4 Egypt. J. Phytopathol,, Vol. 35, No. 2. pp. 39-51 (2007)

Control of Sour Rot Disease of Lime Fruits
Using Saprophytic Isolates of Yeast
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our rot disease incited by Geotrichum candidum causes serious

damage to fime fruits during handling. transportation, marketing
and exportation processes. Saprophytic yeast isolates were isolated
from the surface tissues of various fruits and vegetables with high
frequency in addition to two identified yeast isolates. ie.
Saccharomyces cerevisiae and Candida tennis were individually
assayed against the growth and spore germination of Geotrichum
candidum in vitro. The tested veast isolates were able to inhibit
pathogen linear growth and decrease the percentages of spore
germination as well. Yeast isolates C. rennis. 8. cerevisige. Candida
sp.T, and Saccharomyces sp.P, inhibit the fungal growth by 51.1.
441, 38.7 and 35.3 %, respectively. While veast isolates Candida
sp.Oy2 and Cryptococcus sp.L; gave a moderate effect on the fungal
growth. The identificd veast isolate S cerevisiae significantly inhibit
the percentage of spore germination of G. candidum by 82.2%
followed by the isolate Saccharomyces sp.P, and Cryprococcus sp.L,
which reduce spore germination by 76.8 and 74.1 %. respectivelv,

Under storage conditions. non-disinfested lime fruits treated with
different yeast isolates gave the best reduction in disease incidence
and rotied tissue as compared with disintested fruits. Yeast isolates
Cryptococens sp.L., and Candida sp.T, gave the highest reduction in
disease incidence (3.3% infection) followed by fruils treated with
8. cerevisiae. Candida sp.0y» and C. tennis (8.3%. 16.6% and 22.3%.
respectively). ‘The obtained results concerning the rotted tissues
showed the same trend. The obtained results might lead to the
conclusion that the natural existence of epiphytic yeasts on the fruits
surface could provide an expecting protection against G. candidum.
Therefore, the usage of such veast isolates could be suggested as
cheap. easily applied and safe bio-treatment for controlling sour rot
disease of lime fruits and such postharvest diseases.

Keywords: Bioagents, Geotrichum candidum, lime. sour rot and
yeast.

Lime fruits (Citrus aurantium L.) is considered as an important exportation fruits
in Egypt. Postharvest decay of lime fruits caused by Geotrichum candidum (sour
rot); Peniciflium digitatum (Green mould) and P. italicum (blue mould) are the most
important factors affecting harvested lime fruits during handling, transportation,
exportation and storage (Morris, 1982; Brown and Eckert, 1988 and Morsy and
Abdel-Kader, 1994). Several investigators found that number of fungicides
successfully control postharvest decay pathogens of citrus fruits (Mahmoud, 1978;
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Eckert and Brown, 1986). However, chemical contro! programs face many problems
such as chemical fungicides imposes, selective pressure upon the pathogens
population and having residual harmful effect to the human health and environment
{Eckert and Ogawa. 1988). Moreover, some fungal isolates developed significant
resistance 1o used fungicides (Spotts and Cervantes, 1986). Therefore, alternative
approaches are needed for controlling postharvest diseases of citrus and other fruits.
Biological control using either natural products or antagonistic microorganisms
proved to be successful for controlling various plant pathogens in many countries
{Papavizas and Lumsden, 1980). It still not costly and easy in application, however
it can serve as the best control measure under restricted conditions. In addition, its
application is safe, un-hazardous for human and avoids environmental pollution
(Sivan and Chet, 1989).

The objective of the present study was designed to evaluate the efficacy of some
saprophytic yeast isolates for controlling lime sour rot incidence during storage.

Materials and Methods

isolation, purification and identification of saprophytic yeasts:

Potential antagonists were isolaied from the surface of various fresh apparently
healthy fruits collected from three principle fruits and vegetables markets at Cairo
and Giza governorates. Mandarin, tomato, green pepper. orange and time fruits were
placed individually into a 500mli beaker containing 200 ml sterilized distilled water.
Each beaker was placed on a rotary shaker at 100 r.p.m. for 0 minutes. A volume of
0.1 ml of suspended water was then spread on a nutrient yeast extract dextrose agar
(NYDA]} plates and incubated at 25°C for 24 hr. Developed several yeast colonies
were selected and purified by streaking NYDA plates in order 1o obtain single celf
colony. Single cell colonies were picked up and maintained onto another slants and
kept in a refrigerator for further studies (Roberts. 1990 and Mehrotra et al.. 1996).
The purified veast isolates were kindly identified as genus at the Chemistry of
Natural and Microbial Products Dept.. National Research Centre, Egypt.
ldentification was carried out with the guide procedures described by Kreger-Van
Rij (1984); Odds (1988) and Barnett et a/. (2000},

Pathogen isolation and identification:

Five g of rotten lime tissue were suspended into 50 ml sterilized water.
A loopful of the suspension was streaked onto PDA plates containing 1.6 pg/m|
penicillin for avoiding bacterial contamination and incubated at 23°C for five days.
Appeared colonies were picked up and re-inoculated onto PDA plates for obtaining
pure fungal colonies, then identified according 1o Barnett and Hunter (i1972).

Preparation of veast cells and fungal spore suspension:

Different isolated yeast isolates in addition to S. cerevisiae and Candida tennis
{kindly obtained from the Microbiology Dept. . NRC. Egypt) were grown at 25°C
for 48 hr in shaked NYD broth cultures. Yeast cells were pelleted by centrifugation
at 3000 r.p.m. for 20 min, re-suspended in sterile distilled water. and centrifuged
again. The resulting pelleis were dispersed in sterilized distilled water and the
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concentration of the yeast cells was adjusted to 10°® cfu/m| using a haemocytometer
slide. Conidia of G. candidum were obtained from 7day-old PDA cultures and were
also adjusted to a concentration of 10° conidia/ml.

Antagonistic effect of yeast isolates on G. candidum in vitro:

The interaction between yeast isolates and G. candidum was evaluated as fungal
growth inhibition and growth clear zone as well. Yeast isolates which recorded
a frequent occurrence as 25% and more were used in the present test. Dual culture
technique after Ferreira er al. (1991) was followed. Yeast isolates (48-h-old) were
streaked individually on one side of 9 cm Petri dishes containing PDA medium.
while § mm disks of G. candidum were placed on the opposite side of yeast
inoculated plates. Both tested microorganisms were placed 2 cm from the plate
edges. A set of only fungal inoculated plates were used for check treatment. Al
plates were incubated at 25+2°C until full fungal growth in check plates. Percentage
of fungal growth reduction was calculated in yeast treatments refative to the fungal
growth in the check treatment after 7 days. Clear growth zone lay between tested
yeast isolates and fungal growth was assessed visually at the end of the test and
indicated as high, moderate and low degrees of antagonistic effect.

The antagonistic effect of yeast isolates on spore germination of G. candidum
was evaluated in potato dextrose broth (PDB) foliowing the method described by
(Droby et af., 1997). A volume of 0.1 ml of 10® cfw/m] active yeast cell suspensions
was added to a 10 ml glass tube containing 5 ml PDB. At the same time, aliquots
{0.1 ml) of spore suspensions (10° spores/ml) of G. candidum was added to each
tube. The same volume of G. candidum spores suspension and 0.1 ml sterilized
distilled water were added to another set of test tubes containing 5 ml PDB and
reserved as control treatment. All test tubes were incubated for 20 h at 25x2°C in
a rotary shaker (50 r.p.m), after that 100 fungal spores per replicate were observed
microscopically to determine germination percentage. All yeast isolates were
represented in three replicates, and experiments were performed three times.

Percentages of non-germinated spores referred to those germinated in the control
treatment were estimated to calculate the percentages of germination inhibition due
to the effect of yeast isolates,

Effect of different yeast isolates on sour rot disease incidence in vivo:

Selected lime fruits apparently healthy were divided into two groups: the first,
was surface-disinfested by immersing into 0.5% sodium hypochlorite solution for
5 min and then washed with sterilized distilled water, then left for air drying at room
temperature (18-20°C), while the second, were left without disinfestations. Three
marked wounds were made up for alf infested and non-infested fruits at its equator
using sterilized head of an inoculated needle (Wilson and Chalutz, 1989). Afier
wounding, 50ul of an aqueous yeast suspension (10° cfw/ml) were immediately
pipetted into each wound site. The treated fruits with yeast suspension were left to
air dry for 2 hr at ambient temperature (24-26°C), then artificially inoculated by
spraying with G. candidum (10°%ml) spore suspension and left again for air drying.
Control treatments included infested and non-infested fruits inoculated only
with G. candidum spore suspension at the same concentration. All lime fruits were
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placed into carton boxes (20 fruits per each) in relevant to each particular treatment
and stored in a cold room at 20+2°C for two weeks. Three boxes as replicates were
used for each particular treatment as wel! as control,

Diseases assessment:

At the end of storage period average percentages of infected fruits with sour rot
disease were recorded. Moreover, estimation of disease development was recorded
as percentages of rotted tissue which was calculated by referring the weight of rotied
part in relative to the whole infected fruit weight.

Statistical analysis:
Tukey test for multipie comparisons among means was employed by Neler ef al.
(1985).

Results and Discussion

Isolation, purification and identification of saprophytic yeasts:

The numbers of potential saprophyte yeast isolates taken from the surface of
fresh healthy fruits of mandarin, tomato, green pepper, orange and lime are
represented with their genus and codes referred to the host and source of collected
samples. Results presented in Table (1) indicate that the saprophytic yeast isolates
namely: Saccharomyces sp.Ma, Saccharomyces sp. P\; Candida sp. O,; Candida sp.
T,: recorded the most dominant isolates which represented high frequency, being
85.3. 84.4, 68.5 and 66.6%, respectively. Meanwhile, isolates of Cryprococcus sp.
Ly; Ls and L, showed moderate frequency, being 41.2, 30.2 and 28.6%, respectively.
The rest of yeast isolates represenied a low frequency, which did not exceed 18.4%.

Table 1. Frequency occurrence of naturally saprophytic yeagt isolates from
different fruits surface

Tested fruit Yeast isolate Frequency (%) J
Cryvptococcus sp. L, 286
Lime Cryptococcus sp. Ly 412
Cryptococcus sp. Ly 30.2
. Saccharomyces sp. M, 14.7
Mandarin Saccharomyces sp. Ms 853
Saccharomyces sp. P, 84.4 i
Pepper Candida sp P- 10.0
Candida sp Py 5.6
Candida sp. T, 66.6
Tomato Candida sp. T2 i8.4
Candida sp. T; 12.0 |
Saccharomyces sp. Oy 8.5 !
Candida sp. Oz 68.5
Orange Candida sp. O 12.0
Candida sp. Oy 11.0
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The high frequently isolated yeasts were chosen for further studies under in vitro
and {n vive conditions. Natural occurrence of different yeasts on the surface of
agricultural products was previously recorded by Spotts er af. (1998); He Dan et af.
(2003) and Sugar and Spotts {1999).

Pathogen isolation and identification.

The morphologically and microscopically examined characters for purified
fungal cultures revealed that the isolated fungus from rotten lime tissues is
Geotrichum candidum. The present finding is confirmed by Morsy and Abd
El-Kader (1994) who recorded that the first occurrence of lime sour rot in Egypt
caused by Georrichum candidum.

Antagonistic effect of yeast isolates on G. candidum in vitro.

Presented data in Table (2) indicate that, ail the nine yeast isolates tested were
able to reduce mycelium growth of G. candidum. 1solates of C. tennis, S. cerevisiae.
Candida sp.T| and Saccharomyces sp.P, showed a high inhibitory effect on the
fungal growth, being 51.1, 44.1, 38.7 and 35.5%, respectively. A moderate
inhibitory effect was observed in case of isolates Cryprococeus sp.L,, Candida sp.
O, and Cryptococcus sp. L,, being 31.5, 27.7 and 20.5%, respectively.

The visual clear zone of fungal growth indicated as (-) or (+);.{(++) and (+++)
depends on the width of zone of inhibition. Data also show that the ascending order
of the width of clear zone of growth inhibition followed the same order of recorded
efficacy of yeast isolates as fungal linear growth inhibition. This observation couid
be attributed to the preduced metabolism by different yeast isolates and which
diffused into growth medium 1o various extents relatively to each diverse isolate.
in this regard, several investigators recorded the efficacy of yeast as an inhibitor
agent against pathogenic fungi (Mehrotra ef al, 1996. He Dan et al. 2003;
Guozheng ef al., 2004 and Ozgur et af., 2005).

Table 2. Effect of different yeast isolates on mycelium growth of G, candidum
under in vitro conditions

Yeast isolate Linear fungal Gr(?wTh Visual an[agoni‘st‘i(? effect
growth {(mm) | reduction {%) (zone of inhibition)

Cryptococcus sp. Ly 61.6 b 31.5 ++
Cryptococcus sp. La 71.5 a 20.5 +
Crypiococcus sp. L 79.2 a 12.0 +
Candida sp. O 650 b 277 ++
Candida sp. T, 35.1¢ 38.7 +++
Saccharomyces sp. P, 580 ¢ 355 +++
Saccharomyces sp. M, 85.1 a 54 -
Saccharomyces cerevisiad 503 d 44.1 +++
Candida tennis 44.0d 511 +Ht+

Control 900a | o= e

Figures with the same letter are not significantly different ( P= 0.03).
{(+++} High antagonistic action: (++) Moderate.(+) Low and (-) No antagonism.
Incubation period was extended to 7 days at 25£2°C
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On the other hand, it is interesting to note that although Saccharomyvces sp.M,
recorded high frequency as 85.3 (Tablel), it caused low inhibition to the fungal
growth not exceed 5.4% and no antagonistic effect as clear zone of growth inhibition
was observed as well. Therefore, this isolate was neglected from the further work.

Presented data in Table (3) indicate that, all the yeast isolates tested varied in
their inhibition on spore germination of the pathogen. Saccharomyces cerevisiae has
significantly inhibited spore germination of G. candidum by 82.2% followed by
Saccharomyces sp.P, and Cryprococcus sp.Ls, being 76.8 and 74.1%, respectively,
It is interesting to note that Cryptococcus sp.L; showed the lowest effect either on
growth or spore germination of G. candidum when compared with the other yeast
isolates tested. Moreover, although C. fennis occupied the top order of inhibition
51.1% to mycelial growth {Table 2), it backward to have a moderate effect (57.2%)
on spore germination. These results could be attributed to the varied bic products
produced by yeast isolates which affect fungal growth or its spore germination and
might not be the same. The obtained results in the present study are in agreement
with those reported by Burkhead er af. (1995). Also, Brown (2000) found that yeast
isolates Candida spp. were among microorganisms isolated from plant tissues, and
were successfully found to be fungal antagonist. El-Gamal and Abd-Alla (2002)
reported that yeast isolates of S. cerevisiae and C. rennis were highly inhibitive to
fungal growth and sclerotia formation of Sclerotinia sclerotiorum the causal agent of
white rot disease of bean green pods.

Table 3. Effect of different yeast isolates on the percentages of spore
germination of G. candidum, 20 h after incubation at 25x2°C

Yeast isolate Spore germination (%) Reduction (%}
Cryptococcus sp. . L 357 e 63.3
Crvprococcus sp. L 252 f 74.1
Cryptococcus sp. . Ls 756 b 223
Candida sp. 0, 55.3 ¢ ' 432
Candida sp. T, 331 e 66.0
Saccharomyces sp. Py 226 f 76.8
Saccharomyces cerevisiae 173 g 8§2.2
Candida tennis 41.6 d 57.2

Control 973a L e

Figures with the same letter are not significantly different (P= 0.03).

Moreover, antagonists which have been found in micro-ecosystems on the
surfaces of fruits and vegetables were developed as biological control agents for
controlling postharvest diseases of fruits and vegetables (Janisiewicz, 1991; Wiison
et al., 1993 and Cheah er al., 1996). On the other hand, several antagonistic yeasts
showing high protection to various fruits against postharvest pathogens have been
also reported (Janisiewicz, 1988; Roberts, 1990; Pusey ef af/, 1993; Guozheng et al.,
2004; Ozgur ef al., 2005 and Hongyin and Xiaodong, 2007).
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Effect of different yeast isolates on sour rot disease incidence in vivo:

Presented data in Table (4) indicate that the non-disinfested lime fruits treated
with different yeast isolates showed better reduction in disease incidence when
compared with the disinfested fruits. Cryptococeus sp.L., and Candida sp.T, showed
the highest suppressive effect on disease incidence estimated as 3.3%. Meanwhile.
S. cerevisiae, Candida sp. O, and Cryptococcus sp. L, were able to reduce sour rot
disease by 8.3, 16.6 and 18.3%, respectively. On the other hand, similar trend in
a lower extent of sour rot incidence was observed with disinfested lime fruits
inoculated with yeast isolates. Cryptococcus sp.ly, Cryptococcus sp.l, and
S. cerevisiae recorded significant reduction in percentages of disease incidence,
being 11.7, 13.3 and 18.3%, respectively. Many workers have also successfully used
different yeast species for controlling postharvest diseases during storage (Chang-
Goyal and spots, 1996 and Benbow and Suger, 1999). They reported that preharvest
application with natural saprophyte yeasts were able to control postharvest pear
diseases.

Table 4. Effect of different yeast isolates on sour rot disease incidence after two

weeks of storage at 20:2'C
Yeast isolate Disease incidence (%)
Non-disinfected fruits Disinfected fruits
Cryptococcus sp. L, 33 ¢ 133 f
Cryptococcus sp. L, 183 d 283 e
Cryptococcus sp. L; 25.0 ¢ 317 d
Candida sp. Oz 16.6 d 267 d
Candida sp. T, 3.3 fF 11.7 g
Saccharomyces sp. Py 317 b 41.7 b
Saccharomyces cerevisiae 83 e 183 f
Candida tennis 233 ¢ 333 ¢
Conirol 86.6 a 916 a

Figures with the same letter are not significantly different (P= 0.05).

The efficacy of the tested yeast isolates on the development of disease infection
represented as rotted tissue of lime fruits followed the same observed order of their
effect on disease incidence. Data shown in Table (5) indicate that yeast isolates
Cryptococcus sp. L), Cryptococcus sp. Ly, Candida sp. T, and Saccharomyces sp. P,
showed significant reduction in the percentages of non-disinfested rotted fruit tissues
calculated as 4.4, 18.3, 16.7 and 18.6%, respectively. Meanwhile, Cryptococcus sp.
L, and Saccharomyces sp. P| occupied the first order in minimizing rot disease
development of disinfested lime fruits. In this regard, Vero et al. (2002) reported
that two yeast antagonisis, Cryptococcus laurentii (strain 3t7) and Candida ciferrii
{strain 283) isolated from the surface of heaithy apples, suppressed blue mouid of
apple caused by Penicillium expansum. Both antagonists reduced the incidence of
blue mould by 80% at 25°C. Furthermore, Jones and Prusky (2002) investigated the
p0551b111ty of expressing a DNA sequence in Saccharomyces cerevisiae to allow the
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Table 5. Effect of different yeast isolates on the percentages of rotted fruit
tissues after two weeks storage

; Fruit rotted tissues (%)
Yeast isolate Non-disinfected fruits Disinfected fruits

Cryptococcus sp.  L.1000 144 f 16.7 £
Cryptococcus sp. L.2000 183 f - 583 b
Cryptococcus sp. L.3000 416 b 498 ¢
Candida sp. 0.1002 203 e 25.1 d
Candida sp. T.1000 16.7 t 41.7 ¢
Saccharomyces sp.  P.001 186 f I83 f
Saccharomyces cerevisiae 255 d 330 e
Candida tennis 336 ¢ 312 e

Control 91.6 a 100.0 a

Figures with the same letter are not significantly different (P= 0.03).

production of an antifungal peptide. Yeast was found to inhibit the growth of
germinated Colletotrichum coccodes spores and inhibited decay development caused
by the pathogen in tomato fruits. The lack of activity toward nontarget organisms by
the peptide and the use of S. cerevisiae as a delivery system suggest that this method
could provide a safe alternative for postharvest disease coatrol.

It is clear from presented data in Tables (4 & 5) that the non-disinfected lime
fruits treated with different antagonistic yeast isolates resulted in a higher reduction
in disease incidence and also reduced disease developmept as percentage of rotted
tissues compared with disinfested lime fruits. These results might be attributed to the
increasing the number of microflora persistence on the fruit’s surface and/or
synergistic effect between them which may probably occur. Similar conclusions
regarding these results are reported. :

The success of antagonists (non-disinfested fruits) than individual one
{disinfested fruits) referred to different mode of action of mixture numerous modes
of actions have been postulated and demonstrated for antagonist effective in
controlling postharvest diseases, including nutrient competition, antibiotic
production. enzymes that act on fungal cell wall components such as chitinases and
B-1,3 glucanase and induced host resistance (Droby and Chalutz, 1994 and
Burkhead ef af, 1995). Also, Janisiewicz (1996) reported that mixtures of microbial
antagonists have been used successfully to increase the level of biologicai control
above that achieved with individual isolates of the mixture. The mechanisms by
which yeast exert their biocontrol activity have not been fully elucidated. Biological
activity of antagonistic yeasts may involve nutrient competition (Droby ef al., 1989),
site exclusion (Droby and Chalutz, 1993), direct parasitism, and perhaps induced
resistance {Wisniewski et al, 1988; Wisniewski er al, 1991- and Wilson and
El-Ghaouth, 1993}. Furthermore, several antagonistic yeasts have been isolated and
shown to protect a variety of fruit against postharvest pathogens (Janisiewicz, 1988;
Roberts, 1990; Pusey er al., 1993; Wilson and Wisniewski, 1994; Chang-Goyal and
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Spotts, 1996 and Ortu, et al, 2003). Although the use of antagonistic yeasts to
control postharvest diseases have been demonstrated with several commodities, their
commercialization will be depend on whether they are capable of effectively
controlling decay of fruit from different locations with variable inoculum loads,
types of infection, and levels of mechanical injury. In addition, microbial biocontrol
agents will be expected to display curative activity comparable to that observed with
synthetic fungicides. Currently available antagonistic microorganisms do not appear
to be able to control previously established infections and are most effective when
applied prior to infection by the pathogen {Wilson and El-Ghacuth, 1993 and
Wilson and Wisniewski, 1994). The obtained results of the present study lead to
suggestion that epiphytic yeast naturally occurring on the surface of fruits and
vegetables tissue could be applied as safe bio-treatment for controlling sour rot
disease of lime fruits.
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