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Abstract.

This present study was conducted to investigate photosynthetic characteristics, chlorophyll flu-

orescence, chlorophyll contents of Betula platyphylla var. japonica, Prunus leveilleana, Magnolia sieboldii,
growing under four different light intensity regimes (full sun, and 64~73%, 35~42%, 9~16% of full sun). As
result, Betula platyphylla var. japonica showed outstanding photosynthetic capacity and apparent quantum
yield in full sun and showed low shade tolerance. Prunus leveilleana showed good photosynthetic capacity
and apparent quantum yield in 64~73% or 35~42% of full sun and showed common shade tolerance. How-
ever, Magnolia sieboldii showed good photosynthetic capacity and apparent quantum yield in 35~42% of
full sun, while the lowest in full sun. Magnolia sieboldii showed the highest shade tolerance compared to the
other species. As the shading level increased, the total chlorophyll contents of all species increased with sig-

nificant difference.
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Fig. 1. Diurnal changes of light intensity, air temperature, relative humidity following shading treatments in July (left; sunny

days. right; cloudy days).
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Table 1. Estimated values of photosynthetic parameters in the three deciduous hardwood species under different shading

treatment.
R'lsila::tve comLel:iI; :ation Light Photosynthetic Apparent
Species Season i te%lsi ty p oint saturation point capacity quantum yield
(%)’ (umolp- m?-s) (umol-m™?-s™) (umol CO, - m?-s™") (mmol CO, - mol™)
June A 36.0 1,648 228 66.5
A 49.0 1,344 14.6 514
Tl B 36.6 1,188 14.0 56.7
wy C 26.7 781 125 64.5
2007 D 223 bl 8.0 403
A 415 1,688 19.0 41.8
Seotember B 29.5 1,031 14.0 58.0
P C 31.6 758 12.0 60.1
D 21.7 719 74 40.0
Betula A 43.7 1,422 17.0 63.3
platyphylla J B 39.8 1,000 6.6 36.9
var. japonica une C 326 422 59 49.6
D 22 391 43 34.1
A 27.3 1,102 13.8 59.2
B 35.8 1,336 11.8 52.9
2008 July C 218 1789 77 297
D 20.5 1273 52 285
A 27.5 1,398 17.6 65.0
Seotember B 29.9 617 7.6 49.0
eprember ¢ 334 734 63 383
D 274 227 3.8 43.0
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Table 1. Continued.

Re.latlve Light . Light Photosynthetic Apparent
. light compensation . . . .
Species Season . . . saturation point capacity quantum yield
Intensity point (umol - m?2 s (umol CO,-m2-s7") (mmol CO, - mol™)
(%)'  (umol-m™-s™") ? g
June A 26.5 984 14.6 634
A 42 898 12.0 556
Ll B 10.6 1,594 15.9 47.0
uy C 36.4 922 11.0 544
2007 D 5.1 789 10.1 474
A 313 1211 12.1 46.8
Seotember B 24.9 906 113 582
P C 24.7 1,492 15.6 53.7
D 19.3 797 102 56.0
Promus A 323 602 48 323
leveilleana June B 21.5 523 5.0 39.5
C 294 391 38 312
D 183 289 34 382
A 326 953 8.9 43.8
B 332 1,594 15.7 459
2008 July C 383 1,453 10.9 397
D 29.6 508 6.0 02
A 363 594 63 43.1
Setermb B 254 891 1.1 60.6
epemoer 31.1 492 7.0 50.7
D 12,5 438 5.0 439
June A 103 414 2.7 273
A 174 1,703 6.9 30.0
Ll B 16.8 797 8.1 443
y C 143 711 94 574
2007 D 94 867 7.1 414
A 11.5 859 92 45.8
Sevtember B 10.7 1227 11.8 53.6
eptember ¢ 18.8 898 9.9 51.0
D 8.0 820 9.4 502
Magnolia A 18.9 234 1.6 244
sicholdii | B 17.7 328 2.6 216
une C 108 195 33 36.6
D 13.1 250 2.6 345
A 16.4 234 27 285
B 18.1 688 6.9 4.1
2008 July C 15.1 891 73 48.0
D 95 719 6.4 336
A 16.3 406 54 45.6
Sevtember B 11.0 898 122 65.6
P C 10.6 891 10.8 603
D 6.7 594 8.1 558

'Relative light transmittances; A: 100%, B: 64~73% of full sun, C: 35~42% of full sun, D: 9~16% of full sun
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Fig. 2. Effect of shade treatment on the photosynthetic rate of Betula platyphylla var. japonica seedlings (left; 2007, right;

2008).
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Fig. 5. Changes of Chlorophyll fluorescence in the Betula platyphylla var. japonica under different shading treatment (left;
2007, right; 2008). 'Different letters of a and b on the columns indicate statistical differences at the 5% levels by Duncan’s

multiple range test.
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Fig. 7. Changes of Chlorophyll fluorescence in the Magnolia sieboldii under different shading treatment (left; 2007, right;
2008). 'Different letters of a, b and ¢ on the columns indicate statistical differences at the 5% levels by Duncan’s multiple

range test.
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Table 2. Seasonal changes of chlorophyll contents in the seedlings of the three deciduous hardwood under different shading
treatment.

. Relative light Chlorophyll content (mg/g f. w.)
Species Season . R Chlorophyll a/b
¥ intensity (%)'  Chl.a Chl. b Total Chl. o
June A 221+£0.13 077 +0.06 2.98+0.18 2.86 + 0.11

A 143 £ 0392 046 +0.12*° 1.89+0.51*  3.07 + 0.09°

Il B 171 £ 032 054 +£0.10° 225+041°  3.15+0.11°

uy C 173+ 0.13°  0.58 £0.03° 231 +0.16° 299 + 0.09°

2007 D 1.83£0.15° 0.63+0.11* 246 +026°  2.95+ 0.29°

A 1.52+£030° 0.51+£0.07° 204+037° 294+0.17°

Septemb B 2.13£0.12° 081 £0.04> 294+0.16* 2.63+0.01®

cpember C 221 £0.10° 091 £0.12®° 3.13+£023°  2.44 + 0.24"

D 229+ 0.11* 1.05+0.14° 333025 220+ 0.20°

Betula platyphylla A 177+ 039" 053 +0.12° 230+052° 335+ 0.06°

vax. japonica Tune B 1.97 £ 0.02"  0.63 £ 0.02" 2.60 + 0.04"  3.10 + 0.07"

C 2.06 £ 0.05® 0.69 +0.04> 2.75+0.08° 297 +0.10°

D 238+ 0.06° 1.10+0.10° 3.48+0.160 2.18 +0.15°

A 1.60 £ 0.07¢  0.50 £ 0.06° 2.10+0.13°  3.20 = 0.24°

2008 Tl B 2.08 £ 0.09° 0.72 £0.06™ 2.80+0.15° 288+ 0.15®

uy C 224+0.12° 090+012° 3.13+023° 252+021°

D 247 +0.03* 144 +020° 3.91+022*° 1.73+023°

A 1.82 £ 0.22° 0.60 +0.10° 242 +033"  3.05+0.16"

September B 2.13£0.07° 079 £0.05>* 292+0.11°> 271 + 0.09°

cptembe C 240 +0.05° 138 +044° 378 +049°  1.84 + 048

D 239 +0.02° 1.12+0.04® 3.51+0.06 2.14 + 0.06°

June A 153 £021  0.45+005 1.98+0.27 3.36 £ 0.08

A 143 + 025" 046+ 0.06° 1.88+028"  3.14 +0.59°

Tl B 1.75 £ 0.14® 0.55 £ 0.05° 230+ 0.19®°  3.17 + 0.08°

uy C 1.80 + 0.24% 0.60 + 0.13* 240 £ 0.38™  3.03 + 0.24°

2007 D 2.00 £ 0.38° 0.83 +£038 2.83+0.76° 2.59 + (.59

A 1.35+£027° 0.50+0.13° 1.85+040° 273 £ 0.24°

September B 1.65 £ 0.51® 0.73 £ 0.24* 239+ 0.74® 229 + 0.34°

cptembe C 1.67 £ 0.19® 0.62+0.11° 230+ 029" 270 + 0.16"

D 2.05+ 032 092+036° 297 %068 235+ 0.46"

. A 1.63 £ 031 042 +0.11° 2.05+042° 394+ (.32
Prunus leveilleana Tune B 1.96 +0.28"™ 0.56 = 0.19% 2.52 + 047"  3.63 + 0.61*

u C 2.16 £ 0.15® 0.70 £ 0.10° 2.86 + 0.25°  3.11 £ 0.26°

D 244 +0.01* 129+0.09° 3.74+0.09° 1.89+0.12°

A 1.12 £ 0.08° 038 +£0.04° 1.49+0.12° 299 + 0.09®

2008 Tl B 126 £0.10° 035+0.11° 1.61 £021°  3.85+ 1.19*

uy C 233+ 0.14° 098 +£025° 331+039° 245+ 045%

D 248 £0.01° 1.84+0.14* 431 +0.14* 135+ 0.10°

A 1.55+0.55" 056 +022° 2.11+£0.77° 277 0.10°

September B 1.96 £ 0.08° 0.74 £0.09° 270 £0.16™  2.67 + 0.20°

P C 2.15+ 024" 1.01 £0.34" 3.15+0.59"  2.24 + 0.44°

D 243 +0.04° 1.61 £031° 4.04+034*° 1.54+0.28"
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Table 2. Continued.

Relative light

Chlorophyll content (mg/g f. w.)

Species Season . R Chlorophyll a/b
P intensity (%)' ~ Chl.a Chl. b Total Chl. Py

June A 120+022 037+006 157+028  322+0.16

A 1.11 £ 031° 032+0.08° 1.44+037° 3.54+0.77°

ul B 139+ 0.15% 043 £0.05* 1.82+0.18% 3.23 + 0.34°

uy C 128 + 036 039 +0.06° 1.66+042° 327+ 0.41°

2007 D 172+ 0.12° 054 £0.07"° 226+ 008  3.24 + 0.56°

A 128 £ 025 040 +0.07° 1.67 +0.32*°  3.22 + 0.03°

September B 1.86 £ 025 0.64+0.12*° 250+ 036 291 +0.24°

cptembe C 141 +0.19° 046 +0.11° 1.87+030°  3.14 = 0.30°

D 1.87 £ 0.49°  0.64 025 2.50+0.74*  3.03 +0.43*

o _ A 139+ 0.08° 037+0.03 1.76+011° 3.79 +0.13°
Magnolia sieboldi Tune B 1.65 £ 0.19* 0.46 £ 0.09* 2.11 +0.28%  3.58 + 0.25%®

C 1.75 £ 025 0.52+£0.10° 227 +034> 3.35+0.16"

D 231 +0.05 085£0.03 3.16+008 271  0.04¢

A 0.68 +0.04° 024 +0.01° 092+0.04° 2.84+021°

2008 Tl B 0.93 +0.20 0.31+0.06° 1.23+025* 3.03 + 0.06°

Wy C 124027 041£009 1.65+036°  3.01 £0.02°

D 1.97 £ 033*  0.70 £ 0.19" 2.67 + 0.52°  2.87 + 0.29"

A 0.96 + 0.08" 0.35+0.02° 1.31+008 273 +0.26

Sentember B 130 + 0.33® 043 +0.11® 1.73 + 0.44®  3.02 + 0.11°

P C 1.71 £0.09°  0.61 £0.05* 231 +£0.12*  2.83 +0.20°

D 1.66 + 0.45*  0.58 +0.22° 224 + 0.66°  2.92 + 0.38"

'Relative light transmittances; A: 100%, B: 64~73% of full sun, C: 35~42% of full sun, D: 9~16% of full sun
“Different letters of a, b, and ¢ within the columns indicate statistical differences at the 5% levels by Duncan's multiple range

test
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