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Each plant needs a certain amount of heat at the time of planting and
during its growth and development. The purpose of this research is to
determine the thermal requirements of grain corn in the stages of
growth phenology in the climatic conditions of Moghan and to
determine the suitable cultivation areas in terms of heat requirements
in northwest Iran. For this purpose, the technology of corn variety
Single Cross 704 recorded consecutively from 2011 to 2014 at the
Moghan Meteorological Research Farm and agricultural data from 51
synoptic stations in the northwest of the country (1996-2016) selected
from the General Meteorological Organization of the Country have
been used. To carry out this research, thermal requirements in each of
the 5 main phases of phenology have been determined at the Moghan
station, then using the regression equation between the 15-day average
of temperature and altitude, a temperature-temperature history map for
seed cultivation in all stations from the first half of the year was drawn
using Geographic Information System software. Also, the length of
scientific periods and the degree of growth day were calculated and the
relevant maps were drawn using the Kriging method. Then, it was
combined with the layers of altitude, slope of the region and land use,
and finally, a zoning map of lands suitable for grain corn cultivation in
the northwest of the country was drawn. Based on the results obtained,
27.6 percent of the study area is capable of cultivating this plant.
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Extended Abstract

Introduction

This study investigates the temperature requirements of the 704 single-cross cultivar of
maize under the climatic conditions of Moghan, specifically to elucidate its thermal needs
during various growth stages. The findings aim to assess the feasibility of cultivating this
cultivar in the northwestern regions of Iran. Temperature is a critical factor in corn
cultivation and serves as one of the primary determinants of phenological changes. When
rainfall—whether in terms of quantity or timing—does not align with the plant's
phenological phases, the plants may either perish or incur significant damage. This
phenomenon is referred to as drought stress. For plants, thermal conditions and soil physical
structure take precedence over available water and soil type. If the soil temperature is not
maintained within a specific range, the plant is unable to initiate or sustain its vital
physiological processes. This temperature range is species-specific and is influenced by the
plant's genetic characteristics and its geographical origin. Plants that are native to warmer
regions commence their physiological activities at higher temperature thresholds, whereas
those from cooler regions initiate these processes at lower thresholds .Transplanting a

species from its native habitat to a different region is feasible only if the target area exhibits
temperature conditions that closely resemble those of the original environment. This
principle applies primarily to perennial plants but can also be relevant to annual species,
provided that a suitable timeframe exists within the year when environmental conditions
align with the plant's biological activity and cultivation occurs during this period. This
adaptability necessitates that growers possess a nuanced understanding of the plant's traits
and the climatic conditions of the cultivation site. An error in selecting the appropriate
cultivation period may lead to various environmental stresses affecting the plant, resulting
in reduced crop yield and quality; in extreme cases, it may lead to total crop failure. While
certain environmental factors, such as water deficits and poor soil quality, can be partially
mitigated through irrigation and fertilization, the economic feasibility of regulating
temperature is limited, typically confined to controlled environments such as greenhouses or
other small-scale settings.

Material and Methods

The relationship between the temperature and the height in the linear regression is calculated
via SPSS. Warm limiting temperature (upper than 38 degrees Celsius) and cold limiting
temperature (lower than 10 degrees Celsius) are determined and plotted. The plant collective
growth degree days and the number of days in every phenology phase are calculated for all
of the stations and the related maps are plotted. Then the temperature, height, slope and land
use layers were combined and the final map plotted.

Results and discussion
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The daily temperature average continuum based on the number of Joule days throughout the
year indicates that there are no locations in the northwest region of Iran where temperatures
reach 15 degrees Celsius before April 21. Consequently, to predict the date of this
occurrence, the region has been zoned beginning from the 21st day of the aforementioned
month, in 15-day increments until July 6. As illustrated in the accompanying map, all
regions, with the exception of mountain peaks and areas exceeding 1900 meters in elevation,
experience temperatures above 15 degrees Celsius by July 6 .Furthermore, the duration
required for maize (Zea mays) to transition from planting to maturation varies according to
the specific location and timing of cultivation.

Conclusion

Based on the accumulated energy derived from growing degree days, the germination period
ranges from 6 to 12 days across different regions, followed by a flowering phase lasting 60
to 105 days. The emergence of silk occurs within 6 to 24 days, while the early milk stage
takes approximately 10 to 28 days, and ripening spans 37 to 71 days. In certain areas, the
requisite temperature for the early milk phase and complete ripening may not be attained,
resulting in incomplete plant development .The warm limiting temperature commences on
July 23 in the northern regions of Jolfa, PolDasht, and northern Khoy County. This limiting
temperature may be observed from September 23 to October 7 in Varzaghan, while 59% of
the northwest regions of Iran are expected to reach the limiting temperature between October
23 and November 6 during the early milk phase. Additionally, 36% of the regions will
experience the limiting temperature from November 7 to November 21 . The study area has
been classified into four categories based on susceptibility to heat requirements during the
growth period. Of the total study area, 2.3% is categorized as highly suitable, characterized
by favorable temperature, topography, and land use. Furthermore, 7% of the study area is
classified as suitable, while 31.8% falls into the moderately suitable category. However,
72.2% of the study area is deemed unsuitable for cultivation, primarily due to adverse
conditions related to temperature, topography, and land use.


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

3 & rrea-vyr s b L
TOAA-M\TA :‘g/-cl(gb (3,,, &%

https://jgs-khw.ac.ir/

. ;).;’ I%J

olpl oy Jb o ‘5?)|).'> sl u-*-°i-’ u»Lw‘ 29y ClS weluno @bl Ry

Toly oy all caxs (B

T 60 s Jlndigs oy ! (Y axld counl pl ooy

Ol el esleiuol (630 a0l 3 g Ll jao pole 0uSTlild ylgbuol olBLLSIS «(g 3 59LisS wlilspuddl (gl 550 )
Zeinabebrahimi43@yahoo.com :4aolb|,

Ol el e ledol (s 3 540l p g Ll yra pole 0aSTiils (Lol o8NS ¢ cwlbcdpuldl 09,5 HLulold ¢ Jgbummn oudom g5 .Y
javadkhoshhal@yahoo.com :aebL |,

@olilly olp) oledol (spyaliy 9 Ldls pele cuslidly  (ledol oGl owlilipddl 09,8 Lidls LY
JOUL (LaodS iy 1 0599509 598 (Dl oBliils (pole 9 b o 0aSCidls (Ll yia ouslidls h.yazdan@geog.ui.ac.ir
Hojatyazdanpanah@capilanou.ca:4aebb |,
R Ao wledMb|
Oyl > (Paro oo €8l 50 & jLd 995 ged g Ul 0590 Job 50 9 S (yloj yo olS pa o g5
Sigled Jolm 5o lails @S (Fhle slails (L Slegh (el plal 5l Bus .o,ls gy Ul

25 ol 3 ol 31 S selunn Gblo (ot 9 3o (o2lgR90T Ll o
A VP ol s 08y )3 (K 5989nd ylol 31 ol el & camsl oyl 38 Jlonds
Ole (55)glas (owlbles Glidni as)jo 10 WWAY UIVA. Jlo 5l gly ©)gp0u
A (YYD -1YAD) g Oy Jloods 50 gt ol BY (lod osld g oubead
o293l plel Glp ol saloslitul yd,S AS1 el owlidlge U5 (lojle
O 03355 (o o o] 50 SO Jglgnd (ol 51 0 51 Sy 50 (Sl el
a2 30 ool G )bl (gL )l 9 oS 039 18 (5SSlao (g 5y Wolao 31 ool L
JI58le 3l oolaiwl b culigs sy Jol dou 31 Wroliimn | (colod 53 ydy S’ (sl @)l >
ax)d 9 SSded lroygd Jsb (riared b prwyi (bl OleMbl puow
b e ol o 3 abga o (LA ooy 55 (g 3l ooliiwl b g dwlmo 0l )39,
Gudy Al Coledyd 9 WS Gl (L8l )5 g allie cund (g LE,1 glaaY
@ ol 2 w05 i 59l @y Jlod o glails ©)d el weluw (221,

10 1y 6LS oyl oS B andllaod ygo dlkiio 31 duoyd YV/F vl Cawdds

ZC«éLl)é él)u
¥R/ FIYY
16595k &b
\Yaq/ A Y
‘s b
\Yaa/-AIYY
1YA4/- AV
VE-F/F )

o jlgunds

(S aslas 3l
cslails w)d

iy 39y 420

obS 559lgs

olpl e Jlob

Oy cinS aelis gblio s (V0 F) all Coe by log g t0lgz (60 omiws Jlrigs toin) o SY axld ol ol :obswl
VTN ) YO bz pole sl Sliios olal o Jod 3 Sl ol el il

http://dx.doi.org/10.61186/jgs.25.77.2

D O5

BY NC

OB sy © B SRS PE S RO &



mailto:javadkhoshhal@yahoo.com
mailto:h.yazdan@geo.ui.ac.ir
http://dx.doi.org/10.61186/jgs.25.77.2
http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

1FF Hlwoli VY o lods oty 9 Counw Jlo b8/ pole 0 0,5 Oliini 4

doddlo
oS a3l Sl a5z eSS 5 055 slaplail () 5 (chagy 0d) ol sl olS Logas g 0ni; 0z se o
YL CuiS 5 CanS. Wlco 0929 w0 b g ol 0gg ] jo a4 sl a5 Same dlge g O (65,50 (5, l0ke
ohady shaore Lyl s (VAFAYAY () g sigald sus) cun bl o oo bl i b (65,5liS Y guames
3,18 o 530 0T (59098 slagesl 9 08 aby p (2P BB Hsbar G0)b 5 LT el (55 oo wiile lsmgol Jalse
2 P50 5 pte s> i 99 55 g Lo Julse cpl lo 1A (WYY Ve o F (o)) en «SSL QY VA () S oz )
NOER RS SISV AT R L WP CT Py BNCT S0 S-S

oaiuS J S Jelge St 5l (MY WA en 5 Slrew) conl )8 S 6l pie sloye5 B 51 (G Leo
B L Jop ol b coeS Ll o o)L aS S50, (OY - VAN (]S 5 Gbraw) Cond (559508 Ol s
bl (S A5 oy (pl 4 diin e 92 ol b g oad Gl L lalS wsl asls cdilhe GlalS SGjele
355 Sl codled aslsl 4 Slel 4 ol oS 0,5 1)8 e 03950 S5 50 S sles ST aST > el ] (S5
SlS ol Sy T adsl Lace § 5155 sla Sig 4 g ol Sglicie 503 ol L ol 12 0 03500 ol 09 dalysa
obiysebs Tae a5 SlaT 5 oS o 5T 055 cudlad Lo 3l 6 5VU slaailin] )5 wog p,5 bl ,o lag] Lacs a5
Bble 4 0e> TM 3ol SO sl anlad oo sy Sodlad 4 £9,05 650wk slaailin] 5l caun 8w gble jo
Asb ansle Cuplive adgl oo b oloo bal i Bl g0l oga0 b Ban ddaie a5 cl pdy )86l b yi 4 Koo
P ol as by ar il Jlo Syl GelisS jes aS SlLS 550 5o Lel sl Jol S LL (LS 550 50 5l )
Sloy alold (pul o g ol ails cqplive oLS oy codled Loyl i b lasee Loyl i a5 il 1) Slej alolB S, o b
5ol luls g olS sla S5y 5l )15 cuts calis a5l G pd el (ol g dalss 5 Sl s 5 s 4 plodl
CoaS g ol ales  alides aowe slo i jl>0 olS s #, lsl log cpl Gl jo ST.0jls cuiS oo olso
o U ase Jolse 5l (S ax ST ael salgse cass 4 Jgame ol Lyl i o g ail palS Jgame CuaS
Ll o)l 4z )0 i (Jg 0gad ol 055 Bpan 5 5ilal L] S caxd 5 Ol 08 (e 5 2yt LB

et goldl Ll 5 b 5l codes anpa 4595 58 B o (g Lasome l aige eoliital jelateds (bg; (o e ool ple
Solpl gl oo s 4 (55,5LaS @l8l >lei 19,0 50 lapldl ol aseiS 5 (65,0l laeadsl pas b (5,55l )
spbiedy )9iS 5l (g ke @lgy0 Cen ()5 SYgame adg jslaiedr ol Slafily S Sy died)
PS5l e (FFF: Y 2 ¥ (ggle) wiloo,S Ol ]y (65,0liS ol > lgi o e])5 o e g 2l 51 (60,0,15 (650,40l 5
S S o g Srmna)S W e 5 Cund Ol (65,9l85 DV gazme (S pann g (n eSS D)0 @y
ATAY (5))slas (omlidlen olojle 5 (2l GlalS (65)0las” (wlidpaldl 5 (culidlyn Glosle) Coul ondguanailo
AYEY Ve o2 g, 09 o0 adgi g adsle cails adgi aiile ol> 05,15 (gl a5 canl ol 51 (glaisS (od, S (VYA
3yl 6Vl 5, 8ee cinlosl 050 500 A, A s o8, () BB o lis a5 48 T O g0 liize Lawgs (g0l
S YOYFON: VeV Voo oV F A VAQ ), 5 (6 i FFPA YA ()] IKan g (6,98l ATF VAV i, Lidl)
S5 Slp sy Slaplinl jo Cann caS BB 5508 slagliwl 25150 5 Sl (0 Bl 5 oy 5 3,
9 6“‘) Sl u;‘)‘o).so).@‘.: J.'ls (‘5‘4391(: 9 ‘_;Id.v‘é) o)j.la..;as\) S Hgods )—M; 9 J.\.AM ‘SLQQLMA." 9 455.1.{2
087 S 18, ol cunS s ol 5olaS lolis IS s 5l S50 eolpiin sBL gz gl —Y L(PA YD S
WWAP-AY asl,lel Lulal 5 (OYAFDY ) Sen g gowme) S oo Sl wlly of5 elas 4y ol eSS gl adgo


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

\% OhSen 9 dy‘*’-ﬁ(sﬁ‘@" It | Wﬁwu/, <y CdS ucluwo Gl (i

VY 8 ol plsl 5 ol s 45 G (5 AFFYY 4585 0 (lails 50 0 (e (55,5L8S e 5
VY VTR )5 g sonl) sl 0052 55 YAVE Lol 5 05 FYF B, oloml,5 e

o3liiwl b (Ve o ¥) (ouidgo ialozrjl 485 & )90 Glnl g Glez 5o &5 SidS (ool (il ais 5o (Slalllas
a5 20,5 oluls Sbole (b, 4 GIS Loz jo gud dibie o ) &)3 caS acluw 3ble condsl a3l 0 )
w8l Gals S 5l (VNY) e 5 cindgo 5l 51,3 ail o >y 5o Boes delawel blie 45 o, a2 ol
aS 50,8 soliiuwl g (slay 3T ol3T ddlaie 1o @0 )3 wd,y cawlie 3blis w1 (PACSI) ooles (5;,5La8
S 5 el JLacSiS o T S5l 4y Sl (¥ i 5,5 SN sl iy 4 5] o5
a5 o Lt o] Slalllas 5 00,5 Llj,) ais gtz o 1y &b s delice 3blio zall A 5l olizasl b (Y- Y+)
O (¥ o ee 5 asian oo, ol S jlan ol il pll jo cds 2ol38l 6l GIS s AHP 5 Sy, oS
woes ol 4 g 0z lsp AHP g, 5l ealitead L 305 olml,d] o &0 S e 3blie olenlS's ST sanaiyy
90,0 (\WWAY) )L Ken g 4550 a4 ‘;.‘L..J.La)" e At S (gl canlio jlas Slisl 5 as o A aS wiow,
a5 W05 olgiiy g Wil ploml axis (L3N] (b)) sskiieas (8 byl lsl o @Bly plalzr 5 ogey adlais
Sy 5 s il el wagsg, LAY ol 8 5 o) el Sldlae o ldl iz Sl s 5l aslitol
Fably 90 5l ealanal b )3 cutS Su5glsST ol (sanaigy 4 (WWAP) o) Sen 5 loskes JUB (rizean 050 o0 ko
Gl o Jlods (i 85 Widw; 4t pl 4 g 9Bl (s Gl et ;0 AHP (39, 5 (danmes o (conld]
loelSs 5T uaigy 5 058 ciS (o5 musd ITA7) e 5 Sl jsbimes ol 0,5 i8S gl adlaie
sy Siila 505 ot g3 5l eolitasl b oliile,S ozl o oS oy

=hy mell s pdolys sl ol Ragn 45 S8b)s plgise Glpl g Ol 50 exdell slaiagh germe (o)
90k sei aly Jolie 9 )3 5l (ol 08, (cw)n @ Suge 3 Iy wilos S oolatiul ke sla o 5l slasls &3
S5 ol )y el oyl «aaing ol 51 G 1 el o oyl lame (gla it b padiazlgs Jas Loz
Syed At j5iS 6 Jlad o 1) et s 3blis plgz O] (el 5 b sl Glie s g o Ll s 5o

G (09
andllaod 550 dilaio

Slogad L5515 5,18 1,3 8,5 Jsb az 0 FUFY B FETA 5 Jloi o,e 4,0 YAVA b YO/OO o ddlaie ol
VYPYOITD ;oS 5l gy ool sl oologlr 095y 1) i 5 o) B ol )3T e 8 ol )3l bl ¥ (65588
el 5 aS s Gl oy olmlydl g pliio)l sloygaS & Jlod Caows 5l 5 o) Sl g0 2i0glS
Al adhaie Gl (QT-1) S8 098 00 3gaome (LS il 0 355 )3 5 (938 5 (e g Oliws S slaplinl b g
5 0 i 4 bl al e 5 ST Sl a8 ol ondiprnnds 5yl Jlod aels 5 GliwnsS 4l 50 4 (s)l500l
G 4Vl ()b 5 s WL sz slaciin Oliee s a4l oo 5o (VT AT hogrne) widly o Joiae
bl B Dl oo |5 st Free 5l iy oboald b adlate ) o Slelis ) (om)) JSS 0l el Yoo
Siales & (=) UKo ,sSie adlare olis )l bl 5l Slods al,) jslaeds .canl Sglite Hlie cois o e Vo 5l S
dilate sl CanBge (5-1) UK ol o0l aseiin yio O+ + S5 L adlate glis ) 55 ie ald o ol onianilis

o oo ialed ) Ciine sleolSii! 4


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

1FoF bl VY o )loss oy § Conew Sl o lablpin pole 60 15 Coliini A

Z 45°00°E 50°00°E 55°0'0'E 60°00"E Z|| 4400E 46°0'0°E 48°00°E &
= (=1
el 2 g
- -
Z Z
o | =]
2 B|| 2 z
= @ o o
e 2
8 3
z z
(=1
e :
] a3 il
) £ g
:g - 3 e ol g
E| 095190 380 570 780Km Ell 35 m e w._ogo 80 120160 km 3
O] e — — s
8 45'00E S0°00°E 55°00°E 60°00°E 8| sa00E 46°00°E 48°00°E
44°00"E 46°0'0"E 48°0'0"E 44°00°E 46°00'E 48°00'E
z Zl|z z
° el 8
3 3|8 3
(o Lt
- -
-
18 Tyeen 1 s &
[y Yoo T o \*
Z (gt -t \ z||Zz z
o i oo o
& fmmren-ra < 2l 8
& mmre--r 01506090120 km 8|8 8
Ll (11 -] =]
44°00'E 46°00'E 48°00'E 44°00'E 46°00'E 48°00'E

ol | (STt 5 (owlow CorBgo Al 13 1 81,5 9195 4l 17 15,190l 3 (ol i 128l ) CumBgo alds : A1 .(Y) U
Jrq-. ‘Qé"‘}"‘““" é‘-‘"’

)'S &’»3) 9 osls
=l slaosls (7 5 SG5e09a8 slaosls (¢ gulidlgn (slaosls) Al :5l wogs & le udos (] jo colaiulsge (sloosls
5l ails, &gt dilaie cpl jo jiiase waed oKiasl OA (1Kl 5 iSTos (JBlas sles Lol (g ol plosl 6l
ol g Sglate AYFO-1YAD) Jlo Yr B 55550 sleolliws! g Lol 0,90 Jgb )5 33 j5iS wliilsn ylojles
Je ¥ B0 olBiwal ¥Y i g JLo Ve el 18 R S0 oK G)L‘J 0,90 Jsb a0 8 Ol s
eyl ses8, Joo 4 3l ookl b dslllass jge ddlaie clay )| Sledbl puzmen ol A JLu VO B Ve g oS Ve

288 18 solawls g0 u*"dTu;? b jo g e GG cdo bl ,e maw

il a2 Vo S K 03, 5,3 ol (sysb ol S0 5l 5 ST )b Sledlol 5 LT (ptomas
STV BT o 5l slo Oygoa a5 VA0V Fo g il 5 (65,5las Jhad  So3elem Olidss 35 ,0) BBCH
Sk Ol 5o @y ol ol (55,58 (liilgn (Slowss 5 Slaskod as)he po LS 58 0y Jlods
(Lo mhaw 3l elas,l 2o VY g a8 80 ¥F gax 0 VA Jlols oy gaaBo ¥F gax 0 YV 3.5 Jsb oLl s> Cosdos)
eyl (oS il az 0 VF) Jaee Bbls sjo cond8l gunad ulul adlais (plass 5 ceS cnl sadels
YAV YA o gras) Conl (Sl 582 V) Cusb, 9 (e e FAY)

Oy 9 O Sy ssaanl Sl el 3 ST U5 550l 1005 allsz 5l Wil sle i 4 s35ls8 5B 0 (!

els


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

q OhSea 9 3Y dald odlyl | ... ol wle] p )8 ColiS ucluo (Gblio fonnd

(1) alarly 5l oolinl b 5 analro ailjs; Lol (3, 51 56y (aSlo § JBlaz 2T g, Slaai oy 5 o Jsbo

(Tmax+Tmin)

GDD=}N .

— Thas (1) akal,

aSTMIN dga ailjg, &)l ax 0 aicis TMAX o yglaes 59, N o a5 ai)j9, a>,0GDD (V) akal; o
9 Fe o o) 30,5 oo jolite ol FHle azpo Ve Jobe 33wl Oyl 4z 0T dsa ailyy; ol ez o
O8AYY - - lelg

sl S5 g bles 5l DleMbl S (gl i jlas glas )| Lo Ve v v 51 io dilaie )0 jatie wlidlsn slaolKius! o>
Al dwlxe s Sien 5,k 5l el slo Lol demaiis & ax>g5 b eyl g Lo o YL Slelas | L ples
oy il sgbas dibate )0 JElae Waed SlolKiu! eled los Kl waiS lel fu b yuns jslateds oSS
Cuiged)l Jol 3l 39,0053k (slacnSile iy ljlan ol acloematlal li8le 5 51 eolitasl b (qunods Jlo (owselss slos,
L b o )S ) 50 (s b yxie laicay) el )l L (ab e (lgicar) bos (yu alal, el G @ oleys 1L
JAn b alal, S YEIX anly it s X e it (o o550 0l dnslre ol ek g ol 58058 5l eslial
YIX 5:Silo a8 sl ol (a3 50 )F 5 51 jsbate el J1B Y 5 X (a3 o0l (g 5 Joe G oS 00 2L
s w8k bl o XL (as jsbay

=E(ylx)=a+ B, (1) alad,

)M 0)5—‘)4. )L.\.G.A \.\49....: 0)5—‘)4. G.u.wl; S Slwd 'ajj.ucl) ‘_gLQ:)..uo‘)lJ B 5a Uj )99 \.\.».a;u;o uﬂ-’-‘“)f) L Ui L) FLY

Y=a+px (¥) adal,

Jol> 03,005k (Sloj sbvey90 (sl (FYolee o finl ol 48,518 Dbl 0 90 Loy gl ST o cl 5o
00,5 oo i ClS )b azis (Dem) elas )| ag8, Jow 5l oolaiwl b Lol g1 (> Lo ;0 s 0

ble oles sl 0y g p,5 005l05b slalos 585 loj cailsg, puSlo 5 iSTo slod Bawasls jlol 4 axg5 b
90,8 &l asds LBy g wad ool ausels

AL Sy e bl o i 5 8l Sl Canl (S 3 ol 55 oS 5o 50 5,0 otk 057
Gl bl Biss lulpl sg2g pae byliay wady 0,90 550 55, a2 )0 Ojgod sddcenS (5,3 S5 e S5
pladl g 0335 drlono 518 52 (slajg) Jobo (F) abal) jleslinal b a9, slac > 4z )3 (250lee (59, 51 IV el 2l
20,5 o] po Lagzme ;3 5l s LG 5 5l e
N=-= (F) ala,

Jirisgm) aly slooh 0,50 50 ) ailjy) Lo (slos lis g0 0y slajg, az 0 EgemeA (S5l 56 2 Jsb N
CFY APAA (Ll e

w2l 65 5 ilaie ot (DEM) glis ) slot¥ b 5> cpmels 5] oS aelce sblie (slaaisi coles ;o
005 e 2l 4R 5 38 ol sl e o


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

VP F il VY o jlosd oy 5 Comny Sl (3 Lblpi pole (50,15 olisuiins \a

) Slails D)3 (orexmi w5, 4250 5 D)l 4z Lawgie g Sl 0l e g ady 2lie 585 )b bl
o doloie (VYAYIYA L 6 Lol 0,90) (lis olfian] jo Susglgis 51, 40 (V) akal, 5l oolaxwl LYV F WIS IS
Ll 038,85 =00 (V) Jguz 0 o] o)l Sl g Jlo o S5 a0 Sllore =l

G399 31 yo o VoF Ll S S o) (1ai1d ©yd (oxemi a9y 42y 9 Oyl po Ay Jawgie (3o Olaad (Fu U (V) Jou
ATAT-ATA 55T 0y88) cylio ol o

=1ra. Arar-ird. IiT'lT irar v rd.
yrar Ju
oefien | pafilen | Sl | Ao buagzo | olasi | El0 | amyo buugie | olaai | foyb | axye buge | olaai | gyl | oy bays | dhasd | f,l
Ay bass | dlani iy §8y | Ayd BL T haiiy3ay | Ay 51T haiyiay | Ay 3% iz | At | o
Adyiy | Amr | b ol > wl
SEFCI I BLE s
s3slsd Y kel
. Y . Y vre ar 17l Y Yy ¥ T =13
P
4 A ¥ ay TEY ¥ TITA 133 ] ¥ L] L4 T T A k21 F r \nd s
iy
ABY Tduh at Yy Taxy 3] vy AT ra¥ aF Y. AV e &y Y. ary WY &Y any e
ol e
¥
1§ .G A 1# T ! e W AL A v TA A A fiva s AP ¥ i e
eyl
e
TAA ™Y y ™e TAL v o V! raxy ¥ & 1k vF av v v.f & Tor ]
Lyt
# A4 THa &1 FAE ¥ %4 #ITY #TE t.A T | v ¥ ™ T # FAL 1A N MVF | sy
¥ VYA # " VAES Y AR Ny vaf L4 Fyre "

OhSen g Ly Bl 0l alS o Shes g gad p (sloaiiS mnd L3l cadyl Wi, 095 55 ohagas o) Lalys
st Bl ey o lsn sles a2 5 lo g slos 4y (K ol 0 dilgx> b )4 cllS o Sy alold (Y- V42T
S5 il 4z, Vel S 50 55 j0s 05 d 00 5olS 5 0D 090 99505 8 Djge e oS A0 9 (Fialex 2B
g olule) cuwl HA S olp age los gg,d 0T il a0 V0 pl poodle (il b)) Wi e ails>
Eors Oalpls (V) Jooz 058 juw allex U sl 5L 59, VY Blas aigy slos 5 a0l slos 4 4> 95 L .(\YETVY. L
los (eSSl g VL 9 81,5 (ol 4250 V0 @ (39,88 &)l > 4z o (xSl G b adhaie ja 0 cAB &)l
o] LS 4 o2 5 095 el ) 0 515090 Sloded 45 mu S oo Sl o |y eslS 5l amy o) 8 5le a e Ve (YL
s
005 4l U cubls 51 39, oo g 19 @l 52 453 (yl5me (V) Jgu
¥ YO Yo YO Y- A\ - 5 - &yl yo 4y

Wi dlg> Y ¥ ¥ VoY VY W dler i g0 dlg 39, olaxs

OYPY b g 5 lole sanie)

ax ;0 10 (YL ailjg, sles (1Kilo a5 Slajg, 5l g ol 00ss 5 s, b a4 oS 5l Jle slajg, slolel s

o5 dblato 1o j0 CiS g, sl slagu b sl g o astie oSl o o cusS el asb ol 5l YL g ol 5 il
Jbo (owadss lasgy o)led G allig) Sl 4z eSlee o s Glgioe (T) USKS 50 a5 jsbiles s 8
VO 5 YL 4 oleceiguua,l 5T 51 L8 T sloo a5 b g5 o ) Gl e oyl pl 0,8 Jlas ddilaie jo a5 ols jlis

Sz Fu b st jshieds 9 0gb o plil o)lgy &g adlate (pl jo &S CllS plply sy ol S Gl a0


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

1 O 9 3Y dald ol | ... ol Joliw] &35 ColiS deluno Gblio i

sy ooy Jol s Ll B 59, 10 (slooy90 50 Gyl 63,31 omals 953 oo ST 51 pmnpos (il 5 andly
Lo 00

AOF - 0) dihaie ol Coolus jl 0o yd Y Lo 5 oloceigdyl sl dos bl b 09 co 00u 55 de 4dis )3 4S5 sbo
G g Send Jotae o8l g Lyo gl 1 e ADe Sl a8 el L angy cnl idwyo0 Sousyee slod 4 (@0 teskS
sl Gl llyd 5o slesls ;> 2l B (el o o)ls S8 550l (Jleds anels ol 4l jo angy ol 51 (S5
Dygots |y ©)3 wlgioe £l 9 955 Wl )93 0 @5 o )losl slos 4y ged 5wk 093 Job )3 5 318 992y ceiS
Sedes b p 65967 036 slp Jpaze

Oyl a0 oleiiguna)l pod das 10 g o)l 18 SliadsS g 0w Al )0 adlllassge ddlaie jlas 0 A Sgu>
Oimles (26, S,L (V) UKo )0 digy ol 45 05 g0 o8 0 VO LYY 0 elas ) o ol 5 il az 0 V0 (YL
Jol dad 10 pizmed . Cowd dalllans jg0 ddlais 5l oo )0 YY/O 5 &0 0glS YAVEV/E sg0  o>lass gl)lo g 0adosls
Yoo 5l peS glasyl o YA BVYVAL Slelas )l lle 3ble oo 5 4y oo i Jgl das g 0lo,5 090 dod wolosls )&

Fro.r g fo0.1 nE ¥ro.1 np FYo.r up FAo-r mE fao.r g
= z
2 -
- e
T fa
z =
: -
= <
= =
= =
- T
i <
= T

PR T —
= =
I Tt e e P P e A =
_:;: P St £33 detind 33 S D f 53 ol e 0‘;5

1 I3l 4o 53 S5 O 4233 el 3

L SRS P99 dtd 33 S D3y 4253 00l [ = km

z - % 3 0 20 40 80 120 160
e A R i et cad 1cm =13 km
. "E o0 ' "E 5 "E —~° . "E A E . E

2955 0 Jlad 50 VoF Gl S JRis o8, G110 €9 Sl (gl G5l 6551wl (slaies o (1) S

Said 5 drnlxe Su3el58 5B 5o )0 59, Slael all sadciS Gloj a4z 5 G 4z ;0 &) ALl e
(7)) U8 9005 angd (ganaiy

Jsb 59, VY U F 1y dasdlacs jge adhaio ;o Jiaile> U clllS o)50 Job (F) JSi 4y a> g3 b Jjaile> al> om )
S8 oo Hioled 4y S b 5l andllass jge ddlate (o 1) Siailex sboje, Job (suudigy Al jsSde Al ALS e
aSsol Judo 4y Lol wsjlo 1,8 (glasals g Jutee 4l jo az ST ogd oo a5 oleciigus )| Jol dewd jo )3 a5 ablis 4o
30 D3 a8 SS90 Bblin 4 Cond (g ion (lojae wnd oby Sl Sl s slagg, o Lo ioliél e p
RS 9 )l o Bblin anglae Jlin jabay iy ailg> olS U alS co Job ol oo S ols > ol des

55+ omr ol st Jlad 3 i (slotig 1o (1S 5505 b il )50 Jsb 15 (1S a5 el ¥
ooyl plisl o egl S VF e sgas alolil dalaie g0 o 0,90 ol Job O i (F) JSKG cwl 5, V40


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

VFoF Hlawdl VY o lois oy 9 Comn Jlo (3 bdlpizr pgle (60,15 Olinini \Y

9B (Jone (Ll slml g (s 5 5 (b g M Dleldsl iy ol ol (652518 s 4y el onmline LB
do 30 8,0 Sip S il g e B0 5l a8 el )l b oyl adlate ;0 Lol 088 o Jsbo 55 08 Jgl 4o b 5 00818
e gy bl olo Bls) 55 31U s3als 35 SiS slaceiguss) g

Olrl o Jled calises slaaigy ;0 (o pl o)l 550l B (23T JS 0598 Jsbo tsoita pl slo)li j5eds al> yom ¥
ol 5 wliss 1l 55,059, Ghlie 5l (a5 99 &)l az o olojg s 5l Sl sl iglicie 59, YE B 7 (o
cJd)l 5 0555 eSS Bblie wile 95 0 59, Vo 5l i U (oot pl sla )l j5el 090 (ol (SYsb cucly

250 55, VA G Ve 5988 0y Jladh )0 08 (ol (65,00 U gania pl (sbo )6 0,90 Jobo i ol (6,0 al> o ¥
LIt 5 (Sl (loniy gt oninlaz al) 5 f(ulebs areg ) Bblic a5 oladigy ;0 (F) JS4 4 azgi b ool
G Al 050 g0 dad 5 0 0ed sl des 003 50 dad 50 i i 4 Wyls 1 (b S bl 3 S
ogai yolo bla ;0 a4y 50,8 cdloy |y lap] 698 5 5555 036 jskiteds plgige oy (5o 5 0ls wmles &) (ad

Jsb ays, Vo BYY oy lnl 8 el 50 &8 JolS o, B (ol (6508 090 Jobo i JolS (o) al om0
aS oleaig ;o (V) UK o)l (Sows oloygn o 3l lsa &l 4z 0 9 &8 Culls loy a4 BB e ol ol
(255 1555 O 3) (il rand by o)lnlr () (LI il Gl Al O Bblie i 4,
coloyg0 e Jgl doud 50 i 4 010 513 (505 o5l g0) (oo S wigus i o (8o (abilgn Gocsals ¢ ppeil
g S T gl o 5 e 39 o pten Jl 2acd colo (0l 3o o o

Fou g Foou g tou Fow g Fhow g P g o g oot frowr g Wout fAout o frou g
z z z
s K s
H 4 T
z z z
. s
% - :
3 T S 1yt B g 2 5
Y-
z ey z| iy
® : [y ——
- 4 —
g wmon-v g s
- ven -
- s -
- A -y
Zl mm oa-t Z| wma
A= ;| -t
H 3
T mmow-ve ! g| - )
= 00204 08 12 15km - 00204 08 12
O —
tom=13km m— fom=13km
T E E FE OE PR E IE E TE O E E o E

G o) dile 31 @)yd ol 5L3o y90 g jg,y aids .(F) JSCi dilgm U cuils 31 @wyd ol 5Las 0 (gl je, i (V) S

o> 31 ol (65 5 & gozro (Slao 1 opl S5 590 A y3ey A yd s g oS (55 35l € gamo Lo w1 (305
Olnl @y Jlods adlio )5 ) jg) a2 58 olpl @8 Jlad dilio yo


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

Y O 9 3Y dald ol | ... ol Joliw] &35 ColiS deluno Gblio i

z
:
z
4
Z
2
£
e g f 3
L=
2 4yt

w-r7
w-TA
2 s i e

Ypoaronpn
IRRRRRRRRN
3

U ooyl (5ol 51y oS L0590 (s 39,y aledii .(F) S
42 )0 s 1 oS (65 5 & 9o (gl i i (6 il
Olpl oy Jlod il 4o Wby jg,

G ool J5 ya0b 51 33 olS 5L g0 (slaygy adds .(B) JS&
oulbcunS’ (55 5 & gomo (GLawo i (oouis pil SLa,U 590l
Olpl oy Jlod il yo wd)jg) 42 30 s 5

o E o E 5 E

= E e E o E

adlaio )3 Aib)yjg) 42 53 cum> y1 odlicenS (655 gm0 Slno p2 ) U (ol (6 olS 550590 (sl g9, Al (V) U

olpl ey Jbi

L g o, 955, 4o olF il Ll olS @b b ol cboles 4o olF (500l glaaslin] 5 lue clos S

g oo MBI ol 5 YU eas,losl slales o] 4y a8 ais walys ialaplail o  Sayscw]

Al sa 35 ot Cosl (§pran)S AL 45 05 Sussleid gl o 1) hre 23l it b YL la

25 e o (Sis g o5 il azyo YA I VG Lo S (VN RAY (ool 5 5 1) 9,135 oo sl Jreodss
wolys oot Ojlad liee (Ll (rren 4y g Wgd oo o O (S 5 Pl j2 50 0l LSt sladils slasd S sl
e 3 Sl o ety 9,0 b Juins 4ol S lnl w8 Jlod dilate oS g352g L (P07 V-V (3D 0
SlSal a8 1, laplSe (A) USh ] ety 5,3 oS sl (oloF i el lgsgn 45 010 0525 oo \e dilae

20 oo olid o)l 892 g D3 ol (gl ol S i D92


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

VFoF Hlawdl VY o lois oy 9 Comn Jlo (3 bdlpizr pgle (60,15 Olinini \F

S 5ey VYO B Ve e dgum sl S )0 Loy oyl Bl b )3 g0l 5 dly Cusyd i Tas cwl S30LLS
Bbls jo logas glasl o axiba lpl o) Jled dalaie [0 (F YAV (Slol s (5,55) wib oo bl slal
e slales b laails o (6 als po il o3G5 a oT caisS b 0gis coiS canlin gl 50 &8 SliwnsS 55w
o lgn a5 sol slales slas; .00 5 oo ails o Slae rals cely jol (] 4 0uls g a5, (0,5 c6le a0 Ve 53)
Ol 0L b ogdiso 550 (FlansS g 95w 5 miiyo (>1g3 5o oloji Jsl a5l oS slml M 2038 (s 91,8
() UKo 0,05 o0 oy0 |, dalais plod olo

FrosE oo fre e Ao e oo oE g fre frou g e fe o
Z z z z
£ - £ H
Z z z z
z z z z
s 4 L
T 4 T T
P -
£ z z Zz
o Il e Pt s = o ot K
H — . € : S ES
B T s e gl ! [ e 0 s o o sled !
= R 1 km g
T T oo s 0 2% 5 00 150 200 o LI s 025 50 100 150 200
1om=13km 1em=13km
' E 1E ##°E E WUE HOE ' E 0E ##°E eE %E #E

Yo Uy 090 dond )3 3 jaw 0l 5b gl @9 () S S10 50 pg3 9 Jgl dou 50 0,5 0105k slos @395 - (A) S
bl
JKo 50 a5 00§ e althaie ¥ ) il 0,50 Job 0 51> slajls u..,ol., Slasiw! blod 51 axlllass 90 a4l
Ao, YY) delue 3blie -V (adllass g0 ddlais 3l oo )0 V) velue jlas gblie =) ol sudarsldd yoled & (V4)
3 e ,0 10) acluwl sblo - 5 (asdlaocs ;g0 dilais 5l o ,0 B0) dcluwe (090> U gblis -V (asdlacs g0 ddlais 5l
(asdlaos g0 ddlais

= =
i f
= =
% <
= =
= =
s o
2 >
= f=
PR T —

B el e bl

Z | B s gie =

S [ e e =

’:: === ey ! °;:
— S 0 0204 0.8 12

— it e

1cm =13 km

. E PYCRICT= o E . E A E f° . E

2955 58 Jlad 55 8531 (1 3 el anly 32 VoF oS S 0 1415 55 S s Bl 425 (11) S



http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

10 OhSea 9 3Y dald odlyl | ... ol wle] p )8 ColiS ucluo (Gblio fonnd

Sy ,S Bblio o b0 mhaw 5l e YV o elas I U olS cpl CutS .S g0 0y (o954 3 e Slelay )| jo )3
&1 slaogS ;o e YIAT (OY) Y\ Ken g 15 oz 50 e Y80 VAV V885 dly g Sl ,3) oLl
NV Ilw) e TV el I B BLTLsS o 5mas Blbl jo ols s8] 51 (S5 5 (0 V2 V0 g ,ily 5 92,80)
2 e YY e elas )l U 55 oyl j0 aiies )3 et gl gas Olelis | #8lg )0 aS sl asls jalogiige cuns (VA
Gt 30,0 VO-A Ceslio ol g a0 A B ) S (6l cnlinn jlos ool (uiomed 090 o0 it )8 L]
U3 P N JE W ool b 3 canS aelis gblie sbaay &ils LI .OFF ¥ ) Vo) o s9955)
Pl e allaie T ay 505 08 Jlod (2Nl 5 9005 0dgi (V) JSS 4t caddllans g0 ablaie j3 Lol )5
5 ST as Jpamme JalS o, b oS ol 51 () slils eals s 4 3blie cnl saebioe Lo blis )
Slosls plaisl ogs a1 axlllass ge ddlaie 5l V/V g taiiwd el jlaws glails &3 CuiS Sz o) calin (5,15
(V) Jgo=

a8 Jolye pled 5o (551> ks 5 cnl el b w2 2l 6 9 Sl ns gble cal jo sl Gblie -Y
sk s a4 ooy 0 5 Dl 4z s alS e @ sy B G (5 Al ye (J5 00,5 o s )3
adlaie JS 5l ae,s Vol ddlaie (ol 0gd Sl p (5593 036 Holateds al>pe (ol 55 ol S Cenl g 1 5 098 e
(V) Jgoz S anlland g0

I 000,5 gob (el olF JalS” ¢y (sl (SIS 059, 4250 45 05 ca ol | ilbolio sacluns o blism ¥
Slosls plaizl sez 4y |y axlllacs g0 dilaie Colue I VAT deluwe dosd 3l 098 cldls (6 s al> 1o ;o 0L )3
(F) gz

s cnl S8 (81t Gl Bl 0515 58 S s o 4l 13 Logas o olis clsaells 3blion ¥
Bolis (JKi oo e sl e (slocsan) ol Ml 6 ol 52 e b abl555 0B (5 oS
2y |y asdlaes jge dilaie Gl 5l a0 VYIY dilaie oplojls 18 ddlaie pl (0 g yod o) by 5 (500

=

Sl
39S e ol Ho glils &)d el aeluwo Gblo (V) Jgoo

(@0 y0sleS) Colums o) ks CudS 6 bl
TANYD deln ot sl ot o sl el 5 3Ll slaglind 38 Jle

22l s O e i sloolSiy
AFYYIA aelus Ol (655 30 5 lgw by Ll (635 50 A3 i 0)S Ol et Sl (S
w2lgail o (O8Le dairarm) (s slapbis g 5l 53k5 A 005
3 @laidn o5 oliml wobles by Jlod ¢ il olSCins

i ye Gl e
Yyfvan el dous (155 @ilo ol s b1y lins « o uSie lacybiw o 5l (sla i

U5 s g ol 5 leyS slrolKiay] BLLI s Jlad oliw 4

D9yl iy ¢y 1S dang )yl ety gl (OIS Gopals bl S o0 >



http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

VFoF Hlawdl VY o lois oy 9 Comn Jlo (3 bdlpizr pgle (60,15 Olinini \¢

Ffo.rnp fro.r v FAo-t wE
z z
i 5
g <
e Foe

o = ot

o 0 3 gt

— gl 3 30
B o
s o
& A5 ls 4t Gl [

, 02040 80 120 160km
el Gl
¥ "E ¥°." . "E A% "E

S oyl Jlod 53 (51315 @yS S welune Bblio gudsding o2 ls A (1) JSCi

G5 d

(il 5k el el Ve F LS K o3, slails &8 cnS aclas Bblie cpni uios ol plxil 5l Gas
Tas ol plas e 5l el mls cl lpl e Jled jo ciS LB Lal)l g (Bl See

S509iS slem &jl5g sla s, lsS g adlaie cpl o sadplol Gliks g Gudios (pl 5l soeliawsa el el b -
Syl o Jaw g o gy ple b aslice glasecs (g, cpl 5l oolswl a5 3505 cdalice lg5 oo

Jdo 4 Ll gl oo ool 3 )3 cutS ol )l Ll il asdlass 9o ddlais 5l asyo AY o (1) S lul 5 -
b oo Sals dalaie 3l a0 YVIF & aigy ol cctsS canlial pol)l 5 (B8 a9 slacusgass

sl o ol 5l slajls u,.aL? Lyl b gillhe ciS 2o, 5145 o)l o] 5l ColSs o sy p wizmed -
2 Job s 4 jgazme (3L30550 ()l slBazly canS (sl olS gt pelais anlllaed jge adlate jo ) Sojslsid
W J.(b‘j} ‘S:La).w l.ag ‘S:Lo)f 6L€bw .)L‘>u‘5 J.u.v) JA‘).S).) J)L&‘ ua.cl.a fo‘ e g 0l )lﬁ

10 Srpest a0l 655 54 L b S oo ST plarg e 5 ol psliS 4 Bk ol o endall | glaasis -
2055 ES e 055 i bzaye b 5pslss 1 g wloads Sk alse 5 o 5 laml gl oo 5 (Sl e 5
Oloy as fu,b oyl ol (aseie b g o0ges Sl 1) 545 Jaame CllS gl o Soslio v 09 dals3 0l oyl (53,
Coghi g Cubls jui g ST g Lo a5 b abilie (gl condlys salgs 1) g ol valss caws ] o390 slasls ples slas
08,5 U o] CuiS g CaeS o 5YL @ g 00905 (53,40l p Jguae


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

1Y OhSea 9 3Y dald odlyl | ... ol wle] p )8 ColiS ucluo (Gblio fonnd

&L
=y Y game (55,5l delijlel (VWAA) oo 0 cord) £95,] (Lol dule colisae Lo jaues woljole ¢on)S (50!
Cagh Dbl g ledbl (5,5l 35 50 goladl g (55,40l 2 oslae (65)5LaS Sz &35 0l s VYAV (el5 L)

XY o o Js

4 by adlate 0 00 Al cly; Slaogas g ails o Slee p il oS S OFAY) Lo el (i Ladl
. https://doi.org/10.22092/aj.2014.100938\ Y - -\ Y (V- Y)YV.cee/, 5

ke (6 ) 50018 L5 (e 1 g )l o S £ il B o b s eelon] ( plan (L 0eme o3l 28l y9l tipm el (gl
ool DLLasil il g5 doany ] ax538) (ol o1 (VYAD) 55055 ¢ ledrs e cpaio b1 yo c(g05050 £:5T (e (6 58
FA o sl Cus 5505 s 5 sl el

cilise gl om0 Slae lizl 5 0 Slae 2 SblS Gl b gy VFA0) oritme @18 e ((B)le 10018 558
CYYY-YEA (F)Y s€ly; olals 55092 50551 aolilas s
https://sanad.iau.ir/Journal/eppmap/Article/1125298/Full Text

DY gl golas (gl wsttane (2L 2L OTAY) g s )les 10058 3l ol e ol fhaz taaxl o )9Sy
w2 VY (S il ag i e 0,8 Hlaul,d lwl 51 ablin jo L3l ae ledlbl g 3l oslaznl b (g5 ,5las
. https://water-soil.tabrizu.ac.ir/article_205.htmlyvs-1£0

95 5 Loygel ShLaml ioles «)d cuils g el wials o5 5 ele slesal, (VYAY) s (Slul 3 (5,55
¥ oo Jgl ugs5elaS

5 bz almo ((Jiw 4582 2o )3 (Sl lajls g (e Lulpd (g p VYA G Gl o 23192 o Jlonig>
STV (Y- (s (s ydoliy

bums 53 D)8 ctS ats 3blie oloddSs ST gaiaigy wlo b wolip e s (el 00lj (Jg e atiiny Lo,
oo YA glao 5 olisly  pwlidenddl ati ) o )| ol )15 el Ll ¢ B ol )3T bl 169,90 axllasGIS.

YA
bedpaldl 5 (calitlgn (VWAY) (55,5laS (calidlyn (losler 5 ()5 OLS (55,5laS (oulitipeldl 5 (oulidlsa (Lol
oA ple ollasil i pledol (Glex yie 1 S0 s gilaan Sgmme dpw (53 2xs Jlxdgs Slg>) (2l); lalS (65 ,9la8

YEAYYA g cags

s 350 0y 090 Job e8] ysd SIS ) OYAA) s ol Gidnplez e Ol 5500 o Sl
COVA-OFY (T O el ldlix slojtegn dames)l 5 paeee Gloolliwl 3,50 asllla)
https://doi.org/10.22059/jphgr.2019.273067.1007327

losalie T (ygal jloolinal b )3 CullS' (o215 s et (VFAR) a3 00,8 00img 535 lsho 5500 Slomes
OVIY+ bl psle (5,) 5 Slacions 4y petivolizile S (bl o Siclin (505l L T 65 5 (ol 5 ST ananay 5
. http://dx.doi.org/10.29252/j9s.20.57.25v 6 -Yv

5b o @) ails o Shas 5 lml b, (VTA0) . e (3 ou £ o5 o ol i ol I e 1L deste «(§
TVEY o o ol adar g 5,0l Ll 4 i oolie ddlaie o oSS &b

3 s &3 (63,5LES wulBl goaigy (ITAY) LSOl «6 3l e Lo de (LSl £l 0 (gl tokis csgals (Goro
YN (oldlax psle 605 Slidios 4,25 ( obdlas SOl pive SSaSS ) oolitul b oliw ) bl
RARSAR YA

b 558 SatS SasglsST ol sty (FA9) JLoS s tisledama o hge s badllyl 90,51 1990500 cilosker JU
MDY ¢ (VMY Sladions 4, oS g oyl o 10 (GIS) SL8I s Sledlbl asleles 51 oslizal


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

IPeF Glitli VY o)las oy 5 Cousy Jloo ot bl o3l (53,015 lisdini A

Shleal s (Ggaie (shdal ez ) ( Soiwo (65,0LS U Jie azély 5l ()5 (65 ((VYFYF) oz (U 435,60 o 0L
VY o sl o o8y
DYV (YDA (65,0kiS oladl Slabon )b lwl o pass 5l

TAV-YVE gl Ol wgs dm 1 g o)l Slomgl (VYA ) . Laallgl o bogaue
XeoV-Y 8 o Jgl ol (Sl 1yl ewiige YL g Ll LV YARQ) L jobs o pd] o

Afsharmanesh, G. (2014). The effect of planting pattern on grain yield and agronomic traits of maize
cultivars ~ in  Jiroft  region.  Journal of  Agronomy,  27(102), 124-130.
https://doi.org/10.22092/aj.2014.100938 [In Persian]

Ahmadi, K., Abadzadeh, H., Abdshah, H., Kazemian, A., & Rafiee, M. (2019). Agricultural statistics
for crop products (Agricultural year 2017-2018). Tehran: Ministry of Jihad Agriculture, Deputy
of Planning and Economic Information and Communication Technology Center, 1st ed., p. 22.
[In Persian]

Anvari, K., Arefi, S., & Fateh, M. (2011). The impact of planting date on yield and yield components
of different maize hybrids. Journal of Ecophysiology of Crop Plants, 3(4), 368-377.
https://sanad.iau.ir/Journal/eppmap/Article/1125298/FullText [In Persian]

Arzani, A. (2001), Breeding field crops. Isfahan University of Technology Publication, p. 606.

Arzani, A. (2001), Breeding field crops. Isfahan University of Technology Publication, p. 606.

Birch, C.J. Hammer, G.L. Rickert, K.G. (1998), Temperature and photoperiod sensitivity of
development in five cultivars of maize (Zea mays L.) from emergence to tassel initiation. Field
Crops Res, 55(2): 93-107.

Birch, C.J. Hammer, G.L. Rickert, K.G. (1998), Temperature and photoperiod sensitivity of
development in five cultivars of maize (Zea mays L.) from emergence to tassel initiation. Field
Crops Res, 55(2): 93-107.

Dahmardeh, M. (2012), Effects of sowing date on the growth and yield of maize cultivars (Zea mays
L.) and the growth temperature requirements, African Journal of Biotechnology Vol. 11(61):
12450-12453.

Dahmardeh, M. (2012), Effects of sowing date on the growth and yield of maize cultivars (Zea mays
L.) and the growth temperature requirements, African Journal of Biotechnology Vol. 11(61):
12450-12453.

Fal Suleiman, M., Akbarpour, A., Behdani, M. A., & Jamshidi, K. (2017). Ecological zoning of
maize cultivation using GIS in Bukan County. Journal of Cereal Research, 7(1), 85-100. [In
Persian]

Faroog, M. Wahid, A. Kobayashi, N. Fujita, D., Basra, S.M.A., (2009), Plant drought stress: effects,
mechanisms and management, agronomy, 29(6):185-212.

Faroog, M. Wahid, A. Kobayashi, N. Fujita, D., Basra, S.M.A., (2009), Plant drought stress: effects,
mechanisms and management, agronomy, 29(6):185-212.

Federal Biological Research Centre for Agriculture and Forestry., (1991), Growth stages of mono-
and dicotyledonous plants, BBCH Monograph, Federal Biological Research Centre for
Agriculture and Forestry, p. 24.

Federal Biological Research Centre for Agriculture and Forestry., (1991), Growth stages of mono-
and dicotyledonous plants, BBCH Monograph, Federal Biological Research Centre for
Agriculture and Forestry, p. 24.

Freeling, M., Walbot,V., (1996), Growing Maize for Genetic Studies, The Maize Handbook, New
York, p. 197.

Freeling, M., Walbot,V., (1996), Growing Maize for Genetic Studies, The Maize Handbook, New
York, p. 197.

Hodges, T., (1991), Predicting Crop Phenology. CRC Press, Boca Raton, 39(2): 1.

Hodges, T., (1991), Predicting Crop Phenology. CRC Press, Boca Raton, 39(2): 1.

Katarzyna, A.S., Jézef, S., (2020), Reaction of Sweet Maize to the Use of Polyethylene Film and
Polypropylene Non-Woven Fabric in the Initial Growth Phase, agronomy (mdpi), 10(1): 1-15.


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

14 OhSea 9 3Y dald odlyl | ... ol wle] p )8 ColiS ucluo (Gblio fonnd

Katarzyna, A.S., Jézef, S., (2020), Reaction of Sweet Maize to the Use of Polyethylene Film and
Polypropylene Non-Woven Fabric in the Initial Growth Phase, agronomy (mdpi), 10(1): 1-15.
Khavari Khorasani, S. (2008). Scientific and practical guide to maize cultivation, maintenance, and

harvesting. Tehran: Education and Extension Organization Publications, 1st ed., p. 4. [In Persian]

Khoshhal, J., & Mardanian, H. (2009). Study of environmental conditions and thermal needs in the
Jarquyeh Sofla Plain. Journal of Geography and Environmental Planning, 20(2), 41-64. [In
Persian]

Masoudian, A. (2011). Climate of Iran. Mashhad: Sharieh Toos Publications, 1st ed., pp. 214-217.
[In Persian]

Mavi, H.S., Tupper, G.J., (2004), Agro meteorology principles and Applications of climate studies
in agriculture, The Haworth press,41(2): 364.

Mavi, H.S., Tupper, G.J., (2004), Agro meteorology principles and Applications of climate studies
in agriculture, The Haworth press,41(2): 364.

Maynard, L., & Knott, J. (1985). Vegetable growing from home garden to industrial agriculture
(Translator: M. Tasdiqi). Tehran: Pishgam Publications, 1st ed., p. 73. [In Persian]

McMaster, G.S., Wilhelm, W.W., (1997), Growing degree-days: one equation, two interpretations,
Agricultural and Forest Meteorology, 87(4): 291-300.

McMaster, G.S., Wilhelm, W.W., (1997), Growing degree-days: one equation, two interpretations,
Agricultural and Forest Meteorology, 87(4): 291-300.

Meteorological and Agricultural Climatology Organization of Crop Plants and Agricultural
Meteorology Organization. (2013). Agricultural meteorology and climatology of crop plants
(Translators: J. Khoshhal Dastjerdi & S. M. Mostafavi Darani). Isfahan: EIm Aferin Publications,
1st ed., pp. 238-268. [In Persian]

Moeletsi, M. E., Waker.S., (2012), A simple agroclimatic index to delineate suitable growing areas
for rainfed maize production in the Free State Province of South Africa, Agricultural and Forest
Meteorology, 162: 63-70.

Moeletsi, M. E., Waker.S., (2012), A simple agroclimatic index to delineate suitable growing areas
for rainfed maize production in the Free State Province of South Africa, Agricultural and Forest
Meteorology, 162: 63-70.

Moeletsi, M.E., (2004), Agroclimatic characterization of Lesotho for dryland maize production,
Submitted in partial fulfillment of the requirements for the degree of Master of Science in
Agriculture in Agrometeorology Department of Soil, Crop and Climate Sciences Faculty of
Natural and Agricultural Sciences University of the Free State Bloemfontein, pp.1-195.

Moeletsi, M.E., (2004), Agroclimatic characterization of Lesotho for dryland maize production,
Submitted in partial fulfillment of the requirements for the degree of Master of Science in
Agriculture in Agrometeorology Department of Soil, Crop and Climate Sciences Faculty of
Natural and Agricultural Sciences University of the Free State Bloemfontein, pp.1-195.

Mohammadi, D., & Rahmani, R. (2016). Identifying socio-economic factors affecting the adoption
of early and mid-season maize cultivars after wheat in Fars Province. Journal of Agricultural
Economics Research, 8(29), 51-70. [In Persian]

Nematollahi, N. (2010). Statistics and probabilities for engineers. Tehran: Dalafak Publications, 1st
ed., pp. 306-307. [In Persian]

Nigussie, S. D., Alemu,D., Tibebe,D., (2011), Agro-ecological Suitability for Hybrid Maize
Varieties and its Implication for Seed, Proceedings of the Third National Maize Workshop of
Ethiopia, p. 146.

Nigussie, S. D., Alemu,D., Tibebe,D., (2011), Agro-ecological Suitability for Hybrid Maize
Varieties and its Implication for Seed, Proceedings of the Third National Maize Workshop of
Ethiopia, p. 146.

Omidy, A. H., Orazizadeh, M. R., Beyzaei, E., Roshani, Q., Taleghani, D., Alinia, F., Golkari, S.,
Ghanbari, A. A., Mahmoudi, M., Moghadam, A., & Najafian, G. (2016). Agricultural cultivars
(past and future). Tehran: Agricultural Research, Education, and Extension Organization, 1st ed.,
p. 68. [In Persian]


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

1FeF Hlewsli VY o yladds oty 9 Connw Jlo (o bS]yt pole (60,0, Oliini Y.

Pakpour-Rabti, A., Jafarzadeh, A. A., Shahbazi, F., & Amari, P. (2013). Assessment of suitable land
for some agricultural products using GIS in some areas of West Azerbaijan Province. Journal of
Water and Soil Knowledge, 23(1), 165-176. https://water-soil.tabrizu.ac.ir/article_205.html [In
Persian]

Ramamurthy, V., Reddy, G.P.O., Kumar,N., (2020), Assessment of land suitability for maize (Zea
mays L) in semi-arid ecosystem of southern India using integrated AHP and GIS approach,
Computers and Electronics in Agriculture,179: p. 105806.

Ramamurthy, V., Reddy, G.P.O., Kumar,N., (2020), Assessment of land suitability for maize (Zea
mays L) in semi-arid ecosystem of southern India using integrated AHP and GIS approach,
Computers and Electronics in Agriculture,179: p. 105806.

Rezaee Banafsha, M., Valizadeh Kamran, K., & Moharramzadeh, F. (2011). Agroclimatic zoning of
suitable areas for maize cultivation in GIS: Case study: East Azerbaijan Province. Master's Thesis
in Climatology, University of Tabriz, p. 78. [In Persian]

Russell, W.K., (2006), Corn Breeding: Types of Cultivars, Journal of Natural Resources and Life
Sciences Education, 35(1): 242.

Russell,W.K., (2006), Corn Breeding: Types of Cultivars, Journal of Natural Resources and Life
Sciences Education, 35(1): 242.

Seydi Shahvandi, M., Khaledi, S., Shakiba, A., & Mirbagheri, B. (2013). Agricultural climate zoning
of maize in Lorestan Province using GIS techniques. Journal of Applied Research in Geographic
Sciences, 13(29), 195-214. [In Persian]

Shiri, M. R., Moharram Nejad, S., Hanifehzadeh, M., & Bendehagh, A. (2016). Evaluation of maize
grain yield stability affected by planting date in Moghan region. Journal of Agricultural
Knowledge and Sustainable Production, pp. 204-214. [In Persian]

Skarb, K., VanderMolenc, K., (2015), Maize migration: key crop expands to higher altitudes under
climate change in the Andes, Climate and Development,8(3): 5.

Skarb, K., VanderMolenc, K., (2015), Maize migration: key crop expands to higher altitudes under
climate change in the Andes, Climate and Development,8(3): 5.

Sobhani, B., Ahmadian, M., & Jahanbakhsh Asl, S. (2019). The effects of climate change on the
apple tree growth period (Case study: Semirom and Urmia stations). Journal of Physical
Geography Research, 51(3), 529-544. https://doi.org/10.22059/jphgr.2019.273067.1007327 [In
Persian]

Sobhani, B., Safarian Zangir, V., & Karami, A. (2020). Determining the agricultural calendar of
maize cultivation using the T-test and agroclimatic and agronomic zoning with the Hotelling test
in Kermanshah Province. Journal of Applied Research in Geographic Sciences, 20(57), 25-37.
http://dx.doi.org/10.29252/jgs.20.57.25 [In Persian]

Staller J.E.(2016), High Altitude Maize (Zea Mays L.) Cultivation and Endemism in the Lake
Titicaca Basin, Journal of Botany Research, 1(1): 8-21.

Staller J.E.(2016), High Altitude Maize (Zea Mays L.) Cultivation and Endemism in the Lake
Titicaca Basin, Journal of Botany Research, 1(1): 8-21.

Tiwari, Y.K.,Yadav,S.K., (2019), High Temperature Stress Tolerance in Maize (Zea mays L.):
Physiological and Molecular Mechanisms, Journal of Plant Biolog, 62: pp. 93-102.

Tiwari, Y.K.Yadav,S.K., (2019), High Temperature Stress Tolerance in Maize (Zea mays L.):
Physiological and Molecular Mechanisms, Journal of Plant Biolog, 62: pp. 93-102.

Tollenaar, M., (1999), Duration of the grain-filling period in maize is not affected by photoperiod
and incident PPFD during the vegetative phase. Field Crops Res, 62(1): 15-21.

Tollenaar, M., (1999), Duration of the grain-filling period in maize is not affected by photoperiod
and incident PPFD during the vegetative phase. Field Crops Res, 62(1): 15-21.

Yang, H.S., Dobermann, A., Lindquist, J.L., Walters, D.T., Arkebauer, T.J., Cassman, K.G., (2004),
Hybrid-maize—Amaize simulation model that combines two crop modeling approaches. Field
Crops Res, 87(2): 131-154. https://doi.org/10.1016/j.fcr.2003.10.003

Yang, H.S., Dobermann, A., Lindquist, J.L., Walters, D.T., Arkebauer, T.J., Cassman, K.G., (2004),
Hybrid-maize—Amaize simulation model that combines two crop modeling approaches. Field
Crops Res, 87(2): 131-154. https://doi.org/10.1016/j.fcr.2003.10.003


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-17 ]

[ DOR: 20.1001.1.22287736.1300.0.0.182.5 ]

[ DOI: 10.61186/jgs.25.77.2 ]

Y OhSea 9 3Y dald odlyl | ... ol wle] p )8 ColiS ucluo (Gblio fonnd

Zhang, Y., Wang, Y., Niu,H., (2017), Spatio-temporal variations in the areas suitable for the
cultivation of rice and maize in China under future climate scenarios, Science of the Total
Environment, 601-602: 521. https://doi.org/10.1016/j.scitotenv.2017.05.232

Zhang, Y., Wang, Y., Niu,H., (2017), Spatio-temporal variations in the areas suitable for the
cultivation of rice and maize in China under future climate scenarios, Science of the Total
Environment, 601-602: 521. https://doi.org/10.1016/j.scitotenv.2017.05.232


http://dx.doi.org/10.61186/jgs.25.77.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.182.5
https://ndea10.khu.ac.ir/jgs/article-1-3806-en.html
http://www.tcpdf.org

