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The aim of the work was to study the direction and intensity of mineralization and immobilization pro-
cesses in different layers of gray forest soil at fallow fields, extensively and intensively used agrosoils. The
research included laboratory analysis, microbiological studies, and statistical processing. For the fallow
plots, the layers chosen for study were Hd — turf (0—10 cm), He — humus-eluvial (11-40 cm), Hi — humus-
illuvial (41-74 cm), Ih — illuvial-humus (75—-115 cm), Ip — transitional from the illuvial layer to bedrock
(116-156 cm), Pi — bedrock with occasional insertions of illuvial soil (157-191 cm); for the agrosoils of the
stationary experiments: He — humus-eluvial (0—10 and 11-40 cm), Hi — humus-illuvial (41-74 cm), Th —
illuvial-humus (75-115 cm), Ip — transitional from the illuvial layer to bedrock (116—56 cm). We found
that humus mineralization differed in some layers of the gray forest soil under these management regimes.
At fallows, the intensity of humus mineralization tended to decrease with depth, and it was interrupted in
the Ih and Ip layers. In the intensively used agrosoil, humus mineralization was more active in Hi- and Ih-
layers. Comparatively, the activity of humus mineralization smoothly decreased in the profile of the exten-
sively used agrosoil from the uppermost layer to the lower by 97.2% . The mineralization coefficient of
Nitrogen compounds gradually decreased in the fallow ground and extensively used agrosoil, unlike the
intensively managed agrosoil, in which the intensity of mineralization-immobilization of nitrogen com-
pounds increased in the He and Hi layers. It was shown that the fallow ground had the more efficient system
to transfer substrates and mineral ions down the profile to the lower layers. The difference in biologic activ-
ity between the upper and lower layers was maximum in the fallow ground, intermediate in the intensively
used agrosoil and minimum in the extensive agrosoil.

Key words: soil horizons, index of pedotrophy, nitrogen mineralization coefficient, humus
mineralization activity, fallow ground, agrosoil.

and seasonal characteristics have much lower
influence [3, 4].

Research of the microbial distribution
along the soil profile gains weight considering
that the microbial biomass is relatively evenly
distributed across the whole cross-section of

the gray forest soil, turf podzol, chernozem, Materials and Methods

kastanozem [1] and peat [2, 3]. Vertically
layered microbial communities are viewed
as integral components of ecosystems [4].
For every layer of the ecosystem, there are
specific ranges of both quantity and taxonomic
diversity of the microorganisms. For every
type of soil, the maximum quantity and
taxonomic diversity of the bacterial complexes
are seen in the litter, minimum in the mineral
horizon. The main factor determining the
quantities and diversity of prokaryotes is type
of substrate (layer position). Biotope features

The study was done on gray forest soil at
closely situated plots: 1 — soil excluded from
agriculture use in 1987; 2—-3 — agrosoils of
the stationary experiment that was started
in 1987 on the territory of the experimental
station “Chabany” in Kyiv-Svyatoshynskyi
district of Kyiv region. We studied versions
with a ground development scheme that is
traditional for Forest-Steppe: 2 — control,
crop rotation without additional mineral and
organic fertilizer (extensively used agrosoil);
3 — crop rotation with additional mineral

65



BIOTECHNOLOGIA ACTA, V.12, No 6, 2019

fertilizer Ngg P108 K112.5 and conventional
tillage of agricultural side products (intensive
agrosoil).

Soil samples were taken from such horizons
of the fallow ground: Hd — turf (0-10), He —
humus-eluvial(11-40 cm), Hi — humus-
illuvial (41-74 cm), Ih — illuvial-humus
(75—-115 cm), Ip — transitional from illuvial
to bedrock (116—-156 cm), Pi — bedrock with
insertions of soil from the illuvial horizon
(157-191cm). For agrosoils, the sampled
horizons were: He — humus-eluvial (0-
10 and 11-40 cm), Hi — humus-illuvial
(41-74 cm), Th — illuvial-humus (75—-115 cm),
Ip — transitional from the illuvial horizon to
bedrock (116-156 cm).

The mineralization intensity of nitrogen
compounds was calculated after Ye. N.
Mishustin and E.V. Runov [5], the index
of pedotrophy after D. I. Nikitin and V.
S. Nikitina [6], the activity of humus
mineralization — after I. S. Demkina and B. N.
Zolotaryova [7]. To make a general assessment
of the biologic state of soil, we calculated the
parameter of overall biologic activity (OBA)
using the method of relative valuation [8, 9].

Results and Discussion

Having analyzed the direction of
microbiological processes in soil by the
mentioned parameters and indices, we found
that the intensity of mineralization processes
changes depending on the position of the
sample along the profile (Tables 1-3). Thus,
indices of pedotrophy are somewhat lower

for soil from the upper horizons of fallow
ground and intensive agrosoil than from the
He horizon, perhaps due to lesser humidity of
the soil. The intensity of the organic matter
mineralization decreased by 47.1% in the
upper horizon of fallow field. For the intensive
agrosoil it decreased in 4.18 times. For
extensive agrosoil the trend was reversed: the
mineralization activity was higher precisely
in the upper horizon. This provides additional
evidence about the relatively more similar soil
processes in the intensive agrosoil and the
fallow ground.

The activity of the organic matter
decomposition sharp decreased at the edge of
the Hi horizon by 4.92 times for the fallow
field and by 3.03 times for the intensive
agrosoil. In the extensive agrosoil the index
of pedotrophy conversely increased by 87.4% .
Such difference underscores the significant
consequences of different intensity of soil
management. The highest mean activity of the
organic matter utilization in the arable horizon
was seen in the intensive agrosoil (0.989), then
the fallow field (0.546) and extensive agrosoil
(0.434).

Nitrogen mineralization coefficient
gradually decreased in fallow soil from 0.254
(upper horizon) to 0.072 (lowest of the studied
horizons) (Table 1), the same tendency was
seen in extensively used agrosoil (Table 3).
However, in the intensively used agrosoil the
intensity of mineralization-immobilization of
Nitrogen compounds was higher in horizons
He and Hi, perhaps due to migration of
Nitrogen mineral compounds to the layer of

Table 1. Intensity of mineralization processes and phytotoxic properties
of gray forest soil used for fallow since1987

= o © Mass of 100 plants of the
> [ Qe e ° test culture, winter
= IS - ’
:; S5 gﬁ §ER5 | u= - -2 Kr wheat, g
g% %o ) w5 | 28> s o
N o, q,)’" - © = .= E—l:’: d—‘.>
=i <8 o & B8 | 885 =%
e £ g Zeg | S5 8 total
am g g3 g8 £3 S stem root mass
= g 2
Hd (0-10) 0.221 0.037 0.254 21.2 2264.0 | 0.352 8.08 13.9 22.0
He(11-40) 0.325 0.039 0.242 20.1 2249.8 | 0.341 8.46 7.34 15.8
Hi (41-74) 0.066 0.005 0.109 9.26 1184.0 | 0.140 9.57 10.4 20.0
Ih (75-115) 0.029 0.007 0.139 27.2 382.6 | 0.018 7.87 9.53 17.4
Ip (116-156) 0.014 0.003 0.025 49.8 344.8 0 6.80 6.90 13.7
Pi (157-191) 0.029 0.010 0.072 6.10 100 0 8.08 8.32 16.4
HIPO5 0.11 0.12
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Table 2. Intensity of mineralization processes and phytotoxic properties of gray forest soil managed
as intensively used agrosoil since 1987

o, g g -E’ Mass of 100 plants of the
~ - =5 R o B 2 test culture, winter
g= ; & g3 &8.8 ERES 3] wheat, g
SR 5 E £ o= .= Eo= S
=29 =) O & el S = 8.2 o
o 22 e Z o9 T oS 2
= =3 =9 Z 28 ] = total

= o ' E < - stem root
° mass

E‘

He (0-10) 0.191 0.100 0.160 25.7 1460.0 8.73 4.84 13.6
He (11-40) 0.798 0.744 0.621 23.8 962.0 6.54 4.77 11.3
Hi(41-74) 0.263 0.173 0.048 59.6 466.0 4.65 4.76 9.41
Th (75-115) 0.119 0.299 0.155 42.6 147.9 4.31 5.57 9.88
Ip (116-191) 0.202 0.166 0.274 24.0 100.0 4.62 5.58 10.2

HIPO05 0.13 0.10

Table 3. Intensity of mineralization processes and phytotoxic properties
of gray forest soil managed as extensively used agrosoil since 1987

2 ° Mass of 100 plants of the test
) = o - culture, winter wheat, g
- 2 B g S z
- =] Pt S =
g g 2 &% | 28| 28| & | Er
SB g, S£ | 8RE | ERE 3
5= o 5 | 25% | 252 | 2
e © = Q Z o 9 =R =
X o ° = © B = stem root total mass
g = = -
=] (=]
= =
He (0-10) 0.252 0.16 0.37 21.1 864.2 4.28 6.5 5.89 12.4
He (11-40) 0.182 0.12 0.17 18.8 611.7 1.51 8.0 5.10 13.1
Hi (41-74) 0.341 0.22 0.045 17.5 159.7 | 4.28 4.33 4.66 8.99
Th (75-115) 0.081 0.65 0.14 16.8 125.4 3.78 4.41 5.19 9.60
Ip (116-191) | 0.390 0.33 0.46 10.7 100.0 2.80 4.44 4.01 8.45
HIPO5 0.07 0.08

11-74 cm (Table 2). The Nitrogen compounds
mineralization coefficient increased in
the lowest of the studied horizons in the
extensively agrosoil to 0.456. It is impossible
to explain by vertical migration of these
compounds, because this agrosoil was not
fertilized since 1987. Though, the ions may
have migrated from the regularly fertilized
plots of adjacent stationary experiments.
Humus mineralization activity gradually
decreases down the profile; the trend is all the
more clear in old fallow ground and extensively
used agrosoil. Thus, the microbiological

destruction of humus decreases between
the upper and the lowest studied horizons
by the factor of 3.5 in the fallow soil, and
by the factor of 1.97 in extensively used
agrosoil. Meanwhile, the decomposition of
humus substances increased by 24.4-65.2 %
in the layer of 41 to 115 cm compared to the
upper and lower horizons in the fallow soil
and intensive agrosoil. It could be caused by
accumulation of mobile humus compounds in
these soil layers (41-115 cm).

Agrochemical analysis showed that in
fallow soil, the percentage of humus was
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1.43% at He-horizon, 0.041% at Ih-horizon,
and 0.018% at Pi-horizon [10]. This means
that humus content between the horizons
decreases by the factor of 34.9 and 79.4,
respectively. The indigenous microflora
decreased 10.5 and 200-folds, respectively,
though the physiologic-biochemical activity
of microorganisms in different horizons
remained almost the same (11). Therefore,
humus decomposition depends on many
factors: humus content, concentration of
easily utilized substrates and of macroelements
which delay the mineralization of humus
compounds, availability of oxygen, abundance
of indigenous microorganisms and their
physiologic and biochemical activity, etc.

Long-term research showed that the
activity of humus mineralization was minimum
in the first 20 cm of fallow soil and maximum
in the extensive agrosoil [12]. In 2014, the
humus mineralization activity decreased in
the extensive agrosoil, perhaps due to overall
lesser amounts of humus in it. For 27 years, no
organic fertilizer has been added neither cover
crop plowed under; the organic matter has been
also taken out with the main crop leading to a
significant decrease in humus content [13].

The comparison of different types of soil
by microbial biomass and the comparison
of soil horizons which strongly differ in
humus do not confirm the dependence of
microbial biomass on the amount of organic
matter [1]. It can be caused by the microbial
biomass not being wholly active, a large part
staying dormant until the favorable stage of
succession [14].

In the vegetation period of 2014, the
phytotoxicity of fallow soil (horizon He)
was the lowest, while that of the intensive
agrosoil was 74.3% higher and of the
extensive agrosoil — 92.7% higher than the
in fallow soil. That agrees with long-term
data [15[. In the arable layer, the difference
was 64.7 and 61.4% (Tables 1-3). In the
lowest of studied horizons (Ih) it was 84.9
and 68.8%, respectively, which also confirms
that the fallow soil contains a system of
capillaries which is absent (or imperfect) in
agrosoils.

The total bioactivity, which is an integral
parameter, was minimum in the lowest of
studied horizons in all cases (Tables 1-3). The
difference in bioactivity between the higher
and the lower horizons is highest in the fallow
soil (22.6 times). In the intensive agrosoil it
was higher by 14.6 tomes, and in the extensive
agrosoil the difference was minimum (by
8.64 times).
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In this study, the total bioactivity of the
gray forest soil was highest in the fallow soil.
It exceeded the bioactivity of the intensive
and extensive agrosoils in the upper horizon
by 1.55 and 2.62 times, respectively. The
total bioactivity in the fallow soil gradually
decreased from the upper horizon Hd to He
by 16.7%, from He to Hi by 90.0%, from
Hi to Ih by 218.0% , from Ih to Ip by 8.44%,
from Ip to Pi by 3.44 times (Table 1). In the
extensive agrosoil, total bioactivity decreased
between horizons by 44.6, 97.8, and 99.6%,
respectively, and in the intensive agrosoil,
by 23.7% between He (0—10 cm) and He
(11-40 cm) and 3.39 times between He and
Hi layers. The three lowest horizons all have
almost identical total bioactivity (Table 3).

Same trend was observed at the arable layer
(0—40 cm): the highest activity was seen in the
fallow soil (2330.7), then the intensive agrosoil
(2139.0) and the extensive agrosoil (2061.3),
which agrees with previous data [12].

Hence, the direction and intensity of
mineralization processes change across the soil
profile. The specifics and scale of the change
depend on soil use.

Conclusions

1. The fallow soil has the highest total
bioactivity of all studied examples of
management regimes of gray forest soil. The
bioactivity in the upper horizon of fallow
soil exceeds the values for the intensive and
extensive agrosoils by the factors of 1.55
and 2.62, respectively. The difference in
bioactivity between the upper and the lower
horizons is highest in the fallow soil (22.6
times), moderate in the intensive agrosoil (14.6
times) and lowest in the extensive agrosoil
(8.64 times).

2. The mineralization coefficient of
nitrogen compounds gradually decreases in
fallow soil and extensive agrosoil, but not
in intensive agrosoil. In the last case, the
intensity of mineralization-immobilization of
nitrogen compounds increases in the He and
Hi horizons, perhaps because of migration
of mineral nitrogenous compounds to the
11-74 cm deep soil layer.

3. Humus mineralization activity is
the highest in the two uppermost horizons
of intensive agrosoil among the studied
management regimes of gray forest soil. It
does not decrease downwards along the soil
profile unlike humus mineralization activity
in the extensive agrosoil, where it gradually
decreases along the profile.
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4. In the fallow soil and intensive agrosoil,
humus substances decomposition are more
actively decomposed in the layer of 41-115 cm
compared to higher and lower horizons by
24.4-65.2% , perhaps because of accumulation
of mobile humus compounds in these specific
soil layers.
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CIIPAMOBAHICTD TA HAITPYJKEHICTD
MIKPOBIOJIOTTYHHX ITPOIIECIB
Y 'OPHU3OHTAX CIPOI'O JIICOBOI'O
TPYHTY 3A HOT'0 PISHOI[IJILOBOTO
BUROPUCTAHHA

I.M. Manunoscvka

HHIT «IacturyT 3emaepobectea HAAH»,
Kuis, Ykpaina

E-mail: irina.malinovskaya.1960@mail.ru

Metoro poboTu 0yJI0 HOCTiIKEeHHs CIIPSIMOBAHO-
CTi Ta HAIIPYKEHOCTI MiHepasisalilHUX IPOIIECiB ¥
I'PYHTi TOPU30HTIB Ciporo JIicOBOTO I'PYHTY 3a Horo
BUKOPUCTAHHA AK IIE€PEJIOTY, eKCTEHCUBHOTO Ta iH-
TEHCUBHOT'O arpo3eMiB. ¥ JOCTiIKeHHI BUKOPUCTO-
BYBaJIX JIaOOPATOPHO-aHATITUYHIM, MiKpPOOiooriu-
HUM, CTATUCTUYHNIA METOAM. 3’SCOBYBaIU Iepedir
MiHepamisamiiiunx Ta iMMOOGLTiZaIiiHMX IIpOIeciB y
TOPMB30HTAX CipOro JICOBOIO I'PYHTY Ha IIEPeJIOTOBIX
mimauakax: Hd — gepuuma (0—-10 cv), He — rymycoso-
emoBianpHMM (11-40 cm), Hi — rymycoBo-imioBi-
anpunii (41-74), Ih — imoBiansHO-rymycoBuii (75—
115), Ip — nepexigHuii Bif i1I0BiaILHOTO TOPUBOHTY
1o rioponu (116—156), Pi — mopopa i3 BKparLieHHsA-
MU I'PYHTY LrioBiasbHOrO Topu3oHTy (157-191 cm)
iHa arposemax crarioHapHoro gociiny: He — rymy-
coBo-emoBiasHM (0—-101 11-40 cm), Hi — rymyco-
Bo-LmroBianbumii (41-74), Th — imosianbpHO-TYMyCO-
Buit (75—115), Ip — mepexiguwuii Big ioBiaabHOTO
ropusoHuTy mo0 mnopoxau (116—56). Beranoieno, 1o
BapiaHTU BUKOPHCTAHHS Ciporo JIiCOBOTO I'PYHTY Bif-
PiBHAIOTHECA 3a aKTUBHICTIO MiHEpaJsisallili rymycy B
OKpEMUX TOPUBOHTAX: Y I'DYHTI II€PEJIOTY IIPOCJIif-
KOBYETBCS TEHAEHIliA [0 3HUKEHHS iHTeHCHUBHOCTI
MizepaJtizanii rymycy Briim0 mpoiio, 1110 HopyIiry-
eThesa y ropusonTax Ihilp. BinTtencusromy arposemi
CIocTepirajay miABUINEHHS aKTUBHOCTI MiHepaJrisa-
uii rymycy B Hi- i Th-ropusonTax, y mpodisi ekcreH-
CHBHOTO arpo3eMy — IIJIaBHE 3HIKEHHA aKTUBHOCTI
MiHepaJtisarii rymycy Bif BepXHBOI'O TOPHU3OHTY IO
HmkEbOoro Ha 97,2%. Koedimienr minepasrisarii
CIIOJIYK @30Ty IIOCTYIIOBO SHU)KYBaBCA B I'DYHTI IIe-
peJiory I eKCTeHCHBHOI'O arpo3eMy, Ha BiMiHY Bif
1HTeHCHUBHOI'0 arpo3eMy, Jie iHTeHCUBHICTb MiHepaJTi-
sartii-immobiisarii crmoayk asoty B ropusonTax He
i Hi migBuyBasacek. ITokasaHo, 1110 e()eKTHBHIIIIO0
CHCTEMOIO TPAHCIIOPTYBaHHA CyOCTPATIB i MiHEpasIb-
HUX iOHIB Bryimb6 mpo@iifo A0 HMKYUX TOPU3OHTIB
XapaKTepusyeThCA I'PYHT Iepesory. PisHuria B 6io-
JIOTiuHi#l aKTUBHOCTI Mi’K BEPXHIM i HIYKHIM ropu-
30HTAMU OyJa MaKCHMMAJIbHOIO y I'DYHTI Iepesory,
cepeHbOIO — B IHTEHCBHOMY arpo3eMi Ta MiHiMaIb-
HOIO — B €eKCTEHCBHOMY arposeMi.

Knwouwosi cnoséa: ropusoHTH I'PYHTY, iHIEKC IIENO-

TpodHOCT, KoedilieHT MiHepaisalrii asoTy, akTHB-
HiCTBH MiHepaJIisalrii rymycy, mepeJrir, arposem.
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HATIIPABJIEHHOCTH 1 HAIIPI:KEHHOCTD
MHKPOBHOJIOTHYECKHUX ITPOITECCOB B
TOPU30HTAX CEPOM JIECHOM II0YBBI
IIPU EE PA3HOIIEJIEBOM
HCIIOJIB30BAHUU

H.M. Manunosckas

HHII «ucturyT semnenenua HAAH», Kues,
VYipanua

E-mail: irina.malinovskaya.1960@mail.ru

Iesnbio paboThI OBLIO HICCJIEIOBAHIE HAITPABJIEH-
HOCTHM ¥ HAIPSYKEHHOCTH MUHEPAIU3AIIMOHHbBIX
IIPOIIECCOB B IIOYBE T'OPMB3OHTOB CEPOI JIECHOM IIO-
YBBI IIPU €€ VCIIOJIb30BAHUM KaK IIEPErHOsA, SKCTEH-
CHMBHOTO ¥ MHTEHCHBHOT'O arpo3eMoB. B mcciemoBa-
HUM WCIIOJIb30BaJIHU JIab0paTOPHO-aHAIUTHUECKNIH,
MUKPOOMOJIOTUYECKU, CTATUCTUYECKUII METOMbI.
BbIsACHAIN IIPOTEKaHNE MIHEPAIN3AIIOHHBIX 1 M-
MOOUIM3AITMOHHEIX IIPOIIECCOB B TOPU3OHTAX CEPOit
JIECHOM TIOUBKI Ha ITIEPETHOMHBIX yuacTKax: Hd — nepH
(0-10 cm), He — rymycoBo-amoBrambebix (11—
40 cm), Hi — rymycoBo-wtoBumii (41-74), Ih — wtro-
BUAJIBHO-TyMycOBBIi (75—115), Ip — mnepexomubIit
OT MJTIOBUAJIBHOT'O TOPUBOHTA 10 mmopoabl (116—156),
Pi — mopoza ¢ BKpaIlUIeHMSAMU IIOUBBLI UJIIOBUAH-
Horo ropmsoHTa (157-191 cm) u Ha arposemax cra-
moHapHoro ombiTa: He — IryMycOBO-2/IFOBUATEHBIX
(0-10 1 11-40 cm), Hi — rymycoBo-mmtoBuii (41-74),
Th — wroBnanbHO-TyMycoBblit (75-115), Ip — me-
PEXOIHbIA OT WIIOBUAIHLHOTO T'OPM3OHTA K IIOPOe
(116—-56). YcTaHOBIEHO, UTO BAPUAHTHI UCIIOJIb30Ba-
HUA CEPOM JIECHOU ITOYBHI OTJITMUAIOTCA II0 aKTHUBHO-
CTU MUHEPAIU3ALNN T'yMyca B OTAEIbHBIX TOPU30H-
Tax: B IIOUBE [IEPErHOs IPOCIIKNBAETCS TeHICHIINA K
CHI?KEHUIO MHTEHCUBHOCTY MUHEPAIU3AINN TyMyca
BIUIyOb IPOGhIIsT, KOTOPAas HapyIllaeTcs B TOPU30HTAX
Th u Ip. B uaTeHCUBHOM arposeMe HAOIIOAAIN IIOBBI-
IeHre aKTUBHOCTY MUHepaausanuu rymyca B Hi- u
Th-ropusonTax, B mpoduie SKCTEHCHBHOTO arpo3e-
Ma — IIABHOE CHIKEHME aKTUBHOCTY MUHEPAJIN3a-
UM TyMyca OT BEPXHEro roprsoHTa K HIDKHEMY Ha
97,2% . Koad(uiireHT MuHEPAIU3aIuU COeTUHEHUI
a30Ta IIOCTEIIEHHO CHIKAJICA B IIOUBE IIEPETHOA U DK C-
TEHCUBHOTO arpo3eMa, B OTJINYLE OT MHTEHCUBHOTO
arposeMa, riie WHTEHCMBHOCTH MUHEPAIN3AIAN-IM-
MOOMIM3aIIY COeINHEeHNI a30Ta B ropru3oHTax He u
Hu mosbmmtanacek. ITokazano, uto 6osiee a(peKTHB-
HOIT CHCTEMOI TPAHCIIOPTUPOBKY CyOCTPATOB U MUHE-
PAJIBHBIX MOHOB BIVIYOb NMPOMGMIIA K HUKEIEKaIluM
TOPU30HTAM XapaKTePU3YeTcA IoUBa IeperHosa. Pas-
HUIIA B OMOJIOTTYECKO aKTUBHOCTH MEYK,TY BEPXHIM
¥ HIDKHUM T'OPU3OHTaMM ObLIa MaKCUMAJIbLHOU B TI0-
YBa II€PErHOs, CPeHell — B MHTEHCUBHOM arpo3eme 1
MUHUMAJIBbHOI — B 9KCTEHCUBHOM arposeMme.

Knrouesvle cnoea: TOpUBOHTHI TIOUBBI, MHAEKC IEI0-
TPOPHOCTH, KOIPPUIIUEHT MUHEpaAIU3aIluu a3oTa,
aKTUBHOCTb MUHEPaJIN3alluy TyMyca, IIePerHoi,
arposeM.





