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Abstract: [Objective] This study was 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 structural 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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M (46°12'—46°22'N, 125°45'—126°30'E) , {7 T+ B AR LA ST i s, @ iy KRG YRS, W
AN 120d. AHALIERAONTIT S i 1, 3% pH 9.0, FLFH 318 pS-em! H
WL 17.83 g'kg!'s AR 25.06 mg-kg's R 156.67 mg-kg'. HfFZA 165.36 mg-kg'.

1.2 kA

BHAEY RS, @y “RIKE 287 o AR JRE (N=46%) . WilRE (N=21%) ;
WEER 4% (N=18%. P20s=46%) ; FBREIEE (Ko0=24%. Mg=6%) , BRI EALFHR .

AR B RV LT ROKRFE A B, LLER AR 7.29 m?- g JK 53 27.90% pH 8.46.C 55.31%.
N 1.35%. P0.56%. K 1.42%. CEC 24.60 cmol-kg!.
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ANTF] o R o0 IR B R B s N 1 Fon. T3 AeERER S T ESKE, B CK 3
9.57%, T1 4bPE Y CK o3 27, 1 T2 AMF F/KER CK AT T, B3R T HARAAEE (P<0.05) .
FHO RN HIEAESEE ST CK, 5 CK ML, T1. T2, T3 A HIERE SRS T 15.40%.
9.03%- 11.88% (P<0.05) . 4 RAE MR HIRALBREE S B EMLT CK, 5 CKAHLL, T1. T2, T3 &
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Table 1 Effects of different treatments on soil physical properties

it R AT AL
Treatment Soil moisture content/% Soil bulk density/ (g-cm™) Soil porosity/%

CK 25.06+0.70b 1.2740.01¢c 51.924+0.40a

Tl 25.32+0.41b 1.4740.02a 44.52+0.85¢

T2 22.51+0.87¢ 1.3940.01b 47.58+0.34b

T3 27.45+0.25a 1.43£0.01ab 46.21+0.53bc

Vs CK, WHUMIAEALEE: T1, WINAEMR: T2, RIAHUE: T3, BMEAKRA. RHNEERRTHME MR (=3) . F—5]
NG FREARR R R AR A7 E B % 2 5% (P<0.05) . R[], 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
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differences between treatments (P<0.05). The same below.

WK 2 Fin, HEMAE (CK) M, £¥m) (T « BHUE (T2) KEEMEF (T3) A
Hof A A SR A S LS 2 2 . S AREEA, 3 pH RPN T2>CK>TI>T3, T3 4bFE+3E pH
5 CK WEEK 3.02% (P<0.05) o T3 AHEERE TIER TR, & CK I 18.57%, T15 T2 4
B S RRAC, BT CK M T3 A2 (P<0.05) « AHL S &L T1 A&, 8 CK 3N 6.45%,
M T2 AEE AR WA SN DL T3 PR, B CK 3N 7.98% (P<0.05) . A Rk FId 50 &
AL T3 WFEE R AR, T3 ACIMA R & 24 CK BEEN 67.84%; T3 AHFESH S &=
CK LREZR, HEEST T A T2 A, 2L, BEHSRA (T3) &L 1IE pH P FE$2
THE 20 Bl R RSB, MANLIE (T2) BIINA 2ou, A5 80 g & & &~ %,
2 ISR o R et SR A 2 P R ) R 4 A7 S S U U
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Table 2 Effects of different treatments on soil chemical properties

g IS AP ARk A T
Treatment Pt EC/ (uS-cm™) SOC/ (g'kg™") AP/ (mg-kg) AK/ (mg-kg™) AN/ (mg-kg™)
CK 8.62+0.01b 409.3+3.2b 20.57+0.08¢c 9.67+0.74¢ 164.3+0.3a 143.8+2.0c
Tl 8.50+0.04¢ 357.0+18.8¢ 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

2.2 AREIK RIS HIRF B0

HE 15, 5 CKAHEL, T1. T2 Fl T3 AbEEXY FEAS [FIFL B Hus e 4 398 - ki A2 /K Feoe PR SR Ak
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R EE B ET CK A, 1o R IER 0.25~2 mm Figh [ B4 & H 0 5039/ CK 4b
B, HA, T3 AEBEREL, >2 mm RiAR 1) B R0 & Es CK R0 12.66% (P<0.05)
<0.053 mm RiAE ) AR TR B F i 19.83% (P<0.05) o HkON T2 AbFE, >2 mm ki gl [ KR
BB 28.85% (P<0.05) o T1 AFE>2 mm A1 0.053~0.25 mm R4 K] 28 44 5 &40 %00 S 34
8.76%H1 17.44% (P<0.05) .
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C

b
100
=
8.14

N
oy 90 6.93
= gﬂ [ b b
a
oy
I = g0}
= F
€y 26.19
% gﬂ 70r | 2935
5
H g ©
§ g 60 d
R
o 507
=
O'f
CK Tl T2 T3
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VE: AE/NG FRERIRA R A F R [ — R R R R H o s 7 B3 (P<0.05) . Note: Different lowercase letters indicated significant
difference in the mass percentage of aggregates of the same particle size between treatments (P<0.05).
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Fig. 1 Effects of different treatments on soil aggregate size distribution
T AR 2 MWD F1 GMD 2 S i 358 A B AR AR e M B 2248 b5 . iR 3 WA, & OURTE
JE ) MWD, GMD {H¥) 8 E & T CK 48, 5 CK A7, T1. T2. T3 4F MWD HIEE T 6.51%-
19.85%- 7.99%, ik 5%%3E /KF; GMD fHH#ER T 6.94% (P<0.05) . 12.73% (P<0.05) . 2.39%.
IR R MR (Ro025) RIBUN T2>T1>CK>T3, 43485 D RN T3>T2>CK>Tl .
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Table 3 Effects of different treatments on the stability of soil aggregates

Jhpi EHEEEA TR EAE
R>025/% D
Treatment MWD/mm GMD/mm
CK 2.87+0.02¢ 1.23+0.01¢ 85.43+0.48ab 2.49%+0.01b
T1 3.05+0.01b 1.31+0.00b 87.18+0.22a 2.41%+0.01c
T2 3.44%0.05a 1.38+0.03a 87.64+1.14a 2.51+0.01b
T3 3.10£0.01b 1.26+0.01c¢ 84.53+0.21b 2.54%+0.01a

2.3 AR RiERS TIRAR SRS S

Wi 2 Bz, T1 AT T3 A 5K R ik R AR SR A ML & 235 w2 & T CK B . 5 CK
AEFRAAEL, T1 A0 T3 ARF KRR G2mm)  4KBIEAE (025~2mm)  #F %A (0.053~
0.25 mm) FMFKL (<0.053 mm) HIEHHIRE =S A RERT 0.05%~7.43%. 7.64%~13.96%-
24.58 %~31.14%F1 1.72 %~14.47%. 1] T2 ZLERAH K F FEAR (0.25~2 mm) A5 A4 (0.053~0.25
mm) HIEAHLER S B CK A5l 55 4.36%F1 10.52% (P<0.05) .

30

Eck
T
s . -
ab i 13
© be

= a a a
i E b i
b b
b
>2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
A% MRS Agglomerate size

e EPRERRRSIRUHEZE . AN F RO FLRAAE RE 7R (P<0.05) . Note: The error bar in the figure represents the standard

RO
HEH =
-

-

%)
S
T

AP S i
Organic carbon content/ (g-kg™!
= 3
HEH

>

=

deviation. Different lowercase letters indicated significant difference between treatments (P<0.05).
B 2 AFEIACHE 3K AR BUR R BRI A DL & &
Fig. 2 The content of organic carbon in each particle size of soil water-stable aggregates under different treatments
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VE: NIRRT R MR IR AN (R4 R TR 50 B o 2 5 5 TR/ 5 = A5 7 ) 8 ) ) — 2 B 5
Mo EZERE#E (P<0.05) . Note: Different capital letters indicate significant differences in the carbon content of humic components between
different particle size aggregates of the same treatment, and different lowercase letters indicate significant differences in the carbon content of humic
components of the same particle size between different treatments (P<0.05).

Bl 3 AN [m] A 3 39 (A1 SR A B B 2 4 ik B
Fig. 3 Carbon content of humus components in soil aggregates under different treatments

2.5 AR RIEMEXT TIEAF M RAF

AN T 5 B A ot ot 358 A SR A B LR RN B BRRR 1 5 T R e e WL 4 B, IR A TIA log K AT
VR - 358 S 5 T B2 A AR FE 4B A o 25 o R A Tt R R A SR AR & HLRRA log K E IS T CK, T 4%
o R A TR AR S BLERA log K HII/INT CK, U AN IR X R e it e (36 KR4 1 3R A 7y T 45 i B
T, INRL A TRy AR T i . T1 AR BRI R AR Ah, Hp =R RIS HLRA log
K % CK &Fikm, iIEAN 8.09%~32.36% (P<0.05) . T2 AFERRTUAIRAAN, HAL =Rk E
RIRE HEA log K MHE CK T35 4K, FRIEN 14.46%~37.70% (P<0.05) . 5 CK Mk, T3 4R
B R TR R B R AR A K I SRR E BRRA log K {H, FFIRIIHN 11.89%~12.04% (P<0.05) . T3
Ab B R T A S AA IR B T R AR & ELIRA log KA ZF R 1 24.63% 1 17.32% (P<0.05) . SEiRHE
it B REA% A SRR EH B A log K 5 CK AH 38 RIBE S PR P mia 3s . fER BRI SR ik, T
AEERANT T3 APESARIRA log K {EMET CK EERE 1.47%F 1.63%, 1 T2 KT 3.00%

(P<0.05) .
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Fig. 4 The A log K values of fulvic acid and humic acid in soil aggregates under different treatments
B 5 P, AR SR it 2 R 1 IR TR A R AT IR G R (B4/E6) - E4/E6
P SIEEYIR 7 T 7 A4 G S B K, RERMB MR 7 TR I8 . T3
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Fig. 5 Values of fulvic acid and humic acid optical properties (E4/E6) of soil aggregates under different treatments
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HA/FA RSB E iR, 855N 16.60%~26.95%F1 23.52%~45.68% (P<0.05) ; T1 ZbFR[KEFi
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Fig. 6 Effects of different treatments on humification coefficient (PQ) and HA/FA of soil aggregates
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effect, and the dotted line represents a negative effect. * and ** represent the significances of correlation reach 0.05 and 0.01 probability levels,
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Fig. 7 Partial least squares path model (PLS-PM) analysis of the effects of different improvement measures on soil humus
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Table 4 Effects of different improvement measures on soybean yield and yield components

N Eil Ly

bR PRI R e
Plant Stem Weight per
Treatment Pods per plant 100-seed weight/g Yield/ (kg-hm?)
height/cm diameter/mm plant/g

CK 52.32+1.29¢ 6.60+0.39b 33.85+0.48b 9.09+0.36¢ 16.16+0.20b 1 860+£22¢
Tl 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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