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Dactylonectria torresensis ~Chaetomium globosum «Penicillium rubens 3B #kH SFO1 X AZ Bk 5 42975 70 577 25051 s 4, 17
SFO8 V&7 U feif o AH L XS L 34> B R G A% Bk 40 i PR AR A ke v L 5 0 B L L S B R AR H (p<
0.05) (IR IR Iz WAE B R Z e s B0 A0 A8, M RIE B HEUR . TRk 1 3 MR R 2
T3 BAT ARG By v 2R B B 4 i A K B AT (R BEVE T R AR B3 B R S0 AR 05 v DA R 8 B v Rk 1 iR 1
AR

KRR AL B 2 s AR s 2R AR RTE

hE 425 :S664.1;5436.64 XEKFRRRRS : A N EHS:1009-9980(2024)10-2079-12

Diversity of endophytic fungi and screening of biocontrol strains against

canker disease in walnut

Maliyanguli - Tuerdi, SHI Lingxu, KANG Qihang, Yakutikhan - Mirza, YANG Zeyu, YUAN Hao, CHEN
Xiaofei’

(College of Agriculture, Tarim University, Alar 843300, Xinjiang, China)

Abstract: [Objective] The present experiment was carried out in order to understand the endophytic
fungi population diversity and community structure of walnut trees, and investigate the differences in
endophytic fungal communities among different tissues (limb-barks, roots and branches) of walnut in
southern Xinjiang. At the same time, another objective was also to screen out the biocontrol fungi that
can not only prevent and control walnut canker disease, but also promote the growth of walnut seed-
lings. [Methods] The endophytic fungi were isolated from different tissues of walnut by conventional
tissue separation method. The endophytic fungi were classified and identified by morphological and mo-
lecular biology techniques. The population distribution and diversity of endophytic fungi in walnut
were analyzed according to Shannon- Weiner diversity index (H'), Pielou’ s evenness index (E), Mar-
galef”s index (M), separation rate, separation frequency and Srenson’s similarity coefficients (Cs). The
plate confrontation method was used to screen the antagonistic strains of walnut canker disease, the in-
door pot method was used to study the growth promotion of the strains, and the control effect of the bio-
control fungus on walnut canker disease was determined by the inoculation test of isolated branches.

[Results] A total of 129 endophytic fungi were isolated from 210 tissues of ten 50-year-old walnut
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trees, of which 58 were isolated from limb-barks, 42 from roots and 29 from branches, with a total isola-
tion rate of 61.40%. The 129 endophytic fungi belonged to three phyla and 18 genera, among which as-
comycetes were the largest with 122 strains, accounting for 94.57% of the total number of fungi, five
were zygomycetes, accounting for 3.88%, and two were basidiomycetes, accounting for 1.55%. The 18
genera of fungi were Fusarium, Alternaria, Nectria, Chaetomium, Phaeosphaeria, Leptosphaeria, Dac-
tylonectria, Mortierella, Penicillium, Sarocladium, Talaromyces, Corynespora, Aspergillus, Acremoni-
um, Rosellinia, Phoma Dothiorella and Ceratobasidium, among which Fusarium and Alternaria were
the dominant populations, with the isolation rates of 18.10% and 12.30%, respectively. The Shannon in-
dex (H'), evenness index (£) and richness index (M) of stem endophytic fungi were the highest, which
were 2.452, 0.603 and 8.129, respectively, followed by root, each index was 2.067, 0.553 and 5.847,
while the Shannon index (H’), evenness index (£) and richness index (M) of root endophytic fungi were
the lowest, 1.804, 0.535 and 3.993, respectively. The highest similarity coefficient between limb-bark
and root endophytic fungi was 0.84, while the lowest similarity coefficient between limb- bark and
branch was 0.66. On the whole, the endophytic fungal groups were different among different tissues.
Some fungi, such as Phoma, Rosellinia and Chaetomium, were found only in limb-barks, but not in
roots or branches. Three antagonistic strains (SFO1, SF05 and SF08) were obtained by screening. Based
on morphological characteristics, and molecular and biological identification results, SFO1, SF05 and
SF08 were identified as Dactylonectria torresensis, Chaetomium globosum and Penicillium rubens, re-
spectively. The inhibitory rates of three antagonistic strains against Cytospora chrysosperma were
71.20%, 73.50% and 68.50%, respectively. Inoculation of isolated branches showed that SFO1 had the
best preventive effect on walnut canker disease (80.10%), while SFO8 had the strongest therapeutic ef-
fect on walnut canker disease (83.40%). All three strains had the ability to produce iron carriers, among
which SFO05 had the strongest ability to produce iron carriers. SFO1 and SFO5 had the ability to solve
phosphorus, SFO1 and SF08 had the ability to dissolve phosphorus, and SFOS also had the ability to pro-
duce protease. Compared with the control, three antagonistic strains significantly promoted the root
length, plant height, fresh weight, dry weight, stem diameter and other agronomic indexes of walnut
seedlings (»p<<0.05). However, there were differences in growth promoting function among the three
strains. Therefore, whether the mixed bactericides of the three strains can improve the ability of disease
prevention and growth promotion remains to be further studied. [Conclusion] Endophytic fungi of wal-
nut in southern Xinjiang were abundant in diversity, but their distribution was uneven, and their distribu-
tion characteristics were tissue-specific. In general, the diversity of endophytic fungi in limb-bark was
higher than that in roots, and the diversity of endophytic fungi in branches was the lowest. Limb-bark
endophytes were most similar to root endophytes because of their spatial location. Because the branches
were pruned every year, the number of endophytic fungi species was relatively small, and there was a
great difference between limb-bark endophytic fungi and branch endophytic fungi. Ascomycetes had
the highest frequency of isolation in different tissues of walnut because of its strong reproductive ability
and adaptability. Three biocontrol strains including SF01, SFO5 and SF08, which had good control ef-
fect on walnut canker disease and promoted the growth of walnut seedlings were screened out. The re-
sult showed that the three strains were different and complementary in both disease control and seedling
growth promotion, which has laid a good foundation for further research and development of mixed fun-
gi. The studied results have provided a new material and way for the biological control of walnut canker
disease and the cultivation of strong seedlings.

Key words: Walnut canker disease; Endophytic fungi; Diversity; Biocontrol fungi
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T ¥ N 4= B (plant endophyte) 72 75 A4 7% 52
— 3 M B Bl A 5 o B AR v T A A 2 2L 2 2A ] iR
MEE NI R HYNEREESE
FAEYKIA R A B g B ARG R, — T
TH7E £ o9 N AR T SR AR AR K P R 1S R M RE &
37 T A AR R I BB R R AR B A B
TESEFEAZmENNAEK KT (2 EE4
KB, LRI, P AR B e E A IR T R A ) e 9%
F G B B AT A S A S iR B SR B A
YIRIPUR PECY . R N AR B e A AR TR A A
LU TE R T R AR N B SR RS, R R
ZFEME, MY B B A B AE AR PR SR A IR
FE IR FEEM R R MY, —RIE T, &
A FAEY) RS I AR AR R R R A
JoE At 2 3G 0 o DAL DAy o o AR AR AT S IS 0, LB R
SARPAERMI L 38 0. [FIEF, B8 5 A8 PR 4 08 10
WK, AR R R R R M A R T B R
A,

FEM IS 208 2 B2 oV R E s e e 10 & 1R e
W, 0k W 58 A% Ak M i g R K R Rk T EE R
Tl o ALK B 2005 SRR A R  BE 7K , 2 R AR A
BramAz k= X, WP LR VR E T ERE . R
FEREBF LR, — BRI 50% 47, 7 HL
TR FRIE 100% , T BCE BRI T B0
WM 0 TR B3 V6 J7 V26 D BRI IE AR T v A4k
56 Hod LA EER 6 9 SRR 2 P iR AR AR AR
2R N N B AN A ARG Y ) Y T AR )
Biie B 24 AU = RGE IS e A 0k sl 5
BRI R G ) . HeAh, AEVIB IR R T Re s
Hillp = AR IE Re S RIE Y AE KR 60 55
SGEUIE L IR IR SRAT () 1 AR 22 B SR IF AT AN 1 R AR
SRAR R B , AN EE A AT T 22 P R i = )
KA KR, &0 T4 i fa fe A2 K a8 AR AR )
AR . B, A 7 78 0 42 bk P9 A 05 B2
JIRZ K G 293 ) A 877 1 B AL TR R BRI L 2B A Mgk
FRAZBEAS R 23 3 B9 4 A BLTR S SR F T A SRR AR A
AT B e B KA, Giut o A AL
ZFEPE, s H X A% MK B 05 TR B A ) OR B 4
PUR IR, SR A 2 P 28 AR R0 IR 7048 o o bR A% Bk 4
B R AEAE R, 18 B R B 2642 Pl it 748 B v ik
XPAZ B 422908 B BI7 v R 5 LA A S A Bk = L
fi e R A TRk -

1 FRAITTA

1.1 RIEAH
111 XA AEX Ak H SRR £ T 4l
AR PR A W e A 5 — T = ] (N 40°22'33", E 80°03'
45" , K% Bk PP AT 185, SR A ML AR ORI 1 %
10 A8 R K HA R I I AZ AR CRFS 50 48D , % FLAR |
22 VRLCUARAED 73 Il EAT SR , SRR AN [R] 2 2353 31)
KE Sy . KEFH 75% L BEXT TI R b BT AR 4
RALEAT I RE . BYIKE N 20 em (1) 1 AR 2%
7£30~50 cm - Z N, BT HCHEZ) 1 em K 10 em [1)
R s FH T A 20 B ZE R R B2 2148 50 em?s FE SN H
HE, e EHEET4°CHF T
112 #Xem RE kR =20 B (Cytospora
chrysosperma) {7 A7 T F B R AT FH =W 5 & i B
Fe SR
1.13 354 PDA ;IR L% 200 g, D-Hi &
B520 g, BARRY 20 g, 7518 7K 1000 mL; PDB 55 77 4 :
AR 200 g, D-7 %1 FE 20 g, 2818 7K 1000 mL ; F
PRt AR S g, D-HEHBE 10 g, TT/KBER —
SEP 1 g, BREREE 0.5 g, BHE R 20 g, 1/3000 F Nz 41
YW 100 mL , Z£18 7K 1000 mL, &2 % 0.1 g.
1.2 REHE
1.2.1 A EALRAG S Hel (OFE5RREHE
BEATRTIN o 4R A2 B AH 2R 2 il FH 28 PR K s T4
J5 BRI T R TAE & N KRBT TR 2K
BT 1.5 em K/ B, ARG TN pedf i, Jo B 7K ot
Ve 3 WK JE F 75% £ R0 2 min, 7 A JC B K 3
U AR5 L 0.6% I SR AN H B 2 min, F JC K Pk
3 WG FAE 75% LIR30 s, ¢ e B C B /K it
3R, W B Ja — IR ) TG R 7K EL 100 pl 45 A
PDA P4, T-28 °CIEIRIE 7= 1 i . Wik PDA 4R |
A K, ZRARMHE 26, 7 LLgEAT T — 2
56,

QOWNAERBM BS54k, Eiie TIEEH
K TR AR 28 RRE S A 203 R S mm x5 mm
(ZHZAE % 705, 43 M 21 PDA F iy 2135 57
Foop, BN B % L4 A 5~8 B, 28 °CHE IR K 9% 1~2
JE AR A B 22 S5, TR 22 55 4 28T (1) PDA T
R AT Atk , AR AL G 7E 4 °C R RHA R AT
122 BARNEAFHGET (DNEEEWES
U o N T WL T AR B RAE L R 9 AR
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FLFE AT PDA PR |, 28 cClEIRE 7% 7 d, L840
SR TEA A RS KA. 8T R
FeIE N AE LR RRE , SR F A B 85 985 52 S B ) 1A
2% Je f 1 B TR A RRAIE , 4 TG0 B 5 3% 450 R4 T
WR VR 12, T 28 °CHIRG 7R 40 h SBIE 5597 7 d, R )5
WS BBk . RIENEER, SR(EEEETF
W I AT 45

OWNABEE M 7T %58 . KW PkEF 2 PDA

AR b, 28 CCTEIRES F7 , i B AR BLAS K 2 PR ) 2/3,
BRI 0.1 g i B 22, R FH B 1 £ R 2 DNA
P 3 5T S SR B DNA. DL BB A 514 1TS1
FIITS4 34 1TS He K /5 51 o [ B AR 5 9 25 uL:
PCRmix 12.5 pL, ER5I4)% 1 pL, A DNA 2 pL,
ddH,O %P /& 8.5 uL. PCR ¥ 2% 11 : 94 °C FiAs ¥
5 min,94 °CA&1%: 35 5,48 °CiE K 40 5,72 °CHE{H | min,
FLISAEIN, )5 72 °CEZEAH 10 min. PCR Y3
FEUNEE1.2% 35 R W B 58 FEL AT I 5 FEL ik 4% 77 08 31 T3
WK, 3628 B A T A BORA BR A 7 #E47 I
J¥ o R F3RAS I ITS 7 5133647 DNA 751 XY )
FR A [EI R PEARARE 1R 22 57, SR FH MEGAS. 1 A Ay 3
REKEM .
123 RAABEGSHEEIH SR SHGEIR T
% THE AR R B IR B AR IF  F A TR
BH LR E S RIER D FE & ERE M
MUAHAME %L Cso Tk N AL ELR AR 4
IR AN [FAL B AR B VRPN R N AR L ) 2
FEVE o A0 3 )RR FE VT8 T, DA AN [ 5[] 1) A
LKA

(1D A EH 920 5 # (isolation rates, IR) & 1
MEE TR A 43 B A B (1 S B RS AR 7R 1)
Y 2P ) LU AR, B 23 B 28 (TR /%=FF AR H 4
73 31) (1) BT R B/ 4 3 RE AR 2H 2B %< 100

(2) %3 B Ji 2 (relative frequency, IF) #& N 3K 15
J— 2R P AR BB 0 B PR TE R AR S R 4 B R AR
SBUR T 5 0 20 B S MRS TR R 2R 1 A A BT A
SR SRR

I3 B (TF ) /o= — S B R (%) TR R 2 B/ T
PRE>100.

(3) A FL B BE TR Tl 2R 2 FEME SR & R 8 4K
(Shannon- Weiner diversity index, H" A =it 5, B :
H'== Y 'PixInPi o HA kg MM B L T N4
TR PP R 1) B, Pi R R AR LR M R R R

2 B8 F AT A B AR A

GONERFEFE L, RHFE L Mar-
galef”s index, M) A X THE, B : M=(S-1)/log.N. H
W SRR, N N B RIS

(5) WA LB AERETE A0 AT (38 SRR BE R F 3
SIREEFEH (Pielou’s evenness index, E) A 215, Bl
E=H'/1nS. HH HZZ AR5 S R4

(6) PN AE L B RV 1] (14 RH UL AR B2 SR FH AR ULk 48
% (Srenson's similarity coefficients, Cs) 24 =\ i1 5 ,
Bl : Cs=2j/Ca+b) o o j WP 2 BA ARTR
AR FLBE PP AL, o & — PR b 9 AR LB B 2
b2 —HA RN AR MR
124 ABGHGFE {EPDAFR(EDANI cm)
g PR B AR 0.5 om (19999 iR TR B D 5 78 PR RS 1 O
2.5 cm b 1) 4 A ff s R BB — AN AR L B 1 B O
DATE 355 77 5 v o B 2 B2 o iR 1 et FRL, 1) 4 3
AN ,28 °C 12 hGHE/12 h B AE B 4% 55 3 - WL 841
B 0L o T8 T840 1) 28 /%=Cxf A5 JiL B L4 — Ak 7
o3 Jir bR AT )/ ORE RE Ji B V& B4R — B D LA < 100
1.2.5 A5 H A BT A B AR S 1 9% 09 15 18 3%
R R 2% T A 00 AR 7 B R R T
250 mLPDA Jif&ks 773 |, 76 28 °C K 200 r-min'J&3%
B35 7 d, 98 )5 KR 120 A i 8,4 °C T 8000 r-min
2500 10 min 759 2 _F3ER, B R B -

B 2% I AL 3 < K R A ) 50 1 1A AR A A% B R
2520 om IE B, 758 ¥ TAE & 1 0.6% X & R AN
M 7 3 min, F T KIE U 3~4 IR E & B IRE RS
IR S B 5 ) 7K T 0% L 1 A s 4 A 2 1 i DR
M2 FH o

TR 16 < A FR AT 26 FLAR A S mm K
BT FLARFT — NPl o5, SR 5 T A A 7 B R B T
FTFLAL , W DS B AT 3 08, K R T FLAR T HUE
15 mm FIRZBK B 22003 B 1 OF , 2 Fh TR SR T AL
DAA IR AT AR B PRI 2 72 R R 9 Ji o 2 o
15 d J5 I 2 AZ BB 5 BE B AR, SR SR AR
AR AT AL B 5 MR AL 2% I R B 3 IR .

TRTT RIS A B AT B S AL N 5 mm 4T
FLAHT — AR, KT LA LU E A2 5 mm (1%
BB 425973 e AT He P AR B, 3 d i AL L AR 05
Az 875 TR R R AT AT AL B A, 5 LS 4k 2R3 A1 3
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EROR . R ERT AP S IR S, R 3 IREE
B17 Y8 R /%= (23 [ 0] HECF 2998 BE L 4% — b B3
JRBE ELAR)/ 2% R HEST 35099 BE B A% % 100,

12,6 A FH KBRS GGRAEER L
FhAZ V3, To B, R &R T 15 g T RAE MK
ML BEAZBEF IR 10 dCRER 3 1 1K) J5 H
THKBEF £ HARKM TR T e ek
KEE, MANEAR15 em e+, LEEE 12 em,
TN 2 R BT T- o 7E25 °C T, WG A B 5 5%
SEREAR T SR JE S R AR T AT AR 7 B R T
MRACTE . KRR BEHE 10 mL, BEFE 7 d BEWE 11K,
— LM 6 Yk, LAV 10 mL 25087k I8, 4 b A
By AL BE 10 BRAN v WA W E 3 IRE . 60 d J5Xf
G () AR AR L EAT WL, 0 5 A2 Bk S0 PR v AR
Ko ZEM R O FR E AR AR EE T . SRS TE 60 °C
TR 96 h, M E T B &, FERHINASEE 1217 4
T

12,7 AGRAGRARSD SREET 7L
A B R FH K 16 S mm T FLAS T B8 O 21 1 i
Wk TCA LB A LB VR B EE R 2t b A R IR
BI3NHE,28 °CH 777 d, H I IFE A P R 7 1 ik R
AT VA R R B R R U il T SEE

Fel EL1% (D) 5 B B4 () B FUAR (D/dD 2K 34 W e 7 1
(PI5ERSS o
1.3 ¥IESH

X FH Microsoft Excel ic =% A1 5 # # 4 , 74 H
SPSS 26.0 AT 77 % 73 Mt A 2 e W 2 1 o A, A8
MEGAS.1 R R G AL

2 AR5

21 AEEENSTEER

M 210 B ZIA L3 B B0 A AR FL T 129 7k, AR
FLIR 7 BS 3 0N 61.4% , Hoip 2530 70 5 H S8 #k L IR=
27.6% » IF=44.9% ; H & 70 B H 42 Bk , IR=20% , IF=
32.5; K HR 4 B H 29k , IR=13.8%, [F=22.4% . AN[F]
AR AR DA T e SN B e 1 B el B NS 39
WIRNZESHW S (R D 129%kEHEEET 31
18 )@ . H T3] 1228k, &7 ik 94.57%, B2 &
[T 5 0k, 5 3.88%, 1718 [T 2 0%, AX A7 1.55%. 129
RN A LB 430 & T8 ) B8 (Fusarium) EE R 0
J& (Alternaria) « M % J& (Aspergillus) « Bk E 5% [ J&
(Chaetomium) 75 % W J& (Penicillium) « 25 135 1 J&
(Phoma) ~ FE"% 52 1 J& (Rosellinia) iy 1 %5 1 J& (Sa-
rocladium)  NER 5 1 J& (Leptosphaeria) « Dactylon-

®1 BHREEENMHESTRIBRER

Table 1 The species distribution and isolation of endophytic fungi in walnuts

L L VAL R KRB A RRREE wREEE DREREE  Dacylon-  BRATHE
Tissue Fusarium Alternaria  Chaetomium Phoma Rosellinia  Sarocladium Leptosphaeria ectria Talaromyces
= Stem 16 12 5 2 2 1 3 1 2

R Root 12 8 2 - - 1 1 1 1

% Branch 10 6 1 - - 1 1 3 -

S

Isolation 18.10 12.30 3.81 0.95 0.95 1.43 2.38 2.38 1.43

rates, IR/%

Iy B

Relative fre-  29.40 20.10 6.20 1.55 1.55 2.33 3.88 3.88 2.33
quency, 1F/%

R WEREEE kAR FeEE MEEE  AVULEE AERE BiER  ARRE R
Tissue Phaeosphaeria Corynespora Penicillium  Aspergillus Dothiorella  Ceratobasidium Acremonium  Nectria Mortierella
Z Stem 3 2 2 1 1 1 1 2 1

R Root 1 1 2 - - 1 2 6 3

¥ Branch 2 - - 2 - - - 2 1

Isolation 2.86 1.43 1.90 1.43 0.48 0.95 1.43 4.76 2.38

rates, IR/%

apiEs

Relative fre-  4.65 233 3.10 2.33 0.78 1.55 2.33 7.75 3.88

quency, 1F/%

T “" ORI AR > B T AR

Note: “~” indicates that no strains were isolated from this part.
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ectria~ ¥ 1 W J& (Talaromyces) W& BR 15 1 J& (Pha-
eosphaeria) - ¥& 7 1 J& (Corynespora) ~ /)N 7358 # J&
(Dothiorella) - ffi $1 1 J& (Ceratobasidium) « ¥% Ti {1
B & (Acremonium) « W75 7% 1 J& (Nectria)  #% 11 B
J& (Mortierella )55 18 N J& . HoHh 8 ] 0 @ FBE A% 78
JE IR 73 B 2537508 18.1%112.3%; FLi N
INARSETEJE 5 o5 7 B B A 4.76% s /N SE B B o S
AR AN 0.48%.
22 BREAEERENSHEMESHR

KHEFERIBHH EERIERD.FFHIEL
MBS ERBE S48, T N AE E R 2 A, 45
RN 2 Frow , AREBAL BT 73 B A A2 5L TE 2 FE
TRECAN ], A AR AR\ & BRIy 2£ (2.452) >
M (2.067) > F (1.804) ; =5 FEAR BN 2 (8.129) >
MR (5.847) > $1(3.993) 5 41 5] FE H8 HN 25 (0.603) >
R €0.553) >47(0.535). BHlit, NEFRIGH 5 E
TRRNBI S AR HORE kN H N 21
P TR AL 5

K2 BMERKPONEEESHIEEL
Table 2 Endophytic fungal diversity index in walnut

stems, roots and branches

EEE FAAREL F LR

B o) e

Tissue Shannon index, H’ Richness index, M Evenness index, £
2 Stem  2.452 8.129 0.603
i Root  2.067 5.847 0.553
% Branch 1.804 3.993 0.535

2.3 #ZHEREERAEINES T

i T S A R B (R 3D AT A, AR AR S 25
A BUTE AR AR L, ARABLE Cs +.0=0.84; 2 5
R 2 18] P A BT 22 5 LUK AU R B Cs =
0.66 ; T AR 15 1% P A2 ZL B AH A Cs =081 M EE

TRRAE LML 18] A A SR SR 22 K

x3 TRBLIALEEREMBERY
Table 3 Similarity coefficient of endophytic fungi in

different parts
I3 AR AL i B E
Separated parts Root Branch Stem
2% Stem 0.84 0.66 -
% Branch 0.81 - -
ERR TS A
Note: “~” Indiates no. The same below.

2.4 ERHEAITFE

M 129 Bk N AR B 42 0 i 3R A 3 FR A Bk
JE3 205 B B A A S B RO 1 N AR LT 43 il i 4
N SFO1.SF05.SFOS(FE 1). MAME E KA , SFo1 Al
SFO5 73 W4 B 41 B8 P 53 e st 3@ 1 PDA 35 77 ik ik
ATH 8, A 155 7R L AR b m] 00 5 Jid o 1 22 1 2
K s 1T SFO8 43 WA F 400 B8 470 Jo AN 43 A 6 T R )8 L, AN
RETE 35 77 2 v PRI B8, DRI G A AE T PR R BT R o
283 58, 3 PR P9 AR BB A B 2R 4 N 71.2%
73.5% 68.5% , 4111 B R AR R AL AT, DRIk, 3 45 B A
SFO1.SF05.SFO8 {4 H 5 AE By iR 3k AT 5 25
25 ERPFEKRBNEE
251 MAEFER SFO1{EPDA ;¥ AEKH
FERNE, 4 0.56 cm - d, B & T O (LB 22, B S
PR T 1 25t R €8 2 R A £, TR 22 0 B IR, B R 2k
R T A 0, R TR A . SFO5 75 PDA 35 77 4
A KEEARN, N1.14em-d', BE KT,
B 228 S VO BDIR , R WA 777 4E . SFO8 7E PDA 35
FRIHE P AEKEERE, N 0.47 cm - d, T AR ZUIR,
Hh U B RS, IR TR, T T AR A, R LT
P2,

A. SFO1:B. SF05;C. SF08; D. %} Control.
El1 3 HREENEMREERENIELR

Fig.1 Antifungal effect of 3 strains of biocontrol fungi against C. chrysosperma
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A. SFO1 [{1E 74 s B. SFOS I 74K C. SFO8 1174 s D. SFO1 [ #2185 E. SFO5 11 #2 FEl ; F. SFO8 1 #2 .o

A. Colony diagram of SFO1; B. Colony diagram of SF05; C. Colony diagram of SF08; D. Mycelia diagram of SFO1; E. Mycelia diagram of SF05;
F. Mycelia diagram of SF08.

El2 3HEMRERREELSMEL ERHIEE

Fig.2 The colony morphology and mycelium microscope of 3 biocontrol strains

252 HFA4hF %R SFOl EHIKDNA-ITS I Neighbor-Joining A4 2 3 T 1TS J: K FE 4 K R 4i Kk
2T 5 153 287 51K BE R 554 bp, #4C GenBank B 4K, SFO1 kY Dactylonectria torre-
IR1F 55 PP301358; SFOS B Bk IDNA-ITS J¥ 41 sensis fr T-[7l— 73 3 (B 3D, 5 4 % R ik s SFOS
K £y 540 bp, $2 5 GenBank 3k 13 % X 54 k5 Chaetomium globosum £ - [F] — 73 3 (K 4)
PP301359; SFO8 i# Ik rDNA-ITS ¥ 41 J% 4 552 bp, SF08 i# ¥k 5 Penicillium rubens i T 7] — 43 3 (
% 3% 5 N PP301360. F| Al MEGAS.1 B H 5. Kk, 45 A EASFFHIER SFO1 k42 A D. tor-

@ SFOl1
99| OMS514930 Dactylonectria torresensis isolate AL86
OM514939 Dactylonectria torresensis isolate AL9S
MHS865183 Dactylonectria torresensis culture CBS:129086
9 MN218807 Dactylonectria estremocensis isolate LWJ191
931 MH865182 Dactylonectria estremocensis culture CBS:129085
0OK090964 Dactylonectria hordeicola strain NNIBRFG27733
97'MT133922 Dactylonectria hordeicola strain TY 135
99, MN907548 Dactylonectria pauciseptata strain CGMCC3.19983
4{ OR735055 Dactylonectria pauciseptata isolate YJILGF05
91; OR437978 Dactylonectria anthuriicola isolate ZOR-Rh1-3
KY318474 Dactylonectria anthuriicola isolate 12 2
70 NR 175025 Dactylonectria vitis CBS 129082
S MH865179 Dactylonectria vitis culture CBS:129082
ON679677 Dactylonectria vitis isolate UFMGCB 18288
NR 137304 Trichoderma afroharzianum CBS 124620

76

100

0.020
B3 itk SFO1 £F rDNA-ITS £EFIIMEN ARG L BH
Fig.3 Phylogenetic trees of SF01 based on rDNA-ITS
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96| MH860353 Chaetomium mareoticum culture CBS:782.71

55| ! MH861698 Chaetomium mareoticum culture CBS:802.83

MHS861727 Chaetomium muelleri culture CBS:192.84

991 MH860963 Chaetomium muelleri culture CBS:663.75

MH861662 Chaetomium perlucidum culture CBS:590.83
TOOL MH864729 Chaetomium perlucidum culture CBS:127845

—— NR_ 144857 Chaetomium novozelandicum CBS 124555

92 OM237147 Chaetomium globosum isolate TJU JAN34
1

MH861603 Chaetomium convolutum culture CBS:313.83

99 MHS858900 Chaetomium pachypodioides culture CBS:632.66
WrMI—1860358 Chaetomium pachypodioides culture CBS:790.71

NR 145333 Staphylotrichum coccosporum CBS 364.58

E 4 B SFO5 £F rDNA-ITS EEFFIMENREL BN
Fig. 4 Phylogenetic trees of SF05 based on rDNA-ITS

NR-137800 Penicillium yezoense CBS 350.59

98
74
00! @ SFO5
A
0.010
— T s
e
0.020

96
98 [NR-138351 Penicillium roseoviride CBS 267.35
il NR-138355 Penicillium trzebinskii CBS 382.48
80 NR-121298 Penicillium quercetorum NRRL 3758

{ NR-144837 Penicillium cinereoatrum CBS 222.66
82 99 NR-153210 Penicillium pagulum CBS 139166

NR-138335 Penicillium gracilentum CBS 599.73

NR-169981 Penicillium estinogenum CBS 329.59

88 NR-111501 Penicillium zonatum CBS 992.72
98L NR-121230 Penicillium raperi NRRL 2674

100’ @ SFo8
OM372687 Penicillium rubens strain PeruHB01Z03

82 F NR-103687 Penicillium polonicum CBS 222.28
100t LNR-144866 Penicillium robsamsonii CBS 140573

NR-103685 Talaromyces proteolyticus CBS 303.67

5 &Itk SF08 ETF rDNA-ITS ERFFIMEN ARG L B
Fig.5 Phylogenetic trees of SF08 based on rDNA-ITS

resensis , ¥4 SFO5 B A& % € NEREF W C. globosum,
¥4 SFO8 TRk %5 7€ N 4175 5 P. rubens .

2.6 EFEXZEE RN AR

26.1 AGHANBAEIZRGTAG R AR #EXT
ZH T 1255 T SR L 6, W] LA, 48 AR B T
R PR AL FR I (A% Bk B AR 2%, R % B R PRI A% Ak
JEIEHRFRBEER . MR SEHRTLLE I, 3HRAD
X A2 A0 TR ) TR 28 SR AE 77.06%~80.10% 2

(8], Hovb D. torresensis WU R Ak 5 12998 1Y B 44
TR R B f , 7 2805 21 80.10%

262 AGRAMZREERGET AR HETA
DLt B Jit B ) A% K 8 A A 2% 40 A2 7 1A Ok B
WAL TR 5, e I R PSR B ELAT . R 6 AT %0, 3
R A2 BT B X R B B 02 e B YR 9T R AE 77.30% ~
83.40% 2 [8] , Hott P rubens % B 2% Mk JEE 12975 (1)
TBIT RBOR BT, Bl R0k 21 83.4%
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A. XHIE B, SFOL [ 4AK 4% ; C. SFO5 [ B4 2% s D. SFO8 (MBS 4A K 4% .
A. Control; B. SFO1 isolated branch; C. SF05 isolated branch; D. SF08 isolated branch.
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Fig. 6 Prevention effect of three strains of biocontrol fungi on walnut canker disease

x5 EMHRABRMNEMRFBEREEERITGR

Table 5 Preventive effect of biocontrol fungi fermentation solution on walnut branches canker disease in vitro test

it HRE T A b AR
Strain Average diameters of lesions/cm Preventive effect/%
D. torresensis SFO1 1.01+0.11 b 80.10+£2.21 a

C. globosum SF05 1.3240.18 b 73.40+3.12 a

P, rubens SF08 1.11£0.21 b 77.60+3.78 a

Xt ## Control 4.97+0.24 a

T R P EE I bR 2 A T BEA A 3 ROR 22 Rk R KF (p<0.05) . I
Note: Data in the table are means + standard deviations, the different small letters in the same column indicates significant difference at 0.05 level.

The same below.

A. Control; B. SFO1 isolated branch; C. SFO5 isolated branch; D. SF08 isolated branch.
E7 3HEHRELERT B ERRETT SR

Fig. 7 Treatment effect of walnut canker disease by fermentation broth of three strains of biocontrol fungi

®6 EMEABRMEMRFBEREEIERIETIR

Table 6 Therapeutic effect of biocontrol fungi fermentation solution on walnut branches canker disease in vitro test

Bk TRABEF ) HAR TR RUR

Strain Average diameters of lesions/cm Therapeutic outcome/%
D. torresensis SFO1 1.01£0.19b 80.07+4.01 a

C. globosum SF05 1.15£0.21b 77.30+4.21 a

P. rubens SFO8 0.86+0.28 b 83.40+3.38 a

%} Control 5.07+0.24 a
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2.7 EMEAER AL ERIREER

M8 T LA HY , 3 BRI BN A% Bk 401 1 2 4
GFI e AR . E AR 7 Bde TR, A B TN 5 3
BRAERT R R 4 AR R e B BT T B
AT B AR E R A i e AR (p<

0.05).
2.8 ABEAIRERE

T FL R B, SFO1 AT 175 B | i 0 7= 2k 4 Ak e
71 SFO5 B fif s Al 7= 2k 24 B8 77 s SFO8 B F= ik
18 VA B R AR AR R (R 8D .

A. SF01; B. SF05; C. SF08.
B8 4pm&LER AR R RE(ER

Fig. 8 Growth promotion effect of biocontrol fungi fermentation solution on walnut seedlings

x1 EEAERNZGENREER
Table 7 Growth promotion effect of biocontrol fungi fermentation solution on walnut seedlings
Bk PR R i g Bt TR EX| LA
Strain Plant height/cm  Root length/cm  Fresh mass/g Dry mass/g Stem diameter/mm  Number field of leaves
X i Control 18.07+£0.20 d 15.3+0.70 d 13.9£1.20 ¢ 4.46+0.80 b 3.40+0.27 ¢ 16+0.00 d
D. torresensis SFO1 36.33+0.87 a 20.9+0.37 ¢ 30.1+2.57b 12.47+0.87 a 4.68+0.28 b 21+0.00 ¢
C. globosum SF05 30.17¢1.51 ¢ 23.17£1.19b 37.4+0.73 a 13.14+1.31 a 5.49+0.15 a 29+0.00 a
P. rubens SF08 33.63+0.69 b 26.87+0.76 a 38.07+1.76 a 13.83+0.69 a 5.94+0.01 a 2540.00 b
x8 EMEERIIEERD
Table 8 Growth promoting capacity characteristics of biocontrol strains
Bk 4=l T it PRk
Strain Producing protease Phosphate solubilization Dissolve phosphorus Siderophore
D. torresensis SFO1 - 0.15+0.01 0.2140.02 0.11+0.01
C. globosum SF05 - - 0.56+0.03 0.35+0.04
P. rubens SFO8 0.524+0.04 0.38+0.06 - 0.3340.02
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253 B 3RAT 3 R AN DO A% Bk I 4208 B A R 47 By
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