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ABSTRACT 
Thinning of ozone layer increased the level of UV-B radiation fluxuation on the earths surface. 
The level varies with full sunlight condition and shaded condition (50% reduce). We analysed 
the response of some naturally grown medicinal plants like Achyranthus, Acalypha, Tridax and 
Ruellia to UV-B radiation at full sunlight and shaded condition. The plants were selected from 
Madurai Kamaraj University, Botanical garden, Tamilnadu, India. Typical morphological and 
physiological changes were observed in these four plants. When compared to plants grown in 
full sunlight condition, the plants grown in shaded condition having broad lamina and long 
internodes. The leaf area also two fold higher in shade grown plant than full sunlight grown 
plant. The natural UV-B radiation also affected of total chlorophyll, carotenoid biosynthesis, 
electron transport and PSII activity. The impact was high in full sunlight grown plant than shade 
grown plant. But it  increases the secondary pigment like anthocyanin and flavanoid level in 
various extend. Such increase was higher in full sunlight grown plants. Among four species in 
Acalypha and Achyranthes were  only marginal changes were observed. This is confirmed by in 
vitro experiment, whereas the isolated chloroplast of two species exposed to artificial UV-B 
radiation in different time interval. There is no sudden loss of  PS(II) activity instead of that they 
try to stabilize or restore  PSII activity in one hour period. 
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INTRODUCTION 
Sun light is the prime factor governing the 
survival and fitness of photosynthesising 
plants. Sunlight is the form of electromagnetic 
wave. It contains small amount of short 
wavelength ultraviolet radiation, which is 
harmful to all living organism. Fortunately, 
most of this harmful UV radiation is filtered 
out by the stratospheric ozone layer,which 
strongly absorbs UV light. Unfortunately, this 
protective shield is being continuously 
damaged by human activities. So the depletion 
of ozone layer increasing the emission of UV 
radiation in the earth surface.The shortest UV 
waves are most detrimental to living organism. 
Usually the UV radiation is divided in to UVA 
(315-400nm), UV-B (280-315nm) and UV-C 
(100-280nm) spectral ranges. UV-C radiation 
completely   absorbed by the ozone layer while 
UVA-radiation does not harm to plants.  

However, the UV-B radiation most harmful 
and  important stress factor for all living 
organism. As a result, the UV-B region of the 
ultraviolet spectrum has gained importance 
over other environmental factors.1,2  
Earths surface, it is very high in tropical 
region. In the tropical region, the emission of 
UV-B radiation is  high in full sunlight condi-
tion, whereas in the shade condition it reduces 
50%.3 So based on this,  the amount of light 
receiving by plant classified into sun and shade 
plant. As the lack of locomotion of the plant 
adaptation or tolerance to increased UV-B 
radiation is essential. The adaptation of solar 
UV-B radiation involves morphological and  
anatomical changes like leaf thickness, leaf 
area and the leaf anatomy were altered  by 
changes  the  thickness of then epidermis, 
palisade and mesophyll layer.4 The increase 
the solar UV-B radiation induces changes in 
the biomass level and growth level.5 Chloro-
phyll   and   carotenoids   may  be  affected  by  *Author for correspondence 
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relatively large amount of UV-B radiation with 
carotenoids generally being less affected than 
the chlorophyll.6 Pigment of the photosynthetic 
apparatus can be destroyed by UV radiation 
with concomitant loss of photosynthetic 
capacity. The effect of UV-B radiation do not 
seem to be evenly distributed between two 
photosystem. There is general consensus that 
UV-B radiation in fluences primarily  PSII 
there are many reports on possible targets.7,8 

But the adaptation maximizes the 
photosynthetic productivity under prevailing 
environment condition. If light condition 
changes automatically its photosynthetic rate 
also. However, UV-B radiation  induces 
secondary pigment like anthocyanin and 
flavanoid  synthesis it acts as a UV-B screen-
ing pigment. These compounds may be found 
both in the epidermal layer and in leaf hairs in 
relatively high concentration.9,10 In the present 
investigation reports, the difference in growth, 
leaf area, photosynthetic pigment content, non 
photosynthetic pigment content in Tridax 
procumbens, Acalypha indica, Achyranthes 
aspera and Ruellia prostate  in order. 

AIMS AND OBJECTIVES 
To find out how plants growing under natural 
in full sunlight and in shade environment adapt 
to these light conditions. The investigation has 
also been made how these plants respond to 
UV-B radiation damage. 

MATERIAL AND METHODS 
The plant material used in this study were 
Achyranthes aspera, Acalypha indica, Tridax 
procumbens and Ruellia prostrate. Well grown 
plants in the botanic garden, biological sciences, 
Madurai Kamaraj University Tamil Nadu, India 
under natural shade and sun condition plants 
were selected for this study. The plants grown 
under full sunlight received light intensity. The 
shade plants received less light intensity 
(300mW d1.m-2) the plants received 12±2°C for 
all experiments only third leaf of each plant was 
used. 
Leaf area measurements 
The leaf area of the plants grown in full 
sunlight and shade was determined using an 
leaf area meter. Third leaf was used for the 
measurement for all the plants. 

Estimation of pigments 
Chlorophylls 
Pigments were extracted in 80% acetone and 
the amount of total Chl, Chl a and Chl b 
carotenoid was quantified using the formulae 
of. 11 
Chlorophyll 
a (mg/l) : (12.21 x A663) – (2.81 x A646) 

Chlorophyll 
b (mg/l) : (20.13 x A646) – (5.03 x A663) 

Total 
Chlorophyll   
(mg/l) : 

(7.18 x A663  + 17.32 x A646) 

Carotenoids 
The concentration of total carotenoids was 
estimated in the 80% acetone extract by 
measuring the absorbance at 480 nm.12 
Formula was used to correct the Chl 
interference : 

Carotenoids 
(mg/l) : 

    1000 A470 – (3.27 Chl a)  
– (104 Chl b) 

229 
Anthocyanins 
Anthocyanins were extracted from the leaves by 
grinding the leaves in 80% acidified methanol 
(80:20:1 of methanol : Water : HCl). After 
centrifugation the clear extract was used to 
estimate the concentration of anthocyanin by 
measuring the absorbance at 530 and 657nm 
according to.13  
A/g fresh weight : (A530) – (0.3 x A657) 
Analysis the impact of artificial UV-B 
radiation on the  PS(II) activity in the 
isolated chloroplast at in vitro condition 
Intact and broken chloroplast were isolated 
following the method of 14 from the shade and 
sun grown Acalypha and Achyranthes leaves. 
Isolated chloroplast (100 Mg Chl ml-1) was suspe 
nded in a petridish fixed with a stirrer was kept 
and the UV-B cabin. The distance was named at 
20cm from the UV-B lamp. UV-B irradiation 
was given to the chloproplast continuously until 
drastic lose in the PS(II) activity. 40ml of 
chloroplast (100µg chlµl-1) was pipette out at an 
interval of 5 minutes and measured for PS(II) 
activity following method shown previously. 

RESULTS AND DISCUSSION 
Light is one of the major environmental factors 
influencing growth and distribution of plant 
species. The   light   intensity   under which the  
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plants develop has been shown to affect the 
leaf morphology and physiology. 
Changes in the growth characteristics 
For a detailed comparative investigation on the 
impact of variation in natural solar UV-B 
radiation during growth four medicinal plants 
were selected. The corresponding plants differ 
in morphological aspects such as leaf area, 
shoot length, fresh weight and dry weight : 
Acalypha indica, Achyranthes aspera, Tridax 
procumbens and Ruellia prostrata. The leaf 

area of the four species examined. As 
compared to the full sunlight plant the shade 
grown plant leaves are at least two fold larger 
in size. When the leaf area decreases  
concomitant with increases of leaf thickness in 
full sunlight grown plant. The increase leaf 
thickness has been interpreted as a protective 
mechanism against damage caused by UV-B 
radiation.15 Typical morphological changes 
seen in these four medicinal plants were shown 
in the Fig. 1 and Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Typical morphological changes in Acalypha, Achyranthes, Ruellia, Tridax grown under 
shade and full sunlight condition in natural ecosystems 

 
Fig. 2 : Changes in the leaf area of  Acalypha, Achyranthes, Ruellia, Tridax grown under shade 
and full sunlight condition in natural ecosystems. The values represent an average of  20 plants, 

Mean ± SE, n = 20 
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Natural solar UV-B radiation increases the leaf 
area and shoot the length of the plant grown 
under shade environment. This is because light 
harvesting by green stems it is generally small. 
But low light induces elongation of the stem 
for increasing harvesting of the light  in the 
shade condition.16,17 Stem elongation in the 
shade, which is part of the shade avoidance 
syndrome18 is another morphological feature 
that can affect light capture since it generally 
implies that less biomass is available to form 
leaves resulting in a low efficiency of light 
interception. 
In full sunlight grown plant the UV-B radiation 
reduces main stem and branch elongation rates 
resulting in more impact and shorter plants. 
Decreased plant height was mainly due to 
shorter internodes rather than fewer 
internodes19-22 speculated that the mechanism 
for reduced stem elongation by UV-B might be 
due to changes in the phytohormone levels 
especially IAA which plays a role in stem 
elongation. 
Numerous studies have been conducted to 
determine the impact of UV-B radiation on 

plant growth. Similar results have been 
reported in Avena sativa and Avena fatua23, 
Phaseolus vulgaris24, Linseed25, Conifers26, 
Oryza sativa27, Brassica juncea28 and in a 
variety of plant species. 
Changes in the photosynthetic pigments 
Chlorophyll and carotenoids are the central part 
of the energy manifestation of every green plant 
system and therefore any significant alteration in 
their levels is likely to cause a marked effect on 
the entire metabolism of the plants. In Tridax 
procumbens the chlorophyll content was found to 
be neutral in both the sun and shade plant. In 
remaining three plants, the natural solar UV-B 
radiation decreased the synthesis of chlorophyll 
in full sunlight grown plants than shade plants. 
Such changes were high in Achyranthes than 
other three plants (Fig. 3). Such decrease could 
be due to a change in the early chlorophyll 
biosynthesis process or enhanced chlorophyll 
degradation. Chlorophyll biosynthesis do not 
appear to be inhibited by natural  UV-B 
radiation29 and therefore it is likely that the 
reduction in chlorophyll level is the result of an 
increase in degradation processes. 

 
Fig. 3 : Changes in the total chlorophyll content of  Acalypha, Achyranthes, Ruellia, Tridax 

grown under shade and full sunlight condition in natural ecosystems. The values represent an 
average of  20 plants, Mean ± se, n = 20 

Reduction in chlorophylls due to UV-B impact 
has also been reported in Glycine max, Vigna 
mungo and Vigna radiate.30,31 In some species, 
such as pea supplemental UV-B radiation results 
in a reduction in total chlorophyll content with 
Chl a decreasing to a greater extent than Chl b. In 

addition to the decrease in the chlorophyll 
content, there is a change in the relative 
distribution of chlorophyll with depth in pea leaf 
tissue.32 It has been reported that UV-B radiation 
resulted in greater reduction in the amount of Chl 
b as opposed to Chl a and may point to a more 
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selective destruction of Chl b biosynthesis or 
degradation of precursors.33 However, the effect 
of UV-B radiation on Chl a/b ratios varies among 
growth conditions and species. 
Changes  in the carotenoid content in plant 
exposed to full sunlight  were not same as 
noticed in chlorophyll content. Because the 
carotenoids are primarily photoprotective 
pigments were decreased in all the four species 
of shade grown plant than full sunlight grown 
plant.34 stated that the carotenoids may be 
affected by relatively large amounts of UV-B 
radiation. Several other reports have further 
suggested a reduction in carotenoid following 
UV-B exposure.35,36 Carotenoids protect chlor-
ophyll from photooxidative destruction and 
therefore a reduction in carotenoid could have 
a serious consequence on chlorophyll pigme-
nts. Some scientists stated that the content of 

chlorophyll a and carotenoids remains uncha-
nged under the exposure to UV-B while the 
amount of chlorophyll b decreases37. 
Changes in the non photosynthetic pigment 
The accumulation of UV-B absorbing 
pigments is one of the ways by which plants 
alleviate the harmful effects of UV-B. The leaf 
of the species which is exposed to natural UV-
B was denser, thicker resulted in the 
accumulation of more UV-B absorbing 
pigments per unit area. UV-B absorbing 
compound such as anthocyanins were found to 
be increased in Acalypha indica, Ruellia 
prostrate, Achyranthes aspera, Tridax 
procumbens in full sunlight grown plants    
(Fig. 4). Anthocyanins have weak absorption 
in the UV-B region and hence their 
phenomenal rise is necessary to offer any 
resistance to UV-B.38-40  

 
Fig. 4 : Changes in the carotenoid content of  Acalypha, Achyranthes, Ruellia, Tridax grown 

under shade and full sunlight condition in natural ecosystems. The values represent an average of  
20 plants, Mean ± SE, n = 20 

These compounds often accumulate in the 
upper epidermis of leaves and efficiently 
absorb UV-B radiation thus preventing it from 
penetrating the leaf mesophyll cells. As they 
reduce penetration of UV-B into the inner 
layers of leaves.41,42 They are often implicated 
as markers for the sensitivity of plants to UV-
B. A significant and positive correlation betw-
een the increase in the amount of UV absor-
bing pigment with UV-B exposure and the 
degree of UV-B sensitivity in five cucumbers 
cultivars was reported.43 Anthocyanin prod-

uction increased after UV-B stress in Vigna 
mungo44 and mustard45. However46 showed an 
inverse correlation between anthocyanin 
formation and UV-B sensitivity (Fig. 5). 
Stated that enhanced UV-B treatment typically 
induces an increase in UV-B absorbing 
compounds in the leaf tissues. Also a few 
investigators have reported that the 
accumulation of UV absorbing pigments was 
genetically controlled as a protection 
mechanism against UV-B radiation in 
Arabidopsis plants.47  
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Fig. 5 : Changes in the anthocyanin content of  Acalypha, Achyranthes, Ruellia, Tridax were 
grown under shade and full sunlight condition in natural ecosystems. The values represent an 

average of  20 plants, Mean ± SE, n = 20 

Changes in photosynthesis 
Photosynthesis may be the most intensively 
studied process in plant biology. Due to its 
central role in plant metabolism, as well as its 
importance for all oxygen dependent life on 
earth, studies on adverse effects on photo-
synthesis in the context of a globally changing 
environment are of particular interest. Due to 
numerous effects of UV-B radiation to the 
respective biomolecules involved in photosyn-
thesis, the effects of UV-B exposure are 
manifold. The most common consequences for 
photosy-nthetic function are decreased CO2-
fixation and oxygen evolution. This could be 
caused by several molecular events, while most 

studies have found that PS(ll) is only minimally 
affected by UV-B. It is very likely that UV-B 
causes an inhibition of energy transfer within the 
PS(II) reaction centre by blocking the electron 
flow. The PS(II) is the  main target for UV-B 
radiation and its damage contributes significantly 
to the overall UV-B damage.48-50 So the full sun 
light grown plant decreased PS(II) activity was 
observed than shade grown plant. The activity of 
photosynthesis was very high in shade grown 
plant than full sunlight grown plant. This is 
because the synthesis of high amount chlorophyll 
in low UV-B radiation condition. Such increase 
was 50% high in Ruellia, Achyranthes and 
Tridax (Fig.6).  

 
Fig. 6 : Changes in the PSІІ mediated (H2O→BQ) electron transport activities in chloroplast 

isolated from Acalypha, Achyranthes, Ruellia, Tridax were grown under shade and full sunlight 
condition in natural ecosystems. The values represent an average of  20 plants, Mean ± SE, n = 20 
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In fewer studies, it has been designed to 
evaluate the effects of present levels of solar 
UV-B radiation on photosynthe-sis. With 
suitable optical filters one can test whether the 
ambient UV-B and UV-A contributes to 
photoinhibition of photosynthe-sis caused by 
exposure of plant leaves to full sunlight. In 
particular the high UV-B flux within tropical 
latitudes may adversely affect photosynthesis 

had suggested lower levels of scattered UV as 
present in natural shade would not 
significantly alter affect the PS(II) activity. 51,52 
Analyses the effect of artificial UV-B radi-
ation on PS(II) activity in vitro condition 
The above  experiment was clear that Ruellia 
and Tridax are less resistant to natural solar 
UV-B radiation. Where as in Achyranthes and 
Acalypha moderately resistant to natural solar 
UV-B radiation. Therefore further work was 
extended to analyse  the effect of artificial UV-
B radiation on the PS(II) activity of isolated 
chloroplast in in vitro condition and correlate 

the above changes. So the chloroplast isolated 
from both the full sunlight grown plant and 
shade grown plant and exposed to UV-B 
radiation in vitro condition for 30 minutes. 
Every 5 minutes  the PS(II) activity measured  
by O2 electrode. In Acalypha the shade plant 
loses its activity in 20 minutes. But 
Achyranthes  just try to stabilise its activity up 
to 40 minutes. 
The response of PS(II) activity of sun and shade  
to artificial UV-B radiation shown in  Fig. 7. The 
amount of PS(II) activity was high in full 
sunlight grown plant than shade plant. Because 
of the adaptation, the full sunlight grown plant 
already adapted to UV-B radiation so the impact 
of UV-B radiation on the photosynthetic activity 
is less. Similar changes were reported.53 In the 
sun leaves from the outer canopy of mature 
tropical trees UV-B effects on PS(II) were also 
observed in certain cases depending on 
acclimation and developmental stage of the 
leaves . 

   
Fig. 7 : Changes in the PS(ІІ) mediated (H2O→BQ) electron transport activities by artificial UV-
B radiation in chloroplast isolated from Acalypha and Achyranthes of sun shade grown plant. The 

values represent an average of  20 plants, Mean ± SE, n = 20 

Where as a shade plant isolated chloroplast 
suddenly exposed to artificial UV-B radiation the 
cannot tolerate the loss its PS(II) the activity 
gradually. Similar results were reported by  many 
research54, the shade-acclimated tropical tree 
seedlings were suddenly exposed for short 
periods (15-75 min) to direct sunlight as may 
occur when a tree-fall gaps open in the forest 
PS(II) was found to be sensitive to ambient UV-
B (and UV-A) radiation.55 Reported a study of 
shade-grown grape (Vitis vinifera) plants 
performed at mid-latitude (49°N) leaves   respo  

nded to the UV-B component of full sunlight by 
enhanced inhibition of potential PS(II) efficiency 
and perhaps independently of CO2  assimila -
tion.56-59  It suggests that shade plant  the expo-
sure to direct sunlight including UV-B light has 
caused protein damage. It is known that shade 
leaves have a low capacity to restore PS(II) activ-
ity via protein degradation and resynthesis.60-76  

CONCLUSION 
This study was evidence that plant, as sessile 
organisms, exhibits a remarkable capacity to 
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modify their physiology and morphology 
according to the prevailing environment. 
Therefore, increased UV-B radiation would 
affect the stability of ecosystems and genetic 
health of living organisms. But some plants 
adapted to changing environment condition and 
restore its physiological activity from UVB 
damage by defense mechanism. Such plant is 
Achyranthes aspera, it has more tolerance 
against natural solar UVB radiation in shade and 
full sunlight condition. 
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