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Abstract: [ Objective ] This study aimed to investigate the effects of different tillage practices on the distribution and

quality of humus within various soil aggregate size fractions in sloped maize fields of the humid central region of

Jilin Province. The findings were intended to provide a theoretical basis for optimizing regional tillage systems and

s B #5:2025-10-20 &= B #1:2025-11-06 FHABEH:2025-11-14 [ 4 & % H# (www.cnki.net) : 2025-12-19
BETE : }RE LGB AT E (2023YFD1501100)

F—1EE AL (2002—) , 2o WG A, F 2N G TR & 7 m SOR B ST 5Y . E-mail: 15500301367@163.com

BEMEE: EIC1982—), 5 Wi 4, B2, EENF L HAEY KA T5E . E-mail: wangshuai@jlnku.edu.cn

http. // stbexb.alljournal.com.cn



%2l 1 4% 22 A5 BRI M X 75 bR A SRl o K 98 PR 5 A8 S 4 A R T 71

enhancing soil fertility sustainability. [Methods] Conventional tillage (CT) served as the control, while two
conservation tillage systems were established in a typical sloped maize field in Shulan City: no-tillage with full
straw mulching (NT) and strip rotary tillage with full straw mulching (ST). Each tillage system included five sub-
treatments: NT1/ST1 (traditional no-tillage/strip tillage) , NT2/ST2 (NT1/ST1 with reduced fertilizer input
plus microbial agent ID , NT3/ST3 (NT2/ST2 supplemented with microbial agent II to accelerate straw
decomposition) , NT4/ST4 (NT3/ST3 with 5% increased soil compaction) , and NT5/ST5 (NT3/ST3 with
10% increased soil compaction). Three-dimensional fluorescence spectroscopy, humus composition, and
principal component analysis (PCA) were employed to characterize the fluorescence properties of dissolved
organic matter (DOM) and the distribution patterns of humus components across four aggregate size fractions:
large aggregates ( =2 mm) , medium aggregates (0.25~2 mm) , small aggregates (0.053~0.25 mm) , and
microaggregates (<0.053 mm). [Results] 1) The fluorescence index (FI) of DOM in all aggregate fractions and
under all treatments was =>1.9, indicating a predominantly microbial origin with negligible influence from
terrestrial inputs. The autochthonous contribution (BIX) ranged from 0.6 to 1.0, suggesting relatively high DOM
bioavailability. In the NT5 treatment, the humification index (HIX) across all aggregate fractions was <4,
corresponding to the lowest humification degree; in contrast, the HIX of microaggregates in ST5 exceeded 10,
representing the highest humification level. 2) Among all treatments, ST5 exhibited the most significant
humification, with significantly higher contents of humic-extracted acid (HE) and humic acid (HA). Under no-
tillage conditions, NT2 showed the highest HA carbon content (C,,) and C,,/Cy, ratio (HA carbon/fulvic acid
carbon) in large aggregates. Except for ST5, humin (HM) was primarily enriched in large aggregates. ST3
resulted in lower HA color coefficients (Alog KD in large, medium, and microaggregates, while NT5 reduced
Alog K in small aggregates-both phenomena indicating higher aromaticity of HA molecules. In NT3 and ST3, the
ratio of iron-bound to clay-particle-bound HM (HM,/HM.,) was elevated in microaggregates, suggesting that iron
oxides dominated HM stabilization and that HM had a simpler molecular structure. Following NT5 and CT
treatments, the proportion of active humin [ (HM,+HM,/HM] increased in microaggregates, indicating
enhanced labile C content and reduced C pool stability. PCA results demonstrated that ST5 exhibited the best
overall performance across all aggregate fractions, whereas NT5 performed the poorest. [ Conclusion] For
sloping farmlands in this region, the optimal tillage practice to improve humus quality and enhance soil ¢ pool
stability-which was critical for guiding sustainable maize production-was the integrated approach of full straw
return, strip rotary tillage, reduced fertilizer application, combined use of microbial agents I and II, and a 10%
increase in soil compaction (i.e., the ST5 treatment).
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Table 1 Codes and specific measures of different tillage practices and supporting technical treatments
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1gCA 100) —1g( A
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56 % S A7 5E - ¥ 4E L Excel 2021 5 4F 4b B JE Rl
B, Lhbs i 22 (SD) R IR B HORE B (I R 2588 .
Origin Pro 2021 #1422 A S 5 4t /1 43 L 5 B ot 20
A i 43 BCE ] FH Python 3.13.7(Jupyter Lab) k4
22 Tl JB 58 21 43 5 DOM %€ it 50 B4 AR 56 1 A 1] B 1)
25181 s SPSS 20.0 F A AT GE it 40 B , XA [a] ik BE45 B
BEAT BN R 7 220 T (ANOV A) , Duncan B &2 #z 22 1%
Z H K (p<<0.05) 5 F 54 40 At (PCAD £ UG 5 5%
i 1, PCA B 6 B0 5% Z-score brfEfb DL ge— & 44 .
2 ZBRE5HWH
2.1 AEHEHE T T 15 F B4 DOM %% K 451 B9

=AU

DOM B = 4E 545658 1% (3D-EEMD /1 ,FI=1.9 A
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1 4% 22 A5 BRI M X 75 bR A SRl o K 98 PR 5 A8 S 4 A R T 75

WA AN E,0.6~0.8 M iAW 5 A6 gh 3 W 51
Fik ,0.8~1.0 Jy i i 2E W3 Pk 5 A2 ] R s HIX <<
4 AR A AL FRBE , HIX > 10 0 & JE s Ab A i),

1 2% 2 0, BT A Ak 3T 45k G AT K FI(E 3
H1.90~2.26, H=1.9, R Ml K4 it 2+ B & 2 % .
Hoh NTSAE 4 R 9 b FIMH £ 5 (>2 mm 4 2.17,
0.25~2 mmH 2.26,0.053~0.25 mm # 2.24,<<0.053 mm
Hh2.07) 5 ST5 5 CT ) FIAE A A 8 %, o H 2
<20.053 mm kLg% A 1.90; BIX {8 % {& 4 0.62~0.93.

NTS57E=>0.25 mm Fi 2% (>2 mm H 0.82,0.25~2 mm
90.93) 5<C0.053 mm #r 4% (0.72) Hh BIX {E ) [A] ki
% i, H 0.25~2 mm K g% BIX>>0.8; 1 ST1 5
ST57E<<0.053 mm 47 ¢ ' BIX fH 5 AR (318 0.62)
HIX A K7 2% 43 5 5 4b B0 f ok 3% (p=<<0.05) .
NT5 25 kL2 v HIX (B 44K T HoAth &b 22 (0.38~3.77) ,
H.<C4.00;ST4 5 ST5 7E<<0.053 mm i 2% i HIX {8
5 (10.46.,10.71), H.>>10.00, & 3 5 T [ 9 Ho At
AbEE ; CT 1645k 2% HIX {0 2.12~3.89.

R 2 TEBHEREI 5 F R4 DOM %L 4FE R 00

Table 2 Effects of different tillage practices on the fluorescence characteristics of DOM in soil aggregates

iz Ak 3 >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
NT1 2.07£0.01Fb 2.11£0.01Ga 2.13+£0Ca 1.964+0.01Cc
NT2 2.154+0.01Ba 2.13+£0.01Eb 2.14+£0Cab 1.9940.01Bc
NT3 2.11£+0.01Ec 2.15+0.01DEa 2.13+0.01Chb 1.974+0.01Cd
NT4 2.15+0.01Ba 2.14+0.01Ea 2.04+0.01Eb 1.90+0.01Fc
S NT5 2.17+0.01Ac 2.26+0.01Aa 2.24+0Ab 2.07+0.01Ad
(fluorescence index. F1) ST1 2.16+0.01ABa 2.13+0.01EFb 2.13+£0Cb 1.914+0.01EFc
ST2 2.10£0.01Ec 2.22+0.01Ba 2.17+0.01Bb 2.00£0.01Bd
ST3 2.13£0.01CDb 2.184+0.01CDa 2.18+0.01Ba 1.9740.01Cc
ST4 2.16£0.01ABa 2.16£0.01Da 2.13£0.01Cb 1.9340.01Cc
STS 2.08£0.01Fa 2.04-£0.01Hb 2.01£0.01Fc 1.904+0.01Fd
CT 2.13+0.01CDa 2.00£0.011c 2.06+0.01Db 1.924+0.01CDd
NT1 0.75£0Db 0.77+0.01EFb 0.8240.01Ca 0.65+0.01Cc
NT2 0.724+0Eb 0.794+0CDb 0.79+0.01Da 0.65+0Cc
NT3 0.724+0Eb 0.78 = 0DEb 0.79+£0.01Da 0.68+0.01Bc
NT4 0.77+£0Ca 0.78+-0DEa 0.73+£0.01Eb 0.65+0Cc
T — NT5 0.824+0.01Ac 0.93+0.01Ac 0.89+0.01Bb 0.72+0Ad
Cautochthonous contribution. BIX) ST1 0.76£0.01CDa 0.76 =0Fa 0.73£0.01Eb 0.62-£0Dc
ST2 0.76£0.01CDb 0.76+0.01Fb 0.924+0.01Aa 0.68=£0Bc
ST3 0.73+0Ec 0.78+0.01DEc 0.80£0.01Da 0.67£0Bd
ST4 0.80+0.01Ba 0.81+0Ba 0.80+0.01Da 0.64+0.01Cb
ST5S 0.73+0.01Ea 0.734+0.01Ga 0.69+0.01Fb 0.62+0Dc
CT 0.80+0.01Ba 0.80+0.01BCa 0.69+0Fb 0.67+0.01Bb
NT1 5.254£0.01Cb 4.834+0.01Dd 5.04+0.01Ec 8.92+0.01Ca
NT2 5.77+£0.01Bb 4.93+0.01Cd 5.284£0.01Cc 7.25+£0.01Fa
NT3 6.62£0.01Aa 4.54+0.01Gec 4.554+0.01Hc 5.66+0.01Gb
NT4 4.924+0.01Eb 4.80+0.01Ed 4.8940.01Gc 5.52+0.01Ha
NT5 0.38£0.01Kd 2.09+£0.01Jc 3.12=£0.01Kb 3.77£0.01Ka
T 5 A 45 B . .
Chumification index., HIX) ST1 4.104+0.03Ga 4.78+0.01Fb 4.954+0.01Fc 8.24+0.01Dd
ST2 4.23+0.01Fb 4.06+0.01Hc 3.95+0.011d 4.88+0.011a
ST3 5.09+0.01Db 4.534+0.01Ga 6.01+0.01Bc 7.97+0.01Ed
ST4 3.80+0.011d 5.12+0.01Bc 5.25£0.01Db  10.46+0.01Ba
STS 3.58+0.01Jd 5.80+£0.01Ac 6.07£0.01Ab  10.71+0.01Aa
CT 3.89£0.01Ha 2.12+£0.011d 3.23+£0.01Jc 3.88+£0.01Jb

T 2 B AV 0 AR E 2 5 AT AS RIS SR 3 M R B VR 15 it T AS TR0 2% 1 3R A DOM 5% SRR AIE A7 7 i 35 22 5% (p<<0. 05) ; [R5 AR
[ii) K 5 B 2 8 M () 2 1A 3R A b R [l BE VR 5 DOM 28 6 S AIE 77 78 B 3% 22 5 (p<<0. 05) ;NT1/ST1 M &G i/ 48k ,NT2/ST2
HNTL/STLIAHWNE + A #IF T ,NT3/ST3H NT2/ST2+F5 FHEJE (A= P il 770 11 ), NT4/ST4 Ry NT3/ST3+ 1% 5% ,NT5/

ST5RNT3/ST3+#%10%., T,
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<20.053 mm #7 2 [7 T} & 3.78 g/kg; NT3,ST1~ST3,
STS M CT 1 Cye B KL G W6k /N F7 22 AR, STS 45 KL G2
Crp ¥ I8 (>2mm N 7.49 g/kg,0.25~2 mm 4 6.12 g/
kg,0.053~0.25 mm 4 6.12 g/kg,<<0.053 mm H 5.16 g/
kg), B m T RR g A AN B . CT ££<C0.053 mm Hi
g rf Cp e M €0.89 g/kg) AU N ST5 1 17.2% o

Figgemm [ >2 0.25~2

F ] 1b AT, Cuun B0 G053 A3 B AR L) =2 mm b 42
AN FEARE, B AT 43y 325 1) NT3.ST4
B9 Cron Bt L 9080/ 52 S BEAR S T a3, P NT3
TE =2 mm kL G Cy B 5 (3.83 g/kg) , <<0.053 mm
A B AR B T} 2= 1.75 g/kg; 2NT1 NT2 . NT4 . NT5,
ST1~ST3 K CT BY Cyun B K7 9 I8 /)N 328 I8 5 3) X
ST5 M Cn Bl KL G I8 /N 556 T 5 B ARG 3, 78
0.25~2 mm H [ 58 {1k B W1 (4.78 g/kg) , HiZ kb B
TEH INFIR A SRAARE L Cron ¥ 0 TG b B 5 o

A5 AR, STS S Con ¥ 7E>2 mm KA
B B B B4 A FRAE AR E M () /N 92 A 3R I
L8, N B TH B B g R Ak [ RR AR ) B E

(®) Cy

0.053~025 [ <0.053

TE B R TR] /NG S 32 m AR R BV R M T AS [ 4L 9 AT 3 ) 776 1 35 22 57 (p<<0. 05) s AN ARS8 [ — WL 9 AT 3 b AN [ B A 4
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Fig.1 Cy; and Cy,, contents in soil aggregates under different tillage practices
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kg;NTLINT3 K& CT 1Y Cypn BRI /N 52 356 Bl 3
Hrp CT ARG Cyun BAK(>2 mm:0.92 g/kg.
<0.053 mm:0.31 g/kg) ; NT4 ,ST3 ) Cyy, Bl RL Ik
AN ST G R L AE 0.25~2 mm BL 2R ik B W (43 5k
1.03.1.07 g/kg) . 45 LB [H] L3 AT A1, ST 7E 45 K
o Coa 2 B3 R T AL A B T ST2 784 KL 24 b Cr

I 5K (0.07~0.21 g/kg) , ALK ST5 ) 4% ~43%
i 1 2b 7] 1, HA Alog K FRLGL 4y 5 58 3%, T Ab 3
¥y F B R =2 mm ki %% Alog K fit 55 (0.60~0.69) ; 1fij
KL G5 R A R AR Alog K 3R (0.54~0.65) ¢
2% i A A AT, NTS 76 K A4 (0.61~0.69)
A IR 1 Alog K ¥4 2k R 92 85z 85 5 171 1% A B 7 /N KL
gt Alog K 5 MiK(0.56) ; CT 7E 45 K 4 Alog K(0.57~
0.60)# K 7 T ST5,
2.4  EHHE bR 13 B B K Cua/Cr B9 2200
Cuun/ Crn S TN 5 58 A0 TR BE 19 A% O A8 A, L AH
1, AT ML 1 R HA R 6 A R00C% 3 S B 5
SE 5 WA ARG, A L DATE R FA S 8 7l fb R
R, GAO 295058 3 33 a K WK 36 9iF 52, FA A 3
o B R AR FH LA o HLA T B A 15 i 7 3l ok 9 4 2k
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Fig.2 Cy, and HA Alog K contents in soil aggregates under different tillage practices
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Fig.3 Cu./Cy, ratio in soil aggregates under different

tillage practices
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SOV S 3, ARG PCA 245 A7 7R B
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Fig.4 HM/HM, and (HM;+HM,_)/HM ratios in soil aggregates under different tillage practices
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Fig.5 PCA of humus-related indicators in soil aggregates under different tillage practices
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Table 3 Comprehensive ranking of humus-related indicators
in soil aggregates under different tillage practices

based on PCA

e SRIZIE 2O NEIRIEN A1 R 4K
(>2 mm) (0.25~2 (0.053~0.25 (<20.053
mm) mm) mm)

NT1 7 NT1 2 NT1 5 NT1 6
NT2 2 NT2 7 NT2 8 NT2 4
NT3 3 NT3 6 NT3 6 NT3 7
NT4 5 NT4 5 NT4 7 NT4 8
NT5 11 NTS 11 NTS 11 NTS 11
ST1 9 ST1 3 ST1 4 ST1 5
ST2 10 ST2 10 ST2 10 ST2 9
ST3 4 ST3 4 ST3 2 ST3 3
ST4 6 ST4 8 ST4 3 ST4 2
STS 1 STS 1 STS 1 STS 1
CT 8 CT 9 CT 9 CT 10

(@) p

026 073 0.51 KM
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s ! A & x T & &
CHFFEITEE S
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B AR CRAE W B R IR R FE AR L O
IR, JG S DT LR A E R R
DOM %% S5 fiF 25 53 J2 BV 85 it 9 42 P 2R A4 B3 34 1%
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Fig. 6 PCA between humus-related indicators and typical tillage practices in soil aggregates of the <<0.053 mm particle size

fraction
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