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Abstract 
Seed germination is one of the most important and basic stages of plant growth and development so it has great importance and effect on 

other stages of its growth. Cassia is a plant from the legume family and has many medicinal properties. Cassia propagation is done by 

seeds, but no study and report on the tolerance of these seeds to salinity stress in the country have been presented yet. Two factorial 

experiments were performed in a completely randomized design at the Seed Technology Laboratory of Agricultural Sciences and Natural 

Resources University of Khuzestan. In the first experiment, the effect of hormone priming treatment with gibberellin, halopriming with 
potassium nitrate, and hydro priming on Cassia seed germination was investigated. The results of this experiment showed that the highest 

seed vigor was obtained in the treatment of 50 mg/l gibberellin for 12 hours of priming. After selecting the best treatment (gibberellin 50 

mg/l for 12 hours), germination characteristics of primed seeds compared with no primed seeds under salinity stress (0, 4, 8, 14, 16, and 
20 dS/m). The results showed that seed tolerance to salinity stress at the germination stage increased significantly with seed priming. The 

highest seed vigor was observed in priming treatment at no salinity stress condition (339.89) while the lowest seed vigor of primed 
treatment was observed in 20 dS/m. Unprimed seeds could not withstand salinity stress beyond 4 dS/m. 
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Figure 1- Digital Imaging system for image 

acquisition from samples and further analysis 
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Figure 2- Tetrazolium staining of Cassia after seed coat removal 
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Table 1- Analysis of variance for seed enhancement treatments on germination indices, seedling growth and 

vior of cassia 

 
Z�#'�� G�+����  

Mean square  

��
�!L

 CD
��

 

D
eg

re
e 

o
f 

fr
ee

d
o
m

  

���i	 &'��� 

Source of variation  

�@
' C

��'
 

S
ee

d
 v

ig
o
r

  

X�
%

 
Cm

,��
�

 

S
ee

d
li

n
g
 l

en
g
th

 

 X�
%

 
CW�

�
C4

 S
h
o
o
t 

le
n

g
th

 

 X�
%

 
C�

/�
C4

 R
o
o
t 

le
n

g
th

  

 g
"�

�
C���

D

�

!
 

G
er

m
in

at
io

n
 i

n
d
ex

  

 ��
�! 

`�
� �

C���
D


�
!

 

M
ea

n
 G

er
m

in
at

io
n
 t

im
e

  

C���
D 

�b
��


�
!

  
S

ee
d
 G

er
m

in
at

io
n

 

6803.15** 1.120** 0.43** 0.30** 5011.54** 17.10** **.11252  18 
�@' Y��3/��A 

Seed Priming 

1210.15 0.10 0.040 0.068 1251.10 0.59 43.82  38  

�/��!L ��Q" 

Error 

14.60 8.37 12.92 11.45 11.10 10.73 10.64 - 

 V/�q(�b��) Z����i	 

Coefficient of 

variation 

ns	�	 C' ** � * ��2 V��#� �
�#� � ���
�Q" X�3 I� fQ� �� ���� 5  �1 �b�� 

ns, *, ** nonsignificant, significant at probability 0.05, 0.01, respectively. 

 



��Kh	 ��3�	 Y��3/��A �@' �' H3S	 C' T�	 ���� ���� ...M�)7  C/��� (�)* � �����7 �@' ���/�  /�)D 11/ ���3� 4/  �� J�!1401  

24  

 X��D2- �e�/� CJ�+���	 G��,��3� ���� ���,� ��$
'
/  �' �@'C���D
�! � ��� ��M�)7 �@' Cm,� 

Table 2- Mean comparision of seed enhancement treatments on seed germination and seedling growth of Cassia 
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G���$�Dppm200 �12 :*�� 

GA 200 ppm, 12 h  
0.56cde 72.6bcd 0.284bcd 54.2ab 00.2abc 54.4abc 1.261a-d 

 G���$�Dppm400 �12 :*�� 

GA 400 ppm, 12 h  
6.62b-e 72.6bcd 3.333a-d 92.2a 71.1a-e 54.4ab 4.291ab 

G���$�Dppm800 �12 :*�� 

GA 800 ppm, 12 h  
0.52de 02.6cde 3.265cd 13.2ab 69.1a-e 83.3b-g 4.199bcd 

G���$�Dppm50 �24 :*�� 

GA 50 ppm, 24 h  
3.61b-e 93.5cde 3.321a-d 57.2ab 61.1b-e 19.4a-d 0.258a-d 

G���$�Dppm100 �24 :*�� 

GA 100 ppm, 24 h  
0.64a-e 45.6b-e 5.323a-d 23.2ab 80.1a-d 045.4a-f 0.259a-d 

G���$�Dppm200 �24 :*�� 

GA 200 ppm, 24 h  
6.56cde 28.7bcd 1.243d 32.2ab 67.1b-e 00.4a-f 4.228bcd 

G���$�Dppm400 �24 :*�� 

GA 400 ppm, 24 h  
6.66a-e 98.6bcd 6.358abc 40.2ab 77.1a-e 18.4a-e 5.279abc 

G���$�Dppm800 �24 :*�� 

GA 800 ppm, 24 h  
0.56cde 40.6b-e 0.288bcd 90.1b 71.1 a-e 61.3c-g 6.202bcd 

E��� A Z�� �� 5/0 �12 :*��  
KNO3 0.5%, 12 h 

3.60b-e 68.7bcd 6.330a-d 19.2ab 31.1def 51.3d-g 8.212bcd 

 E��� A Z�� ��1 �12 :*�� 

KNO3 1%, 12 h  
3.48e 30.4e 0.304bcd 99.1b 38.1cde 38.3d-g 9.163d 

 E��� A Z�� ��2 �12 :*�� 

KNO3 2%, 12 h  
3.57cde 30.5de 3.309bcd 93.1b 25.1def 19.3efg 6.183cd 

 E��� A Z�� ��5/0 �24 :*�� 

KNO3 0.5%, 24 h  
3.61b-e 92.7bc 3.309bcd 086.2b 22.1def 30.3d-g 4.200bcd 

 E��� A Z�� ��1 �24 :*�� 

KNO3 1%, 24 h  
6.70a-d 67.8b 6.374ab 87.1b 25.1def 13.3fg 4.220bcd 

 E��� A Z�� ��2 �24 :*�� 

KNO3 2%, 24 h  
0.56cde 57.5cde 3.325a-d 91.1b 16.1ef 07.3fg 3.173cd 

 |��IC'���  ���,� ���� �� � �, �� ��D� (�*�#� |o "�
 ���!L `��	 ���� G����
.���'  
Similar letters indicate nonsignificant differences according to duncan’s test 
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'�� FF�� ���'  X�% G/� FF��'
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��)
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�#� |o "� G/� C�  :FFFF��� X��D )2.(  T�	
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 ) :��Atici et al. 2003; 

Gratao et al. 2005; Jisha et al. 2013 ��FF���FF, .(
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����� Cm,��) ��  �Rawat et al. 2010�,�@' .(�  :"��
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)Shah et al., 2021) ��] �  >(Tiwari et al., 2021 � (
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�!  �
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��FFFF� )Seethalakshmi, et al., 2022;  

Ahmad et al., 2021 .( C� C��' �v� !� �	�' ��3�	 G/��'��'

� \�FFFJS� �@' :�a�� :aFFFb G/� 3
� ��3�	 ���FFF�

 G���$�D50 
)�� Z��  C'  � �� �� (��12  G��#	 :* �FFFF�

� Y��3/��A���, � �,�� ��3�	 �' CJ/�e� �� ��3�	 G/� .���

 Z�ab  !� ����J ' �v� !� G3q  ����� ��	�' 
� ��' ����
 ��3�	 G/� !� ���a FFF�� �' �@' C��' G/� FFF��' C� ��4  C��/�
 E� ���e� � :v)2 �v� !� C��/� G��m3, .�FFFF� HFFFFb�I

�����, ���a  FFF�� ����  ���! Z�� ���3 �	 (�� �� ��	�� �

N��D�) :,�$FF� G/� FF��'( .���� �,�FF� ��3�	 C' �� ��'���

300 ���$�D � �� �� (�� 
)�� l*�' G43  T/�67� �FFFFb��
 G���$�D ��3�	 G��m3, .�FFF�  �6)� Cm,��� -FFF�" �!�

 �	 �� �6)� �@' �� X�)S� ��,��W47  .��� T/�67� �FFFb��
 T/�67� lFF*�FF' ��FF3�	 G/�46  E/6�L :FF���FF#7 ��FFFFb��

 C' :���e� ���' 
3
� ����FFJ�� 
 �L C� �FF� !���FFJ���A
T�	) :�� �6)� �� �,Li et al., 2010.(  

 �E�������+�� 

	��,��3� ��A/3���FFF� T�	 �Y�� � H' �e  � �K� �� ��
�LKh	 �,��#� �
���� �Q" X�3 I� fQ�  ��)� 1  (�b �� �'

 �FFFb��C���D
�!  X��D) :FFF��� M�)7 �@'3��A .(/3� Y�
�@' �ab  ����  fQ�  6D C' ����  T�	 U�Q�  (�3	 �� 

�67� l*�'/ TC���D
�! ���  ��/���  T�	 `�  H�� ) ��
1( . �b�� G/� ��'C���D
�! )67%(  ���� (�* `/��� ��

 �b �� G�' 
	��a	 C� ��L :� � C'C���D
�!  � E/��A ��3�	
 .�FF�� ��/� �aFFb ���FF� fQFF� �� �,�FF�  E/��A `/��FF� ��

 ���� fQ� !� ����8  �#' C' � � �' ^�3/! 
��C���D
�! 
 H��) �� kW� �1 �' 
�! 
���D �b �� T,�� :*�� �(

 �/��  ���J ' ��� � E/��A ��,�@' �� ����  T/�67� �$/�e	 �
 
Q"|o "� C� ��S� C' ��' 
�#�����  G�'  fQ� C� �,

 ��aFFFb ���FFF�2  �4  ^�3/! 
FFF�� C���D �FFFb�� �v� !�
 �/��� ��,�� �  H�� )1 C� 
��I �� .(�,�@'� ��A/ ���  E

 fQFF� �	�FF��� 8 FF��
 !/����	 � � �' ^�3
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���� � ��� ��6C���D
�! 
�L�e� �� �,/��� �' CJ/� T�	 (�* `/ ������  H��)1 �( �'
�67�/��FFF� fQFFF� T�  !� �	r�' C'8 ! 
FFF��/ � � �' ^�3

 �FFb��C���D
�! C' 
�#� ��%���  ��3� ��FF� E� C' n��FF�
 G/� C����� �	 ����16 ��
 !/ � � �' ^�3��� ���A C���� 

 C' ���� fQ� G/� �� C���D �b�� ���e� �42% ���� � ���
fQ� ���� 20 ��
!/ � � �' ^�3 VD�� �� ��' T,��

 �b�� ��C���D
�!  ���� fQ� C' :$J� 16  ^�3/! 
��
 � � �'�FF��.  �/����	 G
/ C���D
�! ��FF� ��/�FF� T�	 `/ �

J'�H'�W �� J' C� ��4 :�� CD�	���� � !��7���, ��,��� :� 6
C' ]�
 �4 ������ G/��� `�  C' ���WC���D
�! �� J,.  

E
� !� 
�/T�	 G/�	 ���FFF� T�	 �
 FFFJ/!��2 ��,
 ���� �����7�� � �����/6�7 �' 
3
� Z���Kh	 ��/! >:FFF��


� X�RS� ���)3* � �3� � ��� T,�� VD�� � ���@�

�) ��FFF�Parihar et al., 2015.(  !�2L !� ���FFF� T�	

C���D
�!  �L �����/6�7 Z��FFb�FFR" �' ���� ��)' �	 �@'

� \�]� ��Kh	C' T�	 G/� EJ ����� .���@�C��� :� � ��

��/ C�X����� �-3 � ��, � ���� �� 7�� �� \L ��,

� �63� � X��#	 ����" E
' l*�' :��I V��  � ����
� CFFF�/� :3FFF� C' �� Uo�� � \L G/� � ���� :��I ���


� H ]� �� ����) ���Loutfy et al., 2020.(  ���� T�	

� T/�67� �� �63FF�� H�FFJ�� A �FF��FF�� �L C�� � �� � �,�

CFFFFF�/� `FFFF��	 \L \@FFD �FFFFF� �FF,��" HFF ]� �FF,  
)Das and Roychoudhury, 2014 ��	��FF�FFFJ�� T�	 .(

 
��/ :�3FFF� H��� C' C� ��/�FFF�+Na  �-Cl 
� z� �,�
C' l*�'X���������� �� "�FF� ��� 7� �Q" ��/@A��a� � �,

 �FFFFF� �FF,��FF" GFF�FF�FFD CFF#FFFFF��FF	 
FF FFI � x�FFFFF�2  
)Roychoudhury and Chakraborty, 2013 TFF�FF	 .(


� ���FFF� ����	C���D
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FFF���'L .��� 
% ��FFF� (����

�_/� ��$
' � (��� ���L ���  H�  V$�  Y��3/��A ��,


� C FFF�� �L !� C� �FFF� �,��" �@' 
�/����/6�7 C' ���	
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 �L ��FF,
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C��� !� 

D�	 H'�W
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)Ibrahim et al., 2016; Alves et al., 2020.(  

 X��D3- 6�	/��� C/Kh	 ^������ T�	 �� ��A �/3�g"�� �' Y��,� C���D
�!� ��� �� � Cm,�C��' ��� T�	 :S	 M�)7 ��@'� 

Table 3- Analysis of variance for effect of salinity and priming on germination indices, seedling growth and 

seed vigor of cassia under salinity stress 
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65023.09** 12.32** 1.87** 4.80** .804** 4026.68** 2844.02** 5 
 T�	) ����S( 

Salinity stress 

442747.08** 126.06** 26.58** 36.99** 36.99** 30624.75** 17825.52** 
1 

) Y��3/��AP( 

Priming  
24769.48** 4.76** 0.87** .881**  1.88** 12295.15** 986.22** 

5 P×S  

244.07 0.128 0.0024  0.0024  0.0024 343.80 13.49 36  

�/��!L ��Q" 

Error 

511 8.4 7.6 5.3 5.3 3.15 5.10 - 
(�b��) Z����i	 V/�q 

Coefficient of variation 

ns	�	 C' ** � * ��2 V��#� �
�#� � ���
�Q" X�3 I� fQ� �� ���� 5  �1 �b�� 

ns, *, ** nonsignificant, significant at probability 0.05, 0.01, respectively. 
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Figure 1- Interaction effect of seed priming and salinity stress on Cassia seed germination 

Similar letters are indicators of no significant difference  
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Figure 2- Interaction effect of seed priming and salinity stress on Cassia germination index 

Similar letters are indicators of no significant difference  
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Figure 3- Interaction effect of seed priming and salinity stress on Cassia root length 

Similar letters are indicators of no significant difference  
  

b

d

f f f f

a a a a

c

e

0

0.5

1

1.5

2

2.5

3

0 4 8 12 16 20

 C4
 C�

/� 
X�

%
)

cm( R
o
o
t 

le
n
g

th
 (

cm
)

 ���� T�	)&'��� � �' ^�3/! 
��(
Salinity stress (dS/m)

���� ���	
 ��� ���	




��Kh	 ��3�	 Y��3/��A �@' �' H3S	 C' T�	 ���� ���� ...M�)7  C/��� (�)* � �����7 �@' ���/�  /�)D 11/ ���3� 4/  �� J�!1401  

30  

  
 H��4- ��A H'�e ��K�/3���� T�	 � Y�� CW�� X�% �'M�)7 �@' C4  

�#� |o "� ���,� ���� �� � �, �� Z��a � |��I
� G���� ���!L `��	 ���
���' 

Figure 4- Interaction effect of seed priming and salinity stress on Cassia shoot length 

Similar letters are indicators of no significant difference  
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Figure 5- Interaction effect of seed priming and salinity stress on Cassia seedling length 

Similar letters are indicators of no significant difference  
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Figure 6- Interaction effect of seed priming and salinity stress on Cassia seed vigor 

Similar letters are indicators of no significant difference  
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