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Introduction

Limited water resources and energy, low yield utilization of irrigation networks, increasing
population and a growing need for these vital resources reveal the necessity of proper planning
for optimum use of water resources. The cropping pattern has a major role in the design of
irrigation and drainage networks. Ziaei et al. (2015) compared energy productivity of different
crops (wheat and barley) in Sistan and Baluchestan province in Iran. Results showed that the
amount of energy productivity for wheat and barley fields were 0.056 and 0.066, respectively.
Barley production was more efficient from various aspects of energy consumption rather than
wheat in the studied region. Adhikary et al. (2015) prioritized the commonly grown crops based
on rainwater use efficiency and their comparative performance during water stress condition in
India. Results showed that vegetable crops have higher rainwater use efficiency than cereals and
pulses. Among the cereals, maize and finger millet performed better in upland areas while they
did better in paddies in low lands. Igwe et al. (2015) examined optimum cropping patterns for
selected root and tuber crop based production and resource allocation of smallholder farmers in
Abia State, Nigeria, using the linear programming approach. They reported that farmers’
purchasing power would be enhanced given optimal crop production activity combination and
land resource allocation. Singh et al. (2001) and Garg and Dadhich (2014) also studied on
optimal cropping pattern in Pakistan and China, respectively. The present study was performed
to determine the prioritization of cultivating major agricultural crops (wheat, maize, alfalfa and
barley) in sprinkler irrigation systems under both subsidized and non-subsidized conditions with
respect to energy and water costs using numerical taxonomy method.

Materials and methods

Ground water is a single water source in some regions of the study area while there is a
conjunctive use of ground water and canals for irrigation where agricultural lands are under
irrigation canals. In this study, the detailed data of sprinkler irrigation systems (such as water
source, system discharge, and pressure and irrigation scheduling) and the crop yields in Qazvin
Plain was collected. Major crops in this area are wheat (autumn crop), maize (spring crop), alfalfa
(spring crop), and barley (autumn crop). Twenty two farms were chosen in five districts of the
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Qazvin plain (i.e. Qazvin, Takestan, Abyek, Buin Zahra and Alborz). The numerical
taxonomy method was used to determine optimal cropping pattern with regard to all related
factors including water and energy costs, the entire costs of each crop production, the farmer’s
income, and the benefit-cost ratio. The numerical taxonomy model is one of the current
approaches for determining the development level of regions or grouping them. This model was
first suggested by Anderson in 1763 the . The UNESCO recommended using this model for
evaluating the development level of countries. Water and energy consumptions for each selected
farm were calculated. Mean values of wheat, barley, maize and alfalfa yield were 4.9, 4.4, 7.0
and 10.3 t-ha™, respectively.

Results and discussion

Comparison of water and energy costs indicated that water cost was greater than energy cost.
Under subsidized condition, the mean values of water and energy costs relative to total farm cost
were 16.54 and 2.38 %, respectively. However, under non-subsidized condition, these values
were 46.74 and 22.68 %, respectively. Water requirements of alfalfa and maize were greater than
those of wheat and barley (Allen et al., 1998). As a consequence, alfalfa and barley had the
highest and lowest irrigation water volume, respectively. Energy had a slight impact on the
benefit-cost ratio due to its small role in the farmer’s cost for agricultural production. Mean
values of the benefit-cost ratio for maize, wheat, alfalfa and barley were 2.19, 4.56, 2.31 and 3.6,
respectively. Wheat and maize were the most economical crops for autumn and spring
cultivations, respectively. Alfalfa and maize had higher energy costs as compared to wheat and
barley due to more irrigation water requirements. There was a substantial difference between
subsidized and non-subsidized energy (electrical) costs, indicating the government’s funding.
Prioritization of economic cultivations was determined for the 2011-2012 growing year. In this
study, values of development level (DL) under subsidized condition were 0.70, 0.78, 0.85 and
0.94 for wheat, barley, maize, and alfalfa, respectively. Based on this finding, wheat and maize
had a higher priority to be cultivated in autumn and spring, respectively. In addition, the values of
development level under non-subsidized condition were 0.73, 0.83, 0.86 and 0.96 for wheat,
barley, maize, and alfalfa, respectively. Under this condition, wheat and maize also had a higher
priority compared to other crops.

Conclusion

In this paper, the numerical taxonomy method is used to determine the optimum cropping
pattern in Qazvin Plain, Iran. According to the results, wheat and alfalfa had the highest benefit-
cost ratio under both subsidized and non-subsidized conditions in autumn and spring cultures,
and wheat and corn had the highest priority and amount of profit in autumn and spring cultures,
respectively. More investigations are needed to determine the optimum cropping pattern
considering all significant related factors under various conditions such as the irrigation system,
water and soil quality, and the climate.
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