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Abstract

Erwinia amylovora species were isolated from the blossoms, exudates, infected fruits,
leaves and bent branches of diseased apple, pear and hawthorn trees, selected in the
Chy, Osh and Jalal Abad regions. Biochemical and pathogenicity tests, alongside PCR
analyses, were conducted to identify the local isolates of Erwinia amylovora. The al-
ternative antagonistic microorganisms which combat bacterium E. amylovora were
tested within 7n vitro and in vivo conditions. The results revealed the ability of Strep-
tomyces antagonistic bacteria to decrease fire blight severity on pear and apple trees
during the first stage of the fire blight disease in leaf tissues. Strepfomyces strain C1-4
suppressed E. amylovora disease symptoms in the leaf tissues and excised apple and
pear shoots. The incidence of fire blight on leaves was reduced by about 70% with
two applications of bacterial antagonists. Further studies at different locations in
Kyrgyzstan, using large scale application, would allow for stronger recommendations
to be made, including studies and recommendations on their ability to prevent dis-
ease and to use them as main components in an integrated pest management pro-
gram.
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1. Introduction

Fire blight, caused by the bacterium Erwinia amylovora, is an important disease affect-
ing most types of Rosaceae plant and represents an enormous threat to fruit cultivation
in many parts of the world. The host Rosaceous trees for Erwinia amylovora are pear,

apple, quince, loquat, ornamental and wild plants (cotoneaster, pyracantha, stranvaesia,
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hawthorn, sorbus). According to EPPO (2012), E. amylovora is currently present in
more than 50 countries worldwide [1].

It is a complex disease which passes its entire cycle in close association with the host
plant, where it is able to infect fruit, leaf, shoot and flower tissue. Infected plant parts
will, in all cases, cause sticky, amber-like drops of ooze, composed of viable bacteria in a
polysaccharide matrix, to be formed on the blighted plant parts [2].

Erwinia amylovora is a gram-negative bacterium, described as such by Burrill in 1883
[1]. It has a wide geographical distribution and large economic importance. It is a qua-
rantined organism in many countries, including in Europe and Asia. This bacterium
leads both an epiphytic and endophytic life.

Many assays have been developed for the detection of the gram-negative bacterium
Erwinia amylovora, as the causative agent of fire blight. Classical methods include plat-
ing on semi-selective media or serological assays like an enzyme-linked immunosor-
bent assay or immunofluorescence [3] [4].

Erwinia amylovora, the causative agent of fire blight, was identified independently
from the common plasmid pEA29 by three different PCR assays with chromosomal
DNA. PCR with two primers was performed with isolated DNA and with whole cells,
which were directly added to the assay mixture. The oligonucleotide primers were de-
rived from the ams region and the PCR product comprised the amsB gene, which is
involved in exopolysaccharide synthesis. The amplified fragment of 1.6 kb was analysed
and the sequence was found to be identical for two E. amylovora strains [5].

Pathogenicity and virulence of the pathogen E. amylovora depend on different fac-
tors. However, probably the most essential reasons for differences in virulence between
different strains of £. amylovora are the variation in the synthesis of exopolysaccharides
(EPS) and the mechanism of the type III secretion system (T3SS) and associated pro-
teins. One of these EPS is amylovoran which is the main constituent of bacterial ooze.
Amylovoran is a polymer of a pentasaccharide repeating unit that generally consists of
four galactose residues and one glucuronic acid residue [6] [7]. E. amylovora strains
that do not have the capacity to produce amylovoran are non-pathogenic and are un-
able to spread in plant vessels [8]. Another EPS that is synthesized by E. amylovora is
levan. Lack of levan synthesis can result in a slow development of symptoms in the host
plant [9].

Koczan et al. [10] [11] discovered that the EPS of E. amylovora are also involved in
biofilm formation, which enables the bacteria to attach to several surfaces and each
other. They have suggested that biofilm formation plays an important role in the patho-
genesis of E. amylovora, as their study showed that amylovoran is necessary for biofilm
formation and that levan contributes to this biofilm formation.

Another important factor in pathogenicity is confined by the action of the T3SS (the
type III secretion system). The T3SS of plant-pathogenic bacteria is mainly made out of
HRC proteins, encoded by HRP-conserved (HRC) genes among plant-pathogenic bacte-
ria and HRP proteins, encoded by hypersensitive response and pathogenicity (HRP)
genes. In E. amylovora, HRC and HRP genes are clustered in a pathogenicity island
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which contains four regions: a HRP/ HRC region, an HRC effectors and elicitors region,
an HRP-associated enzymes region and an island transfer region [12].

Fire blight is difficult to control, as it is able to rapidly spread in the plant and effec-
tive control methods are still lacking. Suppression of the blossom-blight phase of fire
blight is a key point in the management of this destructive and increasingly significant
disease in apple and pear trees [13]. Chemical control of fire blight is difficult, because
there are few effective bactericides registered, while streptomycin (which is effective)
and other antibiotics are not registered worldwide. According to some researchers, only
copper fungicides can suppress this disease [14].

Scientists are attempting to find biological agents to use against this severely destruc-
tive disease, so in some parts of the world searches have been carried out for antago-
nist-microorganisms to use against fire blight. Biological control agents of fire blight
have been found by applying, through spraying treatments, non-pathogenic bacteria,
Bacillus subtilis or Pantoea agglomerans and plant extract, viz. Harmel (Peganum har-
malaL.), to open flowers in Egypt [15]. A talc-based formulation of Pantoea agglomer-
ans strain Eh-24 was applied at 30% and 100% bloom on two pear orchards, which were
selected from different locations in the Aegean Region in Turkey. The talc-based for-
mulation of P. agglomerans strain Eh-24 reduced the percentage of blighted blossoms
on pear orchards by between 63% and 76%, approximately [16]. The Erwinia herbicola
strain, Eh1087, established stable populations for at least 10 days post-application when
sprayed onto apple blossoms in the orchard. This strain produced a broad spectrum,
non-peptide, S-lactam antibiotic in vitro that was bactericidal for £. amylovora. Eh1087
suppressed E. amylovora disease symptoms in immature pear fruit, excised apple shoots
and apple blossoms in a Canterbury orchard [17].

Under field conditions, Johnson et al [18] found that early establishment of popula-
tions exceeding 10° CFU per blossom of P. fluorescens Pf A-506 and P. agglomerans Eh
C9-1 on pear blossoms suppressed establishment and growth of E. amylovora, thereby
decreasing disease incidence. The incidence of fire blight on blossoms was reduced by
about 60% with two applications of bacterial antagonists in experimental plots in the
Pacific Northwest [19] and California [20]. The efficacy of biological control approached
or equalled levels obtained with chemical control in many of the field trials [20].

As became evident, many scientists prefer dealing with the blossom blight phase of
fire blight for the management of this disease. Biological control agents (BCAs) are now
commercially available [21]. However, the effectiveness of BCA products for fire blight
control was generally low and highly variable [22] [23]. Therefore, there is still a need for
new species and strains of BCAs with novel mechanisms of action, which also fulfil the
current strict authorization requirements in most countries for microbial bio-bactericides
[24].

The first disease cases of fire blight in fruit trees were marked in several regions of
Kyrgyzstan during the period of 2009-2013. The Phytosanitary Service of KR has ex-
amined 1235 ha in the Chui region, including 42.1 hectares of contaminated trees with

fire blight. In the Issyk-Kul region, the first signs of symptoms of fire blight in fruit
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have been identified since July, 2012. In 2013, the disease spread to the eastern districts
of the region. The first signs of symptoms similar to bacterial blight on pome trees in
the forests of Southern Kyrgyzstan were sighted in 2008-2009 by the employees of the
Plant Protection station, located in the city of Jalal-Abad.

The objective of this study was isolation and identification of E. amylovora in dis-
eased parts of fruit trees and shrubs from the Rosaceae family, as well as the examina-
tion of the efficacy of alternative bactericides against bacterium E. amylovora under in

vitro and in vivo conditions.

2. Methods and Material
2.1. Plant Samples Collection

Diseased pear and apple flowers, leaves and fruitlets showing necrotic/cankers charac-

terizing symptoms (Figure 1) of fire blight were collected from trees and used for isola-

tion of the causative bacterium (Table 1).

Figure 1. Diseased plant organs analyzed for isolation of Erwinia amylovora.

Table 1. Samples taken from diseased plants.

Time of sampling

Sampling place

Species of plants

Plant organs

The end of April
2014, May 2015

May, 2015

June, 2015

June, 2015

June, 2015

May, 2015

Botanical Garden named
after Gareev, Bishkek city

Karakol city, Issyk-Kul
province

Fruit farming of Nookat
district, Osh province

Fruit farming of Karasuu,
Fruit farming

Arslan bob walnut forests,
Jalal Abad

Fruit farming of Suzak dis-
trict, Osh province

Different varieties of
apple and pear trees

Different varieties of
apple and pear trees

Different varieties of
apples and pears

Different varieties of
apples and pears

Hawthorn

Different varieties of
apples

The young buds;
blooms with exudate

The young buds;
blooms with exudate

The affected shoots
and leaves

The affected shoots
and leaves

The affected shoots
and leaves

The affected
immature fruits and
leaves
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2.2. Extraction of Bacteria from Primary Materials by Shaking in Buffer

Samples were placed in a suitable container, such as a disposable 150 ml plastic cup
with lid or a 200 ml Erlenmeyer flask. 30 ml phosphate buffer or phosphate-buffered
saline was added. The container was placed on a rotary shaker and then incubated at
200 rev/min for 1.0 h. For samples with symptoms, an appropriate amount of macerate
was selected for polymerase chain reaction (PCR) analysis. For asymptomatic samples
extracted, suspension was concentrated by centrifugation. 50 ml of Macerate was care-
fully poured either directly into the centrifuge tube, leaving the pulp in a container, or
pre-filtered through filter paper and then centrifuged for 10 minutes, with an accelera-
tion of 8000 g, at 10°C. The sample was also frozen at —18°C.

The supernatant was discarded without damage; the pellet was resuspended in 1 ml
of phosphate buffer and transferred to a sterile microtube. The extract was used imme-

diately for the selection tests: biochemical and PCR analyses.

2.3. Isolation of Pure Culture of Erwinia amylovora

To isolate E. amylovora isolates from primary materials (diseased parts of plants), as
well as to identify and store them in vitro, cultures commonly used for bacteria nutrient
mediums: Meat-peptone agar (Meat extract (Difco)-3 g; Peptone (Difco)-5 g; Agar
(Difco)-15 g; Water-1 liter; Soy-Tryptone agar (Tryptone (Difco)-15 g; Soy peptone-5
g; NaCl-5 g; Agar (Difco)-15 g; Distilled deionized water-1 L; pH-7.3) and and selective
mediums were used, like Levan (Yeast extract-2 g; Bactopeptone-5 g; NaCl-5 g; Su-
crose-50 g; Agar-20 g; Distilled water-1 liter; pH-7.0 - 7.2), King’s B medium (Pep-
tone-20 g; glycerol-10 ml; K,HPO,-1.5 g; MgSO, -7H,0-1.5 g; Agar-15 - 20 g; Distilled
water-1 liter, pH-7.0 - 7.2).

A 30 - 50 pl dose of plant extract suspension from diseased parts was added to the
Petri dish and sequentially distributed over the surface of the medium on three plates
with a spatula. The stroke method was also used for plating the plant extract suspen-
sion. For this purpose, four decimal dilutions of plant extract were prepared in the ex-
traction buffer and then 50 - 100 ul of undiluted extract, before each of the dilutions
was plated on its medium with the stroke method. To control the quality of the me-

dium, the reference strains of fire blight pathogen were plated.

2.4. Enrichment in the Unripe Fruits

Immature fruits are an ideal medium for bacterial blight pathogen, while constraining
the growth of accompanying microorganisms. Therefore, enrichment on the biological
material can be more efficient than media. For each sample, three to five immature
fruits (or 1/4 - 1/2 of the fruit) of susceptible apple and/or pear varieties were used. One
hundred pl of sample suspension was distributed between fruits by making a few nyxes
through the fruit skin, to a depth of about 5 mm, using disposable syringes with thin
needles.

As a positive control, the same fruit varieties were inoculated with a pure culture

suspension of blight pathogen at a concentration of 10° cells/ml.
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As a negative control, the same fruit varieties were inoculated with a buffer in which
a macerate was prepared. They were incubated in a humid chamber at 25°C to 27°C for
five to seven days. Necrosis and white exudate were observed being produced by the
fruits. With the development of typical symptoms, isolation and identification of a pure

culture was performed.

2.5. The Classical Biochemical Tests

Biochemical tests were set for the study of phenotypic properties of isolates of fire
blight.

2.6. Molecular Identification

2.6.1. Sample Preparation of Samples for Tests Based on Polymerase Chain
Reaction

Levan-positive, non-fluorescent culture at a concentration of 10° cells/ml in sterile dis-

tilled water suspension was prepared and used immediately or stored at —18°C until

PCR product was observed.

2.6.2. Classic Analysis Based on the Polymerase Chain Reaction

DNA isolation, restriction and agarose gel electrophoresis were carried out according to
standard protocols. Amplification of E. amylovora gene hrpN was performed with primers
Eam] (5°gaggaataccatatgagtctgaatacaagtg3’) and Eam?2 (5’agcgtcgaccagcettgecaagtgecat3’).
Annealing temperature of primers was 52°C.

2.7. Sources of Antagonists

Biocontrol antagonistic microorganisms (Streptomyces) from our laboratory collection

were used in this study.

2.8. In Vitro Determination of Antibiotic Activity of Antagonistic
Microorganisms against Fire Blight Pathogen

The N.S. Egorov [25] perpendicular stroke method was used. The antagonist culture
was plated on the diameter of the Petri dishes; after four to five days, test cultures (£r-
winia amylovora) were plated. The agar blocks method was also used. Biocontrol an-
tagonistic microorganisms (Streptomyces sp.) were plated onto the surface of the agar
medium in a Petri dish, having formed during the growth of a continuous lawn. Cul-
tures were incubated at a suitable temperature for four to five days. Then a sterile cork
drill (6 - 8 mm in diameter) was used to cut from the layer agar blocks and transferred
to the surface of the agar medium, inoculating only the test organism (Erwinia amylo-
vora). Agar blocks were placed increasing (lawn) up at an equal distance from each
other and from the edge of the cup tightly to the agar plate.

2.8.1. Evaluation of Antagonistic Activity Biocontrol Agents in Liquid Media
Antagonistic activity of biocontrol agents against the bacterial blight pathogen was
studied by co-cultivation of the antagonist and the test culture in a liquid medium. The

Erwinia amylovora culture was incubated in 5 ml tubes in a meat-peptone broth for 48
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hours. Then 1 ml of an antagonist culture was added to each tube: Streptomyces bambar-
glensis SK-6.6; Streptomyces fumanus gn-2; Streptomyces Pr-3 and Streptomyces CI-4.
After incubation at 28°C for 24 hours, tube contents were analysed and the activity of

the biocontrol agents was evaluated.

2.9. Screening the Antibiotic Activity of Antagonistic Microorganisms
against the Bacterial Blight Pathogen on Apple and Pear Seedlings

The potential of candidate antagonists to suppress the cell production of Erwinia amy-
lovora on infected leaves was tested on susceptible local Aychurok apple seedlings and
local Myskii pear seedlings. Seedlings were sprayed with suspensions of Erwinia amy-
lovora (1 x 10° ml™") until runoff and placed in a moist chamber consisting of a plastic
tray enclosed by a transparent plastic top. After two days of incubation at 15°C with
diffuse light, the tops were removed from the trays and seedlings were further incu-
bated for five days at 85% RH, 15°C and with 16 hrs. light per day. Thereafter, E. amy-
lovora-inoculated seedlings were sprayed with antagonist suspensions (containing 1 x
10° spores or cells ml-1) or water (containing 0.01% Tween 80) as controls. Two seed-
lings of both apples and pears were used for each replicate of each treatment. Contact
between leaves of neighbouring plants was avoided.

Seedlings were grown for nine to 12 days at 15°C, with 16 hrs of light per day at 138
HE s-1 m-2. From both seedlings of each replicate, the youngest five true leaves were
carefully removed, put into Duran bottles (100 ml) containing 35 ml of tap water with
0.01% Tween 80. Four, 10, 15 and 20 days after treatment with antagonist cultures, five
leaves of the apple seedling were removed for microscopy and planting on the relevant
mediums. Pathogen colonies were counted on each single leaf and the average number

of colonies forming units was calculated.

2.10. Screening the Chemical Bactericide against Bacterial Blight
Pathogen on Apple and Pear Seedlings

Two seedlings of apple and pears with clear symptoms of fire blight after the applica-
tion of Erwinia amylovora were sprayed with commercial chemical product Roder 80
WP until runoff and seedlings were incubated for five days at 85% RH, 15°C and given
16 hrs. of light per day. The seedlings sprayed by water were used as control.

2.11. Statistical Analysis

Data were analysed following the GLIM program of the Royal Society of London [26].
Significant differences between the two mean values, due to different treatments or va-
rieties and their interaction at a crop growth stage, were computed by comparing their

significant levels at P < 0.05.

3. Results and Discussion

3.1. Phenotypic Characterization

Erwinia amylovora species were isolated from exudates of diseased apple blossoms (Chy
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region, botanical garden), from infected pear fruit (Chy region, botanical garden; Osh
region, private orchards) and from bent branches of hawthorn (Jalal Abad region,
wild nut forest). With direct isolation, a pathogen from the diseased plant samples,
with a round shape and oily white-yellow colonies with smooth edges, was grown on
meat-peptone. On the King’s B medium, the colonies, unlike that of the Pseudomonas
(which stained the medium green) caused no staining. This is an important diagnostic
sign, confirming that the isolated cultures were Erwinia amylovora. The most charac-
teristic diagnostic feature of these bacteria is the formation of white, fatty, winding
edges and raised colonies on a Levan medium. All selected strains were gram-negative
and showed positive catalase activity with gelatine liquefying within 24 days, indicating

the presence of protease enzymes; also, they did not reduce nitrates (Table 2).

3.2. PCR Analysis

Specific primers were used, Eam1 (agcgtcgaccagcttgccaagtgecat) and Eam?2 (agcgtcgac-
cagcttgccaagtgeca), to identify the chromosomal gene hrpN. This gene encodes a pro-
tein, Harpin, described in the literature as a component of the secretion of the third
type and the major virulence factor E. amylovora [27]. 16Sr RNA genes of the bacteria
Erwinia amylovora were identified using common primers: 27 fr and 1427 fr (Figure
2(a)) and the genes responsible for the pathogenicity were identified using the primers
Eam1 and Eam2. The hrpN gene was amplified from E. amylovora strains from the Chy
and Osh regions (Figure 2(b)).

Table 2. Confirmed nutritional and enzymatic tests.

Test name Results
Gram stain -
Formation of Levan +

The fluorescent pigment on King’s medium B
(under ultraviolet light)

Oxidative/Fermentation (O/F) test O+/F+
Catalase +
Test Kovach on oxidase -
Nitrate reduction -
Utilization of citrate +

Growth at 39°C -

Colliquation of gelatine +
Urease -

Indole -

The reduction of sucrose derivatives +
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bp ng/10pl

50079
45067
40059

35055
30049

25076
20033

150 22

100 34

10 pl on 2% agarose

50 29

(a) (b)

Figure 2. (a) electrophoretic profile of 16Sr RNA of Erwinia amylovora bacteria and (b) PCR
products obtained after amplification with Faml and Fam?2 primers for ArpN gene from bent
branches of hawthorn and exudate of apple flowers.

3.3. Pathogenicity

In vitro bioassay to identify the hypersensitivity of non-specific plant organisms to
isolated fire blight pathogen isolates was performed. A room geranium (Pelargonium
zonala) was used, which is not a host for the pathogen. When 0, 1 pl (1 x 10 cells/ml)
suspension of Erwinia amylovora was injected into the space between the leaves veining
the necrotic spots on the leaves appeared after 48 hours. This indicates that these iso-
lates have aggressive phytopathogenic properties and have a set of active enzymes de-
composing vegetable cells and tissues (Figure 3). Enzyme-metabolites produced by
these bacteria cause hypersensitivity on the part of the plant organism, which is evident
in the form of necrotic spots.

As a second non-specific plant organism, beans (Phaseolus vulgarilus) were used,
grown in an indoor environment. With the injection of the Erwinia amylovora culture
suspension in a dose of 0, 1 pl (1 x 107 cells/ml) the necrotic spots appeared after seven
days on the leaf of this plant, evidence that bean cells and tissues have a hypersensitivity
to the pathogen, although it emerged later here than in the geranium.

Another of the main methods of diagnosis is a test for pathogenicity, which was
tested on immature pear fruit. The bacterial suspension was applied to a fruit damaged
by a pin and incubated for two days in a humid chamber. A pear fruit served as the
control, pierced with a pin, but instead of Erwinia amylovora, a suspension of sterile
water was applied. The test was positive, as the infected pear displayed a milky white

exudate (Figure 4).

3.4. Determination of Antagonistic Effects of Streptomyces against
Erwinia amylovora

Currently, protective measures against the fire blight pathogen are reduced to me-
chanical methods, cutting the damaged parts and sometimes the entire tree. There is

still no effective chemical and biological plant protection. Finding and screening bio-
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logical agents effective against the bacterial blight pathogen among bioactive com-
pounds which produce microorganisms is an important problem in plant protection.

In the laboratory of the Plant Protection Department of Kyrgyz Turkish Manas Uni-
versity, there is a working collection of actinomycetes, bacteria and fungi that produce
different metabolites and bioactive compounds. For example, only actinomycetes are
produced, about 17,000 secondary metabolites. They include substances with antago-
nistic properties against harmful bacteria and fungi, while also providing material with
a bio-stimulating effect on seeds and seedlings of agricultural plants [28]-[30].

Thus, actinomycetes are promising agents in protecting plants against phytopatho-
gens and in preserving and increasing the harvest. Among prokaryotes, the representa-
tives of the Streptomyces genus are very important, as almost all commercially pro-
duced antibiotics are obtained from these microorganisms (Table 3).

The results obtained when using the touch method of the nutrient medium surface

are shown in Table 4.

Figure 3. Bioassay on pathogenicity of Erwinia amylovora (Burrill) to non-host plants (Pelargo-
nium zonala) in laboratory conditions.

Figure 4. The appearance of milky white exudate on infected immature pear fruit.
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Table 3. The origin and cultural features of Streptomyces strains used in this study.

Name of strains Site of isolation Cultural characteristics on SAA (starch ammonium agar)
Streptomyces fumanus, From the rhizosphere of mustard (Sinapis alba), It forms velvety aerial mycelium
gn-2 the Issyk-Kul region of a pink-lilac colour and with a specific odour on SAA
Strept

‘IEP omyces From soil of Son-Kul Valley, at an altitude of 3200 It forms an aerial mycelium with a white-yellowish colour and a
diastochromogenes, K
k6.6 m above sea level specific odour on SAA

Streptomyces sp. C1-4

From soil of Son-Kul Valley, at an altitude of 3200 It forms an aerial mycelium with a light-green colour and specific

m above sea level odour on SAA
Streptomvces sp. Pr-3 From soil of experimental field of Agricultural It forms an aerial mycelium with a lemon-yellow colour, white edge;
plomy p- Faculty, KTU Manas the surface is raised on SAA

Streptomyces sp. KK-4

Streptomyces sp. K-3.3

Streptomyces sp. IIAT-3

From soil of experimental field of Agricultural
Faculty, KTU Manas

From soil of experimental field of Agricultural
Faculty, KTU Manas

From soil of experimental field of Agricultural Forms aerial mycelium of a white colour on SAA, substrate mycelium
Faculty, KTU Manas is pink in colour

Forms aerial mycelium of a yellow colour on SAA, substrate
mycelium is dark red.
The colonies form a continuous growth on the surface of the medium

Forms aerial mycelium of a white colour on SAA

Table 4. Antagonistic activity against bacterial blight pathogen in laboratory experiments.

Antagonistic activity of the microorganisms after seven days

Test Streptomyces
culture bambergiensis SK-6.6

Erwinia Inhibits growth of
amylovora pathogen

Strepromyces Strept Strept Strept Strept
reptomyces reptomyces sp. reptomyces sp. reptomyces sp.
diastochromogenes promye promycessp promycessp promycessp
sp. KK-4 Cl-4 K-3.3 Pr-3
SK-2.2
Inhibits growth of Shows no " . .
. Hyperparasitism Shows no activity Hyperparasitism
pathogen activity

As the results of the research have shown, the antagonistic activities of different bio-
control strains were different. The strain Streptomyces bambargiensis SK-6.6 showed a
strong antagonistic effect on Erwinia amylovora, providing complete inhibition of the
growth and development of the colonies of this phytopathogen. Another strain, Strep-
tomyces diastochromogenes SK-2.2 inhibited the development of phytopathogens,
causing weakness and oppression of its colonies. At the same time, other biocontrol
agents such as Streptomyces sp. Cl-4 and Streptomyces sp. Pr-3 showed a hyper-parasitic
effect, using the colonies of Erwinia amylovora as a source of nutrients, growing on the
cells of pathogens (Figure 5). Other antagonistic microorganisms, such as Streptomy-
ces sp. KK-4 and Streptomyces sp. K-3.3 have showed no antagonistic effects against

Erwinia amylovora.

3.5. Evaluation of Antagonistic Activity of Biocontrol Agents in Liquid
Media

Antagonistic activity of biocontrol agents against the bacterial blight pathogen was
studied by co-cultivation of the antagonist and the test culture in a liquid medium. The
Erwinia amylovora culture was incubated in 5 ml tubes in a meat-peptone broth for 48
hours. Then, 1 ml of the antagonist culture was added to each tube: Streptomyces bam-
bargiensis SK-6, 6; Streptomyces fumanus gn-2, Streptomyces sp. C-4; Streptomyces sp.
Pr-3. After incubation at 28°C for 24 hours, the tube contents were studied through
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microscopy and the activity of the biocontrol agents was evaluated.

In the liquid medium, Streptomyces SK-6, 6 bambargiensis strain showed a high ac-
tivity against Erwinia amylovora. Phytopathogen cells were completely lysed by the en-
zymes of the antagonist; in the micro pictures only mycelia and hyphae of Streptomyces
(purple arrows) were visible and there were no phytopathogens cells (Figure 6(a)). The
Streptomyces fumanus gn-2 strain’s activity was weak, as phytopathogen cells multi-
plied rapidly in the presence of antagonists (blue arrows) (Figure 6(b)).

The strain Streptomyces sp. K-4 also showed an active effect on phytopathogen

cells when co-cultured together. A complete lysis of Erwinia amylovora cells with an

(a) (b)

Figure 5. (a) Antagonistic effect of the Streptomyces bambargiensis SK-6.6 strain against Erwinia
amylavora; (b) antagonistic effect of the Streptomyces diastochromogenes SK-2.2 strain against
Erwinia amylovora.

(o)

Figure 6. (a) where in a liquid medium Streptomyces bambargiensis SK-6.6 (1 ml) + Erwinia
amylovora (5 ml) were co-cultured, purple arrows indicate the mycelium and hyphae of Strep-
tomyces bambargiensis SK-6.6; (b) where in a liquid medium Streptomyces fumanus gn-2 (1 ml)
+ Erwinia amylovora (5 ml) were co-cultured, blue arrows indicate the developing cells of Er-
winia amylovora, in 48 h after the incubation.
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antagonistic effect of Streptomyces sp. K-4 was observed. Streptomyces sp. Pr-3 did not
show an antagonistic effect to the pathogen; on the other hand, Erwinia amylovora cells
rapidly multiplied (Figure 7(a)). The other biocontrol organism, Streptomyces sp.
Cl1-4, showed a sustained strong antagonistic activity against phytopathogens when
they co-cultured together. Unlike other strains of the genus Strepfomyces, this strain
has noticeable sporulation and formed spores in chains as a short irregular helix. In this

case, there was a complete absence of Erwinia amylovora cells (Figure 7(b)).

3.6. Screening Seedlings

Seven days after artificial infestation of the highly susceptible local Aychurok variety of
apple seedlings and the Mayskiy variety of pear seedlings, the first signs of the disease’s
symptoms emerged: the leaf first appeared water-soaked, they next turned dark green,
then wilted and finally turned brownish to black (Figure 8). Five leaves from each tree
were stripped and placed in 100 ml of sterile water; after shaking for one hour in 1 ml
of suspension, they were planted on the nutrient media. Pathogen colonies were counted
on a single leaf and the average number of colonies was calculated. Direct microscopy
(1000x) of diseased leaves and the colonies growing on the medium found cells of the
pathogen (Figure 9).

The dynamics of E. amylovora cell development on the surface of artificially infected
leaves was monitored during the 18 days. The number of colony forming units (CFU)
of the pathogen on the medium was determined and the results show that the number
of bacterial CFU increased daily. If on a single pear’s leaf the amount of bacterial CFU
after four days was 12, after 10 days it was 28, while after 18 days it reached 48. On a
single apple’s leaf the average of bacterial CFU after four days was between one and
three, after 10 days it was five and after 18 days it reached 11. This indicates that the

pear leaves were more sensitive to the effects of the pathogen than the apple leaves; in

(a) (b)

Figure 7. (a) where Streptomyces sp. Pr-3 (1 ml) + Erwinia amylovora (5 ml) were co-cultured in

a liquid medium, blue arrows indicate the developing cells of Erwinia amylovora; (b) where
Streptomyces sp. C1-4 (1 ml) + Erwinia amylovora (5 ml) were co-cultured in the liquid medium,
purple arrows indicate the mycelium and hyphae of Streptomyces sp. Cl-4; in 48 h after the in-
cubation.
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(a) (®)

Figure 8. (a) The pear and (b) the apple seedlings with diseased symptoms on the leaves after
spraying with E. amylovora (1 x 10°ml™) after seven days.

(a) (®)

Figure 9. The picture under the microscope: (a) healthy leaf tissue and (b) diseased leaf tissue
with the signs of fire blight.

reality, pear leaves were subjected to more severe damage and the number of damaged
leaves was larger than in the apple (Table 5).

Within 10 days of artificial infection with E. amylovora, the number of healthy leaves
decreased significantly; the percentage of damaged apple leaves was 28.0% - 29.2%,
while pear leaves were at 55% - 56%. In the control group, the percentage of damaged
leaves increased from 46% to 52% (Figure 10).

Ten days after infection, the seedlings’ leaves were treated with Streptomyces C1-4 at
a dose of 10° spores/ml. A second treatment with the antagonist product was conducted
seven days after the first treatment, using the same dose.

15 days after two applications of the antagonist product with a dose of 10° spores/ml,

the number of recovered leaves has increased; the number of apple healthy leaves
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reached 22 + 0.03; pear healthy leaves, 38 + 0.02 (Figure 11).

Table 5. Dynamics of E. amylovora CFU grown on the surface of the medium after artificial in-

fection.
Options for Four days 10 days 15 days 18 days
experiments after infection after infection after infection after infection
Pear seedlings
1 12 £0.01 23 +0.041 26 +0.02 28 +0.03
2 12 £0.01 36 +0.037 39 +0.036 42 +0.04
Apple seedlings
2 1+£0.01 3+0.01 5+0.02 5+0.02
3 - 1+0.01 4+0.02 6+0.01
Control 8 +0.03 15 +0.02 21 +£0.03 37 £0.04
90% -
80% - - l
w1 1
X
. o
§ 60% I . I B Damage before artificial
I . .
2| 50% A I I infection
S I - . )
ol 40% T in 10 days after infection
(o))
£ /—l j I
0, 4
3 30% ¥in 18 days after infection
20%
0% _é : = ) : = ) . b
Apple Pear Control

Figure 10. Damage level of seedling leaves after infection by Erwinia amylovora.
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Figure 11. The amount of seedling’s leaves before and after the infection and application of the
antagonist.
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During the same time, the number of damaged apple leaves decreased by 41%, dam-
aged pear leaves by 35%, whereas in the control for seedlings, the disease evolved and
reached 95% (Figure 12).

The progression of the disease caused by Erwinia amylovora was arrested. 15 days
after two treatments with Streptomyces sp. Cl-4, the number of infected leaves had not
increased and progression of the disease had completely stopped.

To determine the shelf life of the antagonist’s spores on the leaf surfaces of seedlings
after treatment, the treated leaves of seedlings were removed and located on the surface of
the culture media with outer and inner surfaces. The leaves treated with Streptomyces sp.
Cl1-4 were planted on an ammonium starch medium (for actinomycetes) (Figure 13).

The intensity and density of the antagonist’s colonies growing around the leaves on

40% Hin 18 days after the infection

20%
10%
AB—_Ew—_

0%

100%
90% B damage before the infection
] 80%
5 P
3| 70% [
@ Hin 10 days after the infection
ol 60% [ 7l
£
S| 50% o
]
ks
[
[=))
&
IS
I
[a)

i
Hin 15days after second
application of antagonist culture
| ——

Apple Pear Control

Figure 12. Reduced damage of apple and pear leaves after two sprayings of the antagonist cul-
ture.

0 10 20 30 40 50
The days after treatment by Streptomyces sp. C1-4

Persistant of antaganists on the treated
leaves
w

Figure 13. The shelf life of Streptomyces sp. C1-4 antagonist’s spores on leaf surfaces of seed-
lings, 40 days after the second treatment.
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this medium have proven persistent on the leaf surface after treatment. The longer they
remain on the surface of diseased leaves, the greater the probability that they will sup-
press the development of the pathogen.

The results shown for the colonies of Streptomyces sp. C1-4 were obtained 10 - 40
days after the second treatment, showing intensive growth around the leaves planted on
this medium (Figure 14). This suggests that the Streptomyces sp. C1-4 has a double ef-
fect: as an antagonist and as a hyper-parasite, which could suppress the development of
pathogen cells on diseased leaves and use them as a nutrient source, by producing en-
zymes that degrade the cell walls of pathogen cells.

Testing the chemical bactericide against fire blight. In recent years, Roder 80 WP
chemical bactericide has been used successfully against fire blight. This product has a
systemic effect at a dose of 400 g/100 L water. In a short time, it suppresses the progres-
sion of the disease and is distributed to all of a plant’s organs. During the growing sea-
son, this product can be applied three to four times: before bud formation and flower-
ing, and twice after flowering, with an interval of seven to 10 days.

In this study, diseased apple and pear seedlings infected with the pathogen were
sprayed with this chemical preparation in a dose of 100 grams per 25 L water. Three
days after spraying, the disease progression had been suspended.

Burnt and damaged edges of the leaves had not widened and leaves with injuries re-
mained on the branches; new lesions did not develop. The active ingredient of this
chemical is fosetyl-al at 80%, which, in the short term, stops the development of fire
blight. However, the leaves with uninfected parts became rigid. These leaves did not fall
from the branches, preventing the emergence of new leaves. When a biological product
based on Streptomyces sp. Cl-4 was used, the sick parts dried up and the uninfected
parts were preserved in their natural state; the leaf tissue did not become rigid, as with a
chemical drug. Thus, the biological antagonist affects only the pathogen and has no
adverse effect on leaf tissue. This means that by stopping the progression of the disease,

a diseased plant’s tissue can begin to recover and function normally (Figure 15). In the

Figure 14. The leaf pieces taken from seedlings are shown by red arrows, overgrown by colonies
of Streptomyces sp. C1-4 on this medium.
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(a) (®)

Figure 15. (a) Recovering leaves of pear seedlings and (b) recovering leaves of apple seedlings 40
days after second treatment.

application of the chemical equivalent, it affects not only the pathogen but the plant it-
self, meaning that diseased and healthy tissues become unviable. To restore the whole
plant, there is a need for an additional mitigating safety procedure to protect against the

chemical’s affects.

4. Conclusions

E. amylovora as an economically important pathogen remains largely unexplored and/or
is far from properly understood in Kyrgyzstan. A lot is still unknown about the biology,
host range and ecological behaviour of these bacteria on their host plants in the differ-
ent ecosystems of the country.

The present work is one of the first devoted to the study of the spread of fire blight in
Kyrgyzstan. Local pure cultures of Erwinia amylovora, isolated from diseased organs of
Rosaceae plants, were tested for pathogenicity on apple and pear seedlings. They
showed an aggressive pathogenicity to seedlings for seven days after artificial infection.
The Streptomyces strain Cl-4 was selected after several in vitro tests as an effective an-
tagonist and hyper-parasitic agent to Erwinia amylovora for spraying the diseased
leaves of apple and pear seedlings. Streptomyces Cl-4 has shown a significant effect
against Erwinia amylovora after two applications. A suitable time for this bioproduct’s
application is spring, when the symptoms of fire blight start to develop on the leaves of
trees and the air temperature is 18°C - 23°C.

Spraying with Streptomyces product should be repeated three times, with an interval
of 10 days, to completely suppress the infection. In contrast to the chemical prepara-
tion, a biological product based on Streptomyces C1-4 has a bactericidal effect only on
the pathogen, with no adverse effects to the plant itself; it also contributes to recovery
and the emergence of new leaves, to aid the complete recovery of the whole plant. Per-
sistence of spore antagonists on leaf surfaces lasted up to 40 days after the two sprays. It
is necessary to apply one additional treatment of the biological product, through which

it is possible to achieve a final, full recovery for trees from this disease.
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