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Responses of crown architecture and competition of birch seedlings Befula

albosinensis to enriched CO, under different planting densities
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Abstract Crown structure and competition of red birch seedlings were studied after one year exposure to ambient AC
and elevated EC CO, concentration under Low LD and high HD planting density. Crown width crown depth
branch number branch angle and length were measured and derivative indices such as crown surface area crown volume
leaf number and distribution were also examined. Crown width crown depth crown surface area and crown volume were all
stimulated by elevated CO, and reduced by elevated planting density. The results showed that the effect of elevated CO, was

higher under low planting density than under high density and the effect of elevated planting density was greater under
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elevated than under ambient CO,. LDcpa leaf number per unit projected crown area  LDcv leaf number per unit crown
volume and branch angles from the bottom branch group of tree crown were negatively affected by both elevated CO, and
planting density. Effect of elevated CO, on branch length was related to branch position on the main stem. In conclusion

elevated plant density could reduce the positive effect of elevated CO, and the addition of elevated CO, might alleviate the
negative effect of elevated plant density on crown features. The smaller LDcpa indicated that leaves were less overlapped and
self-shaded under elevated CO, and the lower LDcv suggests that leaves in crown under elevated CO, were less crowded
than that under ambient CO,. Thus conclusion could be drawn that competitive pressure in crown was prone to be alleviated
but not intensified through the effect of elevated CO, due to the fast extending of crown width and crow depth resulted from

stimulated growth.

Key words crown architecture competition elevated CO, plant density birch Betula albosinensis
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Table 1 Experimental design and symbols for treatments
516 28 8 I 10 Symbols for Coéo2 Plant density
21 treatments concentration Plant m ™2
3 ACLD €O, 28
ACHD Ambient CO, 84
ECLD CO, 28
ECHD Elevated CO, 84
1
1
Projected crown area Cpa 1
Cpa = T X Z x b
a b
Crown surface area Csa Crown volume Cv Avery Burkhart
2
CO,
Ca = 7D L' + D

2 2
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Co,
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Table 2 One-way ANOVA results of 9 group branches
Group No. SS P Group No. SS P
1 1232.169 0.018 " 2 600. 623 0.011°"
3 555.603 0.042" 4 554. 440 0.046 "
5 157.630 0.393 6 169. 680 0.367
7 307. 124 0.461 8 408.981 0.474
9 830. 167 0. 106
3 Co,
Table 3 Branch angles ° of different branch group affected by elevated CO, and planting density
Branch group
Treatment 1 Group 1 2 Group 2 3 Group3 4 Group 4
ACLD 70.8 £3.2ac 59.5+1.6¢c 55.3+2.5a 49.5 £1.8be
ECLD 64.0+3.1a 50.3 +2.1a 41.6 +2.0a 39.3 +3.2abc
ACHD 57.1 £2.8be 47.5+1.5b 47.3 £2.3a 48.9 £2.0c¢
ECHD 48.9+2.4 b 43.3+1.8b 36.3+1.7b 36.6 +1.6a
3
Co, Co,
30% ~40% 227 CO, OB (0,
24
i Co, ii Co,
Co, 4
Co, 4 2-a
Co, ACHD ACLD ACHD Co,
ECHD ACHD CO,
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Fig.5 Dynamics of branch number a and branch length distribution along the main stem on Oct. 21st 2004 b
4 Co,
Table 4 Response of crown features to elevated CO, under different planting densities
Investigating date
Investigating items Treatments 501 6 28 8 1l 1021
1-May 28-Jun 11-Aug 21-Oct
ACLD 13.8 +1.3a 38.4+3.5a 53.9+4.9a 62.9 +3.8a
ECLD +7.0b +4.6b +19.8b +23.5b
Crown width c¢m ECHD -1.6ac -9.2¢ -8.6¢ -7.5¢
ACHD -2.1c -13.6d -8.8¢ -11.7d
ACLD 158.2 +10.2a 1186.7 +346.7a 2636.0 +353.0a 3105.8 +381.5a
ECLD +182.9b +273.3b +1613.6b +2754.0b
Cpa cm? ECHD -34.5¢ -517.1c¢c -1027. 6¢ -696.5¢
ACHD -49.3d -678.3c¢ —-1045.2¢ -1048.0d
ACLD 38.0+2.6a 62.0£3.5a 111.8 £6.5a 149.5 +6.0a
ECLD +6.0b +9.2b +32.7b +14.0b
Crown depth cm ECHD -9.3¢ -13.3¢ +4.7a -3.2a
ACHD -17.5d -16.6¢ -22.1c¢ -13.7¢
ACLD 8.7+2.0a 44.0 £3.4a 105.0 £7.9a 160.2 +12.5a
ECLD +10.1b +12.2b +82.7b +90.6b
Ca dm’ ECHD -2.8¢c -18.0¢c -16.1c -24.1c
ACHD -4.4c -27.2d —-11.6¢ -43.5d
ACLD 1.9 £0.3a 23.9+2.1a 85.0+8.4a 154.8 +15.4a
ECLD +4.2b +10.5b +120.6b +164.6b
Cv dm® ECHD -0.8¢ -13.1¢ -22.5¢ -37.3¢
ACHD -1.2d -18.2d -27.3¢ -61.6d
Co, Co,
LDepa  LDcv CO,
LDcpa  LDcv CO, 3-b -¢  LDcpa 3-b
CO, LDcv 3-c CO,
Co,
Co,
Co,
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