Agrochemistry

UDC 631.81(477.74) https://doi.org/10.31867/2523-4544/0349

YIELD OF AGRICULTURAL CROPS DEPENDING ON FERTILIZER SYSTEMS
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Topicality. Mineral and organic fertilisers are still the basis for increasing crop yields and quality,
but optimising their application requires a detailed and in-depth analysis of the results of long-term trials in
different climatic and soil zones. Purpose. To investigate the impact of different fertilisation systems in field
crop rotation on crop yields in the rainfed conditions of the Southern Steppe of Ukraine. Material and
Methods. The data array of the long-term stationary experiment for the period 1972-2024 was used. The
soil was southern low-humus heavy loamy chernozem. The initial content of mobile phosphorus and potassi-
um compounds (according to Chirikov's method) corresponded to an elevated level of availability, and at the
beginning of the fifth rotation it was high and very high pH = 7.0-7.2. To analyse yields of crops in grain-
fallow-row crop rotation (1972-2010, I-1V crop rotations), we studied 17 fertilisation systems, and selected
fertilisation variants: organic fertilisation system — 7.8 t/ha (Background 1) and 12.1 t/ha (Background 2);
mineral fertilisation system — NjoP4,Ks;, organic-mineral fertilisation system — Ns;P,gK,4+Background 1;
Na3;P2gKos+Background 2; NagPsKs;+Background 1; NggPsoKsr+Background 2. In the next four crop rota-
tions, by-products of crops and green manure were introduced into the soil as organic fertiliser, which ave-
raged 8 t/ha. Against this background, three different rates of nitrogen fertiliser (42.9, 85.7 and 128.6 kg/ha)
and compound mineral fertiliser with phosphorus and potassium rates of P,14K 54 and P4, gK 405 Were
introduced to each crop. The results of the study were subjected to mathematical processing using Microsoft
Excel. Results. The optimal rates and types of fertilisers for field crop rotations with a grain crop saturation
of 57-62 % were determined. The effect of mineral fertilisers on the productivity of crop rotation, individual
crops and yield variability was revealed. Predecessors of winter wheat were analysed. Conclusions. In the
eight-field crop rotation, the organic-mineral fertilisation system is the most effective, as the introduction of
7.8 tonnes of manure + NyP,,Ks; increased the overall productivity of the crop rotation by 38.9 %; in case
of introduction of 12.1 tonnes of manure + N3;P,sK,4, the productivity of the crop rotation increased by
40.5 %. High soil availability of phosphorus and potassium with introduction of by-products of crops and
green manure, the application of N4, ¢ 0r Ngs; on the background of P P,, 4K ,1 4 increased the productivity of
grain-fallow crop rotation by 47.9 % and 66.2 %, yields of winter wheat from 31.5 % to 73.3 %, and of win-
ter rapeseed — by 1.8-2.0 times, respectively. In the arid conditions of the Southern Steppe of Ukraine, the
best predecessors for winter wheat was fallow (black and green manure fallow), which provides an increase
in yields by 2,3 times compared to the stubble predecessor; for maize for silage — by 1.8 times, for winter
rapeseed — by 1.6 times and for peas — by 1.3 times. Variability of yields of the main grain and commercial
crops in the Southern Steppe of Ukraine was affected by weather conditions, and the crops are arranged in
the following descending order in terms of their response to weather conditions: peas > maize > winter
rapeseed > winter wheat > sunflower, whereas the predecessor line according to this trait is as follows:
winter wheat > maize for silage > peas > winter rapeseed > green manure fallow > black fallow.
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Introduction. The crop production sec-
tor is the main source of food resources and a
guarantee of economic security and indepen-
dence for the state. Ukraine is one of the world's
leading grain producers, with steadily growing
export potential. According to the State Statis-
tics Service and the State Customs Service,
Ukraine exported 69.86 million tonnes of cere-
als and oilseeds in the 2023/2024 marketing
year, including 18.43 million tonnes of wheat,
29.41 million tonnes of maize, and 3.7 million
tonnes of rapeseed, which is 9.0 %, 0.5 % and
8.7 % more than in 2022, respectively. In the
2019/2020 marketing year, Ukraine exported
20.5 million tonnes of wheat and 30.3 million
tonnes of maize [1, 2]. In other words, despite
the negative consequences of martial law, Ukra-
ine is regaining its position as a world leader.

Ukrainian agriculture is in a very difficult
situation due to climate change, martial law,
organisational reform, and rising production
costs. These factors necessitate the improve-
ment of crop cultivation technologies in terms
of increasing their environmental compatibility,
profitability, and adaptation to an increasingly
warmer climate. It should be noted that scien-
tists are observing a decline in crop yields
against the backdrop of climate change, espe-
cially in regions with insufficient precipitation,
which includes the Southern Steppe of Ukraine [3].

Mineral and organic fertilisers remain the
basis for increasing crop yields and quality [4—
6]. However, their use requires a detailed and
thorough analysis of the results of long-term
experiments conducted within soil and climatic
zones in the central part of the Left Bank Forest-
Steppe [7].

The study was aimed at investigating the
impact of different fertilisation systems on the
yield of crops in field crop rotation under rain-
fed conditions in the Southern Steppe of
Ukraine.

Materials and Methods. To achieve this
research objective, a data array obtained in a
long-term stationary experiment studying vari-
ous fertilisation systems was used. The experi-
ment ‘Establishing the effect of moderate and
elevated rates of organic and mineral fertilisers
on the productivity of field crop rotation, yield
quality and soil fertility’ was laid down in 1972
and registered in the Ukrainian database of sta-
lisers on crop yields in crop rotations with maxi-
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tionary experiments in 2006 (certificate No. 038)
and re-registered in 2014 (certificate No. 80).
The soil was low-humus heavy loam southern
chernozem with a humus content of 2.91 %
(DSTU 4289:2004). The initial content of mo-
bile phosphorus and potassium compounds (ac-
cording to Chirikov, DSTU 4115-2002) corres-
ponded to an elevated level of availability, and
at the beginning of the fifth rotation — to a high
and very high pHsol.(7.0-7.2) (DSTU ISO
10390:1994; DSTU 7910:2015). The plot area
was 240 m?, and the registration area was 100
m?. Thus far, eight crop rotations have been
completed: four grain-fallow-row crop rotations,
the first of which was a ten-field rotation (black
fallow, winter wheat, maize for grain, peas, win-
ter wheat, green maize for fodder, sunflower,
maize for silage, barley), the second to fourth
ones were eight-field (black fallow, winter
wheat, maize for grain, peas, winter wheat,
maize for silage, winter wheat, sunflower) and
other four - seven-field rotations of grain-fallow
crop rotation (black fallow, winter wheat, winter
rapeseed, winter wheat, green manure fallow,
winter wheat, winter wheat). The study exami-
ned 17 fertilisation systems, from which two
variants of organic fertilisation systems were
selected for analysis of the yield in grain-fallow-
row crop rotation: manure 7.8 t/ha (Background 1)
and 12.1 t/ha (Background 2); mineral system —
N4gP4,K37, organo-mineral systems — N3iP2gKog +
Background 1; Nj31P2gKy4 + Background 2;
N4oP42Ks7 + Background 1; NggP4Ks; + Back-
ground 2 (I-1V crop rotation cycles). Fertiliser
rates were calculated per hectare of crop rota-
tion area. In the following four rotations, crop
rotation by-products and green manure crops
were incorporated into the soil as organic ferti-
liser, averaging 8 t/ha of arable land. Three rates
of nitrogen fertilisers (42.9, 85.7 and 128.6 kg/ha)
were applied separately to each crop on an or-
ganic background, and two rates of phosphorus
and potassium (P214K214 and P4sKsog) were
applied. No additional nitrogen was introduced
for the decomposition of non-marketable prod-
ucts and biomass of green manure crops. The
results obtained were processed mathematically
using the Microsoft Excel software.

Results and Discussion. The highly vari-
able weather conditions during the study period
allowed us to assess the effect of mineral ferti-
mum reliability. It is noteworthy that during the
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first four rotations, winter crops suffered from
drought during the sowing and seedling stages
in 22 % of times, while spring drought affected
the productivity of all crops in the crop rotation
in 35 % of times. For the period 2008—2024, this
rate was 33 % and 40 %, respectively. The ra-

ther severe weather conditions of the Southern
Steppe, particularly in the Odesa region, did not
contribute to the stabilisation of crop productivi-
ty, and high variability in crop yields was ob-
served throughout the entire research period

(Fig.1).
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Fig. 1 Average variability of yields in field crop rotations under the weather conditions
of the Southern Steppe of Ukraine (1972-2024).

The highest variability was observed in
pea yields (49.4 %); variations in winter wheat
yields depended not only on weather conditions
but also on predecessors. The minimum coeffi-
cient of variation (21.0-25.2 %) was observed
when this crop was grown on black and green
manure fallows; if the predecessor was peas,
maize for silage or rapeseed, the yield deviation
ranged from 27.5 % to 32.1 %, and on stubble,

the variability reached 51.2 %.

The variability of crop yields in crop rota-
tion also depended on the application rate of
nitrogen fertilisers, which is particularly evident
in winter wheat crops: with an increase in the
nitrogen rate from 42.9 kg/ha to 128.6 kg/ha, the
coefficient of variation decreases by 1.5-1.9 times
depending on the predecessor (Table 1).

On the one hand, increasing the application

Table 1. Effect of predecessor and application rate of nitrogen fertilisers on the variability
of winter wheat grain yield (2007—2024)

Application rate, kg/ha

Predecessor 0 | 429 | 85.7 | 1286
Coefficient of variation, %

Black fallow 21.6 17.7 11.9 11.4

Green manure fallow 42.3 28.0 25.3 26.3

Winter rapeseed 34.3 29.7 23.2 22.8

Winter wheat 63.2 54.5 46.0 40.9

rate of mineral fertilisers, particularly nitrogen
fertilisers, contributes the stabilisation of pro-
ductivity; on the other hand, high concentrations
of fertilisers in drought conditions lead to addi-
tional stress for plants. The latter assumption is
logical, since a lower amount and availability of
soil moisture limits the mobility and, therefore,
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the availability of nutrients. According to the
results of long-term studies, winter wheat yields
in particularly dry years (e.g., 2020) differed
slightly (by 3-5 %, or 2.20-2.30 t/ha) depen-
ding on nitrogen fertiliser application rates, alt-
hough yields were 1.9-2.1 times higher than in
the unfertilised variant. In years with optimal
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moisture conditions, winter wheat yields in-
creased from 4.9 t/ha (Nso) to 7.1 t/ha (Niso),
with a control yield of 3.2 t/ha. The dependence
of wheat yield on weather conditions and ferti-
lizer application rates has also been noted by
other researchers [8].

A similar situation was observed for grain
crops such as maize and peas. During the ana-
lysed research period (52 years), we identified
10 years when precipitation fell between 95 and
107 mm during the maize growing season, and
the grain yield without fertiliser application ave-
raged 1.45 t/ha, with NgoP4oKao it was 1.86 t/ha,

and with N1xoPgoKso — 1.82 t/ha. We also noted
6 years with precipitation from 363 to 435 mm
during the growing season and grain yields of
5.8 t/ha, 7.4 t/ha and 8.7 t/ha, respectively. The
dependence of pea yield on precipitation during
the growing season and fertilizer application ra-
te is shown in the table below: (200 mm — 2013,
2016 and 2024; 120 mm — 2012 and 100 mm —
2014, 2018, 2019, 2020) (Fig. 2).

Average crop yields and range of varia-
tions during the study period are presented in
Table 2.

An analysis of winter wheat yields for the

Grain yield, t/ha
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Fig. 2 Grain yield of peas depending on moisture conditions during the growing season and application
rate of nitrogen in complete mineral fertiliser (2012-2024).

Table 2. Yields of main grain and industrial crops by fertilisation systems (1972-2024).
a) grain-fallow-row crop rotation (1972-2010)

Crops winter wheat
Predecessor black fallow peas m:illzaeg Zor peas maize barley sunflower
1 2 3 4 5 6 7 8
Fertilisation Yield, tha
system
control 4.18 3.18 2.31 2.11 4.00 1.50 1.90
2.16-6.10 1.85-4.91 1.34-3.57 0.61-4.34 | 145551 | 1.11-2.01 | 1.30-3.65
Manure—7.8- 4.67 3.59 2.87 2.38 4.47 1.71 2.27
Background 1 2.27-6.61 2.03-5.88 1.87-4.27 0.75-4.62 | 154-6.14 | 1.13-2.23 | 1.50-4.23
Manure — 12.1- 4,94 3.83 3.40 2.50 4.84 - 2.35
Background 2 2.20-7.13 2.26-6.37 1.86-6.03 0.92-5.27 | 1.80-7.08 - 1.57-3.40
N 4.87 4.28 3.84 2.60 5.03 2.65 2.49
49T a4zt 2.21-6.53 2.14-6.84 1.83-6.45 0.87-5.69 | 1.83-7.67 | 1.76-3.50 | 1.27-3.76
Background 1+ 491 4.40 4.10 2.77 5.20 3.01 2.62
NygP o Ksr 2.08-6.62 2.23-7.09 2.29-6.98 0.88-5.62 | 1.92-7.92 | 1.69-3.72 | 1.36-4.02
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Continuation of Table 2

1 2 3 4 5 6 7 8
Background 2+ 4.95 441 4.18 2.80 5.29 2.92 2.76
NP Ksz 2.20-6.60 2.15-7.14 2.16-6.80 1.08-6.14 | 1.67-752 | 1.64-3.62 | 1.27-4.29
Background 1+ 4.94 4.38 3.85 2.70 5.09 2.29 2.56
N31P2sKza 2.29-6.62 2.16-6.61 2.37-5.94 0.97-5.25 | 1.86-7.59 | 1.51-2.89 | 1.72-3.76
Background 2+ 4.96 431 411 2.79 5.37 2.93 2.68
N31P2sKza 2.21-6.66 2.16-6.46 2.21-6.31 0.94-583 | 1.73-858 | 1.78-3.40 | 1.364.02

The numerator shows the average for the years of research; the denominator shows the range of variations.

) grain-fallow crop rotation (2007-2024)

Crops winter wheat
Predecessor black fallow gre«icr;lggwure winter wheat winter rapeseed winter rapeseed
Fertilisation system Yield, t/ha
control 4.63 3.78 1.84 2.55 1.03
3.08-5.55 2.03-4.77 1.07-3.55 1.55-3.45 0.45-1.34
N 5.38 4.10 2.85 3.73 1.73
429 3.58-7.13 2.2-5.14 1.95-5.02 2.05-5.17 0.68-2.11
Nee 6.21 4.89 3.32 4.63 2.81
: 5.21-7.22 2.27-6.70 2.46-5.61 3.18-6.23 1.60-3.82
N 6.61 5.23 3.77 4.89 2.96
1288 5.86-7.89 2.92-7.06 2.94-5.98 3.27-6.33 1.70-3.87
Noo Por K 5.72 4.27 2.98 3.99 2.95
4297 21478214 4.18-7.19 2.44-581 1.75-5.11 2.63-5.62 1.20-4.92
No Por K 6.39 4.90 3.44 4.46 3.25
8577 21.47h214 5.17-7.36 2.70-6.31 2.45-5.77 3.01-6.03 1.30-4.31
Now Po K 6.86 5.29 3.77 4.81 2.98
12867 21472214 5.65-7.83 2.92-7.68 2.96-6.13 3.21-6.48 1.45-3.97
Noo P K 5.96 4.48 3.26 4.45 2.58
429742872428 4.80-7.41 2.11-5.59 2.15-5.74 2.82-6.32 1.07-3.44
Now Po K 6.67 5.07 3.42 4.81 2.96
857742878428 5.33-7.52 2.18-6.66 2.36-5.77 3.23-6.37 1.17-4.47
New P K 7.14 5.51 3.72 5.10 3.33
12867 42872428 5.89-8.38 2.96-7.53 2.88-6.05 3.39-6.92 1.51-4.85

entire research period (1972-2024) in the vari-
ant without fertiliser application allowed us to
rank the predecessors for this crop from the best
to the worst: black fallow (4.40 t/ha) — green
manure fallow (3.78 t/ha) — peas (3.18 t/ha) —
winter rapeseed (2.55 t/ha) — maize for silage
(2.31 t/ha) — winter wheat (1.84 t/ha). The use
of different fertilisation systems in crop rotation
increased these indicators: organic fertilisation —
by 15.0-35.7 %; mineral fertilisation — by 16.5-
66.2 %; organic-mineral fertilisation — by 18.3—
75.8 %, depending on the predecessor (Fig. 3).
A similar effect of fertilisation systems on
yield increases was also observed for other
crops: increases in yields from the application of
organic fertilisation systems ranged from 14.0 %
(barley) to 22.3% (maize for silage), mineral
fertilisation — from 23.2 % (peas) to 76.7 % (bar-
ley), and organic-mineral fertilisation — from 31.0 %

Grain Crops. Vol. 8. No. 2. 2024. P. 317-324
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(maize for grain) to 85.9 % (barley). Our results
were confirmed by the conclusions obtained on
the basis of a stationary experiment in the
Right-Bank Forest-Steppe of Ukraine: the maize
yield reported by the researchers increased by
an average of 39.0 % with the application of
organic fertilisation, 42.0 % with mineral fertili-
sation, and 44.0 % with organic-mineral fertili-
sation [9]. In our drought conditions, these indi-
cators for maize grain yield were 16.4 %, 25.8 %
and 31.0 %, respectively. According to Liu et
al., long-term fertilisation effectively improves
crop yields, while a single application of organ-
ic fertiliser or a combination of organic and nit-
rogen fertilisers can result in limited mineral
nitrogen rates in arid and semi-arid regions [10].

The formation of crop yields in crop rota-
tion was also dependent on the application rates
of fertilisers introduced directly under the crop.
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For example, Fig. 4 shows increases in winter
wheat and winter rapeseed yields when higher
nitrogen application rates were introduced in
pure form and as part of a complete mineral

fertiliser.

We noted that at the beginning of the fifth
crop rotation cycle, the content of mobile forms
of phosphorus and potassium corresponded to
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Fig. 4. Increased yields of winter crops by application rates of mineral nitrogen (2007-2024).

high and very high levels of availability, so even
separate application of nitrogen at a rate of 50—
150 kg/ha contributed to an increase in winter
wheat yield by 31.5-69.5 % and winter rapeseed
yield by 68 % to 1.9 times. Application of these
fertilisers against a low background of phospho-
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rus and potassium fertiliser application (P25K2s)
resulted in an increase in winter wheat yields by
39.2-73.3 % and winter rapeseed yields by
186.4-215.5 %. Our results for winter wheat are
similar to those of G. Agegnehu et al., where
wheat yields increased by 32-71 % depending

https://doi.org/10.31867/2523-4544/0349



on the fertilizer rate and soil properties, as well
as by W. Jarecki, who obtained the highest yield
with application of Niso_200, Which exceeded by
13.9 % and 18.4 % the variant with Nioo [11, 12].

An integral indicator of the effectiveness
of fertilisation systems is crop rotation productivity,
which we calculated in grain units (Table 3).

In the grain-fallow-row crop rotation, the

Table 3. Average productivity of crop rotations over the research period

Grain-fallow-row crop rotation
Fertilisation control | organic | NgPs;Ks; | Backgd 1+ | Backgd 2+ | Backgd 1+ | Backgd 2+
system N4gP42K3z NagP 42Ky N31P2sKos N31P2sKos
Grain unit, t/ha | 25.7 30.8 34.3 35.7 36.3 34.5 36.1
+ % to control - 19.8 33.5 38.9 41.2 34.2 40.5

Grain-fallow crop rotation

Fertilisation control N2 g Ngs 7 N1i2g6 Na20P214K214 | Ngs7P214Kora | NizgeP21.4Kora
system
Grain unit,t/ha 14.2 18.4 22.9 24.5 21.0 23.6 24.8
+ % to control - 29.6 61.3 725 479 66.2 74.6

share of grain crops was 60.0-62.5 %, and in
the grain-fallow rotation, it was 57.1 %. The
average productivity of crop rotation without
fertiliser application was 25.7 t/ha over 1972—
2010; the organic system exceeded the control
by 19.8 %, the organic-mineral system with
N4oP42K37 exceeded it by 38.9-41.2 %, and with
N31P28K24 by 34.2-40.5%.

The productivity of grain-fallow crop ro-
tation (2008-2024) was 14.2 t/ha due to natural
soil fertility; with single application of nitrogen,
it increased proportionally to the rate by 29.6—
72.5 %. The productivity of crop rotation in-
creased by 47.9-74.6 % when complete mineral
fertiliser was used in a ratio of N:P:K from
1:0.5:0.5 to 3:0.5:0.5 (1=50).

Conclusions. In eight-field crop rota-
tions, organic-mineral fertilisation systems are
the most effective, so that the application of
N49P42Ks7 against a background of manure at a
rate of 7.8 tonnes per hectare of crop rotation
area increases the overall productivity of the
crop rotation by 38.9 %; the application of 12.1
tonnes of manure + N3;P2gKos contributes to a
40.5 % increase in crop rotation productivity.
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'00ecvra 0epaicasHa CilbCbKO20CH00APCbKa O0CTIOHA cmanyia Incmumymy KiiMamuidHo OPIEHMOBAHO20 CLIbCbKO20
eocnooapcmea HAAH, Masyvka dopoea,24, c. Xnibooapcvke, Odecvikutl pation, Odecvka obracms, 67667, Yrpaina

% Ooecokuii Oepoicasnutl azpapruil yHisepcumem, ¢yi. Kanamua,87, m. Odeca, 65012, Ykpaina

AKTYalIbHiCTB. MiHepanbHi Ta Opra”iyHi 10o0pHBa 3aJIMIIAIOTHCS OCHOBOIO MiABHILIECHHS YPOXKaii-
HOCTI Ta SIKOCTI IMIPOAYKLII CIIbCHKOTOCIIOAAPCHKUX KYJIBTYD, A€ ONTUMi3alis iX BUKOPUCTaHHS HOTpedye
JOKJIAJTHOTO Ta PETEIHLHOTO aHAJI3yBaHHs PE3YJbTATiB 0araTOPiuHUX JOBIOCTPOKOBHX JOCIIIIB 33 KiliMa-
THYHO-TPYHTOBUMH 30Hamu. Mera. JocniguTy BIJIMB Pi3HUX CHCTEM yIOOpEHHS Ha yPOXKAWHOCTI KyJBTYp
MOJILOBOI CiBO3MIHH B OOTapHHX yMmoBax [liBmenHOTO CTeny YKpalHH Marepianau i meToau. Buxkopucrano
MacHB JIAHUX JIOBIOCTPOKOBOTO CTauloHapHoro Iocigy 3a neplo/:[ 1972-2024 pp. Ipynt — 4OpHO3EM
MiBJCHHUI MaJoOTyMyCHUH BaKKOCYTJMHKOBUH. [louaTkoBuii BMicT pyxoMux cnoiyk ¢ochopy Ta xaiito (3a
YupHrKOBUM) BiJIIIOBiIaB MiIBUIICHOMY piBH}o 3a0e3MeYeHOCTI, a Ha MOYaTKy I1’TOi poTallii — BUCOKOMY 1
Jy’e BUCOKOMY PHeon. — 7,0 —=7,2. B mocnini BuB4anm 17 cuctem ynoOpeHHs, 3 SIKUX JUIS aHaTi3yBaHHS yPO-
XKANHOCTI KyJIBTYp 3€pHO-TIapo- TPOCAIHOT CiBO3MiHHN (1972 —2010 pp., I-1V poramii ciBo3minu) BimiOpano
BapiaHTH yJ0OpEHHS, JIe Ha TeKTap CIBO3MIHHOI TUIONIi BHOCWIIM: OpraHiyHa cuctema yaoOpeHHs — 7,8 T/ra
(®on 1) ta 12,1 1/ra (®on 2); minepambHa — NgPsKsz, oprano-minepanpHi — N31P28K24+(DOH I;
N31P2sKost+Don 2 NgP4Ks7+Don 1; NagPsKs+Pon 2. B HACTYITHHX JOTHPHOX poTallisx B IKOCT1 OpraHid-
HOTO 100pHUBa 3ap06nsm1/1 B IPYHT BTOPHHHY NPOAYKIIIO KY/IBTYp CIBO3MIHH Ta MaCy CHICPATbHHX KYJIBTYP,
o B cepeHboMy ckiaio 8 1/ra. [lo mpomy (1)0Hy il KOKHY KyJbTYpY BHOCHIIM TPH Pi3Hi J03U a30THHX
nobpus (42,9; 85,7 Ta 128,6 Kr/ra) Ta MOBHE MiHEpaJIbHE ):[o6pI/IBo 3 103aMu Gocdopy Ta Kamito Py 4Ky 4 Ta
Py gKyzs. OTpHMaHl Pe3yJIbTATH MiIaBaINCs MATEMATHYHIi 00pOOLI 13 3aCTOCYBAHHAM KOMIT FOTEPHOT Ipo-
rpamu Microsoft Excel. Pe3yabTaTn. BusHaueHi onTuManbHi 1034 i BUIK J0OpHB [1s TOIBOBHX CIBO3MIH 3
HACHYEHICTIO 3¢PHOBHMH KyIbTypaMu Ha piBHI 57-62 %. [lokazaHo BIJIMB MiHEpalIbHUX NOOPWUB Ha TPO-
JOYKTUBHICTh CIBO3MIHH, OKpEMHX KYJbTYp Ta MIHIUBICTH BpoxkaliHoCTi. [IpoBeneHo aHami3 monepeTHuKiB
03UMOi mieHuli. BUCHOBKM. Y BOCEMUIMINIBHIA CiBO3MiHI HaHOiIbII €EKTUBHUMU € OpraHO-MiHEpaJbHi
cucremu ynoopenss (7,8 T THOI + NyoP4,Ks7), mo 30inbirye ii 3aranbHy MpoayKTHBHICTE Ha 38,9 %; mpu
BukopuctanHi 12,1 T rHoto + N3;1P,gKy, mpoaykruBnicTs ciBo3minm 3poctae Ha 40,5 %. Ilpu BHcOKiit
3a0€e3MeYeHOCT] IPYHTY MOCTYHHMMU (HochOopoM Ta KajlieM, 3a YMOBU 3apOOJISIHHS BTOPUHHOI MPOIYKINT
KyJIBTYp CiBO3MIHM Ta BHKOPHUCTaHHS cuzepauii, BHeCEHHA Ngpg a00 Ngs; Ha ¢oHi Py 4Ks 4 migBumrye
MPOAYKTUBHICTB 3€pHO-TIApOBOi ciBo3MiHM Ha 47,9 % Ta 66,2 %, Bpoxai mueHnmi o3umoi Big 31,5 1o 73,3 %, a
pimaky osumoro — B 1,8-2,0 pa3u BimnosigHo. B mocynumeix ymosax IliBgennoro Cremmy YkpaiHu Kpammmu
noTiepeTHUKaMH TIIEHHII 03MUMOi € Napy (YOpHHH Ta CUiepabHUN), sIKi 3a6e3neqy}on) 3pOCTaHHsI BpOXKaHOCTI
TIPOTH CTEPHBOBOTO MOMEPE/THHUKA B 2,3 pas3u; kykypysu MBC —B 1,8, plnaKy o3umMoro — B 1,6 Ta TOpoXy — 13
pasu. 3a peakii€lo Ha MOTOJHI YMOBHM BapiaOeNbHICTIO Bpo>1<a1B OCHOBHI 3¢PHOBi Ta TEXHIYHI KyIbTypH
[MiBgennoro Cremy YKpaiHH poO3TAalIOBYIOThCS B HACTYITHHM CHANAIOYHMN PsJl: TOPOX > KyKypyZ3a > pinmak
O3WMHUU > TMIICHUI O3UMa > COHAIIHUK, a JIaHKa MONEPEJHHUKIB 32 BKAa3aHOK O3HAKOK MA€ TaKy
MOCJTIIOBHICTB: TIIEHUIIA 03UMa > KyKypyaza MBC > ropox > pinak o3umMuii > rap cuaepaibHUN > YOpHUHN nap.
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