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Abstract: The main objective of this study was to investigate the feasibility of prone areas for apple cultivation in Razavi Khorasan province. Therefore,
in this study, criteria and sub criteria were considered to determine suitable areas for growing apple trees, and due to the importance of data integration,
Analytic Hierarchy Process (AHP) was selected to determine the weight of layers. The software ArcGIS version 10.2.2 was used to analyze the spatial
and overlapping layers, after data analysis, in terms of growing apple trees, Razavi Khorasan province was divided into four levels: very good, good,
average and bad. The results showed that suitable areas for growing apple trees in the studied area are located in the south, east, northeast and center
of the province including Sarakhs, Neyshaboor, Gonabad and Kashmar stations with an area of over 4364789.32 hectares, which is about 48.34% of the

total area of the province.

Index Terms: Zoning, Analytic Hierarchy Process (AHP), Khorasan Razavi, Geographical Information System (GIS).
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1 Introduction

Understanding climate parameters and their effects on crops is
one of the most important factors in increasing performance
and consequently improving the production [25]. Therefore,
knowledge of growing conditions and suitable sites’ selection
for growing this product wunder scientific principles
makes it possible to achieve maximum efficiency per area unit.
The literature review showed that many studies have been
conducted on the use of GIS in determining suitable areas for
crop cultivation in the past few decades and a few of them will
be referred. Ress (1990) studied the effects of precipitation
regime and temperature on the yield of wheat in the
Baluchistan region of Pakistan. In this study, the possibility of
needed precipitation for wheat growth in spring (for spring
cultivation), autumn and winter (autumn cultivation) was
calculated. The risk of frost and the number of ice days were
also calculated and the relationship between maximum and
minimum temperatures with the attitude of the region was
specified. According to the results of the research, planting
cold and drought resistant cultivars and winter crops were
recommended for the eastern regions [21]. Veron (2004)
divided the Pampas wheat region into 5 zones based on
precipitation values [32]. Rathove (2005) categorized India into
9 wheat cultivating agro climatic zones through analyzing the
annual and monthly precipitation values [20]. Sharma et al.
(2006) studied the effect of high temperature on seed growth
of different wheat cultivars. The study showed that the late
planting of wheat (late December) can decrease the yield by
30 to 40 percent compared to November planting. The late
planting of wheat affects phonological stages prior to
pollination which determines the product yield. These effects
will further develop to grain growth and filling stage and affect
the growth and yield of grain [28]. In a study, Khan et al.
(2009) assessed the arable lands of agricultural products, they
assessed climatic factors and elements including attitude,
slope, soil type, temperature, precipitation,
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Day length, evapotranspiration and their effects on crops and
thereafter, combined these data through weighting each layer
in GIS, and eventually produced a map of suitable areas for
cultivation of these plants [10]. Other studies in this area are
Oche (1998) [17], Sayta pariya (1999) [27], Norwood (2000)
[16], and Aggarwal (2003) [1]. The following researches
conducted inside Iran can also be mentioned. Mahmoudi
(2003) used remote sensing and geographic information
system to determine suitable areas for planting new varieties
of wheat in Zanjan province. They used TM satellite images for
the identification of agricultural land from other lands. In
addition to climatic parameters, Kind et al. (2006) used slope
gradient layer to determine areas with suitable slope as one of
the criteria of proportionality in climacteric zoning for planting
winter rain fed wheat in Moghan and Ardebil districts using
GIS. They used four classes of winter wheat for classification
in rain fed wheat conditions. In this study, the effects of
climatic variables and topographic mapping on winter wheat
were assessed individually and also as a group (information
layers overlap) using GIS in a climate model location. Bazgir
(2001) [3], Farajzadeh and Takaloubighsh (2002) [9],
Makhdoum (2002), Sobhani (2006) [29] and Rasouli et al.
(2006) [19] conducted zoning in Kurdistan, Hamadan and
Ardebil provinces, respectively, through analyzing the climatic
factors and elements in GIS, and found that agroclimacteric
zoning is possible by analyzing elements in GIS. Thus, in this
paper, we attempted to investigate the feasibility of
prone/suitable areas for apple cultivation in Razavi Khorasan
province.

2 Research Methodology

2.1 Preparation

The research area, with an area of 146.954 square kilometers,
including the geographic scope of Razavi Khorasan province,
between the orbits of 30 degrees and 21 minutes to 38
degrees 17 minutes, north latitude and 55 degrees 28
minutes, east longitude and 61 degrees 14 minutes from the
Greenwich meridian. (Figure 1). This province reaches
Northern Khorasan province from the north and north-eastern,
Afghanistan from the east, Southern Khorasan province from
the south, and Yazd and Semnan provinces from the west and
north-western.
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Fig. 1.The location of the area of research in the country
2.2 Data TABLE 1
In this study on the feasibility of apple cultivation, daily 9 hourly quantity scale for pairwise comparison [6, 7, 11].
minimum and maximum average temperatures data from 12
synoptic  stations of Mashhad, Sabzevar, Ghouchan, | Score Definition __ Explanation
Golmakan, Neyshaboor, Sarakhs, Gonabad, Kashmar, 1 Equally important In achlevlr?g this Obllfﬂ_ctlve, two
Torbatjam, TorbatHeydarieh, Ferdous and Boshrooyeh in a 25- measures have equal importance
iod d Experience shows that the
year period were used. 3 Little more important importance of | is greater than j in
investigations
2.3 Analytical Hierarchy Process (AHP) 5 More important Experience shows the importance | is
AHP is one of the best decision making techniques for the time ___much more than j. _
that the decision maker has multiple criteria [31]. As it help 7 Very important Experience Shrf]’WS theI:mPF’”ance"S
analysts and decision-makers to organize critical issues [5]. s mu?huaorrzoi:i toftng]'t e
Analytical Hierarchy Process begins with identifying and 9 Absolutely important absolutely Fr))roven J
prioritizing  elements  of  decision making. These Average values
elements are: objectives, criteria, characteristics and possible % ‘é' between two adjacent |  When there is a moderate mode
options that can be used to prioritize. In this process, the ' judgment

identification of elements and their relationships results in a
hierarchical structure. Creating a hierarchical structure of the
issue/problem is the first step of AHP and objectives, criteria
and options, as well as their relationship are shown in the
structure. The next steps in AHP include calculating the weight
(coefficients) of criteria and sub criteria, calculating the
coefficient of options (weight), the final calculation of options,
and the evaluation of the logical consistency of judgments [22,
23, 24].

2.4 Determining the coefficients of criteria and sub-
criteria

In AHP, priority among the options is determined through
pairwise comparison between them. In pairwise comparison
procedure to check two options, one of them intended and
through which the priority or importance of two options are
evaluated with each other [30]. In this process the numbers 1
to 9 are used as a standard scale to determine the importance
of the alternatives (from equal importance to immense
importance) with each other (Table 2). In pairwise comparison
matrix the value of 9 shows the immense importance of a
criterion compared to another one and the value of 1.9
represents extremely low value of a criterion compared to
another one and the value of 1 shows the equal importance
[26, 13].

2.5 Compatibility rate

One of the hierarchical processes is that it specifies the
consistency of conducted comparisons. This rate shows how
much can be trusted in the achieved priorities of group
members or the priorities of mixed tables. Experience has
shown that if the compatibility rate (CR) is less than 1.0, the
consistency comparisons can be accepted; otherwise the
comparisons should be done again [4, 15]. Compatibility rate
is measurable through the following formula [12].

C.R=C.L/RI )

C.l= AMax—n/n—-1 @)
In the above equations n shows the number of criteria and R.1.
Random Compatibility index.

3 RESULTS AND DISCUSSION

In this section, the weights of the main criteria used in the
study were determined based on their importance in zoning of
suitable areas for apple cultivation. Figure 2 presents paired
test of the original layers criteria in the suitable areas zoning
for apple cultivation, as based on previous studies and the
opinions of outstanding researchers the weights in the
selected stations were determined using Expert Choice
software and analyzed using ARCGIS (Valuation and paired
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tests were performed for each layer which will not be
mentioned to prevent the prolongation of the content). In
which, the temperature criterion weighing 0.565 and
geographic criterion weighing 0.055 had the highest and
lowest impacts on the feasibility of prone areas, respectively.
Furthermore, the adjustment rate was 0.04 which was less
than its standard value of 1.0, and shows the accuracy of
weight determination.

Priorities with respect to:
Goal: Feasibility of apple

temprature 565 I
humidity 262 I

rain 118

geography .055 1l

Inconsistency = 0.04
with 0 missing judgments.

Fig. 2.The determined weights of the criteria in Expert
Choice software.

3.1 HumIDITY
Humidity is a very important factor in apple growth. The drier
air with low humidity damages plant and its growth, and results
in wilting and grain shrink, because, the water absorption from
land (which is done by hairy root) and the evaporation of
leaves is disrupted. In this case, the plant needs water, and
irrigation is recommended [8].Therefore, after the valuation of
relative humidity options, ARCGIS software functionalities
were used for data analysis (Figure 3). As it is shown in the
figure, in terms of relative humidity, a very major part of Razavi
Khorasan province is very suitable for the cultivation of apple
trees (representative area are including; Ghouchan,
Golmakan, Mashhad, Sarakhs, Neyshaboor and
TorbatHeydarieh and suitable area are includes; Sabzevar and
Torbatjam).
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Fig. 3. The relative humidity in the zoning map of suitable
areas for apple cultivation
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3.2 RAINFALL

Rainfall is the most vital element that affects almost every
aspect of the life on the earth. In the meantime, several
studies have demonstrated that the precipitation is the most
important climatic element affecting traditional agricultural
practices. Therefore, precipitation volatility highly affects
product’s final yield, for this reason, the annual rainfall of the
region was discussed to assess apple production.

3.3 ANNUAL RAINFALL
Annual volatility in rainfall amount and its distribution have a
key role in apple production. Studies have shown that in areas
with the annual rainfall of 350-300 mm, crop production is
highly depended on the seedling emergence and
establishment of plants in the ground, but, researchers believe
that flowering and grain filing are the most sensitive growth
stages in terms of providing the humidity. Thus, based on
previous studies and the opinions of outstanding researchers,
annual rainfall calculations in the selected stations were
evaluated using Expert Choice software, were analyzed using
ARCGIS software functionalities. Figure 4 shows the annual
rainfall map in the zoning of prone areas for apple cultivation,
where Ghouchan and TorbatHeydarieh stations have a very
good condition and Gonabad, Ferdous and Boshrooyeh
stations have the worst conditions for the cultivation of apple in
terms of annual rainfall.

56°30'0"E

58°20'0"E 60°10'0"E

36°30'0"N

34°40'0"N

Rainfall
1 Unsuitable
0 Average
. Suitable o
. Very good _

56°30'0"E 58°20'0"E
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Fig. 4. The annual rainfall map in the zoning of suitable areas
for apple cultivation.

3.4 GEOGRAPHICAL CRITERION
Geographical criterion consists of altitude and slope criteria
which will be discussed separately.

3.4.1 ALTITUDE

Land shape and attitude are effective on crop yield. Based on
the general rule of precipitation, increase in attitude results in
increase in precipitation [2].The attitude plays an important
role in the development or limitation of cultivation through
influencing on precipitation from one hand and a direct effect
on the temperature on the other hand (Figure 5).According to
figure 5, the north, north east, eastern, south, south east,
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south west and the west are very suitable for apple cultivation.
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Fig. 5.The attitude map in the zoning of suitable areas for
apple cultivation

3.4.2 SLOPE/GRADIENT

Land slope is one of the most important physical factors
having a strong influence on the cultivation of agricultural
crops. Because low slopes result in more rain penetration into
the ground and increase soil moisture storage. On the other
hand, the range of temperature changes in low slopes is less
than in steep slopes which is also a positive factor for plant
growth. Steep slope has negative effects on plant growth,
since; with the beginning of rainfall not only less water
penetrates into the ground, but also running waters will wash
away soil nutrients [2]. To assess the slope of the area, the
province slope map was divided into four classes: very good,
good, average and poor (Figure 6) as the map shows most of
the regions are suitable for apple cultivation in terms of slope.
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Fig. 6. The slope map in the zoning of suitable areas for apple
cultivation
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3.5 TEMPERATURE
In addition to being a significant climate factor, temperature is
a vital factor in crop production [8]. Temperature has a
particular importance in each growth stages, but also is more
important due to plant sensitivity to climate changes [18]. For
this purpose, in this study to investigate the possibility of apple
cultivation in terms of temperature, temperature data (degree-
days) of stations in the province and ARCGIS software for data
analysis were used. Finally, in terms of temperature, the
province was classified into four levels of temperature: very
good, good, average and poor, where Boshrooyeh and
Ferdous stations have very good conditions for apple
cultivation. As we advance from the south to the north, the
areas capabilities for apple cultivation are reduced so that the
conditions for apple cultivation in Ghouchan and Mashhad
stations are unsuitable. Figure 7 presents temperature map in
the zoning of suitable areas for apple cultivation.
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Fig. 7. The degree per day temperature on the zoning map of
suitable areas for apple cultivation

3.6 DATA LAYERS INTEGRATION
After preparing all data layers and the factors related to the
zoning of suitable areas for apple cultivation and modeling and
analysis of spatial data using GIS, the process map
preparation of the effective factors in the zoning of suitable
areas for apple cultivation was carried out. After weighing
layers in cultivation zoning based on Analytic Hierarchy
Process (AHP), the capabilities of GIS were used for the
integration and overlapping of the maps and suitable areas’
map was prepared for apple cultivation. The map was
classified in four classes: very good, good, average or poor.
Very good areas for apple cultivation in the area are located in
the east, north, east, central and southern region, including
Sarakhs, Golmakan, Neyshaboor, Kashmar and Gonabad
stations with an area of over 4364789.32 hectares and Torbat
Jam, TorbatHeydarieh and Sabzevar stations are good areas
with an area of 5401892.61 hectares. However, the middle
class with an area more than 1586845.06 hectares, including
Mashhad, Ghouchan and northern parts of Torbat Jam
stations. The zoning of suitable areas for apple cultivation is
shown in figure 8. Table 2 shows the zoning map of suitable
areas for apple cultivation.
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TABLE 2
The zoning map’s characteristics

rank | class Area %of the province’s
surface
The 1 | inappropriate 1304625.38 10.31
whol 2 | medium 1586845.06 12.54
€ 3 | good 5401892.61 | 42.67
area 4 | very good 4364789.32 | 34.48
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Fig. 8. The zoning map of suitable areas for apple
cultivation

4 CONCLUSION

The geographical location of Razavi Khorasan province, its
natural conditions and capabilites has resulted in the
formation of agricultural, animal husbandry and related
activities over the history. The aim of this study is to identify
talents or restrictions created by the climate in the region
namely agricultural-climatic zoning of apple trees cultivation
using environment climatic factors in GIS. To do this research,
the studies related to climate capabilities of apple cultivation
were reviewed and through precipitation, temperature and
humidity data during 25 years of statistical observations, the
use of overlay interpolation methods in GIS environment, the
map of suitable areas for apple cultivation in Razavi Khorasan
province was prepared. The results of this study show that in
terms of zoning, suitable areas for apple cultivation are
Sarakhs, Neyshaboor, Gonabad and Kashmar stations located
in the east, north, and east, central and southern of the region
which have a more suitable situation. However in terms of
temperature some areas have perfect conditions for growing
apples but as we have considered other factors in the zoning
of suitable areas for apple cultivation (altitude, slope, humidity
and precipitation etc.), so they are not suitable areas in terms
of apple cultivation.
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