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Biological control of Penicillium rot of apple fruit
with antagonistic yeasts
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Table 1. Screening of antagonistic yeasts

% infection

a)

Yeasts 3 5 70
-1 6 20 80
Y=l 0 20 67
Y-13 0 53 80
Y-14 0 20 80
Y-17 0 87 100
Y-18 0 100 100
Y-23 0 73 100

Dh1569 0 47 87

Dh1570 0 100 100

Dh2577 0 67 100

Control 0 100 100

Note: Concentration of yeast is 10® cells/m and P.
expansum is 10° pores/mt.
¥ Yeasts were cultured in NYDB medium for 48h.
® Days after inoculation
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Table 2. Effect of antagonistic yeasts on
concentration of Penicillium expansum

% infection

Yeasts” — w0t ¢ 10°
Y- 1 0 0 4 63
Y-11 0 0 0 29
Y-13 0 17 25 67
Y-14 25 42 4 71
Dh1569 0 4 8 %

Control 75 9% 96 100

Note: Concentration of yeasts was 10° cells/me.
4 percent infection was estimated 7 days after
inoculation.
® Yeasts were cultured in NYDB medium for 48h.
° Concentration of P. expansum(No. of conidia/mé)

N

o w S
R

% Infection
sivas
883°

10° )
10¢ Concentration
of P. expansum
(conidia/mi

16y
Concentration of
C. mucerans (cfu/al)

% Infection

¢ Concentration
of P. expansum
(conidia/ml)

Concentration of 10
T. pullulans(cfu/al)

1? Concentration
of P. expansumn

idia/al)
D. hansenii 1569 jGenigintm
(cfu/ml)

Fig. 1. Relationship between Penicillium expansum
conidia concentrations and the development
of blue mold on apple fruit treated with
Cryptococcus macerans, Trichosporon
pullulans and Debaryomyces hansenii 1569.
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Table 3. Identification of the antagonistic yeasts isolated from apple fruit

Test

Y-1 c.m? Y-11 Tp

Galactose
Lactose
Sucrose
Maltose
Cellobiose
a-methy-D-glucoside
Xylose
Arabinose
Trehalose
Melezitose
Raffinose
N-acetyl-D-glucosamine
Xylitol
Dulcitol
Adonitol
Palatinose
Glycerol
Sorbitol
Erythritol
Melibiose
Cycloheximide
Glucose
Inositol
Nitrate
2-keto-D-gluconate
Urea
48 hour incubation mark
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® Characteristics of Cryptococcus macerans and Trichosporon
pullulans by Barnett et al’

5C R 10THA A%89 & 24$E D. hansenii 1569 7}
Abatel FEFFolH iy Zzk 100% 2 85.7%9)
A7FE Yehlel C macerans Y T, pullulans Btk 94
& AT S 1o 28y 15-30Co ARPe 7
Foll= T. pullulans 7} 85.3-97.6%¢°) o]2= WA7t2

Ehfio] 713 wdolA a3st ¢ 2 FEUdA 9
2k B2 WANE BY  C macerans Y T, pullulans
9 B4 5-10TS ALHGE 0T o4y oA =2
BAZE Jebl o D. hansenii 1569 ¢ 7<% 30T x
3 5T AA &L HA7E Yedn 20T o)A
BAZE MY e Aoz Ytk 4).
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Table 4. Control effect of antagonistic yeasts for the blue mold rot of apple fruits under different
temperature conditions

Cryptococcus macerans  Trichosporon pullulans Debaryomyces hansenii 156 Control

Tem;ﬂx\erature % Controf” % Control % Control %
(€ infection ~ value(%) infection  value(%) infection value(%) infection
5 9.5 82.7 9.5 82.7 0.0 100.0 54.8
10 16.7 83.3 28.6 714 14.3 85.7 100.0
15 19.0 80.5 14.3 85.3 16.7 82.9 97.6
20 16.7 83.3 14.3 85.7 47.6 52.4 100.0
25 1.9 88.1 11.6 88.4 19.0 81.0 100.0
30 4.8 95.2 2.4 97.6 9.5 90.5 100.0

Note: Percent infection was estimated 7 days after treatment at 5 and 10°C incubation and 15 days at 15, 20, 25 and
30 C after treatment, respectivelly.
Percent infection of treatment
2 Control value(%)=(1- )x100
Percent infection of control

Table 5. Control effect of antagonistic yeasts under different humidity conditions

65% relative humidity 95% relative humidity
Treatment LSl Control” R Control value
% infection  diameter value % infection  diameter
(%)
(mm) (%) (mm)
C. macerans 44 4 4.2 61.1 38.9 3.7 71.2
T. pullulans 27.8 2.3 83.3 16.7 1.2 92.6
D. hansenii1569 38.9 4.7 77.8 22.2 1.9 88.3
Control 100.0 14.2 - 100.0 16.2 -
Lesion diameter in the treatment
2 Control value(%)=(1- )x100

Lesion diameter in the control

o¢ Wl gl 2garne w5 o]t A7le Zhet.
AL o] i ZaRY Heukgd Zol7t e AL Agne #52 2484 & 249 66%° ds
2 Az eu7 524E HYFY AK2RAR 4353 o Aba AR g 95% 9] FEAE A THAA Ak
AR gk oAt 2 AgERY ARl AT 239 5] 2 AA% A3 C macerans, T. pullulans % D. hansenii
22 A% 257t FopA s WATH: GolAA 42 1569 5 Al #% 2% 5% Al eatel A 772% H-H

oz A" w3 HEANE C macerans Y T 926%0l 0|2 2 WS ek 12y 65%9) ¥
pullulans #F9 A% HAZPE 25 goHEd R 45 2AAE 1 Bohe 23 ¥E 61.1% TE 83.3%
P. expansum ©} Z#%ﬂ’ﬁ *gvrﬂ%?_m Hgltola ui) 9] ¥ 72 YERITHE 5).
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Fig. 2. Control effect of Cryptococcus macerans for
Penicillium expansum using spray application.
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Fig. 3. Growth of the antagonistic yeasts on
wounded and non-wounded apple peel
tissue.
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Table 6. Effect of temperature on the growth of antagonistic yeasts

Tomparatire €53 C. macerans T. pullulans D. hansenii 1569
Plate Broth Plate Broth Plate Broth
5 - 1.1x10™ - 2.5x10° - 1.3x10’
10 + 2.6x10’ - 8.9x10° + 2.8x10
15 ++ 2.4x10 pi 6.5x10° ++ 4.0x10’
20 ++ 4.4x10’ ++ 1.4x10’ ++ 8.8x10’
25 - 7.6x10’ ++ 5.4x10’ + ok 1.2x10°
30 ++ 9.2x10’ ++ 5.7x10 ++ 1.5x10°
35 + 1.1x107 + 5.2x10° - 2.9x10°
2 . No growth; =, weak ; +, moderate; ++, vigorous
® No. of cells/ml after culturing in NYDB media for 48 hours
o] fmz A BoolA e 2gFe FAL YA F
28 29l0] ¥ 7oz AlgHL
L. Zetame| o § pHE M
Agane Lo B AYAES AR AFE
% 6% 2tk
5C 2 10Ce|ME C macerans Y D. hansenii 1569
Wah T, pullulans ¢ A7) B33 20-30T Aol A R S
A 73 25 A% $5atgth 129 35T AME Al 1 -
#7 B% AgEo] "olAx, 1 olge LEdA FAH R
o AES W D, hansenii 1569 79 40| 714 43 3.
gou o2 C macerans, T. pullulans & EH A i3
Agans pH Wael U AAAEE ¢ 2% 1 3= ¥y
2 4o|Mst 2ol C macerans, T. pullulans R D. o « s s $ 9 10
hansenii 1569 5.5 44 2204 A%l ¥R, pH7t -
wol 422 Ao] AZEYT C maceranse pH 6914, i
T. pullulans pH 5914 12)3 D. hansenii 1569 = pH 6 I
o4 Hxe) 4FE ek 5 Bl
- 10
4 > 6 8 9 10

4. YeETo| YN 7|H

7 SHEE MM o
1gawe] wolAl 7| ge] FAEAY ik 4@ A
= o] Slatd ANE NF Ade oE B 7

i)

o
N

AAE

2o

Fig. 4. Effect of pH on the growth of

antagonistic yeasts. The number of cells
was estimated after culturing in NYDB
media.
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Table 7. Inhibition of Penicillium expansum decay of apple fruit by the antagonistic yeasts as
affected by various treatment of the antagonist cells

Cryptococcus macerans — Trichosporon pullulans — Debaryomyces hansenii 15

St % Contro? % Control % Control
infection  value(%) infection  value(%) infection value(%)
Yeast, living cell 5.2b" 94.8 00b 100.0 16.7b 83.3
Yeast, autoclaved 100.0a 0.0 100.0 a 0.0 100.0a 0.0
Yeast, culture filtrate 100.0a 0.0 100.0 a 0.0 100.0a 0.0
Water control 100.0a - 100.0 a = 100.0a =
Lesion diameter in the treatment

? Control value(%)=( 1- )x100

Lesion diameter in the control

® Data in each column with different letters are significantly different (P<0.05) according to Duncan’s multiple range
test.

Table 8. Mycelial growth of Penicillium expansum in a synthetic medium

Treatment Dry weight of mycelium (mg)
Contro” 40.0c®
Cultured with Cryptococcus macerans 23.3 ef
Cultured with Trichosporon pullulans 22.3 1
Cultured with Debaryomyces hansenii 1569 26.3 ¢
Enriched + Y-17 69.3 a
Enriched + Y-11 547 b
Enriched + Dh1569 56.0 b
Cell-free filtrate from Y-1¢ 704
Cell-free filtrate from Y-11 6.04g
Cell-free filtrate from Dh1569 5749
Replenished cell-free filtrate from Y-1? 37.7¢
Replenished cell-free filtrate from Y-11 32.7 d
Replenished cell-free filtrate from Dh1569 36.3 cd

? Only Penicillium cultured
® The synthetic medium was enriched with yeast extract and nutrient broth at their ~ original concentrations.
° Yeast was cultured on a synthetic medium for 48h prior to use of the cell-free filtrate.
% The used medium was replenished with the original ingredients.
® Data in each column with different letters are significantly
different (P<0.05) according to Duncan’s multiple range test.
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