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Abstract: [Background] Dark septate endophytes (DSEs) are representatives of endophytic
fungi capable of enhancing the disease resistance and promoting the growth of plants. With wide
distribution, culturability, and non-host specificity, DSEs demonstrate broad application
prospects in agricultural production as well as environmental protection and restoration.
[Objective] To screen the DSE strain(s) capable of controlling powdery mildew in bitter gourd
(Momordica charantia) out of seven strains and investigate the effects of the strain(s) screened
out on the phyllosphere bacterial community of M. charantia plants. [Methods] We carried out
pot experiments with the seed soaking+soil spraying+root irrigation methods to study the effects
of seven DSE strains on powdery mildew of M. charantia. The effects of the strain screened out
on the seed germination and plant growth of M. charantia were studied by the seed soaking
method. The 16S rRNA gene high-throughput sequencing was employed to reveal the structure
of phyllosphere bacterial community in the early, middle, and late stages of powdery mildew in
M. charantia inoculated with the strain screened out. [Results] The strain X22 (Ochroconis
guangxiensis) was screened out as a potential biocontrol agent, with the control efficacy of
56.58% on powdery mildew of M. charantia. Compared with the non-inoculated control (O-),
inoculation with X22 (O+) increased the seed germination rate and led to uniform seedlings.
The inoculation increased the leaf number, stem diameter, SPAD, and plant height by 3.18%,
6.08%, 7.88%, and 22.59% (P<0.05), respectively. Compared with O—, O+ showcased increased
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alpha diversity of phyllosphere bacteria in the early, middle, and late stages of powdery mildew,
while the abundance of phyllosphere bacteria in the O+ group presented an
increase-decrease-increase trend. In all the stages of powdery mildew, neither the dominant phyla
nor their relative abundance there were no significant differences between O— and O+ groups. In
the early and middle stages of powdery mildew, the dominant genera and their relative abundance
showed significant differences between the two groups. Specifically, beneficial bacterial genera
such as Sderoxydans, Saccharomonospora, and Natronincola involved in the nitrogen cycle or
with antimicrobial activity were enriched in the O+ group. [Conclusion] The DSE strain X22
exhibited good biocontrol effect on powdery mildew and promoted the seed germination and plant
growth of M. charantia. It may regulate the community structure to maintain the diversity and
stability of phyllosphere bacteria. Meanwhile, this strain can recruit beneficial bacteria with
antimicrobial activity and nitrogen-fixing ability to inhibit pathogens and provide nitrogen
sources for hosts to promote host growth, thereby improving host disease resistance. The strain
X22 is a biocontrol agent with great potential for development and application.

Keywords: dark septate endophyte; powdery mildew of Momordica charantia; growth-promoting;

high-throughput sequencing; phyllosphere bacteria; community structure
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A TR R399 19 A 5 1 P B X i Bt 2
AR VE T H R WA SC R ST E . AS S5
AR | 7 B RS — it DSE B PR IFIE ]
XEHHE . AR Lo oA SRy R A fie
AR EAN, T A AT, EE G
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I HAR T RE S HAGE PR X RA K. H
W4 DSE D8 IR A2 5 1A Rk, A Bk
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M, FFARFEE R RO B 40 TR 4 v 45 44 i 22
FEPERYSZ I, DT W 4 £ FE A BT DSE 4=
B LI, LA A FI A DSE #:4 785 R FR % 4 2
TR S B2 HE U B4 JE it

AR

1.1 #8
1.1.1 #Hm

fit i DSE Wi ¥k )7 ¥4 #% % (Ochroconis
guangxiensis) X220V B F TP AR AR B 45 A
ff13# %% (Cladophialophora sp.) MS2*! Conlarrium
saccchari LA3., Conlarrium saccchari DX4"* %
G17 CR¥EE) T A P H BRI L, 7reiri:
2 BRI U )5 e Ff 75 Meliniomyces variabilis
LtVB3 . Heteroconium chaetospira H4007 M H A<
DIRK2E A A B W A A2 s = 5 [T A
FIEHRAT ;P AR R S
JN, M TRGERHARAFE FHEREM
A HUR S EE+EHR>55% , BALBE 70%-80%,
pH 5.0-7.0, FTHEM ER M FHHA R w4
[
1.1.2 EFE

K H 50% KK 22 21 (corn meal malt yeast,
CMMY)RiFR3EONE A TR, LA Th % S8 4 A
& (potato dextrose broth, PDB)} 57 3P Ky 4™
fSiEi

1.1.3  EZE RTINS

FastPfu Buffer 1 FastPfu Polymerase, It 5%
X EEVMERBBARAF; BSA, FAEY
TRECRIE)VABR ARl . SIEFEAR, FH TR 5
LIGTE A BRA T SIHAL, VIR
RS FL; Wiebn KRR, il SEmb ARl A BR A vl ;
M-2g 231, e R EaER (P EDBE A BRA A .
1.2 HE&REHIE

X E M PRAETE 4 °CHY CMMY #HE k-
PRBUNBR B 22 e R fE CMMY A b, B 432
34N, 28 °CHEFE 10 d, HIRETRIVEHTE
I e ) T 22 e, 32\ PDB K5 367,28 °C
120 r/min 550 FHRG SR 12 d, FHXUZ KL
IR 224, TR BEK ek 3 G HF R
(ATFH AT KR, R I5HSI3ALAIH 2 min
Pc il 52 AT 22 A TR (PR 22 AR K B EE ol 1:30)
1.3 A [E DSE E#HXEHNBEMHABEIE
S

T IR F 2835 /K23 3 h, 30 °CHEZE 72 h
A B TR 050, B THSEEST
HFEFTR 10 cmx10 cm EFRMH, KRG B
PE 30 mL BT, DAKEKIZH 0.5 h R Ad .
W& L RiRh T, 4 ARA0FE, FRRH 4-5 B R
FE 19 cmx17 cmx20 ecm 75, B G AR
1K, 100 mL/Fk. 240 BRFT AL RE LA B M =
o AR R

T X6 BT 43 998 O LA o 249 1R B v
gt )RR TE R, T ) EF R A
£ 115 R, RIS R WIS bR
AR, 0 G B&SKNT R OJOREEE; 1 %% AR
T, BN A AR<1/35 2 S PR
WIS, BT AR 5 AT ARY 1/3-2/3; 3
I BRE 28 T % e R, TE R o TR AR Y 2/3 DA b
4 . MBEERTEEE K R, Al L PR
% 59 MBI TKNE A, R IR E AL,
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B 1 h (G5 Ol+); ERERR TR 3 h (s
O3+)o LA IR 78 K TR 7K Hh I8 36 A 0 s [ Sy
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IR 3 h (45 03-), 1 KR F-I= A0 AH Y
P R i F80 o PRV CRC TR K ), BT DA 1 Y T4 18
(OB FRI A, AR 10 RiFp T, FAS4bH 3 1m,
Wi BILEE, 78 30 °CHEMRAMEZE, & MK IR,
72 h JEiAAE, FARXG)GIT R R SR T
R NRE) -
REFR(Yo)= R R EUALAFIF %< 100 3)
1.5 Bk X22 & NEEKFZ MmN E
RN X22 AbFR(LL O+Fas, TFlE)% 1.4 1Y
JTEAL R 1 h, 25 P B O-FRoR, R [H])
FH R T KA B B LA TRIRE 19 7 v A BB 7, Hi
R TN SR T A 10 cmx10 cm
FIEFRM R, BEAE | RR T, 1.3 B
B LR, S0 3 AER, B0ER
34, TERERN 35 d Gt R, A R
PR (2R 30 2 A KOS BE ), AR R RO
T B3 1 em AR ZEAR (TR k), AN
ERFTIN e F2 8 MIEER AR BGE 3 akoesE it
A9 M- {4{H (soil and plant analyzer development,
SPAD)?Y,
1.6 Pk X22 X & N R E A i A 52 00
IR 2 MAERE: R X22 (O+)FAs X
HR(O-), % 1.5 W7 IR AbBRFPF | 3B FP L1555 .

17 FURY I T 0 e A I A5 55 — UCRAE, Bk 3
PRI B — ) 6 #k, BRI ALAH R
A2 frmy, 12 Fr, g3, BT
AR, BT k&b 2R 3 e, o
BITERFRBI . & T AR S B T . O+
A O—RIRE it 2t 5 73 ) 0 = FERRIIRAE , AX22
CK1; R PHIRME, BX22, CK2; KH)EH
FHE, CX22. CK3,

FEGR IR AL b 363 AR W) BE 25 RHECA PR 2 )
P TAR . R B4 799F (5-AACMGGATTAG
ATACCCKG-3")#1 1193R (5-ACGTCATCCCCA
CCTTCC-3")XJ 4l 16S rRNA J:[H Y V5-V7 X
4T PCR ¥, KW IAZ(20 pul): 5xFastPfu
Buffer 4 pL, dNTPs (2.5 mmol/L) 2 uL, Forward
Primer (5 pmol/L) 0.8 uL., Reverse Primer (5 pmol/L)
0.8 uL, FastPfu Polymerase (5 U/uL) 0.4 uL,
BSA (20 mg/mL) 0.2 uL, Template DNA (10 ng/uL)
1 uL, ddH,0 #M 2 20 pL; PCR JZ W 44 95 °C
3min; 95°C30s, 55°C30s, 72°C45s, it
13 AMEFR; 72 °C 10 min, 2% B HHEE IS HL kR
I PCR y=4# . #H Illumina 2\ ] ) MiSeq PE300
FE AT, REREIEEDHE . B I
b, SF Ak P 4132 Fi UPARSE v7.0.1090 % #F
(http://drive5.com/uparse/)¥% . 97%AH I UET T
OTU R LBpimEH, it OTU F R, F
M R EAEYELSREARAAEGEZ S
(https://cloud.majorbio.com/) i1 T 7EL K 37 -

2 HERE4M

2.1 AREIEHRITELBMRIEREMR

U L5 & BILBR T el Tk LtVB3 11
AbERAN, HoA BT 2D DSE Ab BRI 4R K 9 G R
[y Has X IR AE S 4 do 77 REE S 40 d Y
PR LS BoR, AR DSE BRI R 1
BRGSO AR, 7E 23.66%—56.58%2 8] (3 1),

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BT F | I EHE X22 X5 RE B mAE R K 3 i bR 40 & R % RS2 00 4109

&1 7[E DSE E#HX & N EMHAIFIaRER
Table 1
powdery mildew of bitter gourd

Control effect of different DSE strains on

b3 LI e

Treatment

IR

Disease index Control effect (%)

ERh X22 21.67+2.63¢cB 56.58+6.30aA
Inoculated with X22

H:RD LtVB3 29.67+4.76bcB  42.96+6.22abAB
Inoculated with

LtVB3

Heh MS2 32.33+4.05bcB  36.92+4.26bcAB
Inoculated with MS2

BAb LA3 35.6745.43bAB  31.30+5.53bcB
Inoculated with LA3

Efh DX4 36.0045.42bAB  29.92+6.62bcB
Inoculated with DX4

b G17 38.00+4.16bAB  25.47+5.70bcB
Inoculated with G17

HERh H4007 38.67+2.18abAB  23.66+2.62cB
Inoculated with H4007

2SN Control - 51.00+4.01aA  —
ANFRKREGFHRFR P<0.01, ARV/NEFRFIR P<0.05, “-
FnARW K. T

Data with different capital letters indicated P<0.01,

29

lowercase letters indicated P<0.05, and “—” indicated not

involved. The same below.

HHBE PR X22 ZR BT 1A RO (56.58%) A& 1),
HUE TR LEVB3 (42.96%), Tk X22 BIBiiG
FOR S TRPE LtVB3 W B IR RO 22 ok 18 B 20K
o, B A T R AE e, 22 58 B KR
(P<0.05)3% #% . 3 7K F-(P<0.01).
2.2 K X22 3E NI & F2 M AY 25 R
HEZE 72 h 5 O1+H1 O3+ 1 & 2 343 5l
N 73.33%F1 86.67%, —FHERALE; O1-F
O3—HJ 1 K 25050 53.33%F1 56.67%, —.
HZERWAEE, M O1+AI K ZEE L O1-/)
REFRIEE T 20%, 225735 10 F K F-(P<0.05);
O3+ K ZFH I O3-MAZFHRIEm T 30%, %
SEIER B E K (P<0.01), EWHFEM X22 LI
Tl 7 2Py IR 2 25 0 g i T RD PR & 2
HAZF#SF( 2. Kl 3).

B 1 EH X22 BAENBEMHEHNZRINE
A: ZEXTHLB: AR X22

Figure 1 Control effect of strain X22 on powdery
mildew of bitter gourd in pot culture. A:
Non-inoculated control. B: Inoculated with strain X22.

@ .
Sl abAB 1

0F g I beB
601 I
ol g

40t
30¢
20t
10f
0

Ratio of germination (%)

0l1- Ol+ 03— 03+
Treatment
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Figure 2 Effect of strain X22 on seed germination
rate of bitter gourd.

2.3 EFR X22 WENE R RE KRN
O+Ab B H 7 Hb X B 57, RERRAR XS /5 L o
(1 4), #%Fh 35 d e N g, Z2RH
SPAD {E 439l k 7.56 M 3.26 mm F133.87, 5
O- b (45 k 7.33 . 3.07 mm I 31.40)4H Lk
LERAREE, B O-MeA HE, I E S
BN 3.18%. 6.08%7F1 7.88%; O-+4bFH Ay #E =
(33.72 cm)tt O-AbHPFEF (27.51 em)$im T
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B3 EHX22BRAREENMTFEHLIFIERL

A: KEKPEIE 1 h B: HHk X22 WEK PR

#1h C: KE/KPIZH 3 h D: Wbk X22 WK EH 3 h
Figure 3  Sprouting of bitter gourd seeds soaked in strain X22 hypha suspension. A: Soaked in sterile water
for 1 h. B: Soaked in X22 strain hypha suspension for 1 h. C: Soaked in sterile water for 3 h. D: Soaked in

strain X22 hypha suspension for 3 h.

22.59%, 2= 535 B K- (P<0.05), R X22
X AR B — e R E (4. & 5),
2.4 Bk X22 Xt N PR E IR 220
241 HRERESHN

i T 1 L AR B o b A Y =R e R A
A G TN IR Ll I N T - S e Ok i i S A
NP HVELE 18 000 B & T3 (K 6), HLA: o fir
1R 2N P9 B8 5 FE 34 T 99%, LA P 4L
P A, COLACHE 5 2R T 4 R Z 500
Fir, 28R 27 R RDETY OTU, Ui
D7 35 5 AT DA s s JIN IV 9 il o 44 K 22 5 2

s ps
aHE.

B A FFXIR B: EME K X22
Figure 4 Seedling emergence of bitter gourd seeds

soaked in strain X22 hypha suspension. A:
Non-inoculated control. B: Inoculated with strain X22.
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Figure 5 Growth parameter of bitter gourd seedlings
inoculated strain X22.

24.2 EHNMPRAEEF ZEARERKR
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CK3
— (CX22
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200 7 /1

100 HoAll

F: 3901110 49 264 H 458 £} 938 J& 1 571 F
2457 OTU. I'J7K°F- TOP 5 [ R $5 AR T 14 1]
(Proteobacteria) . JitZk # [ ] (Actinobacteriota) .
JEEETE ] (Firmicutes) . 44T [ ] (Bacteroidota)
LA B [ (Chloroflexi), J&7KF TOP 5 [l
£, 45 # R A8 K 1 @ (Delftia) . 8 0T FUFF 1 s
(Limnobacter) . 111 52 [X & H A % J& (unclassified
o_Burkholderiales) . #h £ & & B # W )&
(Glutamicibacter) FAEE A AT & (Cutibacterium)..
2.4.3 MEREE o ZHEEMESH

Sobs F& HUEF /R LRI R 1) OTU £ H 5
ACE A1 Chaol F&%UE 7 A HAS R 7%k )
OUTs # iftiiT; Shannon Fil Simpson 5% 1]
SRR ZFE4, Shannon {EAE AR, ULEHRE
KPR, BETEHOYS), T Simpson F5 %K
R, UL AR, B
Coverage J8 BRI T X PR 07 55 5 . H 2 2

0 2000 4000 6000 8000 10000 12000 14000 16000 18 00020 000 22 000 24 000 26 000
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6 ET Sobs 153 [F) 7 INAE am Y 20 B 4 R B 25

Figure 6 Rarefaction curves for different samples based on Sobs index.
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Table 2 Diversity index of phyllosphere bacterial communities

R b Sobs f54L T ZHENE B

Sample Sobs index Community richness Community diversity Coverage rate
ACE index Chaol index Shannon index Simpson index (%)

AX22 705.67aA 883.17aA 874.65aA 2.17bB 0.41bB 99.28¢cD

CK1 599.67aA 759.78aA 750.66aA 1.97bB 0.48bB 99.37¢CD

BX22 620.67aA 642.00aA 653.88aA 4.62aA 0.06¢cC 99.82aAB

CK2 736.33aA 821.20aA 824.98aA 4.43aA 0.07¢C 99.61bBC

CX22 123.67bB 156.51bB 147.99bB 0.56cC 0.79aA 99.87aA

CK3 108.67bB 144.21bB 136.34bB 0.47¢cC 0.83aA 99.8 7aA

AL, O+Ab PR I PRAH A Sobs $8%X . ACE
F5%0 . Chaol $5%%F1 Shannon 8 %U7E KR &
AR O-4bFRRY , HEIE B 17.68%.
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19.15%. [AlEF, O+ 3 IR BRI IF Simpson 45
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JRI BRI A B B TR AR A
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1Ry e & AR R A, R TR T T
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N O+ O—HIDLFVE T ] CFEYAEXS £ EE>1.0%),
EATARXT A 2 MEBRIMZER AR E; 241
b TG A FF I ) (Bacteroidota) . JEEEH |
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O34 HAG Hi A2 JE i ] (Proteobacteria)ix 1 4~
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ZRARFE . HHKRE, 108K FE O+
T O—1E FURY R A& A 1Y & B B ) 35 2440 1 )
T 24 531) e AR X =F B o I e 22 5 (1 7).
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RIRHIA , O+1Y 7 TN B 20 1 3 22 1 s (-
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o TOP 3 WY B B v B R AW R
(Saccharomonospora, 5.47%). 4 itk i &
(Natronincola, 4.60%); O—Ft & JINH-Br 40 i 1= %
WEA 154, mA)E 79 4>, Hrep TOP 3 19
J& R 2R AU AT 14 & (Oceanobacillus, 9.10%) .
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I e 393, O-+AY 3= 2 a1 s O 5K AR R 14 s (Del ftia,
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TE T e A& LR A AT, O+ # Rl 2l

1001 ‘ ; ' W Proteobacteria
W Actinobacteriota
W Firmicutes
_ 80} W Bacteroidota
= 11 Chloroflexi
3 N Desulfobacterota
g 60 I Others
9
g
=
2
o
2 W
£
L
(=
20¢
0
CKI AX22 BX22 CK2 CX22
7 FHEMEEZELE-MHERT21.0%ETK A EE RS
Figure 7 Bacterial community structure with an average relative abundance >1.0% at least in one sample at
phylum level.
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Figure 8 Bacterial community structure with an average relative abundance >1.0% at least in one sample at

genus level.
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Figure 9 Venn diagram of bacteria communities at
genus level in each sample.

L O—Fw, JUHERW, FRME Y
FAx F ARV 2R, H Ot EHRA
W% DURHRERUEYY, R 2 AN )
ol 2L FAUHT i B

3 WwE5E&#

KT DSE W5 s 2 247 JLH4F, AT
XPILAEBRE S IF R T ) 2058, Biia x4 LA
B 71 (Fusarium) 5| 2 i 4k 229 55 1AL PR %
Ja 222 RIS ORAR PR S R B IE X
SRR D o Su &7 T Rk
(Harpophora oryzae) X 7K A5 e i 9 1 11 A 9
(R B I i R 2, e IR RO B FE /K R AR
T A S RE A SRR AR R G UM, R
KA i % FEI I DR R G A HRARIBE T, R AIROK
MR EE , BARCRE 80.75%. R

PRt — R 3, AR Lz I B iG
XI5, W 7 ¥k DSE WARAIAE BRI, 45588
71 P TR R R 5 IS 10 95 350 A6 AN (R RE 2 8 B 3R
YER, WESET DSE i v N Ry A 5o
Rk X22 Ji Chen VR B — AN HRh, BTIRT
FRIER X22 KIS R I v 2
B B AT RS I B R A A K P,
FEATGE PR X22 FEAEIR | 98 TR 1 &
Az RN T R PR, [ R X S IR
RHEA BRI EVER, O i Dt IR il sz
JEIRAE, EKBEIEEMAFRE ., KR
Ik NS IR A 4 o 5 B R bR
X22 JE— AR R 1S ) B 2 AR T T Rk
B R AN AE R T 5

B AT SR IF 9T & B, DSE B &
KA BENE W e 0F TR AR K IR e R
BRI G R, EASCREFE FERRE | 2R
AT, HATE S5 EARIEME, AU
FEM A TR AR X22 R — B, 430l
BER1h 1 3h, ZHMEFRENGI FES
AR, HEF 3 h AR ZFRILIZBIZF 1 h (1)
5, UEBHAE—E BT TS P, RRE X22 X5 R
T =F 157 P9 2 A P it 5 98 800 B ] g 34 i 34
B, XS EET AR AS RN LA R .
AW FE TR B RO B | 5 ] ) A B B
TR AR MR X AR X22 Bl fe A R
IR SEIE DL R TR, A TR — T

M BRCE D Fe G B R L 25 B R
S5 2 RN PR A S AR, i
A X R RS S H0RE A AP, R
KV 2 B R A a9 SR TR AR e A AR )
HATZEEMN, APFRT, Wk X22 /T
JI i R T G 248 PRV 1 285 A8 R 2 1™ A T
W, o ZREMAIT R, EEREERR X22 b3
FE TR IR & A 0 AS T B B JEG I s 48 287 47

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEF | JAEHS X22 E AR E R HRIER R IR EEE AR 4115

Tl ZFE VR i TR Wb R s BT T A S
WIS TR, EREIREBON B/, J5 X
%$?ﬁ%ﬁE%%%EﬁTVo%ﬁﬁﬁﬁ
Br &t SRR BRI R bR X22 AR FPXT A 2
iﬂﬁﬂ“‘ﬁ?i%%%%ﬂﬁﬁKﬁ%,
T8 J& 73 JE K- b B9 D03 TR & B AR X = B A
B K AR A AR AR 22 S, TR 2 4
Ab PR O S TR T S AR E TG 22 575 AE
K R AN, SRR AR X22 b PR S
& % T Sderoxydans . Saccharomonospora .
Natronincola, J:H' Sderoxydans /2 N Ak [ & EY,
Y5 Natronincola #¥ &2 SRR DIRERED ™,
Saccharomonospora  JI| & H. A7 7 17 4 1) il 26
o Rk, FRATHED R X22 f 2 i — 1
WET —ehmWa, SmERAIAEAMEE,
kAR, RER B ERMER, 55— K
7 TN R 2 TR X 2R S A 4 RS M R 3 5
JRRT B BRI B 7, (BB 2 vy TR ik 1

2RI TR AR, CHEXE o 0 R X R A
PRI
REFERENCES

(1] EFFE. PG I R B A BE/NR 2 E 5 BT OB
SNP 73 FHRICHIIT A [D]. BT |7 PR e 018
3, 2018.
WANG QX. Identification of physiological races of
powdery mildew of bitter gourd in Guangxi and SNP
molecular marker for powdery mildew resistance
development[D]. Nanning: Master’s Thesis of Guangxi
University, 2018 (in Chinese).

[2] JUMPPONEN A. Dark septate endophytes-are they
mycorrhizal?[J]. Mycorrhiza, 2001, 11(4): 207-211.

[3] JUMPPONEN A, TRAPPE JM. Dark
endophytes: a review of facultative biotrophic

septate

root-colonizing fungi[J]. The New Phytologist, 1998,
140(2): 295-310.

(4] EEWHVE, 5%, ke, WIE, RAE, K, BRHEER.
HHEOU R DSE At A= bk Y i 16 S FH [A] B FhA3CR 0]
P VEYIZ#4R, 2015, 36(10): 1861-1865.
QIN LP, SU Q, ZHANG WL, XIE L, NONG Q,

ZHANG Y, CHEN YL. Seclection of excellent
sugarcane growth-promoting DSE strains and their
inoculation effects in fields[J]. Chinese Journal of
Tropical Crops, 2015, 36(10): 1861-1865 (in Chinese).

[5] UB S, OURE, WA, 20, O, 1'77]<%
30 A 8 R AT B N A LT AR AR A 5 S RE AT ST
J&[J]. NS HIEA YRR, 2020, 26(3): 722-729.
DAI MX, ZHANG GQ, FAN XM, LI B, ZHAN FD, HE
YM. Research progress regarding the ecological
distribution and function of dark septate endophytes in
stressful environments[J]. Chinese Journal of Applied
and Environmental Biology, 2020, 26(3): 722-729 (in
Chinese).

[6] HE C, WANG WQ, HOU JL. Plant growth and soil
microbial impacts of enhancing licorice with
inoculating dark septate endophytes under drought
stress[J]. Frontiers in Microbiology, 2019, 10: 2277.

[7] MARIAN M, TAKASHIMA Y, HARSONOWATI W,
MUROTA H, NARISAWA K. Biocontrol of Pythium
root rot on lisianthus using a new dark septate
endophytic fungus Hyaloscypha variabilis JIPCI1[J].
European Journal of Plant Pathology, 2022, 163(1):
97-112.

(8] Rk, WhBELE, K, XI/ML, fzi%)]il": LIRS

e S DR R 2 X K e R B AR D IR (D). R
2, 2019, 38(6): 802-810.
SU ZZ, FENG XX, WANG YX, LIU XH, ZHANG CL,
LIN FC. Biocontrol effects of Falciphora oryzae
resistant to rice bacterial blight[J]. Mycosystema, 2019,
38(6): 802-810 (in Chinese).

[91 ZHANG Y, QIN BX, NARISAWA K, NONG Q, QIN
LP, XIE L. The dark septate endophyte, Phialocephala
fortinii J2PC4, mitigates southern rice black-streaked
dwarf disease and impacts the mortality of white back
planthopper[J]. Biological Control, 2022, 170: 104911.

[I0]MORITA S, AZUMA M, AOBA T, SATOU H,
NARISAWA K, HASHIBA T.
resistance of Chinese cabbage to bacterial leaf spot and
Alternaria leaf spot by the root endophytic fungus,
Heteroconium chaetospira[J]. Journal of General Plant
Pathology, 2003, 69(1): 71-75.

[11] SANTOS M, CESANELLI I, DIANEZ F, SANCHEZ-
MONTESINOS B, MORENO-GAVIRA A. Advances
in the role of dark septate endophytes in the plant

Induced systemic

resistance to abiotic and biotic stresses[J]. Journal of
Fungi, 2021, 7(11): 939.

[12] NISSINEN R, HELANDER M, KUMAR M,
SAIKKONEN K. Heritable Epichloé symbiosis shapes

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4116 WA

e Microbiol. China

fungal but not bacterial communities of plant leaves[J].
Scientific Reports, 2019, 9: 5253.

(131 XUTESC. P Az R X e o B el A 4 2 vt A

PIREEIA[D]. 22 M 22 MR 224 038 3, 2022.
LIU BW. The effect of Epichloé endophyte on
phyllosphere microbes and leaf metabolites in
Achnatherum inebrians[D]. Lanzhou: Master’s Thesis
of Lanzhou University, 2022 (in Chinese).

[14] ZHAO Y, JI XL, SHEN T, TANG WT, LI SS, ZHU ZQ,

KUMAR J, LT HY. Fungal endophytic communities of
two wild Rosa varieties and the role of an endophytic
Seimatosporium sp. in enhancing host plant powdery
mildew resistance[J]. Plant and Soil, 2020, 447(1):
553-564.

[15] XIA C, ZHANG XX, CHRISTENSEN MJ, NAN ZB,

LI CJ. Epichloé endophyte affects the ability of
powdery mildew (Blumeria graminis) to colonise
drunken horse grass (Achnatherum inebrians)[J].
Fungal Ecology, 2015, 16: 26-33.

[16] KONIG J, GUERREIRO MA, PERSOH D, BEGEROW

D, KRAUSS J. Knowing your neighbourhood-the
effects of Epichloé endophytes on foliar fungal
assemblages in perennial ryegrass in dependence of
season and land-use intensity[J]. Peer], 2018, 6: e4660.

(17]8 %%, ke, BWAAde, BB, WEAZ, S,

Aty BEALTE. TR €A B N A LT (DSE) R H RE i A=
KB W BR[0]. WO ARl 2= 4k, 2013, 44(11):
1827-1830.

XIE L, ZHANG WL, QIN LP, LAN TJ,NARISAWA
Kazuhiko, LI S, DENG X, LIAO ST. Effects of dark
septate endophytes (DSE) on sugarcane seedling
growth[J]. Journal of Southern Agriculture, 2013,
44(11): 1827-1830 (in Chinese).

(18]I F. T VY A Al AR B3 R (5 A i N A FL R 2 R 5 2

ANBEWFE[D]. BT I RAAE A AR, 2018.

XIE L. The species diversity and ecological function of
dark septate endophytes in two ecosytems of
Guangxi[D]. Nanning: Doctoral Dissertation of
Guangxi University, 2018 (in Chinese).

[19] CHEN YL, XIE L, LONG YY, ZHANG Y, QIN BX,

LIAO ST, SU Q, LIU B. A new species and two new
Chinese records of Ochroconis from sugarcane and
banana rhizosphere in Guangxi, China[J]. Mycoscience,
2020, 61(6): 307-314.

[20] BEEAAE, PRasE, Wi, ke, foff, e, BRGE.

K AUfEE bk MS2 SN I Z1L202011239027.8[P].
2023-03-14.
QIN LP, CHEN YL, XIE L, ZHANG Y, NONG Q,

LONG YY. Cladosporium sp. MS2 and its application:
71.202011239027.8[P]. 2023-03-14 (in Chinese).

1] Zfd, wonss, RRAME, XNHE, 8T, KK,

ARG, MU, TR VR P, RN 2R AT RO e AR
Ko PR AT BT R B[], EJRSE, 2019,
32(2): 36-39.

QIN J, HUANG RK, LIANG JZ, LIU XL, HUANG YH,
CHEN XF, HUANG XJ, FENG CC, JU QQ. Effects of
Bacillus subtilis on growth, yield and mineral element
absorption of bitter gourd[J]. China Cucurbits and
Vegetables, 2019, 32(2): 36-39 (in Chinese).

[22] 775, ¥, BRHLER, LR, skit, &ff. &

ZRAEBT S AL AR LS i e [J]. EY
=5E R, 2019, 46(12): 3248-3256.

SU Q, XIE L, CHEN YL, LIAO ST, ZHAGN Y,
NONG Q. Screen and identification of biocontrol strain
Cladosporium chlorocephalum LSI1 against banana
Fusarium wilt[J]. Microbiology China, 2019, 46(12):
3248-3256 (in Chinese).

23] BRI, skik, BTE07k, Fhin, HEGE, Blbise. &

A I A A= LR X A AT AR O B 90 B S P D). B
2241, 2022, 49(7): 1519-1531.

CHEN SJ, ZHANG T, JIA BS, DU J, YAN SY, GU PW.
Study on antibacterial activity of dark septate
endophytes against Fusarium oxysporum in Chinese
wolfberry[J]. Acta Horticulturae Sinica, 2022, 49(7):
1519-1531 (in Chinese).

[24] HARSONOWATI W, MARIAN M, Surono,

NARISAWA K. The effectiveness of a dark septate
endophytic fungus, Cladophialophora chaetospira
SK51, to mitigate strawberry Fusarium wilt disease and
with growth promotion activities[J]. Frontiers in
Microbiology, 2020, 11: 585.

[25] SU ZZ, MAO LJ, LI N, FENG XX, YUAN ZL, WANG

LW, LIN FC, ZHANG CL. Evidence for biotrophic
lifestyle and biocontrol potential of dark septate
endophyte Harpophora oryzae to rice blast disease[J].
PLoS One, 2013, 8(4): e61332.

[26] BB VH, skHE, W XAE, AT, JeHits, FhIEH,

W, WOAMRMMNAEERE Ochroconis guangxiensis
X22 B3N AL A B SRR [T]. M7
el 24, 2022, 53(10): 2928-2936.

QIU MS, ZHANG Y, ZENG FH, LIN SY, LONG YY,
SUN ZX, XIE L. Effects of dark septate endophyte
Ochroconis guangxiensis X22 elicitor on banana
growth promotion and Fusarium wilt resistance[J].
Journal of Southern Agriculture, 2022, 53(10):
2928-2936 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BWSE F | I AEME X22 3EMARERHIER &R E R Z R0 4117

[27] BEF R, HE4RTE, £ Y. A EAA WM E B
BRI BRI A KWW FF, 2022, 41(6): Agricultural Sciences, 2020 (in Chinese).
23-26. (311 Bi/NEe, EIOT, REEME, BRI RWIUIRU R R

Beijing: Master’s Thesis of Chinese Academy of

XUE ZK, BI YL, WANG Y. Effects of seed soaking
with different concentrations of dark septate endophytic
fungi on seedling growth and development of plant[J].
Seed, 2022, 41(6): 23-26 (in Chinese).

(28] XI5 A, SEWE, HORKEN, skZou, Whafies, RoZE.

PR G P 5 R R T R RE (D). BUE W7 40K,
2022, 42(2): 88-98.

LIU YX, DONG CB, SHAO QY, ZHANG ZY, HAN
YF, LIANG ZQ. Advances on phyllosphere
microorganisms and their association with plant
health[J]. Journal of Microbiology, 2022, 42(2): 88-98
(in Chinese).

[29] CHEN T, NOMURA K, WANG XL, SOHRABI R, XU

J, YAO LY, PAASCH BC, MA L, KREMER J,
CHENG YT, ZHANG L, WANG N, WANG ET, XIN
XF, HE SY. A plant genetic network for preventing
dysbiosis in the phyllosphere[J]. Nature, 2020, 580:
653-657.

[30] b, KA /N A AR I8 U I UG mifH kD 2 R

Lo FAEPERTSE (D], Abat: v R B2 B i 127
3, 2020.

TONG S. Diversity and activity of nitrogenase nifH
gene from endophytic diazotrophs in rice and wheat[D].

MO R A ACPEREDT FE (] P R BB RE 2, 2023,
43(9): 4868-4875.

CHEN XF, WANG RZ, ZHU SY, CHEN J. Nitrate
dependent ferrous oxidation in the sediments of Lake
Taihu[J]. China Environmental Science, 2023, 43(9):
4868-4875 (in Chinese).

[32] ¥ B 4. T 5 SR A A — A S S 1 1) 4 JBE B 3 &

P 2 K B R 5E (D). H R E R K2 |-
W3, 2020.

PAN ZL. Study on kitchen waste fermentation
wastewater nitrogen removal treatment based on
heterotrophic nitrification-aerobic denitrification[D].
Chonggqing: Master’s Thesis of Chongging University,
2020 (in Chinese).

(331 BEA, HERN, WA, EE, Xk, LHK,

INIE, XU, W, H BRI R ) 3% 95 TiC e v i 41
G R R 2 FE ST 0], R, 2019, 38(1):
118-124.

LIANG GJ, CHE CC, CAO L, GONG ZJ, LIU JF,
JIANG YS, SUN P, LIU BQ, YANG G. Antibacterial
activity and diversity of culturable Actinobacteria in
the Rizhao coastline[J]. China Brewing, 2019, 38(1):
118-124 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


