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Abstract: Pesticides transported from agricultural
land into freshwater ecosystems may adversely
affect aquatic organisms and disrupt ecological
balance. This study investigated the effects of two
imidacloprid-based pesticides (Kingprid and Kingema)
on Cladophora glomerata collected from Zangilan
district. This filamentous green alga was selected as a
model organism due to its sensitivity to environmental
changes and its ecological role as a primary producer in
freshwater habitats. Chlorophyll content, cell viability,
and structural alterations were evaluated as indicators
of stress. The results showed that both pesticide
formulations led to a marked decline in chlorophyll
content and cellular viability, with the intensity of
effects increasing under higher exposure levels. At
lower exposure, only slight pigment fading and minor
structural modifications were observed, whereas
higher exposure resulted in pronounced discoloration,
membrane damage, cytoplasmic shrinkage, and
fragmentation of algal filaments. Comparative analysis
indicated that Kingprid exerted a stronger toxic effect
than Kingema across all observed parameters. One-way
ANOVA confirmed statistically significant differences
among the treatments (p < 0.001), demonstrating a
clear relationship between pesticide exposure and algal
response. These findings suggest that imidacloprid-
based pesticides can negatively impact freshwater algal
communities, potentially reducing primary productivity
and altering ecosystem stability. The study highlights
the importance of incorporating algal bioassays and
bioindicator species into ecological risk assessment
and environmental monitoring programs, particularly in
regions with increasing agricultural activity, such as the
Zangilan district.
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INTRODUCTION

With the intensification of agriculture, the possibility
of agrochemicals entering natural water bodies is
also increasing. As a result of rainfall, irrigation and
drainage processes, these substances can be transported
from agricultural fields to nearby rivers and other
aquatic ecosystems. This leads to prolonged exposure of
organisms living in the aquatic environment to chemicals
at a low concentration [Lozano et al., 2025; Onyango et
al., 2024]. Since aquatic ecosystems are mainly based
on primary production processes, any change affecting
photosynthetic organisms can spread along the trophic
chain and affect the overall balance of the ecosystem.

Neonicotinoid insecticides are considered to be
agrochemicals that have attracted particular attention
from an environmental perspective in recent years.
Imidacloprid, one of the widely used representatives of
this group, is widely used against pests in agriculture
and various studies have reported that its traces have
been detected in surface waters near agricultural fields
[Nagai et al., 2011; Shoaib, 2019]. Although these
substances are mainly designed to affect the nervous
system of insects, they can also cause indirect stress
effects on photosynthetic organisms living in the aquatic
environment [Nugnes et al., 2022]. Algae are considered
one of the main components of primary production in
aquatic ecosystems and are very sensitive to changes
in the environment. Under the influence of chemicals,
algal cells usually do not immediately die, but rather
their metabolism tries to adapt to new conditions.
This process can be accompanied by physiological
changes such as weakening of photosynthesis,
changes in pigment balance and increased
oxidative stress [Muniz, 1990; Brown, Lean, 1995].
Observation of such early reactions commonly pollution
processes occurring in aquatic ecosystems at an earlier
stage.

The filamentous green algae Cladophora glomerata
(L.) Kiitz. is widely distributed in the shallow zones of
rivers and streams. These algae can develop in areas
with sufficient light and solid substrates, forming a
dense filamentous cover. Due to their morphological
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structure, they are sensitive to chemical changes in
the aquatic environment, since they are in direct and
constant contact with water, and therefore are often used
to determine ecological stress in aquatic ecosystems
[Vonk, Kraak, 2020].

The research took place in Zangilan district in
southwestern Azerbaijan, which is part of the Araz
River basin. The River Okhchuchay and a number of
its tributaries flow through the district, forming diverse
freshwater ecosystems. In these areas, shallow areas,
water flow variability, and rocky substrates create
favorable conditions for the development of filamentous
algae [Miiseyibov, 1998].

As a result of many years of war and anthropogenic
impacts, pollution has been observed in some water
bodies of the district. In the post-war period, along
with the restoration of territories and the gradual
development of agriculture, the use of agrochemicals is
expected to increase. This may increase the likelihood
of pesticides entering aquatic ecosystems in the future
and intensify their impact on organisms living in the
aquatic environment [Huang et al., 2025; Nadudvari et
al., 2025].

In this regard, studying the impact of pesticides on
aquatic ecosystems is considered particularly relevant.
In districts where agricultural activities are expanding,
pesticide residues can enter rivers and other water
bodies and cause various physiological and structural
changes in algal communities and other aquatic
organisms.

The aim of this study is to investigate the
physiological and structural changes that occur when
Cladophora glomerata (L.) Kiitz. algae collected from
freshwater bodies of Zangilan district are exposed
to imidacloprid-containing pesticide (Kingprid and
Kingema). The results obtained are expected to
contribute to a better understanding of pesticide-
induced stress mechanisms in freshwater ecosystems
and to future ecological monitoring studies in the
district.

MATERIAL AND METHODS

Study material and preparation. The study was
conducted using samples of filamentous Cladophora
glomerata (L.) Kiitz. collected from freshwater
habitats along the Okhchuchay River within Zangilan
district (Jahangirbarli area, southwestern Azerbaijan;
39°03'09" N, 46°44'20" E). The samples were obtained
from shallow zones with rocky substrates. During
collection, care was taken not to disturb the natural
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structure of the filaments. The material was then
transferred to the laboratory using cooled containers
to limit possible stress effects. After preparation, the
samples were placed in Petri dishes and left in the
laboratory for a short time before the experiment
[APHA, 2005; Thomas et al., 2020].

Pesticide exposure. The collected algal material
was subjected to imidacloprid-containing pesticides
(Kingprid and Kingema). Kingprid and Kingema (King
Wing, China) were purchased from local agricultural
suppliers. Both formulations are commercial products
of King Wing and were comparatively evaluated in
order to assess their neonicotinoid-like stress effects
on freshwater algal cells under laboratory conditions.
Four experimental conditions were established:
control (untreated), 0.01%, 0.05%, and 0.1% pesticide
concentrations. Individual filaments were distributed
into separate Petri dishes, with four samples used for
each condition. To reduce random variation, the entire
procedure was carried out in three independent runs.

Experimental conditions. All samples were kept under
the same environmental conditions throughout the
experiment. Light exposure and temperature remained
unchanged for all treatments. Handling was kept
minimal, and particular attention was given to avoiding
physical disturbance or contamination of the filaments
[Thomas et al., 2020].

Methodological remarks. The general approach followed
commonly applied laboratory practices used in in vitro
studies of filamentous algae. Rather than relying on a
rigid protocol description, the procedure was carried
out step by step under controlled conditions, ensuring
consistency during observations and measurements.

Statistical analysis. The experimental data obtained
from control and pesticide-treated samples were
statistically evaluated to determine the significance of
the observed changes under different exposure levels.
Comparative analysis for each pesticide treatment
was performed separately using one-way analysis of
variance (one-way ANOVA). The analysis included the
calculation of sum of squares (SS), degrees of freedom
(df), mean squares (MS), F-statistic (F), p-values, and
critical F values (F crit). Differences among treatments
were considered statistically significant at p <0.001. All
statistical calculations were performed using JASP.

RESULTS AND DISCUSSION
Effects of Kingprid and Kingema on green algae: Chlo-
rophyll degradation. No visible changes were recorded
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in the control samples throughout the experiment. The
algae maintained their normal green coloration, and
both visual inspection and spectrophotometric data con-
firmed that chlorophyll levels remained stable. A differ-
ent pattern emerged in the treated groups. With King-
prid exposure, the earliest response was a slight loss of
green intensity, which became more noticeable as ex-
posure increased. At a low concentration, the change
was minimal and limited to mild fading. An increase
in concentration caused a clear decrease in green pig-
mentation. At the highest concentration, the amount of
chlorophyll decreased sharply, and some samples be-
came almost completely colorless. Kingema produced a
similar overall response, although the effects were less
pronounced compared with Kingprid. Even at the low-
est concentration, a reduction in pigment intensity was
already visible. At moderate and high concentrations,
the filaments shifted strongly away from their normal
green state, often showing yellowish or brownish color-
ation, which suggests a stronger disruption of the pho-
tosynthetic pigments.

Algal vitality. No changes were observed in the control
samples, and the cells maintained their integrity with
a well-preserved filamentous organization. In contrast,
the changes in the cells exposed to Kingprid occurred
gradually. At a low concentration, most cells still looked
normal, with minimal structural effects. With higher ex-
posure levels, cellular damage became more evident,
particularly cytoplasmic shrinkage and distortion of
cell walls. At elevated concentrations, damage became
more severe, with membrane breakdown and leakage of
cellular material. In the 0.05% solution, the frequency
of plasmolysis and cytoplasmic changes increased. In
the 0.1% solution, disruption of the cell membrane,
cytoplasmic leakage, and disintegration of the fila-
ment structure were widely observed. The results of the
ANOVA analysis are presented in Table 1 and Table 2.

Comparative evaluation. Both pesticides accelerated
chlorophyll degradation and decreased cell viability in
Cladophora glomerata (L.) Kiitz. algae in a concentra-
tion-dependent manner. However, the effect of Kingprid
pesticide was more aggressive, causing faster physio-
logical and structural changes even at lower concentra-
tions. Kingema had a relatively weaker effect, and the
changes were mainly observed more clearly at higher
concentrations. (Fig. 1) shows chlorophyll and filament
changes under increasing pesticide concentrations.

A one-way ANOVA analysis showed that pesticide
concentration had a statistically significant effect on the
viability of Cladophora glomerata algae (p < 0.001).
For the Kingprid pesticide, the results indicated that
changes in concentration were associated with a very
strong effect on algal viability (F = 820.5, p < 0.001).
The high F value indicates that the differences between
the tested concentrations are highly significant. As the
concentration of Kingprid increased, a noticeable de-
crease in the viability of Cladophora glomerata algae
became evident, which points to a strong toxic effect of
the pesticide on algal cells. In a similar way, the Kinge-
ma pesticide was also associated with a statistically sig-
nificant effect on the viability of Cladophora glomerata
algae (F =597.2, p <0.001).

The ANOVA results indicate that increasing pesti-
cide concentration leads to a significant reduction in al-
gal viability (disruption of the cell membrane, cytoplas-
mic leakage, and disintegration of the filament structure)
compared to the control group. When the effects of both
pesticides were compared, it was determined that King-
prid exhibited a stronger inhibitory effect than Kingema.
This is explained by its higher F value and the greater
decrease in viability with increasing concentration. Tak-
en together, the results show that increasing pesticide
concentration is linked to a significant reduction in algal
viability and this points to a potential ecological impact

Table 1. One-way ANOVA analysis showing the effect of different concentrations of Kingprid pesticide
on the viability of Cladophora glomerata (L.) Kiitz.

Source of variation SS df MS F P-value  F crit
Between groups 6540.2 3 2180.07  820.5 <0.001 4.07
Within groups 21.3 8 2.66

Total 6561.5 11

Note: SS — Sum of Squares; df — degrees of freedom; MS — Mean Square; F — F-statistic;
P-value — significance level; F crit — critical F value.
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Table 2. One-way ANOVA analysis of the effect of different concentrations of Kingema pesticide
on the viability of Cladophora glomerata (L.) Kiitz.

Source of variation SS df MS F P-value  Fcrit
Between groups 4675.6 3 1535.33 597.2 <0.001 4.07
Within groups 20.9 8 2.61

Total 4696.5 11

Figure 1. Changes in chlorophyll content and filament structure under increasing pesticide concentrations. A-

control, B- Kingema, C- Kingprid

of agricultural pesticides on algal communities in fresh-
water ecosystems.

CONCLUSION

This study investigated how the imidacloprid-contain-
ing pesticides Kingprid and Kingema affect the filamen-
tous alga Cladophora glomerata (L.) Kiitz. The find-
ings indicate that both substances promote chlorophyll
breakdown and decrease cell viability. These effects in-
tensified as the concentration increased. Notably, even
at lower concentrations, early signs of physiological
stress were detected in the algal filaments. Compara-
tive analysis revealed that the Kingprid pesticide had a
stronger impact on algal cells compared to Kingema. At
higher concentrations, the cell structure was disrupted
and the filaments began to break apart. The obtained re-
sults indicate that pesticides can have negative effects
on primary producers in aquatic ecosystems. Therefore,
monitoring the ecological impact of pesticides in aquat-
ic environments is of great importance.
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Zongilan rayonundan toplanmis Cladophora
glomerata (L.) Kiitz. yosununa imidakloprid torkibli
pestisidlorin tasirinin qiymatlondirilmasi

Sofigo S. Umudova, Sokor C. Muxtarova
Botanika Institutu Publik Hiiquqi Saxs, Azorbaycan Respublikasi Elm va
Tohsil Nazirliyi, A. Abbaszadb kiig., giris 99, AZ1073, Azarbaycan

Kond tesarriifati sahslorindon sirin su ekosistemlorinag
daxil olan pestisidlor su orqanizmlorine monfi tasir
gostora va ekoloji tarazligi poza biler. Bu todqgiqatda
Zoangilan rayonundan toplanmis Cladophora glomerata
yosununa imidakloprid terkibli iki pestisidin (Kingprid
va Kingema) tosiri aragdirilmigdir. Bu filamentli yasil
yosun otraf miihit dayisikliklorina hassasligi va sirin
su ekosistemlorinds ilkin istehsal¢i kimi mithiim rolu
baximindan model orqanizm kimi seg¢ilmisdir. Stress
gostaricilori kimi xlorofilin miqdari, hiiceyra canliligi
va struktur doyisikliklori giymatlondirilmisdir. Naticalor
gostormisdir ki, hor iki pestisid xlorofil migdarinin va
hiiceyra canliliginin shomiyyatli deroceds azalmasina
sobab olmus, bu tesir yiiksok soviyyslerinde daha
intensiv olmugdur. Asag1 tosir soviyyelorindo yalniz
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zoif pigment solmasi vo ciizi struktur doyisikliklori
miisahido olunmusdur vo yiiksok tosir zamani ciddi
rongsizlosmo, hiiceyro membraninin  zodslonmasi,
sitoplazmanin yigilmas: vo filamentlorin pargalanmasi
geyde almmisdir. Miiqayisoli analiz gostormisdir ki,
Kingprid preparatt Kingema ilo miiqayisodo daha
giiclii toksik tosir gostormisdir. Bir faktorlu dispersiya
analizi (ANOVA) variantlar arasinda statistik cohotdon
ohamiyyatli forglorin oldugunu tasdiq etmisdir (p <
0.001) vo pestisid tosiri ilo yosun reaksiyasi arasinda
aydin olago oldugunu gostormisdir. ©ldo olunan
naticolor imidakloprid torkibli pestisidlorin sirin su
yosun birliklorino manfi tasir gostarir, ilkin mohsuldarligi
azaldir vo ekosistem sabitliyini pozur. Tadqiqat,
xiisusilo kond tesorriifat1 foaliyyoti artan bolgslordas,
o ciimloadon Zongilan rayonunda, ekoloji risklorin
giymatlondirilmasi vo monitoring proqramlarinda yosun
bioindikatorlarinin istifadesinin vacibliyini vurgulayir.
Acar sozlar: su cirklanmasi, bioindikatorlar, hiiceyra
canlihgy, xlorofilin  parcalanmasi, ekoloji  stress,
sapsakilli  yosunlar, Kingema, Kingprid, pestisid
toksikliyi

Ouenka BO3AelCTBHA WMHUAAKJIONPHACOAEPKALINX
necTuuI0B Ha Bogopociab Cladophora glomerata
(L.) Kiitz., codpanHy10 B 3aHTHJIAHCKOM paiioHe

Hadura C. Ymynosa, [akap Jx. Myxrtaposa
HUncmumym 6omanuxu Ilyonuunoe IOpuouyeckoe Jluyo, Munucmepcmeo
Hayku u Obpaszosanus Azepbaiioxcanckou Pecnyonuku, yn. A. Abbaczaoe,
nooeso 99, AZ1073, baky, Azepbatioscan

[lecTuuuapl, MOCTyHalOLIMEe W3 CEIHCKOXO3SHCTBEH-
HBIX TEPPUTOPHUI B IPECHOBOAHBIE SKOCUCTEMBI, MOTYT
OKa3bIBaTh HEOJArompusaTHOE BO3ACHCTBUE HA BOAHBIC
OpPTraHM3Mbl W HapyllaTb 3KOJOTMYECKOE pPAaBHOBE-
cue. B 1aHHOM HccleqoBaHMM U3YYECHO BIMSHHUE IBYX
umuaknonpuaconepxkamumx necrturpnos (Kingprid u
Kingema) na Bogopocns Cladophora glomerata, co-
OpaHHyr0 B 3aHTWJaHCKOM paioHe. J[aHHas HuTuaras
3enéHas BOLOPOCIh OblIa BHIOpaHa B KAY€CTBE MOJEITb-
HOT'O OpraHu3Ma, 0J1arogapsi CBoei 4yBCTBUTEIIEHOCTH K
MU3MEHEHUSIM OKPYKaIOLIEeH cpe/ibl U Ba>KHOM POJIU Tep-
BUYHOTO MIPOYLIEHTA B IPECHOBOAHBIX SKOCUCTEMax. B
KauecTBE IOKa3aTeield CTpeccoBOro BO3AEHCTBUS Olle-
HUBAJIHCh COACp)KaHHE XJIOpo(duiia, XH3HECIOCo0-
HOCTB KJIETOK U CTPYKTYPHbIE U3MEHEHHS. Pe3ynbrars
MOKa3ajH, 4YTo 00a MeCTHUHAA BBI3bIBAIM 3HAYUTEIb-
HOE CHIDKEHHE COZICPKaHMs XJIopoduiia U KHU3HECIIO-
COOHOCTH KJIETOK, mpuuéM 3¢ddext ycunmpaics mpu
YBEJMUEHUH YPOBHS Bo3nelcTBHs. [Ipy HU3KOM ypoB-
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HE BO3JCHCTBUS HAOMIOOANUCH JIUIIb HE3HAYUTEILHOE
o0ecuBeUMBaHUE THMIMEHTa W cialble CTPYKTYpHBIC
W3MEHEHUs], TOrda Kak Ipu OoJjiee BBHICOKOM YpPOBHE
OTMEYaIUCh BBIPAKCHHAS! IOTEPs OKPACKH, IOBpeE-
XKIIEHHE KJICTOYHBIX MeMOpaH, CKaTue IUTOILUIa3Mbl U
(parMeHTanuss HUTYaTON CTPYKTYpbl. CpaBHUTEIbHBIN
aHaym3 1mokasaj, uto npemapar Kingprid oka3siBan 60-
Jiee CHIIBHOE TOKCHYECKOE BO3ICHCTBHE MO CPABHEHHIO
¢ Kingema. OgHodakTopHbIi JUCTIEPCUOHHBIN aHATU3
(ANOVA) noarBepans CTaTUCTUYECKH 3HAYUMBbIE pa3-
muans Mexay Bapuantamu (p < 0.001), uto yka3eiBaer
Ha 4ETKYI0 3aBHCUMOCTb MEXKAY YPOBHEM BO3ICHCT-
BUsI MECTULMAOB U peakuueil Bogopocnei. Ilomyuen-
HBIE PE3YJIBTaThl CBUAETEILCTBYIOT O TOM, YTO UMHJA-
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KIIOTIPUICO/IEpIKAIAE TECTUIMIBI MOTYT HETaTHBHO
BJIMSTh Ha COOOIIECTBa MPECHOBOIHBIX BOIOPOCIIEH,
CHIDKaTh TEPBUYHYIO TPOAYKTHBHOCTh WM HapyIIaTh
YCTOMYMBOCTH dKocucTeM. MccnemoBaHne MOm4EpKu-
BaeT BYXHOCTH HCITOIb30BaHMS BOJJOPOCIIEH B KaueCTBE
OMOWHIMKATOPOB MPH OIIEHKE IKOJIOTUISCKUX PUCKOB U
MIPOBEICHNH YKOJIOTHYECKOTO MOHUTOPUHTA, 0COOCHHO
B pErHOHaX C Pa3BUBAIOIICHCS CEIbCKOXO3IHCTBEHHON
JeATEIbHOCTBIO, TAKUX KaK 3aHTUJIAHCKUN pailoH.
Knroueswle cnosa: 3azpsaszuenue 600bl, OUOUHOUKATNODYL,
JHCUZHECNOCOOHOCMb KIIEMOK, 0e2padayusi X1opoguiia,
9KOMOSUYECKULL ~ Cmpecc, — Humuamsle  8000pOCiu,
Kingema, Kingprid, moxcuunocms necmuyudos



