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Predict the growth and yield of corn in Hamedan
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ABSTRACT

In order to modeling of growth stages and yield of corn according to Hamedan province meteorological data
(minimum and maximum temperature, radiation and rainfall) By using the sub models of phenology, production and
distribution of dry matter and leaf area changes in maize studies was conducted at the Faculty of Agriculture,
University of Vali-e-Asr Rafsanjan in spring 2015. Daily changes of phenology, total dry matter and leaf area was
calculated using the model and the yield was predicted. One of the criteria to evaluation of a model is Comparison
between coefficients of linear regression of observed and predicted yield (b=0.29+2.11 and a=0.93+0.23) and
coefficients of line 1:1 (1, 0). Accuracy of the model related to coefficient of variations of predicted and observed
seed yield (CV=4.13) was very high so that in field experiments coefficient of variations limit is 20 to 25. R? quantity
of seed yield was 0.69; showing that the probability for coordination of predicted and observed data is 69 percent.
The Root mean square error is the other statistics which is used to evaluation of model accuracy. The Root mean
square error of seed yield was 0.36, which is evidence of accuracy of model for yield prediction. domain variation for
observed and predicted data were 8.54-9.99 tones and 8.02-9.25 tons per hectare respectively and the means were
9.09 and 8.75 tones per hectare respectively.

Keywords: Corn, grain yield, modeling, phenology.

* Corresponding author E-mail: V.dadrasi@gmail.com Tel: +98 936 929 2964



YYAD ol oF 5,Les FY 6,50 )l pl ey lS pole bag

slopd, wio, Aol (o153 wwlls )b (o
I rien dgdige et opf g celie £l
=hy sl Sl o5 win 0 Ol o
P sl o (LS o Sles 5w, (s,
=y olS ol Jlaw 5)50 y0 0,5 colatul
IS S5t ¢ ow359) 3 sy RD (S RTS 93 DR
ol S (350s8,90) SSLSIS, (i
o 5 Olgiee BalE loj o baasls S5 S5 s,
S8 cglailase o Slos caud, b ape 23,5 ool
FLC PSR PO e (R P PR S F PRV
(Perry etal., 1987) s o Jow ;550 slao 5,8
Low lp Joe (1999) Sinclair & Muchow
Corler S olsear Jae onl 5l i s (Sb
paS aiile (el); olalS oo sladas (b Gl
Sinclair & ) <,3 «Arnir & Sinclair, 1991)
«(Muchow, 1999; Turabi & Soltani, 2013
=oiplol (Hammer & Muchow, 1994) 65 ,5u
Soltani et al., ) sg> 4 (Hammer et al., 1995)
i O ey onl 5 Bas b sslazal (1999
L ooyd olS oSl 5 obliony sbeals
Szg> 2hil (7 g ool Jow o 5l oolitul
LoofSles 5 Bldny a4 by
Oy Jito slrosls l glacgame 5l oolaiul

B9 9 3lge

o cipogs
(2005) Soltani et al. Jos 51 5,0 peX L Jow )
god 9 Aby Al gln Blyys a5 L85 S50
ol Glp ol 0 l5 S g Ol Ljlge g 0, Sles
Olse b Csloally 5l glasgarme &y 5L «jglate
25 sl 1y laanld nate gileand
Bl 5 558 o Lty slaal o oS5 5b
Olgmils by a3 58550 slas)re slaow,n
G, WWAY Jlo jo a5 flass glivw degs olKasls
oleols ;5 VY g VE il ol g0 0 Pee (8, )3
dloe Sgr 00l (5 pSojlwl 335 5 JlS ©)90
o] 5l a5 soliiwl 8,90 golie 500 3y90 40 9 0B

Sl LS 0,9 by 9y Az j0 F 88 oyl lp

-

LIV
4ol Ful 4 byye glieyze slaplalejl el
slasie g 00y s hore e )l
Sl Jae docusgame (ol @ azg L ooyls (g0l
Sryely )3 sl sl g oy Sl (AL
Iyl Galisee ple 0,5 5 o Shes i 35l p
51 b Joe (Geerts & Raes, 2009) ol gacedgw
slp e 5 2L glhaxiil s
3 @.L{)’)l P g_s}.‘-;'*"s solawl 5l i Wb g MGQ
3o Jsb ,o .(Hsiao et al., 2009) 5,.5 &,50 Joe
3 g oolatwl jelaieds suiz slo Jue a1idS dao
sl 5l byl 5l oy Sledbl 51 Sy aS
Sl ol C‘)DL:...»‘ LSQ:LS .\.w) ZM‘S)L»M
S5 9 Sboy a5 (Farhadi Bansouleh, 2009)
5 PLS Sy 50 et Sel (Spden @le 0

it sladae 05300 O 5L 5550 slaesles
OlFiee &5 wien 5 lpl Jyame adgi g ol o0,
slrais 5 ol Gl 0 Shee ol 3)00 Gl
Kgl a8 S 5 4y it Lalyl )0 ol LS 900
oS 556 o ol (Van Ittersum et al., 2003)
s 2l slaShy s S il (Sipden sl
95 b srnse dele 5 2LS b Shy (219
Lo s @l Ol s Jpame o Sles
Richter & Semenove, ) oS o Julodsa oo
Copde Setn o Olgiee o Sy 3l (2005
Sl gz ,b cngin slr =) ol wo,
Opet bl oSles St b Sy
sy gl prebe dmbe elp W
095 A IS ar (S39lgd) (ISl sladl>
S g basaale (39wl slaoansSerdass
Ngd a8 S a4 loy o pcmbe jo g lew

31, (Soltani et al., 1999) 5,5 oolarwl
@lr @labesy Olgear 255 Glados 51 olileJoe
Ol iles ST eslaul wlgs )3 3529 lajlas 2L)
S 5l bl 4 Jae L5 28Ty o) n bl
Ol At )0 5 05 o0 Sy ailaie Sy seldl



Hay Olden 10 &) 0, Slae g ol sbal> o Jo w2l 5 g (gyold

Sl eolaiwl  Jae jo g S Oy90 dalhio o
Ol 5 052 09000 18 S50 Sz 45 x|
Syalp @lp 1y ooy ol 5l eslanl
IS e sl sl wdy gy A2y on ol
ablie Ojg0d; 35250 sools 3l pilas laal> yo
Aoy 5l oolatnl b clslS 51 s 59, g ol colazul
S fas o) e, 40 4 SElany leans
094. uu).';...uo )o as @LDOJQLM O )‘ as 6‘4;5544
Olpeds (K wwlie gloal>,e 51 S 0
A 0) iomw sboe glgieas il g cadosslis
sloJole ol as 57,k o (a> 50y gl 0l 5,
oLS S LsLle})A o\b) QLA)' 9O = ‘_ga.m
Loo lmQ] IR as B o )‘J§ ).uLs S ‘)
Syais SeS 9 (Si> (05558) Sy9 8)99
by99 9 Lo s b Jule cpl ol 3l o plae
u”l‘w“)*-’b“”?l’w‘w;wd)?
3 00,S jebdy (pae b SO0 (5,95 8,90
a>ls by ple)S pley Lol js, Az 0 pspde
Sz, Swsim  SileesS  ¢lp ebkS
BRRPRY Vg oolazwl gs“‘))' olS (s slardl> e
oSl sles 1l gles ool jsbay by, (]
903 O ey 50 yi%e Glod (5 g 05 co S Al
alie, wlS by L alyy, aby 59, &>y b
Al yo 5o 5l ols 5l ol S aS ol 59, A yo Egacme

Al oo Casddy dus (g0 Al o &

S50 by sleal> o 5l plaS e 4 o,
@b 9 S ghe (el @l o Sles (o
Olg¥ oo ol oo oolitul dingy Lasl s 3 5 B yae
(1997) Sphere et al. g ool 3,155 bl 4
(2012) Dadrasi et al. (2008) Ramezani et al.
(2010) Shyrkhany & Chokan (2005) Sphere
Karimi et al. (2009) Kordbahmany et al.
Spehri et al. 4 (1995) Otegui et al. (2012)
o s Ll sly Jae 1 S5 6 lal (2002)
g Sl oals o)Ll V Jgam j0 aS ol slesog g
Sdee Sl oy 695y sleaziuld des

Y JBJ“’) Sl 00 6)5—‘3; alis ﬁsL‘bu""‘bS)-’

G lbagay 9ol
ot LNy e il 5l sl
B (ol e wle olS (s9e slral> yo Sl
Lo Gldng 9o dmgin Sl (Som) b
ol Cusnl gilu e o ol (soei sloal> e
slaae jo Sas sole @i 9wy ez @)l
A s s3b 030> b el alS (s5luand
Soltani ) cel colsaey sba> e slas, b
sleal> o o i u;"}i" i), (et al., 2006
Oliis Ll p Gl @5 0, GBldny
sloal> o (Blaen) [l 5590 dilate o 43S & 550
odliinl b g 098 (w2 g (Gt 2) SELENY
Sloal>e (wyp dieys &S Slids
S 485 O yeo (wyoke b)) ©)d BSLbayy

by Ol (ol e slp 3L 0y90 by 59, A0

53 oo slp 5l 090 slaazminl ) Jouor
Table 1. The paremeter required for corn model

Parameter

Unit

Weather data and climate

Daily solar radiation

The maximum daily temperature
The minimum daily temperature

Degrees Celsius
Degrees Celsius
M J per square meter per day

Daily rainfall milimeter
Characteristics of soil Albedo Don’t have
Drainage factor MmMm
The volume fraction Moisture in the wilting point CmCm
The volume fraction of moisture at field capacity CmCm
The volume fraction of moisture saturation point CmCm
Number soil curve Don’t have

Date cultivate
Density
Soil moisture at planting time

Agricultural management

Fraction transpiration of water for irrigation

Day of first January
Plants per square meter

Don’t have
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6. Fraction Intercepted Radiation

7. Radiation Use Efficiency

8. Leaf Area Index

9. Extinction coefficient for photosyntheticaly active
10. Erosion-Productivity Impact Calculator

11. Ceiling temperature for dry matter production
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1. Growth Degree Day

2. Maximum temperature

3. Minimum temperature

4. Daily biomass production
5. Solar Radiation
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Table 2. The name, unit of measure amount of resource estimates and estimates of parameters in the model of maize

Resource estimates Estimate Unit Parameter

Chokan and Shyrkhany, 2010 10 Degrees Celsius  Base Temperature

Chokan and Shyrkhany, 2010 30 Degrees Celsius  Optimum temperature for growth

Willson et al., 1995 8 Degrees Celsius  Base temperature radiation use efficiency

Willson et al., 1995 20 Degrees Celsius  Optimum temperature lower radiation use efficiency

Willson et al., 1995 40 Degrees Celsius  Optimum temperature upper radiation use efficiency

Willson et al., 1995 50 Degrees Celsius  The temperature ceiling for radiation use efficiency

Otegui et al., 1995 4.14 G/ MJ Photosynthetically active radiation use efficiency in optimal
conditions before filling grain

Otegui et al., 1995 3.39 G/ MJ Photosynthetically active radiation use efficiency in favorable
conditions during the grain filling period

Verdopdt et al., 2002 0.6 - Extinction coefficient for photosynthetic active radiation

Muchow, 1990 0.015 Gram perday  Daily harvest index

Akbari, 1991 (5,5.7) Plants per square  Point 1on the curve relative leaf area index in versus of density

meter
Akbari, 1991 (0,7.8) Plants per square  Point 2on the curve relative leaf area index in versus of density
meter
Soltani, 2009a (0.15, - Point 1on the curve relative leaf area index in versus of
0.05) Normalized growth stage
Soltani et al., 2005 (0.50, - Point 20n the curve relative leaf area index in versus of
0.95) Normalized growth stage

Kordbahmany et al., 2009 5.8 - The maximum leaf area index in the area

Muchow & Sinclair. 1991 0.35 Fraction of available water at the beginning of the decline in
production of dry matter

Soltani, 2009b 0.25 Fraction of available water at the beginning reduction leaf area

Soltani, 2009b 0.5 Light extinction coefficient in the calculation of evaporation and
transpiration

Soltani, 2009b 0.23 Plant albedo factor

Sinclair & Muchow. 1999 1000 Millimeter The effective depth of water extracted from soil
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Table 3.The Results of regression analyzes between observed and predicted data by this model

Traits df atse bise cVv R? RMSE
Days to emergence 9 1.21+0.19 -0.91+1.57 11.58 0.83 1.01
- Days to termination leaf growth 9 0.97+0.24 2.79+14.94 7.62 0.66 4.77
Days to begining seed growth 9 1.06+0.18 -5.36+14.15 5.09 0.80 3.83
- Days to termination seed growth 9 1.02+0.22 -1.36+22.22 4.44 0.73 4.52
Days to harvest 9 1.34+0.32 -42.31438.47 4/97 0.67 5.77
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Figure 1. Days to emergence predicted in versus of days emergence observed. Filled line indicate the line (1: 1) and
dash line indicate regression equation has been obtained between the points
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Figure 2. Days to termination leaf growth predicted in versus of days to termination leaf growth observed. Filled line
indicate the line (1: 1) and dash line indicate regression equation has been obtained between the points
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Figure 3. Days to begining seed growth predicted in versus of days to begining seed growth observed. Filled line
indicate the line (1: 1) and dash line indicate regression equation has been obtained between the points
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line indicate the line (1: 1) and dash line indicate regression equation has been obtained between the points
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Figure 5. Days to harvest predicted in versus of days to harvest observed. Filled line indicate the line (1: 1) and dash
line indicate regression equation has been obtained between the points
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Table 4. The statistics used to evaluate the model for grain yield, harvest index and leaf area index

Traits df atse b+se Y] R? RMSE
Leaf area index 7 1.18+0.29 -1.08+1.52 1.64 0.76 0.082
Harvest index 7 0.86+0.22 6.72+10.51 3.84 0.71 1.80
Grain yield 8 0.93+0.23 0.29+2.11 413 0.69 0.36
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Figure 6. Leaf area index predicted in versus of leaf area index observed. Filled line indicate the line (1: 1) and dash
line indicate regression equation has been obtained between the points
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Figure 7. Harvest index predicted in versus of harvest index observed. Filled line indicate the line (1: 1) and dash line
indicate regression equation has been obtained between the points



7oV Olden 10 &) 0, Slae g ol sbal> o Jo w2l 5 g (gyold

ooliiwl Joo cds obj,l Gl a5 oo bl Koo
Sy90 40 a5 Cewl Uas Slay e Kk Jd> 04l o0
aS oy (RMSE=:/YF) als o,8lee  l5ue
Ol (St o Joe YL cds baeolas
aS wes oo glid A S (Fgus) cal o Sles
sleosls gl awly s Slae (gl sy Al
5 5L 0 o YA L o5 MOY (o calosalice
sleosls (gl 5 0e o5 U1 ool Sl

G ALY o= Q)S'L‘"c LS)’A‘)-M-’-) ald EM‘SMJW
9 0 ,Sa 0 o5 AV lagT . Sils 5 o5 AUTO
o ools u‘“’)‘)“ u,-’j-;-w)f) :Ua.g‘) VT PE )|¢5,o.3
dlin glp a5 cnl VY ez susaslis el bas g

ol 00 )55 wm by bghs o]

10

=

i —

= 9
=%

w
=~ 8
o=
-
D=
c g 7
s

E5
5% 6
gt =
(= I
—
2= 5
>

p

=

=

e

o=

L

ails o ySlos 4yl 3o
Sy Soeaye Jao byl slolas 51 (S
0l S e 9 ool o)S.Lo.c g)‘)""“ O LA@
L (B=+/Y2 XY\ ga=-/AVE- /YY) polio L as ol

Slastinl o jlxe 83gaze o ouloly Ggww S, Lo
S8bee 4y bgipe (i upd Aeyd )l 13
8 (CV=YNY) cndosnlice g oo g i &l
Slogileil o o GlFe oy Yo by Jas
Vo B YO U 608 cuypd @l jlre o> las) s
aS 039 17 L ply als o Slae sl RZ liue o]
lrools vsyo £ Jlazla a5 cl ol Sl al o

.J.i)b @‘BM odsoddlive 6[»00‘0 Ls omww

v=0.9301x+0.2907
R2=0.6965

Grain yield terms of tons per ha (predict)

dhl, Kby uxdas 5 (V) s Sily 95 L coadonnlin &ils o ,Slee flie ;0 ool gty iy &lo o, Slas A S5

Sl OMTWQM Llas O ol ool U’“)‘)" ‘:W;)

Figure 8. Grain yield predicted in versus of grain yield observed. Filled line indicate the line (1: 1) and dash line
indicate regression equation has been obtained between the points
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