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Abstract: Problem statement: Platycerium bifurcatum (Cav.) C. Chr. is epiphytes which lives in
forest canopyand commonly used for its ornamental value. In thesdrenments, they were always
exposed to many types of stresses such as highriigimsity. Light intensity plays an importanteah
affecting plant’'s physiological performance. Theref the purpose of this study was to investigate
physiological responses &% bifurcatum to light stressApproach: In this study,P. bifurcatum were
grown under four different Photosynthetic Activedidion (PAR) levels which were 20mol m?s™
(T1), 70pumol m?s™ (T2), 200umol m?s™* (T3) and 150Qmol m?s™ (T4). Leaf gas exchange and
chlorophyll fluorescence were used to evaluatesthess response of various levels of light intgnsit
All measurements were carried out on weekly bamisvelve weeksResults: Results showed that
Anetvalue of T1, T2 and T3 in the range near to theraye Aq value for most epiphytes. Conversely,
T4 showed lower value in Awith 1.797 pmol COmM?s™. Fv/Fm ratio in T3 and T4 were below 0.8
indicates that there was a sign of stress occurretiese treatments. HoweverpAof T3 was not
affected although there have been event of phatuitidn observed in the treatment. On the contrary,
T4 was fully affected by high light intensity asth was a reduction of Fv/Fratio and alsd\ . T1
and T2 of A and Fv/Fmratio values ranged afnstressed plants after subjected to light treatmen
Conclusion: Measurement of leaf chlorophyll fluorescence aasl gxchange are useful to detection of
light stress inP. bifurcatum. Different levels of light intensity were signifiatly affecting
physiological attributes d®. bifurcatum.

Key words: Epiphytic fern, environmental stress, light intépsiphotochemical efficiency, tree
canopy, physiological attributes, plant chloropHtidbrescencePlatycerium bifurcatum,
Photosynthetic Active Radiation (PAR)

INTRODUCTION some of the Orchidaceae family, it does grow orgs$wi
rather than trunks Nadkarmt al. (2004). Therefore,
Forest is a place rich of diversity for many life through this complexity, canopy plants do relatjvel
functions and operated as a habitat for many tyfes response in terms of both function and its strgctur
flora and fauna. On the whole, forest canopy ptays  However, our nature and ecosystem are negatively
as one of the important features of a tree since iaffected especially by forest degradation whichs thi
performs as a shade and also for shelter for ditring leads to climate change (Sagaal., 2010). As far as
or non living things. In accordance to Nadkaghial.  climate change is concerned, for plant that livaedeu
(2004), in the forest environment, there will bewbes plant canopy such as epiphytes, they are usually
continuously all through from the top to bottom. exposed to elements of harsh environment and
Likewise, the canopy area does also alter the geera experienced the climate fluctuation. Epiphytes lore
rates of temperature, wind speed, light, soundtive  other plants and under the tree canopy (Zotz ardzHi
humidity and turbulence of the forest area. Witmgna 2001) and they do not consume any nutrients frem it
types of living population live in and under thenopy,  host tree since they are fully autotropic (Benzing,
there have been several complexity of the strucinge  1998). In completion of plants life cycles, theyialy
microclimate occurs within crown of a tree suchiras accountable to various biotic and abiotic stres®(fias
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and Kropp, 2011). In this type of habitat and theepiphytic ferns ofP. bifurcatum in terms of their
atmosphere below tree canopy, many types oPhysiological attributes. Therefore, the objeciiehis
environmental stress are likely to occur to thisetyf study was to explore the effect of different legtlight

: P : intensity on physiological attributes &f. bifurcatum
plant especially stress of high light intens®atycerium h
bifurcatum is one of the epiphytes that live just underthrough gas exchange and chlorophyll fluorescence.

fqrest canopy are expos:ed to fluctuating environmen MATERIALSAND METHODS
bifurcatum is the epiphytes from the genus of

Platycerium in the family of Polypodiaceae. This pjant materials and experimental design: Plants of
species has wide distribution and about 15-18 speci simijlar size ofPlatycerium bifurcatum were selected to
from this genus mostly lived as epiphytes and giow pe used for this study. The experiments were carduc
the subtropical to tropical lowland forests (Kre@rd  at the green house of the Faculty of Forestry, Ehsity
Schneider, 2006). For instance, species of thisigen Putra Malaysia, Serdang, Selangor for twelve weeks
occurs in lowland tropical rain forests in Malaysia starting from April 2009. All of these plants were
(Perez-Garciat al., 2010).In addition, ferns are also watered daily prior to the photosynthetic attrilsute
being utilized as an ornamental plant (Fernandez anmeasurement. The amount of light intensity receivgd
Revilla, 2003) and for its landscape aestheticealu each plant was differentiated according to theaugs.
This plant habitat is usually characterized byhhig In this experiment, the plants were subjected tar fo
exposed to the environmental stress such as Higi li levels of stress group in four different Photositith
intensity and low water availability. In relatioro t Active Radiation (PAR) received by each plant. Ehre
climate change, through extreme environment such agf the group were located under shade cloth and
high light intensity, plants physiological processially  received different level of PAR namely aéhol m?s*
will effected to such stresses. StudyAspleniumnidus  for first treatment (T1) , followed by 7@mol m?sin
(Ainuddin and Najwa, 2009) shows that this Spec&®%  gecond treatment (T2), 20@mol mi? s for third
withstand and survive without watering for 16 weeks yaatment (T3). The fourth treatment was located in
These changes in the environment and stress of pla@xposed environment with PAR, 15G0nol m? s*

also affect the physiological process of this plant (T4). In each group there were ten plants and act a

Photosynthesis and growth are plant two main® /. : S .
charactéristics that rgsponse to ghanges in thenepllcates to estimate the effects of light intgnen the

surroundings (Schurret al., 2006). In addition, Physiological aspects 6. bifurcatum.

environmental stresses not only affecting plant

physiology but also its biochemistry and therefeeds L€af gas exchange and chlorophyll fluorescence

to a significant loss of yield (Tohidi-Moghadaghal., ~ Measurement: Weekly leaf gas exchange were

2009). On the whole, epiphytes showed lowconducted in lthe morning which measured by using a

photosynthetic capacities and limitation of leafocmmn ~ Photosynthesis ~ System LI-COR 6400 (LI-COR

gain (Zotz and Hietz, 2001). According to Cervangs Biosciences, Inc., Lincoln, NE) and its responsesew

al. (2005), photoinhibition would occur to plantsdiin ~ quantified by measuring the photosynthesis ratg)(A

high in the canopy and lower photosynthetic ratestomatal conductance Jg transpiration rate (E) and

experienced in plants that grow deep in the canopyeaf to air vapor pressure deficit calculated based

Chlorophyll fluorescence technique has been predtic leaf temperature (D). Three fully expanded leavemf

expansively in determining plant photosyntheticthree P. bifurcatum plants per stress treatment group

performance (Baker and Rosenqvist, 2004) andvere chosen to measure the leaf gas exchange. All

(Amirjani,  2010). The usage of chlorophyll \oterence Co concentration of 36qum CO, mol™

fluoresc_ence study provides very valuable resuzttst_a [ppm] and 120@um photons rif s of quantum flux.

use a simple and non-destructive method (Paknetjad .
For chlorophyll fluorescence measurement, five

al., 2009). Chlorophyll fluorescence technique wa® al plants per stress treatment were selected and reeasu

reported as a good indicator in determining thesstr .
response. Moreover, extremely excessive light vecei PY using the Handy Pea Chlorophyll Fluorometer

by plants possibly will damage photosynthetic pigtse (Hansatech Ins.). Three fully expanded leaves were

and structure of plants thykaloid which leads tomeasured for each treatment. Prior to complete the

photodamage (Larcher, 2003) and definitely occureen Mmeasurement of plant chlorophyll fluorescence,_ each

of photoinhibition (Stancatet al., 2002). From this, it |eaf sample was adapted to darkness by attachig th

is vital to know that such exposure to extreme @ leaf to a special leaf clip for a period of 20-3hutes.

as they were subjected to light stress would affieet To determine plant response in terms of chlorophyll
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fluorescence, parameters such as Fo (Fluorescené®r E, T4 recorded the lowest value whereas T2
Origing), Fm (Fluorescence maximgmFv (variable showed the highest value. T2 of D recorded the
fluorescence) and Fv/IFm (maximum efficiency of highest mean value. In the regression analyses
photosystem IlI) were used to access the effects afonducted using Sigma Plot 11.0 (Systat software

Platycerium bifurcatum on light stress.

Data analysis. All data ware analyzed using Analysis
Of Variance (ANOVA). This analysis of statistics sva
performed on all the data using a statistical pgekaf
SPSS version 17.0. Further mean separation test

factors was established and the significant leveP o
value was implied at 0.05. Tukey's test were engidoy

to distinguish a group of mean with the other group®

mean to find whether they significantly different
between each other.

RESULTS

Statistical summary of Analysis Of Variance

(ANOVA) for leaf gas exchange parameters was

shown in Table 1. There were significant difference
observed for all parameters studied between
For treatment, significant differences were found dor

Anetand E. Table 2 shows the mean values of leaf gadoth weeks and treatments observation.

exchange parameters for treatments. It was statlgti
observed that T1 had a higher mean value gféllowed
by T3, T2 and T4. In T2, the mean values obsemeag] i
were found higher than the rest tdatments.

Table 1: The summary of ANOVA for week and treatimen
parameters oP. bifurcatum leaf gas exchange response on

light stress
Source of variation
Week Parameter Mean square f p
Anet 45.976 47.251 0.000***
Os 0.008 19.893 0.000***
Ci 56954.889 21.518 0.000***
E. 0.264 10.168 0.000***
D 2.883 75.624 0.000***
Treatment
Anet 17.793 18.286 0.000***
Os 0.000 0.565 0.639
Ci 40037.353 1.513 0.211
E. 0.090 3.458 0.017*
D 0.056 1.462 0.22%

***: Indicate highly significant at p<0.001, *: Indate significant at
p<0.05;™ Indicate not significant

Table 2: The mean values of physiological aspeots tfeatment
observation of responses in different levels ditliptensity

Treatment
Parameter T1 T2 T3 T4
Ane(umol CQ m2s?) 2678 2.426  2.632 1.797
gs(mol HO m?s®  0.0352 0.038¢  0.036 0.0352
Ci(umCQmol®) 281548 250.669 277.570 296.957
E.(mmHO m?sY) 0.377° 0408 0367° 0.338
D (kPa) 1.1458 11757 1.120% 1.1462

- values followed by different letters indicate sfigrant difference
at the alpha 0.05 level

W

§,§alysis Of Variance (ANOVA) for chlorophyll
also conducted once significant difference betwee

Inc.), all treatments exhibit moderate relationship
between A and g based on Guilford’s Rule of

Thumb Fig. 1.

Table 3 presents the statistical summary of

uorescence parameters. It showed that in all
parameters there was significant difference between
all chlorophyll fluorescence parameters. Table 4
hows the mean values of chlorophyll fluorescence
parameters between treatments. It was observed that
T4 had a higher mean value of initial fluorescence
(Fo) followed by 3, 1 and T2. Contrary, maximum
fluorescence (Fm) value for T1 shows hgaihe
value whereas, T4 shows the lowest.

For maximum efficiency of photosystem II
(Fv/IFm) shows that T2 shows highest value followed

weekdy 1, 3 and T4. Figure 2 shows the photochemical

parameters mean value of Fo, Fm, Fv and Fv/Fm for
It was
observed that chlorophyll fluorescence response
towards different light intensity shows that T4 #ih

the lowest value for parameter of Fv, Fm and Fv/Fm
throughout the experiment and exhibit almost the
highest Fo value Fig. 2.

Table 3: The summary of ANOVA for Chlorophyll flscence
parameters between week and different treatmesetsienf
light intensity

Source Mean

of variation Parameter square F P

Week
Fo 611887.900000 122.944 0.000%***
Fm 1.41E+07  113.792 0.000***
Fv 9002504.000000 83.170 0.000***
Fv/iFm 0.018000 6.424 0.000%***

Treatment
Fo 77489.630000 15.570 0.000***
Fm 1.70E+07  137.490 0.000%***
Fv 1.86E+07  172.206 0.000***
Fv/iFm 0.307000 108.202 0.000%***

***: Indicates highly significant at p<0.001

Table 4:The mean values of chlorophyll aspects tfeatment
observation of responses in different levels ditligtensity

Treatment
Parameter T1 T2 T3 T4
Fo 476.00000 444.75000 480.19000 490.78000
Fm 2607.56000 2551.03000 2187.10000 1954.71000
Fv 2131.56000 2106.27000 1706.91000 1463.92000
Fv/iFm 0.81353 0.82423 0.77620 0.73342

ayalues followed by different letters indicate sfigant difference
at the alpha 0.05 level
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an reported by Larcher (2003),,Afor plants like ferns,

10 L mosses and lichens were examined to be very low if
T Y- 10456036k 20430 R 01731 compared to other plants particularly the woodyntda

1 oo — ¥-1.892+28 892612783, R 0.0857 and this does caused by assimilation organs ofethes

plants which are not thick. Moreover, it was repdrt
that maximum rates of net photosynthesis of vascula
epiphytes mostly yielded low values with averagkiea
of 2.6 umol CO, m? s ™. The value of both shaded
treatment of T1 and T3 were observed to maintaining
the A With approximately around the average value of
most epiphytes as stated above. Furthermore, \Gflue
o o ot o T s T2 with 2.426 pmol C@m™2s*was only slightly lower
. (nol H,0 i lsec™) than the average /A value. This explained the reason
that all shaded treatments of T1, T2 and T3 could
Fig. 1: Regression between photosynthesis ratg)(A Maintain their A value near to the average value
- - might due to the lesser limitation of diffusion.i$klso
with stomatal conductance Jgin light stress indicates that this plant still can do photosynithegell

Ao (mol COym 'sec ')

treatment and survive regardless of twelve weeks being stdjlec
to the treatment. Conversely, the value fofeAn

50 fs‘?‘z.«-i;__:.-f;h exposed plants of T4 folP. bifurcatum is more
pronounced substantially lower value than other

treatments. This indicates that plant Rf bifurcatum,
reacted to environmental stress of high light istgn
by reduction in their A; The stomatal response to
different light intensity showed thahe value was
higher in exposed plant (T4) than in shaded plénhts
T2 and T3). Eventhough there were no significant
difference between treatments observed for stomatal
conductance @ in P. bifurcatum throughout the
experiment, there was a slight difference betwd®n t
treatments. The stomatal response to differentt ligh
intensity showed thalT4 has low value. The lower
value in Ag relate to g value as there are positive
relationship between #& and g in the regression
analysis. The lower value in 4 relate to g value in
T4. This is also comparable with a study of waterss
7 5 Z i’ 3 where decline in leaf photosynthesis rate alsoddad
s 20 pmolmts"{T1) decline in thegs under moderate water deficit stress
Mgmalat s i) (Zhaoet al., 2010). This result as evidence that lower
value of g might point towards to reduction on thg.A
value and this was parallel gsprincipally affected the
diffusional limitation (Larcher, 2003) shows leagim
the stomatal limitation. Consequently, this resukly
due to this condition leads almost to stomatalwiesn
which stomatal closure generally will reduced the
diffusion of ambient C@into mesophyll (Elsheery and
DISCUSSION Cao, 2008.;Franck and Vaast, 2009), thus resitted
the A, reduction (Cornic, 2002). Higher value afig
The strong interaction between plants and2 and T3 associated to the high value ofAf
environment reflected either the changes incompared to the exposed plants of T4. These
environment condition will affect the plant funatio observations of higher,gnd higher A have also been
(Heglandet al., 2009). On leaf gas exchange view, thereported by other findings as in citrus plant (Mecdét
light treatments effects on the physiological htites  al., 2002). This has been explained by Franck andtvaa
of P. bifurcatum showed that low photosynthesis rate (2009) that this condition was linked to lower
(Ane) value were observed in all treatments Table 2. Agliffusional limitation. Lower E value in T4caused by
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the higher temperature received by the plantsithight than 0.8. Therefore, this indicates that photosgtith
lead to loss of water. It was observed that in elad system of the leaves has been in maximal damage
plants E was higher than exposed plants. The slightly(Percival, 2005). On the other hand, T3 also shihes
raised in E of shaded plants explained by the same value below the healthy condition. In relation
evaporation was reduced due to the reduction fraleds  leaf gas exchange capacity, eventhough plants in T3
air temperature (Medinat al., 2002). It was observed (PAR, 200 pmol mi? sec’) have been in stress
that E and D value in T2 was the highest even thougtcondition as its ratio of Fv/Frwas lower than 0.8, it
this plant was in the shaded condition. This higredue  does not affect the plant's,Aas the value was within
of D explained why the A:value of this treatment was the average epiphyte’d,.; value. On the other hand,
lower than the other shaded treatments. In accoedan for the exposed plants of T4, it showed that theas
to Shirke and Pathre (2004), many studies havearallel result for their Fv/Frmatio andA ¢ value. As it
reported that high value of D will lead to limitati in  has been the most stressed plants treatment as thei
AnetValue but the agreement behind this mechanism isv/Fm ratio was the lowest and below 0.8, it was also
remains unknown. showed that the light stress does affect thisrmeat by
Chlorophyll florescence has been used to examinéhe reduction in their A;as the value of this parameter
the response of stress in plants. In this technigue was far below fronthe average 4. value for most
chlorophyll  fluorescence, the adjustment of epiphytes. From these findings we could say that th
photosystem |l activity was measured through thehighest light intensity treatment of exposed plai4
Chlorophyll a fluorescence changes induced by thewhich was affected more compared to 3, 1 and falbw
stress either directly or not (Percival, 2005). Fm/ by T2. Both 1 and T2 of shaded plants showed Fv/Fm
values were used as an indicator of for photoswighe above the value of 0.8. Additionally, mean value of
guantum yield potential or maximal efficiency in Fv/Fm in treatment 2 which is 0.83 was matchinth®
photochemical of photosystem Il and useful to studyalue in 22 British plant species (Johnsbral., 1993).
stress which induced changes in PSIl (Naumetrad., This indicates that this plant of both treatmenteva
2008) It was observed that the Fv/Fm parameterdn Tgood health condition. Moreover, 1 and T2 stayhie t
and T4 showed changes after plants were subjeoted tange of healthy plants even after given treatment.
light treatments. The trend of reduction in Fv/Frasw From this, it signified that there was evidencetlod
detected after week 1, where it showed the highesibsence for yield loss of photosystem Il in thelsats
Fv/Fm value and then it fluctuates in decreasifges photochemistry.
from week 2 until 7. This phenomenon was supported  Therefore, this explained that plants in both
by by Baker and Rosenqvist (2004) where reduction i treatment of T1 and T2 does not affected by light
Fv/Fm will decrease the photochemical efficience du stress which indicates that these range of light
to the photoinhibition in Photosynstem Il (PS II) intensity are suitable fdP. bifurcatum plants to live in
reaction centre. PS Il damage reflected stresslqafa without affecting its photosynthetic apparatus veher
of plant (Larcher, 2003). Moreover, growth may €8l 12 (70 ymol m? s™) was found the most optimal
when placed under low lights (Hassanal., 2010) \aue of light intensity for this epiphytic plant
while in epiphytic orchid plants, growth was deelin gjgnificant difference in all weekly observationleaf
due to phOtO.'nh'b't'on (Stancatet al., 2002). In gas exchange and chlorophyll fluorescence parameter
relation to this, it was suggested that c:hlorophyllShoweol that there were distinct changes in
Euorehsce_zncle couldtdetec; tphe egfe;:t _stre?_s thkkmMe(lj t physiological attributes throughout twelve weeks of
y_physical symptom of the deteroration on pantS, amination. Thus indicates that light stress was

Naumannet al., 2008; Percival and Sheriffs, 2002). In . : ) . .
Ejifferent light level treatment, high light intetysialsz) alffectmg the physiological attributes Bf bifurcatum
' plants.

inhibits maximal photochemical efficiency of PSds$
observed in T3 and T4. The ratio was decreased and
statistically significant which leads to the indica of

the efficiency of the quantum yield of photosystdm

was suffered from light stress. This related thahigh In the leaf gas exchange response, all T1, T2 and
light intensity, reduced the Fv/Fm ratio that iraties |3 Showed Ae approximately near to the averagg.A

photodamage of PS Il and suggested that it wa¥alue for most epiphytes while the exposed plah@o
associated with CAM indication (Rugt al., 2008). shows lower value in A, This may also due to the
Moreover, 0.8 was the value for Fv/Fm which indicat relation with g that leads to the involvement in
that plants leaf was in good health condition (@ggt diffusional limitation. From these findings, thesppnse
et al., 2007). In T4, it was observed that it receivieel t of plants towards gas exchange indicates that by
lowest Fv/Fm highest Fo and the ratio value was lowerreduction in their £ in T4 plant of P. bifurcatum
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showed response to environmental stress of hidtt lig Cornic, G., 2002. Drought stress inhibits photokgsis
intensity. Chlorophyll fluorescence technique has by decreasing stomatal aperture- not by affecting

proved to be a good index as a screening or pkaitth ATP synthesis. Trends Plant Sci., 5: 187-188.

status ofP. bifurcatum under light stressThe highest Elsheery, N.I. and K.F. Cao, 2008. Gas exchange,
light intensity treatment or exposed plants (T4)vekd chlorophyll fluorescence and osmotic adjustment in
lowest in chlorophyll parameters of Fm, Fv and Fv/F two mango cultivars under drought stress. Acta

where thevalue of Fv/Fm in higher levels of light Physiol Plant, 30: 769-777. DOI: 10.1007/s11738-
intensity of T3 and T4 were below 0.8 shows thesas w 008-0179-x

a sign of stress occurs to plants that lived ins¢he Fernandez, H. and M.A. Revilla, 2008.vitro culture
treatments. Conversely, for lower levels of light of ornamental ferns.Plant Cell, Tiss Organ
intensity of T1 and T2 stay in the range of unsteels Culture, 73: 1-13. DOI: 10.1023/A:1022650701341
plants ~even after given different treatment. Franck, N. and P. Vaast, 2009. Limitation of coffef
Nevertheless, T3 does not showed any reductiondn A photosynthesis by stomatal conductance and light
eventhough the plant was in stress provision. Hanev availability under different shade level§rees -

exposed plants of T4 showed reduction gf;As well Struct Eunct.. 23: 761-769. DOI: 10.1007/s00468-
as Fv/Fm ratio. From this evidence, this indicates 009-0318-7 R ' T

these plants were affected by light stress. ASHassan A., A. Mohamad, A. Arifin, M. Maid and J.
conclusion, from these findings we could verifytttize Kodoh ét al. 2010 E;‘fects of I’ight intensity on

photosynthesis characteristic§ Bf_ bifur(;atum were Orthosiphon stamineus benth. seedlings treated
affected by different levels of light intensity. with different organic fertilizers. Int. J. AgriRes.,
5:201-207.
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