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Table 1- Soil physico-chemical properties of experimental field
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Soil Texture Clay  Silt  Sand Nitrogen W S i (m® m®)

) (%) (%) Carbon (%) Ph S Wilting Field
Depth (%) Balk Point Capacity
(cm) Density
0-30 Clay-Silt 44.3 39.0 16.7 15 0.17 7.4 14 0.205 0.325 0.49
30-60 Clay-Silt 44.7 38.7 16.7 11 0.17 7.4 15 0.205 0.325 0.49
60-90 Clay-Silt 42.3 40.0 17.7 1.0 0.17 7.4 1.6 0.225 0.355 0.495
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Table 2- Estimated genetic coefficients using DSSAT GenCal for each maize cultivar

SRR

SK55 el po CultivarsMaize

Genetic coefficients G2 L SC SC-704_Y+ £ BC-1vA ) g0
Default (GF0301) BC-678 Simon

P1 (degree days) 250.0 275.0 286.0 286.0
P2 (days) 0.500 1.800 0.576 0.576

P5 (degree days) 730.0 910.0 950.0 950.0
G2 840.0 750.0 750.0 850.0

G3 (mg day™) 8.19 7.50 7.00 7.90
PHINT (degree days) 38.90 51.97 51.70 51.70




VPP @) oy g o590 085 BT glwand

390 jgy o «Ogeame 9 BCHVA pB)] (gl g jg) S SC-V-¥
55 (NRMSE) 0105 JLay Lss cliar e ySilee yis (¥ i)
5 A3 VPV SCV-F 13 adlS b 0 5uas g5 dloye gl

Y ).Q.o (19oaw 9 BC-5YA plé)l dl).g

Jue el g
pL8)l goi Jolyo (slyy CERES-Maize Jio oxiwly gols
oSl jis lads .l o odly L Y Jods 50 @yd calise
5 s (2T b e gged Al ye ol S Olupe

039 5 2 g (a3 (59092 348 (S U 59, o B U 59, 0d (65010 g 0d (g luvcemad j23lie (s (5 )lo] duamlie Y Jgoa
CERES-Maize Jao (Suwly gl &3 08,1 aild 3 Slos ¢ J5 Sis
Table 3- Statistical comparison between observed and simulated values for days to anthesis, days to maturity, Leaf area
index,total dryweight and grain yield of maize cultivars for CERES-Maize model calibration

Root Mean Square Error (RMSE) Normalized Root Mean Square Error
q (NRMSE)

Maize Cultivarses,s ol,] SCSC--Y-¢ BC-1YA ‘_,w SCSC--Y-¢ BC-1YA ‘_,w

704 BC-678 Simon 704 BC-678 Simon
Anthesis day 2.5 b j5, 1 0 1.37 0.00 0.00
Maturity day <jelg s (Soduw, B 39, 2 1 1.59 0.85 0.85
Leaf area indexcs ,, pdaws a3ls 0.56 0.42 18.95 22.04 15.12

Total dry weight (kg ha” s <is 5

) %9 518.22 513.80 546.65 5.94 5.98 6.43
Grain weight (kg ha™)ls 5, Sles 362.80 260.42 7.05 2.77 5.29
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Table 4- Statistical comparison between observed and simulated values for days to anthesis, days to maturity, leaf area index,
total dry weight and grain yield of maize cultivars for CERES-Maize model validation

by bad Ol po (1lo o
(5 e po eSilen i oS S e 2 (A) Gy s
Root Mean Square Error . m
(RMSE) Normalized Root Mean Index of agreement (d)

Square Error (nRMSE)

@5 pld,| SC-Y+& BC-WA  ysemw SC-Y+f BC-TYA  (ygemw SC-Y+& BC-TA (e

Maize Cultivars SC-704 BC-678  Simon SC-704 BC-678 Simon SC-704 BC-678  Simon

b .
2 1 0 0 1.37 0.00 0.00 0.99 1.00 1.00

Anthesis day 2.5
oty b 59,
Maturity ,jes: 5. 2 1 1
day
s L5
Leaf area 5y 0.56 0.46 0.36
index
Total J5 i3 (59
dry weight (kg ha 440.05 569.57 419.75
1
aly )zﬂo.c
Grain weight 163.68 345.19 314.36
(kg ha™)

0.85 0.85 0.99 0.99 0.99

21.84 16.32 0.94 0.96 0.98

8.18 5.82 0.95 0.94 0.95

11.36 8.11 0.98 0.93 0.94

s e e 55y M 5 VA ca S & 35 (ygeww 9 BC-FVA
Jw g (PITL (0 S (g900 Alsye gl b Sluje (1S0ke
oy o Ggeaw 9 BCFYA pB)l Sujglgn b (S U 8
(I’IRMSE) 04 Jl_A)) as uLv)A wialu: )..\> 9 )9) ;i: 9 )mo
By o pd Oezmen (¥ Joia) 392 203 A g jho o 4 3
Sy B A8 G g (S B (05 e (905 dye sl (d)
S &85 5l (SLo a8 390 /A 9V oy 4 5 gl b
SLi3elsi gai Jnlpe (53ludund ,> CERES-Maize Juo sVl
Coponl 1ol S0iglgid god Jolpe (siluand by (ol)j alS
5 s3tiogis o g ol p plad |5l Jlo)ss ol
ol cpicren 5 &l g S Bl sy slaplil LQ(\ gL

L i e oo adpo (sl () 38195 o pd oo

P S a8 590 /A Sjglned (Sdew) b ddjaw 9 (215
go Jola (sjlodend ,> CERES-Maize Jia sVl jloms o
o ) ol (§ Jgin) cubls SCVAF 5, )b (S35l
U il g 20 8L (ud jow alsye aS 0b Ui uioeed
Oses 9 BCFYA pB)) gl 0 (g uS0jluil Sojolsn e (Som)
o 035 (Gilwdnd (Sged Alaye Jobo 92 o) OF 9 FO s 5 4
970 ey 4 5 Sl (S U (adlS 5 (ST S
ol (£ S0l g 0nd (gilwdns (slrodly py B! gy g, OF
Sy B (20l g (2055 b e Jole Jobo sl
L5 00 e 093 Jsbo 352 o) o 9 sho i 4 Sl b
L) 0ad (gjluwdn b 5 00l (655 0jlul Suigljud (S,



Sy s a3ls

Leaf Area Index

VAV 0yl adde g 059,58 085 BT 53 lwaned

ilisee pBl Sy aw (aSld ()59 395 layless I Hlaich e
Lol 392 )10y08 2 (508 28 51 8 oo 51 gy Yo 290 B 0y
Ay aslig) olys az )y Gl L ol yon dn 4 alsyo )
H e joy 7e 93 53 9 b Glaljl o) 4 Sy gaw (a3 ls
JSK8) Sy 395 (e Sl @ (26 S5 H5eb dl> o) (b e
Oy 5 S s 2 (S alo e ] S s a3 ()
P8l SC-V-¥ o8 (sl cale ) 9 <8l il go)ds 4 S
4 0 5o 51 e 39y M 5 \YA 13 (i & (ygem 3 BC-SYA
A G 55 de 50 gls duglie () JS5) Ay 395 135 (Sl
el Jolye o j2 4 05 il pB Sy s a3l oS
0l (gjluwdnd (slmodly a4y s polidie Ly yd5 X9y 0lS A

hlSan § Sl sl (gg05 Jolpe | (1l olS 50 slaan])d
L b o 5905 )93 Jsb slad Sl (1o o jlade (V7)
L 0ad (il Sojlged (Spy B (A8 o g (S
ey a ]y Jless glidgyls” o CERES-Maize Juo bwgs &)
50 (V) <ol a55,8 45)155 59, YO B VY 4 5, YO B VY )
Siliwdnd gy s> cé> CERES-Maize Jus 45 sl olis
e ilwand (1) e 5 pbly ey Sojglgid go oy
pLosl CERES-Wheat s b 1y 18, ol ailiuws) piS Sujo)sid
5 Slidl 03,5 7ol (gl jo, ¥ e Slaye uSko Hdo 4 g 0l

sl Cawd Cdldy (Sdowy gl 59y Ve

(Y JSs) casls Sy gl 2l
(o Jolpe cdypin L aShob lis Lagjluoans s
—SC-704(0kgN) - - SC-704(138kgN) —— BC-678(0kg - - BC-678(138kg — SIMON(0kg) = = SIMON(138kg)
—— TGN ---SCTMUEkgN) e BCamby  —-sceomlg OGSOV
SC-704 AN BC-678 Simon .
n
44 4 4 4 // N LR =\
0, \
31 3 3 fl. E \\
b \\ 9
7 o \\
21 2 2 f t. -
| W
11 . 1] N
A
0 0 0 &
0 20 40 60 80 100 120 140 D2 40 A0 R0 10D 190 140 20 40 60 80 100 120 140

O™ Je 5l )
Day After Emergence

5 18, (o) oand (53 Lwaensd 5 (BUE) 0uad 505151 5 2 gebaws a5 LS 2 (359580 395 )8 51 -9 U
Figure 1- Effect of nitrogen fertilizer application on measured (points) and simulated (lines) of maize cultivars leaf

area index
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Figure 2- The regression analysis between the simulated and the measured maize cultivars leaf area index in nitrogen
fertilizer application treatments for model validation
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Figure 4- The regression analysis between the simulated and the measured maize cultivars total dry weight in nitrogen
fertilizer application treatments for model validation
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Figure 6- The regression analysis between the simulated and the measured maize cultivars grain yield in nitrogen
fertilizer application treatments for model validation
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Introduction: The DSSAT consists of a series of popular and widely used process-based crop growth
simulation models. The models have been used worldwide to simulate crop biomass and yield, and soil nitrogen
leaching under different management practices and various climatic conditions. The DSSAT has also proven to
be a useful tool for selecting improved agricultural practices. Among all management agronomic factors,
nitrogen fertilizer and crop species are major effective aspects impacting crops production. Although limited use
of nitrogen fertilizer seems likely to reduce crop yield, high application rates of nitrogen causes serious adverse
environmental effects. Thus, management of nitrogen fertilizer consumption decreases production costs and
environmental pollution in agroecosystems. Therefore, the objectives of the present study were: (1) to determine
the genetic coefficients and calibrate the CERES-Maize model (2) to evaluate the performances of the CERES-
Maize model in simulating maize cultivars growth, development and grain yield for different fertilizer nitrogen
application rates under Kermanshah climate condition.

Materials and Methods: This experiment was carried out in a split-plot design with 5 levels of nitrogen
fertilizer application (0, 138, 238, 350 and 483 kg ha™ urea) as main plots, 3 current maize cultivars SC-704,
BC-678 and Simon as sub plots, and 4 replications in 2014. The required model inputs describe field
management, daily weather condition, soil profile characteristics, and cultivar characteristics. The cultivar
coefficients were obtained under optimum conditions (i.e., minimum stress in weather and nutrients). The
genetic coefficients (P1, P2, P5, G2, G3 and PHINT) of the maize cultivars i.e. SC-704, BC-78 and Simon were
determined using the GenCal software of DSSAT v 4.6 for 350 kg Urea ha™ treatment (optimum nitrogen
fertilizer amount based on the results of soil library). Model performance was evaluated by comparing simulated
and measured values of maize cultivars phonological development stages (DVS), leaf area index, total dry
weight and grain yield for independent nitrogen fertilizer treatment (0, 138, 238 and 483 kg Urea ha™) by root
mean square error (RMSE), normalized RMSE (nRMSE) and index of agreement (d).

Results and Discussion: The coefficients of P1, P2, P5, G2, G3 and PHINT ranged between 275 to 286 °C
day, 0.576 to 1.80 days hr, 910 to 950 °C day, 940 to 990 number per plant, 7.0 to 7.9 mg day™ and 51.70 to
51.97 °C day , respectively, for all cultivars. The CERES-Maize model was able to accurately simulate growth,
development stages and yield for maize cultivars. For both simulated and measured conditions, leaf area index,
total dry weight and grain yield were improved by increasing the application of nitrogen fertilizer. Simon
cultivar had higher simulated (9925 kg.ha™) and measured (10467 kg.ha™) grain yield in respect to other
cultivars. The validation results also indicated that the CERES-Maize model gave a reliable estimate of growth,
development stages and grain yield for maize cultivars in the different fertilizer nitrogen application rates. The
value of RMSE and nRMSE for leaf area index of SC-704, BC-78 and Simon cultivars were 0.56, 0.46 and 0.36
and 25.5%, 21.8% and 16.3%, respectively. The index of agreement (d) for leaf area index ranged from 0.94 to
0.98. The RMSE and nRMSE magnitudes for total dry weight of SC-704, BC-78 and Simon cultivars were
440.1, 569.6 and 419.7 and 6.2%, 8.2% and 5.8%, respectively. The index of agreement (d) for total dry weight
ranged from 0.94 to 0.95. The RMSE and nRMSE values for SC-704, BC-78 and Simon grain yield were equal
to 163.7, 345.2 and 314.4 and 4.3%, 11.4% and 8.1%, respectively. The index of agreement (d) for grain yield
ranged from 0.93 to 0.98.

Conclusion: The results indicated that the CERES-Maize was parameterized reliably for three maize
cultivars under Kermanshah climate conditions. The results of validation also showed that the CERES-Maize
model was able to give an accurate simulation of all studied traits of maize cultivars except leaf area index in
different fertilizer nitrogen application rates.
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