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ABSTRACT

This study analyzed the morphological properties of cytosporosis disease in the Reinette Simirenko variety (Malus) of apple
trees and nature of its damage to the causative agents in the Lower Amudarya region (Uzbekistan). The region is characterized
with dry climate and shallow groundwater tables which can effect on the spread of the disease. For determining the causes of the
disease, the apple trees and the groundwater level were monitored in orchards where the cytosporosis diseaseis widespread.
Based on thismonitoring and additional correlation analysis, we found out considerable influence of the groundwater level in the

expansion of cytosporosis in apple orchards.
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INTRODUCTION

Apple orchards occupy 5,163 hectares (out of 630,000 hec-
tares of total area) in the Khorezm, a northwestern region of
Uzbekistan. Rosemary, Golden, Reinette Simirenko, semi-
dwarf, and dwarf varieties are main varieties grown in the
region. The varieties of Reinette Simirenko are prone to be
infected with cytosporosis which is caused by a fungus of the
genus Cytospora. In 1818, Ehrenberg showed that the Cytos-
pora fungus causes ulcers in the shoots and stems of various
plants. So far, studies investigated the nature of Cytospora
disease in 85 species of broad-leafed and coniferous trees.

The fungus was also isolated from the bark, xylem, and
leaves of plants in which no symptoms of the disease were
observed !2. Cytospora mostly affects stonefruit and seed
trees *3. Cytospora can also affect the buds. But it mainly
affects stems and shortens tree life, and also lowers the
yield °. In Italy, the evidence of infection by old walnut
trees was reported earlier yet young plants appeared after
the infection 7. In eastern India, chestnut trees (Castanea
sativa Mill.) have been infected by natural and anthropo-
genic factors.

In this case, the appearance of ulcers and the burning of the
leaves was observed. This is a very dangerous disease, the

results of studies have shown that they belong to the Vals-
aceae family of the genus Cytospora .

In Uzbekistan, numerous studies addressed the cytosporosis
disease, its expansion, and biological properties °-!'. Infor-
mation about the cytosporosis disease and its expansion de-
pending on the groundwater level is rare. This study fills this
gap by integrating experimental field-research and statistical
analysis of the collected data.

MATERIALS AND METHODS

Study area

The area is a lowland plant located in the North-Western
part of Uzbekistan, along the lower reaches of the Amudarya
River, between 60°C-61°C longitude and 41 °C-42°C lati-
tude, at 113-138m above sea level. The vegetation period of
plants is 200-210 days. The climate is extremely continental,
with an average annual precipitation of 80-90 mm. Meadow,
meadow marshly, marsh-sandy typical alkali soils prevail 2.
The climate of the region is affected by the Kyzylkum and
Karakum deserts. The winter here is relatively cold: the av-
erage January temperature ranges from — 8°C in the north to
-2°C in the south. Summer is long and hot here, the average
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July temperature is 28-30°C . The region is in the steppe
zone, in the western part of the Khorezm oasis and in the
southern part of the Aral Sea, 100 m above sea level. The
relief consists of a low plain. It is the old Amudarya delta and
consists of river sediments. The western and southwestern
parts connecting with Karakum are covered with sand. Of
the minerals, there are limestone, sand, clay, and other build-
ing materials (Fig 1).

Figure 1: Geographical location of the Khorezm region

Study Water

The Amudarya is the sole source of water supply to irriga-
tion sites and residential areas in the region. The region is
equipped with a dense set of irrigation and ameliorative sys-
tems (Fig 2). In the south of the region, there are salt lakes,
wetlands, and saline areas. The soil consists of alluvial de-
posits of the Amudarya. Meadow, meadow boggy soils are
found in the river valley, and sands are in the west.

Figure 2: Location of ameliorative and irrigation systems and
wells in the Khorezm region

The roots of fruit trees develop well with soil moisture of
17-18%, i.e. their aboveground parts are normally provided
with nutrients and moisture. With an increase in soil mois-
ture of more than 20% or a decrease to 13-15%, the roots do
not develop normally, the tree is not provided in sufficient
quantities with nutrients and moisture, thin roots slowly de-
crease 4.

In the Khorezm region, the proportion of irrigated agriculture
reaches 100%. Soils have different degrees of salinity; in the
autumn and spring months, 5200 m3 of water is required to

flush soil salinity. And this leads to a change in the level of
groundwater. For irrigated areas, critical groundwater levels
are of practical importance, as the raising of groundwater
levels to critical is the main cause of salinity '>!7.

The critical depth of groundwater is the depth at which
groundwater rises through capillary tubes to the root zone of
plants and soil salinity begins. To a certain extent, the depth
of groundwater at which the processes of salinization and
desalination are equal to zero is considered to be a critical
depth. Thus, when the groundwater level rises to critical, soil
salinity begins. If this depth is below a critical depth, the

amount of salt in the soil decreases, and the soils are desalted
18

The Khorezm region differs from other regions of the repub-
lic by its dry climate, soil irrigation methods, soil salinity,
surface groundwater in some places. In the Khorezm region,
there are more than 2,000 wells for measuring the level of
groundwater and the degree of salinity, of which samples are
taken every 10-15 days.

METHODS

According to the methods of Abdullaev et.al. (2002) ' the
study area comprised the province of Khorezm (Republic
of Uzbekistan), an ancient irrigated oasis along the Amu
Darya River and the surrounding desert. The studies were
conducted in 2013-2018 in the apple orchards of the Khanka,
Urgench and Khiva districts of the Khorezm region. Apple
orchards were established in 2005 and diseases were ob-
served in 2013-2018. The coordinates of the studied areas
were determined using GPS and entered into the database. In
these fields, cytosporosis was studied in 50 sites. In this case,
50 trees were studied diagonally in each field. A total of 2500
trees were studied in 50 areas. Samples of the bark of in-
fected trees were taken and examined in the laboratory. The
bark consisting of infected cells was taken at a size of 5 mm.

To preserve conidia of bark fungi and to remove other mi-
croorganisms, the pieces were placed for several minutes in
a 70% alcohol solution. Pieces of bark were removed from
alcohol and, to remove residual alcohol, they were placed
for an hour into sterile water at a temperature of 25°C. After
conidia, the bark was taken using an inoculation loop and
seeded in starvation agar. The studied culture was studied
under an Optika microscope at 1200 fold magnification.

STATISTICAL ANALYSIS

The results were studied by comparison in the Fotohifer 2007
program. The change in groundwater level in 2013-2017 was
determined by the formula

E=1J-]

2
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here:

E - differences between the maximum and minimum
depth of groundwater in the period 2013-2017.

J - maximum depth

J is the minimum depth.

2

Statistical calculations were carried out by the Excel pro-
gram. Wells for measuring the depth of groundwater were
introduced into the GIS map.

The degree of infection of apple orchards was determined by
the formula

D=A/B
here:
D is the degree of infection of the orchard;
A is the number of infected trees;

B is the number of trees examined.

RESULTS

In the studies, the signs of cytosporosis in the shoots of an
apple tree of the Reinette Simirenko variety (Malus) were
manifested in the form of soft spots, the red-brown color of
various sizes (Fig. 3).

Figure 3: Signs of disease of cytospora in the apple tree

As the disease progressed, these spots passed into healthy
tissues and covered the main stem. Particularly, the spot an-
nularly grasped the lower part of the stem and led to the rapid
drying of the upper part. Under favorable conditions for the
development of the disease within ten days, the spots reached
a size of 10x15 cm and after two months led to the drying of
the main stem. Droplets appear on the surface of the new
spots, which then dry. The point of contact with healthy tis-
sue remains wet. In some cases, several spots are combined
to form a circle. Damaged fabric hardens over time, vari-
ous cracks appear on the surface. As a result, healthy tissue
is separated from the damaged crack. The dead bark turned
into red or brown and was easily separated from wood. As a
result of the formation of pycnids under the dead tissue, mul-
tiple bulges are formed. And this leads to a surface roughness

of the shoots.

The shoots of the apple tree are also affected by cytosporosis.
The causative agent of apple cytosporosis in the shoot bark
forms conical pycnids 0.9-1.4 mm in size. Pycnids are multi-
chambered, have one entrance. Conidiophores are colorless,
extensive, simple, size 13.5 - 28.7 x 2 - 3 microns. The rip-
ened conidia in the pycnidia are attached to each other by a
mucus-like liquid; leakage in the form of a belt is observed.
Conidia are colorless when flowing out of pycnids, they are
initially brilliant yellow, then brown and finally turn dark,
waxy, 4.7 - 7.3 x 1 - 2 um in size (Fig. 4).

As a result of morphological studies, it was found that white
colonies grow well in agar water. As a result of comparing
the morphological properties and other signs of a fungus that
causes harm to apple trees of the Reinette Simirenko vari-
ety with the information of Fotouhifar, K.B., Hedjaroude,
Gh.A., Ershad, D., Moussavi, S.M., Okhovvat, S.M. and Ja-
van-Nikkhah, M. (2008) % for the first time in the Khorezm
region, the species of Cytospora sp., close to the species of
Cytospora schulzeri, was identified.

Figure 4: Type of conidia, mycelium and colonies of cytospora

Cytosporosis is more common in trees under stressful con-
ditions. They are heat, lack of moisture, and other key fac-
tors?*?. In the conditions of the northern regions of Uzbeki-
stan, the relationship of damage from the groundwater level
was studied and monitoring of changes in the groundwater
level was carried out. The results are shown in the pictures.
As can be seen from the data presented for 2013-2017, when
studying the level of groundwater and damage to apple trees,
tree disease was established.

DISCUSSION

In 2013, cytosporosis was found in the apple orchards of
our route. Moreover, infection in one orchard was 12%, in
two orchards was 4%, in 12 orchards was 2%. In the remain-
ing 35 orchards, the disease has not been established. The
groundwater level in the studied orchards was at least 110
cm, the maximum depth was 312 cm. The dependence of the
spread of cytosporosis on the groundwater level was 0.8%

(Fig. 5).
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The degree of damage of the orchards studied in 2014: in 1
orchard was 36%, in 2 orchards of 11 orchards was 20%, in 1
orchard was 18%, in 1 orchard was 16%, in 10 orchards was
2%, then in 13 orchards, they were not affected by cytospo-
rosis. The maximum indicator of the depth of groundwater is
300 cm, the minimum is 121 ¢cm. The dependence of the de-
velopment of cytosporosis on the level of groundwater was
6.62% (Fig. 6).
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Figure 5: Groundwater level and tree infection in apple or-
chards.
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Figure 6: Groundwater level and tree infection in apple or-
chards.

1 orchard of the orchards studied in 2015 was not infected
with cytosporosis, the minimum indicator was registered in
4 orchards of 2%. In 1 orchard, the degree of damage was
70%. The maximum groundwater level is 298 cm, and the
minimum is 136 cm. The dependence of the spread of cyto-
sporosis on the groundwater level is 0.20% (Fig. 7).
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Figure 7: Groundwater level and tree infection in apple or-
chards.

In 2016, the maximum degree of damage to apple orchards is
76%, and the minimum rate is 4%, while all apple orchards
are affected by cytosporosis. The maximum groundwater
level is 306 cm, and the minimum rate is 140 cm. The de-
pendence of the development of cytosporosis on the ground-
water level was 0.08% (Fig. 8).
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Figure 8: Groundwater level and tree infection in apple or-
chards.

The maximum degree of infection of orchards with cytospo-
rosis in 2017 was 88%, the minimum indicator is 8%. In the
studied orchards, there are no uninfected trees. The maxi-
mum depth of groundwater is 298 cm, the minimum level is
125 cm. The dependence of the development of cytosporosis
on the level of groundwater is 7.2% (Fig. 9).
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Figure 9: Groundwater level and tree infection in apple or-
chards.

The effect of the difference between the maximum and mini-
mum levels of groundwater on the damage to apple trees in
orchards in 2013 was studied. The correlation was 67%. This
shows that a wide range of groundwater levels leads to an
increase in the tendency of trees to be affected by cytosporo-
sis. Since this changes the soil moisture regime. A decrease
in groundwater levels, an arid climate leads to a moisture
deficit, an increase in groundwater levels affects the adapted
water regime of apple trees. And this leads to difficulty in
breathing the root system. In an area with elevated ground-
water levels, salinization is intensifying.

These processes cause stress conditions for the development
of apple trees. The development of cytosporosis under stress
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conditions has been shown in the works of many scientists
2627 the deterioration of soil aeration and moisture conduc-
tion can also lead to an increase in the tendency of trees to
cytosporosis 2.
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Figure 10: The dependence of the average infection of apple
trees on the difference between the maximum and minimum
levels of groundwater.

A dry climate, a high level of groundwater (100 - 300 cm)
in the Khorezm region leads to the rise of salts dissolved in
groundwater through capillaries to the surface. High evapo-
ration from the soil surface of water leads to salinization of
the soil. High soil salinization rates do not allow for the nor-
mal development of apple trees.

CONCLUSIONS

A groundwater level raise which is common in the Khorezm
region negatively affects the growth of the Reinette Simiren-
ko varieties of the apple trees. As a result, favorable condi-
tions appear for the development of the cytosporosis disease.
To prevent such cases, it is necessary to regulate groundwater
tables and implement agrotechnical measures in time based
on the results of the continuously monitoring of groundwater
levels.
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