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Elisey Y. Alekseev! ™ Viktor I. Dolzhenko?

"Tnnovative Center for Plant Protection, Saint Petersburg, Russian Federation
2St. Petersburg Branch of the Russian Academy of Sciences, Saint Petersburg, Russian Federation
P anscreation@yandex.ru

Abstract. The problem of translocation of the systemic pesticide imidacloprid in potato plants is addressed.
The aim of the study was to investigate the pathways of movement, the dynamics of accumulation, and the
degradation of the active substance in different plant parts. The field experiment was conducted in the Leningrad
Region on the potato variety Udacha, with sampling of aboveground biomass from different parts of whole plants
and tubers after treatment. Chemical analysis was performed using an in-house method based on the QUEChERS
methodology with HPLC-UV detection. The results confirmed the predominantly xylem-mediated transport of
imidacloprid, with maximum concentrations found in the upper foliage. A retrograde redistribution of the active
substance downward along the foliage was observed 24 hours after treatment, which may be attributed to reverse
flow in the xylem associated with nocturnal root pressure and guttation. Accumulation of imidacloprid residues
in tubers was detected, with a peak concentration of 0.074 mg/kg on day 7, exceeding the established maximum
residue limit (MRL) of 0.05 mg/kg. This finding suggests a possible downward (basipetal) transport, which is
atypical for classic xylem-mobile compounds. The novelty of this study lies in the comprehensive experimental
identification of the possible translocation pathways of imidacloprid and the assessment of its redistribution and
degradation within the plant. The practical significance is demonstrated by the proven need for strict adherence
to the pre-harvest interval for this pesticide on potatoes, as a temporary but significant exceedance of the MRL
poses a potential toxicological risk.
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Introduction

The movement of active substances of pesticides is an important and poorly
understood area. Plant morphology and physiology, as well as the chemical properties
of individual pesticide active substances, are highly variable, and the mechanisms
underlying translocation processes are often insufficiently studied [1]. Field experiments
show that neonicotinoids generally possess good systemic properties [2, 3]. Imidacloprid,
one of the most popular neonicotinoids, exhibits clear xylem translocation, meaning it
is found primarily in shoots and leaves [3, 4]. The upward movement of imidacloprid
is determined by its chemical properties. Imidacloprid is expected to be detected in
xylem rather than phloem. This is because it is a weak acid (present in non-dissociated
form) and has a low transpiration stream concentration factor (TSCF) of 0.6 (ratio
of concentration in xylem sap to concentration in the initial solution) [3]. However,
in practice, when studying imidacloprid degradation dynamics, residual amounts are
found in tubers, suggesting the possibility of limited phloem transport or a mechanism
different from classical phloem mobility [3, 5, 6]. The maximum residue limit (MRL)
for potatoes in Russia is 0.05 mg/kg®.

The aim of the study was to assess degradation and distribution of systemic
insecticide imidacloprid based on quantitative determination of its residual amounts in
potato foliage and tubers.

Materials and methods

The study was conducted in 2020 in the Leningrad region by treating with an
insecticide (suspension concentrate, SC) containing imidacloprid at an application
rate of 0.28 L/ha, corresponding to 8.4 g/ha of imidacloprid active ingredient. The
spray volume was 300 L/ha. The potato variety was Udacha. Sampling was performed
daily for two weeks (except weekends), then every third day until harvest maturity.
The study was conducted comprehensively, collecting foliage at different levels
and root crops. The first sample was taken 2 hours after treatment. Collected potato
samples were frozen at —18 °C and stored at the same temperature until analysis.
Imidacloprid determination was performed according to the authors’ method, based
on extraction of the target component from samples with an organic solvent, extract

' Resolution of the Chief State Sanitary Doctor of the Russian Federation of January 28, 2021 No. 2 (as amended on
December 24, 2025) “On approval of sanitary rules and regulations SanPiN 1.2.3685-21 ‘Hygienic standards and
requirements for ensuring the safety and (or) harmlessness of environmental factors for humans”. Available from:
https://www.consultant.ru/document/cons_doc_LAW_375839/ (Accessed 27th May 2026).
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purification using the modified QUEChERS Original method, and subsequent analysis
of the extract by high-performance liquid chromatography (HPLC) with an ultraviolet
(UV) detector [7]. Imidacloprid identification was performed by retention time, and
quantitative determination by the absolute calibration method.

Results and discussion

Accumulation and degradation of imidacloprid in different parts of potato
shoots (Fig. 1). It was observed that the concentration of imidacloprid throughout
the experiment was always higher in the upper part of the plant, despite the growth
of new foliage. This further confirms the xylem nature of systemic imidacloprid
transport. However, 24 hours after treatment, a clear redistribution of imidacloprid
from the upper part to the middle and lower parts was evident. This may be explained
by retrograde transport.
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Fig. 1. Dynamics of imidacloprid accumulation and degradation in various parts of potato shoots
Source: compiled by E.Y. Alekseev.

During the day, the plant actively loses water through leaf stomata (transpiration).
Upper, young leaves typically have the highest transpiration activity. The concentration
of imidacloprid immediately after treatment and in the first hours during the day will be
higher in zones of active transpiration (the top).

At night, stomata close, and transpiration sharply decreases or ceases. However,
roots continue active absorption of water and mineral salts from the soil. This creates
positive osmotic pressure (root pressure) in the xylem [8].
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If the soil is sufficiently moist and root pressure is strong, excess water with
dissolved substances cannot be lost through transpiration [9, 10]. The pressure
pushes dissolved xylem substances upward through the vessels. However, since
the upward path is partially closed by stomata, the pressure finds an exit through
specialized structures — hydathodes (water stomata), located primarily at the
tips and edges of leaves, and often in lower (older) leaves [11, 12]. Liquid is
released outward as droplets (guttation) [8, 12]. The process of fluid movement
under pressure upward and its release through hydathodes can cause local reverse
currents (retrograde flows) in the xylem. Substances (including imidacloprid)
that were transported to the upper and middle parts of the plant during the day
may be captured by this upward but subsequently “reflecting” flow and carried
back downward toward the hydathodes of lower leaves. A portion of imidacloprid
may be released with the droplet [13—15]. The pesticide originally located in the
upper parts was “pushed” downward by retrograde flows under the influence of
nocturnal root pressure.

Accumulation and degradation of imidacloprid in tubers (Fig. 2). Despite the
apparent movement of imidacloprid through the xylem, residual amounts were present
in tubers. The detection of imidacloprid in tubers may indicate the possibility of
imidacloprid movement through the phloem or a similar mechanism.
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Fig. 2. Dynamics of imidacloprid accumulation and degradation in potato tubers
Source: compiled by E.Y. Alekseev.

Notably, the peak accumulation was reached on day 7, exceeding the maximum
residue limit (MRL). Although the concentrations of imidacloprid residues found in
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tubers are relatively low compared to those in the shoots, they may be toxicologically
significant. This indicates that adherence to pre-harvest intervals is critically important
for this insecticide.

Conclusion

Various parts of the potato plant were analyzed. The xylem nature of imidacloprid
translocation was confirmed. In addition, atypical accumulation of imidacloprid in the
middle and lower parts of the shoots was detected 24 hours after treatment, which may
be explained by retrograde transport, root pressure, and guttation during the night.
It was also shown that, atypically for a systemic neonicotinoid, residual amounts
accumulated in potato tubers, indicating a downward mechanism of imidacloprid
movement. The maximum peak of imidacloprid accumulation in tubers exceeded its
MRL, which is toxicologically significant. However, at the end of the experiment
(after expiration of the pre-harvest interval), no residual amounts were detected.
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Herpapauus n pacnpocTpaHeHue umugaknonpuaa
B KapTodene

E.JO. Anekcees' =~ > B JI0/DKeHKo?

'000 VMHHOBaLMOHHBIH LIeHTp 3allUThI pacTeHui, e. Cankm-Ilemep6ype, Pocculickasi @edepayus
2 CaukT-Tletepbyprckoe otaenenvie Poccuiickoii akageMun Hayk, 2. CaHkm-Ilemep6ype,
Poccutickas ®edepayus
D<) anscreation@yandex.ru

AnnoTtanus. PaccMoTpeHa npo6ieMa TpaHC/IOKALM| CUCTeMHOT0 MeCTHLF/a — UMHUJAK/IONpH/a — B Kap-
Toderne. e/ — U3yUnTh My TH IBIDKEHHS], JMHAMUKY HaKOTUIEHVS U [leTpaflaliiyl NCCIIe/[yeMOoro /1edCTBYIOIIero
BellleCTBa B Pa3/IMUHBIX YacCTAX pacTeHus. DKCIIePUMeHT MPOBOAMIICS B M0JIEBbIX YC/IOBUSX JIeHWHrpaaCcKoi
ob6sacTu Ha copTe Yraua ¢ 0T60poM mpob 6OTBBI U3 pa3HBIX YacCTel L|eJIoro pacTeHus U KinyOHeit mocie obpa-
60TKH. AHaJ13 BBITIO/HS/ICS 110 aBTOPCKOM MeTofuKe Ha ocHoBe Metofosnoruu QUEChERS c ucnonb3oBaHrem
B3)KX-Y® petekTrpoBaHusl. Pe3y/bTaThl OATBEPAUIN TPeobiaJjatoluii KCHieMHbIH TPaHCIIOPT UMHU/IaKJ/Io-
MpHZa C MaKCHMa/lbHbIMU KOHLIEHTPaLUsIMU B BepxHeli 6otBe. OOHapy>KeHO peTporpajiHoe repepacrpe/iesieHre
JIeHCTBYIOLIEro BellieCcTBa BHU3 M0 60TBe uepe3 24 yaca, 4To BO3MOKHO OOBSICHSIETCsSI 00PATHBIMU TIOTOKaMHU
B KCHJIeMe, CBSI3aHHBIMU C HOUHBIM KOPHEBBIM JjaB/ieHHeM U T'yTTalliell. YCTaHOB/IeHO HaKoIJleHHe OCTaTKOB
WMMHJAK/IONPU/A B KITyOHSIX C MMKOBOH KoHLeHTparuel (0,074 Mr/Kr) Ha 7-e CyTKH, IPeBbICUBLIEH yCTaHOB/IEHHbBIN
MaKCHUMaJIbHO 10Ty CTUMbINA ypoBeHs (MY) 0,05 MI/KT. 3T0 yKa3biBaeT Ha BO3MOXKHBIN HUCXOZSAIIMI TPAHCTIOPT,
He XapaKTepHbIH J/Is1 KIacCHueCKod KCHU/IeMHOM MOOM/IBHOCTH. YHUKAIbHOCTb MCC/IeJOBAHUS 3aK/TFOUaeTCsl

B KOMITJIEKCHOM SKCII€DUMEHTA/IbHOM BBISAIB/IEHUU BO3MOXKHBIX HyTeﬁ ABIDKEeHUA UMHUAK/IOTIpHU/ia U OLIeHKe
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€ro repepacripejiesieHuda U ferpaJaliii B paCTeHUU. HpaKTI/I‘IECKaH 3HAYUMOCTD 3aK/IFOUaeTCsd B ,E[OKa3aHHOI>'I
HEOGXO,E[I/IMOCTI/I CTpororo COG}'II-O,ELEHI/IF{ CPOKOB OXXWJaHUWS AJ1d JaHHOTO IIperiapara Ha KapTOClJe]IE, TOCKOJIBKY

BpeMeHHOe, HO 3HaYlMoe TipeBbIiiieHre M/1Y co31aeT BO3MOXKHBIN TOKCHKOIOTHUECKUI PUCK.

KitroueBsble c10Ba: mecTULAbL, Aerpaganys mectuiygos, QUEChERS, TpaHc/iokanus recTHLHOB
Bkap aBropoB: Anekcees E.FO. — MeTozonorus, npoBe/ieHre UCCe/J0BaHMs, CO3[jaHKe PYKOIIUCH U ee peJjak-
TupoBaHue; [lo/pkeHKo B.V. — KoHLlenTyanu3aiusi, pyKOBOACTBO HcC/lefloBaHNeM. Bce aBTOpbI 03HaKOMJ/IeHbI
C OKOHYaTeJIbHOM Bepcreli CTaTby U 0[00puIu ee.
3asB/ieHHe 0 KOH(IMKTe HHTEPECoB. ABTOPbI 3asIB/ISOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
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