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Ozone uptake at the canopy level in Robinia pseudoacacia in Beijing based on sap

flow measurements
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Abstract: The accelerating global urbanization caused severe air pollutions. In Beijing, the air pollution has been
exacerbated due to the wide-spread construction activities and increasing number of vehicles. The increasing concentration of
ozone (0,) in the troposphere has been recognized as a source of air pollution, due to its adverse effects on human health
and plant and animal growth, and its contribution to global climate change. O, is known to impact forest trees in many ways

including morphological and histological injuries, decreasing photosynthesis, increasing respiration, and alteration of carbon
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allocation and water balance. Considerable researches have been conducted to investigate ozone uptake by urban forests at
the regional scale. On the other hand, trees are able to improve urban air quality by taking up and removing gaseous
pollutants, and the O, uptake by urban forests at the regional scale has been extensively studied. However, research on O,
uptake by urban trees at the canopy scale is rare. The main objectives of this study are: (1) to quantify the whole-tree O,
uptake by Robinia pseudoacacia, one of urban greening tree species in Beijing; and (2) to examine how O, flux in R.
pseudoacacia trees is regulated by the stomata and environmental conditions. In this study, the whole-tree O, uptake in R.
pseudoacacia trees during spring and summer was estimated based on sap flow measurements and the data of micro-climate
and ambient O; concentration were also collected. The diurnal ozone uptake rate (F, ) by R. pseudoacacia showed a single
peak pattern with the maximum rate occurring at around 15:00 pm. The diurnal F; showed a narrow peak during summer
and a wide peak during autumn. The most obvious increase in accumulated stomatal ozone flux( AFst) occurred around noon
time. F;, showed a seasonal pattern with higher values found in summer than in autumn. The increase in AFst was most
obvious in summer than in autumn. The diurnal and seasonal patterns of O, uptake were related to the temporal variations of
ambient air O, concentrations and canopy conductance (G, ). Ambient air O, concentration showed a similar diurnal and
seasonal pattern to F,. Under a given ambient air O, concentrations, the whole-tree F, was dependent on canopy
conductance, and hereby was further influenced by the vapour pressure deficit (D) and total radiation (R,). G, decreased
exponentially with increasing D. High D caused low G, , and thus low F, in spite of relatively high ambient air O
concentrations. On the contrary, G, was high under low D conditions, and thus F, was high in spite of relatively low
ambient air O, concentrations. However, F, was relatively low under very low D conditions, such as in early mornings,
which may be attributed to the weak photosynthesis and small stomatal apertures in the early morning at this time. Moreover,
G, decreased rapidly with increasing R, when R_ was higher than 600 W/ m’. Similarly, ambient air O, concentration
decreased with increasing R, when R_ was higher than 800 W/m’. Therefore, F, exhibited an asymmetric single-peak
pattern: F, slightly increased with increasing R, when R, was below 800 W/m®, however, it decreased rapidly with
increasing R_ when R_was higher than 800 W/m’. The annual O, uptake by R. pseudoacacia trees estimated in our study was
0.16 g/m’, which was much lower than the values estimated from the Urban Forest Effects Model. This difference suggests

the necessity to consider the O, uptake flux on canopy level when evaluate the O, risks on urban trees.

Key Words: urban trees; sap flow; ozone uptake; canopy conductance

UTHBJZ LA (0,) MR M R BR AR AL A EE B2 N B R T NSRS A KR — s ey, 2 310
I B R AR A PR | T )2 SRSV BRI R AR R 3T AR 7S 2R G R 4
A A LR R AR LR R A AR R AR FEd b SO R R EEAE Y, bl Lk
MO AR 25 B B AR AR 5 R4S R AMOR 03 T B DIAR DG TR0, 39T g AR A B 8 T 114 B 5
ESCA H R A B A 25 2 R T A A A R O R R, B 1 R 3 5 B v 7 SRR i S 4
(ML 7O ST AR AR M S AR ER BT A AL R S 2

M RO AN 25 R G N LR LR R S RO BT ST 2T 8, (B 2 RUBE B AR bk B R AR R BIESEAR /D
BT HAR C 22 BT RRMOK 23 R RIBIESE , o1 17K 73 2 1 AR R S i LA T il SOsE TR+
WORLE A BE 8 1 AR MO 2 W R S, IR O i B R T )R I R & T S o OO L
WL DR 2 R R A S AR AT SR T TR T R UAG A 32 5 kb e i 2 S A o
Tk 2 W R SR L

T B AR TR AL S L AR R R 1 S A SRR Bk 2 — R B A A SRS R TR R
FHLSh A= TG i, B S0T5 Ye I H ot R B s AT e — BT T I A T RO R, AR S LA
AT T ZR AL R R RIRE A TS G 8 o 0 RO B, A5 A A D T R N, SRR R R SRR A

http ; //www.ecologica.cn



23 4 FAE AT W RORBOR AL ST RIS R R AR TS 7325

SLAURRIE L SR T Z I G 2R, AR5 485 SRR I ik ] kg Wit 558 o 532 mie) o A W A B AR D g | 25 <00 f
P DA BT RS S R A A
1 #RE5H*®
1.1 WSS R X 5

WSS AL FAL R TR A b s A W el (116°25737” — 116°25'50" E, 39°52/20" — 39°52728"
N), A HETE R 116,500m? , Ji 320 b KR X B 4L AT AFIALBh A2 R, 12l X T 2 3 i i 1
RS AR 11—12 °C L AEBIBE K R 202 586 mm, i 70% K ETE 6—8 H .

W FERT G SRy A 5t i AR A A R ORI AR SRR AR R IAEE — B BRI AT 4, 2009 AFEAERIA B
e 4558 B4R (38.43 £ 2.43) em, PRI 15 (12.87 £ 0.20) m, “FRAM AN (129.12 + 12.11)
em’(F 1),

F1 WERT RS R FARE

Table 1 Characteristics of the sampled trees for sap flow measurements

i - o ‘ i N e —
DBH Height 2 2 Orientation Number and
Sampled trees A./ m A,/ em
/cem /m of sensor type of sensor
JIBE 15 R. pseudoacacia 1 41.55 12.90 78.00 144.82 R vt 4TDP30
HIBE 2 5 R. pseudoacacia 2 40.10 13.20 85.81 137.25 REavgd 4TDP30
JIBE 3 5 R. pseudoacacia 3 33.65 12.50 51.95 105.30 R vadt 4TDP30

DBH; diameter at breast height, A_: projected canopy area, A : sapwood area, TDP30: thermal dissipation probe at the length of 30 ¢cm
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Fig.2 Diurnal course of total radiation (R ), vapour pressure deficit (D) ; ambient O; concentration ( middle) and canopy conductance

for ozone ( (}03 ) ; canopy O; uptake rate (¥ 0, ) and cumulative O, uptake ( AFst) in R.pseudoacacia on clear days in the summer (18" July

2009, left) and the autumn (4" October 2009, right)
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Fig.3 Temporal changes of daily mean ambient ozone concentration ( O;), canopy conductance for ozone ( G%) , canopy O; uptake rate

(F (,3) , and accumulative O; uptake (AFst) of R.pseudoacacia trees from 1% July, 2009 to 31" October, 2009
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