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HYDROLOGICAL REGIME AND GROWTH OF PINE STANDS
IN CONDITIONS OF DRAINAGE RECLAMATION SYSTEMS

A retrospective analysis of the formation and development of drainage reclamation in Volyn Polissya was carried out. The
growth of pine plantations within the controlled drainage system and under the control was simulated. The data of samples and mate-
rials of the database of plantations growing on drained and control plots were used for modelling of height dynamics and changes in
stocks with age. Dynamics of heights and stocks are described by the models of the polynomials of the second degree and the expo-
nent equations. It was established that by the middle of the 3™ age class, the height of plantations on drained areas exceeds the height
of plantations under the control of 2.1 m. Starting from the 3" age class, pine stands on drained areas sharply increase the growth and
at the age of quantitative ripeness, the difference in heights reached 3.0 m. Pine plantations in land reclamation areas pass into the up-
per class of productivity. The difference between the average heights in the 5™ age class is 2.7 m. The effect of drainage is traced af-
ter 30 years, when the root system penetrates deeper horizons. The growth of roots on the control sites close to the surface of the wa-
ter table is inhibited. At the same time, the soil saturated with oxygen stimulates the growth processes of the wood plants between the
drainage channels, which lead to an increase in the productivity of the plantings. Comparative analyses of changes in planting stock
shows that in the fourth age class the stock of pine stands on drained areas exceeds 15 %, and at the age of quantitative maturation
this difference reaches 21 %, which makes 89 m*ha™and is a significant argument for the use of drainage reclamation in the wet-
lands of Volyn Polissya. The analysis of the hydrological regime of the drainage system "Strashevo" for the 14-year period showed
that the water table during 2010-2017 sharply decreased reaching a stable value of 124-140 cm, whereas by 2009 it had fluctuated
within the limits of 61-83 cm. The prolonged and significant decrease in water table leads to the declining of plantations, therefore,
to ensure optimal hydrological regime of forest areas it is necessary to sluice channels or reconstruction of the drainage system in the

system of bilateral action.
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Introduction. Free encyclopaedia interprets the hydro-
logical regime as a natural change in the hydrological ele-
ments of the water object in time, due to physical, geograp-
hical and, primarily, climatic conditions of the basin (Free
Encyclopedia, n.d.). Hydrological regime includes perenni-
als (years with increased or lowered water content), annual
or seasonal (flood, middle of summer, inundate) and daily
fluctuations of water level of a water object. The hydrologi-
cal regime of rivers, lakes, reservoirs, and wetlands is dis-
tinguished depending on the type of water object.

The natural hydrological regime often changes substan-
tially under the influence of human economic activity. The
use of drainage reclamation has the greatest impact on the
hydrological regime of wetlands, because it radically chan-
ges the water-air regime of the roots-saturated soil layer
over a long period of time. Therefore, the study of changes
in the hydrological regime in time is necessary to find out
the growth processes of wood species, increase the biologi-
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cal stability and productivity of forest stands.

Most scientists (Kostyakov, 1925; Tyulenev, 1926; Pro-
kopowicz, 1926 et al.) explain the positive effect of draina-
ge reclamation by the fact that during the drainage process
root systems are released from excessive soil moisture, the-
reby increasing the area of plant nutrition. The Chief of the
Western Expedition on the drainage of wetlands J. I. Zhi-
linsky believed that drainage is a positive factor, since wa-
ter from the marshes will flow to the rivers rather than eva-
porate (Zhilinsky, 1899). The point of view of I. 1. Zhi-
linsky was supported by a prominent hydrologist and clima-
tologist E. V. Oppokov, who proved the absence of a year
between drainage and wateriness of the rivers on the basis
of conducting many years of observation (Dokuchayev,
1876).

However, the founder of soil science V. V. Dokuchaev
adhered to other views. He believed that the bogs in Po-
lissya were the main source of river filling, and their draina-
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ge would lead to the shallowing of rivers and their streams
(Oppokov, 1909).

Reclamation works on the drainage of Volyn Polissya
began to take place in the pre-revolutionary period. The
first drainage channels began to run in Polissya and in sepa-
rate areas of the Carpathian and Transcarpathian regions.
During the work of the Western Expedition on the drainage
of the Volyn marshes (1873—-1898), the Zamyslovtsy Canal
was constructed. It allowed the drainage of about
10,000 hectares of wetlands (Tolstoy, 1990; Kuksin, 1991).

During the period of 1899—1908, the land reclamation
works on drainage was carried out in insignificant amounts,
and since 1909 the land reclamation works on drainage be-
gan to be given more attention. Land reclamation was carri-
ed out by zemstvo and land management commissions. In
the pre-revolutionary period, reclamation works were carri-
ed out on an area of 454 thousand hectares (Shainin, 1990;
Bozhok, 1976).

Beginning from the second half of the twentieth century
the drying reclamation in the area of the enterprise was car-
ried out on large volumes on the area of 10,000 ha of forest
plots. The deployment of drainage works in the 60™ of the
last century required the development of a scientific basis
for drainage. In 1965 a collection was published devoted to
the drainage and development of bogs in the Polissya zone
of Ukraine. One of these publications, which covered the
history of the Sarny Research Station, was the work of
I. O. Khmara (1965). The history of drainage of the lands of
the Zhytomyr region has published a significant volume by
the article P. T. Bozhok (1976). On multi-year statistical
material, the author analyzed the dynamics of drainage
works, distinguishing their periods of activation and collap-
se. Only ten years (1966—1976) in the Rivne region, draina-
ge systems were constructed and reconstructed on an area
of 169.000 hectares. Subsequently, the land reclamation
works were carried out in larger volumes and to date, the
area of drained lands has been brought to 374.400 hectares,
which is 11 % of the land reclamation fund of the region.

The problems of environmental change in Polissya related
to drainage works are devoted to the works of N. I. Tyulenev
(1926), V. E. Alekseevsky, Yu. I. Bakhmachuk (1992) et al.

Since the beginning of large-scale forest-reclamation
works more than half a century has passed, and in the past
15-25 years almost no works on the care and operation of
drainage systems has been carried out, which has led to the
re-watering of previously drained lands (Alekseyevsky, &
Bakhmachuk, 1992).

According to (Ustskiy, Mykhailychenko, & Rum-
yantsev, 2016), the results of studying changes in the
hydrological regime on the condition of forest plantations
are ambiguous. The research of forest ecosystems state has
shown that after drainage reclamation in wet types of forest
vegetation, the moisture level is reduced, while the trophi-
city increases by 1-2 units of the scale of the Alekseev-
Pogrebnyak edatic grid (Ustskiy, Mykhailychenko, & Rum-
yantsev, 2016). At the same time, no significant changes
were observed in very wet pine forests on the poor and pod-
zol soils.

The purpose of the research is to trace the changes in
the hydrological regime of reclamation forest areas during
the reconstruction of the drainage system, to determine the
causes of a sharp fluctuation of groundwater levels, to de-
termine the impact of drainage on the state and productivity
of pine plantations in the conditions of Volyn Polissya.

Material and methods of research. The research was
carried out in pine stands of the II-VII classes of the age,
which grow on the drainage reclamation system "Strasho-
vo" of the State Enterprise "Sarny Forestry" of Volyn Regi-
onal Forestry.

State Enterprise is located in the central part of Volyn
Polissya. Vegetation period is 156 days; average annual ra-
infall is 624 mm. Climatic factors that negatively affect the
growth and development of forest vegetation include early
autumn and late spring frost. The predominant types of so-
ils are soddy-podzolic, sandy and clay-sandy varieties;
along the lowland there are peat-gley soils, which have a
peat layer on the surface.

The predominant forest type in the Sarny Forestry is the
moist pine site, which covers an area of 10428.5 hectares
(24.5%) of forest lands, then fresh pine forest—
6129.3 hectares (14.4 %) and fresh pine completed site —
5274.2 ha (12.4 %). Dry pine sites are occupied 2799.9 hec-
tares (6.6 %).

By degree of humidity, most of the soils refer to raw —
35.8 % and moist — 30.5 %. The share of lands with exces-
sive humidity accounts for 26.9 % of the area covered with
forest vegetation. The swamps cover an area of 1433.2 hec-
tares. The territory of the Sarny Forestry is located in the
Sluch and Goryn river basin.

The area of the lands of the forestry fund of the state en-
terprise "Sarny Forestry" is 49561 hectares, of which
73.6 % are exploitation forests. The coniferous species oc-
cupy an area of 31040.9 ha (72.9 %), hardwood — 1383.7 ha
(3.3 %), softwood — 10126.8 ha (23.8). The predominant
species is pine (Pinus silvestris L.), which covers an area of
30,762.9 hectares (72.3 %). The distribution of the main fo-
rest species in the age groups is not optimal. Thus, young
plantations make up 21.1 %, middle-aged stands — 61.7 %,
pre-mature plantings — 7.9 %, mature and over mature
stands — 9.3 % of forest covered area.

Control objects were chosen far beyond the dehumidifi-
ers, where the plantings were not exposed to drainage recla-
mation. To investigate the effect of drainage on the growth
and development of pine stands in drained areas, hydrologi-
cal transects were laid within them, wells were laid for me-
asuring the level of ground water table during the growing
season, and 14 temporary samples were laid down accor-
ding to the generally accepted methods of forest measure-
ment (Yaschenko, Korus & Turich, 2006).

Results and discutions. Creation of drainage systems
has led to an increase in arable land in the region, and the
reclamation of the forest stands directly linked to drainage
systems on agricultural land. The main water intakes in the
area of the enterprise are the Sluch and Goryn rivers, then
the Pripiat and the Dnieper. Selected plantations are close
in composition, grow in similar forest plant sites (wet and
fresh pine sites) and differ in the biometric indices and sani-
tary conditions (Table 1).

Data Table 1 indicates a significant effect of drainage
on the growth and productivity of pine plantations. For the
sake of visualization, simulation of heights dynamics and
changes in stock of plantations with age was developed. For
simulation of heights, the data of test areas and materials of
the database of plantations that grow on drained and outside
the territory were used. Dynamics of heights of pine planta-
tions growing within the drainage system and on the control
are described respectively by the model of the polynomial
of the second degree (1) and the exponent equation (2).
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Table 1. Forest-biometric characteristic of pine stands in the conditions of drainage system 'Strashevo"

. Average o Stock, m’-ha™’ Stock of

Nt | | ool | A P St ey [ g | iy
cm m yp trees mha’
1 7Ps3Bp Experience 29 12,4 12,9 1 0,85 15 186 236
2 7Ps1Q2Bp Control 25 9,1 9,6 1 0,71 20 121 199
3 7Ps3Bp Experience 31 13,3 13,4 1 0,68 20 122 209
4 8Ps2Bp Control 35 14,8 12,1 11 0,79 10 159 214
5 10Ps+Bp Experience 48 20,2 18,5 1 0,74 35 252 388
6 8Ps2Bp Control 49 17,6 17,4 11 0,65 10 214 345
7 8Ps2Bp Experience 57 24,2 22,8 I 0,7 25 308 476
8 10Ps+Bp Control 57 19,1 20,3 1 0,65 15 264 429
9 8Ps2Bp+Pt Experience 64 27,5 28,3 I’ 0,71 20 403 596
10 8C32bn+Oc¢ Control 63 26,1 24,4 I’ 0,72 30 286 439
11 10Ps+Bp Experience 73 29,5 28,5 I 0,64 20 352 581
12 10Ps+Bp Control 72 28,4 26,4 I 0,66 15 323 512

"' Ps — Pine (Pinus sylvestris L.); Bp — Birch (Betula pendula Roth.); Aspen — (Populus tremula L.).

Graphic interpretation of the obtained models is shown

in Fig. 1.
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Fig. 1. Dynamics of heights of pine forest stands on the drainage

system (1) and on the control (2)

Fig. I indicates that by the middle of the third age class,
the height of plantings on drained areas exceeds the height
of plantations at a control of 2.1 m. Starting from the third
age class, pine trees on drained areas dramatically increase
the growth and at the age of quantitative ripeness the diffe-
rence in heights reaches 3.0 m. Pine plantations in land rec-
lamation areas pass into the highest site class. The differen-
ce between the average heights in the 9™ age class is 2.7 m.

The dynamics of changes in the stocks of pine stands
growing within the drainage system and on the control cha-
racterize respectively models 3 and 4, and their graphical
interpretation is depicted in Fig. 2. It should be noted that
the researched stands are multiplied, close to the modal
ones. Therefore, to obtain the laws of stock build-up, the

value of the latter was transferred to the density of normal
stands.
y1=-0,058x" + 14,934x — 175,24, R* = 0,963, 3)
y1 =7,9003 x> R*=0,951, 4)
where: x — age of stand, years; y; — stock of stands, m*-ha™.
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Fig. 2. Dynamics of stocks of pine stands on the drainage system (1)
and on the control (2)

The effect of drainage can be traced after 30 years,
when the root system penetrates deeper horizons. It's inhibi-
ted the growth of roots on the control sites close to the sur-
face of the water table. At the same time, the soil, saturated
with oxygen, stimulates the growth processes of the tree
plants between the drainage channels, which lead to an
increase in the productivity of the plantings. Comparative
characteristics of changes in planting stock are presented in
Table. 2.

In the fourth age class the stock of pine stands on dra-
ined areas exceeds 15 %, and in the age of quantitative ma-
turation, this difference reaches 21 %, which makes 89 m*-ha™
and is a significant argument for the use of drainage recla-
mation in the wetlands of Volyn Polissya.

Table 2. Comparative characteristic of the dynamics of pine plantations growing on drained areas and on the control

A Stock of stands, m’-ha™ The difference in the stock of stands on the drained system and control
ge, years . 1
on drained areas on control plots m -ha %

20 100 145 -45 -31,0

30 221 216 5 2,3

40 329 285 44 15,5

50 426 354 72 20,4

60 512 423 89 21,0

70 586 491 95 19,2

80 648 560 89 15,9

At the same time, nowadays, there has been a decrease
in ground water level throughout the Polissya, which, ac-
cording to scientists, is one of the reasons for the massive
and partial decline of forest stands (Sarny Forestry, 2014).

It was significant changes in the climate in the region
for the last two decades. This usually affects the hydrologi-
cal regime of forest areas. The data for the period 2004—
2017 on the change in the hydrological regime and water

table of the drainage system "Strashovo" are reflected in the
table 3.

The analysis of data (Table 3) shows that the level of
water table drops sharply from 2011, reaching a stable val-
ue of 124-140 cm. If the water table in 2006 was 61 cm,
then in 2016 the average annual water table reached
140 cm. That is, the difference is 79 cm.
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Table 3. Hydrological regime of forest plots of pine plantations of drainage system "Strashovo"

Years Water table, cm Average annual
v \ VI Vil VIII X X water table, cm

2004 71 n.d. n.d. n.d. n.d. 94 n.d. 82

2005 62 49 54 74 45 75 87 64

2006 57 66 60 58 58 48 81 61

2007 73 86 81 49 75 88 93 78

2008 51 n.d. n.d. 76 65 34 45 54

2009 61 86 73 83 95 92 90 83

2010 83 99 110 87 115 123 75 99

2011 124 140 145 89 152 151 115 131

2012 160 130 110 114 110 129 n.d. 124

2013 164 137 122 127 146 167 119 140

2014 143 133 131 128 143 120 119 131

2015 145 132 145 129 147 125 128 136

2016 149 139 141 141 138 129 n.d. 140

2017 140 168 142 149 130 129 115 139

Since the water table decreases, which, in turn, leads to
the drying of plantations, it is necessary to apply the sluice
of drainage channels. A progressive moment is the re-
construction of drainage systems in a two-way system, or
the so-called drainage and humidifying systems, which for
the intensive growth of plants during the vegetation period
provide an optimal hydrological regime of forest areas.

Conclusions. Hydrotechnical melioration is a powerful
means of increasing the productivity of forest plantations,
since in the beginning of the growing season root plant
systems are released from excessive moisture, which leads
to an increase in the feeding area of tree species. Since the
time of the forest reclamation in Polissya, the productivity
of forests has increased on average on the one class of pro-
ductivity.

The analysis of the hydrological regime of the drainage
system "Strashovo" during the 14-year period showed that
the water table sharply decreases, reaching a stable value of
124-140 cm for the last 6 years, whereas during 2004—
2009 it varied within 61-83 cm.

Prolonged and significant decrease of water table leads
to the drying of plantations, therefore, in order to ensure op-
timal hydrological regime of forest areas, it is necessary to
use sluice of channels or reconstruction of the drainage
system in a two-way system.

By modelling the growth of pine plantations it was fo-
und that by the middle of the 3™ age class the height of
plantations on drained areas exceeds the height of plantati-
ons at the control of 2.1 m. Starting from the 3™ age class,
pine stands on drained areas dramatically increase the
growth and in the age of quantitative ripeness the difference
in heights reaches 3.0 m. Pine plantations in land reclamati-
on areas pass into the highest class of productivity. The dif-
ference between the average heights in the 9" class of age is
2.7m.
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B. I0. IOxnoecwkull, P. M. [Ipokonuyk

Hayionanenuii ynisepcumem 6iopecypcis i npupoookopucmyesanns Yxpainu, m. Kuis, Ykpaina

TIIPOJIOTTYHUM PEXKUM I PICT COCHOBHUX HACA/TXKEHD
B YMOBAX OCYIIYBAJIbHUX MEJIIOPATUBHHUX CUCTEM

3nilficHEeHO PEeTPOCTIEKTHBHUI aHAIII3 CTAHOBJICHHS 1 PO3BUTKY OCYIIyBaJbHOI Memioparii y Bonuacskomy Iomicei. 3monensoBa-
HO PICT COCHOBUX HACaPKCHb Y MeKaxX PEryIb0BaHOI OCYIIyBaIbHOI CHCTEMH i Ha KoHTpoii. Beranosneno, mo mo cepeauau 111 xia-
Cy BiKy BHCOTH HaCaKCHb HA OCYIICHUX AUISHKAX IIEPEBHUINYIOTH BUCOTH HACA/DKEHb HA KOHTPOII Ha BenmauHy 2,1 M. ITounnatoun
3 III kmacy BiKy, COCHa Ha OCYIICHHX OUITHKaX CTPIMKO 30iJBIIye MPHUPICT i y Billi KiTBbKICHOI CTUIJIOCT] Pi3HMIII y BUCOTAxX Csrae
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3,0 m. CocHOBI Haca/KEHHS HA METIOPaTUBHUX AUISHKAX IEPEXOAATh Y BUIIMH Kitac OoHiTeTy. Pi3HHIII MiXk cepeHIME BUCOTaMH y
VII xnaci Biky craHoButh 2,7 M. [lopiBHsUITHNIIT aHANI3 3MiH 3aI1aciB COCHOBUX HAca/PKCHb IOKa3ye, mo B IV kiaci Biky 3amacu coc-
HU Ha OCYIICHUX IUITHKAX MEPEeBUIYIOTH 15 % Bix KOHTPOIIO, a y Billi KUIBKICHOI CTHIIIOCTI I pi3HULM csarae 21 %, Mo CTaHOBUTH
89 M ra’ i € BArOMHUM apryMEHTOM 3aCTOCYBAHHS OCYIIyBAIBHOI METIOPAIIi HA HAIMIPHO 3BOIOKEHHX 3eMIsX Bommmcsxoro ITomic-
csl. AHaTI3yIOUH T1IPOIOTIUHMI PeXHUM ocyIryBaibHOI cuctemu "CrpameBo” 3a 14-pignnii nepion, 3'1COBaHO, IO PiBEHb IPYHTOBHX
Box ymponoBxk 2010-2017 pp. CTpiMKO 3HHKYETHCS, CATal04H cTadiTpHOI Benmuuuan 124—140 cm, Tomi sik 1o 2009 p. BiH 3MiHIOBaBCS
B Mexax 61-83 cm. TpuBase i 3HauHe MOHIKEHHS PIBHSA IPYHTOBUX BOJ IPH3BOAUTH 0 BCHXaHHS HACA/PKEHb, TOMY IJII 3abe3me-
YEHHSI OITHMAaJIBHOTO T1IPOJIOTI9HOT0 PEXUMY JIICOBUX IUISTHOK ITOTPiOHO 3aCTOCOBYBATH IIUTIO3YBaHHS KaHATIB a00 PeKOHCTPYKIIII0
OCYIITYBaJIbHOI CUCTEMH Y CHCTEMY ABOCTOPOHHBOI Mii.
Kii04oBi c10Ba: Memiopartis; OCyIIyBagbHi KaHATIH; PIBEHb IPYHTOBHX BOJ[; COCHOBI HAaca DKEHHS; IPOIYKTHBHICTh; BUCOTA.

B. 10. IOxnoeckuti, P. H. [Ipokonuyk

Hayuonanvnuiii ynusepcumem duopecypcos u npupooononsvzoganus Yxpaunul, e. Kues, Yxpauna

TUIPOJIOTHYECKUHN PEXKUM U POCT COCHOBBIX HACAXKIAEHUH
B YCJIOBUAX OCYINUTEJIBbHbBIX MEJIMOPATUBHbIX CUCTEM

OcyIIecTBICH PETPOCIIEKTUBHBIA aHATH3 CTAHOBJICHUS M Pa3BUTHSI OCYIINTENbHOH Mennoparmy B BomerackoM Ilonecke. Cmo-
JICJIAPOBAH POCT COCHOBBIX HACAXKACHUN B MPEACIaX PEryIUpPyeMON OCYIIUTEIBHOM CUCTEMBI U Ha KOHTPOJE. Y CTaHOBJICHO, 4TO K
cepenune 111 xnacca Bo3pacTa BBICOTHI HACAXKICHUI HA OCYILICHHBIX Y4aCTKaX IIPEBBIIIAIOT BHICOTHI HACAXKICHUI HA KOHTPOJIE HA Be-
mmanny 2,1 M. Haunnas c 111 kmacca Bo3pacra, cocHa Ha OCYIIEHHBIX y9acTKaxX Pe3KO YBEIHMUYHBACT IPHUPOCT M B BO3PACTE KOIHMIE-
CTBEHHOH CIIEJIOCTH pa3Huna B BeicoTax gocturaeT 3,0 M. COCHOBBIE HACAXKICHUSI HA MEIHOPATHBHBIX YIaCTKaX IEpexomsT B Oonee
BBEICOKHMH Kiacc Oonurera. Pasnnma mexny cpenanmu Beicotamu B VII xitacce Bozpacta cocrasisiet 2,7 M. CpaBHUTEIIBHBIN aHATH3
M3MEHEHUH 3aI1acoB COCHOBBIX HACaXKACHUH MOKA3bIBaeT, 9To B IV Kitacce Bo3pacTa 3amachl COCHBI Ha OCYIICHHBIX YJacTKaX IPEBBI-
marT 15 % OT KOHTpOIS, a B BO3pacTe KOMMUYECTBEHHON CIENIOCTH 3Ta paszHuna gocturaet 21 %, uro cocraBmser 89 M Ta” ¥ ABIS-
€TCSl BECOMBIM apryMEHTOM IIPUMEHEHHS OCYIIUTEIBHON MEINOpaii Ha U30BITOYHO YBJIQXKHEHHBIX 3eMisix Bossrackoro Tlonmecks.
Anammupys THAPOJIOTHUSCKUN PEKUM OCYIIHTENBHON cucTeMsl "CrpameBo” 3a 14-meTHuil mepHos, yCTaHOBJICHO, YTO YPOBEHb
rpyHTOBEIX BoJ B TeueHne 2010-2017 rr. pe3ko CHHKAJCS, JOCTHTAsi CTa0WiIbHONW BenmnuanHbl 124—140 cM, Torga kak B 2009 1. oH
kornebancs B npenenax 61-83 cm. [IponomkurensHoOe U 3HAUNTENFHOE TOHIDKCHNE YPOBHS IPYHTOBBIX BOJ IPHBOJUT K YCHIXaHUIO
HacaxaeHud. [loatomy mis obecriedeHnst ONTHMAIBHOTO THAPOIOTHIECKOTO PEKMMaA JECHBIX yJaCTKOB HEOOXOAMMO IPHMEHSATH
IITI030BAHIE KaHAJIOB MM PEKOHCTPYKIHIO OCYIIUTENEHOH CHCTEMBI B CHCTEMY JBYCTOPOHHETO ACHCTBHS.

Knrwuegvie cnosa: Menuopanysi; OCYLIMTENBHBIC KaHAIIBL, YPOBEHb I'PYHTOBBIX BOJ; COCHOBBIC HACa)KICHUS; IPOU3BOIAUTEIIb-
HOCTB; BBICOTA.
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