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Goal. To assess the effect of fungi-
cides on the content of chlorophyll and 
the activity of antioxidant enzymes 
(peroxidase, catalase) in lupine plants 
after seed treatment. Methods. Labo-
ratory and vegetation studies were car-
ried out in the laboratory of analytical 
chemistry of pesticides of pesticides of 
the Institute of Plant Protection. The 
seeds of yellow lupine (Lupinus lute-
us L., variety Obriy) were treated with 
combined fungicides from different 
chemical classes: triazoles (cyproco-
nazole, difenoconazole, tebuconazole, 
prothioconazole), phenylpyrroles 
(fludioxonil), carbo xamides (car-
boxin), dithiocarbamates (thiram). 
Determination of the content of fungi-
cides in plants was carried out using 
chromatographic methods of analysis. 
Chlorophyll content, pero xidase and 
catalase activity were determined by 
physicochemical methods according to 
generally accepted methods. Results. 
Fungicides activated the antioxidant 
systems of plants, depending on their 
physicoche mical properties (in par-
ticular, the octanol-water partition 
coefficient Kow) and their content in 
plants (C, mg/ kg). An increase in pe-
roxidase activity (up to 89% compared 
to the control) was established within 
30 days, which indicates the activa-
tion of antioxidant processes aimed at 
maintaining oxidative homeostasis in 
plants. The change in catalase acti-
vity under the influence of fungicides 
was inversely correlated with peroxi-
dase activity, which is explained by 
the formation of adaptive mechanisms 
of ROS homeostasis. The high acti-
vity of peroxidase, compared to cata-
lase, testifies to the important role of 
this enzyme in the redox rea c tions of 
plant resistance under the influence of 
fungicides. The total chlorophyll con-
tent under the action of fungicides, 
increased by 6—20%, compared to 
the control. Conclusions. Seed treat-
ment with fungicides affects the course 

of redox reactions in plants, causing 
changes in the activity of key en-
zymes. The high activity of peroxidase 
against the background of fluc tua tions 
in catalase acti vity indicates the di-
rect effect of fungicides on the state 
of antioxidant systems and the impor-
tant role of peroxidase in maintaining 
ROS homeostasis. The stimulatory 
effect of fungicides on the accumula-
tion of chlorophyll at the initial stages 
of growth of lupine plants was estab-
lished, the content of which exceeded 
the control indicator by 6—20% by 
development phase. Changes in the 
activity of antioxidant enzymes (cata-
lase and peroxidase) and the content 
of chlorophyll can serve as criteria for 
determining the levels of adaptation 
of lupine plants to the stress effect of 
fungicides.

fungicides; seed treatment; pero -
xidase; catalase; chlorophyll

Modern technologies for gro wing 
leguminous crops require disease 
protection systems that are able to 
timely and reliably control their de-
velopment and ensure the realization 
of the genetic potential of the varie-
ty/hybrid at all stages of growth and 
development of cultivated plants. 
Seed treatment with fungicides is a 
mandatory method, as it provides an 

opportunity to protect plants in the 
early stages of organogenesis. Fun-
gicides are physiologically active 
substances, therefore, in addition to 
their direct action — protection of 
agricultural crops from pathogens, 
they also act on the plant itself, af-
fecting the metabolism, physiologi-
cal and biochemical status of plants, 
depending on the properties and 
dose of application [1].

Pesticides, penetrating into plant 
cells, can affect the oxidative modi-
fication of proteins, nucleic acids, 
lipid oxidation, etc. The general rea-
ction of plants to the action of ad-
verse environmental factors (drought 
and salinity, low and high tempera-
tures, exposure to heavy metals, 
pesticides, damage by phytopatho-
gens) is the formation of reactive 
oxygen species (ROS), which are 
consi dered both as markers of stress 
and as signal mediators (intermedia-
tes) necessary for the development 
of an adaptive response. Protection 
of plants from the destructive effect 
of an excess of ROS occurs with 
the participation of enzymatic and 
non-enzymatic systems that provide 
mechanisms of antioxidant protec-
tion of plants and maintenance of 
functional cell activity. The main 
components of the enzymatic sys-
tem are superoxide dismutase, cata-
lase, peroxidase, etc. Their activity is 
controlled genetically and varies sig-
nificantly in different types of plants 
and even in individual varieties of 
the same species [2—4].

In the literature, there are con-
flicting data on the effect of fungi-
cides on the activity of antioxidant 
enzymes in plant cells: on the one 
hand, there is information that in-
dicates an increase in catalase, pe-
roxidase, and superoxide dismutase 
activity when using fungicides from 
the triazole and strobilurin classes 
[5, 6], on the other hand, there is 

UDC 632.952+577.15+633.367.1 
© O. Borzykh, O. Tsurkan, L. Chervyakova, T. Panchenko, 2023

THE EFFECT OF FUNGICIDES 
on the physiological and biochemical state of lupine 

plants after seed treatment

O. BORZYKH, 
ORCID: 0000-0002-9802-5622

O. TSURKAN, 
ORCID 0000-0003-3370-5229

L. CHERVYAKOVA, 
ORCID 0000-0002-2311-9237

T. PANCHENKO, 
ORCID 0000-0002-2860-6464

Institute of Plant Protection of NAAS, 
33, Vasylkivska str., Kyiv, 

03022, Ukraine 
e-mail: lac_ipp@ukr.net

DOI: https://doi.org/10.36495/2312-0614.2023.1.3-7



4

Scientific research

Карантин і захист рослин ¹1 (272), 2023

the results of studies on the lack of 
activation of enzymes of the antio-
xidant system due to their use [7, 
8]. The dynamics of changes in oxi-
dase activity is a non-specific phe-
nomenon, but reflects all processes 
associated with the accumulation 
of ROS and is an indicator of the 
physiological and biochemical state 
of plants, resistance to the influence 
of biotic and abiotic factors.

One of the important criteria for 
evaluating the reactions of a plant 
organism to stressors of various na-
ture, including pesticides, the state 
of the pigment complex can also 
serve as an excess of ROS can lead 
to a number of destructive proces-
ses: photooxidation of chlorophyll, 
peroxidation of lipids and sulfhy-
dryl groups of proteins of chloro-
plast membranes, disruption of the 
structure of chloroplast DNA, etc. 
[9—12]. In addition, plant pigments 
are also one of the effective mecha-
nisms of counteracting phytotoxic 
effects at the cellular level, there-
fore, the dynamics of changes in 
their content is one of the indicators 
of the physiological state of plants, 
a characteristic of photosynthetic 
activity and the potential ability of 
agricultural crops to form a harvest 
[13, 14]. In the literature, there is 
evidence of both positive [15] and 
negative [16] effects of fungicides 
on the photosynthetic apparatus of 
plants. The positive effect of fun-
gicides on the pigment complex of 
plants is considered by scientists 
from the standpoint of their stimu-
lating effect on the processes of pig-
ment synthesis and the formation of 
a light-absorbing complex, as well 
as the protective effect of these 
compounds against the premature 
destruction of chlorophylls [17].

Today, the question of the 
mecha nism of the effect of fungi-
cides on antioxidant metabolism, 
the content of photosynthetic pig-
ments, and their role in determi ning 
the level of such an effect on the 
productivity of agricultural crops 
is actively studied and discussed 
[18—21], however, certain aspects 
of physiological and biochemical 
changes remain unclear and require 
further research detailed studies.

Therefore, the aim of the research 
was to evaluate the effect of fungi-

cides on the content of chlorophyll 
and the activity of oxidoreductase 
enzymes (peroxidase, catalase) in 
lupine plants during seed treatment.

Research methodology. Labora-
tory and vegetative studies were car-
ried out in the laboratory of ana-
lytical chemistry of pesticides of the 
Institute of Plant Protection of the 
National Academy of Sciences. The 
seeds of yellow lupine (Lupinus lu-
teus L, variety Obriy) were treated 
with combined fungicides of dif-
ferent chemical classes (triazoles, 
phenylpyrroles, carboxamides, di-
thiocarbamates) according to the 
following options:

1. Control (without treatment);
2. Carboxin, 500 g a.i./t + 

thiram, 500 g a.i./t;
3. Cyproconazole, 13 g a.i./t + 

fludioxonil, 38 g a.i./t;
4. Cyproconazole, 9 g a.i./t + 

difenoconazole, 45 g a.i./t;
5. Prothioconazole, 50 g a.i./t + 

tebuconazole, 30 g a.i./t.
Research was conducted du-

ring April-May in compliance with 
the requirements of the vegetation 
method. The plants were grown in 
plastic vessels (soil grey, gilded with 
a humus content of 2.2%, pH 6.1) 
under natural light and temperature. 
The experiment was repeated four 
times. The selection of plant samples 
was carried out at intervals of 5 days 
(after the emergence of seedlings).

Determination of the content of 
fungicides in plants was carried out 
using the Algorithm of chemical-
analy tical monitoring of pesticides 

[22]. Chlorophyll content and pero-
xidase activity (EC. 1.11.1.7) were 
determined colorimetrically, and ca-
talase (EC. 1.11.1.6) was determined 
titrimetrically according to generally 
accepted methods [23, 24]. Statistical 
processing of the obtained data was 
carried out by methods of dispersion 
analysis using Microsoft Office Excel.

Research results. The nature of 
the effect of active substances on the 
intensity of physiological and bio-
chemical processes in general, and 
the activity of enzymatic systems 
of antioxidant protection (catalase, 
peroxidase) in particular, is deter-
mined by their physicochemical 
properties (by the value of the hy-
drophobicity coefficient log Kow) and 
their content in plants (C, mg/ kg). 
The content of fungicides in plants 
decreases during the growing season 
and depends on the rate of their ap-
plication, which determines the ini-
tial amount (initial toxic potential) 
of the pesticide (Fig. 1).

Based on the results of research, 
different sensitivity of peroxidase to 
the studied fungicides was recorded. 
So, on the 10th day after sowing 
(seedling emergence phase) in va-
riants using combinations of triazole-
based active substances: difenoco-
nazole + cyproconazole (content 
in plants 0.58 mg/kg + 0.28 mg/kg) 
and prothioconazole + tebuconazole 
(0. 92 mg/kg + 0.35 mg/kg) peroxi-
dase activity was the highest — 13% 
and 17% compared to the control, 
respectively (Figs. 1, 2). Whereas, 
when using a combination of cypro-

Fig. 1. Dynamics of fungicide content in lupine plants
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conazole and fludioxonil (phenylpyr-
role class), the enzyme activity was 
15% lower than the control. Such a 
multidirectional regulatory effect can 
be determined both by the chemi-
cal class of compounds and by the 
features of their translocation and 
transformation processes in plants. 
The obtained results confirm the es-
tablished regularities [25].

There is an assumption that 
the amount of absorption of active 
substances during seed germina-
tion is directly proportional to the 
lipophilicity of compounds (by the 
value of log Kow) [26]. Accordingly, 
the triazoles cyproconazole, pro-
teoconazole, difenoconazole and 
tebuconazole, as lipophilic (log Kow 
3.09—4.4), water-soluble compounds 
(15—300 mg/l), are well absorbed by 
seeds and translocated acropetally 
(systemic action). While fludioxo-
nil, as a lipophilic compound (log 
Kow 4.12), is well absorbed by seeds, 
however, due to its low solubility 
in water (1.8 mg/l), it moves very 
slowly through the vascular system of 
the plant, so it exhibits a slight stress 
effect during the same period time. 
When using the combination of car-
boxin (carboxamide class) + thiram 
(dithiocarbamate class), despite the 
significant rate of application, their 
content on the 10th day after sowing 
is 1.1 mg/kg and 0.92 mg/kg, respec-
tively, while the peroxidase activity 
at variant exceeded the control by 
only 5%: carboxin (log Kow 2.3) — 
locally penetrates the seed, is im-
mobile in the plant; thiram (log Kow 
1.73) — almost does not penetrate 

into the seeds, is practically not so-
luble in water, which can explain the 
recorded insignificant effect on the 
activity of the enzyme.

Until the phase of 3—4 leaves 
(20 th day after sowing), the activity 
of the enzyme in plants on all va-
riants gradually increased, on avera-
ge, by 1.2—1.4 times, which may be 
caused by an increase in de novo 
enzyme synthesis, changes in the 
ratio between peroxidase isoforms 
and/ or accumulation of enzyme 
substrates that induce its synthesis. 
A rapid and significant increase in 
enzyme activity in the cyprocona-
zole + fludioxonil variant (98% to 
the control) compared to the cypro-
conazole + difenoconazole variant 
(30% to the control) may indicate 
the cumulative prolonged stress ef-
fect of fludioxonil itself. By the 30th 
day (phase of 7—8 leaves), against 
the background of a decrease in the 
initial content of fungicides by 3—6 
times, the activity of peroxidase in 
all variants decreased, compared to 
the previous phase of research, but 
exceeded the corresponding indica-
tor of control by 11—35%, therefore, 
the treatment seeds with the studied 
fungicides induces a sufficiently high 
level of peroxidase activity for 30 
days, which indicates the activation 
of antioxidant processes aimed at 
maintaining oxidative homeostasis in 
plant cells.

The change in the activity of 
catalase, which, as a rule, is in-
versely correlated with the activity 
of peroxidase, under the influence 
of the studied fungicides, differed 

significantly by variant. The maxi-
mum activity of the enzyme on the 
10th day after sowing was recorded 
in the variant using the combination 
of difenoconazole + cyproconazole 
(46% compared to the control), 
while in the remaining variants the 
catalase activity was 13—31% below 
the control level (Fig. 3).

Subsequently, when using the 
combination of cyproconazole + 
difenoconazole for two decades, a 
tendency to a steady decrease in en-
zyme activity was observed, which 
probably indicates a shift in the 
pro-oxidant-antioxidant balance 
in the direction of increasing the 
generation of ROS in the form of 
peroxides. In the cyproconazole + 
fludioxonil variant, the maximum 
activity of catalase (36% compared 
to the control), as well as peroxi-
dase, was recorded on the 20th day, 
which may indicate the synergism 
of the action of these enzymes in 
the process of detoxification of ex-
cess ROS. By the 30th day, the acti-
vity of the enzyme decreased to the 
control level, which is probably ex-
plained by the fact that during this 
period the stabilization of detoxifica-
tion processes took place, as a result 
of which the amount of formed ROS 
decreased. Low activity of catalase 
(13—50% lower than control) during 
20 days when using the combination 
of tebuconazole + prothioconazole 
may be caused by the competitive 
action of peroxidase, the activity of 
which increased during this period. 
In the carboxin + thiram variant, 
up to the 14th day, catalase activity 
increased, showing a certain synergy 
with peroxidase, and further changes 
can be explained by the «antago-
nism» of peroxidase and the forma-
tion of adaptation mechanisms to 
maintain ROS homeostasis.

The results of our research show 
that the studied fungicides caused 
different degrees of activation of 
the antioxidant system, which de-
termined different levels of peroxi-
dase and catalase activity in plants. 
A rather high activity of peroxidase, 
compared to catalase within 30 days 
after sowing, indicates a more sig-
nificant role of this enzyme in redox 
reactions of plant resistance under 
the influence of fungicides, which 
is confirmed by literature data [18].Fig. 2. Effect of fungicides on peroxidase activity in lupine plants
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The content of chlorophyll is 
an important indicator that reflects 
the capacity of the development 
of the photosynthetic apparatus. 
The total content of plastid pig-
ments significantly depended on 
the vegetation period of the crop: 
from 1.07±0.03 — 1.22±0.04 mg/g 
per 10 days (seedling phase) to 
4.69±0.12 — 5.77± 0.11 mg/g — 
on the 30th day (phase 7—8 leaves). 
When treating lupine seeds with 
combinations based on triazoles: 
prothioconazole + tebuconazole, 
cyproconazole + difenoconazole, 
and cyproconazole + fludioxonil, 
the chlorophyll content in leaves 
on the 10th day exceeded the con-
trol by 6, 9, and 14%, respectively 
(Fig. 4). By the 30th day, the con-
tent of green pigments gradually 
increased and exceeded the corre-
sponding indicator of the control by 
16, 19 and 20%, respectively. When 
using the combination of carboxin 
+ thiram, the content of chlorophyll 
by developmental phases exceeded 
the control by 12—9%, and starting 
from the 14th day, a tendency to 
decrease its content was observed.

Research by Radzikowska D. 
et. al. [27] showed an increase in 
the intensity of photosynthesis and 
the efficiency of photochemical 
reactions during the treatment of 
spring barley seeds with fludioxo-
nil, triticonazole, a combination of 
tebuconazole and prothioconazole. 
Data from Kur’yat V.G. testify that 
during the treatment of vegetable 
nightshade crops with tebuconazole, 

the mesostructure of the leaves is 
rearranged and the content of chlo-
rophylls increases [28]. In the work 
of Yüzbaşioğlu E., it was established 
that the treatment of tomatoes with 
thiram contributed to the increase 
in the activity of peroxidase, cata-
lase, and chlorophyll content [29].

Therefore, data from literary 
sources confirm the results obtained 
by us of the stimulating effect of 
fungicides on the activity of antio-
xidant enzymes (peroxidase, cata-
lase) and the content of chlorophyll, 
and the degree of this manifestation 
differed according to the variants, 
depending on the nature of the ef-
fect of the active substances.

CONCLUSIONS
Seed treatment with fungicides 

affects the course of redox reactions 

in plants, causing changes in the ac-
tivity of key enzymes. The high ac-
tivity of peroxidase against the back-
ground of fluctuations in catalase 
activity indicates the direct effect of 
fungicides on the state of antioxi-
dant systems and the important role 
of peroxidase in maintaining ROS 
homeostasis. The stimulatory effect 
of fungicides on the accumulation 
of chlorophyll at the initial stages of 
growth of lupine plants was estab-
lished, the content of which excee-
ded the control indicator by 6—20% 
by development phase. Changes in 
the activity of antioxidant enzymes 
(catalase and peroxidase) and the 
content of chlorophyll can serve as 
criteria for determining the levels of 
adaptation of lupine plants to the 
stress effect of fungicides.
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Вплив фунгіцидів на фізіолого-
біохімічний стан рослин люпину 
за протруєння насіння

Ме та. Оцінити вплив фунгіцидів на 
вміст хлорофілу та активність антиок-
сидантних ферментів (пероксидаза, ка-
талаза) у рослинах люпину за протруєння 
насіння. Методи. Лабораторні й вегета-
ційні дослідження проводили в лабораторії 
аналітичної хімії пестицидів Інституту 
захисту рослин НААН. Насіння люпину 
жовтого (Lupinus luteus  L., сорт Обрій) 
протруювали комбінованими фунгіцидами 
з різних хімічних класів: триазоли (ципро-
коназол, дифеноконазол, тебуконазол, про-
тіоконазол), фенілпіроли (флудиоксоніл), 
карбоксаміди (карбоксин), дитіокарбама-
ти (тирам). Вміст фунгіцидів у рослинах 
визначали, використовуючи хроматогра-
фічні методи аналізу. Вміст хлорофілу, 
активність пероксидази та каталази 
визначали фізико-хімічними методами 
за загальноприйнятими методиками. Ре-
зультати. Фунгіциди активували анти-
оксидантні системи рослин, залежно від 
їх фізико-хімічних властивостей (зокрема 
коефіцієнта розподілу октанол-вода Kow  ) 
та вмісту в рослинах (С, мг/кг). Встанов-
лено зростання пероксидазної активності 
(до 89% щодо контролю) впродовж 30-ти 
діб, що свідчить про активацію антиок-
сидантних процесів, спрямованих на під-
тримання окиснювального гомеостазу в 
рослинах. Зміна активності каталази під 
впливом фунгіцидів обернено пропорційно 
корелювала з активністю пероксидази, що 
пояснюється формуванням адаптаційних 
механізмів гомеостазу АФК. Висока, порів-
няно з каталазою, активність пероксида-
зи свідчить про вагому роль цього фермен-
ту в окисно-відновних реакціях стійкості 
рослин за впливу фунгіцидів. Загальний 
вміст хлорофілу за дії фунгіцидів зростав 
на 6—20%, порівняно із конт ролем. Вис-
новки. Протруєння насіння фунгіцидами 
впливає на перебіг окисно-відновних ре-
акцій у рослинах, викликаючи зміни ак-
тивності ключових ферментів. Висока 
активність пероксидази на тлі коливань 
каталазної активності свідчить про пря-
му дію фунгіцидів на стан антиоксидант-
них систем та важливу роль пероксидази в 
підтриманні гомеостазу АФК. Встановле-
но стимулюючий вплив фунгіцидів на на-
копичення хлорофілу на початкових ета-
пах росту рослин люпину, вміст якого за 
фазами розвитку перевищував показник 
контролю на 6—20%. Зміни активності 
антиоксидантних ферментів (каталази 
та пероксидази) та вмісту хлорофілу мо-
жуть слугувати критеріями для визначен-
ня рівнів адаптованості рослин люпину до 
впливу стресової дії фунгіцидів.

фунгіциди; протруйники; перо кси-
да за; каталаза; хлорофіл
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