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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% biochar and 4%. 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 c¢m 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 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.

Key words: Saline-alkaline soil improvement; Biomass materials; Soil physicochemical properties; Infiltration characteristics;

Salt leaching
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1 MRS IE

1.1 R

IR AT R H 95 H A X EROR Z W R
FEIXAY 0~20 cm RJZ 4, HHERRONFRE L
HIEFRL L BPRL B H A R 45.34% . 53.14%
1.52%, 44T 1.45 gem™, ik 6.39 gkg !,
pHS8.72 18 it + 3 LAt T Ak o Ve - 398 I T R -
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B A ¢ pH Ol 8.865 M b2 6 2 It 2 734
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AR PR R 1 PR
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Table 1 The initial ion concentration of soil and biomass materials (cmol-kg ")

##} Material Cl HCO; SO K* Na® Ca** Mg**
14 Soil 0.23 0.30 2.58 0.14 5.07 131 0.18
=¥ 7% Biochar 12.85 2.93 13.53 24.42 10.55 3.12 2.06

AT R
23.79 25.73 29.65 11.39 270.50 3.50 2.27

Biochemical fulvic acid
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il O b %/ I
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1.32
1.30
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1.5 #iEE

IR 3 A B E S T . B
SRR BERIG L Geit oA AR L2 B Office
2021, Origin 2021 i1 SPSS 25. % LSD #:it47 i
VR, WEMEKERA P<0.05,

2 45 R

2.1 FEMEYIRMEX LIEFEMFLEERN I

3 T RIFL B A - M R 1) B R AR
ARV W R RS - 12 T A LB A &l 1
o HERTAEL, IMACKFE D BA RS 825 d L
CK>BF>BBF>B. 5 CK #lt,, B. BF. BBF £bH%
RN 1.69% . 0.91% . 1.39%, % CK i FHF#IK
( P<0.05), B, BF , BBF ZhFZ [A] 2257 R B 3% ( P>0.05 ),
) 1IN N 1 2 7/ = = e i S N =
B>BBF>BF>CK. 4 CK #itt, B. BF. BBF 4b#f 1}
FLBREES> K 4.49% . 0.71%. 2.26%, b B 4b3R
% CK. BF. BBF fLBRJEHE K225 3% (P<0.05), CK.,
BF. BBF Zb#Z A2z 7R 2 (P>0.05),

b) 44 a
T ab
42 lf % b T
40 // % /
w s
EEw
= £
® & 36
H73
7 34
32
30
CK B BF BBF
Qb ¥R Treatment

[F: CK. B, BF, BBF 7} lIfCRXI ML | 8% W7k . 8%0 A AL EETEMR . 4%otE W i +4%E AL TR /NG F- B 7] 367 Ak 3L )
2R E (P<0.05); iRZEL MhrdEIRZ ., TR, Note: CK, B, BF, and BBF represent the control group, 8%o biochar, 8%o biochemical

fulvic acid, and 4%o biochar + 4%o biochemical fulvic acid, respectively. Different lowercase letters indicate significant differences between

treatments ( P<0.05), The error bars represent standard errors. The same below.

1 AR AT (a) ALBE (b) ZZfLRHIE

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

Kostiakov ABBIAIZE ZE K e B LA
BHeJ), Fon BB G — A FA R ] Py R
FLTETFR b 1P 3 A8 R B — A B I BOR A7
AL BEAB R, L0085 0 RO HHEAYA
BHE I FEE B RN [R) A W R AR S
M 2060 RE/NF CK AR PRI 00 R 8, H45Ab B
] 25 5 3% ( P<0.05), Horf BF A5 R AR/,
H UL AT HI 2 58 REBUER R A B R . &5 REW
ARAERRIE 5 R AE 5 R0 e TR B AR AL REAE AH X

N, PR A 0 R A A B R TR ) I A B el A A
BN

Philip fAIG B H § Fom HHHREETRE I 0ME
FAW S B ORAR R RE 1Y, A BRI B % S R
§ CK>B>BBF>BF, B. BF. BBF AbFi4: CK 434
FAIR 12.78%. 35.99% . 29.12%. FaEABF 4 215
A B Ik B A FE B R OK e R, RN
CK<B<BBF<BF, B, BF., BBF 4b#% CK 451
i 25.09% . 58.55%. 48.73%, Hirp BF 4bHifaE A

x2 ARLETLIRNESRBESHTUHHE

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

Kostiakov 7% Kostiakov model

Philip £ Philip model

Qb

LI RB K/ EZL R e R W% 2 REABR e R

Treatment

(em'min™") n R? S/ (em'min®*) A/ (cmmin™) 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 0.3554+0.001a 0.999 0.251£0.005b —0.0021£0.0001ab 0.985

BF 0.466+0.003¢ 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¢ 0.999 0.204+0.005¢ —0.0010+£0.0001a 0.977

s AR E R 22 o [5) /NG RS [R) 26 7m Ab B[] 22 5338 1) 18 2 7K F- ( P<0.05 ). T [6] . Note: Means + standard errors. Different

lowercase letters in the same column indicate significant differences between treatments ( P<0.05) . The same below.
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BREK, HA0HEZES BE (P<0.05). AHEE
P T2 W R AR AR TR i A 4 B AR T - 4K
Ttk A SRR S5 M, i KA 1 A SR AR AR 1 5 3
FRBFRE MR,
2.3 HEMAEYRM T 5K R pH BN
TR A AT BT, BRI REE +
BERFLE RN 3a iR . fERTAL, BEE 2R
BERHE N, 1 RS AR R N . 0~ 15 cm

W B. BF. BBF P RFIE /K S CK ML
AN 7.38% . 17.21%. 12.30%, £54bH 2 [a] 2% 5
B3 (P<0.05), T)2RKBERENE —E REN 115
PRABLE ACRA T T X B B3 & 4 U0, 3k
AN TR A= 00 3 i et o £ AN [R) = 2 R B 1) - R K
R, RAAIFE— ANBIRE T KSR R
‘i BF>BBF>B WAk, HrphE - ABHRET
BF Ab 3 + 3R K 0R K .

R 3 FRELERRE L RIRE LIRS THHE

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

TR +HEFF KR 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 17.24+0.03b
10 11.11£0.22¢ 22.22+0.08a 14.71+£0.64b
15 8.00+0.47¢c 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 —21.07£3.35¢ —5.27+1.27a —15.79+0.16b

Bl 3b S A B il A 7] A= 4 B AR AN
[FIWREE B shm sz . IEmT A, HIRFEAS
U L b ] S & T N N R d e e O =3~ S
FE 0~15 cm Z[H], £5AbBEBE A 1B VR 3 fin -4 5 5
WIEWIE K, (HERARE (P>0.05), 15cm ik B,
BF . BBF #b# H3 5 #h i CK 7307l K 3.27%.
12.88%. 6.54%; 20~30 cm Z[A], &ALFREH A B IR
JERE I+ R R K, H 25 5 25 ( P<0.05),
30 cm 4k B, BF, BBF 4b# + 3 Eh 4 CK 43031
WK 18.08%. 57.19%. 34.56%, H:" BF AbFEXT +
S N AN E S TE N

¥ B. BF. BBF ¥ Y5 CK 4b# + 15 £ it
ZEERBR LA CK AbBE 3SR fe , TSl B 0 E,
FRZ AR RER 35 WAEA AT, FRZ A AH X &R
H, R A ZARAEY BRI INGE T 0~15 cm 9 +
BT R, R ATE, 0~15 cm Z [AIEh 034
R JEMkYE, EEM T CK 4b¥E, B, BF. BBF
AhFE 0~15 cm P-4 4 5 AR R REAR 11.64% .
31.27%. 21.74%, b BF Ab3+3EiEh R4r CK
Pl 2% (P<0.05), 7F 15 om &b 1 e £5 R FE AR

B EE (P<0.05), 4 56.30%;

Il 3c RTINS R A= 9 A kLS 3 pH
BHEF 0006 pH, ZEABIRIE 0~15 cm Z[H], B,
BF . BBF &b 8 1 pH FifiE A5 TR EE B3 i+
TE 15 cm Ab H B 455 1 CK Ab#E 43 pH BEH A B
TREE B3I mss N, 78 20 em AbHBIHR S . 5 CK
AL, B, BF., BBF AbBH 0~15 cm +3EF-#4 pH 43
WK 2.51%., 1.53%. 2.02%; T 20~30 cm -3
SEH pH 20 BN 0.95% . 1.99% . 1.71%.

2.4 FEMEYRARE LESS B FREMm

IR PEHES 725 m + 58 pH EZRE T, K
W KL Ca™. Na', Mg SR TR T E i+
B pH S54EFs g e EmEY ) d RPN
JEE R EAEAR, SO . CI', HCO,J2&:£h s 7= A= il
i i BT REA Y A Rt R
ST EASACRRE LI 4, WA, dEnEY
pAATEERE, HTHASYEHE K. ca’,
Na'. Mg®", 4255 7 H R/ BB Tulk e, LR
KM Na's 38R 7 BH B PR EEBE 3 A B IRE 1)
Hommie Kk, 5 CK #itk, 15 cm 4 B, BF, BBF
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Fig. 3 Variation characteristics of soil volumetric water content (a ), soil salt content (b ), and pH (¢ ) under different treatments

x4 TREIAE 0~15 cm BT IRAAAT B 2 R TALHFAE

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

- T AR R R
IRRIE
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¢ 30.01+2.50¢
10 27.58+2.19a 21.44+6.54ab 14.87+2.50¢ 16.59+£2.97¢
15 18.62+3.29a 15.96+6.98b 8.14+3.76d 13.30+4.38¢
0~15 31.67+2.00a 27.99+4 21ab 21.77£2.49b 24.79+2.74ab

Ab B KR EE 2 AN 29.37% | 6.44% . 16.15%, Ca®
WERE /X IR AN 29.18% . 15.11% ., 19.42%, Na'¥f¢ &
3NN 15.90% ., 61.14% ., 41.15%, Mg* ¥ & 43 1]
BN 13.48%. 6.40%. 11.45%; 30 cm 4t B, BF,
BBF &b #f KV 43 51 38 0 43.05%.20.72%.32.93%,
Ca® e 43 I AN 63.33%. 15.86%. 44.05%, Na'
e B2 Ay SN 30.21% . 101.90% . 63.73%, Mg ¥k
JE I 40.77% ., 12.41%., 24.97%, 4%kb3a] 2%
SR E (P<0.05). HIENTE Tk ERE ABIRE
gk, FEABWEN 30 cm B, 5 CK AL,
B.BF .BBF Ab3 SO} ¥ B 481 9.18%.73.13% .
38.44%, CUMRBESrHIIEM T 46.30% . 125.9% .
74.07%, HCO;#JBE 3Bl Ha I 28.57% . 411.43% .
262.86%, AP 2ESREBE (P<0.05), HifEh
FAMH COt .
2.5 FEMEYRMBEG T LIEZIEREEXSE
i) I N CIRERE 7/ = O N = S N G = TN
Pearson HHC AT UL 5. HHESER B S -EME
FEM B EFEEMEKR (P<0.001), BLIAZEERM L

AR J3 BH B RS B 10 e B 5 e A - 3
MR & i, FECEIEEREINE . LS CUAYAH
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