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Abstract 
Background and objectives: Given the low precipitation and frequent occurrence of droughts in Iran, it is crucial to devise 

basic plans and identify new methods to mitigate the effects of drought on fodder production resources. Saltbush (Atriplex 

canescens (Pursh) Nutt.), extensively cultivated in Iran for desert restoration, is one such plant. 

Methodology: To investigate the effects of nano-zinc oxide and its efficacy in creating resistance to drought stress on the 

growth and physiological variables of one-year-old saltbush seedlings, an experiment was conducted in a completely 

randomized design with four replications. The experimental treatments included seed nano priming using nano-zinc oxide 

at concentrations of 0, 30, 100, 300, and 1000 mg/liter, and drought stress at four levels of field capacity: 20%, 40%, 60%, 

and 80%. 

Results: The results showed that as soil moisture decreased, the growth characteristics of seedlings, including the number 

of branches, leaves, collar diameter growth, fresh and dry weight of aerial parts, and fresh and dry weight of roots, 

decreased. The highest values of these characteristics were observed in the 80% treatment and the lowest in the 20% field 

capacity. With increasing drought stress, leaf physiological characteristics such as chlorophyll a, total chlorophyll, 

carotenoid, and proline increased. The investigation into the effect of nano-zinc oxide on the growth characteristics and 

physiology of saltbush seedlings revealed that this nanoparticle significantly affected only chlorophyll a, total chlorophyll, 

and proline. The highest amount was observed in the control seedlings, and the lowest was in the nano-zinc oxide treatment 

with a concentration of 1000 mg/liter. 

Conclusion: In general, due to the very insignificant effects of zinc oxide nanoparticles observed in this research, their use 

to increase the resistance of saltbush to drought stress is not recommended. 

 

Keywords: Environmental stress, field capacity, proline, seedling growth, total chlorophyll. 

    



 ��� ����� �	
��  ���� ������� ���� �����31  ���� 4                                                                                                                            293 

 

��� ����	
 �����
���	� �� �	��� ���	�� �� ��� ���� �� �	���	  !��"	# $�%&�'�(  

)Atriplex canescens (Pursh) Nutt.(  
 

�$%� &'���'�( 1) '�' �*
��+'�,� 2*) �.�/ �0�
� ���1'�+ 3) ����2�� 3���$*�4 4  �5*� �6
7�� 5 

1- �����	
�� ������� ���� ������������ ������� ������ ��� ��!���� ����"� ����"� �� ��  

2*- ���%��� &�'%�� ������	�� �( ) *!�+�,��� ������� ������ ��� ��!���� ����"� ����"� �� ��. .%/ :1��( 	�2� @semnan.ac.ir58kartooli  

3- �������� �( ) 4���5 6�7 ( �89�� ������� 4���� ��:�;< ��!���� ����"� ����"� �� ��  

4- �������� �( ) ������������ ������� ������ ��� ��!���� ����"� ����"� �� ��  

5- ,�?���� , 	�� @�AB �	%�� �*!�+ ������� 4���� ��:�;< ��!���� ��� CD E �� �� �� 

 :.F���� G���D31/04/1402                   :J �8/ G���D22/07/1402 

  

����� 

��	�9   :;�< ���L� �� �+�D �� M�����"� NO(P��  Q�R( (1�
2����S �@�?�� T <,�S U������ ( ������� ����,�S U��� V�S �� 

�S�� N� W� ���
  � 4���� ��2�D �F�AB �� .�"S����� �X�(,� �����. �A"+�� )���S�� �� ����< �� 	%) ,� � ��Y� Z<��� ������� ( 

4D �,��� �� ����  �� &��,�S �	�8) ���[	�� ��� .��� \�A]� D )Atriplex canescens (Pursh) Nutt.( .��.   

'�
.  =�:�< ����`�� ��� �  W�N� %��������(�,  � ,�S �a	� ���(� ( ���b�2��P�F &�C�,�S 1��2�� \�A]� D ( ������ � �� 

����? .�(�L� �� ��D ��
� �� U�� ���)� ������ �� c2�R T < *��� �F��dD �� ��C7 �� �D @�?�� ��. D���",�S ����� *��� 

%�������(��, �� .`A9�S,  [5� 30� 100� 300 ( 1000 ��A�@ )  � 2� 	 ( ,���� �� ��C7 ef� 20� 40� 60 ( 80 �5�� .�F i 

�B��� ���.   

:>��?� j��	� ���� ��� �� �� �S�� .��<� M�
� N�[5 ���(� &�C��S *��� ���:D ��
�� ���:D �k � ��� �, fR ��(,�S  D ( 1�
 

@����,�S ����S ( ��(,�S  D ( 1�
 ���� �S�� �������. ��,�l��� ������ U�� �dm���S �� ��"�D ,���� 80 �5�� ( U� 	"� � 

�� 20 �5�� .�F i �B��� �� ��S���. �� ���PF� ��D ���
� �)X�(,�S b�2��P�F��� k � ����� *�F( A� a� *�F( A� *�� ��n��D��� 

( U�2( / ����:� ��< ,������PF� �	F���. j��	� ��� �  W� ,(���%������  � N�[5 ���(� ( ,b�2��P�F &�C�,�S \�A]� D P�� ���� ��� 

��  U��������o pLF  � *�F( A� a� *�F( A� *� ( U�2( /�  W� ��:���� ..��� ��,�l��� U� 	��� ���L� U�� N�[5 �� &�C�,�S �S�� ( 

U� 	"� ��S �� ��"�D ��%������,(� �� .`A9 1000 �A��@ )  �  	�2 ��S��� ��.  

�@�?�3��A :��+ �� *�� ��*�2� N� W� ���%� P�7�� ,(���%������� ���[	�� �� � ,� � ���PF� .�(�L� �� ��D ���
 \�A]� D ��C���/ 

�"����. 

  

�B�3�< 3���+: �U�2( / ��D �f�l�� ��(� �&�C� .�F i ��B��� *�F( A� *�.  

 

 

 

  



294                                                                                                                         ���+ C���� 0+�
������3 � �'�'�@ 7�1 D�� �	 E.��....�                                           

 

 

���	�  

��� �� qC�U� D ( 4���U� D ��D,�S �	%�� �9 �� 
��S��) �� � �+��� ���	%S ��D ���
 .�� )Golparyar 

et al., 2006.( U�� ��D .;%� �� *���B �f�l� � !��  �WrD 
,����  � ���( ��S��) ���� ( ��� ��S �� �(�l� ����� 

)Mousavi Kani et al., 2022.( ��D ��
� �� )���S� 
c;� �S�� �� �P	���	F ��� ���� ( @����,�S ��S�� )��� 

( qS � ����
 &��:D 8aD���, ����� )Sepasi et al., 

2022 .(�� N��5 �( � ��D �����D �� *��� �� � V d� 
 5��B ���89 q�V d� �� Z� < &�Al���/�� .�:s( ��� 

���) �� ��;C� ���m� Molaee et al., 2023).(  

p�� � 6 ( ��S�� ����  c;� ��� .�� �D �m��S, 
����, �� � �� *�� Z<��� ������� ( ��� , �����. ��� �� 

(�J�S, �	%�� Y���, s���� Z<��� ������� ( ;tD�. 
U��S, ��(�� .��� ���)�S, @(�L� �� � ��p ��
� �� 

�5 B�S, ��B, �� ���/ )�S�� .�� )Mahdizadeh et 

al., 2014(. ���) c���� ,� � &�C����, �� �AS( &(� ���� 
��)���, ,���� �� ��U � ��p �	��� ���� ( ���	�� ������ 
 L	%� .�� ���(uB ���� (�)X��S, ��! , ����� 2�D�� 
�F�AB �� *dF ����  `�� .�(�L� �� *��L� � 7, @��� 
N��R � D�q ( ��� ��?� \/��� ( N��R �(���, ;<�:� 

\/ �� �� L	�� 2(��� �� �	��� ����. �� �A"+ U�� ��S��) ��
���D �� )��� �D���,  D�\�A] )Atriplex( �� D��  +��[����� 

)Chenopodiaceae( ����� � �. U�� �\�+ ���)�S ( 
��(��	�S, ��:	� �1�2�� ( �2����7 .���� 18 ���) �� 22 

���) ���������� �� ��U \�+ ��  �� � ����  ��N��5 
����� / ��vY ����� )Jafari & Tavili, 2014.( ��� �� U�� 

���)�S\�A]� D � )Atriplex canescens (Pursh) Nutt. (
.�� )Asadi, 2001.( ��U ���) ��%/����  ( .�� �D����(

���� ����  6�%l� "�����. U�� ���) �� Z<��� 6 9 
 ���� �� *�� �� 	%) ( �� 4D� � ���"1�
 &�"�  ���� 

��+( ����. �� 2��* ��)���, ���� �� ,��S 1�
 ( J���
�S, ��� ! ��U ���) �� %����, �� �S����, ��C+ �A"+�� 

����  .�� ����� ( �� 	��U ef� �� �� ���� ���)�S, 

������( �� ��U \�+ �� ��
 w�d	
� ���� .��. ��7 S 
 D�\�A] �� �6 9 &�"� 6 9� P� �� &�"� �x � x � 

( 6��+ x � �� �� ����� / ��� .��� ��� c���� D�U AR��q 
� �, ��U )���� AR��q ����  ����D� .�� )Jafari & Tavili, 

2014.( ��U ���) @(�L� �� ����
 pLF �� &�� &(� ��� �� 
6 ���� ����� ��� �� &���S, �:� �� *��L� q��� @(�L� 

.��. �� 4D� � 1�
 ( �"����
� �� ���L� )������ 
��O�� � �� �(�Y 100 �D 150 ��A� 	� ����� �� ��� ��
 

����� ���S�� ��� �� )������ ��O��  	��� �� 150 ��A� 	� 
��P �� N��5 qS� F ���� � ��p M�
� ��� *��RC+�D� 

����. �� L<���� �� ���L� J��� ��O�� � �� 100 ��A� 	� 
 	"� ����� �����D � �� �� cd� ���
�(��S .�� .� � 

��U )���� �� M�
�S, ���� �S� ( ��� !���U �� pH 
U�� .[S �D 5/8 ��� ��
� ����. c���� D�U M�
 � �, 

��� �� M�
�S, �"	��* �� AR���� ( ��� ��� .��. 
 D��\�A] �� .`A9 ���� ���q� ���%� ��%Y .��. �� 

M�
�S, t�
� ( �� "�� ����, ��P  L	%� �����. 
��A���<�� U�� ���) �� M�
�S, "B�Z ( ���""B��Z ��� 

��2� ( �� ��2� ���� ��� ( AR��� �]D�S, ���� .���S ( 
.F ��S, 4D� � AY��� ( �!A+�S �� Q�[D��  	"� �� ef� 

���� �D 2440  	� �� ef� ����� ����D�� �� L	�� ���� 
)Jafari & Tavili, 2014.(  

 � C�, �) �� ,�(��F,�S ���U ����`�� �:D�*  W�N� 
 mD�;� ��D ��
� �� )���S� ������D �� "S��. (��X,� 

�����
 � ����. �������� N��o) �� L���� (���� �� N��o 
2��2��� �� "D�� �	[) ����� �� ������ �1 �:� ��S *R��Y 

��U 1� �D 100  	����� ���� ( �� `� w��
 ��"���� ( 
F�P��� .;%� �� ���� .������� N(�[	� ����� )Jiang et 

al., 2014; Yousefi et al., 2017(. �S(X/,�S 2(��� ���� 
������� �� N��o���� �� ��;C� ��� ( 2�D�� �8� �� )���� 
�PF��� .�(�L� ��  �� � N�F ( ,��"���S ( m�D�y 
R�������� zAB���S� %��	/�* ,���� ����� )Khot et al., 

2012; Rahimi et al., 2016.( ������B &�t�� ��� � N�[5 
����+��� �8� ����{�D )Haloxylon aphyllum 



 ��� ����� �	
��  ���� ������� ���� �����31  ���� 4                                                                                                                            295 

 

(Minkw.)( .lD ��D ��
� ���� ��� �� ���[	�� �� 
N��o���� ,�%���D����	�@� � W� 	;t��  � N�[5 ����+��� 

�S�8����8� ���) , ���� )Mousavi Kani et al., 2022(. 
 5��B q�V d��  5��B ���89 ,�( s ,� � ��S��) 
�B���  .��	%S�� M�
���S "S��| M�
,�S ��S �� �� 
��;"� U��  5��B �+��� ��	%S� ��� ( � �A"B ��S��) 

�� �S������ �)Imani et al., 2022.(  d�B (�, �A"+�� 
 5��B �( s, q�V d� � �, )���S� .�� 

)Kartoolinejad et al., 2008( �� �L��S, F�P�b�2��1 
��:	�, �A"+�� 2���	��q% }�������S, P	���	F,� .`F�l� 
���9 �PF��� ���D P	���	F, ( &�"B� 2���	���� �&�A� P	�� 
'D( /�U ( S�� ��N�����S ����? ��q	% B�F�� &�A� �� 
 �� � ���)�S, %����X &�:F �� )���S� ( 2�D�� &�dl� ���� 

)Karami et al., 2016(. �� � ��p ��;"�  d�B (�,� �( � 
N��%
�S, �%����� ���� �� q+�CD ����&���S, ��� 

����� %����X &�:F �� ����? &u	
� �� � �A"B �S��9, 
2�A�� ( 2�D�� ����&���S, S�%�(���* ( %�� /����� c;� 

N��%
 �� &�A� ����� )Baybordi & Mamedov, 

2010.( ����� �� )��� �� ��D �+��� ������ ����&���S, 
��� ���P	�� c+�� "��. �� )��� ( k � &�A� ������. 
(�, �� �� "S US ������B ��	��F�� P��q�S, 	��%������� 

c;� �PF��� ��U P��q�S ����S d�B U�� .���� �L� "C�� 
�� �:D�* ����&���S, ��� ( N� W�  mD�;� ��S  � 
��q	%�S, ��9�� �����  P�� (c+�� �PF��� *"lD )���S� 
�� ��D ��
� ��) ����Narimani et al., 2018 .(

&�Al���/� (�, �� � ��p Q�R( ��D ������D .��;�� 
S�� ��N����S (  F���S��, P	���	F, �� ��;C� ( �S W�, 

[��� ��D �� �S�� �S� )Raeesi Sadati et al., 2020.(  
 D�\�A] ��  �� ���P%� �L� ��� ��Y���, 4D� � ( 

����������� ���� .V�S �� � +�, ��/ �S(X/ �(�������� 
N� W� %�������(��,  � N�[5 (����� b�2�F������ ( 
�������� &�C��S, ���) A. canescens ( ��� � P�� 

���� �, ��U ���) )�S�� ��  �� � ��D�S, l��f� .�� .
�	��j *5�Y �� ��U �S(X/ �� �b( /�S, � +��� 

����������� ( Y���, Z<��� 1�
 ( ���"1�
 ���� 
��� � ������. 

  


�� � �����  

��/ �S(X/(�  .�� @�?�� ��	%2�C� p�� � �����	�� 
180 &�C� 1��2�� Q�[D�� �� \�A]� D ��2(� 25 	���� 	� 

 �� ��+�� ��	%2�C� ���:fR  ��C7��	� C� ��u� CD��  �� (
;< 4���� ����� ��	%2�C��:�  ,���P�m� ( U�� ��	� C� *L	��

�� .*��R �o  �� .�� ��������)� ,  ,�S 	����/ ����(�  S
 �?�	� �� �D��!���U)� , ��  �� ..�� ���� &�C�����`�� 

��?�� p�� � ��� c���� D&�C� ��S �� �� "S M�
 �Lf�� 
���P� �� .F�� ��%��  �����A),�S k�P� D �� ���� &�L	���� 

( �� N�� (� ��� � ���`�� ,��)��� �� p�� � 6 ( ����S 
�Lf��� ,���� ( .;R� � ����.  ��/ ������ Q( � ��

N�[5 ��(� ��2(�� ���:D *��� k � ( �
����S ���) Q�[D�� 
 fR ( �L� ������, �) ( .;W ����. ��%�� V�S �� ,���

 p�� ��S(X/ � �"S���A)  �� � ( c���� ��( �� �S2300 
�� ������ @ ).��  ���L� U	F )  `� �� �� ef�  S �� ,����

&�C� ����
 ��D �S��  ��(���(���C7  .���� ,����
�� ��`�� J(� �� M�
 �	��<� ��D ( ,���� Z�R� U��:D

 ���[	�� \��	�� ����R ���/  � , 	�(���S�� U�� �� .
 ��S(X/ 6,� � ���[	�� *��R  ���PF�.��<� M�
 �� 

��C7 ef� 20 �40 �60  (80 �5�� �B��� .�F i �� �+�D 
�� ) �f���1( .�� �� ��:  

  
�f��� )1(  AW = FC − PWP  

  
� �� ��� AW 6 *��R ����[	�� FC .��<� M�
 �� 

.�F i �B��� ( PWP .��<� M�
 �� �fL� �)� �X/ qn�� 
.�� . ���L� �� c�D D U���600 �� ,� � ��.�F i 

�B��� 80 ��5�� 380 ����  ,� �.�F i �B��� 60 
��5�� 280 ����  ,� �.�F i �B��� 40 �5��  (180 

�� ,� � ��.�F i �B��� 20  ,���� .���  S ,� � �5��
 ,��� �����A)  S  ��( U	F )  `� �� ��1� S ���A) �� �S



 ��� ����� �	
��  ���� ������� ���� �����31  ���� 4                                                                                                                            296 

 

 

 U��:D��. ��"S��	�� �� ���  �o �� ��< &�C� ,����  S �S
 �(� ��C7�1��� �� @�?��,��� ���PF� �� ��� �.F ) ��S� 

&�C��S  �(� ��  S�1��� ���� ,���� .,(���%������  P��
.`A9 ��,�S  [5� 30� 100� 300 ( 1000 �A��@ )  � 

 j��	� �� �+�D ��  	�2�S(X/ ,�SU���/ )Wang et al., 

2012 ( ��CD �\]� .�� ����� ���� � ���� �:D��U���� 
&�Al� ,(���%������ �� (� 1� ����� �A5�F �� .����S�� 

�� q?�/  �D��� ( @��C7 ��� ���� ,(� k �,�S &�C��S 
.�� , ]��  *��3  ���� �� �S��"�D &�"B� ��l� ( *Y� �

�� .�S�  
  

 ��HI�.3���0+�
��� �'�$?9� '�
.  

,(���%������  U�� �� ���[	�� ���� ��S(X/ &�dl�
��� � ���� ( ��  .� �US Research Nanomaterials 

Inc )Houston, USA (��� �� N�dm��  &(�+ �� �1 
���  ��dD U��|"S ..�� TEM  (SEM ,(���%������ 
���� ���[	��  *�� ��1 ..�� ��� ���� ���� 

�����/ ��	�� ,(���%������ &�Al� ��CD ��`�� �� � 6 
 fL� �	m�� �� ���[	�� �� ( �� ��!	�� ��b�"S��P 

1����� 	2� ��b�"S��P )100 N�( ( 40 PD S�A�� (�� N�� 
15 ��L�R� ~�Am� .
����� N��o���� �� .`A9,�S 
:D��U��� )30� 100� 300 ( 1000 �A��@ ) ��  	�2 (�	
�� 

) ��Amirjani et al., 2014 ()*�� 2.( 

 ��� �� �(�Y �� ����� *Y� � @�"D� �� \/&�< �� 
�����?�� &�C��S �� ��!����� �S��) ���� &�L	�� .���� 

�����,�S U��:D ���L�  J(� �� ���[	�� �� U�2( /Bates 
) �����"S (1973�( ,��	l� �;%� 6  �� ���[	�� �� k �

 J(�Ritchie ) �����"S (1990���L� �(  ( *�F( A�
 J(� �� ��n��D���Arnon )1967( N��5  �� ..F )

������ P��  
 �AY �,�S �a	� ���C� , �)  ���(�
:D��U��� Q�[D�� *��� �S(X/ U�� �� �) fR ��� ���:D ��L� 

( k � ���:D �
�� @�?�� .��  *s�[D ����S  ( �C	�� ��
�� ��(� ,��	��(� c�D D�� B�[D��� (� (��  , fR( 

�|"S�U *s�[D ���:D �
�� ( k � .�� .�� ��  �� \/
 ��"�D  S �� ������ ���� ����/3  , �) ������ ,� � &�C�

@����  D ��( .���� 6�m	�� 1�
 (  D ��( ( ����S ,�S
&�C� �L� *l� �� 4fR �� \/ ���� &�	�?�� ,(�� D �� ��S

&�C� \]� .�� .;W�� c%7 � E�� �� �S N��48  .B��
 ,��� ��75 ( ����(� ( ���� 1�
 �( �� �+�� ��
� 1�
) �� , �) ������ �SMousavi Kani et al., 

2022.( 

  
J@�������� �'�'�<  

����� ��N��5 *���	��F �� c2�R T < ���/ *��� 
�F��dD �� ��C7 �� �D @�?�� �� .\/ ������ ��), ��S  (

���� .��� � �S����`�� �?�� ���� / &�� � ��S �� 
���� V( )�"2��- "��V��  � � (, ��� � ��!"S 

\�����(�S �� ����  ��2���[	�� �� .P�2�� \�����( 
�F <(� ( �%��L� U�!���� �����S �� � ���� ���� LSD �� 

@ ���PF� SPSS @�?�� ��. 

  
K�� 1- ��HI�. 3���0+�
��� '�
. �'�$?9� �' D��.(M  

Table 1. Specifications of the zinc oxide nanoparticles used in the experiment  

Monoisotopic 

mass  
Boiling 

point 
Melting 

point 
Molecular 

weight 
Sulphated 

assay 
True density 

Crystal 

morphology 
Crystal 

phase 
Color 

Specific 

surface area 
Average 

particle size 
Purity 

percentage 

79.924061 Da 
2,360 °C 

(4,280 °F) 

1,975 °C 

(3,587° F) 
81.37 ≤ 0.1 % 5606 kg/m3 

Nearly 

spherical 
Single 

Milky 

white 
20-60 m2/g 10-30 nm 99.8 % 
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Figure 1. TEM (Left) and SEM (Right) image of used zinc oxide nanoparticles  
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Figure 2. Preparing the suspension of nano-zinc oxide in the four concentrations. Left to right: A) Nano-zinc 

oxide powder in distilled water before preparing suspension, B) homogenizer device and C) prepared suspension 

for each concentration 
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Figure 3. Photographs of the nursery where the seedlings were prepared, spraying nano-zinc oxide on the 

Atriplex canescens seedlings and measuring the growth variables of the seedlings 
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Table 2. The results of analysis of variance for the seedlings characteristics of Atriplex canescens 

  

 

Variable df  MS  F  

D
ro

u
g
h

t 
st

re
ss

 
  

Number of branches 3  239.4 **16.779 

Number of leaves 3  26896.7 **26.917 

Collar diameter growth 3  2.048 **5.453 

Height growth 3  96.28 *3.419 

N
an

o
-z

in
c 

o
x

id
e

  

Number of branches 4  30.48 ns 2.136 

Number of leaves 4  1729.93 ns 1.731 

Collar diameter growth 4  0.193 ns 0.514 

Height growth 4  14.4 ns 0.511 

N
an

o
-z

in
c 

o
x

id
e 

×
d

ro
u
g

h
t 

st
re

ss
  

Number of branches 12  14.9 ns 1.045 

Number of leaves 12  1036.5 ns 1.037 

Collar diameter growth 12  0.266 ns 0.709 

Height growth 12  51.84 ns 1.841 

E
rr

o
r

  

Number of branches 60 14.271  

Number of leaves 60 999.263  

Collar diameter growth 60 0.376  

Height growth 60 28.157  

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant 
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Figure 4. The effects of drought stress and nano-zinc oxide on the growth characteristics of Atriplex canescens 

seedlings 
Different letters in each chart indicate a significant difference between means (P<0.05). 
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Table 3. The results of variance analysis of fresh and dry weights of aerial parts and roots of Atriplex canescens 

seedlings 

 Variable df MS F 

D
ro

u
g
h

t 

st
re

ss
  

Shoot fresh biomass 3  71.52  *3.818  

Shoot dry biomass 3  12.92  **4.536  

Root fresh biomass 3  127.7  **4.683  

Root dry biomass 3  25.51  **9.672  

N
an

o
-z

in
c 

o
x

id
e

  

  

Shoot fresh biomass 4  31.15  ns 1.663  

Shoot dry biomass 4  4.81  ns 1.69  

Root fresh biomass 4  33.78  ns 1.238  

Root dry biomass 4  4.33  ns 1.64  

N
an

o
-z

in
c 

o
x

id
e 

×
d

ro
u
g

h
t 

st
re

ss
  

Shoot fresh biomass 12  6.76  ns 0.361  

Shoot dry biomass 12  1.82  ns 0.639  

Root fresh biomass 12  23.58  ns 0.865  

Root dry biomass 12  2.2  ns 0.835  

E
rr

o
r

  

Shoot fresh biomass 38 18.733  

Shoot dry biomass 38 2.848  

Root fresh biomass 38 27.273  

Root dry biomass 38 2.638  

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant 
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Figure 5. The effects of drought stress and nano-zinc oxide on fresh and dry weights of aerial parts as well as 

roots of Atriplex canescens seedlings 
Different letters in each chart indicate a significant difference between means (P<0.05).  
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Table 4. Results of analysis of variance on physiological characteristics of leaves in Atriplex canescens seedlings 

 Variable df MS F  

D
ro

u
g
h

t 
st

re
ss

 
  

Chlorophyll a 3  0.45  **10.771  
Chlorophyll b 3  0.03  ns 0.962  
Total Chlorophyll 3  0.73  **8.697  
Carotenoid 3  0.132  **8.917  
Proline 3  21.13  **9.723  
Relative water content 3  28.41  ns 1.578  

N
an

o
-z

in
c 

o
x

id
e

  

Chlorophyll a 4  0.2  **4.743  
Chlorophyll b 4  0.02  ns 0.483  
Total Chlorophyll 4  0.29  *3.476  
Carotenoid 4  0.02  ns 969.0  
Proline 4  7.6  *3.497  
Relative water content 4  12.22  ns 0.679  

N
an

o
-z

in
c 

o
x

id
e 

×
d

ro
u
g

h
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st
re

ss
  

Chlorophyll a 12  0.08  ns 1.895  
Chlorophyll b 12  0.05  ns 1.250  
Total Chlorophyll 12  0.15  *2.207  
Carotenoid 12  0.01  ns 0.544  
Proline 12  5.1  *2.346  
Relative water content 12  30.9  ns 1.716  

E
rr

o
r 

  

Chlorophyll a 38 0.042  

Chlorophyll b 38 0.036  

Total Chlorophyll 38 0.084  

Carotenoid 38 0.757  

Proline 38 2.173  

Relative water content 38 18.005  

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant 
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Figure 6. Effects of drought stress and nano-zinc oxide on chlorophyll a, chlorophyll b and total chlorophyll in 

seedling leaves of Atriplex canescens  
Different letters in each chart indicate a significant difference between means (P<0.05). 
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Figure 7. The effects of drought stress and nano-zinc oxide on the carotenoids and proline in seedling leaves of 

Atriplex canescens  
Different letters in each chart indicate a significant difference between means (P<0.05). 
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Figure 8. The interaction effects of field capacity and nano-zinc oxide on proline and total chlorophyll in seedling 

leaves of Atriplex canescens  
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