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Abstract: This study aims to explore the relationship between plant thermal regulation effects and their leaf traits and
architecture traits, in order to provide a scientific basis for selecting plants for enhanced thermal regulation effects in urban
green spaces. The study focused on 24 common deciduous broad-leaved tree species in Beijing, such as Populus tomentosa ,
Sophora japonica, and Prunus persica ‘ Duplex’ . It involved measuring leaf traits like leaf thickness and leaf mass per area,
as well as architectural traits including plant height and crown height-to-width ratio. Additionally, the Li-6400XT Portable

Photosynthesis System and the Li-250A Light Meter were utilized to determine indices such as plant transpiration rate and
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solar radiation intensity beneath the canopy. Based on these measurements, heat regulation indices like heat absorption and
solar radiation reduction rate were calculated. The study analyzed the relationship between these indices and the relevant
traits of different tree species. Significant differences ( P<0.05) were found in the transpiration heat absorption and solar
radiation interception capabilities among the 24 greening tree species. Overall, tree and small tree life forms showed better
thermal regulation effects than shrubs. In particular, Fraxinus pennsylvanica and Acer truncatum demonstrated strongly
comprehensive thermal regulation capabilities. Besides these two species, Populus tomentosa and Koelreuteria paniculata
excelled in transpiration heat absorption per unit land area, while Ginkgo biloba and Sophora japonica performed well in
intercepting solar radiation. Syringa oblata showed weaker comprehensive thermal regulation effects. The leaf transpiration
heat absorption ability was significantly positively correlated with leaf dry matter content and leaf mass per area ( P<0.05),
and plants with greater height and higher tree height-to-width ratio had stronger transpiration heat absorption capacity. Leaf
area index and crown height-to-width ratio significantly influenced the plant’s ability to intercept solar radiation ( P<0.05).
Fraxinus pennsylvanica and Acer truncatum possessed superior thermal regulation effects. Leaf dry matter content, leaf mass
per area, and architecture traits such as plant height, under-branch height, and tree height-to-width ratio wereimportant

indicators affecting the thermal regulation effects of greening tree species.

Key Words: landscapegreening tree species; coolingand humidifying; shading; plantfunctional traits; leaftraits
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Table 1 List of tested tree species

AT T Fif P4 @4

Life form Species Family Genus

F*A Arbor 15 Ginkgo biloba AR AR
ZeBEREHMK Liriodendron. chinense X tulipifera AR 22F T M
—ERBHYAK Platanus occidentalis B AR BERAR
L% Populus tomentosa RE: L1
25 Salix matsudana 'Pendula’ ket M
¥ Sophora japonica 2R MR
A Koelreuteria paniculata TR e
TCEML Acer truncatum JoB TRk )
B Ailanthus altissima AR iR
FE£I44 Fraxinus pennsylvanica KRR ¥

/NFRAK Small arbor H5HF Prunus mume var. bungo TR %R
Ak Prunus persica 'Duplex’ AR %R
H A Prunus serrulata var. lannesiana TR} 2@
1 Crataegus pinnatifida AR 1L )
B Cotinus coggygria var. cinereus EREL B R

HEAR Shrub KHEE Hibiscus syriacus HZERL AHEE
“Yemt BACH 2 Rosa hybrida * Hiogi’ TR R
AL BB R Sorbaria sorbifolia TR B IR
INEMBE Deutzia parviflora FHIRACFL B
L Lagerstroemia indica RNAE S X
LIFiA Cornus alba LR ITE S
T F Syringa oblata PN T&EE
XA 2% Viburnum opulus subsp. calvescens HAF B335
SR A Lonicera maackii AR BAE

1.3 mpdpRi e

T2023 428 H 15 2 8 J 25 HZIA], WARMERKBY AR g PU AL P05 [, B BB e 3 AD 2 10 16 758 42 )i
FEHE AR TCR 0 i 7, T 00 iRtk o A 48 i B A A (RS —leaf- 1000 ) I S5t A 47 ) - i AR
(em®) s ff AR R, BETF I F 25 BRI R BEE (mam ) 5 I F R4 05 32 BIA AT 1710000 KAF-FR £ E (o) |
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Table 2 Leaf traits of 24 landscape tree species in Beijing
A i kR o TR AT EKRE e e
Life form Species Leaf area/em®  Leaf thickness/mm el 4y matter Leaf relative per area/
content/ (g/g) water content/ % (&/cm?)
A A 29.46+3.48 0.21+0.01 0.35+0.02 89.03+3.31 0.0086+0.0010
Arbor ARGk 132.38+6.24 0.18+0.01 0.29+0.04 92.69+6.35 0.0058+0.0004
—EREH A 156.17+5.16 0.16+0.01 0.39+0.01 86.9+1.59 0.0054:+0.0002
EHW 101.71£9.10 0.24+0.02 0.42+0.01 87.51£0.62 0.0108+0.0009
20 21.31x4.41 0.15+0.01 0.29+0.01 94.51+1.25 0.0050+0.0003
% 4.98+1.05 0.16+0.01 0.33+0.01 91.28+2.74 0.0072+0.0011
) 11.23+3.21 0.16+0.01 0.44+0.03 80.65+5.15 0.0068+0.0006
JCE B 32.92+5.96 0.11£0.01 0.41£0.09 83.32+6.10 0.0049+0.0013
Rk 18.28+1.52 0.25+0.01 0.39+0.01 92.34+0.98 0.0073+0.0010
RE L 14.94£1.51 0.16+0.01 0.38+0.03 89.97+5.81 0.0081x0.0004
TARBE 52.38+17.63a 0.17+0.03a 0.36+0.05a 0.89+0.04a 0.0071+0.0019a
INEAR g 20.15+1.84 0.20+0.02 0.41+0.04 81.66+5.77 0.0081x0.0002
Small arbor bk 16.50£2.39 0.14+0.01 0.33+0.03 94.83+6.26 0.0057+0.0009
H A i 38.37+2.69 0.16+0.01 0.410.02 86.18+2.27 0.0073x0.0006
1Lk 38.07+8.73 0.18+0.01 0.42+0.03 82.08+5.08 0.0083+0.0012
vl 44.68+4.01 0.16+0.02 0.400.04 92.74+3.62 0.0060=0.0003
NI 31.55+5.55ab 0.14+0.05a 0.33+0.13a 0.74+0.32a 0.0061+0.0021a
AR N 31.37+3.51 0.19+0.01 0.32+0.03 87.41£2.48 0.0061+0.0005
Shrub ‘demi B H % 8.54+2.06 0.21+0.03 0.40+0.03 83.546.96 0.0088+0.0009
R30S 6.37+0.38 0.11£0.02 0.38+0.01 90.03+3.31 0.0056+0.0006
INEE B 29.09+2.86 0.20+0.01 0.26+0.14 86.26+2.78 0.0053+0.0008
Ll 12.97£3.19 0.33+0.04 0.45+0.14 74.94£10.22 0.0126+0.0008
AR TN 47.84£3.19 0.13+0.01 0.36+0.01 86.92+5.57 0.0055=0.0003
ETH 51.70+5.35 0.26+0.03 0.35+0.03 86.01+4.08 0.0096+0.0011
X 2% 45.60£5.85 0.14+0.01 0.38+0.03 75.07+7.24 0.0055+0.0011
SRAA 20.29+1.41 0.13+0.02 0.27+0.09 87.35+3.57 0.0046+0.0018
HEAYE 26.61+5.78b 0.17+0.08a 0.31£0.10a 0.75+0.20a 0.0057+0.0025a

ARV BE R AN [ AR 35 ) ] 22 5 1 2% (P<0.05)

2.2 R[RIB R RN S A
2.2.1  A[EIR 7R W ARE T A A

LT B 24 AP Fh A - T ARG RS W IEE 1, — 2 A i AU S 34 B (v I T AR S I B i 2 SR OR
% (P>0.05) , H 7 RE M (12283.80 k] m™ d™') /MFEARZEM(10158.97 kJ m™ d™") S5EAE P A i [ FH 2K
i R A R e v s AN 2 s, = 2K A G ST 2 AL A b T AR R B W A 25 7 35 (P<0.05) , BB TR K>/ NTR
AR SHEAR RIS T A 259 B A A b 1 R I R B i A3 2 N TR R FIER 1) 1.25 ]2 2 A%, e A B8
(35745.86 kI m™ d™") \—EREFY A (27869.44 kJ m™* d") A5 AR 1) 07 - 3 1T BRI I AR i (11 2) 5 BT
FARRFED 2R B WA R (] 3) , =R 22 R ORIk B UK (P<0.05) |, RIFE R BT A S /INR A S HEAR I 2
BOH TR AR bk R W 250 AR N ORI 3 5 DL B R ER M 20 LA B, IR —BRE AR
(1977.41 MJ Bk~ d™") FISEEILTM4 (1411.08 MJ Bk d™") A0 SRRk W 25 0 W R e 1
2.2.2  A[FEIBRFOKHR S ERRE T B

24 FpoARS T o) O BH i S 2 R A LA DL BT 4, FLAR ARG R A T 78.45%—88.31% 2 0], ~F-34) 84.63% , —2&
A 15 AL 22 [R] R PR S R 22 AN 35 (P>0.05) |, AN [] IR AR e O F1 4 422 A3 BT v R e U 6y -, 191
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Fig.2 Heat absorption per unit land area of landscape tree
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Table 4 Correlation analysis between leaf traits and heat absorption index of plants
T P i ﬂtﬁjg%ﬁig ﬂﬂj‘j{ﬁﬁlé:?ki Lttfﬂ@
Leaf area Leaf thickness cat dry matter cal refative cal mass
content water content per area
ST Rﬂ%u&ﬂ‘% 0.043 0.094 0.551*" -0.107 0.453*
Heat absorption per unit leaf area
A & I P
AL LTI E AR 0.153 ~0.101 0.463 0.079 0.418*

Heat absorption per unit land area

* FRTE P<0.05 K FEEFBE, « * FRIE P<0.01 K5 EE
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Table 5 Correlation analysis between plant architecture traits and transpiration and heat absorption index of plants

W2 AR e —% /4
Diam:ter 3= e B pon= [0S A =N ) A 5 % IR
ot breast Plant Crown  Under crown  Crown Height to Crown First-order ~ Second-order
& .reab height width height height ~ width ratio  height to  branching branching
height . .
of trees  width ratio  number number
AR T R W A .
AL ﬂj‘ﬁﬁ* ¥ & . 0.403 0.671"* 0.242 0.691"* 0.512 0.820""  0.692"" 0.421 0.584"
Heat absorption per unit land area
7% s I P
IR R 0.806 " 0.747"" 0.818*" 0.362 0.859** 0.414 0.508 0.224 0.287

Heat absorption per plant
* FURTE P<0.05 KF2E5 W5 o« FURTE P<0.01 KF225 0%

2.3.3 AP TIPEIR S K PR S ) B AR DG 43 BT

XiF 24 TGl AR Ao 0 O FF 6 1 D5 5 A B PR A T AR DG AT (3R 6) |, B SRR IR AR I B i 5 A 422 460
25 T FRAR B B TE A DG (P<0.01) |, S50 5 5 T8 L B 67 M G (P<0.05) o AR K PHAR SRR 5 R
AT T8 EAR R R EANSCNE(P>0.05) | ELBEE B A 2 5 LE A I, 348 6 A BH R 2 R A7 — 2 1 R B
e,

K6 HEUMAMRBHEHESHEMEREXESHT

Table 6  Correlation analysis between solar radiation interception rate and architecture traits of plants

—— PP — g REATI I I R e
Leaf I | First-order Second-order Height to width Crown height to
¥ area 1maex
cal area inde branching branching number ratio of trees width ratio

Solar radiation interception rate

* FRTE P<0.05 KF2FWE; + « RARFE P<0.01 KV 57
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