 1971; Sin-
gleton et al. 1982). However, the salinity tolerance of
free-living rhizobia is generally much higher than that

_of the host plant, and also, the tolerance of free-living

Rhizobium sp. strains on yeast extract mannitol agar
media does not correlate well with' their symbiotic
ability under saline conditions (Subbarao 1984; Table
1 and Fig. 1). The results of the present study have es-
tablished that the variation in the growth of pigeonpea

Table 4. Effect of salinity on leaf, stefn, and root Cl concentration
of pigeonpea genotype ICPL 227 inoculated with different RAizobi-
um strains

Rhizobium strain Salinity level (dS m~h

Rhizobium strain Salinity level (dSm™Y)

0 4 6 8

Leaf Na concentration (g kg~ ! dry weight)

1C 3087 0.2 0.2 0.4 1.5
1C 3506 0.2 2.0 241 1.8
IC 3195 0.3 0.7 1.5 4.0
IC 3484 0.3 0.7 0.9 3.7
LSD =0.%4

Stem Na concentration-(g kg =1 .dry weight)

1C 3087 - 0.4 1.2 1.2 2.9
1C 3506 0.4 1.7 1.7 1.9
1C 3195 0.4 1.3 - 1.6 5.5
IC 3484 ) 0.4 1.2 2.8 7.0
LSD = 0.95

Root Na concentration (g kg~! dry weight)

1C 3087 5.6 11.3 15.0 16.0
IC 3506 5.6 12.0 12.5 16.0
1C 3195 6.0 13.1 15.5 18.5
IC 3484 6.5 12.5 17.0 18.5

" LSD=2.42

0 4 6 8

Leaf Cl concentration (gkg™! dry weight)

1C 3087 - 0.7 12.7 26.2 . 405
IC 3506 : 0.7 13.1 26.2 .36.4
1C 3195 0.7 12.6 27.0 44.4
IC 3484 0.7 13.0 32.3 44.0
LSD =1.89

Stem Cl concentration (gkg™! dry weight)

IC 3087 1.2 14.5 20.5 28.1
1C 3506 1.4 14.1 22.4 .. 283
IC 3195 : 1.1 16.0 21.3 34.5
IC 3484 1.5 14.9 21.8 37.5
LSD =2.36

Root CI concentration (gkg ™! dry weight)

IC 3087 6.0 22.0 24.0 24.0
1C 3506 6.0 22.5 21.5 22.5
IC 3195 6.0 21.0 22.0 25.0
IC 3484 7.0 19.5 22.5 26.5
LSD =2.84




between the Rhizobium sp. treatments at different sa-
linity levels was mainly due to the variation in their
ability to form a symbiosis under saline conditions.
This variation in symbiotic performance under saline
conditions suggests that there is scope for the improve-
ment - of N, fixation of pigeonpea in saline soils
through the. selection of rhizobia based on their sym-
biotic performance. Although one of the most effi-
cient Rhizobium sp. strains, IC 3087, was collected
from a saline soil, the other equally efficient strain, IC
3506, was collected from a non-saline soil. This indi-
cates that the Rhizobium sp. strains best able to form
an effective symbiosis at high salinity levels are not
necessarily derived from saline 5011s, as suggested by
BharadwaJ (1975). .
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