89

Vol.55, n. 1: pp.89-95, Janqary—F_ebruary 2012 BRAZILIAN ARCHIVES OF
ISSN 1516-8913 Printed in Brazil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Influence of Light Intensity on Growth and Physiological
Characteristics of Common Sage (Salvia officinalisL.)

George Zervoudakis , Geor ge Salahas, Geor ge K aspiris and Eleni K onstantopoulou
Department of Greenhouse Crops and Floriculturechrelogical Institute of Mesologgi, 30200 Nea HKiri
Mesologgi - Greece

ABSTRACT

The aim of this work was to investigate the effeftour different light intensities on the growtharacteristics,
physiological parameters and leaf photosynthetgm@nts ofSalvia officinalis L.The plant’'s dry mass, number of
the leaves and physiological parameters indicatestrang positive correlation with the light intetysiOn the other
hand, the plant’s height and leaf photosynthetgnpénts were increased at low light treated plaiitsese results
suggest that the aromatic heBalvia officinalisL. is adaptable to different light environments.
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INTRODUCTION and Schaffer 2010). On the contrary, plant height
increased at low light intensity (Yang et al. 2007,
Among the main environmental factors, solatWang et al. 2009). Besides, plant leaves expanded
radiation is the most significant one that regwdateunder  high  irradiance  presented  lower
the photosynthesis, and consequently, the plaphotosynthetic pigments contents than leaves
survival, growth and adaptation. In any habitat thexpanded under low irradiance (Czeczuga 1987,
light intensity varies temporally (seasonally andAdamson et al. 1991; De Carvalho Gongalves et
diurnally) and spatially. Therefore, plants develol. 2005; Yang et al. 2007; Mielke and Schaffer
acclimation and plasticity to cope with the varying2010).
light regimes (Zhang et al. 2003). The majority ofSalvia officinalisL. (common sage) is an aromatic
plant species have the ability to develogoerennial evergreen subshrub. It belongs to the
anatomical, morphological, physiological andLamiaceae family and is native to the
biochemical alterations in response to differenMediterranean region. Since ancient times, it has
light intensities (Czeczuga 1987; Muraoka et albeen used in folk medicines for the treatment lof al
2002; Sousa Paiva et al. 2003; De Carvalh&inds of diseases and in a variety of food
Goncalves et al. 2005). preparations. Today, it is cultivated in several
According to previous comparative studies, theountries mainly to obtain the dried leaves to be
biomass of roots, stems, leaves and whole plant &sed as raw material in medicine, perfumery, food
well as the photosynthetic rate, the transpirationdustry (Santos-Gomes et al. 2002) and as
and the stomatal conductance of water vapadernamental garden plant (Devecchi 2006). The
decreased under low light (Zhang et al. 2003; Amisefulness of sage is mostly related to the agtivit
and Shangguan 2009; Wang et al. 2009; Mielkef several secondary metabolites, especially
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essential oils and phenolic compounds, which arebtained with shade cloths. The treatments were:
antioxidant (Pizzale et al. 2002; Santos-Gomes €1) 100% of full ambient light (FAL) (treated
al. 2002), gastroprotective (Mayer et al. 2009)without shade cloth); (2) 75% of FAL; (3) 50% of
hepatoprotective (Lima et al. 2005; 2007),FAL and (4) 25% of FAL. The Photosynthetic
antimicrobial, spasmolytic, antiviral etc. (Bozith e Active Radiation (PAR) incident on leaf surface
al. 2007). was about 140Qmol/ (nf s) for full ambient light
Recently, studies have been focused on the effegh a sunny day.
of some abiotic stress factors (just as water deficUpon completion of the experiment after three
(Bettaieb et al. 2009; Corell et al. 2009) ormonths, the height of all plants was measured.
hydrogen (llkiu-Vidal et al. 2010), salt (Taarit etFive plants from each group were harvested and
al. 2009) and phosphorus (Nell et al. 2009) soileaves, shoots and roots were separated from each
concentrations) onSalvia officinalis growth, individual, counted and weighed. To obtain the
productivity and secondary metabolitesgrowth measurements, samples were dried to
composition. constant weight in an oven at’85
S. officinalisis an economically interesting plant
considering that together withRosmarinus Leaf gasexchange
officinalis L. has the strongest antioxidantNondestructive measurements of the
activities among the herbs (Santos-Gomes et gbhotosynthetic and transpiration rate and stomatal
2002). It has been characterized as one of the “swonductance obtained with the LCi Portable
species” of the Lamiaceae family (Castrillo et alPhotosynthesis System (ADC, BioScientific Ltd.,
2005). The aim of the present study was tdengland) at 11:00 a.m. on healthy, completely
examine the plant growth, physiologicalexpanded young leaves{®ode from the top of
parameters and leaf photosynthetic pigmentthe shoot). All the measurements were conducted
contents in order to evaluate the physiologicabn sunny days in the greenhouse, 60 and 75 days
adaptations ofS. officinalis plants grown under after the installation of the plants to their
different solar radiation conditions. respective light regimes.

Gas exchange measurements were conducted for

three plants per treatment under their respective
MATERIALSAND METHODS light regimes.

Plant material and growth conditions Chlorophylls and carotenoids

Forty S. officinalisL. young seedlings of the same The leaf samples were of the same physiological
height (about 7 cm) were obtained from a nurseryage  with  those used for gas exchange
They were transferred to an experimentameasurements Enode from the top of the shoot).
greenhouse of the Technological Institute ofeaves were collected from the plants, wrapped in
Mesologgi and transplanted to 4 | pots filled withplastic bags and transferred immediately to the lab
perlite. All the plants were grown under a shadéor photosynthetic pigments contents estimation.
cloth (about 25% of full ambient light) for 15 daysFour leaf discs (diameter 1.2 cm) were obtained
for an acclimation period. The plants werefrom each sample (two leaves from each
irrigated 2-3 times with water and thenceforth withtreatment) and weighed. Four similar discs were
a nutrient solution containing: 6 mM KNO4 mM  obtained from the same sample leaves and dried to
Ca(NQ),, 2 mM MgSQ, 1 mM KH,PQ,, 4 mM  constant weight in an oven at’85

MgCl,, 42uM NaFe-EDTA, 46uM H3sBOs;, 9uM  The extraction procedure of the photosynthetic
MnCl,, 0.76uM ZnSQ,, 0.32uM CuSQ and 0.12 pigments was carried out under dim light. The leaf
uM MoNa,O,. During the experimental period, the discs were ground in porcelain mortar using 100%
nutrient solution pH ranged between 6.5 and 7.@&cetone. The resulting suspension was centrifuged
All the plants were irrigated with equal volume ofat £C at 2000 g for 10 min. Chlorophyll and
nutrient solution at regular periods depending ogarotenoids contents were determined in acetone
the weather and soil moisture status, especially ipupernatants according to the method of
the hottest months. Lichtenthaler (1987). The absorbance was
After the acclimation period, the seedlings wereletermined ~ with a  Shimadzu  UV-1601
divided at random into four groups which werespectrophotometer (Shimadzu Corp., Japan).
subjected to four different light intensities
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Data analysis that high-light grownS. officinalisplants yielded
All data were plotted using Microsoft Office Excel greater productivity than low-light grown ones just
97-2003. Data are expressed as mean = S.kke was shown for several other plants (Adamson
Statistical analysis was performed with the aid oét al. 1991; An and Shangguan 2009; Mielke and
the Statgraphics Plus 5.1 statistical package. THechaffer 2010; Pegoraro et al. 2010). However, it
means of values were compared by Duncan’Bas been reported that the intermediate light
multiple range test (p = 0.05). conditions (about 50% of FAL) were more
adequate for some species to reach higher levels of
biomass productivity (De Carvalho Goncalves et

RESULTSAND DISCUSSION al. 2005).
On the other hand, the height®bfficinalisplants
Plant growth was increased as the light intensity decreased (Fig

Both the plant dry mass (leaf, shoot, root an?2). In particular, the plants which were grown
whole plant) and the number of the leaveiunder 25% of FAL became about 70% taller than
responded similarly to light intensity (Fig. 1 andthe plants grown under full sunlight. These
2). They were the highest at FAL and decreased findings were in agreement with studies on other
much as the plants were shaded. The decremeplants (Yang et al. 2007; Wang et al. 2009) and
was 30-50% for the plants which were growrresembled to etiolated grown plants which have
under 25% of FAL. The above results indicatetunusually tall appearance (Taiz and Zeiger 2002).
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Figure 1 - The effect of light intensity on dry mass produityi. Each value of mean and standard
error represents measurements from five plants.

dry mass (gr)

30 mEEmapumber of

e leaves
L 25 .
# oA = _ —+—plantheight
<120 =

z - 208

<

= =

St c

e - 15w

z 10 =

£ =

= =

— 4 -

= -

100%  75%  50%  25%

lightintensity
Figure 2 - The effect of light intensity on the total numindithe plant leaves and the plant height.

Each value of mean and standard error represerasurements from five and ten
plants, respectively.
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L eaf gas exchange physiological parameters was in accordance with studies on other plants (An
The photosynthetic (Fig. 3) and transpiration ratand Shangguan 2009; Wang et al. 2009; Mielke
(Fig. 4) as such the stomatal conductance (Fig. ®nd Schaffer 2010), and corresponded to the
showed a strong positive correlation with the lighhigher soluble sugar content in full light grown
intensity. The plants grown under 25% of FALLamiaceae species in comparison with the low
showed substantial decrements (about 70, 30 afight grown ones (Castrillo et al. 2005), and
50% for the photosynthesis, transpiration angbrobably demonstrated the high levels of biomass
stomatal conductance, respectively) comparegroductivity (Fig. 1). However, some other plants
with the ones grown under 100% of FAL 60 daysnay show maximum productivity under full
after the installation of the plants to theirsunlight while their photosynthetic capacity is
respective light regimes. optimum under moderate shade (Adamson et al.
On the other hand, the decrements were small&©91) and others may show both maximum
for the measurements taken at 75 days after thoductivity and photosynthetic capacity under
installation of the plants to their respective tigh moderateshade (De Carvalho Gongalves et al.
regimes. In particular, the photosynthetic rat€2005).The photosynthetic rate measured at the
decreased 60% while the stomatal conductancéth day compared to the respective one measured
decreased only 20% and transpiration rate wes the 60th day showed an about 15% reduction for
unaffected, suggesting that the photosynthesibie plants grown under 100 and 75% of FAL,
reduction was not induced by the stomatal closurewhile there was no significant difference for the
The high photosynthetic rate under full sunlightplants grown under 50 and 25% of FAL (Fig. 3).
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Figure 3 - The effect of light intensity on the photosyntbetate. Each value of mean and
standard error represents measurements from tHesdsp Significant differences
between the means for 60 and 75 days at eachitligisity are indicated by different
letters (p=0.05).

The transpiration rate and the stomataThese findings indicated that a longer exposure to
conductance indicated a similar trend (Fig. 4 anhigher light intensities could damage tHg

5). In particular, they both showed significaniofficinalis photosynthetic apparatus, leading to
reduction for the plants grown under 100, 75 anpartial loss of its photosynthetic function as has
50% of FAL, while there was no significant been suggested folPaeonia suffruticosatoo
difference for the plants grown under 25% of FAL (Zhang et al. 2003).
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Figure 4 - The effect of light intensity on the transpiratiate. Each value of mean and standard
error represents measurements from three plargsifisant differences between the

means for 60 and 75 days at each light intensigy indicated by different letters
(p=0.05).
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Figure 5 - The effect of light intensity on the stomatal cootnce. Each value of mean and
standard error represents measurements from tHesdsp Significant differences
between the means for 60 and 75 days at eachitligintsity are indicated by different
letters (p=0.05).

Chlorophylls and carotenoids with several studies on other plants (Czeczuga
The photosynthetic pigments in the shaded plants987; Adamson et al. 1991; Muraoka et al. 2002;
tended to be higher when compared with the planBBe Carvalho Goncgalves et al. 2005; Yang et al.
exposed to full sunlight. Specifically, at 25% o0f2007; Mielke and Schaffer 2010). In contrary, the
FAL, chlorophylls a, b and their sum werephotosynthetic pigment (especially carotenoids)
doubled, while carotenoids presented a 75%ontents ofTradescantia pallidawere increased
increment (Fig. 6), in comparison with the plantsunder full sunlight (Sousa Paiva et al. 2003).
grown at 100% of FAL. These results were similar
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Figure 6 - The effect of light intensity on photosynthetigpients contents. Each value of mean
and standard error represents three replicationseaSurements.

According to previous studies, shade-plantén conclusion, the observed significant increment
develop acclimation strategies, including largeof chlorophylls and carotenoids (Fig. 6) at low
and thinner leaves which present even a three-foldyht conditions, while dry mass productivity (Fig.
increase in chlorophylls (Adamson et al. 19911) and photosynthesis (Fig. 3) were high at full
Taiz and Zeiger 2002). The synthesis andunlight, indicated tha®. officinaliscan properly
degradation of the photosynthetic pigments aresgulate its metabolism toward the solar radiation
associated with the plants adaptability to différenconditions and it can be adaptable to differerittlig
environments. The chlorophylls are usuallyhabitats.

synthesized and photo-oxidized in the presence of
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