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Efficiency of Use of Macronutrients by Spring Rapeseed Plants

Abstract. The relevance of this study is determined by the need to optimize the production process of agrocenoses
of spring rapeseed and establish the regularities of the dynamics of macroelements in the soil under the influence of
different rates of mineral fertilisers. In this regard, the purpose of this paper was to cover the regularities of changes
in the content of macroelements in typical low-humus chernozems at different stages of spring rapeseed culture
development in the conditions of the Right Bank Forest Steppe of Ukraine. Field, laboratory, analytical, and statistical
research methods were used in the study. It was established that the highest content of macroelements in the soil
at all levels of mineral fertiliser is in the phase of leaf rosette formation by spring rapeseed plants (BBCH 15-18). As
plants grow through the phases, it decreases and reaches minimum values in the ripening phase (BBCH 85-88). The
highest content of nitrogen mineral compounds was noted in BBCH 15-18: 52.0-60.2 mg/kg of soil depending on the
fertiliser variant, the content in the variant without fertiliser application - 49.8 mg/kg of soil. It was found that the
maximum content of mobile phosphorus compounds in the soil was recorded in the first half of the growing season.
It was found that the content of mobile potassium in the soil is dictated by the amount of applied mineral fertilisers.
The highest content was noted at the beginning of the vegetation of spring rapeseed, with a gradual decrease until the
seed ripening phase (BBCH 85-88). A close correlation was established between the accumulation of dry matter in the
BBCH 55-58 period and the yield level (r=0.91). The materials of this paper are of practical value for the improvement
of processes related to the development of the productivity of spring rapeseed crops in the conditions of the Forest

Steppe of Ukraine, as well as the rational use of mineral fertilisers on typical low-humus chernozems

Keywords: Brassica napus L., mineral nutrition, application rates of mineral fertilisers, dry matter, productivity

INTRODUCTION

The high competitiveness of spring rapeseed in the in-
ternational market makes this crop promising due to
the growing demand for oils characterised by a high
content of oleic acid. Thanks to this argument, agrarians
will have the opportunity to receive added profits, as well
as for the cultivation of high-oleic sunflower, provided
that certain technological elements of crop cultivation
are optimised to use the soil and climatic conditions of
Ukraine more effectively [1].

In the coming years, the promising high-oleic seg-
ment will grow in Ukraine according to world trends and
ensuring demand in Europe [2]. In France, the area under
winter rapeseed makes up over 50% of the area under
winter rapeseed, while in Ukraine, this indicator is at 10-
15%. The increase in the area sown under rapeseed allows
stabilising the energy independence of Ukraine due to
the increase in the gross collection of seeds for process-
ing into biodiesel [3; 4]. Furthermore, the situation on the

world oil market can substantially affect the economic
attractiveness of spring rapeseed cultivation [5].

Regulation of crop productivity formation processes
encompasses the influence of many factors, both regulated
and unregulated. Particular attention is paid to certain abi-
otic factors and certain elements of cultivation technology.
Among abiotic factors, the main attention is paid to wa-
ter and temperature regimes. Of the technological pro-
cesses, the selection of the variety (hybrid), plant density,
and feeding conditions are of immense importance [6; 7.
The emergence of many promising hybrids with high-yield
potential on the market causes a problem related to their
adaptation to growing conditions. Just as the rapid growth
of the genetic potential of modern varieties and hybrids
cannot be ensured at the proper level by abiotic factors [8].
A wide range of changes in biotic and abiotic environmen-
tal factors and the ability to adapt to them determines the
degree of adaptability of modern hybrids [9].
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Rapeseed belongs to crops that react extremely
sensitively to changes in mineral nutrition conditions. That
is why due attention is paid to the regulation of the min-
eral nutrition regime for the cultivation of rapeseed [10].

Rapeseed cultivation technology, despite its pros-
pects and wide distribution, still raises many questions
aimed at individual technological processes, namely
mineral nutrition intended to increase productivity and
identify its impact on oil quality indicators.

Over the past decades, the issue of reproduction
of fertility and preservation of soil cover has become rel-
evant. One of the key factors in the fertility of soils is their
provision of mobile forms of the main nutrients, which is
carried out through the introduction of organic and min-
eral forms of fertilisers [11].

The increase in rapeseed yield, depending on the
dose of mineral fertilisers, is 46-60% [12]. On chernozem
soils of Ukraine, the greatest yield increase is obtained
from the application of nitrogen fertilisers (about 30-
40%) [1]. Phosphorous and potash fertilisers are less
effective. Thus, in the conditions of the north-eastern
part of Germany, full potassium nutrition increases the
yield of rapeseed by 0.2-0.3 t/ha [13]. Moreover, the ef-
fectiveness of nitrogen fertilisers increases after stub-
ble precursors, especially in wet years. Retail application
of nitrogen fertilisers in conditions of insufficient soil
moisture is ineffective, especially on soils with a heavy
granulometric composition [1].

The analysis of literary sources indicates an in-
crease in the yield of rapeseed under increased rates of
nitrogen fertilisation, with possible lodging of plants [11;13].
The use of nitrogen in the amount 0f 120-180 kg/ha caus-
es a decrease in added production per 1 kg of nitrogen.
Therewith, an increased accumulation of nitrates is noted
in the obtained crop.

On chernozem soils, with insufficient application
of nitrogen forms of fertilisers, the deficiency of the ele-
ment is partially eliminated due to the natural reserves
of the element in the soil. The analysis of earlier studies
shows a direct dependence between the content of avail-
able forms of nitrogen in the soil and the amount of fer-
tilisers applied [14].

Nitrogen, unlike phosphorus and potassium, is the
most mobile, and therefore it is vital to monitor the ni-
trogen nutrition of crops, adjust the nitrogen dose in a
timely manner and give plants the opportunity to form
the highest and full-quality crops [15].

Based on this, it is of great interest to investigate
the content and dynamics of typical ammonium and ni-
trate nitrogen in chernozemes, i.e., mobile forms of nitrogen
that are most available to plants.

Phosphorus is one of the main elements of plant
nutrition. To obtain high and stable crops of superior qual-
ity, balanced mineral nutrition of spring rapeseed plants
is necessary, where nitrogen and phosphorus play a sig-
nificant role [1]. The supply and use of nitrogen by plants
is related to the level of their phosphorus supply since

)

phosphorus metabolism in plants is closely related to
carbohydrate-protein and energy metabolism [13].

An essential indicator of soil fertility is its avail-
ability of phosphorus, which is an organic and mineral
soil compound. In plant nutrition, the main role belongs
to mineral compounds of phosphorus, which are rep-
resented by the remains of apatite, phosphorite, salts of
phosphoric acids. The content of phosphorus available to
plants depends on the characteristics of the soil, the meth-
ods, and terms of applying fertilisers and their forms [16].

The assimilation of phosphorus compounds by
the plant is characterised by two periods. The first pe-
riod is the time of seed germination. There is a close
connection between the growth processes of plants and
the presence of phosphorus compounds in the soil. This
is showed by the high concentration of the element in
tissues where growth occurs. The second period corre-
sponds to the seed ripening phase. In the seeds of plants,
phosphorus compounds are in a storage form, which is
phytin, the content of which can be 1-3%. In the vegeta-
tive organs of plants, phytin is absent or present in in-
significant amounts [11].

Potassium reserves in the soil are a determining
factor in the development of crop productivity under in-
tensive cultivation technologies. Together with phospho-
rus, it helps reduce the adverse effect of excessive con-
sumption of nitrogen by plants. An insufficient amount
of potassium causes a decrease in photosynthetic activity,
exposure to harmful organisms and disruption of the main
processes of the plant organism [1].

Potassium fertilisers, upon interacting with the
soil, are subjected to various transformations, which cause
the formation of compounds of different mobility and
availability for the plant organism. Potassium is one of
the indispensable elements of the plant organism, which
can enhance growth processes, respiration, and nitrogen
exchange. Its role in the water regime of plant tissues is
also important. Potassium deficiency manifests itself
as early as at the initial stages of plant development, re-
straining their growth [13].

The need of spring rapeseed plants for potassium
is observed most in the initial periods of its vegetation,
contributing to the growth of plant resistance to adverse
environmental factors and harmful organisms. With the
optimal supply of plants with all nutrients, excluding
potassium, the synthesis, and dissimilation of carbohy-
drates are inhibited, proteins are consumed for respira-
tion, and the activity of enzymes ceases [11]. The supply
of spring rapeseed plants with potassium at the proper
level helps increase nectar production and improve seed
quality indicators [17]. Under the conditions of optimal
provision of the element during the growing season,
friendly flowering of the crop, increased resistance to
lodging, improvement of water exchange processes and,
as a final result, increased productivity are observed.

Mobile potassium is the most available form for
plants, which ensures the processes of their nutrition.
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Potassium, in other forms, can be used under the condition
of anumber of chemical and physical transformations in
the soil, such as mineralisation, destruction of minerals
and microorganisms, which lead to the transition of in-
soluble compounds in the solution [16].

The purpose of this study was to identify the influ-
ence of different nutritional conditions created by fertiliser
options on the development of the productivity of spring
rapeseed agrocenoses and the dynamics of the main el-
ements of mineral nutrition in the soil and plants in the
conditions of the Right Bank Forest Steppe of Ukraine.

MATERIALS AND METHODS

Field experiments were carried out in the production
unit of the NULES of Ukraine “Agronomic Research Sta-
tion” in the stationary crop rotation of the Department
of Plant Breeding during 2010-2013 and 2015-2017 on
typical low-humus chernozems (humus content - 4.38-
4.53%,pH_ . - 6.9-7.3). Laboratory analyses were carried
out in the laboratory of analytical research of the crop
production department.

The territory of the experimental station belongs
to the moderately warm, moderately humid agro-cli-
matic sub-district of the Kyiv Oblast. The total amount
of precipitation during the calendar year corresponds
to an average of 543 mm, while for the period with tem-
perature indicators above +5°C - 372 mm. Precipitation
is unevenly distributed during the growing season [18].

The conditions of 2010, 2011 and 2016 can be
characterised as conditions close to the average long-
term indicators and favourable for the development of
spring rapeseed.

The calculation of the coefficients of the substan-
tiality of deviations (Cs) of the amount of precipitation
and average temperatures indicates that the vast ma-
jority of months of crop vegetation belong to years with
conditions close to normal (the first group of gradation).

The vegetation period of 2016 was characterised
by the sum of effective temperatures exceeding the long-
term indicators. The sum of the effective temperatures in
April corresponded to 275°C, exceeding the long-term in-
dicators by 115.4°C. This was reflected in the formation of
shoots and the development of culture in the initial stages,
speeding up their progress. May indicators were typical
for this region. The summer months were characterised
by exceeding the long-term indicators by 43-62.8°C.

The weather conditions in 2012 were close to
the average long-term indicators. However, their dis-
tribution by months and decades at the initial stages of
crop development did not meet the requirements of oil
crops of the Brassicaceae family of the spring type of de-
velopment, which was reflected in the formed produc-
tivity of the crop. The year 2012 was characterised by a
lack of moisture during May and elevated temperature
indicators in April-June. The weather conditions of 2013
were unfavourable for the development of rapeseed,
which caused the lowest crop yield in the experiment.
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The indicators of the sum of effective tempera-
tures in 2015 exceeded the long-term average by 429.7°C
and amounted to 3,3027°C. In April and May, the sum
of effective temperatures exceeded 379°C and 40.5°C,
respectively. During the summer months, the sum of
effective temperatures was within 633-685.1°C, with less
precipitation compared to multiyear values. At the initial
stages of rapeseed development, its soil reserves com-
pensated the moisture deficit. June was characterised by
drought and elevated temperatures. Weather conditions
in 2017 were even more difficult and were characterised
by a moisture deficit during the rapeseed growing sea-
son and stressful conditions caused by frost in the third
decade of April. April's total effective temperatures were
499°C higher than the annual average. May turned out to
be typical for this region, which ensured the early onset of
the growing season. Excess of temperature indicators in
June and July corresponded to 58°C and 28°C, respectively.

The subject under study was the Yura spring rape-
seed hybrid. The technology used for the research was
generally accepted for the Forest Steppe zone. Individual
technological processes differed according to the scheme
of the experiment. The predecessor is spring barley.

Scheme of the experiment - fertilisation options:

1. Without fertilisers (control).
2.N. P, K

307 207 735°

3N P, K

60~ 407770

4.N,P._K

90~ 60” 105"

5' N120P8OK14O'

Fertiliser rates were determined according to
the balance method for the planned yield, considering
the content of the main nutrients in the soil. The area of
the accounting plot was 25 m?. Repetition - four times.
Placement of variants was sequential. Field, laboratory,
analytical, and statistical methods of scientific research
were used for this study [19-21].

The content of easily hydrolysed nitrogen com-
pounds was found according to the Tyurin-Kononova
method, ammonium nitrogen - colorimetrically, using
the Nessler reagent; mobile phosphorus and potassi-
um - according to the Chirikov method [22]. The content
of the main nutrients in dry plant samples was deter-
mined by first ashing them according to the method of
K. Ginzburg et al. [22]: nitrogen - according to the pho-
tocolorimetric method using Nessler’s reagent; phos-
phorus — photocolorimetrically according to the Denizhe
method in the A. Levytskyi's modification [22]; potassium -
using a flame photometer [19; 22].

RESULTS AND DISCUSSION
The obtained results indicate that the application of
mineral fertilisers increases the content of nitrogen,
phosphorus, and potassium in the soil: their content
increases with an increase in the rates of fertilisation.
The conducted studies established that the increase in
nitrogen fertilisation rates leads to an increase in the
concentration of mineral compounds in the soil.
@9
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The highest content of nitrogen compounds in the
soil is noted in the leaf rosette phase of spring rapeseed
(BBCH 15-18) and, depending on the fertiliser option, it
varies from 52.0 to 60.2 mg/kg of soil, while the content in
the control option without fertilisation is 49.8 mg/kg of
soil (Table 1). As the spring rapeseed plants grow and de-
velop, the nitrogen content in the soil decreases: during
the ripening period of the seeds (BBCH 85-88), it changes
from 26.0 to 301 mg/kg of soil, compared to 20.1 mg/kg in
the control version.

Analysis of the data in Table 1 shows that the high-
est content of mobile phosphorus compounds was noted
in the first half of the growing season of the crop, which
is associated with insignificant assimilation by plants in
this period. During the period of formation of the leaf ro-
sette (BBCH 15-18), the highest content of mobile phos-
phorus compounds in the arable layer of the soil was
noted for N_ P, K, and was 92.9 mg/kg of soil against

120~ 807 7140
61.1 mg/kg of soil in the control variant without fertiliser.

Table 1. Dynamics of the macronutrient content in the soil during the cultivation of spring rapeseed, mg/kg of soil
(average for 2010-2013)

Stages of Fertiliser options
growth and Nutrition Unit of .
sd:;t::;?;l)t:lslz :fl element | measurement f‘?a,::i}lli(:;l;tr N, P, K, N, P.K, N, P K, NP, K.,
plants (control)
N 4938 520 537 564 6022
BBCH15-18 P,0, 611 629 76 847 929
K,0 945 1075 1085 1195 1375
N ~ 382 419 438 453 485
BBCH 55-58 P,0, % 499 521 682 721 826
K,0 & 824 954 984 1024 134
N : 266 321 352 381 407
BBCH 65-68 P,0, ‘% 291 482 519 564 600
K,0 © 5838 671 763 796 887
N 201 260 272 2838 300
BBCH 85-88 P,0, 211 36.0 424 511 541
K,0 455 496 56.5 575 597
N 035
LSD,, P,0, 063
K,0 096

The rate of application of mineral fertilisers di-
rectly affects the content of mobile potassium in the
soil. Its highest content was noted at the beginning of
the vegetation of spring rapeseed. Until the phase of full
maturity (BBCH 85-88), it gradually decreased due to in-
tensive use by plants. The maximum content of mobile
potassium was noted in the rosette phase (BBCH 15-18)
with the application of N,, P, K,,, and was 1375 mg/kg
of soil, and in microstages BBCH 85-88, its content was
59.7 mg/kg of soil in this variant.

Thus, the application of mineral fertilisers pos-
itively affects the content of macronutrients in the soil.
It was established that their number depends on both
the application rate and the stage of development of
spring rapeseed. In all variants of the experiment, the

highest content was noted in microstage BBCH 15-18
(phase of leaf rosette formation). During plant growth
and development, the content decreases and the min-
imum value is observed in BBCH 85-88 (ripening phase
of spring rapeseed).

The assimilation of mineral nutrients is closely
related to the accumulation of dry matter. Deficiency in
nutrition leads to a decrease in yield, including due to a
decrease in stress resistance of the culture, which is also
confirmed by other researchers [23]. Under conditions of
intensive farming, the increase in the yield of agricultural
crops is accompanied by an increase in the removal of
mineral nutrients from the soil [24; 25].

It is known that 13 nutrients, primarily macronu-
trients, play a vital role in optimising plant nutrition [26].

Plant and Soil Science. Vol. 13, No. 1



Research results indicate that with an increase in the
amount of applied mineral fertilisers, the content of nu-
trientsin plantsincreasesatall stages of plant growth and
development. This trend can be observed in all variants of
fertiliser application. In the stemming phase (BBCH 35-
38), the highest content of potassium was found in the
plant material, the content of which varied depending

A. Yunyk & L. Harbar

on the rates of fertiliser application from 5.24% to 5.99%,
while the content in the variant without fertiliser ap-
plication was 4.93% (Table 2). Notably, as the phases of
growth and development of rapeseed plants changed
and, accordingly, the growth of vegetative mass and dry
matter increased, the content of the main nutrients in
plants gradually decreased.

Table 2. Dynamics of the content of mineral nutrients in spring rapeseed plants by growth phase, %
of dry matter (average for 2015-2017)

Stages of growth and development of spring rapeseed plants

Fertiliser options BBCH 35-38 BBCH5-58 BBCH 65-68 BBCH 80-83

N PO, | KO N P,0, | KO N P,0, | KO N PO, | KO
Without fertiliser

(control) 276 1.02 493 171 071 299 11 048 251 1.02 031 179
N,,P,oK,s 298 | 108 | 524 | 19 079 | 354 | 123 06 | 269 | 128 | 039 | 191
N,,P,.K, 326 | 113 | 555 | 20 | 085 | 39 | 151 | 065 | 277 | 136 05 197
N,oP, Koo 335 | 122 | 587 | 213 | 088 | 418 | 167 | 071 | 289 | 148 | 053 | 206
N,,,P. Koo 359 | 126 | 599 | 227 | 092 | 459 | 181 | 073 31 154 | 06 214
LSD 0.06 0.04 015 0.04 0.04 09 0.06 0.03 0.09 0.05 0.03 012

The content of nitrogen in plants is lower: it varied
from 2.98% to 3.59%, compared to 2.76% in the control
version. Phosphorus content in spring rapeseed plants
with fertilisers varied from 1.08% to 1.26%, while it was
1.02% in the case without fertilisers.

In the later stages of growth and development of
spring rapeseed, a decrease in the content of all nutri-
ents was observed, as evidenced by the research results.

The positive effect of increased rates of mineral fertiliser
application is confirmed by the results of research con-
ducted in the north-eastern part of the Forest Steppe of
Ukraine [27].

The conducted correlation-regression analysis of
research results indicates a close correlation between
the accumulation of dry matter in the BBCH 55-58 period
and the level of productivity (r=0.91) (Fig. 1).

44
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Dry matter mass, g/m?(BBCH - 55-58)

Figure 1. Correlation between yield (y) and dry matter mass (x) of spring rapeseed
in BBCH microstages BBCH 55-58 (average for 2010-2013)
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The resulting dependencies are described by the
equations: Yield, t/ha=0.80369+0.01050 x mass of dry
matter, g/m? (BBCH 55-58). Some scientists have ob-
tained similar research results indicating an increase in
accumulated dry matter by 7-32% under the influence of
fertiliser application rates [1; 10; 17]. Use of mineral fer-
tilisers in experiments by L. Harbar [1] positively affected
the accumulation of dry matter during the entire vegeta-
tion period of rapeseed, which improved its productivity.

CONCLUSIONS
Based on the analysis of the current state of research
in agronomic science on the cultivation of spring rape-
seed, it was established that the application of mineral
fertilisers in the maximum rates provides the best con-
ditions for the formation of its crop.

Research established that the highest content
of mineral nutrition elements in the soil is noted in the
phase of spring rapeseed leaf rosette formation (BBCH 15-18)
and gradually decreases towards the phase of full seed
maturity (BBCH 85-88) due to their intensive use by plants.

The maximum content of nitrogen compounds in the
soil in BBCH 15-18 and depending on the fertiliser variant
varies from 52.0 to 60.2 mg/kg of soil, mobile phosphorus
compounds - 92.9 mg/kg of soil (after N, P, K,, ), mobile
potassium - 1375 mg/kg of soil (for N,, P, K, ). It can be
argued that the content of macroelements in the soil is
dictated by the rate of application of mineral fertilisers:
increased application rates positively affect the accumu-
lation of basic nutrients in the soil. Crop productivity and
dry matter accumulation largely depend on the fertilisa-
tion system. A close correlation was established between
the accumulation of dry matter in the BBCH 55-58 period
and the yield level (r=0.91).

The issue of the content of mineral nutrition el-
ements in the post-harvest residues of spring rapeseed
requires further study, including in the root system and
investigating the effect of applied mineral fertilisers on
theyield of subsequent crops in crop rotation. The question
of obtaining ecologically safe products of crop produc-
tion at high rates of application of mineral fertilisers is
still unresolved.
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AHaToniin BacunboBuu IOHMK, Jleca AHaToniiBHa Map6ap
HauioHanbHWI yHiBepcuTeT 6iopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois 060poHu, 15, M. Kui, YkpaiHa

EdeKTUBHICTb BUKOPUCTAHHA MaKpoOesieMEHTIB
pOCNIMHaMMU pinaKy aporo

AHOTaLifl. AKTYaJIbHICTD JOCITiI>KEHD 3yMOBJIeHa He0OXiJHICTIO ONTTMMI3alIi] TPOAYKIIMHOTO IIPOLIEeCy arpoLeHo3iB
pinaky sporo Ta BCTAHOBJIEHHS 3aKOHOMipHOCTe! AMHAMiKM MaKpOeJeMeHTIB y I'PYHTI 3a BIUIUBY Pi3HUX HOPM
BHECEeHHs MiHepaJbHUX HO6pUB. B 3B'I3Ky 3 IIUM JaHa CTaTTS CIIPSIMOBAHA Ha PO3KPUTTS 3aKOHOMipHOCTEM
3MiHM BMICTY MaKpoeJieMeHTIB B YOPHO3eMaxX TUIIOBUX MaJIOTYMYCHUX 3a PiSHUMHU CTafiIMU PO3BUTKY KyJIBTYPU
pimaky siporo B ymoBax IIpaBo6epeskHoro JlicocTerny VKpaiHu. V mpolieci HayKOBUX MIOLIYKIB 3a Iii€io mpo6ieMoio
3aCTOCOBYBAJIM IIOJIBOBUH, JIAOOPATOPHUM, aHAMITUYHUM Ta CTATUCTUYHUM METOIU LOCIiIKEHb. BCTAHOBJIEHO,
II0 HAVWBUIIUM BMICT MaKpOEJIEMEHTIB Y I'PYHTI 3a Bcix piBHIB MiHepasypHOro yIobpeHHs - y $asi popMyBaHHS
POCIIMHAMY PiMlaKy Iporo po3eTKy JIUCTKIB (BBCH 15-18). V Mipy nmpoxoykeHHs $pa3 poCTy POCJIVH BiH 3SMEHIIYEThCSA
11y dasi nospisanug (BBCH 85-88) mocsarae MiHiManbHUX 3HaYeHb. HalBULIMI BMICT MiHEPaIBHUX CIIONYK a30Ty
BimMiueHo y BBCH 15-18: 52,0-60,2 MI/KT I'pyHTY 3aJIeKHO Bifl BapiaHTy yIo6pEeHHs, BMICT y BapiaHTi 6e3 BHECEHHS
IO6pUB — 49,8 MI/KT I'PYHTY. 3'ICOBaHO, 10 MaKCUMAaJIBHUM YMICT pyXOMUX CIIONYK docdopy B IpyHTI 3adikcoBaHUN
y IeplIill ITOJIOBYHI BereTalliliHOTO IlepioAy. BcTaHOBIEHO, 0 BMICT PyXOMOIO KaJlilo B IPYHTI BU3HAaYaeThCA
KITBKICTIO BHECEHUX MiHepaJIbHUX JO6pUB. HalBUIIUI BMICT BiIMiueHUI Ha IOYATKy BereTallil piraky sSporo 3
MOCTYTIOBUM 3HIKEHHSAM 10 a3y go3piBaHHa HaciHHA (BBCH 85-88). BCTaHOBIIEHO TiCHUM KOPEIALIIHIH 3B'A30K
MDK HaKOITMYEHHSIM CyXOl pe4oBHHU y mepiog BBCH 55-58 Ta piBHeM yposkadHocTi (r=0,91). MaTepianu cTarTi
CTaHOBJIATD IIPaKTUYHY I[iHHICTb [JI1 BAOCKOHAJIEHHS IIPOLIECiB, MOB'A3aHUX 3 GOPMYBaHHAM IIPOAYKTHUBHOCTI
TociBiB pimaky sporo B yMoBax JlicocTerny YKpaiHy, a TAKOK pallioHaJIbHOMY BUKOPUCTaHHIO MiHEpaIbHUX JO6PUB
Ha YOpHO3€eMax TUIIOBUX MaJIOTYMYCHUX

KniouoBi cnoBa: Brassica napus L., MiHepasibHe KUBJIEHHS, HOpMU BHECEHHS MiHepaIbHUX T06PUB, CyXa PEUOBUHA,
BPOXXaUHICTh
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