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Abstract 

This experiment was conducted as a factorial based on a completely randomized design with four replications and the first 

factor was Culture medium with two levels: laboratory and Greenhouse, and the second factor was seed pre-treatment with 

five levels: Control, Leaching for 12 hours, Leaching for 12 hours and Soaking in gibberellic acid for 12 hours, Scarification 

with sandpaper and Scarification with sandpaper and Soaking in gibberellic acid for 12 hours. The results showed that in 

Greenhouse vegetative traits of plumule length (78.6 mm), radicle length (109.34 mm), seedling dry weight (102.7 mg), 

allometric coefficient (0.72) and seedling vigour (95) were higher than the laboratory (p<0.05). The results also showed 

that leaching and soaking in gibberellic acid pre-treatment increased indices and traits germination rate (5.56), mean daily 

germination (1.9), peak value (2.48), germination value (6.1), plumule length (61.9 mm), radicle length (86.1 mm), seedling 

dry weight (82.2 mg) and seedling vigour (94.3) (p<0.05). This pre-treatment also reduced day to beginning germination 

index (5.6) (p<0.05). The results of mean comparison of the interaction effect of Culture medium and Pre-treatment showed 

that in Greenhouse leaching and soaking in gibberellic acid pre-treatment reduced day to beginning germination index (4.2) 

and increased vegetative traits of plumule length (93 mm), radicle length (129.2mm), seedling dry weight (120.8 mg) and 
seedling vigour (124.9) (p<0.05).  
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Table 1- Equation of germination indices  

C\�)� Y��?> 

Equation number  
;<�> 

Index  
C\�)� 

Equation  
&�
� 

Reference  

(1)  
CD)�E 	g�2#D� 

Germination percentage  
GP = n

N × 100 Ranai and De Santana, 2006  

(2)  
CD)�E 0���#D� 

Germination rate  
GR = 
 ni

ti  Maguire, 1962  

(3)  
CD)�E V�ZD���CD)��� #D� 

Mean daily germination  
MDG = GP

T  Noorhosseini, 2018  

(4)  
�h�)	i ���) 

Peak value  
PV = na

Ta Khoshkhui, 1991  

(5)  
CD)�E ���)#D� 

Germination value  
GV = PV × MDG Khoshkhui, 1991  

(6)  

�G��S� R��e 

Allometric Coefficient  
AC =  PL

RL ISTA, 1979  

(7)  
�8� C�
� 

Seedling vigour  
VI = GP × (PL+RL)/100  ISTA, 2009  

n=  2)	$�CD)�E 
�"�8� U�Y��2 #% �2 Y2� �N �Y	> CG>�� 
�"�8� 2)	$� =TCD)�E Y��2 U� ^�% = �#D�niCD)�E 
�"�8� 2)	$� = CXg�1 `� �2 Y2�

 �;W�� #D���tiCD)�E j��> �) w( 
�"��� 2)	$� = �#D�naCD)�E ��) �2 �8� #$?J� 2)	$� �h�)	i = �#D�Ta C\�D C� �	��� 
)�� ��� 2)	$� =na� 

PL �CFT�� ^�% =RLC��� ^�% =.CM  
n= Total of germinated seeds during period, N=Number of sowed seeds, T=Total germination period, ni=The 

number of germination seeds at an interval of distinct period, ti=The number of days after the start of 

germination, na=Maximum number of seeds in germination peak, Ta=The number of days to reach na point, 

PL= Plumule length, RL= Radicle length 
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Table 2- Analysis of variance of germination indices and vegetative traits of Capparis mucronifolia  

in Laboratory and Greenhouse 
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) ]���A(  

Culture medium  
1  8820.9** 292.8** 0.10ns 27/39** 51.19** 389.0** 

@�() ��?��B(  

Pre-treatment  
4  339.3* 6.8** 41.29** 1.18** 1.60** 20.3** 

 U���G��A)AB 

Interaction AB  
4 123.5 ns 6.4** 41.29** 0.95** 0.90** 15.0** 

�\<  

Error  
30  92.3 0.6 0.45 0.04 0.07 0.5 

 �)���|� R��eC.V%  14.6 18.7 9.6 14.4 14.9 20.1 

**  [\� �2 �)2 #
$� =01/0    ns#
$� ��b :�)2  
ns: non significant ** = Significant at level % 1 
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) ]���A(  
Culture medium  

1  26368.2** 48720.4** 40430.5** 0.0109** 48.9** 

@�() ��?��B(  

Pre-treatment  
4  491.8* 1092.1* 940.5* 0.0048* 4.7 ns 

 U���G��A)AB 

Interaction AB  
4  831.9** 1474.2** 1362.5** 0.0035* 7.1* 

�\<  
Error  

30  154.5 299.1 292.9 0.0012 1.8 

 �)���|� R��eC.V%  23.5 23.2 24.1 5.0 16.0 

**  [\� �2 �)2 #
$� =01/0    ns#
$� ��b :�)2  
ns: non significant  ** = Significant at level % 1 
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Table 3- Mean comparison of the effect of culture medium on germination indices and  

vegetative traits of Capparis mucronifolia 
 

  Y�Z������  
Laboratory  

CD�WX   
Greenhouse  

CD)�E 	g�2(%) #D�  
Germination percentage  

80.5a 50.8b 

CD)�E 0���#D�  
Germination rate  

7.00a 1.58b 

CD)�E j��> �� ���#D�  
Day to beginning germination  

7.0a 6.9a 

CD)�E V�ZD���CD)��� #D�  
Mean daily germination  

2.2a 0.6b 

 ���)�h�)	i  
Peak value  

2.96a 0.69b 

CD)�E ���)#D�  
Germination value  

6.68a 0.44b 

CT�� ^�%CM(mm) 

Plumule length  
27.3b 78.6a 

C��� ^�%CM(mm)  
Radicle length  

39.6b 109.4a 

CF"��  `�< ���(mg) 

Seedling dry weight  
39.1b 102.7a 


�G��S� R��e 

Allometric Coefficient  
0.688b 0.721a 

�8� C�
� 

Seedling vigour  
54.8b 95.0a 

V�ZD���#� s�G�� t�i 
)�)2 ��2� �" �2 C� 
�" ����� ���) �� 	
>��LSD  ^�?Gi) [\� �25 #
$� tPG<) %.	D�)	D �Z�	K� �� 
�)2  

Means in each row fallowed by similar letters are not significantly different at the % 5 probability level (LSD Test). 
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Table 4- Mean comparison of the effect of pre-treatment on germination indices and vegetative traits of 

Capparis mucronifolia 
 

  	"�>  

Control  

#�����  

Leaching  

`�S���E +#�����  

Leaching + GA3  

�)�<#"2  

Scarification  

�)�<`�S���E +#"2  

Scarification + GA3  
CD)�E 	g�2(%) #D�  

Germination percentage  
70.6a 64.9a 70.8a 54.9b 67.1a 

CD)�E 0���#D�  
Germination rate  

4.31b 4.76ab 5.56a 3.48c 3.35c 

CD)�E j��> �� ���#D�  

Day to beginning germination  
11.0a 6.0b 5.6b 6.0b 6.1b 

CD)�E V�ZD���CD)��� #D�  

Mean daily germination  
1.2c 1.6b 1.9a 1.0d 1.2c 

�h�)	i ���)  
Peak value  

2.04b 1.43d 2.48a 1.72c 1.44d 

CD)�E ���)#D�  

Germination value  
3.64b 3.62b 6.10a 2.00c 2.43c 

CT�� ^�%CM (mm) 

Plumule length  
40.4b 54.6a 61.9a 52.8ab 55.2a 

C��� ^�%CM (mm) 

Radicle length  
54.9b 78.0a 86.1a 75.1a 78.1a 

 CF"��  `�< ���(mg)  

Seedling dry weight  
53.3b 74.8a 82.2a 69.2ab 74.8a 


�G��S� R��e 

Allometric Coefficient  
0.74a 0.68c 0.72ab 0.68bc 0.70bc 

�8� C�
�  
Seedling vigour  

62.6b 72.9ab 94.3a 63.5b 81.0ab 

V�ZD���#� s�G�� t�i 
)�)2 ��2� �" �2 C� 
�" ����� ���) �� 	
>��LSD  ^�?Gi) [\� �25 #
$� tPG<) %.	D�)	D �Z�	K� �� 
�)2  
Means in each row fallowed by similar letters are not significantly different at the % 5 probability level (LSD Test). 
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Table 5- Mean comparison of the interaction effect of culture medium and pre-treatment on germination 

indices and vegetative traits of Capparis mucronifolia 

 

  

  CD)
�E

 	
g�

2
#D

�
  

G
er

m
in

a
ti

o
n

 p
er

c
en

ta
g

e
  

CD)
�E

 0
��

�
#D

�
  G
er

m
in

at
io

n
 r

a
te

  

 j
��

> 
�� �

��
CD)

�E
#D

�
  

D
ay

 t
o

 b
eg

in
n

in
g

 g
er

m
in

at
io

n
  

CD)
�E

 V
�Z

D���
CD)

��
� #

D�
  

M
e
an

 d
a
il

y
 g

er
m

in
a
ti

o
n

  

�h�
)	i

 �
��

)
  P

ea
k

 v
al

u
e

  

CD)
�E

 �
��

)
#D

�
  

G
er

m
in

a
ti

o
n

 v
al

u
e

  

CT�
� 

^�
%

CM
 

P
lu

m
u

le
 L

en
g

th
 (

m
m

) 

C�
�� 

^�
%

CM
 

R
a
d

ic
le

 L
e
n
g

th
 (

m
m

)
  

CF
"��

  
`

�<
 �

��
 

S
ee

d
li

n
g
 d

ry
 w

e
ig

h
t 

(m
g

)
  

 R
��e


�
G��

S�
 

A
ll

o
m

e
tr

ic
 C

o
e
ff

ic
ie

n
t

  

�8
� C

�
�
 

S
ee

d
li

n
g
 v

ig
o

u
r 

Y�Z
��

���
�

  L
ab

o
ra

to
ry

  

	"�>  
Control  

87.5a 7.74a 7.0b 1.9c 3.74a 7.07b 32.8bc 43.8bc 44.7bc 0.748a 67.1bcd 

#����� 

Leaching  
85.0a 8.31a 7.0b 2.8b 2.54b 7.11b 26.8c 41.8bc 40.3bc 0.640c 58.6bcde 

`�S���E +#�����  
Leaching + GA3  

86.0a 8.51a 7.0b 3.1a 3.59a 11.14a 30.8bc 43.0bc 43.6bc 0.718ab 63.6bcd 

�)�<#"2  
Scarification  

65.8bc 4.95b 7.0b 1.3d 2.57b 3.48d 21.0c 32.2c 30.3c 0.650c 35.4e 

�)�<`�S���E +#"2  
Scarification + GA3  

78.2ab 5.46b 7.0b 2.0c 2.34b 4.59c 25.2c 37.0c 36.6c 0.685bc 49.0de 

CD�
WX

 
  

G
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	"�>  
Control  

53.8cd 0.87d 15.0a 0.5ef 0.35e 0.21e 48.0b 66.0b 62.0b 0.732ab 58.1cde 

#����� 

Leaching  
44.8d 1.20d 5.0cd 0.4f 0.32e 0.14e 82.5a 114.2a 109.4a 0.722ab 87.3abc 

`�S���E +#�����  
Leaching + GA3  

55.5cd 2.61c 4.2d 0.8e 1.38c 1.06e 93.0a 129.2a 120.8a 0.718ab 124.9a 

�)�<#"2  
Scarification  

44.0d 2.00cd 5.0cd 0.6ef 0.87d 0.52e 84.5a 118.0a 108.2a 0.718ab 91.6ab 

�)�<`�S���E +#"2  
Scarification + GA3  

56.0cd 1.24d 5.2c 0.5ef 0.54de 0.27e 85.2a 119.2a 113.0a 0.715ab 113.0a 

V�ZD���#� s�G�� t�i 
)�)2 ��2� �" �2 C� 
�" ����� ���) �� 	
>��LSD  ^�?Gi) [\� �25 #
$� tPG<) %.	D�)	D �Z�	K� �� 
�)2  

Means in each column fallowed by similar letters are not significantly different at the % 5 probability level (LSD Test). 
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