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Evaluation of natural regencration of pine on abandoncd agricultural land, and definition of the relationships between
distance from sced source and stand structurc in order to find the best methods to get good natural regencration have
been studied. The regeneration was cvaluated by mcasuring the naturally regencrating scedlings of pine within the circle

sample plot.

Duc to thc ncgative cffcct of the sced trees on the regencrating scedlings at the very cdge of the forest, the
abundant natural rcgencration occurs in 5 to 15 m apart from the forest edge. In terms of capability to form a new
productive stand, natural regencration of pine basically ends in 130 m apart from the forest cdge. Single groups of
naturally rcgencrating pinc scedlings were found up to 175 m apart from the forest cdge.

The spatial distribution of naturally regenerating scedlings was not uniform. There were many empty spots, the
occurrence of which did not depend on the distance from the forest edge. Emply spots were also found close to the
forest edge, where the number of dispersed sceds was largest. To obtain uniform natural regencration over whole site,

soil scarification prior to sced dispersal is nceded
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Introduction

Afforestation is one of the main means to utilize
abandoned agricultural land in Central and Western
Europe. To improve success of natural regeneration of
abandoned agricultural land, it would be important to

determine factors influencing regencration. (Kohlstock,
1992, Gorzelak, 1999)

Wind direction and strength

The distance of seed dispersal mainly depends on
the speed and the direction of wind, which are very
important factors to consider when assessing possi-
bilities for natural regeneration on abandoned agricul-
tural land. In Lithuania, western and southern winds
prevail (i.e. blowing from the west and from the south).
During the warm period, western and south-western
winds prevail (the probability is from 35 to 40 %). In
April south-eastern winds prevail (Kaywnna, 1983).

There are pronounced differences in the speed of
wind at different time of the year. From May to Sep-
tember, western winds are strongest, while from Oc-
tober to April south-eastern winds are strongest.
Northern and north-eastern winds are weak through-
out all over the year. In Lithuania, the mean wind speed

is 3.6 m/s. The minimum wind speed may be close to
zero at any time of the year. The maximum wind speed
in gusts is from 5 to 8 times greater than the mean wind
speed. Namely, the very strong winds have the main
effect on seed dispersal distance. In Lithuania, the
winds often reach the speed of 15-17 m/s or, in gusts,
may reach 22 to 24 or even 28 m/s (Kayuia, 1983),
However, such extremely strong winds do not occur
every year. More often, the stronger winds blow with
speed of 10 m/s (defined as the monthly maximum wind
speed: average of monthly maximum wind speed over
a period of time, e.g. over a decade) or with speed of
15 m/s (defined as annual maximum wind speed) (Kay-
uuia, 1983),

During each month, there is a 5 to 11-day-period
during which wind speed is close to zero. In conifers,
seed dispersal occurs in spring (March to May). Dur-
ing this period, there used to be 5 very calim days per
month. The average wind speed during the period on
awerage from March to May is 3.3 to 3.9 m/s. Howev-
er, namely during this period, the strongest winds
reaching 28 m/s were recorded. Mean maximum wind
speed is 10 to 12 m/s, wind direction is not stable,
though, southern and south-eastern winds blow more
often (Kayunuia, 1983). Therefore, dispersal of conif-
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erous seeds occurs morc or less evenly to all direc-
tions from the seed tree.

Seed yield and seed dispersal at the forest edge

The beginning of seed dispersal depends on cli-
matic conditions. The seed dispersal starts after mois-
ture of the cones drops down to 10 to 17 %. Most of
the secds arc dispersed during April and the first half
of May. Amount of the dispersed seed depends on the
seed yield. In Scots pine, the reproductive circle ex-
tends for two growth periods, and trees used to {low-
er almost every ycar. However, the seed yield varies
between ycars. As seed maturation in Scots pine takes
a relatively longer time, timing of different seed de-
velopment stages may differ between the years. It is
unlikely, that the climatic conditions will be favoura-
ble for seed development during all the stages of the
reproductive circle. This may explain variation in seed
yield in different years (Braun, 1992).

Seed yield may also depend on soil fertility. Un-
der the same climatic conditions, trees grown on rich
soils yield twice as much seed as trees grown on poor
soils (Schmidt-Vogt, 1991).

Percentage of cmpty sceds differs between the
years and is usually ranging from 10 % to 40 %.

Favourable environment during pollination and
seed development results in production of a higher
number of seeds per conc. Large cones (of dry weight
over 6 g) contain 35 to 45 seeds per cone. Small cones
(of dry weight less than 4 g) contain 10 to 15 seeds
per cone. One cone on average, contains 20 sceds
(Leibundgut, 1981).

A mature Scots pine stand occupying an area of
1 ha may produce from 400 thousand to 2 million sceds
This amount of seed may also be dispersed at the
forest edge (Dengler, Rohrig 1990).

Sced dispersal distance depends on wind speed
and height of the seed trees. When following down,
the seeds are flying in spiral. Seeds of Scots pine are
falling dawn with the speed 0.83 m/s (measured in the
diagonal) or 1.2 m/s (if measured straight dawn). Then,
on a calm day, the seeds dispersed at the height of 30
m approximately should reach the ground in 36 sec-
onds. During these 36 seconds, the seeds may easily
be blown away from the parental tree. During a calm
day, seed dispersal distance equals to half of the height
of the seed tree. If a falling seed would be caught by
wind gust at the speed of 1.7 m/s, it may be blown for
35 m away from the seed tree and, if the speed of the
wind gust is 2.7 m/s, the seed may be blown for 51 m
away from the seed parent (Kolerman, 1950; Schmidt-
Vogt, 1991). Single seeds may fly over 200 m from the
seed parent. However, only 10 % of the seeds may fly
more than 50 m from the seed parent. Empty seeds are
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lighter and are falling dawn more slowly than filied
seeds and, thus, may be blown away for a larger dis-
tance than filled seeds. Thus, when moving further
from the seed stand, the number of empty and unde-
veloped seeds is increasing (Wiersum,1984; Mik3ys,
1999). Owing to falling down of undeveloped cones,
insufficient opening of cone scales and pest insect or
fungal damage, only 40 % of the mature seeds are
reaching the ground. Immature but sound sceds may
also reach the ground. This affects germination capac-
ity of the sound seeds dispersed, which is, usually,
reaching 50 % (Schmidt-Vogt, 1991).

Material and methods

Based on the data of the forest inventory, it was
found that during the last decade, the largest areas
of sclf-regenerated Scots pine stands in the aban-
doned agricultural lands had formed five years ago.
Therefore, the 5-year old Scots pine stands were stud-
ted.

For this study, 22 abandoned agricultural areas
being under sclf-regeneration stage and neighbouring
to the Scots pine stands were chosen in the forest
enterprises of Jonava, Kazly Rtada and Veisiejai. The
study objects are situated on the same kind of Pod-
zolic sandy soils. The soil moisture conditions and bulk
density of the soil on all study objects are similar,
Spacing and distribution of trees in the sclf-regener-
ated abandoned agricultural lands were evaluated in
the circle-shaped study blocks (experimental plots) of
100 m? in size. The study blocks were situated in all
directions perpendicularly to the edge of seed origin.
Close to these stands, the study blocks were situated
every 25 meters in the perpendicular direction from the
edge of them. In perpendicular direction, 5 to 8 circle-
shaped study blocks were established, depending on
the size of the area to be studied. In each abandoned
area, 5 series of the circle-shaped study blocks were
established every 50 meters in a lengthwise direction
from the forest edge. In each abandoned area, depend-
ing on size, 25 to 40 study blocks were established.
The size of abandoned areas varied from 2 to 3.5 ha.
The total size of all study blocks (experimental plots)
per abandoned area varied from 0.25 to 0.4 ha.

Each trec was evaluated entirely in the study
blocks. The taxation parameters for trees were evalu-
ated following the accepted methods. Tree crown pro-
jection was measured in two directions as well.

The statistical analyses of data were conducted
by the MS Excel program. According to the statistical
analyses of data, the results are presented graphical-

ly.
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Results and discussion

The study on patterns of natural regeneration on
abandoned agricultural land has revealed, that the
spatial distribution of naturally regenerating seedlings
is not uniform. Seeds of coniferous species may be
dispersed rather far from the secd source and cven a
single well-flowering tree may provide a sufficient
number of seeds to cover a site of several hectares.

Our study on natural regeneration on abandoned
land has shown, that abundant natural regeneration
occurs ef the distance from 5 to 15 m from the forest
edge. This may be explained by the negative effect of
the seed trees on the regenerating seedlings at the very
edge of the forest.

Variation in density of naturally regenerating
seedlings of Scots pine when moving further from the
forest edge

In spite of the fact that during the time of Scots
pine seed dispersal in Lithuania (March and May),
south-eastern and eastern winds prevail, winds may
quite often blow towards other directions as well.
Therefore, there was no significant difference in the
direction of seed dispersal away from the forest edge.

Natural regeneration of pine occurred from S to
15 m from the forest edge with the density of 5to 9
thousands of seedlings per ha. When moving further
from the forest edge, the number of naturally regener-
ating pine seedlings was continuously increasing and
reached the maximum number at the distance from 30
to 60 m apart from the forest edge, followed by a grad-
ual decrease down to 4-5 thousands of secdlings per
ha at the distance of 100 m from the forest edge. Name-
ly, 4 to 5 thousands of pine seedlings per ha would
be the lower limit for the number of pine seedlings
needed to form a new stand of appropriate quality and
productivity. At the distance of 130 m from the forest
edge, the number of naturally regenerating pine seed-
lings was somewhat larger than 1000 scedlings per ha.
However, this number is insufficient to form a new
productive stand. Thus, in terms of capability to form
a new productive stand, natural regeneration of pine
basically ends at the distance of 130 m from the for-
est edge. Single groups of naturally regenerating pine
seedlings were found up to 175 m from the forest edge.

The dependence of the number of naturally regen-
erating pine scedlings on the distance from the forest
edge by fitting a fourth order polynomial model is
shown in Figure 1 (R* for model was 0.83).

When moving further from the forest edge, crown
cover of naturally regenerating pine seedlings (vertical
projection of crown perimeters) was changing similarly
as the number of naturally regenerating scedlings. At
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Figure 1. Dependence of number of naturally regencrating
5-years-old scedlings of pine on the distance from the for-
cst edge.

the forest edge, crowns of 5-year-old naturally regen-
erating pine seedlings covered about 50 % of the area,
When moving furthér from the forest edge, crown cov-
er of the naturally regenerating seedlings was increas-
ing and the seedling crowns were closed at the distance
from 30 to 70 m from the forest edge (crown cover was
greater than 80 %). At the distance of 100 m from the
forest edge, crown cover still exceeded 50 %. After-
wards, crown cover was steadily decreased to 10 % of
the area at the distance of 140 m from the forest edge.
The dependence of the crown cover percentage on the
distance from the forest edge by fitting a third order
polynomial model is shown in Figure 2.
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Figure 2. Dependence of the crown cover percentage of 5-
year-old pine scedlings on the distance from the forest edge.

The height of naturally regenerating secdlings
partially depends on the spacing between the seed-
lings. At the forest edge, crowns of naturally regen-
crating pine seedlings were not closed and the seed-
lings were 15 cm shorter than the seedlings grown
further from the forest edge. This may result from
shading by the trees at the forest edge. When mov-
ing further from the forest edge (40 to 70 m from the
forest edge), crowns of the pine seedlings were closed
and competition among the seedlings occurred, which
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resulted in more intensive height growth. Further from
the forest edge, spacing between the naturally regen-
erating pine seedlings became wide and the height of
the seedlings was almost the same as the height of
the seedlings at the forest edge. The dependence of
the seedling height on the distance from the forest
edge by fitting a fourth order polynomial model is
shown in Figure 3 {note, R? was 0.44 only).
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Figure 3. Dependence of height of S-year-old pine secdlings
on the distance from thc forest edge.

Conclusion

Average values over several experimental plots
were shown in the figures. However, the spatial dis-
tribution of naturally regenerating seedlings was not
uniform. There were many empty spots, occurrence of
which did not depend on the distance from the forest
edge. Empty spots were also found close to the for-
est edge, where the number of dispersed seeds was
highest. To obtain uniform natural regeneration over
the whole site, soil scarification prior to seed disper-

2001, V6l 7, K61 (12)
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sal is needed. When moving further from the forest
edge, the number of the seeds dispersed decreases.
Therefore, when moving further from the forest edge,
the soil shall be scarified to a higher degrec. Natural
regeneration of pine seedlings occurred in sufficient
density to form a new stand over 100 m from the for-
est edge. If soil scarification is used, we may expect
the natural regeneration to form a new stand at the
distance of 130 m from the forest edge. This means,
that soil scarification prior to seed dispersal may im-
prove the success of natural regeneration of pine for
30 %.
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PASMEUIEHHE CESIHIIEB COCHBI OBGLIKHOBEHHOM (PINUS SYLVESTRIS) HA
BBIBIILIX IMOUBAX CEJHCKOXO3AUCTBEHHOI'O HA3ZHAYUEHUS HOPU
ECTECTBEHHOM OBJECEHHH OIYINEK JIECA

B. Cyxoukac
Pesionte

PaGoTa 1ocBsICHia HCCHCROBAIHIO ecTeeTBenioro obneccnus OBIBLINX TIOYB CCALCKOXO3MIICTBCHIIONO TIa3HAUCHIIS
COCHOIT, a TAKXC YCTANOBNEIHIO CRA3CHT MCKIY PACCTOSHIEM OT CCMCIUOTO HCTOMIINKA W CTPYKTYpPBI cchopatponasuicrocs
apepocrost. Ectectnennoe ofeccine OBIBIINX T10UYB CCILCKOXO3MICTBCHIOIO Ha3HaucHis coCloil HCCACHOBAIOCH 1TYTCM
ofmMcpa cesiies Ha BLILCJICHHBIX KPYIILIX HPOBHLIX TNOURIAX,

B cBa3m © HEraTHBILIM BIISIHCM MATCPHIICKOrO HPCBOCTOS, COSNULI COCHBI Ha OBLIBIUNX MAXOTHLIX OYBAX
HOABJAIOTCA 114 PAacCTOSHHE 5-15M OT Marcpuirckoro gpepoctod. JlocTarodioe KONMYCCTBO CCANLCE A chopMipoBatis
HOBOTO JAPECBOCTOA 1OABIACTCA HA PACCTOANHE [30m ot MATEPHIICKOTO APCBOCTOA. Ho OT/ICHBIBIC I'PYINILI COCCH GLUIH
PACTIOJIOKCHIIB 112 PACTOAIHH 1756 OT Kpas MaTepHUCKOTO JPCBOCTOS.

PazmeLucHie cesiiieB COCHDLI Ha TUIOLIAMH SmIscTes HepasiioMephuiM. Ha ecrecrietiio ofnecentiuix GhiBnx HOUBax
CCNhCKOXO3AIICTBCIIIOTO 1A3HAYUCTIH YacTO BCTPCUAIOTCA ITYCTHIC MCCTR, pilCIl[)C}lC.’léllHC KOTOPLIX T1a TUIOWIQIH Malo 3aBlcHT
OT PACCTOANIA OT MATCPIIICKOTO IPCBOCTOA. HyCTmc MCCTA BCTPCHAIOTCA H B HCIIOCpC}lCTﬂCHHOﬁ QJIH30CTH K MATCPHHCKOMY
JPCBOCTOI0, 1IC CMOTPS 1A TO, YTO B 9THX MECTaxX BHIAMACT HANGONLIICE KONHUCCTBO ceMst cocibl. UTobnt monyunts Gonee
PaBHOMEDPIIOE PA3MCUICITHC CCANUCE HA THIOLATH, TIEPCH BLITIATOM CCMSH HCOGXO}[HMH 1TOATOTORKA ITOUBLI.

Knwuessle ciioBa: ccrectrenitoc ofnieccniie, cocna, cesiupl, oGpadoTka 104Bkl.
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