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ABSTRACT

Ninety nine yeast isolates were isolated
from surface of apple, grape, orange and to-
mato fruits. The isolates were tested in vivo in
preliminary - study for biocontrol potential
against green mould of navel orange fruit.
According to primary screening, twenty two
isolates were selected to continue the sec-
ondary screening (phase one) using different
concentrations of the washed yeast cells in
water suspension to evaluate their biocontrol
efficacy at 21£1°C. Among twelve yeast iso-
lates were passed to the secondary screening
(phase two) at 7£1°C, washed cells of yeast
isolates CT 503, CT 507, CT 508, CT 512 and
CT 550 at 1x10°, 2x10° and 1x10° CFU/m!
produced complete protection for 21 days to
- wounded navel orange- fruits inoculated with
spore suspension of Penicillium degitatum
(1x10* conidia /ml). Meantime, no lesions
developed on the navel orange fruits treated
with the yeast isolates CT 503, CT 507 (De-
baryomyces hansenii var. hansenii strain C;
and CT 512 (Endomycopsella vivi) at 6.6x10
CFU/mI, while the percentage of rot reduction
of the isolate CT 550 (Candida edax) was
99.81%. Culture filtrate of twenty two different
yeast isolates used in secondary screening
(phase one) did not prevent decay of
wounded navel orange fruits but had an inhi-
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bitory effect on rot development. The relative
abilities of the promising yeast isolates (CT
503, CT 507, CT 512 and CT 550) to induce
disease resistance against P. digitatum on
navel orange fruits were studied. Inoculation
of promising yeast isolates significantly trig-
gered induction of resistance in nawxel orange
fruits. The lesion diameters of green mould 66
hours later after inoculation by spore suspen-
sion of P. digitatum in a neighbouring wound
that was made approximately 6 mm away
from the initial wound which inoculated with
the isolates CT 512, CT 550, CT 507 and CT
503 were reduced by 25.5%, 20.5%, 16.7%
and 14.1%, respectively. In this respect, there
were no significant differences among the
three different isolates CT 503, CT 507 and
CT 550.

INTRODUCTION

Citrus is the World’s premiere fruit crop, grown
commercially in more than 135 countries on six
continents (Naqvi, 2004). Citrus fruit is enjoyed
around the world for its taste, nutritional value and
relatively cheap price. Egypt is among the first ten
countries in terms of navel orange (Citrus sinensis
L.) production with 4.1% of total orange production
in the world (FAOSTAT, 2012). Meanwhile, navel
orange is the main fresh fruit exported by the
Egyptian horticultural industry. In 2011 record ex-
port volumes of 1,042,291 tonnes were achieved
with gross value of 538.156 million US$ (FAOS-
TAT, 2012). Export involves a need for extended
storage during transport from Egypt to these im-
portirig countries. Therefore, effective control of
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postharvest diseases is especially important for
Egypt to compete in the citrus world export mar-
kets. Among postharvest losses, those of patho-
logical origin are typically of considerable econom-
ical importance. Green mould, caused by Penicil-
lium digitatum (Pers.: Fr.) Sacc. is the most eco-
nomically important postharvest diseases of citrus
in all production areas that are characterized by a
Mediterranean-type climate with low summer rain-
fall (Eckert and Eaks, 1989). Actual losses due to
green mould are variable and depend upon climate
and orchard factors, citrus cultivar, the extent of
physical injury to the fruit during harvest and sub-
sequent handling, the effectiveness of antifungal
treatments, and the postharvest environment (Smi-
lanick et al 2006). Green mould can be responsi-
ble for up to 90% of production losses during post-
harvest handling (Macarisin et al 2007). Pelser
(1977) showed that Penicillium moulds accounted
for about 75% of total decay present in South Afri-
can ‘Valencia’ oranges shipped to London. Typical-
ly, the disease has been controlled worldwide for
many years solely by the application of fungicides.
Synthetic fungicides such as imazalil, thiabenda-
zole and sodium o-phenylphenol (SOPP) are tradi-
tionally used (more than 30 years) to control green
mould, and have played an important role for the
management of P. digitatum of citrus fruit (Ismail
and Zhang, 2004; Smifanick et al 2006; and La-
daniya, 2008). Continuous and sometimes incor-
rect use of imazalil in citrus packing houses has
led to the proliferation worldwide of resistant
strains of P. digitatum (Holmes and Eckert, 1999;
Kinay et al 2007; and Pérez et al 2011), resis-
tance is also a major problem related to thiaben-
dazole use for many years (Schmidt et al 2006;
Sanchez-Torres and Tuset, 2011), the lack of
continued approve of some effective fungicides
(Jamalizadeh et al 2008); also a growing concern
is increased for human safety and public percep-
tion that pesticides are harmful to human health
and the environment (Gullino & Kuijpers, 1994;
Ragsdale & Sisler, 1994; Mari et al 2007; and
Abano & Sam-Amoah, 2012), all these factors
together have prompted researchers to search for
alternative disease control methods. Biological
control is one of the alternatives, either alone or as
a part of an integrated control strategy (Wisniews-
ki and Wilson, 1992). The evaluation of epiphytic
yeasts that naturally occurring on fruit surfaces as
potential antagonists against postharvest fungal
pathogens of many commodities have been re-
ported (Chalutz and Wilson, 1990; Chand-Goyal
and Spotts, 1997; Lima et al 1998; Ippolito et al

2000; Shehata et al 2006; Abraham et al 2010;
Janisiewicz et al 2010; Oro et al 2014 and She-
hata, 2014). Antagonistic yeasts grow rapidly, co-
lonize fruit surfaces and limit nutrient availability to
pathogens that would cause damage to fruits and
vegetables (Richard and Prusky, 2002). These
advantages should aid registration of antagonistic
yeasts. Debaryomyces hansenii has been reported
to control green and blue mold of citrus fruits
(Singh, 2002; and Chalutz & Wilson, 1990). The
yeasts Pichia anomala and Pichia guilliermondii
{(Wilson & Chalutz, 1989; Lahlali et al 2004; and
2011); Kluyveromyces marxianus (Geng et al
2011), Metschnikowia andauensis (Manso and
Nunes, 2011) Saccharomyces cerevisiae and
Wickerhamomyces anomalus (Platania et al
2012); Pichia membranefaciens (Luo et al 2013);
Rhodosporidium paludigenum (Lu et al 2013) are
commonly tested for controlling postharvest green
mold of citrus fruits. Some antagonistic yeasts
such as Candida oleophila, Cryptococcus albidus,
Metschnikowia fructicola and Candida_sake are
available on the market {Janisiewicz and Kors-
ten, 2002; Fravel, 2005 and Lahlali et al 2011).
The present study aimed to isolate natural epiphyt-
ic yeasts from surface of different fruits, investigate
their biocontrol activity against green mould of na-
vel orange fruit as well as identification of the most
promising yeast isolates and test their induction of
resistance against P. digifatum in citrus fruit.

MATERIALS AND METHODS
Plant material

Navel orange fruits (Citrus sinensis L.) were
harvested at typical commercial maturity from orc-
hards in Qalyubia Governorate. Fruits were uni-
form in shape, size and free from obvious mechan-
ical damage or pathological symptoms. Fruits were
used in the same day of harvest, or held at 21°C,
and about 90% relative humidity for no longer than
2 days before use.

Pathogen

The fungus Penicillium digitatum (Pers.. Fr.)
Sacc. was isolated from infected orange fruits dur-
ing its marketing, confirmed its pathogenicity and
identified on the basis of cultural and microscopic
morphological characters according to Pitt (2000).
The ‘fungus was maintained on potato dextrose
agar (PDA) slants and stored under a phosphate
buffer (pH 6.5) at 4+ 0.5 °C until needed (Boes-
winkel, 1976).
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Preparation of inoculum (spore suspension)

The fungal isolate of P. digitatum was grown on
PDA plates, at 21£1°C for 10 days. Conidia were
harvested by flooding a sporulating culture with 10
mi of sterile distilled water containing 0.03%
Tween-80 and dislodging conidia with a glass rod.
Conidial suspension was filtered through a double
layer of sterile cheesecloth and vortexed for 30
second to break spore chains into individual
spores, remove mycelial parts and assure uniform
mixing. Spore concentration was determined with a
hemacytometer slide and adjusted to the desired
concentration. Suspensions were used for inocula-
tion within 1 hour.

Isolation of biocontrol agents

Potential yeasts were isolated from fruits (ap-
ple, Orange, tomato fruits and grape berries) that
were not exposed to chemical sprays for several
weeks prior to picking from different geographical
locations in Egypt i.e. Giza, Cairo, Qalyubia,
Fayoum, Menoufia and Gharbia Governorates.
Isolates of yeasts present on the surface of the
fruits were obtained by submerging individual fruits
in-a 600 -1000 ml beaker containing sterile phos-
phate buffer (pH 6.5) and 0.03% Tween-80. Beak-
ers containing the fruits were covered with polye-
thylene sheets and rubber banded. Beakers were
then shaken on a rotary shaker at 120 rpm for 30
min. Serial 0.1 dilution’'s were plated on various
media, acidified nutrient yeast dextrose agar (NY-
DA) medium (per litre: nutrient broth 8 g, yeast
extract 5 g, dextrose 10 g and 20 g of agar), acidi-
fied malt yeast glucose peptone agar (MYGP) me-
dium (per litre: malt extract 3 g, yeast extract 3g,
peptone 5g, glucose 10 g, and 20g of agar) and pH
was adjusted with (N) HCI to-4.5 for griping the
growth of the other microorganisms. Plates were
incubated at 21+0.5°C for 48 hrs. After appearance
of colonies, isolates selected at random based on
the visual characteristics (colour and shape), in
addition to microscopic examination to distinguish
the yeasts from the bacteria. Then, purification of
isolated yeasts was made by triple re-streaking. If
all colonies on the plate at the final streaking ap-
peared uniform, they were assumed to be pure; if
not, they were streaked an additional three times.
Pure selected isolates were maintained on mait
extract agar (malt extract 20 g; peptone 3 g and 18
g of agar) slants and stored under a phosphate
buffer at 4+ 0.5°C for further use (Janisiewicz,
1987 and Janisiewicz, 1991).

Preparation of bioagents

The cultures of the yeasts were activated on
fresh slants for 24 hrs and transferred to 250 m!
Erlenmeyer flasks with 50 ml of nutrient yeast dex-
trose broth (NYDB) medium. The flasks were
placed on a rotary shaker at 120 rpm for 48 hrs at
22+2°C. A droplet, 30 ul, of liquid culture of the
yeast was used in primary screening. For second-
ary screening, the liquid cuiture medium was then
centrifuged at 10000 rpm under cooling 4°C for 10
min, cells were re-suspended in 30 ml sterile dis-
tilled water (SDW), and vortexed for 1 min, re-
centrifuged and re-suspended in 10 ml SDW. Seri-
al desired concentrations in secondary screening
were obtained by adjusting the suspension after
cell yeast concentration was determined with a
hemacytometer slide and confirmation were made
by plate dilution method on the basis of colony
forming unit (cfu/ml) (Janisiewicz, 1991).

Fruit inoculation

Navel orange fruits were washed with chlori-
nated water (250 ppm NaOCI), then air-dried. Two
wounds were done per fruit between the calyx and
stem end axis by the removal of a tissue block
measuring 4 mm wide and 2mm deep. A droplet,
30 pl, of liquid culture of the yeast isolate in prima-
ry screening or 30 pl of washed cells from each
tested concentration was applied into each wound
in secondary screening. Wounds were then inocu-
lated with 25 pl of the pathogen spore suspension
(1x104 or 1x 10° conidia/ml) of P. digitatum to each
wound within 60-90 minutes. Wounds treated with
sterile fresh NYDB for primary screening, or SDW,
for secondary screening and pathogen spore sus-
pensions were used as control “check” (Janisie-
wicz, 1991).

F;'uit incubation

Each treated fruit was put on glass dish (11 cm
in diameter) and placed in cylindrical plastic box
(16 cm in diameter by 12 cm in height) lined with
good moistened filter paper on the bottom, then
the boxes were covered and incubated for 5 days
at 21£1°C for primary screening and secondary
screening phase one or at 7+1°C for 21 days for
secondary screening phase two.
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Disease assessment

Fruits were evaluated for rot development after
incubation period. Mean of lesion diameter (mm)
was measured = A. Infected area (mm2) was cal-
culated as (AI2)2x 3.14.

Percentage of infected area as compared with
control (check) was calculated as infected area
(mmz) for treatment / infected area (mmz) for con-
trol (check) x 100.

Activity of yeast culture filtrates

Yeast cultures were centrifuged for separation
of yeast cells for secondary screening then the
supernatant was filtered through a 0.22 um pore
size nitrocellulose membrane. Wounded navel
orange fruits were prepared as described previous-
ly. Thirty yl of the supernatant was applied into
each wound. This was followed by applying 25 pl
of P. digitatum suspension (1x10° conidia/ml) with-
in 60-90 minutes. Wounds treated with sterile fresh
NYDB and pathogen spore suspension were used
as control (check). The fruits were incubated as
previously described for 5 days at 21+1°C. Lesion
diameter (mm) was measured. and infected area
(mmz) as well as percentage of infected area as
compared with control (check) was calculated as
mentioned before.

Identification of yeast isolates

The four promising yeast isolates were kindly
identified -at Unit of Microorganisms Identification
and Biological Control, Agricultural Research Cen-
ter, Giza using YT Biolog microplates of the Biolog
system (Biolog Inc., Hayward, CA) according to the
recommended procedure. The plates were inocu-
lated with the yeast suspensions-made from cul-
tures grown in NYDB medium, which were washed
twice in sterile distilled water before application to
the plates. The data from the YT plates was ana-
lyzed with the MLCLUST program (Biolog Inc.).

Induction of disease resistance against P. digi-
tatum by promising yeast isolates

Navel orange fruits were washed with chlori-
nated water (250 ppm NaOCI), then air-dried. Two
wounds were ‘done per fruit between the calyx and
stem end axis by the removal of a tissue block
measuring 5 mm wide and 2 mm deep. Each
wound was treated with 50 pl of sterile distilled
‘water as control or with 50 pi of 1X10° washed
cells of each of promising yeast isolates. After in-
cubation, in cylindrical plastic boxes as mentioned

before, at 23+1°C for 48 hrs, a neighbouring
wound (4x 4x 2 mm) was made approximately 6
mm away from the initial wound and inoculated
with 25 ul of a spore suspension of P. digitatum
(1><104 conidia/m!). The fruits were re-incubated, in
cylindrical plastic boxes to maintain high RH (more
than 90%) at 21 £1°C. The average lesion diame-
ters were determined 66 hrs after inoculation with
spore suspension of the pathogen.

Statistical analysis

Four replicates per treatment each of 3 fruits
were used in all experiments with exception of pri-
mary screening that three replicates per treatment
each of 2 fruits were used.

Data obtained were subjected to computer sta-
tistical software (ASSISTAT) originated by Silva &
Azevedo (2009). Data analyzed using analysis of
variance (ANOVA), and mean values were com-
pared using Duncan’s multiple range test at a sig-
nificance level of P < 0.05. ~

RESULTS

Primary screening

The primary screening aimed to select isolates
which were capable of reducing disease develop-
ment by more than 95%. The effectiveness of 99
yeast isolates for reducing percentage of infected
area as compared with control (untreated) of navel
orange fruits was studied. Data in Table (1) show
that of 99 yeast isolates, sixteen isolates have
completely protected wounded navel orange fruits
from infection by P. dgitatum (1x10* conidia /ml)
during 5 days of storage at 21+1°C. These isolates
were AP 617, CT 503, CT 507, CT 512, CT 530,
CT 534, CT 535, CT 536, CT 543, CT 548, CT
550, GF 8, GF 11, GF 333, GF 338 and GF 339.
However, the isolates AP 612, AP 613, AP 615,
AP 620, CT 501, CT 502, CT 504, CT 505, CT
508, CT 510, CT 514, CT 549, CT 551, TG 3 and
TR 9 inhibited infection progress more than 99%.
Other eleven isolates, namely AP 611, AP 622, CT
511, CT 513, CT 544, GF 15, GF 331, GF 342, TR
3, TR 4 and TY 6 suppressed the percentage of
infected area as compared with control more than
95%. Twenty two of such promising isolates were
seletted based on their efficacy for secondary
screening.
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Table 1. Percentage of infected area as compared with control (PIACC)(” of wounded navel orange fruits,
treated® with different yeast isolates, and inoculated with conidia of Penicillium digitatum, then stored at

21+1°C for 5 days

Yeast ' opmace %' pace Yt pace YOSt ppace YOSt piace

isolates isolates isolates isolates isolates
AP 6b0 25.93 CT 504 0.52 CT 528 28.66 CT 550 0.00 GF 341 50.52
AP 601 38.25 CT 505 0.31 CT 529 13.29 CT 551 0.03 GF 342 2.71
AP 602 27.68 CT 507 0.00 CT 530 0.00 CT 552 36.74 GF 346 18.56
AP 604 18.16 CT 508 0.13 CT 532 26.40 CT 553 10.24 GF 347 28.99
AP 606 21.73 CT 510 0.06 CT 533 20.74 CT 554 21.73 GF 348 12.52
AP 607 33.64 CT 511 1.26 CT 534 0.00 CT 555 28.34 GF 349 9.56
AP 608 40.96 CT 512 0.00 CT 535 0.00 CT 559 36.56 GF 351 13.29
AP 609 20.18 CT 513 1.63 CT 536 0.00 CT 560 11.46 GF 352 23.04
AP611 . 232 CT 514 0.29 CT 537 35.45 GF 8 0.00 TG 2 24.69
AP 612 0.36 CT 515 12.30 CT 538 41.55 GF 9 8.82 TG 3 0.14
AP 613 0.21 CT 516 30.85 CT 540 22.02 GF 11 0.00 TGS 42.55
AP 614 38.82 CT 517 20.74 CT 541 24.69 GF 12 5.61 TR 1 24.39
AP 615 0.29 CT 518 38.44 CT 542 31.36 GF 15 1.19 TR 2 23.49
AP 617 0.00 CT 519 8.01 CT 543 0.00 GF 331 3.18 TR 3 214
AP 620 0.94 CT 520 12.30 CT 544 2.66 GF 332 21.87 TR4 . 1.55
AP 622 2.32 CT 521 15.03 CT 545 68.23 GF 333 0.00 TR5 - 20.18
CT 500 20.60 CT 522 24.39 CT 546 40.18 GF 337 24.69 TR 6 18.29
CT 501 0.74 CT 523 40.57 CT 547 17.13 GF 338 0.00 TR 9 0.40
CT 502 0.04 CT 525 19.09 CT 548 0.00 GF 339 0.00 TY 6 4.25
CT 503 0.00 CT 527 13.63 CT 549 0.77 GF 340 18.56 Control 100.0

(1) PIACC = Infected area (mm?) for treatment/ Infected area (mm?) for control x 100
(2) Navel orange fruits inoculated by 30 pi of liquid culture from each tested isolate and 60-90 minutes later challenged

with 25 ul 1x10* conidia/ml of P. digitatum

(3) Yeast isolates sources were fruits of apple as AP; orange as CT; green tomato as TG; red tomato as TR; yellow
tomato as TY and grape berries as GF that did not exposed to chemical sprays for several weeks prior to picking
(4) Navel orange fruits inoculated with sterile fresh NYDB and pathogen spore suspension were used as control

Secondary screening (phase one)

Secondary screening aimed to determine the
effectiveness and usefulness of the potential anta-
gonists selected in primary screening. The effec-
tive isolates which were selected from primary
screening were used in the secondary screening
(Phase one). Serial dilutions i.e. 1x10°, 2x10°,
1x10%, 6.6x10” and 5x10” on the base of CFU/mi of
washed yeast cells water suspensions of 22 yeast
isolates were applied to study their biocontrol effi-
cacy against 1x10* or 1x10° conidia /ml of P. dgita-
tum. Data in Table (2) & Photo (1) show that all
yeast isolates in this phase, especially at high dos-
es, highly reduced percentage of infected area as
compared with control (check) when inoculated
navel orange fruits were stored for 5 days at
21+1°C. No lesions developed on the fruits treated
with yeast isolates at 2x10° CFU/mI with the ex-
ception of isolates CT 510, CT 534, CT 535, GF 8,

and GF 11. Meantime, the percentages of rot re-
duction were more than 99% for the isolates CT
503, CT 507 and CT 512 at the lowest tested con-
centration of washed cells of yeast isolates,- i.e.
5x107 CFU/mi against P. dgitatum 1x10* conidia
/ml.

_However, results of using the four higher con-
centrations of the yeast cell water suspension
against the fungus P. dgitatum at 1x10° conidia
Iml, presented in Table (3) & Photo (2), indicate
that no lesions developed on the fruits treated with
all yeast isolates at the highest tested concentra-
tion of the antagonist, i.e. 1x10° CFU/ml, with the
exception of CT 534 and CT 535 isolates. Mean-
time, at 1x10° CFU/ml, the percentages of rot re-
duction ranged from 67.36% for isolate GF 8 to
99.28 for isolate CT 512. The percentage of rot at
the lowest tested dose of washed cells of yeast
isolates, i.e. 6.6x10" CFU/mI, showed higher val-
ues of percentage of infected area as compared
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Table 2. Percent of infected area as compared with control (PIACC)" of wounded navel orange
fruits, treated® with different concentrations of washed yeast cells of twenty two isolates, and in-
oculated with Penicillium digitatum 1x10* conidia/m!, then stored at 21+1°C for 5 days

C°"°e'(‘:;$::|’; 2x10° 1x10° 6.6x107 5 x107 Control®
Isolates ‘¥

AP 613 0.00 2.03 10.54 437 100
AP 617 0.00 0.00 0.13 7.49 100
CT 502 0.00 0.00 2.92 8.22 100
 CT 503 0.00 0.00 0.00 0.09 100
- CT 507 0.00 0.00 0.00 0.06 100
CT 508 0.00 0.00 1.78 7.23 100
CT 510 0.25 432 28.45 32.34 100
CT 512 0.00 0.00 0.00 0.04 100
CT 530 0.00 0.00 2.67 10.9 400
CT 534 0.13 1.65 4.45 25.8 100
CT 535 0.13 1.52 4.95 21.8 100
CT 536 0.00 0.00 1.14 10.29 100
CT 543 0.00 0.00 0.76 11.46 100
CT 548 0.00 0.13 1.65 9.30 100
CT 550 0.00 0.00 0.13 4.42 100
CT 551 0.00 0.00 0.13 10.9 100
GF8 0.25 3.05 14.35 42.4 100
GF11 0.13 2.92 28.32 39.1 100
GF 333 0.00 1.3 5.21 23.79 100

GF338 . 0.0 0.25 2.41 13.71 100 -
GF 339 0.00 0.13 1.65 12.81 100
7G 3 0.00 013 . 356 21.2 100

(1) PIACC = Infected area (mm?) for treatment/ Infected area (mm?) for control x 100

(2) Navel orange fruits inoculated by 30 pl of different concentrations of washed cells of yeast tested isolates
and 60-90 minutes later challenged with 25 ul 1x10* conidia/mi of P. digitatum

(3) Wounds of navel orange fruits treated with 30 ul sterile distilled water and inoculated by 25 ul 1x1 0* con-
idia/ml of P. digitatum were used as control (check)

(4) Yeast isolates sources were fruits of apple as AP; orange as CT; green tomato as TG and grape berries as
GF that did not exposed to chemical sprays for several weeks prior to picking
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Table 3. Percent of infected area as compared with control (PIACC)" of wounded navel orange
fruits, treated® with different concentrations of washed yeast cells of twenty two isolates, and in-
oculated with Penicillium digitatum 1x10° conidia/ml, then stored at 21+1°C for 5 days

Concentration 4 2x10° 1x10° 6.6x107 Control®
(cfu/ml)
Isolates ¥

AP 613 0.00 0.36 8.64 29.73 100
AP 617 0.00 0.00 2.16 12.34 100
CT 502 0.00 0.00 1.68 9.39 100
CT 503 0.00 0.00 0.84 7.32 100
CT 507 0.00 0.00 0.84 6.69 100
CT 508 0.00 0.00 2.16 12.90 100
CT 510 0.00 4.20 26.04 35.67 100
CT 512 0.00 0.00 0.72 5.95 100
CT 530 0.00 0.00 2.76 12.43 100
CT 534 0.24 1.32 5.52 22.42 100
CT 535 0.24 3.24 16.44 24.65 100
CT 536 0.00 0.00 2.52 10.47 100
CT 543 0.00 0.12 2.28 9.64 100
CT 548 0.00 0.12 1.96 13.61 100
CT 550 0.00 0.00 0.84 3.60 100
CT 551 0.00 0.48 1.68 13.33 100

Gf8 0.00 8.28 32.64 40.24 100

Gf 11 0.00 6.84 30.24 40.50 100
Gf 333 0.00 0.48 6.84 19.01 100
Gf 338 0.00 0.48 3.60 14.61 100
Gf 339 0.00 0.84 8.40 19.29 100

TG 3 0.00 0.57 3.12 14.32 100

(1) PIACC = Infected area (mm?) for treatment/ Infected area (mm?) for control x 100

(2) Navel orange fruits inoculated by 30 ul of different concentrations of washed cells of yeast tested isolates
and 60-90 minutes later challenged with 25 pl 1x10° conidia/ml of P. digitatum

(3) Wounds of navel orange fruits treated with 30 pl sterile distilled water and inoculated by 25 pl 1x10° con-

idia/ml of P. digitatum were used as control (check)

(4) Yeast isolates sources were fruits of apple as AP; orange as CT; green tomato as TG and grape berries as
GF that did not exposed to chemical sprays for several weeks prior to picking

with other treatments. The 'perc'entages of rot re-
duction ranged from 59.5% for isolate GF 11 to
96.4% for isolate CT 550 regarding the twenty two
isolates under study. Largely the efficacy of the
most isolates in reduction of lesion diameter of
green mould of navel orange was decreased by
increasing the concentration of pathogen spore
suspension. '

Activity of yeast culture filtrates

The relative abilities of different crude culture
filtrates of yeast isolates under study to interfere
with mould development by P. digitatum were in-
vestigated. Green mould lesion area (mm?) and

percentage of infected area as compared with con-
trol (PIACC) were recorded after navel orange fruit
were treated by cell free culture filtrates of twenty
two yeast isolates and inoculated with P. digitatum
spore suspension (1x1 o° conidia/ml). Data in Table
(4) Show that all cell free culture filtrates of the
twenty two yeast isolates did not prevent mould
development but significantly reduced rot infected
area and percentage of rot as compared with con-
trol (PIACC). The percentages of rot reduction
ranged between 93% for isolate CT 512 and
54.9% for Isolate CT 535. However, there were no
significant differences among isolates CT 535, AP
613 and CT 548, as well as among isolates CT
548, CT 502, CT 543, CT 530 and CT 536.
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