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Table 1. Greenhouse gas (GHG) emission coefficient of inputs in forage production  

Reference  
GHG coefficient  

 Kg CE. unit -1    )  Unit  Inputs  

)Dyer and Desjardins, 2006(  0.017  Mcal Machinery  

)Dyer and Desjardins, 2003(  2.76 L Diesel fuel  

     Chemical fertilizers  

)Lal, 2004(  1.3 kg Nitrogen (N)  

)Lal, 2004( 0.2 kg     Phosphorus (P2O5)  

)Lal, 2004( 0.2 kg Potassium (K2O)  

    Biocides   

)Lal, 2004( 6.3  kg Herbicide 
)Lal, 2004( 5.1 kg Insecticide 

)Lal, 2004( 3.9  kg Fungicide 
)Khodi and Mousavi, 2009(  0.608  kWh  Electricity  

 ��&Z2 -  
��C� -/��e)
&���� � ���� �� (,"�� ��� K/ �� $-4� ��. 6PEQ �� 
*�-) D7*+, &4F*� B4 ��4))±(��4P) ?"-U�"  
Table 2. The inputs and outputs of conventional forage production in dairy industry per agronomic year 

(Mean±SD)  
Corn silage Alfalfa hay Quantity per unit area (ha)  

   Inputs 

14.40b±3.60 22.40a±4.78 hr Machinery 
98.68b±27.04 132.99a±27.41 hr Human labor 
153.60a±9.50 138.19b±33.58 L Diesel fuel 

220.28a±110.50 49.27b±46.35 kg Chemical fertilizers 
144.46a±65.31 21.55b±25.58 kg Nitrogen (N)  
45.06a±28.37 12.32b±9.21 kg Phosphorus (P2O5)  
30.76±48.41 15.40±30.02 kg Potassium (K2O)  

39357.14a±3639.07 7295.92b±3403.86 kg Farmyard manure 
8.40±4.23 15.26±20.99 kg Biocides 

9045.94a±2978.32 7042.29b±2321.08 m3 Water for irrigation 
4061.76a±1836.46 3078.95b±1201.30 kWh Electricity 

39.93a±4.06 7.62b±1.90 kg Seed 
   Output 

14256.00a±2164.72 7283.49b±1201.37 kg Dry matter yield 
a-b Means within a row with different superscripts differ significantly (P<0.05). 
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 ��&Z3 - DE/0�]L�� � &4F*� $���� $��2�3" $��  &4F*�$-4� ��. 6PEQ �� 
*�-) D7*+,  

Table 3. The production costs and economic index of conventional forage production in dairy industry per 
agronomic year  

Percent  Corn silage  Percent  Alfalfa hay Unit Inputs  
 14256.00a  7283.49b kg yield (100% DM) 

     Production costs: 
23.60 10298.24a 24.92 8009.89b 1000Rials.ha-1  Machinery 
8.48 3700.44b 15.51 4987.05a 1000Rials.ha-1  Human labor 
1.23 537.58a 1.50 483.67b 1000Rials.ha-1  Diesel fuel 
5.40 2356.90a 1.53 491.67b 1000Rials.ha-1  Chemical fertilizers 
17.60 7680.95a 3.32 1066.33b 1000Rials.ha-1  Farmyard manure 
2.04 889.38 4.17 1342.09 1000Rials.ha-1  Biocides 
0.74 324.94a 0.77 246.31b 1000Rials.ha-1  Irrigation 
33.12 14452.38 44.96 14452.38 1000Rials.ha-1  Land rent 
17.60 3393.93a 3.32 1067.14b 1000Rials.ha-1  Seed 
66.88 29182.37a 50.04 17694.16b 1000Rials.ha-1  Variable costs 
33.12 14452.38 44.96 14452.38 1000Rials.ha-1  Fixed costs 

- 43634.75a  - 32146.54b 1000Rials.ha-1  Total cost of production 
- 3060.79b  - 4413.62a Rials.kg-1 Total cost of production per kg 
- 71280.00a  - 50555.98b 1000Rials.ha-1  Gross value of production 
- 27645.25a  - 18409.44b 1000Rials.ha-1  Net return 
- 1.63  - 1.57  1000Rials.ha-1  Benefit/Cost ratio 
- 0.327a - 0.227b kg.1000Rials-1 Yield/Cost ratio (productivity) 

a-b Means within a row with different superscripts differ significantly (P<0.05). 

 ��&Z4 - H4%-� � K!L 
��) &Q�� (/�4�4� �� (K!L 
��) �" &Q��) $-4� ��. 6PEQ �� 
*�-) D7*+,   

B4 ��4))±(��4P) ?"-U�"  
Table 4. Dry matter and chemical composition (% of dry matter) of conventional forage in dairy industry 

(Mean±SD)  
P value  Corn silage Alfalfa hay Chemical composition  
0.0001<  3.02±23.16  3.21±88.10 Dry Matter 
0.0001<  0.63±8.59  2.49±14.47  Crude Protein  
0.0001<  0.40±2.67  0.48±1.59  Ether extract  
0.0001<  1.59±6.79 1.58±10.23  Ash  
0.0001<  7.18±55.88  3.84±47.34  NDF 
0.319  5.05±36.03  3.95±38.53  ADF 
0.0001<  1.17±3.65  0.68±6.73  ADL 
0.039  0.72±2.65  1.29±3.64  NDICP 
0.0001<  0.18±1.05  0.80±2.01  ADICP 
0.413  7.19±28.72  2.76±29.66  NFC 

NDF= Neutral Detergent Fiber, ADF= Acid Detergent Fiber, ADL = Acid Detergent Lignin, NDICP= Neutral Detergent 
Insoluble Crude Protein, ADICP= Acid Detergent Insoluble Crude Protein, NFC= Non Fiber Carbohydrate. 
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Table 5. The nutritional value of conventional forage samples in dairy industry (% of dry matter, Mean±SD) 

P value  Corn silage Alfalfa hay Variables  
0.249  7.04±28.15 2.70±29.06  tdNFC  

0.0001<  0.67±7.43  2.84±12.28  tdCP 

0.0001<  0.40±1.67  0.48±0.95  tdFA 

0.0001<  4.31±31.04  1.86±19.78  tdNDF  

0.0001<  4.46±63.36  2.54±56.25  TDN1X  
tdNFC= True digestible NFC, tdCP= True digestible CP, tdFA= True digestible FA, tdNDF= True digestible NDF, TDN1X= 
Total digestible nutrients at one times maintenance. 

 ��&Z6- D�*�� (K!L 
��) 
-.*+4% �� $-F�%� )) $X-�" Y"*�"�$-4� ��. 6PEQ �� 
*�-) D7*+, $�  
Table 6. Energy types (Mcal per kg DM) of conventional forage samples in dairy industry (Means±SD) 

P value  Corn silage Alfalfa hay Variables  
0.0016  0.19±2.76  0.13±2.53  DE1X 
0.0014  0.17±2.11  0.12±1.90  ME3X 
0.0011  0.15±1.34  0.08±1.15  NEL3X 
0.0011  0.15±1.27  0.08±1.08  NEL4X 
0.0014  0.14±1.39  0.10±1.22  NEm  
0.0014  0.13±0.81  0.09±0.65  NEg  

DE1X= Digestible energy at one times maintenance, ME3X= Metabolizable energy at three times maintenance, NEL3X= Net 
energy at three times maintenance, NEL4X = Net energy at four times maintenance, NEm= Net energy for maintenance, NEg= 
Net energy for gain. 
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Table 7. Nutrients and nutrient financial value of conventional forage in dairy industry 
Corn silage Alfalfa hay Unit  Variables  

     Nutrients:  

1224.59 1053.92 kg ha-1 CP  
9032.60a 4096.96b kg ha-1 TDN1X 
39346.56a 18427.23b Mcal ha-1  DE1X  
30108.11a 13838.63b Mcal ha-1 ME3X 
19103.04a 8376.01b Mcal ha-1 NEL3X 
18105.12a 7866.17b Mcal ha-1 NEL4X 

    

    Financial value: 
35.63a 30.50b 1000Rials kg-1  CP 
4.83b 7.85a 1000Rials kg-1  TDN1X 
2.28b 3.84a 1000Rials Mcal-1  NEL3X 
2.41b 4.09a 1000Rials Mcal-1  NEL4X 

a-b Means within a row with different superscripts differ significantly (P<0.05). 

CP= Crude protein, TDN1X= Total digestible nutrients at one times maintenance, DE1X= Digestible energy at one times 
maintenance, ME3X= Metabolizable energy at three times maintenance, NEL3X= Net energy at three times maintenance, 
NEL4X = Net energy at four times maintenance.  
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Table 8. GHG emissions of inputs at conventional forage production in dairy industry  

Corn silage   Alfalfa hay   

Percent  kg CE. ha-1    Percent  kg CE. ha-1 Inputs  

4.72 156.06  5.67 143.27 Machinery 

12.83 423.92a  15.10 381.41b Diesel fuel 

6.14 202.96a  1.33 33.56b Chemical fertilizers 

5.68 187.80a  1.11 28.02b Nitrogen (N)  

0.27 9.01a  0.10 2.46b Phosphorus (P2O5)  

0.19 6.15  0.12 3.08 Potassium (K2O)  

1.60 52.95  3.80 96.15 Biocides 

74.71 2469.55a  43.10 1872.00b Electricity for irrigation 

100 3305.44a  100 2526.39b Total GHG emission 
a-b Means within a row with different superscripts differ significantly (P<0.05). 
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Table 9. GHG emissions and water used per produced nutrients in conventional forage production of dairy 
industry 

Corn silage Alfalfa hay Unit  Nutrients  
    GHG emissions: 

231.86b 346.86a kg CE  kg DM 
173.03b 301.62a kg CE  Mcal NEL3X  
182.57b 321.17a kg CE  Mcal NEL4X 

    Water use: 
0.63b 0.97a m3  kg DM 
0.48b 0.85a m3 Mcal NEL3X  
0.51b 0.90a m3 Mcal NEL4X  

a-b Means within a row with different superscripts differ significantly (P<0.05) 
DM= Dry matter, NEL3X= Net energy at three times maintenance, NEL4X = Net energy at four times maintenance.  
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Abstract 

The aim of the current study was to evaluate the consumption of inputs, the production costs, the nutrient 
composition, the performance, and the greenhouse gases emission during the corn silage and alfalfa hay 
production in the dairy industry of Iran. Hereupon, the input costs and the quality of the nutrients in the forage 
production were analyzed in 42 agri-industries. The harvested crops of alfalfa hay and corn silage were 
calculated as 7283.49 and 14256.00 kg of dry matter per hectare, respectively. The production: cost ratios in the 
alfalfa hay and corn silage productions were 0.227 and 0.327 kg per 1000 Rials, respectively. The calculated 
production costs per kg of dry matter for alfalfa hay and corn silage were 4413.62 and 3060.79 Rials, 
respectively. The cost-price of the energy types (i.e. net energy for lactation at three times maintenance, net 
energy for lactation at four times maintenance) for alfalfa hay was greater than corn silage. The production 
income of corn silage was greater than the alfalfa hay. The produced crude protein and the different energy types 
per hectare were greater for corn silage. The greenhouse gases emission per kg of dry matter, a mega calorie of 
net energy for lactation at three times maintenance, and a mega calorie of net energy for lactation at four times 
maintenance of the corn silage production were lower than alfalfa hay production. According to the results, the 
corn silage production was more profitable than alfalfa hay production.   
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