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Abstract. Results of long-term (1976-2016) researches of mgtgsical properties of long
seasonally-permafrost peat soils of Northern Thares are stated. It is shown that the
shrinkage process has a significant impact on #hesity of peat soil, especially in the first
years after drainage. In the Northern Urals, theuahdecrease in the size of peat soil is 1.5 cm
in the first five years after drainage, 1-1.2 crior 15 years and 0.6-0.7 cm - in subsequent
years. In the first five years after drainage, dleasity of the 0.2 m layer increases by 7.4%,
decreasing to 2.1-3.0% in subsequent years. Atpthdef 0.6-1.0 m, 5 years after drainage,
there are no significant changes in the additiomsidg. A significant increase in the addition
density of peaty - gley soil established by plowthg underlying mineral soil. A relatively
stable indicator is the density of the solid phab¢he soil. For 35 years, the density of the
solid phase of the average peat soil in the 0.2yarlincreased by 5.4%; low - power for 20
years - increased by 1.2%. The lowest moistureerirtf the average peat soil for the 35-year
period in the root (0.3 m) layer decreased by 11.884@ depth of 0.6 — 1.0 m — by 3.7%. In
low-power peat soil reduction of moisture capadaityhe 0.3 m layer for 20 years was 6.4%; in
peat (0.2 m) layer of peaty - gley soil for the sgmeriod — by 10.2%.

1. Introduction
Important indicators of effective fertility of peabils are water-physical properties [1-3]. Studies
meliorative systems of Belarus [4], non-black eadhe of Russia [5, 6], the Republic of Komi [7],
Karelia [8], Barabinskaya lowland [9], Western Sibe[10, 11] were of great importance for
establishing the consequences of drainage anduéigrad use on the composition and properties of
peat soils.

Drainage is the main primary factor that leadshtanges in all soil processes occurring in the peat
deposit [12]. Cultivation of crops and associatedqalic loosening of the soil (plowing, diskingc8t
the use of mineral soil additives and fertilizers secondary factors that have a significant impact
changes in the water-physical and physico-chenpoaperties occurring in the developed peat soil
[13]. The intensity and direction of changes in tieperties and regimes involved in the culture of
peat soil depends on the optimal combination ahary and secondary factors [14]. Many aspects of
this problem in the peculiar climatic conditionstbé forest-steppe zone of the Northern Trans-Urals
have not been studied enough. Even less attensiopaid to agromeliorative methods of their
regulation. All this hinders the development ofhieiques aimed at optimizing the water-physical
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properties of drained peat soils.
The purpose of the research is to study the featwirevater — physical properties of drained long
seasonal-permafrost peat soils of the NorthernsFtinals.

2. Subjectsand Methods

Studies were conducted from 1976 to 2016 on thd&ei&kovo experimental system, located in the
Tyumen region in the Central part of the Tarman mpaoccupying an area of 125.8 thousand
hectares on the second floodplain of the lake-&luerrace of the Tura River.

Water-physical properties of peaty-gley (a 0.2 getaof peat), low-power (a 0.7 m layer of peat)
and medium (a 1.5 m layer of peat) peat soil wardied at the object Reshetnikovo. Peat-forming
plants were sedge, cane, hypnum, etc. The decotigpodegree of peat varied from 20 to 45%. Its
maximum value was in peaty-gley soil (more than k0%

Initial water-physical properties of peat were detieed before drainage. Water-physical
properties of peat were studied by methods commoséd in soil science [15], [16]. To select soll
samples, soil sections were laid on permanentdJfisées.

3. Results

Studies have found that the changes in the watgsiqdl properties are functional and mainly due to
the economic use of the soil and the state olitase. The evidence of this is the density of medi
lying peat soil. The density of the soil compogsitiaf atmospheric-alluvial type of water supply eari
significantly along the profile (table. 1).

Table 1. The composition density of dried peat soils urmiennial grasses, g/ém

Time of determination Depth, m
after drying 001 | 0.1-02] 02-03] 0304 0405 0.6-1/0
Medium-power peat soll
Prior to drainage 0.126 0.122 0.131 0.123 0.126 0.114
After 5 years 0.187 0.154 0.151 0.133 0.13p 0.1%0
After 9 years 0.188 0.180 0.156 0.164 0.15¢4 0.1%52
After 13 years 0.193 0.215 0.157| 0.159 0.158 0.1%56
After 23 years 0.227 0.193 0.152 0.154 0.156 0.1%59
After 35 years 0.230 0.200 0.160 0.159 0.160 0.1%55
Low-power peat soil
After 5 years 0.181 0.175 0.176 0.156 0.151] 0.96
After 9 years 0.194 0.185 0.172 0.158 0.16D 0.94
After 20 years 0.200 0.190 0.182 0.158 0.158 0.97
Peaty-gley sail
After 5 years 0.310 0.320 1.63 1.62 1.61 1.59
After 20 years 0.315 0.325 1.65 1.55 1.62 1.60

This is explained by the fact that the very hetermpus decomposition degree peatland was
formed as a result of dying vegetation: weakly degosed layers (15-20%) alternate with medium
decomposed (30-45%). Differences in the additiomsiie to the profile of peat soils remain after a
long (35 years) agricultural use.

The process of compaction (shrinkage) has a sigmifiimpact on the density of peat soil addition,
especially in the first years after drainage. Stage of peat in the process of use is mainly dubeo
reduction of large pores. Therefore, the most siten shrinkage processes occur in weakly
decomposed peat, where large pores prevail [1].

One of the indirect indicators of compaction isear@ase in the size of the peat layer. The decrease
in peat soil by 86% caused by the seal, not theeralization of organic matter. In the conditions of
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the Northern Trans-Urals we have established anardecrease in the size of peat soil 1.5 cm in the
first five years, 1-1.2 cm — for 15 years and 0.B€m in subsequent years. In general, during he 4
year period peat soil decreased from 1.5 to 0.9¥1.0

The data obtained in Belarus [17] deserve attentiibn regard to the dynamics of changes in the
density of addition to agricultural use of peatsdbignificant changes in peat soils occur herthén
first 18-25 years. We have established a similatepain the Northern Trans-Urals. The density of
addition in the arable layer (0.2 m) of soil in fivst five years after drainage increased by 37.9%
years — by 48.4, 13 years — by 64.5, 23 years69% and 35 years — by 73.4%. The above data show
that the annual increase in the addition densityradeses from 7.4% in the first five years after
drainage to 2.1-3.0% in subsequent years. In theagable 0.3-0.5 m layer, a significant increase in
the addition density occurs only the first 9 yedrke obtained results confirm the leading role of
groundwater level in increasing the density of @adltformation. The influence of peat mineralipati
is manifested in the arable layer. At a depth 6000 m 5 years after drainage, significant chamges
the addition density do not occur.

In Baraba conditions, for 32 years, the additionsity increases only in the 0.3-meter layer, and at
a depth of 0.3-1.14 m, it remained unchanged. érfitist 18 years, the addition density of a 0.3anet
layer increased by 46%, and in the next 15 yedng enly 5%. The increase in the mass of the arable
layer is mainly due to the compaction of peat dyrpianting. Biochemical actuation of peat is
insignificant. For 32 years, in the meter layewds 70 t/ha, which is equal to 2.2 t/ha per year, 0
0.1% of the total reserve of peat [9]. Significdifferences in the dynamics of increasing the dgnsi
of addition, obtained in our experiments and inc¢beditions of the Central Baraba, are due primaril
to the depth of groundwater. The deeper the growater table is, the higher the rates of
decomposition of peat organic matter are. For 4frgjethe biochemical triggers for deep peat
drainage (1.2 to 1.6 m in the vegetation periodhaone-meter layer were 138 t/ha; small (0,6r0),7
— 57,3 t/ha. This is 3.5 and 1.4 t/ha per yeargetsgely or 6.1 and 2.3% of the total reserve aitpe

Density determination of low-power peat soil on gxperimental site near the Medium-power peat
soil confirmed the results. The main increase & dldition density occurs in the 0.3 m layer in the
first years after drainage. In the future, thisgess slows down by 1.6 times. The addition dermsity
low-power peat soil differs slightly from the simnilvalue of medium-power soil. This is probably due
to the fact that the decomposition degree of peat aimost the same (25-35%).

The decomposition degree of peat from peaty-gleysthl is much higher (>50%). This is reflected
in the magnitude of the addition density. During t20-year period after drainage, the density of
peaty-gley soil addition increased slightly, beurgler perennial grasses. The trigger of the peat wa
minimal, which is very important, because complets of organic matter will inevitably lead to a
significant decline in fertility.

In contrast to the density of addition, a relativefable indicator is the density of the solid ghak
the soil. To a large extent, it is determined bg #oil composition and does not depend on the
addition. At the Reshetnikovo site for 35 yearg tlensity of the solid phase of the medium-power
soil increased in a layer of 0.3 m by 5.4%, 0.5 by-2.9% (table. 2). At a depth of 0.6-1.0 m, it
remained almost at the initial level. The changéhin density of the solid phase occurred gradually.
Thus, after 9 years in the layer of 0.3 m, its waillocreased by 2.6%, after 23 years — by 5.2%, 35
years — by 5.4%.

Table 2. Density of solid phase of drained peat soils updzennial grasses, g/tm

Time of determination Depth, m
after drying 0-0.1 | 0.1-02] 0.2-03] 0.3-04 0405 0.6-1.0
Medium-power peat soil
After 5 years 1.60 1.53 1.47 1.54 1.54 1.52
After 9 years 1.65 1.55 1.50 1.52 1.56 1.51
After 23 years 1.70 1.54 1.59 1.53 1.59 1.5p
After 35 years 1.74 1.53 1.57 1.52 1.54 1.58
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Low-power peat soil
After 5 years 1.65 1.57 1.60 1.52 1.52 2.23
After 9 years 1.66 1.55 1.57 1.54 1.54 2.20
After 20 years 1.68 1.60 1.62 1.57 1.58 2.26
Peaty-gley soil
After 5 years 1.72 1.62 2.60 2.63 2.68 2.70
After 9 years 1.70 1.69 2.63 2.73 2.7( 2.69
After 20 years 1.79 1.73 2.69 2.63 2.78 2.68

Close to these data, the results were obtaineagldield studies on low-power peat soil. The
density of the solid phase of the soil practicadlgnained at the initial level. For perennial grasslee
mineralization of peat is very slow. This fact eaipk the stability of the solid phase of low-power
peat soil. From a practical point of view, thissey good, because it confirms a very low actuatb
peat. Long—term preservation of peat organic métttite key to future high yields and fertility.

The problem of preserving the peat layer is evemenaxute in drained peatland soils. On the
experimental plot, the active trigger of the peasvable to prevent by maintaining the groundwater
level at a depth of 0.6-0.8 m. The density of tbi@dgphase of 0.2-meter layer over the 20-yearqukri
increased by only 5.4%.

The obtained results give the basis for the coimtuthat the drainage regime of low-power and
especially peaty-gley soils should significantlyfeti from the level of groundwater occurrence in
medium-power soils. This approach will ensure mdy @conomic, but also environmental impact.

The increase in the density of the addition andstiiiel phase of the soil in agricultural use letds
a decrease in the lowest moisture capacity (table 3

Table 3. The lowest moisture content of drained peat switber perennial grasses, mm

Time of Depth, m
determination 0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.6-1.0
after drying
Medium-power peat soll
After 5 years 62.5 56.1 60.6 60.0 69.3 341.1
After 23 years 60.0 52.9 57.9 57.4 68.8 331{2
After 35 years 53.5 50.5 56.7 57.1 66.5 3288
Low-power peat soil
After 5 years 60.2 58.5 60.5 60.5 63.8 303.5
After 9 years 58.2 60.5 59.9 56.7 61.2 2965
After 20 years 54.7 54.3 58.8 60.3 62.4 290(1
Peaty-gley soll
After 5 years 59.4 61.2 34.6 37.3 35.4 192.(
After 20 years 50.7 53.4 35.0 33.0 31.1 186}2

At the field experimental site at the level of gndwater 1.2-1.6 m, the moisture content of the
medium-power peat soil for the 35-year period ia ldyer of 0.5 m decreased by 24.2 mm (8.5%).
Thus in the rooting zone (0.3 m), water capacity waduced by 11.5%, in the sub-arable (0.3-0.5 m)
is 2.5 times less. The most insignificant decreaghe lowest moisture capacity occurred in theefay
of 0.6-1.0 m, which for the 35-year period amourite8.7%. The decrease in water intensity is due to
the reduction of water-retaining capacity of peatoids.

Field studies have also confirmed a decrease irlotlvest moisture capacity in low-power peat
soils. 9 years after drainage, the lowest moistagacity in the 0.5 m layer was reduced by 7 mm
(2.4%), 20 years - 13.4 mm (4.6 per cent). In tha (0.3 m) layer, the decrease in moisture capacit
has a maximum value of 3.2 and 6.4%, respectiWdineralization of peat organic matter is the
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reason of the decrease of its water-retaining tgbilthe obtained results give the basis for the
assumption of the further reduction of moistureacity.

The lowest moisture content of peaty-gley soil underennial grasses in the layer of 0.5 m
decreased by 24.7 mm (10.2%) during the 20-yeaiogheiThe main reduction in soil moisture
capacity occurred in the peat 0.2-meter layer (&b — 13.7%). Data by determining the density of
addition and a solid soil phase confirm the proadgsrineralization of peat that leads to a decréase
the smallest moisture capacity. Peaty-gley soilstnamly be used for the cultivation of perennial
grasses for conservation of peat. At the same time,necessary to maintain the "meadow" type of
water regime (groundwater level at a depth of 097r).

4. Conclusion

1. Changes in water-physical properties are funatiand mainly due to economic use of the soil and
the state of its surface. The initial water-physpraperties of drained peat soils vary in protiige to

the varying degree of decomposition (20-45% or mofepeat plants. The differences persist after
long-term (35 years) of agricultural use.

2. The composition density of the medium-power sdibr drainage increases mainly due to
shrinkage. The decrease in peat soil by 86% cahgettie seal, not the mineralization of organic
matter. In the conditions of the Northern Transiklrave have established an annual decrease in the
size of peat soil of 1.5 cm in the first five yealsl.2 cm — for 15 years and 0.6-0.7 cm in subsequ
years. In general, during the 40-year period peiatiecreased from 1.5 to 0.9-1.0 m.

3. In the first five years after drainage, the dgnsf the 0.2 m layer increases by 7.4%, decrepsin
to 2.1-3.0% in subsequent years. In the sub-ariyer (0.3-0.5 m), the density of the addition
increases over 9 years. A significant increas@énatddition density of peaty - gley soil establisbg
plowing the underlying mineral soil. A relativelyable indicator is the density of the solid phate o
the soil. For 35 years, the density of the solicdgghof the average peat soil in the 0.3 m layer
increased by 5.4%; low-power for 20 years - incedasy 1.2%. The lowest moisture content of the
average peat soil for the 35-year period in theé (@@ m) layer decreased by 11.5%; at a depthef O
1.0 m — by 3.7%. In low-power peat soil, the reducbf moisture capacity in the 0.3 m layer for 20
years was 6.4%; in the peat (0.2 m) layer of pg#ty-soil for the same period — by 10.2%.

4. A relatively stable indicator is the densitytbé solid phase of the soil. To a large extens it
determined by the soil composition and does noedeémn the addition. At the Reshetnikovo site, for
35 years, the density of the solid phase of theiumeghower soil increased in a 0.3 m layer by 5.4%,
0.5 m - by 2.9%. At a depth of 0.6-1.0 m, it renegiralmost at the initial level. Similar results wer
obtained in low-power and peaty-gley soils.

5. The increase in the density of the addition tredsolid phase of the soil during agricultural use
leads to a decrease in the lowest moisture capality lowest moisture capacity of the medium-
power peat soil in the 35-year period in the layed.5 m decreased by 24.2 mm (8.5%), 0.3 m — by
11.5%. The moisture capacity of low-power peat deitreased by 13.4 mm (4.6%) in a half-meter
layer over a 20-year period. In the peat layer (@)2f peaty-gley soil, moisture capacity decreased
by 16.5 mm (13.7%) in 20 years.
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