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Table 1. Physical and chemical properties of the experimental field soil during 2017 and 2018 growing seasons 

Year Texture 
Total nitrogen 

(%) 

Available P 

(mg.kg-1) 

Available K 

(mg.kg-1) 

Organic 

matter (%) 
pH 

EC  

(dS.m-1) 

2017 Clay-loam 0.06 12.6 256 0.58 7.24 2.22 

2018 Clay-loam 0.05 12.1 248 0.56 7.24 2.20 

 

 H/ F2 - �])UI�) ���8 ��.  `�Qa� / <�7 /�.�� P��
��#$ :?� �� �IP� �6 H��8�.  �(��#1396  /1397  
Table 2. Average of air and soil temperature and total monthly radiation at the experimental site during 2017 and 

2018 growing seasons 

Month 
Air temperature (°C)  Soil temperature  (°C)  Total radiation (J.m-2) 

2017 2018  2017 2018  2017 2018 

June 26.1 25.6  13.4 15.5  81474 89435 

July 28.9 31.9  16.7 21.2  89025 92639 

August 27.4 28.4  16.3 17.9  86177 86271 

September 23.7 24.0  12.5 13.7  65671 68786 

October 17.0 16.6  7.0 9.0  54437 55866 
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Table 3. Combined analysis of variance of sorghum forage yield as affected by experimental treatments   

Source of variations df 
Mean squares 

First cutting Second cutting Total 

Year 1 13258.256 * 594.762 ns 19469.226 * 

Replication / (Year) 4 1258.448 ** 161.892 ** 2321.559 ** 

Planting date (PD) 3 4380.671 ** 9151.289 ** 26162.297 ** 

Year × PD   3 13.651 ns 98.738 ns 165.545 ns 

Main error  12 9.063 42.126 76.899 

Planting method (PM)  2 2830.958 * 1853.461 * 8991.511 * 

Year × PM  2 86.904 ** 24.012 ns 157.381 ** 

Cultivar (C)  1 3437.653 ns 21603.733 * 7805.752 ns 

Year × C 1 26.110 * 128.031 ** 269.775 ** 

PD × PM  6 86.925 ** 209.811 ** 170.874 ** 

Year × PD × PM  6 12.910 * 7.256 ns 9.948 ns 

PM × C  3 738.475 ** 2909.968 ** 892.320 * 

Year × PD  × C  3 15.382 * 18.130 ns 63.450 * 

PM × C  2 115.266 * 636.610 ** 215.580 ** 

Year × PM × C  2 5.728 ns 4.585 ns 0.777 ns 

PD × PM × C  6 74.992 * 171.687 ** 92.698 * 

Year × PD × PM × C 6 12.156 * 5.199 ns 14.138 ns 

Sub-error  80 5.035 13.190 15.734 

CV (%) - 8.85 10.07 9.10 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 4. Comparison of main effects of year, planting date, planting method and cultivar on sorghum silage yield 

Treatment  First cutting (ton.ha-1) Second cutting (ton.ha-1) Total (ton.ha-1) 

Year 2017 69.05 b 16.064 a 85.114 b 

2018 88.241 a 20.128 a 108.369 a 

Planting date July 1 90.956 a 36.517 a 127.472 a 

July 11 83.432 b 24.854 b 108.286 b 

July 23 74.813 c 11.014 c 85.826 c 

August 1 65.382 d 0 d 65.383 d 

Planting method Control 70.179 b 10.928 b 81.107 b 

Hydropriming 85.163 a 21.395 a 106.557 a 

Transplanting 80.596 a 21.965 a 102.561 a 

Cultivar Speedfeed 73.760 a 30.344 a 104.104 a 

Pegah 83.532 a 5.847 b 89.379 a 

Means followed by similar letter in each column and each factor are not significantly different by Tukey’s test at 

5% probability level. 
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Table 5. Comparison of planting date, planting method and cultivar interaction effects on sorghum silage yield  
Planting 

date 

Planting 

method 
Cultivar 

First cutting  

(ton.ha-1) 

Second cutting 

(ton.ha-1) 

Total  

(ton.ha-1) 

July 1 Control Speedfeed 72.25 ij 41.734 c 113.984 d 

Pegah 92.699 bc 11.456 f 104.155 ef 

Hydropriming Speedfeed 86.238 d -f 61.557 a 147.794 a 

Pegah 103.96 a 20.363 e 124.324 c 

Transplanting Speedfeed 84.384 e -g 62.775 a 147.159 a 

Pegah 106.206 a 21.214 e 127.42 bc 

July 11 Control Speedfeed 69.493 j -l 32.368 d 101.861 f 

Pegah 83.696 e -g 0 h 83.696 gh 

Hydropriming Speedfeed 80.307 gh 51.053 b 131.361 b 

Pegah 96.023 b 6.402 g 102.425 ef 

Transplanting Speedfeed 79.986 gh 48.565 b 128.551 bc 

Pegah 91.087 cd 10.735 f 101.821 f 

July 23 Control Speedfeed 69.464 j -l 1.867 h 71.331 ij 

Pegah 65.034 kl 0 h 65.034 k 

Hydropriming Speedfeed 75.521 hi 31.782 d 107.303 e 

Pegah 87.51 de 0 h 87.51 g 

Transplanting Speedfeed 69.922 jk 32.432 d 102.354 ef 

Pegah 81.426 fg 0 h 81.426 h 

August 1 Control Speedfeed 57.117 m 0 h 57.117 l 

Pegah 51.681 n 0 h 51.681 m 

Hydropriming Speedfeed 75.729 hi 0 h 75.729 i 

Pegah 76.014 hi 0 h 76.014 i 

Transplanting Speedfeed 64.708 l 0 h 64.708 k 

Pegah 67.047 kl 0 h 67.047 jk 

Means followed by similar letter in each column are not significantly different by Tukey’s test at 5% probability level. 
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Table 6. The profitability indicators as affected by experimental treatments 
Benefit-

cost ratio 

Sale return 

(%) 

Net 

income 

Gross 

income 
Cost Planting 

date 
Cultivar Planting method 

  (Million rials.ha-1) 

2.06 51.43 65.21 126.79 61.59 July 1 Speedfeed Control 

1.89 47.12 53.37 113.28 59.91 July 11 

1.43 29.92 23.76 79.43 55.67 July 23 

1.21 17.29 11.00 63.60 52.60 August 1 

2.52 60.35 99.11 164.22 65.12 July 1 Speedfeed Hydropriming 

2.31 56.79 82.91 146.00 63.10 July 11 

1.98 49.40 59.00 119.45 60.44 July 23 

1.53 34.83 29.35 84.26 54.91 August 1 

1.79 44.14 72.14 163.45 91.31 July 1 Speedfeed Transplanting 

1.60 37.66 53.84 142.97 89.13 July 11 

1.32 24.50 28.01 114.35 86.33 July 23 

0.90 -11.50 -8.28 71.99 80.27 August 1 

1.94 48.50 56.05 115.61 59.56 July 1 Pegah Control 

1.70 41.04 38.14 92.93 54.79 July 11 

1.37 27.18 19.61 72.17 52.55 July 23 

1.13 11.49 6.61 57.58 50.96 August 1 

2.22 55.05 75.99 137.92 61.99 July 1 Pegah Hydropriming 

1.94 48.40 55.22 114.10 58.87 July 11 

1.76 43.26 42.10 97.27 55.19 July 23 

1.57 36.45 30.82 84.55 53.73 August 1 

1.59 36.98 52.27 141.37 89.10 July 1 Pegah Transplanting 

1.31 23.80 26.98 113.34 86.37 July 11 

1.11 9.84 8.90 90.45 81.55 July 23 

0.94 -6.74 -5.04 74.84 79.89 August 1 
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Table 7. Means of yield and profitability indicators in forage sorghum cultivars in different planting methods 

Planting 

method 
Cultivar 

Forage yield 
(kg.ha-1) 

Cost 
Gross 

income 
Net 

income Sale return 

(%) 
Benefit-

cost ratio 
(Million rials.ha-1) 

Control Speedfeed 86073 57.44 95.77 38.33 36.4 1.65 

 Pegah 76142 54.47 84.57 30.10 32.1 1.54 

Hydropriming Speedfeed 115547 60.89 128.48 67.59 50.3 2.10 

 Pegah 97568 57.45 108.46 51.01 45.8 1.87 

Transplanting Speedfeed 110693 86.76 123.19 36.43 23.7 1.40 

 Pegah 94429 84.22 105.00 20.78 16.0 1.24 
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Table 8. Table 8. Net income and profitability indicators in best treatment based on planting methods  

Treatment 
Net income 

(Million rials.ha-1) 
Means of 

sale return 

(%) 

Means of 

benefit-cost 

ratio 
Planting 

date 
Cultivar 

Planting 

method 
2017 2018 Mean 

1 July Speedfeed 

Control 48.61 81.8 65.21 51.43 2.06 
Hydropriming 77.14 121.1 99.11 60.35 2.52 
Transplanting 55.26 89.02 72.14 44.14 1.79 
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Table 9. Marginal net benefit of the substitution of superior treatment by other treatments 

Treatment 
Marginal 

cost 

Marginal 

gross income 

Marginal 

net benefit Economic/ 

Non-economic Planting 

method 
Cultivar Planting date (Thousand rials.ha-1) 

Control Speedfeed July 1  -3528  -37429 -33900 Non-economic 

  July 11  -5210 -50945 -45735 Non-economic 

  July 23  -9449 -84793 -75344 Non-economic 

  August 1  -12512 -100619 -88108 Non-economic 

Hydropriming Speedfeed July 11  -2022 -18219 -16197 Non-economic 

  July 23  -4676 -44775 -40098 Non-economic 

  August 1  -10204 -79962 -69758 Non-economic 

Transplanting Speedfeed July 1 26196 -766 -26962 Non-economic 

  July 11 24013 -21252 -45264 Non-economic 

  July 23 21217 -49873 -71091 Non-economic 

  August 1 15154 -92234 -107389 Non-economic 

Control Pegah July 1  -5551 -48608 -43056 Non-economic 

  July 11 -10325 -71293 -60968 Non-economic 

  July 23  -12561 -92054 -79493 Non-economic 

  August 1  -14151 -106642 -92491 Non-economic 

Hydropriming Pegah July 1  -3125 -26296 -23171 Non-economic 

  July 11  -6246 -50134 -43889 Non-economic 

  July 23  -9925 -66949 -57024 Non-economic 

  August 1  -11383 -79667 -68284 Non-economic 

Transplanting Pegah July 1 23979 -22855 -46834 Non-economic 

  July 11 21252 -50876 -72128 Non-economic 

  July 23 16430 -73770 -90201 Non-economic 

  August 1 14770 -89376 -104146 Non-economic 

 

 

353  



:,                                                                       0���BQ. / 8��#3De 3�>)>?
/ /�O.�#�� +�/  +��Q! 0�9@�# /%��CM1400 

 @�5��	1?7?7 �#H � 8�T 8�7�-��� �� ,?�6

:����
�U ,������� P�;"O/  

 �L>I������  �
�� ��Q)
 c*�7�I  �$�� / ���d.
 �-��?� �U�� 8�.��Q)
 �� �-@I (H/� ���*/� ��) ���n9I�

 H/ F �� /10  ����� .��� + !0�Q. ��_D� �" ��6
�� 2��! �L>I ])UI�)�������  ���n9I� �
�� ��Q)
 ���d.

)�� �!�"�8�. O����/� ). ��  )� )V��  ��-). + !
+���)
 O.� 	���
 ��Q)
 �� �-@I (  )� )V��  ��-). �1"

��O)>9@� �/� ��� ( .�! ��Q)
) 	���
 ��8�. "� �!
+���)
 O9@)� 2+���)
 O.� 2/� H+������� /  O.�+������� 

��;)
�
 99016  2110850  2140459  /153222  ��d.
 H/ F)  ! �-��?� H���10 �L>I ])UI�)� .(������ 

�Q)
 �� �-@I ���n9I� �
�� ��Q)
 ���d. � �1"  ��-).
  )� )V���� �/� ���1I	���
 ��8�. "� 2+���)
 O.� �!

+���)
 O9@)� 2/� H����� /  O.������ �� d)I;)
�
 
92077 2110380 2136205  /172503  H��� ��d.

 . ! �-��?��� 2;)
�
 ])Q. �L>I ])UI�)������� 
 �� �-@I ���n9I� �
�� ��Q)
 ���d.��Q)
  �1" 8��"�1I

	���
 �� +�U� O&�8�. "� O.� �!/ +���)
 O9@)� / /�H / 
 O.�+������� ��;)
�
 111949 2137243 2155315  /

169261  H/ F)  ! �-��?� H��� ��d.10 .( 2:��>� ��
 �L>I ])UI�)�������  �
�� ��Q)
 c*�7�I  �$�� ���n9I�

 ��Q)
 �� �-@I �/� �� +�U� O&� �1"~�)Q����/� ). 
	���
 �� ���8�. "� �! O.�/ +���)
 O9@)� / /� H/  O.�

+������� ��;)
�
 141049 2120332 2107196  /
95936  H��� ��d./  �L>I ])UI�)�������  c*�7�I  �$��

 �� �-@I ���n9I� �
�� ��Q)
 ��Q)
 8��"�1I �� +�U� O&�
	���
8�. "� �! O.�/ +���)
 O9@)� / /� H/  O.�

+������� ��;)
�
 117386 292092 274020  /60074 
��� ��d. H/ F)  ! �-��?� H10.(  ���Q
 2;)
�
 ]�� ��

 8�
�� + �.� 0�1I W��9I�/�  �!�"O����/� ). + !
���8�.  ��  )� )V��  ��-).+���)
 O.� 	���
 .���  

  
  

 H/ F10 -  H/ F10 - ���� :)'?

 ��)��Q �� �-@I �
�� ���� 
)�.��Q (��9B. �� H��� 0�)')�)  
Table 10. Breakeven analysis of superior treatment by other treatments (Million rials.ha-1) 

Break-even point of 

income 

Break-even point of 

cost 

Treatment 

Planting date Cultivar Planting method 

130.32 99.02 July 1 Speedfeed Control 

118.49 110.85 July 11 

88.88 140.46 July 23 

76.11 153.22 August 1 

148.00 81.31 July 11 Speedfeed Hydropriming 

124.12 105.21 July 23 

94.46 134.87 August 1 

137.26 92.10 July 1 Speedfeed Transplanting 

118.96 110.38 July 11 

93.13 136.21 July 23 

56.83 172.50 August 1 

121.16 108.17 July 1 Pegah Control 

103.25 126.10 July 11 

84.73 144.61 July 23 

71.73 157.61 August 1 

141.10 88.29 July 1 Pegah Hydropriming 

120.33 109.00 July 11 

107.20 122.14 July 23 

95.94 133.40 August 1 

117.39 111.95 July 1 Pegah Transplanting 

92.10 137.24 July 11 

74.00 155.32 July 23 

60.10 169.26 August 1 
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Abstract 
To evaluate the effect of planting management on forage production in hybrid and open-pollinated 

sorghum cultivars, a two-year experiment based on split plot factorial in randomized complete block 

design with three replications was conducted at the Seed and Plant Improvement Institute, Karaj, Iran. 

Planting date at four levels (July 1, 10 and 23, and August 1), was considered as the main factor and 

the factorial combination of planting method at three levels (without priming as control, seed 

hydropriming, and transplanting) and genotype at two levels (Pegah cultivar and Speedfeed hybrid) as 

the sub-factor. The results showed that delayed planting on July 10th and 23rd, and August 1st reduced 

forage yield by 15.1, 32.7, and 48.7%, respectively, compared to the July 1st planting date. The highest 

silage yield in the first and second harvests (106.21 and 62.78 ton.ha-1, respectively) were obtained by 

the transplanting Pegah and Speedfeed on the July 1st, respectively, whereas the seed hydropriming of 

Speedfeed produced the highest total forage yield (147.80 ton ha-1). The results of the economic 

evaluation showed that the highest net income (99.11 million Rials.ha-1) and the maximum benefit-to-

cost ratio and sales return (2.52 and 60.35%, respectively) were obtained by planting the hydroprimed 

seeds of Speedfeed hybrid on the July 1st. The transplanting of Pegah cultivar was uneconomical in all 

the studied planting dates, whereas transplanting Speedfeed hybrid from July 1st to July 23rd was 

superior to the conventional sowing method. In total, the results of this study showed that to produce 

the maximum yield and economic profit, it is recommended to carry out the planting operation at the 

earliest possible time with hydroprimed seeds of Speedfeed hybrid. 
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