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Abstract; Greening tree species in urban is vital part of urban ecosystem. To study effects of seasonal variation and other
variables on water use efficiency the tree species, 24 trees species (6 evergreen conifer and 18 deciduous broadleaf trees )
were used to examined seasonal change in the foliar 5" C and relationships of the 8" C with soil temperature, humidity and

the other weather variables in Beijing Botanical Garden in 2006 , The results showed that the foliar 8 C of evergreen species
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had insignificant difference,and the seasonal change wad from —27.0%0 to —24.5%o, however, the foliar 8 C these
deciduous species and the seasonal change were insignificantly different(p =5.05 x10 ° <p=0.01, p=1.97 x107" <
p =0.01). The largest values of the foliar $°C ( —23.396%0) was found in Fraxinus Chinese in spring and the smallest
values was 28.360%o ( Ailanthus altissima) in summer, the difference was 5%o. The foliar 8" C deciduous species was
significantly correlated with soil temperature, humidity and weather factors, however, the correlation was insignificant for
the evergreen trees. That suggest that deciduous species is more sensitive to environmental change, but the foliar " C of
evergreen species is affected by their physiological traits. The foliar " C was greater in spring than that in autumn , followed
by summer. The results indicate WUE was greater in spring than that in autumn, followed by summer. The study also found
the foliar 8°C had a significantly negative relationship with specific leaf area( SLA). Therefore, SLA may replace foliar 5"

C to represent WUE in practice.

Key Words: greening tree species; foliar carbon isotope composition ( 8" C) ; soil temperature and humidity; weather

factors; specific leaf area;water use efficiency
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WY BUERR, CO, 7E M BV IR 1L/, LA ROR LB X CO, 1 IR L5 A2, #4778 . 35 Bk IR) i R AUw ™ o
Farquhar A% AT REE BRI A R ALK 87 C MAREIRFILR P APC 5 CARMI K IR
(Water Use Efficiency, WUE ) A RIRAGARSEM: , 7T LIE WA K ) WUE Bl 00 1645, SR/ 1Y
Bt LEBRER" . BE, Epished, Ay g e AT ok T s A
PIE A R B T R U R AR S FERATT 8°C RAC 5K E WUE iy
FSRAERFSE , RIS SR BA 8°C 5K WUE BIEHX,

SR SRS BRI R A SR BE B T XA S 8 C (Bt , R R KA
|2 g R EERAME T RIRR COME™ T %, MRS R IR AR R A&
THYRAB/MY 8°C (8, BERAg WUED™ , fi48 8" C (ALK T H WUE /K- i BikR W 72K
SrIE T B A RS, IS 8 C (SR VAE P RS K BRI BEWIEMR, RURAETE
HE SR BT Y RP SRR BRI K 20 A R 5 SREARST, 87 C {HBE A S VIR P e BREAR T3 Ao R AR AR A R
[FIThRERHE ™ , A RILSbE B MR ™ S E R A 81 C MUK R R X R ER L B
ST FIT R 8 C AR SRR S T IR EN SR E PR D, A EEHTILRE
TLE R IR R SR AR 80 C BB, R A RE Y L RBRE SEETHHNE
W, ) A R iz 2R A R AL T AR ZE ST 84 T, K e PR R B AR R S 1R S,
FETRR, NIEE AL SR AIHU R T AR FIHE A F 257 B B7 AR BRI
1 ##5FEE
1.1 B

LAY A TR T . AT 116°28'E,40°N, ¥4k 61.6 ~584.6 m, 1 3% pHHE N 7 ~7.5;4FF 3y
R 12.8C £ TR & 526mm, 1 B3R % -3.3C,7 A4HIE%G 26. 8C, 1 A M sk MK E
-13.8C,7 AMRImEIRE N 37. 7°C XN R 61% o FE N ARIETE RAAMY) 15 TR 500 RFBEXR
R 200 A7 WA 200 RFo
1.2 tEYAR

B KA R YIBE B 6 b B 4RET I TR (AL | B BEAAFIAE AR 73 I B AF R P AR A2 B %) A 18 Fp
E R TR AR T 80 C W (R 1), HEARK S RIF, BURHE 4 ~5 m i Ab e FHTE B, Tos 3 i
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PR, BRI 3 ~5 BRAAIIE, FF EEMAAEHBRER 2512 2006 4£5 A 14 H ~18 H,7
A23H~27THFfM9 A30H~10 A4 H,

®1 EEFAMNAESRERLR
Table1 General condition of the study trees

2y »

7 Species 4% No. * gt?;fcientiﬁc name Hei?;:ﬁ(:I m) DBBI;?gfm)
T MNP AELE ys(n)/(1) Pinus tabulaeformis Carr. 9.7 27.5
BB MEHEAE bps(n) /(1) Pinus bungeana Zucc ex Endl 10.1 20.8
Aa cb Platycladus orientalis Franco 15.0 23.5
Y EFIW A hss(n)/(1) Pinus armandi Franch 7.9 16.0
ta kb Sabina chinensis (L. ) Ant. 11.1

EH x8 Cedrus deodara( Roxb. ) G. Don. 13.6 28.3
£ yl Magnolia denudata Desr. 13.4 26.0
'y Ish Koelreuteria paniculata Laxm 10.8 24.0
gl ch Robinia pseudoacacia L. 14.1 36.8
B yx Ginkgo biloba Linn. 12.0 21.2
KB hj Rhus typhina Torner 6.0

=L bl Fraxinus chinesis Roxb. 14.1 31.3
Tk gh Sophra japonica Linn. 10.3 20.7
18 L mtl Salix matsudana f. Umbraculifera Rehd 10.7 24.9
EEH mby Populus tomentosa Carr. 20.6 43.3
pan Y dz Eucommia ulmoides Oliv. 11.5 36.2
ZeFh AR mgm Liriodendron. chinense x L. tulipifera 12.1 20.4
A qs Catalpa bungei C. A. Mey 13.6 29.8
THR ds Tilia mandshurica Rupr. et Maxim 7.1 14.8
iz s Diospyros kaki Thunb 11.5 34.5
B¥E cc Ailanthus altissima Swingle 15.3 36.2
TEEM ybf Acer truncatum Bunge 9.5 35.6
20 tl Salix matsudana {. pendula Schneid. 13.7 25.1
A sz Crataegus pinatifida Bunge 7.1 17.0

* T [A] the same below

1.3 WWHAEESS%

LM T FR ( Specific leaf area,SLA) B RAERH 5 3 A EPSON TWAIN PRO 35 (hn& k) A HE
BAERERET 0CHERBREAM T ZEE FHTE, IHE LM ER,

BRAMZRE M (SC)ME i ERM T AR R BHEEE 0. 1mm §% , Fj DELTA™ XP [ ¥{ 5 FLASH EA [
R4 ( Thermo Finniga /A &) , Germany ) JU| & , ¥§# & £ 0. 5%o,

SEEFALEREENE EHEYENRBERMESTIHNRLLEEE D2 RRELEN ARG —FE, 4
HHTREEFEN, FEFHENN RS DL2e i R E4F (Delta-T 24 7], England ) &% 10min Xf S5 HF
W 1R, 2R 598 30min YREREEE T, B 3cR FHE Dy Za B ISINEE . RENBEEEKRTE.
AR R R SR FIAE AR B (RHT2nl-02 f£)/RE8 068 : 0. 1CH 2% ) X (AN1-422 KRG8 158
1% +0.1m/s, R 0. 8Hz per m/s) A A BEEST (QS2-05 SR AR MBH B REE  HBE: £5% , REUE
10mV/ mmol m ™2 s™") ,5.30.50cm F 80cm + Z AL iy 138 ¥E BF (ST1-05 1 81 B L R 28 g : £0.1°C) ,5,
30cm 1 80cm + JEALHY + 3R B (ML2X + 3800 (R8BI : 1% ) ; 580, EERBMF G XERT 6 4
TRIME-ITH B3k, € HIRE B /KE5E , S + 188 E .,

1.4 FaEath
BB SR A EXCEL F1 SPSS 42334 747 o
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Fig. 1 Seasonal variation of stable carbon isotopes composition in evergreen trees (A)and deciduous trees(B)

BRI F 8°C (H7E ~27. 0% ~ - 24. 5%o2 AL, B2 B BAKE M0 T I A I - 25. 9%,
WA M AE AR, IR 1. 1%0, MRS LE/AN Y 0. 19%0;6 R ERF I A 8°C EHBE R
2. 14%0, BEN 1.61%0, KEN 1. 17%0, BH ENHT , BEK =T 6 MEERAI I 6°C HEFHHIIRDE
KT (p=0.005 < p=0.01) , FRIFTE 3 MBI RHIE FR AT BEKT(p=0.343 >p=0.01) , K IHHF
B F 6°C (I 1B) AL BEE T, 75 — 28. 4%0 ~ —23. 4% AL, AN I 5°C HE ALK
W 3. 3%0, MR F I 8°C AR EAKSZ, B ML B 4. 08%0.2. 91%0F 4. 32%0, BT %
—25.638%0, 5 ¥ F MR, EEYH N -27. 095%0 AET 5 SR 1. 17%0, FkZEF- 5 -26. 291%o0, kT
BRI 0. 83%0, 207 27 , UHBERIIE F 8°C (ERE] (p =5.05 x 10 < p =0.01) MFE W (p =1.97 x
107 < p=0.01) ZRHAIWLBEAF, Farquhar ST RIS RE BRI R R LR 3°C 5
CARYII K 3] WUE U /IR EARSEAE , W DMK 31 WUE (R 145, AR 4598 , T LU
SR ATA MR A AFRE SIS < KB <BS, XTREEVILTTAEEEHEES6.7 A
YA 8 JI 4y, SRR R0 K FE AR X 7 43, Ehleringer 1 Schuster BF50% B #5 YU AT R RO 4 , 140
AAB/MOS L, SRR WUES™ | MIRES LHE KRN, M A 8°C sk, RRBRH GLRFES
Bk AN RUFBETH 5o Ernst-Detlef 2554 K A6 R IR K AT 5°C BFSCoH th% B 24P T8 K T 300mm B
8°C (2 REWE TR I S INTABD , BVRE A WUE BERE T 8 BB F I o 534F, Claudia SE7E %) | HOBF
FUBHARRNER , AN 6 A EERFHEEM A 5°C TR ( -25.929%) B KT 18 1
PR —27.095%0) , 1 M G FIE BAE R KA IR K AR R A T A
2.2 BRI SR TR

5 H M T specific leaf area,SLA)7E 2 ~8 m’kg ™ 2 ANk, MR SLA 727 ~27 m’kg ™' 2]
4k, B RR SLA RN TSR, Gulias s RIUM G S B SR B A4, SLA B ph /)
TR, TR G RROI 8 C #5BE SLA MINTFEAR , 55T 2 2k F (& 2)
P37 SLA S 1 AR , B GAEF 8°C (AR 0. 36%0, I RIFHIEAR 0. 27%, HABRERARERARR
BB R, 36 ELST B, T LUREE SLA SRR K R B SRR , L SRR b, B
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P T AR B R 2R R (BB IR 2R 0 ) SR 7K 20 AR R , LU o8 S S0 A kI o2 2% e SR
o TELART RGBS bt & B AT LA L B SLW (SLA BBI%0) SRAENBRIAI A B PR AR RIGHE™

O ¥ Deciduous &  H4k Evergreen

23 - — 2% (FEP deciduous) — %P (W 4% Evergreen)
24 - o 9 © y=-0.1587x - 23.913

g> R*=0.3939 p=6.195 310" < p=0.01
=25 1 o

W s B TR L 2 4L, Foliar 813C (%o)
5
I

,28 [
¥ =-0.2192x — 24.935 o
29 - R¥=0.4805 p=0.002<p =001 o
-30 | | | | | |
0 5 10 15 20 25 30

e AR SLA (m*kg™)

B2 MR AREMRERER
Fig.2 Relationship between specific leaf area and §'°C

2.3 mEAMRARSHEREBENIRETHRR
2.3.1 mRAMNRARS HREEMRENXR
Pl T o YR R BIAL , TEX LA 2R — B SR, A R T REN TIRRRE
MRZHTERERALE , FAT DRI RIS, 7632 2 o DO BUmR R + 2,
EENREZ EEERE RN, K EE L RREZFAR, & LRREEFRR, HREK
FMEZE; TREPETE 80cm +EHEVERF I HRE R T 30em 48 (F£2)  JRE W ERR R EEEF 30cm
Ak, ZALE R R YA A, S BRI R

®2 TREEMEBEEFFEAGITR

Table 2 Season variation of soil temperature and humidity

25 Season ST80 C STS0 C ST30 C ST5 C SWC80 % SWC30 % SWC5 %

&% Spring 18.2 £0.03 19.7 £0.04 19.9+0.08 22.4+0.16 16.80 +£0.01 4.11 +£0.01 9.54 +0.03
E % Summer 26.1+0.03 27.5+0.03 27.6 £0.08 28.5+0.10 34.78+0.02 14.2510.01 26.08 £0.01
FZF Autumn 25.5+0.04 25.8 +0.04 24.5+0.08 25.7+0.07 30.26+0.01 19.44 +0.01 15.84 +0.01

ST80.STS0 .ST30 #1 STS 4 %44% £ 1 80cm S0cm. 30cm F Sem FEALH) T8 BF , SWC80 .SWCS0 71 SWCS 432483 4 3 80cm . 30cm F Scm
Babs HRE KR, TRRA DRREMBENES EEMKERET A E 2006 4£4 24 B ~5 A31.6 A20 B ~7 A31 AM8 A20 A ~9
A 31 BEgFIE( = 4R , PI9ME  fKER

ST80.STS0 .ST30 and ST5 is respectively the temperature of soil 80cm.30cm and Scm, SWC80,SWC50 and SWC5 is respectively the soil water
content of soil 80cm . 30cm and Scm,table 3 is the same; Soil temperature and humidity in spring,summer and autumn is respectively mean values( + SE)

from Apr 20,2006 to May 31,2006 .from Jun 20 to Jul 31 and from Aug 20 to Sep 31

MBI 87 C (58 ] 4 8 2 0 10 B RNE B A G M T R (32 3) W I, MR A 87 C 5138
80.50.30cm F1 Scm 4b ¥R EE LA K +3% 80.30cm Fl Sem AR EHAHAR BE ; FHHF S LBREMEER
BESHBERME, MM ETLE H IR0 R EMEEHLSE MBI AR A 87 C, 2B —IL R
HESRBEBE—-HREEMERETZEE—POI, T 00 AR B X H S i B M /N BREE AR
4 8 C BRI EM A E T HFEANSEAER, ~HHARAHEGMT 3"C BAEERZAH
Sy A N S B S Ay TR, WA SR BT LR B SRR 8° C A B R
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Wil , T ) R 3 2252 P9 7R [F] 4Lk B8 B B R 1 0 B R T o

£3 FMABFE 8°C 5LEEEMEEHAXED T

Table 3 Correlation of stable carbon isotopes composition of greening trees and soil temperature and humidity

{R & Temperature( °C ) Y28 Hunidity( % )
B Tree
ST80 ST50 ST30 STS SWC80 SWC30 SWC5
H 4% Evergreen 0.0150 0.0238 0.0346 0. 0385 0. 0256 -0.0105 0.0469
% Deciduous -0.4589 ** -0.4878 *¢ -0.5102** -0.5138 ** -0.4927°** -0.3293* -0.5108 **

* FARMRZBBEKTE, « « TRHREPHREE  * significant, * * remarkably significant

2.3.2 mRANERARSSEBETHRAR

MAFZFE[IEE TR, REM AR HRERGT RN EFARTZH L/, = VR E TR 7E
T, ERENRTEREMEER AR > % > FF, 3T E BRI KT HER, 2 EEN
RERHXBR(F4) . BRETRBAF RSN, KR AR EE RS R, SRR
BEARFARREREF A BE

R4 SKEFHEVEL

Table 4 Season variation of weather factorsWS

&3] WS GCRH GCT LZRH LZT LXRH LXT PAR

Season (m/s) (%) () (%) () (%) (¢) (pmol-m” -s')
fﬁi 0.28+0.01 52.2920.70 20.30£0.17 51.72+0.68 18.48+0.14 55.59£0.83 19.90+0.19  0.245+0.01
Siir 0.22+0.01 68.49:0.58 25.56+0.12 70.45+0.60 25.37x0.12 70.67+0.56 25.06+0.12 0.2120.01
A?ﬁn 0.15+0.01 67.70+0.43 22.98+0.10 69.14+0.44 22.82x0.11 70.18+0.42 22.490.11  0.134+0.01

WS.GCRH.GCT.LZRH .LZT .LXRH . LXT I PAR 7+ AR NE EEE SHEMNEE EES URE MPESHINEE MPESRE MT
Z=SEHEE M TREMLEERESN, TRAESE EENREREHE TRER -5 550 1 A R E— 2

WS.GCRH .GCT .LZRH .LZT .LXRH .LXT # PAR is respectively wind speed, relative humid in top crown, temperature in top crown, relative humid
in middle forest, temperature in middle foreat, relative humid under forest, temperature under forest and photosynthesis active radiation, table 5 is the same;

Range of weather factor in spring.summer and autumn is identical with one of soil temperature and humidity

SRR R AT R A IR R T 87 C (SRR TR (R 5) . GERKW . RN
i 8°C 5 REEFIMAMAR B3, EHRF M 8°C 55K EFRHXEESR , 55 KIEEMHNE
BEREEAMX, T SNEMAXSASERENEABEEMR, BRI °CHESE <HKE<HF,
SRR E R/ MIUFIESFHR . TRERE THYSAFEZRERW, Y= R EREER, LT
FEFNHEIR) CO, VK BE MR , IR T S:BU it ° C A3 PR T, BB 8°C (M, FFHAEBERM B
i B, SAL T TR, HTE] CO, Mk BT I, it ) 8°C AR, HE S EF WHRAHFEETHRILX
L 330 87 C REFIABMEESL S5,

£5 FUAFMHA °C ESKETFHALEIH

Table 5 Correlation of stable carbon isotopes composition of greening trees and weather factors

BT WS GCRH GCT LZRH LZT LXRH LXT PAR
ree
(m/s) (%) () (%) () (%) () (pmol-m %5 ")
# 42 Evergreen 0.0227 0.0136 0.0401 0.0147 0.0329 0.0127 0.0405 0. 0346
# M Deciduous 0.2446 -0.4532°*  -0.5145°  -0.4577°° -0.5078*"  -0.4496°" -0.5146"* 0. 1446

# % FRFRABUR B  remarkably significant

3 gwSite
HAG R SRR I, BB HOM A 8°C (B, Marshall 71 Zhang BRICRIUAEA TR BE , B SHH )
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A 8P CEE AT H MY (A HSMEYT A A/MTFHEEREY) ™, BaRHH °C BBENEH 2
5, MM 3°C HNEE <KE <HZ(F 1), XTREANAMEEMA CO, FRF LR,
Marshall 1 Zhang (1994 ) BF5E32BAYE MR CO,BYIRFIBE /158, SBEXREIH - 8°CP, ZREAM%E A&
R IR 10 B 28 AR A 8°C BEATIRSS, LR B A 8°C BR(8 A) <BHZ(6 B)WHL, HiAhE X
SIEOER Bk AR SIS R BB IHES . EHYESRF 07 C EABLE/DN, TS BT —
SRR B LR TR E R R B IAE X, B — 5. BT 8°C SKIKSFRRRERIL,
AT LARTT SR AL R R R 25 5K R RCRIE B SR RS I R A E—E 2R FENFEI ST
BB KRR, SRR RES > KE > HE, BHMFHESKIARRER
%, TR S RMAETEEPHEEZE 6.7 A8 A, B /KB THRKFE, /RN 7K 7 A X8
T4, SBUKA R T Mo MBI R 7R R R AR AT Y BA B/ 8°C (8, BE:
i WUEP>, BEBETR B SRR 8°C (E, X — &Rkt (82" .10 B 28 Mgy > &£
AR ETRES, BRSPS RBEY A 8°C HE HESKBHABTARS X 54 L RETF
J& , BRLL EFEATHEA M 8°C 53R E T XM BTF N , B8 18 BV Y BR85S 7 B A bt , e R
il

HERF G AE AN 8 C KT 2 4R, R T 2 4R MR A R AR, 3¢ CO, BB B 1 i 45 5 o
ZATIE R Y A 88 SRR T TR R T X C s RLEIBE S o

EHRRBH 80 C(E 5 IRIE IS B TR Xk B B EOK ., T8 SRR A e R A3 B
KT, MY 5°C RIBAEYETHAMANESER , HFLMRAENHEMM 3 C BLTEESH
BReHP MM EA" U R EESIOL AR TRNAEYE T, i N 58 g™ {1L%
gl SLAP S T %, MEMRH 8°C BT R ESEEEM, HERENSSSHER THEW
WEBE, MY LN O 7% A W0 A8 4k, Emst-Detlef BF5332 B 76 T 5 X A ] 3 C
AER, AN TR EBE AN BRI ERRATRY, ~EEEEEYH S M BEN B
) AN

P B LRI T SR AL B SLA B9 LTEBI7E 2 ~ 2Tm’ kg ™' 28], 5 A 8° C A E Mk B E kX,
Emnst-Detlef BFFTH B Y SLA ZALTERIZE 2 ~6 m’kg ™' ZJA], Bt 5H A 8°C HERMRE", Hih,—i
BFSER 30 L& SLW(SLA BEI%%) S50 ) 8°C EREIEM X, W I SLA( S, SLW) B A £ 4
B (BRBRIF A B3 3 ) At WUE R AT S284 , 75 S2hR L Fl v B 8 B AT B R AE

W SRR BT MR AESREN—HS, ZHERR SKLEZMNANRE=F¥M, ¥
MR B R E M R R T AL, RN T SRR K SR BRI 23 e 4k, JERBR— A= E ok
BRI , ZE 434K b I TR B AN 22 7K A0 P 2 L v R AR , [ B o O T AR 0 A S e B
R, T B B2 5 KRR DRI IR TR, BB , BT LATEREA TR AL, o T8 24 OB 2t , Y
% R BT KM, BN SR B R IE R RS B R AHAME, SFREARRRF AR R 235K 2
RO A [F A SR R, LA AR B W T 0 X VR R R B ST RS R, 3 EL R R AR R A ) B
W& XA {UBRIE T 0 R I R B R K 43 I FIRCR , T EL AR5 KR T R ALK
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