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U 19.04 mg/kg HEAEH 178.42 mg/kg. MEAE
MEEUEKAE, AHA—F—2, Ml
6.75 Jitk/hm?, FH )5 [ 2 Hh i B

1.2 Rt

A o R R OK A SR TR 815 N ALK M RLIT
I [A) e Ak, W& 4 DMAeHE: 1 AR o
AR, FFUET 2022 KIS (T1) 5 FELE3
SRR ATE S IC HAREE, JFIRT 2020 ERKIE

(T2) 3 ML 7 FHRPFEFERICHATE, JFET
2016 FFRKIE (T3) 5 WHEUEHFZE XTI (CKD .
T1. T2 F T3 fEALBR U6 5 SN IEF RS AT 2518
M. F 2023 S5 — 3T HUFE.
1.3 MEERSHE
13.1 2E#HFREE T 2023 FEKTEHAM, &
INXBENLE A SRS, SKR4E 0~10. 10~20 AT 20~
30 om 3 AN 2 FUR LN RN B, BR 2R AR
T IERE S R A A R AR R A B A A e . i (Rl s
WE)E, EEXTELBRRT.
132 XHEMARKLEH S Elliott! ) HI1EH %
IR TR, A LBF-100 +3% Bk 4549 73 b i (bt
N AR AR i HIEE RIAGE W, K
H AR KI5 B R A B AR 299 1 em 14
B, BEALEL 200 g # i 4 mITRNFLAR R /NN 5,00
2.00. 1.00. 0.50 F10.25 mm ] R 45 K 20 BT E
i, ¥2i 15 min J5 ENRS) 15 min, Y& E
TIED R EH AT, 60 CHT EIEE, PRkt
Ta SR A RAR R, B 3 IRESE .
TG B &R R AR I B I 0, DA 52 & b 2 [ 5K
NIRRT sn =
THERIOKEEEEARKET > S &
W, AR

Wi (%)=M;/Mx100 (1)

Kb, MiRARE i HARENRE (9 s M
FoRIE LIEARAM AT E (2 .

HHE & LRI EE HAE (mean weight
diameter, MWD) FJUf ¥ E & EHF (geometric
mean diameter, GWD) , AZRIVN:

LX)
o

i=1""1

MWD (mm) = 2)

iy (Wi InX;)

GWD (mm) = exp( T, ) 3)

X, X TR BELEFGA R 7 1) g R
WP EA (mm) 5 W R iZkiz e Bl N 135 4
BEMESEEE (%) 5 n Rnn s Bl R
W | B | A BIRAE

T80 g 3 K R bk [ R ARG LR 5Tk R
Y, AP

Y (%)= - Wix100 )

A, G RIRZ R B R AR E WK & =
(g/kg) ; CuRaTIEHHIRERE (gke) ; W
NERHEAREEE (%) .

1.33 B EE KM JIEPIE LIEAE,
MR 100 om? (1938 T) 78 BURE 55093 J2 3R -+
FE, BN XU LRI 0~10. 10~20 AT 20~
30cm, 3 REH,

134 EEKHEZ RHABSHPREZRRIN
E KR, A AR LR RE, Ay
PR, HiHARE, 3IRES, WIS EMRT
JE AT R ETHE .

135 ZF2RAAMREE T EKBI, BEPLA
TSR XEEL 3 AN AL, WERANEE s b ek Y 2 47
(K5m) , PR, FPRECH REEEEAT
T, WE R TR ERE, KA
PMS8818 /K7l A% (AL Rt FIfE B H R K B A TR
AFD WEHSKE, frERhreE.

1.4 HIELIE

¥ H Microsoft Excel 2013 #8446 K 5 33t
FTHFE, SKH SPSS 29.0 BT 7 2400, KH
Origin 2021 42K .

2 HERE5SR
21 ARIERGEHENEETHNIIEREMNS
K=

W 1 FRn, 40 4 375 5 B 4 2 iR i 4
Ko fE0~10cm TJZ, 5 CK 4EEAMLL, T2 F1 T3
AbFE IR G, T A ZE R R, T3.
T2 A1 T1 AbFH FEARNE BE 73 508 17.29% . 6.01% A1
0.75%; f£ 10~20 cm 1 )Z, 5 CK &bEEAHLL, T3
RO 2R R 2 R 13.10%, T1 AEFETFE 3.45%:
7£ 20~30 cm /2, 5 CK 4:FAHEE, T3, T2 A1 Tl



154

eV &

Crops 2026 55 1 H

AbF 7% B FRAR IR FE 43 591N 9.80%- 5.88%F1 0.65%.
FAEEAE L E RIS KERIN T3>T2>T1>

x1 TEFREMBFEZLTHT
TEASMEKENTL
Table 1 Changes of soil bulk density and moisture
content under no-tillage with straw mulching
and returning over different years

CREE HE ok
Soil depth Treatment Bulk density Moisture
(cm) (g/em?) content (%)
0~10 CK 1.33+0.10a 12.01+0.27d
Tl 1.3240.03a 14.54+0.10¢
T2 1.25+0.02b 17.19£1.01b
T3 1.10+0.02¢ 24.16+0.46a
10~20 CK 1.45+0.02a 8.56+0.35¢
T1 1.50+0.02a 11.98+0.28b
T2 1.42+0.04a 13.85+0.07b
T3 1.26+0.01b 17.62+1.21a
20~30 CK 1.53+£0.01a 6.48+0.31c
Tl 1.52+0.01a 10.14+0.40b
T2 1.44+0.04b 12.44+0.65a
T3 1.38+0.01b 13.70£0.12a

ANFNG FRERRA R AL 2 5 3% (P<0.05) , TR
Different lowercase letters indicate significant differences among
different treatments (P < 0.05), the same below.
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T HEH TR ARKLAR Particle size of soil aggregates (mm)

ANANGFRERZEREE (P<0.05 , FH.

Different lowercase letters indicate significant differences (P < 0.05), the same below.

1
Fig.1
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Changes of soil aggregate content distribution in different particle size fractions

under no-tillage with straw mulching and returning over different years
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27.57%K1 31.04%. fE 0~30 cm T2, FHiZHE
A PR & 5 i 2 BRI >5.00, (2.00,5.00]
(1.00,2.00]+ (0.50,1.00]. (0.25,0.50]#1<C0.25 mm
Kigl, H& AP FIERAEA LR & B >5 mm Fi
PN . {E0~10cm 12, T3. T2 fil T1 4bFE

>5 mm fL g I RAEG LIRS B CK AFAHL,
BEE 43 531 A 24.57%- 18.79%H1 7.86%. £E 10~20 cm
L=, T3 AP ERH B RAEA RS ES T2, TI
HICK Ak BEAH EC 3G 08 75 50l 5 13.64% « 17.90% Al
29.01%.

R2 TEFREMBEHEZTHTESNZEARKFENKRS ENEN

Table 2 Changes of organic carbon content in aggregates with different particle sizes

under no-tillage with straw mulching and returning over different years g/kg
LR SO $i1% Particle size (mm)
Soil depth (cm) ~ Treatment >5.00 (2.00,5.00] (1.00,2.00] (0.50,1.00] (0.25,0.50] <0.25

0~10 CK 15.38+0.51b 14.27+0.32¢ 14.10+0.39b 11.86+0.50b 9.89+0.26¢ 9.57+0.43¢
T1 16.59+0.48b 15.98+0.69b 15.07+0.26b 15.30+1.07a 14.54+0.31b 13.144+0.50b
T2 18.27+0.61a 16.80+£0.31b 15.23+0.56b 15.21+0.31a 14.63+0.24b 13.64+0.52b
T3 19.16+0.34a 18.59+0.55a 16.77+0.29a 16.34+0.53a 16.00+0.60a 15.37+0.48a

10~20 CK 12.63+0.46b 12.30+0.26b 10.84+0.50c 9.86+0.36¢ 9.75+0.32b 9.67+0.31b
T1 13.14+£0.31b 12.48+0.35b 12.47+0.12b 11.57+0.27b 10.94+0.18a 10.554+0.61ab
T2 13.23+0.46b 13.22+0.35b 12.90+0.38b 11.84+0.46b 11.68+0.26a 11.26+0.52ab
T3 16.05+0.48a 15.79+0.57a 14.28+0.43a 13.59+0.50a 11.74+0.52a 11.54+0.43a

20~30 CK 10.71+0.51¢ 10.67+0.47b 10.36+0.45b 9.40+0.27b 9.38+0.31a 9.03+0.35b
T1 11.18+0.35bc 11.21+£0.51b 11.10+0.70b 10.38+0.41b 9.51+0.43a 9.78+0.16ab
T2 12.11+0.21b 11.39+0.47b 11.15+0.71b 11.21+0.92b 10.63+0.54a 10.04+0.23ab
T3 15.02+0.42a 14.46+0.39a 13.90+0.35ab 13.16+0.47a 10.99+0.68a 10.514+0.48a

24 ARIFEREHEHESTHNSME R K

B ksTE R

£ 0~30 cm )2, &40 BE F ALK TR %
N T3>T2>T1>CK (£3) . f£0~10cm 12,
T3 AbFE>5.00 mm F1(0.25,0.50] mm i 2% [F R AAA
HUBR BTk 3R 5 25 5 T CKOAREE, B91% 20551 31.81%
M 21.16%. 7F 10~20cm T2, T3 4F >0.25 mm
W B RARA WL TTER Z & T T2 T1 M CK &b

L HEIESN 5.70%. 10.65%H11 21.88%. fE 20~
30cm 2, T3. T2 A1 T1 4P >0.25 mm Hi 2% 4]
RIKBE YR TTIRER 5 CK ARFEAH LL 4G Fritdn, 14
W& 23 598 25.65%. 13.60%F1 8.02%; T3 kb >
5.00 mm ARG LR TTIR R R =, 5 CK &b
PRAH LE 3G TR N 63.21%. 1E 0~30 cm T2, FAbEE
<0.25 mm A EAAEG PR TTIR A N CK>T1>T2
>T3, WHEAFEREZER.

®3 TEFREMFHEZCHTERREDRARFHBENRITEE

Table 3 Contribution rate of organic carbon in soil aggregates of different particle sizes under no-tillage cover measures %

1 iR s Hif% Particle size (mm)
Soil depth (cm) Treatment >5.00 (2.00,5.00] (1.00,2.00] (0.50,1.00] (0.25,0.50] <0.25

0~10 CcK 16.88+1.99b 11.16£0.45a  11.92+1.08a  15.52+0.89a  14.70+0.30b  29.03+1.84a
Tl 18.24+1.58ab 10.22+1.68a 9.98+1.59a  16.29+1.56a  17.92£0.95a  27.46x1.85ab
T2 21.85+0.68a 10.37+0.93a 9.80£1.39a  16.11£0.42a  17.55£0.81a  23.68+0.77b
T3 22.25+0.69a 10.94+0.57a 9.94+0.72a  15.92+033a  17.81£0.80a  22.81£0.92b

10~20 CK 13.600.86¢ 9.17+1.29a 9.46+1.04a  13.60+1.4la  1448+1.13a  38.32+2.74a
Tl 17.121.35bc 9.1320.63a  10.09+0.73a  14.95£0.76a  15.14£026a  34.22+2.35ab
T2 18.54+0.57ab 9.67+0.77a 9.97+0.33a  15.13£0.81a  16.23+1.03a  30.61%1.78bc
T3 21.67+1.65a 10.56+1.43a  10.07+0.75a  15.87+1.30a  15.34+0.88a  26.58+1.39%¢

20~30 CK 14.08+2.02¢ 8.45+0.23b 8.94+0.81a  14.60+1.04a  15.74£044a  37.89+2.60a
T1 16.69+1.49bc 8.90+0.64b 924+0.70a  15.96£0.45a  15.98+047a  33.39+2.25ab
T2 19.03+0.55ab 8.73+0.11b 8.87+0.75a  16.33£0.62a  17.26+1.77a  28.82+0.30bc
T3 22.98+0.79a 10.57+0.61a  10.32+0.71a  17.39+1.22a  16.41+l1.14a  25.97+1.6lc
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Eﬂ g 08+ Ee . b . be
g =
; 0.6
Q
28
bl = 04t
02}
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Fig.2 Changes of soil MWD and GMD under no-tillage
with straw mulching and returning over different years
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+HEH WLBK & & Content of soil organic carbon (g/kg)
“rE” RIRFE P <0.01 KPR EZ K.

“#k” indicates extremely significant correlation at P < 0.01 level.
3 TEENHRESES MWD 1 GMD RIFEX M
Fig.3 Correlation between soil organic
carbon content and MWD and GMD

27 AREREMBTBESELHNERERH
)3 4ESES
W%k 4 Pos, 5 CK HAHL, & %#HE i it
B TR S R R A R e . 5

x4 TRFREMBETEZLHT EX~ERHAKEER

Table 4 Maize yield and its components under no-tillage with straw mulching and returning over different years

SO K TEATHL IR S A TKE s
Treatment Ear length (cm)  Kernel row number ~ Grains per row  100-grain weight (g) Moisture content (%) Yield (kg/hm?)
CK 18.35+0.24d 14.00+1.15a 31.00+1.52b 32.57+0.09a 29.80+0.18ab 10 183.454+292.62¢
T1 19.41+0.34¢ 14.00+£0.67a 36.00+2.00a 33.15+0.14a 30.27+0.29b 10 894.41+393.46bc
T2 20.41+0.22b 16.00+1.15a 34.00+1.52ab 33.39+0.04a 27.97+0.76a 11 921.39+536.32ab
T3 21.96+0.38a 16.00+1.15a 37.00+2.00a 33.44+0.19a 29.27+0.69ab 12 993.62+328.17a
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CK AbFRAHLY, - nfhiE o A g 3 m TR,
EEAHEGEATHM AR EEZRAEE. T3 M TI
AL TR AT RLE L 3E m T CKOARHE, T2 Ab 3R & /K &
SEETTIAM., 5CK4HMIL, T3. T2 Ml
T1 Kb B K 7= B B 18 53 51N 27.59% . 17.06% 1
6.98%. TIEHRAEFIKS EL EK=EN LR
WE 4 s, ZHZERRREY), [FERZFEMK
KR (R=0.682) , RTINS = INA F
T B K=,

14 000

y=478.7x+53684 =

13 000 R2=0682"

=
==X

Maize yield (kg/hm?)

12 000

K=

11 000

:F

10 000

9000

10 12 14 16 18
T HEA HLAK & & Content of soil organic carbon (g/kg)

“x7 FIRIE P <0.05 K FPZEAK.
“*” indicates significant correlation at P < 0.05 level.

4 IEANKRIBESERTEMEXM
Fig.4 Correlation between soil organic
carbon content and maize yield
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FEAT 7m0 R = LR ORK SR 2., AR 3 hn £ 3%
TKE, YRR IR R

32 GHENEESILHTLERARENRNSH

FFHIE

38 DR 5 R L3R S (R S, 3%
RAFR R MR P DI R A e bR, HAmS
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Effects of No-tillage with Straw Mulching on Soil Aggregate
Stability and Maize Yield in Semi-Arid Region

Ma Xiaoming', Qi Xiangkun', Tan Xue', Shi Mengyu', Wang Yufeng'?, Fu Jian'?, Yang Kejun'?

("College of Agriculture, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China;
?Heilongjiang Provincial Key Laboratory of Modern Agricultural Cultivation Techniques
and Crop Germplasm Improvement, Daging 163319, Heilongjiang, China)

Abstract To address the issues of soil structure deterioration, decreased organic carbon content, and low maize
yield caused by soil wind erosion in semi-arid aeolian sandy regions, a long-term field positioning experiment
was conducted in Durbod Mongolian Autonomous County, Heilongjiang Province. Four treatments were
established: rotary tillage with ridging (CK), no-tillage with straw mulching for one year (T1), continuous
no-tillage with straw mulching for three years (T2), and continuous no-tillage with straw mulching for seven
years (T3). The effects of each treatment on soil aggregate distribution characteristics, organic carbon
accumulation, and maize yield across different soil layers were analyzed. The results showed that in the 0-30 cm
soil layer, compared with the other treatments, the T3 treatment significantly reduced soil bulk density and
significantly increased soil moisture content. Meanwhile, the T3 treatment enhanced the percentage of >0.25 mm
water-stable aggregates, the organic carbon content, and the contribution rate within these aggregates, while also
increasing the mean weight diameter and geometric mean diameter. No-tillage with straw mulching significantly
increased maize yield, with the increase ranging from 14.98% to 39.54% compared with the CK treatment. In
summary, no-tillage combined with straw mulching helps improve soil aggregate stability, the organic carbon
content of aggregates across all size classes, and maize yield in semi-arid areas, with the T3 treatment yielding
the best results.

Key words Maize; No-tillage with straw mulching; Soil aggregate; Organic carbon; Mean weight diameter;
Geometric mean diameter; Yield
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