
  

  
Abstract—Seedlings of Salvia coccinea, S. splendens and S. 

viridis were grown at 100, 50, 25 and 5% of full sunlight level to 
determine the influence of irradiance level on their grown and 
photosynthesis. For all species the shoot length and dry weight 
of wholeplant were decreased at 25% sunlight, but there was 
little defference in them between at 50 and 100% sunlight. Total 
leaf area tended to increase at 50% sunlight in S. splendens and 
S. viridis and to decrease at 25% sunlight in S.coccinea. Leaf 
area ratio increased with decreasing light intensity in every 
species, and the degree of increase was the least in S.coccinea. 
With decreasing light intensity, leaves became thinner and the 
specific leaf weight decreased for all species.  Chlorophyll 
content and photosynthetic rate more decreased at 25% than 
those at 100 and 50% sunlight in S. splendens and S. viridis. 
There were little differences both in the chlorophyll content and 
photosynthesis among these light intensities in S.coccinea. This 
indicates that S.coccinea has higher adaptability to low 
irradiance than other two species. Under weak light condition 
the stomatal conductance increased for all species. At 5% 
sunlight, the plant dry weight was less than about 90% of that of 
100% sunlight and photosynthetic rate almost decreased to the 
light compensation point. 

 
Index Terms—Irradiance level, photosynthesis, Salvia. 
 

I. INTRODUCTION 
Salvia are members of the mint family, Lamiaceae, and 

comprise the largest genus in that family [1]. The fragrant 
foliage of many salvias has been used for more than 20 
centuries. More than 900 species of Salvia exist worldwide. 
Add to that number both cultivated hybrids and natural 
hybrids from the wild as well as gardens, and the total figure 
increases by several hundred or more. Selected cultivars also 
raise the total significantly. 

Salvia coccinea Jussieu ex Murray, widely distributed 
throughout tropical South America. S. coccinea is commonly 
called tropical sage. S. coccinea is a plant that adds sparkle to 
a herbaceous border in all climate zones. More plants 
grouped with late blooming annuals or perennials make a fine 
combination. Salvia splendens Roemer & Schltes is found in 
the wild only in Brazil at altitudes of 2000-3000m where it is 
warm year-round. At that time plants were easily grown from 
seed and kept in greenhouses where they flowered freely for 
a long period. Salvia viridis, Linnaeus is an erect herbaceous 
annual occurring in the wild in a region extending from the 
Mediterranean. S.viridis is known as S.horminum for many 
years. It’s a delightful plant for the front of a summer border, 
growing 30-60cm tall and 30cm wide. It is an annual that 
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develops rapidly and has a long period of bloom that lasts 
over a month. 

Solar radiation greatly affects the plant growth and 
productivity through influencing the photosynthesis. Plants 
adapt to change of iradiance level by modifying their 
morphology and physiological function so that the available 
light energy is utilized most efficiently. The effect of light 
intensity on the grown, leaf anatomy and photosynthesis 
were reported on Dracaena sanderana [2] and wax begonia 
[3]. In bedding plants and Cyclamen persicum, Growth and 
flowering have a great effect in light conditions [4], [5]. 

However, little is known about the growth responses and 
physiogical function to different irradiance level in 
laminaceae annuals. Salvia has been raised in the warm 
climate area of Japan. This flower crop sometimes suffers 
from leaf sunburn during hot summer probably because of 
high irradiance and temperature. In this study, the shoot 
growth, leaf anatomy and photosynthetic rate under different 
shade conditions were investigated for seedlings of S. 
coccinea, S.splendens and S.viridis. This information on 
growth response and acclimation features to the change of 
light intensity are useful for improving the raising system. 

 

II.   MATERIALS AND METHODS 
On Apr.1, 2002, seeds were sowed into sand put in 0.5-L 

polyethylene pots. These pots were placed at 30/25℃ room 
for germination.  Both plants of seeds were purchased from 
the store.  On Apr., 25, uniform seedlings were selected and 
transplanted into 1.2-L plastic pots filled with sand and loam 
(1:1, v/v).  After 2 weeks, these plants were subjected to four 
kinds of light levels by placing them in plastic frames 
surrounded by one to several layers of black shade cloth: 
100%, 50%, 25% and 5% of full sunlight (Table I). 10 plants 
were used in each treatment. 

Just before the strat of treatment, the uppermost unfold leaf 
was tagged with a label. On May 2, the chlorophyll content of 
the tagged leaf was determined with Green Meter (Fuji Co., 
Ltd., GM1) and expressed as relative value value. The 
photosynthetic rate (Pn), stomatal conductanceb to CO2 
transfer (Gs) and transpiration rate (E) of the leaf area tagged 
leaf were measured a portable 

Photosynthesis sytem (LI6400; LI-COR, Inc.).  On May 26, 
the shoot length was measured and the total leaf area was 
determined with an area meter (LI3000; LI-COR, Inc.).  
Thereafter, all plants were removed from the pots and divied 
into leaves, stems and roots. They were then oven dried at 
80℃  for 48 hrs and their dry weights were measured. The 
top -root ratio and leaf area ratio (LAR) was calculated as leaf 
+ stem dry weights/root dry weight and as total leaf area/dry 
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weight of whole plant, respectively. 
TABLE I: IRRADIANCE LEVELS ON A CLEAR DAY OF TREATMENTS 

Treatment PPFD    
(sunlight levels) (μmolm-2s-1) 

100%   1200 - 1800 
50%   650 - 800 
25%   250 - 350 

5%    < ：85 
 

After the leaf area was determined, a leaf disk (1cm2) was 
removed from the tagged leaf with a razor blade and 
immediately weighed to determine the specific leaf weight 
(SLW). The disk was then fixed in FAA solution.  The leaf 
tissue was dehydrated and embedded in paraffin and 
sectioned (10μm) for measuring the leaf thickness under 
light microscope.  

The experiment was conducted with a completely 
randomized design. The results of all variables were 
subjected to analysis of variance. Significance of linear and 
quadratic models were determined with percent sunlight as 
the independent variables. 

 

III. RESULTS  
In  S.coccinea and S.viridis, shoot length decreased with 

increase in shade level, but that of  S.splendens was 
decreased greatly only at 5% sunlight (Table II).  Plant dry 
weight reduced at 25% and further decreased at 5% for both 
species. There was little difference in shoot length and plant 
dry weight between 100% and 50%. With decreasing light 
intensity, the top-root ratio tended to decrease in S.coccinea 
but to increase in S.splendens. The LAR increased with 
decreaseing light level for all species. S.splendens and 
S.viridis increased the LAR more than S.coccinea under 
heavy shade conditions. The leaf thickness and SLW 
decreased with increasing the shade level for both species. 
The degree of reduction in SLW was greater in S.splendens 
and S.viridis than S.coccinea. 

Shade treatments had little effect on the chlorophyll 
content in sunflower. The chlorophyll tened to decrease with 
decreasing light levels in salvia (Table IV).  

Photosynthetic rate (Pn), stomatal conductance to CO2 
transfer (Gs) and transpiration rate (E) in leaves grown under 
different irradiance levels are shown in Table V. The effect of 
light intensity on Pn was smaller in sunflower than salvia. 
There was little difference in Pn among 100%, 50% and 25％ 
sunlight in sunflower. The Pn decreased at 50% sunlight in 
salvia. At 5% sunlight the photosynthesis almost reached to 
the light compensation point in both species. Gs was greater 
at 50% and 25% sunlight in salvia. In sunflower, Gs became 
greater with decreasing irradiance levels. The Gs was the 
least at 100% sunlight for both species. In both species, E was 
little affected. 

 

IV. DISCUSSION 
Hevy shade decreases the shoot growth in some kinds of 

plants. The dry weight of some bedding plants decreased by 
50% at about 30% irradiance level [6]. In Cyclamen persicum 
dry weights of leaves and stems under 80% shade level were 
60% of those under full sunlight [5]. In this study, shoot 
extension and plant dry weight were substantially suppressed 
under lower than 25% of full sunlight in both species. In 
chrysanthemum, however, shoot growth was little affected at 
24% of full sunlight [4]. Growth response of Laminacea 
seedling seems to be more sensitive to the change of light 
conditions than chrysanthemum. This study indicates that 
higher than 50% sunlight level is change. Both shoot length 
and leaf area decreased with decreasing light levels.Total leaf 
area was extremely decreased at 5% in every species (Table 
III). In S.splendens and S.viridis, the leaf area tened to 
increase 50%. At 25% the area decreased in S.coccinea. The 
LAR required for the normal growth of seedlings in these 
species. 

 
TABLE II: EFFECT OF IRRADIANCE LEVEL ON THE SHOUT ENGTH, PLANT DRY WEIGHT AND TOP-ROOT RATIO OF S. COCCINEA, S. SPLENDENS AND S. VIRIDIS. 

variables 
treatment (sunlight level)   

Regressionz 
100% 50% 25% 5%   

    S.coccinea         
Shoot length(cm) 28.3 26.1 20.1 11.2   L** r2=0.39 
            Q**r2=0.86 
Plant dry weight(g) 5.1 5.9 2.1 1.3   L** r2=0.51 
            Q**r2=0.81 
Top-root ratio 3.7 3.6 3.3 2.5   L** r2=0.41 
            Q**r2=0.52 
    S.splendens         
Shoot length(cm) 21.6 20.1 12.8 4.8   L, Qns 
Plant dry weight(g) 6.1 4.9 1.9 0.6   L** r2=0.62 
            Q**r2=0.81 
Top-root ratio 3.2 2.8 4.2 3.5   L* r2=0.5 
    S.viridis         
Shoot length(cm) 18.7 22.1 13.1 5.8   L** r2=0.32 
            Q**r2=0.83 
Plant dry weight(g) 4.6 5.1 1.1 0.8   L** r2=0.66 
        0.7   Q**r2=0.81 
Top-root ratio 2.9 3.2 3.7 2.1   L, Qns 
z L, Q: Linear and quadratic regression, respectinely. *,**: P＜0.05 and 0.01, respectly. ns: not significant. 
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TABLE III:  EFFECT OF IRRADIANCE LEVEL ON THE LEAF AREA, LEAF AREA RATIOT AND LEAF THICKNESS AND SPECIFIC LEAF WEIGHT OF S. COCCINEA, S. 
SPLENDENS AND S. VIRIDIS 

variables 
treatment(sunlight level)   

Regressionz 
100% 50% 25% 5%   

      S.coccinea       
Leaf area(cm2) 42.1 41.6 26.6 14.2   L** r2=0.39 
            Q**r2=0.86 
Leaf area ratio(mg cm-2) 70.1 65.3 85.2 88.8   L** r2=0.51 
            Q**r2=0.81 
leaf thickness(μm) 90.1 81.3 67.4 58.3   L** r2=0.41 
            Q**r2=0.52 
Specific leaf weight 141 132 102 112   L** r2=0.51 
(mg cm-2)           Q**r2=0.67 
      S.splendens       
Leaf area(cm2) 48.3 50.8 49.4 28.4   L** r2=0.46 
            Q**r2=0.58 
Leaf area ratio(mg cm-2) 63.5 85.1 142.9 174.3   L** r2=0.51 
            Q**r2=0.72 
leaf thickness(μm) 91.2 88.4 72.7 73.5   L** r2=0.76 
            Q**r2=0.52 
Specific leaf weight 223 143 111 98   L** r2=0.70 
(mg cm-2)           Q**r2=0.72 
      S.viridis       
Leaf area(cm2) 35.2 333.8 99.7 80.2   L** r2=0.59 
            Q**r2=0.67 
Leaf area ratio(mg cm-2) 81.1 91.1 114.8 118.3   L** r2=0.53 
            Q**r2=0.75 
Leaf thickness(μm) 93.3 90.2 84.1 65.4   L** r2=0.73 
            Q**r2=0.79 
Specific leaf weight 195 131 118 99   L** r2=0.71 
(mg cm-2)           Q**r2=0.82 
z L, Q: Linear and quadratic regression, respectinely. **: P＜0.05 and 0.01, respectly. ns: not significant. 

 
TABLE IV:  EFFECT OF URRADIANCE LEVEL ON THE CHLOROPHYLL CONTENT IN S. COCCINEA, S. SPLENDENS AND S. VIRIDIS. 

variables 
treatment(sunlight level)   

Regressionz 
100% 50% 25% 5%   

S.coccinea 1.5 1.6 1.4 1.3   L, Qns 
S.splendens 1.5 1.5 1.3 1.1   L** r2=0.62 
S.viridis 1.8 1.8 1.5 1.4   L*  r2=0.5 

y Reading of Green Meter.          
 

TABLE V: EFFECT OF IRRADIANCE LEVEL ON THE PHOTOSYNTHESIS, STOMATAL CONDUCTANCE AND TRANSPIRATION RATE OF S. COCCINEA, S. SPLENDENS 
AND S. VIRIDIS. 

variables treatment(sunlight level)   Regressionz 100% 50% 25% 5%   
      S.coccinea       
Photosynthetic rate  3.9 4.1 4.8 0.4   Q** r2=0.51 

(μmoｌ ｍ-2 ｓ-1）             
Stomatal conductance 0.2 0.2 0.3 0.3   L** r2=0.71 

(moｌ ｍ-2 ｓ-1）           Q**r2=0.73 
Transpiration rate 3.6 3.4 3.6 3.6   L, Qns 

(mmoｌ ｍ-2 ｓ-1）             
      S.splendens       
Photosynthetic rate  11.3 9.74 6.45 0.3   L** r2=0.68 

(μmoｌ ｍ-2 ｓ-1）           Q**r2=0.91 
Stomatal conductance 0.2 0.3 0.4 0.2   Q** r2=0.51 

(moｌ ｍ-2 ｓ-1）             
Transpiration rate 4.1 3.8 3.9 3.6   L, Qns 

(mmoｌ ｍ-2 ｓ-1）             
      S.viridis       
Photosynthetic rate  8.9 8.7 6.1 -0.5   L** r2=0.49 

(μmoｌ ｍ-2 ｓ-1）           Q**r2=0.86 
Stomatal conductance 0.2 0.3 0.4 0.12   Q** r2=0.51 

(moｌ ｍ-2 ｓ-1）             
Transpiration rate 3.7 3.8 3.8 3.6   L, Qns 

(mmoｌ ｍ-2 ｓ-1）             
z L, Q: Linear and quadratic regression, respectinely. **: P＜0.05 and 0.01, respectly. ns: not significant. 
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Bedding plants growth under shade condition change their 
form to adapt the low irradiance. In Achillea, shoot extension 
increased with decreasing light intensity at the sacrifice of 
leaf area development [4]. On the other hand, Coleus [7] and 
marigold [6] increased the leaf area. However, Laminaceae 
seedlings did not show such morphological Heavier shade 
brought about thinner leaves, with lower SLW for both 
species. Similar responses were obtained in Dracaena 
sanderana [2] and Ficus benjamina [8].  The leaf growth 
under shade conditions has higher chlorophyll content [8], 
[9]. This is a physiological adaptation to utilize light energy 
more efficiently. However, the chlorophyll content decreased 
with increasing shade levels in S. coccinea and was little 
affected in S.splendens and S.viridis. These do not suggest 
that Laminaceae seedlings have such an adaptation 
mechanism. 

In chrysanthemum [9], CO2 assimilation rates of the leaf 
decreased under shade conditions. Photosynthesis decreased 
by increasing the level of shade in Cyclamen persicum [5]. In 
this study, the photosynthetic rate decreased greatly at a 
greatly at a 5% sunlight level, but the rate at the 50% level 
was comparable to that at full sunlight. This indicates that 
photosynthetic function is not affected if young Laminacea 
trees are grown under light levels higher than 50% full 
sunlight. Under 25% full sunlight, photosynthesis was a little 
decreased in S.coccinea, probably because of a reduction of 
chlorophyll. However, photosynthesis was little affected in 
S.coccinea. S. splendens and S.viridis seems to have a more 
effective mechanism to utilize low irradiance compared with 
S.coccinea.  

At 25% sunlight level, plant dry weights decreased 
although the photosynthetic rate was not affected in 
S.coccinea. This indicates that the decrease in leaf growth 
such as leaf area and thickness brought about the decrease in 
total photosynthetic production. In S.splendens and S. viridis, 
the reduction of dry weight caused the reduction of both leaf 
growth and photosynthetic ability. Under 100% shade 
condition, the inhibition of both photosynthesis and leaf 
growth resulted in a great decrease of dry weight in every 
species. 

Stomatal conductance to CO2 transfer was affected by 
shade treatments in all species. The conductance was greater 
in all shade levels than full sunlight. This was different from 
that obtained in wax begonia which decreased conductance 
under shade conditions [9]. In chrysanthemum [10], changes 
in CO2 assimilation were strongly strongly correlated to 
stomatal conductance to CO2 when leaves were exposed to 
different irradiance levels. The increase in conductance 
might prevent the decrease of photosynthetic ability by 
increasing CO2 flow into leaves in Laminaceae plants grown 
under shade conditions. Little or a little reduction of CO2 
assimilation capacity at 50% sunlight level seems to be partly 
caused by greater stomatal conductance. At 5% sunlight level, 

such compensation effect disappeared because of the 
inhibitory effect of low radiance on photosynthesis. 

The present results indicate that the growth of Laminacea 
fruit trees is greatly reduced under heavier shade conditions. 
These seedlings showed only a little morphological 
adaptation to the low irradiance level. Increased stomatal 
conductance and little reduction of chlorophyll content seem 
to prevent the decrease in photosynthetic ability under shade 
conditions.  The deference in shade tolerance among the three 
species could not be clarified cleary in this study. However, 
S.coccinea seems to be more adaptive to shade compared 
with S.splendens and S.viridis. The effect of irradiance levels 
on flowering should be studied more to clarify the shade 
tolerance of these Laminaceae. 
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