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Objective: Given the cessation of exploitation of industrial forests in northern Iran, the
development of wood farming is essential to supply the country's wood needs. One of the
ways to increase production per unit area is to identify the production capacity of land and
select a land use appropriate for this capacity. The potential assessment of suitable lands
for wood farming is essential for planning for the future, however, due to climate change
and the dynamics of the issue, both in terms of the need of industries for wood and socially
and economically, it is a sensitive issue that needs to be addressed.

Methods: In order to implement this project in Golestan province, initially, the ecological
indices of Populus euramericana species including temperature, precipitation, soil and
physiography were determined. Then, climatic and temperature data were collected from
meteorological stations and climatic information layer, non-forest lands layer, agricultural
and garden lands layer, texture, salinity and acidity of soil, physiographic, and current
status of poplar plantation layer were prepared. By Analytical Hierarchy Process (AHP)
and layers weighted overlay methods and intersect command, and then weighting each of
these ecological indices, according to the ability of P. euramericana species to cultivate,
they were classified and prioritized in the Geographic Information System (GIS) into areas
with suitable and unsuitable potential for development of poplar cultivation.

Results: The results showed that poplar development potential in Golestan province is
233.57 ha into two types of irrigation and rainfed with supplementary irrigation that 6.53
ha is rainfed with supplementary irrigation. The type of irrigation in Bandargaz County is
6.53 ha of rainfed land with supplementary irrigation in the summer, and in other counties,
the potential for poplar cultivation is irrigation.

Conclusions: This potential for poplar cultivation in Golestan province is 63.61 percent
higher than the current levels of wood farming in the province. In this province, poplar
trees are cultivated in a strip from the west of the province to the center and to some extent
to the east of the province, and their amount decreases towards the east of the province, so
that the extreme eastern region of the province which has the least poplar cultivation,
reaches Galikesh County.
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Introduction

Issues related to the cultivation and development of wood farming at the macro level will help planners to plan
development and will determine the capacity of wood farming development in the Northern provinces of the
country. In this regard, Golestan Province is considered as one of the important provinces in the production of
agricultural and wood products. Increasing the area under cultivation and the yield per unit area, rationally
regulating the import and export of wood, rationalizing the price of this product, and increasing the potential and
conditions for generating income and monetizing the product are among the solutions to improve the success rate
of wood farming development. Given that wood farming is a practical solution in producing and supplying wood
for the country's self-sufficiency, it is necessary to study and assessment potential for the development of wood
farming with fast-growing species such as poplar in the susceptible areas of the country with high-yielding and
compatible varieties in order to develop sustainably and continue its production. Understanding and properly
utilizing environmental resources according to existing needs is essential for wood farming. With careful
planning based on the talents and limitations of each region, in which climate, water resources, edaphic
conditions, etc. are among the effective factors, it is possible to create a sustainable and reliable development for
wood farming. One of the steps that must be evaluated before planting poplar is determining suitable and
susceptible places for planting it. Geographic information systems have great capabilities in digitizing spatial
information, mapping, data analysis, merging digital layers, and preparing final maps. In this research, for the
first time, lands suitable for poplar wood farming in Golestan province are identified using hierarchical analysis
and geographic information systems to be made available to the implementation department, wood users, and
farmers.

Materials and Methods

To conduct this research in Golestan Province, first, the ecological requirements indices of the Populus
euramericana species including temperature, rainfall, soil and physiography were determined. The indices used
included four main indices of climate, soil science, physiography and water resources and 14 sub-indices related
to them (average annual rainfall, average rainfall during the growing season, average annual temperature,
average annual minimum temperature, average annual maximum temperature, relative humidity, soil texture, pH,
salinity, soil drainage, elevation, slope, aspect and distance from the river). Then, the climatic data of
precipitation and temperature were obtained from 78 synoptic, climatology and meteorological rain gauge
stations and rain gauge stations of the Ministry of Energy and soil data were obtained from the Soil and Water
Research Institute of Iran and reproduced using the Co-kriging method. Satellite images and Landsat aerial
imagery from 2016 were received from the Mapping Organization with a resolution of 10 meters and Google
Earth images from Google satellite from 2019. In the initial estimate using these images, areas that were
identified as suitable for poplar farming based on experience and field visits were determined, marked on the
image, and used in the data calibration stage after visiting the site. The climate information layer, the non-forest
land layer, the agricultural and garden land layer, the soil texture, salinity, and acidity layer, the physiographic
layer, and the current status of poplar plantations layer were prepared. Digital layers or maps required for all
indicators were prepared and transferred to ArcGIS software. Since the impact of each of these factors in
determining the areas susceptible to timber farming is not the same, before combining these layers, the degree of
importance or weight of each of these factors in poplar timber farming was determined using the Analytical
Hierarchy Process (AHP) and the weighted overlay command, and their weighted integration was performed in
GIS. For this purpose, 30 expert questionnaires were completed by poplar farmers, users, and timber farmer
specialists in the Research and Implementation Department, and then an average questionnaire (paired
comparison matrix) was obtained for each of the paired comparisons of the sub-indices (a total of 4
questionnaires). These questionnaires were analyzed as paired comparison matrices in the Expert Choice
software. Then, the importance or weight of the effective indices and sub-indices in poplar wood farming (called
the extra-layer weight for each ecological layer) was determined using the analytic hierarchy process. According
to the weight of each ecological indices and the cultivation capability of the P. euramericana species, areas with
suitable and unsuitable potential for the development of poplar farming were classified and prioritized in the
Geographic Information System (GIS).

Results

The Consistency Ratio (CR) of the pairwise comparison matrices range from 0.022 to 0.05, with values less than
0.1 indicating the consistency of the indices weight. The results from the questionnaire analysis in the Analytical
Hierarchy Process method showed that the highest weight belonged to the climatic index, specifically the sub-
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index of average annual precipitation. The weights and importance of the climatic indices were found to be 0.42
for climate, 0.25 for soil science, 0.22 for physiography, and 0.11 for water resources. The 14 sub-indices related
to average annual precipitation, average rainfall during the growth season, average annual temperature, average
minimum annual temperature, average maximum annual temperature, relative humidity, soil texture, pH,
salinity, soil drainage, elevation, slope, aspect of slope, and distance from rivers had weights of 0.34, 0.28, 0.05,
0.08, 0.14, 0.11, 0.23, 0.12, 0.46, 0.19, 0.36, 0.43, 0.21, and 1, respectively, related to the potential for poplar
cultivation. The results indicated that the potential for poplar development in Golestan Province is 233.57 ha,
classified into irrigated and rain-fed systems with supplemental irrigation, of which 6.53 hectares is rain-fed with
supplemental irrigation. The type of irrigation in Bandar Gaz County is 6.53 ha as rain-fed with supplemental
irrigation during the summer, while in other counties, the potential for poplar farming is through irrigation, with
the largest potential area in Kurdkuh County under irrigation. This potential for poplar farming in the province is
63.61% higher than the current levels of wood farming in the province. According to the obtained map, most of
the areas susceptible for poplar farming development are located in the southern half of the province.

Conclusion

This potential of poplar plantation in Golestan province is 63.61% higher than the current levels of timber
farming in the province. The current levels of timber farming in the province are only about 0.3 % of the lands
susceptible and suitable for poplar plantation in the country, and the full potential of these areas has not been
utilized for timber production. With proper and documented planning and by adopting appropriate and scientific
strategies, it is possible to increase the levels of wood farming in the province using these abilities and
capabilities. Golestan province, with 84.62 hectares of poplar plantation, ranks 18th in terms of area in the
country. By assessing the potential of the province's lands, it was determined that the area of these lands can be
developed up to 233.57 hectares. In this province, poplar trees are cultivated in a strip from the west of the
province to the center and to some extent to the east of the province, and their amount decreases towards the east
of the province, so that the extreme eastern region of the province, which has the least poplar plantation, reaches
Galikesh County. Research maps show that in the northern region of Golestan, the main limiting factor is soil
salinity and low rainfall. The highest soil salinity is observed in the northern regions of the province in the
counties of Aqgala, Gonbad-e Kavus, and Bandar-e Torkman. Since only ecological indices have been used for
the potential for poplar development, it is necessary to consider economic and social issues in future research.
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Fig. 2. Location of meteorological stations and the Ministry of Energy
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Fig. 11. Map of soil texture (right) and soil acidity (left)
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Table 2. Consistency ratio of pairwise comparison matrices of main indices and sub-indices based on the
analytic hierarchy process

CR=CI/RI RI1 CI= (Amax —n)/(n— 1) Amax oasls
oeyy ML AR ¥/-0A ol slayadls
ofo¥Y VIVE o[+ ¥ AR w8l o 23l
ole¥ A A% ¥/« AN b SBE b jasls s
+[+0 < /oA [eya Y/-0 S e b o yadliy;

- o e gl asls

03l 4 barye (459 cpyide 5 2 LG (e dadis o (g, 53 delidu y oS g 4350 I ols b
RIALA ua»L.wt_{lb- ¥y L ).3|).3 PL] dl.tbua.&u} N 9 0)9 Sl SY L uf).;)b OS.,L..: umb).a) L oddl
OlandS’ ylawl 53 yigiuc Arawgi Jomailiy o S 550 Jalge o bgsyo b pad Ly j g Wad Ll (39 (85) Y Jgua

Table 3. Weighted values of indices and sub-indices related to factors affecting the potential of poplar
development in Golestan Province

o gy ol sleele L loasld S s )l
39 o3l o 9 093 sy s 39 093y S s S oyl ol pg el
oasle oasle oasle
AN &l @l -IvY SS9 -y olbsss -I¥Y ol
) Wby, 5l dlols -Iy5 by g 31 £l -Ivy <él -IY¥ WYl (S8l 565ke
Nias s AN pH -IYA a5y Juad > (S5 o Ske
/¥y o S Nirs S9 o[-0 SVl slod (yuSibe
AR S iSa; o[-A AVl (slod 4 ke
AN AVl glod dipiiy (1Slo
AN s Cagby

Olds liwl 40 39gh0 CuiS Arwgl Jamily Al
@ bl pgio drwg Joily dog )l pgio derge Cundy 5 (3T 558 (liS B (] @l oilBl sloasd 585 L
1S i YYVIOV (liadS ol 15 yroieo dngs il sl cambio 3blio pgamme 45 3 ol golis el

Cg celyy b pobaw I i doyd SY/EY il (S poio Jumily e ol Canl oad 1) VF IS > ) adss
1B )5 )15 bl g des )3 pgio CuiS drwg dxtue bl i ol Cand 4 add wlolp ol liwl



oy Sy g glows! | ey b5 law] yo 355 poly9/ poivo ol ariuo (S row .9)5/:.:1

54“()I'0"E 55"0I'O“E 56°q'0”E

F38°0'0"N
38°0'0"N+

F37°00"N
37°00"NA

0 15 30 60 90 120

54°00"E 55°00'E 56°0'0'E

OludS bl 13 pgho CuiS drwgi Jumnily adids V€ IS
Figure 14. Map of the development potential of poplar farming in Golestan province
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Table 4. Total area and rainfed potential for poplar farming development in hectares for each of the
counties in Golestan Province
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