ISSN: 2312-3370, Agricultural Science and Practice, 2015, Vol. 2, No. 2

UDC 631.417.2 (477.8)

FERTILIZATION SYSTEM AS A FACTOR
OF TRANSFORMING THE HUMUS STATE OF THE SOIL
V. I. Lopushniak

L’viv National Agrarian University
1, Volodymyra Velykoho Str., L’viv-Dubliany, Ukraine, 80381

e-mail: Vasyll@mail.ru
Received on January 23, 2015

Aim. To establish the effect of different fertilization systems in short field crop rotation on the change in the
state of humus in the dark gray podzolic soils in Western Forest-Steppe of Ukraine. Methods. Field studies
were carried out in a stationary experiment of the Department of Soil Science and Agricultural Chemistry of
the L’viv National Agrarian University; determination of humus content — according to DSTU 4289:2004, and
that of its labile forms — in accordance with DSTU 4732:2007, fraction-group composition — by Ponomare-
va-Plotnikova’s method, according to the measurement procedure 31-497058-008-2002. Results. The use of
organo-mineral fertilizer system in short field crop rotation with the saturation of organic fertilizers of 15 t/ha
of crop rotation contributes to the humus content increase by 0.7 % after the third rotation in 0—40 cm layer of
dark gray podzolic soil, the increase in the share of stable forms of humic compounds up to 57-59 % and the
increase in the ratio of R ,,:R,, to 1.3—1.4. The study demonstrated very high dependence of amount of gross
energy reserves in the humus on the R, :R_, ratio. Conclusions. The combined application of organic fertili-
zers in the form of manure, non-market of the crop (straw) and siderate, along with mineral fertilizers is re-
commended in short field crop rotations of Western Forest-Steppe of Ukraine toensure expanded reproduction
of fertility of dark gray podzolic soil, improvement of its humus status, increase in gross energy reserves and
the share of the stable forms and humic acids in the humus.
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INTRODUCTION

A characteristic feature of modern Ukrainian ag-
riculture is insufficient intake of nutrients and ener-
gy into agrosystems [1]. At the time of intensified
anthropogenic impact on the soil it leads to their
agrophysical and agrochemical degradation, in par-
ticular, to the reduction in humus content [2, 3].
The degree of providing crops with nutrients de-
pends on the humus content [4], while its qualita-
tive composition reflects the ecological state of the
soil [5].

A relevant task of modern agriculture is to attain
positive humus balance, and it can be achieved with
the introduction of a corresponding amount of or-
ganic fertilizers, the increase in the humification in-
tensity for fresh organic substance as well as with
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the creation of the conditions in the soil which would
diminish the intensity of mineralization of organic
substances and promote the formation of stable hu-
mus forms [2, 6, 7].

Although the systematic application of organic and
mineral fertilizers decreases the negative balance of or-
ganic compounds in the soil, it does not always prevent
the decrease in the humus content which is related to
the enhanced mineralization of the organic substance
and the removal of nutrients with the harvest and their
non-productive losses [6, 7].

Therefore, it is important to estimate the impact of
different fertilization systems on the content and quali-
ty of humus in the soil and the trends of transforming
organic substances under the influence of agricultural
chemicals in practice.
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Fig. 1. The dynamics of humus content in the 0-20 cm layer of dark gray podzolic soil of the Western Forest-Steppe of
Ukraine under the impact of different fertilization systems: 7 — I crop rotation; I/ — II crop rotation; /7 — I1I crop rotation

MATERIALS AND METHODS

Field experiments were conducted in the conditions
of the stationary experiment of the Department of Soil
Science and Agricultural Chemistry of the L’viv Na-
tional Agrarian University on dark gray podzolic soil
for three short field crop rotations (2001-2012) with
the following crop rotations: winter wheat — sugar
beet — spring barley — red clover.

The experiment scheme involved control, mineral,
organic, and organo-mineral fertilization systems
of different saturation levels for organic fertilizers:
1) control (no fertilizers); 2) mineral fertilization
system N, P, K, = (sum of NPK-1030); 3) organo-
mineral fertilization system N, P, K, . including
N,.,P K, introduced with mineral fertilizers (sum
of NPK-1030), crop rotation saturation with organic
fertilizers — 6.25 t/ha of the rotation area; 4) organo-
mineral fertilization system N, P, K, . (sum of NPK-
1030), including N, P - K _., introduced with mineral
fertilizers; saturation of the crop rotation with organic
fertilizers — 12.5 t/ha; 5) organo-mineral fertilization
system N, P K, .., (sum of NPK-1030), including
N, P.K, . introduced with mineral fertilizers; the de-
gree of saturation with organic fertilizers — 15.0 t/ha
of rotation area; 6) organic fertilization system of
N, P,,0K, 5, (sum of NPK-1030), the degree of satura-

tion with organic fertilizers — 17.5 t/ha.

Field and laboratory experiments were conducted
according to common agrochemical methods, in
particular, the determination of humus content —
according to DSTU 4289:2004; its labile forms —
according to DSTU 4732:2007, fraction-group
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composition — using Ponomariova—Plotnikova
method according to the measurement procedure
31-497058-008-2002.

RESULTS AND DISCUSSION

Our studies demonstrated that different fertilization
systems have different impact on the humus content in
dark gray podzolic soil (Fig. 1).

The application of the organo-mineral fertilization
system ensured the increase in the humus content com-
pared with the control and the mineral system.

Even after the first crop rotation the combined in-
troduction of mineral and organic fertilizers with the
saturation of the crop rotation with organic fertilizers
in the amount of 15-17 t/ha of the rotation area, the
content of total humus in the soil increased by 0.33 %
and amounted to about 2.4 %. After the third rotation
the humus content in the variants of organo-mineral
fertilization system exceeded the variants of the min-
eral system and control by 0.7-1 %. Similar regularity
was observed in the subsurface (20—40 cm) layer of
soil, but with lesser absolute indices of total humus
content.

Fertilization systems had considerable differences
regarding their impact on the synthesis of different
groups of humus compounds which are divided into
labile and stable ones in accordance to modern notions
on heterogeneity and their different resistance to mine-
ralization [6].

Organic and organo-mineral fertilization systems
condition extended restoration of the fertility of dark
gray podzolic soil and promote the formation of stable
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Fig. 2. The change in the share of stable humus in dark gray podzolic soil depending on the fertilization system after the third
short field crop rotation: /— 0—20 cm; /7 — 20—40 cm

compounds of humus, especially after the second and
third crop rotations (Fig. 2). Mineral fertilizers have
positive impact on the increase in the content of labile
compounds in the humus.

The regularities of stabilization of the humus state
of the soil can be described using the following linear

equations of multiple regression:

y=22011x+46.51 (R*=0.85) -
for the upper (0-20 cm) soil layer;
y=2.3802 x+46.93 (R?=0.92) —
for the lower (2040 cm) soil layer,

tion area, t/ha.

The fraction-group composition of humus in the 0-20 cm layer of dark gray podzolic soil (average for 2009-2012)

where y — share of stable humus in its total content, %;
x — saturation degree of organic fertilizers for the rota-

Variant

Humic acids (HA)

HA-1 HA-2 HA-3

Sum
HA

Fulvic acids (FA)

FA-la

FA-1 FA-2

FA-3

Sum of
FA

HA/
FA

No fertilizers
(control)

N,,.P, K

390" 210" 7430

20 t/ha of manure
+ 5 t/ha of straw +

N27OP] 53K260

30 t’/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +

N, P K

100~ 11077173

40 t/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +

N.P. K

507 8577113

50 t/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +

N.P K

257 60" 50

94/27.1 |16.2/46.7 | 9.1/26.2

9.5/27.1*
10.6/28.3

16.5/47.0
17.5/46.8

9.1/25.9
9.3/124.9

10.8/28.1 | 18.3/47.5 | 9.4/24.4

11.1/28.5 | 18.4/47.2 | 9.5/24.3

11.3/28.8 | 18.4/46.8 | 9.6/24.4

34.7/100

35.1/100
37.4/100

38.5/100

39.0/100

39.3/100

6.6/19.1

6.5/19.0
4.5/14.7

3.5/12.0

3.5/12.2

3.4/12.0

7.9/22.9 | 12.4/36.0

7.7/122.5
6.721.9

12.7/37.1
12.5/40.8

6.4/22.0 | 12.5/43.0

5.7/19.9

12.6/44.1

5.8/20.4 | 12.7/44.7

7.6/22.0

7.3/21.4
6.9/22.6

6.7/23.0

6.8/23.8

6.5/22.9

34.5/100

34.2/100
30.6/100

29.1/100

28.6/100

28.4/100

1.01

1.03
1.22

1.32

1.36

1.38

Note. *Percentage from the total carbon/percentage of the fraction from the sum of HA or FA.
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Fig. 3. The dependence of the content of gross energy reserves in humus (0-20 cm soil layer) on the R ,:R_, ratio

Multiple determination coefficients (R?) indicate
close correlation between the introduced organic fer-
tilizers and the increase in the share of stable humus
in the soil.

It should be noted that practically in all the ex-
periment variants in the upper soil layer (0-20 cm)
the content of labile humus forms after the third
rotation fluctuated in the range of 1.0-1.2 %. Con-
trary to the indices of labile humus, the indices of
the content of its stable forms by the crop rotations
changed considerably under the impact of fertiliza-
tion systems.

The fraction-group composition of humus is conside-
red to be the most relevant index of humus state of the
soil [8]. Our studies identified a considerable impact
of the fertilization systems on the fraction-group com-
position of dark gray podzolic soil [9] (Table). The
indices of the fraction-group composition of humus
demonstrate that the absence of fertilizers leads to the
aggravation of the humus state of the soil. It reflects in
the increased share of fulvic acids (FA), in particular,
aggressive groups FA-1la and FA-1, the decreased share
of the non-hydrolyzed residue in the humus, gradual
transition of the soil type from the humic-fulvic to ful-
vic-humic one.

The mineral system of fertilization suspends the deg-
radation processes to some degree, and also promotes
the increase in the FA content, especially in the subsur-
face (20—40 cm) layer.

Only the organo-mineral and organic fertilization
systems ensure qualitative enhancement of the frac-
tion-group content of humus which is reflected in the
increase in the share of humic acids. It determined
higher humic:fulvic acids (R ,,:R ) ratio, including the
subsurface layer.
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R, :R;, reflects the direction of the processes of or-
ganic matter mineralization and serves as an indicator
of the humus state of the soil. There were considerable
changes in R, :R,  in the upper (0-20 cm) layer of the
soil. Although the humus type in all the variants was
humic-fulvic, it should be noted that the share of humic
and fulvic acids was almost the same for the control
variant and the one with the use of the mineral fertiliza-
tion system. The ratio was shifted towards HA only due
to the introduction of organic fertilizers. The best ratio
was ensured by the organic (1.38) and organo-mineral
(1.36) fertilization systems with the highest saturation
for organic fertilizers.

The fraction-group composition of humus has direct
impact on the energetic state of the soil, which corre-
lates with the humus content [10]. It has positive im-
pact both on the soil fertility and its energetic potential,
which increases the stability and productivity of agri-
cultural systems [11]. Proper estimation of the ener-
getic state of the soil humus required the consideration
of its fraction-group composition, the heat intensity of
all the groups of humic substances [10, 11] as well as
its agrophysical state which also fluctuated under the
influence of different fertilization systems [12].

Combined application of organic and mineral fertili-
zers ensures the accumulation of humic substances in
the soil and the increase in the share of humic acids
and non-hydrolyzed forms of humic substances that
are remarkable for the highest heat intensity which
promotes the increase in the gross energy reserves in
humus. The heat intensity of humus increases with
the increase in the share of introduced organic fertili-
zers. The highest indices of gross energy reserves in
the soil humus were noted for the variants of organic
and organo-mineral systems with the highest satura-
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tion level of organic fertilizers. In these variants the
energy intensity was on the level of 5.0 gigajoule/ha
which exceeds a similar index for the control variant
by 0.26 gigajoule/ha.

There is an established correlation between the gross
energy reserves, accumulated humus and the R ;R
ratio (Fig. 3).

The multiple determination coefficient (R?= 0.98) il-
lustrates close dependence of the accumulated energy
index in the humus on the content of humic acids.

The results of estimations of the gross energy re-
serves in the humus under experimental conditions
demonstrated the tendency towards the increase in the
energy intensity of the humus under the impact of or-
ganic fertilizers. Still, it is the organo-mineral system
with the saturation of 15.0 t/ha of organic fertilizers
that ensures one of the highest energy intensity indices
in the upper surface layer and the highest one — in the
subsurface layer. The application of the mineral fertili-
zation system does not condition the increase in the en-
ergy intensity index for the humus even compared to
the non-fertilized areas.

CONCLUSIONS

The application of organo-mineral fertilization sys-
tems for the short field crop rotation leads to the emer-
gence of new levels of stable humus state in the soil
which correspond to the specificities of the intake of
the organic matter, its chemical composition and the
direction of the mineralization processes.

The highest indices (2.7 %) of the content of total
humus in the 0—40 cm layer of dark gray podzolic soil
after the third crop rotation are ensured by the organo-
mineral fertilization system with the saturation with
organic fertilizers at the level of 15 t/ha of the rotation
area. The increase in the norms of the organic fertili-
zers does not lead to the increase in the total content of
humus and the mineral fertilization system promotes
the dehumification of the surface (0-20 cm) and the
subsurface (2040 cm) soil layers.

The absence of fertilizers and the mineral fertiliza-
tion system lead to the aggravation of the humus state
of dark gray podzolic soil which is manifested in the
increase in the share of fulvic acids up to 34 %, in par-
ticular, it pertains to the most aggressive fractions (FA-
la and FA-1), the decrease in the share of the non-hy-
drolyzed residue in the humus, gradual transition of the
soil humus from the fulvic-humic to the humic-fulvic

type.

AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.2 2015

The application of the organo-mineral fertilization
system results in the increase in the energy intensity
of the humus. The multiple determination coefficient
(R?= 0.98) illustrates close dependence of the accu-
mulated energy index in the humus on the content of
humic acids. The gross energy reserves, accumulated
by humus in the 0-40 cm soil layer, are the highest (5.0
gigajoule/ha) on average for three crop rotations, while
using the organo-mineral fertilization system, which
requires the application of 40 t/ha of manure + 15 t/ha

of siderates + 5 t/ha straw + N, P.K, 5
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Meta. BcTaHOBHUTH BIUIMB DI3HUX CHCTEM YHOOpEHHS Y
KOPOTKOPOTALIHHIM MOJIbOBIN IJI0M03MIHHIA CiBO3MIHI Ha
3MiHY T'YyMyCOBOI'O CTaHy TEMHO-CIpOro OIi30JICHOTO IPyH-
Ty B 3axigHomy Jlicocreny VYkpaiun. Mertoau. IlonboBi
JIOCIIJDKEHHST TIPOBE/ICHO B CTAIllOHAPHOMY EKCIIEPUMEHTI
kadeapu arpoximii Ta rpyHTO3HaBCTBa JIbBIBCHKOTO HaIlio-
HaJIbHOTO arpapHoro YHIBEpPCHUTETY; BU3HAYEHHS BMICTY
rymycy — 3rigHo 3 JICTY 4289:2004; ioro naOiibHHX
dopm — 3rigHo 3 JICTY 4732:2007, dpakiiitHO-rpynoBoro
ckimagy — 3a meronoM IloHomappoBoi-IlnoTHHKOBOT Bij-
noBinmHO 10 MBB 31-497058-008-2002. Pe3yabraTn. 3ac-
TOCYBaHHSI OPTraHO-MiHEpaJIbHOT CUCTEMH YIOOpEHHS B KO-
POTKOPOTAMiKHIN MONBOBIH CIBO3MIiHI 3 HACHYCHHSM Opra-
HiYHMMHU n00puBamu (15 T/ra) ciBO3MIHHOI IUIOIII CIIpUsiE
IBUIIEHHIO BMIiCTy Tymycy Ha 0,7 % micist TpeTboi po-
tauii B mapi 0—40 cM TeMHO-CIpOTo OIiJ30JIEHOTO IPYHTY,
30UIBIICHHIO YAaCTKH CTaOIIbHUX (OPM TyMYCOBHX CIO-
ayk 10 57-59 % 1 3pocTaHHIO CIIBBIAHONICHHS T'yMiHO-
Bi:pyneeokucioru (C :C ) 1o 1,3~1,4. Bussieno cyrresy
3aJICKHICTh BEJIMYMHHU BaJOBHX 3alaciB eHeprii B rymyci
BIJ CFK:CCDK. BucHOBKH. Y KOPOTKOPOTAMiHHUX ITOIBOBUX
TUTOMO3MIHHUX ciBo3MiHax 3aximHoro Jlicocremy VYkpainu
y cUCcTeMax YIOOpeHHs, OKPIM BUKOPHCTaHHS MiHEPAIbHUX
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IOOpUB, BapTO CYMICHO 3aCTOCOBYBATH OpraHiuHi 10oOpmBa
y BUIISIII THOK, HETOBAapHY YaCTHHY BPOXKalo (COJIOMY)
Ta cujeparH, 1o 3abe3rneyye po3IIHPEeHe BIATBOPEHHS poO-
JIIOYOCTI TEMHO-CIPOTO OMIi30JICHOTO IPYHTY, TMOKPAIICH-
HS Oro ryMycoBOTO CTaHy, 3pPOCTaHHsS BaJOBHX 3allaciB
eHeprii, 9acTku cTabUIBPHUX (POPM i TYMIHOBHUX KHCIIOT Y
TyMyCi.

Kirouosi ciioBa: cuctema ynoOpeHHs, IpyHT, TyMyc, Gpak-
LIHHO-TPYHOBHH CKJIaJI, 'YMIHOBI KUCJIOTH, (DyJIbBOKUCIIOTH.

Cucrtema yno0penus kak pakrop Tpanchopmanuun
TYMYCOBOTO COCTOSIHHSI IIOYBbI

B. W. Jlonymusk
e-mail: vasyll@mail.ru

JIbBOBCKMI HAlIMOHAJIBHBINA arpapHblii YHUBEPCUTET
V. B. Benukoro, 1, JIbBoB-/lyonsnbl, Ykpanna, 80381

Hesan. YCTaHOBUTH BIMSIHAE PA3THIHBIX CHCTEM yIOOpEHUS
B KPaTKOPOTAIIHOHHOM TOJIEBOM IUIONMOCMEHHOM CEBOO0O-
pOTe Ha W3MEHEHHE TYMYCOBOTO COCTOSHHS TEMHO-CEpOn
OTION30JICHHOHN TOYBHl B 3amaaHoi Jlecoctenmn VYKpauHBI
Mertonsl. IloneBble nccnenoBaHMsl MPOBEAECHBI B CTAalMO-
HapHOM OJKCIIEpUMEHTE Kadeapsl arpoXMMHH W TIOYBOBE-
neHns JIbBOBCKOTO HAIIMOHAJIBHOTO arpapHOTO YHHBEPCH-
TeTa; ompeneneHue cogepykanus rymyca — mo JACTY 4289:
2004; ero mabumpHBIX (opm — mo ACTY 4732:2007,
(hpaKIIMOHHO-TPYNIIOBOTO COCTaBa — IO MeToxy IloHoma-
peBoii-IlmorarkoBoOM cormacHo MBU 31-497058-008-2002.
Pesyabrarsl. [IpumeHeHne oprano-MuHEpaIbHON CUCTEMBbI
yaoOpeHusi B KPaTKOPOTAIIMOHHOM TIOJIEBOM CEBOOOOpOTE
C HACBIIIEHWEM OpraHUYeCKUMH yaoOpeHusmu (15 T1/ra)
IO CEBOOOOPOTA CIIOCOOCTBYET TOBBIIIICHUIO COAEP-
xaHusg rymyca Ha 0,7 % mocne TpeThel poTanuu B cioe
0—40 cm TeMHO-Cepoii OTIOA30IEHHON MOYBHI, BO3PACTAHUIO
JIOJI CTaOMITBHBIX (JOPM TYMYCOBBIX COEIMHEHHIT 10 57-59 %
1 IIOBBINICHHUIO COOTHOLICHMUA FyMI/IHOBI)IeI(byHI)BOKI/ICHOTBI
(C.oCy) mo 1,3-1,4. BrISBIEHO CYyIICCTBEHHYIO 3aBUCH-
MOCTb BCJIMYMWHBI BAJIOBBIX 3allaCoOB 3HCPIUU B T'yMYCE OT
CFK:C o~ DPIBOIBL. B KParKopOTalMOHHBIX TOJIEBBIX ILIOI0-
CMEHHBIX ceBooOoporax 3anaaHoii Jlecocrenu YkpauHbl B
cHCTEeMax yHOOpEHHsl, KpOME HCIIOJIb30BAHUSI MHHEPAIBHBIX
YAOOpEHUid, cIeayeT COBMECTHO IPUMEHSITh OPraHUYeCcKnue
yaoOpeHusl B BUJIE HaBO3a, HETOBAPHOM YacTh ypoxas (co-
JIOMa) W CHJIeparhl, YTO 00ECIeYNBaeT paclIipeHHOe BOC-
MIPOM3BOZCTBO IUIOAOPO/S TEMHO-CEPOI OMO/I30JICHHOM I104-
BBI, YJIYYILIEHHE €ro I'yMyCOBOTO COCTOSIHHS, BO3pacTaHHUE
BAJIOBBIX 3aIlaCOB YHEPIHH, JIONU CTAOMIBHBIX (OPM U TYMH-
HOBBIX KHCJIOT B T'yMYCE.
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KaloueBbie cioBa: cucrema yaoOpeHUs, IMO4YBa, I'yMyc,
(DpaKIMOHHO-TPYIIIOBOM COCTaB, T'yMHUHOBBIC KHCIIOTHI,
(yITBBOKHCIIOTHI.
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