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Determination of crop parameters for WOFOST model and its performance evaluation
based on field experiment of spring maize in Jinzhou, Liaoning. CAI Fu', MI Na', JI Rui-
peng', MING Hui-qing’, FENG Rui', ZHANG Shu-jie', ZHANG Hui’, ZHAO Xian-li',
ZHANG Yu-shu'* ('Institute of Atmospheric Environment, China Meteorological Administration
Shenyang 110166, China; *Liaoning Province Meteorological Service Center, Shenyang 110166,
China; ° Jinzhou Ecological and Agricultural Meteorology Center, Jinzhou 121001, Liaoning,
China).

Abstract; Correct parameters are the key prerequisite for the prediction of crop models. In this
study, a series of important crop parameters including initial total crop dry weight (TDWI) , spe-
cific leaf area (SLA), leaf area index at emergency ( LAIEM) , developing parameters and other
physiological parameters were measured and determinated using the observation data and trial-
and-error method based on the experiment of different sowing dates for maize in Jinzhou during
2011-2015. The adaptability of those parameters in WOFOST model was evaluated by testing the
simulation accuracy of growth periods, leaf area index (LAI) and the biomass of different organs
of maize with the methods of correlation coefficient, relative error (RE) and root mean square
error (RMSE). The results showed that mean simulation errors for antheses and mature stages
with 80% and 75% of the total samples were 1.25 and 3.47 days, respectively. The explanatory
abilities of simulation to observation for LAI and total aboveground production ( TAGP) were
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0.8412 and 0.8945, respectively. Besides, there were obvious inter-annual and sowing date
differences for the model performances in simulating above-mentioned variables and their simula-
tion accuracy were lower in dry year. Specifically, the RMSEs of LAl and TAGP were 0.38 m” -
m~ and 9.40 kg + hm™ in 2012 respectively when soil water content was under the suitable con-
- m~ and 22.65 kg - hm™ in 2015
when maize suffered long-term drought. Furthermore, the model performed worse when the sowing
date was deviated from the normal range. The RMSEs of LAI and TAGP were 0.30 m® + m™> and
15.19 kg - hm™ for the optimum sowing date on 30 April and 0.43 m* + m™ and 25.66 kg - hm™
for the sowing date on 20 May. Our results provide an important reference for determining the

dition during the whole growing season, and were 0.44 m’

crop model parameters of spring maize in northeast China.

Key words: northeast China; spring maize; WOFOST model; crop parameter; performance

evaluation; field experiment.
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Fig.1 The variations of soil water contents during the
maize growth period from 2011 to 2015
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Table 1 The SLATB values in different development stages
of maize during 2011-2013

VoA SLATB(hm? - kg™!)

brizs 2011 4E 2012 4E 2013 4F G )
0.00 0.0011 0.0009 0.0026 0.0015
0.25 0.0009 0.0033 0.0021 0.0021
0.63 0.0018 0.0023 0.0029 0.0023
1.00 0.0015 0.0022 0.0018 0.0018
1.60 0.0012 0.0017 0.0020 0.0016
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Table 2 The parameters of maize and soil in WOFOST
model
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Table 3 Interannual comparison of simulation errors of
LAI and TAGP
A RMSE
LAI(m? - m™?) TAGP (kg « hm™2)
2011 0.3188 17.2928
2012 0.3829 9.4005
2013 0.3435 15.6162
2014 0.3224 17.6715
2015 0.4419 22.6577
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Fig.2 Comparisons between the simulated and observed Julian calendar date of anthesis (a) and mature (b) stage of maize
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Fig.3 Comparisons between the simulated and observed LAI and TAGP
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Table 4 Comparisons of simulation errors for LAI and
TAGP among different sowing dates

&1 RMSE

LAI (m? - m™2) TAGP (mg - hm™?)
47 20H 0.3924 13.8279
4H30H 0.3029 15.1939
S5H10H 0.3093 15.5238
5H20H 0.4351 25.6680
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Table 5 The simulated and observed dry weights of different organs and their relative errors in different sowing dates dur-

ing 2011-2015 ( %)

I Ny TWLV TWST TWSO TAGP
OBS SIM RE OBS SIM RE OBS SIM RE OBS SIM RE
4H20H 2011 2784 2419 -13.1 8080 6371 -21.2 9337 8696 -6.9 20201 17486 -13.4
2012 2920 2955 1.2 7596 7346 -3.3 9701 10559 8.8 20218 20860 3.2
2013 2045 2183 6.8 5544 5919 6.8 9495 9451 -0.5 17084 17553 2.7
2014 1732 2485 43.5 5267 6403 21.6 7983 4988 -37.5 14982 13876 -7.4
2015 1569 2812 79.2 4226 6968 64.9 4965 7211 45.2 10761 16991 57.9
4 H30H 2011 2752 2180 -20.8 7616 6011 =-21.1 8729 8664 -0.7 19097 16855 -11.7
2012 2920 2905 -0.5 7596 7301 -3.9 9647 10460 8.4 20164 20666 2.5
2013 2045 2085 2.0 5040 5674 12.6 8996 9417 4.7 16081 17176 6.8
2014 1821 2445 34.3 4430 6431 45.2 7008 4918 -29.8 13258 13794 4.0
2015 1681 2819 67.6 5209 7027 34.9 3620 7086 95.8 10510 16932 61.1
5H10H 2012 2669 2304 -13.7 7152 6269 -12.4 10520 11143 5.9 20342 19716 -3.1
2013 1512 1433 =52 5040 4445 -11.8 9904 8961 -9.5 16456 14839 -9.8
2014 1815 1960 8.0 5203 5494 5.6 6362 6178 -2.9 13380 13632 1.9
2015 1681 2261 34.5 5209 5198 -0.2 6318 8161 29.2 13209 15620 18.3
5H20H 2013 1784 1101 -38.3 7452 3609 -51.6 9364 8377 -10.5 18600 13087 -29.6
2014 2016 1628 -19.2 6972 4754 -31.8 8049 7089 -11.9 17037 13471 -20.9
2015 2058 2135 3.8 3921 5567 42.0 7603 9053 19.1 13582 16755 23.4
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A FE R FH 43 3013 Pl il 56 W8 RBLf %2 T TDWI
SLATB . LAIEM DI K H AL % & S50, 5154 & 39 &
KR — BRI S TR RIS %
A S E 18 WP 285 S 2 B, BRAS BIFE 41,
80 FEAALIA MY P IR IR 25 1.25 d, 1T 75% FF
AR B AL 22 R 3.47 d, BERURS S5 X
Y5 (2017) MWFFE 45 A A — 3, XT T LAL A0
TAGP AU X SR () i B BB 1 43l i 3] 0.8412
F10.8945 , 3iX —Z5 R LLINIK I 45 (2016 ) A ADURE Ji2 %
R T AR S BO R R A Kt R AR B
WP FHE

S [R)AFEA AR AR R IR s S G A F A R
225 NEWIN) R B A SRR 2 O | 8T S0
RUBSTLURG BEAF7E A 5 AR PR A& 01 22 52 AHF g8 %
FUER N 1B X K 4 A5 0] i BRI BEHDL P RE SR B, SR
FFE BRI S 500 4 H 20 H—5 A 10 H#%H
BRI 158 22 I 25 545/, T 5 H 20 AR AL 1 22 B
K, AR S H0 IS FH e ) B B R SR B
FEIE EURE BT 2 S 0000 35 I 2 B 2 05 100 ) O 25
Mz T R, JF—20 % b & B, 4 3808 )% 38 H 1Y
2011—2013 AER AR BADUNE BE v T R AR R T 51
2014 12015 4, Hirp 2012 4R 84 & ) 4 S8R
HBAL T 85 38 EIR AS, TAGP ) RMSE f% /), AL K

K, 0.4419 m® - mH122.6577 kg - hm™, %
W] WOFOST AL T 5238 T £ oK A= KB40l fE
Be2E W AR S P B S EO7 RAG 2,
XA EIA EEAEY AL R R 2 Ak ARWFSE
Hr, DA 2014 Fi1 2015 4F TWSO RUREIEE R AT LA
2015 AFA RO I 4w, T A T TWSO f1
JIT Al , F WAL U i e M R i T TR 22 i
RE BT EIE R, teAh, K™ 58 i #
B 143268 W B AR BCAE I AREEC G )
TEAY B[R] A9 B4 FCAE FH ( Bonato et al., 1999 ; Weiner
et al.,2009) , T 53 #2 2 %hizad #2 7= A 4] ( Yang
et al.,2006) , 152 2015 4 TWSO 52 I {5 P AR (1) B
BRI, 2014 4 TWSO 114 520 oK B+ 501 &
A i SRR, R 7E T4 oK 2 T R A ) 45
JH HAR B AR T R 22 A R 2 T i, Hoad
P58 AR T 2015 A KPS T RGO, i — 20
UEBH T A B AR 0 T S oy 22 LT R R B I B A
] T 284k (20 3w MG 45, 2012) |, T 1 A 0 %ok ot
TR R H A el A 1 SR e By R e 2 2 1 R
K, A VEPR RIS T 5k — & J4 i AR i B
W2, TWEARWI T,

AHIGE H, S T A S B O TT LSRR — e 2
B ESE  (HEAIAMERE TR & B AR, [
A PR R R A AR T e A2 BB L 4 SLATB S804



B5 KRS T HR N K I EHR I Y WOFOST BB S B i & St RE VAN 1247

1Ay 2 18] 22 57 W) ., L4 52 W R 5 7K o B HL A e
ARBURW TR B W 48— [ E (AR
PR , 0] 2 JE s s S BB A B A LR B ]
(5 R S S e, B i T H AT sh 2800 52
TG A BRI T XE LLSE B, R UL AR R ) S8 3
it 2 AW WL T BE R S BTk . T35h,
SPEBER T RARE R T B IR AR,
K CO, [R5 AR 45 B R AL ) 5 A Bk R 2 A
HS R HY B S TR doR B S, H i
KT RSO A 0F 5 A i E , DA BF 5T AR
SR 20 50 WP B i 2 B A O ik AT, 45
AR AR AT E N, Boh, BUA BRI RES &
WAL R IBOK I ShAsERE, B AR ROIRAE
AR RAR T B B R Bl S R A SR Y
(73 BEAS J5y B 2 A0, RE 4 2 T 7 6 ) A 4D [
I, VR Xt fie IR 2R 11 2 (EL R AR B85 5, i
T URERA KA, W R BUERFE K PR RE B H
S SRR S AR AE KR B E 2
o AW, — 2o 2d RS RO S S8R R
TR BE AR 15 i TR P R

S 3k

BEOAR, K Wb, EME, 4 2017, XA FWT R LR K
RN K EEA MBS E . B AN, 28
(11) : 3643-3652.

BOME, WIET, PHEIT, 4 2018, ZRAbHLX B K e
BT SRR AR, KB 5HE%W, 34(2) ;
75-81.

O, B UE, B 5, %5 2014. 1961—2010 4FIETET 5
Xt K R R R, AR RS2, 34(2) .
421-429.

BBy, BHEEE, BRI, 45, 2013, JETF PyWOFOST 14
BRI 2R AL B R AN 72 TR B IEAL. b E AR O B, 46
(14) . 2880-2893.

JEAE. 2016, AT 5T I TEYEIRE M £k

AR P AR (B2 8 30) . YR FH YR FRAR L R

%%, 2015. FETAEY A K AR TR T R34, (A

2SS0 . TR SRR KA.

flsici, FEAS, BRE . 2014, T E P RE ML IX T 2% F oK
PR IRTEAG Ek. ol TAR2A4R , 30(23) ; 185-191.

RS, BT, AOKT, 2012 TREMAIEEKEK
KBRS . SR, 23(11) . 3021-
3026.

2N B B LS. 2013, 3L T WOFOST 1 45 b b [X.
TRATMRSAME TEN. PERILSR S, 34
(1) 43-49.

ZERERE. 2017, ANFIK G A B K3 H s F ERAERKE
BRI B T (B 2# 608 30) . B MR fR B

o

TR

XA, EIER, RITHT, 45 2017. WOFOST REBI7E AR L
KT X 5 UE 5 35 BT A G S AR RE, 40
(3):7-13.

IRPCHL, Mt BERu, 4§ 2014, JE T WOFOST #ER! Y
FART REBURIAAL . IR E]. R ERL RS, 35
(3): 311-316.

JREEHE, JETE. 2013, ORI 1 AU Bl sh AL Y fe ik T
HMLIBERE. B FA 24, 24(6) : 1579-1585.

KWk, #8fm, SKET, 52017 RFAFTHRS TR
TR S 0 AR E B G R BT AR SR,
28(5) : 1563-1570.

KWk, dkEAS, 25 4w, 4F. 2016, LT REPHAXHEY
Wiy BRI ST . 252720, 35(9) : 2519-2526.

TABRE, B 3R, DEF, £ 2016. WOFOST AR N S
T DR TR AR KRR NP, AR A, 35
(3): 800-807.

sRAok, 88 4R, RN, % 2018, RALMIXEF K FEA
SRR BRI T R R . R G IR,
34(4) :134-138.

SRET, fkIf, E o, A 2015 RFEEE TR EOK
FPROE RS 7 B B2 L. b AR5, 36(1)
43-49.

RHEE, THEZ, BHEE, 45 2012a. ETEYHAIGE
Vo X AL =4 FOR P i R PP A . A, 32
(13): 4132-4138.

SR, BHIEL, R, 5. 2012b. REEE YT R44
JINAZ SR N BE R AL, A AR RO AE A, 20
(9): 1158-1165.

ik T, sKEKE, TUEAL, 5F. 2018, fEWA KA G S
BUBE AT, W24 RS A ar Rk i, 44
(1): 107-115.

sk, ROTIEE, TR, S5 2017, dE5 AR BT 1R
R TR, A&, 36(9) : 2623-2632

B, Bhok, XK, 5. 2014, R ERERASBEX] o E
TR R ATRERZ M. X R R =B F E KRS
IS FPERG . PO, 47(16) ; 3143-3156.

G, 1993, O TG MMALTE . &, Jiat. T4
JiAL.

Bai LP, Sui FG, Sun ZH, et al. 2004. Effects of soil water
stress on morphological development and yield of maize.
Acta Ecologica Sinica, 24; 1556—1560.

Bonato O, Schulthess IF, Baumgartner J. 1999. Simulation mod-
el for maize crop growth based on acquisition and allocation
processes for carbohydrate and nitrogen. Ecological Model-
ling, 124. 11-28.

Boogaard HL,, van Diepen CA, Rotter RP, et al. 1998. User’s
guide for the WOFOST 7.1 crop growth simulation model
and WOFOST Control Center 1. 5. Wageningen: DLO
Winand Staring Centre.

Cheng ZQ, Meng JH, Wang YM. 2016. Improving spring maize
yield estimation at field scale by assimilating time-series
HJ-1 CCD data into the Wofost model using a new method
with fast algorithms. Remote Sensing, 8. 303. doi: 10.



1248 EARFAE B8 E B4
3390/1rs8040303. of a Norway spruce forest. Agricultural and Forest Meteoro-

lizumi T, Yokozawa M, Nishimori M. 2009. Parameter estima-
tion and uncertainty analysis of a large-scale crop model for
paddy rice: Application of a Bayesian approach. Agricultur-
al and Forest Meteorology, 149 . 333-348.

Jones JW, Hoogenboom G, Porter CH, et al. 2003. The DSSAT
cropping system model. European Journal of Agronomy,
18 235-265.

Jones JW, Keating BA, Porter CH. 2001. Approaches to modu-
lar model development. Agricultural Systems, 70. 421 —
443.

Keating BA, Carberry PS, Hammer GL, et al. 2003. An over-
view of APSIM, a model designed for farming systems sim-
ulation. European Journal of Agronomy, 18 267-288.

Tao F, Zhang Z, Liu J, et al. 2009. Modelling the impacts of
weather and climate variability on crop productivity over a
large area: A new process-based model development, opti-
mization, and uncertainties analysis. Agriculiural and For-
est Meteorology, 149 . 831-850.

van Oijen M, Cameron DR, Butterbach-Bahl K, et al. 2011. A
Bayesian framework for model calibration, comparison and

analysis : Application to four models for the biogeochemistry

logy, 151: 1609-1621.

van Oijen M, Reyer C, Bohn FJ, et al. 2013. Bayesian calibra-
tion, comparison and averaging of six forest models, using
data from Scots pine stands across Europe. Forest Ecology
and Management, 289, 255-268.

Weiner J, Campbell LG, Pino J, et al. 2009. The allometry of
reproduction within plant populations. Journal of Ecology,
97. 1220-1233.

Yang JC, Zhang JH. 2006. Grain filling of cereals under soil
drying. New Phytologist, 169 . 223-236.

Zhang JQ. 2004. Risk assessment of drought disaster in the
maize growing region of Songliao Plain, China. Agriculiure,
Ecosystems and Environment, 102. 133-153.

Zhang YH, Lii HQ, Li S. 2008. Applicability of crop water defi-
cit index in agricultural drought monitoring. Meteorological

Science and Technology, 36. 596—-600.

EBEN 28 48,5 ,1980 44, 1+ WF5E 50, Nkl
G R EH IR AY BRI FE , E-mail; caifu_80@ 163.
com

REHE FRUT




