
? A U K  FORESTRY 
D I S T R I B U T I O N  OF: SCOTS PINE /.../ NATURALLY REGENERATING SEEDLINGS"/ . / -V. SUCHOCKAS m 

Distribution of Scots Pine (Pinus syIvestris) Naturally 
Regenerating Seedlings on ~ b a n d o n e d  ~ g r i c u l t u r d  

WTAUTAS SUCIIOCKAS 
Lithrtorrioir For.est Rescnrrh I~is/i/rrte 
Girioiiy.~, LT-4312 Knllrtas &st/: Li/lrriarria 

Sucliockas V. 2001. Distributioli o f  Sco ts  Pinc (Pitlrls s~~11~est t . i . r )  Natural ly Rcgcncrat ing Seedlings on Abantloncd 
Agric~ri t r l ral  Land  at Forcst  Etlgcs Btrllic I;ot~e.rtty, 7(1): 79-83. 

Evaluatio~i of  natural rcgc~icration of  piric OI I  nbaridoncd agricultural land, ant1 t lcf i i i i t io~~ of  tlic rclationsl~ips bctwccn 
d i s ta~ icc  from sccd sourcc a ~ i d  s t a ~ ~ d  structure in order  to firid tlic bcst nicrllods to gct gootl riatural rcgcncration liavc 
bccn studied. Tlic rcgcricratiori was cvaluatcd by m c a s u r i ~ ~ g  tlic riaturally rcgcr~cr.ati~ig sccdlirigs of piric williin thc circlc 
samplc plot. 

Duc to tlic ncgat ivc cffcct of  tlic sccd trccs or1 tlic rcgcticrating sccdlirigs at t l ~ c  vcry ctlgc o f  tlic forcst, t l ~ c  
abundant ~ ia tu ra l  rcgcncra t io i~  occurs  i l l  5 to 15 m apart from t11c forcst cdgc.  111 tcrnis o f  capability to form a ncw 
productivc starid, natural rcgcr ic ra l io~~ of  pitic basically crlds i l l  130 111 apart frorii tlic forcst cdgc.  S i ~ i g l c  groups of  
rialurally rcgciicratir~g piiic sccdlirigs wcrc fourid up to 175 111 apart from tlic forcsl cdgc. 

Tlic spatial d i s t r ibu t io~i  of  naturally rcgcricrati~ig sccdlirigs was riot tr~iiform. Tlicrc wcrc riiariy cnipty spots ,  llic 
occurrclicc of  wli icl~ did 1101 d c p c ~ ~ d  on Ilic distaricc fro111 t l ~ c  forcst cdgc. Ii~iipty spots  W C ~ C  also found closc to t l ~ c  
forcst cdgc,  wlicrc tlic nunibcr of  dispcrscd sccds was largcst. To obtain uriiforni natural rcgcncratiorr ovcr wliolc sitc, 
soil scarification prior to sccd dispersal is ~icctlcd 
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Introcluction 

Afforestation is one of tlie niain nieans 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 regeneration. (Kohlstock, 
1992; Gorzelak, 1999) 

lVirtd direction arrd strerrgtk 
The distance of seed dispersal ~nainly  depends on 

the speed and the direction of wind, wliicli 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 (Kayrnr~~la,  1983). 

There are pronounced differences in the speed of 
wind at different time of tlie 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 througli- 
out all over the year. In Lithuania, the mean wind speed 

is 3.6 ~ n / s .  The minimu111 wind speed may be close to 
zero at any time of the year. The maximum wind specd 
in gusts is from 5 to 8 times greater than tlie mean wind 
specd. Namely, tlie very strong winds have tlie 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 (Kayurrl~ra, 1983). 
Ilowever, 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 ~ n a x i ~ n u n i  wi~ ld  speed over 
a period of time, e.g. over a decade) or with speed of 
15 m/s (defined as annual n~aximum wind speed) (Kay- 
IlJHJla, 1983). 

During each month, tliere is a 5 to 1 I-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 calm days per 
nionth. The average wind speed during the period on 
awerage from Marcli to May is 3.3 to 3.9 m/s. lIowev- 
er, namely during this period, tlie strongest winds 
reaching 28 m/s were recorded. Mean niaximum wind 
speed is 10 to 12 m/s, wind direction is not stable, 
though, southern and south-eastern winds blow more 
often (Kayrnlr~ra, 1983). Therefore, dispersal of conif- 



DlSTRIBUTlON O f  SCOTS PINE /. ../ NATUR ALLY REGE 

eroits seeds occurs morc or less evenly to all direc- 
tions from the seed tree. 

Seed j)if?/d arlrf seerl d i .~persd nt the forest er/ge 
TIle beginning of  seed dispersal depends on cli- 

matic conditions. The secd dispersal starts after mois- 
ture of the cones drops down to 10 to 17 %. Most of 
tlie secds arc dispersed during April and the first half 
of May. Amount of the dispersed seed tlepends on the 
seed yield. In Scots pine, tlie reproductive circle cx- 
tends for two growtli periods, ant1 trees used to flow- 
er almost cvcry year. Ilowever, 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 bettvcen tlie years. I t  is 
unlikely, that the climatic contlitions will be favout-a- 
ble for secd development during all the stages of tlie 
reproductive circle. This may explain variation in seed 
yicld in different years (Ilraun, 1992). 

Seed yield may also depend on soil fertility. U n -  
der thc same climatic conditions, trees grown on rich 
soils yicld twice as 1nuc1i seed as trees grown on poor 
soils (Schmitlt-Vogt, 1991). 

Percentage of empty seeds differs between the 
ycars and is usually ranging from 10 % to 40 %. 

Favourable environment during pollinr~tion and 
seed development results in production of a higher 
number of  seeds per conc. Lal-ge cones (of dry weight 
over 6 g) contain 35 to 45 seeds per conc. Small concs 
(of dry weight less tlian 4 g)  contain 10 to 15 secds 
per cone. One cone on average, contains 20 seeds 
(Lcibundgut, 195 1). 

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

Seed 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 tlic speed 0.83 mls (measured in the 
diagonal) or 1.2 mls (if measured straight dawn). Then, 
on a calm day, tlie seeds dispersed at the height of 30 
m approximately should reach the ground in 36 sec- 
onds. During thesc 36 seconds, the seeds may easily 
be blown away from the parental trec. During a calm 
day, seed dispersal distance equals to half of the lieiglit 
of tlie seed tree. If a falling seed would be caught by 
wind gust at tlie speed of 1.7 mls, i t  may be blown for 
35 111 away from thc secd tree and, if the speed of  the 
wind gust is 2.7 tnls, the seed may be blown for 51 m 
away from the seed parent (Kolernirtn, 1950; Schmidt- 
Vogt, 1991). Single seeds may fly over 200 m from the 
seed parent. However, only 10 "/u of the seeds may fly 
more tlian 50 m from the seed parent. Elnpty seeds are 
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lighter and are falling dawn more slowly than filled 
seeds and, thus, may bc blown away for a larger dis- 
tance than filled seeds. Thus, when moving filrtlier 
from the seed stand, the number of empty and unde- 
veloped seeds is increasing (Wiersum,l984; MikSys, 
1999). Owing to falling tlown of i~ndevcloped concs, 
insufficient opening of cone scales and pest insect or 
fungal daniage, only 40 "/o of the lnature seeds are 
reaching the ground. Immature but sound seeds may 
also reach the ground. This affects germination capac- 
ity of  the sound seeds dispersed, which is, usually, 
reaching 50 O/o (Schmidt-Vogt, 1991). 

Material arld ~lletllocls 

Based on the data of the forest inventory, it was 
found tli:it during the last decade, the largest areas 
of self-regenerated Scots pine stands in the aban- 
doned agricultural lands had fornied five ycars ago. 
Therefore, the 5-year old Scots pine stands were stud- 
ied. 

IFor this study, 22 abandoned agricultural areas 
being under self-regeneration stagc and ncighbouring 
to the Scots pine stands were chosen in tlie forest 
enterprises of Jonava, Kazlq Riida and Veisiejai. Tlic 
study objects arc situated on the same kind of Pod- 
zolic sandy soils. Tlie 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 
tlie circle-shaped study blocks (experimental plots) of 
100 tn2 in size. The study blocks were situated in all 
directions perpendicularly to tlic edge of  seed origin. 
Close to these stands, tlie stildy blocks were situated 
every 25 meters in the perpendicular direction from tlie 
edge of them. In perpendicular direction, 5 to 8 circle- 
sliapetl study blocks were established, tlcpending 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 tlie forest edge. In each :~banduned area, depend- 
ing on size, 25 to 40 stitdy blocks werc established. 
Tlie size of abandoncd areas varied from 2 to 3.5 ha. 
'I'lie total size of all study blocks (experimental plots) 
per abandoned area varied from 0.25 to 0.4 ha. 

Each tree was evaluated critirely in tlic study 
blocks. The taxation paramcters for trees were evalu- 
ated following the accepted metliods. Trec 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 a n d  discnssion 

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

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

Vnrintiort in density of nntrrrallj~ rcgerrerntirrg 
seedlings of Scots pirre ~r,lterr ~iro~~irrg frrrtlrer fro111 tire 
forest edge 

I n  spite of the fact that during tlie 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 5 to 
15 m from the forest edge with the density of 5 to 9 
thousands of  seedlings per ha. Whet1 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 fro111 30 
to 60 m apart from the forest edgc, followed by a grad- 
ual decrease down to 4-5 thousands of seedlings per 
ha at the distance of 100 m from the forest edge. Nalne- 
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 tlie distance of 130 In from the forcst 
edge, the number of naturally regenerating pine secd- 
lings was somewliat larger than 1000 seedlings per ha. 
However, this number is insufficient to fort11 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 frorn the forest edgc. 

The dependence of the number of naturally regen- 
erating pine seedlings on the distance fro111 the forest 
edge by fitting a fourth order polynolnial tnodcl is 
shown in Figure 1 (R2 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 sccdlings. At 

Distance from the forest edge, m 

Figure 1 .  Dcpclltlcncc of number of naturally rcgcncrating 
5-ycnrs-old scctlliligs of pinc 011 tlic distancc from tllc for- 
cst ctlgc. 

the forest edge, crowns of 5-year-old naturally rcgen- 
crating pine seedlings covered about 50 % of the area. 
When moving further 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 frorn the forest edge (crown cover was 
greater than 80 %). At the distancc of  100 1x1 from the 
forest edge, crown cover still cxceeded 50 %. Aftcr- 
wards, crown cover was steadily decreased to 10 D/o 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. 

Distance from the forest edge, m 

Figure 2. Dcpcndcnce of thc crown cover pcrccritage of 5 -  
year-old pinc sccdlirigs on thc distancc from thc forcst cdgc. 

The height of  naturally regenerating seedlings 
partially depends on the spacing between the seed- 
lings. At the forest edge, crowns of  naturally regen- 
erating pine seedlings were not closed and the seed- 
lings were 15 cni shorter than the seedlitlgs grown 
f i~r ther  fro111 the forest edge. Tliis may result from 
shading by the trees at the forest edge. When mov- 
ing further from the forest edge (40 to 70 111 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 fro111 the for.est 
edge by fitting a fourth order polyno~nial  model is 
shown in Figure 3 (note, R2 was 0.44 only). 

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 degree. 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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