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Chemical composition of chicory root ash (Cichorium intybus L.)
depending on the yield level

Abstract. The world practice of growing chicory root is ineffective for Ukrainian phenotypic forms of varieties, since
the weight and shape of the root crop, and the accumulation of ash elements in the plant, differ from modern forms.
The purpose of the study was to establish the features of accumulation of the main ash macro- and microelements in
the root crop and leaf mass of chicory of the Umanskyi-99 variety, considering the different background of mineral
nutrition, the size of root crops, and yield levels. The study was conducted on the premises of the Khmelnytskyi state
agricultural experimental station of the Podillia Institute of Feed Research and Agriculture of the National Academy
of Sciences of Ukraine. The leaf mass (petioles and leaf blade) and root crops were combusted, and then the content of
potassium, phosphorus, calcium, magnesium, sodium, and a complex of meso- and microelements (Ba, Si, Fe, Mn, Al,
Cu, B, Cr, Zn, Co) was determined in the ash using a spectrograph, or using standardised methods. The content of the
studied trace elements in leaves, roots, and petioles ranged from 1x10-* up to 1x10-2%. The specific removal of nutrients
toform 8.1t/ha of root dry matter and the corresponding amount of by-products was 216.6 kg/ha of nitrogen, 79.6 kg/ha
of phosphorus, 2779 kg/ha of potassium, 92.7 kg/ha of calcium, 88 kg/ha of magnesium, and 109.3 kg/ha of sodium.
A significant part of macronutrients accumulated in the leaf mass, so about 60-84% of the removed elements were
returned to the soil. It is established that the chemical composition of ash of different-sized and different-yielding
root crops differs. The content of phosphorus and potassium in root crops at an average yield level is the lowest among
the samples under study, and at a high yield, it significantly exceeds low-yielding ones. Therefore, for optimal removal
of nutrients when growing chicory root crops, a fertiliser system should be developed to obtain commercial roots
at the level of average yield, which would reduce the specific removal of phosphorus and potassium. The practical
significance of the results obtained is to highlight the features of the removal of the main macronutrients by chicory
root plants, which is the basis for developing an effective fertiliser system for a high planned yield and choosing a
strategy for using by-products (leaf mass) as a source of immobilised nitrogen, phosphorus, and potassium
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INTRODUCTION

Chicory root is a promising technical crop with a high yield
potential and undemanding cultivation technology. The
advantage of chicory root crops is the presence in their
composition of a polymer carbohydrate - inulin, which
consists of glucose residues and belongs to dietary fibre
by its nutritional value [1-3]. From a technological stand-
point, inulin does not require chemical hydrolysis to
start alcoholic fermentation in yeast culture, so the cost
of producing alcohol from chicory is 1.2-1.5 times less
compared to starch [4; 5]. The content of inulin in chico-
ry roots is 42-76 g/100 g of dry matter [6] and varies de-
pending on the growing conditions, technology elements,
root size, and fertiliser system [7].

The development of root crop yields closely de-
pends on the chemical composition of the product and
the availability of nutrients in the soil. In contrast to sugar
beet, the ratio of leaf and root fractions in the plant can
vary significantly [8], so it is necessary to determine the
content and gross removal of the main macro-, meso-,
and microelements by root crops and the leaf mass of
chicory, to establish the dependence of this removal
between the yield and economic characteristics of the
roots (size).

Chicory growing conditions have a decisive in-
fluence on the content of macro- and mesoelements in
individual plant organs. G.L. Lenz et al. [9] indicated that
the concentration of phosphorus and potassium in the
leaves varied depending on the shape of the substrate
and the time of cultivation, i.e., low photoperiodicity.
Overall, they noted that the phosphorus content of chic-
ory leaves ranged from 1.5 to 2.2 g/kg of crude weight,
and potassium - from 41to 76 g/kg of crude weight. How-
ever, the results obtained are not entirely representative,
since the phenology of the studied varieties in terms
of size and structure of root vegetables does not corre-
spond to those grown in Ukraine. In aquaponics condi-
tions, the water content of tissues is high, and the dry
matter content is low (at the level of 7-8%), so in the field,
the availability of individual elements and their assimi-
lation in the aboveground part may vary.

The ash content of chicory roots varies depend-
ing on the moisture content. Samples obtained and de-
scribed by G. Jan [10] contained 58% moisture, and the
content of other components in terms of dry weight was
812% ash and 27.3% raw fibres. According to the results
of other studies [3; 11], chicory roots with a moisture con-
tent of 75-76% contain 4.25-4.45% raw ash in terms of dry
weight and about 30% insoluble dietary fibre. The ash
content in the dry matter of the roots reached 10.9% in
samples containing 87.6% moisture [12], that is, the ash
content of the dry matter decreases with the accumulation
of dry matter during the growing season.

The total ash content in the leaf samples ob-
tained [10; 13] ranged from 15.1-18.7% of the dry weight,
with a tendency to increase with the ageing of these or-
gans. The ash content in the raw mass in the leaves ranges

from 1.65-2.14%, depending on the conditions of the year
and the time of harvest [14]. With an average ash content
of 178 g/100 g of leaves, almost a third was occupied by
potassium (699 mg/100 g), high sodium (75.9 mg/100 g),
calcium (100 mg/100 g), and magnesium (25.5 mg/100 g).
The phosphorus content of chicory leaves is relatively low
compared to other members of the Asteraceae family and
is only 47 mg/100 g of raw weight [15].

Chicory roots can contain up to 7.3% ash [16], which
includes a variety of minerals, including calcium, magne-
sium, and sodium, and the content of these compounds
exceeds many herbaceous plants [17], which makes
chicory tops a valuable animal feed. However, chicory
can accumulate a significant part of heavy metals in the
leaves, for example, the concentration of chromium, al-
uminium, cadmium, nickel, and cobalt [18], can exceed
the limit standards, and the use of such products in food
is not allowed. The content of calcium and magnesium
in chicoryleaves is 6-17 g/kg and 1.4-2.2 g/kg of raw mass,
but due to the high digestibility of silicon (more than 4%
by weight of ash) and trace elements, chicory leaves can
only be consumed from products grown on substrates
without an excess of heavy metals [9;19].

Global studies of the chemical composition of
chicory are based on local forms and varieties, so they are
not always representative. Modern varieties of chicory
root are characterised by an increase in the proportion
of roots in the total biomass of the plant, so the content
of macro- and microelements observed in wild plants
no longer corresponds to cultivated forms for obtain-
ing roots. Since the chemical composition of roots and
leaves is closely correlated with the removal of these nu-
trients, the study of the chemical composition of plants of
programmed parameters allows optimising the cultivation
technology, especially in terms of developing a fertiliser
system.

The purpose of the study was to investigate changes
in the chemical composition of chicory root plants in
various organs (root crops, leaves, petioles) depending
on the yield and fractional composition of root crops.

MATERIALS AND METHODS
The initial material for assessing the chemical compo-
sition of chicory was obtained during 2014-2016 when
growing the Umanskyi-99 chicory root variety on the
premises of the Khmelnytskyi state agricultural ex-
perimental station of the Podillia Institute of Feed Re-
search and Agriculture of the National Academy of Sci-
ences of Ukraine. The soil of the experimental site was
podzolised chernozem, large-dusty-medium-loam low-
humus. The thickness of the humus horizon was 110-120 cm,
the humus content was 2.2-2.8% (according to Tyurin).
The supply of soil with nutrients was average: 0157-0169%
of total nitrogen (according to Keldal), 16.5 mg of mobile
phosphorus per 100 g of soil, and 11.5 mg of exchange
potassium per 100 g of soil. The content of mobile forms
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of macronutrients and humus was established annually
in the laboratory of the Khmelnytskyi branch of the In-
stitute of Soil Protection of Ukraine in accordance with
DSTU 4289:2004 [20].

The total amount of precipitation during the grow-
ing season (April-September) in 2014 was 7731 mm
(283.2 mm more than the long-term value), in 2015 -
5101 mm, and in 2016 - 5299 mm. The average temperature
of the growing season in 2014 was 17.7°C (+2.7% of the
long-term), in 2015 - 18.7°C (+3.7°C), and in 2016 - 17.9°C.
According to weather conditions, all years were charac-
terised by warm weather and high precipitation, which
is sufficient to form high yields of chicory, so the weather
was not a limiting factor.

To obtain different-quality root crops, a one-factor
field experiment was laid: factor A - the norm of min-
eral fertilisers: without fertilisers (Control), N, P, K.,
N80P120K160' N120P140K180’ N160P18OK220‘ MOdel Chicory Vari-
ety - Umanskyi-99. The technology of growing chicory
root is typical for the forest-steppe zone of Ukraine, with
the exception of the factors under study. Its predeces-
sor was winter wheat. After harvesting the predecessor,
stubble was shelled with a Husker LDG-10 disk to a depth
of 5-6 cm. Phosphorous (double superphosphate, 43%
P,0.) and potash fertilisers (potash salt, 60% K,0) was
fully applied in autumn for ploughing. Ploughing was
carried out in the first ten days of September of each re-
search year to a depth of 25-27 cm. In spring, when the
soil moisture reached below 60% of the pre-irrigation
humidity, early spring harrowing was carried out to a
depth of 4-6 cm, and on the day of sowing, pre-sowing
cultivation was carried out to a depth of 2-4 cm. Nitro-
gen fertilisers (ammonium nitrate, 34.4% N) were ap-
plied in full for pre-sowing cultivation according to the
research scheme. Sowing was carried out to a depth of
1-1.5 with SZF-3600-T seed drill at a soil temperature in
a layer of 0-5 cm at the level of +5..+7°C (April 15, 2014,
April 22, 2015, and April 18, 2016). Drained seeds of the
Umanskyi-99 variety were sown in a quantitative norm
of 250 thousand germinating seeds per hectare with a
row spacing of 45 cm. Plant protection products were not
used on chicory crops. The area of the accounting experi-
mental plot was 25 m?, total area — 35 m?

Samples of root crops and the aboveground part
were taken diagonally across the experimental plot. Plant
samples were taken during the technical ripeness phase
of root crops with a viable leaf mass. The mass of the total
sample for laboratory tests was: small root crops - not
less than 1kg; large ones — not less than 3 kg.

Chemical quality indicators of root crops and leaves
were determined in fresh samples in accordance with gen-
erally accepted standard methods: dry matter content — on

Plant and Soil Science. Vol. 13, No. 2

RPL 3M refractometer according to DSTU 8402:2015 [21];
protein nitrogen according to Bartstein [22], total nitrogen
according to Kendal [22]; potassium by flame photometer
according to Ginzburg [22]; phosphorus by colorimetric
method, other chemical elements by spectral analysis. The
content of phosphorus, potassium, calcium, magnesium,
and sodium in dry ash (excluding nitrogen) was determined
using a spectrograph.

The alkalinity of ash (expressed in mg 0.1H of hydro-
chloric acid) was determined by titration of ash contained
in100 g of dry matter to neutralise alkaline elements.

Comparison of averages and determination of the
materiality of the difference was carried out using the
Student'’s t-test at the level of 95% significance.

RESULTS AND DISCUSSION

The chemical composition of chicory root in the phase
of technical ripeness of root crops allows assessing the
effectiveness of the fertiliser system and its contribution
to crop development. The content of individual nutrients
in products is the result of a complex influence of grow-
ing conditions, individual elements of the technology,
and fertiliser system. Weather conditions and the chemical
composition of the soil of the experimental site affect
the chemical composition of individual plant organs, so
there may be a certain difference between products grown
in different conditions.

The content of individual chemical elements in
plants of the Umanskyi-99 variety varied depending on
the organ (Table 1). The content of phosphorus and po-
tassium in the raw ash of the chicory leaf blade signifi-
cantly exceeded the indicators of root crops (76% more
phosphorus and 33.3% more potassium). The phospho-
rus content in the leaf blade reached 3.8% of the total
mass of raw ash, while in root crops and cuttings, its con-
tent was significantly lower - 2.15 and 1.5%, respectively.
The potassium content in the raw ash of the leaf blade
reached 20%, and in the petioles - 170%, while the root
crop contained 15%, which is explained by its role as a
transport element, so in the zones of active formations
of dry matter (petioles and leaves) during this period it
will always be less. The content of calcium (Ca) in the raw
ash of root crops and petioles did not differ significantly
(4.5-5.6%), and it increased significantly in the leaf blade
(8.8%). A similar situation was repeated with magne-
sium, but the gross content was on average 40-50% less
than that of calcium. The highest silicon content of chic-
ory was in root crops - 51% by weight of raw ash, then
in the leaves its content was slightly less — 4.0%, but this
element in the petioles was twice less. The sodium con-
tent in root crops was several times less than in petioles
or leaves.
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Table 1. Chemical composition of raw ash of conditioned chicory plants of the Umanskyi-99 variety,
% (average for 2014-2016)

Plant organ
Chemical element
Root crop Leaf blade Petioles
P 2.15° 3.82 1.5
K 15.0° 20.02 17%
Ca 4.5° 8.8v 5.6°
Mg 2.5 5.6° 2.3
Ba 0.03 0.05 0.01
Si 5.1° 4.02 2.5°
Na 1.5 4.4° 5.50
Fe 0.1 0.5 0.3
Mn 0.04 0.05 0.03
Al 0.1 0.01 5x10°%
Cu 5x10* 3x10°% 1x10°
B* 3x10% 5x103 3x10%
Cr* 2x10% 2x107% 2x10%
Zn* 4x10* 8x10* 1x10*
Co* 1x10°8 2x107% 1x10°8

Note: indexes *® ¢ horizontally indicate the presence/absence of a significant difference between the options according to the
Student's criterion. The same letters indicate that there is no difference between the options. It is used only fo r macronutrients P, K,
Ca, Mg, Si, Na. *The content of Cu, B, Cr, Co is set with an accuracy of 1><10‘3, and Zn to 1x10-*

The content of trace elements in the chicory plant
also varied depending on the location. Consequently,
the iron content in root crops was 5 times lower than in
the leaf blade and 3 times lower than in petioles, and the
manganese content in different organs varied by 0.01%
(from 0.03% in the ash of petioles to 0.05% in the root
crop). Most aluminium accumulated in root crops - 0.1%,
while it was 10 times less in leaves (0.01%), and 20 times
less in petioles. The content of boron (B), copper (Cu),
and zinc (Zn) in the leaf blade in some cases was more
than 2 times higher than their accumulation in petioles

and root crops, while the concentration of chromium
and cobalt in various organs of chicory plants did not
vary significantly.

The accumulation of macronutrients in the root
crop and leaf mass during the growing season has a close
direct correlation with the removal of nutrients, so it can
characterise the effectiveness of the applied fertiliser
system. The content of the main macro- and mesoele-
ments in chicory plants when forming a yield of 13.3 t/ha
of dry biomass (8.1 t/ha of dry root mass and 5.2 t/ha of
dry leaf mass) is shown in Table 2.

Table 2. Mineral content in chicory plants of the Umanskyi-99 variety (average for 2014-2016)

Root vegetable Leaf mass

= = > > ﬁ 'g
o | .5 S = So | .5 .S, | E gL
Mineral substance 52 §E §E°: 288 oS §E® | §E ES -
£ 3 EE< EEQ g6S S Eec | Ex2 8 s< =
S5 g8 | Ogg 52 B 5 Sg® | €38 e L 5 5
Qe wE wEE 838 Qe g wmEE © ]

2 8 8 = 2 8 8 =
Nitrogen (N) - - 1.07 86.9 - - 2.49 129.7 216.6
Phosphorus (P) 4 9.2 0.39 31.4 2.5 5.7 0.92 48.2 79.6
Potassium (K) 18 21.7 0.91 74.1 20 24.1 3.90 203.8 277.9
Calcium (Ca) 4.5 6.3 0.27 21.6 8.4 1.36 71.1 92.7
Magnesium (Mg) 2.5 4.1 0.17 14 10 1.42 74.0 88.0
Sodium (Na) 5 10.7 0.45 36.6 4 8.6 1.39 72.7 109.3

)
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It was found that root crops in dry ash contained
the most potassium - 21.7%, which in terms of dry matter
was 091%. The potassium content in the leaf mass was
24.1% by weight of dry ash and 3.9% by dry weight. In the
absolute removal of potassium as a food element, chicory
crops accumulated 2779 kg/ha of this element during the
growing season - 74.1kg in root crops and 203.8 kg inleaves.

The phosphorus content in the dry ash of root
crops was 9.2%, and in the dry mass, respectively, 0.39%,
so the total accumulation of this element was 314 kg/ha
in the roots. In total, 48.2 kg/ha of phosphorus accumu-
lated in the leaf mass, while the content in dry ash and
dry mass was 5.7 and 0.92%, respectively. In total, during
the growing season, chicory plants removed 79.6 kg/ha
of phosphorus from the field, but 48.2 kg/ha (60.6%) of this
element was returned together with the leaf mass, so the
total need for this element for growth and development
during the growing season can be met with a small amount
of phosphorous fertilisers in an easily accessible form with
ahigh content of the element of nutrition in the soil.

Since nitrogen does not belong to ash elements,
its content was determined only from the dry mass by
alternative methods. It was found that the dry weight
of root crops contained 1.07% of nitrogen, and in total
86.9 kg/ha of nitrogen was accumulated, and in the leaf
mass respectively 249% and 1297 kg/ha. In general, chicory
crops produced 216.6 kg/ha of nitrogen during the grow-
ing season, of which 86.9 kg/ha was irrevocable, so this
should be considered when developing a fertiliser system
for the next crop.

The removal of mesoelements of calcium (Ca) and
magnesium (Mg) was 927 and 88 kg/ha during the grow-
ing season, but their localisation depended on the plant
organ because a significant proportion (77% and 84%)
of these elements were contained in the leaf mass, and
with the main products (root) a small part was removed,
so it is not necessary to purposefully apply fertilisers to
compensate for them. The calcium content in root crops
was 6.3% by weight of dry ash and 0.27% of dry matter,
and during the growing season, 21.6 kg/ha was removed.

At the same time, the leaf mass contained 8.4% calcium
by weight of dry ash and 1.36% by total dry weight, and
the removal reached 71.1 kg/ha.

The magnesium content in root crops was less
than calcium - 4.1% by weight of dry ash and 017% by dry
weight, respectively, only 14 kg/ha of magnesium is re-
quired for the development of 81 t/ha of dry biomass of
root crops. The content of magnesium in the leaf mass
significantly exceeded its concentration in root crops -
10% by weight of dry ash and 1.42% in dry mass, so for the
development of the planned level of yield of leaf mass,
74 kg/ha of magnesium is needed, which is 84% of the to-
tal need for this element for the plant during the growing
season.

Sodium plays an important physiological role in
plants, so it is absorbed from the soil and accumulates in
theroots in an average ratio of 1:2 relative to potassium. The
Na concentration in root crops reached 10.7% of dry ash
and 0.45% of the dry weight of the plant, and 36.6 kg/ha
accumulated in root crops. The ash of the leaf mass con-
tained 8.6% sodium, which corresponded to 1.39% of the
dry weight of the plant, and during the growing season
72.7 kg/ha of this element was carried out with leaves (in
total, the plant - 109.3 kg/ha).

The removal of the main nutrients with the main
products (root) from the field ranged from 16% for mag-
nesium to 40% for nitrogen and phosphorus, but for the
effective development and accumulation of dry matter in
chicory,alarge amount of available nutrients (216.6 kg/ha
of nitrogen, 79.6 kg/ha of phosphorus and 2779 kg/ha of
potassium) is necessary, which are returned to the soil
after harvesting.

The chemical composition of root crops and leaves
of chicory of the Umanskyi-99 variety was different,
since the ratio of different groups of chemicals (proteins,
fats, carbohydrates, ash substances) is different. The root
crop in chicory performs a storage role — assimilation of
carbohydrates, in particular inulin, while the ash con-
tent, in this case, decreased by 3.8 times compared to
the leaves (Table 3).

Table 3. Composition of raw ash of the Umanskyi-99 chicory variety, % per dry matter (average for 2014-2016)

Plant organs Raw ash cl Ca Na Mg Fe
Root crops 3.9 0.2 2.13 0.4 0.26 0.04
Leaves 14.9 1.26 39 2.1 1.7 0.08

In leaves, as organs of active assimilation of dry
substances, the content of ash elements is high, and the
concentration of individual elements (Mg, Fe) is increased,
because they are part of the photosynthetic apparatus of
the plant. The content of raw ash in the leaves was 14.9%,
which is almost 4 times higher than its content in root
vegetables, while the concentration of calcium (Ca) and
iron (Fe) was only doubled. The concentration of chlorine
and sodium in various organs of chicory plants is propor-
tional to the content of raw ash, and the content of mag-
nesium in the leaves was 71% higher than the indicator of

Plant and Soil Science. Vol. 13, No. 2

roots in terms of a unit of raw ash. Chicory roots are the
main product in the cultivation of this crop, so the con-
tent of macro- and mesoelements in them is an import-
ant characteristic for determining the optimal need of
plants for fertilisers at different yield levels. The content
of crude ash in dry chicory biomass depended on the level
of yield (Table 4), but an inverse correlation was observed
between yield and ash content, since the increase in bio-
mass is mainly conditioned by the accumulation of carbo-
hydrates (inulin) in cambial tissue, and ash elements are
localised in meristems that do not grow intensively.
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Table 4. Chemical composition of Umansky-99 chicory root crops depending on different yield levels

(average 2014-2016)

Content, % per dry matter
Yield, t/ha
Raw ash N P K Ca Mg Na
Low (15-25) 4.05° 1.29° 0.408¢° 0.3812 1.032 0.245° 0.197¢°
Average (30-35) 3.972 1.18% 0.349° 0.358¢ 1.37° 0.230° 0.275°
High (40 or more) 3.57° 1.10° 0.475¢ 0.44° 1.42° 0.225° 0.291°

Note: indexes a, b, ¢ vertically indicate the presence/absence of a significant difference between the options according to the

Student'’s criterion. The same letters indicate that there is no difference between the options

The content of raw ash in chicory root crops did not
differ significantly at low and medium yields (4.05% and
3.97%, respectively), but it significantly decreased by 0.40-
048% according to the Student's criterion with a yield of
more than 40 t/ha. The nitrogen content also decreased
with increasing yields, gradually and without significant
differences between adjacent groups, however, the
difference between low- and high-yield root crops was
significant (1.29 and 1.10%, respectively). The phosphorus
content in root crops at a low yield was 0.408%, at an av-
erage significantly decreased (up to 0.349%), and at a high
significantly increased - 0.475%, a similar effect was ob-
served with potassium, so it can be assumed that at a high
yield (due to high rates of mineral fertilisers) there is an
additional accumulation of these macronutrients with-
out an equivalent physiological role, that is, ballast. With
an average (30-35 t/ha) and a high level of yield (40 t/ha or
more), the content of calcium and sodium did not differ
significantly, and with a low level of yield, their content
was significantly lower according to the Student's criterion

and amounted to 1.03% and 0.197% in terms of dry mat-
ter, respectively. The magnesium content in root crops
ranged from 0.225% with a yield of 40 t/ha of root crops
and more to 0.245% in variants with a low yield level (15-
25 t/ha), but statistically, these indicators did not differ
according to the Student’s criterion, because the average
error exceeded the difference between the values.

When growing chicory root crops under the same
conditions, random differentiation of root crop develop-
ment occurs, so small, average, and large root crops are
formed. The size and weight of such root crops in each
individual case were different depending on the average
yield level and the year of research. Average root crops
included typical root crops weighing 100-250 g (depend-
ing on the conditions of the year and yield), small ones
included root crops that differed from the average frac-
tion by more than 50% by weight, and large ones - those
that exceeded 100%. The content of macronutrients and
their oxides in the ash of these root crops varies depending
on their size (Table 5).

Table 5. Composition of raw ash in different groups of chicory root crops grown under the same conditions,
% by dry weight (average for 2014-2016)

Gradation of root crops by size
Chemical compound

Large Average Small
P,0, 1.46° 1.30° 1.21°
Na,O0 0.302 0.06° 0.06°
K,0 + Na,0 1.77° 1.46° 1.27°
Ca 0.21° 0.24%® 0.27°
MgO 0.312 0.322 0.322
Ca +MgO 0.52¢ 0.56% 0.59°
F,0, 0.23 0.21 0.20°
MnO 0.0092 0.012 0.041°
cl 0.24° 0.182 0.10°
SO, 0.24° 0.262 0.26°
Raw ash 27.1° 28.6° 37.2°

Note: indexes ¢ horizontally indicate the presence/absence of a significant difference between the options according to the

Student’s criterion. The same letters indicate that there is no difference between the options

Content of P,0, in the raw ash of large root crops
was significantly higher (146%) than in average and small
ones. Na,O concentration in large root crops was 5 times
higher (0.3%) than in average and small ones (0.06%).

Since potassium and sodium (K,0 + Na,O) are ab-
sorbed by the plant at the same time and have a similar

o)

physiological role, then their sum indicates the growth
efficiency of each individual plant. In large root crops,
the sum of these compounds was 177%, while in aver-
age-sized crops - 1.46%, and in small ones - 1.27%. A
higher amount of these compounds in medium-sized root
crops than in small ones indicates a greater accumulation
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of potassium at the same sodium level, therefore, it is po-
tassium among these substances that has a determining
effect on the size of the root crop.

The concentration of calcium in large root crops
was significantly lower (0.21%) than in small ones (0.27%),
which may be conditioned by the concentration of cyto-
solic-free calcium [Ca*]_,, which is a signal complex of
the plant’s stress state. At the same time, a small relative
difference (28.5%) indicates that the main reason for
the increase in calcium concentration in the plant is the
overall increase in raw ash in small root crops compared
to large ones, and not a stress factor, which is generally
consistent with the results obtained by K.A. Wilkins [23].
Calcium in the soil promotes the absorption of Mg
ions, however, it does not lead to the accumulation of
surpluses, which is observed in the experiment, since
the MgO content is almost independent of the size of the
root crop, and the difference is statistically insignificant.
The nature of this phenomenon is the high mobility of
magnesium in the plant organism and its localisation in
the conducting vessels [24], so the stability of the con-
centration of this element in ash is evidence of homeo-
stasis, while a significant difference (more than 25%)
indicates the manifestation of stress and magnesium
deficiency [25]. As a consequence of this indicator, it can
be argued that the differentiation of root crop size is not
conditioned by abiotic stress, which affects the growth
of the root system and magnesium absorption [26].

The content of F,0, almost does not differ depend-
ing on the size, and the maximum difference between
the indicators did not exceed 0.03% (0.23% for large root
crops and 0.20-0.21% for average and small ones). The
concentration of MnO, on the contrary, increases with
a decrease in the root crop - small root crops contain
4 times more of it than small and average-sized ones.
The chlorine content in large root crops is 0.24%, slightly
decreases in average ones (0.18%), and significantly less

accumulates in small ones (0.1%). The sulphur content
does not depend on the size of the root crop and was gen-
erally stable in the Umanskyi-99 variety — 0.24-0.26%.

In general, the content of raw ash was 271% in
large root crops, and when the size of the root crop was
reduced to small, it increased to 37.2%, since the main
factor in increasing the root size is the accumulation of
carbohydrates (inulin), so there is an inverse correlation
between these indicators. Small root vegetables contain
short-chain inulin molecules in their composition and
generally form fewer carbohydrates, so the total ash content
increases [27].

It was previously established that chicory of the
Umanskyi-99 variety contains an average of 1.07% nitro-
gen in the dry mass of root crops and 2.49% nitrogen in
the leaves (Table 2), but from a standpoint of production,
it is important to know the efficiency of using this nitro-
gen. Nitrogen can be found in plants in two main forms -
protein (a component of protein, amino acids, and poly-
peptides) and soluble (nitrates, ammonium form) [28].
The protein form is responsible for the quality and feed
value of products, while the soluble form indicates the
efficiency of nitrogen assimilation from the soil. The
high content of soluble nitrogen in root crops of various
sizes during the technical ripeness phase can be an in-
dicator of the effectiveness of fertiliser application [29].

The total nitrogen content in the crude vegetative
mass ranged from 0.44 to 0.50% (Table 6). In average and
small root crops of low-yielding crops, the total nitrogen
content was the lowest - 0.44%, which may indicate tro-
phic problems, and in small root crops from high-yield-
ing crops, this indicator approached the value of large
root crops, which is evidence of a deviation in root devel-
opment for morphological reasons [30]. Protein nitrogen
in root crops is part of cells, while soluble nitrogen is a sig-
nal of an inefficient fertiliser system, since its excess in late
phases of development does not affect the yield level [31].

Table 6. Nitrogen content and alkalinity of raw ash in chicory of the Umanskyi-99 variety,
depending on the intensity of root crop growth (average 2014-2016)

Vegetative mass Root crops
Nitrogen content in the crude mass, % - Nitrogen content in the crude mass, % -
Root crop group c ° ce - ° cE
g s |23 3 g |13
= i 003 © = & c/o) ©
Large 0.50° 0.31° 0.19% 318 0.44° 0.12° 0.32¢ 51
Average 0.44v 0.28% 0.16 289 0.41% 0.13° 0.28% 47
Small high-yielding plants 0.49° 0.273° 0.222 298 0.422® 0.122 0.30% 72
Small low-yielding plants 0.44° 0.23¢ 0.21° 273 0.39° 0.132 0.26° 57

Note: indexes "< vertically indicate the presence/absence of a significant difference between the options according to the Student’s
criterion. The same letters indicate that there is no difference between the options

The highest value of protein nitrogen content was
found in the leaves of large root crops (0.31%), and in av-
erage and small high-yielding crops it decreased to 0.28
and 0.27%, respectively, which is within the measure-
ment error. Small low-yielding root crops contained 0.23%,
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which is significantly less than in average and large ones,
but not significantly compared to small high-yielding ones.
The content of soluble nitrogen in average-sized root crops
is the lowest - 0.16%, while in other groups of root crops it
is significantly higher - 019-0.22%.
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Chicory roots contain on average 11.1% less total
nitrogen than the vegetative mass, but its content, de-
pending on the size of the root, varied within narrower
limits - 0.39-0.44%. The highest value of total nitro-
gen was found in large root crops (0.44%), and in small
low-yielding crops it significantly decreased (0.39%),
while in other groups ithad an intermediate value and did
not significantly differ from other indicators. The content
of protein nitrogen in root crops almost did not vary and
amounted to 012-013%, and with soluble nitrogen, the
situation with total nitrogen (0.26-0.32%) was repeated.

CONCLUSIONS
The size of root crops and the level of chicory yield af-
fected the chemical composition of root and leaf ash.
The mineral composition and removal of nutrients by
chicory root plants in root plants and leaves differed
from each other. Nutrient content of root crops in raw
mass P,0, was 9.2%, while in leaves - 5.7%; K,0 - 217%, in
leaves - 24.1%. According to the chemical composition of
the chicory root plant and the intensity of its growth and
high yield, a direct relationship was found with the yield
of 15-25 t/ha, the content of raw ash was 4.05%, and with

an increase in yield to 40-45 t/ha and above - 3.57%. The
specific removal of 81t/ha of dry matter of the main prod-
uct and its corresponding by-products was 216.6 kg/ha of
nitrogen, 79.6 kg/ha of phosphorus, 277.9 kg/ha of potas-
sium, 927 kg/ha of calcium, 88 kg/ha of magnesium, and
109.3 kg/ha of sodium. Irretrievable losses of food ele-
ments during the export of the main products amounted
to 86.9 kg/ha of nitrogen, 314 kg/ha of phosphorus, and
741 kg/ha of potassium, so this should be considered
to compensate for the next crop. Chicory accumulates
a high concentration of ash elements in the leaf mass
during the growing season, so an appropriate level of
available nutrients should be provided for the generation
of a high yield of root crops.

A promising area of further research is to investi-
gate the features of accumulation of macro- and micro-
elements by chicory plants, considering the differentiated
basal and foliar application of fertilisers. The use of chicory
for energy purposes allows growing raw materials on lands
contaminated with heavy metals, so a wide geography of
research on the chemical composition of root crops and
other parts of the plant would expand the understanding
of trophic mechanisms of ash element accumulation.
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Oner BacunboBuy Tkau', Bacunb IBaHoBUY OBYapykK', Oner BacunboBu4 OBuYapyk?,
borgaH OnekcaHpgpoBuy Ma3sypeHko?, MapuiH Hemen?®

'3aknag Buwoi ocBiTH «[ofinbCbKu AepXXaBHUIM YHIBEPCUTET»

32316, Byn. LLleBueHka, 12, M. KaMm'aHeupb-Toginbcbknin, YkpaiHa
2HauioHanbHWi yHiBepcuTeT 6iopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHMu, 15, M. KuiB, YkpaiHa

3Cinbcbkorocnogapcbkuii yHiBepcuTeT iM. ['yro KonnoHTas y Kpakosi
31-120, anesa MiukeBuua, 21, M. KpakiB, YkpaiHa

XiMiuyHUM cKnap 3011 POC/IMH LUKOPIlo KopeHennigHoro
(Cichorium intybus L.) 3ane)Ho Bia piBHA BPOXXaMHOCTI

AHoTauis. CBiTOBa IpaKTHKa BUPOIIyBaHHS LIMKOPil0 KOPeHeIUTiIHOTo HeedeKTHBHA 1151 YKPaiHChbKUX QEHOTUIIOBUX
dopM copTiB, OCKiIBKY Maca Ta popMa KOpeHeIUIONY, 2 TAKO)K HAaKOITMUYeHHS 30/IbHUX eJIEMEHTIB Yy POC/IMHI BiMiHHe
Bix cywyacHux ¢opMm. MeTa po6oTH MoJArasa y BCTAaHOBJIEHHI 0COBIMBOCTEN HAKOIIMUYEHHS OCHOBHUX 30JIBHUX
MaKpo- Ta MiKpoeJleMeHTiB y KOpeHeIUIOZ] Ta JIMCTKOBI Maci IIMKOPil0 KOPeHEeIUTiIHOTO COPTYy YMaHCBKUM-99 3
BpaxyBaHHAM Pi3HOT0 GOHY MiHepaJIbHOTO0 JKUBJIEHHS, PO3Mipy KOpeHeIIO/IiB Ta PiBHIB ypOsKalHOCTI. [JoCTIiIyKeHHS
6y70 TIpoBemeHe B yMOBax XMEJIBHUIIBKOI OepsKaBHOI CiTBCHKOTOCITOMAPCHKOI MOCIiAHOI CTaHIli iHCTUTYTY
KOPMIB Ta CiJIbCcbKOTO rocrogapctsa Iogiyuia HAAH Vkpainu. JIucTkoBa Maca (Yepernky Ta INCTKOBA TUIaCTUHKA)
Ta KOPeHeIUIOAU ToTIepeIHbO 030JII0BAIMCH, a ITOTIM B 30711 BU3HAYaBCs BMICT Kaiiio, docdopy, Kajbliifo, MarHito,
HaTpii0 Ta KOMIUIEKCY Me30- i MikpoeneMeHTiB (Ba, Si, Fe, Mn, Al, Cu, B, Cr, Zn, Co) 3a [OIOMOro0 CrieKTporpada,
ab0 3 3aCTOCYBaHHAM CTaHAApPTU30BaHUX METOAIB. BMIiCT ZOCTIKyBaHMX MiKPOEJIEMEHTIB y JINCTKAX, KOPEHIX Ta
yepellKaxX CTAHOBUB B MeyKax Bif 1x104 go 1x1072 %. [TUTOMUI BHUHIC eJIEMEHTIB JKUBJIEHHS 1711 GOopMyBaHHA 8,1 T/ra
cyxoi peuoBUHY KOPEHIB Ta BiAIIOBIIHOI KiJTbKOCTI TO6iYHOI MpoAyKIlii cCTAaHOBUB 216,6 Kr/ra a30Ty, 79,6 Kr/ra docdopy,
2779 Kr/ra Kaiio, 92,7 Kr/ra Kajbllifo, 88 Kr/ra MarHito Ta 109,3 Kr/ra HaTpito. 3HaUHa YaCTUHA MaKpOEJIEMEHTIB
aKryMyJIIoBasiacsa y JIMCTKOBIN Maci, ToMy 6113bK0 60-84 % BUHECEHUX €JIEMEHTIB IIOBEPTasocs B IPYHT IIPU
3apO6JIAHHI JIUCTKOBOI Macu. BCTAHOBNIEHO, IO XIMIUHMN CKJIa[ 30JIM Pi3HOPO3MIpHUX Ta Pi3HOYPOKaMHUX
KOPeHeIUIOAiB pi3sHUThCS. BMicT docdopy Ta Kastiio y KopeHeIlIoax 3a CepefHBOr0 PiBHSA BPOsKaHOCTI HAMHIIKINN
cepen IOCTiIKEeHUX Ipo6, a IMPU BUCOKIM BPOKANHOCTI CYTTEBO IIEPEBUIIYE HU3BKOBPOXKAUNHI. OTKe, M
OINITUMAaJIBHOI'O BUHOCY €JIEMEHTIB JXUBJIEHHSA IPU BUPOILIYBaHHI IJUKOPiI0 KOPEHEIUIIAHOro Ajd OTPUMaHHA
TOBapHUX KOPEHIB CIIifl PO3pO6NATH cHUCTeMy YZO6peHHA Ha piBeHb CepeLHBOI BPOKAMHOCTI, IO LO3BOJIUTH
3MeHIIWTH TUTOMUM BUHOC docopy Ta Kaito. [[pakTUYHA I[iHHICTb OTPMMAaHUX Pe3y/IbTaTiB II0JIAra€ BUCBITIeHHI
0CO6JIMBOCTENM BUHOCY OCHOBHMX MAaKPOEIEMEHTIB POCIMHAMU LIMKOPiI0 KOPeHEIUTIZHOTO, 10 € OCHOBOIO IS
PO3p0o6KYU edeKRTUBHOI CUCTEMU YIOOPEHHS Ha BUCOKY IJIAHOBY YPOKAMHICTD Ta BUGOPY CTpATerii BUKOPUCTAHHS
ro6iuHoI MpoAyKIiii (ICTROBOI Macu), K Axkepesa iMMo6inizoBaHux a3oTy, bocdopy Ta Kasio

KniouyoBi cnoBa: 030JIeHHS BereTaTHBHUX OPTaHiB, pisHOSKICHICTb KOpEHEeIIO B, CrieKTporpaMa, GopMu a3oTy
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