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Study on the effects of long-term no-tillage straw mulching on wheat yield im-
provement in dryland areas based on the APSIM model
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Abstract: Traditional rotary tillage and plowing practices often lead to water and nutrient loss in dryland farming regions. Inves-
tigating the effects of minimum and no-tillage practices on soil moisture and wheat yield in dryland systems is therefore crucial
for water conservation and yield stability. This study conducted two growing seasons of dryland wheat experiments in Yaodu dis-
trict, Linfen city, Shanxi province, using two tillage methods: no-tillage with straw mulching (NT) and rotary tillage with straw
incorporation (RT). The wheat variety used was “Jinmai 102”. The APSIM-Wheat model was calibrated and validated using ob-
served data on soil water storage, biomass, and yield at various growth stages. The validated model was then employed to simu-
late the growth, soil moisture dynamics, and yield of winter wheat over 39 years of historical meteorological data in Yaodu. The
impacts of different annual precipitation patterns and tillage methods on wheat yield, soil water storage, and water use efficiency
(WUE) were analyzed. Compared with rotary tillage, no-tillage with straw mulching increased wheat yield by 31.1%, 21.0%, and
28.5% in normal, wet, and dry years, respectively. During the fallow period, soil water retention improved by 26.6%, 35.9%, and
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37.5%, and WUE increased by 29.0%, 10.0%, and 9.9%, respectively. However, there was no significant difference in evapotran-
spiration during the wheat growing period between the two tillage methods. Under treatment NT, wheat yield was significantly

positively correlated with both fallow-period and annual precipitation. Moreover, under NT, yield was significantly correlated
with soil water retention during the fallow period, whereas no such correlation was observed under RT. Overall, no-tillage with
straw mulching enhances dryland wheat yield on the Loess Plateau primarily by improving soil water retention during the fallow
period, making it an effective tillage strategy for yield stability in this region.

Keywords: tillage practice; APSIM model; winter wheat; soil water storage efficiency; yield
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—AE, /NFEWR T B /N TR OR R B TSR Y R
M, AAEN IR ORI ARSI BN EAL B, S5
R (1) FERFRSFFA H(RT): 6 a4/ NE IR A
B/ NEREFFR T T R, KIELHR15~20 cm, 7
H A THERRA AL B, BEPFRIEL R10~15 cm.
(2) HBHFEFTE I (NT): 6 H da) /N IR /e 2
(25~30 cm), HAFEFFHIEAE LN 15~20 cm))5 i
THbZ, BaidH, Z/NERBAHTAHITHHE. 2020
4F9 10 22 FEAHAS A1 FE A B RN G phAS A1 78 2 Ab B 1
HEHEEAPLUR SR 12.20 ¢ kg 'Fl14.12 g kg,

x1 IEEMSY
Table 1 Soil physical properties

ERETENHN0.69 g kg 'F10.74 g kg ' KN A
TR ¥ 221027, PG48 ROl BL27 B /N2 A58 T
Il o kA Bl A BRA R LR, &t a2
& NFE, BUIETT . 24F & /N (RS 4300 T
202049 H 25 H #120214E9 H 30 H #&Fh, T20214E6H
15 H F120224F:6 7 18 H W3k o 281 b 21 it NE S H:
A P — 3, FEATIEMESE 90 kg hm 2, BEAL(P,05)
120 kg hm 2FIHf B (K,0) 30 kg hm ™2, & /N F&Fh AT
820 cm, FEFIEEE #7210 kg hm 2124,

1.2 MERHR

X 2020—20224F 3556 vl 2 A kA O SR &N EE
FEAEFH . RIESKE . A/NERY B
HEATINAE -

- g AR I . 2020459 H X e
FIUGE R Ak 3T iy A 30 v R B A S, AT
ZAE— 1 mx2 m, 1.2 mfy R, 2
JZEUEE: 0~40 e+ 25510 em—)Z, 40~120 cm+-
JZH20 emift— 2, 82, HHIIEZEEHT
W+ W EFKE A A S KRS, AR
R B AAASZ IR TG 5 R ISR
EIARPERT, VEABIAVEI - BRI S (R D).

R L ) 5K EERM 6 K

Soil depth Bulk density (g cm™) Field capacity (cm® cm ) Wilting point (cm® cm ) Saturated water content (cm® cm )
(cm) RT NT RT NT RT NT RT NT
0-10 1.203 1.302 0.254 0.260 0.051 0.053 0.438 0.407
10-20 1.460 1.435 0.260 0.260 0.051 0.053 0.309 0.319
20-30 1.460 1.502 0.260 0.245 0.053 0.038 0.298 0.290
30-40 1.536 1.504 0.243 0.245 0.053 0.038 0.284 0.300
40-60 1.460 1.473 0.240 0.230 0.057 0.031 0.299 0.307
60-80 1.375 1.414 0.230 0.180 0.045 0.040 0.324 0.429
80-100 1.470 1.503 0.110 0.135 0.043 0.039 0.303 0.341
100-120 1.417 1.468 0.100 0.130 0.040 0.033 0.329 0.328

RT: Jig#k; NT: 4e#k. RT: rotary tillage; NT: no-tillage.
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APSIM (Agricultural Production Systems sIMu-
lator) 2 H1 K BB T 41 4145 B - 2% UG
HIF R EAE . HLE AR RERPT &, &4
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Table 2 Classification of precipitation patterns in historical years
AR KA FoKAE KA
Year type Normal year Wet year Dry year
A 1977-1978 1982-1983 19791980
Year 1978-1979 1985-1986 1980-1981
1981-1982 1988-1989 1984-1985
1983-1984 1989-1990 1986-1987
1990-1991 1993-1994 1987-1988
1996-1997 1995-1996 1991-1992
1998-1999 2003-2004 1992-1993
2002-2003 2005-2006 1994-1995
2009-2010 2007-2008 1997-1998
2011-2012 2013-2014 1999-2000
2012-2013 — 2000-2001
2014-2015 — 2001-2002
2015-2016 — 2004-2005
— — 2006-2007
— — 2008-2009
— — 2010-2011
11 (4F) Total (year) 13 10 16
&3 APSIM-Wheat EE A EER/NEERKSH
Table 3 Calibrated wheat growth parameters in the APSIM-Wheat model
2 ¥ ik SRl
Parameter Description Parameter value
tt_emergence (C) P A0 2 0 A SRR 40

Thermal time from planting to emergence

tt_end_of juvenile ('C)

HY P 2 40 A 2 R 8 1A AR

545.1

Thermal time from emergence to juvenile

tt_floral initiation ('C)

LA H 2 AR JEURE 234 BT i A SRR

613.7

Thermal time from juvenile to initiation
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Parameter Description Parameter value

tt_flowering ('C)

AE I3 A0 58 BB TT AR B A (9 A7 BRI 331.8

Thermal time from initiation to flower

startgf to_mat ('C)

TEIRI A B BRPRL A TSGR 75 B9 A BRI 3323

Thermal time from filling to maturity

vern_sens FAb U 3.1
Sensitivities to vernalisation

photop_sens A U 25
Sensitivities to photoperiod

grains_per_gram_stem (grains g ') AT ZEFT T H B A R R 25
Grain weight per gram stem

max_grain_size (g) FAASFPARL A B RV A 0.032
Maximum weight per grain

Phyllochron ('C) -4 Ja] 80
Phyllochron

1.6 APSIM-Wheat #2201 B B9 1T

WX NEL TR, AR R NRE
FH 458 25 7K S (R RS FUL(E RN S B E A 7 3 H 3 F Al
VRPN 2 /N7 HE R R B BN RE T o ABFE T3
B 7 A E S L3 AP0 8 A R A g A5 A ) A5 4L
BRI e iE 28 (the coefficient of determina-
tion, R%). ¥R 1% 2 (root mean square error, RMSE)
AR HEAL I AR IR 2ZZnRMSE (V5 3k 20 50 WL 28 =X
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T S I S A A A Y — BobE .
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n = n (2)
S(0-0)E(n-P)
—\2
mm&:zg;;L 3)
i=1
nRMSE = RA{SE x100% 4)
9]

Hrp, PO MER RBRUERISTINE, PO 451
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S-S,

E; = x100% 6
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K, Er So SoFIP AR IR D] 13 25K s
(%) . &R+ E KR (mm) . E—Z /N R
%) 32 25 K Bt () AR PR A9 46 K i (mm) .

ET=S5,-S, +P, (7)
K ET. S. SWAP iR A B W78 1 (mm) |
AR A 1 K B (mm) R B S R K
(mm) Fl A= 7 1 A9 B 7K B (mm) .
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i, WUE. YHIETSM 31482 K 53 0% (kg hm ™
mm ), KR (kg hm )RR B 128 ECE (mm).
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Wk F, hiE ZBRME0.99L E, H—1b AR
BR2ZEnRMSE(ETE20% LA, ih B IZ A5 AU AR A0 3 SR A
4, BTLAF D7 S ARy i R L (R 1)
2.2 BHMEARXSRKERITNEFENF N
1977—20164F/N& 7= it B4 45 R o, bt
R FEAE 76 & /22 007 2 7 o BT B G A A 5 =X
THEH26.8%, TEAFMEAKAERR, S Ffs AT 55

J5 R /NS P i 2 e RS AR 1 5 5K P K
AF L FKAE TN ROK AR S RS FF A 56 O U A2
BT B A AT I8 B 7 200 i 2 = 31.1% . 21.0% Al
28.5% (/#12).
23 MEAXEMEKERTRAE LIES K
Eag=ob- A

o RS AT 25 A BT AR PRI 3 KR
R HERE RS AR H AL H R $2 055 33.6%, FOKAR . FEK
AR R K AR G RS P78 26 1 T AR PR 1= B K
SRR L EBEAS AT 38 F 7 T 43 1 32 195 26.6% . 35.9%
F137.5% (F3).

E 1 7 0] e
E 00} ? - s00} 2 el
j)
g ONT ONT ’
% ART A RT
g 300} Ao 300
<
=
-é 0.9106:
L y=1.0062x y=0. X
I;’, 20 R=0.9973 200 R =09917
é RMSE =11.91 mm RMSE=31.73 mm
7] nRMSE =5.44% nRMSE =13.89%
100 1 1 1 100 1 1 1
100 200 300 400 100 200 300 400
Measured soil water storage (mm) Measured soil water storage (mm)
200 > 200 ~
bl © lSzowing to en_le_rgi_ng - b2 O Sowing to emerging -
. A Emerging to jointing A Emerging to jointing
3;/ 150+ X Jointing to ﬂowe_ring 150+ x Jointing to flowering
£ + F !owenng to ﬁumg 4+ Flowering to filling
'§ o Filling to maturity @ Filling to maturity
S 100+ 100 |
3 y=0.9903x ¥=0.9943x
:c; R =0.9997 R*=0.9997
E s0f RMSE = 1.4 mm 50k RMSE=124d
A nRMSE =2.98% NRMSE =2.53%
0 1 1 1 0 1 1 1
0 50 100 150 0 50 100 150 200
Measured durations (d) Measured durations (d)
“g 14000 — 14000 —
fl) cl g c2 g
= 12000 fe) 12000 o)
= NT o] A
= 10000} © N toooof ©NT o
> A RT A RT
= AO
S 8000F 8000 A
£ 6000} ¥ =0.9928x 60001 y=10551x
8 R =0.9921 R =0.9955
o - -2 ¥
= 4000 + 5 RMSE 77815.205 kg hm 4000 + o RMSE =715.60 kg hm™2
;5 2000 £ nRMSE =9.52% 2000 nRMSE = 8.15%
= r L
g
a0

Measured biomass and yield (kg hm™)

1 1 1 1 1 1 O
0 2000 4000 6000 8000 10000 12000 14000 0

2000 4000 6000 8000 10000 12000 14000
Measured biomass and yield (kg hm™)

B1 HMELREKE. FEBFHXY. EPEN~SEMES TUEMN LR

Fig. 1

Comparison between simulated and measured values of soil water storage, growth stage duration, biomass, and yield in wheat

al, bl. cl JUACMELNAR, a2, b2, c2 WHAELS R, BIMIELy 1: 14k SLLONBEL. NT: %k RT: b

al, bl, cl: calibration results; a2, b2, c2: validation results. The dotted line represents the 1 : 1 line; the solid line represents the fitted re-

gression line. NT: no-tillage: RT: rotary tillage.
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Yield (kg hm™)

B2 ARHIEAXE

Fig. 2 Effects of different tillage treatments on wheat yield

NT: %#k; RT: Jig#k. NT: no-tillage; RT: rotary tillage.

Soil water storage efficiency in
fallow period (%)

6000
Normal year Wet year Dry year
5000 | °
. T . .
4000 -|'
3000 i
2000 1 o
L]
1000 ¢ ®
O 1 1 1 1 1 1
RT NT RT NT RT NT
EEENEIY
60
Normal year L] Wet year Dry year
50
40 +
o
30
20+ -]—
L]
10+ ® i
CV 629%  4.92% 4.89%  3.10% 575%  3.43%
O 1 1 1 1 1 1
RT NT RT NT RT NT

B3 FRHEARMRABLIREKRIENZIT
Fig. 3 Effects of different tillage treatments on soil water storage efficiency during the fallow period
NT: @#f; RT: BE#f; CV: 8537 R %, NT: no-tillage; RT: rotary tillage; CV: coefficient of variation.

24 MEAXEHKFERXNETHEHEMK

53 AR ERR M

AFEHE T T AN A B R 22 A R

Evaportranspiration (mm)

Water use effiency (kg hm™ mm™)

TEFAAE, b ST /N A i WA B 2 (s

f FRERE 7=, WA AKAE R ROKAE, Rpkdb BT

(14 7 B P 22 (R A T e Bk 7 5 (1514)

500 |- Normal year | Wet year L Dry year
400t . °
300} T N
200+
-
100 . °
CV 620%  8.44% 591% 6.94% 6.61% 7.16%
O 1 I 1 I 1 1
RT NT RT NT RT NT
30
Normal year . Wet year Dry year
25+ ¢ .
T .
20 T 3
151 3
10 r \T‘ L [
[]
5 L L
CV 11.18% 9.56% 8.89% 9.19% 1087%  7.29%
0 L 1 1 L 1 L
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Fig. 4 Effects of different tillage treatments on evapotranspiration and water use efficacy during the wheat growing period

NT: %#f; RT: Bé#F; CV: R R NT: no-tillage; RT: rotary tillage; CV: coefficient of variation.



1188

(37}

7R

52 %

GBI 20T /NZE K a3 I CR e =01
P 15.7%, FAKAE | T KAE R R KAE 43 50 $2
29.0%. 10.0%F19.9% (&14).
25 AEMEARTNMNEFEERKE. B
E. KSFIARERKAPLIEEKENXR
3O4F JJy s AR LU B S BT 2R W, 20 B O =X

AR/ RO DR D K B A KR
FHIEMSC(ES). TEREHFAE T, AR/ = BEAEAR
F600 mm 7K Hk I Fif e K SN R /D, TEREK
T 600 mm /i Rl R K SN IR EOR, e S
ARBRT, SR/ 5 B e K R A (151 6). 2
FOBFVE DT 0N AR /N2 7 a5 A K e K AT S

P7-9 P10-6 Ptotal ET WUE WSE Yield Group
1001 Corr: 0.159 || Corr: 0.924** || Corr: 0.484°* Corr: —0.162 || Corr: 0.454"* || Corr: 0383 ‘ ‘
7.51
501 RT: 0.159 RT: 0.924" RT: 0.465" RT: ~0.176 RT: 0.408° RT: 0345 E
2.5 NT: 0.159 NT: 0.924" NT: 0.515" NT:-0.153 || NT:0.565" NT: 0.480"
Corr: 0.523™" Corr: 0.474™" Corr: —0.340™ Corr: 0.352" Corr: 0.146
RT: 0.523" RT: 0.406° RT: —0.268 RT: 0.327° RT: 0213 b
~
NT: 0.523" NT: 0.545" NT: —0.431" NT: 0.431" NT: 0.100
Corr: 0.601°* || Corr: =0.271° || Corr: 0.528* || Corr: 0.387" : B
RT: 0.558" RT: —0.256 RT: 0479 RT: 0.380" g
NT: 0.655" NT: —0.299 NT: 0.654" NT: 0.453"
Corr; —0.568""" Corr: 0.635™" Corr: 0.284"
RT: —0.556"" || RT:0.608" RT: 0.196 5
NT: —0.681°" || NT:0.647 NT: 0.293

Corr: —0.092 Corr: 0.319™

RT: -0.152 RT: 0.277

NT: -0.217 NT: 0.264

Corr: 0.424™"

RT: 0.228

WSE

NT: 0.412°

Yield

Group

33

NN RN NSNS
A R AN RN RN RT NT
PSRN

A s e e R e S
S T I Y I N N N N N S R N R N R IR NP IR NN
SHEPSLS S 2P SESERS /LS S S

B5 ARMEARNTNEFESHKE. EEHAEHE. KOFANRRAKRY LEERLROBRES

Fig. 5 Correlation between wheat yield and precipitation, evapotranspiration, water use efficiency and soil water storage efficiency
during the fallow period
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NT: no-tillage; RT: rotary tillage; P7-9: precipitation during the fallow period; P10-6: precipitation during the wheat growing season; Ptotal:
annual precipitation; ET: evapotranspiration during the growing season; WUE: water use efficiency; WSE: fallow period precipitation storage
efficiency; " indicates a significant correlation (P < 0.05); ™" indicates a highly significant correlation (P < 0.01); ~indicates a highly sig-
nificant correlation (P < 0.001).
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Fig. 6 Relationship between wheat yield and annual precipitation, and soil water storage efficiency during the fallow period

NT: %##f; RT: JE#F. NT: no-tillage; RT: rotary tillage.
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