
/. Plant Physiol. Vol. 137. pp. 6 4 - 71 (1990)

Physiological Basis of Differences in Salinity Tolerance of 
Pigeonpea and its Related Wild Species*

G. V. S u b b a r a o ' ,  C. J o h a n s e n 1, M. K. J a n a 2, and J .  V. D. K . K u m a r  R a o !

1 C ro p  Physio logy U n it, Legumes Program , International C rops Research Institute fo r the Sem i-A rid Tropics, 
Patancheru, A n d h ra  Pradesh, 502 324, India

2 D epartm ent o f A gricultu ral Engineering, Indian Institute o f  T echnology, K haragpur, W est Bengal, 721 302, India

Received A p ril 30, 1990 • Accepted June 20, 1990

Sum m ary

T he physio logical responses of a to lerant (ICPL 227) and a sensitive (H Y 3C ) cultivated pigeonpea 
[C a janu s ca ja n  (L.) M illsp .] genotype and of to lerant {A tylosia a lb ica n s , A. p la t y ca r p a  and A. s e r i c e a ) and 
sensitive (R yn ch o s ia  a lb i flo ra , D u n ba r ia  f e i r u g in e a ,  A. g o e n s i s  and A  a cn t i fo l ia ) w ild  relatives w ere exam in
ed over a range of sa lin ity  levels. Transpiration rate decreased w ith  increasing sa lin ity  in  to lerant and 
sensitive pigeonpea genotypes and there were no consistent differences between them  in  this respect. A l
though leaf pro line concentrations increased under sa lin ity  in  the cultivated pigeonpea and in  some of the 
w ild  relatives, there was no relation  between sa lin ity  tolerance and pro line accum ulation. The greater 
sa lin ity  to lerance of A. a lb ica n s , A. p la t y ca ip a  and A. s e r i c e a  was associated w ith  efficient sodium  and chlo
ride regulation  in  the plant system . Shoot sodium concentrations of the tolerant w ild  species w ere five to 
ten tim es less than those of the sensitive species, w h ile  root sodium  concentrations in  the tolerant species 
w ere tw o to three tim es higher than  in  the sensitive species. The potassium  concentrations in  the to lerant 
species increased w ith  sa lin ity , w h ile  in the sensitive species they  decreased. Leaf m agnesium concentra
tions rem ained unaffected w ith  increasing sa lin ity  in  the to lerant species, w h ile  in  most of the sensitive 
species they  decreased. Thus efficiency of regulation of ion transport to shoots seems to explain the differ
ences in sa lin ity  response among pigeonpea genotypes and related w ild  species.

K e y  w o r d s :  C a janu s ca ja n , i o n i c  r e la t io n s , p h y s io lo g i c a l  m e ch a n ism s , s a l in i t y  to le r a n c e .

Introduction

Pigeonpea [C a janu s ca ja n  (L .) M illsp .] is an im portant grain 
legume of semi-arid regions w here sa lin ity  problem s can be 
severe (Chauhan, 1987). O ur in itia l evaluation of pigeonpea 
germplasm did not show a w ide range of variation  for salin
ity  tolerance, as critical levels w ere confined to  electrical 
conductivities o f between 6 and 7 d S m '1 (Subbarao, 1988). 
However, a w ide range of variation  in  sa lin ity  tolerance 
(from 4 d S m _1 to 1 2 d S m “ ‘) w as observed am ong 15 w ild  
relatives of pigeonpea belonging to the genera A tylosia , D un- 
baria , and R yn ch o s ia  (Subbarao, 1988). A. p la t y ca r p a  and A. 
a lb ica n s  w ere identified as the most to lerant, being able to 
grow up to 1 2 d S m " ‘ , as com pared w ith  the most tolerant

* Subm itted as J A  N o. 1028 b y  IC R ISA T .

cultivated pigeonpea genotype, ICPL 227, w hich could 
tolerate sa lin ity  o n ly  up to 8 dS m - 1 (Subbarao, 1988).

S a lin ity  tolerance is generally considered a com plex trait 
(Ram age, 1980; W oolhouse, 1981). This v iew  m ay result 
from  a lack  of coordinated physio logical and genetic research 
(Tal, 1985). Thus, genetic and physio logical approaches 
should merge in to  a m ore com prehensive approach to breed
ing for sa lin ity  tolerance (Blum , 1988). A n  understanding of 
the physio logical mechanisms and identification of the 
specific physio logical traits conferring sa lin ity  tolerance 
could p lay  a m ajor role in the developm ent of breeding 
strategies for transferring the higher level of sa lin ity  
to lerance from w ild  relatives to cultivated pigeonpea. As a 
step in  this direction , w e exam ined the physio logical be
havior of cultivated p igeonpea genotypes and some w ild  rela
tives contrasting in their response to sa lin ity .
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Table 1: Relation between m olar concentration and electrical con
ductivity o f salinity treatm ents.

M olar concentration Electrical conductivity
(mM) (dS m - 1 )

NaCl C a C li

20 8 4
30 12 6

40 16 8

50 20 10

M ateria ls  and  M ethods

Experiment 1

Seeds o f Alyl os id platycarpa , A. scjrabaeoides, RyncbosLi jlb iflom , 
Ditnbariii ferritginea , and pigeonpea genotypes IC P L 227  and H Y  3C  
were obtained from  IC R ISA T ’s G enetic Resources Unic. Seeds o f  
w ild species require scarification to  ensure germ ination. This was ac
complished by nicking the testa w ith  a scalpel. A ll seeds w ere  
surface sterilized w ith  0 .2 % H gC li solution fo r  5 m in, then- washed 
in several changes o f deionized water. The seeds w ere germinated by  
rolling them  up in blotting paper (15  x  10 cm) and placing the moist
ened "germination rolls>’ in plastic bags, w h ich  w ere incubated at
28 °C.

The grow th m edium consisted of sieved river sand. The sand was 
washed and soaked in acid solution (pH  1 to  2) fo r  24 h and then 
washed again w ith  tap w ater. The dried sand was placed in 180 mm  
diameter polypropylene pots (2.5 kg sand pot -  *). Eight germinated 
seeds w ere sow n per pot and the pots w atered wich deionized w ater  
until 13 days after sowing (D AS). The sand surface in each pot was 
covered w ith  50 g o f po lythene beads to  m inim ize evaporation. O n  
the 10th day, seedlings w ere th inned to  fo u r per pot. A  modified  
A rnon  and Hoagland nutrient solution (0.25 strength) wich

1.79 m M  N H jN O j was used from  14 D A S. It was supplemented  
wich N aCl + CaCln ( 1 : 1  w/w) to  give salinity treatm ents o f 0, 4, 6, 
8 and 10 dS m~ 1 (Table 1).

The com position o f the nutrient solution in mM  was: 
O.2 3 K H 2PO 4, 0 .52 KCI, 0 .25M gS O 4, 0 .3 7 C a C l2, 0 .0015  M n S 0 4, 
0 .0 0 0 2 3 Z n SO j, 0 .0 0 0 2 5 C u S 0 4, O.OOIH3B O 3, 0 .00005N a 2M o 0 4 
and 0.04N aF eE D T A . A t  14 D A S , the initial salinity level of 
4 d S m _I was imposed by flushing each pot w ith  1000  m L of 
4d S  m _ ! solution. F o r 6 dS m  - 1 and higher salinity treacments, the 
initial sale level o f 4 d S m _ ! was increased by 2 d S m ~ I per dav in 
the corresponding treacments so as to  m inim ize salt shock to  the 
seedlings. F o r the contro l (0 salinity) treatm ent o n ly  nutrient solu
tion  (ECe = 0 .3 6 d S m _ l) was used. A t  the end o f every  day the 
evapo-transpirational losses w ere compensated fo r  w ith  deionized  
water. Pots w ere flushed wich treatm ent solutions ( 2 5 0 mL p o t- 1 ) 
on every  4th day to avoid salt accum ulation. The pots w ere ar
ranged in a com plete random ized block design w ith  the treatm ents 
replicated fou r times. The position o f  each poc was changed every  4 
days, keeping the random ized design, to  m inim ize spatial effects in 
the greenhouse, w h ere the tem peratures w ere 28/22 °C  (day/night) 
and relative hum idity was 6 0 - 7 0  % (mean day + night). Plants w ere  
harvested at 55 D A S.

A t harvest, leaf area was measured w ith  an autom atic leaf area 
mecer (Delta-T Devices Limited, U .K .). Fallen leaves w ere collected 
and included fo r  d ry  weight determ ination and chemical analysis. 
R oots w ere carefully rem oved from  pots and cleaned o f sand by 
washing in w ater. P lant tops and roots w ere dried at 70  °C  fo r 48 h 
and weighed. Plant samples w ere fin e ly  ground b y  a cyclone mill 
(U D Y  C orporation , C olorado, U SA ). F or determ ination o f ele
ment com position, finely  ground samples o f 2 00  —300  mg w ere  di
gested w ith  6 m L o f a m ixture o f  nitric, sulphuric, and perchloric  
acids ( 1 0 :0 .5 :2 )  in a sand bach at 250  °C  fo r  6 — 8 h (Piper, 1952). 
The digested plant samples w ere diluted and analyzed fo r  various 
elements by atom ic absorption sp ectrophotom etry  (Varian, 1200). 
C hloride content in plant samples was determ ined b y  M ohr's vo lu 
m etric m ethod (Blaedel and M eloche, 1960).

Fig. 1 : Effect o f salinity on relative shoot 
dry m atter production o f pigeonpea geno
types and related w ild  species.
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E x p erim en t 2

Ten species o f  A tylo s ia , A. a lb ica n s , A. r e t icu la ta , A. a cu t i fo l ia ,  A. 
ca ja n ifo lia , A. g o en s is , A. g r a n d i fo l ia ,  A. lin ea ta , A. la n ce o la ta , A. se 
r i c ea  and A. v o lt tb i l is ,  w ere grow n fo r 55 days at salinity levels o f 0, 
4, 6 , 8 and lO d Sm " A  random ized block design w ith  treatm ents 
replicated fo u r times was used. A t  50 D A S , the first fu lly  expanded 
trifoliate leaves w ere collected in zip polythene bags and stored at 
- 1 1  °C  fo r proline determ ination (Bates, 1973). The o ther experi
mental details and conditions w ere sim ilar to  those o f Experim ent 1.

E x perim en t 3

Pigeonpea genotypes ICPL 227  and H Y 3 C  w ere grow n fo r 75 
days at salinity levels o f 0 , 4, 6 , 8 and lO d S m " 1 under sim ilar ex
perim ental conditions as described above. Stom atal conductance of 
the first fu lly  expanded trifo liate  leaves was recorded between  
1 1 0 0 h and 1 2 0 0 h at 10-day intervals using a Steady State Porom eter 
(LICO R Inc, LI 1600). A t  30 and 45 D A S , the first fu lly  expanded 
trifoliate leaves w ere sampled fo r  proline determ ination.

Results and Discussion

Com plete grow th  responses to  sa lin ity  o f pigeonpea geno
types and related w ild  species used in  the present studies are 
being published separately (Subbarao et al., subm itted). Here 
we examine the physio logical behavior of cultivated pi
geonpea genotypes and some w ild  relatives that differ w ide ly  
in their tolerance to sa lin ity : v iz ., in  decreasing order of 
tolerance, A. p la t y ca rp a  > D. f e r r u g in e a  > R. a lb i f lo ra ;  ICPL 
227 > H Y  3C ; A. a lb ica n s  and A. s e r i c e a  > A. g o e n s i s  and A. 
a cu ti fo lia  (Fig. 1).

The transpiration rate decreased w ith  increasing sa lin ity  in 
pigeonpea genotypes ICPL 227 and H Y  3C  (Fig. 2), as has 
been observed in m any of the salt sensitive species (e.g., Gale 
et al., 1967; Longstreth and N obel, 1979). T ransp iration  was 
reduced to a greater extent in  H Y  3C o n ly  at h igh sa lin ity  
levels at the earliest sam plings. Reduction in  transpiration 
rate can also affect photosynthesis (Seeman and C ritch ley ,

1985); hence this could possib ly be one o f the factors causing 
reduction of grow th  of pigeonpea under saline conditions.

Free proline concentrations in  leaves of both pigeonpea 
genotypes and in one of the w ild  relatives increased under 
sa lin ity  (F ig .3 ). A t lO d Sm -1 , p igeonpea genotypes showed 
severe leaf burning sym ptom s and w ere on the verge of 
dying . N o clear trends w ere apparent between the level of 
p ro line accum ulation and the level o f sa lin ity  tolerance in 
ICPL 227 and H Y  3C . In one of the to leran t w ild  species, A. 
s e r i c e a , there was a 70-fold increase in  leaf pro line concentra
tion  at lO dSm -1 , whereas in  the other tolerant species, A. 
a lb ica n s , there was no accum ulation of pro line up to 
10 dS m - 1 (Fig. 3 b). In tw o of the sensitive species, A. g o en s is  
and A. a cu t i fo l ia } there was a slight increase in  leaf proline 
under sa lin ity . It is generally found that various organic 
solutes (glycine betaine, proline, sucrose, sorb itol, m annitol 
and p inn ito l) increase at high sa lin ity  levels in  m any species 
(Gauch and Eaton, 1942; Bernstein and A yers, 1953) and 
have been considered to contribute to osm otic balance (Ste
w art and Lee, 1974), enzym e protection (Pollard and W yn  
Jones, 1979) or perform  other protective roles under saline 
conditions (G reenw ay and M unns, 1980). H ow ever, from 
the lim ited  data of the present study, there appears to be no 
relationship  between pro line accum ulation and response to 
sa lin ity  for pigeonpea and its w ild  relatives.

In all the species, shoot (leaf and stem) sodium concentra
tions increased w ith  sa lin ity  (Fig. 4). H ow ever, the shoot so
d ium  concentrations in the to lerant species (A. p la ty ca i-pa , A. 
a lb ica n s  and A. s e r i c e a ) w ere about five to ten tim es less than 
in  the sensitive species (R. a lb i f lo ra , D. f e r r u g in e a , A. a cu t i 

f o l i a  and A. go en s is ) . This was p articu larly  so at 8 and 
lO d S m -1 , levels at w h ich  these sensitive species failed to 
survive. S im ilarly , shoot sodium concentrations in  ICPL 227 
(to lerant) w ere about eight-fold less than in  H Y  3C  at 
8 d S m _1. H Y 3 C  perished at this level of sa lin ity . R oot so
dium  concentrations also increased under sa lin ity  in all the 
species. In D. f e i r u g in e a ,  R. a lb i f lo ra , A. g o en s is , A. a cu t i fo l ia  
and H Y  3C , the root sodium  concentrations increased up to
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Fig. 3 b

Fig. 3: Effect o f salinity on leaf free proline  
accumulation in pigeonpea (Fig. 3 a -  Ex: 
perim ent 3) and its related w ild  species (Fig. 
3 b  -  E xperim ent2). S;ilirnu k '\d  idS n r 'i

6 d S m -1, w h ile there was a decline at 8 and 10 dS m " l. In A. 
p la ty ca rp a , A. a lb ica n s  and A. s er ic ea , the root sodium  concen
trations continued to increase up to 10 dS m " ' and w ere about 
two to three tim es higher than in the sensitive species. It m ay 
be noted that, in  m any of the sensitive species, the decline in 
the root sodium concentrations at 8 and 10 dS m - 1 was accom
panied by  a large increase in the shoot sodium  concentrations.

Regulation of sodium  m ovem ent in to  the plant system , 
particu larly retention in  the root and restriction  of sodium 
translocation to the shoot, appears to be p lay in g  an im por
tant role in the sa lin ity  tolerance of w ild  relatives of p i
geonpea. The same explanation holds for the differences in 
relative tolerance of ICPL 227 and H Y  3C , w here the so
dium regulation ab ility  is lost at 8 d Sm ~ ‘ in  H Y 3 C  (sensi
tive) and at lO dSm -1 in  ICPL 227 (to lerant), resu lting in  a

massive in flux of sodium  into the shoot system . M ost of the 
legumes so far studied respond to saline conditions b y  exclu
sion o f sodium  and chloride ions from the leaves (Lauchli, 
1984). There are also several o ther reports of to lerance being 
associated w ith  exclusion of sodium  and ch loride from  the 
shoot (e.g., G reenw ay, 1965; Lauchli and W ieneke, 1979; 
Gorham et al., 1986). This efficient sodium  regulation  in  A. 
p la ty ca rp a , A. a lb ica n s  and A. s e r i c e a  m ay invo lve a series of 
physio logical processes including: (a) effective regulation  of 
sodium influx through efficient K/Na se lectiv ity  at the plas- 
malem m a, (b) high retention of sodium  in  the root, and (c) 
sodium  reabsorption from the x y lem  sap b y  the xy lem  pa
renchym a transfer cells during upw ard transport. T he last 
one occurs in  m any species, p articu larly  in legum es (Jacoby, 
1965; Yeo et al., 1977; Lauch li and W ieneke, 1979).
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Fig. 4: Effect o f  salinity on tissue sodium  
concentrations o f pigeonpea and its related 
w ild species.

Fig. 5: Effect o f salinity on tissue potassium  
concentrations o f  pigeonpea and its related  
wild species.

Retention of high concentrations of sodium  in  the root 
system (as in  the tolerant w ild  species of pigeonpea), w ithout 
disturbing the m etabolism  of root cells, is possible b y  effi
cient com partm entation of ions. Sodium  m ust be excluded 
from the bu lk  of cytoplasm  due to sensitiv ity  of enzym e ac
tiv ity  to high levels of sodium  in  v i t r o  (Jennings, 1976; F low
ers et al., 1977). It is s till not clear up to w hat level of sodium 
is b iochem ically acceptable in  the cytoplasm  of different 
species of crops. In all of these to leran t species, the m ajor in
crease in root sodium  concentration occurred at 4 d S m -1,

and further increases are v ery  sm all up to  lO d S m -1 . A lso, 
there was no m ajor increase in  the shoot sodium  concentra
tion  up to lO d S m "1. T his indicates that even after the so
dium  retention capacity of the root is saturated, these to l
erant species w ere able to regulate sodium  inflow , 
synchron iz ing w ith  expansion o f retention capacity  o f the 
root (w hich is due to grow th), w ithout translocating to the 
shoot. The double requirem ent of sa lin ity  tolerance in  pro
tecting the cytoplasm  against sodium  and of m aintain ing 
osmotic balance could be m et by  a com bination of an out
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Fig. 6 : Effect o f salinity on tissue chloride  
concentrations o f pigeonpea and its related  
species.

Fig. 7: Effect o f  salinity on tissue magne
sium levels o f pigeonpea and its related w ild  
species.

w ard ly directed sodium  pum p at the p lasm alem m a and an in
w ard ly directed pum p at the eonoplast. T his has been p ro
posed for barley, w here root cortex cells are able to sequester 
predom inantly sodium  in to  the vacuole w h ile  m aintain ing a 
high K/Na ratio  in  the cytoplasm  (Jennings, 1968; K ylin  and 
Hansson, 1971; Jeschke, 1980; P itm an et al., 1981). H ow 
ever, k inetic studies of ion fluxes and X -ray m icroanalysis 
would be required to confirm  w hether such mechanisms are 
applicable to pigeonpea.

Potassium  concentrations in  leaf, stem and root increased 
w ith  increasing sa lin ity  up to 10 dS m -1 in  A. p la ty ca rp a , A. 
a lb ica n s  and A. s e r ic ea  (F ig. 5). In ICPL 227, H Y  3C , and A. 
g o en s is , potassium concentrations in  the p lant increased on ly  
up to 6 d S m _ l, and then declined at 8 and lO d S m -1 . The 
potassium concentrations in  ICPL 227 w ere sign ifican tly 
h igher than in H Y  3C , p articu larly  at 8 d S m -1. In R . a lb i
f lo r a ,  D. f e r r u g in e a ,  and A. a cu t i fo l ia ,  potassium  concentra
tions decreased w ith  increasing sa lin ity , show ing the inabil
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ity  of these species to m aintain  potassium  selectiv ity under 
saline conditions.

Shoot chloride concentrations also increased w ith  sa lin ity  
in all the species (Fig. 6). In all the to lerant species, except A. 
p la ty ca rp a , the leaf and stem chloride concentrations were 
about two to three tim es less than  in  the sensitive species, 
particu larly at 8 and 10 dS m -1 . A. p la ty ca rp a  is an exception 
to this trend, where leaf chloride concentrations were high 
compared w ith  the o ther to lerant species, but this species did 
not show leaf necrotic sym ptom s despite the high leaf chlo
ride concentration (4 0 g k g _1 d ry  w t.). This indicates that the 
high chloride concentrations in  the shoot are either tolerated 
in the cytoplasm  or are com partm entalized w ith in  the leaf 
cells. A lso, un like sodium , chloride is usually  considered bio
chem ically inert and could be tolerated in the cytoplasm , act
ing as an im portant osm oticum  (C larkson and Hanson, 
1980). H owever, v ery  h igh concentrations of chloride in the 
shoot could disrupt m etabolism  and cause leaf necrosis and 
death (G reenw ay, 1965; Bernstein , 1975), as m ay have been 
the case in  sensitive w ild  relatives and the cultivated pi
geonpea.

Leaf m agnesium  concentrations rem ained re la tiv e ly  unaf
fected b y  increasing sa lin ity  in  the to lerant species, while 
there was more than  a 50 % reduction in the sensitive species 
(Fig. 7). A. a cu t i fo l ia  was_ an exception to this trend. Root 
magnesium concentrations increased w ith  sa lin ity  in  A. 
p la ty ca rp a  and R. a lb iflo ra , w h ile  in  all the other species they 
decreased w ith  increasing sa lin ity . The concentrations of 
M n, Zn and Fe in  shoot and C a  in  both shoot and root in
creased w ith  sa lin ity  in all the species (data not presented) ir
respective of their level of sa lin ity  tolerance. This suggests 
that uptake of these m ineral nutrients w'ould not be growth- 
lim iting under saline conditions in pigeonpea and its related 
w ild  species.

The present study shows that the greater sa lin ity  tolerance 
of A. a lb ica n s , A. p la t y ca r p a  and A. s e r ic ea  is associated w ith  
their efficient regulation  of sodium  and chloride ions and 
m aintenance of potassium  se lectiv ity  under saline condi
tions. Further studies have show n that these physio logical 
traits for A. a lb ica n s  are expressed in  the F i hybrids (re
ciprocal crosses) of A  a lb ica n sx C a ja n t is  ca ja n  (ICP 3783) 
(Subbarao, 1988).

Thus in pigeonpea and its related w ild  species, salt 
tolerance is a product of several possible physio logical pro
cesses chat govern sodium  and ch loride regulation and potas
sium selectiv ity. In any b iological system , physio logical pro
cesses involve a num ber of «steps»; each step in  tu rn  m ay be 
linked w ith  a «tra it» . A  breakdow n at an y  one «step» m ay 
lead to a collapse of the w ho le system . Such a possib ility  re
ceives support from the hypothesis of Shannon (1985) that 
«salin ity tolerance STE 1 is p robab ly the expression of a 
number o f genes and the im portance o f each is dependent 
upon its interaction w ith  the o ther sa lin ity  tolerance genes 
and the external salt concentrations*.
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