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EFFICIENCY OF GROWING MAIZE FOR GRAIN DEPENDING
ON THE METHODS OF PRIMARY TILLAGE

S. M. Dolia
State Biotechnological University, 44 Alchevskykh St., Kharkiv, 61002, Ukraine

Topicality. Climate change and food security necessitate the constant need for efficient use of agro-
chemical and material resources to increase the productivity of agrophytocenoses. To increase the yield of
maize, which plays an important role in global food production, and given the economic crisis caused by the
war, it is necessary to apply energy-saving tillage methods. Purpose. Our study was aimed to determine the
impact of different tillage methods on maize productivity and economic efficiency. Materials and Methods.
The research was conducted at the Dokuchaievske Experimental Field Training and Research and Produc-
tion Centre of the State Biotechnological University, namely at the experimental field of the Department of
Agriculture and Herbology named after O. M. Mozheiko, which located in the Left Bank Forest-Steppe of
Ukraine. Research methods: field trials used to study the methods of primary tillage and determine the grain
yield of maize; calculation and comparison method used to assess the economic efficiency of tillage. Results.
It was found that the grain yield of maize decreased by 0.28 t/ha due to moldboardless tillage with PRN-
31000, local chisel tillage with PCh-2.5 — by 0.50 t/ha, and disking with BDM-2.5 — by 0.63 t/ha, compared
to ploughing with PLN-4-35. The highest maize productivity was in the control variant, where the yield of
feed units and feed protein units was 8.71 and 7.04 t/ha, respectively. When ploughing with PLN-4-35 tool at
a depth of 25-27 c¢m, the highest economic efficiency was achieved at a net profit of 3,650 thousand UAH/ha
and a profitability level of 13.8 %. Conclusions. Soil tillage plays a key role in creating the conditions for
the maize growth and development, which directly affects the economic and energy efficiency of its cultiva-
tion. In the conditions of the Left-Bank Forest-Steppe of Ukraine, the conventional soil tillage with PLN-4-35
at a depth of 25-27 cm is required to obtain high yields and productivity of maize. As an alternative to

ploughing, moldboardless tillage with the PRN-31000 at a depth of 33—35 cm can be used.
Key words: maize, economic efficiency, productivity, yield

Introduction. Maize is a multipurpose
high-yielding crop. Its production volumes in
Ukraine exceed domestic needs, so most of this
crop is exported [1]. For example, Ukraine pro-
duces 31 million tonnes of maize, but according
to USDA forecasts [2], this volume may decline
to 27 million tonnes in 2024-2025. In general,
the area under maize was 4,113,000 ha in 2023,
and the yield achieved 7.8 t/ha [3; 4].

The dynamics of maize cultivation in
Ukraine is closely related to many social and
economic activities: global food security, in-
come and social security, as well as insurance of
harvest, etc. In order for maize cultivation to
have a sufficiently high economic effect, with a
profitability level of 110.9-165.2 %, the crop
should be grown on well-aggregated soil with
sufficient nutrients, moisture, etc. However, it
should be borne in mind that in Ukraine, be-
tween 300400 and 500-600 million tonnes of
soil are annually destroyed by erosion, and up to
10-15 million tonnes of humus, 0.3-0.9 million
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tonnes of nitrogen, 700,000-900,000 tonnes of
phosphorus and 6-12 million tonnes of potassi-
um are removed. Crop yields on such soils tend
to be 20-60 % lower than on non-eroded soils.
Losses from erosion exceed 9—-12 million tonnes
of grain units, and environmental and economic
losses amount to USD 10 billion [5-8].

In the system of technological methods
aimed at increasing the realisation of the pro-
ductive potential of agricultural crops, including
maize, soil cultivation technology plays a signif-
icant role [9, 10]. In particular, conventional til-
lage can reduce soil erosion, labour and fuel costs
[11]. Natural and climatic conditions and the
financial capacity of the farm are also consi-
dered [12]. Thus, in the Forest-Steppe region,
moldboardless tillage is preferred since it im-
proves soil resistance to erosion. However, the
effectiveness of moldboardless tillage for maize
is observed only in the first year, and ploughing
is already preferred in the following years.

Today, classical plough tillage is not used
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anywhere, and more attention is paid to differ-
entiated tillage in crop rotations, including
ploughing, disking, subsurface tillage and chis-
elling [13]. The development of agriculture is
impossible without modern machinery and the
transition to more efficient resource-saving soil
cultivation technologies [14, 15], given that this
also affects the economic efficiency of produc-
tion [16-18].

The purpose of the study was to determine
the economic effectiveness of different methods
of primary tillage and their impact on the yields
of maize for grain.

Materials and Methods. The research
was carried out at the Dokuchaevske Experi-
mental Field Training and Research and Produc-
tion Centre of the State Biotechnology Universi-
ty in 2021-2023. The soil cover of the experi-
mental field was typical heavy loamy cherno-
zem on loess loam [19]. The 0-30 cm soil layer
contains 4.9-5.1 % humus, 81 mg/kg of soil —
easily hydrolysed nitrogen (according to Korn-
field), mobile forms of phosphorus and exchan-
geable potassium (according to Chirikov) — 100
and 200 mg/kg of soil. The content of exchan-
geable calcium cations is 37.8 %, magnesium —
6.6 %, sodium — 0.49 %, potassium — 0.5 %. Soil
reaction: pH water — 7.0, pH it — 5.2-5.6. Ground-
water is located at a depth of about 18 m [20].

The mid-early hybrid DB Khotyn (FAO
280), developed by SE Institute of Grain Crops
of NAAS, was used for the experiment. This
hybrid was included in the State Register of
Plant Varieties of Ukraine in 2013 and rec-
ommended for cultivation in all soil and

climatic zones.

The research was conducted on the third
field of a five-field crop rotation with the fol-
lowing crop rotation: clean fallow — winter
wheat — safflower, maize — winter rye — sun-
flower.

The experiment included the following
variants of primary tillage: 1) ploughing with
PLN-4-35 at a depth of 25-27 cm (control);
2) chisel local tillage with PCh-2.5 at a depth of
33-35 cm; 3) moldboardless ploughing with
PRN-31000 at a depth of 33-35 cm; 4) disking
with BDM-2.5 at a depth of 10-12 cm.

The experiment was repeated three times,
and variants were arranged sequentially. The
size of the experimental plot was 150 m? and
the registration plot was 50 m® Research me-
thods included field, calculation and comparison.

The maize yield was calculated at each
plot of the experiment in terms of grain mois-
ture content of 14 %. The economic effective-
ness was calculated using technological maps
and prices as of December 2023.

Results and Discussions. In 2021-2023,
all methods of tillage were inferior to ploughing
in terms of their effect on maize grain yield. The
moldboardless tillage with PRN-31000 (at a
depth of 33-35 cm) resulted in a 0.28 t/ha de-
creases in yield compared to ploughing, and the
local chiseling with the PCh-2.5 at a depth of
33-35 cm decreased by 0.50 t/ha. A significant
decrease in yield was observed in the variant of
disking with BDM-2.5 (at a depth of 10-12 cm),
where the difference with the control was
0.63 t/ha (Table 1).

Table 1. Productivity of maize for grain depending on the primary tillage method, 2021-2023

Grain vield Yield per 1 ha,t
Methods of tillage the digestible pro-
feed units g tein P feed protein units
Ploughing with PLN-4-35 at
2527 ¢m (control) 6.70 8.71 0.54 7.04
Local chiselling with PCh-2.5 at 6.20 8.06 050 6.51
33-35cm
Moldboardless tillage with
PRN-31000 at 3335 cm 6.42 8.34 0.51 6.74
Disking BDM-2.5 at 10-12 cm 6.07 7.89 0.49 6.37
LSDgs 0.10-0.22

According to S. V. Filonenko [13], a dec-
rease in maize grain yield was also found after
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minimal tillage at a depth of 14-16 cm. However,
the highest yield of 10.5 t/ha in his experiment
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was obtained after chiselling to a depth of 37—
40 cm, which exceeded the value after ploug-
hing by 0.90 t/ha.

Ploughing with PLN-4-35 to a depth of
25-27 cm had a significant advantage over other
variants of tillage in terms of the impact on
maize productivity. Thus, this variant produced
the following product yield per 1 ha: 8.71 t of
feed units, 0.54 t of digestible protein and 7.04 t
of feed protein units. It is worth noting that the
yield of digestible protein was almost equivalent
for the variants of primary tillage. This indicator
varied between 0.49 and 0.54 t, with a decrease
when disking with BDM-2.5 to a depth of 10—
12 cm. Chiselling and moldboardless tillage
ensured the yield of feed units per 1 ha equalled
almost 8.06 and 8.34 t. Disking with BDM-2.5
to a depth of 10-12 cm reduced the yield of feed
by 0.82 t from the control.

Control variant had a comparative ad-
vantage in the vyield of feed protein units
(7.04 1). 1t was found that chiselling and disking
significantly reduced the yield of feed protein
units. The difference between these variants was
insignificant, but chiselling with PCh-2.5 tool at
a depth of 33-35 cm had an advantage as to the
obtained values — 6.51 t of feed protein units.
Studies by A. O. Butenko et al. [21] also indi-
cate the advantage of ploughing in the formation
of silage yield and maize productivity. Thus,
moldboard tillage with PN-3-35 tool to a depth
of 22-25 cm compared to shallow moldboard-
less tillage contributed to the highest feed units,
digestible protein and feed protein units (22.2,
3.37, 27.6 t/ha, respectively).

The assessment of the methods of primary
tillage shows a significant impact of these agri-
cultural practices on basic economic indicators.
M. S. Shevchenko et al. [8] argue that the main
factor in assessing the efficiency is the cost of
fuel and mineral fertilisers, which account for
up to 60 % of energy costs. However, the level
of grain yields and the energy potential of grain
remains a decisive factor in energy effectiveness.

The economic efficiency of maize cultiva-
tion depends on a complex of natural, economic,
technological, scientific and technical, and other
factors [22]. For example, high production costs
for deep ploughing reduce the self-cost and
profitability of production. These data are con-
firmed by B. A. Ternovyi and V. M. Zubko [23],
whose experiments showed that on the cultiva-
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ted area of 196 ha, fuel costs for deep loosening
were 4,704 litres. The cost of such cultivation,
excluding the wear and tear of machinery and
equipment, was 136,416 UAH. Scientists point
out [24] that minimising tillage in maize cultiva-
tion significantly reduces the cost of fuel and
energy resources, in particular, with chisel till-
age by 8.3 I/ha and subsurface tillage by 13.8—
14.8 I/ha, while profits increase by 127-132 and
161-279 UAH/t, respectively, and production
profitability by 6-13 %. There is also evidence
that these tillage methods save, in particular,
fuel and energy resources: with chisel tillage —
7.0-8.3 I/ha, subsurface tillage — 17.4-22.1,
disking — 15.7-17.6 I/ha, which had a positive
effect on increasing the net operating profit and
the profitability of grain production to 81.3—
121.0 %.

In our studies, the economic efficiency of
growing maize for grain, depending on the
methods of primary tillage, was determined on
the basis of technological maps, considering
costs of labour, seeds, plant protection products
and fertilisers, as well as the products obtained.
The calculations were made according to the
purchase prices set at December 2023. The cal-
culations show that fuel costs differed between
the research variants, given the depth of tillage
and maize yield. The highest fuel costs were
25 I/ha for maize cultivation in the variant with
ploughing to a depth of 25-27 cm (Table 2).

Despite the rather high costs of ploughing
compared to other variants of tillage, this meth-
od was the most economically profitable, in
particular, the highest value of net operating
profit was 3,650 UAH/ha. The use of mold-
boardless tillage to a depth of 33-35 cm brought
this indicator closer to the control with a differ-
ence of 1,000 UAH. S.V. Taranenko et al. [25]
also proved the expediency of ploughing, as
shown by 125 % profitability and net income
per 1 ha, which is 3,480 and 6,920 UAH higher
compared to the subsurface tillage and surface
tillage. Such results were obtained by M. S. Shev-
chenko et al. [8], who found that the replace-
ment of deep moldboard tillage with soil protec-
tion moldboardless tillage reduces production
costs from 1,022 to 681 UAH/ha.

Disking to a depth of 10-12 cm was the
least expensive agrotechnological operation.

Thus, the fuel and cost consumption was
only 12 I/ha and 645.6 UAH/ha, respectively,
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Table 2. Economic efficiency of growing maize for grain depending

on the method of primary tillage, 2021-2023

I R - I N
tillage, I/ha UAH/ha !
2527 om (ool | 670 25 13000 | 3500 | 138
E%CZ: 22'_53?!-,';22 with PCh- 6.20 17 1055.0 1800.0 6.9
E”Q,Ld‘;,i%rggegf ;'3!'2956 C",‘gth 6.42 21 1248.0 2650.0 10.1
aDtiilSi_nfzi?nM'z's 6.07 12 645.6 1615.0 6.3

but such low indicators did not give a high eco-
nomic benefit. Disking and local chiselling crea-
ted the worst conditions for maize growth and
development. Low yields on these variants did
not provide for high profits, so the profitability
level was the lowest 6.3 1 6.9 %, respectively.
Similar results were obtained by M. S. Shev-
chenko et al. [8], which showed that minimising
tillage also led to a reduction in production
costs, but there was no economic effect. The
positive impact of ploughing on the yield of
crops in the crop rotation resulted in the highest
profitability of production (20.7-245.2 %).
However, calculations by O. I. Tsiliuryk [26]
show that minimised tillage during maize culti-
vation allows to significantly reduce the con-
sumption of fuel and energy resources com-
pared to chiselling by 8.3 I/ha, and to subsurface
tillage by 14.8 I/ha, with increasing profitability
by 9.0-12.6 %. Analogous results were obtained
in the studies of A. O. Butenko et al. [21], who
found that the moldboard tillage in maize culti-
vation provided a net profit of up to 1,950
UAH/ha and a maximum level of profitability of
44.1 %. However, a number of authors, such as
N. Didenko et al. [12] note that ploughing in
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VJIK 631.51.021/.631.55:633.15
Hona C. M. Edexmusnicmo eupouiyéanns KyKypyo3u Ha 3€PHO 3A1€HCHO 8i0 Cnocodie 0CHOBHO20
006pobimky rpynmy. 3epnoei kynomypu. 2024. 8 (1). 172-177.

Heporcasnuii biomexnonociunuil ynisepcumem, 8yn. Anuescokux, 44, m. Xapxis, 61002, Yrpaina

AKTyajbHicTh. 3MiHa KIIMaTy Ta 3a0e3MeYeHHS MPOAOBOJBYOI OE3MEKH 3YMOBIIOIOTH IOCTIHHY
HEOOXiHICTh €(PEeKTHUBHOTO BUKOPHUCTAHHS arpOXiMiYHHMX 1 MaTepiaJbHHUX PEcypciB IUIS MiJBUILEHHS MPO-
IOYKTUBHOCTI arpogitoueno3iB. s miABHIEHHS! BPOXaWHOCTI KyKYpYA3H, sIKa Bifirpae BaXIUBY pPOJb Y
CBITOBOMY BHPOOHHIITBI MPOAYKTIB Xap4UyBaHHS, Ta BPAXOBYIOUH €KOHOMIUHY KpHU3y 3yMOBJIEHY BiiHOIO,
BUHHWKAa€ HEOOXiTHICTh 3aCTOCOBYBATH €HEPTOOIIaIHI criocodu 0O6poliTKy IpyHTy. MeTa. BusHaunTn BIinB
Pi3HUX CIIOCOOiIB OCHOBHOTO 00pOOITKY IPYHTY Ha POJYKTUBHICTD KYKYPYA3H Ta €EKOHOMIUHY €()EeKTHBHICTh
BuponryBaHHsI. Marepiaau Ta Meroau. JlochmiDkeHHS TPOBOAWIM Ha 0a3i  HaBYAIbHO-HAYKOBO-
BUpOOHNYOTO LIeHTpY «/ocmimae mone «/{oxydaeBchbke»» [lepikaBHOTO 0G10TEXHOJIOTIYHOTO YHIBEPCHTETY,
Ha JoCIiTHOMY Mo Kadempu 3emiiepodctBa Ta repOosorii iMm. O. M. Moxeiika, sKe pO3TalllOBaHE Y
JliBoGepexxnomy Jlicoctemy Ykpainu. Metoam IOCHTIKEHBb: TMOJBOBI — BHBUYEHHSI CIIOCOOIB OCHOBHOTO
0o0poOITKY TIpPYHTYy Ta BHU3HAYEHHS BPOKAWHOCTI KYKypyI3W Ha 3€pHO; pPO3PaXyHKOBO-TIOPIBHSUIBHI —
€KOHOMIYHA OIliHKa e(peKTHBHOCTI 0OpoOITKIiB IpyHTY. Pe3yabTaTu. BeTaHOBNIEHO, IO MOPIBHSHO 3 OPaHKOIO
[TJIH-4-35 BpoxaifHicTh KyKypyn3u 3a 6e3nonuieBoro oopoditky [TPH-31000 3nusunacs na 0,28 1/ra, 3a
qu3eNbpHOTO JIoKanpHOTo [14-2,5 — Ha 0,50 1/ra i npu auckyBanHi BJIM-2,5 — Ha 0,63 1/ra. Kykypynza Ha
KOHTPOJIBHOMY BapiaHTi Malla HaWBHUIIY MPOJYKTHBHICTh, BUXiJ KOPMOBHX i KOPMOIIPOTEIHOBHX OJWHUIIH
ckiaB 8,71 1 7,04 1/ra BiamosinHo. HaiiBuioi ekoHOMiIuHOI e(h)eKTHBHOCTI OyJI0 JOCSATHYTO MPH NMPOBEICHHI
opanku 3HapsnasiM [1JIH-4-35 Ha rmbuny 25-27 cm 3 unctuM npudyTkoM 3650 rpH/Ta Ta piBHEM peHTa-
6enmpHOCTI 13,8 %. BucHoBku. OOpoOiTOK IPYHTY Biirpae KIOYOBY poiib Y (pOpMyBaHHI YMOB IUIS POCTY i
PO3BUTKY KYKypyI3H, Ii¢ 0e3MocepelHbO BIUIMBAE HAa EKOHOMIYHY U EHepreTHMYHy eQeKTUBHICTH ii
BupoinyBanHs. B ymoBax JliBobepexHoro Jlicoctermy YkpaiHu Iuis OTprMaHHS BHCOKOI BpOXKaHHOCTI Ta
MPOJYKTHBHOCTI KYKYpY/I3U HEOOXiTHO MMPOBOANTHU TpanuiliiHuil 00pobiTok rpyHTy [1IJIH-4-35 Ha rmubuny
25-27 cMm. Slk anpTepHATHBY OpaHIli MOXKHA 3aCTOCOBYBaTH Oe3nomuresuit 0opoditox I[TPH-31000 Ha rm-
ouny 33-35 cm.

Kniouosi cnosa: kykypyosza, eKoHOMIuHa eeKmMusHicms, nPOOYKMUBHICHb, YPOICAUHICMY
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