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Abstract: Objective To screen candidate endophytic fungi for the biocontrol of Scrophularia ningpoensis leaf spot disease and reveal
their mechanism. Methods Based on the endophytic fungal strains isolated from S. ningpoensis, the antagonistic strains, were
screened by plate confrontation trial with Phoma herbarum (PH) while using Trichoderma harzianum (TH) as an indicator. Control
effect of endophytic fungi on the leaf spot of S. ningpoensis was investigated by in vivo leaf inoculation test, and the physiological
indexes including plant protective enzyme activity, reactive oxygen species (ROS) level and salicylic acid (SA) content were
determined. Further, the biocontrol strains were identified by ITS molecular sequence amplification. Results Among the 72
endophytic fungi tested, a total of 28 strains had significant inhibitory effects on PH, while endophytic fungus D90 had the highest
inhibitory rate 0.833% =+ 0.030%. The results of in vivo inoculation of leaves showed that a total of four endophytic fungi had significant
control effects on the leaf spot disease of S. ningpoensis, including D1, D3, D18 and D90, with the proportion of lesion area was (20.53 +
0.32)%, (2.07 £ 0.05)%, (5.15 + 0.12)% and (1.92 + 0.08)%, respectively. D90 had the best control effect, with a control effect of

54.70%. D90 was identified as Colletotrichum fructicola. CAT activity of S. ningpoensis was significantly improved after inoculation
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of D90; On the 4t and 6™ day of inoculation, compared with the leaf spot model group, D90 significantly increased the superoxide

anion radical and lignin content of S. ningpoensis, but decreased the content of SA and NO in S. ningpoensis. Conclusion Endophytic

fungus D90 has good biocontrol potential for S. ningpoensis leaf spot disease, this may be attributed to the improvement of CAT

activity, ROS burst, and lignin content accumulation.
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pH 5.8
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PR B - BRI LA R B i T O PH X
Z B b, B 48 h R PH R, RERids
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H: BRI AXTIR UK. MAHMHES 6
U THRIRBEEAN 5 L.

MRIE WL IH e (25 5, e HUR BT AR 7 b /)
PAREE, 3% ERFEFE R kA T —0 br, 3k
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OEFE WA 30s, REET 37 CKRBEHE
fif, REHAT 4 AT K& UF I 20% )4 27
S B L 4 °C, 4000 r/min, 250 10~ 15 min,
B FT5, 4 CUKARIRATE .
2.5 IS LIERRNE

WEEAS TR AR ERH AN [FIBS ] S5 1) 25 22 441
Ja, 4% “2.47 WATHRRTAAE S, EASF A3
HArhz5iRERS S AR (catalase, CAT) Bt
BEEIATEPE . CAT VPR F A OG0 S st AT Al
/\ﬁ-ﬁﬁﬁiﬁ 3K %ﬂﬂ#%éﬁ,ﬂﬁm&ﬂ}:
*%Wc& (NO). HEMEAE (H,0). BEMHETH

. KR (salicylic acid, SA). AJ5 Z K I

i’ﬂiﬂ%ﬁr‘ (BRI R AT A, AR
SEATEE 3 KU,

3 BR5SH
31 ZEASEEENH BRI E A FEARISEIER
KPR IR 7 VERT 72 RAE B R IEAT T AR
HPiardr, R3] 28 thxt PH BA B HEH
(KA AR, FEBUBIR 5 LE 38.89%. A HFh PH 1)
PDA HiFrdEr, PHAEKRYF, Wik, 1
PURAZLERITE DL, PH AR KB 22 240,
WRHHAEPIA R AW, 28 PRIEvIET, A
HE DO HHIEE i f, M2y (83.30+
3.000 %, WA 1, 28 PR REXT PH IR
LK 1.
®1 ZBAEEEY pH FAERHIEE (X15,n=3)
Table 1 Relative inhibitory rate of endophytic fungi of S.

ningpoensis against Phoma herbarum (X1 S, n=3)

X5 AR TR AR /%) % 2 A A FUR AR B 2%
D1 81.61+2.6 D55 71.1+4.6
D2 8421453 D56 71.0t6.1
D3 80.7£1.5 D90 83.3+3.0
D4 79.8+3.0 D115 76.314.6
D5 81.612.6 D143 72.8+1.5
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D11 70.2£3.0 D180 78.1£5.5
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D17

El1 28 #%RZSHEEEX PH BEER
Fig. 1 Inhibitory effects of 28 endophytic fungi of S. ningpoensis against Phoma herbarum
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Table 2 Biocontrol effect of four endophytic fungal isolates

on S. ningpoensis leaf spot disease

pagLl BT AR A L/ %
D1 (HEBD 20.53+0.32
D3 (HEBD 2.07+0.05
D18 (7= 5.15+0.12
D90 (Ff1 7 =D 1.92+0.08
PH 47.101£0.130
T K 0

B VA RCR AT e b,  KIEC 4R pH (%2
i D90 T2, XM A w s T Eue
K 28.77%, BRI N 54.70% (K 2. £ 3).

3.3 ZESHEBEWIEFRRINE

3.3.1 CAT M S5iEMEEIEM  CAT BEEMEZILE
LA FE S I e . FEREREE 2 K, TCHEKA
[f) CAT BEEPE 3 R % AERERP S 4 Ry, AbTH4
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000640

a-J J5 B +80%f U B EE: bR R I+ AR i R HE IR AR R+ TE K e-TEH B+ TR RK: IR+ TR K.
a-PH+Positive drug; b-PH+Positive fungus; c-PH +D90; d-PH+Water; e-D90+Water; f-Water.
2 D90 BEiA X B BEEE AR AR I

Fig. 2 In vivo trial of D90 on leaf spot disease of S. ningpoensis
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Table 3 Biocontrol effect of D90 on S. ningpoensis leaf spot

disease
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PRIR A AR i 0 R, AN FG e 438 30 2 )R 12k v 1)
51, FIFH MEGA6.0 ARG BN, RIL
Ftk D90 S5 RAMEA Colletotrichum fructicola
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Different letters indicate significant differences, “P < 0.05, same as below.
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Fig.3 Variations of CAT activity, H2Oz and O* of S. ningpoensis leaves in different treatments
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Fig. 4 Variations of NO, SA and lignin contents of S. ningpoensis leaves in different treatments
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Eurotium umbro sum(MHB58551.1)
Eurotium medium(MH854898.1)
Eurotium athecium(MH858670.1)

100

Asperaillus aflato xiformans(MND10544.1)
Aspergillus anthode smis(MH861100.1)

37 Aspergillus amazonicus(MH863364.1)

99

Melanconium hedericola(MT276074.1)
466; Melanconium fuligineum(MH854781.1)
Melanconium gourdiforme(JX522737.1)

52
Colletotrichum acutatum(MHB60607.1)

Colletotrichum gloeosporioides(JN198429.1)
D90

o4 Colletotrichum fructicola(MN841836.1)

Claudopus minutoincanus(HQ731511.1)

5 D90 H#AS (A) %ET ITS rRNA FIENRZLER (B)
Fig. 5 Morphology of strain D90 (A) and phylogenetic tree (B) constructed based on ITS rRNA sequence
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G ARFERMEINT 8%, SAFERIEINT 18%, H A
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JEREH L, RPN RE . 4R AR P 4 R A
JREREEAL 51200, AARIG RN, FEHEFIALER S 2~
8 K, Ab3ZH PH+D90 AFiE & s T-AbH4 PH+
Ks FEHAERERNEE 4 R, SAPRAURR RS ERAL
FVett, BeRhEE 8 K, AbHEZH PH+D0 AFiE & &
BEE T A PHA/K. Z55REH, DO %241
B AT RER AR AT 2 AR R T NO 7EREI P
AR RIS EENREER, AT RS S E AN
BRI .. NO ] LABUR B R e, Mifiidid S
SRR (R DAE R ROS 2. NO 7824155
P EARBEF R, FTUAHEAE SR 2 A
R AR, XZM R EAFEEG, Bhih
2K, R R A T NO (& BTG BT
HmETREKA, WHHILES XS~ ARt s
NO R EA K.

ASLIG AR R Y, BN X S A AT A R Ab
H, RIAEBMEE 0~6 KA PH+DOO &% M
BT H HEES B ZAS T A3 PHA /K BFl D90
JG, %% CAT MG 210187, K& e Fh
4. 6K, BEM D0 AbFRL CAT BEIE It 22w T
H-BERR AL, BN 4~6 K, AT B AR
H, PH+D9O0 AP B EIRTH X SBEHE T HH
B, (HFHIK T SA. NO & &; M 8 K, 4
HZH DO+ /KA 25 7 2 0 3 T A3 4H PH+ K
RSN FELE T XS B AR BRI A, N —
WHGAE K R E & 2 AT B B 2058, 1
W H 5L DO BRI - B B AL R ROR &R
XX SYHR = S 206 SRS, N R
D90 N FH T % 2 LA e AR I . AP AL
fil 14 238 % 1 SOD. POD. CAT Z5Wh[RIEH], Ak
95 Rikd% CAT BRIEAPUAMEREEIRV R —E
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W22, fEJE2 R HRET, NAh7e HoAbfi A LB
SOD. POD % UL i MRS R FE F b MDA &5 &
Mg, PLZRERIEX SRR . AR

B, ARPRAN R AT LS AbER I N4 i R s L

PUPEEIHIRE T, AR 006 3 WY Ak 3 4N S 25 41

CAT BEE V38 T2 L ). AR PR AR M AR 25

Trichoderma asperellum T42 F1 %% % i % f

Pseudomonas fluorescens OKC fg 1l 145551 7 ROS

(107 A FHAR o A SR 38 SR 55 200 3 F s PRI B 1201, 2%

£, D90 3 XE AR TE, HPURILHI RES

7T X2 CAT BHETEEEARE R SRR G &

IR A K.
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