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Abstract. The results of a study of the fractional composition, structure, and development of forest litter 
in water protection pine stands that grow in the prevailing wet subor and sudubrava forest conditions of 
Zhytomyr Polissya are presented. The age range of plantings ranges from 18-85 years. It is established that 
water protection pine stands in wet hygrotopes accumulate significant reserves of forest litter, which range 
from 33.0 t/ha in young stands to 77.0 t/ha in mature plantings. The distribution of forest litter by area in 
most plantings is uniform, although, in young stands, a large proportion of it accumulates in the row spacing. 
In terms of composition, the forest litter of pure pine stands is characterised by an average dense structure, 
and in pine forests with an admixture of deciduous species, the litter is usually loose, which is conditioned by 
the presence of annual fallen leaves in its upper horizon. The thickness of the forest litter in the row spacing 
of young stands varies between 2.6-2.9 cm without its clear distribution on the horizons. In middle-aged 
plantings, horizons are clearly distinguished in the litter profile. The total thickness of the litter reaches 4.0-
4.3 cm. In ripening and ripe pine stands, the thickness of the forest litter ranges from 6.0-6.3 cm. In plantings 
of older age groups, the forest litter has a predominantly three-layered structure. The trend of intensive 
accumulation of forest litter in wet subor and sudubrava conditions up to the age of ripeness is revealed. In 
ripening plantings, the accumulation of litter slows down, in mature plantings, the processes of accumulation 
and decomposition of litter are levelled. The tendency of the predominance of the active part and, accordingly, 
a decrease in the inactive litter fraction in ripening and mature plantings of wet sudubrava in comparison 
with subor conditions is established, which indicates more active processes of litter mineralisation in wet 
sudubrava conditions

Keywords: stand composition, age group, forest conditions, precipitation, active and inactive litter fractions, 
capacity, mineralisation
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Introduction
Forest litter performs a multifaceted ecological and 
reclamation role in forest ecosystems. It prevents 
the development of erosion processes due to the 
accumulation of precipitation and their transfor-
mation into the ground water, reducing the physical 
evaporation of moisture from the soil and freezing it 
in winter, contributes to the accumulation of melt-
water and precipitation and their transfer to ground 
water. Throughout the growing season, the litter 
serves as a kind of storage of nutrients that even-
tually pass into the soil, which allows maintaining 
a certain level of its fertility. In addition to enrich-
ing the soil with nutrients, the litter acts as mulch 
(Svyrydenko et al., 2004). 

The water protection function of floodplain for-
est litter is manifested in preventing siltation of wa-
ter bodies, purifying water from pollutants, regulating 
water levels, and stabilising the hydrological regime 
of territories. The forest litter is also a food base and 
habitat for soil invertebrates and microorganisms 
and, as a result, improves the forest floor fertility.

Tsvetkova & Yakuba (2011) highlight the role 
of forest litter as a biogeochemical barrier that traps 
toxic metals and plays a leading role in the ability of 
ecosystems to self-regulate.

The forest litter performs a significant 
anti-erosion role, it absorbs 2-6 times more water 
than its mass; it perceives the kinetic energy of rain 
and protects the soil from destruction; the rough 
surface of the litter slows down the rate of runoff 
and facilitates soil sedimentation. With the removal 
of litter, runoff increases and soil water permeability 
decreases by 5-10 times (Gomyyo & Kuraji, 2016).

Depending on the species composition of 
stands, different types of forest litter are formed, 
which differ in the intensity and rate of minerali-
sation (Bogatyrev, 1990). Intensification of the pro-
cesses of mineralisation of forest litter contributes 
to increasing the productivity of forest ecosystems, 
since under such conditions mineral compounds 
of nitrogen, phosphorus, potassium, and other el-
ements that make up the food ration of plants are 
formed.

Litter plays an important role not only in the 
processes of substance circulation in ecosystems, but 
also in the processes of soil formation and reflects 
the zonal features of the geographical location of 
plantings. Especially multifaceted is the forest rec-
lamation role of the forest litter, which determines 
water-regulating, water-retaining, water treatment, 
soil protection, anti-erosion, and other functions 
(Yukhnovsky et al., 2013).

Fallen leaves, twigs, bark, cones, seeds, and 
other organic remains of forest vegetation are con-
sidered litter. The amount of litter depends on the 
species composition of plants, age, and form of 
planting (Yakuba, 2004; Solomatova, 2013). 

The researchers also point to the layered 
structure of the forest litter. In particular, Vyshenska 
et al. (2010) distinguish the top layer of litter, which 
consists of fresh litter that has not yet decomposed 
with clearly defined elements – leaves, bark, small 
branches, fruits, etc. Below it is a layer that includes 
litter components that are already significantly 
damaged by the decomposition process, but their 
small particles still retain their morphological struc-
ture. The lower layer of litter is actually detritus, 
which looks like a more or less uniform organic mass 
of dark colour. 

The fractional composition of the forest lit-
ter of pine stands was studied by Krylov (2013), 
Avramchuk & Bilous (2015), Kalynovsky (2017), 
Kamsky & Shelest (2017), Xu et al. (2020), Golovetskyi 
et al. (2021), Maliuha et al. (2021), Novák et al. (2020), 
Minder et al. (2019) etc. Litter in pine stands decom-
poses slowly, and the rate of its mineralisation de-
creases with age, as also shown by studies by Corter 
(1998), Voron et al. (2018), Çömez et al. (2020) et al. 
The reclamation and anti-erosion properties of the 
forest litter of pine stands on ravine-beam systems 
are highlighted in the monograph by Yukhnovsky 
et al. (2013). However, the issue of the structure of 
the forest litter of water protection stands with the 
main species of Scots pine, the dominant share of 
which grows in the wet hygrotopes of Zhytomyr 
Polissya, is unresolved.
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The purpose of the study was to establish the 
structure, fractional composition, and formation 
of the forest litter of water protection pine stands 
growing in wet subor and sudubrava forest condi-
tions of Zhytomyr Polissya. 

Materials and Methods 
The object of the study was clean and mixed artificial 
stands of Scots pine, which perform water protection 
functions. To establish the patterns of forest litter 
formation in wet subor and sudubrava conditions, 

eight sample plots (SP) were laid in different age 
groups with predominant Scots pine stands (Pinus 
sylvestris L.), and including admixtures of European 
white birch (Betula pendula Roth.), common oak 
(Quercus robur  L.), black alder (Álnus glutinósa  L.) 
and small-leaved linden (Tilia cordata Mill.).

Sample plots were laid out in the flat condi-
tions of Zhytomyr Polissya within the Yemilchynskyi 
district in the forest fund of the state enterprise “Ye-
milchynskyi Forestry” (Fig. 1). In general, the research 
objects cover seven forest districts of the enterprise. 

Figure 1. Location of the research objects

The establishment of sample plots was carried 
out in the most characteristic place of each planting 
according to the recommendations of Maurer et al. 
(2000). Forestry and taxation indicators of the stands 

were determined at the sample plots according to the 
methods generally accepted in forest taxation (Hrom, 
2007). The characteristics of water protection plant-
ings according to the sample plots are given in Table 1.

Table 1. Forestry and taxation indicators of sample plots by age groups

No. Location Stand 
composition

Age, 
years

Forest 
site 
type

Density Growth 
class

Average 
height, 

m

Average 
diameter, 

cm

Reserve,
m3/ha

Young stands (I)

1 Kochychynske forestry
compartment No. 36 stratum 4 8Sp2Ewb 18 C3 0.72 I 8.1 12.2 65

2 Zhuzhelske forestry
compartment No. 46 stratum 24 10Sp+Ewb 18 B3 0.74 I 7.0 8.4 45

Middle-aged (II)

3 Hartivske forestry
compartment No. 77 stratum 20 6Sp3Ewb1Co 28 B3 0.70 II 10.5 12.0 85

geographic coordinates of SPs
1 N=51.01244 E=27.53458
2 N=50.94913 E=27.72175
3 N=50.99442 E=27.84451
4 N=50.93436 E=27.93909
5 N=50.91290 E=27.78807
6 N=50.90515 E=27.54222
7 N=50.90693 E=27.79440
8 N=50.77659 E=28.06690

1 2
3 4

5
6 7

8
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No. Location Stand 
composition

Age, 
years

Forest 
site 
type

Density Growth 
class

Average 
height, 

m

Average 
diameter, 

cm

Reserve,
m3/ha

4 Korolivske forestry
compartment No. 33 stratum 17 5Sp4Ewb1Ba 22 C3 0.71 II 8.2 10.3 70

Ripening (III)

5 Yemilchynske forestry
compartment No. 60 stratum 34 10Sp 66 B3 0.79 Ia 25.0 32.1 568

6 Hlumchanske forestry
compartment No. 66 stratum 29 8Sp1Ewb1Ba 69 C3 0.81 Ia 27.3 30.2 350

Mature and overripe (IV)

7 Yemilchynske forestry
compartment No. 69 stratum 2 9Sp1Ewb 85 B3 0.71 I 27.0 31.5 290

8 Barashivske forestry
compartment No. 8 stratum 44 9Sp1Sll+Co 85 C3 0.77 Ia 30.4 36.2 424

The age range of the stands is 18-85 years. 
In wet subor plantings, average heights range from 
7.0-27.0 m, with an average diameter of 8.4 to 31.5 
cm, and reserve – 45 to 568 m3/ha. In wet sudubrava 
plantings, the average height ranges between 8.1-
30.4 m, the average diameter – 10.3-36.2 cm, and 
reserve – 65-424 m3/ha. Water protection plantings 
in all forest-growing conditions are growing for Ia– II 
growth class. All sample plots belong to the modal 
stands most represented in the region with a thick-
ness of 0.70-0.81. 

The study of forest litter was carried out on 

discount areas, which were laid in the plantings of 
the studied age groups on sample plots. Discount 
areas were placed in the middle of the row spacing. 
The discount area was selected depending on the 
age group of plantings and the thickness of the for-
est litter. It was usually 1 m2 (1.0×1.0 m) or 0.5 m2 
(0.5×1 m). The thickness of the forest litter was mea-
sured with a tape measure from the soil surface. On 
the discount area, the litter was cut off with a knife, 
carefully separating each layer, poured into num-
bered containers, and was disassembled into frac-
tions in laboratory conditions (Fig. 2). 

  
 Figure 2. Distribution of forest litter samples into fractions: a – the process of dividing into fractions;  

b – selected factions

Each fraction was then weighed on an elec-
tronic scale with an accuracy of 0.01 g, and to calcu-
late the forest litter reserve, the data obtained were 
recalculated per 1 ha (Hordienko et al., 2000).

Results and Discussion

The thickness of the litter, the rate of its decomposi-
tion and release of chemical elements depend on the 
type of forest, its age, stand thickness, climatic and 

Table 1, Continued
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soil conditions, the characteristics of the edapho-
tope (soil conditions, water and heat regime, etc.), 
participation in the composition of the stand, ex-
cept for coniferous, deciduous tree species, the pres-
ence or absence of grass or moss cover. Therefore, 

the characteristic of morphometric indicators 
of the forest litter of water protection plantings, 
which is reflected in Table 2, were analysed with the 
above-mentioned forest indicators – the composi-
tion of plantings and age groups.

Table 2. Characteristics of the forest litter of water protection pine stands

No. Age 
group

Stand 
composition Age

Forest litter indicators

width, 
cm

total reserve, 
t/ha

Reserve by fractions

active inactive

t/ha % t/ha %

Wet subor stands (B3)

1 I 10Sp+Ewb 18 2.9 33.0 20.8 63 12.2 37

3 II 6Sp3Ewb1Co 28 4.3 42.2 22.8 54 19.4 46

5 III 10Sp 66 6.0 64.8 41.5 64 23.3 36

7 IV 9Sp1Ewb 85 6.0 77.0 55.4 72 21.6 28

Wet sudubrava stands (C3)

2 I 8Sp2Ewb 18 2.6 21.3 13.0 61 8.3 39

4 II 5Sp4Ewb1Ba 22 4.0 31.7 20.0 63 11.7 37

6 III 8Sp1Ewb1Ba 69 6.1 60.0 41.4 69 18.6 31

8 IV 9Sp1Sll+Co 85 6.3 82.5 60.2 73 22.3 27

Data in Table 2 indicate an intensive accu-
mulation of forest litter in wet subor and sudubrava 
conditions up to the age of ripeness, where its thick-
ness reaches 6 cm. In ripening plantings, the accu-
mulation of litter slows down, and in mature and 
overripe stands it remains at the same level, that is, 
the processes of accumulation and decomposition of 
litter are equalised. This is consistent with studies 
by Voron et al. (2018), Golovetskyi et al. (2021).

The thickness of the forest litter in the row 
spacing of young stands varies between 2.6-2.9 cm. 
A clear distribution of litter on the horizons is not 
yet observed, although the half-mineralised lower 
layer can be traced up to 1.3 cm, and the upper layer, 
which consists of precipitation of the first or second 
years, has a thickness of 1.6-1.8 cm. Its composition 
is dominated by Scots pine needles with an admix-
ture of European white birch leaves and branches. 

In middle-aged water protection plantings, 
the profiles already clearly distinguish the litter 
horizons. The total litter capacity is 4.0-4.3 cm. The 
lower layer is represented by a semi-decomposed 

organic mass up to 1.7 cm thick, and the middle layer 
is represented by semi-mineralised remains of pine 
needles, leaves, and small roots. The thickness of this 
horizon is 1.5-2.3 cm, and the upper layer is 1.0-1.5 cm. 

In ripening and ripe pine stands, the thickness 
of the forest litter varies between 6.0-6.3 cm, respec-
tively. The lower layer of litter, 1.4-2.2 cm thick, is 
almost completely decomposed. The middle layer 
of litter is represented by ungainly twigs, bark, and 
needles. Its width is 2.0-2.4 cm. Fresh annual pre-
cipitation from twigs, needles, and pine cones covers 
the surface of the forest floor with a layer of 2 cm. 

The distribution of forest litter by area in 
most plantings is uniform, only in young stands, 
there is more of its accumulation in the row spacing. 
By composition, the forest litter of pure pine forests is 
characterised by an average dense structure. In pine 
stands with an admixture of deciduous species, the 
litter is usually loose, which is conditioned by the pres-
ence of annual fallen leaves in its upper layer. The ratio 
of active and inactive litter fractions depending on the 
composition of the plantation is shown in Figure 3.



Vol. 12, No. 4, 2021 		  Ukrainian Journal of Forest and Wood Science 22

Rasenchuk & Yukhnovskyi

Figure 3. The ratio of active and inactive litter fractions depending on the age group and stand composition

Data analysis of Figure 3 revealed a tendency 
for the active part to predominate and, accordingly, a 
decrease in the inactive litter fraction in ripening and 
mature wet sudubrava stands compared to subor condi-
tions. This indicates more active processes of litter min-
eralisation in wet sudubrava conditions, which is pri-
marily associated with higher soil trophism. In general, 

the active part of the fractional composition of the litter 
is 54-73%, and the inactive part amounts to 27-46%.

The total reserve of forest litter ranges from 
33.0 t/ha in young stands to 77.0 t/ha in mature 
plantings, which indicates an increase in forest litter 
with age. Detailed summary data of reserves by litter 
fractions are given in Table 3.

Table 3. Generalised stock data by litter fractions

Age groups and 
composition, age, and 

SP No.

Layer
of litter

Reserve of
litter, t/ha

Litter fractions, t/ha

Inactive part Active part

branches bark cones,
needles

leaves, grass, 
buds

roots, dust,
entomofauna

Wet subor stands (B3)  

Young stands: 
10Sp+Ewb; A – 18; SP 

No. 1

1st 8.2 0.6 0.8 5.0 0.1 1.7

2nd 24.7 0.6 0.7 4.4 0.1 19.0

∑ 33.0 1.2 1.5 9.4 0.2 20.7

Middle-aged stands: 
6Sp3Ewb1Co;

 A – 28; 
SP No. 3 

1st 12.0 0.6 0.6 7.6 1.5 1.6

2nd 30.2 2.8 1.4 6.4 0.9 18.8

∑ 42.2 3.4 2.0 14.0 2.4 20.4

Ripening stands: 
10Sp; A – 66; 

SP No. 5 

1st 11.2 3.5 1.1 4.2 0.8 1.5

2nd 16.8 3.0 2.3 3.7 0.5 7.4

3rd 36.8 2.0 1.9 1.9 - 31.0

∑ 64.8 8.5 5.3 9.8 1.3 39.9

Mature stands: 
 9Sp1Ewb;

A – 85; SP No. 7

1st 12.3 3.5 1.3 5.0 0.5 2.0

2nd 18.6 1.8 2.4 3.8 0.6 10.1

3rd 46.1 1.2 0.9 2.1 - 41.8

∑ 77.0 6.5 4.6 10.9 1.1 53.9
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Age groups and 
composition, age, and 

SP No.

Layer
of litter

Reserve of
litter, t/ha

Litter fractions, t/ha

Inactive part Active part

branches bark cones,
needles

leaves, grass, 
buds

roots, dust,
entomofauna

Wet sudubrava stands (C3)

Young stands: 
8Sp2Web; A – 18; SP 

No. 2

1st 8.5 1.2 0.9 2.4 0.9 3.1

2nd 12.9 0.5 1.1 2.3 0.5 8.4

∑ 21.3 1.7 2.0 4.7 1.4 11.5

Middle-aged stands:
5Sp4Ewb1Ba

A – 22; SP No. 4

1st 10.9 2.2 1.0 3.2 1.8 2.6

2nd 20.8 1.6 1.4 2.2 2.6 13.0

∑ 31.7 3.8 2.4 5.4 4.4 15.6

Ripening stands:
8Sp1Ewb1Ba;

A – 69;
SP No. 6

1st 12.2 2.7 2.3 3.1 2.2 2.0

2nd 15.1 2.0 1.6 2.7 1.0 7.6

3rd 32.7 1.3 1.1 1.8 0.2 28.4

∑ 60.0 6.0 5.0 7.6 3.4 38.0

Mature stands: 
9Sp1Ba+Co;

A – 85; SP No. 8

1st 16.6 3.0 2.1 4.8 2.5 4.2

2nd 23.8 2.2 1.6 3.8 1.6 14.6

3rd 42.1 1.4 1.5 1.9 0.6 36.6

∑ 82.5 6.6 5.2 10.6 4.7 55.5

Table 3 indicates that in young and mid-
dle-aged plantings of wet subor and sudubrava, the 
litter has a two-layered structure. The first layer is 
dominated by an inactive part of branches, bark, 
cones, and needles, the share of which in the con-
ditions of wet subor and sudubrava of the first age 
group is 6.4 t/ha (78.0%) and 4.5 t/ha (53.0%), in 
the middle-aged, respectively, 8.8 t/ha (73.3%) and 
6.4  t/‌ha (58.7%). The second layer of litter of age 
groups 1 and 2 is already dominated by the active 
part with a large amount of dust, which is 3-4 times 
higher than the inactive part of the forest litter. 

With age, the litter acquires a three-layer 
structure. This phenomenon is obvious in connec-
tion with the accumulation of litter and its dis-
tribution to the horizons. There is a clear trend of 
increasing the active litter fraction in ripening and 
ripe wet sudubrava plantings, which indicates more 
active processes of its mineralisation in contrast to 
the water protection pine stands of wet subor. 

Conclusions 
Water protection pine stands in wet subor and sudu-
brava conditions accumulate significant reserves of 
forest litter, which range from 33.0 t/ha in young 
stands to 77.0 t/ha in mature plantings.

The distribution of forest litter by area in most 
plantings is uniform, only in young stands, there is 
more of its accumulation in the row spacing. In terms 
of composition, the forest litter of pure pine stands is 
characterised by an average dense structure, and in 
pine forests with an admixture of deciduous species, 
the litter is usually loose, which is conditioned by the 
presence of annual fallen leaves in its upper horizon.

The thickness of the forest litter in the row 
spacing of young stands varies between 2.6-2.9 cm 
without its clear distribution on the horizons. In 
plantings of older age groups, there is a clear dis-
tribution of forest litter on the horizons. The forest 
litter has a predominantly three-layer structure. 
The top layer of litter consists of still undeveloped 
fresh litter of needles, leaves, bark, small branches, 
and fruits. A wide second semi-decomposed layer of 
litter is saturated with pine roots, needles, and en-
tomofauna remains, but small particles of them still 
retain their morphological structure. The lower layer 
of litter is actually detritus, which looks like a more 
or less uniform organic mass of dark colour.

The trend of intensive accumulation of forest 
litter in wet subor and sudubrava conditions up to 
the age of ripeness, where its thickness reaches 6 cm 
of thickness, was revealed. In ripening stands, the 
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accumulation of litter slows down, but in mature stands 
it remains at the same level, that is, the processes of ac-
cumulation and decomposition of litter are levelled. 

The tendency of the predominance of the 
active part and, accordingly, a decrease in the inactive 

litter fraction in ripening and mature plantings of 
wet sudubrava in comparison with subor condi-
tions is established, which indicates more active 
processes of litter mineralisation in wet sudubrava 
conditions. 
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Структурні особливості лісової підстилки водоохоронних соснових 
насаджень у вологих гігротопах Житомирського Полісся

Андрій Петрович Расенчук, Василь Юрійович Юхновський

Національний університет біоресурсів і природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Анотація. Наведено результати дослідження фракційного складу, будови і формування лісової 
підстилки у водоохоронних соснових насадженнях, які зростають у переважаючих вологих суборевих 
і сугрудових лісорослинних умовах Житомирського Полісся. Віковий діапазон насаджень коливається 
в межах 18-85  років. Встановлено, що водоохоронні соснові насадження у вологих гігротопах 
акумулюють значні запаси лісової підстилки, які коливаються від 33,0 т/га в молодняках до 77,0 т/га 
в стиглих насадженнях. Розподіл лісової підстилки за площею в більшості насаджень рівномірний, 
хоча в молодняках її більша частка нагромаджується у міжряддях. За складанням лісова підстилка 
чистих сосняків характеризується середньою щільною структурою, а в сосняках із домішкою листяних 
видів підстилка, зазвичай, пухкого складення, що зумовлено наявністю щорічного опалого листя у 
її верхньому горизонті. Потужність лісової підстилки у міжряддях молодняків коливається у межах 
2,6-2,9 см без її чіткого розподілу на горизонти. У середньовікових насадженнях в профілі підстилки 
чітко виділяються горизонти. Загальна потужність підстилки становить 4,0-4,3 см. У пристигаючих і 
стиглих соснових насадженнях потужність профілю лісової підстилки коливається в межах 6,0-6,3 см. У 
насадженнях старших вікових груп лісова підстилка має переважно тришарову будову. Виявлено тренд 
інтенсивного нагромадження лісової підстилки в умовах вологого субору і сугруду до віку стиглості. 
У пристигаючих насадженнях нагромадження підстилки уповільнюється, у стиглих насадженнях 
процеси нагромадження і розкладання підстилки нівелюються. Встановлено тенденцію переважання 
активної частини і, відповідно, зменшення неактивної фракції підстилки у пристигаючих і стиглих 
насадженнях вологого сугруду порівняно із суборовими умовами, що свідчить про активніші процеси 
мінералізації підстилки в умовах вологого сугруду

Ключові слова: склад насадження, вікова група, лісорослинні умови, опад, активна й неактивна 
фракції підстилки, потужність, мінералізація


