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Ecological Balance of Leaf Ecological Characteristics and Their
Correlation to Thermal Effects of Underlying Surfaces
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(1. College of Forestry, Beijing Forestry University, Beijing 100083, China
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Abstract: The object was to study the response of plant leaf traits and their related relationships to the
thermal environment effect of urban underlying surface and its ecological trade-off strategy. Results
showed that specific leaf area, chlorophyll content, stomatal area, stomatal aperture and leaf nitrogen-
phosphorus ratio were all increased firstly and then decreased with the increase of environmental surface
temperature, which was expressed as grass-planting bricks surface, grass surface, marble surface,
cement surface, brick surface, asphalt surface from large to small. While the leaf dry matter content, leaf
tissue density, stomatal density, leaf nitrogen content, leaf phosphorus content and leaf vein density
showed opposite changes, which were expressed as asphalt surface, brick surface, cement surface,
marble surface, grass surface and grass-planting brick surface from large to small. There was a certain
correlation between plant leaf functional traits. Specific leaf area showed a significant negative correlation
with leaf dry matter content, leaf tissue density and stomatal density (P <0.01), and a significant
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positive correlation with leaf nitrogen content and leaf phosphorus content (P <0.01). Leaf dry matter
content showed a significant positive correlation with leaf tissue density, leaf vein density and leaf
nitrogen content (P <0.01). Stomatal density was significantly and negatively correlated with stomatal
aperture and stomatal area (P <0.05) , and significantly and positively correlated with leaf vein density
(P <0.05). Leaf vein density was significantly and positively correlated with leaf nitrogen content (P <
0.05) and leaf tissue density (P <0.01). With the increase of surface temperature, the correlation
between plant leaf traits was firstly increased and then decreased. The small temperature increase was
generally beneficial to strengthen the correlation between leaf functional traits, which significantly reduced
its correlation relationship when the temperature was too high. In urban ecosystems, plant leaves showed
low specific leaf area, chlorophyll content, stomatal area, stomatal aperture and leaf nitrogen-phosphorus
ratio, and high leaf dry matter content, leaf tissue density, stomatal density, leaf nitrogen content and
leaf phosphorus content. The research further verified the existence of the economics spectrum of the
lower temperature of high temperature stress habitat on the underlying surface of the city, and it was a
“quick investment-return” type in the global leaf economics spectrum, which provided an important
theoretical basis for the selection and configuration of urban greening plants and urban planning. The
study further validated the existence of economics spectrum in the urban system, which was a “quick
investment-benefit” type.

Key words: leaf functional traits; urban underlying surface; thermal environment; ecological trade-off
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ot B
B

S aRE S AL R
Lo e e 2% It 5 2 Ly 3
T 4 o 5

AT I

HAH

I

TAREUBE ST 1

B RE AL Rk s R ) S A 4 A R
o LIERBESER I, He - I R AE 5 AL AR P03 5E
TR = R ha S



F1H

RBEA A LR AR S AR S XS T # ThT AR50 19 2 25 A A 207

PITEAE A BARAY it T A AR B A B 5 A 2R
S b U AT A5 4 e T BR LA v X o8 3 B
O PRAFRE S 2 ARBFGE | BSR4 AR
%y A O N A AL TR AV o Y Nt 9T < R A
LA vt PRI T e o el ) L i T RR A AR 2 i 1
A BESK T I BE LR X 5 AR S I T A R A
AR T B RAL T AR X R 43 1

DRATRETT , M o R B IR A Ry . i 1) 2
PERESIR LU B R T R iR ER )

R Sy, 55 0y JR B A A RE B DDA OG0 AR
IR R TLRE KR S8 T g S 5 R T i R
it 2 BV SRR e IR BN RIRSE T
sas 1 SR R RE T, LA e O A A BR
GEUR, AU A3 R, A A T s A AR A
YU W B AAE 30 i 3 A AT LA i) B 4 4
FYPCE RES)  AEA Rl B IR T T 2 10 PR 55T T Bl A it
JEE 4 i ey P2 2R 5 A 1 e N s/ AR AR R B
UERATRLEE /N i 52 1) T v A M) T e AR ) 1) e 5 A
A RE @ R PR EE T, 6 R D WIS
FERW TE—E R EXG It i & A AT LUA Bl
THEE M R DA e, S A B TR AR
TR TR S AL O S eI 2 A, i
2O IR AT RE S R S AR G MR
FE MRS AR MRS T R I S
X AT RES T H T A AR AT G e T S
R BETCEAT RIS | X AT AN R B
W2 AL R 2T AR 2R K 43 A (1)
AR , AT, AL L R PR 1A
TP TR A BRI K, 3 AT BE A B A DA
WFFERI R IRINE T A N 1IN ) AR
LRI ol IN P TR R AR SR L 45 /N 28 1 TR, A5
IRZHIFTE 2B WL IR — 2
3.2 AW R IERE AR X R R R A R
PR AR D0 B IR A ARAS TR A
(456 2R e o D), RERS S T 2 07 B85 T AE
BRI 5 T A A A R PR R T
PIAE SR ERSE rh MR TR B e T A AU A
B FEIX SR 820 A 1 PR 20 335 199 3 43 31
AR PR AS [R] PR 0 WA i R 3+ DR 43 8l
T RV 5 W aa B0, — ROk L, A T R
FHGE IR A SR AR AR, 8% 23— T B MR Y B R
BB, X HA PR A9 B PR A5 A 0 SR 23 B 2 U
ST RRRE Y R R T S T 8 Y
FAICAE , 1 — D UL SR I 17 o0 P45 1) i 7 %
GEURA SRS R I, AR A G o Ak A 35 ) B A 1
o R, At R RS B B D RE U

BRI A0 T 30 2o A A R R g A A
DIREAERE A, NI ORIE A S i A A7 AR R
PO TR g S e 2H 2 A 5 DA
I, M R0 3 i 22 0 S I IE AR G &R
XA 5 AR P AR S I PR R A A AR DA
KR IR N AR AL AL S 2 15 i B T
SO AU R | DU I M0 A5, 3K 5 AR 2
HRITEAE BT AR R AR e
THT AR, A7 Bl T AR 2 i i RRURI 28 ROAS |, i S 240 ff /K
AR R, ABFTE T, IS S
FLF BRI A CSE R | Al e M T AR A I8N 56 L
- TR AR S B 1 AL T AU AL R, i TR
FLRE BRI, A2 SR S0 fek A 0y aod R L HOR K o
s, PR, 7R AR i ik " TR BT, AL A
FIALITBE B REAR T BESR AR 4E 2 I R 7K - Y
HERMGEZ — S IR, AT K 3L S
JK ]S TEARSCOG AR, Wit i T L R R, 7K 73
RSB i e I fo 2 52 1 38 SR mT BB D 1 3
KB E R PRUER F 7K 23 TE BRI SRR Y
PR EDULHB AR B 1 PR B A S REIA Y . AT
S, Y B R A 2 BRI Dk R A A
2 TEARSC 3k ik — 2P R W] T SR AU AR W) 1 30T o
il P30 R 5E rP BAT B R B4 BRI IBOR P RE 1 A BT 4
REJ) A H T AE ) S R AR RO BEOR, ERU
T SR R 04 R B DD AR OG0 AR5
SERFI T #8005 S ) R 5 R AOR 3 Aol
ST ZR AR (0 ot S B R U R
e A A T i e XU B M T DT I g JL T
FRGURS PR ; [RGB T
R LL, SRR AR R 4 S, DA
VAR I a7/ NI U R B2 A W NIl U A1 El
O EREE AR R D RE TR ] AR OG5 R A AR AL
R ZESE, ML /IR BE B S Rk 1 i D g
(ERINCINDE DS RE N R T U7 8l N WA S 2N
1A R LUK R 2 Bk b 20 T Al SRS
LB L E AN I3 O, B AT 22 8] R O 25 4 ok
REAER, 3ol BB 1 T /0 R 004 DR i i AR 2o AR
AR OB R

4 it

(1) 3T T H8 T AR N B35 v i B 58

I RE P4 e, Sl T i R o A AR ) (TR SRR
) TR AR SRR AR b 30 AR — SO AU
et AR AR R AL T AR AL T EE AR
W EE B b S AR A A, T - o i R
W AL KR v SRR R R R



208 /S || N A= 4 2018 4
by N E R TERFERIEM R, S 240% 5 2 B & Y 1E

(2) ST B i AN R R AR 2SR
AEPEAR A7 AE—E YA S 5 &, FE AR HE i i AR i
THBE i 2 2 L B AR
PSR 2, S I R o I 5 2 3 P T A
PSSR E7/liey ol p kv YN < Ly
R AT Y IE A SC R R AL 5 <AL
AR SALTT A B A SO OG5 ik
JEATAE W 28 A IEAR S 2R 5 I Jo s JBE 5 U3 A

FHORIC AR o (ELLJRE A9 AR B8 Ty 2 J 25 AR AR LA G

(3) WA ARG A BA KA He
TR e R A AL AR LT B R L
F R AU AL A
e R R AR A, Ul ] g BRI AR T AR
BRG R, HoAw 1 T PRt 85 it
T — i

Irish Historical Studies,

Atmospheric Environment,

Global Change Biology, 2011, 17(9) .

2 % X #
1 CORNELISSEN J H C, LAVOREL S, GARNIER E, et al. A handbook of protocols for standardized and easy measurement of plant
functional traits worldwide [ J]. Australian Journal of Botany, 2003, 51(4): 335 -380.
2 DIAZ S, CABIDO M. Vive la difference;: plant functional diversity matters to ecosystem processes [ J].
2001, 16(11) : 646 - 655.
3 VIOLLE C, NAVAS M L, VILE D, et al. Let the concept of trait be functional[ J]. Oikos, 2007, 116(5) ; 882 —892.
4 WRIGHT 1J, REICH P B, WESTOBY M, et al. The worldwide leaf economics spectrum [ J]. Nature, 2004, 428(6985) ; 821.
5 WRIGHT I J, WESTOBY M, REICH P B. Convergence towards higher leaf mass per area in dry and nutrient-poor habitats has
different consequences for leaf life span [J]. Journal of Ecology, 2002, 90(3) : 534 —543.

6 DAVID D, ACKERLY D D. Community assembly, niche conservatism, and adaptive evolution in changing environments [ J].
International Journal of Plant Sciences, 2010, 164 ( Supp.3): 165 —184.

7 SHIPLEY B, LECHOWICZ M J, WRIGHT I, et al. Fundamental trade-offs generating the worldwide leaf economics spectrum
[J]. Ecology, 2006, 87(3): 535 —541.

8 PRIYADARSINI R, HIEN W N, DAVID C K W. Microclimatic modeling of the urban thermal environment of Singapore to mitigate
urban heat island [J]. Solar Energy, 2008, 82(8) ; 727 - 745.

9 DHAKAL S, HANAKI K. Improvement of urban thermal environment by managing heat discharge sources and surface modification
in Tokyo [J]. Energy & Buildings, 2002, 34(1): 13 -23.

10  GORCHAKOV G I, KOPROV B M, SHUKUROV K A. Wind effect on aerosol transport from the underlying surface [ J].
Izvestiya Atmospheric & Oceanic Physics, 2004, 40(6) : 679 —694.

11 STONE B, NORMAN J M. Land use planning and surface heat island formation; a parcel-based radiation flux approach [J].
Atmospheric Environment, 2006, 40(19) . 3561 —3573.

12 TAHA H. Meso-urban meteorological and photochemical modeling of heat island mitigation [ J].

2008, 42(38) : 8795 —8809.

13 KONIJNENDIJK C C, RANDRUP T B. Urban forestry & urban greening [ J]. Urban Forestry & Urban Greening, 2002,1(1) :1 —4.

14 CASE J L, CROSSON W L, KUMAR S V, et al. Impacts of high resolution land surface initialization on regional sensible weather
forecasts from the WRF model [J]. Journal of Hydrometeorology, 2008, 9(6) ;: 1249 —1266.

15 DASH P, GOTTSCHE F M, OLESEN F S, et al. Separating surface emissivity and temperature using two-channel spectral indices
and emissivity composites and comparison with a vegetation fraction method [ J]. Remote Sensing of Environment, 2005, 96(1) ;
1-17.

16 HURTALOVA T, MATEJKA F. Surface characteristics and energy fluxes above different plant canopies [J]. Agricultural &
Forest Meteorology, 1999, 99(22) . 491 —499.

17 SALAMANCA F, MARTILLI A. A new building energy model coupled with an urban canopy parameterization for urban climate
simulations—part II. validation with one dimension off-line simulations [ J]. Theoretical and Applied Climatology, 2010, 99(3/
4) . 345 -356.

18 JOHNSON J D, O’CONNOR K A, HANSEN M K, et al. Effects of prior stress on LPS-induced cytokine and sickness responses
[J]. Am. J. Physiol. Regul. Integr. Comp. Physiol. , 2003, 284(2) : 22 -32.

19 KATTGE J, DIAZ S, LAVOREL S, et al. TRY—a global database of plant traits [ J].

2905 -2935.

20 LOEUILLE N. Consequences of adaptive foraging in diverse communities [ J]. Functional Ecology, 2010, 24(1) . 18 -27.

21 ROSSATTO D R, TAKAHASHI F S C, SILVA L D C R, et al. Leaf functional traits in sun and shade leaves of gallery forest
trees in Distrito Federal, Brazil [ J]. Acta Botanica Brasilica, 2010, 24(3) : 640 —647.

22

KA, Tk, XERE, 4. P IIREMER MM 2 DX AT AR i L [J]. Jsthllesr=#4i, 2018, 40(9): 1 -10.

ZHU Jiyou, YU Qiang, LIU Yapei, et al. Response of plant functional traits and leaf economics spectrum to urban thermal



95113 RBEA A LR AR S AR S XS T # ThT AR50 19 2 25 A A 209

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

environment[ J]. Journal of Beijing Forestry University, 2018, 40(9); 1 —10. (in Chinese)
KRBFA, tfeds, R LT eCognition AHY) I 7 AAL A BE S AL PR BN 507k [T]. dEatoll Rorsa4iz, 2018,
40(5) ; 37 -45.

ZHU Jiyou, XU Chengyang, WU Ju. Fast estimation of stomatal density and stomatal area of plant leaves based on eCognition
[J]. Journal of Beijing Forestry University, 2018, 40(5) : 37 —45. (in Chinese)

SR, kbl AR R IR 0 IR A AR B SR Sh AN R ROV SE [J/O0L]. R4, 2015, 46(11)
137 —144. hitp: // www. j-csam. org/jesam/ ch/reader/abstract_view. aspx? file_no =20151119&flag = 1&journal _id = jesam.
DOI:10. 6041/j. issn. 1000-1298.2015. 11.019.

ZHANG Dalong, ZHANG Zhongdian, LI Jianming. Co-ordination of environmental factors in driving and regulating transpiration
rate of greenhouse grown muskmelon [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(11) ;
137 = 144. (in Chinese)

DIAZPEREZ J C, PHATAK S C, GIDDINGS D, et al. Root zone temperature, plant growth, and fruit yield of tomatillo as
affected by plastic film mulch [ J]. Hortscience, 2005, 40(5) ; 1312 —1319.

DODD I C, HE J, TURNBULL C G, et al. The influence of supra-optimal root-zone temperatures on growth and stomatal
conductance in Capsicum annuum L [ J]. Journal of Experimental Botany, 2000, 51(343) . 239 —248.

KRAFT N J B, ACKERLY D D. Functional trait and phylogenetic tests of community assembly across spatial scales in an
Amazonian forest [ J]. Ecological Monographs, 2010, 80(3) : 401 -422.

YANG J, CI X, LU M, et al. Functional traits of tree species with phylogenetic signal co-vary with environmental niches in two
large forest dynamics plots [ J]. Journal of Plant Ecology, 2014, 7(2SI); 115 - 125.

PEASE A A, WINEMILLER K O. Functional diversity and trait-environment relationships of stream fish assemblages in a large
tropical catchment [ J]. Freshwater Biology, 2012, 57(5) : 1060 - 1075.

WALKER A P, BECKERMAN A P, GU L, et al. The relationship of leaf photosynthetic traits V.

cmax

and J
phosphorus, and specific leaf area; a meta analysis and modeling study [ J]. Ecology & Evolution, 2014, 4(16) ; 3218 -3235.

mae L0 leaf nitrogen, leaf
KIMM H, RYU Y. Seasonal variations in photosynthetic parameters and leaf area index in an urban park [J]. Urban Forestry &
Urban Greening, 2015, 14(4) . 1059 - 1067.

WESTOBY M, FALSTER D S, MOLES A T, et al. Plant ecological strategies: some leading dimensions of variation between
species [ J]. Annual Review of Ecology & Systematics, 2002, 33(1): 125 - 159.

LAVOREL S, GARNIER E. Predicting changes in community composition and ecosystem functioning from plant traits; revisiting
the Holy Grail [J]. Functional Ecology, 2010, 16(5) ; 545 —556.

ORDONEZ J C, BODEGOM P M V, WITTE J P M, et al. A global study of relationships between leaf traits, climate and soil
measures of nutrient fertility [ J]. Global Ecology & Biogeography, 2010, 18(2); 137 - 149.

GENG Y, WANG Z, LIANG C, et al. Effect of geographical range size on plant functional traits and the relationships between
plant, soil and climate in Chinese grasslands [ J]. Global Ecology & Biogeography, 2012, 21(4) ; 416 —427.

LIENIN P, KLEYER M. Plant leaf economics and reproductive investment are responsive to gradients of land use intensity [ J].
Agriculture Ecosystems & Environment, 2011, 145(1) ; 67 -76.

REICH P B. The world-wide fast-slow’ plant economics spectrum; a traits manifesto [ J]. Journal of Ecology, 2014, 102(2) :
275 -301.

FRESCHET G T, CORNELISSEN J H C, VAN LOGTESTIJN R S P, et al. Evidence of the ‘plant economics spectrum’ in a
subarctic flora [ J]. Journal of Ecology, 2010, 98(2) . 362 —373.

WILSON K B, BALDOCCHI D D, HANSON P J. Spatial and seasonal variability of photosynthetic parameters and their
relationship to leaf nitrogen in a deciduous forest [ J]. Tree Physiology, 2000, 20(9) : 565 —578.

ADLER P B, SALGUEROGOMEZ R, COMPAGNONI A, et al. Functional traits explain variation in plant life history strategies
[J]. Proceedings of the National Academy of Science, 2014, 111(2) . 740 —745.



