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LR ZIE - Hoh Penicillium digitatum » 5 HEZfHRESK R R o RANTRAS - ZECVRE
PSR R HFR ORI B - BERG & SR A 1R S SR R Bl A ek i J7 SR AT AE I FEE
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SHEOREIIIE IS4 dm e P A R S EAR IE TR ¥} Penicillium spp. T GRIREER] - ZACH
FFEgefat 0 P expansum B P, digitatum £ B fiE 25 H (B-tubulin) B[R] A28 » i [ 5 L ET 48
FEA TN  MEEEITARERT & © Lee S A QOIS - MR SHHE AR 2 IR E P
digitatum {F-FEHAE R [ B — & ER R T » DHIREEE BA TR o TR E AT
SETSR T R T RIERHIE SRR — » SMERE RN E IS ST AR R ES  TNARI R A A
BRIAAEAE » i A\ B R ST R A5 sF RTE R — > AR R4S R R R E A B BRI e R
BEF 2 BEMEEMEREY > SIEZSREMECREDYEEERIGHE T TERRRRE SRR
JEREEE T -

Ry M B RS R R B SRR B B T R IR DLRSHNIIY) ~ BUFE /A E224 (generally
recognized as safe, GRASYYV'E ~ I ~ TEVIZHW) K26 T E » 5200908 A IR B BT A A T
Rz R > DAF G4 - Bkl $l(sodium carbonate) B 4 #(sodium bicarbonate) By & iR IIY) »
BRI B M FE R S G 4500 8% - A RCAKE TR 1L 3% 2~ (B8 - Palou 55 A (2002)
T HFHS DA2-3 %6l i SR El Al S Sh /K= 60-150 sec » ELETEHT Penicillium spp. YRR » HLA
Vi FRA0-45 C 1 Bk I 89 5B s S8 /K08 35 SR B By BB @) 1L BL % (sorbic acid) ~ PN 1% 8 (sodium
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FEGWEC. saitoanall)4-F > H R EHEHEFEL S BB » ST GHA RIS MR B 2

TR Em PR E LM RESR T B R AL BRSSP RE &
AT B B ASSREUR R 2 R A - T ARRIE L pH (E HA R 2% » DUF Rig BB FR 4E
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R DAFIARAK T EU R L2 R 2 - Wiah ARG ER IR T —38 -
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Tt SR i Bk BB AT R 73 B2 B PRPelO1 ~ ARt AT o3 Bl B RRPetO 1 KR T /32
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SRTE BB WE N 24°C 2R AR DL R 3 RUME R EANEECHEEE A -
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FaH 4 B

()R B dnl 3 I C AR S (PS) 2 FH L 59 (SB) AR UM B 2 A RANATHIES - ket
Tk Pao2-3 S Y PDA SPARREA: » 24 CERAERFMAEN » FIDEEE 7T X% - DE
&5 mm ZF[FLEs N BV BG V) T EGEE > SRl ER &1, 000 %812, 000 e Lil &
mnlEHEIZ PDA PSSR b X DB R A AR HE B RS R i 25 2 25% 58
B4 74K (Iminoctadine triacetate, IMT, {& S BB (0 A IR 5) B 41.8%J5 42 /KE A
(Thiabendazole, TBZ, tHREREE) R HEER] > BE24C RN - FNIRDEHEE 7T X
& > DIl REEECH R EE A > st R E SR E RHAIH# (mycelial growth inhibition
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rate) APDASAAR ST E N Ry i84H » SRR P4 B G - BRI 4R 2E A2 (mycelial growth inhibition
rate ,%) = (¥ HG4H- FERHAH )/ HE4H x 100

7 - BEEARREE RS ER £ RIGIRIR
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Je TCYT0 Btk » BHIHIMMSSRBURE 2 AR E RANHISOR o KRR AR R E R R 24 C 2l
ERAEN » FEOEERE 5 Ri% - DAKE R S BRI 2 B 7K FC B4 R B B RERRO R A
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BB E 2 ST IRBLE—(E2%€ 3 mm 251> 735104 0.5% SBC ~ 0.1%5% T 2 £z 1,000 (EF7fE 2 PS
REGOEREAR R 5-10 sec MARIEEY) IReEE R RS HEBE AT SRR MR ED A 2 IMT B
TBZ Ry ZHER » (R ZSHERS [ A 2 B B0 1 Ry 2,000 fEFREEL 500 (EFAFE - ElHzZ1% - 1
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B ER 7 Kig » BIEHBRIBY - SR 3 5H5E - GEET - H720.5%% T B L8
R - Rt AEEE R LL 0.1 %58 T X HEE T -
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mm {50 53 REZE Y466 Y508~ Y553 Y588 ~ Y622 Hifk 2 2x10° spores/mL 27 S ¥ » JEEZ 1% »
FASLEFS 1 EFERE 5 pl 2x10° spores/mL Pao2-3 Pk {0 - REREUE R 20L 2 (REEEN -
BT EM(20-25C) 7 Kz » BIZZHAHRIBIL - M 3 E5E > GE®ETH -

N\~ #REH AR
KHFERTS B h#dR LIPASW Statistics 4551 #RAS#EFT 4747 > LA LSD(Fisher Least Significant
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Eil Pao2-3 EEFY20°C 4 R R 43 Hl By 3.66 mm/day B 3.85 mm/day» i 24°C 2 AR HER .
435 By 3.62 mm/day Bl 3.74 mm/day ; PetO1 E#EA24CARRE R - & 3.73 mm/day » [ 20°C
ARMERZ » By 3.60 mm/day » (HEEAEPETY 4'CAREE TR 0.06-015 mm/day » 7> 32°CAR AL F ([
g) °

—a—Pel01
—&o—Pet01
4 r —4&—Pao2-3

Mycelial growth (mm/ day)
w

0 1 1 1 1 1 1
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Temperature (C)

[ — ~ FHAELKEURE PelOl ~ PetOl Jz Pao2-3 fRNC 4-32°C Z &R -
Fig 1. Mycelial growth of P. digitatum isolate Pel01, Pet01 and Pao2-3 at 4-32°C. Bars represents means
of 4 replications = S.E. (n=4).

< B ERE TR pH £ R A
R IR AR U Pel01-Pet0] J2 Pao2-3 EiMkHs £ R[5 pH {6 T » (3415 pH4-pH10
ik A4  Pel0] BB Pao2-3 EHRHS pHA =2 2 BB » 571 K 3.35 mmy/day B 2.86 mm/

day - ifif PetO1 ERERAIT pHO > 4 R HE R > £ 3.31 mm/day - =EFEF pH10 2 4 R HE RS -
FFA 1.24-1.31 movday(fE ) -
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& ~ Pel01 ~ Pet01 2 Pao2-3 BFKFAN[E] pH FE AL 2 B8 AL RIAE -
Fig 2. Mycelial growth of isolate Pel01, PetO1 and Pao2-3 cultured on PDA medium in different pH

value. Bars represents means of 4 replications + S.E.(n=4).
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H# Pao2-3 BRI EN & 0.1%8 0.5% 2 % Tl « SBC » PHC Jz SC B35 » DL 0.5%56 T 7%
i ~ SBC Jz SC Z HIIHIURELAE » HIIHIZSEE 100% 5 HAURy 0.5%PHC » &R A RANHIZ2E 77.24%
| 55 0.1%PHC HE4E EIIEIRR - (8 29.28% (=) - I Pao2-3 HEH & 1,000 58T 2,000
(S FRTERY PS B SB BEEREI » 1L 1,000 [HAREAT PS 454 EHIRISR S » T4 100% ; 71 2,000
(AR SB B4 BAIHISRIRAT - 5 47.18% - 3B A 2 B985/ IMT S8 TBZ » 455557 2,000
[ESIRRS IMIT 347 Pao2-3 BB 100%0045 4= FATIHIS - 717 1,000 587 2,000 5H5HEH TBZ (i
4983 00% A 4 2 EATB IR (RID) -
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100 r

Mycelial growth inhibition (%)

Materials

B = ~ FEDREHYAE T3 (Chitosan) ~ BREZEHI(SBC) ~ Bk G FH(PHC) Kbk #H(SC) L Pao2-3
Bk < EAR AR RAHNHIROR -

Fig 3. Effect of different concentration of chitosan, sodium bicarbonate(SBC), potassium hydrogen
carbonate(PHC) and sodium carbonate(SC) on inhibiting mycelial growth of isolate Pao2-3. Bars
with different letters indicate significant difference by LSD at P<0.05.
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Chemicals
VU ~ REIFFREEE BT R 3A(SB) ~ Cf&RE#(PS) ~ [H4E(TBZ) K re BV (IMT) B RS Sk U &
Pao2-3 Pk 2 B4RA RANHIR -
Fig 4. Effect of different dilution of food preservative sodium benzoate(SB), potassium sorbate(PS)and
fungicide Thiabendazole(TBZ), Iminoctadine triacetatee(IMT)on inhibiting mycelial growth of
isolate Pao2-3. Bars with different letters indicate significant difference by LSD at P <0.05.
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- BSRMARSEHHERERERERIIFIHER

SR E HFEIEREE 9 PR R SH RN PR RS SR U Pao2-3 HIPRZ Z%EP?EH%JXQS'E
iGN E SRR T as 9T9EP§‘%!E /I RERAER AL b 755 3 REASS 7 KEM Pao2-3 &
SERUIN EERBURE T 6 PRI E B R E AR Pao2-3 Btk 2 ESR A RINBISCR i > & Al
100% » 57715 Y466 ~ Y508 ~ Y553 ~ Y588 ~ Y589 ~ Y622 Btk ; 55 TCY70 HEHRNEE 3 K E44AE
RANHHR Ky 68.87% » 55 7 RESGAERANGIRANET] 73.37% > LEERFE/ AL ¥ Pao2-3 Bk Z B
A RAIGISCR AR ETHEE(E 1) -
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& & F S 4%@0 <&@
Isolates
B ~ SRR Pao2-3 BEIMIFEN &5 2x10” CFU/mL B REE/MHRE NI 2 B > M3 K
(A)ELZE 7 R(B)BERF /SRS REE B Pao2-3 Ttk < B4R AR RANHIZ -
Fig 5. Mycelial growth inhibition rate of P. digitatum isolate Pao2-3 cultured on the medium containing
2x10” CFU/mL yeasts or yeast-like antagonists after (A)3 days and (B)7 days. Bars with different
letters indicate significant difference by LSD at P <0.05.
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A~ FRFERERAB MR _EHHREmREAaTER

Rl R - B RS SRR B B SR B R AR 2 TR EET /6 & 0.5% SBC ~ 0.5%28 T 2%
& ~ 1,000 (EFREAY PS - FONEHH R E_EHEFT SRR Z AR MG - R 0.5% 2% T BRI PR IR
BUSBHYRI NEEEL 0.1%28 T R EEE 75 125 485 TBZ Raniistiz L 1,000 EFHFEE 83.00%
E&RHIHRR - RRE EslBRANRIEY) R A A MR S BOE (T - S5REUR > B 2,000 {57
FEAY IMT PRI (£ 14.29%  HIERER R ARE  MIEREVNEEM LL0.1%5% T R R -
HERIRAII AR R A 47.62%  Sopa i 1,000 {EFHTFRAYT PS B Fy 57.14% 0.5%HY SBC
PiG2 Ry 80.95% - P 500 {5#%kE TBZ ZAAH - HRRAR Ry 71.43% - L =THpR B o3 A7 L0 i
EAE(EN)
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Treatment
N~ BT R EEN A EM TR EEE A R B AU B G UR - L S #h(SBC) ~ % T 2 (Chitosan) »
O IHEEST(PS) ~ JEAE(TBZ) K SCHF(MT) ©
Fig 6. Effect of non-chemical materials on controlling green mold of citrus. sodium bicarbonate(SBC),

potassium sorbate(PS), Thiabendazole(TBZ)and Iminoctadine triacetate(IMT). Bars with different
letters indicate significant difference by LSD at P <0.05.

N BEEARRSE R R ERZBhaER

et e Sk B B B 4 2R R B HIIRISCR Z B D I R B - PR R4
AHETTR ARG - SERBURE R/ SRR E PRI TCY 70 B Y466 BEAEUHEAFTIGE - fits
SRR 2 R M8 57.14% - 53 Y553 BLY622 (AR » R 80.95%E81 85.71% » i Y588 HIl
FEAVESF(E L) -
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Fig 7. Effect of yeasts or yeast-like antagonists on controlling green mold of citrus. Bars with different
letters indicate significant difference by LSD at P <0.05.

SHE

ARG R IR 5 2 S BB B BRI pHL (8 DA B R
SREE TS 2 (k18 - Penicilium spp. BS4ERALIB0 VEVE RAVE L BEK - 85 -
SRR pH ST AUSHIFEISH, P, digitanam B8 P. inalicum SGB/EFORIER 25C > ELEHE
A0S T B RAL RIEM: 2400 3TCHIBST TAOALRC ", AT IEE - KEEET
NIRRT e P. digitanum HT2: 2 SARETRATR 428C » 7 2CAREAL R - MGFRRER
A BLISEREBA A B R « TPRBEAIDH (M) s RERY 2 % - Prusky S A 004t » Pentcillium
spp- BRI 43 AR AR L2 AR LU - SEAEEISA R P, digitatum SUP. iralicum EH11F5
SRR I » 5 RS (L i B 5 e TR 3 PRt B 5 A
PHA-6 2 HEEHE 1A RSN » 3P, digitarum (EREIEAPRBE FRCEUELE o AACTHE 58 T
ARSI ] pH FESE ATV » TEFERS pHUEAIECE » (B R EB PR RS 50T
I -

BB E AR BB LU B R AR S el 2 BB A B
PRAEI AT L EVAHE 2 SRS » Pencillium spp BHESAETIEEEHARMES™ » 535N H B
SRR AH T — USSR S BT Rk - SR S A
ST - AT BRSO B B RISCRATIFIBE A4 - DL O.SYRTRER LT
BB BB EL RS ORISR, » VERHS B LAV BOR R » 0.5 VAR A
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A B HIERR © iR N ELhRN: S EE B r NI L&Y TR MR AT RS B4
% FEERAMREIRUREE - HAEAFEMENI A - IR ER 278 A DAL S Sh4s
BRSNS - DU IR AT SR 20 S & a B LA 1,000 (SRR C g
PRHTHIHISERUR B BE 4 RBOR A S SR E P a4 Bomstiat A EFIRE AR
O A S BRI TB I R - HSHR MR I e R S AT ~ S KRB ™ > A
BT - R BAREMENIDEROR - thZ M - i RATERE S 2-3%C %L
REDREKZS R » B SR EIRI AR — » LA C G /KOS R AR S i B 20 /K%
2SR  REgeh 4 T B EEA R E SRR MR B 2 IR R B - ELRE R 1
MRS SREUR R 2 P e iR i SN BT —IREESY BT - %% T B A &M (edible coating) -
EAFTI & BB D7 8 R R [E] - B ABHZERE - TEATAS R HMEOR AR - AT R R 1%
Penicillium spp. AT R - BAEE REE(L R DRE L E R - Mis T BB SR
RET T HYIEE & B4R m AT Y &5 SRS 55— TR HI EF ST LR
B A AR A 0 o AR RS JEREEEI A A 4 T B S TR S
G2 I ERER BAT - B9 e BVF Z I ARCRIBA -

FHOAS 6080 2 4= P 0 36 DA B BLAN B i B & WL > BB} LA Pichia membranefaciens''” i
Metschnikowia fructicolaV% » S8R} L) Aureobasidium pullulans " 4REGEI| DL Pseudomonas syringae
82 Bacillus amyloliquefaciens "% - AT 5e (I R BTSSR S BTN RS A BUR B 24 RAOERIE £
Bt 6 PR R A R A A REZANHIRNCR - AMERMTIRE Fi%rEom < Fraatlad - L Y466 B
TCY70 Bk PRI - Wi B B B REE Aureobasidium sp. - CUAWZEHE AR A 504
AR SR BEFIEI > P. expansum ™™D » SR JERERFE 2 19407 Botector » 11 HES ~ %4
K BAIRBIR AT G - PGSR - EMERSE N2 Bl - BErRRREZa
TR 5L 2-3 T AR B A E T R B P AREAY » W5 s RLLARREE ERAS S TE DT
» 41 P. syringae ~ C. oleophila ~ B. subtilis %% » JTHAFE A E AP LEREA Sy TAE Y1) > SR B H
FEAPURIIE » LIEFIARERS 2T A FEf S SRR B HE C. oleophila B1 M.
fructicola & T 75 58 27 F B S IE 2 R

B YRS R E N EEM - F R B — AR E R REE P A R RK
W A & B A DA G HA I E R EED A S BT e MR > DR A R (R i 2 4 i e
PrvaRs «

PN

. fTERREZES BEYTTER <https:/agrstat.coa.gov.tw/sdweb/public/book/Book.aspx> °
2 TEIEEZEY BEEEYHEYHEA EYREENAS
<https://otserv2.tactri.gov.tw/PPM/> o
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Analysis of the Characteristics of Penicillium
digitatum and Evaluation the Efficacy of
Non-pesticide Materials and Yeasts on
Controlling Green Mold of Citrus'

Pei-Hsin Lo, Chao- Jen Wang, Yi-Tso Lai and Meng-Sung Chen’
ABSTRACT

Green mold caused by Penicillium digitatum ((Pers.) Sacc.) is one of the most important postharvest
disease of Citrus in Taiwan. The main approach to control the green mold is treating the chemical
fungicides before storage. However, fungicide resistance of P. digitatum and fungicide residue of Citrus
for export are problems for Citrus storage. Thus, non-chemical treatment to control green mold is
necessary. This study is aim to analyze the characteristics of P. digitatum, and screen non-chemical
materials and yeasts for controlling the green mold. The mycelial growth of P. digitatum is faster at 24°C,
but can’t grow at 32°C. Also, it grew faster when cultured on pH4-6 medium. Moreover, to screen
non-chemical materials and yeasts for inhibiting the mycelial growth of P. digitatum in vitro, 0.5%
chitosan, 0.5% sodium bicarbonate, potassium sorbate in 1,000x dilution, and 6 isolates of yeasts or
yeast-like antagonists can 100% inhibit the mycelial growth of P. digitatum. On controlling test of green
mold of citrus in vivo, the treatment of 0.1% chitosan showed 47.62% disease incidence, is the most
effective non-chemical material. And, the treatment of yeast-like antagonists isolate Y466 and TCY70
showed 57.14% disease incidence, it showed the ability on controlling the green mold. Therefore,
integrate multiple antagonists or different non-chemical materials can be a new strategy for enhancing the

efficiency on controlling the green mold of citrus after harvest.

Key words: green mold, non-pesticide materials, chitosan, yeast/yeast-like antagonist
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