55037 B 11 ) S &~ £ Eild Vol.37,No.11
2017 4F 6 A ACTA ECOLOGICA SINICA Jun.,2017

DOI: 10.5846/stxb201603230516
WRIBE IR V138, E20R) , 25 AL st SRS A A —— TS | PRI TE SEARAI 1 D' 15 R B A R AR B A2 25244, 2017,37 (1)

Chen Y Y, Jiang B, Wang X K, Li L.Effect of pavement on the leaf photosynthetic characteristics of saplings of three common tree species ( Pinus

tabulaeformis, Fraxinus chinensis, and Acer truncatum) in Beijing.Acta Ecologica Sinica,2017,37(11) .

ERARZFUKMM—HBR AENMTERNDELS
435 1 X R L 2t 3R B D

MARAR L T 2ACRT E m

1 FT"lﬂﬂ%f%téli?ﬁﬂiﬂ‘ﬁﬁﬁrhib,ﬂﬁmﬁ@ﬁﬁz?&lﬂ?ﬁﬁi%%,jlﬁf‘?’?ﬁﬁﬁfﬁiﬁgfﬁﬁﬁﬁﬁﬁ, Jtmt 100085
2 hERFEBE R, L5 100049

3 KITK IR B2 0F 7 BT, 2RI 430051

WE DAL S SRR RIS ( Pinus tabulaeformis) P15 ( Fraxinus chinensis) FITGE I (Acer truncatum ) % ARG AL W&
B KA e AN /K Ak 1t 2 RN 3 AN K P14 b e 280 S it W b 2RI |+ 8 K 2 (20 em) RGBS HUE 845, 40T
3 FREAR 0l AR X Bt 3R 9 ) R 45 SRR D AT R Ak M SR A 0 AR = T MR B (P<0.01) ,i'%f)'ﬁﬂviﬁﬂ(ﬂﬂ%%
SANIE KR > 5% 1R AN /K M b S 3 H R T 3 AR R L3 7K it (P<0.01) 53F 7K Hb R b b 2 b B2 55 7 I A A G 32 A 1= 8
FKE(P<0.01) . PHRMEALHL R TR JCEPURIRZE K 3R T RSB R 8ot & 3R 280 HOR LS B AR, bk
FNFEAR LK 32 BB ATt 2 XA R G S 5 M =5 YT 68 b b 8 T2 1l ) o 9 Jh 30, 6T 11 5 70 5 ) = 208 A28 7K
T T 50038 . R, 76 B & RFRI T S A B, by 2 fife REE A bt R X 3l T A A A= 4 R B AN AR 52 T o7 66 30368 1 2 Tk
AN A , SR Bk 05 T TR e O o T At b 3 14 5 g

KR AR AL s LI TR A R

Effect of pavement on the leaf photosynthetic characteristics of saplings of three
common tree species ( Pinus tabulaeformis, Fraxinus chinensis, and Acer

truncatum) in Beijing
CHEN Yuanyuan', JIANG Bo’, WANG Xiaoke"* | LI Li'?

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing Urban
Ecosystem Research Station, Beijing 100085, China

2 University of Chinese Academy of Sciences, Betjing 100049, China

3 Changjiang Water Resources Protection Institute, Wuhan 430051, China

Abstract: Pavement is one of the most important factors causing environmental changes in urban areas. In this study,
saplings of three common tree species ( pine, Pinus tabulaeformis; ash, Fraxinus chinensis; and maple, Acer truncatum)
were planted in three different treatment plots: pervious brick pavement with a permeability coefficient of more than 0.4
mm/s, impervious brick pavement with a permeability coefficient near zero, and non-pavement ( control). In response to
the pavement treatments, leaf photosynthetic characteristics of the pine, ash, and maple trees were determined by
measuring surface temperature, soil moisture content (20 cm), and photosynthetic parameters. The results showed that

surface temperature was significantly higher in the pavement treatments than in the control treatment ( P<0.01), with a
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higher surface temperature noted for the pervious pavement than for the impervious pavement. For all the tree species
(especially ash) , soil moisture content was significantly lower in the impervious pavement treatment than in the pervious
pavement and control treatments ( P<0.01). Soil moisture content was significantly higher for pine and maple in the
pervious pavement treatment than in the impervious pavement and control treatments ( P<0.01). For pine and maple, the
total number of days with a maximum surface temperature exceeding 40°C accounted for 53.3% ( pervious pavement
treatment) and 36.1% ( impervious pavement treatment) of the entire growing period. For ash, the total number of days
with daily mean soil moisture content less than 15% accounted for 88.5% (impervious pavement treatment) of the entire
growing period. The pavement caused heat stress on pine and maple growth, and the impervious pavement caused drought
stress on ash growth, leading to a decrease in net photosynthetic rate, transpiration rate, and stomatal conductance, and,
subsequently, a decrease in tree height and basal diameter. For pine, significantly lower tree height (12.6% and 18.5% )
and basal diameter (18.5% and 17.1% ) were noted for the pervious and impervious pavement treatments, respectively,
than for the control treatment. For maple, significantly lower tree height (45.1% and 26.8% ) and basal diameter (40.9%
and 20.3% ) were noted for the pervious and impervious pavement treatments, respectively, than for the control treatment.
For ash, significantly lower tree height (11.1% and 14.6%) and basal diameter (9.4% and 11.3%) were noted for the
impervious pavement treatment, than for the pervious pavement and control treatments. In conclusion, it is necessary to
select heat and drought tolerant tree species, and manage land with shadowing or irrigation, in order to guarantee tree

growth in paved urban environments.

Key Words: pavement; Pinus tabulaeformis; Fraxinus chinensis; Acer truncatum; photosynthetic characteristics
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Bt PR ASBIFSR 3 s g S BT AR 14 7 A A0 i 30 37 L fige e B0 37 LN P 2 i P 3% 0ok 22 1) 1) 8, i3 3
KA e AN IF K AL M XS B 3 AN K st Fe 20 | DAL T SR 2R AL A A AL ( Pinus tabulaeformis) |
W5 ( Fraxinus chinensis) FIJCFEM (Acer truncatum) 1 A S8 WS R, 8 1 UL b 2 18 B+ 385 7K &2 (20
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1 #R57FE

1.1 5 A

TR A AL BT B X St 10 48 S Sk NP 45 Bl (40°12'N, 116°08'E) . iZzuli v TAb st i va L3, Js
R YR KB 2 XU e, 4R DU 240 W, ARSI 12.1°C , 4R F B [ /K 550.3 mm, 80 T E %0 6—8 A
By ISR A B R, TR E U AL N 16.4 g/ke, A 0.9 o/kg, HALHE 38.1
mg/ kg, BALHR 102.1 mg/kg, T3 pH () 8.3,

http ; //www.ecologica.cn



11 4] Priglpe 45 . AE TSRS AR A ——Jih R | G SR 1 D' A R o B e 3t 2 1) o 7 3

1.2 R AR

2012 4F 4 A 12 B, 503t 5 24 3510 m?(54 mx65 m, KRG xFEIL) |, # B AR TG [0 F- 1401 3 X
5, IR Z V8 53 5001 R ot BRG /K M R MR K b e b B D) (1 SRR X R B B T 0.4 mm/s 135
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Fig.1 Sketch map of the sample sites
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ARG EMS0 B R EC-5 185K BB R A AL, EC- 5 R AR T 1R 1H LR 20 em AL,
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132 JLEEEFET AL

2013 4F 7 H—10 A , R HE#E 0L A X (Li-Cor 6400, Li-Cor Inc., Lincoln, USA) Mli%E i i AL He S
BAEAME—K, id#EEEEER(P,, pmolCO, m™s™") ZEBHR (T, mmol H,Om™s™") AILFE(G,,
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2013 4F 8 J19 H .8 J3 10 HAI 8 7 27 H (REFERIFITIEXAI K ) R RSB ) 4351000 5E
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P DUZE I PEPERERR TR AZ 0007 1] —Beny 2 Jnt 3 1, Bk 5 14>k R - bRl (8 1 T il € . i
SEEEAEEAR(P,, pmolCO, m™ s7") ZEBEH R (T, mmol H,0 m™ s ) FISFLFE(G,, mol H,Om™s™")
1.3.4  tRE AR

15 2013 4F 10 H DN 5E B B AR R Rk i FLREAR ok i R P B9 3 RO sl B AR DB T AR 25 20 RS A £ 1
& SRR BT s iR R (CD- 15, Mitutoyo, Japan ) Il 5 M I AR STAL OB+ ELAR, WebR < RORS B2
>4 0.01 mm,
1.4 B

FIFH SPSS 20.0( SPSS for windows, version 20.0, Chicago, Illinois, USA) Fll Excel 2007 #£4 754 A0 L FI1 53
Bro A FHBCXTFREAS T 4G50 53 B B8 T b 2 X6 21558 DXL ¥~ (R S e, 8B DR 3R 07 2243 H7 ( One-way ANOVA ) i 26 Aif
IR XT A SENA K IGPRAE M, Duncan 22 B 4G 56 J7 2 E 47 AS [R] M e S R[] (1) L 4%, P<0.05 KR
2 W E P<0.01 FR2EF MR,

2 ERES

2.1 S[R3 S TR (] b 5 I R R 3 K R AR Ak

3 PR A A F 2 R b R0 b 2 T P 2 1 M AR A R M AR — B, HL B 3R IN 85 7K b 2R > AN 85 7K b 2 > X
TR 2) o SRR L THRA | 1 AT AT 357 b T B 7 325 7K b 3R RS i /K b 38 b 43 S b 8 b o T
5.88.5.60.6.44°C i1 2.42.2.90 .1.30°C ( P<0.01) ; 5 /K A Lb , - 15 3b 2 305 1 7 385 7K 26 43 7 A ik 3 b
PR T 2.57.1.95 4.37°C (P<0.01) (% 1), FEMARERKIEES (6—9 A) , MR EE H &S E KT 40°CHIK
e 2 FhAEIL b B RN, 7EB K MR R K Hh 3% b, A AT T AR TR H i S (E KT 40°C 1
KBy ) 5 B K G ZR 11 53.3% F1 36.1% , (I b 638 H 5 1 (B > 40°C 1 R EOH e F i AA R E A
FRFBEAG

F1 FEMREREMREBEEMTESKERNER T RERIMREEBRSE>40°CHIERHEKE<15 %0 RE
Table 1 Paired T test of surface temperature and soil moisture among different types of land pavements of three tree species and the total days

when the maximum value of surface temperature was more than 40°C or the daily mean value of soil moisture content was less than 15%

NGBS S EREI RS KEX Days/d
. - Paired differences of the mean value H &R >40C 5 HEKE<15%
LHL b
1 % HE 1 Sl HE : 3
Variables Tree species S BRI AEKR-EIK o HE K K
Pervious- Impervious- Impervious- Control Pervious I S
Control Control Pervious ontro ervious mpervious
MBI I 5.88+4.85%"  2.42+2.28** -2.57+1.10*" 19 65 44
Surface temperature/°C S 5.60+£5.11**  2.90+3.17** -1.95+1.46** 0 43 38
JLEM 6.44+4.86**  1.30£2.43"" -4.37+1.45"" 19 65 44
TSR A 1.00£1.71**  =3.10+2.57**  —4.1122.55"" 0 0 8
Soil moisture content/% EL -1.61£2.24** -8.96+2.83** -7.35+2.53** 0 3 108
TEEMN 1.00£2.10** -2.45+4.79**  -3.45+3.91"" 0 0 28
% % P<0.01

B K 2 R HAR B B0, B 3 S K i B B T X6 B RS K 6 (P<0.01) (3 f 1), A E
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Fig.2 Changes of surface temperature among different types of land pavements of three tree species
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2.2 A | IR G SRR [ M 2 R TR e A i 2 AR 1k

MEL 4 R LUE VA 7 ot A R 28I BRSBTS IE K R IR B K
M RAAR, THFAR 7 G R 7 H B KRN E K H 3R 50 51 LX) BRAIR 19.8% 1 7.2% ,9 H 43 1) Lk JE i 241K
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F I I B4 6 A R 28 i R RS L S B DLE K 3R B e, X IR 2, AN /K i R ik, HL
BT AR LRI — 2 2 5, U ot G 8 AN 7K M3 b X FEFN 5 7K 2% 7 1) b 2 R AR T
13.4%F1 15.8% ,9 A AiEKHE b i KR B EK 12.4% (P<0.05) , FIEI 28R 9 H RiE K&
F Rt BEFI335 7K M 2243 50 i R T 19.0% F1 13.2% ( P<0.05) . FS I Fr S fL S BE 9 A3 /K 5% e R A
75 7K M2 70 ) S AR T 21.29% 11 25.3% (P<0.05)

TEEMM R L AR 28 RS AL S B R L DLs K e e 1%, AN 7K 3t 36 RN TR 22 ] fi 22 S Bt
FAT AR B R A AR AR R, 8 H /K bR AN B Kb AR K e MM R idoe G lloR R R MR fL S
BB E RN (P<0.05) . 9 H@EKHER DA KB TT RN Rt Gl 5 2810 s A< AL S 500 h 12.21
pmolCO, m™ s™' 1.94 mmolH,0 m™ s~ H10.14 molH,0 m™ s™', LA IR B AR T 21.1% .40.8% F1 38.8% , It
RBEK B Z LT 26.9% 30.3%F1 33.7% ( P<0.05) ,

2.3 AN I R TT AR [R) SRR (] A R H AR Ak
THFAFITCENI it 3R LR 8.00 HIRIE(H, 14.00 KBRS G HAE— D2 ik, Z 51
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Fig.3 Changes of soil moisture content among different types of land pavements of three tree species
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16004 It [ Tt {H 0] () 3 A8 /N T oh A TR R (18] 5) o 7EREALHE R b AR I ilAs AT A ool
AR H Y W T XR (P<0.05) (£ 2) 2 Fhiffbi R 22 7 R R SRS KbE FAK A
FATE R 6 A 18 350 ) LU X BB AR 19.99% i1 24.6% , TGEAM F 16 A8 2R 43 1 b X BEAIG 40.19% 1 28.9% .,

PO A 3R B AL 2 g R ik (B S) , B E I BLE 10:00—12:00, FABSH F oG48 H A8

Pt B AR R I R A 2 5 T IR {HL 3 Bt RS [R] it Jr ot A R H I 22 e A

AR (S RIDTE N 3 Al 2T i UL H R SR & 3R AL HART
X BERIZE K 3 2 1 2R A BRI FITC S AR 2 o 4 B LU T 28 | Ao /K e ) 2 U0 il 2k a5 7K A1
ANFEK 2 AR A BOIAS FITC AT 2 A H B R TR I (P<0.05) (£ 2) o 3 MR8 1A=
KBy T 28 i A by S B il 2, HL 3 Bl R AU ] i B 28 BB R H M 22 5 A 35

R2 IMAAREMRERERSFEBDERE

Table 2 Comparisons of daily means of photosynthetic characteristics among different types of land pavements of three tree species

R Fh A Xif Bk Rk
Tree species Variables Control Pervious Impervious
AN Pinus tabulaeformis BOLEHER P,/ (pmolCO, m™2 s7!) 6.75£2.81 a 5.41+2.48 b 5.09£2.67 b
ZEMEHF T/ (mmolH,0 m™2 s71) 3.49+1.26 a 2.43+0.87 b 2.60+1.08 b
SALEE G/ (molH,0 m™2 s7!) 0.09+0.04 a  0.06+0.03 b 0.07+0.04 b
M Fraxinus chinensis FOEAHERE P,/ (umolCO, m™2s7") 148+7.0a 16.7+6.9 a 15.9+6.7 a
ZEMEHR T/ (mmolH,0 m™2 s7!) 5.17£2.90 a 5.68+2.93 a 4.93+2.57 a
SALFE G/ (molH,0 m™ s7!) 0.25£0.13 a  0.29+0.13 a 0.23+0.12 a
JEEM Acer truncatum Wb EHEE P,/ (pmolCO, m™2 s71) 8.27+5.06 a 4.95£3.30 b 5.88+4.17 b
MR T/ (mmolH,0 m™2 s71) 3.96x1.61 a 2.47+1.34 b 2.73£1.42 b
SALFE G,/ (molH,0 m™2 s71) 0.1120.06 a  0.07+0.04 b 0.07+0.05 b

[al— A7 B I A 6N G AR A R M R [RGB RHIE 22 5 B35 (P<0.05) |, il - (i + hRifi 22

http ; //www.ecologica.cn



1134 Wil 25 AL nt SRR AR A —— R | 05 0 T S AT 8 DI 45 R P Xl T i 3 £ e i 7

35 - . 35 35 -
L A ] H TEEM
g5 30 - MR 30 - 30
S K ik a5 L
@g = - B AiEk
S % 0L
= =0
4E 8 O 15 +
KR5S
a8 10
85I
z 5+
0
10 -, 10
A
< gr °f T :
#EE ©oF or BN
X
2T 4t st
s 25 K K
g £
~E 2r zr
~ &
0 0 R &4
0.6 -, 0.6 06 - _.
LA TEEM
8~ 05 05 + 05 -
w8
ST 041 04 1 il 04 - .
- g K
32T 03 03 r
- T b
mE S 02 a a 02 + a 02 - b
rgg b7 2,2 Taa - K pTab &
0 h 0 B (1 0 ’I@ L e
8 9 10 10 7 8

B4 3FRAREHRERELSGHFENETTEL
Fig.4 Seasonal changes of photosynthetic characteristics among different types of land pavements of three tree species

FPAR/NG AR R — A AR A Rl 3t R SR DG B4R AE 2252 0.3 (P<0.05) 5 B Bl D 3 fie 22

2.4 AR L RN T AR ] M e 2 Y ] Bk e A AR ARk

Ak b 2 S S5 PR 1 A RN T R A RR i A 3EAR B A K (P<0.05) , ANk b 1A K A iba ik o 0 3
R FBKHFE (P<0.05) , THFASEARTE 2 PRl 10 2 (0] 25 57 3 5 i /K Hb 3R 1 AR K %) T S ANURE = AL A2 3
AR T AN IE KR (P<0.05) (K 3)

TR K Hb 3 BB AR T P R S AR 1 A K (P<0.05) , AN K M3 b A K 1 1 Rk v kst BRI 3 7K
MR BIRME T 14.6% 1 11.1% , FEA253 KT 11.3% M 9.4% (% 3)

£3 3WHMAREMRLEBE/RSHERILE

Table 3 Comparisons of tree height and basal diameter among different types of land pavements of three tree species

5 TS Pinus tabulaeformis P14 Fraxinus chinensis TCEM Acer truncatum
Veriables X wk  AEk W wk  AEk W ok Bk
Control Pervious Impervious Control Pervious Impervious Control Pervious Impervious
BRi Height/cm 111.1x1.3a 97.1x0.3b  90.6+0.9 ¢ 323.5+7.4a 311.0+5.5a 276.4+1.2b 210.2¢3.7a 1154449 c¢  153.9£2.7b
F#:4% Basal diameter/mm 35.6£1.0a 29.0¢0.2b 29.5+0.1b  61.1£25a 59.8+x1.0a 54.2+¢03b 36.9+42a 21.8:+0.5¢ 29.4£1.7b

] — AT B 5 AN )N PR AR R ) — R R AR [R] s RS R T e e LA 22 5 3 (P<0.05 ), Bcdis N P A +sofl 22

S T BSE A t  T J E F) R ) T2 R BAE 2 D5 T . — 7 T, B AR MR PO T N R, e A AR —
BUWTELL T BEAL B RAR LT 1 9K L A7 AR IR | B AR A B 017 ISR A7t 114 A B v
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Fig.5 Diurnal changes of photosynthetic characteristics among different types of land pavements of three tree species
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