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Abstract: [Objective] Salinization leads to a decline in soil fertility and reduced agricultural productivity, significantly
limiting the high-quality development of arid region agriculture. Bioorganic materials have shown promising effectiveness in
land reclamation for salt-alkali-affected areas. [Method] The effects of adding different biomass materials (8%o biochar (B),
8%o biochemical fulvic acid (BF), and a mixture of 4%o biochar and 4%o biochemical fulvic acid (BBF)) on the physicochemical
properties and water-salt transport characteristics of soda saline-alkali soil was investigated, through one-dimensional vertical
infiltration experiments. Each layer of soil was completely mixed with bioorganic materials and subjected to an equal volume
treatment. [Result] The results showed that the application of biochar and biochemical fulvic acid both significantly reduced
soil bulk density and increased porosity, with significant differences between treatment B and other treatments (P<0.05). Under
the same infiltration time, the wetting front depth of B, BF, and BBF treatments was significantly smaller than that of the CK,
with the BF treatment showing the smallest wetting front migration depth. Both the Kostiakov and Philip models could
effectively simulate the infiltration process, and the infiltration rate (S) showed a variation pattern of CK > B > BBF > BF. The
B, BF, and BBF treatments significantly increased the soil volumetric water content in the 0-15 cm soil layer, with significant
differences among the treatments (P<0.05). At the 15 cm soil depth, the soil salt content in the B, BF, and BBF treatments was
higher than that in the CK, and the soil salt content in the 20-30 cm soil layer gradually increased with depth. The BF treatment
showed the most significant effect on salt content. Also, the soil pH in all treatments was lower than the initial pH, but in the
0-15 cm soil layer, the pH of the B, BF, and BBF treatments was higher than that of the CK. Additionally, the concentration of
soil salt ions in the 0-15 c¢cm soil layer was higher compared to CK, especially the water-soluble Na* concentration, which
significantly increased. [ Conclusion] The result indicates that bioorganic materials, such as B and BF, exhibit significant
effects in land reclamation for salt-alkali affected areas by significantly reducing soil bulk density and increasing porosity.
Additionally, these materials decreased infiltration rates while enhancing cumulative infiltration, though increased Na*
concentrations may affect long-term outcomes. Therefore, when improving salt-alkali soils, emphasis should be placed on
considering the physical properties of bioorganic materials. It is recommended to select materials with suitable physical
properties and low sodium content, followed by salt leaching treatments, to optimize land reclamation efforts.
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Table 1 The initial ion concentration of soil and biomass materials (cmol-kg™)

#1 %} Material Cr HCOs3 SO4* K* Na* Ca?* Mg?*

14 Soil 0.23 0.30 2.58 0.14 5.07 1.31 0.18

A #%¢ Biochar 12.85 2.93 13.53 24.42 10.55 3.12 2.06
A SR

Biochemical fulvic acid 23.79 25.73 29.65 11.39 270.50 3.50 2.27
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BBF fLIRE M K2R E% (P<0.05), CK. BF. BBF A# 2 A ZEFALE (P>0.05).

http://pedologica.issas.ac.cn



+ 8 R

Acta Pedologica Sinica

)

a) 1.46 p) 44

b b a
~ T T ab
D 1.44 Z b 7 I 42t b 7 b I
514 7 7 - ;
& £40 % 7
i~ 1.40 ES 2o
2 ©n 1. N =
= 2 = 236
H 3136 L=
= 334
2134
31.32 32
5]
130—¢g B BF BBF 300K B BF BBF
At FE Treatment At Treatment

F: CK. B, BF. BBF ) WMURXMAL. 8% EW 8% IR 4%0 EWIR+4%o EATEIR: /NG T EEA R ZOR AL FEIT 22
FEE (P<0.05); REZLNHEIRZ. TR, Note: CK, B, BF, and BBF represent the control group, 8%o biochar, 8%o biochemical
fulvic acid, and 4%o biochar + 4%. biochemical fulvic acid, respectively. Different lowercase letters indicate significant differences between
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Fig. 1 Variation characteristics of soil bulk density (a) and porosity (b) under different treatments
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Fig. 2 Variation characteristics of soil cumulative infiltration (a) and wetting front depth (b) under different treatments
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Philip BB AR S Fom T HAKEE B 1R R EOR O A I RE 7700, & AbFERE 3 § R
BN CK>B>BBF>BF, B. BF. BBF 4bH#; CK 737 BF% 12.78%- 35.99%. 29.12%. faEANE
F A RIBNBIE AN E R L 8K 5 T2, RN CK<B<BBF<BF, B. BF. BBF 4#
BCK Z37l3Ehn 25.09%. 58.55%. 48.73%, H BF AbHFE NEHRRK, H&EAHE ZE R BE
(P<0.05)., WfgARHTAEYRMAENTEIR I 50048 7 KA R AR g, ki
PEA SR AR 1t 5 RIS % B IEA R R,

2 FEIRME T HEN SRS BT AE

Table 2 Variation characteristics of soil infiltration model parameters under different treatments

e Kostiakov 15 %! Kostiakov model Philip #<% Philip model
Treatment LR ZITREL YE RAL Wi % RENBER e
K/(cm'min™) n R? S/(cm*min*) A/(cm-min™") R’
CK 0.560::0.004a 0.346+0.001b 0.999 0.288::0.006a -0.0031£0.0001b 0.981
B 0.484+0.003b 0.355+0.001a 0.999 0.251+0.005b -0.0021:£0.0001ab 0.985
BF 0.466+0.003c 0.327+0.001d 0.999 0.184:£0.004d -0.0010+0.0001a 0.975
BBF 0.483+0.003b 0.330+0.001¢c 0.999 0.204:£0.005¢ -0.0010+0.0001a 0.977

T CPHEEARHEIR ZE . FFNG RPN E R R AL B 22 R B2 K (P<<0.05). 1A, Note: Means + standard errors.
Different lowercase letters in the same column indicate significant differences between treatments (P<0.05). The same below.
2.3 Te M A R3S T IRKER BT K pH FIFZAE

FEANASFEI YA LA, AN FERR L3 AR KR I 3a Pros. mEW R, BEEL
RN, L3RR E KR RN ES . 0~15cm A B. BF. BBF LEEFIHFEKEE CK
FHEE SR AIEE I 7.38%. 17.21%. 12.30%, FACHZ[A]Z 57 EZE (P<0.05). LZRKFERIE—E
TR P A SRS /K A Tt BEAL G 0 71 73 B, 3% 3 D9 AN RIAE M BOA R N & R AR 2R
FER) SRR, R AT AIA — NIBIR L N L3 K AR R Bl BF>BBF>B AR (L e, Horp
[Fl— NIBURTE T BF AbFE 3R KR K.

R 3 AR E L BRE M DR R R T LHHE

Table 3 Variation characteristics of soil water retention efficiency under different treatments and at different soil depths

+ R T+ BEFF/K AR Water retention efficiency/%
Soil layer depth/cm B BF BBF
0 2.46+1.60b 9.79+2.06a 4.89+0.99b
5 10.34+0.07¢ 20.69+1.98a 17.2440.03b
10 11.11+0.22¢ 22.22+0.08a 14.71+0.64b
15 8.00+0.47¢ 19.99+1.78a 16.00+0.68b
20 -4.30+2.28¢ 17.41+£0.84a 4.39+2.41b
25 -11.53+1.87¢ 7.10+£0.04a -6.87+0.13b
30 -21.074£3.35¢ -5.27+1.27a -15.79+0.16b
Bl 3b SNBSS 5 A= P AR AS [ R BE  a  Sh i semn . IR, RIETEA
BISREF RSB N ER, JFETHETERB. 78 0~15 cm Z 0], HACEERE N ISR N+
e th e IRWgR, HERAEZE (P>0.05), 15cm4it B. BF. BBF A3 L3 & Eh 85 CK 451
K 3.27%- 12.88%- 6.54%; 20~30 cm Z[H], FAbEREE NIBUERFENG LIS Sh & XWE ok, HER

http://pedologica.issas.ac.cn



+ 5 5 ik
Acta Pedologica Sinica

B3 (P<0.05), 30cm4tB. BF. BBF 4b# 35 £h 5 CK 737l 4 K 18.08%- 57.19%. 34.56%,
Horp BF A B0 38 Sh R U B B

¥ B. BF. BBF 485 CK 4B HIE& S ER 2 AR L CK A H3 5 R 5, EEE N
1E, FRZONAEXTRER R B AR, RN R, R 4 EAFRAEY M ERINET 0~15
cm ) EIEARX B ER R, R ATAL, 0~15 cm Z (W ER A A FEkYE, H2MHT CK &2, B.
BF. BBF At 0~15 cm P35 H 38 i £ R FA(I% 11.64%. 31.27%- 21.74%, b BF Ab3 -3 5 R ¢
CK PR 2% (P<0.05), fE 15 cm 4bHIBMEh R RHEE (P<0.05), 7 56.30%.

] 3c mI AT, ISR AR M K] S 338 pH KT HI3ERI4E pH,  TENBIREE 0~15 cm 2 [1],
B. BF. BBF 42 1145 pH BHE NIBIREERIH NG N, 7£ 15 cm &b 5 T CK Ab# 135 pH
BEE NSRBI N0, 78 20 em AP s, 5 CKAHEL, B. BF. BBF 43 0~15 cm +3E
14 pH 43 K 2.51% 1.53% 2.02%; 1M} 20~30 cm =38P pH 2 51/ 0.95% 1.99% 1.71%.
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Fig. 3 Variation characteristics of soil volumetric water content (a), soil salt content (b), and pH (¢) under different treatments

= A NEIAIE 0~15 cm BY 3R XT B 2 2 AT (L 4F1E

Table 4 Variation characteristics of soil relative desalination rate changes in 0~15 cm soil under different treatments

AR X 2
LRI Soil relative desalination rate/%
Soil layer depth/cm CK B BF BBF
0 46.06+1.56a 42.56+4.75b 35.08+1.96d 39.25+1.10¢
5 34.43+0.94a 31.98+4.57b 28.99+1.72¢ 30.0142.50c
10 27.58+2.19a 21.44+6.54ab 14.8742.50¢ 16.59+2.97¢c
15 18.62+3.29a 15.96+6.98b 8.14+3.76d 13.30+4.38¢
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0~15 31.67+2.00a 27.994+4.21ab 21.77+2.49b 24.79+2.74ab

2.4 FE N B R HIEEL 5 B F RS20

KBV S 2 smd L 3% pH MR, /KIEME K'Y\ Ca?'. Na'. Mg %5 Eh AL B 10 T 28
138 pH S4ERFHIAE AR EEDS, HOR PP IR R E RN, SO, Clv HCOs 72 £hiih
PR A ) 3 B U0, N [E AR AR R IR B IR AR RFAE L 4, e AT A,
WAV R A ER G, BTHASHEHE K. Ca¥, Na'. Mg¥, #& 7 HIERAEE & T
WRE, JUHR/KIENE Nate 45838 70 FH B Ik BE R NIBURFERIIINTE K, 5 CKAHEL, 15em 4
B. BF. BBFAbH KK/ I I129.37% 6.44%. 16.15%, CaX & 50 A NN129.18%. 15.11%-
19.42%, Na*¥#RE4rHIIEIN 15.90%. 61.14%. 41.15%, Mg iREZ /3510 13.48% 6.40%. 11.45%;
30cm4b B. BF. BBFACFE KU 43 A 43.05% 20.72%. 32.93%, CaZ i34 1 63.33%-
15.86%- 44.05%, Na“ik JZ 4 B4 0 30.21%. 101.90%-. 63.73%, Mg ¥ & 43 5l 3 - 40.77%-
12.41%. 24.97%, FAbHEAIZRMERE (P<0.05). TS FIRERE NSIRESInmE L, 76
NBIERE N 30 cm i, 5 CKAHLL, B. BF. BBF AL SOZ U 2 AN 9.18%. 73.13%. 38.44%,
CIIR AN T 46.30%- 125.9%. 74.07%, HCOs K5 BIHEN 28.57% 411.43%. 262.86%,
HAF Y A ZEREE (P<0.05), T3EFRENE COs%.
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Fig. 4 Variation characteristics of soil salt ion concentration at different depths under different treatments
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Fig. 5 Correlation analysis of soil indicators under different biomass materials
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