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Goal. To improve the elements of the technology of growing Thymus vulgaris L. by establishing the
optimal area of plant nutrition, the dose of the main application of mineral fertilizers, at the seedling method
of propagation under drip irrigation. Methods. The research used methodological approaches that are
traditionally used in domestic agricultural practice and in medicinal crop production. In particular, the
development of experimental schemes was performed according to the methods of B.O. Dospekhova and
M.M. Horianskyi, sampling of plants, biometric measurements, and yield accounting were carried out taking
into account the characteristics of medicinal crops according to the methods of A.l. Brykin and O.A. Porada.
The moisture content of the root layer of the soil during the growing season was maintained at the level of
75 — 80% of the lowest moisture content. Results. Based on the conducted researches, the dependence
of the yield of Thymus vulgaris L. on the area of plant nutrition and doses of the main application of mineral
fertilizers was established. It was fixed that with the increase in the number of plants per unit area (hectare),
the yield of dry raw of Thymus vulgaris L. increased. The highest yield of grass in the first year of the
growing season was obtained at a density of 222 thousand plants/ha. In the second year — the highest
yield of the dried grass of Thymus vulgaris L. was obtained at a density of 111 thousand plants/ha. When
specifying the doses of the main application of mineral fertilizers for the cultivation of Thymus vulgaris L. a
dependence was revealed — with the increase of the dose of fertilizers, crop yields increased. In the control
variant (without the main application of mineral fertilizers) the yield of raw materials (dry grass) was 3.19
t/ha in the 1st year of vegetation and 3.73 t/ha — in the 2nd. The highest yield of Thymus vulgaris L. was
obtained at the use of main mineral fertilizer in a dose of N180P180K180, which was 4.69 t/ha in the 1st
year of vegetation, and 5.82 t/ha — in the 2nd. Conclusions. It is proved that the improved elements of
the technological process of growing Thymus vulgaris L. under irrigation conditions provide high yields of
raw materials. In particular, it is necessary to adjust the planting density, which provides the optimal feeding
area of the crop — from 111 thousand plants/ha to 222 thousand plants/ha, and to ensure the main
application of mineral fertilizers in a dose of N180P180K180.
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There are more than 360 species of the thyme genus in the world. The most common in the culture is
Thymus vulgaris [1-3]. Thymus vulgaris is a perennial plant family labiate. In natural conditions it grows in
the Mediterranean countries [4, 18], in Ukraine it occurs only in culture conditions [5-7]. Aboveground parts
of plants — grass or threshing (leaves from inflorescences and small twigs) — Herba Thymi vulgari (Thymi
herba) are raw materials of thyme for medicinal and essential oils. The composition of thyme basic
biologically active substances includes such essential oils as carvacrol and thymol [1, 5, 7, 8].

Annual world production of raw thyme is approximately 1500 tons of dry grass and 30 tons of essential
oils [9, 10]. Dry raw materials and essential oils thyme are used in pharmaceutical, cosmetic and perfumery
industry, as well as in food industry as a spice and for cooking spices mixtures [11]. This culture has enough
significant spread in the world, which indicates it high plasticity to various conditions environment.

Fine seed (small-seededness) is quite common among medicinal plants. Due to that feature the seed
material needs special germination conditions. This complicates the process of reproduction through direct
sowing seeds in open ground, so plantations of the vast majority of perennial medicinal cultures should be
planted by seedlings with applying of irrigation [12, 13]. Thyme is a representative of such cultures.
Nowadays there is a need to investigate establishing the optimal nutrition area, schemes for thyme growing
under drip irrigation, as well as determination of mineral fertilizers effective doses and other elements of
cultivation technology of the culture under the conditions of rapid climate change.

Researchers from Lithuania, the Czech Republic, Iran, Egypt, Turkey and other countries are making
research to improve the technology of growing thyme by conventional application of mineral fertilizers,
irrigation, and growth regulators. In particular, the effect of nitrogen fertilizers on the yield and quality of raw
thyme material was studied by Lithuanian scientists, who found that the application of nitrogen increased
the yield of dry grass and increased the yield of essential oil per unit area [14]. The team of scientists from
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the Institute of Plant Breeding (the Czech Republic) has been established the effect of foliar application of
nitrogen, phosphorus, potassium and salicylic acid on the performance of thyme. Foliar fertilization
increased the content of essential oils in comparison to the control samples by 18,76 —42,47% [15]. Iranian
researchers (Islamic Azad University, Shahrekord Branch) proved the efficiency of application of organic
and mineral fertilizers for thyme growing. It was shown that organic fertilizers are more effective than
mineral fertilizers. The highest yield of dry raw materials and the yield of essential oils were shown in the
experiment with the introduction of phosphate-solubilizing bacteria, nitroxine and humus [16]. Thyme is
fairly resistant to adverse environmental conditions, but its resistance to soil salinity increases foliar
application of potassium chloride and calcium chloride. This regularity was discovered by studies of
scientists from Tunisia, Saudi Arabia and the United States [17]. In Jordan during 2007 — 2008 researchers
also tried to improve the technology of thyme growing by finding the optimal nutrition area. It was found that
the highest yield of raw materials provided the nutrition area with a row spacing of 15 cm, both on the 1st
and 2nd year of vegetation culture [18]. Interesting research results on the influence of the irrigation
intervals and planting density on the yield of thyme were obtained by Iranian researchers. It was proved
that with the increase of plants dense, the weight of plants and the content of essential oil decreased, and
the change in the intervals of irrigation periods did not affect crop yields [19]. In Ukraine, on the basis of
Kherson Agrarian University, the affect of mineral and organic fertilizers, depth of the main tillage, sowing
periods and row spacing on the productivity of thyme in the steppe zone conditions was studied. It was
found that the simultaneous application of manure and mineral fertilizers with a plowing depth of 28-30 cm
improves water and nutrient regimes of the soil, provides effective protection of crops from weeds and helps
to maintain the highest crop yields and quality of raw materials [5, 6].

The aim of the study is to improve the elements of the thyme growing technology by establishing the
optimal area of plant nutrition, the dose of the mineral fertilizers main application and by the seedling
method of reproduction under drip irrigation.

Materials and methods. Field research was carries out during 2019 - 2020 in the fields of the Research
Station of the Medicinal Plants of the Institute of Agroecology and Nature Management of NAAS (Ukraine,
Poltava region, Lubny district).

The soil of the experimental field is strong, low-humus chernozem, the thickness of the humus horizon
is 87 - 100 cm, light in particle size distribution. The reaction of the soil solution is weakly acidic, the
metabolic acidity of the soil is characterized as moderately acidic. The supply of the soil with basic nutrients:
easily hydrolyzed nitrogen — low, mobile phosphorus — very high, exchangeable potassium — increased.
According to the amount of salts, the soil belongs to unsalted soils. The lowest moisture content (HB) of
the soil layer of 0 — 100 cm is 18,2%, for 0 — 50 cm layer — 17,5%, the density of formation is 1,32 g/cm?.

The methods of Dospekhova B.O. and Goryansky M.M. were used to develop experimental schemes.
Selection of plant samples, biometric measurements and phenological observations were carried out
considering the peculiarities of medicinal cultures according to the methods of Brikina A.l. and Porada O.A.
[20 - 23].

The experimental field was planted with seedlings in open ground in the first decade of May. Planting
schemes: 45 x 40 cm — 56 thousand plants/ha; 45 x 30 cm — 74 thousand plants/ha; 45 x 20 — 111 thousand
plants/ ha and 45 x 10 cm — 222 thousand plants/ha.

The main mineral fertilizers application of Nitroammophoska N1sP16K1s was carried out for pre-planting
cultivation in doses NeoPsoKso, N120P120K120 and N1soP1s0K1s0, the control group was without application of any
mineral fertilizers.

The total size of the plots is 35 — 55 m?, the accounting size is 20 — 35 m? for 4 times repetitions.
Locations of plots were randomized.

During the growing season, soil moisture (for layer 0 — 40 cm) was maintained at 75 — 80% of the lowest
moisture content, using a drip irrigation system. One irrigation pipeline moistened 2 rows of plants. Soil
moisture was monitored using tensiometers

Accounting for crop yields was carried out in the thyme flowering phase, mowing the aboveground mass
at a height of 5 cm from soil surface. Standardized humidity of raw materials 10 — 12% was provided using
a natural method of drying.

Results. Study of the influence of plant nutrition on yield showed the dependence between increase in
number of plants per unit area and increase of the thyme grass yield. It was especially noticeable in the 1st
year of the growing season. In the variant with a planting density of 56 thousand plants/ha (according to
the scheme of cultivation 45 x 40 cm), the yield of dry grass for the 1st year of growing was 1,70 t/ha, with
an increase in the number of plants to 74 thousand plants/ha (45 x 30 cm), grass yield increased to
2,46 t/ha. In the variant with plant density of 111 thousand plants/ha (45 x 20 cm) yield of dry raw materials
ha was 3,05 t/ha, the highest yield of dried thyme grass was 3,37 t/ha for the 1st year of vegetation was
obtained in the variant with the highest plant density of 222 thousand plants/ha (45 x 10 cm) (Table 1).



1. The effect of plants nutrition area on thymus grass yield

Variant Grass yield, t/ha
1st vegetation year 2" vegetation year
45%x40 cm (56 thousand plants/ha) 1,70 3,56
45x30 cm (74 thousand plants/ha) 2,46 4,89
45%x20 cm (111 thousand plants/ha) 3,05 5,12
45%x10 cm (222 thousand plants/ha) 3,37 5,03
HIP o5 0,12 0,08

For the 2nd year of thyme vegetation in the variant of 56 thousand plants/ha, the yield of dry grass was
3,56 t/ha, an increase in number of plants up to 74 thousand plants/ha ensured the harvest at the level of
4,89 t/ha. The highest yield of dried thyme — 5,12 t/ha for the 2nd year of the growing season was obtained
in the variant with the planting of 111 thousand plants/ha. Further increase in number of plants per unit area
only reduced the yield and quality of raw materials.

The dependence of the plant nutrition area on the thyme grass yield is described mathematically by the
following equations:

y =—1E - 10x? + 5E - 05x - 0,3787, R% = 0,98 —1st year of vegetation;

y = —2E - 10x? + 6E - 05x + 1,2043, R? = 0,80 - 2nd year of vegetation,

where y is the yield of dry grass, t/ha; x — number of plants, thousand/ha; R? — the value of the reliability
of the approximation.

The value of the approximation is 0,80 and 0,98, which indicates the high reliability of the yield of dried
thyme grass on the number of plants per unit area. Performed mathematical calculations can be used to
predict crop yields (Fig. 1).
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Fig. 1. The effect of planting density per unit area on thymus grass yield: # for the 15 vegetation
year; ® for the 2" vegetation year

The dependence of the main mineral fertilizers application on the yield of thyme was revealed during
the study: increase of the fertilizer dose application increased the yield. For the 1st year of vegetation on
the control variant (without the mineral fertilizers main application) the yield of dry grass was 3,19 /ha, the
mineral fertilizer main application at a dose of NeoPsoKeo increased the yield to 3,67 t/ha, which exceeded
the control by 15%. In the variant with the application of N120P120K120, the yield was 4,22 t/ha; the highest
yield of dried thyme grass for the 1st year of vegetation was 4,69 t/ha, which exceeded the control by 47%,
it was provided by the highest dose of the mineral fertilizers main application of N1soP1s0K1so (Table 2).

2. The effect of main mineral fertilizers application on the thymus yield

Variant 1%t year of vegetation 2" year ofvegetation
grass yield, t/ha % to conrol grass yield, t/ha % to control
NoPoKo (control) 3,19 100 3,73 100
NsoPsoKso 3,67 115 4,28 115
N120P120K120 4,22 132 5,17 139
N1soP180K1s0 4,69 147 5,82 156
HIP o5 0,10 0,12




For the control of the 2nd vegetation year, the yield of raw thyme was 3,73 t/ha. The application of
mineral fertilizers helped to increase yield. Thus, with the application of mineral fertilizers at a dose of
NeoPeoKeo, the grass yield was 4,28 t/ha, which exceeded the control by 15% or 0,55 t/ha. Increase of the
dose of fertilizer up to N120P120K120 increased the yield of dry grass to 5,17 t/ha, which exceeded the control
by 39% or 1,44 t/ha. The highest yield of thyme for the 2nd year of vegetation was 5,82 t/ha was obtained
in the variant with the application of mineral fertilizer at a dose of N1soP1s0K1so.

The dependence of the doses of the mineral fertilizers main application on the yield of dried thyme grass
can be described mathematically by equations:

y =0,0119x + 3,676, R? = 0,97 — for the 1st year of vegetation;

y =—7E - 07x? + 0,0085x + 3,1825, R? = 0,98 — for the 2nd year of vegetation,

where y is the yield of dry grass, t/ha; x — dose of the mineral fertilizers main application NPK kg/ha of
active substance; R? — value reliability of approximation.

The value of the approximation is 0,97 and 0,98, which indicates a high reliability of the dry thymus
grass yield from the main application of mineral fertilizers (Fig. 2).
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Fig. 2. The effect of main mineral fertilizers dose on thymus yield: * —the 15 year of vegetation;
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For the production of medicines based on thyme, Ukrainian pharmaceutical industry uses mostly the
aboveground part (dry grass), as for European pharmaceutical companies — threshing (leaves,
inflorescences and small twigs separated from the stems), so during the study for accounting conducted a
structural analysis of raw materials.

The study of the influence of plant nutrition on the yield of marketable raw materials — threshing (leaves
with inflorescences) showed that increasing of the area of plant nutrition contributed to increase of the yield
of marketable raw materials. In the variant with the smallest nutrition area — the scheme of cultivation 45x10
cm, the share of marketable raw materials was the smallest and amounted to 45,1%. The increase in the
nutrition area in the variant with a cultivation scheme of 45x20 cm contributed to an increase in the share
of marketable raw materials to 47,7%. The variant with the largest nutrition area had the highest raw
material yield of 52,3%. Such conditions were optimal for thyme plants formation of aboveground mass and
leaf apparatus (Fig. 3).

Studies have shown that the increase in the share of marketable raw materials depends on the mineral
fertilizers main application. With mineral fertilizers dose increase the share of ¢ marketable raw materials
for aboveground plant mass of culture. For the control — without fertilizers, the share of raw materials was
46,3%, in the variant with the application of fertilizers at a dose of NeoPsoKeo, the share of raw materials
increased and was at the level of 47.9%. Increasing the application of mineral fertilizers dose to N120P120K120
contributed to the increase of the share of marketable raw materials to 51,6%. The largest share (52,8%)
was obtained in the variant with the highest application dose of mineral fertilizers — N1soP1s0K1so.
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Conclusions

A number of experiments were carried out to improve the growing technology elements for thyme.
Result of the study revealed certain dependences, in particular the number of planted plants per unit area
on the yield of dry grass, which is described by the equation y = —1E — 10x? + 5E — 05x — 0,3787, R? = 0,98
— for the 1st year of vegetation; y = —2E — 10x? + 6E — 05x + 1,2043, R? = 0,80 — for the 2nd year of
vegetation, where y is the yield of dry grass, t/ha; x - number of plants, thousand plants/ha. The highest
yield of dry thyme grass 5,12 t/ha for the 2nd year of vegetation was obtained in the variant with a density
of 111 thousand plants/ha. The mineral fertilizers main application also to helped to increase the yield of
thyme. The revealed dependence is described by the equation y = 0,0119x + 3,676, R? = 0,97 — for the 1st
year of vegetation; y = —7E — 07x? + 0,0085x + 3,1825, R? = 0,98 — for the 2nd year of vegetation, where y
is the yield of dry grass, t/ha, x — doses of the main application of mineral fertilizers NPK kg/ha of active
substance. The most effective dose of mineral fertilizers was N1soP1s0K1s0, where the yield of dry grass in
the 1st year of the growing season was 4,69 t/ha, and for the 2nd — 5,62 t/ha. The effect of the plant nutrition
area on the share of raw materials (leaves, inflorescences and small twigs) was revealed. The highest
(52,3%) share was in the variant with the lowest planting density per unit area.
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