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Abstract To explore the impact of straw application on the stable yield and water utilization efficiency of spring
maize in continuous fall mulching farmland, and provide a theoretical basis for the sustainability of fall mulching
technology application, based on a positioning experiment with different mulching methods set up in the semi-
arid area of Western Liaoning in 2013, four treatments were set up from 2018 to 2022, including no mulching
(NMD, spring mulching (traditional growth period mulching, SM), autumn mulching (mulching after autumn
harvest, AM), and autumn mulching combined with straw application (straw is crushed and applied after autumn
harvest, AMS). The yields of spring corn, yield components, stable yield performance, soil moisture content,
and water utilization efficiency were analyzed. The results showed that: 1) From 2018 to 2022, the AMS treatment
significantly increased corn yield (P<<0.05). Compared with the NM treatment, it increased by 106.39%,
25.87%, 54.77%, 19.64%, and 20.98% respectively. Compared with the SM treatment, it increased by
48.22%, 9.33%, 30.66%, 9.92%, and 9. 34% respectively. Compared with the AM treatment, it increased
by 11.78%, 7. 71%, 12.86%, 4. 77%, and 4. 43% respectively. However, there was no significant difference
in harvest index among the treatments (P>0.05). 2) The yield variation coefficient of AMS treatment in five years
was 23.54%, which had better stability compared with other treatments. 3) In most years, the AMS treatment
significantly increased soil water storage capacity and precipitation utilization rate ( P<<0.05), During the sowing
period from 2018 to 2022, there was about 750 m® of water storage capacity increase in the 0-100 cm soil layer
per hectare. Compared with the NM treatment, the precipitation utilization rate was increased by 9.33% to
48.22%, and the water consumption of crops was also significantly increased (P<<0.05), providing more
available water for corn. 4) In most years, the AMS treatment also significantly improved the water utilization
efficiency of both economic and biological yield (P<<0. 05). From 2018 to 2022, compared with the NM treatment,
the AMS treatment increased the water utilization efficiency of economic yield by 109. 60%, 6. 62%, 47.82%,
15.80%, and 11. 10%, respectively, and the water utilization efficiency of biological yield by 81.33%, 3. 14%,
55.49%, 16.57%, and 16. 14%, respectively. Therefore, under different precipitation years, the autumn
mulching combined with straw application technology is an effective technical measure for achieving stable and

increased yield and improving water utilization efficiency of spring corn in the semi-arid area of Western Liaoning.

Keywords straw returning to field; autumn plastic film mulching; spring maize; yield stability; water use efficiency
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NM: No film application. SM: Film application in spring. AM: Film application in autumn. AMS: Autumn mulching combined with straw
return to the field. Different letters indicate significant differences between treatments within the same year(P<Z0. 05). The same as below.

E1 TRLKERFHEERTEZN

Fig. 1 Changes in spring maize yield under different treatments in different years
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Different letters indicate significant differences in the coefficient of variation between different treatments from 2018 to 2022 (P<<0. 05).
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Fig. 2 Coefficient of variation of spring maize yield in different years under different treatments
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Table 1 Effects of different treatments on agronomic traits and yield components of spring maize

i AR ?%th/cm ‘% *ﬂ/mm Grainjfiij fﬁmber Numler*i‘?;rains Vﬁ;jé}% (/)gfZ
Year  Treatment Cob length Cob thickness per cob per row 100-kernel
NM 11.43+0.50 ¢ 31.71+=2.58b 13.60£0.35b 23.80+1.33b 24.53+1.34b
SM 13.93+0.33b  42.76%0.41 ab 14.80=+0. 38 ab 31.8040.93 a 24.78+0.49 b
2018 AM 14.60+0.51 ab  43.6940.82 a 14.93+0.33 a 31.53+1.31 a 30.46+2.43 a
AMS 15.67%0.39a  37.90£2.40 a 15.07+0.43 a 34.73+1.09 a 34.30+1.14 a
NM 16.30+0.41b  50.10%0.40 b 14.27+0.33 a 36.07+=1.28b 35.22+0.66 ¢
SM 17.90%0.32a  49.95+0.44 ab 14.13+0.36 a 39.67+1.04 ab 37.81%+0.38b
20 AM 17.70%+0.28 a  51.57=%0.54 ab 14.8040.26 a 39.1340.68 ab 37.60%=0.99 b
AMS 18.00+0.22a  51.18%0.39 a 14.80+0.33 a 39.204+0.74 a 40.80=+0.70 a
NM 15.57+0.54b  45.36%£1.35b 14.80+0.51 a 29.20+=1.52b 35.96+0.34 a
SM 15.53+0.74b  47.10=%0. 60 ab 15.47+0.41 a 31.47+1.71 ab 35.53%+0.85a
2020 AM 17.33+0.36 ab  47.60+2.58 ab 15.734+0.27 a 34.60+1.42 ab 35.39+1.15a
AMS 17.60+0.41 a 49.81+0.74 a 15.734+0.27 a 33.67+1.30 a 37.11+21.99 a
NM 17.57+0.36 ¢ 53.84+0.52b 16.40+0.56 a 35.80+0.83 a 40.31+0.38 a
SM 18.0340.26 bc  54.82+0.41 ab 16.53+0.31 a 36.87+0.73 a 46.25+3.33 a
20z AM 19.3040.20 ab  55.99+0. 36 ab 17.33+0.37 a 37.47+1.08 a 43.43+0.37 a
AMS 19.60+0.34a  55.29+0.35a 17.07+0.38 a 38.53+1.15a 43.75+1.31 a
NM 18.20+0.41¢  53.41+0.48 a 16.40=+0. 29 ab 38.474+0.99b 40.64+0.79 a
SM 19.30+0.26 b 53.77£0.43 a 15.33+0.37b 41.53+0.95 a 41.18+0.40 a
202 AM 19.73+0.28 ab  53.52+0.55 a 15.4740.53 b 43.60+£0.59 a 41.78+0.10 a
AMS 20.334+0.35a  53.704+0.80 a 17.07+0.43 a 43.07+£0.56 a 41.02+0.18 a

G R P M AR kR
Note: Data is mean=SE.

K2 REUREFEMREZREFARALESENEUNZESFT

Table 2 Interaction analysis of the changes in agronomic traits and yield components across different treatments and years

. . AT H (FRR JER A

18 br Bk A e g .

. . . Grain row number  Number of grains per Weight of 100-
Index Cob length Cob thickness

per cob row kernel
T <<0.01 <<0.01 <20.01 <<0.01 <<0.01
Y <<0.01 <<0.01 <<0.01 <<0.01 <<0.01
TXY 0.017 <<0.01 0.118 0.019 0.005

TE T ALY AR, T XY A S 4R 2 B0 . T IR .
Note: T represents the treatment, Y represents the year, T XY represents the interaction analysis between the processing method and
the year. The same below.

2.1.4 REAFESBERAEY FFAOREIHFHNE G AMS HAM AL FE(P<<0. 05) ; NM &b B 7E 2018,2019

e 2021455 SMAREE, A K 201945 AM 4bFLH G &

AP 2018—2022 FF W B FORAEW AN E 3 FH 22 FAMP>0.05) , HAAE Oy ¥ i 2 (I T L A 4k 3

JiR o FEARNFEAEGY T AMS 5 AM 4b B ] 22 5 3 K 8 (P<<0.05) ; 54F H AMS 4b B &5 NM 4b B 43 1) 5 7=
F(P=>0.05); SMALFAE 2018 F1 2020 4E ¥ B FEME T 106.39% .25. 87 % 54. 77 % .19. 64 % F126. 4%,
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Fig. 3 Changes in spring maize biological yield under different treatments in each years
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2018—2022 4 £5 &b 3 4 43¢ F /K R I e &5 5 an
BS T o 1855 K R AT ez e = 845 7K i 7 A4t
KAES o MEMAORE I, & £ 2 ¥k B B b
FE7 K R R, HLAS AL B Y K R IEARL BN
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B P T Y S KR (P<K0. 05D, Uk B Bk
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XFF AM AL B 7 25 BT AMS &K R I 5
Wk B S IR FR A T M A bb X 5E BE RAL B A —
FERREE LRGN T WK 0 B B8, DA 4 4 T
TR EKEE 1. B 2021 F 2022 4E A, B A8
b WR BE BN, 5 A S AR e BE 4 A Rk 31,7600~
73.18% . 33.46%~52.83% . 15.6%~70.25% .
32.33%~71.42% H156.85%~84. 41 % ; i 24 1 bl
R RE T K B A5 b B R 25 5 ORI 8, AR Ak
JE4Y B M 41, 27 % ~70.94% (104, 57 % ~126. 44 % |
21.02%~152.94% .43.15%~93.39% #118. 11 %~
81.78%.
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Fig. 4 Changes in spring maize harvest index under different treatments
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W 7K ) % R A, A R 14. 60 kg/Chm?® mm) . [A]
4E, SM AL B4 Jy 20. 32 kg/(hm*mm) , 5 NM 4b
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W] o 76 AE Y R K B 5 I, 2018 4F 4% 4k B 6] 2 B
NM>AMS>AM>SM, i & [ NM 4k B A Lk SM
b B R 37.43% 5 2019 4F £ 4k B ] 3R L O AMS>
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[ K F % /(kg/(hm? mm))

2018 2019

AM>SM>NM, fi% & (1 AMS &b FAT F NM Ak 3 5
17.81% 52020 F1 2021 4F £ kb B[] 35 3 9L 2 AM >
AMS>NM>>SM, # = ) AM A #LAH Fb SM Ak B 43
Sl =5 26. 96 %0 A1 15. 23 % 5 2022 4F W F I AMS™>
AM>SM>NM, H i AMS I # & T H fh &b 2
(P<<0.05) . 7E 49 7™ &K 4 F 805 07 I, 45 4F
193 45 A B ] 35 22 Bk NML Ak B8 7] F 808 B IS, AMS
FAM 4b B 43 H) 45 2018 F1 2020 4F F) F 2 % & 5
SM 4b BB 78 2019 F1 2021 4 F) FH % R ¥ d5c i, 5 4F
DAL 25 A A T R 88023 B v 1 A B A 5 A PRI 8%
¥ 5 A /9 NM Ab #4331 48 &5 T 110. 77 % .8. 57 % .
55.49% .22.35% M 18. 8% . £ LT = K 43 F F
BRIT I, 5 AR N ANS 4b Bl SM 4k B34 A A b
M, AM A BRAE 2020 4F 8.2 KT ANS 4 3UFT SM Ak
HELCP<C0. 05), fif NM 4k BEALAE 2019 4F 5 H Al &b 2
JERFHE B EEF(P>0.05), HAERNY B F
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Fig. 6 Changes in precipitation use efficiency during the growth period under different treatments
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Table 3 Effects of different treatments on water consumption and water use efficiency of spring maize

e 25 0 W A it /mm AWK S R AR/ & PR K A R R RCR /

Ay Ak # . . YE Y #E /K & /mm (kg/Chm’+mm)) (kg/Chm?®+mm))
Rainfall in growth

Year  Treatment Crop water consumption Biological yield water use  Economic yield water use

iod
peno efficiency efficiency
NM 364.26+12.47 a 25.53+2.74 b 11.93+1.02b
SM 265.05+10.42 b 39.0340.07 ab 22.86+2.03 a
2018 296. 1
AM 323.40+28.70 a 53.81+9.37 a 25.54+4.93 a
AMS 358.87+12.10 a 46.29+4.77 a 25.024+2.65a
NM 466.61+14.81 b 48.96+3.65 a 23.35+1.34 a
SM 497.36+=11.58 b 52.50+1.10 a 25.17+0.71 a
2019 561.4
AM 544.7149.49 a 48.36+2.66 a 23.3240.47 a
AMS 549.744+11.26 a 500.5043.42 a 24.90+0.83 a
NM 474.75+9.78 b 32.73+1.44b 17.75+0.86 ¢
SM 411.82£9.05 ¢ 46.70+1.87 a 24.234+0.87 ab
2020 458. 4
AM 522.85+10.24 a 43.95+3.15 a 22.124+1.45b
AMS 496.84=+9.39 ab 50.89+1.63 a 26.2440.97 a
NM 514.024+13.12 ab 49.194+1.76 b 26.71+0.97 b
SM 477.82+11.24 b 60.18+1.64 a 31.264+0.92 a
2021 548.5
AM 550.5949.48 a 56.3842.04 ab 28.46+0.8 ab
AMS 531.174+12.19 a 57.3444.70 ab 30.93+1.41 a
NM 947.32+13.66 b 27.61+1.39b 14.90£0.33 b
SM 956.92+14.22 b 31.514+1.26 ab 16.32+0.40 a
2022 893.8
AM 975.92+14.29 b 32.80+0.85a 16.75+0.31 a
AMS 1031.71+12.95 a 32.06+1.25a 16.55+0.51 a

R4 TRLEBEETRRAEMHERBKERKSFHARNENZIESHT

Table 4 Interactive analysis of water use and water use efficiency of spring maize in different treatments and years

AWK MR T K F R

15 b V5 W) FE K i S o
. . Biological yield water use  Economic yield water use
Index Crop water consumption . -
efficiency efficiency
T <<0.01 <20.01 <20.01
Y <20.01 <20.01 <20.01

TXY <20.01 <20.01 <20.01
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