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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  eld 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-de  cient 
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  eld agroecosystems may condition 
the introduction of heavy metals and other pollutants 

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  eld 
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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N100P100K100; 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) +  nished 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  llers (calculated per absolutely 
dry substance). Due to their introduction the content 

of total humus (Htot) in sod-podzolic soil demonstrated 
signi  cant 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  uctu-
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 (HL) and stable (HS) forms of humus at the depth of 0–40 cm at the introduction 
of sewage sludge (2011–2014), %

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

Experiment variant HL HS Htot HL/Htot HL/HS

1. No fertilizers – control

2. N100P100K100

3. SS, 40 t/ha

4. SS, 60 t/ha

5. SS, 80 t/ha

6. Manure (SS + saw dust (3:1)), 60 t/ha

7. Manure (SS + straw (3:1)), 20 t/ha

8. Manure (SS + straw (3:1)), 40 t/ha

9. Manure (SS + straw (3:1)), 40 t/ha

10. Manure (SS + straw (3:1) +  nished 
cement dust 10 %), 40 t/ha
LSD05

0.64
0.47
0.63
0.44
0.64
0.49
0.65
0.51
0.62
0.52
0.60
0.51
0.61
0.54
0.61
0.52
0.62
0.51
0.61
0.53
0.1
0.1

1.00
0.98
1.02
1.00
1.01
1.07
1.05
1.11
1.12
1.16
1.10
1.17
1.05
1.06
1.08
1.17
1.08
1.18
1.01
1.14
0.2
0.1

1.64
1.45
1.65
1.44
1.66
1.56
1.70
1.62
1.74
1.68
1.70
1.68
1.66
1.60
1.69
1.69
1.70
1.69
1.67
1.70

39
32
38
31
37
31
38
31
37
30
35
30
36
31
36
30
36
30
36
31

0.64
0.48
0.62
0.44
0.63
0.46
0.62
0.46
0.55
0.44
0.55
0.44
0.58
0.51
0.56
0.44
0.57
0.43
0.60
0.46
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The results of determining the content of labile hu-
mus (HL) demonstrated the increase in this index at the 
introduction of SS. The highest indices of HL 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  uctuated in the 
range of 0.60–0.65 %.

After the introduction of SS the content of stable 
humus (HS) 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):

 = 0.4  + 61.4 (R2 = 0.80) – for 0–20 cm soil layer;

 = 0.2364  + 68 (R2 = 0.57) – for 20–40 cm soil layer.

Multiple determination coef  cients (R2) indicate 
close correlation between the introduced dose of SS 
and the increase in the share of HS in the soil. At the 
same time, regardless of the application of high dos-

es of SS, the intensity of total humus accumulation 
changed insigni  cantly.

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 Htot 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 re  ected in regression equations, presented in 
Fig. 3 and 4.

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

Fig. 2. The change in the share of stable humus in soil at the depth of 20–40 cm depending on the dose of the introduced 
sewage sludge and manure, based thereon, 2011–2014
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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 (0–20 cm) 

layer of sod-podzolic soil (the multiple coef  cient 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 coef  cient 

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

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

Variant HA/FA
Group of humus substances, %

 Humic acids  Fulvic acids Humins

1. No fertilizers – control

2. N100P100K100

3. SS, 40 t/ha

4. SS, 60 t/ha

5. SS, 80 t/ha

6. Manure (SS + saw dust (3:1)), 60 t/ha

7. Manure (SS + straw (3:1)), 20 t/ha

8. Manure (SS + straw (3:1)), 40 t/ha

9. Manure (SS + straw (3:1)), 40 t/ha

10. Manure (SS + straw (3:1) +  nished 
cement dust 10 %), 40 t/ha
LSD05

0.6
0.3
0.7
0.4
0.8
0.4
0.8
0.4
0.9
0.4
0.9
0.4
0.8
0.4
0.8
0.4
0.9
0.4
0.9
0.4

0.22
0.09
0.24
0.14
0.25
0.12
0.27
0.13
0.27
0.15
0.25
0.14
0.25
0.12
0.28
0.12
0.30
0.14
0.23
0.13
0.03
0.01

0.34
0.33
0.33
0.34
0.30
0.34
0.28
0.33
0.28
0.32
0.29
0.34
0.28
0.35
0.26
0.33
0.25
0.34
0.28
0.33
0.06
0.05

0.60
0.60
0.79
0.63
0.78
0.58
0.82
0.61
0.87
0.63
0.79
0.54
0.72
0.52
0.76
0.53
0.80
0.54
0.79
0.54

Fig. 3. The dependence of the labile:stable humus ratio on the HA: FA ratio in 0–20 cm layer of sod-podzolic soil
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of determination decreased down to the values of R2 = 
0.12, which indicated insigni  cant connection between 
the indices of the content of humic acids and passive 
humus.

CONCLUSIONS

According to the results of the study on speci  ci-
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 27–42 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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