Identification and prioritization of sustainable strategies for water and soil
resources management in agriculture: A case study of Guilan Province

Abstract

Sustainable water and soil resource management is a strategic cornerstone for ensuring food security and achieving sustainable
agricultural development amidst climate change, erratic precipitation, and intensifying pressure on natural resources. Despite its
humid climate and fertile soils, Guilan Province faces rising water demand, inefficient resource use, soil degradation, and
environmental pollution, necessitating the development of prioritized, practical, and feasible strategies for ive management of
basic resources. The present study aimed to employ the analytic hierarchy process (AHP) as a multi- Jlecision-making

highest priority with a relative weight of 0.367, followed by environmental sustainabi '
(0.160). At the sub-criteria level, irrigation efficiency and reduction of water loss, i ing agricyltural operation
pollution and optimal fertilizer use, were accorded greater significance. The prioriti strate*dentified the
implementation of modern pressurized irrigation systems as the the “Otvelopment of
conservation agriculture and farmer education and extensi ssessment, integrating
MCDMs with spatial data and emphasizing stakeholder educ

ost effective
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Identification and prioritization of sustainable strategies for water and soil
resources management in agriculture: A case study of Guilan Province

Extended Abstract

Introduction

Water and soil resources are vital for agricultural production, food security, and sustainable
development. Population growth and pressure on limited resources have intensified challenges
such as climate change, water scarcity, and soil degradation. In Iran, water shortages, inefficient
irrigation, and severe soil erosion threaten agricultural productivity. Thus, sustai ractices and
effective risk management are essentlal PreV|ous studles show that agrjcult he largest

water and soil management strategies in Guilan Province to €
sustainable decision-making.

Material and Methods
This study was conducted in Guilan Provinc —38° N |

plience and support

L\
de and 48-50° E

fertile clay—loam soils. Required data were first co ough a systematic review of recent

scientific literature from databases suc le Scholar to identify relevant criteria
and sub-criteria for sustainable water a [ ement. The extracted indicators were refined
through expert judgment. Experts were usm snowball sampling and included university

ater, soil, environmental sciences, and
agricultural economics. @ pairwise nnaire based on the AHP was designed
using Saaty’s 9-point scale. Rglrwi i were analyzed in Expert Choice 11 software to
calculate relative vﬂghts and pegities. ncy ratios were evaluated to ensure reliability of
expert judgments ‘\

Results and

alternatives for suSi water and soil management in Guilan Province. Among the main
criteria, ranked first with a weight of 0.367, indicating that water is perceived
as the pri 1 factor for agricultural production. This priority reflects increasing irrigation
demand, r variability, and declining irrigation efficiency. Environmental sustainability

(0.278) and sO®esource productivity (0.160) followed, highlighting expert concern for long-term
ecological impacts and soil quality preservation alongside short-term production goals. Economic
efficiency, social acceptance, and institutional feasibility received lower weights, suggesting that
environmental considerations dominate sustainability-oriented decision making. At the sub-criteria
level, irrigation efficiency and reduction of surface and groundwater losses were the most
influential factors within water productivity, emphasizing demand-side management rather than
water supply expansion. For soil productivity, optimal fertilizer application and crop rotation were
prioritized, confirming the critical role of soil conservation in reducing erosion and maintaining
fertility. Within environmental sustainability, reducing agricultural pollution and protecting local



ecosystems received the highest weights, consistent with concerns regarding greenhouse gas
emissions and biodiversity loss. Economic analysis showed that net profitability and cost reduction
strongly affect adoption potential, while farmer acceptance and education were decisive social
drivers. Regarding management alternatives, implementation of modern pressurized irrigation
systems ranked first across all criteria, followed by conservation agriculture and farmer education
programs. Sensitivity analysis demonstrated that these rankings remained stable under weight
changes, confirming model robustness. These results support integrated and sustainability-oriented
agricultural policy decisions.

Conclusions

This study applied the AHP method based on expert judgment to identify and pr sustainable
water and soil management strategies in Guilan Province agriculture. Res at water
productivity ranked first with a weight of 0.367, confirming wgter as the main
increasing demand, rainfall variability, and low irrigation effi
(0.278) and soil resource productivity (0.160) followed, indicat
ecosystem protection and soil conservation beyond short-term
level, irrigation efficiency, reduction of water losses, optima
mitigation of agricultural pollution were pgioritizegh, Amon
pressurized irrigation systems ranked first (O.
education programs. This study recommen ioritggi dern irrigation systems with
institutional support, conservation agriculture, an [
agricultural resilience.

At the_sub-criteria
rop tion, and
natives, modern




