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A comparative analysis of forest fertility of sod-podzolic soils on glaciofluvial and glacial
sands under pine forests was carried out in the different subzones of the Forest zone of Ukraine —
Eastern and Central Polissya. It was proved that the overall level of fertility of sod-podzolic soils of
Eastern Polissya has increased in comparison with Central Polissya. Growth of soil fertility was
caused by increase the proportion of fine sand and clay particles, as well as by increase the content
of total phosphorus and potassium. Acidity and nitrogen content in the soil of subzones was
virtually unchanged. The humus content was a little greater in the soils of Central Polissya. We
analyzed the change of the productivity of pine forests, depending on the level of soil fertility. The
increase of soil fertility in Eastern Polsssya becomes the cause of increased productivity of pine
forests. This increases the proportion of pine stands with high productivity (I1 bonitet and higher)
and a decrease in the proportion of trees with low productivity (111 bonitet and lower).

The sod-podzolic soils, fertility, productivity of pine forest.

Humid climate, flushing water regime, dominance of carbonate-free rocks of
light granulometric composition (fluvioglacial, glacial (morainal), alluvial sands), as
well as pine forests, which everywhere cover the territory of Ukrainian Polissya,
promote the development of sod-podzolic soils. The level of podzolity depends on
mineralogical and granulometric composition of soils and on humidity of sites. The
main part (about 60 % of total area) of sod-podzolic soils of Ukrainian Polissya is
characterized by non-significant podzolity (low and middle level) [2]. Moderate
activity of podzolic process is connected primarily with sand granulometry of mother
rock.

In general, both sod-slightly-podzolic and sod-middle-podzolic soils in result of
very low supply of nutrients, insignificant humus content, high acidity of medium,
are characterized by low fertility for the majority of agricultural crops. However,
forest vegetation on these soils, especially Scots pine (Pinus sylvestris L.), which is
the typical oligotrophic plant, completely satisfies its demands in nutrients. In result
of it Scots pine forms the stands of high productivity on such soils. In spite of usually

low fertility, capacity for forest production of sod-podzolic soils depends on their



certain properties. Evaluation of quantitative characteristics of soils in Eastern and
Central Polissya, which bring to the change of trophic level of sites and their capacity
for forest production, is rather actual task, especially in context of implementation of
the State special-purpose program "Forests of Ukraine” up to 2015 concerned
creation of 415 thous. ha of forest plantations at the expense of recently accepted
former agricultural lands [9].

The aim of investigations was to study the peculiarities of physical, physical &
chemical and agrochemical properties of sod-podzolic soils in the zone of Eastern
and Central Polissya and to evaluate their capacity for forest production.

Materials and methods. Investigation of soil cover was carried out according to
basic methods of forest typology, forest science and soil science [1, 7] for the lands of
the following State Forest Enterprises (physiographic regions are given in brackets).

Eastern Polissya, Chernigiv administrative region:

— "Korukivske forest&hunting economy" (Koryukivsko-Shchorsky region);

—"Kholmynske forest&hunting economy”, «Semenivske forest&hunting
economy" (Kholminsko-Kostobobrivsky region);

— «Gorodnyanske  forest&hunting  economy”  (Dobryansko-Gorodnyansky
region).

Central Polissya, Zhitomir administrative region:

— "Malynske forest economy™ (Irshansko-Malynsky region);

— "Zhitomirske forest economy” (Chernyakhivsko-Korostyshevsky region);

— "Lugynske forest economy" (Korostensko-Chopovytsky region).

Network of sample plots covers prevailing site conditions for pine stands (A,, By,
B,-C,). In unevened pine stands (IV-X age classes) 36 sample plots were based.
Forest valuation was carried out, soil cover was described for them; over 160 soil
samples were analyzed. Granulometric composition of samples was evaluated by
pipette method. Humus content was evaluated by Turin method). Contents of total N,
P, K was evaluated by Ginzburg method in concentrated sulfuric extract. Actual and

potential acidity was evaluated by potentiometry [4, 5, 10].



Results. Soil cover of inspected plots is represented by soddy hidden podzolic
soils on pseudofiber fluvioglacial and morainal sands, as well as by soddy moderate-
podzolic gleyey soils on morainal sands.

Typical profile of soddy hidden podzolic soils and soddy moderate-podzolic
gleyey soils has such structure: level of mellow litter (Ho) with depth not over 4 cm,
then gray or pale gray humic light eluvial level (He) of loamy&sandy composition.
Depth of He level make up 15-30 cm at an average 20.5 cm. Humus level is followed
by yellow & brownish sand with signs of illuviation, which gradually comes to
mother rock — fluvioglacial sand, penetrated by interrupted pseudofibres. Rock is
bedded not deep, that is 80 cm from soil surface.

In the soil cover of inspected lands (especially in Eastern Polissya), soils of
different level of gleization are widespread, which is proved by occurrence of ferric
interlayers (pseudofibres and ortzand) in the lower part of soil profile. Except these
new formations, also ferric-manganese punctuation, rust-ocherous spots on the
background of washed sand and per se washed from colloids layer of blue-gray sand
are the signs of gleization. These signs prove short-term moistening of soils, which
repeats periodically. During it Fe periodically transforms to oxid or protoxid
compounds.

At general low trophic level sod-podsolic soils of investigated lands have some
peculiarities (in morphological, petrographic and chemical composition), which
affects their capacity for forest production.

The soils of inspected lands have mainly formed on fluvioglacial and glacial
depositions of light granulometric composition — sands and loamy sands, sometimes
sandy loams, which is the cause of absolute domination of sand fraction in their
granulometric composition. That is, the content of the sand fraction in the soils of
both regions is almost equal and makes up 88-89 % (Fig. 1). However, the sands
have peculiarities by the size of quartz grains.

One must mention, that during long time the territory of Polissya was the place of
accumulation of large amount of water of alluvial and fluvioglacial genesis. It caused

the spread of different varieties of washed sand deposits: fluvioglacial, glacial,



ancient alluvial and modern alluvial ones. We have found, that very much washed
fine-sand moraine and fine-grained fluvioglacial sands dominate in the objects of
Chernigiv region. Coarse-grained fluvioglacial sands and sanded coarse-grained

moraine dominate in the objects of Zhitomir region.
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Fig. 1. Granulometric composition of sod-podzolic soils in Eastern (black
rectangles) and Central (white rectangles) Polissya
(X —fractions, mm; Y — content, %)

Results of granulometric analysis show, that the soils of almost all investigated
objects of Central Polissya contain equal fractions of fine-grained and coarse-grained
sand. Their content is stable in the whole soil profile and amounts 41 and 49 %
respectively. In the soils of Eastern Polissya fine-grained sand dominates (69.5%),
and coarse-grained sand makes up only 18 %. Simultaneously with the content of
fine-grained sand, total content of fine particles increases in the soils of this zone. So,
the content of physical clay amounts 7.2 % in Eastern Polissya and 5.7 % in Central
Polissya (difference between these data and other data, presented below, is significant
on 95 % level). Increase of the part of clay particles occurs due to twice increase of
silty fraction (5.1 against 2.5 %) (Fig. 1).

In whole, investigated soils of Eastern Polissya varies by granulometric
composition from loamy-sandy to light sandy-loam and sandy-loam. By this, the

upper horizons (up to 50-60 cm) have, as a rule, light sandy-loam and sandy-loam



composition, and lower ones are transitional to mother rock, and the rock has loamy
and sandy composition. Granulometric composition of the soils of Central Polissya
varies less — from sandy (mother rocks and transition horizons) to loamy-sandy,
occasionally to slight sandy-loam (humus horizons).

Thereby, granulometric composition shows that sod-podzolic soils of Eastern
Polissya are able to have some higher capacity for forest production, because fine
sand, as opposed to coarse sand, contains not only quartz, but also certain amount of
loamy minerals (feldspar, mica). Increase of silty fraction enriches the sandy soils by
minerals of montmorillonite and hydromica groups. All this together must influence
positively on trophic level of soils, which is proved by the results of agrochemical
analysis.

Increase of dispersibility of the soils of Eastern Polissya causes their higher
trophic level comparing to the soils of Central Polissya. The soils of Eastern Polissya
contain 2.5 times more phosphorus and twice more potassium, and their actual acidity
is lower per 0.2 units pH) (Table 1). High content of phosphorus in some districts of
Chernigiv region (up to 0.18 %) is very high for any soil type, especially for sandy
soils. Such high content of phosphorus can be connected with high contents of
phosphorus compounds due to phosphorite deposits of Krolevets field, which is
located on the border of Chernigiv and Sumy regions that is not far from the objects
of our investigations.

1. Agrochemical indices of sod-podzolic soils
in Eastern and Central Polissya
Humus | N \ P \ K
%
Eastern Polissya 5.3+0.11 0.37+0.084 0.03+0.003 0.05+0.008 0.04+0.004
Central Polissya 5.1£0.11  0.54+0.138 0.04+0.008 0.02+0.003  0.02+0.002

Region pHm20

As opposed to phosphorus and potassium, content of nitrogen in the soils of
Eastern Polissya is less than in Central Polissya by 25 %, and contents of humus is
less by 30 % in Eastern Polissya. Less supply of organic matter and consequently
organogenic element — nitrogen in the soils of pine stands of Eastern Polissya is

explained by low projective cover by herbaceous vegetation and higher soil humidity.



Pure dense pine stands (1.5 time higher than standard) are often almost free from any
herbaceous vegetation, besides green mosses.

Extreme poorness of species composition of herbaceous vegetation and its low
projective cover is the cause of very low content of nitrogen and low intensity of
humus accumulation. At this, due to wash water regime of soils, intensive washing
out of high mobile nitrogen compounds out of soil profile and transport of humus
substances along it occurs. Just therefore, as well as in result of high content of loamy
particles in the upper layer of sod-podzolic soils of Eastern Polissya, their humus
horizon is extended (19 cm in Eastern Polissya, 12 cm in Central Polissya).

Thereby, the results of granulometric and agrochemical analyses prove the higher
trophic level of more sod-podzolic soils of Eastern Polissya as compared with Central
Polissya. Their higher trophis level is caused by higher content of physical loam,
phosphorus and potassium, which are the markers of capacity for forest production of
soils in the region. High information capability of these characteristics for evaluation
of trophic level was proved by our numerous investigations, which are completely
agree with results of other researchers [6].

Phosphorus and potassium have high meaning as indicators of trophic level for
sites, because these elements the most often are present in the soil in the first
minimum and therefore limit the productivity of forest stands. Nitrogen, which has
exclusive meaning for plant life support, also has influence on their productivity.
However, nitrogen nutrition of trees in forest ecosystems has some specificity
connected with peculiarities of small circulation of nutrients, which has in practice
closed cycle. Forest stands, as a rule, completely satisfy their demand in this element
due to yearly transformation of phytodetritus, which has high abundance of nitrogen
compounds. Meaning of nitrogen as nutrient growth in recently planted forest
plantations. This meaning considerably decreases as forest environment (especially
forest litter) forms. Forest litter in forest ecosystem is important source of energy and
organic compounds, especially nitrogen. Due to mineralization of forest litter, organic
nitrogen converts to mobile forms, migrates to soil and quickly assimilates there by

mycorhiza and roots, and at once includes biological cycle of substances.



As opposed to nitrogen, which has overall organic origin, the content of mineral
elements depends only on chemical & mineralogical composition of soil forming
rocks. Deficit of mineral elements cannot be compensated at the cost of nitrogen by
any natural way, whereas nitrogen supply can increase due to its assimilation from air
by some microorganisms (nitrogen-fixing microorganisms). Among nutrient
macroelements, content of total phosphorus in soils is the lowest, it amounts in very
narrow range from 0.01 to 0.25 % [8]. Soils with high phosphorus content are almost
absent in the nature, as opposed to soils with high nitrogen content (mould humus,
meadow soils, dark-gray soils etc.). Content of phosphorus is especially low in light
soils by mechanical composition. Unsatisfactory plant nutrition by phosphorus is
connected with low solubility of its compounds.

Total content of potassium in soil is rather high as compared with nitrogen and
especially phosphorus. It varies in wide limits (0.02-2.5 %) and is the highest in
organogenic and sandy soils. It seems, that the plants should not sense potassium
deficit. However, the most part of soil potassium (>90 % from total amount) is in the
form of silicates and aluminosilicates, which are unavailable for plants at all. The part
of soluble potassium (as sulfates, hydrocarbonates, carbonates, nitrates) from its total
content makes up 0.05-0.2 %, the part of potentially soluble potassium makes up
0.5-2 % [8].

Higher trophic level of soils of Eastern Polissya as compared with Central
Polissya has to influence positively on productivity of pine stands. We compared the
results of soil analyses with productivity indices of pine stands obtained both by our
measurements and forest inventory data. Forest inventory data on area distribution of
conifer stands by productivity in different administrative regions are presented in
Table 2 [3].

Taking into account, that Scots pine absolutely dominates among conifers in the
both regions (99 % in Zhitomir region and 98 % in Chernigiv region), we can assume
that presented data of forest inventory on distribution of conifers by classes of bonitet

Is identical to such distribution of Scots pine. We have analyzed these data for



convenience in relative units and obtained the distribution of area of pine stands by

bonitet classes in percents from total area.

2. Distribution of area of conifer stands by bonitet classes
by administrative regions in investigated zone

Area, ha (numerator — all Area of stands by bonitet classes, ha
Region conifers, denominator — Il and m Y vV V and
Scots pine) higher lower
- 217514
Chernigiv 213742 211551 4900 930 125 8
_ 395987
Zhitomir 391119 343404 33627 11203 4948 2805

Bonitet is the most informative index of trophic level of sites, because it is
determined by height of trees. It was determined, that productivity of pine stands in
Chernigiv region (Eastern Polissya) is higher, than in Zhitomir region (Central
Polissya). In Eastern Polissya relative part of high productive stands (over Il class of
bonitet) is 97%, in Central Polissya it is 87 %. The part of stands with middle and low
productivity (Il and lower classes of bonitet) is considerably lower in Eastern
Polissya (2.5%) and makes up 13.5% in Central Polissya (Fig. 2).

100 1

80 v

60 i

w0t

20 v

) e 2 ——=
II Ta Bume 111 v V Ta HM:K4e

O ZKutomupcebka 87 8,5 3 2
E YepHiriscbka 97 2 0,4 0,06

Fig. 2. Distribution of area of conifer stands by classes of bonitet (% from
total area) by forest inventory data (Zhitomir — white rectangles,
Chernigiv — black rectangles; X — classes of bonitet; Y — area, %)
Data analysis on productivity of pine stands in sample plots show, that in

Chernigiv region the stands of the | bonitet class dominate (47 %), the part of stands



of la bonitet is 32 %. Stands of Il and Il classes make up 16 and 5 % (Fig. 3). In
sample plots of Zhitomir region 25 % of stands have la bonitet class, 25 % of stands

have 11 bonitet class, and 37,5 % of stands have | bonitet class (Fig. 3).
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Fig. 3. Distribution of pine stands by classes of bonitet (% from total
number) in sample plots (Zhitomir — white rectangles,
Chernigiv — black rectangles; X — classes of bonitet; Y — part, %)

Thereby, our data show, that the part of high productive (la—1 bonitet classes)
pine stands is rather higher in Eastern Polissya as compared with Central Polissya (79
and 62.5 % respectively), and the part of low productive stands (I1-I11) is lower (21
and 37.5 % respectively).

One can see that the results of distribution of pine stands by bonitet classes by
sample plots are almost similar to forest inventory data. For example, in sample plots
of Chernigiv region the part of pine stands of Il and higher bonitet classes amounts
95%, in Zhitomir region it makes up 87.5 %, and after inventory data these parts
make up 97 and 87 % respectively (Fig. 2-3). It means that our sample plots are
representative for general distribution of productivity for pine stands in Eastern and

Central Polissya.

Conclusions
Capacity for forest production of sod-podzolic soils in Eastern Polissya is
somewhat higher than in Central Polissya. It is explained by peculiarities of

granulometric composition of respective mother rocks (fluvioglacial and morainal



sands). Sands in Eastern Polissya mainly contain fine-grained fraction, and in Central
Polissya they contain both fine-grained and coarse-grain fractions. Sands of Eastern
Polissya contain also higher parts of loamy particles, total phosphorus and potassium,
than in Central Polissya.

Higher trophic level of sandy sites of Eastern Polissya versus Central Polissya is
the cause of higher productivity of pine stands of this region. In Eastern Polissya the
part of high productive stands (over Il bonitet class) is greater, and the parts of

middle and low productive stands (111 and lower bonitet classes) are lower.
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JIECOPACTUTEJIbHBIN ITOTEHIIUAJ JEPHOBO-IIOJ30JIMCTBIX ITOYB B 30HE BOCTOYHOI'O U
HEHTPAJIBHOI'O ITIOJIECH

Benvmune H.M., Pacnionmmaa C.I1., 36oposckas O.B.

Ilposeden  cpagHumenvuvlll  AHAIU3 — AECOPACMUMENBHBIX — CBOUCME  0ePHOB0-NOO30IUCMbIX — NOYE  HA
DMOBUOLTIAYUATLHBIX U 2TAYUATLHBIX NECKAX NOO COCHOGIMU decamu ¢ 30He Bocmounozo u [lenmpanvnozo Ionecwst.
Onpedeneno, umo obwuil yposens mpognocmu nous Bocmounoeo Ilonecvs 6 cpasuenuu ¢ Llenmpanibibim HECKOIbKO
evuue. Tlosvluenue yposns mpoguocmu noue céazano ¢ ocobennocmsamu ux epanyromempuu (yeeauuenue
cooepacanus (pakyuy MeaKo20 necka U 2AUHUCMBIX 4acmuy), a makce OOjee GblCOKUM COOepucaHueM odujezo
docgopa u kanus. Iloxkazano, umo bonee 8biCOKULL yPOB8eHb MpopHocmu Mecmoodbumanuii 30Hbl Bocmournozo Ionecos
o0bycnogiusaem 6onee 8blCOKYIO NPOU3EOOUMETLHOCHb COCHOBLIX OPEBOCMOES.

/Jleproeo-noozonucmele nOuGbl, 2PAHYIOMEMPUUECKUI COCMA8, MPOPHOCHb, RPOU3EOOUMETLHOCHLb
COCHOBBIX J1€C08.

JIICOPOCJIMHHHY TIOTEHIIIAJI JIEPHOBO-III30JIMCTHUX IPYHTIB 'V 30HI CXIJHOI'O TA
LEHTPAJIBHOI' O TIOJIICCA
Beomiob M.M., Pacnonina C.I1, 36oposceka O.B.
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Ilpogedeno  nopisHanbHUL — aHANI3  JICOPOCAUHHUX — BIACMUBOCMEN  OePHOBO-NIO30IUCMUX — IPYHMI6  HA
Qmogioenayianvhux ma enayianbHux RIckax nio cocrogumu aicamu 6 30ui Cxiomoco ma Ilemmpanvroeo Iloniccs.
Busnaueno, wo 3acanvnuil pisenv mpogrocmi rpyumie CXIOHONOMICLKO2O pecioHy € O0ewo GUUM V NOPIGHAHHI 3
Lenmpanvuum. ITiosuwenns piens mpogHocmi pyHmie noe si3ano 3 0esIKUMU 0COOTUBOCAMU IX 2PAHYIOMEMPUYHO20
cKady (3pocmawnHam emicmy @paxyii OpibHO20 NICKY ma IUHUCTIUX YACMOK), A MAKodC OLIbUW GUCOKUM 6MICIOM
3aeanvHoeo gocgopy ma kaniro. Iloxkazano, wo suwuil pisenb mpogrocmi micyespocmanv 30Hu Cxionozo Ioniccs
3YMOBTIOE OibUL BUCOKY NPOOYKMUBHICTG COCHOBUX 0epe8OCmAanie nopieHano 3 Llenmpanbhoro.

/Jlepnogo-niozonucmi rpynmu, 2panyiomempudHuil ckiao, mpoguicme, nPOOyKmueHiCHb COCHOBUX TiCIB.
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