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Abstract
Despite the favorable climatic conditions of the region for onion growing, due to significant plowing of foothills (up to 80%) and low 
productivity, which does not exceed 1.3 t/ha-1.5 t/ha of fodder units, they do not fully perform their fodder production and environmental 
function. Ago Peculiarities of cereal agrophytocenosis formation when growing on sod-podzolic soil of Precarpathians depending on 
doses and NPK ratios of mineral fertilizers have been studied is relevant today. Perennial cereal grass was formed from Phléum 
praténse, Lolium pratense and Bromus inermis, which is kept in agrocenosis at sufficient level with a sprout density of 1440 pcs/

Fertilizers had a different effect on the density and transformation of a sown cereal grass, especially by the years of its usage. With 
the application of N25 grass height increases by 1.3, and N50 by 1.7 times. In the third year of usage, agrophytocenosis, which is 
formed from a mixture of cereal grasses, is transformed into a grouping with a predominance of Bromus inermis, the share of which 
increases with the nitrogen dose increase.
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Introduction

The creation of sown high-yielding grasslands with 
the usage of perennial grasses is one of the important 
directions in grass farming. On high agro-backgrounds, 
when following recommended regime of usage, they 
provide not only highly productive longevity of meadow 
cenoses, proper fodder quality but also thanks to a 
wide range of species and varieties allow organizing 
raw material conveyors on their basis. Such grasslands 
should be created during the application of complete 
mineral fertilizer with high nitrogen doses on all types of 
meadows (Kovtun and Veklenko 2006; Karbivska 2020; 
Hryhoriv et al. 2021). The study of phyto-diversity of 
meadow agrocenoses will make it possible to determine 

development rates of these agroecosystems, and 
comprehensive analysis of grass species composition 
will give an opportunity to determine the role of sown 
grasses in agrocenosis, the reasons for their loss from 
general composition and emergence of other unsown 
species (Mashchak et al. 2010; Tester and Langridge 2010; 
Tsyhanskyi et al. 2019).

Due to differences in biological and ecological 
properties, some species react differently to the 
application of fertilizers, which can form grasslands with 
made botanical composition. Separate application of only 
nitrogen or phosphorus fertilizers leads to replacement 
of highland cereals with Festuca rubra, Agrostis capillaris 
and other lowland grasses (Cherniaeva 1990; Shiferaw et 

       ,  V

m2 -2726 pcs/m 2 , share of sown crops 64%-95% and linear growth in the first moving on nitrogen-free backgrounds 31 cm-100 cm. 
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al. 2011; Karpenko et al. 2019; Litvinov et al. 2020).

In single-species cenoses, Bromus inermis, Dactylis 
glomerata, Festuca rubra, Poa pratensis, and Lolium 
perenne react well to nitrogen (Kurgak 2010; Kvitko et 
al. 2021). When using high doses of nitrogen (N300-720) the 
grass first improves and then worsens (Kreil and Oenema 
1990; Scherner et al. 2016).

Today, intensive technologies have been developed, 
the ones that significantly improve the productivity 
of natural fodder lands, by 3-4 times. They include 
obligatory measures such as application of fertilizers, 
creation of sown grasslands, selection of varieties, etc. 
The most effective measure in the forest-steppe zone is 
the application of mineral fertilizers, especially nitrogen. 
Under conditions of economic crisis and high cost of 
fertilizers, their application on meadow lands takes 
place much less than necessary, therefore the problem of 
increase of fertilizer application efficiency on haymaking 
and pasture meadows acquires special urgency (Paz-
Ferreiro 2016; Kushchuk 2020; Karbivska et al. 2020; 
Demydas et al. 2021).

Much attention is paid to the improvement of 
meadow fertilization systems both in our country and 
abroad. Research of many scientists has developed and 
recommended to production scientific and practical 
fundamentals for improving efficient usage of natural 
fodder lands depending on ecological, zonal and biological 
conditions, in particular phytocenotic parameters of 
species and agrotechnical factors; determined basic 
principles of grass mixture selection for haymaking and 
pastural usage of lands and efficient systems of their 
fertilization (Makarenko et al. 2002; Litvinov et al. 2019; 
Tonkha et al. 2021).

Despite a significant amount of research on the doses 
of fertilizers for the botanical composition of cereals, 
until recently experimental data on the use of modern 
methods and modeling experiments with fertilizers on 
agrophytocenoses in the Carpathians of Ukraine is not 
enough. Therefore, these issues were the purpose of 
research, the results of which are presented in this article. 

Materials and Methods

Experimental research was conducted on research 
field of Agrochemistry and Soil Science Department of 
Dendrological Park “Druzhba” at SHEI “Vasyl Stefanyk 
Precarpathian National University”. The experiment was 
conducted on cereal grassland, which was formed based 
on grass mixture (Lolium pratense, 8 kg/ha + Phléum 
praténse, 6 kg/ha + Bromus inermis, 12 kg/ha), records 
and observations were conducted during 2017-2019.

The size of sowing areas is 15 m2, accounting areas 10 
m2. The experiment was repeated four times. Phosphorus-
potassium fertilizers were applied annually superficially 
in early spring, and nitrogen in three parts N25 and N150 
in spring on froze-melting soil and after the first and 
second mowings. The following types of fertilizers were 
used in the experiment: nitrogen-ammonium nitrate 
(34%), potassium- potassium and magnesium sulphate 
(26%), phosphorus-simple superphosphate (18.7%).

The experiment scheme included the following 
variants:

Factor A: grass mixture-Phléum praténse, Lolium 
pratense, Bromus inermis.

Factor B: fertilizers-1. Control (without fertilizers); 2. 
P60; 3. K90; 4. P60K90, 5. N75; 6. N75P60K90; 7. N150; 8. N150P60K90. 

Weather and climatic conditions during research years 
differed slightly from long-term average indices both by 
precipitation and values of average daily temperatures. 
Thus, average daily air temperature during the growing 
season of 2017 exceeded long-term average value (+15.3°С) 
by 0.8°С. In 2018, precipitation amount was insufficient, 
by 93.6 mm less than long-term average value, which 
negatively affected regrowth of grasses in aftermaths.

The study was conducted according to methodology of 
the Institute of Fodders and Agriculture of Podillya NAAS 
(Babych 1994). The balance of nitrogen, phosphorus and 
potassium in the soil was determined by the difference 
between the total amount of each element that entered 
the soil with fertilizers, precipitation and its alienation 
with the crop (Datko 2008).

Mathematical processing of research results was 
conducted by methods of disperse analysis and variation 
statistics according to Dospekhov (1985) on a personal 
computer using program Statistica 6.

Results and Discussion

Among the sown grasses, preservation of Bromus 
inermis in the grasslands was the best, and Phléum 
praténse was the worst. On average, during 2017-2019, 
the share of Bromus inermis was 38%-59%. Compared to 
nitrogen-free fertilizer backgrounds with the application 
of N150 on different phosphorus and potassium 
backgrounds, the share of nitrogen-free Bromus inermis 
increased by 9%-14%.

The content of Phléum praténse was at the level of 6%-
7% and did not depend on fertilizer doses. The content of 
Phléum praténse was 22%-31% and it slightly decreased 
under the influence of nitrogen fertilizers. With nitrogen 
dose increase the total proportion of cereal grasses in the 
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harvest increased and the proportion of other different 
grasses decreased.

The botanical composition of sown cereal grass 
changed significantly over the years of usage (Fig. 1). 
Regardless of fertilizer variants, over the years the content 
of Lolium pratense decreased, and Bromus inermis and 
even other different grasses increased slightly. 

Thus, Lolium pratense content decreased by 32%-35% 
from the first to the third year of usage. It was gradually 
replaced, first of all, by Bromus inermis and other different 
grasses. During this period, its amount increased by 26%-
32% with application of nitrogen maximum dose, and it 
became dominant and the biomass turned almost into 
the one of Bromus inermis.

The content of different grasses during the period 
from the first till the third year increased from 5%-9% to 
9%-12%. This index was slightly higher on the variants 
without nitrogen fertilizers.  

Among different grasses, in the first three years of 
usage, one-year and biennial plants were mainly observed 
(Galinsoga parviflora, Raphanus raphanistrum, Berteroa 
incana, Chenopodium album, Capsella bursa-pastoris, 
Erigeron canadensis, Lactuca serriola, Agrostemma 
githago, Galium aparine), and somewhere perennial 
plants (Taraxacum officinale, Convolvulus arvensis, 

Euphorbia virgata, Silene vulgaris, Plantago major). 
Among non-sown cereal grasses, one-year Echinochloa 
crus-galli and perennial Elymus repens were found. It is 
known, that peculiarity of meadow cenosis formation and 
transformation are evaluated by the density of sprouts, 
the amount of which can vary between 1000 pcs/m2-5000 
pcs/m2 (Epyfanov and Ivanova 1993). 

Grass density depends to some extent on natural and 
climatic conditions. In the wet year and with nitrogen 
application more sprouts are formed in fall than in 
spring, in a dry year, on the contrary, in spring. Divided 
application of nitrogen by cycles of usage better balances 
the intensity of bushing and grass density during the 
spring-summer period compared to the application of the 
whole nitrogen dose in spring. This measure reduces the 
negative effect of summer grass depression in the third 
cycle (Kurhak and Voloshyn 2017; Tanchyk et al. 2021).

Fertilizers had a different effect on the density and 
transformation of sown cereal grassland, especially over 
the years of its usage. A total number of sprouts naturally 
changed little under the action of fertilizers. Their total 
number ranged from 1737 pcs/m2-2278 pcs/m2 of sprouts. 
Under the action of nitrogen fertilizers, the number of 
Bromus inermis sprouts significantly increased and the 
number of Lolium pratense sprouts decreased. On average 
for three years, the number of Bromus inermis sprouts 

Figure 1. Influence of doses and NPK (Nitrogen, Phosphorus, Potassium) ratios of fertilizers on botanical composition of cereal grassland by the years 
of usage, average for 2017-2019.
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ranged from 653 pcs/m2-863 pcs/m2, with increasing 
doses of nitrogen fertilizers, the number increased. 

In particular, in the variant with N150 in combination 
with phosphorus-potassium fertilizers, the number of 
sprouts increased by 91 pcs/m2-210 pcs/m2 compared 
to nitrogen-free backgrounds The number of Phléum 
praténse sprouts ranged from 144 pcs/m2 to 290 pcs/m2 
and did not depend much on fertilizer doses, and in the 
variant with Lolium pratense it ranged 702 pcs/m2-1105 
pcs/m2, under influence of nitrogen fertilizer dose of N150 
it decreased by 358 pcs/m2-542 pcs/m2.

The density of sown cereal grass changed under the 
influence of fertilizers also by the years of usage (Fig. 2). 
In particular, over time in a direction from the first to the 
third year of grassland usage, the total number of sprouts 
decreased from 2102-2726 to 1684 pcs/m2-2068 pcs/m2, as 
well as the total number of cereals by 512 pcs/m2-748 pcs/
m2. Over the years, regardless of fertilizers, the number 
of sprouts of Lolium pratense and Phléum praténse 
decreased. Thus, the number of Lolium pratense sprouts 
decreased from 1132 pcs/m2-1703 pcs/m2 to 187 pcs/m2-470 
pcs/m2 from the first to the third year of usage. Regardless 
of fertilization variants, the number of Lolium pratense 
sprouts decreased over the years, and the number of 
sprouts of Bromus inermis and to some extent different 
grasses and unsown (wild) cereals increased. Lolium 

pratense was replaced by Bromus inermis.

During the period from the first to the fourth year, 
the number of its sprouts increased from 412 pcs/m2-640 
pcs/m2 to 910 pcs/m2-1079 pcs/m2. Its density was slightly 
higher in the variant of applying maximum nitrogen dose 
in all years. For the period from the first to the fourth 
year, the number of sprouts of unsown cereals increased 
from 59 pcs/m2-163 pcs/m2 to 175 pcs/m2-288 pcs/m2, and 
sprouts of different grasses from 124 pcs/m2-219 pcs/m2 
to 264 pcs/m2-340 pcs/m2.

Thus, in the third year, the grassland which used to be 
Lolium pratense one in the first year of usage transformed 
into Bromus inermis grassland. This transformation 
was more significant on the background of nitrogen 
fertilizers. It was found that the height of cereal grassland 
components primarily depended on doses of nitrogen 
fertilization. With the application of N25 on average for 
years of research and by all three components in the first 
mowing, the height of grass increased from 56 cm-59 cm 
to 77 cm-80 cm, and with N50 by 1.7 times. All cereal grass 
mixtures reacted well to nitrogen application. With the 
application of N25 the height of Bromus inermis increased 
from 79 cm-82 cm to 105 cm-109 cm, and with the 
application of N50 the height of Bromus inermis increased 
to 126 cm-129 cm, the height of Phléum praténse increased 
from 43 cm-46 cm to 70 cm-73 cm, Lolium pratense from 

Figure 2. Influence of doses and NPK ratios of fertilizers on the density of cereal grass sprouts by years of usage, pcs/m2.
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47 cm-50 cm to 76 cm-79 cm.

Doses of phosphorus and potassium fertilizers had 
little effect on the linear growth of grasses. Among the 
sown species of grasses, Bromus inermis was the highest. 
Its average height was 105 cm. Phléum praténse was the 
lowest one (59 cm). Lolium pratense was intermediate in 
height (64 cm).

Conclusions

During three years, perennial cereal grasses, formed 
from Phléum praténse, Lolium pratense and Bromus 
inermis on sod-podzolic soil, kept in agrocenoses at 
sufficient level with sprout density of 1440 pcs/m2-
2766 pcs/m2, the share of sown crops 64%-95% and 
linear growth on nitrogen-free backgrounds in the first 
mowing 31 cm-100 cm. Bromus inermis is characterized 
by the highest linear growth, and Phléum praténse by the 
lowest. With the application of N25 the height of grasses 
increases by 1.3 times, and N50 by 1.7 times. In the third 
year of usage, agrophytocenosis, which is formed from a 
mixture of cereal grasses, is transformed into a grouping 
with a predominance of Bromus inermis, the share of 
which increases with the nitrogen dose increase.

So, it is necessary to apply mineral fertilizers for ce-
real grasses, as mineral fertilizers increase cereal grass 
longevity and fertility of sod-podzolic soil. The results 
obtained in this study provide valuable information on 
the peculiarities of the formation of the botanical compo-
sition of cereal agrophytocenosis depending on the fer-
tilizer. However, further research is needed to verify the 
results of the study and further improve the selection of 
mineral fertilizers and the composition of cereal grasses 
for growing on sod-podzolic soil. This should in the fu-
ture help increase the productivity of cereal grasses.
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