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Abstract To address the issues of structural degradation and organic carbon loss resulting from long-term
intensive use and inadequate maintenance of Northeast black soil, this study aims to clarify the regulatory effects
of optimal tillage (OT) on the physicochemical properties of black soil and organic carbon. Two treatments of
OT and conventional tillage (PT) were set up in the experimental field of Jilin Agricultural University. Soil bulk
density, porosity, aggregate stability, and soil organic carbon (SOC) content were measured. and theT soil
structure and SOC mass fraction changes of reasonable plow layer structure were analyzed using methods such
as variance analysis, redundancy analysis (RDA) and random forest model. The results revealed that, compared
to PT, the OT treatment can improve soil structure, with a 5. 45% reduction in bulk density and an optimized
porosity of 56.24% in the 0-10 cm soil layer. Additionally, the proportion of aggregates larger than 0. 250 mm,
mean weight diameter (MWD), and geometric mean diameter (GMD) increased by 18.89%, 51.22%, and
68.42% , respectively. The unstable aggregate index (E ;) decreased by 64.5%. The OT treatment significantly
enhanced the SOC content at 0-10 cm, 10-20 cm, and 20-30 cm soil depths (P<C0.05), with increases of
48.07%, 15.31%, and 10. 74% compared to PT, respectively. RDA indicated that soil bulk density, porosity,
moisture content, and aggregate stability (MWD, GMD, proportion of aggregates greater than 0. 250 mm) were
key factors influencing SOC. The results of the random forest model further demonstrated that soil depth, moisture
content, and aggregate stability significantly contributed to SOC, with aggregate stability mitigating organic
carbon mineralization losses. In summary, the implementation of appropriate tillage structures optimizes soil
properties, reduces bulk density and compaction, and enhances aggregate stability, thereby creating a suitable
physical environment for organic carbon sequestration. This represents an effective measure for enhancing the
carbon storage capacity and improving the quality of black soil, providing theoretical support for the protection
and sustainable utilization of black soil Northeast China.

Keywords optimal tillage; soil aggregate stability; carbon storage; black soil protection
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Fig. 1 Daily precipitation and temperature in experimental site
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Fig. 2 Different farming methods in experimental site
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Lowercase letters indicate significant differences at the 0. 05 probability level, ns represent no significant differences (P=>0.05).

B3 AEAETLENEERETN

Fig. 3 Effects of different treatments on soil physical properties
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Fig. 4 Effect of different treatments on soil three phrase.
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Table 1 Effect of different treatments on soil three phrase ratio

I A e A A 5 R 4K

+ R /cm b 3 5 R . . .

Soil depth Treatment  Solid : Liquid : Gas R Generahze.d soil Soil three—phase
structure index structural distance

1% 5 M AE 1.00:0.65:0.81  9.34+3.54a 91.5946. 36a 9.17+3.82a

o SRR 1.00:0.85:0.87  12.0244.00a  84.93+12.67a 11.6343. 96a

1% 5 M AE 1.00:0.54:0.21  12.88+6.95a 84.9643.97b 11.05+5.95a

1o SRR 1.00:0.48:0.31  10.3343.67a  93.03+4.59 9.0843.92a

1% 48 BB 1.00:0.60:0.12  17.90+3. 45a 70.9143. 11b 15.65+1. 11a

e AEHZ 1.00:0.62:0.18  15.3542.60a  82.3446.84a 13.124£2.20b

@A 1.00:0.63:0.13  18.0241.52a  74.1524.09b 15.44+1.06a

o AEH)Z 1.00:0.75:0.24  17.4843.03a  82.0443.57a 14.4241.16b

_ LGB 1.00:0.62:0.15 17.02+2.49a 76.3949. 89 14.6442.27a

o AWHP)Z 1.00:0.63:0.21  15.1646.36a  78.18%18.10a 12.994-1.02b

I BB 1.00:0.59:0.15  16.60+2.06a 76.68743. 69a 14.61+2.88a

G AR 1.00:0.57:0.11 17.9541.40a 70.52+2.21b 16.03=+1.40a
1« [E 50 B0 R 6] 7 R R 25 5 B35 (P<<0. 05) , MRl PR R 2 R B35 (P>0.05) . .

Note: Within the same column, different letters represent significant differences (P<C0.05) , while the same letters represent no
significant differences (P=>0.05). The same below.

2.3 AE#MEMEARKEEEMANZN HE R AR AR BN A) R4 <<0. 053 mm Y A1 B fAk
A Ta] B O 2 Ak 6 + 98 P 5K I A BOAE oA 351G AL M 2. 6% ~6.0% o £E 0~10 cm 1 2%
R EEZWM(ELS ., SPTAEAL,OT A + BE L OT Ak ¥ k45 <<0. 250 mm 19 A 2B 4K F 4]
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MWD .GMD Fl R, ,; # % PT kb #4743 5] i 2 &5 1

Effect of different treatments on soil particle size

39.1% .28.8% F120.9% ,E B Z AL T 58. 6%
(P<<0.05), & OT Xt L LM ML SOER B B 5%
ZHEHE . ¥EA 20~30 em + )2, OT kb H By
MWD #l GMD {5 % PT 4k ¥ 8 2% = H 11. 8% AN
10. 7%, [A B Ep o B 2 2 FEAK T 15, 1% (P<<0. 05),
FUT OT Ab #56F AL e 2 P 3R R B a1 1) REUAR, 532 i
BARKFE ,OT A BAE 0~30 cm 4% L 2 YR W HE
# MWD .GMD Hl R, »;, LL K& AR E A DAE,
VLT OT &b B B A S5 3 ik + HE 45 # R 1k
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Table 2 Effect of different treatments on soil structure stability

. ECPHEAE JUTEHER >0.250 mm BRE ORERE BUERIRIEEC BERIK 538 45k
T2 E /cm Kb P . . i
. Mean weight Geometric Aggregate larger Unstable Fractal
Soil depth Treatment . . . . .
diameter mean diameter 0. 250 mm aggregate index dimension
B EigE  0.8240.03c  0.5740.03b 70.71+1.35b 29.29+1. 34c 2.9340.02a
0~10
AHHEE  1.24£0.05a  0.964+0.06a 89.60+1. 23a 10.40+1.23a 2.5840.06b
BG BB 0.8740.04c  0.59+0.04b 73.71+2.47¢ 26.29+2.47a 2.8840. 04a
10~20
GHBEE  1.21+£0.11a 0.764+0.04a 89.1040. 64a 10.90+0. 65¢ 2.74+0.02b
BB 1.1940.18ab  0.84+0.13ab 84.84+3. 18ab 15.16+3. 18bc 2.70+0.03b
20~30
GHBEZE 1.334£0.03a  0.93+0.08a 87.13+3.50a 12.87+3.50¢ 2.52+0.17c

r [ %71 Y

https://www.cnki.net



r [ %71 Y

106 hOmE ok k% % R

2025 4 % 30 &

2.4 GEHMEMENZLENRRES BTN

AN TR BEAE O 20 2R K 32 BOAE %
SOC i i MAFEREZm(E 6., 5PTAHLL,
OT ¥ i Em T AN . A L2
BT, SOC it i 4> B % + )2 0 i U8 3% i b
I o N )RR O 2K 8 AN ) 4 2 0% )l 3 B0

B 2% % . 1 0~10 cm + 2 W E , OT kb ¥
SOC i # 4> %t~ 22.64 g/kg, b PT kb B &
48.1% 510~20 cm ¥R JE , OT Ak B (5 SOC it & />
oM 16.95 g/kg, tb PT 4b ¥ & 15.3 % 5 #F 20~
30 em W B, OT 4 ¥ iy SOC i & 7 BN
12.79 g/kg, b PT A B 5 10.7% .

*RP 53 R RAE 0. 05 0. 01K 28 5 B35
* and ** indicate significant differences at the 0. 05 and 0. 01 probability level, respectively.
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Fig. 6 Effect of different tillage methods and soil layer depth on soil organic carbon content
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BD: Soil bulk; STP: Total soil pores; SWC: Soil moisture content; MWD : Mean weight diameter; GWD: Geometric mean diameter; R, ,5:
Aggregate larger 0. 250 mm; E,|;: Unstable aggregate index; D: Fractal dimension; SOC: Soil organic carbon. The figure displays the random

forest mean predictor important ( % of increase in MSE) of SOC.
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Fig. 7 The contribution of soil physical properties to SOC
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