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Degradation of European ash (Fraxinus excelsior) stands under the action of biotic stresses requires compensation for
the loss of ash trees by searching for alternative local and introduced tree species. There is insufficient study on biochemi-
cal defense responses in the leaves of ash species and forms with various vulnerability to the damage caused by ash sawfly
(Tomostethus nigritus F.). Our hypothesis is that there are differences in the resistance level of different ash tree spe-
cies/forms to T. nigritus based on the study of their antioxidant enzyme system (AOS) activity and soluble protein (SP)
content. The measurements of enzyme activity were carried out by spectrophotometric methods. Isoenzyme composition
of benzidine peroxidase (BPx) was determined by isoelectric focusing. Based on visual observation, significant differences
in susceptibility to black sawfly were found between three ash species and three ornamental forms of F. excelsior, the
leaves of which were used for biochemical analyses. The results demonstrated a wide range of interspecific activity of
enzymes and proteins, which indicates their involvement in plant adaptation to biotic stress. It has been shown that the
high level of guaiacol-peroxidase (GPx) and catalase (CAT) activity in the leaves of ornamental forms may be related to
their resistance to T. nigritus. The highest level of GPx activity and protein content in the Asian species F. sogdiana com-
pared to other ash trees also indicates their important role and can give it benefits in protection against the leaf-chewing
pest. Species-specificity of isoelectrofocusing (IEF) profiles of acidic isoperoxidases of BPx was recorded. The molecular
forms of BPx with the highest level of activity in the species unaffected by T. nigritus were revealed. The highest inhibito-
ry effect of the oligophage black sawfly on the antioxidant system and proteins was observed in the North American spe-
cies F. velutina, which should be introduced with caution into urban green areas.

Keywords: Fraxinus; Tomostethus nigritus; soluble proteins; antioxidant enzymes; peroxidase isoenzyme composition.

Introduction

The surveys of recent years have shown a rapid dieback of ash
trees in forests, green spaces of populated areas, as well as in field
protection strips and roadside plantings. This picture is observed
throughout Europe. The most important biotic factors found to be
harmfully affecting the state of the F. excelsior population were the
presence of the fungus Hymenoscyphus fraxineus (anamorph Chalara
fraxinea) as a causative agent of ash dieback, and the emerald ash
borer (Agrilus planipennis); their biology has been widely studied
(Davydenko et al., 2019; Villari et al., 2016). Over the past 30 years,
outbreaks of mass reproduction of T. nigritus (Fabricius, 1804) as a
member of the family Tenthredinidae Latreille, 1802 (Hymenoptera)
have been recorded in certain regions of Europe and Ukraine, com-
plete defoliation of trees was sometimes noted in this period (Jess et
al., 2017; Meshkova et al., 2017). One generation develops per year
with a complete metamorphosis. Male larvae include 4 stages, and fe-
male larvae include 5 (Glavendeki¢ & Miri¢, 2011); intensive feeding
on leaves occurs during these stages. T. nigritus is considered to be a
narrow oligophagous species capable of feeding on a wide range of
members of the genus Fraxinus L. Outbreaks can occur on non-ende-
mic trees, such as F. angustifolia (Verheyde & Sioen, 2019). The in-
sect is capable of spreading rapidly through urban infrastructure.

Introduction of plants is considered to be the most effective way
to enrich and renew the plant complex in countries where novel plant
species are used to benefit humans, as a way to maintain genetic di-
versity and to identify individual trees resistant to diseases and pests
(Bacovsky et al., 2016; Nielsen et al., 2017; Kunakh et al., 2022;

Miller & McMahan, 2022; Adaméikova et al., 2023). But, as noted
by Lévesque et al. (2023), no native species alone or in combination
can completely replace the ecological niche of European ash and
related ecosystem services. This is further complicated by the fact that
the productivity of non-native ash species in European forests and ur-
ban green space, their invasive potential and the risk of hybridization
with native ash species are still unknown, and there is no scientifically
based tolerance rating for most members of the genus Fraxinus (Per-
cival et al., 2006; Lévesque et al., 2023).

The ash genus (Fraxinus L.) is composed of economically valua-
ble woody plants; they include about 70 species and act as the major
forest-forming component of the forests in temperate latitudes and
mountain belts in the Northern Hemisphere as well as of Southeast
Asian forests; they also widely used in green urban construction.
A significant number of ash species are distributed in Europe, of
which the common / European ash (Fraxinus excelsior L.) is the most
common. It provides many ecosystem services, such as absorbing
carbon and pollutants from air, soil and aquatic substrates, reducing
flooding, minimizing the area of urban heat islands and maintaining
wildlife in cities (Soldi et al., 2022).

In Ukraine, European ash (F. excelsior L.) is an autochthonous
and forest-forming species of various native forests and a component
of artificial plantations in agricultural landscapes and green infrastruc-
ture in cities. In urban green spaces, European ash is also represented
by various varieties and decorative forms. Thus, according to Shlapak
& Bayura (2014), in the cities of the Right Bank Forest Steppe of
Ukraine, 95 decorative forms of F. excelsior are used in garden and
park construction, among which are single-leaved 'Monofilla', multi-
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folia 'Diversifolia’ and the weeping 'Pendula” (as the most commonly
used). Besides the native ash species, non-native (introduced) species
as Sogdian ash (F. sogdiana Bunge) (Tianshan ash) and velvet ash
(F. velutina) (Arizona ash) grow only in the Botanical Garden of Oles
Honchar Dnipro National University (DNU). Sogdian ash is distrib-
uted across Central Asia and China. This species is highly resistant to
pest attacks (Nuer et al., 2014; Drenkhan et al., 2015). F. velutina is a
fast-growing, light-demanding deciduous tree vulnerable to trunk
burns; it tolerates alkaline, desert soils and is salt-resistant, but requi-
res regular watering (Ma et al., 2022).

Stress caused by herbivorous insect pests disrupts various meta-
bolic processes involved in woody plant resistance mechanisms. The-
refore, understanding the basic mechanisms of resistance is crucial for
the identification and use of new plant species resistant to insect phy-
tophages. Under the effect of pests, oxidative stress occurs in plant
cells, related to escalated production of reactive oxygen species
(ROS). As a result, key physiological processes such as photosynthe-
sis, respiration and water exchange are disrupted, accompanied by se-
condary metabolism pathways aimed at protecting plant cells against
herbivore invasion (Singh et al., 2013). The formation of ROS is pre-
vented by the antioxidant system, which includes low molecular
weight antioxidants (glutathione, tocopherols, ascorbic acid), enzy-
mes that regenerate reduced forms of antioxidants, and enzymes that
interact with ROS (Blokhina et al., 2003; Koch et al., 2016; Paterska
etal., 2017; Materska et al., 2022). The intracellular level of hydrogen
peroxide is regulated by a wide range of enzymes, the most important
of which are catalase and peroxidases (Willekens et al., 1995; Foyer
et al., 2017). Peroxidases have a high affinity for hydrogen peroxide
and are involved in its utilization in plant cell organelles such as chlo-
roplasts, mitochondria, cytoplasm, vacuole and cell wall (Anjum et
al., 2016). This enzyme is also involved in various biochemical reac-
tions, such as nitrogen metabolism, respiration, the formation of eth-
ylene and auxin, lignin and suberin synthesis (in cell-wall formation),
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growth processes, tissues maturation and aging, IAA degradation,
wound repair and protection from stresses occurred in the plant body
(Takashima et al., 2013; Mittler, 2017; Petrova et al., 2022; Sahu
etal., 2022).

Currently, there is insufficient study on biochemical defense re-
sponses in the leaves of both native and introduced ash species and
forms with various degrees of vulnerability to the damage caused by
the ash sawfly. The goal of the study was to research an activity of the
defense enzymatic antioxidant system and soluble proteins content in
the leaves of species and forms of the genus Fraxinus differently vul-
nerable to T. nigritus F. attacks.

Materials and methods

Plants of the genus Fraxinus from the collection of the Botanical
Garden of the Oles Honchar Dnipro National University (Dnipro,
Ukraine) (48°26'14" N, 35°02'35" E) were used as the object of study.
F. excelsior L. (3 trees) and its three ornamental forms “Monofilla”,
“Diversifolia”, “Pendula” (2 trees each), F. velutina Torr. (1 tree) and
F. sogdiana (2 trees), growing in groups close to each other under the
same light and temperature conditions, were used in the study. Sawfly
damage to the trees was investigated in June 2022. The level of crown
damage was assessed on a 5-point scale (Pap et al. 2014): 1 — no vi-
sible damage; 2 — 10-30% damage; 3 — up to 50% damage; 4 — seve-
re damage (50-75%); 5 — very severe damage (>75%). Two species
(F. velutina, F. excelsior) and 1 decorative form (‘Monofilla)) were
damaged by ash sawfly. F. sogdiana, 'Diversifolia’ and 'Pendula’ were
without visible damage by the phytophage.

For biochemical analysis, 5-7 leaves of medium formation from
each tree (in tree replicates) with no signs of insect damage were se-
lected on annual vegetative growth from the lower third of the sou-
thern-faced crown part in dry, clear weather, simultaneously with
each ash species (Fig. 1).
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Fig. 1. Leaves of the family Fraxinus members:
1—F. excelsior L.; 2 —"Pendula’; 3 - 'Monofilla’; 4 — 'Diversifolia’; 5 — F. velutina Torr; 6 — F. sogdiana Bunge.

The leaves were washed with water and immediately used for en-
zyme extraction. To isolate the enzyme preparation, the ash leaves
(0.3 g) were homogenized in 6 ml of 0.05 M Tris-HCI buffer, pH 7.4
with 0.5% polyvinylpyrrolidone (PVP). Extraction was performed at
+4 °C for 1 hour, and the extract was centrifugated for 20 minutes at
14,000 rpm. Supernatants were harvested to determine the content of
lightly-soluble proteins (SP) and the activity and composition of ben-
zidine-peroxidase, guaiacol-peroxidase, and catalase. The measure-
ments of enzyme activity were carried out by spectrophotometric me-

2

thods. Activity of benzidine-peroxidase (BPx, EC 1.11.1.7) [donor:
hydrogen peroxide oxidoreductase] was determined by the Gregory
method (1966). Changes in optical density were registered for 1 min
at 490 nm after adding 1% H202 to the reaction mixture (Tris-HCL
buffer, pH 7.4, 0.02 mM benzidine, and the sample volume 0.2 mL).
The result was expressed in U/g FW. The protein content was deter-
mined with colorimetric analysis of the total coarse extract of the pro-
tein sample by the Bradford (1976) method and expressed in mg/g of
fresh weight.
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Isoenzyme composition of BPx was determined by isoelectric fo-
cusing (IEF) in a 5% horizontal polyacrylamide gel (PAAG) using
Ultraphor (LKB, Bromma, Sweden), pH range 2.5-6.0. IEF was per-
formed at +10 °C. The stained gels were scanned and analysed using
1D Phoretix software, by which the specific gravity (%) of each iso-
form in the total peroxidase spectrum was determined. For comparati-
ve analysis, the molecular forms of peroxidase were identified by Rf
values (relative electrophoretic mobility of isoperoxidases).

Activity of guaiacol-dependent peroxidase (GPx, EC 1.11.1.7)
was evaluated according to Ranieri et al. (2001) and expressed in mM
TG/g FW * min. Catalase activity (CAT, EC 1.11.1.6) [hydrogenpero-
xide: hydrogen-peroxide oxidoreductase] was assessed according to
Goth (1991), and the results were expressed in uM H202/mg protein.

The results of studies on enzyme activity and soluble protein con-
tent were presented as the average x + SD (standard deviation). Tu-
key's honestly significant difference test was used to test differences

Table 1
Degree of damage to species/forms of the genus Fraxinus T. nigritus

between group means to assess the significance. The results obtained
were subjected to univariate analysis of variance (ANOVA) using
Statistica (StatSoftWare Past, 4.03, Norway) (Hammer et al., 2001).

Results

The resistance of plants was assessed by the degree of damage of
the leaves during their invasion by the black sawfly (Table 1). Among
the studied ash species/forms, the most affected by the black sawfly
were F. velutina and F. excelsior (Table 1).

Minor damage to the crown was inherent in the ornamental form
of European ash “Monofilla” (10%). Resistant to black sawfly were
F. sogdiana and ornamental forms “Diversifolia” and “Pendula”.

The analysis of the results revealed mainly the reliability of diffe-
rences (P < 0.05) by enzyme activity and content of lightly-soluble
proteins between the ash species and forms (Fig. 2).

Species and forms of the genus Fraxinus Tree age, yrs.

Level of tree damage by Tomostethus nigritus F., %

Geographic origin

European/common ash (F. excelsior Linnaeus, 1753) 75 40 Northern and Central Europe
‘Monofilla' 15 10
'Diversifolia' 75 0
'Pendula’ 75 5
Tianshan ash (F. sogdiana Bunge) 73 <1 Central Asia and China
Velvet ash (F. velutina Torr) 75 94 South-Western North America
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Fig. 2. Antioxidant enzyme activity and soluble protein content of Fraxinus species leaves:
A —benzidine peroxidase, B — guaiacol peroxidase, C — catalase, D — proteins; means + SD of five biological replicates;
1-6 —see Figure 1 different letters on the columns indicate significant differences according to Tukey-test, P <0.05; n =7

Among the studied species and forms, the value of benzidine-per-
oxidase activity in the leaves of the European ash form 'Diversifolia’
was the greatest and exceeded that of native F. excelsior by 2.4 times,
and of the forms 'Monofilla’ and 'Pendula’ by 10 and 3.2 times, re-
spectively (P <0.01). The introduced species Sogdian and velvet ash
showed significantly less BPx activity compared to both F. excelsior
(1.8 and 4.7 times, respectively) and its form 'Diversifolia’ (4.4 and
11.4 times, respectively) (P < 0.01). The lowest activity was found in
F velutina and in European ash form 'Monofilla' (Fig. 2A).

The values of guaiacol-peroxidase activity ranged within 0.22—
4.76 mM TG/g FW (Fig. 2B). The values of activity in European ash
form 'Monofilla' were very low (11.5-21.6 times less compared to the
other forms and species studied) (P < 0.05). In two ash species (F. ex-
celsior and F. sogdiana) and two forms (‘Diversifolia’ and ‘Pendula’),
this indicator was at the level of 4.12-4.76 mM TG/g FW * min).

There was no significant difference in GPx activity between Europe-
an ash and its forms 'Diversifolia’ and 'Pendula’ (P = 0.014; P =0.182,
respectively). The values of GPx activity in the leaves of F. an-
gusifolia were higher compared to European ash by 11.7%.

The velvet ash had a lower GPx activity by 68.4%, 79.4% and
62.8% compared to native F. excelsior and its decorative forms 'Di-
versifolia' and 'Pendula, respectively, and by 88.1% (P < 0.05) com-
pared to Sogdian ash.

Catalase activity in the studied ash leaves ranged within a wide
range: 63.0 to 1315.2 uM H202/mg pr. (Fig. 2C). The lowest activity
was observed in the leaves of F. excelsior and F. sogdiana, and no
significant difference has been established between these ash species
(P = 0.96). The greatest activity was found in the decorative form
‘Monofilla. Compared to other samples, the range of exceeding this
indicator was at the level of 2.9-20.9 times. The levels in catalase

3
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activity of the forms 'Diversifolia’ and 'Pendula, as well as the species
F. velutina were approximately the same (308.8-446.9 uM H202/mg
pr.). Compared to the native European ash species, CAT activity in
the leaves of the forms 'Diversifolia’, 'Pendula’ and the species F. velu-
tinawas 7.1, 5.8, and 4.9 times greater, respectively (P < 0.01).

The total number of benzidine-peroxidase isoenzymes found in
all samples was 10 (Fig. 3A-D).

Fraxinus excelsior includes 6 isoperoxidases, while its decorative
form 'Monofilla' includes 2, 'Diversifolia’ and 'Pendula’ includes 4
ones (Fig. 3A).

Fraxinus sogdiana and F. velutina include 3 and 1 isoforms, res-
pectively. Only one component of Rf = 0.48 was consistently present
in all ash species and forms studied, but its expression was signifi-
cantly different (Fig. 3B, C). A greater proportion of this isoform was
inherent in the decorative form 'Pendula’, narrow-leaved and velvet
ash, and the lowest proportion was found in European ash. Compared
to F. excelsior, the activity of this zone was significantly greater in F.
sogdiana by 96.4% (F =50.36; P = 2.1 109), in F. velutina by 71.7%
(F=76.9; P =9.0 10%). In the leaves of decorative forms, the activity
of the isoform of Rf = 0.48 was slightly greater in 'Monofilla' by 21%
(F =1.94; P = 0.237); in the forms 'Diversifolia’ and 'Pendula’ it was
significantly increased compared to native European ash by 39.4%
and 73.8%, respectively (F = 22.72; P = 89 103 F = 37.86; P =
3.5 10°3). The presence of isoperoxidase of Rf 0.73 was common in
F. excelsior and its decorative forms. Activity of this isoform in the
decorative ash forms was almost at the same level with native Euro-
pean ash (P > 0.05). Isoperoxidase of Rf 0.55 was found to be com-
mon in the ash form 'Pendula’, and isoperoxidase of Rf = 0.61 was
found to be common in the form 'Diversifolia’ (the isoperoxidase pro-
portion in this form was less by 37.8%), but no statistically significant
difference between F. angusifolia and European ash form 'Diversi-
folia' was observed (F = 4.34; P =0.106).

The protein content also ranged widely from 0.90 (‘Diversifolia’)
up to 6.20 (F. sogdiana) respectively (Fig. 2D). A statistically signifi-
cant difference in protein content between the native ash species and
its decorative forms 'Monofilla’ and 'Diversifolia’ showed significantly
lower SP content compared to F. excelsior: by 24.4 (F = 238.8; P <
0.001) and by 59.3% (F = 838.8; P < 0.001). In the decorative form
'Pendula’ and the species F. sogdiana significantly increased SP con-
tent was found compared to F. excelsior by 90.9 (F = 754.7, P <
0.001) and by 180% (F = 3403.2; P < 0.001), respectively. A statisti-
cally significant difference in this parameter was observed between
the native species and the introduced velvet ash: in the latter, the con-
tent of SP was up 44.8% less (F = 628.0; P < 0.001) compared to
F. excelsior.

Discussion

Taking into account the importance of studying oxidoreductases
and proteins as well as their variations between different genotypes in
the genus Fraxinus, the response of activity and composition of enzy-
mes and proteins in following 3 ash species and 3 decorative forms:
F. excelsior L., its forms 'Monofilla, ‘Diversifolia, 'Pendula’, F. sog-
diana Bunge (section Fraxinus); as well as North American species
F. velutina Torr. (section Fraxinus) were investigated in relation to
black sawfly (T. nigritus) attacks. Verheyde & Sioen (2019) found
that defoliation mainly affected Fraxinus angustifolia Vahl, 1804
'Raywood', while neighboring trees of F. excelsior were mostly unaf-
fected. On the contrary, our research in 2022 in the Botanical Garden
of DNU (steppe zone of Ukraine) recorded an outbreak of ash sawfly
(T. nigritus), which affected the European ash (by 40%) and its deco-
rative form 'Monofilla’ (by 10%) and, especially, the introduced speci-
es F. velutina (by 95%), while the Sogdian ash was almost unaffected
(<1%). This is consistent with the data of Matosevi¢ et al. (2003),
who observed severe defoliation of F. excelsior, but found that F. an-
gustifolia at the same time was almost unaffected. Interestingly, two
decorative forms F. excelsior 'Diversifolia’ and 'Pendula’ were not af-
fected by T. nigritus. These data indicate a different vulnerability of
the members of the genus Fraxinus to effects caused by T. nigritus.
Therefore, the study of plant-phytophage relationships at the bio-

4

chemical level is important for understanding the nature of adaptation
of both native and introduced Fraxinus members to the action of the
herbivorous insect.

Based on the study of the activity of peroxidases (BPx and GPx)
in the leaves of ash species and forms, it can be stated that this para-
meter reflects the degree of plant adaptation to the environment. Ac-
cording to BPx activity in European ash and its forms, the following
rating was established (from less to more vulnerable to the insect
affect): 'Diversifolia — F. excelsior — 'Pendula’ — Monofilla'.
Itshould be noted that Fraxinus excelsior maintained a moderate
level of peroxidase activity despite a fairly high level of pest damage
(40%). By the research of Petrova et al. (2022), Fraxinus excelsior is
a species Vvery suitable for urban landscaping due to its significant to-
lerance to stressful environmental conditions, and it has a significant
adaptive reserve which has not yet been realized. If one compares the
vulnerability of introduced ash species to ash sawfly with a native
species by this indicator, then the lowest response of BPx was noted
in F. velutina.

Native and introduced ash species differ in both activity and com-
ponent composition of benzidine-peroxidase. Isoenzyme spectra of
peroxidases are used to detect interspecies differences, plant ontoge-
netic age, and stress effects (Prisedsky et al., 2017). Analysis of pe-
roxidase isoenzyme composition revealed a clear distinction between
the ash species studied, as well as the distinction based on the relative
proportions of isoperoxidases that were common to all species studi-
ed. A study of the isoenzyme profiles of benzidine-peroxidase in
various ash species and forms revealed a total of 10 isoperoxidases
within the acidic pH range (2.5-6.0). The peroxidase profiles of the
studied ash species and forms were similar, representing their close
phylogenetic relationship. One component of Rf 0.48 was consistent-
ly present in all ash species and forms studied, but its expression was
significantly different. The greatest proportion of this isoform (20.5%,
20.8% and 23.5%) was found in Sogdian ash, the decorative form
'Pendula’ and velvet ash, respectively, and the smallest was found in
native European ash (12%). In native European ash, this fact was
compensated by the high activity of isoperoxidase of Rf 0.73
(17.7%). It should be noted that the presence of isoperoxidase of Rf
0.73 was the common in F. excelsior and its decorative forms, but it
was not present in the introduced species. Activity of this isoform in
decorative ash forms was almost at the level same with native Euro-
pean ash. Thus, the results showed a clear species specificity of the
IEF profiles of BPx ash trees, which differed in both the number and
activity of isoperoxidases. Similar results have been found in other
woody plant species. Lehner & Cardemil (2003) determined changes
in cell wall peroxidase activity and isoform profiles of seedlings of the
legumes Prosopis tamarugo Phil. and Prosopis chilensis Mol. to as-
sess their resistance to wounding. According to their data, a signifi-
cant increase in the activity of acidic isoforms in P. tamarugo was
observed, while in P. chilensis the activity level of the main isoforms
of peroxidase increased. It has been shown that the invasion of the
pest P. robiniella enhanced the defence system of R. pseudoacacia
leaves by stimulating the activity of antioxidant enzymes and chan-
ging the expression of isoperoxidases (Seliutina et al., 2020; Shupra-
nova et al., 2023).

The study of guaiacol-peroxidase activity in ash trees of various
species and forms showed that the greatest activity was recorded in
the leaves of Sogdian ash, European ash and its forms 'Diversifolia’
and 'Pendula’, and the smallest activity was observed in F. velutina
and, especially, in the decorative form 'Monophylla' (19.3 times less
compared to F. excelsior). High values of GPx activity may be asso-
ciated with its participation in the processes of stress adaptation to un-
favorable environmental conditions and, especially, with the enhance-
ment of the lignification process (physical defense of cells) under the
action of biotic stresses (Miller & McMahan, 2022). Poland et al.
(2015) reported that in most resistant Fraxinus taxa, the majority of
emerald ash borer (Agrilus planipennis) larvae died because of the
physical defense response of the host plant. Therefore, in the leaves of
Sogdian ash, a high level of guaiacol-peroxidase activity may be asso-
ciated with an increase in the lignification process under the action of
biotic stresses.
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Catalase is actively involved in the utilization of hydrogen per-
oxide in plants, and in such a way that it contributes to the maintain-
ing of reduced equivalents and energy in cells (Sahu et al., 2022).
As our studies have shown, the highest catalase activity was found in
the leaves of European ash, single-leaf form 'Monofilla', and the lo-
west was found in native European ash; it can be arranged as follows
(from larger to smaller values): 'Monofilla’' — 'Diversifolia' — Pen-
dula' — F. excelsior. The ash species showed the following rating
regarding CAT activity: F. velutina — F. sogdiana = F excelsior.
The obtained data showed the important role of catalase in antioxidant
processes in leaves of decorative forms of F. excelsior due to the eli-
mination of hydrogen peroxide during biotic stress. Our results sug-
gest that increased CAT proportion in the total antioxidant activity in
leaves of F. excelsior 'Monofilla' indicates compensation of the re-
duced BPx and GPx activity and increased participation of the en-

zyme in the mechanism of photosynthetic defense process (Shuprano-
va et al., 2022). The high constitutive level of CAT activity in the
leaves of the decorative form 'Monofilla' in view of very low peroxi-
dase activity was probably sufficient to provide defence response
against the black sawfly attacks.

Whilst the ecological importance of plant soluble proteins and
available carbohydrates in the development of plant-insect interacti-
ons is known, there are relatively few studies on their concentration in
the plant leaves (Deans et al., 2016). To date, there is little information
available to support variations in plant protein profiles for native and
introduced species of Fraxinus genus, and especially on differences
related to the effects of herbivorous insects on the trees. Analysis of
the soluble protein content in leaves of 3 tree species (F. excelsior,
F. velutina, F. sogdiana) and 3 decorative forms of F. excelsior (Mo-
nofilla', 'Diversifolia, 'Pendula’) showed high variability of this para-
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meter. According to the SP content, the studied ash trees can be divi-

ded into three groups: | — leaves with the lowest content ('Diversi-
folia’); 1l —leaves with an average SP content: F. velutina, 'Monofilla'
and F.excelsior); Il — leaves with the greatest protein content

(F. sogdiana and the forms 'Pendula’). In general, according to this
indicator, the rating of ash trees can be arranged as follows:
F. sogdiana — 'Pendula’ — F. excelsior — Monofilla’ — F. velutina
— 'Diversifolia'. Under conditions of various stress types, a decrease
in metabolic processes were usually observed, including a decrease in
the rate of protein synthesis, which has a protective nature maintain-
ing the vital potential of cells for their further recovery (Zogli et al.,
2020). In the case studied, protein content was observed to be the
greatest in insect-unaffected ash trees (F. sogdiana and 'Pendula’).
A similar result was obtained for the species A. parviflora, which ex-
hibits high resistance to the horse chestnut leaf miner Cameraria
ohridella (Shupranova et al., 2024). SPs concentration was observed
to be the lowest in the form 'Diversifolia’ resistant to black sawfly
attacks; these patterns require additional research.

The results of this study confirmed the hypothesis that antioxidant
enzymes and leaf proteins are important components of the defense
system in the interaction between Fraxinus plants and the herbivorous
pest T. nigritus.

Conclusions

The obtained results showed a wide-range interspecies variability
in the enzyme activity of antioxidant defense system and protein con-
tent in the leaves of European ash (as a native species), its decorative
forms and of Sogdian and velvet ash (as introduced species). Diffe-
rent vulnerability of the studied ash trees to the impact of Tomostethus
nigritus F. was found. Antioxidant enzymes in decorative European
ash forms 'Diversifolia’ and 'Pendula’, as well as the species F. sogdia-
na were revealed to be more effective in the development of resis-
tance to the attacks of black sawfly. Among other ash species, the
North American species F. velutina was the most vulnerable to the in-
sect impact; it was characterized by the lowest peroxidase and catala-
se activity. The results of the study can be beneficial for appreciation
of the adaptive capacity of ash species in the conditions of the North-
ern steppe of Ukraine when introduced in green urban planning.
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