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Aim. To determine the impact of energetic willow fertilization with sewage sludge (SS) and manure on the
change in the humus state of sod-podzolic soil of Subcarpathia under energetic willow plantation. Methods.
Soil samples were collected on the experimental field of Ivano-Frankivsk College of LNAU. The humus con-
tent was determined according to DSTU 4289:2004; that of its labile forms — according to DSTU 4732:2007,
the content of organic matter in SS and manure — according to GOST 27980-88. Results. The application of
sewage sludge for energetic willow grown in sod-podzolic soil of Subcarpathia led to the increase in the total
humus content by 0.5-1.1 % compared to the control (without fertilizers). The use of SS preconditioned the
change in the humus quality, including the increase in humic acids in humus by 0.05-0.07 %, which promoted
the increase in the share of stable humus up to 68—70 % and the stabilization of the humus state of sod-podzolic
soil. Conclusions. The application of sewage sludge impacts the change in the indices of humus quality, in
particular, its group composition. The level of humic acids content in humus increases with the increase in the
dose of the introduced sewage sludge and manure, based thereon. It ensures the increase in the share of stable
humus in soil, which, in its turn, conditions the stabilization of humus state of sod-podzolic soil. However, this

dependence weakens with depth.
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INTRODUCTION

The quantity and quality of organic matter in soil
determine the level of its fertility. All the factors of
forming effective fertility of soil are interrelated and
closely related to the formation of stable non-deficient
balance in humus [1, 2]. Sewage sludge (SS) is de-
termined by high content of organic matter, a wide
spectrum of macro- and microelements [3-5], and
its introduction into soil increases the content of hu-
mic substances in the latter [6, 7]. On the other hand,
the use of SS in field agroecosystems may condition
the introduction of heavy metals and other pollutants
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from the sludge into environment and agricultural
products [8—10].
The aim of this work was to study the impact of SS on

the change in the humus state of soil, in particular, while
growing non-food crops, namely, energetic willow.

MATERIALS AND METHODS

Soil samples were collected on the experiment field
of Ivano-Frankivsk College of LNAU in the village of
Chukalivka, Tysmenytsia district. The scheme of plant-
ing energetic willow is 0.33 % 0.70 m. Experiment vari-
ants: 1) no fertilizers — control; 2) mineral fertilizers —
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N, 0P 10K 00s 3) SS — 40 t/ha; 4) SS — 60 t/ha; 5) SS —
80 t/ha; 6) SS manure + saw dust (3:1) — 60 t/ha; 7) SS
manure + straw (3:1) — 20 t/ha; 8) SS manure + straw
(3:1) — 40 t/ha; 9) SS manure + straw (3:1) — 60 t/ha;
10) SS manure + straw (3:1) + finished cement dust,
10 % — 40 t/ha. The determination of humus content
was made according to DSTU 4289:2004; that of its
labile forms — according to DSTU 4732:2007, the
content of organic matter in SS and manure, based on
the latter — according to GOST 27980-88. Experimen-
tal data were submitted to regression and statistical
analysis.

RESULTS AND DISCUSSION

It was determined that the content of organic matter
in SS was about 95 %, while it was 74—76 % in manure
with different organic fillers (calculated per absolutely
dry substance). Due to their introduction the content

of total humus (H,_ ) in sod-podzolic soil demonstrated
significant changes three years later (Table 1).While
the content of total humus in the control variant in the
soil layer of 0—20 cm was 1.64 %; in the layer of 20—
40 cm — 1.46 %, and at the depth of up to 40 cm it de-
creased down to 0.38 %.

The application of SS ensured a considerable in-
crease in the humus content in humus-eluvial hori-
zon. There was a decrease in the humus content down
to 0.40 % in the eluvial horizon. However, this index
was higher compared to the control without fertilizers
at the same depth. After the introduction of manure,
based on SS and straw in the doses of 20 and 40 t/ha
respectively, the humus content decreased regarding
the parts with freshly introduced sludge and fluctu-
ated slightly in the range of 1.66—1.74 % at the depth
of 0-20 cm.

Table 1. Dynamics of the content of labile (H, ) and stable (H,) forms of humus at the depth of 0-40 cm at the introduction

of sewage sludge (2011-2014), %

Experiment variant H, Hg Hio HyHio, H; Hg

1. No fertilizers — control 0.64 1.00 1.64 39 0.64
0.47 0.98 1.45 32 0.48

2- N]OOPIOOKIOO M & & ﬁ M
0.44 1.00 31

3. SS, 40 t/ha 0.64 1.01 1.66 37 0.63
0.49 1.07 31 0.

4. SS, 60 t/ha 0.65 1.05 1.70 38 0.62
0.51 1.11 31

5. SS, 80 t/ha 0.62 1.12 1.74 37 0.55
0.52 1.16 1.68 30

6. Manure (SS + saw dust (3:1)), 60 t/ha 0.60 1.10 1.70 35 0.55
0.51 1.17 .68 30

7. Manure (SS + straw (3:1)), 20 t/ha 0.61 1.05 1.66 36 0.58
0.54 1.06 31 0.

8. Manure (SS + straw (3:1)), 40 t/ha 0.61 1.08 1.69 36 0.56
0.52 1.17 69 30

9. Manure (SS + straw (3:1)), 40 t/ha 0.62 1.08 1.70 36 0.57
0.51 1.18 1.69 30 A4

10. Manure (SS + straw (3:1) + finished 0.61 1.01 1.67 36 0.60

cement dust 10 %), 40 t/ha 0.53 1.14 1.70 31 0.46

LSDys 0.1 0.2
0.1 0.1

Note. Above the line — in 0-20 cm soil layer; below the line — in 20—40 cm soil layer.
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Fig. 1. The change in the share of stable humus in soil at the depth of 0-20 cm depending on the dose of the introduced se-

wage sludge and manure, based thereon, 2011-2014
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Fig. 2. The change in the share of stable humus in soil at the depth of 2040 cm depending on the dose of the introduced

sewage sludge and manure, based thereon, 2011-2014

The results of determining the content of labile hu-
mus (H, ) demonstrated the increase in this index at the
introduction of SS. The highest indices of H, content
were noted in variants, where maximal doses of organ-
ic fertilizers were introduced. It should be noted that
practically in all the experiment variants in the upper
soil layer the content of labile humus fluctuated in the
range of 0.60-0.65 %.

After the introduction of SS the content of stable
humus (H,) in soil also increased up to 1.1 %, and its
share was 68—70 %.

The regularities of stabilization of the humus state of
the soil can be described using the linear equations of
regression, stated below (Fig. 1, 2):

y=0.4x + 61.4 (R?=0.80) — for 0-20 cm soil layer;
y=0.2364 x + 68 (R’=0.57) — for 2040 cm soil layer.

Multiple determination coefficients (R’) indicate
close correlation between the introduced dose of SS
and the increase in the share of H in the soil. At the
same time, regardless of the application of high dos-

28

es of SS, the intensity of total humus accumulation
changed insignificantly.

Thus, with the introduction of fresh SS the content of
active humus in sod-podzolic soil decreases, whereas
that of passive humus increases. After the introduction
of manure, based on SS and organic materials (saw
dust, straw), the content of passive humus decreases
compared to the variants with the introduction of fresh
SS, but it remains at a high level compared to the con-
trol without fertilizers.

The introduction of fresh SS led both to the increase
in the content of H _, and the change in its group com-
position (Table 2). The index of humus quality is the
ratio of humic acids to fulvic acids [4] which changes
considerably in experiment conditions under the im-
pact of applying fertilizers.

The comparison of the change in the content of labi-
le and stable humus, humic and fulvic acids demon-
strates some dependencies between these indices, which
may be reflected in regression equations, presented in
Fig. 3 and 4.
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Fig. 3. The dependence of the labile:stable humus ratio on the C,:C,, ratio in 0-20 cm layer of sod-podzolic soil

Table 2. Group composition of humus of sod-podzolic soil using different systems of fertilizing energetic willow, average
for 2011-2014

Group of humus substances, %
Variant HA/FA
¥ Humic acids ¥ Fulvic acids Humins

1. No fertilizers — control 0.6 0.22 0.34 0.60

0.3 0.09 0.33 0.60
2. N100P100K 100 0.7 0.24 0.33 0.79

0.4 0.14 0.34 0.63
3. S8, 40 t/ha 0.8 0.25 0.30 0.78

0.4 0.12 0.34 0.58
4. SS, 60 t/ha 0.8 0.27 0.28 0.82

0.4 0.13 0.33 0.61
5. SS, 80 t/ha 0.9 0.27 0.28 0.87

0.4 0.15 0.32 0.63
6. Manure (SS + saw dust (3:1)), 60 t/ha 0.9 0.25 0.29 0.79

0.4 0.14 0.34 0.54
7. Manure (SS + straw (3:1)), 20 t/ha 0.8 0.25 0.28 0.72

0.4 0.12 0.35 0.52
8. Manure (SS + straw (3:1)), 40 t/ha 0.8 0.28 0.26 0.76

0.4 0.12 0.33 0.53
9. Manure (SS + straw (3:1)), 40 t/ha 0.9 0.30 0.25 0.80

0.4 0.14 0.34 0.54
10. Manure (SS + straw (3:1) + finished 0.9 0.23 0.28 0.79
cement dust 10 %), 40 t/ha 0.4 0.13 0.33 0.54
LSDys 0.03 0.06

0.01 0.05

Note. Above the line — in 0-20 cm soil layer; below the line — in 20—40 cm soil layer.

It was determined that the higher the content of hu-
mic acids in the composition of organic matter was,
the higher the share of passive humus in soil was. This
dependence was clearly traced in the upper (020 cm)
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layer of sod-podzolic soil (the multiple coefficient of
determination is 0.52 which indicates rather a close
connection). At the same time this dependence was al-
most vanishing with depth, as the multiple coefficient
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Fig. 4. The dependence of the labile:stable humus ratio on the C,,,:C,, ratio in 20-40 cm layer of sod-podzolic soil

of determination decreased down to the values of R’=
0.12, which indicated insignificant connection between
the indices of the content of humic acids and passive
humus.

CONCLUSIONS

According to the results of the study on specifici-
ties of accumulation and transformation of humic
compounds in sod-podzolic soil of Subcarpathia it
was determined that after the introduction of sewage
sludge for energetic willow the content of total humus
in sod-podzolic soil of Subcarpathia increases com-
pared to the control (without fertilizers). In particular,
after its introduction in the dose of 40 t/ha the humus
content is 1.76 % in the 0-20 cm layer and 0.40 % — in
the 2742 cm layer. After the introduction of 60 and
80 t/ha of sewage sludge the humus content increases
at the depth of 0-20 cm up to 1.88 and 1.97 % respec-
tively, but decreases down to 0.43 % with depth. After
the introduction of 60 t/ha of manure of SS + saw dust
(3:1) the humus content is 1.70 % in the upper (0-20
cm) soil layer.

The application of sewage sludge also impacts
the change in the indices of humus quality, in par-
ticular, its group composition. The level of humic
acids content in humus increases with the increase
in the dose of the introduced sewage sludge and
manure, based thereon. It ensures the increase in
the share of stable humus in soil, which, in its turn,
conditions the stabilization of humus state of sod-
podzolic soil. However, this dependence weakens
with depth.
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IlepenkapnarTs 3a BHECEHHS 0Caly CTIYHUX BOJ
niJa BepOy eHepreTH4Hy

B. I. Jlonymusik !, I. M. I'puityssik 2
e-mail: Vasyll@mail.ru

! JIbBIBCBKUIT HALIIOHATBEHHUI arpapHUid YHIBEPCHTET
Byn. B. Benukoro, 1, JIpBiB-/yonsan, Yipaina, 80381
2IBano-®pankiBchkuii Koaemk JIHAY
Bya. FOnocri, 11, IBano-®pankiBebK, Ykpaina, 76492
* VuuBepcuteT TeXHONOTYHO-PHUPOTHUYHIH,
Bymn. mpog. C. Kamninkero 7, buarom, [Tonsmia, 85796

Meta. BecraHoBuTH BIUTHB YIOOpEHHSI BEpOM €HEPreTHYHOT
ocagom ctiyanx Box (OCB) i koMnocramu Ha HOro OCHOBI
Ha 3MiHy TyMYyCOBOTO CTaHy J€PHOBO-III/{30JIMCTOTO TPYHTY
ITepenkapmartsa. Mertoau. 3pa3ku rpyHTY BiIOHpaiy Ha KO-
JeKIIHHO-0CITI THOMY 110111 [BaHO-DPaHKIBCHKOTO KOJIEHKY
JIHAY; BusHauenHs BMicTy rymycy — 3rigHo 3 JACTY
4289:2004; iioro mabuteHUX ¢popm — 3rigHo 3 JACTY
4732:2007, Bmicty opraniuHoi pedoBuHu B OCB Ta xoMm-
mocrax Ha #Woro ocHoBi — 3rigao 3 I'OCT 27980-88.
PesyabTaT. 3a pe3yibTaraMu BHBUEHHS OCOOIMBOCTEH
HarpoMa/DKeHHs 1 TpaHcdopMarlii TyMyCOBHX CIONYK Y
rpyHTi mij BrummBoM BHeceHHs OCB BcraHOBIIGHO, 11O
BMICT 3arajbHOTO TYMyCy TPH IIbOMY ITiBHIIYETHCS TIO-
piBHSHO 3 KoHTpoieMm (0Oe3 BHeceHHs moOpmB) Ha 0,5—
1,1 %. Buxopuctanus OCB 00yMOBIIO€ 3MiHY SIKOCTI Ty-
MYCY, Y TOMY YMCJIi MI/IBUIIEHHSI BMICTY T'YMIHOBHX KHCJIOT
y rymyci Ha 0,05-0,07 %, mo crpuse 3pOCTaHHIO YaCTKU
crabinpHOTO TYyMyCy 110 68—70 % i crabimizanii rymycoBoro
CTaHy JEPHOBO-IIA30JIMCTOTO TPyHTY. BucHOBKH. 3acto-
CyBaHHS OCaJy CTIYHUX BOJ| BIUIMBA€ HA 3MiHY ITOKa3HUKIB
SKOCTI TYMYCY, 30Kpema, HOro rpymnoBuil ckiaji. I3 30iib-
meHHsiM 71031 BHeceHHss OCB Ta koMrocTiB Ha #oro 0cHOBI
II/IBUIILY€THCS PIBEHb BMICTY TYMIHOBHX KHCJIOT y T'yMYCI.
Ile 3a0e3nedye 3pocTaHHs YaCTKH CTaOUIBHOTO I'yMycy B
TPYHTI, 110, B CBOIO YEPTy, 3yMOBIIOE CTa0iTi3aIli0 TyMy-
COBOTO CTaHy JE€PHOBO-TIA30IMCTOTO IpyHTY. OqHAK 3 TIH-
OMHOIO 1151 3aJIC)KHICTh 3MEHIIIY€EThCS.

KirouoBi ciioBa: ocan CTI9HUX BOJ, TPYHT, TyMYC, TYMiHO-
Bi KHUCIIOTH, (yIHBOKHCIOTH.
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H3meHnenne ryMycHOro cOCTOSTHUSI
JAepHOBO-10A30.1ucToil mouBkl [Ipeakapnarbsa npu
BHECEHHMH 0CA/IKA CTOYHBIX BOJ
M0/ MBY JHEPIreTHYECKYI0

B. 1. Jlontymasik !, . M. Tpurysisik 2
e-mail: Vasyll@mail.ru
! JIbBOBCKHUIT HALMOHABHBIN arpapHbIil yHUBEPCUTET
V. B. Benmukoro, 1, JIsBoB-/1yomnstabl, Ykpanna, 80381
2Bano-®pankoBckuid kowiemk JIHAY
Vn. FOnocty, 11, UBano-®pankoBck, YkpanHa, 76492
3 VuuBepcuteT TEXHOIOTHYIECKO-E€CTECTBO3HATEIBHBIH,
V. mpo¢. Kamutkero 7, beinrom, [Tomsa, 85796

Leab. YcTaHOBUTH BIHUAHUE YAOOPEHHS UBBI SHEPreTHUEC-
Kol ocajgkoMm crouHbiXx Boa (OCB) u kommocrtamMu Ha €ro
OCHOBE Ha M3MEHEHHE T'YMYCHOTO COCTOSIHUS JEpPHOBO-
nopzonuctoid nousbl [Ipenkapnarbs. Metoabl. OOpasiibl
[IOYBBI OTOMPAIM Ha KOJIJIEKIIMOHHO-OIIBITHOM T10J1e VBaHO-
O®pankoBckoro komemxa JIHAY; omnpenenenue cojepixa-
Hust rymyca — no [OCT 4289:2004; ero 1aOHMIBHBIX
¢dbopm — o TOCT 4732:2007, conepkaHusi OPraHUUCCKOTO
BemiectBa B OCB u xommnocrax Ha ero ocHose — 1o 'OCT
27980-88. Pesyabrarbl. [lo pesynbraramMm u3yueHUs] OCO-
OEHHOCTEH HaKOIUIeHUsI U TpaHc(OpMalK T'yMYCHBIX CO-
eIMHEeHUH B mouBe mnoj BiuusiHueM BHeceHust OCB ycra-
HOBJIEHO, YTO COZIEpXKaHue OOIIero rymyca npH 3TOM BO3-
pacTraer Mo CpaBHEHMIO C KOHTpoJeM (0e3 BHECeHHUs ya00-
pernii) Ha 0,5—1,1 %. Hcnoms3oBarne OCB obecrnieunBaet
HM3MEHEHHE KauecTBa FyMyca, B TOM YHUCIIE MOBBILIEHUE CO-
JiepaKaHUsl TYMUHOBBIX KucaIoT B rymyce Ha 0,05—0,07 %,
YTO CIOCOOCTBYET POCTY JOIM CTAOWIBHOTO TyMmMyca JIo
68—70 % u crabwIm3anyy TyMyCHOTO COCTOSIHUS I€PHOBO-
MTOI30JICTON TTOUBHL. BhIBOABI. [IprMeHeHHE Ocaika cTOY-
HBIX BOJ| BIMSCT HA M3MCHCHHE ITOKa3arelell KauecTra Ty-
Myca, B YaCTHOCTH, €T0 TPYIOBOi cocTtaB. C yBeIHYCHHEM
no3bl BHeceHUs: OCB u KOMIOCTOB Ha €ro OCHOBE IO-
BEIIIIACTCS YPOBEHb COJCPIKAHUS TYMHHOBBIX KHCJIOT B TY-
Myce. DTo obecreunBaeT pocT JOJU CTaOMIEHOTO TyMyca B
MMOYBE, YTO, B CBOIO OYepenb, MPUBOAUT K CTAOWMIH3AIUN
TYMYCOBOTO COCTOSIHHS ISPHOBO-ITOA30TIMCTON TMOUBHI. Of-
HAKO C TIyOMHOM 3Ta 3aBHCUMOCTh CHIKAETCSI.

KuroueBble ci10Ba: 0cagoK CTOYHBIX BOJ, I0YBA, TYMYC, Ty-
MHUHOBBIE KHCIIOTHI, (DyITEBOKHCIIOTHI.
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