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EFFECTS OF ARTEMISIA ABSINTHIUM L. AQUEOUS EXTRACT AND BIOSYNTHESIZED
IRON NANOPARTICLES ON THE YIELD AND QUALITY OF COLOMBO POTATO TUBERS
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The study evaluated the effects of foliar application of an Artemisia absinthium L. aqueous extract and
a formulation containing biosynthesized iron nanoparticles (FeNPs) on the quality and tuber yield of the early-
maturing potato cultivar ‘Colomba’ under field conditions of the Pavlodar region of Kazakhstan. The aqueous
extract was prepared from dried aerial parts of A. absinthium, while FeNPs were synthesized using the plant
extract and FeCl; as a precursor. Scanning electron microscopy confirmed the formation of nanoscale particles
with irregular, predominantly rounded morphology and pronounced agglomeration; representative individual
particle measurements were 35.99, 45.86, and 61.08 nm. Both formulations were applied by foliar spraying
according to three schemes: once before flowering, once during flowering, or twice at both stages. Potato yield
was evaluated separately in the 2024 and 2025 growing seasons. Two-way ANOVA showed significant effects
of treatment on total tuber number (F(6,126) = 4.603, p < 0.001) and total tuber weight (F(6,126) = 7.382, p <
0.001), as well as significant effects of year on both parameters. No significant treatment x year interaction
was detected. Planned comparisons with Holm adjustment showed that double application of the aqueous
extract and double application of the FeNP-containing formulation significantly increased total tuber number
compared with the control. Double-application of both formulations also significantly increased total tuber
weight, while significant increases in tuber weight were additionally observed for single pre-flowering
applications of both formulations and for the FeNP-containing formulation applied during flowering. In the 2025
crop, starch content ranged from 5.48 to 10.14%, vitamin C from 18 to 30 mg/100 g, nitrate content from 40.6
to 69.2 mg/kg, and dry matter from 14.65 to 19.60%; these biochemical differences were interpreted
descriptively because statistical significance was not established for these parameters. No treatment-related
deterioration in the assessed browning characteristics of raw or cooked tubers was observed. The results
indicate that double foliar application of the A. absinthium aqueous extract or the FeNP-containing formulation
was the most consistently effective application scheme for improving ‘Colomba’ potato yield under the
conditions of this two-year field experiment.

Keywords: Artemisia absinthium L., biosynthesized iron nanoparticles, foliar application, potato,
aqueous extract, tuber quality, green synthesis.

ARTEMISIA ABSINTHIUM L. CY CbIfblHAbICbl MEH BUOCUHTE3OENTEH
TEMIP HAHOBOJLWEKTEPIHIH «<KONOMBO» COPTTbl KAPTONTbIH ©HIMAOIT
MEH TYUHEK CAMACbIHA 9CEPI
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Pecnybnukacei.

AHUKUuHa V.H. — aybiin wapyawbinbifs! fblibiMOapbiHbIH KaHOUdamel, KaybiMOacmbipbliiFaH npogeccop,
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3epmmeyde KazakcmaHHbIH Maernodap obnbickiHbIH OanarnbiK xardalibiH0a Artemisia absinthium L. cy
CblfbIHObICLI MeH buocuHmesdenzeH memip HaHobenwekmepi (FENPS) 6ap npenapammbsi xanbipak apKbirbl
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KondaHyObIH epme riicemiH «Koromb0o» kapmon copmbiHbIH 6HiMOiniai MeH myUHeK canacbiHa acepi baranaH-
0b1. Cy cbifbiHObICkI A. absinthium ecimdizgiHiH kenimipineeH xepycmi 6enigiHeH arnbiHObI, an memip HaHoberl-
wekmepi ecimOiK cbifbIHObICKIH XoHe npekypcop pemiHOe FeClz nalidanaHy apkbinbl cuHmesdendi. CkaHep-
neywi anekmpoHObIK MUKPOCKOMUSI HaHoenweMOai, niwiHi OypbIC eMec, Heai3iHeH deHzaerek XxoHe aliKbIH aaro-
MmepauyusinaHfaH benwekmepliH my3ineeHiH pacmaldbl; MUKpoghomocypemme 6nueH2eH XeKernezeH
benwekmepdiH penpeseHmamuemi enuemoepi 35,99; 45,86 xoHe 61,08 HM 60510bl. Eki npenapam ma
JKanbipak apKbiiibl OYPKy XombIMeH yw cxema b6olibiHwa KorndaHblnobl: 2yndeHyee OeliH b6ip pem, eyndeHy
KkesiHOe 6ip pem xoHe eki kezeHOe eki pem. Kapmon erimdiniai 2024 xoHe 2025 xbindapdarbi ee2emayusinbiK
Kke3eHOep bolibiHwa xeke baranaHObl. Eki gpakmopnbl ducniepcusinbik manday eHOey HycKacbiHbIH MYyUHEK-
mepdiH xannbl caHbiHa (F(6,126) = 4,603; p < 0,001) »xoHe xarnnbl MaccacbiHa (F(6,126) = 7,382; p < 0,001),
COHOal-aK xblnOblH eKi Kepcemkiwke 0e cmamucmukarsbiKk MaHbI30bl 8cepiH kepcemmi. « OHOey HycKachl %
Kby 63apa spekemmecyi cmamucmukarsbiK MaHbi30bl 6osFaH XoK. XorMm my3emyiMeH xypeaisineeH xocnap-
Ibl canbicmbipynap cy cbifbiHObICbIH Oa, FENPs 6ap npenapammbsi da eki pem KondaHy bakblnaymeH
canbicmbipraHOa myltHekmepdiH Xarrbl CaHblH cmamucmukarnblK MaHbi30bl apmmabipfFaHbiH Kepcemmi. EKi
npenapammel €Ki pem KondaHy myltHekmepOiH xasrbl MaccacbiH 0a cmamucmukasbiK MaHbI30bl apmmbip-
Ob1. CoHbIMEH Kamap, 2yndeHyeze OeliH eki npenapammel bip pem KondaHraHOa xoHe FeNPs bap npenapam-
mbl 2yndeHy kesiHOe KonndaHraHOa mylHekmepdiH xarsrbl MaccacbiHbIH cmamucmukarblk MaHbl30bl apmysbl
batikandbl. 2025 Xbinfbl eHiMOe Kpaxman menuwiepi 5,48-10,14%, C dspymeHi 18-30 ma/100 e, Humpammap
40,6-69,2 ma/ke, an Kyprak 3am menwepi 14,65-19,60% apanbiFsiHOa 6051061, By 6UOXUMUSTIbIK KOPCemKill-
mep 6olibIHWa cmamucmukarbik MaHbI30bl/bIK aHbiKmanimaraHObiKkmaH, 6alikansaH alibipMaulbiribiKmap cu-
nammawmarnblKk myprbiOaH 6aranaHObl. ©HOeynepae balinaHbiCMbl WUKI HeMece ricipinzeH mytHekmepdiH
3epmmerieeH Kaparo KepcemkiwimepiHid Hawapnaybl balikanmadbsl. 3epmmey Homuxxenepi 0Cbl €Ki Xblri0bIK
OanarblK maxipube xardalibiHOa A. absinthium cy cbifbiHObICLIH Hemece FeENPs 6ap npenapammel eki pem
JKanbipak apkblibl KondaHy «Konom6o» copmbi KapmobbiHbIH eHimdinigiH apmmbipyObiH eH mypakmbl muimoi
cxemacbl 6orFaHbIH Kepcemmi.

TyliHdi ce3dep: ArtemisiaabsinthiumL., 6uocuHmesdeneeH memip HaHobesnuiekmepi, Xarbipak
apkbinibl eHOeY, Kapmorl, Cy CbifbIHObICLI, MYUHEK canachl, Xacbli CUHME3.

BNNAHUE BOAHOIO 3KCTPAKTA ARTEMISIA ABSINTHIUM L. U
BUWOCUHTE3UPOBAHHbIX HAHOYACTUL XXEJIE3A HA NMPOAYKTUBHOCTb
N KAYECTBO KNYBHEW KAPTO®ENIA COPTA KONNOMBO

CelimxaHosa K.K.* — dokmopaHm, HAO «Topalebipos yHugepcumemy, 2. lNaenodap, Pecriybnuka
Kasaxcmak.

AHukuHa W.H. — kaHOudam ceribCKOX035UCMBEHHbIX HayK, accoyuuposaHHbll npogeccop, HAO
«Topalebipoe yHusepcumemy, 2. lNaenodap, Pecrybnuka KazaxcmaH.

B uccnedosaHuu oueHusanu enusHUe SHEKOPHEB020 MPUMEHEHUST 80OHO20 3Kcmpakma Artemisia
absinthium L. u npenapama, codepxawe2o buocuHme3uposaHHbIe HaHodacmuuybl xenesa (FeNPS), Ha npo-
dykmusHocmb U Kadecmeo KilybHel paHHecriesioeo copma kapmogperns «Korombo» 8 roneabix ycriosusix
lMasnodapckoli obriacmu KasaxcmaHa. BoOHbIU akcmpakm riosydanu U3 ebiCyuweHHol Had3eMHou Yacmu A.
absinthium, a HaHoyacmuuypl xene3a cuHme3uposasnu € UCMOMb308aHUEM pacmumerbHO20 3Kcmpakma u
FeCl; e kadecmee npekypcopa. CkaHupyrowasi sr1iekmpoHHasi MUKpockonusi nodmeepduna obpasoesaHue
HaHopasMepHbIX Yacmuy, HernpaesusibHOU, MpeuMyuecmeeHHO OKpyariol ¢hopMbl C 8bipaXXeHHOU azromepa-
yueld; peripeseHmamuegHble padmepbl 0mOerbHbIX Yacmuy Ha MUKpogomozpachuu cocmaensnu 35,99; 45,86
u 61,08 Hm. Oba npenapama nPUMEHSIU NMymémM 8HEKOPHEBO20 OMPbICKUBAHUS 110 mMpPEmM cxemam: OOHO-
KpamHO 00 ygsemeHusi, 0OHOKpamHO 80 epeMsi ugemeHusi u 08yKpamHo Ha obeux cmadusix. [lpodykmus-
Hocmb Kapmogbesnsi oueHusasniu omaenbHO 8 8e2emauyuoHHble ce30Hbl 2024 u 2025 ze. [syxghakmopHbili
oucrnepCUOHHbIU aHanu3 8bIsIeusl cmamucmuyYecku 3Ha4umoe enusiHue eapuaHma obpabomku Ha obuwee
Konu4yecmeo kiybHed (F(6,126) = 4,603; p < 0,001) u ux obwyto maccy (F(6,126) = 7,382; p < 0,001), a makxe
3Ha4yumoe enusiHue 2oda Ha oba nokasamens. Baaumodelicmeue ghakmopos «sapuaHm obpabomku x 200»
cmamucmu4ecKku 3Ha4uMbiM He 6b1o. [NnaHoseble cpasHeHUs ¢ nonpaskol Xonma nokasasnu, 4mo 08ykpam-
Hoe npuMeHeHuUe Kak 800HO20 aKcmpakma, mak u rnpenapama ¢ FeENPs cmamucmuyecku 3Ha4uMo yeenu-
quearso obuwiee Konu4yecmeso KriybHel rno cpagHeHUr ¢ KOHmporem. [leykpamHoe npumeHeHuUe oboux rnpena-
pamoe makxe obecreyusasio cmamucmu4YecKu 3Ha4umoe yeerudeHue obujeli maccel KilybHel. Kpome moeo,
3Ha4uMoe ysesnu4deHuUe Macchbl KiiybHel ommMeqeHo rpu 0OHOKpamHOM fpumMeHeHuUU oboux rpenapamos 0o
usemeHus u npenapama ¢ FeNPs 8o epems ysemeHus. B ypoxae 2025 2. co0epxaHue Kpaxmarna cocmas-
niano 5,48-10,14%, eumamura C — 18-30 ma/100 e, Humpamos — 40,6-69, 2 me/ke, cyxoeo sewjecmsa — 14,65-
19,60%. NockornbKy cmamucmuyeckasl 3Ha4uMocmb pas3nudul amux buoxumudeckux rnokasamernel He bbina
ycmaHosrieHa, Habnodaemble pa3nuyus UHmMepnpemuposanu onucamesibHoO. YXyOuweHus uccriedo8aHHbIX
riokazamerieli MOMEMHEHUS CbIpbIX U 8apéHbix KilybHel, ces3aHHOo20 ¢ obpabomkamu, He 8bisierieHo. [lony-
YeHHbIe pe3ynbmamal MoKasblearom, 4mo 08yKpamHoe 8HEKOPHEBOE MPUMeEHeHUe 800HO20 aKcmpakma A.
absinthium unu npenapama ¢ FENPs 6bir10 Haubonee cmabusnbHO 3¢hbghbekmueHOU cxemMoU Mo8bIEHUSsI Mpo-
OykmueHocmu Kapmogberisi copma «Kornombo» 8 ycriogusix 0aHHO20 08y X/1emHe20 MosIe8020 SKCriepuMeHma.
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Knroyeenie cnoea: Artemisiaabsinthium L., buocuHme3supogaHHbie HaHOYacmuubl Xxernesa, ¢ghonuap-
Hasi obpabomka, kapmoagberib, B00HbIU 3KCmpakm, ka4ecmeo KrybHed, 3enéHbil CUHMe3.

Introduction. Potato (Solanum tuberosum L.) is one of the world's most important food crops and ranks
fourth in global human consumption after maize, wheat, and rice [1, p.1]. Owing to its high content of
carbohydrates, vitamins, and minerals, potato plays a crucial role in ensuring food security [2, p. 119]. In recent
years, increasing attention has been paid not only to improving crop productivity but also to enhancing tuber
quality, which determines the nutritional and biological value of potato. As a highly productive food crop, potato
is characterized by intensive accumulation of dry matter and biologically valuable compounds. Consequently,
starch, dry matter, and vitamin C contents are regarded as the principal quality indicators of potato tubers in
food biotechnology [3, p. 487, 4, c. 533].

These characteristics are largely influenced by cultivar-specific traits, environmental conditions, and
agronomic management practices [4]. Early-maturing potato cultivars generally contain relatively low starch
levels and high tuber moisture content, limiting their suitability for industrial starch production. Nevertheless,
they are highly valued for dietary and functional nutrition because of their desirable taste, tender flesh texture,
and elevated content of biologically active compounds [5. pp. 823-825, ,6. pp. 34-36].

Another important quality parameter is the nitrate content of potato tubers. Nitrate accumulation is
closely associated with plant mineral nutrition, particularly nitrogen fertilization. Although nitrates are natural
constituents of soils and are essential for plant growth, their excessive accumulation in agricultural products is
considered undesirable. After ingestion, nitrates may be reduced to nitrites, which exhibit greater biological
activity and may pose potential health risks. Therefore, monitoring nitrate concentrations is an important
criterion for assessing the safety and quality of potato tubers [7, pp. 41-43].

The potato cultivar Colombo belongs to the group of early-maturing table cultivars [8. p.1] and is widely
cultivated for early-season production. Therefore, evaluating its biochemical composition and food safety
indicators is of considerable practical importance for both the food industry and the catering sector.

The research aim was to evaluate the effects of foliar application of an Artemisia absinthium L. aqueous
extract and a preparation based on this extract containing biosynthesized iron nanoparticles (FeNPs) on potato
yield, biochemical composition, and tuber quality of the early-maturing cultivar Colombo.

Research objective: To evaluate the effects of foliar application of an Artemisia absinthium L. aqueous
extract and a biosynthesized iron nanoparticle (FeNP)-containing formulation, applied at different growth
stages, on the productivity, biochemical characteristics, and technological quality of ‘Colomba’ potato tubers
under field conditions.

Tasks: The study was designed to evaluate the effects of different foliar application schemes of Artemi-
sia absinthium L. aqueous extract and the FeNP-containing formulation on the yield of ‘Colomba’ potato during
two growing seasons; to assess changes in the biochemical characteristics of the tubers, including starch,
vitamin C, nitrate, dry matter, and moisture contents; and to determine whether the studied treatments affected
the technological quality of the tubers, as assessed by the resistance of raw and cooked tuber flesh to
browning.

Materials and Methods. To study the effect of an Artemisia absinthium L. aqueous extract in its pure
form and in combination with biosynthesized iron nanoparticles on potato yield and yield structure, a field
experiment was established at the Arman farming enterprise in the Pavlodar Region. The study was conducted
during the 2024-2025 growing seasons on the potato cultivar Colombo in accordance with the Methods of Field
Experiment (Dospekhov B.A., 1979).

Potatoes were grown under open-field conditions in small experimental plots of 100 m2 with four
replications in compliance with the agronomic practices adopted for this crop. The experiment was carried out
using agronomic practices corresponding to the Dutch potato cultivation technology. Planting was performed
using a Kramer potato planter during the period from 1 to 5 May according to the 75 x 40 cm planting scheme.

Before planting, the tubers were treated with TMTD VSK at a rate of 5 L/t. During the growing season,
pre-emergence treatment with Tornado herbicide was carried out at a rate of 7 L/ha. To maintain soil moisture
in the active soil layer at not less than 80% of field capacity throughout the growing season, 5 to 8 irrigations
were carried out depending on the weather conditions of the year, with an irrigation rate of 2500-3000 m3/ha.
Irrigation was performed using a Valley Ranger sprinkler irrigation system. The experimental plots were
harvested manually during the last ten days of July.

The Artemisia absinthium L. stock aqueous extract was prepared from dried plant material at a ratio of
10 g per 100 mL of distilled water (100 g L™). The plant material was extracted at 60-70 °C for 30 min, and the
resulting extract was filtered. For the extract-only treatment, the stock extract was diluted with water at a ratio
of 1:3 (v/v), resulting in a 25% (v/v) working extract, equivalent to 25 g of initial dry plant material per litre of
working solution.

For preparation of the FeNP-containing formulation, 900 mL of the stock A. absinthium agueous extract
was mixed with 100 mL of 0.1 M FeCl; solution used as the iron precursor. The reaction mixture was allowed
to react for 90 min and was subsequently diluted with 3 L of water to a final working volume of 4 L. The resulting
formulation therefore contained 22.5% (v/v) of the initial plant extract, while the amount of FeCl; introduced
during synthesis corresponded to a precursor equivalent of 2.5 mM when calculated for the final working
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volume. The biosynthesized nanoparticles were not isolated or dried prior to field application; therefore, the
mass concentration of FeNPs in the working formulation was not determined separately. The freshly prepared
reaction mixture was used directly for foliar treatment.

The formation and morphology of FeNPs obtained using this synthesis protocol were confirmed by
scanning electron microscopy (SEM). SEM analysis revealed nanoscale particles with irregular, predominantly
rounded morphology and pronounced agglomeration. Representative measurements of individual particles
shown in the SEM micrograph were 35.99, 45.86, and 61.08 nm (Figure 1).
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Figure 1 — SEM micrograph of iron nanoparticles biosynthesized using Artemisia absinthium L. aqueous
extract. Representative particle measurements (35.99, 45.86, and 61.08 nm) are indicated in the image

Both the aqueous extract and the FeNP-containing formulation were applied exclusively by foliar
spraying. The volume of working solution was adjusted according to plant developmental stage and canopy
size to ensure uniform wetting of the leaf surface. Approximately 20-25 mL plant™ of working solution was
applied during the pre-flowering treatment, whereas approximately 40-50 mL plant™ was applied during
flowering. For treatments involving two applications, the plants were sprayed at both stages using the
corresponding application volume.

Six treatment variants and a water-treated control were evaluated, comprising two formulations and
three foliar application schemes. The Artemisia absinthium L. aqueous extract was applied as a single
treatment before flowering (WE-BF), as a single treatment at flowering (WE-FL), or as a double treatment at
both stages (WE-DA). The FeNP-containing formulation was applied according to the same schemes: a single
treatment before flowering (FeNPs-BF), a single treatment at flowering (FeNPs-FL), or a double treatment at
both stages (FeNPs-DA). Control plants were sprayed with water. The pre-flowering treatment was performed
approximately 30 days after planting, and the flowering-stage treatment was carried out approximately 20 days
after the first treatment.

Each treatment comprised 100 experimental plants. In each year of the study, 10 plants per treatment
were selected for yield assessment using systematic sampling, with every tenth plant included in the sample.
Thus, yield was assessed on 10 plants per treatment in 2024 and 10 plants per treatment in 2025. The number
of tubers and total tuber weight were determined individually for each selected plant.

The obtained data were processed using IBM SPSS Statistics software. The effects of treatment and
year on potato yield were evaluated using two-way analysis of variance (ANOVA), with treatment and year
considered as fixed factors. The treatment x year interaction was also included in the model. The analysis was
performed separately for total tuber number and total tuber weight per plant. Following ANOVA, planned
comparisons between each treatment and the water-treated control were performed, with Holm adjustment for
multiple comparisons. Differences were considered statistically significant at p < 0.05.

Along with total yield, the yield of marketable tubers was of considerable importance; according to the
standard, tubers weighing more than 50 g were classified as marketable, those weighing 30-50 g as seed
tubers, and those weighing less than 30 g as non-standard tubers, in accordance with the requirements of
GOST R 7176-2017 "Food Potatoes. Specifications." The obtained data are presented in Table 1.

The chemical composition of potato tubers was analyzed at the Research Laboratory for Food Quality
and Safety Assessment of Almaty Technological University on the basis of laboratory test reports.

Starch content was determined in accordance with the requirements of GOST 7194-81 "Fresh Potatoes.
Acceptance Rules and Methods for Quality Determination.” Vitamin C content was determined by the titrimetric
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method according to GOST 24556-89 "Processed Fruit and Vegetable Products. Methods for the Determina-
tion of Vitamin C." Nitrate content was determined in accordance with GOST 29270-95 "Processed Fruit and
Vegetable Products. Methods for the Determination of Nitrates."

Dry matter and moisture contents in potato tubers were determined at the Department using a RADWAG
MAC 210 moisture analyzer in accordance with the manufacturer's instructions.

The technological properties of potato were evaluated by the resistance of tuber flesh to browning. The
browning of raw potato flesh was evaluated by visual assessment of changes in the colour of the cut surface
over time, based on the approaches and methods described in scientific publications by other authors and
widely used in potato breeding and technological studies [2, p. 120,9. p. 208,10. p.9].

To evaluate the browning of raw tubers, the tubers were peeled, cut longitudinally into two halves (from
the apical end to the stolon end), and placed in Petri dishes exposed to air. Visual assessment of the degree
of flesh browning was carried out 30 min, 3 h, and 24 h after cutting the tubers. The intensity of browning was
evaluated using a nine-point scale: 9 points — the flesh colour did not change; 7 points — slight change in flesh
colour; 5 points — moderate browning; 3 points — severe browning; 1 point — very severe browning of the flesh
[9. p.210,10 p.9].

The browning of cooked tubers was evaluated immediately after boiling (after 20 min) and repeatedly after
3 h and 24 h. For this purpose, 5 tubers from each treatment were boiled in their skins without allowing them to
overcook, after which the tubers were peeled, cut into two halves, and one half of each tuber was left exposed
to air on filter paper. The intensity of browning was evaluated at the stolon end and at the apical end of the tuber.
The average browning score was calculated as the mean value of the two assessment times using the nine-point
scale for evaluating the resistance of potato flesh to browning applied in similar studies [2, p. 120,10. p. 9].

Results and Discussion. The data obtained during the study on the total yield and yield structure of
potato under the experimental treatments were summarized and are presented in Table 1

Table 1 — Effect of the studied treatments on the Colombo potato yield (mean for 2024-2025)

Total tuber number | Total tuber number Total tuber weight Total tuber weight
Treatment (tubers plant™), (tubers plant™), (g plant), 2024 (g plant), 2025
2024 2025 gp ' gp :

WE-BF 18.30 + 3.65 20.40 + 3.24 1254.6 + 307.1 1622.6 + 226.1
WE-DA 21.00 + 8.88 21.30+ 3.20 1390.3 +472.1 1938.9 + 572.7
WE-FL 17.40 £+ 3.84 18.80 + 3.65 1191.4 + 337.4 1352.1 + 203.8
FeNPs-BF 15.50 + 2.59 17.00 £ 2.49 1203.2 + 365.6 1872.3 + 125.0
FeNPs-DA 21.30 +2.87 21.60 + 450 1386.6 + 410.3 2039.4 + 503.3
FeNPs-FL 15.90 + 3.25 19.50 + 3.44 1220.5 + 254.0 1574.5 + 287.6
Control 16.10 £ 5.74 17.80 £ 3.12 1018.6 + 207.4 1229.8 + 233.4

Potato yield differed between the two years of the study, with generally higher values recorded in 2025
than in 2024 (Table 1). Two-way ANOVA confirmed a significant effect of year on both total tuber number
(F(1,126) = 4.800, p = 0.030) and total tuber weight (F(1,126) = 52.707, p < 0.001). Treatment also had a
significant effect on total tuber number (F(6,126) = 4.603, p < 0.001) and total tuber weight (F(6,126) = 7.382,
p <0.001). However, the treatment x year interaction was not significant for either total tuber number (F(6,126)
= 0.362, p = 0.902) or total tuber weight (F(6,126) = 1.754, p = 0.114), indicating that although the absolute
yield differed between years, the overall pattern of treatment responses was comparable.

Among the treatments, double foliar application produced the most consistent increase in yield. For the
Artemisia absinthium L. aqueous extract (WE-DA), the mean number of tubers was 21.00 tubers plant™ in 2024
and 21.30 tubers plant™ in 2025, compared with 16.10 and 17.80 tubers plant™, respectively, in the control. The
corresponding total tuber weights were 1390.3 and 1938.9 g plant™ for WE-DA, compared with 1018.6 and
1229.8 g plant™ in the control. Planned comparisons with Holm adjustment confirmed that WE-DA significantly
increased both total tuber number (adjusted p = 0.008) and total tuber weight (adjusted p < 0.001) relative to the
control.

A similar response was observed for the FeNP-containing formulation. Double application (FeNPs-DA)
resulted in 21.30 and 21.60 tubers plant™ in 2024 and 2025, respectively, with corresponding total tuber weights
of 1386.6 and 2039.4 g plant™. Compared with the control across the two-year dataset, FeNPs-DA significantly
increased both total tuber number (adjusted p = 0.005) and total tuber weight (adjusted p < 0.001). The other
application schemes did not significantly affect tuber number relative to the control. For total tuber weight,
significant increases were also detected for WE-BF (adjusted p = 0.016), FeNPs-BF (adjusted p = 0.001), and
FeNPs-FL (adjusted p = 0.030), whereas the difference for WE-FL was not significant (adjusted p = 0.186).

The observed response to the aqueous plant extract is consistent with the general concept that plant-
extract-based biostimulants may influence crop productivity through complex mixtures of biologically active
plant metabolites. A large field-trial meta-analysis showed that plant extracts were among the most effective
categories of non-microbial biostimulants, although the magnitude of the response varied according to crop,
environmental conditions, application method, dose, and frequency [15, pp. 4-6]. In potato, hormonal regulation
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is closely associated with tuber initiation and development. Auxin-related processes have been shown to affect
assimilate influx, starch biosynthesis, tuber size, tuber weight, and tuber development [11, p. 3].

The positive effect of the FeNP-containing formulation may also be associated with the physiological
role of iron in plant metabolism. Iron is involved in electron transport, photosynthesis, respiration, and chlo-
rophyll synthesis [12, p. 24]. Experimental evidence further indicates that iron oxide nanoparticles can influence
plant growth and photosynthetic processes and may improve iron availability in plant tissues [12., p. 3].

Plant extracts contain various phytochemicals, including phenolic compounds, reducing sugars,
ascorbic acid, and other polyphenolic constituents, which may act as reducing and stabilizing agents during
green nanoparticle synthesis [14, p. 2].

Overall, double application of either the A. absinthium aqueous extract or the FeNP-containing formu-
lation produced the most consistent response, increasing both tuber number and tuber weight. The absence
of a significant treatment x year interaction indicates that the relative pattern of treatment effects was maintai-
ned across the two growing seasons despite differences in absolute yield between years. This finding is also
compatible with published evidence showing that biostimulant effectiveness depends strongly on application
management and environmental conditions rather than being constant across all cultivation situations [15, pp.
4-6).

Table 2 — Quality characteristics of the 2025 potato crop

Treatment Code Starch Vitamin C content | Nitrate content Dry matter/Moisture
content (%) (mg/100 g) (mg/kg) content
(% of fresh weight)
WE-BF 5.97 18+0.2 67.8+1.02 15.157/84.843
2 WE-DA 6.71 23+0.3 61.3+0.92 14.655/85.345
3 WE-FL 9.98 27+0.4 45.8 + 0.50 15.314/84.686
4 FeNPs-BF 7.42 25+0.3 58.9 + 0.88 19.603/80.397
5 FeNPs-DA 10.14 28+ 0.5 40.6 + 0.57 17.542/82.458
6 FeNPs-FL 5.48 30+0.3 69.2 + 0.90 15.784/84.216
7 Control 9.68 23+0.3 49.7 £ 0.87 15.450/84.550

The biochemical characteristics of ‘Colomba’ potato tubers varied among the studied treatments (Table
2). Starch content ranged from 5.48 to 10.14%, while dry matter content ranged from 14.65 to 19.60%. For
comparison, reference values reported for the ‘Colomba’ cultivar are 10.9% starch and 16.7% dry matter [8].
Vitamin C content ranged from 18 to 30 mg/100 g, with the highest value recorded for FeNPs-FL (30 mg/100
0), followed by FeNPs-DA (28 mg/100 g) and WE-FL (27 mg/100 g), whereas the control contained 23 mg/100
g. Nitrate content ranged from 40.6 to 69.2 mg/kg, with the lowest value recorded for FeNPs-DA (40.6 mg/kg),
compared with 49.7 mg/kg in the control. The highest dry matter content was recorded for FeNPs-BF (19.60%),
compared with 15.45% in the control. Moisture content varied inversely with dry matter content and ranged
from 80.40 to 85.35%. Since statistical significance was not established for these biochemical parameters, the
observed differences should be interpreted as treatment-associated variation rather than as statistically
confirmed treatment effects.

The observed variation in tuber biochemical composition may reflect changes in plant physiological and
metabolic processes associated with the treatments. Iron is involved in chlorophyll biosynthesis, photo-
synthesis, chloroplast development, dark respiration, and the activity of several respiratory enzymes [13. p. 3].
Iron nanoparticles may also affect iron availability in plant tissues and thereby influence plant physiological
processes [13. p. 3]. Nevertheless, the present results do not establish a direct mechanistic relationship
between FeNP application and changes in individual biochemical characteristics of potato tubers.

Overall, the studied treatments did not result in a consistent deterioration of the main biochemical quality
characteristics of the tubers, although treatment-dependent variation was observed for individual parameters.

Table 3 — Technological properties of potato (mean values for two years)

Preparation Treatment Browning score, points
Cooked tubers Raw tubers
20 min 3h 24 h 30 min 3h 24 h
Artemisia absinthium | WE-BF 9 9 9 9 8 6
agueous extract WE-DA 9 9 9 9 8 6
WE-FL 9 9 9 9 8 6
Artemisia absinthium | FeNPs-BF 9 9 9 9 8 6
extract + FeNPs FeNPs-DA 9 9 9 9 8 6
FeNPs-FL 9 9 9 9 8 6
Control (water) Control 9 9 9 9 8 6
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The assessment of technological properties showed no differences in flesh browning scores among the
studied treatments (Table 3). Cooked tubers retained the maximum score of 9 points throughout the obser-
vation period, indicating the absence of visible flesh darkening under the conditions of the test. In raw tubers,
the browning score was 9 points 30 min after cutting, decreased to 8 points after 3 h, and reached 6 points
after 24 h. The same pattern was observed in all treatment groups, including the water-treated control,
indicating that foliar application of either the Artemisia absinthium L. aqueous extract or the FeNP-containing
formulation did not alter the resistance of tuber flesh to browning.

Flesh browning is an important technological quality characteristic of potato tubers because changes in
colour after peeling, cutting, or cooking may affect their suitability for processing and consumer acceptance.
Enzymatic browning of raw potato tissue is primarily associated with polyphenol oxidase activity and the
oxidation of phenolic compounds following tissue damage [16, p. 233; 17, p. 1]. In the present study, the
identical browning scores observed among the treatments indicate that the changes in yield and biochemical
characteristics associated with the studied preparations were not accompanied by detectable changes in this
technological quality parameter. Thus, under the conditions of the present experiment, both the A. absinthium
aqueous extract and the FeNP-containing formulation maintained the browning characteristics observed in the
untreated ‘Colomba’ control.

Conclusions. The results of the two-year field study showed that foliar application of the Artemisia
absinthium L. aqueous extract and the FeNP-containing formulation affected the yield of ‘Colomba’ potato,
with the magnitude of the response depending on the application scheme. Two-way ANOVA demonstrated
significant effects of treatment on both total tuber number (F(6,126) = 4.603, p < 0.001) and total tuber weight
(F(6,126) = 7.382, p < 0.001). A significant year effect was also observed for tuber number (F(1,126) = 4.800,
p = 0.030) and tuber weight (F(1,126) = 52.707, p < 0.001), whereas the treatment x year interaction was not
significant for either parameter.

Double foliar application produced the most consistent yield response. The A. absinthium aqueous
extract applied twice (WE-DA) increased both total tuber number (adjusted p = 0.008) and total tuber weight
(adjusted p < 0.001) compared with the water-treated control across the two-year dataset. Similarly, double
application of the FeNP-containing formulation (FeNPs-DA) significantly increased total tuber number
(adjusted p = 0.005) and total tuber weight (adjusted p < 0.001). Significant increases in total tuber weight
were also observed for WE-BF (adjusted p = 0.016), FeNPs-BF (adjusted p = 0.001), and FeNPs-FL (adjusted
p = 0.030), whereas the remaining differences were not statistically significant.

The studied treatments were not associated with a consistent deterioration in the measured biochemical
quality characteristics of the tubers. Starch, vitamin C, nitrate, dry matter, and moisture contents showed
treatment-associated variation; however, statistical significance was not established for these biochemical
parameters. Likewise, no differences in flesh browning scores were observed among the treatments and the
water-treated control: cooked tubers retained a score of 9 points throughout the observation period, while raw
tubers showed the same pattern of 9, 8, and 6 points after 30 min, 3 h, and 24 h, respectively.

Overall, the results indicate that double foliar application of either the A. absinthium aqueous extract or
the FeNP-containing formulation was the most consistently effective application scheme for improving the yield
of ‘Colomba’ potato under the conditions of the present two-year field experiment without detectable
deterioration in the measured tuber quality parameters. Because the study was conducted using a single
potato cultivar and under the agroclimatic conditions of the Pavlodar Region, further studies involving additional
cultivars, environments, and growing seasons are required before broader recommendations for potato
production can be made.
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