Plant Prod., 2026, 49(1), 157-172

https://plantproduction.scu.ac.ir/

ISSN (P): 2588-543X; ISSN (E): 2588-5979 ‘
Doi: 10.22055/ppd.2025.49792.2274 ‘

Received: 03 November 2025
Accepted: 29 December 2025

Plant Productions

[ Research Article ]

Agro-ecological zoning of land for canola cultivation following rice in Guilan
Province using GIS and AHP

Pooya Aalaee Bazkiaee® Behnam Kamkar? &, Hossein Kazemi®

1. Rice Research Institute of Iran, Agricultural Research, Education and Extension Organization (AREEO),
Rasht, Iran

2. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

3. Department of Horticulture, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran

Citation: Aalaee Bazkiaee, P., Kamkar, B., Kazemi, H. (2026). Agro-ecological zoning of land for
canola cultivation following rice in Guilan Province using GIS and AHP. Plant Productions, 49(1),
157-172.

Abstract
Introduction
Canola (Brassica napus L.) cultivation, as a strategic oilseed crop globally and in Iran, is of increasing
importance for strengthening national food security and reducing economic dependence on imported
crude oil and meal. This plant, with its high oil content and desirable quality, as well as a protein-rich
meal for animal feed, offers significant potential for diversifying cropping patterns and increasing
farmers' income. However, the expansion of canola cultivation, especially in regions with a history of
rice monoculture such as Guilan Province, faces numerous ecological challenges. These challenges
include limitations arising from specific climatic conditions after rice harvesting, the physical and
chemical properties of paddy soils, which are often heavy and poorly drained, and natural land
topography, which can affect water management and crop growth uniformity. Under such
circumstances, the precise and scientific identification of potential and suitable areas for canola
cultivation as a second crop after rice, utilizing advanced spatial analysis tools like Geographic
Information Systems (GIS) and the Analytic Hierarchy Process (AHP), is practical, economical, and
highly important.

Materials and Methods

This research, conducted in 2024, primarily aimed at comprehensively zoning lands in Guilan
Province for canola cultivation after rice harvesting. To achieve this goal, the capabilities of GIS in
managing, analyzing, and visualizing spatial data, and AHP's ability to weight criteria and support
multi-criteria decision-making, were employed to match the specific environmental requirements of
canola with the diverse land characteristics across the province. The research process involved several
key stages. First, the fundamental agro-ecological needs of canola including thermal, moisture, and
light requirements, as well as soil type in terms of texture, depth, fertility (pH, organic matter,
nutrients), and land slope were accurately determined and then graded for use in the model, based on
credible scientific sources and field experience. Subsequently, the required digital thematic maps,
including layers of key climatic elements (such as temperature, precipitation, and radiation), physical
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and chemical soil properties (texture, pH, phosphorus, potassium, zinc, iron, and organic matter
content), and topographic features (slope and Altitude), were prepared using available data and spatial
interpolation methods. After preparing the information layers, each layer was classified and ranked
according to its suitability for canola growth using the Simple Limitation Method, where the
unsuitability of a single factor can limit the entire area. Then, using the AHP technique and based on
expert opinions and the relative importance of each factor in canola growth and yield, appropriate
weights were assigned to each environmental factor layer. Finally, the weighted environmental factor
layers were integrated and overlaid in the GIS software environment to produce the final land
suitability map. This map zoned the province's lands into four distinct classes: highly suitable,
suitable, moderately suitable, and unsuitable for second-crop canola cultivation.

Results and Discussion

The results obtained from this spatial analysis indicated that 44% and 56% of the total agricultural
lands in Guilan Province are classified as suitable and moderately suitable, respectively, for post-rice
canola production, with no areas identified as highly suitable or completely unsuitable. A more
detailed investigation of limiting factors revealed that deficiencies in some essential nutrients for
canola including iron (Fe), phosphorus (P), and zinc (Zn), as well as unsuitable soil texture (often
heavy and clayey), which leads to waterlogging and oxygen deficiency in the roots, act as major
limiting factors for canola cultivation in significant portions of the study area. From a climatic
perspective, the average temperature during the growing season and the occurrence of maximum
temperatures during sensitive growth stages were identified as the most critical limiting parameters
for canola cultivation in the province.

Conclusion

Considering the strategic importance of second cropping in Guilan Province which can significantly
contribute to increasing the land-use efficiency of paddy fields, improving farmers' income, and
enhancing the sustainability of the region's agricultural systems, the findings of this research have
important practical applications. The precise identification of canola's environmental requirements
and the location of suitable cultivation areas can play an effective role in agricultural development
planning, providing sound management recommendations such as soil amelioration, nutrient
management tailored to deficiencies, and the selection of resistant or tolerant varieties for areas with
limitations.

Keywords: Geographic information system, Land suitability, Nutrient management, Paddy field,
Second cropping
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Figure 1. Location of studied rice fields for second cropping of rapeseed and used ground control points
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Table 1. Agro-ecological requirements of canola and classification of environmental factors (Kazemi et al., 2012)

. Very suitable Suitable Relatively ~ Suitable  Unsuitable

Environmental factor s1 $2 s3 N
Annual precipitation (mm) 400-500 300-400 250-300 250<
Average temperature (°C) 12.5-13.5 12-12.5 and 13.5-14 11-12 and 14-15 15>and 11<
Minimum temperature (°C)  6-7 7-7.5 and 5-6 4-5and 7.5-8 4 <and<8
Maximum temperature (°C)  18-19 17-18 and 19-20 16-17 and 20-21 21 >and 16<
Soil acidity (pH) 6-7 5.5-6 and 7-8 5-5.5and 8-8.5 5<and 8.5>
Soil salinity (dS m™*) 0-4 4-8 8-12 12>
Organic matter (%) 3> 2-3 1-2 1<
Slope (%) 0-2.5 2.5-5 5-7.5 7.5>
Elevation (m) 0-1500 1500-2000 2000-2500 2500>

Loamy - Clay Loam - Sand - -
Soil texture Loam)i Sand{/ Loam - Sand))// Clay gllty Clay Loam - Sandy Loam - Silty Sandy

Loam andy Clay Loam - Clay
Aspect Directionless - South - Southeast East - Northeast EI%L::EVV\\II::I " West and North
Iron (mg/kg) 10-15 8-10 and 15-18 5-8 and 18-20 5 <and 20>
Zinc (mg/kg) 1-2 2-4 4-6 1 <and 6>
Phosphorus (mg kg*) 10-13 8-10 and 13-15 5-8 and 15-20 5 <and 20>
Potassium (mg kg™) 200-250 150-200 and 250-300 100-150 and 300-350 100 <and 350>
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Table 2. Description of homogeneous agro-ecological zones based on rapeseed cultivation potential (Ghafari et

al., 2000)

Zone

Product yield status

Very suitable (very good)

Suitable (good)

Relatively Suitable (Moderate)

Unsuitable

80-100% of the product's production potential exists in this zone.
60-80% of the production potential of that crop exists in this zone
40-60% of the production potential of that crop exists in this zone
<40% of the production potential of that crop exists in this zone

\7¥

Agro-ecological
assessment of
Guilan lands for
canola
cultivation

(Saaty, 1999) elge (216 039 (o 9 137 uls” 3 F50 Jolge (235 dualio Sl (AT 9 (& Sbuz 5T Jsor
Table 3. Quantitative and qualitative preferences for pairwise comparison of factors affecting rapeseed

Climate — Precipitation — Tavg — Tmax — Tmin
Topography | Altitude — Slope — Aspect
Iron —] Potassium |— Phosphorus |— EC
Soil ~|:
Soil texture | pH —{ Organic Matter |— Zinc

cultivation and

O™ Olwl (Sl 51 5L 50 13057 Culs™ il 0§30 folge (51 odhadis HliSLo Y JCo
Figure 2. Hierarchical structure of factors affecting rapeseed cultivation potential in Guilan paddy fields

determining final factor weights (Saaty, 1999)

Preferences (Verbal Judgment)

Numerical value

Absolute Judgment

More than 9

Absolutely more preferred or completely more desirable 9

Very strong prefere

nce or importance or desirability

Strong preference or importance or desirability

Slightly more prefe

Equal preference or importance or desirability

Intermediate preferences between the above values

7
5
rred or slightly more desirable 3
1
2

,4,6,8

290000 320000 350000 380000 410000 440000

4120000 4180000 4240000

4060000

$ Rai
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Figure 3. Geographical boundaries of the province and the locations of meteorological stations in Guilan province
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Figure 4. Flowchart for land suitability assessment for rapeseed cultivation after rice in Guilan province
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Table 4. Results of Hierarchical Analysis Process (AHP) and prioritization of factors affecting rapeseed cultivation

Crlte_r 'OU/SUb' Coefficients Importance Crlte_r |or}/Sub- Coefficients Importance
criterion criterion
1- Soil 0.745 2- Topography 0.156
Organic matter 0.389 1 Slope 0.433 1
EC 0.203 2 Aspect 0.388 2
Phosphorus 0.133 3 Altitude 0.169 3
Potassium 0.122 4 3- Climate 0.099
Fe 0.051 5 Maximum 0.365 1
temperature
Zinc 0.044 6 Average 0.308 2
temperature
Soil texture 0038 7 Minimum 0.254
temperature
pH 0.020 8 Precipitation 0.073 4
Incomp_at_lblllty 0.07
coefficient
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Table 5. Percentage of land suitability classes based on different environmental factors assessed for rapeseed cultivation

Land Soil Organic Agroecological
suitability Tavg  Tmin Tmax Aspect Slope Altitude Zn Y P pH EC Fe K gros 'I'g
level texture matter suitability
Very suitable 0 97 0 28 9 100 9 45 0 22 48 100 1 10 0
Suitable 0 3 0 25 90 <1 0 15 59 0 52 <1 <l 44 44
Relatively 60 0 11 22 1 <1 91 0 40 30 0 0 <1 38 56
Suitable

Unsuitable 40 0 89 25 <1 0 0 40 1 48 0 0 98 8 0




OO o W9 ALOBNC N—s 290000 350000 410000 290000 350000 410000
gl 12 g 2 N s g 5 N |g
g| g 3 laum g 3 e 18
¢ A | ¥ 8 g
s s F 3 [
g g /] A g = | | s
S " 12 1/ % g 84 / H
H Talesle; H g Talestey E 21 (Tuew 8
¢ R I |
K
L ~ e L = N -
§ lkenan 1B 5 et 2 3 el 2
: g 2 i & . g & 13
Z T g Ml e z 2 z
= s 3 Vs i stanch 35 y =
+7") Rasht ‘;h 3\
s - ¥o gahign ) £
s g L ; \ e My -
g : 1§ s Shat] (e g s g
& Al 2 8 / -2 3 4 b t
& Siahkalf > 8 Myl 2 = Afnly 2
% [ ot /15 2 Sabbal™ Rosar /|5 & ¢ bl R | 2
B Rodbar Rodbar
§ Tmax 2 g E H
Z W Unsuitsble ; 2 W Unsuitable g g |Tme 2
Moderately Suitable F Moderaicly Suitable F 3 EEHighly suitable 3
252 2 L : Suitable
012525 S50 = 012525 50 7S 10 |g S 012525 S0 7% 100 |g
RIS - L e o s St | §
290000 350000 410000 H 290000 350000 410000 H 290000 350000 s10000 H
290000 350000 410000 290000 350000 410000 290000 350000 410000
gl 0 g & Nlg s o Nlg
- At z 2 Asura) 2 3 e I
9 g9 g g e | g
2! | g g | R y =
§ T [ Talest [ § g T [ Tleshs I § 21 (mend 2
g g 8§ \ 3 & H
M b N, L B,
g lkem g g Renanshundy- g E »g
Z oz MadipeRi ATRER. Z z Sadiiidr Angt Z
s s s Y i o) s 9 Mad o Z
.\ Fo e
B g = Langred g = . “‘5&9 s
g [8 g Rauictplh, 18 § 5 ¥ Amladh 12
3 : 3 Noblall” Rodar /|5 Z ¢ bl R | 2
Slope Rodbar Rodbar
H £ g B Highly suitable £z Altiude g
2 Precipitation [@ 270 suitable [§ 37 Highly suitable 12
= ighly suitable E Moderately Suitable F 3 Suitable 3
I Unsuitable . Moderately Suitable
012525 50 75 10 | 01252 50 1 0 |g 01282 S0 1 100 |
L o — — § o — — | S | = et |
290000 350000 410000 § 290000 350000 410000 § 200000 350000 0000 H
$
200000 350000 410000 290000 350000 410000 290000 350000 410000
= L H H
I 35 Hlvee] £z H
] } A § g 1 A L] ]
|
g ) 1§ E. ) g & 5
2 (Tulewr 5 Tulesh H g
3 § g \ g g E
g Ke: g B Riezvanshahd) g8 8] |8
z Z z Massiaidar 7 7 Z
H F F e Bomes 5 F H
H | ” H H | L £ = H
g. ¥ i 12 2 S 94, 2 &, =
g Liunaylad g = Lo g H
] Riahlal’ Rokar /|5 F Ria Rodsar /|5 F 3
Aspect Rodbar Rodbar
£ W Highly suitable 8 2|Orcanicmatter: s s g
H H H
3 Unsuitble [§ Z W Unsuitable [z v 'z
€ | suinabie € 3 |5 Moderaely suitable € 2 mmsubie €
Moderately Suitable I Suitable W Highly suitable
o W e o W n g 01 W n g
| = = g L - ——m—in|f = = —‘,,,,g
290000 350000 410000 EITT 350000 410000 ERE T 350000 410000 B
350000 410000 290000 350000 410000 290000 350000 410000
TN |8 ] . . ‘N ]g 8 N |s
18 § et g & i
E- ) & &
1
H ) g s ] g § &1
R iR g i i
B \ LR B ¢
s 3 = N =
g i ls g g 8| lkemiad 'z
z oqp PN Azt F 3 18 & ol Bt Azt e 3
£ Sasalots’ y By I E 2 Somesita” ¢ ,.,éj E
-~ Ras A - ?

Foman Fotahign ) Al Foman o) jkgiah ) "
£ Sman] (  |lang £ = s E| Stmatl TLangser, |2
g Amba? - [8 §1 g g 5 Afniad g
-] Sakal? " Rogar |2 = g 8 Siabal? R e 7 | 2
E 8 F S /| F

Rodbar Potassium Rodbar
L > < g EEUnwible s
2 - Soil texture g Elc I 2 Moderutely suitablc I8
F 7 Moderately Suitable S % mihly suible £ F msuible L
. Highly suitable W Suitable W Highly suitable
ops: s n (g o W n g 0 3w |z
i o — —r - = W g L = % — —
290000 350000 410000 § 290000 350000 410000 H 290000 350000 410000 §
H
290000 350000 410000 290000 350000 410000 290000 350000 410000
I Nlg & 2 IE & o N
\Astar, f ; \\hxv}' > 7 A\hl" 3
¢ E 3 9 M s
] i |
g ) £ E 3 g8 8| | &
g1 g ,§. Talestr} g § ! %
B S E ~

-4

4150000

4150000

4150000

4150000

4150000

- Amlgsli

4150000

H - R g : Add £
1 g g} 7) " Campt T8 2] ) g
g % s f SamalUR e 022 o SiabkalRogar S| G
Ferrum Rodbir Rodbir
Zinc g B Unsuitable % 2 Phosphorus %
§-- Unsuitable § 211 Moderately suitable 23 Unsible 2
F | Highly suitable S F | suitable F 5 Moderately suitable s
I

Suitable I Highly suitable [ Highly suitable
012525 s 7 10 o = f L
290000 350000 410000 § ovww 350000 410000 g 0m0 350000 410000 H

\PA

T 31 E 5 9 s g i) SN T 995 olge o pBlo 9 S50 ¢ Bl (Slod ¢ st 3b) (ol folge i Ko s p -0 S
137 Cals™ (Sl O Oliae! (S 359Li8™ 151 33 (& b § G 31 ol PH iy ¢ jiud ¢ T 08k (39 ) S Jolae 9 (b0
Figure 5. Spatial distribution of suitability for climatic factors (precipitation, minimum, maximum, and average temperature),
topographic factors (slope, aspect, and elevation above sea level), and soil factors (nitrogen, organic matter, phosphorus, potassium, pH,
EC, soil texture) in agricultural lands of Guilan province for rapeseed cultivation.
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