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AR SRR AT RR SR EAT T b AT o5 I R Wit R S (HSM, 9000 kg/hm®) « fREAE S (LSM, 4500
kg/hm®) FIAREEX R (CKD 3 MAbHE, ML REY: 1) APSIM BRI 3 Rl T 78 5 Ab 30 A /N3 7 i AR o F A
PURS B 5w, W2 R R AE 0.75~0.92 Z (), H— 43 5 AR ZE1E 11.07%~ 14.65% 2 [A], 5578 — S0 fig r 1
0.84~0.91 Z[8]; 2) FF/KFNREARMIT &/ NEFT=BIE BERW. MREAEN, BKMnSRE/NET=&, JHEEK
PN HSM>LSM>CK ;T 4 F/K AR I, BEF &SRB~ 8 T, = 2088 LSM>HSM>CK ;B /K FE & by
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ELAEAN 7] (0 Bk /K 48 R DL RS [R)AE B T 5 R AT 78 o
VEPPRPRL = RSN T BE D =0T, =) A AR
ot L. HAN 250 4 7 3 b m i 74 5 SCRREE k4T
BN, S RRYIRETE & 560 TN R 2w AN
PR RO 25, SRR SR AR LD, FEAT A SR AR E MK
PEkE (>10°C, <350 mm) FEFHEMKE (<10°C,
>350 mm) T 787 B BK 7 AR RCR B G N RN, P
Uk, AT o X 5 AR T AR A7 0 I 5 M 1 A7 R A
SETNE.

JREL IS ] FRY T TR 0 900 8 D S5 A 1] s [ 35 REE A )
PRE AR, U H R A DL R SR A [R] ) A AR AL
TEE T AE A = m RO AR . TREE R R, 1B
1L A4 APSIM 8% ! ( agricultural production systems
simulator) C#) 72 H T CO,. K. IREEAR
PRl A8 A% /N 22 A 7= e g 22T ] A S 4 )
APSIM AR BEARUAS [ I AR K xT Ble vh At 3 /N2 7 o
FIRZIR, R IR KGN BN 22 P B, R T i
N PR R . AHZR S R R T AR SRR AR AL
X3 b IR PR R R E R, JC R RS AT
i AR TR AN P B AR AR o A AR At R B 2D R
Foo AICFHET APSIM BEMY, H g 1 ANF R KRR 2 AR AL
5, BT A FREI A 8 561 R &N AL,
B AR B8 A A 5 SRR RERT R PR

1 #HR5EZ%

1.1 #ARXER

RINFEFEFFE 5 52 LRI A7 T Bl 7 A K - Ak
WA &R 2E (107°40'E, 35°12'ND . %X K 1220 m,
Ja W T 5 VR K Bk 2R RS, SRR FRK SN
584.1 mm, 7—9 H /KA HEEFEKER 56%, 35
19.1°C, HEHMEH 22300, 4GS EN 484 ki/em®.
T IESR N R By, EEE N (0~20cm) P
BN 8.53 ghkg, AEJIH%EE,
1.2 HERE

) E ARG T 2014—2021 SETTE, AL4E 3 MbFE.
SELE RN (CK). EFMREERTER 9000 kg/hm’
(HSM) . 4 & WK & 78 7% 4500 kg/hm® (LSM) . #%
WEREST 3 IR, L9 ANNX, SEABEALEES], ANXTHAR
66.7m*> (1026 mx6.5m) . I /NFE AN KR 134,
R A REAE 9 A N AU, AR R N 157.5 kg/hm?,
WAE 6 AR, il O R HZEME, SBFIREN 5 cm,
ITHE 20 cm, JCREWETE . HEF0AT N X 2 BN SR &
(BB =46.6%) 135 kg/hm® ALEHERRES (B (P05 =
12%) 90 kg/hm* FE A FEAE . K5 24 45 ISR i G 1 0 A AT B
£ 5~10cm, fEFEMATHSIES T & NX, HFTF—F
AR ATIGE bR . &N FUGR G N R, THE
PR
1.3  APSIM 1&%8!
1.3.1 AR~

APSIM AR BT R 2041 (CSIRO)

B 22 N BURF A A A S 74 (APSRUD L [FJF
R AR A 25 2R G R U A AR 24201 S gt ) DR UL 2
PHERE TEMARKKELRE. mE. AREKHBR
I FKES &R KR LA RS E 5T BIE
YrE &P AR TS AR R AE PR T, R
P A T, B AR AR R 2, DASEI AR
BNAS YL R AL HHE it o

APSIM & — AN PAH IR K A, & BiEY
(/hz. KFE) . LK (soil water) - 3%
(soil nitrogen) « Hi K ¥ ¥ (surface organic matter)
AL (manager) ZEBIHUIE I G 5] 845 & 7 —i2),
F PR CLE HIEREY) . 3. B A il A HAth B bk
FC B B O s A0S 2 i bk B3 W 11 78 o5 2
it Surface OM FEHLSEHL, FEZAL h Bk B P mT AR 2B
(k) o 36 B 7> i R — B sh 7
EEAGLAUL R B W o A S it i) IR R, RIS
—HBAr B L CO, TR S, T — 8/ BRI A\ S T J2= 1 &
BRI R AR B AR S T, o) R R T A o R
AR HIKIr . FREIY) C:N LE SR mk B2 simit®?
HAG APSIM O 72 FH T ik s CanFsFr. HofiE
T A AR B RN B B w1 B T P

BAHREMANEEZRBA RS LIESH.
EYIM S (R D AEESH. S22 HHPEEE
KaE L m AL ARG (http://cwa.cern.ac.cn/) 3k
B, FEAFEZHESE (T . BHREMKERE (T,
ZH KRS (MI/m?) F1iEH KSR (mm). HIiES
Hk F B 5T X TE) S 005 A () X 3R o0 SCik [34-35] 1Y
Bim, FEARETEEANAK. T pH. WERE. HN
FKES. THESEORRYE H )00 1 S b o H 1 it i
€, FEAFEEYIRRFE], PR, HACEIA, R,

®1 (FIRMESHK

Table 1 Parameters of crop varieties

ZH ZHUE

Parameter Value
FALBUEIH F Vernalization sensitivity 2.0
6 WU R T Photoperiod sensitivity 3.0

FER IR B AMIRUE Thermal time start filling to mature/ C -d 650
TRAEVESE TH R Potential grain filling rate/(g-grain '-d ") 0.0030
5 KA RLF H: Max grain size/g 0.041

132 #RAAARE

AL 3% FIAR HE GE T B0 AR DG ME Ve R A (RD
JH— 15 5 MR % % (normalized root mean squared error,
NRMSE) Fl—#$ahr (D) WAL IE A3 TP

D = Yo’

R* = == = (1
Zi:l (Yo_ Ymezm)
1 n
ZZ[:] (Yo_Ys)z
NRMSE = ) (2)

mean
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HT APSIM AU B AR 5 AR (O R AT ot 26 /N 277 B R 103

D x-Y,)

Zi:l (|Yv - Ymean' + IYO - Ymeanl)

X n HRIEED; v, ATIE; ¥, EIUE: Ve N
SE RSP 3B s Ypean NAEIME I FIME . R D A
B4z 1, NRMSE f{E BT 0, R IBIME S S0 E
Z AR ZE N, R AR P T

KR “lbEE” I APSIM BLEL /N SRS,
FEAFENESE TN ERR. ERERESH
(R D, BRIEE 1% PEEIRESH, RN R
S REEYA
14 SRHESELT

IPCC X} 21 t2d AR A T 48 H 74 A sl [X e /K A2 4k
7E 10%~20% Y05 [ N B, thah, B985 BT 78 RCP4.5
TSN, 3 21 20 R T v 10 i v e P R o IR B ¢
J7 K1 0.1~4.03 'C1, Nit—35 T RS EAR AL
ot o RN AT R, AR T AR PR A KR B
tE R A ARG B 1999—2022 FE )38 H S S5
NEERE, B K SR R AR, e RE
KB AEE20% JE Bl Y, LL 10% AR BRI E 5 A6
5 AR A G B R IR 0~4 °C, DARIR 1 °C A lEl bR ik E
SABEREE, LS AMERAM (£ 2). FE3MBEMHERS
AT R 43 5 HEAT A [ A B 4 KRNI ) B AR A DL R,
L[R2 P A LA SG . b T R KRR
FERIENSEHARE, W EH T IEEN IS,

2 FRKFLRE AR BURIE IR T K D

Table 2 Simulation design and code of precipitation and

D=1- (3)

temperature
o Rk A2 A EL A5 i ELE Yt
No. Change of precipitation/%  Code  Temperature/ 'C Code
1 -20 0 0 0
2 -10 0.25 1 0.25
3 0 0.50 2 0.50
4 10 0.75 3 0.75
5 20 1.00 4 1.00

1.5 HUBREBS
1.5.1 FEHERZEATHEHIEK
D FETR R, RAGITZPHER R
(coefficient of variation, CV) M AFFEFHEm =LA T
INFEFER IR E AT 0T, CVEBUN, REARRMN
et .
CV=0/M (4)
X o F M 53 ) 3R R P B H AR 25 AP 3418, kg/hm?.
) FRFEA RS . SR RS MR A
(sustainable yield index, SYI) XA~ [FIA% FT 78 56 = 56 1F
TNEFE AT T, SYT FELER K AT RR 4 il
SYI=(M—0)/ My, (5)
X M, WRIEE RS, ke/hm®.
152 HE4E

FH Excle 2021 X £ i 33847 (4] P82 #E,  SPSS 22 A
S K B AT B 940 41, DPS #4738 4% 20, Origin

2021 #HATLKE.
2 HBR5451

2.1 APSIM #REFASIHE

FRAE I X 2014—2018 42 P K 2020—2021 4= 52
H s AL ECH AT BB A AR S, I L AT, D
F2 77 B A b AR ) 1) S AT B DL (R 2 2R 1 I RH K,
PUERE (R ¥HIRT 075, 7% (NRMSE)
JEFEH 11.07%~14.65%, —EEdets (D) Y8 0.84~
0.91, K APSIM BRI A M R AP, 7T LU TR K
ES BT a8

48000
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S
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B 1 DR E A by AR A 5E MM 0 R )3 B0
Fig.1 Linear regression fitting of simulated and measured wheat
yield and aboveground biomass

22 BERBZELETEAMEETAUMNZNEFTEN
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TEAED) AR, IR, BN EATIRHEN T,
1B IR IEJE ) APSIM BARUS AN [FIREFF 7 o6 A 22N Pk
VR &N P s s . 5 RR I (K 2D,
fE 3 MRS FE o AL B, M BOKORFEA AR R, &N
FeE R T D SRR AR, &N
7 B KB R g n, TE R KR 20% B, N
7 AR T R R TR . TE KRR B2 1 3 T
YEFHIF, CK R BAE 2 206~4 827.89 kg/hm®, HSM
(R B AE 2 305.20~4769.21 kg/hm?, LSM AR
BA{E2271.15~4778.6 kg/hm®, SACFRPFH47= 88 HSM >
LSM > CK.
23 BEMEBESLETZNE~ES5EKMEERND)T
SR
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mr (E3). CKiaHES, X-Y. X Y EEERRZ
BB 1.4179 F1-03118, X,—Y. X,’—Y I EEE
122K M RE-0.344 1 A1 0.298 4, KM EIRESMT
B KIE N, /NFErE RGN, AR R K S 2F TR I R,
INEFEREIRAD . XXX —Y (A S R BN 0.896 7,

X Xo—Xo—Y W8 F RECN-0.217 6, R B B FE KT
P ) IE R 328 7 K T BE X P R OB, X X —Y
(1) B AR R ACN-0.239 1, 3B [ /ORI B2 1 22 LA
TN R R, UK 2 SRR IR T o R
(38 3 ek o

[#%7K 254k & Precipitation variablity/% -= —20 -+ —10 =0 -+ 10 —+ 20
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Fig.2 Effects of increased precipitation and temperature on winter wheat yield under straw mulching

HSM 4 ¥ e, X,—Y. XY EEER 2505
4 1.6354 F1-0.603 5, X,—Y. X,’—Y [FEHBHER RE
AIe—0.4143 F1 0.3190, B AH [F)3E B 264 T B /K 388,
INFEFE RN, M IE K A IR N, N R
by X Xo—X—Y W 28 2 RN 1.0343, X X—
X,—Y WIlEE82 R BCN-0.262, B &K P& 1) 1E
RN 78 378 KT UL P 6E 7R R IR RN, XX — Y I BB
BARECN-0.1855, RUMFKARERAHAER NN &
WD, BRI 22 N B AMEIRLEE T i SR B 80

LSM 4 ¥ dr, X,—Y. X Y i EEEA 25050 59
N 1.507 6 F1-0.454 9, X,—Y. X,"—Y K EZBZ R0
AJE—0.449 3 F10.357 5, 3R BIAH R 264 T FEK 3G I,
INZEFE RSN, AR RIBEOK A PRGN, N R
By X XX Y (8] B2 8 42 R BN 09593, X X—

s

Xo—Y B E RECN-0.2842, R HEKS &
1) 1E R R 38 KT il B P2 B I OB, X Xo—Y B
WA RECN-0.1974, KR KFEE ML TR T/NE
FEER, LA RREKEE 2 R R AME IR FE T S A R 15
= o

P R BT R4S, BEIK I BE DOx & /N2 P i 3
NP N HSM A4LFE (1.6354) >LSM 4 (1.5076) >
CK 4b# (1.4179), T & & /N2 P B IR = A
LW LSM 4L # (—0.4493) >HSM A ¥ (—0.4143)
>CK A (0344 1), BB K XS /N 22 77 5 1) AR AL ke
FEFEH . PR 23 [FAE RN ™= 808, CK Ab#E
(-0.2391) A FE>LSM At B (—0.1974) >HSM 4t 72
(—0.1855), ULHAREFE AT o5 2 (38 0, B 7K ORI B2 %
/NS 7 B AR AR 5 M /N o

x X b
w4 et A e
-03118 - ~0.603 5 g - -~
yd ~0.1512 | |0.8967 / —0.1173 | [ 1.0343 04549 / —0.124 8| | 0.953 5
/ Ty v r/
-0.239 1 ~0.185 5 —0.197 4
XX, Yy = — X1 X, Y — X X,
.\ Iy Iy A
Ay
0298 4 \ 02176 |-01512 5100 \ 0262|0173 o \ 02842 | |-0.124 8
*«0‘\‘ *5“ T
~0 3 ~0.g7— ~0 g5
T X, v U3 X, 9T x,
2 2 2
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E: FERRYALNETE, BERAMK (X)) ARE ().

Note: The dependent variable Yis winter wheat yield, and the independent variable is precipitation (X;) and temperature (X,) .

B3 RATE ZLIET KR T & 2 7 F 098254

Fig.3 Path analysis of precipitation and temperature on winter wheat yield under straw mulching
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3 F b BRI AR i R BB BE R K B I T s, R RUE TR .
IR 20% W27 REUE S, FRE MEREF, FKE

A N PR TR 3 R RS FT T 25 A0 B S 2 2 index of wheat yield

F (B R BN T N, o, 7R KR 0~20% o

WE, NZEREE AR B R RN Bk, Bk Treatments é; ;Z
10%~20% B, /NEFFERZ R KRB EA R NS HSM 0.366 0.384
W2, U B KT 0~20% I, I FE 180 6] /1 32 7 B LSM 0377 0.375

[% 7K A7 4L 5 Precipitation variablity/% -= —20 - —10 -0 -+ 10 -+ 20
p y
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Fig.4 Coefficient of variation of winter wheat yield under straw mulching
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Fig.5 Sustainable index of winter wheat yield under straw mulching
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Response of winter wheat yield under straw mulching in dryland to
precipitation and temperature using APSIM model

PU Jinlin? , WANG Jun'?* , WANG Kefeng® , BAI Hongying'* , YANG Caidi' ,
FENG Jiangru'? , ZHAO Jie? , CHEN Jinfal?

(1. College of Urban and Environmental Sciences, Northwest University, Xi’an 710127, China; 2. Key Laboratory of Surface System and
Environmental Carrying Capacity of Shaanxi Province, Xi’an 710127, China; 3. The College of Life Sciences,
Northwest University, Xi’an 710069, China)

Abstract: Wheat production is controlled by precipitation and temperature as well as management practices. However, how
wheat yield responds to straw mulching under different climate change scenarios are not well known. Crop models can
effectively analyze the impact of different climate conditions and field management practices on crop growth and yield. In this
study, based on the observation data from a long-term field experiment that conducted in the Loess Plateau and the on-site daily
climatic records from 1999 to 2022, we explored the response of winter wheat to straw mulching under different climate
scenarios using the APSIM (agricultural production systems simulator) model. Three treatments as wheat straw mulching at
high rate of 9 000 kg/hm* (HSM), low rate of 4 500 kg/hm* (LSM), and no mulching control (CK) were included in the field
experiment. Data from field observations of crop growth and soil properties were used to calibrate and validate the APSIM
model, ensuring accurate simulation of the conditions. Five levels of precipitation changes (Daily precipitation £20%, +10%,
and 0%) and five levels of temperature changes (Daily temperature 0 ‘C, +1 ‘C, +2 'C, +3 C, and +4 C) were interacted to
established a set of climate change scenarios in APSIM model. The variation coefficient and sustainability index of winter
wheat yield were also calculated with the modeling data. The simulation results showed that the APSIM model is powerful
simulating the grain yield and aboveground biomass accurately with the determination coefficients varied between 0.75-0.92,
the normalized root mean square errors varied between 11.07%-14.65%, and the consistency index D varied between 0.84-0.91,
respectively. Both precipitation and temperature changes had significant effects on winter wheat yield, and precipitation was
more dominant influence than air temperature. When the temperature was constant, winter wheat yield increased with
increasing precipitation, with the yield enhancement effect ranked as HSM>LSM>CK among treatments. However, when the
precipitation was constant, winter wheat yield decreased with increasing temperature, with the reduction effect ranked as
LSM>HSM>CK. Wheat yield also decreased under the interacted scenarios of precipitation and temperature, with the yield
reduction effect ranked as CK>LSM>HSM among treatments. Across all climate change scenarios, winter wheat yield was
greater in HSM than in LSM and CK. The sustainability index of winter wheat yield was also higher and the variation
coefficient of winter wheat yield was lower in HSM than in LSM and CK. Compared with those under other climate change
scenarios, wheat yield had a larger variation coefficient and lower sustainability index under the scenario of 20% decrease in
precipitation and 2-3 ‘C increase in temperature, indicating a high risk in wheat production. In conclusion, winter wheat
production in the Loess Plateau region can be improved by adopting high straw mulching in the context of future climate
change. The results of the study provide a theoretical basis for future production and management of winter wheat on the Loess
Plateau. In future modeling study, more climate change factors should be included to reduce the uncertainties and provide more
comprehensive predictions for wheat production.
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