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Identification of the Stem Rot Pathogen of Pitaya in Guangxi and
Screening of Its Biocontrol Bacteria
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Abstract: The pathogen of pitaya stem rot in Guangxi was isolated by the tissue separation method and the microbial control
of the disease was selected. According to Koch’s rule, the pathogenicity was verified by in vitro experiments, and the patho-
genic species were identified by the morphological and multi-gene sequence analysis. Then, the biocontrol bacteria were
screened by the plate confrontation method. The results showed that two pathogenic fungi, Lasiodiplodia pseudotheobromae
and Neoscytalidium dimidiatum, were isolated from the decayed stems of pitaya, of which L. pseudotheobromae was the first
reported to cause pitaya stem rot in China. Taking L. pseudotheobromae PY6 as the target pathogen, Bacillus subtilis L3-4
with the best control effect was obtained from 34 strains of pitaya endophytes screened, which could make the mycelium of
PY6 entangled and broken. The sterile fermentation filtrate and the sterile fermentation broth after 100 °C treatment had anti-
bacterial effect, and the prevention effect could reach 72.08% and 71.16%, respectively. But it did not produce volatile com-
pounds that inhibited the growth of PY6 strain. In addition, strain L3-4 exhibited inhibition to Botryosphaeria dothidea,
Fusarium pseudograminearum, F. oxysporum and N. dimidiatum with inhibition rate 77.65%, 73.13%, 64.07% and 62.01%,
respectively. This study clarified the pathogenic pathogen responsible for pitaya stem rot in Guangxi. The screened biocontrol
bacteria could be used as candidate strain for controlling pitaya stem rot. The result would provide a theoretical basis for di-
agnosing and biologically controlling pitaya stem rot.
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KR IEMNERL (Cactaceae ) it KN &
( Hylocereus ) t54), &3y . WHAFKE, ™~
TramShr, FESEE, REG LRSS
KR, KEEAT 1999 4E N G5 dhk i &
T RAGEAL ., FERL, Wz AN EZ, Rt
AR, B . BE. BRI Z R, 4
HREFEE, fERC HERE, HRERELEZRE,
AL K1 Ak, FE KRR K
HERE, T 2021 4EMO R KO RAE 75— R
E, RS EERKERFEX, BETik
Je ARG 1.26 J7 hm?, 4E77 4 43 J5 (274,
R Bt Pk T AR A 3, H 35 () Al 2 % 1
K, K FEFE T E R R AR AT, Y
A AN AE R R R 2 —, B
JEHIY R T B JRADY [ N AR E i 2 R
BRSO R F , ALHE iR A
( Neoscytalidium dimidiatum ) 7|89 K g F 1597
Joa, HOAER R I N 25 & RS 8 RO LI () 21 €2
BEA, b BERR KRS (A, 21 I 58 TR
JRAD, SRBEARIT K, BASHECEE R, gk
{8k TIE ( Fusarium oxysporum ) 512 HHi 250
HH R Lo 2L & H 2V ik, ™E
B s, A e R R il T
5460 ( Bipolaris cactivora ) 51 H BB, %
s SR T Ry K e SR 2R RS, HOE R R IR
SR p T BUR (B, R BEY R K AR
RAH I ( Colletotrichum sp. )] 51 K Jp 5 = JH I
TR e JELIS 1) K e SR 25 5 ) 1) 248 £ AN R )
WRBE, TPHREEAWIAS K, IF HAREAS e A,
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WK AR . IR b g A 2 h2E AR 24 18
B AT 25 0 i 52 1 R 1 G PR AR o I ATk
BT IR ARSI A B iR Ok Az #
REMKTE . EYPHG SR AM LG, X5
OB AU I 2 N S ) R A SN TN = T 8
RFE AR, R A v i,
AR iR K e R ZE e e e BRAR W B IR O

AHIE ST LA PG K SR Folop 25 b R 4 £8 2K TR
() K e SR 25 8 T DA B K Ol SRR . 25 B A

AR, RISV B . BURTEDIZE |
FEAEER I T AW 2207 1 5 F 2R IR, >R H]
SP RO IR 2% 07 1 A RRSOR R A RO STIRE R, R
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1.1 et

L1 A F20214E9 H e PR Tk
UL A T O SR B AILR 5 200 B AEAS
1.1.2 Bk FEPURERR AR S50 AT I M K e
SRR BB AT o AR e TR
17 PEE 1 ( Botryosphaeria dothidea ). R R4 5k
JIW (F pseudograminearum ). ¥4k JIH (F
oxysporum ) 2K A8 RGER 2R

1.1.3  E£&X A 2xBes Tag MasterMix ( With
Dyel ) I B At at @ B HRHCARA F; 51918
HATAY TR ( EE) BRMHARAF,; LB 5
B PDA Higr LBy M R T7 BT il o

1.2 FHik

1.2.1 SmREM S &AL RIAHLF B
BRI KB T F VIO (@38 AL A 4 mmx
4 mm AP, H] 75% L BRI 30 s, KL,
T 0.1%5 LR M5 2 min, JCRE/KIEVE 3 K,
ALY E FIHE KA 2 RK o, BiE
PDA ;7R3 , BT 28 CHiFFE P E EH 3 2~
3d, FFE22AEK G PRI 2 e 22 350 2
PDA Ki3Rdt Lk fraifh, Zad 3 kaifbsifig,
R PRI P s PR AE & .

1.2.2 &R HE SR EIRIE SR FH Rk G 32 0 X
R AT BRI E o K 2i L IR AF I R AR TE PDA
Rigr i I F 28 Cififk 3 do HURER i ke SR 25 &
I 75% LB KO RZEERIHRE, AR K
Yk 3 Wk, HICHE IR ERIK 22K . G
BRI K e SR 2R & R B, SRl 3 AL, A4k E
W% 2~3 cm, FHIEEATILASICT WG LG W DE (d=
S5mm), ¥EVHE TR R, HICH B
AR BRI JC R K S R ER AL R, & R A,
T 27 CEiREEFE . LITCH PDA Bifig e i HE 4,
HAth b PP AHR], TR 3 R il RRIENR,
FRUCHR IR & R A I AT A RS 5, 5
FEMERHATIE S T

123 RREABEFESTEMFEL WNirE
5 SR A AT A e e U aliAb IS e S T
% PDA Kbk, T 28 ClHIRM MG HFR, %
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WIETEA KB b, G5 0 U s JR i
IR 22 . RFIEE, X R TR0 455
KM CTAB EA4RHUWETE DNA, J3il4 4
ITS . EF-1a fl -tubulin 3£ ¥ 51, PCR J W 1A R
MARBUN 50 uL, fU45 ddH,O 20 uL, #ifi DNA
6 uL, [, NHF5194% 2 uL, 2xBes Tag MasterMix
( With Dyel )20 pL./7S 3 519174 ITS1 F11TS4,
EF-1a X519}y EF-668F .EF-278F £l EF-986R,
B-tubulin FEH 519~ Bt2a fil Bt2b, ¥ ¥y &%
LIANG %5753 # PCR P2 8122 1% i H it
Jig FL KRG H B B e O, R AR TAE TR (1
) e A BRA G o A 2] 0 5L KT 5145 51
#£ NCBI 1) GenBank 115 #1741 BLAST #17
LE XTI R R 4B, T AR AR e Y 1R 4] e
HAE R, 8 PhyloSuite k{4 MAFFT g
5354 ITS . EF-la., B-tubulin F8UXI5F, KX 5F
P A 4T 3B ( concatenate sequence ), K i K
18R ( maximum likelihood ) i£%., 20 000 ultrafast
bootstrap KA RG A B AT SN, HEZREA
BARGEEM, BRI R A2,
124 ZRARFBREGHLE  DIZEERRRE N
BOAR RSSO IRE VR X A S 56 22 i 40 5 1Y) 34
L) 2 VA B B v - 9 B - 2
PR LB R 3E, 200 r/min, 30 CHiFE2d, &
O, BRI A; Bm R WU (d=5 mm) #
T PDA Rige By a], 43l 5 uL A EE i
W LA A8 SO A E R R R 2 Pl 2.5 em AL,
BT 28 CHEIGFRMETF S d, RNEM LB A
YRR, mE 3R, TR, REHEA
MBSO N A G HE AT E 0, DU TR T AR
TR R o 0 R=C0 BRI VK B BRI V% B
1)kt BB ¥ LA > 100%
125 AL A LB R G I H F N2
P 2L IR TS PR RRAE LB 553: 56 200 r/min, 30 C
B3 2d, BWUREER 12 000 r/min 2.0 10 min, I
TR E L AR (022 pm) a3k, SEITCE A
T . HFTFLAS7E PDA £i57 %L (90 mm ) HEH.Cs
2.5 cm AT 4 AL, BALIEA 100 L B TEH
KWEW, K% 7 3 o0 B B IR R B UE (d=
5 mm ), IJCI LB WARKG IR 5 X 2, T 28 C
Fige, FExS B BRGS0 V% B
7, iEME R, AXF 124,
12,6 HAARLELBER AT ENE
RSP R R R B E T 100 CHMAET

JK¥ 30 min, BHEIEER, WEFHEELRE, 115
M, JriklA 1.2.5,

127 HAEAHRBEL SS9 HE EEMNZ
B 5 uL #5490 R & B Pl T 2 B Al — 0l
PDA JiFesbr o, W E A YE (d=5 mm) HM T
TR — MY PDA i3RI e LIRS SERR S
BB R FEW XTI, 28 CHiFE 3d, ABEME
R

1.2.8 I AP AEGME 18 FF IR
B, WUEFSPUE bR L3-4 %R aA: A . 2
VR TR BRI TR . S AR 0 TR A I R AR
HAABAE L TRIA 1.2.4,

2 HER5HH
21 HBEERIER

W R A R B, KRR ZE SRR A
PSR, AR EIBA RS0, JFAR
SRR RG2S . R (K1), A SE IR ™
=%,

| & i ‘y

-

B 1 NERZEREBEZFERK

Fig. 1 Symptoms of pitaya stem rot in field

22 FEEMNSBEBERENE

PNEY DGR =TI a7 =N
AREIER 53 BR300 HEA T BOR TEPE AL A
SN, WMRAERRERG (B 2A) , WKk
PY4 (& 2B) I PY6 (& 2C) 7E kB 2RZE br=A:
WRBE, Hrh PY4 SO R 2L A L AR BT
W7, PY6 SRR A, s, HAth 3
Ao BRI R I AR REAR o AL 255 B 7R 4T
R IPE SN PR A T D TR Y g R lifk, ARARIE
PSR IR R —E, AR CEI, JER] PY4
FPY6 Sy | S K e S 25 s 1) Jir A
23 REEAESERSTFEMFEERE

PAKE PY4 7E PDA Ki 3738 1R 2 d v A i1
Mo, JAEWZ kiR, WaviiEkAaa (K 3A),
4~5 d Je PR AE R R, 7 d )RR TR e 2
B (K 3B), WZEWmE ., Aok, AR (K



5510 1]

OB T KRR T e I ) RE A B R O v 2165

A: XTH; B: WPk PY4; C: Wtk PY6,
A: CK; B: Strain PY4; C: Strain PY6.
2 NEREBRFRFEERNERME
Fig. 2 Pathogenicity test of pitaya stem rot pathogens

E 100—Lasiodiplodia theobromae CBS 124.13

Lasiodiplodia theobromae CBS 164.96
Neoscytalidium dimidiatum CMM3979
86— Neoscytalidium dimidiatum CBS 499.66
PY4

_GgI:Neoseytalidium hyalinum COUFAL(144

Neoscytalidium hyalinum COUFALQ0146
Neoscytalidium novaehollandiae CBS 122071
Neoscytalidium novaehollandiae CBS 122610
Neoscytalidium novaehollandiae WAC13288
Neoscytalidium novaehollandiae WAC13303
Neoscytalidium orchidacearum CMU287

0.7

A: PY4HTEVIIIES; B: PY4 BTGNS, C: PY4H#

JEA: D: PY4 BT B: RAMHEILM LR PY4
REREW

A: Morphological characteristics of early colonies of strain PY4; B:
Morphological characteristics of late colonies of strain PY4; C:
Mycelial morphology of strain PY4; D: Chlamydospore of strain

PY4; E: Phylogenetic tree of strain PY4 constructed using
neighbor-joining method.

B3 NERZEBFFEREPY4NERE
Fig. 3 Identification of the pathogenic strain PY4 of
pitaya stem rot

3C), JRHEMF 2R, i, TEiE,
BHESONETE (K 3D), K/ 4.56~13.18 pmx

3.99~8.60 pm ( *F-44 7.30 pmx5.42 pm )., % EH 22
BHBFESECME W OHETHRE (N
dimidiatum ) —30, VI EGEE PY4 %08 h g
EAEE (N, dimidiatum ).

FIFEI9 ITS1 A1 ITS4 ¥E4T rDNA-ITS 3K F
By, 193] 550 bp FrBe; MHGI4 EF-278F Fll
EF-986R #17 EF-1o 3£ v BLd 14, 153 303 bp
R B a3k 2 AN R BRI 45 5 7E NCBI
HiEFT BLAST FoX), S5 & ITS J¥5 58
R (N, dimidiatum ) K555 R
ik 99.82%; EF-lo FHIS5HMEAAETHRE (N
dimidiatum ) A8 3¢ 7 5 09 AH RUEE 38 100% . 7E
GenBank " F 2 AL X [B] & H kP21, At 3k
WG R K ER, SRR PY4 58
M EE (N dimidiatum ) BAEFR—08 F (HF
3E). QKB E N FAEYFLEE, WEwEE
PY4 s CAE T HE (N, dimidiatum ), % E &
51 e SR ZE T e R, B AR R IE R £ .

KK PY6 7F PDA }i 37 3t AR 3 d R £
WA, BB, RAEREZ AL, P
EH0 (B 4A), 9dFWLHnr ERAe R, M
WG, WEHEARER, 21d )5, |
AR Hym AEHR T (B 4B). A
TE2METE SR REDE , A T 2 0 6007 B 1
(K 4C), AR Em e, BAHa (&
4D), K/NH 20.65~28.06 pmx10.06~12.75 pm ( *F-
¥723.47 pmx11.43 pm ), ZIEERIEMA G EBOQZ
)& ( Lasiodiplodia ) WIIEAHRE

RS9 1TS1, 1TS4 #17 rDNA-ITS & H &
By g, 1935 548 bp Bt MG EF-668F Al
EF-986R #17 EF-1o 5& 0 Bed 35, 153 514 bp
R Bt RIS Bt2a Fl Bt2b #47 B-tubulin JEH
FBCy G, 155 442 bp A Bt ¥ ITS J¥51 | EF-la
F B-tubulin J¥5) 1% % GenBank, & Ffi'5 47N
OP984838., 0Q680029 F1 0Q579035. 434K 3
ANHE R R Bl iy 25 5 7 NCBI Hift4 7 BLAST L
Xt G55 kB ITS P8 5 800] il B —H 5 ( Las-
iodiplodia pseudotheobromae ) ¥ J¥ %) ) AH L
ik 99.82%; EF-la P8 S5 AInl B4 0 (L.
pseudotheobromae ) FHICJF 5 FIAHLEE IS 100%;
B-tubulin ¥4 5 AT A] B —fE (L. pseudo-
theobromae ) 5T 5 B AL EE X 99.75% . 7E
GenBank HF 2 AL X [R] & w Ak 21, At 22 3k
HIKG REKFR . 458K, PY6 Wtk S5 AT
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n B0 _E (L. pseudotheobromae ) FTE[F]—
S (B 4), BRI IZ R bR T n] B4
“ U (L. pseudotheobromae ).
24 FHHEREE

PLPY6 T A R AR T, 2 TP ARG IRF s
M\ 34 B N AR A0 T 22 5 0 20 0 0 AN AR O IS A B, A
FZEMIFF R ( Bacillus subtilis ) L3-4 B RRXTR 7]
Al MR PTICR R (K SA), MEEN
73.88%, HOZE M RIS S Hbr. 435 kIO
HEZH R A T A A 3 2 1 300 % TR 22 AE 0 0RO
5, RIIRARE2ZIER R (8 5B); AP

82
E '_'—I:

98
98 100

87

|
93 | Lasiodiplodia mahajangana CBS 124927
Lasiodiplodia mahajangana CBS 138554

2 99

0.2

W i, Wi (K 5C), #F— it
TN TR PR L3-4 JOTR & BEIE R A PR % 72.08%( K]
5D), ULHIZAEBUR IR Y B AR T
REER T
25 EMEMETEABRRAREN

PRIRR 13-4 1) JC TR D8 VR AR I 25 R R
100 “C Kb BR 5 F540 Bk L3-4 1 JC 8 & B nT #0461
KO R BRI A R 2 R, ME RN
71.16% (& 6 ), X UaHH 100 C Ab 3 oK X4 16 v
Yy A B R R, TR 13-4 BT 40 B T ) I
ATREMBRRRPLAE R, BARSSHA Frift— DT

10pm 10 pm

PY6

Lasiodiplodia pseudotheobrome MFLUCC 17.0349
Lasiodiplodia pseudotheobromae CBS 116459
Lasiodiplodia euphorbicola CMM 3609

Lasiodiplodia endophytica MFLUCC 18.1121
Lasiodiplodia iraniensis CBS 124710
Lasiodiplodia iraniensis CMM 3610

75 — Lasiodiplodia gilanensis CBS 124704

Lasiodiplodia plurivora CBS 120832
Lasiodiplodia viticola CBS 128313
Lasiodiplodia bruguierae CBS 139669
Lasiodiplodia theobromae CBS 164.96
Lasiodiplodia theobromae CPC 27881

98 — Lasiodiplodia gonubiensis CBS 115812

Lasiodiplodia gonubiensis CBS 116355
Lasiodivlodia crassispora CBS 118741
Neoscytalidium dimidiatum CBS 499.66

A: PY6 HEHMIMIES; B: PY6 HYAEHIER: C: PY6 KRMEAMBHIIMEMT; D: PY6 MR /M EH T
E: SRABEIEM LRI PY6 REELFW
A: Morphological characteristics of early colonies of strain PY6; B: Morphological characteristics of late colonies of strain PY6; C: Immature
hyaline conidia of strain PY6; D: Mature conidium of strain PY6; E: Phylogenetic tree of strain PY6 constructed using neighbor-joining
method.

4 RERZEBHFRE PY6HNERE
Fig. 4 Identification of pathogenic strain PY6 of pitaya stem rot

26 EmEKRELZELESHRMEESE

FH oy BEACKs bk L3-4 S5Hivk PY6 HEFTHE
AL YRIE RN E (K 7), SRER,
St BRI A L, A BT B 22 0 A KRG A B 22
S, WZIERER, RZEW, Bk L3-4 774
XTEE R PY6 B S5CR i LA o
2.7 EWmBEHRHEL S

FEPURE PR L3-4 X 4 #R A [R)0 J5 B A F5 0k
He, HAT M RERCR (P8 ), w4 25 13 i
BRI R S8R B i, SRR TT IR 77.65% 5 XHER

4R T IR R 73.13%; W94k 7] B i
HREN 64.07%; X O AR M@ RN
62.01%, HMERLE R EEST (P<0.05),

3 i

IR VI KR EEREZ —, O E
faFE KRR R E, M SEE LW, I
PO IR SR 85 B S A KO R S R R A i
B0 A (L. pseudotheobromae ). His {4
MR (N dimidiatum ), H:H L. pseudotheo-
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A: BB L3-4 Sk PY6 XU IREEA; B: Hikk PY6 HIZZIE
WARKER; C: Btk PY6 TER bk L3-4 XTI T AERKES,
ik TR MR PY6 227 | AT, WAL
D: JCTE & IR R TR AR o
A: Antagonistic effects of strain L3-4 against strain PY6; B: Nor-
mal growth morphology of mycelium of strain PY6; C: Growth
morphology of strain PY6 in standoff culture of strains L3-4, The
arrow indicates the deformation, zigzagging, and breakage of my-
celium of strain PY6; D: Bacteriostatic effect of sterile fermenta-
tion filtrates.

B 5 HEHREkRNTEE

Fig. 5 Screening of antagonistic strains

CK Ab3
. ‘

6 100 CAEELHAZEBRMNMNELR
Fig. 6 Bacteriostatic effect of 100 ‘C treatment of aseptic
fermentation broths

bromae &M L. theobromae 7y R IR & Fp, 1
SFMEEMELL X/ B, dER T TFEE
AATH, R AR TT BeBE iR 5N L. theobromaet™,

PN

nn

A: CK; B: #4b#t,
A: CK; B: Treatment.
7 ERBUESYHIEEE
Fig. 7 Antibacteriostatic activity of volatile organic com-
pounds

A: RIERTIW; B: BARBWITE; C. HHEIEN ;
D: FimE ORI, MR, A0y AL R,
A: F. oxysporum; B: F. pseudograminearum; C: B. dothidea;
D: N. dimidiatum. The left is the CK and the right is the treatment.

B8 #HE L343 4 FiEMREEREKMEIZER

Fig. 8 Inhibitory effect of antagonist bacterium L3-4
on four plant pathogens

s GBS R B L. theobromae RHEAR
BHEUHRTE, T L. pseudotheobromae 5| FEAEME &
i, PRI = Z X EMEREAEESR . &R
A5 o O P AR 25, 45/ X ITS .
EF-la. B-tubulin 3£ ¥ 509508, B i iR 1Y)
SYAEHLAE, W E TR )P KO SR 2R e A D TR
A ] A] B —F1H (L. pseudotheobromae ). %
IR AR B s EYEEEHER T2, a2 MY
RE, APEERARERY . R T s R
A% SR 92 22214 | SANGEETHA ZPHRiE T
L. iraniensis A L. theobromae REW1Z Y4 K e e,
L. iraniensis X} K g F38 i 195 3 LU L. theobromae
HTE, RUEA TR N 2R T S B8O R
B FE . AN R E N E R IRGE R T ] A
TABE T R KRR ZE R

FI R Py B i s 3 2 28 8 — PP T Fp 4 |
IORRNTCEE I i, VRN FS BT bk R 76 Ik B2
T AL BEXT 2 FAE e AR R 5T AN A T A
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O AE B F R

445 8

AL S 54 WBG, AR A IR, 7 AEK
fmE (LT ol . ZT4R R G . AN ), R
WAEYE K EAIEEY (mVOCs ) i T R 4E
Ptk (ISR) Y. ARBEge, MiRiZEMFFA L34
RS PY6 BEE " A RAFIUFSHUBCR , BT
WS IR D o ) o 22 A7 7808 T BRI
VIR AR TR AL S, A IS
RUNZSEPUR AR ] = R EYI B 100 CAE
P A8 JC T B IBON o D B AT S G, R
BT E R I E TG E Y PR . B M
GRS R RN, IR A A R
P R R A A Y . R AT S

HED 13-4 F5HUERE ™ A IR BRZE AL & WX K e R
SRR SR A P A IR ROR . 2R R I g
B, AR AT A AR R A Y (SMs) Tl
PR TS T L 200 LA IS4 . DNA BREL, 15 40 IR
B, Jf i sk g A e I SMs Kb B 174 TR PG 1 B
ZE AR LW R A A s . BESR  IR ISR ik
PR A A 22 S50 i, 0 B 5 olaod 2 R 400 T 3
GIRARWZ R, ZHCF A ] e AR T
i PSRRI ARIK, IR RZEAL-E Wi 45 14 F 2 e
ZrE, PERERRE, REEMEDLS, IRRBEAT IS
B, 7R ) BB AR K O R B PO
GOND %P5 S MG 5 28 F AT B BB 05 40 0 LA
U B WA AE K, FEEAAAE iturin F
fengycin ZEME, TE B RAEARARERA I BRH OG5 [
ik, IR T HIVRAOPORGHE 1 . ALINE 251°°1
WFFEHRDS T H A 5 2 F AT B AR R IR IR AL & )
VEBERAEBA T, HOPR AR EW] surfactin
F1 fengycin 2 FPR -G W 572 5 8 AL K0 Kk D
70%. WAEREMEPHA NI ERNMAEY, A5
U E FEANE L ), R dea i AR YT BR R 2
—, H AR AR A I P A A D T Y P A A
SZENZ I RTEP, W 24 SO 5 S A B2
A TR BE W oE e A R A KA, R Rk . 25
IS o SN 1 7 S 1 o5 15 2 o s =X
AR ZERHIER . A5, FEPURE T L3-4 X
K e R ZE SRR IR A R PSCR,, BA R

REYTT R TERE, TR A e LR BORA itk
—
Sk
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