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Economic efficiency of balanced fertilisation systems
for table potatoes with macro- and meso-elements
on dark grey podzolic soil using liquid phosphorus fertilisers

Abstract. Today's market conditions require producers to minimise the cost of technological
processes for growing crops to maximise profits. One of the important conditions for the selection
and application of certain agrotechnical measures in potato growing technology is to obtain high
yields, maximum net profit and a high level of profitability. Among the technological methods
for growing table potatoes, the use of fertilisers is one of the most expensive items. Therefore, the
use of liquid phosphate fertilisers and balancing fertilisation systems with meso-elements is one
of the most promising measures in this regard. The purpose of the research was to determine the
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economic efficiency of systems of balanced nutrient supply of table potatoes with macro- and meso-
elements on dark grey podzolic soil in the conditions of the Left-Bank Forest-Steppe of Ukraine
using liquid phosphorus fertilisers. The research was conducted in the field experiment of the O.L.
Dushechkin Department of Agrochemistry and Quality of Crop Production of the National University
of Life Sciences of Ukraine at Biotech LTD (Boryspil district, Kyiv oblast) during 2015-2017. The area of
the registered plot was 40 m?, and the repetition rate of the experiment is 3 times. The placement of
variants is systematic. The research showed that the use of liquid phosphorous fertilizers in the rate of
P . onthebackground of N, K, - showed high economic efficiency in the cultivation of table potatoes
and allowed to obtain a conditional net profit of 54.4 thousand UAH/ha and a profitability level of
59%. The introduction of the starter fertiliser Ca, Mg, B, . into the scheme provoked a rise in economic
indicators relative to the control, but a decrease compared to similar variants without these elements.
The reason for this is the introduction of phosphorus and calcium into one layer of dark grey podzolic
soil, which provoked their interaction and the formation of tri-substituted phosphates, which, in turn,
led to a decrease in yield. The multi-depth application of nutrients in the technologies of growing table
potatoes is a promising area for further study

Keywords: fertilisers, LCF 11-37, calcium, magnesium, boron, operating profit, profitability, fertiliser

costs, yield, start fertiliser, profit

RELEVANCE

Current market conditions require producers
to reduce the costs of growing crops in order
to maximise profits (Lavrov, 2007). However,
modern potato production must still be based
on the latest scientific and technical achieve-
ments: varieties of intensive type, the use of
high-quality seeds (Ostapenko et al., 2020; Bor-
dyuzha, 2019), advanced cultivation techniques,
an effective system of fertilisers and plant pro-
tection products, and a high level of logistics.
These techniques and elements of technology
should be adapted to individual soil and climat-
ic zones (Bordyuzha, 2019).

One of the important conditions for the
selection and application of certain agrotech-
nical measures in potato cultivation technolo-
gy is to obtain high yields, maximum net prof-
it and a high level of profitability. The main
task that remains to be solved is achieving
the highest quantity of products of appropri-
ate quality per unit area at the lowest labour
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and money costs (Khodakovsky et al, 2006;
Shchitkin, 2004). Among the agrotechnical
methods for growing table potatoes, the use of
fertilisers is one of the most expensive items
(Holubev, 1991). That is why the use of liquid
phosphate fertilisers is one of the most prac-
tical measures in this regard. They are char-
acterized by better mobilisation properties
and availability of nutrients for plants, which
allow for obtaining better results than oth-
er forms of fertilisers (Zinchenko et al., 2001).

However, apart from the form of fertiliser,
achieving balanced nutrition of potatoes not
only with macronutrients but also with me-
so-nutrients is also essential in today's climate
instability, which is the reason for the low yields
of this crop in Ukraine in recent decades. There-
fore, technological solutions that include the
possibility of its initial provision with macro- and
meso-elements are relevant (Bordyuzha, 2019),
therefore becoming the basis of this research.
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ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The key to growing profits from potato farm-
ing is high yields of high quality at reduced
costs. At the same time, according to R.O. My-
alkovsky (2017), Al Fateev and M.A. Zakharo-
va (2005). At the same time, according to R.
Rozhnyatovsky (2019), the main criterion for
managing yield and product quality is an opti-
misation of plant nutrition, which is based on
the principle of nutritional comfort, i.e., the cre-
ation of conditions that eliminate stress caused
by lack of nutrients, ensure positional availabili-
ty of their root system, etc. Therefore, according
to scientists (Koval & Ilchuk, 2019; Hamayunova
et al.,, 2018), the high share of mineral fertilisers
in the structure of potato production costs (19-
21%) requires a constant search for new ways
to reduce the cost of production. This question
was studied by the following scientists: A.V. By-
kin § 1.P. Bordyuzha (2018), VM. Hamayunova et
al. (2018), Fr.V. Ostapenko et al. (2020), R.O. My-
alkovsky (2017) and others. Among the possible
solutions to this issue, they consider local fertil-
isation, foliar fertilisation with microelements,
irrigation, etc. However, the issue of selecting
the optimal physical form of fertiliser, as well as
the possibility of balancing fertilisation systems
with meso-elements, remains unaddressed,
which is what this study aimed to investigate.

The purpose of the study is to establish the
economic efficiency of balanced nutrition plans
for table potatoes with macro- and meso-ele-
ments on dark grey podzolic soil in the condi-
tions of the Left-Bank Forest-Steppe of Ukraine
using liquid phosphorus fertilisers.

MATERIALS AND METHODS
The research was conducted in the field exper-
iment of the O.I Dushechkin Department of
Agrochemistry and Quality of Crop Production
of the National University of Life Sciences of

2)

Ukraine at Biotech LTD (Boryspil district, Kyiv
oblast) during 2015-2017.

The area of the registered plot was 40 m?,
the repetition rate of the experiment is 3 times.
The placement of variants is systematic. The
medium-late variety Mozart (originator HZPC
Holland, the Netherlands) was chosen for the
research.

The soil of the experimental plot is dark grey
podzolic coarse-dusted light loamy on loess. It
was characterised by a slightly acidic reaction
of the soil solution (5.20), low mineral nitrogen
content (13.4 mg/kg), a high degree of provision
of mobile phosphorus (168 mg/kg) and potassi-
um (174 mg/kg) and an average — exchangeable
calcium (742 mg equivalent/100 g of soil) and
magnesium (1.64 mg equivalent/100 g of soil).

The experimental design included the fol-
lowing fertilisation schemes:

1. No fertilisers (control);

2.N,_ P.K__ (Rlcf;

120™ 3577180
3.N_ P _K__ (Rlcf);
(Rlcf);

120~ 70 "180

4' N120P105K180

5.N,,,Rlcf K, Ca, Mg B . (p.Ca, Mg);

6. N, Rlcf, K . Ca, Mg B, . (p.Ca, Mg);

7. N120RICf105Klsoca21MglsB1.5 (p.Ca, Mg);

The following fertilisers were used in the ex-
periment: ammonium nitrate (DSTU 7370:2013),
LCF 11-37 (TU - 2186-627-00209438-01), potas-
sium sulfate (GOST 4145-74), magnesium sul-
phate, Bospholyar Boron (B-21%). The cost-ef-
fectiveness was determined at the prices of
2015-2017.

RESULTS AND DISCUSSION

Applying liquid forms of phosphorous fertilisers
is a cost-effective measure. This study revealed
that the use of liquid phosphate fertilisers at the
rate of P,, had a positive impact on economic
efficiency (Figures 1 and 2). Operating profit at

Plant and Soil Science (12)1



Bykin et al.

this rate of phosphorus reached 18.2 thousand
UAH/ha with a profitability level of 20.2%. As
the rate of phosphorus fertilisers increased,
production costs also increased (Fig. 3), but
the effectiveness of these fertilisers result-
ed in higher yields of table potatoes, which in
turn contributed to high profits. With the use of
LCF 11-37 in the rate of P, the conditional net
income amounted to 301 thousand UAH/ha

Operating profit, UAH/ha

30719 18227

13788

1757

54438

(33.0% profitability). The highest performance
indicators were shown by the variant with the
application of LCF 11-37 in the rate of P, in
combination with N, K, ., where the operating
profit was 54.4 thousand UAH/ha and the prof-
itability level is 59%. In the control, the cost of
cultivating potatoes exceeded the value of the
harvest by 19.7 thousand UAH (Fig. 3), so there

was no profit in this variant.

m NipoP3sKigo (Plcf)
B NipoP70Kigo (Plcf)

m NipoPiosKigo (Plcf)

30107

B NypoPlcf 35KigoCan MgisBis (p.Ca,Mg)
B NioPlef70Ki50Ca2 MgisBis (p.Ca,Mg)

B NipoPlef 105Ki80Caz Mgi1sBis (vaa,Mg)

Figure 1. Operating profit generated by cultivating table potatoes of the Mozart variety
using macro- and meso-elements in fertilisation systems, 2015-2017

Profitability level, %
20.2

32.7

14.8

19

m NipoP3sKigo (Plcf)

m Ni2oP70Kigo (Plcf)

33

= NipoP1osKiso (Plcf)
m NipoPlcf55Ki50Cay MgisBis (P~Ca,M8)

m NioPlcf 70K 50Caz MgisBi s (p.Ca,Mg)

m NipoPlcf 105Kig0Ca MgisBy s (p.Ca,Mg)

Figure 2. The level of profitability of the cultivation of the Mozart variety table potato
using macro- and meso-elements in its fertilisation systems, 2015-2017
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@ Fertilizer costs and application, UAH/ha
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Figure 3. Production costs related to the cultivation of table potatoes
of the Mozart variety using macro- and meso-elements in its fertilisation systems, 2015-2017

The introduction of fertilisers with calcium,
magnesium and boron into the fertiliser system
resulted in an increase in production costs by an
average of 16,025 UAH/ha (Fig. 3) and an increase
in profitability as compared to the control. At the
rate of P, with Ca, Mg B, ., this economic indi-
cator was 1.9%, at the rate of P, and P, - 14.8%
and 32.7%, respectively. However, due to lower
yields (Fig. 4), which were caused by a decrease
in the amount of available phosphorus in the
soil, as phosphorus and calcium were applied

in one layer, along with higher production costs,
these options were less profitable than those
using only NPK. Thus, when using N, Rlcf, K-
150Ca,,Mg.B, . (p.Ca, Mg) yield decreased by 2.9 t/
ha (fig. 4) compared to the same variant without
meso-elements with an increase in production
costs by 1,770 UAH/ha (fig. 3), when N, Rlcf, K-
150Ca,,Mg,.B, . (p.Ca, Mg) was applied: -4.8 t/ha of
potato tubers and +1675 UAH/ha of costs, N, RI-
cf ..K,;,Ca,,Mg, B, . (p.Ca, Mg): -7.3 t/ha of tubers

1057180

and +1550 UAH/ha of expenses.
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Figure 4. The yield of table potatoes of the Mozart variety when cultivated on dark grey podzolic soil,
2015-20107

CONCLUSIONS

The application of liquid phosphorus fertilisers
in the rate of P, in combination with N, K, .
showed high economic efficiency in the culti-
vation of table potatoes and allowed to obtain
an operating profit of 54.4 thousand UAH/ha
and a profitability level of 59%. The introduc-
tion of the starter fertiliser Ca,Mg, B, . into the
scheme provoked a rise in economic indicators

relative to the control, but a decrease compared
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to similar variants without these elements. The
reason for this is the introduction of phosphorus
and calcium into one layer of dark grey podzol-
ic soil, which triggered their interaction and the
formation of tri-substituted phosphates, which,
in turn, led to a decrease in the yield of potato
tubers. The multi-depth application of nutrients
in the technologies of growing table potatoes is a
promising area for further study.
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A.B. BUKin

[LOKTOp CiNlbCbKOroCnoAapCbKMX HayK, Mpodecop, YNeH-KopecrnoHAeHT
HaujioHanbHOT akagemii arpapHuX Hayk YKpaiHu

HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHK
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

.M. bopAatoxa

KaHanAaT CiibCbKOrocnoLapCcbKmMx HaykK
HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

H.MN. bopatoxka

KaHaWAaT CilbCbKOroCnoAapCbKMX HayK, AOUEHT
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kinis, YkpaiHa

H.M. BukiHa

KaHamAaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

EKOHOMiYHa epeKTUBHICTb 36a1aHCOBaHUX CUCTEM YAOGPEeHHA

KapToni CTONOBOiI MaKpo- i MesoeneMeHTaMm
Ha TeMHO-CipoMy onif30/1eHOMY FPYHTI
3 BUKOPUCTaHHSAM piakux ¢ochopHux no6pms

AHoTauisa. CyyacHi pHKOBi yMOBY BUMAralOTh Bil BUpOOHMKIB MiHiMi3alil BUTpaT Ha TEXHOJIOTIUHI
MPOLIECH BUPOIIYBAaHHA CUTBCHKOTOCIONAPCBRUX KYIBTYp [Ji OTPUMAHHA MaKCHUMAJIBHOTO
pubyTKy. OOHIEI0 3 BaXKJIMBHUX YMOB BUOOPY Ta 3aCTOCYBAaHHS THX UM IHIIMX arpoOTeXHIYHUX
3aXOJIiB Y TEXHOJIOTIl BUPOIIyBaHHS KapTOIUIi € OTPMMAaHHS BHCOKHX BPOJKalB, MaKCHUMAaJIbHOTO
YUCTOTO NPUOYTKY Ta BUCOKOTO pIiBHA peHTabenbHOCTL. Cepell TEXHOJIOTIYHMX ITPUMOMIB

BUPOILIYBAaHHSA CTOJIOBOI KapTOIUIi 3aCTOCYBaHHA JOGPUB € OJHIEI0 3 HAMAOPOKYUX CTaTel. ToMy
3aCTOCYBaHHA pimKux pochopHUX JOO6PUB Ta baIaHCyBaHHA CUCTEM YI06pEeHHS Me30eIeMeHTaM1
€ OIHUM i3 HaWMepCHeKTUBHIIINX 3aXO0/iB y I[bOMY IUIaHi. MeToio HOCiIKeHb 6yJI0 BU3HAYEHHS
€KOHOMIUHOI epeKTUBHOCTI cuCTeM 36aJIaHCOBAHOIO JKUBJIEHHSA KapTOILUI CTOJIOBOI MaKpo- Ta
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Me30eJiIeMeHTaMU Ha TEMHO-CipOMy OITiI30/IeHOMy IPyHTI B yMoBax JIiBobepeskHoro JlicocTerry
VKpaiHu 3 BUKOPUCTaHHAM pigkux docdopHUX Ho6pUB. JOCTiIKEHHA IPOBOAIN B IIOJIEOBOMY
Jocnipi kagempu arpoximil Ta AKOCTI TpoAyKLii pociuHHMLTEA iM. O.1. [IyureuriHa HallioHaIbHOTO
yHiBepcuTeTy 6i0pecypciB i MprpomoKOpUCTyBaHHA YRpaiHu Ha 6a3i TOB «BioTex» (BOpUCIIIbCHRU
parioH, KuiBcbka o06sactb) mpotarom 2015-2017 pokis. ITtomra 06,1iKoBoi AiISHKY cCTaHOBIIIA 40 M2,
TIOBTOPHICTB AOCIAY — 3-KpaTHa. Po3MillleHHs BapiaHTiB — cucTeMaTU4He. [IoCITiI)KeHHA [I0Ka3ay,
II0 3aCTOCyBaHHA Difikux ¢ocdopHUX nobpus y HopMi P, Ha ¢oni N, K, IIOKa3ajo BHCOKY
€KOHOMIUHY epeKTUBHICTE IIpY BUPOIIyBaHHI KApTOIUIi CTOJIOBOI Ta JO3BOJIMJIO OTPUMATH YMOBHUM
YUCTUM TIPUBYTOK 54,4 TUC. IpH/Ta Ta piBeHb peHTabembHOCTI 59%. BHECEHHS B CXeMY CTapTOBOTO
nobpusa Ca,Mg B . CIPUYMHWIO 3POCTAaHHS EKOHOMIUHMX MOKA3HUKIB BIHOCHO KOHTDOIIO,
asie 3HMWKEHHA OPIBHAHO 3 aHAJIOTTYHMMU BapiaHTaMu 6e3 IuX eJIeMeHTiB. [[pUYMHOI0 LHOTO €
BHeceHHS pochopy Ta KaJbLiio B OLUH IIap TEMHO-CIpOro OIIiZi30JIEHOT0 IPYHTY, LII0 CIIPOBOKYBAJIO
ix B3aeMoZiio Ta yTBOpeHHs Tpu3aMimnieHux ¢ocdaris, IKi, B CBOIO Uepry, IpHU3BeIU A0 3HKEHHS
BPOJKAMHOCTI. [IepCIIeKTUBHUM HAaIIPIMOM IIOHAJIBUINX AOCIIIKEHD € Pi3HOIMU6UHHE BHECEHHS
TIO’KMBHUX PEYOBUH Y TEXHOJIOTISIX BUPOIIyBaHHS KapTOILIi CTOJIOBOL

KniouoBi cnoBa: mob6pusa, LCF 11-37, KaJbliif, MarHii, 60p, OIepaliiHui IpUGYTOK,
peHTabebHICTD, BUTPATH Ha JO6PUBA, YPOXKANHICTb, CTApTOBE MO6PUBO, TPHU6YTOK
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