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THE STRUCTURE OF THE MICROBIAL CENOSIS
OF PHYLLOSPHERE OF FRUIT CROPS AFFECTED
BY FIRE BLIGHT IN SOUTHERN KAZAKHSTAN

Abstract. The structure and diversity of microbial cenosis of the apple and pear phyllosphere in the zones of
industrial horticulture of Kazakhstan, where fruit trees were affected by fire blight, was studied. The study was
carried out in Zhambyl, South Kazakhstan and Almaty regions. 47 samples (shoots, leaves, fruits) from the phyllo-
sphere of healthy and infected organs of fruit trees were collected. In total 216 microbial isolates were selected.
Taxonomic identification of microbial species based on cultural and morphological traits was carried out. The
isolates were grouped into the following genera: bacteria (142 isolates): Erwinia, Pseudomonas, Bacillus, Lacto-
bacillus, Paenibacillus; fungi (37 isolates): Monilia, Venturium, Aspergillus, Podosphaera, Penicillium, Fusarium,
Trihothecium, Mucor, Verticillium, Alternaria; yeast and yeast-like microorganisms (37 isolates): Cryptococcus,
Rhodotorula, Pullularia, Saccharomyces. Bacteria have been found to predominate in the microbiocenosis. In all
samples infected with fire blight, bacteria of the genera Erwinia and Pseudomonas were detected.

Screening of potential bacterial antagonists to £. amylovora showed that some of the Bacillus, Pseudomonas
and Paenibacillus species have demonstrated inhibitory effect. The diameter of inhibition zones have been ranged
from 9 mm to 48 mm. Bacillus amyloliquefaciens demonstrated maximal antagonistic activity (48 mm).
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Introduction. Fire blight is one of the most harmful diseases caused by gram-negative bacteria
Erwinia amylovora, affecting several species of the Rosaceae family. This disease is found in most of the
world’s regions and can cause significant losses in important fruit crops, such as apple and pear [1].
Orchards protection from this disease is associated with the implementation of fire blight management.
Strategy to increase the fitness of a biological control agent upon delivery to the field is the use of copper-
based preparations or antibiotics in combination with agrotechnical techniques [2]. However, formulations
containing copper are not effective enough, and the use of antibiotics, which are also used for human and
animals’ treatment, is banned in many countries [3-3]. Such requirements derive from the risk of positive
selection of antibiotic resistant strains of £. amylovora and the negative impact on the environment [5-7].
For this purpose, biological control of fire blight using microbial antagonists is considered as alternative
to chemical control.

Associated with fruit trees, epiphytic microorganisms play an important role in their development,
participating in the supply of plant nutrients, phytohormones, vitamins and other growth factors. Many of
these microorganisms produce compounds that inhibit pathogenic microflora (toxins, antibiotics,
siderophores), and also contribute to the appearance of induced resistance to phytopathogens in partner
plants [3]. In this regard, the identification of new wild isolates from the phyllosphere of plants with
inhibitory effect against the fire blight £. amylovora pathogen, adapted to local climatic and ecological
conditions, as well as the biological traits of the pathogen, are of particular relevance. Such type of novel
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strains has potential for creation on its basis complex biopreparations with fire blight controlling and
phytoregulatory properties.

The objectives of this work were to study the structure of microbial cenosis of the phyllosphere of
fruit crops infected by fire blight in southemn Kazakhstan and to identify novel wild bacterial
antagonists for the biocontrol of fire blight disease.

We have shown in our previous studies that non-pathogenic strain Strepfomyces canofimeus is
effective against . amylovora (8, 9].

Materials and methods. Samples of infected and healthy apple and pear organs (shoots, leaves,
fruits) selected from the industrial horticulture areas of Zhambyl, South Kazakhstan and Almaty regions
of Kazakhstan.

The samples were collected in compliance with the rules of transportation of biological material,
excluding external contamination and ensuring the safety of the original microflora of the samples [10].
The microbial community structure and diversity of the apple and pear phyllosphere, phenotypic and
morphological traits such as colony color and cell motility as well as physiological fingerprints of micro-
bial isolates were performed using conventional bacteriological methods [11-13]. The isolates were
identified according to Satton D. et al. and Bergey’s Manual of Systemic Bacteriology [14, 15]. Gram
staining was performed as previously described by Claus [16].

All isolates were examined for their ability to inhibit the growth of £. amylovora by agar-diffusion-
test [17]. This test was repeated with three replicates and the diameter of inhibition zones was assessed.

Results and discussion. 47 samples of infected and healthy organs of apple and pear plants from
orchard cenosis of Zhambyl, South Kazakhstan and Almaty regions, were selected.

The studies of the structure of microbiocenosis of the apple and pear phyllosphere in Southern
Kazakhstan revealed that bacteria (142 isolates) were numerically dominated. The number of other groups
of microorganisms was lower: fungi — 37 isolates and yeast — 37 isolates. The structure and diversity of
epiphytic microorganism’s community in the phyllosphere of fruit crops in the observed orchard
microbiocenosis is presented in tables 1 and 2.

Taxonomic identification of isolated pathogenic and concomitant microflora by conventional
bacteriological methods has demonstrated that the structure of the examined microbiocenosis was
represented by the following taxonomic groups.

Table 1 — The structure of epiphytic microorganism’s community isolated
from the affected apple and pear trees in Southern Kazakhstan

Region Niitbes Number of isolates, pcs.
of samples, pes Total Bacteria Fungi Yeast

Zhambyl oblast

Zhambyl 8 42 30 5 7

Baizak 10 23 13 6 4

South Kazakhstan oblast

Sairam 5 38 26 7 5

Tolebi 7 24 15 3 6
Almaty oblast

Karasai 6 37 28 3 6

Talgar 6 33 20 8 5

Enbekshikazak 5 19 10 5 4

Total 47 216 142 37 37
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Table 2 — The diversity of epiphytic microorganism’s community isolated
from the infected apple and pear trees in Southern Kazakhstan

. Epiphytic microorganisms
Region Bacteria Fungi Yeasts
Zhambyl oblast Erwinia amylovora Monilia fructigena Cryptococcus albidus
Pseudomonas syringae Trichoderma asperellum Rhodotorula rubra
Bacillus polimixa Alternaria sp Pullularia pullulans
Bacillus amyloliquefaciens Penicillium glaucum
Podosphaera leucotriha
Verticillium attenuatum
South Kazakhstan Pseudomonas syringae Monilia fructigena Cryptococcus albidus
oblast Erwinia amylovora Trichoderma asperellum Pullularia pullulans
Bacillus polimixa Aspergillus sp Saccharomyces cerevisiae
Mucor sp
Aspergillus niger
Podosphaera leucotriha
Almaty oblast Lactobacillus plantarum Monilia fructigena Cryptococcus albidus
Erwinia amylovora Fusarium oxysporum Rhodotorula rubra
Bacillus polimixa Trichoderma aspervellum Pullularia pullulans
Bacillus amyloliquefaciens Fusarium oxysporum Saccharomyces cerevisiae
Paenibacillus polimixa Podosphaera sp
Pseudomonas syringae Mucor sp
Penicillium glacum
Aspergillus fumigatus

Bacterial community was represented by 5 genera: Erwinia, Pseudomonas, Bacillus, Lactobacillus,
Paenibacillus; fungi by 10 genera: Monilia, Venturiua, Aspergillus, Penicillium, Fusarium, Trihothecium,
Mucor, Verticillium, Alternaria (figures 1, 2). The causative agent of powdery mildew — Podosphaera
fungus, was determined only by microscopic analysis, as far as it is an obligate pathogen, and its morpho-
logical and cultural traits and testing for antagonistic activity was not possible to study. Yeasts were
represented by 4 genera: Cryprococcus, Rhodotorula, Pullularia, Saccharomyces.

Lactobacillus plantarum

Paenibacillus polimixa Pseudomonas syringae

Figure 1 — Colonies of bacteria isolated from the apple and pear phyllosphere




Hszeecmusn Hayuonanwnoii axademuu nayx Pecnybruxu Kazaxcman

Monilia fructigena Aspergillus sp Alternaria sp Trichoderma Fusarium oxysporum
asperellum

Figure 2 — The main types of fungi isolated from the phyllosphere of apple and pear

Due to the fact that the samples were collected in orchards, where fire blight was previously recor-
ded, Erwinia amylovora and Pseudomonas syringae were found i all studied samples in close symbiosis
(figure 3).

Figure 3 — Erwinia amylovora and Pseudomonas syringae bacterial colonies on agar plates

Initial screening in vitro conditions of epiphytic microorganisms isolated for the ability to inhibit the
growth of E. amylovora was carried out by agar-diffusion-test. The results of the screening showed that
some species of Bacillus, Pseudomonas and Paenibacillus genera demonstrated antagonistic activity
against £. amylovora. The diameters of inhibition zone have been depended on the species and ranged
from 9 mm to 48 mm. The maximum diameter of inhibition zone (48 mm) was exhibited by B.
amyloliquefaciens (figure 4).

Figure 4 — Inhibition of the E. amylovora growth:
1- E. amylovora, 2 - sterile water, 3 - B. amyloliquefaciens

The studied strains of fungi and yeasts have not exhibited antibacterial activity towards E. amy-
lovora.

Thus, as a result of the present study it was found that epiphytic microflora of orchard’s cenosis of
Zhambyl, South Kazakhstan and Almaty regions of Kazakhstan is characterized by a large variability,

— 7] ——
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both in structure and diversity. In all collected samples E. amylovora was isolated in close symbiosis with
P. syringae, which is the causative agent of bark necrosis. Symptoms of diseases caused by P. syringae
are similar to fire blight, although there is a difference — in case of bark necrosis there are no "hooks" on
young shoots typical for fire blight [18].

The efficacy of novel bacterial strains isolated from the apple and pear phyllosphere in the zones of
industrial horticulture of the South of Kazakhstan to control Erwinia amylovora was evaluated under in
vitro conditions. B. amyloliquefaciens MV 4 demonstrated high antagonistic activity against the pathogen
in agar-diffusion-test. The efficacy of epiphytic bacteria B. amyloliquefaciens FZBA2, B. amyloliquef-
aciens LMR2 against fire blight has also been reported by Chen et al. (2009) and Ait Bahadou et al.
(2018) [19, 20]. It was shown that the antagonistic activity of B. amyloliquefaciens FZB42 strain may be
due to the production of polyketide of dipyridine and dipeptide bacilysin compounds [19].

In our further studies, it is planned to study active metabolites with inhibitory effect to E. amylovora.
The novel strain B. amyloliquefaciens MB40 may be considered as potential candidates for development
microbial formulation efficient against fire blight disease.

Funding. This study was supported and funded by the Ministry of Education and Science of the
Republic of Kazakhstan (Grant no. APO5131543).
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«MuUKpOOHOTIOTHS KIHE BHPYCOJOTHS FRUILIMH-0HAIpicTiK oprambsirbny JKIIC, Anvarer, Kazakcran

KA3AKCTAHHBIH OHTYCTIK ANMAKTAPBIHJA
BAKTEPHSUIBIK KYHIKIIEH 3AKBIMJTAJIFAH KEMIC JAKBLTJIAPLIHEIH
®UJIOCOEPA CBIHEIH MUKPOBTEIK IEHO3LIHBIH KYPLLIBIMEL

AnnoTtanust. Bypsia xeMic aramrapbl OaKTEPHSUIBIK KYHIKIICH 3apian IIeKKeH, KazakCcTaHHBIH 6HEPKICINTIK
Oay-0aKma ImapyambUIbIFRl alfMAFbIHAA aJaMa KOHE aIMypT (PuIoc(epachlHBIH MHKPOOTBHIK LEHO3BIHBIH KYpbI-
JBIMBI MCH aJIyaH TYPJLTIri 3eprrenal. 3eprrey skyMbictapsl JKamObor, OHTycTik Kaszakcras skone AnMarsl 00IbIC-
TapeiHAa Kypriziaai. XKemic aramTapeIHBIH cay JKOHC 3aKbIMIATFAH MYIICICPiHiH (Quaoc(epacsHad 47 yari (ep-
KEHZIEP, JKambIpaKTap, >kemicrep) aisiHAbl. OnapaaH »kamrbl 216 MUKpPOOTHIK W30ATTap OOIMHIN adbHAbL. JIaKbLI-
IBI-MOP(OTIOTHA CHIIATTAMACH HCT131HIC MHKPOAF3aNap JaKbUTIAPBIHBIH TAKCOHOMUSITBIK, HACHTH(HKALHACHL 3¢PT-
Tenmi. M3omarrap keneci TybicTapra TomTanmFaH. Oakrepmamap (142 wm3omarrapmaH kypamraH). Erwinia, Pseudo-
monas, Bacillus, Lactobacillus, Paenibacillus; cagpipaykynakrap (37 u3onarrapaan KypairaH). Monilia, Venturium,
Aspergillus, Podosphaera, Penicillium, Fusarium, Trihothecium, Mucor, Verticillium, Alternaria;, ampITKBI >KOHC
anmIeITKBl Topi3ai Mumkpoarsamap (37 wmsomsarrapiaH Kypamrao): Cryptococcus, Rhodotorula, Pullularia, Saccha-
romyces. MHUKpPOOOICHO3ABIH KypaMbIHAA ¢H OackM OOFaHBI OakTeprsmap. Bapiblk 3aKbIMIANFAaH MYIICICPACH
Oexin amplHFAH YATLTEpAl 3epTTereHne Frwinia sxoue Pseudomonas TybICHIHA KATAThIH OAKTEPHSUIIAP KE3ACCETiHI
AHBIKTAJIIBL

Bacillus, Pseudomonas xoue Paenibacillus TyBICHIHBIH oKimaepiH E. amylovora Kapcel aHTarOHHCTTIK Ocit-
CCHALTIKTCPIH TEKCEPYTE KYPTi3irCH CKPHHHHT HOTIXKCICPI KOPCCTKCHICH, KCKCICTCH TYPJACPIe OaMIaHBICTHI
MATOTCHHIH 6CYIH IIEKTEyTe KaOIIeTTIIiriH KepceTTi. I1aroreHHiH eCy aliMarbIH MIEKTEY AHaMETPi 9 MM-IcH 48 MM
KyparaH. EH )KoFapFeI aHTATOHUCTTIK OCNCCHAUTIKTI Bacillus amyloliquefaciens (48 MM) TaHBITTBL

Tyiiin ce3mep: MUKPOOTHIK LEHO3, Frwinia amylovora, KeMiC NAKbIIJAPBIHBIH OAKTEPHSIBIK KYHIri, aHTa-
TOHUCT-0aKTepHAIap, OHOOAKBLIAY .

A, K. Caganos, J. T. Hcmannosa, K. A, Hckangapora, O. H. Hlemmmypa,
A. . CeiiToarraiiosa, A. E. Mo/okiuruToBa

TOO «Hay4HO-TIpOn3BOACTBEHHBIH LICHTP MUKPOOHOIOTHH H BHPYCoToTHm», Anmmarsl, Kazaxcran

CTPYKTYPA MUKPOBHOI'O IEHO3A ®UJIJTOCPEPHI
MNOPA’KEHHBIX BAKTEPHAJBHBIM OKOT'OM IIJIOAOBBIX KYJIBTYP
B IO’KHBIX PETHOHAX KA3AXCTAHA

Annoranus, MccienoBana CTPyKTypa U pa3HOOOpa3ue MUKPOOHBIX IICHO30B (DIILIOC(CPHI I0T0HN U TPYIIH B
30HAX MPOMBINUICHHOTO CamoBoAcTBA Kazaxcrawa, rae paHee HAOMOAATOCh TMOPAKCHHC IUIOAOBBIX ICPCBHCB
OakTepuambHbIM 03k0TOM. Mccnenosanna nmposogmwanchk B JKamOsnickol, FOxuo-KazaxcTanckoit u ATMATHHCKOH
obmactax. M3 ¢pumnoc(epsl 3M0pOBBIX H MOPAKCHHBIX OPTraHOB IUIOJOBBIX ACPEBBCB OBLTO 0TOOpaHO 47 00pasioB
(moberm, mucTha, mWnoasl). B memoMm, BeimencHO 216 MUKpPOOHBIX H30ATOB. Ha OCHOBE KYIbTYpaabHO-MOP(OIIO-
THYCCKUX XapPAKTCPHCTHK MPOBCACHA TAKCOHOMHYCCKAS WACHTH(HKAIMA KyJIBTYP MHKPOOPTaHHU3MOB. M30mATHI
OBLIM CTPYNIHPOBAHBI B CICAyrOImHC Poasl. Oaxrepmu (142 w3omara): Erwinia, Pseudomonas, Bacillus, Lactoba-
cillus, Paenibacillus; tpubst (37 uzomaroB). Monilia, Venturium, Aspergillus, Podosphaera, Penicillium, Fusarium,
Trihothecium, Mucor, Verticillium, Alternaria; ApOXOKH W IPOFCKCHOIOOHBIC MHKPOOPTAHU3MBI (37 H30IATOB):
Cryptococcus, Rhodotorula, Pullularia, Saccharomyces.bakrepun TOMHHHPOBAIN B COCTaBE MHKPOOOIEHO30B. Bo
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BCEX HCCICIOBAHHBIX 00pa3ax, OTOOPAHHBIX M3 MOPAKCHHBIX OPTAHOB, MPHUCY TCTBOBAIH OAaKTCPHH POAOB Erwinia
" Pseudomonas.

[TpoBereHHBIM CKPHHHHT HA AHTATOHHCTHYECKYIO0 aKTHBHOCTH K F.amylovora moka3am, 4T0 OTACIbHBIC BH/IBI
ponos Bacillus, Pseudomonas n Paenibacillus mpoaeMOHCTpHPOBATH HHTHOUPYIOMIce AcHCTBHE. [lHaMeTPhl 30HbI
MOJABJICHUA POCTAa MATOTEHA COCTABIAMM OT 9 10 48 MM. MaKCHMANBHYI) AHTATOHHCTHYECKYH) AKTHBHOCTH IIPO-
ssun Bacillus amyloliquefaciens (48 Mm).

KimoueBnie cioBa: MHKpPOOHBIH LEHO3, Erwinia amylovora, OakTepHaIbHBIA OKOT IUIOJOBBIX KYIBTYD,
OaKTepUH-aHTATOHHCTHI, OMOKOHTPOIb.
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