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Abstract

velopment of green and efficient soil improvement and ecological restoration technologies is crucial. Biochar

With the growth of the global population and the intensification of environmental pressure, the de-

and Arbuscular Mycorrhizal Fungi ( AMF) have become research hotspots due to their significant potential in
soil improvement, carbon sequestration, pollution remediation, and promotion of plant growth. Recent studies
have found that the combined application of the two can produce a synergistic effect that surpasses their indi-
vidual application. This paper systematically reviews the synergistic effects and internal mechanisms of the
combined application of biochar and AMF, and looks forward to their future research directions. Studies have
shown that the combined application can significantly improve soil structure, regulate microbial communities,
promote crop growth, and enhance crop resistance to drought, salinization, and heavy metal pollution. The
core synergistic mechanism lies in a three-level linkage : Biochar acts as an " ecological niche optimizer" , cre-
ating prerequisites for the colonization and functional exertion of AMF. By secreting glomalin and forming com-
plexes with biochar, AMF jointly drive the nutrient cycle of adsorption, activation, and transportation, trans-
forming biochar from a static matrix into a dynamic functional interface. The combination of the two further
systematically improves the nutrient cycling efficiency of the soil-plant system and the stability of the ecosystem
by constructing a highly complex microbial interaction network and accurately regulating the activity of key en-
zymes. Although the combined application has broad prospects, its effects are restricted by factors such as bio-
char properties, AMF strains, and environmental conditions. Future research should focus on revealing its mi-
cro-interface processes, evaluating long-term ecological safety, and establishing a precise application technolo-

" effect verification" to " precision design" , providing theo-

gy system. This will promote the technology from
retical basis and technical support for the realization of sustainable agricultural and ecological development.
Keywords

biochar; arbuscular mycorrhizal fungi; synergistic mechanism; soil improvement; plant nutrition;

ecological restoration

Bz SEL I PN LN E AN SERZR: R}
My PTHRFEEME R AR S R G0 A U™ U . 1%
2t B R R PR R Jeg BRI Sk s, 1
PATEAE = 38Tt T Je o 40 5t A0 2R 2518 52 05 1
BRI o AR AR R AR AR A L v R
AR LA S A | R RERT, © O —FF 22
B - g B s 5 ) B, A B B AR BB
(AMF) fig 5 88 1k 70% 1) Fifi 25 49 0 08 A6 AR 56
Z Al 3 g R 3R 0 AR BCRE T 0B 8 it 2
P I IR W T kR 4 BT
WA I B S5 T LR DI 0s
HAZODAE T WO B LA | Bl Yy S R Sk
% G R AL AT R ST T X
HLEIE L IRE AT AW = MRS R RE e
THRIER, FRDT T RS S AROR B AR R
7 18], AR AR A ] 5 25 R A AE A S 4
PEPIBARE

1 AYRMAREREETR

A p o AR 0 2 0 5 R sl 0 Sk ) g i

Ak, TR B A3 B4 TR (200 °C ~ 1000 °C)
SN T PRI, E— R A IS .
PR LT 0 2 FLAN SRR 2 A B
TR AR AL ( <2 nm) AFL(2 ~
50 nm) FIKFL( >50 nm) ™, X AL HALBLEHY
WL W e S e K A O T G e T AR
(I FAFEFFLE S R A 2 167 m/g) )
JoR B A LR W A AR T R T
B, {5 B A 2T ST ST B L IR (300 °C)
45 B R W e B R AR L, 17 5 7L (600 °C)
PR B L3 R R A4 g T X R Ak
i G 3 B A e (U K™ Ca® " 5540 ) | i v 1
(ESEHET) EELS (NS Co* FERA
frd) ZE ML £ B TE e BERR R, R
IRIGBEHERAAE (pH =5.0 ~12.0) & H R AL (P
$7124.83 m*/g) K IR FLBRSS H B F0H H BE
A (AN I (B R 5 ) B ph A P A L g ol —
Z e e R AR 1 PR A AT A 4
S Y T

AMF 22488 5 70% LI B9 B A%
AR R IR E Y, R AR SR AR T8 A



F6 M

TR 8, 55 RIS IR R AR LR IR & 0 A 8O0 5 AL « T 1) Al T 5 8 5 AR S B R

- 1331 -

YIAR Bz 2 AL B o3 S 254 (DA , #S
FYIHEAT ) OB 6] 38 S i D RE S BT . H AT A
ER AMF 8 T 3R 2 E ] ( Glomeromycotina ) Bk
FERE A ( Glomeromycetes ) H) 3K %% %5 H ( Glomera-
les) kB8 H ( Diversisporales) \ZJSFR T H
( Paraglomerales ) 17 3% % H ( Archaeosporales )
(http: // www. amf-phylogeny. com/) , XJSE ¥ L)
STV R PR A OC 2R M BUARAE , Ho A i A
AR AR PR B RO BR IR, R RS EAR AR
B JZ A N T B A 45— R RS, I A
A SR AT 35 3 342

AR B AMF (942 G 2 78 06 T 1 A
Y5 A AE S0 2 AMF 6178 2 1 AR
RO AR & N R 500 5, SRR AR A
F(Mye HF) it Ca’ " (55 FiF 216 £ A
MO R IE™ 0 X — S5 I 3R, AMF
TR 22Tt A A 2R 2 2 200 L, 206 248 G ) R 448 i 1
T K B 22 W4 Bl T 22 S, 4%
T 22 23R AT B 3 R AL 254 () B T 22 ] AR
I+ R T L K AR AN 22 1 s
HR D 22 7T S At 28 A 28 0 125 33K I AL B, 7oK
W AR L BT A T, AME [ 6 3 5 i e A
PrxbEFRICR I AL IR A 1K R B Ok R S
T AR BREAR , SR o S SR PP T oA
I THE Y PRSI I RE T 5 A, HAEARE RIS 4 +
KA 52 T A A 25 A 2 2 WA 2 )2 T A
WPk T X A R R ) -+ - BR
HAERGE P IR

2 EMRSMAEREERERE M

A=Wy pe 5 AME (BRI FIAE 3R ARl
7 U S A A A P R B B A
JIEST (B HBCR Z AR PR B ia 26 1 K i
AN AELRE R o
2.1 TEYREMEWRE

PR S AMF Bt R T R IR B
TERBREEAE 7 107, A (R 22 AL R AMF TR 22 K4
25 RO A R 8 B 2 L R A, A 3 e i - 4
SRR A E PE AL BB . Bl 7 2 ok HT
AMF FUEI RSN T e FLEBRRE , iR Py £ 4
SRR RO X R T 49. 19% Y FEAL SRR
7 1T, A5 IO P BE AT R0 7 L S8 1R 88 A 2R 20
P, il 5 vha AWy (AL E AL FOKFE

FERIBC AR 45 ) P8 F 3% pH (BN 5.7 42 e 5
6.3ty AMF 7E +-3erfv il i s 0 1 R AF IR
BEREE (pH 6.0 ~7.0) . 7EERGE M, 3K 5 B H]
AR I pH A R (AN 548 A i g b
HLE R PR AIL 366. 33 s+ em ™) AR, BEA
I RE i & B2 T I LK (SOC) P, R A
B R BRI, i AME 43I BR 9% 5 K F—
ARE TR W U R 4R T+ R B
Ho TERUEWIRETE T3 8, A2 W) 5 R e W 4
“SREXERT T AME B 2245 AR B S A 1 A 1
FiE R E VIR M (T 22 P ) , — 3 D3 [) I 4 Ak
IS R, YIRS AMF BRG AL B
T HAA 55 A YRR TR AR X S AN s R
JL i J& ( Sphingobium ) | ¥ 2 B AT 14 J& ( Sphin-
gomonas ) FI 5 ¥ & B 4T &5 J& ( Novosphingobium )
S0 AT AR R WA LR (N L3R
R ) AHOG , P B A AR R AR KBRS

SR, 565 ok R AR I SR TR 1], ZEAR B2
PR BT S ) R SR R AR R (> 5%
w/w) AT RE S0 A B W R RO, AN T E T5 G
Y ALEE TAC A BRBA SR (IE A A 3
R ) | BT i AR R o A, R
Bk JEURH (A0 E & 2500 4 10 A Wk T RE
AR I E &R 25 R aidh sy, HAEA
A 35 B 3 % A S Gl AR W R I AR BT B2
M2 A FE IR AR T I T A, MR AR
PP FIOC L LR A PR AR A (40 SIPT4 5% SI-
FatM) (335, T/NZ2 RS FEAE W) il 1 A4 ¢
EI0}C VAR
2.2 (EMERKEEFHRFA

AR5 AMFE BERPIRS I T AR A 77
A DL 5 i ) 1 AR TR A TR W RE ) B
A PRRRE AR THEM AR K S A ). TEAEYRAL
PRELA 4R AMF, 7] 1 25 42 55 £ K (Zea mays
L) BB Wl it 5 R 9 ) 5 KRG (Oryza sativa
L) Wi, G b FRAE 3 1 S ILBk 1k, 3
KR T B i, et BRI T 200%
TERHH( Capsicum frutescens ) W, ¢ 5 1t 1048
MH4EE a(Chl a) 30T 144% ,1t2¢&K b(Chl b)
BT 316% , B 2= (Chl T) 3T 212% , 28
TSNS RN T 302% ) 7R 3 (Phrag-
mites australis) W7, 4= ¥ 5 Fl AMF 2H & %48k T
Ay ) TTRR 20 ) LG B — AR YR B AMF Bl B
YH B 32.30% 1 234% ) 7E PG ¥ 5 ( Panax quin-



- 1332 -

(LBl QSR S)

555 %

quefolius L. ) 1, B A AL BN HE 5 T AMF 72 51
AR ERGN T NS B A SR P R
;%m(u 5

BAR YIRS AMF G AR oK OKFT
RS Z2 PR ) i B0 L0 AR 0 5% W g 38 i O
BVER AT E Y R 5 s E KW 1, E5E T
HESVED I BUR P RIZLN o (HIEEA R FH 42 A= 3%
AL 0 EW- R R k. PR R+
FACRHEY (ANl [138) XF AMF (1848 7E A
380D IHG  T A PR £ 8 7 R T R KR O
Wk AMF w55 BERCORE iR R ABHEY B2, 7
BF, QR T AMFE T 5 4 ) b FhoAS DG T 356
eI N VL A e N TR S
SRUSIL A e B LR R W R AR L 3R
ST REIE e o, ORI T A5 AMF 3
SEE SRR E R T,
2.3 mFEMEESEE

YRS AMF [5G it FH o 2 3 08 T A
X ER R R SR S LR T, IR R 2P
BRI T I R A B R RS BT R
Fia R, AR AT AMF BXA A B4 54 5 i
Nk (Abelmoschus esculentus) IR b b &8 T
TR TEEE 31.9% .34.2% 60. 0% ', 1455
TREYIRE AR 3 B R TR, DT SRR B R IR 1k
SRR . TEERBUMNE TS, FORFE A4 ik
5 AMF B¢ A 4b P M B B AR RS
177.3% " A8k T SR e i 48 A9 2E g B A/
SUptEE., EESBEGRMEE i, KA BRE
RORIJC I o 7E 200 mg/kg YL BT, kG
fit 2 e T A B 5 (Paspalum notatum ) ()4
Ko Htkm WK YRR CK pulitm T
17.20% 31. 70% 608.61% "' s e 5515 Y +- 45 p
WEMHFERER (EWABE) WD
51.99% , i ik SRR /D 41.319% ) I A 1
2 HEA SRR 1 15 1 L RS KU

SR, FER e 251 IR BB R AR R T e
R AR AR . WHT R, FEAR e TR
F4EMHE T (42 000 mg/kg #5) , AMF Jy 1 4k
i S, AT RE S E B RIBOTH iz F 48 2
Wik, REGEY L R E AR S RCE TR R

W T AR E AR AT R R T T4
UL 150 mmol/ L ER B38BT, v 751 8 A it o
XL A A A 14 A3 0 oV T 0 g 79
A=Wy ¢ i PR o VR R SR o AR S 1 ) AMF
R, FBOLEROR TR o Mok, AR IE
(Aol 5l G TR Y D o W 1 o D
BRI, A TG g RS

5 BT, RS AMF BOIEA I P ) 2
THT LSRR R G MRS D RE . E E )R,
T S R A IR pH 50 R A L
B S B s R IR, W E AR T R
YR AL AR FERY R T, IR SR
RER M e e VR DX I7 20 B WAL, B35 016 4 2 PR
P, ASCBUEY R SRR E RS TNE
FLE IR SRS AR S AR T 5 R
LT A G Y AR R AR RE ). SR, AR P
A RS B AT T B 2 R K o T 24
T L) A ) 5 G B P o A SR R
Bafiia ANUTHC R8T R 2 45 A 5 A P 2%
(GRS SV VNN ET R P O R E DT =) /18
FC A FAL I AL AR R SR T e XU 1Y
EER(E
2.4 &£¥x5 AMF I EIER

BUIRZE T IR T AW o 5 AME B4 1 1 3
R AR e G S e A B R 5 1 A
BRI o 2L I ), X LR RO AEAR K AR IR
T2 Z A AE I A2 25 S AR AT Al
IDANTEENI I E BN plie SliNEay i i BORU S ES
J7 22 HTIE e fEA ) AR K VTR R AT R B
A=) R B AR AR SCHEREAR |, BC x AMF (1418 35 52
AR R (k1)

3 EWR-AMF {e £l H

HE IR S AME B ST A B[R] 35 8L D5
T oA A Y AR 2w 3
IR T — R GRS B A
MRS ZR (ILIET 1) o HAZOHLHT AT 28 0 LT
JLANJ



TR 8, 55 RIS IR R AR LR IR & 0 A 8O0 5 AL « T 1) Al T 5 8 5 AR S B R

- 1333 -

# 1 AWRS AMF 2 AR IR AR DTS
Tab.1 Representative studies on the interaction between biochar and AMF
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