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The pigment composition of the leaves of three evergreen tree species (Lawns azorica,
Myrica faya and Persea indica) belonging to the canarian laurel forest were determined in situ in the
early morning and at midday. The ratio variable to maximal fluorescence (Fv/Fm) decreased at
midday in full sunlight to values of 0.7 in all species indicating photoinhibition. Together with
depressions in Fv/Fm the shift in the xanthophyll cycle was clear in all three species. No significant
variations between the early morning and midday were found in the xanthophyll cycle pool. The
degree in which this cycle was de-epoxidized at midday had a trend to be larger in Myrica faya and
Persea indica than in Lauras azorica. No variation in neoxanthin and lutein content during the day
was observed. The chlorophyll a/b ratio did not show significant differences between early morning
and midday but a tendency towards chlorophyll losses at midday could be found in all three species.
The a-carotene/ß-carotene ratio did not vary along the day. The total carotene content was lower in
Myrica faya which did not contain a-carotene. Studies along the year and under different stress
conditions, including the study of the antioxidative system, are needed to have a clearer
understanding of possible different patterns in these tree species on the protection of the
photosynthetic apparatus against the excess of light.
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I n t r o d u c t i o n

Under conditions where there is more light absorption than can be utilized
through photosynthesis, excess of photons produces oxygen reactive molecules in
chloroplasts, which oxidize target molecules leading to photoinhibition (ASADA

1994). This brings about a decrease in the quantum yield which can be shown by
the chlorophyll fluorescence parameters as a decrease in the Fv/Fm ratio (LONG &
al. 1994). Although the study of photoinhibition has been the focus of very much
attention during the last years, those carried out under natural conditions are scarce.
In the field, it is not still well determined in which proportion the decrease in the
quantum yield is due to an excess of photoprotection through the xanthopyll cycle
carotenoids or to the oxidation of the above mentioned molecules.

We present here the results of chlorophyll fluorescence measurements in
connection with the xanthophyll cycle and other pigments concentrations in three
tree species, belonging to the canarian laurel forest. This forest is mainly restricted
to the most humid section of the northern slope in middle elevations where there is
a cloud belt, having the typical appearance of a cloud forest (HOLLERMANN 1981).
The pigment composition of canarian laurel forest trees have not, to our
knowledge, been examined before. Only the leaves chlorophyll content through a
vertical profile in the canopy was done previously (MORALES & al. 1996a).

M a t e r i a l s a n d M e t h o d s

Sampling site: The study was done under natural conditions in the Agua Garcia mountain,
Tenerife, Canary Islands (see MORALES & al. 1996b). The site is a laurel forest with three main tree
species Launts azorica (Seub.) Franco, Myrica faya Ait. and Persea indica (L.) Spreng. A
scaffolding tower gave access to the top of the canopy where chlorophyll fluorescence of sun leaves
was measured in the early morning and at midday in the above mentioned species. At the same time
samples for chemical analysis were taken. The sampling day was sunny. At midday the photon flux
density was 1900 jimol m"2 s"', the temperature of 22 °C and the relative humidity of 65 %.

Chlorophyll fluorescence measurements: The minimal (Fo), maximal (Fm) and variable
(Fv) fluorescence were monitored with a portable fluorimeter Plant Efficiency Analyser (PEA,
Hansatech, UK) after the leaves had been covered for 30 min with a leafclip to be dark adapted.

Biochemical analysis: Leaves were frozen in liquid nitrogen in the field and lyophilized
afterwards. Pigments were measured as cited in TAUSZ & al. 1996.

Statistics: Statistical evaluations were completed using Statistica (StatSoft, USA, 1994)
software package. Differences between species and sampling time (early morning - midday) were
calculated by two way analysis of variance (ANOVA) using species and sampling time as
independent factors after verifying ANOVA assumptions: If within-group variances (Levene's test)
were significantly different, logarithmic data transformation was performed previously. Small
deviations of within-group normal distributions occurred in a few cases, but they usually do not
adversely bias ANOVA's F-test. Cross-comparisons of groups were completed according to
Scheffe's test. Results with P>0.01 are regarded non-significant as indicated in the figures. Sample
sizes at each sampling time were 12 to 17 for Laums azorica, 10 for Persea indica, and 8 for Myrica
faya. Figures show mean values and standard deviations. No letter or the same letter in the columns
indicate no significant differences (P> 0.01) among species at the same sampling time, values above
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columns indicate significance of differences between morning and midday data within one species
(no values = ns = non-significant, P> 0.01).

R e s u l t s a n d D i s c u s s i o n

Canopy sun leaves of laurel forest trees have to cope with high light
conditions during clear days but at the same time they should be capable of
efficient photosynthesis in low light during extended periods of shading by clouds,
a typical condition of this forest. During the day of the experiment, in which there
was no other apparent additional stress, full sunlight reached the leaves and Fv/Fm
values decreased at midday in the three studied species. This indicated a reduction
in the photosynthetic quantum yield (photoinhibition) although the reduction was
not very dramatic showing values of 0.70 (Fig. 1). Photoinhibition in the field
without other stress factors has been registered in other species (see KRAUSE & al.
1995). Together with depressions in Fv/Fm the shift in the xanthophyll cycle was
clear in all three species (Fig. 2 A). Fluorescence quenching could be due to the
energy dissipation effect of zeaxanthin (ADAMS & DEMMIG-ADAMS 1994) and
down-regulation of photosystem II, which serves as a protective of the
photosynthetic apparatus, rather than to the destruction of photosystem II.
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L. azorica M. fava P. indica L. azorica M. fava P. indica
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Fig. 1. Fluorescence data of sun leaves of three laurel forest species. Left columns:
Samples taken in the morning; right columns: Samples taken at midday. A. Fv/Fm ratios. B.
Fluorescence data (Fo, Fm, Fv). Statistical evaluations refer to maximum fluorescence (Fm = total
columns).

No significant variations between the early morning and midday were
found in the xanthophyll cycle pool. The extent to which this cycle was de-
epoxidized at midday had a trend to be larger in Myrica faya and Persea indica
than in Lanrus azorica (Fig. 2 A, B). On these two species the degree of de-
epoxidation in the early morning was also significantly greater. According to
ADAMS & DEMMIG-ADAMS 1994 this could mean more protection on these two
species in the morning because of the retention of zeaxanthin and antheraxanthin
during the night. No variation in neoxanthin and lutein content during the day was
observed (Fig. 2 C, D). The same finding was registered by WILDI & LUTZ 1996 in
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Fig. 2. Xanthophyll concentrations and relations in sun leaves of three laurel forest
species. DW = leaf dry weight. Left columns: Samples taken in the morning; right columns:
Samples taken at midday. A. Epoxidation status of the xanthophyll cycle. V = violaxanthin, A =
antheraxanthin, Z = zeaxanthin. B. V, A and Z concentrations. Statistical evaluations refer to total
pigments (V+A+Z). C-D. Neoxanthin and lutein concentrations.

alpine plants, accumulation of neoxanthin and lutein does not appear to be
influenced by differences in light in a consistent pattern (DEMMIG-ADAMS &
ADAMS 1992).
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Fig. 3. Chlorophyll concentrations and relations in sun leaves of three laurel forest species.
DW = leaf dry weight. Left columns: Samples taken in the morning; right columns: Samples taken
at midday. A. Chlorophyll a/b ratios. B. Chlorophyll a and b concentrations. Statistical evaluations
refer to total chlorophyll content (chlorophyll a+b).
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Fig. 4. Carotene concentrations and relations in sun leaves of three laurel forest species.
DW = leaf dry weight. Left columns: Samples taken in the morning; right columns: Samples taken
at midday. A. Carotene a/ß ratios (Myrica did not contain a-carotene). B. a-Carotene and ß-
carotene concentrations. Statistical evaluations refer to total carotene content (a+ß carotene).

The chlorophyll a/b ratio did not show significant differences between
early morning and midday but a tendency towards chlorophyll losses at midday
could be found in all three species (Fig. 3). The a-carotene/ß-carotene ratio did not
vary along the day. The total carotene content was lower in Myrica faya which did
not contain a-carotene (Fig. 4). a-Carotene content is associated with shade and
sun acclimatization (DEMMIG-ADAMS & ADAMS 1992). The biological significance
of the lack of this pigment in Myrica faya leaves living in the same environment as
the other two species it is not clear. Studies along the year and under different
stress conditions including the study of the antioxidative system, are needed to
have a clearer understanding of possible different patterns in these tree species on
the protection of the photosynthetic apparatus against the excess of light.

A c k n o w l e d g m e n t s

This work was carried out thanks to the finalcial support of the Austrian and Spanish
Governments (Bilateral Project HU95-34B) and to the DGICYT (PROJECT: PB94-0580). Thanks
to N. ABREY for his help with the English style.

R e f e r e n c e s

ADAMS W.W. Ill & DEMMIG-ADAMS B. 1994. Carotenoid composition and down regulation of
photosystem II in three conifer species during the winter. - Physiol. Plant. 92: 451-458.

ASADA K. 1994. Mechanisms for scavenging reactive molecules generated in chloroplasts under
light stress. - In: BAKER N. R. & BOWYER J. R. (eds.), Photoinhibition of photosynthesis
from molecular .mechanisms to the field, pp. 129-142. - Bios, scientific publishers.
Lancaster.

DEMMIG-ADAMS B. & ADAMS W.W. III. 1992. Photoprotection and other responses of plants to
high light stress. - Annu. Rev. Plant Physiol. Plant Mol. Biol. 43: 599-626.

HOLLERMANN P. 1981. Microenvironmental studies in the laurel forest of the Canary Islands. -
Mountain Research and Development 1: 193-207.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



(186)

KRAUSE G.H., VIRGO A. & WINTER K. 1995. High susceptibility to photoinhibition of young leaves
of tropical forest trees. - Planta 197: 583-591.

LONG S.P., HUMPHRIES S. & FALKOWSKI P.G. 1994. Photoinhibition of photosynthesis in nature. -

Annu. Rev. Plant Physiol. Plant Mol. Biol. 45: 633-662.
MORALES D., GONZALEZ-RODRIGUEZ A.M., CERMAK J. & JIMENEZ M.S. 1996a. Laurel forests in

Tenerife, Canary Islands: The vertical profiles of leaf characteristics. - Phyton (Austria)
36:251-263.

— , JIMENEZ M.S., GONZALEZ-RODRIGUEZ A.M. & CERMAK J. 1996b. Laurel forest in Tenerife,
Canary Island: I. The site, stand structure and stand leaf distribution. - Trees 11: 34-40.

TAUSZ M., DE KOK L.J., STULEN I. & GRILL D. 1996. Physiological responses of Norway spruce
trees to elevated CO2 and SO2. - J. Plant Physiol. 148: 262-367.

WILDI B. & LUTZ C. 1996. Antioxidant composition of selected high alpine plant species from
different altitudes. - Plant Cell Environ. 19: 138-146.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Phyton, Annales Rei Botanicae, Horn

Jahr/Year: 1997

Band/Volume: 37_3

Autor(en)/Author(s): Morales Domingo, Gonzalez-Rodriguez A. M., Tausz
Michael, Grill Dieter, Jimenez Marisol S.

Artikel/Article: Oxygene Stress and Pigment Composition in Canarian
Laurel Forest Trees. 181-186

https://www.zobodat.at/publikation_series.php?id=6793
https://www.zobodat.at/publikation_volumes.php?id=30237
https://www.zobodat.at/publikation_articles.php?id=113780



