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This study aimed at finding out the effects of maintaining ditch systems by ditch clean-
ing and complementary ditching on volume growth of drained Scots pine (Pinus
sylvestris L.) stands. Volume growth during the first ten post-treatment years was in-
creased by 0.16 m* ha™ a™! after ditch cleaning, 0.36 m® ha! a! after complementary
ditching, and 0.48 m* ha™! a™! after the combined treatment. The average growth reac-
tions during the second five-year period were considerably higher than during the first
one. No drastic reductions in stand growth, however, occurred in the untreated plots
during the post-treatment period of ten years.
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INTRODUCTION

According to the 8™ national forest inventory
(1989-94), the area classified as drained peatland
in Finland was about 4.7 million hectares. Addi-
tionally, 1.1 million hectares classified as
paludified mineral forest sites had been drained
for forestry (Tomppo 1999). The total annual
growth was 17.7 million cubic metres on sites
classified as peatland. The annual growth incre-
ment due to forest drainage of peatlands is pres-
ently estimated at 10.4 million m* (Tomppo
1999).

Forest ditches degenerate gradually, and with
time vegetation and sediments disturb water
movement in ditches more and more (Multamaki

1934, Lukkala 1949, Heikurainen 1957, 1980).
Inventories estimating the need for ditch network
maintenance have been carried out (e.g.
Keltikangas et al. 1986, Lauhanen et al. 1998).
According to the 8" national forest inventory, the
annual need for ditch network maintenance is
nowadays about 146 000 hectares (Tomppo
1999). During the recent years, about 70—80 000
hectares of ditch networks have been maintained
annually (Sevola 1999).

Ditch cleaning and complementary ditching
have been reported to lower the wet-period level
of the water table by 4 cm and 6 cm, respectively
(Ahti & Piivianen 1997). In northern Finland,
complementary ditching increased the radial
growth of individual Scots pines more clearly than
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ditch cleaning during the first 5-8 years after treat-
ment. In southern Finland, ditch network main-
tenance had no clear effects on the radial growth
of Scots pines (Ahti & Péivanen 1997). In a simu-
lation based on the same experiments (Hokka
1997), maintenance of ditch systems increased
the growth of Scots pine stands by 0.3-1.8 m’
ha' a'during a 15-year post-treatment period.

The aim of the study was to find out empiri-
cally the effect of ditch network maintenance on
stand volume growth. In addition, the ditch con-
dition after ditch network maintenance was in-
vestigated.

MATERIALS AND METHODS

Twelve field experiments including different
treatments of ditch network maintenance were
established in 1982—1985 (Paivianen & Ahti 1988,
Ahti & Péivanen 1997; Fig. 1, Table 1). The sites

were Scots pine stands of varying site quality
which had been drained for forestry by using open
ditches and with stand volumes between 9.0 and
97.3 m® ha! (Table 2). When selecting the study
sites, thinning and fertilization were not allowed
during the ten-year period preceding the experi-
ment.

Ten of our twelve experiments included all
treatments, i.e. ditch cleaning, complementary
ditching, the combined treatment, and control
plots representing the original (non-maintained)
ditching. The trees along the ditch lines were
felled and removed. There was no complemen-
tary ditching in the Parkano experiment, and no
combined treatment at Haapajarvi. The entire
series of experiments included 29 control plots,
39 ditch cleaning plots, 35 complementary ditch-
ing plots, and 38 plots with the combined treat-
ment. The number of replicates by treatment var-
ied within and between the experiments (Table

1.

Table 1. Some basic data on the experiments. nf = no fertilizations.

Taulukko 1. Kokeiden taustatiedot. nf = ei lannoituksia.

Experiment Temp. Original Peat Ditch Original  Fertiliz. Initial Number of

sum site type ¥ layer spacing ditching  years growing plots ¥

year stock ?

Koe Lampo-  Alkuper. Turve- Sarka-  Uudisoji-  Lannoitus- — Ldhto- — Koealojen

summa  suotyyppi V' kerros leveys tusvuosi  vuodet puusto ¥ mdidrd ¥

(d.d. °C) (m) (m) (m*ha') 0 a b ab
Leivonmiki 1178 VSR 0.2—>1.0 51 1955 1970 52 2 4 6 4
Joroinen 1173 IR >1.5 63 1953 1971 54 1 1 2 2
Parkano 1132 TR 0.5-13 67 1954 nf 54 1 4 0 5
Viitasaari 1070 VSR 1.1->1.5 48 1935 1966 58 1 2 1 2
Ahtiri 1069 IR 0.6—>1.5 46 1952-53 1963 31 1 3 3 3
Sonkajarvi 1044 PsR 0.7->15 47 1958 1964 54 3 4 3 3
Haapajirvi 1044 PsR 0.5-0.7 43 1926 1974 61 2 1 1 o0
Pyhinti 1024 PsR 0.2-0.6 50 1958 1966, -79 39 4 4 4 4
Yli-Ii I 1002 IR >1.5 35 1967 1968 19 3 3 4 4
Y1i-Ii IT 1002 LkR >1.5 35 1967 1968 19 2 2 2 2
Kuhmo 982 TR 0.6—>1.0 45 1967 1969, -84 21 4 4 4 4
Puolankal 951 TR 0.7->1.5 44 1930 1965 21 2 2 1 2
PuolankaII 951 TR 0.8—=>1.5 44 1930 1965 43 1 3 2 1
Taivalkoski 867 RhSR >1.0 45 1966 1967 20 2 2 2 2

b Site types according to Laine and Vasander (1990). Suotyypit Laineen ja Vasanderin (1990) mukaan.
» Mean stand volume after opening of ditch lines before ditch network maintenance. Puuston keskitilavuus ojalinjahakkuiden

Jdlkeen ennen kunnostusojitusta.

3 Number of plots, explanations: 0 = control, a = ditch cleaning, b = complementary ditching, ab = combined treatment.
Koealojen lukumddrd; selitykset: 0 = kontrolli, a = ojanperkaus, b = tdydennysojitus ja ab = yhdistelmdkdisittely.



The stand characteristics were determined at
the time of establishment and every fifth year af-
ter it. All trees were numbered. The breast height
diameter of all trees was measured in each plot.
Simultaneously, about thirty sample trees (every
n" tree, n depending on estimated stem number)
in each plot were selected to represent the stem
diameter distribution. From the sample trees,
height, stem diameter at the height of six metres
and height increment during the five last years
were determined. Stand volume and volume
growth per hectare were calculated using the KPL
software of the Finnish Forest Research Institute
(Heinonen 1994).

Depth, top width and bottom width of the
ditches were measured ten years after the treat-
ments. The ditch condition was estimated visu-
ally by using the five classes of Keltikangas et al.
(1986), class 1 representing the best ditch condi-
tion and class 5 representing the poorest.

The statistical calculations were performed
both individually for each experiment and for the
entire material. For the experiments at Yli-Ii and
Puolanka, which included considerable site vari-
ation, the calculations were performed by experi-
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mental blocks.

For the individual experiments and blocks, @L :
one-way analysis of variance (Ranta et al. 1989) °
was applied to test the effects of ditch network il F 3
maintenance on volume growth, which was the
main variable of interest in this study. The statis- 18- 1. Location of field experiments
tical significances of the differences in growth  Kuva 1. Kenttikokeiden sijainti
Table 2. Characteristics of the experimental plots after opening of ditch lines. All experiments (141 plots) included.
Taulukko 2. Kokeiden yleistiedot ojalinjahakkuiden jdlkeen. Mukana kaikki kokeet (141 koealaa).
Variable Mean S.D. Range
Muuttuja Keskiarvo Keskihajonta Taihteluvdli
Site variables — Kasvupaikkamuuttujat
Peat thickness — Turvekerroksen paksuus (cm) 107 41 35—>150
Temperature sum — Ldmposumma (dd °C) 1039 82 867-1178
Elevation a.s.1. — Korkeus m.p.y. (m) 149 37 90-220
Ditch spacing — Sarkaleveys (m) 47 9 35-67
Stand variables — Puustotunnukset
Mean d, ; — Keskimddrdinen d, 5 (m) 8.9 2.0 5.8-14.3
Mean height — Keskipituus (m) 6.9 1.6 4.2-10.7
Stem number — Runkoluku (stems ha™) 1199 385 401-2449
Stand basal area — Pohjapinta-ala (m* ha™) 83 33 2.9-16.8
Initial stand volume — Ldhtotilavuus (m? ha™) 38.8 20.6 9.0-97.3
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and ditch depth between the plots including ditch
network maintenance and the control plots were
estimated with Tukey’s test.

The effects of ditch network maintenance on
volume growth were analyzed by using a model,
in which the effects of the variation in initial vol-
ume (covariate) was taken into consideration by
using separate slopes of regression for each ex-
periment:

y,=c+t +b+px

i)

+8x] (1)

where y;= mean volume growth, alternatively for
the years 1-5, 6—10 and 1-10 after treatment, ¢ =
overall intercept, t; = the effect of treatment (con-
trol, ditch cleaning, complementary ditching,
combined treatment), b, = the effect of experi-
ment (Yli-Ii and Puolanka given by the blocks),

.x;; = the effect of initial volume (x;;, covariate)
within the individual experiments, and g; = an

error term.

The computations were carried out by SAS
and BMDP-90 software packages (SAS ... 1985,
BMDP... 1990).

RESULTS

Ditch characteristics after ditch network main-
tenance

The cleaned ditches and the complementary
ditches were still considerably deeper (p<0.01)
than the original ditches ten years after ditch net-
work maintenance (Table 3). In most sites, the
depth of the 10-year old ditches appeared to be
sufficient for satisfactory drainage. The cleaned
ditches were somewhat deeper and wider than the
complementary ditches, but the differences were
nonsignificant.

Table 3. Ditch characteristics (means + standard deviations, cm) ten years after drainage maintenance by experiment and
treatment. 0 = control, a = ditch cleaning, b = complementary ditching.

Taulukko 3. Ojien ominaisuuksia (keskiarvot + -hajonnat, cm) kokeittain ja kdsittelyittiin kymmenen vuoden kuluttua
kunnostusojituksesta. 0 = kontrolli, a = ojanperkaus, b = tdydennysojitus.

Experiment Treatment Ditch depth Top width Bottom width Ditch cond. class
Koe Kasittely Syvyys Pintaleveys Pohjaleveys Kuntoluokka
Viitasaari 0 32 £ 3 87 + 21 53 + 32 50+ 0.0
a 50 + 5 123 + 11 67 £ 19 32+ 04
b 47 + 6 117 £ 15 55 + 13 3.0+ 0.0
Joroinen 0 39+ 5 57 £ 15 37 + 12 40+ 0.0
a 71 + 10 112 £ 16 77 £ 19 28 £ 038
b 60 + 7 117 £ 13 59 + 17 3.0+ 0.8
Kuhmo 0 46 + 7 8 + 12 37 + 8 48 £ 03
a 104 £ 11 101 + 12 42 + 14 20+ 0.0
b 94 + 11 88 + 11 41 £ 16 20+ 0.0
Sonkajarvi 0 38+ 6 70 £ 12 27 £ 4 50+ 0.0
a 76 + 10 9% + 7 36 + 7 22+ 04
b 77 £ 6 9% + 8 31 + 4 20+ 0.0
Pyhinta 0 43 + 10 81 + 19 4 £ 22 44+ 08
a 72 + 10 122 + 11 70 £ 19 20+ 05
b 68 + 6 110 £ 15 63 £ 20 21+ 04
Yli-Ti 0 47 + 16 98 + 16 39 + 9 46 £ 1.0
a 84 + 10 138 + 17 59 + 15 20+ 0.0
b 81 + 5 133+ 9 4 £ 12 20+ 0.0
Taivalkoski 0 43 + 17 87 + 21 35 + 13 37+ 09
a 922 + 6 144+ 6 60 £ 17 1.1+ 03
b 85 + 11 145+ 9 63 £ 18 13+ 05




Effects of ditch network maintenance on stand
volume growth

On the basis of the linear model of equation (1),
ditch cleaning increased volume growth during
the first ten post-treatment years by 0.16 m?® ha™!
a~!, while the corresponding increase caused by
complementary ditching was 0.36 m*haa™', and
that of the combined treatment 0.48 m® ha™' a™’.
Significant increases in volume growth were ob-
served especially during the second five-year pe-
riod. During the first five years, the treatment ef-
fects were small (Tables 4 and 5).

In addition to using initial stand volume as
covariate, the effect of the pre-treatment varia-
tion in stand volume was partly eliminated by
subtracting the yield of the first 5-year period from
the second one, and then by using these differ-
ences when comparing the treatments with the
control. In this way, the reaction of the tree stand
to the treatments became less sensitive to varia-
tion in volume within the experiments, and the
positive effects of ditch network maintenance
were more clearly revealed in all experiments
except Leivonmaki (Appendix 1). In the entire
material, the difference between the 5-year peri-
ods was statistically significant for ditch clean-
ing (p<0.05) complementary ditching (p<0.01)
and the combined treatment (p<0.001). At
Sonkajarvi the positive effects of ditch network
maintenance became evident when comparing the
yields of the two 5-year periods with each other,
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even if the treated plots showed lower growth
rates than the controls. Irrespective of initial stand
volume, the positive growth reaction of the tree
stand could be seen during the second 5-year pe-
riod (Appendix 1).

DISCUSSION

The study aimed at finding out empirically, how
ditch network maintenance influences stand vol-
ume increment in drained Scots pine mires. No
dramatic reductions in the growth of the control
plots were observed during the 10-year study pe-
riod. Significant increases in growth were ob-
served during the second five-year period after
drainage maintenance.

According to the simulations of Hokka (1997)
for a 15-year period, ditch network maintenance
increased stand growth by 0.5-1.8 m* ha'a! in
the southern Finland and by 0.3—-1.3 m* ha'a™' in
northern Finland. In our study, the mean increase
in annual growth was somewhat smaller. The dif-
ference may partly be explained by the delayed
reaction of the stands which plays a more impor-
tant role during a shorter time period, and the fact
that Hokka (1997) did not compare the growth
of the treated plots with that of the control plots,
but used a specific basic growth rate for 15 years
without treatment effects as the point of compari-
son. Further, the simulations were made for a
better site than the average in this study.

Table 4. Anova tables for the linear model (y; = ¢ + t, + b+ Bx; + & eq. 1) describing the effects of ditch network
maintenance on annual stand growth, alternatively for the years 1-10, 1-5 and 6-10 after treatment. t; = the effect of
treatment, b; = the effect of experiment and B;x; = the effect of initial volume (x;;, covariate) within the individual experi-

ments.

Table 4. Kunnostusojituksen kasvuvaikutuksia kuvaavan lineaarisen mallin (yhtdilo 1) varianssianalyysitaulukko jak-
soille 1-10, 1-5 ja 6-10 vuolta kdsittelyn jdlkeen. (, = kdsittelyn vaikutus, b, = kokeen vaikutus ja 3, x,= alkupuuston

tilavuuden vaikutus (kovariaatti).

1-10 years
Source — vaiht. ldhde b t Byx;;
df — vapausasteet 13 3 14
SS — neliosumma 17.4 4.02 26.7
MS - keskinelio 1.34 1.34 1.91
F value — F-arvo 10.5 10.5 14.9
p value — p-arvo <0.001 <0.001 <0.001

1-5 years 6-10 years
b 4 By b, 4 Byx;
13 3 14 13 3 14
10.4 0.22 27.6 26.4 14.9 27.9
0.802 0.074 197 2.03 4.96 1.99
6.70 0.62 16.5 9.76 23.8 9.58
<0.001 0.606 <0.001 <0.001 <0.001 <0.001
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Hytonen and Aarnio (1998) simulated the fu-
ture growth of part of our pine stands after ditch
network maintenance by using Hokka’s (1997)
prediction model, and also obtained higher pre-
dicted volume increments for the post-treatment
period of 20 years than is indicated by our em-
pirical data for the first 10 post-treatment years.
As in the case of Hokké’s (1997) simulatons, the
difference may partly be explained by the delayed
reaction of the stands which plays a more impor-
tant role during a shorter time period. The differ-
ence is most conspicious in the well-stocked
stands of southern Finland, and might also be due
to the fact that Hokka’s (1997) model does not
take into account the biological drainage of the
stands or their actual hydrological situation and
therefore overestimates the hydrological need for
ditch network maintenance.

The lack of statistically significant growth
reactions in some stands especially in southern
Finland was most probably due to the fact that
no acute need for ditch network maintenance ex-
isted even if the technical condition of the ditches
was poor. With the development of the stands,
the decreasing drainage of the deteriorating ditch
system might have been compensated by in-
creased water uptake and transpiration by the
stand itself. In such a situation, the level of the

Table 5. Increase in mean volume growth (m® ha™' a) after
ditch network maintenance on the basis of the linear model
of eq. 1 and Table 4, alternatively for the years 1-10, 1-5
and 6-10 after treatment. Significance of change: * p<0.05,
## p<(.01, ##* p<0.001.

Taulukko 5. Kunnostusojituksen vaikutus puuston kes-
kimddrdiseen tilavuuskasvuun (m* ha a') yhtdlossd 1 ja
taulukossa 4 esitetyn lineaarisen mallin perusteella jak-
soille 1-10, 1-5 ja 6—10 vuotta kasittelyn jclkeen. Kasvu-
muutoksen merkitsevyys: * p<0,05, ** p<0,01, ***
p<0,001.

Treatment 1-10 1-5 6-10
Kasittely years years years
Ditch cleaning 0.16 —-0.03 0.39"
Ojanperkaus

Complem.ditching 0.36™ 0.07 0.70™"
Taydennysojitus

Combined treatment 0.48™ 0.06 0.96™

Yhdistelmdkasittely

ground water table will remain deep enough as
long as tree growth and the evapotranspiration
from the stand remain high enough, and the shal-
low ditches will still be deep enough to collect
the surface runoff. As a whole, the hydrological
balance will be much more based on the
evapotranspiration and the interception of the
stand than earlier, i.e. the stability of the hydro-
logical balance will become dependent on the sta-
bility of stand development.

Ditch network maintenance is usually per-
formed in connection with thinning, which would
temporarily reduce the interception and the up-
take of water by the stand (Heikurainen &
Péivanen 1970) and accordingly emphasize the
hydrological role of the ditch system. Our stands
were not thinned in connection with or ten years
prior to maintaining the ditch systems, and con-
sequently the present study probably underesti-
mates the growth reactions of peatland pine stands
to ditch network maintenance in practical forestry.

The aim of ditch cleaning and complemen-
tary ditching should be to preserve stand growth
at the potential level of a site rather than to in-
crease it. The rather limited growth reactions of
the pine stands indicate that the hydrological need
for ditch network maintenance is less urgent than
expected. Even if maintenance of the ditch sys-
tems is necessary, delays in performing it will
probably not cause drastic growth reductions or
irreversible changes in the development of the
stands.
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Kunnostusojituksen vaikutus rimeménnikéiden kehitykseen

Tutkimuksen tavoitteena oli selvittdd kunnostus-
ojituksen vaikutusta puuston kasvuun ojitetuissa
ramemannikoissa. Tutkimuksen 12 kenttakoetta
perustettiin vuosina 1982—1985 (Péivianen & Ahti
1988, Ahti & Paivanen 1997). Eteldisin koe si-
jaitsi Leivonmaelld (N 61°45”) ja pohjoisin
Taivalkoskella (N 65°45) (Taulukko 1, Kuva 1,
Taulukko 2). Kuhmon koetta lukuunottamatta,
joka oli lannoitettu 1984, kokeilla ei ollut tehty
hakkuita tai lannoituksia kymmeneen vuoteen.
Kenttdkokeiden koejdsenia olivat kunnostusojit-
tamaton vertailukésittely, ojan perkaus, tayden-

nysojitus seka perkauksen ja tadydennysojituksen
yhdistelma.

Kokeiden puustot mitattiin kunnostusojitus-
vuonna sekd viisi ja kymmenen vuotta sen jal-
keen. Puustotunnukset laskettiin Metsantutkimus-
laitoksen KPL-ohjelmistolla (Heinonen 1994).
Viisivuotisjaksojen kasvuiksi maariteltiin
perdkkaisissd mittauksissa saatujen tilavuuksien
erotus. Ojien mitta- ja kuntotiedot kymmenen
vuotta kasittelyjen jalkeen olivat kaytettavissa
seitsemaltd kokeelta.

Seitsemastd kokeesta kuuden ojat olivat mi-
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toiltaan hyvissa tai tyydyttavassa kunnossa
kymmenen vuotta kunnostusojituksen jilkeen
(Taulukko 3). Perkausojien ja tdydennysojien
keskisyvyydet eivat poikenneet tilastollisesti
merkitsevasti toisistaan.

Kaikki koejasenet sisaltaneilld kokeilla ojien
perkaus tuotti keskimaarin 0,16:n m* ha™! a:n
kasvunlisdn kymmenen vuoden mittausjaksolla
(Taulukko 5). Vastaavasti tdydennysojitus tuotti
0,36 :n ja yhdistelmakasittely 0,48:n m* ha”' a':n
kasvunlisan. Toisella 5-vuotisjaksolla vastaavat
luvut olivat 0,39, 0,70 ja 0,96 m* ha' a™’.

Kun kunnostusojituksen jalkeisten kahden
viisivuotisjakson tuotoksia verrattiin keskendan,
kunnostusojituksen kasvua lisaava vaikutus nakyi
selvemmin kuin vertaamalla kasittelykohtaisia
kasvuja. Leivonmaen koetta lukuunottamatta ver-
tailuruutujen kasvusuunta oli kunnostusojitettu-
ithin ruutuihin verrattuna aleneva (Liite 1).

Eraiden kokeiden vaatimattomat kasvureak-
tiot etenkin Eteld-Suomessa johtuvat toden-
nakoisesti siitd, ettd niilla ei ollut valitonta kun-
nostusojituksen tarvetta, vaikka ojien tekninen
kunto oli heikko. Nayttaa silta, etta puuston ke-
hityksen myoté sen lisadntyva vedenotto ja trans-
piraatio kompensoivat huomattavasti ojaston
vedenjohtamiskyvyn heikkenemistd, eikd poh-
javesipinta nouse haitallisen korkealle ennenkuin
puuston kasvu ja vedenotto heikkenevit ulko-
puolisista syistd. Matalatkin ojat riittavat mar-

kien jaksojen pintavesien kuljettamiseen, joiden
merkitys ojitusalueiden hydrologiassa on merkit-
tavd, mutta suometsin vesitase kokonaisuutena
on tallaisessa tilanteessa paljon enemmén puuston
haihdunnan ja latvuspidannan varassa kuin aikai-
semmin, ja vesitaseen vakaus nayttaisi riippuvan
aikaisempaa enemmadn siitd, miten vakaana puus-
ton kasvu ja vedenotto jatkuvat.

Kaytannon metsitaloudessa kunnostusojituk-
set tehddédn yleensa hakkuiden yhteydessa. Har-
vennushakkuutkin vihentavit oleellisesti puuston
vedenottoa ja latvuspidantaa (Heikurainen &
Péivanen 1970), jolloin ojaston ja valunnan mer-
kitys ojitusalueen vesitaseessa korostuvat. Kos-
ka taman tutkimuksen kokeissa ei tehty hakkuita
kunnostusojituksen yhteydessd, tutkimuksen tu-
lokset todennakoisesti hieman aliarvioivat kun-
nostusojituksen vaikutusta suopuustojen tuotok-
seen.

Kunnostusojituksella ei niinkdan pyritd oji-
tusalueen puuston kasvun lisidmiseen, vaan
pikemminkin sailyttaméin kasvu kasvupaikan
ravinteisuustason edellyttaimalla tasolla. Téassa
tutkimuksessa havaitut kunnostusojituksella
saadut kasvunlisdykset viittavat siihen, ettd kun-
nostusojituksen tarve on pienempi kuin aiemmin
on arveltu. Vaikka kunnostusojitus on suopuus-
tojen suotuisan kehityksen kannalta tarkea
toimenpide, sen viivdstyminen ei ndyté aiheutta-
van dkillista kasvun taantumista.

Received 9.8.2000, Accepted 24.1.2001



SUO 52(1), 2001 37

Appendix 1. Effects of ditch network maintenance on the increase in volume growth in Scots pine stands by experiment.
Legend: n = number of plots, dV,= timber removal when opening ditch lines (m?* ha™'), V, = initial stand volume after
opening of ditch lines (m* ha™), V,,= stand volume ten years after drainage maintenance (m® ha™), I, = mean annual
growth, including natural removal, during the whole 10-year period (m*ha'a™), I, = mean annual net growth during the
whole 10-year period (m*ha'a™), I, s = net yield during years 1-5 (m*ha™), Iy ,, = net yield during years 6-10 (m*ha™),
I o — 1,5 = difference between net yields of years 6-10 and years 1-5 (m® ha™'), — = data not available. Significant
differences between control and ditch network maintenance according to Tukey’s test, * = p<0.05, **=p<0.01, ***=p<0.001.

Liite 1. Kunnostusojituksen vaikutus puuston tilavuuskasvuun kokeittain. Selitykset: n = havaintojen lukumdidrd, dV,=
ojalinjahakkuussa poistettu puusto (m* ha™), V= puuston tilavuus ojalinjahakkuun jclkeen (m* ha™), V;,= puuston tila-
vuus kymmenen vuoden kuluttua kunnostusojituksesta (m* ha™), 1,,,, = puuston kymmenen vuoden keskikasvu luonnon-
poistuma mukaan lukien (m* ha'a™), 1,,, = puuston kymmenen vuoden keskimdcrdinen nettokasvu (m* ha'a™), I, ;=
puuston nettotuotos vuosina 1-5 (m* ha), 1,_,, = puuston nettotuotos vuosina 610 (m?* ha™'), I, 1, s = puuston netto-
tuotosten erotus vuosien 6—10 sekd 1-5 vdlilld, — = puuttuva tieto. Merkitsevyydet kunnostusojittamattoman vertailun ja

kdsittelyjen vdlilld Tukey 'n testin mukaan * = p<0,05, **= p<0,01, ***= p<0,001.

Experiment Treatment n dv, Vo Vio Tiotal Lt I | P Teo—1Is
Koe Kasittely
Leivonmaiki 0 2 0.0 44 85 43 4.1 17.3 232 +5.9
a 4 0.2 56 95 4.5 3.9 15.8 23.3 +7.5
b 6 43 48 90 4.6 42 18.9 232 +4.3
ab 4 5.2 60 104 5.0 4.4 18.5 25.9 +7.4
Joroinen 0 1 0.0 67 138 7.2 7.1 38.5 32.6 -5.9
a 1 45 63 140 7.8 7.7 38.3 38.8 +0.5
b 2 2.8 50 120 7.1 7.0 344 352 +0.8
ab 2 44 48 119 7.2 7.1 34.8 36.5 +1.7
Parkano 0 1 0.0 56 84 3.6 2.8 17.9 10.8 -7.1
a 4 0.4 60 89 33 2.9 15.8 13.3 -2.5
b 0 — — — — — — — —
ab 5 3.5 59 94 3.8 3.5 16.6 18.1 +1.5
Viitasaari 0 1 0.0 85 143 6.2 5.8 25.4 32.6 +7.2
a 2 0.1 60 113 5.5 5.3 23.4 30.0 +6.6
b 1 7.8 97 152 59 55 20.3 34.2 +13.9
ab 2 5.8 66 129 6.5 6.3 24.3 38.2 +13.9
Ahtari 0 1 0.0 18 29 1.1 1.1 4.7 58 +1.1
a 3 0.1 41 57 1.9 1.6 6.3 10.1 +3.8
b 3 1.8 28 42 1.6 1.4 5.3 93 +4.0
ab 3 4.0 29 45 1.8 1.6 5.6 10.4 +4.8
Sonkajarvi 0 3 0.0 66 106 45 4.0 23.3 17.1 -6.2
a 4 2.9 51 90 4.1 3.9 21.0 18.0 -3.0
b 3 5.4 49 87 4.0 3.8 18.4 19.2 +0.8**
ab 3 6.6 51 86 3.9 3.5 17.0 17.9 +0.9%**
Haapajarvi 0 2 0.0 58 85 2.8 2.8 11.0 16.7 +5.7
a 1 1.2 63 97 34 3.4 11.4 223 +10.9
b 1 3.1 73 113 3.9 3.9 13.2 26.2 +13.0
ab 0 — — — — — — — —

Continued ...
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Appendix 1. continues.... Liite I jatkuu.

Experiment  Treatment n dv, V, Vi Tt Lo I ) P To0—1s
Koe Kasittely
Pyhénta 0 4 0.0 42 64 23 23 11.9 11.0 -0.9
a 4 0.5 44 68 2.4 2.4 11.2 12.6 +1.5
b 4 3.1 37 61 2.5 2.4 12.0 12.4 +0.4
ab 4 4.8 40 65 24 2.4 10.3 13.9 +3.6%*
Yli-Ti 0 5 0.0 18 30 1.0 1.0 6.9 4.6 =23
a 5 0.6 21 37 1.5 1.5 8.9 74 -1.5
b 6 2.7 17 32 1.4 1.3 7.3 7.5 +0.2
ab 6 4.5 19 36 1.6 1.5 7.6 9.3 +1.7%*
Yli-Ii T 0 3 0.0 20 29 0.9 0.9 6.1 33 -2.8
a 3 0.6 20 33 1.2 1.2 73 5.6 -1.7
b 4 2.8 16 27 1.0 1.0 5.9 5.0 -0.9
ab 4 5.6 20 33 1.2 1.2 6.4 7.0% +0.7*
Y1i-Ii I 0 2 0.0 17 31 1.3 1.3 7.8 6.3 -1.5
a 2 0.5 22 44 2.0 1.9 11.2 10.3* -0.9
b 2 2.5 18 40 2.1 2.0 10.0 12.4%%  +2.4
ab 2 24 18 42 22 2.2% 10.1 13.9%%  +3 8%
Kuhmo 0 4 0.0 22 45 23 23 14.5 8.6 -5.9
a 4 0.8 23 51 2.8 2.8 15.6 12.3 -3.3
b 4 3.0 19 49 3.0 3.0 15.9 13.6 -2.3
ab 4 32 22 54 33 3.2 16.8 15.6* —1.2%
Puolanka 0 3 0.0 23 41 1.8 1.8 9.5 8.4 -1.1
a 5 0.5 40 67 2.7 2.7 12.5 14.1 +1.6
b 3 1.2 27 49 22 22 9.8 12.2 +2.4
ab 3 2.2 31 59 2.9% 2.8% 12.3 15.9% +3.6*
Puolanka I 0 2 0.0 19 36 1.7 1.7 9.2 7.6 -1.6
a 2 0.2 19 42 23 23 11.1 11.6 +0.5
b 1 1.3 18 40 22 22 10.6 11.1 +0.5
ab 2 2.1 25 56 3.1 3.1 13.4 17.4 +4.0
Puolanka II 0 1 0.0 32 53 2.0 2.0 10.3 10.1 -0.2
a 3 0.7 54 83 2.9 2.9 13.3 15.6 +2.3
b 2 1.2 31 53 22 22 9.4 12.7 +3.3
ab 1 2.5 43 66 2.4 2.3 10.2 12.9 +2.7
Taivalkoski 0 2 0.0 22 41 2.0 1.9 9.8 9.2 -0.6
a 2 0.2 17 35 1.7 1.7 82 9.2 +1.0%*
b 2 1.9 22 44 22 22 10.5 11.6 +1.1*
ab 2 1.1 19 39 2.0 2.0 8.6 11.7 +3.1%*
Mean for all
complete
experiments 0 26 0.0 35 61 2.6 2.6 13.9 12.0 -1.9
Kailkki kasittelyt  a 34 0.9 40 69 3.0 2.9 14.2 15.3 +1.1%*
sisdltavien b 34 32 34 64 3.0 3.0 14.1 15.8 +1.7%*
kokeiden ka. ab 33 4.0 36 68 32 3.2 14.2 17.7* +3.5%%%




