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Table 1. The studied criteria for the feasibility of Nigella sativa cultivation.
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Table 2. The degree of suitability of the studied sub-criteria for the feasibility of Nigella sativa cultivation.
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Fig 1. Research process and model.
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Table 3.Final weights and inconsistency ratio of criteria and sub-criteria based on AHP.
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Fig 2. The map of the selected land uses for Nigella sativa cultivation in Alborz province (white areas are the
deleted land use)
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Table 4. The proportion percentage of land to the total area in terms of climate sub-criteria and criteria .
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Fig 3. Qualitative fuzzy map of land suitability for Nigella sativa cultivation in Alborz province in terms of
climate criteria.
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Table 5. The proportion percentage of land to the total area in terms of physiographic sub-criteria and criteria.
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Fig 4. Qualitative fuzzy map of land suitability for Nigella sativa cultivation in Alborz province in terms of
physiographic criteria.
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Table 6. The proportion percentage of land to the total area in terms of soil sub-criteria and criteria.
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Fig 5. Qualitative fuzzy map of land suitability for Nigella sativa cultivation in Alborz province in terms of soil
criteria
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Table 7. The proportion percentage of land to the total area in terms of hydrological sub-criteria and criteria.
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Fig 6. Qualitative fuzzy map of land suitability for Nigella sativa cultivation in Alborz province in terms of
hydrological criteria
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Abstract

Regarding geographical, climatic and soil
conditions, Iran is the habitat of many plant species,
including medicinal plants. Studying the conditions
affecting the growth of medicinal plants and
determining suitable areas for their cultivation is
one of the most essential factors in the management
of agricultural lands in Iran. Nigella sativa is a
medicinal plant belonging to the Ranunculales
family. The seeds of this plant are used in traditional
medicine to treat asthma, inflammation, diabetes
and high blood pressure. The suitability of the
climate for any plant in different region is an
obligatory requirement for sustainable
management. In the present research, a feasibility
study of N. sativa in Alborz province based on GIS
and Fuzzy AHP analysis using climatic criteria,
including mean, maximum, minimum temperature
and total precipitation, physiographies criteria,
including height and slope, graphical criteria soil
texture and pH and hydrological criteria including
EC, pH and SAR were performed. Based on the
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integration of fuzzy data, a land capability map for
Nigella sativa planting in Alborz province was
prepared. The results showed that 46.87% of the
region is in a completely suitable and suitable
condition and only 15.02% of the province is
unsuitable for Nigella. sativa cultivation in terms of
the studied criteria.

Extended Abstract

Statement of the Problem: Iran is the main habitat
of many species of valuable medicinal plants. These
species produce relatively high effective substances
under natural conditions and with low rainfall,
which can be increased with proper cultivation.
Black seed (Nigella sativa) is one of the important
medicinal plants native to Iran. The medicinal value
of black seed is so high that it is known as the
miracle herb of the century. Due to its wide use in
pharmaceutical industries, this valuable plant is
widely cultivated in different parts of Iran, but
environmental limiting factors can have an adverse
effect on its growth and production. Based on this,
understanding how to adapt the cultivation of this
valuable medicinal species in each region to its
climatic conditions is necessary for sustainable
management. Assessing land suitability provides
useful information about the yield of different crops
and the most suitable places for their production,
aiding in the sustainable management of resources
and planning appropriate cultivation patterns for the
region. Adapting the region's characteristics to meet
consumption needs is an effective and logical way
to evaluate land suitability and determine land use.
One of the most advanced techniques for measuring
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land suitability and optimal land use is the
Geographic Information System (GIS) combined
with  multi-criteria  decision-making  models
(MCDM). One of these models is the Fuzzy
Hierarchy Analysis Process (Fuzzy AHP). The
usefulness of this method has been confirmed for
evaluating cultivation feasibility. Based on this, in
the present research, the feasibility of cultivating the
valuable medicinal plant Nigella sativa in Alborz
province and the zoning of areas prone to the
cultivation of this product in terms of climatic,
physiographic, edaphic and water characteristics,
using the ability of GIS and FuzzyAHP will be
done.

Purpose: The purpose of the current research is to
evaluate the ecological capacity of Alborz province
for the cultivation of black seed and to zone this
province for black seed cultivation to develop
optimal cultivation practices for this economically
valuable plant.

Methodology: Alborz province, with an area of
5118.33 km?, is located at 51°0°30°°E / 35°48°45°°N
in northern Iran. In this research, Fuzzy Hierarchy
Analysis was used in order to spatially analyze the
criteria required for black seed cultivation based on
important ecological needs. The studied criteria
include four main criteria and 13 sub-criteria, which
are as follows: climate (with sub-criteria: average
monthly ~ temperature, maximum  monthly
temperature, minimum monthly temperature, and
total monthly precipitation), physiography (with
sub-criteria: slope and height), soil (with sub-
criteria: texture, pH, EC and P) and hydrology (with
sub-criteria:  SAR, pH and EC). Finding the
potential of black seed cultivation in terms of the
studied criteria was done based on the conducted
studies. For climate data, the data of 12 months over
a 10-year period obtained from five synoptic
stations located in Alborz province (Hashtgerd,
Karaj, Taleghan, Karaj Agricultural Site, and
Payam Airport stations) were used. After
determining the raw weights of criteria and sub-
criteria by experts, the final weights were calculated
using Super Decision software. The final zoning
was done using fuzzy operators in Arc GIS 9.3
software. The final map was prepared on the basis
that in the final classification, the higher the
numerical value, the more favorable the area is for
black seed cultivation.
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Results and discussion: Among the main criteria,
climate had the highest weight and physiographic
criteria had the lowest weight. Among climate sub-
criteria: average temperature and total precipitation,
physiographic sub-criteria: height and slope, soil
sub-criteria: texture and P, and hydrology sub-
criteria: EC and pH, had the highest and lowest
weight, respectively. The inconsistency ratio is less
than 0.1 in all cases, which indicates the
reasonableness of the pairwise comparisons made
between criteria and sub-criteria. The results of
black seed cultivation potential in Alborz province
in terms of climate sub-criteria showed that in terms
of temperature factors, Alborz province is in a
favorable condition for black seed cultivation, but in
terms of the total precipitation factor, the region's
potential for black seed cultivation is average. In
terms of climate criteria, the results showed that
100% of the area of Alborz province is in perfect
suitable and suitable conditions for black seed
cultivation. In terms of physiographic sub-criteria,
the results showed that 85.37% and 54.75% of the
area of Alborz province, in terms of the slope and
height factors respectively, are in perfect suitable
and suitable conditions. Overall, in terms of
physiographic criteria, 37.39% of Alborz province
has perfectly suitable and suitable conditions for
black seed cultivation, while 62.61% of the region
is in average and unsuitable conditions. For soil sub-
criteria, the results indicated that 50.32% of the soil
in Alborz province is in perfectly suitable and
suitable conditions for black seed cultivation in
terms of texture. For pH, EC, and P factors, 65.22%,
55.05%, and 64.31% of the soil is in average
condition, respectively. Overall, in terms of the
main soil criteria, the results showed that 50.18% is
in perfectly suitable and suitable conditions, and
only 0.02% is in an unfavorable condition. In terms
of hydrological sub-criteria, the results indicated
that the state of water resources in Alborz province
in terms of the three studied factors is in a perfect
suitable condition for black seed cultivation. For the
main hydrology criteria, the results showed that
only 0.46% of the region is in an unsuitable
condition, while 99.54% of Alborz province is in
perfectly suitable and suitable conditions. The final
map of the feasibility of black seed cultivation in
Alborz province, based on the studied criteria,
showed that 46.87% of the region is in perfectly
suitable and suitable conditions for black seed
cultivation. These areas mainly include lands with



JRS ais for Natur Res (2025) 16(3):101—121.

4 Journal of RS and GIS
for Natural Resources 2

pasture and irrigated agricultural uses, located in the
west, southwest, center, north, south, and part of the
east of the province. The results also show that only
15.02% of the province is unsuitable for black seed
cultivation, mainly in the northern areas of the
province. Various factors have caused these areas to
be unsuitable; In high mountainous areas, the major
environmental limitations are high altitude, slope,
and lack of suitable soil.

Conclusion: The findings of the present research
showed that a significant area of Alborz province

has the ability to cultivate black seed and since
black seed is one of the valuable medicinal plants
native to Iran and its cultivation is low-cost and
yields high returns, the production of this plant,
including cultivation, essential oil extraction,
packaging, and pharmaceuticals, can create jobs and
play an effective role in reducing unemployment in
Alborz province.

Keywords: Feasibility Study, Nigella sativa,
Alborz Province, Fuzzy AHP.
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