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Ozone uptake by the dominant canopy tree species in a natural mixed conifer-

broadleaf forest in Dinghushan, Guangdong Province, south China
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Abstract: We determined ozone ( O,) uptake rates of the dominant tree species ( Pinus manssoniana, Castanopsis
chinensis, Schima superba, and Machilus chinensis) in a natural mixed conifer-broadleaf forest based on sap flow
measurements and environmental monitoring. On a diurnal scale, the ozone uptake flux ( FO,) by the dominant tree species
had a unimodal pattern, and that the maximum flux appeared earlier in the wet season ( April-September) than in the dry
season ( October-March). Compared to the wet season, the time of the maximum flux in the dry season was delayed.
Seasonally, the maximum O, concentration occurred in the wet season (48.94 nl./L). Canopy stomatal conductance for O,
(GOy), FO, and annual accumulative stomatal O, uptake (AF_ ) in the wet season were significantly higher than in the

dry season (P < 0.01). Machilus chinensis had the highest O, uptake capacity among the four species considered. The
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maximum FO, was 1.11 nmol m™ s in the dry season and 1.71 nmol m™ s™'

in the wet season. GO, decreased with
increasing vapour pressure deficit (VPD) in all the studied species. At photosynthetically active radiation (PAR) > 1500
umol m™ s™', GO, and FO, for all species declined at higher PAR. Annual AF_ exceeded the threshold that could be

tolerated by forest trees, suggesting a potential O, risk for mixed conifer—broadleaf forest in Dinghushan.

Key Words: Sap flow; canopy stomatal conductance; ozone flux; mixed conifer—broadleaf forest
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PSR 1155 hm? 5z = IR 10003 m, Ja T 4L 70 Rl MBS 2 22 RUUA IX AR 2 23 20.9C, e H
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1 4—9 H AERAAXRIE 80.8% o £ Fa MR ASH N Sl 11 FZERMEALZ — Oy T REANHE T DY S0 i it v
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SEU T B 3 AR ROIR I R G HL IO B3 Y SRS L b S KT AR A 3 BRI E X, B
RIFEARFFIE LR 1,
1.2 AU B e

K H Granier I BERENE T 2010 457 H 2= 2011 45 6 H X 12 SREEFHA S E A TESE . X THE
1422 , 25 B ST LLRE AR P B, 228 R N A A WFFE 05 125, 4 — X 20 mm < B FATH BOER BT 42 2 T4
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Table 1 Characteristics of the trees selected for sap flow measurements

R Fh P Wz R TR B TR SRR RIS
Tree Species Number DBH/cm Height/m Ac/m? Sapwood depth/cm As/cm?
LB Pinus massoniana 1 17.3 11 12.56 0.7 73.5
2 27.5 17 23.56 2.9 167.7
3 21.5 14 7.07 2.2 106.8
HEZE Castanopsis chinensis 1 14.6 7 23.56 1.3 61.5
2 21.7 10 8.25 1.9 101.7
3 26.7 13 31.42 2.1 147.6
AFif Schima superba 1 18.2 9 19.63 222 77.2
2 20.3 16 37.70 3.1 98.0
3 19 13 21.20 2.15 93.0
A3 Machilus chinensis 1 35 17 32.99 1.53 205.4
2 9.8 7.5 19.63 0.91 41.4
3 20 13 23.56 1.2 125.6

DBH: diameter at breast height, Ac: projected canopy area, As: sapwood area

1.3 B AR
Ry kG XA R 0 X TR AR A 25 S HRBRAE R LAY 8—10 ARA A, SR HUA: Bl IOAES , I
IR ERE | IR U A% | s T p AR S AR 2 (R o R X
A =m(DBH)" (2)
i, A, fCFEDM R, DBH IR, m .0 HESEL
HRAEE I — MO DX BT 4 FIVRAO b RS 2 56 R e 2 s

®2 RBEWHAHERSEEXR

Table 2 Relationship between sapwood area and diameter at breast height of four dominant tree specie

e 7 - i 7 N
Species Regression equation Species Regression equation

LW Pinus massoniana y=0.84x%% 0.99 AT Schima superba y=0.822%16 0.96
HESE Castanopsis chinensis y= 1.44%% 0.93 1G4 Machilus chinensis y= 0.49x%08 0.81

L4 BN TR E
VGO 22 TN =5 2 10m 23 I HBAR AR 1 LA skl S A A S5 R i 0 52 i 5l v i 1k . e
JCLH,F I i 10 5 #% ( Derelektronische Funk—MessloggerFunky_Clima , 82 [ ) F F- IS0 (T) Flas SO X R B
(RH) ., Li—cor Yo & 5U8RHH% 845 ( LI-COR Environmental , 3& [ ) F X667 SR G178 22 Wil
SRR A 23 R R RS SR BE W P R RN R B VPD (vapor pressure deficiency ) iX —F§ 45, 11524 5
LU R
e (T) = axexp[ bT(T+C) ] (3)
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VPD = e,(T)-e,= e(T)(1-RH) (4)
A, e (T) AR TR T AR AUKIRIE (kPa) ,a b ¢ HZHE, 35 {E S :0.611 kPa 17.502,240.97°C, T 24
MREE(C) e, NEFRKIAE (kPa) ,RH AAIXSIREE , VPD Sy A S Z A 7K PR 5 6k (kPa) .

TESEST AR TR AR .2 30 m Y37 AR 3T J2 v AL, 3 60 W ) DR R AR B2, DR 4RV R
TEI Model 49i S A& #1{X ( Thermo Environmental Instruments Inc. Franklin, MA, USA) Wi, LI 10 Hz #i%%
SR , B /NAHE SR — R BRI
1.5 RZEBEAR

R 6 2 (R ZE I R 35 R R A 197

E =Ax] /A, (5)
A ERERAEBER(gm™ s ) JIRRREE (g m™” s™") AU TR, A NEZ B I (m®)

R BI A FE AR AR AL EL A HESE RN AR A A R /N T 3.5 em 2R 0—20 mm PRFE AR
BN e PV BE A A VA b S B IAE P-4 7K o R T AR i B R A I R R AR 2 A, R T 4 em
PRI B A (R 45 B 2 M AR R (0—4 em) 1Y 45% 2 i RIER 2815 (E, L o/s) BOTTRECR I R A,

E. = JxA, +Jx(A-A,, ) *x45%
A, ASNERIAEE (0—4 em) BT,
1.6 &R FHAREMITR

RS EREY RS KRAZE M A Ak KSRGS S, AR TR

R

G.= (E)pG,T,/D (6)
A, CREZE A FE (g m™ ™), p BAKREE (Kg/m®) , G J& /K78 it I H 41 0.462m” kPa K™
kg™ T ERSIRE D B/KEIET B (kPa) ,
1.7 REARYGHE

it E AL RASFLFE (GO, , mmol m> s HE J2 A ALK R AR Y T ST R ( FO,,n m”> s AT

AT
G0,=0.613G, (7)
FO,=G0,[ 0,] (8)
K CEEEFE (gm™s™), [0, ] WRARAME,0.613 &5 REL, AR KAP RARKEIY R
B,

2 HREHS

2.1 EFRE TR S AR SR A B ) H AR fARRAE

B2 (7 7)) RLAEMRPE B H AR5 2 B0 A BAldeh 28 76 12,00 35 BNIEAE ; 76 )2 S ALX R A T S B BA 0
R TLERRS HEDE AR A AR AR BAH BRI, A TP 1000 38 B KAE ((155.30+9.21), (159.62+15.86) ,
(279.76+35.76) mmol m™ s™") , ARf7E 1100 35 HFHAAE ((152.27+13.88) mmol m™ s™") 5 LA IR IS it i
B HR B AN 5e 2 AFL SL AR B L IRl e A, ) R A R SEAE AR 12,00 TR EIR KM, AR far AR A TE 1100
KB, Horhr ANl K (4.82 nmol m ™ s7) AR FiFA/N(2.77 nmol m ™ ™) (K 1),

T (12 ) RAWRE 52U SR T R RGE i e R LR AR, SRR B AR 1L
P ER AR ; 762 AL B AR T B S R B A i 2, SRR HETE R AE 15:00 35 3§ (H ( (62.33+
4.33),(38.70+4.30) , (37.71+2.78) mmol m™* s™") ,AEVAFETE 1300 ik F| i (H ( (88.43+5.95) mmol m™ s7') ;
X BRI S L SRS HETE IR AR R4 1500 iA B RIEAE (2.16,1.12,1.40 nmol m ™ s7") ARl Hwi
FE 1400 A B RIE(E (3.10 nmol m ™ s™") , B H RAU RIS AENZE (7 H) MITZE(12 ) BRI AR
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Fig.1 Monthly mean diurnal trends of vapour pressure deficit ( VPD) and photosynthetically active radiation ( PAR), canopy stomatal
conductance for ozone (GO;). canopy O; uptake flux ( FO;, nmol m~2s7') and ambient O; concentration; accumulative stomatal O; flux

(AF,, ) in the four species in the dry (July 2010, left) and wet ( December 2010, right) seasons

2.2 IR TR SR AR R i RS 2R AR Ak

2010 4F 7 H & 2011 4 6 A, RARWKETE 0.9 nL/L 5 49 nL/L Z[E35h, F-21H M 16.85 nL/L, A 81.2%
L SR B AR TR AE 0.9—25 nl/L 2Z[A],5.8% ) 5L AR BE B 1) 35 nl/L( 8 2) , HESEAIAEIE A e )2 AR R 4
BB S TR 5 RMT (P<0.001) 5 B R FA 5 #E 5 A0 5L WG 1 i 35 8 T R fo7 5 483 A (P <
0.001) . it 5 M W0 e i, 383 T 1.36 nmol m ™2 s~ AT R R ISGHE B K, M 0.67 nmol m™2 57", 4
AR TP B AR BRI (AF,0) K/INIBUT R HE T Al > #E 5> E R A > AR A, {H 5L A SGH 2 8 4F 1.6 nmol m™
s~ I f SRR (AT, 1.6) A R/INIUF A HETE > AR AR > 5 AR S AR far , DU A 828 % m T2,
MBI R AL A R R T 2R 2.0—2.7 £ B SLASGHE f 2 T 22 1.4—2.6 £ 1B 2= R Rk
Wt (AF 0 Al AF 1.6) /2 T2/ 1.1—1.8 5 (BRARMAN) (£ 3)
2.3 I TR S MR R AR A X K YRR 5 R A A S S 1 e

B2 7K 95T 7 BT i, LSRR B S R a5 e 2 AL RS B S R R R T % 5 e T R SR A
BABEAG, SRS AR AT e S (B 3) o ARIE R AL R AR 5 A2 K VR T B s R £
TG BT S KRR 7 BN 2 AL B ARG B B [l 5 AR K YRR 5 B S e )2 S AL R AR 5 S
TRBOCR IR 4 PR 4 MESEBFE R 435174 0.92,0.96 ,0.95.0.94,

Bl PAR 3N, 5 50K B SE e 8 I 0/ s DR i et 2 AL R 4 1) 5 R R S R DU g 3 b R e
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Fig.2 Seasonal course of daily mean ambient ozone concentration ( O;), canopy stomatal conductance for ozone ( GO;), canopy O,

uptake flux (FO;), and accumulated stomatal ozone flux ( AF, ) of conifer-broadleaf forest

TR AT SR SR AT s A B, S AT AR S e S84 s (EL 7R PAR KT 1500 umol m™* 7' AR
ol B8 T8 2= AL KT R B B R R A R A e 4% 52 R R A

®3 TEFEESAMNRENSE RERKER REZ2ARKERRERNE

2 2

Table 3 Average canopy stomatal conductance for O;( GO;, mmol m™ s71), canopy O; uptake flux ( FO;, nmol m™ s7!), accumulated

stomatal ozone flux over thresholds( AF, , mmol/m?) and accumulated exposure( AOT, nL/L) in the wet and dry seasons

PR A EEni] GO/ FOy/ AF,0/ AF 1.6/ AOT40/
Dominant tree species Season (mmol m™2s™')  (mmol m™2s7!) (mmol/m?) ( mmol/m?) (ppm h)
Iy EH Pinus massoniana S 70.92 0.96 11.20 6.09 3.01
T 31.86 0.60 8.77 3.43 2.45
Eras 49.42 0.76 19.96 9.53 5.46
KT Schima superba firEs 43.65 1.04 9.26 4.55 3.01
(=S 19.22 0.41 5.07 0.76 2.45
AAR 24.17 0.67 14.34 5.31 5.46
HETE Castanopsis chinensis TS 210.06 1.58 13.91 8.99 3.01
T 178.92 1.07 13.45 7.09 2.45
LAF 192.51 1.29 27.37 16.07 5.46
AENA K Machilus chinensis TS 130.28 1.71 15.68 9.78 3.01
T 60.26 1.11 13.87 6.12 2.45
AAR 91.71 1.36 29.55 12.41 5.46

GOy 2 TALXT R A 2 B2, canopy conductance for Oy ;5 FO5 : 5 IGHE 1, canopy O uptake rate; AF, 0 54 Z BRI i accumulated
stomatal ozone flux over thresholds of 0 nmol m™ s7'; AF 1.6 &AW E T 1.6 nmol m™2 s~ BFUR IR, accumulated stomatal ozone flux over

thresholds of 1.6 nmol m™2 s~} ;AOT40:§/§(‘W§EE 40 nL/L BYHE B BH AR | accumulated exposure ( 05 accumulated over a threshold of 40 nL/L)
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Fig.3 Means of ambient air ozone concentration ( O;), canopy stomatal conductance for ozone (GO;), and canopy O; uptake flux
(FO4) in relation to vapour pressure deficit (VPD) and photosynthetically active radiation ( PAR)

P 55 R R AR B VPD Il PAR T PUF TR AR J2 AL X B AR 5 BE B R AL A T3 PR A BT O 45 2R

®4 BESIAMNRENSESKRESHRZENEEFTE

Table 4 Multivariable regression models of canopy stomatal conductance to O; and vapor pressure deficit

TR Wm0 7 72 ® P
Species Regression equation

HESE Castanopsis chinensis y = 273.81e7 1082 0.92 <0.01
AKfaf Schima superba y = 186.57¢70-973¢ 0.96 <0.01
L2 Pinus massoniana y = 215.19¢ 0% 0.95 <0.01
1384l Machilus chinensis y = 374.28¢7 1097 0.94 <0.01

FE R G (B PRAE 12:00—15:00 B} 22 8], R 45 B 4800k BE RRAR, 33 5560 ) M/NE L 0 R B 2
Ak P BRI S RAA 4 D FR R L RA M S GO, I, B2 PIAE 9.00—11.00 Z 8], 5
Niu ZEX AR Matyssek ! 2242 5 1 BREARYHFSE (9:00—11.00) M) (HAE T2, Th R M il A fof 1
B HAE 13.00—15.00 2 [8], A8 46 H AE 11.00—14.00 Z 8, BTG . ASTER T2 T2, DB
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HESE KT AEIE R R A W ISGE B FO, I (E 5 R R IR I R A

XoF DU I ARt Ao e 2 AL S AR T B B R A A T TR AT BT A5 L 1 R 4 SRR K PR R 75
55 R AL R T B B I R RO R R K YRR 7 iS5 R e — e Y BB N DDA G, 4
A R R K VR =5 ST 5 2 AL SR AR T B I S I 2T R R MR e F R —E S

S J2 AL BRI 5 B R L SR A i BB TR A AR A T RE S T DL D PR o B AR A K TR T B
SALFFIRORE 5, T LA S AR B B SRR, (BT e v 0 el 2 R LT R AR 2 B L X 5 Fernandez' ™ il Wang '™ %5
NIEETRAN] ARV = B i, S ALOGH , SRR B B T, )2 S AL SR T R A 3, e h
A RS T 1500 umol m™ s, 4 AN e R AL B AR B RN S AR ISGE Y R R, AT RE R TR X —
MGRE] TR AR

Hu' > Niu" ™ X6 7 1 T3 Ay 5 A2 G B 45 SR 43 5318 2.05 nmol m™ s7' 1 4.26 nmol m ™ s™", & T A
¥/ 0.66 nmol m™ s~ FE i PRI T BRI r %) S A0k B i TS LL R SRBR, A i DX BLAE VR R 16.85 nl/
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