DY ELET B

Chinese Journal of Eco-Agriculture

T APSIMAAY ) 5L 31/ N2 - T AR B S SRR A R AR AL

WFF, FAEN

Sensitivity analysis and optimization of leaf area index related parameters of dryland wheat based on APSIM model
WEI Xuehou and NIE Zhigang

TELEIHEE View online: https:/doi.org/10.12357/cjea.20230345

LR ARG HoAh S

Articles you may be interested in

2BV HET FR G Laio L 3K 73 S ASHEA U R SRR A B Al Ak

Sensitivity analysis and optimization of parameters for Laio soil moisture dynamic stochastic model for ridge—furrow rainwater

harvesting system

Hh A S ARO 2R (FPIE D). 2018, 26(5): 746-758

HL T APSIMPY S/ INA R R 1 5 S A RS B AGL36 S 7

Simulation model of the grain protein content of dryland wheat based on APSIM

Fp ] A= 25Ol A (9 S0). 2020, 28(1): 86-95
B e VAP GIUNTAY AE A eI FOY

Dynamic simulation of leaf area index of tobacco based on nitrogen effect

Ff ] A SR 2R (PP S0). 2017, 25(9): 1276-1286
U7 RV FE X 2 bt N2 AT T S e ™ i 1) i

Effects of soil moisture before sowing and phosphate fertilizers on grain filling characteristics and yield of dryland wheat

Hh AR AR AR (R ES0). 2020, 28(1): 57-67
TR K AT B 1 T o S b/ N2 7 RIK 4 R S A S i

Impact of sowing date on yield and water use efficiency of wheat in different precipitation years in dryland of South Shanxi

Hp A AR AR (P E0). 2017, 25(4): 553-562
PR AR REFFIA FEXT -390 052 2 TP SRk 1 5

Effect of straw mulching on soil respiration and its' temperature sensitivity under different crop rotation systems

A SR AR (TP S0). 2017, 25(8): 1106-1118

KEMG AT, PATHEZTEMEE


http://www.ecoagri.ac.cn/article/doi/10.12357/cjea.20230345
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.170737
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.190135
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.170214
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.190423
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.160742
http://www.ecoagri.ac.cn/article/doi/10.13930/j.cnki.cjea.170078

REESRWEFER(PEY) 2024518 $£32% £1H
Chinese Journal of Eco-Agriculture, Jan. 2024, 32(1): 119-129

DOI: 10.12357/cjea.20230345

)R, RGN JE T APSIM A5 RY f 5 b /N 2 i T AL EOAH O S BCUSE 2 B e ARAR 0], b AR AR A A (e 0),
2024, 32(1): 119-129

WEI X H, NIE Z G. Sensitivity analysis and optimization of leaf area index related parameters of dryland wheat based on APSIM
model[J]. Chinese Journal of Eco-Agriculture, 2024, 32(1): 119—129

ET APSIM =B EMU/NEZHERIEHBEXRSH
RS TR

(HR R K245 B R AR EBE 22 730070)

W E: AMAENERSYEZ IR T SYR S T RARRSHEALRZ A0 S AR 3R, A 5 32 i B
WA EEREEN T ENEPERASEHTEE, MH A EETEERFREERT)IA
(2002—2004 4F) Fu A AL K WAL (2015—2017 47) K H EH/D Z R B TEBRHE) Y58, A AT BEE+
1% AR 3 3% (EFAST), &t APSIM-Wheat £ /N % ot Fr £ K FAEA B 23 NS ST R M7, BRI AHER 4 Rix
BRW MY SH, REA IR T B EE AT BRSHHATRN. EREN: ) B E Lt KRR
WHSBRAN T EREHRN 0 R ALLHER. "t AKNARSET. HERERFTHRE. HALRE. KFRF
HARE. ABRERY2) RHAAZ R EKTHANSEMMMER: rtERIEHY 0 /R AL ER A 26 652
mm*g ', HF R A KRR E EFH 0.96, B R K FFIEN 382 C-d, AR E N 0.44, L F B FFALARE N 542 C-d,
EMERE F AN 0.0056; 3) L3R S H AL JE B v AR 48 30 SE M 5 AR BUE 2 18] B9 3 7 AR IR 2 T A S A e
£ 0.080 /N F 0.042, V3 — 1439 7 ARAR Z TN 11.54% /DN B 6.11%, 1A A 30 35 3 T8 A 0.962 3 An &)
0.988, fhfh B vt E AT S BB E 4F. 27 A TR Gl F T iRk, B A T RSB o 2, LAS54E
DRE, REEASBN R ETRE, AH THER G AR, 36485 R £ 5. KR %3t APSIM-
Wheat 45 B! 4 54 18 4 8 5 b9 S 80 R b B 48 B R L.

K4BIA: FH/NFE; APSIM-Wheat # 4!, 4 & 8RR BA S84, EFAST Fik; HTAEE
FESES: S512.1

Sensitivity analysis and optimization of leaf area index related parameters of
dryland wheat based on APSIM model

WEI Xuehou, NIE Zhigang
(School of Information Science and Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Crop growth model parameterization is characterized by a large number of parameters and the low efficiency of parameter-
ization. To determine the rate of crop model parameters quickly and efficiently, the promotion of rapid application of crop models in
localization is required. In this study, we used a combination of sensitivity analysis and intelligent optimization algorithm to adjust the
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parameters of the crop model. We used the experimental data (leaf area index) of dryland wheat in large fields in Mazichuan Village,
Lijiabao Town from 2002 to 2004, and Anjiagou Village, Fengxiang Town from 2015 to 2017 in Anding District, Dingxi City, Gansu
Province as references. Using the extended Fourier amplitude sensitivity test method, a sensitivity analysis of 23 parameters of the
APSIM-Wheat dryland wheat leaf growth sub-model was performed using SimLab software, and the sensitivity coefficients of each
parameter to the model results were obtained. On this basis, the parameters with a larger first-order sensitivity index and global sensit-
ivity index were selected as the optimization parameters, and R programming was used to construct the algorithmic fitness function,
implement the particle swarm optimization algorithm, and run the APSIM-Wheat model to optimize the parameters automatically. We
performed this to ensure fast and effective determination of the model parameters. The results showed that: 1) the six parameters most
sensitive to the leaf growth model of dryland wheat were, in descending order, maximum specific leaf area at a leaf area index of 0,
nitrogen limiting factors in leaf growth, accumulated temperature from seedling to jointing, extinction coefficient, accumulated tem-
perature from jointing to flowering, and transpiration efficiency coefficient; 2) optimization of the parameters in the leaf growth sub-
model for dryland wheat resulted in a maximum specific at a leaf area index of 0 was 26 652 mm’-g ', a nitrogen limiting factor in leaf
growth was 0.96, an accumulated temperature from seedling to jointing was 382 °C-d, an extinction coefficient was 0.44, an accumu-
lated temperature from jointing to flowering was 542 °C-d, and a transpiration efficiency coefficient was 0.0056; 3) after the optimiza-
tion of the aforementioned parameters, the mean value of the root mean square error between the measured and simulated values of
the leaf area index decreased from 0.080 to 0.042. The mean value of the normalized root mean square error decreased from 11.54%
to 6.11%, and the mean value of the model validity index increased from 0.962 to 0.988, indicating that the simulation of the leaf area
index was better after the optimization. When compared with the traditional manual trial-and-error method, this method avoids the un-
certainty of the optimization parameters, quickly and efficiently identifies the important parameters of the model, realizes automatic
parameter rate fixing, improves the efficiency of model parameter rate fixing, alleviates the problem of many parameters and low effi-
ciency in the process of model rate fixing, and finally, enables the model to be applied locally faster so that it can better guide the ag-
ricultural production. The methodology of this study is also instructive for the parameter tuning optimization of other crop modules in
the APSIM-Wheat model.

Keywords: Dryland wheat; APSIM-Wheat model; Global sensitivity analysis; Model parameter optimization; EFAST method,;
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Table 1  Soil property parameters in the experimental area'”
1)z B RFRKE EER AT 75 MUK B i THEFIRRE HROKS TR
Soil layer Bulk density  Field capacity ~Wilting coefficient Coefficient of air-  Saturated water Soil hydraulic Lower limit of effective
(mm) (grem™) (mm'mm ") (mm'mm ") dry (mm'mm") content (mmmm ') conductivity (mmh')  mositure (mm-mm )
0~50 1.29 0.27 0.08 0.01 0.46 0.60 0.09
50~100 1.23 0.27 0.08 0.01 0.49 0.60 0.09
100~300 1.32 0.27 0.08 0.05 0.45 0.60 0.09
300~500 1.20 0.27 0.08 0.07 0.50 0.60 0.09
500~800 1.14 0.26 0.09 0.07 0.52 0.60 0.09
800~1100 1.14 0.27 0.09 0.07 0.52 0.60 0.10
1100~1400 1.13 0.26 0.11 0.07 0.48 0.60 0.11
1400~1700 1.12 0.26 0.13 0.07 0.53 0.60 0.13
1700~2000 1.11 0.26 0.13 0.07 0.53 0.60 0.15
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R 2 APSIM-Wheat 2#U/NEM AR FREN 23 M @MSHRE L TR
Table 2 Parameters of 23 varieties and their upper and lower limits of the APSIM-Wheat leaf growth submodel for dryland wheat

28 E X R _ERRE

Parameter Definition Lower bound  Upper bound
Photop_sens Ve R U 5 54 Crop photoperiodic sensitivity index 0 5
Vern_sens VEY B HUBMEFE EL Crop vernalization sensitivity index 0 5
¥ rue o . 'LUﬁﬁ?”f&ﬁﬁ?ﬁﬁﬁﬂ‘]4‘55']‘*']?@’?&% ' } L1160 13640
Radiation use efficiency from seedling emergence to the end of grouting (g-MJ ')
y_extinct_coef T 2 % Extinction coefficient (k) 0.25 0.75
node no_correction M P IE AR K A9 T4 Number of growing leaves in leaf sheaths 1 3
leaf no_at_emerg B A I B4R Number of leaves at emergence 1 3
initial_tpla W1k AH Initial leaf area (mm’-plant ') 100 300
min_tpla /MR Minimum leaf area (mm’plant ') 25 75
y_sla_max0 - T ARFEHCN O B T A Maximum specific leaf area at a leaf area index of 0 (mm™g ") 13 500 40 500
y sla_max5 T RS RO SRR TR Maximum specific leaf area at a leaf area index of 5 (mm™g ') 11 000 33000
tt_end of juvenile T FIP T AR Accumulated temperature from seedling to jointing (°C-d) 200 600
tt_floral_initiation WA EIFFAERUR Accumulated temperature from jointing to flowering (°C.-d) 250 800
tt_flowering FFAERNHES FUE Accumulated temperature from flowering to grouting (°C-d) 60 180
tt_start_grain_fill T 3 AR Accumulated temperature from grouting to maturity (°C-d) 200 900
y node no_rate 1 5 B A ] [B] B Thermal time interval for node appearance (°C-d) 475 142.5
transp_eff cf FEWERR Z 5 Transpiration efficiency coefficient 0.003 0.009
fr_If sen rate FZEH 5 R F AL LB Proportion of total leaves aging on main stems and nodes 0.0175 0.0525
sen_rate_water SeA R BB a4 % Water stress slopes in photosynthetic leaf aging 0.005 0.01
sen_light_slope T 1 S i AR B AR AR 228 Sensitivity coefficient of leaf area aging due to shading 0.0010 0.0030
lai_sen_light . ﬁm ﬁﬂﬁ%kﬁ"]ﬁj’(”fﬁﬁ%ﬁ . 2 35 10.5
Maximum leaf area index for shade-induced deterioration (m™m °)
node sen_rate F2ZE T A 4% Node aging rate on the main stem (°C-d-node ") 30 90
N_fact_expansion i AR A (BRI R F Nitrogen limiting factors during leaf growth 0 1
N_fact_photo A7 BTG EVEH BN R L Coefficient of effect of nitrogen deficit on photosynthesis 0.75 2.25

transp_eff cOEITHZZMBHORI RN REL, IR LMZEE SR R4, transp_eff cf is the coefficients used in the calculation of transpiration

efficiency and it is not generalized coefficients of transpiration efficiency.
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152 #HESHMAWL

FT APSIM 7.10 V-5, FIHI RIEH %S PSO 5.
W B AR G RR Y, LM SRR, JF i B BiE
APSIM-Wheat SHFEA 01, DAL BRA0R i

D) FPRER R bR Ak o AR SRR S BT A AR, B
TUBHE S BAE MR G2 . & SURPRE TR /IN (S) Filik
FRIREL (Maxltem) 5046 S50 52 X [A], HREHL™
AR AR S T AR AT B R AT B, 8
7 F I A PR SR o B RN 4 Je e A 7 i R S i s
B, H S=100, MaxItem =200,

2) THEIE N B . PR R EIUE PSO Tk ik AP-
SIM-Wheat & £ (1) #% (>, F| ] R i& 5 4 1] APSIM-
Wheat $ # 3F 17 5¢ 4 (1 12 55, 155 00 Ak 09 38 0 B
fd WF 5% X /N 22 i T AR A B2 4R (2002—2004 4R F
2015—2017 4F) 14 S B AP {E (Rl 22 R /N, A
1t APSIM-Wheat 5 1b/N 22 it i FRE B0 P ok £ an
THR:

G(X) = minz (LAl  —LAlL, ) (15

K1 AL, R/ Z2 10 i T AR B0SE A 5 LAL,
R/ INFZ 0 i T R BB AR § ARR AR Gl A 1y
J 2002—2004 F1 2015—2017); 7 4% i 1 FLFE B
BB, 30—y EE L S BE—IRT L KT —
ZERE . ZPRE—AhEE . hAE—TTAE . JFIE—WER .
H—ni o Forbt RS BORAE B APSIM-Wheat
BERLETTA R o

3) BB AR E AL . AR B A L (B
LU SRy BB B AN B (D) 1O 38 0L BEAIG, U)K 24
A B ) 38 N BB AE kL AR SR LA, ST
VE AR B B

4) TH A R B AL . AR Y A B
Fb 4 SR S AV ' (Gesr) FAOEE IO AL S ARK, D) FH R 24 i)
VB ) 3 N ELAE Aok 7 4 Je e A A, X4 A o B AR
R R E

5) SEHORL TS A L AR (13) A (14) 3
(=R S ARRIIUEE 93 1L A

6) U SR 3k 3 fe KE AR S L S5 o, 5 ) #%
AR 2),
1.6 RBEIKREM

BRI 2 75 % 22 (RMSE). H— k35 75 i
& 25 (NRMSE) FIAR 7 A5 201 48 50 (My) oK I A 52
B 5 BUE W) & B BRI, iHEF
s

ln
RMSE = ([~ ) (Yoo — Yim)? 16
nZ< b ) (16)

1 n
; Z(Yobs - Ysim)2
NRMSE = 100 x = (17)

mean

D Yo = Yow)’

Mi=1-&2—— (18)
Z (Yobs - Ymean)2

o Y AIAUE, Yoo, R SEDE, Ve A T-ISMME
RMSE il NRMSE {H#§ /)y, 278 BIPLE 5 SR i
ZE /N, BRI A, M 9(E R [0.5, 1] B,
FERABRIREALL R SR, M W (R T 1, Fe R ARl
BRI G

2 FHRESW

21 HRMESWER

APSIM-Wheat 57}l /N 22 I g A= 1 1R f) A ¢
SO T RS B BB A A an 18] 1 iR . e,
— B UM HE R T 0.05 IS B O LR U S
O U Ry i R A KR EBR 1 7 (N_fact_expan-
sion) . MIEIFARFEEC N O i K LT AR (y_sla_max0).
T B BT UL (tt_end of juvenile), 4717 RIIF AL
Ik (tt_floral_initiation), 7% &% Z 4L (transp_eff cf),
AR AR 4 0 0315, 0.279, 0.197. 0.0509.
0.0502, HAR S 80— B UM 48 205/ T 0.05; 2 )5
TRURRPEFR B0 T 0.10 19S5 (W ARLBUR Y 250 1K
YR M T ARFE ECN 0 B f5 K TR (y_sla_max0) .
R A=K EBR i L7 (N_fact_expansion), i 7 £
15 LR (tt_end of juvenile), 4% % % (y_extinct
coef). 17 F|FFAEFL (tt_floral initiation). 7% & %%
AR B (transp_eff cf), H 80 43 51 R 0.447
0.441. 0.225. 0.153, 0.147. 0.102, a8 4/t
PSRRI/ T 0.1,
22 NFEHRUEZSHMAL
221 RMFERUEERUSEIEE

HY b5 A BB 2 B 45 SR AT, — B A SR
T i Bl SR 0 TR R B S B AR —
3, HOR LT 0 A AN [R], HH O 28 4 o0) i i AR 25
MR K 6 S B T AL, A48 AR B0l
0 Bf e K TR (v slamax0), M A A= K A &R il
F (N_fact_expansion). H 7 2] 4% 15 L (tt_end
of juvenile). 1H )t & %X (y_extinct_coef). #4157 F| JF
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1
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3
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Z
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= 0.2
B 0.1

Bl 47 Global
[ 1 W First-order

24 Parameter

B 1 APSIM-Wheat 2U/NEM F &R FEBHBEXSHIHERELNE /[ —NEREST
Fig. 1 Global and first-order sensitivity analysis of leaf area index to relevant parameters of the APSIM-Wheat leaf growth submod-
el for dryland wheat

TR A SR IH W3E 2., Details of the parameters of the model can be seen in Table 2.

A6 B (1t floral initiation), 7% & %0 %R Z2 % (transp
eff _cf)s

W 257 S e B A+ B B X A5 2 1) APSIM-
Wheat #5712 8008 DA K TF TO8058 w645 20 19 2 BU(E 1k
Sy BN, XTI EATRA . E A BRI S5
0 [, RE (AR B LA 0 S EEE RPN A 2
AR, BRI VI SEPR o HE XA BT R, /NFE
TG L 22 000~45 000 mm’™-g ' i 5%
R [27] B, B R R RV REIR (61 57N
FYHIECRBAN 03~0.7, R R BUS 1A
PROREARLFI 7K VR 22 B 4 Ry 28 B R R X TR
FAERK ARSI 2R . RO ERIE
AR N 28 I ROCR R B 4 A S B, AR 4 BOAE
LT +10% P3N o FHA USRI S B0l AR
AU EAE -
222 MFERUEERMRLIIE

i ] 2002—2004 4E k7)1 KA1 2015—2017 4F
LGB I B XA R A T R S BB IE o 5 M)
22 W TR B Ak B 56 R 25 B AN K] 2 P, 45 5R
F Wl AT Tl AR 2 MBI 25 53 5 48 ] PSO
b5 B R DL 28 R B 7 —15%~+15% 12 22 N, i ] PSO
A5 RS0l 285 S Ll T T3 A v AR A 400 45 1L o
T 10 14, — SR, LAk S50 a8 S LAk
N2 3 B,

Xof - Taak A ik 45 L PSO i Ak 45 SR 3k 47 40 Bt
(F 4), BRF N RS TE R4S RS 400 45 2R (19 RMSE M
0.070 7875 0.038, NRMSE M 10.53% Jii /N3] 5.74%,

«  PRIAN{H Default value
flAkfE Optimized value
—-=1:121: 1line
- - BRIMEZLPERLA Linear fitting for default value
PeAfEZE AL A Linear fitting for optimized value
— +15% £k +15% line
[ —15% %k —15% line

—_ —_ &)
S W =]
T T
\
-
\

FEL{H Simulated value (mm? mm™2)
o
W

0 0.5 1.0 1.5 2.0
SZME Observed value (mm?-mm2)

B2 APSIM-Wheat 23t/NEM ERIEH MU BT
EEZNERMXRE
Fig. 2 Relationship between pre- and post-optimization and
measured values of leaf area index of APSIM-Wheat
dryland wheat

My P\ 0.968 34 i 21| 0.989; % 5 V5 F 1T A b 401
g5 B () RMSE M 0.090 3% /)N £ 0.046, NRMSE M
12.55% i/NE] 6.47%, M ]\ 0.956 3 /11%] 0.987; RMSE
SE 2 M 0.080 U /I F) 0.042, NRMSE “F 14 i A
11.54% W/ N 6.11%, My SFIE 0.962 1% 0.988 .
25 bR, MR T TR, R PSO JriXf APSIM-
Wheat BB S HGHATOLA, AT DL — 2545 55 2 74 L X
B/ N i T AR BOSEADL A R DR
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&3 APSIM-Wheat Eiti/NEMH F £ K FEEEXSHOMERRLULE
Table 3 Initial and optimized values of parameters related to the APSIM-Wheat leaf growth submodel for dryland wheat

ZH 204 B efeld
Parameter Unit Initial value Optimized value
y_sla_max0 mm’g ' 26 000 26 652
N fact expansion 1.00 0.96
tt_end of juvenile C-d 400 382
y_extinct coef 0.49 0.44
tt_floral_initiation Cd 555 542
transp_eff cf 0.0060 0.0056

RIS WL #2 . Details of the parameters of the model can be seen in Table 2.

R 4 APSIM-Wheat 23/ NEIM F &K FEEN/MEMH ERIEHRAMGIER
Table 4 Results of the simulation test of leaf area index of dryland wheat using APSIM-Wheat leaf growth sub-model

R J1IFF Mazichuan Village

24 Parameter

LZHRIF Anjiagou Village

RMSE NRMSE (%) M, RMSE NRMSE (%) M,
YRIAME Default value 0.070 10.53 0.968 0.090 12.55 0.956
flALfE Optimized value 0.038 5.74 0.989 0.046 6.47 0.987

RMSE 77 i 2, NRMSER H— AL 5 iR 2, M B A R A8 %8 . RMSE is root mean square error; NRMSE is normalized root mean square

error; My is the model validity index.
3 iTig
3.1 SRR

ARG e R NP A0 B I A g i, A3 A
T APSIM-Wheat -1/ A2 i A (AL 23 2
BOG /N M AR B e . N AT A SRR R, —
B 14 JRy i A s R0t it TR 8 2 ) BB S B R A —
H, AR HEA I A AR T AR B 0 B R
L P i AR (y_sla max0), BF H A= KRS &RR i J 7
(N_fact_expansion), 1 1 4% 7 L ik (tt_end_of ju-
venile), JH ' & %L (y_extinct_coef), & 17 F| H &
iR (tt_floral_initiation) F17% 5 &0 % 2 %X (transp_eff cf)
XF AR S e B R . ORI O R Y
Ty LA /N2 i BEL T AT, AL S B 3G o, il 0
P vEr, IS O 3, A% M 7 iy 49 B 3 i,
NZERHEAEMDGE A E CEI . B, ) MR v,
TR ZAR /N I R A O (B AR T i, St
Ml DG G 0%, i IS 3R S b, A R
HEA B EB B, e mnt AR R e BRI R
PR T AR 5 L Y LU AR, RPERA A A TE
L, S5 ROGE A BB B LM T
BT UGB E AR LT R R, it idoe &
HERAR 5y, M5 0 el 22 0 R 2B Y R v Bt
K, SN T 562 O RE#R &, (HASH] TR
WHIRIE 2 Z T B 33206 E, N 52 it o6&
B, BRIRERRTE— N R IR E, ©
INFE I ZRBERT I i AR, R /INAE BT I 2 TR
0.5°C AJ ¥4 hnmt J Bt v, A2 2F 56 A VE - AT T i
TR, /INAZ FEAE 5 0 25 IS it O 5 s 58, i

M H R, AR R AR TR REU M T RE
TEHEYE S T R B, A — Y Y, LA s AR
A4 T R SRR AR DB RE R 22, A I B G A A
FH AR, R a0 18 0 A 1, AT 5% i 1
R A B (H 240 O F B R KIS, 5 J2 0 5 4 Wi i
FVECHRE S 1408, 3D B E 2, W2 T 1)
I R 2 U ' B 5 A 55, 2R RO A aR . TH
O R BCEA X I T AR R S e AN B e, (H S
7R W TR AH AR FH BT, 2552 ma /N2 A AE R A AL
YA S 38 i, s /N2 R K ZE ROk
TEAE Y 1755 1 kg KT IE B0 190 Jo3 1Y) o 0, 38
1) 7% 11 ORAT B T oK A3 R, PR HF3E 5 1 CO, Wk B
T BEE AV T, 38 AR 9 9 o ) =, e e R
R A AR B (H 2428 o Ak R AT B, K 4028 el P A e,
T REMT, S RBUNE Ko7, HIoK 53 1
38 KU, AT B2 i /N2 AR R R =i . DA AS T 250
X HoAth A/ #5578 WOFOST fY /IN A2 - 1o AR 48 B0 #r
SESORE, e TR T B IT A8 B Y by A UK
IOE2 g8

Wang 5557 TE B TR 78 2 50000 LAY 18 BRI SR
UOBT URAE  S5 S AR K, B AR5 &
BB S AT 1 A 00 M R R U S 8K
H T 2 BRI R A SO A%, BT LA 5 IR S E0)
T AR b X S BB 245 SR 1 5 ), S BROIUf VS
S5 AW ST 45 6 B R A) Ui (8 45 5 1, BU(E 1Y
ERRah—8 Wik FREEREW W, 5% 4
4 %% R FH EFAST J5 ik AT A R S 500U 47
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PEOr BT 45 R IEA S T — B, DU PR T B R AR B0
TR 2
32 RTEEAEXRSHMEN

MG b AR 2 e 4 21, 196 9% APSIM-Wheat
Sl /NG I R AR AR e i R A K R AR
SHAE R % . T RIET 4 PSO 8Bk
JH APSIM-Wheat #5574 SIZH 3z 17, DT E 4745 750 2 450
ML o 45 SR 3 B, O Ak min Jo A 40L(E 0 S 0 1 4
B R ITE—15%~+15% 1R 2248 N, 2 AR BE A% 4
T i S5z WA A i i T AR BSOS L 5 S = ()
MG FR, Bk T 13X £ 757 75 7. APSIM-Wheat 15275
TS A T

FEXT T 45 58 (10 F TR 575, AHIE 98 08 1 0 kE 7
BESBUAL I7 % APSIM-Wheat #5550 25014 E ZhA
b, EERL M, 5 HABEIEA b, AR 5T 7E S 5k
b Z T AT S BUBUBME 43 A, P DA B R A ORI
SHRGATOCAR, W T R S R AT s e, A TR
R )R], 38 2o RE LML [ Bl g, (AR A
DL LR T R A, 3 8 A A DA B 5 3 1 S 4R 0L
2%, WHBIEEUREY BRI A EENAEKS
B, EXHEYOEAVE . K ZE R R R %
it R EA Bl gk i AR B AT Ak,
AT LA e S A G VR 4 A A el R A A (9 BB T, oSS A
A A% 5V b A AR 0 9 2 ROTR B, Ry Al A 4
LS IS

4 ZEig

ARG iz I H A A8 R V8 T X 2R R R R T
JIRF (2002—2004 4F ) FiT XUFH 8122 230 FF (2015 —
2017 4F) HR Alh 2= 52560 a1 R b /N 22 A KB, R
FHA™ J (o HEL I 8 55 4G 90 75 X4 APSIM-Wheat -3t/ A2
MR A KRN 23 AR S BT BB 23 AT
T T B S BB R 0 6 A S B AT IR
A, X5 8 Ak T fS B AUL(E 5 S8 A =2 ] 7 OC 3R A 7 3
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1) £ APSIM-Wheat 54 /N 22 it | Az 4 - 450 A
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