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1 #RERE

1.1 R BE e

TS T H R 8 € P T 22 € X R A 22 A i
Hif ol K2E R85 (35°35' N, 104°38' E) #ET,
ZH BT, R 6.4 °C, R H RIS
2476.6 h, FEHJFFKE 385.0 mm, AMAKFE
JREBRIARIX . FHINERZIF B2 —, —F
— &
1.2 RIas

BN Ay “ETE 35 57
WE 1 .
1.3 it
1.3.1 wEkE KHIRALE T 2013-2018 4Fi4T,
KABALX A5, DX 20 mx4 m, /X
BHE 3K, WERH (NT) MRS FTE 5 (NTS)
2 MRHET X SR O R, M (3~
5em) JE¥AER, EiE 2250 kg/hm?.

TR 3 H AR, PR 30 mm, AT
PH 250 mm, F%E 187.5 kg/hm?. & H0E 4 a5 Lk

» VRS H2

xR1 hERM ERE3S S YIS
Table 1 Wheat variety parameters of Dingxi 35

e HiH
Parameter Value
FALBUKE T Vernalization sensitivity factors 1.0
It JE HBUR R T Photoperiod sensitivity factors 2.0
B ZEFT 5 AR R 25.0

Grains per stem dry matter unit (grain/g)
TETE R RLEE K Potential grain filling rate (g/d-grain) 0.001

TES B A R AR 580
Thermal time from filling to maturity (°C-d)

T RS JH % Maximum grain filling rate (mg/d-grain) 2.30
4y BETE Weight of tillers (g/tiller) 1.22
##1 Plant height (mm) 1000
I KA HE Maximum grain weight (g) 0.045

(4l N 105 kg/hm?, P,0s 105 kg/hm?) {EFEAE— K
PR /N [X o 56 v 1 398 L A BE Ak 1 5 O pH
8.36. TIEAE 1.26 g/em. HHLFE 12.01 g/kg. 4
& 0.61 g/kg. A=W 1.77 g/kgo
132 Bk 5T 1970-2022 FEHE, K
BHHMEKE., BAEMRBTESETN (R
2D, HEAT 5x5x5 SR . fER LB R,
it g E. BRI EMBETESE=NEELE
AR A1, oA HH A) B L ) S H0R 33 B A 14 5
SRS RKH R, Aok, SR oA
A ek AR A4 o 29 BAR B K & . BRI A
& 105 kg/hm?. FEFF7E 55 & 2250 kg/hm? [175 5040
NG DL

®2 BKELE. RAENFBTESENRILINIERT

Table 2 Simulation experiment design of precipitation variability, nitrogen application rate and straw mulching amount

Wi KA B To B G iR TR b TR B To B G
Precipitation Dimensionless Nitrogen application Dimensionless Straw mulching Dimensionless
variability (%) code rate (kg/hm?) code amount (kg/hm?) code

-20 —1.40855 0.0 —1.40855 0 —1.40855
-10 —0.70427 52.5 —0.70427 1125 —0.70427
0 0.00000 105.0 0.00000 2250 0.00000
10 0.70427 157.5 0.70427 3375 0.70427
20 1.40855 210.0 1.40855 4500 1.40855

133 #EHRM MRS HRGHERTT ) 2013-2018
SRR YRS EE R s B
1970-2018 4F TR Hdfa ik 56 3 (1 R il E 3l
SE > 2019-2022 FEAH R B RVF T 5% [ [ SCE AN
KA E M F (National Oceanic and Atmospheric
Administration, NOAA, https://www.ncei.noaa.gov)
5 ES % E M (https://data.cma.cn/) , 417 5t
RAE, AR AR A R H 8P I EA .

HAL S (3R 3) S5 B4 S22 50 Hp (1) s2 )
Hdhs o

134 #AKI  APSIM A H TR LA A4 5=
RG LAY RS RE, HIEETHCHIS SR K
AV BRRLERL, ] TS [ B R IR E AR
K. KB A, O 2N THE AR S AE A
TRRE A ZE R, FEKTE AL 45 SR v AR )
R R it U 5 A B e 12324 . ARSI A — 4k
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Table 3  Soil physico-chemical parameters

TR RTEH KT A YR K i AR THER
Depth of soil Air-dried moisture Bulk density Saturated Ammonium Nitrate nitrogen

layer (cm) (mm/mm) (g/em?) moisture (mm/mm) nitrogen (mg/kg) (mg/kg)
0~5 0.013 1.290 0.463 6.300 19.100
5~10 0.013 1.226 0.487 5.200 15.200
10~30 0.046 1.325 0.450 5.100 23.100
30~50 0.071 1.200 0.497 4.900 16.600
50~80 0.087 1.140 0.520 4.600 16.800
80~110 0.103 1.140 0.520 4.800 18.200
110~140 0.107 1.250 0.480 4.800 16.400
140~170 0.115 1.120 0.529 5.800 13.700
170~200 0.127 1.110 0.531 4.100 15.400

BIJiMRiR % (NRMSE) FIRSERIAT 2tk S8 (Me) A N:

FA VAV B RORE B, Me (8B 1, NRMSE fH i Z[:X,-_f 3)
N, RERLE R AR E R, AR g

X, ZANEENRL, X, NREBUE (=1,

NRMSE=100%x ! 1y 2o ORI, o NFREE
- 142 TRMBKERRNS FHENEZLETEMR
Me=1- (Y,:J)z (2) &P, FET I Gt 1970-2022 FFAEH A FEK
Ref, VNP RS (=1, 2, 0 m) o %, &, FERI ROKEE SPRERFEKE, THRARXN:
FERBHE G=1, 2, 0 ) PRzl A pr==2 )
1.4 IR R, DI NT 2488 (DI<-0.35 NRIKE,
141 #HEELERL NEEREE. BKELE. -0.35<DI<0.35 VKT, DI>0.35 HFKFE) ,

MR BT S AR RN, Eadis  PVEEFERKRE (mm) , Po NERTTFIREK
BT EHERRE, SR AR AEAL VR Bt AT AL 3, B (mm) , oAbEZE. BAREKERRD LK 4

x4 TREIFEKER
Table 4 Different precipitation year types

el bk R g
Model year ~ Average precipitation (mm) Number of years Year
FIKAE 259.03 17 1977, 1978+ 1979, 1984. 1986+ 1990, 1991, 1993, 1998. 1999, 2003. 2005
Wet year 2012, 2013, 2018, 2019, 2020
SEIKAE 200.15 23 1970, 1972, 1973, 1980, 1981, 1983, 1985. 1987. 1988, 1989. 1992, 1994.
Normal year 1996, 2002. 2004, 2006. 2007. 2010, 2014, 2015. 2016. 2021. 2022
RIKAE 136.40 13 1971\ 1974, 1975, 1976, 1982, 1995, 1997, 2000, 2001. 2008, 2009. 2011
Dry year 2017

143 =AWt E FHRTEL R R/ SOEERETEEC D, KA SPSS 26.0 #AFi1T
(coefficient of variation, CV) TEANAS[E] &K 4 FHEMT: KR R432 T IRIERZIIAZE L
AR RN E= 'R tt, HAGB NR IR BT, FERAGAE = & i R, ARWE 5T REKAR

SRR, AR (R R RO RV 78 26 R OO0, SR Origin
cy=2 (5) 2021 2K,
7
_ 4 H E g
Kol NP RS (kghnt) , 7 2 BRSO
FEEAME (kg/hm?) . 2.1 APSIM #EEIZHE

1.44 #3EH5H KF Microsoft Excel 2016 %At % Z 25 A7 N2 50 A i 3 B A 56 1 S 40,
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At T, scll= & 58 s 2B KT
0.8, NRMSE #J/NTF 10%, Mei KT 0.8, #iHZ%
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Fig.l1 Linear regression fit of simulated

and measured values of wheat yield

22 AEREKFEREFNERIU~ENTRE LT
AR B K AR A B L it R0 MRS AT 78 o R b 2

RIKAF: Dry year

—— “FJK4E Normal year

T, FKE PAREMRKER N 1T~
B0 90N 2199.54, 1782.94 Fl1 1383.24 kg/hm? (£
5) o FKERL SRR E ST FKERMRKE,

B2 AP AERUR KA 1.23 1 1.59 fifo XA
[ 4 2R PR AT R E T, 15 F=
77.05, 3 FER T EABEER. b, K
X FAREG X N A KA B R E A, BAEATHE
FRTNIEREREE.

=5 TRMKERMENZER=ELMHNEZ N

Table 5 Significance analysis of the effect of different
precipitation year types on the simulated yield of spring wheat

B LR -
Precipitation year type Spring wheat yield (kg/hm?)
RIKEE Dry year 1383.24+448.18¢c 77.05

“F-7K4E Normal year 1782.94+536.71b
FEIKLE Wet year 2199.54+567.41a
A F/ING FRERIRTE P<0.05 K FER BE.

Different lowercase letters in the same column indicate significant
differences at P < 0.05 level.

fE APSIM AR vh 2l R 2R A3, MEADLA5 3]
RIAR BRRAAL T BAER /N B &, T
Brwf Rt N R A R R (B12) o FEIRKRB
BEYCH A, FRKERERMENT, AR
BN, 3 FR R BB AR R R ECKEE T %
., RN B AR B KGN 20%40 2
NoER/ME, R ZAC IS B B AR E I A
5 MERCERE R T, B REEE N, 3 F
B K SR RN - AL R B S R THR B TR
5E » B AL 5 R BIYLE 52.5 kg/hm? it U= AL B
TOER/ME, RYILEZAL BN A B AR E 1
S REATE SR IRAEN, A AT
0, 3 R K SR RUREALL P AR 7 AR R AR A R P R
/0N, R IR AT 7 o e AR 7 R A E M Y R

B

—— FIK4E Wet year

(@) (b) ©
- 0.8 o 065 \
[} . [}
2 A 2 0.60 -
0. L B 055k
N ™
© O 050
W - e 04SF———
ilin L iliN i
b @ 040
iz L i 0.35 F
A
00 1 1 1 1 Ol 1 1 1 1 030 1 1 1 1
-20 -10 0 10 20 0.0 525 1050 1575 2100 0 1125 2250 3375 4500

[% 7K A8 4k & Precipitation variability (%)

Jifi % & Nitrogen application rate (kg/hm?)

FEFF 78 55 & Straw mulching amount (kg/hm?)

2 AEMEKFRBRZEATENERRY

Fig.2 Variation coefficient of yield under single factor effect of different precipitation year types
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23 AEIFKEREKER ANMETESENE
INEFEEREINN
Rk AR TR RT3 o SO
RN B AR T R AL, DB & () A
i, BEKEAE (XD . EERE () KFEHE

M (X3 NEBEIT ZIRIER 2 I P R IH
SN, 43 AT R FAE B R 1) R EAZ B A T R
(£ 6) o 3 FFERE 7RIS R YK T
0.75, P{HII/NT 0.001, 287 FE8REGE H U 3
HARB = 8 5 KB R R E MRS E S

Fo6 AEMEKFRMIREREAGE

Table 6 Quadratic orthogonal regression equation for different precipitation year type

A Year

[A]J975#2 Regression equation R F P

RIKHE Dry year

Y 5x=0.3581+0.7265X+0.2208X>+0.0922.X3+0.0254X,2-0.4554X,>+0.2485X, X>+0.0398X1.X5+0.0123X2X; 0.794 60.63 <0.001

*F-7K4F: Normal year Y 4 ,=0.3721+0.7088X1+0.3366X>+0.0772X5+0.0345X:>-0.4407X2>+0.2937X1.X>+0.0387X1.X5+0.0192X0X; 0.849  88.41 <0.001

FIKAE Wetyear ¥ 1,0=0.4045+0.7000X1+0.4523X2+0.0687.X5+0.061 LX1>~0.425 LX2+0.3352X X2 +0.028 LY1.X3+0.0205X:X; 0.932 214.87 <0.001
mZAMKR. R 28 AR = s s e, X g RE AT PR 4EAL PR, oy

231 E@pEsA HERRREEERN, 3 MEK
SRR KA B A E AR o I — IR IR
HEBKRT 0 (R6) , K 3IANHEEMIG X =
BYAE @ MIEMN . BT B FE s %
P AR AL, 0w B] U9 R B (B AT DA Bk | A i
PR AR . ARFERTR, 3 AR EN
B 1 5 A HE P 3 B K AR A > il A > R
.

232 FRESN NI BHBEAFRERT %
(a) RIKEE Dry year ()

»1=0.3581+0.7265x,+0.0254x,>
»2=0.3581+0.2208x,—0.4554x,?

“F7K 4 Normal year (©)

»1=0.3721+0.7088x,+0.0345x,>
,=0.3721+0.3366x,—0.4407x,’

PTAS[E A2 R () 5 R R T R S & R & S A 7 &
RN KR (3D o BERARL R I &% 8 7=
MR R NI A b e, HAAFLE R
H. WBHEPER, YA EMBHTESEANDT
i, K ARAE AR N 10.00%, R KA B
92.00%, KM= 35.86%, “FHHr= 44.46%; F
IKEE R ™ 42.54%, BARIEF= 35.17%, “F334
7% 37.78%; F KA 3G 7 36.04%, B ARG
23.74%, “FIHIHEF= 31.37%.

FI/KEE Wet year

»1=0.4045+0.7000x, +0.061 1.x,>
,=0.4045+0.4523x,-0.4251x,°

$,=0.3581+0.0922x; 4500 - y;=0.3721+0.0772x; $:=0.4045+0.0687x;

3500 | . 4000 . 5000 | .
~ AU - P N1
2 3000 g 5 . 2 4500
g e £ 3500} 7 £ ool rd
£ 2500 e £ 3000 ,."'. < -
=t - it i S 3500 I
3 2000 - - B 2500 - 3
= T g R W‘ ..... =2 3000 - ) ,;I_._AMA_..-.. s
g 1500 L “«\ 1B 2000 | === 4 M\ T ,,5"“ %

Py } 3 RN

oo} \ ~ 1s00} , N ~ 2000} .:z"'l 7

P \A)b o * _-":A"
500 o L L L I} 1000 L L L I} 1500 L L ]
-2 1 0 1 2 2 - 0 1 2 2 0 1 2

T4 %% Dimensionless code

T4 %m % Dimensionless code

Jo 44w Y Dimensionless code

3 FEREKERENEFERRRFERAYN
Fig.3 Single factor equation of spring wheat yield in different precipitation year types and its effect

Jith S0 B 3 0S5 A Y 7 R 1 R T 38 R I I
A R . 24 dYidX=0 I}, KIGRIKE.
PR AR = K AR B it R EL 70 ) A 123.07 133.47
A1 144.66 kg/hm?. Tt Sl BME, 7&K, K
KA KA R 2 KA S ) B A 7 A N
155573, 2017.15 1 2497.32 kg/hm?. R HE R 45
B, UK EAAE AT i E AR, A RS
4N 52.50 kg/hm?, KK =37~ 142.03%, &
R 26.77%, PG 10.91%: TR FE R &

HPE 168.95%, B =i~ 18.52%, 14377 20.38%;
FKF I = 195.19%, HEk= 17.98%, “F1
Br= 25.07%

AT 7 25 B 3 00 & AR B R P R (1 5 45 R
POREVEIEZLN, HAAEAEBIE . MRPERIEE R,
YR KA B R AR, RS o = AN
1125.00 kg/hm?, RIKF w8 7= 5.57%, &&=
4.66%, “FYJHEF= 5.14%; “FKEREE” 4.57%,
AR =N 3.90%, “FIIHEIFE 4.29%; FIKEZ &
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7 3.95%, RIS 3.11%, P 3.47%.
ZE b, KR A B3 I (1 72 2R R BN KK
TR > VKA > KA, it U 3 I 1 72 R R
RIS KAE > ROKAR, RS 78 o &0 0 134
FE RN R IR R IR > 7K A > F2 K
233 REFESH  HRHE SR EIEEA L
HINRB TS H XN P2 R A B RN . 3 Fh
T, XX BRHERIONF/KE (0.3352) >-F
KE (0.2937) >RKHFE (0.2485) , Ui BIFEKAE
A S 22 BAE AR /N 22 38 7=, LB A B 7K 1)
Bz BB B XXs TR BRI ROK A
(0.0398) >-F/K4E (0.0387) >FI/K4E (0.0281),
Wi BH P 7K AR A RN RS A 78 a5 10 A8 BLAE S 19 /N 22 3
7=, {HBEE B K P3G IZ NIk s XoXs TR R
PUNFEIKEE (0.0205) > F/KE (0.0192) >RK
TE(0.0123) , 1508 it SR RS 1 78 5 1 A8 EAE FH AE
RN, HIEAE FEK 3G Iz N 3G g . AN [E]
R, BRRMNAR BN R NE ' RRAE
M, HEEKEWSEEANZ BB RE.
234 TRMKFAT A=A ERGEE
YO, AR RIS R B B H S R B 7K AR
. FEEH BN ES S, R REE a7
FEXTAS [B] R - 3R Al 3 o 0 — A6 R AT i e, &%
FRIALERE K EIE N 20%. i 153.13 kg/hm? &R
DA KT 5 4500 kg/hm? FEFFAR RS, ROKAFE R A &
P& 2203.65 kg/hm?; 7E[FF/KE G N 20%. i H
170.76 kg/hm? % HE LA K 78 5 4500 kg/hm? F F1 4b 22
N, PKERA B & 2838.77 kg/hm?; 1E %K
BN 20% . i 188.58 kg/hm? &E DL K 7B 7%
4500 kg/hm? FEFF A0 HE T, FKFE R A &R =
3447.11 kg/hm?,

3 T

1T 00k s b PG b TR X, 4 K
K, TRIGIR, WA NEAKKR T i g™ =
MRS, AT TS RN, AEFAKERIR 5N
PEEEIN G, 5 AR TS AR . X AR
PR S BRI FEAE R = B2 57 R ORI,
RN S ROKAE > 2R K AR AU . AR TR0
FRFEKE, PKE=E8 5 R EEESS,
X BESE HH 7K A A B BB 7K 23 A AN 35 8200,

BT = A pR O R 1 32 RO LR R Ay
WRW, FERRBAKERT, MoK R, EaE

AFEAT 78 55 B30I P B R 1R e, (H 0
AT WA K ER I, KX NEAEKR
SO IR WSS, IR OK AR B K & 1Y 3 72 28 A o
=, X5 MR EFPIR Fi g R — 8. R AR
AN B 7K A B R OK R T A R T38RI K &,
HEEE 5K, KR KRN Y iz
BRI T, R TG R RURES, AR T K
B, ROKEE . PR A3 7K 19 it BB 0 3 o
123.07. 133.47 Fll 144.66 kg/hm?, 4t & & it
R P2 R, 5 SRR g R —8. =
=R KA U 38 P SN B iR, A RN K A
W, KA RS AR SR R, fEYEE
RBEST N BE, AT IE Fs = B/ b B2 R 175 26 0 e
= HA RN, ]G KA B 1T AL A7 a5 th
KIG, ARG T A RS 80 TR R0
RN, g T IR AGEAE, R T/ NE TR
A SRR, A AR RO TR E A U, £
AR SRR FERE R = 2 s 2L e, 5
A TG RANE, 1l Re 2 TRl W B 7
TOHEEEZE R ROKEREFT 7 5 13 7= 280N d5
Al e A2 RN e BEARS AT 258D 1o R RE, A
FIF 240 B2 LIEALIR G, 38690 T IE R K AR

T HARAFE R A AR K2, HAE A SR KA
BB, /NP & R R I BURYEAN [, A F A
FINAL HAE R X B AR R R B A B 22
AT TR K EAREE R o] ek /N2 1 =, Ho e
RN R IR KA > P IKAE > ROK A . IX R B2 A
N BEKERNT ORI BRI A & R 3 K o AR X
e, SGEEENBEE, AFNTERNERS R
F21351, {H 5 anme eSO BT TR 45 1R R[], AT RS2 i
TABEN R E TR E S, L EE g
TWRAORY 2, HIEFEAKE SIS HA 5 AL,
WES T RIERMGE . B E SRR R A |
= RN R I RK AR > 7K > K AR, 55K A
SLEEBOIIRIE et R — B XA RE R A K R I
AMEERIG R, NETKER R, B ES T EE
DA BT EAFEK, 05 BIREK, FRAK)E IR
YT 52T S B RS o T R K EE/INZE 52 B[R 7K 4y
Joi 8 B N, BEE B K EIG N, REFE SR LK
() 5 23 e BE & BB, IR SRS RIS 76 A
J P USRI KA > PR AR > ROKAR, X
SRR RS E S A NLIE, N 5855
% 25035 38 C/N, (i K [ SR AR Y i -4 i L EL 431
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O8O, H B KIE ALt 1 /N30 SR iR
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Simulation of Spring Wheat Yield Response to
Precipitation, Nitrogen Application, and Straw Mulching
under Different Precipitation Year Types

Ye Xiaojuan', Liu Qiang?

("College of Science, Gansu Agricultural University, Lanzhou 730070, Gansu, China;
2College of Information Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract To investigate the mechanism of the coupled effects of precipitation, nitrogen (N) fertilizer, and straw
mulching on dryland spring wheat yield under different precipitation year types, the APSIM model was calibrated
using spring wheat yield, soil, and meteorological data under no-tillage and no-tillage with straw mulching from
2013 to 2018. Combined with historical data from 1970 to 2022 to drive the calibrated model, yields were
simulated under 5x5x5 combinations of precipitation changes (£20%, £10% and 0%), nitrogen application rates
(0.0, 52.5, 105.0, 157.5, and 210.0 kg/ha), and straw mulching rates (0, 1125, 2250, 3375, and 4500 kg/ha). The
coefficient of variation of yield under single-factor was analyzed for each year type, and quadratic orthogonal
polynomial stepwise regression, single-factor analysis, and interaction effects were employed to study the
impacts of various factors on yield. The results showed that the APSIM model performed well, with R? > 0.8,
NRMSE < 10%, and Mg > 0.8 for both tillage practices. In dry, normal, and wet years, the individual and
interactive effects of the three factors all positively influenced yield, with the order of effect intensity being:
precipitation change > nitrogen application rate > straw mulching rate. Based on the natural precipitation of the
current year, the optimal yields and cultivation measures for each year type were as follows: in dry years, an
optimal yield of 2203.65 kg/ha was achieved by increasing precipitation by 20%, applying 153.13 kg/ha of
nitrogen, and mulching with 4500 kg/ha of straw; in normal years, an optimal yield of 2838.77 kg/ha required a
20% increase in precipitation, 170.76 kg/ha of nitrogen, and 4500 kg/ha of straw mulching; in wet years, an
optimal yield of 3447.11 kg/ha required a 20% increase in precipitation, 188.58 kg/ha of nitrogen, and 4500 kg/ha
of straw mulching. In conclusion, within the simulated experimental range, increasing precipitation, nitrogen
application rate, and straw mulching amount under no-tillage conditions can enhance the simulated yield of
spring wheat, but the degree of impact varies with precipitation year types. For local spring wheat, water,
fertilizer, and mulching strategies should be formulated according to the specific year type to achieve high and
stable yields.

Key words APSIM; Spring wheat; Precipitation; Nitrogen fertilizer; Straw mulching; Yield
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