Determining of the Most Suitable Method of Planting Triticale as a Second
Crop in the Paddy Fields of Guilan Province Using the Analytic Hierarchy
Process

ABSTRACT

Guilan province, with its extensive paddy fields, has significant potential for developing second cropping and increasing land
productivity. Triticale, as a forage crop with high tolerance to cold, drought, salinity, and poor or low-fertility soils, is a suitable
option for autumn planting after rice harvest; however, the lack of efficient technical methods for its cultivation in paddy fields
remains a major challenge.This study evaluated five triticale planting methods based on nine technical, operational, and
economic criteria, including appropriate sowing depth, uniformity of seed distribution, water and draina anagement,
applicability across different field plots, ergonomics and ease of operation, effective field capacity, labor requi , energy
consumption, and operational costs.The criteria were weighted and the planting methods prioritized using nalytic

highest final weight of 0.337 and was identified as the most suitable plantingamethod. Seed broad§gsting®®ith a fertilizer
t §80.083—had the
gs of this study can
icale cultivail@h after rice.

lowest priority. The inconsistency ratio was below 0.1, indicating the reliability of t
support farmers in making informed decisions regarding the adoption and expansior of
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EXTENDED ABSTRACT
Introduction

Guilan Province, Iran, has extensive rice-growing areas, making the efficient use of paddy
fields through second cropping a key strategy for increasing agricultural productivity. However,
many paddy fields remain fallow after rice harvest due to the absence of appropriate technical
guidelines for waterlogged conditions.

Triticale, a stress-tolerant and high-yielding forage crop, is a suitable candidate for second
cropping in paddy systems because of its favorable planting window and establishment after
rice harvest. Nevertheless, challenges such as variable soil moisture, fragmented@iglds, and
machinery constraints complicate the selection of an optimal planting methqd.

As planting methods strongly influence productivity, resource use,
efficiency, this study employed the Analytic Hierarchy Procgss (AHP) to
the most appropriate triticale planting method for second ing in Guil
based on local conditions.

operglonal
dpfioritize
"sgpaddy fields

Method 9
Five triticale planting methods—hand sQwinggha

or furrower, and centrifugal fertilizer sprea disk harrow or furrower—were
evaluated using nine technical, operational, an ic criteria. A three-level Analytic
Hierarchy Process (AHP) model was developetiNgnd pairwise comparisons were conducted
using Saaty’s 9-point scale based on expert judgmellis from 30 respondents, with consistency
ratios below 0.1.
Field measurements were used to esy

inputs, and operational costs. ERergy a
components.AIIweigMn rioriti2gd

Choice softwar!“

g combined with disk harrow

eff e field capacity, fuel consumption, energy
cost analyses included both fixed and variable
d sensitivity analyses were performed using Expert

Results
The res
and economic cri

ear differences among planting methods across technical, operational,
. Water and drainage management received the highest weight (0.241),
highlighting i cal role in Guilan’s water-retentive paddy soils, followed by effective field
capacinﬁg , energy consumption (0.122), operational cost (0.121), and labor requirement
(0.115). verall consistency ratio (0.006) indicated high reliability of expert judgments.

Disk-based methods achieved superior sowing depth accuracy (0.283), while the highest
seed distribution uniformity was observed for the centrifugal spreader combined with disk
harrow (0.337) and furrower (0.309). Furrower-based methods performed best in water and
drainage management (0.336). In operational terms, hand sowing showed the greatest
adaptability to irregular fields (0.447), whereas the centrifugal spreader + furrower provided
the best ergonomics (0.398). The highest effective field capacity was obtained with the
centrifugal spreader + disk harrow (0.452).

Although mechanized methods required higher energy input and operational costs, they
significantly outperformed manual methods in overall efficiency, seed uniformity, and water
management. AHP synthesis identified the centrifugal fertilizer spreader combined with a
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furrower as the optimal planting method, offering the most balanced performance under paddy
field conditions.

Conclusions
The Analytic Hierarchy Process (AHP) identified the centrifugal fertilizer spreader

combined with a furrower as the most suitable method for triticale cultivation as a second crop
in Guilan’s paddy fields (weight = 0.337). This method showed superior overall performance
by effectively integrating technical, operational, and economic criteria, particularly in seed
distribution uniformity, water and drainage management, ergonomics, and field efficiency. The
centrifugal spreader combined with a disk harrow ranked second (weight = 0.262), excelling in
sowing depth and seed uniformity but showing weaker performance in ope al and
economic aspects. Manual methods, especially hand sowing, ranked lowesg (weight™= 8.083)
due to limitations in uniformity, efficiency, and resource management. SenSiivity ag@lysis

pHOwed by

furrower is therefore recommended to improvi‘stabli quality and productivity of

second-crop triticale in Guilan’s paddy fiel
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