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Abstract  
Yarrow (Achillea spp) is one of the most important medicinal plants that have many uses in the pharmaceutical, cosmetic and health industries. 

In order to study the effect of hydropriming and hormone priming on the seed sprouting and emergence traits of deteriorated seeds of three 

yarrow species, this study was conducted on three Yarrow species of (Achillea millefolium), (A. nobilis) and (A. tenufolia). A factorial 

experiment was conducted using completely randomized design with three replications in the greenhouse in Research Institute Forests and 

Rangeland, Tehran, Iran in 2022. The factor A was three yarrow species, Factor B was three levels of artificially Aged Seeds using temperature 

of 40C and relative humidity of 100% (for 0, 48 hours, 72 hours) and factor C was seed priming at three levels, including hormonal priming 

with three levels (0, 250 and 500 ppm gibberellic acid), the zero concentration was considered as (hydropriming). In this experiment, the seeds 

of three yarrow species, were subjected to accelerated Ageing test. Then the seeds were treated by hydro and hormonal priming. The result of 
analysis of variance showed that there were significant of main and interaction effects of species, seed priming and seed deterioration for 

emergence percentage and emergence rate, emergence index, shootlet length, rootlet length, seedling length, Vigour index, seedling fresh 

weight, length ratio (RS) were significant at (P≤1%). The results showed that the percentage, and emergence rate and index of emergence two 
species of A. nobilis and A. millefolium under the influence of two methods of hydro and hormonal priming (gibberellic acid 250 mg/liter) in 

both and accelerated aging of 48 hours were more than the species of A. tenufolia. The values of emergence characteristics of all three yarrow 
species with the effect of priming methods in deterioration of 72 hours of accelerated aging were lower than the values of emergence 

characteristics in conditions without and with accelerated aging of 48 hours. Improvement of the deteriorated seeds of of A nobilis species were 

influenced by priming methods more than two species of A. tenufolia and A. millefolium. 

Keywords: Seed enhancer, deterioration, seedling growth, seed vigour 
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�K ���Y G3���H �� �C	�J  ;+ -

� 1��� �� 7�MM" dMM (��) ]24����MM� .-�� ���Y (���K

.�$�
�K ��MMM" .�
�K �\! �� ��C	 F`MMM�  �	�3��� �)\$� .	

 5�RN.!�)-�!�  �� ��C	 ���H� &�J�" � ��" m3��D ��C	

�I��� �D 7��,K  m[� �	1500  ��  �� 1��/ � ;'/ ! .	

1:1:1 |�( � .��� &|�( �� ��	 �3��� S3��" �	5 ±20 

.-�� � ������!�MM� �)!10000  F�)� �'MM/! ;	)X� �	65 

�N��.�!�" ; � �� ��C	 1���	� 7�" V'�  .� 5�)N .	

 .	 Z)MMM� ��� �� 4��HMMM" � ;
�3CD Z�[!� .!���� � 4�D

5�� 45 �� �O	 .;
�K Z�[!� ��� %�HI�  7�MMMM" �MMMM"�

���K) .i45  5�RMMN � ��MM" ���( 7��,K �� �J .!)H! (���

 ;_�MM� � �MMN��7�MM" V'MM� &f)X .MM 3�.i& .Y�MM�.i  �

��KJ.j 7�� �MMMN�� � dMMM ( � �� 7�� &.�$	 h(�MMM" &

 f)X ;'/! &d (. 3�.i  f)X .	.Y��.i  1��K ����!�

 .�$	 h(�MM" .�!�MM".i ���Kf)X & .MM 3�.i  �.Y�MM�.i  �

J�� K.j �,�� �MMMM/� �	) �MMMM/� �	 ��� K �� 7�� � (���

�,�� Z�K	 .4�� (Lekh & Kairwal, 1993) ����!� 1��K

�!�".  

 ;_�MMM� .' MMM���� 1��	 7�MMMM" V'MMM�.!�Q,K �� 	 .

4��(Maguire, 1962 )  .���O�1 ��" ���R��  

 .���O�1  
j

i

DiSiER / 

7� �� .� &ER=  ;_��7�" V'�& Si = �C	 ���O� V'�

"� 4��H" �J �� �� Di 4��H" �� ��� ���O� n Z�  

 �MMN�� 7�MM" V'MM�FD  ��%�HI� 7�MM" V'MM�& U3�� 

 �MMMN�� .���O� �� .!�Q,K �� �J�C	 7�MMM" V'MMM�.���O�)2 (

 .'����"��. 

.���O�2  100% 


N

E
E 

�.  7� ��E%  = �N ��7�"  V'� &∑E =7�V�� ��C	 

��" V'� � =N ��C	 %� ���O�  

.� $	 h(�MMMM" 1��+ $MMM �D 4�� �� ���R �MMM�� �	  �C	 

(Abdulbaki & Anderson, 1975) .���O� l'X �3  .'����

3��K�.  

.���O�3  
100

MSH×E%
=VI 

f)��
 G3� �� .� VI= h(�MMM" �C	 5��Y ).�$	(& E%  =

7�" V'� �N�� &MSH= J��K f)X G��!���j. . 3�).i +

.Y��.i (  

h(�" 7�" V'�  : .'���� 1��	 h(�"7�" V'�  ��

 .���O�4  ���R����3��K.  

.���O�4  � − ����� =
∑
×�


�
 

 �� G3�)��
f =E-Index  h(�MM"7�MM" V'MM�& =N � ���O

C	� &�=Ni  ��C	 ���O� ��MMM" V'MMM��� �J  � ���=T  ��� ���O�

.;"�� �� FD  

E�
HI� C�	>$ � ���J$  

���� *3�)� Z�MM[!� �� FD F!�MM3��� ��(�)$I3 � �MMJ

 %3�)���
 5�)MMN .	 F!�3��� .3V[� &�MM 3���� 1�J�L(
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���Y �� �
��MM�� ����� W�X ����I� .MM� ��  .;
�K Z�[!�

 ��V
� Z�! �� 1��M�� %M�,�� � .M3V[� 1��	SAS9  1��	 �

G��!��� .MMM/3�6� 7)��� �� �J��)�  2$D f�H��� aLMMM� ��

.�" ���R��� �N��  

 f��-1-  ;	)X� � �),( &�C	 .!�� ��VJ 7�� &�3��
��u- 5��Q � .�	 .!)K 7�����)Achillea millifolium &A. tenuifolia  �A. nobilis  
Table 1- Geographical characteristics, Purity, moisture content, thousand weights of three yarrow species of 

Achillea millifolum, A. tenufolia), and A. nobilis. 
 

.!)K Z�! 
�� 

;�OH- 

Code 

�� $� 

;�OH- 

Origin 

q�R��� 

(���) 

Elevation 

(m) 

��_ 

�3��
��u- 

Latitude 

f)X 

�3��
��u- 

Longitude 

�N�� 

;	)X� 

Moisture' 

% 

�N�� 

�),( 

Purity 

% 

��VJ 7�� 

Z�K .!�� 
1000 

seeds 

Weight 
(g) 

A.nobilis 26494 
 7��HJ

Hamadan 
2000 34˚ 47' 13'' 48˚ 28' 28'' 7 100 0.06 

A.millifolum 27038 
7��K 

Gilan 
1420 37˚50' 03'' 48˚40' 20'' 8.5 93 0.1 

A.tenuifolia 21694 
7�$H� 

Semnan 
1421 35˚24' 82'' 53˚58' 83'' 6 100 0.1 

 

K��"�  

�,3�)���
 F!�3��� .3V[� 23��! .� ��� 7� !  �	 ���_

 5��g� � �,MMN� 5��g��.'!�-�� %	�6� & .'!�- .MM� %	�6�� �g�

 .!)K × T$�H3��D× 1��	 �C	 f��� 5�RMMN .�,� aLMM� ��

 f�H���1٪  ��� �$O��" f��-)2.(  ./3�6� �� %��� G�HJ .	

 � �MM" �\$
�MMN �,MMN� 5��g� G��!��� �+$� 5��g� .MM/3�6�

 %	�6�� %I") �" Z�[!� .'!�- .�1-10.(  

��� �6� L
��  

�g�  �	 T$�H3��D 1�J��H��V'�  ;_��  7�" .!)K .�

 � ��" *3�/� 1��D S3��" �� �� 7�����)	 �J�"��� 7� ! 

V'MMM� ;_ �MMM� .� 7�MMMM"  .! )K ��A. millifolium  �  

A. nobilis �	 ��H��  d���'�- ��MMM��) T$�H3��D f�!)��)J

250 �,��(���� �	 Z�K  ���J �MMMM" 7�V�� .	62/2  �96/2 

 %IMM") �)	 �J��H�� �3�MM� �� ��MM �	 ���/.!�)-1 .( ��H�� �g�

 �� 7�MM" V'MM� ;_�MM� �	 T$�H3��D ����J�J�MM" ) 7��	

#���� 1��D(  .!)K �� 1��	A. millifolium � A. nobilis 

�� ��.'� �
�K ���Y 1�O	�$  %IMM")1.(  7�MM" V'MM� ;_�MM�

.!)K .MM� �J  ��MM" *3�MM/� 1��D S3��MM" �� 7�����)	48 

 ;_�MM��	 ��H��  d���'�- ��MM��) T$�H3��D f�!)��)J250 

�,��(���� �	 Z�K 	 . �����7/1  �2  �� �� ��MM �	 ���/.!�)-

TMM$� H 3 ��D  f�MM!)� �)J  � TMM$� H 3 ��D  ���MM�J  4�� 

 d���'�-��MMM��)500 (����/Z���,�� ) �)	%IMMM"1 %Y��� .(

.	 �)	�� 7�"  V'�  ;_�� ��"  *3�/ � 1��D S3��" 72 

;_�� �H3��D 1�+"�� ��g�� ;���)	 T$ )%I" 1(.  

��� �6� �M
�  

 .MM!)K �� 7�MMMM" V'MMM� �MMMMN��A. millifolium  �  

A. nobilis  d���'�- ����) T$�H3��D f�!)��)J �g� �	250 

�,��(���� �	 Z�K  �� T$�H3��D����J �) �J�MM"1��D 7��	 

(#���� ) 7�V�� .	99& 100  �87 &89 �MMMMN�� ( .�  �)	

 �g� � ��)	 �J��H�� �3�MMM� �� ��MMM �	 T$�H3��D 1�J��H�� ��

 ��MM" *3�MM/� 1��D S3��MM"48 �� �� ;_�MM�.'�  ���Y 1�O	

;
�K  %IMMM")2.( �MMMN�� %Y��� .	 �)	�� 7�MMM" V'MMM� 

��"  *3�/ � 1��D S3��" 72 ;_�� 4�� ��g�� ;�� 1�J

�)	 T$�H3��D )%I"2.(  
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��� �6� NO��  

 �w����7�MMM" V'MMM� h(�MMM"  .!)K �� 7�����)	A. 

millifolium  ��) �J�MMM"1��D 7��	 (#����  ��H�� �g� �	

 d���'�- ����) T$�H3��D f�!)��)J250 �,�� (���� �	 Z�K

 7�V�� .	33/11  ����J ��H�� �g� � �MMM" ��J�MMM � �MMMN��

T$�H3��D  .!)K G�HJ �� 7�MM" V'MM� h(�MM" �	73/9  ��

 %IMM") ;
�K ���Y 1�O	 .,���3 7�MM" V'MM� h(�MM" .(

 7����� )	A. nobilis � 7��	  S3��MMM" �� ��g��  ;� � f��

� T$�H3��D ����J  d���'�- ��MMM��) T$�H3��D f�!)��)J

250 �,��7�V�� .	 (���� �	 Z�K7/9 � 4/10 ��J�MM � �MMN��

 �") %I"3 7�����)	 7�" V'� h(�" .(A. nobilis  ��

 f��� S3��MMM"48  ��H�� �g� �	 ��MMM" *3�MMM/� 1��D ;_�MMM�

 d���'�- ����) T$�H3��D f�!)��)J250 �,��	 Z�K (���� �

 7�V�� .	9/7  �)	 T$�H3��D 1�J��H�� �3��  �� �� �	 �N ��

 %IMM")3 7�����)	 7�MM" V'MM� h(�MM" .(A. tenufolia �� 

 T$�H3��D f�!)��)J �g� �	 ��MM" *3�MM/� 1��D 7��	 S3��MM"

 d���'�- ��MMM��)250 �,�� 7�V�� .	 (���� �	 Z�K9  �MMMN��

T$�H3��D 1�J��H�� �3�MM� �� ��MM �	 5��g� � ��)	  �MM 3�V
�

T$�H3��D 1�J��H�� ��g�� ;�� 7�MM" V'MM� h(�MM"  �� ��

 f��� S3��M"48  �72 ��M" *3�M/� 1��D ;_�M�  .	 ;'M/!

7��	) �J�" ��J� � (1��D  %I")� !3 .( 

f��- 2- 5�RN �	 T$�H3��D �g� %3�)���
 F!�3��� .3V[� 7�" V'� ��C	  .�
�3 f���  

.!)K .� 	 7�����)Achillea millifolium &A. tenuifolia  �A. nobilis  
Table 2- Analysis of variance of seed priming technique on the Emergence characteristics of the deteriorated 

seeds of three yarrow species of Achillea millifolum, A. tenufolia and A. nobilis 

 

*	�$� 5����u� 

Source 

 .-��

1���� 

DF 

�N
��

 
7�

" 
V'�

 

E
m

er
g
e
n
c
e 

P
e
rc

en
ta

g
e
 

;
_�

�
 

7�
" V

'�
 E

m
e
rg

en
ce

 R
a
te

 

h
(�

"
 

7�
" V

'�
 E

m
e
rg

en
c
e 

in
d
ex

 

 3
� f

)X
.

.i  
R

o
o
tl

et
 L

e
n
g
th

 (
m

m
) 

 f
)X

.Y�
�

.i  
S

h
o
o
tl

e
t 

L
en

g
th

 (
m

m
) 

.j
J��

K 
f)

X
 

S
ee

d
li

n
g
 L

e
n

g
th

 (
m

m
) 

;
'/

!
f)

X
 

. 
3�

.i
 /

.Y�
�

.i
 

R
o

o
tl

et
/S

h
o
o

tl
e
 

�� 
7�

�
 

F
re

sh
 W

e
ig

h
t 

(m
g

/p
) 

7�
�

 
d

 (
 

D
M

 W
ei

g
h

t 
(m

g
/p

) 

h
(�

"
 

.�$
	

 V
ig

o
u
r 

in
d
ex

 

.!)K 

Species (S) 
2 4439.90** 3.22** 60.84** 2354.25** 897.32** 6079.53** 0.55** 3689.04** 581.28** 4568.20** 

T$�H3��D 
Priming (P) 

2 2473.68** 2.11** 22.86** 3722.73** 2566.06** 12564.75** 1.19** 9296.93** 1201.94** 9770.98** 

f��� 

Deterioration (D) 
2 10567.31** 11.17** 82.95** 761.82** 699.32** 2615.05** 0.71** 7888.26** 1123.75** 8687.97** 

.!)K×��H��  

S×T 
4 68.05* 0.13** 1.23ns 331.46** 165.76** 971.50** 0.15* 1176.07** 149.25** 839.06** 

.!)K×f���  

S×D 
4 333.23** 0.34** 3.17** 447.05** 4.88ns 457.04** 0.77** 56.41ns 3.33ns 198.34** 

��H�� ×f���  

T×D 
4 271.90** 0.14** 5.10** 9.91ns 43.14** 37.29ns 0.22** 727.41** 119.69** 606.06** 

.!)K×��H��×f���  

S×T×D 
8 28.05* 0.031* 1.49* 87.27** 33.75** 177.51** 0.11* 106.42** 15.49** 86.93** 

�L( 

Error 
54 19.75 0.021 0.65 12.42 7.31 26.03 0.04 25.94 3.01 16.89 

5����u� �3�r 

CV 
 7.64 8.03 11.90 9.17 10.77 8.02 12.98 12.26 10.91 10.33 

* &**  �= ns  f�H��� aL� �� �� �$O� ����� .	5  �1 ��� �$O���c � �N��  

** ,*= Significant at 5%, and 1% probability levels, respectively 
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%I" 1-  7�����)	 .!)K .� �� �C	 f��� �� T$�H3��D %	�6�� �g�Achillea millifolium &A. tenuifolia  �A. nobilis   

 1��	 7�" V'� ;_�� ��.!�Q,K S3��"  

G��!����J 1���� 1�� ~� .	� � ��)�� �J ��)� 7)��� #��� �	 75% �!���! ��� �$O� ~��(� 1���� ���� ��  
Figure 1- Effect of priming by accelerated aging on emergence rate in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 

 

 

%I"2-  7�����)	 .!)K .� �� �C	 f��� �� T$�H3��D %	�6�� �g�Achillea millifolium &A. tenuifolia  �A. nobilis  1��	�N�� 7�" V'�  

G��!����J 1���� 1�� ~� .	� � ��)�� �J ��)� 7)��� #��� �	 75% �!���! ��� �$O� ~��(� 1���� ���� ��  
Figure 2- Effect of priming by accelerated aging on emergence percentage in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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 %I"3-  7�����)	 .!)K .� �� �C	 f��� �� T$�H3��D %	�6�� �g�Achillea millifolium &A. tenuifolia  �A. nobilis  1��	h(�" 7�" V'�  

G��!����J 1���� 1�� ~� .	� � ��)�� �J ��)� 7)��� #��� �	 75% �!���! ��� �$O� ~��(� 1���� ���� ��  
Figure 3- Effect of priming by accelerated aging on emergence index in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
 

���
 8�I�D  

 f)X �w����. 3�.i  7�����)	A. nobilis  S3��"  ��

 ��MM" *3�MM/� 1��D f���48  �72  �g� �	 ;_�MM� f�!)��)J
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A. millifolium  f�!)��)J ��g�� ;�� f��� 7��	 S3��" ��

 d���'�- ��MMM��) T$�H3��D250 �,�� 7�V�� .	 (���� �	 Z�K
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Figure 4- Effect of priming by accelerated aging on Rootlet Length in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment.  

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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Figure 5- Effect of priming by accelerated aging on Shootlet length in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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Figure 6- Effect of priming by accelerated aging on seedling length in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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Figure 7- Effect of priming by accelerated aging on Rootlet/shootlet length ratio (RS) in three yarrow species 

of Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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Figure 8- Effect of priming by accelerated aging on seedling fresh weight in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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Figure 9- Effect of priming by accelerated aging on seedling dry weight in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 

 

  

 %I"10- 7�����)	 .!)K .� �� �C	 f��� �� T$�H3��D %	�6�� �g� Achillea millifolium &A. tenuifolia  �A. nobilis   

 ;RN 1��	.�$	 h(�"  

G��!����J 1���� 1�� ~� .	� � ��)�� �J ��)� 7)��� #��� �	 75% �!���! ��� �$O� ~��(� 1���� ���� ��  
Figure 10- Effect of priming by accelerated aging on vigour index in three yarrow species of  

Achillea millifolum, A. tenufolia, and A. nobilis in a pot experiment. 

Different letters above the columns indicate significant difference at the 5% level using Tukey’s method 
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