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Introduction

Identifying land suitability and potential for various uses is crucial for conserving environmental resources
and achieving sustainable agricultural production. The absence of systematic land-use planning can lead to
significant socio-economic and environmental damage. Agro-ecological zoning, which integrates environmental
data layers such as climate, water, topography, and soil, serves as a vital tool for agricultural planning. It allows
for a comprehensive analysis of production possibilities by assessing environmental potentials and constraints,
thereby enabling informed decision-making. In Iran, despite the agricultural significance of many regions, the
environmental potential of most areas has not been scientifically delineated. This study was conducted to
perform detailed agro-ecological zoning and estimate the production potential for rice (Oryza sativa L.) in the
Yaneh-Sar District of Behshahr County, Mazandaran Province — a region with a distinct, cooler climate
compared to other parts of the province, which has faced developmental challenges and agricultural issues such
as declining yield per unit area.

Materials and Methods

The agroecological requirements for rice cultivation were first identified through scientific sources and
documents. Thematic maps were then prepared for a comprehensive set of variables, including annual
precipitation, average/maximum/minimum annual temperatures, total sunshine hours, relative humidity, water
resources, topographic features (elevation, slope percentage, and aspect), and soil properties (texture, potassium,
phosphorus, nitrogen, copper, manganese, iron, organic matter, electrical conductivity, and pH). Soil sampling
was conducted at 128 points across the farmlands of 49 villages in the region, and the samples were analyzed at
the central laboratory of Sari University of Agricultural Sciences and Natural Resources. Geostatistical and
classical interpolation methods, including Ordinary Kriging, Radial Basis Functions, and Inverse Distance
Weighting (IDW), were employed to extrapolate these variables across the study area, with the final method
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selected based on the lowest Root Mean Square Error (RMSE). The Analytic Hierarchy Process (AHP) was
utilized to determine the weight of each environmental criterion, incorporating expert opinions. The weighted
digital layers were then integrated within a Geographic Information System (GIS) environment. Land suitability
was classified into four categories: highly suitable, suitable, moderately suitable, and unsuitable. Furthermore,
the SSM-iCrop2 model, a native crop simulation model for Iran, was used to estimate the potential yield of
paddy rice based on meteorological data, soil conditions, crop management practices, and plant parameters.

Results and Discussion

The results of the land suitability assessment revealed that only a small fraction of the agricultural land in the
Hezar Jerib District is highly suitable for rice cultivation. Specifically, approximately 2.2% (637 ha) was
classified as highly suitable, 16.7% (4,690 ha) as suitable, 40.5% (11,370 ha) as moderately suitable, and 40.4%
(11,355 ha) as unsuitable. The highly suitable areas are primarily confined to a narrow strip along the Nekarood
River in the northern part of the region, characterized by flat terrain and proximity to water sources. The main
factors limiting suitability were identified as steep slopes and inadequate water resources, with about 81% of the
land deemed unsuitable or only marginally suitable due to these constraints. The SSM-iCrop2 model output
indicated a potential paddy rice yield of about 3.92 tons per hectare for the region’s agricultural land units. The
current average yield achieved by local farmers was estimated at 3.2 tons per hectare, resulting in a relatively
small yield gap of 0.72 tons per hectare. This minor gap is likely attributable to the recent adoption of modern
mechanized equipment and could potentially be addressed by optimizing crop management practices, such as
adjusting planting dates.

Conclusion

This study demonstrates that only a limited portion of the Hezar Jerib District possesses high suitability for
rice cultivation, primarily due to topographic (slope) and water resource limitations. The findings underscore the
necessity of aligning agricultural activities with the land’s ecological capacity to ensure sustainability.
Expanding rice cultivation into non-suitable areas would require intensive inputs and management, potentially
leading to environmental degradation and long-term loss of productive resources. Therefore, rice cultivation is
recommended only in limited areas that have access to sufficient water and are properly leveled. The small yield
gap suggests that significant yield increases through improved management might be challenging under the
current cultivation system. Future efforts could explore alternative cultivation methods, such as aerobic rice
systems, to enhance water-use efficiency, provided that challenges like weed control and the identification of
suitable varieties are addressed.
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1- Total Neutralizing Value
2- Inverse distance weighting
3- Digital Elevation Model
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Table 1- Ecological requirements of rice (Kazemi, 2013)

. . ) KE Voo “’
- (cowlio Moderatel Marginall (custial)
Variable j . Y argina’ty Not suitabl
Highly suitable (S1) suitable (Sz) suitable (Ss) 0 S(llill)a €
. B MR
L ‘?"’_l{ il 1000< 700-1000 500-700 <500
Annual precipitation (mm)
L bogie (sled 18-22 12-18 <12
Average annual 22-27 27-32 32.37 37<
temperature ¢ C)
Yl deS lod
Average minimumm 12-17 10-12 <10 <10
temperature €C)
Yo anin glod 20-25
Average maximumm 25-30 30-35 35-40 40<
temperature €C)
SE g 0-3 35 5-8 7<
EC (dS.m™)
St Sl el 5565 6.575 4555 s+S
pH 7.5<
‘) PP e (o) 9 #Y (WP 9 9 ) P o 9 oY 0
S st s B! s § o9 s
Sk el e sy 29 9 o) ) st 5
Texture Sility clay, clay loam,  Loam, sandy, loam Loam, clay loam, Loam sandy,
clay, sility clay loam clay, sandy clay sility loam sandy
el 0-3 3-6 6-8 8<
Slope (%)
. e Jled 5 28 co>
) CE 9 (292 R U9 . R ) .
o Sl S G Jlad 5 By o e g
Slope aspect o Eastern, eastnorth West south. West West, north
Falat, south, eastsout
north
k> @M ) e, 0-400 400-800 800-1400 1400<
Elevation (m)
Sk ol 10-15 15-18 18-20 20<
Fe (mg.kg?) 8-10 5-8 <5
SB e 6<
0/1-1/9 1-1/2 2-6
Cu (mg.kg?) <0/9
S i 10-12 12-15 15-18 18<
Phosphorous (mg.kg™) 7-10 5-7 <5
S el 150-200 300<
T 200-250 100-150
Potassium (mg.kg™?) 250-300 <100
SE Ojg 1< 1-07 0/5-0/7 <0r5
(%) Nitrogen
-JB Slosle 3< 2.3 1-2 <1
Orgince matter (%)
Sk Sal 50<
Total neutralizing 20-40 20-25 25-50 <20

value (TNV)
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Table 2- Indices for land suitability zoning (Ghaffari et al., 2000)

Crop production status Zone
)13 29y dig (wl 3 Jgazma o] g Sy duops A=) e (uslio (i) dmtano Jlonss
This zone possesses 80-100% of the potential yield for that crop. Highly suitable (S1)
203 29y ke opl ) Joamme o) Wg Juwiliy Ao yd £o—A- (ool L:M) Axuo
This zone possesses 60-80% of the potential yield for that crop. Moderately suitable (S2)
53 3¢9 aigy oyl 3 Jgamme o) A5 iy 2o yd ¥o—5- (und) Sntaodans
This zone possesses 40-60% of the potential yield for that crop. Marginally suitable (Ss)
2y03 3939 agg ol ) Jsame ) g5 iy doyd < ¥ (cwliol) Axtamno ot
This zone possesses less than 40% of the potential yield for that crop. Not suitable (N)

‘ Analysis Hierarchy Process (AHP) \

Collection and classification of
ecological requirements

/ l .‘. e ‘

Suitability

Ol 3393l (Ul ¢ oeulier (3w phead pwdily (S )3 g 2 CdlS’ g (515 (2] el (5] (S o yloge-T JSUS
Fig. 2- Flowchart of the land suitability assessment process for rice cultivation in the Yaneh-sar District of Behshahr County,
Mazandaran province
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Agro-ecological assessment of lands for rice cultivation in Behshahr County,
Mazandaran citv. Mazandaran province

Topography Climate Soail
|
| |
Elevation Precipitation Temperature Potassium (K) Phosphorous (P)
Slope Mean annual Mean Copper (Cu) Manganese (Mn)
precipitation temperature
Slope aspects l Nitrogen (N) Soil bulk density
Minimum
temperature
| Soil texture pH
Maximum
mperatur
temperature Iron (Fe) ||
—1 (Ec) Electrical conductivity
Total -
neutralizing Organic matter (OM)
value (TNV)

T2 G Himndlamin] y 135 555 Jolgs (AHP) (o530 dlabes Julos a3 b pd - IS5
Fig. 3- Analytic Hierarchy Process (AHP) model tree of factors influencing rice cultivation potential

(Ghodsipour, 2012) 293 s lio 5l Oloas 5 o =Y Joan
Table 3- Preference values for pairwise comparisons (Ghodsipour, 2012)

&34 e Sl
Numerical value Preference
9 Fostao S b 5 iets HalS b g yo SIS
Extremely preferred / important (absolute dominance)
7 S o caglbao b cuonl b g
Very strongly preferred / important
5 ¢ Cugllas b coonl b e
Strongly preferred / important
3 P oslhe (oS L Sete (o5 L g2y (05
Moderately preferred / important (slight dominance)
1 O Capgllae b Coonl b i 5
Equally preferred / important (equal importance)
18y Clous 43
2,468 Jol o Sl

Intermediate values (used for compromise between the above judgments)
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Sloliwl b qolio 5 (55)5liS Shjeel 5 Slasdos 510 5l o
A U Jae o s in &5 09d (el U yd )8 duglie Hous
odlaw! >y dLmb)Lo] .3)].3 dLL»‘ Uxé]? dbdgo}]hl b b)'l.\.}]
Jio o) 325 dg 253 (1) (Stuad (5 9 (RMSE 1) s
o8l s 23l o0 ] (392 (oo D990 slade plo 4 Cos

Gl 045 dwbrs (GYQA) K5 6504 ;1 odlatwl b dilate oy

ks sl Jae lagby) o Jarxe (sl pite 4dE ang Sl
s 550, jaalie bl Jio o caslio pugms d 2l (2l
Gl Jbe (pcwslio F Jgio 4 4295 b3S oy (RMSE)
45 b pasede slallas )3 0 Sz S by W tel)ly 5]
OeeS Sl gy i S S8 9 S yS ey,
Olei—o! bl Lol ailate ;3 ()55 3yl
il oSl azs (Mashayekhi, et al., 2007) el
ol odds o3l L ¥ S o leoe (sla s

Wl Olie 45 4237 o0 U (el (SlaTalE (295
ol g hge (Jahis sled (1Sl (s Cagbo,
shbs S5 cdl p b 5l ddlaio )l aials Mgy 5y & adlaie
i () o9 oy sog) o) Jold (il Tl
AT oo (e (oog) 9 (o () (509

9 =hi sbaib L jyglis’ (] gl §l Jols gl
YIY 2gas Lo aS ol s oluss cuis pllas jo gy (Jeuseo
S Mo sl Jouily () dilaio £l slogye 5l o)
Jeily gll> (ely5 slaipe) jlamoDVPIY 290 5y ol
Fo/f dgas g daimodoss Sl s doyd Fo/0 39> cdxiune
Nl g8 S S i e iy L 5 0oy
5 Ol Sl (Y3 (p Siere 025,55 @l 4 4295 L (0 Joo2)
0] 2 el Sy @y CuiS sl adlale (sla e Sl pas
Sl e U5 S Pl )3 gy o S nimen g dilais gla
S Py ddlaio glacyo; 5l o pd AY dgas ¢ olwl (plp &S

Sl iy il do ) VA gas Lais g A 00y sl g sl y

2- Coefficient of Variation
3- Root mean square error

DP9 =l 2 33,5 dlie 99> Ojgods i b (25 Cppon
e dudis 33,k 511y ook (slacuglad cel); ol )5 YO
Aooby plosl Laa 38 colad (gl Caglel 4y () b odds alog]
295 slblie o ilo B > oS ol 2g) Sluglis
& )yg0 (GhOASIPOUT, 2012) yo5 g siowsd & il ol
plan (oo pd Bgliad ) (S5l ooy slp (Y Jgiz) <85

W1 sl (LR (655l oy

sl g5 Janadiliy 91 s
3y Sl 3591 (gl SSM-ICIoOp2 Jao caddllas oyl 5
slodly glioy |y Juwsly 3,Sloe Jlado Gludud (ol A oalatu]
B bayiehl g (ol Copie 00 (S Ll (ulidlyn
«$iodpd Jolpe silwand U5 (Jae nl hles oo dnla
Silga g 3y Shes JoSuli (Sid o3lo @jgf S 6y g PSS
e Pl lig) oo 1) (il dud (Jro )b 1, SB o
oo bl bails (45 1 e £955 (5 e e Je a0
o it ) Sy 5 S G g9 dals g3
SSM-ICIOp2 Lol (gjlusduds Joo j) odlitul g 1S
5 4iseS ol g ailj) Oygoty o pulidlon Lol ol Slebo]
@lie) Gadygt adindl g alisy (SaS)b liy) lod aipdin
S edale (oo (bl (250 ol (Jame b (e Sl
Coily g ey SIS ar ol B ledb] ¢y, 1puSligd
CidS £ oy adlS Zu b ol adgi Co e GleMbl 4 S
Sid ool dgi .l 0aib odliul Jao )3 g A wd b o
9 2B 035 (o3 Lod 5 0ABCBL ) gl | (B lgis s
Foe Gras Olali8l g i) a0y Uy, Jols S Ol wjlge
o Sl e (8885 5 (505 (SB35 ool gl el
sel)y cpdis glyl> SSM-iCrop2  Juo .(Soltani, 2019) e
2lie & Cunl Sl el olS ja sl ol sl 5 U8 oS 2l e
5 ool L Jae (sla eyl podlie g 3590 byl by of
oo o (Keramat et al., 2023) awsis > sadsplbol cliiss
cJie sl ol 350l 5l s 00,5 duwlie  oxiwly I ealial b
Lol 2 g oadlnl Jae oslate oy 1 plodl Jio ()]
oo slaodls g ansiS Slisiss | oabpll (gla g puSojlul

1- Inconsistency Ratio
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Table 4- Best method for interpolation of soil variabls in the Yaneh-sar District of Behshahr County, Mazandaran province

)&&hﬁ
Variables

BESTY)
Method/modell

RMSE

EC
pH

TNV

oM

& olg-IDW
IDW-power 1
$9)5 Jhem i S
Kriging-spherical
wled JromSiom S
Kriging-exponential
& s~ IDW
IDW-power 1
oS Jle b S S
Kriging-Gaussian
oS Je b S S
Kriging-Gaussian
o JamSom S
Kriging-exponential
S35 Jrem S S
Kriging-spherical
osSee iz msled &b
Radial Basis Function-Multiquartic

0.327

0.289

0.753

0.083

0.985

6.149

0.934

0.964

780000 740000

000990%

s
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Fig. 4- Maps of some environmental variabls in the yaneh-sar District of Behshahr County, Mazandaran province

000990%

Land suitability

& s3

0009£0%

740000

» s1

& s2

’ NS b

e

»

780000

000990%

0009£0%

780000

O350 (ol pheaies (3 s oty iy 93 g0 3 CS Cgn o1, simndlominn] oy log s —0 JSud

Fig. 5- Final land suitability map for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran

province




1P+ 5l oyl AN als ¢(55ygLeS (bl pgo s 23 \74

Olynslo bl ¢ phoniger (3w s g dily (iS4 g0 g CuliS Cup b giallb caipy Coluw -0 Joua
Table 5- Area and proportion of zoned land classes for rice cultivation in Yaneh-sar District, Behshahr County,
Mazandaran province

aipy (g, e $529UiS (211 IS s i o lumo S
Zone ranking Area (ha) Proportion of total agricultural land (%)
Ao sl 3bolie
. : 637 2.2
High suitable areas
. 4690 16.7
Moderately suitable areas
ot Gl 11370 405
Marginally suitable areas
it ol 11355 40.4

Non- suitable areas
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Fig. 6- High Suitable (S1) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran province
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Fig. 7- Moderately Suitable (S2) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran
province
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Fig. 8- Marginally Suitable (S3) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran
province
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Fig. 9- Non-Suitable (NS) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran province
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