439

Arab Univ.

J. Agric. Sci.,

Ain Shams Univ.,

Cairo, 22(2), 439 - 453, 2014

BIOLOGICAL CONTROL OF LASIODIPLODIA ROT OF MANGO FRUITS
BY YEASTS

[33]

Shehata?, S.T.
1- Department of Plant Pathology, Faculty of Agriculture, Ain Shams University, Shobra

El-Kheima, Cairo, Egypt

Keywords: Postharvest diseases; Mango; Biolog-

ical control; Lasiodiplodia theobromae; Pichia
guilliermondii; Candida multisgemmis; 1-
Methylcyclopropene

ABSTRACT

Ninety nine yeast isolates were isolated from
surface of mango fruits and were tested in vivo in
preliminary study for biocontrol potential of La-
siodiplodia rot of mango fruits. According to prima-
ry screening, nine isolates were selected to contin-
ue the secondary screening using different con-
centrations of the washed yeast cells in water sus-
pension to study their biocontrol efficacy at
16+1°C. It was found that using washed cells of
yeast isolate Mg 147 (Candida multisgemmis) at
1x10°%, 5x108 and 2x108 CFU/ml produced com-
plete protection for 14 days to wounds of mango
fruit inoculated with spore suspension of the fun-
gus Lasiodiplodia theobromae 1x10° conidia/ml.
Meantime, no lesion developed on the mango fruit
treated with the isolates Mg 39 (Pichia guillier-
mondii strain A) at the highest tested colony form-
ing unit (CFU) levels, i.e. 1x10° and 5x108 CFU/mI.
Supernatant of the yeast cultures, tested in sec-
ondary screening, did not prevent spore germina-
tion of L. theobromae or decay of wounded mango
fruit but had inhibitory effect. However, 1-
Methylcyclopropene (1-MCP) treatment significant-
ly reduced the infected area mm? on mango fruit
inoculated with L. theobromae (1x10° conidia/ml)
during the 14 days of storage at 16+1°C and im-
proved efficacy of isolates Mgl47 and Mg39.
When applied as combined treatments between 1-
MCP and biocontrol agents, no lesion developed
on the fruit treated with the isolate Mg 147 at 1x
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108 CFU/ml or higher. Meanwhile, no lesion devel-
oped on the fruit treated with the isolate Mg 39 at
2x 108 CFU/ml or higher while, the percentages of
rot reduction were ranged between 94.1% - 81.3%
for concentrations 1x108 and 6.6x107 CFU/ml re-
spectively.

INTRODUCTION

In Egypt, cultivated area and total production of
mango (Mangifera indica L.) have increased stead-
ily in the last twenty five years. The total cultivation
area increased from 37,000 feddan in 1987 to
240,804 feddan in 2012. Production increased
from 110,000 tons in 1987 to 786,528 tons in 2012
(Anonymous, 2013). However, international and
domestic trade of mango fruits have been limited
because of its highly perishable nature and its sus-
ceptibility to low temperature injury, physical injury
and post-harvest diseases (Mitra, 1997). In Bang-
ladesh, the total losses due to post harvest patho-
logical diseases from producer to consumer were
about 27% (Sarkar et al 2011). Stem-end rot of
mango fruit presents one of the most serious post-
harvest problems (Prusky et al 2009) since the
disease causes heavy losses in mangoes during
storage (Mitra, 1997; Kobiler et al 2001). In
Egypt, Botryodiplodia (Lasiodiplodia) theobromae
responsible for stem end rot and represented
38.7% of total losses due to post harvest patholog-
ical diseases (Haggag, 2010). The disease has
been reduced mainly through postharvest fungi-
cides application and, to a lesser degree, through
postharvest physical practices to reduce inoculum.
Postharvest dipping, spraying or ultra-low-volume
application of benomyl (where possible) effectively
suppressed postharvest stem-end rot of mango
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(Plan et al 2002; Korsten, 2006). A treatment
consisting of Hot water sprays over brushes (55°C
for 15-20 s) and prochloraz followed by (2,4-D)
diluted in wax, reduced side and stem-end decay
by 50-70%, and improved fruit quality during pro-
longed storage (Kobiler et al 2001). However,
postharvest use of fungicides has been increasing-
ly curtailed by the development of pathogen re-
sistance to many key fungicides (Spalding, 1982;
XU et al 2004 and Hu et al 2013), lack of re-
placement fungicides, and public perception 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). Thus, alternative methods to
control postharvest diseases are urgently needed
(Conway, 1982; Wilson & Pusey, 1985 and Wil-
son et al 1994; Falik et al 1995; Smilanick et al
1995; Smilanick et al 1999 and Tripathi et al
2013). Biological control is one of the alternatives,
either alone or as a part of an integrated control
strategy. Biological control has been extensively
studied in the last twenty years and the use of
yeasts and bacteria as antagonists has been re-
ported to effectively control a number of posthar-
vest diseases on many commodities (Patino-Vera
et al 2005; Shehata et al 2006; Sharma et al
2009; Abano & Sam-Amoah, 2012; Nunes, 2012;
Spadaro et al 2013 and Nally et al 2013). How-
ever, biocontrol of Stem-end rot of mango fruit
caused by B. theobromae received little attention.
Preharvest applications of Bacillus licheniformis at
3-week intervals from flowering until harvest con-
trolled moderate levels of anthracnose, and Stem-
end rot of mango fruit caused by Botryosphaeria
spp., which suggests a potential treatment for
commercial preharvest applications (Silimela and
Korsten, 2006).

The ripening process of Mango is induced by
ethylene (Mattoo & Modi, 1969). Antagonists of
ethylene have been well studied and in recent
years, 1-Methylcyclopropene (1-MCP) has
emerged as an excellent ethylene antagonist for
commercial application (Blankenship & Dole,
2003 and Watkins, 2006). 1-MCP has been prov-
en to be very effective in delaying ripening, main-
tained fruit firmness and extending the shelf life of
mangoes (Wang et al 2009 and Faasema et al
2014). The objectives of the present study were to
isolate natural epiphytic yeasts from surface of
mango fruits, investigate their biocontrol activity
against Lasiodiplodia rot, either alone or as inte-
grated with 1-MCP in storage, as well as identifica-
tion of the most promising yeast isolates.

MATERIALS AND METHODS
Plant material

Mango fruits (Mangifera Indica) cultivars
Baladi, Zebda and Ewais were obtained from
commercial orchards in Fayoum governorate.
Fruits were selected, from collecting boxes soon
after harvest at mature green stage, uniform in
shape, size and free from obvious mechanical
damage or pathological symptoms.

Pathogen

The fungus Botryodiplodia theobromae Pat.
Synonyms: Lasiodiplodia theobromae (Pat.) Grif-
fon & Maubl. was isolated from infected mango
fruit during its marketing, confirmed its pathogenici-
ty and identified according to Sutton, 1980 and
Punithalingam, 1976 & 1980. The cultures were
maintained on potato dextrose agar (PDA) slants
at 4+0.5°C until needed.

Preparation of inoculum (spore Suspension)

The fungal isolate of L. theobromae was grown
on PDA, supplemented with 50g/L ripe mango fruit
extract, at 25+1°C for 16 days. Conidia were har-
vested by flooding a sporulating culture with 10 ml
of sterile distilled water containing 0.03% Tween-
80 and dislodging conidia from conidiomata with a
glass rod and vortexed for 1 min. Conidial suspen-
sion was filtered through a double layer of sterile
cheesecloth to remove mycelium parts and assure
uniform mixing. Spore concentration was deter-
mined with a hemacytometer slide and adjusted to
the desired concentration. Suspensions were used
for inoculation within 1 hour.

Isolation of biocontrol agents

Potential yeasts were isolated from Mango
fruits that were not exposed to chemical sprays for
several weeks prior to picking. Isolates of yeasts
present on the surface of the fruits were obtained
by submerging individual fruit in a 600 -1000 ml
beaker containing sterile phosphate buffer (pH 6.5)
and 0.03% Tween-80. Beakers containing the
fruits were covered by polyethylene sheet and rub-
ber banded. Then Beakers were shaken on a rota-
ry shaker at 120 rpm for 30 min. Serial 0.1 dilu-
tion’s were plated on various media, mainly on
acidified nutrient yeast dextrose agar (NYDA) me-
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dium (per litre: nutrient broth 8 g, yeast extract 5 g,
dextrose 10g and 20g of agar), acidified malt
yeast glucose peptone agar (MYGP) medium (per
litre: malt extract 3 g, yeast extract 3g, peptone 5g,
glucose 10 g, and 20g of agar) and pH was adjust-
ed with (N) HCI to 4.5 for griping the growth of the
other microorganisms. Plates were incubated at
21+0.5°C for 48h. After appearance of colonies,
isolates were selected at random based on the
visual characteristics (colour and shape), in addi-
tion to microscopic examination to distinguish the
yeasts from the bacteria. Then, purification of iso-
lated 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 additional three times.
Pure selected isolates were transferred to malt
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 1991).

Preparation of bioagents

The cultures of the yeasts were activated on
fresh slants and, after 24hr were transferred to 250
ml Erlenmeyer Flasks with sterile 50 ml of nutrient
yeast dextrose broth (NYDB) medium. The flasks
were placed on a rotary shaker at 120 rpm for 48
hr at 23+2°C. A droplet, 25 pl, of liquid culture of
the yeast was used in primary screening. For sec-
ondary screening, the liquid culture medium was
then centrifuged at 10000 rpm under cooling at
4°C for 10 min, cells were re-suspended in 30 ml
sterile distilled water (SDW), and vortexed for 1
min, re-centrifuged and re-suspended in 10 ml
SDW. Serial desired concentrations in secondary
screening were obtained by adjusting the suspen-
sion after cell yeast concentration was determined
with a hemacytometer and confirmation were made
by plate dilution method on the basis of colony
forming unit (CFU/ml) (Janisiewicz, 1991).

Fruit inoculation

The fruits were washed with chlorinated water
(250 ppm NaOClI), then air-dried. Two wounds
were done per fruit between the calyx and stem
end axis by the removal of a tissue block measur-
ing 3 x 3x 3 mm. A droplet, 25 pl, of liquid culture
of the yeast isolate in primary screening or 25 pl of
washed cells from each tested concentration was
applied into each wound in secondary screening.
Wounds were then inoculated with 25 pl of the
pathogen spore suspension (1x10% or 1x 10° conid-

ia/ml) of L. theobromae to each wound within 60-
90 minutes. Wounds treated with sterile fresh
NYDB, for primary screening, or SDW, for second-
ary screening and pathogen spore suspension
were used as controls (Janisiewicz, 1991).

Fruit 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
wetted filter paper on the bottom, then the boxes
were covered and incubated 6 days at 23+1°C for
primary screening, 14 days at 16+1°C for second-
ary screening and for fruits treated by 1-
Methylcyclopropene (1-MCP).

Disease assessment

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

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

Testing the activity of culture filtrate

Yeast cultures were centrifuged for separation
of yeast cells, then the supernatant was filtered
through a 0.22 pm pore size nitrocellulose mem-
brane and the following tests were carried out:

A) Spore germination tests: One ml of L. theo-
bromae spore suspension (1x10° conidia /ml) was
mixed with 2 ml of a cell free yeast culture filtrate
and vortexed for 1 min. For control, 2 ml of sterile
fresh NYDB medium was added instead of cell free
yeast cultural filtrate. A 150 pl droplet of yeast fil-
trate-conidia mixture was placed on a glass cavity
slide and incubated at 24+1°C in moist chamber,
made by placing wetted sterile filter paper in the
Petri dish, for 21 h. Then a drop of acid fuchsine in
lactophenol was added to kill and stain conidia.
The mixture was examined under light microscope
(x400) for recording germinated and non-
germinated conidia in five randomly chosen micro-
scopic fields per glass slide. Percentage of spore
germination was calculated by dividing the number
of germinating spores by total number of spores
present per microscopic field multiplied by 100. A
spore was considered germinated when the germ
tube length was 1.5 times the spore width. Four
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slides were used per treatment (Plascencia-
Jatomea et al 2003).

B) Mango fruit test: Zebda mango fruit were
treated as described previously. Twenty-five pl of
the supernatant was applied into each wound. This
was followed by applying 25 pl of the L. theobro-
mae suspension (1x10° conidia/ml) within 60-90
minutes. Wounds treated with sterile fresh NYDB
and pathogen spore suspension were used as
control (check). The fruits were incubated as de-
scribed previously for 6 days at 23+1°C. Lesion
diameter (mm) was measured and infected area
(mm?) as well as percentage of infected area as
compared with control (check) was calculated as
mentioned before (Pusey & Wilson, 1984).

1- Methylcyclopropene (1-MCP) application

1-MCP was applied on the day after harvest on
mango fruit cv. Ewais which were transported in
refrigerated medium truck for overnight cooling at
13°C. The fruit were washed using tap water and
sterile water. No additional chlorine was added
during washing to avoid any possible effect of chlo-
rine on ripening. The fruits were allowed to dry out
as a single layer on clean tables, sorted for uni-
formity in size, external colour and free from obvi-
ous mechanical damage or pathological symp-
toms. SmartFresh (0.14% 1-MCP, Agrofresh, Inc.,
Rohm and Haas, PA, USA) was used to release 1-
MCP, following the manufacturer's recommenda-
tions. 1-MCP was weighed in powder form (625 nL
L™, 1g per m® chamber) in a 100-mL flask. Fifteen
mL distilled warm water (37°C) was added to re-
leasel-MCP and the flask was immediately closed.
The flasks were taken to the treatment airtight
chambers and its rubber cover was removed in the
chambers that were immediately sealed, then the
treatment started. After 24 h at 23°C, the cham-
bers were opened, ventilated, and the mango fruit
in plastic containers were removed from the cham-
bers. Then, the fruits were inoculated and incubat-
ed as mention previously in secondary screening.

Identification procedure

The two promising yeast isolates were identi-
fied at Unit of Microorganisms ldentification and
Biological Control, Agricultural Research Center,
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 overnight, which
were washed twice in sterile distilled water before

application to the plates. The data from the YT
plates were analyzed with the MLCLUST program
(Biolog Inc.).

Statistical analysis

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

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, isolated from surface of mango
fruits in reducing percentage of infected area as
compared with control (untreated) of mango fruit
was studied. Data in Table (1) and Photo (1) show
that of 99 yeast isolates, only seven isolates com-
pletely protected wounded mango fruits from infec-
tion by L. theobromae (1 x10* conidia/ml). These
isolates were Mg 10, Mg 21, Mg 39, Mg 57, Mg
147, Mg 156, Mg 165 while the isolates Mg 111
and Mg 181 inhibited the percentage of infected
area as compared with control more than 99%.
Other twelve isolates, namely Mg 28, Mg 46, Mg
52, Mg 66, Mg 73, Mg 78, Mg 84, Mg 129, Mg 172,
Mg 183, Mg 190, and Mg 192 suppressed the per-
centage of infected area as compared with control
more than 95%. Nine of these promising isolates
were selected based on their efficacy for second-
ary screening.

Secondary screening

Secondary screening aimed to determine the
effectiveness and usefulness of the potential an-
tagonists selected in primary screening. The effec-
tive isolates which were selected from primary
screening were used in the secondary screening.
Serial dilutions i.e. 1x10°, 5x108, 2x108, 1x108, and
6.6x107 on the base of CFU/ml of washed yeast
cells water suspension were applied to study their
biocontrol effect against 1x10° conidia /ml of L.
theobromae. Data in Table (2) & Photo (2) indi-
cate that all yeast isolates in this phase, especially
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at high doses, reduced percentage of rot as com- pare with control (check) when inoculated mango
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Table 1. Percentage of infected area as compared with control (PIACC)® of wounded mango
fruits@ treated® with different yeast isolates, and inoculated with conidia of Lasiodiplodia theo-
bromae, then stored at 23+1°C for 6 days

Yeast PIACC Yeast PIACC Yeast PIACC Yeast PIACC Yeast PIACC

isolate® isolate isolate isolate isolate
Mg 3 25.9 Mg 46 1.3 Mg 88 169 Mg1l31 50.2 Mg 169 5.9
Mg 5 40.9 Mg 48 27.3 Mg 91 55 Mg 133 54.3 Mg 172 1.4
Mg 6 15.5 Mg 50 53.9 Mg 93 314 Mg1l36 35.7 Mg 173 10.6
Mg 9 24.2 Mg 52 4.7 Mg 95 31.7 Mg138 27.0 Mg 174 32.0
Mg 10 0.0 Mg 55 35.3 Mg 97 27.6 Mg140 45.1 Mg 176 10.6
Mg 11 374 Mg 57 0.0 Mg 99 6.9 Mg 142 6.3 Mg 177 6.8
Mg 14 36.3 Mg60 23.6 Mg102 44.3 Mg 145 9.9 Mg 178 44.3
Mg 16 26.4 Mg 61 204 Mg 104 7.8 Mg 147 0.0 Mg 180 12.6
Mg 19 8.3 Mg 64 264 Mg106 16,5 Mgl1l50 514 Mg 181 0.4
Mg 20 41.7 Mg 66 1.2 Mg 109 36.7 Mg1l51 39.2 Mg 183 2.5
Mg 21 0.0 Mg 68 54.3 Mg111 04 Mg 154 24.2 Mg 185 5.5
Mg 23 20.4 Mg 69 222 Mgl1ll5 36.7 Mg 156 0.0 Mg 187 225
Mg 25 40.6 Mg 70 189 Mg118 179 Mg1l58 17.2 Mg 189 21.9
Mg 27 34.9 Mg 73 2.3 Mg 119 7.5 Mg 159 33.6 Mg 190 2.0
Mg 28 2.3 Mg 75 357 Mgl1l20 336 Mgl60 58.2 Mg 191 39.6
Mg 30 22.5 Mg 77 443 Mg121 37.0 Mg1l163 14.0 Mg 192 1.1
Mg 34 42.4 Mg 78 34 Mg 123 285 Mgl64 30.1 Mg 194 304
Mg 37 33.0 Mg 82 9.9 Mg 124 26.2 Mg 165 0.0 Mg 196 7.7
Mg 39 0.0 Mg 84 1.2 Mg 127 10.1 Mg 167 21.7 Mg 199 329
Mg 43 26.4 Mg 86 43.6 Mg 129 1.3 Mg 168 39.5 Control® 100.0

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

(2) Mango fruit cv. Balady treated at mature green stage.

(3) Mango fruit inoculated by 25 pl of liquid culture from each tested isolate and 60-90 minutes later chal-

lenged with 25 ul 1x10* conidia/ml of L. theobromae.

(4) Yeast isolates sources were mango fruits that did not exposed to chemical sprays for several weeks prior

to picking.

(5) Wounds treated with sterile fresh NYDB and pathogen spore suspension were used as control (check).

Lasiodiplodia theobromae Lasiodiplodia theobromae

I } |

Photo 1. Development of Lasiodiplodia rot in wounded mango fruit treated with different yeast isolates and
challenged with conidia of L. theobromae, then stored at 23+1°C for 6 days.
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Table 2. Infected area mm? and Percentage of infected area as compared with control
(PIACC)® of wounded mango fruit @, treated ® with different concentrations of yeast cells of
nine isolates, and inoculated with Lasiodiplodia theobromae, then stored at 16+1°C for 14

days
Concentration (CFU/ml)  1x10° 5x10° 2x10°8 1x108 6.6x107 Control®
Isolates ®

Mg 10 Area mm? 880.9 g 11535 f 1362.8e 1852.8c 1982.1c 2663.5 a
PIACC 33.1 43.3 51.2 69.6 74.4 100

Mg 21 Area mm? 783.09g 11435 f 1548.6d 1814.9c 1840.1c 2663.5 a
PIACC 29.4 42.9 58.1 68.1 69.1 100

Mg 39 Area mm? 0.0n 0.0n 72.1m 263.8]j 679.3 h 2663.5 a
PIACC 0.0 0.0 2.7 9.9 255 100

Mg 57 Area mm? 1060.2 f 1199.1 f 1429.0d 2115.8b 2317.4b 2663.5 a
PIACC 39.8 45.0 53.7 79.4 87.0 100

Mg 111 Area mm? 641.4 h 812.2¢ 1468.3d 18719c 2410.7 a 2663.5 a
PIACC 24.1 30.5 55.1 70.3 90.5 100

Mg 147 Area mm? 0.0n 0.0n 0.0n 152.01 439.7 i 2663.5 a
PIACC 0.0 0.0 0.0 5.7 16.5 100

Mg 156 Area mm? 925.3¢g 1643.1d 1904.1c¢ 21226b 24179 a 2663.5 a
PIACC 34.7 61.7 71.5 79.7 90.7 100

Mg 165 Area mm? 859.2 g 952.5¢ 17774c 2136.3b 25729 a 2663.5 a
PIACC 32.3 35.8 66.7 80.2 96.6 100

Mg 181 Area mm? 561.7 h 970.8 g 1368.3e  1601.4d 1878.3¢c 2663.5 a
PIACC 21.1 36.4 51.4 60.1 70.5 100

(1) PIACC = Infected area (mm?) for treatment/ Infected area (mm?2) for control x 100.

(2) Mango fruit cv. Zebda treated at mature green stage.

(3) Mango fruit inoculated by 25 pl of different concentrations of washed cells of tested yeast isolates and
60-90 minutes later challenged with 25 pl 1x10° conidia/ml of L. theobromae.

(4) Wounds treated with sterile distilled water and pathogen spore suspension were used as control
(check).

(5) Yeast isolates sources were mango fruits that did not exposed to chemical sprays for several weeks
prior to picking.

(6) Means followed by the same letter are not significantly different according to Duncan’s multiple range
test (p = 0.05).

( old Storage MG 147

-~

Photo 2. Development of Lasiodiplodia rot in wounded mango fruit treated with different concentrations of washed yeast
cells of the best tested isolate and challenged with conidia of L. theobromae, then stored at 16+1°C for 14 days.
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fruits were stored for 14 days at 16+1°C. No lesion
developed on the fruit treated with the isolates Mg
39 and Mg 147 at the highest tested concentration
of the antagonist, i.e. 1x10° CFU/ml. Meantime,
with the same concentration, the percentages of
rot reduction were ranged between 78.9% for iso-
late Mg 181 and 60.2% for Isolate Mg 57.

However, at 5x108 CFU/mlI, the percentages of
rot reduction was 100% for the isolates Mg 39 and
Mg 147 and was ranged between 69.5% for isolate
Mg 111 and 38.3 for Isolate Mg 156. The percent-
age of rot at the lowest tested dose of washed
cells of yeast isolates, i.e. 6.6x107 CFU/mI, showed
higher values as compared with control (check). It
ranged from 16.5% to 96.6% for the nine isolates
under study. Three isolates i.e. Mg 111, Mg 156
and Mg 165 had not significant reduction of rot as
compared with control at lowest tested dose of
washed yeast cells.

In general, the efficacy of the yeast isolates for
controlling lesions development depended on the
cell concentration (CFU/mI) of the yeast isolate
under test as efficacy decreased by decreasing the
concentration. However, the results demonstrate
that the isolates Mg 147 and Mg 39 had high po-
tential to control Lasiodiplodia rot on mango fruits
and reduced infected area more than 90% as
compared with control when used at 1x108 CFU/m.

Testing the activity of culture filtrate

The relative abilities of different crude culture
filtrates of nine yeast isolates under study to re-
duce germination of conidia of L. theobromae were
assessed. All cell free culture filtrates reduced per-
centage of spore germination of L. theobromae
after mixed and incubated at 24+1°C in moist
chamber for 21 h. Data in Figure (1) indicated that
cell free culture filtrates of yeast isolates divided
into three groups. The First group included isolates
Mg21, Mg57, Mg156 and Mgl1l65 which inhibited
percentage of spore germination by more than
75%. The second group contained isolates Mg10,
Mg111, Mgl47 and Mgl181 which reduced per-
centage of spore germination ranged between
66.8-54.7%. The third group enclosed isolate
Mg39 which did not prevent more than 38% of
spore germination.

On the other hand, Lasiodiplodia Lesion Area
(mm?) and Percentage of infected area as com-
pared with control (PIACC) were recorded after
Zebda mango fruit were treated by cell free culture
filtrates of nine yeast isolates and challenged with
L. theobromae spore suspension (1x10° conid-
ia/ml). Data in Table (3) Show that all cell free cul-

ture filtrates of the nine yeast isolates reduced La-
siodiplodia lesion area and percentage of rot as
compared with control (PIACC). The percentages
of rot reduction were ranged between 89.8% for
isolate Mg 156 and 41.7% for Isolate Mg 39. How-
ever, there were no significant differences among
isolates Mg 156, Mg 21 and Mg 57.

1-Methylcyclopropene (1-MCP) application

Smart Fresh was used to release 1-MCP, fol-
lowing the manufacturer's recommendations. 1-
MCP treatment significantly reduced the infected
area mm? on mango fruit inoculated with L. theo-
bromae during the fourteen days of storage (Table
4). Compared to the control, 1-MCP treatment re-
duced infected area mm? by 18.7% during storage
at 16+1°C for 14 days. However, 1-MCP treatment
significantly improved efficacy of isolates Mgl147
and Mg39. No lesion developed on the fruit treated
with the isolate Mg 147 at all tested concentrations
with exception of the lowest concentration i.e.
6.6x107 CFU/mI which exhibited 87.3 % of rot re-
duction. Meantime, with the same concentration,
no lesion developed on the fruit treated with the
isolate Mg 39 at the three higher tested concentra-
tions. Meanwhile, the percentages of rot reduction
ranged between 94.1% - 81.3% for 1x10%® and
6.6x107 CFU/ml respectively.

Identification of promising yeast isolates

According to screening results, the yeast iso-
lates Mg147 and Mg39 were the most effective
bioagents to control of lasiodiplodia rot of mango
fruits in this study. After the analysis of data from
the YT plates with the MLCLUST programme,
yeast isolate Mg147 was identified to be Candida
multisgemmis. The probability and similarity were
100 and 0.51 respectively. However, yeast isolate
Mg39 was identified as Pichia guilliermondii A and
the probability and similarity were 97 and 0.66 re-
spectively.

DISCUSSION

Yeasts are particularly interesting microorgan-
isms in a biological control of postharvest diseas-
es. They are relatively easy to produce and main-
tain and have several characteristics that can be
manipulated in order to improve its use and effi-
ciency. Distribution of yeasts in nature is partially
determined by nutritional characteristics of sub-
strate, biogeographical characteristics and disper-
sal agents (Lachance et al 2003). Yeasts do not
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Figure.1 Percent of Lasiodiplodia theobromae sporet germination after mixed® with cell free yeast
culture filtrate of different isolates and incubated at 24+1°C in moist chamber for 21 h.
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(1) L. theobromae spore suspension (1x10° conidia /ml).
(2) A 1 ml of spore suspension was mixed with 2 ml of a sterilized cell free yeast culture filtrate.
(3) Two ml of sterile fresh NYDB medium was added instead of cell free yeast cultural filtrate for

used as control (check treatment).

Table 3. Infected area mm? and percentage of infected area as compared with control
(PIACC)™ of wounded Zebda mango fruit, treated with 25 pl of the supernatant of different
yeast isolates, and inoculated with 25 pl of L. theobromae (1x10° conidia/ ml), then stored

for 6 days at 23+1°C

Isolates Area mm? PIACC Isolates Area mm? PIACC
Mg 10 3545e 19.8 Mg 147 829.2 ¢ 46.2
Mg 21 220.2f 12.3 Mg 156 182.6 f 10.2
Mg 39 1045.8 b 58.3 Mg 165 426.2 e 23.8
Mg 57 247.3f 13.8 Mg 181 593.7d 331
Mg 111 671.6 d 37.4 Control® 1793.6 a 100

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

(2) Wounds treated with sterile fresh NYDB and pathogen spore suspension were used as control

(check).

(3) Means followed by the same letter are not significantly different according to Duncan’s multiple

range test (p = 0.05).

occur randomly throughout the biosphere, and
each yeast community may be defined by its habi-
tat (Lachance and Starmer, 1998). Therefore, the
present work proposed that the appropriate site to
search for a yeast biocontrol agents against man-
go fruit rots is the surface of mango fruits. Thus,
we isolated a collection of yeasts, which associat-
ed healthy mango fruits in different geographical
locations in Egypt i.e. Giza, Cairo, Qalyubia, Fai-
yum, Beni Suef, Al-Shargia and Gharbia. Isolation
of locally yeast antagonists is more desirable be-

Arab Univ. J. Agric. Sci.,

cause the antagonists isolated in specific geo-
graphic areas may be more effective against the
pathogen strains present in that locale (Vero et al
2002 and Bouzerda et al 2003). Moreover, The
presence of yeast strains on mango fruits reflects
their abilities to tolerate the hostile conditions pre-
sent on the surface of fruits, namely: low nutrient
availability, UV radiation, rapid climatic changes
(Leibinger et al 1997) consequently, reflects their
ability to colonize and survive on the target host
tissue i.e. mango fruits. The evaluation
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Table 4. Infected area mm? and percentage of infected area as compared with control
(PIACC)® of mango fruit®, exposed to 1-MCP®), wounded and treated® with different con-
centrations of yeast cells of two isolates, and inoculated with Lasiodiplodia theobromae, then

stored at 16+1°C for 14 days.

Isolates ©) Mg39 Mg147

Concentration (CFU/ml) Area mm? PIACC Area mm? PIACC

1x10° 0.0f 0.0 0.0f 0.0

5x108 0.0f 0.0 0.0f 0.0

2x108 0.0f 0.0 0.0f 0.0

1x108 979e 5.9 0.0f 0.0

6.6x107 308.8¢c 18.7 209.4d 12.7

Control® with 1-MCP 1346.5b 81.3 1346.5b 81.3

Control® withoutl- MCP 1655.0 a 100 1655.0 a 100

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

(2) Mango fruit cv. Ewais treated at mature green stage.

(3) SmartFresh (0.14% 1-MCP) was used to release 1-MCP (625 nL L™, 1g per m® chamber).

(4) Mango fruit inoculated by 25 pl of different concentrations of washed cells of yeast tested isolates and
60-90 minutes later challenged with 25 pl 1x10° conidia/ml of L. theobromae.

(5) Yeast isolates sources were mango fruits that did not exposed to chemical sprays for several weeks pri-

or to picking

(6) Wounds treated with sterile distilled water and pathogen spore suspension were used as control

(check).

(7) Means followed by the same letter are not significantly different according to Duncan’s multiple range

test (p = 0.05).

of epiphytic yeasts that naturally occurring on fruit
surfaces as potential antagonists against posthar-
vest fungal pathogens of many commodities have
been reported (Chalutz and Wilson, 1990;
Chand-Goyal and Spotts, 1997; Lima et al 1998;
Ippolito et al 2000; Shehata et al 2006 and
Abraham et al 2010; Janisiewicz et al 2010 and
Oro et al 2014). The obtained results showed that
an increase in the yeast cell concentration from 107
to 10° CFU/ml provided more effective control of
Lasiodiplodia fruit rot of mango. In this respect,
Droby et al (1989) reported that an increase of
Debaryomyces hansenii concentration resulted in
more effective biocontrol of Penicillium digitatum.
El-Ghaouth et al (2002) indicated that microbial
antagonists are more effective in controlling post-
harvest decay when applied at 108 CFU/ml; and
often no control of decay was observed when an-
tagonistic yeasts were applied at 105 CFU/mI.
Lahlali et al (2004, 2005) found that an increase
of antagonist concentration resulted in greater ef-
fectiveness against post-harvest fungal pathogens
at low pathogen pressure.

In the present research, two yeast antagonists
were identified as Pichia guilliermondii A for the
isolate Mg 39 and Candida multisgemmis for the
isolate Mg 147, that exhibit good biocontrol effica-

cy against Lasiodiplodia fruit rot of mango caused
by L. theobromae for 14 days at 16+1°C. This sug-
gests that the ability of the selected yeast antago-
nists to grow and survive under mild cold storage
temperatures, a necessary feature for a posthar-
vest biocontrol agent (Wisniewski and Wilson
1992). From the results of testing the activity of
culture filtrate, it was assumed that antibiosis is not
important aspect of their mode of action especially
for the isolate Mg 39. Other possible modes of
action are: a) Competition for space and nutrients,
(Filonow, 1998; Spadaro et al 2002). Zhang et al
(2011) showed that competition for sugars and
nitrates plays a key role in the interactions of P.
guilliermondii strain M8 against Botrytis cinerea on
apples. b) Direct interaction with the pathogen (di-
rect parasitism), Wisniewski et al (1991) and
Zhang et al (2011) revealed that the yeast P.
guilliermondii strongly adhered to the hyphae and
spores of B. cinerea. Moreover, P. guilliermondii
shows a high activity of $-1,3- glucanase enzyme
and chitinases in minimal salt media with different
carbon sources that could result in the degradation
of the fungal cell walls (Jijakli & Lepoivre, 1998
and Zhang et al 2011).; c) Induction of host de-
fence mechanisms, the antagonist may induce
wound healing processes and defence reaction of

Arab Univ. J. Agric. Sci., 22(2), 2014


http://www.sciencedirect.com/science/article/pii/S1049964411000430
http://www.sciencedirect.com/science/article/pii/S1049964411000430

Biological control of Lasiodiplodia rot of mango fruits by yeasts 449

the host tissue. Application of Pichia guilliermondii,
Debaryomyces hansenii or Candida oleophila to
citrus peel wounds induced production of ethylene,
increase of phenylalanine ammonia lyase (PAL)
activity and accumulation of the phytoalexins sco-
parone, scopoletin in citrus peel strips. It provides
evidence of the enhanced production of secondary
metabolites that are needed to inhibit pathogen
infection (Droby and Chalutz 1994; Arras and
Arru 1999; Droby et al 2002).

Concerning the safety of using yeasts as bio-
control agents, the identified yeasts here are taxo-
nomically distinct from the human pathogens. In
this respect, toxicological studies of Arras et al
1999 indicated that no animals (either controls
(check) or inoculated subjects) showed signs of
illness distress or abnormal behaviour. Anato-
mopathological and histological examinations of
the liver, kidneys, lungs and spleen of inoculated
subjects did not reveal a picture significantly differ-
ent from the controls (check). The results of patho-
genicity tests excluded any possibility of the yeast
P. guilliermondii being toxic to guinea pigs and
mice. Meanwhile, Candida multigemmis (Buhagiar)
S.A. Mey. & Yarrow Synonymy: Torulopsis multis-
gemmis Buhagiar =Torulopsis multigemmis Buha-
giar =Candida multis-gemmis (Buhagiar) S.A. Mey.
& Yarrow, was isolated from raspberries and de-
scribed by Buhagiar (1975). He found that growth
of all strains was abundant at 20°C, sparse at
30°C, and absent at 37 °C on YM agar after 3
days, hence this isolate has no potentially to cause
hazards to human.

On the other hand, we observed that 1-MCP
treatment significantly reduced the infected area
mm? on mango fruit inoculated with L. theobromae
and significantly improved efficacy of isolates
Mg147 (Candida multisgemmis) and Mg39 (Pichia
guilliermondii A) in controlling Lasiodiplodia rot. It is
a general view that disease resistance of fruit is
closely related to the degree of ripeness. As ripen-
ing of mango fruit was significantly inhibited by 1-
MCP, the disease resistance would be expected to
be enhanced by 1-MCP. However, the effect of 1-
MCP on various diseases has been inconsistent
with results being species specific. In some cases
1-MCP treatment increased disease susceptibility
while in other cases 1-MCP treatment decreased
diseases Watkins (2006). Saftner et al (2003)
found that 1-MCP with or without pre-storage heat
treatment reduced decay of apple due to wound
inoculation by P. expansum, Botrytis cinerea,
Colletotrichum acutatum at the time of harvest and
after CA storage, probably by maintaining firmness

and thereby resistance to infection. Decay inci-
dence of peaches after inoculation with P. expan-
sum was slightly reduced by 1-MCP treatment, and
it was suggested that resistance in these fruit was
related to higher activities of phenylalanine ammo-
nialyase, polyphenoloxidase and peroxidase in the
inoculated fruit treated by 1-MCP (Liu et al 2005).
Reduced decay caused by brown rot, Monilinia
laxa, was found in 1-MCP-treated plums (Menniti
et al 2004). 1-MCP treatment significantly reduced
decay incidence of loquat fruit. Meanwhile, 1-MCP
treatment induced higher activities of two defence-
related enzymes-chitinase and B-1,3-glucanase-
during 6 days storage (Cao and Zheng 2010).
Treating apples with 1-MCP usually decreased the
percentage of rotten fruits both directly after stor-
age and after the shelf life period (Jeziorek et al
2010). Sivakumar et al (2012) found that com-
bined effect of 1-MCP (500 nL L™%) and controlled
atmosphere cold storage conditions showed less
anthracnose incidence (30%) than the untreated
control mango fruit (65%) after the shelf life at
25°C for 14-16 days.

In conclusion, this research allowed constitut-
ing a collection of two yeast isolates that have po-
tential in biological control as well as compatible
with 1-MCP for controlling postharvest Lasiodiplodia
rot. Other work are needed either in the directions
of mode of action and human health especially for
Isolate Mg 147 (Candida multisgemmis) or in com-
patibility with other postharvest control practice to
enhance its antagonistic effects as well as studying
the effectiveness against a wide range of posthar-
vest pathogens.
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