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Effect of urban heat island on plant growth and adaptability of leaf
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Abstract; Urban heat island effect can be defined as a phenomenon of aggregating heat in urban sites caused by change of
land cover and human activities, which is one of the most obvious characteristics of urban climate. Since increasing
population enters into urban and super cities form consequently, urban heat island effect becomes more and more important.
The increase of environmental temperature will certainly affect the physiology and even morphology of ornamental plants.
Therefore, the experiments were carried out in two ornamental plants ( Buxus megistophylla Lévl and Syzygium
aromaticum) , which respectively grew in urban heat island and urban cool island covered with abundant vegetation. During
the growing season the environmental factors of urban heat island and urban cool island were observed, including [ CO, ],
daytime temperature, nighttime temperature, soil temperature, soil volume water content, vapor pressure deficit and
photosynthetically active radiation. The morphology characteristics of foliage of the two plants in urban heat island and urban
cool island were investigated. Basing on the observation of biomass of whole foliage we further separated the foliage into

three sections (lamina, mid-rib and petiole) to observe the allocation of biomass on different sections. Leaf nitrogen content
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of two plants in both urban heat island and urban cool island were also obtained in our study. Experimental results indicated
that in urban heat island environmental temperature and [ CO, ] were much higher than that in urban cool island obviously,
whereas other environmental factors showed no significant difference. In urban heat island biomass of Buxus megistophylla
Lévl and Syzygium aromaticum were 1.6 fold and 1.4 fold respectively compared to that in urban cool island. In addition to
energy balance, overall foliage biomass investment between lamina and petiole was optimized. In urban heat island plants
tended to allocate more biomass to lamina, but less to petiole. Furthermore, the allocation of dry mass per unit area also
gave a significant difference, which could be described that plants in urban heat island tended to increase the allocation of
dry mass per unit area on lamina, but decrease the allocation of dry mass per unit area on petiole. Plants in urban heat
island exhibited larger foliage biomass as well as larger leaf area. However, further researches suggested that in contrast to
urban cool island, in urban heat island foliage of plants exhibited lower specific leaf area. Many research works indicated

that N _and N

mass area

showed a highly positive relative relationship with the specific leaf area. Then in our research N __ and

N, .. of plants in urban heat island both decreased along with the reduction of specific leaf area. N__ of Buxus megistophylla

area area

Lévl in urban heat island and urban cool island exhibited a significant difference (P<0.05). N, . of Buxus megistophylla

area

Lévl in urban heat island was 0. 73mg/g. Then N__ of Buxus megistophylla 1évl in urban cool island was 1.193mg/g. N

area area

of Buxus megistophylla Lévl and Syzygium aromaticum in urban heat island were both lower than that in urban cool island
(P<0.05). Therefore, urban heat island effect obviously affected the morphology characteristics of plants, but the details

of influence mechanism were unknown and further studies and discussions were still needed.

Key Words: urban heat island; urban; plants; biomass
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K545 ( Buxus megistophylla Lévl) 32 BX B TV @AY, T 7 (Syzygium aromaticum) 2Rk & IR R
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PR S o7 P ST AR S 35 7 T T3S 3 2% A B R 0 2800 %o A 0 ) 5
1.2 SEEGHEAS

ASEYG 43 )T 2010 AEF 2011 4F 4 F FEAL ST X HEA T BF AN, 3 BCRA AR PE R T IX A SR
18 423 5% bel/MX (urban heat island , UHIL) FMIGELS JE BTAROE K 2% (urban cool island, UCT) 506 HLSE 56, #4005
JSRIR S A HREE B2 2 km, DMFIE RS SRR —F0hE S2 b S KM 84 58 2 A R, T /58 4
BERA PRI EAGAETT X N )32 o0 A HoAa BLRUE | PR, X R E AR A T T 3 S P AR (R L)

1.3 EHdERE

(1) ZSAREE 782010 4EF12011 4EAY 4 A B H (BRETR) I 2 RN EE T [A] B B0 5 s R TR A SR
2SR

(2) COVREE J6A A BRI A SRR 7 8l & >R Li-6400 ( Li-cor, USA ) 45 O 4 0 R 48 KT
£ 1 6400 FRIEM2E, 7E 9.00—11:00 B AT & RS FRE J5 , W2 KR CO, MR EE i RIZK AR 77 B (VPD)
FEE A RS (PAR) o

(3) HEFS KRV N 3R R 3K 55 Em50 ( Decagon, USA) 5 £ 38 v (1 (R L5 /K i
(SVWC) FI 38R (T, .

1.4 LIk

(1) TEEPAPIREE | e 3 LA, A0 — BB 08 S e S 06 A ) 2B ROIR DL R R D AR HiE bR . REE 2 &
JETF HARFRSE B B J0 B vt B, B AR 15 AN EE, B EE B 10 Bk, 43542 phantom k8
(Microtek , China) 94 , 31 F CIAS-400 HAHLEMER 0 A 444 ( CIAS, USA ) TR AR . K 4 8 4 1 3 s HE
HeEAR AL EHT E e T, DAY 8 10 B0 B9 806 A T FREE LA R R4 et
HAL(SLA) .

() APa0U FEIA BIBFFE R, IR I AR I 2500 Xof A ) Mt - 3 3 R kb R FR 40 AR W i 3 TR R
ME R A4 B, HA e vt B (e PRI Ik ) DA B 4 22 18] 4 48 5 A8 £k mT LA s AR 4 76 i Rk
BB BERIRA A KRR T A AR R B XS A FERA A MR AT A3 0 SR AR AR K A AT A M
%150 #4,15 ANEE  BAEE 10 Mo, BT TR AR R 3558 BRI KGR 2R v KM 2 i i )
SR R Rk MR ACKEAR  ZE 105°C F AT 30 min J5 , BRETHE 75°CHET 24h ARG E H T,

(HARME R4 A shPIL e ZAON G AR 0 A0 R R & & N, BAVEE 3 W, J
A& N, =N __/SLA,

1.5 HdEsmrabs

BE /AT SPSS13. 0 08 () ¢ K36 («=0.05) 5 i EAT B EPER S . F Origin7. 5 4
2 ZER551H
2.1 HEHF

UHI 5 UCI Wb K5 7 (8] ) 6 B2 BB A7 76 8 35 M 22 5, UHL R BE e UCT @& i 2. 73°C, sl s
1.75%C . CO, e MAHR 9T+ T 36. 41 wmol/mol , UHT £ UCT A4 375 & 22 345K UHI Fb UCT & i 4. 8°C
T i F 22 55 (P<0.05) , UHI 5 UCH A9 B3 SRS IF A RN B 24 22 5% . UHIL WDOGA ARG 5
W& T UCH (R LB B 25 5
2.2 AR SR

M1 AT LIE H UHL BRI S I ) A s 1 UCT, IF FLJE UCT B9 1.6 %, 384 P AT i A= ) B
HRAG B — A 45 UHL B9 T B A2 UCT A9 1.4 %5, R0 B 31k 22 5 (P<0.05) . UHI Ay K1
AT FHEBEA BN LL TR FL(SLA ) , UHL F1 UCT A KB4 1) L T FRAE 2010 4R A1 2011 443 5112 24. 50
mg F120.50 mg LK% 27 mg F120. 64 mg, T 4 258.52 mg F1206. 56 mg, UHI # K M-E4% F1 T 7 9 - if F2
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0 B 5 IR P T AN, KA 2010 4F (A AR 2. 84 em® F1 3,83 em®, 7E 2011 4 A4 51 &
2.16 cm’ 2. 87 cm? ST AR AR G 2 38. 58 cm’F142.58 em?,

*1 ABEREXNEETFILER

Table 1 Comparison of environmental factors in urban heat island and urban cool island

=3 b i Ll B NVAANy = R =N n
i KA CO, HeE TR B R TIHETE K LA H AR ﬂfﬁjk
co, SVWC PAR R 5 5k
Site T4,/ C Tign/ C T/ C 3
/(. pmol mol™") - /(m*/m?®) /(wmol m™2 s7!) VPD/kPa

UHI  448.61 (0.70) a 26.93 (2.23) a 23.87 (1.12) a 25.75(3.23) a 0.17 (0.02) a 856.70 (15.77) a  3.08 (0.02)
UCL  412.20 (0.10) b 24.20 (2.17) b 22.12 (0.69) b 20.95 (1.57) b 0.16 (0.02) a 837.85 (21.66) a  2.67 (0.02)
FFRPARNE R /NG FREFRR A R TR 25 5 8.3 (P<0.05)

Buxus megistophyllaL vl Syzygium aromaticum
20 - i
? 12010 E, 240 2011
E 160 - [-~J2011 % 200
1S £
> > 160 |
S 120 t o
E E 120 +
B o
< 80 8
B e gl
40 r 40
ucCl UHI UcCl UHI
6 50
~ 40t
E 5 ]
S 4| * S
g g 30 t+
5 g
a 20 -
2}
10 |
ucl UHI ucCl UHI
40 400
o °
& 30 & 300 k
& & .
< : <
o 20 + ™ @ 200
10 + 100
ucl UHI ucCl UHI

B1 XHEGMTEOHFREE LHERUENER

Fig. 1 Total leaf dry mass, SLA and leaf area of Buxus megistophylla Lévl and Syzygium aromaticum

2.3 RMBAZANT A A5 A Wi o e AR X

R4 73 g i A KR AR 3 SRR 5 A B, UHL BRI B0A7 R T 3 B I P P ORI A A= 4 6 B Y 1
T UCH, HRBU B PE 25 (P<0.05) o Herp R S (e 26 AR LS R AR 2] T ARIRI A 2521, 315
W PRI SRR A 7 S B Y L B S R B, 2010 AFEAE UHL AR K KM A% i i PR A= a7 o LE o 1 3 0 T
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UCI () (P<0.05) , UHI & H-AR A M o5 FL B /N T UCE 0 (B IR 30A RELH BB 225 2011 4E%50E
7R UHL A pAE Y ERT 5 LU EE R =5 T UCT (R IR R 3 M 22 55 1 UHL A iAo A it o o LU B
2T UCTL9(P<0.05) . T it 390l UHL BUAE Y T8 22 0 A 4 43 TC 25 W TR 2 8 T o ik R
AR A ik o TS AT o B S 35 MR k. UHT A R B A7 R T 7 40 dub 25 438 fin v JR) 1) S A7 T RR ) AR P e 3 A
(P<0.05) ,J /4w B T AL AE e e A (R 2)

F2 KMHEGNTEHREHBSTE

Table 2 Proportion of each part of leavies of Buxus megistophylla Lévl and Syzygium aromaticuma

F1k Mid-rib A Lamina F1 ik +M- P Mid-rib+Lamina H-# Petiole
K4 (2010)
ucl UHI uclt UHI ucl UHI ucl UHI

R £ 4T AT B/ mg 6.41 7.96 79.2 132.71 85.61 140.67 4.24 5.22
Total dry mass (0.01) a (0.01) b (0.16) a (0.21) b (0.17) a (0.22) b (0.01) a (0.01) b

H A Y4
f”'i,ﬁ‘gh :r]J#;FELM/J 0.07 0.05 0.88 0.91 0.95 0.96 0.05 0.04

T mon & ry m S

on RN 0.02) 4 (0.01) 8 (0.14)a  (0.15) b (0.16)a  (0.20)a  (0.02) a  (0.02) a
/(mg/mg)

LR T E

Dry mass per unit area

2.25 2.08 27.89 34.65 30. 14 36.72 1.49 1.36
(0.02) a  (0.01)a  (0.20)a  (0.10) b  (0.18)a  (0.22) b (0.01) a  (0.02) b

/(mg/cm?)

F1k Mid-rib M4 Lamina F1 K+ ] Mid-rib+Lamina H4# Petiole
KiF#i4% (2011)

ucl UHI ucl UHI ucl UHI ucl UHI
6.67 9.79 76.74 124.82 83.41 134.61 5.22 4.58
A [ AN ]

TR/ me (0.01)a  (0.01)b  (0.33)a  (0.23)b  (0.21)a  (0.19)b  (0.01) a  (0.01) b
HARsy B TELRS] 0.07 0.07 0.87 0.89 0.94 0.96 0.06 0.03
/(mg/mg) (0.01) a (0.02) a (0.28) a (0.21) a (0.22) a (0.20) a (0.01) a (0.01) b
LR VAL TE A o 3.08 3.42 35.46 43.64 38.55 47.06 2.41 1.60
/(mg/cm?) (0.01) a (0.01) a (0.22) a (0.20) b (0.20) a (0.18) b (0.02) a (0.02) b

F1ik Mid-rib A Lamina F1 Kk +H A Mid-rib+Lamina H-#% Petiole
T (2011)

ucl UHI ucl UHI uCl UHI ucCl UHI

W AR A AT 7.73 10.26 131.67 189. 00 149. 87 199.27 10. 46 8.47
/mg (0.28) a  (0.38) b (3.77)a  (2.18) b  (4.15)a  (2.53) b (0.30)a  (0.23) b
AEB o B FEEG] 0.05 0.05 0.88 0.91 0.93 0.96 0.07 0.07
/(mg/mg) (0.01) a (0.01) a (0.02) a  (0.01)b  (0.01)a  (0.01)b  (0.01)a  (0.01) a
AN AT E 0.20 0.24 3.41 4.42 3.61 4.66 0.27 0.20
/(mg/cm?) (0.01) a  (0.02) b (0.06) a  (0.08) b (0.06) a  (0.82) b (0.01)a  (0.01) b

2.4 MYHRASE

W 2 firzs , UHL A1 UCE 9K A% 1 By i s it AU & A 5 P22 % (P<0.05) . UHI B K RH B 5
M A S 0. 73me/g, 1 UCT By B4 81 5t AU B2 1. 193mg/g. UHIL 1Y K804 AT A 19 5457 1
R RS = AR W KT UCT #9(P<0.05)
3 Hit5itie

I 55 3 A P DRl 2 S SR T A 5 255 0 A 588 B SR AT BB S RS I R R B SR T AR 4 A B
Wi 2 30 A SRR LAAR TR RS 5 B R FH 22 4 22 i X P-4 1 k| X RR T 8 Jr i A5 3] B A 5 50 B AR AR AR T
1°C, SEg & B, S A T34 A5 0 SE bR ARG T R B AN A A I S 30 b 1 R A AR 3 B T
KF]2.73C KA AT LI E] 1. 75°C, HHEIR BT LIGKF] 4. 8°C , SEPR b3 o B b 73 31 1 T glh R 2
PRI, A RN X A A A T e 5 AN T 2R SRR

HLAER I HEA R o o T 306 R PR AR R B T RE R A 5B A0 S B S E A BN B R
FE T2 BSRXT TAE I 5 A8 TR i B e, (X T3 A i e KB P2 A T — RS, DA A5
AR 2 R AR Ml X A AE W A s T R IR A 3 I (BRI 2 PR | 5 b 350 402k WA T 1) A
B4 AR SE KL I e 7K ST ORI A 5 2 0 et AR 4 (4 B I, e BRI R R AE B 28 R A AR, 3R A R )
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Buxus megistophylla L vl Syzygium aromaticum
15 15 -
2 10} 2 10f
£ . £
£ £
Z o5} z 05 |
0 0
ucl UHI ucl UHI
4 ¢ 0.004
—~ 37 — 0003
£ &
E E
= 2t < 0002 -
: . : ;
z z
1r 0.001
0 0
ucl UHI ucl UHI

B2 KMHEGMTEHNANESEMHRILSAMERMRLL
Fig. 2 N, and N, ., of Buxus megistophylla Lévl and Syzygium aromaticum

HATEOR A I AR AN A, R L) A I A A S T, AT RE SR ol T L T s S B e A
KPR el 5 R D C G ARG 0 . 52 30 i TRLR2 WA A AL - PA) ok R A 4 A 0y 20 I ) BRSO, A 1 Y
R ) K5 3 22 A e BC 2 R 20, el D AR R A= i B NI RAT S 2 i ok AL 5 T A B A
A=A DA I JpRRN A9 22 8] e A T ELAS 3 0 BAA7 TRER L i A= e e AL R AR Al e
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