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Abstract

This study is aimed at determining powdery mildew prevalence and disease severity index of Siberian peashrub (Caragana
arborescens) in the woody-bush plantations in the capital city Ulaanbaatar of Mongolia. The shrubs were assessed for powdery
mildew disease incidence and disease severity index. Also, we intended to identify the pathogenic fungi species. The survey was
carried out in four different parks and one alley in Ulaanbaatar city. The leaf samples were collected from the diseased pea-shrubs
from those places. The identification of fungi at the genus level was carried out by using macroscopic and microscopic
examinations depending on the fruiting body-cleistothecia shape, appendages, asci, ascospores, and arrangement of ascospores.
For the molecular identification of the isolated fungi at the species level, the extracted fungal DNA was amplified by PCR using
specific internal transcribed spacer primer (ITS1/ITS4). The PCR products were sequenced and compared with the other related
sequences in GenBank (NCBI). The fungus species were identified as Erysiphe palczewskii. The results showed that the Erysiphe
palczewskii is the most abundant pathogen fungus obtained from all the locations.
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1. Introduction

In the green plantations of Ulaanbaatar city are
popular broad-leafed trees, bushes such as - poplar
(Populus sp)elm (Ulmus sp), hawthorn (Crataegus sp),
sweetbrier rose (Rose sp), Siberian peash-rub
(Caragana arborescens), and conifer trees like pine
(Pinus sp),spruce (Picea sp), larch  (Larix sp).

From those plants, pea-shrub is widespread in urban
green space.

Caragana arborescens Lam is known for its tolerance
of many environmental conditions including droughts,
temperatures to -38°C, infertile soils, sunny sites, high
winds, alkaline soils, and saline conditions
(Henderson, D.C and Chapman R, 2006)[7].

The Siberian peash-rub is a native species in Siberia,
northern and central Mongolia, growing primarily
around river banks, rocky landscapes, and on the
outskirts of coniferous forests. They are remarkably
resistant to droughts, grow well in relative lack of
sunshine and nutrient-poor soil. These qualities make
them a popular species in urban forestry all over
Mongolia. Furthermore, their strong root systems help
protect the soil from erosion and as a species in the
Fabaceae family, are good at nitrogen fixation,
enriching the poor urban soil. Another benefit lies in
their ability to harbor predators such as lacewings and
parasitic wasps, contributing to the conservation of
biodiversity in urban environments (Jamyandorj Kh
2020)[17].

Caragana arborescens, commonly called Siberian
pea-tree, is a large, rounded, broadleaf deciduous
shrub, multi-stemmed, erect, oval, 2-5 m tall, slightly
less spread, but can be grown as a tree.  Leaves
alternate, pinnately compound, 4-8 cm long, with 8-12
leaflets, each 1-2.5 cm long, obovate to elliptic-
oblong, apex rounded, and mucronate (abrupt tip),
pubescent when young, bright green.  Flowers pea-
like, yellow, 1.5-2 cm long, on stalks (pedicels) 1.5-
2.5 cm long.  Fruit pod, 3.5-6,5 cm long, 3,5-5,0 cm
width, with 6 reddish-brown, oblong to spherical
seeds, 2.5-4 0 mm in diameter; pods open with a
popping sound when ripe (Jamyandorj Kh 2020)[17].

On the other hand, C. arborescens is susceptible to
powdery mildew,and its species are found in Asia,
Europe, Canada,  the USA, and Russia (Vajna, 2006;
Aleš Lebeda et al., 2008a,b; Tomoshevich,
2015)[1,13, 15]. Powdery mildew severely affects the
leaves and shoots of C. arborescent (Vajna, 2006)[13].

Although powdery mildew is very prevalent in
Siberian pea-shrubs in Mongolia, there have not been
any scientific studies regarding the topic. So we
intended to assess disease incidence and determine
pathogenic species of this disease.

2. Materials and Methods

This research was carried out in the woody-bush
plantations of Ulaanbaatar city. We had chosen four
parks &one alley. The coordination of the places is
shown in table 1.

Table 1. Disease recording and sample collecting places in Ulaanbaatar city

№ Park name The coordinate of the places

1 “Asashōryū” park 470 55’12.05”N  1060 54’51.06”E
2 “Uchral, s” park 470 55’18.3”N  1060 54’54.5”E
3 “Bell” park 470 55’02.62”N 1060 55’04.15”E
4 “Turkish-Mongolian friendship” park 470 55’04.45”N  1060 55’19.13”E
5 “Baga toiruu” alley 470 55’11.44”N 1060 55’25.88”E

2.2. Data collection on the field

Data were collected on disease incidence and disease
severity index. Disease incidence was determined
based on the symptoms of the infected plants. The
proportion of diseased plants was estimated by
formula (Waller J.M 2002)[12]as follows:

Where:

P%= Disease incidence;
n = number of infected plant units;
N = total number (healthy and infected)of plant units
assessed
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The disease severity index described the damage
caused by the diseases on plants' leaves.

A modified 0–4 visual scale of Chumakov (1974)[16]
based on disease symptoms, was used to score the
infected plants as follows:

0: No disease symptoms;
1: Powder on 10% of leaf surface; (1point)
2: Powder on 11-25 % of leaf surface; (2point)
3: Powder on 26-50 % of leaf surface;(3point)
4: Powder on 51% of leaf surface; (4point)

Disease Severity (%) = nxv/4N x100;

Where,

(n)= Number of plants in each category,
(v) = Numericalvalues of symptoms category.
(N)= Total number of plants,
(4) = Maximum numericalvalue of symptom category.

2.3. Collection of Samples

The plant leaves samples from diseased Siberian pea
shrubs were collected from the Ulaanbaatar city parks
in August 2020 (Table 1). The leafsamples were
collected into small sterilized plastic bags andbrought
to the laboratory for further studies.

2.4 Macroscopic and Microscopic Examination of
Isolated Fungi

The fungal morphology was studied macroscopically
by observing the fruiting body, appendages, and asci,
ascospores features (color, shape, size, and) by a
compound microscope with a digital camera.

A small portion of mycelium was subjected to a few
drops of sterilized water on a sterile glass slide. A
coverslip was placed on it. The fungal preparation was
observed under low and high power magnification of
the microscope (Olympus Light Microscope).

2.5. Molecular Identification of Fungal Species:

2.5.1 Materials

Materials used in this experiment for the test were
collected directly from the 3 sites pea shrub tree
(Uchral’s park“, “Asashōryū”,s park, “Turkish-
Mongolian friendship” park). Three parts Erysiphe sp.
samples were prepared. These samples were visible on

the distribution of pathogens, air-dried, and stored at at
+40Cin the refrigerator.

©FUNPEC-RP www.funpecrp.com.br
Genetics and Molecular Research 14 (4): 18546-18551
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Methods

Reagents

Reagents required for the CTAB method included
DNA extraction buffer (50 mMTris-HCl, pH 8.0, 0.7
mM NaCl, 10 mM EDTA, pH 8.0, 24:1
chloroform/isoamyl alcohol, isopropanol, hexa-nol,
and 0.1% Tris, 0.002% EDTA).

2.5.2 Reagents

Reagents required for the CTAB method included
DNA extraction buffer (50 mMTris-HCl, pH 8.0, 0.7
mM NaCl, 10 mM EDTA, pH 8.0, 24:1
chloroform/isoamyl alcohol, isopropanol, hexa-nol,
and 0.1% Tris, 0.002% EDTA).

2.5.3. DNA extraction and PCR amplification

From whole plant leaves were covered with
pathogenic fungi we brushed down to separate
pathogenic fungi. Powdery mildew DNA was
extracted using the CTAB method [4]. In the process
of extracting DNA from the infected plant tissue with
the CTAB method, we aimed to select the samples
with a large lesion and multiple pathogens.

Three parts plant pathogen DNA samples were
extracted and used as a template. ITS primers were
used for PCR amplification. The total volume of the
PCR amplification system was 50 µL, including 25μL
MasterMix (Thermofisher), 1μL each primer, 2μL (15-
20 ng) DNA template, and 22μL ddH2O. The reaction
conditions were 95°C for 5 min, 95°C for 30 s, 56°C
for 30 min, and 72°C for 30sec for 35 cycles, followed
by 72°C for 10 min. PCR products were detected on a
1.5%agarose gel.

2.5.4. Sequencing and Analysis

The PCR products were sent for sequencing to the
Macrogen Genome Research center (Seoul, Korea).
The obtained sequences were compared with the other
related sequences using BLAST search in GenBank
(NCBI).
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3. Results

3.1. Powdery mildew incidence & disease severity
index on Caragana arborescens

In the middle of August, 2020, powdery mildew
incidence and disease severity index were recorded in

each observation separately at each 5 spot in all parks
which were involved in survey (Graphic 2).

85 96.6 90

25 42
33.8

78.3
52.5

7.05 10.5

Disease incidence & disease severity index of powdery mildew on Caragana
arborescens in different parks of Ulaanbaatar city

Mean disease incidence,% Mean disease severity index, %

By our survey were established that disease incidence
and disease severity index are high (by 96.6% and
78.3 %, respectively) in “Uchral's” park when
“Turkish-Mongolian friendship's” park disease
incidence is estimated at 25.0%, severity index is
7.05%

3.2. Disease symptom

We have collected leaf samples of infected pea shrubs
and identified disease by symptoms first. White grey
sporulating mycelium covered both the upper and
undersides of Caragana arborescens leaves. On both
sides of leaves cleistothecia (chasmothecia) were also
found (Photo 1& 2).

Photo 1. Diseased by powdery mildew
peashrub (Caragana arborescens) branch
Taken by Tsend.Itgel Ulaanbaatar. 2020

Photo 2. Leaf samples of Caragana
arborescens affected by powdery mildew.
Taken by Tsend.Itgel Ulaanbaatar. 2020
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Fungi

In this study, the isolated fungi were examined based
on microscopic and morphological characteristics
(Photo 2.A, 2.B, 2. C)

The fruiting body- cleistothecia of the fungi is dark
brown color, sphere, convex, has 6-13 appendages
which is straight, hyaline, 216.68-232.13-µmlong,the
tip is dichotomouslybranched (Photo 3.A).

Photo 3.A. Cleistotecia Photo 3.B Asci Photo 3.C. Asci with ascospores

The results of the measurement are shown in table 2.

Table.2 Somecharacteristicsof the teleomorph stage Erysiphe palczewskii

Cleistotecia Asci Ascospores

Diameter
(µm)

Appendages
lenth (µm)

Width
(µm)

Lenth
(µm)

L / W ratio Width
(µm)

Lenth
(µm)

L / W ratio

Mean ±SD (min-max) Mean ±SD (min-max) Mean ±SD (min-max)
213.04

(284.17-
115.89)

SD±80.59

216.67
(232.13-
216.68)

SD±13.79

33.86
(29.29-
39.36)

SD±3.28

53.84
(48.78-
58.68)

SD±2.79

1.59
(1.46-1.63)
SD±0.08

11.3
(8.85-
13.65)

SD±1.25

23.14
(15.8-
25.81)
SD±3.1

2.05 (1.61-
2.34)

SD±0.22

As shows Tabl.2 Cleistotecia's diameter is 115.89-
284.04 µm, appendages 216.68–232.13 µm long.asci
29.29–39.36 µm wide, 48.78–58.68 µm long short-
stalked, shape index 1.46-1.63.

The fungi produce 3–8 asci (Photo 2.B) with 3–7
ellipsoid-ovoid ascospores (Photo 2.C) 15.80–25.81
µm long and 8.85–13.65 µm wide, shape index
hesitatesbetween 1.61–2.34.

3.4. Molecular identification

The evolutionary history was inferred using the
Neighbor-Joining method [10]. The optimal tree with

the sum of branch length = 0.02909722 is shown. The
evolutionary distances were computed using the
Tamura-Nei method [11]and are in the units of the
number of base substitutions per site. This analysis
involved 5 nucleotide sequences (MEGA X). The
obtained three sequences were compared with the
other related sequences using BLAST search in
GenBank (NCBI) [8] which were 98% identical to
Erysiphe palczewskii .

The phylogenetic trees of pathogen Erysiphe
palczewskii show Figure. 1.

Taken by Tsend.I 2020
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Figure. 1. Phylogenetic trees of pathogen Erysiphe palczewskii

4. Discussion

We determined the prevalence and disease
development index of pea-shrubs powdery mildew in
4 parks and 1 alley in Ulaanbaatar, took leaf samples
from diseased trees, and diagnosed them with external
signs. During the analysis, the diameter of the body-
cleistote of the fungal seed, ascus, and ascospore was
measured and photographed.

Many scientists have studied pea-shrubs powdery
mildew, including diseases of green shrubs in urban
areas. For example;

The researcher Ainash K. Ospanova (2006) had
revealed 60 species of pathogenic fungi from 21
species of trees belonging to 12 genera and 15 species
of bushes from 9 genera in Kazakhstan [2]. Among
those fungi on the Caragana arborescenswere
recorded 2 species- Leveillula taurica f. caraganae
and Trichocladia caraganae which causes powdery
mildew.

In Alaska Glawe, D. A., and Laursen, G. A. (2005)
recorded Microsphaera (Erysiphe) palczewskii Jacz on
ornamental species Caragana arborescens Lam and
gave information on the morphology and taxonomy of
this species [5].By research in Alaska was confirmed
that chasmothecia of the fungi were dark brown to
black, convex, 100-125 (-155) µm in diameter;
dichotomously-branched appendages- (95-)155-270 (-
325) µm in length. Ascites measuring (54.5-) 56-63 (-
64.5) × 31.5-43.5 (45) µm long. Asci contained 6 to 8
ovoid, pale yellowish ascospores - (15.5-) 16-22 (-24)
× 10-14.5 µm [5]. C Nischwitz, G Newcombeet.al.
according to a study conducted in Americashort-
stalked asci averaged 67 (± 7.1) μm × 37 (± 5.2) μm,
and the ascospores were 21 (± 2.0) μm × 13 (± 0.8)
μm[9].

Makarova T.A., Makarov P.N. et. al.  according to a
study conducted in the northern part of the Tyumen
region of Russia, the diameter of the cleistotetcia of
the species Erysiphe palzewskii is 0.135 to 0.240
mm[14]; According to a study by the Czech Republic,



Int. J. Adv. Res. Biol. Sci. (2021). 8(6): 85-92

91

Aleš Lebeda, Barbora Mieslerová, Michaela Sedlářová
and Miloš Pejchal (2008), the fluctuations ranged from
67.5–112.5 µm, while ours ranged from 115.89 to
284.17 µm, close to the results of these researchers[1].

E. palczewskii is origin from Asia, however in recent
years the pathogen has been introduced into several
European countries and has now become one of the
most widespread powdery mildews in eastern Europe
(Braun, 1995; Heluta & Minter, 1998)[3, 6].

In the European part of Russia, the spread of the
disease has increased due to the widespread cultivation
of yellow acacia for decorative purposes in the green
areas of Barnaul, Tomsk, Novosibirsk and
Krasnoyarsk [15] C. Nischwitz, G. Newcombe
(2003)indicated that, more recently the fungus has also
been introduced into North America ([9]  .

We performed identified pathogens at the species
level. PCR analysis of leaf samples from pea-shrub
trees in three parks (Asashūryū's, Uchral's and
Turkish-Mongolian friendship's) revealed that the
pathogen was all the same Erysiphe palczewskii.

5. Conclusion

Although extensive research has been conducted in
Mongolia on diseases of legumes, potatoes, and
vegetables, such as wheat, green plantation shrubs,
including yellow acacia, have not been studied before.
A novelty of the research is the study of the
prevalence of yellow acacia, one of the main shrubs in
Ulaanbaatar, and the identification and registration of
pathogenic fungi at the Genbank (Accession numbers
are MW940955-MW940957).

We believe that this study will be important for the
further development of greenspace diseases research in
urban areas of Mongolia.
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