%46 B 2 W IR A PR 3 i Vol.46, No.2
fE4H Bulletin of Soil and Water Conservation Apr., 2026

MED-EMrIRHAE T EENFARHERE

kKD BkE, B L, HERE,
# %ﬁl %Fﬁﬁk B, ST W ERS

(1. BV B TR 2 2 SR BBl 2z 22 B, BVt 3 7230015 2. B VG ML
R A7 BR 28 7], By I 7230015 3. V1744 Bl24 Bt W IR 5 EREEAF ST AT, YLVE 7 & 330096)

B E: (A8 REMBEBUEY 5 AW 5 R EE T L 000 58 o i 1 B Bl [0 1 ML, R0 v 7 KU, o
HR R G At d 5 U A R e R AR . [ ] B TG R O, R LRI BUE Y S A W s R
R R0 IS i 5 R R R A T AT TR A R R A 2 FR B O Y b A W T A T AL SF O T
BB IR B A, O BE — 25 PR3 BF e - B - R g -4 B b [] 9 4 P AT BE A A A R 0 A S B S R SR T
TERUKE o [ 4550 | %5 SR W T 3 2R W R 4R A BIURE 4 5l TR B B T B A R A e A S AR R
B, Wp [ 2 T b e T BE L AT 2 R R AR MR S R SR AR W AR O I SR U PR O D) B 2k TN Y
JE o (4518 ] A - A Y sk S BOR & — Bl (5 T R7 2 A9 2 6 3 B SR I L [ AL Je ) B Al
5 ) 22 B T, A S I (ke a3 N R B TV T o ROk I R SE A 5 L LBV AL |
DX 3ol e 5 B Tl 25 D7 1) TT BRI, 4 32 £ A A o AL -5 M4 iz o

KB MEW; £Wx; BENE; MEXR; it

X HERFRIRAG: A XEHRS: 1000-288X(2026)02-0441-12 FES2ES: X53, S156.4°9

NS E kA, BKEE, Bl F B R SR EL 0 AR DL A ST R T ] K AR FEE AR
2026,46(2) :441-452. Zhang Shaohua, Zhao Xinxin, Yang Kai, et al. Research progress on microbial-biochar
interaction mechanisms in saline-alkali soil improvement [ J]. Bulletin of Soil and Water Conservation, 2026 ,46
(2):441-452.

DOI:10.13961/j.cnki.stbctbh.2026.02.022 CSTR:32312.14.stbctb.2026.02.022

Research progress on microbial-biochar interaction mechanisms in

saline-alkali soil improvement
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Hanzhong, Shaanxi 723001, China; 2.Shaanxi Geological and Mineral Hanzhong Testing Co., Ltd., Hanzhong, Shaanxi
723001, Chinas 3.Institute of Resources and Environment, Jiangxi Academy of Sciences, Nanchang, Jiangxi 330096, China)

Abstract: [Objective] The progress on microbial-biochar interaction mechanisms in saline-alkali soil
improvement was systematically reviewed, in order to elucidate the mechanisms of synergistic effects, and identify
potential risks, and provide a theoretical basis for the systematic development and risk management of this
technology. [ Methods ] Using the bibliometric method, this study systematically reviews the research progress and
development trends in the synergistic improvement of saline-alkali soil using microorganisms and biochar. It
focuses on analyzing their synergistic mechanisms in physical structure construction, chemical environment

regulation, and biological function enhancement. Furthermore, potential risks in the ‘material-strain-environment-
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management’ synergistic regulation, such as salt input and microbial competition, are discussed. [ Results] This
combined approach provides physical shelter and electron transfer channels through biochar, along with microbial-
mediated salt transformation and metabolic feedback, thereby synergistically enhancing soil functions. It can
significantly reduce the electrical conductivity of saline-alkali soil, increase crop yield, and enhance the abundance
of functional genes associated with the nitrogen cycle. [ Conclusion] The microbial-biochar combined technology is
a green and sustainable strategy for saline-alkali land management. Its synergistic mechanisms involve multi-
dimensional physical, chemical, and biological effects, demonstrating promising application potential in both
laboratory and field experiments. Future efforts should continue to focus on combination optimization, mechanism
elucidation, regional adaptation, and technology integration to promote the standardized and large-scale
application of this technology.

Keywords: microorganisms; biochar; interaction mechanism; synergistic improvement; saline—alkali land
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Fig.1 Schematic diagram of soil salinization
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Fig.2 Collection of literature data and publication details
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Table 1 Mechanisms and effects of common functional microorganisms in saline-alkali land improvement

AR E T

& )&/l

EZAE L

o RLAICR

W /AT AR, R W % Wi

o e TR P B R (N AL o & (NH) |, it

1K Na'/H ¥ 6 %618 8 1 (U0 nhaA SR, SC IR N

P A AT R 20%~35%

P HE A K /N HAi =501

LA Halomonas. Bacillis <,y g i w5 Hash £ (EPS) A N RGBS Na Ve
e Pseud ‘ Oy UAT R TR (HL R A A ML , W R TR AL, IR PEFF T A RO BRARAR PR
P R seudomonas HCOs /COZ Tt E T pHTE[‘M

I U 3 U VA T S A LI TR A TR 5 ol 22 T 2R R 3 3 (o - 8 P 8 3c e bt (CEC) 32 5+
ifif £h EL T Aspergillus 2 0 9 1 o gt
EaE Salinivibrio WO S AR B R e TS T A B WG L e

K'/Na'tb {8 =5:1

® ®
“ i 9N ShHE 7 “K R
“Halomonas, Bacillush )
_—J L

(o) HUFER. HRYHLE
s A .¥ HCO/CO} BiEB T
Pseudomonas, L
Aspergillus fg %gﬁﬁg P
P )

o » LIRS
o SR B AR

-'.'Salinivibrio, Streptomyce;
T2 40 Wi [ S LD Ak A B

ALY S i AL S
RN BEENALERS

4 MEYHREEMIE
Fig.4 Mechanisms of microbial improvement of
saline-alkali land

BT AR W BT AR % St 43 5 0 3, K
Ji& Ry 25 G T R TR 20 2 A i A AN RT 8 SR A ) 1 Tt
R I % C nhaA , otsA), I 4 A H CRISPR/Cas
A5 5 TN i B T B o] 9 A0 TR PR 1 3k BT 32 M 5 A
R NN S 4R T 7 A ol R RS o S5 Ak .

3 A Lk 8 B 5 B
A

3 AYMERNEERELRILE
= W) o 2 3k TE BRSSP S0 AR A R A

A5 10 B8 5T A ), L AL B 45 4 R B 3% T AR 32 1 4 O
FFURL 52 M0 A TR A 300 (CTFZE 700 °C, AT
it A J5T A= 4 a1 1L 2 TE BN 24 50 m?/ g 2RI R &
300 m?*/g LA b, [) B s L 25 RS n i 5 4% o SR,
Tk FECRE AR TR L B R A T 3R TR AR A R M ik
W IE88 0 T K4 R CaO, MgO %5 B8 20 73 IR 43 &
5% E 20% LB, S8R Y R pH H T
f L L R R AL B R AT R Tk i R
PESRKBE )5 F & B R H AR A ClnE gk R, &
i A3k 1.5~4.5 mmol/g) WX 3 H 8 5 - 58 pH F1 &5+
22 e 1) fiE 71 (CEC A 3k 10~50 cmol/kg) 5 T &% M K,
Ca, Mg, P% 5 Jii ot R CE & Al 1k 100 g/kg) 7] #h 72
THEFR . WA HA S HEA - ER I, AR
KR T, 8+ BERUE Y )0 B % L 42
b0 T, DT 3 R AR ) R I A AR S P
[l VR S 76 B0 R R o, 2R ) i 0o L B 45 4
S T M AUV N A K M, H SR TR RE DT R R R 1y
o BE D) AT Ak W B 22 e A R e A AR B AR
T HEpH(H . E 4 e W B A B AF P B BRI g
g ; [ I A WOBR B S R Ay B SR G BRI 5 OF
A 2 BT ER L WD TR TEAE A K R B D R



446 pi s U E SR

46 %

BT DRI SR Y AR W e A — A TR Y T Y
T SRS R TR B e RS M AR
A= Wy RE IR S5 A S AR, R SRR SR A BAE A
R fif Eh ol an

A ek KR Bl R B E B Ak 5 A
= HEALEI P FAE . AR BRI, AW R B
TS F W LB, 0T i LS ST E R
PE 5 R K A8 J7 5 A2 L 38 B R 22 v 1 48 pH (H L 42
1o P B 7 A 4 2, JF A A AL R 2R DT 80
R 5y R BT 5 AR W VR AL R A W e o R P 4
TR G R R R R SRR T AR W B
MR SO U Y BT S5 R G T+ e
T PE A B T A WOSOR] ] o
32 AR AESKE SR KR

HORLAE W A R A K TR AT RE LA — R
BECPE i dn, B 2Bk 0 RT BE S 3 4 1 pHL(E
HE—25 Tt IR AR 5w A WA AR B AR
NH,",Fe, Mn, Zn % 3550 WA 801, £ %2 06 fb F 4k
4 JE (U Cr), 38 0 Az 28 KUBS: 5 285 I 43 vh 3 ml i 1 46
(K", Na O™ i nlfemE R wifb . Hk, A9
15 R AR TS Iy, 7 FH VS 5 22 A A 2 XU, % Ak 2R
AR E W EMRCE. wh, EYKRAFT
[EPEREE L/ E NN STk L R R/ SN
SRR S E R E SR (0 Cu, CDM ;s & iR
BE 5 ¥ 2 EAS A T BE T L 2 R 05 R IR RE A
A ML ERNIG Y, B LR EY &
E A0S M O S BORE VR 25 R ) S R
HUR A W A AT BE Bl A - S R BA IS e W 10
BT 0 a0 AR 2B 0 e DR e M A ML o v, T
Al 3E o 58 4 4 6 B VR L TR AR R D R Y
48 (I Cu, CdD, 3858 HXF AR P A it . e ob 2B

Wy RE [EE ER 2 B T AP LA B M b e BE
M7 b 2 PiARSEAITG Y, T - F K
A 0 T T figf aok R A ) R0 BE O B AH OC T g BRI Y R
ik TEAENZEE, MR R BT A B 7R Ak
BEIEe AR e S + MM AR ESAL BB
B BN S A, ok BE P B R B AT B EOAS Hh ) Bl 2 R
PET B 55 000AE W I 46 S5 0 G Al o A b 28U R e b o
A= Wy o T BEBE IR A 0 AT SR A, 3 i XU 4R ek W
A BR 37 43 1 B G, £ 2 N ORI RS T RE A R Hh
T AKE G KU

SR N R A I A 0 MR IS pH AR
s, i it FH A L 9 G A A AILAE B8R M el R R4
FHECZ T WO A 2 o A 6l i R v 8 B0 HR B R AR
B GRRUMYERS AW iy pHAE T 10.0 FE % 6.5~
7.5 TR E A S P D VR R R X Na i W 2
M 20 mg/g 27+ = 50 mg/g' . M T E Y
s, R A ) e R A T ER R ST Y AR U R 4R
15%~25% , P ¥ 28 #e 45 & 42 F+ 1026 ~20 % , 3 1
0 AR HEE Y A KL ROk TR LA IR 2
TE 520w PR 2R DA T2 0 e 3 R 1 S I RO

Az Wy e e AT DA Ao o o R A O 3 T M T, A
M M E R E A STaeRE . 2%, AT K
P ORI 45 EL AR AL R /SR A e T o B 7 R R
FREAR pHAE L Ry B A= 90 00 3 3 B 9 1) b 2 1 B
G JE /BT B B S B B A [ B e R
PETE AR HE T AR W 1] L A% 8 5 g BT A E i K
i 18 B 2 v B, o N B s I 4 AR AR
G 2 B85 5 T AR 4 ol DU S T £ 2 T R B Rk S B
REMERERN . XS Y R etk S
fiE o A A5 2 4t B R) L 2 8] 3K 3l oA W VR e
] 41 2%, i 20 S 4 e AR A T RE RS MR T

K2 EYREEUBRBAMLRIEEBAAITHE

Table 2 Advantages, disadvantages and application feasibility for main modification strategies of biochar
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Fig.6 Mechanisms of microbial synergy with biochar in

saline-alkali land improvement
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