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One of the most likely possibilities for increasing world
food production is the expansion of agriculture into marginal
lands. A large portion of these lands is 1in arid and semi-arid
regions, and solls and waters in these areas are frequently
saeline. Legumes are usually found to be not very salt tolerant,
but their potential has not been fully exploited. For legumes
one must tske account of the plant as well as its symbiosis
with Rhizotium. Pigeonpea is an extensively cultivated legu-
minous crop in the semi-arid regions where the salinity problem

is becoming severe.

In making these salt affected lands productive, an import-
ant approach may be to modify the crops genetically to adapt
them to saline environment. It is known that there is no bio-
logical incompatibility between plant 1life and even highly
saline conditions, as evidenced by halophytes. There is much
genetic diversity in crop species in respect to meny traits
including salt tolerance and it has been already demonstrated
that it is possible to transfer a trait like salt tolerance
from a wild salt tolerant specles into related crop species

(Rush and Bpstein, 1976).

Screening for genetic diversity for salt tolerance has
been attempted in crops like rice (Akbar and Yabuns, 1975),
wheat (Shannon, 1979), barley (Epstein, 1977; Jana gt al.,1979),
and lentil (Jesna and Slinkard, 1979). The lack of veriation

for salt tolerance in tomato was overcome by making wide
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crosses with the exotic tomato (lycopersicon cheesmanij)
collected from the Galapagos Islands (Rush and Bpstein,1976).

Legumes are usually found to be not very salt tolerant
but their potential has not been fully exploited. Legumes
present additional challenges in finding salt tolerance, as
compared with cereals or other non legumes. For legumes, one
must take sccount of the plant as well as its symbiosis with
BRhizobjium. £lthough most legumes appear to be salt sensitive,
certain legumes such as Prosopis, Acacla can show extreme
tolerance to salinity. Prosopis tamarugo can even fix nitrogen
symbiotically in sea water which has a salt concentration of
3.5%. Thus previous generalizations on susceptibility of
legumes to salt (Bernnstein, 1964) should no longer be made.
It is well known that the Rhizobjum can tolerate high level of
salinity than its host. Among cultivated legumes there is
considerable genetic diversity for salt tolerance (Bernstein

and Ogata, 1966).

Pigeonpea (Cajanus ¢ajan L. Millsp.) was chosen for the
present study mainly because 1t 1s one of the pulse crops
which is extensively cultivated in semi-arid regions, where
salinity problems tend to be more ucute. In semi-arid regions,
salts move from deeper soll layers to the soil surface due to
total eveporation exceeding total rainfall. As a deep rooted
crop rigeonpea rcots may be able to penetrate to deeper layers
of soil where salt stress 1s relatively less than near the

surface.
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An extensive world collection of germplasm lines of
pigeonpea 1s maintained in the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT). In addition to
this ICRISAT has a large collection (400) of pigeonpea-positive
rhizobial strains from different parts of the world. These
scurces may heve genetic diversity for salt tolerance as they

do far many other characters. This possibility has not been

well explored so far.

Lastly, 1t should be pointed out theat eventhough the
symbiosis 1s susceptible to salt stress, 1n most cases it
depends malnly on the host's ability to provide a congenial
microenvironment to it's microsymbiotic partner, and the micro-
syumblont's symbictic ability under seline stress conditions.

If we can find tolerant pigeonpea l1ines as well as Rhizorium
strain which can perform well under salt stress, operation of

the symbioslis may not be @ limiting factor in saline substrates

as may be 1n the case of Prosopls tamerugo.

Little information is avellable regarding genotypic vari-
atility for salt tolcrance in pigeonpea, it's microsymbiont
(Rhizobium) and symbiotic behaviour under salt stress conditions.
The information is important for starting any pigeonpea breeding
programme for salt tolerance. The thesls presented here 1is an
attempt in this direction and the present investigation was
undertaken to develop & technique to screen large numbers of
pigeonpea germplasm and to determine the amount of genetic

diversity for salt tolerance. Pigeonpea-positive rhizobial
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strains of diverse origin were also examined for tolerance to
salinity in nutrient media. The symbtiotic performance of
pigéonpea genotypes inoculated with different Rhizobium streins
(toth legume host and Rhizobium varying in their tolerance) was
determined to decided even if both of the symbictic partners

are tolerant the symblosis itself may be susceptible.
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2.1. GENERAL RESPONSE OF PLANT TO SALT STRESS

Salte mainly effect plant metabolism in two ways. One

>

is by creating an osmotic pressure and thereby reducing the

physiological availability of water though physically

available. The second by specific ionic toxicity. The
toxicity of salts is directly correlated to their
permeability; the more rapidly salts penetrate and

accumulate, the more toxic are they to the plants (Neger
1913). According to Arnold (1955) the effect of salts on
the plant is determined by the ratio of the adsorbed to the
free ions, an increase in the free ions, even of nitrates or
sulphates, has an adverse effect on the plant and according
to him only the amount of free ions, and not their physical
properties determines the condition of the plants in a

saline environment.

Salinity induces changes in the anatomy of plants
(Ratalin, 1875; Lesage 1925; Chermazon, 1910). Moct of
ther, toke the view that ralinity induces features tyvpice® of
succulence ie. the 1leaves are thickened, the size of
epidermal cells increases, the number of stomata per unit
area in the 1leaf decreases, the palisade and spongy
mesophyll layers of the leaf develop extensively, while the
conductive 1layer 1is poorly developed and differentiated.
The tendency to develop succulence is an adaptive response
of the plant to salinity and 1t is accepted. As a result,
quite often the degree of succulence is associated with the

degree of salt tolerance of the same plant.
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However, @& number of findings show that salinity
induces xeromorphic features or more accurately haloxeriswn
ie.,'together with a thickening of the leaf, the decrease in
the =size of the epidermal cells, the number of stomata per
unit area increases, the conductive system is well developed

and differentisted etc (Strogonov and Muradona, 1959).

The type of subctrate determines the rate of water
exchange of plants; plants from sulphate type of salinity
absorb water from the so0il and expend it intensively,
whereas chloride type of =salinity decrease the rate of
transpiration and an increase in the volume of the cells,
which apparently begin to function as water storage organs
due to the penetration of chlorides in to the plant parts
(Strogonov, 1953).

2.1.1. SALT TOXICITY AND ADAPTATION OF PLANTS TO SALINITY

Under conditions of strong salinity, salt poisoning is
often observed. The first signs of salt poisoning in some
plants takes the form of bleaching of chlecrophyll while in
others browning of isolated parts of the leaves occurs.
Bleaching of chlorophyll is accompanied by a decrease in the
strength of the bond between the greeen pigment and the
protein of the chloroplast. This condition of the
necrobiosis is reversible. Under favourable conditions
those parts of the leaves which previously became yellow,

again became green.(Strogoner and Ivanilskaya 1954, a)
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The substances found in the necrotic areas in plants,
under conditions of chloride or sulphate salinity, differ in
their chemical properties and their distribution. The cells
in the state of necrobiosis act as centers for the
accumulation of toxic organic substances. These substances,
while being translocated through normal cells, poison them
and thereby cause a progressive necrobiosis and necrosic in

isclated parts of the organ (Strogoner et al., 1961).

Plants under saline conditions, changes in nitrogen
metabolism, were accompanied by the accumulation of ammonia,
amines, diamines (putrescene, cadaverine), aminoacids
(hydroxyproline, proline, l.leucine, isoleucine, d.alanine,
phenylalalanine, and tyrosine) will have an adverse affect
on the physiological processes in the plant. Accumulation
of certain aminoacids as arginine and lysine may occur which
serve as precursors for the formation of toxic diamines like
putrescine (Strogonov, 1940). The increase in content of
the @nides  c¢lutanine  and  aspatregine, in  some organg of
plonts under saline conditions, can be considered as @
protective adaptive response of the plant, binding of
amnmonia inorder to reduce its concentration and it seems
that in some plants the dicarboxylic aminoacids serve as
acceptors of ammonia, and in this way neutralizing its toxic

effect in the cell (Strogonov, 1958).
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2.1.2. MECHANISM OF SALT TOLERANCE

High ion wuptake is the principal for halophytic
adaptation (Flowers, 1977). These halophytec «generate
turgor by high internal Na and Cc1 concentratione.
Additional adaptive features which contribute to the
avoidence of high ion concentrations in the leaves of ccome
species include salt glande and bladders and increase in
leaf volume associated with succulence. The latter is often
found in dicotyledons, even in the most salt sensitive

non-halophytes.

In case of low ion uptake, the possible adaptation
involves the use of organic solutes for example
photosynthates for osmotic adaptation. For example the
amount of hexose needed to balance an increase of 100mM NaCl
would be 20-30% of the total dry weight for highly
vacuolated <cells compared with about 30% for cells without
vacuoles (Creenway, 1973). However, the recvirenent for
ccluter would be Jecc if there were structural modificatione
such as increases in wall extensibility, permeability oi the
roots to water, or leaf thickness (Greenway and Munns,

1980) .

In several species the salt sensitivity of certain
varieties is due to the absorption of relatively large
amounts of C]l and Na ie. these varieties suffer from "Ion
excess" in their expanded leaves. "Ionexcess"can be defined

as a condition where high internal ion concentration reduce
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growth and the sensitivity in these varieties to jion excess
is méinly due to the inadequate cellular compartmentation of

ions in the leaves(Greenway and Munns, 1980).

Salt sensitivity of some non-halophytes may be due to
insufficient wuptake of electrolytes for osmotic pressure or
volume maintenance, particularly in the expanding tissues.
Yet a mere increase in rate of uptake would not remedy the
situation, because several salt sensitive species have a
high rate of wuptake to the shoots. The key 1is a
synchronization of ion compartmentation by the leaf cells
with a high rate of ion transport to the shoot and there is
a general assumption that a number of species contain genes
for efficient ion compartmentation (accumulation in the

vacuole) (Greenway and Munns, 1980).

2.2 SALT TOLERANCE IN RHIZOBIAL STRAINS

Rhizobis are concidered to bhe more tolerant tharn thoir
host lecumes to salinity. Salte of codiuvrm, calciur ¢
known to be toxic to Rhizobium at high concentrations
(Vincent, 1977). However, there are differences among
species and strains of Rhizobium with respect to their
tolerance to different salts. Berseem strains were
inhibited from 0.2% to 0.4% of chlorides and sulphates of
sodium and potassium whereas dhaincha strains were tolerant
upto 1.8%, and gram, groundnut, cowpea, and guar Rhizobia
were found to be stable even at 3% salt level in the growth

medium (Yadav and Vyas, 1971).
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The resistance of Rhizobia to salts is dependent on the

type of salt. Berseem isolates were tolerant to scodium
chloride, but susceptible to potassium chloride and
potassium sulphate and sodium sulphate; lucerne and

dhaincha isolates were tolerant to chlorides and sulphates
of sodium (Ethiraj et al., 1972). Magnesium salts
stimulated growth at lower concentrations ( <1% MgCl2) in
R.trifolii whereas cowpea, gram, groundnut and guar streains
were neither stimulated nor affected (Yadav and vyas, 1971;
Ethiraj et al., 1972). The growth rate of Rhizobia isolated
from berseem, cowpea, gram, was lower at higher (>1%) sodium

chloride concentrations (Gandhi and Vyas,

1969). 1In R.trifolii there was a progressive decrease
of growth with increasing salinity of the medium (Pillai and
Sen, 1966). 1In fast growing Rhizobia the polysaccharide gum
formation increased with increasing salinity (NaCl 0-1%) and
there was a variation in the capacity to form gur amonc
ctreire  in precence c¢f equal amount:s of celite; Ll the
production of gun by a strain may be a measure of prcotecticn

against excess salinity (Pillai and Sen, 1969).

Bharadwaj (1972) reported that the inoculant strains
should be isolated from the problem soils because the
Rhizobia from normal soils could not do well in problem
soils. But in 1975 he reported that he did not find any
differences between native (collected from saline soils) and
exotic strains (collected from normal soils) in terms of

their growth as well as their symbiotic efficiency.
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Steinborne and Roughley (1975) have reported a reduction in
growth rates of R.trifolii and R.meliloti in the presence of
salt., Carr and Ballard (1979) found that a strain of
R.trifolii was akle to withstand a short exposure to
fertilizer solutions with ECs in excess of 60mmhos/cm.
Lauter et al., (1981) repcrted that the Rhizobial growth
rates were unoffected by sodium chloride at 120mM and only
moderately deprecsced by 250mM. Singleton et al., (1982)
examined the effect of salinity on the growth and survival
of Rhizobium sp. in culture media and so0il and reported
that the growth of all strains and species tested decreased
when the electrical conductivity of the culture medium was
raised from 1l.2mmhos/cm to 6.7mmhos/cm or 13.1mmhos/cm,
They further pointed that many strains of Rhizobium could
grow and survive at salt concentrations which are inhibitory

to most agricultural legumes.

"nif" agenes are thought to be associated with
Flecsnics ‘Ternnicen, 1%71) 0 1t is not known whether Blhizobial
calt 1cractance fe placnid gzmeecieted or not. Ful  recent
reports suggest that in case of lentil isolates salt
resistant strains were shown more resistence to antibiotics
also (Rai, 1983). It is well known that in general
antibiotic resistance is associated with plasmid . So it
seems that there 1is a possibility of salt tolerance
assoication with the plasmid and if it is so, it may be a
serious barrier to improvement of the efficiency of

symbiotic nitrogen fixation in areas of saline soils by
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adapting salt resistant mutante of effective Rhizobjum.
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2,3. SALT TOLERANCE IN LEGUMES

Eventhoual legumes are considered to Le sensitive to
NaC] there is a large variation among genera and speciec
(Bernstein, 1964). Lupinus luteus can tolerate upto 100mM
NaCl and there is an increase in the fresh and dry weights
of the foliage from 50mM to <100mM NacCl. Se it can be
considered asc  calt resistant. Peanut (Arachis hypogaea),
chickpeca (Cicer arietinum), soybean (Glycine max) cv.
'Jackson', beans (Phaseolus sp.) and pea (Pisum sativum) are
most sensitive to salinity. While Lupinus anqustifolius,
the clovers (Trifolium alexandrinum), soybean cv.'Lee',
alfalfa and Phaseolus coccineus are salt tolerant (Lauchli,
1984). But Shelvel et al., (1969), noticed that in peanuts
(Arachis hypogaea) salt tolerance was more during
germination than subsequent growth and he observed 50%
reduction in germination at 13mmhos/cm.Ece., and seedling
development at 7.2 mmhos/cn.Fce. Fe reported thet the vicld
Wel o r1elnced e EOS et Fee., 4.7 mwrtooSorn oond I o1
3.7nnhics cen . Creenbeonse tenc to <ic ot Ernnnoc/cn.ice
(Rernstein and Ayers, 1951 cited from Jana and Slinkard,
1979.). Broad beans (Vicia faba) was not seriously affected
at 8mmhos/cm E.ce., (Ayers and Edward, 1960 cited from Jana
and Slinkard.). 1In cowpea and mungbean (Vigna aureus) NaCl
retarded growth .Root growth of mungbeans seems to be more

sensitive than that of cowpea (Balasubramanian and Sinha,

1976) .
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In soybean significant wvarietal differences to  czlt
streés were noticed and in this case there wec no apparent
relation between the salt tolerance during germination and
later growth phases (Abel and Mackenzie, 1964). Salt
tolerant varieties «control the <chloride accumulation in
shoot, whereas the =susceptable ones accumulate Jarac
quantities in their shoots. Salinity increased tho roct
phosphorus content in Glycine (Cates, 1970) ;there wae on
opinion that phosphorus may be associated with mechanicne
for controlling <the salt entering the roots and preventing
it, especially the sodium, from passing to the shoot.
Abel(1969) found that in Glycine the translocation of
chlorides to plant tops is genetically controlled. The gene
symbols "NC1" and "ncl" were proposed as the dominant for
chloride excluders and the recessive for chloride includers
respectively. He reported that the <chloride includers
develop severe leaf necrosis from chloride toxicity, whereas

the chloride excludere Cid nct develcp necroric.,

In lentil conciderablc cenetic vwvariebhilaity for o Jt
tolerance was noticed (Jana, 1979). It was further
demonstrated that the critical stages of salt stress in
lentil are germination and initial seedling growth, and the
seed yield of the salt tolerant 1lines decline beyond
6-8mmhos. He found that salt stress had relatively less
effect after flowering and the response of salinity greatly
differed with the type of salt tested (MgsO4, NaCl, Na2S04,

MgCl2) at equal conductivity levels. Lentil responds to
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cpecific dion  toxicity. Germination and growth were most
severely inhibited by MgSC4, followed by MgCl2. Jana (1979)
conclugea thet 1t mway be possible to select and grow
suitable cultivars of lentil in marginal or moderately

saline soils.

In certein vaerietiec of BAlfalfa (Medicago sativa)
tested the average yield was reduced to 79% of the control
at 3000 ppm salt {(NaCl:CaCl2) level, 60% at 6000 ppm level
and 42% at 9000ppm level (Brown and Hayward, 1956). Based on
callus cultures Smith(1981) reported that certain varieties
of M.sativa as salt sensitive. T.fragiferum was considered
a moderately salt resistant one. West etal., (1981) found
significant cultivar differences in salt tolerance in
T.subterraneum, and poor coorrelation between salt tolerance
at germination and later stages of growth. Russel(1980)
tested the response of a number of tropical and temperate

lJeoumes to  esalinity and found Medicago sativa as the most

te o ont L ooure. Incua tropicel legumres Macroptilium
lathyroides and Macroptilium atropurpureum were almost
eguivalent to M.sativa in their tolerance. Desmodium

uncinatum and Trifolium semipilosum are considered to be

least tolerant.

In cowpea (Vigna sinensis) Paliwal and Maliwal (1973)
found significant varietal differences to salt tolerance
during germination and early growth stages. 1In case of pea,
Cerda (1982) reported that a «cultivar 'Durana' was a

moderately tolerant to salt stress and Sp-290 was a
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moderatcly sencitive one. Ee reported thet the Fece. valucs
for the Sp-290 and 'Durana' cultivars were respectively 2.5

and 4.5ds/m.

In pigeonpea (Cajanus indicus) Paliwal and Maliwal
(1973) noticed significant verietal differences to salt
strese during germination and early stages of growth. Based
on field =screening PRac et al., (1981) reported that
pigeonpea cenotypes ICP 7623, ICP 7118, ICP 7182, ICP 703%,
ST 1, and Atylosia scaraboides showed better survival than
the tolerant standard variety C 11 wunder salt stress
conditions. Gururajarao et al., (1981) reported that
germination and seedling growth of ICP 7035 and ICP 7065
showed a high degree of tolerance to 0.4% (NaCl+CaCl2). 1In
pigeonpea, NaCl induces succulence and other anatomical
changes by increasing the palisade and sponge parenchyma
tissues. It was also associated with reduced dimensions of
the veccel Jumen and  increased thickenina of the vesse)
vell, yprecence of tbhick cuticle enc  sccunviaticn of  lecof

cpicuticular worc:r {Rac endé Rac, 198Z).

Salt strecs lowered the leaf area (Rao and Rao, 1981)
reduced the stomatal frequency, reduced stomatal opening,
deranged pigment composition and lowered the activity of
Ru-Dp carboxylase leading to a reduction in photosynthesis.
Decshpande and Nimbalkar (1982) reported that wunder salt
stress conditions the rate of translocation of
photosynthates from the leaves to the other plant parts was

affected. Lauter et al., (1981) reported that in chickpea,
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1550 ic tolerant upto 5CmM NaCl.
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'e4., SYMBIOTIC NITROGEN FIXATION UNDER SALT STRESS CONDITIONS

Sa%t stress may differentially affect each phase of the
legume—~Rhizobium symbiosis: a. Rhizobial survival and
growth in the rhizosphere of the host, b.Rhizobial infection
of the host root hair, c. nodule initiation and
development, d. nodule functioning (nitrogen fixation) and
e. growth of the host legume in general. Distinguishing
which phase is primarily affected may not be easy due to the

close interdependency of these phases.

The symbiotic susceptibility to salt stres is not a
generalised phenomenon, it varies from host to host. In
Prosopis tamarugo tle :jy1liceie was not affected even at
3.6% NaCl level. Singh et al., (1972) reported that failing
of the initiation of nodules in lucerne was mainly due to
the abortion of the infection threads under salt stress
conditions. But Lakshmi kumari et al., (1974) found that
salt stress suppressed the root hairs and the mucilaginous
layer, leading to the elimination of the rhizosphere and
infection thread formation resulting in reduced number of
nodules. Tu (1981)attributed the failure of soybean to
nodulate at high salinity to decreased Rhizobial
colonization, and shrinkage of root hairs. Singleton and
Bohlool (1984) reported that in soybean the early processes
involved in nodule initiation were extremely sensitive to
even low concentrations of NaCl than nodule function and
development and probably due to the salt sensitivity of root

infection sites.
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However, the responce to salt strece on nodulation,
nitrbgen fixation and growth differs with lecgume cpeccies.
Nodulation of alfalfa was 1elatively resistant to calinity
(NaCl), whereas nodulation of soybean was severely effccted
by salinity (Bernstein and Ogata, 1966). Differences were
also found between cowpea and mnmungbean with respect to
noduletion and nitrogen fixation, (Balasulranznian erd
Sinha, 1976) as mungbean was more sencitive than cowpca., In
case of berseem (Trifolium alexandrinum) salinity (KaCl) did
not affect the nodulation and the yield of plants increased
with salinity up to 0.5% NaCl. 1InVicia faba though salinity
(NaCl) suppressed the nodule number, the nodule size was

increased (Yousef and Sprent, 1983).

Several studies have emphasized that the main effect of
salinity on nitrogen fixation resulted from salt injury to

the host. Nodules themselves effectively excluded Na and C1

(Wilson, 1970). In soybean the reduced nitrooen fixaticn
under celt strese conditions wor reinly due Lo recuvallo i
photogynthesic (Singleteon ena toblcoc?, 14850,

The symbiotic susceptibility to salt stress also varies
between salts. In case of lucerne 0.7% NaCl totally
supressed the nodule formation ie. plants were totally
devoid of nodules, In case of KCl and MyCl2 (Singh et al.,
1973) successful nodulation or symbiosis was possible up to
1% salt. Eventhough lucerne could tolerate upto 3% NaCl,
nodulation was affected from 0.4% NaCl onwards with a

maximum affect at 0.7%. This resulted in total supprecsion
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i the ncdules. Thue it appears that the degree of salinity
conducive for good nodulation is definitely different from
the Jimite of tolerance of Rhizobium and the host

recpectively.

In geveral genotypes of Vigna radiata inoculated with
Rhizobium, noduvletion was not affected at salinity levels
which are cothervice critical for the plant growth (Rai and
Prasad, 1984) . The symbiotic behaviour of a native
Fhizobial strain (collected from the saline soil) need not
be superior than an exotic strain (collected from the normal

soil) (Bharadwai, 1975).

So the symbiotic susceptibility to salt stress is not a
generalised phenomenon and it may vary from host to host.
In case of lentil under salt stress, significant
interactions between Rhizobial strains and genotypes
recsulted in a differential response of nitrogen fixation

e, 1Gbz).
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3.1. SCREENING RHIZOBIA FOR SALT TOLERANCE

14 Rhizobijum isolates able to nodulate pigeonpea were
used fo£ thie study. The origin and type of growth on yeast
extract mannitol (YEM) agar plates are given in Table 1.
The cultures were obtained from pigeonpea Rhizobium culture
collection of Pulse Microbiology, ICRISAT, Patancheru, A.P.
502324, 1India. They are all effective in fixing nitrogen
with pigeonpea and represent diverse locations and soil
types (ncrmal and saline). All cultures were maintained on
yeast extract mannitol agar slopes (Vincent, 1970). The
composition of YEM (g/liter): mannitol 10.0, K2HPO4 0.5;
MgS04 7H20 0.2; NaCl 0.1; Yeastextract 0.5; agar, 15;
distilled water 1000ml, PH 6.8; Congored at the rate of

10ml of 1/400 aquous solution per liter of yeat extract

mannitol agar medium was used.

Yeast extract mannitol agar medium with different NaCl
ool LTSS S I ooy .ot 0.%%, 1%, P, Y, A, T owos
Viep oo end o suted cones ot 3t b roico,ared pressire for TO
minutes. Liter sterilivetion, the YMA medium amended with
NaCl was poured into petri plates at the rate of 20 ml/plate
and allowed to solidify. After solidification a loopful of
young growing culture taken from the growth on YMA slopes
was ctreaked and incubated at 27C. Three replicate plates
were used for each treatment per Rhizobium culture.
Observations on growth and colony size were recorded after 3

days for fast growing cultures and after 7 days for slow

growing cultures. For recording colony size, well isolated



Table:a Origin snd growth characteristics of Rhizobiuz cultures used for salt telerance study

31, Rhizchiva Lequne hcst eil type Greath on YEM Source

Na. agar plates

{ [uo 24 Pigagngea Slack soil Fb ICRIZAT, Hvderabad

z [HP 304 Pigeonces Saline F ICRISAT, Hvderahad

M [4P 150 Figeonpea 3aline F ICRIZAT, Hyderabad

8 IF 70 fecheria Zaline F ICRISAT, Hvderahad

3 BIN-p2 Figecnpaa 3 F Fulse Recearch Etatien,
d3cnapar

¢ e 454 Figsonpas Black seil : [CFIZAT, Hyderakad

7 HE 27 Pigeenpzs Flace soil, Zalipe 8 ICRIZAT, Hyderanad

e e 217 Finearzea F2d scil Bl [CRIZAT, Hyderadad

5 o “igeonpea - H ThAd,Celnbatere

0 THP 52 Ingigefers Saline zo0il 3 ICSISAT, Hyderabad

1 £ Figzoapes - 5 IARL, New Delhi

12 [HP 33 igecnpaa Black znil 5 ICRIGAT, Hyderahad

13 YA Figecnpea - 5 Agricultural College,Xanpur

4 IRP 195 Pizecnpea Rad seil § ICRIS4TA, Hyderabad

3 = Naot kncan; b - F, #ast grower; M = Mediua grewery S = Slow grower
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colonies were used.
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3.2, Screening pigeonpea genotypes for salt tolerance

29 pigeonpea genotypes were used for the present study.
These ‘are breeders promising 1lines and presently in
multilocational field tests under the All India Coordinated
Pulse Improvement Project. They represent early, medium and
late maturity groups. The details of pedigree, origin and

maturity group are given in Table 2.

Pigeonpea seeds were surface sterilised with 0.2% HgCl2
solution for 5 minutes, then washed with sterile and
deionised water ten times. The growth pouches manufactured
by Scientific Products, 1210 Leon Place, Evanston, Illinois,
USA, were used in this experiment. They were sterilised as
per the instructions of the manufacturer before use. The
growth pouches supplied with 20ml of Arnon's nutrient
solution ammended with NaCl at OmM, 30mM, 60mM, 90mM, 120mM
concentrations were arranged in growth pouch racks (Fig.l).
The composition of Arnon's nutrient solution is given in
Table.3. Seeds were placed in the cleft of growth pouck,

ten per pouch.

The experiment was laid as split plot with salt 1level
as main treatment and genotype as subtreatment replicated
three times. The nutrient solution containing 20ppm
nitrogen as ammonium nitrate was sterilised and added by an
automatic syringe as and when required. The racks with
growth pouches were incubated at room temperature (27C) for

7 days after which they were transferred and kept in a glass
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1.5:EFFECT OF SALT (NaCl) STRESS ON SHOOT DRY MATTLr AMONG
PIGEONPEA GENOTYPES (21 DAYS AFTER SOWING)

30 HM.

1upu|s Roju]rojasfagroep2is j1s}7 16 122 2416388 |2 J1f2e22 418 |18p3 l]

GENOTYPES

60 HM.

90mM.
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Composition of Arnon's nutrient solution for pot experiments

in Pulse Microbiology.

(This replaces Reading's nutrient solution w.c.f.

15-5-1981)
Compound mng/ 1 for stock solution
q/1
1. KHpPO, 122 12.2 |
KC1 155 15.5 g 100 times
1g504711,0 250 5.0 |
2. CaCly 2Hp0 or 215 1.5
(Cas0,211,0) (250) (25.0) g 100 times
3. MnSO4H,0 1 1.0
InS047H,0 0.25 0.25
() imna
CuS05H,0 0.25 0,25 | 1000 times
380, 0.25 0.5 |
Hayto0, 24,0 0.05 (.05
(Ferric Citrate) or 1000 times
(FeCls) (15) (15)
Ferric Chloride o
Mo Fe U DA 5 5 P

To make 1 litre of nutrient solution, take stock solution No.l, 10 mi,
No.2, 10 mb, No.3, T ml. llo.4, 1 ol and add to 1060 ml of deionised wator.

Adjust pH of the nutrient solution to 6.5 with either 1 N Halll or 1 N Hcl.

Source:
Arnon, 0.1. 1933. Micro elements in culture solution experiment with higher
plants. Amcr. J. Bot. 25:322-325.
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house for 14 days where the day and night temperatures were

around 29C and 23C recpectively.

On 3rd and 5th day after sowing, the number of seeds
germinated wé&s counted. On 7th day the growth pouchees were
wraped with a thick paper to prevent light falling on to the
roots. On 11th dey the total number of seedlings
established well in each pouch were counted and the ©plants

were thinned to leave 4 per pouch, which represented the

najority of the seedlings in the respective pouch.

Three weeks after sowing the plants were harvested,
separated into root and shoot and kept for drying at 70C for
two days. The dry weight of shoot and roots were recorded.
Since the samples were too many to handle on a single day,
they were harvested replication wise; first replication on
21st day, second replication on 22nd day, third replication

on 23rd day. All the results were statistically analysed.

Fcr the germinetion ard ectablichment observations the
teruits were sgubdected to Rngular transformations befcre
analysis to equalise the varience. The salt effect on shoot
and root dry matter of pigeonpea genotypes was evaluated by
comparison (ratio) with the respective control je., OmM NaCl

treatment.
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3.3. POT TRIAL ON THE EFFECT OF SALT(NaCl) STRESS ON
GROWTH, NODULATION, NITROGEN FIXATION AND PHOSPHOROUS UPTAKE
BY PIGEONPEA

Four pigeonpea genotypes - ICPL 358, ICPL 332, C 11,
ICPL 227 which varied in their response to salinity in

arowth pouchese, wvere used for this study.

Two pigeonpes Rhizobium strains, namely, IHP 100 and
IHP 195 both effective with pigeonpea but different in

growth characters were used.

Six salinity levels (OmM, 15mM, 30mM, 45mM, 60mM, 75mM

of NaCl) were tested in the present experiment.

Seven inches diameter polypropylene pots washed and
steamed for lhr were used. The culture medium consisted of
sand:vermiculite:grit mixture (SVG) in the ratio of 1:2:2
(Volume Dbasis). Sand, vermiculite and grit were washed
cevernd tiner Groceendro tep witor to o remove the cdirt &1
five poaticre s s i Crted before maixine. The OVC ot
wac sterilized by autoclaving at 151b/sq in. pressure for 1
hour. After cocling, the SVG medium was filled in the pots

at the rate of 2.5 Kg per pot.

Pigeonpea sceds were surface sterilized with 0.2% BgCl2
acqueous solution for 5 minutes, washed in several changes
(at least 10) of sterile and deionised water. The seeds
were then inoculated with a slurry of peat cultures of IHP

100 and IHP 195 separately using methyl ethyl «cellulose as
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an adhegive. Peat inoculants had a Rhizobium pepuletion of

about ldséells/g. of inoculant. The treated seecd carried

5

about 10° Rhizobia/seed and was sown in pots at a constant

depth of 2cm at the rate of 7 ceeds /pot.

The design of the experiment was a split-split plot
with salt level as main plot, pigeonpea genctype as subplot
and Rhizobium strain as & sub-sub-plot and replicated threc
times. The experiment was conducted 1in & temperature
controlled cglass house where the day and night temperatures
ranged 27-30C and 20-23C respectively. On l4th day after

sowing the seedlings thinned were to leave 4 per pot.

Arnon's nitrogen free nutrient solution prepared with
deionised water and amended with different levels of NaCl as
indicated above was used for watering the plants upto 24th
day after sowing. The pots were maintained at 70 percent
waterholding capacity of the growth medium. The pote were
fluelhed throual  witbh once & veek with the respective
trectment nvtriert colition to rrevert oo lt o cocurvletiogs,
On 25th day, the plants growing particularly at salt levelcs
30mM Nacl and above looked sick probably because of salt
toxicity. Hence, the pots were flushed through deionised
water for a week. After this, half strength Arnon's
nitrogen free nutrient solution without NaCl was used till

45th day.
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At harvest, 4€th day after sowing, dead plants in each
pot 4were counted . Healthy plants height measured. Plant
shoot was cut with a secature and leafarea was measured with
the help of an automatic leafarea meter Model no. L13100

(made by LICOR, USA).

The nodulated roots were carefully removed from the
pote and assayed for nitrogenase activity by acetylene
reduction technique (Dart et al., 1972). The excised roots
and nodules were placed in a glass container of 300ml volume
and with & rubber septum fitted in the 1lid. After a 30 min
incubation in a 10% atmosphere of C2H2 at ambient air
temperature in the glasshouse, a 5.0ml gas sample was
removed and stored in pre-evacuated 10ml Venoject tubes
(made by Terumo corporation, Tokyo, Japan). The sample was
analysed for ethylene (C2H4) on a Pye Unican 104 gas
chromatograph fitted with a flame ionization detector and a
glass  column 150cm long and 0.6cm O.D., packed with Porarak
Mo The cver teryereture ¢f the gas chrenztecrapl. wao 1000

ano the carrier acs (N2) flow rate 45 rl/nmin.

After the acetylene reduction assay, roots and nodules
were cleaned of adhering sand: vermiculite:grit mixture by
washing in water and the nodules separated and counted.
Plant shoot, roots and nodules were dried at 70C for 48hr,
weighed and finely ground by Cyclone mill (made by UDY
corporation, Colorado, USA) for chemical analysis. The
fallen leaves wete collected from time to time and included

for observations.
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Chemical analysis of plants for nitrogen and

phosphorous:

Plant parts - shoot, roots and nodules were aralyced
separately. All the three replicate samples were pooled and
analysed. 100mg of dried sample was digested by adding 4rl.
of  concentrated sulphuric acid containing 0.5% (W/V)
selenium and heating on the hot plate of nmicrokKjeldahl
digestion apparatus. After digestion, the sample was
diluted by making upto 75ml with distilled water. 3ml of
this diluted digested sample was fed to the Technicon
Autoanalyzer II (manufactured by Technicon Industrial
systems, Tarrytown, New York) and analysed for N and P

contents.
Principle for Phosphorous:

Determination of phosphorous utilizes the reaction
between phosphorous and molybdovanadate (supplied during
analveis) to form a pbosphovanadate complex, which weo
meacured colometrically at  420nm. (method from: Technicon

Autoanalyser Industrial method no. 144.71R)
Principle for Nitrogen:(Kjeldahl)

The guantitation of ammonia is achieved utilising the
Berthlot reaction in which the formation of a blue
indophenol complex occurs when ammonia is reacted with
sodium phenate followed by the addition of sodiun

bypochlorate. The quantitation of indophenol complex was
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neacsured by calotincter at  630nm. (method from Technicon

Autoéna]yzer, Industriel method no. 218-72A)

>

Statistical analysis:

The data was analysed on the VAX 11/780 computer using

GENSTAT programme,



4 .RESULTS
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4.1. SALT TOLERANCE AMONG PIGEONPEA RHIZOBIA

The response of pigeonpea Rhizobia to different levels
of NaCl in the yeast extract mannitol agar medium(YMA), is
presented in Table. 4. Significant variation in tolerance
to salt was observed among pigeonpea Rhizobia. 1In fast
growing Rhizobia Viz. 1IHP 24, IHP 506, IHP 100, IHF 70 a&and
BDN-A2 the salt tolerance 1limit ranged between 1 and 5%
NaCl, while in slow growing Rhizobia viz. IHP 484, THP 87,
IHp 213, C€C 1, IHP 69, F4, IHP 35, KA 1l,and IHP 195, it

ranged between 0.25% and 1% NaCl.

Among fast growing Rhizobia, IHP 24 was able to grow
upto 5% NaCl with 1little change in colony size. Further
studies (data not presented) revealed that it could grow up
to 7% NaCl in the YMA medium-the growth at 6% was similar to
growth at 5%, while at 7% was greatly reduced. Strains IHP
100 and IHP 506 could grow normally upto 2% NaCl, while the
arowth at 3%, 4% and 5% NsCl concsisted of smwmall cclonice,
Straine I1BP 70 znd T©TDN-RA2 ¢rev normally upto 1% Na(1l bot

could tolerate up to 3% NaCl as evident by faint growth.

Among slow growers IHP 484 was able to grow upto 1%
NaCl while at 2% NaCl only faint growth was seen. Strains
IHP 87, IHP 213, CC 1, IHP 69, IHP 35, and KA 1 did not grow
at more than 0.5% NaCl while strains IHP 195 and F4 could

not grow even at 0.5% NaCl in YMA medium.



Table 4y Effoct of 231t M2

[1) stress on the groxth respanse of pigeonpea Fhizcbiun cultures

Sl. FBhizobiua strain NaCl (%)
", e B

Control (0} 4,28 0.5 { 2
P § e tht 3 ++ b + CH ++ + 4+
I IHP 59% 441 b+ + ++ + ¢ +
3 IRP 106 44 te ‘e ++ ++ + +
4 Ml b 4 +e ++ t+ + + -
3 204-82 +ht ' + i+ ++ + + -
L 148 354 tas L s e +4 + - -
7 jse 97 +is it 4 - - - -
2 14F 217 EX 2 I3 + - - - -
? US| e ++ + - - - -
10 [HP 4% 44 4 + - - - -
11 F i ‘ rie + - - - - -
12 Ixf 18 vt + + + Lot - -

.

13 ¥ et ++ + - - - -
14 I-P 193 44 P - - - - -

3 +++ = Bapd qrouth; b ++ = Maderate grosthy - + = Little gqrouth
! ]
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In general, the strains ability to tolerate NaCl in the
growfh medium seemed related to their growth character.
Fast growers were able to tolerate NaCl more than the slow
growers. We did not notice any major difference between
native (isolated from saline fields) and exotic (from normal
soils) rhizobial strains in their salt tolerance. The most

tolerant Rhizobium strain IHP 24 was isolated from the

normal soil.
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4.2. SCREENING PIGEONPEA GENOTYPES FOR SALT TOLERANCE
4.2.1 Effect on seed germination:

The germination of pigeonpea genotypes was retarded and
delayed with increasing level of salt (from 0 to 120mM NaCl)
in the growth medium (Table.5 and 6; Fig.2 and 3). There

were differences among genotypes in ability to germinate at

a given level of salt,

At OmM salt level, the mean germination of pigeonpea
genotypes was 8l% with a range between 59 and 90% on 3rd day
after sowing. Two days later ie. on the 5th day after
sowing, the mean germination was 83% ranging between 64 and
90%. At 30mM salt level, the mean germination of pigeonpea
genotypes was 90% (range 60-115%) on the 3rd day and 91%
(range 70-115%) on the 5th day after sowing compared to the
respective controls at OmM NaCl. In genotypes 11 and 17,

the germination was slightly stimulated at 30mM NaCl.

At 6CmM KaCl level, the mean germination of piceonpea
genotypes was 59% (range 20-85%) and 75% (range 45%-115%) on
the 3rd and 5th day after sowing respectively compared to
the control. Germination though delayed was stimulated in

genotypes 6 and 8.

At 90mM NaCl level, the mean germination of pigeonpea
was 44%(range 10-83%) on 3rd day and 69% (range 45-100%) of
the control on 5th day after sowing. Although the

germination of genotype 27 was delayed it did not appear to



Y

'"ROL

AS & OF

GERMINAT:
o
o

80

40

80t

40

40f

Figy3; EFFECT OF DIFFERENT LEVELS OF SALT (NaCl) STRESS ON .

GERMINATION AMONG PIGEONPEA GENOTYPES (3 DAYS AFTRR SOWING)

e RN RN ARRARRRRNNE

200 14 9 14 18 1

GENOTYPES

T+ [ B =

_r_r [ THH || ]

407

60 m.

90m,

120 mM,

Se



L

GERMINATION AS % OF

120¢Fig.3: EFFECT OF SALT (NaCl) STRESS ON GERMINATION AMONG
PIGEONPEA GENOTYPES (5 DAYS AFTER SOWING)

8o}
[ N T Y T T A T T T T N Y O Y Y O O

f XY 19 Rz 242712 17

40

GENOTYPES
120

80

60mM,

I — f+ @y Ty oty r 81

40}

80
UTM~

» T

80 —_ ~

120 mM.




Table.5

ifect of salt(NaCl)stress on germination % among pigeonpea genotypes.

)

(3days after sowing)

. - T e o . T S G = - - - B S e S G S G e e e On D e S S e S S e O e e

Geno- Cont. germination as % of control at
type., (OmM)==—cc--mermcrccceen ittt sttt
30mM 60mM 90mM 120mM
1 84 107+9.6 79+7.0 84+7.4 49+4.3
2 78 9749.3 6846.6 65+6.3 48+4.5
3 90 93+7.8 55+4.6 66+5.4 36+2.9
4 90 8346.9 66+5.5 5744.7 3743.0
5 84 6745.9 66+5.9 43+3.8 2442,1
6 84 89+48.0 80+7.1 63+5.6 45+4.0
7 84 93+8.3 54+4.8 44+3.9 24+2.1
8 78 91+48.8 61+5.8 40+3.8 19+1.8
9 84 8617.7 7416.6 3142.7 23+2,0
10 90 88+7.3 61+5.1 34+2,.8 14+1.1
11 59 117+4.8 5947.5 58+7.3 40+5.0
12 78 9749.3 76+7.3 75+7.2 36+3.5
13 78 7247.0 28+42,7 3343.1 740.7
14 59 62+7.9 39+4.9 10+1.3 15+1.9
15 90 90+7.5 60+5.0 36+2.9 24+2.0
16 90 86+7.2 5714.7 38+3.1 4643.8
17 72 11541.9 7347.5 41+4.,2 39+3.9
18 83 10749.6 87+7.8 36+3.2 4744.1
19 81 79+7.3 53+4.9 3543,2 26+2.4
20 90 7446.1 52+4.3 38+3.1 52+4.3
21 90 93+7.8 61+5.1 4143.4 34+2.8
22 90 90+7.5 59+4.9 52+4.3 50+4.1
23 84 10749.6 63+5.7 39+3.4 3743.3
24 78 7246.9 4544.3 36+3.2 1741.6
25 90 7246.0 59+44.9 36+3.0 26+2.1
26 84 93+8.3 36+3.2 740.6 0
27 72 10140.6 57+6.0 31+43.2 26+2.7
28 64 86+0.1 58+6.8 37+4.3 5846.7
29 64 89+40.4 19+2.2 5746.7 41+4.7

SE for control+3.4
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Table.6

iffect of salt(NaCl)stress on germinationt among pigeonpea genotypes

»

(5Days after sowing)

D e ke T I N N L T e Y

geno- cont. germination as % of control at
type. (Om¥)  —ccemmccmecrcccm e r e rre s
30mM 60mM 90mM 120wk
1 90 100+ 9.1 79+ 7.2 83+ 7.5 61t 5.5
2 78 97410.2 72+ 7.6 82+ 8.6 68+ 7.2
3 90 93+ 8.5 71+ 6.5 80+ 7.2 57+ 5.1
4 90 831 7.6 80+ 7.2 71+ 6.4 81+ 7.3
5 84 80+ 7.8 87+ 8.5 53+ 5.2 39+ 3.7
6 84 93+ 9,1 107410.5 82+ 8.0 80+ 7.8
7 84 93+ 9.1 74+ 7.2 76+ 7.3 81+ 7.9
8 67 106+13.1 117+14.3 86+10.5 68+ 8.3
9 84 89+ 8.7 89+ 8.7 64+ 6.2 62+ 6.0
10 90 88+ 8.0 73+ 6.7 69+ 6.2 48+ 4.3
11 64 104413.4 83+10.6 70+ 9.0 64+ 8.2
12 84 89+ 8.7 76+ 7.4 77+ 7.5 69+ 6.7
13 78 91+ 9.6 58t 6.1 62+ 6.5 28+ 3.0
14 75 69+ 7.5 57+ 6.3 47+ 5.1 60+ 6.5
15 90 93+ 8.5 69+ 6.3 66+ 5.9 72+ 6.5
16 90 9341 8.5 80+ 7.2 77+ 6.9 100+ 9.1
17 73 115413.0 84+ 9.5 82+ 9.2 59t 6.6
18 84 107£10.5 100+ 9.8 74% 7.2 o
19 8] 85+ 8.6 761 7.7 66+ 6.7 61+ 6.1
20 90 80+ 7.2 71+ 6.4 73+ 6.6 77+ 6.9
21 90 93+ 8.5 68+ 6.2 71+ 6.4 67+ 6.0
22 90 93+ 8.5 71+ 6.5 78+ 7.0 69+ 6.2
23 84 107410.5 71+ 7.0 74+ 7.2 73+ 7.1
24 84 76+ 7.4 46+ 4.5 49+ 4.7 51+ 5.0
25 90 86+ 7.9 714 6.5 60+ 5.4 69+ 6.2
26 90 100+ 9.1 71+ 6.5 51+ 4.6 41+ 3.7
127 72 105+12.0 68+ 7.8 102+11.6 63+ 7.2
28 75 88+ 9.6 57+ 6.3 63+ 6.8 71+ 7.7
29 90 86+ 7.9 62+ 5.6 50+ 4.5 47+ 4.2

— -

SE for control+3.6
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be adversely affected at 90mM level.

At 120mM salt Jevel the mean germination of picecnpea
was reduced to 33% (range 5-60%) on the 3rd day but rocse tc
65% (range 30-100%) on the 5th day compared to the contrcls.
Only two genotypes, namely 16 and 18 had 100% germination on
the 5th day while it was only about 45% on the 3rd deay.

4.2.2, Effect on establishment of seedlings:

The results of establishment of seedlings as influenced
by salinity 11 days after sowing are presented in Table 7;
Fig4. The establishment of pigeonpea seedlings was
adversely affected with increasing salt level. Though there
were differences among genotypes tolerance at a given salt

level, the performance was not consistent across the salt

levels.

At 30mM NaCl, the mean establishment of the pigeonpea
seedlings over all genotypes was 89% (range 65-135%)
compared to the contrel treatnent, & figure very close tc
the percent germination observed 3 days after sowing. 1In
genotype 17, the establishment of the seedlings was 30%
greater than in control, an indication of the stimulatory
effect of salt at low concentrations on éermination as well

as establishment.

At 60mM NaCl level, the mean establishment of the
seedlings was 60% (range 22-89%) compared to control.

Genotypes 8 and 18 showed greater establishment than the
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Table.7

ect of Salt(NaCl) stress on establishment of seedlings among pigeonpea

genotypes (11 days after sowing)

———— e - —— ——— s s e .-

genc- cont. establishment as % of control at
type_ (OmM) e b e e a e ame——. — et st s e e e s s st e ae e
30mM 60mM 90mM 120mM
1 75 112412.2 71+ 7.7 7748.4 3243.4
2 81 714 7.1 39+ 4.0 3543.5 14+1.3
3 68 102+12,1 63+ 7.4 80+9.5 4745.5
4 71 102+11.6 81+ 9.2 7448.5 6347.1
5 81 68+ 6.8 71+ 7.2 4544.5 2342.2
6 77 102410.7 71+ 7.4 60+6.3 5846.1
7 90 93+ 8.5 41+ 3.7 55+4.9 52+4.7
8 66 95+11.7 86+10.7 3344.1 3043.7
9 75 79+ 8.6 85+ 9.3 3043.3 2442,5
10 90 79+ 7.2 62+ 5.6 3313.0 2442.2
11 49 96+16.1 53+ 8.9 4948.1 56+9.3
12 75 83+ 9.0 73+ 8.0 4344.6 2342.5
13 75 83+ 9.0 40+ 4.4 46+4.9 0
14 56 78411.5 38+ 5.5 0 0
15 90 74+ 6.7 51+ 4.6 4343.9 50+4.5
16 84 86+ 8.4 65+ 6.4 3843.7 5145.0
17 51 135421,8 81413.0 6049.5 30+4.7
18 78 108+11.4 89+ 9.3 5045.2 7748.1
19 81 724 7.2 52+ 5.3 4544.5 3843.8
20 67 89+10.9 61+ 7.5 6147.5 6217.5
21 84 89+ 8.7 51+ 5.0 56+5.4 3613.4
22 72 98+411.2 46+ 5.3 4945.5 2743.0
23 72 98+11,2 531 6.1 3744.2 3143.5
24 69 69+ 8.2 22+ 2.6 38+4.5 13+1.5
25 90 69+ 6.3 41+ 3.7 29+2.6 31+2.8
26 81 100410.1 39+ 4.0 1141.1 2342.2
27 72 101+11.6 43+ 5.0 4645.2 2142.4
28 62 98+13.0 39+ 5.2 6748.9 3544.6
29 68 97411.7 51t 6.2 38+44.6 38+4.5

SE for Control+3.6
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others,

At 90mM NaCl level, the mean estaklishment of pigeonpea
seedlings ’over genotypes was 40% (range 0-80%) compared to
control., Genotype 14 was very sensitive hence failed to
establish, while genotypes 3 and 1 ranked top in

establishment at 90mM salt in the nutrient solution.

At 120mM salt level, the establishment of pigeonpea
seedlings was poor, and the mean over genctiyjer war 349
(range 0 - 77%) compared to control. Genotypes 13 and 14

failed to establish, while genotype 18 was the best among

others.
4.2.3. Effect on shoot dry matter

The results of shoot dry matter of 29 pigeonpea
genotypes as affected by different salt levels are presented
in Table 8 and Fig.5. There was a significant decline in
cheoot  dry matter with increacsing s&glt concentration. There
vire differencec anono genotypes in tolerance to calinity,
however, they were not consistent at all the salinity levels

tested.

At 30mM NaCl, the mean shoot dry matter produced by
pigeonpea genotypes was 71% (range 54 to 120%) compared to
control. The shoot dry matter was stimulated in only

genotype 8 while in others it was reduced by 30mM NaCl.
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Table.8

't of salt(NaCl)strees on the shoot dry weight (mg/plant)among pigeonpea

genotypes (21days after sowing)

geno- cont. shoot dry we1ght as % of ccntlc t

type. (om¥) it LRI e
30mM 60nM 90nM lLGnr
1 80 64+ 6.7 55+ 5.9 35+3.6 2342.4%
2 77 56+ 6.1 24+ 2.7 12+41.3 6+0.6
3 60 64+ 9.1 52+ 7.3 41+5.8 8+1.1
4 77 62+ 6.8 47+ 5.2 28+3.0 12+41.2
5 66 60+ 7.7 71+ 9.0 28+3.6 7+40.9
6 54 64410.1 41+ 6.4 31+4.8 8+1.3
7 57 82+12.2 24+ 3.5 2744.0 1341.9
8 62 120+16.3 75+10.2 21+2.8 21+2.8
9 57 57+ 8.4 42+ 6.3 50+7.3 0
10 78 64+ 6.9 54+ 5.8 9+0.9 8+0.8
1] 87 79+ 7.6 13+ 1.2 4+0.4 440.4
12 5% 67410.2 64+ 9.7 26+3.9 13+1.9
13 96 83+ 7.4 48+ 4.3 740.6 11+0.1
14 107 74+ 5.9 4+ 0.3 11+40.8 440.3
15 93 83+ 7.5 39+ 3.5 18+1.6 9+0.8
16 60 724 8.7 38+ 4.6 3344.0 16+1.9
17 85 79+ 7.8 561 5.5 2041.9 0
18 68 70+ 8.7 27+ 3.4 4745,8 1041.2
19 85 70+ 6.9 26+ 2.6 28+2.7 15+1.4
20 72 76+ 8.9 35+ 4.1 6+0.6 1742.0
21 68 60+ 7.4 42+ 5,2 19+42.4 440.5
22 66 80+10.2 20+ 2.5 25+3.1 10+41.2
23 69 71+ 8.7 31+ 3.7 31+3.7 510.6
24 74 75+ 8.5 9+ 1.1 22+2.5 540.6
25 65 54+ 7.1 34+ 4.4 2042.5 0
26 74 73+ 8.3 30+ 3.5 610.6 0
27 75 67+ 7.5 31+ 3.5 1141.2 0
28 77 70+ 7.7 51+ 5.6 17+41.8 1241.3
29 83 62+ 6.3 49+ 4.9 16+1.6 10+1.0

SE for Control+4.6
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At 60mM NaCl, the shoot dry matter was further reduced
with' a mean of 38% over genotypes (range 4 to 75%) compared
to control. Genotypes 6 and 5 stood top producing shoot dry
matter about 75% of the control while 72% of the genotypes

had produced shoot dry matter less than 50% of the control.

At 90mM and 120mM NaCl, the growth of pigeonpea
genotypes was very poor and the shoot dry matter produced
was only 20% of the control. Though about 35% of the
seedlings established 1ldays after sowing, they became sick
showing leaf necrosis initially and drying finally because
of salt toxicity. It appears that pigeonpea cannot tolerate

NaCl beyond 90mM level.
4.2.4. Effect on root dry matter

The data on the effect of NaCl stress on root dry
matter production of 29 pigeonpea genotypes 2ldays after
sowing is presented in Table 9 and Fig.6. The data of the
treatment 120mM NaCl was not included as the plents did not
survive upto 2ldeys after sowing. The root dry meatter
decreased with increasing salt concentration. The pigeonpea
genotypes varied in their tolerance to NaCl at a given

level.

At 30mM NaCl, the mean root dry matter produced over
all genotypes was 74% (range 47 to 108%) compared to that
obtained at OmM NaCl. The pigeonpeas that suffered nrnost,
with root dry matter 1less than 50% to control, were

genotypes 2 and 6. In genotypes 15 and 26 the roots were



Fig.6: EFFECT OF SALT (NaCl) STRESS ON ROOT DRY..MATTER AMONG
PIGEONPEA GENOTYPES (21 DAYS AFTER SOWING)
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Table.9

ffect of salt(NaCl)stress on the root dry weight(mg/plant) among pigeonpea

genotypes (21days after sowing)

geno- cont. root dry weight as % of centrcl ot
type. (0mM) e L Lt L LR e L T
30my 60mM 90mN 120nk
1 39 68+ 7.5 3043.3 2642.9 20+2.1
2 40 47+ 5.1 1942.0 1041.0 210.2
3 31 67+ 9.2 5647.7 4616.2 11+1.5
4 36 74+ 8.8 5346.2 2943.3 1341.5
5 37 65+ 7.6 6217.3 36+4.1 9+1.0
6 33 48+ 6.3 4245.4 3043.9 11+1.4
7 31 65+ 8.9 2142.9 27+3.7 2343.2
8 42 88+ 8.9 5946.0 18+1.8 19+1.9
9 35 72+ 8.9 4445.4 4946.0 040.1
10 48 63+ 5.6 50+4.4 9+0.8 6+0.5
11 49 85+ 7.4 2542.2 14+1.1 940.8
12 30 73410.4 4616.4 2743.8 20+2.8
13 50 84+ 7.3 5214.5 1140.9 340.2
14 52 82+ 6.8 1411.1 21+1.7 13+1.0
15 42 108+11.1 7147.3 3443.5 20+2.0
16 35 66+ 8.2 4345,2 3944.7 3243.9
17 52 77+ 6.4 4844.0 24+2.0 0+0.1
18 39 71+ 7.9 3043.4 29+3.2 16+1.7
19 47 761+ 7.0 31+2.8 31+2.4 23+2.1
20 38 81+ 9.2 3544.0 1141.2 19+2.2
21 33 68+ 8.8 3744.8 24+3.1 10+1.3
22 37 93410.8 17+2.0 3143.6 17+1.9
23 35 92+11.4 2743.3 5146.2 11+1.4
24 38 84+ 9.7 13+1.4 21+2.4 740.7
25 38 61+ 6.9 20+2.3 17+1.8 0
26 34 101+ 2.8 3244.0 1041.2 0
27 39 64t 7.1 2843.1 9+1.0 0
28 37 74+ 8.7 4845.7 2412.7 18+2.1
29 40 73+ 7.8 5646.0 2342.4 0

SE for control+2.4
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not as well affected as the shoot.

At 60mM NaCl, the root dry matter was significantly
affected, ;ith a mean of 36% (range 13-71%) over genotypes
compared to plants grown at OmM NaCl. In genotype 15 the
reduction in root dry matter was far less than all others.
Genotypes 2, 7, 11, 14, 22, 24, 25 were more susceptible to

salt than others.

At 90mM NaCl, the root development was severely
affected. The mean root dry matter produced over all
genotypes was 23% (range 9 to 51%) compared to plants grown
at OmM NaCl. Only 2 genotypes-9, 23 were found less

susceptible than others.

4.2.5. Correlations between germination, establishment

and plant (shoot and root) dry matter

The results are presented in Table 10. Observations on
germination of pigeonpea 3 days after sowing were correlated
well with agerminatior counte ofter 5 deye &end plant
establishment suggesting that early observations on
germinating ability might reflect the plant's establishment
11 days after sowing. Germination counts 5 days after
sowing did not give any more information on plants
establishment than that obtained by germination counts 3
dayc after sowing. The early observations on germination
were also correlated well with shoot and root dry matter.
The correlations between establishment lldays after sowing

and shoot and root dry matter after 2ldays were significant.
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4.3. EFFECT OF SALT (NACL) STRESS ON GROWTH, NODULATION,
NITROGENASE (ACETYLENE REDUCTION) ACTIVITY, NITROGEN AND
PHOSPHOROUS .UPTAKE OF 4 PIGEONPEA GENOTYPES INOCULATED WITH
2 RAIZOBIUM STRAINS AND GROWN IN POTS

All the 4 pigeonpea genotypes Viz. ICPL 358, ICPL 332,
C 11, ICPL 227 germinated uniformly at all the salt
concentrations (0, 15mM, 30mM, 45mM, 60mM, 75mM NaCl)
imposed from time of sowing. Till 15th day after sowing, no
treatment effects either genotypic, or of Rhizobium strain
or salt could be seen. On 1l6th day after sowing, initial
symptoms of leaf necrosis appeared in all the genotypes
particularly at 60 and 75mM NaCl. With time, the leaf
chlorophyll bleached. At 60 and 75mM NaCl the severity of
symptoms appeared relatively early in ICPL 358, and Cll

particularly those plants inoculated with Rhizobium strain

ITHP 100 but not IHP 195,

By 24th day after sowing, none of the 4 cenotypes
survived at 60 and 75mM NaCl. Genotypes JICPL 358 and C 1]
did not survive at 45mM NaCl while the other genotypes ICPL
332 and ICPL 227 partially survived at 45mM. The survival
of different genotypes grown with salt upto 45mM NaCl are
given in Table 11. The survival of genotypes ICPL 358 and

Cll was not uniform even at 30mM NaCl.

4.3.1. Effect of salt stress on pigeonpea growth’
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The leaf area of pigeonpea an indication of
photésynthetic ability, as influenced by salinity is shown
in Table 12:. There was significant decrease in leaf area
with increasing salt concentration up to 30mM. The genotype
effects were also significangig.gggL§227 had largest leaf
arez, while Cl1l had lowest leaf area, Rhizobium effects were
significani“%igh IHP 195 inoculation leaf area was greater
than with IHP 100. The salt level, genotypic interaction
effects were highly significant with ICPL 227 showing
greater tolerance at 30mM NaCl, while the others were more

susceptible.

The shoot and root dry matter of different genotypes as
influenced by salinity are presented in Tables 13 and 14
respectively. Both shoot and root drymatter were
significantly reduced with increasing salt concentration
vpto 30mM, with severe reduction at 30mM NaCl. ICPL 227 was
most tolerant upto 30mM while the others were susceptible.
At 45mM NaCl, ICPL 227 and ICPL 332 was the only genotype
that survived in some replications while the others did not.
Inoculation with IHP 195 produced more dry matter than with
IHP 100 suggesting that the former probably fixed more
nitrogen at all salinity levels. This is rather surprising
as the salt tolerance of IHP 195 was far less than that of
IHP 100. Genotypic Rhizobium interactions were significant
with all genotypes except C 11 producing more dry matter
with IHP 195 than with IHP 100.



Fig.} Effect of salt (30 mM NaCl) stress on the growth of four
pigeonpea genotypes, 45 days after sowing.
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Fig.g_ Performance of ICPL 227 (tolerant at 45 mM) and ICPL 358
(susceptible at 45 mM) at various salt levels (0, 15, 30,
45 mM), 45 days after sowing.



Fig. 9. Effect of knizobium strains (A, IHP 100; B, IHP 195) on the
growth of pigeonpea genotype ICPL 358, grown at 15 mM, 30 mM
salt (NaCl) levels in the medium, 45 days after sowing.
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The results of shoot height in cm teken at harvest are
presénted in Table 15. The effects of salinity level,
genotypes, 'Rhizobium strains and salinity genotypic
interactions were all significant and the trend:s ware

similar to those of shoot dry matter.

4.3.2. Effects of salt stress on pigeonpea nodulation

and nitrogenase activity

The results of nodule number and weight of pigeonpea
genotypes as affected by Rhizobium strain and salt stress
are presented in Table 16 and 17 respectively. Increasing
salt from O to 30mM had significantly reduced both rodule
number and weight. There were significant differences
between genotypes - ICPL 227 produced highest number and dry
weight of nodules while ICPL 358 had least. Rhizobium
strain effects were significant only in nodule number. IHP
195 was significantly better than IHP 100 in nodule number
but not in total dry weight c¢f nodules. The salinity
genetypic interection, selinity stiein  interactior effccts
were significant in both nodule number and nodule weight.
ICPL 227 was least affected Ly 20mM NaCl in both nodule
number and weight whereas the other genotypes showed
significant reduction at 30mM NaCl. IHP 195's ability ¢to

nodulate at 15mM salt was significantly better than IHP 100,

Salt stress had no effect on nitrogenase activity
measured as acetylene reduction (AR) activity per pot per

hour (Table 18). However, genotype effects were significant
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Tableuig. Eifect of ealf L) stress on nodula memher per pot of four nigeonpea genotypes incculated with
rhizabive strairs [P 199, I¥P 195 and grown in pots 143 davs after sowingl.
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Tabiei. Effect of s3lt oall) stresz on nitregenase activity (u ¥ L2 Hi/po

of four pigeonpes genotvpes incculated

aith rhizohiva strains [HO 109, IMP 183 and grown in pots (A3 days after soming).
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with C 11 showing highest AR activity. The AR activity of
ICPL 358, ICPL 332 and ICPL 227 were low and did not differ
significantly fron one another. In ICPL 358 and ICPL 332
the AR activity would have been greater if only the
replicetions where the plants survived were alone
considered. Rhizobium strains did not differ significantly
indicating that IHP 100 and IHP 195 were ecqually effective
in fixing nitrogen. The interaction effects of salt,
genotypes and strains were not significant. The specific
nitrogenase activity ~(SNA = AR activity/g.dry nodule
weight/hr) data is presented in Table 19. The specific
activity increased significantly with increase in salt
concentration, There were significant differences in SNA
among genotypes. ICPL 332 and C 11 had higher SNA compared
to ICPL 358 and ICPL 227. Salt genotype interaction effects
were also significant. At 30mM NaCl, ICPL 332 and C 11

showed largest SNA, while ICPL 358 and ICPL 227 did not.

4.3.3. Effect of salt stress on N and P uptake by

pigeonpes

The nitrogen content was highest in nodules (mean
6.24%) followed by shoot (mean 3.10%) and roots (mean
1.88%).

Shoot nitrogen content (%) increased up to 30mM NaCl
(Table 20). The N content increased significantly with
increase in salt concentration even at 45mM NaCl in the

tolerant genotype ICPL 227. Genotypes varied significantly
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Table:po.Efect of salt (MaCl) stress on shoot nitrogen percent of four pigeonpea genctypes inaculated with
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in N content with highest in ICPL 358, while the renczining 3
genotypes had similar N content. Rhizobium strains varied
significantly in their effect on N content of shoot. THP
195 was more effective than IHP 100 in N fixation resulting
in high N content in plant shoot. The interactions between

salt level, genotype and Rhizobium were not significant.

In roots also the N content (%) was increased
significantly with increase in salt concentration in &all
genotypes and even at 45mM NaCl in the tolerant genotype
ICPL 227 (Table 21). In nodules the N content increased
with increasing level of salt up to 30mM (Table 22). At
45mM NaCl, the nodules of surviving plants accumulated even
greater N content. Pigeonpea genotypes had significant
effect on N content of nodules- ICPL 227 nodules contained
the highest N of 6.7% while C 11 nodules contained the least
of 5.83%. Strain effects were also significant as nodules
formed by IBP 100 had greater N content than those formed by
IHP 195. There was no interaction of salt level, cenotype

and Rhizobium strain in nodule N content.
Phosphorous uptake

The phosphorous content was highest in nodules (mean
0.45%) followed by shoot (mean 0.39%) and roots (mean
0‘34%)'
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rhizchive straing [HP 100, INP 193 and grown in pots 143 days after sowing),
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In shoots, the P content (%) increaced significantly
with' increase in salt level above 15mM (Table 23). Neither
genotypes ner Rhizobium strains and interactions had any

significant effects on P content of shoot.

In roots also the P content increased with salt level
and there were no significant c¢hanges due to genotypes
(Table 24). 1Inoculation with IHP 100 resulted in increased
P content than with IHP 195. It will be interesting to

elucidate the role of Rhizobium in the P uptake by

pigeonpea.

In case of nodules the P content was considerably high
at 30mM salt concentration compared to 0 and 15mM salt
levels (Table 25). The P uptake was particularly enhanced
in plants surviving at 45mM NaCl level. Among the genotypes
ICPL 227, ICPL 358 and ICPL 332 took up significantly more P
than C 11. It is interesting to note that P uptake was
relatively greater in nodules formed by IRP 100 than by THP
195. The¢ interaction effect betweern c&lt levels, genotypes

and strains were not significant.
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5. DISCUSSION
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5.1, SALT TOLBRANCE AMONG PIGEONPEA GENOTYPES

Successful agriculture on saline soils requires the use
of crop anieties tolerant to salinity. Screening large pools
of genetic diversity and selecting genotypes are the first
logical step towards genetf& approach to salinity . Ssalt
tolerance has been reported in crops like barley, wheat, rice
(Bpstein, 1977, Shannon, 1977, Akbar and Yabuns, 1975), and it
has been possible to transfer a trait like salt tolerance from
the wild species to its related crop species (Rush and Bpstein,
1976). :

Pigeonpea is an important grain legume of the semi-arid
regions where the salinity problem is increasing every year,
however, there is little informeticn available on genetic

diverity of pigeonpea for salt tolerance.

To find out genotyplc variability for salt tolersnce 1h
pigeonpeay, a latoratory technique for rapid screening has been
developed involving growth pouches containing nutrient solution
with different salt levels. Growth pouches provided uniform
salt stress throughout the growth period and occupied minimum
space for testing a large number of genotypes at a time. In this
experiment single salt (NaCl) was used because of the report by
Ayers and Hayward (1948) that mixed salts were less toxic then
single salt. Hence it was assumed that a gernotype tolerant to
monosalt (NaCl) will be having fair chances of more tolerance to
mixed salts, likely to occur under field conditions. Among the

salt concentrations used to find out the threshold level of salt



ruge 49

stress in pigeonpea, 60mM sait level was found to be acceptable
salinity level, in almost all the 29 genotypes of pigeonres;
beyond which (90 and 12CmM) seeds could germinate but the seed-

lings failed to survive beyond two weeks.

Considerable genotypié'diversity for salt tolerance was
noticed in pigeonpea. ICPL 227 stood best among 29 genotypes
by shcwing relatively more toleresnce in their growth at 60mM
salt level. Since there was no survival of genotypes beyond
two weeks after germiqation, 90 and 120 mM salt levels were not
considered. At 30mM:salt level the shoot growth was stimulated
in ICPL 227 but not rcot growth. Similar observations of stimu-
lation of shoot growth by salt (NeCl) were made in Lupinus
Juteus (Vansteveninck et gl., 1982). In case of T 15-15, the
root grovth was stimuleted but not the shoot grovth. ™e reasons
for this differential response of shoot and roct growth of a
genotyre at a rarticuler level of salt stress sre not known
although such differences have been reported in other crops

(Malival and Paliwal, 1969).,

In the present investigation with pigeonpea,the level of
resistance for salt stress varied with genotype. Some genotypes,
like ICP 7035, ICPL 304, T7, Behsr were not affected at 30mM
salt level, but were severely affected at 60mM salt level.Other
genotypes like ICPL 366, ICPL 331, ICPL 227, ICPL 362, ICPL 332
were least affected at 60mM NaCl. In most of the genotypés both
shoot and root growth were equally affected. A number of geno-

types were intermediate in their tolerance.
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Paliwal and Maliwal (1973) reported that there were sig-
nificant varietal differences in pigeonpea 1n salt tolerance
during germination and early stages of growth. Rao gt &l.,
(1981) based on field screening reported that some pigeonpea
genotypes ICP 7623, ICP 7118, ICP 7182, ICP 7035 and Atylosis
scaraboides (wild species closely relsted to pigeon pea) were
more tolerant in growth at 0.4f sslt stress than thelr tolerant
check C 11. Gururaja Rao et al., (1981), on the basis of early
screening in laboratory reported that ICP 7035 was salt tolerant
at 0.48 salt (NaCl + CéClg), while in our study both ICP 7035
and C 11 turned out to be susceptible. This difference is
probably because of the difference in salts used. Further,under
field conditions the salt stress involves a mixture of salts end
the composition and ccncentration vary from plece to place and
time to time. So it may not be advisable to evaluate the toler-

ance level of a genotype based on the field screening alone.

In pigeonpea the salt tolerance during germination and
early stages of growth was relatively greater than at leter
stages of growth. The seed germination was delayed with increa-
sing salt concentration. However at lower levels of salt streés
the final germination percentage was stimulated in some of the
genotypes ICPH 6, Bahar, LRG 36, ICPL 227, ICPL 296, HY 3C,

ICPL 42.

The critical stage of salt stress varies with crop species.
In case of lentil the critical stage of salt stress was germina-

tion and early seedling growth (Jana, 1979), whereas in peanuts,
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salt tclerance was more during germination than subsequent
growth (Shelwel gt 8l.y 1969). From the present results in
pigeonpea,’it is evident that the evaluation of the genotypes
for salt tolerance should not be based on germination and/or

early seedling growth alone but based on growth at later steges

i.e. about 2 weeks after sowing as well. Bventhough, the toler-
ant genotype ICPL 227 showed good performence at all stages of
its 21 day growth perlod, many genotypes did not show good
performance consistently after germinetion. In view of this

it would be advisablé'to work out thoroughly the criteria for
salt tolerance based on performence at various growth stages of

Crop.

The present study indicated considerable genotypic variabi-
lity for salt (NaCl) tolerance. This was bssed on a study of
only breeders promising lines which are usually considered to be
having a narrow genetic base due to the continuous inbreeding
followed by a selection in a given set of agronomic condition
for a particular character usually connected with its yleld abi-
lity. This belng so, greater genotypic diversity can be expected
for salt tolerance in pigeonpea germplasm collection which hsas
about 10,000 accessions. With few minor modifications the screen.
ing method adohted can be used for large scale screening of

pigeonpea germplasm for salt tolerance.
5.2 SALT TOLERANCE AMONG PIGEONPEA RHIZOBIA

Legume-Bhizobium symboisis in saline soils may be limited by
many factors. One of the important factors is the ability of
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Rbizobiup to survive anc¢ multlply in the rhizosphere of host
legume under seline conditions. Rhizobia are considered to be
more toleraht to salt than their hosts and, considerable vari-
ation among species and strain:s of Bhizobium with respect to
their tolerance to salts has been reported by several eauthors
(Yadav and Vyas, 1971 ; Bthiraj et al., 1972 , Singleton gt zl.,
1982, Rai and Prasad, 1984). 1In the present experiment with
pigeonpeay, Rhizobiupm isolates also showed significent variation
in tolerance to salt stress (NeCl) end the tolerance renged from

0.258 to 5§ NaCl in the yesst extract mannitol agar medium.

Interestingly, considerale variation was observed between
the fast and slow growing Rhizobia. In case of fast growers,
the tolerance ranged from %ﬂ to 5¢ salt in the medium, while in
case of slow growing Rhizobia the tolerance ranged from 0.25% to
2% salt level. Out of the 5 fast growers tested at 8 different
salt levels in the medium (O to Qﬂ@ only one strain IHP 24 could
grow up to 5§ salt level in the medium with roughly 508 reduc-
tion in colony size. Further tests revealed that this strain
could grow even up to z{ salt level but with colony size drasti-
cally affected. This is the first report of a Rhizobium being
able to grow up to a salt concentration of 78 NeCl in the medium.
The relative tolerance of the 5 fast growing Rhizoble can be
shown as ¢ IHP 24> IHP 506> IHP 7 100> BDNA 2> IHP 70. Of these,
IHP 24 and BDNA 2 were isolated from the normal soils esnd the
remaining from saline soils (native). Bharadwaj (1972) reported

that Rhizobis from normal soils could not be well under saline
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stress conditions. But we did not find any difference between

the native and exotic (from normal soil) strains, in tolerance

to salt; 1n’fact the most salt tolerant Rhizobial strain IHP 24
was isolated from the normal soil. Bharadwaj (1975) later

reported that he did not find any difference in survival as well

as symbiotic ability between native and exotic rhizobial strains.
Recently, Singleton et al.,(1982) reported that the isolates from
saline soils are not consistently more tolerant to salt than

isolates from non-saline soils. /

In case of slow growing Rhizobia growth was slightly
affected between 1§ and gﬂ salt level. The relative tolerance
of the 9 slow growing strains is shown here : IHP 484 > IHP
87 >IHP 2133 IHP 35)KA 1)CC 1) IHP 69) IHP 195 = F4.
All these strains except IHP 69 and IHP 87 originated from
normal soils and here also no major difference between native

and exotic strains in salt tolerance was observed.

Fast growing Rhizobia were relatively more salt tolerant
than slow growers. Pillai and Sen (1969) reported that poly-
saccharide gum formation in fast growing Rhizobium strains
increased with increasing NaCl in the medium, and also there
was variation in the capacity of streains to form gum in presence
of equal amounts of salts. The production of gum by a strain
may be a measure of protection against excess salinity. This
explains the reason why fast growers are more salt tolersnt than

slow growing Rhizobla. Singleton gt gl., (1982) reported that



the slow growers were not more tolerant than fast growers in

case of soybean Rhizobjum isolates.

P111s1 and Sen (1966) reported that in case of R.trifolil
there was a progressive decrease of growth with increase in
salinity of the medium. In pigeopea-Rhizobiug isoletes also
there was & progressive decrease 1n colony size with increasing
salinity of the medium ; but with IHP 24 grown up to gg NseCl

there was not much difference in the colony size.

"he resulfs of fﬁjs experiment indicate that many rigeon-
pees Rhizobis could grow normally &t NaCl concentretions that are
inhibitory to the host plent i.e. 0.5% NaCl in the medium. The
minirum tolerance limit in most of the strains wes more thean
0.5% salt. So it seems that the survival and multiplication of
Bhizobilum may not be a limiting factor for establishing pigeonpea.
Rhizobium symbliosis under saline conditions.

It may be always better to screen and select Rhizobla for
salt tolerance based on growth and symblotic ability under saline
stress conditions rather than taking growth alone as a criterion.
Eventhough the host tolerance plays an important role in deciding
the symbiotic performancey presence of a tolerant as well as
symbiotically efficient Rhizobium is very essential for the

successful symbiosis under saline stress conditions.
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5.3. EFFECT OF SALT STRESS uN GROWTH, NODULATION, NITROGENASK
(ACETYLENE REDUCTION) ACTIVITY, NITROGEN AND PHOSPHORUUS
UPTAKE OF 4 PIGEONPEA GENOTYPES INOCULATED WITH 2

RHIZ0OBIUM STRAINS

Nodule initiation in the legume-Rhizobjiupm symciosis involves
a complex interaction between host rvot, Rhizobial strein, and
the environment. Any assessment of the feasibility of growing
legumes under saline conditions needs to consider the effects of
salinity on legume-Rbizoltium symbiosis. In the present investi-
gation, the effects of salt stress on the symbiotic ebility of
4 genotypes of pigeonpea inoculated with two different Rhizotie
were studied to find out the involvement of host tolerance to
salt in the symbiotic nitrogen fixation. Of fthe 2 Rhizobium
strainsy IHP 100 collected from the saline soil was & fast
grower and highly salt tolerant, while IEP 195 an exotic strezin
was & slow grower and sensitive to salinity. Both these strains

are effective in N2 fixation in symblosis with pigeonpee.

In pigeonpea, increasing salt stress decreased the number
of nodules and the totai nodule dry weight. At 30mM, the number
of nodules was severely reduced 1n case of ICPL 358, ICPL 332 and
C 11, but not in the tolerant genotype ICPL 227. However, even
at 60 and 75 mM NaCl there was evidence of nodule formetion even
though the host plant did not survive beyond 25 days. In legumes,
the degree of salinity conducive for good nodulation i1s different
from the 1limits of tolerance of either of the symbiotic nartners

(Singh et al., 1973). However, the respoase to salt stress ia
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nodulation and nitrogen fixation varies with legume species.
Nodulation of alfalfa was relatively resistent to salinity
(NaC1), whe}eas nodulation of soybean was severely affected
(Bernstein and (gatta, 1966). In Trifolium slexsndripum,
selinity did not affect the nodulation (Pillai and Sen, 1966),
wherees in Yicle febg selinity supprecsed the number of nodules

(Yousef and Sprent, 1983).

It wes reported that the early processes involved in nodule
fcrmation of soybean were extremely sensitive to salinity(NaCl)
then nodule function and development (Singleton and Bohlool,
1984). Several studies indicated that the msin effect of sali-
nity (NaCl) on nitrogen fixation resulted from salt injury to
the host (wilson, 1970). Tu (1981) described that the decreased
Rhizotial colonization, and shrinkage of root hairs were the
main reasons for symbiotic fallure in soybean st high salinity
while Singleton and Bohlool (1984) reported that in soybean the
colonization on the root surfaces was not affected even at high
salt stress conditions. Lakshmi Kumari et gl., (1974) reported
that in lucerne the reazuction in acdule number under salt stress
was due to suppression of root hairs as well as mucilaginous
layer leading to the elimination of rhizosphere and infection
thread formation. However, in Prospis tamerugo the symbiosis
was not affected even at 3.6% NaCl level (Felker et al., 1981).
It is evident that the failing of symbiosis in saline conditions
was mainly due to either the host's inability to provide conge-

nial microsavironnent to its sjymbiotic paurtner Rhizoniuyg or the
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Rbizobium's inability to Infect the host and cause ncdule
initistion. If both are efficient, symbiosis may not be a

limiting féctor under saline stress conditions.

In pigeonpea, IHP 195 was symbiotically more effective
than IPP 100 under salt stress conditions, eventhough the
latter was @ strain collected frcm the saline soil and highly
salt tolerant. The role of Rhizoblum in enhancing the tolerance
ability of the host 1s further established with superior perfor-
mance of a genotype with one strain of Rhizoblupg and not with
other. It appears that in presence of a tolerant host and a
symbiotically effective Rhizobium strain under saline stress
conditions, failing of symbiosis may not be a limiting factor

inc case of pigeonpea.

In pigeonpea, genotypes grown at various salt levels showed
no adverse effect on the total nodule activity even though the
nodule nunber and leaf aree were considerzbly affected. It is
quite surprising that the total nitrogeaase activity was aot
effected even up to 37mM NaCl, although there wes a significent
increase in the specific activity under similer salt stress.
This is contrary to the reports of Yousef and Sprent (13&3),
Wilson (1970), Rei (1983), who noticed low nodule nitrogenase
activity under salt stress conditions in fatabesn, soybesn and
lentil respectively and according to them the reduction of
nodule activity was meinly due to the reduction of lesf erea
and reduction in the photosynthesis rather than the primary sslt
toxicity to the nodule activity.
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The percentage nitrogen in the shoot, rcot and nodules
heve shcwn gradual increese vith increesing sclt stress. It
is not kn wn whether the incre:se in the specific activity
with salinity was due to the quick recovery response of the
genotypes (&s the nodule activity wes measurcd 20 days after
the salt stress was removed) or due to accumulation of inter-
mediate nitrcgenous compunds (Strogaonov, 1940) or due to
prctective-adeptive respconse of the plants tinding ammonia etec.
(Strogoncv, 1958) susceptitle genotypes, showed high specific
activity than the tolerant genotypes. The high nitrogen per-
centages in the shoot as well as in the root dry metter mey be
due to the quick growth after remcving salt stress. But whet-
ever may be the nitrogen demand of the plent the nodule func-
tioning 1s dependent upcn the energy supplying capecity of the
plent which is directly related to leal zrca. Bventhough, the
leaf wrewa in plgeonpez wac reduced conciderebly due to the selt
stress, the higher demand for nltrogenous compaunds during the
quick recovery period of growth wight have triggered the nodule
activity and the plan' way try to nump most of the photosynihu-
tes to the ncdules so that it can assimilate more aitrogen,
which 1s an essentisl requirenent for the growtn of the plant.
sncther possible reason for high specifle nodule activity and
higher nitrcgen per cent in shoot, root and ncdules could be
the requirement of nitrogenous compounds in its mechanism of
tclerance like uaccuwalation of dlcartoxylic anmino acids in some
crops uader salinz stress conditions to meutralise the toxic

effect by eccepting of ammonia (Strcgoaov, 1958).
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Under saline condition, phosphorcus uptake 1s likely to
te affected (Jana,1979) due to the competition of salt ions
with phosph;te ions. Since phosphorus has a key role in the
ncdule development, it is essentiel to know whether the effect
of sslt stress on nodule development and nodule activity 1is
due to the primary salt toxicity to the nodules or due to the
secondary effect like the nutrient (phosphorous) deficiency.
For that, phosphorous content in the dry matter of various

genotypes at various treatment s&lt levels was anaslysed.

Salinity increased the root phosphorous content in case of
soybeean (Getes, 1970) and considered to be associated with mech-
anisms for controlling the salt entering the roots and prevent-
ing it, especially the sodium, from passing to the shoot tips.
In pigeonpea a higher phosphoraus percentage in the shoots,
rcctsy and nodules at 30 and 45 mM salt levels. In case of
rcots, phosphorous content has been distinctly influenced by
Rhizobium strain. All pigeonpea genotypes inoculated with
IHP 100 tcck more phosphorous than with IHP 195. Lie (1971)
observed that rhizobia helps in incressing the uptake of phos-
phorous and other ions by legumes. If the present study is any
indication of the involvement of Rhizotjum in increased uptake
of phosphorous by the host legume, screening of a wide range of
isolates might give streins with variable effects on P uptake
by pigeonpea. Further studles are needed to elucidate the role
of Rhizotia in P uptake and its relation to salinity stress and
N fixation in pigeonpea.
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The higher percentages of phosphorous in the shoot of
pigeonpea and nodules might be due to the necessity of rapid
recovery unher salt stress and develop tolerance. Since the
tolerance mechanism 1s connected with huge energy require-
ments, the high prosphorous percentage in the shoot and
nodules at higher salt levels nmay be required for gencrating
more energy (ATP) than what 1is reasuired for the respiration

and carbohydrate metabolism of plants under normal conditions.

In pigeonpea during early stages of growth at 45 and
60mM silt levels leaf necrosis appeared followed by bletching
of chlorophyll and finelly to necrosis and dezth of the plant.
Blesching of chlcrophyll is considered to be accompanied by &
decrease in the strength of the bond between the green pigment
and prctein of the chlireplest leading to necrctiosis (Strogonov
and Ivanilskays, 1954). Selinity also induces other changes
as Rso and Reo (1982) observed succulence in pigeonpesa with
NeCl salt stress. The degree of succulence may bte assoclated
with the degree of salt tolerance of the plant (Strogonov and
Muradova, 1960). 1In the present experiment, the tolersnt geno-
type ICPL-227 even at 45mM salt level shewed no succulence was
noticed. A general reduction in the shoot height und plant dry
weight at higher salt levels, 1n eddition to the reduction in
the leaf area,may he due to inbitition of cell division
(Strcgenov, 1964) or reduction in the rate of trinslocation of
photosynthates from the leaves to other plant parts es was

reported by Deshpande and Nimbalkar (1982) in pigeonpea. There
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was considercble genotyplic differences in the response of salt

stress in pigeonreas.

"he present study indicates that considerable genotypic
variation exists in pigecnpea 1in relation to s&lt tolerance.
In the presence of a salt tolerant pigeonpes genotype and sym-
tiotically efficient Rhizobium under saline stress conditions,
the falling of symbioslis may not be & limiting factor for
normal growth of the pigeonpea. The nodule ectivity did not
seem toc be affected by the stlt stress whereus, high grem nodule
activity and high percentages of nitrogen accumulation was noted
in the rccty sheoot &nd nodules at vericus salt levels. The roie
of rhizcbiel strains In the phcepherous uptuke of plgeonpes is

also interesting and worth probing further.
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The importance of salt tolerance in pigeonpea is emphesi-
zed by the fact that pigeonpea is a mejor pulse crop of semi-
arid lend and the are: of salt affected soils in arid and semi-
arid land is increasing drematicelly. One of the appro:ches of
making these land¢s productive is to modify the crops geneti-
celly towards better adasption to seline environment. Since
legumes are one of the most Important source of protein, s
solution in this direction is likely to heve a direct impsct on
the development of agricultureal resources contribtuting towards
the econcmy of nutritional needs. Unly a few preliminary
studies have been made on the effects of salt stress on editle
seed legumes and little is known about the genetics of salt
tolerence. Legumes involve an additicnal challenge, e&s one
must take into account the crop as well as its symbiosis with
Rhizobium. Since, there is need for addition and application
of genetic dimension to research and development dealing with
stress, the present investigation was underteken with the

otjective of determining genetic variations in pigeon;ez and
its rhizobls for salt tolerance as well s the nasture of nitro-

gen fixation. The accomplishments so far have been 3

Considerable genotypic verlation to salt tolerance in
pigeonpea was noticed. Out of 29 genotypes tested at 5§ salt
levels by solution culture in growth pouches, ICPL 227 grew
better at high salt levels than all others and can be consi-
dered as a tolerant one. The selt level of 60mM was found to

be the 1limit for survival of pigeonpes genotypes tested.
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The salt tolerence during seed germination was relatively
e r than at lat#er stages of growth. So it is not sdvisuble
to evaluate selt tolerance of plgeonpes based on germinestion
alone but slso growth at latter stages (in about 2 weeks efter

sowing). -

A screening technioue has been developed which with minor
modifications, can be used for large scale screening of germplasm

for salt tolerance.

The pigeonpea-positive Rhizobium strsins showed significeant
variation in NaCl tolerance in the yeast mannitol agar medium

which ranged from 0.25% to 5% salt level. Strain IHP 24 proved

to be most tolerant.

Among the rhizobial strains, fast growers were found to be
relatively more tolerant than slow growers, and there was no
major difference between native (from scline soils) and exotic
( frcm normal soils ) rhizobial strains in thelr salt tolerance.

"™e most tolerant strain IHP 24 was 1solsted from normel soil.

In pigeonpea, the survival and multiplication of Rhizobium
in the rhizosphere may not be & limiting factor for esteblishing
tre symtiosis under seline conditions, as the minimum tolerance

1imit in most of the strains is mcre then 0.5% salt.

Screening and selection of Rhizobiug for s&lt tolerznce
based on growth and symbiotic ability should be a better crite-
rion than growth alone. For example, under salt stress IHP 195

was symbioticelly more efficient strain than IHP 100 ,eventhough

the latter was found to be more tolerant in terms of growth.
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The host tclerance plays an importsnt role in deciding
the symblotic performance but the presence of a toleresnt and

symbiotically efficient Rhizobjum is very essential for & succ-

essful symbiosis under saline conditions.

In the tolerant genotypes like ICPL 227 the nodulation
and other growth parameters such as leaf-area and dry metter
wvere least affected under salt stress. In case of susceptible
or moderately tolerant genotypes nodulation and growth were

more affected.

The nitrogen fixing potential of the nodules was not
affected by salinity in any of the genotypes though the leaf-

area was considerably affected.

The high specific nitrogenase activity and an increese in
nitrogen content of shoot, rcot and nodules under salt stress
was surprisingly contradictory to previous reports and raises
questions as to the involvement of nitrogenous compounds in

the mechanism of salt tolerance.

Under salt stress, phosphorus upteke was not adversely
affected and there was an increase in phosphorus concentrations
in all the genotypes tested. There was also an effect of rhizo.

bial strain on phosphorus uptake, e.g., pigeonpea inoculated

with IHP 100 asccumulated more phosphorus than with IHP 195.
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