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INHERENT GROWTH RHYTHM OF SOME LARIX-SPECIES
GROWN IN A PLASTIC GREENHOUSE

ANTTI KOSKIMAKI, PERTTI HARI, SEPPO KELLOMAKI and MARKKU KANNINEN

SELOSTE:

ERAIDEN LEHTIKUUSILAJIEN KASVURYTMIN MUUNTUMINEN KASVI-
HUONEOLOSUHTEISSA

Saapunut toimitukselle 1979-02-13

The daily height growth rate of several larch species grown in a plastic greenhouse and in the
open was measured. The growth pattern indoors was completely different compared with the
normal outdoor growth pattern. Especially, the phase of maximum growth was unexpectedly long.
This fact suggests that there is great potential for using greenhouse cultivation to change the
growth pattern of cultivated plants in order to obtain more complete utilization of the potential

growing season.

INTRODUCTION

In the boreal zone, the annual growth
pattern of vascular plants seems to be mainly
determined by temperature, as demonstrated
for example by Harr (1972). The basic
pattern of growth has proved to be similar
irrespective of the plant species, apart
from the timing of different growth phases,
i.e. onset of growth, phase of maximum
growth and cessation of growth (cf. Vuokko
et al. 1977). The variation in the growth
pattern suggests that there are different
adaptive mechanisms for utilizing the
resources available in the environment.
These mechanisms are evidently connected
to the frost resistance of different species
and may represent a compromise between
lethal cold weather and interspecific com-
petition, as argued by NIENSTAEDT (1974)
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and Vuokko et al. (1977). On the other
hand, the annual growth pattern sets limits
for plant production even in favourable
environmental conditions (cf. KELLOMAKI
1977).

The aim of the present paper is to study
the daily growth pattern of some larch
(Larix spp.) species grown in a plastic
greenhouse in order to determine their
inherent growth rhythm and its effect on
potential plant production. The dynamic
growth model presented by HAaArr ef al.
(1977) has been applied to the analysis of
the data.

Metsanjalostussiditié (The Foundation for Forest
Tree Breeding) is acknowledged for providing the
facilities which made this work possible.

MATERIAL

The study material was collected in 1975
at the experimental nursery of Metsiinjalos-
tussditio (The Foundation for Forest Tree
Breeding) near Helsinki (60°36’N, 24°26’E,
120 m a.s.l.), Finland. The larch species
under study and some of their characteristics
are presented in Table 1. The elongation of
the leader or a branch of each larch species
was measured once a day at 08.00 a.m. to
an accuracy of 0.1 mm. In cases where
several shoots were monitored, the results
were pooled during data processing. Temper-
ature was monitored using thermographs
(model Lambrecht 252), placed in a standard
weather chamber at a height of 1.6 meters

Table 1. Description of the study material.

in the greenhouse and 2,0 meters outdoors.
The chart was read once every hour.

The study material representing the green-
house material was kept uncovered during
the winter. The greenhouse was erected
on April 14, before the onset of growth.
The greenhouse was remoed on August
14. 1In early spring the greenhouse was
heated during night frosts. If the air
temperature rose over 20°C during the
summer the cover was cooled by two fans.
The soil moisture was optimal both out-
doors and greenhouse throughout the whole
growing period.

Mother tree or seed

GREENHOUSE
3 Larix laricina (Dur.) K.
Koch x open pollination
+ Larix sibivica Ledeb.
x open pollination
5 Larix leptolepis
(Sieb. et zucc.) Gord.
x L. decidua Mill.
x open pollination
6 Larix sibirica
Ledeb.

Number Species Provenance I Additional information
specification
OUTDOORS
1 Larix decidua Mill. Switzerland E 428 Monitoring of elongation
2 Larix sibirica Ledeb. Raivola E 302 of three branches about
3 Larix sibirica Ledeb. Novosibirsk E 388 2 meters above ground
4 Larix sibirica Ledeb. Pinega P 54 level on south side of

71 — E 1501 x Hs

the tree

E 1148 x Sv. 41 F
71 — USA 6011

E 1037, 66—501.1
K 308

Monitoring of crown top
and two branches
See outdoor trees

E 403 x open pollination See outdoor trees

METHODS AND RESULTS

Fig. 1 shows the daily course of height
growth both outdoors and in the greenhouse.
In order to distinguish between the effect
of the inherent growth rhythm and the daily
weather factor, the dynamic growth model
presented by Harr ef al. (1977) was applied
in the analysis. Let f denote the effect of

the inherent growth rhythm on the growth
rate. Function f depends on the physio-
logical stage of development. The function
f is determined with the parameters a,, s,
s, and s.. The relationship between the
function f and the parameters is demonstrat-
ed in Fig. 2.
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Fig. 1. Daily height
growth of the
species studied.

A: in outdoor conditions.
For species number see

Larix-

24 Table 1.

Ji B: in a greenhouse. For
b A e VW species number see Table
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The effect of the inherent growth rhythm
can be considered as constant during period
of one day. Let s be the physiological
stage of development of the j:th day, and
g the height increment of the same day.
Assume that the effect of temperature and
the inherent growth rhythm is multiplicative.
‘When the growth rate is integrated over
a day, the following model for the daily
height increment values is arrived at:

g = 1(s) -a-kj,
where k; is the daily effect of temperature
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on the shoot elongation during the j:th day
and a is a parameter.

The basic dependence of the growth
rate on temperature is shown in Fig. 3.
This dependence gave, however, too large
daily height increments in the green house
during warm days. In order to avoid this
systematical discrepancy, the basic de-
pendence of the growth rate was changed
in such a way that above a certain threshold
temperature the growth rate was assumed
to be independent of temperature. The
value of the threshold temperature was
estimated as being 27° C.

4ol 81) X

Function f

.a1)

Phase 1 Phase 2 Phase 3 s
Physi gi stage of

Fig. 2. Basic structure of the inherent growth
rhythm applied in analysis.

s, is the physiological stage of development in
which maximum growth is attained.

sy is the physiological stage of development in
which growth starts to decrease.

sc is the physiological stage of development in
which growth ceases.

a, is the level of growth of the begining of the
daily height growth.
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Fig. 3. Dependence of growth rate on temperature
and its modification for the analysis (cf. HARI éf al.
1977).
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The value of the parameters a, al, s!, s?
and s, were estimated by computer iteration
for each species. Utilizing these results the
daily course of the function f is presented
in Fig. 4. The quality of the model was
assessed by computing the daily wvalues

of height increment for each species accord-
ing to the model and then comparing them
with the actual measurements. The results
are demonstrated in Fig. 5. For further
details of the present method see the earlier
paper by HARrr et al. (1977).
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Fig. 5. Examples of the
relationship between
. calculated and observed
height growth.
v A: in outdoor conditions
] for species number 4.
For species number see
Table 1.
[ i B: in a greenhouse for
' VN A species number 6. For
\ . species number see Table

DISCUSSION

The growth rate is affected by the envi-
ronment and the internal state of the plant.
These factors are in a dynamic state through-
out the growing period, and for this reason
it is difficult to make conclusions concerning
the role of internal state in the growth
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processes by means of standard statistical
methods. However, by using the applied
model these two factors are separated from
each other and a rather satisfactory result
is obtained.

The agreement between the observed and

computed daily values of height increment
was rather satisfactory in both cases, the
explained variance was approximately 87 9,
outdoors and 76 9, in the greenhouse. In
the greenhouse the degree of determination
was, however, systematically lower than
outdoors. Difficulties in monitoring the
daily height growth decrease the percentage
of explained variance. In many cases the
difference between observed and computed
values is, however, of the same magnitude
as the measuring accuracy. This is in a
good agreement with the results of HARI
et al. (1977), Vuokko et al. (1977) and
KeLLomikr (1977).

As expected, the onset of growth took
place in the greenhouse much earlier than
outdoors (cf. HArr 1972, SArvas 1972). In
addition, the phase of increasing growth in
the greenhouse was much shorter than that
outdoors. In the greenhouse the phase of
maximum growth was, however, unexpec-
tedly long. Apart from the species number 8
the maximum growth phase lasted for over
three months and continued for 7—10 days
after removel of the greenhouse. Such a
long duration of maximal growth is impossible
in outdoor conditions, and thus has to be
induced in the greenhouse.

The maximum growth phase outdoors

lasted for only a few days. In this case the
decreasing growth phase was much longer
than that in the greenhouse, where the
cessation of growth took place within a few
days. Unfortunately, exactly the same
species were not grown in both places, and
therefore the results are not comparable in
every respect. They show, however, that
the growth pattern of the study material
has changed profoundly in the conditions
prevailing in the greenhouse.

Our results are preliminary ones, but they
suggest that the normal growth pattern of
plant species can be changed by applying
suitable technics, as in this case changing
the seasonal temperature pattern (cf. Kisu
et al. 1972). Subsequently, the growth
period in the greenhouse bas been lengthened,
and the period of dry matter accumulation
is much longer than that in natural condit-
ions. In greenhouse production especially
the altering the natural growth pattern may
prove usefull and provide new opportunities
for increasing crop production in controlled
environments. On the other hand, the
special conditions prevailing in greenhouses
can have a great effect on the experimental
results, and may obscure their interpretation
and application.
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kasvuolosuhteita,

tissi tapauksessa kasvukauden lampdéolosuhteita.
Tarkoituksenmukaista tekniikkaa soveltaen lienee

mahdollista kiyttdd entistd tarkemmin hyviksi
potentiaalinen kasvukausi ilman, ettd kasvien luon-

mahdollista muuttaa kasvien luontaista kasvu-
nollinen kasvurytmi rajoittaa tuotantoa.

rytmid muuttamalla sopivasti
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KIRJOITUSTEN LAATIMISOHJEET

Silva Fennica-sarjassa julkaistaan lyhyiti metsétieteellisii tutkimuksia ja kirjoituksia koti-
maisilla kielilld tai jollakin suurella tieteelliselld kielells. Julkaistavaksi tarkoitettu kasikit-
joitus on jitettivi Seuran sihteerille painatuskelpoisessa asussa. Seuran hallitus ratkaisee
asiantuntijoita kuultuaan, hyvéksytadnko kirjoitus painettavaksi.

Kirjoitusten laadinnassa noudatetaan Silva Fennican numerossa Vol. 4, 1970, N:o 3 pai-
nettuja kansainvilisii objeita. Suureissa, yksikéissi sekd symbolien ja kaavojen merkinnéissi
noudatetaan ohjeita, jotka ovat suomalaisissa standardeissa SFS 2300, 3100 ja 3101. Oiko-
luvussa noudatetaan standardia SFS 2324. y

Kirjoituksen alkuun tulee julkaisun kielelld lyhyt yhdistelm4 tutkimuksen tuloksista. Sa-
moin laaditaan tutkimuksen yhteyteen lyhyt englanninkielinen tiivistelma, jonka, lisiksi kun-
kin Silvan numeron loppuun painetaan irti leikattavan kortin muotoon kustakin tutkimuksesta
englanninkielinen esittely. Sisallysluetteloa. ei kiyfet.‘.-i. Mahdolliset kiitokset esitetiain lyhyesti
johdannon lopussa ja merkitiin painettavaksi petiitilla.

Kuvien ja piirrosten viivapaksuudet ja tekstikoko on valittava siten, etti ne sallivat pai-
natuksen vaatiman pienennyksen. Kuvien ja piirrosten painatuskoosta on syyti mneuvotella
etukiteen toimittajan kanssa, silld tarpeettomia kustannuksia aiheuttavaa painatuskokoa  ei
sallita.  Valokuvien tulee olla teknisesti moitteettomia ja kiiltdvalle valkealle paperille suu-
rennettuja. Virikuvia ei yleensi hyviksyta painettavaksi. Kuvat ja taulukot numeroidaan
- kummatkin erikseen juoksevasti, ja niiden otsikoista ‘Taaditaan erillinen luettelo kirjapainoa
varten. i '

Jos vieraskielisessi lyhennelméssid viitataan tiettyihin kuviin ja taulukoihin, on nimi
varustettava vieraskielisin otsikoin ja selityksin. Muut kuvat ja taulukot voivat olla, yksi-
kielisia.

Lihdeviittauksissa tekijinnimet sijapditteineen kirjoitetaan isoin kirjaimin mikali teki-
jdnnimen vartalo on muuttunut. Muutoin taivutuspidite kirjoitetaan pienaakkosin. Esimerk-
kejd: KoskISEN (1972) tutkimus ..., YLI-VAKKGRIn (1972) tutkimus'... Milloin tekijoits
on kolme tai useampia, mainitaan tekstissi vain ensimmainen (esim. HEIKURAINEN ym. 1961).
Vieraskielisessa tekstissi ym. korvataan merkinnilli et al. Jos julkaisulla on kaksi tekijaa
viitteessd, pannaan tekijoiden nimien viliin ja-sana painatuskielelli. Esimerkki: KELTIKAN-
GAs ja SEPPALA (1973, s. 222) osoittivat . .. \

» Viitekirjallisuus luetteloidaan tekijinnimien (kirjoitetaan isoin kirjaimin)’ mukaisessa aak-
kosj&rjestyk'segsi., Jos tekijoiti on useampia, nimet erotetaan pilkulla, paitsi kaksi viimeists,
jotka erotetaan &-merkilla. Tekijian ~etunimistd suositellaan kiytettiviksi vain alkukirjai-
mia. Tutkimusten ‘mimet kirjoitetaan lyhentimitts. Julkaisusarjoista kiytetdan niitd ly-
henteitd, jotka on painettu Silva Fennican numerossa Vol. 53,1971, N:o 2. Taydellisempi luet- |
telo on nahtavissi Seuran -toimistossa. Kirjoituksen 16ytamisen helpottamiseksi - mainitaan
aikakauslehdisti myds sivunumerot. Suomenkielisista tutkimuksista otetaan mukaan vieras-
kielisen lyhennelmin nimi. | Volyymi merkitian julkaisusarjan nimen jilkeen. - Jos kyseessi -
on aikakauslehti tai vastaava, numero /merkitiin volyymin  jilkeen suluissa. Sivu\n‘umerot;
erotetaan kaksoispisteelld volyymista tai suluissa olevasta numerosta. Jos samalla kertaa
ilmestynyt volyymi, sisiltii useita tutkimuksia, merkinnissi sovelletaan ko. julkaisusi's_a nou-..
datettua tapaa. Esimerkkeji: g 1

Irvessaro, Y. 1952. Metsikon kasvun ja poistuman vilisesti suhteesta. Sumﬁxary:'On the
relation between growth and removal in forest stands. — Commun. Inst. For. Fenn.
40.1. , ' ; !

Wircox, W. W., Pong, W. Y. & PARMETER, J. R. 1973. Effects of mistletoe and other defects
on lumber guality in white fir. Wood & Fiber 4 (4): 272—277. )

Englanninkielisen lyhennelmén ja ‘mahdollisten kuva- ja taulukkotekstien kiinnittimisestd
ja pitevin kieliasiantuntijan tekemdisti tarkastamisesta huolehtii kirjoittaja. Seura voi mak-
saa kustannukset, valtiovarainministerién antamien ohjeiden mukaan. Jos kidntijin lasku
on ohjeiden edellyttimad tasoa korkeampi, kirjoittaja vastaa ylittivastd osuudesta.
Lihempid tietoja antaa Seuran julkaisujen toimittaja. ! }



KANNATTAJAJASENET — UNDERSTODANDE MEDLEMMAR

CENTRALSKOGSNAMNDEN SKOGSKULTUR
SUOMEN METSATEOLLISUUDEN KESKUSLIITTO
OSUUSKUNTA METSALIITTO
KESKUSOSUUSLIIKE HANKKIJA
SuNILA OSAKEYHTIO
Oy WIiLH. SCHAUMAN AB
Oy KAuUxkas AB
KeMIRA OY
G. A. SErRLACHIUS OY
KyM1 KYMMENE
KESKUSMETSALAUTAKUNTA TAPIO
KorvukEeskus oY
A, AHLSTROM OSAKEYHTIO
TEOLLISUUDEN PUUYHDISTYS
Oy TAMPELLA AB
JoUTSEN-PULP OSAKEYHTIO
Kajaant Oy
Kem1 Oy
MAATALOUSTUOTTAJAIN KESKUSLIITTO
VAKUUTUSOSA'KEYHTI(S PonjoLa
VEITSILUOTO OSAKEYHTIO
OsSUUSPANKKIEN KESKUSPANKKI OY
SUOMEN SAHANOMISTAJAYHDISTYS
Oy HACKMAN AB

g YHTYNEET PAPERITEHTAAT OSAKEYHTIO
RauMa Rerora Ov
Oy NOKIA AB, PUUNJALOSTUS
JAAkKO P6YRY CONSULTING Oy
KANSALLIS-OSAKE-PANKKI
Osuuspuu
THOMESTO OY
Asko-Uro Oy
SAASTAMOINEN YaTYMA OY
Oy KESKUSLABORATIO
METSANJALOSTUSSAATIO
SUOMEN METSANHOITAJALIITTO R.Y.
Oy KYRrO AB )

Suomen Metsitieteellisen Spﬁran toimintaa ovat sen juhlavuonna
1979 tukeneet Silva Fennican numerossa 1 A ilmoitettujen lisik-
si myds Oy Wilh. Schauman Ab ja Ab Stockfors.

Hiameenlinna 1979, Arvi A. Karisto Osakeyhtion kirjapaino
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