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Photosynthetic characteristics and ecological benefits of
greening tree species in Beijing

HU Yao-sheng, YAO Xu-yang, LIU Yan-hong

(The Key Laboratory for Silviculture and Conservation of Ministry of Education ,Beijing Forestry University ,Beijing 100083 ,China)

Abstract: [Objective) This study analyzed the photosynthetic characteristics and ecological benefits of
introduced and native plants in Beijing to provide references for selection and allocation of greening tree
species. [Method) Physiological and ecological indices of four introduced plants (Fraxinus mandshurica ,
Rhus typhina , Aesculus chinensis ,and Davidia involucrata Baill) and four native plants (Robinia pseud-
oacacia s Platycladus orientalis , Pinus tabuli formis ,and Ailanthus altissima) in Beijing were tested by Li-
6400 photosynthesis testing system. Furthermore, the relationships between net photosynthetic rates and
enviorment factors were analyzed using stepwise multiple regression method and the carbon-capturing,oxy-
gen-releasing, temperature-reducing and humidity-increasing effects of these plants were also studied. [Re-
sult] Net photosynthetic rates of Ailanthus altissima and Pinus tabuli formis showed an one-peak diurnal

curve, while those of other trees showed a double-peak curve. The major factors affecting photosynthetic
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rates were stomatal conductance, intercellular CO, concentration, and photosynthetic active radiation. Ai-
lanthus altissima (19.36 and 14, 08 g/m*) ,Rhus typhina (16.99 and 12. 36 g/m”) had higher carbon-fix-
ing and oxygen-releasing effects, while Pinus tabuliformis (5. 97 and 4. 34 g/m*), Aesculus chinensis
(10. 58 and 7. 69 g/m’) had lower carbon-fixing and oxygen-releasing effects. Fraxinus mandshurica and
Ailanthus altissima had higher cooling and humidification ability with the heat absorption amounts of
5189.82 and 5 162. 31 kJ/(m® « d), the daily water releasing amounts of 2 139. 37 and 2 128. 03
g/(m’? » d),and the temperature reductions of 0. 172 and 0. 171 °C ,respectively. Davidia involucrata Baill
and Pinus tabuli formis had lower effects with the heat absorption rates of 1 284. 05 and 856. 42
kJ/(m? + d),the water releasing amounts of 529. 32 and 353. 04 g/(m® » d),and the temperature reductions
of 0.043 and 0. 028 °C ,respectively. [Conclusion) Aesculus chinensis and Fraxinus mandshurica were suit-
able for residential areas,and Platycladus orientalis, Pinus tabuli formis were suitable for arid environ-
ments. Rhus typhina was with strong competitive capacity while should be treated with caution. Ecological
benefits of introduced and native plants should be fully considered to maximize their values.
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Table 1 Information of 8 greening tree species
ey T ol 4 5 /m ¥ 942/ cm
Type Plant Average height Average DBH
K Frazinus mandshurica 5.1 6.8
2| gk Fh KR Rhus typhina 5. 7 9.3
Introduced plants LR Aesculus chinensis 4.5 5.9
#EAR Davidia involucrata Baill 6.0 7.1
H#E Robinia pseudoacacia 6.3 8.4
% | Fb 41 Platycladus orientalis 4.7 5.2
Native plants MY Pinus tabuli formis 5.2 7.8
B Ailanthus altissima 8.9 11.4
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Fig. 1 Diurnal changes of net photosynthesis rates

in leaves of four introduced plants in Beijing
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Fig. 2 Diurnal changes of net photosynthesis rates
in leaves of four native plants in Beijing
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Table 2 Models of photosynthetic rates (Y) and environment variables (X;) for 8 greening tree species in Beijing
T i A A R1H R AH G 2R % ()
Plant Optimization model R value Partial correlation coefficient
rpag =0.145,r¢; = —0. 556,

KM Fraxinus mandshurica

#EH] Davidia involucrata Baill
MW Aesculus chinensis
JHERE Rhus typhina

B Ailanthus altissima

Hil# Robinia pseudoacacia

WA Platycladus orientalis
WA Pinus tabuli formis

Y=25.99+0.001PAR+15. 116Gs—0. 059Ci— 2. 742VpdL 0.

997

TGs =0.45 s TVpdl — —0. 292

Y=20.526+0. 001 PAR+28. 896Gs—0. 062Ci 0.994 :(’Z"S.Oi;;“'” -0
Y=2.14+0. 002PAR 0.758  rpar=0.02

Y'=20. 096-+55. 908Gs—0. 069C: 0.987  ra=—0.961,r =0.854
Y=30.574+0. 01PAR+67. 57Gs—0. 155Ci 0. 965 :::‘ij'og';;g”‘”zfo' 79
Y=38.79-0. 01PAR—0. 245RH 0.953  rpag=—0.963.rks =—0. 698
Y=2.12+108. 9Gs—0. 011Ci 0.978  ra=—0.971,r6 =0.975
Y=1.736—0. 001 PAR 0.480  rpag=—0.693
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Daily carbon-fixing and oxygen-releasing amounts by a leaf area unit of 8 greening tree species in Beijing

[l kit /(g « m ™ ?)

Carbon fixed

BAE/(gem D)
Oxygen released

* 3
Table 3

A Bl bt/ (pmol « m™2 + 57 1)

Plant Assimilation
B Ailanthus altissima 439.96 a
KIEW Rhus typhina 386.24 ab
HI¥E Robinia pseudoacacia 343. 74 abce
M Davidia involucrata Baill 312.12 abc
K #l Fraxinus mandshurica 270. 29 abc
A1 Platycladus orientalis 243.58 abce
LB Aesculus chinensis 240. 45 be
S Pinus tabuli formis 135.76 ¢

19.36 a 14.08 a
16.99 ab 12. 36 ab
15. 12 abc 11. 00 abc
13. 73 abc 9. 99 abc
11. 89 abc 8. 65 abc
10. 72 abc 7.79 abe
10. 58 be 7.69 abe
5.97 ¢ 4.34 ¢

T« RSB JE b A R 7 B 3 R 225 B35 (P<<0.05) . K 3.

Note: Different letters mean significant difference at P<Z0. 05 level. The same for Table 3.
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Table 4 Daily temperature-reducing and humidity-increasing amounts by a leaf area unit of 8 greening tree species in Beijing

w TERGE TR TERERE
Plant ,‘(mOl Tmone a7 (gem™® - d™)) (k] »m 2= dh) Temperature reduced
Transpiration amount Water released Heat absorbed
KM Fraxinus mandshurica 118.85 a 2139.37 a 5189.82 a 0.172 a
LR Aesculus chinensis 116.95 a 2 105.03 a 5106.51 a 0.169 a
KA Rhus typhina 57.96 cd 1043.28 cd 2 530. 85 cd 0.084 cd
#t#i Davidia involucrata Baill 29.41 ef 529. 32 ef 1 284.05 ef 0.043 ef
HI# Robinia pseudoacacia 70. 26 bed 1 264. 64 bed 3 067.83 bed 0.102 bed
R¥E Ailanthus altissima 118.22 a 2128.03 a 5162.31 a 0.171 a
A1 Platycladus orientalis 57.15d 1028.63d 2 495.31d 0.083 d
S Pinus tabuli formis 19.61 353.04 856.42 f 0.028 f
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