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Extended Abstract 
Introduction 

Due to climate change in recent years, the water crisis has become much more serious than before. Therefore, water 

shortage is one of the most important problems in the world in the last century. Evaporation from the soil surface can 

be considered the most important component in the water balance. Using soil amendments is a strategy to reduce the 

adverse effects of drought stress on plants. Water-absorbent polymers can be used as a modifier to improve soil health, 

which improves water holding capacity. Natural or artificial absorbents superused in agriculture are hydrophilic 

compounds that increase the water-holding capacity in the soil, reduce the leaching of soil nutrients, reduce the 

amount of evaporation from the soil surface, and increase the soil ventilation, causing better growth and development 

of plants and increased yield in drought stress conditions. These polymers can absorb water several times their weight 

in their building and gradually return water to the soil by reducing the water in the surrounding soil, so the soil is 

moist for a longer period without re-irrigation. Biochar and bentonite are among the important natural superabsorbents, 

whose effect on increasing the water-holding capacity in the soil has been proven. Despite many studies in this field, 

the impact of combining these two absorbents super has not been studied, so in the current study, the simultaneous 

effect of these two absorbents super on evaporation from the soil and the amount of residual moisture in the soil was 

investigated. 

 

Materials and Methods 

This research was conducted at Shahrekord University. To prepare biochar, thin and dry walnut tree branches were 

first collected, and after chopping, the wood was placed in cylindrical metal containers with lids and low oxygen 

conditions at two temperatures of 400 and 600 ̊C in an oven for two hours. The bentonite was also purchased from 

the market and its purity was checked in the laboratory. This research was a factorial experiment using a completely 

randomized design and three replications. The treatments include the combination of bentonite (Be) at three levels 

of two, five, and 10 % by weight with biochar (B) prepared at two temperatures of 400 and 600 ̊C at two levels of 

two and three percent by weight and a control treatment (a Clay Loam soil). In this research, the water balance 

method was used to obtain the amount of evaporation. In this method, the amount of water entering and leaving 

the lysimeters (pots) is measured using a graduated container, and since no plants are grown in the pots, the amount 

obtained from the balance equation is the amount of evaporation from the soil surface. The humidity of the 

treatments was also measured by the SM150 hygrometer at the surface and 15 cm depth of the pots. The analysis 

of the data obtained from this experiment, including analysis of variance and means comparison, was done in 

Statisca software and drawing figures in Excel software. 

 

Results and Discussion 

The results showed that the changes in the amount of evaporation from the soil surface in all the investigated months 

as well as the total evaporation of the entire period are significant at a significant level of 0.01. The comparison of 

the means for the total amount of evaporation in different treatments showed that the amount of evaporation in all the 

investigated treatments was lower than in the control treatment. The lowest rate of evaporation is related to the soil 

mixed with two percent bentonite and biochar produced at 600 ̊C. The highest evaporation from the soil surface after 

the control treatment (432 mm and equivalent to 3.1 mm per day) was observed in the soil treatment mixed with 10% 



  
bentonite and two percent biochar produced at a temperature of 400 ̊C. In total, the amount of evaporation from the 

soil in different treatments has decreased between seven and 14 % compared to the control treatment. The amount of 

soil moisture in all the investigated treatments has increased significantly compared to the control treatment. In other 

words, the combination of biochar and bentonite has helped to maintain moisture in the soil. The highest amount of 

soil moisture was obtained in the treatment of three percent biochar produced at 600 ̊C and 10 % bentonite and it was 

25.4 %, which is 18 % more than the moisture content of the control treatment. Increasing the amount of bentonite 

added to the soil has also increased soil moisture. 

 

Conclusion 

The results showed that the soil evaporation in the simultaneous use of three percent biochar with different levels 

of bentonite is higher than the use of two percent biochar. Therefore, it can reject the use of a three percent biochar 

composition to reduce evaporation from the soil. Based on this, the best treatment should be sought among the two 

percent biochar treatments. Among the treatments of two percent biochar, the greatest effect on reducing 

evaporation occurred in the two treatments of two percent b:ochar produced at 600 ̊C and two percent bentonite 

and the treatment of two percent b:ochar produced at 400 ̊C and five percent bentonite. Choosing one of these two 

treatments for use in large areas requires an economic study of the prevailing conditions in the region and the 

availability of bentonite minerals and raw materials for biochar production. In one treatment, the temperature of 

biochar production is higher (B2-Be2-T600), and in the other, the amount of bentonite used is higher (B2-Be5-

T400). Optimum use of water in the field and scientific management of water, require appropriate tools that, in 

addition to being available, do not impose large costs on farmers. In addition to all the things mentioned above, 

not causing pollution to the soil and plants is also a very important parameter in this field. Therefore, according to 

the results of this research, it is recommended to use a combination of two or five bentonites with two percent 

biochar for use in fields. 
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Figure 1- The stages of preparing biochar and pots 
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��%O 1-  P,�23 �� ����� ���! �1��!�: *�,��8��  
Table 1- Experimental treatments examined in the research  

$��(  ���� 2&(  )��7�0� =�31  

1 �4�  O�H.��N,. 400 >� L �����  �&' %2  �4� =����#<  B2-Be2-T400  

2 2 �4�  O�H.��N,. 400 >� L ����� �&'  %5 �4�  =����#<  B2-Be5-T400  

3 2 �4�  O�H.��N,. 400 >� L ����� �&'  %10 �4�  =����#<  B2-Be10-T400  

4 3 �4�  O�H.��N,. 400 >� L �����  �&' %2 �4�  =����#<  B3-Be2-T400  

5 3 �4�  O�H.��N,. 400 >� L ����� �&'  %5  �4� =����#<  B3-Be5-T400  

6 3 �4�  O�H.��N,. 400 >� L ����� �&'  %10  �4� =����#<  B3-Be10-T400  

7 2 �4�  O�H.��N,. 600 >� L �����  �&' %2  �4� =����#<  B2-Be2-T600  

8 2 �4�  O�H.��N,. 600 >� L ����� �&'  %5  �4� =����#<  B2-Be5-T600  

9 2 �4�  O�H.��N,. 600 >� L �����  �&' %10  �4� =����#<  B2-Be10-T600  

10 3 �4�  O�H.��N,. 600 >� L ����� �&'  %2  �4� =����#<  B3-Be2-T600  

11 3 �4�  O�H.��N,. 600 >� L �����  �&' %5  �4� =����#<  B3-Be5-T600  

12 3 �4�  O�H.��N,. 600 >� L �����  �&' %10  �4� =����#<  B3-Be10-T600  

13   �� �%�< /�0 ��;�(+ ��34�  Con  

  
 ��%O2-  ������Q
!.H/�I! ���! ��� *�,  

Table 2- Some parameters of the studied soil 

/�0 )��( �� )(&�� &< v#,.  pH f� )�4� (  =��� )�4� (  R( )�4� (  /�0 =:�<  

0.891 7.83 20 30 50  ���
���  
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����' =<�F� f��� .�( R��K� �;�( )�;C<?��A1 ��. �&-,  ��

�� ��*�� )���<"����' =<�F� C�  �( �#�,�X �� C< �;�( )�;

I	� =<�F�) O�4�
�cθ��&< (. ����� cθ  .� E,&Fe<��L )2 ( C�

��" �  fcθ  % �1��. =�:&p =<�F�pwpθ  By�  �' &�WX =<�F�

=��  % )���<" E1 9�� f��� &<e<��L )3(  CA��J������(.  

)2(  θc = θfc − 0.5(θfc − θpwp) 

)3(  D = ((θfc − θsoil)/100) × Drz 

) Le<�� � 3(� D  .���  ��� !" E1&;  �����'Drz  E1

 % ����'soilθ	 =<�F� ����� �����;�( =�� )Alizadeh, 

2007.( I��J� $ �  I��( 8,��." R,� .� I4�� )�;I��J� 

N,��� % v��,��%L R�-�����&� �  �; ��9:�STATISCA  B�� %

I�(�&� �  �; ��9:�EXCEL �( ��*��.  

  

3- SA� � T��
"  

 ̂ ,���I��J� $ �  v��,��% )�;<C=�  C< $��"&,. �  I�75�  $��"

 )�&< .=��E��  ���&<$ �  &�$ �  ��;�; $.�< �  C��;�� ����. )�;

 O%�> .=:&' ��&� �<�,.��  ��� $�%  I� %3  ^,���I��J� 

$ �  v��,��%.�< I� �  &�YA� s�*�) I� &�YA� C< a�<&� )�;+ 

 ����.150  ($.%��� ���� �� C��;�� &�YA� s�*� %.�;   

  
��%O3- M�+A� $��� U"�����V+
�! *�,��8�� ����� .� W���! *�,  

Table 3- Analysis of variance of evaporation in different treatments 

qA#� ?�&��t�  >� L ) �."  �M"  )   R	<  �#5��  R, �%&:  I� &�YA�  

����  12  ***0.0682 ***0.0810  ***0.0780  ***0.0293  ***0.0240  ***0.0345  

O�H.��N,.  3  ***0.053  **0.0808  ns0.0201  ns 0.0018  ns 0.0067  *0.0149  

=����#<  2  ***0.1081  ns 0.0084  ns 0.0094  ns 0.0009  ns 0.0082  ns 0.0029  

O�H.��N,.=����#<*  6  ***0.0496  **0.0583  **0.0483  **0.0216  0.0123  **0.0152  

�e0  24 ns 0.0056  ns 0.0209  ns 0.0226  ns 0.0089  ns 0.0071  ns 0.0057  

* �** �*** % ns C<�#K� P��&��� )  ue� � 1/0 �05/0 �01/0 �#K�&�H %��   



 
 �� ������ ��	
�� ����������
��� ... ��"�
#� �                                                                                                                    179  
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 M&<2- ���0!J V+
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Figure 2- Comparison of mean in different treatments for soil evaporation 
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Figure 3- Comparison of mean soil evaporation in Biochar treatments 
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Figure 4- Comparison of the average interaction effect of biochar * bentonite on evaporation from soil 

 

N,���L R�-����< ���&<  ��� )�;���� )�&< �;C?��4 

 O%�> �  9�� C��;��4  ����� C��;�� I��J� �  .=�� $�( Cy���

$�� ��� �  9�� /�0 .� &�YA�B� �8,��." )�;&�YA� ����� R,&� 

 ���� %  .� ��, � B2-Be2-T600  %B2-Be5-T400  $�;���

 O%�>) �(4�%  I� &�YA� s�*� ���&< �  ���� %  R,� .(+ 

150 9�� $.%� B� �  ���� �� &�YA� ��9�� R,&� I�() ��2 .(  

a

b

400

405

410

415

420

B2 B3

��
�

��
)

�

! �

+�!
(

�
��� ����

cba

ba

d

dcb
dc

cba cba

dc

a

dcba

dc

cba

380

390

400

410

420

430

440

B2-T400 B3-T400 B2-T600 B3-T600

 �
��

��
)

�

! �

+�!
(

�
��� ����*��"�
#�

Be2 Be5 Be10



 
 �� ������ ��	
�� ����������
��� ... ��"�
#� �                                                                                                                    181  

��%O4- ���0!J  ��� �� ����� Y�Z"��!.�@��B  *�,��8�� �� ."�,�!�����
���  
Table 4- Comparison of average monthly soil evaporation in biochar treatments 

�M" )  R	< �#5�� R, �%&: ����  
71.6a 123.7 a 108.7 a 79.6 a 78.5 a Con 

68.2 abc 114.9 bcd 93.6 c 70.3 c 71.4 cb B2-Be2-T400 

66.0 bc 106.0e 93.5 c 70.0 c 69.0 c B2-Be5-T400 

65.8 bc 117.5 abc 103.4 ab 73.0 cb 71.5 cb B2-Be10-T400 
65.4 bc 116.3 bc 95.9 c 75.6 ab 75.3 ab B3-Be2-T400 

65.9 bc 118.0 ab 95.3 c 71.0 c 70.7 c B3-Be5-T400 

68.7 abc 116.3 bc 92.5 c 68.9 c 70.2 c B3-Be10-T400 

53.5e 110.7 cde 91.2 c 69.3 c 71.2 cb B2-Be2-T600 

66.5 bc 115.1 bcd 95.9 c 72.6 cb 70.4 c B2-Be5-T600 

66.2 bc 107.5 e 93.6 c 70.9 c 70.3 c B2-Be10-T600 

59.0d 111.9 bcde cb 96.7  70.3 c 69.2 c B3-Be2-T600 

64.8 bc 108.7 ed 93.2 c 70.0 c 72.3 cb B3-Be5-T600 

67.0 bc 111.2 bcde 97.3 cb 72.8 cb 68.9 c B3-Be10-T600 
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 O%�>I��J�  E1 =<�F� ����� v��,��%15 ����� /�0 )&��

�� ���� %  �{��Y� )�;���� �  =<�F� ?�&��t� �; I��1 

O�H.��N,. �" I<���� &@� % =����#< % ue� �  �;�#K��� ) D, 

 �4� �#K���   O%�>) =��5.(  

  

��%O5- M�+A� $��� U"�����V+
�! *�,��8�� �A� ��� ����� .� W���! *�,  
Table ۵- Analysis of variance of soil moisture in different treatments 

qA#� ?�&��t�  >� L ) �."  �M"  )   R	<  �#5��  R, �%&:   R�-����/�0 =<�F�  

����  12  **13.25 **4.16  **5.96  **8.66  **8.08  **5.39  

O�H.��N,.  3  **19.17  **5.81  **5.87  **2.42  **3.77  **3.89  

=����#<  2  **13.25  **4.16  **2.83  **12.32  **6.77  **5.92  

O�H.��N,.=����#<*  6  **7.79  **2.63  **2.54  **2.80  **4.54  **2.63  

�e0  24  0.30  0.40  0.37  0.75  0.40  0.18  

*  % **C<�#K� P��&� ue� �  �� 05/0 % 01/0   
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(2022) 6�; �< �,���#( R,&�&@�� ?�A��&� ��34� &<)� 

8,�9:� )���	-� !" /�0 �  % �  R�1 O�� !�#�>� .� =N(  %

)�( 8�< .� ��  ��� )Qt� �� �  ���� % $ �  ��*�� O�H.��N,. 

C< ��FI<���	>�� IY�Y� I� �  �� CN,��� �< =��x� %  �� 

���  8,�9:� �� .�; B;R�#Z� ��� �� �� ���#1 

234�$�##� ��� )�; 8,��." ��9�� !" /�0 �� 8,�9:� $ � ���� 

��� � %9:� O�H.��N,. &*#� C< 8�<R,&� 8,�9:� )50 �4�  (�  

)���J� !" �  f&��  ��;��' �  CN,��� �< �;�( =�� $�(.  � 
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 M&<5- ���0!J V+
�! *�,��8�� �� ��� ����� Y�Z"��!  

Figure 5- Comparison of mean in different treatments for soil moisture  
 

  

 M&<6- ���0!J  *�,��8�� �� ��� ����� Y�Z"��!�����
���  
Figure 6- Comparison of mean soil moisture in biochar treatments 

 

  

 M&<7- ���0!J ��"�
#� *�,��8�� �� ��� ����� Y�Z"��!  
Figure 7- Comparison of mean soil moisture in bentonite treatments 

 

  

 M&<8- ���0!J  M��0
! ��� Y�Z"��!�����
��� ��� ����� Y�Z"��! �� ��"�
#� *  
Figure 8- Comparison of the average interaction effect of biochar * bentonite on average soil moisture  
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