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Response of Intrinsic Characteristics of Light-harvesting Pigment Molecules,
Light Use Efficiency to Light Intensity for Oil-tea (Camellia oleifera)

HE Yulin's WU Yang'" . YE Zipiao®, ZHOU Saixia’s YE Sicheng', LIU Wenxin'
(1 Research Center of Jiangxi Oil-tea Camellia, Jiujiang University, Jiujiang, Jiangxi 332005, China; 2 College of Mathematics
and Physics, Jinggangshan University, Ji'an, Jiangxi 343009, China; 3 Lushan Botanical Garden, Chinese Academy of Sciences,
Jiujiang, Jiangxi 332900, China)

Abstract: To study the effects of different light intensities (10% light, 40% light, 70% light and full
light) on light utilization characteristics for oil-tea, we used 2-year old seedlings of oil-tea cultivar ‘Chang-
lin No. 4’ as pot experimental materials, which were performed in an artificial climate incubator. The re-
sults showed that: (1) the net photosynthetic rate (A,), electron transfer efficiency (ETR), light com-
pensation point (I.), CO, compensation point (I'), saturated light intensity (I, ), saturated CO, concen-
tration (C, ), light respiration rate (R,), dark respiration rate (R,), light use efficiencies at leaf and

plant levels were improved as light intensity increasing. (2) Under weak light condition, the photochemi-
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cal efficiency of photosystem [l (F,/F ., ®@ps; ) was improved as the photochemical quenching coefficient
(¢P) increased, while the non-photochemical quenching coefficient (NPQ) decreased, and the absorbed
light energy was more allocated to the photochemical dissipation and excess excitation energy. (3) The
ability of light absorption was enhanced by increasing chlorophyll content, light-harvesting pigment mole-
cule numbers (N,), and intrinsic absorption cross-section (o). However, the effective light absorption
cross section (o) was increased, the minimum average life time at the lowest excited state (z,,,) was ex-
tended, and the light-harvesting pigment molecules at the lowest excited state (N,) was increased as light
intensity reducing. It can be concluded that the electron transfer between light-capturing pigment mole-
cules and the generation of photosynthetic electron flow were limited, and thus oil-tea leaves were failure
to coordinate the improvement of light energy capture and electron transfer efficiency under low light envi-
ronment, which declined the ability of photosynthetic carbon assimilation and the light use efficiency.

Key words: Camellia oleifera; light-harvesting pigment molecule; photosynthetic efficiency; light energy

utilization efficiency; chlorophyll fluorescence
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Table 1 Effects of different light intensities on gas exchange and chlorophyll fluorescence parameters in oil-tea leaves

e Hob AR PS Jetk PST bRt AL R0R p e Bl
Treatment Py , E% i U &S ETR9 VER FZHL DX
/(pmol + m™ %« s™H) F,/F, Dopsyy /(pmol » m ™%« 571 qP NPQ
Lo 4.6440. 85a 0.7740.02b 0.2640.05¢c 48.25+1. 85a 0.58%40.07b 1.9340. 38a
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H Lo Lo
Note: Lyjos Ligs Lygs
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L,, indicate the treatments with 100%, 70% . 40% and 10% light intensities, respectively; Different normal letters

within same column indicate significant difference among treatments at 0. 05 level. The same as following
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Table 2 The distribution ratio of light energy in oil-tea

leaves under different light intensities
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Fig. 1

Light and CO, response curves of oil-tea leaves under different light intensities
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Table 3 The parameters of light response curve in oil-tea leaves under different light intensities
Lb 7 M5 e Rk 3R IR ORI R T BRI Iy
Treatment R,/(pmol - mZesH P . e/ (pmol » mZesH I../(pmol « mZesH I./(pmol - mZes D
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L, 0.26+0.07d 3.00%0.71c 799.96412. 99¢ 17.11+£0. 56d
x4 TEAXLBETHEHHE CO, MEMEBESHNTK
Table 4 The parameters of CO, response curve in oil-tea leaves under different light intensities
JGEL) I W 3 23 e REOE AR AL CO, Yk BE CO, #M T
Treatment R,/Cpmol + m Zesh P, ../(umolem *«s " Ciw/(pmol » m ™2« 571 I'/(pmolem * s 1)
Lioo 2.81+0.51a 18.70+2.73a 1567.33+22. 24a 117.94-+4. 09a
Lz 2.25+0.29b 16.07+2.12a 1 452.85+33.54b 108.6142.59b
L, 1.47c¢ 8.22+1.41b 1 150. 60+6. 56¢ 85.63+2.32¢
L 0.98d 5.83+1.23c 968. 734 3. 96d 61.5240.57d
NTE=S YEAS
{mugéﬁ .Lwo A L7n OL40 DLw . %U\ = {ﬁ - LIOO I L7n === L4u - Lm
Measured value Fitting value
501 0.0201
~ A B
| L 17!
R B 0015}
o §
=
= g 30 = .8
i Q--9--% .5 £ 5 oo0ffRRo
= o RN Ty Is
' E 20 = 2. o Q\Q el oL TS
2 T~ 2 Ein N_ T8
EJQ 0 R = 0.005F I~ 57
= oo oL 2
0 0 0O~ _Df_a
0 500 1000 1500 2000 0 500 1000 1500 2000
b i b i
Light intensity/(pmol * m ™ = s™") Light intensity/(pmol * m ™ = s™")
&2 M2 H A% 3 R AN i KT 16 B R R X St e izt £k
Fig. 2 Light response curves of electron transport rate and light use efficiency at leaf level in oil-tea
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Table 5 The light response curve parameters of light use efficiency at leaf level, and electron transport
rate in oil-tea under different light intensities
= Ak % S e S i 2ok 2% e S Ak
max/ 4 I,./(umolem 2+s 1) J(umol + m %+ s 1) I/ Gumol e m * e s )
Ligo 40.39+ 1. 84a 893.77+43. 95a 0.0170. 003a 159. 7349, 30b
L. 36.11%1. 44b 712.88436.16b 0.013240.002b 188.84+6. 04a
Ly 28,55+ 1. 05¢ 525. 84429, 17¢ 0. 01040, 002c 207. 20+ 4. 55a
Ly, 20.7340.95d 463.86+35.87d 0.01040. 002¢ 95.29+0.97c
x6 AAXBTHEMHAFMHEESENHACESITFAESHANTK

Table 6 The chlorophyll content and intrinsic parameters of light- harvesting pigment molecules in oil-tea leaves

under different light intensities

b 3 MR A LR T TH ARAE S Tl W WA T /N T i
Treatment Chlorophyll content/(mg + m %) N,/(X10'") ou/(X10 % m*) T i/ TS
Ligo 573.80+58. 49¢ 2.30+0. 23c 1.5240.008b 0.06+0.0006d
Lz 671.13+46.63b 2.69+0.19b 1.6440.005a 0.08-0. 0006¢
L, 926.68+53. 10a 3.724+0.21a 1.45+0.002b 0.14+0.001b
Ly, 914.86+45.32a 3.67+0.18a 1.6940.001a 0.22740.001a
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Fig. 3

Light response curves of light-harvesting pigment molecule numbers at the lowest excited state,

and effective light absorption cross section of light-harvesting pigment molecule in oil-tea leaves
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Fig. 4 The dry matter increment and light use efficiency at plant level in oil-tea under different light intensities
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