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Extended Abstract
Background and Objectives
The imperative to establish and maintain food security increasingly underscores the necessity for optimal
utilization of agricultural lands. Optimal land use represents a pivotal strategy for achieving sustainable
development within the agricultural sector. Sustainable agricultural development, in turn, necessitates the
determination of land capability and the comparative assessment of different crops cultivation across various
regions, thereby enabling the establishment of economic cultivation priorities alongside a rigorous land suitability
evaluation. In this context, quantitative land suitability has been introduced as a methodological framework for
expressing and predicting the productive potential of land for one or more specific land utilization types, serving
as an interface between soil resources and their management. Accordingly, the primary objective of the present
study was to determine the cultivation priority of irrigated wheat (Triticum aestivum L.) behind rainfed chickpea
(Cicer arietinum), safflower (Carthamus tinctorius), and saffron (Crocus sativus) - as the predominant crops in
the Keshavarz part of Shahin Dej county, West Azerbaijan province, Iran - employing the classical FAO
framework.
Materials and Methods
The study was conducted across 4,100 ha of the Keshavarz part of Shahin Dej County, West Azerbaijan province,
Iran, with the aim of assessing quantitative suitability of the utilization types. The 15 land units were delineated
within the study area, using topographical and geological maps, in conjunction with field evidence derived from
satellite imagery. For each unit, landscape characteristics were recorded, and selected representative soil profiles
were described and sampled. A comprehensive suite of soil properties, corresponding to the soil requirements of
the examined utilization types, was determined in accordance with the standardized laboratory protocols. For the
quantitative land suitability evaluation, the potential yield of each utilization type was initially computed based on
its genetic potential and plant physiological characteristics, incorporating climatic data in compliance with the
FAO procedural guidelines. Subsequently, the predicted yield was derived as the product of the potential yield and
the soil index for each land unit. The soil index was calculated through a scoring system, wherein soil properties
of each unit were compared against the specific requirements of the utilization types; individual characteristics
scores were subsequently integrated using the Square-Root method. Actual yields of wheat, chickpea, safflower,
and saffron were ascertained from farmer-reported statistics. Class boundaries for quantitative suitability were
established with reference to potential and critical yield values, and the study area classification for the quantitative
suitability of the target utilization types was performed accordingly. Land suitability maps were generated using
Arc Map 10.3, and the concluding management-oriented discussions were based on the output maps, as well as
the management index, defined as the ratio of observed to potential yield.
Results
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A summary of the studied soil properties revealed the presence of normal soils as various families within the
Inceptisols and Entisols. The potential yield for the utilization types, ranked by crop yield tonnage, was determined
as follows: chickpea (9,994 kg ha™), wheat (7,214 kg ha™), safflower (5,724 kg ha™), and saffron (5.6 kg ha™).
Flooding and drainage constraints were identified as the predominant limiting factors among landscape
characteristics, while calcium carbonate equivalent (CCE) and EC emerged as the soil limitations across land units
for the various utilization types, collectively contributing to a reduction in the calculated soil index. The area-
weighted mean soil index for the study area indicated that wheat exhibited the highest overall soil-landscape
suitability, whereas chickpea demonstrated the lowest; saffron and safflower occupied intermediate ranks. The
actual yields reported by farmers were 5,000, 250, 250, and 5.5 kg ha™t for wheat, chickpea, safflower, and saffron,
respectively. Also, marginal yield thresholds were established at 2,129, 3,848, 1,693, and 2.1 kg ha™* for wheat,
chickpea, safflower, and saffron, respectively. Final results of qualitative land suitability for study area showed,
wheat suitability classes ranged from highly suitable (S1) to not suitable (N), whereas for the remaining utilization
types, suitability classes spanned from moderately suitable (S2) to not suitable (N). The output of land suitability
maps indicated that only 20% of the total study area was classified as highly suitable (S1) exclusively for wheat
cultivation. Furthermore, approximately one-quarter of the study area was deemed not suitable (N) for all examined
productivity types, with the remaining spatial extent falling within S2 and S3 suitability classes for various
utilization types. Based on the predicated yield, the cultivation priority for the discussed utilization types in the
study area was established as follows: wheat > saffron > safflower > chickpea. The calculated management indices
were 0.69, 0.02, 0.04, and 0.98 for wheat, chickpea, safflower, and saffron, respectively, indicating low
management levels for chickpea and safflower, moderate for wheat, and high management proficiency for saffron.
Conclusion

The present study demonstrated that soil and landscape factors play a main role in determining land suitability for
the various utilization types in the study area. Flooding, drainage, calcium carbonate equivalent (CCE) and EC
were the principal soil- landscape limitations. The final findings of the quantitative land suitability evaluation
established the cultivation priority of the target utilization types as wheat > saffron > safflower > chickpea. Field
evidence, corroborated by the management index of 0.98 for saffron, indicated that farmers exhibit receptivity and
possess the capacity for implementing novel scientific management practices. A noteworthy ancillary finding of
this investigation was the occasional exceedance of actual yields over predicted yields. This finding was attributed
to the influence of factors beyond the existing suitability evaluation criteria, the amelioration of limiting factors
through intrinsic interactions among environmental variables, and varietal differences between the cultivated crops
and the reference genotypes employed in the design of the evaluation tables. This observation underscores the
imperative for the periodic revision and local calibration of utilization type requirement tables for each crop and
region. In conclusion, the optimal utilization of land resources in the study area necessitates deliberate attention to
the spatial distribution of suitability classes for utilization types, as a foundational basis for designing an informed
and sustainable cropping pattern.
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Table 1 — Descriptive statistics of soil properties used in the control profiles of the studied areas.
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Table 2 — Radiative-thermal potential and the corresponding input variables for its computation
across the studied productivity types.

S5 pas NE K olxe
Variable Wheat Chickpea Safflower Saffron
N 0.713 0.797 0.77 0.72
f 0.287 0.203 0.23 0.28
td (°C) 19 26.68 25.26 22.49
Photosynthetic group
Pm 20 65 38 65
y - 225 90 225
Bgm (kg dry mater ha?) 355.89 864.41 577.86 843.58
Ct 0.0036 0.0072 0.0065 0.0135
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KLAI 0.95 0.85 0.85 1
Hi 0.4 0.35 0.25 0.1
Y (kg dry mater ha't) 7214.89 9994.76 5724.3 5.6
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N: Ratio of actual sunshine hours to maximum possible sunshine hours, f: Fraction of the day during which the sky is
overcast (cloudiness fraction), Td: Mean daily temperature during the growing season Pm: Maximum photosynthetic rate
(maximum gross photosynthesis rate), y: Variation in maximum gross dry-matter production rate on overcast versus clear
days, Bgm: Maximum gross biomass production rate (maximum rate of gross biomass production), Ct: Respiration

coefficient (maintenance respiration coefficient), LAI: Leaf Area Index, KLAI: Leaf Area Index correction factor (or LAI
adjustment coefficient), Hi: Harvest Index, Y: Potential yield (potential production).

39 S Gadls Jlte golas 4 5ks a5 il Gaesd ) e 28 s (33 shoal Bs5 b Gilles

Gostots LS (6l Laigme) s Sla il cosy 5 (Sobes S paald uuad adly o 21)) slasal
Lo slasls Jolaa b Laigney 5 S sla S35 cwlio hola 4SSl (il bl vl dalllas o5 50
ooald olie G da B ol sad (IR Y Jgan Lo adb e ool slaaaly sl s S50 o
ool ol Llalie oSS 5 cpidin oo B30 A 5 ) ) slaualy «S das e Gl ¥ Jsus Lo SK
@l polesln O () USE) witiws s o plae 5o (SIS cuaBse SIS 1 Bl aals g9 Gl Wiy Ha Bl e
il cunit s & sate Csthali slige) hulyd o€ 4 padiie SIE Gadls dulas sy, o dala
€ ad geddie S jadld uas boo a8 S e ol pasn el s ol sad A sl aaly
goane Ol sosd 5 Sal 5 L) oS3 O o saiSugune Jolse (n el oaSa%s oS e
S 0)se paald @il G jate oS Wu g Aliae (g0 slags sl 2l slasaly so S sla S
Jolse Olsieds 50 dalllas o) 50 s gams Hlae (Bl)) o sad aladl Gudiy lallas Ho la S35 ool a
Kafei & Rezapour, 2012; Kafei et al., ) wiuss s b yae 55,588 glacullas ol Jains s0iS 5 guns
s o) slaaaly s Blad b (it s 5060 Lot S (adls L sis lals 45 LI oS5 (2013
2l e 9555 (515 O oA 5 p i€ (s Ladipe)y 9 SIS ol (it 4S s (L dalllas o5 50 0 gase S

(2l slaaals gl S paald 5uolie Guaad 5 a5l sla (Slie slaas; 5o s B0 KK ol ae )




1P+ jo0 Vo loi (FF W olF g S ilo apid )80 g st \i 4

o2lie 4S w0 S s el SA aalln b Jaesliy w58 38 Jualas oS pal)l slasal s sl a5 Jaesly
el sud GIL1Y Joaa 5o ol

P PR P JPRT.- PR (- I BV L i U U W B Y XS P PP P L L S - N L S DY
5 dalllas 5yse oyl slasaly ool Lo 4S SlasT 3 Slase caadly Gubal s wdb o oal) glasaly 5o
LS sl (ol aly 5o SIS 4 a3l w5 51 (B30 HleT gl el SiES 38a3 B0 (5598 80 o5 =y
a5 b gie Hlalie 4 oudsaaliie wl g3 Slel usaeS G an 5 b gocnl 3 ol ssay (s Sose Y gans
5 SHK wsas au gl Hlte ol 4 i WS dalllas 55 90 89 gane JS 50 155 0LES b g3 sud G351
bl oo SUSa 5o a SHLS 0/0 5 Yo You 0nn i ol

dalllas 550 (5098 42 LA (5l (o2, Alide sladaly Ho sad Ju i a8 s S padld Hulie -Y Jaa

Table 3. Soil index values and estimated production across various land units for the studied productivity classes.

S eils (kg ha?) w5 Jesiliy
sl aaly Soil index Production potential
land units au NPES K ,K Olsde aus 893 KLK Olsae)y
wheat  chickpea  safflower  saffron wheat chickpea safflower saffron
1 0.83 0.62 0.72 0.60 6066 6274 4134 3.36
2 0.8 0.57 0.65 0.54 5839 5750 3721 3/.6
3 0.65 0.37 0.40 0.70 4698 3725 2324 3.92
4 0.57 0.31 0.36 0.69 4148 3142 2099 3.89
5 0.52 0.26 0.33 0.65 3770 2611 1920 3.69
6 0.55 0.23 0.30 0.63 4024 2315 1737 3.57
7 0.73 0.48 0.43 0.55 5309 4886 2482 3.12
8 0.74 0.51 0.49 0.27 5367 5194 2846 1.55
9 0.12 0.12 0.13 0.11 907 1210 762 0.65
10 0.82 0.62 0.70 0.37 5936 6218 4016 212
11 0.78 0.54 0.61 0.41 5699 5410 3485 2.29
12 0.77 0.53 0.55 0.54 5616 5315 3141 3.03
13 0.33 0.18 0.22 0.61 2388 1803 1258 3.45
14 0.81 0.59 0.67 0.73 5858 5971 3848 4.09
14 0.27 0.08 0.12 0.45 1967 890 715 251
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Figure 2. Mean production values for the studied productivity classes.
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Table 4. Quantitative land suitability class ranges for the studied productivity classes (kg ha™).

ook S1 S, S3 N
Productivity classes
puiS S5411.17 2080.6 -5411.17 1916.1 -2980.6 <1961.1
Wheat
S9as ~7496.07 5378.2 -7496.07 3463.2 -5378.2 <3463.2
Chickpea
Sk ~4293.23 2370.02 -4293.23 1523.7 -2370.2 <1523.7
Safflower
ol ~4.35 3.2-435 1.8-32 <18
Saffron

Bl Slasaly s aadlias 590 590 2 LGS (5153 ol f sl (a8 (ol SLaMS -0 Jgaa
Table 5. Quantitative land suitability evaluation classes for the studied productivity classes across land

units.

2l aaly pasS KESS LK olsie)
Land unit Wheat Chickpea Safflower Saffron

1 S1 S2 S2 S2

2 S1 S2 S2 S3

3 S2 S3 S3 S2

4 S2 S3 S3 S2

5 S3 N S3 S2

6 S2 N S3 S2

7 S2 S3 S3 S2

8 S2 S3 S3 N

9 N N N N

10 S1 S2 S2 S3

11 S2 S2 S2 S3

12 S2 S3 S3 S3

13 S3 S3 N S2

14 S1 S2 S2 S2

15 N N N S3
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Figure 3 — Land suitability classification map for the study area under the following productivity
types: (a) wheat, (b) chickpea, (c) safflower, and (d) saffron.
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Table 6. Areal extent of land suitability classes for the studied productivity classes.

LSS pass A_ai L8 olxe)
e Wheat Chickpea Safflower Saffron
S 70 (am) OESS) (amld) (S8 (emss) OGS (amw)
(ha) (%) (ha) (%) (ha) (%) (ha) (%)
S: 836.4 20.41 . . . . . .
S2 2108 51.44 1026,5 25.05 1026.5 25.05 19924 4862
Ss 375718 917 1870.7 45.65 2102.6 51.31 929 22.67
N 745 18.18 1167.9 285 936 22.84 11437 2791
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