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Mechanisms of photosynthetic physiological responses of Koelreuteria paniculata

and Pinus bungeana under elevated ozone conditions
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Abstract; Industrialization and rapid urbanization have led to the exposure of urban tree species during their growing
seasons under high concentrations of surface ozone (O,) and nitrogen (N) deposition conditions. To understand the
combined effects of elevated O, and N deposition on urban trees, two common urban tree species in Beijing, Koelreuteria
paniculata and Pinus bungeana, were selected as experimental materials from May to September 2022. We utilized open-top
chambers (OTCs) and the "N isotope tracing method to investigate the variations in the photosynthetic physiology and leaf
N distribution of the two tree species under three different O, exposure concentrations; NF (ambient O, concentration) ,
NF40 (NF + 40 nmol/mol O,), and NF60 (NF + 60 nmol/mol O,). The results showed that: (1) At the end of the

growing season, both K. paniculata and P. bungeana exhibited significant inhibition of leaf light-saturated photosynthetic
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rate (A, ), stomatal conductance (g, ), chlorophyll content ( Chl a+b), carotenoid content ( Car), and biomass by
elevated O, concentrations. However, there was an increase in leaf N content and 3N abundance. (2) K. paniculata and
P. bungeana adopted different strategies for N absorption at the end of the growing season. K. paniculata absorbed more N in
new leaves compared to old leaves, and nitrogen might be transferred from old leaves to new leaves before old leaves fall
down to the ground. In contrast, P. bungeana stored relatively more N in old leaves to maintain evergreen foliage rather than
transfer it to the new leaves. (3) During one week before the growing season finished, the elevated O, accelerated leaves
senescence of K. paniculata whether N addition or not, and with the O, concentration increased the senescence rate
increased. However, N addition could alleviate the negative effect of elevated O,. This pattern was shown much more clearly
when the growing season nearly finished. When simulating the response of urban tree species to the increased O,
concentrations and N deposition, it is essential to consider differences in functional types, such as deciduous and evergreen

species, as well as the growth period of plants, especially during the late growing season.
Key Words: O, ; nitrogen deposition; "N isotope tracing; leaf; the end of growing season
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21 dA 28 d, Y HAEA B 2R RN A R A B — AR B 28 40 it it n =05 B ol i i ) A i (e
IR EA R ) VR R AR 3, 65°CHET
1.4 AEY A A KIS AR E KOy
141 SRS SE SR RIS
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FH P<0.05 19 & KRB RGeS, SCEREEER PRI 20 4 £ R 1 2% (Mean+SD )

2 HRE5SH

2.1 it U RS T i X AR AR ) B A BRI AR AR A 52 i)
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HW ., BRORYL O MR THE WoEFRAR T I ADG & R SR8 MRS EYa . 5550 0TS
ARl ) S EL A X I R A DTG TR AR A ) e ) SRR 0.3
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Table 1  Effects of O; and species identity on leaf A, g,, carotenoid content, chlorophyll content, 3' N abundance, total N content

and biomass

¥ Parameters RE 0, RIF Species Al x B4 Species X 05
HIFIEA K A, Saturated photosynthetic rate <0.0001 <0.0001 0.0102
SALFE g, Stomatal conductance 0.0742 <0.0001 0.1291
HHAE M E S Carotenoid content 0.0195 <0.0001 0.1208
-4 Z 5t Chlorophyll content 0.0710 0.0250 0.2165
4 N %8 Total N content 0.8572 0.0006 0.7528
8" N £ 8"°N abundance 0.1281 <0.0001 0.0092
A= Yt Leaf biomass <0.0001 <0.0001 <0.0001
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b, ZERIN N 590 d.7 d.14 d 21 d F128 d,NF 40 Fil NF 60 Zb38 T 250 Fl A - A B 5 0 2 R
o Hp 7 d IR R, 23 X R Y 23.9% (50.48% 1 42.54% [14.22% , FEAHTE] O, MR AT T | i
Ab B [R] (4 E K | AR T B RS A R g BRI SE BT R R R, O, Tk i it 3 hn DL K — 4 58
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Fig.1 Effect of elevated O; concentration on saturated photosynthetic rate (A, ) and stomatal conductance (g_) in leaves of K. paniculata

and P. bungeana
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13.64% M1 21.14% , F (I8 EE AR B0k, Ml 28 d i, NF40 A NF6O B2 Z€ (i f5 4t 2 &t NF 2050 R T
17.89%F1 15.89% ., ZEWIN: 28 N 225 et Bl 5L 4800 B8 T v T R A1, JBfraE 21 d ), NF40 Al NF60 Lt NF ZE
ZERL TR E RIS 28l N RS SAF T 28.78% M1 32.05% , AH H T HABAL BRI E] , 21 d B 2SR
K MRS ETREERK, YAHELHR T T, 5 NF A, NF60 Kb BT [ B A4 25 5 i il
K NESEDBI T 24.019%F 22.75% , A F2RE8 MRS EAELH 7 d F128 d B, 5 NF A
L, NF60 Ab3R 4331 i 25 B AIK 33.26% F1 39.02% , WiH 14 d B, 5 NF AHLG, H A4 3 5 8 7E NF40 Al
NF60 AbH T 4351 4 3% T P 29.21% 1 33.08% , i FEALFE 21 d B NF40 Fl NF6O HEZEAbFE [ J A YT 2% 25 5 1
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Fig.2 Effect of elevated O; concentration on chlorophyll content and carotenoid content of K. paniculata and P. bungeana
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Fig.3 Effect of elevated O; concentration on nitrogen content of new and old leaves of K. paniculata and P. bungeana
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FE9 H 17 HF9 A 23 HAMBIGETH ST A 200 L3, & e LI R8T N 56 O, Wk T+t &
9SG IMASA I 5 I 5 R NF60 Ab 3T AR I 8 2 3 0 v 5 26 A ] 1) LA 34548, 55 NO A LK, NSO
AFRTFT IS L R TS 9 H 17 HAHEL,9 A 23 H RGN0 58 E R N 2 F 58 2 1 2816
BERRE(ER2),

K2 O, REFSMMENMEMHAIRZHHMOA 17 H—9 A 23 H)

Table 2 Effects of ozone, nitrogen on senescence rate of K. paniculata during September 17 and September 23

9H17H 9H?23H
AbHH Treatments
NO N50 NO N50
NF 25.33%+2.08% Ac 19.67%+2.52% Bce 41.00%+2.65% Ac 36.00%+1% Bce
NF40 37.67%+1.53% Ab 31.67%+2.08% Bb 51.67%+2.08% Ab 41.33%+1.15% Bb
NF60 53.67%+3.21% Aa 48.00%+2.65% Ba 75.33%+4.73% Aa 54.00%+2.65% Ba

NF; [ SR FRE O, ¥ ; NFA0 : NF + 40 nmol/mol 05 ; NF60: NF + 60 nmol/mol O ; NO: RAT % ( TEBANERTRAN) ;N30 7R 50 kg hm™ a™ 4, R
[ KB PRk R A R B AL BRI 25 5 .35 (P<0.05) 3 A RI/ING SR 3R 7 ) B 4804k PR 1] 22 55 . 3% (P<0.05)

O, MR FET i it N AS[RIASHB] DL K A A FH B 3 5 2 I 2 R (36 3) . 7EAE R ZBE5 /A mt ) &
O M N Z 0477 W55 HAEF, Ba Wit N T 226 O, et B2 my i /ER .

3 e
TR O, e BEARWT L FF, M N U B B R K AR L B i s Ko TRae ™, —
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Fig.4 Effect of elevated O; concentration on 3'SN abundance of new and old leaves of K. paniculata and P. bungeana
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Fig.5 Effect of elevated O; concentration on leaf biomass of K. paniculata and P. bungeana
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Table 3 ANOVA analysis for effects and interactions of ozone and nitrogen on leaf senescence rates of K. paniculata during September 17 and

September 23

W B Je] R " S xIHEf] FXI ] XA SRR ]
Parameters Time 0, N 05 XTime N xTime 0;xN 0, XNXTime
df 1 2 1 2 1 2 2
F 268.24 351.94 112.635 2.013 14.438 7.97 8.116
P <0.0001 <0.0001 <0.0001 0.156 0.001 0.002 0.002
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Fig.6 Effect of elevated O; concentration on total N of new and old leaves of K. paniculata and P. bungeana
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