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ABSTRACT

Lihde, Erkkiand Tuohisaari, Olavi. An ecological study
on effects of sowing spot shelters on germination and germling devel-
opment of Scots pine, Norway spruce and Siberian larch. Selostus:
Ekologinen tutkimus kylvosuojan vaikutuksesta minnyn, kuusen ja
lehtikuusen itimiseen ja sitkkataimien kehitykseen. (For. Res. Inst.,
Rovaniemi, Finland). Comm. Inst. For. Fenn. 88.1. 1975.

The objective of the study was to investigate the effect of the sowing
spot shelter on the important temperature and humidity conditions.
Included were two types of shelters: one decomposable by solar radi-
ation and hand-made, the other decomposable by bacteria and factoty-
made. These were compared to ordinary band sowing in patches. Get-
mination and germling development of Scots pine, Norway spruce and
Siberian larch were also investigated.

Inside the shelters the air was 0.9°C warmer than outside. The shel-
ter also increased average soil temperature three centimeters below
the surface by 0.4°C. Both the relative and absolute ait humidity were
greater inside than outside the shelter. Germination was higher and
mote rapid inside the shelter; the germlings were higher and farther in
their development; and the number of damaged and dead germlings
was smaller than in the band sowing. Germination of pine and spruce
seed and development of their germlings were more promoted by the
shelter, compared to larch which was less affected.
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1. INTRODUCTION

Insufficient temperature and humidity are factors which commonly reduce seed
germination. The seed of pine (Pinus silvestris L.) and spruce (Picea abies (L.) Karst.)
germinate most rapidly in +20—25°C (M ork 1933, 1938, Aaltonen 1942).
Higher temperatures reduce germination, apparently due to lethal changes in the
proteins (Mork, 1933, Kamra and Simak, 1968). At low temperatures ger-
mination is slow. Mork (1933, 1938) and Aaltonen (1942) have reported
that pine seeds require 5—6°C and spruce seeds 7°C to germinate. According to
Lo ken (1959), pine and spruce seeds still germinate well in ++2—4°C. The time
required for germination under these conditions is seven months for pine and over
one year for spruce. Such long times probably mean that 5—6°C is not a sufficiently
high temperature for regeneration.

The water content of the substrate influences the amount of water and oxygen
available for the germinating seed. The germinating seed may be destroyed due to
lack of water (Y1i-Vakkuri1961 b). According to Vjaartaja (1954), spruce
and pine seeds which have absorbed moisture are not very sensitive to drought.
If, however, a 5—10 mm long radicle has developed from the seeds, they are not
very resistant to drought. Germination is slowed down if the water content of the
substrate is reduced. Optimum moisture of the substrate is probably 35—50 9%, by
volyme (M or k 1938). In Finnish conditions the water content of the substrate is
suitable early in the spring when there still is plenty of water in the soil after the
snow and ground frost have melted. Also, the water content is suitable in the fall.
In southern Finland dry periods are typical in the beginning of the summer, and
the soil dries rapidly (Y1i-Vakkuri1961 b, Kaunisto 1974). Consequently,
the moisture conditions are rapidly deteriorating when approaching the optimum
temperature conditions towards the summer.

Improvement of the moisture- and temperature conditions of the substrate have
been central problems in developing sowing methods. Soil preparation affects 7.a.
movement of water, soil temperature and gas exchange and reduces ground cover
competition. Loosening the soil may, however, cause such dessication of the topsoil
that the seed does not germinate (L e hto 1956). In the sowing patches the seed
germinates best close to the edge of the humus layer, a stone, stump or other pro-
tective object. This is due to the reduction in microclimatic temperature and mois-
ture extremes close to the protective object (Sirén 1952). Placing a small piece
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of wood on the south side of the sowing drill in a patch has had the same effect.
In addition, it has been found that the piece of wood has reduced damage caused
by frost heaving (Sir én 1952, Pohtila 1972).

Protection of the sowed seeds has been very effective in the sowing spot shelter
method (Lahde 1973, 1974). A plastic shelter, in the form of a truncated cone
(open at the top), is placed on the sowed seeds. The shelter has improved germination
of the seeds and development of the seedlings. This is due to the improved tem-
perature- and moisture conditions. The effect of the shelter is comparable to the
beneficial effects on the initial raising of germlings in a plastic greenhouse. The shelter
reduces damage to the germlings and frost heaving. In addition, germlings grown
in to shelter are, due to their large size, better prepared for the winter. Using the
sowing spot shelters, reforestation is secured by smaller seed consumption compared
to normal sowing methods (Lihde and Pé6yhtdri 1972, Lihde 1973, 1974,
Hagnerand Wendt 1973, Hagner et al 1974, 1975, Lihdeand Mutka
1974).

The objective of this study was to investigate the effect of the sowing spot shelter
on temperature and humidity. Shelters which are decomposed by solar radiation
and bacterial activity were investigated. The effect of the shelters on germination
and germling development of Scots pine, Norway spruce and Siberian larch were
also investigated.



2. MATERIALS AND METHODS

21. Experimental area and design

The experiment was established in the immediate vicinity of the Rovaniemi
Research Station (N 66° 30’, E 25° 40, elev. 94 m) of the Finnish Forest Research
Institute. When the station was built, soil had been moved to the area and then
levelled out.

Particle size distribution of the 10 top cm of the soil on the area was determined.
The results are presented as averages of six measurements.

Particle size, mm
>2.0 2.0—0.6 0.6—0.2 0.2—0.06 0.06—0.02  0.02—0.006 0.006—0.002  <0.002

7.3 32.6 23.8 26.3 4.5 2.6 1.7 1.2

The soil contained 5.2 %, humus, density was 1.59 g/cm?, pore volume was 40.0 %,
and air volume was 11.0 9%, in the 0—10 cm layer according to measurements made
on August 15, 1974.

The following variables were investigated: sowing method, tree species, quality
of shelter. The shelters were hand-made of plastic decomposable by solar radiation
and factory-made of plastic decomposable by bacteria. Both shelters were in the
shape of truncated cones. The inside height of the factory-made shelters was 7.8 cm;
bottom diameter was 5.8 cm; the basal area 26.4 cm?; and the inclination of the wall
was 77°. Measurements of the hand-made shelters were: height 10 cm, bottom dia-
meter 9 cm, the basal area 63.6 cm? and inclination of the wall was 60°. These were
compared to hand sowing. Size of the patch was 15x20 cm. Pine, spruce and larch
were included.

Germination and class of seed were as follows:

Pine ... 90 9% B3
SPIUCE .ttt e 84 9%, B3
Larch ... 539, B3

At least eight germinating seeds were sown on each spot. The same number of
seeds were used both for the shelters and the patches. Accordingly, 9, 10 and 16
seeds were used in each spot for the species pine, spruce and larch, repectively.

Each square plot contained nine sowing spots. The plot was 1X1 m, and the
distance between spots was 0.5 m. There were nine combinations; three species X
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three sowing methods. These were replicated six times. Consequently, there were
54 plots and 486 sowing spots.

The sowing was done on June 6—7, 1974. The spot for the shelter was levelled
with a piece of metal made for the purpose. The seeds were pressed lightly into
the substrate and then covered with the shelter. For the band sowing, the patch was
made with a hoe and the drill with a punch. The seeds were spread into the drill
and thinly covered with mineral soil.

22. Ecological measurements

221. Temperature

On June 13 a thermograph was placed into a weather shelter on the ground. The
thermograph was compared to a precision thermometer.

The temperatures were measured with thermocouples of copper and constantan.
The readings were taken automatically at 2-hour intervals by means of a Honeywell
Data Logger and a Newport Laboratories Inc. digital voltmeter. A Facit 4070
punched the data on a paper tape. According to the manufacturer, the accuracy of
the temperature readings was 4-0.6°C. There were some disturbances in functioning
of the equipment. The measurements did not begin until June 18; and during July
22—31 no measurements were made, due to damage caused by lighting. Control
measurements indicated that the readings obtained with the described equipment
were correct. The measurements were discontinued on August 29, 1974.

In each replication one shelter of each kind and one patch was randomly selected
for air temperature measurements. Similarly, points were selected for measurements
of soil temperature at a depth of three cm. Consequently, there were six measuring
points in each replication and a total of 36 points in the experiment.

222. Humidity

From each replication two of each type of shelter, i.e. a total of 24, were selected
for measurement of inside humidity. Measurements were also similarly made from
the control patches (outside the shelter). The measurements were made each week
during two consecutive days between 06:00 and 24:00 four times a day. The mea-
surements were made at different times of the day in order to investigate diurnal
variation of the humidity. Between June 12 and August 21 humidity was measured
a total of 83 times.

Humidity was measured with a thermohygrometer EP-400 made by Wallac Ltd.
The principle is based on measurement of the dewpoint or crystallization temperatur
of lithium chloride. The temperature of the lithium chloride device stays automati-
cally at the dewpoint of lithium chloride, which is directly proportional to the par-
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tial pressure of water vapor, i.e. the absolute humidity. The accuracy of the device
is 1.5 —£3 9, at +20°C in the range 15—90 9, relative humidity.

Data on precipitation were obtained from the soiltreatment experimental fields
at Petdjiskoski about 20 km to the southeast of the station.

23. Measurements on the germlings

Germination was followed by consecutive inventories. The first inventories were
made 10, 14, 18 and 21 days after sowing. After this, the inventories were made each
week until August 2. The germination percentage was calculated on the basis of num-
ber of sowed seeds and number of living seeds, i.e. field germination. Eight germina-
ting seeds of each tree species were sown. By this method more true comparisons
were made between seeds of different germinations. The last inventories were made
on August 27—28, 1974. In each patch and under each shelter the number of ger-
minated seeds was counted, and the height to the apex of the terminal bud of the
dominating germling was measured to the nearest mm. In addition, the development
and condition of the germlings were classified according to the scheme of Y1i-
Vakkuri (1961 a, b):

a. Normally developed germlings

aa. Germlings with radicale, hypocotyl, cotyledons and plumule or a plumule about
to open

ab. Germlings with a whorl of clearly developed primary needles in addition to the
cotyledons

ac. Germlings with a clearly discernable terminal leader with a few primary needles
developed from the plumule

b. Damaged and diseased germlings

ba. Mechanical damage or damage caused by insects

bb. Diseased due to other causes

c. Dead germlings.

For spruce the classification was the same except for class ac. To this class be-
longed germlings with a branched terminal leader above the cotyledons. All ger-
minated, but later on, dead germlings were classified as dead. The shelters were not
removed during the inventories.

24. Data processing

Differences between treatments were tested with t-test, two-way analysis of vari-
ance, correlation and regression analysis. In addition to analysis of variance, the

2 17935—75
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means were compared with Tukey’s t-test and the honestly significant difference
(HSD) at the 5 9, level.

Temperature differences during various times of the day and between different
weather periods for the various sowing methods were compared by t-test. Humidity
differences were also compared by t-test. Germination of seed, percentage of fail
sowing spots, and height of dominating seedlings were tested by analysis of variance.
The percentages of fail spots were transformed according to are. sin in order to get
a more normal distribution.

Analyses of variance and regression were used to examine the condition and
development classes of the germlings. Analysis of variance was applied to compare
the frequency of each class between treatments. The association of development
classes and temperature and humidity were studied by regression analysis. This was
regarded as acceptable since only one point of the distribution was studied. At the bor-
der between two development classes the distribution may be regarded as binomial.
The distribution approaches normality when the number of observations approaches
infinity. The binomial distribution may be considered neatly normal when the num-
ber of observations is over 25. Since the experimental design fulfilled the assump-
tions of parametric tests, such tests were used.

The differences between treatments were designated as follows:

o = difference suggestive (P <0.10)
* = difference nearly significant (P <0.05)

** — difference significant (P <0.01)

*** — difference very significant (P <0.901)



3. WEATHER CONDITIONS

Figure 1 shows the daily average temperatures at the experimental area and
daily precipitation at Petdjdskoski, 20 km to the southeast of the area.

The average temperature for June in the Rovaniemi area was higher than the
long time (1930—1960) period. In mid-June there was a hot period of about 10
days when the daily average temperature was 22—23°C. This period was also nearly
without precipitation. The total precipitation (69 mm) for June was, however, some-
what higher than normal, depending on the rains at the beginning and end of the
month. The average temperature for July was also somewhat higher than the aver-
age for the long period, but in August the temperature was normal. The whole
end of the summer was very rainy. From the beginning of July to mid-August

22+ 22
CH |mm
181 / 2 . —18
14+ : 14
10 I | —10
6 | 6
R | i
£ IR i
o TI =l g _l'f‘l
Vi VI I Vil
6 30 31

Figure 1. Mean daily air temperature 0.5 m above ground at the experimental atrea
and precipitation (mm) at the Petdjiskoski experimental area in 1974.
Kuva 1. Vuorokautinen ilman keskiidmpitila, 0.5 m:n korkeudella koealueella ja sadanta (mm)
Petijiskosken koekentilli kesilld 1974.



12 Erkki Lihde and Olavi Tuohisaari 88.1

there were only 7 rain-free days. The total precipitation for July was 99 mm and
exceeded the 1930—1960 average by 30 mm. There was only a little precipitation
in the end of August. The total precipitation for August was 83 mm, which ex-
ceeded the 1930—1960 average by 9 mm. Figure 1 shows that the daily average
temperatures for June dropped very markedly. In July and August the variation
was less than in June.

At the Imari climate station, located about 8 km from the research station and
at an elevation of 104 m, the number of degree days for 1974 was 1019.1 d.d. with
a threshold value of 5°C. In the Rovaniemi area at the same elevation the average
number of degree days in 1941—1970 was about 925 d.d. The number of degree
days was thus 100 d.d. higher than average. Therefore, the summer of 1974 was
warmer and rainier than average.



4. RESULTS

41. Air temperature inside and outside the shelter

411. Dinrnal comparison

The diurnal variation of temperatures inside and outside the shelters was exam-
ined by comparing means using the t-test (Table 1).

Inside both shelters the temperature was higher around the clock compared to
the outside temperature, with the exception that in the morning at 08:00 the tem-
perature under the hand-made shelter was the same as outside. At this time of the
day no statistically significant differences in temperature were found inside and out-
side the shelters. Toward noon, the differences increased. At the warmest time of the
day, 14:00, the differences wete statistically significant. During the whole afternoon,
evening and until midnight the temperature inside both types of shelters was higher
than outside. The difference was statistically very significant. Toward morning these
differences decreased but at 06:00 were still suggestive.

The difference between the two types of shelters was not statistically significant.
Judging by the means, the air was somewhat warmer between 08:00 and 11:00 in
the factory-made shelter compared to the hand-made shelter. At other times of the
day this was reversed.

Table 1. Diurnal vatriation of ait temperature inside and outside the shelters (n = 10).
Taulnkko 1. Ilman limpitila suojissa ja suojan ulkopuolella eri vuorokauden aikoina (n = 10).

Temperature — °C — Ldmpitila t-value — #-arvo

Hour of day| Factory-made Hand-made Outside Factory-made Hand-made Factory-made

Aika shelter shelter shelter vs. outside vs. outside vs. hand-made

klo Tebdasvalm. Kisintebty Suojan Tebdasvalm.| Kasintebty| Tebdasvalm.|

suoja suoja ulkopuolella Suojan ulkop. Suojan ulkop. Kasintebty

00 ...... 12.4 12.6 11.6 5.768k*x 5.811%%x —~0.888
02 ...... 11.7 12.0 11.0 4. 98 4%k 5.571*** —1.241
04 ...... 12.1 12.3 11.4 4.407%* 5.479%%* —1.375
06 ...... 13.6 13.6 13.1 1.849° 1.813° —0.159
08 ...... 18.0 17.2 17.2 1.359 —0.015 1.283
10 ...... 22.1 21.4 20.9 2.356% 0.673 1.177
12 ..., 23.7 23.5 22.3 5.067*%* 3.000% 0.495
14 ...... 23.7 23.8 22.4 3.957%* 4.241%% —0.112
16 ...... 21.7 21.7 20.3 4.79 6%** 5.268%%* —0.064
18 ...... 19.2 19.4 18.2 5.526%** 6.00 1% —1.148
20 ...... 15.9 16.1 15.1 5.526%%* 5.656%** —1.347
22 ... 13.7 13.7 12.9 6.09 5%*x 5.717%%% —0.528
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412. Weather period comparison

The temperature difference inside and outside the shelters during various types
of weather was investigated. For this purpose the weather at the time of measure-
ment was classified into three classes: sunny, cloudy, and rainy. During the sunny
days, there were hardly any clouds. During cloudy days, the cloud cover was con-
tinuous; but no rain occurred. During rainy days, the rain was continuous and lasted
the whole day. According to this classification, certain days were compined into
periods, the daily average temperatures of which were compared for different treat-
ments by t-test (Table 2).

Table 2. Comparison by t-test of air temperature inside and outside the shelters during
different weather periods (n = 10).

Taulukko 2. Ilman limpitilan vertailu t-testilli suojissa ja suojan ulkopuolella erilaisten sidjak-
sojen mukaan rybmiteltyni (n = 10).

Temperature — °C — Lémpitila t-value — #-value
Weather period
and date of Factory- Hand-made Outside Factory-made Hand-made Factory-made
measurements made shelter shelter vs. outside vs. outside vs. hand-made
S"_m/“k”“_/“_ shelter Kdsintehty Suojan Tehdasvalm.| Kisintehty| Tehdasvalm.|
mittauspdivd Tehdasvalm. suoja ulkopuolella Suojan ulkop. Suojan ulkop. Kasintehty
suoja

Sunny weathet — Aurinkoinen

21.6. ....... 23.1 22.8 21.9 5.8 ¢%%* 2.01° 0.54
22.6. ....... 25.8 25.2 23.9 8. 44%%% 1.96° 1.04
6.7 ....... 19.2 18.7 18.3 2.63% 0.84 1.8¢6°
8.7 ....... 21.4 20.9 20.5 3.71%% 1.13 2.44%
9.7 ...t 22.7 22.5 21.1 3.43%% 2.84% 0.45
19.7. ....... 20.5 20.4 19.2 4,39%% 4, 44%% 0.40
20.8. ....... 13.9 14.0 12.7 3.81%* 3.50%* —0.05
Mean —
Keskim. ... .. 20.9 20.6 19.7
Cloudy weather — Pilvinen
1.7 ....... 15.9 16.2 15.4 2.19° 2.79% —0.94
2.7 ool 18.0 17.9 17.1 3.69%* 2.37% 0.37
20.7. ..., 17.3 17.3 16.4 3.99%% 3.28%% —0.24
7.8. ....... 12.0 12.2 11.4 3.38%% 8. 11%k%% —1.50
8.8 ....... 14.0 14.2 13.3 3.59%% 7.5 4%%% —0.95
19.8. ....... 14.0 14.3 12.8 4,55%% 4, 69%** —0.98
26.8. ....... 14.3 14.4 14.0 1.20 1.78 —0.66
Mean —
Keskim. ... .. 15.1 15.2 14.3
Rainy weather — Sateinen
30.6. ....... 14.4 14.3 13.8 2.56% 3.45%% 0.31
3.7 ... 15.5 15.4 14.5 2.26% 6.43%%* 0.34
4.7 ... .... 12.1 12.5 11.2 3.10% 3.78%% —1.39
15.7. ....... 14.9 15.2 14.1 4, 60%** 6. 68%** —1.38
G 17.1 17.3 16.5 3.09% 5.17%%% —0.83
5.8 ....... 15.7 15.8 15.4 0.59 0.75 —0.34
15.8. ....... 15.0 15.1 14.6 2.47% 3,93%* —0.39
Mean —

Keskim. ... .. 15.0 15.1 14.3
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Figure 2. The regression of temperature in the factory-
made (y;) and hand-made (y,) shelters on the outside
temperature.

Kuva 2. Tebdasvalmisteisen (y,) ja kdsintehdyn (yy) suojan
ja niiden ulkopuolisen ilman limpitilan vilinen riippuvuus.

During sunny periods, the temperature was highest in the factory-made shelter.
Compared to the outside temperature, the difference was very significant for two
days and significant for four days out of seven. The difference inside the hand-made
shelter compared to outside was significant twice. The difference between the shel-
ters was not statistically significant, but the mean was 0.3°C higher in the factory-
made compared to the hand-made shelter.

During cloudy periods, the temperature difference inside and outside the shel-
ters remained nearly the same. It should be noted, however, that the temperature
clearly decreased inside the factory-made shelter more than in the hand-made shelter.
Thus, it was warmer in the hand-made shelter. The temperature difference between
the shelters was 0.1°C. The differences in night temperature between inside and out-
side the hand-made shelters were statistically very significant for three days out of
seven, and for six days at least nearly significant. The temperature differences inside
and outside the factory-made shelter were statistically significant for five out of
seven days.

During rainy periods, the temperature conditions corresponded closely to the
conditions of the cloudy period. Even then it was warmer inside the hand-made
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Table 3. Average air temperature (°C) and number of degree days (d.d.) inside and
outside the shelters during the observational period.

Tanlukko 3. Ilman limpitila (°C) keskimdéirin ja limpisumma (d.d.) mittausjakson aikana

sugjissa ja suojan ulkopuolella.

t-value (n = 10) — f-arvo (n = 10)
Factory-made Hand-made )
shelter shelter Outside shelter Factory-made Hand-made Factory-made
Tehdasvalm. Kasintehty Suojan vs. outside vs. outside vs. hand-made
suoja suoja ulkopuolella Tehdasv. suojal Kasintehty suoja| Tehdasvalm.|
Suojan ulkop. Suojan ulkop. Kdsintebty suoja
17.3°C 17.3°C 16.4°C t = 5.56%*%* t = 3.74%* t=0.15
752.6 d.d. 750.5 d.d. 693.8 d.d.

shelter. Except for one day, the differences between temperatures inside the hand-
made shelter and outside it were at least significant. Inside the factory-made shelter
the temperatures were once statistically very significant and five times nearly signif-
icantly higher than outside.

Figure 2 shows the regression between inside and outside temperatures. The
curves indicate the same phenomenon as observed when comparing the conditions
during the weather periods. Inside the shelters it was always warmer than outside.
During periods of lower temperature, the temperatures inside the hand-made shel-
ters were higher compared to the factory-made shelters. When the temperature out-
side the shelter exceeded about 17°C, then the temperature inside the shelter was the
'same. At higher temperatures it was warmer in the factory-made shelters.

Table 3 shows the average temperatures for the whole observational period. The
temperature inside the shelters was statistically higher compared to the outside tem-
perature. There were no differences between the two types of shelters.

A\
L0 " T
[ .
30 4
!N Max
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20 4
%
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Figure 3. Daily mean, maximum and minimum air temperature (A) in the factory-made
shelter (----) and (B) in the hand-made shelter (----) and outside these ( ) during
the observational period.

Kuva 3. Ilman vuorokauntinen keskilimpitila sekd vuorokautiset maksimi- ja minimiarvot (A) tehdas-

valmisteisessa suojassa (----) ja (B) kdsintehdyssi suojassa (----) sekd suojan ulkopuolella ( )
mittausjakson aikana.
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The number of degree days inside the two types of shelters was the same. Inside
the shelter the number of degree days during the observational period was 60 d.d.
higher than outside. The difference was statistically significant.

Figure 3 shows the daily average temperatures and minimum and maximum
temperatures. The daily average temperature was, without exception, higher inside
the shelters compared to outside. Also, the minimum temperature was higher inside
the shelter than outside. Only once was a temperature inside the shelter found to
be as low as outside. The daily maximum temperature was usually also higher inside
the shelter. During the hot period in early June, the temperature was several degrees
higher inside than outside the shelter. The maximum temperature inside the shelter
was often somewhat lower than outside.

42. Air humidity inside and outside the shelter

421. Dinrnal comparisons

The relative humidity was higher inside than outside the shelters during all times
of the day. Between 12:00 and 18:00, i.e. when the humidity of the air is lowest,
the humidity inside the shelters was statistically very significantly higher than out-
side (Table 4).

Late in the evening, during the night and early in the morning the differences
between the humidities inside and outside the shelters were reduced but remained
statistically significant or nearly significant. Between 06:00 and 18:00 it was more
humid inside the factory-made shelter compared to the hand-made one. During
other hours, this was reversed. At 08:00 the difference was statistically significant.

Table 4. Diurnal variation of relative air humidity inside and outside the shelters (n = 10).
Taulukko 4. Ilman subteellinen kosteus suojissa ja sugjan ulkopuolella eri vuorokauden aikoina (n = 10).

Relative humidity — 9, — Subt. kostens t-value — #-arvo
Hour of day| pactory-made Hand-made Outside Factory-made Hand-made Factory-made
Aika shelter shelter shelter vs. outside vs. outside vs. hand-made
klo Tebdasvalm. Kasintehty Suojan Tehdasvalm.| Kasintehty| Tehdasvalm. |
suoja suoja ulkopuolella Suojan ulkop. Suofan ulkop. Kasintehty
00 ...... 95.6 97.2 88.9 3.96%* 6. 14%%% —0.91
06 ...... 93.3 92.0 87.7 4.16%* 4.01%* 0.84
08 ...... 86.0 80.5 74.8 12.3g%%% 4. 18%% 3.73%%
12 ...... 83.5 80.5 66.0 14.06%** 11.70%%% 2.33%
14 ...... 73.5 72.6 55.7 11, 93%%* 12,1 1%k% 0.55
16 ...... 77.8 75.1 68.1 6.3 6*** 5.3 9%** 2.29%
18 ...... 84.7 86.3 67.0 7. 23%%* 13,0 1%%* —0.94
20 ...... 92.0 92.8 84.7 2.78% 3.55%% —0.33
Mean —
Keskim 85.8 84.6 74.1 13.57%%* 16. 40%%* 1.18

3 17935—75
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422. Weather period comparison

During sunny periods, the relative humidity was highest in the factory-made
shelters. The difference between the two types of shelters was significant one day
out of four. The humidity was always higher inside than outside the shelters (Table
5).

Similarly, during cloudy periods, the humidity was highest in the factory-made
shelters. The humidity was always higher inside than outside the shelters. The differ-
ence was similar to that during sunny days.

During rainy periods, the humidity was, in contrast, highest in the hand-made
shelters. The difference between the two types of shelters was not statistically sig-
nificant. Outside the humidity was again lower than inside the shelter. For three
out of five days the difference in humidity outside and inside the hand-made shelters
was very significant.

Table 5. Comparison by t-test of relative air humidity inside and outside the shelters
during different weather periods (n = 10).

Taulukko 5. Ilman subteellisen kosteuden vertailu t-testilli suojissa ja suojan wulkopuolella erilaisten
sddjaksojen mukaan rybmiteltynd (n = 10).

Relative humidity — 9, — Subt. kosteus t-value — #-arvo
Weather period
and date of Factory- Hand-made Outside Factory-made Hand-made Factory-made
measurements made shelter shelter vs. outside vs. outside vs. hand-made
Sadjakso ja shelter Kasintebty Suojan Tehdasvalm.| Kasintehty| Tebdasvalm. |
mittauspdivd T "’f:;/f;”[’”' suoja ulkopuolella Suojan ulkop. Suojan ulkop. Kasintebty

Sunny weather — Aurinkoinen

10.7. ....... 81.0 80.0 75.6 2.48% | 1.16 1.30
11.7. ....... 85.5 83.5 81.6 1.79 0.95 0.93
20.8. ....... 91.3 88.1 74.4 9.25%%% 7.92%%x 2.01°
21.8. ....... 73.4 67.7 61.8 9.38%%* 4.03%% 3.42%%
Mean —

Keskim. . .... 82.8 79.3 73.4

Cloudy weather — Pilvinen

26.6. ....... [ 81.1 81.9 72.2 4,29%* 4,8 4%%x —0.46
2.7 ... 92.1 86.5 83.5 3.76%* 1.29 2.98%
7.8, ... 94.0 96.9 85.2 4.32%% 7.0 4%%% —2.09°

14.8. ....... 86.8 82.4 79.9 7.15%%x 3.16% 5.39%%%

Mean —

Keskim. . .... 88.5 86.9 80.2

Rainy weather — Sateinen

25.6. ....... 85.9 89.6 74.9 2.11° 8.89%¥* —0.74
3.7 el 98.6 96.9 97.2 0.58 —0.11 0.68

16.7. ....... 92.4 91.3 87.2 1.45 1.14 0.31
6.8. ....... 97.6 98.8 92.5 4.03%* 7.43%%% —0.97

13.8. ....... 98.3 99.0 93.0 10. 6 2%** 13, 15%%% —1.12

Mean —

Keskim. . .... 94.6 95.1 89.0
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During the whole observational period, the average relative humidity was as
follows: inside the factory-made shelter 85.8 9, inside the hand-made shelter 84.6 9,
and outside the shelters 74.1 9. The difference between the shelters was thus about
one percent unit and the difference between inside and outside the shelters, about
10 percent units.

423. Absolute humidity inside and outside the shelter

In order to investigate the absolute humidity, the amount of water per unit vol-
ume of air (g/m?®) was measured. Based on these measurements, the regression of
amount of water inside the shelter on that outside was calculated (Figure 4). Accord-
ing to this, the absolute humidity was about 2.5 g/m3 higher inside than outside
the shelters. Inside the hand-made shelter it was more humid than outside when
the outside humidity was below 21.8 g/m3. The following table indicates the abso-
lute air humidity at different temperatures at the beginning of a rain.

In shelter — suojassa

Air temperature, °C Absolute air humidity, g/m?

+ 5 7.0

+10 9.5

+15 13.5

+20 18.0

+25 24.0

+30 30.0
20 T 8 720

7
g/m3 %
L
7
15 T ® g 115
o ;
*.6.'1' 7 ’
N> 24
&
10 + -/ 410
Ve
/
///
5 4 . 1s
//
//
] . 1 1 -
5 10 15 9/cm?20 5 10 15 9£m20

Outside — ulkopuolella

Figure 4. The regression of the absolute air humidity inside the factory-made (A)
and hand-made (B) shelters on the outside temperature.

Kuva 4. Tebdasvalmisteisen (A) ja kisintehdyn (B) .ruajan ja niiden ulkopuolisen ilman
absoluuttisen kostenden vilinen riip 8
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On the basis of these values and the regression it may be concluded that it was more
humid inside the shelter than outside until the beginnig of a rain. When the rain
began, it was drier inside the shelter since raindrops could not get inside the shelter
easily. During the rain, the differences were reduced.

43. Soil temperature

Table 6 presents the soil temperature at different times of the day. With one
exception, the temperature in the soil was higher under the shelter than in the soil
outside the shelter. The difference was least during the warmest part of the day.
It is clear that in the evening the soil cooled off more slowly inside than outside
the shelter. This difference remained during the whole night. The average, minimum
and maximum soil temperatures for different methods of sowing are presented in
Tables 6 and 7.

Table 6. Diurnal variation of soil temperature inside and outside shelters.
Tanlukko 6. Maan limpitilan vuorokautinen vaibtelu suojan alla ja ulkopuolella.

Soil temperature —°C — Maan limpitila t-value — #-arvo
Hour ‘Of day Factory-made Hand-made Outside Factory-made Hand-made Factory-made
Aika shelter shelter shelter vs. outside vs. outside vs. hand-made
ko Tehdasvalm. Kisintehty Suojan Tehdasvalm.| Kisintebty| Tehdasvalm.|
suoja suoja ulkopuolella Suojan ulkop. Suojan ulkop. Kasintehty
00 ...... 16.2 16.0 15.7 1.266 0.822 0.834
02 ...... 15.4 15.2 14.8 1.368 0.815 1.059
04 ...... 15.0 14.7 14.4 1.538 0.875 1.208
06 ...... 15.0 14.7 14.5 1.613 0.842 1.253
08 ...... 16.1 15.7 15.4 1.852° 0.913 1.162
10 ...... 18.2 17.9 17.4 1.552 1.114 0.612
12 ..., 20.0 20.0 19.9 0.256 0.330 —0.037
14 ...... 20.9 21.2 21.0 —0.206 0.445 —0.584
16 ...... 20.6 20.8 20.6 0.193 0.709 —~0.525
18 ...... 20.0 20.1 19.8 0.525 1.034 —0.515
20 ..., 18.8 18.9 18.5 0.929 1.236 —0.350
22 ... 17.3 17.3 16.9 1.142 0.935 0.392

Table 7. Average soil temperature (°C) and number of degree days (d.d.) inside and
outside the shelters during the obsetrvational period.
Tanlukko 7. Maan limpitila (°C) keskimdirin ja limpisumma (d.d.) mittausjakson ail @1a
sugjan alla ja ulkopuolella.

t-value (n = 10) — #-arvo (n = 10)
Factory-made Hand-made .
shelter shelter Outside shelter Factory-made Hand-made Factory-made
Tebdasvalm. Kasintebty Suojan vs. outside vs. outside vs. hand-made
suoja suoja ulkopuolella Tebdasv. suoja| Kdsintebty suoja| Tehdasvalm.|
Suojan ulkop. Suojan ulkop. Kisintebty suoja
17.8°C 17.8°C 17.4°C t=1.28 = 1.47 t =0.07
781.5 d.d. 780.4 d.d. 755.1 d.d.
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Figure 5. Daily mean, maximum and minimum soil temperatures (A) in the factory-made
(----) and (B) the hand-made (----) shelters and outside these ( ) during the obser-
vational period.

Kuva 5. Maan vuorokautinen keskilimpitila seki vuorokautiset maksimi- ja minimiarvot (A) tehdas-
valmisteisen suojan alla (----) ja (B) kdsintehdyn sugjan alla (----) sekd suojan ulkopuolella
(——) mittausjakson aikana.

The daily average temperature in the soil under the shelter was usually higher
than in the soil outside (Figure 5). With the exception of one observation, the same
was true for the minimum soil temperature. The daily maximum temperature usually
remained lower inside than outside the shelter.

The average soil temperature inside the shelters was about 0.4°C higher than
outside, and the number of degree days during the observational period was about
25 d.d. higher under than outside the shelters (Table 7).

44. Seed germination

Percentages of germination are presented in Table 8 and in Figure 6. The seed
germinated most rapidly inside the hand-made shelter. In the band sowing treat-
ment germination was slowest, and the germination percentage remained smaller
compared to that inside the shelter. In no treatment was it especially high, but the
effect of the shelter was large. Inside the different shelters the germination varied
between 35—45 9, compared to band sowing where it was 16 9,. According to
analysis of variance, the germination was statistically very significantly higher under
the shelters compared to band sowing. The average germination percentages were
40 9, for pine, 31 9, for spruce and 25 9, for larch. Pine and spruce germinated
better under the hand-made than under the factory-made shelter. The difference
between the two types of shelters was about 12—13 percent units. No differences
between shelters were observed for the germination of larch seed (Table 8).

The average number of fail spots was 14.6 9,. According to analysis of variance,
the differences between methods of sowing were statistically significant. The smallest
number of fail spots occurred for the hand-made shelter, average 4.9 9%,. For spruce
it was only about 2 9 (Table 9). For band sowing the figure was 24.1 9, or about
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Table 8. Percentage of germination (%) for the various species with different methods

Taulukko 8.

Siementen itavyys (%) eri punlajien erilaisissa kylviksissa.

of sowing.

Mean

Tree species Factory-made Hand-made shelter Band sowing
Punlaji shelter Kasintebty suoja Vakorustukylvi Keskim.
Tebdasvalm. suoja
Pine — Manty ......... 43.8 4 8.0 57.0 + 9.4 14.8 + 2.4 38.5 - 5.8
Spruce — Kuusi ....... 33.5 4 6.2 45.5 L+ 7.6 14.3 + 2.0 31.1 + 4.4
Larch — Lebtikuusi .. .. 28.0 4 3.4 28.4 - 5.9 18.0 + 2.0 24.8 + 2.5
Mean — Keskim. ...... 35.1 4+ 3.7 43.6 + 5.1 15.7 4+ 1.2 31.5 4 2.6
Analysis of vatiance — Varianssianalyysi
Source of variance Variance Degree of freedom F-value HSD, 5
Vaibtelun lihde Varianssi Vapausasteet F-arvo %
Method of sowing —

Kylvitapa . .......... 3698.792 2/49 16.7604%%* 11.5
Ttree species — Punlaji . 854.670 2/49 3.8729% 11.5
Interaction — Yhdysvai-

Rutus ... 401.386 4/45 1.9616
Within plots — Ruutujen

Sisdinen . ........ .. .. 204.624 45

‘Table 9. Petcentage of fail spots for the vatious species with different methods of sowing
(Petcentages transformed to arc. sin values for the analysis of variance).

Taunlukko 9. Tyhjilaikkuproseniti eri puulajien erilaisissa kylviksissi (Prosenttiluvut varianssi-
analyysissé muunnettu arc. sin luvuiksi).

Tree species F"C:‘l’)’gl't'e':"de Hand-made shelter Band sowing Mean
Punlaji Tebdasralm, suoja Kasintebty suoja Vakoruutukylvs Keskim.
Pine — Manty ......... 14.8 + 6.8 7.4 + 7.4 29.6 4 6.8 17.3 4+ 4.4
Spruce — Kuusi . ...... 18.5 4 6.2 1.9 4+ 1.9 29.6 + 7.4 16,7 4 4.1
Larch — Lebtikuusi . . .. 11.1 + 7.6 5.6 4+ 3.8 13.0 +- 7.3 9.8 + 3.6
Mean — Keskim. ...... 14.8 4 3.8 4.9 + 2.7 24.1 4+ 4.3 14.6 - 2.3
Analysis of variance — Varianssianalyysi
Source of variance Variance Degree of freedom F-value HSD,,;
Vaibtelun libde Varianssi Vapausastect F-arvo o
Method  of sowing —

Kylvitapa . .......... 1765.833 2/49 7.9144%% 12.1
Tree species — Punlaji . 335.464 2/49 1.5035 12.1
Interaction — Yhdysvai-

RUIUS vt 213.193 4/45 0.9517
Within plots — Ruutujen

SISGINeN ... .. ........ 224.004 45
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one quarter of the patches failed. There were no statistically significant differences
between species in number of fail spots. The most uniform germination occurred
for larch, with 9.8 9, fail spots. No difference occurred between pine and spruce;
both had about 17 9 fail spots. The number of fail spots was clearly smallest under
the hand-made shelters.

45. Germling development

451. Height of germling

The dominating germling in each cluster was highest under the hand-made
shelter (Table 10). The corresponding germling was second highest under the fac-
tory-made shelter. The germlings were smallest in the patches. The differences in
height were statistically very significant. The average height of germlings in the
patches was only two-third of that under the shelters.

The pine germlings grew best, reaching an average height of 26.2 mm. The
larch germlings grew about equally well. In contrast, the spruce germlings clearly
were smallest. This was partly due to the fact that in all methods the spruce seed
germinated more slowly compared to the other species.

Statistically, the differences between the species were very significant, indicating
the slow development of the spruce compared to the others. In practice there were
no differences between pine and larch. For larch the difference in height between

Table 10. Height (mm) of dominant germling of different tree species with different
methods of sowing.

Tanlukko 10. Valtataimen pituns (mm) eri punlajien erilaisissa kylviksissa.

Tree species Factory-made Hand-made shelter Band sowing Mean

i shelter i . " T
tebt; Vakoruutukyl: kim.
Puulaji Tebdasvalm. suoja Kisintebty suoja akoruutukylvi Keskim

Pine — Manty ......... 30.7 4 4.6 31.4 + 3.6 16.5 4 1.6 26.2 + 2.5
Spruce — Kuusi . ...... 18.3 4+ 1.8 21.3 1.5 12.0 4+ 1.1 17.2 4+ 1.2
Larch — Lebtikuusi . . .. 25.8 + 2.6 30.2 - 3.1 20.4 + 2.2 25.5 +- 1.7
Mean — Keskim. ...... | 250421 | 276419 | 163412 | 230412

Analysis of variance — Varianssianalyysi

Source of variance Variance Degree of freedom F-value HSD,,;
Vaibtelun libde Varianssi Vapausasteet F-arvo %

Method of sowing —

Kylvitapa . .......... 630.602 2/49 14.885 1%%% 5.3
Tree species — Punlaji . 450.602 2/49 10.6363%** 5.3
Interaction — Yhdysvai-

RUIUS oo ovvveiiin 36.876 4/45 0.8605

Within plots — Runtujen
Sisdinen . ............ 42.852 45
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the dominant germling under the hand-made shelter and in the patch was smallest,
i.e. 30 9,. For spruce and pine the difference was nearly 50 9,. Consequently, the
shelter promoted the growth of pine and spruce more than that of larch.

452. Class of development

For all sowing treatments the proportion of the best-developed germlings, i.e.
those classified as ac, was largest (Figure 7). On an average this proportion was
68.3 9,. The germlings had developed most under the factory-made shelter where
78 9, of the germlings were classified as ac. Under the hand-made shelter 2/3 of
the germlings and in the patches about 1/2 of all germlings were classified as ac.
Consequently the shelter promoted the development of the germlings. The differ-
ences in development between the shelters and the band sowing was significant at
the 0.1 9 level. The average proportion of germlings classified as aa was 8.2 9.
Such germlings occurred mostly in the patches. The difference in proportion of
this class between shelters and patches was significant at the 5 9 level.

Twelve and a half to 21.3 9, of the germlings were classified as ab and occurred
mostly in the patches. Statistically, the difference was at the 1 9, level. Under the
shelters there were only 2 9, damaged germlings; in the patches there were 8.5 9.
Under the shelters there were 3—4.5 9, dead germlings. In the patches there were
6.6 9, dead germlings. The difference in proportion of dead germlings between shel-
ters and patches was not statistically significant. In the patches the damage and moz-
tality were due mainly to insect feeding. Most of this damage occurred in class aa.
There were also a large number of yellow germlings in the patches. No feeding
damage occurred under the shelters, but the damaged and dead germlings were
yellow.

The best-developed germlings were the larch, of which 79 9 were classified as ac.
Almost an equal proportion of pines were similarly classified. Only about half of
the spruce germlings had developed this far. This was due to the slow germination
of the spruce seed and to the large proportion of delayed germination. The large
proportion of spruce seedlings classified as aa and ab were due to the same reasons.
Twenty-one percent of the spruce germlings were classified as aa, compared to
about 3 9, for the other species. A third of the spruce germlings were classified
as ab, compared to 13.5 9, for pine and 7.5 9%, for larch.

The difference in proportions of germlings classified as aa, ab, and ac between
spruce and the other species was significant at the 0.1 9, level. Of the spruce germ-
lings, the smallest proportion, 2 9,, were damaged or dead. For pine and larch the
corresponding proportions were 7.3 9, and 11 9, respectively. Thirteen and one-
tenth percent of the pine germlings died in the patches. This was a considerable
amount compared to the shelters.

4 17935—75
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Figure 7. Distribution of germlings into development
classes in different methods of sowing.
Legend: 1 = factory-made shelter
2 = hand-made shelter
3 = band-sowing
4 = all three methods grouped together
aa-c are development classes cf. p. 9.

Kuva 7. Sirkkataimien jakaantuminen kehityslnokkiin eri-
laisissa kylviksissi.
Selitys: 1 = tebdasvalmisteinen sugja
2 = kdsintehty sugja
= kylvi ilman sugjaa vakoruutukylvi
4 = edelliset yhteensi
aa-c ovat kebityslnokkia ks. s. 9.
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Table 11. Cotrelation coefficients and their statistical significance and R? for the germling
characteristics and air temperature (°C) and relative humidity (%) inside and outside
the shelters.

Taulukko 11. Taimitunnusten ja suojan sekd sen ulkopuolella olevan ilman limpétilan (°C) ja
subteellisen kosteuden (%) viliset korrelaatiokertoimet ja niiden merkitsevyys sekd
regressioanalyysin mukainen selitysaste.

Germling characteristic Air temperature Relative humidity
Taimitunnus Ilman limpitila Subt. kosteus R?
Height of dominant germling — Valta-
faimen piluus, mMm.. ............... 0.356%* 0.538%%* 29.1
Class of development — Kehitysluokka aa 0.026 0.095 1.3
ab 0.059 0.155 3.0
ac 0.302% 0. 535k 30.2
ba —0.316% —0.187 10.4
bb —0.312% —0.171 10.3
c 0.101 —0.024 3.0
Germination — J#avyys, % ooovvenon.. 0.366%* 0. 60 1%%* 37.1
Fail spots — Tybjilaikku, % .......... —0.201 —0.370%* 14.6

In addition to analysis of variance, correlation analysis was made for the asso-
ciation between the germling classification and air temperature and humidity. Regres-
sion analysis was applied to the dependent variables germination, fail spot percent-
age, height of dominant germling and development class distribution. Independent
variables were temperature and relative air humidity inside and outside the shel-
ters.

According to the regression analysis, the dominant germling was taller with
higher air temperature and relative humidity (Table 11). The air temperature and
relative humidity explained 29.1 9, of the variation in growth of the germlings.
The variation in the proportion of germlings classified as aa and ab was not very
highly correlated with the independent variables. The warmer and more humid the
air was, the farther the germlings were in their development. Thirty and two-tenths
percent of the variation in the proportion of germlings classified as ac was explained
by the air temperature and relative humidity. The number of germlings with me-
chanical damage, insect feeding and damaged due to other causes increased with
lower temperature and drier air. Under these conditions the germlings developed
more slowly.

The model explained 10.4 and 10.3 9, of the variation in seedlings classified as ba
and bb, respectively. Apparently the protective effect of the shelters resulted in a
small amount of mechanical damage. The mortality was not very highly correlated
with the independent variables. Germination increased with higher temperature and
air humidity. Thirty-seven and one-tenths percent of the variation was explained by
the regression of these independent variables. The number of fail spots increased
with lower air temperature and humidity. Fourteen and six-tenths percent of the
number of fail spots was explained by air temperature and relative humidity. Ac-
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cording to the results, the warmer and more humid air in the shelter increased ger-
mination, speeded up the development and height growth of the germlings and
reduced the number of fail spots.

46. Observations on the shelters

The shelters remained in their places during the whole summer. The heavy
mineral soil, which was compressed by the rain, fixed the shelters very tightly to
the ground. Due to location of the experimental area, reindeer and other animals
did not remove the shelters.

The hand-made shelters were made of a plastic decomposable by solar radiation.
Due to the exceptionally cloudy and rainy summer, the shelters did not decompose.
The factory-made shelters were decomposable by bacteria. These shelters were dam-
aged in warm weather even from the slightest knock. About 3 9, of them were
destroyed due to mechanical damage during the summer.



5. DISCUSSION

One of the main effects of the shelters is to increase air humidity and the temper-
ature of both air and soil to levels more favorable to germination of the seeds and
development of the germlings (cf. Lihde 1973, Lihde and Mutka 1974).
Low temperature may, especially in northern Finland, reduce germination and devel-
opment of germlings (Sirén 1952, Y1i-Vakkuri1961a, b, Pohtila 1972).
On mineral soils, especially in southern Finland, drought is consired even more
dangerous for these processes. Especially during the summer, when the temperature
is near optimum, lack of moisture often hinders germination (Sirén 1952, Lehto
1956, Y1i-Vakkuri 1961 a, b, Pohtila 1972).

According to the data, the average temperature outside the shelters was 0.9°C
lower than inside. During different types of weather, there were somewhat different
temperatures inside the two types of shelters. Comparing diurnal variation in temper-
ature, it was found that the temperature-increasing effect of the shelter was statis-
tically significant from noon until early morning. In the morning the temperature
difference inside and outside the shelter was least.

According to Lihde and Mutka (1974), the temperature inside is higher
than outside the shelter located on a bog; but when the temperature is above +25°C,
it is cooler inside than outside the shelter. It must be noted that this result was ob-
tained on a treeless bog during a very sunny summer. The substrate is usually more
moist on an open bog than on mineral soil. Consequently, the evaporating and
condensing (on the inside of the shelter) water consumes heat. This fact probably,
at least partly, explains why on an open bog the temperature inside is higher than
outside the shelter at high temperatures.

The shelters used in the experiment increased the average soil temperature at a
depth of 3 cm during the whole observational period by 0.4°C, even if the shelters
were fairly small in size. The temperature-increasing effect of the shelter was highest
when the day’s temperatures were lowest. Consequently, the shelter reduced the
radiant heat emittance and cooling of the soil.

YIi-Vakkuri (1961 b) used a 0.25 m? piece of plastic on top of the sowing
patch. This cover increased the air temperature at 5 cm above the ground by a coup-
le of degrees centigrade. The highest increase caused by the cover occurred at noon.
The temperature of the humus was, at the same time, increased by 2.5°C. The effect
of the plastic cover was still noticeable at a depth of 17.5 cm. The small shelters
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used in the present study were not able to increase soil temperature very much,
and the effect did not reach very far down into the soil.

The average relative humidity inside the shelters was about 10 percent units
higher than outside the shelters. The differences were largest during the warmest
time of the day. These differences were reduced during the evening and night. The
absolute humidity inside the factory-made shelter increased as rapidly as that outside
the shelter. The process was slower inside the hand-made shelter. This explains
why the relative humidity during warm weather was higher in the factory-made
than in the hand-made shelter. During cold and rainy weather, this was reversed.

Correlation and regression analyses showed the effects of temperature and hu-
midity on germination and development of the germlings. There was a significant
correlation between temperature and seed germination and germling height. The
associations between relative air humidity and germling characteristics were even
stronger. According to L 4 h de (1973), the shelter improved the seed germination
on mineral soil in the summer of 1972, which was very warm. On an open bog the
shelter increased germination when the sowing was done in June and July, and the
difference in germination between sowing in July and ordinary band sowing was
209% (Lihdeand Mutka 1974).

The germination under the shelters was 20—30 percent units higher than in band
sowing. The seed germinated faster inside the hand-made shelters. Since this type
of shelter had more steeply inclined walls and the opening in the top was smaller,
moisture condensed on its walls and dripped or trickled back to the soil. The mois-
ture evaporated more out of the factory-made shelter, and drying of the substrate
slowed down germination more than inside the hand-made shelter. When the rains
started in July, the differences in germination between various methods of sowing
did not increase anymore. In contrast, the differences between the two types of
shelters were somewhat reduced both for pine and larch.

When the time of germination lengthens, a pottion of the seed is destroyed.
When soil moisture is high, the number of destroyed seeds increases (M o r k 1938).
The heavy and almost daily rains in July and August probably destroyed some
seed and reduced delayed germination. In nature seed pests may also cause great
damage (Y1i-Vakkuri 1961 a, b, Valtanen 1966, 1969, Lehtiniemi
1970, Heik kil 1972). Seed damage was not investigated, and the role of such
damage can therefore not be estimated. Seed-damaging insects and birds usually
do not get inside the shelters, but in the sowed patches they may have occurred.

The number of fail spots was smaller under the shelters compared to band sowing.
The number of fail spots could have been considerably reduced by using more
seeds in each sowing spot. In general, it is recommended that 25—30 living seeds
be used in each spot in ordinary patch and band sowing. In the sowing spot shelter
method only 8—10 living seeds are recommended (cf. Lihde 1973).

Usually germling mortality is high during the first winter (Y1i-Vakkuri
1961 b). This is important when one estimates the seed requirement for acceptable
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reforestation. Especially in northern Finland, delayed germination is important for
the reforestation result (Sir én 1952). Pine seed remains alive fairly well over the
winter; but on the other hand, heavy seed damage reduces the importance of delayed
germination. Spruce seed totally loses its viability during the first winter (Y11 -
Vakkuri 1961 b). Under favorable conditions at least four germlings in each
patch in the first fall ensures that seedlings will also remain in the patch later. Under
unfavorable conditions not even seven germlings are enough for this purpose (Y 11 -
Vakkuriand Risdnen 1971). Not even larger numbers of germlings in each
patch improved the eventual result.

In this experiment 4.7 germlings developed out of eight living seeds under the
hand-made shelter and 3.9 germlings under the factory-made shelter. Lih d e and
Mutka (1974) found that nine seeds probably ensure statisfactory reforestation on
peatland when good quality seed is used. Germlings developed under the shelter
are motre hardy during the winter since they have developed farther and are phys-
iologically in a better condition. In addition, the shelter reduces damage by frost
heaving and seed damage, which may increase delayed germination (cf. Lihde
1973, Lahde and Mutka 1974). Inside the shelter the germlings were more
developed compared to those in the band sowing. Thus, the shelter increased growth
and development of the germlings. During the dry and warm period succeeding
the sowing, germination continued inside the shelters while in the band sowing,
germination was considerably delayed due to the drought.

Examining the results by species indicates that germination of larch seed re-
mained the lowest; but on the other hand, its germination was most uniform. The
importance of the shelter was clearly smallest for germination and development of
Siberian larch compared to corresponding characteristics for Scots pine and Norway
spruce. Germination of spruce was, in all methods of sowing, slower; and the germ-
lings developed less than the other species.

In the band sowing some damage due to feeding was observed; inside the shel-
ters such damage was not found. Agents for the damage were not investigated.
Seeds and germlings are eaten by birds, small mammals and various invertebrates
(Lehto 1956, Y1i-Vakkuri 1961 a, b, Lehtiniemi 1970). In contrast,
both inside the shelters and in the band sowings yellow, damaged and dead germ-
lings were found. During the heavy rains of July and August, the air volume of
the soil may have been reduced to such an extent that the small germlings may have
died due to lack of oxygen.



6. SUMMARY

The objective of this study was to investigate the effect of the sowing spot shel-
ter on the important temperature and humidity conditions. Included were two types
of shelters: one decomposable by solar radiation and hand-made, the other decom-
posable by bacteria and factory-made. These were compared to ordinary band sowing
in patches. Germination and germling development of Scots pine, Norway spruce
and Siberian larch were also investigated.

The experiment was established in the immediate vicinity of the Rovaniemi
Rescarch Station. The seeds were sown on June 6—7, 1974. In each spot eight ger-
minating seeds were sown. Air temperature was measured inside the shelters and
in the band sowing patches during June 18—August 28, 1974 at two-hour intervals.
Soil temperature was similarly measured three centimeters below the sowing points.
Air humidity was measured inside and outside the shelters four times daily during
two consecutive days each week. Germination of the seed was examined weekly.
The final inventory was made during August 27—28, 1974. The number of germi-
nated seeds was counted; the heigh of the dominant germling was measured; and
all germlings were classified according to stage of development. The main results
of the experiment were:

1. Inside the shelters it was warmer than outside. The average difference was
0.9°C, and it was statistically significant. The average temperature inside the two
types of shelters was the same during the observational period.

2. The shelter increased air temperature, regardless of the weather. The effect
of the two types of shelters was, however, somewhat different depending on the
type of weather. The temperature-increasing effect of the shelter was largest in the
afternoon and continued beyond midnight.

3. The shelter increased average soil temperature three centimeters below the
surface by 0.4°C.

4. Both the relative and absolute air humidity were greater inside than outside
the shelter. The difference between the two types of shelters was not statistically
significant. The difference in relative humidity inside and outside the shelter was
greatest during the warmest part of the day.

5. Germination was higher and more rapid inside the shelter; the germlings were
higher and farther in their development; and the number of damaged and dead
germlings was smaller than in the band sowing.

6. Germination of pine and spruce seed and development of their germlings
were more promoted by the shelter, compared to larch which was less affected.

7. The shelters remained undamaged in their places.
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8. SELOSTUS

Johdanto

Itdmisalustan limpo6- ja kosteusolojen parantaminen on ollut keskeiselld sijalla kylvomenetelmii
kehitettiessi. Maanmuokkauksella voidaan vaikuttaa mm. veden liikkumiseen, maan limpdtalou-
teen ja kaasujen vaihtoon seki vihentda kilpailua muiden kasvien taholta. Kuohkeuttaminen saattaa
aiheuttaa kuitenkin pintamaan kuivumisen niin perusteellisesti, ettei siemen idd (L ehto 1956).
Kylvolaikuissa siemenet itivit parhaiten suojaavan humuksen reunan, kiven, kannon tai muun
kohouman liheisyydessi. Tdmi johtuu suojan pienilmaston limpd- ja kosteuscloja tasaavasta vai-
kutuksesta (Sir én 1952). Vakoruutukylvon sovellutuksella, jossa kylvovaon etelipuolelle asetetaan
puukapula, on ollut samanlainen positiivinen vaikutus. Erittdin tehokasta on kylvosten suojaaminen
suojakylvomenetelmissi. Siementen piille asetetaan kartionmuotoinen, ylipaistidn avoin muovinen
suoja. Suojan on todettu parantavan siementen itdmistd ja taimien kehitystd (Liahdeja Poyh -
tari 1972, Lihde 1973, 1974).

Timin tutkimuksen tarkoituksena on selvittdd kylvosuojan vaikutuksen suuruutta limpo- ja
kosteusoloihin. Tarkastelun kohteena ovat auringon valon ja bakteerien toiminnan vaikutuksesta
hajoavat suojalaadut. Samalla selvitetdin suojien vaikutusta minnyn, kuusen ja lehtikuusen siemen-
ten itimiseen ja sirkkataimien kehitykseen.

Tutkimusmenetelmi ja -aineisto

Koe perustettiin v. 1974 Metsintutkimuslaitoksen Rovaniemen tutkimusaseman valittomain
liheisyyteen. Tutkittavina muuttujina kokeessa olivat kylvotapa, puulajin sekd suojamateriaalin
vaikutus. Kiytetyt suojamallit olivat katkaistun kartion muotoisia. Sisipuolelta mitattuna bakteetien
vaikutuksesta hajoavan, tehdasvalmisteisen suojan korkeus oli 7.8 cm, pohjan halkaisija 5.8 cm ja
seindn kaltevuus 77°. Kisintehdyn, auringon valossa hajoavasta muovista valmistetun suojan mitat
olivat: korkeus 10 cm, pohjan halkaisija 9 cm ja seinin kaltevuus 60°. Kontrollina oli vakoruutu-
kylvo, jossa ruudun koko oli 15x20 cm. Mukana kokeessa oli manty, kuusi ja lehtikuusi.

Limpétila mitattiin kuparikonstantaanitermoelementtejd kiyttden. Mittaus tapahtui automaat-
tisesti kahden tunnin vilein. Kustakin toistosta (6 kpl) arvottiin yksi tehdasvalmisteinen suoja,
yksi kisintehty suoja ja yksi kontrollina oleva vakoruutukylvon kohta, joista ilman limpétila mitat-
tiin. Vastaavasti arvottiin toistoista pisteet, joista mitattiin maan limpétila 3 cm:n syvyydelti.

Kosteuden mittausta varten kustakin toistosta arvottiin kaksi kappaletta kumpaakin suoja-
tyyppid. Niiden sisiltd mitattiin kosteus. Mittaukset tehtiin vastaavasti myds kontrollikylvosta.
Kosteus mitattiin piivittdin klo 06.00 ja 24.00 vilisend aikana yhteensi neljd kertaa Wallac Oy:n
valmistamalla termohygrometri EP-400:1la. Sen toiminta perustuu litiumkloridisuolan kastepiste-
eli kiteytymislimpétilan mittaamiseen. Mittaukset pyrittiin sijoittamaan eri aikoihin piivisti, jotta
saataisiin selville kosteuden vuorokautinen vaihtelu.

Kylvé tehtiin 6.—7.6.1974. Itimistdi seurattiin toistuvin inventoinnein. Ensimmiiset inven-
toinnit tehtiin kun kylvostd oli kulunut 10, 14, 18 ja 21 vuorokautta. Sen jilkeen inventointeja
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jatkettiin viikoittain aina 2.8. asti. Viimeinen inventointi tehtiin 27.—28.8.1974, jolloin jokaisesta
suojasta ja laikusta laskettiin itineiden siementen lukumiiri ja mitattiin valtataimen pituus silmun
kirkeen millimetrin tarkkuudella. Lisdksi taimet luokiteltiin kehitykseltiin ja kunnoltaan Y 1i -
Vakkurin (1961 a, b) kidyttimin luokituksen mukaan.

Tulokset

Molemmissa suojatyypeissd lampotila oli ympiri vuorokauden korkeampi kuin suojan ulkopuo-
lelta mitattu kontrolliarvo (taulukko 1). Aurinkoisen sdin vallitessa limpiminti oli tehdasvalmis-
teisessa suojassa (taulukko 2). Suojien vililli ero ei ollut tilastollisesti merkitsevid, mutta keskiarvo
oli 0.3°C suurempi tehdasvalmisteisessa suojassa verrattuna kisintehtyyn suojaan. Pilvisen sdin
aikana limpétilaero suojien ja kontrollin vililld oli lihes yhtd suuri kuin aurinkoisella siilli. Kui-
tenkin on huomattava, ettdi limpétila laski tehdasvalmisteisessa suojassa selvisti enemmin kuin
kasintehdyssid suojassa. Kisintehdyssi suojassa olikin limpimintd. Ero suojien vililldi oli keski-
miirin 0.1°C. Sateisen sddjakson aikana limpd-olot olivat melkein pilvisen sidin aikana vallmnecn
tilanteen mukaisia (taulukko 2). Kisintehdyssd suojassa oli nytkin limpiminta.

‘Mittausjakson keskilimpotila suojissa oli tilastollisesti tarkasteltuna merkitsevisti korkeampi
kuin ulkopuolella. Suojien vililli ei ollut eroa. Mittausjakson limposummat eri suojatyypeissi
olivat samansuuruiset. Suojassa kertyi limposummaa n. 60 d.d. enemmin kuin suojan ulkopuolella
(taulukko 3).

Suhteellinen kosteus oli kummassakin suojatyypissi kaikkina vuorokauden aikoina suurempi
kuin suojan ulkopuolella. Klo 12 ja 18 viliseni aikana, siis ilman kosteuden ollessa pienimmilldin,
kosteus suojissa oli tilastollisesti erittdiin merkitsevisti suurempi kuin suojan ulkopuolella (tau-
lukko 4).

Aurinkoisina paivina suhteellinen kosteus oli suurin tehdasvalmisteisessa suojassa (taulukko 5).
Pilviselld siilld oli myés kosteinta tehdasvalmisteisessa suojassa. Sadesiilld suhteellinen kosteus oli
suurin kisintehdyssi suojassa. Ero suojien vililld ei ollut yleensi tilastollisesti merkitsevd. Suojan
ulkopuolella kosteus oli kaikissa tapauksissa alhaisempi kuin suojissa. Koko mittausjakson suhteel-
lisen kosteuden keskiarvo oli tehdasvalmisteisessa suojassa 85.8 9, kasintehdyssi suojassa 84.6 9,
ja suojan ulkopuolella 74.1 9.

Maan keskilimpotila suojien alla oli 0.4°C korkeampi kuin suojan ulkopuolella ja mittausjakson
limpésumma oli n. 25 d.d. suurempi suojan zlla kuin ulkopuolella (taulukko 7).

- Itdiminen tapahtui nopeimmin kisintehdyssi suojassa. Vakoruutukylvéssd itiminen oli hitainta
ja itdvyysprosentti jii kokonaisuudessaankin selvisti alhaisemmaksi kuin suojissa (taulukko 8 ja
kuva 6). Eri suojatyypeissi itivyys oli keskimiirin 35-—45 9,:n vililli, kun taas vakoruutukylvossi
se jai 16 9%:n suuruiseksi. Varianssianalyysin mukaan itivyys oli suo]lssa erittdin merkitsevasti
suurempi kuin vakoruutukylvossd. Minnyn itivyys oli keskimiirin n. 40 9,, kuusen 31 %, ja lehti-
kuusen 25 %,. Puulajeista minty ja kuusi itivit paremmin kisintehdyssi kuin tehdasvalmisteisessa
suojassa. Ero suojien vililld oli 12—13 9, -yksikkod. Lehtikuusen itimisessd suojissa ei todettu eroa.

-Tyhjien kylvokohtien miiri oli keskimairin 14.6 %,. Varianssianalyysin mukaan erot eri kylvo-
tapojen vililld olivat tilastollisesti merkitsevid. Vihiten tyhjid kylvokohtia oli kdsintehdyssi suojassa,
keskimairin 4.9 9. Vakoruutukylvossi tyhjien laikkujen osuus oli lihes neljinnes eli 24.1 %,.

-Kylvotuppaasta mitatun valtataimen pituus oli suurin kisintehdyssi suojassa (taulukko 9).
Seuraavaksi parhaiten taimet olivat kasvaneet tehdasvalmisteisessa suojassa. Vakoruutukylvossi
taimet olivat pienimpii. Erot suojakylvéjen ja vakoruutukylvon vililld olivat tilastollisesti erittdin
merkitsevid. Vakoruutukylvossid taimet olivat keskimadirin kolmanneksen lyhyempid kuin suojissa.

Suoja edisti taimien kehitysti. Eniten heikoimmin kehittyneitd taimia oli vakoruutukylvossi.
Vaurioituneita taimia oli suojissa vain 2 %, vakoruutukylvossid vastaavasti 8.5 %,. Kuolleita taimia
oli suojissa 3—4.5 %,. Vakoruutukylvossi niiden miird oli 6.6 %. Vakoruutukylvossd suurin osa



88.1 An Ecological Study on Effects of Shelters on Germination and Germling ... 37

taimien vaurioitumisesta ja kuolemisesta johtui syomatuhoista. Vakoruutukylvdssi oli myds huo-
mattavasti kellastuneita taimia. Suojissa ei esiintynyt syémituhoja, vaan vaurioituneet ja kuolleet
taimet olivat kellastuneita.

Valtataimen pituus oli regressioanalyysin mukaan sitd suurempi, miti korkeampi oli ilman lim-
potila ja mitd suurempi oli ilman suhteellinen kosteus (taulukko 10). Ilman limpétila ja suhteellinen
kosteus selittivit taimien kasvusta 29.1 %,. Miti limpimdmpdi ja kosteampaa ilma oli sitd kehitty-
neempii taimet olivat. Kehittyneimpien taimien miiristd ilman limpétila ja suhteellinen kosteus
selittivat 30.2 9,. Mekaanisen vaurion kirsineiden tai hyonteisten tuhoamien taimien lukumiiri
samoin kuin muun vaurion kirsineiden taimien lukumdird oli sitd suurempi mitdi kylmempii ja
kuivempaa ilma oli. Samoissa oloissa taimet kehittyivit hitaasti.

Itdvyys oli sitdi parempi mitd korkeampi limpétila oli ja mitd kosteampaa ilma oli. Selitysaste
oli 37.19,. Tyhjien kylvokohtien midird kasvoi ilman kylmetessi ja muuttuessa kuivemmaksi.
Ilman limpétila ja suhteellinen kosteus selittivit tyhjien kylvokohtien mairisti 14.6 %. Tulosten
mukaan suojassa vallitseva korkeampi limpétila ja suutempi suhteellinen kosteus patansivat iti-
vyyttd, nopeuttivat taimien kehitystd ja pituuskasvua seki vihensivit tyhjien kylvokohtien miirii.

Tiivistelma

Suojissa ilma oli keskimairin 0.9°C limpimimpii kuin ulkopuolella. Koko mittausjakson kes-
kimédriinen limpatila kummassakin suojatyypissi oli sama. Suoja kohotti limpotilaa vallitsevasta
sédstd riippumatta. Eri suojatyyppien vaikutus sen sijaan oli hieman erilainen sddsti riippuen. Suojan
limpdotilaa kohottava vaikutus oli suurimmillaan iltapiivistd alkaen ja jatkuen yli keskiyon. Suoja
kohotti myds maan limpétilaa 3 cm:n syvyydelld keskimiirin 0.4°C.

Suojassa olivat sekd absoluuttinen ettd suhteellinen kosteus suutemmat kuin ulkopuolella. Ero
suhteellisessa kosteudessa suojan ja ulkopuolisen ilman vililli oli suurimmillaan vuorokauden lim-
pimimpiin aikaan. Suojakylvéssd oli itivyys nopeampi ja suurempi, taimet pidempii ja kehitty-
neempid sekd vaurioituneiden ja kuolleiden taimien madird pienempi kuin ilman suojaa tehdyssi
vakoruutukylvossi. Suoja edisti enemmin minnyn ja kuusen kuin lehtikuusen siementen itimisti
ja sirkkataimien kehitystd.
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1. INTRODUCTION

Peat soils contain vast amounts of organically bound nitrogen, which is in a
form that is completely unavailable to trees. When considering the high costs of
nitrogen fertilizers, the measures which favour nitrogen mineralization and enhance
nitrogen circulation in peat soils are most profitable.

Nitrogen mineralization is highly dependent on the pH of the substrate (A 1le x-
and er 1961). Hence it is quite understandable that many attempts have been made
to enhance nitrogen mineralization by liming. Several independent studies, however,
haveshown thatliming does notimprove tree growth during the first years following the
application, but may however have a detrimental effect on it (see Luk kala 1951,
Huikaril91, Meshechok 1968, Dickson1972,and Kaunisto 1973).
On the other hand, Jae ger (1972) for instance has presented results which show
that the combined effect of liming and phosphorus fertilization is favourable. There
are some interesting observation made by Meshech ok (1967, 1971). In his ear-
lier report he found that during ten years following liming and planting, liming
had decreased the growth of pine and spruce. However, his later report showed
quite an opposite trend. After ten years the height growth of seedlings on limed
plots surpassed that on unlimed ones. There were some instances where the growth
proved the better, the more lime had been applied. In the experiments carried out
by Meshechok, liming was done in conjunction with heavy fertilization. He assumed
that the detrimental effect of liming during the first ten years was due to excessive
amounts of CaCOyj or the fixation of nutrients, especially nitrogen, to the microbial
body. His hypothesis was that initially there was a nitrogen shortage, since the total
nitrogen content of the peat was only about 1.0 9%, when the experiment was estab-
lished. Moreover, he supposed that nitrogen subsequently became more mobile be-
cause of liming. Meshechok suggests that by applying lime it is possible to diminish
the subsequent need for nitrogen fertilization.

Adamsand Dickson (1973) investigated the effect of liming on the nitrogen
and phosphorus contents of litter and Sitka spruce needles. They found that liming
greatly decreased the nitrogen and phosphorus contens of the needles and that ni-
trogen had disappeared from the litter. Adams and Coranforth (1973) carried
out an incubation experiment belonging to the same series, and found that liming
strongly increased the decomposition of litter that had been collected from the root
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layer of the tree stands. Simultaneously mineral nitrogen, both natural and applied
as a fertilizer, was fixed by the microflora during the incubation. Some other incu-
bation studies concerning peat soils also indicate that liming decreases the amount
of ammonium (K aila etal. 1953 and 1954). On the other hand, Kiv ek ds (1960)
reports that liming has no effect on the mineral nitrogen content of peat. Kiister
and Cardiner (1973) found no effect of liming in virgin peat soils, but in culti-
vated soils nitrogen mineralization was improved by liming.

There seems to be some controversy regarding the effect of liming on nitrogen
mobilization. However, it seems quite possible that the initial detrimental effect of
liming on tree growth is connected with the nitrogen status of the peat. The aim of
this study is to obtain more information about the possible causal relationships con-
cerning liming and the nitrogen balance in order to clarify the afore-mentioned
shock effect of liming on tree growth.

In the incubation studies referred to above, peat samples were dried and milled
before the incubation. This means that drastic changes have taken place in peat,
which may affect microbial activity. In this study great emphasis was laid on the
methodology in order to ensure that the incubation conditions were as similar as
possible to the conditions in natural peat soils.



2. MATERIAL AND METHODS

The effect of liming was examined by observing the size of some microbial pop-
ulations grouped according to their physiological properties (proteolytic, nitrifying,
and starch decomposing bacteria) as well as the total number of aerobic bacteria in
peat samples. In addition peat was analyzed for ammonium and nitrate. The effect
of liming in conjunction with different fertilization, soil preparation, and temperature
conditions was studied on two peat types. The combinations between liming, fertil-
ization, soil preparation, and peat type are shown in Table 1.

Table 1. Variables and combinations of variables in the study except the incubation temperatures
which were: 12, 15, 18, and 21°C for each treatment.

Tanlukko 1. Tutkitut muuttujat ja niiden kombinaatiot tutkimuksessa lukuunottamatta mubituslimpitiloja,
Jjotka olivat 12, 15, 18 ja 21°C jokaiselle kombinaatiolle.

Peat type — Turvelaji

CS- LSC-
Amelioration treatment — P P

Maanparannustoimenpide P .
» 4 Fertilization — Lannoitus

o NPK o NPK

Untreated—Kisittelemiton X X X X
Rotavated— Jyrsitty X X X X

Rotavated & Limed—Jyrsitty ja kalkittu X X X X

The CS peat used in the study came from the level sutface of a small sedge open
swamp and the LSC peat from an open area of a Carex pine swamp. The proper-
ties of the different peat types are presented in Tables 2 and 3.

All the main nutrients (NPK) were applied. The following fertilizers were used:
calcium ammonium nitrate (26 9, N) containing 50 9, of the nitrogen as am-
monium and 50 9, as nitrate, ground mineral phosphate (14.4 %, P) and muriate
of potash (49.8 9, K). In connection with soil preparation the fertilizers were work-
ed into the whole rotavated peat layer.
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Table 2. The total N, P, and K contents in untreated peat.
Tanlukko 2. Luonnontilaisen turpeen kokonaistyppi, -fosfori ja -kali.

Depth of peat layer — Turvekerroksen paksuus
Nutrient T
0—10 cm 10—20 ecm
Ravinne - .
|
CS-p LSC-p CS-p LSC-p
V i
N % 1.00 ! 1.29 1.25 1.48
P %o 39 | .61 .49 .49
K %o 87 { .81 .39 .33

Table 3. The degree of humification (according to v. Post).
Tanlukko 3. Maatumisaste v. Postin mukaan.

Peat layer, cm Peat type — Turvelaji
Turvekerros, c¢m CS-p LSC-p
0—5 H, H,
5—10 H, H,
10—15 H, H,
15—20 H, H,

Dolomite (25 9, Ca and 7 9%, Mg) was used for liming, the application rate being
1000 kg/ha. It was mixed into the shredded peat layer.

In the work by Adamsand Cornforth (1973) the incubation temperature
was 22 %, which is rather high when considering the conditions prevailing in natural
peatlands. In the study of Kaila et.al. (1953) a large number of different incubation
temperatures were used, but only two of them, 5°C and 20°C, ate applicable to natural
peat soils. In this study the incubation temperatures have been chosen to cover
the main temperature fluctuations occurring in peat during the growing season.

Although the incubation temperatures of 12, 15, 18, and 21°C were aimed at,
there was some variation, however, in the temperature during the study period, as
shown in Table 4. Despite the insulation measures, heat regulation during the first
test months was not completely successful. During the last two months these fluc-
tuations levelled off to some degree. Although the different temperature values are
not quite exact, later in the text they will referred to as 12, 15, 18, and 21°C.

The conditions for the incubation were arranged to resemble those in the field
as much as possible. Peat samples were extracted using the method introduced by
Juusela, Kaunistoand Mustonen (1969) and later successfully used by
Kaunisto (1971 and 1975). In this method the peat samples are taken as so-
called undisturbed profiles directly into plastic cylindrical tubes, which serve as the
final experimental containers (diameter 19 cm, height 40 cm).
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Table 4. The average monthly peat incubation temperatures measured at a depth of 5 and 15 cm
from peat surface and their standard deviations.
Taulukko 4. Turpeen keskilimpitila perikkdising mubituskunkansina 5 ja 15 cm:n syvyydessd sekd keski-
lampitilojen keskibajonta

Depth, cm Month Temperatures aimed at— Tavoitelimpitilat, C°
Syvyys, cm Kuukausi 12 15 18 2
Temperatures measured—Mitatut lampétilat, C°

5 I 13.74+2.3| 17.6+1.3| 18.4+0.8) 21.14+1.1

II 13.34+0.6| 18.64+1.7) 18.7+1.3] 22.54-0.9

111 12.44-0.7| 15.24+1.9| 17.3+1.3| 20.64-1.3

v 12.241.0f 15.3+1.5/ 16.6+1.9| 20.94-1.2

v 11.74+0.9] 14.8+1.2| 17.84-1.0] 19.94+0.9

15 1 12.54-2.2) 15.44-1.3| 17.34+0.4] 20.440.9

II 11.6 +0.6/ 16.04-1.9| 17.8+1.1) 21.24+0.4

111 11.44+0.3) 14.441.6| 16.54+0.9| 20.34+0.9

v 12.24+0.6| 14.8+1.3] 16.3+2.0| 20.8+0.6

v 11.74£0.8 15.5+1.0] 18.44-1.1| 20.4+1.0

The incubation was carried out by immersing the sample pots in water baths,
whose temperature could be regulated. The bottoms of the sample pots were made
watertight before immersing them in the incubation bath. The sides of the baths
were protected with heat insulating polystyrene plates and the peat and water
surfaces with a 10—15 mm crushed polystyrene layer.

The peat was not watered during the experiment, but the ground water table in
the peat was kept at a constent depth of 30 cm by means of a simple lysimeter system
(see Juusela etal. 1969).

Peat preparation was performed in the field by a La mu V preparation-fertil-
ization-seeding machine, in which a rotavator (Howard E 70) thoroughly breaks
and mixes the upper 15—20 cm peat layer (Kaunisto 1974). Prepared samples
were made so that the 15 cm surface peat layer was cut off from each sample and
the remaining space in the container filled with rotavated peat produced in the field.
Vegetation was continuously removed from the peat surface.

The chemical soil analyses were carried out by Viljavuuspalvelu Oy (Soil Testing
Service) using the standard methods employed in their laboratories (e.g. Kurki
1972). Nitrate nitrogen was determined with a nitrate specific electrode from a pre-
pared solution (1: 2.5). Ammonium nitrogen was determined by extracting with 0.5
M CaCl, and distilling the ammonia with alkaline MgO. Soil pH was determined
in distilled water.

The microbial analyses were carried out at the Department of Peatland Forestry
in the Finnish Forest Research Institute.

1. The total number of aerobic bacteria was determined using plate count method
with IM soil extract agar (Taylor 1951): tryptone 0.5 g, yeast extract 0.5g, K,HPO,

2 6024—76
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0.4 g, MgSO, 0.05 g, NaCl 0.1 g, FeCl, 0.01, agar 15 g, soil extract 250 ml, distilled
water 750 ml, pH 6.8.

2. The number of proteolytic and starch degrading bacteria was determined
using a modified IM substrate (Casein-peptone-starch-substrate): Casein 0.5 g, sol-
uble starch 0.5 g, Bacto peptone 0.5 g, glyserol 1 ml, K,HPO, 0.2 g, MgSO,. 7TH,O
0.05 g, FeCl; (0.001 9, solution) 4 drops, agar 15 g, soil extract 250 ml, distilled
water 750 ml pH 6.9. The plates were stained with Lugol solution after the incubation
for counting the starch degrading bacteria.

3. The nitrite forming bacteria were determined by the MPN methods as a tube
test using the nutrient solution of Meiklejohn (1950). Meiklejohn substrate:
(NH,,S0, 1 g, K,HPO, 1 g, NaCl 2.0 g, MgSO,. 7H,0O 0.5 g, FeCl, a little, CaCOy,
10 g, distilled water 1000 ml, the formation of nitrite was detected by a naphthyl-
amine-sulphaniline-acid-reagent. The red colour indicates the presence of nitrite.

The microbiological analyses must be performed as soon as possible after sam-
pling, since changes occur in the soil samples owing to variations in microbial activ-
ity during the transportation and storing of the samples (Paarlahtiand Hani-
oja 1962). Peat samples were packed immediately after sampling in plastic bags
and transported to the laboratory. Samples were stored at a temperature of +4—
+5°C until they could be analyzed. The microbial determinations were carried out
on the sampling day. 20 g of peat was weighed and mixed with 180 ml of sterile
water and homogenised with an Ultra-Turrax homogenisor. The cultures used for
determining the total number of bacteria were diluted 105—107 times, for proteolytic
and starch degrading bacteria 10*—10¢ times and for nitrification bacteria 102—10¢
times. Four plates and five nitrification tubes per dilution were used. The cultures
were incubated at room temperature for 10 or 18 days, after which the number of
bacteria was counted.

An incubation period of 10 or 18 days was used in all the determinations. The
results were expressed as the number of bacteria per 1 g of dry peat. All analyses
were performed on newly extracted peat on the day of sampling.



3. RESULTS

31. Peat acidity

Table 5 shows the mean pH values of unfertilized and fertilized peat at the end
of the experiment. The figures indicate that the peat was rather acid. The pH of
unlimed peat was usually less than 3.5 and that of limed peat less than 4.0. It is worth
noting that liming quite clearly decreased the acidity of both peat types. Generally
CS peat was somewhat more acid than LSC peat. The incubation temperature and
rotavation treatment did not affect the acidity of the peat.

Table 5. pH of peat after an incubation period of five months as the means of the fertilized and
unfertilized samples.

Taulukko 5. Turpeen p H viiden kunkanden mubitusajan kuluttua lannoitettujen ja lannoittamatiomien turve-
ndytteiden keskiarvoina.

CS-p LSC-p
Treatment o
Temperature — Ldmpitilat, C°
Kasittely
| 12 ‘ 15 | 18 21 12 15 ; 18 21
Untreated—XKisittelemiton 3.20 | 3.33 ’ 3.27 | 3.34 | 3.39 | 3.43 ‘ 3.45 | 3.50
Rotavated—Jyrsitty 3.26 | 3.26 | 3.60 | 3.37 | 3.35 | 3.44 | 3.55 | 3.46
Limed and Rotavated— 3.46 | 3.64 | 3.54 | 3.88 | 4.00 | 3.74 | 4.09 | 3.89
Kalkittu ja jyrsitty

32. Number of aerobic bacteria with special reference to starch decomposing
bacteria

In this study general aerobic microbial growth was clarified by means of aerobic
bacteria. Special attention was given to starch decomposing bacteria, which represent
the microbial population utilizing easily decomposing organic material. This was
regarded as important because starch easily satisfies the energy requirements of
microbes. Thus also the need for mineral nutrients is rather high.

Fig. 1 and Appendix 1 show that liming distinctly increased the size of the aerobic
bacterial population. Liming was especially beneficial to starch decomposing bacteria
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Fig. 1. The total number of aerobic bacteria and the number of starch decomposing bacteria (per
1 gram of oven dry peat) as affected by fertilization, rotavation and liming.
Kuva 1. Aerobien bakteerien kokonaismdiird ja tirkkelysti hajoitiavien bakteerien mdird (1 g:ssa uunikuivaa
turvetta) erilaisissa lannoitus-, muokkaus- ja kalkitusolosubteissa.

and on the average doubled the size of this group. In most cases also fertilization
markedly enhanced microbial growth.

The total number of aerobic bacteria was considerably higher in LSC peat than
in CS peat. This was probably caused by the natural differences in the nutritional
status of the various peat types, as shown in Tables 2 and 5. Yet, both peat types
contained quite similar numbers of starch decomposing bacteria. The reason for this
may be that LSC peat was more humified than CS peat (Table 3), hence suggesting
that easily decomposable organic matter is more abundant in CS peat than in LSC
peat.

Fig. 2 illustrates the effect of the incubation temperature on the number of
starch decomposing and the total number of aerobic bacteria. In both groups the
population size usually increased with increasing temperature (cf. Goun ot 1973).
With only one exception the increase was statistically significant (Appendix 1). In
CS peat the effect of increasing temperature on the number of aerobic bacteria was
dependent on liming which was also indicated by significant interaction between
these variables (Appendix 1). In CS peat the starch decomposing bacteria also seemed
to benefit from increasing temperature more in limed than unlimed peat, although
the interaction between liming and temperature was not significant. In LSC peat no
such interactions were found.
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Fig. 2. The total number of aerobic bacteria and the number of starch decomposing bacteria (per
1 gram of oven dry peat) as affected by the incubation temperature, rotavation, and liming. Key
as in Fig. 1.

Kuva 2. Mubituslimpitilan, jyrsinnin ja kalkituksen vaikutus bakteerien kokonaismdidirdin ja tirkkelysti
hajoittavien bakteerien mddrdin (1 g:ssa uunikuivaa turvetta). Selitys kuten kuvassa 1.

33. Proteolytic and nitrifying bacteria

The mineralization of the organically bound nitrogen was investigated by dete-
mining the number of proteolytic and nitrifying bacteria.

Fig. 3 shows that both liming and fertilization (cf. Paavilainen and Nozt-
I'a m o 1975) resulted in a sharp increase in the number of proteolytic and nitrifying
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bacteria. However, the number of nitrifying bacteria was very small in comparison
to the number of the proteolytic ones. Various studies have shown that liming in-
creases nitrification (K aila et.al. 1953 and 1954, Alexander 1961, Vir o 1963,
M a i 1973). Alexander for instance attributes this to the rise in soil pH. Furthermore,
he states that nitrification below pH 5 is insignificant. The decrease in acidity after
liming was clearly apparent in this study. The great positive effect of liming on the
number of nitrogen mineralizing bacteria (especially on nitrifying bacteria), however,
was surprising, when considering the fact that even after liming only in one case
was peat acidity less than pH 4.0. However, in the vicinity of lime particles it could
be higher.

Fig. 4 shows that the number of proteolytic bacteria appears to increase
with increasing incubation temperature (see Davy and Taylor 1974). This,
however, was not significant in either of the peat types concerned (Appendix 2).
On the other hand it appears that the effect of temperature was linked with liming
and that the size of the proteolytic bacterial population in limed peat grew along
with increasing temperature. This was also indicated by the significant interaction
between liming +rotavation and temperature (Appendix 2).

Fig. 5 reveals that in unfertilized LSC peat the incubation temperature did not
affect the number of proteolytic bacteria, although in fertilized LSC peat the number
of bacteria grew almost linearly along with increasing incubation temperature. It
seems that, other environmental conditions allowing, the rate of ammonification was
greater, the higher the temperature used in the study. An increasing temperature,

PROTEOLYTIC - NITRIFYING -
PROTEOLYYTTISET NITRIFIOIVAT
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Fig. 3. The number of proteolytic and nitrifying bacteria (per 1 gram of oven dry peat) as affected
by fertilization, rotavation, and liming. Key as in Fig. 1.
Kuva 3. Proteolyyttisten ja nitrifikaatiobakteerien mddird (1 g:ssa uunikuivaa turvetta) erilaisissa lannoitus-.
muokkaus- ja kalkitusolosubteissa. Selitykset kuten kuvassa 1.
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Fig. 4. The number of proteolytic bacteria (per 1 gram of oven dry peat) at different incubation
temperatures. Key as in Fig. 1.
Kuva 4. Proteolyyttisten bakteerien miird (1 g:ssa uunikuivaa turveita) erilaisissa mubituslimpitiloissa.
Selitykset kuten kuvassa 1.

however, could not make up for low nutritional status and/or acid conditions. On
the other hand, ammonification occurred even at low temperatures if the peat was
limed and/or fertilized.

The results indicate that the mineralization of nitrogen in acid and nutrient
deficient peats can be increased by liming and fertilizing. In addition, the measures
affecting the peat temperature also affect the rate of mineralization.
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Fig. 5. The number of proteolytic bacteria (per 1 gram of oven dry peat) in LSC peat as affected
by the incubation temperature and fertilization.
Kuva 5. Lannoituksen vaikutus proteolyyttisten bakteerier: mdidrdin (1 g:ssa uunikuivaa turvetta) erilaisissa
mubituslimpitiloissa LS C-turpeessa.
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34. Mineral nitrogen content of peat

The amount of different forms of mineral nitrogen at the end of the experiment
is presented in Figs. 6 and 7. Fig. 6 shows that the amount of mineral nitrogen
in fertilized, unlimed peat greatly surpassed that in unfertilized peat. In this exper-
iment rotavation increased the ammonium and nitrate contents of all rotavated peat
samples. Liming decreased the amount of mineral nitrogen in fertilized peat to the
same level as in the unfertilized samples. In this respect both peat types were identical.

It is interesting to compare the amounts of both forms of nitrogen (Fig. 6).
The amount of ammonium is many times greater than that of nitrate in fertilized,
unlimed samples. However, at the beginning of the study each sample received equal
amounts (150 mg/sample pot) of both types of nitrogen. Nearly all the nitrogen
applied as nitrate has disappeared from the peat, whereas the ammonium nitrogen
has remained very well.

The effect of incubation temperature on the amount of ammonium nitrogen is
illustrated in Fig. 7. There were no significant differences in ammonium content
over the temperature range of 12 to 18°C. However, there was a clear increase in
ammonium in the peat when the temperature increased from 18 to 21°C (see also
Appendix 3).

NH4 - N N03 -N

100
mg/l{ cs-p P LSC-p

90 ¢

/ g
.. 80 %
=] A %
= % %
s 104 ; |
) ‘j g
o 4 V1
& L
® 6o /
, 504 /
5 ag 4 g
§ A %
£ 304 ; CS-p LSC - p
= U
= 20 5 V]
—
2 9
= 10] ¢ 4
o
= V
0 NPK 0 NPK 0 NPK 0 NPK

Fig. 6. The content of mineral nitrogen in the 10 cm surface peat layer as affected by fertilization,
rotavation, and liming. Key as in Fig. 1.
Kuva 6. Mineraalitypen mdird 10 cm:n pintaturvekerroksessa erilaisissa lannoitus-, muokkaus- ja kalkitus-
olosubteissa. Selitykset kuten kuvassa 1.
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4. DISCUSSION

Most of the nitrogen found in peat is bound to organic material and only micro-
bial transformation can release it in a form available to plants. Plants receive nitrogen
only in a situation where nitrogen mineralization is greater than nitrogen losses.
Alexander (1961) expresses the net change in the amount of inorganic nitrogen
(Ni) by means of the following relationship:

Ni = organic nitrogen mineralized — (Na 4+ Ne¢ 4+ N; + Na) where N,, N., N,
and Na represent the nitrogen assimilated by the microflora, removed by the crop,
lost by leaching, and volatilized through denitrification respectively.

In this study, liming had two opposite effects on the nitrogen balance. On the
one hand liming increased the size of both the proteolytic and nitrifying bacterial
population, while on the other hand it decreased the amount of mineral nitrogen.
No removal of nitrogen by crop or leaching was possible. Neither was volatilization
through denitrification probable because of the low pH and quite adequite drainage
conditions. Consenquently the reduction in the mineral nitrogen contents of the
peat caused by liming must have been entirely due to immobilization by microflora.

The substrate used were Carex-Sphagnum and woody Sphagnum-Carex peats.
In both cases the degree of humification, as well as the nitrogen content, were rather
low. Consequently the C:N ratio was presumably quite high. Unfortunately the C/N
ratios were not determined during the study period. This was, however, carried out
later on the untreated peats taken from the sampling areas. It appeared that in un-
treated CS peat the C/N ratio varied from 27 to 45 and in LSC peat from 23 to 40.
Hattori (1973) for instance states that nitrogen is effectively immobilized at a
C/N ratio greater than 30. At a C/N ratio from 20 to 30 there is neither fixation
nor release of mineral nitrogen. Thus it seems that the C/N ratio in this study fa-
voured nitrogen immobilization to some extent.

Organic matter serves as an energy and nutrient source for the soil microflora.
In the conditions where a high C:N ratio is prevailing, during complete decompo-
sition, most of the organic carbon is volatilized as CO, and only a small part is
assimilated and bound to the microbial body. On the other hand, nitrogen and also
other nutrients are bound to the microbial population and only a small amount is
likely to be lost. Thus the decomposition process of peat inevitably leads to a decrease
in the amount of readily decomposable material and to an increase in the nutrient
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content per unit volume of peat (see also Hende et.al. 1952 and Alexander 1961).
After a certain period of time the rate of mineralization and immobilization by
microflora will reach equilibrium, and subsequently nitrogen will also be available
to plants.

The time taken to reach this state of equilibrium presumably depends, at least
partly, on the quality of the peat. Allisonand Sterlin g (1949) state that the
rate of production in inorganic nitrogen is closely correlated with the total nitrogen
content of the soil. On the other hand immobilization greatly depends on a suitable
energy source for the microflora which are actively decomposing carbohydrates.
Thus it seems that the higher nitrogen content and the degree of humification,
the sooner equilibrium will be reached.

Liming makes a positive contribution to the decomposition of the organic matter.
It is quite possible that the time required to reach a state of equilibrium between
mineralization and immobilization of nitrogen is simultaneously shortened. The
growth losses of trees after liming reported in several publications (see introduction)
may quite well be due to more or less complete nitrogen fixation by microbes as
was observed in this study, and the growth increase which follows several years
after application reported for instance by M eshech o k (1971) may be due to the
fact that the net mineralization of nitrogen started earlier on limed than unlimed
peat.

Considering the afore-mentioned ideas we approach the hypothesis that the det-
rimental effect on tree growth caused by liming could be reduced or entirely avoided
by applying mineral nitrogen at adequate levels in connection with liming. Thus it
might be possible to supply both the microbes and the trees with enough mineral
nitrogen until the natural mineralization of nitrogen balances the nitrogen cycle.
In fact some indications that this may be the case have been found in some field
experiments set up by the Department of Peatland Forestry, the Finnish Forest
Research Institute. Seven years after fertilization and liming trees have responded
to nitrogen application better on limed than unlimed areas (Huikari 1973). In
tree cut areas and open mires it may be better to postpone afforestation until the
the equilibrium between nitrogen mineralization and immobilization is reached.

It is also interesting to compare the various forms of nitrogen. Alexander
(1961) states that ammonium salts are the most readily assimilated nitrogen sources
for most bacteria, actinomycetes, and fungi. In the investigations in which both
ammonium and nitrate are used, ammonium tends to disappear first. There is no
reason to assume that the microbial population in the peat would have favoured
nitrate rather than ammonium in this investigation. A more likely supposition is
that the microbial population was adapted to utilizing ammonium in particular
since there is obviously very little nitrification in such acid conditions (Alexan-
der 1961, Paarlahti and Vartiovaara 1958). As the ground water level was
kept at a distance of 30 cm throughout the experiment, there are no grounds for the
assumption that excessive water in the 0—10 cm surface layer would have led to
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anaerobic conditions and thus to the reduction of nitrate to ammonium. The small
amount of nitrate in the peat despite nitrogen fertilization can be explained in such
a way that the microbes have used practically all the mineral nitrogen applied as a
fertilizer and that the presence of abudant NH, nitrogen is a result of the mineral-
ization of the organic nitrogen in peat. It seems that the net mineralization of nitro-
gen may occur in conditions quite similar to the natural ones i.e. at rather low tem-
peratures and in acid peat, naturally nutrient deficient, provided that the site is
drained and nutrient status has been improved by fertilization.

It is interesting that peat rotavation alone increased nitrogen mobilization.
Some unpublished data by the author show that rotavation also raises the temper-
ature of the peat. In this study ammonification seemed to benefit from an increase
in temperature. Hence it seems that rotavation favours nitrogen mineralization in
at least two ways.

There still remain several questions concerning nitrogen mobilization in peat
that this study leaves unanswered. In addition, it must be kept in mind that the
hypotheses introduced have not yet been conclusively proved. It is, however, obvious
that, as far as liming is concerned, the study does give some guidelines about the
course of events and also some ideas for future experimental activity concerning
the use of the natural nitrogen reserves of peat for growing trees on peat soils.



5. SUMMARY

This study deals with liming and nitrogen mineralization in peat. The problem
is approached by investigating the influence of liming in an incubation experiment
on the total number of aerobic bacteria, the number of starch degrading, proteolytic
and nitrifying bacteria as well as the effect of liming on the amount of mineral nitro-
gen in peat in different fertilization, soil preparation and temperature conditions.
The experiment lasted for 5 months. The various treatments and treatment combi-
nations are presented in Table 1.

The peat types were Carex Sphagnum (CS-p) and woody Sphagnum Carex (LSC-p).
The nutritional status and degree of humification are shown in Tables 2 and 3 re-
spectively.

The main nutrients were applied at levels of 100 kg of N, 43.6 kg of P, and 83.0
kg of K/ha. 1000 kg/ha of dolomite (25 9, Ca and 7 9%, Mg) was used for liming.
Soil preparation was performed in the field by means of a rotary filler,

The investigation used four different incubation temperatures: 12, 15, 18, and
21°C. The temperature variation during the study is presented in Table 4. Using the
method developed by Juusela, Kaunisto and Mustonen (1969) peat
samples were extracted as the so-called undisturbed profiles directly into plastic
tubes, which were also used as the incubation containers (diameter 19 cm and height
40 cm). After making them watertight the containers were immersed in insulated
water baths, the temperature of which was kept constant at afore mentioned levels.

The investigation revealed that fertilization and especially liming clearly increased
the size of all the bacterial groups studied in peat (Figs. 1—4 and Appendices 1 and
2). Increasing the temperature usually enhanced the corresponding microbial popu-
lations as well (Figs. 2, 4,and 5).

Fertilization, rotavation and an increase in temperature increased the amount of
mineral nitrogen (Figs. 6 and 7, Appendix 3). On the other hand, the amount of
mineral nitrogen in limed peat was very small totally regardless of the other treat-
ments (Fig. 6).

The results suggest that mineral nitrogen was completely fixed by microflora in
limed peat. This applies to all nitrogen sources, both given as a fertilizer and re-
leased from the organic matter as a result of the more effective ammonification and
nitrification processes caused by liming. The result confirms the supposition that
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the shock effect caused by liming may be at least partly, due to the biological
fixation of nitrogen.

The investigation shows that liming can accelerate the decomposition of peat
and promote the concentration of nutrients. This leads to a hypothesis that, despite
the initial strong biological fixation of nitrogen, the state of net mineralization
could be reached more effectively and rapidly with than without liming. Another
hypothesis is that a state of equilibrium between biological fixation and release of
nitrogen could be reached faster when liming is carried out in conjunction with
nitrogen fertilization.
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TYPEN MOBILISAATIOSTA TURPEESSA. I. KALKITUKSEN JA MUOKKAUKSEN
VAIKUTUS ERILAISISSA HAUDUTUSLAMPOTILOISSA

SELOSTE
Johdanto ja tutkimusmenetelmi

Useissa tutkimuksissa on todettu, ettd kalkitus ensimmadisini kalkitusta seuraavina vuosina hei-
kentdd puuston kasvua turvemailla. Toisaalta on myds esitetty havaintoja tilanteen muuttumisesta
piinvastaiseksi myohemmissi vaiheessa. Eri yhteyksissid on arveltu kalkituksen shokkivaikutuksen
liittyvdn ravinteiden, erityisesti typen sitoutumiseen inaktiiviseen muotoon.

Tiassa tutkimuksessa on tarkasteltu kalkituksen vaikutusta turpeen typpitaluoteen tutkimalla sen
vaikutusta aerobien bakteerien kokonaismiirdin, tirkkelystd hajoittavien sekd proteolyyttisten ja
nitrifioivien bakteerien midriin samoin kuin kalkituksen vaikutusta mineraalitypen mdirdin tut-
peessa erilaisissa lannoitus- muokkaus- ja limpdoloissa. Koe kesti 5 kk. Erilaiset kisittelyt ja kisit-
tely-yhdistelmit on esitetty taulukossa 1.

Turvelajit olivat sararahka- (CS-t) ja metsdrahkasaraturve (LSC-t). Turvelajien ravinteisuus ja
maatumisaste on esitetty taulukoissa 2 ja 3 vastaavasti.

Lannoituksessa annettiin typped 100, fosforia 43.6 ja kalia 83 kg/ha. Kalkittaessa annettiin dolo-
miittikalkkia (Ca 25 % ja Mg 7 %). 1000 kg/ha. Muokkaus toteutettiin jyrsimilld Lamu V lannoi-
tus-muokkaus-kylvékoneella.

Tutkimus toteutettiin neljissi eti muhituslimpétilassa: 12, 15, 18 ja 21. Lampdtilan vaihtelu
kokeen aikana ilmenee taulukosta 4. Turveniytteet otettiin Juuselan, Kaunistonja Mus-
tosen (1969) kehittimilldi mznet:l nd!li ns. hiiriintymittdmind profiilzina suoraan mubhitusasti-
oina kiyt:ttyj:n muoviputkien sisiin (lipim't:a 19 cm korkeas 40 cm) ja upotettiin tiivistyksen
jilkeen limpoeristzttyihin vesialtaisiin, joissa veden limpdtilaa sditelemilld pyrittiin turve pitimiin
vakiolimpdtiloissa.

Tulokset

Tutkimuksessa todettiin, etti lannoitus ja erityisesti kalkitus selvisti lisdsi kaikkea mikrobi-
toimintaa turpeessa (kuvat 1—4 ja liitetaul. 1 ja 2). Myos lampétilan kohottaminen yleensi edisti
mikrobitoimintaa (Kuvat 2, 4 ja 5).

Lannoitus, jyrsintd ja limpotilan kohottaminen lisisivdt mineraalitypen madrda (Kuvat 6 ja 7,
liitetaul. 3). Toisaalta kalkitussa turpeessa mineraalitypen midrd oli erittdin vihidinen tdysin riip-
pumatta muista kisittelyistd (Kuva 6).

Tulosten perusteella oletetaan, etti kaikki lannoitteina annettu samoinkuin kalkituksen ansiosta
tehostuneen ammonifikaation ja nitrifikaation tuloksenakin vapautunut typpi on tiydellisesti sitou-
tunut mikrobistoon kalkitussa turpeessa. Saatu tulos tukee olettamusta, ettd kalkituksen puustolle
aiheuttamassa shokkivaikutuksessa olisi kysymys erityisesti typen ja mahdollisesti muidenkin ravin-
teiden biologisesta sitoutumisesta.

Tutkimuksessa todetaan edelleen, etti kalkitsemalla voidaan nopeuttaa turpeen hajaantumista
ja edistdd ravinteiden konsentroitumista. Tamin perusteella esitetiin hypoteesi, ettd huolimatta
typen voimakkaasta biologisesta sitoutumisesta alkuvaiheessa, voidaan kalkitsemalla kuitenkin saada
typen nettomineralisaatio tehokkaammin ja nopeammin kidyntiin kuin ilman kalkitusta. Edelleen
esitetddn hypoteesi, ettd kalkituksen yhteydessi toteutetulla typpilannoituksella nopeutettaisiin tasa-
painon syntymistd typen biologisen sitoutumisen ja vapautumisen valilld.
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APPENDIXES
LIITETAULUKOT

Appendix 1. F ratios and their degree of significance in the analyses of variance concerning the
total number of aerobic bacteria and the number of starch decomposing bacteria.

Liitetaulukko 1. F-subteet ja merkitsevyydet tirkkelysti hajoittavien ja kaikkien aerobien bakteerien kokonais-
mdédrdd koskevissa varianssianalyyseissa.

Aerobic bacteria

Starch decomposing bacteria

Variable — Muuttaja Aerobit Tirkkelysti hajoittavat
cs-p LSC-p CS-p LSC-p
1. Fertilization—Lannoitus 24.96***| 65.20%**|  1.07 14.13%**
2. Rotavation and Liming—Jyrsintd ja kalkitus | 55.74***|  6.71%% | 22.48*** 12.20%**
3. Temperature—Limpétila 24.67***|  0.79 6.72%* 5.50%*
Interactions
1x2 5.65%* 0.45 1.30 0.51
1x3 2.65 0.11 0.22 1.15
2x3 9.66%** (.33 1.86 0.38
1x2x3 2.43 0.26 0.77 0.37

Appendix 2. F ratios and their degree of significance in the analyses of variance concerning the
number of proteolytic and nitrifying bacteria.

Liitetaulukko 2. F-subteet ja merkitsevyydet ammonifioivien ja nitrifioivien bakteerien mdidirad koskevissa
varianssianalyyseissa.

Proteolytic Nitrifying
Variable — Muuttuja Proteolyyttiset Nitrifioivat
Cs-p LSC-p LSC-p
1. Fertilization—Lannoitus 7.26% 10.84%%* 0.04
2. Rotavation and liming—Jyrsintd ja kalkitus 8.37%* 18.24%** 14.43%**
3. Temperature—Lampétila 1.85 0.23 0.34
Interactions
1x2 2.50 11.52%%* l.64
1x3 0.05 5.75%* 1.47
2x3 3.66* 2.82 0.49
1x2x3 0.50 0.13 0.55
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Appendix 3. F ratios and their degree of significance in the analyses of variance concerning the
contents of ammonium and nitrate in the top 10 cm peat layer.

Liitetaulukko 3. F-subteet ja merkitsevyydet 10 cm:n pintaturvekerroksessa olevaa ammonium- ja nitraatti-
typen mdirdii koskevissa varianssianalyyseiss.

NH, NO,
Variable — Muuttuja

CS-p LSC-p CS-p LSCp
1. Fertilization—Lannoitus 44.71%%% 59.59%**| 12.34%**  12.70%**
2. Rotavation and liming— Jyrsintd ja kalkitus 15.61%%* | 27.51%*%*% 5 g8%** 6.64**

3. Temperature—Limpotila 2.711 12.16%**  0.31 0.44

Interactions

1x2 12.60%**| 15, 56%** 5.72%* T.24%*

1x3 0.24 0.85 0.20 0.57

2x3 1.30 1.02 0.40 0.83

1x2x3 1.00 1.38 0.40 0.74
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ALKUSANAT

Tullessani Metsintutkimuslaitoksen palvelukseen kesilld 1969 sain ensimmaiiseksi
paitehtivikseni erilaisten peltojen metsityskokeiden perustamisen. Peltojen metsitys
oli juuri tuolloin noussut tirkeiksi maankiyttopoliittiseksi kysymykseksi, ja valtio-
valta oli ryhtynyt tehostettuihin toimenpiteisiin metsityksen saamiseksi kdyntiin laa-
jassa mitassa. Aihepiirin tutkimustarve koettiin niin voimakkaana, etti ensimmiiset
selvitykset, jotka tehtiin yhteistyoni Metsintutkimuslaitoksen metsinhoidon ja met-
siteknologian tutkimusosastoissa, pantiin alulle stipendivaroilla.

Tissd julkaisussa esitellidn pdidtulokset niistd peltojenmetsityskokeista, joita met-
sinhoidon tutkimusosaston toimesta perustettiin vuosina 1970 — 1972 Suomen eri
puolille. Karttulan koealueen rakenteen suunnitteli fil.lis. Jyrki Raulo ja koealueen
perustamista maastoon johti silloinen metsit. yo Risto Tapani. Yo. Tapani kisitteli
myds ensimmiisen vuoden inventointitulokset ja laati aiheesta opinniytetyon Hel-
singin yliopistoon. Maalahden ja Rymittylin koealueiden suunnitelma on allekirjoit-
taneen, jonka johtoon koko tutkimusprojekti siirtyi vuoden 1971 alusta lihtien.
Maalahden ja Rymittylin koealueiden perustamista johti maastossa metsinhoitaja
Tapani. Koealojen inventointia kentilld johti vv. 1971—1972 metsiteknikko Pekka
Suolahti, ja vuonna 1973 suoritettua loppuinventointia johtivat mt. Suolahti seki
silloinen metsit. yo. Risto Rikala. Vuoden 1972 aineiston kisittelyn suoritti yo. Ri-
kala ja vuoden 1973 aineiston kisittelyn silloinen metsit. yo. Jari Parviainen. Kuvat
ovat metsiteknikko Suolahden ja biol. yo. Olli Virran kisialaa. Metsiteknikko T.
Ylitalo on kerinnyt koeajan siitilastot ja metsiteknikko V. Silander kustannus-
tiedot. Julkaisun englanninkielisen tiivistelmidn on kdintinyt FK Leena Kaunisto
ja sen on tarkastanut B.Sc. J. Derome. Kisikirjoituksen ovat lukeneet prof. T. Kallio,
prof. P. Hakkila, maat.metsit.tri., dos. E. Paavilainen, maat.metsit.tri E. Milkonen,
maat.metsit. lis. S.-E. Appelroth, maat.metsit. lis. P. K. Risinen sekd fillis.
J. Raulo.

Lausun parhaat kiitokseni kaikille edelld luetelluille hyvin ja huolellisesti suorite-
tusta tyosti. Mieluisa tehtivini on edelleen kiittdd kokeiden perustamisvaiheessa
tutkimusta tukeneita maanomistajia: H. Saastamoinen OY:ti Karttulassa, maanvilj.
E. Stooria ja J. Skogmania Maalahdessa sekd Rymittylin Venetelakka OY:td Rymiit-
tyldssi, jotka luovuttivat omistamiansa peltoja koealueiksi. Metsiteknikko A. With
seki Vasa distriktskogsnimnd avustivat Maalahdessa sekd Lounais-Suomen piiri-
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metsilautakunta Rymittylissid koealojen perustamista ja inventointeja monin tavoin.
Apul. prof. U. Birringin opastuksella allekirjoittancella oli tilaisuus syksylldi 1969
tutustua Ruotsissa suoritettuihin peltojen metsityskokeisiin, mikd auttoi suuresti
tutkimuksen ongelmanasettelun selkiinnyttdmista.

Titd kirjoittaessa yleinen kiinnostus peltojen metsittimiseen ei ole varsin suuri,
vaan muut metsitalouden ongelmat askarruttavat metsinviljelytoiminnasta vastaa-
via ammattimiehid. Ottaen kuitenkin huomioon aihepiiristd julkaistun tiedon vihaii-
syyden ja tutkimuksessa ilmi tulleet, yleisempiikin kantavuutta omaavat johtopdi-
tokset, on katsottu tarkoituksenmukaiseksi julkaista piitulokset viljelytaimien me-
nestymisen osalta nidinkin laajassa mitassa. Tutkimukseen olennaisesti liittyvit ha-
vainnot pintakasvillisuuden midristi ja lajikoostumuksesta eri tavoin muokatuilla
aloilla julkaistaan erilliseni tyoni toisaalla.

Helsingissa, tammikuussa 1976 Matti Leikola
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1. JOHDANTO

Peltojen metsittiminen tuli Suomessa ajankohtaiseksi talouspoliittiseksi kysymyk-
seksi 1960-luvun lopulla. Sen merkitystd painotettiin maatalouden ylituotannon su-
pistamiseksi sekd metsiteollisuuden puuraaka-aineen lisddntyvin tarpeen tyydytti-
miseksi laadituissa valtakunnallisissa ohjelmissa (katsaus esim. Selby 1975). Met-
sinparannuslain (425/1969) seki pellonvarauslain (216/1969) perusteella metsitet-
tiinkin maassamme vuosina 1969—1973 yhteensd 44 900 ha, josta peltojen metsitysti
oli 36 500 ha. Muuta kautta kuin valtion rahoituksella metsitettiin vastaavana ajan-
jaksona peltoja lisiksi noin 2100 ha. Valtion tuen ja maanomistajien asenteiden
muutoksen seurauksena metsitettivin peltopinta-alan oletettiin 1970-luvun alussa
lisddntyvin ripedsti (mm. Holopainen 1970, Numminen 1970). Niinpd
esim. MERA-ohjelman tavoitteena esitettiin noin 30 000 ha jatkuvaa vuotuista met-
sittimistd (Mera III 1969, Ervasti ym. 1970).

Elintarvikkeiden ja polttoaineiden jyrkisti kohonneet maailmanmarkkinahinnat
asettivat kuitenkin suurisuuntaisen peltojenmetsitysohjelman vuonna 1973 uuteen
valoon. Pellonvaraustoimintaa alettiin arvostella yhi ankarammin, ja varsinainen
peltojen ns. paketointi lopetettiin 1. 5. 1975 alkaen. Sen sijaan peltojen metsitystoi-
mintaa edistineen metsinparannuslain 6a §:n voimassaoloaika, jonka piti niinikdin
padttyd 30. 6. 1975, sdddettiin toistaiseksi jatkuvaksi. Samalla lakia on kuitenkin
muutettu niin, ettd vain laadultaan ja sijainniltaan huonot pellot kuuluvat sen piiriin
(mm. Mietola 1975). Miki on mp-lain vaikutus peltojenmetsitystoimintaan
1970-luvun loppupuolella, on kuitenkin vaikeata ennustaa. Ilmeista on, ettd 1970-lu-
vun alkuvuosien tasoa (n. 10—13 000 ha/v) ei saavuteta, vaikka useat maatalouden
rakennemuutokset suosivatkin peltojenmetsitystoimintaa.

Metsiteollisuuden raaka-ainetilanteen yhi kiristyessi on ns. lyhytkiertoviljelyn
harjoittaminen herittinyt viime vuosina jonkin verran mielenkiintoa. Hyvilaatuiset
pellot soveltuvatkin tihidn tarkoitukseen erittiin hyvin, joten ne voivat tarjota kii-
tollisen kohteen niillekin metsdnomistajille, jotka vierastavat viljelystd hylityn pel-
lon metsittdmistd tavanomaisilla havapuulajeilla pitkin kiertoajan tms. syyn vuoksi
(Hakkila 1973 ym). '

Varhaiset peltojen metsitykset ovat meilld olleet padosiltaan kuusen kylvimistd
tai istuttamista muokkaamattomaan sinkipeltoon tai nurmeen (mm. Cajander
1933), sekid erilaisten kaskeamisesta johdettujen viljelytapojen kiyttod (esim. Hei-
kinheimo 1955). Viime vuosikymmenelld aiheen ajankohtaisuus jilleen suuntasi
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tutkimusta jonkin verran myos peltojen metsittimiseen. Helsingin yliopiston metsin-
hoitotieteen laitoksessa laadittiin muutamia opinniytetoitd, jotka selvittivit pellolle
istutettujen minnyn, kuusen ja rauduskoivun taimien selviytymistid pintakasvillisuu-
desta (Karlsson ja Pdivdnen 1963, Miettinen ja Reinius 1964).
Metsintutkimuslaitoksessa on julkaistu peltojen metsittimisen biologiaa ja tekniik-
kaa koskevia tutkimuksia ja ennakkotietoja (Appelroth ja Harstela 1970,
Paavilainen 1970). My6s viljelemitti jitettyjen peltojen luontaista metsitty-
mistd on aikaisemmin selvitetty ns. Porkkalan vuokra-alueelta kerityn aineiston pe-
rusteella (Kalela 1961).

Pintakasvillisuuden torjuntaa pelloilla kemiallisin ja mekaanisin menetelmin on
Suomessa kylld kokeiltu melko runsaasti (esim. Lallukka ja Borg 1965,
Mukula ja Ruutunen 1969, Rummukainen 1970, Selander
1971) ja kdytinnon kokemuksiin perustuvia ohjeita peltojen metsityksestd esiteltiin
1970-luvun alussa runsaasti metsdalan ammattilehdissi (Appelroth 1969, 1970,
Leikola 1970, Lepisto 1970, Raulo 1970, Saikku 1970 ym.). Muita
varsinaisia peltojenmetsityskokeiden tuloksia ei maassamme toistaiseksi ole julkaistu.

Ruotsissa suoritetuista tutkimuksista on ennen kaikkea mainittava B4 rrin gin
(1965, 1967) monipuoliset selvitykset peltojen metsityksessd kdytettdvistd istutusme-
netelmistd, herbisidien kidytostd, taimia pelloilla uhkaavista tuhoista jne. Peltojen
metsitysti ovat kisitelleet myoés Magnusson (1957), Oksbjerg (1959),
Callin (1962) ja Ahlbidick (1969). Haugberg (1971) on julkaissut Nor-
jassa laajan tutkimuksen kuusen istutuksesta peltomaalle, ja norjalaiset tutkijat ovat
kisitelleet entisten laidun- ja nummimaiden metsittimisessi kohdattuja vaikeuksia
(Braathe 1950, Brantseg 1954).

Myé6s Eestissi on maatalouteen sopimattomien peltomaiden metsittiminen ollut
ajoittain vilkasta. Vv.1950—1969 perustettiin pidasiassa heikkotuottoisille heini- tai
laidunmaille lihes 50 000 ha viljelymetsid (M a r g u's 1970). Koetoiminnan kohteina
ovat olleet puulajien valinta, maanmuokkaus, istutus sekd viljelmien hoito ja tuotos
(esim. Margus 1955, 1957, Muiste 1970). Tulokset ovat soveltamiskelpoisia
ainakin Eteld-Suomessa, vaikka useat Eestissi koetoiminnan piiriin otetut menetel-
mit, kuten havupuiden kylvo kauran sekaan tai lupiinin viljely ovatkin viime aikojen
suomalaiselle peltojen metsittdiselle vieraita toimenpiteitd.

Koska normaali metsinuudistusala ja metsitettivdi pelto poikkeavat toisistaan
monessa suhteessa, ja koska varmoja ohjeita ei ollut kidytettivissi peltojen metsitti-
miseen, Metsdntutkimuslaitoksen metsinhoidon tutkimusosastossa ryhdyttiin vuon-
na 1969 selvittimain erilaisten metsittimismenetelmien kadyttod biologiselta kannalta.
Nyt kisilld olevassa julkaisussa esitellidn tulokset koesarjasta, jonka tarkoituksena
on ollut selvittdd, miten erilaiset maanpinnan valmistusmenetelmit ja pintakasvilli-
suuden torjuntatoimenpiteet vaikuttavat minnyn, kuusen ja rauduskoivun taimien
alkukehitykseen aikaisemmin heindd kasvaneella pellolla. Osatuloksia on aikaisem-
min esitelty lehtiartikkeleissa sekd eriissd ennakkojulkaisuissa (Tapani 1971, Lei-
kola ja Raulo 1973). My6s eri viljelymenetelmien vaatimia kustannuksia
on tarkasteltu lyhyesti.



2. TUTKIMUSAINEISTO JA -MENETELMA

21. Kokeen perustaminen
211. Koealojen sijasntr ja rakenne

Koealat perustettiin kolmelle paikkakunnalle: vuonna 1970 Karttulan kunnan Syviniemen ky-
ldgan (P 62°52, T 27°10’, H 98 m mpy) (Karttulan koealue), seki vuonna 1971 Maalahden kunnan
Storsjon kyldan (P 62°52/, T 21°33’, H 15 m mpy) ja Rymittylin kunnan Ré6lin kylddn (P 60°22,
1 21°59, H 10 m mpy) (Maalahden ja Rymittylin koealueet) (kuva 1).

Koealueiden perustamispaikkakuntia valittaessa pyrittiin ennen kaikkea sisillyttimdin kokeeseen
paitsi Suomen etelipuoliskon sisimaan my6s rannikkoseutujen olosuhteita, silld tdilld peltojen met-
sittiminen oli osoittautunut erityisen vaikeaksi.

Karttulan koealueella rajattiin laajalle metsitettaville peltoalueelle yhteensd viisi koealaa, joista
kaksi (n:ot 1 ja 3) sijoitettiin turvemaalle ja kolme (n:ot 2, 4 ja 5) kivenniismaalle. Kaikilla pelto-
lohkoilla oli aikaisemmin viljelty heindd usean vuoden ajan. Maalahden koealueelle perustettiin
yhteensd kolme koealaa ja Rymittylin koealueelle kaksi koealaa. Maalahdessa oli aikaisemmin vil-
jelty heindd ja Rymittylissi valkoapilaa.

Kaikkien koealojen rakenne oli seuraava: koealat jaettiin perustettaessa aluksi kolmeen /obkoon,
joihin viljeltiin eri puulajeja. Kunkin puulajin muodostama lohko jacttiin edelleen riveibin, jotka
muokattiin eri tavoin. Muokkausrivit toistuivat puulajilohkossa 3-—5 kertaa arvotussa jirjestyksessi
(kuva 2).

Muokkausrivit jaettiin pintakasvillisuuden torjuntatoimenpiteitd varten alayksikkoihin seuraa-
vasti: Karttulassa kukin muokkausrivi jaettiin ensin arpomalla kahtia heinimis- ja toisaalta herbi-
sidikasittelyjd varten. Kumpikin rivin puolikas jaettiin vield kolmeen ruutunn kisittelyn voimakkuu-
den mukaan. Ruutu kisitti viisi tainta ja kukin muokkausrivi 23 x5 = 30 tainta. Maalahdessa
ja Rymittylissi muokkausrivit jaettiin arpomalla kahtia, ja rivin puolikkaat viljeltiin vertaamalla
keskenddn havupuilla eri taimilajeja ja rauduskoivulla eri taimilajeja ja -tyyppejd. Rivien puolikkaat
jaettiin vield arpomalla kolmeen ruutuun pintakasvillisuuden torjuntamenetelmin mukaan. Jokainen
ruutu kisitti 6 tainta ja kukin muokkausrivi 2xX3 <6 = 36 tainta.

Koealojen rakenne oli hierarkkinen ns split-plotperiaatteen mukaisesti. Kukin muokkausme-
netelma (rivi) edusti kokeen pddkdsittelyi, joka jakaantui edelleen alakdsittelyibin pintakasvillisuuden
torjuntamenetelmin ja taimilajin (taimityypin) mukaan.

Kokeeseen sisillytettyjen puulajien, maanmuokkausmenetelmicn, pintakasvillisuuden torjunta-
toimenpiteiden, toistorivien ja istutettujen taimien lukumiirit on koealoittain esitetty taulukossa 1.
Kisittelyt esitetddn yksityiskohtaisesti jiljempina.

Koealojen sijainnista ympirdiviin maastokuvioihin nihden voidaan lyhyesti esittdd seuraavaa:

2 8472—76



10 Matti Leikola

88.3

A=Koealue Experimental area
O=S&dasema Weather station
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Kuva 1. Koealueiden ja naitd lihinna olevien saiasemien sijainti.
Fig. 1. The location of the experimental areas and the nearest weater stations.
Karttula

— Koeala | sijaitsee laajahkon (n. 50 ha) peltoalueen itapaassa, peltojen poikki laskevan valta-
ojan lihelli. Koealan maa on tasainen, reunakuvioiden vaikutusta ei ole. Hallanvaara mahdollinen.

— Koeala 2 sijaitsee saman peltoalueen pohjoisrinteessd, minkd vuoksi kasvuolosuhteet koealan
sisalld ovat epiyhteniiset. Koealan yldosa kuivahko, mutta alaosa tuore. Ei reunakuvioiden vaiku-
tusta.

— Koeala 3 sijaitsee peltoaukean keskelld valtaojan vieressi. Tasainen, alava maa. Ei reunaku-
vioiden vaikutusta. Hallanvaara mahdollinen.

— Koeala 4 sijaitsee peltoaukean etelidreunassa talouskeskukseen vievin tien varressa. Koeala
on perustettu rinteeseen, joka kuitenkin yldosastaan on loiva. Koealan takana olevan metsikon var-
jostava vaikutus mahdollinen.

— Koeala 5 sijaitsee maantien muista koealoista erottamalla peltoalueella. Koealan maa vietrad
loistavasti itdin. Ei reunakuvioiden vaikutusta.
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Ménty, Pine

Lohkot: Kuusi, Spruce
B’ock;:

lauduwkolvu, Birch

Maanmuokkausmenetelmat
Soil tilling methods

- a
<« 234
'* x‘$ ¥'+ . . . . . . . . . . . .. . . . . . . . . . . .
O-xxaxXeax o 00 ool lllrluirrrrnn
Rivit
Rows:
Toisto1 |' Toisto2 | Toisto 3 ' Toisto4
Repl. 1 Repl. 2 Repl. 3 Repl. 4
Karttula:
v
Kontr. I " I 1" Koutr
Herbis.-Herbic. Heinim.-Weeding
Ruudut
Plots:
Macalahti, Rymattyla:
Kontr. Herbis. Heinim, Herbis. Heinim. Kontr.
bic. Weed. Herbic. Weed. Contr.

Contr.

Her

Taimilaji 1 - Plant type 1 Taimilaji 2 - Plant type 2

Kuva 2. Koealojen yleinen rakenne. Selostus tekstistd.
Fig. 2. The general desing of the experimental areas. Explanation in the texi.

Maalahti

— Koeala | sijaitsee tasaisella peltolohkolla, jossa pohjaveden vaikutus on varsinkin toistolla
n:o 1 selvisti havaittavissa. Koealan maa viettid jonkin verran kaakkoon. Reunametsidn vaikutus
tuntunee jonkin verran.

— Koealat 2 ja 3 sijaitsevat vierckkdin tasaisella peltoalueella. Reunakuvioiden vaikutusta ei ole.
Koealat ovat hallanaroilla paikoilla.
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Taulukko 1. Kokeeseen sisillytettyjen puulajien maanmuokkausmenetelmien, pintakasvillisuuden
torjuntakisittelyiden, toistojen ja istutettujen taimien lukumiirit koealoittain.
Table 1. Tree species tilling methods, weed control methods, number of replications and number of transplants
by sample  plot.

i ; Pintakasvill. Taimien luku
Ko Pus | Maun | Tamia | Wed o | gd | M2
,Exéz::t]zx/:\/::rm TER‘ jmenet., k’pli J[;geprla.r.r,/ | Mener., | Taso, | R:;lz]‘m | )
Experimental plot, No ’P"(;ff’ ‘,;i”’ilfa;illiﬁoj *\;"/t':,"" ! kpl kpl | tions, | (l:\li(lu Y}lof;al/‘Pl
No 5y | species Me?ha y s s
‘ ‘ w’\/’,_ d”‘ “\’Z/ | M No!plot No
Karttula ' | : [
Koealan:o 1 - Experim. plot 1 3 8 | 1 2 3 4 | 5 | 2880
» » 2- » 2 3 8 1 2 3 4 5 | 2880
» » 3- » 3 3 ‘ 8 | 1 2 3 4 i 5 | 2880
> o» o 4- » 4 3 8 1 2 3 | 3 | s ‘ 2160
» » 5- » 5 3 8 1 2 3 4 5 | 2880
N I I | 13680
1 \ l l [ |
Maalahti | ‘ "
Koealanio 1 - Experim.plot 1| 3 | 7 | 1-2 ‘ 2 2 5 6 | 3780
4 P i
» » 2- » 2 3 7 1—2 1 2 2 5 6 ‘ 3780
»  » 3- » 3003 |7 2 2 25 6 3780
; J [ ; | | ; 11 340
—c— ‘ " —
Rymittyld ‘ ‘ |
Koeala n:o 1 - Experim.plot 1| 3 7 2 | 2 | 2 | 5 6 3780
> o»2- 2 3 7 2 | 2| 2| s 6 | 3780
‘ ‘ ! 7560
S | | ‘ | o |
! | § | ‘ ! : |
Yhteensi — Zotal| 3 | 11 | 35 2 2-3 | 35| 5-6 32580
Rymiittyli

— Koeala 1 sijaitsee kallioiden vilissa olevalla n. 10 ha peltolohkolla, joka viettid hieman poh-
joiseen. Reunametsin vaikutus saattaa tuntua seuraavilla toistoilla: minty; toisto 5, kuusi; toisto 1
ja rauduskoivu; toistot 2 ja 3.

—Koeala 2 sijaitsee kallioiden vilissd olevalla likimain kolmion muotoisella peltolohkolla, joka
viettdd havupuiden lohkoilla hieman pohjoiseen ja rauduskoivun lohkolla eteldin ja linteen. Reuna-
kuvioiden vaikutusta on jonkin verran.

212. Koealojen maa

Karttulan koealue. Kemiallista ja mekaanista maa-analyysid varten otettiin kaikilta Karttulan koe-
aloilta pintamaasta maandytteet kesikuussa 1970. Niytteenottoa tiydennettiin vield seuraavana vuon-
na koealojen 1 ja 2 osalta. Kultakin koealalta ja lohkolta kolmesta kohdasta otetut maaniytteet yh-
distettiin ja lidhetettiin Viljavuuspalvelu oy:66n, jossa nidytteet analysoitiin. Mekaanisen maa-ana-
lyysin tulokset on kivenniismaakoealojen 2, 4 ja 5 osalta esitetty taulukossa 2. Koealoilla 1 ja 3 or-
gaanisen aineksen osuus oli maassa niin suuri, ettei vastaavaa analyysii tehty.

Erityistd huomiota ansaitsee osakseen koeala 2, joka sijaitsi rinteessd ja oli kasvupaikkana mm.
maan suhteen selvisti epiyhtenidinen. Alinna rinteessi maa oli hienojakoisinta, mutta siirryttiessi
rinnettd ylemmiksi karkeampien maalajitteiden osuus kasvoi niin, etti koealan ylireuna oli jo suu-
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Taulukko 2. Karttulan, Maalahden ja Rymittylin kivenndismaakoealojen lajitekoostumus.
Table 2. Particle size composition of the mineral soil plots at Karttula, Maalahti and Rymaittyla.

Lajitekoostumus, °, — Fraction, per cent

Lajitteen lipimitta, mm — Pariicle size, mm

\
Koeala | l
Kocala Toisto, puulaji | o S
Experim. ; e | | 1 i 1
/f’/‘;/ J‘ Replic., Tree species ‘i se | mse | HK . KH HH: | K}zls “01615‘6[5 , .
- - - 0.2— | 0.06— | 0.02-— —
1 ‘2076 6—2 | 2—0.6 ‘ 0.6—0.2 0.06 ; 0.02 | 0.006 0.002 | <0.002
|
Karttula | l ‘ ‘
2 [ U o111 2 7 21 17 13 38
2 2 01 1 2 25 25 16 10 20
2 B 0 0 1 2 38 20 12 16 | 11
2 AL 1 2 3 16 40 [ 13 8 | 2 | 14
4 Keskim.AAverage..‘; 3001 4 4 200 1719 14 | 1
5 Keskim— Avrage . 1 |1 | 4 24 |20 18 11 |17
S | o [ | | [ T
Maalahti 3 | E | |
2 Keskim.— Average ..|— — | 04| 04 13 138 240 | 205 | 39.6
- T | i T
3 ,Keskxm-Avemge L— — | 05| 03 21 103 257 191 l 42,0
Rymiittyld | ; ‘ :
1 | Ménty — Pine ... .. 123 51 9.4 11.0 81| 49| 7.4 9.8 320
1 ;Kuus1-«5prme ..0114 65 81 83 61| 52 65| 120 359
1 | Raudus — Birch ....| 5.3 | 3.7 1 62| 7.6 65| 7.6 | 121 1411 369
— T ; ; T R B—
R ‘ Keskim.— Average . J 9. 66‘ 51, 79 ' 8.96/ 6.9 59| 8*96‘ 11. 96i 34.93
1' | " | | :' :
2 MantyAPme ..... 9.6 23 ‘ 155 88 121 64 44 85 324
2 [Kuusx — Spruce ‘ 9.9 | 2.4 | 224 218 56 52 37 6.2 | 22.8
2 | Raudus — Birch . ... 10.7 ; 55 181, 67 113 | 60| 55| 69 287
{ o ; [ ! ’ [ 17 17
2 | Keskim.— Average .. 10.06| 3.4 | 18.66 12.43 9.66| 586 4.53 7.2 27.96

reksi osaksi karkeata hietaa. Koska mahdollisimman suuri osa vaihtelusta pyrittiin sulauttamaan tois-
tojen viliseen vaihteluun, sijoitettiin puulajilohkot rinteeseen vierekkdin. Toistot jarjestettiin kunkin
lohkon puitteissa siten, ettid pidkisittelyjen (muokkausmenetelmit) ensimmaiinen toistokerta oli
rinteessd alinna, sitten toinen ja kolmas, ja neljis toisto on ylinni. Toiset kivenniismaakoealat, no
4 ja 5, sijaitsivat yhtendisemmalld maalla. Karkea hieta, hieno hieta ja karkea hiesu ovat niiden koe-
alojen yleisimmit maalajit.

Karttulan koealojen maan ravinneanalyysin tulokset on esitetty taulukossa 3. Vaihtuvat kationit
ja_helppoliukoinen fosfori on analysoitu ammonium-asetaattimenetelmilld (ph 4.65) ja kokonais-
typpi Kjeldahl-menetelmalla.

Ravinnemaiiristd varsinkin kalsiumin miéiri on koealoilla tavalliseen metsimaahan verrattuna
huomattava; noin 10—40 kertainen (metsimaan keskimiiriisestd ravinnepitoisuudesta esim. V i-
ro 1969 ja Urvas ja Ervio 1974). Kaliumia oli koealoilla noin 1-—3 kertaa niin paljon kuin
metsimaassa ja helppoliukoista fosforia saman verran tai hieman vihemmin kuin metsimaassa.
Koealojen maan typpipitoisuus on niinikddn suurempi kuin metsimaassa.

Eri koealojen kesken maan ravinteisuudessa on huomattavaa vaihtelua, josta osa on tietenkin
vahdisestd niytemdairisti johtuvaa otantavirhettd. Huomiota kiinnittdd varsinkin koealan 1 raudus-
koivun lohkon suuri kalsiumin ja fosforin méird sekd koealojen 4 ja 5 muita koealoja suuremmat
kaliumin ja fosforin miirit.
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Taulukko 3. Karttulan, Maalahden ja Rymittylin koealojen maan happamuus sekd ravinne- ja
humuspitoisuus.

Table 3. Soil acidity, and nutrieni and humus contents at Karttula, Maalahti and Rymaittyli.

| i |

Koeala | ! f |
|

|

! T
Toisto, n:o — Replication ‘ | ‘ 0
o TN MRS G KR Ny | i e,
f;;:fer;\':: C Pulii — Tree specis | mg/ } mg/ me | | conductivity | et cent
— :
Karttula
1 Minty — Pine ... .. 6.2 1375 | 50 6.2 0.57 1.7 17.5
1 | Kuusi — Spruce .. .. 5.8 ‘ 2900 64 34 070 19 . 228
1 | Raudus — Birch .... 6.1 5700 45 | 8.0 0.71 1.9 25.4
— T T 1 i N ] | —
\ ‘ . ‘ ‘
1 | Keskim— Awrage .. 4116 | 53 | 586 0.66 183 | 219
2 Toisto 1 — Replic. 1| 5.7 1983 | 104 6.0 | 0.44 1.5 13.3
2 Toisto 2 — Replic. 2 57 1817 | 46 3.3 0.61 1.3 10.2
2 Toisto 3 — Replic 3| 5.8 1275 = 45 31 022 1.4 7.2
2 | Toisto 4 — Replic. 4| 5.8 | 1650 |59 |49 032 ] 1.2 10.2
7 ] | |
2 | Keskim.— Average .. 11681 | 635 43| 039 ‘ 1.35 10.2
B N st s bl . Bt ‘ ; - o
| | |
3 Manty — Pine ... .. - 5.7 14400 88 3.4 ‘ 1.25 | 2.2 36.8
3 Kuusi — Sprace .... 5.6 2400 120 3.8 1.08 2.0 348
3 'Raudus — Birch ... 561800 | 92 3.6 070 1.4 192
| | | | |
3 | Keskim.— Average . . | 12866 | 100 : 3.6 1.01 } 1.86 303
I e , : L R
, l |
4 Keskim.— Average .. | 5.6 !1975 250 | 15 | 028 11| 91
I ! | | !
5 { Keskim.— Average .. , 5.7 ‘2 025 220 | 27 ! 0.28 I 1.5 | 8.8
Maalahti § | |
1 Manty — Pine ... .. 441 900 58 | 5.8 i 1.09 1.9 | 30.0
1 | Kuusi — Sprace ... 4.4 1025 92 = 10.0 ‘ 1.04 | 2.0 | 316
1 | Raudus —Birch ....| 4.4 1050 80 66, 140 21 | 326
f \ w i ! ‘ '
1 Keskim.— Average .. | 4.4 | 9916, 76.6 7.46 118 | 2.0 31.4
| ] | ] ] [ | T
2 | Keskim.— Average .. | 4.8 | 975 | 48 | 7.4 | 090 Y 17.9
Bl | 1 | T -
‘ 1 ! ‘ ‘
3 | Keskim.— Average .. | 4.6 | 850 | 39 | 60 080, 20 | 126
[ | | | | | |
Rymiittyli | | f f ‘ | |
1 Minty — Pine ... .. 51| 850 186 = 14.0 @ 0.34 | 1.3 47
1 Kuusi — Spruce ....| 49 | 975 | 261 150 | 0.29 1.3 47
1 | Raudus—Birch ....| 53 1200 | 188 | 8.0 027 1.4 3.68
| ‘ \ ‘
2 | Keskim.— Average .. | 5.1 {1008 | 211.6/ 123 | 0.30 | 1.33 4.37
2 Minty — Pine ... .. | 52101275 | 198 | 12.0 | 0.28 12| 459
2 Kuusi — Sprace ... 5.0 [1050 200 18.0 0.63 1.4 ‘ 5.99
2 Raudus — Birch ....| 4.9 975 212 11.0 0.29 1.4 \ 4.45
! | i \ o
2 Keskim.— Average .. 5.03/1100 | 203 13.7 0.40 1.3 | 5.01
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Maalahden ja Rymittylin koealueilla otettiin maanaytteet kesikuussa 1971. Viljavuuspalvelu oy:n
suorittaman mekaanisen maa-analyysin tulokset on esitetty kivenniismaakoealojen osalta taulukossa
2. Maalahden koeala 1:n pintamaan muodosti n. 1020 cm paksu orgaaninen kerros, jonka alla
pohjamaana oli urpasavea. My6s koealojen 2 ja 3 pintakerroksessa oli runsaasti orgaanista ainetta,
joka ilmeisesti aikaisemman viljelyn johdosta oli kuitenkin sekoittanut pohjamaana olevaan saveen.

Rymittylin koealojen maa on Maalahden tavoin savivaltaista, mutta varsinkin koealalla 2 jou-
kossa on myos karkeampaakin ainesta, karkeaa ja hienoa hiekkaa. Molempien koealojen pohjamaa
on jaykkdi savea.

Maalahden ja Rymattyldn koealojen maan happamuus on metsipuiden kasvatusta ajatellen suo-
tuisa (taulukko 3), sama kuin keskimiiriisessd tai viljavassa metsimaassa. Kalsiumia on molemmilla
koealueilla huomattavasti enemmin kuin keskimairin metsimaassa. Kalin runsaus on Maalahdessa
suunnilleen samaa suuruusluokkaa kuin keskimiirin metsimaassa, mutta Rymittyldssi kalia on
4—5 kertaa niin paljon kuin metsimaassa. Helppoliukoisen fosforin miiri maassa on kaikilla koe-
aloilla samaa suuruusluokkaa kuin metsimaassakin. Koealojen typpipitoisuus on suurempi kuin
metsimaan, ja varsinkin Maalahden koealojen humuspitoisuus on huomattavan suuri.

Maa-analyysin tulosten perusteella Karttulan koealueen koealat 1 ja 3 luokitettiin erikseen tur-
vemaiden ryhmiksi ja koealat 2, 4 ja 5 vastaavasti omaksi kivenndismaiden ryhmikseen. Vastaavasti
olisi Maalahden koeala 1 pitinyt erottaa tulosten tarkastelun yhteydessi omaksi ryhmikseen. Ai-
neiston liiallisen pirstoutumisen valttimiseksi titd ei kuitenkaan ole tehty, vaan Maalahden samoin
kuin Rymittylin koealat esitetidn jiljempidnd koealueittain yhtendisind ryhmini.

213. Maanmuokkaus

Kokeessa kiytetyt maanmuokkausmenetelmit on esitetty koealueittain taulukossa 4.

Karttulan koealueella maa muokattiin 15.—20. 5. 1970. Laikut valmistettiin kisityoné tavallisella
peltokuokalla. Kynté suoritettiin ajamalla keskiraskaan maataloustraktorin vetdmilld kaksisiipiselld
auralla samansuuntaisia viiluja niin, etti saatiin aikaan vihintdin 2 m leved kynnos. Koealalla n:o 5
palteet kuitenkin kynnettiin vastakkain harjaksi. Aestyksessi kiytettiin veitsirulladesti 1. hankmoa
ja jyrsinnissi pientd jyrsimelld varustettua puutarhatraktoria. Jyriyksessi kiytettiin n. 3 m leveitd
kiekkojyria. Aestys, jyrsintd ja jyrdys suoritettiin kahdesti. Pallekynnéssi ajettiin yksisiipiselld au-
ralla kertaalleen, jolloin syntyi aina yksi auranpalle.

Kyntotoitd haittasi Karttulassa eniten maan takertuminen auran vantaisiin. Varsinkin koealoilla
1 ja 3 oli lisiksi kiusana juolavehnin ja muiden sitkedjuuristen rikkakasvien juuristo. Pallekynt66n
kiytetysti yksisiipisestd aurasta puuttui koealalla n:o 5 leikkuri, minkd vuoksi palteesta syntyi pai-
koitellen katkonaista. Kynnon aikana satoi joinakin pdivind, mutta ennen destystd maa ehti kuivahtaa
muutaman paivan.

Yleiskuvan saamiseksi kynnén syvyydestd mitattiin palteen paksuus kynnoén jilkeen 120 koh-
dasta kultakin koealalta. Seuraavassa asetelmassa on esitetty koealakohtaiset keskiarvot:

Kynto Pallekynto
Koeala n:o
Palteen paksuus, cm

1 16.4 17.0
2 13.9 15.3
3 16.0 17.3
4 15.9 18.1
5 13.5 16.4
1 ja 3 keskim. 16.2 17.2

2, 4 ja 5 keskim. 14.4 16.6
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Kuva 3. Tutkimuksessa kiytettyja maanmuokkausmenetelmii. a. Paksu pallekyntd, Maalahti.
b. Pallekyntd, Maalahti. c. Harjakynto, Rymittyld. d. Tdysmuokkaus ja jyrsinti, Karttula. Valok.
R. Tapani.

Fig. 3. Some soil tilling methods included in the study. a. Thick furrow ploughing, Maalahti. b. Furrow ploug-
hing, Maalahti. c. Bedded ploughing, Rymdttyli. d. Ploughing, harrowing and rotary tilling, Karttula. Photo:
R. Tapani.

Savon maanviljelyinsinooripiirissd on 1950-luvulla keskimairiinen muokkaussyvyys ollut 17.5
cm (Halonen ja Juusela 1957). Timin mukaan kokeen kynt6 oli normaalia matalampaa,
mutta pallekyntd edusti normaalia kyntdsyvyytta.

Maalahden koealueella maa muokattiin 21.—27. 5. 1971. Kynt66n kdytettiin raskasta Ferguson
—65 maataloustraktorin vetimdd Hydrein 2x 14" auraa. Mitistykseen kiytettiin Ahma-450 kai-
vuria. Jotta mittiisiin olisi saatu korkeutta vaadittavat 20—25 cm, otettiin kuopasta kauhalla maata,
kunnes haluttu korkeus saavutettiin, Koealalla 2 jouduttiin matistyksen asemasta kiyttimidn ras-
kaalla uudistaivausauralla (2% 28”) tehtyd pallekyntdd (kuva 3).

Pallekynndssi koealat 1 ja 2 kynnettiin matalalta ja koealalla 3 syviltd pyrkien 20 cm palteen
paksuuteen.
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Taulukko 4. Kokeessa kiytetyt maanmuokkausmenetelmit.
Table 4. The different tilling methods used in the experiments.

Koealue — Experimental area

Maanm_uol':k'ausmenetelmﬁ Lyhenne
Sedl Hilling weetbed Legend Karttula Maalahti Rymittyld

Ei muokkausta — No #lling (o] X X X
Laikku, 40 X 40 cm — Hand

scalping, 40 X 40 ¢cm .. .. L X X X
Kynté — Ploughing ........ K X
Kynt6 ja destys (tdysmuok-

kaus) — Ploughing and

harrowing .............. K+A X X X

Kyntd, destys ja jyrsintd —
Ploughing,  harrowing and
rotary tilling ............ K+A+]J X

Kynto, destys ja jyrdys —
Ploughing, harrowing and

rolling . ... i, K+A+P X
Harjakynto — Bedded plough-

P77 S HK X X
Mitastys — Mounding . .. .. Mi X X

Pallekyntd, istutus samana
vuonna — Furrow plough-

ing, planting in the same year PK, X X X
Pallekynto, istutus seuraa-

vana vuonna — Furrow

ploughing, planting in  the

Sfollowing year ........... PK, X X

Pallekyntd ja jyrsintd — Fur-
row ploughing and rotary

177717 S PK+] X
Paksu pallekynto — Thick
Surrow planting .......... PPK X X

Rymittylin koealueella maa muokattiin 8.—10. 5. 1971 lukuunottamatta mitdstystd, joka suori-
tettiin vasta 19.—21. 5. Kyntoon kiytettiin kevyttd Fordson Dexta traktorin vetimai Sampo 2 x 13"
auraa. Harjakynt6 destettiin kertaalleen kaksirullaisella veitsirullaikeelld (kuva 3). Tiysmuok-
kauksessa maa Zdestettiin kynnon jilkeen kahteen kertaan. Mitidstys suoritettiin kevyelld traktori-
kaivurilla.

Seuraavassa esitetiin Maalahden ja Rymattylin koealoilla suoritettujen palteen paksuuden mit-
tausten tulokset. Ne edustavat jokaista toistoa, yhteensd 45 kpl/koeala:

Harjakynté  Pallekyntd  Maitistys

Koeala nio Palteen paksuus, cm
Maalahti 1 16.0 10.7@ 21.4
» 2 16.3 10.80 20.8@
» 3 15.8 17.2¢ 23.1
»  keskim.  16.0 21.7

1) Matala kyntd
?) Syvi kyntd
3) Kyntd uudisraivausauralla

3 8472—76
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Koeala n:o Harjakynté Pallekyntd 1 Pallekynts 2
Rymittyli 1 12.6 10.2 11.9
» 2 13.9 12.2 13.1
» keskim.  13.3 11.2 12.5

Kun Vaasan maanviljelysinsinéoripiirin alueella keskimédiriinen muokkaussyvyys on 1950-lu-
vulla- ollut 16.0 cm, ja Turun maanviljelysinsindétipiirin alueella vastaavasti 20.0 cm (Halonen
ja Juusela 1957), havaitaan Maalahden koealueen hatjakynnon ja syvin pallekynnoén edusta-
neen tavallista syvempdi muokkausta. Rymittylidssi muokkaus oli yleensd keskimairiistd matalam-
paa. Esim. Birring (1967) luonnehtii peltojen metsityskokeissaan 11—16 cm:n paksuista palletta
ohueksi ja 17—21 cm:a paksuista palletta paksuksi.

214. Taimimateriaalt

Karttulassa kiytettiin maanomistajan ko. peltoalueen metsitykseen hankkimia paljasjuurisia tai-
mia. Niiden alkuperit, taimilajit ja rauduskoivun osalta taimityyppi (kokoluokka) olivat seuraavat:

Puulaji Alkuperi Taimilaji (! Taimityyppi
Minty Vesanto 2A+1A
Kuusi Virrat 1M+4-2A
Rauduskoivu Punkaharju 1M e

D Raulon ym. (1972) mukaan.
2) Pituus 40—60 cm, tyvilipim. vih. 4 mm.

Minnyn taimet toimitti Pohjois-Savon piitimetsilautakunnan taimitarha, kuusen taimet Met-
sinjalostussdition Pieksimiden taimitarha ja rauduskoivut Metsintutkimuslaitoksen Suonenjoen
taimitarha. 5

Minnyn taimien koko ja laatu vaihteli varsin paljon. Ne oli nostettu taimitarhasta keviilli vi-
littomisti ennen lahetystd. Kuusen taimet olivat varsin tasakokoisia, isoja ja elinvoimaisen nikoisia.
Ne oli nostettu taimitarhasta jo edellisend syksyni, sdilytetty kylmivarastossa muovisikeissi talven
yli ja ne toimitettiin tilaajalle keviilld ennen viljelyd. Rauduskoivun taimet oli edellisend syksyni
lajiteltu taimitarhassa erilleen kasvatuseristd, jonka pddosa koostui taimityyppiin III kuuluneista
taimista. Tdmin jilkeen ne oli valeistutettu taimitarhaan, josta ne toimitettiin tilaajalle varhain ke-
viilli. Taimien silmut olivat tuolloin pienet, ja uusien taimien latvat olivat talvivarastoinnin aikana
kuivuneet.

Maalahden koealueelle istutetut taimet oli kasvatettu Vaasan piirimetsilautakunnan Mellanan
taimitarhalla Dagsmarkissa, lukuunottamatta vuonna 1972 kiytettyja minnyn rullataimia. Taimien
alkuperit, taimilajit ja taimityypit olivat seuraavat:

Puulaji Alkupera Taimilaji Taimityyppi
Istutus v. 1971
Minty Leppivirta IM+1A
» Vaasan pml. 1IM+1Ar
» » 2A+42A
Kuusi Jokioinen 1M+2A
Rauduskoivu Eno 1M 1a
» Rautalampi IM+1M re

1 Pituus 20—40 cm, typilipim. vih. 3mm.
2) Pituus 60—80 cm, typilipim. vih. 5 mm.
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Puulaji Alkuperi Taimilaji Taimityyppi
Istutus v. 1972

Minty Suonenjoki 1M+1A

» Vaasa 2A+2A

» Joroinen 1M+1Ar
Kuusi Ruovesi 1IM+2A
Rauduskoivu Keuruu 1M 1a

» » 1M+1A e

1 Pituus 20—40 cm, tyvilipim. vih. 3 mm.
2) Pituus 60—80 cm, tyvilipim. vih. 5 mm.

Paljasjuuriset minnyt ja kuuset oli nostettu vilittdmisti ennen kuljetusta istutuspaikalle. Ne
oli pakattu valkoisiin muovisikkeihin. Minnyn rullataimet oli kasvatettu ja ne myds kuljetettiin
rullissa istutuspaikalle. Pienet, koulimattomat rauduskoivun taimet (taimityyppi I) oli nostettu edel-
lisend syksyni ja siilytetty yli talven kylmivarastossa. My0s isot, koulitut rauduksen taimet (taimi-
tyyppi III) oli nostettu syksylld, mutta ne oli siilytetty yli talven valeistutuksessa.

Taimet olivat yleensi laadultaan elinvoimaisia ja terveitd. Isojen rauduksen taimien joukossa oli
kuitenkin kuivalatvaisia yksiloitd. Avomaalla kasvatettujen minnyn taimien pituus vaihteli suuresti.

Maalahdessa jouduttiin poikkeamaan suunnitellusta koejirjestelysti siten, ettd kuusen rullatai-
mien sijalle istutettiin kuusen paljasjuurisia, koulittuja taimia. Rullataimien ja paljasjuuristen taimien
vertailu suoritettiin siten kuusen osalta vain Rymittylin koealalla.

Rymdttylin koealalle istutetut taimet oli kasvatettu KML Tapion Hietikon taimitarhalla Virt-

taalla lukuunottamatta minnyn ja kuusen rullataimia, jotka toimitti Metsinjalostussditidon Vanajan
taimitarha. Taimien alkuperit, taimilajit ja taimityypit olivat seuraavat:

Puulaji Alkuperi Taimilaji Taimityyppi
Istutus 1971
Minty Yline 2A+ 1A
» Tammela 1M+ 1Ar
Kuusi Pohj. Hime 2A+ 2A
» Pornainen 1M+ 1Ar
Rauduskoivu Joutsa YsM+1/,A I
» Eno 1A+ 1A II1
Istutus 1972
Minty Sysmi 2A+ 1A
» Joroinen 1M+ 1Ar
Kuusi Tammela 2A+ 2A
» Miehikkild 1M+ 1Ar .
Rauduskoivu Joutsa . M+1/,A I
» » 1M+ 1A 111

Minnyn ja kuusen taimet oli nostettu aikaisin kevailld, vilivarastoitu taimitarhalle ja toimitettu
tilaajalle vasta vilittomisti ennen istutusta. Rullataimet oli kasvatettu ja ne kuljetettiin rullissa is-
tutuspaikalle. Rauduskoivun taimet oli nostettu edellisend syksyni ja ne oli varastoitu kylmivaras-
toon talven yli. Pienet rauduskoivun taimet oli pakattu muovisikkeihin ja isot taimet oli kiedottu
tervapaperista tehtyihin nyytteihin.

Kaikkiaan kokeeseen sisiltyi minnyn neljdi taimilajia, kuusen kolmea taimilajia ja rauduskoivun
viittd taimilajia.
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215. Taimien istutus

Taimet istutettiin kaikilla koealoilla vilittémisti muokkauksen jilkeen. Istutusmiehisté oli pai-
kallista ja ammattitaitoista. Istutusmenetelmini oli istutus avoimen kuopan reunaan (katso esim.
Antola ja Lehto 1969, Huuri 1972), ja istuttajan varusteina olivat kourukuokka ja taimi-
vakka. Istutettaessa kiytettiin tyoryhmina 3—4 miests, joista kukin istutti jokaisella koealalla yhden
toiston. Kiytetylld jirjestelylld pyrittiin sisillyttdmadn istuttajan ammattitaidosta ja tytavasta joh-
tuva vaihtelu mahdollisimman suuressa miirin toistojen viliseen vaihteluun (vrt. Appelroth
ja Harstela 1970). Taimien istutusvali muokkausrivissi oli 1 m ja rivien vilinen etdisyys oli 2 m.

Istutusajan sii oli Karttulassa yleensi pilvisti ja kohtalaisen kosteata. Vain ensimmiiseni istutus-
piivini oli aurinkoista ja tuulista, ja ajoittain satoi 6isin. Ilman limpétila pysytteli viimeistd istutus-
piivdd lukuurottamatta 4-10°C:n alapuolella.

Maalahdessa istutusajan sdd oli v. 1971 koko ajan pilvistd ja kosteaa; ajoittain sateli. Rymitty-
lassd sitd vastoin paistoi aurinko koko vuoden 1971 istutuskauden ajan. Ilman piivittiinen maksimi-
limpétila oli noin +20°C ja tuuli oli ajoittain hyvinkin voimakas.

Maalahdessa ja Rymittylissé istutettiin toinen puoli pallekynnettyjd ruutuja vasta kevialla 1972,
kun palteet olivat saaneet tekeytyid yhden vuoden ajan. Erotukseksi ensimmaiiseni vuonna istute-
tusta pallekynnéstd (PK,) titdi merkitddn lyhennykselli PK,.

216. Pintakasvillisuuden torjunta

Pintakasvillisuuden torjunnassa kiytettiin kahta menetelmii, kemiallista torjuntaa herbisidien
avulla ja mekaanista torjuntaa kisin heinimilli.

Herbisidikdsitielyssd kidytettiin levitysvilineeni tavallista reppuruiskua, joka oli varustettu tai-
mia suojaavalla suppilolla. Torjunta-aineena oli Campaprim 231-ruiskute, joka sisiltid valmistajan
mukaan amitrolia (lehtiberbisid:d) ja atratsiinia (maaherbisidid) suhteessa 36 ja 18 aina sataa aineyk-
sikk6d kohden (Kasvinsuojelu.... 1969). Torjunta-ainetta levitettiin 1.4 g/m? ja suihku
suunnattiin n. 0.5 m? alalle taimien ympirille.

Ensimmiinen herbisidikisittely suoritettiin Karttulassa toukokuun lopussa 1970, vilittomaésti
istutuksen jilkeen. Kustakin taimirivin puolikkaasta kisiteltiin tilloin kaksi kolmasosaa jittden vain
kontrolliruudut kisittelemitti. Saman vuoden elokuun 15.—25. piivini toistettiin herbisidikasit-
tely voimakkaan kisittelyn ruuduilla. Ruiskutusten aikana sii oli kaunis ja helteinen. Kisittelyi ei
toistettu myShempinid vuosina.

Maalahdessa ja Rymittyldssd suoritettiin herbisidikisittely ja heiniminen taimien istutusvuoden
(1971; kasittelyssa PK, vuoden 1972) elokuun alussa. Kiytetyt torjunta-aineet ja -menetelmit olivat
samat kuin Karttulassa loppukesilli 1970 suoritetuissa kisittelyissa.

Pintakasvillisuutta torjuttiin Karttulassa mekaanisesti heinimdlli taimiruudut truohosaksilla kesi-
kuun lopulla 1970. Kasvillisuus haittasi ensimmaiisen heinimisen aikoihin koskemattomassa nurmessa
ja joissakin kuokkalaikuissa selvisti taimien kzhitystd, mutta muokatuilla aloilla uudet siemensyn-
tyiset rikkaruohot olivat tuolloin vield paiasiassa alle 10 cm pituisia. Syyskesilld, samaan aikaan
kuin toinen herbisidikisittely, heinittiin voimakkaan kisittelyn ruudut uudelleen sirpilli. Kisitellyt
laikut olivat tdlloin suuremmat kuin alkukesilli. Elokuun 3.— 13. pdivind seuraavana vuonna (1971)
toistettiin heinimiskisittely vain vahvan kisittelyn ruuduilla.

Pintakasvillisuuden kehittymisestd koealoilla suoritettiin kuivapainomittauksia seki lajiluku- ja
peittivyysarviointeja, mutta ndiden tulokset on tarkoitus julkaista erikseen.
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Taulukko 5. Koealojen inventointien yhteydessi taimista mitatut tunnukset.
Table 5. Seedling characteristics measured when the experimental areas were inventoried.

Mitattu tunnus §
Measured - - § -
characteristic - K] 3 K N ke )
3 N & N § N 3
| = S L T
Inventointi- g 2 | J, % I £
. . . =] = o ° o =3
ajankohta taimien E 2 H = 2 & 2
i§tutuksesta § - £ 2 g E] s
Time of survey g 2 g g ki 2 E
from planting @ 5 & o = e £
1. kevidt — 152 spring ... ..., X X X
1. syksy — 15t autumn ................. X X xX¢ X
2. keviat — 2nd spring .. ... ... 0.l ce. X
2. syksy — 2nd autumn . ................ X X@E| X¢ X
3. syksy — 3rd autumn .......... e X X X X | X@¢ X@¢ | xX¢
4. syksy — 4th autumn ... ............. . X X X X | X X X

1) Maalahdessa ja Rymittylissi 1 taimi/ruutu — A¢ Maalahti and Rymaittyli one plant per plot
2) Vain Karttulassa — Only at Karttula.

%) 1 taimi/tuutu — One plant per plot.

4) Vain Maalahdessa ja Rymittylissi — Only at Maalabti and Rymittyli.

22. Aineiston keruu

Koealat pyrittiin inventoimaan jokaisen kasvukauden lopussa seki myds ensimmiisen talven
jalkeisend kevaind. Syksylld suoritetut inventoinnit olivat tdydellisempid kuin kevailld, jolloin tyy-
dyttiin vain toteamaan taimien eloonjiiminen (taulukko 5). Monjpuolisin inventointi suoritettiin
Karttulassa neljan ja Maalahdessa ja Rymattyldssd kolmen kasvukauden kuluttua istutuksesta (lop-
puinventointi).

Yleensd on Pohjoismaissa seurattu timinkaltaisia metsdnistutuskokeita 2—5 vuoden ajan (kat-
so esim. Barring 1967 ss. 32—33). Pelloilla taimien kehitys on kuitenkin keskimiirin nope-
ampaa kuin metsimaalla, joten kolmen-neljin vuoden katsottiin edustavan tdysin tyydyttivid kokeen
kestoaikaa; padtehtivihin oli maanmuokkauksen ja pintakasvillisuuden totjunnan vilittdmien vai-
kutusten selville saaminen. Kokeen ruudut olivat my6s niin kapeita, ettd ndiden viliset reunavaiku-
tukset alkoivat ennen pitkdd nikyid taimien kehityksessi. Taimet olivat loppuinventoinnin aikaan
jo selvisti vapautuneet pintakasvillisuudesta ja varsinkin koivulohkoilla ne alkoivat vuorostaan
vaikuttaa pintakasvillisuuden méiradn.

Inventoitaessa taimista mddritettiin eri tunnukset seuraavasti:

Eloonjddminen miiritettiin jiljempdnd esitettivan kuntoluokituksen luokkien 1—3/4 (eldvi/kuollut)
mukaisesti.

Verson pituns mitattiin 1 cm:n tarkuudella maan pinnasta latvakasvaimen piitesilmun tyveen.
Verson pituuskasvn mitattiin 1 cm:n tarkkuudella latvakasvaimen tyvestd padtesilmun tyveen.

Kuntoluokituksessa noudatettiin eri puulajien osalta seuraavaa luokitusta:
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MANTY

1. Voimakas, hyvi. Taimi on elinvoimaisen nikdinen, hyvikasvuinen ja »terhakka». Neulasto on
tuuhea ja vihintdin normaalin mittainen. Myds suhteellisen vahin kasvaneet, mutta muuten tum-
mat ja voimakkaan nikoiset taimet kuuluvat tihin luokkaan samoin kuin hyvikuntoiset, nor-
maalia lyhyemmillikin neulasilla varustetut taimet.

2. Normaali, tyydyttivi. Taimen elinvoimaisuus on jonkin verran edellistd heikompi. Neulaset
ovat selvisti edellisti lyhyemmit tai niitd on harvassa. Haaraisista taimista tdhin luokkaan kuu-
luvat ne, joilla on jokin selvidsti muista erottuva nouseva kasvain ja kunnollinen latvasilmu,
samoin kuin ne joiden neulasten yleisviri on voimakas.

3. Kituva, heikko. Taimien neulaset ovat lyhyet ja latvakasvain heikko ja ohut. Tdhin luokkaan kuu-
luvat my6s kaikki ruusukkeiset, heikkokuntoiset tai pintakasvillisuuden pahasti painamat taimet,

>

Kuollut (ei lgydy). Taimi on kokonaan ruskea, neulaset kuolleet tai jo irronneet. Kasvainta ei ole
muodostunut tai se on tullut ruskeaksi kesken kasvun. Jos tainta ei 16ydy paikaltaan, se luetaan
kuolleeksi.

KUUSI

1. Vimakas, hyvi. Taimi on elinvoimaisen nidkoéinen ja hyvikasvuinen. Neulasto on tuuhea ja vi-
hintddn normaalin mittainen.

2. Normaali, tyydyttivd. Taimen elinvoimaisuus jonkin verran edellisti heikompi. Neulaset ovat
selvisti edellistd lyhyemmit ja pehmeit. Sellaiset hyvin kasvaneet taimet, joiden latvakasvain on
kuitenkin ohut ja pehmei seki neulaset lyhyet, luetaan tdhdn luokkaan kuuluviksi.

3. Kituva, heikko. Taimillz on tyyppillistd vaalea viri ja heikko tai tiysin pysihtynyt kasvu. Neula-
set ovat usein lyhyet.

4. Kuollut (ei ljydy). Taimi on kokonaan ruskea, neulaset kuolleet tai jo irronneet. Jos tainta ei
16ydy paikaltaan, se luetaan kuolleeksi.

RAUDUSKOIVU

1. Voimakas, hyvi. Taimi on elinvoimaisen nikoinen ja hyvikasvuinen. Lehdet ovat isoja ja tumman-
sdvyisid.

2. Normaali, tyydyttivi. Taimen elinvoimaisuus on jonkin verran edellistd heikompi. Lehdet voivat
olla normaalia pienemmait ja vaaleammat. Verson paksuus on normaali, latvakasvaimen pituus
yleensd yli 10 cm.

3. Kituva, heikko. Lehdet pienet ja vaaleat, kasvu heikkoa. Taimi usein kuivalatvainen tai muuten
vikainen.

4. Kuollut (ei ljydy). Taimen verso ruskea ja usein laho. Lehdet joskus vield kiinni rungossa, mutta
ne ovat ruskeita ja kipristyneitd. Jos tainta ei 16ydy paikaltaan, se luetaan kuolleeksi.

Vikaisuns miiritettiin seitseminluokkaisen asteikon mukaan seuraavasti:

1. Verso suora, ei olennaisia vikaisuuksia.
. Verso kaksihaarainen.
Verso pensastava, useampia haaroja.

N

Latvakasvain kuollut, ei selvdi uutta kasvainta.

Verso kuollut puoliviliin saakka. Esiintyy varsinkin kevitahavan vioittamilla kuusilla.
. Oksisto jotakuinkin kokonaan kuollut, mutta silmut ovat jiljelld.

. Taimen verso kuollut, vesoja.

Novaw
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Tubonastetta kuvailtiin neljdluokkaisella asteikolla seuraavasti:

1. Tuho lievi.

2. Tuho kohtalainen.
3. Tuho ankara.

4, Tuho tiydellinen.

Sellaiset taimet, joissa ei ollut tuhoja, jitettiin pois tdstd luokituksesta.

Tubonaibenttaja pyrittiin midrittimain silmivaraisesti. Yleisimmistd ja helpoimmin tunnistettavista
tuhon syistd merkittiin inventointilomakkeelle muistiin seuraavat:

1. Minnyn neulasruoste (Coleosporium pini).
2. Lumikariste (Phacidium infestans).

3. Tukkikirsikds (Hylobius abietis).

4. Juuriniluri (Hylastes sp.).

5. Koivun ruoste (Melampsoridium betulium).
6. Hirvi (Alces alces).

7. Peltomyyrd (Microtus agrestis).

8. Vesimyyra (Arvicola terrestris).

9. Pintakasvillisuus.

10. Kevitahava; kevittalvella esiintyvi verson kuivuminen.
11. Routa,

12. Halla.

13. Kuivuus.

14. Muu tuhonaiheuttaja.

15. Tuntematon.

23. Aineiston kisittely

Kenttilomakkeille merkityt taimikohtaiset tiedot tarkistettiin ja yhdisteltiin ATK:n avulla.
Taimien eloonjddmisen tilastollinen testaus suoritettiin suoraan sadanneslukujen pohjalta kiyttien
apuna binominaalisen jakautuman tunnuslukuja. Eri pdi- ja alakisittelyjen vilisten erojen testaus
suoritettiin matriisimuodossa. Taimien pituuskasvun tilastollinen testaus suoritettiin t-testilli. Eri
pidd- ja alakisittelyjen vilisten erojen testaus suoritettiin niinikddn matriisimuodossa. .

Taimien kuntoluokkien osalta tilastollisia testauksia ei kiytetty, Verrattaessa toisiinsa taimien
jakaantumista eri luokkiin kunnon ja viimeisen vuoden pituuskasvun perusteella, luokkien riippu-
vuus toisistaan testattiin X2-testilld. Tuholuokkien osalta tilastollisia testeji ei kdytetty, mutta ver-
rattaessa toisiinsa tuholuokitusta ja kuntoluokitusta kiytettiin, kuten edellikin, X2-testii.



3. KOEVUOSIEN SAASUHTEET

Koealueiden sddolojen kuvaus vv. 1970—1973 perustuu ensi sijassa lihimmiltd Ilmatieteen
laitoksen sddasemilta (kuva 1) saatuihin tietoihin (taulukot 6—7). Tarkastelujakson kesikausien
limpé&suhteita kuvaavat tehoisat limpésummat on laskettu Sarvaksen (1965) esittimilli ta-
valla.

Viuoden 1970 talvi oli kylmi ja lunta oli Kuopion ympiristéssi suunnilleen normaalisti. Kevit
oli aluksi my6hissd, mutta toukokuun alkupuoliskon limmin sdd nopeutti kevidn tuloa ja sulatti
viimeiset lumet Eteld- ja Keski-Suomesta.

Toukokuun loppupuolisko oli normaalia viileimpi, mutta kesikuusta muodostui etittdin limmin
ja kuiva. Kesikuun keskilimpétila oli Kuopiossa 3.1° vuosien 1930—60 keskiarvoa korkeampi ja
sademdiri oli normaalimdériscd vain 20 %,.

Heinikuussa sid muuttui epivakaiseksi ja sadetta saatiin runsaasti aina elokuun alkupuoliskolle
saakka. Parin viikon poutakauden jilkeen sid muuttui uudelleen sateiseksi ja syyskuun sademiirit
kohosivat melko suuriksi.

Heini-, elo- ja syyskuun keskilimpdtilat olivat likimain normaaleja, mutta tehoisan limpétilan
summa koko kasvukaudelta muodostui kuitenkin hiukan 30 vuoden keskiarvoa korkeammaksi.

Talvi tuli Kuopion seudulle jo lokakuun lopussa ja marraskuussa lunta oli jo 30 cm.

Taulukko 6. Koealueiden vuotuiset tehoisat limpésummat tarkastelukauden aikana lihimmin sdi-
aseman mukaan.
Table 6. Annual effective temperature sums at the experimental areas during the course of the experiments.
(calculated according to data from nearest meteorological station).

Limpdsumma
Temperature sum
Koealue Ki - .
Experimental alls;:ttzrs::;i‘:;n * V)::::l Prosentti 30 v:n
el d.d. keskiarvosta
dd. Per cent of
30-year average
Karttula | Maaninka ........00 0., 1970 1213 106
» N 1971 1062 92
» D iieiiiiecaseaeenseiseiniens 1972 1377 120
» D e e 1973 1224 107
Maalahti | Ylistaro ........coiiiiiiiiiiiiiin, 1971 1029 920
» AT 1972 1284 112
» PPN 1973 1160 102
Rymiittyli | PHKKIG .o oveeeneeene e anean, 1971 1281 96
» D i 1972 1480 111
» D e 1973 1357 102
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Viuoden 1971 talvi oli erittdin leuto. Lumi suli tammikuun aikana kokonaan Eteld- ja Linsi-Suo-
mesta, mutta uusi lumipeite saatiin helmikuussa ja sid alkoi samalla myds vihitellen kylmeta.

Lumipeite suli Lounais-Suomesta aukeilta jo huhtikuun alussa ja huhtikuun loppuun mennessi
linjan Vaasa-Tampere-Lappeenranta etelipuolelta.

Kevit oli vihisateinen ja limpdtiloiltaan jaksottain vaihteleva. Touko-kesikuun vaihteessa oli
lyhyt limmin jakso, mutta sitd seurasi viileimpi sdd ja kesikuun 9. pdivdnd mitattiin monin paikoin
yopakkasia.

Kokonaisuudessaan kesi oli normaalia viileimpi ja kuivempi. Tehoisa limpésumma jii noin
10 9%, keskimiidriisti alhaisemmaksi ja kasvukauden sademairit 10—50 9, pienemmiksi. Vihidsa-
sateisinta oli Turun seudulla. Kuopion seudulla elokuun runsaat kuurosateet nostivat kokonais-
sademdirii.

Syksy oli suhteellisen limmin syyskuun puoliviliin asti. Pysyvit pakkaset alkoivat marraskuun
5. pdivd ja lumipeite saatiin koko maahan jo marraskuun aikana.

Talvi 1972 ei ollut mitenkdin poikkeuksellinen. Lumimiirit olivat tavanomaiset ja kevit edistyi
normaalivauhdilla. Kesikuun alussa alkoi kuitenkin erittdin limmin sidjakso ja sitd jatkui koko ke-
sin aina elokuun lopulle asti. Niinpi kasvukauden limposumma muodostui erittdin korkeaksi var-
sinkin Itd-Suomessa, jossa se ylitti keskimadriisen arvon n. 20 %. Muuallakin maassa limp&summa
oli 10 % normaalia korkeampi.

Sadetta saatiin toukokuussa Vaasan seudulla normaalisti, mutta Turussa ja Kuopiossa huomat-
tavasti normaalia vihemmin. Kesikuu oli kyseisilld alueilla vihisateinen. Heini- ja elokuussa sa-
detta saatiin hiukan enemmain ja varsinkin Kuopion seudulla sattui elokuussa runsaita sadekuuroja.
Vihisateisinta oli Vaasan seudulla ja sielld jiikin kasvukauden sademidrd n. 10 % normaalia pie-
nemmaksi.

Lumipeite tuli suurimpaan osaan maata lokakuun lopussa ja marraskuun alkupuolella, mutta
limpimin joulukuun ansiosta lumet sulivat linjan Oulu-Kuhmo etelipuolelta joulukuun loppuun
mennessi.

Taulukko 7. Koealueiden suhteelliset sademiirit kesikuukausina tarkastelukauden aikana lihimmin
siddaseman mukaan.
Table 7. Relative amount of precipitation falling in June at the experimental area during the course of the
experiments. (Calculated according to data from nearest meteorological station).

Kuukausi — Month Touko—
syyskuu,
yhteensi

Kocalue - Veosi Tc;;kok, Kesik. | Heinik. jlok. _YSYYSkL P Maj—b—
tett i a i 3 /s 5t temb. | Sept. 7,
S| gy e o | M| g | ey | v | Sl | temt
area
Sademiird, % 30 vuoden keskiarvosta
Precipitation, per cent of 30-year average
Karttula | Kuopio ................. 1970 | 103 22 185 85 139 110
» D i iieeseisinieveeas 1971 68 47 63 198 73 92
» D e 1972 71 51 82 250 73 108
» P i 1973 | 118 263 59 162 88 137
Maalahti |Vaasa ................. 1971 63 75 29 54 120 69
» D e 1972 100 50 81 87 112 87
» M e 1973 | 163 57 213 67 134 127
Rymittyld | Tutku ................. 1971 14 44 57 73 45 53
» D aeseeiassianeans 1972 62 65 129 140 50 99
» P e 1973 | 100 140 88 42 130 92

4 8472—76
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Talvi 1973 jatkui vuoden alussa erittidin lauhana ja vihilumisena. Koko Eteli- ja Linsi-Suomi
oli miltei tdysin lumeton tammikuun puoliviliin asti. Lounaissaaristo pysyi lyhyiti jaksoja lukuun-
ottamatta lumettomana miltei koko talven.

Huhtikuun alussa lumipeite oli hidvinnyt aukeilta paikoilta osasta Eteld- ja Keski-Suomea ja
kuun lopussa samalta alueelta my&s metsisti.

Kevit ja kesdi muodostuivat erittidin limpimiksi ja limminté sddtd jatkui aina elokuulle saakka.
Touko- ja kesikuu olivat jopa limpimampid kuin edellisend vuonna ja heinikuukin oli vield yhti
limmin. Kuopiossa kuukauden keskilimpétila oli 30 vuoden keskiarvoa korkeampi: toukokuussa
1.4, kesdkuussa 2.1° ja heindkuussa 2.9°.

Elokuun puolivilin jilkeen ilmat kylmenivit ja normaalia kylmempi sdd jatkui koko syksyn.
Niinpi kasvukauden limpésumma muodostui vain hiukan keskimiirdistd korkeammaksi huoli-
matta erittidin limpimaistd alku- ja keskikesisti.

Sadetta saatiin kasvukauden aikana huomattavasti enemmin kuin edelliseni kesdni. Toukokuussa
ja kesikuun alussa sademdirit olivat huomattavasti normaalia suurempia, paitsi Vaasan seudulla,
missid kesikuun sademdiri jii noin puoleen normaalista. Keskikesd oli koko maassa poutaista hei-
nikuun puoliviliin asti, minki jilkeen saatiin runsaitakin sademiirid. Sateet olivat luonteeltaan pai-
kallisia ukkoskuuroja, minki vuoksi alueittainen sademadirien vaihtelu jatkui suurena kuten kesilld-
kin. Kuopion seudulla jii heinikuu ja Turun ja Vaasan seudulla vastaavasti elokuu suhteellisen vihi-
sateiseksi.

Vaasassa ja Kuopiossa koko kasvukauden sademiiri oli huomattavasti keskiméiriistd suurempi.
Sen sijaan Turun seudulla se jii hiukan normaalia pienemmaiksi.



4. TUTKIMUSTULOKSET
41. Taimien eloonjdiminen

411, Muokkanksen vaikutus eloonjidmiseen

Karttulassa pallekynté (PK) ja tihdn yhdistetty jyrsintd (PK+]) osoittautuivat
mannylle edullisimmaksi maanmuokkausmenetelmiksi (kuva 4, yliosa). Ero oli nel-
jintend syksynd merkitsevd verrattuna kivenniismailla kynt6on (K) sekd turvemailla
kyntoon, destykseen ja jyriykseen (K+A--]) tai niiti huonomman tuloksen anta-
neisiin menetelmiin. Vihiisintd taimien eloonjiiminen oli molemmilla kasvupai-
koilla muokkaamattomalla (O) tai laikutetulla (L) maalla, joiden tuottama viljelytulos
erosi merkitsevisti kivenniismaalla kynnon ja destyksen (K+A) seki turvemaalla
kynnon, destyksen ja jyriyksen (K-+A+P) tai niiti paremman tuloksen antaneista
menetelmistd. Varsinkin turvemaalla taimien juurten saattaminen hieman ympir6ivaa
maanpintaa korkeammalle esim. istuttamalla auranpalteeseen paransi taimien eloon -
jadmistd (vt Paavilainen 1970).

Kuusen taimet pysyivit Karttulassa keskimairin elossa melko hyvin, ja tulos ndyt-
tid jo vakiintuneen (kuva 4, keskiosa). Vain turvemaalla laikutus oli taimien eloon-
jidmiselle muita maanmuokkausmenetelmii selvisti epiedullisempi. Vm. tulos erosi
my6s merkitsevisti parhaimman tuloksen antaneista muokkauskisittelyistd (K-+A 4
P, K+4A, PK). Kivenniismailla eri maanmuokkausmenetelmien tuottamien tulosten
viliset erot eivit olleet merkitsevid.

Randuskoivulla saavutettiin Karttulassa muokkauksen avulla suurimmat taimien
eloonjiimisen lisiykset (kuva 4, alaosa). Muokkaamaton (O) tai laikutettu (L) maa
onkin rauduskoivulla tuottanut huonon tuloksen. Viljelytulos erosi merkitsevisti
kaikista muista maanmuokkausmenetelmistd lukuunottamatta kyntéd ja destystd
(K+A) kivenniismaalla. Raudukselle ei pallekyntd (PK) ollut niin otollinen me-
netelmi kuin minnylle, vaan kivenniismailla kynt6 (K) ja sithen yhdistetyt kisittelyt
(kyntod ja destysti (K- A) lukuunottamatta) osoittautuivat parhaiksi maanmuokkaus-
menetelmiksi.

Eri puulajien eloonjdimisen vuotuista kehitystd tarkasteltaessa huomio kiintyy
niiden vilisiin olennaisiin eroihin. Minnyn osalta eloonjiddmisen taso tuntuu tasaan-
tuvan 3.—4. vuonna istutuksen jilkeen, ja kuusen osalta tilanne on lihes vakiintunut
jo toisena istutuksen jilkeisend vuonna. Rauduskoivun taimien eloonjiimisessi on
odotettavissa vihenemistd vield tarkastelukauden jilkeenkin.
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Kuva 4. Minnyn, kuusen ja rauduskoivun taimien eloonjiiminen Karttulan koealueella. Ei pinta-
kasvillisuuden torjuntaa. Maanmuokkausmenetelmien lyhenteet kuten taul. 4. Inventointiajankoh-
dat: k = kevit, s = syksy.

Fig. 4. Survival of pine, spruce, and birch seedlings in the Karttula experimental area. No weed control. The

legend for soil tilling methods are explained in Table 4. Seasons of survey: k = spring, s = autumn.

Maalahdessa (kuva 5, yliosa) mitistys (M4) ja paksu pallekynté (PPK) tuottivat
ménnyn taimille parhaan eloonjiimistuloksen, joka erosi tiysmuokkauksesta (K+A) ja
titd huonomman tuloksen antaneista menetelmistd merkitsevisti. Muokkaamaton maa
(O) oli tiallikin epidedullisinta taimien eloonjiimiselle. Tulos erosi merkitsevisti
laikutuksesta (L) ja titd paremman tuloksen antaneista menetelmisti. Eri maan-
muokkausmenetelmistd harjakynté (HK) ei tilli koealueella vastannut siihen sa-
vipeltojen metsityksessd yleensi kiinnitettyji odotuksia (Appelroth ja Hars-
tela 1970). Minnyn paljasjuuriset taimet pysyivit elossa paremmin kuin méinnyn
rullataimet kiytettdessi kaikkia muita menetelmid paitsi paksua ja tavallista pallekyn-
tod (PPK, PK,), mutta em. taimilajien viliset erot eivit olleet merkitsevid muita
muokkausmenetelmid kuin paksua pallekyntod kiytettdessi.
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Kuva 5. Minnyn, kuusen ja rauduskoivun taimien eloonjiiminen Maalahden koealueella. Merkin-
nit kuten kuvassa 4 ja taulukossa 4.

Fig. 5. Survival of pine, spruce, and birch seedlings in the Maalahti experimental area. Lepend as in Fig. 4
and Table 4.

Kunsen osalta viljelytulokset olivat Maalahdessa samanlaisia kuin Karttulassakin
(kuva 5, keskiosa). Ainoastaan parhaan eloonjidmisen tuottaneen menetelmin,
paksun pallekynnon (PPK), tulokset erosivat merkitsevisti kolmesta vastaavasti
huonoimman tuloksen antanecesta menetelmisti: harjakynnéstd (HK), tiysmuok-
kauksesta (K--A) ja muokkaamattomasta maasta (O).

Paksun pallekynnén antama hyvi viljelytulos oli selvd myds rauduskoivankin osal-
ta. Tdti maanmuokkaustapaa kiytettiessi taimien eloonjiiminen erosi merkitsevisti
taimityyppi I:1ld laikutuksesta (L) ja muokkaamattomasta maasta (O) ja taimityyppi
III:lla pallekynnosti (PK;) ja siti huonomman tuloksen antaneista menetelmisti.
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Kuva 6. Minnyn, kuusen ja rauduskoivun taimien eloonjidminen Rymittylin koealueella. Merkin-
nit kuten kuvassa 5.

Fig. 6. Survival of pine, spruce, and birch seedling: in the Rymittyli experimental area. Ledend as in Fig. 5.

Taimityyppi IIl:een kuuluvat suurikokoiset rauduksen taimet menestyivit sel-
visti pienikokoisia I-tyyppiin kuuluvia taimia paremmin kaikkia maanmuokkausmene-
telmid kiytettiessd, mutta ero oli merkitsevd vain muokkaamattoman maan (O), ja
melkein merkitsevi pallekynnon jilkeisend vuonna istutettujen (PK,) taimien osalta.

Yleisesti ottaen mdnnyn uudistaminen onnistui Rymdittylissi erittiin hyvin (kuva 6,
yliosa). Vain mitistys (Mi) tuotti paljon huonomman viljelytuloksen kuin Maa-
lahdessa. Muokkaamattoman maan (O) ja mitistyksen (M4) tuottama minnyn pal-
jasjuuristen taimien eloonjiimistulos erosikin merkitsevisti kaikista muista mene-
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telmistd, mutta rullataimia kiytettidessd em. erot eivit olleet merkitsevid. Rymattyldssi,
toisin kuin Maalahdessa, rullataimet menestyivit keskimdirin paremmin kuin paljas-
juuriset taimet, mutta em. taimilajien eloonjiimisen viliset erot eivit olleet merkitse-
vid muita muokkausmenetelmid kuin mitdstystd kiytettdessd.

Kunsen taimien osalta tulos oli edellisen kaltainen (kuva 6, keskiosa). Mitdstys
(M4i) ja pallekyntd (PK,) olivat viljelytulosta ajatellen huonoimmat menetelmit, kun
taas kynto ja destys (K-+A) seki harjakynts (HK) antoivat parhaimman viljelytulok-
sen. Ero mitistyksestd muihin maanmuokkausmenetelmiin oli kuusen paljasjuuristen
taimien eloonjidmisessd merkitsevd. Kaikissa maanmuokkauskisittelyissi matdstystd
lukuunottamatta kuusen paljasjuuriset taimet siilyivit elossa hieman paremmin kuin
rullataimet mutta erot eivit olleet merkitsevid.

Rauduskoivulla toistui suunnilleen sama maanmuokkausmenetelmien jirjestys kuin
havupuillakin; erot olivat vain hyvin selvid (kuva 6, alaosa). Ero parhaimman
tuloksen antaneen menetelmin, harjakynnon (HK) sekd taimityyppi I:n osalta palle-
kynnon (PK,) ja taimityyppi IIl:n osalta laikutuksen (L) tai titd huonompien mene-
telmien tuottamien viljelytulosten vililli oli merkitsevi. Muokkaamattoman maan
(O) ja eti maanmuokkausmenetelmien tuottamat tulokset erosivat matistystd lukuun-
ottamatta molempien taimityyppien osalta merkitsevisti toisistaan. Pienemmait taimet
(tyyppi I) olivat siilyneet elossa paremmin kuin isommat (tyyppi III) kaikkia muok-
kausmenettelyiti kiyttden. Taimityyppien vilinen ero oli tosin vain laikutusta kiy-
tettdessd merkitsevi.

Kun tarkastellaan kaikkien puulajien suurimman kuolleisuuden ajankohtaa, sen
keskittyminen nimenomaan viljelykesddn viittaa hyvin selvisti taimien kuivumiseen
Rymittylissd kuivana ja limpimini alkukesdnd 1971 (vrt. taul. 6 ja-7). Maalahdessa
ja Karttulassa tulos ei ole ndin selvd. Kuivuminen on luonnollisesti tuntunut voimak-
kaimpana kiytettdessi mitistystd, pallekyntéd ym. maankuokkausmenetelmis, joiden
seurauksena taimien juuret oli saatettu normaalia maanpintaa korkeammalle. Myos
laikutuksen tuottama tyydyttivd ja tiysmuokkauksen hyvd eloonjidmistulos vah-
vistavat titi pddtelmid. Tasoltaan esim. koivulle viljellyt, muokkaamattomat ruudut
edustavat joko osaksi tai tiysin epdonnistuneita, viipymitti uudistettavia aloja.

412. Pintakasvillisunden torjunnan vaikntus eloonjidimiseen

Kuvissa 7—10 on esitetty eri pintakasvillisuuden torjuntamenctelmien suhteelli-
nen vaikutus taimien eloonjiimiseen loppuinventoinnin mukaan ilmaistuna sadan-
neksina ao. kisittelemittomin maan (kontrollin) tuottamista tuloksista eri maan-
muokkausmenetelmid kiytettdessi.

Karttnlassa voimakas heiniminen tai herbisidin kiytt0 paransivat mdnnyn taimien
eloonjiimistulosta jokaista maanmuokkausmenetelmad kiytettidessi (kuva 7, yliosa).
Voimakas pintakasvillisuuden torjunta nosti eloonjiimistd merkitsevisti kontrolliin
verrattuna kiytettdessd sitd kivenndismaalla kynnén (K) ja kynnon, destyksen ja jyr-
sinnin (K4 A+]) seki turvemaalla laikutuksen (L), kynnén (K) ja tiysmuokkauksen
(K+A) kanssa tai jattimilli maa kokonaan muokkaamatta (O).
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Kuva 7. Pintakasvillisuuden torjunnan vaikutus minnyn (yldosa) ja kuusen (alaosa) taimien eloon-
jadmisen Karttulan koealueella. Maanmuokkausmenetelmien lyhenteet kuten taul. 4. Kontrolli =
100. Inventointi syksylld 1973.

Fig. 7. The effect of weed control on the survival of pine (upper Fig.) and spruce (lower Fig.) ;eedling:.in the

Karttula experimental area. The legend for soil tilling methods as in Table 4. Control = 100. Survey in autumn
1973.

Sellaisten maanmuokkausmenetelmien yhteydessi, joissa taimi muutoinkin sai
kilpailevaan pintakasvillisuuteen nihden suotuisan lihtéaseman (esim. pallekyntd),
minnyn taimien eloonjiimistulos ei parantunut liheskdin ndin paljon. Lievit tor-
juntakisittelyt olivat muutamien maanmuokkausmenetelmien yhteydessi aiheutta-
neet vihiisti kuolleisuuden lisidntymistd, mutta erot kontrolliin eivit olleet merkitse-

vii.
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Kuva 8. Pintakasvillisuuden totjunnan vaikutus rauduskoivun taimien eloonjiimiseen Karttulan
koealueella. Merkinnit kuten kuvassa 7. Inventointi syksylld 1973.

Fig. 8. The effect of weed control on the survival of birch seedlings in the Karttula experimental area. Legend
as in Fig. 7. Survey in autumn 1973.

Odotusten mukaisesti pintakasvillisuuden torjunta vaikutti Axusen eloonjiimis-
tulokseen paljon vihemmin kuin midnnyn (kuva 7, alaosa). Vain laikutuksen (L) yh-
teydessi kiytettynd lievd heiniminen tuotti turvemailla kontrollia merkitsevisti pa-
remman eloonjidmistuloksen; muut kisittelyt eivit eronnect kisittelemittomisti
aloista merkitsevisti. Voimakas pintakasvillisuuden torjunta vaikutti taimien eloon-
jaamiseen epdedullisesti kivenndismailla kynnoén (K) ja turvemailla tiysmuokkauksen
(K+A) seki titd tehokkaampien maanmuokkausmenetelmien kanssa kiytettyni.

Randuskoivulla pintakasvillisuuden torjunta paransi eloonjiimistulosta merkitse-
visti kivenndismailla tiysmuokkauksen (K-A), seki voimakas herbisidikisittely
lisiksi pallekynnon ja jyrsinnidn (PK+4-J) kidytt6on yhdistettynd (kuva 8). Torjunnan
epdedullisista vaikutuksista huomio kiintyy ensi sijassa kivenndismaiden muokkaa-
mattomiin (O) ja pallekynnettyihin (PK), heinittyihin sekéd turvemaiden kynnettyihin
(K), tiysmuokattuihin (K+A) ja sen jilkeen jyrittyihin (K-+A-P), heinittyihin
ruutuihin. T#illd taimien eloonjidminen oli laskenut kontrolliin verrattuna.

Maalahdessa herbisidikisittely paransi mdnnyn paljasjuuristen taimien eloonjiimis-
tulosta merkitsevisti kdytettdessd sitd muokkaamattomassa maassa (O) tai laikutuksen
(L), harjakynnén (HK) ja tiysmuokkauksen yhteydessd (kuva 9, yliosa). Rullataimien
osalta vain muokkaamattoman maan (O) heinimiskisittely ja pallekyntéon (PK,)
yhdistetty herbisidikisittely paransivat tulosta merkitsevisti.

Kuusella pintakasvillisuuden torjuntamenetelmit eivit parantaneet taimien eloon-
jadmistulosta merkitsevisti (kuva 9). Kisittelyn vaikutus oli suurin muokkaamatto-
massa maassa (O) tai harjakynnon (HK), tiysmuokkauksen (K-+A) ja pallekynnon
(PK,) yhteydessa.

5 8472—76
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Kuva 9. Pintakasvillisuuden torjunnan vaikutus minnyn, kuusen ja rauduskoivun taimien eloon-
jadgmiseen Maalahden koealueella. Merkinnit kuten kuvassa 7 ja taulukossa 4. Inventointi syksylld
1973.

Fig. 9. The effect of weed control on the survival of pine, spruce, and birch seedlings in the Maalabti experi-
mental area. Legend as in Fig. 7 and Table 4. Survey in autumn 1973,

Randuskoivun eloonjiimistulokset olivat hyvin vaihtelevia. (kuva 9, alaosa). Var-
sinkin pienilld taimilla (tyyppi I) herbisidikdsittely maanmuokkauksen yhteydessi
huononsi viljelytulosta kisittelemittomadn kontrolliin verrattuna. Kiytettiessi isoja
taimia (tyyppi III), herbisidikisittelyn tuottama eloonjidimistulos erosi muokkaamat-
tomassa maassa (O) merkitsevisti kasittelemittomasti kontrollista, mutta maan-
muokkauksen yhdistettyni ero ei ollut merkitsevi.

Rymattylissi pintakasvillisuuden torjunnan vaikutus mdnnyn taimien eloonjdimi-
seen oli paljon vihidisempi kuin Maalahdessa tai Karttulassa (kuva 10, yliosa). Vain
tiysmuokkauksen (K-+A) ja mitistyksen (M4) kanssa kiytettyni heinimisen negatii-
vinen vaikutus paljasjuuristen taimien eloonjdimiseen oli ilmeinen, mutta ero kisit-
telemittomdin kontrolliin ei tilloinkddn ollut merkitsevi.

Kuusella varsinkin heiniminen vaikutti edullisesti taimien eloonjiimiseen; poik-
keuksen teki vain pintakasvillisuuden torjunnan kiytté mitistyksen yhteydessi
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Kuva 10. Pintakasvillisuuden torjunnan vaikutus minnyn, kuusen ja rauduskoivun taimien eloon-
jadmiseen Rymittylin koealueella. Merkinnit kuten kuvassa 9. Inventointi syksylld 1973.

Fig. 10. The effect of weed control on the survival of pine, spruce and birch seedlings on the Rymitiyli experi-
mental area. Legend as in Fig. 9. Survey in autumn 1973.

(kuva 10, keskiosa). Herbisidikisittelyn vaikutus vaihteli maanmuokkausmenetel-
mittdin jonkin verran, mutta erot kisittelemittomidin kontrolliin eivit yhdessikiin
tapauksessa olleet merkitsevia.

Randuskoivu hyotyi Rymittylissi pintakasvillisuuden torjunnasta kaikkein eniten
(kuva 10, alaosa). Kiytettiessi heinimistd pallekynnén (PK,) ja tiysmuokkauksen
(K+A) kanssa viljelytuloksen ero kisittelemittdmiin kontrolliin verrattuna oli
pienilld rauduksen taimilla (tyyppi I) merkitsevi. Isoilla rauduksen taimilla (tyyppi III)
kisittelemittomin kontrollin ja heinimiskisittelyn vilinen ero oli merkitsevd kiytet-
tiessi em. pintakasvillisuuden torjuntamenetelmii pallekynnén (PK,) ja (PK,) seki
tiysmuokkauksen (K4 A) kanssa. Herbisidikisittely antoi isoilla taimilla maanmuok-
kausmenetelmisti riippuvia, vaihtelevia tuloksia. Tiysmuokkauksen (K+A) yhtey-
dessi tulos oli selvisti edullisin ja laikutukseen yhdistettyni epdedullisin. Erot
kontrolliin eivit kuitenkaan olleet merkitsevia.
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413. Munokkanksen ja pintakasvillisunden torjunnan yhdistelmien
vaikutus eloonjiimiseen

Eri menetelmid kiyttden suoritetun pellon metsityksen tuloksista paihuomio
kiintyy aina ensimmadiseksi niihin viljelyketjuihin, jotka tuottavat lopputuloksena
hyvin tai vihintddn tyydyttivin tuloksen. Titd silmillipitien on taulukkoihin 8 ja
9 koottu koealakohtainen viljelysuositus, jossa on otettu huomioon vain hyvin (yli
909,) tai tyydyttivin (80 — 89 9,) eloonjidmissadanneksen antaneet maanmuok-
kauksen ja pintakasvillisuuden torjuntamenetelmit. Tdydelliset tulokset on esitetty
liitteissd 1 ja 2.

Karttnlassa minnyn istutuksen saattoi odottaa onnistuvan vain jos tehokkaaseen
maanmuokkaukseen oli yhdistetty voimakas pintakasvillisuuden torjunta (taulukko
8). Kivenndismailla vain pallekynt6d voi suositella, jos tyydytddn lievddn herbisidi-
kisittelyyn. Jos pintakasvillisuuden torjunta laiminlyddiin, minnyn viljely ei onnis-
tu. Turvemaalla minnyn taimet menestyvit jokseenkin hyvin kiytettdessd heindn-
torjuntaa yhdistettynd kynt66n, pallekynt66n, tms.

Kuusi on Karttulassa menestynyt selvisti mintyd paremmin. Jos maa muokataan
tehokkaasti, kuusta voi tdimdn perusteella suositella viljeltiviksi ilman mitddn hei-
nintorjuntatoimenpiteitd. Laikutus ja my6s kivennidismaalla pallekyntd eivit ole
antaneet tyydyttivdd tulosta. Laikutusta onkin syyti kiyttdd kuusella varoen ja
silloinkin vain vahvaan pintakasvillisuuden torjuntaan yhdistettynd (vrt. Haugberg
1971).

Rauduskoivu on Karttulassa tuottanut yleisesti ottaen heikon tuloksen, miki on
osaksi katsottava johtuneen kooltaan pienesti ja istutettaessa osittain heikosta taimi-
materiaalista. Vain tehokkaan maanmuokkauksen avulla ja huolehtimalla pintakasvil-
lisuuden torjunnasta on mahdollista istuttaa pienikokoista rauduskoivua heindlld
olleelle pellolle.

Maalahdessa vain pallekyntd ja mitistys ovat antaneet minnylld hyvin tuloksen
(taulukko 9). Niayttdd siltd, ettd nditd maanmuokkausmenetelmii kiyttien pintakas-
villisuuden torjunta voi olla suhteellisen vihiisti. Rullataimien ja paljasjuuristen tai-
mien menestymisessi ei ollut merkitsevdd eroa, joten kiytinnon kuljetus-, varas-
tointi- ym. nikdkohdat voinevat ratkaista niiden taimilajien kdytén valinnan.

Pallekynnon edullisuus muihin maanmuokkausmenetelmiin nihden ilmeni myos
kuusen kohdalla. Pienikokoisia rauduksen taimia kiytettdessi tehokas maanmuok-
kaus oli tarpeen, mutta isoja taimia kiytettdessi my6s vihemmin tehokkaat maan-
muokkausmenetelmit kuten laikutus antoivat vield tyydyttivin eloonjidmistuloksen.

Rymiittylissi minty on menestynyt yleisesti ottaen paljon paremmin kuin Maa-
lahdessa. Lukuunottamatta paljasjuuristen taimien istuttamista tiysin muokkaamat-
tomaan maahan minnyn viljelyd voi tdilli suositella melkeinpd mitd tahansa riittd-
vin tehokasta maanmuokkausmenetelmdd kiytettdessi. Rullataimet ovat Rymitty-
lissd menestyneet hieman paremmin kuin paljasjuuriset taimet.
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Kuva 11. Maanmuokkauksen ja pintakasvillisuuden torjunnan yhdistelmien vaikutus minnyn,

kuusen ja rauduskoivun taimien eloonjidmiseen. Selitys: 1 = muokkaamaton maa, 2 = taimet is-

tutettu vallits. maanp tason allapuol., 3 = taimet istutettu vallits. maanp. tasolle, 4 = taimet istutettu
vallits. maanp. tason ylipuol.

Fig. 11. The influence of soil tilling and weed control on the survival of pine, spruce, and birch seedlings. Legend:
1 = no tilling, 2 = planting lower than surrounding soil surface, 3 = planting at the same level than surroun-
ding soil surface, 4 = planting above the surrouding soil surface.

Kuusen taimille suositeltava maanmuokkausmenetelmid on Rymittylin koealan
perusteella harjakynto tai tiysmuokkaus. Pallekynt6 ei ole antanut kaikilta osin tyy-
dyttivdd tulosta, luultavasti kuivasta viljelykesdsti johtuen. Kuusen paljasjuuriset
taimet ovat menestyneet hieman paremmin kuin rullataimet.

Rauduskoivun pienet taimet ovat menestyneet hyvin kiytettiessi harjakynt6i
tai tdysmuokkausta sekd pintakasvillisuuden torjuntaa, kun taas isot taimet ovat me-
nestyneet tyydyttivisti vain kiytettdessd tiysmuokkausta tai pallekyntéd (PK,) hei-
nimisen kanssa.
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Edelli esitetty, vain parhaisiin viljelytuloksiin perustuva yleiskuva ei muutu pal-
joakaan, jos tarkastellaan kaikkien vaihtoehtoisten maanmuokkaus- ja pintakasvilli-
suudentorjuntamenetelmien perusteella laadittuja graafisia yhdistelmid (kuva 11).
Yhdistely on suoritettu jakamalla maanmuokkausmenetelmit kolmeen ryhmiin sen
mukaan, onko taimet istutettu muokkausjilked ympiréivin maanpinnan tason ala-
puolelle (L), maanpinnan tasolle (K, K+AK+A+], K+A+DP) tai sen ylipuolelle
(PK, PK+]J, HK, Mi, PPK). Myo6s kaikki pintakasvillisuuden torjuntamenetelmit
on yhdistelty samaksi torjuntatoimenpiteitid osoittavaksi pylvaikoksi.

Yleisesti ottaen minty on jddnyt eloon parhaiten, kun se on istutettu ympirdivin
maanpinnan tason ylipuolelle. Kuusi sekd rauduskoivu taas ovat jaineet eloon par-
haiten, kun ne on istutettu vallitsevan maanpinnan tasolle. Ero on selvd ennen kaik-
kea rauduksen kohdalla. Laikutuksen edullinen vaikutus muokkaamattomaan maa-
han verrattuna on selvd rauduskoivun ja kuusen osalta, mutta minty on menestynyt
keskimdirin paremmin muokkaamattomassa kuin laikutetussa maassa.

Myés pintakasvillisuuden torjunnan vaikutus taimien eloonjidmiseen on ollut
keskimiirin suotuisa. Erityisesti minty, mutta myos rauduskoivu on hyotynyt tor-
juntatoimenpiteisti. Kuusen elossaolosadannes on ilmankin pintakasvillisuuden
torjuntaa keskimdirin korkea, ja timidn puulajin osalta torjunnan aiheuttama hyéty
nikyykin vain muokkaamattomaan tai laikutettuun maahan istutettujen taimien kes-
kimiirdisen elossa pysymisen nousuna.

42. Taimien pituuskasvu

421. Muokkanksen vaikntus pitunskasvunn

Karttulassa méinnyn taimet olivat kivenniismaalla kasvaneet eri tavoin muokatuilla
ruuduilla hyvin yhdenmukaisesti (kuva 12, yldosa). Pituuskehityksessd syntyneet vi-
hiiset erot eivit olleet merkitsevid. Sen sijaan turvemaalla laikutetuilla ruuduilla
kasvaneet minnyn taimet jdivit kolmantena vuonna pituudessa jilkeen muista mer-
kitsevisti (vet. Paavilainen 1970). Tulos osoittaa jilleen laikutuksen epi-
edullisuuden taimien menestymisen kannalta turvemaalla, silli kivenniismaalla
minnyntaimet olivat laikutetuissa ruuduissa kasvaneet parhaiten.

Kuusen taimet ovat Karttulassa jadneet jilkeen pituuskehityksessiin minnyistd
(kuva 12, keskiosa). Varsinkin neljdntenid vuonna turvemaalle istutettujen kuusien
pituuskasvu hidastui selvisti. Muokkaamattomaan maahan (O) istutetut taimet ovat
jadneet kaikkein lyhyimmiksi sekd kivennidismaalla ettd turvemaalla. Pituuskehityksen
ero oli merkitsevd kivenniismaalla kynt66n (K), pallekyntoon (PK) ja titd parem-
man pituuskehityksen tuottaneisiin menetelmiin nihden sekd turvemaalla kynt66n,
destyksen ja jyriykseen (K-4+A-P) seki kyntéon (K) verrattuna. Turvemaalla
my6s laikutuksen tuottama kuusen pituuskehitys jii merkitsevisti jilkeen parhaan
tuloksen tuottaneen menetelmin, kynnén (K) vaikutuksesta.
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Kuva 12. Minnyn, kuusen ja rauduskoivun taimien pituuden kehitys Karttulan koealueella. Ei
pintakasvillisuuden torjuntaa. Maanmuokkausmenetelmien lyhenn. kuten taul. 4. Inventointiajan-
kohdat: k = keviat, s = syksy.

Fig. 12. Height development of pine, spruce, and birch seedlings in the Karttula experimental area. No weed
control. The legend for soil tilling as in Table 4. Seasons of survey: k = spring, s = autumn.

6 8472—76
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Kuva 13. Minnyn, kuusen ja rauduskoivun taimien pituuden kehitys Maalahden koealueella. Mer-
nit kuten kuvassa 12 ja taulukossa 4.
Fig. 13. Height development of pine, spruce, and birch seedlings in the Maalahti experimental area. Legend
as in Fig. 12 and Table 4.
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Rauduksen taimet ovat varsinkin turvemaalla kasvaneet sangen nopeasti niin, ettd
ne jo toisena istutuksen jilkeiseni vuonna sivuuttivat pintakasvillisuuden val-
tapituuden (kuva 12, alaosa). Eri maanmuokkausmenetelmistd kyntd on tuottanut
kivenniismaalla muokkaamatonta maata (O) merkitsevisti paremman tuloksen.

Merkille pantavaa on erityisesti pallekynnon (PK) raudukselle tuottanut suhteelli-
sen huono pituuskehitys. Turvemaalla laikutus (L) tuotti kaikkia muita maan-
muokkausmenetelmii merkitsevisti huonoimman tuloksen. Laikutetulla maalla
kasvaneet raudukset olivat jopa merkitsevisti lyhyempid kuin muokkaamattomalla
maalla kasvaneet.

Maalahdessa muokkaamattomaan maahan istutetut mdnnyt ovat kasvaneet merkit-
sevisti heikommin kuin muokattuun maahan istutetut (kuva 13, yldosa). Varsinkin
rullataimille paksu pallekynté (PPK) tuotti erittdin voimakkaan pituuskehityksen,
joka erosi merkitsevisti harjakynnén (HK) tai titd huonomman tuloksen antaneiden
menetelmien vaikutuksesta. Yleisesti ottaen rullataimet olivat kasvaneet tarkastelu-
kauden aikana n. 3—5 cm enemmin kuin vastaavalla tavalla muokattuun maahan is-
tutetut paljasjuuriset taimet, mutta ero ei ollut merkitsevd muita maanmuokkaus-
menetelmid kuin edellimainittua paksua pallekynt6d kiytettdessi.

Muokkauksen vaikutus kuusen taimien pituuskasvuun oli Maalahdessa kaikkiaan-
kin melko vihiinen (kuva 13, keskiosa). Ero huonoimmam tuloksen tuottaneen
menetelmin, mitistyksen (Mi), ja parhaimpien menetelmien vililli oli kuitenkin
merkitsevd. Tosin kuin esim. Karttulassa, jossa kuusen taimet kasvoivat laikutetuilla
ja muokkaamattomilla ruuduilla heikoimmin, ne menetelmit, joissa taimet istutetaan
vallitsevan maanpinnan tasoa ylemmaiksi (esim. Mi ja PK,), johtivat Maalahdessa
taimien huonompaan pituuskasvuun.

On luonnollista, ettd jo alkupituudeltaan lyhyemmit rauduskoivan tyyppi Iin taimet
kasvoivat keskimdirin vihemmin kuin pitemmit tyyppi IIL:n taimet (kuva 13, alaosa).
Ero oli kuitenkin eriiti maanmuokkausmenetelmii (K+4A ja PPK) kiytettiessi
kasvanut yli 40 cm, kun se toisaalta esim. mitistystd kdytettdessi oli tarkastelukauden
lopussa vain 14 cm. Sekd pieni- ettd isokokoiset rauduksen taimet olivat hytyneet
eniten harjakynnostda (HK), paksusta pallekynnostdi (PPK) ja tiysmuokkauksesta
(K+A). Ero niiden maanmuokkausmenetelmien ja pallekynnon tai titi huonomman
tuloksen antavien menetelmien vililld oli merkitsevd. Huonoimman pituuskehityksen
olivat kummallekin taimityypille tuottaneet muokkaamaton maa (O) ja laikutus (L).
Maanmuokkausmenetelmin valinnan vaikutus rauduksen taimien pituuskehitykseen
oli erittdin selvd. Parhaiten kasvaneet taimet olivat kolmen vuoden kuluttua istutuk-
sesta lihes kaksi kertaa pitempid kuin huonoimmin kasvaneet.

Rymittylissi minnyn taimet olivat kasvaneet parhaiten harjakynnetyilld (HK), tdys-
muokatuilla (K+4-A) tai laikutetuilla (L) ruuduilla (kuva 14, yliosa). Ero oli merkit-
sevd mitistetyilli ja muokkaamattomilla ruuduilla kasvaneisiin taimiin verrattuna.
Rullataimet olivat yleensd kasvaneet hieman paremmin (2—6 cm) kuin vastaavalla
menetelmilli muokattuun maahan istutetut paljasjuuriset taimet, mutta erot eivit
muodostuneet merkitseviksi.
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Kuva 14. Minnyn, kuusen ja rauduskoivun taimien pituuden kehitys Rymittylin koealueella. Mer-
kinnat kuten kuvassa 13.
Fig. 14. Height development of pine, spruce, and birch seedlings in the Rymittyld experimental area. Legend
as in Fig. 13.
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Kuusen taimet kasvoivat parhaiten tdiysmuokatuilla (K + A) ruuduilla ja seuraavaksi
parhaiten harjakynnetyilli (HK) ja laikutetuilla ruuduilla (kuva 14, keskiosa). Ero
oli paljasjuurisilla taimilla merkitsevd laikutukseen (L) ja titi huonomman tuloksen
anataneisiin menetelmiin seké rullataimilla mitistykseen (M4), joka on antanut huo-
noimman tuloksen. Paljasjuuriset taimet olivat jirjestidn kasvaneet paremmin kuin
rullataimet, mutta timidn voi katsoa johtuvan my6s niiden suuremmasta istutus-
pituudesta.

Randuksen taimien kasvua tarkasteltaessa on muistettava, ettd niiden kuolleisuus
oli hyvin suuri (kuva 14, alaosa). Pituuskasvutulokset perustuvatkin joidenkin
muokkausmenetelmien kohdalla vain muutamiin harvoihin taimiin. Parhaiten rau-
dukset ovat kasvaneet tiysmuokatuilla (K-+A) ja harjakynnetyilli (HK) ruuduilla ja
heikoimmin pallekynnetyilli (PK), laikutetuilla (L) ja mitistetyilli (M) ruuduilla.

422. Pintakasvillisunden torjunnan vaikutus pituuskasvuun

Kuviin 15—18 on koottu eri pintakasvillisuuden torjuntamenetelmien suhteelli-
nen vaikutus taimien kokonaispituuteen loppuinventoinnin mukaan ilmaistuna sa-
danneksina ao. kisittelemdttémin maan tuottamista tuloksista eri maanmuokkaus-
menetelmid kiytettdessi.

Suht. pituus

Relat. length Kivennéismaa Turvemaa
Mineral soil Organic soil

120 F Lleva helniminen 120 | Lievé heiniminen B

Light weeding Light weeding
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Kuva 15. Pintakasvillisuuden torjunnan vaikutus minnyn taimien pituuteen Karttulan koealueella.
Merkinnit kuten kuvassa 7. Inventointi syksylld 1973.

Fig. 15. The effect of weed control on the shoot length of pine seedlings at Karttula experimental area. Legend
as in Fig. 7. Survey in autumn 1973.
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Kuva 16. Pintakasvillisuuden torjunnan vaikutus kuusen (yldosa) ja rauduskoivun (alaosa) taimien

pituuteen Karttulan keoalueella. Merkinnit kuten kuvassa 7. Inventointi syksylld 1973.

Fig. 16. The effffect of weed control on the shoot lenght of spruce (upper Fig.) and birch (ower Fig. seedlings
in the Karttula experimental area. Legend as in Fig. 7. Survey in autumn 1973,
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Karttulassa varsinkin vahva heiniminen ja herbisidin kdytt6 ovat parantaneet minnyn
taimien pituuskasvua (kuva 15), mutta tulos ei ole ollut niin yhdenmukaisen myé6n-
teinen kuin taimien eloonjiimisen osalta (vrt. kuva 7). Kivenniismaalla varsinkin
kynnon (K) ja tiysmuokkauksen (K A) yhteydessi kiytettyni vahva herbisidikasit-
tely on lisinnyt taimien pituuskasvua erittdin merkitsevisti kisittelemittdmain kont-
rolliin verrattuna. Merkille pantavaa on my6s vahvan pintakasvillisuuden torjunnan
edullinen vaikutus turvemaalla. Kisiteltyjen alojen taimien pituuskasvu oli merkitse-
visti kontrollia parempi tiysmuokkauksen (K- A) seki titd tehokkaampien maan-
muokkausmenetelmien (K+A-+] ja K4+ A-+P) yhteydessi. Myos laikutuksen (L)
yhteydessid kiytettynd pintakasvillisuuden torjunta edisti taimien pituuskasvua
turvemaalla; vahva herbisidikisittely jopa erittiin merkitsevisti.

Kuusen taimien pituuskasvuun pintakasvillisuuden torjunta vaikutti vihemmin
kuin minnyn taimien kasvuun, mutta varsinkin vahvan torjuntakisittelyn an-
tamat tulokset olivat selvisti positiiviset (kuva 16, yliosa). Kivenniismaalla muok-
kaamattomassa maassa (O) kasvaneiden taimien kasvu on parantunut seki lievin ettd
vahvan herbisidikisittelyn ansiosta merkitsevisti. Samoin herbisidikisittely on pa-
rantanut kuusen taimien pituuskasvua merkitsevisti tai erittdin merkitsevisti kaikkien
muiden maanmuokkausmenetelmien paitsi pallekynnon (PK) ja pallekynnén seki
jyrsinnin (PK+J) yhteydessi kiytettynd. Turvemaalla saadut tulokset olivat vaihtele-
vampia, mutta tidllikin kyntéon (K), tiysmuokkaukseen (K- A) seki pallekyntddn
ja jyrsintidn (PK+J) yhdistetty vahva herbisidikisittely oli lisinnyt merkitsevisti
taimien pituukasvua kontrolliin verrattuna.

Randnskoivun taimien pituuskasvuun pintakasvillisuuden torjunta vaikutti erittdin
voimakkaasti (kuva 16, alaosa). Vaikka yleiskuva on melko positiivinen, torjuntaki-
sittelyn tuottamat tulokset olivat hyvin vaihtelevia varsinkin muokkaamattomassa (O)
tai laikutetussa (L) maassa. Kivenndismaalla lievd herbisidikisittely paransi
taimien kasvua merkitsevisti tiysmuokkauksen (K4-A) yhteydessi kiytettyni ja
vahva herbisidikisittely laikutuksen (L), kynnon (K), tiysmuokkauksen (K4 A) seki
titi tehokkaampien menetelmien (K+A 4P ja K+A4]) yhteydessi. Turvemaalla
lievd herbisidikisittely paransi taimien pituuskasvua erittdin merkitsevisti tdys-
muokkauksen ja jyrsinnin (K- A -+ ]) seki pallekynnén ja jyrsinnin (PK+]) yhtey-
dessid. Vahva herbisidikisittely tuotti kontrollia merkitsevdsti paremman taimien
pituuskasvu tuloksen kynnoén (K), tiysmuokkauksen (K- A) seki tiysmuokkauksen
ja jytsinnin (K4+A-]) yhteydessi.

Jostakin syystd pintakasvillisuuden torjunta toisaalta huononsi merkitsevisti
taimien pituuskasvua seuraavien maanmuokkausmenetelmien yhteydessi kay-
tettynd: lievd ja vahva heiniminen kivennidismaalla laikutuksen (L) yhteydessi,
lievd heiniminen muokkaamattomassa maassa (O) sekd kivenniis- ettd turvemaalla.
Yleisesti ottaen niyttid silti, etti huonoimmat kasvutulokset saatiin niilli maan-
muokkausmenetelmilld, jotka myds tuottivat heikoimman eloonjidmistuloksen. Eri-
tyisesti muokkaamaton maa, mutta myos laikutus ovat tuottaneet huonoja tuloksia.
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Kuva 17. Pintakasvillisuuden totjunnan vaikutus minnyn, kuusen ja rauduskoivun taimien pituu-
teen Maalahden koealueella. Merkinnit kuten kuvassa 7 ja taulukossa 4. Inventointi syksylld 1973.

Fig. 17. The effect of weed conirol on the shoot length of pinem spruce, and birch seedlings in the Maalahti ex-
perimental area. Legend as in Fig. 7 and Table 4. Survey in autumn 1973.

Maalahdessa herbisidikisittely on parantanut mdnnyn paljasjuuristen taimien pituus-
kasvua merkitsevisti kdytettdessd matdstyksen (M4) ja pallekynnon (PK,) yhteydessi
(kuva 17, yldosa). Minnyn rullataimien kasvu paransi merkitsevisti vain kiytettiessi
herbisidikisittelyd muokkaamattomaan maahan (O). Muokkauskisittelyjen yhteydes-
si pintakasvillisuuden torjunta ei lisinnyt taimien pituuskasvua merkitsevisti.

Kuusen taimien pituuskasvua pintakasvillisuuden torjunta edisti varsin vihin
(kuva 17, keskiosa), mutta sen sijaan rauduskoivun taimien kasvuun heinimis- ja
herbisidikasittelyilli oli Maalahdessa varsin selvd vaikutus (kuva 17, alaosa). Var-
sinkin suurikokoiset taimet (tyyppi III) ovat hyotyneet herbisidikésittelystd suuresti.
Taimien pituus erosi kisittelemittomistd kontrollista erittdin merkitsevisti kiytet-
tdessd herbisidid laikutuksen (L), paksun pallekynnoén (PPK), mitistyksen (M4) ja
pallekynnén (PK,) yhteydessi tai jitettiessi maa muokkaamatta (O).
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Kuva 18. Pintakasvillisuuden torjunnan vaikutus minnyn, kuusen ja rauduskoivun taimien pituu-
teen Rymittylin koealueella. Merkinnit kuten kuvassa 17. Inventointi syksylld 1973.

Fig. 18. The effect of weed control on the shoot length of pine, spruce, and birch seedlings in the Rymittyli ex-
perimental area. Legend as in fig. 17. Survey in autumn 1973.

Rymittylissé pintakasvillisuuden mekaaninen torjunta ei vaikuttanut merkit-
sevisti mdinnyn taimien pituuskehitykseen (kuva18,yliosa). Herbisidikisittely sen si-
jaan lisdsi paljasjuuristen taimien pituuskasvua merkitsevisti laikutuksen (L), pallekyn-
nén (PK,) ja harjakynnon (HK) yhteydessi kiytettiessi tai jitettiessi maa muokkaa-
matta (O). My6s rullataimien kasvu lisddntyi merkitsevisti kiytettdessi herbisidi-
kisittelyd seuraaviin maanmuokkausmenetelmiin yhdistettyni: laikutus (L), palle-
kynté (PK,) ja harjakynto (HK).

My6s kunsen taimet ovat Rymittylidssi hyGtyneet herbisidikisittelystd selvisti
enemmin kuin mekaanisesta heinimisestd (kuva 18, keskiosa). Paljasjuuristen taimien
pituus erosi merkitsevisti kontrollista kiytettiessi herbisidid pallekynnon (PK, ja
PK,), harjakynnén (HK) ja tiysmuokkauksen (K+4A) yhteydessi tai jitettiessi maa

7 8472—76
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kokonaan muokkaamatta (O). My6s herbisidilli kisiteltyjen kuusen rullataimien
pituuskasvu oli merkitsevisti kontrollia parempi seuraavien maanmuokkausmenetel-
mien yhteydessi: laikutus (L), harjakynté (HK), tiysmuokkaus (K+4A) seki palle-
kynté (PK,). Mekaaninen heiniminen ei vaikuttanut kuusen rullataimien kasvuun
merkitsevisti yhdessikddn tapauksessa.

Randuskoivun kasvuun oli pintakasvillisuuden torjunnalla Rymittyldssikin suurin
vaikutus (kuva 18, alaosa). Herbisidikisittely lisdsi pienten rauduksen taimien (tyyppiI)
kasvua merkitsevisti laikutuksen (L), pallekynnén (PK,) ja harjakynnén (HK) yh-
teydessd, mutta mekaanista heinintorjuntaa kiytettiessi erot kisiteltyjen taimien ja
kontrollitaimien kokonaispituuden vililli eivit olleet merkitsevid. Isoja rauduksen
taimia (tyyppi III) kiytettdessi herbisidikisittely lisdsi taimien pituuskasvua merkit-
sevisti kontrolliin nihden seuraavien maanmuokkausmenetelmien kanssa kiytettd-
essi: harjakyntd (HK), tiysmuokkaus (K+A) seki pallekyntd (PK,). Pintakasvilli-
suuden torjunnan vaikutus muokkaamattomalla maalla kasvaneiden rauduksen tai-
mien kasvuun perustuu kuitenkin vain muutamiin havaintoihin (tyyppi IIl:lla vain
1 kpl). joten tulosten yleistettivyys on erittdin vihdinen.

Taulukko 10. Karttulassa parhaimman pituuskasvutuloksen tuottaneet maanmuokkaus- ja pinta-
kasvillisuuden torjuntakisittelyt. Inventointi 1973.

Table 10. Tillin methods and weed control methods giving the best height growth results at Karttula. Survey

in 1973.
Taimien| Taimien

Maanm, Pintakasvillis. pituus, Maanm., Pintakasvillis. pituus,
° menet. torj.menetel ma cm ° menet. torj.menetelmd cm
g Soil tilling Weed control Plant | & Soil tilling Weed control Plant

~-L'§‘ method method beight, ___s method method beight,
is e R m

Minty, kivennidismaa — Pine, mineral soil Mainty, turvemaa — Pine, organic soil
1 [K+A Va.herb. — Strong herbic. 91 1 K Va.hein. — Strong weeding | 91
2 |K+A+]J | Va.herb. — Strong berbic.| 87 | 2 |K+A+P | Va.hein. — Strong weeding| 91
3 |L Li.hetb. — Light herbic. 87 3 |[VK+] Li.herb. — Light herbic. 91
4 |K+A+4P | Va.herb. — Strong berbic. 85 4 K Va.herb. — Strong herbic. 90
510 Va.herb. — Strong berbic. 84 5 |K+4+A+P | Va.herb. — Strong herbic. 88
6 |PK+]J Va.herb. — Strong herbic. 84 6 |K+A+] | Va.herb. — Strong herbic. 87
Kuusi, kivennidismaa — Sprace, mineral soil Kuusi, turvemaa — Spruce, organic soil

1 |K+A-+P | Vahetb. — Strong herbic. | 71 1 K Va.herb. — Strong herbic. 78
2 K Va.herb. — Strong herbic.| 69 | 2 |PK+4]J Va.herb. — Strong herbic. 75
3 |K+A+]J | Vaherb. — Strong herbic| 69 | 3 [K+A Va.herb. — Strong herbic. | 74
4 |K+A+P | Va.hein. — Strong weeding| 69 | 4 |K Li.herb. — Light herbic.| 713
5 |L Va.hetb. — Strong herbic.| 68 | 5 |PK4] Li.hetb. — Light herbic.| 73
6 [PK+] Va.hetb. — Strong herbic.| 67 6 |PK Li.herb. — Light herbic. 70
Rauduskoivu, kivenndismaa — Birch, mineral soil | Rauduskoivu, turvemaa — Birch, organic soil
1 |[K+A+]J | Vaherb. — Strong herbic.| 209 | 1 |K+A+]J |Liherb. — Light herbic.| 265
2 K Va.herb. — Strong herbic. | 201 2 |PK+] Lihetb. — Light herbic. | 259
3 |L Va.herb. — S#rong herbic. | 200 3 K Va.herb. — Strong herbic.| 249
4 |[K+A Va.hetb. — Strong herbic. | 194 4 |K+A+J | Vaherb. — Strong herbic| 247
5 |K+A-+P | Va.herb. — Strong herbic.| 194 5 K Li.herb. — Light herbic.| 234
6 |K Li.hein. — Light weeding| 193 6 |[K+A Va.hetb. — Strong herbic. | 227
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423. Muokkanksen ja pintakasvillisunden torjunnan yhdistelmien
vaikutus pitunskasvuun

Taulukkoihin 10—12 on koottu yhdistelmit kuuden parhaimman pituuskasvu-
tuloksen tuottaneista maanmuokkaus- ja pintakasvillisuuden torjuntakisittelyista.

Karttulassa vahva heinimis- tai herbisidikisittely yhdistettyni tehokkaaseen maan-
muokkaukseen on tuottanut pisimmit minnyn taimet (taulukko 10). Herbisidika-
sittelyn edullinen vaikutus kuusen taimien pituuskasvuun nikyi Karttulassa selvini
sekd kivenniis- etti turvemailla. Rauduskoivun pisimmit taimet kasvoivat kiy-
tettiessi tiysmuokkausta ja jyrsintid (K-+A+]) ja herbisidikisittelyd. Turvemaalla
saavutettu paras tulos, 265 cm kokonaispituus 4 vuotta istutuksesta osoittaa myos
maan hyvii kasvukuntoa.

Maalahdessa tiysmuokkaus (K-+A) osoittautui paljasjuurisille taimille parhaaksi
maanmuokkausmenetelmiksi pituuskasvun kannalta, kun taas minnyn rullataimet
kasvoivat Maalahdessa parhaiten kiytettiessi paksua pallekyntéd (PPK) (taulukko

Taulukko 11. Maalahdessa parhaimman pituuskasvutuloksen tuottaneet maanmuokkaus- ja pinta-
kasvillisuuden torjuntamenetelmit. Inventointi 1973.

Table 11. Tilling methods and weed control methods giving the best height growth results at Maalahti. Survey

in 1973.
Taimien Taimien
Maanm. Pintakasvillis. pituus, Maanm, Pintakasvillis. pituus,

° menet. torj.menetelmi cm ° menet. tori.menetelmi cm
g Soil tilling Weed control Plant | & Soil tilling Weed control Plant
. _§ method method beight, | . _g. method method beight,
-i 6 cm 5' 5 em

Minty, paljasjuuriset — Pine, bare-rooted plants Minty, rullataimet — Pine, roll transplants

1 [K+A Herb. — Herbic . ...... 55 | 1 [PPK Ei kds. — No treatm. ..| 61

2 |[K+A Hein. — Weeding ...... 54 | 2 [PPK Hetb. — Herbic. ...... 59

3 |Mi Hetb. — Herbic. ...... 53 | 3 [PPK Hein. — Weeding ...... 59

4 |HK Herb. — Herbic. ...... 52 | 4 |PK, Herb. — Herbic. ...... 58

5 [HK Hein. — Weeding ...... 51 5|0 Herb. — Herbic. ...... 55

6 |PK, Herb. — Herbic. ...... 50 | 6 | K+A Ei kids. — No treatm. .. 55

Kuusi, paljasjuuriset — Spruce, bare-rooted plants Rauduskoivu, tyyppi I — Birch, size class I

1L Hetb. — Herbic. ...... 46 1 |PPK Hetb. — Herbic. . ...... 181

2 |PPK Herb. — Herbic. ...... 45 2 |HK Ei kids. — No treatm. .. | 176

3 |PPK Ei kis. — No treatm. .. 44 | 3 |HK Hein, — Weeding ...... 174

4 O Herb. — Herbic. ...... 44 | 4 |[HK Herb. — Herbic. . .. .... 168
"5 |[HK Hetb. — Herbic. ...... 41 5 |PPK Hein. — Weeding ...... 166

6 HK Ei kds. — No treatm. .. 41 6 |PPK Ei kis. — No treatm. .. | 166

Rauduskoivu, tyyppi III
Birch, size class 111

1 |PPK Hetb. — Herbic. ...... 230

2 [K+A Herb. — Herbic. ...... 215

3 |PPK Hein. — Weeding ...... 214

4 |HK Herb. — Herbic. ...... 214

5 |[K+A Ei kids. — No treatm. .. | 209

6 |[HK Hein. — Weeding ...... 208
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Taulukko 12. Rymittyldssi parhaimman pituuskasvutuloksen tuottaneet maanmuokkaus- ja pinta-
kasvillisuuden torjuntamenetelmit. Inventointi 1973.

Table 12. Tilling methods and weed control methods giving the best height growth at Rymittyli. Survey

in 1973.
Taimien Taimien
Maanm. Pintakasvillis. pituus, Maanm. Pintakasvillis. pituus,
° menet. torj.menetelmi cm 5 menet. torj.menetelmi cm
P Soil tilling Weed control Plant | & Soil tilling Weed control Plant
--.%- method method height, .;% method method beight,
.’5.5 m _i 3 cm
Minty, paljasjuuriset — Pine, bare-rooted plants Minty, rullataimet — Pine, roll transplants
1 HK Herb. — Herbic. ...... 70 1 [HK Hetb. — Herbic. . ...... 70
2 |L Herb. — Herbic. ...... 66 2 [K+A Herb. — Herbic. . .. .. .. 66
3 |HK Ei kis. — No treatm. ..| 60 | 3 [K+A Hein. — Weeding ...... 63
4 |L Hein. — Weeding .. .... 60 4 K+ A Ei kids. — No treatm. .. 63
5 |[K+A Herb. — Herbic. . ... . 60 5 |L Herb. — Herbic. . .. .... 61
6 |PK, Herb. — Herbic. ...... 58 | 6 [HK Ei kids. — No treatm. .. 61
Kuusi, paljasjuutiset — Sprauce, bare-rooted plants Kuusi, rullataimet — Spruce, roll transplants
1 [K+A Herb. — Herbic. ...... 60 1 |HK Herb. — Herbic. ...... 44
2 [K+A Ei kids. — No treatm. .. 55 2 |[K+A Herb. — Herbic. . .. .... 43
3 K+A Hein. — Weeding ... .. 54 | 3 |L Herb. — Herbic. .. .... 42
4 \HK Herb. — Herbic. ...... 53 4 |[K+A Ei kids. — No treatm. .. 40
5 [HK Hein. — Weeding ...... 50 | 5 [K+A Hein. — Weeding .. .... 39
6 |L Herb. — Herbic. ...... 50 | 6 HK Hein. — Weeding ...... 38
Rauduskoivu, t i I — Birch, size class 1 Rauduskoivu, tyyppi 111
» tYYPP » R Birch, size class 111
1 |HK Herb. — Herbic. . .. .... 118 | 1 |[K+A Herb. — Herbic. ...... 114
2 |[K+A Herb. — Herbic. . ...... 118 2 HK Herb. — Herbic. . .... .. 112
3 [K+A Ei kids. — No treatm. .. | 108 3 |[K+A Ei kids. — No treatm. .. 99
4 [ K+A Hein. — Weeding ...... 107 4 |PK, Herb. — Herbic. ...... 98
5 |L Herb. — Herbic. ...... 106 5 |[HK Ei kids. — No treatm. .. 97
6 HK Hein. — Weeding ...... 104 | 6 |[HK Hein. — Weeding ...... 95

11). Rullataimien pituuskasvu oli melko hyvi vaikka maata ei oltu muokattu, mutta
herbisidii oli kiytetty pintakasvillisuutta vastaan. Kuusen taimille parhaat maanmuok-
kausmenetelmit olivat paksu pallekynté (PPK) ja harjakynté (HK), mutta my0s
laikutuksen (L) avulla saatiin hyvi pituuskasvutulos kiytettdessd herbisidikasitte-
ly4. Paksu pallekynt6é (PPK) ja harjakynté (HK) olivat my6s rauduskoivun taimien
kasvun kannalta parhaat maanmuokkausmenetelmit. Varsinkin isokokoiset rauduksen
taimet ovat kasvaneet nopeasti; 230 cm kokonaispituus kolme vuotta istutuksesta.

Rymittylin koealueen tulokset ovat hyvin samanlaiset kuin Maalahdenkin (tau-
lukko 12). Minnyn taimien pituuskasvulle parhaat menetelmit olivat harjakyntd
(HK) ja tiysmuokkaus (K4-A), vaikka my6s laikutetuille (L) aloille istutetut taimet
olivat kasvaneet nopeasti. Tiysmuokkauksen (K-+A) ja harjakynnén (HK) tuottama
pituuskasvutulos oli hyvi my6s kuusen paljasjuurisilla ja rullataimilla. Rauduksen
osalta pituuskasvu ei ollut liheskddn yhtd nopeata kuin Maalahdessa, miki johtunee
mm. istutuskesin kuivuudesta. Pallekynt6 (PK,) on kuitenkin tuottanut hyvin
tuloksen: 98 cm:n pituisia taimia vain kaksi vuotta istutuksesta.
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Karttula
Pituus, cm
Height, cm
200p Rauduskoivu - B_i:ch
180} . B
160 gn —
140} Ménty - Pine Kuusi - Spruce _‘J
120+
100+
801
60
40
20
1234 1234 1234 1234 1234 1234
Ei torjunt. Torjunta Ei torjunt. Torjunta Ei torjunt. Torjunta
No weeding Weeding No weeding Weeding No weeding Weeding
200 Maalahti ja Rymattyla
180}
160k Minty - Fine Kuusi - Spruce Rauduskoivu - Birch
140} ”‘_ rh
120F |
100~
80
60F
a0 I—H H m l—l
20
1234 1234 1234 1234 1234 1234
Ei torjunt. Torjunta Ei torjunt. Torjunta Ei torjunt. Torjunta
No weeding Weeding No weeding Weeding No weeding Weeding

Kuva 19. Maanmuokkauksen ja pintakasvillisuuden torjunnan yhdistelmien vaikutus minnyn,
kuusen ja rauduskoivun taimien pituuskehitykseen. Selitys kuten kuvassa 11.

Fig. 19. The influence of soil tilling and weed control on the height development of pine, spruce, and birch seedlings.
. Legend as in Fig. 11.

Tarkasteltaessa kaikkien maanmuokkaus- ja pintakasvillisuuden torjuntakisitte-
lyiden perusteella laadittuja yhdistelmid (kuva 19), tulos ei ole aivan yhtd johdonmu-
kainen kuin taimien eloonjidmisen osalta oli laita. Varsinkin Maalahdessa ja Rymit-
tyldssd nikyy silti selvd yleissuuntaus: istutettaessa muokattuun maahan ympirodivin
maanpinnan tasolle taimien keskimdirdinen pituuskehitys oli voimakkainta. Sitten
seurasivat ne taimet, jotka on istutettu ympiréivin maan pinnan tason ylipuo-
lelle ja keskimdidrin lyhyimpid olivat sellaiset taimet, jotka oli istutettu muok-
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kaamattomaan maahan. Varsinkin rauduskoivulla eri maanmuokkauskisittelyjen ai-
kaansaamat pituuskehityksen erot olivat selvit.

Pintakasvillisuuden torjunta on yleisesti ottaen lisinnyt taimien pituuskasvua
jonkin verran tai sitten taimien kasvu on sekd kisitellyilld ettd kisittelemdttémilld
ruuduilla ollut samanveroista. Hyvin esimerkin torjunnan vaikutuksen vihiisyydesti
tarjoavat Maalahden ja Rymittylin kuuset. Sen sijaan varsinkin muokatuilla ruuduilla
kasvaneet rauduskoivun taimet olivat kaikilla koealueilla hyStyneet pintakasvillisuu-
den torjunnasta.

Kivenndismaa Turvemaa
Mineral soil Organic soil

%
100

80
60
40

20

0 L K KA KA+ KAP PK  PK

Kuusi Spruce Kuusi Spruce
100 - 100 — R —,
g . mry
60: 60
40: 40
20: 20 % ;
L
7
PK .

o] L K KA KA+J KAP PK PKJ 0o L K KA KeA+J KAP PKJ

0 L K KR KA+ KA+P PK  PK« 4] L K KA K-A+J KAP PK- PK<J
Maanmuokk. menetelméa
= Voimakas []= Normaali {77]_ Kituva = Kuollut Soil tilling method
Vigorous a ~ Normal ///A ~ Stunting ~ Dead

Kuva 20. Minnyn, kuusen ja rauduskoivun taimien jakaantuminen kuntoluokkiin Karttulan koe-
alueella. Ei pintakasvillisuuden torjuntaa. Maanmuokkausmenetelmien lyhenn. kuten taul. 4. In-
ventointi syksylla 1973.

Fig. 20. The distribution of pine, spruce, and biech seedlings into vigour classes in the Karttula experimental
area. No weed control. The legend for soil tilling methods as in Table 4. Survey in autumn 1973.
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43, Taimien kunto

Metsinviljelykokeissa on taimien kuvaamisessa ja tulosten havainnollistamisessa
kiytetty paljon erityistdi kokonaisvaltaista kuntoluokitusta, jonka inventoija mairit-
tid etukiteen sovittujen tunnusten perusteella. Yleisesti ottaen onkin todettu, etti
tillainen subjektiivinen luokitus on kiyttokelpoinen kuvattaessa taimien tilaa ja ha-
luttaessa ennustaa niiden kehitystd. Toisaalta on selvii, ettd kuntoluokitus on riippu-
vainen kasvupaikasta, luokittajasta, luokitusolosuhteista, kiytetysti puulajista ja
taimimateriaalista jne. (taimien kuntoluokituksesta esim. Y1i-Vakkuri ym.
1968, Risinen 1970).

Ménty, paljasjuuriset Maénty, rullataimet
Pine, bare-rooted plants % Pine, roll transplants

%
100

80

60 -

a0t

20

[} L PKy HK KA Ma PKa PPK 0o L PKy HK KA Ma PKz PPK
Kuusi, paljasjuuriset Raudus, tyyppi |
Spruce, bare-rooted plants Birch, type I

~  —

0 L PKy HK K& Ma PKa PPK 0 L PKy HK K& Ma PKa PPK
Raudus, tyyppi Il
Birch, type Il

] 11 7 M

7 7
AL

0 L PK; HK KA Ma PKp PPK

100

80

60

40 -

20

Maanmuokk. menetelma
Soil tilling method

Kuva 21. Minnyn, kuusen ja rauduskoivun taimien jakaantuminen kuntoluokkiin Maalahden koe-
alueella. Ei pintakasvillisuuden torjuntaa. Merkinnit kuten kuvassa 20 ja taulukossa 4. Inventointi
syksylla 1973.

Fig. 21. The distribution of pine, spruce, and birch seedlings into vigour classes at Maalabti experimental area.
No weed control. Legend as in Fig. 20 and Table 4. Survey in autumn 1973.
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Manty, paljasjuuriset Ménty, rullataimet

% Pine, bare-rooted plants % Pine, roll transplants
100 ' T wae D e S e N e 100[- — e T s T e T s
. 2 "IN %
80 80
_ 7 7 .
60 |- ) 60 F 7 ]
7% 7
I ~ [
20 - ﬁ 20t %
L L
i . éﬂ
L PKy HK K:A Ma PKz o L PK; HK KA Ma PKy
Kuusi, paljasjuuriset Kuusi, rullataimet
Spruce, bare-rooted plants Spruce, roll transplants
100 7 — 7- — 7 100 - s
7 77707
80 7 80 |
60 - 60 %
40 40
20 20
0 0
0 L PKy HK KA Ma PK, 0 L PKy HK KA Ma PK;
guu:us, tyyppi | Raudus, tyyppi Il
irch, type | Birch, t m
100 Al 100 e e

80

60

40

20

o L PK;y HK KA Ma PK, o L PKy HK KA Ma PKy

Maanmuokk. menetelmd
Soil tilling method

Kuva 22. Minnyn, kuusen ja rauduskoivun taimien jakaantuminen kuntoluokkiin Rymittylin koe-
alueella. Ei pintakasvillisuuden torjuntaa. Merkinnit kuten kuvassa 20. Inventointi syksylld 1973.

Fig. 22. The distribution of pine, spruce, and birch seedlings into condition classes in the Maalahti experimenta
area. No weed control. Legend as in Fig. 20. Survey in autumn 1973.

Kuvassa 20 on esitetty eri tavoin muokatulla maalla kasvaneiden taimien jakaan-
minen kuntoluokkiin Karttulan koealueella. Melko selvinid nihddin taimien kuollei-
suuden ja eloonjdineiden taimien kuntoluokituksen vilinen vahva yhteys. Sellaiset
maanmuokkausmenetelmit, joita kdytettiessi vain vihiinen miiri taimista on kuol-
lut, ovat my6s tuottaneet runsaasti voimakkaiksi luokiteltuja taimia. Sen sijaan sel-
laiset maanmuokkausmenetelmit, joita kiytettdessd taimien kuolleisuus on ollut suu-
ri (esim. laikutettu turvemaa rauduskoivulla) ovat tuottaneet yksinomaan normaa-
leiksi katsottavia tai tdtd heikompikuntoisia taimia.
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Taulukko 13. Eri kuntoluokkiin kuuluvien minnyn, kuusen ja rauduskoivun taimien jakaantuminen
viimeisen vuosikasvaimen pituuden mukaisiin luokkiin. Kaikki koealueet, inventointi 1973.
Table 13. Pine, spruce and birch seedlings belonging to different vigour classes distributed into classes on the
basis of height in final year. All experimental areas, survey in 1973.

Latvakasvain, cm — Annual leader, cm Taimia — Plants
Puulaji Keski-
Tree species mairin
Kpl %
ot ota | 1529 |3 | 455 A
om
Minty — Pine Taimia, %, — Plants, per cent
1. Voimakas — Vigorous .. 0.6 57.0, 419 0.5 : - | 287 1916 15.8
2. Normaali — Normal ... | 26.0 71.9 2.0 0.1 . . 18.2 5699 471
3. Kituva — Stunted .. .. .. 93.7 6.3 0 0 . . 7.1 1115 9.2
(4. Kuollut — Dead) ...... (100.0) .. .. .. .. .. 0)| (3382) (27.9)
Yhteensid, kpl — Zotal, No| 5923 | 5260/ 918 11 . -1 19.3| 12116 | 100.0
Yhteensa, 9%, — Total, per cent | 48.9 43.4 7.6 0.1 . . 100.0
Kuusi — Spruce ........ 0—910—19/20—29/30—39|40—49 l !
Taimia, % — Plants, per cent
1. Voimakas — Vigorous .. 2.7 40.3]  40.3] 15.1 1.6 - | 21.8 667 7.0
2. Normaali — Normal ...| 33.3 55.2| 10.8 0.6 0.1 - | 12.4| 5559 57.9
3. Kituva — Stunted . . . ... 87.5 12.2 0.3 0 0 . 5.4 1939 20.2
(4. Kuollut — Dead) ...... (100.0) .. .. .. .. .. (0)| (1435) (15.1)
Yhteensid, kpl — Zotal, No| 4996 | 3583 880 134 17 ’ 11.5| 9610 | 100.0
Yhteensi, % — Total, per cent 51.9 37.3 9.2 1.4 0.2 | 100.0
Rauduskoivu — Birch ... | 0—19 |20—39|40—59/60—79|80—99| 100+
Taimia, % — Plants, per cent
1. Voimakas — Vigorous .. 0.7 3.6/ 17.3] 34.5] 32.2| 11.7| 75.5| 2231 20.5
2. Normaali — Normal . .. 8.3 35.5| 36.0/ 15.9 3.7, 0.6| 43.9 3251 29.9
3. Kituva — Stunted .. .. .. 55.5 30.5| 10.8 2.9 0.2/ 0.1|21.5| 1330 12.3
(4. Kuollut — Dead) ...... (100.0) .. .. .. .. .1 (0)| (4046)| (37.3)
Yhteensd, kpl — 7Zotal, No| 5070 | 1640/ 1701 1327 841/279 49.9| 10853 100.0
Yhteensd, %— Total, per cent |  46.7 15.1] 157 122 7.7 2.6 100.0

Timi yleinen suuntaus on selvini nihtivissi myos Maalahden (kuva 21) ja Ry-
mittylin (kuva 22) taimien kuntoluokituksissa. Eri maanmuokkausmenetelmien jir-
jestys on kuntoluokituksen valossa likimain sama kuin jo aiemmin esitellyn taimien
kuolleisuuden perusteella on esitetty. Yleisesti ottaen suuri taimikuolleisuus mer-
kitsi myos eloonjdineiden taimien huonoa kuntoluokkajakaantumaa. Hyvikuntoi-
siksi luokiteltuja taimia esiintyi ainoastaan sellaisten maanmuokkausmenetelmien
yhteydessi, jotka ovat tuottaneet runsaasti eloonjdineitd taimia.

Kuvan saamiseksi kuntoluokituksen riippuvuudesta muista taimitunnuksista ryh-
mitettiin kaikkien kolmen koealueen taimet puulajeittain ja kuntoluokittain ja verrat-
tiin ndin saatuja jakautumia inventointivuoden aikana syntyneen (viimeisen) latva-
kasvaimen pituuteen (taulukko 13). Voimakkaiksi luokiteltujen taimien viimeisen
vuoden pituuskasvu oli kaikilla puulajeilla selvisti suurinta, ja sitten seurasivat jir-
jestyksessi normaalit ja kituvat taimet. Varsinkin kituviksi luokiteltujen taimien pi-

8 8472—76
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Taulukko 14. Mannyn, kuusen ja rauduskoivun taimien jakaantuminen tuholuokkiin Karttulan koe-
alueella. Ei pintakasvillisuuden torjuntaa. Maanmuokkausmenet. lyhenn. katso taul. 2. Inventointi
syksylld 1973.

Table 14. Pine, spruce and birch seedlings at Karttula distributed into different damage classes. See Table 2 for
tilling method abbreviations. Survey in autumn 1973.

Kivenniismaa — Mineral soil Turvemaa — Organic soil
Puulaji,
Maanmuokkaus-
menet. Terve | Lieva | Kohta- | Appaeq | Taydel- | pe o | Lieva | Kobta- | Ajyap, | Tavdel-
ol Filling mettod Gond || Light | pfoiere] ™ | Compiee] G | Lt | jaisen, | semre | Mnes
!
Taimia, %, — Plants, per cent
Minty — Pine
O ... 24 6 4 4 62 33 4 1 1 61
P TN 74 5 3 2 56 12 3 5 5 75
Koo 36 5 5 4 50 53 7 4 — 36
K+A ........... 41 7 6 3 43 26 5 4 1 64
K+A+7J ....... 34 6 8 2 50 49 11 = 1 35
K+A4+P....... 40 9 5 5 42 45 4 2 5 44
PK ... 58 7 7 2 26 47 9 4 4 36
PK+J ... 55 4 4 4 33 59 10 5 — 26
Kuusi — Spruce
O oo, 23 8 19 23 27 24 20 20 24 12
Lo 37 19 11 10 23 13 27 26 10 24
K oo 44 14 14 20 18 38 25 21 7 9
K+A ........... 29 16 16 25 14 29 31 21 15 4
K+A+7J ....... 44 17 15 9 15 19 20 26 22 13
K+A4+P....... 44 15 15 15 11 26 20 37 13 -
PK ... 36 7 15 19 23 39 32 16 9 4
PK+J........... 40 15 12 15 19 33 20 24 12 11
Rauduskoivu —Birch i
L N 9 5 4 1 81 9 4 1 — 86
L oo 14 5 L 0 77 5 2 2 4 87
K. | 521 12 5 4 28 43 7 4 11 35
K+A ........... |44 10 8 5 33 51 8 4 4 33
K+A+7J ....... 50 13 5 3 29 49 6 — 10 35
K+A+P....... 52 8 <+ 4 32 59 4 10 12 15
PK ... 35 5 9 4 47 58 1 5 7 29
PK+J .ot 29 12 6 1 52 35 14 6 | 8 37

tuuskasvu on ollut vihdistd. Niiden latvakasvaimen pituus oli keskimiirin vain
noin neljinnes voimakkaiden taimien latvakasvaimen pituudesta.

Luokitus tilastollinen testaus antoi hyvin selvin riippuvuuden viimeisen vuoden
pituuskasvun ja kuntoluokituksen vilille. Timi vahvistaa kisitystid kuntoluokituksen
kelpoisuudesta taimien kasvupotentiaalin kuvaajana ja myds antaa perusteen sen
kiyttimiseksi menettelyyn liittyvistid subjektiivisuudesta huolimatta.

44. Taimituhot
441. Tuholuokat

Taimien jakaantuminen eri tuholuokkiin tuhon voimakkuuden mukaan on esi-
tetty koealoittain taulukoissa 14—16. Seikka, joka ensimmiiseni kiinnittid huomiota,
on varsinkin minnylli ja rauduskoivulla selvisti havaittava tiydellisen tuhon kohteik-
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Taulukko 15. Minnyn, kuusen ja rauduskoivun taimien jakaantuminen tuholuokkiin Maalahden
koealueella. Ei pintakasvillisuuden torjuntaa. Maanmuokkausmenet. lyhenn. katso taul. 2. Inven-
tointi syksylld 1973.

Table 15. Pine, spruce and birch seedling at Maalahti distributed into different damage classes. See Table 2 for
tilling method abbreviations, Survey in autumn 1973.

Paljasjuuriset — Bare-rooted plants Rullataimet — Rol/ transplants
Puulaji,
Maanmuokkaus-
Tr:?c:;::.iu Terve | Lieva lfn‘i’:;;' Ankara T]iix(ei;l- Terve | Lievi }l(a?rl:::- Ankara Tﬁi‘::"
Soil tilling method e Light Moderate Severe Complete Goee Light Moderate Severe Complete
Taimia, % — Plants, per cent
Miinty — Pine
18 J 17 7 9 1 66 16 13 5 3 63
L oo 48 4 7 2 39 31 14 8 — 47
PK; ... 60 7 6 2 25 68 10 3 2 17
HK .............. 30 9 9 1 51 28 14 7 1 50
K+A ........... 47 11 4 1 37 42 14 3 3 38
Mi ...l 58 19 8 4 11 63 12 3 2 20
PK, ... 53 17 6 3 21 34 16 16 3 11
PPK ............. 72 12 3 — 13 80 17 3 — —
Kuusi — Spruce
O ..o, 57 3 67 13 20
A 43 17 20 10 10
PK; .............. 40 10 20 13 7
HK .............. 47 13 20 7 13
K+A ..., 53 — 17 7 23
Mi ...l 53 17 17 10 3
PKy oo —| 3| 23| e 7
PPK ............. 80 17 3 — — .. . ..
Tyyppi I — Size class I Tyyppi III — Size class 111
Terve | Lievi | Kohta- | Ankar | Tdydel-| perve | Lieva | Kohta- | Apkar, | Tdydel-

Lioht lainen | g linen Good Light | lainen lined
Good s Moderate| =" Complete o | b Moderate Severe Complete
i
|

Taimia, % — Plants, per cent

Rauduskoivu —Birch

O it 41 6 4 6 43 65 1 1 4 29
L D P 60 6 2 5 27 75 2 — 6 17
PK; ..ot 69 6 3 7 15 76 8 1 1 14
HK .............. 75 6 7 3 9 95 3 — — 2
K+A ........... 68 10 8 3 11 94 3 1 — 2
Mi............... 69 12 3 3 13 74 5 3 3 15
PK, ... 57 4 3 5 31 75 4 4 2 15
PPK ............. 80 10 7 — 3 77 13 3 7 —

si joutuneiden ja toisaalta tdysin terveiden taimien suuri osuus muihin tuholuok-
kiin kuuluviin taimiin verrattuna. Kuusen taimien jakaantuminen eri tuholuokkiin
on Karttulan ja Maalahden koealueilla tasaisempaa. Tidmi voi luonnollisesti johtua
kiytetyn asteikon huonosta erotyskyvysti minnyn ja rauduksen kohdalla, luokitta-
jien subjektiivisuudesta tms. Ilmion selitys voi kuitenkin olla siind, ettd sekd minty
etti rauduskoivu ovat varsinkin ensimmdisini istutuksesta seuraavina vuosina bio-
logisesti heikompia kestimain niitd kohdannutta tuhoa ja ne kuolevat sen johdosta
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Taulukko 16. Minnyn, kuusen ja rauduskoivun taimien jakaantuminen tuholuokkiin Rymittylin
koealueella. Ei pintakasvillisuuden torjuntaa. Maanmuokkausmenet. lyhenn. katso taul. 2. Inven-
tointi syksylld 1973.

Table 16. Pine, spruce and birch seedlings at Rymittyld distributed into different damage classes. See Table 2

tilling method abbreviations. Strey in autumn 1973.

Puulaji, Paljasjuuriset — Bare-rooted plants Rullataimet — Rol/ transplants
Maanmuokkaus-
T'::‘C;;;:i“ Terve | Lievi I](::::' Ankara Tlau)':(ci:l °| Terve | Lievi ﬁ?::;" Ankara Tliiz;g:[ -
Soil tilling method Good Light Moderate Severe Complete Good Light Moderate Serere ]Complzh
Minty — Pine ‘ Taimia, %, — Plants, per cent
[© 43 17 8 5 27 72 13 8 — 7
L oo 88 2 2 — 8 83 5 — — 12
PK; ............ .. 81 12 2 — 5 85 7 3 5
HK .............. 90 3 3 _ 4 91 7 2 — —
K + A 88 5 3 — 4 92 5 — — 3
Mi....ooooonn... 56 17 5 2 20 83 10 — 2 5
PKy ..o 78 13 7 _— 2 56 30 5 2 7
Kuusi —Spruce
O ..o 77 3 5 — 15 54 3 8 — 35
L oo, 80 | 2 2| — | 16| 78 2| — 2 | 18
PK, .............. 70 — 5 23 70 2 — — 28
HK .............. 85 — 5 10 78 3 2 2 15
K + A 9 | — 2 — 8 75 3 10 — 12
Mi....o.o.ooooon... 23 — 7 7 63 53 — 12 —_ 35
PKy oo 85 | — | — 30 12| 7 2 5 71 15
Tyyppi 1 — Size class I Tyyppi III — Size class 111
Terve | Lievi ]ﬁ(i):et:- Ankara Tﬁi‘::l' Terve Lieva lli‘i):::- Ankara Tﬁij;l'
Good Light Moderate Severe Complete Good Light Moderate Severe Complete
Taimia, % — Plants, per cent
Rauduskoivu —Birch I i
O oiviieii, s| 3| — 2 | 90 2| — | —| — | 98
L oo 37 | 3 13 2 45 13 2 3 5 77
PK, .............. 30 | 2 | — 71 61 15 2 2 2 80
HK .............. 52 10 | 7 8 23 52 2 8 5 33
K+A ... 58 | 7 10 — 25 42 3 8 2 45
Mi o, 13 2 30 — | 82 3] — 3 2| 92
PKy oo 25 7 15| 12| 41| 32 3 8 | 10 | 47

helposti. Kuusi taas on tunnetusti taimivaiheessaan sitked puulaji ja se pystyy siily-
miin hengissd kituvana pitkidkin aikoja.

Tarkasteltaessa taimien tuholuokkajakaantumia eri maanmuokkauskisittelyjen
valossa, nikyy tuloksista sama yleissuuntaus kuin taimien kuolleisuuslukuja edelld
esiteltiessd. Tidydellistd tai ankaraa tuhoa esiintyy taimissa runsaasti kdytettiessd niitd
maanmuokkausmenetelmii, joissa taimien kuolleisuuttakin ilmeni runsaasti, ja ter-
veiden taimien luku on yleensd suuri kiytettdessd sellaisia maanmuokkausmene-
telmid, missd my0s taimien eloonjddmissadannes on ollut korkea (esim. Barring
1967).

Taulukkoihin 17 ja 18 on koottu terveiden taimien suhteellinen osuus kaikista
taimista kidytettdessd eri maanmuokkaus- ja pintakasvillisuuden torjuntamenetelmia.
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Taulukko 19. Eri kuntoluokkiin kuuluvien miannyn, kuusen ja rauduskoivun taimien jakaantuminen
tuholuokkiin. Kaikki koealat. Inventointi 1973.

Table 19. Pine, spruce and birch seedlings belonging to different vigour classes distributed into damage classes.
All experiment areas. Survey in 1973.

Tuholuokka — Damage class

Puulaji Taimia — Plants
Tree species
Kuntoluokka Terve Lievi Kohtal. Ankara Tiydell. Kpl %
Vigour class Good Light M::;‘” - Severe Complete No Per cent
Taimia, %, — Plants, per cent
Minty — Pine
1. Voimakas — Vigorous .. 99.7 0.3 0 0 0 1916 15.8
2. Normaali — Normal ... 25.5 13.0 1.4 0.1 0 5699 47.1
3. Kituva — Stunted .. .. .. 4.3 25.8 46.3 23.4 0.2 1114 9.2
(4. Kuollut — Dead) ... .. 0 0 0 0 |1000 |(3382) | (67.9)

Yhteensd, kpl — 7Total, No | 6853 1034 594 270 3384 12111 100.0
Yhteensi, %—7otal, per cent | 56.6 8.5 4.9 2.2 27.9 100.0

Taimia, Y, — Plants, per cent

Kuusi — Spruce

1. Voimakas — Vigorous .. 89.8 9.6 0.6 0 0 667 7.0
2. Normaali — Normal . .. 72.9 15.2 10.4 1.5 0 5559 57.9
3. Kituva — Stunted .. .. .. 6.2 10.3 34.7 48.5 0.3 1939 20.2
(4. Kuollut — Dead) ...... 0 0 0 0 100.0 (1 435) (15.1)

Yhteensd, kpl — Zotal, No | 4782 1110 1253 1024 1441 9610 100.0
Yhteensi, %—7otal, per cent | 49.7 11.6 13.0 10.7 15.0 100.0

Taimia, Y% — Plants, per cent

Rauduskoivu — Birch

1. Voimakas — Vigorous .. 93.8 4.0 1.7 0.5 0 2231 20.5
2. Notmaali — Normal . .. 79.0 13.5 6.3 1.1 0 3251 29.9
3. Kituva — Stunted .. . ... 45.3 9.2 19.4 25.8 0.3 1330 12.3
(4. Kuollut — Dead) . .... 0 0 0 0 100.0 | (4 046) (37.3)
Yhteensd, kpl — Total, No | 5264 654 501 392 4050 [10858 100.0
Yhteensi, % —7otal, per cent | 48.5 6.0 4.6 3.6 37.3 100.0

Karttulan koealueella paras tulos saavutettiin minnylld kiyttien voimakasta hei-
nintorjuntaa ja tehokasta maanmuokkausta. Turvemaalla my6s muokkaamattomalla
maalla oli runsaasti terveiti taimia jos pintakasvillisuuden torjunta oli ollut tehokasta.
Kuusella terveiden taimien maird oli perin vihiinen, mutta rauduksella oli terveiti
taimia kohtalaisen runsaasti. Varsinkin milloin maanmuokkaus ja pintakasvillisuu-
den torjunta on ollut tehokasta, tulosta voi pitdd tyydyttivina.

Maalahdessa ja Rymittylissi terveiden taimien osuus kaikista taimista oli selvisti
suurempi kuin Karttulassa (taulukko 18). Minnylli varsinkin pallekynté (PK,) ja
paksu pallekynto (PPK) ovat tuottaneet hyvin tuloksen. Maalahdessa rauduskoivun
taimet ovat menestyneet hyvin, mutta Rymittylissi ne ovat kirsineet melko pahasti.
Terveitd taimia oli Rymittylissd vain kiytettdessd hatjakynt6d tai pallekyntod seki
tiysmuokkausta.

Tuholuokituksen ja kuntoluokituksen vilisen yhteyden selventimiseksi kaikkien
kolmen koealueen taimet ryhmitettiin puulajeittain ja tuholuokittain ja verrattiin
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Taulukko 20. Eri tuhonaiheuttajien esiintyminen minnyn, kuusen ja rauduskoivun taimissa. Kaikki
koealat. Inventointi 1973.

Table 20. Prevalence of different damaging agents in pine, spruce and birch seedlings. All experimental areas.
Survey in 1973.

Tuhonaiheuttaja — Damaging agent I}Y,;::: 4 SKP‘:::: R;;?Zs
Taimia, Y%, — Plants, per cent
1 | Minnyn ruoste — Coleosporium pini .................. 0.7 0.0 0.0
2 | Lumikariste — Phacidium infestans .................... 0.0 .0 0.
3 | Tukkikidrsikds — Hylobius abietis .................... 0.0 0.0 0.0
4 | Juuriniluri — Hylastes sp. ... 0.0 0.2 0.0
5 | Koivun ruoste — Melampsoridium betulinum . .......... 0.0 0.0 0.0
6 | Hirvi— Alees alees .. ..o 0.0 0.0 1.3
7 | Peltomyytd — Microtus agrestis ...............ccooo.. 0.5 0.1 0.9
8 | Vesimyyrd — Arvicola ferrestris ................ ... 1.2 1.5 10.5
9 | Pintakasvillisuus — Ground vegetation ................. 21.7 7.5 4.8
10 | Kevitahava — Late-winter damage .................... 0.3 24.4 0.0
11 | Routa — Ground frost ............cccoieuiiiiininnn 0.0 0.0 0.0
12 |Halla — Early frost ......ccooiiiiiiiiiinninannnn. 0.0 2.3 0.0
13 | Kuivuus — Drought .. .....couuiiiniiiinninannnn. + 0.0 0.0 0.4
14 | Muu kuin edelliset — Other pests .. .........couuen.. 0.6 0.4 0.8
15 | Tuntematon — Unidentified pest ...................... 18.4 13.8 32.7
Vaurioituneita taimia, %, — Injured plants, per cent . .. .. .. 43.4 50.2 51.4
Vaurioitumattomia taimia, %, — Uninjured plants, per cent 56.6 49.8 48.6
Yhteensi, %, — Total, per cent| 100.0 100.0 100.0
Yhteensd, kpl — Zotal, No| 12080 | 9608 10 845

niin saatuja jakautumia taimien kuntoluokitukseen (taulukko 19). Erittiin selvini
nikyy terveiden taimien keskittyminen voimakkaiden taimien luokkaan. My&s kunto-
luokaltaan normaaleiksi katsottavat taimet olivat enimmikseen terveitd, kun taas
kuntoluokaltaan kituvat taimet jakaantuivat lievin, kohtalaisen tai ankaran tuhon
kohdanneiden taimien luokkiin.

Myés luokituksien tilastollinen testaus antoi hyvin selvin riippuvuuden niiden
tunnusten vilille.

422. Tuhonaihenttajat

Taulukkoon 20 on koottu kaikkien koealueiden yhdistelmini eri tuhonaiheutta-
jien suhteellinen esiintymisrunsaus méinnyn, kuusen ja rauduksen taimissa syksylli
1973. Taulukkoa tarkasteltaessa on muistettava, ettd kysymys on vain ilmeisimmisti
tuhonaiheuttajista, jotka on saatu mdéritettyd jonkinlaisella varmuudella. On luulta-
vaa, etti »tuntemattomien» ryhmidssi on jonkin verran luetteloon jo sisiltyvid tu-
honaiheuttajia, joten joidenkin vaikeasti tunnistettavien tuhonaiheuttajien miiri il-
meisesti on suurempi kuin tdssd esitetty. Seuraavassa tarkastellaan yleisemmin esiin-
tyvid tuhonaiheuttajia ja ndiden vaurioiden laatua.

Minnyn nenlasrnostetta (Coleosporium pini) esiintyi vain  Karttulassa, missi sitd
tavattiin jokseenkin tasaisesti eri maanmuokkausruuduilla. Kivenniismaalla sen
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esiintyminen oli hieman runsaampaa kuin turvemaalla, mutta kaikkiaan tauti oli mzl-
ko harvinainen. Se saattoi tappaa taimen neulaston verson puoliviliin, vikuuttaa ok-
sia ja latvakasvainta, mutta taimen kuolemaan johtaneita tapauksia oli vain n. 17 9
kaikista todetuista esiintymistd (taulukko 21).

Juurinilurin ( Hylastes sp.) tuhoja on merkitty muistiin vain Karttulassa kasva-
neista kuusen taimista. Perin vihilukuiset, pdiasiassa kivenniismaalla esiintyneet
vioitukset jakaantuivat satunnaisesti eri maanmuokkaus- ja pintakasvillisuuden tor-
juntaruutujen kesken.

Hirven tuhoja esiintyi eniten Maalahdessa ja hieman vihemmin Rymittylissi.
Karttulassa ei hirven tuhoja tavattu lainkaan. Eri puulajeista tuhot rajoittuivat yk-
sinomaan rauduskoivuun. Hirvi on vaurioittanut eniten paksun pallekynnén (PPK;
30 kpl) tiysmuokkauksen (K4 A; 30 kpl) seki harjakynnén (HK; 10 kpl) koealoilla
kasvavia taimia. Nayttdd siltd, ettd jos taimet on istutettu maanpinnan tasoa korke-
ammalle, ne ovat olleet alttita hirven tuhoille. Pienikokoiset rauduksen taimet (tyyp-
pi I) ovat kirsineet selvisti enemmin kuin isokokoiset (tyyppi III), miki tosin voi
johtua my6s em. taimien heikommasta toipumiskyvysti.,

Peltomyyra (Microtus agrestis) on aiheuttanut tuhoa vain Karttulassa, missi ki-
venniismaalla kasvavat minnyn ja rauduksen taimet ovat vaurioittuneet. Muualta
on merkitty muistiin vain yksittdisid vikuutuksia. Eri maanmuokkaustapojen eri-
laista vaikutusta tuhon esiintymiseen osoittaa, etti minnyn taimet, jotka kasvoivat
tiysmuokatuilla ja jyrityilli alueilla (K+A--P) olivat selvisti eniten vahingoittu-
neita (18 kpl). Niitid seurasivat pallekynt6 (PK; 8 kpl) ja pallekyntd + jyrsintd (PK+
J; 8kpl). Rauduksella eniten vikuutuksia esiintyi muokkaamattomilla (O) ruuduilla
(19 kpl). Seuraavaksi eniten vaurioita oli tiysmuokatuilla (K+A; 17 kpl), laikutetuilla
(L; 15 kpl) ja pallekynnetyilld ruuduilla (PK; 14 kpl) kasvaneissa taimissa.

Peltomyyrin vaurioittamia taimia oli eniten kisittelemattomissd ruuduissa (min-
nylld 15 kpl ja rauduksella 29 kpl). Lihes titi luokkaa olivat heikon herbisidikisit-
telyn saaneiden rauduksen taimien vauriot (28 kpl), mutta kaikilla muilla kisittelyilld
myyrin tuhot olivat jo huomattavasti vihdisemmat; méiriltidn alle viisitoista vau-
rioitunutta tainta/késittely.

Peltomyyrin vikuuttamat taimet ovat yleensd kuolleet, mutta minnylld esiintyi
my0s latvakasvaimen menetystd ja sekd minnyilld ettd kuusella oksiston ja neulaston
kuolemista. Muunlaisia vikaisuuksia peltomyyrin syomissid taimissa esiintyi vain
hyvin vihin.

Vesimyyrin (Arvicola terrestris) aiheuttamia tuhoja esiintyi siten, ettdi Karttulan
koealueen turvemaalla minnyn ja rauduksen taimet ja kivenniismaalla vuorostaan
kuusen ja rauduksen taimet olivat olleet alttiita vikuutuksille. Rauduksen taimissa tu-
hoja oli melko tasaisen voimakkaasti lihes kaikilla eri tavoin muokatuilla kosruu-
duilla (70—80 kpl I kisittely) mutta muokkaamattomalla maalla (O) vaurioiden ylei-
syys oli vain 40 taimen luokkaa. Minnyn osalta pintakasvillisuuden vallassa kas-
vaneissa taimissa on ollut eniten vahingoittuneita (yli 30 kpl I kisittely), kun taas

9 8472—76
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pintakasvillisuuden torjunta on vihentinyt ojamyyrin vauriottamien taimien luvun
alle 20:een. Rauduksen ja kuusen taimissa tillaista pintakasvillisuuden vaikutusta ei
voitu havaita.

My6s vesimyyrin vikuuttamat taimet ovat suurelta osalta kuolleet, vaikka jonkin
verran esiintyi muitakin vikaisuuslajeja. Esim. kuusen taimista 26 %:in oksisto oli
lihes kuollut ja rauduksen taimista 5.6 9%, oli kaatunut.

Pintakasvillisnus oli vaurioittanut eniten minnyn taimia, sitten kuusen taimia ja
vihiten rauduksen taimia. Rauduksen vaurioiden vihyys johtuu tuhojen keskittymi-
sestdi Maalahden ja Rymittylin koealueille. Karttulassa ei vuoden 1973 inventoinnis-
sa endd havaittu pintakasvillisuuden aiheuttamaa tuhoa tuolloin 1.5—2 m pituisissa
rauduksen taimissa, vaikka juuri timin tuhonaiheuttajan vuoksi taimii oli kuollut
suuria mddrid istutusta vilittOmasti seuraavina vuosina (Leikola ja Raulo 1973).

Kuten odottaa saattoi, maanmuokkaus vihensi yleisesti pintakasvillisuuden ai-
heuttamia tuhoja, samoin suoranainen pintakasvillisuuden torjunta. Isokokoiset tai-
met my0s selvisivit pintakasvillisuudesta paremmin kuin pienikokoiset taimet, kuten
jo aikaisemmin on esitetty (luku 412).

Pintakasvillisuus on aiheuttanut taimien verson pensastumista ja latvakasvaimen
kuolemista. Huomiota herittivin yleistd on myos ollut taimien taipuminen kaatuvan
heinin alle (midnnylld 15,8 9 ja rauduksella 5,8 9,). Varsinkin minanyn taimet ovat
kuolleet pintakasvillisuuden vuoksi suurin mdirin.

Kevitahavan nimelld tunnettu taimien kuivuminen lumezttoman talven aurinkoi-
silla pakkasilmoilla (esim. Badrring 1967) vaurioitti kuusen taimia kaikilla
koealueilla. Tuhon luonteelle tyypillistd oli, ettd paremmin kuivuutta kestivd ksero-
morfinen minty ei vaurioittunut juuri lainkaan. Eri maanmuokkausmenetelmit tai
pintakasvillisuuden torjuntakisittelyt eivit aiheuttaneet eroja kuusen taimien vaurio-
alttiudessa. Yleisyydestdin huolimatta — 24,4 9 — kevitahava ei aiheuttanut kuin
2.6 9,:ssa vaurioituneiden taimien kuoleman. Paljon yleisempii oli, etti verso muut-
tui kaksihaaraiseksi tai pensastavaksi, menetti latvakasvaimensa tai kuoli rungon
puoliviliin saakka. Timi merkitsee 1—2 vuoden kasvun menetysti, mutta ei tuhon-
nut istutustaimia lopullisesti.

Hallan tuhoja tavattiin vain Karttulan koealueclla kuusissa. Tdyskynnetyilli ja
jyrityilld mailla (K+A4P) tuhot ovat olleet yleisempii (34 kpl). Seuraavaksi eniten
tuhoja oli kynnetylld (K) maalla kasvaneissa taimissa (24 kpl), mutta muilla maan-

muokkauskoealueilla vikaantuneiden taimien luku oli alle kuusitoista menetelmii
kohti.

Pintakasvillisuuden torjuntatoimenpiteistd eniten hallavaurioita lisdsivit voimakas
herbisidikisittely (28 kpl) ja voimakas heinimiskisittely (27 kpl). Missi pintakasvilli-
suus oli koskematta tai heindntorjuntatoimenpiteet vain heikkoja, tuhot olivat vi-
hiisempid (15—18 tainta/kisittely). Tdmid on ymmirrettivii, silli korkea heind suo-
jelee sen sisilli kasvavia taimia muodostamalla tehokkaan toimivan pinnan ulos-
siteilyd vastaan halladind (Franssila 1949, Leikola ja Pylkko 1969).
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Samoin kuin kevitahavankin, hallan tuhot ilmenivit ennen kaikkea verson pen-
sastavuutena ja latvakasvaimen kuolemisena. Kuolleiden taimien osuus kaikista hal-
lan vaurioittamista taimista oli vain 0,4 9.

Selviisti Auivuuden vikuuttamia taimia oli vain Rymittylin koealueen raudaskoi-
vuissa. Erityisesti muokkauksen jilkeisend kevdidni istutetut taimet (PK,) kirsivit
kuivuudesta. Mitddn selvdd eroa eri maanmuokkauskisittelyjen ja pintakasvillisuu-
den torjuntamenetelmien vililli ei havaittu.

Kuten jo aikaisemmin on korostettu (luku 411), eri maanmuokkauskoealoilla
ilmenneet rauduksen taimien kuolleisuustulokset selittyvit silld, ettd suurin osa niistd
oli kuollut jo kuivana istutuskesind 1971. Niin on my6s ymmairrettivd, ettd kaksi
vuotta timin jilkeen suoritetussa inventoinnissa voitiin kuivuuden aiheuttamat
vauriot havaita vain vuotta timin jilkeen istutetuissa taimissa.

Tuntemattomaksi jaineet tuhonaihenttajat ovat olleet yleisempii rauduksen taimissa
(32 9,), kun taas havupuiden tuhonaiheuttajat on saatu suuremmassa miirin selvi-
tettyd. Vaurioituneita taimia on kaikilla puulajeilla ollut likimain yhtd paljon, noin
puolet kaikista istutetuista taimista, mutta minnyn taimet ovat sidstyneet tuhoilta
kuusen ja rauduksen taimia hieman paremmin.

Tuhonaiheuttajien koostumusta ja yleisyyttd tarkasteltaessa on vield kerran syytd
korostaa varsinkin ilmastollisten taimistotuhojen suurta vuosikohtaista vaihtelua.
Tidssd kokeessa esiintyy kevitahava merkittdvind tuhonaiheuttajana, ja tiedetdiankin
juuri inventointia edeltineen talvikauden olleen poikkeuksellisen suotuisan timin-
kaltaisen vaurion esiintymiselle. Samoin tiedetiin mm. pelto- ja vesimyyrin esiinty-
misen noudattavan selvidd jaksottaisuutta (esim. Teivainen ja Kaikusalo
1973). Toisaalta esim. hallan tuhojen vaatimaton midrd kuvaa hyvin timin episiin-
nollisesti esiintyvdn ilmastollisen tuhon suurta vuosittaista vaihtelua.

45. Metsitysmenetelmien kustannukset

Kisityksen saamiseksi valinnan kohteena olevien peltojen metsitysmenetelmien
edullisuudesta laskettiin keskimadriiset kustannukset kaikille tihin kokeeseen sisil-
tyville toimenpideketjuille, jotka antoivat vield tdysin tyydyttivin tuloksen (taimien
eloonjdaminen yli 80 9,). Metsittimisen eri kustannustekijoiden arviointiperusteet
olivat vuoden 1975 hintatason mukaan seuraavat (eri tyovaiheiden ajanmenekistd
katso myos Callin 1962, Appelroth ja Harstela 1970, Rum m u-
kainen 1972, Ridsdnen 1973 seki Penttild ja Himidlidnen 1975):

— Maanmuokkauksen kustannukset saatiin maatalouden vuokrahinnastosta. Lai-
kutuksen tyomenekiksi arvioitiin 2.5 miestpv./ha.

— Taimimateriaalin myyntihinnat saatiin metsihallituksen yleiskirjeestd Yt 711
(11. 04. 1975). Viljelytiheydeksi oletettiin kaikilla puulajeilla 2000 kpl/ha.

— Taimien pakkaus- varastointi- ja kuljetuskustannuksiksi (taimien huolto) ar-
vioitiin 35-40 mk/1 000 kpl taimimateriaalin koosta riippuen.
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Taulukko 22. Kustannuksiltaan halvimmat, vihintddn tyydyttivin eloonjidiamistuloksen (80+ %)
tuottaneet metsitysmenetelmit Karttulan koealueella. Laskelmien perusteet esitetty tekstissi.

Table 22. Afforestation methods giving satisfactory survival rates (80 + %,) with lowest costs at Kartiula-
See text for calculation method.

Metsittimis-
kustannukset

Afforestation
Maalaji, puulaji, metsitysmenetelma costs
Soil, tree species, afforestation method
mk/ha mk /taimi
mk|ha mbk|plant
Kivenniismaa — Mineral soil
Minty — Pine
1. Pallekyntd; lievd herbis. — Furrow ploughing; light herbicide . . .. .. 1055 0.61
I1. Pallekyntd; vahva herbis. — Furrow ploughing; strong herbicide . . .. 1279 0.78
1II. Kynt6; vahva herbis. — Ploughing; strong herbicide .............. 1312 0.78
Kuusi — Spruce
1. Kyntd; ei pintak. totj. — Ploughing; no weeding ................ 949 0.52
I1. Tiysmuokk.; ei pintak. torj. — Ploughing and harrowing; no weeding 983 0.57
III. Taysmuokk. + jyrdys; ei pintak. torj. — Ploughing, harrowing and
rolling; no weeding ... ....... ... 1030 0.58
Rauduskoivu — Birch
1. Kynto; lievd herbis. — Ploughing; light herbicide ................ 1794 1.03
11. Tiysmuokk. ja jyrdys; lievd herbis. — Ploughing, harrowing and rotary
tilling; light herbicide .......... ... ... ... . i 1855 1.16
1I1. Kyntod; vahva herbis. — Ploughing; strong herbicide .............. 2017 1.23
Turvemaa — Organic soil
Minty — Pine
I. Muokkaamaton; lievd herbis. — No #illing; light herbicide . .. .... 975 0.61
II. Kynto; lievd herbis. — Ploughing; light herbicide ................ 1088 0.65
1II. Kynto; vahva hetbis. — Ploughing; strong herbicide .............. 1190 0.66
Kuusi — Spruce
I. Muokkaamaton; ei pintak. totj. — No zilling; no weeding ... ... .. 836 0.47
II. Pallekynt®; ei pintak. totj. — Furrow ploughing; no weeding .. .. .. 915 0.48
III. Kynto; ei pintak. totj. — Ploughing; no weeding ................ 948 0.52
Rauduskoivu — Birch
1. Tiysmuokk. + jyrdys; lievd herbis. — Ploughing, harrowing and 1856 1.09
rolling; light herbicide ......... ... .. . . . ...
II. Tiysmuokk. -+ jyrdys; vahva herbis. — Ploughing, harrowing and
rolling; stromg herbicide ......... ... .. .. ... 2081 1.12

— Istutusty6n kustannukset saatiin Metsi- ja uittoalan laskenta-ajankohtana voi-
massa olevasta tydehtosopimuksesta. Istutuksen tyomenekiksi arvioitiin 3.1
miestpv./ha istutettaessa normaaleja paljasjuurisia ja rullataimia, ja 4.0 miestpv.
istutettaessa suurikokoisia (tyyppi III) rauduksen taimia.

— Herbisidikisittelyn arvioitiin vaativan noin 1.1 miestpv./ha, ja torjunta-aine-
kustannuksen olevan 79 mk/ha (n. 3 kg/ha).
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Taulukko 23. Kustannuksiltaan halvimmat, vihintdin tyydyttivin eloonjidmistuloksen (80 + %)
tuottaneet metsitysmenetelmit Maalahden ja Rymittylin koealueilla.

Table 23. Afforestation methods giving satisfactory survival rates (80 + %) with lowest costs at Maalahti
and Rymiittyla.

Alfforestation costs
Koealue, puulaji, taimilaji, metsitvsmenetelma

Metsittimiskustannukset
Experimental area, tree species, sixe class, afforestation method )

mk/ha mk/taimi
1 mk|ha mk|plant
Maalahti
Minty — Pine
I. Rullat.; pallekyntd; ei pintak. torj. — Roll transplants; furrow
plonghing; no weeding .. ........ ... 831 0.50
II. Rullat.; paksu pallekyntd; ei pintak. torj. — Rol/ transplants; thick
Surrow ploughing; no weeding .. .... ... ... 851 0.43
ITI. Paljasj.; paksu pallekynt6; ei pintak. torj. — Bare-rooted plants; thick
Jurrow ploughing; no weeding .. ..... .. ... .. 851 0.50
Kuusi — Spruce
I. Muokkaamaton, ei pintak. torj. — No tilling; no weeding .. ...... 836 0.52
II. Pallekyntd; ei pintak. torj. — Furrow ploughing; no weeding ...... 915 0.50
I1I. Paksu pallekynt6; ei pintak. torj. — Thick furrow ploughing; no weeding 937 0.48
Rauduskoivu —Birch
1. Tyyppi I; pallekyntd; ei pintak. torj. — Size class I; furrow ploughing;
N0 WECAING . . oottt e e e e 1347 0.80
II. Tyyppi I; paksu pallekyntd; ei pintak. totj. — Size class I; thick
Surrow ploughing; no weeding .. ...... ... .. . 0 . 0 i i 1369 0.72
III. Tyyppi I; harjakyntd; ei pintak. torj. — Sige class I; bedded ploughing;
B0 WEEAING o v v et e e e e 1388 0.76
Rymittyld
Minty — Pine
I. Rullat.; muokkaamaton; ei pintak. torj. — Roll transplants; no tilling;
N0 WEEAING . ..ottt e 750 0.40
II. Paljasj.; pallekyntd; ei pintak. torj. — Bare-rooted plants; furrow
Ploughing; no weeding .. ....... ... 829 0.44
III. Rullat.; pallekyntd; ei pintak. torj. — Roll transplants; furrow
ploughing; no weeding .. ....... . .. ... e 831 0.44
Kuusi — Spruce
I. Paljasj.; muokkaamaton; ei pintak. totj. — Bare-rooted plants; no
tillingy nmo weeding ... ... ... 836 0.49
II. Paljasj.; harjakyntd; ei pintak. torj. — Bare-rooted planis; bedded
Pploughing; no weeding .. ... ... 956 0.53
1I1. Rullat.; harjakyntd; ei pintak. torj. — Roll transplants; bedded
Dploughing; no weeding .. ... ... .. 956 0.56
Rauduskoivu — Birch
I. Tyyppi I; harjakyntS; herbisidi — Sige class I; hebbed ploughing;
berbicide ... ... ... .. . 1612 0.88
II. Tyyppi I; tiysmuokk.; herbisidi — Size class 1I; ploughing and
barrowirg, herbicide .. .. ... ... ... .. 1687 1.03
II1. Tyyppi I; harjakyntd; heiniminen — Size class I; bedded ploughing;
mech. WOCdINg . .. ... ... 1716 0.93
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— Pintakasvillisuuden mekaanisen torjunnan arvioitiin vaativan noin 2.8 mies-
tpv./ha.

— Tyo6njohdon ja valvonnan osuudeksi arvioitiin n. 17 9, seuraavien tydvaihei-
den kustannuksista: maanmuokkaus, taimien huolto, istutusty6 ja pintakas-
villisuuden torjunta.

— Sosiaalikustannukset (palkkasivukustannukset) arvioitiin kaikkiaan 33 9:ksi
seuraavista tGistd: laikutus, istutustyd, pintakasvillisuuden mekaaninen torjunta,
kemiallisen torjunnan tyokustannukset sekid tyénjohdon ja valvonnan osuus.

Laskelmien perusteita tarkasteltaessa on vield huomattava, etti voimakkaan pin-
takasvillisuuden torjunnan osalta kustannuksia kertyi viljelyvuotta seuraavanakin
vuonna. Pallekyntd 2:n osalta kustannuksien vertailua ei suoritettu, silli tilli mene-
telmilld perustetut ruudut olivat vuotta nuoremmat kuin kiytettdessi muita maan-
muokkausmenetelmid.

Taulukkoon 22 on koottu Karttulan koealueen kivennidis- ja turvemaalla eri
puulajeja kiyttiden suoritetut, kustannuksiltaan halvimmat, mutta vield tyydyttivin
eloonjiimistuloksen tuottaneet metsinuudistamisketjut. Yleisesti ottaen kuusen vil-
jely on ollut halvinta. Mdnnyn viljely on ollut titd hieman kalliimpaa, mutta raudus-
koivun viljely osoittautui kustannuksiltaan havupuiden viljelyd vield selvisti kalliim-
maksi vaihtoehdoksi. Kivenniis- ja turvemaan metsittimisen vaatimien kustannusten
vililld ei ollut suurtakaan eroa muiden kuin kuusen osalta, jolle turvemaalla kertyi
kustannuksia vain alle 50 p/eloonjddnyt taimi, kun kivenniismaalla kustannukset ovat
n. 10 p suuremmat.

Vastaavat kustannustiedot on Maalahden ja Rymittylin koealueiden osalta ke-
ritty taulukkoon 23. Tidssi toistuu eri puulajien metsittimiskustannusten jirjestys:
havupuiden metsityskustannukset olivat keskendin likimain samaa luokkaa, mutta
rauduskoivu oli nditd huomattavasti kalliimpi metsittimisvaihtoehto. Maanmuok-
kausmenetelmistd olivat pallekyntd, kynto sekd myos Karttulassa tiysmuokkaus
(K+A) selvisti halvimmat, mutta kuusta on voitu menestykselld viljelli myss muok-
kaamattomaan maahan. Minty on Karttulassa tarvinnut pintakasvillisuuden torjun-
taa, mutta Maalahdessa ja Rymittylissi on sclvitty ilman titd toimenpidettdi. My&s
kuusella on pintakasvillisuuden torjunnasta luopuminen alentanut osaltaan kustan-
nuksia, mutta rauduskoivua viljeltiessi on kaikkialla muualla paitsi Maalahdessa
jouduttu torjumaan pintakasvillisuutta tavalla tai toisella.

Eri maanmuokkausmenetelmisti sellaiset kalliit ja monivaiheiset menetelmit ku-
ten mitistys, tiysmuokkaus ja jyrsintd sekd tdysmuokkaus ja jyrdys ovat kustannus-
vertailuissa melkein jddneet pois, ja halvat menetelmit, kuten maan jittiminen ko-
konaan valmistamatta tai pallekyntd ovat yhdistelmissi yleisemmin esilld.

Rullataimet ja paljasjuuriset taimet, missd niiti on verrattu keskendin, osoittau-
tuivat likimain samanveroisiksi. T4mi saattaa johtua my6s kustannusten arviointi-
menetelmistd, jossa kummallekin taimilajille ominaiset, kustannuksia lisddvit ja vi-
hentivit tekijit eivit tulleet riittdvisti esille. Rauduksen pienikokoiset taimet (tyyp-
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Kuva 23. Taimien elossaolosadanneksen ja uudistumiskustannusten vilinen regressio.
Fig. 23. Regression between the survival of the plants and the afforestation costs.

pi I) ovat luonnollisesti olleet halvempina edullisempia, missd niitd on voitu menes-
tykselld kiyttdd, joten isommat taimet (tyyppi I1I) eivit ole edustettuina tissd vertai-
lussa. Niitdhdn on syytd kiyttdd vain tapauksissa joissa pienikokoisten taimien kiy-
ton epdillidn syystd tai toisesta epdonnistuvan. Yhtddn esimerkkii vaihtoehtoisista
maanmuokkauksesta ja pintakasvillisuuden torjunnasta eri tyyppeihin kuuluvilla
rauduksen taimilla ei kustannusesimerkkeihin tullut, silli Maalahdessa saatiin hyvik-
syttivid tuloksia my6s pienilli rauduksen taimilla ilmankin pintakasvillisuuden toz-
juntaa ja Rymittyldssi taas pintakasvillisuuden torjunta oli kaikissa tapauksissa vilt-
timdttdmyys rauduksen viljelyn onnistumiselle.

Viljelyn onnistumisen ja sithen uhrattujen kustannusten vilisen riippuvuuden ha-
vainnollistamiseksi on kuvaan 23 koottu yhdistelmind lasketut tulokset kaikista
niistd viljelyketjuista, jotka antoivat vihintiin 80 9, taimien eloonjiimistuloksen
(vrt. taul. 8 ja 9). Téitd huonomman tuloksen antaneet menetelmit katsottiin kiytin-
nossi tiydennysistutusta vaativiksi ja siten kokonaiskustannuksiltaan niin kalliiksi,
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etti niiden vertailu ei olisi tissd yhteydessi mielekistd. Istutustuloksen riippuvuus
kustannuksista ei ole merkitsevi; ts. nyt kdytettyjen menetelmien puitteissa eloon-
jaimistulosta ei voida parantaa lisiamalld kustannuksia vaativia ylimdérdisid toimen-
piteitd. On kuitenkin varottava tulkitsemasta kuvan sanomaa silli tavoin, ettd lisi-
toimenpiteet, esim. pintakasvillisuuden torjunta eivit parantaisi tulosta koko aineiston
puitteissa. Nyt kokeiltujen menetelmien lisiksi saattaa my6s olla toimenpiteitd, joita
kiyttien pienelld lisikustannuksella pddstddn suuriin eloonjidmishyotyihin. Kuiten-
kin kuvan 23 tarkastelu varmistaa edelld taulukossa 22 ja 23 esitettyjen, kustannuk-
siltaan halvempien, mutta vield tulokseltaan vihintiin tyydyttivien metsitysmenetel-
mien edullisuuden kalliimpiin ja monimutkaisempiin menetelmiin verrattuina.

10 8472—176



5. TULOSTEN TARKASTELUA

Viljelystd syysti tai toisesta hylityt peltomaat vaihtelevat metsipuiden menesty-
mistd ajatellen yhti paljon kuin metsimaatkin. Esim. kuivahkot hickkapellot met-
sittyvit yleensd luontaisesti hyvin, ja arvokkaat puulajit, kuten minty ja rauduskoivu
muodostavat usein uuden metsikOn piddosan. Toisaalta varsinkin kuivatuksen puut-
teesta kirsivit, nurmettuneet peltomaat metsittyvit luontaisesti perin hitaasti, ja syn-
tyvit epitasaiset pensaikkometsit ovat lihes sddnnollisesti ihmisen kannalta vdhdar-
voisten puulajien, kuten harmaalepdn, pajun, haavan tai hieskoivun vallassa (esim.
Kalela 1961). Timin vuoksi maan valmistusta on pidetty lihes sdintonid pyritti-
essi muuttamaan nurmettumaan pidsseitd peltoja tuottaviksi metsiksi (esim. B4 r-
ring 1968, Margus 1970, Saikku 1970).

Metsinviljelyssd varsinkin aikaisemmin paljon kiytettyd laikutusta on suositeltu
kiytettiviksi myos peltojen metsityksessi. Laikutuksen pidasiallinen vaikutus tai-
mien menestymisecen perustuu lihes yksinomaan pintakasvillisuuden poistamiseen,
vaikkei laikun teon ckologisia vaikutuksiakaan ole syyti tdysin sivuuttaa (esim.
Soderstrom 1959, Biarring 1965). Esim. Birringin (1967) peltojen-
metsityskokeissa laikutus paransi minnyn ja kuusen taimien eloonjddmistd 11—13 9,
ja pituuskasvua n. 15 9, muokkaamattomaan maahan verrattuna. My6s Hau g-
ber gin (1971) kokeissa nurmettuneilla peltomailla laikutus edisti selvisti sekd kuu-
sen taimien eloonjdidmistd ettd pituuskasvua.

Myés tassd tutkimuksessa laikutuksen vaikutus taimien menestymiseen osoit-
tautui varsinkin Karttulan kivenniismaakoealoilla edulliseksi. Sen sijaan Karttulassa
turvemaalle perustetuilla koealoilla taimien huono menestyminen ilmeni juuri laiku-
tetuilla riveilld, missd taimien juuret joutuivat jo istuttaessa huomattavasti laikkua
ympiréivin maanpinnan tason alapuolelle. Tilloin on laikuista kaikesta pddttien
tullut syksyisin vesihautoja, joihin jddneet taimet ovat kuolleet. Téysin piinvastainen
ilmio, eli laikutuksen edullinen vaikutus taimien ecloonjiimiseen oli havaittavissa
Rymittylissd, jossa istutuskesin kuivuus oli vuorostaan verottanut esim. matistyksen
tuloksena syntyneiden kumpujen harjalle istutettuja taimia, mutta laikkuihin istute-
tut taimet olivat ilmeisesti saaneet riittdvisti kosteutta.

Maan kynnon ja sitd seuraavan destyksen, jyriyksen ym. tarkoituksena on tiiviin
maan mekaaninen rikkominen hienommiksi osiksi ja maan kasvukunnolle edullisen
ns. mururakenteen muodostumisen cdistdminen (esim. Salonen 1963, Davies
ym. 1972). Vanhan nurmettuneen pellon muokkauksen erddnid seurauksena typen
mobilisaatio maassa kiihtyy, havupuiden neulasten typpipitoisuus kasvaa ja taimien
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kunto paranece (Bdrring 1967). Rikkakasvien torjunnan kannalta tiysmuokkaus
on tehokas toimenpide, mutta juuririkkaruohot, ennen kaikkea juolavehni levidvit
voimakkaasti, kun niiden juuristot muokattacssa katkotaan (Mukula 1964,
Raatikainen ym. 1971). Tissi tutkimuksessa maan kyntd, tiysmuokkaus ja
nditd tdydentivit menetelmit, kuten muokatun pinnan jyrdys tai jyrsinti antoivat
yleisesti ottaen kohtalaisen hyvid tuloksia. Karttulassa nimid maanmuokkausmene-
telmidt jopa osoittautuivat parhaiksi. Sitdvastoin monta tyovaihetta vaativat mene-
telmit olivat kustannuksiltaan sitd luokkaa, etti ne tuskin osoittautuvat edullisem-
miksi yksinkertaisempiin toimenpiteisiin verrattuna. Jos myyrivaara on suuri, tiys-
muokkaus ja maan pitiminen jatkuvasti kasvipeitteettémini on tunnetusti erds keino
luoda pellosta sellainen biotooppi, jota myyrit eivit suosi ja jossa niiden aiheuttamat
tuhotkin yleensi ovat vihiisid (esim. Notini 1964, Barring 1967).
Pallekynto, harjakynt6 ja mitdstys muistuttavat toisiaan siind, ettd niitd kidytettd-
essi taimet istutetaan kasvillisuudesta vapaalle pinnalle, joka on muokkaustoimen-
pitein saatettu ympar6ivdd maan pinnan tasoa ylemmiksi. Télloin saavutetaan monia
etuja varsinkin metsittdessi tiiviitd, hienorakeisia kivenniismaita tai veden vaivaamia
turvemaita (esim. Paavilainen 1970, Mannerkoski 1975). Maanpin-
nan pienetkin kohoutumat katsotaan tillaisilla mailla luonnon oloissakin hyviksi tai-
mettumisalustoiksi. Varsinkin muokattuina ne ovat ympiroivin kasvipeitteen val-
lassa olevaa maata limpimimpid ja niiden ilmatilakin on taimien juurille otollisempi
kuin tasamaalla (esim. Leikola 1975, Kauppila ja Lihde 1975). Ne
yleisesti ottaen hyvit kokemukset mitd palteiden muodostamisesta metsimailla on
saatu (esim. Midlkonen 1972, Pohtila 1974b, S6derstrém 1975),
nikyvit my¢s timin tutkimuksen koealoilla. Varsinkin Maalahdessa on paksun palle-
kynnoén, harjakynnoén ja myos mitdstyksen avulla saatu hyvid tuloksia. Taimien
eloonjiiminen ei esim. Rymittyldssi ole aivain yhti runsasta, mikd viittaa selvisti
palteiden ja mittiiden kuivumiseen poutakausien aikana (vrt. Pohtila 1974a
ym.). Kun pallekynté6 on jo tyémenetelmini halpa ja yksinkertainen, ja kun
sen avtlla on suopcltoja metsittiessd saatu erittdin hyvid tuloksia (mm. Paavilai-
nen 1970C), se on tiiviiden, nurmettuneiden peltojen metsittdimiseen kuitenkin kai-
kin puolin suositeltava maanmuokkausmenetelmi. Timin tutkimuksen tulosten
valossa yleinen sdintd, jonka mukaan auratuilla alueilla ja kuivilla mailla tulee is-
tuttaa vaon pohjaan, keskikosteilla tasamailla ja veden vaivaamilla mailla palteen
harjalle (esim. Margus 1970, Haugberg 1971, Bestandsanldgg-
ning 1975) ndyttdd pitivin paikkansa my6s peltojen metsittimistd ajatellen. Pal-
teiden jyrddminen tai rikkominen jyrsimilld ei aineiston valossa tunnu tarpeelliselta
toimenpiteeltd, vaikka se voi metsimaassa usein olla hyviksi taimien ensi kehityk-
selle. Vaikka istuttamalla palteiden harjalle parannetaan varsinkin taimien juuristo-
jen kasvuolosuhteita selvisti, taimien verso on jo lihtétilanteessa ymparoivdd pinta-
kasvillisuutta ylempini, ja se joutuu siten alttiiksi erilaisille ilmastollisille tuhoille.
Timi koskee erityisesti kuusta, joka aukeilla mailla kasvaessaan on tunnetusti arka
kevittalvista »ahavaa» ja hallan tuhoja vastaan. Sen sijaan varsinkin minnylle ja
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rauduskoivulle palteiden tai mattiiden muodostamisesta on etua niiden kamppailussa
pintakasvillisuutta vastaan (Bdrring 1967).

Metsdpuiden eri istutusmenctelmid on tutkittu jo varsin kauan, mutta tiysin kiista-
tonta vastausta kysymykseen ei ole saatu. Vaikka suurin osa eri istutusmenetelmii
kokeilleista tutkijoista on padtynyt tulokseen, ettei menetelmin valinnalla juuri ole
suurtakaan vaikutusta istutustaimien menestymiseen, yhi uudelleen on nostettu
esiin kysymys virheellisen istutuksen wvaikutuksesta varsinkin minnyn taimien
juuriston kehitykseen (esim. Wibeck 1923, Lihde ja Siltanen 1973,
Bergman ja Higgstrom 1973). Titdi tutkimusta suunniteltacssa omak-
suttiin mm. Bidrringin (1967) ja Huurin (1972) laajaan koemateriaaliin
perustuva kisitys, ettd timd ndkokohta ei ole olennainen varsinkaan muokattuja
peltoja metsitettdessi (myds Haugberg 1971). Niin ollen kaikki kisittelyt on
istutettu kourukuokalla samaa menetelmdd kiyttden. Mydskddn istutettujen taimien
juuriston kehitysti ei ole inventointien yhteydessd analysoitu, joten timi mielen-
kiintoinen seikka jda tdltd osin myShempien selvitysten varaan.

Taimien jilkihuoltotoimenpiteeni on joskus suositeltu lannoitusta, ja varsinkin
turvemailla tdsti toimenpiteestdi on ollut selvisti hydtyd (esim. Meshechok
1967). Aikaisemmat kokemukset niin kangasmaiden kuin suopellolle ja vanhoille
niityille perustettujen taimistojen lannoituskokeista puhuvat kuitenkin selvisti istu-
tuslannoituksen kiyttdi vastaan (esim. Viro 1966, Paavilainen 1970,
Leikola ja Rikala 1974). Kun timin tutkimuksen koealoilla ravinneanalyy-
sin mukaan kaikkia pddravinteita oli riittivisti, ei lannoitusta kokeiltu, eikd titid toi-
menpidettd peltojen metsityksessd yleisemminkdin ole syytd kiyttdd.

Pintakasvillisuuden torjuntatoimenpiteet antoivat yleisesti ottaen ennakko-odo-
tuksia vaihtelevampia tuloksia. Minty ja rauduskoivu hyotyivit kylld selvisti tor-
junnasta, mutta kuusen osalta kisittelyn edullinen vaikutus nikyi selvisti vain muu-
tamassa tapauksessa. Jos maata ei ole muokattu tai muokkaus on ollut tehotonta, on
luonnollista, etti pintakasvillisuuden torjunnan merkitys taimien menestymiselle on
suurempi kuin milloin pintakasvillisuus on kyetty pitimdin yksin maanmuokka-
uksen avulla kohtuullisena. Kuitenkin on todettava, ettd heinimisen ja herbisidika-
sittelyn vaikutus ei ollut niin my&nteisen johdonmukainen kuin esim. B4 rrin gin
(1967) ja Hau gber gin (1971) kokeissa, vaan vaihtelu oli suurta. Paitsi istutusta
parantavia, myds huonontavia esimerkkeji oli runsaasti. Missd middrin tulokseen ovat
vaikuttaneet torjuntatoimenpiteissi tehdyt mahdolliset virheet, siddsuhteet tms.
tekijdt, on vaikeata paitelld.

Taimen koon vaikutuksesta istutustulokseen on yleensi oltu melko yksimielisid.
Milloin pintakasvillisuuden kilpailu on vakava, isokokoiset ja vankat taimet ovat
yleensi menestyneet paremmin kuin pienikokoiset ja hennot taimet (katsaukset
esim. Schmidt-Vogt ja Girth 1969, Girth 1970 ja Schmidt-
Vogt 1974). Toisaalta taas kustannussyyt ovat usein johtaneet halpojen ja pieni-
kokoisten taimien suosimiseen. Se, etti isokokoiset rauduksen taimet siilyivit Maa-
lahdessa yleisesti ottaen paremmin elossa kuin pienikokoiset taimet, onkin tiysin odo-
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tusten mukaista. Sen sijaan Rymittylidssi pienikokoisten taimien isokokoisia parempi
elossapysyminen ei ole yleisesti kokeissa saatujen tulosten mukaista (vrt. esim. Hei-
kinheimo 1941, Barring 1967, Raulo 1973). Erds mahdollinen selitys
on, ettd isokokoiset taimet ovat kirsineet enemmain kuin pienet taimet varastoinnin,
kuljetuksen ja istutusta securaavien poutakausien aikana, ja timi on aiheuttanut huo-
non tuloksen. Taimien alkupituus korostui sen sijaan selvisti verson pituudessa vield
inventointihetkellikin. Onkin osoitettu, ettd istutuksen aikainen pituusero tasaan
tuu vasta, kun taimet ovat noin kymmenvuotisia tai vielikin vanhempia
(Schmidt-Vogt ja Guarth 1969).

Metsdnviljelyi ajatellen Suomen eteldpuoliskossakin esiintyy huomattavaa ilmas-
tollista vaihtelua. Suomenlahden ja Pohjanlahden rannikkoseudut, joita Maalahden
ja Rymittylin koealueet edustavat, poikkeavat selvisti mantereisemmasta sisimaasta,
jota Karttulan koealue edustaa. Meren liheisyys tasaa yleisesti vuodenaikojen vaih-
telua, pitdd sddn viilednd keviilld ja vilvyttdd talven tuloa syksylli. Varsinkin Lou-
nais-Suomelle ja Pohjanmaan rannikkoalueille ovat alkukesilld sattuvat pitkdt pouta-
kaudet tyypillisid. Niiden seurauksena koko kesiajan sademidrd on rannikolla noin
30 9, alhaisempi kuin sisimaassa (esim. Kolkki 1969). Alkukesin kuivuus ni-
kyykin selvini Rymittylin koealueen tuloksissa. Tdmin vuoksi olisikin rannikolla
syytd pidattdytyd sellaisista maanmuokkausmenetelmistd, joissa taimet tulevat
liian korkealle ympar6ivin maan pinnan tasolta. Kuivuus voi tulla taimille kohtalok-
kaaksi juuri kun niiden vedenottokyky istutuksen jilkeen muutoinkin on heikoim-
millaan. Téstd huolimatta tulisi huolehtia siitd, etti mailla, joissa seisova pohjavesi
on ldhelli maan pintaa, huolehditaan peruskuivatuksesta varsinkin jos alue aiotaan
viljelli rauduskoivulle (vrt. Raulo 1973). Istutus riittdvin aikaisin keviilld,
fysiologisesti hyvikuntoisen taimimateriaalin kiytté ja kunnollinen istutus- seki
jalkihoitoty6 edesauttavat metsinviljelyn onnistumista myos metsittimisen kannalta
ongelmallisilla rannikkoseuduilla.

On ilman muuta selviid, ettd niin kallis toimenpide kuin pellon metsittiminen on
maanomistajalle melko huomattava pidomasijoitus, joka suoritetaan asetettujen ta-
voitteiden saavuttamiseksi. Jos oletetaan, ettd metsittimispddtostd ohjaavat liiketa-
loudelliset vaikuttimet (mikd ei tietenkddn liheskdin aina pidi paikkaansa), ei ole
syytd pysdhtyd tarkastelemaan yksinomaan niitdi kustannuksia, joiden avulla
nuori metsikk6 on saatu aikaan (esim. Ahonen 1957). Kun voidaan olet-
taa, ettd pellon metsitys tehdddn tulevien hakkuutulojen odotuksessa, yleinen
liikelaskennallinen periaate on, ettd nditi tulevaisuudessa saatavia tuottoja (tuloja)
verrataan toimenpiteeseen uhrattaviin kustannuksiin (menoihin) ja valitaan se
vaihtoehto, joka osoittautuu edullisimmaksi. Tdmai vaatii kuitenkin melko tark-
koja tietoja odotettavissa olevista hakkuutuloista, joiden arviointi vaatii edelleen
tuekseen paitsi hintatietoja, myos luotettavia arvioita kohteina olevien metsikéiden
kasvusta ja tuotoksesta. Laskelmat ulottuvat helposti koko kiertoaikaa koskeviksi

ennusteiksi, koskapa tulevaisuudessa saatava piitehakkuutulo muodostaa olennaisen
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pohjan kaikelle metsikon kasvatuksen edullisuusvertailulle (esim. Metsinviljelykus-
tannusten .... 1971).

Metodisen esimerkin edelld hahmotellun edullisuusvertailun suorittamisesta tar-
joaa Keltikankaan ja Tiilildn (1968) koivun ja kuusen edullisuusjir-
jestyksen tarkastelu, jossa keskitytiin kdenkaali-mustikkatyypin metsimaille. Kui-
tenkin kirjoittajat toteavat lopputuloksena, etti kiytettivissi olevien kasvu- ja ra-
kennesarjojen perusteella ei ollut mahdollista laatia taloudellisia vertailuja, jotka
riittdvin selvisti osoittaisivat edes kiytetyssd esimerkkitapauksessa eri puulajien edul-
lisuusjarjestystdi. Kun metsipuiden kasvusta entisilli pelloilla ei ole niinkdin paljon
tietoa kuin niiden kasvusta ja tuotoksesta metsimaalla, on tdssid yhteydessd jouduttu
luopumaan tiydellisen edullisuusvertailun laatimisesta kiytettyjen puulajien ja metsi-
tysmenetelmien kesken. On perin vaikeata ennustaa, miten eri tavoin muokattuun
maahan istutetut taimet menestyvit tulevaisuudessa, eiki edelld esitellyn aineiston
pohjalta titd tavoitetta myShemminkdin voida saavuttaa jo yksin koeruutujen pie-
nen koon tihden.

Koemielessi otettiin tarkasteltavaksi Keltikankaan ja Tiililin (em. teos, kuvat 4
ja 10) laskelma peltomaalle istutetun rauduskoivun ja kuusen viljelyn edullisuutta
kuvaava isokvantti (hintasuhdeyhdistelmi, jonka vallitessa em. puulajien viljely on
yhtd edullista). Kun odotettavissa olevat diskontatut hakkuutulot hinnoitettiin ke-
vdin 1975 keskimddriistd tasoa edustavilla yksikkohinnoilla, saatiin tulokseksi, ettd
rauduskoivun viljely oli pellolle selvisti edullisempaa kuin kuusen viljely. Tissi yh-
teydessd on kuitenkin painotettava niitd lukuisia epivarmuustekijoitd, joita laskel-
maan ja sen perusteisiin sisiltyy. Esim. koivikon ja kuusikon metsittimiskustannuk-
sien vilisen suhteen Keltikangas ja Tiilild (em. teos, siv. 41—43)
saavat 1.17:ksi, kun se timidn tutkimuksen mukaan vaihteli 1.66 ja 2.22 vililld (taul.
22—23). Tulos ilmentid osaltaan tuolloin vallinnutta kisitystd rauduskoivun viljelyn
helppoudesta.

Rauduskoivun havupuita tunnetusti nopeampi alkukehitys on kuitenkin tekiji,
joka tuo odotettavissa olevat ensimmaiiset harvennushakkuut hyvin lihelle metsikén
perustamisaikaa, ja hyvilldi peltomailla on mahdollista edellyttdd rauduskoivua kas-
vatettavan paperipuumittaan noin 15 vuoden kiertoaikaa kiyttien. Suuntaa antavina
lukuina kannattaa mainita, etti Raulon mittaamat hyville peltomaalle istutetut
rauduskoivikot olivat 15 vuoden ikiisend 11.4 m mittaisia ja antoivat tuolloin en-
simmdisend harvennuspoistumana jo 40 p-m?® paperipuuta (Keltikangas ja
Tiilild 1968).

Hyville pelloille tai OMaT-metsimaille viljellyt kuusikot olivat samanikiisini
keskimdirin vain 5.2 m mittaisia ja niiden kokonaiskuutiomiiri oli vain 17 k-m?
(Cajander 1933). Minnyn tuotoksesta vanhoilla peltomailla on vihemmin
tietoja kdytettivissd. Jos rinnastaisimmekin sen kasvun peltomaalla kuusen kasvuun
kiyttien eri metsityyppien pohjalle laadittuja kasvu- ja tuotostaulukoita, on muis-
tettava, ettd niiden puulajien kehitys savisilla peltomailla voi poiketa toisistaan, kuten
tiedimme esim. savipohjaisilla talvikkityypin metsimailla olevan asian laita (Kalela
1939). Eestildisten peltojenmetsitystutkimusten mukaan hyville peltomaalle perus-
tetut minnikot ovat 30-vuotiaina olleet keskimdirin 14.5 m pitkid ja kokonais-
kuutiomdiriltdidn 250 k-m?/ha. Tuotos on samaa suuruusluokkaa kuin eestildisten
kdenkaalityypin viljelyminnikéiden (Muiste 1970).



6. TIIVISTELMA

Tutkimuksen tarkoituksena on ollut selvittdd eri maanmuokkausmenctelmien ja
pintakasvillisuuden torjuntakeinojen vaikutusta minnyn, kuusen ja rauduskoivun
istutustaimien alkukehitykseen nurmettuneilla pelloilla. Vuosina 1970—1972 perus-
tettiin kolmelle paikkakunnalle, Karttulaan, Maalahteen ja Rymittylddn yhteensi
kymmenen koealaa erilaisille maalajeille. Kokeitavia maanmuokkausmenetelmii oli
yhteensi yksitoista ja pintakasvillisuuden torjuntamenetelmii oli eri asteisina yhteensi
viisi. Osalla koealoja vertailtiin midnnyn ja kuusen paljasjuurisia ja rullataimia seki
rauduskoivun pienikokoisia (tyyppi I) ja suurikokoisia (tyyppi III) taimia.

Tutkimuksen piitulokset, jotka perustuvat taimien vuosittaisiin inventoihin,
olivat seuraavat:

Taimien eloonjidaminen. Karttulassa minnyn istutus onnistui vain, kun tehokkaa-
seen maanmuokkaukseen yhdistettiin tehokas pintakasvillisuuden torjunta. Kun
kiytettiin lievdd pintakasvillisuuden torjuntaa, vain pallekyntd tuotti kivennidismailla
onnistuneen tuloksen. Kun maa muokattiin tehokkaasti, kuusten istutus onnistui
ilmankin pintakasvillisuuden torjuntaa. Rauduskoivun viljely vaati onnistuakseen te-
hokkaan muokkauksen ja voimakkaan pintakasvillisuuden torjunnan. Maalahdessa
pallekynt6 ja mitdstys antoivat minnylli hyvin eloonjiimistuloksen, mikd toistui
my6s kuusen viljelyssd. Pienikokoisia rauduksen taimia kiytettiessi tehokas maan-
muokkaus oli tarpeen, mutta kiytettdessd isoja taimia vihemmin tehokkaatkin me-
netelmit antoivat tyydyttivin tuloksen. Rymittyldssi minnyn ja kuusen istutuksessa
parhaaksi maanmuokkausmenetelmiksi osoittautuivat harjakynto tai tiysmuokkaus.
Rauduskoivun pienet taimet menestyivit hyvin kiytettiessi em. maanmuokkausme-
netelmid ja tehokasta pintakasvillisuuden torjuntaa, kun taas isokokoiset rauduksen
taimet menestyivit vain kiytettiessi tiysmuokkausta tai pallekyntod sekd heinimista.

Taimien pitunskehitys. Karttulassa tehokas maanmuokkaus yhdistettyni voimak-
kaaseen pintakasvillisuuden torjuntaan tuotti kaikilla puulajeilla parhaan pituuskasvu-
tuloksen. Maalahdessa tiysmuokkaus sekd paksu pallekyntd tuottivat minnylld
parhaan pituuskasvutuloksen. Kuusen ja rauduskoivun pituuskasvun parhaat tulok-
set saatiin kdyttimilli paksua pallekynt6d, harjakyntéd sekd pintakasvillisuuden
torjuntaa. Rymittylissi taimien pituuskasvu oli hieman heikompaa kuin Maalahdessa,
mutta eri maanmuokkausmenetelmien edullisuusjirjestys oli suunnilleen sama.
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Kaikilla koealoilla taimien jakaantuminen kwntolnokkiin noudatti eri kisittelyjen
tuottamia eloonjidmistuloksia. Mitd enemmin jossakin kisittelyssd esiintyi kuolleita
taimia, siti huonokuntoisempia my0s jiljelli olevat taimet keskimiirin olivat.

Tuhonathenttajista yleisimmiksi todettiin v. 1973 minnyn osalta pintakasvillisuus,
kuusen osalta kevitahava ja rauduskoivun osalta vesimyyri. Aikaisemmin suoritetut
inventoinnit osoittivat pintakasvillisuuden vaivanneen rauduskoivun taimia istutuk-
sen jilkeisind vuosina.

Verrattaessa toisiinsa hyvin eloonjdimistuloksen antaneita menetelmid Austan-
nuksiltaan halvimmaksi osoittautuivat mdnnyn osalta maan jittiminen muokkaamatta
tai pallekyntd, kuusen osalta kynt6 tai pallekyntd ja rauduskoivun osalta tiysmuok-
kaus, harjakynt6 ja paksu pallekynts. Rauduskoivun viljely oli kustannuksiltaan kal-
liimpaa kuin havupuiden viljely. Titi korvaa kuitenkin jossakin miirin rauduksen
nopea alkukehitys, joka takaa myyntikelpoista puuta aikaisemmin kuin havupuun
taimistoista.
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SUMMARY

Introduction

In Finland the aflorestation of fields attained current interest as regards economic
policy at the end of the 1960’s. A number of programmes carried out at the national
level were intended to restrict overproduction in agriculture and also to satisfy the
grow ing requirements of the forest industry for raw material (Survey e.g. Selby
1975). In 1969—1973 under the jurisdiction of the Forest Improvement Act (Law 425/
1969) and the Field Reservation Act (Law 216/1969) altogether 44 000 ha were
afforested, including 36 500 ha of cultivated fields. In addition, sources other than
state supplied funds were used for the afforestation of 2 100 ha of fields during this
period.

Since an ordinary reforestation area differs a great deal from a field which is to be
affor ested, and as there existed no available recommendations available for the affor-
estation of fields, the Department of Silviculture, Finnish Forest Research Institute,
began in 1969 to investigate the biological aspects of this problem as well as the
suitability of various afforestation methods. The present publication presents the
results from an experiment, the purpose of which was to study how different soil
tilling and weed control methods affect the initial development of Scots pine (Pinus
silvestris L.), Norway spruce (Picea abies (L.) Karst.), and silver birch (Befula verrucosa
Ehrh.) transplants in fields previously used for growing hay.

Material and Methods

Three locations were chosen for the experiments: in 1970 at Karttula (62°52'N,
27°10E, 98 m a.s.l.) (Karttula experimental area), in 1971 at Maalahti (62°52’N,
21°33’E, 15 m a.s.l.) and at Rymiittyld 60°22'N, 21°59’E, 10 m a.s.l.) (the experimen-
tal arecas of Maalahti and Rymaittyld, respectively) (Fig. 1). In the Karttula experi-
mental area, five plots were chosen on a large field designated for afforestation. Two
plots (No. 1 and 3) were on organic soil and three (No. 2, 4, and 5) on mineral soil.
For several years the field had been used for growing hay. Three plots in all were set
up in the Maalahti experimental area and two plots in the Rymittyld experimental
arca. Maalahti was previously used for growing hay and Rymittyld for growing
white clover.
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The experimental design for each of the plots was as follows: first the plots were
divided into three blocks, different tree species being grown on each of them. Each
block representing a different tree species was then divided into rows which were
treated with different kinds of tilling. Each tilling treatment (one row) was replicated
in each block 3—5 times in a randomized order (Fig. 2).

The rows were subdivided for weed control as follows: at Karttula each row was
first divided into two equal halves for manual weeding and herbicide treatments.
Each half row was further split up into three subplots according to the intensity of
the treatment. Each subplot consisted of five plants, each row thus consisting of
2x3x5 =30 plants. At Maalahti and Rymittyld each row was first divided into
two and the randomly selected half rows were arranged so that comparisons could
be made between the various kinds of conifer transplants and the various kinds and
size classes of silver birch transplants, Each half row was further randomly divided
into three subplots according to the method used for weed control. Each subplot
had six transplants and each row contained 2 X3 X6 = 36 transplants. The design
of the plots was hiererchical, based on the so-called split-plot princilpe. Each soil
tilling method (a row) represented a main treatment in the experiment. It was further
divided into subtreatments according to the type (or size class) of the transplants and
the method used for weed control. Table 1 shows the tree species, soil tilling methods,
weed control measures, the number of replicated rows and planted seedlings as they
occur in each experimental plot. More detailed information about the treatments
are presented later.

The soil at the plots. In June 1970 soil samples were taken from the surface of the
plots at Karttula for chemical and mechanical soil analyses. Further sampling occurred
the next year at plots 1 and 2. Three soil samples from each plot and block were
combined and sent to Viljavuuspalvelu Oy (a soil testing service), where the samples
were analyzed. The results from mechanical soil analyses are shown in Table 2. The
results refer to plots 2, 4, and 5 on mineral soil. Samples from plots 1 and 3 had such
a high organic matter content that mechanical analyses were not carried out. Table 3
shows the results of soil chemical analyses. Calcium, phosphorus, and potassium were
analyzed with ammonium acetate (p H4.65) and total nitrogen by the Kjeldahl method.
In Karttula the calcium content, in particular, was remarkably high, about 10—40
times higher than that of ordinary forest soil (for the average nutrient content of
Finnish forest soil see e.g. Viro 1969, and Urvas & Ervio 1975). The
potassium content of the plots at Karttula was about 1—3 times higher than that of
forest soil and the soluble phoshorous content about the same or slightly higher.
The soil nitrogen content of the plots also exceeded that of forest soil.

In June 1971 soil samples were taken in the Maalahti and Rymattyld experimental
areas (Tables 2 and 3). At Maalahti the soil surface in plot 1 had an organic layer
about 10—12 cm thick with an underlying compact clay layer. Similarly, the surface
soil of plots 2 and 3 contained plenty of organic matter, which had, as a result of
previous agricultural cultivation, been mixed with the underlying clay. The surface
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soil in the Rymittyld plots was mainly clay like at Maalahti, although coarse particles,
coarse and fine sand, could be found more frequently, especially in plot 2. The subsoil
of both experimental plots was compact clay.

At Maalahti and Rymittyld the soil acidity of the plots was favourable for gro-
wing trees (Table 3). It was the same as that of an average or fertile forest soil. In
both experimental areas calcium was more abundant on the average than in forest
soil. At Maalahti the potassium content was almost the same as that of forest soil
on the average, while at Rymittyld the potassium content was four or five times
higher than that of forest soil. All the experimental plots had phosphorus contents
quite similar to forest soil. The nitrogen content exceeded that of forest soil, and
the humus content, especially at Maalahti, was remarkably high.

According to the soil analyses, experimental plots 1 and 3 in the Karttula experi-
mental area were classified as an organic soil group and experimental plots 2, 4, and
5 as a mineral soil group. The experimental plots at Maalahti and Rymittyld will
be later differentiated only according to the experimental area.

Soil tilling. In the Karttula experimental area soil tilling was carried out from
15th to 20th May, 1970. Hand scalping was done manually with an ordinary hoe.
Ploughing was done by means of a farm plough drawn by a medium weight farm
tractor in such a way that parallel tilts covered at least a 2 meter wide area. In plot
5, however, ploughing was done from two opposite directions so that the tilts formed
a bed. A cutterhead harrow was used for harrowing and a small garden tractor equip-
ped with a rotavator for rotary tilling. Rolling was done with a 2 meter wide disc
roller. Harrowing, tilling, and rolling were carried out twice. Furrow ploughing was
carried out by means of a single mouldboard plough.

In the Maalahti experimental area soil tilling was done from 21st to 27th May,
1971. A heavy Hydrein 2 X 14" plough attached to a Ferguson -65 farm tractor was
used for ploughing. Mounding was done by an Ahma-450 digger, the mounds
being 20—25 cm high. However, in plot 2 furrow ploughing, instead of mounding,
had to be carried out by means of a heavy (2 x28") plough. Shallow furrows were
made on experimental plots 1 and 2, and deep furrows aiming at 20 cm thick beds
were made on plot 3. At the Rymittyld experimental area soil tilling, excluding
mounding, was carried out from 8th to 10th May, 1971, and mounding from 19th
to 21st May. The field was ploughed with a Sampo 2x13” farm plough drawn by
a lightweight Fordson Dexta tractor. The ridges were harrowed once with a double
roller cutterhead harrow. Complete soil tilling consisted of harrowing the soil twice
after ploughing. Mounding was performed by means of a lightweight tractor digger.

Planting material. At Karttula bare-rooted transplants provided by the landowner
were used for afforesting the field. The size and quality of the 2/1 pine transplants
varied to a great degree. They had been lifted in the nursery in the spring immediately
before delivery. 2/2 spruce transplants were fairly uniform in size; tall and in good
condition. They had been lifted in the nursery the previous autumn, cold-stored in
plastic bags over the winter and delivered in the spring. The birch seedlings had
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been sorted out the previous autumn in the nursery from seedlings which belonged
mostly to size class III. They had then been temporarily replanted in a nursery,
from where they were delivered early in the following spring. At that time the seced-
ling buds were rather small, and the shoots of several seedlings had dried up during
winter storage.

The planting material used at the Maalahti experimental area had been grown at
Melland nursery situated not far from the afforestation area. These plants did not
include the roll transplants (see e.g. Low & Brown 1972) used in 1972, Bare-
rooted 2/1 pine and 2/2 spruce transplants had been lifted immediately befote trans-
portation to the planting site. They had been packed in plastic bags. The pine roll
transplants had been raised and transported in rolls to the planting site. Small 1/0
birch seedlings raised without transplanting (size class I) had been lifted the previous
autumn and overwintered in cold storage. Similarly, tall 1/1 birch transplants (size
class IIT) had been stored temporarily by replanting for the winter. Generally the
transplants were strong and healthy. Some plants with dried shoots could, however,
be found among the tall birch transplants, The height of the plants grown on open
ground varied to a great extent. At Maalahti the original experimental design had
to be changed so that bare-rooted spruce transplants replaced the spruce roll trans-
plants. Thus the comparison between the spruce roll transplants and the bare-rooted
ones was only performed at the Rymittyld experimental area.

At the Rymittyldi experimental area the planting material had been grown at
Hietikko nursery, with the exception of spruce and pine roll transplants which were
delivered by Vanaja nursery. Pine and spruce transplants had been lifted early in
the spring, stored temporarily in the nursery and not delivered until immediately
prior to planting. The roll transplants had been raised and transported in rolls to
the planting site. Birch transplants had been lifted in the previous autumn and had
been kept in cold storage over the winter. Small birch transplants had been packed
in plastic bags and the tall ones had been wrapped in tar paper.

In all, the experiment consisted of four pine, three spruce, and five birch trans-
plant types. The transplants were planted out on all the experimental plots immedia-
tely after soil tilling. The planters were local, skilled men. The seedlings were planted
at the edge of an open hole. The planters were equipped with hoes and bags for
transplants. Each man in the working team of 3—4 men planted one replicate in
each experimental plot. The transplants in each row were planted at 1 meter intervals
with a row spacing of 2 meters.

The prevailing weather conditions during planting out were generally cloudy and moderately
humid at Karttula. Only the first day was sunny and windy. It occasionally rained at
night. Temperature was below +10°C except for the last planting day.

At Maalahti the weather was cloudy and humid throughout the planting in 1971.
At Rymittyld, however, it was sunny during the planting season in 1971. The daily
maximum temperature was about 20°C and the wind was occasionally very strong.
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At Maalahti and Rymiittyld the other half of the plots treated with furrow plough-
ing were not planted until the spring of 1972, the beds having been prepared the
previous year. This is abbreviated as PK, to avoid confusion with the furrow ploughed
area planted in the first year (PK,).

For weed contro/ two methods were employed: chemical control with herbicides and
mechanical control by manual weeding.

An ordinary knapsack sprayer was used for applying the herbicides. A funnel
attachment was used to protect the seedlings. The herbicide used was Campaprim
231 spray, which contains according to the manufacturer, both amitrole, a foliaceous
herbicide, and atrazine, a ground herbicide, in proportions of 36 and 18 per cent
respectively (Kasvinsuojelu .... 1969). Herbicide was spread at a dosage of
1.4 g/m? and the spray was directed on an area of about 0.5 m? surrounding the
seedlings. At Karttula the first treatment with herbicides occurred at the end of
May, 1970, immediately after planting. Two thirds of cach of half row of secedlings
were treated, excluding only the controls. From 15th to 25th August the same year
the herbicide treatment was repeated on plots assigned for strong treatment. The
weather was sunny and warm on the spraying days. The treatment was not repeated
in subsequent years. At Maalahti and Rymittyld the herbicide treatment and weeding
took place at the beginning of August in the same year as planting (1971, treatment
PK? in 1972). The herbicides and weeding methods were similar to those used at
Karttula in the late summer of 1970.

At Karttula the ground vegetation was controlled by weeding the plots mechani-
cally with scissors at the end of June, 1970. At the time when the first weeding was
carried out, the ground vegetation clearly hampered the development of the seed-
lings on the unprepared sites and also in some places which had been scalped manually
with hoes. On the tilled plots, however, naturally seeded weeds were still less than
10 cm high. In late summer, at the time when the second treatment with herbicides
was carried out, the plots assigned for strong treatment were reweeded with a sickle.
The treated spots were thus larger than in the early summer. Between 3rd—13th of
August the following year (1971) weeding was performed only on the plots assigned
for strong treatment.

It was originally intended to make the inventory after each growing season and
in the spring following the first winter. Autumn inventories were more complete
than the spring ones, when only the survival rate of the seedlings was noted (Table
5). The most complete inventory was made at Karttula after the fourth growing
scason following planting, and at Maalahti and Rymittyld after the third (final in-
ventory).

For inventory purposes, the seedlings were classified according to the following
characteristics:

Survival was defined using the vigour classes 1—3/4 (alive/dead) presented later.
Shoot height was measured as the distance from the ground surface to the base of the
terminal bud with an accuracy of 1 cm.
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Height growth of the shoot was measured as the distance from the base of the annual
leader to the terminal bud with an accuracy of 1 cm.

Vigour classification involved four classes: Vigorous, Normal, Stunted, and Dead.

Defects were divided into seven classes:
1. Shoot straight, no apparent defects
. Shoot two-forked
Shoot bushy, several branches
Annual leader dead, no distinct new leader

EIF NN

Shoot dead down to the mid-point. Spruce especially liable to late winter
damage

6. Nearly all the branches dead, but buds surviving

7. Shoot dead, side shoots

The degree of damage was defined using four damage classes:

1. Damage, mild

2. Damage, moderate
3. Damage, severe

4. Damage, complete

Uninjured seedlings were not included in this classification. The damaging agents
were determined by visual examination. The following groups, which were the
most frequent and easily recognizable, were inventoried:

—

. Coleosporium pini

. Phacidium infestans

. Hylobius abietis

. Hylastes sp.

. Melampsoridinm betulinum
Alces alces

. Microtus agrestis

. Arvicola terrestris

. Ground vegetation

[ey
(]

. Late-winter damage, the shoot dries out in late winter
. Ground frost

. Early frost

. Drought

[ N Y
W N

. Other damaging agents

The description of the weather conditions prevailing in the experimental
areas during the period 1970—1973 (Tables 8—9) is mainly based on information
taken from the nearest stations of the Meteorological Institute (Fig. 1). In order to
describe the temperature conditions, temperature sums were calculated according
to Sarvas (1965).
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Results

As regards seedling survival, furrow ploughing in conjuction with rotary tilling
(PK+]) proved to be the most beneficial soil tilling method for pine at Karttula
(Fig. 4, the upper part). By the fourth autumn the difference is significant in compari-
son to ploughing (K) on mineral soil and to ploughing, harrowing, and rolling
(K+A-+]) on organic soil or to methods yielding poorer results than the above-
mentioned ones. At Karttula the spruce seedlings survived fairly well on the average,
and the results appear to level off (Fig. 4, on the average, and the results appear to
level off (Fig. 4, in the middle). Only hand scalping on organic soil seems to be
clearly inferior to other soil tilling methods in terms of seedling survival rates.

At Karttula the survival rate of birch was best promoted by soil tilling (Fig. 4,
the lower part). On untilled (0) or hand scalped (L) sites the mortality rate of birch
was rather high. The mortality rate of the latter two treatments was significantly higher
than in the case of the other soil tilling treatments, apart from ploughing and harro-
wing (K+A) on mineral soil. There were clear differences between the various tree
species as regards the annual trend in the survival rate. The survival of pine seems
to stabilize by the 3rd — 4th year after planting, while that of spruce is almost
stabilized by the second year after planting. The survival rate of birch is likely to
continue to fall even after the end of the survey period.

At Maalahti (Fig. 5) mounding (M4) and thick furrow ploughing (PPK) gave the
best survival rate for pine. The result differs significantly from complete soil tilling
and the methods which gave poorer results. Even in this case untilled soil had the
lowest survival rates for all types of seedlings. The result differs significantly from
hand scalping and other methods superior to it. Spruce responded in the same way
both at Maalahti and Karttula. Only the method producing the highest survival
rate, thick furrow ploughing (PPK), significantly differed from the three poorest
methods: bedded ploughing (HK), complete soil tilling (K+A) and untilled soil (0).
Similarly, birch benefited from deep furrow ploughing. When this method was
used the survival rate differed significantly from hand scalping (L) and untilled soil
(0) for seedlings belonging to size class I and from furrow ploughing (PK,) for
seedlings belonging to size class II1 and from other inferior methods.

As a rule afforestation with pine was very succesful at Rymittyli (Fig. 6). Only
mounding (Mi) gave a poorer result than at Maalahti. The survival rate of bare-
rooted pine transplants grown on untilled soil (0) and soil treated by mounding (M4)
differs significantly from all the other methods, although the differences remain non-
significant when using roll transplants. The results dealing for spruce are similar to
those for pine. Mounding (Mi) and furrow ploughing (PK,) were inferior to other
methods, while the best afforestation results were obtained using ploughing and
harrowing (K-+A) and bedded ploughing (HK). The difference between mounding
and other soil tilling methods is significant as regards the survival rate of the seed-
lings. As a rule birch benefits from the same soil tilling methods as the conifers;
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however the differences are far more pronouced. The difference between the best
method, bedded ploughing (HK), and furrow ploughing (PK,) for size class I seed-
lings, and hand scalping (L) for size class III seedlings or other inferior methods is
significant.

The highest mortality rates occurred during the summer when afforestation was
carried out, which suggests that many of the seedlings dried out during the dry and
warm weather at the beginning of the summer at Rymattyld 1971 (cf. Table 6 and 7).
No such clear results were obtained at Maalahti and Karttula. Drying was naturally
strongest when mounding, furrow ploughing and other soil tilling methods were
used since the seedling roots were raised above the normal ground level. This conclu-
sion is also confirmed by the fair survival rates obtained with hand scalping and the
good survival rates with complete soil tilling. Untilled plots afforested for instance
with birch were either partly or completely unsuccessful.

Figs 7—10 show the relative effect of various weed control methods on the
survival of seedlings, expressed according to the final inventory as a percentage of
the results from untreated plots (controls) in connection with different soil tilling
methods.

At Karttula all the soil tilling methods carried out in conjunction with strong
weeding and herbicide treatments increased the survival rates of pine (Fig. 7, the
upper part). Weed control had a smaller effect on the survival rate of spruce, as was
to be expected (Fig. 7, the lower part). On organic soil a mild herbicide treatment
in conjuction with hand scalping gave a significantly higher survival rate than on
the control plots; the other treatments produced no significant differences when
compared with the untreated plots. Weed control significantly increased the survival
rate of birch on mineral soil treated with complete soil tilling (K -+ A), and the strong
herbicide treatment together with furrow ploughing and rotary tilling (PK-])
(Fig. 8).

At Maalahti the herbicide treatment significantly increased the survival rate of
bare-rooted pine transplants in uatilled soil (O) or combined with hand scalping
(L), bedded ploughing (HK) and complete soil tilling (K-+A) (Fig. 9). Weeding on
untilled soil (O) and the herbicide treatment combined with furrow ploughing
(PK,) improved the survival rates of the roll transplants.

Weed control did not significantly increase the survival rate of the spruce seed-
lings. The treatments were the most effective in combination with untilled soil (O),
bedded ploughing (HK), complete soil tilling (K+A) and furrow ploughing (PK,).
The survival rates of birch varied a great deal. The herbicide treatment in conjuction
with soil tilling yielded poor results as compared to the untreated control plots.

At Rymittyld weed control aflected the survival of pine seedlings less than at
Maalahti or Karttula (Fig. 10). Weeding, in particular, proved beneficial to the
survival of spruce seedlings; the only exception being weed control in conjuction
with mounding. The effect of herbicide treatment shows some variation as regards
the various soil tilling methods, although the differences are not significant when
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compared to the results from the control plots. At Rymittyld birch gave the best
response to weed control. With small birch seedlings (size class I) the afforestation
result as compared to the untreated controls is significantly different when weeding
and furrow ploughing are both carried out (PK)).

At Karttula the planting of pine can only be expected to be successful when
effective soil tilling is carried out together with weed control (Table 8, Fig. 11).
On mineral soil only bedded ploughing can be recommended if a mild herbicide
treatment is used. If weed control is neglected, afforestation of pine will not be
successful. On organic soil pine seedlings grew fairly well when weed control was
combined with ploughing, furrow ploughing, etc. At Karttula spruce grew better
than pine. Spruce may be recommended for afforestation without any weeding
procedures provided that the soil is effectively tilled. Hand scalping and on mineral
soil also furrow ploughing, yielded unsatisfactory results. As a general rule birch
did not grow very well at Karttula, which may be partly due to the small size and
low quality of the scedlings used. Only when using effective soil tilling treatments
and weed control, is it possible to plant small birch seedlings on a field previously
used for hay.

At Maalahti pine thrived when furrow ploughing and mounding was used (Table 9,
Fig. 11). It seems that the use of these soil tilling methods decreases the need for
weed control. No significant differences were found between the results for roll and
bare-rooted transplants. Similarly, spruce benefits best from furrow ploughing.
When using small birch secedlings, effective soil tilling is required. However, the
large seedlings are less demanding so that even hand scalping produces statisfactory
survival rates. At Rymittyld pine grew better than at Maalahti (Table 9, Fig. 11).
Almost any effective soil tilling method can be recommended for afforestation with
pine, except for the planting of bare-rooted transplants on completely untilled soil.
At Rymittyld roll transplants were slightly more successful than the bare-rooted
ones. According to the results from the Rymaittyld experimental area, bedded
ploughing or complete soil tilling is recommended for spruce seedlings. Bedded
ploughing did not yield a satisfactory result in all cases, probably because of the dry
summer during the year when afforestation was carried out. The bare-rooted spruce
seedlings were slightly more successful than the roll transplants. The small birch
seedlings thrived when bedded ploughing or complete soil tilling was used in con-
junction with weed control, while the large seedlings only gave satisfactory results
when complete soil tilling or furrow ploughing (PK,) with weed control was used.

Height growth of the seedlings. At Karttula pine seedlings developed irrespective of
the type of soil tilling method used (Fig. 12, the upper part). Slight differences in
height growth were not significant. However, by the third year pine seedlings planted
on organic soil were growing more slowly on hand scalped plots than on the others.
At Karttula spruce had a slower growth rate than pine (Fig. 12, in the middle) The
height growth of spruce on peat soil was clearly retarded especially in the fourth
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year. The shortest scedlings were found on untilled soil (O), both on organic and
mineral soils. Birch seedlings, especially on organic soil, had grown so fast that in
the second year after planting they were taller than most of the surrounding ground
vegetation (Fig. 12, the lower part). On mineral soils, ploughing proved to be signifi-
cantly superior to untilled soil (O).

At Maalahti pine grew significantly more slowly on untilled than on tilled soil
(Fig. 13). Thick furrow ploughing (PP) resulted in vigorous height growth especially
in the case of roll transplants. The result differs significantly from the response given
by bedded ploughing or methods inferior to it. The effect of soil tilling on the height
growth of spruce seedlings remained quite small at Maalahti. The difference is,
however, significant between the poorest method, mounding (M4i), and the best
methods. It is natural that the birch seedlings with smaller initial heights belonging to
size class I grew less on the average than the taller seedlings of size class III. A height
difference, however, of over 40 cm was obtained with certain soil tilling methods
(K+A and PPK), while at the end of the survey period it was only 14 cm in the
case, for instance, of mounding. Both small and large birch seedlings gained the
most benefit from bedded ploughing (HK), thick furrow ploughing (PPK) and
complete soil tilling (K+-A).

At Rymittyld pine seedlings grew best on plots treated with bedded ploughing
(HK), complete soil tilling (K+A) or hand scalping (L) (Fig. 14). The growth differ-
ence was significant in comparison with seedlings grown on mounded or untilled
plots. Spruce grew best on plots with complete soil tilling and second best on plots
where bedded ploughing and hand scalping had been used. The difference in seed-
ling growth between the best and the poorest tilling treatment, mounding (M),
was significant. Birch seedlings grew best on the plots treated with complete soil
tilling (K +A) and bedded ploughing (HK), and the worst on those with furrow
ploughing (PK,), hand scalping (L) and mounding (MA).

At Karttula the height growth of pine was promoted especially by strong weeding
and herbicide treatments (Fig. 15, the upper part), although the result is not as
positive as in the case with the survival rate of the seedlings (cf. Fig. 7). On mineral
soil, especially in conjunction with ploughing (K) and complete soil tilling (K4 A),
the strong herbicide treatment improved significantly the height growth of the
seedlings as compared to the controls. Weed control had less effect on the growth
of spruce than pine seedlings, although strong control measures clearly gave positive
results (Fig. 15, the lower part). As regards height growth, birch seedlings responded
very strongly to weed control (Fig. 16). Although the general view is fairly positive,
the results from the control measures vary a great deal especially on untilled (O)
or hand scalped (L) soils. As a result it seems that the soil tilling methods that gave
the poorest growth responses also gave the lowest survival rates.

At Maalahti the herbicide treatment improved significantly the height growth of
bare-rooted pine transplants when it was combined with mounding (M4) and furrow
ploughing (PK,) (Fig. 17). The growth of pine roll transplants improved signifi-
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cantly only when untilled soil (O) was treated with herbicides. Weed control had
little effect on the height growth of spruce seedlings, whereas birch scedlings clearly
benefitted from weeding and herbicide treatments at Maalahti. The large seedlings
(size class III), in particular, profitted from the herbicide treatment.

At Rymittyldi mechanical weed control had no significant effect on the height
growth of the pine seedlings (Fig. 18). On the other hand, the herbicide treatment
in conjunction with hand scalping (L), furrow ploughing (PK,) and bedded ploughing
(HK) or when carried out on untilled soil (O) significantly improved the hight
growth of bare-rooted transplants. Similarly, at Rymittyli the spruce seedlings
clearly grew better when treated with herbicides than when weeded. The bare-rooted
seedlings were significantly taller when the herbicide treatment was carried out
with furrow ploughing (PK, and PK,), bedded ploughing (HK), complete soil
tilling (K+A) or when the soil was left completely untilled (O) than without weed
control. Weed control greatly improved the growth of birch at Rymittyld. The
growth of small birch seedlings (size class I) made significant progress when the
herbicide treatment was carried out with hand scalping (L), furrow ploughing (PK,)
and bedded ploughing (HK), although weeding did not produce any significant
difference between the total heights of the treated seedlings and controls.

Tables 10—12 show the combinations of the six soil tilling and weed control
measures that gave the best height growth. As the experimental areas varied in their
geographical locations, soil fertility and weather conditions when the experiments
were established etc. which produces distinct differences in the growth of the seed-
lings, the results from the three different areas vary somewhat (Fig. 19).

Fig. 20 presents the distribution by vigour classes of seedlings grown on soil
treated with different soil tilling methods in the Karttula experimental area. The
mortality and survival rates of seedlings are closely related to the vigour classifi-
cation. The soil tilling methods giving low mortality rates among seedlings produced
a great number of strong seedlings according to vigour classes. This general trend
is also visible in the vigour classes at Maalahti (Fig. 21) and Rymittyld (Fig. 22).
The order of the various soil tilling methods as regards vigour classification is neatly
the same as the one based on seedling mortality. As a rule a high mortality rate
implies a poor vigour class among the survival seedlings. Vigorous seedlings can
be obtained only when using those soil tilling methods that resulted in a high number
of surviving seedlings.

In order to better describe the dependence of vigour classes on other seedling
characteristics, the scedlings in all the experimental areas were grouped according
to the tree species and vigour classes and their distribution compared to that for
the length of the last annual leader produced in the year when inventory was carried
out (Table 13). In the last year the seedlings of all tree species classified as vigorous
ones clearly grew better than normal and stunted seedlings. The length of the annual
leaders of the latter seedlings was only about a quarter the length of the vigorous
seedlings.
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The distribution of seedlings into various damage classes according to the degree
of damage is presented in Tables 14—16 by experimental plots. Attention is drawn
to the high proportion of either completely damaged or healthy pine and birch seed-
lings as compared to seedlings belonging to other damage classes. The distribution
of spruce scedlings into various damage classes is more even in the Karttula and
Maalahti experimental areas. This result may be due to the poor ability of the classes
to distinguish between, in the case of pine and birch, the subjective attitude of the
classifier, etc. The phenomenon can, however, be explained by the fact that especially
in the first year following planting both pine and birch are biologically less resistant
to damaging agents and easily die off. Spruce is notably resistant at the seedling
stage and can remain viable for a long time, even though growth is stunted.

Tables 17 and 18 show the relative proportion of heathy seedlings out of all the
seedlings growing on the plots treated with different soil tilling and weed control
measures. In order to clarify the connection between damage and vigour classes,
seedlings in all three experimental areas were grouped according to tree species and
damage classes. These were compared to the vigour classes of seedlings (Table 19).
A high proportion of healthy seedlings in the vigorous class is clearly evident.
Most of the seedlings belonging to the normal class are healthy, whereas the stunted
seedlings belong to the mildly, moderately, or severely damaged groups of seedlings.

Tables 20 and 21 show the relative frequency of damaging agents in pine, spruce
and birch seedlings in all the experimental areas in the autumn of 1973. When looking
at the table, it should be kept in mind that only those primary damaging agents that
could be indentified with certainty are included. It should also be emphasized
that climatic injuries in young secedlings vary greatly from year to year. In this ex-
periment late-winter damage occupies a prominent place and it is known that the
weather conditions during the winter preceding the inventory were exceptionally
suitable for inflicting this type of damage. Similarly, Microtus agrestis and Arvicola
terrestris for instance are known to appear periodically (e.g. Teivainen & Kai-
kusalo 1973). Conversely the low frequency of frost damage is an example of
weather conditions which had been favourable during the years of the experiment.

In order to get some idea about the costs involved in the afforestation of fields,
the costs were estimated for all the methods in the experiment that produced good
and dense young plantations (survival of seedlings over 90 per cent) or satisfactory
plantations (survival 80—89 per cent (Tables 22 and 23).

The afforestation of fields with birch clearly proved to be the most expensive
alternative in all the experimental areas, while the costs for afforestation with pine
and spruce were nearly equal. In some cases pine required more complicated and
expensive measures (e.g. on mineral soil at Karttula) and occasionally the cots for
spruce were higher than those for pine (Rymittyld). When comparing the costs,
expensive and complicated methods such as mounding, complete soil tilling with
rotary tilling, and complete soil tilling with rolling were omitted. Such low-cost
methods as leaving the soil untilled or furrow ploughing frequently occur in the
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combinations. In some experimental plots the choice of soil tilling method and weed
control reduces the costs: for instance when using spruce at Karttula almost the
same biological result, at equal cost, was reached either by ploughing the soil and
excluding weed control or leaving the soil untilled and controlling the ground vege-
tation for instance mechanically. The costs of roll and bare-rooted transplants were
found to be the same. This may be due to the method used for estimating the costs,
in which the cost raising or reducing factors peculiar to both seedling types were
not taken into account. When it was possible to use smallsilver birch seedlings (size
class III), it was naturally economical. The larger seedlings were used only when
planting of small seedlings had failed for some reason or other.

13 8472—76
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FOREWORD

The study at hand is part of the research project which has been carried out by
the Finnish Forest Research Institute since 1961 in an attempt to breed Bezula pendula
Roth. Funds for this project have been provided mainly by the Finnish Plywood
Association.

The present study has been conducted in cooperation with Kevo Subarctic
Research Institute of the University of Turku at the suggestion of Professor Paavo
Kallio, head of the Institute. Matti Sulkin oja, M. A., station manager of the
Institute, has in many ways helped in the realization of the field projects. The manu-
script was read by Professor Max. Ha g m a n, Professor Paavo K alli o, Professor
Arne R ous i, Dr. Veikko K o s kiand Dr. Matti L ei k ola. The Finnish language
manuscript was translated into English by Mrs. Marja Dethlefsen. I wish to
thank sincerely all the above persons as well as the personnel of the Finnish Forest
Research Institute, Department of Silviculture, who have helped me in carrying out
the field work, calculations and typing.

I would especially like to thank the Finnish Plywood Association which, for the
most part, has financed the present study. Furthermore, I wish to express my appre-
ciation to the National Research Council for Agriculture and Forestry. While em-
ployed by them as research assistant I brought the present study to completion.
I also remember with gratitude the late Professor Risto Sarvas who provided
guidance and inspiration for my work.

Helsinki, March 30, 1976

Jyrki Ranlo
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1. INTRODUCTION

The effect of geographical transfers on the development of seedlings of Pinus
silvestris L. and Picea abies (L.) Karst. as well as on the productivity of stands has
long been the object of study in respect of Finnish Lapland and the timber line zones
of northern Scandinavia (e.g. Kalela 1937, Eiche 1966, Stefansson and
Sinko 1967, Dietrichson 1968).

The significance of Betula pendula Roth in the forest economy in the northernmost
parts of its range was, until recently, very slight. From this it follows that in these
areas the investigation of questions pertaining to the provenance of Betula pendula has
not aroused any appreciable interest.

Erk én (1972) has published results concerning Befwla pendula experiments set
up rather far in northern Sweden, i.e., in central and northern Norrland, and John s-
s on (1951 and 1967) has clarified, in the light of extensive experiments carried out
in Skine, the effect of geographical transfers on this species. In Germany, too, geo-
graphical transfers of Betula pendula have been of interest since the 1920’s and results
pertaining to some experiments have been published (e.g. Wettstein 1954 and
Schulenburg 1955).

The above-mentioned investigations on Befula pendula, seeking to clarify the
provenance question, deal almost exclusively with the reactions of this species to
transfers from north to south. These transfers have been found to retard the height
growth and productivity of this species as compared with the local provenances, and
the longer the transfer the more pronounced is this retardation. The reactions have
been found to be similar in the vertical plane in the case of downward transfers
(Wettstein 1954).

In southern and central Finland, Rauloand K os ki (1975) have examined the
effect of geographical transfers on Befula pendula on the basis of a large number of
progeny experiments, and have established that transfers within these areas failed to
produce a significant effect on the height growth of trees, even though the longest
transfers southward as well as northward covered approximately 300 km.

As regards long (over 300 km) northward transfers of Betula pendula no investiga-
tive results have been published. In the present study, investigation has been focussed
on the effect of transfers of this type. At the same time the aim has been to clarify
whether or not there are differences in the climatic adaptation of Betwla pendula origi-
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nating in southern, central and northern Finland and, further, whether it is possible
to grow this species successfully in some areas north of its present range of distribu-
tion.

Publication of the present investigative results clarifying preliminarily the pro-
venance question in respect of Betula pendula in Lapland has become of current interest,
because in the nineteen sixties and seventies, the industrial use of the birch has
strongly increased in the Finnish Lapland. Consequently, there, too, the point has
been reached where, in particular, the significance of Betula pendula in forest economy
has to be reevaluated, using a fresh approach. Productivity is not the only aspect to
be considered. Attention should also be given to the effect the birch has on the
growing site, improving it in many ways, and to the contribution it makes to scenic
beauty. Also of importance is the role it plays in reindeer and game protection.



2. ESTABLISHMENT AND CONSTRUCTION OF THE EXPERIMENT

For the experiment, ten progenies of B. pendula were chosen (Table 1, Figs. 1—2)
and of them the provenances of Kittild and Padasjoki are representative of the stands
in the areas concerned and the seed has been collected from several individual trees.
The rest of the provenances are representative of open-pollinated progeay of single
plus trees. Unlike the rest, provenances 7 and 8 are not indisputably representative
of the local population. Mother trees E 1971 and E 1972 grow in a cultivated B.
pendula stand established in the municipality of Kangasala in 1931. The seedlings
were obtained from the Suonenjoki nursery operated by the Northern Savo Regional
Forest Board. On the basis of their first known growing site, the provenances in
question have been included in the group of central Finland provenances. However,
since the trees grow in the municipality of Kangasala (61°26’ N, 24°08" E), the father
of some of these seedlings is likely to be a tree belonging to the Kangasala population

Table 1. Information on the origin of the experimental seedlings.
Taulukko 1. Kokeen taimien alkuperitiedot.

é\ltitude.of
Provenance ical i the growing
No. GC(;E;OP:ICB Municipality Plus tree No. Gcl(;%:;t?:tical ::;el’eil;iv;
Alkupera Maantieteellinen Kunta Pluspun n:o Maan.l'ie_lee/'limn Kasoupaikan
no alue sijainti korkexs meren-
pinnasta, m
1...... Southern Finland | Bromarv E 398 60° 03" N, 23° 03" E 10
Eteli-Suomi
2., » Pusula E 2102 60° 32" N, 24° 02" E 120
3...... » Jaala E 454 61°06" N, 26° 18" E 90
4...... » Padasjoki Stand — 61° 18’ N, 25°17' E 100
Metsikki
5.0, Central Finland Keuruu E 368 62°07' N, 24°43"E 110
Keski-S nomi
6...... » Leppivirta K 282 62° 35’ N, 27°40’E 90
A » Suonenjoki | E 1971 62° 39N, 27° 05" E 120
8 ..., » Suonenjoki | E 1972 62° 39" N, 27° 05" E 120
9. » Rautalampi | K 257 62° 39" N, 26° 38’ E 110
10 ...... Northern Finland | Kittild Stand — 67° 45’ N, 24° 50" E 240
Pobjois-Snomi Metsikki
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20° 24° 28° 32°
709 700
NORWAY
68°] 68°
10
SWEDEN  { FINLAND ussR
S & S A itk il wil E 66°
e
64° / 64°
? Figure 1. Growing sites of mother
. trees, location of experiment and site
for rearing of seedlings. Encircled
q@ ; numbers refer to provenances. Location
627 62° of experiment is marked with a black
< square and site for rearing of seedlings
e’ with a black triangle.
9 Kuva 1. Emopuiden kasvupaikat, kokeen
L0 sijainti ja taimien kasvatuspaikka. Nu-
607 e 60° merot ympyriiden sisilld viittaavat alku-
periin. Kokeen sijaintipaikka on merkitty
mustalla neliélli ja taimien kasvatuspaikka
ae mustalla kolmiolla.

The experimental seedlings were reared at the Pieksimiki nursery (62°17'N,
27°08'E) operated by the Foundation of Forest Tree Breeding (Fig. 1). The seeds
were sown, according to their origin, in fertilized peat layers in plastic greenhouses,
early in the spring of 1962. The following spring, seedlings selected from the crop
were transplanted, according to their origin, in open soil. In the spring of 1964,
the 2-year old transplanted seedlings were lifted from the nursery and 24 seedlings
were selected to represent each provenance in the experiment. In sorting both the
seedlings to be transplanted, and those selected for the experiment, all mechanically
injured and bifurcate individuals were removed, as well as those distinctly retarded
in growth. Thus, the assortment conformed to the then prevailing practice at the
nursery. The experimental seedlings were kept for approx. one week in the nursery
cold storage before they were wrapped in plastic and sent in card board boxes to the
Kevo Subarctic Research Institute of the University of Turku, located at Utsjoki
municipality (69°45’N, 27°01'E). The seedlings were kept in the institute cold
storage until the moment they were planted.

In the vicinity of the Institute, two 200 m? areas, where 3—5 m high mountain
birch (Betula tortuosa Ledeb.) used to grow, had been clear cut the previous autumn
for the purpose of the experiment. The soil in both areas consists of glaciofluvial
sand abounding in rocks.
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The seedlings were planted in the experimental areas in the middle of June. The
spacing was 1 X1 m. Owing to the rocks, about 1 litre of fertilized peat per seedling
was used to supplement the soil. The seedlings representative of the different prove-
nances are located in 24 blocks, except for the seedlings representative of provenance
No. 7, which occur in 23 blocks only. Each experimental unit comprises one seedling,

and the provenance sequence in the blocks is systematic (Fig. 3).

Figure 2. The north-Finnish origin is represented in the experiment by the progeny of the northern-
most pure B. pendula stand in Finland. The stand is located in Sirkka village, Kittili municipality.
According to measurements made in respect of this stand in 1972, the most important data are as
follows: Age: 100 years, number of trees: 364 trees/ha, volume: 63 m3/ha, dominant height: 15.9 m,
dominant diameter: 20.7 cm and mean diameter: 17.3 cm (Photo M. Hagman).

Kuva 2. Pobjoissuomalaista alkuperdii edustaa kokeessa Suomen pobjoisimman ybtendisen rauduskoivikon jal-
keliisto. Ko. meisikki kasvaa Kittilin kunnan Sirkan kylissi. Viuonna 1972 tehdyn mittauksen mukaan met-
sikon tirkeimmiil taksatoriset tunnukset olivat seuraavat: 1ki 100 v, runkoluku 364 kpl|ha, valtapituus 15.9 m,
valtalipimitta 20.7 cm ja keskilipimitta 17.3 em (Valok. M. Hagman).

2 13093—76
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Area NO1 - - - - - - = 6 Area N02 - - - - - - -~
Aluenol |- - - 9 3 - 54 2 Alue no2|- - § 9 3 - - -
- - - -108-716 542108 -169 - - -
- - -------9354/ || [-3542100871 - - -
- - -2108716935 - - 693542108 7 1
- - 421087169-235 69-3542108716
42-10871693542 9354210871693
10871693542-108 5421087169354
71693542108 - 7 1 2108 - 716 - 9354
69354210871693| || |[2-10871693542
5-42108716923654 0871693542108
2108716935 -4210 7-1693542108 7
871693542108 7 1 16935 -421087 1

Figure 3. Location of the individual seedlings in the experimental areas. The numbers refer to
provenances. 1 = Bromarv, 2 = Pusula, 3 = Jaala, 4 = Padasjoki, 5 = Keuruu, 6 = Leppivirta,
7 = Suonenjoki, 8 = Suonenjoki, 9 = Rautalampi, 10 = Kittila.

Kuva 3. Taimien yksilikobtainen sijainti koealueilla. Numerot viittaavat alkuperiin.

3. CARE OF THE EXPERIMENT AND MEASUREMENTS

In order to prevent damages caused by reindeers and hares the experimental
areas were fenced in. After the planting it was not necessary at any stage to protect
the seedlings against harmful shade caused by ground vegetation, or against any
other competition. A measure of silvicultural importance was the fertilization of the
seedlings at the beginning of August in 1966. At that time, 8 kg of Garden Y-fer-
tilizer (N 119, P 11 %, K 22 9,) was spread evenly on each of the experimental areas.
No deciduous seedlings, reproduced from seed, or sprouts hampering the develop-
ment of the planted seedlings occurred in the experimental areas, since they had
been removed at the time these sites were being converted to experimental areas.
According to information received from the nursery, the mean height of the experi-
mental seedlings in the spring of 1965 was about 50 cm.

The first observations at the experimental areas were made in the autumn of 1965.
At that time the length of that year’s terminal shoot of each seedling was measured.
Later on, i.e. in the autumn of 1966, 1968, 1969, 1973, and 1975, the total length
of the seedlings was measured. Simultaneously, the number of surviving seedlings
in respect of each provenance was counted. Furthermore, in connection with the
measurements made in 1969 and 1975, all the seedlings were classified on the basis
of their vitality into three classes: »completely alive», »top dead» and »dead».



4. RESULTS

In 1965, the mean height growth of seedlings representative of the different
provenances and its 95 9, confidence limits were as follows:

Mean height Mean height

Provenance growth, cm Provenance growth, em
Bromarv 5.34-1.33 Leppivirta 8.44-1.80
Pusula 5.2+1.06 Suonenjoki 8.0+1.43
Jaala 5.54-1.31 Suonenjoki 7.34+1.37
Padasjoki 6.24-0.67 Rautalampi 7.54+1.39
Keuruu 5.64-1.00 Kittila 11.64+1.80

From the above it can be seen that one year after the experiment was established,
the height growth of the seedlings representative of the Kittild provenance, clearly
exceeded that of the others. The mean height growth of the provenances of southern
Finland was then 5.6 cm, that of central Finland 7.4 cm, and that of Kittil4 in northern
Finland 11.6 cm. A parallel variance analysis of the growth data concerning the
seedlings in 1965 revealed that the differences were very significant (Table 2).

Furthermore, the mean heights of the seedlings, as well as the survival percentages
at the different measurement times, were reckoned on the basis of these measure-
ments (Tables 3 and 4). From these data it can be seen that the differences in the
mean heights of seedlings were comparatively small until 1969. Only in 1973 were
the differences large enough for the provenances representative of different geo-
graphical areas to be distinguishable into rather clear-cut groups. This applies to
height as well as to survival percentage. The mean height of the southern Finland
provenances was then 103 cm, that of the central Finland provenances 140 cm, and
that of the Kittild provenance representative of northern Finland 242 cm. The respec-
tive survival percentages were 21 %, 59 9, and 83 9%,. From the measurements made
in 1975 it can be concluded that the differences between the provenance groups
representative of different geographical regions have become more pronounsed,
especially with regard to the survival percentage. The results of parallel variance
analyses of the measurements made in different years are presented in Table 5.

In the autumn of 1969 and 1975, all the seedlings were arranged in three classes
depending on their vitality (Table 6). It was found on both occasions that, practically
speaking, all the seedlings representative of the southern and central Finland prove-
nances had lost their tops or had died, whereas almost all the seedlings representative
of the Kittild provenance were in good condition. During the growing seasons 1970—
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75, the condition of the southern and central Finland provenances had clearly dete-
riorated. Owing to the loss of their tops several times, the surviving seedlings had
grown into bushes by the autumn of 1975, whereas the seedlings representative of
the Kittild provenance had developed an almost straight stem (Fig. 4).

Table 2. Result of variance analysis. (Height growth in 1965).
Taulukko 2. Varianssianalyysin tulos. (Taimien pituuskasvu v. 1965).

Source of Variation { Degrees of : Zum of Mean Square ‘ .
Vaibtelun libde | [Freedom auares Keskinelii ]
| Vapausasteet | Nelissumma
Between the progenies — Alkuperien
vilinen . ....... ... oo, 759.43 84.38 7.9 5%%%
Within the progenies — Alkuperien
SISGINEN .. i e 2268.54 10.60
Total — Kokonais . .................... 3027.98

*** — significance — merkitseryys 99.9 %,.

Table 3. Mean height of experimental seedlings at the end of the growing season in different years.
Taulukko 3. Koetaimien keskipitundet eri viosina kasvukauden pddityttyd.

Year of measurement — Mittausvuosi
Provenance shoutbenbimi A
No. Provenance 1966 l 1968 } 1969 | 1973 | 1975
A/k’fp""; Alkupera Mean height of seedlings, cm and its 95 % confidence limits
o Taimien keskipituus, cm ja sen 95 Yo:n luotettavuusrajat
‘ \
1...... Bromarv 96+ 9.4 104 +-11.8 | 83411.4 | 114-+27.2 | 116-+29.8
2 .. Pusula 74+ 7.8 |  82+11.0 65-+20.8 ! 98 +21.8 | 854-49.0
3. Jaala | 881 7.1 | 101+ 7.8 | T3+l149 | 1001225 | 6578.4
4 ... Padasjoki | 86+ 6.1 | 98+ 9.8 88 +-12.3 | 99+4+25.3 | 1014-26.7
5...... Keuruu | 101+ 6.5 | 124+10.6 = 105+11.0 | 1433229 = 135128.4
6 ...... Leppivirta 99+ 7.4 | 1154+10.2 | 95+10.0 | 1224+13.7 | 1174-17.4
7. Suonenjoki 95+ 9.6 | 118+13.3 95-+-12.0 : 1354+19.2 | 116-+28.8
8 ...... Suonenjoki 94-+-10.2 | 113 +11.4 984+12.7 | 1434+16.5 | 1374+19.8
9 ... Rautalampi | 744 7.8 l 108 +-14.3 105+12.5 | 1554+27.2 153 4-29.6
10 ...... Kittila | 724+ 9.6 | 119+10.2 131 11,0 | 242-1-26.1 275-+34.3

Table 4. Survival percentage of experimental seedlings at the end of the growing season in different
years.

Taulukko 4. Koetaimien elossaolosadannekset eri vuosina kasvukauden péityttya.

|

| Year of — Mitt

Provenance | - — - -

No. Provenance 1966 ‘ 1968 [ 1969 i 1973 1975
Alkupera | Alkuperd Survival percentage and its 95 9, confidence limits

e l‘ Elossaolosadannes ja sen 95 %, :n Iuotettavuusrajat

| | |

1...... Bromarv 100, 86—100 | 96, 79—100| 62 41— 81| 21| 7—42 | 17| 5-37
2.0, Pusula 100| 86—100| 96| 79—100| 46| 26— 67 | 21| 7—42 8 1-—-27
K N Jaala 96| 79—100 | 83| 63— 95| 58| 37— 78| 12| 3—32 8 127
4 ... Padasjoki 96/ 79—100 (100 86—100 | 79| 58— 93| 29| 13—51 | 17| 5-—37
5...... Keuruu 100| 86—100| 96, 79—100| 88| 68— 97 | 71| 49—87 | 71| 49—87
6 ...... Leppivirta 96| 79—100| 96/ 79—100 | 92| 73— 99 | 54| 33—74 | 38 19—59
T Suonenjoki [100| 85—100 [100| 85—100 | 91| 72— 99| 61| 39—80 | 65| 43—84
8 ...... Suonenjoki [100{ 86—100 [100| 86—100 | 92| 73— 99 | 58 37—78 | 54| 33—74
9 .. Rautalampi 87| 68— 97| 87| 68— 97| 67| 45— 84| 50, 29—71 | 46| 26—67
10 ...... Kittild 96! 79—100 | 96/ 79—100| 96 79—100 | 83 63—95 88 68—97
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Table 5. Results of variance analyses. (The length of the seedlings at different times of measurement).
Taulukko 5. Varianssianalyysien tulokset. (Taimien versojen pituus eri mittausajankobtina).

Year Source of Variation D;f::::r:f ;::r:: Mean Square F
Vuosi Vaibtelun libde . Keskinelic
Vapausasteet Neliosumma
Between the progenies —
Alkuperien vilinen ........... 9 25039.20 2.782.13 6.6 6%%*
1966 ....| Within the progenies —
Alkuperien sisiinen ........... 222 92714.22 417.63
Total — Kokonais ........... 231 117 753.43
Between the progenies —
1968 Alkuperien vilinen . .......... 9 31 408.68 3 489.85 4,73%%%
** 77| Within the progenies —
prog
Alkuperien sisiinen . .......... 217 159 920.90 736.96
Total — Kokonais ........... 226 191 329.59
Between the progenies —
1969 Alkuperien vilinen ........... 9 54201.74 6022.41 8. 09k
** 7| Within the progenies —
Alkuperien sisiinen . .......... 174 129 509.33 744.30
Total — Kokonais 183 183 711.08
Between the progenies —
1973 Alkuperien vilinen ........... 9 229 400.00 25488.88 14, 02%%%
** 7| Within the progenies —
Alkuperien sisdinen . .......... 100 181 783.86 1817.83
Total — Kokonais . .......... 109 411 183.8¢6
Between the progenies —
1975 Alkuperien vilinen ........... 9 391 753.98 43 528.22 13.33%x%%
©T 77| Within the progenies —
Alkuperien sisiinen . .......... 88 287 221.717 3263.88
Total — Kokonais ........... 97 678 975.76

*** — significance — merkitsevyys 99.9 %.

Table 6. Vitality classes of the experimental seedlings at the end of the growing season in 1969 and
1975.

Taulukko 6. Koetaimien jakaantuminen vitaalisuusluokkiin kasvukanden paidityttyd vv. 1969 ja 1975.

Vitality class — Vitaalisuusluokka

Provenance Completely alive Top dead Dead
No. Provenance Taysin eldvi Latva kuollut Kuollut
Alkapera Alkupera 1969 1975 | 1969 | 1975 1969 | 1975
Number of seedlings — Taimia, kpl

S Bromarv - e 15 4 9 20
2 Pusula e - 10 2 14 22
3 ieiieiinees Jaala e - 14 2 10 22
4 Padasjoki 1 — 18 4 5 20
S ceiieiieanas Keuruu 4 1 17 16 3 7
6 it Leppivirta e - 22 9 2 15
P Suonenjoki - — 21 14 2 9
8 Suonenjoki — — 22 13 2 11
9 Rautalampi 2 — 14 11 8 13
10 ...l Kittild 23 21 — —— 1 3
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Figure 4. Above, bush-like experimental seedlings representative of central Finland
provenance No. 9. Below, experimental seedlings with a straight stem representative
of northern Finland provenance No. 10 (Photo J. Raulo).

Kuva 4. Ylli pensasmaisia koetaimia, joika edustavat keskisnomalaista alkuperii n:o 9.
Alla suorarunkoisia pobjoissuomalaista alkuperddin:o 10 edustavia koetaimia (Valok. J. Raulo).



5. DISCUSSION

The experiment described above is quite small with regard to its size and the
number of seedlings involved. In spite of this, the results cleatly show that, generally,
the climatic adaptation of seedlings representative of the provenances of southern
and central Finland is inadequate in northern Lapland. All the provenances now
involved included individual seedlings that had remained alive in the Utsjoki condi-
tions for over 10 years. This shows that in the progenies of a single B. pendula tree,
as well as in those of a B. pendula stand, the climatic susceptibility may vary greatly
from seedling to seedling. This may be partly accounted for by efficient gene exchange
in B. pendula, even between different geographical regions (K os ki 1970). It must
also be emphasized that the results now obtained are not likely to reflect the variation
in its entirety. The experiment comprised only a small number of seedlings. The
seedlings had first been reared in greenhouses from which the best developed indi-
viduals were selected for the experiment. The fact that the seedlings were reared in
plastic greenhouses favoured the individuals growing fast in these growing conditions.

Of particular interest is the fact that the differences between the provenances of
southern and central Finland emerged as a result of an experiment made north of
the natural range of distribution of B. pendula, and not in the extensive progeny
experiments carried out in southern and central Finland with material representing
different parts of these two regions (Raulo and Kos ki 1975).

In order to elucidate the results obtained, the reforestation values of the seedlings
representative of different provenances have been calculated on the basis of the
latest measurements, and are tabulated below:

Reforestation value Reforestation value
No Provenance Geographical region in 1973 in 1975
n:0 Alkuperd Maantieteellinen alue Metsinviljelyarvo Metsanviljelyarvo
vuonna 1973 vuonna 1975

1 Bromatrv Southern Finland 23.9 19.7
Eteli->nomi

2 Pusula » 20.6 6.8

3 Jaala » 12.0 5.2

4 Padasjoki » 28.7 17.2

5 Keuruu Central Finland 101.5 95.9
Keski-Sunomi

6 Leppivirta » 65.8 44.5

7 Suonenjoki » 82.4 75.4

8 Suonenjoki » 82.9 74.0

9 Rautalampi » 77.5 70.4

10 Kittild Northern Finland 200.9 242.0

Pohjois-Snomi
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These values have been obtained by multiplying the 1973 and 1975 mean heights of
the seedlings of each provenance by the respective survival percentages, and by dividing
the results thus obtained by one hundred (cf. e.g. Huuri 1968, Haugberg 1971).

As is shown on page 15, the reforestation values are distinguishable into
distinct groups covering different geographical regions.

Fig. 5 illustrates a survey that was undertaken on the basis of measurements
made in 1973 regarding the dependence of the reforestation values on the latitude
of the seedlings’ place of origin. In reckoning the regression, the values referring to
provenances 7 and 8 have been disregarded, because there is some uncertainty about
them in respect of the origin. With the aid of Fig. 5 it is possible to predict tenta-
tively the probable reforestation value, in the conditions of the experimental site,
of Finnish B. pendula seedlings originating from different latitudes. When the refor-
estation values of provenances 7 and 8 are placed on the regression curve, it will
emerge that the latitude of the place of origin of these provenances is about 63° N.
This latitude almost coincides with that of the Suonenjoki nursery, the first known
growing site of the seedlings in question. On these grounds, the provenances involved
may be thought of as originating in central Finland.

In the light of the experimental results obtained now and earlier concerning geo-
graphical transfers of B. pendula it is possible to examine the construction of the
population of this species in Finland and Sweden. Johnss on (1951) showed that
in experiments conducted in lat. 56° N the northern provenances definitely fared
less well than, for instance, the local provenances. The differences, reckoned per
latitude, were more distinct in the provenances originating in lat. 60° to 62° N than
in those originating in lat. 56° to 60° or 62° to 66°. By reason of this, Johnsson
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has concluded that the cline in B. pendula may be a combination of three clines, i.e.
the climatic cline within a population in southern Sweden, the hybrid cline at the
meeting zone of the southern and northern populations (in the region of 60° to
62° N) and the climatic cline within the population in northern Sweden.

The results of the present investigation demonstrate that even small genetic
differences between B. pendula provenances of different geographical origins can be
brought out if experiments are conducted in conditions essentially different from
those of the natural growing sites of the provenances involved. This statement finds
support in the fact that in the experiments carried out by Johnsson (1951),
especially the provenances originating in lat. 60° to 62° N differed from one
another when they were raised in the conditions prevailing in lat. 56° N. The diag-
ram presented by Johnsson (1951), as well as the studies made by Raulo
and K os ki (1975) suggest that a transfer covering approx. three latitudes fails to
affect the height growth of B. pendula, when the experiment is conducted in climatic
conditions resembling or almost resembling those of the natural growing sites of these
provenances. It seems that in the present material the cline in B. pendula is changing
rather smoothly in lat. 56° to 63° N and that in lat. 60° to 62° N there is no zone
in which the genetic differences between the provenances of various geographical
origins are especially pronounced.

Furthermore, the experiment exemplifies that it is not always advisable to draw
far-reaching conclusions concerning the future performance of different provenances,
from the results of progeny experiments during the first few years. For the first
few growing seasons, the experimental seedlings representative of provenances of
southern and central Finland fared satisfactorily in northern Lapland. Only after
ten years could differences be clearly discerned between the seedlings representative
of different geographical regions. In northern Lapland, in particular, there are now
and then years which are exceptionally poor for growing conditions (cf. e.g. Mikola
1952, Sirén 1961, Kirenlampi 1972). On this account, only such individual
trees of B. pendula which can endure conditions like these are suitable to be raised
in northern Finland. On the grounds of the present results, the Kittildi provenance
may be regarded as being well adapted to the conditions of the experimental site.
Subsequent growth performance of the experimental seedlings will ultimately indicate
whether or not it is possible to grow B. pendula successfully in some areas in northern
Lapland. The fact that the seedlings of B. pendula originating in Kittild fared well
in the climatic conditions of Utsjoki gives occasion for the expansion of the B. pendula
experiments in northern Lapland.

The results obtained are also significant in view of the silviculture and breeding
of B. pendula in southern and central Finland. They show, as pointed out in the
preceding pages, that there are genetic differences between the provenances of south-
ern and central Finland, which affect their climatic susceptibility. Therefore, as far
as northward provenance transfers are concerned, it is also necessary to proceed
with caution in southern and central Finland.
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7. SUOMENKIELINEN SELOSTUS

Kisilld olevan tutkimuksen avulla on pyritty selvittimiin onko etelid-, keski- ja pohjoissuomalais-
ten rauduskoivujilkeldistdjen ilmastollisessa kestivyydessi selvid eroja. Samalla on haluttu hankkia
suuntaa-antavia tuloksia rauduskoivun viljelymahdollisuuksista Pohjois-Lapin olosuhteissa. Koe
sijaitsee rauduskoivun luontaisen levinneisyysalueen pohjoispuolella, Turun yliopiston Lapin tutki-
muslaitoksen maalla Utsjoen kunnassa. Tutkimusaineiston muodostavat 10 rauduskoivujilkeldistod,
joista jokaista edustaa kokeessa 23—24 tainta (Taulukko 1 ja kuvat 1—3).

Koetaimien kunto on miiritetty ja pituus mitattu useita kertoja (Taulukot 3, 4 ja 6). Huolimatta
siitd, ettd koe on kooltaan ja taimimairiltiin varsin pieni, ovat sen antamat tulokset merkitykselli-
sid, Eteld- ja keskisuomalaiset taimet eivit yleensid omaa sellaista sopeutumiskykyi, etti ne menestyi-
sivit Pohjois-Lapissa. Kaikissa nyt kokeilluissa alkuperissi esiintyi yksiléits, jotka siilyivit elivini
Utsjoen olosuhteissa yli 10 vuotta. Timi osoittaa, ettd rauduskoivulla on sekd yksittiisten puiden
ettd metsikoiden jalkeldistoissd suutrta taimikohtaista vaihtelua ilmastollisessa kestivyydessd. Eri-
tyisen merkillepantavaa on, ettd erot etelid- ja keskisuomalaisten alkupetien vililli on saatu esiin
tdssd rauduskoivun luontaisen levinneisyysalueen pohjoispuolella tehdyssi kokeessa, vaikka ne eivit
Eteld- ja Keski-Suomessa tehdyissi laajoissa jilkeldiskokeissa tulleetkaan esiin Eteld- ja Keski-Suo-
men eti osia edustaneella aineistolla (Raulo ja Kos ki 1975).

Saatujen tulosten havainnollistamiseksi on sivulla 15 olevassa asetelmassa esitetty eri alkuperid
edustaneiden taimien viimeisten mittaustulosten perusteella lasketut metsinviljelyarvot. Nami on
saatu kertomalla kunkin alkuperin taimien vuosien 1973 ja 1975 keskipituus taimien senhetkiselld
elossaolosadanneksella ja tulo on jaettu sadalla. Kuvassa 5 on vuoden 1973 mittaustuloksiin nojautuen
tarkasteltu metsinviljelyatvon riippuvuutta taimien alkupetipaikkakunnan leveysasteesta. Timin
kuvan avulla voidaan suuntaa-antavasti ennustaa eri leveysasteilta periisin olevien rauduskoivun
taimien todennikéinen menestyminen Utsjoen olosuhteissa.

Aikaisemmin koivun maantieteellisisti siirroista esitettyjen tulosten ja nyt saatujen tulosten nojalla
voidaan otaksua, etti rauduskoivun kliini on jokseenkin tasaisesti muuttuva eiki siind esiinny leveys-
asteilla 60°—62° erityisti vydhykettd, jossa geneettiset erot eri maantieteellisten alkuperien vililld
olisivat erityisesti korostuneet kuten J o hnsson (1951) on otaksunut.

Kokeen tulokset ovat myds selvid esimerkki siitd, ettd jilkeldiskokeiden ensimmiisten vuosien
tuloksista ei aina ole syytd tehdi pitkille menevid johtopditdksid eri alkuperii edustavien taimien
tulevasta menestymisesti. Nyt kokeillut eteli- ja keskisuomalaiset taimet menestyivit Pohjois-Lapissa
aluksi tyydyttivisti. Vasta kymmenen vuoden kuluttua kokeen perustamisesta tulivat eri maantieteel-
lisia alueita edustaneiden taimien viliset erot selvisti esiin. Nyt saatujen tulosten perusteella voidaan
Kittilin alkuperid pitdd hyvin sopeutuneena koepaikan olosuhteisiin. Niiden taimien myohempi
kasvu tulee lopullisesti osoittamaan, onko rauduskoivun menestyksellinen viljely mahdollista joil-
lakin kasvupaikoilla Pohjois-Lapissa.

Saadut tulokset ovat merkityksellisia myos Eteld-Suomessa tapahtuvaa rauduskoivun viljelyi ja
jalostusta ajatellen. Nehin osoittavat, etti eteli- ja keskisuomalaisten alkuperien vililli on ilmastol-
liseen kestivyyteen vaikuttavia geneettisii eroja. Tistd syystd on pohjoiseen suuntautuviin alkupe-
risiirtoihin my6s Eteld- ja Keski-Suomessa suhtauduttava toistaiseksi varauksin.
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ABSTRACT

The study deals with the initial development of scedlings grown in Paperpots
filled with garden peat. The sowings were performed at different dates in a plastic
house. The experiment was replicated in nearly the same form in three successive
years (1971—1973). It was carried out at the Imari nursery situated near Rovaniemi
66°21" N 25°33" E, 95 m above sea level.

The growing of seedlings was started in the middle of May. Sowings were per-
formed at two weeks intervals, and the last sowing started in August. The measure-
ments on seedlings began at the age of three weeks and continued every two week
till the end of the growing season. Shoot height the dry weights of the shoot and
roots, the root/shoot ratio and the sturdiness of the shoot were measured from sample
seedlings. The significant differences between the sowings were tested with the
Student’s t-test. Moreover, the effect of age and the temperature sum on the growth
of the shoot and roots was investigated.

The earlier sowings usually produced taller seedlings (of the same age) then the
later ones. This could be mainly explained by referring to a warmer start than the end
of the summer. There was a positive close correlation between the height growth
of the shoot and the temperature sum. The temperatute sum explained 93—97 9,
of the variation in the shoot height.

The temperature sum was an even better interpreter of the variation in the dry
weight of shoot than variation in shoot height, the explanatory power being
97—98 9,. The exponential graph illustrates the function, in other words the dry
weight increase of the shoot was exponential when the temperature sum went up.

The sturdiness and leafiness of the shoot (dry weight/height) grew rapidly till
600—700 d.d., after which its growth slowed down. Various sowings achieved this
d.d. at slightly different ages (7—9 weeks) so that the sowings performed in eatly
and mid-summer reached it sooner than the later sowings.

The temperature sum was a better indicator of the dty weight of the shoot than
of roots. On the other hand the age of seedlings explained better the variation in the
dry weight of roots than of the shoot.

There were only few significant differences between the various sowings 1n the
root/shoot ratio. The root/shoot ratio seemed to decrease in mid-summer and increase
in the autumn when the temperture fell.

According to the results an example of adjusting the sowing and planting dates
was drawn up (Fig. 2). Each sowing was given 700 d.d.. By means of the temperature
sum graph the earliest planting dates for the first and last sowings were determined.
Their interval was divided between the first three sowings, after which the sowing
dates for seedlings from the second and third sowings could be determined with
the aid of the temperature sum graph.






1. INTRODUCTION

There are several different methods for producing ballrooted seedlings in various
parts of the world. In some methods seedlings are grown in containers and planted
with or without them, while in other methods no containers are used at all. The
containers vary much in shape, wall structure, and material (see North
American...1974).

At the moment, the most widely used ball-rooted methods in Finland are Paperpot,
peat pot (Finnpot), and Nisula’s method (a rolled peat sheet covered with plastic and
containing several plants). Nisula’s roll transplants, unlike the peat and paperpot
seedlings are rolled with a special transplanting machine (e.g. Low and Brown
1972).

The Paperpot method is the most recent type of these. Yet it has rapidly become
the most popular type of nursery stock in northern Finland and its use has also
become fairly common in southern Finland. This is due to the fact that the rearing
and treatment of Paperpot seedlings in nurseries can be highly mechanized and
thus manual work can be diminished. Paperpot seedlings are well-suited for semi-
mechanized planting as well. Studies on the initial development of Paperpot seedlings
in the field have yielded mainly promising results (e.g. Turtiainen and Val-
tanen 1974). It is still unknown whether the container wall causes defects in root
development. Some investigations refer to such possibilities (Bergman and
Higgstrom 1973, Lihde and Kinnunen 1974). At the moment the
practical consequences of such defects remain vague, since Paperpot seedlings have
been studied for too short a time to draw any reliable long-term conclusions.

When growing tree seedlings as well as other plants it has been customary to
start production as early in spring as possible. This is not, however, the only or
necessarily the best alternative when growing small ball-rooted seedlings, but ex-
tending the sowing over a longer period of time is sometimes worth considering.

Knowledge on the development of seedlings is necessary for e.g. suitable timing
of planting. Studies on the planting time using bare-rooted and peat pot seedlings
(e.g. Huuri 1965, 1966, 1968, 1973) show that in Finland ball-rooted seedlings
are well-suited for planting throughout the growing season. The planting time seems
to have little significance on the initial development of Paperpot seedlings. The
differences in plant height caused by various growing times in plastic house have
nearly been eliminated as eatly as the second growing season (Kinnunen, Lind
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and Lihde 1974). This implies that the Paperpot seedlings should not be grown
very tall, as the transportation and planting of small seedlings is easier than that
of taller nursery stock.

The following factors have the strongest influence on the development of seed-
lings: temperature, light, water, oxygen, carbon dioxide as well as macro- and
microelements. They are all vitally important for the development of seedlings,
and the missing of one factor can not be replaced by increasing the effect of another,
but all of them must be available in correct proportions.

The minimum germination temperature for Scots pine is c. +5—7°C (Haack
1912, Aaltonen 1942), but Norway spruce seeds do not germinate quickly and
completely until in the temperatures of --14—16°C (M o r k 1933, 1938, 1941). The
optimum germination temperature in light varies between 26—30°C, in the dark
slightly less (Y1i-Vakkuri1963).

The growth rhythm of the seedlings during the first growing season clearly
deviates from that of older seedlings and old trees (L aih o 1963). Especially the
growing season for the shoot of young seedlings in considerably longer compared
to that of older seedlings and trees (see Leik ola and Raulo 1973). Thedifference
in root growth is not equally remarkable.

The ratio of the dry weights of shoot and roots (shoot/root ratio) have had wider
coverage in literature than the above-mentioned root/shoot ratio. It is generally
considered to have a fairly reliable predicting value as regards reforestation (Wilde
et. al. 1964). According to Ingestad (1963) the weight of roots should be about
1/3—1/4 of the whole seedling weight, representing the values 2—3 in shoot/root
ratio. Small shoot/root ratio predicts good resistance to drought and cold. However,
the dry weight of the root system does not indicate the actual absorption area, which
is influenced by the variation in the amounts of thin roots and mycorrhiza (e.g.
Risdinen 19606).

The general aim of this study is to clear up the change and dependence on the
sowing date of some important morphological characteristics, such as the height
and sturdiness of the shoot and the dry weight of the shoot and roots. The study
involved the first growing season only.

The study also aims at clearing the effect of different growing conditions on the
development of seedlings. To make the results fit for practical application, the
seedlings were grown using standard nursery methods. A study on planting dates,
which is closely related to this study area, was linked with the study. Its results have
been published earlier (see Kinnunen etal. 1974), as well as the results of the
sowing date study from the first year (Kinnunen and Lihde 1972).



2. MATERIALS AND METHODS

The field work was carried out at the Imari nursery (near Rovaniemi, 66°21’ N,
25°33" E, 95 m above sea level). The experiment was repeated almost in the same
form in three growing seasons (1971—1973). The treatments in the first year differed
from those in the other two in the respect that it involved three tree species: Scots
pine, Norway spruce and Siberian larch. The next two years included only Scots
pine. Seedlings were grown in garden peat in 1971 in ordinary Fh 408 Paperpots
and in 1972 and 1973 in Fh 408 Paperpots provided with flaps. The latter contain
18 semicircular flaps (with 1 cm diameter) to facilitate the penetration of roots through
the pot walls. In nurseries the flaps are of no great consequence, since the pots are
kept moist to enable the roots to penetrate the pot walls. In the field the flaps may
have more importance especially if the pot material dries and becomes very tough
(Lihdeand Kinnunen 1974).

Table 1. The sowing and measuring dates of seedlings in different years
Taulukko 1. Taimien kylvi- ja mittausajal eri vuosina

Sowing dates Measuring dates
Sowing Kylviajat Mittausajat
Kylvierd

1971 1972 | 1973 1971 | 1972 1973
oo 14. 5. 9. 5. 15. 5. 4. 6. 30. 5. 5. 6.
Im........... 28. 5. 23. 5. 29. 5. 18. 6. 13. 6. 19. 6.
oI ........... 11. 6. 6. 6. 12. 6. 30. 6. 27. 6. 3. 7.
IV oo 24. 6. 20. 6. 26. 6. 13. 7. 11. 7. 17. 7.
Voo 9. 7. | 4. 7. 10. 7. 27. 7. 25. 7. 31. 7.
VI........... 23.7. | 18. 7. 24. 7. 9. 8. 8. 8. 14. 8.
VII........... 6. 8. | 1. 8. 7. 8. 23. 8. 22. 8. 28. 8.
VII ........... 20. 8. 21. 8. 7. 9. 5. 9. 11. 9.
20. 9. 25. 9.

The sowing was done in a plastic house at two weeks intervals from the middle
of May till August (Table 1). The measurements started three weeks after the sowing
and were carried on till September at two weeks intervals. In 1971 each sowing lot
consisted of one Paperpot tray, in 1972 and 1973 four trays, each serving as a replicate.
Samples were selected systematically at even distances. The order of the first pot
row and the first sample pot were allotted. These served as starting points from which
the rest of the pots were selected with an even distance from each other. In 1971 and

2 1428776
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1973, 10 Paperpots out of each tray were selected and in 1972 5 pots out of a tray.
In 1971 all the seedlings grown in sample pots and in 1972 and 1973 the tallest seed-
lings of each pot were measured.

The shoot height, dry weights of the shoot and roots of each selected seedling
were measured as well as the ratio of the dry weight of roots to that of the shoot,
which is called root/shoot ratio. In 1971 and 1972 the shoot height was measured
from the root collar till the tip of the inner needles and, in 1973, from the root base
till the shoot tip excluding the needles. The dry weights of the shoot and roots were
measured as the total seedling weight of each replicate. This was divided with the
number of seedlings thus obtaining the dry weight per seedling. The weighing was
performed by scales with the accuracy of 0.1 mg, although the results are presented
as milligrams.

Temperature variation was recorded by means of a thermograph. The ther-
mographs were corrected twice a day by an accurate thermometer. The temperature
sum was counted using d.d. principle with +5°C threshold value (see Sarvas
1972). Five funnels inserted in a bottle indicated the amount of irrigation water.
The water collected into the bottle was daily measured and converted into milligrams.

The regression analysis was employed to determine the correlation between
the variables and Student’s t-test to compare the sowing dates.



3. GROWING CONDITIONS
31. Growing place

The seedlings were grown in a large plastic house designed for experimental work.
It is almost twice as high (5.5 m) and wide (16 m) as standard plastic houses used
in Finland. Thus the conditions do not correspond to ordinary growing, since
smaller plastic houses are more exposed to extreme temperature variations, i. e. they
become hot and cold faster than bigger plastic houses.

32. Substrate

Light Sphagnum fuscum peat, the pH of which was 4.5—5.5 and electrical con-
ductivity 2.5—4.0, was used as substrate. Less than 25 9, of the fractions were smaller
than 1 mm and no fractions exceeded 10 mm.

Primary fertilization was performed using the following macro- and microelements
(per cent of dry weight)

0.17 9% N 0.0084 9, Fe
0.06 % P 0.008 9% B
0.175 9, K 0.0096 %, Cu
0.030 9, Mg 0.0072 % Mn
0.06 % S 0.0058 %, Zn
0.064 %, Na 0.0015 %, Mo

33. Temperature and humidity conditions

331. Air temperature

The air in a plastic house is very different from the open air as regards e.g. tem-
perature, relative humidity and wind. In a plastic house ventilation is weak, which
accounts for higher day temperatures. Plastic cover prevents heat from radiating out,
thus raising the night temperatures. It is always warmer inside a plastic house than
out-of-doors.
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Fig. 1. Mean daily temperatures (15 cm above the ground) and the amounts of irrigation water
in the plastic house

Kuva 1. Viuorokautiset keskilimpitilat (15 cm:n korkeudella) ja kastelumiirit tutkimusmuovibuoneessa
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The air temperature measurements started in the middle of May and were carried
on till the end of September each year. Fig. 1 presents the mean daily temperatures
(24 hours) in various years. As a main trend, the daily mean temperature was rising
till July after which it started to fall again. There occurred, throughout the growing
season, long warm periods as well as short periods characterized with sudden changes
in temperature.

In the spring the differences between day and night temperatures were great,
even over 40°C. In 1971 the highest maximum temperature was 45°C. In the other
two years the maximum temperature was somewhat lower, in 1972 under 40°C and
1973 under 35°C. High temperatures caused no visible damages in seedlings, although
the growth becomes slower due to the increased respiration (Kramer and
Kozlowski 1960).

The daily minimum temperature varied between —10 and +18°C. The last
spring frosts occurred after the middle of May and the first autumn frosts at the end
of August.

3311. Air temperature sum

The curve representing the cumulative temperature sum of the air was of a
slightly arching S-shape. In 1973 the temperature sum was at first somewhat higher
than in the other years, but towards the end it was levelled down to the temperature
sum of 1971. In 1972 the first sowing was started 5—6 days earlier than in the other
years. This is why temperature sum received by the plants at first remained consider-
ably lower than in the other ones (Table 2). The early summer of 1972 was excep-
tionally cold. The seventh sowing in 1972 was during the warmest season. Although
the yearly temperature sums in the open differed very much from each other in
various years, in the plastic house they remained fairly constant. The reason is that
during the warm summer days the air temperature in a plastic house is too high and
is lowered by irrigation and ventilation with electric fans. When the growing started
between the middle of May and the end of June (sowings I—IV), the seedlings
received more than 900 d.d. units during the summer, which is higher than the average
open air temperature sum in Rovaniemi. The accumulation of 100 d.d. per 3 weeks
was sufficient for the development of seedlings, although under such circumstances
seedlings remained in a delicate developmental phase and were probably incapable
of surviving the winter (cf. Lo k en 1959, 1970 and Kaunisto 1974).

332. Irrigation
Temperature and the size of seedlings have the intensest effect on irrigation need.

Transpiration increases in high temperatures and tall seedlings transpire more than
the smaller ones. In this experiment all the seedlings received equal amounts of water,
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Table 2. The temperature sums of sowings at different ages. D.d. with +5° C threshold value
Taulukko 2. Kylvierien saamat limpimdirit eri ikdisind. Laskettu d.d. periaatteella +5° C kynnysarvoa

kdytiien
Age (weeks)
Year Sowing Tki vk
Vot Koloberd 3| s | 7 o | 1 | 13 | 15 17 19
1971 I........ 231 415 578 790 ‘ 965 ’ 1152 | 1284 | 1393 | 1441
I........ 292 | 456 668 843 1030 | 1161 | 1271 | 1319
oI ........ 281 493 668 855 986 | 1095 | 1143
IV ... 295 | 470 657 788 897 945
Voo 232 | 419 550 660 708
VI........ 241 373 482 530
VII........ 171 280 328
VI ........ 135 183
1972 I........ 126 | 282 492 778 968 | 1150 | 1316 | 1407
I........ 205 | 415 701 891 1073 | 1239 | 1329
oI ........ 289 | 575 765 997 1112 | 1203
IV ... 391 581 763 929 1020
Voo 326 508 674 765
VI........ 263 | 428 519
VII........ 256 | 346
1973 I........ 238 | 401 626 865 1095 | 1241 | 1355 | 1422 | 1442
o........ 252 | 476 715 945 1092 | 1205 | 1273 | 1292
oI ........ 307 546 776 922 1035 | 1103 | 1122
IV ... 352 | 582 728 841 909 928
Voo 341 487 601 669 688
VI........ 245 | 359 427 446
VII........ 184 | 251 271
VII........ 101

since it would have been difficult, with the irrigation device used, to adjust the inten-
sity of irrigation according to the size of seedlings. The measurement of irrigation
water would have been difficult as well.

The irrigation requirement was set to the amount needed to maintain suitable
moisture in the subsrate. Daily irrigation varied considerably in quantity and there
were days when no irrigation at all was needed (Fig. 1). Usually seedlings received
no water during the weekends. However, on warm days garden peat dries so quickly
that daily irrigation is recommended, even several times on the warmest days. The
irrigation amount was different in each year. In 1971 the mean irrigation for 17 weeks
from the first sowing was 1.7 mm/day, in 1972 1.3 mm/day and in 1973 2.0 mm/day.
Previous irrigation experiments performed at Imari produced no great differences
in size when irrigation varied from 1 to 4 mm/day, whereas the mortality rate of
seedlings imply that 1 mm of water per day is not sufficient. On the other hand, 4 mm
of water per day resulted in leaching of nutrients, so that a »suitable» quantity of
water is probably somewhere between 2—3 mm/day, maybe closer to 2 than 3 mm/day.
However, an experiment using fixed daily portions does not reveal the best irrigation
quantity, but irrigation should be linked with temperature and the size of seedlings.
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In 1971 and 1972 irrigation was perhaps insufficient, although it cannot be taken
for granted that the better growth response in 1973 would have been only dependent
on more abundant irrigation. However, it may have had some influence.

333. Air humidity

Temperature and relative humidity of the air had a strong negative correlation.
During the nights air humidity rose near dew point (100 9,). The highest peak was
usually between 2 and 4 a.m. and lowest from 12 a.m. to 2 p.m., sometimes approach-
ing 30 9, on a very hot day. Longer observation periods show that humidity is
usually higher in the spring and autumn than in mid-summer (cf. the mean tem-
perature in Figure 1). Yet, in the spring of 1971 air humidity was at its lowest stage
from which it gradually rose when the autumn drew nearer. In 1973 air humidity
was highest on the average and in 1972 lowest. The order resembled the amounts
of water applied, which is understandable when considering the fact that the tem-
perature sum was the same for each year.



4. DEVELOPMENT OF SEEDLINGS
41. Shoot height

In 1971 the seedlings grew slightly taller than in 1972 (Table 3). The results of
1973 cannot be compared to those of other years because of a different measuring
method used.

The plants sown earlier produced taller seedlings than the later ones at the same
age. This was cleatly perceivable in the results in 1971 (Table 4). The seedlings of
the two latest sowings, in particular, were retarded in most cases. In 1972 the first
and second sowing time produced significantly shorter seedlings than the others,
or there were no significant differences between them. Otherwise the earlier sowing
dates resulted in taller seedlings than the later ones.

Shoot height was studied as affected by plant age and the temperature sum
(Table 5). The equation achieved was a parabola. The explanatory power of the
temperature sum was considerably higher than that of the plant age each yeat. Con-
sequently the temperature sum was more important for the development in height
than the time within which the seedlings had grown. The growth of shoot accelerated
with the increasing temperature sum. In 1971 and 1972, shoot height increased
more sharply than in 1973 when the seedlings were measured without needles. Growth
did not make such rapid progress as regards the time, in 1973 it even slowed down.

42. Shoot dry weight

The seedlings of the first five sowing times weighed much more in 1973 than in
the other years (Table 6). One explanation could be that the seeds used in 1973 were
heavier and had a higher germination percentage than the ones used in the other years.
There were no great differences in the temperature sums of the various yeats.
Maximum temperatures differed so that in 1973 they remained lower than in the
other years.

In 1972 the first sowing produced lighter seedlings than the others because of a
cold start of the summer (Table 7). Similarly, the second sowing produced usually
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significantly lighter seedlings than the third and fourth sowings. From the third
sowing onward the other sowings resulted again in lighter seedlings or there was no
significant difference between them.

In 1973 the seedlings from the third and fourth sowings were at first, till the age
of 7 weeks, heavier than those from the first and second ones. Otherwise, the earlier
sowings produced generally heavier seedlings than the later sowings (Tables 6 and 7).

The temperature sum explained better the variation in the dry weight of the
shoot than the age of seedlings. Both the temperature sum and plant age explained
better the dry weight than the height variation of the shoot (Table 8).

Table 3. Shoot height (mm) of seedlings from different sowing and age groups
 Tanlukko 3. Verson pituns (mm) kylvierittiin ja ikédrybmittiin

Age (weeks)

Year Sowing Tk vk

Viuosi Kylvera 3 5 | 7 9 ] 11 | 13 15 17 19

1971 | 37 35 49 55 66 92 93 99 112
M.oo..... 34 | 37 45 67 86 87 82 90
OI........ 32 | 38 46 61 70 70 74
V... .. 33 | 36 43 50 46 57
Voo, 32 | 35 43 44 43
VI........ 38 | 32 40 41
VII........ 20 | 31 35

VIII ........ 12 | 24
1}("““8‘: 30 | 33 | 43 48 52 76 83 94 | 112
eskim.

1972 | U 17 20 34 52 72 82 86
O........ 14 | 20 34 53 71 82 83
OoI........ 20 | 28 42 56 70 72
Voo, 17 32 50 60 62
AN 15 19 30 32
VI........ 16 | 20 20
VI........ 15 15
f}gef"‘.g‘: 16 | 22 | 33 47 64 75 82 86

eskin.

1973 I........ 13 | 21 26 35 51 59 55 57 54
Ma..o..... 16 | 21 24 39 48 49 49 51
mI........ 20 | 25 33 41 39 40 41
IV ..., 20 19 28 31 32 34
Vo, 20 | 21 24 26 26
VI........ 18 18 18 18
VII........ 21 18 22

VII........ 7
‘}g’“‘?g" 17 20 25 33 41 45 48 54 54
eskim.

3 14287—76
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Table 4. T-tests on the differences in shoot height between the sowings
Taulukko 4. Verson pitunden parittaiset t-testit kylvoerien vililli
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Table 5. The shoot height as affected by age and temperature sum and the explanatory power of
of the functions

Taulukko 5. Verson pituus iin ja limpisumman funktiona sekd funktioiden selitysasteet

Independent variable Year Equation Explanatory power

Selittija Vuosi Funktio Selitysaste

1971 Y =19.1 + 0.44X + 0.002X2 0.847

Age —Tki ........ 1972 Y = 4.2 + 0.80X + 0.00024X2 0.883
1973 Y = 6.9 + 0.42X + 0.00022X2 0.783

Temperature sum 1971 Y = 22.8 + 0.018X - 0.00003X2 0.934
Léampisumma .. .. .. 1972 Y = 4.4 + 0.028X + 0.000025X2 0.966
1973 Y =12.0 + 0.014X -+ 0.000013X2 0.935

Table 6. The dry weight of the shoot (mg) according to sowings and ages
Taulukko 6. Verson kuivapaino (mg) kylvierittiin ja ikdirybmiltiin

Age (weeks)

Year Sowing Tki vk

Vuosi Kylvsera 3 | s | 7 ] 9 | n 13 15 17 19

1971 | A 3 9 24 51 70 100 132 158 191
)| S 4 10 21 51 80 117 158 142
mI........ 3 10 22 38 57 104 112
IV ... 4 8 14 28 40 65
A 3 6 16 27 39
VI........ 4 7 15 20
VII........ 1 4 7
VI ........ 2 4
‘}("m.gc 3 7 | 17 36 57 96 | 134 | 150 | 191
eskim.

1972 I.o....... 1 3 9 22 68 80 132 129
M........ 2 7 20 53 64 117 148
II........ 4 9 25 48 91 111
V..., 5 14 33 55 59
Voo, 2 7 18 23
VI....... 3 6 8
VII........ 3 3
f}g’"".gc 3 7 19 40 71 | 103 | 140 | 129
eskim.

1973 | P 4 13 37 85 134 194 180 254 249
mM........ 4 14 32 69 112 169 156 183
mIi........ 7 21 50 77 98 97 117
IV ... 7 20 42 76 81 105
A 6 11 14 42 55
VI.oo..... 4 5 7 8
VII........ 3 4 7
VI ........ 3
f}g’“?g" 5 12 28 63 100 141 151 219 249
eskim.
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Table 7. T-tests on the differences in shoot dry weight between the sowings. Signs explained in
i table 4

Tanlukko 7. Verson kuivapainon parittaiset t-testit kylvierien vililli. Merkinnit kuten taunlukossa 4
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Table 8. Shoot dry weight expressed as an equation of age and temperature sum and the explanatory
power

Tanlukko 8. Verson kuivapaino iin ja limpisumman funktiona seki funktioiden selitysasteet

Independent variable Year Equation Explanatory power

Selittija Vuosi Funktio Selitysaste

1971 Y = —2.6 + 0.092X + 0.013X2 0.944

Age —Tkd ........ 1972 Y = —9.7 + 0.17X + 0.011X2 0.919
1973 Y = —13.0 + 0.36X + 0.013X2 0.885

Temperature sum 1971 Y = 19.7 — 0.069X + 0.00013X2 0.980
Lémpiosumma . . .. .. 1972 Y = 14.0 — 0.074X + 0.00012X? 0.971
1973 Y = 13.3 —0.077X -+ 0.00016X? 0.973

43. Sturdiness and leafiness of the shoot

It is difficult to measure the base diameter of young seedlings by usual means.
Therefore, the ratio of the dry weight to the height of the shoot was used in this
study. To avoid long expressions, this quotient will be called sturdiness. '

Shoot sturdiness grew rapidly till the age of 7—9 weeks, after which it slowed
down its progress. The seedlings from earlier sowings were usually sturdier than
those grown later. At an older age there were no significant differences between
the sowing dates.

Expressed in temperature sums, the seedlings were sturdier till 600—700 d.d.,
after which there came levelling down. »

Sturdiness developed in much the same way each year. In 1973 the seedlings
were sturdier than in the other years because the height of the shoot was taken without
needles. In 1972 the seedlings were sturdier till the age of 11 weeks than in 1971.
Later the differences levelled down.

44, Dry weight of roots

At the age of three weeks the seedling roots in all sowings had similar weights
in 1971 and 1972 (Table 9). In 1973 roots were considerably heavier in the sowings
at the beginning or middle of the summer than in the last three sowings. At the age
of five weeks the variation was even greater. The early and late sowings produced
seedlings with lighter roots than the middle ones. At the age of seven weeks in 1971
and 1972 the seedlings had equal root weights, while in 1973 the dry weight of the
roots was nearly twofold. The situation continued unchanged till the age of nine
weeks, After this the seedlings of 1972 weighed less than the ones of 1971. The
seedlings of 1973 maintained their foremost position all the way through till the age
of 19 weeks. i
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In 1972 the seedling roots of the first and second sowings were usually signifi-
cantly lighter than those of later sowings (Table 10). The third sowing showed
difference to both direction and from the fourth sowing on the differences chiefly
favoured the later sowings. In 1973 the first four sowings revealed only few statistically
significant differences, most of which favoured the earlier sowings. From the fifth
sowing on there occurred more significant differences, without exception in the
favour of earlier sowings.

The temperature sum explained better shoot than root dry weight (cf. Tables 8
and 11). Shoot growth seems to be more sensitive to air temperature than root
growth. Plant age was a better indicator for root than shoot dry weight variation.
In 1973 the growth of roots was at its highest as regards time and the temperature
sum, in 1971 the growth was slower, and in 1972 the slowest. The differences between
the years were quite big. Growth increased exponentially each year in relation to
time and the temperature sum.

Table 9. Root dry weight (mg) according to sowings and ages
Tanlukko 9. Juurision kuivapaino (mg) kylvierittiin ja ikdrybhmittiin

Age \weeks)
Year Sowing Tki vk
Vuosi Kylvoerd 3 | s | 7 R 1 13 15 17 19
1971 R S 1 2 6 9 15 22 34 45 74
II........ 1 3 6 11 15 23 38 44
I ........ 1 3 7 10 17 34 38
IV ......... 1 2 4 7 11 24
V2 1 2 4 9 28
VI........ 1 3 5 8
VII........ 1 2 3
VI ........ 1 1 !
Aerage 1 2 5 9 17 26 37 44 | 74
eskim.
1972 Tooiini.. 1 1 1 7 13 14 33 34
Im........ 1 1 6 10 12 22 30
Imr ........ 1 3 6 11 17 22
IV ........ 2 5 10 15 16
Va.o.o...... 1 2 5 6
VI........ 1 3 3
VII........ 2 1
Average 1 2 5 10 14 19 31 34
Keskim.
1973 I........ 2 6 15 28 39 66 84 107 102
Im........ 2 6 12 18 36 59 57 77
I ........ 2 9 14 25 33 38 51
IV .. ...... 3 5 13 22 33 43
Voo 2 4 4 17 18
VI........ 1 2 3 3
VII........ 1 2 2
VIII........ 1
Average 2 5 9 20 33 52 64 92 | 102
eskim.
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Table 10. T-tests on the differences in root dry weigh tbetween the sowings. Signs explained in

table 4
Taulukko 10. Juuriston kuivapainon parittaiset t-testit kylvierien vililld. Merkinndt kuten #
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Table 11. Root dry weight expressed as an equation of age and temperature sum and the explanatory
power

Tanlukko 11. Juuriston kuivapaino iin ja limpisumman funktiona sekd funktioiden selitysasteet

Independent variable Year Equation Explanatory power

Selittiji Vuosi Funktio Selitysaste

1971 Y = 3.9 —0.24X + 0.0056X? 0.960

Age—Tkd ........ 1972 Y = 0.9 —0.056X + 0.003X2 0.929
1972 Y =1.8—0.19X + 0.0076X2 0.920

Temperature sum 1971 Y = 6.4 —0.029X + 0.00004X? 0.877
Léimposumma . . .. .. 1972 Y = 4.3 —0.018X + 0.00003X2 0.956
1973 Y = 11.2 — 0.055X + 0.00008X%2 0.960

45. Root/shoot ratio

The root/shoot ratio of the sowings showed few significant differences, especially
in 1973. Till the age of seven weeks the root/shoot ratio of plants in only the first
sowing was significantly bigger than in the others. In 1972, at the age of three weeks
the root/shoot ratio in the first sowing was significantly bigger than in the others.
Later the differences were in the favour of later sowings and at the age of 13 weeks
there were no differences any more.

In 1973 the root/shoot ratio was biggest and most even, while in 1972 it was
smallest. At the beginning and end of the summer the root/shoot ratio was usually
higher than in mid-summer.



5. AN EXAMPLE OF ADJUSTING DATES FOR SOWING
AND PLANTING

Generally the development of seedlings was fairly regular. Abrupt changes were
not perceivable, except when studying the sturdiness of the shoot. Thus in the
following example the minimum temperature sum, 700 d.d., was employed when
arranging the dates for sowing and planting (Fig. 2). Depending on the sowing date,
700 d.d. averages 7—9 weeks in growing time. Table 2 shows that only the first five
sowing dates reached this level; i.e. the sowing should be performed between the
middle of May and the middle of July in order to achieve 700 d.d..

The mean temperature sum in 1971—1973 represents the temperature sum as
affected by time. Although the study years are few, the mean value probably quite
well represents the mean value of a longer period of time, as the temperature sum in
the plastic house was quite constant in the three successive years despite the fact that
those in open air differed a great deal from each other.

The temperature sum works in both directions, depending on whether it is needed
to determine the planting date according to the sowing date or vice versa.

The example shows both cases. The first and fourth planting dates were defined
in accordance with the sowing dates, while the second and third sowing dates with
the planting dates. The first sowing started in the middle of May, from which time
the graph representing the temperature sum starts (Fig. 2). The planting date for the
first sowing can be obtained by projecting the employed temperature sum (700 d.d.)
on a time axis. In this case it is the 8th July.

The temperature sum rises till 1450 d.d.. It is possible to grow two crops till
700 d.d. on the same substrate during one growing season. The latter sowing has to
be started soon after the first sowing is ready for planting. Two days are reserved
for arrangements so that the latter sowing is started on the 10th of July to be ready
for planting in the middle of September. The planting of the latter sowing goes on
until the end of the planting season and it can be continued even in the next spring.
If the planting is postponed till the summer, the seedlings should be grown by
transplanting in order to form strong and not too long roots.

The second and third sowing dates are adjusted according to the planting dates
so that the time between the first and forth planting dates is evenly divided among
the first three plantings. On the other hand, the sowing dates are determined by

4 14287—76
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deducting 700 d.d. from the temperature sums corresponding to planting dates and
by projecting the temperature sum obtained on the time axis. Thus the second
sowing date is in the middle of June and the third at the beginning of July. It is
notable that a much shorter growing period is sufficient in order to gain the same
temperature sum in mid-summer as at the beginning and end of the summer.
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Fig. 2. An example of adjusting dates for sowing and planting. More information in text
Kuva 2. Esimerkki kylvi- ja istutusaikojen yhteensovittamisesta. Selostus tekstissi



6. DISCUSSION

The mean temperature in the study period was usually higher than the minimum
temperature required for germination. It was not until September that the mean
temperature fell under the above-mentioned minimum temperature, but only for
a few days. Temperature did, temporarily, rise too high even till 45°C. The minimum
temperatures vatied from —10 to 18°C during the three summers under study. The
last spring frosts occurred after the middle of May and the first autumn frosts at the
end of August.

According to D e c k e r (1944) the net photosynthesis of the red pine and loblolly
pine seedlings was maintained at 420 and +30°C, but decreased c. 45 9%, when the
temperature rose from +30° to 40°C. In Tranquillini’s (1955) investigations
on Cembra pine seedlings the maximum net photosynthesis was reached at the
temperatures ranging from -+10 to 15°C, while it dropped to 0 at the temperature
of slightly over +35°C. This result clearly disagrees with the results obtained by
other researchers. Differences in tree species and growing conditions obviously
account for dissimilar results. According to Sir e n (1966) the optimum plastic house
temperature is +25 — +35°C.

The annual growth rhythm of young seedlings shows great deviation from that
of old trees. In the experiments performed on open ground by Laih o (1963) the
shoot continued to grow even in September during the first growing season, in warm
autumns as late as in October. The second growing season was shorter and during
the third the growth rhythm of seedlings approached that of old trees, which have
a short growing season, e.g. in Scots pine it is c. 500 d.d. (Leikolaand Raulo
1973, Raulo and Leik ola 1974). The present study dealt only with the first
growing season. There occurred growth almost throughout the growing season,
which meant that the seedlings in the first sowing reached over 1400 d.d. in their
growing season. Needles grew longer than the stem, which in 1973 stopped at about
1300 d.d.. The cooling of weather ended the height growth so that the growing period
for height increment remained the shorter, the later the sowing took place.

The growing season of roots lasted for a longer time than that of the shoot.
The effect of temperature was less prominent on root than shoot growth, because the
former is less dependent on temperature than the latter. E.g. in Denmark the roots of
the beech were found to continue their growth throughout the winter, although
irregularly (Ladefoged 1939).
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When adjusting the dates for sowing and planting in the example, 700 d.d.
was used for rearing each sowing. The choice of this temperature sum (700 d.d.) was
based on the sturdiness of the shoot and the length of roots. The rapid increase in
sturdiness, characteristic of the initial growth, is due to the fact that the plant then
grows its primary needles instead of growing in height. The shoot then has its intensive
growth phase and it requires undisturbed environment and good growing conditions
in a nursery. As the size of the pot is attempted to keep small to cut expenditures,
growing should not be continued too long to allow the root tips, the most active
parts of the roots, to penetrate the potwall. Penetrated roots are liable to injuries
during transportation and planting. These conclusions helped to determine 700 d.d.
as a suitable growing time. The example is fit for plastic house rearing in northern
Finland. Were it applied elsewhere, the temperature sum should be adjusted to various
local requirements. This model is suited for a plastic house and not in open ground
growing, as the environmental conditions in a plastic house and in the open are
different.

How to harden the plants to survive the winter is one of the key questions when
growing seedlings. All the factors connected with the question have not been solved,
although the problem has received wide recongnition among researchers (e.g.
Sarvas 1974). In 1971—1973, the first night frosts occurred at the end of August,
by which time the fourth sowing (10th July) in the example would have received
c. 600 d.d. before the first frosty nights. In the experiments performed by Ka u-
nisto (1974) on drained peatland dealing with the seeding dates, the young Scots
pine seedlings which had received 500—600 d.d. well survived the winter. Thus
the sowing carried out before the middle of July in plastic houses should be able to
survive the winter provided that the seedlings receive correct amounts of nitrogen
and potassium during the rearing.

The length of the day did not seem to become a limiting factor, since the in-
vestigation was performed only in the summer. This point will need more attention
also in northern Finland if the growing season is extended by heating.
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8. SELOSTUS

Tutkimuksessa seurattiin eri aikoina kylvettyjen taimien alkukehitysti muovihuoneessa kasvu-
turpeella tdytetyissd paperikennoissa. Koe toistettiin lihes samankaltaisena kolmena kasvukautena
(1971—1973). Suorituspaikkana oli metsihallinnon Imarin taimitarha, joka sijaitsee lihelli Rova-
niemed (66° 297 p.l, 25° 33’ i.p. ja 95 m m.p.y.).

Taimien kasvatus aloitettiin toukokuun puolivalistd lihtien. Kylvoerien vili oli kaksi viikkoa ja
viimeisen erin kasvatus aloitettiin elokuussa. Taimien mittaus aloitettiin kolmen viikon idssi ja
mittauksia jatkettiin kahden viikon vilein kasvukauden loppuun saakka. Niytetaimista mitattiin
verson pituus, verson ja juuriston kuivapaino, juuriversosuhde ja taimien vankkuus seki tutkittiin
t-testilld kylvoerien vilisten erojen merkitsevyytti. Edelleen tutkittiin idn ja limpésumman vaikutusta
verson ja juuriston kasvuun. Tulosten antamien viitteiden perusteella laadittiin lopuksi esimerkki
kylvo- ja istutusaikojen keskiniisestd ajoittamisesta.

Aikaisempien kylvoerien taimet olivat yleensi pitempid kuin myohempien (samanikiisini).
Tami selittyi suurelta osin silld, ettd alkukesi oli loppukesid limpimidmpi. Verson pituuskasvulla
ja limposummalla oli erittdin voimakas positiivinen korrelaatio. Limpdsumma selitti verson pituuden
vaihtelusta 93—97 9,:a.

Limposumma selitti verson kuivapainon vaihtelua viela paremmin kuin verson pituuden vaih-
telua, selitysaste oli 97—98 9,:a. Funktion kuvaaja oli eksponentiaalinen kiyri eli verson kuivapaino
kasvoi kiihtyvisti limpésumman kasvaessa.

Verson vankkuus ja tuuheus (kuivapaino/pituus) kasvoi jyrkisti 600—700 d.d:hen saakka,
jonka jilkeen sen kasvu hidastui. Eri kylvoerit saavuttivat timin d.d.-lukeman hiukan eri ikéisina
(7—9 viikkoa) siten, ettd alku- ja keskikesin kylvoerit saavuttivat sen pikemmin kuin myShemmiit.

Lamposumma oli huonompi juuriston kuin verson kuivapainon selittija. Taimien ikd sen sijaan
selitti paremmin juuriston kuin verson kuivapainon vaihtelua.

Juuriversosuhteessa oli vain vihidn merkitsevid eroja kylvéerien vililld. Juuriversosuhde niytti
laskevan keskikesilld ja kasvavan syksylld lampétilan laskiessa.

Tutkimuksen tulosten antamien viitteiden pohjalta laadittiin esimerkki kylvo- ja istutusaikojen
keskindisestd ajoittamisesta (kuva 2). Siind kdytettiin 700 d.d:n kasvatusaikaa kullekin taimierille.
Limpdsumman kuvaajan avulla mairitettiin aluksi ensimmiisen ja viimeisen kylvéerdn aikaisin
istutusajankohta ja jaettiin sitten niiden vili kolmen ensimmiisen kylvoerin kesken, jonka jilkeen
voitiin edelleen limpdésumman kuvaajan avulla miirittdd toisen ja kolmannen taimierin kylvo-
ajankohta istutusajankohdan perusteella.
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INTRODUCTION

In Finland during recent years forests have been fertilized at a rate of about
200 000 hectares a year. The forest area treated with fertilizers up to 1976 totals
1.8 million hectares, representing nearly 10 per cent of the total forest area.

The practical aim of fertilization has been to increase the amount of raw material
available to the wood industry. Apart from its growth promoting effect fertilization
has, however, certain side effects, for example on tree-pest relations (e.g. Stark
1965, Thalenhorst 1972). Very little is known, however, about the import-
ance of these questions in Nordic conditions. At the present time, Scolytids are the
most destructive forest pest group in Finland and control measures are needed to
protect growing trees and green timber against them (e.g. Saalas 1919, 1949,
Rummukainen 1964, Uusvaara & Loyttyniemi 1975). In order to
be able to restrict the use of insecticides in bark beetle control and to assist deve-
lopment of more effective and practical control methods, the olfactory orientation
of Scolytids has been intensively studied since the sixties in Finland and other count-
ries (e.g. Rudinsky 1966, Kangas et al. 1967, Oksanen et al. 1970,
Perttunen etal 1970, Werner 1971, Rudinsky etal 1971, Ozols
et al. 1973). In these studies it has been found that volatile oils in the host tree play
an important role in the primary orientation of bark beetles to their ovipositional
sites.

Since practically nothing was known about the effect of fertilization on the
production of volatile oil in the host tree and about how this would affect its attraction
to bark beetles, an attempt was made to throw some light on these questions. The
part of the study concerned with the effect of nitrogen fertilization on the composition
and quantity of volatile oil in Scots pine (Pinus silvestris L.) has already been published
(Hiltunen et al. 1975). The present part of the study is concerned with the
relationship between the terpene content in the phloem of pine logs and primary
orientation of some Scolytidae species.

MATERIAL AND METHODS

The field experiments were carried out in the experimental forest of the Finnish
Forest Research Institute at Liljendal, South Finland (N 60°32’; E 26°05’), in spring
1973.
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For the study, an 80 year-old pine stand growing on a Vaccinium forest site type
was selected. The pine stand was dense, in a relatively virgin state and the bark beetle
fauna on the site was diverse and plentiful due to the presence of moribund trees
for breeding material.

A total of 40 window flight traps were stationed randomly throughout the stand
over an area of 0.80 hectare. The traps were of the same model and size as used by
Annila et al. (1972) (¢f. Chapman & Kinghorn 1955).

Each trap was baited with one 0.80 m long unbarked pine bolt, suspended
horizontally above the ground immediately under the troughs. Since only primary
attraction resulting from log odours was to be studied, the bolts were enclosed in
terylene gauze bags to prevent insect attack and the possible release of insect-produced
attractants.

The bait bolts were taken from the same 40 pine trunks which were used for the
volatile oil analyses (see Hiltunen et al. 1975). Every second tree had been
fertilized with nitrogen in spring 1971. The trees were felled in January 1973 and
the bolts for the traps were cut from the trunks at a distance of 3 metres from the
base. The bolts were left on the site until the traps were constructed in the first
half of April.

The results of the volatile oil analysis have been presented previously (Hil t u-
nen et al 1975). The results of the terpene analysis carried out on the phloem
samples taken in April at the start of bark beetle swarming were used in the statistical
calculations for this study.

The traps were inspected once or twice a week up until the end of June when
the main flight of pine bark beetles ceases (Figure 1). The caught beetles were pre-
served in alcohol and sorted out later in the laboratory. Most of the species were
also sexed by dissection of the genitalia. In addition, the parts of the trunks not
used in trap construction that were lying on the fertilization area were inspected for
bark beetle attack at the end of June.

RESULTS AND DISCUSSION

The catch of Scolytids

The numbers of Scolytids caught are presented in Table 1, and the flight period
in Figure 1. The flight of Blastophagus piniperda, B. minor and Hylurgops palliatus
began on the same day, 21st April. In addition to the species mentioned in the Table,
some specimens of Dryocetes antographus Ratz., Dryocetes hectographus Reitt., Hylastes
cunicularins Bx., Hylurgops glabratus (Zett.), Xylechinus pilosus Ratz., and Crypturgus spp.
were also collected in the traps.

The Hylastes spp. group consists of the species complex Hylastes ater — brunneus —
aterrimus, the main species of which has been considered to be in Finland Hylastes
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brunnens Ex. (cf. Stark 1952, Hansen 1955, Lekander 1965 Schedl
1968, Beaver 1970). There were also perhaps a few Hylastes cunicularius specimens
in the Hylastes material, because it is very difficult to distinguish some specimens of
this species from the other Hjylastes species (cf. Saalas 1949).

A nearly balanced sex ratio was found in the catch of Blastophagus piniperda, B.
minor, and Hylastes spp. (Table 1). The sex ratios of Blastophagus species have also
eatlier been found to be approximately 1:1 during the flight period (Bakke
1968 b, Salonen etal. 1968). No previous records are available about the sex
ratios in Flylastes spp. and Hylurgops palliatus.

As regards Pifyogenes species the majority of the caught beetles, especially in the
case of Pityogenes quadridens, were males. However, it has earlier been reported, that
the sex ratio in both Pifyggenes species is balanced during the flight period (Bakke
1968 b, cf. also Schwerdtfeger 1929). In the case of Cryphalus salturius, only
a few males were caught and no previous results about the sex ratio of this species
have been published so far.

Blastophagus and Hylastes species were caught in large numbers and in balanced
sex ratios, even though the insects were not able to enter the bait bolts because they
were covered with terylene gauze. This suggests that these species are attracted mainly
by log odours and the possible role of attractants produced by insects is minor. In
addition, the abundant catch of Hylurgops palliatus and the sex ratio of the catch
may suggest that log odours play a major role in their orientation to ovipositional
sites. However, earlier studies indicate that an insect produced attractant may be
present in Blastophagus piniperda (Kan gas etal. 1970, Schénherr 1972) and
population pheromones are known in several other bark beetle species (e.g. Bakke
1973).

The number of Trypodendron lineatum, Orthotomicus proximus (5 specimens), and to
some extent also Pityogenes species collected by the traps were low compared with
the large number of flying beetles sighted in the area. Furthermore, the unused parts
of the trunks left in the fertilization experimental area were densely attacked by these
beetle species. This suggests that the attractive effect of pure log odours on these
bark beetle species is minor, and aggregation occurs only after the attacking beetles
have released an aggregation stimulant. Attack by Orthotomicus proximus and Pityo-
genes species also takes place after the other common pine bark beetles, because their
swarming period is later.

In Trypodendron lineatum a pheromone produced by burrowing females is known
(Rudinsky & Daterman 1964a,1964b, Chapman 1966, Rudinsky
1966) and some evidence for a pheromone in Orzhotomicus sp. has been found (Ch a-
raras 1973). The existence of pheromones in Pifyogenes species has not been
investigated so far.
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Effect of fertilization

The differences in the numbers of caught beetle species between the fertilized
and unfertilized groups were slight and statistically non-significant (Table 2). Of all
the species, Hylurgops palliatus showed the greatest difference with 25 per cent more
beetles in the traps baited with unfertilized bolts. In Blastophagus and Hylastes species
the differences were less and showed an opposite trend.

The fertilization treatment produced an increase in radial growth and in the
nitrogen content of the needles of the experimental trees (see Hiltunen et al.
1975, Table 1). The nitrogen content of the phloem of the trees was on the average
0.46 9, of the dry matter in the fertilized trees and 0.43 9 in the unfertilized trees
(t = 0.914; d.f. = 38). The correlation between the response of the experiment trees
to fertilization treatment and the number of bark beetles caught are presented in
Table 3. No real correlations appear to exist, but there was a slight negative trend
as far as radial growth and nitrogen content of the phloem are concerned.

There are no previous records about the effect of fertilization on the attraction
of bark beetles to breeding sites. Fertilization, especially with nitrogen, has, however,
been found to increase the resistance of living trees to bark beetle attack, due prob-
ably to an increase in turgescence and resin secretion (Hoffmann 1916, Han-

sen 1957, Merker 1967, 1969).

Effect of terpene content

Correlations between the numbers of caught bark beetles and the amounts of
different terpene compounds in the phloem of the bait logs are presented in Table 4
(see Figure 2). Only those beetle species which exceeded 100 specimens are treated
in the statistical analysis.

Blastophagus piniperda. The number of Blastophagus piniperda corre-
lated positively with the amounts of the monoterpenes 3-carene, f-phellandrene,
cis-f-ocimene, p-cymene, terpinolene and with a monoterpene hydrocarbon (com-
pound 14, tentatively indentified as f-carene; cf. Hiltunen 1976). There were negative
correlations with the amounts of the bicyclic monoterpenes a- and f-pinene and
camphene. Terpinen-4-ol, f-caryophyllene and one minor sesquiterpene hydro-
carbon (compound 22) also correlated positively with the number of Blastophagus
piniperda beetles caught.

The attractiveness of terpenes to Blastophagus piniperda has been previously tested
in the laboratory using choice chamber tests (Kangas etal. 1967, Oksanen
etal. 1968, Oksanen etal. 1970, Perttunen etal 1970). It has been found
that among the volatile compounds extracted from pine phloem, a-pinene and
3-carene were repellent at high concentrations but neutral at lower concentrations.
Limonene was found to be neutral or slightly repellent. Of one oxygenated mono-
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terpenes, a-terpineol was attractive and its effect was synergized by cis- and trans-
carveol. It has been suggested that variations in the ratios of these compounds may
be responsible for host selection by Blastophagus piniperda. According to Ozols
et al. (1973) Blastophagus piniperda was most attracted by the middle fractions of pine
essential oils.

Blastophagus minor. As regards Blastophagus minor, the coefficient of
determination of the terpene content was lower than that for Blastophagus piniperda.
Only compound 14 correlated significantly with the number of beetles. However,
the correlations for both Blastophagus species followed the same trend as far as the
major monoterpenes are concerned. It has previously been found that the same
fractions of pine volatile oil are attractive to both Blastophagus piniperda and B. minor
(Kangas etal 1970, Ozols et al. 1973).

Hylastes spp. Positive correlations were found between the catch of Hylastes
spp. and the amounts of limonene, f-phellandrene, cis-f-ocimene, and especially
p-cymene. The correlation with f-pinene, was negative. The correlations for the
group of monoterpene hydrocarbons were thus quite similar to those for Blastophagus
piniperda. No significant correlations were found for the sesquiterpenes and oxygenated
monoterpenes.

Perttunen (1957) has found in laboratory tests that Fylasies ater Payk.
specimens, collected from under the bark of pine, were slightly repelled by higher
concentrations of a-pinene and slightly but significantly attracted by lower concentra-
tions. Rudinsky (1966) has studied the orientation of Fylastes nigrinus (Mann.)
and F{ylastes ruber Swaine using some terpene hydrocarbons in field tests. The results
suggested that most of the tested compounds were attractive and the effect of a-pinene
was most apparent.

Rudinsky & Zethner-Moller (1976) have tested by means of a
field olfactometer the effect of five monoterpenes on the orientation of FHylastes
nigrinus. Among the compounds tested, a-pinene was attractive and also to some
extent f-pinene and camphene. Two other compounds, limonene and geraniol,
were nearly neutral.

Hylurgops palliatuns. Of the monoterpenes, significant correlation was
found only between the content of 3-carene and the number of FHylurgops palliatus.
Of the oxygenated terpenes the correlation was significantly positive with
y-muurolene. The correlations between the amounts of different terpene compounds
and the numbers of H. palliatus were very different from those of the real pine insects,
Blastophagus spp. and Hylastes spp. This might be due to the differences in terpene
composition between Pinus silvestris and Picea abies (cf. Schantz & Juvonen
1966, Juvonen 1966, Hiltunen et al 1975), since . palliatus is regarded
as being more of a spruce insect. In spruce (Picea abies ), for example, the amounts of
3-carene and myrcene are small compared with those in pine (Pinus silvestris).

Pityogenes spp. No significant correlations were found between the contents of
monoterpene hydrocarbons and the numbers of Pityogenes quadridens and Pityogenes



8 Kari Loyttyniemi and Raimo Hiltunen 88.6

bidentatus. Among the oxygenated monoterpenes, however, positive correlation was
found between borneol and P. bidentatus. The number of Pityogenes quadridens was
negatively correlated with the amount of total oil. This may be due to the slight
correlation with the monoterpene hydrocarbon group which constitutes the greater
part of the total oil. No previous results are available about the role of terpenes in
the olfactory orientation of Pifyogenes species.

Effect of the 3-catene chemotype

Pinus silvestris has been found to be divided into 3-carene rich and 3-carene poor
chemotypes (Juvonen 1967, Juvonen & Hiltunen 1972). In the 3-carene
rich chemotype, the 3-carene content of the monoterpenes found in needle oil is
more than 10 9%, and in the 3-carene poor chemotype less than 3 9,. Negative corre-
lation also exists between the contents of 3-carene and a-pinene and positive corre-
lation between 3-carene and terpinolene. The frequency of occurrence of 3-carene
rich pines decreases in Finland from west to east and from south to north.

Among the 40 pines studied, 14 belong to the 3-carene poor and 26 to the 3-carene
rich chemotype, which agrees well with the geographical location of the study area
(cf. Juvonen & Hiltunen 1972, Figure 1).

If the 3-carene chemotype plays any role in host-pest relations, it has not yet
been studied, except for an initial attempt by Juvonen & Hiltunen (1972)
with Diprion spp.

It was found that the 3-carene chemotypes are distinguishable also in pine
phloem and shoot oil (Hiltunen et al. 1975). The division of the bark beetle
material, according to the 3-carene chemotype of bait logs, is presented in Table 5.
Blastophagns piniperda was attracted more by bait logs of the 3-carene rich chemotype
than by the 3-carene poor chemotype. This agrees well with the positive correlation
found for the content of 3-carene and terpinolene and with the negative correlation
for a-pinene content. As regards Fylurgops palliatus, a slightly opposite effect of the
chemotype was observed (cf. Schantz & Juvonen 1966). No differences
were found among the other bark beetle species.

Correlation between Scolytid species

The correlations between the Scolytid species caught are presented in Table 6.
A significant positive correlation was found between the numbers of Blastophagus
piniperda and Hylastes spp. As mentioned before, the coefficients of determination of
some major monoterpenes were high in the case of both species. However, the
ovipositional site requirements of the species are very different (cf. Saalas 1917,
1923, 1949). No significant correlation was found between Blastophagus piniperda and
B. minor.
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Significant positive correlations were found between Blastophagus minor and
Pityogenes quadridens and between FHylurgops palliatus and both Pityogenes species.
However, no distinct similarities can be found as regards their relationship to in-
dividual terpene compounds (Table 4). Both Blastophagus minor and Pityogenes spp.
breed in the thin-barked area of pine trunks, but B. minor, as a fungus cultivator,
has, however, different quality requirements for breeding material. If there are any
differences in ovipositional site requirements between Pityogenes quadridens and P.
bidentatus, it is not yet known (cf. Saalas 1917, 1923, 1949).

Predators

The occurrence of bark beetle predators in the caught material is presented in
Table 7. The numbers of predators caught in the traps were relatively low compared
with their normal occurrence in forests, although the previous observations have
been done mainly with spruce (cf. Saalas 1917, 1923, 1949, Nuorteva 1956,
Annila 1975). No significant correlations or differences were found between the
catch of predators and individual terpenes, 3-carene chemotype, and fertilization
treatment.

The relatively low number of predators caught might suggest that host odours
play a role in their orientation.

Rudinsky et al (1971) have found that Thanasimus formicarius L., Epurea
Pygmaea Gyll. and Medetera signaticornis Lw. are attracted by log and host odours
(cf.also Schonherr 1972).

A positive correlation was found between the numbers of some bark beetles and
their predators (Table 8) (cf. Saalas 1917, 1923, 1949, Nuorteva 1956,
Annila 1975).

CONCLUSIONS

This study gives an insight into the effect of nitrogen fertilization on the attractive-
ness of pine logs to bark beetles and to what extent is the attractiveness correlated
with the volatile oil content in the phloem of the logs.

The results obtained from the field experiments carried out during the swarming
period showed only slight and insignificant differences between the attractiveness of
fertilized and unfertilized pine logs. The results suggest that the differences found
could be due to the effect of fertilization on the build up of the 3-carene related
compounds (cf. Hiltunen et al 1975).

If the attraction rate also characterizes the attack rate then fertilization does not
cause any significant changes in the attack intensity of pine bark beetles on unbarked
timber or moribund standing trees. It is also possible that fertilization does not

2 14947—76
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cause any significant difference in the attractiveness of healthy trees to bark beetles
(cf. Hiltunen etal 1975), although it does produce an increase in physiological
resistance to insect attack (cf. Hansen 1957, Merker 1967, 1969).

This study gives some idea of the relationship between the terpene content of
pine and its attraction to bark beetles. However, no direct conclusions can be drawn-
about the reactions of bark beetles to individual terpene compounds because these
compounds are affected by various physical and chemical factors when they evaporate,
and they evaporate from the wood at different rates. Furthermore, the intercorrelation
between the amounts of certain compounds may mean that the effect of a particular
compound is quite different from the effect observed in this study when it is tested
by itself.

Clear correlations were found between the amounts of many of the compounds
found in phloem volatile oil and their attraction to bark beetles. The strongest cor-
relations were found for species of Blastophagus piniperda and Hylastes spp. The com-
pounds that were correlated with Hylurgops palliatus suggest that this species is also
a spruce insect (cf. v. Schantz & Juvonen 1966). Whether or not the sample
tree was of the 3-carene rich or 3-carene poor chemotype had some effect on the
attractiveness, especially in the case of Blastophagus piniperda.

The results also show that Blastophagus spp., Hylastes spp. and Hylurgops palliatus
are strongly attracted by pure log odours, whereas Trypodendron lineatum, Orthotomicus
proximus and perhaps also Pifyogenes spp., obviously require secondary attractants
produced by insects before they can aggregate (cf. Rudinsky & Daterman
1964b, Chararas 1973).

The results of earlier studies on the effect of terpenes on the orientation of bark
beetles cannot be directly compared with the results obtained here, because the
questions under study have been approached in a different way. The information
available from some other sources is also inadequate because the study material has
been small and there has been a lack of statistical treatment.

As far as the secondary attacking pine bark beetle species are concerned, only
little information was now, and also earlier, obtained about the role of terpenes in
the pest resistance of trees. However, terpenes may play a more important role in
resistance to insect attack as far as some other insect pest groups are concerned
(cf. Tobolski 1968, Smeljanez 1969, Hanover 1975, Hiltunen
1976). Furthermore, some monoterpenes present in Scots pine may be suitable genetic
markers for pest resistance breeding (cf. Hiltunen 1976).

SUMMARY

The attractiveness of trapping bolts cut from 20 fertilized and 20 unfertilized
Scots pine trees to Scolytids were studied in field experiments. The volatile oil com-
position and quantity in the phloem of the experimental trees were determined and
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significant correlations were found between the numbers of some caught bark beetle
species and the contents of several monoterpene hydrocarbons and some sesquiterpene
hydrocarbons and oxygenated monoterpenes. Among the caught Scolytid species
Blastophagns piniperda was attracted more by the bait logs of the 3-carene rich
chemotype than by the 3-carene poor chemotype. Blastophagus piniperda, B. minor,
Hylastes spp. and Hylurgops palliatus were strongly attracted by pure log odours,
whereas Trypodendron lineatum and Orthotomicus proximus obviously require secondary
attractants. The differences in the numbers of caught Scolytid species between the
unfertilized and nitrogen fertilized bait logs were slight and insignificant. Also
no real correlations between the numbers of caught beetles and radial growth and
nitrogen contents of the experimental trees appeared.
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Figure 1. The weekly number of batk beetles caught during the trapping period. For
meteorological data see A non. (1973).

Table 1. The numbers and sex ratios of the bark beetle material collected in 40 window flight traps.

. ‘Total number | Number of beetles
Species of beetles per trap, range Males, %
Blastophagus piniperda L. ...........0.0cccciiiioan. 9 144 28—394 52.4
Blastophagus minor Hatt., ............ ... .. ... 7999 9—601 52.7
Hylastes SPP. «ovv i e 3182 4—337 50.6
Hylurgops palliatus (Gyll.) ... ... 1321 10—105 61.7
Pityogenes quadridens Hart. ....................... 276 0— 38 88.3
Pityogenes bidentatus Herbst. ..................... 144 0— 14 62.6
Cryphalus saltuarius Weise ..........cccoviiiienn.. 92 0— 13 6.7
Trypodendron lineatum (Oliv.) ..........ccovviio... 37 0— 3 41.5
Hylastes opacus Ex. ... i, 20 0— 3 30.7

Table 2. The numbers of bark beetles collected in window flight traps baited with fertilized and
unfertilized pine bolts.

Mean number of beetles per trap
Species t-value
Unfertilized Fertilized
Blastophagus piniperda ............c0oiiiiiiiiii 223.5 233.8 0.323
Blastophagus minor ..............iiiiiiiiiiaaan. 196.8 203.2 0.121
HIylastes SPP. v vvuveee it i 77.4 81.8 0.217
Hylurgops palliatus .........cccouuiiieeuuinennnn. 36.7 29.4 1.316
Pityogenes quadridens . .............ccciiiiiiinienn. 6.4 7.8 0.430
Cryphalus saltuarius ...........cccciiieeuineeennn. 2.1 2.5 0.467
Pityogenes bidentatus .......... ... i 3.5 3.7 0.153

to.o5 = 2.024
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Table 3. The correlation coefficients between the numbers of bark beetles caught and nitrogen
content and radial growth of the experimental trees.

. Nitrogen Nitrogen Radial growth,
Species content content 1972
of needles of phloem

Blastophagus piniperda . ...........c0iiiiiiiieinn. 0.046 —0.117 —0.166
Blastophagus minor ............c.cciiiiiiiiiiiaa. 0.242 —0.284 —0.083
Hylastes SPP. «v v vt eeine et rineeseaneeenns 0.099 —0.073 —0.113
Hylurgops palliatus ..............cccu. R, —0.211 —0.149 —0.237
Pityogenes quadridens ..............cci0iiinn veeeo| —0.104 —0.104 0.050
Pityogenes bidentatus ...........cccieiiiiiiiinnannn —0.249 —0.082 —0.141
Cryphalus saltuarius ...........c.ccciiiiienenenenns —0.230 0.001 —0.134

fo.05 =0.312

Table 4. Cottelation coefficients between the numbets of batk beetles caught and volatile oil com-
pounds in phloem of pine logs.

1 Tricyclene
2 a-pinene

3 Camphene
4 B-pinene
5
6
7
8

Sabinene
3-carene
Myrcene
a-terpinene
9 Limonene ............
10 B-phellandrene
11 cis-f-ocimene
12 yp-terpinene
13 pcymene .............
14 CigHyg ovvnevvnnnnnt
15 Terpinolene
16 Bornyl acetate
17 Terpinen-4-ol
18 f-elemene
19 B-caryophyllene
20 CisHyy voviiinnnn
21 Methyl chavicol
22 Cy5Hy,
23 a-terpineol
24 Borneol
25 Terpinyl acetate
26 Cy5Hy,
27 Cy5Hyy
28 y-muurolene
29 a-muurolene ..........
30 J-cadinene ..... e
31 p-cadinene ............
32 Calamenene

Total oil

fg.001 = 0.501; tq.9; = 0.403;

Blastophagus | Blastophagus Hylurgops Hpylastes Pityogenes Pityogenes
piniperda minor Dpalliatus spp. bidentatus quadridens
—0.151 —0.093 | —0.076 0.112 —0.060 | —0.187
—0.352% | —0.197 0.025 |—0.083 —0.035 | —0.055
—0.362% | —0.197 0.021 | —0.163 —0.083 | —0.070
—0.346% 0.011 0.027 | —0.369% 0.023 0.026
0.155 0.224 0.080 0.108 0.215 0.191
0.451%* 0.271 | —0.370%*%| 0.143 —0.094 | —0.077
—0.207 —0.166 0.305 | —0.104 —0.078 0.066
0.176 0.221 0.029 0.178 0.155 0.082
0.195 —0.230 0.064 0.390% —0.007 | —0.018
0.324% | —0.025 |—0.215 0.383% —0.110 | —0.142
0.393% 0.242 | —0.035 0.404%% —0.032 0.221
—0.051 —0.053 | —0.116 |[—0.127 0.130 | —0.211
0.687%*%*  (0.187 |—0.185 0.566%*%* | —0.142 | —0.040
0.436%* 0.347% | —0.200 0.163 0.006 0.094
0.563%%*% 0,308 |—0.150 0.235 0.063 0.130
0.051 —0.005 0.182 | —0.048 0.192 | —0.110
0.327% 0.205 0.069 0.136 0.184 | —0.047
—0.105 —0.186 0.087 0.002 —0.067 0.041
0.336% 0.142 | —0.054 |—0.082 —0.215 0.132
0.124 0.159 0.135 0.045 0.067 | —0.011
0.251 0.048 | —0.007 0.088 0.171 | —0.553
0.334% | —0.006 0.305 0.195 0.175 | —0.022
0.242 0.106 |—0.077 0.154 —0.089 | —0.081
—0.034 0.147 0.168 | —0.066 0.349% —0.097
—0.099 —0.004 | —0.071 | —0.175 —0.070 | —0.051
0.077 —0.042 0.159 | —0.005 0.071 —
—0.022 0.274 0.351% 0.165 0.127 0.285
—0.081 —0.050 | —0.087 | —0.142 —0.144 | —0.148
—0.129 0.105 0.071 | —0.040 —0.088 | —0.053
0.134 0.156 0.185 0.053 —0.041 | —0.211
0.047 0.176 0.028 | —0.093 0.154 0.118
—0.043 —0.169 | —0.049 | —0.045 —0.245 | —0.340%

fg.05 = 0.312
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Table 5. The numbers of bark beetles caught grouped according to the 3-catene chemotypes of
the experimental pines.

Mean number of beetles per trap
Species t-value
3-carene rich 3-carene poor
Blastophagus piniperda ............. . 0..iiiiiii.. 254.4 180.9 2.395%
Blastophagus minor ............ceiiiiiiieiinennn. 221.9 159.3 1.200
Hylurgops palliatus .........cccooviiineenenuinnnn. 29.4 39.8 1.843
Hylastes SPP. «vvuviit it 84.0 71.2 0.593
Pityogenes bidentatus ............ciiiiiiiiiiiinan. 3.7 3.4 0.197
Pityogenes quadridens ...............c.ciiiiiiaan.. 7.0 6.6 0.150
Cryphalus saltuarins .............cccveiiiiunnnnn. 2.3 2.2 0.135

to.o5 = 2.024

Table 6. Correlation coefficients between the numbers of bark beetle species caught.

Blastophagus Blastophagus Hylastes Hylurgops Pityogenes Pityogenes
piniperda minor spp. palliatus quadridens bidentatus
Blastophagus piniperda . . .. .. 1.000
Blastophagus minor . ........ 0.232 1.000
Hylastes spp. ............ 0.410%* 0.268 1.000
Hylurgops palliatus .. ...... —0.059 —0.111 0.309 1.000
Pityogenes quadridens . ... ... 0.095 0.326% 0.095 0.321% 1.000
Pityogenes bidentatus . ...... 0.033 0.147 0.162 0.472%%  0.229 1.000

fo.001 = 0.501; 19,97 = 0.403; 14,5 = 0.312

Table 7. The numbers of predatory beetles collected in window flight traps baited with fertilized
and unfertilized pine bolts.

Mean number of beetles per trap
Species t-value
Unfertilized I Fertilized
Thanasimus formicarins L. .. ...o.ooiiiiiinnnn.. 3.7 | 2.5 1.776
Rbigophagis SPP. « v ittt e 11.9 9.2 1.326
EDUFea SPP. o vv ittt it e e 2.5 1.9 0.782
Glischrochilus spp. .....vuiie ittt 4.6 5.2 0.533

to.o5 = 2.024
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Table 8. Correlation coefficients between the numbers of caught bark beetles and predators.

Damasi
ﬁ::iagz:; Rbhizophagus Epurea Glischrochilus
Blastophagus piniperda . .............. 0.325% 0.203 —0.141 0.325%
Blastophagus minor .................. —0.253 0.348% 0.077 —0.253
Hylastes spp. «.ooovviiiiiinnn.. —0.137 0.258 0.169 —0.137
Hylurgops palliatus ................. 0.153 0.4471%% 0.389% 0.153

fo.01 = 0.403; ry,05 = 0.312

TYPPILANNOITUKSEN JA MANNYN NILAN HAIHTUVAN OLJYN KOOSTUMUKSEN
VAIKUTUS KAARNAKUORIAISTEN ORIENTOINTIIN

Eriiden tuhohyonteisten on todettu hakeutuvan kasveihin kasvin sisiltiméin haihtuvan 6ljyn
antaman hajuirsykkeen perusteella. My6s tiedetddin kasvupaikkatekijéiden voivan vaikuttaa kasvin
haihtuvan 6ljyn miiriin ja koostumukseen.

Tissd tutkimuksessa on selvitetty, miten typpilannoitus ja minnyn nilan haihtuvan 6ljyn kom-
ponentteina esiintyvit terpeenit vaikuttavat kaarnakuoriaisten hakeutumiseen tuhon kohteeseen.
Saadut tulokset osoittivat, etti typpilannoitus ei aiheuta merkittivid muutoksia tuoreen minty-
puutavaran houkuttelevuudessa. Sitivastoin houkutuspuiden nilassa esiintyvien useiden mono- ja
eriiden seskviterpeenihiilivetyjen ja eriiden monoterpeenihappiyhdisteiden miirien ja houkuttele-
vuuden vililli esiintyi tilastollisesti merkittivid korrelaatioita. Minnyn 3-kareenirikas kemotyyppi
houkutteli pystynivertijisd enemmin kuin 3-kareenikdyhi kemotyyppi. Erdiden kaarnakuoriaislajien,
mm. havupuun tikaskuoriaisen, todettiin tarvitsevan puusta lihtevien hajuaineiden lisiksi hyonteisten
itsensd tuottamia hajuaineita etsiytyessddn lisddntymismateriaaliin. Erddt minnyn sisiltimit mono-
terpeenit saattavat olla kiyttokelpoisia geneettisia merkkiaineita tuhonkestivyysjalostuksessa.
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