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ABSTRACT

A survey of apple fruits postharvest diseases in five locations of El-Jabal Al-Akhder,
Libya, Between latitudes 32 and 33 North, and longitudes 20 and 23 East, at different
periods during the growing season 2009 and 2010, revealed that the most prevalent
postharvest apple pathogens were Alfernaria alternata {Cke) Weber, Aspergilfus flavus Linkex
Gray, Aspergillus niger, Penicillium expansum (Link) Thom, Bolrytis cinerea Press and Rhizopus
stolonifer. Alternaria alternata proved to be the most prevalent and virulent; whereas,
Rhizopus stolonifer and Aspergilus niger were the least virulent. Inoculation of the three
apple varieties, i.e., Golden Delicious, Starkremson and Red Delicious, by the isolated fungi
revealed that the highest infection percentages were obtained by P. expansum, B. cinerea and A.
alternata, while differences in infection % among R. stolondfer, A. flavus and A. niger and
control were insignificant. The antagonistic effect of two fungal { Trichoderma harzianum and T.
viride} and two bacterial (Pseudomonas fluorescens and Bacillus mycoidas) as biological
control agents were tested against P. expansum, B. cinerea and A. afternata fruit rot pathogens.
7. harzianum realized the highest inhibition%, compared with 7. viride. Significant growth
reduction was obtained by all the tested bacteria! bioagents. Higher antagonistic effect was
exerted by B. mycoides against A allemata and P. fluorescens against P. expansum,

whereas, B. subtiius had the lowest antagonistic values.
Keywords: Apple, Postharvest Diseases, El-Jabal Al-Akhder, biological control agents. A
: survey.

INTRODUCTION

Apple trees are the most important fruit trees cuitivated in El-Jabal
Al-Akhder district, Libya, Between latitudes 32 and 33 North, and longitudes
20 and 23 East, characterized by cold to moderate climate suitable for
cultivation of apple trees. Special attention was given by The Lybian
Ministry of Agriculture to this region, where different varieties of apple were
introduced from different countries since 1976, including France, Belgium,
Turkey, Greece, Morocco and Yugoslavia. Cultivation was carried out in
different regions of El-Jabal Al-Akhder, especially in Elguba, Elbiada and
Elmarj. Two and half million trees of different apple varieties, i.e., Golden
delicious, Red delicious, Star kremson, Stark delicious, Anna, Jonathan,
Gold star, Ida red, Lorka, Gersy mac, Royl vala, Jona Good and Ain
shimmer were cultivated until 2000 (FAQO, 2004). o

During period of growth, apple trees are subjected to the attack of
many fungal, bacterial, nematodal and viral diseases. Many of these
diseases attack apple fruits on mother trees or during storage (Fatima et
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al., 2009), causing great Losses in fruit yield (5-50%) and quality (Kader,
2005 and Agrios, 2005). Degradation forms include undesirable alterations
in shape and pigmentation, and failure to ripen (Snowdon, 1992).
Postharvest fungal pathogens cause the major losses in apple production
{Spadaro et al., 2004).

More than 90 fungal species have been described that cause decay
of apples during growth, storage and transportation, including A. alternata, R.
stolonifer, Monilinia fructicola, Glomerella cingulata, Mucor piriformis,
Botryosphaeria ribis, Botryosphaeria obtuse , Aspergillus sp., Fusarium sp.,
Pezicula malicorticis and B. cinerea (Spolts, 1990). The relative importance
of each pathogen depends on climatic and storage conditions.

Control of apple rot diseases had been accomplished primarily by
the application of chemical fungicides. However, chemical control by
fungicides is not economical and had met moderate success and their
future use is in question due to increased regulatory restrictions. Biological
control agents have been developed in recent years as successful and safe
mean of controlling many diseases;, however a few have actually been
registered for use on fruit crops. The most commonly applied are B. subltilis,
P. syringae, B. pumilus and P. fluorescens are common bacterial bioagents
that found to control many postharvest diseases, i.e., peach brown rot, blue
and gray mold of pome fruits and B. cinerea in field trials of strawberry
(Janisiewicz and Marchi, 1992, Janisiewicz et al, 2000; EI-Ghaouth et al.,
2004; Demoz and Korsten, 2006 and Errampalli, 2007).

So, the main aims of this study were to isolate and identify the most
important postharvest diseases of apple in El-Jabal Al-Akhder of Libya and
the use of different biological agents in vifro and in vivo as an altermnative to
the use of chemical fungicides.

MATERIALS AND METHODS

1. Pathogenicity experiments

1.1. Collection of samples

Diseased apple fruits were collected from different fruit markets and
orchards in Libya, paricularily El-Jabal Al-Akhder regions at different periods
during the growing season 2009 and 2010. Diseased fruits were sampled
individually in separate clean labeled polyethylene bags and kept at low
temperature for isolation purposes and further studies. Samples (50 fruits) with
three replicates were taken at random for the test of frequency and occurrence
of fruit-decaying fungi.

1.2. Isolation of fungi from diseased fruit tissues
Diseased apple fruils were rinsed several times in sterilized distilled
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water, surface sterilized using 70% ethyl alcohol for 2 minutes, dried between
sterilized filter paper and then cul with the help of a sharp razor into smail
parts each one containing diseased part with adjacent healthy tissues and
transferred onto potato dextrose agar medium (PDA) plates containing
streptomycin (0.2 g/L). Plates were then incubated for 5 days at 25+2°C
under 12 hours light and dark conditions.

1.3. Purification and identification

Developing fungal isolates were picked out, subcultured several fimes
until growth looked homogenous. Subsequent purification was carried out
using hyphal tip technique (Tuite, 1969). Purified isolates were maintained on
PDA slants and kept in refrigerator at 5°C. Pure cultures of the obtained
isolates were identified in laboratory on the basis of cultural and microscopic
characteristics according to Talbot, {1971), Alexcpoulos and Mims, (1979),
Domsch et al. (1980), Webster (1991) and Barnett and Hunter, (1998).
isolates were checked and confirmed by Prof. ESamra and Prof. M. Amer,
Laboratory of Plant Pathology, Agricultural Botany Department, Faculty of
Agriculture (Saba-Basha), Alexandria University, Egypt.

1.4. Inoculation trials

Apparently healthy and uniform mature apple fruits were carefully
chosen during the season to be used for pathogenicity tests of the isolated
fungi. Fruits were submerged about 3 minutes in solution of 0.5% sodium
hypochlorite containing 0.15% Tween 20 and aliowed to airdry on a
laboratory bench.

The tested fungal isclates were cuitivated on PDA medium in petri
dishes and incubated at 25+2°C for 3-7 days. Inoculum of each isolate was
prepared by flooding the surface of culture, rubbed using sterilized glass rods,
blending the suspension for 1 min, then filtering through eight layers of
cheesecloth. The inoculum concentration was measured with a
haemocytometer and diluted to appropriate concentration 1x106.

Under aseptic conditions, one wound {2 mm deep and 2 mm wide)
was made on each fruit with a sterile needle. Twenty microliters of the fungal
suspension was applied to the wound of each wounded fruit. The test was
done twice (2009 and 2010 season) with three replicates per treatment and
four fruits per replicate. After inoculation, fruits were kept in polysthylene bags
for 24 hrs. to ensure about 12 hrs wetness on the inoculation sites and then
kept at room temperature for 5 days (Hong et al., 1998).

1.5. Disease assessment

Disease development data were recorded daily for 5 successive days
after inoculation by measuring lesion diameter and degree of infection.
Severity of infection was estimated according to the numerical rates as
follows:
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0= no decay development

1= decay less than 1.0 cm in diameter without sporulation

2= decay between 1.0 cm and 2.5 cm in diameter with sporulation

3= decay between 2.5 cm and 4.0 cm in diameter with sporulation

4= decay between 4.0 cm and 6.0 cm in diameter with sporulation

5= fruit completely rotted and heavily covered with mycelium or
decayed up to 6.0cm

Severity degrees were converted to infection severity percentages

according to Horsfali and Heuberger (1942) by using the following equation

sum of individual rating 8 100
No. of fruits assessed 5

Degree of infection (%)=

2. Biological control experiments

Four biological control agents, two fungal isolates of T. harzianum
and T. viride and two bacterial isolates of P. flouresence and B. mycoides,
were applied throughout the present study. Cultures were obtained from
laboratory of Plant Pathology, Dept. of Agric. Botany, Facuity of Agriculture,
Saba-Basha, Alexandria University.

2.1. In vitro experiments

Petri-dishes containing 15 mil sterile PDA-Medium (Potato-Dextrose-
Agar) were used for the Bio-assay experiment. Four wells were cut in the
outer area of the plate by using a sterile cork-borer (No. 5). The wells were
filled with mycelial disk of T. harzianum and T. viride) and a mycelial disk of
the tested pathogen was placed in the middle of the plate. All plates were
held in an incubator at 2B°C. Four replicates were observed for each
pathogen. Wells filled with sterile PDA disks served as control.
Observations were recorded daily for seven days by measuring the
diameter of the pathogen mycelial growth between the wells (ippolito, et al.,
2000).

In order to determine the anfagonistic effect of the tested bacterial
bioagents against the isolated pathogens, dual culture method
recommended by Jamalizadeh ef al. (2008) was applied. Accordingly,
bacterial suspension {0.1 ml; 1.0 x 10 CFU m1™' culture) was streaked on
plates and mycelial disk of the pathogen was then placed in the middle of
the plate. After incubation at 27+ 2°C in the dark for 24 hrs, PDA inoculated
with the pathogen alone was used as control. Plates were incubated at
20°C for 20 days, at which time colony diameters and inhibition zones were
measured. Percentage growth inhibition was calculated using the formula n
= {a — b) =100 /a, where n is the percentage growth inhibition; a, is the
colony area of uninhibited fungus species, and b, is the colony area of
treated fungi (Etebarian et al., 2006).
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2.2, In vivo experiments

The postharvest pathogens P. expansum, B. cinerea and A.
alternata, two fungal biological agents (T. harzianum and T. viride) and two
bacterial isolates (P. fluorescens and B. mycoides) were grown on § cm
diameter plates containing PDA media in case of fungi and nutrient agar for
bacteria (9 cm diameter) for 7 to 14 days. Conidia were harvested by
pouring few millilitres of sterile distilled water containing 0.05% Tween 20 in
the plates. The conidial suspension was adjusted with a haemocytometer to
1.0 x10° for the tested pathogens, 1.0 x107 conidia / mi for Trichoderma
spp. and 1.0x10® for the tested bacterial isclates. Apple fruits (Golden
Detlicious) that had not been treated with late-season fungicide applications,
were used for laboratory tests. Fruits were surface-sterilized by soaking in
70% ethanol for 3 min and then wounded twice on the opposite sides of the
portion between the equator and peduncle with a nail-like pointer (5 mm x 5
mm). Aliquots of 20 ul of conidial suspension of biological agents or sterile
dista! water were applied to each wound, after 4 hrs, 20 i conidial
suspension of pathogens was applied in to each wound.

The fruits were sealed in polyethylene-lined plastic boxes, and they
were incubated at 20°C, in 80% humidity under a photoperiod of 12 h light
and 12 h dark. Four fruits arranged in a randomized block design were
used per each treatment. All assays were designed in random blocks, with
three replicates (Vero et al., 2002 and Jamalizadeh et al., 2008)

The percentage of disease severity reduction (DSR%) was
calculated by the equation:

DSc-DSt

X100
DSc

DSR% =

Where DSc= lesion area on the positive control (pathogen alone)
and DSt= lesion area on the treated fruit (Benbow and Sugar, 1999).

3. Statistical analysis

The obtained data were subjected to analysis of variance and a
sample means tested for significant differences LSD 0.05 using NCSS
PASS 2000 (Gomez and Gomez,1984). '

RESULTS AND DISCUSSION
1. Occurrence frequencies (OF) and degree of infection (DI)

The obtained data (Table1) showed significant differences in
occurrence frequency values among studied areas and among the isolated
fruit-decaying fungi. A. alfemata proved to be the most prevalent fruit-
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decaying fungi with frequency of disease occurrence (OF). The obtained
data (Tabie 1) showed significant differences in OF values among studied
areas and among the isolated fruit-decaying fungi. A. alfernata proved to be
the most prevalent fruit-decaying fungi with (OF) values ranging from 12.4
to 22.8%, followed by P. expansum (14.6-18.7%), B. cinerea {11.8-16.3), R.
stolonifer (5.6-7.8%) and A. niger (3.6-6.4%), whereas, A. flavus presented
the lowest OF values (3.5-5.4%). On the other hand data of DI values
showed significant variation. A. altemata was the most virulent on the
collected apple fruits with {DI) values range (17.4-22.3%) followed by P.
expansum (5.9-15-2%), B. cinerea (8.4-12.8), A. niger (2.4-3.4%) and A.
flavus (1.8-6.6%), whereas, the lowest (Di) values detected with R.
stolonifer (1.7-5.4%). These results indicated that the most frequent
isolated fungi in the period between harvest and storage are A. alternata, P.
expansum and B. cinerea. These fungi were pathogenic at different
degrees, these results were also recorded by many investigator {Bennett,
2005; Beever and Weeds, 2004; Janisiewicz and Korsten, 2002; Rizzolli, .
2006; Moshe, 2006). According to the obtained data, A. alfemala, P.
expansum and B. cinerea proved to be the most virulent fruit-decaying
fungi and were selected for their pathogenic capabilities on mature apple
fruits of Golden Delicious, Red delicious and Star kremson cultivars.

2, Pathogenicity studies

2.1. identification

Six different species of fungi were isolated from diseased apple
fruits during 2009 and 2010 season tissues. Identification procedures were
carried out According to Talbot (1971); Ellis (1971), Alexopoulos and Mims
(1979}, Domsch et al. (1980), Webster (1991}, Barnett and Hunter (1998)
and Bennett (2005). identification was verified by Prof. |. Ef-Samra and
Prof. M. Amer, Laboratory of plant Pathology, Agricultural Botany Dept.,
Faculty of Agric. (Saba-Basha), Alexandria University. Accordingly, the
isolated fungi were identified as P. expansum {(Link) Thom, Botryiis cinerea
Press, A. alternata (Cke) Weber, A. flavus Linkex Gray, A. niger and R.
stolonifer {Table 1).

2.2, Inoculation and pathogenicity tests

Data presented in Table 2 indicated that all the isclated apple fruit-
decaying fungi were pathogenic to all the applied apple varieties. Morgover,
P. expansum, B. cinerea and A. alternala were proved to be the most
pathogenic, exhibiting the highest DI values (16.6% to 58.3%). On the other
hand, Differences in DI values between the other tested fungi (R. sfolonifer,
A. flavus and A. niger) and control were insignificant. Results also showed
significant differences in the mean DI percentages among cultivars. A.
afternata gave the highest DI values in Golden Delicious (58.3%) While the
minimum significant DI was obtained by B. cdinerea in Red Delicious
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(16.6%). These results were in agreement with those obtained by Fatima et
al. (2009} who mentioned that P. expansum, B. cinerea and A. altemata are
the most dangerous postharvest pathogens on pome fruits and she aiso
noted a variation in susceptibility between the tested cultivars. Jorgensen et
al. (2011) mentioned that A. niger is a weak parasite, whereas, it was
reporied that P. expansum, A. altemata B. cinerea and P. expansum were
the most prevaient postharvest pathogens on apple under storage
conditions (Spadaro ef al., 2004; Reuveni, 2006 and Welke et al., 2010).

1. Biological control

1.4. Invitro

Two fungal isolates (T. harzianum and T. viride) and three bacterial
isolates; i.e., P. fluorescens, B. mycoides and B. subtilis were tested as
biological control agents to determine their efficiency in reducing growth of
the tested apple fruit rot decaying agents (Table 3 and 4). Table (3) showed
that B. mycoides had significant effect on all the tested fruit-decaying fungi.
Moreover, the highest antagonistic effect was obtained by B. subltilis on A.
altemata, where the average radial growth was 1.62 cm. P. fluorescens had
also significant effect on growth of all the tested fruit-decaying fungi;
however, the highest antagonistic effect was noted on P. expansum (1.6
cm). B. subtilis showed litde but significant antagonistic effect on the
studied fruit-decaying fungi with average radial growth of B. cinerea, A.
altemnata and P. expansum 2.2, 2.1 and 4.1 cm, respectively.

Results in Table (4) indicated that the highest growth inhibition rates
were obtained by T. harzianum biocontrol agent, where reduction rates in
‘B. cinerea, A.alternata and P. expansum were 65.2. 65.7 and 7187 %,
respectively. T. vinde was less antagonistic than T. harzianum, where
reduction rates were 40.57, 20.9 and 21.4 %, respectively. It was reported
that microbial antagonists produce lytic enzymes such as gluconase,
chitinase, and proteinases that help in the cell wall degradation of the
pathogenic fungi (Castoria et al, 2001). Production of antibiotics is the
second important mechanism by which microbial antagonists suppress the
pathogens of harvested fruits and vegetables. For instance, bacterial
antagonists like B. subtilis and Pseudomonas cepacia Burkh are known to
kilt pathogens by producing the antibiotic iturin (Spadaro et al., 2004 and
Vinas, 2004). The antagonism so produced by B. sublilis was effective in
controlling fungal rot in avocado (Demoz and Korsten, 2006) and M.
fructicola winter honey in peaches and cherries (Pusey, 1989).
Furthermore, P. flouresence inhibited the growth of postharvest pathogens
like ‘B. cinerea and P. expansum in apple by producing an antibiotic,
pyrrolnitrin (Etebarian et al., 2006).

1.2, Invivo
According to data in Table 5 and 6, reductions in disease incidence in
vivo differed greatly according the applied biological control agent, pathogen,
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cultivar and slorage period. Treatment with P. fluorescens resulted in the
least infection percentages in all treatments, ranging from 6.6 to 36.6% in
Red Deficious and Golden Delicious inoculated with A. alternata. Significant
reductions in disease incidence were also obtained by B. mycoides and B.
subtilis; however, reduction rates were less than those of P. fiuorescens.

These results were in agreement with those obtained by (Etebarian
et al., 2006), who reported that P. flouresens was effective in controlling
green mold (P. digitafumn) in lemon (Citrus limon L.) due to production of
specific antibiotics. It was reported that antibiosis might be an effective tool
for controlling postharvest diseases in a few fruits and vegetables;
however, at present emphasis is being given for the development of
antibiotic producing microbial antagonists for the control of postharvest
diseases of fruits and vegetables (El-Ghaouth et al.,, 2004 and Singh and
Sumbali, 2007). Researchers are aiming to isolate, evatuate or to develop
those antagonistic microorganisms that control postharvest diseases of
harvested commodities by the mechanism of competition for space and
nutrient, direct parasitism or induced resistance (Droby, 2006).

Treatment with the fungal biclogical control agents T. harzianum and
T. viride resulted in significant reductions in infection % in all the tested fruit-
decaying fungi and cultivars (Table 6). 7. harzianum gave the highest
degree of reduction, where degree of infection range from 7.3% in case of
infection of Red Delicious with P. expansum to 27.6% in the infection of
Golden Delicious with P. expansum, while the infection of the same
varieties with the same fungi was 31.6% and 13 % compared with control
55% and 36%, respectively. COn the other hand Strains of Trichoderma sp.
have been tested under field conditions for control of Grey mold rot caused
by B. cinerea, A. alfemnata causing core rot of pome fruits and P. expansum,
the causative fungus of blue mold on apples in previous studied. Batta
(2003) showed that the application of formulated T. harzianum conidia
inhibited Botrytis sporulation on the surface of typical Botrytis lesions.

Batta (2004) have been demonstrated the effect of T. harzianum on
postharvest diseases which cause fruit rot, for example, significant curative
and preventive effect was provided by the antagonistic strain of T,
harzianum against A. alternata causing core rot of pome fruits {Reuveni,
2006). Another significant effect was obtained in controlling P. expansum,
the causative fungus of blue mold on apples, through studying the effect of
treatment with T. harzianum Rifai formulated in invert emulsion on
postharvest decay of apple blue mold.

A significant amount of research on the use of the microbial
antagonists has been reviewed by several workers (Droby, 2006;
Janisiewicz ef al., 2000; El-Ghaouth ef al, 2004, Kota ef al., 2006.).
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However, the mechanism(s) by which microbial antagonists exert their
influence on the pathogens has not yet been fully understood. (Wiison and
Pusey, 1985; Vinas ef al, 1998). Several modes of action have been
suggested to explain the biocontrol activity of microbial antagonists). Still,
compstition for nutrient and space between the pathogen and the
antagonist is considered as the major modes of action by which microbial
agents control pathogens causing postharvest decay {(Wilson et al., 1987;
ippalito et al., 2000; Jijakli et al, 2001; Elmer et al. 2005). In addition,
production of antibiotics (antibiosis), direct parasitism, and possibly induced
resistance are other modes of action of the microbial antagonists by which
they suppress the activity of postharvest pathogens on fruits and
vegetables (Janisiewicz et al., 2000; El-Ghaouth et al., 2004).
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Table (1): Dagree of infection (DI%) and frequency of dissase cccurrence {OF %A} of postharvest apple fruits
rots diseases in different locations in Al-Jabal Al-Akhder region(Libya}

D1 and OF (%)

Location B. cinerea A alternata P. expanstyn A niger A fiaviis R. stolortifer
0] OF [0]] OF D1 OF )] OF ™ OF [} OF
Al-wasiata 8.4 11.8*" 23.4 15.2 5.21 17.2 34 36 34 3.5 5.4 7.8
Shahat 102 146 174 424 105 163 24 57 66 47 26 56
Al-gubha 10.9 16.3 22.3 22.8 59 18.7 3.6 6.4 1.8 5.1 3.7 6.9
Massa 12.8 14.% 8,71 213 3.8 14.6 2.5 4.6 4.4 54 1.9 7.5
Al-Blada 10.7 12.7 15 .9 19.1 1.7 18.7 1.9 53 1.5 36 1.7’ 6.9
LSD 1.8 2.5 1.8 1.8 1.8 1.8
{0=0.05)

* Degree of infection (D19%) for (50 frutts) with three replicates
™ Frequency of disease occurrence (O.F.%).
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Table (2): Pathogenicity of the tested fruit-decaying fungi on different apple tested cultivars

J. Adv, Agric. Res, (Fac. Ag. Saba Basha)

Degree of iifection (%)

Golden Deficlous cv.

Starkremson cv.

Red Delicious cv.

Patliogen Incubation days Incubation days Incubation days LsSD
Average Average Average  (4=0.05)
7 10 14 10 14 7 10 14

8. cinerea - 38 . 45 55 46.0 18 25 30 24.3 13 17 20 16.6 12.6
A afternata 40 60 75 58.3 30 35 40 35.0 20 28 40 29.3 239
P. expanstm 45 55 60 533 22 28 38 29,3 18 22 30 233 14.5
R. stolonifer 5.0. 7.0 9.0 7.00 9.0 12 13 11.3 12 14 15 13.6 10.0
A flavus 2.0 4.0 4.0 333 20 3.0 3.0 2.66 2.0 30 3.0 2.66 1.61
A niger 1.0 2.0 2.0 1.66 2.0 2.0 3.0 2.33 1.0 3.0 4.0 2.66 1.99
Couttrof 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

LSD 152 8.26 2.03

{0=0,05)
‘ Degree of infection (%) forthree replices with four ¥ults per repicate.
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Table {3): Antagonistic effect of the applied bacterial isclates against the tested frult-decaying fungi

Storage B. cinerea A alternata P. expansum LSD
Biocomrol period {0a=0.05)
agem dayrsH Linear growth *% of Linear growth % of Linear growth % of -
{cimy} rediiction {cin} reduction {cm} reckiction
4 163" 23.4 %" 1.23 63,3 3.36 30.3
B. mycoides 7 1.96 46.0 1.56 70.1 3.83 36.4
10 2.3 59.2 2.06 71.6 4.33 37.7 0.73
Average 1.96 1.82 3.8
4 1.43 328 1.36 59.5 1.33 72.6
P, Bnorsscens 7 1.73 52.3 1.96 62,5 1.6 734 0.43
10 2.16 617 2.66 63.6 1.9 736 )
Average 1.7 2 1.63
4 1.53 28.6 1.03 69.3 3.46 28.8
7 2.2 39.3 2.2 57.9 423 29.8
B. subilits 0.76
10 2.86 49.3 216 56.4 4.66 33 .
Average 2.2 2.1 4.1
4 213 0.00 3.38 0.00 4.86 0.00
Comtrol 7 3.63 0.00 5.23 0.00 6.03 0.00
10 5.65 0.00 7.26 Q.00 6.96 0.00
Average 3.7 5.2 5.9
L&D
(0=0.05) 0.82 1.04 0.83

* Linear growth {cm) mean of thrae raplicate).
~ Reduction of growth= growth in cantrol - growth In treatment § growth in controlx 100,
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Table (4}: Antagonlistic effect of the applied fungal biclogical control agents against the tested fruit-
decaying fungl

Storage 8. cineren A, [fternata P. expansinn

LSD
Blocorntrol agent ‘p:rlm: Linear % of Linear growih % of Linear growth * of {a=0.05)
i Tty sesuction femm roduction (o teduction
4 113 604 1.56 62.5 1.5 69.1
7 163 84.2 2 65.6 1.6 73.3
T. hatzlanam 0.9
10 2.10 86.2 2.2 69.0 1.3 73.5 -
Average 1.62 65.2 1.02 65.7 1.64 71.97
'y 2.08 27.9 3.26 21.6 4.03 20.5
7 2.63 42 456 217 173 214
F. viride 10 3.00 518 5.5 22.5 533 227 037
Average 2.56 40.57 4.4 21.9 1.7 21.43
4 2.86 0.00 416 0.00 1.86 0.00
control 7 4.56 0.00 5.83 0.00 6.00 0.00
10 6.23 0.00 74 0.00 6.9 0.00
Average 4.55 0.0 57 0.0 6.02 0.0
LSD =005 0.08 1.05 0.73

* Linear growth (cm) (maan of thrae replicate).
™ Reduction of growth= growth in control - grawth in treatment 7 growth in controlx 100,
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Table {5): Effect of treatment of differem apple culivars with the tested bacterial biocontrol agents on % infection with fruit
rot decaying tungi

Degree of idection (%3}

Storage
Blocontrol P‘tl' lod B. cineres A. ahtornats P. expansum
]
agent Y® goiden Gotdent Golaen e LD
ke Starkremson Red LSD Starkremson Red LSD Starkremmson iy
Daliclous Dalicioys  { a =005) Deliclous Deliclowus  (« =008) Dellcl_o,.l: Deliciomm  (a«d.05)
I kr T 12 22 12 n ] 12 R}
1 £ 35 135 45 17 15 n 25 145 18.9
8. mycoldex 14 50 40 15 131 5 27 25 2T.% 45 37 25
Average 42,y 34 13.5 - 18.6 16 7. 248 16.6
T 12 ) 5 25 5 5 15 10 5
10 17 10 7 L] ] 7 12.4 25 12 10 143
P. fyovescens 14 22 15 ] 488 35 10 1 - 30 25 20
ol age 117 11 T e 7.6 [ X 233 156 124
T 25 15 1 i3 15 10 35 15 10
10 0 1% 15 113 20 13 55 27 13 30.8
B. subtiis 14 113 22 20 259 0 kL) 25 288 20 k] 28
Average 4“0 18.3 15 * 1141 .6 17.é 56.% 26.6 13.6
T 113 3 15 0 35 30 5 78 2
10 10 55 20 55 535 40 65 + 3r
44 80 [ ] 25 [ 2] (1) 43 80 55 45
Control Aver e T 50 2 [1] 50 39 [1] H is
TS0
{0005} 20.¢ 148 7.02 316 18.2 1312 3t M7 154
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Table {&}: Effect of treatment of different apple cultivars with the tested fungal biocontrol agents an % infection with fruit rot decaying

fungi
St : Degree of infection (%)
Bloconwol '!'m B. cireree A stermets P, xpansem
gans Gotden  SLAKIemson fed LSD Golen  WaiRremsain Red (s Goiden  Dlaikcommon  Red LSD
Deticious Deflcious { a=005] Dalicious Delicious {w=005) Delicious Deliclous [ av00%)
7 w £ W L ] N T T
, 1 % » 17 1® % 15 . 1 7
T.AerZionem 14 35 % » 14 0 3 % 122 % 15 19 102
: Average 268 2 1" 16 5 1%$ s 10.6 13
1 0 ] 1 2] 11 15 2% 15 1
" ] % n 2 n 1% [ 2 .2
7. viide 1 ™ % T @s 15 2 B 135 4 5 20 168
Average 13 24 254 e 223 Fal M4 23 13
7 » 1) N 2 a L) % n %
10 §5 1] k1 k1 11 3 55 L] n
Cortrol 1 1] [1] 55 111 15 55 1% 17 &
Average 5.8 1 b1 4 k(13 564 b [ 4 55 4 »
W 13 e “ 21 5 23 ' 2 134
Las85) \ \ . A ; 2 X]
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