Journal of Water and Soil
Vol. 30, No. 4, Sept.-Oct. 2016, p. 1322-1333

&%"Au}:; ;,

(55791 @ibio g pale) S g O @ i
IPY-ITEY .o IYAD 5T — s oF oyled oo als

S el g (5 liS wlidlgn sba jasls wlul 1508 s e o f Jdo s
I Ol jg 5> ool

FALA Lo, T e s ol (Bkemee =TT Mo (5 s e —' Jam ) st
YRR/ Y/ 8l 55 b

LA ZARV SN A

daS

s5-bate ¢35 (bl JI3)55 50 oy Cumnl I (o159 o3Lal Sl cuslio Cupde Cax (£ olS 3 Shes o v
=hys Jlo 0y9d (b > (ol Jiol)b VY g (g )slisS wlisilgn adli & (glie y clpuiio liw ol )3 1587 5 )Sae o i 9 (g)ybol (gl o
1y (Same (GDD) 13 oy a3 b (e 5 BIE (1> J5 (8 aBlus ) ¢ S S 0D «093) Wl ) 1317 (s3glgid Jolpo auils
Jitane olapuiio ¢ 131 YL 3y Shoe s 0 puiio dix sla Jso ¢ ylol (slo Jao Judog g ( Siusad g, 3l odlitul b .0d duwloe dlsyo y
Jad S g (aloye A) (S5o06 Alayo o (sl MEA (JIVASVR (ol slalo (b )3 (c65)9laS (oolidlyn o padls 5 codldl (sl yialyl)
o35 Ly 5l Jae g0l 4 sl (RMSE) Las clasye (:55ko pi 9 R? (puesd oy il &0 4395 b 5 Joo 3 oy IS 03,
Jie Coles )0 g dwbrs gusual (o pd e W plodl AESIS €8 Wb Jae o 0 &5 AV JTA-R elyi sl Jls (gl 13S0 Sas
Iy 138 5y Sdas iy 0)90 S5 (b )3 (R) U55b ggeome o (TMaxX) ailg, ,iShis slod 1 Kke bl 3 Jdo opl b Glesl 5, Sas o i
W39y ) bze +/+0 Jlais| o )3 g 03,8 o |y ddy uad p3 5 ySlas Ol poss duo 3 AFA b pusito (] 23,8 do i

Ao €0 paxio Ji> dLZbJJA ‘d)'L»J.\A J)’lf J)Slo& umus w.‘bl L;Lmua&u L;.\.&JS dub}‘s

o & 3l baamd > e odes g sladily jl xS jo
L S5k Jds 4 158 cusS anwgs pudl sla Sl 50 (YY) 24y o0
(F+) Cwl a8)S )18 do g5 350 youiS blas el 3 auldl byl
b yiahl 9 )5 o0 b (2lyj QLS 3 Sas p Jaee Jolge
oS 3,Shos g god ey & Cunl (Jazro Jolge o oo 5| (sorldl
9l Olbluwg ylas L ddined (65)5liS wlidgy a8 o J a8,
Jein! opl a8 sl 0393 ol yors ( Madl o (slaylb il s g lon
S L ¢l o Lol 5sai chs JlS gl & 5,0 o
Ol e 9 Jgmamma 9 0LS ) 53 e cilire (cla il
9 S uisul; slreny alyls ;Ca.a.f:l.))g Juad 5l LB Jy.a.’x.a
s Jais! o 5 5 Jpmamine (st ot ol 3l
sbylis 5 Ly slaaslas b &5 dblie 1 ¢ Joamo g
2 (VF) ohlen g g )le (VA) cl 039y cditinds onld]
= LSLEJJ_A )I oalawl L I) PR rDJ_»f .))_§lo& LS‘A:JUG.Q
laodly us oalawl Jas cpl 0 &S sla yuiie WN3505 s i

LYRUFY

) Sl (izmen g Campmen A5 Rl b ol 5

sobo SIS and Jlar I (BLS sy Bpae pdpe olie
059 39405 L y9dS > (pe 4yl Bl o3l (g et
Veobads s 4 (B (25 Mg AT g sk el a2lge (STgs
L 2p50 3By 2> A 5 A (o0 el 1) (85, Sl S 5l e
S A(W) 958 (e 0ol 938 @)l 5 (VL Jlws dja L
olels I S, Cruciferae o3lgls 5l (Brassica napus L.)
95005 gldl e o Sl (392 Ll s 4 o5 sl e (89,
308 Shes slagfg) il Sl (S Oloim (9 3929
Ay g Lacyeling 5l Ly g 039 ¥ =Kol (g5l (429, cl 21>
Oy Moy ¥e 5l i il b IS als (YY) cusl (g)g b (Sime

Sl 5 Hbobiwl wliwl ¢ ol); wlid por (6555 (gl cadyp 4 =F g V¥ o)
Speio (ourgdyd ol o5 yaliS” 0aSLily (bl Mol g csly; 09,5

(Email: mnassiri@um.ac.ir 1 e 03y g5 )



S5l Gy Gy, ggeame 9 18y Juad (b 3 (SH)L
2 23 pdS 3 Sles g odlil slayiall (wyp 4 (F) saea il
Ol (Ul gt g 23,5 pl3l (Ggm )5y (slaJse b )3 Mew cus
ol 5058y Bk Ol slo e g mad puS 3 Shes (s 0>
e bLS)| e Jluw by 0)93 ()L (slajgy sl (i
2L g )l ghise slajg) sl b piite (g Lol 1 392
OhESer 5 i 92 )5 (woSe LSl 03l ()b oyl 5
sy oy Sl (S (g Sy sl Jse (b)) 3 (VA)
SilweS sl 38 pMel lod @ Cund IS 03 du aalS' 0>
SlaSS 93 9 Ly gl Jue jl los 4 LIS pB)1 550> s puo STy
Jae s o Lagl 5l oas awle (Lo il )b 51 g 3,8 ooliul
@l 9 2)8 odlatul asyje )3 LIS axalS (b jew oloj moin
Lo 4 SYN3 5, g RGS003 45, b o STy a8 by Lt
ot (V1) o) 9= Lo e plo 5l i b @l dowy 4
Jolye 008 dad e g g dlee slales ulawl 4o 1518 5 Slee
5 SIS alspo 53 g plosl Ll slaglil ) (5lsd
28 (Byma ) IS 3 Sas it Vol ()

035 9= elas GBS (sl 1) 48 (silo S iliseo (pdiee
o8l 225l ¢ Gl ) 52,8 g pAS 5 )5 dygus o ol
Jbw Se i pdin g 9Vl (Sa0)b olslé lug § Suid des
Cdloy Juad jl b Jgame (cin i 42 g (oorldl Jolge
oo e o ) (gl 5l e g b ol DI
pasls bl IS 5 Sles (ot (ad 0o i (g )S)
Seio liws e )3 (codlil (sla el 5 (6j)sliS (ouliilgn (sl
e ) e Blinl 33 51 5 15 plol s ] 5 &S 3,
L (Sejsdsd ol 98 ) 5 cudls loj 3ygl 0 5 dlns
Dy ol gl ol sl 51 ool

W95 9 319

L s9-8) bl bl spdo Gl gl )2 asllles ()

Sldlin (oo 9 OUYA SLd Job oLl Clasis
o8l clmodls Lol il o by> plaw 5 yie QA glis)| L YE/\S
oleiluw 51 (AY=AY (JIVA-YA ely; Jlw) Jlaw VO s 4y
e 35k g (ool slasds 53,8 5 (el s s wlislen
ssdite & 5 03,5 ooliol Vacuns o 'la ol (g, 31 el (28
o3l (g)lel (slaygail 5l bl (Stusor (39 (Bolay S
O JolS g o] g3 (oo e 4 3)l50 sl (V) )5
90 ot (S | g)lel Gloedls (35 1 (s gl (sl Lol

1- Differences Method
2- Proportion Method

L as o lis aiss ol polt Loy wliSE 5 bl
B ol 9 3l 1y od paS 5,Sloe ¢)lg7 o odls oyl I oalazu!
i (s g (Priwcons (1) (oule g alg)) 2900 (i
oo)l35 g a0 plosl ae i balps (0 135 41y 1, AquaCrop
s o S oy Sl Jpnn 3,Shae Jao o 238
s Ot allls 0)50 doyie )3 o ) algn plul g 5 4l
g CropSyst (aLS Juo (ouwly (V) o) Ken 5 yin 3903
S 258 G 5 Pl S oS s,y (s jltend 5 3,Shae (a5
2935m0 48 (5950 4 g Jde cunlio (1e3S Sl (295 @l
o3le (159 0 (s 9 S350l plie (oo (Stumon 5
e ey @ e laylag 0 Sy e a3l § Sis
(V) Jsl sl 5 ool poo 4335 aloeo +/40 4 -/2Q
w8 O 5 Ll o IS 5 Slas 5 Sy o 5 ot
Dyg0 093 (b ;3 45 13,8 yasiio Ll ol plouil ) KiiS dos
Iod B (e 3,Sos 5 5 s 5L 5] Joo adl
LSl aalllan (ol el 53 (YA) Slm o5, b oLts
blys )3 LSyl gl )3 ool plalS 5 Slos i e
sladie Jols il (jhg) aw jleslyj ooy SB il
olalwl (egiume (amas dSud g (o)) CE ) (oges b
pScwlio o )3y Coyd &S Wb (astin adllas cpl j0 00,8
ol adlaio (1) 3 (oelyj oS 0o (i sl By
L i bl Ul 51 ol iy > p Jpamo i e
Ot (Siaed (i & 3l (LS g A8 )] ilisee Sguw S
e Jain iSlas gy JBlan Glacol 423 b il S 3 ke
slac)ly s dnd OM sl xezd Hlade ( L8l Syl slassls
soldon slapeed 53 cuts | s ke g ailig) Jolus g Sl
b ol adllas cpl p3 0yl 252 liwgdin Ol <L) K, o
Sl J s a0 pusS Jaamed Slas &l s jl sy £Y &S
L2 (7) hlSam 5 553 {¥) Sl 39, 1530 sLn sl
9 Olen slaglivl (sl (65,9liS (wliblgn iliie (slayad L
oMt Ul gy & 2008 LBl puiS Jpuamo (e 4 (lwd,S
Ol 5l 5le 5y Sloe @l s la o AVl an j3 3D
L w3 pS 3)Sdee (V4) 555k 5 (JloS 09 (ulisdlgn (sla el b
Sz jl (B 1) GhigltS (wlislss slapasls jl esliv]
QY olitilo,S ;3 48 15,8 iy L ki) g oliile S el bl
Ol 5l ao)d A HolSS g doyd do 3 FA 048 g gliiw )
5 olidlyn sl sially Sl S Slio o2 p5 Jpuamo 3,Slas
D92 ($5)9liS (oulidlon (slayadli

3)Sbos o For Sy slaJe jlodlal b (VF) cr)j g 03l 8
355 S35 9 03905 it st Ol il 5 1) 3 a8
cdbate (ol )3 od PSS Ay oA S (e Jolgs o ploge oS



120 LT — ye0 Foylods Fe s (S g0l @i VYYY

(VF) ol o @ (F) doleo 5l a8

Sejsdsd adsye ya (gl (5y5 =)l laisly ggecme PTU
(YF) el cawd s (F) dolee I &S

b
HTU = Z(GDD + 1) (v)

b
PTU = Z(GDD *N) (¥)

a
Bly oLl cla celo N g (Sen L8] gl celo @Shs N

Cwl

548 (S5dgid Aoy o (sl Ol B Ld 3508 9020 VPD
(YY) 2ol o 4 (B) Woles

b
VPD = Z:(eS —e)(0)

_ RHmean * €s
=10 )

RH hean 5 odls of Lso jLié €5 cunlsn bawgio slos
(V) ol (12)3) I (s Cugly (1Sl

Tl 4 g Ad glyouiwl (318 Sl ax 3 Ve B10) clio
ol 031y 59 dlael g u 001y olo yoo Jol (slue (g (59 S
72 EBl i 0,0 €l )3 9 0355 <pe (S9ro D
doloeo (V asles) ™ Joms dlasly S8 4 VD goBy Jlois] bl
p= % 100 )

=n 9 gé._.{.)) D)Lo._«f: =m (R h] A JLwl L S ("_U)L =P
A3l e (gylol (cla Sl Joleo 45 Laodly sluss

Sl gasazs s 1 5ol § e da )0 0 1S b sled
48 35 pY (Hume 48 oy 42y [3IS (G5 g8 Jolpe JeeSS
épdy pbsl (V) Joso olal p Slowlre
3y80ae Jlal 0238 drslone (sn (555)98 A ye £o,b )b ()bl
Sl (55,58 Sl gl | el 390 csloJlu o 3 1585
YY) s el

Je S oylel slaJse Julow g (Siasods g, 5 edlizl b
b yuxio g 138 5 Slas s SPSS l38le 5 5l oolaiwl b o yuxio sin

6- Wibool

u—“’L"‘*’IS'R’ o (L pusio .(Y~) Cowl o3 odlazwl s9bme ol
Sl 9 3k Cop g (el Cugly ol (ST 5 Jade) )L
slegasls jllas,e gl glayully (Sp 5l e lelis
u)l)Jl_u (YO 9 Y¥ N ‘\‘\) s oola ! d)’)al_ﬁ}f u_wlmu‘yb
5l og le Guind it (glb pusio

Jold [0S 08y (S5g s adepe pn 5 (cadlil (layial )l
4_3])‘9) J§L\_> sl Q&L.a ‘(Tmax) 4;’])'9) ).5|J> slod uai)l.uﬂ
Lod (0 yiidi (3o (TabsMIN) Los oy yeS™ 5o (TMIN)
(Rday) yzo o V3l jid o)L slajs, sl (Tabsmax)
9 55 Eg02re (MPEL) 3,5 5 55 olie (R) ok ggeone
sy 3o ySlus (FF) ol ailjg, sy 5s55ke (TPEY) 5y
do)d 5S5lue g (SH) oLl wleluw ggome (FFabsmax) sl
5 355 Egaa 9 (355 5 S (xSoke S92 (RH) (oamss Csh
CropWat ,l3-8le,5 5l eslitwl Uy Lussle =iy gy & 35
S Al

Esome (Seigleid salspo 2 33 (65)0liS (wlillen jasls
4>y ggaie (TD) aslyy, Jolas o wSlas clos BMs)
{HTU sl — 5> slasly ggame {GDD) a3 (slojs,
250 )Lz 3900 ggarme 5 (PTUY (59 =)l sloasly ggosme
W5 Aol £ B Y Yo b &S 0y (\/PD)A o

Jolis clod Tmin iSla s slos Tmax (V) doles oyl 4
oo yo y plasl )5 D g 95 Gl @ oIS Bl s y2)
(V8) cwl (S35lgid

b
TD = Z(Tmax - Tmin)(\)

a
o)3 il 4 )0 s (GDD) wisy (slajgy (g4 )d geome
dol Cod 4y (1) dhalas 1 &S (Sofslgtd (seloyo y2 (gl g, 50
(1)
b

GDD = Z [(—Tma" ;r Tmi”) - Tb] ™

2
= gy Jlas 5 s sles i & =Tiin 5 Tmax
b ga (3,5 le 43,0) 4l clos =T} o 3,5 5bo 43 )3 o

Dy Al yo dails 5 g9y F)l G 4 =
Seislsid alo o b (gl B - )l slaasly gsazee HTU

1- Temperature Difference
2- GrowthDegree Days

3- Heliothermal Units

4- Photothermal Units

5- Vapor Pressure Deficit



5 plosl by Jad JSg (55906 al> e

72 3 (5098 (lidlom yiite B g (oorlSl poiite 1Y) Jitwo

(FR 9 YA XY IR 0) 1315 590938 Ul 5L 3,90 (GDD) S 59 a2 y3 - Jgo
Table 1- Growing degree days (GDD) for phenological stages of Canola
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Figure 1- Trends in the canola crop year 79-78 to 93-92
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Table 2- The timing of phenological stages of canola based on growing degree days (GDD) in the city of Mashhad
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Table 3- Remaining after removal by testing different models
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Table 4- Regression coefficients, intercept and the coefficients of the variables of the model
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Table 6- Evaluation of estimated and actual amounts for the years 1390 -93and the error rate performance of canola yield
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Determining Prediction Model of the Canola (Brassica napus L.) Yields Based

on Agrometeorological and Climatic Parameters in Mashhad Region of Iran
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Introduction: Environmental factors whichaffect crop yield areone of the most important factors in
increasing yield.Accurate prediction of crop yield for economic management and farming systems is of
particular importance.

Materials and Methods: This research was done in order to statistically model and predict the canola
growth and vyield in Mashhad region based on 5 agricultural meteorology indicesand 12 climatic parameters
during 1999 — 2014 period. The date of planting determined with regard to the optimum temperature at planting
with probability of 75% based on Weibull formula. Beginning and the end of the phenological stages of canola
(germination, emergence, Single leaf, rosette, stemming, flower, poddingand ripening) were calculated on the
basis of growing degree days (GDD) for each set. Calculation and statistical equations was done using Minitab
Ver. 13.0, 16.Ver SPSS and Excel softwares. Correlation analysis, statistical models and multivariate models
were used to determine the relationship between the annual yield of canolaand independent variables, including
climatic parameters and agricultural meteorology indices during the growing season between 1999- 2000 and
2009-2010 for each phenological stage (8 stages).The bestmodel was selected with respect to the values of the
coefficient of determination (R2) and root mean square error (RMSE). If the predictive power is estimated of the
model RMSE values of less than 10% excellent, between 10 and 20% good, 20 to 30% average, and higher than
30% weak. The model tested by estimating the yield of canola for the 2010 to 2014 years and the correction
factor was calculated and the effect.

Results and Discussion: Canola planting date wascalculated for 23 September in Mashhad region. The
phenology of canola was calculated based on growing degree days (GDD) above 5 ° C. Germination calculated
for 25 September, emergence in 3 October, appearance single leaf in 7 October, rosette in 6 March, stemming in
4 April, floweringin 21 April, podding in 15 May and ripening in 4 Jun. The time of the phenological stages of
cereals is virtually the same time. Therefore, due to the water scarcity in the studied region -canola can be used
in crop rotation. Average, the highest and the lowest yield of canola werel329.5, 2159 and 835.5 kg per
hectare,respectively.Canola crop yield showed a rising trend during 1999 — 2014period due toimprovingfarming
techniques and mechanization. All models are significant regression coefficients were tested normal, alignment
and line.Each model in the absence of proof of any of these hypotheses was removed and the 9 remaining
models were compared. Model 1 predicted canola crop yield in the single leaf stagewith an average yield of
canola evapotranspiration ((Mpet, absolute maximum wind speed (FFabsmax) and the sum of the vapor pressure
deficit (VPD).Model 5 predicted canola yield in the flowering stage based on the absolute lowest temperature

(Tabsmin), average daily wind speed (FF) and total sunshine hours (SH). Model 3 predicted canola yield in the

rosette stage based on the average of daily minimum temperature (Tmin), the number of days with precipitation
greater than 1 mm R (day) and total pressure loss water vapor (VPD). Model 7 predicted canola yield during the
whole growing season based on the average of daily maximum temperature (Tmax) and total precipitation
(R).After R2 models with higher coefficient of 1, 5, 7 and 3, respectively, with coefficients of determination
0.902, 0.902, 0.868 and 0.866 respectively.Then F and RMSE were evaluated forecasting models 1 and 7
excellent, 5 good model and version 3 was average. Model 7due to lower RMSE and the number of parameters
during growing season was the most appropriate model. Model validated by means of recorded crop yields
during 2011 and 2014 years. The simulated yields were 1470, 1639 and 1226 with average of 1445 kg per
hectare. Error percent was 45.1, 9.3 and -7.1for the following years with an average of 15.7. RMSE was 9.4, 2.6
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and 2.3 with average of 7.4. The predictive value of the model was excellent for all these years.

Conclusion: Model predicted the yield of canola based on the average maximum temperature (Tmax) and
total precipitation (R)with error correction to reducel5.7. These variables described 86.8percent yield in the
growing season and were significant at 5 percent. Canola planting date wascalculated for 23 September. Time
phenology was germinated 25 September until ripening 4 Jun.
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