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Abstract

To investigate the coupling mechanisms between the functional traits of urban park trees and their multidimensional ecological
benefits, and to elucidate the regulatory pathways through which tree species composition influences these ecological benefits, a
total of 3 077 trees in Baling Lake Fitness Park were analyzed. The i-Tree Eco model was employed to access the benefits related
to carbon sequestration, oxygen release, air purification, and rainwater interception. Multiple regression and variance partitioning
analysis were conducted to explore the relationships between ecological benefits and functional traits. The annual ecological
benefits of the park were estimated at 502 300 yuan, with the following distribution: carbon sequestration (79.83%, 401 000 yuan)
> oxygen production (17.54%, 88 100 yuan) > air purification (2.55%, 12 800 yuan) > rainwater interception (0.08%, 400 yuan).
Carbon sequestration demonstrated a highly significant stepwise regression relationship with mean diameter at breast height (Dm),
leaf phosphorus content (Leaf-P), and height above first branch (HFBm) (adjR>=0.767, p<0.001), with Dm contributing the most
(76.26%), followed by Leaf-P (15.29%). Air purification showed a highly significant regression relationship with mean tree height
(Hm), mean crown width (CWm), Leaf-P, and height to crown base (HCBm) (adjR?>=0.877, p<0.001), with Hm (41.03%) and
CWm (39.20%) being the primary contributors.Rainwater interception was significantly related to Hm (adjR?>=0.273, p<0.05).
Biomass traits (Dm, Hm, CWm) are critical factors influencing ecological benefits, interacting synergistically interacting with
physiological traits such as Leaf-P. To optimize fitness park ecological benefits, it is recommended to prioritize planting large-DBH
species (Euonymus maackii) to enhance carbon sequestration, combine tree species with large crowns and high Leaf-P (Platanus
acerifolia) to improve air quality, and configure tree species with high growth potential in tree height (Firmiana simplex) to boost
rainwater interception and oxygen release.
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Fig. 1 Study area overview
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Tab. 1 Tree species in Baling Lake Fitness Park

s R & I REL/ tk el /%
NO. Species Family Genus Individual count Proportion

1 TIREHAK (Platanus acerifolia) HAAF) (Platanaceae) B ARIE (Platanus) 20 0.65

2 TR (Populus tomentosa) 1HIF} (Salicaceae) )% (Populus) 64 2.08

3 Wikt (Salix babylonica) FHIE} (Salicaceae) Wil (Salix) 113 3.67

4 FHHi (Firmiana simplex) ¥R (Malvaceae) ¥EH B (Firmiana) 3 0.10

5 K2z, (Ligustrum lucidum) AHEF} (Oleaceae) eyiE (Ligustrum) 563 18.30

6 YA (Euonymus maackii) TXF} (Celastraceae) A& (Euonymus) 559 18.17

7 BAE (Prunus serrulata) TR (Rosaceae) AJE (Prunus) 432 14.04

8 L (Lagerstroemia indica) FJEZEF} (Lythraceae) LHE (Lagerstroemia) 218 7.08

9 [ (Fraxinus chinensis) KAEE} (Oleaceae) & (Fraxinus) 62 2.01

10 J" 2% (Magnolia grandifiora) A2ZF} (Magnoliaceae) AK2LJE (Magnolia) 200 6.50

11 WAL (Celtis sinensis) FFEF} (Cannabaceae) ¥ME (Celtis) 63 2.05

12 W1LZE (Koelreuteria bipinnata) JeHB+F} (Sapindaceae) a5 & (Koelreuteria) 139 4.52

13 75 (Ginkgo biloba) HAF} (Ginkgoaceae) WA (Ginkgo) 186 6.04

14 5} (Triadica sebifera) KukFl (Euphorbiaceae) LR (Triadica) 13 042

15 Lt (desculus chinensis) JCHEFF} (Sapindaceae) LHE (desculus) 12 0.39

16 LA (Acer pictum) JeHB+F} (Sapindaceae) WUE (Acer) 23 075

17 AL (Osmanthus fragrans) AKHEF} (Oleaceae) KAVEJE (Osmanthus) 47 1.53

18 F2% (Yulania denudata) A2F} (Magnoliaceae) E2% )& (Yulania) 45 1.46

19 AR (Photinia fraseri) L Fl (Rosaceae) kE)E (Photinia) 114 371

20 A (Cotinus coggygria) M F} (Anacardiaceae) HeAslE (Cotinus) 25 0.81

21 WAE (Eriobotrya japonica) LRl (Rosaceae) WACJE (Eriobotrya) 6 0.20
22 42 (Prunus cerasifera) L FL (Rosaceae) AJE (Prunus) 52 1.69
23 155 (Malus spectabilis) LHFL (Rosaceae) SERE (Malus) 75 244
24 A (Hibiscus syriacus) #32¢F} (Malvaceae) KHEEJE (Hibiscus) 42 1.36
25 210 (Acer palmatum) JeHB+F} (Sapindaceae) WiJE (Acer) 1 0.03
it 3077 100.00

BAMZ o1 (1830%). 484K (1817%), I 212 &FHEA HRBTHKERAMEN. I0, H. =
(140%). BB (108%) TP 2 (6500); 24 AEWAOMESEENTINE B IRBAA BIESEESIGES,
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Z AN LA 50.51%.
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67730/ (a- 1) 42247 o/ (a- 1) FN3723¢/ (a- 1),
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Fig. 2 Distribution of tree diameter classes at breast height (DBH)
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Fig. 3 Correlation analysis of ecological benefits and functional traits of park trees
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Tab. 2 Total ecological benefits of trees in the study area

PUES/

(kg/a)

B8k /t

¥ Fh Air purification Carbon sequestration EEE M HEBWAK /M &7/ (T/a)
Tree species NO, S0, PM, PM,, C%t{ﬁie C_Se?u;iiﬁaﬁon O,-release  Rain-interception Total-benefit
A1t 48.24 37.31 232.69 20.5 367.89 33.03 88.11 27.18 502 305.98
TEREB K 1.67 1.29 8.05 0.71 5.87 0.37 0.98 0.16 7673.20
TEEAY 1.99 1.54 9.60 0.85 4.82 0.69 1.84 1.02 7898.24
FEA 6.05 4.68 29.17 2.57 18.32 1.34 3.58 3.11 24 908.59
T 0.26 0.20 1.27 0.11 0.28 0.03 0.08 0.14 478.17
FeIHz 5 6.87 5.32 33.17 2.92 24.34 3.1 8.26 3.54 37597.14
2RRAR 475 3.67 22.89 2.01 212.94 14.99 39.99 2.44 269 208.81
b 2.35 1.82 11.34 1.00 33.86 429 11.44 1.21 50237.28
gy 3.83 2.96 18.46 1.62 9.36 1.36 3.64 1.97 15421.32
9 0.87 0.67 418 0.37 5.20 0.62 1.67 2.89 7728.92
JTEE 10.54 8.15 50.84 4.48 13.56 1.32 3.53 5.43 21 304.00
AL 1.22 0.94 5.87 0.52 1.56 0.15 0.40 0.63 245133
4 1.44 1.11 6.93 0.61 4.78 0.76 2.02 0.74 7948.02
A 1.71 1.33 8.27 0.73 2.02 0.23 0.62 0.88 3331.26
JEN 5| 0.33 0.25 1.58 0.14 0.77 0.1 0.27 0.17 123539
Lt 0.46 0.35 2.21 0.19 0.99 0.11 0.29 0.24 1519.92
T 0.46 0.36 222 0.20 0.96 0.13 0.35 0.24 1560.55
AL 0.20 0.16 0.97 0.09 4.86 0.33 0.88 0.10 6127.39
= 0.14 0.11 0.70 0.06 1.87 0.32 0.85 0.07 3083.40
ARLELT | 1.81 1.40 8.74 0.77 11.23 1.28 3.41 0.93 16 414.86
Hh 0.22 0.17 1.07 0.09 1.27 0.21 0.55 0.11 2091.25
R 0.10 0.08 0.48 0.04 0.80 0.08 0.21 0.05 1105.56
ANy = 0.45 0.35 2.16 0.19 2.61 0.37 0.98 0.83 4079.92
VG i 0.32 0.25 1.55 0.14 3.36 0.48 1.28 0.17 5211.00
A 0.19 0.14 0.90 0.08 2.22 0.37 0.98 0.10 3635.10
AR 0.01 0.01 0.07 0.01 0.04 0 0.01 0.01 55.36
IR T SEEERX (p<009). mtiARE &K (p<005). BeE FHRENEIR EsEIEXRE
SESTHNS. THMHE. TUBRIT # (a0R=0767, p<0O001), Hfik B5FH11
IR TeREZFEX (p<001). FHNE 232 EXMMSEEMERINE S LR )THRE ZEIAXF B3 (adR=06%6, p<0001), W

5T YRR ek BE

A% (p<001),
1 EEtR BEREX (p<001),
BSEEMEE (p<005).
BEEEX (p<005),
K (p<001),

TS TR
ST
THBIRS T T
ST LR R
TR T BTN LEE

MRS &SRB BZ TR,

ERN AR ESEMEAAE FBRE
*E%*D%Z&L’fclﬁ%’li/ﬂ(.?—
. NO,. SO,. PM,.FIPM, STHEBESE. T
B, FHERMFEIRTSEEXR
FZ (adR"=0877, p<0001),

LR O

Bt S A

KBS HINBEIEAXREE (adR*=0273,
p=0004).

2.3 3 ThREMPIR RS A ST Ak
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Tab. 3 Ecological benefits of individual trees in the study area

HER/(9/ (@ #)

El#% / (ka/ #)

HFD Alir purification Carbon sequestration FEE/ (ko/ k)  BEBWAK/ (MY ) EANEs/(T/ (1))
Tree species sy e e O,-release Rian-interception Total-benefit
" NC, SO, PMps  PM Cﬁft{frie C-seiijsﬁation 2 "
TIEREBR 8342 6441 40241 3544 293.50 11.23 48.8 0.01 383.66
TCEEAY 31.09  24.04 14999 13.20 75.31 10.78 28.8 0.02 123.41
T 5350 4138 25813 2273 162.12 11.86 317 0.03 220.43
Hl 8757 6773 42247 3723 93.33 10.00 29.5 0.05 159.39
K2 pi 12.20 945 58.91 5.19 43.23 5.51 14.7 0.01 66.78
225V 8.49 6.56 40.95 3.60 380.93 26.82 71.5 0.00 481.59
i 5.44 421 26.24 2.31 78.38 9.93 26.5 0.00 116.29
ik 1755 1357 8467 745 4294 6.24 16.7 0.01 70,74
S 1399 1081 6748 5.94 83.87 10.00 26.9 0.05 124.66
J R 52,69 4075 25420 2238 67.80 6.60 17.6 0.03 106.52
TERAP 19.31 1493  93.16 8.20 2476 2.38 6.4 0.01 3891
e 10.33 7.99 49.84 4.39 34.39 547 14.5 0.01 57.18
Ry 9.22 7.13 4447 391 10.86 1.24 33 0.00 1791
LER 5] 2525 1954 12185 1072 59.23 7.69 21.1 0.01 95.03
b 3813 2950 184.03 16.20 82.50 9.17 24.8 0.02 126.66
AR 1997 1544  96.31 8.49 41.74 5.65 15.1 0.01 67.85
pEia 426 3.30 20.57 1.82 103.40 7.02 18.7 0.00 130.37
£ 3.22 2.50 15.52 1.37 41.56 7.11 18.9 0.00 68.52
Ak 1589 1228  76.65 6.76 98.51 11.23 299 0.01 143.99
s 8.90 6.88 4293 378 50.80 8.40 22.0 0.00 83.65
LA 16.48 1275 7948 6.98 133.33 13.33 343 0.01 184.26
AN = 8.62 6.66 41.58 3.66 50.19 10.78 18.9 0.02 78.46
VaJTRFS 429 3.31 20.65 1.82 44.80 6.40 17.1 0.00 69.48
K 443 341 21.40 1.88 52.86 8.81 23.6 0.00 86.55
ZTHR 1410 1090  67.80 6.00 40.00 0.00 9.5 0.01 55.36

TERT LU S U2 FM20%, A
BmeE THANSITYREIR=EXEER
PRSP UTIEEFNGS = AT
BN EERRSR. HEADTH, HARES
BRI B EAN IR ETT DR R
MRRERNI0% MABMEE. FHRERATE
B ES=PEFHEEAN, XEEFH
L9 13%,
NERSPHEEFSEHITERDE, It
BIREMERAESERI TR, 41 ThRe
PERIEIR X E SR TTRE A A - S35
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BE (4103%) > FHEE (3920%) >0
BEE (M%8%) >FHRTE (779%), it
ARSI BRI R =S
RET (E40). 3 PIBEIBIRIERNRET
FITTERERS « iR (76.26%) >ItARES
B (1529%) >k £ (845%), A
PR R R FRIRRE T (B 4-d).

3itig
AR A Tree Eco vE A2 BV L ERAR, 8
RS AENARRETEENFESH

m. HP, MEBTTEEA Gk 80%,
HARFR, M= EERKREn
TR N B— “BIIRES” I Emss
MR Sk BOEFALER " s msk AL
AENRZFERES " SR HARNHR
LZR—H, HEENE THHARTAERL
IhRE LAV LT, RE T HAB DS
W Wax” BARPHICRIER. BRES
PNEFIRREE 5 2207 vh', BT EEAR
WEWAETHHRBE BN, RELHF
EmBRAES AETARERATALLA
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Tab. 4 Functional traits of trees in Baling Lake Fitness Park

EEMHER/ LEME/ HARESE/ HARESE/ HAMSE/ AMEE/

SLA LMA Leaf-C Leaf-N Leaf-P WD
TEREAR 46.40 0.15 96.87 1.93 6.64 0.55 13.79 41.58 10.14 242
TCEEAY 13.25 0.08 49.49 0.95 0.54 0.56 8.80 18.80 5.07 278
T 18.14 0.06 43.51 2.30 1.67 0.55 9.29 27.02 6.42 321
HAR 19.87 0.05 52.70 1.92 0.12 0.57 1113 22.00 6.72 2.40
pawail 19.01 0.05 34.79 1.92 0.12 0.59 4.99 14.28 4.06 1.88
2ZHA 19.46 0.06 34.01 1.94 0.13 0.58 6.30 2772 3.05 2.60
i 19.16 0.05 57.01 1.94 0.13 0.58 5.01 15.86 334 1.40
e 16.64 0.02 5777 1.95 0.13 0.65 5.68 13.75 4.71 1.20
[SLis 34.76 0.03 58.48 1.91 0.13 0.58 7.50 20.06 3.27 278
SR 19.61 0.01 57.38 2.00 0.12 0.43 7.53 17.80 6.10 2.38
IERA 17.05 0.06 43.38 1.86 0.10 0.57 6.86 18.78 4.02 2.06
WlZE 28.37 0.01 34.52 1.03 0.14 0.57 6.21 12.09 378 2.36
A 24.64 0.04 14.65 1.94 0.13 0.63 6.55 12.46 332 2.01
EE 2042 0.05 33.11 1.58 0.13 0.55 6.84 16.54 5.87 248
o 33.63 0.03 37.01 1.98 0.17 0.60 9.08 16.83 4.61 243
T AR 20.48 0.05 54.85 1.91 0.15 0.57 5.80 1343 4.95 2.09
AL 19.63 0.01 53.39 1.91 0.12 0.84 3.14 19.35 240 1.51
£ 16.38 0.06 55.68 2.18 0.15 0.43 4.66 10.42 2.39 2.20
ALY 23.50 0.04 52.63 0.86 0.19 0.79 4.25 17.37 4.70 0.53
Heps 21.41 0.05 38.28 1.87 0.13 0.54 5.19 11.64 3.30 1.34
HEAE 8.16 0.12 34.16 0.85 0.63 0.88 5.83 20.67 449 143
ANy = 20.54 0.05 84.65 334 0.21 0.68 4.66 14.11 3.64 1.68
VHIAHESE 31.27 0.03 44.01 2.00 0.11 0.59 4.25 14.05 2.18 0.72
A 24.66 0.02 16.21 1.04 0.28 0.43 3.20 15.32 2.20 0.71
AN 17.36 0.06 14.36 0.62 0.28 0.58 5.00 14.00 4.25 1.70
AmBHAEZ, EYERK. SREMA 5 AERIARESHE SRR S L1 EFEE
R o R Tab.5 Stepwise linear regression model of ecological benefits and functional traits of park trees
EZSIRAABLE, TR A A - H—— e
RUEF AT RE A, ttﬁﬂ%ﬂ‘\?—%w Eoologic:':ll‘il‘k))(erifefiitEI ir?éjicator Step\]/:/Ts/e mthipzle linear regr:ssion A;j‘;ied R? pﬁ/alue
HRFBETET “SIIAE” SFEMARRE NO, 1,=-38.746-4.319x,16.986x,17.015x;-6.236x, 0.877 0.000
Basg o (6462%) Bk, BESBZ i SO, 1,=-29.974-3.343x,+5.403x,+5.426x,-4.82 1 x, 0.877 0.000
R e s PM, 3=-186.856-20.846x,+33.715x,+33.832x;-30.087x, 0.877 0.000
RHAR AL ASHTIER RS a6 (6567%) PM,, ,=-16.471-1.839Lx,+2.969x,+2.981x,-2.651x, 0.877 0.000
BA, BUCOMESHETS BN GE L 1¢=-0.129-0.015x,+0.016x5-0.014x, 0.767 0.000
1K, N&5265%F0161%, BEEREFFHFLOH i i =-0.100+0.01 Lx, 0.696 0.000
REFILTI0LSE PN LR Bk Mk E y7=-0.006+0.003x, 0.273 0.004

oy S B Sy Reu) E o RATHBSE, o RATHRSG, v KEATHER, x, REFHHTS, xx KEAFHME, KT
XKMEQ/J\O WFE{TLE;F}TEWFEE,‘]@D}F/%, igj*i,]:% s V1 4&%‘1\102 iﬁ}gq V2 ’f{%\soz /‘KE» V3 4&%&PM25 %zf/gi, Vs 4{%‘PM10 iﬁ}gq Vs 4{%\’5&%-}-#%7 Ve
EIFEME ML E, REEFNE. KA E, ), REAAKAEE,
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Fig. 4 Variance partitioning and contribution rate of functional traits to ecological benefits

oh SAREMEE, WHTENEESMET
HEEEFEEEIES, BROEATESE
FIS SR E AR TRE, TREERER
HRHY =R RPN TR
FENEERA, SAFRERAE. BRE
METFEM IR RARE, SIERMEAABM, B
FBIN IR B R R R ZE A~
FESNEENMBNAE, MBRHES
NEDCEFAKE. BT, MARE
IMERNENTRE, WS E

SR, BRIk R 54 SRS
EERBAF R IR EFR Bz, &
HRAOFE TR S 2 E T AR A SR A,
MBS MEDEIERS S H AT
AR BB AR, AFTARRIE THhAEN
Kz BHEEERXR, RERIIFHH

124 | @4
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HEWHEYESHRNARETE, HHERE
LESHNAREE~HES, BRI
EEKF (WiE) ERESHEEITER
ME, D AXEER; EE@Emiss (s

M) EEHES, HEEGKY. SRR
EERHAETHR BN RS R
AT REIAER, HEHTEMRE
TR, BRRES AERAR RSN
(NO,. SO,. PM,-F0PM,) SRS, F
R, BB TEREXAE
2 SREHATONS > TEIE> A
HEE>TYR TS, STEESY =S
&P IRER 5. ATRHE—SH
TR SIITIEIR O, EIEE
TEANBRE S e TR, F
R TS ABHN TR BRSNS
BRE, B ssEstY. AR
B, tAEEs, SAFMELR BT
H A SFL RS RSAMEBHREIR
BEFSHAHEE. TYRENTHR
SEAXREE, FEEHFATIRE>H
FRES B> TR ES, 5KESTHHR
ZR—, AMREREL T BIRZES
BRETR A ETINE TEITER (>76%), HHA
THABE BB RIS R R E
HEZMH, BN, RESBRTXHEEEL
AEESHEE. BHEE5THRERA
XARE HEANTEYERRNKESE
2, HEMNAETHNBELELEEE 5
Wang & P IR R A R—5, 528 TAT S @I
EKTAEBRZAEINE R (5318
TEIEIK) SRR R TR,
FRRTART AR RS S
TR I B MR — A4 SRS HO IR K
BRRIER R, TR TNE R AE,
ABRAUEBER, FEEFEE “HR
FREREL SRR, BURAM B+
SHEHERAR (WLEAR). XEMFE
KR, BREMCEEI3R. RS NAZFA
H, AR ASSRAYNERER NE
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(1) BRBBRESAEMAZAUETRE
B457150 kgla, FRAEE367891, BRETFEA
33041, FEEE88It, FHBWAIBM;
FA M #0280, H A E R (79.83%,
4017570) >/=4 (1754%, 881570) >%k,
25 (255%, 128757T) > BRMK (008%,
004 A7T).

(2) NO,. SO,. P, F0PM,, SHAREE &,
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