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Effects of Different Tillage Methods and Seedbed Compaction on Soil Physical

Properties and Maize Yield
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Abstract: To explore the effects of different tillage methods and seedbed compaction on soil physical properties,
maize yield and its components, and provide a theoretical basis and technical support for formulating reasonable
tillage methods in the semi-arid light chernozem area of western Jilin Province. Taking spring maize as the test
crop, four treatments were set up: deep plowing + sowing + compaction (T,), deep plowing + sowing (T,), rotary
tillage + sowing + compaction(T,), rotary tillage + sowing(T,). This study systematically analyzed the effects of
different tillage methods combined with seedbed compaction on soil compaction, soil temperature, soil moisture
content, soil bulk density, soil porosity, soil three-phase ratio, maize yield and its components. At the 5 cm sam-
pling depth, compared with T,, the daily average soil temperature of T, increased by 11.48% and soil compaction
increased by 116.05%. At the 0-10 cm sampling depth, compared with T,, T, had a 5.14% increase in soil mois-
ture content, an 8.89% increase in soil bulk density, and a 10.61% decrease in soil porosity, with significant differ-
ences in soil three-phase ratio deviation and soil structure index(GSSI); compared with T,, T, had a 15.27% in-
crease in daily average soil temperature, a 67.44% increase in soil compaction, a 9.84% increase in soil moisture
content, a 22.56% increase in soil bulk density, and a 13.44% decrease in soil porosity, with significant differ-

ences in soil three-phase ratio deviation and GSSI. For maize yield and its components, T, had the highest maize
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yield(12 246.58 kg/ha). Compared with T,, T, had a 7.06% increase in average kernels per ear, a 5.12% increase

in 1000-kernel weight, and a maize yield increase of 1 447.27 kg/ha(an increase of 13.40%); compared with T,, T,

had a 7.16% increase in average kernels per ear, a 5.65% increase in 1000-kernel weight, and a maize yield in-

crease of 1 478.18 kg/ha(an increase of 13.98%), with significant differences. Different tillage methods combined

with post-sowing compaction can significantly improve the soil plow layer structure and increase maize yield.

The deep plowing + sowing + compaction treatment has the best yield-increasing effect, which can be further pro-

moted and applied in high-yield and efficient maize cultivation in the semi-arid light chernozem area of western

Jilin Province.
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Table 1 Different soil compaction levels under various

treatments
RS
Qb3 . .
Soil compaction
Treatment
5 cm 10 cm 15 ecm 20 cm
T, 2.96+0.40a  4.84+0.68a  7.39+1.11a  8.15+0.74b
T, 1.37+0.09¢  4.68+0.20a  7.27+0.20a  8.09+0.23b
T, 2.16£0.33b  2.88+0.58b  6.10+0.40b  13.95+1.46a
T, 1.29+0.45¢  2.72+0.30b  6.02+0.09b 13.10+1.4a

T /NG FRER R 225 .35 (P<0.05), T Il
Note: Different lowercase letters indicate significant differences(P<

0.05), the same below.
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Fig.1 Soil temperature at 5 cm sampling depth under different treatments
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Fig.2 Soil temperature at 10 cm sampling depth under different treatments
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Fig. 3 Different experimental treatments of soil moisture
content
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Fig. 5 Different experimental treatments of soil porosity
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Table 2 Effects of different experimental treatments on soil three comparisons and structural stability

+ 2R E Jem Qb rg [& /% WARI% S % R e
Solid depth Treatment Solid Liquid Gas
0~<10 T, 45.02+0.76a 25.96+0.82a 28.36+1.15b 4.87+0.65d 97.56+1.72a
T, 41.82+0.78¢c 24.69+0.74b 33.49+0.04a 8.40+0.32b 94.56+0.72b
T, 43.72+0.58b 26.90+0.24a 29.05+1.36b 6.19+0.17¢ 96.86+0.45a
T, 40.56+0.45d 24.49+0.32b 34.94+0.76a 9.79+0.38a 92.66+0.89b
10~20 T, 55.37+0.37b 32.12+0.15ab 12.54+0.38a 12.67+0.45b 88.86+0.86a
T, 55.21+0.57b 32.75+0.84a 13.11+0.62a 13.11+0.62b 87.84+0.89a
T, 58.12+0.46a 31.78+0.48b 10.10+0.71b 14.34+0.71a 70.07+1.45b
T, 58.80+0.53a 31.92+0.22ab 9.28+0.74b 15.07+0.69a 68.36+1.68b
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Fig. 6 Effects of different treatments on maize emer-
gence rate
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Table 3 Maize yield and its constitutive factors under different treatments

b1 WIS B 1 - hm TR Ebr TR /g 7Pt kg hm™
Treatment  Planting density per unit area Grains per ear 1000~ kernel weight Yield
T, 67 855+444a 546+18a 369.33 £6.03a 12 246.58+595a
T, 67 351+125a 510+19b 351.33+9.61b 10 799.31+620b
T, 67 885+148a 539+11a 367.33+8.50a 12 052.68+525a
T 67 455+359a 503+10b 347.67+8.62b 10 574.50+269b

3 i s

T E I BEE D 2CT DA - R B L R
FEORM AR KA AR R LR, LR
AR iy it A 5 A0 R AR R R R R 1Y OC B 4
B, X0 KA R F IR LA B 7 B
(0 98 3 HLA AR Y LB R, B A
KL ] 25 %hmi%*@%*”ﬂmﬁ% [ES
U 18 - S0 B T - 48 rhoK 43 FH 5 43 14 38 i A T
SE AR R, ASHEIE & E 4 RS R BRTE 7 X, R
G gR T HEVE T SO - Y B A S e, SR
K, R B T B R A4 B S A R AT LA
T S L B R RN A A R A L R R
%, #2300 T BRARCIR S, v DL ) 4 838 B R 55 K
P RIS, AR S R R #E R
JE, BEEE KR AE B ERS, RHARERET
Rif e A, 5 22l i S ) AT 9 24 SR T Al LR T DU
FESEHHE R e, SRR T R S5 R — B0, £
B B BN b R S R R R R A
Mo HEER -ANEREZZRNESRS,#
o B A B AR A O L B A Y, T 3 ek
(8 = AH L, 2 1000 Ak 358 SOMT RO | AR 179 2 1]
Gy AR SRy, A K B R AR A A B I R

B A 2 PR SN B RS it AT LA
P R TOK S R AR CRE IR
AE AR E R O E AR . AR S5 R %R
B, 0~<10,10~20 em + 2 1, ¥ B 4K Fl 5 B8 s 4b
B A M8 = AH LU O 5 SR A, TR T REARIRAS
FEIE SR EPR BT R U], 3985 SR e T R
BT, (0 F 9 R L B (R T O BEARIRAS
RN =Y

ARG AR L], BRGNS B e HE S
PR AL PR FORFERIEL  T-RIEE = ik i g, Hrh
TR BN SR AL 2 i e A 12 246.58 kg/hm?, TR
T 5 b 5 B A L2050 K 0 4 R Ak 3R 5 5.12%

T BE 4% AP S B R AL PR RS e B 3% A Ak PR 4R
13.98% . ¢ I ik, TR 4% F s B8 2 75 Mg 2k
T 5K B A+ XA BB T

S5 Uk :

[ 1] E4R,EN, EAa0. AR KRR 5 E 256 R 8
AR5 A5 AT (3] A HUB 37 42, 2017, 48(5) : 1-21.
WANG ] W, TANG H, WANG ] F. Comprehensive utilization
status and development analysis of crop straw resources in north-
east ChinalJ]. Transactions of the Chinese Society for Agricul-
tural Machinery, 2017, 48(5): 1-21. (in Chinese)

[ 2] M, SRRV, B, 45 AR 2R 5 DR E oK Y

BEALJT AT SE (). o0 [ 90 5 A0k, 2025(2): 174-182.
SUN B, WU Z Y, QIN Y B, et al. Study on the application of
phosphate fertilizer in drip irrigated corn in semi—arid areas of
Jilin Province[J]. Soil and Fertilizer in China, 2025(2): 174-
182. (in Chinese)

[3 ] M. 5 ARVE A ) L e T S Rl 2 R - S ek
J5T B PEARAE BT SEID] P BH - PR BH R %, 2024
WEN X. Study on the physicochemical properties and enzyme
activity characteristics of soil under different soil types and veg-
etation types in western Jilin[D]. Shenyang: Shenyang Univer-
sity, 2024. (in Chinese)

[4] EdmS,KER. PHERGX B IEILE X £ X ERAEK
RH Py R A K LR R AR, 2013, 33(4): 59-63 .
WANG M X, ZHANG Y X. The effects of cultivation measures
on the growth, development, and yield of corn in the sandy soil
area of Heilongjiang Province[J]. Soil and Water Conservation
Bulletin, 2013, 33(4): 59-63. (in Chinese)

[51 Z=56F . AR 1 e DO R O 200 + 3R 5 % oK
FERER D], MR AR AL K E 2021
LI R P. The effect of different cultivation methods on soil envi-
ronment and corn yield in the semi—humid area of Jilin Province
[D]. Harbin: Northeast Agricultural University, 2021. (in Chi-
nese)

[6] T, kAR, KE. BRI A DA [R) 1 15 it X
K M o HEAR A3 B A i A L], K R AR R ST, 2011, 18
(6):245-248,251 .

WANG M X, ZHANG Y L, ZHANG Y X. The effects of differ-
ent agricultural practices on soil moisture and yield of corn in

the sandy soil area of Heilongjiang[J]. Research of Soil and Wa-



14

AoAb A&l B s

504

[ 8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ter Conservation, 2011, 18(6): 245-248, 251. (in Chinese)
AR, SR, R R AR R RIRE AR AR O R ) B
St K B oK 7 A 15 R (0. AR AL A B 2022, 47(4): 52-
56,69.

LI Q, DOU S, JIAO Y F, et al. The effects of different straw re-
turn patterns on the physical properties of black soil and corn
yield[J]. Journal of Northeast Agricultural Sciences, 2022,47(4):
52-56, 69. (in Chinese)

THOE ARG , T, h5g 2, A% . PAR A4 7 20T A [ e A Ak 2
X 7K Al 22 A A W e A B 1 S (D). AR AL ARk Bl A
2024,49(2):36-40.

XING Y N, GUO L, MA X H, et al. Effects of different fertiliza-
tion treatments under two cultivation methods on the occurrence
of the rice-maltaphid and yield[J]. Journal of Northeast Agricul-
tural Sciences, 2024, 49(2): 36-40. (in Chinese)

A, FIRTT, AR A R BV AL O 1 e ) B AR AIE 2 oK
P ES A )], KA 5 SE X T AR, 2024, 7(11): 74-77 .
HAO L, SI Z J, WANG B. Effects of different tillage practices
on soil physical properties and maize yield[J]. Water Conser-
vancy Science and Cold Region Engineering, 2024, 7(11): 74—
77. (in Chinese)

FIUARE, BRE f, skml aT, 45 S FBFE 7 0 LK 45 30
B8l B B oK 7 i A5 ()], AR b R 24 4, 2025, 40
(2):67-80.

BAI D X, CHEN X Y, ZHANG X Q, et al.The effects of differ-
ent cultivation methods on soil moisture dynamic changes and
corn yield[J]. North China Agricultural Journal,2025,40(2): 67—
80. (in Chinese)

MIRANSARI M, BAHRAMI H A, REJALI F, et al. Using arbus-
cular mycorrhiza to reduce the stressful effects of soil compac-
tion on corn(Zea mays L.) growth[J]. Soil Biology & Biochemis-
try, 2007, 39(8): 2014-2026.

KUCUKERDEM H K, ALTIKAT S. Evaluating Effects of post—
sowing compaction and sowing speed on soil properties,distribu-
tion of seed placement and second crop maize performancelJ].
Agricultural Mechanization in Asia, Africa and Latin America,
2022, 53(1): 46.

BEAT R TEAEOK A 5 SRR A o Rk
L PGB, 1984(1): 24

LI D R, GAO X K, WANG D S, et al. The effect of pre—sowing
compaction of dryland soil on yield increase[J]. Shanxi Agricul-
tural Sciences, 1984(1):2—4. (in Chinese)

SRS E L JE MRS A R4, 5 R AL ICHLIE BC i XS 4 T B
L 28 B AR IR WA, L PGB 27, 2023, 51(7): 756-763
ZHANG P F, ZHOU H P, YANG Z X, et al. The impact of or-
ganic and inorganic fertilizer application on millet yield and eco-
nomic benefits[J]. Shanxi Agricultural Sciences, 2023, 51(7):
756-763. (in Chinese)

PR, PR, TITEE A HE S R AR AR B AN [
Ty ﬁﬁ*ﬂ?ﬁ%?mﬂﬁfé"ﬂ[] 1. Yﬂf'ﬂi?ﬂkﬁ%%?ﬁ,
2014,48(4):505-511.

GUO H B, JI BY, WANG Q F, et al. The effects of deep tillage

and straw returning on the physical properties of soils with dif-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ferent textures and crop yield[J]. Journal of Henan Agricultural
University, 2014, 48(4): 505-511. (in Chinese)
PR EORSEF TR 9 LU BT SEID] KRR
MK ,2019.
GUO H. Research on the evaluation of corn sowing quality and
soil covering and compaction devices[D]. Changchun: Jilin Uni-
versity, 2019. (in Chinese)
TRl , BEE, SO0, AR ARG DX T T E AR R OK
e HE AR KT TR 47 T 36 T BE 1A e ()], 9 B HE K 241, 2021, 40
(8):27-34.
GUO S Q, MO Y, WU Z D, et al. Response of seedling emer-
gence and growth of spring corn under underground drip irriga-
tion to the depth of furrow tillage in North China region[J]. Jour-
nal of Irrigation and Drainage, 2021, 40(8): 27-34. (in Chinese)
JESCHE X84, B SR, A A A 7 200 R AR R R
Fe 3% 53 W AU 38 9 52 1 D], A0 7R 5 MR 2241, 2020, 26
(5):817-825.
ZHAN W ], LIU J Z, LIANG Y, et al. Effects of different tillage
practices on maize root characteristics and nutrient absorption
and transport[J]. Journal of Plant Nutrition and Fertilizers, 2020,
26(5): 817-825.
WA, MR, BAE, 5 R FEM R ERER T
B AR R R Fem 12w [, AR AL Al BL+7 , 2024, 49(5): 6-13 .
YANG Q Q, KANG J H, WANG J, et al. The effect of different
irrigation amounts on the growth, dry matter accumulation, and
translocation of spring maize[J]. Journal of Northeast Agricul-
tural Sciences, 2024,49(5): 6-13. (in Chinese)
SIX J, PAUSTIAN K, ELLIOTT E T, et al. Soil structure and or-
ganic matter I. Distribution of aggregate—size classes and
aggregate—associated carbon[J]. Soil Science Society of America
Journal, 2000, 64(2): 681-689.
WAHE B KR, ARSI, 55 L A TR 25 AR AR AR AR AR
5PN AE BRSSP DESEL AR AL BE24 2024, 49(1) -
27-34.
WU M H, ZHAO B X, WU J Y, et al. Research on the correla-
tion between physiological and biochemical indicators of spring
corn stalks and their lodging resistance[J]. Journal of Northeast
Agricultural Sciences, 2024, 49(1): 27-34. (in Chinese)
F L, PIVEE 4, X BRL™  A5f l  ARR  REERE  EOK
AR R BRI, B oK, 2022,30(6) : 118-123 .
JIANG Y C, SUN H Q, DENG A Y, et al. The impact of strong
suppression of seedling band on soil environment, corn growth,
and vyield[J]. Journal of Maize Sciences, 2022, 30(6): 118-123.
(in Chinese)
HRUELE B B MG, 45 RS FF I B ZR G 2 A oK S AR
Py Ak B SE AL TR FSY , 2024, 42(1):226-236.
ZHENG H B, LUO Y, SUI P X, et al. The impact of straw re-
turning on moisture characteristics and physical properties of
northeast black soil[J]. Journal of Agricultural Research in Arid
Areas, 2024, 42(1): 226-236. (in Chinese)
A, AL, kUL, A R RIBRE O 2O AV 4 b SRR
L BRI AT RG] B R, 2020, 28(6): 101-106 .
(F4%327)



32

AoAb A&l B s

504

[14]

[15]

[16]

[17]

5P 5% U el 4, BRSO T BC G TR AR X e
T AR B b SR ZE Wy 5 O P B 7 kA 5 (D], ARl BRI R
F2EHR,2012,31(1): 149-154.
NI G R, TU G Q, WEI S J, et al. Effects of straw returning with
decomposing inoculant on rhizosphere soil microorganisms, en-
zyme activities and vyield of late rice[J]. Journal of Agro—
Environment Science, 2012, 31(1): 149-154. (in Chinese)
TERLE WAL, T, 45 L K R RS T3 T % 552 I3 66 il
e B R P B R R (], T R R IR S R
2016,30(8):132-138.
WANG C Z, HU Y H, ZHOU X Y, et al. Effects of rice straw re-
turning on soil enzyme activities and microbial population in
Chongming saline-alkali soil[J]. Journal of Arid Land Resources
and Environment, 2016, 30(8): 132-138. (in Chinese)
&AL, R 2 [ SELIGOE AN E T X
AR P E LT, 2014,4(3):31-34.
WANG, L., LI, Y. H., YUAN, J. Determination of total nitrogen
in arid region soil by automatic Kjeldahl nitrogen analyzer[J].
Chinese Journal of Inorganic Analytical Chemistry, 2014, 4(3):
31-34. (in Chinese)
AR KA R, 2, SF AT A T X RS B ORE 5 5
et Rl BT 52 0 (D). YL IR Al Rl , 2021 ,49(3): 72-77.
NIU T X, ZHENG G P, LI Z B, et al. Effects of straw returning
on yield and quality of japonica rice Kenjing 5[J]. Jiangsu Agri-

[18]

[19]

[20]

cultural Sciences, 2021, 49(3): 72-77. (in Chinese)
VMR, kA Bk, 55 R FFIE F A5 7K 43 98 45 X6 A 1 4
R YR R B R A LR B2 A (0], K R R
241 ,2013,27(1) : 240-246.

TANG H, SHEN J L, ZHANG Y Z, et al. Effects of straw return-
ing and water regulation on soil microbial biomass carbon, nitro-
gen and dissolved organic carbon, nitrogen in paddy field[J].
Journal of Soil and Water Conservation, 2013, 27(1): 240-246.
(in Chinese)

TR0, BRI, MR, 45 AN 5] A2 WK O3 0 38 X K F AR
F A R R RS2 R (). B R “E 4, 2013, 34(9) - 1650~
1656.

WANG N N, HUANG M, CHEN D W, et al. Effects of water
stress at different growth stages on root growth and yield of rice
[J]. Chinese Journal of Tropical Crops, 2013, 34(9): 1650-1656.
(in Chinese)

BRI e, B, 45 A IR R A B FARAR R A K
B oK a3 F 2805 B 52 WA 1] o Aol U5, 2004, 25(4) - 44—
48.

ZHAO J F, YANG X G, CHEN B, et al. Effects of different irri-
gation treatments on root growth and water use efficiency of up-
land rice[J]. Chinese Journal of Agrometeorology, 2004, 25(4):
44-48. (in Chinese)

(9T AE % 3 L AR 3E)

[25]

(B35 147)

LI S, HAN W, ZHANG K, et al. The effects of different tillage
methods on the physical properties of brown soil in Western
Liaoning and the distribution of corn roots[J]. Journal of Maize
Sciences, 2020, 28(6): 101-106. (in Chinese)

FEIER ZERRUE, ok Tk, 45 TOKREFF 4 iy W B Bl A4 1
SRR B R B 5 SR K R R R R[], AR L

Al BL2E 2018, 43(6): 16-19.
CUI'Z G, LI Q Z, ZHANG Y B, et al. Effects of sowing depth

and rolling intensity on maize emergence under full pulveriza-
tion and incorporation of maize straw[J]. Journal of Northeast Ag-

ricultural Sciences, 2018, 43(6): 16—19. (in Chinese)
(wHEHF AR E)





