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Introduction: Land suitability evaluation plays a crucial role in land use
planning by ensuring the proper use of soil for different crops. Cropping
patterns are shaped by natural factors such as climate, water, and soil resources
as well as economic, social, environmental, and policy considerations.
Therefore, developing a comprehensive cropping pattern model is essential.
Despite the long-standing importance and fertility of Qazvin Plain of Iran,
previous studies in this region have mainly focused on specific aspects and
have not integrated economic, social, and environmental goals. Moreover,
land suitability evaluation has not been utilized as a basis for regional cropping
pattern design. This study addressed these gaps by optimizing the cropping
pattern of field crops in the Qazvin Plain through an integrated approach,
considering the economic, social, environmental, and food security objectives
based on the land suitability evaluation.

Materials and Methods: To determine the cropping pattern based on land
capabilities and potentials, land suitability maps were used from Soil and
Water Research Institute of Ministry of Agriculture-Jahad (MAJ). Additional
data were collected through surveys and documentary sources and processed
for programming model. Corp production costs and revenues data were
obtained via questionnaires completed by farmers and local experts in 2024,
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while complementary data were gathered from agricultural yearbooks and
reports of MAJ, the Qazvin Agricultural Jihad Organization, Agricultural
Planning, Economics and Rural Development Research Institute (APERDRI),
and Qazvin Regional Water Organization. A multi-objective fuzzy nonlinear
programming model was applied to develop the cropping pattern, with linear
programming used in other cases. The weights for solving the multi-criteria
programming model were estimated from expert opinions in the agricultural
sector using the Analytic Hierarchy Process (AHP) technique.

Results and Discussion: The implementation of the model and the trade-off
analysis among objectives revealed modest changes in the distribution of crop
groups relative to the current cropping pattern. The shares of cereals, forages,
and vegetable-summer crops increased, while those of industrial crops and
legumes declined. However, the model led to more substantial adjustments
within the composition of the 22 crops cultivated in the plain. Notably, the
cultivation area of rice decreased considerably, whereas the cultivation areas
of sorghum and tomato increased relative to the current cropping pattern. The
proposed model also generated several advantages compared to the current
cropping pattern, including: net economic profit increased by 18.1 percent,
water consumption decreased by 2 percent, energy production (as a proxy for
the food security index) rose by 7.3 percent, employment improved by 0.5
percent, and environmental impacts were reduced by 0.6 percent. These
results highlight the potential of the optimized cropping pattern to achieve
higher levels of economic, social, and environmental sustainability in the
Qazvin Plain.

Conclusion and Suggestions: Both cropping pattern optimization and land
suitability evaluation aim to identify the most efficient use of land resources.
Since the objectives and variables of this study were developed based on land
suitability evaluation and aligned with the principles of sustainable
agriculture, the proposed cropping pattern is expected to deliver greater
sustainability than that of the current system in economic, social, and
environmental dimensions. Moreover, incorporating land suitability results
into cropping pattern optimization facilitates more accurate implementation
and monitoring for planners and decision-makers. Accordingly, it is
recommended that crop pattern design in different regions be carried out in
full alignment with the land suitability evaluation. Such an integrated
approach improves the accuracy of crop selection according to environmental
capacities, ensures optimal use of resources, enhances production, and
promotes more scientific and efficient management of the agricultural sector;
thereby, fostering agricultural sustainability. In practice, this approach will be
most effective when combined with cadastral studies of farming units in the
Qazvin Plain. Therefore, for future research, it is suggested that the cropping
pattern design be developed based on both land potential and cadastral
information of agricultural lands in the plain. This can contribute to production
planning, improvement of agricultural product distribution systems, and
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optimal water and soil management within the framework of integrated
regional governance.

Keywords: Cropping Pattern, Multi-Objective Planning, Land Suitability,
Qazvin Plain.
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