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Abstract 

Environmental stresses, especially drought, are one of the most important factors in reducing growth in plant growth and development stages, 
especially the germination stage of the plant. As a result, in this study, the effect of silver nanoparticles and humic acid on some 

morphological characteristics of quinoa seedlings under drought stress was investigated. The experiment was performed as a factorial 

experiment in a completely randomized design with three replications in Physiology Laboratory Department of Production Engineering and 

Plant Genetics, Razi University in 2021. The experiment consisted of three levels of silver nanoparticles (0, 10 and 20 mg L-1 AgNPs), three 

levels of humic acid (0, 100 and 300 mg L-1) and three levels of drought stress (0, -6 and -12 bar). In this study, Titicaca cultivar was used. 
According to the results, the interaction between AgNPs and humic acid led to an increase in germination percentage, seed germination rate, 

seed vigor length index, seedling length, stem and root of quinoa seedlings. Under drought stress conditions highest amount of seed vigor 

length index and seed germination rate were observed in the highest level of AgNPs and humic acid, which indicates the positive effect of 

AgNPs and humic acid on germination percentage, germination rate and quinoa seed vigor. According to the obtained results, drought stress 

led to a decrease in germination percentage and growth characteristics of quinoa seeds. AgNPs and humic acid had a positive effect on 

germination and growth characteristics of quinoa seedlings under drought stress conditions compared to control treatment. Decreased water 

uptake by seed under drought stress reduces the physiological and metabolic processes of the seed. Nanoparticles can penetrate the cell wall 
and create new pores for water to penetrate the seed coat, thus increasing germination rate. With increasing the concentration of AgNPs and 

humic acid, the amount of proline, soluble sugars, total phenol, flavonoids and catalase activity under drought stress increased, indicating the 

positive role of AgNPs and humic acid to increase drought tolerance in quinoa. Therefore, the use of humic acid at a concentration of 300 mg 
L-1 along with 20 mg L-1 AgNPs is recommended to improve germination and seed growth of quinoa under drought stress conditions. 

Keywords: Proline, Enzyme catalase, Germination percentage, Polyethylene glycol, Electron microscope 
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Table 1- Results of analysis of variance of the effect of different levels of AgNPs, humic acid,  

drought stress and the interaction between three factors on germination percentage and  

germination characteristics of quinoa seeds 
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AgNPs 
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Humic acid 
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Drought stress 
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ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively 
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Table 2-Results of analysis of variance of the effect of different levels of AgNPs, humic acid, drought stress 

and the interaction between three factors on some morphological characteristics of quinoa seedlings 
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ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively 
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Table 3- Comparison of the mean effect of different levels of AgNPs and humic acid on some germination 

characteristics of quinoa seeds 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Table 4 - Comparison of the mean effect of different levels of AgNPs and humic acid on some morphological 

characteristics of quinoa seedlings 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Table 5- Comparison of the mean effect of different levels of AgNPs and drought stress on some germination 

characteristics of quinoa seeds 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Table 6- Comparison of the mean effect of different levels of AgNPs and drought stress on some 

morphological characteristics of quinoa seeds 
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 0 14.85b 8.84a 5.03a 0.64a 0.37a 0.216a 25.54a 35.68a 60.81a 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Table 7- Comparison of the mean effect of different levels of humic acid and drought stress on some 

germination characteristics of quinoa seeds 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Figure 1- Effect of different levels of humic acid on the average daily germination of quinoa seeds 
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Figure 2- Effect of different levels of drought stress on the average daily germination of quinoa seeds 
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Table 8- Results of analysis of variance the effect of different levels of AgNPs, humic acid, drought stress 

and the interaction between three factors on some physiological characteristics of quinoa seedlings 
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�g�#�f R�"#"
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Table 9 - Comparison of the mean effect of different levels of AgNPs and humic acid on some physiological 

properties of quinoa seedlings 
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9.411i  i22.889  e4.051  e3.437  h0.578 0 

0  g10.30  h24.356  d044.2  f3.740  g0.608  100 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Table 10 - Comparison of the mean effect of different levels of AgNPs and drought stress on some 

physiological characteristics of quinoa seedlings 
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 

  

 T	�mmC) ��mm�N ,mm�� 9: Z$
�� [YQ11 �(��������mm�� 

�mm�> 8�mm" ^$�#mm@ ,mm<" B�!	#mm5 %�Smm�� �� 
�Ya� #�Lb" 


 �
mmH�" �� B�!	#5 %�S�� B$#���: 	 ,@��300 
��� #mm: �#mm�

 #��!����������  8�mm" 
mm: ��#H�12-  �
mm: ��mm: J	
mmU" 9mm�


mm�g�
mm: ���� �
mmH�" 300 
��� #mm��! #mm: �#mm���������mm�� 

 8�" 
: ��#H�6- �
:  .,@��� =$Smm�N ,mm�!
g- %�Smm�� B$#�H�

 T	�C) ��: ��
@ �
H�" �� �`
"
�11 .(�� B$#���: �mm�M %�S

 �
H�" �� A�300 
��� #��! #: �#���������mm��  
mm: ��#mmH�

 8�mm"12- �
mm:  �mm@ ���
mm��9mm�  B�mm: ���� 
mm�g� J	
mmU"

�
mmH�" �� 
�mm�> 8�" j��k� P�;� 
��� #UmmF #mm: �#mm�



#L� P�;� j��k� J��K��
� ��#I� ���������� ...	   ��C / %�#$� �4: ��	
�- 	 ���� 9$#��11/  ��
H@4/  %
�l��1401  

78 

 #��!����������  .��Y� �
mmH�" �� Amm� Amm�- %�Smm�� B$#�mm��:

300 
��� #��! #: �#�����������  8�mm" 
mm: ��#H�12- �
mm: 

 8�mm" jmm��k� P�;mm� B�mm: ���� 
mm�g� J	
mmU" 9mm� ��mm:

�
mmH�" �� 
�mm�>300 
��� ��������mm�� #mm��! #mm: �#mm�

��
���  .���9: Z$
�� 9: 9C�" 
: %�Smm�� B$#�mm��: ���N ,��

 �
mmH�" �� �mm�h��	O-300 
��� #mm��! #mm: �#mm���������mm�� 

 8�" 
: ��#H�12- �
: 
mm�g� J	
mmU" 9mm� ��: �
mmH�" 
mm: ����

300 
���� #��! #: �#��������mm��  8�mm" 
mm: ��#mmH�6- �
mm: 

 Vemm� �� 9� ,@���300 
��� #mm��! #mm: �#mm���������mm�� 


mm�g� J	
mmU" 
�mm�> 8�mm" jmm��k� P�;mm� B�mm: ����

 .�mm�� ���
mm�� �mm$S�N ,mm�!
g- %�Smm�� B$#mm�H� 	 B$#�mm��:

9mm: �`
mm"
� �
mm��
H�" �� R�"#"300 
��� #mm��! #mm: �#mm�

����������  8�" 
: ��#H�12-  �mm@ ���
mm�� ��
mm@ 	 �
mm:

 T	�C)9.( 

 T	�C11 - k� P�;� #L� B�&�
�� 9l$
I� j������ #: 
��> 8�" 	 ������ �� 
>#:
�?$	9��� 
�$ �!�$S�- �
������ ,��  
Table 11 - Comparison of the mean effect of different levels of humic acid and drought stress on some 

physiological characteristics of quinoa seedlings 
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0  e12.289  cd28.100  bc4.788  d4.266  e0.695  -6  
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In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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Figure 3- Electron microscopic images of quinoa root. A: Treatment of 20 mg L-1 Nano-Ag. B: Treatment of 

20 mg L-1 Nano-Ag + -12 drought stress. C: 20 mg L-1 Nano-Ag treatment + 300 mg L-1 humic acid D: 

treatment 20 mg L-1 Nano-Ag + 300 mg L-1 humic acid + -12 drought stress. 
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