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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 gecm-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 plough-
pan 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 thou-
sand ha of abandoned land were reforested (Malinaus-
kas and Verbyla 2003). Cultivated land area unsuita-
ble for agriculture makes up to 610,000 ha in Lithua-
nia (Kairitukstis and Vaicys 1997). It is mostly Haplic
Luvisols (sandy loam), slopes and other areas unsuit-
able 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 prepa-
ration practices used in forest regeneration can be
inappropriate on former agricultural land.

Former agricultural land contains large bank up to
50,000 per m? of germinable seeds, consisting mostly
of seeds of pioneer weed species (Paatela and Ervio
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
(Hytonen and Wall 1997, Wall and Hytonen 2005). For
these reasons vegetation on former agricultural lands
is more vigorous and competes with tree seedlings for
water, nutrients and light (Hytonen and Jylhi 2008).

Soil compaction is a global problem of high eco-
nomic 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 com-
pacted by heavy vehicles in the boreal forests of Can-
ada remained compacted for several decades (Corns
1988). Natural recovery of southern soils requires up
to 60 years (Mitchell et al. 1982). The duration of nat-
ural recovery of soils varies with the depth of com-
pacted 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 15-
23 cm or 23-30 cm no recovery was evident after 8.5
years (Thorud and Frissell 1976).

Compacted plough-pans (depth of the compact-
ed layer about 10 cm) may occur in all former farm-
lands, except meadows and pasturelands established
on drained waterlogged soils with a 30-50 cm (or deep-
er) 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 (Mal-
inauskas et al. 2006). Besides, in meadows and pas-
turelands 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 mit-
igate 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 inocula-
tion applied, soil has been improved or replaced, drain-
age systems installed, seedlings fertilized, soil loos-
ened and trenched (Ruark et al. 1982, Jim 1993, Gerik
et al. 1987, Day et al. 1995, Velykis 1996, Ramoska
2002). In general, prevention of soil compaction be-
fore 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.), Nor-
way 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 Veisie-
jai 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 plough-
pan (Table 1) prepared by deep plowing (to the depth
of 60 cm) and in the neighborhood by complete plow-
ing (to the depth of 25-27 cm) or by scarified patch
(removing 10 cm deep topsoil) Total size of the plan-
tation in Utena forest enterprise 1.1 ha and in Veisie-
jai forest enterprise 2.1 ha. In each plantation were se-
lected 4 sample plots (replications).

Table 1. Soil bulk density, g cm™

Forest Soil . Depth of soil sample, cm
enterprise oil preparation
method 5-10 Plough-pan 60-65

Utena 25-27 cm deep 1.34+0.03 1.57+0.03 1.57+0.02

complete plowing

Deep plowing 1.3310.03 1.3340.0 1.57+0.02
Veisiejai Scarified patch 146*£0.03 1.61+0.02 1.56+0.04

Deep plowing 1.35+0.01 1.3740.01 1.56+0.04

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

Table 2. Plough-pan-soil texture, %

Forest

. Gravel, Sand, Silt, Clay,
enterprise 10 omm  2-005mm  0.05-0.002mm  <0.002 mm
Utena 5.82 734 22.0 46
Veisiejai 5.85 725 22.8 4.7

A total of 100 8-year-old seedlings of each spe-
cies were measured to estimate mean height of plan-
tations. The root systems were studied by uncover-
ing them at a radius of 30 cm around the studied trees
to the depth of root penetration. In each soil prepara-
tion method, the roots of 4 to 8§ of trees medium height
have been uncovered.

The Anyksciai experiment

Scots pine plantations were established in Any-
ksciai Forest Enterprise (55° 26' N 25° 01' E) on Hap-
lic Arenosols (without plough-pan) prepared by com-
plete 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 plow-
ing (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 follow-
ing spring. The plantations were established using two-
year old Scots pine seedlings (2+0).

The survival of seedlings, height, height increment
and diameter 10 cm high above the ground were as-
sessed for 1, 2 and 4-year-old plantations. The bio-
mass 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 (Hytonen and Jylhd 2005). Seedlings of 3-rd
and 4-th shading classes needed weed control.

Data analysis

Analysis of variance was used to test the statis-
tical significance of the soil preparation methods,
seedling survival, seedling growth and seedling shad-
ing class. Before conducting the analysis, the homo-
geneity of variance was tested. Transformation to
homogenize variances was not necessary. The statis-
tical 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 non-
parametric — F-test.
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Results

In the Utena experiment, Scots pine and Norway
spruce seedlings, planted in deep plowed soil grew
considerably faster than the seedlings planted in com-
pletely 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).

Table 3. Mean seedling height and root penetration depth in
different soil preparation methods in 8-year-old plantations

. . Depth of root
Soil preparation .
penetration,

Tree species Height, m

method
cm
Utena forest enterprise
Complete plowing,  Scots pine 1.91+0.08 70-80
depth 25-27 cm
Norway spruce 1.74£0.04 30-40
Deep plowing Scots pine 2.81+0.08 95-105
Norway spruce 2.69+0.14 65-75
Veisiejai forest enterprise
Scarified patch Scots pine 3.34+0.05 100-115
Norway spruce 3.34+0.14 20-40(120)
Deep plowing Scots pine 3.50+0.06 105-120
Norway spruce 4.46+0.13 150-160

In the Veisiejai experiment, the mean height of
Scots pines seedlings in deep plowed and patch scar-
ified 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). Statisti-
cally significant height increment for Scots pine and
Norway spruce were observed during 3-8 and 2-8 grow-
ing 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, Scots pine Norway spruce
years complete deep t-value complete deep t-value
plowing plowing plowing plowing

1st 4.3+0.9 7.7¢0.8  2.75**  6.5+0.6 7.5+1.0 0.81
2nd 8.8+2.7 12.0¢1.8 1.01 6.9+1.1 10.3+1.5 1.79*
3rd 7.9%1.9 21.3£2.1 471"  7.6%1.2 17.9£3.7 2.66™*
4th 14.242.8 36.74#3.7 4.61** 9.2+15 22.8+4.2  3.06**
5th 27.4+x1.1 42.3+45 1.66* 13.742.6  42.3x4.5 5.50***
6th 32.9+1.6 41.2#2.7 268" 34.6+3.1 52.1#66 2.62**
7th 424416 60.3x2.6 5.89** 32.6+2.7 43.1¥3.8 2.26*
8th 49.642.3  70.442.0 6.77*** 49.9+3.1  63.0+3.7 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 95-
105 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

penetrate the plough pan having mean density 1.57g
cm” (range from 1.45 - 1.68g cm™). 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.

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 150-
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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™ (range 1.51-1.69 g cm™).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.

Anyk§é&iai experiment

In non-prepared and completely ploughed Hap-
lic Arenosols, the survival of Scots pine seedlings dur-
ing 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 sur-
vival of seedlings decreased only insignificantly.
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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 high-
est and seedlings planted in non-prepared soil were
shortest (Fig. 3). Scots pine seedlings planted in shal-
low furrows (depth 8-10 cm) was significantly taller
than the seedlings planted in non-prepared or in com-
pletely ploughed soil (Table 5). Height increment of
seedlings planted in 8 to 10 cm deep furrows was sig-
nificantly higher, than the height increment of seed-
lings 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 com-
pletely ploughed and in soil with deep furrows. Dur-
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Figure 3 Scots pine seedlings height increment in soils, pre-
pared by different methods: 1 — non-prepared; 2 — complete-
ly 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 Anyksciai in soils, prepared by different
methods. Comparison is performed using T-test.
Significance levels: * p < 0.05; ** p < 0.01

Site preparation No. site Complete Furrow depth,
. N 8-10 cm, width

method preparation  plowing 50 cm

Complete plowing -0.932

Furrow depth 8-10 -2.898** -1.822¢

cm, width 50 cm

Furrow depth, 15 cm, -1.304 -0.337 1.490

width 70 cm

Table 6. Comparison of height increment of Scots pine seed-
lings 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 1st 2nd 4th 1,2,4th
methods season _ season season season
Complete plowing 1.013 1.065 -3.115%* -0.973
Furrow depth 8-10 cm, -2.146*  -3.162**  -4.030** -3.257***
width 50 cm

Furrow depth, 15 cm, -0.381 -2.440** -0.528 -1.117
width 70 cm

ing the second growing season, the height increment
of seedlings planted in shallow furrows was signifi-
cantly 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 m2) during the
first growing season was in non-prepared soil and
during the second growing season in completely
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plowed soil (167 g m?) (Table 7.). In soil prepared by
furrows, the biomass of weeds was 2-3 times lower. The
shading of competing vegetation depends on its bio-
mass (density), height and height of the seedlings. The
highest seedling shading class during the 1st grow-
ing 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 ob-
served 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 non-
prepared soil during the second growing season be-
cause of the low weed size.

Table 7. Weed biomass, shading class and percentage of seed-
lings needing weed control after the 1st and 2nd year in dif-
ferent soil preparation treatments.

Significance levels: * p<0.05, ** p<0.01, ***p<0.001

Oven-dr . 2 The need of weed

Soil preparation _ biomass’, g):n 2 Shading class control, %
methods 1st 2nd 1st 2nd 1st 2nd

Season _season _season season  season season
No site 134 98 2.69 1.58 58 0
preparation
Complete 108**  167***  2.31* 218 54 25
plowing
Furrow depth 37 71 0.83*** 1.58 4 13
8-10 cm width
50 cm
Furrow depth, 50*** 67 1.32%*  1.158** 16 7
15 cm, width 70 *

cm

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 meth-
ods with shading class in non-prepared soil

Discussion

The growth of Scots pine, Norway spruce and sil-
ver 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 meth-
ods, 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 ex-

ample in New Zealand, the taproots of 8-year-olds Pi-
nus 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 (Toropogrick-
ij 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, Pe-
dunculate oak and Douglas fir. In this study complete
plowing had a positive effect on the survival and health-
iness of plantations. At two sites in Sweden, Karlsson
(2002) investigated the possibility of establishing sil-
ver birch on abandoned fields and prepared five meth-
ods (no soil preparation, rotary cultivation, deep plow-
ing, 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 dif-
ferent methods were compared (Kalchev 1983).

Deep plowing enhances root penetration and in-
creases the rooting volume of the soil. It is highly
important for the uptake of water and nutrients (Het-
sch et al. 1981). Deep plowing improves soil water re-
lations by improving permeability and preserving
moisture in the buried humus material during dry pe-
riods (Buchholz and Neumann 1964).

The taproots of Norway spruce in Utena and those
of silver birch in the Veisiejai experiment did not pen-
etrate 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 Wiésterlund (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 (Wisterlund 1985). The upper limits of bulk
density at which roots do not penetrate wet fine-tex-
tured soils vary from about 1.4 to 1.6 g m>, while that
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of coarse textured soil is about 1.8 g cm™. 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™, those of Siberian larch and
silver birch — 1.8 g cm™, Scots pine — 1.7 g cm™, Nor-
way spruce and small-leaved lime — 1.6 g cm™. 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 dif-
ferent 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 medi-
um (50 cm) soil plowing allows avoiding the weed
control for 3-4 years after the establishment of plan-
tation. Deep plowing or inversion suppressed compet-
ing vegetation, compared with topsoil at the surface
also in the study of Karlsson (1996).

In Haplic Arenosols soils during the first 4 grow-
ing seasons, the maximum height was reached by seed-
lings, 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 com-
peting 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 con-
ditions for seedlings develop in completely plowed soil
when seedlings grow taller and thus the influence of
competing vegetation diminishes and roots reach deep-
er 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 (Bérring 1962; Soder-
strom et al. 1973). Results from experiments on former
agricultural land in Poland show that the best grow-
ing conditions were in completely plowed soil (Ja-
kubowski and Sobczak 1999).

Conclusions

1. The light textured plough-pan compacted to
1.6gem retards the growth of Norway spruce and sil-
ver birch taproots downwards. However, Scots pine

taproots were able to penetrate trough the plough-pan
and it did not retard the taproots growth.

2. Deep plowing with plough-pan inversion pro-
vides favourable conditions for the growth of taproots
and increases rooting depth. The growth of roots
depended on the rooting conditions and thus more fa-
vourable 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 dur-
ing the 4th growing season the completely plowed soil
gave best height growth.
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IHOAT'OTOBKA IMOYBbBI ITOJ JIECHBIE KYJIBTYPbI HA BBIIIEJAIINX U3 ITOJA
CEJIBXO03MOJIB30BAHHUA, CO C®OPMUPOBABIIENCS ILTYKHOM MOAOIIBOM U
BE3 HEE HAPLIC ARENOSOLS

A. Manunayckac u I'. YpoaiiTuc

Pesiome

npOBe}leHbl HCCIICNOBAaHNA POCTA AEPEBLEB B BLICOTY M IPOHUKHOBEHUS BEPTUKAJIBHBIX KOpHeP’I COCHBI, €JIN U 66]’)63];1 Ha
OoJsiee MIyOOKHME CIIOW IOYBHI B JIECHBIX KYJIbTypaX, CO3/JaHHBIX Ha BBIMIEAIIBIX U3 MOX CEJIHbXO3MOJIb30BAHHSI CO
copmupoBaBIIeiics IIyXKHON ITOmOMIBON 1mouBax. [louBa mox JecHbIe KYJIbTYphI Oblila MOATOTOBIEHA ITyOOKOH BCIIANIKOM
(rmy6una Bemarmku 60 ¢M), CIDIONIHOW BCTAMIKOK (25-27 cM) U TUTOMaIKaMU.

YcTaHOBIIEHO, YTO YIUIOTHEHHAS ILTYXKHAsI MO/IOIIBA Ha MOYBAX JIETKOTO IPaHyJIOMETPHUECKOI0 COCTaBa MPEMSITCTBOBAIA
pOCTy BEpPTHKAJIbHBIX KOpHEH enu U Oepesbl. [nyOokas Bcmamika ¢ BHIBEPTHIBAHUEM Ha MOBEPXHOCTH YIUIOTHEHHOTO
MOJIITAXOTHOTO CIIOSl CO3AaeT OJAaroNnpusATHBIE YCIOBHS POCTa M IPOHHKHOBEHUS BEPTHKAIBHBIX KOpPHEH JepeBbeB Ha Oolee
rny6oxue ciiow MouYBEL. PocT Ham3eMHOIT yacTH AepeBhEB NMPSIMOIMHENHHO 3aBHCHUT OT YCIOBHH pocra kopHed. boiee
OIIaronpusATHBIC YCIOBUS POCTa KOPHEH AEePEeBhEB MOTYT 3HAUYUTEIBHO YCKOPHUTH POCT HAJ3EMHOM HX YacTH.

Ha BrimreqmsIx U3 moj cesbXxo3noibp30BaHus 0e3 ChopMUpOBABILICHCS IUTYKHOIM noaowBsl Haplic Arenosols B mepBbie
TPH rojia MOCJe MOCAJAKA HAMIYUIINI POCT U COXPAaHHOCTb KYJIBTYP COCHBI YCTAHOBIEH Ha Hen1yOOKUMH Oopo3naMu
MOJTOTOBJIEHHOMH, a Ha 4-0M roy HanOOJIBIIMI NPHUPOCT 10 BEICOTE OBUT HA CIUIOIIHOM BCIAIIKOW MOATOTORICHHOH MOYBE.

Ki1ioueBble cjioBa: JEeCHEBIC KYJbTYPBbI, IITy’KHas1 IMOAOIIBA, IMOATOTOBKA IMOYBBI, POCT KOpHefI
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