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Abstract: [ Objective ] Through a 6-year fixed-site field experiment, this study investigates the effects of different
conservation tillage treatments on soil structure, water storage, maize yield, precipitation, and water use

efficiency, thereby revealing the intrinsic relationships between soil structure, crop water use, and yield under
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different treatments. [ Methods] Four tillage treatments were set up: traditional rotary tillage (TR) , rotary

tillage+ mechanically crushed straw incorporation (TRS) , deep loosening+ mechanically crushed straw
incorporation (DLS), and no tillage-+ mechanically crushed straw stubble mulching (NTC). [ Results ] Compared with
TR, both DLS and TRS reduced soil bulk density and compaction in the 0~30 cm surface layer, while NTC
increased soil bulk density and compaction in the 0~20 cm surface layer. DLS increased soil capillary porosity in
the 20~40 cm subsoil layer, which was more conducive to rainfall infiltration and retention. Compared to TR,
three conservation tillage treatments all improved mean weight diameter (MWD) , geometric mean diameter
(GMD) , and the content of >>0.25 mm aggregates, thereby enhancing their stability and reducing aggregate
breakdown rate. Compared with TR, TRS, DLS, and NTC treatments increased soil water storage in the 0~200 cm
layer during the fallow period by 7.7, 12.8, and 12.0 mm, respectively, while improving water storage efficiency
by 9.3%, 17.5%, and 17.2%, respectively. Despite fluctuations in soil water content due to varying precipitation
during the fallow period in different years, the soil water content before sowing under the three conservation tillage
treatments was effectively enhanced. In the 0~20 cm soil layer, the ranking was NTC > DLS > TRS > TR,
and in the 20~40 cm soil layer, the ranking was DLLS > TRS > NTC > TR. The DLS treatment increased the
subsoil-layer water content, outperforming the other two conservation tillage practices. Over six years, it
significantly increased average yield by 9.3% , precipitation use efficiency by 10.2% , and water use elficiency by
11.2% compared with TR. Especially in the extremely dry year of 2019, DLS enhanced drought resistance
resilience, resulting in greater yield gain and efficiency improvement. Correlation analysis showed that maize yield
was significantly positively correlated with soil water content before sowing and precipitation use efficiency, but
not significantly correlated with bulk density, porosity, or soil aggregate structure. Soil water storage during the
fallow period and the content of >0.25 mm water-stable aggregates were significantly positively correlated with
soil water content before sowing in the 0~20 c¢m soil layer. Furthermore, soil water content before sowing in the
0~20 cm layer showed significant positive correlations with the soil aggregate stability indicators, including
MWD, GMD, and the content of >0.25 mm, water-stable aggregates while showing a significant negative
correlation with the aggregate breakdown rate. [ Conclusion] Conservation tillage can effectively improve the
structural properties of topsoil, enhance water storage efficiency during the fallow period, and increase soil water
content before sowing, thereby improving maize yield, precipitation use efficiency, and water use efficiency. In
particular, DLS can maximize the synergistic effects of soil structure optimization and crop yield increase, proving
to be the most effective tillage practice. These findings provide a theoretical basis for promoting and implementing
conservation tillage in the semi-arid regions of the Loess Plateau.
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[ 58 fAki 2 /mm
EENTC
T« Pl amed O T 05 5 , P by B0 25 5 B D7 AS TR /N'S 7 ok 0 AN [ AR D 5 L 22 55 3% (<0, 05)
4 TEHHER A B4 L £ 158 [ R K = 18] 53 5 B 54 1

Fig. 4 Effects of different tillage practices on spatial distribution of soil aggregates of different particle sizes
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0~5cm T2, 5 TRAM L, TRS.DLS M NTC 4t
B 2~5 mm K42 0 SR bE B R AR & o i B E B
11.53% .68.90% .38.10% (p<<0.05) , 1~2 mm ki 1%
(149 77 Fe e A 3R R 5 0 ) i R v 45106 .20.71 %
43.70% (p=<<0.05) ;5~10 ecm + 2,5 TR # It ,
TRS.DLS FI NTC 4b 3 2~5 mm ki £2 () 1 58 1 A 5
RN e EIRS 16.12%.21.49% . 11.47%
(p<<0.05 H=HEFARE;10~20cm + 2.5
TRAH, TRS Al NTC 4b 3 =>5 mm R0 42 (1) F1 Fa ik A
BRSO ) BER 5 16.98% .40.26 % (p<<0.05),
H5DLSZERARE,

0~5cm 22,5 TRA L, DLS fI NTC 4t 2 ¥y
IR 1~2.0.5~1.0.25~0.5 mm A [7] ki 42 # 7K
Fa P M B AR s 78 5~10 em £ )2, 5 TR M I, TRS.,
DLS I NTC &k B i 43 51 8 3% 48 5 2~5, 1~2 mm ki
BRI RIEN & &, =N ERIFARE,
DLS %5 {4k #1525 45 &5 0.5~1 mm K42 1Y K B2 P
AR & B 59.92%~119.41% 5 10~20 ecm + 2, 5
TR AH I, NTC 4b 2 & 2 48 % >5.2~5,0.25~0.5
mm K FaPE A SRR & o i R 31.42%~54.02%
(p<<0.05). 5 TRAM I ,DLS I NTC &b ¥ £E 0~5.

5~10 cm 4 )2 3 & 2 B AR <C0.25 mm A R oK bk
P SR A A 2 i, R T SR R EE 31 B S 4R 7, 1T 20~30 em
+ 245 A B E 25 F IR R

TE ST EBREALBE T , + 38 J1 Rtk Kok Rk
VA A 1) - 35 ¥ A% LR34 B2 A > 0.25 mm
RiEGERYZINREZW, MR 2, L5286 afh
A BRI ,0~5 em )2, DLS AL H i MWD, .GMD,,
F Roosn B % B8 TR Ab #4301 8 35 48 55 14.29% .
30.22% .4.31% (p=<<0.05) ; 7£ 5~10 cm + )2, 3 Ff £
YRR O IR TR B 2% 48 & 13 MWD, .GMD,,
R0 &, 5 TRAEEAH H, TRS .DLS FINTC b2
19 MW Dy, 43 5l 4 5 12.78 %6 . 20.30 % . 22.56 %, GMD,,
53 A R 23.60%6 . 37.64% . 37.08% , Ry 53 ) 42 5
2.90% .4.60% .2.79% ;10~20 cm + 2, 5 TR 4b 3
AL, TRS \DLS AINTC &b B i 4 8 MWD, 43 51l #2
1 8.77%.9.09% .20.45% , GMD,, 43 5l 42 7 12.83% .
15.04% . 33.19% , R 43 5l 42 &5 0.11% . 1.60% .
1.27%3;20~30 cm )2, 5 TRAL A 1L, TRS . DLS
AINTC AL B + 5 MWD, 43 54 55 6.31% .2.21% .
9.78% , GMD,, 4+ %Il $& % 8.40% . 3.36% . 15.97%,
Roosn 53 9142755 0.34% .0.94% .0.61% .

x2 AEHEIN0~30cm LETEARFREESHF N

Table 2 Effects of different tillage practices on soil aggregate stability parameters in 0—30 cm soil layer

Py,
R i r.
LR RE/ %@ﬁiia ST %ﬂﬂﬁﬁiﬁ ST mﬁﬁaﬁiﬂf
em 025 mm A EA Jopae >0.25 mm I R& PR ¢
SRR Y #(MWD,)/ #(GMD,)/ S R/ % F(MWDy)/ £(GMDy)/
mm mm mm mm
TR 88.92+0.82hc 2.244+0.08b 1.394+0.06b 16.57+2.05d 0.354+0.02¢c  0.33+0.03c 81.37+2.39a
TRS 87.604+0.57¢ 2.064+0.16ab 1.2840.06b 23.06+0.63c 0.494+0.02b 0.33+0.08c 74.04+0.73b
DLS 0= 92.75+1.39a 2.56+0.20a 1.81+0.19a 33.34+2.56b 0.51+0.01b 0.35+0.04b 64.15+2.06¢
NTC 91.75+2.72ab 2.144+0.40ab 1.48+0.38ab 40.314+0.32a 0.654+0.04a 0.40+0.02a 56.01+1.08d
TR 91.76+0.82b 2.664+0.24b 1.784+0.22b 18.834+0.55b 0.34+0.01c  0.32+0.0lc 79.45+0.96a
TRS 94 .42+ 1.45ab 3.00+0.29ab 2.20+0.30ab 29.21+3.94a 0.70£0.07b  0.39+0.02b 70.99+2.16b
DLS ol 95.98+0.88a 3.204+0.20ab 2.454+0.22a 35.16+1.60a 0.734+0.06b 0.424+0.03ab 63.40+1.57c
NTC 94.32+1.63ab 3.264+0.25a 2.444+0.31a 35.63+4.86a 0.914+0.09a 0.45+0.04da 62.24+3.95¢
TR 94.95+0.14b 3.08+0.05a 2.26+0.05b 25.49+0.46¢ 0.57+0.0lc 0.37+£0.01b 73.16+0.10a
TRS 95.05+0.14b 3.354+0.19ab 2.554+0.22b 31.19+2.19b 0.694+0.05b 0.394+0.02b 65.98+1.66¢
DLS 10720 96.47+0.18a 3.364+0.03ab 2.60+0.04ab 29.69+0.59b 0.634+0.02bc 0.37+0.01b 69.22+0.46b
NTC 96.16+0.44a 3.71+0.25a 3.01+0.31a 37.29+1.33a 0.91+£0.06a 0.45+0.0la 61.21+1.23d
TR 95.12+£0.92a 3.174+0.19a 2.384+0.25a 27.46+1.14a 0.634+0.03b 0.37£0.0la 71.12+1.90a
TRS 95.44+0.08a 3.374+0.32a 2.584+0.37a 30.75+5.32a 0.614+0.04b 0.37+0.02a 66.19+4.37b
DLS 20750 96.01+0.05a 3.24+0.14a 2.46+0.05a 30.78+0.91a 0.61+0.03b 0.37+0.0la 67.94+1.37ab
NTC 95.70£0.95a 3.484+0.47a 2.76+0.57a 32.69+3.45a 0.734+0.07a 0.40+0.02a 67.85+1.10ab

T 2 U A P M £ AR 1E 22 (n=3) ; [ B R [6] /N5 5 B R R AN W] Bk A ) 22 5 8.3 (p<<0. 05D . Tl
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0~5cm 2,5 TRAFE A L, TRS.DLS M
NTC 4t # #) MWDy, 43 5l $ 15 40.00% . 45.71% .
85.71%, Rosw 43 1 42 & 39.17% . 101.21% .
143.27%, DLS il NTC 4t B ) GMDy, 2 %1 42 &
6.06% .21.21% ;5~10 em + 2, 5 TR 4t B [ %,
TRS.DLS fil NTC ) MWDy, 43 % #2 7 105.88% .
114.71% . 167.65%, GMDy, 4> %l # & 21.88% .
31.25% .40.63% , Roosw 43 5l # # 55.12% .86.72% .
89.22% ; 10~20 ecm )2, 5 TR AL # A0 Lk , TRS.,
DLS FI NTC i) MWDy, 43 51 #2 &5 21.05% .10.53% .
59.65% , Roasw 43 ) #2 75 22.36% . 16.48% .46.29% .
TRS. NTC 4t # ) GMDy 4 %) # % 5.41%.
21.62%;20~30 cm 1 )2, 5 TRALFAH L, NTC &b
L MWDy . GMDy, 43 %I 4% & 15.87% . 8.11%,
TRS.DLS Fl NTC &b B Ry osw 53 51 42 55 11.98% .
12.09% .19.05% .

7E 0~5 cm + 2, 5 TR AL FEAH E , 45 37 v BF 15
TRS.DLS I NTC 4b B PAD 58U R [, 43 51
W 9.01% .21.16% .31.17% s fE 5~10 em + 2, 5§
TR AL FEAR I, 3 Fh 47 PE#FAE TRS .DLS FI NTC &b
A PAD 43 ) {2 3 A% 10.65% .20.20% . 21.66 % ;
fE10~20 cm + 2 M Lk T TR AL 3, TRS . DLS &
NTC b #5351 PAD FEfK 9.81%6 .5.39%6 .16.33% ;
MAE 20~30 cm )2, 5 TR AN B b %8, TRS 4k B 1Y
PAD F [ % B 15 6.93% , fH Al DLS \NTC &b B A4 kb
BHBEES.

24 AERPEHETEZERNPLEEKREK

2% 31, 2016—2017 4 (R PRI 1 ) 3 Fli i 471
VEAE TR Ab IS AN [R) R 3 b4 = R PR DI 0~200 em 5 7K
WMEKBFE, 5 TRHME, TRS .DLS fINTC 4h#
PR PR 301 25 K B 0 )38 A0 10.0.0.9.16.3 mm, B 7K 5%
RN H R  23.0%6.2.1% .37.5% , B NTC &b H#i 4,
A Ab B 25 B OR L 3E 5 2017—20184F , 5 TR M 1L,
DLS F1 NTC &b 2 iy fR I8 B 5 K & 4 0 5 3% T B
10.8.13.6 mm, & /KA % W E FEAL9.6% . 12.1% (A
5 TRS 4b 3 22 % A B % ; 2018—2019 4F , 5 TR #H
o, DLS A NTC 4b 3 3473 i Ak IR 3 25 7K 3, 35 /K &%
ROy B 6.3% .13.9% , 5 TRS A H 22 7 K i 35
2019—2020 4%, 5 TR A [t , DLS \NTC 43 31 ff /& I
Kk BB E R K 34.4.36.1 mm, X R4 5 KRR
3 AR T 98.3% . 103.1% , i TRS 4b #H (4 {K [H #] %
K B8 K B AL K 7.2 mm, B K SRR 7 20.6 %,
fH A TR AL PG 1 3% 22 5 5 2020—2021 4F , 5 TR
HE, TRS DLS A1 NTC 45 &b B 1 K IR 11 & /K &2 45

W R TF7.7.27.5.7.8 mm, & 7K AL A I Hb 4R
J+7.0%.251% .7.1% , TRS F1 NTC 4b B [a] 3% A
H 2 5;2021—2022 4, 5§ TR AH Ik, TRS.DLS #I
NTC &b B iy AR PR 9] & K & s 43 ) b 35 38 i 24.3
18.2.11.5 mm, & /K % & 7y Bl B 3% $#& & 20.3% .
15.2%6.9.6% . 545 6 a iy P2l ge 45 1 Wos |, 3 Fh
PPV B 24 45 K PR 4 0~200 em B9 25 K & FTES K
BOR DLS NTC R /AR I8 1 5 7K B A [ TR &b
BEAY 4% TF 12.8.12.0 mm, B K 2R W W 3 17 T+
17.5%.17.2% , 1 TRS &b B R 4K (K ] & K 5 3 K
7.7 mm, & KA A T 9.3 %0, SR A TR Ak B 2%
SR
25 AERPEHRETEIHELESKENTH

FH 15 AT 1, 52 AN [) AR O PRI 5 R 114 52 ), AN
[ kA A B T % 1 0~20,20~40 em 4 3 5 K 25
Me e K, HL B 2 TR B R 3, M K B R A Y
B, 0~20 cm + )2, 5 TRALFEAA L, K 2019 4E 4,
AT AE Gy DLS 4b # F + 5K 4 &% 4 F+ 3.3% ~
37.9% ,NTC 34 fm 4.0%~451% . £ 20~40 cm +
BT 2017 A4 N TR 56 4R 4y DLS 4b ¥ T + 1
K43 & A TR AR FEAR L #8 T+ 3.7 0 ~18.5% , i £
- FAE (2019 4F F1 2020 4F) , TRS A1 NTC Ab # ff 1
B E K R TR B9 M B W] R B2 0 °F 3, (A LA 44y
)32 B 3 K G B # TRS 19+ 38 5 K &
B 1.3%~18.8% , NTC 4b 3 J5 4 HE & K & 2 T+
2.4%~12.8% . 0~20 cm + 2, A [ kb B £ 192 55 /K &
LI N NTC>DLS>TRS>TR, M 20~40 cm 12,
AN TR Ak P A 5 K B R B DLS>TRS>NTC>
TR, 6 a F¥E A, 5 TR AN FEA L, 3 Fp 4 b vk
#EE TRS.DLS A1 NTC &b # & 3% $2 7+ + 5K 7 &%
i, o 0~20 em £ 20 & K &4 B8 m 7.1% .
10.6% .16.0% , i 20~40 cm J2 U 53 5 42 25 4.5% .
7.1%.2.4%,
26 FAERFRIPEMIETEXR=Z.PUE K WUE i

T

IRE M 2016 AEFK ZR IR 5 T IR BEVE , BT 2017—
2022 4E P2 PUE & WUE, 2 4 n] %0, A ] 4b ¥
] 7 b 2 5 B, AN [R) AR 003 ) ik 25 Sl | 3, FLOR TR
A FERN AR 40y 8] 58 HLAE F AR & 35 (p<<0.05) . 2017 4,
NTC &b B 7= 5 5 3w T oA 30 b 21, %) B TR
b PR E R B 21.0% 5 2018 4F , 5 TR #H 1L, DLS.,
NTC &b B 1 7= 5 43 ) $ 85 14.3%0 .12.3% , {1 5 TRS
b B 2 6] 25 SN 5B 35 2019 4F , DLS 40 B 77 B T
i b FR, BEXT B TR 2% 42 5 18.7% ,NTC AL 3 T
K, 8 TR F R 15.2% ;2020 4E , 5 TR A It ,
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TRS 1 DLS &b 3 7= i 43 5 88 755 12.9% .5.2% ,NTC
PR N R E R 0.8 %0, 25 Ab 3 ] 25 7 K 3k ) I 2 K
S0 2021 4F R TR AH HE , TRS A DLS 4b B 7= 43
SRR 2.2%,4.9% ,NTC 4b B 7= &8 R [% 8.2% , % Ab
T E] R F R % 20224, 5 TRAM L, TRS

FIDLS &b P 7= & 43 542 5 10.7% . 12.1% , 1 NTC &b
B NRES 70, WEAR T H AL 3R AL B, 1 6 a
VI AT 1, 3 b L 47 1k AR A 4 4 TR Ab 48 & 77 4
DLS 4k #4 %f B TR & 2 48 5 9.3% , TRS.NTC &b
B ES TRAMEREES .

R3 FEHBEX 0~200 cm IR AE T EBEKESEKRYUERFM

Table 3 Effects of different tillage practices on soil water storage and water storage efficiency in the 0 —200 cm layer during

fallow period

o b iy RBI3 RRAR R EKRR) Y,
[ 7R £ /mm It 7K & /mm It /K & /mm FK 4 /mm

TR 105.6 395.8+3.2¢ 457.9+2.5ab 43.5+3.9b 41.2+3.7b

0162017 TRS 105.6 398.0+ 3.8bc 450.1+5.7b 53.5+8.7ab 50.7+8.3ab
DLS 105.6 404.244.4b 465.4-+3.0a 44.4+5.9b 42.0+5.7b

NTC 105.6 416.5+2.6a 462.3+4.8a 59.8+6.7a 56.646.4a

TR 174.4 394.8+1.1c 456.7+3.3b 112.5+2.6a 64.5+1.5a

TRS 174.4 398.7-0.6b 461.7+1.6b 111.4+2.1a 63.941.2a

20172018 DLS 174.4 411.1+0.8a 483.8+5.3a 101.7+4.6b 58.342.6b
NTC 174.4 411.740.9a 487.2+4.6a 98.9+5.4b 56.7+3.1b

TR 83.7 430.140.4b 413.8-+1.0bc 100.0+0.6¢ 119.5+0.8¢

SO18—2010 TRS 83.7 431.84+1.0b 417.4+0.2b 98.1+0.9¢ 117.2+1.1c
DLS 83.7 435.6+4.1b 413.0+2.3¢ 106.3-2.0b 127.0+2.4b

NTC 83.7 463.0+4.0a 432.8+2.5a 113.9+2.1a 136.1+2.5a

TR 90 488.34+1.5b 543.3-+4.0a 35.0+2.7b 38.9+3.0b

20192020 TRS 90 480.8+2.0c 528.6+3.5b 42.2+5.4b 46.9-+6.0b
DLS 90 509.2+4.2a 529.8+3.5b 69.4+4.1a 77.1+4.5a

NTC 90 481.543.7hc 500.4+7.1c¢ 71.1+6.3a 79.0+7.0a

TR 118.4 539.1+4.8b 547.7+1.2a 109.8+3.7¢ 92.7+3.1c

20202021 TRS 118.4 546.841.6a 547.74+1.8a 117.5+3.3b 99.2+2.8b
DLS 118.4 550.741.0a 531.84+1.7b 137.3+0.9a 116.0+0.7a

NTC 118.4 544.6+2.5ab 545.4+1.2a 117.6+1.5b 99.34+1.2b

TR 108.6 643.3+0.5¢ 632.4+0.7b 119.5+0.6d 110.0+0.5d

20912029 TRS 108.6 648.7+1.7b 613.5+0.3¢ 143.8+1.8a 132.4+1.7a
DLS 108.6 639.1+1.1d 610.0-0.3d 137.7+0.8b 126.8+0.7b

NTC 108.6 656.2-1.7a 633.8-0.2a 131.0+1.9¢ 120.6+1.7¢

TR 113.5 481.9+3.3b 508.6-+11.8a 86.7+8.8b 77.8+8.4b

6 a T I TRS 113.5 484.1+4.8b 503.246.6a 94.4+8.4ab 85.0+8.5ab
DLS 113.5 491.7-+9.6ab 505.6+10.0a 99.5+9.5a 91.2+8.9a

NTC 113.5 495.6+10.9a 510.3+14.9a 98.7+9.3a 91.44+9.2a

28 (a) 0~20 cm 32 (b)20~40 cm §
30
24 28
S 526

12

1
2017

1 1
2018 2019
i

1
2020

1 1
2021 2022

18
16}
14t

1 1 1 1 1 1
2017 2018 2019 2020 2021 2022
i

—o—TR -0 -TRS -%DLS -aNTC

El5 AEMEXEHETESKENIM

Fig. 5 Effects of different tillage practices on soil water content of topsoil layer before sowing
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x4 FEAHETERNTE PEAFARERAKSFARNENTK

Table 4 Changes in maize yield, precipitation use efficiency, and water use efficiency under different tillage practices
fibr b3 2017 4 20184F 20194F 20204F 20214F 20224F 6 aF-H){i
TR 9426.84+344.6b 12426.4+373.8b 6432.9+£580.6ab 11137.941197.4a 10648.9+£826.4a 11507.14+367.7ab 10263.3+2 136.8B

TRS 8786.6+120.1c 12546.2£731.3b 6 114.9-1245.0ab 12 572.2+-462.3a 10879.0+£38.7a  12739.74+1041.1a 10 606.4+2 568.8AB

DLS 9691.64+93.6b 14204.7+638.8a 7634.5+359.5a  11716.44-846.9a 11174.0+£1294.9a 12903.24+681.3a 11 220.7+£2 326 4A

-
) NTC 11407.44318.2a 139524+945.8ab 5454.94593.1b  110524-1538.0a  9771.44454.8a 10502.94406.8b 10 356.84-2775.58
SR 9828.14-1 267.8D 13 28241 032.2A 6409.341152.5E 11619.641 164.0BC 10 618.34-884.2CD 11 913.241 275.0B -
b F 3.95° 0 79.66" SR B X AE Ay 2.80°
TR 27.74%1.01b 40.18+1.21b 30.664-2.78ab 28.4143.06a 25.344-1.97a 32.104:1.03ab  30.74--5.48B
TRS  25.864-0.35¢ 40.56+2.36ab  29.15-4-5.94ab 32.0741.18a 25.894-0.09a 35.5442.90a 31.514:5.73AB
B%ZJ‘*” DLS  28.524:0.28b 45.93+2.06a 36.3941.72a 29.894-2.16a 26.594-3.08a 35.9941.90a 33.8847.11A
Fﬁ)ﬁf NTC  33.5740.94a 451143.06ab  26.0042.83b 28.194-3.92a 23.2541.08a 29.304-1.13b 30.904-7.87B
SEHME 28.9243.74C 42.94+3.35A  30.55£549BC  29.6442.97C 25.2742.11D 33.2343.56B —
AbE 443" 0y 51.49” TR B X AE Ay 2.90°
TR 23.4040.82b 21.654-0.63a 29.784-2.81ab 22.5342.49 21.104-1.64a 25.654-0.83b 24.024-3.778B
TRS  23.204:0.22b 21.804-1.24a 31.9946.02a 25.7740.92a 21.794-0.08a 29.5442.36a 25.681-4.34AB
*?’:Fq DLS  23.844-0.18b 23.494-1.06a 36.7641.94a 23.5541.76a 22.664-2.63a 29.8941.59a 26.704-5.65A
Fsvxi? NTC  29.2140.79a 22.41+1.55a 23.294-2.50b 23.9943.32a 20.6940.97a 22.2170.83b 23.633.67B
SEHIME 24.9143.24BC 22.3441.26CD  30.4546.28A 23.964-2.4CD 21.56+1.62D 26.82743.70B —
Ab 5.80 0y 19.847 SR B Ay 4.06"

1 )R R /NG S8 3R 8] — 48 53 A [/ Ab 21 17 25 53¢ 1 2 (p<<0. 05) ;A A KRB T8 KR 6 a P (A [ 4b #1122 5 135 (p<<0. 05) ;7]

TR RS 5 B 78 45 b BEAS [] 4F P[] 22 52 W 3 (p<0. 05) s # KR 7E 0. 05K 12257 W % .

] = f R — 3, A Ab B 2Z [8] PUE 25 5% B 3%,
ANTRVAE (3 6] PUE 22 5 8 3, FLAS (5] 40 38 R0 4F 43 8]
L HAE AR R E (p<<0.05), 20174 ,NTC & Hi &b
B PUE & # 42 55 21.0%; 2018 4F , 5 TR #H It ,
DLS i1 NTC 4t B () PUE 43 9 & % 4% & 14.3%,
12.3%; 2019 4F , DLS # TR 4t # PUE i 3 2 &5
18.7% , TR.TRS Z[A] 2 % AN W % ,NTC AL i) PUE
TR W3 F % 15.2% 5 2020 4F Fi1 2021 4F , 5 TR #H
Fo, TRS M DLS 43 F PUE ¥58 i, 1 NTC &2 B i
TR, 4 R AL P E] PUE 22 539 K 8 3% 5 2022 48,
TRS Al DLS 4b # % %F B8 TR 4k 22 PUE 43 ) $2 =
1.1%.12.1% , 1 NTC % TR 4t ¥ PUE F [% 8.7% .
B 6 aF- Y {E W] 1, 3 CR 4P AR VE S 4 TR A B4R =
PUE,DLS kb B &5 %) B8 TR 2 3 #2185 10.2% , TRS Al
NTCAbH# 5 TR Z [ £ %R W3

AN Ak 3 2z ] WUE 22 5 3%, K [R]4F £ Z [a]
WUE 22 5 8 2, H A [A] Ab 30 F0AE 053 18] 32 B A A i 3%
(p<<0.05). 20174F ,NTC4bH ) WUE # TR & % ##
T 24.9% ;2018 4F , 5 TR A4t ¥ 44 It , TRS.DLS #
NTC 4k 3 5 WUE 43 51 $8 & 0.7%6.8.5%.3.5% , {2
4 Ff b PR 2 8] UG i 35 25 552019 4, TRS .DLS # TR
A FR A B R 7,490 .23.5% ,fHNTC &b BE ) WUE

F% 21.8% ;2020 4F A1 2021 4F , 4 Fh AL #E 8] WUE 25 5744
A5 2022 4F , TRS,DLS 4b 3 4% % B8 TR 4b 3
WUE & # 4% 75 15.2% .16.6 %, 1fif NTC % TR 4b
WUE &% T FE13.4% . 6 a FEME AT, DLS &b 3
B HAD 3R EEEAL B WUE B33 7F4.0%~13.0% .
27 EXFEKSFARLELEMSENEX

AT

2 5 AL, 7= i 5 3% AT 0~20.,20~40 em + 3 &
K K PUE #4524 8 35 15 A 2E (p<<0.01) , M S5 R B
i LR RE K S R R T B A O . R IRR
5 WUE &2 5 2 1R X (p<<0.05) , - HE 1A FH 5 2 14
Jn, WUE 52 328 T iy fa s, B LB S PUE I
0 IE A E (p<<0.05), B FLBRJE I K, PUE & 3
P o MR+ K B S REHT 0~20 em 3 &K i
R R o 152 035 1EAH G 1T 5 A SRR IR 3 PAD I 22
B2 UM OC (p<<0.05) o T 4K 1T 0~20 em - HE & /K &
N5 A 88 AR E MR AR MWDy, . GMDy ¥ 5 I 35 1E
I (p=C0.05) , 15 Ry 52 Mt 1 3 1F M1 (p=0.01) , Tfi
5 PAD IS4 5 35 R O& (p<<0.01) , HAS [R] A kL A2
PEFE bR Z A A7 7E 35 A A G, MWDy 5 GMDy,
Rosw ¥ 5 B IEH K, 5 PAD £ & % f7UH X (<
0.05), Rysw 5 PAD 2 [] 8, 5t 2 47 AH 5 (p<<0.05) ¢
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Table 5 Correlation coefficients between maize yield, water use efficiency, and soil structure

P g & H & H N
et Mﬁf ?“E& ‘L“‘j?L MWDy GMDy  Rysw  PAD  0~20 cm 20~40 cm @ﬂﬁf PUE WUE j"#
B fLBE BUE PO VS ¢
gokE fKE
BT R 1000 —0937 0229 0356 0453 0107 —0105 0155 —0811 —0.08 —0878 —0.980" —0.894
EATLIE 1000 —0.541 —0.280 —0.322 0017 —0005 —0035 0794 0240  0962° 0905 0945
MfLpRE 1.000 —0.301 —0.390 —0.532 0498 —0.502 —0425 —0673 —0.644 —0.237 —0.577
MWDy, 1000 0.982° 0953" —0958" 0.967° 0259 0857 —0.008 —0.174  0.032
GMDy, 1000 0935 —0934 00951 0148 0840 —0.059 —0.291 —0.038
R 1000 —0.999" 0.999° 0487  0973° 0286 0065  0.314
PAD 1000 —0.999° —0493 —0.967" —0.276 —0.072 —0.309
Wil O~20 cm 1000 0446  0.960° 0270 —0.073 0605
oK
%ﬁ”joféocm 1000 0628 0037 0001 0538
BroK
UNGEY!
sk 1000 0185 0118  0.092
PUE 1000 0195 0582
WUE 1.000 —0.321
S 1.000

xR 0. 05K 225 B RKRE0. 0L KT L 2T B E.

3 3 iR
3.1 AEFERPESENTKE LT ELERSENZ R
- S5 FY R VE B TR B AR bR, R
BEVE WD X = HE 0 B sl , B n - b 2 7 FF 19 7 55, AT
DLA Rk e g5 i . IR B S R S R
FH Ok i i - B AN B R b R S0 S
B, B LB Y oA 5 R U Y E B M
FEoK M PR KM B+ AR R % A3 R) AE R P X1 ) 4
PR R R S EEAER . EIHMLEN
WFFE 2, K SC AT O 3 M B AR BB 0% A S0/ 1 1A
R, AR S0 . ARWF S R, S fF -+ R AT LR
TR AR o T b e 30 3 3R )Z 0~20 em &
BT M B, S HAE 5~10 em AbH K, 22.5 em +
2T BAE G ER AL B R SR BT MR BERE RS
FFHLAE B R 38 F 505 G0 T BF AR L, 3 398 1R B o & 2
F T B 410%~11.48%, % 5 B T B 2.22%~
24.80% ,10~20 cm R BT & T REAL K . 1T BR IS +Fh
FEAILAR A T 30 FH 85 25 4 I 398 IR 2 1) I FRU i B R
ST B AL S8 E B AL P 0~30 em A BT A R
4.66%~12.51% ,20~30 cm B IR & FFE&R, 5
THEFFERE R B, FABEP AR
IS /T (3 g =y Ny TR T L il w9 5
AR T4 R ALBRE SR AR 5T R B RS+
T FF LA 3 3 T A 498 5 L I 45 A% 5 e BF R A1
7 - 498 6 45 FL B 34, R RS2 th T — O TR AL R
REFT M AL 2, AH BR AR B BILAK 7 3 K ol - 1

KRR A, AT AR B0 4> AL B R 4, D AR A
FLBEE 5 55 — 5 1D, Ry A 1 A R 09 P9 AT 4 TR 4
KALBR, 5 B L B BT R B (0 B RS R 1
X — RN 23 T 0 5, EL VR B R A LR R A
i - 38 0% B A AL I RE 1S K, A AU i TR B K Ay A8
KA

- T AT SRR () R P A S ) L B A B R B OK
PE K AR e o, R VA 5 R R e v Y AR A
SONG & RIF5E 7, 30 Sl i J3 2 5% i) 4] 58 44
T B SCHE R R, Sk 5 R FF I A5 LR 40 M B4 Tl G
& 30 - 8 b KRR R P R AR B 5 SRR SO
HE— 2548 VR L BB % AT AR T HE R R AT R A
() f b, I AR e . AR SRS L 3 AR A b
B Kb B 5 4 TS [ 4 2 19 R A K Ra ik 1 R A 2R
ik, ORI B b 4 v ) AR S K AR M T R AR
Y0 ELAR A LAAT - 35 B AR 3 A 3 T SR AR i
SR AR . ARWFIE R M L S iE#E , 0~30 em
4 )2 NTC . DLS & TRS &b F 1y [ 5 (R B 8 R 57 143
S /D 18.44% .12.81% .9.10% , 7843 UE W 4 Bk + F%
FEALIORD 0 B8 22 76 35 0 e sl /0, R AR i 3R %
e/ LR R R FA + FEFF ML B8 o A0 TE Bk 2
W IR - S5, X - P 20 R B K, w55 T g AT R
TR R, B AIG A R AR 0 A M AR 9% vh 3R 4
PEBRE 34 et g P SR AR RS Pk, — 5 T AT RE K Dy Ab
TR FEAT ML L WS o, 402 il - 98 B 26 0 % s
THAE 0 43 6 0 G 22 M TR 22 55 AT 3 ok B T 4 v KA
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A R ol 1T S A 1 T G, AT 3 i AT 3R R 25 A 1 R
EPE .
3.2 AEMRIPHEHEXT R HBEK K& KS R B E
B AT 30 o 82 - S A T el A T 4 0K
SRR A A B ORI Y R bk 5 R AR R
PP B E R R % R A5OR B R B R L 4 v K
FHH &5 R WF Y R B, 548 G HEAE A HE L IR
i 4 AT HUBORS T 18 B A0 A B+ 5 FF WL BRORS 7% B 2
7 55 A0 R R PR K R A 12.8.12.0 mm, E
IR R ) B 17.5% . 17.2% , HLIR WA + 5 #F
BILAR A 1 3 FH A 38 58 T ) FH 200338 m 9.3 %6, 7K 43 A
R 5 11.2%, 5 ZHANG 252 5 5% 45 H —
., PAGE ZEVYHESE Won , S0 A B Pk Bk E 38 2 ok
MRS Ra e A RUR T A ML B R IR — 2
Haom £ HOK M EAARE T o ARFIE b 3R A BB
VB 249 %5 1% 0 e B 2 o 46 0 £ & K i, 0~20 em £
2 R AL B A e K R A NTC>DLS>TRS >
TR, i 20~40 cm + 2, KN [A] 4b 3 + 38 5 K & R 3N
DLS>TRS>NTC>TR, Jt H A 4K R ] B 1 4520 1
2019 4F (83.7 mm) HI 2020 4F (90.0 mm) ¥R #4 + 75 FF
BUAORS T8 3 FH 32 78 20~40 em 388 5 K &, T e #f +
5 FFHLAR A 1 P 278 3 R BE B+ 5 FF L ARORS 438
BIREAL Sk i o X nT BB TR T AS [ £ b vk B 1 X
BEZ L BEgh W R B T R R K s, R
B+ 6 FFHLAEORS e B8 26 78 55 A R T 3R 2 R K o
B AW T 24 B A A R R Y R A
ghRy, R BT R R R e (H R BT
KCESERN, K A B A REZ B, 5 8 HE K 4
Ui B AR R R R R JU AR T 5L AE 0y 1 (R 4 0K 43
B SR 2 R/ it A7 RN AT RE 1 D B B OK L TR 2 (20~
40 c) AT RE R S K 43 JEvE T B M8l £ S K & T
W o E B+ A% AT MUK R 8 R B 3h 0 (R
Bk, T RE TR WG A0 W 1Y - RS H B AR AL G e E 3
T2 LR B ERE R TR R R K e SR
BRI, AHHE)G 0 L s e T 240 TR
BAE 52, BHLAR 7K 43 R 8, IR i 5 850+ B VR 2 55 K s
TR R AT LR B A T R R 2 A 4
B, B b R 2 A AL L AR K A8 LR
B, AmitmnE ES ke B EEEKE,
AT 2 ih . ABESE WoR , 8RB AL E
PUE {77 B F IE M6, EBIH N T % T & LB E
BN, A HE K S DR S BLRE O B =2 4 e b
Bk TN e %) R K TR 2 8 T R, R R 4 s I R R

By oy —J7 T, ] B SR T 5 K 4 R S 4R
Jio AUFRB SR, DA RS WUE 2 B %
A, S BF -+ AT BL MR 8 BR 25 B0 56 T M FRU BT 1t 3
INSB WUE T B, ol G802 th T A AF 5 X 0 A e 24 7
M PR B 0 2 T AL B RE U/, AT B i)
KAFBERE T TR MOK 53 097G R0 46 /N, A
S8 WUE F %
33 AREFEPEHEREXRTET KL

BFAE 8 2o 52 i A 25 HY KK SRR ki
S EOK e, SUN S BEGE & 3L, B4 BV e ek
TR PR LA U KRR T A R TR
A R s AR AR e PRV A T R R AR R, K
TR R EI 5w ] R K R E L AR T
e G HEE 5 2, R IR P HER B A R FHE Y 7 i
14.4% . AW R, H 6 a FHyr=aalmm, 3 Fh b ik
B 359 A HRRE 8 77 i, LR+ 5 FF LA R ik
Ak B A P R 9.3%0, L T H At 2 Bl 4R bt BE
Y, J HAE T 5A4E 05y (2019 4F ) 58 7 iR B A K, A HuAB 45
BEHF, Tk e T 18.7% . 7E 2020 4E 1 2021 4F
Fok T 0 22 169 400, SR FH TR -+ 5 AT ALK 34 55 ¢
B+ 85 AT HLAORS 6 28 1 75X, 77 i AT /NI 4 e L R
SR 2 H R R AR5 YANG
ERE ST AR A — BOAE A R R R AL
S5 B A B R - M K R L (R B i K
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St R AP PE BRI A SRR THEY T R KRR T
HI 3 a/NE W7 A W AR Ak H S 17 25 W T
R o ARBFGE B, G Bt + R FE LGRS e B 17 26 3
SESTHE AT 2 a B AL G HE Bk B oK B R K B iR
12.3%~21.0% , SR 1 AEF 3 a JF 4 7= ik 45 oAt (R A Ak
PR RS AT RS TS bk 3 a fli A T IR R
J R B R, B AR T OA S R T
TR R WMWK 53 FFR G, e AT AR ™, 3k b
GAE T A A B o e B ™ B il 7 R R AR 15.2%0, R
TRALE R
4 45 g

3 LR B 1k B A Ak PR A A G e B e A Ak T s A
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W TR K AR BR 22 5, AF B ] + 38 8 K i ik B AF
b, AR B4 [ B b B 3 TR PR 0~200 em 3 E
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