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Abstract To explore the effects of conservation tillage on soil quality and maize yield in black soil farmland, a
continuous 8-year field tillage positioning experiment was conducted. The study examined the impacts of

conventional tillage (CT), straw mulching with no-tillage (NTS), straw mulching with subsoiling tillage (STS),

Wi A8 2025-04-17

EE¢UH: BEXESMELITHIEE(2022YFD1500104) ; F #8 & R & B i+ %I B (20230302005NC)

E—1E& : FEHEEH(ORCID:0000-0001-8791-0004) ,BIFF R 5 , EE N EH B IAZEH AR E-mail: suipengxiangl990@163. com
BIRAIEH: & ECORCID:0009-0008-6858-9137) , #3525 , = BN H I AR AEH B K . E-mail : 15844052867 @ 163. com



76

0 LN ES I Y NS S 4

and straw incorporation with harrowing tillage (HTS) on the physical, chemical, and biological properties of the
soil in the 0-40 cm layer, as well as on maize lodging resistance, yield, and its contributing factors. The results
indicated that, compared with CT, NTS, STS, and HTS treatments significantly increased the field capacity,
saturated moisture content, organic carbon, total nitrogen, total phosphorus, alkaline-hydrolyzable nitrogen,
available phosphorus content, B-glucosidase, N-acetyl-glucosaminidase, lignin peroxidase, polyphenol oxidase
activity, and microbial biomass nitrogen in the 0-40 cm soil layer (P<<0.05). Moreover, NTS and STS treatments
significantly reduced soil bulk density and three-phase R value(P<<0.05), and enhanced the geometric mean
diameter and microbial biomass phosphorus content. NTS, STS, and HTS all significantly improved the soil
quality index in the 0-40 cm layer compared to CT(P<C0. 05), with the first two enhancing it from the physical,
chemical, and biological dimensions, while the latter primarily increased from two dimensions of soil chemistry
and biology. Both STS and HTS significantly reduced spike height, increased stem thickness and bending
strength, thereby improving the lodging resistance index of the stem compared to CT (P<<0.05). STS significantly
increased 100 grain weight and maize yield in wet years compared to CT and NTS, with the interannual average
maize yield improving by 7. 10% to 11. 86% compared to other treatments (£<C0. 05). Correlation analysis and
redundancy analysis revealed that the quality index of physical and chemical indicators in the 20-40 cm layer
and the quality index of biological indicators in the 0-10 cm layer were important factors influencing yield and
its components. In conclusion, in the southern black soil area of the Songnen Plain, straw mulching with

subsoiling tillage is a conservation tillage technology model that can achieve multidimensional coordinated

2025 4F 45 30 %

optimization of black soil farmland quality and enhance maize yield.

Keywords straw mulching; minimum tillage and no-tillage; soil quality; maize; black soil
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Fig. 2 Effects of different tillage practices on soil physical properties
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Fig. 4 Effects of different tillage practices on soil biological properties
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(a) HIESRFRILEMEAF 2 Linear scores of soil indicators

I Y #E464% Physical indicator [ f2#484F Chemical indicator [ 4 ¥12£ 4647 Biological indicator

4r 0~10 cm ! 10~20 cm 20~40 cm 0~40 cm
I 1 1
3t A : | |
»
= B ! A A
g3 : ! ! A
i 2 2 ! : |
5 ! : :
® T | ! i
8 : ! 1
iz ! | |

CT NTS STS HTS

CT NTS STS HTS CT NTS STS HTS
Kb P Treatment
(b) 485 EF5 4T Soil quality index

CT NTS STS HTS

BD: - A H PR LR IR s R L3 =M R{E; GMD  JUA 3 B4R s FC 2 ] 457K 4 5 SMC A BT 7K 5 SOC : 38 LB ; TN : 22 %05
TP A TK: A DOC : 7T AT LK s AN DI 05 AP RO s AK B BO s BG < B4 A0 1 s NAG £ AT B A 1 5 LAP 2 R A
JIKT 5 ACP « i Pk W ¥ i 5 LiP < A B 35 B AL W0l 5 PPO - 2 B S AL s MBC < U W7 5 s MBN S ZE W4 260 MBP - S s . 61 (b PR [ /s
B R N AR [R] 2 J2 R L W B A 2 A W b K Sl B O e i T b B 22 5 8 (P<C0. 05D, AR RR TS Bk 3 7 A IR b 2 IR JE M
AR RO b ] 22 5 3% (P<<0. 05), F Il

BD: Soil bulk density; PR: Doil penetration resistance; R: Doil three phases R value; GMD: Geometric mean diameter; FC: Field capacity;
SMC: Saturation moisture content; SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium; DOC:
Dissolved organic carbon; AN: Alkali-hydrolyzable nitrogen; AP: Available potassium; AK: Available phosphorus; BG: B-glucosidases; NAG:
N-acetyl-glucosaminidase; LAP: Leucine aminopeptidase; ACP: Acid phosphatase; LiP: Lignin peroxidase; PPO: Polyphenol oxidase; MBC:
Microbial biomass carbon; MBN: Microbial biomass nitrogen; MBP: Microbial biomass phosphorus. In (b), different lowercase letters indicate
significant differences (P<C0. 05) in soil quality indices driven by physical, chemical or biological indicators at the same soil depth among treatments,
while different uppercase letters indicate significant differences (P<Z0. 05) in soil quality indices at the same soil depth among treatments. The same

below.
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Fig. 5 Effects of different tillage practices on soil quality index
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2.5 AEAMEARNEXRFTEREHMBEEEZEN
A

FE 2023 4%, 45 Ab 3EUFFRL ™ HE L2 b RE BRI R

2SN (E2),NTS Ab 3 45 H Ath 4b 35 F0RL 5L

FE R 6.8%~8.6% (P<C0.05), 7E 2024 4F, 5

CTAFEAH LY, STS AL #EHE CT MNTS &b 3 & 25 3%

TIAF R 7= B R B (P<<0. 05D, 36 1 g B 43 531
12.2%~18.8% M1 9.3%~15.5% , NTS &b P 4
BB E I 9. 3% (P<T0. 05) , 4% Ab B ] 23 b i 5 22
SARE, 52023 ML, CT NTSHHTS 4 #
2 AR 2024 4F FF KL 7 i, B OBR M 100400~
15.5%.

F2 TRAMEFANEXRTERAMHEZNZ M

Table 2 Effects of different tillage practices on maize yield and its constituent factors

Ay b B

R/ (kg/hm?®) 2 BUREL/ (X 10°4)

R B/ A TR /g

Year  Treatment Grain yield Number of spikes Kernel per spikes  Hundred kernel weight
CT 10 358. 584-194. 39a 52.83%2.47a 532.87+14.17b 30.92+1.48a
NTS 10 336.46500. 97a 51.00+2. 29a 578.93429. 80a 31.04+0.43a
e STS 10 942. 37+257. 26a 56. 00+ 3. 50a 544.40+22.22b 32.65+0. 12a
HTS 10 583.09+323. 34a 52.17+1.44a 540.8049. 27b 31.66+0. 28a
CT 8 969. 84+705. 30b 53.00%2. 50a 594.014-13. 00c 30.1340.85b
NTS 8 970.81+661.99b 50.17+2. 26a 649.484-5. 14a 28.5940.92b
o STS 10 654.73+772.08a 52.17+1.89% 620. 32445. 05abc 32.94+0. 76a

HTS 9 583.18987. 13ab

49.8344.

54a 632. 61+ 30. 39abc 31.8140.93ab

W CT AEGHAE s NTS RS FF 3 365 ek STS M FF 8 S5 RS s HT S RS AP HUR A H o AR P8R 28 5 035 (P<<0. 05) , M [l 78 Fom

ZERABEP>0.05, F.

Note: CT: Conventional tillage; NTS: Straw mulching with no-tillage; STS: Straw mulching with subsoiling tillage; HTS: Straw

incorporation with harrowing tillage. Different letters indicated a significant difference (P<Z0.05), while the same letter indicated

no significant difference (P=>0.05). The same below.
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A

AR BEAE I 0 £ K& T B R 5 5
Bc A9 52 0 A1 6 7 o 7E 2023 4F  NTS 55 HAth &b #1
BERSGHFAMRR TYRMEZE, STSHMHTS
B CT hb B 53 35 16 iAoz T 4 o A 2 (P<<0. 05)
TE 2024 4, 5 CT AL PEAH L ,NTS . STS fiT HTS 4b
PR ER ST TR RS, STSHKCT LA
A NRERL T A R NT'S 5 HoAth Ak P 4R 3 AR
TR B (P<<0.05), 7F20234F, 5 CT 4t
FRAH I NTS STS FHTS &b P 5 AR - bE & b R AR
EE LR E R AT S B (P<<0.05) . fE 2024 4F, 5
CTAEFRATHE ,NTS STS F HTS 4b H & A kF KL
o, STS FHTS &b B4 m #5451, NT'S BH: Al 4b
FRAE AR TE (5 L (P<<0.05),
2.7 AEHEFXITEREFIEROF N

5 CTAMBEAM L, STS M HTS ib B I 2 [ KA

07 5 B ZE ML HTS AbBE A CT AT NTS Ab 2 I 3%
AR bk i, STS AL FR AR CT I NTS 4b B 3 25 [ {1 il
N RB(P<0.05,%3). 5 CTAHAM L, NTS
HTS &b 3 50 25 5% 0 6 o B2, STS A HTS Ab #1142
o TR B, NTS b P8 42 55 28 ) 38 &, NTS . STS
A HTS kb 3 25 FF H1 51 (K 45 £k 3% Jin 55. 66 %~
60.52% (P<<0.05,% 3),
2.8 HEHIEMEARESHERSHEXHE

FH 77 i S R G TR 2R AR AR A A A DG M R W]
CEL 7Y, 7= 5 0 B BEBOR | ok 8 2 8 3% 1E A 6
(E 7Ca)FT (), P<<0. 05) , 15 FHURL AU 2 3% B A ¢
(1 7Cc), P<<0.05), = #1182 5 4l bR 7 AF 5
b KPR 7 bl AR E L B R B R AR 2R R
) DA R RN AR R R W A OC (I 7(dD D) . R
It R OK A8 A Y AH G 4 A R BT 8) , 0~10 em +-
B EE R SRR TWE MR R N5 E R
JE R i B S E A 6, 5 R R R 6 5 10~20 em
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Fig. 6 Effects of different tillage practices on dry matter accumulation and distribution in various parts of maize
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Table 3 Effects of different tillage practices on agronomic and mechanical strength characteristic of maize stalk

& #5 Indicator CT NTS STS HTS

b i /CH.I 282.00+£8.72a 286.67+10. 02a 275.67+1. 53ab 264.00==13. 00b
Plant height

AV
e ﬁLr—{/cm 105. 3343. 06a 104.33+1.53a 88.33=2.31b 90.0047.21b
Ear height

ES
%:JAL?%‘%.I - 0.3740.02a 0.36+0.02a 0.32+0.01b 0.344-0. 0dab
Ear position coefficient
é*ﬂ/@m 24.314+1.01b 23.844-0.53b 28.94+0.19a 28.28+2.3%
Stem diameter

1| o i 2

ﬁﬁ]ﬁfg/(l\]/mm ) 84.334+13.31b 112.97+14.41a 83.97+4.35b 54.53+10.12¢
Penetration strength

SRR iEd 2
EM?EE/(N/CIH ) 315.43421. 58¢ 489.90£65. 11a 411.23+57.67abc  427.87453. 99ab
Crushing strength

S Y e
E*ﬁ.ﬁ /N 504.104-24.53b 609.60479.54ab  633.27+£82.32a 694.904-46. 63a
Bending strength
ZEFT BB AR 95 B
Stem lodging 3.09+0. 26b 4.84+0.71a 4.81+0.61a 4.96+0.90a

resistance index

- 38 O e RS R A A7 LR ZE A PSR 48 AR O
AHOG , 55 28 a5 B 60 AH OG5 20~40 em 1 3 T i 4
B ERE B TYE RS S A ZE B
{8 AR 48 B 5 IE A O, 55 AR EE L 81 bk i A s R 2
B B S AR DG . TUAR a3 B ik — 20 W - R B
27 R A ) 27 48 b 3K Bl 19 0T 4 RO B OK 48 AR
SEA, &I 20~40 cm - 58 4 3R Ak 2 48 A5 BT iR A
ORI 0~10 cm + 58 A W) 2 46 b 0T 5t 16 B TE A R
BN HA R Z A R0 71.0% (& 9Ca)) , i 20~
40 em - HE A= W) 2 45 bR BT 45 50 0~10 em )

B A2 AR W) 45 b T B 45 R AR R R AR PR 1R AR
8 5 14 80. 726 (&1 9(b)) o

3 ititE4Eit

3.1 AEAMEARMNELRKBHIERENZ N
AR, SEGEHAEA L, SAE YRS FF 2T 3%
B BEFRFA I REAR 0~40 cm + )2 HIEA T M =M R
ey =D I (< N - o S IS o Aok 1 o e
Peah, e ik 2B A KR BRI B, 42 T+ A AR
L o £l A [ N =3 1 A B[R A o
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FEARIEAHIYE The correlation between indicators
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[t PRW AR 2 (5 L s PH MR 5 EH B0 85 s EP B B8 SD 25001 s PS: 28 Ml 3 5 CS  JE M50 3 3 BS . TR 5 2 s SLRI: ZXFF B8Rk 2 8% +0 %

P<20. 05;##f03& P<C0. 01; #++f3& P<C0. 001, T,

Yield: Yield; NS: No. of spikes; KS: No. kernels per spike; HW : Hundred kernel weight; SW: Straw weight; GW: Grain weight; RW:
Root weight; PSW: Proportion of straw weight; PGW : Proportion of grain weight; PRW : Proportion of root weight; PH: Plant height; EH: Ear
height; EP: Ear position coefficient; SD: Stem diameter; PS: Penetration strength; CS: Crushing strength; BS: Bending strength; SLRI: Stem

lodging resistance index. * indicates P<<0. 05; ** indicates P<C0. 01; *** indicates P<<0.001. The same below.
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Fig. 7 The linear fitting of yield and its constituent factors and the correlation with plant indicators
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Fig. 8 Correlation between soil quality and maize indicators
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Fig. 9 Redundancy analysis of soil quality and maize indicators
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