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Abstract: Endophytic fungi are probiotic fungi that widely colonize the root surface or intercellular spaces of plants, primarily
including arbuscular mycorrhizal fungi and dark septate endophytes. In addition to promoting plant growth and enhancing the
accumulation of secondary metabolites, endophytic fungi can also improve the host’s resistance to abiotic stresses such as heavy metals,
drought, and high salinity, as well as to biotic stresses like diseases. This review systematically summarizes the mechanisms by which
endophytic fungi enhance the resistance of medicinal plants to heavy metal, drought, salinity, and disease stresses. Studies demonstrate

that endophytic fungi primarily improve stress resistance through facilitating nutrient uptake, enhancing antioxidant systems,
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optimizing photosynthetic efficiency, regulating phytohormones, and inducing bioactive compound synthesis. The response

mechanisms of endophytic fungi vary due to different stress factors, but the associated molecular mechanisms and key metabolic

pathways are not yet fully understood. Based on current evidence, the response mechanisms of endophytic fungi under different stress

factors were summarized, and the corresponding regulatory network diagrams were drawn. This review provides a critical theoretical

foundation for elucidating plant-endophyte interactions and advancing the ecological cultivation of medicinal plants.
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Iy RAFAE, FEA N AR T A AR AR T AR LT
(arbuscular mycorrhizal fungi, AMF) FREA FEN A
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Table 1 Roles of endophytic fungi in enhancing stress resistance to heavy metal in medicinal plants
ZME WAERK P HEJE K HaAE A AR F R R A SCHR
A AMF: #EHRESH  Cd (0~5mgL™) MEHREAEDEREE TR bd SRS ENN, EYREKL 18
Glomus etunicatum SREETR RO
mA=t  AMF: BEFEHEE  Pb (0~1000 TERRAR KA 503 FI#45%  CAT. SOD. PODVE{EHEE, Pb 19
Glomous mosseae mg-kg™") 29%, BMEEEETRE SE N
6.91%
T Ly AMF: REMfi%%E  Cd* (0~09 o _EBE TR B PRI RER S LR EMRE 21
Rhizophagus mmol L) it s
irregularis. FEVG 3}
& A Funneliformis
mosseae %
WAL AMF: HIEZUEAM As (0~150 SOD. PODMiEIER ML,  SOD. CATWEMEA A mML6M 22
Piriformospora pmol-L™1) TR SR S VIR ER 1565, HYam. S
indica &M & RIT BAEYEREE LT
EY=F DSE: WE#METME  Cd (0~10mgkg™) MMM EL Hham. K W EDRALEYRRE333%, 23
Scytalidium lignicola eI ANTEA LS B R S 143.8%
WHE DSE: ZATMESE  Cd (0~10mgkg™ YK EE KL FEMIRRR AR AR 22 555 23
Acrocalymma vagum 24.4%F145.1%
A DSE: Z/ETig%E  Cd** (Smgkg!) MR RSB Cd* & RIFMK26.28%: M. R 24

EHERM

CAT-i S fL A ;. SOD-i# AL B L EE: POD-id A ALYIEG .
CAT-catalase; SOD-superoxide dismutase; POD-peroxidase.

A Pb & 50U R B4 36.08%!1%1 4l i 1200k MA:
TAAh 7 B DSE Wtk % 7 2 5% Paraphoma
chrysanthemicola (A041) | R 7 142 2 1 4FAE 0
3 ALY, KRIHATLLRERE Cd Hha s
PREG T . AR, TR A o S A B AR AR, (R
HHAK.
1.2 AFYLH NEERFERSEFEYESE
JE R PENLE S “PiEtb Raem” “WrRIEY)
WA KRB “WediE” “RAR
SN R R R IR R R 6 BT, BFFUE
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EEYINPUERA R R, THEH SR S TR R
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Tift BV EE AL A0 7] G 25 B2 = 26T SOD POD. HL3R
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Cd. Cr. Pb S5 EGRE S MHEKME T, HMEGE}
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Ref W (e dk i H A K, HZE L AL ES T
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HIE BRI A K E R R
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Fig.1 Mechanisms of endophytic fungi in enhancing heavy metal stress resistance in medicinal plants
RO RAZE TR . fErh (AfhE: 2.68 0], RHRBATAE ., &SR AL 5, Rkt
g/kg)  H%E (L ih B 493 g/kg) thMALKMT, [T AN W w1 =1L e s T 3 (A AW U Vs
A H 26 i Ko AR 50 ERME (a8 YIREREKM.,
. 1.00 gkg) ME MM T 5.00%M 22 RNEERERSZHBEDEEHTMEHERNE
38.69%48), FEER B KAM T, TR AEKZ S ARG 2 AT AN, e AR BT T AR R
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Table 2 Roles of endophytic fungi in enhancing salt stress resistance of medicinal plants

2 FAE) MAEEH AR B HrpnaEA P A LT 1 s 1 SCHik
RELEAWR  AMF: BEFLERES.  NaCl (50~300 FirRZFEREE%~87%; MYRK. WTRE. ZKM 50-51
WNIRAEE. %) mmol-L™") e THREREK1%  ZTHRESNIEMN23.47%-
B EREE 162% 21.5%- 40%F152.7%
HhE AMF: RNIRTIFEE NaCl (0~200  HEAMKE/. MARTE, M bR, AvenEn, 52
mmol-L™1) gAY %N S 2R = 2075.13%,

JSLEA 5 B A
DN AMF: EIERUEA NaCl (0~150  FMEEFE, TREAS (EdERK, BREEFEEM, 53
/3\

mmol-L™") MeRR. AEESEY HYN. KSEETRE
BE TR
S B AMF: HIERUEAM NaCl (300 B IR B RS, HEREMNTR 54
mmol-L™1) ot KIS HEWEN, NN
i i S PRI
R DSE: W5 A% Tricho NaCl (200 MK Z20G], Y EYEs. TiE. fKE. M4 55
dermasp.. HIEMIE  mmol- LD . PKE. HEES BRES G N148%.
Bipolaris sp.~ #41% PRI 117%- 111%-. 4.03 mg/g

Rhizoctonia sp.55

1N DSE: % WMSorda KHEFHR (1.2. HEWEKZIHEIE,  EEMRTER, B, 28508 56
riomycetes spl- 2.2, 3.6, 5.0 R 2 HAEYET N Ca?*. Na's CIIRE
B’2, Melanconiella dS'm™) B, Jefr il IR 4

elegans-21W?2
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HIEEEM KT Py Ca?'. Mg* &, 4EFF T Ak
BT, IR E TSR 0T,
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IR A g AR AN AR89, Ay A B ) R U P A —

SEFEE b o3 X i il . Hashem Z5OJF 78 K B0, 7E
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AR B V) e M 3B 1R 1 e N AR I
MR, A HARF LR, B
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SRR R T RAULE R0, AT I, e
EAMT, WAERETUBSREHEYCEARS
®, BT AILRE. ARSI G SR,
e E e, RIHE A,
223 RS HAEYSETER ST ST
WRIL R, 208 R KA 2 A B Y iR B
FIE, T A AE B R E AR AT I A S
JESPHTAH S HE DR R 22 e3R8, RN AH SR B O g v
PRI ia R AR R IR e EREafitE. Aroca
SEOURFFURIL, FERRMME TS, AR NIRRT HRE
R S B VR TR A A R R Rk, Horh
LsNCED2 ik 25K 42 5. Abdelaziz 53
FORI, 1EAMEYIRNEZER) Na K iatkH, =og
FEFHIZ 8 (high affinity potassium transporters
HKT) W) AMF 35322 s, DIYEF
MO -14l7, BERhENFERURAS, R R
BEREZER. NaH ¥ a s i A& B (Nat/H*
antiporter, NHX) FIELHHFU (salt overly sensitive,
SOS) HE:[A 45 B 1P i A R R R R A /KT R 35
W, FHAE Nat /KRG T A E . 27 b, WARBEE
AR Nat s Kz i R RIS AR & s
RIFIE, AT = 24 A SR e ik o
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Fig.2 Schematic diagram of mechanism of action of endophytic fungi in enhancing salt stress resistance in medicinal plants
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3.1 FEmMEXZREYINE N

TR — M W o A B, AR 4E IR E
Al 3T R Qi bRl (GB/T 32136-2015)
TKEALE 2%~ 15%NE5, 8%/t N R, 5%
DU N E B2, MAE T FihE T, EmAEKe
ZREEME], FEAMMEK, BEEE, BEE
FET:, FEIX — I FE Hp AP IE 2 7= A 1o i i PR
I R EE IR A AR A 10304 B T R R B IR,
EEMEMEER a TREE TR, ERLEER,
AL T AN ZE A 3 AR, T R PaiE &
SR )0 S R T R IR, (AR K2 3
P, EASZIOOME H il T I E R u R 2 B
e, -5 e e AR T N Py K SEE R
TCER MR, FEHAEKZIR . oyt &g i+
A6 256 e 37 ik ™ B I SR AL B A%, b S
FrfE B T 2 H B2 (hydroxyl radical, -OH)
A ME (hydrogen peroxide, H,O0») FIP —E& 5
BB BT E 13427%. 121.21%. 36.60% A1
32.84%, CAT. APX. GR. &Mt H kil AL

(glutathione peroxidase, GSH-Px) ¥ 473 Jill FFAIK
T 30.79%- 44.55%- 62.50%H1 66.67%, LA
1 & 488 2™ ERUR
32 AEEERESHAEDTFEmEMNIER
ML

WHFUREL, T5HasAE T, #ff AMF. DSE AJ
DUREHEYIRBA K. I KARRBGAXIR. 7Rk
TR, AR RS 7K 73 FIE 75T BR8]
FORI, TETEPAT, M AMF BREDS S}
THEML BT PIEREE R 2 E R 5K N, P C
R, ETRWBE T, AR E AR E
Fusarium equiseti M1 3¢ 3 & 4 #& fil Alternaria
pomicola 3R] DL 25§ im e 22 M1 I K 25 F AR 2
e, HAREIEEE S N 48.94%. 41.18%, HIHIEMR
v BEZAC TR IR 1,364 1.42 £5170). Saeedeh
LU TR, FRMHATS, HM AMF BEPREES
SHE BRI N AR 2255 RE S 2 FR = LR CAT.
SOD. GR. APX ZHia bGP S Ak sl 4 R
MEE PR E RS E, R Rt
HhoR. F WA EE LR 2 YT R s
TR LR 3.

®3 NEEEERSHBEYTEMERMHHER

Table 3 Roles of endophytic fungi in enhancing drought stress resistance of medicinal plants

k7] REY | Tt b

TR HalEm

WA R R FE R Sk

K AMF: BEFISVEREMS EMEKEHOR KEMGHE, Ehibm. 28 Etkm, SHAEREZ SN, fkC. N, PE 69

IS 2 (EA1R7Y/

MRS Y160, 120,

180 mmiEATERE

AMF: 7 HR¥EEGlomus L35 K R
ebumeum. PERIREE (30+5) %

HER

A TR 525 A
T AMF: BRI EREMR ZRMANAKE LHREKEDELE
Bl BT &

ER LR GREENM
TR B RS TR, B SRE
ERE TR SOD. APXZEH S MMt

LRE, HEKCAT. 7
EiRm
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Fig. 3 Schematic diagram of mechanism of action of endophytic fungi in enhancing drought stress resistance in medicinal

plants
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Table 4 Common diseases and pathogenic bacteria of medicinal plants
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Table 5 Roles of endophytic fungi in enhancing biological stress resistance of medicinal plants

kY] WAERH 8 L B PR

A A

WA R N EGE (A SCHR

FEA  AMF EEPUERIERE. AR T Fusarium solan PG ARV R IL5166.67%; AR KRR IE(1K35.01%, HEEKS. 103

IRNERERE. 4
BIREE T B
M EF AT AMF: B 7Y BR 38 5 7 7 AR G5 4l

MR 2=, HAEYREE

SEHL TR AR RS RN,
bRt b R B B AR

P BF AR bR 28 AR AT FH P R AR SE s MEARAE IR 104
ik S TE NN

Ll

fE  AMF: EEPURRIER. MOIESEIN W Verticilliom AL L. MUREIDAEYIRERE S AORR BEIEC HMITALRETE 105

TR AR R R

BEHR

PR AMF: RAIRA P R R MR T AR b R B R B LRI R T, RS R 106

ERFEE dahlia Kleb
Eid Fusarium oxysporum f. NF&
Sp. niveum
A% DSE: WhsiA%E
w

W4 DSE: WEfSMHE I HRIE

Exophiala 5240

pisciphila. JiEH|

LT Clado-

phialophora

chaetospira
% DSE: BRERE FHHERKRE

Chaetomium

globosumFGJ-1

wan; PR RREK22.22%, FEEE
F&A523.15%

SALEE. REFEE AV EEORE, W ASRIEAR ML, MY B EMEDEE S 102

AN

RAHRER, R AR, ST EREER BN RRTERE 107
=

R, EHE, QAEYEEER

PRI ST T RRRRERAOW R IR MIR52.04%; HEWAEYREZERE 108
ZEIE O, WHHIELE

B, Hi#kSOD. POD. CATHEEHM:S: 5
PEE11.89%. 13.72%. 10.53%



https://m.baidu.com/s?word=%E7%82%AD%E7%96%BD%E7%97%85&sa=re_dqa_zy
https://m.baidu.com/s?word=%E7%82%AD%E7%96%BD%E7%97%85&sa=re_dqa_zy

PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

* 8467 »

4.2.1 AEBEPLE] WFFORI, 5N AR R A2
T R BRI A v, XN A LR
F I 5 0 R T SR G B A AR A R & B B Bk
PP W A =Y B S BOR IR 1
TR A= I I HED O 5o T SSOM s o3 S 05 S v,
5N AR AR A AHE A AL A Tabin F5E010)
Bk 1 IX W, HAE T R BAE DT AR A AMF
FREFRET Glomus fasciculatum BEWAH X599 R 5
JKR G Pythium aphanidermatum ¢ 5 M7 4.,
BE PRI AR . WERERIETEY S
905 Ji T 5 S IR SR A0 S R ARG o AE R AR R
W, 25EHE B Sordaria sp. AR AT LRI 5595 Ji TR K7
% B % Penicillium crustosum 1 J& ¥k J) #H
Monographella nivalis 5&4JEAD KAV I 1 A
T (R SBE AR 1) A P o e
TEAEYIME AR, WA REIE @ B &8
BRI — 550 PR RFXREY R
KPtmbit. Kottb SEUAHBAIAKEE Trichoderma
asperellum IsmT5 73U HE RV IR T, AbFE
JE R, AERESAE SN R FEBT B A E FH A6
SEERENN, HdEhE. BEYTETR-OH
SR NAG S S EIN T 4 5L 00
YU % Camalexin &&= T 97%. Kapoor ZEl113]
IR, TERBEIIFERG T, M AMF KR
BREEE Glomus macrocarpum FFALEFRFEEREN T

EREBEMRFIR S B, HEAYIH RS0 R,
AL, WA E R B R 5% Daldinia cf. Concentrica
MR A Xylaria sp. e HBER. ZHA. B2
3-FRE-1-T RSP oT, X e ot R g A o) R ith
% Aspergillus niger~ X% W B. cinerea. HMU%E
Phytophthora capsici F1 I J& B2 1) 4= K 116-117],
422 S FHLUH BHERTHANAEREREZ
YA a HUE o L B Fe e, 2
TR AE L SR 2 T 22 e R DR (M) 0 0k, 6h T3 R A
T PR AN A RO . Mejia &S5RI,
[T S /< i = [ e A B 0 £ & T R S SN
Colletotrichum tropicale J5, K= 5EYINHAH R
ik B, W OJdiE 9165 daMBES R, 210,
P2 i D S TR 77 0 08 % AH DG JE IR, G v 55 4 i B i
RN 2 KA A <L K] Te01g035310« TeTUAI -
TeTUAS 321503 Fif . Ak, BRAEAREMREN
EF# Epichloé festucae T HIEG IR AL £ 55
JeEVER S WSl WRBRACHT &I HE . AR A 3R S R A
ZE Ak 20, S F A A hitE. itk
Gb, WAERFIERS 5T EYIB A O % K1
Rk, MIMREEY EY e bt fERERR
REF AMF %81 BERIEE 218 SR A %
[X]-¥ (heat shock transcription factors, HSF) [FJ3RiX,
IR E R S A P a fT 20, A OC ] BEAE
ML~ 2B ILE 4.

T A AL e

-

N,
AY

; am \
| ==
E / ¥,
- % : i 5
1-Qu &\
)
| &
o EAEKEN P
Veunn - \\
i o A .
@ —— \;
> R4 a;mﬂf” 1
! R (o ~
i S Al iy
\. - L%
g - N
i PRI EFE cC %
1
. ¥
- - ) i 5 i !
g A
R s Y]

4 AEEERSHAEDEYIHEREIEIREE

Fig. 4 Schematic diagram of mechanism of action of endophytic fungi in enhancing biological stress resistance in medicinal plants
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