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Abstract. In the Ukrainian economic conditions there is a competition between
producers of the crops products and it caused their competitiveness in national and
international markets. This causes increasing of the farm efficiency. One of the ways for
increasing of the farm efficiency is minimization of the soil tillage and rational use of
fertilizers. So, the rational fertilizers application for different soil tillage was researched.
There were ploughing and mini-till and no-till and split formation. The effect of the
ammonium nitrate application and UAN solution on background of the phosphate-
potassium fertilizers were researched for these types of soil tillage. These factors were
researched for next crops: corn, soybean and spring wheat. For corn the rate of mineral
fertilizers was N140P100K100, for soybean it was N60P60K60, for spring wheat it was
N100P80K80. Results indicate that the optimal soil tillage for all crops was split formation.
And better nitrogen fertilizers were urea-ammonium nitrate solution for two crops
(soybean, spring wheat) because in these variants was maximal profitability in these crop
production system. It was 95.0 % for soybean and 58.1 % for spring wheat. For corn the
best fertilizers were ammonium nitrate where was maximal profitability (54.7 %).

Keywords: ammonium nitrate (Naa), urea-ammonium nitrate solution (UAN), soil
tillage, agricultural crops.

Introduction. stant price increasing for technological
resources cause change same elements
of the crop production systems and theirs

whole. A reserve in this direction can be

The modern economic challenges in
Ukraine’s agriculture are unreasonably

impulse producers to search energy-sav-
ing crop production system. Unstable
pricesfor the crop production andcon-

only a transition to new principles of cul-
tivation, which provides a positive eco-
nomic effect on the background of the
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use of scientific and practical achieve-
ments (new varieties and hybrids, tech-
nologies, high-efficiency fertilizers, plant
protection products, etc.). However, the
introduction of such technologies should
have a positive effect on the soil fertility
and nutrition conditions for crops, and,
consequently, on the growth and devel-
opment of plants.

The research and publication
analysis.

For many years, mechanical soil
cultivation has been at the center of the
scientific debate. The main part of the
cost of resources and energy in the pro-
duction of crop products take place for
it implementation. Significant environ-
mental losses and economic losses lead
to the need for optimization and adapta-
tion of land management [1].

In the agriculture of the countries
in the world (Canada, USA, Argentina,
China) there is a transition from an-
thropogenic, resource-intensive and de-
structive methods of soil tillage for eco-
systems to soil protection, adaptive soil
tillage systems. These new systems are
characterized by a partial or complete
abandonment of the plowing and lack of
vertical mixing of the arable layer and
minimal violation of the soil cover by
agricultural machines and compulsory
mulching, that is, the use of plant res-
iduesfor protectionof the upper fertile
layer from the detrimental effects of the
energy of water and wind, and saving
of the soil moisture from unproductive
evaporation[2]. Traditional soil tillage
systems do not always meet the current
ecological and economic requirements.

Minimizing soil cultivation, in this
aspect, is an approach that requires long-
time action and significant changes in
traditions. On the one hand, its wide im-

plementation is possible.And on the other
hand, a certain agronomic, ecological and
socio-economic basis is needed. This is
especially true for new knowledge about
the processes, occurring in soils, and
plants for implementing the above-men-
tioned technologies. At first glance, it
seems that the reduction of technological
processes in the soil tillage system results
a direct saving of resources.But it may not
always be a reason for lowering the cost
of production and obtaining a cost-effec-
tive result. After all, the changes in soil
cultivation and fertilizer system affect
directly the environment that is the basis
of plant growth and development. Not al-
ways such a way provides an optimization
of such conditions. Therefore, the transi-
tion to conservative soil practices must
necessarily be grounded.

From an economic point of view, the
use of no-till can be unprofitable in the
first years of implementation. At first
glance, this method is limited to 3-4
processes: fertilizer application and pes-
ticides application, sowing and harvest-
ing. But the analysis of typical operating
crop production system shows that it is
necessary to apply an increased amount
of herbicides and increasedof the rate of
nitrogen fertilizersby 10 - 20% [3].

For switch to no-till, it is necessary to
disposable large amounts of money for a
direct sowing seed drill. Its mass (200-
300 kg on a disk knife) and working
bodies can provide high-quality seeding
of seed in arable-free soils. The price of
different sowing machines with different
trapping widths and a set ranges from
30,000 to 300,000 $, which can become
a serious problem for farms in Ukraine.
However, the use of only one seed drill
contributes to an increase of the produc-
tion over the whole complex of works for
1 hour from 2.4 ha for plowing up to 14
ha for no-till in average [4].
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The no-till gives some economic
benefits in the early years. They relate,
first of all, to reducing the cost of fuel
and lubricants, human labor and depre-
ciation of machinery and tractor park
[5]. The analysis of economic efficiency
of production of crop products for no-
till showed that the technical load is re-
duced by 2.4 times, and fuel consump-
tion is decreased by 2 times, man-year is
decreased by 2.3 times.According to G.
Sini et al. [4] the deepening of soil culti-
vating machines by 1 cm increases fuel
consumption by an average of 1 1/ha.

Getting higher returns for no-till
provides less yield than plowing. Ac-
cording to calculations N. Sapre et al.
[6] this indicator for traditional corn
growing technology should be 7.0 t/ha
(+20 $) and for no-till should be enough
4.0t/ha (+390 $).

To obtain high economic perfor-
mance, long-term usage of no-till is
necessary [7]. During the 10-year pe-
riod, the number of weeds is gradually
decreasing, biological protection from
pests and diseases is increasing, and the
layer of plant resides is grown. In par-
ticular, in LLC “Agromir” the yield of
corn was 9.0 t/ha. Significantly lower
costs of cultivation.The level of profit-
ability reached 115 % [8].

Thus, no-till has energy and economic
benefits already in the first years of cultiva-
tion. This is due to the refusal of the energy
and cost-effective technological processes
such as plowing. Lack of soil cultivation
causes reduction of soil losses from ero-
sion. But, there is a need for additional
application of nitrogen fertilizers and plant
protection products. So, the question of
optimizing the supply conditions for min-
imizing soil tillage is relevant.

The main goal for complex investiga-
tionisto research the influence of different
systems of soil tillage and fertilizers appli-

cation economic efficiency for short crop
rotation with the following alternating
crops: spring wheat; corn; soybean

Material and Methods.

The field trials were located in LLC
“Biotech LTD” in Forest-Steppe in
Ukraine and were made between 20012
and 2014 by Department of Agrochem-
istry and the quality of crop products
NULES.The field trials included four
variants of soil tillage and two variants
of fertilizer application. The soil tillage
was plowing, mini-till, no-till and split
formation. The recommended fertilizers
rates were applied under crops. The two
forms of the nitrogen fertilizers were re-
searched: solid (ammonium nitrate) and
liquid (urea-ammonium nitrate solution
(UAN)). The field trials are located on
the dark-grey podzolic soil.

Hybrid corn Emily F1 (Originator
KWS, Germany) was sown with a seed
rate of 80,000 seeds / ha.Variety spring
wheat Ziomoyarka was sown in rate 20
kg / ha and variety soybean Merlin was
sown in rate 90 kg/ha. The sowing area
was 70 m? and accounting was made
from 60 m?. The arrangement of the re-
search plots was systematic in tree rep-
lication. The crop harvesting was made
in every variant apart. The mathematic
estimation of research results was made
by dispersion analysis.

Results and Discussions.

In economic conditions in Ukraine
there is increased competition between
the foreign producers of the crop prod-
ucts and national producers on the
Ukrainian and international markets. It
is need increasing of the economic farm
effectiveness. In the side, the agricultur-
al producers have limited resource po-
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1. The economic efficiency of the fertilizers application for different types
of soil tillage for corn (Emilio F,)

Crops fertilizers Crop Crop yield | Producer | Reve- | Profitabil- | Payback,
system yield, t/ha | price, $/ha | costs, $/ha |nue, $/ha| ity, % $/$
plowing (25-27 cm)

NP 10K o0 (AN) 10.4 589.33 411.31 178.02 433 0.43
NP 100K 00 (WAN) 10.4 589.33 404.58 184.76 45.7 0.46
mini-till (12-14 cm)

NP 0K oo (AN) 9.92 562.13 408.79 153.55 37.6 0.38
NP 0K o (UAN) 9.73 551.37 391.42 159.95 40.9 0.41
no-till
NP oK g0 (AN) 104 589.33 403.62 185.71 46.0 0.46
NP 0K oo (UAN) 9.96 564.40 394.61 169.79 43.0 0.43
split formation (38-cm)

NP 100K o (AN) 11.3 640.33 416.63 223.71 54.7 0.55
NP 0K 0o(UAN) 10.2 578.00 409.81 168.19 41.0 0.41

tential and every day the prices of the
basic compounds of the crop production
systems are increased. So, minimization
of the soil tillage and selection of the
rational forms of the mineral fertilizers
are one of the optimal ways for improve-
ment of the economic efficiency of the
plant growing. Soil no-till, such as soil
tillage, provides maximal decreasing of
the physical influence on soil. But, for it
positive effect on the soil fertility there
is long period.

In our researches there is determined
that producer costs for corn growing
were decreased in the conditions of the
minimizing of soil tillage (table 1). This
index was decreased by 4.73-7.67 $ / ha
in comparative to plowing and mini-till
when ammonium nitrate was applied
and by 9.97-11.1 $/ ha in variant with
UAN application. It should be note, corn
is high cost crop and for seeds price in
2012-2014.The level of the profitability
did not increase more than 54.7 %, but it
was not less 37.6 %. The maximal index
was gotten for soil split formation with

AN application and minimal index was
for mini-till with this fertilizer.

Payback of the producer costs in
conditions of the no-till was similar
to index for plowing regardless from
forms of nitrogen fertilizers. It was less
for soil mini-till.

So, for implementation of the re-
source-save soil tillage, the economic
parameters, that are characterized the
farm revenue, were similar or more in
comparative to plowing and producers’
costs was less.

The indexes of economic efficien-
cy of the soybean growing on dark-grey
podzolic soil depended from forms of the
nitrogen fertilizers application and types
of soil tillage. Producers costs for soybean
growing is decreased in conditions of the
mini-till (297.46 $/ha) in variant with
AN application (table 2). It was 298.40
$/ha in variant with UAN application.
The no-till caused decreased the produc-
ers’ costs even more. They were 289.67
$/ha for AN application and 285.92
$ / ha for UAN solution application.
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2. The economic efficiency of the fertilizers application for different types
of soil tillage for soybean (Merlin F))

Crops fertilizers Cropyield, | Cropyield | Producer | Revenue, | Profitabili- | Payback,
system tha price, $/ha | costs, $/ha $/ha ty, % $/3
plowing (25-27 cm)

N, Py oKy, (AN) 3.87 554.21 301.67 252.54 83.7 0.84
NPy K, (UAN) 431 598.66 297.86 300.80 101 1.01
mini-till (12-14 cm)

NP, K, (AN) 3.60 500.04 297.46 202.58 68.1 0.68
NP, K, (UAN) 3.61 501.43 298.40 203.03 68.0 0.68
no-till

N, P, K, (AN) 2.82 391.70 289.67 102.03 352 0.35
N,,P,.K, (UAN) 332 461.15 28592 17523 61.3 0.61
split formation (38-cm)

N, P, K, (AN) 421 584.77 305.85 278.92 91.2 0.91
N, P K, (UAN) 429 595.88 305.56 290.32 95.0 0.95

The minimization of soil tillage and
soil no-till caused changes of the soil
physical properties. The soil density was
increased and it is caused negative effect
on soybean productivity. So, the seeds
yield and yield cost were less. And it de-
creased the level of profitability of the
soybean growing. It was 68.1 % in vari-
ant with AN application and 35.2 % for
no-till in variant with UAN application.

The producers’ costs were increased
to 301.67 $/ha in conditions of the
soil plowing and AN application and to
305.85 $/ha in conditions of the soil
split formation for fertilizers application
of the ammonium nitrate. But, in these
variants were better seeds yield and it
caused high level of the profitability.
Using of the UAN for these variants of
the soil tillage caused profitability 101 %
(plowing) and 91.2 % (split formation).

The minimization of the soil tillage
for spring wheat caused effective using
of the resources and of the producers’
costs. For minimization of soil tillage,
seeds yield costs increased and was

234.62-268.84 $/ha (table 3). It was
caused by seeds yield level in these
variants. The AN application caused
increasing of the seed yield cost in
comparative to UAN application for all
types of soil tillage.

The costs of the soil tillage are grave
in the producers’ costs. In conditions of
our field trials no-till caused minimal
producers costs for spring wheat growing
(163.40-169.59 $/ha). And there were
maximal producers’ costs for plowing
(187.46-201.33 $/ha). For soil mini-till
the producers’ costs increased in compar-
ative to no-till and were 171.37-177.65
$ / ha. This index for soil split formation
was more too. [t was 173.13-190.48 $ / ha.

The UAN application caused less
producers costs in comparative to am-
monium nitrate. It is caused by fertiliz-
ers price and specific of its application.
The producers’ costs in variant with
UAN application were 163.40-187.45
$ / ha for different types of soil tillage.
And invariant with AN application it’s
were 169.59-201.33 $ / ha.
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3. The economic efficiency of the fertilizers application for different types
of soil tillage for spring wheat (Zymoiarka)

Crops fertilizers Crop Cropyield | Producer | Revenue, |Profitabili- | Payback,

system yield, t/ha | price, $/ha | costs, $/ha $/ha ty, % $/$

plowing (25-27 cm)

N, o,PKy (AN) 3.61 22057 | 20133 19.24 9.56 0.10

NioPsoKeo (UAN) [ 3 95 24135 | 18746 53.88 28.7 0.29

mini-till (12-14 cm)

NiooPsoKso (AN) 384 | 23462 | 17765 | 5697 32.1 0.32

NioPulo UANY T 440 | 26884 | 17137 | 9747 569 0.57

no-till

NigoPiKsy (AN) 34 24073 | 16959 | 7115 420 0.42

NioPoRKo UAN) | 414 | 25234 | 16340 | 8894 54.4 0.54

split formation (38-cm)

NpoPsoRso (AN) 450 27495 | 19048 84.47 443 0.44

NiooPsoKso UAN) | 448 27373 | 17313 | 100.59 58.1 0.58
The level of the producers’ costs and Conclusions.

seed yield price caused minimal revenue
in conditions of the plowing of the dark-
grey podzolic soil. It was 19.24-53.88
$ / ha. For mini-till it was more by 1.8-3.0
times in comparative to plowing (56.97-
97.47 $ / ha). For no-till revenue increased
by 1.7-3.7 times in comparative to mini-
till. Maximal revenue was gotten in variant
with soil split formation. It increased by
1.2 times to no-till and by 1.5 times to
mini-till and by 1.9-4.4 times to plowing.

For UAN application revenue
increased for all types of the soil tillage
in comparative to AN application. It is
caused decreasing of the producers costs
on fertilizer application and fertilizers
price. It was 53.88-100.59 $ / ha.

Minimal profitability is caused by mini-
till. It was 9.56-28.7 % with payback in 0.10-
029 $/$. For mini-till these indexes are
increased to 32.9-56.9 % and 0.32-0.57$/8.
No-till caused profitability to 42.0-54.4 % and
payback to 0.42-0.54 $/$. Maximal level of
these indexes was gotten for soil split formation.
It was 44.3-58.1 % and 0.44-0.58 $/ $.

The using of the minimal soil tillage
caused decreasing of the producers’ costs
for the crop production systems in crop
rotation “corn-spring wheat-soybean”
to soil plowing. The profitability for
soybean growing and wheat growing
was better in conditions of the soil split
formation with UAN application. It was
95.0 % and 58.1 %. But,the maximal
profitability for spring wheat was 101
% when this crop had growing under
plowing with UAN application. For
corn growing there is not synonymous
result. The maximal profitability was
54.7 % for split formation and AN
application.

So, these aspects will require
future researches. And, since the UAN
application in minimization of soil
tillage provided decreasing of the
producers’ costs, it is necessary to further
research the changes in soil properties
and plant nutritional conditions in these
soil tillage systems.
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5. Derpsh, R. (2008). No-till dlia fermera
(yz opsbita, nakoplennoho v Latynskoi
Ameryke) [No-till for fermers (the practice
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AHomayisa. B eKoHOMiYHUX yMOo8ax YKPaiHU € KOHKYPEeHYish Mix 8UpobHUKamu npolyKyii poc-
AUHHUUMBA, AKA 0OYMOB/IOE iX KOHKYPEHMHOCHIPOMOXCHICMb HO 8HYMPIWHbOMY | MiXHApOOHOMY
puHKax. Lle 3a6e3nevye ekoHOMIYHy eheKmusHicme 2ocriodapcme 8 uiniomy. OOHUM i3 winsxie niosu-
WweHHA eKoHOMIYHOT echekmusHoCcMi 2ocrodapcme € MiHimizayis 06pobimky rpyHmy i pauioHansbHe
suKopucmaHHa 0obpus. Camve momy Hamu 6ya0 00CNiIOHEHO PayioHaAMbHE BUKOPUCMAHHA 006pus
3a pi3HuUx criocobis 0bpobimkis rpyHmy. [ocnio ekntouas 4 06pobimku rpyHmy: opaHKa, MiHimansHuUl
06p0obimok, npsamuli ocis, Winto8aHHA. 3a KOXHO20 i3 Yux 06pobimkie sus4anu Oito amiayHoi cenimpu
(AN) i kapbamio-amiauroi cymiwi (UAN) Ha ¢hoHi hocghopHo-KaniliHux dobpus. Lii dsa ¢pakmopu do-
cniomcysanuca y KopomxkopomauilHil cieo3miHi: KyKypyo3a Ha 3epHo, Cosl, nweHuus apa. 1o Kykypy-
03y Ha 3epHo eHocunu N, P, K. . rid coro— N, P, K., nid nweruyto apy—N, P, K. .

Y pesynemami 6ys10 8CMAHOB/EHO, WO ONMUMGAAbHUM 06pobimKom rpyHmy 0115 cix Kysnbmyp
€cmano wintosaHHs. | kpawjum azomHum dobpusom sussusca KAC 05 coi i nweHuyi apoi. Y yux eapi-
aHMax omMpUMaHo MakcumasnbHUl npubymok: 95,0 % 0nA coi'i 58,1 % - 0na nwieHuyi Apoi. Ana KyKypy-
03U Ha 3epHO Kpawum 0obpusom byna amiayHa cenimpa , 0e npubymok cknae 54,7 %.

Knroyoei cnoea: amiauHa cenimpa (Naa), KAC, 06pobimok rpyHmy, cinbCbKo20crnodapceKi Kysnasmypu
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AHHOMAUUA. B 3KOHOMUYECKUX YCa08UAX YKPAUHLI cyujecmeyem KOHKYPeHUUs Mexoy
npousgodumenamu  MPodyKYuu pacmeHuesoocmsa U OHA MPOBOYUpyem pasgumue  Ux
KOHKYpeHmMocrnocobHocmu Ha 8HymMpeHHeM U MUpoBOM PbIHKAX. Imo obecrequsaem SKOHOMUYECKYHO
agpgpekmusHocme npednpuamudi. OOHUM u3 nymel nosblWeHUs IKoHoMuYecKol sghgpekmusHocmu
0na npednpusmull ecmb MUHUMU3AUUA 06pabomKu Mo4sbl U PAYUOHANLHOE UCMO0b308aHUE
yoobpeHull. MeHHO smu ¢hakmopbl U 6UsaU HaMU UCc/ied08aHbI.

Leticmeue ammuayHol cenumpsl u KAC Ha ¢oHe ¢ocghopHo-KanuliHbix yoobpeHuli usyyanu e
KOpomKopomauyuoHapHoMm cegoobopome (KyKypy3a Ha 3epHO, COs, NWIeHUYa Apas) npu ecriauixe,
MuHuUMasneHol 06pabomke, PaMom nocese, ujeneearuu. o0 KyKypysy Ha 3epHo eHocunu N, P, K.
nod coto— NP, K., nod nweHuyy aposyro— N, P K. .

B pe3ynbmame 6b1710 yCMAHOBEHO, YMOo onmumasbHol 06pabomkoli no4ussi 0115 8cex Kysnbmyp
bbl710 wenesaHue. MakcumarnbHbili 0oxo0 6bin 95,0 % 0ns cou u 58,1 % - 0na nweHuysl Apoli npu
eHecerHuu KAC. [ KyKypy3sbl HO 3epHO syqwum ydobpeHuem 6blia ammuadHas ceaumpa, 20e
npubbine cocmasusna 54,7 %.

Knrouessie cnosa: avmuayHas cenumpa (Naa), KAC, 06pabomka no4sel, cesnbcKoxo3aticmeeHHble
Kynemypbl.
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