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Abstract: Recent continuous droughts and decreasing ground water tables have prompted efforts
to improve irrigation schedules and introduce crops that need less water. A study was recently
conducted to determine suitable zones for saffron in Miyaneh using Landsat-8 images and the
weighted linear combination (WLC) method. Climatic and geographical indices for saffron cultivation
in the region were for soil type, slope, soil moisture, and soil salinity. Parameters such as 30 years of
data on climate, soil, and water conditions were collected from synoptic and climatologic stations
such as Tabriz. Then, parameters were weighted using WLC for importance in each region. The data
were transferred to expert choice and clustered, rated, and integrated to produce the last layer. The
results showed that the southeastern and northwestern regions of Miyaneh, especially the banks
of rivers and catchments, were identified as suitable places for saffron cultivation and that 28% of
the area is in the suitable class, 36% in the relatively moderately suitable class, 20% in the critical
suitability class, and the rest of the area, which covers about 16% of the area, is in the non-suitable
class. Therefore, if it is possible to identify favorable areas for saffron cultivation according to the
climatic requirements and it is possible in practice to achieve higher performance per unit area, that
in itself will contribute to improved economic conditions and levels of income for farmers. Due
to the special characteristics of saffron, substituting it for the cultivation of crops with high water
requirements, such as onions, potatoes, tomatoes, etc., will help reduce water consumption.

Keywords: saffron; WLC; remote sensing; classification; ecological potential

1. Introduction

One of the most important measures to reduce the dependence of Middle Eastern
countries that have numerous oil fields, such as Iran, on oil revenues, is to increase non-oil
exports. Creating new opportunities and increasing the level of employment in various
sectors of the economy (agriculture, industry, mining), improving the quality of products
and their competitiveness, and utilizing unused production capacities are among the factors
that make it necessary to pay attention to the development of non-oil exports [1]. Among
the export products with comparative advantage, saffron (Crocus sativus) is one of the
most important products compatible with heat in arid and semi-arid regions, such as Iran,
which is the world’s largest producer of saffron, with a production volume of 261 tons.
According to research, the efficiency of water consumption in saffron is higher than in
wheat (Triticum aestivum), cotton (Gossypium herbaceum), potato (Solanum tuberosum), or
sugar beet (Beta vulgaris). In other words, each cubic meter of water consumed in saffron
generates higher income than the other mentioned plants [2]; for every cubic meter of
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water consumed, the income from saffron is 20 times higher than that from potatoes, and
8.7 times higher than that from cereals. Due to the fact that the growing period for saffron
is limited to autumn, winter, and early spring, the water requirement for this product is
mainly met by rainfall. For this reason, in recent years, attention has been paid to the
cultivation of this crop due to the water shortage conditions in Iran [3]. Saffron production
relying on local inputs and low technologies is completely in line with environmental
standards, which, today, is the form of organic agriculture that fits perfectly [4]. Saffron is
very resistant to cold, but because its growth period coincides with autumn, winter, and
early spring, it needs suitable and moderate weather. The yield of saffron is 80% dependent
on soil variables and 20% on climatic conditions. Aghhavani Shajari et al., 2015, suggested
an altitude range of 2300 to 1300 m and a slope of less than eight percent for saffron growth.

The minimum air temperature is between −18 to −20 ◦C during the vegetative period,
the average air temperature is between 9 and 15 ◦C, the maximum and reproductive
temperature is 30 ◦C during the recession period, and the climatic needs of this product
are mentioned in [5]. Cardone et al. [6] stated that land slope is one of the effective
factors in saffron cultivation. Low slope causes better water penetration and increases soil
moisture storage. Koocheki et al. [7], mentioned slope aspects as another factor affecting
the cultivation of agricultural products. In the northern hemisphere, the slope that faces the
sun the most, the southern slope, receives the most radiation. Garcia-Rodriguez et al. [8],
stated that it is better if we build a saffron garden on sloping land, with the slope facing
south, so that the garden enjoys maximum light and heat.

The estimated amount of saffron in certain geographical areas is necessary for planning
and principled decisions regarding economic transactions and trade, in order to formulate
appropriate economic plans for export and import [9]. Estimation of the area under crop
cultivation is performed using two methods of expert estimation: estimation through
cataloging and the use of new technologies (remote sensing and GIS). Obtaining crop
statistics with traditional methods leads to numerous mistakes, so it is essential to use
accurate methods to help with macro-planning [10]. Remote sensing, by assessing the
vegetation of an area, also helps to achieve suitable conditions for plant growth. The ability
to examine changes in phenological stages and, of course, changes in production capacity
can be very effective [11].

Remote sensing with the help of natural and artificial electromagnetic waves is widely
used in agricultural surveys and planning and the management of natural resources [12].
Remote sensing techniques are widely used in various plant-based analyses due to the
rotation of images of an area, imaging at different wavelengths at the same time, and
finally the ability to quickly process and interpret the data obtained [13]. Remote sensing
techniques are also widely used in plant performance analysis due to the rotation of images
of an area, imaging at different wavelengths at the same time, and, finally, the possibility of
processing and interpreting this information [14,15].

Yusoff et al. [16] investigated the use of satellite imagery to monitor abandoned groves
in Malaysia in a semi-automatic manner. In this research, SPOT-6 satellite images with
high spatial resolution and multi-time images from the Landsat satellite OLI sensor were
used in order to develop the technology for abandoned fields. The results showed that
homogeneous measurements obtained from SPOT images play a more important role
than the plant phenological features extracted from Landsat images to identify abandoned
groves. With the advancement of object-oriented classification, monitoring of an abandoned
area can be performed semi-automatically with an accuracy of 92%. Vegetation indicators
are a special type of spectral index that are used to analyze satellite image information. Each
of these indicators is used in combination with spectral bands to estimate plant biophysical
variables. The normalized vegetation difference index has long been used as an indirect
method to determine crop performance [17].

This study sought to identify the special areas of saffron cultivation in Miyaneh city
using parameters, such as soil salinity, soil type, soil slope, soil moisture, and minimum and
maximum temperature of the region, with the help of remote sensing and the weighted linear



Agriculture 2022, 12, 118 3 of 15

combination (WLC) model, which can give results with the most accuracy and least error. The
weighted linear combination (WLC) model is one the most widely used GIS-based decision
rules. The method is often applied in land use/suitability analysis, site selection, and resource
evaluation problems. The primary reason for its popularity is that the method is very easy
to implement within the GIS environment using map algebra operations and cartographic
modeling. The method is also easy to understand and intuitively appealing to decision makers.
WLC can be operationalized using any GIS system with overlay capabilities. The overlay
techniques allow the attribute map layers (input maps) to be aggregated in order to determine
the composite map layer (output map). Some GIS systems (e.g., IDRISI and SPANS) feature
WLC modules that perform the WLC procedure [18].

Because saffron is very valuable, we are required to consider conditions with high
sensitivity. Soil degradation characteristics, such as salinity and soil texture, can gradually
degrade the quality of agricultural products, but if we can obtain accurate data before any
investment, then we can be more confident about the optimal conditions. Consider the
scenario for growing crops. There are many good agricultural lands that have been left
unused because they have not been accurately identified; remote sensing can be of great
help in their identification.

2. Materials and Methods
2.1. Study Area

East Azerbaijan Province is located in northwestern Iran. The area of the province is
equal to 45,490.88 square kilometers and constitutes 2.8% of the total area of the country.
This province is one of the coldest and most mountainous regions in the country. The
climate of the province is cold and semi-arid and the average annual rainfall is 250–300 mm.
The area of agricultural lands in the province is estimated at about 1.22 million hectares,
which is equivalent to 46.6% of the province and about 12.6% of the Iran’s arable land.
Miyaneh city is located in the southeast of East Azerbaijan province and as the largest city
in the northwest of the country has an area of 5919 km. The city is located at 47 degrees
and 42 min east longitude and 37 degrees and 20 min north latitude. Figure 1 shows the
location of East Azerbaijan province and Miyaneh city in the province. Miyaneh city has
two types of climates per year, so that in mid-spring and summer it has a semi-arid and
warm climate, and, in autumn, it has a cold and mountainous climate. The average annual
rainfall of 320 mm varies from 393 to 600 mm in the lowlands of the southeast. The average
annual temperature in this city is 3 to 14.5 ◦C in different areas [12].

2.2. Areas Prone to Cultivating Saffron in Miyaneh City

Based on the amount and severity of land restrictions for planting saffron, different
areas of Miyaneh city were divided into four classes, including: suitable, moderately
suitable, critical suitable, and non-suitable. Areas in the suitable class (S1) do not have any
restrictions or have minor restrictions for planting the desired crop; lands that have low
restrictions in terms of climate or soil for the desired use are in the moderately suitable
class (S2); and lands that have low profitability due to high restrictions are in the critical
proportion class (S3). If the income from the intended use is less than the production costs
of this product, due to severe restrictions, it will be in the non-suitable class (Table 1).
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Table 1. Saffron crop requirements (Institute Research Water and Soil of Iran (http://www.swri.ir/
en-US/DouranPortal/1/page/Home on 20 January 2021)).

Class Suitable Moderately Suitable Critical Suitable Non Suitable

Slope for surface 0–2 2–5 5–8 >8

Soil texture Heavy Medium Light Very heavy

EC (ds/m) 4 < EC < 8 8 < EC < 16 16 < EC < 32 EC > 32

Irrigation
capability

I II–III IV V–VI

Lands that are suitable
for surface irrigation by

performing
construction and

corrective operations.

Lands that are expected
to be moderately

suitable for irrigated
agriculture through

construction and
remediation operations.

Lands that are expected
to be relatively

unsuitable for irrigated
agriculture through

construction and
remediation operations.

The irrigation
capability of these

lands is not clear in the
current situation.

http://www.swri.ir/en-US/DouranPortal/1/page/Home
http://www.swri.ir/en-US/DouranPortal/1/page/Home
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2.3. Dataset
2.3.1. Field Data

In this study, the ecological needs of saffron were determined using the available
resources. Therefore, according to the ecological needs of the crop, a topographic and
soil texture map were prepared by the Natural Resources Organization of Miyaneh city.
Physiographic layers, including soil texture and slope, plant water requirement, and soil
salinity based on Inverse Distance Weighted, were obtained in the ArcGIS environment.
Slope maps, soil texture, plant water requirements, and soil salinity were prepared using
a digital elevation model (DEM) in the middle of the city in an Arcmap environment at
a cell size of 50 m in a raster format. In order to determine the values (values and uniformity
of scales in digital layers of map information), methods based on fuzzy logic were used.
The fuzzy set is a set that allows its members to have varying degrees of membership
between 0 and 1 or 0 to 255 [19]. The fuzzy standardization method usually uses different
functions, such as S-shaped, J-shaped, and linear functions for formatting. According to
physiographic indices, for a more accurate assessment, it was necessary to determine the
relative importance of each factor. In this study, the WLC process was used to weight
the criteria. This was performed by designing a questionnaire and having it completed
by saffron cultivation specialists at the research site. The weighted linear composition
method is the most common technique in multi-criteria evaluation analysis. The purpose
of multi-criteria evaluation is to select the best option based on their ranking through the
evaluation of several main criteria. This technique is also called the simple summative
weighting method or the scoring method. This method is based on the concept of weight
average; the analyst or decision maker directly weighs the criteria based on the relative
importance under consideration. Then, using Equation (1), multiply the relative weight by
the value of that property to obtain a final value for each option.

S = ∑ wixi ∏ Cj (1)

where S is the degree of desirability, wi is the factor weight, xi is the fuzzy value of the factor,
Cj is the standard score of the constraint, and ∏ is the multiplication index [20]. Once the
final value of each option has been determined, the options with the highest value are the
most appropriate for the purpose of determining the suitability of the land for a particular
application, or evaluating the potential of a particular event. According to the main purpose
of this research, which is the zoning of lands prone to saffron cultivation in the middle, all
climatic conditions are determined according to crop adaptation thresholds and the final
map is created. After preparing the saffron cultivation potential map, the area was divided
into 4 classes: suitable, moderately suitable, critically suitable, and non-suitable.

2.3.2. Satellite Data

The Landsat 8 satellite is the eighth satellite in the Landsat satellite program, and
the seventh to successfully orbit. Originally called the Landsat Data Continuity Mis-
sion (LDCM), the satellite is a collaboration between NASA and the USGS. The satellite
has two sensors called the Operational Land Imager (OLI) and Thermal Infrared Sensor
(TIRS), which collect image information for nine shortwave bands (OLI spectral bands)
and two thermal wavelength bands (TIRS spectral bands), respectively. Landsat 8 pro-
vides medium resolution images from 15 m to 100 m above the ground and in the polar
regions; Landsat 8 is used in the range of visible light, near infrared, short infrared wave
and thermal infrared spectrum. Landsat 8 captures about 400 images per day, which is
a significant increase from the 250 images per day from the Landsat 7 satellite. As a result,
the twelve-bit quantization of data via these bits allows for a more accurate description of
ground coverage [21].

Satellite datasets are one of the new methods for field monitoring. The satellite images
used in this study are satellite images from the Landsat 8 satellite. Dates from November
2019 to May 2020 were selected. We selected the above dates due to the fact that the
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cultivation period of most agricultural products is in spring and summer, and saffron
is different from other agricultural products in this respect. Saffron’s growth begins in
mid-November and remains green until the end of May the following year. Its flowering
period is one month and runs from mid-November to mid-December.

In order to create a false color interpretation in this study, with the help of the Optimum
Index Factor (OIF), the band composition that best displayed the phenomena in RGB space
was determined, and a false color combination was produced. This index is a statistical
index that acts based on the standard deviation and correlation coefficient between bands.
OIF analysis was performed to create false images between bands 1 to 7 of the OLI sensor,
and the best band composition was determined. Through researching of the effect of the
ratio of false color composite images from RS images, the method of OIF (The Optimum
Index Factor) is discussed. Chavez et al. have put forward a formula to calculate OIF
(Optimum Index Factor) by using three standard deviations and a correlation coefficient.

OIF = ∑3
i=1 SDI/ ∑3

j=1|CCj| (2)

In the Equation (2), SDi means the standard deviation. |CCj| means the absolute value of
correlation coefficient. Standard deviation represents the discrete degree. The more value it
will be, the more radiation intensity difference we can see and the less of the |CCj|, the less
of repeated degree. The results of this index are shown in Table 2. According to Table 2, the
best band composition of 756 was determined because the highest amount of OFI recorded
for this band composition was reported in [22].

Table 2. Values OIF index to determine the best False Color Composite.

Bands OIF Index Highest Ranking

Band 7, Band5, Band6 5326.46

Band4, Band5, Band6 5197.78

Band1, Band5, Band6 5134.22

Band4, Band6, Band7 5121.60

Band2, Band5, Band6 5086.73

Band3, Band5, Band6 5073.36

Satellite data in the initial state needs to be corrected due to geometric and atmospheric
distortions, this is a correction which must be applied to all bands. Satellite data were
corrected to produce high-quality images for classifying, identifying, and distinguishing
terrestrial phenomena, which is the primary goal of interpreting satellite data.

The direction of the geometric deviation was corrected in such a way that the output
files could be adapted to the map. In order to geometrically correct the OLI sensor images,
the first 30 ground control points with UTM coordinates were selected from the topographic
map at 1:50,000. Then the points with a high number of errors, which were determined by
examination, were removed. Finally, we selected 25 ground control points by applying the
nearest neighbor method. The geometric polynomial model of the first degree panchromatic
band (15 m) of the earth was referenced [23]. Radiometric correction or calibration of the
sensor is necessary when multi-time images are used and the images are related to different
seasons or years. These corrections were applied to the data using Equation (3):

Lrad = (DN/Max Gray) × (Lmax − Lmin) + Lmin (3)

where, Lrad: luminosity in a given pixel digit; Lmax: maximum luminance digit in a given
band; Lmin: minimum luminance digit in a given band; and Max Gray: calibration scale is
the quantification of dimensions (0 < DN < 255). In order to create false color images in this
study, with the help of the optimal index factor, the best band composition to display the
phenomena in RGB space was determined and a false color combination was produced.
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This index is a statistical index that acts based on the standard deviation and correlation
coefficient between bands [24].

2.4. Weighted Linear Combination (WLC) Method

The process of integrating information layers in a spatial information systems environ-
ment involves steps such as creating basic layers, applying basic functions, creating fuzzy
layers, and combining information layers based on fuzzy logic. In this regard, fuzzy mem-
bership functions were designed and implemented for fuzzy standardization of criteria.
In the Geospatial Information Systems (GIS) environment, different methods can be used
to combine layers. Due to the implementation of fuzzy functions to standardize data, the
weighted linear combination (WLC) method is one of the most desirable methods in this
regard. The method of weighted linear composition (WLC) is the most common technique
in multi-criteria evaluation analysis. This technique is also called the “scoring method”.
This method is based on the weighted mean concept. The analyst or decision maker directly
evaluates the criteria, designating value based on the relative importance of each criterion.
Then, by multiplying the relative weight (W1, 2, . . . ) by the value (Gx1, 2, . . . ) of that
attribute, a final value is achieved for each option. After the final value of each option is
determined, the option that has the highest value will be the most appropriate option for
the target. In this method of decision rule, the value of each option is calculated by the
following Equation (4) [24]:

WLC = [(Gx1 ×W1) + (Gx2 ×W2) + (G . . . ×W . . . ) + . . . (4)

In this method, the sum of the weights must be equal to one. In the absence of such
conditions, the value of WLC must be divided by the sum of the total weights in the last
step. Otherwise, the numerical output will be between 0 and 1. Of course, the output value
could be a reason for the better fitting of an option [25]. For this study, four parameters
have been used, but the weight of these parameters has not been the same; for this reason,
we used the linear weighting method [26].

3. Results

In Arcmap, with the Reclassify command, the desired range was determined for each
index, and the index map was binary and generated; that is, each place within the specified
range was assigned the number 1 (white) and the rest were assigned the number zero
(black). Then, the determined coefficients related to each index were applied, and, finally,
the results related to each index in the WLC formula were added together, and the final
and normalized image was obtained with the Raster Calculator command in ArcGis. The
images of the study area from November to May of every year in the years 2017–2018,
2018–2019, and 2019–2020 were examined. Due to the growing time of saffron, which
takes place from November of this year to May of next year, the cultivation of this plant is
considered as an autumn cultivation, and the amount of rainfall and humidity on these
days is greater than in other months.

3.1. Results of the Weighted Linear Composition Method (WLC)
3.1.1. Soil Type

The first and most important factor considered in this study for locating saffron
cultivation is soil type. On the soil type map of the region, the yellow color is related to silt,
the dark green is related to loam, the light green is related to sandy loam, and the purple
color is related to clay loam. The most important part of saffron is the flower, and the best
part of the flower is the stigma. The highest number of flowers occurs in loamy, sandy,
and silty soil textures, while the highest stigma yield occurs in silty soil texture. In this
study, the priority of soil suitability for saffron cultivation in this region is loam, silt, sandy
loam, and clay loam soils, respectively. Therefore, loamy, silty, and clay soils are unsuitable
for saffron cultivation in this area (Figure 2). According to Table 1, the soil texture of the
region was classified into four classes. According to Figure 3, 34% of land in the region
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was in the perfectly suitable class, 13% in the moderately suitable class, 8% in the critical
suitability class, and 36% in the non-suitable class. The output map (Figure 2) is the result
of a combined linear weight method for evaluating the potential of saffron cultivation in
relation to soil texture, which has a raster format and whose values include values between
zero and 255. Higher values (towards 255) in this map indicate greater potential for saffron
cultivation, and lower values (towards zero) indicate lands with less potential.
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3.1.2. Soil Slop

To prepare the slope map, the digital elevation model map was used by applying net-
working functions. Due to the irregular dimensions (TIN) of triangulation 3, the D-analyzed
pixels were extracted and the slope value was passed through. To calculate the area accord-
ing to the dimensions of the cells, the area of each cell is multiplied and the desired area is
obtained per hectare. Therefore, a slope map was prepared for surface irrigation in four
types. Based on the importance of the priority slope, with the southern, southeastern, and
southwestern slopes, respectively, because areas close to flat areas are more suitable for
saffron cultivation. These areas are often visible along rivers and catchments. According to
Figure 4, 43% of the area is in the suitable class, 8% in the relatively moderately suitable
class, 8% in the critical suitability class, and the remaining area, which represents about
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41% of the total, is in the non-suitable class. The output map (Figure 3) is the result of
a combined linear weight method for evaluating the potential of saffron cultivation in
relation to slope, which has a raster format and whose values are between zero and 255.
Higher values (towards 255) in this map indicate more potential for saffron cultivation, and
lower values (towards zero) indicate lands with less potential.
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3.1.3. Soil Moisture

Soil moisture is the second parameter in terms of importance in finding the best land
for saffron cultivation in this study. A parameter that, if not paid enough attention to, can
cause irreversible damage to the saffron field. According to the information obtained from
the soil moisture map, the values of this index are higher in rivers and catchments than
in other areas. These areas, which are marked in bold blue, are not suitable for growing
saffron in terms of moisture index. On the contrary, areas marked with pale blue can be
suitable and cultivable areas for saffron (Figure 4). According to Figure 5, 49% of the area
is in the suitable class, 30% in the relatively moderately suitable class, 9% in the critical
suitability class, and the remaining, which represents about 12% of the total area, is in
the non-suitable class (Figure 4). The output map (Figure 4) is the result of a combined
linear weight method for evaluating the potential of saffron cultivation in relation to soil
moisture, which has a raster format and whose values are between zero and 255. Higher
values (towards 255) in this map indicate more potential for saffron cultivation, and lower
values (towards zero) indicate lands with less potential.
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3.1.4. Soil Salinity

The third factor influencing location is soil salinity. According to the information
obtained from the soil salinity map, the values of this index in rivers and catchments are
lower than in other areas and are prone to saffron growth. The light green areas indicate
suitable regions for saffron cultivation in terms of salinity index (Figure 5). According to
Figure 6, 58% of the area is in the suitable class, 29% in the relatively moderately suitable
class, 8% in the critical suitability class, and the remaining area, representing about 5% of
the total area, is in the non-suitable class (Figure 5). The output map (Figure 5) is the result
of a combined linear weight method for evaluating the potential of saffron cultivation in
relation to soil salinity, which has a raster format and its values include values between
zero and 255. Higher values (towards 255) in this map indicate more potential for saffron
cultivation, and lower values (towards zero) indicate lands with less potential.
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3.2. Soil Zoning

The layers used for zoning the study area in terms of saffron cultivation ability were
combined to determine the suitability of different regions of the province for saffron
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cultivation. For this purpose, zoning was performed after combining the layers related to
the four criteria mentioned, and considering that the terrestrial, soil, and climatic layers are
significant factors in the production of agricultural products. As shown in Figure 6, the
area is divided into four classes.

The most suitable areas for saffron cultivation in the study area are in a cultivation strip
from southwest to southeast of the region and in the north of the region, which is shown
in green (Figure 6). These conditions are due to a combination of climatic characteristics
and having good soil conditions, slope, fertility, soil texture, as well as suitable conditions
for irrigation. The most unsuitable lands are in the northeastern plains, which are marked
in red. According to Figure 6, 28% of the area is in the suitable class, 36% in the relatively
moderately suitable class, 20% in the critical suitability class, and the remaining area, which
represents about 16% of the total area, is in the non-suitable class.

4. Discussion
4.1. The Effect of Soil Texture on the Identification of Suitable Areas to Saffron Cultivation

Since the texture of the soil can change the compaction and physical resistance to the
emergence of buds from the soil, it seems that the reduction in soil resistance in the sandy loam
texture has facilitated the exit of leaves, which has resulted in an increase in the speed of their
emergence. Considering the effect of soil texture on compaction and creating resistance to
aerial organ outflow, it seems that in soils with lighter texture there is less energy expenditure
for the growth of underground organs than in soils with heavier textures. Compaction and
improvement of physical soil properties has resulted in higher energy allocated to vegetation
reservoirs, which results in an increased flowering rate [27]. As has been mentioned, the
sandy loam texture causes the corm of saffron to grow more, which, in turn, improves the
dry weight of the saffron corm by improving the conditions for its growth. This advantage
can increase the income of farmers who cultivate saffron by improving the yield of saffron
in the coming years. However, in this regard, the allopathic properties of various saffron
organs, particularly saffron corm, should be reduced by increasing saffron corm weight in
lighter textured soils, thereby shortening the exploitation period of the saffron farm compared
to heavier textured soils [28]. Al-Hamed et al. [25] also stated that as the soil texture became
heavier, the dry weight of the corm of saffron decreased.

However, these researchers found that the period of exploitation of saffron fields in soils
with a rocky texture was relatively longer than in soils with a lighter texture. Ghanbari et al. [29]
examined the effect of soil texture on saffron yield and stated that the highest number of
flowers were produced with light texture. They found that, although the onset of flowering
was the same in all tissues, the end time of this stage was much longer in light tissue soils than
in heavy soils, which increased the number of saffron flowers. Chamkhi et al. Reference [2]
found that soil texture is one of the most important determinants of growth characteristics
and flower yield of plants that propagate through vegetative and reproductive tissues.

4.2. The Effect of Slope on the Identification of Suitable Areas to Saffron Cultivation

Land slope is one of the natural factors that has a great impact on the type of agri-
cultural crops that can be grown. Low slopes cause better penetration of water in them
and increase soil moisture storage, and in the critical period of plant growth, this moisture
storage solves the problem of water shortage. On the other hand, the range of thermal
changes on a low slope is less than on a high slope, and this is also a positive factor for
plant growth [30]. Areas with a high slope score have a negative effect on plant growth.
Additionally, the variety of energy received on high slopes is dependent on their location in
relation to sunlight, and there are many changes in the thermal range. Changes in the slope
and angle of the sun’s rays, which depend on the roughness and topography, are decisive
for the difference in growth for different landscapes. This means that the amplitude that
faces the sun the most receives the most radiation. In the northern hemisphere, the south-
facing view and the horizontal surfaces always have a symmetry of solar energy, which is at
its maximum at noon. The eastern slopes benefit from earlier morning radiation compared
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to the southern slopes, but the radiation status of the western slopes is symmetrical with the
eastern slopes and receives more radiation in the afternoon than the southern slopes [31].
The northern vertical walls are deprived of direct sunlight at the time of the equinox and
are placed in the shade. Due to the fact that saffron cultivation is dependent upon irrigation,
and since the suitable slope of the land for irrigated cultivation has a maximum area of 8%,
the higher the slope the less potential the lands have for cultivating saffron. In terms of
topography, lands with a slope of less than 8% in Iran have an altitude of between 1000 and
1500 m, which is more suitable for cultivating this crop [32]. Maliki et al. [9], in a study to
investigate the development of a land use suitability model for saffron cultivation, stated
that a slope of more than 12% at a high altitude (more than 2700 m) is one of the main
limiting factors for saffron cultivation. Giorgi et al. [33] indicated that the slope of the land
is one of the most significant factors in saffron cultivation. Low slopes cause better water
penetration and increases soil moisture storage. Lone et al. [34] mentioned the degree of
slope as another factor that affects the potential cultivation of agricultural products. In the
northern hemisphere, the slope that faces the sun the most, the southern slope, receives the
most radiation.

4.3. The Effect of Amount of Water on the Identification of Suitable Areas to Saffron Cultivation

The term “water requirement of the plant” means the amount of water required for
the growth and production of the crop, which includes the water used by the plant and
special water needs, such as preparing the land and flooding the farm to wash away the soil
salt. The amount of water for irrigation from rainfall in one year varies from year to year;
therefore, the project to supply moisture to the plant cannot be based on the data from one
year. To properly estimate rainfall, long-term records are needed [27]. Saffron cultivation is
very desirable in terms of irrigation for arid and semi-arid regions where farmers face water
shortages because the corm of saffron has been dormant for five months since mid-May,
when the spring rains stop, and does not require irrigation. Reproductive growth of saffron
begins with the first irrigation and the emergence of the first flower and ends with the
emergence of the last flower, and the duration of this period is 15 to 25 days [35]. Even in
the Mediterranean environment, saffron is not watered in many cultivated areas (Sardinia,
Abruzzo, Greece, etc.) [36]. Some researchers [7,37] report up to 3000 m3 of flood irrigation
per year in Iran and up to 500 m3/ha in Africa [37].

4.4. The Effect of Salinity on the Identification of Suitable Areas to Saffron Cultivation

Salinity stress, with its limitations in water transfer, will reduce the maximum quantum
yield and reduce the efficiency of the photosystem. Plants produce reactive oxygen species
(hydrogen oxide and hydroxyl) when exposed to stress conditions, including salinity
stress, which degrade chlorophyll and membrane lipid peroxide. These compounds can
damage plant enzymes and membranes and increase electrolyte leakage, and are therefore
considered a biological indicator for estimating plant membrane damage under salinity
stress [37]. Dastranj and Sepaskhah [38] reported that salinity reduces growth and increases
the amount of sodium ions in all vegetative and reproductive organs of saffron, which leads
to reduced growth of saffron. Mzabri et al. [39] reported that increasing the concentration
of Nacl and Kcl reduces the length of the roots in the form of saffron. Feizi et al. [37]
concluded that with increasing salinity stress, the number of leaves, dry weight of corm
from saffron, and shoots are significantly reduced, which confirms the present results.

4.5. Weighted Linear Composition Method (WLC)

The WLC method involves a set of evaluations for a logical method, which, in general,
depends on the hierarchical planning of an issue, and, on the other hand, it is related to
the logic of understanding and analysis for the final decision and judgment. An important
point to note about the use of this algorithm is that the effective indicators for determining
the susceptibility of areas for grow a particular crop may be of lesser importance when
considering another crop. The purpose of this study was to evaluate the potential of regions
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for saffron cultivation in northwestern Iran. The WLC method was selected as the working
method in this study [40].

In the quantitative method, indicators are involved in the evaluation process based on
weight and preference, and all effective criteria and indicators are involved in the process.
Involvement of criteria and indicators based on weight and degree of preference is one of
the capabilities and positive points of the WLC method. In this study, ecological criteria
related to the natural environment weigh more than other criteria, including economic
and social, in the evaluation process. The use of fuzzy logic to quantify and normalize
qualitative criteria is more useful and is more in line with the natural complexities of the
study area. In the WLC method, the linear combination of the importance of different
factors and priorities in relation to land suitability is used strategically and cumulatively.
The set of factors takes into account the priority of factors and the priority of their internal
classes, even if they do not belong to the highest rank. This method is comparable in
performance to the execution of a condition in decision-making. Therefore, the more the
method evaluates the priority of the upper classes of land suitability, the more conservative
the WLC method will be [41–43].

After creating the database, based on the relevant criteria and their weight, weight
layers were produced, and by combining the layers and determining the value of the
regions, the final layer was produced. Using the WLC method is a convenient way to solve
complex multi-criteria decision-making problems in economic matters. The WLC method
is a flexible and practical tool for determining the potential of different regions to grow
crops suitable for their climatic conditions. Kiani et al. [44], by preparing a water and soil
quality map for saffron cultivation in the lands of northwestern Iran, using multi-criteria
decision-making methods based on hierarchical analysis, reported that 8% of lands had
very suitable conditions, 46.5% of lands had suitable conditions, 16% of land had relatively
positive conditions for saffron cultivation, 18% had unsuitable conditions, and 11.5% were
completely unsuitable. Maleki et al. [9] compared the similarity of the northeastern climate
(as the main center of saffron cultivation in Iran) with the northwest to study the feasibility
of saffron cultivation by the WLC method. Temperature is a more significant condition for
saffron cultivation in northeastern Iran than rainfall. Finally, they came to the conclusion
that saffron cultivation in the plains of western Iran is possible from a climatic point of
view, such as in northeastern Iran, which is the source of saffron cultivation.

5. Conclusions

The results of a land use assessment for saffron cultivation showed that about 36%
of the area is not suitable for saffron cultivation. The most suitable places for saffron
cultivation in the study area are in a cultivation strip from southwest to southeast, and
in parts of the north of the region. From the results, we found that the changes in the
indicators in each year vary significantly between years. Therefore, we selected data that
have very high stability in the indicators in different years. Finally, the final map obtained
from the index map is the zoning map of the region. On this map, the places that are visible
in bold green are the best, and the places that are visible in red are the worst areas for
saffron cultivation in Miyaneh city. Thus, from green to red areas, the probability of saffron
cultivation in these areas in Miyaneh city decreases. In general, according to the final zoning
map of Miyaneh city, the southeastern and northwestern regions of this city, especially the
banks of rivers and catchments, were identified as suitable places for saffron cultivation. In
the present study, with the help of WLC, the weight of priorities was determined and the
results obtained from the weight line composition chain analysis model in locating saffron
cultivation led to the selection of the best spatial option for saffron cultivation. Therefore,
if it is possible to identify favorable areas for saffron cultivation according to the climatic
requirements of this product and identify the limitations or capabilities that these indicators
have created in the environment, it is practically possible to achieve higher performance per
unit area, which, in itself, will improve the economic conditions and the level of income of
the farmer. Due to the special characteristics of the saffron product, replacing its cultivation
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with products with high water requirements, such as onions, potatoes, tomatoes, etc., will
save water consumption.
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