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Abstract Crop growth modeling, which was developed very quickly in recent decades, is a forceful tool in
scientific research. Many crop growth models, such as CERES series, WOFOST and RZWQM and the like,
have been developed and applied widely, but few of them have been introduced in China. This research was
aimed at evaluating the suitability of WOFOST model for the North China Plain. WOFOST is a mechanistic
crop growth model developed by Wageningen Agricultural University, the Netherlands. It was summarized
briefly and then validated by using experimental data in North China Plain. This experiment was conducted in
two successive years (2000-2001) in Yucheng Comprehensive Experiment Station, the Chinese Academy of
Sciences ( CAS), located at Yucheng, Shangdong Province of China. Water treatment pools have eight water
treatments with two replicates: 1) treatments 1-5: water was supplied close to 40% , 50% , 60% , 70%,
80% of field water capacity; 2) treatment 6: water stress was set from turning green to shooting; 3) treatment
7: waler stress was set from earring to filling; 4) treatment 8: water stress was set from filling to harvest. Each
treatment was under a movable rain-shelter. Water content was measured using a neutron probe every five
days; an additional measurement was taken before and after rainfall and irrigation. Crop growth was examined
every five days, including tiller number, leaf area index, fresh and dry weight of all organs, filling rate and
plant height. Leaf area was measured by LI-3100. The model was calibrated to get values of parameters using
the experimental data in the year 2001, and then it was validated by data in 2000. The following crop growth
simulation results (on a per-hectare basis) were examined: potential production, water limited production, po-
tential total above-ground dry matter and water limited total above-ground dry matter, potential and water limit-
ed leaf area index, potential and water limited stem weight. Comparison between measured values and simulat-
ed results shows their correlation is close. The main conclusions of this study were as follows: 1) WOFOST
model is suitable for similar research in North China Plain. It describes crop photosynthesis in detail and is
good at simulating crop potential growth; 2) WOFOST treated some aspecls simply and often uses a simple for-
mula instead of a complex one to simplify input; 3) the potential production in North China Plain is about 8
100 kg+hm ™2 and present production achieves only about 65% of this; 4) WOFOST has some problems that
need to be improved. It disregards dry matter transportation from leaves and stems to seeds and describes dry
matter partitioning too simply.
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WL 35 H Observation items M E 7 ¥ Method

X 7/h-S

Biomass

LA R
Photosynthesis rate of flag leaf
AR AL R A

Investigation of crop growth

NTAPAE L '
Leaf area index

Filling rate

by LI-3100

B — BB, A BRI AT RS EATE, 5 5 0 1K, 8K 10 28 Take out

10 uniform stems, measure the fresh and dry weight of leaves, stems, sheaths and spikes every five days

SRR CID301PS SE & 1 AT R4, VEFR IS R IF KA S8 — MR IR E AT E . b E A
i1~ Measure photosynthesis rate in a clear day by CID301PS with two repeats

BREG I, BB B M 485 d B 1 IK Measure crop height and count number of tillers,

stems and green leaves every five days after turning green

LI-3100 75 A M- A 2 A 5 d W 1 K, IR 5 Z£ Measure the leaf area index of five stems every five days

7[RI 4k B A S 1 B — (/B 100 W, YRR S B8 T AL AN TR, 4 3 d YR 1 X Mark uni-
form 100 ears and take out 5 spikelets of them every 3 days too measure their fresh and dry weight
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Fig.1 Flow chart of crop growth process (T, and T, are actual and potential transpiration rate)
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Table 2 Value of some crop parameters

B Paremeter 7€ S Definition

BUE Value (B Unit)

TBASEM H B R AGIEE Lower threshold temperature for emergence 0.0 (°C)
TEFFMX HEREARIEE Maximum effective temperature for emergence 30.0 (C)
TSUMEM RN E] 1 59 R Temperature sum from sowing to emergence 107.9 (°C-d™")
TSUM1 1 B AL FIR Temperature sum from emergence to anthesis 1047.7 (C-d°1)
TSUM2 TR AR AR Temperature sum from anthesis to maturity 739.0 (C-d°Y)
LAIEM I T RIS 3K Leaf area index at emergence 0.13
RGRLAI N FRFE SR K H 348 Maximum relative increase in LAl 0.0082 (d-'-C 1)
EFFTB Hant 5 GEEFI FZE Light-use efficiency of single leaf 0.47 (kg-hm=2-h~1)/(J-1em 2+s71)
AMAXTB Bk A AL ELE#E Maximum leaf CO, assimilation rate 45.00 (kg-hm2+h™")
CVL T AL B Y3 Efficiency of conversion into leaves 0.690 (kg-kg™")
Cvo T R LRI AR 88 & (3R Ffficiency of conversion into storage organs 0.720 (kg-kg™")
CVR FH R AL Efficiency of conversion into roots 0.720 (kg-kg™1)
CVS T AL R ZE A9 # Efficiency of conversion into stems 0.690 (kg'kg™!)
O /RE}EH: 10 °C ﬁa‘@%’fiﬁ% AL F Relative increase in respiration rate per 10 Cel-
stus temperature increase
RML i 4350 1 45 B R Relative maintenance respiration rate of leaves 0.025 0 (kg CH,0-kg™'-d™")
RMO 85 B I 4EH R IR /R 3 2R Relative maintenance respiration rate of storage organs 0.009 0 (kg CH0+kg™'-d™ ")
RMR B4R IT IR /EF 2R Relative maintenance respiration rate of roots 0.010 0 (kg CH,0-kg™"-d™")
RMS EIYEHETT IR AR FIH % Relative maintenance respiration of stems 0.015 0 (kg CH,0kg™'+d™ 1)
PERDL JKAT BB B B R FE TS % Maximum relative death rate of leaves due to water stress  0.030
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a— h are the results of calibration and i - p are validation. a, ¢, e, g, i, k, m, o are the results of potential growth simulation and b, d, f, h, j, 1, n,
p are the water limited growth



5 BRAEEELE . Ve KT WOFOST 74L& i 7 601

WA KRS T R T R E s R 5
R A —2, KR WOFOST S TH i H 55
W T4y B & SRRl v U6, B0 (4
B BT EASAE P L ST EIRAR
— A, LGSR A KB R b b
W R TE AFEEENHCIT ST Fiti
R4y BT R AR B A B R, A
S /b o TSI A b4 T E R A H B R
13k jo , X HoH E R AT T ENIE, B g R
HARGLFE EA IR IS L B8 B, [l 5 — S fif
FRS I DR B T RR B B A & AT (A F
REAFEAIHE | 2 FALAE 7 RIE BN R, B R B
BAEDAMZ TSR EWES, HETES T
B, 2 po

JK AR A KA e R BT R X
BEAR-—#E FE7K A BR IR 25 5 A B B
FHEX—I, X AN E ZEE BE = Z AR
R, AT =& AEMNRE, M C AT
RSy ER . NI BT BRI S ST s
EE BT EBYRA AR KSR A KA
fosh B BT ER SRS —E TR, T H&
KRG SEMEE /MR £, Rt | A BE =4
AR B B A B KA % EE R AR
KAE(BMFETFERTS) , RGBT REMEEE L
Tt AEEEEINARAMEMIE ZHTERT
B (BIREE) o BT RIS X =R e, H
{EAEAE H STI{E /), R SEME 4% T &f 215t
TREMER, Xl 2 p WAMANEBESA
—IEA

MEL_E He s e] LA 3|, WOFOST B A 75 15 41
R R 3E P, BADL(E S SN 1 22 BE R
A EAEAVFEEN, BRI - B 5545
FerrE TR AT . BRI R E , WOFOST
HAFEAEICERENL/NEBERIR ., HEHTE
Fofs J5E LR, RO 5 S Y S e SR 2 e R, B
It WOFOST A HE T4t 7 i L BB B 5T o

4 Zr5itig

1) WOFOST # 8 8 K FHIRED A A EY
8, WOFOST L1 d K, 4 EY & T
YR B AR AR, B A K B R T , T
A6 B 4 #r 4 K 5K 2 F) G O AE 58 08
H"JO

2) Hedb P JRAY SGIR A =9 1 A 8 100 kg hm ™2

Ak, BRI /NER=EUHY FIEE™ &K
65% JEHK A T LR KR E AR /8.
PR B A R A /N P B KA AT

3) AEfaf R A A R ST AR B N IR S H IR 5
WOFOST #37. 2 91 Bt HE B 8 3 by X3 2R 7 g B
), PR AR R A BB A [ 2 PR, L BOE
TR AR X Y AR, BT Ry AR T 3R
WS 5 RE e B AU A Z [RIAEAEF & , e
PERIX NS JG A LL KR o] B, WOFOST *f 3% 4>
T A B 1T B, B X R BB A R AR T
f14m,

4) WOFOST HR1E H , (HiB fE 7E A b 7 F otk
Ml 75, QA e T A 1 5 2 i XA R
i $R0E S Excel #1583 XK 73R IO AL B
JEANE 5 ; BT 14 38 28 AU P RVE W) SC PR PR AN A
HRACT R L PR %%, MR REBH FR R,
WOFOST #8835 A T AU R L b o

5) WOFOST & H % B /NERHH B E S
1T R AR R R A h BT —EHYIR
% A RIF R FTA FEDE A A T YRR,
B s B K LI P 2 B, 7E 2000 4 1 2001 4R
BB TYRERS, UG -2 RR YD,
AT DLW T4 5 B0 3 %5 St 2 DA TR S b DL A /N
MK,

2 % x #

van Diepen, C.A., H. van Keulen, Penning de Vries, F.W.T.,
I.G.A.M. Noy & J. Goudriaan. 1987. Simulated variability of
wheat and rice yields in current weather conditions and in future
weather when ambient CO, had doubled. Simulation reports
CABO-TT 14. Wageningen: CABO-DLO, WAU-TPE.

Huygen, J. 1992. SWACROP2, a quasi-two-dimensional crop
growth and soil water flow simulation model. User’s guide. Wa-
geningen: WAU, Department of Water Resources, DI.O Winand
Staring Center.

Lanen, H.A.]., C.A. van Diepen, G.J. Reinds, G.H.]J. de
Koning, J.D. Bulens & A.K. Bregt. 1992. Physical land eval-
uation methods and GIS to explore the crop growth potential and
its effects within the European Communities. Agricultural Sys-
tems, 39:307 ~ 328.

de Ruijter, F.J., W.A.H. Rossing & J. Schans. 1993. Simulatie
van opbrengstvorming bij tulp met WOFOST. Simulation reports
CABO-TT 33. Wageningen: CABO-DLO, WAU-TPE.

Rotter, R. 1993. Simulation of the biophysical limitations to maize
production under rainfed conditions in Kenya. Evaluation and ap-
plication of the model WOFOST. Materialien zur Ostafrika-
Forschung, Heft 12. Geographischen Gesellschaft Trier.



602 MY A&

TN 1%

e

Sinclair. T. R. & N. Seligman. 2000. Criteria for publishing pa-
pers on crop modeling. Field Crops Research, 68: 165~ 172.
Supit, I., A.A. Hooijer & C.A. van Diepen. 1994. System de-
scription of the WOFOST 6.0 crop simulation model implemented
in CGMS. Brussels, Luxembourg: Joint Research Center, Com-

mission of the European Communities.

Wolf, J. 1993. Effects of climate change on wheat and maize pro-
duction potential in the EC. In: Kenny, G.J., P. A. Harrison
& M.L. Parry eds. The effect of climate change on agricultural
and horticultural potential in Europe. Research report 2. Envi-
ronmental change unit. Oxford: University of Oxford. 93 ~ 119.

Wolf, J., J.A.A. Berkhout, C.A. van Diepen & C.H. van Im-
merzeel. 1989. A study on the limitations to maize production in
Zambia using simulation models and a geographic information sys-
tem. In: Bouma, J. & A.K. Brecht eds. Land qualities in
space and time, proceedings of a symposium organized by the In-

ternational Society of Soil Science (ISSS), Wageningen, the
Netherlands, 22-26 August 1988. Wageningen: Pudoc. 209 ~
215.

Wolf, J. & C.A. van Diepen. 1991. Effects of climate change on
crop production in the Rhine basin. Report 52. Wageningen:
RIZA, SC-DLO.

Yan, L. J. (=H8%), J. S. Du (#4) & Z. M. Zheng (8
#BH). 1996. Research and application of crop growth dynamic
simulate model. Crop Research (fE#J#15%),10: 1 ~5. (in
Chinese)

Yu, Q. (F3#) & T. D. Wang (EXE). 2001. Agricultural e-
cosystem model and high efficient utilization of resources. World
Science and Technology Research and Development (5}
R 5KE), 23(5): 22~27. (in Chinese with English ab-
stract)

HERE: & W ESE K

(EYESFER)ICTRERIREEZEMEMLNTAR

(P ESFIROFRE R AL (AP ES2ROREE RS

MR BENGFEATIRERAECHEY, BF1E, A

1999 FFHREAT . EUABRME N B RAEHE ~NHRESRAGIITE 1 5, FHAEBSNPREED | RIEAREENRLFR
(23 YL EMIIRBREE) o MR SO AL , P EE H 15 —E B B i (AR 1T 4000 T, 1 LR — (& A
THEEBT L £), %A b BRI ICT /A 7] (ICT Intermational Pty Lid) #e8)

ICT AR KN FEHEY) RSB S A& 5 R, REESNE e 2 A, HFRERERHERE SRS

ICT ARIGEREBRVFAUT U TH:

BEBMBATTRSRA 0 Peter Cull 1458 H K G MEYAKRSHEN, FREDH - RUEREERS
(PROBE) , % SLilfiid 3075 MWl + 390K 5 FIAR AW B K S0 HEAT & B RE R AN A 7= 3, AT SE BT /K VR 7 R Ao

EIEUEIAES B LA K B2 XA (503DR X Trase B 3 52 513 MP406 A5 % + K 70 38K ) s 3K N3t
Guelph ABAY; 13K #{L (WP4, Aqualab, Wescor , Thermolink /K #4% ) ; 4L 2K & A 4% (Eh A e AN S5 FOGBE3T) A b

R 7B S SN E s N

HYEBASNES FEALAERNERR(LCA4,LC) MERR IO KA AW E ) E AAYR T AR

ERAE%.

FEEMLES AR BEERER KESPU(NOVA.UI0) (L14h CO, AR,
ICT AR R ZEIMUE HAE T ENRAENFIHNG/E, Wik ICT AR 8 1995 A FEZ G, W FHRES P EAE.

M RS IR SRR R RE T RAMRHE.

XF ICTAFAH—EHBERTUEESHBER, ICT AR LT ESAEP 11 BRI AE 303 Z 8RN His.
BN Hmi%.010-82082353 {5 EL:010-82082341 E-mail: ictsales@ ictchina. com



