Bull Environ Contam Toxicol (2009) 83:516-519
DOI 10.1007/s00128-009-9797-2

Effects of Elevated Atmospheric CO, and O3 on Hill Activity
and Ca**/Mg**-ATPase Activity of Pinus tabulaeformis Carr.

Tian Hong Zhao - Dan Guo - Yan Wang -
Mei Yu Wang * Dong Yan Jin * Jun Li Wang -
Xing Yuan He

Received: 21 December 2007/ Accepted: 14 June 2009 /Published online: 26 June 2009

© Springer Science+Business Media, LLC 2009

Abstract The main photo-physiological characteristics of
Pinus tabulaeformis Carr. were analyzed in open-top
chambers under elevated carbon dioxide and ozone con-
centrations. The results indicated that the leaves net pho-
tosynthetic rates (p < 0.05), Hill activity, Ca**/Mg*"-
ATPase activity, soluble sugar and starch contents all
increased under elevated carbon dioxide concentration in
whole growing season. While under elevated ozone con-
centration, the leaves net photosynthetic rates, Hill activity,
Ca>"/Mg”"-ATPase activity, soluble sugar and starch
contents all decreased. Under elevated carbon dioxide and
ozone concentration, the leaves net photosynthetic rates,
Hill activity, soluble sugar and starch contents all
increased, but Ca®"-ATPase activity increased during the
earlier growing season, decreased in later growing season,
while Mg?"-ATPase activity responded contrarily.

Keywords Elevated CO, and O; concentration -
Hill activity - Ca**/Mg>*-ATPase activity -
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Carbon dioxide is the most important anthropogenic
greenhouse gas. The global atmospheric concentration of
carbon dioxide has increased from a pre-industrial value of
about 280-379 ppm in 2005 (IPCC 2007), and it will reach
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550 pmol/mol in 2050, while exceed 700 umol/mol in this
century end (IPCC 2001). The response of net photosyn-
thetic rate and leaf dry mass per unit of area to elevated
CO, was a mean increase (James 2005). Biomass growth in
Prunus increased an average of 56% at elevated CO,
(Hattenschwiler and Korner 2003), but there were no
effects of CO, treatment on tissue or total biomass on
Pinus taeda L. (Hussain et al. 2001). Tropospheric ozone, a
secondary pollutant generated in the downwind of major
metropolitan areas from nitrogen oxides and volatile
organic compounds reacting in the presence of sunlight.
According to statistic, the earth exterior concentration of
ozone has increased from a pre-industrial level of about
10nL L™" to average 60 nL L™' now. Both biomass
allocation below ground and inhibits whole-plant growth
rate were significantly reduced by O5 (Grantz et al. 2006).
Ozone as a general stress facto influenced the photosyn-
thetic parameters (Eichelmann et al. 2004) and exposure to
O; common during the growing season can increase water
loss in Populus saplings, but this effect might be offset by
decreased foliar biomass (Maarten et al. 2001).

The interactive effect of carbon dioxide and ozone is
important to the ecosystem. The inhibitory effects of added
O3 on biomass production could be largely compensated by
elevated CO, (Booker et al. 2005). Wood properties of
young silver birch trees were altered under elevated CO, in
both clones, whereas the effects of O; depended on clone
(Katri et al. 2006). Catherine et al. (2003) addressed high
CO, concentration protects, to some extent, against O3 via
providing additional carbon and energy through increased
net assimilation.

Pinus tabulaeformis Carr. is one of main urban forest
species in Shenyang and its main photosynthetic charac-
teristics were investigated in open-top chambers under
elevated CO, and O3 concentration in this paper, such as
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Hill activity, Ca®*/Mg**-ATPase activity. The effects of
different treatments on photosynthesis of P. tabulaeformis
Carr. were studied to analyze its photosynthetic response
mechanisms to elevated CO, and Os; concentration and
predict the feasibility of P. tabulaeformis Carr. as one of
composing tree species of Shenyang urban forest under
future climate change.

Materials and Methods

The study was conducted in 12 open-top chambers at the
Shenyang Arboretum of Chinese Academy of Sciences
(41°46'N, 123°26'E) in an urban environment. The OTCs
imitated the Heagle design (Heagle et al. 1973), were 4 m
in diameter and 3 m in height with a 45° sloping frustum,
and were placed on 4 m centers (north—south and east—
west) to avoid mutual shading. The minimum distance
between any two chambers is 4 m.

The 10-year-old P. tabulaeformis Carr. seedlings were
transplanted to chambers in April 2006, and continuously
air exposed to open from 17 June to September 30, 2006. P.
tabulaeformis Carr. leaves were collected at 9:00 a.m.
every 20 days for immediate analysis.

The experiment involved four treatments with ambient
air, elevated CO,, elevated Os or a combined treatment of
elevated CO, and O3 and three replications for each treat-
ment. The elevated CO, concentration was 700 £ 20 pmol
mol~}, 24 h/day with ambient O; concentration, and the
elevated O; concentration was 80 £ 8 nmol mol™ %, 8 h/day
with ambient CO, concentration, respectively. The com-
bined treatment of elevated CO, and Oz was the elevated
700 + 20 pmol mol ™!, 24 h/day CO, concentration with
elevated 80 £+ 8 nmol mol_l, 8 h/day Os concentration.
Target airs were delivered via a computer controlled system
modified from Siemens Germany (PLC, LT/ACR-2002).

Net photosynthetic rates were measured with the LI-
COR 6400 in a purpose-built leaf chamber attached to a
rapid-kill apparatus.

Hill activity was measured according to Tang (1999).
The 0.1 mL chloroplast suspend liquid in a 0.5 mmol/L
Tris HCL (pH 8.0), buffer containing 0.05 mmol/L MgCl,,
0.1 mmol/L. NaCl, 0.01 mmol/L Potassium hexacyanofer-
rate (III) and distilled water. One group was illuminated
and the other was in dark. After 1 min, 0.2 mL 10% Tri-
chloroacetic was added which centrifuged at 3,000 r/min
for 2 min. Then 0.7 mL centrifugal liquid was extracted to
add into feedback liquid, placed for 10 min in dark, in turn
measured ODsy in spectrophotometer.

Ca’*/Mg>T-ATPase activity were measured by follow-
ing the procedures described by Huang (1985). Ca®'-
ATPase activity: 0.1 mL chloroplast suspend liquid in a
0.25 mmol/L Tris HCL (pH 8.0), buffer liquid containing

0.02 mmol/L EDTA Na,, 0.01 mmol/L. ATP, 2 mg/mL
Trypsin. In 64°C water bathing was heated for 4 min and
extracted 0.5 mL and kept in 37°C for 10 min.

Mg*"-ATPase activity: 0.1 mL chloroplast suspend
liquid in a 0.5 mmol/L Tris HCL (pH 8.0), buffer con-
taining 0.5 mmol/L  NaCl, 0.05 mmol/L MgCl,,
0.05 mmol/L DTT. Activate it by illumination for 5 min.
About 0.1 mL ATP was added and kept in 37°C for 5 min.
Above all, 0.2 mL 20% Trichloroacetic was added and
centrifuged at 3,000 r/min for 5 min. Then 0.5 mL cen-
trifugal liquid was extracted and added into feedback
liquid, placed for 30 min, which measured ODggy in
spectrophotometer.

Soluble sugar and starch contents were measured
according to Zou (2000). About 0.5 g leaves were heated in
100° water for 30 min, then filtrated the percolate hold to
50 mL. Distilled water and 9.2 mol/L. HCI, to surplus in
turn were added and heated in a water bath for 15 min,
filtrate and the percolate hold in 100 mL. Extracted liquid
and anthrone heated for 10 min, then measured ODgj3 in
spectrophotometer.

All data were subjected to statistical analysis of variance
(ANOVA) in the SPSS statistical package.

Results and Discussion

The responses of net photosynthetic rates (Pn) of P. tabu-
laeformis Carr. leaves to treatments are different (Fig. 1).
Elevated CO, improved the photosynthetic ability of P.
tabulaeformis Carr. and increased Pn significantly
(p < 0.05), but the effects of elevated O3 are negatively
and Pn is decreased by 7.39%-54.52%. However, net
photosynthetic rate of leaves under elevated CO, and Oj is
ameliorated significantly (p < 0.05) and was increased by
14.37%-70.95% compared to ambient air.
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Fig. 1 Variations of net photosynthetic rate in Pinus tabulaeformis
Carr. leaves under different treatments
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The effect trends of different treatments on Hill reaction
activity of P. tabulaeformis Carr. leaves are similar to net
photosynthetic rates (Fig. 2). In the elevated CO, treatment
and combination treatment, Hill reaction activities are
19.43%-45.66% and 6.43%-31.03% higher than control,
respectively, but the highest Hill reaction activity on 80th
day is under combination treatment; by contrast, the ele-
vated O; treatment reduced the Hill reaction activity
8.49%-13.87%. The results further showed that photo-
synthetic capacity of plant is stimulated by elevated CO,
and elevated O; suppressed photosynthetic capacity of
plants.

Both Ca’*/Mg®"-ATPase contents are increased by
elevated CO,, but are reduced by elevated O; (Figs. 3, 4).
The highest content under elevated CO, and the lowest
content under elevated O3 of Ca’>"-ATPase are +42.57%
and —20.40% compared to control, while the highest
content under elevated CO, and the lowest content under
elevated O5 of Mg?*-ATPase are +18.03% and —15.03%,
respectively. In combination treatment, Ca”"/Mg>"-ATP-
ase contents are higher than control except that on 80th
day, Ca’T-ATPase activity is lower than control, while
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Fig. 2 Effects of different treatments on Hill reaction activity in
Pinus tabulaeformis Carr. leaves
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Fig. 3 Effects of different treatments on Ca’"-ATPase activity in
chloroplast of Pinus tabulaeformis Carr. leaves
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Fig. 4 Effects of different treatments on Mg>"-ATPase activity in
chloroplast of Pinus tabulaeformis Carr. leaves

Mg*"-ATPase activity is higher than elevated CO, treat-
ment. Elevated CO, also ameliorated the negative effects
of elevated O3 on Ca*"/Mg*"-ATPase activity in combi-
nation treatment. Similar conclusion is drawn in the
research for impacts of O3 and CO, concentration doubled
on the soybean leaf development and biomass (Huang et al.
2005).

The leaf soluble sugar content of P. tabulaeformis Carr.
significantly increased 5.85%-55.77% (p < 0.05) in ele-
vated CO,, while elevated Oz caused a 1.68%—-18.83%
decline (Fig. 5). The effects of combination treatment
changed with treatment days, and common trend is that
elevated CO, compensated for the decline of leaf soluble
sugar content is caused by elevated Os, but leaf soluble
sugar content of combination treatment is the highest on
40th day and lowest on 60th day in all the treatment.

Elevated CO,, respectively increased 9.28%-31.69%
and 4.61%-28.76% starch content in P. tabulaeformis Carr.
leaves in ambient treatment and combination treatment
except 80th day under elevated CO, treatment and 100th
day under combination treatment (Fig. 6). By contrast,
elevated Oz reduced starch content in P. tabulaeformis
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Fig. 5 Effects of different treatments on soluble sugar content in
Pinus tabulaeformis Carr. leaves
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Fig. 6 Effects of different treatments on starch content in Pinus
tabulaeformis Carr. leaves

Carr. leaves, and caused a 3.16%—6.91% decline at the
whole season except on 60th day. It indicates that higher
CO, promotes photosynthesis and accumulation of photo-
synthesis production. The results are consistent with the
report on Anthurium andraeanum written by Li et al.
(2005). And the contrary results under elevated ozone have
been observed, which are supported by that researched on
three woody plants conducted by Huang et al. (2000).

This study showed that photosynthesis of P. tabulae-
formis Carr. is promoted by higher CO, concentration and
is inhibited by higher O; concentration. And positive
effects of elevated CO, alleviated negative effects of ele-
vated O3 with the combination of elevated CO, and O
concentration. Therefore, as a native species which has
extensive adaptability, it is practical that P. tabulaeformis
Carr. be planted in Shenyang as a response to the inevitable
global climate change and to sustain our eco-friendly
environment.
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