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Introduction

The temperature varies across species, but there is a linear relationship between growing degree days and
plant growth rate. Growing degree-days (GDD) are used to classify plants by flowering date, estimate harvest
maturity, and predict the time between two growth stages. In a study in Ardabil, the findings indicated that the
temperature of the region is correlated with the temperature of corn growth, and based on the zoning, about 16%
of the total area of the province was identified as very suitable, 22% as suitable, 27% as moderate, and about
35% as unsuitable for corn cultivation. The aim of this study is to zone GDD and identify ranges of cumulative
growth degree days that can be used to more accurately determine the amount of crop cultivation and their
production management across different counties of Isfahan province.

Materials and Methods

In this study, 30-year daily temperature statistics (minimum, maximum, and average) from 33 meteorological
stations were used to calculate GDD and growing season length (1984 to 2021). To calculate thermal units, the
first growing season length for temperature thresholds of 5°C and 10°C was extracted using the Jillosy coding
method (March 3rd with code 1 and March 2nd with code 365), and then the growing season thermal units were
calculated by subtracting the average daily temperature from the base temperature. Finally, zoning maps were
drawn for each indicator in ArcGIS. Despite differences in definitions of the growing season, temperature and
humidity play a special role in all of them. According to the definition of the World Meteorological
Organization's Commission on Climatology/Climate Variability, the length of the growing season is the time
interval between the first period after July 10th in which the average daily temperature is above 5°C for at least 6
consecutive days (as the starting point) and the first 6-day period with an average daily temperature below 5°C
(as the ending point).
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Results and Discussion

The cities of Isfahan province were divided into 4 groups based on a base temperature of 5°C, which
corresponded to a range of 2500 to 5000 degree-days of temperature growth. This number changed from 1500 to
4500 degrees Celsius for a base temperature of 10°C. Based on a base temperature of 5°C, the shortest growing
season length of 114-200 days was observed in the western and southern regions of the province, and the longest
growing season length of 365-331 days was observed in the northern and eastern regions of Isfahan province.
For a base temperature of 10°C, a similar geographical trend was observed, with the difference that the range of
the shortest and longest growing season lengths was (72-140) and (306-261) days, respectively. The correlation
coefficient between GDD at base temperatures of 5 and 10°C and longitude was significant at the 95% level. The
relationship between the temperature units received during the growing season and longitude at the base
temperatures of 5 and 10 °C increased from west in east of Isfahan province.

Conclusion

The results showed that in Isfahan province, the length of the growing season and the absorbed GDD increase
as one moves from west to east. Moving from north to south of the province was an inverse relationship. Based
on the base temperature of 5°C, the shortest growing season length is 114-200 days in the western and southern
regions of the province, and the longest growing season length is 331-365 days in the northern and eastern
regions of Isfahan province. For the base temperature of 10°C, a similar geographical trend is observed, with the
difference that the range of the shortest and longest growing season lengths is (72-140) and (306-261) days,
respectively. Considering the base temperatures of 5°C and 10°C, the cities of Isfahan province are classified in
the range of 1500-5000 GDD. With the help of this classification, it is possible to predict the time of occurrence
of weeds and pests in different regions. Certainly, by combining temperature zoning with other elements
required by each plant (soil, topography and precipitation), more comprehensive information will be obtained.
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Tablel- Stations of the meteorological network used in this study

W2 Jsb . W2 Jsb .
:. R . gws)! g . . gw)l
LNy Ve bl : o5 N N :
Stati m T Elevation . s T Elevation
tation Latitude Longitude (m) Station Latitude Longitude (m)
(°N) CE) (CN) CE)
SSbly g 555 3
~»
Khur and 845.00 55.08 33.76 879.10 50.88 34.63
. Ghom
Biabanak
o i
ot 1549.00 53.09 32.86 ol 1550.40 51.65 32.61
Naeen Esfahan
b)) sl 5.8
1252.40 52.38 33.39 1545.00 51.51 32.31
Ardestan Kabootar Abad
ol 982.30 5145 33.96 Lord 1845.20 51.81 31.98
Kashan Shahreza
s 1684.90 51.89 33.52 Foem 2274.00 51.57 31.33
Natanz Semirom
ol 2290.00 50.37 32.96 yosd 899.90 52.36 3524
Daran Gamsar
SUT Gass dese 9 2 wlw
N "fA.b d 1649.00 51.38 32.60 Shahin Shahr and 1980.00 51.14 3341
ajat Ada Meymeh
oS 1870.00 50.28 33.48 59 1250.00 51.62 32.40
Golpayegan Varzaneh
Luslg L
7 2300.00 50.32 33.23 gy 1816.30 51.55 30.69
Khansar Yasooj
OGLM S
1960.00 50.97 33.08 1230.20 54.28 31.90
Dehaghan Yazd
«_:L) obm
1188.00 55.55 33.01 2030.00 52.61 31.19
Robat Abadeh
R (g S
Fereydun Shahr 2490.00 50.03 32.93 Arak 2054.00 50.95 32.83
OBl 385l
2150.00 50.65 33.62 ; 2022.10 49.70 33.40
Chadegan Aligoodarz
W ol
glies 1127.00 53.42 35.58 > 1702.80 49.78 34.07
Semnan Ezeh
olael 0 1543.00 51.87 32.66 s 2260.00 51.29 31.97
Esfahan-East Borujen
3,5 s ol
2048.90 50.83 32.29 912.00 54.38 33.62
Shahrekord Chupanan
«)le
1 . 1.4 2. - - - -
Mobarakeh 690.00 51.45 32.35

b 93 ool Om eadioda slod a5ly 5 0 0)93 Jsbo ol el
3y90 dySlos g dilaio S 3 elyj OV gase jois )b I\
Danetal., ) 5>  Siwn ddlaio o ;5 Lod Glos ol jpedy i)
Obes Cappdae LSl ) joy az)d polie 4y 295 L (2020
sledss ;| eslazwl (Eduardo Daniel et al., 2020) sl
Otto et ) j,» slacale o (De Notaris et al., 2018) Lo
929 (Crimmins et al, 2020) a5 =lsl jlge 4 (@l., 2007

Lilo (6 pauwd o Y guao glgil cuiiibo 5 ydgr oyl b 43

Cicer arietinum ) s¢ > « (Onobrychis sativa L.) _wpuwl
(Malus o sile Sl y> ¢ (Lens esculinaris L. ) e (L.
5 553 biwmad > aS Jbyd s o cosS domestica L.)
Carthamus ) K55 & le cwgdlo)S Y g wasmo «SSbly
aule slis > g (Hordeum vulgare L.) o> o (tinctorius L.
rlw jd cwlssalie |18 (Phoenix dactylifera L. ) Lo 5



POV ledal il js oely5 (LS Cu oo gloidly (o lod Gusuding « S95 9 Ol

Wy 5oy ad YO =Y0- -+ Slod jLg g5 mlwa sy
olileios s jud cogs 5 ebonld o Blod Jto lo oo 0
elio QLI g jilai S lo (b R sied il 2 OIS
obliiss L s oo g yabmals (o Blad (ol b yod A
Algi oo BT g jikas oS Lo (el o e ol QLS
¥+ odgaze 43 315 il dayo g b slod b SlS (lply
) Beee il Gl 2led 3 b GlalS il A gy axyd YO
295 Ol e 93 )3 Laidd 31,5 ol d > gy by slod 5 035 g,
0l (gled 45 LS 15l S bl S 5 o] 5 bl
YOl G 2o Sl 093 (S5 a8 2 3 5 005 il 423N -
Ol Gl sl joed 51 So g 53 )l> A5 o) 42y
e (Sl 0)93 (np Sl ¥ g slael )l s el
L ol oslial LB gy lalS S g bl 5 ,n slacile
Bblie iy joy dayd (sbaodly jl oolawl 5 igy e 5l 03liiu]
Cope sboinly g A (gaiog)S St dw 4y (b il
(Wypych et al., 2017) 55 &l) plol slagl o)les (slalo
bz ol asdang U wistecYl o 6, K ddllas jo
A Sl Ay oy amys sleialy Jodo e ST (g5lgs
S 0w 9 055 Jole lp clialie poluly adgl (o)l
AY U3y 59y 4 sloirly clvaiss g Jols a8 ol ol ol
by basd ool Ll oloj ool <l gl b o yd
od e Yl 4wl o ULKs 5 s o 5l cdlye lawscs
Gadigy F JSi o (Crimmins et al., 2020) wloas axd 4,
A @i ab sled 2 ad) Juad Job (sl 0D g a2y
el 3,50 (slnlSag) > (0) S5 5o 421+ 5 (8) 35,k
ol 0 03l lis

Lod doly (3 iy oS sl o S0y 0 ) > Sl 3,
bl Cgiz 5 0pf 4 bgsye ol S g 558 Jlad 9 Jlad 5
2 OlpgldS A Al e 0 o) ayd sladdd A 39—
SeoS gdlas Jgame pl)l QLl )90 55 Gedily (65 e
.S

2,
(Solanum Lycopersicum L.) 55,84 545 s ile Slals
Phaseolus vulgaris ) L,s (Capsicum annuum L.) J 4l
Cucumis melo ) o}:,5 4 (Gossypium hirsutum L.) 4 «(L.
(218 il as 3 Ve S by glod) wis cuwgrle 5 SlalS (L.
Syt 53 5L 3)9-0 A o) 4> 6Nilie 5 M) 093 J5b
Y Jods y 05 ol ax o Ve 4l slod b ledsl liwl calises
5 oS S Bl as Ve b glod wloly .cusl onds 1))
9 (392 VAVIZN) oBiigha by o i b 0)93 Jobo (o yidin
2O Sy joy Ay ol ol odmline (j5,YAY/AY) SSLly 5 505
Jlie wadlose (5109 FEIV/NY 6 VEAYNA s 5y e 93
dogi b &S caS )l oo quumd &1l olael pl sl eolatal o (0,8
33y a8l )y cutS odelcanda A5, 59, 4 (1Sibe 4
IOl pyrans 5 2B 09i8 (b «udd e g g (OBl
4 15 ei oS ol R0 Sols w4 B)l5e plo 3 5 s
ool b yinghs S§ oty LS JolS baynid cpl 0 1) 095 (S5
Ve g0 e agl slod sl Tn (slos il (slanodls
5 Slolyd aS ol s ybiwg) jd YoV =YD 0y50 (gl ol )5 5l
Oy Jsb 3 (G b (23S sk 53 ofag oylee hsy s
DA 93 5 > SV gazme Sl (ly (s plizmen (lalS
oM (Wypych et al., 2017) cowl jo i8S )6 g By
a0V 904l slald yolwly o by 59, )y slaodh
A g 4l o> bl sl 00 WY Jpss 3 315 b
5GDD = Y0+ +) 05,5 k> 1 ool il (gl e )5 5l
dw oS lo axyd Ve wb glod olwly g L)l J1\8 (>0 -+
4 5038 () A3 e 5 (GDD =¥0+-0+4) 05,8
sy Olagoal (umdgo 4y angi L A8 0 S8 ly)l8
O Jto ol jod )3 (sab0g)S ol obsl 25,50 bl
OE <095 9 Ol Ll p o copd s (e
A5 (Bl 2> iy 4l slod & SLS jaedig 8 g piwe
Lol gamdy 090 5L 48 Was cutS wilgy o Sloj Ladd iyl

= 4l gl b lalS (ol padls ab) jg) 4 )0 YO+ I i



1P F Glio) Foylos VY ol (g 5,9L0s @»m P9 A yuiad £OY

YEo e GIYY sl lo b 51,5 olw danyd Y+ g slod )3 Wy 5o, a0 9 oy Juad Job s S529-Y Joua
Table 2—Characteristics of the growing season length and growth degree day at 5 °C and 10 °C during the period 2022 to
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ok 3192.99 259.02 7.74 2027.96 206.38 8.64
Chadegan
oL
3778.77 281.48 9.09 2510.48 228.97 10.12

Golpayegan




POY ledal (il js o1y5 (LS Cu oo gloidl) (o lod Gusuding « S95 9 SOl

de sla Il 5l (SO oabdigg wiiud Cglaie Lad > (glod jud
9 O A parasS L nej Ll (olulid (ol
Ml aaig 95 ol el 59050 gl o slges
A4S S8 il SO L eSS S g0 o WS sla s S paoual
()b ded bl (lpl (65)0liS (LB ganaiy (Jbe plyisa
9 w3 2959 CuiS (gl dige Bblie &S0 i S5 (Sl S g5
Nabati ) £3g; ]yl 5l 3o yd AIFY 4 F/10 b5 s gt o 2950
J(etal., 2020

GBS 9 ) ) 42D O S ne (Khed (S b
Syl g s oamlie 35 Sl ax )3 Ve g0 (slales 3 oLdlas
)0 O (Nred o pS (3, DY JS5) Cls ad) 5oy 423
bl Jobo g oS olo 423V + 50 4l slales )5 43 o)
59y 425 oo daly (0 € ¥ JSE) 29 jl gime Juoyd A0 pdaw 43
53,5 il a3 0 5 pldla Jobo g 0y Jad Jobo ) )
Sl lde joba g (il 38l 550 4 pe S b a3
Sl @bl oye g eddode 4Dy jo) a2y o iy ]
Sl abaly ol Lol g iy gine 8,5 b ds p & b sles
a2 0 ol gbed 93 pa i 358 4 o) 5l Ll sk
(Fatemi & >¢y (]38l 5 4o sz 31)S 5lw a3 Vo 5015 5lw
.Dehghan, 2019)

6 5 4
Brb @ )l eS b gldel lul s & ol L s
58 o G oxBoln 25 3504008 5 Ady 0y50 Jobo
b ank slod oy g osSan dlaly S il Cgr 4 Jlod
3 399 WEYe oo 1t 93 Jgb o obss ol ko o
—YF0 Jolae 435 095 Jobo cp iaids 9 Glivl wgiz 9 )¢ 3bls
Sly B9 03 pladual Gliwl 55 9 Jlad Bble 53 jg, YT
o ol polie oldlyas Loy 0,8 Sl anjd Ve Al sled
s 0193 o il 5 ol eial o gl )
A ang Ladlb o o) YEV-Y5 o WY =WV ply Coipa A,
Ol (gl s )3 5l axjd Ve 5 08 5l dnjd O Al sled
Sl AD) joy a3 Beev 5l o BV 0dgaoxe 5 ledo]
b colio L)) U5 08 e (SaS Lo 4y sl ol s oo

U a8 (o S8 adilale S gy ) gy 42 ) (sl
o3l gpLlss 4 135 350 ddlato L ol ,a cilie a5l 1) (55o)otd
3oy A2 iy bl pimgi Su > (Jbe ey 95
03 9 0os0bee 9p39) Sdiwd a3 Ul 085 V) i)
Sl 69y V=R 9395 sog)S (sl ogpe () HAS (ganabil
590 VY g sbegsS (sl g 59y YA sl slmog S
o 5 o0ke (95 pByl sl gl cnl )3 g glite
CAVAY Y YoV s i s A5, oy dmyd sma2S dialy
(Gupta et al., 2020) 55 4 35, 4> YAIT-VAD 4 VSV
(8) 2,5 (8lo )3 gty aly (slod 3 Ay Juad Jsbo (srnaizy
Y JSs  adlllas 5y 0 (slolSius! jo (D) o5 ol ax 3 Ve g
ol S ol da iy a4l slod (bl Cuol oads odly L
9 ot 3blio )3 59) W=V Jolao 455 0)93 Jobo (2 yolisS
259y YIVYF0 Jolse 0 0)93 Jp-bo o paidy g Gl Cogi>
b sled (slp Wgd o0 00 pladiol il 3y g Jlod 3l
Ol b 09800 osmliio (oliie (bl Xg) IS olu 423 V-
o e My Juab 0y93 Jobo o aily g FolisS alels 4T glis
g Jlod 5l by ad Jobo adb o jo) YEV=Y+5 o VYA ol
b Rl Al glod 93 58l Gl Cg 4 5,8 Jlod
SOlly g 598 0mb eold)] (U (S 5 o] slog i o
S glolia Ll 5,15 ) 05 0,93 cy iy b Jlodd g Jlad 52
s 2y slared Kgdie Jold 1y ladal il 53k o5
©jglome 3 (A8 9 B98Ok «dd e 9 ()
g Sload ably bl led 9 oLuj gLyl b o 515 sloogSans,
Dbl 3500 o5 o] 13 13, 095 Jsb sy o) > b
Al 4l ilisee sladsiy Xl oo (38) Juad) 1) 0)93 Jsbo
2y Jrab iy o5 Sy 3 Slio iyl (iuloto (slino pliSyn oS
2ol J it Lol o ol (b a8 Gloj o9 el s
b 503 Gy 53 S o Mg e 8L g WS e ) Bl
Sy Sts (i 600y (s, S5 Lausgs 45 sl (sloygd 1)
1lge GlS ol (o oS (gloyga b g 39 o iy (Sofglotd
sl iy aiS )y (lidlsn glajline ol 05l j5boas
2 8 2led gy e g 0390 F3:8> )l plos & Cons
yobds wlengo] yolic a5 slljl (KOrmer et al., 2023) 5,5



1P F Glio) Foylos VY ol (g 5,9L0s @»m P9 A yuiad £OY

L olod goatgg 3udls L Liolas 3,8 st il (3blie 3 ey b ol pegdle oS (plulid S el ) adlaia
ol Jalgd Cund 4y (g yrel> Iy ol 9 5 sadde o loj lgi o ginddb pl KeS 4 g

Ol Gl (ol ol (5152 31,5 (Flw dj3 1+ 50 by glaled ;5 0y Juad Job 9 aud; g dyd (siuadd T Jooo
Table 3- Classification of GDD of the growing season length at base temperatures of 5 and 10 °C for the cities of Isfahan
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Fig. 2- Zoning map of selected stations in Isfahan province based on a growth degree day, base temperature of 5 °C (a), and
base temperature of 10 °C (b)
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Fig. 3- Zoning map of selected stations in Isfahan province based on a growing season, base temperature of 5 °C (a), and base
temperature of 10 °C (b)
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Fig.

GDD during growing season
(Base temperature of 5 °C)
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