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Simulation of Water Productivity under Conservation Tillage for Spring Wheat
in Dryland Areas of Central Gansu Based on the APSIM Model

Zhao Wei' *, Li Lingling"?, Zhang Yuanhong''*, Zhu Zhen''*, Wu Hutao'*
(1. College of Agriculture, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2. State Key Laboratory of

Aridland Crop Sciences, Lanzhou, Gansu 730070, China)

Abstract: To investigate the impact of long-term conservation tillage on spring wheat water productivi-
ty and evaluate yield stability under different precipitation patterns, this study utilised a long-term
conservation tillage plot trial established in 2001 at the Dingxi Dryland Agriculture Comprehensive
Experimental Station of Gansu Agricultural University. Four treatments were implemented: conven-
tional tillage('T), no-tillage(NT), conventional tillage with straw incorporation(TS), and no-tillage
with straw mulching(NTS). Field data from 2024 —2025 were used to calibrate and validate the AP-
SIM model, which was then applied to simulate soil organic carbon and spring wheat water productivi-
ty under different tillage practices from 2002 to 2025. The results showed that the APSIM model

demonstrated good accuracy and adaptability in the study area, with the normalized root mean square
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error(NRMSE) between observed and simulated phenological phase values of spring wheatt in 2024 —
2025 below 15%. Simulated spring wheat yield under different tillage practices showed significantly
positive correlations with observed values over the two years, with coefficients of determination of
0. 899 and 0. 978, respectively. The NRMSE was 4. 6% and 2. 3%, respectively, and the coefficient
of determination exceeded 0. 90 in all cases. The NRMSE between model-simulated and observed soil
water storage throughout the spring wheat growth period was 6.5% and 7. 2%, respectively, indica-
ting the model’s capability to accurately simulate indicators related to soil moisture productivity in
wheat fields. Long-term simulation results indicated precipitation was the key factor influencing
spring wheat production in this region. Farmland productivity stability and sustainability peaked in
normal-precipitation years and were lowest in drought years. Spring wheat yield showed no significant
difference between wet and normal years but was markedly higher than that in drought years, with an in-
crease rate of 23. 2% and 22. 4%, respectively. The no-tillage straw mulching(NTS) treatment demon-
strated significant advantages under various tillage practices and precipitation patterns. Specifically, it
exhibited higher organic carbon storage(0—30 cm), yield, and water use efficiency than other treat-
ments. Moreover, it demonstrated superior yield stability and field sustainability when confronting
water shortages. Over all no-tillage straw mulching is an effective tillage practice suitable for achie-
ving high and stable crop yield in the local context.

Keywords: Arid farming region of central Gansu; Spring wheat; APSIM model; Tillage practices; Wa-

ter productivity
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Fig. 1 Rainfall and temperature conditions at test sites during the 2002 —2025 simulation period
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Table 1 Parameters and their values for different tillage treatments
ey &4 #EE 3 Tillage practice
Parameter name NT NTS TS T
HEBE Tillage depth/mm 0 0 200 200
BHE 5 Tillage width/m 0 0 1.5 1.5
Pr/E# B Tillage speed/(km « h™!) 0 0 7.2 7.2
+ B S Soil compaction 0 0 0.15 0.15
B TR A L)
Proportion of stubble incorporated (0~1) 0 0 0.6 0.6
R AT I8 H i -
Straw return to the field/(kg « hm~?) 0 1500 4500 0
MR WK R
Root water uptake efficiency/(mm ¢ mm ') 0.09 0.09 0.07 0.07
W & b Carbon-to-nitrogen ratio 30 30 30 30
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APSIM (agricultural production system sim-
ulator) B AU 2 0] LU T A 400 B AR Rk & 48 b 4%
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Table 2 Soil physicochemical parameters at the test site

0~5 1.29 8.1 0.27 0. 46 0.09 1.01
5~10 1.23 8.2 0.27 0. 49 0.09 0.99
10~30 1.32 8.3 0.27 0. 45 0.09 0. 84
30~50 1. 20 8.4 0.27 0.50 0.09 0. 83
50~80 1. 14 8.3 0. 26 0.52 0.09 0. 83

80~110 1. 14 8.3 0.27 0.52 0. 10 0. 83
110~140 1.13 8.3 0.27 0. 48 0.11 0. 83
140~170 1.12 8.3 0.27 0.53 0.13 0. 83
170~200 1.11 8.3 0.27 0.53 0.15 0. 83
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Table 3 Parameters of the properties of wheat in APSIM

SHUE LY

% K = .

SHAH Value Unit

G UURA T oo -
Vernalization-sensitive factor :

S0 kT 2 00 -

Photoperiod-sensitive factor

L322 FF T 404 G

[~ e e o1 e —1
Grains per stem 25.00 grains- g stem
THE IR0 ) A A AR
Accumulated temperature 585. 00 C«d

from grain-filling to maturity

HEN K Filling rate 2.30 mg * grain” !« d !
HipkE Single plant weight 4. 00 g
# & Plant height 1 000. 00 mm
R AR R

Maximum grain weight 0. 045 g
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JE;LI 0.~ 5 (S, ~ )
RMSE=
NRMSE= < X100
(0, ~5)
D=1— =

20, ~0l=Is.—oD’

KLP.O, B = 5,S, WP .0 N
S AR S LS AR A
1.4 HiEsmE
14,1 MeRFAM X 5

FIH AN A B S, 5 T80 o 4t
2002—2025 4EHF/NE AT FEREKE WG T 48
(DD 53 WK AR SFAKAE FE KA,

P—P,

o

DI

A 7K A . DI<C0. 35; 7K 4F: —0. 35<<DI<C0. 35;
FAKAFE.DI>0. 35, X P WAEFFEFKE
(mm); P, HAETELHEKE (mm) o FinifE
el
1.4.2 2HEEAZ(SWHE

SW=23)(h, X p, Xw,) X 10
i=1
Kn, MEANTREEE(cm)sp, NE
MNEHFEHE (g ecm D,w;, HE AN TLERES

K10 AN A R M HIER IR,
1.4.3  E3EH B (SOC) # &

SOC it =2 (C, Xd, X h,)

i=1

X, B +HELEC TR HIEAYLRS
(g kg Did, BALIERFE (g cm *)sh, £
AT EERE (m),

SOC, —SOC,

i%ﬁfﬂﬁﬁ%ﬁzﬁ:ﬁﬂ JE% Rsoc = T

A, SOC, B4 i Jm —4F 1y + 3% A Pk fift
13 SOC, MBLILWI UG 0 1) - G MLk fig i T
R BB
1.4.4 AF# k= AT WA T 3 4 FAE

K AR 5+ 2 %0 CV (coefficient of variation)
FA] 4k r= & #5840 SYI(sustainable yield index)
e VA AS R B b B AN AS [5] B K AR AR 19 A=
NiR e g tE, Hd, OV Hil/h, R R
JE VR s SYT (B8R /&7, 3R W 2R 7= 07 ] Rf 2k M
e IREARCE .

o
CV=—
Y
(Y—0)
SYI= Y.

o M AR M2 (kg » hm 2) ;Y R B
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K F Microsoft Excel 2022 #E47 £ 95 4 #4 , i
id IBM SPSS Statistics 25. 0 FHLEH ZE ANOVA
K3 T 9 LSD ¥ (a =0. 05) 47 W M. K
I Origin 2021 #EAT 4 A5 1K AT LA

2 HREAMN

.1 APSIM #2819 1E By 1% 30 E 45 R
2.1.1 &

ZERE IR, 2024—2025 4F £ /N 2 W g 0 1
RADE 5 SOME A — B, 1 1 TR A6 R
WS-+ RMSE 43514 1. 69~1. 95.,0. 73~0. 92 Fl
1. 62~2. 00 d,*F-#J NRMSE 43 %} 6. 85% .11. 21 %
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Table 4 Indicator statistics and evaluation of the simulation results of the APSIM
model for the phenological period from 2024 to 2025
EL | i HEH
i H Ay Jointing stage Anthesis stage Grain-filling stage
Item Year
RMSE/d NRMSE/ % RMSE/d NRMSE/ % RMSE/d NRMSE/ %
B B i
Model calibration 2024 1.69 6.48 0.92 10. 17 1.62 5.21
LA 58 : : y
Model validation 2025 1.95 7.23 0.73 12. 24 2.00 5.27
- Average 1.82 6. 85 0. 83 11.21 1. 81 5.24

RMSE: ¥ )7 # i 22 ; NRMSE: 11 — L ¥ T iR iR 2%,

RMSE: Root mean square error; NRMSE: Normalized root mean square error.

2.1.2 %

R X 2024—2025 4E /N F =& Ay sl
(B IS DL 2 S R ME IR AR 6 L e 2 R AR 43
B 0..899 0. 978, —H MR D KT 0. 9( 1A
2) . AS[E B4 b 2 7= 5L RMSE ¥ /b F
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Fig. 2 Linear fit between measured and simulated values of spring wheat yield from 2024 to 2025
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Fig. 3 Soil water storage from 0 to 200 cm under NTS treatment in 2024 —2025
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2.2 2002—2025 EARARMIELET/IMNEFRKE
MW SEMER
R 5 (B 1 AR 4) 32 B, O [ #1415 it
RN FE K (ET) 3 bl A= 3 3 B K Y
AR AE L, 7E 24 IR, TONT, TS,
NTS 43 ET 224675 [ 4379 oh 183, 6~437. 5,
194. 2~454. 3,226, 2~456. 7 Fl 233. 02~468. 1
600
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500

400

300

7K BHET Rainfall and ET/mm

200

L L 1 1 I Il 1 1 i L L 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
4E45 Year

mm, ET ¥J{f 43 )4 311. 3.330. 6.,345. 5 F1 357. 9
mm . R EZER R 64. 80,68, 02.68. 67 Fl 65, 20
mm 28 5 R F S 20, 81% .20, 58% .19. 88%
18, 21% (K 5) . GG o7, BRVERS i % 5 b
#H/NFE ET %Mk % 0. 05 2K F, NTS 4
LY ET (8 TS.NT T 4RSS 1 T 3. 6%,
8. 3% F114.9%,

B
500
400 | a
E ab 2
£ b
=
300
200 R
NT NTS TS T
AL3 Treatment

A ERR/NG SRk R Ab #N) 22 T 7E 0. 05 K 3, B 5~ 7,

Different small letters on the columns indicate significant difference among different ereatments on 0. 05 level. The same in figure 5—

figure 7.

B4 2002—2025 FEAEAHRELETENERKE(ET)HNHSTUEBLER

Fig. 4 Simulated dynamic changes in spring wheat water consumption(ET) under different tillage treatments from 2002 to 2025

RS 20022025 ERRMELENENEKRFEFTNINREENERRY
Table S5 Standard deviation and coefficient of variation for spring wheat water productivity
under different cultivation treatments from 2002 to 2025

e FEKEE ET j*# Grain yield K43 R R WUE
Treatment prifE 2z SD/ LA brifE 2% SD/ 5 Z R b2 SD/ TSR
mm CV/% (kg *« hm ?) CV/% (kg * hm 2 +mm 1) CV/%
NT 68.02 20. 58 240.50 15.01 0.79 15.99
NTS 65. 20 18. 21 232.27 12.32 0.78 14.52
TS 68. 67 19. 88 253. 86 15. 40 0.79 16. 24
T 64. 80 20. 81 208. 81 15. 50 0. 84 18. 90

2.3 2002—2025 FARARMIER BT/ INEFES
KOFMARENTUHSEMNER

1 2002—2025 4%, AN [G] HEAE b BT 52 /N
2 7 b (A ASS UL AL o e K 1 72 A i D 20 72 £ (R 1
FIEL 5) s F /N2 7 s AR ol 774, 2~2 347. 20
kg » hm ?, T.NT.TS.NTS &b 3 i 7= & F ¥ {4
43510 1 347. 34,1 602. 10,1 648, 88 Fl 1 885. 03
kg « hm™*, bR ifE 2250 51 & 208, 81,240. 50,253. 86
232,27 kg « hm ™, 28 3 R E 515 15. 50 %0 .
15.01%.15. 40 % F1 12. 32 % (£ 5), HBARKHHE
Aib 37 Sk (4 AT B A8 Ak 32 B K il 24, ARAS [R] Ak 3 1]
PEEENEE S B E ONTS AT /N L 44T
¥iype g TONTTS ZbBE 4048 5 17 39, 91% .
17.66% .14.32% Ut B NTS kb B 7E 22 504 103 #6
I = L ELAE KD S AR, 7 i 32 52 Al

BN,

ARIBHE LT FH/N A WUE SE4U{E 1922 1k
JuRE Sl 2.72~8.04 kg « hm™ % « mm ', NTS 4t
A WUE 284k il ol 3. 82~8. 04 kg  hm™* -
mm ', T NTTS.NTS &b B )5 25 4351 4 4. 44,
4.95.4.87 Ff15.38 kg« hm ? « mm ' (| 6), %5
HEZE 73 5M 0. 84.,0.79,0. 79 A1 0.78 kg » hm 7 «
mm AR RE A 18.90%.15.99.,16. 24 %
14, 52% (& 5), O [RBFAE &b 31X & N #
WUE B 50 2. 2% . NTS 4b B iy WUE % T.NT,
TS Zb R4y 427 T 21.06%.8. 53 % F1 11. 41 %,
2.4 2002—2025 FAREHET L EF W o
(SOC)fEEM T TEILE R

TE 2002—2025 4F,0~30 cm + 2 SOC fif &
49 A [7] A SRS DL A2 Ak i A L (B 7AD . 2002



« 1406 - # X ME WY ¥ Wt 946 &
_ - 700 -
3200 A ——NT ——NTS —e—TS —o—T g4a B
— - o [%/K Rainfall —e I’._ 600
o~ Py . I’""‘ o y g —
: \ o~y \ J \ 1500 § !
& 2400 RNRR ”\V' N T ¥ = & 1300
= N 400 & W
22000 g v
= 300 & =
> .
» 1600 ] o] 1500
i {200 32 1
1200} &
i {100 &
800}
L L L L L L L L L L L v i 1 200
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 NT NTS TS T
4y Year AbFR Treatment

5 2002—2025 EREMELETENETENNSETURBER
Fig. 5 Simulated dynamic changes in spring wheat yield under different tillage modes from 2002 to 2025
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Fig. 6 Simulated dynamic changes in spring wheat water use efficiency( WUE) under different tillage treatments from 2002 to 2025
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Fig.7 Simulated changes of soil organic carbon(SOC) storage in wheat field at 0—30 cm
depth under different tillage treatments from 2002 to 2025
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Table 6 Simulated results in spring wheat water consumption, yield, and water use efficiency under

different precipitation patterns from 2002 to 2025
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Different letters after the values within the same columns indicate significant difference among different rainfall conditions at 0. 05 level.
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Fig. 8 Simulated results in water consumption(ET), yield, and water use efficiency( WUE)

of dryland spring wheat under different tillage treatments
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Fig. 10 Water consumption, yield, and water use efficiency of spring wheat in relation to rainfall
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