5563 % 456 M + ¥ o R Vol. 63, No. 6
2026 4F 11 H ACTA PEDOLOGICA SINICA Nov., 2026

DOI: 10.11766/trxb202501060011 CSTR: 32215.14.trxb202501060011
FREE, R, FIR, EWE, SR B, SRUITE. SR IR TR A ) e PR AR e B T T BT R (0], AR

2026, 63 (6): 1987-1999.

LI Siyan, LIANG Xiaoyan, WANG Chen, WANG Yuqing, XIE Wei, YANG Di, ZHANG Mingcong. Effects of Improvement Measures on

Aggregate Stability and Humus Composition of Soda Saline Meadow Soil[J]. Acta Pedologica Sinica, 2026, 63 (6): 1987-1999.

M RIETe M AFTE L ER T FA B2 E M A EE R E R
sk

Rzl pew! ¥R EWE, 8 B, w', kwmbH

(1 BBIRI N REBIARERE, BIETLRIK 163319; 2. RVARK AR ARAL T Al 4 (IR T i 5030 2, SRR TIRIC 163319)

8 E. OISR R A IR T RO - LS R K TR A AL, SR HAT s, e (CK). AW
s (T, AHUE (T2) FIEAECRA (T3) S RANE, BFFEHAT IR TER A B fr) 4 AT SR A4S M B A B 2 B e K 2 7 1 Yy
. SR, 5 CKAHLE, TL. T2 Fl T3 A3 i 25 (R U AT SR IR 0] K BT R AR5 1k, T3 By 3, >2 mm
LA BRI 3 BN 12.66%( P<0.05), 355 T T1 Ml T2, T3 AbFHE i F&AIK 3% pH 3.02% - R4 E A 300 67.84% ).
PR A (7.98%) Frht, WEBCEFRSARNE; KA E & SRR ERE IR 7.99%F 2.39%, R4l
Bk (0.053~0.25 mm ) HHUK A EIET: 24.58%~31.14%, W& THMAI, 7EE5HEE45 L, T3 FERAREHEIR
& LR AT S IR A A 19.95%~29.62% . 3.64%~6.48%F11 7.33%~36.92%, LT T1 il T2 4bFE; T3 AbHEE 2
PTHE T E AL, EA/B6 LA W E NN 84.84%. /N A FEARBA IR /R T AR (A2 FREL 0.96 ) i JAH 5
Mg et (1,13 ) FIEARHCER (1.29 ) & 520 HERARRRE M o 7 it 4 2 W] T3 Ak B s B bk =7 ( 61.32% ) AR 45 (11.96% )
LK 2 654 kghm >, B77 42.67%. BT RHE SRR (T3) @i EAGIEHLT o T4, i RRR AR AR5 145
WS ZRAk, (RSSO, A NI S, R T>2 mm R SRR R RO R R IR E T, AR
TOMTERA R ) B2 LG, ST R R S 7 RE P RN T SRR

KR TSR SRATER R RIEPRR IR A

hESES: S156.4+4 XEEREE: A

Effects of Improvement Measures on Aggregate Stability and Humus
Composition of Soda Saline Meadow Soil

LI Siyan', LIANG Xiaoyan', WANG Chen', WANG Yuging', XIE Wei', YANG Di', ZHANG Mingcong" >
(1. College of Agriculture, Heilongjiang Bayi Agricultural University, Dagqing, Heilongjiang 163319, China; 2. Key Laboratory of

* FREAVRZITRISE (2023YFD2300102 ), MIBITE ARBIAEERETISUH (LH2022D019 ) R IEITA 15 BT IS 34 3
BhI H( LBH-Q21162 3L [F ¥ B Supported by the National Key R&D Program of China( No. 2023YFD2300102 ), the Joint Guidance Project
of Heilongjiang Provincial Natural Science Foundation ( No. LH2022D019 ), and the Postdoctoral Research Startup Fund Project of
Heilongjiang Province ( No. LBH-Q21162 )

+ M IRA/E#H Corresponding author, E-mail: zhangmingcong@163.com
EF A 228 (2000—), Lo, T8I, WEug, EENFEHRIE -5 RS . E-mail: 16604123665@ 163.com
ke H Y1 2025-01-06; WeZ Rk H: 2025-04-14; M % H (www.cnkinet): 2025-06-06

http://pedologica.issas.ac.cn



1988 N T 63 %

Low-carbon Green Agriculture in Northeastern China, Ministry of Agriculture and Rural Affairs P. R. China, Daqing, Heilongjiang 163319,
China)

Abstract: [ Objective ] This study aimed to investigate the regulation mechanisms of different improvement measures on soil
structure and humus characteristics of soda saline-alkali land. [ Method ] A field comparative experiment was conducted to study
the effects of conventional (CK), biochar (T1), organic fertilizer (T2), and compound modifier (T3) on aggregate stability, humus
composition, and soybean yield in soda saline meadow soil. [ Result ] The results showed that compared with CK, T1, T2 and T3
treatments significantly promoted the transformation of microaggregates to macroaggregates. The effect of T3 treatment was the
most significant, and the mass fraction of >2 mm aggregates increased by 12.66% (P<0.05), which was significantly higher than
that of T1 and T2. T3 treatment significantly improved nutrient availability by reducing soil pH by 3.02% and simultaneously
increasing available phosphorus (67.84%) and alkali-hydrolyzable nitrogen (7.98%) content. The average weight diameter and
geometric mean diameter of soil increased by 7.99% and 2.39%, respectively, and the organic carbon content of microaggregates
(0.053-0.25 mm)increased by 24.58%-31.14%, which was significantly higher than other treatments. In terms of humus
components, the contents of humic acid, fulvic acid, and humin in each particle size of T3 treatment increased by 19.95%-29.62%,
3.64%-6.48%, and 7.33%-36.92%, respectively, which were better than those of T1 and T2 treatments. T3 treatment significantly
increased the complexity of humus, and the ratio of E4/E6 significantly increased by 84.84%. The PLS-PM structural equation
model revealed that soil organic carbon (path coefficient 0.96) significantly affected aggregate stability by regulating total humic
acid (1.13) and humin (1.29). Yield analysis showed that T3 treatment achieved a soybean yield of 2 654 kg-hm™ by increasing
plant height (61.32%) and pod number per plant (11.96%), with an increase of 42.67%. [ Conclusion ] The results showed that the
compound modifier (T3) complicated the molecular structure of large-grained aggregates by reconstructing the molecular
structure of humus, promoted the increase of cementing materials, increased the content of organic carbon, significantly increased
the mass fraction of aggregates with >2 mm particle size and the stability of soil aggregates, and effectively improved the soil

structure of the plough layer of soda-saline meadow soil. This provides a theoretical basis for the improvement of soda

saline-alkali land and the synergistic improvement of production capacity.

Key words: Soil improver; Soda saline-alkali soil; Soil aggregates; Soil humus composition
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Table 1 Effects of different treatments on soil physical properties

- LA -
TSk T IESLEREE

puseil Soil bulk

Soil moisture Soil

Treatment density/
content/% porosity/%

(gem?)
CK 25.06+0.70b 1.2740.01c 51.92+0.40a
T1 25.32+0.41b 1.47+0.02a 44.52+0.85¢
T2 22.51+0.87¢ 1.39+£0.01b 47.58+0.34b
T3 27.45+0.25a 1.43£0.01ab 46.21+0.53bc

T CK, WHGEMCAF; TU, WA xR; T2, BSNA
BUIE; T3, WIMEAEBR RN RoAEERRFE « frifkiR
(n=3) o [A—% i /NE F RN [F 3R 4k B E A7 8 35 2% 5
(P<0.05), FIAl. Note: CK, conventional fertilization treatment;
T1, adding biochar; T2, adding organic fertilizer; T3, adding
compound modifier. The values in the table represent mean +
standard error ( n=3 ) . Different lowercase letters indicated

significant differences between treatments ( P<0.05) . The same

below.

mZk 2 pin, SEHAAE (CK) M, £
e (TL), AHLE (T2) REAURK (T3) kb3
XA R R R R 2R Kb,
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ALK E R DL T1 B S, 5 CK N 6.45%,
M T2 Kb PR AR B & & W DL T3 b P i
A CK AN 7.98% ( P<0.05 ). 7 R4 5 5 B 25
AR T3 AbEEP R, T3 Kb B A8 A it
A CK SLEHEN 67.84%; T3 &b FH AY 3 580 & i 5
CK L #2R (MR E & T T1 A T2 A8 25 I,
AR (T3 ) Al FEAL 498 pH I P [F] 42 7t
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Table 2  Effects of different treatments on soil chemical properties

Qb3 R A BBk A R0 G LA A
Treatment ot EC/ (uS-cm™) soc/ (gkg!) AP/ (mgkg") AK/ (mgkg!) AN/ (mgkg!)
CK 8.62+0.01b 409.3+£3.2b 20.57+0.08¢ 9.67+0.74¢ 164.3+0.3a 143.8+2.0c
T1 8.50+0.04c¢ 357.0+18.8¢c 21.89+0.18a 12.84+0.32b 161.0+0.6b 149.0+1.7b
T2 8.81+0.02a 359.3+12.2¢ 18.67+0.18d 14.01+0.51b 153.5+0.9¢ 123.5+1.3d
T3 8.36+0.02d 485.3+18.0a 21.08+0.12b 16.23+0.29a 166.0+0.6a 155.3+0.9a
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T ANRINE SR 3R AN [ Ak B ] [7) — A6z 45 1] 2R 4 St o
2 R % (P<0.05). Note: Different lowercase letters
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Fig. 1 Effects of different treatments on soil aggregate size
distribution
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Table 3 Effects of different treatments on the stability of soil aggregates

Qb PR
T E R A MWD/mm  JU T % GMD/mm Ro.25/% D
Treatment
CK 2.87+0.02¢ 1.23+0.01¢c 85.43+0.48ab 2.49+0.01b
Tl 3.05+0.01b 1.3120.00b 87.18+0.22a 2.41£0.01¢c
T2 3.44%0.05a 1.38+0.03a 87.64+1.14a 2.51£0.01b
T3 3.10£0.01b 1.26£0.01¢ 84.53+0.21b 2.54+0.01a
~ 3 = CK KL AT SRR o34 KR TR T A BRERRLOR M
on 28 L —_— N S 2 72y D
Gl 3 ab i =2 RSN, AR SARRERRE ERA log K {4
5 5l a i i ¢ [ be . . CK ®FHwm, WK 8.09%~32.36% ( P<0.05).
<: = ﬁ = a Sy . e e 2
5 inf ﬁ i ﬁ Bl p@ T2 A FHERPH B RO, HEA =R P B U T R
=2 8 b . e N
' 2 ¢ i B Eﬁ Alog K {H 4% CK & FFAIX, FEIH N 14.46%~37.70%
218 ﬂj (P<0.05). 5 CK MILL, T3 4bH 5 FFEAE 74K
&0 l6» =2 LN = Ay
S . , , , RURMA KA RIS BRA log K H, FFEIFEHN
>2 mm 0.25~2mm 0.053~0.25 mm <0.053 mm

1514k #%¢ Agglomerate size

e K IRZERRRIRER . AR/NG FRER 7R 40 2 E] £
TE .3 22 5 ( P<0.05 ) . Note: The error bar in the figure represents
the standard deviation. Different lowercase letters indicated
significant difference between treatments ( P<0.05) .

K2 AR EET A3 KRR 1 P SR A b2 AT B 75
Fig.2 The content of organic carbon in each particle size of soil
water-stable aggregates under different treatments

(P<0.05). T3 Ab# + 3 & RiAe A1 R AR EH BUR & = AH
BT CK ¥ ERR, MiEN 7.33%~36.92%
(P<0.05), T1 b3t T 8o 4 A R AR 5 R |
WIS R AT R S8 (P<0.05). 5 CK Mk, TI
Ab BRI R T AR R AR L T R AR B
JEERATR T &, M A RAR A R AR R AR &
UEAh, T2 Ab B b 25 48 5 T 45 R A A R A e
W, 5 CK AL, T2 Ab34R e 1 G SR AR st e &
i SR AR AR | A AR BB AR & i
2.5 AEMRIEEXT 5N R A0

N ) Bl R i o - 98 AT R AR B TR A A AR 1Y)
R RBGE I WK 4 BT, HEEEETA log K 7R
Sk J T A M B T B R R bR o 45 I R R I A
LR A RIA T BIRA log K HIE T CK, M4k B
% T PR A SRR B HLRR A log K B H4/NT CK, i
AN T B B it o AR P SR AR oy T 45 M B 21k

11.89%~12.04% ( P<0.05 ). T3 AT 3 1A R AN
R A R AR & HRA log K {43425 24.63%F0
17.32% ( P<0.05 ). 45 2 B it (1 AN [RD A 42 141 3R A
THIRA log K {5 CK A Hu34 2 BRI =t
P TR BRI A AR T, T1 ACBRA T3 ZbFE R A
log K (EAH# T CK W5 1.47%F1 1.63%, 1ij T2
AEFRFEAR T 3.00% ( P<0.05 ),

wmEl s i, AN ek RS i D s T 4 A
RARE WL AU O 106 2# FEPE (E4/E6 ). E4/E6
Pl S S  or F it . 5 S I AR & B RS
AEA G, BERMUETEYI B I R . T3 &b
PACRIAE A R R Y & HLRR E4/E6 [HI B3 & T CK,
HEWE A 3.65%~84.84% ( P<0.05). 5 CK AL, TI
Ao B A SRR A e R AL SR AR 1) ' HL R E4/E6 {H i
FHANT 2.87%H1 13.65% ( P<0.05), T2 ZbHE4NK
P 3R R LR 2o R AR 1) ' BLR E4/E6 {H 5835 14 fin
T 31.32%F0 24.12% ( P<0.05 ). T1 Fil T2 4b¥fithy 7
1R TR P 3R R AN B A R A 42 E4/E6 (B, 17 T3
A B ASORS bR A SR AR (1 8 SRR E4/E6 fE = T CK.
2.6 AEMRIEENTIEEELEENZID

AN T) B B it %k - A R AR AT SRR B BT PQ
B FI HA/FA Y47 1 2552 ( P<0.05), Il 6 AT,
25 B0 R G 1) 45 R A PR SR BRI PQ LA HA/FA
Py T CK, B =R [m] e R 47t 29 R 138 fin
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Table 4 Effects of different improvement measures on soybean yield and yield components
Ab 3 = ZEHL Stem HARRIERL LR 7S A TORLEE Fre
Treatment Plant height/cm diameter/mm Pods per plant Weight per plant/g  100-seed weight/g ~ Yield/ (kg-hm™)
CK 52.32+1.29¢ 6.60+0.39b 33.85+0.48b 9.09+0.36¢ 16.16+0.20b 1 860+22¢
T1 82.30+0.83ab 7.96+0.27a 37.70+0.60a 14.33+0.34b 15.26+0.15¢ 2 420+46b
T2 80.34+0.34b 6.79+0.46ab 37.96+0.48a 15.80+0.33a 16.99+0.09a 2 647+69a
T3 84.41+1.04a 7.09+£0.23ab 37.89+0.12a 14.45+0.12b 15.43+0.33¢ 2 654+75a
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