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. NEREO X H R K IBE ( Hylocereus undatus ) 55 b B3 2R 5% R 1H , [6] 0% FHI0
P o 0 R X 2 J T EL A I RIS Mk DR IR B, 455 S0 30 28 DA R0 R A 7 1E 38 SE S ek R A iy 21
HARCR . AR R I S5 RAE R o3 AR W02 50 Bl 2 MRS B B HL-R1, HL-11 43590 45 0 S ARk 70 T
(Fusarium equiseti) FIATEHk T (Fusarium oxysporum) . MEHERZ . AMER G . Kp SRRz 7 | A=
LR FAE PRI i AR 2] T AT B AR 5 P 0 B R R RN AR A TR A PR U . 25 3R 0, 2 Fp
AR HRPIXT 2 A 5 T A B AR BT B (MIIC) PTIAE 62.50 gL, il Bl A2 =22.35 mm, 1EAC SEHR 4524
SR, B A I 7 AL BT AR JT B (Fusarium equiseti) W 22 A= KA R 3 mT ik B 59.19%, X414k 7]
T (Fusarium oxysporum ) B TH 22 4= KA R b m vl 153 53.11%.
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KIeF (Hylocereus undatus) &=—FMlI N ZEBHE Y, Iy i 7E 5 IS PN AT SE PN 5843 Ho X, g T LAY
PG, TR BTG, 5380 Tz e B, s £, BatredRE 7R 70 M LA
A S T X A A T R RN B, A T — RS 32 AT 2 R Ak R 2, Sk, PR A 6 I i K
o SR AR AR B T BN WK, — S N B LR 2 A, IR H KO SRR S 9 B N EE A
P KR RAERA G it i R, T AR, RESHEEE, EHEEE RS2 R 2K
A= AR it R e AR B, b BT T o o, B dRAE , VR b X KO RS R A SR
(Colletotrichum gloeosporioides). W E: Wi (Rhizopus stolonifer). £5)JE ¥ (Botryodiplodia theobrom), { ULk
TTHERIEIR (Fusarium sp) 255, XL FE X Y p0 gk s il T — e g sk .
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AHIGE LA e e 53 B A5 B )5 i TR R F S 0 4R, 5 10 08 K I SRR i SR i B B B A58 ) R SR AT
Y EL, 45 A AR S8 = B A M AS PR (JK-A1 #5525 H0FF B Bacillus subtilis 1 JK-L1 | 55 % 5%
Streptomyces hiroshimensis) , 1857 2 FAE YN R EE 7 XA LSS GiRE . WTH0 58 KRR 505 FH 1Y
Btk 2, $em e B e e, B Ty e B ORI RANME .

1 MR5RE

1.1 MR5EE U B R A O T RS LR T, SO R B 4 8 4k Ol B T2 1R B i
P H F AR R JE BURE ) R - B0 1 0 5 6 I 96 48 T 1T O SR, BUR MR R B+ 3k
5~ 15 om 1Y HERE S, S EHASEE, M bric iy [ S50 % F TP 19 20 855 B (R 22 sR)
PR . AR MR . ORI R | BB B W) 76 g 44 1 11 Tl IS 2R 24 Tl AR e 7T o S0 36 % T
I1 B U EAF B 2 BRFE DU, 4 N JK-AL AL B ZE A § (Bacillus subtilis) . JK-L1 | &) 4% % #
(Streptomyces hiroshimensis); H.p3EF 2] DNA 200 &0 A 4 TAY TR CER) BIhARAF .

LR A AR IR BE IR 5L (PDA): 422 200 g, #IZHE 20 ¢ TR 15 g, ZE1#7K 1 000 mL, pH H &;
FREEABERIENA): BEA 10 g, 4 HE 3 g. NaCl 5 g, Bl 20 g, 818K 1000 mL, pH 7.2 ~ 7.4;
TR NA B FRFEANIENE; = K— S35 373 v ETE 20 g, KNO; 1 g, K,HPO, 0.5 g, MgSO,-7H,0 0.5 g,
NaCl 0.5 g, FeSO,-7H,0 0.01 g, 3l 20 g, pH 7.4 ~ 7.6; WA [C— S5 3 A NI G

1088 5% 45 BCM— 1000 2E¥pb TAE S, FYL—YS—280L BUE IR 3548, NRY —211 1% 37 4%
IR, AL—204 HLF K-, ZEALWAYGR60DA = H K [F 7%, Nikon ECLIPSE Ci-s/Ci-L Hi 72 fi{ 5%, TG16KR
B HES RO, RV-211M AUEREZE &Y, TY300C KLY, GE4832T % PCR LK P 114X .

1.2 EWHE

121 REBS B FEEES AR S0 Bk, BEH SR BRI ORI S, T 75%
WAEEE S, FHTCEK ok 3 IR, SRJG TE O IR 5E T DI B @8 A 4 413 (5 mm x 5 mm), KR fEsc
A AHCE T PDA KigR 3 Al b, F 28 °C fHIRKFFRAARESR 3 ~ 5 do TR ZL)E, #4313 PDA $5
FRBE ARSI B A, FEK DT S S T A IR, AR RSl e R R

1.2.2 #ARBQATH RFRNEE BRI . K/ EVE S0 IO R, F 75% IERE T R I &
. FIHEFTFLERG PDA 553758 EREFE T 3 ~ 5 d MBiebi B FT AL 6 mm H0F. K5 B DEG T & & 1
1Y KRR, AR IR 3 4, DMEFD PDA FEFRA 0 B, BT 28 °C fHIRAEEE IR, W Lt il
123 RREBIEE oL EREZF T PDA $5375L, 28 C [HIRARET IR, fF- 5 MR WIS LA,
2 BB I SRAL T IS A5, 2 IR GRS TN S 01 40 .

124 FAREASTAEMWFER R Bzup HU AR F L] DNA 00 & H2 0% I B DNA, ffi 1 &
PR RETE S 14 TTS1 M1 ITS4 32547 PCR 738, PCR F=4) 1 1% BBEBHEE A H Pk R4 TAGIN, e 4710 - 25 4T
AETAEY TR (B BAAFRAF 788 Bl 745 R AE GenBank B REHE 2 H k4T Blast LLXT, JF45G
B [R5, AL MEGAG6.0 #4179 Neighbor-joining 147 R G AL .

125 KRB G EHFEWRE 0D T IR S B0 FE BT PEA T R T I, A R R, e
TR R 00 T 1 P R

1.2.6 HAHRBWGHE& AYIRBHEITES IR B 752, HHE B BUE R K
IR m R (R RIRER), 50 °C HEAS T4 5 h, ByREALINRE, 1 40 H 0, FREX 25 g THRAEY Ak
AT = A, R L 12 20(g-mL ) A N AR EE A 95% ) L BEVE T, 50 °C Z50F T A I 4 B
30 min, AbHEEA 4 EL0ARUE, LA S 000 romin ! £ 0 20 min, B EIE, 50 °C iRk AR & Kbk L
BRI, THE INAGE S 28 K A IR I, 2 50 mL, 158 AR B, T 4 °C UKFEIRAT
#H.

127 HHRBBQWEARR  RATILIE WE AR R (FAER AR Mg . OBz |
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B HE AR 0 BRI RIOCR o SR FH XA i Rk 00 2 AL 2 B 8 e AR R ok JBE (MIC) o TR

SE A I PR SREIBCRCHAR P R S A A L o 5 5 SO e 410 i Pl A, 400 Bl PR s I R

s, FEEZIE ORI T T — 2 B S

128 HHRBRALFERBLBRIAHRPRE IR TIEE, DS B 1 22 A4 K 2
EPR A AL EAR, 0 TR P2 | FEPUR U | BB R PRI B AN AL LS U XoF 2 WR#e )

PRI S PER MR o 4 AR I BE 3 A (3R 1), RIS SPSS B A IEARZ % (3R 2), I T3

B ARAT BRI 22 A A ] R 45

x1 ERELABESEDRINGE SMEEZRITERKE
Tab. 1 Orthogonal design factors of inhibition of pathogens with combinations of antagonistic
bacteria fermentation broth and plant extracts

B. f5HTHIHE/(CFU-mL™)  C. B SARBURIE (g L) D. AEZRBORI /(g L)

KK A. FEDTRIRE

.. . Concentration of antagonistic Concentration of wampee Concentration of
Level Antagonistic bacteria . .
bacteria peel extract ginger extract
1 Al 1x10° 500 500
2 L1 1x10’ 250 250
3 Al+L1 1x10® 125 125

*2 EMABRSEVRBRERAGSR

Tab. 2 Orthogonal combinations of antagonistic fermentative bacteria and plant extracts

ISEX
. — - gy =
Antagonistic bacteria Concentration peel extract ginger extract
1 1 ! ! :
2 1 2 2 2
3 1 3 3 >
4 2 ! 2 >
5 2 2 3 :
6 2 3 ! 2
7 3 ! 3 >
8 3 2 ! >
9 3 3 2 :

M HC 6 mL AR OB -S HEDUR A B A LU BTR & T =M, IF5 54 mL PDA FiFRIEIR S, A
BEFRILA, B0 20 mL. JEid 450 T AP T Ui 1 e 6 mm B I A DF, FA2 3 UK, LUIASE
BRI BT 28 C SR PR, 1R 5 d RS SGA I RVE BAZ, T A
FINHEZCR .

O IR 7% LA — Ab BB V8 ELA)
Ch TR % AT — B ELAR)

B 22 R (%) = x 100%

2 HRS5HH

21 KERREREENEE

211 REABSERLER  MAKRKIEIOERISE 3 B 158) 2 Fh E 2% ERCED, 73 ilar 44 R
Pk HL-R1 A1 HL-11, 283 ot 50 S50 f5 , Al Bk R &9 (B 1-A) o )R A R HL-R1 7€ PDA #5
FREE L IVE R BDE, A KR, A ORI 2 A, Jo I R o (13 = A (18] 1-B); BE R
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R I H @, JEAE N s 0, 2 W MBI Al A 22 A TIEAS (18] 2-A), RIUSMAE LT3k T)
R, WGl NS, 3~ 5 AN FRIE (K 2-B) o MR ISR B R SR B M R THHIE, 275 (S E T
Tt ), 9020 25 Sy i T TR Ui

I IR TR AR HL-T1 75 PDA B3R5 Rl s B (2R 22, BEA th 22 o DR IR 10, Of
PR AR (18] 1-B); 48 WA B VLGS AT 1R 22 KAl TR 25 (18] 2-A) KRB T3 TR | Z2 40
3 ~ 5 Bl /N AR O R ZRERDE (K 2-D) o AR ISR VR L S E A THRHIE, 275 (R %
TE T, 91250 252 g i T TR o

SAE AR

B 2 WRRSR I B 22 A0 TR ZS (400%)
A, B: Btk HL-R1 U 22 ML TIEZ, C. D: Htk
HL-I1 BT 2Z AT IEAS .,

Fig. 2 Morphology of hyphae and conidia of two pathogens

HL-R1 HL-I1

955 J5U B HL-R1 A1 HL-I1 £ PDA % 3% 3t F B &
B W B M IET, FECHTT.,

Morphology of pathogen strains HL-R1 and HL-I1 on

&1

Fig. 1

PDA medium
The upper two mediums in B are viewed from the
front, and the lower two from the back.

212 SFAYHFRRER KA DNAITS &
TS B a3 B AR I TR A B R, DA B AR
PB4 95 U TR B AR HL-R1, HL-T1 A9 £ K 4] DNA A
FEM, A P ECHI FH 519 TTS1 A1 1TS4 P33k 75 &
i1 rDNA-ITS JP 41 (& 3) o 25 R 3B, 9 )i
B T8 Ak HL-R1 A1 HL-T1 /47 51K B2 43518 521 bp
F1 557 bp. K5 LA 1R Mk HL-R1 J¥ %1 7£ NCBI I
17 BLAST Fux, 455831, kK HL-R1 /% rDNA-
ITS J7 %1 5 % J1 % & 09 A W 8k 7) 18 (Fusarium
equiseti, & 5% 5 MH707078) i ITS J¥ 41 100% 7]
TR, T Ak HL-11 89 rDNA-ITS J£51 ) 5 43 0 4 J]
B (Fusarium oxysporum, & 5“5 MK751702) K [F]
TEPEDR 100%, PRI AR HL-R1 5508 P ft i )]
BRI BT A B B0 ELB HL-R1 A HL-T1 (Y
rDNA-ITS J7 51 #4 £ 7 G2 A, 15 th kOe SR 20k
R IYEE LR (K 4).

(400x)
A and B: Morphology of hyphae and conidia of strain HL-
R1; Cand D: Morphology of hyphae and conidia of strain HL-I1.

1 000

500

Y| A B

B3 ke REORHE IR rDNA-ITS JF511Y PCR ¥ 144
M: DNA Ladder Mix maker, A: HL-R1 #3474, B: HL-
R1 P84y,
Fig.3 The PCR amplification results of the rDNA-ITS
sequence of the pathogens isolated from pitaya fruit

M: DNA Ladder Mix maker; A: HL-R1 amplification
product; B: HL-R1 amplification product.

2.2 FHRIEMENIEFEMENE  WARE IK-Al, JK-L1 7E NA Ji3: 3 FRES K 5-A s, i
TSRO IR S, SR BT HL-R1CAR WS JT T8 ) . HL-11 (S350 JT T8 ) B8P0 R0 B 5, Wh A Ik 70 o 40 7
e BE AR R (11.33+0.37) mm H1(12.67 +£0.45) mm; XF 4 A1 I 76 4351~ (12.7540.62) mm F1(12.93+
0.43) mm (/& 5-B).
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B
CK
100, HL-R1
6 Fusarium equiseti (MH707078) JK-A1
99 Fusarium pseudoanthophilum (HF548703)
85 HL-I1
100 'Fusarium oxysporum (MK751702) JK-L1
Fusarium solani (AB470903) ~ ; -
Fusarium lunatum (HQ897819) N N N N
Fusarium dimerum (LC184264) JK-Al JK-L1 HL-R1 HL-L1
Colletotrichum siamense (KP748195) BlS  FEPUR JK-AT A TK-L1 A4 5 95 1 285 A0 0 R S
Colletotrichum capsici (HQ271465) L e
Peniclium expansum (DQ339548) e . N
100 Asperillus flavus (KC621105) A LFECYIE, Ty

0.05 Fig. 5 Colony morphology of antagonistic bacteria JK-Al

and JK-L1 and their inhibitory effects on the two

Bl 4 JIEE HL-R1 I HL-TI (19 ITS RER & AR pathogens

Fig.4 The ITS phylogenetic tree of pathogen strains HL-R1 The top pictures in A are the front, and the bottom pictures

and HL-I1 are the back.

2.3 EYREBMNEERINEES k3 nl A, SRS UMY b, B R A BRI AR R

PRI Ao it DR AT iV FH LA OB R L BB F L AR 2 RN s B X EL A e W S g 41 il

e R Rz BRI HIE R 3, X HL-R1COR U T B8 410 B4 P8 A3k 31 T (24.67+0.28 ) mm, Xif

HL-I1 (JF60 5% J1 18 ) 3 B B AR5 3 T (26.00+0.55)mm., MRS AR v B (MIC) M SE 45 9 (5% 4), #iHz
®3 FREERYHNEEER

Tab. 3 Diameter of pathogen inhibition circle of different plant extracts

XFPHL-R {40 AT P8 B A%/mm XPHL-I1 I 7 8] B4 /mm
[ERZEEY) Diameter of inhibition zone against HL-R1 Diameter of inhibition zone against HL-11
Plant extract SRR PN BRHRSIR PN
KIEHEz 14.50+0.31¢ 0 16.67+0.34¢ 0
THEE 8.25+0.39" 0 7.50+0.44" 0
Falii):a 8.33+0.54" 0 7.17+0.36" 0
AR K 9.17+0.62° 0 9.25+0.41° 0
B R 24.67+0.28° 0 26.00+0.55° 0
A2z 22.35+0.47° 0 23.67+0.30° 0
Kb 18.17+0.66° 0 19.50+0.45° 0

* 4 HFEMR B B R E R & R IERE (MIC) MWELR

Tab. 4 Determination of minimum inhibitory concentration (MIC) of four plant extracts against two pathogen strains

PEBORRIE (g L") FEHYIHEHY) Plant extract
Extract concentration KIESR I Pitaya peel 7 2 Wampee peel : % Ginger 2% Garlic
1000 ++ -+ +++ +++
500 + - - +
250 + Tt — N
125 - . . .
62.5 - N .
31.25 _ _ - )
15.625 -

e SRR EA/NT6 mm, FRARTCMRERBCER, 7 A E EAKT6 mm, /NT 12 mm, “+7 MR B EA KT
12 mm, “+" AT R .

Note: “—" means that the diameter of the bacteriostatic circle is less than 6 mm, indicating that there is no bacteriostatic
effect, “+” means that the diameter of the bacteriostatic circle is more than 6 mm and less than 12 mm, “++” means that the

diameter of the bacteriostatic circle is more than 12 mm, and the more “+” means the stronger the bacteriostatic effect.
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B X HL-R1 AW 7T w1 Al HL-TL 2R 4 856 7 1 1Y
MIC ¥JiAE] T 62.5 g L', MR RE i A 2 i, 22
DUIALASORS A e ) 1 B9 MIC AR R 62.5 g+ L'
W, WU R R R A 92 2 R MU AT R — 45
24 HEYRNASENEABENESINEN
R AN AE AN R AR, EIECRIE 6 o siom i R W A 1SS BT 2 b
MR B B B AR 22 2 PG BORL, S S RSP, DLE AT M R

AN LA B 22 KA Rl SRS b, 4 Fig. 6 The compound inhibitory effect of.th.e combi.nation ‘of
ALK 6. thlEl 6 I, Tk HL-R1 A1 HL-I1 ££A ?elzjrrllqtentaet:i)((;[rrlal:z(s)ths Z?fhe oarl?lfzizrasludcesiglin(;[:ﬂb?:etzet:vﬂ
[Fi) b ] 2252 38 1 B A A R R pathogen strains

H12E 5 AT, X AR ] I A9 IE A S g T

5 PR ZR 0 TR 22 A A AR RS2 e 5383 X0 U DA+ 9 B2 B AR MO JBE (C) >2F R IUROAR B2 (D) > 15 BT TR ¢ 19
WO EE (B) >4 BT A2 (A) 3 TEXT IR T T Y IEAS T2 v, 2% PR 2800 T 22 /4 J T 352 e 8 53 O UK
H: D>A>C>B, HlVA= 248 BUR A > 15 BT i P 2> 8 Bz Bz SR RO R BE S5 DU R A RO FE o 2 R I R 1
H A2 RIF A, ATRESE T 2 MR I R0 A ] A4 T ) Jo e AN [

x5 ERMEAEBASEYIRIVRIEREEY 2 HRRERIER

Tab. 5 Experimental results of orthogonal combinations of antagonistic fermentation bacteria and

plant extracts against the two pathogen strains

N o= I % /% Pathogen inhibition rate

Code HL-R1 HL-I1

1 58.19 53.11

2 43.26 44.72

3 26.16 40.65

4 40.00 32.65

5 38.14 41.13

6 59.19 42.84

7 36.74 36.87

8 47.09 41.49

9 55.93 51.02
U C>D>B>A D>A>C>B
e & A3B;C,D, AB;C,D,

25 A 22 B - I A A T B AR R B AR A R s FE BT AN IS IK-ATHIK-LL, 5 PUE8 A& B2 vk
1x10° CFU-mL™", ¥ B Bz $2 BOR MR BE 500 g- L', 5 4l AR Ao gk 71 v A= K R B FE A R - S5 BT B RS TK-
Al FEHUH R BEWRH R 1x10° CFU-mL™", 8% iz ¢ $EBOR M 500 gL',

3 i
TEABIGE R, 38 13 KRB I 8 . SR E DL SIE A2 Moy T2 e 55071k, S8R

Vi R A T I T O RSR S 96 3 WA Oy 2 AR T T RIS VT T8 (F. equiseti) FNAABHR T T (F. oxysporum).
HCH R IR T TR RS T AR A R AT AR T AR AR T T B X O SR ) SRAR R e, HOR T 2 5 2k
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T J T B A I E BT DA, T AR AN AR )V M X A B AR B T ORI ) B, T R O SR S
o DRIIL, AR T TR 2 28 oM 16 5 K I SRR I i o ) — b B 24 U B, O EL7E LAt B Rl b X 4
AT LAG RS | PO, AL TSR e T 08 20 SRR SR I TR b i bl XK e AR S e Y
BIEOR A, [ NSRS P TR T R E MVEA AT A i, BN, PRI, PENAE 2R
e,

I FE A 00 R R B R B 45 AT s R Aok — R AR H A A T B AR B T AT Iz A ],
SRS B ZEAEAT IR S —Fh s DL 260 1R R AR, LA B AAM RI T 1 o AN RRRF AR R B 1 XK
SOk 975 TR ELAT B S A B 8 1 P B 2 PR D, R 8 A5 ) o, e 3T e 2R D T L FH Sk By I FRBUIE
o R R R SR N W 2R AT TR B Y2, Rt A S R 4 . BB AE 22 B i T LA B R 7K
R T R R 7, S B B TR AT AR B TR MR AR TR Y, ) AN SRR T ) LA R SR AR TR 5 2 )
Y, B R R BRI RN A AR O A R TG PR, X 2 R T R A P B P AR A B T 22.35 mm B b
2228 RAFPVIRIY R IN, B AN [ A S B BT S A6 1 i 355 6 3R R SR B> S-SR > AT, RIS 3=
TN CO RIS K I B I B PR UG R R | IR . BD RS L ORI | TR A IR AR TN AE 6 AEAIR
Ji DA ELA B A RV, LI BB AL, AR 22 S — Rl DL ), TP TE R &bk I RS A
O B3

ZEA DL LU ) LA P B U FAS BUIE, B8 T IR E S MRACR, %8 T LM R E R
SO, AT T AN ) IEAC SE8G . 25 B, F5H0 R & IR S AP P BOR 1 52 6 E LA 0 AR I ) TR 1)
P22 A KA ) R i = 3R B 59.19%, XA A8k 1 Bl 1 A 22 A KA R e =y ik 8] 53.11%. ARSI 45 S,
FEUE T ORI 52 A (8, DT 28 21 S e (R 40 i R, (EL A A VR FH AL LA B 78 S B g FH vp
I BIFIA R B R E AR e PRI T B — R R

SE R
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Identification of Postharvest Pathogens of Pitaya and

Optimization of Their Control

GE Chunhui', YOU Wenjing', JIANG Zecheng', CHENG Ziyu', TANG Yue', SHAO Yuanzhi’
(1. College of Food Science and Engineering, Hainan University, Haikou, Hainan 570228, China;
2. College of Life and Pharmaceutical Sciences, Hainan University, Haikou, Hainan 570228, China)

Abstract: Postharvest pathogens were isolated from naturally diseased pitaya fruits in Haikou, Hainan, and the
plant extracts with antimicrobial activity against the pathogens were screened by antimicrobial zone method.
An orthogonal experiment was designed to test the effect of combination of the two existing antagonistic
bacteria in the laboratory and the plant extracts on inhibition of the isolates. The isolates were identified based
on their morphology and molecular biology. The isolates strains HL-R1 and HL-I1 were identified as Fusarium
equiseti and Fusarium oxysporum, respectively. The two pathogens were treated with combinations of the two
antagonistic bacteria and the plant extracts from banana peel, pomegranate peel, citrus peel, dragon peel,
wampee peel, ginger and garlic to observe the control effect of the combinations against the pathogens. The
combination of the extract of wampee peel or ginger and the antagonistic bacteria had better antimicrobial
activities among the combinations. The results showed that the minimum inhibitory concentrations (MICs) of
these two plant extracts, wampee peel and ginger, against the two pathogens were 62.50 g-L™', with the
diameter of pathogen inhibition zone being = 22.35 mm or higher. The orthogonal experiment showed that the
mycelial growth inhibition rate of F. equiseti and F. oxysporum treated with these two combinations were
59.19% and 53.11%, respectively.

Keywords: pitaya; pathogen; plant extract; antagonistic bacteria; antimicrobial activity
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