Journal of Water and Soil

Vol. 26, No. 6, Jan.-Feb. 2013, p. 1554-1567 i

DN O T S Y | o Qv e PP LWV RPR T U { 2 { vy
(Olhear Sl 1535 90 andlas) f.\.S/ Lo

A . . Y. . . #*) .
ubgpo )= OLS 5 e = Ly p G 2SI e
VRN 13l s

WANVANY 25 d b

(53,98 @alioo 9 polke) S g O &y i
VABF-1BFY .o IWRY sl — (yote F 05leds ¥F il

CXVES

gy cslmorls ool Ly oliad il ol 5 20 5 155 3 g0 lasS5 5T (sl i 5 b as b 1y sigy (sBymo Lo b 5o

L gl 2 V30 a0 9 (o 8 5 Shos (yr (6)lol (Stusad 3105 ol 13 05 plosl (5305i8 09 (Sloo3l> 5 piS 3,Slos (sloodls (pulilsn
(P-) (2LsS o)l d9a8 (P-ETo) a2 0 )k 351a8 ((S03) 09 00 (o)l cailimle ()l ¢ lad (b eVl (53 (lelS's ST slopas L
059y 83 wlude 1> A3, joydnyd g dilale e 5 (3,5 ol do)d Ve 530 V6 D i ) gladilinl L) (GDD) wi, j-a )0 ET
Lo Stnrod g 35 030zl (R%) (pesd o 5 (1) (Sinrod o (55Ul (sl jlstn S Sinon ol tomis polaio 8,5 )53 (2 3590
23 g2l OB 0y ite i (slby50)S) )3 5 g0ylkes FFY laaz 0 it 9 (sloygmes)S) o el L2l 4y (g ) oyt A2z g 0 ite 93 (g 99 L
Sged (LS ()l 39a8 (a3l cadllas 3)90 (sl jaSld (Sl 4T 8y GUES (o) gl HAS (2L 403 A0 5 403 A% > Jlae gglaw
5pSlas abinsMe 46 6,0y 51 ST g )lel Calyd duglio (RP= o /15 S L) e L 355 1 o uasls (S0 b duglio 15 (550553
Sl 2ledS 95T lapasls b 3 Shoe (Stnod cul s igeome )3 39 Jgad ploo b duslie )3 (Cudigmdyl 9 (03)958) o)loe sla)l jl pass
93 (Siwmed (sLigy b wyp 3 il o ddllas y90 (slaasls 4 33 paS PV Camlus g0 48 el Cands ol IS 1 i w2 pa5
295 5 laaibinl jlo b auglio 3 puiS Sy 33Slos il )l 51 i 31, (Bl 4230 ()l wlisl ) Goyman )3 adls b oo
S S opiie s sla g )Ty Juoloo gl g dgpeiio ju 5l (slaole )3 3, Slas Jlude p Lod Sbluwg 36 4 ol .(RZZ i) ol oyl
Ol el ()5l 0)iite 93 sl (Ktiod 2l b glis (pl 292 S AVLe 3 Sl b (LS g 22 50) () 29808 (a3l (658 (Ko
Sl Sian )3 153905 400 ]y (6o Jae  Siuwral 558 A5 jgymd2 0 Slopadld b 2 Slas oyt A (slogge F) o Sl Jop
Ol (s (e Lo .cild 3 +/AY I[PV 635000 3 g Gt g I dre (Simod ol pd g yliw dopd v 5l i 40 o st N>

b olis Gble plo b dwslie )0 puiS culS gly (g e Sl

OMer el by Joimaz)> (adls ( LS ()b 39seS (oledlS's ST o adli (ol g w3 puiS 3 Shos 1 5uAlS" (51 031y

Jobo > ol Gloj (ST cpizmed 9 (SH)b g9 oloj ( SH)L
a5 Syaboan sl JIy55 5 sy Comnl Sl (65y5liS (sl (Lo
3ySlee pralS eel ojlse ol 1 S pm 3 oluwg g5
sladlo » b el 00> CulS (ogas (55))lis Y gae
old o8l g (65y5liS pole plaastie 5 (liiadily 3
a3l L g 0ol plodl (6550liS—pulll dio; 13 1) (olod yinS lagiss
Jelge g polie byl g g (lolid (oo ilisis (sl
coiS Logasie S gane (5905 5 48y Jolpe 5 <l b ool
O bLo)l 538,555 3 b (7) ool g (e lanly oo
O SomerS) Jo D)l & o paS 3 Slas g (aldl sl el

doddo

Y935 L 2Vl (Sted «(g5y5liS” Y guazo A58 e

248 Slelge <kl g o)l alsm g o bl ogcalie 5 o2
ool Sllogs 4 s ol 9 1,135 530 0l 5e3 5 03 Jolpe 595
Cpr wlio pramal DT Sl (s o )l Cawlus Jolos
e s ol jolis ey 51 (V) 35l wal 3 1) csly; plox]

e diw oo olRu1 ¢ 65y9liS 0aSLiily «ol awdige 09,5 Ll -
(swsabzi@basu.ac.irEmail: e 0 X5 — %)
Men il wlidlon IS o)l Lol s =¥y


www.SID.ir

AYAIATA) w0 ySdos 50 (65)9LhS wllilgn b o g b s lh J5U owyp

Job (o ymliss 5 (Sl (tals Lo Shes talS & Wi,
Y a5t s Lt el sl bloy) 15wy pAiS A5y (5 090
Lo S0)b 0 oWV Lials g lea sled ;5 315 e an p
aS inlojl )3 qunled aslge puiS 3 Slas 3 ialS o ,oF -
9y )bl pdy 8L b bl (1Y) (3l bawgs ool 5
OUES 59 @bt ()5 )13 (g 2)90 pAS i) T Dy (a3 LS
Sitaad (LAL) 5y s sl g paS 5,Slas o o5 ol
2,0 2435 Caie

e 3, Slac 1 Sy 3 ol ol o s 4 25
P i & (65)5liS gl psie g o yadll (Byre pulS
L ol adlas cplplis by oo s 4 o) b)ls (ogad
2 paS 3y Shee p (olidlyn by o)l U Glise () San
o=l sl plelis o (w3 pl bl o lhen ddlaio
el g S e ) adllae cpl 3 pAiS gy 2 oloe
i)l el Sygo o Sl (olido 3 1) puS e 59,
S (o S8 il gaw 3 Jpae nl i e &

W g 9 dlge
dalllas o ) 9o dilai
5 PS5 Jgmaome g adlale (j)5liS 2 ASU L p3b (laghy

dl_{bblia_m;l u—.>)‘? » uL\_AA)l u.)—l 9 2 F.Aa.f S »2) C(Jaw S’tf
ol dalllas 3)50 (slaolSius] .8 )5 pldil i liwl a5 ls
&&T ).)9_:.{ 9 .Dl_tT | [833) ‘ulf)_wy ‘.‘\_'osl.Q(; ‘)JMA ‘ul.\a.b
Ol sla o el pyle 90 (sled wpudBl yolisl p .l o
() Wl o Siid do Dy paldl (il lien

5 w2 pAS 0,Sles adlh e 1 (slaodly a5l & asgi
By o i (sl 3 9 d9sige liwl bLE 5 5> Laid
005 p 3Sdes p s sbyS B addlas Cap 0l S5 sl e
SR W)

Cunl y9iS 8 > Gl Gl (2l (S e Gl
5 Josd YOO YA L ¥YOXY LLilis o Jolbas o o8
o=a,S Hdll caws 5l 8,5 FAOYS ¥V RN oLl Jsb
3 eobass g 0938 ol 4 Jlod I il pl sl 4857 1,8
5| e g oliiile S il dy oy el el ol 4y Gain
Colie bl oo 390000 (535 0 Gl 4 35 51 9 S i
Loyd O/VY 25 3 g bl o @ipe yioglS VADFD dgus )d )l
el las (3 JSCs) amd o olaidl 08 4y 1y 458 JS colune
Dy 1B VY Cady j0 S bl Yo e o )l

M @l 3oy i) 5 @y )5 M > )3 (553 (sl e
50380 0L Oliwe sl puie g w3 paiS 3 Slos o b (LS
LLo)l Jlw waboye 0)9> (Shl (slajs) s (prizmen g o)l
9 ol Ol gy 245 sl jusite o Lol )15 3929 pudins
3 o 8o it s LU 035l sk el 3 56
oypiile iz (Jgp)S) Jho 9 (Sguae (mas &b (V) o Ken
ity Lo ol ly oladyy pS 3 Slac i ey plite &
POl anyd Sl dod s 5 JBlas (1 She p Joide
o> 5 Sion Wbl Aibale Bl s g Cophoy epind
it o6 5 L sl sl dlas ol ey @il
el adses ooliiwl 5o sleodly (B g wiligy (SGHL e
0955 g Hlde 09,8 sy IS Mg e 5o 0l olis b
slaols 3 Logas wiliy; Sl clod 5Sibo 5 sk 551,
9 Corosl sl J13)58 0 Loy cosnl 5l a3, bl g Sl
2 paS e i 3ySdas a5 105 S sdalide (VF) e
P b syl (bl d,Slee Ol s do 2FF a8l Wby dls o
o=l ao 008 Slidlen)8 als e 3 0l do i 3 Sles oS Jb
9 3-8y 099> )i Ly S5 e & amd o0 g |) Sy
CBy i Jie 3 0)Slos 1 oo Jelgs Sl o i S 0 3l

L (V) JLsS g 155l b il 3 Shos (i 53 Jo
clitlon cln s 5 olislon caliseo (el o 51 odlizl
0t 4 PRl Jlony 5 09,8 cpaiiw saped )3 (5jpliS
FA 095 g gt 1> 35 (l olil 253905 3 puiS 3 Slas
0y Sas Ol 5l duo AV HolKiS g s )3 AN oliile 57 43 sy
ol olidlgn (ol Sl I s s pS Jpane
L (0) SBsio 5 s ilise gl suliilsn cowis sl
2 2 paS 0y Sles (lise g (Joad Loyl g amlie
Oliwl 3 YA=VA 5 YWW=YA _clyi sl o Jlgie sla Jluslis
5 i Jma Jobo 53 s ol g cish ol gl
paS 0y Slas b ials cage wlllo ()b (Bl (izxen
o Gliwgain Oy il 3 (V1) hlKen 5 Jbwcunl 0 o2
loe 4 2ls g OF sla el Sl aibaiz s S, S8
£ 45 1l L Lol ca5dge5 ool (gylol Jto Jitame (gl puiio
Oylys doyd Slyes Jds 4 paiS oz 5)Sles @lyus duo )y
3 otz (VW) 5655k adlioe 43 slajgy —a2 )3 5 wljg; Joh
ol dz o Ly (o pa8 5 Slos (o (Stiad (s &S
a5 o (ol s (slatsly xaze e cyiSlis o filas
5l et Hlade 5 aliljsy JBlas o STas clacu)ls anp> BV
S92y Glwgin Olbxiy bl ;Sgg) 5 jo)ledon (sbajeed )3 cuts
3y Slae aly o5 5l ao)d £V a8 0s coli adllas opl 3 )l
(S ol 033 1Sk oy s L & 55 Iy
sle b wlislen g alale slaodly lwgio ;I (WY) o) Ken 4
Aol pdy g 00, S o3l wl jo S oK) An Ve s BYASA


www.SID.ir

QY Wil =yt « Foylosds « Y8 il (S5 g o g pis Y OOF

anlllas 590 (Lol (2 bdl pia Claseie - Joda

. - V2
N . gus ! Wil Job - . i .
ol £45 . YL pE TS sl o @93,
(%) (S0 22 )
(o 22 3)
Sy i \VEQ FA-YY T¥-0) Olen )
Sty g \SOA FA-YY TE-- gl Y
St g V- FA-FA Y-V ) e
Sty ghaw \VAY FA-YS FE-vY Ny g ¥
oolis ol VAY- fa--f ¥O-YY Sanl y348 o
(AWS) 8345 V5o YA--Y TE-vY R 5
e ol VWee YA-YS Y¥-of ) \

PR SUEFC PN SH—

Olvod yliw! mhanw 43 Covie (Lol (S p (2Ll 2a CunBgo — Y JSUS

5 (RN Test) ly gl L (Sad (yg0l 51 yir lizabo]

A5 eoliiwl
Ga8al yag,
dusle 5 daly 5l eslatel L(ETc) paS 5y%5 5 puses polie
A(F) b
ET.=ET, .Kc )

cilisee Joalye )5 paiS aljgy 5ym g g MG ETe )] o &
@l Jalpe 3 paS 2LS o s Ko o(mm/d) uij o)90
.\_u.sbwn (mm/d)é_s)p 4\5‘)'5) RILE) )Qw)‘AMETO 9 WLy
Olallas yolwly x 0 3,05 yoed (wesd gly oolitul 350 o9,
@ Y 29 (VAAY) Gl o Sla (b (F) o)Sen 9 5900650
Sy )l po slan 3 KC pyolie 5ains ol 3 & el S
(A) oS g (8 51 oluBl L (a5 (ol sy Lawlgl s

5 e YOVY aLéS)l a0l a B lien il dals o S

gy (93 e 0 js ol kel Sy 9 L) aw

Lsboo by o I yi0 V000 gli)] 4 sbl pes adaie > (gloys
)

ouldicyl o, g0 slaouls

= Jeidio (gloadSg ST g wliilan slaodly pols gudms )
OBl 2908 (aLd @2 yo )l 39008 a3l dga slod (5L,
ol slaalol ) ad) 5eman ) ()l padls (oals
Sy8 o3liul 3,90 VWAV [ JINYVY (g5l 093 Jgbo 5 ccilieo
)3
b glo slp 230 Jlns & Cap ol J SBLS lagb,
A ol pably gy o)l agmg bl 3 Ken e b Sen
Jya> Caz (SIS gy pogde (inghy (nl 3 glaie (yen


www.SID.ir

\ QLY w0 ySdos 50 (65)9LhS wllilgn b o g b s lh J5U owyp

ily g Jiame (sLa e (b dlas (85 o 3 L
OswyS s B yuiite o (dad f dbaly ()18 b g (S (9 S
20,5 0 3] les g

oyiie 3 st Cjgar 958 53 by Siawen cadlllae oyl 5
2855 )18 ool 2y9e (Falaaly)
Y = aX+b (¥)
el g ctS o e ) paS 3, Slee Y o p oS
amaldl )3 Nbl o (o) )90 Jine piite X g (5, Shos
(8399 SLoysito g dbgipe Jgayd Al Ly e (sla Sitaen
Soe solidlon (sl ol (ygmm ose3l b pimen D (B yme
s pglaie b Culg )3 0 bl (5 p20) paiS 5 )Shes
sl i (B dlaily) ojpsite Wi (1900 ) Je <S50 sl il
5 &) dilaio olnolSiunl > paiS 3,Slas in i
Y = a; Xy+ a1 Xo4 A3X3 (0)

zolw Ly SPSS I3 8le, 5 baome )3 (gilo e 5 ol 5

ool 090 JoSS 3l s I ppns dio )3 AR 5 A0 el
slacygeil plol g s S5 (LB iso )3 4 odlitul )90 (slaodly
Sl plovl cgs Sytie (oylol 0ygd damodly pl (55 (oS
2 9= Ol angi b Glaghy opl )3 b paside (g
S pio 5)lol 0)93 liilgn slaosls ooy 4 il (slrolSius]
WAV (JNYVY ol o g pmite () (o1)) Jbo slise

5 Ol

2390V slaghyls bipuss o Slae jails

S yesite b 3 Soe jad L (Stunods’ (o) Sl 4 25 |
lale 5 (Joad @ldlw slo yulade 1> (5)k (2leddS5)ST ore
i iyl e olieS slaoygd il il (B Bl & Cawl See
Y7 o Jlw Jsbo p3 e diiodnlin gl )l jshaio (ped & 23)5
b conl ity A s ()k S YF) 059 03 093
Ol sl S (gl 98 3,5 (0 98 e Jgl 1 &S (25
e Jgl 59 03 d 0)L81 (1) K3 4S5 pghay s i8S )l 3 olo
jor 03 ke (YA) Scodg (02598 gl jgy Ve Kk (14) S
o (R sl o ol gl 4o il o oloys gl
95 ol Gilises sl pad byl clacSos g oo piiS 5 Skes
ol o 1) Y IS

Onnke md pAS CutS (gl o5 0l LS by (Staren gl
sleols o gy dayas cowl gla (i) ik e
ool Bl diwsn 68 4 (YY1 glacSas) (13)5,8 g Cuiigusd)]
SIS 13 pAS g 3,Skec, (slalanMe L5 135 b yd b

48,5 LSy Gl 003 s Sliod il Laglll Lylys gl &

Sl 0045

Q)L 9 gaaS dasulas (i,
dgraS () 20d o G993 4 ()l 39008 dpuilne g
oS (3,5 g yuu (58,5 Hla5 3 b pAiS Dy 059 sk 5 (51
0599 Jobo 53 ) 394eS (Y« (¥ adasl)) ddlaie ) (ETo) g 5o
alal)) (ETc) pasS (Ably (3,05 9 pied (58,5 Jlas o L paiS )

¥
RPD =¥ (P-ET,) ¥)
CPD =¥ (P-ET¢) (%)

RPD (Reference {(mm) sl Ji_dsP 5554 Lol
(Crop o (MmM) x40 yi,L 558 Precipitation Deficit)
- (mMm) als 5,05 045 CPD Precipitation Deficit)
Olwl 2 yo (B3l 200aST (gl digy WY o)led sloasd jo sl
20lae Uy ()L doueS .l o 031y jinles aslllas 3y50 050 )0
bulyd o5 cuwlie g dilaio (g 5 SUid odind (L5 5 ke
SYL 5 5o S35 jlie sl (g5l Y gazee cuiS 4l

ol (5559LiS gy cslio byl 5l (Sl jho

oaldiul v, 90 Siusan ksl g,

) w2 Sles s i) 5,Slee glaodly pils imgls )
an (Y) anly yiie olsie 4 4Vl wlide ) (g e ccuis
gozme &l 1S )k sloodly I (yiomen 95 00 4S8
059y 03 &b Ly gaarme csbale 1S Uil e had (slo sl
ligy (Bly By 9 w5 9 (ETo) ligy a2 pe 3595 5 w55 ke
BLS 0l 39S ¢ (P-ETo) g2 p0 (03 39105 (ETc) paiS
>t ABy 0y93 Jobo 53 paiS 5L 3)90 &)l ggeome « (P-ETc)
Jbo sliwe b lizee 5l slalue )5 (GDD) jg) —ax )3 o
)9y 03 L;JI_A) u»l_duv 2 (X) J.O.«_u.w L;l_fb)_uu.o u‘?—" @ L;’T
225 o o3l [ Stuod balyy o e wllle 5 wlale

5 S5 saigad goll sl cgmS) 2o 5)lel sla e
Sloyio G Jool galaly S alejl b (595 o oK
M jolate a B9 oo Ll jiag cdidd oo GUi5 S g dluly
pSdas Sl po 1) 8L Gyt & e (sla ke (13905
S yslo 4 S 20 o odlatwl Calisee (sla ybg) 5l eyl Jguamo
2 Vg o il 0 yuie N g 0 it ST (g )S) D9y 93
o A piie S b (i8S a3 Loy ST gew )
Lly yio o Jiame yite iz 3 (lojen job 4 0juste
ol B s 4 b gy oyl 5l golass 45T 00,8 0 et


www.SID.ir

QY Wil =yt « Foylonds « Y5 e oS5 g o g pis YOOA

9 Cdigudyl slaols 3 ond Jib sla iyl Hl88 450 slacSad
(sledinde 5 30 £lianls (sln sk o5 gl ol b g
ol lis 5 Sles aols

3 oael Gk 180 9> 598 cliolo Dy o pi bawgio
50 30y g 4 glacSad p oid J3b sl iyl (bl slaole
f.l_lf d‘)_: (Ywa:) LD ged JL‘}UI 2D ‘n.\}f J)ﬂo.c 2 L5’9> )»13
te) el sy (b L5 @l 5 ool sl jged

0.45
0.4
0.35 - Olen
;» 031
3. 0.25 1
-% 0.2
X 0.5
= H H H M
0.05 1
0 I]‘ﬂ‘ H il Da, HH I][Il]ﬂ LI DH” I]‘ ,.I]H
S U N S T T N R
5L sl oo
0.45 o
0.4 g
0.35 RLSTY
%3 0.3
3. 025
1) 0.2
X 0.15-
0.1 H H
0.05 1
0 ” =, UH”H : H - - [||] . ” H I]” ‘ﬂ‘l]"l i -
A « b N \( NI N & FCEEFOEEEN &
ok gl Kas
0.4
0.35 1
[533)
0.3
3. 0.25 4
1) 0.2
= 015
1
0.1
o MANNHn Ol 0O 0 Nndllinan il 0N
S W N S T WA SN NN
ol gl Sas
0.6
0.5 ST
9,
Y 0.4 1
.3‘
1, 0.3
I 02
0.1
0 d=tlall I] ] I ‘ I] - I] : I]” I] i
~ LR S T B N S NN

ok b Sao



www.SID.ir

1004

eed yShos j0 (65y9LhS (wliblgn gl o g b Ll 3G oy

ul,

onn
L ———

2o

A

Ll

~ X BN < N N

o
N

PP T NN

YRS

Sonlyogus

ollllnallin ‘I]‘I]‘n‘ ‘ ‘ﬂ‘n‘n‘n‘ n” I ‘I]‘|]‘ ‘n“”

I

b b b N\ J N > NN N
ot sl e

Olvo Ll (51 o aSg02%0 33 (15l (G S Uy (013 0035 3, Sos s (Sgmw 5 5 bl o el 3 Aunny o - UK

e e 55 st s (5551 s 11 clei o L) S 5 Sl
D)5 o piS 3 ySlas 3 glalasMe LB x5 4 Llg o

F oS () ohlKed g 5by3 bwes ool Cawdly o b axs oyl
3ySdos )k 093 (590 1) (3l o) (s21,) Jlo sl olo
Dyl Slgsen 13n)S oMel pgid bl ;3 02 il paiS
= RS 5l slael Sl (03)9,8 5l dm o) e (B0,00b 42 )51
O Cul ug.o.o )Al L)"‘ cde 5303 PM.c' 3o f..\.lf .)).Q.o&g U*9)
Al agye paiS ) ) 05) b il 93 (ool Laul s oglis

wabiabe glagh b b pusS o Slas il
Lo (oly 22) p5 2 )Sdas sl (e (S (g0 S Ly
Sy Jlw ol Wl S0 o gl alinle sla )l jite
oL b oy p (VUSE) 25 )85 (il adlllas cov (glaolSiin]
e g 1y 58U oy s 25 g Cudiquedyl (sbaole (sla yiyl aSal
OBk ojler slagtyl jlaw il il il puS Jgase 5)Slos
ol el &LBIS piiS Jguame gy s 3l olatiis] iliuos
to55 b bl o ite 100 1Y oy ¢
a8l latasMe LB (i85 )l sbrole slagtyl o«

5 alps & ol ol

.07 A |:| HDH: A =

7\7( .{’ D\bf j,f'?f g
EXEp

R p
\>\ A N

SIS


www.SID.ir

QY il =yt « Foylods « Y8 e (S5 g ol g i

\OF

0.8

0.7 |
g‘ 0.6
3 05
1) 0.4
= 031
ja's
=~ 0.2
0.1 1
0,
. ' A N
,@f,y \:f;!efy-?
3
ok b ol
0.3
0.25 | RSt
;? 0.2
1) 0.15
r 011
0.05
0,
3‘»",)? :\7- 7 \—’{ ‘?? # ‘\7’\ 3
3.
ook sl olo
0.5 4 Kol yog.8
;’.? 0.4
}) 0.3 1
or 02
0.1
0_
4 - N N
ﬂ“,’ﬁ' »7 S 'P‘f ¥y 3
3 i
w;le sb olo
0.6
0.5 -
1,
Y 0.4
.3‘
1 03 -
o 02-
0.1
0’
' N A
3{‘)}’ o7 \v?;i??-};- 5
.\3; ';
Sk g ol

WWW.SID.ir


www.SID.ir

\OF)

wed ySdos 50 (65)9LiS (wlidilgr oy o g Ll ;50 (cwy

0.4
0.35 4
0.3
0.25 4
0.2
0.15 4
0.1
0.05 4
04

(R) rosi s 6

obTuw!

7 pf

<.
?, 2> 0\71

-3?‘; S

FoE P

Y

#

ol sl ol

0.6

0.5 A

0.4 4

0.3

0.2 4

R) s o 3

0.1

0+

.
2 o

-3?". e

. - A BN
7 ol 332 ¥y 3

2

37 fl )};\

Sk s olo

Ole Ul (sl e dsgocme ;5 (45l Sole b w3 e85 Shos ot (g5 ) Ly o il 3 drmn o -V UG

yrd smole (sla iyl o b gl b 4o ol il 4
Cillas dga5 (Byme 3 Sos Jlade  Waole (3,35 31 1) cuige )|
ol =0, Shes (Siunan 6)lel 55 s cppd 8l S
SIS Y AW SO VIRY A 7- SRRV g FON NP Il

(8 JSi5) 2 ool ke oS! 6]

031 O puigi

N | [ ] B mm
ol b )

e &
b Jeé

i 5l L o sSlas GRALS
it = 3,Skas Sasan Ly il slo e 4 4o
Lo (Sirod (325598 45 315 Ui o w0 A (g o (Juad
b oSt 45 gine s ool ity g Jead 500 sl
St Jrad sl )L (5 3) p5 0,Shos Jlake 1S 51

0.45

0.4+ &QT)Q”S
0.35
1 031
30251
1; 0.2
015
2
011

0'05 7 .
0+ .

WWW.SID.ir


www.SID.ir

QY Wil =y « Foylosds c V8 il (S5 g o g s VOFY

0.5 04

0.2
oc

0.6

051 e

‘10.4 1
3
’to.s 1

0.1
04 B s .

S Qs b e e Qs b R
i ab ok el
0.3 0.25
| Kl
[§]
0.25 021
1 02 9
3 3015
to.ls =
R 1 0.14
01 o
~ x
0.05 1 0.05
04 0 [
e Obusli b (e i il b olisa;
ol e b Juad
0.3
0.95 Slfaww!
1 0.2 4
3
1 0.15
ﬁ\:/ 0.1
0.05
O 4
e bl b R
ol pad

Olsod (bl (G o )3 (had (5,b b o5 08 3ot (o (Fowwr)S ) Laslyy (ol b Ao € IS

Sl SYVLw ()1 Gllwg do Camas o3 A5 & (dne
2By Sl pl )3 9 (#lp 93 b) aed e Lt 395 51 gyt
(NAO) Jloss bl bl § Lt g9-85 ¢ Jlusiis ol
Sl Sised (2)5655 )0 pde @il g 5 oS
(R*= +19) 033y 5 Mo 5Lt g o paiS (sl LI
5 Mo 3blacl (slajed ol A5 (gl o Stison oy iinsd
Slyuss STy @i O JSi (RP< /) el Caws Kinly348
2 pasS el 1y Sldle (el 5,Slee pas <ol

W3 o yinlod dalllas 550 (sloolSiuy! de gazes

lalba (5l b o Slas gadld (S ga S daul g,
Jiie yite o (ot (Swmen bl e by 4
5393 s 45 31y L b s plgl wlle byby allle 5 Sles
Y e aadllas 3550 claolSi] (R?) s ctl ps &l s
o) Olyss a8 sl gme ol () (BUSE) WS ooy /5D
3,Skas @it j 2oy3 £O b Wl o i) (sloolSia] 3 YL
O el dunlie les angi bl jo 1, @‘19 w3 pAS AVl
A4S ol (Lt ol a8 el oel Conty s clps b o piS
iy ol o P s 9 g 03 piS (el culps sSolee

WWW.SID.ir


www.SID.ir

\OFY

w0 ySdos 50 (65)9LhS wllilgn b o g b s lh J5U owyp

0.7

0.6 4
0.5 -
0.4 4
0.3 4
0.2 4

(R) o5 s o

0.1 4

[]

A2

sz"’

>

Sl 5t
Ol (sLoliinn ] asgacme 53 Al (19,b b w23 pS ALl 3,SMes S LS (Sgmmw )5 ) bty Cod Gl oSS 95 -0 JSuo

&2y 0l 29068 =3 )Sles )5 ) kil (el ol o gl
o8l 48" gled g9y Mo (gl o sl &) il (sla o (ol
el Candy +/¥S Jlade (15> j20)8

39208 Lo aSlas gadldi ol () gau S ) ol gy oy
Wlalbe ulilia jo LALS L

0L G (ot gme S Lalg) @ pe il D98 e
25 Al 13 plol ALS ol 39:aS a3l AL > St
YL D 3 P (ly g8 (Stusen | (Sl w39 N paiS
Sonl)3955 5 (923) Moed Lo b (sl 3 (Stamend olps
Ol gaS Sl 4 g b ggemme 3 (Y JS) el s (9)
o (659l5ledS's ST (sl yuiio g (ALS (Solp3ad Iy LS
L S o Sixie (P-ETo ) sl 1 yine oS 5ySlas 1 1,
paS 5 Slas g i o (P-ET) (alS 55k 29008 jasls
ol d9aS—3, Sloe el Gl (:0ke 35 (o0 Aoy 3
1S Bglegg Mo slaolSiu) lttl ) il sl sl LS
el Cunds YO ol (1) ¢ 5p,5 waldl

0.8
0.7 4
0.6 4
0.5 4
0.4 4
0.3 4
0.2 4
0.1+

(R) s w52

Y . - Y RYS
& o e g & R ¥

(D) &2 30 ok 09008

Olvod

0.7

0.6

'3i 0.4

1 031

0.2 {
0.1

N
4P
BN

<y )”é

57

P

39248 Lo 0 Slasipadld ol (ga S dasl gy sy
GBladba pulidie 4o gy o)L

P23 G olS ol L L b pe (sl el )b 4l 4 s
dglde 3) wimd oo LIS yig (P-ETo) g e () 39808 a3l
3yee (i (Ko bl pslaio (e a4 2l 4 1L L
ol i ) adllas ol ) Lasls cly ol 5 o2 PS5 YL
9 Sanly3sS ¢ laen gl )0 puiS 3 Slas &S 3l L5 b))
295 Jl e (Al 2908 a3l 4 ogllae ls s ()
(7 JS8) md e Lt

39405 (e il pd b 3 1)k 29008 el dnslie
e @23 pAS (sl e alp S350l s l 5L
a2 i)l 39S e ld an o pu S Wl L puiS )
A Gl (sl o (g 53 a3 o0 LS pliy Sl
) polai] laes 4 RP= /8 e b o paiS s cu g

@lS dmlie Cpe olidie (gl (198 U aShl &4 s
505 dlio Sl 1 il ol 318 iyl S9meS bl

i ool 5o ol )0 puiS Al 5,Sles x5l 29

(929) &2 30 )b Sg2e5

w3 e g (2l e (gl axlllan 3590 (S 0end 3 82 0 (1)1 39005 L 3 S (5 )lo] (Kamod duanylio - 1 S5


www.SID.ir

QY Wil =yt « Foylosds « Y8 il (S5 g o g pis YOFYF

0.7 0.7
06 [] 0.6 4
0.5 | i
, 1 0.5
3 04 3 044
1) 0.3 | 1) 0.3 4
N H £ oo
0.1 | ﬂ 0.1 ﬂ
0 ! ! ! : : : 0+ = = : D :
S 3 Y ) g 3 2 ) s >
» 9 & > 't P 2 o 9 & ) e b
d 8 s ) o > S 5.)\ bd $ s o !
(29) BLS Bk OguaS (&) LS B3k Sgma8

w2 a5 g o 0SS (gly axdllae 550 (G1d jid 53 (AL )L 5005 L 3 5Sdas (6 lol [ Smnod dunnylio -V S

A JSs 3k ) (e 8 on 050 adlllan 3590 (sloolS
Aol Cuty olowd g 3153 i)l slrole (gl colpd e
3ySlos sy llasMo L5 51 boole ] 53 Lod by 4sb img
»90 0 aS oled Olyuss sy o Hlas 4 1 il daled paS
oig 4 piS 3es p (3L U Sgn e E589 4 Jlo slaole
oS> (555 d5t8 Jole s 0 Lol 4 dgil )l (o g9 5|
sbaole (4> yo V) Glaos (b @l 5 (55,5liS” i 55 0
(2D Abes) (ol paS a)y Bl Al pe dw bl 3 g cutgus)
i s (992 Yo > e (JolS o a8
Ol &lie) puS (55 2xiy )b L Bilas olewd )3 (Sren
o] Cgizg Jloss 50 lgn (glod (150 gles 4y an gy by .Sl oo
S 2 589 )b > wtin 93 bawgie o ) Jloj padg 3L
5 de Cunlion |y il )3 A5 (559)5i5 0)93 4 cuin Jolye
399 45 (Ko (5L bt 45 sl 55 435 S5l
%2351 GDD (3905 (15,8 St Lo 5 o5miio 93 & p9—cs
aSulan dng b couwl aoi b pldl wlidlen ola o)l
i 352350 51 25 13, Jolyo 2035 51 blitlon (sl e
= e o den W30 asBlan Ldog )0 Cunl o bl o3
aiels B oS plol oo din @9 lojor gy paiS 5 Slos
oo iyl 33,5 S o el il b dulis 1> GDD 6

LS o b oan] 3 1 (lalBlas Guiso

S 5 oS
2y Sas oy Siladds's ST Jolgs oy B b 3o
) Fl_?ol ul.\_o.m UL_M:l Codie L;Lmolimu‘ 2 u.;l 9 2 PJ.S

g ploml o yite Aix g 0yuiie 93 (ot e )S) gy b (o)
olel lajlae b paiS > Shas  Jolge opl 51 S5y ()15

pbe ol 4 b lagy )l dax5 4 dn i b &S 0D gy iliee
2335 oo )Ll okal Cawy

-y =yl peald b adiyyslas  (Sicasan alis
0335 08 pulslle juady 59,

Sl 0als 8 bl pegad > @b e (68T
liie bLE 3 puS (A4S (o5 3 Sles ol 05 jgy —a2p
Lol Sllas ol eclel 5 .cusl ords 3)l555 plosl Lis
AS) Jg) mAyd drwbre g 423 By A2 3 jio ()l
L lay ygibaie (e A ol il L5l S (GDD) xezs
2 (GDD) s ls g (oly wd a5 3, 8kas (2 s (Siuson
Slwlxs 3dod o) 50 .ad plol daleSyg 059, 03 (sla yolide
aulS (Slo de 3 Y 5 A0 N, 0,500 )l slaakul
o3 PS5 (¢l GDD =3 Slos  Swmed Jolov gl el Jos
B g ez o 5y glaaliol 5880 Gib » ast Ll
] Ly (1) il iz (sl 45250 3905
ool s paS 0,Sles by (65508 (Siuod 423 0 )l
A Bl S Y o] ja gl Slaslre S0 4 a2 g5 L
Eomaxe ;11 (g pod pAS £95 VX )y b OxSad YF)
olys dinline g0 pdy Sl S seite g gl (g4l dwd
Cowd |y (cydn (gl Bl wod paS a5 3l LS oel Cands s
0d9de (gl pAS b aulde ,0) by LS 3¢5 jl 039, 03 GDD 4
SlacSady cilisee (layos )3 +/F5 JI+IVY IR diely il ps
A odalin calisw

390~ (Sl peald L puiS o Slas (Siusan
wlbials gulsls yo ud
balgy s ploml o9, 03 GDD (sl &8 ()lel Julos ailie
) wlale olio ;5 GDD g a5 5,8kes (s ()bl (Stausad
sl Lo (Sian o yiag cojg) 03 GDD (o)lel golis oo 0
o sl (A JSK5) sol Cannts 3,5 Sl 420 0 5,y sl
B il | 55 Cinas Yl b Stsod 5 (e ol ps aaslil
Jdow ol abiged jolay > pod 4y i 00l auseds 4
1331, 5l dn 3D o)y Wil (ol 4lale GDD


www.SID.ir

\OF0 wed ySdos 50 (65)9LiS (wlidilgr oy o g Ll ;50 (cwy
0.8 0.5
0.7 1
X os ] N 04 Oloes
3 o5 ¥ o3
i 0.4 4 :
é 0.3 1 é 0.2
~ 024 S o1
0.1 1
0+ 0+
3), SIS G S ¢ ),»i’ ¥ ¥ 3 > yzg 5 7 ?y P P g o2y
(51,5 il 4 )0 O wiliwsl) 0y 33, 4z y0 (01,5 (il 42,0 B ailiawl) W) 39, 420
0.4 0.6
Sl g8 0.5 33
9 0.34 .
) b o
T 024 T o3
L }
X 01 T 02
} 01
0+ 0+
. . S ES N % : ¥ 3 Y >
.\,?),} fa) y? Qf ){ ¥ e ‘3?),} é)???) y’? b4 yf )93? ¥ ¥ g 3‘)‘ y
(01,5 il 4z 50 B aibiwl) W) 335 420 (51,5 il a0 B ailiwl) Wiy 39, 450
0.3
1.2
g‘ 02 " Y i
{ x}f 0.8
k ;0.6
r o1 E‘
= o 04
L
0 4 i ol
3 Dy 7 oo ,1 .& '>> > S y 5 0% o >
o 3 Y D7 of 3 . :
'\3?)5"@‘)) \1“) Sl 4 '&’)5}:;)@§ )*g#){j{s")bfy
(o1, il a5 & ailbwl) W) jg,y 4z yo (o1, sl azyd & aibiwl) wid) 335 4250
0.6
0.5 bl
3,
Y 0.4
A}
]) 03
r 02
0.1
0,
. . . N
ST F A F ST ey

(01,5 il 4z )0 B ailewl) wid) 33, 4z 0

axdlbas 5,90 (G20 (5l 3 ySuilur d ;3 0 I )l diliww] b dilidlo GDD -3 jShos ' el (Sldbae 15905 —A JSWS

By jgy apd T 3)Sdes (Stuser colps IS b 4 Iy
2503 3 abie Sldlas I S (s il slojoed
Sy Slas (o i ) A5 xe Cpiey el Gy Lyl
slapadld ;503 (w3 pa5 ohagn) (liwl ) paiS” Jpamme
oL 5l 55 abesel BB (AL 2908’y (2)) adllae 3)90

A oald uw .L.;)) )9)_ 4>
sle wliae o Jiylmoy Slas sl Siuwed zols duslis

(w23 p5)
e G o0 PS5 0y Slas a8 LS s ggeme > @
el sy (ol oS ) ity (2lodlS'5,5T 9 52 sl by
S99 4 Sl (g IS I Jelgs s & ine
e 2 o5 gl 1y (paiS 5,Skos) iyl padls )3 ol
IR R > ] 35 o a2y
L]

Sl aljgy 0y joy azydd,Sles (sl (SKiwar (e
ol oty 3, Sl 43 )3 0 g 4y yao )l sla il

WWW.SID.ir


www.SID.ir

QY il = cpogg ¢ Foylous o Y5 als (S g O a4y pia

\[~ldd

O 1) gl )3 puiS 5 Slos 0l 55 i pite o Olgis
39005 9 (P-ETo) @0 (il 35005 (2315 53 jlles o
i 2 (LS 5L 2908 a3 LS (P-ETe) (LS 00
»h e ‘,;i—ww el @S 3y S (o
ot Ol Sl Las b lis adllae cod glaolKiuw!

gt e al o5 51 sl Jelge Bl Ly 03 puiS

0> iyl adls oS ol flis 595 00 g dilale o Lt bl
ohagt) paS 3Sles (Gloj Sl syt <3 L (S2) g,
72 35580 lole (g5 ol NS (oo g5 | (3 pS
Ciged)ly (22908 sloole (laen (il )3 puS 5 Sloe
Jib oo (o)l cojlinl 5 g (sl o 5> el Canny
bl pS 3,Skes (g palinda LB 5 slodiaul 53 o

29108 Slanls's ST 4asls 5L gl sl s cnl o @
Sl3wlew IS 5 ey e i 4 (LS G 35055 @20
3 oo il slidlgn 1S ol coles U 3o ool bl b ol 230 il il 4 g b b oolital 5 (2o
A P05V 5 o PVFARY 5l 35 olal b JlogpolSialy it oplie ol 5e 500 0 ], S5 (a5
T S s o S g S 19 AL o2 b
35,5 e ayth 5 St ol PS5 0 Ses Sliss ()L 39008 (ASLE &S gy bl
@ Mg padld (pl g M8 (o d2gi 053 4 1) 3 pAS

&l

538 oyt Bblin jl (B 53 (6)ysliS lidlen (slapadld jledlinul b w3 paiS 5 Shes o iy WAV ef (JloS g0 1S3k )
293 0)loud (a3 b Al (b @lie g (555l psle aloxe

P oyiie d2 (9w )S) g (Spman (amae GBS 3 )5 VAP o030 din g (g g 0 (B g 030 A g (o cbupi g (e Y
DFFY 1 gl o)led i > oS 9 SB 5 Ol 106559l (imgiy qliasd,S il 095 dilais 23 puiS 3 Slas 39l

S e Sliios gyl 2l )13S (wlidlyn o Sl laes il (Jluslis g (Sis sbales Jlos AYAY g jopgime Y
MY o o shad polilgn S ool g L legs olSiisls

il glaJis Comlus (b))l VAV 5 (25b je 9 o (Nl Souwgn op (6y988 g APl e Sl )l) wd (Lad el jonsie —F
231> Jlo (b @l 5 (65)9LiS (1928 5 sl e S dad 3 p walBl > @Al S (SlaJUSew & (ETo) @2 y0 (35 pes
DAY-0AY ) s 5 g oylacs

SWVY) bl ela JlSits 0SB Lpdb) sl > mis p08 5,Skas o] b 5 ISt iy WA g B jio 5.5 cepje —O
N5V 1Y syl & 0y93 (VYA

Cedd (63y90 ddlllas) e )Sy Jao il eslawl U paiS 5, Sloe 5 (ol (gla oyl L)1 oy SYAY 5 gaenl)l 5.5 e —F
YYYRRE ol ldlyin slagingy (55w

Ao AVD qeaian Ol oy plol o&isly cl)lial . 63,8 (55g)0un Jguol AYAY Jodljle —Y

585 (£l 5 o5 e ol Sl 500 Ol 2,10 AYVE o (Y g 0 B e ) il pp (o ey S S
Ol oS SB g Ol Glids duwwge

or9id bl (6350 adllas) (S5)L sboosly jl odliiwl b 0 paiS 3, Sloe (gl dilaio (poss IYAZ .CalBlnl g.e s o SLE -2

() polas oyl i Al 65yolisS” 53 0l 5 S rgjygliss g

10- Bal S.K., Mukherjee J., Mallick K., and Hundal S.S. 2004. Wheat yield forecasting models for Ludhiana district of

Punjab state. J. Agromet. 6: 161-165.

11- Bazgeer S. 2005. Land use change analysis in the sub mountainous region of Punjab using remote sensing, GIS &
agro—meteorological parameters. Ph.D. Dissertation, Punjab Agricultural University (PAU), Ludhiana, India. 128p.

12- Jazy H.D. 2007. Growth indices of winter wheat as affected by irrigation regimes under Iran conditions. Pakistan.

Journal of Biological Sciences, 10: 4495-4499.

13- Nassiri M., Koochechi A., Kamali G.A., and Shahandeh, H. 2006. Potential impact of climate change on rainfed

wheat production in Iran, Archives of Agronomy and Soil Science, 52(0):1-12.

14- Smith R.C.G., Adams J., Stephens D.J. and Hick P.T. 1995. Forecasting wheat yield in a Mediterranean-type

environment from the NOAA satellite. Australian Journal of Agriculture Research, 46(1):113-125.


www.SID.ir

Journal of Water and Soil (53,98 @alioo 9 polke) S g O &y i
Vol. 26, No. 6, Jan.-Feb. 2013, p. 1554-1567 A VABF-1BFY .o IWRY sl — (yote F 05leds ¥F il

Investigating the Effect of Agroclimatic Indices and Variables on Optimum
Wheat Performance (Case study: Hamedan Province)

A.A. Sabziparvar'’- M. Torkaman®- Z. Maryanaji’
Received: 1-8-2012
Accepted: 2-12-2012

Abstract

This study was conducted to identify the most effective agroclimatic variables (indices) which are
detrimental for wheat production (irrigated and rainfed) in Hamedan Province. For this purpose, statistical
correlation analysis were performed for seven sites between wheat performance (WP) (Kg. per hectare) and
various agroclimatic indices namely: annual rainfall (P,), seasonal rainfall (P), monthly rainfall (P), 10-day
rainfall (Pq), reference precipitation deficit (RPD), crop precipitation deficit (CPD), monthly growing degree-day
(GDDy,) and 10-day growing degree-day (temperature thresholds of 5, 10, 15 and 20 degrees centigrade). To
evaluate the degree of correlations, correlation coefficients and coefficients of determination (R?) were
determined for all steps using two-variable and multi-variable (Pearson) approaches. For two-variable
correlations, 462 scenarios were constructed. For mulit-variable Pearson correlations, 55 scenarios were defined
at statistical significant levels of p<0.01 and p<0.05 respectively. The results showed that crop precipitation
deficit index (CPD) is the most effective factor affecting wheat performance in Hamedan (R?=0.36). It was
found that the rainfall events in March and April are more effective than other months. On average, the rainfed
wheat was more sensitive to agroclimatic variables than irrigated wheat. The analysis of two-variable
correlations (WP-GDD) revealed that the spring time GDD at 5°C (GDDs) is more effective than other
temperature thresholds. In general, the results of two—variable correlation analysis and multi-variable analysis
both showed that the RPD and CPD are the most effective agroclimatic indices governing WP. By contrast, the
multi-variable analysis of GDD showed insignificant correlation coefficients. For multi-variable method, more
than 90..,> of the correlation coefficients were positive (0.67< r <0.97) and statistically significant (P<0.05). On

average, the western areas of the province were more susceptible for wheat production (rainfed and irrigated)
than the other areas.

Keywords: Wheat performance, Agroclimatic indices, Crop precipitation deficit, Growing degree-day,
Hamedan province.

1- Associate Professor, Department of Water Engineering Faculty of Agriculture, Bu-Ali Sina University Hamedan
(* - Corresponding Author Email: swsabzi@basu.ac.ir)
2,3- Resaerch Staffs of Agrometeorological Research Centre, Airport Road, Hamedan


www.SID.ir

