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ANNUAL PRODUCTION OF SOME FOREST MOSSES AS A
FUNCTION OF LIGHT AVAILABLE FOR PHOTOSYNTHESIS

SEPPO KELLOMAKI, PENTTI HARI and EERO VAISANEN

SELOSTE:

ERAIDEN METSASAMMALIEN VUOTUINEN TUOTOS FOTOSYNTEESISSA
KAYTTOKELPOISEN VALON FUNKTIONA

Saapunut toimitukselle 1977-02-23

The aim of the present paper is to study the annual production of Pleurozium schreberi (Brid.)
Mitt., Hylocomium splendens (Hedw.) B.S.G. and Dicranum polysetum Sw. as a function of light
available for photosynthesis. The productivity of the above moss species is studied using the
harvested quadrats method in spruce stands of the M yrtillus site type representing different
stand density classes. The annual production of each species in different stands was correlated
with the amount of light available for photosynthesis, i.e. with the photosynthetic production.
Functions for the dependence of productivity on light conditions were produced for each species.
The individual functions and their ecological significance are dicsussed.

INTRODUCTION

Tamm (1953) has demonstrated the impor-
lance of light in the distribution of a moss
population within a stand. In addition,
the role of throughfall is evident in dry
matter production of forest mosses. KeLLo-
MAKI and Harr (1976) have reported the
small water requirements of Pleurozium
schreberi, Hylocomium splendens and Dicra-
num polysetum (cf. also ANDERsoN and Bour-
DEAU 1955, PETERsoN and Mavo 1975) for
photosynthesis. According to Kaprren et al.
(1975) dew formation and air humidity
satisfy the photosynthetic requirements of
bryophytes in desert conditions. Evidently,
the small water requirements of bryophytes
allow them to perform their photosynthetic
functions in the boreal zone throughout
the whole growth period except during

long and extremely dry periods. Thus,
light seems to play the main role in the
environmental control of structural dry
matter production of moss cushions as far
as the normal range of temperature varia-
tion is concerned.

The aim of the present paper is to
study the production of structural dry
matter by Pleurozium schreberi (Brid.) Mitt.,
Hylocomium splendens (Hedw.) B.S.G. and
Dicranum polyselum Sw. as a function of
light available for photosynthesis.

Professor Paavo Yli-Vakkuri, Head of Depart-
ment of Silviculture of University of Helsinki, is
acknowledged for his supporting attitude to the
present study. The financial support from Academy
of Finland is acknowledged.
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STUDY APPROACH

The total amount of annual net photo-
synthesis is considered to be of primary
importance in determining the relationship
between photosynthetic production and
structural matter production (cf. Horn
1971). Let P(t) denote the amount of CO,
fixed up to the moment t during the phot-
synthetically active period of a year. The
photosynthetic rate, p, is defined as the
time derivative of P

dpP
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The photosynthetic rate is determined
to a great extent by light and temperature,
if there is no water stress. Let x denote
temperature and Yy light intensity (cf.
Harr et al. 1976) then

2 p =p&, ¥)-

The light intensity and temperature are
easily monitored in the field and can be
expressed as a function of time, ie. X =
x(t) and y = y(t). The photosynthetic
rate also varies as a function of time, p =
p(t). The variation in photosynthetic rate
is caused by variation in the environmental
factors. If there is no water stress, the
photosynthetic rate is determined by light
and temperature as follows

3) p(t) = p(x(t), y(1).

If the function p is known and if tempera-
ture and light intensity are known as a
function of time, then the total amount
of CO, fixed during the photosynthetically
active period can be approximated by
intergration

%
4) P() = f P(x(L), y(t)) dt (cf. Hart 1976)

%

where t, is the beginning instant of the
photosynthetically active period.

The approximation of P(t) by Eq. (4)
can be carried out if the photosynthetic
response of a plant species to different
light intensities and the light available for
photosynthesis is known (cf. Horn 1971).

In order to obtain a quantitative measure
for varying photosynthetic response a concept
called photosynthetic light ratio, PLR, is
defined as the ratio between the total amount
of CO, fixed in a shaded place divided by
the total amount of CO, fixed if there was
no shading.

The value of PLR can be approximated
through light and temperature measure-
ments. Let y denote light intensity above
the canopy and ys under the canopy. Then
the photosynthetic light ratio is approx-
imately (cf. Eq. 4)
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In other words, the photosynthetic produc-
tion in an actual environment is related to
the photosynthetic production above the
canopy (cf. Horn 1971). Correlating the
photosynthetic light ratio to annual produc-
tion of structural matter should provide
the regression demanded by the study
problem.

MATERIAL

The study areas include several stands
representing different density classes situated
near the Forest Field Station of the Univer-
sity of Helsinki (60° 50’ N, 24°20° E, 150
m a.s.l.) in central Finland. All the stands
were of the Myrtillus site type according to
classification of CaJANDER (1949). Stand
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density classes from open to a basal area
of 34 m2/ha were included in the material.
The tree stratum of each stand was dominated
by Norway spruce (Picea abies L. Karst).

A sample area 10 X 10 m in size was
selected from each stand. A sample
consisting of five replications (400 cm? per

replication) was taken from each moss spe-
cies. The total biomass of each plant species
under study was determined gravimetrically
in the laboratory (105°C, 24 h) (cf. NEw-
BOULD 1967). One third of the total biomass
of each species was considered as annual
production (cf. MALKONEN 1974). The result
for the five samples were pooled and expres-
sed as g/m?2.

A photosynthetic simulator (ELP) descri-
bed by Harr et al. (1976) was used to
monitor the light conditions in which the
plant communities under study existed
(cf. also Kerromikr and Harr 1976).
The light sensors were placed at the center
of the sample area. The measuring equip-

ment took into account only the light
available for photosynthesis, i.e. it imitated
the quantitative response of photosynth-
esis to different light intensities and rejected
the excess light intensities (cf. Horn 1971).
In order to eliminate random variation in
the light pattern caused by clouds tree
strata, the integrals covering a period of
one daylight period were used in the
calculations. In addition, the photosynthetic
rates as determined by light conditions and
temperature for the plant species under
study, presented earlies by KELLOMAKI

and Harr (1976), were utilized in the
calculations.

METHODS AND RESULTS
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The dependence of photosynthetic rate
on temperature and light conditions for
each moss species are given in Fig. 1.
Using these regeressions the photosynthetic
light ratio for each stand was determined
by integrating the photosynthetic rate over
the growth period and relating the estimate
of total photosynthesis to that of the
reference area, i.e. that of the clear cut area.
In order to determine the role of light in
structural matter production in moss cush-
ions the annual production of each moss
species in each stand was related to the
photosynthetic light ratio respectively. The
annual production of each moss species as
a function of the photosynthetic light ratio

Fig. 1. Photosynthetic rate of study material as
a function of light and temperature according
to KerLromAkr and Hart (1976).

A: Pleurozium schreberi

B: Hylocomium splendens

C: Dicranum polysetum

Kuva 1. Tutkittujen sammallajien fotosynteesi-
nopeus valon ja lampotilan funktiona KELLOMAEN
ja HawiN (1976) mukaan.

A: Pleurozium schreberi

B: Hylocomium splendens

C: Dicranum polysetum
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Fig. 2. Structural matter production of study material as a function of photo-

synthetic light ratio.

A: Pleurozium schreberi
B Hylocomium splendens
C: Dicranum polysetum

Kuva 2. Tutkittujen sammallajien kuiva-ainctuotanto valaistuskerioimen funktiona.

A: Pleurozium schreberi
B: Hylocomium splendens
C: Dicranum polysetum
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Fig. 3. Total production of moss cushions as a
function of photosynthetic light ratio. Only the
sample plots with all the species have been con-
sidered.

Kuva 3. Sammalkasvustojen kokonaistuotos valais-
tuskertoimen funktiona. Vain kaikki lajit sisdltdvdit
koealat on otettu huomioon.

is given in Fig. 2. In addition the total
production of the bottom layer i.e. the
production of the moss cushions, was
determined as a function of the photo-
synthetic light ratio. Results of the calcula-
tions are presented in Fig. 3.

DISCUSSION

Determination of the photosynthetic light
ratios is affected by the reliablity of the
equipment used to monitor the light climate
and the photosynthetic rate. The. latter
problem has earlier been discussed in detail
by KerrLomik: and Harr (1976). The
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former question has also been discussed
earlier by HAarr et al. (1976) but it gives
rise to some problems owing to the pronoun-
ced spatial and temporal variation in the
light conditions within a stand.

An attempt has been made to avoid the

temporal variation in light conditions by
integrating the output of the electronic
measuring system over the monitoring
period. This procedure is based on the
linear relationship between the output of
the photosynthetic simulator and the photo-
synthetic rate. This facilitates the monitoring
of the response of moss species to the
environmental conditions in terms of photo-
synthesis, i.e. simulation of photosynthetic
production (cf. Horn 1971).

Furthermore the spatial fluctuations in
the light conditions give rise to many
problems in carrying out light measurements
within a stand. Reliable sampling of
incoming radiation under the forest canopy
would evidently require more sensors than
used in the study (ScHomMAKER 1968). On
the other hand, pooling the output from
different sensors tends to average out the
variation in the light conditions under the
forest canopy. The measuring accuracy is,
however, considered sufficient due to the
utilizing values of photosynthetic light
ratio, in further calculations instead of
pure outputs from the sensors. Readers
who are interested in obtaining more detailed
information about the measuring of light
conditions under a forest canopy should
turn to more advanced discussions such as
that by ANDERsoN (1964) or HArr et al.
(1976).

The forest canopy is selective as far as
the penetration of radiation is concerend
(cf. KnNucHeELL 1914, CoomBE 1957). In
particular, the share of the red and blue
regions in the spectrun are reduced. This
fact has, however, been omitted in carrying
out measurements of the light conditions.
Furthermore, the sensors wused in the
monitoring systems are sensitive to the red
region of the spectrum. According to Dav-
BENMIRE (1959, pp. 218 —221), the changes
in the quality of the light as it passes
through the canopy are, however, of little
ecological importance, because each plant

process is somewhat sensitive to all wave-
lengths of light.

The adaptation of each species to low
light intensity is evident since no meaningful
addition to production takes place when the
photosynthetic light ratio reaches wvalues
greater than 0.3—0.4. In other words, the
level of photosynthesis which is 30 —40 per
cent of that possible in the open, provides
a sufficient supply of carbohydrates for
the basic functions of the moss species
studied. In particular, the adaption of
Hylocomium splendends to low light intensity
is evident and decreasing productivity at
high light intensities seems to be possible.
The productivity of Pleurozium schreberi
and Dicranum polysetum increase with
increases in the photosynthetic light ratio.
These species seem to have greater light
requirements than Hylocomium splendens.
As a result of insufficient material the
optimum light conditions for these species
remain, however, undetermined but they
seem to be higher for these species than for
Hylocomium splendens. This kind of dif-
ferentiation in adaptation was to be expec-
ted on the basis of the photosynthetic
functions and earlier findings, for example,
those of KusarLa (1926) and Tamm (1953).

The total production of the moss cushions
was 150 —180 g/m? at its maximum, depen-
ding on the light conditions. The result is
of the same magnitude as that of Tamwm
(1953), MALKONEN (1974) and PERSsoN
(1976). Each moss species produces equal
amounts and no clear differences exist,
even though the annual production of
Hylocomium splendens seems to be less
than that of the other species. The dif-
ferences in production levels may prove to
meaningfull from the point of view of
competition. Unfortunately, the present
material does not facilitate evaluation of
this difference in relation to the mutual
successional ability of moss species and its
effect on the structure of the ground cover
community (cf. Monst and SAexr 1953).
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SELOSTE:

ERAIDEN METSASAMMALIEN VUOTUINEN TUOTOS FOTOSYNTEESISSA
KAYTTOKELPOISEN VALON FUNKTIONA

Tyo6ssa on tutkittu Pleurozium schreberin (Brid.)
Mitt., Hylocomium splendensin (Hedw.) B.S.G.
ja Dicr polysetumin Sw. vuotuista kuiva-
ainetuotantoa fotosynteesiin kdytetyn valon funk-
tiona. Tati varten on tutkittu mainittujen sam-
mallajien tuotosta satomenetelmilli mustikka-
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tyypin metsikoissd, joiden puuston pohjapinta-
ala vaihteli 00 —34 m2/ha. Saatu tulos korreloitiin
fotosynteesissd kdyttokelpoiseen valoon, jonka ar-
vojen perusteella on esitetty tuotosfunktiot kulle-
kin lajille. Tuotosfunktioiden eroja on tarkasteltu
ekologiselta kannalta.
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