
RESULTS
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Effect of Nad salinity and various concent rations of 
putrescine on shoot growth of rice

Sodium chloride salinity adversely affected growth of 
rice plants. NaCl, at 12 ds/m salinity level, decreased the 
linear growth and dry weight of the shoot system by 37 and 60% 
respectively of the control at the end of 30 days of salinizat
ion (Table 1). Among various concentrations of putrescine 
tested, a significant increase in the linear growth and dry 
matter production of shoot system under saline condition was 
obtained from 10~** and 10“^ putrescine treatments. The 

maximum stimulation of shoot growth, an increase of 30% in 
linear growth arid 39% in dry matter accumulation, as compared 
to salt control was observed under 10“^M putrescine treatment. 
In non-stressed plants also 10“'* and 10“^ putrescine 

treatments significantly increased the dry matter production 
of the shoot system. The highest (10“%) and the lowest 
(10"%) concentrations of putrescine failed to make any 

significant change in shoot growth under saline condition. 
However, the shoot growth of non-salinized plants (control) 
was markedly reduced by putrescine at 10“% concentration.

Since 10“-*M putrescine treatment gave maximum stimulation 

of growth under saline condition, this concentration was 
employed in all subsequent experiments.
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Table 1. Effect of different concentrations of putrescine on 

extension growth (cm) and dry weight (g) of shoot 

system of rice after 30 days of salinization.

Treatments Shoot length Dry weight

Control 57 1.62

Nad 36b 0.64b

Nad + 10 °M putrescine AO 0.70

Nad + 10 putrescine 47a 0.89a
Nad + 10“% putrescine 44a 0.80 a
Nad + 10”% putrescine 39 0.61
10”% putrescine 56 1.57
10”% putrescine 60 1.85b
10”% putrescine 58 1.77b
10“% putrescine 52 1.35b

•a* significantly different from salt control (P < 0.05). 

'b* significantly different from pure control (F< 0.05).



PI ate 1 . Effect of NaCl salinity (12 dS/m) and 
putreseine (10“^M) on growth of rice.



PLATE:
\ -



Plate 2, Effect of Nad salinity (12 ds/m) and 

GA3 (10 ppm) on growth of rice.



PLATE '• 2
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Extension growth, fresh weight and dry weight of shoot and 
root systems

Extension growth of shoot and root systems (Tables 2 
and 4) of control plants progressively increased until day 
30i the growth rate, however, declined considerably there-i

after. Fresh weight and dry weight of shoot and root systems 
(Tables 6, 8, 10 and 12) continued to increase even after the 
cessation of elongation growth of both the plant parts. The 
fresh weight and dry weight accumulation of shoot and root 
systems, however, showed a marked defcline from day 50 onwards. 
Plants grown under various other treatments also followed 
almost the same pattern of growth as that of the control.
On day 60, the height, fresh weight and dry weight of shoot 
system (Tables 2,6 and 10) of plants grown in the presence 
of Nad were only 55, 49 and 35% of the control respectively. 
Similarly the length, fresh and dry weights of root system 
(Tables, 4, 8 and 12) were also reduced to 64, 53 and 43% 

of the control respectively at the end of day 60.

Application of putrescine, however, enhanced the 
extension growth of shoot and root systems (Tables 2 and 4) 
of sal ini zed plants by 35 and 23% respectively over the salt 
control on day 60. The shoot and root systems of salt- 
stressed plantst as a result of putrescine application, 
produced 49 and 25% respectively more fresh weight than the 
salt control at the end of the experiment (Tables 6 and 8).
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Similarly putresfcine-treated salt-stressed plants shewed 
an increase in their dry weight of shoot and root systems 
by 44 and 29% respectively over the salt control on the 60th 
day (Tables 10 and 12).

GA^ administration also significantly increased the
growth of shoot and root systems of plants under saline
condition. Plants treated with 0Aj showed a better growth of
shoot system than the putrescine - treated ones under saline
as well as non-saline conditions. On day 60 the linear
growth, fresh weight and dry weight of shoot system of GA, -> ^ 
treated salinized plants were (Tables 3» 7, and 11),
respectively, 66, 70. and 85% more than the salt-stressed
plants. However, the fresh and dry weights accumulation of
GAj - treated salt-stressed plants was much less compared
with control plants. Gibberellic acid also had a pronounced
effect in increasing the elongation of shoot system of rice
grown under culture conditions without Nad. Shoot
elongation was 16% more in GA^ - treated control plants
compared with untreated controls on day 60 (Table 3). The
growth of root system of GA^ - treated salinized plants was.
much less compared with shoot growth. On day 60, the linear
growth, fresh and dry weights of the root system of GA^ -
treated salinized plants registered an increase of 30, 45
and 37% respectively over the salt control (Tables 5, 9 and

13).
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Total leaf area

The total leaf are (Table 14) of plants increased 
steadily until day 40 and their rate of increase declined 
thereafter. A similar trend was observed in the salt-stressed 
plants as ¥611, Soil salinity reduced the total leaf area 

to 58% of the control on day 55. But the application of both 
growth regulators resulted in a considerable alleviation of 
salt-induced inhibition of leaf growth in rice. Treatment 
with putrescine increased the leaf area of salinized plants 
by 21% of the salt control by day 55 (Table 14).

GAj proved to be more effective in promoting leaf 
growth than putrescine under stressed condition. GA^ 
treatment considerably increased the leaf area of salinized 
plants which was 52% more than that of the salt control on 
the 55th day (Table 15). GA^ application resulted in a 
pronounced increase in the leaf area (13% more than control 
on day 55) in non-stressed control plants also.

Total chlorophyll content

Changes in the chlorophyll content of plants subjected 
to various treatments are presented in Tables 16 and 17.
The maximum content of chlorophyll was present on day 40 in 
control as well as in salinized plants. Treatments with 
putrescine or GA^ did not change the pattern of chlorophyll 

accumulation either in stressed or in control plants. The 
total chlorophyll content in the salt-stressed plants* as
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observed in the case of leaf area, also considerably decreased 
compared with control* Plants grown under saline condition 
showed only 43% of the control at the end of the experiment 
(Table 16). However, by day 55, this level was increased by 36% 
more than that of the salt control as a result of putrescine 
administration (Table 16). Treatment with GA^ also enhanced 
the chlorophyll content of salinized plants. Again, as with 
the leaf area, GA^ was found to be more effective in maintain
ing maximum chlorophyll content (65% more than that of the 
salt control on day 55) under salt-stressed conditioni, * ' *

(Table 17)* A noticeable increase in the chlorophyll 

content of non-stressed plants was observed in response to 
putrescine and GA^ treatments. Both putrescine and GA^ 
also reduced the Nad induced senscence associated symptoms 
such as yellowing of older leaves,, necrosis of leaf margins 
etc.

Sodium, chloride and potassium contents

Figures 1,3 and 5 show the concentrations of Na+, 
d" and K* in shoot and root tissues following salinization 

during the period of growth. During exposure to salinity 
shoot and root tissues accumulated very large amounts of 
Na+ and Cl" but the K* content was found decreased. Na+ 
and d~ concentrations increased with time and a major 
portion of these ions accumulated within 10 days of salini
zation in both the plant parts. In the last , determination
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Fig. 1. Effect of Nad salinity (12 dS/m) and putreseine 
(10“^M) on the content of Na+ in the shoot (a) 
and root (b) systems of rice. Contrbl(#), Nad 
(O ), Nad +putreseine ( A), putreseine ( A ). 
Vertical bars represent S.E. of the mean.
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Pig. 2* Effect of NaCSL salinity (12 ds/m) and GA^ (lOppm) 
on the content of Na+ in the shoot (a) and root 
(b) systems of rice. Control (#}, NaCl (O)* 
Nad+GAj(D), GAj(B). Vertical bars represent 
S.E. of the mean.
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Fig. 3. Effect of NaCl salinity (12 dS/m) and putrescine
(10“5M) on the content of 61“ in the shoot (a) and 
root (b) systems of rice. Control (•)» NaCl (0)» 

NaCl+putrescine (A), putrescine (A). Vertical 
bars represent s.E. of the mean.
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Fig. 4. Effect of Nad salinity (12 ds/m) and GA ^( 10 ppm) 
on the content of d" in the shoot (a) and root 
(b) systems of rice. Control (•), Nad (O), 
Nad+GA^ (□), GAj (■). Vertical bars represent 
S.E. of the mean. I
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(on day 55) level of Na+ in the shoot and root tissues of 
salinized plants registered 7» and 5*1 fold increase 
respectively over the control values (Fig. 1a and b)* 
Accumulation of Na+ in shoot and root tissues was considerably 
limited by the treatment of putrescine or GA^. At the end of 
55th day the levels of Na+ in shoot and root tissues of 
putrescine - treated salinized plants were 20 and 15% respect
ively less than that of salt control (Fig. 1a and b). The 
shoot system of GA^-trested salinized plants contained much 
less Na+ (31% less than that of the salt control on day 55) 
than the putrescine - treated salt-stressed plants (Fig.2a). 
The root Na+ content of GA^ - treated salt-stressed plants 

showed a reduction of only 23% compared with salt control on 
day 55 (Fig. 2b).

The results of the Cl” analyses indicate that shoot and 
root tissues of rice plants stressed with NaCl maintained 
high amounts of Cl" which were respectively 5.1 and 4 fold 
more than the control on day 55 (Fig. 3a and b). Administ
ration of putrescine reduced the level of Cl" in the shoot 
system by 19% on day 55 as compared with salt control 
(Fig. 3a). However the root system of salinized plants did 
not show any great reduction in its Cl" content in response 
to putrescine treatment. Compared to putrescine application
Cl” accumulation was found to be more sensitive to GA,5
treatment. A reduction in the level of Cl" to the tune of
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Fig. 5» Effect of Nad salinity (12 ds/m) and putres- 
cine (10“%) on the content of K+ in the shoot 
(a) and root (b) systems of rice. Control (•)» 
Nad (O)» Nad+putrescine, (A), putrescine 
(A). Vertical bars represent S.E. of the mean.
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t

Fig. 6. Effect of Nad salinity (12 ds/m) and putrescine 
(10 ppm) on the content of K+ in the shoot (a) 

and root (b) systems of rice. Control (•)» Nad 
( O ), Nad+GA^ ( □ ), GA^( ■). Vertical bars 
represent S.E. of the mean.
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30S6 »as noticed in the shoot system of GA3-treated salinized 
plants compared with salt control on day 55 (Fig. Aa). A

i

considerable inhibition in Cl" accumulation in the root system 
of salt-stressed plants by GA^ was noticed until day 25 but 
this effect was not discernible later on (Fig. Ab).

■ The K+ contents of shoot and' root tissues. (Figs. 5 )C. 
were 0.375 and 0.28 mmole g“1 fresh weight respectively prior 
to the imposition of salinity. Within five days of, salinizat
ion the levels of K+ dropped to lower values which did not 
show any dramatic alteration till the end of the experiment. 
The reduction in the level of K+ in shoot and root tissues on 
day 55 was, respectively, 25 and 31 % of the control (Fig. 5a 
and b). The K+ content of the shoot and root systems of 
salinized plants on day 55, registered an increase of 16 and 
12% respectively over the salt control as a result of 
putrescine application (Fig. 5a and b). However, treatment 
of control plants with putrescine failed to bring about ahy 
significant change in the content of K* in their shoot and 
root systems. The salinized plants with respect to K+ content 
showed a better response to GA^ application as compared to 
putrescine. The shoot and'root tissues of GAj - treated salt- 
stressed plants accumulated 21 and 18% respectively more K+ 
than that of the salt control on day 55 (Fig, 6a and B). The 
level of K+ in the shoot system of control plants also 
exhibited a trend towards increase wider the influence of GA^.
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0 10 25 40 55

Fig. 7. Effect of NaCl salinity (12 dS/m) and
gutrescine (10“%) on the content of 
proline in the shoot (a) and root (b) systems 
of rice. Control(#), NaOL (O), NaC1+ 
putreseine (A), putrescine (A). Vertical 
bars represent S.E. of the mean.
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Fig. 8. .Effect of NaCL salinity (12 dS/m) and GA^ (10 ppm)
on the content of proline in the shoot (a) and root(b) 
systems of rice. Control (•), Nad(0)f NaGL+GA^CD), 

GA^ (p). Vertical bars represent s.E. of the mean.
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Free proline content

The free prollne contents of shoot and root systems of 
control plants were very low( 1.6 and 1.2 yumole g“1 fresh 

weight respectively) prior to the imposition of salt treat
ment "(Fig. 7a and b). This level rose by 6 and 4.5 fold 

respectively on the fifth day of Nad treatment. In the 
shoot system of salinizeid plants the proline content built 

up further, though at a lower rate, until day 10 of 
salinization and declined during the subsequent growth 

period”. The root system, however, did not show any drop 
in its proline content as observed in the case of shoot 
system (Fig. 7b). Putrescine application resulted in a 

considerable diminution of proline content of the shoot 
system (Fig, 7a) of salinized plants (16% less than the 

salt control on day 55 following salinization),, however, 
no such change was detected in the root tissues (Fig, 7b). ,

Administration of GA^ resulted in a more conspicuous 
fall in the proline content of the shoot system of. salt- 

stressed plants (27% less than the salt control at the end 

of 55 day period of NaCl treatment) than that observed 
under putrescine treatment (Fig. 8a). Proline concentration 
of root system of GA^ - treated salt-stressed plants (Fig. 
8b), on the other hand, registered a small reduction compared 

to the salt control, but this reduction was not found 
significant on days 25 and 55. Putrescine as .well as GA^ 
treatments failed to make any significant alteration in the 
proline content in non-stressed plants.
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0 10 25 40 55
Days after salinization

Fig. 9. Effect of NaCI salinity (12 ds/m) and total 
putrescine on the content of total
QAC in the shoot (a) and root (b) systems of 
rice. Control (•), Nad( O)» Nad +put res cine 
(A), putrescine (A). Vertical bars represent 
S.E. of the mean.
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0 10 25 40 55
Days after salinization

Fig. 10. Effect of Nad salinity (12 ds/m) and GA^ (10 ppm) 
on the content of total QAC in the shoot (a) and 
root (b) systems of rice. Control,(#), NaCL (O), 
NaCL+GA^ (□)., GA^( ■). Vertical bars represent 

< S.E. of the mean.
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Content of total quaternary ammonium compounds (QAC)

Total QAC levels in unstressed plants did not rise above 
2.7 ^mole g fresh weight during the 55 day experimental 
period (Fig. 9a). Like proline the level of QAC also rapidly 
increased in shoot and root tissues in response to salinizat
ion and it continued to rise until day 25. On day 25 follow
ing salinization, QAC levels in shoot and root systems were, 
respectively 2.1 and 2.7 times more than that of the 
corresponding control values (Fig, 9a and b). Subsequently 
the level of these compounds reached lower value in both the 
plant parts. Growth regulator treatments, except in the 
shoot system of GA^ - treated salt-stressed plants, could not 
bring about any'considerable change in total QAC content 
either in stressed ok in non-stressed plants (Figs.9 and 10). 
Application of GA^ to stressed plants, decreased the level of 
total QAC of the shoot system by 21°/o of the salt control on 
day 55 (Fig. 10a).

Indole acetic acid (IAA) content

The figures 11 and 12 illustrate the endogenous levels 
of free IAA at varying periods of time in shoot and root 
systems of rice plants subjected to different treatments.
The level of IAA in the shoot system of control plants 
increased during the initial stages of growth (up to day 10 
of the experiment) and remained steady until day 25, after 
which the IAA content declined to lower levels (Fig 11 a).
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u i i----1------------ ---------------- ,--------------- ,---10 25 40 55
Days after salinization

T,i
Fig. 11. Effect of Nad salinity (12 ds/m) and

putreseine (10“%) on the content of IAA in 
the shoot (a) and root(b) systems of rice. 
Control (• ), Nad( O ) * Nad +putrescine( A ), 
putreseine U). Vertical bars represent S.E, 
of the mean.
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Fig. 12. Effect of Nad salinity (12 dS^m) and GA^ (10 ppm) 
on the content of IAA.in the shoot (a) and root(b) 
systems of rice. Control (•), Nad(O), NaCl+GA3 • 
(□)» GA^(ti)* Vertical bars represent S.E. of the 

mean.
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In the case of root system, IM content increased during 

first 10 days of growth and registered a declining trend 
thereafter (Fig. 11b). Apparently in rice plants salinity 

reduced the amount of auxin available for growth. The free.

IAA contents in shoot and root tissues of salt-stressed 

plants were only 45 and 40% respectively of the control on 

day 55 (Fig, 11 a and b). An appreciable improvement in the 

content of iaa (55% more than that of salt control on day 55) 

was recorded in the shoot system of putrescine-treated salt- . 

stressed plants while the root system displayed a significant

increase in its IAA content only till the 25th day (Fig, 11 a
(

Both shoot and root tissues of GA^-treated salt-stressed 

plants showed higher levels of IAA than those of putrescihe- 

treated salt-stressed plants. (Fig.12 a and b). On day 55 

shoot system of GA^-treated salt-stressed plants contained 

53% more of IAA than that of the salt control (Fig.12a). A 

noticeable increase in the IAA content of the root system 

of salt-affected GA^-treated plants was discernible only upto 

the 40th day (Fig. 12b). No marked change in IAA content was 

found in non-stressed plants in response to putrescine 

administration,whereas GA^ slightly enhanced the IAA level 

in the shoot system.

Content of GA-like substances
GA-like substance (Fig,13) in the shoot system of control 

plants progressively increased parallel to growth and attained
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OH---------- 1------------- j---------------- j---------------- ,---
10 25 40 55

Days after salinization

Fig, 13. Effect of NaCl salinity (12 ds/m) and putrescine 
(1 CT^M) on the content of gibberellic acid like 
substances in the shoot (a) and root(b) systems 

of rice. Control(•), NaCl(O), NaCl+putrescine 
(A), putrescine (A), Vertical bars represent 
S.E, of the mean.



79

its maximum level by day 25 and maintained that level until 
day 40 (Fig. 13a). The content of GA-like substances 
considerably decreased subsequently. As in the case of shoot 
the maximum content of GA-like substances in the root system 
of. control plants was detected on day 25» however its level' 
greatly reduced later on (Fig. 13b). Salinization of growing 
medium substantially reduced the content of GA-like 
substances in both shoot and root (29 and 35 % respectively 
less than the control value on day 55) systems (Fig. 13), 
Administration of putreseine slightly enhanced the level of 
GA-like substances in the shoot system of salt-stressed 
plants whereas it could not make any change in the root 
system of salt-affected plants. The content of GA-like 
substances in the shoot system of putre seine-treated NaCl- 
stressed plant was 14% more than that of the salt control 
on day 55 (Fig.13a).

Abscisic acid (ABA) content

The content of free AB4 in control plants was very low 
during the active growth phase but slowly increased to higher 
values in both shoot and root systems as their rate of growth 
decreased (Fig.14)- When plants were subjected to salt stress 
free ABA content of shoot tissue rose rapidly for 5 days and 
reached its maximum level which was 7 times more than the 
corresponding control value (Fig. 14a). The ABA content then 
declined but remained consistently higher than that of non- 
sal ini zed plants throughout the experiment. The level of ABA
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Fig. 14. Effect of Nad salinity (12 dS/m) and
putrescine (10*^M) on the content of ABA in the 
shoot (a) and root (b) systems of rice. Control 
( • ) $ Nad ( O ), Nad+put re seine (A ), putre
scine (A). Vertical bars represent S.E. of 
the mean.
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0" ......... I ! I I I

10 25 40 55
Days after salinization

Fig. 15. Effect of Nad salinity (12 dS/m) and GA^ (10 ppm) 
on the content of ABA in the shoot (a) and root (b) 
systems of rice. Control (•)» NaCl (O)* NaCl+GA^ 
(□)i G-Aj(B). Vertical bars represent S,E, of the 
mean.
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in the root system of salt-stressed plants, after a rapid 
and conspicuous hike during the first 5 days of experiment,

' vcontinued to increase and attained the maximum level by day 
10 which was 5 times more than that of the control value.
The ABA level declined gradually thereafter (Fig. 14 b).

NaCl induced accumulation of ABA in the shoot system 
was markedly influenced by putrescine application. Treatment 
of plants with putrescine supressed the build up of free ABA 
in the shoot system of sal ini zed plants by 14% (of the salt 
control) at the end of day 55 (Fig. 14a). The root system of 
putrescine - treated salt - stressed plants on the other hand, 
showed a significant reduction in its ABA content dnly until 
day 25 (Fig, 14 b). Consequently the ABA content shot up and 
reached a value near to that of the salt control. Gibberellic 
acid was found more effective in counteracting ABA accumulat
ion in rice plants exposed to NaCl. At the end of the 
experiment the shoot and root systems of GA^ - treated salt - 
stressed plants contained, respectively, 26 and 15% less ABA 
than the salt control (Fig, 15 a and b). No considerable 
variation in the ABA content in control plants could be 
noticed despite their treatment with putrescine whereas a 
slight decrease in the ABA content was evident in the shoot 
system of GA^ - treated control plants.
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Fig. 16. Effect of Nad salinity (12 ds/m) and putrescine 
(10“^M) on the activity of IAA oxidase in the 
shoot (a) and root (b) systems of rice. Control 
( •), NaCl ( O) # Nad+pnt re seine (A), putresc- 
ine(A). Vertical bars represent s.E.of the mean.
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0 10 20 30 40 50 60
Days after salinization

Fig. 17. Effect of Nad salinity (12 dS/m) and GA^ (10 ppm) 
on the activity of IAA oxidase in the shoot (a) 
and root (b) systems of rice. Control (•), Nad 
(O), Nad+GAj (□), GA3 (■). Vertical bars 
represent S.E. of the mean.
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IAA oxidase activity

The influence of salinity and the growth regulators 
(putrescine and GA^) on the activity of IAA oxidase during the 
growth of rice was examined. The shoot and root systems of 
salinized plants exhibited a very high activity of IAA 
oxidase throughout the study period compared with control 
(Fig. 16). The enzyme activity though declined in shoot 
and root systems of salinized plants to a lower level at 
the end of the experiment, it was still 1.2 and 1.3 times 
respectively more than the corresponding control values 
(Fig. 16). The individual supply of putrescine and GA^ 
suppressed the IAA oxidase activity of shoot system of salt- 
stressed plants but the inhibition due to putrescine was 
not as great as that found tflth GA,. Putrescine treatment 
decreased the IAA oxidase activity in the shoot system of 
salinized plants by 10% of the salt control on day 60, 
whereas no significant reduction in the IAA oxidase activity 
was detected in the root system at the same time (Fig. 16a 
and b). The activity of IAA oxidase in control plant was, 
however, not affected by putrescine. Under NaOL treatment, 
GAj notably diminished the salt-induced stimulation of IAA 
oxidase activity in both shoot and root systems of salinized 
plants (14 and 10% respectively less than the salt control 
on day 60) throughout the experiment (Fig. 17a and b). A 
slight reduction in the IAA oxidase activity was noticed in
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?

Fig. 18. Effect of NaCI salinity (12 dg/m) and putrescine 
(10"%) on the activity of total amylase in the 
shoot (a) and root (b) systems of rice. Control 
(•), Nad (O), Nad+putresbine(A), putrescine 
(A). Vertical bars represent S.E. of the mean.
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Fig. 19. Effect of Nad salinity (12 dS/m) and GA^ (1G ppm) 
on the activity of total amylase in the shoot (a) 
and root (b) systems of rice'. Control (•)» Nad 
(O). Nad+GAj (□), GA3 (■). Vertical bars 
represent S.E. of the mean.
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the shoot system of GA^ - treated non-stressed plants 
through days 1 to 20 of hormone treatment.

Total amylase activity

Figures 18 and 19 illustrate the effect of putrescine 
and gibberellic acid on the activity of total amylase in 
shoot and root tissues of plants grown under saline or non
saline conditions. The activity of amylase rose progressively 
parallel to growth in both shoot and root tissues of control 
plants (Fig. 18). NaCl was found inhibitory to amylase 
since the activity of enzyme decreased in the shoot and root 

tissues by 36 and 23% respectively of the salinized plants 
(Fig, 18a.and b) on day 60. Administration of putrescine as 
well as GA^ significantly stimulated the amylase activity 
in the shoot system under stress condition. On day (50, 
amylase activity of the shoot system of putrescine or GA^- 
treated salt-stressed plants was respectively 21 and 34% 
more than that of the salt control (Figs. 18a and 19a). A 
considerable rise in the activity of amylase was evident in 
the shoot system of non-stressed plants in response to GA^ 
treatment. In the root system (Fig. 18b), putrescine could 
not enhance the enzyme activity to any appreciable extent 
except during the early stage of growth (until day 20 from 
salinization), A noticeable stimulation of amylase activity 
in the root system of GA^-treated plants grown under saline 
condition was found upto day 40 of the experiment (Fig. 19b).
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0 10 20 ' 30 40 50 6b

Days after salinization

Fig. 20. Effect of Nad salinity (12, ds/m) and putrescine
(10-%) on the activity of fcnvertase in the shoot 
(a) and root (*b) systems of rice. Control (•)# 
Nad (O), NaCl +putrescine (A)* putrescine(A). 
Vertical bars represent S.E. of the mean.
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Fig. 21. Effect of Nad salinity (12 ds/m) and GA^
(10 ppm) on the activity of invertase in the . 
shoot (a) and root (b) systems of rice. 
Control (•), Nad (O), Nad+GA, (□), GA, . 
(■)• Vertical bars represeat S?E. of the*5 
mean.
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Acid Invertase activity

The activity of acid invertase in the shoot system of 
non-stressed salinized plants, when measured over the period 
of 60 days of treatment, recorded a steady increase until 
day 40 and declined therafter (Fig, 20a). In the root 
system of non-stressed plants also activity of invertase 
rose progressively, attained its maximum level by day 30 
and reached a very low value by the end of the study period 
(Fig. 20b). Invertase activity in both the plant parts of 
salt-stressed plants followed almost the same pattern as 
that of the control but in contrast to IAA oxidase the 
Activity decreased considerably throughout study period. 
Treating the plants with putrescine or GAj elicited a marked 
enhancement in the ezizyme activity under saline condition. 
Shoot system of putrescine-treated plants grown under saline 
condition recorded 19% more invertase activity than the salt 
control at the end of the study period (Fig. 20a). A slight 
enhancement in the activity of invertase was found in the 
root system of putrescine-treated salt-affected plants 
until 20th day.(Fig. 20b).

In GA^-treated salt grown plants acid invertase levels 
rose substantially high in both shoot and root systems (Fig. 
21a and b). By the end of the growth period, invertase 
activity of shoot system of GA^-treated salt-stressed plants 
registered An increase of 40% over the salt control (Fig.21a). 
Unlike in the putrescine-treatment, a considerable enhance-
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Fig. 22. Effect of NaCl salinity (12 dS/m) and putrescine
(on the activity of proline oxidase in the 
shoot (a) and root (b) systems of rice. Control 
(•), NaQL ( O ) » NaCl +putrescine( A ), putrescine 

Vertical bars represent S.E. of the mean.



Pr
ol

in
e o

xi
da

se
 act

iv
ity

 
Pr

ol
in

e ox
id

as
e a

ct
iv

ity

(u
ni

ts
 mg

~l
 pro

te
in

) 
«■

(u
ni

ts
 mg

 * pr
ot

ei
n)

93

Fig, 23. Effect of Nad salinity (12 dS/m) and GAj (lOppm) 
on the activity of proline oxidase in the shoot 
(a) and root (b) systems of rice, control (y 
Nad(O)» Nad+GAj (□), GA^ (*). Vertical bars 
represent S.E. of the mean*
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meat in the activity Of invertase was recorded in root 
system of GAj- treated sallnlzed plants compared alto salt 
control (Fig. 21b). Invertase activity in the shoot
system of non-stressed plants too displayed a measurable 
Increase as a result of GA^ application.

Proline oxidase activity

The shoot system showed a very low activity of proline 
oxidase till day 20 rise and registered very high level 
thereafter (Fig. 22a). NaCl noticeably diminished the 
activity in both shoot and root systems and the salt-induced 
inhibition of proline oxidase activity in the shoot system 
was slightly reversed by putrescine (Fig. 22a and b). A 
more pronounced enhancement in the activity of proline 
oxidase was found in the shoot tissue when sallnized plants 
were treated with GA^ (Fig. 23a). There was no change in 
proline oxidase activity in non-stressed plants due to 
putrescine or GA^ application. GA^ treatment, nevertheless, 
stimulated the proline oxidase activity slightly in the root 
system of ^alt-exposed plants during the early period 
(until day TG) of salinization (Fig. 23b).

Total protein

The shoot system of control plants displayed a 
progressive increase in its protein content until day 40 
after which it receded to a lower level by the end of the 
growth period (Fig. 24a). Shoot system of non-stressed 
plants treated with putrescine or GA^ also exhibited similar
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Effect of NaCL salinity (1,2 dS/m) and putreseine
(10~5M) on the content of total protein in shoot(a) 
and root (b) systems of rice* Control (•)* Nad 
(0)» Nad+putrescine (A), putrescine (▲). 
Vertical bars represent S.E. of the mean.

Fig* 24*
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0 10 25 40 55
Doys after salinization

Fig, 25, Effect of NaCl salinity (12 dS/m) and GA^ (pp
(10 ppm) on the content of total protein In shoot 
(a) and root (b) systems of rice. Control (•)# 
NaCl (O), NaCl + GA^D), GAj(■ ). Vertical 
bars represent S.E, of the mean.
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trend of the control, though the protein content was 
slightly higher than the control (Fig. 24a and 25a).

Shoot and root systems of salt-stressed plants, however, 
suffered a considerable loss of protein throughout the growth 
period following salinization ( Fig.24a and b). Putrescine 
treatment significantly enhanced the level of protein in 
rice plants. Protein content of the shoot system of 

putrescine - treated salt-stressed plants, on day 55, was 

10 % more than that of the salt control (Fig. 24a). A 
similar but more pronounced effect on protein content was 
found in the shoot system of salt-stressed plants supplied with 
gibberellic acid (Fig.25a).

The protein content of the root system also continuously 
increased until day 25 and decreased gradually to lower level 
at the end of the experiment (Fig.24b), In the root system 

also, as observed in the case of shoot system, NaCl salinity 
brought about a considerable reduction in the protein 
content (Fig. 24b). Administration of putrescine as well 

as GA-j appreciably nullified the salt-induced diminution 
of protein content of the root system under saline condition 
all through the experiment (Figs. 24b and 25b).

Effect of Nad Salinity and Growth Regulators (Putrescine 
SlOAj) on.Le.af_ GrS«_tt?,of. Rice 
Leaf growth and chlorophyll content

The study of leaf growth began when leaves were less 

than 10% of their final length. Leaves took about 15 days
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Fig. 26.. Effect of Nad salinity (12 ds/m) and putrescine 
(10~^M) on length (a), total chlorophyll content 
(b) and the activities of celluLase (c) and 
pectin lyase (d) during extension growth of rice 
leaf. Control (•), Nad (O)* NaCl + putrescine 
(A) and putrescine (A). Vertical bars represent 
S.E. of the mean.



Fig, 27. Effect of Nad salinity (12 dS/m) and GA^(10 ppm) 
on length (a) total chlorophyll content (b) and 
the activities of celluLase (c) and pectin lyase 
(d) during extension growth of rice leaf. Control 
(•), NaCl (O), Nad+GA3(D), GA3(«). Vertical 
bars represent s.E. of the mean.
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to reach full length. One of the most notable effects of 
salinity on leaf development was the suppression of linear 
growth of leaves (Fig. 26a). Also, leaves of salinized plants 
had low amount of chlorophyll compared with control (Fig.26b). 
On day 15, when the growth was completed leaf length and 
chlorophyll content were respectively 45 and 60% of the 
control (Fig. 26a and b). As can be seen from the Fig.26a 
putrescine "application enhanced the extension growth by 27% 
of the salt control on day 15 while gibberellic acid (Fig.27a) 
brought about ah increase of 53% in leaf length as compared to 
that of the salt control at the end of day 15. A considerable 
improvement in the chlorophyll content, an increase of 24 % 
of the salt control,was observed in salt-stressed leaves 
as a result of putrescine administration (Fig.26b). Like 
linear growth, chlorophyll content was also much higher in 
GA^ - treated salt-stressed leaves (34% more than the salt 
control on day 15) compared to that observed in putrescine 
treatment (Fig. 27b)• In non-stressed plants, putrescine 
did not bring about any change in leaf growth whereas 
administration of GAj caused a substantial increment in the 
final length of leaves compared with control. Amount of 
chlorophyll was also higher in GA^ - treated as compared to 
putreseine-treated ones.

Cellulase activity

The activity of cellulase during leaf growth of rice 
subjected to various treatments is shown in Fig.26c. '
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Cellulase exhibited a high activity during the active jperiod 
of leaf growth and it declined thereafter. Thus the activity 

showed a positive correlation with the rate of leaf growth. 

CelluLase activity in salt-stressed leaves also followed a 

similar trend as that of control but a noticeable reduction 

in the activity was observed. Evidently both growth 

regulators enhanced the cellulase activity though putreseine 

evoked only a slight stimulation in the activity under saline 

condition (26c). In the leaves of GA^-treated NaCL - stressed 

plants the enzyme cellulase registered a considerably high 

activity compared with salt control (27c). In non-stressed 

leaves also tie enzyme activity rose measurably high in 

response to GAj treatment.

Pectin lyase activity
-X

Over the 15 day period of growth of the leaves no 
significant difference in pectin lyase activity was detected 

in salt-stressed leaves compared with control (Fig. 26d). A 

low activity of pectin lyase was recorded in the leaves just 

before salinization (day 0), while on day 3t it shot up to a 

higher value. The enzyme activity registered an increasing 

trend until day 6 and the activity remained at or near that 

level until day 12 and decreased later on. Putre seine 

treatment failed to bring about any significant alteration 

in the activity of pectin lyase in leaf tissue irrespective



C
vj

C
D

V
al

ue
s a

re
 me

an
s + 

SE
j n *=

 4.

IA
T-

v/
.•4

+1

in.
r*
as

CT\
•N>

+1

O
VO

tN
* -4

+1

m
*

in
+1

•4
o

D
ay

s a
fte

r s
al

in
iz

at
io

n

o
«r-

oo
.ir\

+1

in

CM
.VO

+1

in•4
as

-4
•4

+1

-4
*-
r~

r-
.VO

+1

tnvO
r*

IA

c*-
.•4

+1

•4
asr-

m
.

in
♦1
.m

CM
r-

as
.in

+1

r*

.
in
4|

cn
t**
T“

. o

m
.

in
+1

SO
o, . r“

tn•
in
+1

vO
o
«•

•
if\
+i

vO
O
r

tn.
*n
+1

vO
o
«•*

Tr
ea

tm
en

ts

U

1o d
cd
S

1o
w
0)
u
0
Q.
+

d
(0
S3 Pu

tr
es

ci
ne

Ta
bl

e 18. 
Ef

fe
ct

 of
 N

ad
 sal

in
ity

 (12
 dS

/m
) an

d p
ut

re
sc

in
e (i

cT
^M

) bn
 IAA 

.

co
nt

en
t (n

g fresh w
ei

gh
t) d

ur
in

g d
iff

er
en

t st
ag

es
 of 

le
af

 gr
ow

th
.



C
OC
O

V
al

ue
s a

re
 me

an
s ±

 SE
; n »

 4.

int-

f
•

+1

m
•

as

as
«m
+1

3

•vO
+1

in•<r
co

in
*

in
+*

o\

r*

D
ay

s a
fte

r s
al

in
iz

at
io

n

o
«—

co
•

m
+1

<—
in***

CM
*VO

•H

in*-4-
cs

•
IT\
+1

as
CM
t-

t>-'
*co

+1

3
ffm

in

n-

+1

o\

in
.

m
+1

in
CM
T~

m
•

c-
M

vb
1-

vO
+1

CO
CM
CM

o

HS
•

in
+i

VO
o
t—

m
•

in
+1

SO
or

m
•

in
4l

vO
O

KY
•

in
+1

VO
o

Tr
ea

tm
en

ts

d

•s
§

o

d
of
a

K>
d

+
d
td
a

m
<
oTa

bl
e 19. 

Ef
fe

ct
 of

 N
ad

 sa
lin

ity
 (12

 ds
/m

) an
d G

Â
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of&its source (Fig.26d) whereas GAj administration notably 

stimulated the enzyme activity in non-stressed leaves 

during the elongation phase of leaf growth.(Fig.27d).

Indole acetic acid (1AA) content

Time-course changes in the endogenous level of IAA 
(free) are summarized in Table 18. Free endogenous IAA''level 

was high during the active phase of leaf growth which 

declined during maturation. The data indicate that auxin 

content was always lower in salt-stressed leaves. The level 
of auxin in salinized leaves on day 5, the time at which the 

control leaves contained the highest amount of IAA, was only 
63 % of the control, A considerable enhancement in the IAA 

content, (20% more than salt control on day 5) was noticed 

in putrescine-treated salt-stressed leaves compared to the 

corresponding salt control value. GA^ antagonized the 
depressive effect of salinity on auxin content more effectively 
(recorded 31% more auxin content than salt control on day 5) 

than putrescine .( Table-1 9).

Changes induced by NaCl salinity and GA-* on the contents of 
Polyamines and the activity of Agmatine deiminase during the 

growth of rice:

Contents of polyamines
v

The levels of polyamines were measured in the shoot 
and root tissues of rice plants for a period of 60 days
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Fig. 29. Effect of Nad salinity (12 dS/m) and GA, 
(10 ppm) on the contents of putrescine(a), 
spermidine (b) and spermine (c) in the 
root system of rice. Control (# ), Nad 
(O), Nad+GA^ (A), GA^ (▲)." Vertical 
bars represent S.E. of the mean.
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starting from salinization and GA^ treatment. Thought the 

original levels of the three polyamines -were different at 
the beginning of salinization, putrescine and spermidine 
progressively accumulated parallel to plant growth (Figs,28 

and 29). Putrescine which showed a concentration of about 
6o ng g fr.wt. in the shoot when determined just prior to 

stress imposition (on day 0 of the experiment) continued to 
increase and recorded the maximum content by day 30 (Fig.28a), 

Consequently, putrescine content declined to lower values 

during the rest of the period. The content of putrescine in 
the root system also followed some what a similar trend as 

observed in the shoot system (Fig, 29a). Like growth, 
putrescine content in both the plant parts was adversely 

affected by salinization. In the last sampling the levels 

of putrescine in shoot and root tissues of salinized plants 

were 25 and 20 % respectively less than that of the 
corresponding control values (Figs.28a and 29a). Application 

of GAj brought about a significant increase in the putrescine 
content in both shoot and root systems (14 and 19 % 

respectively more than salt control on day 60) of plants grown 

under saline condition. GAj caused an enhancement of 
putrescine content in the shoot system of non-stressed 

plants as well.

The analysis of shoot tissue showed that spermidine 

content as in the case of putrescine, progressively increases 
until day 30 and maintains that level for another 10 more days
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before start declining to lower values (Fig. 28b), On the 
other hand, spermidine content of the root tissue after 
attaining its peak level on day 20, decreased slowly till 
the end of day 60.(Fig. 29b). Exposure of plants to salt- 
stress resulted in a remarkable drop in the spermidine
content in shoot and root tissues which was about 25 and 38 %

\

respectively of the control at the sad of the experiment 
(Fig. 28b and 29b). Treatment of plants with GA^ partially 
reversed the salt-induced inhibition of spermidine level in 
shoot system (15 % more than salt control on day 60) of salt- 
affected plants whereas a significant recovery of spermidine 
level in the root system of GA^-treated salt-stressed plants 
was recorded only upto day 30. GA^ augmented the spermidine 
content of the shoot system of non-stressed plants also.

Uniike putrescine and spermidine, spermine in shoot 
and root system (Figs. 28c and 29c) of control plants did not 
show any dramatic change during the early stages of growth. 
However it exhibited a trend towards increase in the later 
stages of growth. Spermine level followed almost the said 
pattern in all other treatments. But the amount of spermine 
has been reduced by soil salinity in both shoot and root 
tissues. No noticeable alteration in the amount of spermine 
was detected in response to GA^ treatment either in control 
or in NaCl-stressed plants.
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0 25 io «S S ?o
Days after salinization

Fig. 30. Effect of Nad salinity (I2ds/m) and GA^ (10 ppm) 
on the activity of agmatine deiminase in the shoot 
(a) and root (b) systems of rice. Control (•>, 
Nad (O), Nad+GAj (A), GA^(A). Vertical bars 
represent S.E. of the mean.
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Agmatine deiminase activity

The activity of agmatine deiminase during shoot and 

root growth of rice as affected by Nad and GA^ is 

illustrated in Fig. 30a and b. The activity in the shoot 

system of control plants (Fig.30a) increased steadily, 

registered the peak on day 30 and dedained thereafter.

In the root, system of control plants, the enzyme activity,

: - however, continued to increase until day 40 and decreased 

later-on (Fig 30b). Nad salinity brought about a marked 

reduction in agmatine deiminase activity in both the plant 

parts examined though it followed almost similar pattern's as 

observed to contra. GAj administration dramatically influenced 

the enzyme activity under saline condition. The enzyme activity 

of GA^-treated salt-affected shoot and root tissues recorded 

a considerable recovery of inhibition induced by Nad. For 
instance, in the last measurement (on da£ 60), the agmatine 

deiminase activity was, respectively, 45 and 33% more in the 

shoot and root systems of (^-treated salt-stressed plants 

compared with the control values. GA^ also enhanced agmatine 

deiminase activity in the shoot system of control plants.

Grain yield

There was a considerable reduction in the grain yield 

(Table 20) when rice plants were exposed to Nad salinity..

Soil salinity reduced the total number and weight of filled 

grains per plant and 1000 grain weight to 26, 20 and 76 % 

respectively of the control values. Both putrescine and GA^
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were found to be effective in counter-acting the inhibitory 
effect on grain out-put to a considerable extent^Tables-20, 21). 

Application of putreseine significantly increased the total 
number and weight of filled grains per plant by 54 and 67% 
respectively over the corresponding values of the salt 
control.

GA3 had a more pronounced effect in enhancing the total 
number of filled grains per plant ( 85 % more than the salt 
control) under saline condition. Total weight of filled grains 
was doubled by glbberellin treatment under saline condition. 
However, the yield out-put was much less in GA^ or putrescine- 
treated salt-stressed plants compared with,control, Putreseine 
and GAj treatments slightly improved the 1000 grains weight 
also of salt-affected plants.


