RESULTS
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A significant reduction in the rate of emergence.

of seeds was observed at the end of 48 hours of germination
under 0,5% of salt (Table 1), Ho&ever, the final percentage
of germination was not affected. Salt at 1.0% level also
significantly reduced only the rate of emergance of seeds.
However, salt at 1.5% level markedly reduced the rate of
emergance as well as the final percentage of germination
and at 2,0% level it completely inhibited the germination

of seeds.

.

The gréwth of root and shoot systems of 5-day old
seedlings was found enhanced by lower concentrations of
salt such as 0.05, 0.1 and 0.2% (Table 2). However,
significant increase in the growth of root and shoot
éystems was observed only at 0.1% level of salt. Salt at
0.5% slightly increased the growth of root system and it
significantly reduced the growth of shoot system. The
growth of root and shoot systems was significantly reduced

by the salt at 1.0 and 1.5% levels.

Socaking of seeds in water for 2, 4 and 8 hours signi-
ficantly increased the rate of emergence of seeds
especially at the end of 48 hours of germination (Table 3).
However, soaking of seeds for 4 hours resulted in cent per

cent germination by the end of 72 hours. Hence the pre-
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Table 1, Effect of different concentrations of salt

(NaCl) on germination of seeds of paddy.

S G g G Mmp Smet MWD Sed S esh  Gme SOMe M S Seam  me S S e B ey MMM e GER SR M ey e heme e e

Concentra- Duration of germination in hours
tion of .
NaCl % 24 48 72 96 120
Control 0.0 88,5 99.9 100.0 100.0
0.05 0.0 99.0 99.0 100.0 100.0
0.10 0.0 899.0 99.5 100.0 100.0
0.20 0.0 98.0 99.0  99.5 100.0
0.50 0.0 87.0 99.0 99.5 99.5 )
e Fee Fe *
1.00 0.0 39.0 66.5 89.3 98.0
gk %% i W
1.50 0.0 3.0 30.5 45,0 72.5
2.00 0.0 0.0 0.0 0.0 0.0
LSD at 1%
level - 5.47 5.89 724 2.23
LSD at 5%

v EEm M e e emm M e WS mme SR M MW WS G B Romr e GAes  Som e Wa MM W T e e e S s e

¥ Significant at 5% level,

#%  Significant at 1% level,
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Table 2. Effect of different concentrations of salt
(NaCl) on growth of 5-day-old seedlings of

paddy.

Concentration Length of root Length of shoot
of NaCl % in millimeters in millimeters
Control “ 60.32 45.96
0,05 , - 61.50 46.15

%
0‘1 . 67080 N L;-9.35
%, '
0.2 , 66.25 47.50
005 63.10 38075
1.0 32.30 18.75
1.5 4,85 8.95
2.0 0.00 0.00
1.SD at 1% level 6,73 5.89

LSD at 5% level 4,99 4,37

-———.—--—--——q-——-—--———.‘—-—-“—-—-——--—-—-—s-——--—u—-

* Significant at 5% level.

%% Significant at 1% level.
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Table 3. Effect of different durations of soaking

in distilled water on germination of seeds.

B T S I e T ]

L I T T I

Duration of Duration of germination in hours
soaking
(hours) 24 48 72 96 120
Control 0,0 85.0 91.0 97.0 98.0
*% * ¥
2 0.0 91.0 95.0 98.0 99.5
*% ok 3 *%
4 0.0 99.5 100.0 100.0 100.0
*% Hosk * ok
8 0.0 99.0 99.5 99.5 99.5.
LSD at 1% level -~ 4,22 5.28 2.81 1.73
LSD at 5% level - 2.79 3.49 1.85 1.4

— g EEA e Gmmm T RGme S e e MR Sues B G oW e e Baas e e e

¥  Significant at 5% level,

*¥%  Significant at 1% level,
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sowing soaking treatment of seeds with various chemicals

was carried out for 4 hours.

Bffect of succinic acid on germination of seeds and growth

of seedlings under different levels of salt

Pre-sowing soaking treatment of seeds with 5, 10 and
20 mg/l concentrations of succinic acid brought about an
increase in the rate of emergance (Table 4). However, the
final percentage of germination was not affected by the
treatment of seeds with succinié acid. Succinic acid at a
concentration of 5 mg/l significantly increased the rate
of emergance and final percentage of germination of seeds
at 1.5% level of salt. Seeds treated with 5 mg/l succinic
acid showed 14% germination at 2.0% level of salt at the

end of 120 hours.

Growth of seedlings was not significantly affected by
succinic acid tried at all concentrations (Table 5). The
growth of seedlings in presence of salt was slightly enhanced

by succinic acid at a concentration of 5 mg/l.

Effect of CCC on germination of seeds and growth of

seedlings under different levels of salt

Treatment of seeds with CCC significantly reduced the



Table 4, Effect of succinic acid on germination of seeds under

different levels of salt.

L I I I e I I I I R I e e T

Concentration of. Duration of germination in hours
Succinic NaCl 24 48 72 96 120
acid % ‘
mg/1
Control . 0.0 93.30 98.66 99.33 99.33
0.0 1.0 0.0 26.33 88.00 97.83 08.83
0.0 1.5 0.0 2.50 23.66 34.83 63.16
0.0 2.0 0.0 0.00 0,00 0,00 0.00
5 1.0 0.0 30.16 85,00 96.16 98.33
10 1.0 0.0 34,66 83.83 96,66 08.33
20 1.0 0.0 34,83 84,66 96.50 98.83
) #% %3 b %%
5 1.5 - 0.0 5.66 32.33 47,16 73.50
10 1.5 0.0 3,00 22,66 41,50 65.86
Sk '
20 1.5 0.0 2.50 24,16 40,66 66.00
Foik ¥
5 2.0 0.0 0.00 2.33% 8,66 14,00
10 2.0 0.0 0,00 1,33 5.00 8.16
: *¥% Frrs
20 2.0 0.0 0.00 0.83% 7.50 13.00
5 0.0 0.0 92.66» 98,16 99.50 99.50
10 C.0 0.0 91.50 99.50 .99,60 99,60
20 0.0 0.0 92.00 99.16 99.33 89,33
LSD at R
LSD at 5% level 0.0 T.Th 4,68 3.95 6.32

Mo SN e WM MM e G M M WM AR T Mme G S e G e MM M MM AGSe B Amee e Sewr B e B dewer B Beee e

*%* Significant at 1% level,



Eable 5. Effect of succinic acid on growth of seedlings

under different levels of salt.

S e e e T e WM G Seac G e e Wmen  awan BN MR BEU  Swae DGl MMM SWEN  SWR) S M Mms  mEM e e e e

Concentration of ’ Length of
Sucdinic.acid NaCl Root ' Shoot
mng/1 % in millimeter in millimeter
Control 77.15 | 52.11
0.0 1.0 35.13 13.41
0.0 1.5 5.92 3.50
0.0 2.0 0.00 0.00
5 - 1.0 34,58 17.08
10 1.0 34,21 15.46
20 1.0 32.70 14.86
5 1.5 5,00 ' 6.28
10 1.5 . 4,68 4,53
20 1.5 . 4.28 4,41
5 2.0 0.26 0.65
10 2.0, 0.16 0.43
20 | 2.0 0.15 0.51
5 0.0 79.80 58.23
10 0.0 71.80 54,40
20 | 0.0 80.13 57.32
L 5D at 1% level 6.01 5430

L S D at 5% level 4,46 .3.93

e e e s v Gmen b Geee  Aemé B eGSR B GERE RGN SEAS GG Suer o s e STEM  eeoe e REm e Smme  Sem M e B

* Significant at 5% level.
* * [ + ‘7¢ 14
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percentage of germination of seeds at 1.0% level of salt
(Table 6). Germination of seeds was totally inhibited by
CCC at 1.5 and 2.0% level of salt.

Growth of seedlings was also inhibited by all levels
of CCC tried (Table 7). At 1.0% level of salt, all
concentrations of CCC brought about a significant reduction

in the growth of seedlings.

Effect of thiourea on germination of seeds and growth of

seedlings under different levels of salt

Pre-sowing soaking treatment of seeds with thiourea
improved the germination of seéds at all levels of salt
(Table é). Thiourea at a concentration of 0.5% significantly
increased the germination of seeds. Under the influence of
thiourea 18% germination of seeds was observed even at 2.0%
level of salt. Thiourea at concentrations of 0.5 and 1.0%
significantly enhanced the growth of seedlings (Table 9).
However, it failed to bring about any significant increase

in the growth of seedlings under the influence of salt.

Effect of proline on germination of seeds and growth of

seedlings under different levels of salt

Treatment of seeds with proline did not bring about
7



Table 6. Effect of CCC on' germination of seeds under different

levels of salt. _ ) -

Concentration of Duration of germination in hours
ccC NaCl o4’ - 148 72 96 120
mg/1 %
Control 0.0 98,00 99.83 99.83 99.83
0.0 1.0 0.0 28.83  88.50  97.00  97.66
0.0 1.5 0.0 14,50 30433 46,00 57.66
0.0 2.0 0.0 0.00 0.00 0.00 0.00
H¥ HW H¥ i W
500 1.0 0.0 3.33 22.16 29,43 40.66
500 1.5 0.0 0.00 0.00 0.00 0.00
500 2.0 0.0 0.00 0.00 0.00 0.00
56 i He¥k 5%
1000 1.0 0.0 2.33 18.83 26.16 45.66
1000 1.5 0.0 0.00 0.00 0.00 0.00
1000 2.0 0.0 0.00 0.00 0.00 0.00
, Fook Fo *% ok
1500 1.0 0.0 6.50 21.66 31.50 49.50
1500 1.5 0.0 0.00 0.00 0.00 0.00
1500 2.0 0.0 0.00 0.00 0.00 0.00
500 0.0 0.0 97.35  99.00  99.00  99.00
1500 0.0 0.0 98.35  99.16  99.66  99.66
LSD at 1% level 0.0 8.09 10.81 11.58 12.87
LSD at 5% level 0.0 . 5.99 8.02 8.59 9.55

T e e A e M Rt G AW e B e e S SwEn  Shme M G M S SNGS SR smaw  SMee  Deis  Wews  BeWe RS M Sedd M Been e

%% Significant at 1% level.



Table 7. Effect of CCC on growth of seedlings under

Suwe e game  pees MmN S e MW WeaS SRS MRS M AWAN NN M Mad W mam S Mesm  duwe  Meme  wake e SO M G

different levels of salt,

Concentration of .Length of

ccce NaCl Reot Shoot

mg/1l % in millimeter in millimeter

Control 71.70 47.86

0.0 1.0 15.70 11.41

Ooo 1-5 N 1084 3073

0.0 2.0 0.00 0,060
**

500 1.0 1.66 3.26

500 1.5 ~ 0.00 0.00

500 2.0 0.00 0.00

3 Fren

1000 1.0 0.90 2.10

1000 1.5 0,00 0.00

1000 2.0 \ 0.00 0.00
‘ #%

1500 1.0 1.21 3.33

1500 1.5 © 0.00 0.00

1500 2.0 . ‘ 0.00 0.00
B *¥

500 0.0 26.06 45,28
o

1000 0.0 5.58 41,41
X3

1500 0.0 415 42,20

‘L 8D at 1% level . 6.90 4,35

L SD at 5% level ( 5.12 3,22

A o Wee e DR AR W R AT WM RS s e A Sae M M s MR G SMen  Ge S W SEm  Tesw Mk e

*%  Significant at 1% level,

i

35



Table 8. Effect of thiourea on germination of seeds under

different levels of salt. /

M Gmew g ne  we G S MmN M M MRS e W A e G e SO B Bem G Gues  WMme e SRS MR e femm e wee S Daes

Concentration of Duration of germination in hours

Thiourea NaCl 24 48 72 96 120
% %
Control 0.0 98.0  100.0 100.0 100.0
0.0 1.0 0.0 32.0 90.0 96.0 97.0
0.0 1.5 0.0 4.0 . 8.0 23.0 54,0
0.0 2.0 0.0 0.0 0.0 0.0 0.0
0.2 1.0 0.0 23.0 77.0 98.5 99.5
0.5 1.0 0.0 25.0 80.0 99.0 100.0
1.0 1.0 0.0 22.0 70.0 96.0 99.0
0.2 1.5 0.0 2.5 8.5 27.5% 57.0
0.5 1.5 0.0 5.5 11.0 31.0° 640
1.0 1.5 0.0 3.5 6.0. 24.0 58,0
0.2 2.0 0.0 0.0 2.0 a.of* 10.0
0.5 2.0 0.0 0.0 4.0 13.of*‘ 18.0
1.0 2.0 0.0 0.0 3.0 11.0%% 14,0
0.2 0.0 0.0 97.0 98.0 98.5 99.0
0.5 0.0 0.0 99.5 100.0.  100.0 100.0
1.0 0.0 0.0 96.0 98.0 98.5 99.0
LSD at 1% level 0.0 5,42 10,94 5.07 12,31
LSD at 5% level 0.0 -~ 4,02 8.12 3.76 0.13

W gy puse  waes e SN Duss B SRS SR GTea  mews  WGex  Bmew  Gwew  Swee SR Beme SRR Semtt  Mwew  mame  Meww  Bews  Seem  Wm  fwm  wem Smes e e

*¥  Significant at 5% level,

#% Significant at 1% level.

¢
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Table g. Effect of thiourea on growth of seedlings under

different levels of salt.

S e Sy W e Sem mma s mam  Teaw R e NEIN  GMEE  MMME  been  GER MM M NG MR e A MR e M M S e e e

Concentration of Length of
Thiourea Na€l Root Shoot
% % in millimeters in millimeters
C on -t T o l 58.4‘0\ . 43.25 -
0.0 . 1.0 30,30 - 16.75 -
0.0 1.5 ‘ 4,60 9.55-
0.0 : 2.0 ©0.00 : 0.00
0.2 1.0 . 33.10 15.65-
0.5 1.0 35.40 18.70-
1.0 1.0 . 27.25 14,30
0.2 1.5 1.60 4,25
0.5 : 15 2.50 9.55
1.0 1.5 1.30 4,80
0.2 2.0 - 1.00 1.80
0.5 2.0 1.20 2.20
1.0 2.0 1.00 1.90
' % *
0.2 0.0 62 .60 48,95
) . * Jex
0.5 0.0 70.10 54,90
’ Fode e
1.0 0.0 68.00 53,60
LSD at 1% level 4,93 ' 6.61
LSD at 5% level . .3.65 4,91

M g o e dwwm e s mewa Wew W MGwe e Gen  Gwes SR Am S M B B B Seem  swes  femy M e R mme  Swe e

%  Significant at 5% level.

#¥%  Significant at 1% level,
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any increase in germination as compared to control
(Table 10). Proline tried at all concentrations enhanced
the rate as well as the final percentage of germination
of seeds under the influence of salt at a concentration
of 1.5%. Germination of seeds at 1.5% level of salt was
significantly increased by proline at a concentration of
10 mg/1l. There was no marked effect of proline on

germination of seeds at 2.0% level of salt.

Treatment of seeds with proline adversely affected
the growth of seedlings (Table 11). The inhibitory effect
of proline was more pronounced on the growth of root system

as compared to that of shoot system.

Effect of 2~-chloroethanol on germinatien of seeds and

growth of seedlings under different levels of salt

2-chloroethanol tried at all concentrations failed to
improve the germination of seeds (Table 12). However,
germination of seeds under the influence of 1.5% salt was
significantly increased by 2-chloroethanol at 0.02% and
0.04%., A maximum of 13% germination of seeds was observed
at 2.0% level of salt under the influence of 0.02% 2-chloro-
ethanol. Higher concentrations of 2-chloroethanol tried
were found to reduce the germination of seeds at 1.5% of

salt.



Table 10, Effect of proline on germination of seeds under

different levels of salt,

W O o o g g G e feas G S e S e M M e e Gt S e M Med W G Gea S M M M S e e

Concentration of Duration of germination in hours
Proline NaCl 24 48 72 96 120
mg/1 %
Control 0.0 99'0 9900‘ 9900 ’ 99-0
0.0 1.0 0,0 25.0 88,0 89.0 99.0
0.0 1.5 0.0 2.5 9,0 25.0 55.0
0.0 2.0 0.0 0.0 0.0 0.0 0.0
5 1.0 0.0 26.0 85.0 98.0 98.5
10 1.0 0.0 26.0 92.0 89.0 99.5
25 1.0 0.0 27.0 94.0 97.0 98.0
% ¥
5 1.5 0.0 4,0 13.0 34,0 66.0
% Hodhe e Fo¥
10 1.5 0.0 7.0 16.0 43,0 76.0
. , i ..
25 1.5 0.0 4,0 8.0 36,0 54,0
5 2.0 00 0,0 1.5 3.0 3.5
- *% sk
10 2.0 0.0 0.0 3.5 8.6 9.0
25 2.0 0.0 0.0 2.0 2.5 3.5
5 0.0 0.0 97.0 9805 9900 99‘0
10 0.0 0.0 99.5 99.5 99.5 99.5
25 0.0 0.0 96.5 97.5 97.5 97.5
LSD at 1% level 0.0 3.87 5,42 5.59 7.11
LSD at 5% level 0.0 2.87 4.02 4,15 5,28

e G Gn pemm ewm Mmin g G S Bme G s W W MeE BROT  Med  Me  MEm GIE  SME  EED SR Rhm  RBW MR Se  WRW T B e e e

*¥%  Significant at 1% level.
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Table 11. Effect of proline on growth of seedlings under

different levels of salt.

O e e emw . Sawa B W e e Betn  Gmas  Peas MR B W G G Pamn mmme e e My e et e

Concentration of Length of
Proline NaCl Root Shoot
mg/1 % in millimeters in millimeters
Control. 68.55 42,75
0.0 1.0 18.90 13.00
0.0 1.5 1.80 8.70
0.0 2.0 0.00 0.00
5 1.0 16.10 11.50
10 1.0 16.95 15.15
25 1.0 14,80 12.50
5 1.5 1.00 . 8.70
10 1.5 1.98 9.25
25 1.5 1.25 7.65
5 2.0 0.00 0.30
10 2,0 0.00 0.90
25 2.0 0.00 . 0.55
P . 3%
5 0.0 45,20 3L, 45
% oo
10 0.0 55.50 44,20
e *
25 0.0 52.50 38,35
L SD at 1% level 7.98 6.99
L S D at 5% level 5.92 5.19

— G p—

- — - — —— o PeWe  Bape e Wwe NN Mews R wen ST e Swam e Gmen  awe  Bees  Newe e S Seae e

¥  Significant at 5% level.

!

#% Sienificant at 1% level.,



Table 12. Effect of 2-chlorcethanol on germination of seeds

under different levels of salt,

41

s Gmiwc  Gvaa smme  Seer S was  WES  Pwm: D fWER  smme  fWem  Gume  SNER e SWR  um MW Gmu S Eme. MER  GwN e Wms  Swea  RNw Gea G M Rew s

Concentration of

Duration of germinafion in hours
24 48 72 7 96 120
0.0 98.0 100,0 100.0 100.0
0.0 54,0 90.0 100.0 100.0
0.0 24,0 48,0 56.0 70.0
0.0 0.0 0.0 0.0 0.0
0.0 42.0 90.0 100.0 100.0
0.0 46.0 84,0 100.0 100.0
0.0 32.0 76.0 98.0 99.0
0.0 30.0 76,0 98.0 98.0
0.0 22,0 70.0 95.0 96.0
0.0 20.0 26,0 94,0 96.0
0.0 10.0 42.0 6b.0 " 82.0
0.0 12.0 bho - 640 78.0
0.0 4,0 58.0 €8.0  76.0
0.0 4.0 50,0 64,0 76.0
0.0 0.0 34,0 38,0 48.0
0.0 0.0 10,0 4.0 . 26.0
0.0 0.0 8.0 9.0, 13.0
0.0 0.0 7.0 9.0 10.0
0.0 0.0 8.0 9.0 11.0
0.0 0.0 7.0 8.0 10,0
0.0 0.0 3.0 4,0 5.0
0.0 0.0 0.0 0.0 0.0
0.0 99.0 100.0 100.0 100.0
0.0 99.0 100.0 100,0 100.0
0.0 98.0 99.0 99.0 100.0
0.0 98.0 99.0 99.0 99.0
0.0 97.0 98.0 98.0 99.0
0.0 96.0 97.0 97.0 98.0
LSD at 1% level 0.0 5.87  8.23  5.82  6.49
0.0 4,40 6.17 4,36 4,87

2~chloro- NaCl
ethanol
% %
Control
0.0 1.0
0.0 1.5
0.0 2.0
0.02 1.0
0.04 1.0
0.06 1.0
0.08 1.0
0.1 1.0
0.5 1.0
0.02 1.5
0;04 1.5
0.06 1.5
0.08 1.5
0.1 1.5
0.5 1.5
0.02 2.0
0.04 2.0
0,06 2.0
0.08 2.0
0.1 2.0
0.5 2.0
0.02 0.0
0.04 0.0
0.06 0.0
0.08 0.0
0.1 0.0
0.5 0.0
LSD at 1% level
LSD at 5% level

— e Swes  wmw Swer et NS RS MGwe S e e s Meee  Ghaee  GemE  Mae  MEe DA NS NN bewe e st S SV e SGEY G ST Mk M Soeh e

Significant at 5% level.

¥¥% Significant at 1% level,
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Treatment of seeds with 0.02% 2-chlorocethanol
slightly improved the growth of root and shoot system
under the influence of salt at 1.0 and 1.5% concentrations

(Table 13).

‘Effect of TAA on germination of seeds and growth of seedlings

under different levels of salt

Treatment of seeds with IAd (all concentrations tried)
significantly increased the germination of seeds under the
influence of salt at 1.5 and 2.0% (Table 14), IAA at a
concentration of 4 mg/l showed the maximum stimulation of

germination.

The growth of root system of seedlings was slightly
enhanced by IAA (Table 15). The growth of shoot system was
reduced by IAA as compared to the control. The growth of
root system of seedlings aﬁ all levels of salt was slightly

stimulated by TAA tried at all concentrations.

Effect of GA. on germination of seeds and growth of
ey

seedlings under different levels of salt.

Treatment of seeds with GA3 did not bring about any

increase in germination as compared to the control (Table 16).
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Table 13, Effect of 2-chloroethanol on growth of seedlings

under different levels of salt.

Concentration of Length of
2-chloroethanol NaCl ' Root Shoot
% % in millimeters in millimeters
Control 52,0 46.6
0.0 1.0 28.4 16.2
0.0 1.5 5.0 8.0
0.0 " 2.0 0.0 0.0
0.02 1.0 32,0 19.4
0.04 1.0 28.6 15.0
0.06 1.0 26.4 15,6
0.08 1.0 25.8 15.4
0.1 1.0 25.6 13.6
0.5 1.0 15.2 7.8
0.02 1.5 8.0 8.6
0.04 1.5 5.6 7.0
0.06 1.5 7.2 8.4
0.08 1.5 6.6 6.4
0.1 1.5 6.6 6.4
0.5 1.5 0.0 1.4
0.02 2.0 0.0 1.5
0.04 2.0 0.0 1.2
0.06 2.0 0.0 1.2
0.08 2.0 0.0 1.2
0.1 2.0 ' 0.0 - 1.1
0.5 2.0 0.0 0.0
0.02 0.0 55.0 48,0
0.04 0.0 52.0 46,0
0.06 0.0 49,0 47.0
0.08 0.0 50,0 46.5
0.1 0.0 50.0 47,0
0.5 0.0 47.0 40.0
L S Dat 1% level 6.51 5.50
L S D at 5% level 4,88 4,13

e T T e T R I I I e



44

Table 14, Effect of lAA on germination of seeds under different

levels of salt,

Concentration of Duration of germination in hours

méﬁ% NaZt 24 48 72 96 120
Control 0.0 94,90  95.90  96.50  99.90
0.0 1.0 0.0° 33.90  65.90  89.50  94.00
0.0 1.5 0.0 2,20  26.10 41,90  74.50
0.0 2.0 0.0 0.00 0300 0.00 0.00
1.0 1.0 0.0 36.50  80.25  91.50  95.90
2.0 1.0 0.0 37.00 82.50%% 91.90 96,00
L0 1.0 0.0 39.90  86.50  93.50  97.50
1.0 1.5 0.0 9.50  30.50 58.80  79.85
2.0 1.5 0.0 12.30  28.90 60.50  80.50
Lo o 1.5 0.0 18.95  33.81  66.35  82.35
1.0 2.0 0.0 0.0 5.90 10.00%% 12.50*%
2.0 2.0 0.0 0.0 5.90 11.50%% 16.50%*
4,0 2.0 0.0 0.0 6.20 12.85 ° 18.90
1.0 0.0 0.0 95.80  98.00 99.50  99.50
2.0 0.0 0.0 95.00  99.00 99.90  99.90
4,0 0.0 0.0 97.00  99.90 100.00  100.00

LSD at 1% level - O 6.36 9.67 7,29 9.01

LSD at 5% level - Lo 71 7.16 5.41 6.69

e emwn e e e M W e G Smme e Mo B (wes G Gl Gues G G Meeed  MIuk e G e e s ek G e SR s e

*  Significant at 5% level
#%  Significant at 1% level,



Table 15, Effect of IAA on growth.of seedlings under

different levels of salt.

T R T T . T I I T R I e T T R T I T T I I

Concentration of Length of
IAA NaCl Root Shoot
mg/1 % in millimeters  in millimeters

Control 72.90 50.39.
0.0 1.0 24,50 14,80
0.0 1.5 5.20 4,95
0.0 2.0 0.00 0.00
1.0 1.0 25.80 13.90
2 1.0 27.90 . 12,85
4 1.0 28.65 . 11.50
1 1.5 6.40 3.50
2 1.5 6.60 2.90
4 1.5 7.00 2.50
1 2.0 1.00 0.95.
2 2.0 - 1.20 0.80
4 2.0 1.30 0.80
1 0.00 78.50% 43,00
> 0.0 ' 78.90% 40.50
4 0.0 80.50% “ 40,00
LSD at 1% level 7.29 7.64
LSD at 5% level 5.41 5.67

—— e Bt WO e WS e Gmon Mes b Meme  BRe  baes PR BGes W B Sdee MR Gmed  mom WA Bmm W eew BAE e M Tes R M

*  Significant at 5% level.



Table 16. Effect of gibberellic acid on germination of seeds

under different levels of galt,

Bewat  Sews  own  weew  Bemn WA MWER R TG smew  Givin  PWES  Mees B BW Des Mt e G deee  dlmee  SHKA Bk SRR Beme  GWNE  Bdee  Mee  wees e G M e

Concentration of Duration of germination in hours
GA3 NaCl 24 48 72 96 120
mg/1 %
Control 0,0 99,8 99.8 99.8 99.9
O 10@ 0.0 32.1 6708 88.1 96.5
0 1.5 0.0 1.6 24,1 42,8 73.5
0 2.0 0.0 0.0 0.0 0.0 0.0
- i % Heik
5 1.0 0.0 42,0 90.8 88,1 98.8
¥ F% e 3
5 1.5 0.0 13.0 38.5 65.0 89.0
Hs % ¥
5 2.0 0.0 .0 8.5 1.5 30.5
¥ T ¥ o
10 1.0 0.0 49,0 94,0 95.6 98,9
*% *¥ ¥ *¥
10 1.5 0,0 26.0 48,5 74,0 91.0
S ek Sk
10 2.0 0.0 0.0 19.5 27.0 52.5
Fosk Koo Fee ’
25 1.0 0.0 48.0 91.0 93.5 97.5
' i % Fe¥e 3
25 1.5 0.0 25.0 45,5 72.0 89.5
o e Foge *¥%
25 2.0 0.0 0.0 18.0 25.0 42.5
5 0.0 0.0 98,0 98.5 99.0 99.5
10 0.0 0.0 99.6 99.8 99.8 100.0
25 0.0 0.0 99.0 99,.5 99.5 99.6
LSD at 1% level 0.0 5.46 2.22 4.59 3.96
LSD at 5% level 0.0 4,05 1.64 3.41 2.94

e ewen e e gmee  wmme e Gwea M G W G e Gea e Smae M G G M M sels  Mews M BN M e Aew e Mme  fae e e

*% Significant at 1% level.
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GA5 tried at all concentrations enhanced the rate of
emergance of seeds at 1.0% level of salt especially
during the early stages of germination. The rate of
emergance and final percentage of germination of seeds
under the influence of 1.5% salt were significantly
enhanced by all concentrations of GAE tried. GA3 tried
at all concentrations induced the germination in seeds
even at 2.0% level of salt at which seeds failed to

germinate. A maximum of 52% germination was observed at a

level of 2,0% salt under the influence of 10 mg/l GAB'

Treatment of seeds with GA3 resulted in a stimulation
of growth of seedlings (Table 17). Maximum stimulation of
growth was observed under 10 mg/l GAB' Treatment of seeds

with GA, stimulated the growth of root and shoot of seedlings

3
at 1.0% level of salt. At higher concentrations of salt (1.5
and 2.0%) the stimulation of growth by GA; was seen more in

shoot than in root.

To understand the various mechanisms by which GAB
brings about the germination of seeds under the toxic

level of salt, the following studies were carried out :
1. Changes in the dry weight of endosperm

2. Changes in the maJjor cellular constituents of

:

endosperm



48

)

Table 17. Effect of gibberellic acid on germination of seeds

under different levels of salt.

W puw v Wwms B W Weet  Wean  Sews  mEre W e G M6  Mus MW Gmes e Mawe  Wema  Guen G W G S S s See ey e S

Concentration of ’ Length of
GA ,  NaCl ~ Root_ ~ Shoot
mg /1 % in millimeters in millimeters
Control . 7h,02 49.38

0 1.0 22,87 15.00

0 1.5 43 4.80
0 2.0 0.00 0.00

5 1.0 25.15 - 17.88 %
10 1.0 . 26.05 18.25%
25 1.0 23.15 ° 16.35

5 1.5 450 7.25"
10 1.5 4,90 8.20%
25 1.5 4,15 5.62

5 ‘ 2.0 , 1.00 2.27
10 2.0 1.00 2.81f
25 2.0 1.00 2.07

5 0.0 8245 52.47"

) FR Fok
10 : 0.0 83.50 58.80
25 0.0 8@.33%‘ 50.13
L SD at 1% level 5.58 . 3.58
L SD at 5% level o1k 2.65

- wwn S mme S St READ  Gewst  Maw o e G M e M W M e e e Sews G Gmae G W e M WA Wt S G

*  Significant at 5% level.

#% Significant at 1% level.



3. Activity of amylases, invertase, maltase,
protease and phytase in the endosperm of
seeds during germination under the influence of

salt and Ghz, salt alone and GA, alone,

Changes in the dry weight of endosperm of paddy during

germination

Endosperm of resting seed showed a dry weight of
18.3 mg and it decreased steadily as germination progressed.
At the end of 120 hours of germination more than 31% of
the initial dry weight got lost. When seeds were set for
germination in presence of salt, no appreciable change in
the weight of endosperm was observed. When seeds were
treated with 10 mg/l GAB and. then set for germination in
presence of salt, a slight feduction in the dry weight
of endosperm was observed. Treatment of seeds with C—A3
alone resulted in a rapid loss in dry weight of endosperm
during germination. By the end of 120 hours of germination
more than 38% of the initial dry weight of endosperm was

found lost. (Table 18).

Changes in the major cellular contents of endosperms of

paddy durine germination

Starch

It has been observed that the endosperm of ungerminated

49
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Table 18, Effect of GA3 on changes in dry weight of.

endosperm under different levels of salt.

B e T T R R e e T . e )

Duration of germination in hours

GA3 NaCl
mg /1 %
. Control

0 2.0

10 2.0

--10 0.0

24 &0 K8 72 96 . 120C

17.3 15.5 14,8 12,6 11.2

W W SRS ees W MR MM Gwme e GWRA B amme G Ge  TEAR et G BTSSR G SR e M SR G feee  Paee  BRR et e s BONE e

LSD at 1% level

LSD at 5% level

0.237

0.157

0.237 0.441 0.343 0.089 0.586

0.157 0.292  0.227 0.059 0.387

Sean AR BHMe  TERG G Sees RS GRat S R G S G MDY GWG WA W AR e G DB WS Bees e W M W e Am M M e mme

**%  Significant at 1% level,
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seed contain 16.3 mg of starch and it accounted for

89.1% of its dry weight (Fig. 1). During germination of
seed the starch content of the endosperm decreased to 506 7
of its initial level at 120 hrs. The maximum rate of
depletion of starch was observed during 96 to 120 hrs of
germination. However, in presence of salt. the depletion

of starch declined sharply and only a reduction of 15% of
its initial level was observable at the end of 120 hrs of
germination. Treatment of seeds with 10 mg/l GA3 enhanced
the depletion of starch by 12% by the end of 120 hrs of
germination as compared to that of its control (salt alone).

A rapid rate of depletion of starch was observed during

germination of seeds under the influence of GA3 alone.

Total soluble sugars

The endosperm of dry seed contained 162,2 pems of
soluble sugars (Fig. 2). It increased steadily during
germination and showed a 24 fold increase as compared tq
its initial level by the end of 5th day. In presence of salt
the content of soluble sugars of endosperm remained almost:
steady till the endAof 72 hours of germination and showed a
slight decrease thereafter. Treatment of seeds with GA3
enhanced the release of soluble sugars in the endosperm

during germination of seeds at 2.0% salt. The amount of



. mgl/endosperm

s Salt

A Salt ¢ GA3

@ Control
':,g

T i i

IR | —  —

L0 24 48 772 <86 420

‘ P@rsod of germination (hour )

“FIG: 1: CHANGES N THE STARCH CONTENT OF, ENDOSPERM OF

PADDY DURING GERMINATION,



o3

50004
0 ohq
4000 Control
E
S
W@
o
g 3000}
<}
=
@
€ 2000-
€ 2000 Sait « GAg
000}
ﬂé/ : £ £ & Saly

g 34 A 72 95 130
Period of germinahon ( hour )

F1G, 2. CHANGES IN THE TOTAL SOLUBLE SUGAR CONTENT
OF ENDOSPERM OF PADDY DURING GERMINATION.



o4

soluble sugars observed at the end of 120 hours ef
germination of seeds at 2.0% level of salt under the
influence of GA, was less than 50% of its level in the
control, Treatment of seeds with GAB enhanced the

production of soluble sugars during germination of seeds,

Reducing sugars

Endosperm of dry seed showed a very low level of
reducing sugars (Fig. 3). As germination progressed the
level of reducing sugars increased steadily and showed
a 40 fold increase as compared to its initial level.
During germination of seeds under the influence of salt
there was no appreciable change in the content of reducing
sugars of endosperm. However, treatment of seeds with GA3
greatly enhanced the release of reducing sugafs during
germination. The level of reducing sugars observed in the
endosperm of seed under the influence of salt and GA3 at
the end of 120 hours of germination was less than half of
its level in control (pure control). During germination
of seeds a rapid increase in the content of reducing sugars

was observed in the endosperms under the influence of GAB'

Total protein

L3

Endosperm of dry seed contained 1.52 mg of protein and
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it accounted for 8.3% of the dry weight of endospern

(Fig, 4). During germination the protein content

decreased sharply and by the end of 120 hours of germinatioﬁ
. 55% of the total protein content got depleted. Incorporation
of salt in the germination medium adversely affected the
depletion of protein from the endosperm. However, treatment
of seeds with GA3 slightly -enhanced the depletion of
proteins., During germination GAB treated seeds showed a

greater loss of protein as compared to control,

Total nitrogen

Endosperm of dry seed contained 65 pg of total
nitrogen and it decreased gradually during germination
(Fig. 5). By the end of 120 hours of germination of seeds
40% of the initial level of total nitrogen got depleted.
Incorporation of salt in the germination medium highly
inhibited the depletion of total nitrogen from the
endosperm during the period of germination tried. Treatment

of seeds with GA_, slightly enhanced the depletion of total

3
nitrogen from the endosperm during germination of seeds
under the influence of salt. Treatment of seeds with GA3
alone highly stimulated the process of depletion of

nitrogen from the endosperm during germination of seeds.



/a ;'g('m {endosperm

1600+
1200
s Salt
= S&IQ + GA3
800
@ Control-
"9 GA3
4004
i i A 1 i
0 24 ) 72 96 . 120

Period of germination { hour );
FIG. 4: CHANGES IN. THE TOTAL PROTEIN. OF ENDOSPERM

OF PADDY DURING GER{{QEi«NATQON-..



o8

701
-60r A Sait
E ‘
@ . a Salt +« GA
> AOL 3
o
o
c .
A
e 30}
o O Control
K GA3
20l ,
i i i i e .
0 24 48 72 96 120

* Pertod of germination (hour ),
FIG. 5: CHANGES IN THE TOTAL NITROGEN CONTENT OF
ENDOSPERM OF PADDY DUR!NG GERMINATION,



09

Phytin

The phytin content of endosperm decreased rapidly
and reached a very low level By the end of 120 hours
of germination (Fig. 6). The highest reduction in the
content of phytin was observed during 24 to 48 hours of
germination., Under the influence of salt the phytin
content reduced only slightly. Application of GA3 to
seeds highly enhanced the depletion of phytin under the
influence of salt and by the end of 120 hours of germi-
nation of seeds more than 50% of the total phytin got
depleted. Treatment of seeds with GAB alone slightly

L

'stimulated the depletion of phytin.

Action spectra of enzymes during germination of paddy

Amylases

A very low amylolytic activity was observed in
endosperms of resting seeds (Fig. 7). The activity increased
steadily during germination. A rapid increase in the
activity was observed during 24 to 72 hours of germination.,
The amylolytic activity of seeds was highly inhibited by
salt at a concentration of 2.0%. Treatment of seeds with

GA3 highly stimulated the amylolytic activity under the
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influence of 2.0% salt. As compared to the activity in

controlseeds GAB treated ones showed a higher activity.

Activity of o< ~amylase was not detected in the
resting seed (ﬁig. 8). The activity appeared after a lag
phase of 48 hours and increased steadily thereafter. As
in the case of total amylolytic activity, a very low
activity of =X -amylase was observed in seeds under the
influence of 2 per cent salt. The enzyme activity under
the influence of 2.0% salt showed a gradual decrease from
72 hours onwards and reached a very low level by the end

of 120 hours. Treatment of seeds with GA, significantly

3
increased the activity of amylase during germination of
seeds even under 2.0% level of salt. However, this activity
was lower than that of control, Seeds treated with GA3
showed a higher activity of amylase as compared to that

of control.

Endosperm of dry seeds exhibited activity of
B -amylase (Fig. 9). The activity showed a slight
increase during the first 24 hours of germination and
thereafter it registered a steady increase upto 72 hours.
Though the enzyme showed an increase in its activity even
after 72 hours of germination the rate of increase of

enzyme activity showed a decrease. In contrast to the
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activity of ,é -amylase observed under the influence of
2.0% salt B -amylase showed a slight increase during the
germination period. Treatment of seeds with GA3 brought
about a significant increase in the activity of amylase
during germination under the influence of 2.0% salt.

Activity of ﬁzfamYIase during germination seeds was not

stimulated by GA, treatment.

3

Invertase

The activity of invertase was not detected in the
endosperms of dry seed (Fig. 10). The activity appeared
only after a lag phase of 24 hours and registered a steady
increase during germination of seeds. At the end’of 120
hours of germination the enzyme showed a 8.5 fold increase
in its activity as compared to its initial level. Under
the influence of salt the activity showed a slight
increase during 24 to 48 hours of germination and there-
after it remained almost steady. Treatment of/seeds with
GAB stimulated the activity of invertase during germination
of seeds under the influence of salt. However, this
activity was less than that of control. The activity of

invertase was highly stimulated during germination of

seeds under the influence of GA3'
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Maltase

Endosperms of resting seeds showed a very low
activity of maltase and it showed a rapid increase till
the end of 48 hours of germination and remained almost
constant till the end of 72 hours of germination (Fig. 11).
The activity increased steadily from 72 hours onwards to
reach the maximum by the end of 120 hours of germination.
Under the influence of salt the activity of maltase have
been found highly reduced., Treatment of seeds with GA3
highly enhanced the activity of maltase of seeds under
the influence of salt. The activity of maltase of GA3
treated seeds showed a peak at the end of 48 hours of
germination and declined to a slightly low level by the
end of 72 hours of germination and increased steadily

thereafter,
Proteage

A very low activity of protease was observed in the
endosperms of resting seeds (Fig. 12}. The activity showed
a rapid increase registering the peak at the end of 24
hours of germination and declined sharply thereafter to
reach a low level by the end of 120 hours of germination.
Under the influence of salt the protease activity of

endosperms showed a slight increase and registered the
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peak at the end of 48 hours of germination and decreased
thereafter. During germination of seeds under the
influence of salt and GA3 a slightly higher activity of
protease was observed with the peak activity at the end
of 24 hours of germination. Activity of protease in GA3
treated seeds rose shérply registering the peak at the
end of 24 hours of germination. and decreased sharply
till the end of 48 hours. Only a slight decrease in the

activity was obgerved from 48 hours onwards.

Phytase

A very low activity of phytase was detected in the
endosperms of dry seeds (Fig. 13). The activity showed a
steady increase during germination of seeds. By the end of
120 hours of germination a 10 fold increase in the activity
of phytase as compared to its initial level was observed.
The maximum rate of increase in the activity of the
enzyme was observed during 24 to 48 hours of germination,
Under the influence of salt a very low activity of
phytase was observed during germination of seeds. Treat-
ment of seeds with GAB highly increased the activity of
phytase during germination under the influence of salt,
However, this activity was less than that of control.
Treatment of seeds with GAB alone resglted in a higher

activity of phytase as compared to that ef conmtrol.
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