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ABSTRACT

This study aimedyto ‘analyze and modeling of energy consumption in sunflower production by using
adaptive network=based fuzzy inference system (ANFIS) during the production of sunflower in the Khoy city.
The required mfbrmatlon was collected through face-to-face interviews with 140 farmers and completed
specialized questlonnalres Input included Human labor, Machinery, seed, fuel, Pesticides, fertilizer and Water
for |rr|gat|0n and output was sunflower and straw. The results showed that, total input and output energy is
31004.61vand 246666.67 MJ ha™, respectively. Multi-level adaptive network-based fuzzy inference system
(ANFTS) was used for modeling energy flow in studied fields. The correlation coefficient (R?) and mean
absolute error percentage (MAPE) of the best model of the ANFIS for predicting the output energy was 0.97
and 0.42, respectively and indicate that the multi-level ANFIS is a useful tool to managers for large-scale
planning in forecasting energy output of agricultural production systems owing to its higher speed of
computation processes and higher accuracy.

Keywords: Sunflower; ANFIS; Input energy; Output energy; Modeling.
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Table 2. Energy equivalent of inputs and outputs in sunflower fields

Variable Unit  Energy equivalent(MJ/unit) References
Input energy
Human labor h 1.96 Uzunoz et al., 2008
Tillage, Spraying and fertilizing h 62.70 Singh et al., 2002; Singh et al., 2003
Machinery
Transportation h 29.80 Fluck, 1992; Biondi et al., 1987;
Fuel L 56.31 Singh et al., 2002; Singh et al., 2003
Nitrogen Fertilizer Kg 75.40 Uzunoz et al., 2008 N
Phosphorus Fertilizer Kg 10.90 Uzunoz et al., 2008
Potassium Fertilizer Kg 9.90 Uzunoz et al., 2008
Farmyard manure Kg 0.3 Singh et al., 2002; Ozkan, et al: 26(}4
Other fertilizers (micronutrient)  Kg 120 Singh and Mittal., 1992
Insecticide L 237 Hiilsbergen et al., 2001 “4°
Fungicide L 196 Hulsbergen et al., 200% g
Herbicide L 288 Hilsbergen et al} 2001
Water for irrigation m3 0.63 Uzunoz et al., 2008
Seed Kg 3.60 Ozkan et al,, 2004
Output energy b
Grain Kg 25 Hatirliet-al., 2005
Straw Kg 125 Singtfand Mittal., 1992
N
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Fig. 1. Three level ANFIS structure to predict output energy of sunflower production.
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Table 2. Amounts of inputs and outputs in Sunflower fields ofilKhoy townships
Quantity used per

-1
Energy sources Hectare S Total energy( MJ.Hat)
Input energy
Human labor 260.08 > 509.76
Machinery 51.25 2610.20
Fuel 145.16 " 7980.28
Fertilizers 532.17\ 16369.83
Pesticides 5.5 1425.67
Water for irrigation 327}2 2060.86
Seed 12,5 45
) Output Energy
Grain - 1950 48750
Straw N 15833.33 197916.67
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Table 3. Error parameters for prediction of output energy of Sunflower by applying three-level ANFIS.
ANFIS Type of MF Number of MF Learning

2
model Input Output Input Epoch method R MAPE
ANFIS 1 Ghell Linear 3,3 20 Hybrid 0.60 1.17
ANFIS 2 Gbell Linear 3,3 20 Hybrid 0.24 1.58
ANFIS 3 Gbell Linear 3,3 20 Hybrid 0.80 0.80
ANFIS 4 Gbell Linear 3,3 20 Hybrid 0.83 0.79
ANFIS 5 Gbell Linear 3,3 20 Hybrid 0.93 0.51
ANFIS 6 Gbell Linear 33 20 Hybrid 0.93 0.57

ANFIS 7 Ghell Linear 3,3 20 Hybrid 0.97 0.42
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Fig 2. Cross-correlation of predicted and observed output Energy of Sunflower
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