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Qrticle ;yXet:' | Objective: This study evaluates the economic performance of newly introduced tropical
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forage varieties, including alfalfa, in the rural regions of Sistan, specifically in Molla
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Accepted 19 June 2025 economic evaluation of the new forage varieties was first conducted using financial

Published online 22 September  analysis, followed by economic engineering techniques and standard criteria such as Net

2025 Present Value (NPV) and Benefit—Cost Ratio (BCR). Finally, a multi-criteria decision-
making technique based on the Grey System was employed from the perspective of local

Keywords: farmers.

Employment, Results: Results revealed that the NPV of the new tropical forage varieties was 1,023,516

Food Security, IRR higher in financial analysis compared with economic analysis. Furthermore, the

Crop Diversification, il : : e .

Arid Conditions, BCR of alfalfa varieties Omid, Baghdadi, and the locally purified Zabol line was 3.87,

Forage. 3.89, 5.37, 4.7, and 3.89, respectively. The positive benefit—cost ratios confirm their

economic feasibility and potential to enhance crop diversification and household income.
In terms of average forage yield, the Omid variety ranked first, with fresh and dry forage
yields of 107.589 t/ha and 28.323 t/ha, respectively. It was followed by Baghdadi
(103.513 t/ha fresh; 26.419 t/ha dry) and the locally purified Zabol line (102.463 t/ha
fresh; 27.322 t/ha dry). From the farmers” perspective, multi-criteria decision-making
analysis indicated that the most influential criteria in prioritizing forage cultivation were:
increased productivity and irrigation efficiency, drought resistance, higher income
generation, improved quality of life, rural retention, and enhanced employment.
Conclusions: Given the results obtained under the hot and arid experimental conditions,
a significant portion of Sistan’s agricultural lands and similar agro-climatic regions can
be allocated to alfalfa cultivation, particularly the Omid, Baghdadi, and the locally
purified Zabol line varieties. Such an initiative would contribute substantially to crop
diversification, income enhancement, and rural employment creation.
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Introduction

Food security is a fundamental priority for most countries, as its absence poses a threat to
economic, social, and political stability. In our country, approximately 26% of the population
resides in rural areas, where strengthening household food security remains a critical objective.
In Sistan and Baluchestan Province, 50.13% of the population over the age of ten lives in urban
areas, while 49.75% live in rural regions. The persistence of drought has severely damaged the
agricultural sector and has also negatively affected livestock and animal husbandry in Sistan.
Historically, livestock rearing, alongside farming and fishing, was one of the main sources of
income for rural households. However, prolonged drought has significantly reduced this
livelihood option. During wetter periods, nearly all 45,000 households in 937 villages of Sistan
maintained 2-20 livestock at home to supplement their agricultural activities and secure daily
needs. Given the hot and arid conditions of Sistan—recognized as a hub for livestock
production—identifying and introducing high-yield tropical forage varieties has become a
necessity. Alfalfa, known for its drought tolerance, is particularly important due to its deep root
system that allows survival during dry months. The area under alfalfa cultivation in Sistan is
about 2,000 hectares, expanding to 15,000 hectares during rainy seasons. Since different alfalfa
cultivars vary in their response to climatic and environmental factors, which affect growth,
yield, and quality, selecting cultivars that adapt well to regional conditions is essential. Thus,
this study aimed to evaluate the economic performance of tropical alfalfa cultivars under the
hot and dry conditions of Sistan.

Methods

Economic profitability was assessed using standard indicators such as gross income and gross
profit (net income) per hectare. Gross income was calculated as the product of yield (kg/ha) and
unit price (rial/kg). Net income was determined by subtracting variable production costs from
gross income. Variable costs included input expenses that vary according to production volume.
Further analyses included: Financial evaluation and analysis, Net Present Value (NPV),
Benefit-Cost Ratio (BCR), Multi-criteria decision-making (MCDM). The grey method of
MCDM was applied to rank forage cultivars based on their contribution to productivity,
irrigation efficiency, water conservation, income generation, quality of life, rural retention, and
employment.

e Sampling Procedures: The experiment was conducted over two cropping years (2022—
2024) in Molla Hossein (Zahak County) and Molla Ebrahim (Hamun County). Ten
alfalfa cultivars were tested: purified local Zabul, native Zabul (control), Baghdadi, two
Afghan varieties, Nikshahri, Omid, 471, 472, and 473. The trial followed a randomized
complete block design with three replications under hot and arid conditions. Plots were
prepared by deep plowing and fertilized with 200 kg/ha of triple superphosphate, 100
kg/ha of urea (split between pre-planting and tillering stages), and 75 kg/ha of potassium
sulfate before planting.

e Sample Size, Power, and Precision: Fresh forage yield was measured by harvesting
samples from two central rows (3 m2 area), removing half a meter at each end. Harvested
forage was weighed immediately, and a 2-kg subsample was dried at 75°C for 48 hours
to determine dry weight.

e Mixed Methods Approach: Based on grey system theory, criteria were weighted and
ranked using linguistic variables expressed as grey numbers. Grey probability analysis
enabled ranking of indicators and identification of key performance measures relevant
to strategic decisions.
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Results

Findings indicated that the Omid cultivar achieved the highest forage yields—589.107 t/ha
(fresh) and 323.28 t/ha (dry)—with a BCR of 5.37, confirming its strong economic viability.
The Baghdadi and purified local Zabul cultivars ranked second and third, with respective fresh
and dry yields of 103.513 and 26.419 t/ha, and 102.463 and 27.322 t/ha. Overall, the Omid
variety demonstrated superior adaptability to the region’s hot and arid conditions, producing a
reliable and economically sustainable yield. Baghdadi and local purified cultivars also showed
considerable potential for production under similar climates.

Conclusion

The study highlights the capacity of selected alfalfa cultivars, particularly Omid, to contribute
significantly to crop diversification, higher income, and rural employment in Sistan’s harsh
environment. Expanding the cultivation of these high-yielding varieties across Sistan and
comparable regions can support sustainable rural livelihoods and strengthen food security.

Keywords: Employment, Food Security, Crop Diversification, Arid Conditions, Forage.
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