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Problem statement. One of the key requirements of
modern agricultural production is to increase the tolerance
of crops to abiotic stress factors, particularly osmotic
stress, the intensity of which is increasing under climate
change and anthropogenic pressure on agroecosystems
[6, 11]. Osmotic stress, caused by water deficit or an
increased concentration of mineral compounds in the soil
solution, substantially affects plant morphogenesis, growth,
development, and yield formation [6].

Root crops, including root chicory, are particularly
sensitive to changes in the water—osmotic regime of the
soil, since the productive organ is formed directly within the
zone affected by soil factors [8, 12]. In intensive farming
systems, the application of mineral fertilizers, despite their
positive effect on productivity, may increase the osmotic
pressure of the soil solution and induce osmotic stress
[5, 11], leading to morphological changes in plants and
disturbances in growth processes [7, 9].

Atthe sametime, theissue ofthe morphological sensitivity
of root chicory to osmotic stress caused by different levels
and forms of fertilization remains insufficiently studied [2,
3]. Studying the responses of plant morphological traits to
such conditions is important for understanding the adaptive
mechanisms and stress tolerance level of this crop [2, 6].

The practical significance of the study lies in
substantiating environmentally appropriate and resource-
saving fertilization systems that ensure optimal growth
conditions for root chicory without excessive osmotic load
[11, 12]. The obtained results may be used to improve yield
stability, enhance the morphometric and quality parameters
of root crops, and introduce innovative agrotechnologies
into production [13].

Analysis of recent research and publications. In
recent years, considerable research attention has been
paid to studying plant responses to abiotic stresses,
including osmotic stress, which occurs under conditions of
moisture deficit or increased salt concentration in the soil
solution [6, 7]. Scientific studies emphasize that osmotic
stress is one of the key limiting factors of crop productivity
and directly affects morphogenesis, root system growth,
and yield formation [6].

Root chicory (Cichorium intybus L.) is a promising crop
with high ecological plasticity; however, numerous studies
confirm its sensitivity to water and osmotic stress [2, 3, 7].

Under drought conditions, chicory plants show reduced dry
matter accumulation, plant height, and number of leaves,
along with changes in the morphological characteristics
of roots [7, 8]. At the same time, moderate water stress
may induce adaptive responses associated with changes
in anatomical and morphological structure and the
accumulation of biologically active compounds [3].

Studies using different rates of mineral fertilizers
demonstrate their positive effect on biomass and
productivity indicators, but often without considering the
possible osmotic load on plants [5]. At the same time, it
has been shown that fertilizer application can substantially
alter root system development, affecting water and nutrient
uptake, especially under stress conditions [8, 11].

It has been established that the use of certain fertilizer
forms and micronutrients, particularly potassium and silicon
compounds, can reduce the negative effects of salt or water
stress on the physiological and morphological parameters
of chicory [4]. However, most of these studies focus
mainly on physiological and biochemical parameters, such
as chlorophyll content and antioxidant enzyme activity,
whereas the morphological traits of root crops are analysed
only to a limited extent [2, 9].

Thus, scientific studies cover issues related to chicory
drought tolerance, the effects of salt stress, and the
effectiveness of individual fertilizers. However, the complex
influence of fertilization systems as a factor inducing osmotic
stress on the morphological characteristics of root chicory
remains insufficiently studied [2, 5]. There is a practical lack
of studies tracing the relationship between levels of mineral
fertilization, the osmotic status of the soil solution, and the
morphometric parameters of root crops.

These unresolved aspects of the broader problem
determine the relevance of studying the morphological
sensitivity of root chicory to fertilizer-induced osmotic stress
and define the scientific and practical focus of this research.

Purpose. To determine the effect of the fertilization
system on the morphological parameters of root chicory in
order to optimize the agrotechnologies for its cultivation.

Research methodology. Field studies were conducted
during 2021-2024 on grey forest soils. The soil of the
experimental plot was characterized by an equilibrium
bulk density of 1.1-1.2 g/cm?®. Total water capacity was
39-40%, field water capacity was 27.2%, capillary rupture
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moisture content was 19.4%, and permanent wilting
moisture was 10.2%.

The field studies were carried out using the root chicory
cultivar Tsezar. Winter wheat was the preceding crop.
After harvesting the preceding crop, stubble disking was
performed. Phosphorus and potassium fertilizers, in the
treatments where they were included in the experimental
design, were applied before the primary tillage. According
to the fertilization scheme, in autumn a fertilizer mixture of
triple superphosphate, containing 46% P,O,, was applied
based on the basic rate of P, equivalent to 54.4 kg/ha of
physical weight, and potassium salt, containing 60% K,O,
was applied based on the rate of K,,, equivalent to 66.6 kg/
ha. In the remaining treatments, the application rates were
increased proportionally according to the experimental
design. Autumn ploughing was carried out to a depth of
25-27 cm. In spring, early spring harrowing was performed
to conserve soil moisture. Nitrogen fertilizers were applied
before sowing in the form of ammonium nitrate during pre-
sowing cultivation, with incorporation into the 0—10 cm soil
layer at a rate of 90 kg ha™ of physical weight. Sowing
was carried out when the soil temperature reached
+6...+8 °C. The seeding rate was 150 thousand viable
seeds per hectare, and the row spacing was 40 cm. Before
sowing, the seeds were treated with Maxim XL 035 FS at a
rate of 3 L/t of seed.

The total plot area was 32.4 m? (12 x 2.7 m), and
the accounting plot area was 21.6 m? (9.0 x 2.4 m). The
experiment was conducted in three replications.

To determine root mass and root yield, 10 plants
were sampled, cleaned of soil, and separated into
roots, which were then weighed. Plant stand density
was calculated within the segment where plants were
sampled for yield determination. From the roots sampled
at the stage of biological maturity, five roots were selected
and homogenized. The combined sample was used to
determine inulin content and calculate inulin yield.

Statistical processing of the results was performed in the
R environment, version 4.4.3, using the ggplot2 package.
Analysis of variance was conducted using a multifactorial
approach, where weather conditions were included as
the second factor. Tabular results present only the effect
of fertilizer rate. Treatment comparisons were performed
using Tukey’s HSD, ,; post hoc test.

Research results. Under normal conditions of root
chicory cultivation, plant stand density is relatively stable

and shows only slight variation; therefore, the main
parameter affecting yield is root mass.

According to the results of analysis of variance (Table 2),
weather conditions had a greater effect only on inulin
content, whereas fertilizer rate had the strongest influence
on root mass, yield, and inulin yield. The contribution to
plant stand density was approximately similar for weather
conditions and fertilizer rate, while their interaction was not
significant.

Since the effects of the studied factors on inulin yield,
root yield, and root mass were similar, the similarity groups
among fertilizer rates were identical. The most effective
treatment was the application of N,,,P,,,K;e,, Which made it
possible to achieve a root mass of 249.8 g, a yield of 36.7 t/
ha, and an inulin yield of 5.66 t/ha.

At the same time, adjacent fertilizer rates had different
effects. With the application of Ng,P,;K,,,, root mass was
230.7 g, which was 19.1 g lower than in the best-performing
treatment. At the N,;P,,:K,,, rate, the decrease in root
mass was 67.1 g, indicating a substantial negative effect
of the increased fertilizer rate. With the application of
N, s0P150K540, the decrease reached 163.6 g compared with
the best-performing treatment and 64.9 g compared with
the unfertilized control.

The effect of fertilization on plant stand density was
significant; however, all fertilizer rates within the range from
NoPoK, 10 N,oP0oKieo belONged to the same group. When
the fertilizer rate increased to N, P,5K,00 @and NP 50Ky,
plant stand density decreased to 140.36 and 136.73
thousand plants/ha, respectively.

Regarding inulin content, it gradually increased from
14.83% to 15.50% as the fertilizer rate increased up to
and including N,,:P,,sK,- The increase in inulin content
is associated with the specific role of this compound as
an osmoprotectant and a molecule that counteracts cell
dehydration. However, the increase in inulin content had
almost no effect on inulin yield per hectare. Therefore, the
maximum value reached 5.66 t’ha, which was 2.32 t/ha
higher than the value in the control treatment.

According to the results of the correlation analysis
(Fig. 1), the relationships between most productivity
components were positive. A very strong positive
relationship (r > 0.9) was observed between root yield, root
mass, and inulin yield per hectare. At the same time, root
yield showed a strong correlation with plant stand density
(r = 0.66), whereas its correlation with inulin content was

Table 1
Scheme of application of fertilizers
Physical weight, kg/ha
Ne Rate - - - - -
Ammonium nitrate Triple superphosphate Potassium chloride
1 N,P.K, 0 0 0
2 N3oP2sKag 90 54,4 66,6
3 NeoPsoKso 180 108,8 133,2
4 NgoP75Ki120 270 163,2 199,8
5 N.120P100K160 360 217,6 266,4
6 N.150P125K500 450 272 333
7 N.1g0P150K240 540 326,4 399,6
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Table 2
Analysis of variance of root chicory yield structure indicators
Effect of . . Mean squar'es . _
Root weight* Plant density Root yield Inulin content Inulin yield
Year (A) 3 4496,69 232,89 159,28 16,19 5,98
Fertilizer rate (B) 6 34564,82 251,98 814,39 1,08 19,11
AB 18 1431,52 26,77 33,21 0,91 0,72
Residuals 56 26,24 39,71 0,81 0 0,02

Note. Values shown in bold are significant at p < 0.05; ns indicates a non-significant interaction. *Root weight was determined
on the 150th day of vegetation.

Table 3
Yield structure components of root chicory
Fertilizer rate Root weight, g thlzzf‘;gistlst%,\a Root yield, t/ha | Inulin content, % | Inulin yield, t/ha

NoPK, 151.1¢e 148.06 ab 2238 ¢ 14.83 f 3.34e

NaoP,sK oo 181.4 d 146.34 ab 26.58 d 14.90 e 3.98d
NgoPsoKso 1955 ¢ 148.31 a 29.03c 14759 430c
NgoP7sKi20 230.7b 148.28 a 34.3b 15.05d 516 b

N.20P 100K 160 249.8 a 146.78 ab 36.7 a 15.45b 5.66 a
N.56P125K200 182.7d 140.36 bc 25.65d 15.5a 3.97d
N.50P150Kz40 86.2 f 136.73 ¢ 11.73 f 15.23 ¢ 1.78 f

Note. Values followed by the same letters within a column do not differ significantly according to Tukey’s HSD,, ,; test.

Pearson correlation among final chicory indicators

Inulin yield

Inulin content, %

Root yield

Plant density

DAE150 root mass

Figure 1. Correlation matrix of relationships among root chicory productivity components
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Figure 2. Spearman’s correlation coefficient for the relationship between fertilizer rate
and root chicory productivity components. Fertilizer rates were transformed into ranks proportionally
to the basic rate of N,,P,,K,,. The range N,P,K—N,,,P,,,K,s is shown in red,
while the range N, ,,P 0K, 65~N150P150K40 IS Shown in turquoise

insignificant (r = 0.07). A similar trend was observed for all
pairs that included the “inulin content” indicator. Only in the
case of inulin yield did the correlation coefficient reach 0.23,
although it was not statistically significant.

At the same time, the calculation of Pearson’s pairwise
correlation coefficients is appropriate when the relationship
between traits remains constant throughout the entire
dataset. However, in the case of increasing fertilizer rates,
a negative effect is observed beyond a certain threshold,
which affects yield and other biometric parameters. Since
polynomial models in this case are insufficiently accurate,
a more effective tool is the ranking of results and the
calculation of Spearman’s correlation coefficients. A specific
feature of such ranking in root chicory is the division of all
treatments into two groups: from the control to N,0P0,Kis0s
according to the criterion of increasing yield, and from
N120P100Kigo 10 NigoPisoKoae, a@ccording to the criterion of
decreasing yield (Fig. 2).

Therefore, according to the results of the analysis, it
can be stated that a gradual increase in fertilizer rate up
to N,,P00Kie l€ads to an increase in root mass, yield,
and inulin yield. However, exceeding this rate results in
a substantially greater decrease in these parameters.
It should be noted that the effect of fertilizer rates within
the first category on plant stand density was statistically
insignificant, while their effect on inulin content was weakly
positive. At the same time, a further increase in fertilizer
rate led to a significant decrease in plant stand density and
a slight reduction in inulin content.

Conclusions. Based on the complex of economically
valuable traits, the most effective treatment for obtaining

214

a high inulin yield in root chicory cultivation was the
application of N,,,P,,0K,s, While this rate can be considered
the threshold for maximizing yield. The correlation analysis
indicated that root mass, root yield, and inulin yield had
a very strong positive correlation, whereas the effect of
mineral fertilizer rate was nonlinear.

A gradual increase in fertilizer rate up to and including
N,20P100K1e0 iNCreased root yield from 22.38 to 36.70 t/ha
in an almost linear manner. However, exceeding this rate
caused a substantial decrease in yield due to reductions
in both plant stand density and root mass. The increase
in root inulin content with increasing fertilizer rate may
indicate not only improved inulin synthesis but also a
protective response, since inulin acts as an osmoprotectant
and helps the plant counteract osmotic stress under high
fertilizer rates.
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Mazurenko B.O., Honchar L.M. Effect of fertilizer
rate on the formation of root chicory yield and inulin
yield

Purpose, to determine the effect of different rates of
mineral fertilization on root mass formation, yield, inulin
content, and inulin harvest of root chicory, as well as
to identify the optimal nutrient level that ensures high
productivity without a negative effect on yield and inulin
accumulation. Methods. Field studies were conducted
in 2021-2024 on gray forest soils using the root chic-
ory cultivar Tsezar. The experimental design included
an unfertilized control and six NPK rates, ranging from
N3oPosKyo 10 NygoPisoKos- Phosphorus and potassium
fertilizers were applied before primary soil tillage, while
nitrogen fertilizers were applied before sowing. At the
stage of biological maturity, plant density, yield, inulin
content, and inulin harvest per hectare were recorded.
Statistical analysis was performed in R using multi-
factorial analysis of variance and Tukey’s HSD,  test.
Results. It was established that fertilizer rate was the
leading factor determining root mass, yield, and inu-
lin harvest, whereas weather conditions had a greater
effect mainly on inulin content. A gradual increase in the
level of mineral nutrition up to N,,,P,,,Kis, Promoted a
stable increase in root mass during the growing season
and provided the best combination of productivity and
quality indicators. The highest root mass (249.8 g), yield
(36.7 t/ha), and inulin harvest (5.66 t/ha) were obtained
at this fertilization rate. The NgyP,.K,,, treatment also
ensured high productivity, with root mass reaching
230.7 g, yield 34.3 t/ha, and inulin harvest 5.16 t/ha;
however, these values were lower than those recorded
for the optimal treatment. A further increase in fertilizer
rate to N,;P,,sK,q led to a decline in these indicators,
despite the highest inulin content of 15.5%. The most
negative effect was observed at the maximum rate of
N,soP150Kos0, Where root mass decreased to 86.2 g,
yield to 11.73 t/ha, and inulin harvest to 1.78 t/ha. This
indicates that increasing the concentration of nutrients
beyond the optimal level did not enhance productiv-
ity but, on the contrary, suppressed plant growth and
reduced stand density. Correlation analysis confirmed
a very strong positive relationship between root mass,
yield, and inulin harvest, whereas the relationship
between yield and inulin content was weak.

Findings. The optimal fertilization rate for root
chicory grown on gray forest soils is N,,iP,0Kieo
which provides the maximum yield and inulin harvest.
Exceeding this rate causes a decrease in productiv-
ity, which may be associated with excessive osmotic
stress on plants.

Key words: inulin content, correlation, Spearmen, root
mass

MasypeHko B.O., lToHuyap J1.M. BnnuB Hopwmwu
[obpue Ha hopmMyBaHHA YpOXaMHOCTI LUKOPilO Kope-
HennigHoro Ta 36opy iHyniHy

MeTa. BCTaHOBUTU BNAMB Pi3HNUX HOPM MiHEpansHOro
yAoBpeHHs1 Ha hopMyBaHHA Macy KOPeHemnmnoAis, ypoxa-
HOCTi, BMIiCTy Ta 300py iHyniHy LMKOpIil0 KOpeHennigHoro,
a TaKoX BU3HAYMTU ONTUMAnbHUWA PIBEHb XMBIEHHS, LUO
3abe3nevye BUCOKY NPOAYKTUBHICTb 6e3 NposiBy HEraTBHOIO
BMMMBY Ha ypoXarHicTb Ta 36ip iHyniHy. MeTtoaun. MNonboBi
pocnigpkeHHs npoeoamnn y 2021-2024 pp. Ha cipyx nicoBmx
I'pyHTax i3 COpTOM LMKOPIto kopeHennigHoro Lliesap. Cxema
Aocnigy BKmoYana KoHTponb 6e3 yaobpeHHs Ta LWiCTb HOPM
NPK: Big N3 PyK,, 80 NygoPisoKss POCHOpPHI 11 KaniviHi
Aobpvea BHOCMN Nig, OCHOBHWIM OBPOBITOK IPYHTY, @ a30THi
nepep, cisboto. Y casy bionoriyHoi cTurnocTi obnikoByBanu
rYCTOTY CTOSIHHS, YPOXaWHICTb, BMICT iHyniHy Ta noro 36ip
3 1 ra. CtatnctuyHy o6po6Ky BUKkoHyBanu y cepegoBmui R i3
3acTOCyBaHHAM B6aratodhakTOpHOro AMCNEPCINHOMO aHarnisy
Ta Tecty Tukey HSD, . Pesynsratm — YctaHOBMeHo, WO
HopMa yAo6peHHs Byna NpoBigHUM YMHHMKOM (hOPMYBaHHS
Macy KopeHennogiB, ypoxxanHOCTi Ta 300py iHyniHy, Toai Ak
norogHi yMoBM manu Ginbluni BANMB NepeBaxHO Ha BMICT
iHyniHy. MocTynose NiABULLEHHSA PiBHA MiHEPANbHOMO XXMB-
neHHst 80 N,,0P100Kieo CIPUANO cTabinbHOMY HapOCTaHHIo
Macu KOpeHennoaiB ynpoAoBX BereTauii Ta 3abeanevysarno
Hankpalle NOeAHAHHS NPOAYKTUBHUX i SKICHUX MOKa3HW-
kiB. HavBuwy macy kopeHennogy (249,8 r), ypoxamnHicTb
(36,7 1/ra) Ta 306ip iHyniHy (5,66 T/ra) oTpMmaHO came 3a
ujiei Hopmun yaobpeHHs. BapiaHT Ny P,sK,,, Takox 3abesne-
YyBaB BWCOKi MOKa3HUKM MPOAYKTUBHOCTI, OCKiNbKM maca
KopeHennoay craHosuna 230,7 r, ypoxarHictb — 34,3 T/ra,
a 36ip iHyniHy — 5,16 T/ra, ogHak Ui 3HAa4YeHHs Oynu HWX-
YMMKU MOPIBHAHO 3 ONTMManbHUM BapiaHToM. [loganblue
36inbLueHHs Hopmu 1o6pus Ao N,gP,,:K,,, Npussoguno no
3a3HayYeHMX MOKa3HWKIB, He3BaXKalouM Ha HanmBULLMIA BMICT
iHyniHy — 15,5%. HanbinbLu HeraTBHUIA edbekT BigMiYeHo 3a
makcumansHoi Hopmu N, P,5,K240, ne maca kopeHennoay
3HWKyBanacs 8o 86,2 r, ypoxavHicte — ao 11,73 1/ra, a 36ip
iHyniHy — go 1,78 T/ra. Lle cBigunTb, WO 30inbLUEHHS KOH-
LleHTpaLil eneMeHTiB XXMBMNEHHS NOHazA ONTUMarbHUIA piBEHb
He nigBuLLYBano NpPoayKTUBHICTb, a8 HaBNaKW, NPUrHiYyBano
PiCT POCAVH i 3MeHLLYBano ryctoTy cTosHHs. KopenauinHun
aHanis niaTeepamMB AyxXe TICHUA MO3UTUBHWUIA 3B’SI30K MK
Macolo KOpPEHENIOAY, YPOXanHIiCTIO Ta 360poM iHymiHy, Togi
SK 3B’A30K YPOXXaMHOCTI 3 BMICTOM iHymiHy ©OyB crnabkum.
BucHoBkn. OnNTUManbHOK HOPMOK YAOOPEHHST LIMKOPIto
KopeHernnigHoro Ha cipux nicoBux rpyHTax € NP0 Kiso
sika 3abesnevye MakcumMarnbHy YPOXarHICTb i 36ip iHyniHY.
MepeBULLEHHS LIiEi HOPMU CNIPUYUHAE 3HWKEHHS MPOAYKTUB-
HOCTI, WO Moxe ByTu NoB’si3aHO 3 HaAMIPHUM OCMOTUYHUM
HaBaHTaXXeHHSIM Ha POCIIVHM.

KnioyoBi cnoBa: BMicT iHyniHy, kopensuis, CnipmeH,
Maca kopeHennogy

[ata nepworo Hagxo4XeHHs ctatTi Ao BuaaHHs: 30.04.2026

[ata npunHATTA cTaTTi 4O APYKY Nicnsa peueH3yBaHHs: 22.05.2026
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[Hara ny6nikadii (onpuntogHeHHs) ctatTi: 30.05.2026



