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Simulation of Response of Spring Wheat Yield and Biomass to Irrigation

Amount and Sowing Date in Dryland under Future Climate Change Scenario

MA Xiaoyi, LIU Qiang, YANG Tingting

(College of Information Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070 ,China)

Abstract: In order to explore the management strategy of irrigation and seeding time of dryland wheat
under the background of future climate change., the Agricultural Production Systems SIMulator (AP-
SIM) was used to analyze the statistical yearbook data of spring wheat in dryland in Longzhong from
2014 to 2022. Coupled Model Intercomparison Project 5(CMIP5) model for future climate change sce-
narios(RCP4. 5 and RCPS8. 5) data, Different irrigation amounts(0, 60, 120, 180, 240 and 360 mm)
and sowing dates(March 1, March 11, March 19, March 31) were set to simulate and analyze the
difference of yield and biomass of spring wheat in dryland under different irrigation amounts and so-
wing dates. The results showed that the model could accurately simulate the yield and biomass of
spring wheat in the study area after parameter calibration and verification. Under the future climate
change scenario, the yield and biomass of spring wheat increased first and then decreased with the in-
crease of irrigation amount, and the yield and biomass were the highest under the irrigation of 120
mm. The yield and biomass of spring wheat were the highest under the sowing date of March 1, and
the lowest under the sowing date of March 31. Under the interaction of irrigation amount and sowing date,
the yield and biomass of spring wheat treated with the irrigation water of 120 mm and the sowing date of

March 1 were the highest overall. In conclusion, the yield and biomass of spring wheat in dryland can be ef-
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fectively increased by increasing irrigation and sowing in advance under the future climate change scenario.

Keywords: Spring wheat in dryland; APSIM model; Future climate change; Irrigation amount; So-

wing date; Yield; Biomass
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Fig.1 Changes of average annual maximum and minimum temperature, and annual precipitation in the study area from 2009 to 2019
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Table 1 Soil attribute characteristics
= i< i LS T 5K i LN B K B FH o) i R K o y
i};pﬂ; Bulk density/ Air-dried moisture/ Saturated moisture/ Maximum field NOs/ . NH,/ . pH
Soil depth/cm ( s h ) ey 1y (pmol » mol™ 1) (pmol *« mol ™)
gecm %) (mm * mm ') (mm * mm !) capacity/(mm * mm ')
0~5 1. 290 0.013 0.463 0.274 19. 100 6. 300 8.320
5~10 1. 226 0.013 0.467 0.274 15. 200 5.200 8.370
10~30 1. 325 0. 046 0. 450 0.270 23.100 5.100 8.330
30~50 1. 200 0.071 0.497 0.269 16. 600 4. 900 8. 300
50~80 1. 140 0. 087 0.520 0.261 16. 800 4. 600 8.320
80~110 1. 140 0.103 0.520 0.269 18. 200 4. 800 8.370
110~140 1. 250 0. 107 0. 480 0. 260 16. 400 4. 800 8.420
140~170 1.120 0.115 0.529 0. 257 13.700 5. 800 8. 430
170~200 1.110 0.127 0.531 0.261 15. 400 4.100 8. 400
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Table 2 Growth and development parameters of spring wheat in the study area

ZB 4 FR Parameter ZH{E Value BAf Unit
FALHUK N T Vernalization sensitivity 1.0 /

N6 U I T Photoperiod sensitivity 2.0 /

PR ZEFF T4 B AR EX Grains per stem and dry matter weight 25.0 Kernels » g~ ! « stem ™!
VAR B KPR HE 2% B Potential grain filling rate 0.001 g+ grain~! » !
W) 2 8 S 1 A Thermal time from filling to mature 580 Cd

e KM 2 Maximum grain filling rate 2.30 mg * grain~! « d7!
4y BEE Weight of tiller 1.22 g« tiller !

Bk Stem length 1000 mm

F KHAFHL T Maximum grain size 0. 045 g
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Fig.3 Linear fitting of measured and simulated

spring wheat yield in the test area
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Fig. 4 Changes of spring wheat yield with irrigation amount increasing under two future climate scenarios

of RCP4. 5 and RCPS8. 5 from 2020s to 2040s in the study area
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Fig. 5 Changes of spring wheat biomass with irrigation amount increasing under two future climate scenarios

of RCP4.5 and RCP8. 5 from 2020s to 2040s in the study area
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Fig. 6 Changes of spring wheat yield with sowing date delay under two future climate scenarios
of RCP4.5 and RCP8. 5 from 2020s to 2040s in the study area
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Fig.7 Changes of spring wheat biomass with sowing date delay under two future climate scenarios
of RCP4. 5 and RCPS8. 5 from 2020s to 2040s in the study area
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Table 3 Interactive regression equation of irrigation quantity and sowing date with the yield and biomass of spring wheat
ORRAEMR it o
Future climate scenario Equation
RCP4. 5 Y =3966.17—3. 79X, —68. 25X, +0.0007X,2—17.77X>%+0.39X, X» 0.92~°
Yome =10252. 78 —3. 92X, +110. 44X, +0.0067X,%2—51.66X,2—1.34X, X 0.86"
RCP8. 5 Y =4223.69—5. 80X —290. 08X > +0.0083X12+94.39X,%2—0.34X, X 0.88"
Yogpm =10514,19—3. 17X, —336. 90X > +0. 0027X 1 2+35.82X,2—0. 15X, X 0.85%
* . P<C0.05.

3 it

AW SR T 2014 — 2022 4F B b 5
F/INAE Y )3 50 0 4 T AR SR B0 0E L X APSIM-
Wheat 15 RUHEAT T 5 00K 00 (0 RS HE RIS IE . 20
T s X A3 BT 5 12 A5 D AR AR AL Bl o SR b A N A
(18 7= e R A 4 T s R A AR E L SE T
ROTF 5T 45 Bt 5 R . APSIM-Wheat #5158 % 45
G- LA A0 75 /N 22 AE S [ B0 ol S s T ) 7 e R 2
Km0 Hyk, 3T CMIPS 5 20y o ok 15
SO ARWFSE R A AT T 2020s—2040s FHEEF
) 0 A A Al A R DG T AR B e v R
JE AT 2 B ARG IR R AT B [ K X = A S A

K, 45 5 WoR , 7E RCP4. 5 Fil RCPS. 5 i A i 5
U X P 9 AF 4 R AR RAE 3 B IR
SEH BT AR K A BT N, X S A
FE A AL G 40 AR R P A6 M X B SR R OK
R AT Hb TT ZS G Y S A Ok S G N
PG RA YA . BT BRSBTS e L K
SHEER AN R B th R HE N E AR EF .S
BEAR ™ hE . MW R IR /N 7w ) B
Tt MR R A R FRABFNEEREFT Y
BEKZET VA RRIE . Aok 5T )
Ui R E R BT e S BUNE AR K Z B, B
SR 7 o DA 6 BE A AT R R A /N & A T
T8 RE R H 0 A5 O T ) O R R, DAGE N AR AR



570

e 2555 RO R AR b4 S T 52 MR /N 7= B R A 0 Yo R K 0 47 300 1 i 7 A 411 . 981 -

fb. A58 fE R ok A& 28 L ) RCP4. 5 HI
RCPS. 5 FiApE 5 T, LLAS [5) 3 0% 5 B 00 & 30, B
B RGO, B RN 7 A Y R
JoBE I FERA L B LL WS (=T K 6 10 3 K 1Y
120 mm) e . X S ERIAHSEC AR FRNE S
EF W AT KRN 315 mm (45 FEEAR KT,
WA 2 FPTINN , B G W R 03, &/ N2 )
PR A S R R AR S A B — e
aa‘ %/Jxﬂ%ﬂﬁi%ifﬂﬁﬂﬁﬁ%““” it 2 1 1)
INFZ B R AR AN AR R AR UL 7E D13
H 1 El>F¢Jx£ﬁ@ﬁ£g%ﬂ¢%§i@%%,iﬁ%%
R G Tl A T /N 22 09 A 1 R ™ 208 B AR 4 <
Ao I 98 R AL LB AR /N A R A A R
X EHEEE MR R -8 FEREAN
TR TBE B 0B b I (] 0T /N 22 7 0 52 e B, R B
W3D1 Ab 3N F /N 22 77 i FL A W o 34 A, RIS
JEE 18 Tl R 45 5 PR AT RE AT LUSR S RN A T
Y, 380 =~ 0 B R o8t A5 L % 30 A
T £ X6 /N2 B 7 e R AR KA B R R S BN .
A1) — S AH S BIF 5 2 B A R 9 100 RN I
B 4w /N2 2R K S0 Dm R = m e
ABIESE FEARDE T AR SR S T R R
A6 ol [R) X6 /IN 22 77 R A ) 0 R L (H R T8 43
X L A AR E R N R . W, A Sy
BT T A A AT /N 22 77 a5 1 0 TE 52 L R 4K TR
&ﬁﬂcéﬁi PE S L5 e R  Z2 R BIF 5 4
REAFAE S B o ROk, FRATTH 4k 22 DL AL A 52
75‘/2, i — DR R AR E N T R F N
T VPR A I A R W

4 H#

APSIM-Wheat #5551 25 5 K5 A% e 5 58 30 ,
FERERL R /NAZ 77 o R A i O T R IR = R?
H4 0. 92, o B R REHURE BE . BERLAS R
7R MR T R MEBOE (2009 —2019 4E) , fE RCP4. 5
F1RCPS. 5 PP g 50, 0F 98 DX 2 90 i B o
T HL R K BAT TN . AE AR A AR b 1 5t
) RCPA. 5 F1 RCPS. 5 W4 Fl i 52 T, 3 i 184 Jon 8 8K
SRR AR AR AT LA I /N2 (0 7 i R AR ) i

SE K

[1]ipce Intergovernmental Panel on Climate Change. Climate
Change 2021 — The Physical Science Basis [ M]. Cambridge,
UK :Cambridge University Press,2023.

[2JWANG X,JIANG D,LANG X. Future extreme climate chan-

ges linked to global warming intensity [ J . Science Bulletin ,
2017,62(24) :1673.

[3THFEAR , S 2L, A K T T A5 78 162 X 4R Ml 119 52 Wiy K% o
fEHELT]. AR S5 H AR . 2014,34(4) ¢ 1.

TIAN X D,HAN J H,HAN Y S. Analysis on the influence of
climate warming on agriculture and its countermeasures [ J].
Agriculture and Technology »2014,34(4) ;1.

L4TXUEZBE, X %, B8 E0 . A5 AL A Xk o [ ARl 2R 7 1Y 52 Wi B
XM LI, AR AR 2441, 2010, 18(4) £ 905,

LIU Y S,LIU Y,GUO L Y. Impact of climate change on agri-
cultural production and response strategies in China [J]. Chi-
nese Journal of Eco-Agriculture ,2010,18(4):905.

[5JRIARSE, AR MR, 28 SCIH L A5 . A3 78 Al X Rl FRR £ A 7 52 1)

BT 30 e 5 2 g Uy 1 [T ). v Il 8 DR X &L 2013, 34
(5):1.
QIN ZH,TANG H J,LI W J.et al. Progress and directions in
studying the impacts of climate change on agriculture and
grain production in China [J]. Chinese Journal of Agricultur-
al Resources and Regional Planning 2013,34(5) :1.

COTMBARDL , i B A, 45 6 M 8 b % o ok h [/ R I A=

7 5 ) 1 T Rk AR L ], ARl PR BT R 2 e, 2011, 30(9)
1707.
PAN G X.GAO M.HU G H.et al. Issues and challenges on
mitigation of climate change impacts on China’s future agri-
culture [J]. Journal of Agro-Environment Science ,2011,30
(9):1707.

L7]rms b SRR A L 45 ), 5. R0l B =M 72 fb BIF 5 3 T [l Jit
R[] i A Al 2 4R (P 3E30) . 2023,31(8) ¢ 1155,
XU Y L,ZHAOM Y,LI K,et al. Review on the research pro-
gress of agricultural adaptation to climate change and perspec-
tives [J]. Chinese Journal of Eco-Agriculture 2023,31(8) .
1155.

[8IPhSLTT , S5, £ J1. AR AT 5 T 2T APSIM %
TR B A R IR AC /N SRR A X BB [T, R R AR
2021,41(6) :771.

SUN H W,MA ] H, WANG L. Simulation of suitable plant-
ing area of winter wheat under climate change in the Loess
Plateau based on APSIM model [J]. Journal of Triticeae
Crops»2021,41(6) .771.
[OTE At , T 9% SC. v TR 2k 08 VR Wt 301 % /N 22 ARG K R M R Y
Sma [T, B A 224 2008,19(9) - 1965.
WANG D M,YU Z W. Effects of irrigation amount and stage
on water consumption characteristics and grain yield of wheat
[1]. Chinese Journal of Applied Ecology »2008.19(9) ; 1965.
[L0E AR AR 2% )7, 45, /N2 7 o e Ho At il R 3R o TR
RO B AL BT L], T R A AR BF 5T . 2019.37(3) (117,
NIE Z G.REN X Z,LI G,et al. Simulation analysis of irriga-
tion effect on yield andits constitute factors of dryland wheat
[J]. Agricultural Research in the Arid Areas,2019,37(3):
117.
[110E 8.2 )7 B0, 45, B b ot b TR X5 3t A /N 22 7 44
T 530w R A BT ST [T ], T 5 X M ], 2021, 44 (2)



* 982 -

I (7]

2 45 %

494,
WANG J.LI G,NIE Z G,et al. Simulation study of response
of spring wheat yield to drought stress in the Loess Plateau
of central Gansu [J]. Arid Land Geography ,2021,44(2) .
494.

[12 e, 5k 2%, skt , 45, JE T APSIM S B1/N A - £ K A [A]

THE L T A Ay 7 R FK G AT RBOR AT LD, K R AR R 24
2021,35(4):106.

XUE ] X,ZHANG X,ZHANG ] H,et al. Analysis of crop
yield and water use efficiency of wheat-maize double cropping
system under different irrigation systems based on APSIM
model [J]. Journal of Soil and Water Conservation , 2021,
35(4) :106.

[13]EEER. 2= ), T 4,55, A H APSIM B2 AL 4 #7 AS [6) 45 30 Fn

HEAE 7 SO 5 /N2 bR T 4 BT B R B s e [ ], 0o 1 A 2
2242,2021,32(3):913.

NIE Z G,LI G,WANG J,et al. Evaluating the effects of dif-
ferent sowing dates and tillage methods on dry-land wheat
grain dry matter accumulation based on the APSIM model
[J]. Chinese Journal of Applied Ecology,2021,32(3):913.
TSR #R, T 4. BT APSIM LB B b 5 /N
e of 0 L R R K A A e L DL 2 SRR
#2.2022,42(3):371.

GAO X H, LIU Q, WANG ]. Simulation of response of
spring wheat yield to sowing date, nitrogen application and
precipitation in dryland of longzhong based on APSIM model
[J]. Journal of Triticeae Crops,2022,42(3) :371.

L1522 8= JA ) HE o 2. SRR A 3 B U 1 F AN [

THEBE T L 7 B AR RN AL LT ] o R RO 4R, 2018, 39
(4):220.

QIN X C,ZHOU G S.JU H,et al. Simulation of different ir-
rigation strategy on wheat yield in Huang-Huai-Hai Plain
under the RCP8. 5 scenario [J]. Chinese Journal of Agrom-
eteorology »2018,39(4) :220.

CI6 R, B B 58 A2 T R MR S T A 032 4l A ()

WK T % 55 7 i ALK o3 R A RCR L], Rk TR =4,
2020,36(2):103.

TANG ] Z,XIAO D P.BAI H Z. Yield and water use effi-
ciency of potato at different irrigation levels in agro-pastoral
ecotone under future climate change [J]. Transactions of the
Chinese Society of Agricultural Engineering ,2020,36(2) .
103.

C17]8% B RFEDS X 22, 4 AARL T T X0 [ oK 7™ i

BT, Al TR 241 . 202036 (11) : 149,

XU K,ZHU X F,LIU Y,et al. Effects of drought on maize
yield under climate change in China [J]. Transactions of the
Chinese Society of Agricultural Engineering »2020,36(11) ;
149.

C185R AR VT B Ll J0 85, SR AR 4 AR T B 7Y A AN [ Sk X

i, 4.
TR T A% /N 22 e XU 5% e B A LT 9ROl Bl 4, 2021,
49(10) :213.
WU Y T.JIANG Q,MENG Y.et al. Assessment of impact

of irrigation in different climatic regions of Shaanxi Province
on risk of winter wheat yield reduction under climate change
[J]. Jiangsu Agricultural Sciences,2021,49(10) :213.

[L90E A%, P X0 A, 45, S8 £b T B S AR A6 8 5 HE R iy

WK BRITAR L], KB, 2021(6) 2 17.
WANG L M,ZHOU Z Y,LIU J,et al. Evaluation of water-
saving effect of cotton regulated deficit irrigation under cli-
mate change in Xinjiang [J]. Water Saving Irrigation ,2021
(6):17.

[20JASSENG S,JAMIESON P D.KIMBALL B, et al. Simulated
wheat growth affected by rising temperature,increased water
deficit and elevated atmospheric CO: [J]. Field Crops Re-
search ,2004,85(2-3) :85.

[21]F #k.BA €. T 51 .45, APSIM FE89 XF 48 40 J5 /N - ok
BEAE RGN IE PR ], BH A A 24 4. 2007, 18(11) - 2480,
WANG L,ZHENG Y F,YU Q.et al. Applicability of Agri-
cultural Production Systems Simulator (APSIM) in simula-
ting the production and water use of wheat-maize continuous
cropping system in North China Plain [J]. Chinese Journal
of Applied Ecology»2007.18(11) : 2480,

[22 A mi i , 7 #9850 /R 5, 45 T R A0 T APSIM B8 4& IFE &

AL AN E B EBOR [T ], ol T #2274, 2023, 39(6)
92.
ZHOU L T,SUN S,GUO E J,er al. APSIM modified model
under drought conditions to simulate winter wheat yield in
North China [J]. Transactions of the Chinese Society of
Agricultural Engineering ,2023,39(6) :92.

[23 ] # €. 2T AquaCrop A& B [ 56 o il [X & /N8 — B T K

Kt A BERT S D], 4  « P AL R ARBH K%, 2019.
CHEN C F. Study on irrigation and nitrogen application sys-
tem of winter wheat and summer maize in Guanzhong area
based on AquaCrop model [D]. Yangling: Northwest A & F
University,2019.

[240ghmese, 2= 1L I, 45, 35 F APSIM A5 50 A5 0 /K &0
X 5 RN R L], ROl R, 2019, 36(9) 1 2342.
RU X Y.LI G, YAN L J,et al. Effect of precipitation and ni-
trogen application on spring wheat yield in dryland based on
APSIM model [J]. Pratacultural Science, 2019, 36 (9):
2342.

(2507 M. 28 I BREINGS . 45, 3 F APSIM A5 5 A5 451 7k 0 3 45 %

BN (Triticum aestivum) W B2 W L] ], 4 F 4
YrE Fl,2020,18(4) 11371,
LI B,LI G,CHEN G P,et al. Simulating the effects of water
and nitrogen regulation on leaf area of Triticum aestivum in
dryland based on APSIM model [J]. Molecular Plant Breed-
ing »2020,18(4):1371.

[26]L1 Y.WU B,GAO Y.et al. Combination of organic and inor-
ganic fertilizers to counteract climate change effects on culti-
vation of oilseed flax (Linum usitatissimum L..) using the
APSIM model in arid and semiarid environments [ J]. Agron-
omy,2023,13(12) :2995.

[2772 I, # &5, BELLOTTI W, %, APSIM £ %I {¢ 3 + [ B



570

I 2045 R AR TR AL IE § T T AR /N 22 77 0 A 0 o R K R S0 £ ) 7 A A © 983 -«

IH) B DA () B R e P a3l A D) D, A= 2 4R, 2009, 29
(5):2655.
L1 G, HUANG G B, BELLOTTI W, ez al. Adaptation re-
search of APSIM model under different tillage systems in the
Loess hill-gullied region [J]. Acta Ecologica Sinica ,2009,29
(5):2655.

(28 1ULH 4 X 505 , #0846, 26 T APSIM B2 AL 2015—

2100 AR5 AE Aoxt v B OK AR 7 T s [T, Aol TR 230
2023,39(8):167.
GONG J J,LIU Z J,ZHU G X, et al. Effects of climate
change on maize productivity in China during 2015 to 2100
based on APSIM model [J]. Transactions of the Chinese So-
ciety of Agricultural Engineering ,2023,39(8) :167.

[29JWANG J,DONG X, QIU R, et al. Optimization of sowing
date and irrigation schedule of maize in different cropping
systems by APSIM for realizing grain mechanical harvesting
in the North China Plain [J]. Agricultural Water Manage-
ment ,2023,276:108068.

[30]H: B, F RN, B4 &, 5T CMIP5 1y o [ 7 b i X B2 3% 1k

HARRFFEL) ). K BE I 5K TR 4, 2021,32(5) 1 61.
DU Y,WANG D G,ZHU ] X. Study on warming and humid-
ification evolution in Northwest China based on CMIP5 [J].
Journal of Water Resources and Water Engineering 2021,
32(5):61.

[31]FE B, EiE. 2 77, 5. 2T APSIM RN /4 & W%
KB HT L], Bk, 2016,33(5) 1871,

LEIJ J.YAN L J,LI G,et al. Simulation on water require-
ment of wheat during growth period by APSIM [J]. Pratac-
ultural Science ,2016,33(5):871.

(325 &, 5k &, wt e, 55 WEWE 5 X 77 /0 22 b 138 43 Ak )
TR Ky BE ML A 52 ma [T 0. Tk BA ARl K22 27 4k, 2011, 42
(3):273.

MA G F,ZHANG L,YUAN H Y.et al. Effeet of irrigation

quota on the biomass accumulation and distribution of spring

wheat [J]. Journal of Shenyang Agricultural University ,
2011,42(3):273.

(330 oC a2 L WREIMS , 45, /K 2 8 5 0 4 /N 22 26 i A 1Y 5%
WA LT, H Ok R 22241, 2019, 54(2) < 73,

XIY Z,LI G,CHEN G P,et al. Impact of water regulation
on growth process of spring wheat [J]. Journal of Gansu
Agricultural University ,2019,54(2) :73.

[340F 2,0 30, F 4. 28T APSIM 5 B4 3 % o ok S A8 4k

i 5 R S AR /N T R A E S e i B A A ). K
YEW) 4 ,2022,42(6) :738.
GAO X H,LIU Q,WANG ]. Simulation of sowing dates in-
fluencing on yield and growth period of spring wheat in
dryland under future climate change scenarios based on AP-
SIM model [J]. Journal of Triticeae Crops.2022,42(6):
738.

(3530 % = BRARHEWE 25 1 F AS G163 %) 4 /N 22 77 ek R K 43 R
BRI IR IR RHE . 2010.42(8) (44,

GUO L Y. Effects of different sowing dates on yield and wa-
ter use efficiency of winter wheat under limited irrigation
[J]. Shandong Agricultural Sciences,2010,42(8) ;44.

[36] VENKATARAVANA NAYAKA G V, PRABHAKARA
REDDY G,KUMAR R M, et al. Influence of different irri-
gation regimes and systems of cultivation on physiological
growth parameters of rice cultivars [ J. International Jour-
nal of Current Microbiology and Applied Sciences 120198
(7):1068.

[37JGAJBHIYE M,BHAN M,AGRAWAL K K,et al. Influence
of irrigation scheduling on physiological growth parameters
and yield of wheat under different sowing dates [ J]. Interna-
tional Journal of Plant & Soil Science ,2023,35(22) :18.

[38]JPRAJAPAT A L,SAXENA R,SHARMA M,et al. Growing
degree days requirement and yield of wheat cultivars as influ-
enced by irrigation scheduling and time of sowing [ J]. Inter-

national Journal of Plant & Soil Science ,2022;28.



