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1. GERMINATION STUDIES :

A. Germination i

Effect of NaCl salinity on the germination of the seeds 

of S.italics CV SIC-1 and CO-5 has been shown in Table 1 and 

Pig.2 & 3* Prom the results, it is clear that tjhe germination
t

percentage under saline conditions is increased 'above control

value at 24 h in both the cultivars (upto 200 mM NaCl in SIC-1
1
f

and 100 mM NaCl in CO-5)* Germination is completely inhibited 

even upto 72 h at 300 mM NaCl in SIC-1 while it is considerably 

delayed (upto 96 h) in CO-5* In CV SIC-1 the germination 

percentage is decreased by 12-20$ upto 100 mM, by 52$ at 200 mM 

and by 92$ at 300 mM NaCl level. On the other hand in CV 

CO-5 the germination percentage is increased by 10-70$ upto 

100 mM NaCl and then decreased by only 10$ at 200 mM NaCl

and by 90$ at 300 mM NaCl* Maximum germination is recorded
»

in control of SIC-1 while it is maximum at 10 mM NaCl treatment 

in CO-5* Thus it is clear that in CV SIC-1 germination is 

considerably affected even at the lower salt concentrations 

while in 00-5 it is stimulated. Only the higher salt concen

trations i.e. 200 and 300 mM NaCl appear to be inhibitory for 

CO-5* Thus, it seems that CV CO-5 is salt tolerant and that 

SIC-1 appears to be moderately salt tolerant so far as germi

nation percentage is considered. j

Bl-Shourbagy et al. (1979) recorded a decrease in germi

nation percentage with increase in salinity and the $ reduction
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is different in different varieties of Hordeum vulgare. They 

also observed that addition of mixture of amino acids enhances 

general growth and protein content of the seedlings exposed 

to salt stress* Ungar et al. (1979) observed inhibition of 

germination of Salioomia under a natural saline conditions. 

Germination and seedling vigour in Medicago species under 

saline condition are studied by Risk et al. (1979). They 

found a decline in germination # and even in rate of germination 

under salt stress. According to them the germination depends 

on the interaction between salt concentration and Medicago 

species. Karadge and Chavan (1980) studied the effect of NaCl 

salinity on the germination percentage and the seedling growth 

in a number of groundnut varieties* According to tjhem germi

nation percentage in some varieties of groundnut is considera

bly influenced by salt, In some varieties it is not influenced 

by both, lower as well as higher salt concentrations, while in 

some other varieties salinity enhances germination and it is 

inhibited only at the higher salinity level. These studies 

show that groundnut has a varietal difference in response to 

salinity even at the germination stage* Singh and Chandra 

(1980) observed a 50# decrease in germination at salinity level 

beyond ECe 5 in Pennlsetum cultivars and also indicated a 

varietal difference in salinity tolerance. Manga and Saxena 

(1981), have observed a decrease in germination under saline 

habitat, in different millet cultivars* Miyamoto et al* (1982)
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Fig. 2 EFFECT OF NaCl SALINITY ON GERMINATION OF S.ITALICA
CULTIVAR SIC-1 .
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have also observed a 23% reduction in germination in Part hen ium 

due to salt stress. Similar inhibitory trend has been reported 

by Eumar et al. (1982) in barley, Kumar and Malik (1984) in 

Brasslca juncea. Nerson and Paris (1985) in melons, Verma and 

Yadava (1986) in Avena sativa. Setia and Narang (1986) in pea 

and Maliwal and Pallwal (1986) in paddy, maize sorghum, cotton 

and tobacco. According to Khot (1986) germination is delayed 

due to salinity in Crotalaria .luncea as compared to Phase Plus 

aconitifollus. It was found that salinity completely inhibits 

germination beyond 150 mM NaCl in C.,luncea. Murumkar (1986) 

observed that salinity not only affects the germination percen

tage but also delays the process in chickpea. Joshi and Bhoite 
(1987,) found that the salinity level upto 5.6 m S cnT^ is not 

toxic for germination in Aeluronus lagouoids. but the higher 

salinities delay and reduce the process of germination. 

According to Sheoran and Garg (1979) germination in moong is 

independent of the type of salinity. However, salt affects 

the germination by delaying it and also affects the seedling 

growth. Mahmoud and Hill (1981) observed very little effect 

of salinity on seedling emergence at 10-15°C in salt tolerant 

sugarbeet, however, if temperature is increased above 25°C, 

germination declines with salt concentration. Sung (1981) 

suggested that speed of germination in barley is retarded by 

external NaCl but germination percentage is apparently indepen

dent of NaCl. However, he suggests that NaCl inhibits oc - 

amylase and respiratory activity in barley cultivars. Curtis
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and lauchli (1985) reported that germination is only slightly
impaired hy salinity upto 200 mfil NaCI, in Hibiscus cannabinus

!and thus it is tolerant to salt. Reddy and V,'ora (1985,b) while
f

studying the effect of salinity on germination, suggested that
1

the germination is not generally affected by salt, but only 
the process is delayed in P.typhoides accompanied by accumula
tion of proline.

Subramanian (1979) has recorded a good performance of 
rice variety - IR-20 in saline media upto 0.2 M NaCl. Misra 
and Singh (1982) observed that pretreated seeds of Acacia 
arebica, A.catechu and Albizzia lebeck show stimulation of 
germination under saline conditions. Gill and Singh (1985), 
based on their studies on germination of Orvza sativa seeds 
under salt stress, suggested that tolerant varieties of paddy 
have faster rate of seed germination under saline conditions. 
According to Khot (1986) Phaseplus aconitifolius shows an 
increase in germination percentage at low salt concentrations, 
however, salinity concentrations above TOO mM upto 500 mM 
NaCl inhibit the germination but not to produce any toxic 
effects. 1

Prom the above discussion, it is clear that salinity 
inhibits and delays germination in most of the plants. This 
may be due to the fact that osmotic potential of seed cell sap

i

is lower than the external salt solution restricting the seeds 
to absorb sufficient amount of water necessary for germination.
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High concentrations of NaCl inhibit germination also due to toxic 

effects of Na+ and Cl”• Apart from this, accumulation of salts 

in germinating seeds may lead to metabolic disturbances. However, 

the response given to salt during germination varies from species 

to species and variety to variety and depends upon the genetic 

make up of a plant. The environmental factors like light and 

temperature also affect germination under stress conditions. 

Addition of mixture of amino acids to germinating seeds increases 

seedling growth and protein content, which otherwise was hampered 

due to salinity, during germination. Thus, it appears that
f

salinity inhibits the activity of hydrolysing enzymes like 

amylase, the activity of which under normal condition increases 

during germination. However, induction of amylase activity 

leads to better water absorption and faster rate of germination 

and this is considered as an adaptive feature. Besides the 

varietal difference, the responses given to different salts 

like NaCl, NagSO^, CaClg* ^1, ®^c* 0X9 a*Lso different.

Generally NaCl is considered to be more toxiCj than other salts.
i
I
t

From the present studies, it appears that the cultivar 

SIC-1 is unable to tolerate toxic effects of Na+ or Cl” or
r

both even at the low salt levels and may not be able to absorb 

water which results in decrease in germination at all the 

levels of salinity. On the other hand cultivar CO-5 seems to 

be able to tolerate toxic effect of Na+ or Cl” similar to



many other salt tolerant plants or may he able to liberate 

more hydrolytic enzymes resulting from better water uptake 

and better osmotic adjustment leading to enhanced germination. 

However, at the high salt concentration (300 mM NaCl), the 

seeds are unable to absorb water resulting in inhibition of 

germination. Thus on the basis of germination percentage, 

cultivar CO-5 may be considered as a tolerant and cultivar 

SIC-1 as moderately tolerant plant.
t
I
I

B, Biomass •production i '
t

Effect of NaCl salinity on the biomass production by 

the seedlings of the cultivars of S.italica. namely SIC-1 

and C0-5» is shown in Table 2 and Big.4. It is evident that 

the biomass production in both the cultivars decreases with 

increase in salinity level from 0 (control) to 100 mM NaCl. 

However, the decrease is more pronounced in SIC-1. In this . 

cultivar, medium and high salt levels (25 to 100 mM) NaCl 

causes about 25% reduction in the fresh weight of seedlings.
i

On the other hand only 1-8?6 decrease in fresh weight is 

observed for CV CO-5.

Kumar and Bhardwaj (1982), while studying early 

seedling growth of moong, observed a decrease in fresh and 

dry weight of embryo axis due to salinity. Murumkar (1986) 

also noted a decrease in fresh weight of chickpea seedlings 

under salt stress, probably due to failure in imbibition



Table 2 : Effect of NaCl salinity on biomass production* 
in the seedlings of S.italics cultivars (SIG-1 
and GO-5) differing in salt tolerance

NaCl
Treatmentm

t
:

Biomass (fresh matter, mg see

SIC-1

d|ling)~1

CO-5

0
(Control)

$

10

25

50

100

7.50 + 1.67 

6.91 + 1.30 

6.98 + 1.7*7 

5.45 + 1.24 

5.47 + 1.51 

5.57 + 1.29

6.43 + 1.88 

6,.24 + 2.39
f

6.11 + 1.69 

6.40 + 1.58 

5.97 + 1*65 

4.81 + 2.04

* From each set 20 seedlings (120 h gro\|rtk) were 
analysed. j
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process. Decrease in dry weight of seedlings under salt stress 

is observed by Risk etal. (1979) in Medicago species, Mahmoud 

and Hill (1981) in sugarbeet, Curtis and lauchli (1985) in 
Hibiscus cannabinus: Setia and Narang (1986) in plsum sativum 

and by Verma and Yadava (1986) in Avena sativa.

Contrary to these observations, Khot (1986) observed an 

increase in biomass in Crotalaria .iuncea and Phaseolus aconiti-
i

folius seedlings due to salinity at the low salt concentrations. 

Higher salt concentrations, however, reduced the fresh weight 

of seedlings of both the species. Similar increase in biomass 

production in Atrinlex seedlings is observed by Mahmood and 
Malik (1987) upto JSC 15 m S cm"*^. Further increase in salinity, 

however, resulted :Ln reduction of biomass, even though the 

plants could servive at 50 m S cm salt concentration.

Salinity affects root and hypocotyl elongation in moong
I

(Kumar and Bhardwaj, 1982) and also decreases', root and shoot 

lengths as observed by Reddy and Vora (1985 b), Setia and 

Narang (1986), and Verma and Yadava (1986). Salinity also 

affects the respiratory metabolism and the activities of 

enzymes like protease and amylase. The external NaCl influences 

the growth by two ways; osmotic effect and specific ion effect. 

Salt affects the imbibition process and thereby decreases the 

vegetative growth of the seedlings leading to a decrease in 

fresh weight of the seedlings. In S.italica CV CO-5 decrease 

in biomass production appears to be insignificantly influenced
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Fig. 4 EFFECT OF NaCl SALINITY QN BIOMASS PRODUCTION IN THE
SEEDLINGS OF S.ITALICA CULTIVARS (SIC-1 8, CO-5) DIFFERING 
IN SALT TOLERANCE ,
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by salt upto 50 mil and then decreased by 25% only at the high 

salt concentration i.e. 100 mM NaCl indicating salt tolerance 

capacity of this cultivar at the early seedling stage. Cultivar 

SIC-1, however, shows about 25% reduction in biomass production 

even at the low salt concentration i.e. 25 mM NaCl, Indicating 

its sensitive nature.

i
C. Nitrate Reductase (NR) :

Effect of salt stress on the activity of nitrate 

reductase and NO^-N and NOg-N contents in the seedlings of 

S.itallca cultivars has been shown in table 3 and Rig.5. It
mm - i r *NMM

is evident that with increasing salinity level there is a 

decrease in NR activity in CV SIC-1. This decrease is more 

pronounced at the salt level of 10 mM NaCl, which shows about 

25% decrease in enzyme activity, while at the other salinity 

levels 10-20^ reduction is recorded. Cultivar CO-5 shows 

exactly opposite trend. In this case the nitrate reductase 

activity is stimulated at all the salt levels studied. The 

stimulation is more pronounced, however, at 1;0 and 100 mM NaCl 

which shows about 2.25 to 2.5 fold increase as compared to that
i

in control. At the other salinity levels (5,: 25 and 50 mM NaCl) 

63 to 83^ increase in NR activity is recorded.

The NO^-N content in SIC-1 increases with increasing 

levels of salinity except 25 and 100 mM NaCl at which a slight 

decrease in it is observed. Contrary to this NO^-N content in
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CV CO-5 decreases with increasing levels of salt from 0 to 100
i

mM NaCl except an increase at 25 and 100 mM NaCl treatment.

N02-N content in SIC-1 is increased with increasing 

salinity level from 10 to 100 mM NaCl while at 5 mM salt treat

ment it remains more or less constant. Maximum NOg-N is 

observed in the seedlings treated with 100 mM NaCl. In 

cultivar CO-5 also it increases with salinity and reaches to 

its maximum at 100 mM salinity level (Table 3).
i
i
f

Very few reports are available regarding the effect of
r

salt stress on the activity of NR during germination. Influence 

of different salts on the activity of NR during germination of 

Crotalaria .juncea has been studied by Desai (1986). According 

to her, activity of NR is decreased by salts and among the 

different salts, NaCl is most effective in this respect. She 

has further suggested that the decrease may be due to inhibi

tion of enayme-protein synthesis under salt stress. According 

to Murumkar (1986) the NR activity is markedly influenced by 

salt in cotyledons and embryoaxis of germinating seeds of 

Cicer at 120 h growth. Similar observations are made by Khot 

(1986) in germinating C.juncea seeds.

Sankhla and Huber (1975) however, observed that increas

ing salinity level brings about a corresponding increase in the 

activity of NR in the cotyledons of Phaseplus. On the other 

hand in the germinating seeds of Pennisetum americanum. NR



1 62

activity is not affected by salinity levels till 72 h but 

later decreased due to salinity. However, % reduction of NR 

activity differs with genotypes (Kumar et al., 1985). Khot 

(1986) observed an increase in NR activity with time of

germination and salt concentration in P.aconitifolius. At
}

50 and 100 mM NaCl and 96 h growth the NR activity is maximum. 

In this case it appears that NR is insensitive to salt stress, 

which may. indicate its salt tolerant nature.

Decrease in NR activity either in leaves or roots or 

both is observed by Plaut (1974) in wheat, Heuer and Plaut 

(1979) in sugarbeet, Billard and Boucaud (1982) in Suaeda 

maritima. Aslam et al. (1984) in barley, Safaralliev (1984) 

in Pisum sativum. Glvcin max. Medicago falcata aind Petrosimonia

brochiata and Bottacin et al. (1985) in Penniaetum americanum. 
The probable reasons for inhibition of:NR, given by these 

workers are different. It is suggested that a shift of 

ribosomes from polymeric to monomeric form due to salinity 

is responsible for decreasing NR level since the amount of 

NR present is related to the amount of polysomes present. 

Salinity enhances degradation of NR by inactivating the system. 

NaCl may interfere the synthesis of NR also. When salt is 

added in vitro, it induces noncompetitive inhibition for all 

the substrates or co-factor concentration, lowering Km and 

Vmax. It is also suggested that uptake of NO^ (substrate) is 

inhibited due to salt stress. Dissociationjof FAD & molydenum
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from apoprotein, due to salt stress may also be responsible 
for decrease in NR activity.

Contrary to this, increase in the NR activity either 
in leaves, roots or both has been observed by number of 
workers. Austenfeld (1974) noticed that the in vitro 
activity of NR from a halophyte Salicornla is not affected 
by salt at the low concentration, though it is decreased at 
the high salt concentration. However, in vivo activity was 
found to be stimulated by salt at all the concentrations 
studied. Sankhla and Huber (1975) recorded about seven fold 
increase in the activity of NR in the leaves of P.aconitlfolius. 
Dias and Costa (1983) reported that NR in sugarbeet is stimula
ted by low concentrations of salt. Dixit et al. (unpublished) 
also observed an increase in NR activity due to salt stress in 
Crotalaria species indicating that the enzyme is .fairly stable 
under saline conditions. The stimulation of enzyme is parti
cularly more prominent in C.verrucosa which grows naturally 
in cohstal regions. Stimulation of the enzyme is related to 
the ability of intracellular ionio balance under saline

f

conditions. It is also suggested that the in vivo enzyme 
activity is protected from salt injuries. The stimulation 
can be caused by modified rates of enzyme synthesis. Activity 
of the enzyme also depends on the concentration of NO^.
Changes in carbohydrate content and photosynthesis may also 
influence the synthesis of NR.



Aslam et al. (1973) suggested that the activation
of the enzyme depends upon the respiration ahd photosynthesis 
for its maintenance. The amount of NR present seems to be
under control of this turnover system. Hence any change, 
either in photosynthesis or respiration may reflect in the 
NR activity. Under saline conditions many times the respira
tory activity decreases which may be responsible for decrease 
in NR. It is suggested by Lin and Kao (1980), that activity 
of NR is a function of a reaction time or tissue weight. 
According to Benito and Campbell (1980) the NR activity is 
parallel with cotyledonary development. As reserved protein 
decreases and chlorophyll content increases, the NR activity 
increases.

In S.italics CV SIC-1 the NR activity is inhibited due 
to salinity. It can be suggested that this decrease may be 
due to reduction of growth, resulting in low protein content 
which may affect synthesis of enzyme-protein. Na+ and Cl"
may compete with NO- thereby decreasing substrate availability^ } 
to the enzyme. Salinity also alters the water potential of
the cells which may inhibit enzyme activity. However, in CV
CO-5 increase in NR activity is recorded. This increase may
be considered as an adaptive feature. This increase may be
due to successful osmotic adjustment and better protein content
as well activity. As seen earlier, the biomass
accumulated in this cultivar is more than that in control even



ig. 5 EFFECT OF NaCl SALINITY ON THE ACTIVITY OF NITRATE REDUCTASE 
AND NITRITE REDUCTASE IN THE SEEDLINGS ( 120 h GROWTH) OF 
S.ITALICA CULTIVARS ( SIC-1 & CO-5 ) DIFFERING IN SALT TOLERANCE.
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under salinity stress which indicates better growth pattern

and stimulation of enzyme.
i

i
These results are well supported by -fhe content of 

NO^-N in both the cultivars. In SIC-1, NO^N is increased 

with salinity but the activity of NR is decreased. This 

suggests that the enzyme is unable to utilize NO^. The N02-N 

concentration increases at the same time with salinity indi

cating an adverse effect of salt on NiR- also.

Opposite to this NO^-N content is decreased with 

salinity in CO-5 accompanied by increase in NOg-N. This 

indicates the better uptake of NO^-N and stimulation of the 

activity of NR in CO-5. Thus, cultivar CO-5 may be considered 

as tolerant than SIC-1. However, high activities of NR in 

both the cultivars suggest a high nitrate assimilation 

potential. This is in accordance with the observations of 

Yenkataramana and Das for C^ plants (1986).

D.. Nitrite Reductase (NiR) :

Effect of NaCl salinity on the activity of NiR in the 

seedlings (120 h growth) is shown in Table 3 andf Fig.5. It is 

clear that the activity of this enzyme decreases with increase - 

ing salinity levels in SIC-1 along with an increase in NOg-N. 

The decrease is more pronounced at 5 and 50 mM NaCl which is 

about 58$ over control, while at the other salt levels (10, 25



100 mM NaCl), 20 to 45^ decrease is recorded. Cultivar CO-5 also 

shows same trend with maximum decrease (85^) being at 10 mM 

NaCl, while at the other levels (5, 25, 50 and 100 mM NaCl),

25 to 65f» decrease is recorded.

Very few reports are available regarding the effect 

of salinity stress on NiR activity during germination.

Heuer and Plant (1979) observed a decrease in NiR in sugar- 

beet due to inhibition of enzyme-protein itself. Paul et al. 

(1985) studied the effect of water stress on photosynthetic 

nitrite reduction in isolated Spinach chloroplasto and 

observed more than 397^ reduction in the activity of NiR due 

to low osmotic potential. In vitro assay of NiR showed that 

the interaction of enzyme with nitrite is not affected by 

the changes in the concentrations of ions or molecules that 

might be caused by water stress conditions. Thus they indi

cated that the interaction of ferridoxin with eniyme is 

responsible for reduction of enzyme activity. Rajmane (1984), 

while studying the effect of salt on NiR activity in winged 

bean, also observed similar decrease in NiR activity, probably 

due to unavailability of the substrate. Murrumkar (1986) also 

recorded a slight decrease iii NiR from germinating seeds of 

C.arietinum. However, Bottacin et al. (1985) do not found any 

change in NiR activity in P.amerloanum genotypes when exposed 

to salt conditions. /;



Activity of NiR in both the cultivate of S.italica
i

decreases with increasing salinity level. However, WOg-N 
content is increased with salinity. This indicates that non- 
availability of substrato-NO.,, is not rssponsible for this 

inhibition. The reduction is probably due to inhibitory 

effect encountered by the enzyme itself. The disturbed 

protein synthesis may also affect the enzyme synthesis or 

salinity may be affecting the relationship between enzyme and 

reducing agent that is ferridoxin or NAD(P)H. However, based, 

on the observations made in the present investigation, it is 
difficult to arrive at a particular conclusion.

2. FIELD STUDIES :

A. growth :

Effect of salinity on fresh weight, dry weight and 

moisture content of S.italica cultivars SIC-1 and CO-5 (72 
days growth with 32 days salt treatment) is shown in Table 4 
and Fig.is,6.It is evident that (20$) decrease in fresh wt. at 

50 ml NaCl is seen in SIC-1 while salt concentrations (100 and 

200 ml NaCl) increase it by 20 and 53$ respectively. In 

cultivar CO-5 a linear increase in fresh weight is observed 
with increasing salt concentration. Dry weight in SIC-1 

decreases at 50 and 100 mM by about 25 and 65$ respectively, 

while it shows a sudden increase by 44*4$ at the highest 
salt concentration. Moisture $ is inversaly related to dry
weight and in SIC-1 .it increases upto 100 mM and then again



Fig.1 : Photograph showing the effect of NaCl 

salinity on growth and development of 

Setaria italics cultivars SIC-1 (A) & 

CO-5 (B).

S1/T1 = Control (0 mM NaCl).

S2/T2 = 50 mM NaCl.

S,/T, = 100 mM NaCl.3 3

S4/T4 = 200 mM NaCl.
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decreasesat 200 mM NaCl. However, % moisture percentage at 

all the salinity levels is more than 100 (control). In cultivar 

CO-5 dry weight of the plants decreases due to saline conditions 

and this effect is more pronounced at the low salinity level
• i

i.e. 50 mM NaCl. The % reduction ranges from 4.2 to 27.6%.

The moisture content increases at all the salinity levels.

The maximum dry weight and minimum moisture % under saline 

conditions is recorded at 100 mM salt.

Decrease in both fresh.as well as dry weights is 

observed in groundnut cultivars by Karadge and Chavan (1980). 

They observed a considerable decrease in biomass production 

at the high salt level i.e. 200 mM NaCl. They have also 

observed that moisture content of the seedlings is not much 

affected by salinity which indicates a good potential of 

groundnut for water absorption even in the saline media.

Yousef and Sprent (1983)* while studying the effpct of 

NaCl on nitrogen fixing and nitrogen fertilized Yicia fab a. 

suggested that the fresh and dry weights of shoot and root are 

reduced in relation to salt dose and the effect is independent 

of nitrogen source. Salt does not affect the distribution of 

dry matter between shoot and, root. Similar decrease in fresh 

and dry weights with increasing external NaCl concentration is 

observed by Seemann and Christa (1985) in Phaseplus vulgaris.

The root/shoot ratio was also found to be increased with 

salinity indicating disturbed distribution of dry matter.
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According to them effective compartmentation of intracellular 
ions is lacking in Phase plus. Sharma and Garg (1985) observed
a graded reduction in all growth parameters ihat is fresh

!
weight, dry weight, height, leaf number and $rea due to sali
nity in wheat. Decrease in fresh weight is recorded by 
Goughian and Wyn Jones (1980) in Spinaoia oleracea, Murumkar 
(1986) in Cicer and by Sharma and Kaul (1986) in rice cultivars 
due to salt stress. The decrease may be due to decrease in 
water uptake under saline conditions. Decrease in dry weight 
accumulation is observed b.v Fukava et al. (1982), Curtis and 
lauchli (1985), Skeffington et al. (1985) in soybean, 
H.cannabinus and Plantago maritima respectively. Decrease in 
growth due to salinity is reported by number of workers like 
Khan (1979) in Zea mays. Hocking (1980) in Typha domingensis. 
Hoffman et al. (1980) in Capsicum annum. Singh and Singh (1980) 
in Cicer. Chavan (1980) in ragi, Kumar et al. (1982) in barley, 
Patil and Patil (1983) in Sygygium cumini. Sharma et al. (1984) 
in wheat, Gaikwad et al. (1985) in Setaria italica sensitive 
cultivar, Ahmad et al. (1986) in Aradiraohta indica and Melia 
azedarach. and Kingsbury and Epstein (1986) in wheat. The 
various parameters studied by these workers are height of the 
plants, number of tillers, grain yield, diameter of stem and 
fresh weight of various plant parts like leaves, stem and roots 
etc.

On the other hand stimulation of growth is also observed
i
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by number of workers in different plants. ?eo and Flowers

(1980) observed that the halophyte Suaeda maritima grown in

highly saline medium (340 mM NaCl) had more fresh weight than

the controls. This may be due to increased cell size. In

this case the increased organio growth with increasing salt

concentration may be the result of a relationship between turgor

pressure and extension growth. Tolerance even at the extreme

salinities may be a separate phenomenon in Suaeda. Karadge

and Chavan (1982) observed that salt stress causes an increase

in growth in terms of height, biomass and dry matter production
-1in Sesbania aculeata and S .grandiflora upto ECe 10 m S cm 

NaCl. A considerable decrease in growth is observed only at 
the highest salt level, (BCe 15 m S cm~^). The decrease in 

weight at this stage may be due to decrease in foliage 

production and stem growth. Increase in biomass at the low 

levels of salt is accompanied by an increase in height, number 

of leaves and leaf area. Increase in dry weight under saline 

conditions is observed by Ahmed et aJL. (1979) in oil producing 

crops upto moderate salinity level (40 meq NaCl).. Okusanya 

(1980) observed that diluted Bea water significantly enhances 

growth in terms of dry weight, leaf area and relative growth 

rate of Lavatera arborea. However, high salt regimes retard 

the growth and development. He observed that the succulence
i

of petiol is also enhanced with increasing salinity level. 

Mahmood and Malik (1987) reported that in salt tolerant 

Atriplex the biomass yiold increases with salinity treatment



72

upto EC 15 m 3 cm”^ and above this level, it is adversely 

affected. However, plants can survive even at the high salt 

levels upto 50 i S cm , Accumulation of ions against a concen

tration gradient and selective K+ uptake may be responsible for 

better growth performance in this plant.

According to Kingsbury and Epstein (1986) the salt 

composition of external solution had little effect on the 

growth of salt-resistant wheat line and superior oompartmenta- 

tion of Na+ may be responsible fori this. Gaikwad et al. (1985) 

also observed that salinity does not affect growth in salt 
tolerant cultivar of aetaria and Eleusine suggesting their 

salt tolerance capacity. Similar observations are made by 

Smith et al. (1980) in rye grass.

Growth stimulation due to salinity is recorded by
f

Marschner et al. (1981) in gugarbeet. However, they observed 

that the high salt concentrations inhibit the growth of this 

plant. Similarly growth of Halimione nortulacoides is stimula

ted by salt upto 85-170 mM NaCl and then decreases at 410 to 

690 mM NaCl (Jensen Arne, 1985).

In both the cultivars of S.italics the fresh weight 

increases with increasing salinity level except at 50 mM in 

the cultivar SIC-1 • However, the dry weight of both the
i

cultivars decreases due to salinity, by abo4t 27, 4 and 15^ at 

50, 100 and 200 mM NaCl respectively in CO-5 while by about
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1r

23 and 5# at 50 & 100 mM NaCl in SIG-1 respectively. However,
CV SIC-1 plants show sudden increase in their dry weights at 
200 mM NaCl, which may he due to disturbed or irregular pattern 
of mineral nutrition and other metabolio activities. The 
deoreas'e in dry weight is accompanied by an increase in moisture 
content. This may be due to accumulation of Na+, Cl** and water 
with increasing salinity. This is considered as an adaptive 
feature, a succulent character especially releated to halo
phytes which are salt tolerant. However, sudden increase in 
dry weights at the highest salinity level can not be explained 
on the basis of present studies. Prom the present studies, 
therefore, it can be concluded that both the Set aria cultivars 
are rather salt tolerant even at the vegetative phase of their 
development; However, oultivar CO-5 appears to be more tole
rant than CV SIC-1. I

B. Pigment composition *
i) Chlorophylls i

* •
}< m

Effect of NaCl salinity on chlorophyll contents of the
- I

leaves of Set aria cultivars is depicted in Table 5 and Pig.7.ttIt is dear that chlorophyll, a, b and total chlorophylls 
decrease with increasing salinity level in the young leaves of 
CV SIC-1, while chlorophyll a/b ratio is on increase. In the 
mature leaves, however, chlorophyll a, b and total chlorophylls 
decrease only at the low salinity level (50 mM) and then . 
increase at the higher salinity (100, 200 mM NaCl) regimes.
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Chlorophyll a/b ratio in the mature leaves decreases. However,
i

cultivar CO-5 shows a different trend where chlorophyll a, b 

and total chlorophylls increase with increasing salinity level 

in the young leaves. In the mature leaves the chlorophyll 

content decreases with salinity (50 & 100 mM) and again increases 

at the higher salt level (200 mM NaCl). Chlorophyll a/b ratio 

slightly decreases in both young and mature leaves except a 

slight increase at 100 and 200 mM NaCl treated mature leaves.

Decrease in chlorophyll content due toj salinity is
i

observed by number of workers like Karadge and Chavan (1980) 

in Arachis hyppgea. Ahmed et al. (1980) in leguminous plants,
t

Malakondaiah and Rajeswara Rao (1980) in groundnut, Rao and 

Rao (1981) in Pigeon pea and gingelly, Hegde and Patil (1982) 

in Parthenium hveterophorus. Tahahata and Shigesaburo (1982) in 

Brassica species, Karadge and Chavan (1982) in Sesbania. Singh 

and Jain (1983) in Chickpea. Patil and Patil (1983) in Syzygium. 

Patil (1984) in Sesbania. Krishnamoorthy and Siddique (1985)’ in 

cowpea, Murumkar and Chavan (1985) in chickpea, Aimed et al.

(1986) in Azadirachta indica and Melia azedarach. Reddy and 

Vora (1986) in Pennisetum. Ball (1986) in Avicenia and Pisum 

sativum. Doering and Luedder (1986) in Puncia granatum. 

Bl-Sharkawi et al. (1986) in cotton, Hibiscus sabdariffa and 

sorghum, Karadge et al. (unpublished) in some cultivars of 

Pennisetum. Panicum. Bleusine and Setaria and Dixit et al. 

(unpublished) in Crotalaria species. Prom their observations
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it is clear that chlorophyll a is more sensitive to salinity 
than chlorophyll b resulting in decreasing chlorophyll a/b ratio. 
According to Strogonov et al. (1970) salinity affects the 
strength of the forces binding the pigment - protein - lipid 
complex, which in turn reduces chlorophyll content. However,
the response variation depends on the salt tolerance capacity

(

of the plant. The tolerant plants usually show little or no 
variation and even they increase their chlorophyll content 
under saline conditions while the salt sensitive plants fail 
to maintain their chlorophyll content under salt stress. The 
response given to different salts are also different. It is 
also suggested that the biosynthesis of chlorophylls is 
severaly affected by salinity. The plants exposed to salinity 
show decrease in chlorophylls which can be recovered by the

iapplication of phosphorus (Malakondaiah and ,'Rajeswara Rao, 1980) 
indicating that disturbed ionic balance is'responsible for 
reduction of the chlorophylls, especially due to toxic effect 
of Na+• It is recorded that this decrease in chlorophyll 
content is associated with an increase in the activity of 
chlorophyllase which hydrolyses the pigment. NaCl also induces 
the changes in the fluorescence characteristics of chlorophyll 
a, reverses characteristics of thylakoids indicating that the 
v/aten-oxidising site is sensitive to NaCl. It also induces 
depletion of proteins from PS - II, It is also suggested that 
chlorophyll metabolism is affected by stress through abscisic 
acid.



NaCI TREATMENT (mM ) j

Fig. 7 EFFECT OF NaC! SALINITY ON CHLOROPHYLL CONTENT IN THE 

LEAVES OF S. ITALICA CULTIVARS (SIC-1 & CO-5 ) DIFFERING 
IN SALT TOLERANCE .

i



Increase in chlorophyll content of the plants grown 

under saline conditions has also been recorded by number of 

workers. Ahmed et al. (1979) observed an increase in chlorophyll 

content in castor bean, flax and sunflower. ' Chavan (1980) in 

Bleusine, Dixit et al. (unpublished) in Crotalaria verrucosa, 

a plant naturally growing on coastal lines, have also made 

similar type of observations. There are certain reports where 

chlorophylls are found to be insensitive to salinity (Kale &

Singh, 1987} Karadge et al., unpublished). The capacity to 

retain or accumulate chlorophylls under saline conditions is 

considered as an adaptive feature. Decrease in chlorophyll 

content in such plants at the higher salt concentrations, however, 

suggests that this pigment - protein - lipid complex is little 

bit affected by salinity especially at the higher salt levels.

In CV SIC-1 it appears that young leaves are more 

affected by salt and 50 mM NaCI appears to be more effective 

at which there is a sharp decrease in chlorophyll content. An
i

increase in chlorophyll a/b ratio indicates I that chlorophyll b
f

is more affected by salt in the young leaves. In case of 

mature leaves chlorophyll a, b and total chlorophylls are 

decreased at 50 mM NaCl treatment and then again increased 

above control values indicating that the pigment-protein-lipid 

complex of mature leaves is more stable. However, a decrease 

in chlorophyll a/b ratio in these leaves indicates that accumu

lation of chlorophyll *a' is slower than chlorophyll *b'. In
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i
i
i

case of CV CO-5 the young leaves appear to be more stable to 

salinity. Chlorophyll a/b ratio is decreased at 50 mM NaCl 

even though the total chlorophylls accumulate at the maximum 

extent, especially chlorophyll *a* accumulates more than 
chlorophyll 'b*. However, at the higher salt concentration

chlorophyll a/b ratio is remained some what constant indicating 

the synthesis of both chlorophyll a and b at the same rate.

In mature leaves both chlorophyll a, b and total chlorophylls 

are decreased at the low and medium salt levels (50 & 100 mM 

NaCl) and then again increased at the highest salt concentra

tion (200 mM). However, chlorophyll b is less affected than 

chlorophyll a. Chlorophyll a is affected more at low and 

medium salt levels i.e. at 50 and 100 mM NaCl. Chlorophyll 

a/b ratio is decreased only at the 50 mM salt concentration 

and then increases.

Thus it appears that young leaves of SIC-1 are more 

sensitive to salinity while mature leaves are some what able 

to retain chlorophylls. While CO-5 shows stimulation of chlo

rophyll synthesis in both young as well as mature leaves. 

However, a slight decrease in chlorophylls in mature leaves at 

50 and 100 mM salt levels cannot be explained.

*

ii) Carotenoids :

The effect of NaCl salinity on the carotenoid content 

of the leaves of Setaria cultivars SIC-1 and C0-5 has been 

depicted in Table 6. It can be seen that carotenoid content
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Table 6 i Bffect of NaCl salinity on the carotene content* 
in the leaves of 3•italics cultivars (3IC-1 and 
GO-5) differing in salt tolerance

NaCl i
Treatment r 

mM |

SIC-1 l CO-5
Young
leaves

I
s

Mature
leaves

t Young 
* leaves

: Mature
i leaves

0
(Control) 30.80 23.44

f

24.48
I

24.40

50 24.40 18.40 29.76 19.52

100 28.00 30.80 26.64 21.92

200 27.28 28.08
<

i

26.88 26.96

* Values are 
tissue*

Each value

expressed £s mg 100*"^ g fresh

is mean of three determinations.

i
lli
i
(

\r!
I
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slightly decreases in the young leaves of SIC-1. In mature 
leaves, however, it decreases only at the 50 mM salt level 
and again increases at the higher concentration. In case of 
CO-5, carotenoid level increases in both young and mature 
leaves except a slight decrease at 50 and 100 mM NaCl in 
mature leaves.

Carotenoids play a secondary role in photosynthetic 
light reactions. There are only a few reports available which 
describe the effect of NaCl salinity on carotenoid content of 
a plant. Those include both negative (Kim, 1958; Koverga, 1959; 
Garter and Myers, 1963)* as well as positive (Novikov, 1948;

I

Shakov, 1956; Siegel and Bjarsch, 1962)reports. Strogonov 
(1970) suggests that the effect of salinity on carotenoid 
content in plants depends on the salinizing agents and the 
rate of synthesis of carotenoids under saline conditions, 
comparable to that in control plants. Increase in carotenoid
content is mainly due to abundance of its oxidized from - 
viloxanthin•

Rao and Rao (1981) have observed a decrease in carote
noid level due to salinity in pigeon pea and gingelly. This

i

reduction was found to a greater extent in gingelly, suggesting 
a varietal difference, in the response given to salinity. Reddy 
and Vora (1986) have observed a reduction in carotenoid content 
in Pennisetum leaves due to salinity. According to them carotenes 

show a similar change as that of chlorophylls. According to
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Dixit et al. (unpublished) salinity lowers the carotene content 

in the leaves of C..1uncea and C.retusa while in salt tolerant 

C.verrucosa it is slightly elevated under saline conditions . 

indicating that the photosynthetic pigment complex of this 

species is more stable under saline conditions. Decrease in
i

carotenoid level due to salinity is observed by Murumkar and 

Chavan (1987-a) in chickpea which is considered to be a sensitive 

species.

From the present studies it appears that both the culti- 

vars of Setaria i.e. SIC-1 and CO-5 are tolerant to salinity in 

this aspect also. However, CV CO-5 shows some' superiority over 

SIC-1 indicating more salt tolerant nature of the cultivar CO-5.

i
C. Polyphenols :

The changes in polyphenol content of the leaves of 

Setaria cultivars as influenced by salinity are recorded in 

Table 7 and Pig.8. It is evident that salinity does not induce 

considerable changes in the pblyphenol contents in both the 

varieties. In CV SIC-1, polyphenol content increases with 

increasing salinity level in both young and mature leaves and 

only insignificantly decreases in young leaves at 100 mM NaCl 

treatment. However» neither increase nor decrease is consi

derable as compared to control. In CO-5 polyphenol content 

decreases slightly in young leaves. The mature leaves, however,

exhibit almost no effeot of salinity on polyphenols and only a
!
I
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Table 7 : Effect of NaCl salinity on the polyphenol content* 
of the leaves of S.italics (SIC-1 and CO-5) differ-

i

ing in salt tolerance

NaCl t SIC-1 t CO-5
Treatment : ~ 

mM :
t

Young
leaves

t Mature 
< leaves

s Young 
i leaves

* Mature
* leaves

0
(Control) 16.60 13.56

1
17.79'

i
i

12.61

50 17.39 15.80 15.64;
i

12.93

100 15.64 18.19 17.23 12.77

200 20.51 15.00 12.93 10.69

* Values are expressed as mg g fresh tissue.

Each value is mean of three determinations.
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slight decrease is observed and that at the highest salt concen

tration (200 mM NaCI) only. j
f
I

1

Very few reports are available which discuss the effect 

of salinity on polyphenol metabolism* Generally polyphenols 

are considered as aromatic compounds produced during secondary 

metabolism and this may be reason for its ignorance. Decrease 

in the level of leaf polyphenols is recorded by Karadge (1981) 

in P. ole race a, Patil (1984) in groundnut and Krishnamoorthy 

and Siddique (1985) in cow pea due to saline conditions. Similar 

observations are made by Karadge et al. (unpublished) in Panicum 

CV MS-1307 and Pennisetum CV GHB-81, which are considered by 

them as salt sensitive cultivars. Dixit et al. (unpublished) 

observed that the polyphenol content is decreased in C.verrucosa 

and C..1unoea leaves.

On the other hand an Increase in polyphenol level due 

to salinity in groundnut CV TMV-10 leaves to a considerable 

extent is observed by Karadge and Chavan (1980), while it 

decreases in CV SB-11. They have suggested that probably HaCl 

salinity induces secondary metabolism in the leayes of CV 

TMV-10 resulting in synthesis and accumulation of polyphenolics. 

An increase in polyphenol content has also been noted by Chavan 

(1980) in ragi, exposed to salinity. Stimulatory effect of NaCl 

on polyphenol accumulation is observed by Patil (1984), in young 

leaves of Sesbania. however,'the highest salt concentration was 

found to be inhibitory. Opposite trend, however, is observed
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i

by him in the mature leaves. Marked increase in polyphenols 

especially at the low salt regimes is observed in Crotalaria 

retusa by Dixit et al. (unpublished). Murumkar (1986) also 

observed an increase in polyphenols with salinity and the 

maximum accumulation was found at the highest salt concentra

tion (150 raM NaCI). j
t

1

The insignificant effect of salinity ,on the polyphenol 

content in the leaves of both the cultivars of Setaria is 

suggestive of stability of the plant under stress conditions 

and probably the plant has no necessity of induction of 

secondary metabolism in both the cultivars, with respect to 

synthesis of phenolics.
Ml'

D. Nitrogen fractions :

Effect of NaOl salinity on the various nitrogen fracti 

via. NQ^-N, NOg-N, Protein-N and insoluble-N, is show n in Ta 

8 and Pig.9*10,11 & 12. It appears that NO^-N content of you] 

and mature leaves, roots and stems increases with salinity in 

both the cultivars except in the stem of SIC-1 where it is 

slightly decreased at 50 and 100 mM Nad and in roots of CO-5 

at 50 mM salt treatment. Increase in the NOg-N content is 

observed in all the plant parts of CV SIC-1. The trend shown 

by CV CO-5 is reverse to that in CV SIC-1. The jlevel of prot> 

nitrogen in the CV SIC-1 decreases with the intensity of salt 

stress in the young leaves, roots and stems except an apparen-
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increase in the roots at 100 and 200 mM NaCI and in the stem
I

at 200 mM NaCl. In the mature leaves, however, protein-nitrogen 

is on increase. Decrease in the level of protein-nitrogen is

observed in all the parts of CV CO-5, due to salinity. Insoluble-N

decreases in young leaves of SIC-1 and at low salt level in 

mature leaves while it increases at all the salt concentrations 

in other parts. In CV CO-5 it decreases in young leaves except 

at 100 mM treatment. In mature leaves and roots it increases

with salinity but shows a little decrease at 200 mM in mature
1

leaves. In stem it seems to be stable to salinity and decreases

only at the highest - 200 mM NaCl, concentration. These effects

are reflected in the total of all these fractions. In SIC-1, 

young leaves show a decrease in total of nitrogen fractions due 

to salinity. In mature leaves it declines at the low salt 

levels and then again rises up at the higher salt concentra

tions. Both in roots and stems it increases with salinity. In 

case of CV CO-5, young and mature leaves show a decrease in 

total nitrogen while roots showed an increase due to salinity.

In the stem the values are little bit constant and decline 

slightly at the highest salt concentration.

According to Huq and Larher (1983) N0~j plays a key role 

in osmoregulation of non-nodulated Phaseplus fenreus. Aslam 

et al. (1984) while studying the effect of salinity on NO^ 

assimilation in young barley seedlings, observed a severe 

inhibition of N0~ uptake by salinity. On the basis of osmola-
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lity of the solution, it was found that the Cl salts are 

more inhibitory than the SO^ salts. Gorham et al. (1984) 

suggest that in leymus sabulosus when treated with NaCl, Cl 

partially replaces the high levesl of NO^ which was found 

in the leaves of the control plants. Bottacin et al. (1985) 

studied the nitrogen absorption and assimilation in salt 

resistant and susceptible millet genotypes (P.americanum) 

and observed that in presence of 500 mM NaCl in the rooting 

medium, uptake of NH^ and NO^ was inhibited, and the inhibition 

is to a greater extent in susceptible genotypeJ The inhibition 

of uptake may be due to the antagonism between NO^ and Cl as 

reported by Abdul-Kadir and Paulsen (1982) and Papadopulos and 

Bending (1985)* Gorham et al. (1985) observed a decrease in 

nitrate level in Thinopyrum bessarabicum, which could withstand 

prolonged expsoure to 550 mfd NaCl. Eddin and Henk Doddema (1986) 

observed that NH^ and NO^ in the halophyte Arthrocnemum fruticosum 

decrease with time more or less independently of the salt concen

tration. However, more NO^ appeared at the flowering stage.

It is suggested by Menary & Allen (1979) that chloride 

accumulation in leaves and roots of Carica papaya is related 

to the high levels of NO^ in the tissue and,N0^ accumulation 

increases in presence of chloride. Smith ei al. (1980) reported 

that NaCl increased the uptake of total N and NO^-N in Lolium 

perenne and Phleum pratense and this is related to an increase 

in NR activity. Dias and Costa (1985) reported an increase in



8,()

NO^-N in sugarbeet leaves and petiols due to salinity.
Murumkar (1986) observed that the NO^ content increases in the 
leaf and stem and decreases in roots of Cicer when treated with

— f
NaCl. It was also found that the NO, from t,he metabolic pool in

* i

the leaves decreases with increasing salinity. Usually accumula- 
tion occurs when the utilization of NO^ decreases than uptake.
NO^ accumulation has also been reported by Rajmane (1984) in 
winged beans grown under saline conditions. According to him 
the decreased NO”^ level from the metabolic pool demonstrates that 
salt induces accumulation of NO^ in the vacuoles, lowering its 
amount in the' metabolic pool and thus NO^ remains unavailable 
for further metabolism. Maghrabi at al. (1985) pointed out that 
the absorption of NO^ is achieved by the efflux of Oil- which 
shifts the pH of media alkaline. According to them only a minor 
fraction of the absorbed NO^ is accumulated in the tissue and 
the major is utilised for protein synthesis. Enrico et al. (1981) 
demonstrated that the accumulated NO^ is stored in a large 
central valuole of the mesophyll cells of barley. This is 
suggestive of the fact that NO” is not readily available for 
further utilisation, as it is not found in free condition in 
cytoplasm. j

In case of Setaria, salinity increases the NO^-N content 
in all parts of both the cultivars. This is an accordance with 
the results obtained by Menary and Allen (1979). It appears 
that the salt does not affect the uptake of NO*^, however,



affects its utilisation and hence there is accumulation of

NO^-N in Betaria. The rate of accumulation in different plant

parts also seems to be influenced by salinity. The roots of

the plants grown under non-saline condition show a minimum

value of NO^-N while it increases due to salinity in treated

plants. It appears, therefpre, that salinity influences the

translocation of N0~. Decrease in NcC from stems of SIC-1
j 5

supports this. Thus, no generalisation can be made because of 

fragmentory and scanty information. We can however, definitely 

suggest that salinity influences the uptake, translocation and 

distribution of NO^-N in SIC-1. Maximum accumulation in the 

young leaves of SIC-1 suggests that the young leaves are more 

sensitive to salt. Decrease in concentration of N0~ in stem and
i 3

its subsequent accumulation in roots indicates disturbed tran

slocation and utilization of It in SIC-1. in CV CO-5 more accu

mulation is observed in the mature leaves. The stem shows an 

abrupt increase, at 100 mM salt treatment which cannot be 

explained. However, at the low and high salt concentrations 

(50 and 200 mM NaCl) accumulation is negligible indicating that 

translocation is not affected in CO-5* High concentration of 

NO^ at the higher salinity levels indicates that it is not. 

utilised for further processes.

No information i3 available regarding NO^ content of 

the plants under saline conditions. Usually, NO^ under normal 

conditions is readily converted into NH^ and hence it is not
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accumulated in the tissue. The values obtained far NC>2 axe. 
very low and support that usually NOg does not accumulate in 
the plant tissue.

From the results obtained (Table 8 and Fig.10) it 
appears that NOg-N accumulates in SIC-1 which indicates that 
assimilation of NO^ is disturbed in SIC-1. In CV CO-5, on 
the other hand, the NO75-N is on decrease in all plant parts 
and at all the salinity levels except a slight increase in 
stem of plants exposed to 100 mM NaCl. These results suggest 
that the assimilation of N02~N is not affected by salt in CO-5. 
The accumulated NOg-N in case of SIC-1 may creatje toxic effects 
on its metabolism.

Strogonov (1970) observed a decrease in protein-nitrogen 
content in maize and soybean plants subjected to salinity.
This inhibition of protein synthesis, as suggested by him, may

i

be due to deficiency of low molecular weight components of 
nitrogen metabolism. The ratio of non-protein and protein 
nitrogen increases sharply Indicating a break-down of protein 
or the inhibition of its synthesis. Strogonov also suggested 
that upon salination, the synthesis of proteins is stimulated 
in the nucleus, however, inhibited in the cytoplasm, demonstrat
ing that different mechanisms of protein synthesis are developed

iunder saline conditions. Pessarakli and Tuciker (1905) studied
i

the ammonium metabolism in cotton under salt stress and observed 
an enhancement in protein content at the low salinity level



(-0.4 M Pa osmotic potential), its relative stability at the 
moderately salinized level (-0.8 M Pa) and significant decrease 
at the higher (-1.2 M Pa) salt concentrations. They suggest that 
ionic effect probably contributes the inhibition of protein 
synthesis.Ahmad et al. (1986) also observed similar decrease in 
protein synthesis in Azadirachta indica and Melia azedarach

tirrigated with sea water. Murumkar and Chava4 (1987-b) pointed 
out that salinity decreases soluble proteins in chickpea leaves 
at all the salinity levels studied. '•

A little variation in soluble proteins is observed in 
Pennisetum typhoides leaves under saline conditions (Reddy and 
Vora, 1985-a). Similar results were obtained by Longstreth 
et al. (1984) in the leaves of Alternanthera philoxeroides 
based on mesophyll cell area.

Contrary to this, Maas et al. (1979), observed an 
increase in protein released, with increasing salinity level 
and this increase is related to the decrease in phosphate 
uptake. In Brassica .luncea and B.compestris exposed to water 
stress, protein content was higher than that of irrigated plants 
(Gupta and Sheoran, 1979)* Kumar et al. (1982) noted a signi
ficant increase in protein level under salt stress in barley.
The ability of a plant maintaining higher protein contents at 
the higher salinity level reveals a greater potentiality of 
salt tolerance of the plant. Parihar and Baikal (,1983) studied
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the effect of salinity on nitrogen metabolism in 'frifolium 

alexandrium cultivars and observed an increase in total 

proteins but without marked difference in total nitrogen. 

According to them increased protein content is due to slower

depletion rather than synthesis of proteins. iSricson and
!

Alfinito (1984) have shown that there is an increase in the 

level of particular three proteins which are unique to 

cultured tobacco cells growing in presence of salt. According 

to them these proteins are involved in the adaptive processes 

of salt tolerance.

The protein content of different parts of a plant in 

both the cultivars of Setaria decreases due to salinity except 

the mature leaves of cultivar SIC-1, (Table 8 and Fig.11). From 

the above discussion it appears that the inhibition of protein 

synthesis may be the probable reason for the observed decrease 

in total protein conteht. The inhibition may also be due to
Hb —toxic effects of Na and Cl accumulated or probably due to 

inhibition of protein synthesizing enzymes. However, the 

reasons for the inhibition of protein synthesis yet remains 

unresolved and more information is necessary. The increase in 

protein content observed in mature leaves of SIC-1 may be due 

to slower utilization of protein rather than its synthesis.

In root and stem of the plants exposed to the highest salinity 

level (200 mM NaCl) the protein content is abruptly increased 

indicating more disturbed metabolism at this concentration.



Thus in general the protein content in both the cultivars 
decreases in all plant parts at all the salinity levels.
However, the decrease is not much significant and both the 
cultivars are able to retain the protein level at^ least to 

some extent during salt stress.

Decrease in nitrogen (mainly total nitrogen and rarely 
soluble nitrogen) is reported by number of workers like

i

Karadge (1981) in Portulacha oleracea. Patil and Bhambota (1980)
}

in citrus root stocks, Wahab and Zabran (1981) in Vicia faba. 
Medicago sativa. Glycine max and Vigna sinensis, Mashhady et al. 
(1982) in wheat and.Triticale. Patil and Patil (1983) in 
Syzygium root, Papadopulos et al. (1985) in tomato, Patil (1984) 
in the leaves of Sesbania, Dixit et al. (unpublished) in the 
mature leaves of Crotalaria species. It is suggested by these 
workers that the decrease in total N content is due to disturbed

i __metabolism and NaCI is more dentrimental in thlis respect, Cl"" 

probably interferes with nitrogen uptake. The; uptake of nitro
gen seems to be severely affected by salt.

Helal and Mengel (1979) in barley, Karadge and Chavan 
(1982) in Sesbania. Parihar and Baikal (1983) in T.alexandrium 
Patil and Patil (1983) in the leaves of Syzygium. Seemann and 
Christa (1985) in P.vulgaris. Dixit et al. (unpublished) in 
young leaves and stem of Crotalaria species have found no
significant effect of salinity on total nitrogen content.
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Chavan (1980) has reported an increase in total nitro

gen in the stem and leaves of ragi when exposed to NaCl salinity. 

Higher nitrogen concentration in shoot, root and rhiaome at the 

higher salinity treatments is observed by Gallagher (1979) in 

Sporobolus virginicus. Similar observations are made by 

Jefferies et al. (1979) in halophytes, Ravikovitch and loles 

(1971) in S.italica. Patil (1984) in stem and roots of Sesbania, 

Rajmane (1984) in winged bean, Pessdrakli and Tucker (1985) in 

cotton and Murumkar (1986) in chickpea. High levels of nitro

genous compounds along with sugars, proline and quaternary 

ammonium compounds help to maintain an internal osmotic

potential and better salt tolerance potential.
!
1

In the present study it is observed that both insoluble 

fraction and total of fractions of nitrogen decrease in young 

and mature leaves of 07 SIC-1 under saline conditions except at 

the higher salt concentrations (100 & 200 mM NaCl) in the 

mature leaves where they are on increase. Both insoluble II 

and total of nitrogen fractions increase in roots of SIC-1 

while in stem insoluble fraction increases and that of total 

decreases with salinity. From these findings it appears that 

salinity probably inhibits the translocation of N which is 

accumulated in the roots and stem.Salinity also influences the 

distribution of N into various plant parts. Accumulation of 

N in the mature leaves is indicative of incomplete utilisation 

of N especially at the higher concentrations. In CV CO-5 both



insoluble and total of all fractions decrease in young and 

mature leaves except a small rise in young leaves at 100 mM 

and mature leaves at 50 mM NaCl concentrations. In roots 

both of them increase while in stem they remain almost constant.
t

The accumulation of I in the roots is suggestive of disturbed
I

translocation. By comparing the figures it appears that the 

effect of salinity is more pronounced in variety Sit!— 1. The 

earlier work done in our laboratory also indicates a varietal 

difference in S.italics suggesting nitrogen metabolism in 

sensitive cultivar ISe-769 is more affected than the tolerant 

cultivar 00-4.

E. Proline :

The effect of NaCl treatment on proline content in 

Set aria italics cultivars is recorded in Table 9 and Pig.13»

It can be seen that salinity causes linear increase in proline 

content of the young leaves of SIC-1. In the mature leaves 

of this cultivar it dramatically increases even at the low 

salt level and then decreases sharply below the control value. 

In roots it increases at the lowest (50 mM) and the highest 

(200 mM) level of salinity. In case of cultivar CO-5, proline 

content increases in young leaves only at 50 mM NaCl and then 

decreases sharply. In mature leaves and roots a decrease is 

observed only at 100 ml and at the low and high levels of 

salinity it increases to a considerable extent.
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Increase in proline content is observed |n a number of 

plants by several workers. Recently Weimberg et al. (1902) 

observed accumulation of proline in Sorghum bicOlor, Dreier 

(1983) in Iriticum species, H.vulgare, 2ea mays.and other 

crop plants, Gorham et tO.. (1985) in Triticeae, Reddy and Vora 

(1985 b) in Pennisetum and Chandra & Chauhan (1985) in barley, 

pearl millet and chickpea. The earlier work done in our labo

ratory also indicated accumulation of proline in Crotalaria 

retuaa. groundnut, winged bean, Eleusine and other Setaria 

cultivars. Accumulation of proline is also reported from a 

number of halophytes.

It is suggested that accumulation of proline is dependent 
on the concentration of monovalent cations like K+. The accumu

lated proline acts as a osmoticum and helps the plant to osmo- 

tically adjust during salt stress.

Karadge (1981) has observed no significant change in 

proline content of Portulaca. Decreased level of proline due 

to salinity is also observed by Singh & Jain (1983) jin chickpea, 

Coughlan and Wyn Jones (1982) in spinach leaves and Dixit et al. 

(unpublished) in Crotalaria juncea. These observations indi

cate that probably proline has only a minor or no role to play- 

in salt tolerance in the plants studied.

Chandra and Chauhan (1985) observed that free proline 

accumulated in barley, pearl millet and chickpea does not show



0------- 1--------------- 1---------------1---------------1---------------1------
C 50 100 150 200

NaCI TREATMENT ( mM )
Fig. 13, EFFECT OF NaCI SALINITY'ON PROLINE CONTENT IN THE LEAVES & 

ROOTS OF S.ITALICA CULTIVARS ( SIC-1 & CO-5 ) DIFFERING IN 
SALT TOLERANCE .
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any positive eorelatian with growth and yield -under saline 

conditions. According to them proline in the leaves is not 

related to salinity resistance and hence generalisation 

regarding proline accumulation is not possible.

In Setaria, it is observed that proline is accumulated 

in the young leaves of CV SIC-1 when treated with NaCl. In 

mature leaves, however, different picture is obtained. In 

mature leaves of SIC-1 and young leaves of CV CO-5 the level 

of proline increases only at. 50 mil NaCl level and then declines 

at higher salinity levels. From these observations it appears 

that 100 mM NaCl level seems to be more detrimental in both 

the cultivars and the abrupt change at this concentration may 

be related to specific ion effect in addition to osmotic effects. 

However, no definite pattern is observed and hence proline 

content and salt tolerance capacity of Setaria cannot be 

correlated.

F.. Enzymes :

1) Nitrate Reductase (NR) :

Effect of NaCl salinity on the activity of nitrate 

reductase - NR is depicted in Table 10 and Fig.14. In SIC-1, 

the activity of the enzyme is stimulated at $0 mM NaCl and
i

then decreases at 100 and 200 njM NaCl. In mature leaves the 

activity decreases to some extent due to 50 and 100 mM NaCl 

treatments and again increases at 200 mM NaCl, however, the
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value is still less than that in control. In roots, however, 

the activity increases with increase in salt concentration, 

and it is more pronounced at 50 and 200 mM NaCl. On the 

other hand in case of CV CO-5, the NR activity increases with 

salinity in young leaves only. Mature leaves and roots, however, 

show a considerable decrease in the activity of this enzyme 

especially at 50 and 100 mM NaCl and a slight increase at 

200 mM NaCl.

Plaut (1973) has recorded an inhibition of NR in wheat 

under saline conditions. However, it was recovered after 

removing the stress. According to him induction of enzyme is 

inhibited by salinity and this is related to shift of ribosomes 

from polymeric to monomeric form and subsequent effect on 

protein synthesis. The recovery of the enzyme is attributed to 

restoration of polyribosomes. He further suggested] that 

there may be two sites of enzyme; one in cytoplasm and another 

associated with chloroplasts. Cytoplasmic fraction probably 

looses its aotivity due to inhibition of protein synthesis 

while chloroplastic fraction inhibits activity due to confor-
i

mational changes and partial d<?naturation of NR. Rakova et al. 

(1979) studied the effect of NaCl and NagSO^ on in vitro 

activity of NR in different plants. He suggested that the 

response of NR to salts added in vitro did not depend on the 

salt resistance and enzymes even from halophytes are sensitive 

to salt. Decrease in NR activity due to water stress is
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reported by Gupta and Sheoran (1979) in Brassioa .iuncea and 

B.comoestris. However, decrease is more pronounced in B..Iuncea,a 

drought susceptible plant.

Heuer and Plaut (1979) observed a decrease in NR 

activity in sugarbeet due to salinity which is attributed 

by them to the enzyme activity inhibition and synthesis of 

enzyme. Billard and Boucaud (1982) observed a decrease in 

NR activity in a halophyte Suaeda macrocarpa. They considered 

that in vitro the salt induces noncompetitive inhibition and 

NaCl stabilizes the NR substrate complex. Dissociation of a 

molybdofactor from the enzyme apoprotein takes plade which is 

responsible for decrease in NR activity (Kabisheva et al. 1981). 

Decrease in NR activity is associated with leaf relative water 

content (Sairam and Dube, 1984) in rice genotypes subjected to 

water stress. Safaralliev et al. (1984) studied the causes of 

decrease in NR activity in legumes under salt stress and found 

that it may be due to dissociation of NAD (in leaves) and Mo 

(in roots). Aslam et al. (1984) observed a severe inhibition 

of NR when salt was added in vitro while in vivo it was only 

slightly affected. This indicates that in situ NR activity is 

protected from salt injury. Decrease in NR is also reported 

by Patil (1984) in Sesbania, Rajmane (1984) in winged bean, 

Bottacin et al. (1985) in Pennisetum and Murumkar (1986) in 

chickpea which is considered by them to be due'to the unavaila

bility of substrate. A shift of NR activity ffom root to shoot
1



by salt stress is reported in a halophyte Arthrocnemum 
fruticosum (Bddin and Doddema, 1986).

On the other hand stimulatory effect of salt on NR is 
also reported by number of workers. Sankhla and Huber (1975) 
observed an increase in in vivo activity of NR in P.aconiti- 
folius seedlings exposed to saline conditions indicating the 
capacity of the plant to adjust intracellular ionic* balance. 

Chavan (1980) also observed similar trend in ragi and suggested 
that this increase enables the plant to cope with changes in 
nitrogen metabolism induced by the salinity. Dias and Costa 
(1983) studied the effect of salinity on NR in sugarbeet 
leaves and observed that NR is stimulated by low salt concen
tration, however, this is the indirect effect of salt treatment 
on the rate of enzyme synthesis or metabolic regulation. The 
stimulatory trend is also noticed by Krishnamoorthy and Siddique 
(1985) in cowpea, Karadge et al. (unpublished) in the leaves of 
Setaria and Eleusine cultivars and Dixit et al. (unpublished) 
in Crotalaria species. In Panicum (CV Varada) leaves and the 
roots of Pennisetum (GHB - 134) the enzyme activity is fairly

istable under saline conditions (Karadge et al., ,Unpublished).
f
s

NR is considered as a substrate inducible enzyme.
Dias and Costa (1983) suggested that the activity of NR is 
dependent upon the concentration and rate of NO^ supply to 
the tissue. They reported that maximum NR activity in sugar- 
beet is related to increased NOj at that time. However, a lack



of relationship between the leaf NO^ content and NR activity ia 

found by several workers. It is also suggested that most of 

the N0~ is accumulated in cells in the vacuoles (storage pool) 

and a small, rapidly metabolising inducing pool in cytoplasm.

In the present study the activity of NR decreases in 

the leaves of SI0-1 accompanied by a decrease in NC^N.

However, at the same time NO^-N content increases, which 

indicates that substrate unavailability is not responsible 

for the observed inhibition of NR. It appears, therefore, 

that the inhibition is probably due to partial dissociation 

of molybdofactor of the enzyme (Kabisheva et al., 1981) or 

conformational changes of chloroplast enzyme (Plaut, 1974) 

or decrease in enzyme synthesis (Heuer and Plaut , 1979). 

However, the decrease in enzyme activity in the leaves may 

probably be related to photosynthetic activity under saline 

conditions. At 50 mid NaCl, the activity is increased in
i

young leaves. In this case it appears that low salt level 

probably enhances synthesis of NR. The activity of NR is 

increased in roots at all the concentrations, accompanied 

with subsequent decrease in NO^-N and increase in NOg-N. At 

100 mM NaCl, a slight decrease in NR activity is observed.

The increase observed may be associated with indirect effect 

of salinity or disturbed translocation of N0~.

CO-5 shows an opposite trend* The activity of NR is 

stimulated in young leaves. It appears that in young leaves
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salinity induces enzyme synthesis. In mature leaves, however,

NR activity decreases sharply even at the low level but again 

is recovered at the higher salt concentrations. However, this 

decrease is not accompanied by an increase in NOj-N content 

and this observation suggests that unavailability of 110^ may be 

responsible for this decrease. However, at higher;salt concen

trations, content increases similar to NR activity. In

roots of CV CO-5 the activity decrease at 50 and 100 ml NaCl 

level to some extent and increases at higher concentrations.

NO^-N content also follows the similar trend with that of HR 

activity. Thus roots appear ^o be little bit stable to salinity.

From these observations it appears that in CV CO-5 the 

NR is somewhat stable to salinity. The activity of this 

enzyme is more in the leaves than in the roots. In general 

we can say that the nitrate reduction is not much affected by 

salt in CV CO-5 and this may be considered as an adaptive 

feature.

!
!

ii) Nitrite Reductase (NiR) :

The influence of NaCl salinity on the activity of NiR 

in the leaves and roots of Setaria cultivars is recorded in 

Table 10 and Fig. 14. It can be seen that the NiR activity is 

several fold higher than that of NR. It is also clear that 

the activity increases both in the leaves and roots of CV 

SIC-1 except a small decrease in the roots at 100 mM NaCl.
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In CV CO-5 the activity appears to be little bit stable to 

salinity in young leaves and roots, however, it decreases 

in mature leaves at 50 and 200 mM while increases to some 

extent at 100 mM NaCI treatment.

Very few reports are available on the influence of
i

NaCI on NiR activity. Heuer and Plaut (1979) observed a 

decrease in NiR activity uhder saline condition,^ in sugarbeet 

probably due to adverse effect of salinity on the enzyme 

itself. Rajmane (1984) has reported inhibition of NiR in 

the leaves of winged bean, however, the inhibition is not 

comparable with that of NR. According to him the observed 

decrease in NiR activity is due to lack of substrate - NOg* 

Murumkar (1986) also observed inhibition of NiR with increasing 

salinity. Unavailability of substrate, disturbances in enzyme 

protein and decrease in supply of reducing power are 3ome of 

the probable reasons for the inhibition that was observed.

Paul et al. (1985) have studied the effect of a reduced osmotic 

potential due to water stress on NiR in isolated spinach chlo- 

roplasts and observed inhibition of NiR due to decreased 

osmotic potential is probably due to the effect on the inter

action of NiR with ferridoxin. Bottacin et al. (1985) however, 

observed no effect of salinity on NiR in P.americanum genotypes.

Helal and Mengel (1979) suggested that salinity impaires 

incorporation of labelled nitrogen into protein and accumulates 

labelled inorganic-nitrogen. This may be related to synthesis
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of enzyme protein. The chloroplastie location of NiR suggests 

that any change in photosynthetic activity is directly related 

to NiR activity. The enzyme also depends on phot©phosphoryla

tion for supply of reduced ferridoxin. ;
i
I

The increase in NiR activity in the leaves and roots 

of SIC-1 is associated with the decrease in NO-^-N content.

NO^^N concentration increases little above to that in the 

control plants in the mature leaves at 200 mM NaCl and in roots 

at 50 mM NaCl. The increase in NiR in SIC-1 is well co-related 

with increase in NR activity. It is a well known fact that 

activity of NiR is more than that of NR to avoid accumulation 

of N0~. 3}p.e to increased NR activity, NOg concentration is

increased, to avoid accumulation of NO^* NiR also increases.

In case of CV C0-5» in young leaves NR activity increases but 

NiR activity remains little bit,Stable or decreases slightly 

which results in accumulation of NO2. Decrease in reducing 

power may probably be repsonsible for this observed decrease. 

Mature leaves do not show any definite pattern. At 50 mM NaCl 

treatment, NiR decreases sharply and this is in accordance with 

decrease in NR and NOg-N, at the same time. However, at 100 mM 

NaCl the activity of NR increases to some extent but NiR acti

vity increases to a considerable extent with an increase in NO^ 

content. But again at 200 mM, NR activity increases but NiR 

decreases. It seems that the fluctuations are not related to 

substrate available but probably related to disturbed enzyme-
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protein and supply of ferridoxin. NiR of the roots of CV GO-5 

appears to he stable under saline conditions except a decrease 

at the highest salinity level i.e. at 200 mM Had.

lii) Glutamate oxaloacetate transaminase (GOT) :

The influence of NaCl salinity on the activity of GOT 

is shown in table 11 and Fig. 15. It is clear that the activity 

of this enzyme decreases due to salinity in the leaves and 

roots of SIC-1. However, a considerable increase of it in 

young leaves at 100 mM NaCl is noted in the same cultivar. In 

CV C0-5 the activity of GOT increases in both young and mature 

leaves except a decrease in both at 50 mM NaCl treatment. In 

roots the activity of this enzyme decreases at all the salinity 

levels.

Decrease in GOT activity is recorded by Karmarkar and 

Rangnathan (1971) in Bryoph.vllum under saline conditions. 

Similar decrease is also observed by Gupta and Sheoran (1979), 

while studying the effect of water stress on Brassica .duncea 

and B.compestris. The decrease is more pronounced in B..juncea 

which is susceptible. Krishnamoorthy and Siddique (1985) also 

observed a decrease in GOT activity in Vi&na unguiculatu 

exposed to salt stress.

Sharma and Garg (1985), however, have observed stimula

tory effect of NaCl on the activity of GOT in the leaves and 

roots of wheat. Murumkar (1986) observed an increase in GOT



Ta
bl

e 11
 s E

ff
ec

t of
 N

aC
l sa

lin
ity

 on
 th

e a
ct

iv
ity

 of
 gl

ut
am

at
e o

xa
lo

ac
et

at
e 

tra
ns

am
in

as
e in

 th
e l

ea
ve

s an
d r

oo
ts

 of
 S

.it
al

ic
a c

ul
tiv

ar
s (S

IC
-1

 
an

d C
O

-5
) di

ff
er

in
g i

n s
al

t to
le

ra
nc

e.

B
ac

h v
al

ue
 Is

 me
an

 of
 th

re
e d

et
em

in
at

io
ns

.

i Roo
ts 3

4)POu
•• •• 0.

09
41

0.
04

53

0.
06

13 o
d*oaO

m<D
£
H

: C
hi

 or
 o-

 :P
ro

te
in

 t C
hl

or
o-

 
:p

hy
ll : 

:p
hy

ll

0.
29

75

0.
42

97 o
3
c—•O 0.

67
73

LA
1

PO

: Yo
un

g l
ea

ve
s s M

at
ur

e
G

O
T
 ac

tiv
ity

 (m
g O

A
A

 fo
rm

ed
 h~

^ m
g-

 ̂)

0.
34

00
 0.02

98 HVOd
o

t-
IAVO-V•o 0.

76
17

 0.04
68

0.
77

23
 0.05

13
••

a
©
15U
PH•• «#
a
©P0u

P*• • ••
1

O Pi«* • »
a

*uP4*• «|

inK\K\O•O 0.
02

94 t—
CMtno•o 0.

05
37

: R
oo

ts

0.
07

41 00
fc
o•o

CMOtno•
o 0.

05
04

• Mat
ur

e le
av

es

0.
81

80

0.
62

29 c—
5*
tn•
o

cntnintn.
o

SI
C

-1

0.
04

24

0.
03

62 00
K\oao

o
CMtno.o

• to ©
§
©H
ttf)
i

l
P HOr-i

O Pi••

CM<T\o\
H»
O 0.

12
17 t—inoVO•o 0.

17
13

©
PoU(H 0.

01
27

0600*0 0.
05

04

0.
01

34

cJ.
a

Tr
ea

tm
en

t: 
m

M
 

;

0
(C

on
tro

l)

oin 10
0

20
0



Similar

1 JO

activity in chickpea when exposed to salt stress. Similar 

increase is also reported by Joshi (1976) in mangroves and by 

Rao Gururaj et al. (1981) in peanut under saline conditions. 

According to these workers the increase in GOT activity may 

be due to greater availability of carbon skeleton for amino 

acid synthesis and this increase may help to decrease toxic 

effects of NH^.

In the present study, in CV SIC-1 the activity of this 

enzyme decreases both in the leaves and roots except a sudden 

increase at 100 mM NaCl. This decrease in the activity may 

be due to the effect of salinity on enzyme itself or decrease 

in the.~'supply of carbon skeleton and donor amino,acids. Abrupt 

increase at 100 mM NaCl cannot be explained. In CV CO-5, in 

young leaves, activity of the enzyme increases at 200 mM, it
i

is stable at 100 mM and decreases slightly at 50 mM NaCl 

concentration. In mature leaves, it decroases only at 50 mM 

salt level and then increases. The increase observed may be 

due to greater availability of carbon skeleton and this increase 

is helpful to decrease toxic effect of NH^, The enhanced synthe

sis of amino acids is considered as an adaptive feature in 

osmotic adjustment. However, such study is not conducted in 

Set aria. In roots, however, the activity is decreased at all 

salinity levels. The results obtained on chlorophyll basis 

are more or less similar to those obtained on protein basis.

i
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Fig. 15 EFFECT OF NaCl SALINITY ON THE ACTIVITY OF GLUTAMATE 
OXALOACETATE TRANSAMINASE IN THE LEAVES & ROOTS OF
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TOLERANCE. '



Ill

iv) Alanine Amino Transferase (AAT) :

The changes in the activity of AAT in the roots and 
leaves of Setaria cultivars are recorded in Table 12 and Fig.16. 
It is evident that the activity of AAT in both the leaves and 
roots increases in SIG-1 while at the same time it decreases 
in CV CO-5 with salinity stress.

Decrease in AAT activity is recorded by Gupta and 
Sheoran (1979) in Brassica .juncea and B.compestris when exposed 
to water stress and by Krishnamoorthy and Siddique (1985), in 
cowpea under salt stress. On the other hand increase in AAT 
activity is recorded by Joshi et al. (1962). According to them 
stimulation of amino-transferases along with inhibition of 

malate dehydrogenase suggests a shift from organic acid to 
amino acid synthesis. Similar stimulatory trend is also reported 
by Kamarkar and Rangnathan (1971) in GAM plant, Bryophyllum, 
Joshi (1976), in mangrooves, Rao Gururaj et al. (1981) in peanut, 
Sharma and Garg (1985) in wheat, Murumkar (1986) in chickpea and 
Dixit et al. (unpublished) in Crotalaria species. According to 
these workers the increase in AAT activity is useful for 
conversion of pyruvate to amino acids in presence of and 
thus avoid accumulation of toxic ammonia.

In the present study the activity of AAT in CV SIC-1
increases in young leaves, mature leaves and roots. This may

!
be related to synthesis of amino acids. Howeve^, in CO-5
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Fig. 16 EFFECT OF NaCl SALINITY ON THE ACTIVITY OF ALANINE 
AMINO TRANSFERASE IN THE LEAVES & ROOTS OF S.ITALICA 
CULTIVARS (SIC-1 8.CO-5) DIFFERING IN SALT TOLERANCE.



the activity decreases in both the leaves and roots at all 
the salinity levels. The decrease may be probably due to 
unavailability of carbon skeleton. It is also probable that 
the another mechanism of amino acid synthesis, namely transa
mination (GOT) may be dominant in this species.

v) Glut amine Synthetase (GS) :

The influence of salinity on the activity of GS in the
cultivars of S.italica is shown in Table 13 and Fig.17. It

I
appears that the activity of GS increases both in the young 
and mature leaves of CV SIC-1, while decreases in both type 
of leaves in CV CO-5 due to salinity stress,

Very little information is available about the effect 
of salinity on the activity of'GS. Rakova et al. (1979) 
studied the effect of NaCI and ^£30^ on in vitro activity 
of GS in different plants having different salt tolerance 
potential. According to them the GS either from the halophytes 
or from the glycophytes is equally susceptible to salt stress. 
According to them GS is more salt sensitive than GDI! and NR. 
Boucaud and Billard (1979) reported inhibitory action of salt
on GS activity and suggested that NaCl interferes the enzymei
synthesis process in Suaeda a halophyte, larher et al. (1977)

r'IU" 1

also observed suppression of enzyme activity due to salinity in 
a halophyte, Triglochin marltima. Similar decrease is observed 
by Krishnamoorthy and Siddique (1985) in cowpea and Dixit et al.
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(unpublished) in Crotalaria species. NaCl may act as a non
competitive inhibitor of GS. Similarly decrease in supply 
of ATP dr Mg^+ or Mn^+ may be responsible for the decrease of 

GS activity.

On the other hand increase in GS activity is reported 
by Bottacin et al. (1985) in P.americanum a resistapt genotype, 
however, the activity in sensitive genotypes decreases with 
increasing salinity. They further suggested that the increase 
in GS activity in resistant genotypes under salt stress is 
related to a shift of nitrogen assimilation pathway towards 
glutamine route (GS - GOGAT pathway). Rajmane (1984) reported 
a slight increase in GS activity in winged bean under saline 
conditions. Murumkar (1986) also reported stimulatory effect 
of salinity on GS activity in chickpea.

In case of Setaria, the activity in CV SIC-1 increases 
both in young and mature leaves. At 50 mM NaCl treatment the 
activity decreases slightly by about 10$, however, at the same 
time the activity in mature leaves is increased; by about nine-

I
fold that of the control. The increase in GS activity in SIC-1

!
may be related to a shif towards glutamine route. However, 
this needs further studies. In CV CO-5 the activity is 
decreased both in the young and mature leaves except an 
increase in mature leaves at 50 mM NaCl. The decrease observed 
may be due to decrease in enzyme synthesis or decrease in the 
supply of ATP.
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Fig'. 17 EFFECT OF NaCl SALINITY ON THE ACTIVITY OF
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vi) Glutamate Dehydrogenase (GDH) :

The effect of NaCl salinity on the activity of GDH in 

the young and mature leaves of Setaria cultivars is shown in 

Table 14 and Pig. 18. It appears that the activity cif GDH is 

stimulated in SIC-1 and that inhibited in CV CO-5 by salinity.

Rakova et al. (1979) observed that in vitro GDH, 

isolated from tolerant and sensitive plants, is susceptible 

to NaCl and that GDH is medium tolerant to salt. Gupta and 

Sheoran (1979) observed a decrease in GDH in Brassica .luncea 

and B.compestris due to water stress. The inhibition is more 

pronounced in B.juncea, a susceptible species.. Ahmad et al. 

(1979-a) observed that partially purified GDH is inhibited by 

Cl . NaCl changes Km and appears to behave like a non

competitive inhibitor of this enzyme. The inhibition is pH 

dependent. According to Kulikov (1983), the behaviour of this 

enzyme also depends upon the mineral nutrition.I
I

Tur and Skazhenic (1980) observed that salinization
t

produces a sharp increase in GDH activity in seedlings and 

roots of rice. Increased GDH in roots and leaves of wheat 

is reported by Sharma and Garg (1985). Bottacin et al.,

(1985) observed an increase in GDH by salt stress in 

P.americanum. However, the increase is more pronounced in 

susceptible cultivars and it is related to shift of nitrogen 

assimilation pathway. Similar increase is observed by Dixit
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et al. (unpublished) in Crotalaria verrucosa and C.juncea.

The increase is indicative of increase in catabolic activity.

The activity of G-DH increases in young and mature 

leaves of SIC-1. This indicates an increase in catabolic 

activity leading to synthesis of oc - ketoglutarate, under 

saline conditions. In CO-5 the activity decreases which is 

indicative of stimulation of G-S - GOGAT pathway in this 

cultivar.
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