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RATE OF PHOTOSYNTHESIS OF SOME FOREST MOSSES AS A

FUNCTION OF TEMPERATURE AND LIGHT INTENSITY AND

EFFECT OF WATER CONTENT OF MOSS CUSHION ON PHOTO-
SYNTHETIC RATE

SEPPO KELLOMAKI and PERTTI HARI

SELOSTE:

ERAIDEN METSASAMMALIEN FOTOSYNTEESINOPEUS LAMPOTILAN JA
VALON FUNKTIONA SEKA KASVUSTON KOSTEUDEN VAIKUTUS
FOTOSYNTEESINOPEUTEEN

Saapunut toimitukselle 1976-10-28

The photosynthetic rate of Pleurozium schreberi (Willd.), Hylo.comium .splende.ns (Hedw.)
and Dicranum polysetum (Sw.) grown in plastic containers was monitored with an infrared gas
analysor in the open air under natural weather conditions. It proved that thg phot.osynthetlc
rate of wet moss cushions was satisfactorily predicted by temperature and light 1ntensxty‘. In dry
moss cushions this kind of model gave too high an estimate for photosynthetic rate. Water. re-
quirements of each moss species were found to be moderate, and water content of moss cushions
limited photosynthetic rate only under serious water deficiency.

INTRODUCTION

In the boreal zone, lichens and mosses
are major producers of ground vegetation
as shown by MALKONEN (1974). Their
production of structural dry matter, es-
pecially in closed stands, may rise to 10—
20 per cent of that of the aerial parts of
trees. In the northernmost parts of the
boreal zone this share increases, and in
tundra areas lichens and mosses play a
more pronounced role in dry matter pro-
duction on mineral soils. Thus, the ecology
of the photosynhesis and production of
structural dry matter by lichens and mosses

288

is of primary importance in investigations
concerning boreal and arctic ecosystems.

Tamm (1953) has shown the importance
of rainfall in the dry matter production of
forest mosses and their distribution in a
stand. The water consumption of lichens
and mosses has been studied in detail by
ANDERSON and Bourpeau (1955), KAPPEN
et al. (1975) and PEeTERsoN and MAavo
(1975). All of them mention the modest
water requirements of lichens and mosses,
and pay attention to the importance of
rainfall and dew formation in the photo-
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synthesis and dry matter production of
bryophyta. In addition, Briss and HADLEY
(1964), Harris (1971 a,b) and DiLks and
Procror (1974) have carried out investiga-
tions on the water economy of lichens and
mosses and its physiological and ecological
effects on the photosynthetic and produc-
tive functions.

RASTORFER and HIGINBOTHAM (1968) have
demonstrated, that light saturation levels
of photosynthesis in some mosses are of the
same magnitude as those of the shade lea-
ves of vascular plants. Furthermore Bazzaz
et al. (1970) and PETERsox and Mavo (1975)
have reported similar results concerning the
light requirements of lichens and mosses
compared to vascular plants. According to
Briss and HAarLEY (1964) the adaptation
of lichens and mosses to moderate light
intensity conditions gives these plant spe-
cies a considerably higher survival value,
since the most favourable conditions for
their photosynthetic functions are found
under moist period with moderate light
and temperature.

The temperature requirements of lichens

and mosses are, in general, moderate. DiLKsS
and Procror (1975) have reported that
photosynthesis of many bryophyta com-
mences at temperatures below 0° C (cf. also
KarLio and HEINONEN 1971). On the other
hand, the photosynthesis of lichens and
mosses seems to cease at temperature of
—5 — —10° C. According to STALFELT (1937)
optimum photosynthesis of Hylocomium
Squarrosum occurs at 14—15° C. However,
great variations can be found in this respect,
because the temperature tolerance for Bryum
sandbergii ranges from —15 to 41° G with
the optimum between 24 —30° C. PaorirLo
and Bazzaz (1968) mention the general
stability of photosynthesis and respiration
between 0—20° C in Polytrichum and Fu-
naria sporophytes and gametophytes.

The aim of this paper is to study the pho-
tosynthetic rate of Pleurozium schreberi
(Willd.), Hylocomium splendens (Hedw.) and
Dicranum polysetum (Sw.) as a function of
light and temperature, and the effect of
the moisture content of moss cushions on
the photosynthetic rate.

MATERIAL AND METHODS

The study was carried out at the Forest
Training Station of the University of Hel-
sinki in late summer 1974. The photosynthe-
tic rate of the study material grown in plas-
tic containers was monitored with an in-
frared gas analyser (Uras 2T) in semi-labo-
ratory conditions, i.e. in the open air under
natural weather conditions. The moss cus-
hions were 15 x 20 e¢m in size. Dead parts
of the mosses were cut off before the moss
cushions were placed in containers with
a plastic gauge bottom. Density and structu-
re of the moss cushions were arranged so
far as possible natural conditions were rep-
licated. During measurement the moss cus-
hions were placed in trap type cuvettes.
The photosynthetic rate of the mosses was
measured at half hour intervals for 100
seconds. The technical details and general
layout of the measuring systems are describ-
ed in detail by PELKONEN et al. (1975).

During the measurement, temperature was
monitored by data logger (model Nokia)

using wet and dry thermocouples. The light
conditions were monitored with equipment
for measuring light in photosynthetic stu-
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Fig. 1. The output of ELP as a function of maxi-
mum light intensity.

Kuva 1. ELP:n ndyttama kokonaissdteilyn maksimin
Sfunktiona.
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dies (ELP) (Fig. 1) described by HARr et al.
(1976). The moisture content of the moss
cushions was controlled gravimetrically to

an accuracy of 0.1 g at intervals of 0.5—4.0
hours. The dried moss cushions were rewetted
once a day if there was no rainfall.

RESULTS

Let f denote the CO, uptake rate of the
moss cushions at conditions of sufficient
moisture. The CO, exchange rate is mainly
determined by temperature x and light
intensity y analogously with vascular plants
(cf. HArt and LuUukkaANEN 1974), thus

1 =1k y).

Yet'x; = 0,'x, =5, %, =10..., X, = 30
denote temperature of defined levels. The
net uptake rate of CO, can be presented as
a function of light intensity y at tempera-
tures x; (i=1, 2, 3..., 7) from measure-
ments carried out on the wet moss cushions.
The results based on measurements during
the period September 6 —15, 1974 are pre-
sented in Fig. 2. For the small variation in
temperature which occured during the mea-
suring period only four functions for each
moss are depicted. The functions f (x;, ¥)
can be used for predicting CO, uptake rate.
The mathematical methods needed to com-
pute values for net CO, uptake rate with
light intensity and temperature are described
in detail by Harr and LUUKKANEN (1974).

The reliability of prediction was studied
by making independent measurements of the
wet and dry moss cushions during the period
September 1—2, 1974.

The comparison between computed and
observed values of net CO, uptake rate for
the test period is shown in Figs. 3—5. When
the moisture conditions were sufficient,
Eq. (1) yields a satisfactory estimate
for CO, uptake rate, but during periods
when the moisture content was low too high
an estimate, especially for Hylocomium
splendens. In this case the discrepancy
between the actual measurements and com-
puted values is evident at noon.

Let P; denote the actual measurement
of net CO, uptake rate at the i th measure-
ment. The degree of control of photosynthe-
sis, CP, is defined as a ratio between the
actual measurements and those computed
from the light and temperature values of
net CO, uptake.
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Fig. 2. Photosynthetic rate of study material as
a function of light and temperature.

A: Pleurozium schreberi

B: Hylocomium splendens

C: Dicranum polysetum

Dotted lines are approximations of the photo-
synthetic functions based on the limited material.

Kuva 2. Tutkittujen sammalten fotosynteesin nopeus
valon ja lampotilan funktiona.

A: Pleurozium schreberi

B: Hylocomium splendens

C: Dicranum polysetum

Katkoviivat ovat suppeaan ainerstoon perustuvia
fotosynteesinopeuden approksimaatioita.

Net €O, uptoke
Nettofotosynteesi

-
»

60 |-
40 |- T

20 |-

-
s
T
—
»
S

Output of ELP
ELPin noyitamd
T
3
Temperature, T

Lampstile, C

cushion, g

Sammalkasvuston poino, g
3
H
T

Weight of moss

T T T T —

Time
Aika

Fig. 3. Prediction of photosynthetic rate of Pleu-
rozium schreberi.

A: thick line is observed values of photosynthetic
rate, thin line is computed values of photo-
synthetic rate

B: thick line is light intensity during study period
thin line is temperature during study period

C: weight of moss cushion during study period

Kuva 3. Pleurozium schreberin foto-
synteesinopeuden ennuste.

A: paksu viiva merkitsee fotosynteesinopeuden to-

todettuja arvoja, ohut viiva merkitsee ennustet-
tuja fotosynteesinopeuden arvoja

B: paksu viiva merkitsee valaistuksen arvoja tut-

kimusjaksossa, ohui viiva merkitsee lampitilan
arvoja tutkimusjaksossa
C: sammalkasvuston paino tutkimusiaksona
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(2) CP; =
f(xi, yi)

By definition, CP ~ 1 when there is no
degree of photosynthetic control and CP < 1
when some degree of control is present. Thus
CP measures the degree of the effect of
water deficit on photosynthetic rate.

Let z denote the moisture content of a
moss cushions. Assume that the degree of

photosynthetic control depends on the mois-
ture content, thus

3) CP = CP(2)

The moisture contents of the moss cushions
was measured several times a day. Denote
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Fig. 4. Prediction of photosynthetic rate of Hylo-
comium splendens. For legend see Fig. 3.

Kuva 4. Hyloconium splendensin folo-
synteesinopeuden ennuste. Merkintijen selitys on
annettu kuvassa 3.
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t; the time of j:th measurement of moisture
content. Let us assume that the evaporation
rate from the moss cushions is linearly
correlated with the temperature deviation
between the dry and wet thermocouples
(cf. Harr et al. 1975), then the moisture

t

content of the moss cushions z(t) at time
t can be estimated from temperature de-
viation between dry x(t) and wet v(t) thermo-
couples and from measured moisture con-
tents z(t;) during time interval (t;, t;;) as
follows:

f(x ) — v () dt

t.:

) 2() =z(4 + »
J
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Figure 5. Prediction of photosynthetic rate of
Dicranum polysetum. For legend see Fig. 3.

Kuwva 5. Dicranum polysetumin foto-
synieesinopeuden ennuste. Merkintojen selitys on
anneltu kuvassa 3.
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The correlation between CP and the mois-
ture content of the moss cushions computed
according Eq. (4) are shown in the Fig. 6.
Owing to the moist weather during the
measuring period there was no dry material
available to carry out tests concerning the
latest version of the photosynthetic model
for mosses including water factor.

DISCUSSION

Temperature has a minor effect on the
photosynthesis of Pleurozium schreberi. As
dicussed earlier the temperature adaptation
of many lichen and moss species is not
pronounced as reported by SCHOLANDER et
al. (1952), Briss and HaprLey (1964) and
Bazzaz et al. (1970). Especially, Dicranum
polyselum seems to be quite sensitive to high
temperature. Unfortunately, the present
material is not very representative due to the
small variation in the temperature during the
study period. Therefore the optimum tempe-
rature of different moss species remains not
to be determined. However, it seems evident,
that Pleurozium schreberi prefers warmer ha-
bitats than Hylocomium splendens and Dicra-
num polysetum do (cf. KusarLa 1926). In
particular, the distribution of Hylocomium
splendens on the forest floor points to its
preference for habitats with moderate light
and temperature (Tamm 1953). It is evident
that the photosynthetic activity of Pleuro-
zium schreberi per unit area is lower than
that of other moss species, independently
on the light intensity of the habitat. Accord-
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Fig. 6. Effect of moisture content of moss cushion
on photosynthetic rate of study material.

A: control factor for Pleurozium schreberi
B: control factor for Hylocomium splendens
C: control factor for Dicranum polysetum

Kuva 6. Kasvuston kosteuden vaikutus fotosynteesi-
nopeuteen.

A: Pleuvozium schreberin fotosynteesin
kontrolli

B: Hylocomium splendensin foto-
synteesin kontrolli

C. Dicranum polysetumin fotosyntee-
sin kontrolli

ing to Mons1 and SAek1 (1953) the differences
in the photosynthetic functions of plant
species are of importance as far as the
succession of plant community and its
structure is concerned.

The result agree with earlier reports con-
cerning the moderate water requirements
of forest mosses and lichens (cf. MAGDEFRAU
1937, ENSGRABER 1954, ANDERSON and
Bourpeau 1956, Hosokawa and Kusora

1957, LEcHOWICcZ and Apams 1973, NORR
1974, KaPpEN et al. 1975). PETERsoN and
Mavo (1975) have demonstrated that photo-
synthesis in Dicranum polysetum ceased
when the water potential of the leaves
drops below —21 — —23 atm. The rainfall
or dew held by the leaves has an important
role in the photosynthetic functions of
mosses because of the poor transportation
of water from the base of the stem to its
top (cf. Vaizey 1887, MULLER 1909, BoweN
1931, PATTERsON 1943, SmiTH 1961, KLEPPER
1963). PeETERsoN and Mavo (1975) found
differences in water potential of —15 atm
between the leaf tips and stems of Dicru-
num polyseltum. When the water caught
by the leaves was used up, the photosynthe-
tic functions ceased. However, it is evident,
that this kind of situation takes place only
under serious water deficit (e.g. Hosokawa
and KusoTa 1957. NGRR 1974). It is probable,
that in the boreal zone the complete cessa-
tion of photosynthetic functions of mosses
is exceptional even in long dry periods due
to dew and the humidity of the air layers
within moss cushions as demonstrated by
MULLER (1909), HeatworLe (1966) and
Kersaaw and FI1eLp (1975). In the present
material, however, the natural humidity
profile within moss cushions has changed
due to the removal of dead parts of the
shoots and the growing of study material in
plastic containers. This results in more
rapid and pronounced water deficiency than
would occur in undisturbed moss cushions.
These limitations must be taken into account
when applying the results of the study to
natural conditions.

In particular, photosynthetic control by
water deficiency for Hylocomium splendens
showed an on-off pattern. Owing to the
lack of stomata the control of photosynthe-
tic functions is mainly dependent on water
conductivity by the tissues and the structure
of the moss cushion. It is evident, that eva-
poration from cushions of Hylocomium splen-
dens is more pronounced than from cushions
of Pleurozium schreberi and Dicranum po-
lyselum. The control of photosynthesis by
water deficiency for Hylocomium splendens
demonstrates adaptation to rapid and tho-
rough depletion of the water resources avai-
lable and efficient utilization of dew and
air humidity.
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According to the relevant literature, the
recovery of photosynthetic functions of moss
species after rewetting is a dramatic one.
PeETErRsoN and Mavo (1975) demonstrated
that the photosynthesis of Dicranum poly-
selum reached the normal level within 30
minutes after serious water deficiency for
eight days. Hinxsairl and Proctor (1971)
have demonstrated that the time lag between
rewetting and full recovery of photosynthetic
activity of bryophyta is a function of the
desiccation time. Physiological changes
occured during desiccation and recovery
of photosynthesis of different lichen and
moss species are discussed in detail by
ENSGRABER (1954), Harris (1971), SmiTH
and MoLEsworTH (1972), BeEwLEY (1973)
and NORR (1974).

In studying the effect of the water balance
of moss cushions on photosynthetic functions,
only a few measurements concerning the
moisture content of moss cushions were
available. In order to complete the material
it was assumed that the evaporation rate

of moss cushions is linearly correlated with
the temperature deviation between the wet
and dry thermocouples (Har1 et al. 1975).
This. method gave, however, an enough
accurate estimate for the water content of
the moss cushions.

The photosynthetic rate of wet moss
cushions could be predicted satisfactorily
by temperature and light intensity, as was
assumed. The discrepancy between the
observed and computed values are mainly
due to the measuring accurancy. Especially,
the small biomass per unit area and low
level of photosynthesis produce problems
as far as the measuring accurary is concerned.
According to LaArsoN and Kersuaw (1975)
a careful balance between flow rate and
amount of the study material must be
maintained in order to obtain adequate
measuring .accuracy. In open systems, as
in this study, these problems are more
pronounced than in closed systems as re-
ported by DeExmMEAD and McILroy (1971).
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SELOSTE:

ERAIDEN METSASAMMALIEN FOTOSYNTEESINOPEUS LAMPOTILAN JA
VALON FUNKTIONA SEKA KASVUSTON KOSTEUDEN VAIKUTUS
FOTOSYNTEESINOPEUTEEN.

Tyossi on tutkittu Pleurozium schreberin (Willd.),
Hylocomium splendensin (Hedw.) ja Dicranum
polysetumin (Sw.) fotosynteesinopeuden riippu-
vuutta lampdétilasta, valosta sekd kasvuston kosteu-
den vaikutusta fotosynteesinopeuteen. Téssd tar-
koituksessa seurattiin muoviastioissa kasvatettujen
sammalien fotosynteesinopeutta in{rapunakaasu-
analysaattorilla mahdollisimman luonnonmukai-
sissa sddolosuhteissa. Havaittiin, etti kosteiden

sammalkasvustojen fotosynteesinopeus voitiin en-
nustaa tyydyttdvisti lampétilaan ja valoon perus-
tuvalla mallilla. Kuivissa sammalkasvustoissa ta-
mi malli antoi fotosynteesin nopeudelle liian kor-
kean estimaatin. Kaikkien sammallajien vaatimuk-
set veden suhteen osoittautuivat vaatimattomiksi,
ja kasvuston vesitalous rajoitti fotosynteesin no-
peutta vasta voimakkaan kuivuuden vallitessa.
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