UDC 631.51:631.432.631.417.2 https://doi.org/10.31867/2523-4544/0274

INFLUENCE OF FERTILIZATION AND TILLAGE SYSTEMS ON THE HUMUS
CONDITION OF DARK-GREY PODZOLIC SOIL
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Ynstitute of Agriculture of the Western Polissia of NAAS, 5 Rivnenska St., Shubkiv village, Rivne district, Rivne region, 35325, Ukraine
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Topicality. Modern agricultural systems have an ambiguous effect on the humus condition of soils.
The urgent task is to restore and preserve the fertility of the dark grey podzolic soil, and increase the organic
matter content in the agricultural system. Purpose. To determine changes in the humus condition of dark
grey podzolic soil under sunflower under different tillage and fertilisation systems using by-products of crop
rotation. Materials and methods. In the long-term stationary experiment, the following tillage systems were
used: ploughing at a depth of 25-27 c¢m, disking at 15-17 cm and disking at 10-12 cm. Ploughing under
sunflower was carried out with plough PLN-3-35, disking — disc harrow AH-2.4-20. The fertilisation systems
were as follows: 1) no by-products; 2) by-products; 3) Nig (@ammonium nitrate) per 1 tonne of by-products.
The humus content in the soil was determined according to the 1.V. Tyurin’s method, the group composition
of humus — according to method of M. M. Kononova and N. P. Bielchikova. Results. It was established that
the highest humus content in the 0-20 cm layer of the soil under sunflower was 2.09 % for the variant with
disking at a depth of 15-17 cm using by-products. On dark grey podzolic soil, humus accumulation is en-
hanced by disking at 15-17 cm and fertilisation with by-products and N,o, which is accompanied by charac-
teristic changes such as an increase in the total content of humic acids and non-hydrolysed residue in the
humus group composition. The highest content of humic acids was 0.29-0.34 % in the plots with moldboard-
less tillage under different fertilisation systems. The lowest content of this important humus fraction was
0.23-0.25 % in the variant with different depth ploughing. In the variants with disking to a depth of 15—
17 cm and 10-12 cm when using by-products with Nio, the highest values of the ratio between carbon in
humic acids and carbon in fulvic acids were 1.26 and 1.27, respectively. Conclusions. Application of mold-
boardless tillage, disking at a depth of 15-17 cm and fertilisation system with by-products + Niq contribute
to the recovery of dark grey podzolic soil fertility and improvement of its humus condition. In the Western
Polissia of Ukraine, it is recommended to carry out disking at a depth of 15-17 cm with the use Ny, per 1 ton
of by-products in the fertilisation system for sunflower cultivation.
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Introduction. Long-term anthropogenic
load on the agricultural system changes both the
humus content and its qualitative composition.
The reason for this is the agrotechnical impact
changing the natural development of humus
formation, primarily of humus substances such
as complex organic and mineral compounds that
are not equally resistant to anthropogenic load.
Soil in Ukraine is still poorly supplied with or-
ganic matter, with annual humus losses of 0.6—
1.0 t/ha [1-3].

Soil fertility is related to soil formation
and depends on the interaction between soil and
plants. Plants absorb nutrients from the soil and
produce organic compounds using photosynthe-
sis. Soil microorganisms interact closely with
higher plants, mineralise plant residues, and
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support the formation of organic matter, humus,
which concentrates the main part of soil nutri-
ents. Under the impact of microorganisms, hu-
mus substances are also hydrolysed and miner-
alised, producing intermediate products [4].

Soil organic matter, its composition, re-
serves, and quality characteristics are the main
indicators of soil fertility, whose changes large-
ly depend on the intensity of agricultural prac-
tices, including fertilisation and tillage. Organic
matter in the soil contains 85-90 % humus and
forms in the small biological cycle of matter and
energy [5, 6]. Humus intensifies biochemical
and physiological processes, enhances metabo-
lism and the general energy level of processes in
the plant, increases the nutrient supply, which
results in an increase in the productivity of agro-
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cenosis [7, 8].

The amount of humus and its qualitative
composition are indicators of the ecological
conditions of the soil. Agrochemical factors
have a significant impact on the composition of
humus compounds in the soil, changing the re-
serves of total carbon and the content of mobile
fractions. D. S. Orlov and L. O. Gryshyna con-
sider the group composition of humus as the
most important indicator that characterises the
soil conditions [9].

Literature sources give different interpre-
tations of the effect of fertilisation on the frac-
tional composition of soil humus. Some resear-
chers point out that both physiologically alka-
line and acidic mineral fertilisers have a nega-
tive impact on free and loosely bound humic
and fulvic acids with R,O due to an increase in
mobile fractions of humus and simplification of
the humic acid structure [10, 11].

Studies [12] have shown that under condi-
tions of long-term application of organic and
mineral fertilisers in crop rotation on light
loamy soils, the initial level of humus decreased
in the control (without fertilisers) and mineral
fertilisation system by 30-40 %. The decreased
content of humus was accompanied by changes
in the main parameters of its qualitative compo-
sition such as a decrease in the content of humic
acids, increased fulvation, and depletion of soil
organic matter with active compounds that are
easily mineralised. The low level of chemically
and physiologically active organic matter in soil
humus leads to the vulnerability of the stable
central part of humic acid (HA) macromolecu-
les, resulting in its transformation and also bio-
logical and chemical destruction, which de-
creases the total soil carbon content and leads to
loss of fertility.

In experiments on light loamy soils, or-
ganic fertilisers kept the humus content and im-
proved the qualitative indicators of organic mat-
ter compared to the control, while the applica-
tion of a mineral fertilisation system increased
dehumification, deteriorating the composition of
soil organic matter [13-15].

According to a number of studies, the or-
ganic-mineral fertilisation system compared to
the separate use of mineral and organic fertilis-
ers showed an increase in Corg. (Organic carbon
content) in the soil [16].

The transformation of humus substances
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and the degree of its severity under various
manifestations of agrogenic impact reflect the
nature and degree of change in humification
conditions. The leading role in the manifestation
of degradation and regradation transformation is
played by humic acids; they are responsible for
agronomic value of humus and its environmen-
tal sustainability [17]. Different agricultural
conditions weaken or intensify the formation of
humus structures and their polymerisation, which
changes the content, composition, structure and
properties of humic acids.

The regulatory mechanism for stabilising
reserves and improving the qualitative humus
composition can be tillage and fertilisation sys-
tems that use by-products [18].

The study of the impact of various agri-
cultural practices on the content and transfor-
mation of organic matter is necessary to ensure
the balanced utilisation of its resources and to
develop effective monitoring measures for the
agrosystem sustainability in general. Activities
aimed to restore and preserve humus and soil
fertility, will also help to control the carbon cy-
cle in agro-systems and reduce CO, emissions.

Purpose of the research is to determine
the changes in the humus condition of dark grey
podzolic soil under different tillage and fertilisa-
tion systems using by-products in crop rotation
with sunflower.

Materials and Methods. In 2021-2022,
the research on qualitative changes in humus
was conducted in a long-term stationary exper-
iment of the Institute of Agriculture of Western
Polissia of NAAS of Ukraine. The stationary
experiment was conducted on three fields with
one field included in the crop rotation, with the
following crops alternating: winter wheat — soy-
beans — maize — sunflower.

In the experiment, three tillage systems
were studied (ploughing to a depth of 25-27 cm,
disking to a depth of 15-17 cm, and disking to a
depth of 10-12 cm). Ploughing for sunflower
was carried out with a PLN-3-35 plough, and
disking was carried out with an AG-2.4-20 disc
harrow. The experimental design included three
fertilisation systems: 1) no by-products; 2) with
by-products; 3) by-products + Nio (ammonium
nitrate) per 1 tonne of by-products. For sun-
flower, by-products of winter wheat were used
in the experiment.

Experimental plot soil is dark grey pod-
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zolic with humus content in the 0-20 cm layer
of 1.9 %, with mobile phosphorus and potassi-
um content of 254 and 110 mg/kg (by
Kirsanov), respectively, and easily hydrolysed
nitrogen content of 87 mg/kg (by Kornfield).

The registration plot area is 100 m? re-
peated three times. Crop production practices
were generally accepted.

The mineral fertiliser rate for sunflower
was N7oP3sKgo. Fertilisers were applied in the
form of ammonium nitrate, potassium chloride
and ammophos.

Soil samples were taken from the 0-20 cm
layer during the harvesting period. Total humus
content in the soil was determined by the me-
thod of I. V. Tiurin (DSTU 4289:2004); hu-
mus group composition — by the method of
I. V. Tiurin in the modification of M. M. Ko-
nonova and N. P. Bielchikova (MVV 31-497058-

006-2002).

Results and Discussion. The analysis of
the humus state of dark grey podzolic soil indi-
cates that the humus content and its qualitative
composition depend on fertilisation and tillage
systems.

Under different soil management condi-
tions, the intensity of mineralisation and humifi-
cation processes varies. The organic matter con-
tent in the arable layer of 0—20 cm of soil varied
in response to both fertilisation and tillage sys-
tems. Higher soil humification in the topsoil
was achieved due to moldboardless tillage and
accumulation of post-harvest residues, which
are the main source of organic matter, in this
layer. Studies have shown that humification
processes intensified under moldboardless till-
age, and humus accumulated more efficiently
than under different depths of ploughing (Table 1).

Table 1. Impact of fertilisation and tillage systems on the humus condition of dark grey podzolic soil, 2022

C, % to soil weight
Tillage Fertilisation Humus, | C total, obtained by mixing Co lCun:C
(factor A) (factor B) % % Na,P,0; + NaOH rgusmlc HA - FA
total Cua Cea '

Different depth | no by-products 1.62 0.94 0.48 0.25 0.23 0.46 1.09
ploughing by-products 1.62 0.94 0.48 0.23 0.25 0.46 0.92
at 25-27 cm by-products + N 1.71 0.99 0.47 0.25 0.22 0.52 1.14
Disking no by-products 1.81 1.16 0.59 0.32 0.27 0.57 1.19
at 15-17 em by-products 2.00 1.05 0.54 0.30 0.24 0.51 1.25
by-products + N 2.09 1.21 0.61 0.34 0.27 0.60 1.26
Disking no by-products 1.84 1.07 0.59 0.31 0.27 0.48 1.15
at 10-12 cm by-products 1.90 1.10 0.54 0.29 0.25 0.56 1.16
by-products + N 1.91 1.11 0.59 0.33 0.26 0.52 1.27

LSDgs factor A 0.08 0.05 - 0.03 0.01 - -

factor B 0.06 0.03 - 0.02 0.02 - -

interaction AB 0.05 0.04 - 0.02 0.01 - -

Note: C total, % — total carbon content; Cya — carbon content of humic acids; Cga — carbon content of
fulvic acids; Chymic res. — content of non-hydrolysed residues; Cua : Cra— ratio of the carbon content of
humic acids to the carbon content of fulvic acids; Corq, % — Organic carbon content

In all variants of tillage, especially dis-
king, with the use of by-products in the fertilisa-
tion system, the humus content in the soil in-
creased.

The lowest humus content in the arable
soil layer was 1.62-1.71 % in variants with
ploughing under sunflower in fertilisation sys-
tems with by-products. In the 0-20 cm arable
soil layer, the highest humus content was in the
variants with disking to a depth of 15-17 cm
using by-products and by-products + Nj at a
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rate of 2.00 and 2.09 %, respectively. Disking to
a depth of 10-12 cm using the fertilisation sys-
tem with by-products resulted in a slightly lower
humus accumulation of 1.90-1.91 % compared
to disking to a depth of 15-17 cm. In the vari-
ants under moldboardless tillage without the by-
products, the humus content was reduced by
0.25 % compared to the variants with the by-
products in the fertilisation system.

The highest total carbon content was
1.21 % for disking to a depth of 15-17 cm with
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the use of by-products + N in the fertilisation
system, 1.91 % for disking at a depth of 10—
12 cm with the same fertilisation system, 0.94 %
for different depth ploughing without by-pro-
ducts, 1.16 % for disking at 15-17 cm and 1.07 %
for disking at 10-12 cm.

In the dark grey podzolic soil, the share of
fulvic acids in the humus was 0.22-0.27 % of
the total carbon content and humic acids — 0.23—
0.34 %. At the same time, the content of fulvic
acids and humic acids varied depending on the
tillage and fertilisation systems.

The highest content of humic acids was
0.29-0.34 % in plots with moldboardless tillage
under different fertilisation systems. The control
variant with different depths of ploughing was
characterised by the lowest content of humic
acids (0.23-0.25 %). In variants with mold-
boardless tillage using by-products, humic acids
are dominated by fulvic acids in the humification.

The highest total amount of insoluble res-
idue was in the variant of disking to a depth of
15-17 cm using by-products + Njo and reached
0.60 %, while in the variant of different depth
ploughing without by-products, it was 0.46 %.

The fertilisation system with the use of
by-products increased the share of humic acids
and ratio Cya: Cra, indicating improved humus
quality. The highest values of the ratio Cya: Cra
were in the variants of disking to a depth of 15—
17 cm and 10-12 cm with the use of by-
products + Nio and amounted to 1.26 and 1.27,
respectively. In the dark grey podzolic soil,
when using the tillage and fertilisation systems
with by-products, the ratio Cya: Cra is higher
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@ypmaneys M. I'.*, @ypmaneys 10. C.', ®ypmaneus I. F0.> Bnaue cucmem ydobpenna ma o6poGimky
Ha 2yMyCHUIi CMan MeMHO-Cipo2o onidzonenozo rpynmy. 3epnosi kynomypu. 2023. 7 (1). 163-167.
1IHcmumym cinbcvkoeo eocnodapcmea 3axionozo Ionicca HAAH, eyn. Piguencoka, 5, c. Lllyokie, Pignencokuii paiioH,
Pignencora obnacme, 35325, YVrpaina

2JTvsi6cbkuti HayioHanbH yHieepcumem imeni leana @panxa eyn. Yuisepcumeywvka,l, m. Jvsis, 79000, Yxpaina

AxkTyaiibHicTh. CyyacHi CHCTEMH 3eMJIepOOCTBA HEOAHO3HAYHO BIUIMBAIOTh HA OKA3HUKU I'YMYCHO-
ro CTaHy IpYHTiB. BimHOBIEHHS 1 30epekeHHsI POMIOYOCTI TEMHO-CIPOTO OIiI30JCHOTO IPYHTY Ta MiJABH-
IICHHSI BMICTY OpraHiuyHOi PEYOBHMHH B arpocHCTeMi € akTyadbHUM. MeTa. BcTaHOBUTH 3MiHM TYMYCHOTO
CTaHy TEMHO-CIpOTO OMIi/J30JIEHOTO TPYHTY 3a PI3HHX CHCTEM HOro OOpOOITKY Ta yAOOpeHHS 3 BHKOPHC-
TaHHSAM MMOOIYHOI MPOMYKIIT KYIbTYp CiBO3MIHH Mix cOHSTIHUKOM. Marepiaau i meTtoau. J[oBroctpokoBuit
crauionapauii pocmia. CucremMu oOpoOiTKy I'pyHTY (OpaHKa Ha rimOuHy 25-27 cM, AMCKyBaHHS Ha — 15—
17 cm, auckyBannst Ha — 10—12 cm). Opanky mij coHAMHUK npoBoawin turyrom [IJTH-3-35, auckyBanHs —
AI'-2,4-20. Cucremu ynoopenns: 1) 6e3 mo0idHo1 mpoayKiii; 2) modivHa mpoayKiis; 3) moOivHa MpOIyKIIig +
Nijo (amiauna cemitpa) Ha 1 T moGiyHOi mpoxykmii. Bmict rymycy B IpyHTI BU3HAauYalld 3a METOJIOM
1. B. Tropina, rpynosuii ckian rymycy — 3a M. M. Kononosoto i H. I1. benpuikoBoro. Pe3yabTaTn. Bera-
HOBJICHO, 110 3a BUPOIIYBAaHHsS COHSIIHUKY HalBHII MMOKa3sHUKH BMicTy rymycy B 0—20 cMm mapi rpyHTY
Oyyn y BapiaHTi 3 JUCKyBaHHAM Ha 15—17 cm 3a BukopuctanHs nodiunoi npogykuii — 2,09 %. 3actocyBaHHS
Ha TEMHO-CIpOMY OMIiJI30JICHOMY IPYHTi AUCKYBaHHS Ha 15—17 cM Ta B cucTeMi y0OpeHHs MOOIYHOT MPOTYKIIiT
+ Njp cnpusie TyMyCOHarpoMaJUKeHHIO 1 CYNPOBOXKYETHCSI XapakKTepHUMHU 3MiHAMH: B IPYIOBOMY CKJIaji
TYMYCY 3pOCTa€ 3arajlbHUH BMICT TYMIHOBHUX KHCJIOT i MiABHUIIYETHCS BMICT HETIAPOIII30BAHOTO 3AJIHIIKY.
Haii0inpmyMy moka3HUKaMH BMICTY TYMIHOBHX KHCIIOT BiJI3HAYallUCs JIUISTHKA Ha SKUX BHKOPHCTOBYBAJH
0e3mnosuieBl 00po0iTKM IPyHTY 3a pi3HuX cucteMm ynoopenns — 0,29-0,34 %. BapianT 3 pi3HOrIIMOMHHOIO
OPAHKOIO BiJ3HAYaBCS HAWHMKYAM BMICTOM Iii€l BaxxmBoi ¢pakiii rymycy 0,23-0,25 %. HaiiBummi mokas-
HUKY criBBigHomeHHsS Cri @ Cox OyNM y BapiaHTax AMCKyBaHHS Ha TauOuHY 15—17 cm ta Ha 10-12 cMm 3a
BUKOpPHUCTaHHS MOo0iYHOT npoaykuii + Nyg craHoBMHM, BianosigHO 1,26 Ta 1,27. BucHoBKH. 3acTocyBaHHS
0e3noauIeBoro 00poOITKY IPYHTY, MUCKYyBaHHs TiIuMOWHOO 15—17 cM Ta cuctemMu yIOOpeHHS 3 MOOIYHOIO
npoaykiiero + Ny CIPUSIOTH BIATBOPEHHIO POJIFOYOCTI TEMHO-CIPOTO OITiJ30JIEHOTO IPYHTY Ta MOJIMIICHHIO
fioro rymycHoro crany. B ymoBax 3axignoro [Tomiccs Ykpainu 3a BUPOIYBaHHS COHSIIHUKY JIOULIBHO MPO-
BOJIMTH JTUCKYBaHHS Ha rMHOMHY 15—17 cM i3 BUKOpUCTaHHSM B chcTeMi ynoOpeHHs mo0iuHoi npomykuii + Njg
Ha | T MOGIYHOT MPOTYKIIi.

Knrouoei crosa: eymyc, memHno-cipuii oniozofienHutl IpyHm, cucmema yOOOpeHHs, 2yMIiHO8I KUCiomu,
Gynveokucromu
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