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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. 
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 9;:��2  MTG=∑ (ni di)/ni)  
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)Ranal and Santana, 2006(.  
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Germination percentage / The length of the test period 
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������ �4: ��  
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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S.O.V 

20922363.56* 0.14ns 3.82ns 0.0161ns 0.00067ns 187.45ns 2 
�#I� J��K��
� 

AgNPs 

148.92ns 0.21* 5.59* 0.0216* 0.00089* 273.97* 2 
���������� 

Humic acid 

1896192.05ns 0.28* 7.45** 0.0238* 0.0011* 365.23** 2 
��> 8�" 

Drought stress 

1710341.17** 0.05ns 1.47** 0.0044ns 0.00016** 72.19** 4 
� J��K��
��#I×���������� 

AgNPs ×Humic acid 

1876781.64ns 0.07** 1.94** 0.0075** 0.00029 ** 95.01** 4 
�#I� J��K��
�×��> 8�" 

AgNPs ×Drought stress 

1983331.23** 0.07ns 1.96** 0.0068ns 0.00032** 96.19** 4 
����������×��> 8�" 

Humic acid×Drought stress 

1221132.54ns 0.02ns 0.64ns 0.0014ns 0.00004ns 31.30ns 8 
�#I� J��K��
�×����������×��> 8�" 

AgNPs ×Humic Acid×Drought Stress 

1434106.1 0.05 1.48 0.0057 0.00025 72.69 54 
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��N �
Y�@� 

Error 

17.83 12.86 12.89 13.82 14.56 12.89 - 
J�#��p" R$Sq 

C.V 
ns9: :** 	 * ��f R�"#"�g�#�g� 	 ����F�� Z�5 	 �F�� �$ T
H�D� V;� �� ��� 

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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** 617.94** 5630.49** 0.103** 0.13** 0.62** 55.26** 148.13** 335.66** 2 

�#I� J��K��
� 

AgNPs 

146.74ns 99.97ns 177.92ns 0.005ns 0.021ns 0.019ns 2.91ns 23.99ns 10.59ns 2 
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Humic acid 

82.44ns 128.79ns 105.93ns 0.003ns 0.027ns 0.012ns 1.63ns 30.88ns 6.32ns 2 
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Drought stress 

51.24** 248.60** 461.31** 0.001** 0.055** 0.050** 1.02** 119.23* 27.51** 4 
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AgNPs ×Humic acid 
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AgNPs ×Drought stress 
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Humic acid×Drought stress 
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AgNPs ×Humic acid×Drought stress 
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�$
��N �
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Error 

10.70 15.86 14.55 10.50 15.84 14.61 10.71 15.86 14.55 - 
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H�D� V;� �� ��� 

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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 0 59.5c 10.09a 0.101c 1917.4c 

0 100 60.4bc 10.03a 0.103bc 1986.4c 

 300 64.4bc 9.96ab 0.103bc 2631.9bc 

 0 64.8bc 9.65abc 0.107bc 3037.7bc 

10 100 67.5bc 9.65abc 0.108bc 3410.1b 

 300 67.5bc 9.27abc 0.110bc 3688.5b 

 0 69.7b 9.20abc 0.114bc 3831.7b 

20 100 70.6a 8.63bc 0.118b 3891.2b 

 300 70.2a 8.50c 0.122a 4091.1a 
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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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 0 6.84c 4.56c 2.09d 0.29d 0.19c 0.090d 13.20c 14.83d 28.04c 

0 100 7.54c 4.70c 2.44d 0.32d 0.20c 0.104d 13.57c 17.32d 30.90c 

 300 9.4bc 6.46bc 2.67d 0.40cd 0.27bc 0.113d 18.67bc 18.98d 38.58bc 

 0 10.45bc 6.76bc 3.40cd 0.45bcd 0.29bc 0.145cd 19.55bc 24.14cd 42.81bc 

10 100 12.88ab 6.78bc 3.62bcd 0.55abc 0.29bc 0.155bcd 19.59bc 25.72bcd 52.76ab 

 300 13.32ab 7.56abc 4.35abc 0.57abc 0.32abc 0.187abc 21.84abc 30.91abc 54.55ab 

 0 13.82ab 8.68ab 4.93abc 0.59ab 0.37ab 0.211abc 25.09ab 34.99abc 56.63ab 

20 100 14.90a 9.13ab 5.06ab 0.64a 0.39ab 0.218ab 26.38ab 35.93ab 61.03a 

 300 16.48a 10.70a 5.79a 0.70a 0.45a 0.248a 30.90a 41.09a 67.48a 
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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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 0 68.00ab 9.14bc 0.113abc 3930.6ab 

0 -6 66.22abc 9.71b 0.106bc 2824.1bcd 

 -12 57.77c 10.34a 0.098c 1864.2d 

 0 70.66a 8.76bc 0.118ab 4055.2ab 

10 -6 66.66abc 9.52abc 0.108bc 3393.8abc 

 -12 61.33bc 10.09a 0.103bc 2090.9d 

 0 72.44a 8.25c 0.125a 4162.3a 

20 -6 68.00ab 9.46abc 0.108bc 3584.4abc 

 -12 64.00bc 9.71ab 0.105bc 2580.7cd 
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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 

0 -6 10.43bcd 6.52ab 3.31bc 0.44bcd 0.27ab 0.141bc 18.84ab 23.51bc 42.71bcd 

 -12 7.37d 4.67b 2.31c 0.31d 0.20b 0.097c 13.51b 16.44c 30.18d 

 0 15.14a 9.11a 5.30a 0.65a 0.39a 0.227a 26.33a 37.65a 62.01a 

10 -6 11.89abc 6.63ab 3.436bc 0.51abc 0.28ab 0.147bc 19.16ab 24.36bc 48.69abc 

 -12 7.43d 4.85b 2.35c 0.32d 0.20b 0.100c 14.01b 16.67c 30.46d 

 0 14.94a 9.66a 5.45a 0.67a 0.41a 0.234a a27.90 38.69a 64.23a 

20 -6 13.87ab 8.71a 4.63ab 0.59ab 0.37a 0.200ab 25.17a 32.90ab 56.81ab 

 -12 9.00cd 6.35ab 2.54c 0.38cd 0.27ab 0.110c 18.34ab 18.02c 36.87cd 
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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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Germination rate 
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 0 67.11bc 9.07bc 0.114a 

0 -6 64.00bc 9.39bc 0.108abc 

 -12 60.88c 10.73a 0.095c 

 0 72.44ab 8.76c 0.117a 

100 -6 64.88bc 9.27bc 0.112ab 

 -12 61.33c 10.34ab .097bc 

 0 75.11a 8.69c 0.121a 

300 -6 65.77bc 9.14bc 0.114a 

 -12 63.55bc 9.58abc 0.107abc 
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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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ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively 
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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 
h11.11  g25.894  d4.588  d4.236  f0.638  300 
g12.48  f28.533  cd4.985  d4.277  d0.683  0 

10  f12.90  e29.178  c5.00  cd4.514  cd0.698  100 
d13.43  d30.187  c5.00  c4.972  c0.711  300 
c14.66  c32.833  b5.297  b5.293  b0.807  0 

20  b15.61  b34.640  ba5.755  ab5.579  ab0.925  100 
a16.50  a36.111  a6.00  a5.801  a1.06  300 

�g� cO�>� ��� 9:
�� c	#D ��
H�" R��#" #� ���g� cO�>� 9:
��#�f c	#D 	 ��� T
H�D� V;� �� �� ���5%  � %
��9���� ��] %���N) ���(B���� ��  
In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 



%
$#�
� %��
�H� 	   ��C / %�#$� �4: ��	
�- 	 ���� 9$#��11/  ��
H@4/  %
�l��1401 

77 

B�&�
�� 9mmml$
I� Z$
mmm�� x
mmm��#: T	�mmmC) 
mmm�10 �(

 Amm�- �Amm� �mm�M �B�!	#mm5 %�Smm�� #: �Ya� #�Lb" �#I� J��K��
�

 8�mm" ^$�#mm@ ,<" �`
"
� =$S�N ,�!
g- 	 ��h��	O- �A�

 .���@�� ��>��M �B�!	#5 %�S�� B$#���:  	 Amm� A�- �A�

 ��h��	O- �
H�" ��20 ��� ��#mmH� �#mmI� ��K��
mm� #��! #: �#�

 
mm: 8�mm"12- �
mm: mm�g� J	
mmU" 9mm� ��mm: �
mmH�" 
mm: ����20 

��� 
: ��#H� �#I� ��K��
� #��! #: �#� 8�6- �
:  .,@��� 
mm:

 P�;mm� B�mm: ��l<� J	
U" ���N ,�� 9: Z$
�� 9: 9C�"

J��K��
mm� V;mm� 9mm� �� �mm�> 8�mm"  .�mm@ ���
mm�� �#mmI�

9mm: �mm�h��	O- %�S�� B$#�H� 	 B$#���: �
mm��
H�" �� R�"#"

20 ��� 
mm: ��#mmH� �#I� ��K��
� #��! #: �#� 8�mm"12- �
mm:  	

 �� �`
mm"
� =$Smm�N ,�!
g- %�S�� B$#���: .�@ ���
�� ��
@

 �
H�"20 ��� 
mm: ��#mmH� �#mmI� ��K��
� #��! #: �#� 8�mm"12- 

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

 �
mmH�" �� �mm�>20 ���
mm� #mm��! #mm: �#mm�� �#mmI� J��K�

.��� ���
��  �
mmH�" �� �`
"
� =$S�N ,�!
g- %�S�� B$#�H�

 ��
@��:  T	�C)10.( 
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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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0 i0.598 i23.11  cd4.206  f3.667  d9.01  

-6 de0.606  k24.26  cd4.271  e3.840  c10.31  

-12 d0.621  g25.06  c4.366  e3.904  c10.60  

10 

0 f28.30  bc4.920  d4.374  cd0.681  12.44bc 

-6 e29.25  b5.032  cd4.526  c0.702  b13.04  

-12 d430.3  b5.044  c4.863  cb0.710  b13.33  

20 

0 c33.95  ab5.588  b5.484  b0.885  ab15.28  

-6 b34.40  ab5.692  ab5.579  ab0.936  a15.62  

-12 a35.22  a5.772  a5.610  a0.976  a15.86  

�g� cO�>� ��� 9:
�� c	#D ��
H�" R��#" #� ��9:
��#�f c	#D 	 ��� �g� cO�>�H�D� V;� �� �� ��� T
5%  ��� %
9���� ��] %���N) ���(B���� ��  
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 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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f11.711  d27.233  c4.676  d4.216  f0.668  0  

0  e12.289  cd28.100  bc4.788  d4.266  e0.695  -6  
e12.567  cd28.689  b4.842  cd4.473  cd0.705  -12  
e12.578  c28.922  b4.898  c4.524  cd0.715  0  

100  d13.00  b29.344  b4.996  bc4.621  c0.747  -6  
cd13.233  b30.344  ab5.071  bc4.739  bc0.770  -12  
c13.356  ab30.144  ab5.140  b4.931  b0.781  0  

300  b13.689  ab30.570  a5.211  b9894.  ab0.802  -6  
a14.00  a31.478  a5.270  a5.089  a0.832  -12  

�g� cO�>� ��� 9:
�� c	#D ��
H�" R��#" #� ���g� cO�>� 9:
��#�f c	#D 	 ��� T
H�D� V;� �� �� ���5%  � %
��9���� ��] %���N) ���(B���� ��  

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range tests 
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)Zea mays) (Li et al., 2021) �Smm�� 	 (Brassica napus( 
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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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