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1 • Effect of NaCl salinity on growth and
development of P. aconitifolius :

Growth analysis is an important tool for studying very 
complex interaction between plant organism and the environ
ment. This interaction helps understanding the critical phases 
in the life cycle of a plant. Usually growth of a plant can 
he divided into three major phases. The early or slow growing 
phase referred as initial or lag phase, the second is log 
phase or the phase of exponential growth. Usually in this 
phase growth rate with respect to increase in number of leaves, 
increase in leaf area, increase in fresh as well as dry matter 
takes place. This second phase also comprises the flowering 
or initiation of reproductive organs. This second phase is 
ultimately followed by a phase of senescence where there is 
decline in the rate of increasing biomass production. Thus, 
when plotted the growth span of a plant gives a sigmoid type 
of curve.

Growth and development of P.aconitifolius and the effect 
of NaCl salinity there on have been depicted in Tables 1, 2 and 3 
and Pig. 2, 3, 4, 5, 6 and 7. It can be seen that the height 
of the plant increases continuously till the last stage of the 
growth (vi) i.e. after 90 days of growth. It is also evident 
that after first stage (after 40 days) the increase in plant 
height seems to be rapid. However, the root to shoot ratio is
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maximum during the IV stage of growth indicating continuation 

of root growth rather at the faster rate. The number of 

leaves produced per plant is maximum at the second stage of 

growth and later on it decreases down. This may be probably 

due to the fall of senescent leaves toward the end of the 

life cycle of the plant. Other data related to the leaf 

characteristics such as leaf area per plant and leaf area index 

in particular is supporting the above feature.

Fresh and dry matter production of whole plant as well 

as of individual plant part like leaf, stem and root is 

increasing continuously with advancement of period of growth. 

However, the rate of increase in fresh as well as dry matter 

production is high during the 3rd and 4th stage of development. 

There; after it declines. This may be probably due to loss of 

some dry weight in the form of dried and fallen leaves.

From the above basic data the RGR, UAR, 1AR of whole 

plant and plant parts have been computed and recorded in 

Table 3. The effect of sodium chloride salinity on these 

growth parameters have also been depicted in the same Table 

and Fig.7. It is evident from the results that RGR is

highest during the stage II. However, the RGR is usually kept 

high even during the later stages of growth. NAR, however, is 

very low during the last stage of growth. However, 1AR is 

very high even during the last stage of growth. It appears
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that LAB may be the main contributing factor for the increased 

1AR during the later stages of growth. The RGR of pods is the 

highest at the last stage.

The influence of sodium chloride salinity on growth of 

P .aconitifolius has also been depicted in Tables 1, 2 and 3 

and Pig. 2, 3> 4, 5, 6 and 7. It is evident from the observa

tions that salt stress has caused a considerable decrease in 

growth in terms of average plant height, number of leaves 

plant”1, total leaf area plant"1, biomass produced plant"1 

(dry matter), leaf dry matter, root dry matter, number of pods 

plant"1 and their dry weight only at the highest salinity level 

i.e. 100 mM NaCl. Prom the values of root to shoot ratio it 

is evident that root to shoot ratio is always high at all the 

stages of growth in P.aconitifolius plants grown in 100 mM 

NaCl medium. This reflects the more inhibit ary effect of salt 

on mainly shoot growth, low leaf area produced by the plants 

subjected to highest salinity level along with decreased 

number of leaves plant"1 probably causes lower number of pods 

developed in those plants. With increasing concentration of 

sodium chloride upto 50 mM concentration there is linear 

increase in almost all the growth parameters. Dry matter 

produced plant grown in 50 mM NaCl medium is the highest 

recorded (1.2 g plant"1 at Vth stage of growth). Sven dry 

matter of pods developed plant grown in 50 mM NaCl concentra-
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tion at the later stages of growth is 0.5 and 0,6 g plant“^ 
(Vth and Y1th stages of growth).

RGB. when calculated on dry weight basis for whole 
plant as well as individual plant parts is maximum when the 
plants are grown in 50 mM HaCI concentration. However, the 
NAR and 'LAR are maximum in the plants grown in 25 mM NaCl 
medium. All these observations lead ms to suggest that with 
increasing concentration of salt in the medium upto 50 mM 
concentration there is stimulation in growth (vegetative as 
well as reproductive) and development in P.aconitifolius.

There are large differences between plant species 
which respond differently to the saline conditions, (Maass 
and Hoffman, 1977). Several workers have reported that 
salinity adversely affects growth and dry matter production 
in several plants (Taylor gt aj.., 1975; Heikal, 1976; Prota 
and Tucker, 1978; Joolka and Singh, 1979; Chavan and Karadge, 
1980; Morard gt §1., 1979; Therios and Steven, 1980; Ibrahim, 
1980; Ahmad gt al.. 1980; Makrides and Goldthwaite, 1981; 
Mukherjee gt ai., 1982; Maftoun gt a^.., 1982). However, Hamid 
and Talibudeen (1976) showed that greater sodium uptake 
promotes increase in dry matter yield of all parts in case of 
barley and sugarbeet, indicating that sodium plays a specific 
role in their metabolism. Matar et a^., (1975) obtained 
differential response by spinach and lettuce. It was found
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folius

Parameter Conti. 100 m HaCl
XX . xii: V : VI : I : II s Illi IV : V VI

Fresh, matter• .54 0.60 .80 4.4 537 - — 1.2 .64 1.6 .6
plant*1
(g) +.04 +.1 +.03 : ±*5 +.2 - - ±•08 +.03 ±*2 ±.06

Dry matter .22 .24 .50 1*2 .8 - - .22 .35 .56 +39

plant” ^ (g) ±.02 +.03 +.01 jt«2 ±.13 — — ±.02 +.1 ±.l ±.05

leaf dry .11 .14 .18 -34 .06 - - .11 . 25 .2 oil

matter 
plant**1 (g) ±.01 ±.06 +.01 ,t«09 +.03 - - + .04 ±.l ± .04 ±.l

Stem dry .08 .08. .10 *34 .07 - - .07 .11 .1 .1
matt er .
plant"*1 (g) + .02 + .01 +.01 t-i + o04 - - + .01 ±.07 ±.2 ±.04

Root dry .03 .02 .02 -OS .07 - - .04 .05 .05 .04
matter 
plant"1(g) ±•02 + .01 +.01 >°4 ±.03 — ** ±.01 ±.03 ±.01± .02

Dry matter 
of pods
Plant"1(g)

mm _ .5 .6 - - - .02 .<1 .14

- - >4 ±•4 - - - ±.0 ±.18 ±.05
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that with increasing sodium supply dry matter production was 
decreased in lettuce while that increased in spinach. Recently 
Vinter and Lacuchli (1982) have compared the response of two 
trifolium species for their salt tolerance. It was found that 
1 .alexandrinum survived at all salt treatments. Salt induced 
growth reductions of 30 and 47# accured at 50 and 100 mM Sodium 
chloride concentration. They considered this species as 
moderately salt tolerant. From the present studies it can be 
said that P .aconitifolius behaves like the above plants such 
as barley, sugarbeet, Trifolium and spinach and indicates well 
adaptibility to saline conditions.

Greenway and Munns (1980), while reviewing the mechanisms 
of salt tolerance in non-halophytes, have categorised the plants 
into 3 groups. The first group being that of halophytes which 
continued to grow rapidly at 200-500 mM NaCl, include the plants 
such as Suaeda maritima, AtriPlex numularia. A .hast at a. Spartina 
townsendie and sugarbeet. The second one of both halophytes 
and nonhalophytes which grow very slowly above 200 mM NaCl 
include halophytic monocotyledons, cotton, barley and tomatoes. 
The 3rd group comprises of very salt sensitive nonhalophytes 
and include fruit trees such as citrus, avocado and stone fruit. 
From the present results it seems that P.aconitifolius species 
can be included in the second group and that probably between 
halophytes and non-halophytes. Thus it can be suggested that
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Llation

Growth. i_____________________ : 100 mM Na-fil_______
Parameter : I : II IV : V : I k II i III s IV s 7

RGR . .mg g"1 day”' .29 .41 .67 - - .47 .59
(Dry matter)

NAR o .mg cm"2 day 1 
(dry matter) .29 .67

LAR „cm”^
(Dry matter) 1.0 .7

RGR Leaf .54 • 57 .52 - - - .57 .59 -

RGR Stem - .29 .55 - - - .57 - -

RGR Root - - .57 - - - .25 - -

RGR Pods .46 .52



46

P.aconitifolius can be taken as moderately salt tolerant crop.

2. Effect of NaCl salinity on Organic constituents 

and some enzymes in P.aconiti folius. :

A. Organic constituents :

The effect of salinity on some organic constituents such 

as titratable acidity (TAN), carbohydrates (soluble sugars and 

starch), polyphenol content, total nitrogen and protein contents, 

proline content and chlorophylls in different parts of 

P .aco nit ifolius has been investigated and the results have been 

recorded in Table 4 to 10 and Pig. 8 to 12.

i) TAN : It can be seen that there is decrease of 

titratable acidity in the leaves even at the lower salt concen

trations. However, it increases considerably in the stem of 

P .aconitifolius till 25 mM NaCl concentration and there after 

decreases slowly at higher salinity levels (Table 4 and Pig.8). 

Strogonov (1964) has observed increase in organic acid content 

due to NaCl salinity in maize. Similar increase in organic 

acid content in leaves of salt stressed plants has been observed 

by many workers (Bush and Epstein, 1976; Downton and loveys,

1978). Contrary to these observations some workers have noted 

decreased organic acid content due to salinity. Recently 

Plowers and Hall (1978) have reported that organic acid content 

was maximum in Suaeda maritima kept in tap water and decreased
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TABLE NO. 4

Effect of NaCl Salinity on acidity status (TAN)* 
of leaf and stem pf P. aconitlfollus.

NaCl Treatment 
(mM)

Leaf Stem

Control 2.21 1.38

10 1.24 2.07

25 1.52 2.45

50 - 1.76 1.66

100 2.35 1.52

Values are expressed as ml 0.1N NaOH required to 
neutralise the acids present in lOOg fresh plant 
material.
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in salt treated plants. It is suggested by Bernstein (1975) 
that organic acids can play a role in osmotic adjustment.
From the present studies with P. aconitifolius it appears that 
accumulated organic acids at their high concentrations upto 
50 mM NaGl level may be playing an important role toward 
osmotic adjustment and there by showing adaptive mechanism.

ii) Chlorophylls : The influence of salt stress on 
chlorophyll content in the young and mature leaves of P. 
aconitifolius is recorded in Table 5 and Fig.8. It can be 
seen that with increasing level of salinity in the medium 
there is dramatic increase in total chlorophyll content of 
mature leaves upto the level of 25 mM salt concentration.

vDue to higher concentrations eventhough there is a sharp futLl 
in the level of chlorophylls, these are kept almost at the

Cf

same level of that in control. However, there is sharp rise 
of total chlorophyll content in the young leaves only at 
the lower salinity level (10 mM). Higher concentrations, 
however, appear to be toxic in this respect. From the results 
and chlorophyll a : b ratio it is apparent that chlorophyll 
‘a* is degraded more in both type^of leaves due to salinity.

A decrease in chlorophyll contents under saline condi
tions has been recorded by several workers (Weimberg, 1975;
Petolino and leone, 1980 and Grant and Somers, 1981). Such aAdecrease in chlorophylls has been atributed to weakening of

r
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protein-pigment-lipid complex (Strogonov, 1964) or increased 
chlorophyllase activity (Svitsev gt al., 1973). According 
to Strogonov ,§t (1970), the salt tolerant species retain
or accumulate chlorophylls under saline conditions while salt 
sensitive ones loose them. Present observations with P. 
aconitifolius indicate that this plant can be classified as 
moderately salt tolerant because it has got chlorophyll 
retaining capacity at the intermediate levels of salinity 
(25 to 50 mM NaCl concentration).

iii) Polyphenols : Table 6 and Pig. 8 shows the effect 
of NaCl salinity on polyphenol contents of young and mature 
leaves of P.aconitifolius. It is evident that the level of 
polyphenols increases considerably in young leaves with 
increasing salinity stress upto 50 mM NaCl concentration in 
the medium. However, polyphenol content of mature leaves is 
slightly higher in 10 mM NaCl treated plants. It appears that 
the salt exerts its influence more on the mature leaves in 
this respect. As young leaves are the rapidly growing parts 
of the plant, accumulation of polyphenol in these leaves may 
be an adaptive feature of the plant for its further growth. 
Roger (1972) has observed an increase in the content of 
phenolic acids, chlorogenic and isochlorogenic acids due to 
NaCl stress in the leaves of Helianthus annus. Shetty (1971) 
and Jamale (1975) also recorded stimulation of polyphenol 
content due to salt stress in mangrooves. Karadge and Chavan
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TABLE NO. 6

Effect of NaCl Salinity on polyphenol contents of 
young and mature leaves of P. aconitifolius.

Polyphenols (g 100“^ feesh tissue)

NaCl
Treatment

(mM)
Young leaves Mature leaves

Control 0.48 1.40

10 0.48 1.52

25 1. 40 0.60

50 0.72 0.72

100 0.40 0.40
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(1981) have also recorded increased level of polyphenol content
l

of the leaves of groundnut var. TMV-10 due to treatment of 
both sodium chloride and sodium sulfate salts. Increased level 
of polyphenols in the leaves of P.aconitifolius indicates 
salinity tolerance to be present in this plant.

iv) Carbohydrates : Effect of HaCI salinity on soluble 
sugar and starch contents of the leaves and pods of P.aconiti
folius at different developmental stages has been recorded in 
Table 7 and depicted in Pig. 9 and 10. It can be seen that
with the advancement of developmental stage of leaves as well

o ‘-Vas pods there is continues accumulation of both soluble sugars 
as well as starch. This is quite significant in the plants 
grown in non-saline conditions and low salinity levels. It is 
interesting to note that the carbohydrate level in the leaves 
and pods of the plants treated with NaCl salt goes down 
considerably at the later stages of growth. At the beginning 
there is contineous increase in the level of soluble sugars 
and starch in the leaves as well as pods with increasing salt 
concentration in the medium. However, when we look to the 
figures of soluble sugars and starch in leaves it is evident 
that there is decrease at the higher concentrations of salt.

j £ ■ LAt the lower concentrations If appears that the synthesis or 'x 
accumulation of carbohydrates in leaves as well as pods is 
stimulated.



Fi
g.

 9
O

I2LHC
O

N
TR

O
L

10
 mM

. 

25
 mM

. 

50
 mM

. 

10
0 m

M
.

I3
E 

Y

G
R

O
W

TH
 

ST
A

G
ES

1
ll

II
Q

.

> <X Q O
'

fo O r— O
'

1x
1 L 3 U m cn

5H

EF
FE

C
T O

F N
aC

l SA
LI

N
IT

Y
 ON

 SO
LU

BL
E

 SU
G

AR
 CO

N
TE

N
T OF

 R a
co

ni
tif

ot
iu

s LE
AV

ES

A 
X

\



YI
ii 

nr
 

y
g

r
o

w
th

 stag
es

O
'

O
'

I o
 o> C

E Q

<_n
<_n

cm

EF
FE

C
T O

F N
q
C

I SA
LI

N
IT

Y O
N

 ST
A

R
C

H
 CO

N
TE

N
T O

F _
P qcon

iti
fo

liu
s LE

A
VE

S

Fi
g.

10



-1
* Va

lu
es
 a

re
 e

xp
re

ss
ed

 a
s 

g 
10
0 g

 dr
y 

ti
ss
ue

25
 

5.
10
 

5.
6 

4.
51
 2

.1
6 

22
.4
1 

9.
91
 
12
.1
0 

5.
10
 

7.
10

 
5.
45
 

57
.5
0 

45
.1

0

50
 

5.
02
 

6.
05
 

2.
80
 

- 
18
.5
0 

9.
10
 
12
.1
0 

- 
5.
95
 
5.
52
 

45
.1
0 

58
.2

0

t0
0 

5.
70
 

4.
51
 

- 
- 

10
.5
4 

15
.1

0 
- 

- 
4.
51
 

- 
57
.9
5

7.
2 

8.
8 

8.
62
 

8.
62
 

5.
10
0 

6.
05
 

49
.9
9 

44
.8
2

Cn
 

Co

2.
5 

5.
4 

5.
96
 2

.7
0

V 
VI

St
ar

ch
V VI So
lu
bl

e 
su

ga
rs

.

Po
d'
s

Le
af

De
ve

lo
pm

en
ta

l 
st
ag
es
.

II
 IV 

V VI
 

II
 IV 

V VI
So

lu
bl

e 
su
ga
rs
 

St
ar

ch

10

Co
nt

ro
l 1

.9
0 

2.
1 

2.
5 

2.
60
 

5.
9 

6.
2 

6.
4 

11
.6
4 

5.
90

 
4.
51
 

24
.0
4 

42
.2

4

m

Na
Cl

Tr
ea

tm
en

t

Ef
fe

ct
 o

f 
Na

Cl
 S
al

in
it

y 
on
 c

ar
bo

hy
dr

at
e 

co
nt
en
ts
 *

 of
 l

ea
f 

an
d 

po
ds
 o

f 
P.
 a

co
ni
ti
fo
li

us

TA
BU

. 
NO
. 

7



54

It is suggested by Matar gt ai., (1975) that even a 
small increase in sodium content can cause a considerable 
changes in carbohydrate metabolism and this action is indicated 
through the influence of sodium on both synthesis and translo
cation of carbohydrates. Steiner (1935) and ELowers gt al.. 
(1977) have expressed a serious doubt about the role of sugars 
in osmotic adjustment under saline conditions. Contrary to 
the above statements Strogonov gt al., (1970) and Maas and 
Nieman (1978) have suggested that increased level of soluble 
sugars in all parts of plants grown under saline conditions 
may add to the osmotic balance. Ahmad and Abdullah (1979) 
observed that total sugar content of potato tuber increased 
with increasing concentration of salts in most of the varieties 
which were claimed as salt tolerant ones on the basis of their 
yields. While investigating osmometabolic adjustment in flax, 
cotton and wheat under salinity stress, El Sharkawa (1977) 
suggested that increased synthesis of sugars and probably nitro
gen metabolites are the means of adjustment to salinity. In 
relatively more salt resistant tomatoes "under maximum salini
zation (0.5 $> for chloride), the starch content considerably 
increases as compared with the control (Kabuzenko and Ponom
areva, 1980). Prom the present investigation it appears that 
the soluble sugars seem to play some role in the early stages 
of growth under saline conditions. Negligible effect of salt 
stress on starch content of pods indicates no adverse effect 
of salinity on pod development process.
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v) Nitrogen and Protein : It can be seen from Table 

8 and 9 and Jig. 11 that the leaves and stem show maximum 

amount of total nitrogen and protein content at the Ilnd i.e. 

vegetative stage and VIth or maturity stage. Contrary to 

this the roots of I*.aconitifolius accumulate high amount of 

nitrogen and protein at the IVth stage i.e. during initiation 

of pods. It appears that the leaves and the stem are the sink 

of nitrogen at the vegetative stage of growth. During flower

ing and pod formation stage probably the leaves become the 

source of nitrogen and proteins. Hence, nitrogen or proteins 

translocated from the leaves and stem to the developing pods.

It is also evident from Table 8 and 9 and Hg.11 that with 

increasing salinity there is slight decrease in the level of 

total nitrogen and protein content in the leaves and roots 

during the vegetative phase (Ilnd stage). However during 

flowering and pod development stage there is increase in the 

level of total nitrogen in the leaf as well as stem while it 

is decreasing continuously in the roots. At the final stage 

i.e. at the maturity there is no definate pattern of nitrogen 

content of leaf, stem, roots and even pods. The nitrogen 

content of the pods at maturity is slightly influenced at 

the lower concentrations of salt while there is dramatic increase 

in the total nitrogen content of the mature pods. It appears 

that due to salinity there is stimulation of translocation of 

nitrogen compounds from roots to the developing parts through
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both stem as well as leaf. Thus it appears that the overall 

nitrogen uptake and its translocation is slightly stimulated 

by salt stress.

Strogonov (1964) has pointed out that nitrogen meta

bolism is the main source of salt injury in plants and he 

observed increase in total nitrogen content in maize, roots 

and leaf saps. Ravikovltch and Yoles (1971) have noticed 

that the nitrogen content rises along with an increase in sali

nity in the growth medium of Set aria italics. Rahman gt al.. 

(1972) also observed accumulation of total nitrogen in some 

desert fodder plants. Ashour gt al., (1977) in their 

detailed study reported that chloride salinity increased the 

concentration of protein and total nitrogen in wheat shoots. 

Chavan (I960) from our laboratory found that total nitrogen 

content of leaves increases considerably in the leaves of 

Eleusine coracana due to NaCl salinity. Recently Karadge and 

Chavan (1983) have also reported increased uptake and
J- .

accumulation of N in root and leaves of Sesbania acute at a (
/

when grown in NaCl salinized media..

;

Contrary to above reports many workers ahave reported 

that salts were either without any effect or caused decrease 

in total nitrogen content. (Matal gt al., 1975; Syed and Swaify, 

1973; Guggenheim and Waisal, 1977; Cerda gt a^-., 1977).
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vi) Proline ; The level of free proline is higher in

the leaves of P .aconitifolius when grown under non-saline

conditions (Table 10 and Pig. 12). The highest amount of proline

is found to be at the flowering and pod developing stage (187 mg
100“^ g). When plants are grown under saline conditions there

is slight increase in the level of proline in the leaves

during the vegetative stage. However, there is decline in it

in the stem however, during the later stages of growth and

development. The stem appears to be themain sink or main sight

for accumulation or synthesis of proline which is stimulated

further by salt stress. This is quite significant during

flowering and pod formation stage. The pattern of effect of

salt salinity on root proline content is indefinite. It

appears that acciimuLation of proline in stem may be one of the
:j ;

mechanisms of salt tolerance nature 'of P.aconitifolius.

It is known that proline content of glycophytes are 

normally negligible, however, this was increased markedly in 

plants subjected to salinity (Chu gt al., 1976; Wyn Jones and 

Storey, 1978; Huber, 1979). A correlation between proline 

content and salt tolerance in Aster trinolium has been proposed 

by G-oas (1968). Dreier (1983) has studied the content of 

proline and the salt resistance of some of the crop plants and 

found that application of sodium chloride in the culture 

medium leads to an increase in their endogenous content of
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free proline. There is a certain concentration of NaCI above 

which the proline content of the plant strongly rises (critical 

point). In salt sensitive plants like wheat the critical 

point lies below that of salt tolerant plants like barley.

Prom the present investigation it appears that 25 or 50 mi 

NaCI concentration is the probable critical point above which 

there is strong rise in the proline level particularly of 

stem and leaves. This critical level is comparatively higher 

than that for many salt sensitive species. Based on this 

phenomenon the plant can be included in the species moderately 

salt tolerant.

The exact role of proline in the mechanism of salt 

tolerance is not clear. It is suggested that proline causes 

to increase considerably amount of bound water in the leaves 

(Palfi §t a^.., 1974). It is suggested by Stewart and lee 

(1974) that proline may be functioning as a source of soluble 

or intracellular osmotic adjustment .under saline conditions. 

According to Goering and Bui (1978) and Weimberg a^., (1982) 

if the proline accumulates in the cytoplasm it can play a key 

role on osmotic adjustment.

vii) Bnzvmes s The influence of NaCI salinity on the 

activity of some important enzyme systems such as peroxidase, 

catalase, acid phosphatase and nitrate reductase in leaves 

and roots of P.aconitifolius has been recorded in to Table 11.
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a) HydroxiPeroxidases s

(a1) Peroxidase i Activity of peroxidase of leaf is 

markedly inhibited only at the highest salinity level (100 mM 

NaCl). However, the lowest salinity level (10 mM NaCl) is 

stimulatory for this enzyme system in roots. The higher 

concentrations, however, are strong inhibitors. Present 

observations agree with the findings of HLowers (1972) who 

observed a significant inhibition of Peroxidase in salt 

tolerant Suaeda maritima. Strogonov (1964), Weimberg (1970), 

Aleshin et al., (1971) and Molokov et al., (1973) have 

reported intensification of peroxidase activity due to salinity. 

Peroxidase can also function as IAA oxidase and it can regulate 

IAA level thereby influencing plant growth. Present findings 

with P.aconitifolius indicate that the slight increase in the 

activity of peroxidase in the leaves upto 50 mM NaCl concentra

tion may be influencing the regulation of growth. Decreased 

activity of this enzyme at the highest NaCl concentration 

indicate probability of imbalance in hormone level affecting 

growth of plants.

(a2) Catalase : It can be seen from Table 11 that
v

activity of catalase in roots is definitely decreased with 

increasing salinity level. However, the effect of salinity 

on leaf catalase is not definite. It can be seen that at the 

10 mM NaCl concentration the activity falls down remarkably
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while due to 25 mM concentration it rises dramatically and 
falls down again significantly due to higher salinity levels. 
Similar type of observations are made by Karadge and Chavan 
(1980) in groundnut var. TMY-10.

According to Tregubenko gt al., (1973) the activity of 
this oxidative enzyme is linked with respiration rate. Catalase 
has also been found to play an important role in photorespira- 
tory glycolate pathway. Present study suggest that probably 
there is decrease in the rate of root respiration due to salt 
stress. However, it is difficult to conclude regarding the 
leaves.

b) Acid Phosphatase :

Effect of salinity on the activity of enzyme acid 
phosphatase is also recorded in Table 11. It can be seen that 
there is increase in the activity of this enzyme even at the 
low salinity level* However, at the higher concentrations it 
is still further increased. On the other hand activity of 
this enzyme in the roots of P.aconitifolius is more only at 
the lower salinity level (10 mM NaCl concentration). The 
higher HaCl concentrations, however, seem to be toxic for this 
enzyme. Stimulation of phosphatases in plants under saline 
conditions has been reported by Ahmad and Huq. (1974). In 
E.coli Fernley and Walker (1968) observed a two fold activation 
of alkaline phosphatase by NaCl treatment. Weimberg (1970),
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however, found no significant effect of NaOl and other salts 
on phosphatase system in Pea seedlings. The increase in 
phosphatase activity in the leaves of P .aconitifolius subjected 
to salt stress clearly reflects an increase in metabolic 
activities which may indicate rapid turnover of phosphorus in 
shoot parts of the plant. Eventhough there is inhibition of 
this enzyme in roots which may not be sufficient to bring 
about any disturbances in phosphorus metabolism of plants.

c) lit rate reductase s
litrate Reductase is the key enzyme in nitrogen metabo

lism of plants. This enzyme is responsible for the nitrate 
metabolism in particular. It is present almost in all parts 
of a plant. However, usually it is higher in roots which are 
directly exposed to the nitrate nutrients in the soil. The 
effect of sodium chloride salinity on the activity of this 
enzyme has been shown in Table 11. It is clear that with 
increasing soil salinity there is inhibition of this enzyme 
in the leaves even at the low soil concentration. However, it 
is slightly stimulated in the roots upto 25 mM laOl concentra
tion. Higher concentrations however are strong inhibitors for 
this enzyme both in leaves as well as in roots. An inhibition 
of nitrate reductase by salinity in glycophytic species has 
been recorded by few workers (Weimer, 1973; Plaut, 1974;
Dwivedi gt al., 1982). Karadge and Joshi (1983) have recorded
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overall decrease in the activity of this enzyme in Portulaca
oleracea grown under saline conditions. They have suggested 
that decreased activity of HR affects the nitrogen content of 
the leaves producing nitrogen deficiency symptoms. We have 
already seen that uptake and distribution of nitrogen in 
P.aconitifolius is slightly affected producing law level of 
nitrogen in plants. Thus, this can he attributed to lowered 
HR activity under saline conditions.

3. Effect of HaCl salinity on mineral nutrition :
A. Soil Culture s

Uptake and distribution of different mineral constituents 
in different parts of P .aconitifolius plants at different stages 
of growth and the influence of HaCl salinity there on have been 
depicted in Tables 12 to 14 and Pig. 13 to 18. It is evident 
that both stages of growth and the salinity influence the 
mineral nutrition of this plant considerably.

i) Ha* and Cl"* uptake : It is clear from the results 
that both these nutrients are equally distributed in leaf, stem 
and root parts of the plant. With the advancement of growth 
the Ha+ gets slightly accumulated in roots and to some extent 
in the stem. However, the Ha* content of leaves decreases 

with growth of the plant • On the other hand Cl seems to be 
accumulated in all plant parts towards maturity. With the
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increasing concentration of NaCl salinity in the medium there 
is accumulation of both the elements in all parts of the plant. 
Na+ accumulated more in the later stages of growth. It can he 
seen that the leaves of plants grown in non-saline condition 
show the Na+ value ranging from 0.19 to 0.24 g 100 g"^ dry 
tissue which is elevated to 1.50 g 100 g“^ dry tissue in the 
plants treated with 100 mM NaCl salinity. The maximum amount 
of this element recorded for stem is also the same, however, 
it is in plants treated with 50 mM NaOl salinity. The corres
ponding value for roots is still higher (1.60 g 100 g”^ dry 
tissue in 100 mM UaCl treatment). The highest amount of Cl” 
is accumulated in the stem at 100 mM NaCl level followed by 
leaves at the same salinity level. It appears that both these 
elements are very easily translocated to the shoot parts of the 
plant where they get accumulated under saline conditions. Prom 
the Na:Cl ratios it is evident that as this ratio increases 
from 0.07 to 1.80 in control and 50 mM HaCl salinity respecti
vely, there is relatively more accumulation of Na+ than Cl". 
However, it appears that uptake and accumulation of Cl" in the 
leaves is more at the highest salinity level. When we look to 
this ratio in stem and roots, it indicates that Na is tremen
dously accumulated in these plant parts, particularly in stem,

"I"under saline conditions. It can be, therefore, said that Ha 
uptake is relatively more in this plant under saline conditions. 
However, it seems that the leaves, the most active parts of the
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plant, are kept away from the toxic accumulation of this 
element. Thus the selective absorption of these elements in 
P .aconitifolius seem to he an adaptive feature for its 
moderate salt tolerance nature (Karadge and Chavan, 1983).

Increased accumulation of Na+ has been reported by many 

workers (Downton, 1978; Ansari §t al., 1978; laszlo and Kuiper, 
1980; Karadge and Chavan, 1979; Chavan and Karadge, 1980).
Storey and Win Jones (1978) have correlated the greater salt 

sensitivity of Arinur cultivar of barley with a poor ability 
of plant to regulate Na+ and Cl" accumulation in shobts.

Present observation, however, suggest that P.aconitifolius 
possesses a good capacity for vegetation of sodium uptake upto 
the 50 mM WaCl concentration. Sodium has been shown to be 
relatively more harmful component of salinity (Gates gt al..
1970; Wienke and lauchli, 1980) and possibly by checking its 
translocation to leaves the plant can adapt to saline conditions. 
At the highest salinity level (100 mM NaCl) as both the ions 
are accumulated equally and more in all parts of the plant, 
probably the higher concentration KaCl and not individual ions 
may be toxic to the plant metabolism, retarding the growth and 

development •

ii) K* Untake i Experiments by Bozema (1976) with 
Jnr>cus species revealed the important contribution of K+ to

the total osmotic potential. It is worth noting that K+ fluxes
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are not only important to salinity but they are integral to 

a wide range of turgor mediated responses in plants including 

stomatal and leaf movements (Maas and Nieman, 1978).

It is clear from the observations that usually the K+ 

content of all parts of P.aconitifolius is relatively high 

during the vegetative (II) and the pod formation stage (17), 

and falls down at the maturity stage. This is indication of 

an important role of this element in the rapidly growing 

parts of the plant during the early phases of growth. Towards 

maturity, when the leaves mature and senesce, probably this 

important nutrient is translocated to the developing pods.

It is also evident that with increasing salinity level 

particularly above 25 mM NaCl concentration in the medium 

there is less uptake of this cation. However, the uptake and 

distribution of K is markedly affected due to the highest 

salinity level (100 mM HaCl) where growth retardation is 

observed. This is evident from the values for K+ recorded in 

different parts of the plant (K+ i Na+ ratio, however, is 

decreased due to stress at all salinity regimes (Table 12 to 14 

and Pig. 13» 15 and 17) in all parts of the plant. It is 

interesting to note here that K+ content in control plants 

is quite high when we compare it with the optimum value, M» 

suggested by Epstein (1972) and it can be seen that at all 

salinity levels K value is maintained above this optimum such
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high levels of K+ (5-10$ dry wt.) have been reported for 

halophytes and in particular the Chenopodiaceae members 

(mowers gt al., 1977).

The work of But cliff (1962) has clearly indicated that 

marine plants have developed efficient mechanism of K+ uptake. 

Rains and Epstein (1967) have also shown the preferential 

absorption of K+ in mangroves. A preferential absorption of
j,

K under saline conditions by many mangroves has been demonstra

ted by Joshi (1976). Prom these reports it is quite clear that 

K+ plays an important role in halophytes towards salt tolerance. 

However, this preferential K+ uptake mechanism in presence of 

salt is lacking in most of the glycophytes (Guillen gt al., 1978; 

laszlo and Kuiper, 1979; Chen et al., 1980; Karadge and Chavan, 

1979, Chavan and Karadge, 1980). Prom the present studies it 

appears that P.aconitifolius is rather moderately salt tolerant

as the values of K recorded for different parts are not compa-
4*rable to those for mangroves but are intermediate and the K 

content does not fall below the optimum even under saline 

conditions.

iii) Ca2* uptake : Uptake and distribution of Ca by 

P.aconitifolius plants during their growth the effect of soil 

salinity there on have been recorded in Tables 12 to 14 and Pig. 

14, 16 and 18. It is clear that Ca content of the leaves 

increases linearly with the advancement of the growth stage.

"" ............. ................* '

tltllV* — - .ii V, iv



EFFECT OF NaCl SALINITY ON Na , K and Cl" CONTENTS 
and K:Na RATIO IN THE STEM OF R aconitifolius

a-------- ®CONTROL •-------- • 25 mM A-------A 50 mM 0--------- DIOOmM

Fig. 15
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However, it is on decrease in stem and roots. This is sugge

stive of the phenomenon that once Ca is absorbed it is deposi

ted in the leaves. Accumulation of Ca in mature and senescent 

leaves of plants is well known. With increasing soil salinity 

there is more uptake of this divalent cation and it gets 

accumulated in the leaves in particular. The Ca level in stem 

is rather low due to salinity. However, there is no definate 

pattern regarding accumulation of this elements in roots.

It appears that even under saline conditions the uptake and 

translocation of Ca is not affected.

A great importance has been attributed to Ca in salt 

tolerance (Elzam and Epstein, 1969; la-Haye and Epstein, 1969). 

Recovery from the damage due to salt stress by application of 

calcium sulfate in the medium was reported by Chimiklis and 

Karlander (1973). Epstein (1971) suggested an antagonism 

between sodium and calcium. A reduction in calcium uptake 

under saline conditions in salt sensitive plants is observed 

by several workers (Matar et a].., 1975; Guggenheim and Waisel, 

1977; laszlo and Kuiper, 1979; Chavan and Karadge, 1980; Starck 

and Kozinska, 1980; Bivate and Pandey, 1981). At the same time 

there are reports of increase in Ca contents in some plant 

species under saline conditions (Joolka jgt al., 1977; Ayoub, 

1977). According to Bernstein and Hayward (1958) a degree of 
physiological balance between Na+ and Ca2+ must be present if 

toxicity due to high concentration of Na alone is to be avoided.
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The requirement of Ca^+ in maintaining membrane integrity and 

selective transport of other ion is well documented by Wyn 
Jones and hunt (1967)* Ca has been shown to regulate membrane 
properties and it is proposed that Ca and Na probably complete 
for common uptake sites (lessani and Mars chner, 1978). It 
appears that in P*aconitifolius Ca supresses Ha uptake and 
probably contributes to ionic balance with chloride ions. Thus, 
Ca may add to the mechanism of salt tolerance in this plant.

iv) £ S Importance of P accumulation in the resi
stance to secondary salt induced stress has been reported by 
Vfilson gfc al., (1970) • Accumulation of this ion indifferent 
parts of salt tolerant as well as sensitive plants grown under 
saline conditions has been reported by many workers (Narayanan, 
1975; Chavan and Earadge, 1980). Contrary to the above observa
tions there are several reports were reduced P uptake due to 
salt stress has been observed (Pleinkopf et al., 1975; Dahiya 
and Singh, 1976; Tindal et al., 1979; Starach and Eoainska,
1980, Karadge and Chavan, 1983).

Uptake and distribution of P in P.aconitifolius during 
its growth and salinity effect there on have been recorded in 
Tables 12 to 14 and Pig. 14, 16 and 18. It is evident that 
the level of P falls down with the advancement of growth both 
in leaves and stem. This is quite significant during 17th and 
VIth stages of growth. This is probably due to translocation
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of this nutrient through the developing pods. With increasing 

soil salinity there is accumulation of P in the leaves. However, 

there is no definate pattern of P content of the stem as influe

nced by MaCl salinity. It is also observed that P content is 

comparatively high in the roots. From the present studies it 

appears that the uptake and distribution of P is slightly 

affected due to salinity in F.aconitifolius.

v) Mg^+ : Very little work has been done regarding 

the role of Mg in salt tolerance. Atkinson et al., (1967) 

have stated that Mg maintains the salt balance in the leaves 

of Aegialitis, a mangrove species. Bernstein (1975) has 

claimed that the tolerance of species for particular salt 

reflects the ability of species to absorb nutritionally 

adequate levels of Ca and Mg from the soil. Increase in Mg 

content due to salinity has been reported by many workers 

(Syed and Swaify, 1973; Guillen <gt al., 1978). Contrary to 

the above report some workers have reported decreased Mg 

uptake due to salinity (Kleinkppf gt al., 1975; Ackerson and 

Toungner, 1975; Guggenheim and Waisel, 1977; laszlo and 

Kuiper, 1979). Thus from these evidence it is not definate 

whether Mg plays a role in salt tolerance of plants or not.

leaves of P .aconitifolius show the presence of maximum 

amount of Mg, that least being in roots. Mg content of all 

plant parts is not changing during different stages of growth.
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Uptake and distribution of this element (Tables 12 to 14 and / 
Pig.14, 16 and 18) is less affected due to salinity. It is 
evident that during IVth stage of growth the Mg content of 
leaves increases even under saline conditions. However, in 
the later stages there is continuous decrease in it. Probably 
this may be due to stimulation of early maturity and senescence 
of leaves due to salinity which may result the withdrawl of 
this essential element and its translocation to developing as 
well as maturing pods. With the present investigation, there
fore, it can be suggested that an increment of Mg particularly 
in the leaves under saline conditions is certainly beneficial 
in view of essentiality of this element in various biochemical 
processes.

vi) Fe^+ and Mn2* , i Uptake and distribution of Fe and 

Mn in P.aconitifolius during its growth under non-saline and 
saline conditions have been depicted in Tables 1 2 to 14 and Pig. 
14, 16 and 18. It is evident that iron is accumulating more 
in the roots and it gets on accumulating with the advancement 
of growth stage. The values for this element in the stem are 
very low while those for leaves are intermediate. Same is also 
true for another micronutrient Mn. Due to NaCl salinity there 
is decrease in the amount of Pe and Mn in the roots while they 
are accumulated in stem and leaves. This is quite significant 
in the plants grown in the toxic salt medium (100 mM NaCl).
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It appears that due to salinity the translocation of both the 

micronutrients is stimulated resulting in accumulation of 

these elements in the leaves. If the accumulation is high 

enough as it is observed in case of 100 mM NaGl treatment, it 

becomes toxic.

There are very few attempts which describe effect of 

salinity on Fe and Mn metabolism. Dahiya and Singh (1976) 

have recorded an increment of Fe content in different parts 

of Peas due to salinity. Shimose (1972) observed that species 

differ in respect of Fe uptake in salt rich environment. 

According to Maas et, al., (1972) increase in Fe content may be 

due to the restricted growth of the tops or due to abrupt 

changes of membrane permeability. Karadge and Chavan (1983) 

have observed stimulation of Fe absorption due to salinity in 

Sesbania species. They found that iron remains to be accumulated 

in roots and thus the leaflets are kept away from the accumula

tion of this ion. In P .aconitifolius it appears that the 

translocation of ibm and its accumulation in leaves is notably 

high only in plants grown at 100 mM NaCl level. This iron 

concentration may be toxic and hence there is retardation of 

growth only at this salinity level.

Hasson gt al., (1970), have shown a positive correlation 

between soil salinity and Mn content of the plant. Maas et al.. 

(1972) found that Mn content increase in tomato and soybean



Fig. 18
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tops but decreased in squash. Accumulation of Mn in P. 
aconitifolius plant parts under saline conditions particularly 
at lower concentrations of salt, may be beneficial for its 
growth and development.

Prom the foregoing discussions it can be suggested 
that P.aconitifolius has got well developed selective ion 
absorption property with respect to uptake of K, Ca, P and Mg. 
It has an ability towards regulation of Ha uptake. These 
properties are more pronouncing at the lower salinity levels. 
This clearly indicates the moderately salt tolerant nature of 
this plant.

B) Sand Culture :

To study the effect of salinity as slow and shock
2+treatments and the role of Ca in the salinity tolerance the 

P.aconitifolius plants were raised in acid free silica sand. 
The treatments were commenced after about one month when the 
plantlets were well established. The slow treatments were 
continued till the highest salinity level treatment is just 
completed. However, the shock treatments were given i.e. 
the plants in different pods were treated with different 
concentrations of NaCl added in the Hoagland nutrient medium. 
It has been found that in the saline soils usually Ca2+ in the 

soil is unavailable to the plants growing in and hence the
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plants show the symptoms well contributing to calcium deficiency. 

Hence while evaluating the salinity experiments, as suggested 

by U.S. Salinity Laboratory, CaCl2 should be supplied externally 

to compensate the unavailable Ca2+. Usually NaCl and CaCl2 are 

suggested to be mixed in the proportion of 1 s 1. In the present 

study therefore, the effect of salinity developed in this way 

on the growth and uptake and distribution of mineral nutrients 

has been investigated. The results obtained are recorded in 

Table 15 to 18.

It was found that when CaCl2 was mixed along with Had 

in the medium (100 ml NaCl + 100 mM CaCl2) and the plants 

treated for 2-3 consecutive treatments alternating with wate:r- 

ing the plants, the plant leaves started showing burning 

symptoms and at the end of 3rd and 4th treatment almost all 

parts of the plant were dried and decayed. The plants treated 

by NaCl salinity as shock treatment showed the salinity affected 

symptoms immediately after 2-3 treatments. Therefore, in the 

experiment to study the effect of NaCl salinity in the presence 

of sufficient amount of CaCl2 the plants were harvested after 

only three treatments. Plants from the slow and shock treat

ments were analysed one or two treatments later. The results 

have been recorded in Table 15 to 18.

It is evident that Na+, K+ and P'*4’, uptake is more in 

the plants grown in sand culture while Ca2+, Mg2+, Pe3+ and
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p-fMn are absorbed less. Thus, it appears that the method of 
culture has a profound influence on the ion uptake and other 
processes.

It is clear that Na+ gets accumulated more in the leaves 
of plants grown at both 25 mM and 100 mM NaCI levels in the 
slow salt treatments. However, the uptake of Na+ is definitely 
affected due to presence of Ca2+ at all salinity levels. The 
same is also true for stem and roots. It can be seen that at 
low salinity level (25 mM NaCI, shock) Na is remaining accumu
lated in the roots. It can be suggested that presence of 
sufficient amount of Ca2+ in the medium checks the uptake and 
translocation of Na+. Thus it appears that presence of Ca2+ 
in the medium affects the absorption and translocation of Na+. 
The burning symptoms observed thus appear to be due not to the 
ionic effect but may be due to osmotic effect.

It is evident that the K uptake and its distribution in 
different parts of the plants is variously influenced by diffe
rent methods of salt application. When NaCl was applied alone 
and as a shock treatment there is inhibition of K uptake. This 
is evident from the values for K in all plant parts. However, 
when salt is applied alone but with slow treatment the K up
take and distribution seems to be normal and even it is 
include at lower salinity level (25 mM) . This indicates that 
probably the plant gets adapted to the saline environment due
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to slow treatment. Addition of CaCl2 with HaCI salt upto 50 mM 

concentrations stimulates the K uptake and distribution. The K 

content of young and mature leaves as well as stem is always 

higher than that of control. When we look to the K : Ha ratio 

it is severely affected due to shock treatments when salt was 

applied alone. However, when salt was applied as slow treatment 

there is little improvement in this ratio. The ratio is still 

further increased in Ca treated salt growing plants. This is 

true for all plant parts. Same pattern has been observed regard

ing uptake and distribution of Ca. The efficiency of Ca in
c

enhancing the tolerance of beans to sodium salinization is

studied by Ayoub (1974). He found that increased yields of

dry matter, roots, nodules and pods are positively correlated

with increased Ca application and negatively correlated with

the Ha contents of irrigation water and plant tissue. Further,

he observed that the Ha levels both in roots and tops declined

significantly as increased amounts of Ca were added. He suggests
—1 'that Ca in the range of 2-8 m mol litre causes competitive 

inhibition of Ha uptake and translocation. However, he noted
rt i

that high rates of Ca application results in a higher death 

rate. Our observations with P.aconitifolius are also exactly 

on the similar lines. Wieneke and Laeuchli (1980) reported 

that increasing the level of salinity in the root solution 

substantially reduces the Ca uptake of Soyabean varieties 

differing in salt tolerance. However, in an experiment with
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the salt sensitive variety under constant salinity but increas
ing Ga concentration in the medium they observed that the plants 
show a reduction in Ha uptake and translocation to stem and 
leaves.and an enhanced Ca uptake and translocation to the shoots. 
Bassett (1980) also found that the Ha content of Bromus mollis 
plants was reduced by raising the soil Ca levels. However, he 
did not find any beneficial effect on growth of this plant.

Contrary to the above reports some woakers have observed 

very slight or almost no effect of added Ca salts on plant 
growth. Ibragimov (1979) found that the application of Ca 
salts to salinized soils and the pre-sowing seed retting in a 
Ca(H0^)2 solution do not increase the salt tolerance of cotton. 
Hukaya et al., (1981) report that salt tolerance of green 
soybeans in sand culture is not enhanced by the application of 
CaSO^ indicating that the role of Ca to salt tolerance may 
differ with crops. Sury and ELueckiger (1983) studied the 
effect of different mixtures of HaCl and CaC^ on the silver 
fir. They found that at both concentration levels used growth 
inhibition and needle necrosis were more pronounced in test 
conditions rich in CaCl2> a fact which is probably due to 
chloride toxicity. We have also noted strong inhibition of 
growth and drying up of leaves in 3?.aconitifolius plants when 
treated with mixture of eq.ual amounts of 100 mM HaCl and 100 mM 
CaCl2. This effect appears to be probably due to high osmotic 
potential of the medium and high level of chlorides. Hassery
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(1979) reported that the preventive effect of various concen
trations of CaCl2 and MgCl2 on salt induced Z loss indicates 
that the protective effect of Ca is specific. He has suggested 
that the measurement of salt induced K loss appears to he a 
quick and reliable method of estimating the degree of salt 
resistance in plants.

The P uptake and distribution in P.aconitifolius is also 
influenced variously by different methods of salt treatment. It 
is evident that the P content of young and mature leaves is 
affected where mostly there is increase in it at higher salinity 
levels. At higher concentrations the accumulation of P almost 
in all parts of the plant is probably the indication of P induced 
secondary salt tolerance mechanism. This mechanism seems to be 
more pronounced when the salt is applied as alone with slow 
treatment and mixed with Ca0l2«

There is no significant change in the uptake and distri
bution pattern in case of Mg. Usually the uptake and transloca
tion is affected due to the salinity. However, Fe uptake and 
its translocation is at the higher level due to the presence of 
CaCl2 in the medium. The Mg metabolism is also on the same line.

Prom the foregoing discussions it appears that P.aconiti
folius responds differently to the different methods of salt 
application. However, it has got the ability to overcome the 
salt injury to certain extent. It is suggested, therefore, that 
P.aconitifolius is moderately salt tolerant plant.

• • •


