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Abstract

Introduction: Understanding the suitability of the lands is very important in terms of the ability
to cultivation a particular crop. Having information in this field helps us to act more intelligently
in prioritizing land allocation for the cultivation of various crops. Also, adapting the current-
grown lands under cultivation of a crop selected by the farmer to the final layer of land suitability
can give us an overview of the right or wrong choice of land use. This information will help
agricultural policymakers to replace crops when necessary and to replace crops that have been
misallocated in disproportionately desirable lands with other crops or to improve their crop
management. Therefore, this study was conducted to assess the land suitability of Golestan
province agricultural lands for soybean cultivation and the degree of adaptation of current
soybean-grown fields to the obtained suitability layers.

Materials and Methods: This study was carried out in the agricultural lands of Golestan
province with an area of 821 thousand hectares. First, the real lands under cultivation of soybean
were separated using 1674 land samples taken from different crops and object-based image
analysis (OBIA) method. To separate the lands under soybean cultivation in Golestan province,
sentinel 2 satellite images with a spatial accuracy of 10 meters related to planting to harvesting
time in 2018 were used. Then, the layers of soil, climate, and topography characteristics were
provided to investigate land suitability for soybean cultivation. Climatic components including
minimum, optimum, maximum temperatures, and rainfall were estimated using long-term
statistics of synoptic stations in the province (maximum available statistics). Data of soil texture,
nitrogen, organic matter, phosphorus and potassium, soil pH, and salinity were also received
from the provincial agricultural and natural resources research center, and from the data, the soil
properties map was obtained. The digital land elevation map (DEM) of the province with a
spatial resolution of 20 meters was used to extract slope, elevation, and aspect maps. The process
of interpolation of climatic and soil layers was performed using ordinary kriging method. The
relative importance of each factor was determined through the Analytic Hierarchy Process
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(AHP). This was done by designing questionnaires based on AHP paired matrices and
completing it by agricultural specialists. After extracting the weights from the questionnaires and
preparing the classified raster layers, these layers were imported in GIS version 10.3. Combining
and overlaying the layers was done by assigning AHP weight to each layer. Finally, a land
suitability map was prepared for the cultivation of the soybean in the study area which, in turn,
was used to determine the adaptation of current soybean fields with determined suitability
classes.

Results and Discussion: The accuracy of classification by object-oriented method using kappa
coefficient and overall Accuracy coefficient (0.87 and 90%, respectively) shows the acceptable
accuracy of soybean land separation in this study. In the study of land suitability for soybean
cultivation, the results obtained from hierarchical analysis showed that the soil criterion had the
greatest effect on the site selection of soybean cultivation with a coefficient of 0.52 with respect
to both climate and topography factors. The results showed that most of the fields (about 87% of
total) placed in suitable class and 13% placed in a relatively suitable class. In suitable areas for
cultivation, despite having the best conditions for factors such as maximum temperature, average
temperature, slope, aspect, height, soil texture, soil pH, phosphorus and soil salinity, soybean
production is limited by factors such as precipitation (400 to 500 mm per year), minimum
temperature (10 to 12 °C), phosphorus (8 to 10, 15 to 20 mg/kg soil). In these areas, maximum
yield can be achieved by managing the mentioned factors and applying desirable agricultural
management. In relatively suitable areas, limitations of nitrogen deficiency (less than 0.5 mg/kg
soil), organic matter (less than 2%), salinity (above 6 dS/m), slope (more than 5%), restriction of
soybean cultivation due to heavy soil texture (high percentage of soil clay), potassium (less than
100 mg/kg soil), phosphorus (more than 20 or less than 8 mg/kg soil), precipitation (less than 400
mm per year), minimum temperature (less than 10 °C), slope (more than 8%) and aspect (west
and north) caused relatively high land restrictions for soybean cultivation. Compatibility analysis
of the current soybean fields with the suitability maps indicated that about 99% of total cultivated
lands are located in a suitable class, which demonstrates the proper selection of farm locations by
the farmers.

Conclusion: By considering the position of Golestan province in the production and area under
soybean cultivation in the country, if it is possible to identify suitable soybean cultivation areas
according to the environmental requirements of this product and identify the limitations created
by the environment, more yield per area can be achieved, which will improve the agricultural
economy and the level of income of the country.

Key words: Suitability compatibility, land suitability, interpolation, soybean, object-based
classification
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Table (1) Soybean requirements table and evaluation classes of each factor in Golestan province
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Table( 2) Evaluation results of the method-models used for interpolation of climatic and soil variables of
arable lands in Golestan province based on root mean square error (RMSE), Mean bias error (MBE)

and mean absolute error (MAE)
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Figure (3) Area of soybean cultivated lands in Golestan province (separated by object-oriented
classification method)
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Figure (4) Spatial distribution of climatic factors (rain, minimum, maximum and average temperature),
topographic factors (slope, aspect and altitude) and soil factors (nitrogen, organic matter, phosphorus,
potassium, pH, EC and soil texture) in arable lands of Golestan province.
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Table (3) Results obtained from AHP hierarchical analysis
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Figure (5) a)Land suitability map for soybean cultivation in the lands under its cultivation in the

Golestan province; b) Map of adaptation of lands under soybean cultivation with suitability classes of
arable lands in Golestan province.
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Table (4) Percentage of conformity of extracted soybean lands with the suitability map of soybean lands
in the Golestan province counties.

Suitability classes .tz b

At Axes County Ol g
Relatively suitable Suitable
0.1 99.9 Aliabad AT e
2.6 97.4 Ag-gala W57
0 100 Azadshahr AT
3 97 Bandar Qaz F o
0 100 Bandar Torkaman PSS
03 99.7 Galikesh SASIE
0 100 Gonbad +£
13 98.7 Gorgan N gy
0.8 99.2 Kalaleh A
0.6 99.4 Kordkoy sS85
0 100 Minodasht S e
0.9 99.1 Ramian Obely
1 99 Golestan province RSN
>@\%ﬂ4§|)@h@))dﬂ)b)}&&bubg}w s;w

dls 53 6 ke 3 Sles 4 015 g0 2500 glulid 03 8
55038 sladl Loyl 5 3 sy o ST 3L Cas mha
SUsll doys g 38 Al 5508 LT b
2 b (Bl ks 3R L L od Sl S
2l os 486 sl Ol OldS Okl (gl gb
CiS L g S8 (6l At (BN 53 L g ST Coel
Loy ol ol Ol cdaiilis &8 Cl ol

g:,.w‘ °-’j’, Q‘)JJL;S

S Tl
ke ol (6 )5ls 5 rass islas 3l abus p
o3 Yo ol Sb OB 5 ks s 5 (555518
T Joms G206 5 S5 e,

Goars b bpe SO 5 g il Gl 4

ol s BIE a5 s S el Jolse SL5
53 08wl Cely; Olulid, 8 5 Oleweie s
pE 5 dxs Gbls = AHP  glaaoliin. , _JB
@l L glbs db Sl 3 Ly A dai
e o 33 Sl e Jos T4 51 Jol
Floe 51 S gyss 5 JT el OE ST
A laslae K03 4y S b S8 oS ks
5 S il Julse Lo sl Ol Olasases
sy 358 B Lo 3 W AV &S sl Ol 31 S 5 s
At B 5 Aoes Slaiy 53 i 4 b 25 1
A5 53 Dbl Ol ol 4y a5 b ol s i1 13
4oy b olm S 0saS baw iS5 mhe
CiS dsbes Gble gz ol e lagtiajl



\YY

10.

11.

12.

13.

VFeo )L@J.c\ a)uffw(é))}w&&m)‘f‘))ww

References

Abaszadeh tehrani, N., Beheshtefar, M.H., and Morabi, M. 2011. Crop Type Mapping in Qazvin by Using
Multi- Temporal Satellite Images: IRSC-LISSIII DATA. Environmental Researches, 2: 87-96. (In Persian).

Agricultural Statistics, 2019. Volume I: Crop products. 2017-18. Office of Statistics and Information -
Technology, Deputy Director of Planning and Economic Affairs. Ministry of Agricultural Jihad. 95 p. (In
persian).

Ahmadi Alipour, H., Soltani, A., Kazemi, H., and Nehbandani, A.R. 2018. Zoning Golestan Province in
terms of the ability and the wheat production gap using a simulation model (SSM). Journal of Crop
Improvement, 20: 129-144. (In Persian).

Alipour, F., Aghkhani, M.H., Abasspour-Fard, M.H., and Sepehr, A. 2014. Demarcation and Estimation of
Agricultural Lands Using ETM+ Imagery Data (Case study: Astan Ghods Razavi Great Farm). Journal of
Agricultural Machinery, 4: 244-254. (In Persian).

Alizadeh, P. Kamkar, B., Shataee., S., and Kazemi posht masari, H. 2018. Estimation of changes in land
area under wheat and soybean cultivation using satellite images classification techniques in west of
Golestan province. Applied Field Crop Research, 31: 41-61. (In Persian).

Ayehu, G.T., and Besufekad, S.A. 2015. Land suitability analysis for rice production: A GIS based multi-
criteria decision approach. American Journal of Geographic Information System, 4:95-104.

Azhirabi, R., Kamkar, B., and Abdi, O. 2019. Comparison of geostatistical interpolation models (kriging) to
estimate soil salinity and wheat yield (a case study: army field of Aq gala). Crop Production, 12: 1-16. (In
Persian).

Badsar, M. 2014. Yield gap estimation in wheat fields using GIS, RS and SSM model (A case study:
Qaresso basin, Gorgan distinct). Master's thesis. Gorgan University of Agricultural Sciences and Natural.
95 pp. (In Persian).

Badsar, M., Kamkar, B., Soltani, A., and Abdi, O. 2018. Suitability assessment of wheat-grown fields using
Geographic Information System, Remote Sensing and Analytical Network Process method in Qaresoo
basin, Gorgan county. Crop Production, 11: 1-22. (In Persian).

Dashti marvili, M., Kamkar, B., and Kazemi poshtmasari, H. 2019. Detection of rice and soybean grown
fields and their related cultivation area using Sentinel-2 satellite images in summer cropping patterns to
analyze temporal changes in their cultivation area (Case study: four watershed basins of Golestan
Province). Water and Soil Conservation. 26, 151-167. (In Persian).

Erfanian salim, R., Koocheki, A.R., Nassiri Mahallati, M., and Kamkar, B. 2018. Assessment of land
suitability and the performance possibility of wheat-soybean rotation in Golestan province. Journal of Crop
Production, 11: 103-118. (In Persian).

Houshyar, E., SheikhDavoodi, M.J., Almassi, M., Bahrami, H., Azadi, H., and Witlox, F. 2014. Silage corn
production conventional and conservation tillage systems.Part I: Sustainability analysis using combination
of GIS/AHP and multi-fuzzy modeling. Ecological Indicators, 39: 102-114.

Kahsay, A., Haile, M., Gebresamuel, G., and Mohammed, M. 2018. Land suitability analysis for sorghum
crop production in northern semi-arid Ethiopia: Application of GIS-based fuzzy AHP approach. Cogent
Food and Agriculture, 4: 1-24.



14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

YA
iS5 el B Ol s s 10, e 5 SIS

Kamkar, B., Abdi, O., and Alizadeh Dehkordi, P. 2019. Determination of rice, cotton and soybean-grown
fields area in Golestan province. Research report Agriculture-Jahad, Golestan province. 63p. (In Persian).

Kamkar, B., Alizadeh Dehkordi, P., Aalaee Bazkiaee, P., and Abdi, O. 2021a. Determination of compliance
of soybean-grown fields with land suitability maps using GIS and Remote Sensing (Case Study: Golestan
Province, 2018). Research report Agriculture-Jahad, Golestan province. 49p. (In Persian).

Kamkar, B., Alizadeh Dehkordi, P., Aalaee Bazkiaee, P., and Abdi, O. 2021b. Determination of compliance
of cotton-grown fields with land suitability maps using GIS and Remote Sensing (Case Study: Golestan
Province, 2018). Research report Agriculture-Jahad, Golestan province. 53p. (In Persian).

Kamkar, B., Dorri, M.A., and da Silva, J.A.T. 2014. Assessment of land suitability and the possibility and
performance of a canola (Brassica napus L.)-soybean (Glycine max L.) rotation in four basins of Golestan
province, Iran. The Egyptian Journal of Remote Sensing and Space Science, 17: 95-104.

Kazemi, H. 2012. Ecological crop zoning of Golestan province in order to develop a suitable cultivation
pattern. PhD Thesis in Agriculture. Tarbiat Modarres University. 280 p. (In Persian).

Kazemi, H., Tahmasebi Sarvestani, Z., Kamkar, B., Shataei, S., and Sadeghi, S. 2014. Agro-Ecological
Zoning of Golestan Province Lands for Soybean Cultivation Using Geographical In Formation System
(GIS). Agricultural Science and Sustainable Production, 23: 21-40. (In Persian).

Khajehpour, M. 2012. Industrial plants. University Jihad Publications (Isfahan University of Technology).
580 p. (In persian).

Kiyani, V., Alizade Shaabani, A., and Nazari Samani, A.A. 2014. Assessing the Classification accuracy of
LISS-111 Sensor Image of IRS-P6 Satellite using Google Earth'sDatabase to provide land coverage/ Land
use maps (Case study: Taleghan Watershed). Geographical Data, 23: 51-60. (In Persian).

Kumar, V., and Jain, K. 2017. Site suitability evaluation for urban development using remote sensing, GIS
and analytic hierarchy process (AHP). In Proceedings of international conference on computer vision and
image processing (pp. 377-388). Springer, Singapore.

Mahmoudan, S., Kamkar, B., Abdi, O., and Bagherani, N. 2015. Assessment of Universal Kriging Models
to Interpolate Rainfall and Temperature and Determination of Climatic Suitability of Golestan Province
Crop Lands to Sow Winter Wheat and Faba bean using GIS. Research in Crop Ecosystems, 1: 13-30. (In
Persian).

Molaei, M. 2015. Determining the changes in the area under cultivation of irrigated lands in Kermanshah
using remote sensing. Master Thesis. Razi University. 103 p. (In Persian).

Montgomery, B., Dragicevic, S., Dujmovic, J., and Schmidt, M. 2016. GISbased Logic Scoring of
Preference method for evaluation of land capability and suitability for agriculture. Computers and
Electronics in Agriculture, 124: 340-353.

Nasrollahi, N., Kazemi, H., and Kamkar, B. 2015. Land Suitability of Ag-Qala Township for Barley
production in rainfed condition by Geographical Information System (GIS). Crop Production, 11: 1-22. (In
Persian).

Radocaj, D., Jurisic, M., Gasparovic, M., and Plascak, 1. 2020. Optimal Soybean (Glycine max L.) Land
Suitability Using GIS-Based Multicriteria Analysis and Sentinel-2 Multitemporal Images. Remote Sensing,
12: 1463.



Y4
\F" )\.@J. 4\ a)uff w(gj)juf&dm) ‘59‘)) ww
28. Saadat, H., Adamowski, J., Bonnell, R., Sharifi, F., Namdar, M., and Ale-Ebrahim, S. 2011. Land use and

land cover classification over a large area in Iran based on single date analysis of satellite imagery. ISPRS
Journal of Photogrammetry and Remote Sensing, 66: 608-619.

29. Saaty, T.L. 1999. Fundamentals of the Analytic Network Process. Proceedings of ISAHP, Kobe, Japan,
August 12-14.



