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The aim of the work was to identify the presence of a relationship between the productivity of
grain-row crop rotation and the content of nitrates in the topsoil with different ways of its main
tillage. Eight-year monitoring was conducted within a long stationary field experiment on the
territory of the experimental farm of NSC ISSAR in Donetsk region. The content of nitrate
nitrogen in chernozem ordinary was determined on three soil treatment options - moldboard

01.09.2019 ploughing, subsurface non-turning soil tillage and no-till. At the same time, the dynamics of
weather conditions was observed and the hydrothermal coefficient of Selianinov (HTC) was
calculated. Statistical data processing was performed by correlation, regression and ANOVA

Keywords: analysis in a sample of the results of 729 individual observations. It is shown that after a two-
year drought, an increase in yield occurs along with an increase in the content of nitrates in

crop yield; the soil on all variants of soil treatment. However, a year after the overmoistening, the yield

nitrates; decreases, despite the still high level of nitrate nutrition. In years with critically low humidity,
no-till; the greatest yields are recorded on moldboard plowing. By comparing the treatment efficiency

gg,‘;gggov without soil turnover and the conventional moldboard plowing, we determined the conditions
hydrothermal under which minimization of tillage is advisable. With an increase in the degree of
coefficient: minimization of tillage, the positive peak on the graph of the relative yields dynamics

decreases and the negative one deepens. With no-till, the productivity of crops decreases in
years with a HTC less than 0.6 at the same time as a decrease in the nitrate content in the
soil. For no-till, a positive correlation was also determined between the level of nitrate content
in the soil last year and the crop yield in the following. It was found that the non-use of plowing
increases the risk of negative effects of excessive soil moisture if the nitrate content is high. It
has been proven that a lack of nitrogen is not a factor in determining yields under subsurface
non-turning tillage. However, with no-till, the decrease in yield is due to a decrease in the
content of nitrate nitrogen in the soil, which has a long-term effect. Based on this, it is possible
to predict the effectiveness of the direct sowing system. The regression analysis determined
the dependence of the relative yield for no-till on the relative content of nitrates in the soil of
the previous year (r = 0.950).

subsurface tillage.
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1. Introduction

Many scientists note the existence of a link between the content of nitrates in the soil
and the vyield of crops [1-6]. In particular, the dense dependence of spring wheat yield [3], as
well as fertilizer efficiency [5], on the content of nitrate nitrogen in the soil was found. The
possibility of forecasting the yield of winter rye is shown depending on the level of crop provision
with nitrate nitrogen [4]. The optimum content of nitrates in the soil for corn [1, 2] was
established: the highest yield was determined by the content of nitrate nitrogen in the arable
layer about 60 mg / kg of soil in the phase of 4-5 leaves.

Intensive use of Ukrainian soils undergoes significant losses of nutritional elements,
including mineral nitrogen (S.A. Baliuk, V.V.Medvedev, A.D.Balaev, O.L. Tonkha,
M.V. Gavrilyuk et al., 2018) [7-9], which necessitates the rejection of traditional tillage. The
directions of scientific research on soil protection are formed in connection with the trends of
both global climate change and regional changes [9].

Due to the increasing moisture deficit, which may be accompanied by incomplete use of
soil nutrients (eg, residual nitrates or phosphates) [9], the transition of modern agriculture to soil
protection technologies actualizes the direction of studying the peculiarities of the formation of
soil nitrogen regime and its impact on the productivity of agricultural crops under different
methods of tillage [10] under certain meteorological features of the region.

There is evidence of deterioration [11] and improvement [12, 13] of the nitrogen regime
for the failure to turnover the soil layer during cultivation. In the literature, there are examples of
the lack of influence of cultivation on the accumulation of nitrates in chernozem ordinary [14], as
well as the lack of advantages of the failure to turnover the soil layer, especially in the long-term
drought [9, 15]. According to the Italian scientists, the reduction of nitrate nitrogen content in the
soil for the no-till is associated with greater dependence on weather conditions than for plowing
[16]. The unevenness of the estimates of the impact of plowing failure on the nutrient regime of
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the soil is due to the heterogeneity of meteorological conditions in the observation sites

In addition, according to [17, 18], moldboard plowing advantage (compared to the
subsurface tillage) on the nitrate content in the soil is not always form the advantage in yields,
which essentially depends on weather conditions and crop rotation [18].

Based on the aforementioned, the aim of the research was formed - to find out the
existence of a connection between the productivity of the grain-growing crop rotation and the
content of nitrates in the arable layer of soil under plowing, the subsurface non-turning soil
tillage and zero tillage in the soil-climatic conditions of the Donetsk region.

2. Object, methods and research conditions

The work was carried out in 1997-2005 in the framework of research on field stationary
experiment on the territory of the experimental farm "Donetske" of National Scientific Center
«Institute for Soil Science and Agrochemistry Research named after O.N. Sokolovsky» in the
Yasynuvatsky district of the Donetsk region. The region is located in the natural zone Steppe.
The experimental field has the following coordinates: 48°19'39.3"N 37°46'12.9"E.

Soil - chernozem ordinary. Grain-growing crop rotation includes the following crops:
maize for silage; winter wheat; maize for grain; spring barley; sunflower; grain mix; winter wheat;
maize for grain.

The types of tillage were studied: conventional moldboard plowing; subsurface non-
turning soll tillage; zero tillage (no-till).

The entry into rotation was carried out simultaneously by three fields from the 1st, 2nd
and 3rd crops of the rotation.

Repetition of options was triple; the area of a single experimental plot - 1600 m?>.

Soil sampling from a layer of 0-30 cm. Measurement of the content of NO3 was carried
out using the Grandval-Lyag method (with disulfophenoic acid and photocolorimetric
determination). Meteorological data were obtained from the observation meteopost in the village
Sukha-Balka Yasynuvatsky district (48°19'37.4"N 37°45'53.1"E). Statistical data processing was
done by correlation, regression and ANOVA analysis in a sample of 729 individual observations.

Meteorological conditions for conducting research characterized as contrast. The start
of field experiment (1997) was carried out in the year with intensive atmospheric humidification
(hydrothermal coefficient of Selianinov (HTC) 1,25). In the first two years of crop rotation (1998
and 1999) the HTC was 0.53 and 0.64, which corresponds to the conditions of the dry farming
zone [19]. The following years (2000, 2002, 2003, 2004) characterized by sufficient moisture
(HTC 0.94, 0.91, 1.06 and 1.11 respectively); 2001 is very humid (HTC 1.67), final, 2005 - again
arid (HTC 0.58).

3. Results and discussion

Reduced productivity of crop rotation detected due to the failure of moldboard plowing:
under subsurface non-turning soil tillage by 11 %, under no-till by 36 %.

The total amount of main crop production in feed units is 34.36 t/ha for plowing, 30.67
t/ha for subsurface tillage, and 21.89 t/ha for no-till. Lower productivity of crop rotation due to
refusal of plowing is observed against the background of a decrease in the average content of
nitrates in the soil: 35.8 mg/kg for plowing, 33.9 mg/kg for subsurface tillage, 26.4 mg/kg for no-
till (the smallest significant difference 2.3 mg/kg of soil).

Table 1
Dynamics of crop yields in different tillage methods

Crop yields, tons of feed units per hectare

1998 1999 2000 2001 2002 2003 2004 2005

Tillage
g HTC HTC HTC HTC HTC HTC HTC HTC
0,53 0,64 0,94 1,67 0.91 1.06 1.11 0.58
Moldboard plowing 3.40 3.81 9.19 6.49 2.75 2.16 2.65 3.14
tsiﬁ‘;gsé”face non-turning 5 44 3.44 8.18 5.97 1.28 2.28 257 3.10
Zero tillage (no-till) 1.92 3.34 5.94 4.47 0.69 1.34 2.13 1.74
LSD(,05) 0.50 0.96 1.35 0.65 0.49 0.57 0.29 0.22

Visible (especially for plowing) is a general increase yield during the first two years with
sufficient and excessive atmospheric moisture - 2000 (HTC 0.94) and 2001 (HTC 1.67) after
two-year drought in 1998-1999. After excessive humidification in 2001, there is a decrease
yields in 2002, however, this fall is the smallest under plowing.
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For no-till, unlike intensive tillage, the conditions of dry years - 1998 (HTC 0,53) and
2005 (HTC 0,58) are marked as extreme, when yields decrease for zero cultivation, but not as
much as in 2002, after excessively wet year.

Under the HTC 0.64 in the second arid year (1999), zero tillage contributes to an
increase in the number of products to 3.34 tons per hectare, which does not statistically differ
from the efficiency of intensive tillage technologies, whose productivity under such conditions
remains at the level of the previous arid 1998 year.

The average yield in non-stressful conditions varies in the plowing from 2.16 to
38.1 t/ ha of feed units, for subsurface non-turning tillage - from 2.28 to 3.44 t / ha, for no-till -
2.13-3, 34 t/ ha.

The results of determination of the content of nitrates in the arable soil layer during the
growing of crop rotation crops are presented in the table 2. Comparison of these with yield data
indicates that the total increase in yields in the first two years of sufficient and excessive
moisture (2000 with HTC 0.94 and 2001 with HTC 1.67) after two years of drought (1998-1999)
occurs on the background of significant increase in the content of nitric nitrogen in the soil:
maximum for plowing and minimum for zero tillage (Table 2).

Table 2
Dynamics of the nitrates content in the arable soil layer

Nitrate content, mg/kg of soil

1998 1999 2000 2001 2002 2003 2004 2005

Tillage

HTC HTC HTC HTC HTC HTC HTC HTC
0.53 0.64 0.94 1.67 0.91 1.06 1.11 0.58
Moldboard plowing 16.08 18.40 46.99 50.11 52.73 40.37 32.04 29.42
tsilllfgs:rface non-turning 1514 19.16 4651 4874 4860 37.04 27.86  28.09
Zero tillage (no-till) 1232 1610 19.85 37.92 4246 30.60 2854 2358
LSD (.05) 3.20 141 2152 1019 1516  8.33 3.31 4.00

Instead, a significant decrease in production in 2002 (HTC 0.91) occurs against the
backdrop of an increase in the content of nitrates in the soil after excessive moisture in 2001
(HTC 1.67) on all variants of tillage.

Low yields for the no-till in arid years (1998 with HTC 0.53 and 2005 with HTC 0.58) are
accompanied by a low level of nitrate contents in soil. For example, in 2005 the content of
nitrates in the soil for the no-till is 17% less than in the previous one.

It should be noted that the HTC 0.64 second consecutive drought year (1999) for zero
tillage contributes to an increase in the content of nitrates in soil by 31%, by 27% for subsurface
cultivator tillage, and by 14% - for plowing. That is, the abandonment of soil turnover positively
affects the content of nitrates in the arable layer of soil during the arid period; for no-till it
manifests itself only for the second arid year, and for subsurface non-turning tillage it manifests
itself during the two years of drought.

In general, during the study period, we have two critical points, which we will note on the
background of increasing nitrate nitrogen content in the soil (Fig. 1). The first is the output from
the two-year (1998-1999) drought, accompanied by a significant increase in the yield, and the
second - the output from one-year over wetting with a significant decline in yields (calculated in
feed units).

tha mg/kg of soil

OamWhnd < 00
°c2B88888

HTC HTC HTC HTC HTC HTC HTC HTC
0.53 0.64 0.94 167 091 1.06 1.11 0.58

1998 1999 2000 2001 2002 2003 2004 2005

——"Yield in feed units, Vha
seeee00 Average crop yield in feed units, tha
The content of nitrates in the arable soil layer, mg/kg of soil

Fig. 1. Critical conditions for the formation of the crop (average data in the experiment)
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The plowing characterized by a maximum increase in yield after two years of drought
and a minimal decrease in yield after one year of excessive moisture (Figure 2). With increasing
degree of minimization of soil tillage, the positive peak of crop dynamics during the crop rotation
decreases and the negative deepened. However, for the no-till, the yield also reduced in the
years from the HTC less than 0.6 when the level of nitrate feed reduced.
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Fig. 2. Deviation from the average per crop rotation of the amount of plant products, feed units

Comparing the efficiency of tillage without plowing with the efficiency of traditional
plowing can determine the conditions under which minimization of soil tillage is appropriate

(Fig. 3).
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Fig. 3. Relative yields (a) and content of nitrates in the arable layer of soil (b) during the crop rotation
in different methods of tillage

Thus, the lowest yield for abandonment of plowing is observed in the following year
after over wetting and it is 47.9 % relative to plowing for subsurface cultivator tillage, for no-till it
is 24.3 %, although in other years the index does not fall below 89.0 % and 55.4 % respectively.
That is, the efficiency of minimizing tillage is the maximum reduced in the years preceding over
wetting, when the high level of nitrate nitrogen is form in the soil. Given that excessive nitrogen
content increases the susceptibility of plants to diseases and slows down the transition to the
reproductive phase [20], it can be argue that the abandonment of plowing increases the risk of
negative consequences of over wetting, which increases by increasing the amount of plant
residues on the soil surface.
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The most effective for subsurface non-turning tillage, when the relative yield varies from
95.5 % to 107 % compared to the plowing, is the next three years after the maximum drop in
yield caused by over wetting, irrespective of hydrothermal conditions and a decrease in the level
of nitrate content in the soil by 4.5-13 % relative to plowing. The first year of drought for
subsurface cultivator tillage is somewhat more effective compared to plowing (in 1998 the yield
was 92.4 % and 98.8 % in 2005) than the second (90.4 % in 1999, despite increasing nitrate
content in the soil to 104.1 %).

Thus, for subsurface non-turning tillage, the period after drought is more critical
because it occurs at relatively high nitrate nitrogen content in the soil, compared with the period
after the wet year, when the nitrate content is less than on the plowing.

In addition, thus, we state: the factor determining yields for subsurface non-turning tillage
under experimental conditions is not a lack of nitrogen. Regression analysis revealed even
negative, although not dense (r -0.368), correlation of relative yield and nitrate content in the soil
of the previous year for subsurface non-turning tillage.

The most effective for no-till is the second year of drought, when the relative yield is
87.7%, and the third year after over wetting with a relative amount of 75.8%, what is observed
at the maximum nitrate nitrogen content in soil up to 87.5 and 89.1% relative plowing. It follows
from this that the relative reduction in the content of nitrate nitrogen in the soil for the no-till is a
determining factor in reducing yields relative to plowing.

The regression analysis determined the dependence of the relative yield for no-till from
the relative content of nitrates in the soil of the year before:

y =1,0953x — 21,277, r = 0,950

where x — relative content of NO; in the arable soil layer of the previous year, as a
percentage of the plowing; y — the relative amount of feed units of plant products next year for
no-till, as a percentage of plowing.

That is, the long-term effect of the level of soil saturation with nitrate nitrogen for the no-
till technology is determined, which makes it possible to predict the direct sowing efficiency of
next year by the level of nitrate content in the arable soil layer of the previous year.

4. Conclusions

Minimization of soil cultivation reduces the productivity of grain-crop rotation in
contrasting weather conditions.

The rejection of plowing increases the risk of negative consequences of over wetting at
elevated levels of nitrates in the soil, in particular, due to the development of diseases, which is
facilitate by the presence of plant residues on the soil surface.

A lack of nitrogen is not the determining factor for yield by subsurface non-turning tillage.

The reduction of yield for the no-till is form by a decrease of the nitrogen mobility in the
soil, which has a long-lasting effect, because of which it is possible to predict the efficiency of
the direct sowing system.

Acknowledgment. The author thanks to Dr. M.M. Miroshnychenko, Doctor of Biological
Sciences, for advices on aggregation of data.
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YOK 631.153.3

BnnuB cnocoby o6po6iTKy I'PYHTY Ha NPOAYKTUBHICTb CiBO3MiHM i BMICT HiTpaTiB B
OpHOMY LWapi 3a HecTabinbHOCTI aTMOCepPHOro 3BOJIOXKEHHS

A.A. NMorpomcbka

HHLU «lHcTuTyT FpyHTO3HaBCTBA Ta arpoximii imeHi O.H. CokonoBcbkoro», Xapkis, YkpaiHa
E-mail: joanap@i.ua

MeToto Gyno BUSIBUTM HasIBHICTb 3B’s13Ky MPOAYKTMBHOCTI 3epHO-NPOCanHoi CiBO3MiHWM Ta BMICTY HiTpaTiB y IpyHTi 3a
pi3HUX cnocobiB Moro ocHoBHOro 06pobiTky. B ymoBax nonbosoro gocnigy Ha TepuTopii [loHeubkoi obnacTi Bnpoaosx 8
POKiB MPOBOAWMM MOHITOPUHI BMICTY HIiTPATHOro a3oTy B OPHOMY LUapi YOPHO3eMy 3BMYAMHOINO Ha TPbOX BapiaHTax
06pobiTKy r'pyHTY — opaHku, 6e3BigBanbHOro MOCKopi3HOro Ta Hynbosoro (no-till). OgHovacHo crnocTepirany AuHaMiky
MOrOAHMX YMOB | po3paxoByBanu rigpotepmiyHun  koediuieHT ([TK). CratuctuyHy 06pobKy AaHuWX BUKOHaHO
kopensuinHum, perpeciiinm Ta ANOVA aHanizom y Bubipui 729 iHavBigyanbHuX cnocTepexeHb. [okazaHo, LWo Ha BCix
BapiaHTax nicnsi ABOPIYHOI Nocyxu BiaGyBaeTbCS 36inNblUEHHSI BpoXato Ha OOHi MiABULLEHHS BMICTY HITpaTiB y I'pyHTI, a
yepes pik Micnsi Nepe3BONOXEHHS] BPOXAWHICTb Nafae, He3BaXawuuM Ha BUCOKMN PiBEHb HITPATHOrO XMBMEHHS. Y
KPUTUYHI 3@ 3BONIOXEHHSIM POKM HanbinbLui Bpoxai 3adikcoBaHO Ha opaHui. CniBcTaBneHHsIM edpekTUBHOCTI 06pobGiTkiB
6e3 0bepTaHHA nnacTa i TpaauuiiHOI BigBanbHOI OpaHKM BM3HAYEHO YMOBM, 3a SIKMX MiHiMi3auisi 06pobiTKy IpyHTY €
AouinbHoM. |3 MigBMLLIEHHAM CTyMeHI0 MiHiMisauii 06pobiTKy I'pyHTY 3MEHLLYETbCA AoAaTHUIA NiK Ha rpadpiky AMHaMikv
BiAHOCHMX BpoXaiB i NornmMbntoeTbes Big' eMHuiA. [ns no-till popMyeTbCa 3HMKEHHS NPOAYKTUBHOCTI KyNbTyp Y POKM i3
['TK meHwe 0,6 Ha OHi 3HWKEHHS PIBHSA HITPATHOrO XWBMeEHHS. [ns HynboBoro o6pobiTky BM3HAYEHO MO3UTUBHWNA
KOPENATUBHWI 3B’SI30K MiXX PiIBHEM YMICTy HITpaTiB y I'PYHTIi MMHYNOro POKy i KinbKiCTIO MPOAYKUii HACTyMHOro poky.
BusiBneHo, wWo BigMOBa Big 00epTaHHA nnacrta MOCUIIOE PU3NK HeraTMBHWUX HaCMigKiB Mepe3BONOXEHHS 3a
nigBuLLEHOro piBHA HiTpaTiB y rpyHTi. [JoBedeHo, WO HecTaya as3oTy He € BU3HaYarbHUM (akTopoM ypoxatro 3a
0e3BiaBanbHOro NnockopiHoro 06pobiTky rpyHTY. 3a no-till nagiHHA BpoXarWHOCTI OOYMOBMIOETLCH TPUBANUM
3MEeHLUEHHSAM BMICTY HIiTPaTHOro a3oTy B I'PyHTi, HA NiACTaBi YOro MOXMIUBUM € NPOrHO3YBaHHS e(PEKTUBHOCTI CUCTEMMU
npsimoro nocisy. Perpeciiium aHanisaom BM3Ha4yeHo 3anexHiCTb BiAHOCHOI BpoXawnHOCTi 3a no-till Big BiGHOCHOro BMICTY
HITpaTiB y I'PyHTi No3amMuHymnoro poky (r=0,950).

Knro4yoei croea: 6e3gidsanbHull ninockopizHuli 06pobimok; eidpomepmidyHull koegiyieHm CensHuHosa; I'TK; Himpamu;
Hyriboguli 06pobimokK; opaHKa, ypoxalHicmb Kyrnbmyp.

®opma yumysarHsi: Morpomcbka A.A. Bnnue cnocoby o6pobiTKy I'pyHTY Ha NPOAYKTMBHICTb CIBO3MiHW i BMICT HiTpaTiB B OPHOMY LUapi 3a
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