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Comprehensive abstract 

Introduction 

Drought is one of the primary limiting factors in the production of crops, particularly sweet 

sorghum. Drought stress negatively impacts various aspects of sweet sorghum growth by causing 

morphological, physiological, and biochemical changes, preventing the plant from achieving optimal 

yield. Additionally, in arid and semi-arid regions, sweet sorghum yield declines due to the lack of soil 

organic matter and nitrogen. Therefore, the application of nitrogen fertilizers is essential to address this 

issue. The objective of this study was to investigate the interaction of nitrogen and different irrigation 

regimes and determine the most appropriate nitrogen level and irrigation regime to achieve the highest 

yield of sweet sorghum. 

Materials and methods 
To investigate the effect of different irrigation regimes and nitrogen levels on the yield and yield 

components of sweet sorghum (Sorghum bicolor L. cv. ‘Pegah’), an experiment was conducted as a 

split-plot based on randomized complete block design with three replications in Qom, Iran. In this 

experiment, the irrigation regime and nitrogen fertilizer consisted of four and five levels, which were 

randomly assigned to the main- and sub-plots, respectively. The irrigation regimes included optimal 

irrigation, mild water deficit, moderate water deficit, and severe water deficit, applied respectively 

after the depletion of 30%, 45%, 60%, and 75% of the available soil water in the root zone, followed 

by irrigation up to field capacity. Nitrogen levels from urea fertilizer also included 0 (control), 50, 100, 

150, and 200 kg.ha-1. The evaluated traits included plant height, panicle weight, 1000-grain weight, 

relative water content (RWC), leaf area index (LAI), crop growth rate (CGR), grain yield, dry forage 

yield, anthocyanin content, total chlorophyll content, and soluble sugar content. 

Research findings 
The results of this study showed that irrigation regimes and nitrogen levels had a significant effect 

on all evaluated traits, including leaf RWC, anthocyanin, soluble sugars, and total chlorophyll. The 

interaction of irrigation regims and nitrogen fertilizer levels was also significant for all traits except for 

RWC, CGR on the 30th day, and LAI. Reduced water and nitrogen levels led to a decrease in forage 

and grain yield, as well as yield components in sweet sorghum. Highest grain yield, 1000-grain 

weight, total chlorophyll content, and RWC were achieved with 150 kg.ha-1 of nitrogen and optimal 
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irrigation, showing a significant difference compared to other nitrogen levels. The highest anthocyanin 

content was observed with 150 kg.ha-1 of nitrogen under moderate water stress, while the maximum 

soluble sugar content was recorded with 200 kg.ha-1 of nitrogen under severe water stress. Severe 

water stress resulted in an 87.77% reduction in grain yield compared to optimal irrigation. However, 

the application of 150 kg.ha-1 of nitrogen under severe water stress increased grain yield by 80.74%. 

These changes were also effective under other irrigation regimes, showing a significant improvement 

in plant yield. 

Conclusion  
The results of the current study showed that different irrigation regimes had varying effects on the 

evaluated traits, including yield and yield components of the Pegah variety of sweet sorghum. The 

results also indicated that the highest grain yield was obtained with the application of 150 kg.ha-1 urea 

under optimal irrigation, mild water stress, moderate water stress, and severe water stress, yielding 

7390.93, 5698.40, 3782.94, and 938.23 kg.ha-1, respectively. Based on these findings, for improving 

the physiological and functional traits of the Pegah variety of sweet sorghum under stress or non-stress 

conditions, the application of 150 kg.ha-1 nitrogen is recommended. 
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Table 1. Physical and chemical characteristics of the soil of experimental field 

Depth 

(cm) 

EC 

(dS.m-1) 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 
Texture 

Organic carbon 

(%) 

TNV 

(%) 

K 

(ppm) 

P 

(ppm) 

Fe 

(ppm) 

0-30 2.50 15 20 65 Sandy loam 0.6 13 250 12 9.8 

 

 

 ,��J2 - �(�&_ D��&2 � E �	&  >���� �� 

Table 2. Results of chemical analysis of water at the test site 
PH EC CO3

-2 HCO3
- Cl- SO4

2- Ca2+ Mg2+ Na+ K+ SAR 

7.2 1.7 - 0.7 9.1 7.2 5.1 3.1 8.8 0.18 4.3 
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 ,��J3-  c��&��� 2&D���F� T&�� "���( � �� � ��� �� ��: �� !9� =&� � <����
 �� � A�H6  
Table 3. Analysis of variance of traits of sweet sorghum under the influence of different irrigation regimes 

and nitrogen fertilizer 

Source of variation df 

Mean square 

Plant height  Panicle weight 
Relative water 

content (RWC) 

Crop growth 

rate (CGR) 

Leaf area 

index (LAI) 

Replication (R) 2 74.09 67.41 288.95 0.36 0.13 

Irrigation regime (I) 3 22743.22** 591803.7** 472/95** 471.91** 14.06** 

Error 1 6 16.35 260.93 78.48 1.16 0.06 

Nitrogen fertilizer (N) 4 4211.50** 182559.49** 1002.80** 335.83** 5.03** 

I × N 12 566.62** 3739.58** 34.96 7.00** 0.80 

R × N 8 134.66 1268.25 58.65 1.57 0.38 

Error 2 24 78.85 833.21 35.74 1.29 0.25 

CV (%) - 9.06 5.24 10.46 7.45 13.95 
* and ** Significant at 5% and 1% probability levels, respectively. 

 

 ,��J3- 2%���                                                                                                                    Table 3. Continued 

Source of variation df 

Mean square 

1000 -grain 

weight 

Dry forage 

yield 
Grain yield Anthocyanin 

Total 

chlorophyll 

Soluble 

sugar 

Replication (R) 2 0.10 3642.28 168890.2 1.43 6.11 0.16 

Irrigation regime (I) 3 264.06** 8772349.39** 88215656.0** 75.44** 27.70** 73.06** 

Error 1 6 0.59 24748.97 173520.4 0.47 1.20 0.17 

Nitrogen fertilizer (N) 4 381.18** 17374934.06** 10248192.2** 103.46** 12.61** 9.37** 

I × N 12 16.42** 951829.92** 869769.6** 53.94** 0.68** 6.50** 

R × N 8 5.22 12.75* 86752.2 0.37 0.08 1.36* 

Error 2 24 3.50 3.98 83918.4 1.92 0.26 0.42 

CV (%) - 7.58 8.06 7.81 8.52 15.89 8.79 
* and ** Significant at 5% and 1% probability levels, respectively. 
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Figure 1. Intraction of irrigation regime × nitrogen fertilizer on plant height of sweet sorghum 
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Figure 2. Intraction of irrigation regime × nitrogen fertilizer on dry weight of panicle 
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Figure 3. The effect of irrigation regime (A) and nitrogen fertilizer (B) on relative water content (RWC)  
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Figure 4. Intraction of irrigation regime × nitrogen fertilizer on crop growth rate (CGR) 95 days after planting  
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Figure 5. The effect of irrigation regime (A) and nitrogen fertilizer (B) on leaf area index (LAI) 
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Figure 6. Intraction of irrigation regime × nitrogen fertilizer on 1000-grain weight of sweet sorghum 
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Figure 7. Intraction of irrigation regime × nitrogen fertilizer on dry forage yield of sweet sorghum 
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Figure 8. Intraction of irrigation regime × nitrogen fertilizer on grain yield of sweet sorghum  
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Figure 9. Regression relationship between nitrogen levels and grain yield under different irrigation regimes 
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Figure 10. Intraction of irrigation regime × nitrogen fertilizer on anthocyanin content of sweet sorghum 
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Figure 11. Intraction of irrigation regime × nitrogen fertilizer on total chlorophyll content of sweet sorghum 

  

d

b c c

cd

b
c bc

bc

b
bc b

a

a a

b

a

ab a

0

1

2

3

4

5

6

7

8

Optimal irrigation Mild water deficit

stress

Moderate water deficit

stress

Severe water deficit

stress

T
o

ta
l 

ch
lo

ro
p

h
y
ll

 (
m

g
.g

-1
F

W
)

Irrigation regime (FC%) 

0 kg/ha 50 kg/ha 100 kg/ha 150 kg/ha 200kg/ha

a

294  



"�&��X8                                             "����E: � �B                      �/Aaw A�[ [9  ����T:���#`/  "�(.%� /<��#` ���E�1403 

W03�� EN]  

 �� 1��E:��"���( � × T&����xx:  ���xx ��% �xx� "�Dxx 

 WXxx
 �� ,�59% ��\ ,�xxE(i� �xx6�� Cxx&xx�U%	�xx� ���� 

) ,��J3 .(��Y� ���[% =&�T �� ,�59% ��\ �&�xx� ���xx ��

 R�^% �200 T � "���xx( � <���xx5 % =&�xx����xx[ "�  ��

 R�xx^% � >�5X% ��� ��200  "���xx( � <���xx5 �2 !xx
�

�%�T �� .T&a% � b
�(% ��&�� ��� ��� �xx ����� <�8 �

 "���xx( �2xx� �� ,�xx59% �xx�\ "�Dxx % V ���25 �22  �18 

 �6�� � �����50  ,�xx59% �xx�\ "�D % "���( � <���5  ��

2xx� V ���28 �27  �6  >�xx5X% ���xx �� 2xx� !Ixx.� �xx6��

��� 1&�DB�� �%� >�xx5X% ��� �� ���  �����xx50 �100 �150 

�200  ,�59% ��\ "�D % �"���( � <���5  ��2xx� V ���10 �

19 �67  �68  1:� �6����� ) 7��12(.  

2�5��N	� 1���xx:� 9% xxX	 2xx��&�; �xx�3	  {xx8��

�DB�&1 :��� PE�� A����:� ���S �,�59% = 
� � �:�� 

%� 2� % ����	����� .&= A�I �� �����% "��	 E	 ���xx�� 

!Z5w �� ��:� � Y�� D E
	 ��(. �DxxJ� � ��  �� �� ,�5xx


:� A�%�6 xx
��� "� % !xxZB�9%	�xx�� )Shao et al., 

2005�:��\ PE�� .(� 9%,�5  ,�5xx
 ��xxE#% 1xx[�	  ��

Z�� T DE
�� .��(S 1:� 2� � ���� 7  CxxE ,�5xx
 >�

	%�� �� � (� 2�  �� b&���T 1��xx��	� � >� 1�xx�� 

���� \�xx� ,�5xx
 73�� �� c��
���� ���B �Hi	 %	�xx��% 

)Amiryousefi et al., 2021 .( ����3 1��	 ��UBxx ! 

D��&T %� �a �DB�&1 	% 2� (� �� � ���&D�� �xx�xx&2  2(xx
���

�:�xx�\ !xxZ5w�  ,�xx59% ,�5xx
 �� ���DxxB�&1 %	xx:�� 

)Bazrgar et al., 2023.(  

2xx� 2J�� ��	�U% �� ���xx Txx&�� 1��E:�xx� "��xx� ���

 ,��J) ��� ��3 �xx: �� "���xx( � ]�X
 = ��� % 2.&�[% (

 7��) �� <���� ��� �� WX
13 2xxX��� 2xx ��� "�xx�� � (

 2xxJ�� 	�� xx
���2  �� "���xx( � � ,�xx59% �xx�\ = xx�

T 	�� 
��� 2X��� � �&�� � T&a% ��� �� = xx� C& 2J��

T � >�xx5X% ���xx �� �� "���xx( � � ,�xx59% �xx�\ ���xx ��

 WXxx
 �� � ���xx\�� bxx
�(%1	xx�U% �xx6��	% ��� .�xx���

T �� ,�xx59% �xx�\ 2� xx� ������xx �xx� �&�xx� ���xx ��200 

2� "���xx( � <���xx5 �� .�xx%� !xx
� ���xx �� �� �2xx.&�[%

T � >�5X% �� ,�xx59% ��\ 2� � � b
�(% � T&a% ��� ��

� = xx�nE: .�xx� ��:�xx�% "���xx( � �� ���H(xx
� "��� b&��

T&�� �� "���xx( � WXxx
 �: 	�� 
��� 2X��� ���xx �� ��xx:

 ���xx%� �xxZ� �� 2X��� =&� .��� ���\�� ,�59% ��\ "�D % ����

2� �&��xx[% 	%�xxE� ���xx��� Cxx&  WXxx
 �� "���xx( � 2xx(B�

	�U% �6��.��� ���  

'M��:#3; 5,�1  

 $�
� ���(�&_  =xx&�2xxU��X%� � 1�xx�&=  2xx��� ��xx�5E8

 ��xxx�S Txxx\� =&� xxx� <����xxx
�xxx� 93/7390 �40/5698 �

94/3782  �23/938  <���xx5  R�xx^% �xx� ��xx(�: ��150 

 <���xx5 2xx� ���� ��xx ��xx(�: ����� V �� Txx&�� ��xx ��� 

T �>�5X%�� ��� a%xx&�T T��xx ��� T � bxx
�(%��xx ��� 

��&� �2 .�xx%� !
�=&����xx��� 2xx(B�& 2xx� 2xxJ�� �xx��: =xx&� �

�1&�%�� C&����&D B A�H6 ��I#� �����  ��DxxJ� � ��xx�5E8

 �� ���S T\� =&� � <����
 ���5E8 	%�E� b&��� ���xx ��

 �����150  ��(�: �� <���5 ���� �� 	% ��#�� S.���  

  

 
 

  

 7��12- 1��E:�� ��� �� T&�� � �� ���[% � "���( =&� � <����
 ,�59% ��\ "�D % ��  
Figure 12. Intraction of irrigation regime × nitrogen fertilizer on soluble sugar content in sweet sorghum 
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Figure 13. Regression relationship between different irrigation regimes and different nitrogen fertilizer levels on 

soluble sugar content of sweet sorghum 
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