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ABSTRACT

The purpose of this study was to examine the reaction in variable light environments on shade
tolerant species, Chloranthus glaber. We raised Chloranthus glaber seedlings under four light
conditions: PPFD 400, 250, 100 pmol m~*s™! and full sunlight (PPFD 1600 pmol m2s!). Using 2 years
old seedlings, chlorophyll content, photosynthetic rate, stomata conductance and intercellular CO,
concentration were investigated. Shaded seedlings had higher chlorophyll content, photosynthetic
rates, and stomatal conductance, but not higher intercellular CO, concentration than those in the full
sun treatment. This result suggested that growth and physiology of Chloranthus glaber adapted to low
light intensity.

Key words : Chlorophyll contents, Intercelular CO, concentration, Photoinhibition, Photosynthetic rate,
Shade tolerant species, Stomatal conductance
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Table 1. Chlorophyll(Chl) contents of Chloranthus glaber seedlings grown under different shadings of solar radiation. Vatues
are means (+SD) of 4 replicates. ANOVA had been followed by T tests (LSD). A different letter indicates significant difference at P

< 0.05
. . Chla Chlb Chl a+b .
0, .
Shadings of sunlight (%) (mgg-'DW) (mg§"g‘1DW) (mg-g"DW) Chl a : bratio
Treatment 1 8.2a 4.2a 12.4a 2.2a
(PPFD 100 pmol m2s™") (1.9) (1.5) (0.4)) (1.0)
Treatment 11 5.7b 1.9bc 7.6¢ 3.1a
(PPFD 250 pmol m™s™") (1.0) 0.3) (1.2) (0.0
Treatment 11 7.0ab 2.5b 9.5b 2.9a
(PPED 400 pmol m%s™") (0.3) ©2) 0.4) ©.1
Full sunlight l.6c 0.5¢ 2.1d 2.9a
(PPFD 1600 umol m™2s™") (0.0) (0.0) 0.1 (0.2)
8
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Fig. 1. Light response curve of photosynthesis in leaves of Chloranthus glaber seedlings grown under different shadings
treatment 1( @ ), II( O ), II( ¥ ) and the full sunlight ( V ). Measurements were made at a chamber temperature of 25°C,
ambient CO, pressures 400 pbar, flow rate of 500 ubar and 60-70% RH.
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Fig. 2. Effects of various light intensity (PPFD) on stomata conductance(A) and intercellula CO, concentration (B) in leaves
of Chloranthus glaber seedlings grown under different shadings treatment I( @ ), I( O ), [II( ¥ ) and the full sunlight( V).
Measurements were made at a chamber tempera- ture of 25°C, ambient CO; pressures 400 pbar, flow rate of 500ubar and 60-

70% RH.
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E3o] W3}A| Fck(Valladares et al., 2000). ©]2Igk
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et al., 1991).
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z1o]7b Ath(Vallaeares et al., 2002). 53], WS4
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A &l (Photoinhibition)E ¥ Z <= ) TH(Valladares

and Pearcy, 1997; Kitao er al, 2000). &37]o)A 7
gk Foldt FFAFe] FEET 5 BolA B
go] AetElE BEE S8k Aol oheE}, AAEA
o] YA ZANA FPAo] Al W= B=E
LECHKim and Lee, 2001). Bl &7t 33
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TR0 FAE 71H-E k) (photooxidation)A 7]
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7} YehA| ==8)(Hakala er al, 2005; Lu et al,
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Al 4= thk(Valladares and Pearcy, 1997). 7133
Tov F3dE DHG BEo) o™ (Andrew and
Wiliam, 1998), 71 ZAE s AHA3E3} Hls=5A v
Ehls AL E 4 Aot Muraoka et al, 1997). =
L G207 Q¥ AT RSV e 7]
F9 28E opsle] A5l CO, F=(Cipt FE
o} 7ot A7E 4= UY(Fig. 1, Fig. 2B). Arisaema
heterophyllumdl] Q1A Az of 71 23 s
Bl ZA AR W s E 5 e, UTE
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Fig. 3. Effects of PPFD 1000 pumol m™s™" on water use efficiency in leaves of Chloranthus glaber seedlings grown under
different shadings treatment I, II, IIT and the full sunlight. Measurements were made at a chamber tempe- rature of 25°C,
ambient CO, pressures 400 pbar, flow rate of 500 ubar and 60-70% RH.

23lo] 1gelX daEEE skt oM 7HE T8
gk AR AR FBsls Ae € 4 doh(Muraoka
et al., 1997).

PPFD 1000 pmol m~3s7lof|A] =Fo] 8882 H|-&
gt BHop Az o =& gho] YeRdth
Fig. 3). Bt £&5F TECIERAEC] TRk
o] YePgET), o)A 57T sodgE 7243t
= 71F3HEEe} #Ho] Z(Fig. 2A). A= Uigh
gl gk FYHo 7 JlFe] YHE 22o0FH
FAEE W50l A BAE de ARG 7
G oAA FROIEREES TG 4%
M= iR 2 FEARY Uit $EEAS F0)
71 5+ 8ol XFdle T2 ROl EES Ve
= ZoE ol3fiE 5= Ut

= = £ e R SEx A
S8 wisle] W& WS B 95l Mz e
FzA9 vlEAE [ I, M 285 AQAZAfull
sunlightyS T8k 2 A8 S50 Ae)d vk
S5 BBt AEd wge] HwE 93 $38
AF ASA T AEE, 7IBARR, g5 AEY
COFEE ZARIKAH. RleAE7RIREe] Alol= =27
UERA] edgkont, Az vlg Aglelke] xlo]

= A JERRT. A=A (full sunlighyd =), 3
2 HIE Aol vlsle] e FEA k) Pt
A&, I3RS EROH, g5 AlXY Cosx
9} FRolgEgo] wA UETh o|RL A%
BTNl BAS @ido] dofu} Bk 7)) T
e FAOE HARH, e o] Ug G§FHoF
ol83l7] $18 wild Fhxe B FRAsNIM 2
AR R3lal, & Po| 2EY AR ZgEs &

s

REFERENCES

Adamson, H. Y., W. S. Chow, J. M. Anderson, M. Vesk, and
M. W. Sutherland, 1991: Photosynthetic acclimation of
Tradescantia albiflora to growth irradiance: morphological,
ultrastructural and growth responses. Physiologia Plantarum
82, 353-359.

Andrew, J. J., and J. D. William, 1998: The coupled
response of stomatal conductance to photosynthesis and
transpiration. Journal of Experiment Botany 49, 399-
406.

Arnon, D. L, 1949: Copper enzymes in isolated chloroplasts,
polyphenol-oxidase in Betula vulgaris. Plant Physiology
24, 1-15. .

Ashraf, M., M. Arfan, M. Shahbaz, M. Ahmad, and A.
Jamil, 2002: Gas exchange characteristics and water
relations in some elite skra cultivars under water deficit.
Photosynthetica 40(4), 615-620.

Gibson, K. D., A. J. Fischer, and T. C. Foin, 2001: Shading



60 Korean Journal of Agricultural and Forest Meteorology, Vol. 8, No. 2

and the growth and photosynthetic responses of Ammannia
conninnea. Weed research 41, 59-67.

Hakala, M., 1. Tuominen, M. Keranen, T. Tyystjdrvi, and E.
Tyystjarvi, 2005: Evidence for the role of the oxygen-
evolving manganese complex in photoinhibition of
photosystem. Biochimica et Biophysica Acta 1706, 68-
80.

Hansen, U., B. Fiedler, and B. Rank, 2002: Variation of
pigment composition and antioxidative systems along
the canopy light gradient in a mixed beech/oak forest: a
comparative study on deciduous tree species differing in
shade tolerance. Tree 16, 354-364.

Hikosaka, K., and 1. Terashima, -1996: Nitrogen partitioning
among photosynthetic components and its consequence
in sun and shade plants. Functional Ecology 10, 335-
343.

Kim, P. G, Y. S. Yi, D. J. Chung, S. Y. Woo, J. H. Sung,
and E. J. Lee, 2001: Effects of light intensity of
photosynthetic activity of shade tolerant and intolerant
tree species. Jounal of Korean Forest Society 90(4), 476-
487.

Kim, P. G, and E. J. Lee, 2001: Ecophysiology of photosyn-
thesis 2: Adaptation of photosynthetic Apparatus to
changing environment. Korean Journal of Agricultural
and Forest Meteorology 3(3), 171-176.

Kitao, M., T. T. Lei, T. Koike, H. Tobita, and Y. Maruyama,
2000: Susceptibility to photoinhibition of three deciduos
broadleaf tree species with different successional traits
raised under various light regims. Plant, Cell and
Environment 23, 81-89.

Kobe, R. K., S. W. Pacala, J. A. Silander, and C. D. Canham,
1995: Juvenile tree survivorship as a component of shade
tolerance. Ecological Applications 5, 517-532.

Kyparissis, A., P. Drilias, and Y. Manetas, 2000: Seasonal
fluctuations in photoprotective (xanthophylls cycle) and
photoselective  (chlorophylls) capacity in eight Medi-
terranean plant species belonging to two different growth
forms. Australian Journal of Plant Physiology 27, 265-
272.

Lichtenthaler, H. K., C. Buschmann, M. Doll, H. J. Fietz,
T. Bach, U. Kozel, D. Meier, and U. Rahmsdorf, 1981:
Photosynthetic activity, chloroplast ultra structure and
leaf characteristics of high light and low light plants and
of sun and shade leaves. Photbsynthesis Research 2,
115-141.

Logan, B. A., B. Demming-Adams, and W. W. Adams-,
1998: Antioxidants and xanthophylls cycle-dependent

energy dissipation in Cucurbita pepo L. and Vinca major
L. upon a sudden increase in growth PPFD in the field.
Journal of Experiment Botany 49, 1881-1888.

Lu, Q., X. Wen, C. Lu, Q. Zhang, and T. Kuang, 2003:
Photoinhibition and photoprotection in senescent leaves
of field-grown wheat plants. Plant Physiology and
Biochemistry 41, 749-754.

Makino, A., T. Sato, H. Nakano, and T. Mae, 1997: Leaf
photosynthesis, plant growth and nitrogen allocation in
rice under different irradiances. Planta 203, 390-398.

Muraoka, H., Y. Tang, H. Koizumi, and I. Washitani, 1997:
Combined effects of light and water availability on
photosynthesis and growth of Arisaema heterophyllum
in the forest understory and an open site. Oecologia 112,
26-34.

Mulkey, S. S., and R. W. Pearcy, 1992: Interactions between
acclimation and photoinhibition of photosynthesis of
tropical forest understory herb, Alocasia -macrorrhiza,
during simulated canopy gap formation. Functional
Ecology 6, 719-729.

Oliver, C. D., and B. C. Larson, 1996: Forest Stand Dynamics.
John Wiley & Sons Inc., 22pp

Rosenqvist, E., G Wingsle, and E. Ogren, 1991: Photoin-
hibition of photosynthesis in intact willow leaves in
response to moderate changes in light and temperature.
Physiologia Plantarum 83, 390-396.

Terashima, 1., and Hikosaka, K., 1995: Comparative ecop-
hysiology of leaf and canopy photosynthesis. Plant, Cell
and Environment 18, 1111-1128.

Valladares, F., J. M. Chico, 1. Aranda, L. Balaguer, P.
Dizengremel, E. manrique, and E. dreyer, 2002: The
greater seedling high-light tolerance of Quercus robur
over Fagus sylvatica is linkes to a greater physiological
plasticity. Tree 16, 395-403

Valladares, F., and R. W. Pearcy, 1997: Interactions between
water stress, sun-shade acclimation, heat tolerance and
photoinhibition in the sclerophyll Heteromeles arbutifolia.
Plant, Cell and Environment 20, 25-36.

Valladares, F., S. J. Wright, E. Lasso, K. Kitajima, and
R.W. Pearcy, 2000: Plastic phenotypic response to light
of 16 congeneric shrubs from a Panamanian rainforest.
Ecology 81, 1925-1936.

Verhoeven, A. S., A. Swanberg, M. Thao, and J. Whiteman,
2005: Seasonal changes in leaf antioxidant systems and
xanthophylls cycle characteristics in Taxus x media
growing in sun and shade environments. Physiologia
Plantarum 123, 482-434.



