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Research progress on the effects of Epichloé¢ endophytes on the structure and

diversity of microbial communities in host grasses
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State Key Laboratory of Herbage Improvement and Grassland Agro-ecosystems, College of Pastoral Agriculture Science and

Technology, Lanzhou University, Lanzhou 730020, China

Abstract: Epichloé endophytes primarily colonize the aboveground tissues of host grasses, forming a stable, non-
pathogenic symbiotic system. These endophytes not only enhance the host’s resistance to biotic and abiotic stresses
but also shape the structure and function of rhizosphere, phyllosphere, and seed-associated microbial communities by
regulating host physiological metabolism and interacting with diverse microbial populations. This review summarizes
recent research on the effects of Epichloé endophytes on the composition and diversity of microbial communities in
the rhizosphere (and soil) , phyllosphere, and seeds of grasses. Present studies demonstrate that Epichloé
endophytes can selectively promote or inhibit the colonization of specific microbial groups in different plant
compartments by improving host water-use efficiency, modulating root exudates, altering foliar secondary
metabolites, and modifying soil physicochemical properties, while generally reducing pathogen abundance and

mycorrhizal infection rates. This review further elaborates on the vertical transmission of these regulatory effects
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across plant generations and their potential mechanisms in enhancing host adaptation to environmental stresses. In
conclusion, this review highlights the pivotal roles of Epichloé endophytes in regulating grass-associated microbial
communities and maintaining ecological functions, and summarizes their established and potential applications in
stress-resilient breeding, microbial resource development, and sustainable grassland management.
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Distribution of endophytic fungi of the genus Epichloé in China

AR P2 L R A A A A A

Distribution of endophytic fungi of the genus Epichloé across continents
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Fig. 1 Worldwide distribution of Epichloé endophytes (Adapted from Du Mingxiang et al
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the Ministry Resources, the boundary of the base map is not modified.
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Table 1 Effects of Epichloé endophytes on rhizosphere microorganisms
T A EL TR fii 3 R 275 3CHk
Endophytes Host Function Reference
It b A T AL R R e AR B B 41 T A A R VAT 355 . Has no significant effect on the respiratory activity of [60]
E. occultans Lolium multiflorum  rhizosphere soil bacteria.
MR T A EAR PR AN BEYS 40, Alters the composition of the host rhizosphere soil bacterial [61]
community.
HO BB M BRI TR AR BT 2 4% . Enhances fungal activity, and lower the mycorrhizal fungi [62]
infection rate.
HAALA A A ESUINE TEK 53 38 S50 T AR T R R AR R AR DS A A V4 19 2 B . Reduces the diversity of plant root- [38]
E. amarillans A. breviligulata associated bacterial communities under water stress conditions.
Y AR R A A A B T RO ELAE RIS A AR O TR A A LB B LR In- [63]
creases the abundance of root endophytic fungi and alters the composition of root endophytic fungal
communities under nitrogen fertilizer enrichment conditions.

B FAE RS T AR PR L AN B 9 Z B . Enhances the diversity of rhizosphere soil bacteria. [41]
E. coenophiala F. arundinacea FRAG T 18 EAEF LA T I FE 2 IR FE (G +) 2 e . Decreases the diversity of Gram”’ [64]
positive bacteria (G ) in the host under clay habitat conditions.

o AR VA Tl 200 B 22 R VA S 3 AR ELAE FH o There is no significant interaction with the diversity [42]
of phosphate-solubilizing bacteria (PSB) in the roots.
REARR Y vl 200 W 1 FHE 98 22 R L k) T b L b 2 [RBRPE T Y ZE K o Reduces the community di-— [65]
versity of archaea and inhibits the growth of Gram-positive bacteria in clay loam.
AR Schedo-  FEANEMR EH MYE S . Reduces the colonization of mycorrhizal fungi. [66]
norus arundinaceus ¥ ASNA () 13 F KT, X ABCR IR EL B A9 E S AR [Al . The colonization rate of AMF varies [67]
under different soil moisture contents.
WD TR A B MR E A . Decreases mycorrhizal colonization in roots. [29]
TR R AR AR SAEHEINT 16S rRNA KA 1) 26 %) = B2 DA K -S4 iR V5 19 2P . Significantly increases the [68]
E. festucae var. lolii L. perenne absolute abundance of the 16S rRNA gene and the diversity of soil bacterial communities.
DS AR B g e SR AR D Y A0 T S PR T A R R R R R e X FEE R RS [69]
A FH . Alters the abundance of bacterial genes related to nitrogen cycling in rhizosphere soil, al-
though it has no significant effect on the absolute abundance and diversity of soil fungal communities.
HikHmHE e Ly WD TR PR e T B SR AN B AR 2B H o Decreases the number of culturable bacterial species [70]
E. gansuensis A. inebrians in the rhizosphere soil.
FEAR T AR AR SC AN T ZRE P 38 T AR PR - e 40 18 B 9% (9 Z R . Reduces root-associated bacteri- [39]
al diversity while increasing the diversity of rhizosphere soil bacterial communities.
EFRA T, BEROIN T 18 F 552 - PR BOM H 8 RUEY £ B . Significantly enhances host nutrient [43]
uptake and soil microbial abundance under salt stress.
i FHCHT CACL & o, P9 A ECTE B 58 T AR PR 40 B 1 (B A9 BME . During the host’s resistance to [71]
CdCls,, strengthen the cooperation between rhizosphere bacterial species.
6 NH.-NACFR T34 )i 7 15 EARTE AR 1Y o- Z B . Increases the a-diversity of host root bacteria [72]
under NH, -N treatment.
FRAR T AR R A OC EL A RE K 19 AR, B 3 AR T AR OC B 2 o Reduces the diversity of [54]
root-associated fungal communities, significantly reduces the diversity of root-associated fungi (RAF).
WD T ARPR 43R E A% E o Decreases the number of fungi in rhizosphere soil. (73]
[ AR 3 o 36 % B BE S 2 AR ME R0 . Mitigates the impact of salt stress on fungal community di- [74]
versity.
AT FH $& v DA TR AR L TR 1R YL R RN F T %5 B . Improves the infection rate and spore density of arbuscu- [75]
E. bromicola Leymus chinensis lar mycorrhizal fungi (AMF).
HOMAR PR -5 h BB W40 H o Increases the number of fungi in rhizosphere soil. [76]
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23 Continued Table

T A EC TR (CES fEH 275 3CHk
Endophytes Host Function Reference
TR FH HE AR R AR PR b i B R ZRE AT E BT . Enhances the diversity and richness of fun- [77]
E. bromicola Leymus chinensis gal communities in roots and rhizosphere soil.
BT 490 A R TR A S 4, P9 A AL A (K ) B X L T R 20 T BE S 0 i 2 . With the ex- [36]
tension of plant growth period, the interaction between endophytic fungi and growth time has a signifi-
cant impact on the abundance of fungi and bacteria.
XoF i = AR S A TR AR L TR A B R AT S . Has no effect on the total colonization rate of arbus- [53]
cular mycorrhizal fungi (AMF) in host roots.
FEFFE arundi- WO IKTER AR E I . Reduces the colonization rate of arbuscular mycorrhizal fungi (AMF ). [56]
nacea P AR AR EL T (19 7 . Reduces the colonization of mycorrhizal fungi. [40]
FESRBMMO 25 PF R W10 T A AR AR AR ) i AR TR ) 2 R D RO T A . Significant- [42]
ly increases the diversity of plant growth-promoting fungi (PSE) in host roots and alters their compo-
sition under saline-alkali stress conditions.
JE1S R W Horde- 23 1P 9 2 A LA FJE . Increases the abundance of ammonia-oxidizing bacteria in soil. (78]
wum brevisubulatum
AR A 7 PO R 0w R R T MR 9 24 . Inhibits the abundance of soil fungi but [79]
Hordeum bogdanii  improves the diversity of soil fungi.
¥4 {1 B8 AR EC BRI A9 72 78 . Reduces the colonization of mycorrhizal fungi. [80]
FHFHR B R 2N T AE WA R R B R B SRR T B R I 2R [81]
E. festucae L. perenne Significantly increases the diversity of fungal communities in soil after plant mowing and returning to
the field, as well as in soil with natural plant growth.
eSS0 35 4 i M B b B TR R A AR AR R A A AR W R fE [82]
Festuca rubra Significantly improves the metabolic pathways and secondary metabolite biosynthesis functions of the
rhizosphere soil fungal community.
A A BICHERE MR PRIEBE B 2 K6 . Increases the diversity of phosphate-solubilizing fungi in the rhizo- [59]
E. panpeana Bromus auleticus sphere.
PEAT 7 4 1A PO R P 5 Ach- BEAREMR B (97254 . Reduces the colonization of mycorrhizal fungi. [83]
E. sibirica natherum sibiricum
Ji A 7 A A B W B 46 % AN B AR FL R 258 o Increases the colonization of mycorrhizal fungi. [58]
E. tembladerae Bromus setifolius
FHE LA A R ¥4 {1 B8 AR ECRRT AY 22 7 . Reduces the colonization of mycorrhizal fungi. [57]
E. typhina L. perenne M E R4 % . Inhibits the mycorrhizal infection rate. [84]
R A 1) B 45 el U 00 ER AR L S U BR R ( Glomus mosseae) I 72 B, BEAR B AR B3 W BRBE5E ( Glomus claroide- [40]
E. elymi Elymus hystrix um) )€ 58 . Increases the colonization of the mycorrhizal fungus G. mosseae and decreases the colo-

nization of the mycorrhizal fungus G. claroideum.

3 WEEREXMEREY R

R AR W V8 A 2 BN 2 R b L 0l R R A A R S S B (O A A 3 Y PR
AV AEAFRE S G T E o BRI R A S U OC B0 AR W TR IR T (A ) Y R DA I A e
AL AW RE T 0 A S TR T RE OB B T 0 W RE TR R LS 2R . BFSY R, AR LT RS S R A
SRR B R B AR WS O AP 1 38 i IS AR W B9 3 R PR B T

FERFF, AR AR WA v AR S A D 3 T RS A AR 0 9 R U AT A U DR X 9 A S AR
REVE X T B AP T A R B TEM D WK R T E. gansuensis R Y Al 52 0 Fb 7 N £ 4016 £
R [R] IRF e ARG PR A 0 PR 22 R G — 22 S T RR IR T PN A L T o 0 0 A £ A AT A R XS S O 40 1 R A o i
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Table 2 Effects of Epichloé endophytes on leaf-associated microorganisms

A A FLE (CES FEH 27 30k

Endophytes Host Function Reference
FFETA LELRERAPS X YA ARV R R R 2 REERE RO A W 25 5 . Shows no significant difference in the richness [91]
E. typhina Poa bonariensis and diversity index of endophytic microbial communities.
REFHRE [SEE2 Xof I B P9 A AN B RV VA 35 B2 . Has no significant effect on the phyllosphere endophytic bacteri- [92]
E. coenophiala F. arundinacea al community.
FEEHR ZARE R X B FEYE A W5 . Has no significant effect on the leaf fungal community. [86]
E. festucae L. perenne
HON AR Jife 1y SN T A0 B N EC B VR 9 Shannon Z2FEPEFR B, (HIEAR T Simpson ZAEEFREL. Increases the [85]
E. gansuensis  A. inebrians Shannon diversity index of bacterial and fungal communities, but decreases the Simpson diversity index.
R R A R TR LRSS S PR T I R A LR R I BEVE o Alters the fungal microbial community in leaves. [87]
E. uncinata Festuca pratensis
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Table 3 Effects of Epichloé endophytes on seed-associated microorganisms

YA B fi & fEH 2% 3k
Endophytes Host Function Reference
HREHRE R SRR T Bl A W BEVE B R Z REPE . Significantly reduces the richness and diversity of the [95]
E. gansuensis ~A. inebrians seed-borne microbial community.

5035 R A T R N AR R B A AR RIS B 2 RE . Significantly decreases the diversity of endophytic and [96]

epiphytic bacterial communities in seeds.

AR AS [R] T 22 1) 20 B A0 B 1 BE VS 41 Alters the community composition of bacteria and fungi [102]
across different generations.
Ml B AR T AN TE 2 REE A AN BEYS E AT . Increases bacterial diversity and makes the bacterial com - [93]
E. occultans L. multiflorum munity more balanced.
B AR A R B TR AL AL . Affects the composition of the fungal community. [105]
E. typhina Puccinellia distans
hAEEHE RS Xy LR 2 AR JC R . Has no significant effect on the diversity of seed-borne fungi. [106]

E. sinensis F. sinensis
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