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Abstract
The growth of pine, spruce and birch plantations as well as penetration of taproots into deeper soil layers were
studied on former farmland soils with a formed plough-pan. The soil was prepared by deep plowing (60 cm), as well as
by patch scarification and by complete soil plowing to the depth of 25-27 cm.
Normal plowing of light textured soils prevented the growth of vertical roots of spruce and birch, when soil density
was over 1.6 gcm - 3. Deep plowing when compacted plough-pan turns out on soil surface provides more favourable
conditions for the growth of taproots and increases their rooting depth. More favorable conditions for the root growth
may significantly accelerate the growth of the above-ground part of trees.
Pine seedlings survived and grew better for the first 3 years on former farmland Haplic Arenosols without ploughpan in shallow furrows (8-10 cm depth), while in year 4 the maximum increment were in completely plowed soil.
Key words: abandoned farmland, soil compaction, soil preparation, deep plowing, patch scarification, complete
plowing furrowing, root growth

Introduction
In Lithuania, the Ministry of Forestry and Forest
industry started forest planting on poor soils of former
agricultural land in 1957. By the year 2000, 114 thousand ha of abandoned land were reforested (Malinauskas and Verbyla 2003). Cultivated land area unsuitable for agriculture makes up to 610,000 ha in Lithuania (Kairiûkðtis and Vaièys 1997). It is mostly Haplic
Luvisols (sandy loam), slopes and other areas unsuitable for farming. Forest and agricultural soils differ from
each other in fertility and in the amount of weed seeds
and weed species composition. Agricultural soils also
often have a plough-pan. Therefore usual soil preparation practices used in forest regeneration can be
inappropriate on former agricultural land.
Former agricultural land contains large bank up to
50,000 per m 2 of germinable seeds, consisting mostly
of seeds of pioneer weed species (Paatela and Erviö
1971, Kiirikki 1993). Seeds of pioneer weed species can
remain viable for a long time, up to 20 years (Kiirikki
1993). Both arable and abandoned lands are usually more
fertile than conventional forest sites because of changes
in soil properties caused by agricultural practices
(Hytönen and Wall 1997, Wall and Hytönen 2005). For
these reasons vegetation on former agricultural lands
is more vigorous and competes with tree seedlings for
water, nutrients and light (Hytönen and Jylhä 2008).
2010, Vol. 16, No. 2 (31)

Soil compaction is a global problem of high economic and ecological importance. Soil compaction has
a deleterious effect on soil structure, hydrology and
physiological processes and consequently adversely
affects the growth and productivity of woody plants
(Kozlowski 1999). Heavily compacted soils typically do
not recover naturally for a very long time. Soils compacted by heavy vehicles in the boreal forests of Canada remained compacted for several decades (Corns
1988). Natural recovery of southern soils requires up
to 60 years (Mitchell et al. 1982). The duration of natural recovery of soils varies with the depth of compacted layer. Recovery to the original compaction level
of the surface soil layer (0-7.5 cm) of a sandy loam
required 4.5-8.5 years, however, at the depths of 1523 cm or 23-30 cm no recovery was evident after 8.5
years (Thorud and Frissell 1976).
Compacted plough-pans (depth of the compacted layer about 10 cm) may occur in all former farmlands, except meadows and pasturelands established
on drained waterlogged soils with a 30-50 cm (or deeper) peat layer or on soils (meadows or pasturelands)
which have not been ploughed for a long time (50 years
or more) (Malinauskas et al. 2006). The density of
plough-pan soil can be so high that this layer may
retard the root elongation of most tree species (Malinauskas et al. 2006). Besides, in meadows and pasturelands the density of topsoil at the depth of 11-20
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cm is considerably higher than in forest soils and can
significantly retard the growth of roots.
A lot of experiments have been conducted to mitigate the harmful effect of soil compaction however,
not all of them were successful (Pittenger and Stamen
1990). On compacted soils species tolerant to soil
compaction have been planted, mycorrhizal inoculation applied, soil has been improved or replaced, drainage systems installed, seedlings fertilized, soil loosened and trenched (Ruark et al. 1982, Jim 1993, Gerik
et al. 1987, Day et al. 1995, Velykis 1996, Ramoðka
2002). In general, prevention of soil compaction before planting is much preferred over post  planting
practices, because later it becomes costly, difficult to
implement, sometimes inefficient, and the roots of
plants may be injured (Howard et al. 1981).
The aim of this research was to investigate the
effects of different soil preparation methods for growth
and survival of Scots pine (Pinus sylvestris L.), Norway spruce (Picea abies L. Karst) and silver birch
(Betula pendula Roth) seedlings in former farmland
Haplic Arenosols with and without plough pan.

Material and methods
The Utena and Veisiejai experiments
Scots pine and Norway spruce plantations were
established in Utena Forest Enterprise (55° 31' N 25
43' E) and Scots pine, silver birch plantations in Veisiejai Forest Enterprise (54° 04' N 23° 39' E), in the spring
of 2000 year. Two-year-old seedlings (2+0) were used
on Lamelli-Haplic Arenosols with a formed ploughpan (Table 1) prepared by deep plowing (to the depth
of 60 cm) and in the neighborhood by complete plowing (to the depth of 25-27 cm) or by scarified patch
(removing 10 cm deep topsoil) Total size of the plantation in Utena forest enterprise 1.1 ha and in Veisiejai forest enterprise 2.1 ha. In each plantation were selected 4 sample plots (replications).
Table 1. Soil bulk density, g cm-3
Forest
enterprise
Utena
Veisiejai

5-10

Plough-pan

60-65

1.34±0.03

1.57±0.03

1.57±0.02

1.33±0.03
1.46*±0.03
1.35±0.01

1.33±0.0
1.61±0.02
1.37±0.01

1.57±0.02
1.56±0.04
1.56±0.04

Soil density was measured by taking 200 cm 3 soil
samples of undisturbed texture (with 10 replications)
and weighting them after drying to oven-dry weight
at 105 0C. Soil texture was determined according to ISO
11277-1997 method (Table 2).
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Table 2. Plough-pan-soil texture, %
Forest
enterprise



Utena
Veisiejai

Gravel,
10 - 2 mm
5.82
5.85

Sand,
2 - 0.05 mm
73.4
72.5

Silt,
0.05  0.002 mm
22.0
22.8

Clay,
< 0.002 mm
4.6
4.7

A total of 100 8-year-old seedlings of each species were measured to estimate mean height of plantations. The root systems were studied by uncovering them at a radius of 30 cm around the studied trees
to the depth of root penetration. In each soil preparation method, the roots of 4 to 8 of trees medium height
have been uncovered.
The Anykðèiai experiment
Scots pine plantations were established in Anykðèiai Forest Enterprise (55° 26' N 25° 01' E) on Haplic Arenosols (without plough-pan) prepared by complete plowing (to the depth of 25-27 cm), by furrows
(depth 8-10 cm, width 50 cm and depth 15 cm, width
70 cm) and in non-prepared soil. The soil preparation
treatments were no soil preparation, complete plowing (to the depth of 25-27 cm) by making furrows
(depth 8-10 cm, width 50 cm and depth 15, width 70
cm). The total size of the plantation is 1.2 ha. The soil
was prepared in September 2004 with 4 replications per
treatment and plantations were established the following spring. The plantations were established using twoyear old Scots pine seedlings (2+0).
The survival of seedlings, height, height increment
and diameter 10 cm high above the ground were assessed for 1, 2 and 4-year-old plantations. The biomass of weed vegetation was measured in the first and
second year at the first half of September by severing
it at the ground level 40x50 cm sized sampling plots (5
sampling plots for each replication). Shading class of
the ground vegetation on each seedling was assessed
as follows: 0  no shading, 1  one quarter, 2  half, 3
 three quarter of the seedling in shade and 4  fully
shaded (Hytönen and Jylhä 2005). Seedlings of 3-rd
and 4-th shading classes needed weed control.

Depth of soil sample, cm

Soil preparation
method
25-27 cm deep
complete plowing
Deep plowing
Scarified patch
Deep plowing
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Data analysis
Analysis of variance was used to test the statistical significance of the soil preparation methods,
seedling survival, seedling growth and seedling shading class. Before conducting the analysis, the homogeneity of variance was tested. Transformation to
homogenize variances was not necessary. The statistical reliability of difference between groups, for data
that were expressed in direct measurement units or their
ratio were evaluated using T-test, if data were nonparametric  F-test.
ISSN 1392-1355



BALTIC FORESTRY
SOIL PREPARATION FOR FOREST PLANTATIONS IN FORMER FARMLAND /.../

Results
In the Utena experiment, Scots pine and Norway
spruce seedlings, planted in deep plowed soil grew
considerably faster than the seedlings planted in completely ploughed soil. Mean height of 8-year-old Scots
pine seedlings in deep plowed soil was 47% greater,
and the height of Norway spruce seedlings 55% greater
than the height of plantations established on soil
ploughed to the depth of 25-27 cm (Table 3).

A. MALINAUSKAS, G. URBAITIS

penetrate the plough pan having mean density 1.57g
cm -3 (range from 1.45 - 1.68g cm -3 ). The taproots of
Norway spruce after reaching the plough-pan started
growing horizontally or even upwards (Fig. 1). In some
cases Norway spruce roots managed to penetrate the
plough pan.

a

d

b

e

c

f

Table 3. Mean seedling height and root penetration depth in
different soil preparation methods in 8-year-old plantations
Soil preparation
method
Com plete plowing ,
depth 25-27 cm
Deep plowing
Scarified patch
Deep plowing

Tree species

Heig ht, m

Utena forest enterprise
Scots pine
1.91±0.08
Norway spruce
1.74±0.04
Scots pine
2.81±0.08
Norway spruce
2.69±0.14
Veisiejai forest enterprise
Scots pine
3.34±0.05
Norway spruce
3.34±0.14
Scots pine
3.50±0.06
4.46±0.13
Norway spruce

Depth of root
penetration,
cm
70-80
30-40
95-105
65-75
100-115
20-40(120)
105-120
150-160

In the Veisiejai experiment, the mean height of
Scots pines seedlings in deep plowed and patch scarified soils was similar. However the height of silver
birch on deep plowed soil was 34% greater than the
height of seedlings planted in scarified patch. In deep
plowed soil seedlings grew faster (Table 4). Statistically significant height increment for Scots pine and
Norway spruce were observed during 3-8 and 2-8 growing seasons, respectively.
Table 4. The annual height increment (cm) of seedlings in
soils prepared by deep plowing and by plowing to 25-27
cm deep. Comparison is performed using T-test.
Significance levels: * p < 0.05; ** p < 0.01, *** p < 0.001
Season,
years



1st
2nd
3rd
4th
5th
6th
7th
8th

complete
plowing
4.3±0.9
8.8±2.7
7.9±1.9
14.2±2.8
27.4±1.1
32.9±1.6
42.4±1.6
49.6±2.3

Scots pine
deep
plowing
7.7±0.8
12.0±1.8
21.3±2.1
36.7±3.7
42.3±4.5
41.2±2.7
60.3±2.6
70.4±2.0

t-value
2.75**
1.01
4.71***
4.61***
1.66*
2.68**
5.89***
6.77***

Norway spruce
complete
deep
plowing
plowing
6.5±0.6
7.5±1.0
6.9±1.1
10.3±1.5
7.6±1.2
17.9±3.7
9.2±1.5
22.8±4.2
13.7±2.6
42.3±4.5
34.6±3.1
52.1±6.6
32.6±2.7
43.1±3.8
49.9±3.1
63.0±3.7

t-value
0.81
1.79*
2.66**
3.06**
5.50***
2.62**
2.26*
2.72**

In Utena forest enterprise, the roots of studied
Scots pines on completely ploughed and in deep
ploughed soil reached the depth of 70-80 cm and 95105 cm respectively. The roots of Norway spruce had
reached the depth of 30-40 and 65-75 cm, respectively
(Table 3). The taproots of Norway spruce failed to
2010, Vol. 16, No. 2 (31)

Figure 1 The root system of Scots pine (a), Norway spruce
(b) and silver birch (c) in soil prepared by deep plowing and
the root system of Scots pine (d) and Norway spruce (e) in
soil prepared by complete plowing and silver birch (f) in soil
prepared by patch scarification

In the experiment in Veisiejai forest enterprise, the
roots of Scots pine, independent of soil preparation
method, reached a similar depth. Contrary to Scots pine,
penetration depth of silver birch roots depended on soil
preparation methods. The penetration depth of silver
birch roots in soil prepared by deep plowing was 150ISSN 1392-1355
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160 cm and that of birches planted in scarified patch 
20-40 cm (Fig. 1). The taproots of silver birch did not
penetrate the compacted plough pan with the average
density of 1.61g cm-3 (range 1.51-1.69 g cm -3).When the
roots reached the plough-pan they started growing
horizontally or even several centimeters upwards. Some
trees in our experiment succeeded in penetrating through
the plough-pan and then their roots reached the depth
of 120 cm.
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Anykðèiai experiment
In non-prepared and completely ploughed Haplic Arenosols, the survival of Scots pine seedlings during the first growing season were only 32 and 36%
respectively, while in 15 cm deep furrows 81% and in
8 to 10 cm deep furrows 91% (Fig. 2). Later the survival of seedlings decreased only insignificantly.
100
1 st season
4 th season

90
80

Survive, %

70

20

0
0

1

2
Age, year

3

4

Figure 3 Scots pine seedlings height increment in soils, prepared by different methods: 1  non-prepared; 2  completely plowed to the depth of 25-27 cm; 3  to the depth of 8
cm, 50 cm wide furrows, 4  to the depth of 15 cm, 70 cm
wide furrows
Table 5. The mean height increment of 4 years old Scots
pine seedlings at Anykðèiai in soils, prepared by different
methods. Comparison is performed using T-test.
Significance levels: * p < 0.05; ** p < 0.01

60
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Soil preparation methods

Figure 2 Scots pine seedlings survival in soils, prepared by
different methods: I  no site preparation; II  complete
plowing; III  8 cm deep, 50 cm width furrows, IV  15 cm
deep, 70 cm width furrows

During the first 4 growing seasons, Scots pine
seedlings planted in 8 to 10 cm deep furrows were highest and seedlings planted in non-prepared soil were
shortest (Fig. 3). Scots pine seedlings planted in shallow furrows (depth 8-10 cm) was significantly taller

than the seedlings planted in non-prepared or in completely ploughed soil (Table 5). Height increment of
seedlings planted in 8 to 10 cm deep furrows was significantly higher, than the height increment of seedlings planted in non-prepared soil during the 1st, 2nd
and 4th growing seasons (Table 6). During the first
growing season, the height increment of seedlings
planted in shallow furrows was significantly higher (P
< 0.05  0.001) than that of seedlings, planted in completely ploughed and in soil with deep furrows. Dur2010, Vol. 16, No. 2 (31)
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Site preparation
method

No. site
preparation

Complete
plowing

Complete plowing
Furrow depth 8-10
cm, width 50 cm
Furrow depth, 15 cm,
width 70 cm

-0.932
-2.898**

-1.822*

-1.304

-0.337

Furrow depth,
8-10 cm, width
50 cm

1.490



Table 6. Comparison of height increment of Scots pine seedlings using T-test between un-prepared soil and other soil
preparation methods.
Significance levels: * p<0.05, ** p<0.01, *** p<0.001
Site preparation
methods
Com plete plowing
Furrow depth 8-10 cm ,
width 50 cm
Furrow depth, 15 cm,
width 70 cm

1st
season
1.013
-2.146*

2nd
season
1.065
-3.162**

4th
season
-3.115**
-4.030***

1,2,4th
season
-0.973
-3.257***

-0.381

-2.440**

-0.528

-1.117

ing the second growing season, the height increment
of seedlings planted in shallow furrows was significantly higher than the growth of seedlings planted in
completely ploughed soil (P<0.001). During fourth
growing season, height was higher in shallow furrows
than in 15 cm deep furrows (P<0.01).
The highest weed biomass (134 g m -2) during the
first growing season was in non-prepared soil and
during the second growing season in completely
ISSN 1392-1355
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plowed soil (167 g m -2) (Table 7.). In soil prepared by
furrows, the biomass of weeds was 2-3 times lower. The
shading of competing vegetation depends on its biomass (density), height and height of the seedlings. The
highest seedling shading class during the 1st growing season was defined in non-prepared soil (2.69), and
during the 2nd growing season  in completely plowed
soil (2.18). Significantly lower shading class was observed in soil prepared by furrows. Similar to shading
class varied the need of weed control. In completely
plowed soil during the second growing season, 25%
of seedlings needed weed control, while planted in
furrows significantly smaller number of seedlings, only
7-13% needed weed control. Weed control was not
necessary for Scots pine seedlings planted in nonprepared soil during the second growing season because of the low weed size.
Table 7. Weed biomass, shading class and percentage of seedlings needing weed control after the 1st and 2nd year in different soil preparation treatments.
Significance levels: * p<0.05, ** p<0.01, ***p<0.001
Soil preparation
methods
No site
preparation
Complete
plowing
Furrow depth
8-10 cm width
50 cm
Furrow depth,
15 cm, width 70
cm

Oven-dry
biomass1, gm -2
1st
2nd
season season
134
98

Shading class2
1st
season
2.69

2nd
season
1.58

The need of weed
control, %
1st
2nd
season season
58
0

108**

167***

2.31*

2.18***

54

25

37***

71***

0.83***

1.58

4

13

50***

67***

1.32**

1.158**
*

16

7


Comment: 1. The significance of soil preparation methods on
weed biomass was calculated as difference using T-test between
unprepared and other soil preparation treatments.
2. Significance level of shading class calculated using F-value
comparing shading class in soils prepared by different methods with shading class in non-prepared soil

Discussion
The growth of Scots pine, Norway spruce and silver birch seedlings planted in deep plowed soil with
the exception of Scots pines in Veisiejai experiment, was
much faster and their taproots penetrated considerably
deeper than in the soil prepared by other methods. The
significantly faster growth of seedlings planted on deep
plowed soil, as compared to other soil preparation methods, could result from small amount of competing
ground vegetation during the first 3-4 years and better
soil conditions for the growth and development of root
systems. Soil prepared by deep plowing or loosening
has lead to a considerably faster growth of taproots and
also accelerated the development of seedling height.
This has been in several other studies as well. For ex2010, Vol. 16, No. 2 (31)
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ample in New Zealand, the taproots of 8-year-olds Pinus radiata on soil loosened to the depth of 100 cm
had reached the depth of 153 cm, while in the control
(skin- deep loosened soil) the roots had penetrated only
to 93 cm depth (Balneaves and De la Mere 1989). In soil
loosening was performed to the depth of 70-80, 50-60
and 30-40 cm without turning over the topsoil rooting
depth in 10-year-old plantations on soils loosened to a
maximum depth comprised 130-140 cm, while in those
loosened to a minimal depth  90-100 cm (Toropogrickij 1987). The height of plantations growing on soils with
maximally deep loosening was by 84.6 cm, while the
diameter was by 1.8 cm greater than in soils scarified
to a minimal depth. Deep (60-70 cm) preparation of dry
infertile soils ensures not only high survival and growth
rate of pine plantations in the first year after planting,
but it also increases the long-term (up to 15 years)
growth of plantations (Golovchanskij and Govorova
1977). Tuszynski (1984) conducted studies in Poland on
the influence of complete plowing to the depth of 25,
50 and 70 cm on the growth and on the development
of Scots pine, Norway spruce, silver birch, aspen, Pedunculate oak and Douglas fir. In this study complete
plowing had a positive effect on the survival and healthiness of plantations. At two sites in Sweden, Karlsson
(2002) investigated the possibility of establishing silver birch on abandoned fields and prepared five methods (no soil preparation, rotary cultivation, deep plowing, soil inversion and removal of topsoil). The tallest
seedlings were found on sites with topsoil retained
within the soil profile (Karlsson 2002). The conclusion
is that deep plowing was also found to be essential for
good growth on poplar sites in Bulgaria when four different methods were compared (Kalchev 1983).
Deep plowing enhances root penetration and increases the rooting volume of the soil. It is highly
important for the uptake of water and nutrients (Hetsch et al. 1981). Deep plowing improves soil water relations by improving permeability and preserving
moisture in the buried humus material during dry periods (Buchholz and Neumann 1964).
The taproots of Norway spruce in Utena and those
of silver birch in the Veisiejai experiment did not penetrate or hardly penetrated the compacted plough pan.
According to our results high soil bulk density retards
or hinders rooting downwards and are in agreement
with earlier results from Wästerlund (1985). In his
study, the growth of roots of Scots pine and Norway
spruce depended on soil density after growing 16 days
in compacted soil. Also in agreement with our study
the growth of spruce roots was disturbed more than
that of pine (Wästerlund 1985). The upper limits of bulk
density at which roots do not penetrate wet fine-textured soils vary from about 1.4 to 1.6 g m-3, while that
ISSN 1392-1355
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of coarse textured soil is about 1.8 g cm -3. However,
this critical limit of bulk density does not prevent
penetration of roots in all soils (Cassel 1983). The
rooting ability of different tree species in compacted
soils differs. According to Korotayev (1992), the roots
of Pedunculate oak in clay loam may grow until its
density reaches 1.9 g cm-3 , those of Siberian larch and
silver birch  1.8 g cm-3 , Scots pine  1.7 g cm-3 , Norway spruce and small-leaved lime  1.6 g cm-3. Our data
supports the findings of Korotayev (1992) in the case
of Scots pine and Norway spruce. The difference in
the results of silver birch could be explained by different soil texture (clay loam and fine sand).
Choice of soil preparation methods affects the
amount of competing vegetation and thus the success
of plantation. In our study, sparse ground vegetation
on soil prepared by deep plowing allowed avoiding
weed control during the first years after planting. Also
according to Tuszynski (1984) deep (70 cm) or medium (50 cm) soil plowing allows avoiding the weed
control for 3-4 years after the establishment of plantation. Deep plowing or inversion suppressed competing vegetation, compared with topsoil at the surface
also in the study of Karlsson (1996).
In Haplic Arenosols soils during the first 4 growing seasons, the maximum height was reached by seedlings, planted in shallow furrows (8-10 cm deep). At
the initial plantation growth stage this type of soil
preparation ensured the best moisture and nutrients
supply, as well it was effective diminishing the competing vegetation. Best growing conditions in terms
of seedling survival were in small furrows as compared
with other soil preparation methods. However, during
the 4th growing season the highest height increment
(31.3±1.2 cm) was measured in completely plowed soil,
while in soils prepared by other methods seedlings
height increment was 14-27% lower. Favourable conditions for seedlings develop in completely plowed soil
when seedlings grow taller and thus the influence of
competing vegetation diminishes and roots reach deeper soil layers ensuring good moisture availability. Soil
preparation by elimination the topsoil diminishes the
amount of competing vegetation around the seedlings,
but the effect is short-termed (Bärring 1962; Söderström et al. 1973). Results from experiments on former
agricultural land in Poland show that the best growing conditions were in completely plowed soil (Jakubowski and Sobczak 1999).

Conclusions
1. The light textured plough-pan compacted to
1.6gcm-3 retards the growth of Norway spruce and silver birch taproots downwards. However, Scots pine
2010, Vol. 16, No. 2 (31)
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taproots were able to penetrate trough the plough-pan
and it did not retard the taproots growth.
2. Deep plowing with plough-pan inversion provides favourable conditions for the growth of taproots
and increases rooting depth. The growth of roots
depended on the rooting conditions and thus more favourable rooting conditions may considerably increase
the growth of the above-ground part of the tree.
3. In former agricultural Haplic Arenosols soils
without plough-pan, survival and growth of Scots pine
seedlings for the first three growing seasons were the
best in soils prepared in shallow furrows, while during the 4th growing season the completely plowed soil
gave best height growth.
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ÏÎÄÃÎÒÎÂÊÀ ÏÎ×ÂÛ ÏÎÄ ËÅÑÍÛÅ ÊÓËÜÒÓÐÛ ÍÀ ÂÛØÅÄØÈÕ ÈÇ ÏÎÄ
ÑÅËÜÕÎÇÏÎËÜÇÎÂÀÍÈß, ÑÎ ÑÔÎÐÌÈÐÎÂÀÂØÅÉÑß ÏËÓÆÍÎÉ ÏÎÄÎØÂÎÉ È
ÁÅÇ ÍÅÅ HAPLIC ARENOSOLS
À. Ìàëèíàóñêàñ è Ã. Óðáàéòèñ
Ðåçþìå
Ïðîâåäåíû èññëåäîâàíèÿ ðîñòà äåðåâüåâ â âûñîòó è ïðîíèêíîâåíèÿ âåðòèêàëüíûõ êîðíåé ñîñíû, åëè è áåðåçû íà
áîëåå ãëóáîêèå ñëîè ïî÷âû â ëåñíûõ êóëüòóðàõ, ñîçäàííûõ íà âûøåäøûõ èç ïîä ñåëüõîçïîëüçîâàíèÿ ñî
ñôîðìèðîâàâøåéñÿ ïëóæíîé ïîäîøâîé ïî÷âàõ. Ïî÷âà ïîä ëåñíûå êóëüòóðû áûëà ïîäãîòîâëåíà ãëóáîêîé âñïàøêîé
(ãëóáèíà âñïàøêè 60 ñì), ñïëîøíîé âñïàøêîé (25-27 ñì) è ïëîùàäêàìè.
Óñòàíîâëåíî, ÷òî óïëîòíåííàÿ ïëóæíàÿ ïîäîøâà íà ïî÷âàõ ëåãêîãî ãðàíóëîìåòðè÷åñêîãî ñîñòàâà ïðåïÿòñòâîâàëà
ðîñòó âåðòèêàëüíûõ êîðíåé åëè è áåðåçû. Ãëóáîêàÿ âñïàøêà ñ âûâåðòûâàíèåì íà ïîâåðõíîñòü óïëîòíåííîãî
ïîäïàõîòíîãî ñëîÿ ñîçäàåò áëàãîïðèÿòíûå óñëîâèÿ ðîñòà è ïðîíèêíîâåíèÿ âåðòèêàëüíûõ êîðíåé äåðåâüåâ íà áîëåå
ãëóáîêèå ñëîè ïî÷âû. Ðîñò íàäçåìíîé ÷àñòè äåðåâüåâ ïðÿìîëèíåéíî çàâèñèò îò óñëîâèé ðîñòà êîðíåé. Áîëåå
áëàãîïðèÿòíûå óñëîâèÿ ðîñòà êîðíåé äåðåâüåâ ìîãóò çíà÷èòåëüíî óñêîðèòü ðîñò íàäçåìíîé èõ ÷àñòè.
Íà âûøåäøûõ èç ïîä ñåëüõîçïîëüçîâàíèÿ áåç côîðìèðîâàâøåéñÿ ïëóæíîé ïîäîøâû Haplic Arenosols â ïåðâûå
òðè ãîäà ïîñëå ïîñàäêè íàèëó÷øèé ðîñò è ñîõðàííîñòü êóëüòóð ñîñíû óñòàíîâëåí íà íåãëóáîêèìè áîðîçäàìè
ïîäãîòîâëåííîé, à íà 4-îì ãîäó íàèáîëüøèé ïðèðîñò ïî âûñîòå áûë íà ñïëîøíîé âñïàøêîé ïîäãîòîâëåííîé ïî÷âå.
Êëþ÷åâûå ñëîâà: ëåñíûå êóëüòóðû, ïëóæíàÿ ïîäîøâà, ïîäãîòîâêà ïî÷âû, ðîñò êîðíåé
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