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Extended Abstract

1. Introduction: Understanding climate and soil variables will be an important step in proper agricultural
planning and utilization of resources, especially in the irrigated lands of the country, which are facing the
problem of water shortage today. Tomato, with the scientific name of Solanum lycopersicum, is one of
the important vegetables of the Solanaceae family, which is widely and often cultivated as an annual plant
and is one of the most important agricultural products in the country. Considering the sensitivity of
tomatoes to temperature, basic research on this topic is crucial to reduce investment risk and water waste
as a valuable resource by identifying unsuitable climate conditions for growing this product. In this
regard, land suitability assessment studies provide very useful information for decision-makers.
Kermanshah province is one of the prominent provinces in the field of agriculture and is the main
producer of many important and strategic products. To properly use resources and increase production,
and considering the review of sources that shows no study has been done to investigate the effect of
temperature and soil on tomatoes which are cultivated in the irrigated lands of Kermanshah province, this
study investigated the effect of temperature and soil on the performance of this product in each of the
temperature classes including these lands to determine the degree of compliance of the temperature
conditions of each class with the temperature requirements of this product.

2. Materials and Methods: By overlapping the shapefiles of the temperature classes and irrigated lands of
Kermanshah province, the temperature classes were determined within the irrigated lands of the province.
Subsequently, a synoptic station was selected in each temperature class, and for each synoptic station,
climatic data were collected for a thirty-year statistical period (1991-2021). To evaluate the climate and
soil for tomato suitability according to the FAO method, the tables of climatic and soil and landscape
requirements of tomato developed by the experts of the Soil and Water Research Institute were used. The
investigated climatic parameters included the mean temperature of the growing cycle, the mean
temperature during the yield formation period, and the difference between night and day temperatures
during the flowering stage. The phenological periods for each of the studied temperature classes were
completed using expert knowledge and farmers’ experience in this province. Based on the phenological
periods of each region and the temperature requirements table, a degree between 0 and 100 was assigned
to each of the parameters. Then, the lowest grade obtained was considered equivalent to the climate index
(CD), and the final climate grade (CR) was determined. The investigated soil and landscape parameters
include slope, flooding, drainage, depth, soil texture and structure, coarse fragment, CaCO3, gypsum,
apparent CEC, base saturation, the sum of basic cations, soil acidity, organic carbon, EC, and ESP. Soil
indices (SI) were calculated using the parametric-square root method, and based on these indices, the
suitability classes were determined.

3. Results and Discussion: The irrigated lands of the province fall into three classes out of the five classes
of the temperature map. These classes are in order of area: cold class with a temperature between 10 and
15 °C, temperate class with a temperature between 15 and 18.5 C, and hot class with a temperature
between 18.5 and 22 -C. Based on the results, in the cold temperature class, the mean temperature during
the flowering stage is the most limiting factor for tomato cultivation, and in the hot and temperate
temperature classes, the mean temperature during the yield formation period poses the greatest constraint
for the cultivation of this product. The degrees of climatic suitability calculated for cold, temperate, and
hot classes were about 84, 82, and 61, respectively. Therefore, it can be concluded that the temperature
potential of Kermanshah province for irrigated tomato cultivation is different in the three studied strata,
and the eastern regions of the province are the most suitable areas for cultivating the crop. Hence, it is
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suggested that before investing in the cultivation of this product, the effect of climate on production
should be considered, so that, having a perspective of the result of cultivation, appropriate policies can
be adopted to prevent wrong investments and the best product can be selected for sustainable production.
The most important limiting factors for the growth and production of this product in the three studied
temperature classes were soil acidity, slope, drainage, and soil physical properties (texture and structure
of soil and gravel). Soil acidity was the most important limiting factor in the two temperate and hot
temperature classes. In the cold temperature class, slope and acidity were the two most important factors
in reducing tomato production. The total percentage of the area of very suitable and relatively suitable
classes in cold, moderate, and hot temperature classes is about 33, 60, and 54%, respectively. Among the
cities, Kangavar, Ravansar, and Sarpol-e Zahab have the largest relative area of suitable soils (with high
and medium suitability) in the cold, temperate, and hot temperature classes, respectively. Kermanshah
also has lands with suitable soil in two cold and moderate temperature classes.

4. Conclusion: In Kermanshah province, in the cold, moderate, and hot temperature classes, the temperature
factor will be 26%, 28, and 39% effective in reducing the yield compared to the potential conditions and
moving from the east to the west of the province, the ability of the regions to cultivate irrigated tomatoes
decreases, and the western regions of the province have a relatively high-temperature constraint during
the yield formation period. The results of the soil suitability study showed that soil acidity and slope were
the most important factors in reducing the yield of this crop in all three temperature classes. According
to the results of temperature and soil suitability, it can be said that the moderate temperature class has
relatively more suitable temperature and soil conditions for tomato cultivation.
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Table 1-Temperature requirements for irrigated tomato cultivation
WLU 4?)»)
Rating scale bes bS5
0 25 40 60 85 95 100 Temperature characteristics
>35 3532 3230 3026 26-22 (O)as, IS Jsb o Los (nSibe
<10 10-12° 12-16  16-18 18-22 Mean temp. of growing cycle ('C)
<12 12-14 1416 16-18  18-19 (Coge w3 059, Lo Sl
>33 33-27 2722 22-20 20-19 Mean temp. during yield form.period("C)
<15 154 46 6-6.5 (C) a5 al> o 13 35, 5 o (koo EM
>11 11-9 9-7 7-6.5

Temp. diff. day/night flowering stage('C)

Nz gS 2 CliS (glp led oy 9 S slajle -Y Jgu
Table 2-Soil and landscape requirements for irrigated tomato cultivation

Land characteristics

Class, degree of limitation and rating scale

S1 S2 S3 N1 N2
100 95 85 60 40 25 0
Topography (t)
Slope(%) @)) 0-1 1-2 2-4 4-6 >6
2 0-2 2-4 4-8 8-16 >16
3 0-4 4-8 8-16 16-30 30-50 >50
Wetness (w)
Flooding Fo - - F1 - F2+
Drainage ©) good moderate  imperfect  poor and poor but poor not
(5) imperfect moderate good aeric drainable  drainable
Physical soil
characteristics (s)
. . C<60s, C>60s, Cm,
Texture/structure C(L:(’) Léi%‘fg’iil’ SC,SCL, LS, LfS, %>6LOCV§ SiCm, S,
’ ’ SL C<60v ’ cS
Coarse fragment (vol%) 0-3 3-15 15-35 35-55 >55
Soil depth (cm) >150 150-100 100-75 75-50 <50
CaCO; primary 0-20 20-40 40-50 50-60 >60
secondary 0-6 6-15 15-25 25-35 >35
Gypsum(%) 0-10 10-25 25-40 40-50 >50
Soil fertility
characteristics ()
Apparent CEC
(cmol(+)/ke clay) >24 24-16 <16(-) <16(+)
Base saturation(%) >50 50-35 35-20 <20
Sum of basic cations
(cmol(+)/ke soil) >5 5-3.5 3.5-2 <2
pH(H-0) 6.0-6.2 6.2-6.0 6.0-5.5 5.5-5.0 <5.0
6.0-7.0 7.0-7.5 7.5-8.0 8.0-8.2 >8.2
Organic carbon (%)(6) >2 2-1.2 1.2-0.8 <0.8
Salinity and Alkalinity(n)
EC(dS/m) 0-3 3-5 5-8 8-10 >10
ESP(%) 0-8 8-15 15-25 25-35 >35
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Table 4- Temperature classes in the irrigated lands of the Kermanshah province and used synoptic
stations
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Figure 1- The location of temperature classes and irrigated lands of Kermanshah province
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Table 5- Temperature parameters and their suitability evaluation results for tomato cultivation in the

studied temperature classes

L i
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(CR) (CD Ratin Tempera Period Climatic characteristics Temperature
Climate Climate ~GroU g P class
. ture
Rating  Index p
rating
o O B olsy> ) a5 093 Job 5o Les (xSl
99.16 21.33 May22 to Mean temp. of growing
September 27 cycle (C)
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s Yo Lol Y _
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Table 6- The relative area of limiting factors of the soil suitability for tomato cultivation in the studied
temperature classes in Kermanshah province (in hectares)

053 5] yleis bl il s n B S e EC PR Sal ol aib
Texture / Structure Slope P Gypsum _ Flooding Drainage CaCO3 Temperature class
1451.0 18391.0 14519.8 7.3 8055.7 592.2
15398.7 21891.0 723574 9443.0 9443.0 20014.2 29573
Temperate
100.4 2758.1 94829 3709 2643.8 472.1 3448.7
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Figure 2- The relative area of limiting factors of the soil suitability for tomato cultivation in the studied
temperature classes in Kermanshah province (in hectares)
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Figure 3- The relative percentage of limiting factors of the soil suitability for cultivation of tomatoes in
the studied temperature classes in Kermanshah province: a) cold, b) moderate, c) hot
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Figure 4- The map of soil suitability classes for tomato cultivation in the studied lands
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Table 7- The relative area of soil suitability classes according to the FAO method for tomato cultivation
according to the studied temperature classes in Kermanshah province

N S3 S Si
Sy Caxwg Caxwg Sy @Leo 4.5.».‘9
I IR (LSa) IS IR (LSa) I ISRV (LSa) I ISRV (ss) Temperature
() area ) area () area () area class
Percentage (hectares) Percentage (hectares) Percentage (hectares) Percentage (hectares)
13.4 6043.1 53.6 24118.1 29.0 13032.0 3.6 1608.5
12.4 19349.0  27.8 43162.2 52.3 81268.0 7.3 11370.7 Temperate
7.9 1955.5 37.2 9172.1 33.6 8283.0 20.5 5041.0
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Figure 5- The relative area of the soil suitability classes for tomato cultivation according to the studied
temperature classes in Kermanshah province: a) cold, b) moderate, c) hot
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Figure 6- The relative percentage of the area of the soil suitability classes for tomato cultivation in the
cities located in the studied temperature classes in Kermanshah province: a) cold, b) moderate, c) hot
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Figure 7- The area of soil suitability classes for tomato cultivation in Kermanshah province (in hectares)

Ol 0 0,8 g Jdiee @y gles Olib ol p (oleo SE g o cawly gulo amslio

sy 4 gla (Shars ol cas Gly (a8 Gl el sl ) oad arlxe odll ol



1 \F+0 umbs)w Al c)l.mi') AR 099 AL Jl.m alk‘_g}f.m ‘B}LC‘;QLCMMBQ

aheb 3o o5 05 0y50 1o Les (Kb ()T (2 et
ey 4 oliile S bl (08 Gblie) 05 oles
Lo Lsle a5 (g, 5bods bl so (olod Ly yus (ylies s
C A e g Jaae w0 pled DliL o e
Lol ) s 0 Shoe L2alS 0 /YA 5 /YA VS
a5 iS5 plgiee S jsbar g waly> )"-*f)-*-’l-’ o9l
oLislo,S sl o2 o] bl o led gl ol
Dot lid (S pazsS ady ly (o 5eS ColB
colis IS 51 ol bl ;508 pgm 5l oyl o
as ol plid glas (S 8ax8 ol cuiS ¢l S
wleo wlad o oals adly Lol 5l e 5l i
CD cwleo bz (AL oS 1) 05 5 Joine
Jyaze (| 28 6l (82) bawgie ceuls (S
S 5l o 5l Giw Lol iaias co olaisl o 4
S el gl Jpame (nl ctST gl 0y adib
5 Ad,y odiSogaze Jalse (ke il e (S3)
alllass ;oo (plos aib aw ;5 Jgame cpl oy
Sleogas 5 (250 oad S ol s )le
Cpfw 5 S gzl 5 28l S (Sopd
oauSsgaze Jolo (n e S anapul 45 ek
P gedp e g Jutne gled adlate 93 50 Jparme
Jole 50 o fay ahasnl 5 ol 0 les 4l
25 baidboe @las (59 axsF ol hals s
b oS i g SB g Lo cenls @l 4
s SB 5 oles Lyl s Jatee oleo

ol on g G g

Sl mls bl il oo £V 5 AY AY 550>
shls (Juxe gles aal o o0l as sy las
—o0 Jyaxe ol S sl il gl
Seal il 0 e A eizen it
sy Sl e S ) ez b ol
Gl cwliol b slos i lo |y Jaaza oy
2 g S o il amgis po 0o ol cus
Wi g0 255 &)jg0 ablaie S (439 el glis

238 il glbo,lis @ i
6oL sl 3)lge 45 S ls e bl
oilply g walys She Jeame ol o Sdes o
Sldlae alex 5l Sldllae wcllS 51 L8 el g
SE 5 ol ol oy 0 5 5 (oliiSE
O @bl 05l st (8] el (50 B 09l ploxil
Ujj-‘a-“ Oy o &y AJLQJGA ey |) La»g;%o5b\.>m
SrSsl olxsl lag WS aloyw 51 (2L 35
Soedl 4 azg b oosdioe Slidy (nlply st
pase o ope )05 (L2 el bl Slllas
N gama gy aihte pll Conls anlllas a5 5|
099 \_A.»JL«A S yguo jO Ly ‘O}J: r:l:u‘ Cw! )E.;Q)jﬁ
s Slalllas 6550] 35 alool S5 anlllas il
h_)‘)l.«-u} )‘ ‘ui 9 Sk &L.o NEY S 5 05)15 .)5,...:‘54
LS)-.’.“B‘{.U u‘).a} Sledo \N‘?JLSA as J}M » oo)‘s
ok 5 09 g pSala wil azils LS ale s gl
Gl 5,0leST A 5o S ale e S, IS

b

RTINS
3 SE g gles s s iagh opl 5l Bas
ol s og ()8 ax S ciS gl oliile S bl
2 olis Kkaxgs ol cans a5 ol ylas asdlhae
oS 009 azlse oled slaysgame b oliile S oyl



oL..'L.SLoJSoL:;ulGT‘rbl)l)og;i})épgfé)ﬁac}gufﬁgbé)ﬂw)ﬁ Y.

oLiile 5 (yliwl 55 lod Wl 31 G y2 58 @bl (Gl yliw yoed 31 Sy 2 )0 (LS (S jBan 68 (] CliS gl SB calid G WS Coluw —A Jgao

Table 8- The area of soil suitability classes for tomato cultivation in cities located in the studied temperature classes in Kermanshah province

) Ol e
o LE T e e , olitsle s ) . o bl Sl s LIS City
Gilane et Sarpol er;;: Kan );:i Kermans S;;Z Sonﬁ; Rava;::; Dalz:;z‘(: Eslam abade Suitability oo ik
gharb S}iif; zahab & hah 4 gharb class Temp"eratufe
class
- - - 1600.8 7.6 - - - - - S1
- - - 2176 7638 53440 20178 17746  135.1 1799.4 964.9 S2 Sy
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844.8 1625.1  7605.1 0.0 1600.8 101243 0.0 0.0 305.7 0.0 947.8 S1
13914 2163  14889.6 32805  763.8 590022 27889 17746 154362 4977.9 6218.1 S2 ol T 2Ll U5
58088 21157 101782 37813 355 289356 166242 22685  3156.0 5771.6 6551.8 S3 olasle S

2679.5 - 1184.1 1071.6  65.5 9583.6 1931.2 753.8 2627.0 2021.5 7255.4 N
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