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SEORF R ERARE T R Lk

m ARl B=E B B ARl ATFFE BT S ARl R SRS T AR ZE s, JEsT 100091

WE R TR T A A R AR AL FRE S e (R 2R S A T e A MA@ BR & B X 5, X Ab Tl 85 AN Ja A3 XAk
AREAT R ARRAE T, 77 2 S MR (i DT A A R I AR g R 00 19 B Atk SR L 22 40 Bk A 22 B LU A8 A0 BT AN [) 25 1 i A
MA@ 2 S, G5 R I AR FIZER R KM 5 25 7 0 3 (P<0.05) , &S HR AR 2 AL HL AR 58 4 — B A R 281 B X
MR O eI R TR AT W ST TR AR e 2, b R OB {4 A 0.60—
0.80 [B] , fHE R A5 2 522 B A+ M 1E 75 40 A 457 o, {8 B AR A LU B 3.65% , W04 AR K (56.07% ) B 22, H Uk 2 v 45 8 B AR
(36.68%) , NEFMAA 3.50% , BIFEARARNL 5 0.10%  JEAE XA S BOAE A [R] KSR AUA 7] 5F U5 7] 22 5 AN 5 3 (P>0.05) ,
FEASTRI B 8] 25 53 5825 ( P<0.05)  SEEERFE BRIV 5 R - =—DUER = PU— R 3> — S 3> 3 N = —— =30 48 F) 5> 1 o >
5% i ;2009—2013 4E>2003—2008 4F = 1998—2002 4E = 1991—1997 4 >1956—1990 4E, b 51 fa 4 X AR A AR K Ak - 0 {d B
ARZS TR MR A - Ut 2 SR AH 0 DTS AR BE B TR EE S8 A BRI b s 17 A MR AE K 2N - & Y/
B HEBH 2 e B L 3 55 b fe i B BB T AN sE AR SRS P 2w b s T A MO i A )

SRR TR AR X MR EERR s TR HR A ; (R 4L

Health Assessment of trees in residential areas of Beijing
HUANG Shuaishuai, CAO Zheyuan, QIU Erfa® , NIU Shaofeng, XING Lijie

Research Institute of Forestry, Chinese Academy of Forestry, Urban Forest Research Center, National Forestry and Grassland Administration, Beijing

100091, China

Abstract: In this study, we aimed to identify the variations and factors determining tree health in residential areas of
Beijing, and provide recommendations to tree health managements, by investigating 85 residential areas in Beijing. Tree
health was evaluated using a tree health assessment model, and on the basis of this, differences in tree health among
different types of residential areas were assessed using one-way ANOVA and the Duncan test. The results were as follows:
tree health indicators were significantly different in different types of residential areas (P < 0.05), and the variation ranks
of each indicator were not completely consistent. Some tree health indicators in some types of residential area were generally
poor, and factors determining this were surface coverage, light pollution, trunk lean, cutting off crown and planting, tree
vigor, crown profile and stem form. Trees health indices in all residential areas of Beijing tested were 0.60—0.80, and tree
health was characteristic of a right normal distribution. Healthy trees accounted for 3.65% , sub-healthy trees accounted for
56.07% , medium-healthy trees accounted for 36.68% , unhealthy trees accounted for 3.50% , and dying trees accounted for
0.10%. Tree health indices were not significantly different (P > 0.05) between residential areas in different districts and
origins , while differences between different assessment periods were significant (P < 0.05). Ranks of trees health indices in

difference types of residential area are presented: 3rd—4th ring road = 4th—5th ring road > 5th—6th ring road > within
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2nd ring road = 2nd—3rd ring road; welfare housing > commodity apartment > social security housing; 2009—2013 >
2003—2008 = 1998—2002 = 1991—1997 > 1956—1990. The majority of trees in residential areas of Beijing are in a
sub-healthy state, and potential factors such as surface coverage, light pollution, and trunk lean are important factors
restricting tree growth. Reducing the influence of night lighting, increasing the coverage of organic ground surfaces, avoiding
excessive pruning of branches, and improving maintenance and management of trees will ensure healthy growth of trees in

the residential areas of Beijing.
Key Words: residential area; tree health; assessment indicator; health index

IR T R A it B B AR B AC R 0 A ROIR A B WA A A 36 0 R A 7 IR R A MR — T 1 A]
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TR AT BIF 55 20 b F AR R B Bt o B A (gt S5 i IR — 8 2 AR 5 R 1 R AR X388 7 44 30 4 ok, 405 1t
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MY RTIR T ARA AN I B, T 42 2 B4R AP e 3T A 1 228 A A IR 3 R0 A AR
AT B 24 A3 B g R L T X S A /N XA (g B P40 5 1T A9 5 AR /D 4R 3 B9 PN 25 22 0 1) T O
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1 HERXEER
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2.1 JEAEX RS

Fi s )R T O] 158 AR 221 oA v, ARG Lt RIZR VYR Ze B O il ) <Ok ™ S SRR ) B
INPRA 85 Al SEAE XA AR TERT R ARG T AL MASTRIE B ok R X IR PR AR XA (3R 1)
HAAIA) 73 IRy - HILSC BRI 20 s ) B T Jo A DX Kl S A A o, RO 2 5 A s 14 [l 3k 22 8 s P 22 5 3
Dl A R BRe ps , T B h SE S AT D 5 R0 R 1 it B 5 F RCIE 5T T O B A AR AR X R 23 5 A X AR s
FE ALY 8], 45 G b sl B ™ R RGO 7 A AR X&) 43 5 S

1 BERSEHRL
Table 1 Classification overview of residential areas

Sk 5t BEXHR FE Bt BT/ m? oAb

Quantity of

Classification Variables Residential arcas Quantity of plots Areas of plots/m? Strains of Trees
Y Origin LB 5 13 74 15600 780
) 23 124 25600 1321
I 49 269 64000 2866
X35 District N 7 36 7400 333
——=5 14 74 15500 777
=—JuEp 17 88 19500 900
Y — 16 94 23000 1042
H—AH 31 175 39800 1915
A 48 Period 1956—1990 4F- 17 92 19700 976
1991—1997 4 13 68 14000 720
1998—2002 4§ 22 122 26500 1269
2003—2008 4F 22 124 29800 1338
2009—2013 4f 11 61 15200 664
A1t Total 85 467 105200 4967

2.2 FEHbiE A

PR AR X SRR TE b o XA gt bS] Ay i ] 6 by | = 55 S iy G B St b, T 2017 4R 7
H—9 A R A e g A TR M A . KR S AT X 4 b T FR R bR o, 145 5 J A0 IX gk b LR, 0 o Wi el
SEHBAE T T AN 20mXx20m , 5555 SR HAE 7 T AN 20mx 10m , 18 1% 28 3 11 A SOmx2m | FESS 4 1 SR ' 2 A4 LY
FETT A7 AN FOVF AR B8 S B 50 D B A

XIFET IR T ARBARKE R, 1B W m Sebii 5 S a0 5 8 VRS bR anbs 32 f et B g 3 R B
HRz L) b 278 B RS2 % Boone ™ | FIRIEDY TEEEO B SbR e, AHIF ST LA I HUTT IR A X
85 >, FEJ7 467 4>, Fv K 4967 #k .,
2.3 Wk
2.3.1 TR TE RS

TR i e /N8 220 1 O e T A X MR A AR B SR F A, K5 AR X 4967 BRFTAME Bl A Xt 52, Bk
WA 21 bR T BN 28 . HURFDE X T k(1 < koS mym = 21),%:s, = .Zl}é‘,,{sf} , s, NV
bR X W% 4967 DMYETH X RIUE M B AREA R I 22, #l L s, =~ 0, UAT LUMER 5 s, AHDL BT 8645
I AR B eI AN R T i SRR OLAE 14 MR BRE N SRR KA RPN AT
2.3.2 S MAREEFITEMEIR

PO E H Y 14 ANFR ARG BE 5 A SPSS20.0 AT HRUEILALFE L K2 KMO F1 Bartlett BR 36 56 0 2 J2& 75

7
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AITHEAT 53530 5 THER A HE AR AR B3 22 8] 4 AH DG P LA BCRAIEAR 7 22 DTk s 15 210400 i 28 JE 1, AR 2% 2
J8G3 B4 8777 A5 B AR R 32 5 AR R AR B D7 5K H 32 32 i BOARRAIE 1 i A R4S E 85 14 R AR 1]
f14 2R B R A A 2R i i bR o L B D A AR SR TSR SR A% O3 ) Rk 5 AR DA Ay
(8977 2 STRRFR AL EAT BN Z5-G TR 2R 30, i 14 DM RER A R 800 B IBG A BN S48 P A, 22
VA — Ak PR 75 3] 2% I AR FE AR A AL (L

*2 BERXRMKAKERIEMNZED
Table 2 Health assessment model of residential areas trees
HirZ HENZ B2 EE LR iR U e
Target layer Criterion layer  Indicator layer Weight Definition of descriptor
JEAE XA AR PE A Health ; 1:>75% A5 % 3 5 2. 50%—75% ki M 5% % ;3. 25%—50% Fi M 32
assessment of residential R O 0.054 FEL4.0—25% KM ZE 5 oM % E
areas lrees R s 0.126
1:>51% Mk ;2. 20%—50% Hi#% 5 3: 109%—20% At k7 ;4. 0—10%
ik L 451 0.047 Hok s, Tkt b
T HL 1:>1/2 BT RIS 52 1/3—1/2 BT A5 S0 5
s -0.001 3:1/6—1/3 BRI R4 5O 5 42 0—1/6 Atf = JAI & 2 13 sl g
~ 35 2 T TCA 3 ST T
I -0.002
L ARSZ N R Z A2, bk T4, PGS0 T 2 bk s R
[ PRI PR 3 (500, 0 455 52 O AARS A 1) ™ o e, R8s /N AR
o 0.073 AR FHAIRMEVR S IE 3 MR 2 A R B A58, 45 52
’ HABAEA R 38 ARG R R 4. M2 R RIS
FIFEm, AR AR AR e (AR BIE R S R H
AR IREE R Aysgmm KA R
R 0.056 0: AHAMT ;1. TAAEET
1R SEA RO, A3 R AN K 5752 R e 2k 7™ o, B i 43 7 12
EANT Wit 0.113 L33 AR — s T R TR AN TR 4, 4 56 A 1 iR M B
M55 BB SR I 26
1 W58 AR B 152> 1/3 iE K B m B +.3.1/3—2/3
e 0.130 MR B I B 5 4 < 1/3 S W O 29 32 15 5 WO h 2k S5 4T
—3
. ooos | LPORIAMIRES BEEAHIN 2 RERT A A8 13—k TSR
v ' TSI 4 DVFRPRL S 35 1B 5T N
- 1:>30° B TR 52 10°—20° 8 T & 5 3. 5°—10° B T i
WIEBURIE 0087 som 107 B TR 50— B T
eeh 1: AR 50% KA M) 52 3 B 509% LA 1A Keas 1] 53 3 2 70% LA
S 0:086 | o, 2. 90% 2 4] ;5 A K2 R
1 JEUREE BRARE B 0—5m ;2 JGRBE B AHE B 5—10m;3: 08
b REE S 0.087 VR HE B AT RS 10— 15m ;4 JEURBE A AR FE RS 15—20m; 5. JE IR
PEBAA IR 20m DL
R T 0.152 LSRR 2 M 3. ARk BT KIS WA 4 AL
fi ' 90,550

233 MORMERESFII

2 AR SRR JEE U MR T A MR FREAR 70 T SRR T 45 S5 0 SR, e A5t MOR fa e 45 2
TR 3 0 T A408 el R A5 0 1 0 X1, o B A S GO0 o7 A (g R B BB SR s e, B RE ™ . Y = (F ., -
FY/ (Foy =F) Y = (F = F, ) /(Fyy = F) Y ARBTH i RRORIEE, Y., WFRETH +1 ZHRE
BEF O Ja AR XAROR AR B BT 0, F, WS 0 SRR FE XS B B AR, F,, S i+ 1 SR Ad FREAR 2 X 1 Y
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Table 3 Health degree and corresponding threshold of residential areas trees

2598 Class 1 %% Level 1 2 %% Level 2 3 %% Level 3 4 % Level 4 5 % Level 5
B {H -2.20 -1.35 -0.51 0.34 1.19
AL Wist Ak rh AR DR {5

2.3.4 MORMERETEEL

RAR A (e 3R 25 2 43 A AN BEAR TR 1) 52 IR DX SR A A (R 1 £t BRE 7K S, LA [ 4 o [ o el LA L
PEARTFE S I T AR R MOR A B SO F8 RO (i BE A543 2 RS e L MROA fi A 43 i RN A LU,
J W b — > DX RO A AR IR IO, i B 48 BUBR B2 T 1, U B2 DXSMROR A AR B e e, R HR SO T3

Y = Z Fa/F, A Y NRALEEEFE L LB, F,o NS EREDNE, a, WS ERMAKRE, F,, WA
éﬁfféﬂ%i A PR BRREL
2.4 FdEabp

K H Excel2010 F1 SPSS20.0 #4785 G0 115538 . ISR Z 5 22 730 H11% (One-way ANOVA) FIXBH £
T AL (DunCan test) J] R A2 DM R BREARAE FIEE R R L AEAS [ SR R | X8k | Bl 30 2 7 T A4 DX (1] 114 Jgb 2 1
Z5,

3 ER59M

3.1 SR DA RRAE 2B
301 R[] XA XA fil B AT He

N [) X F AT X PR R R b 440 52 B0 0 5 25 5 (P<0.05) (36 4) o SR IX AR A b 3 de it 3 g
THUA 7 A2 (R AR TE AN R R, T W TR AR 6] BHRHE PR TE —— PUPR R
FAAR W I R GTs YRR b R R O AR T AR ] — AR A

F4 AEREEERAKRIEREIREER

Table 4 Comparison of assessment indicators of residential areas trees between different districts

PR DR —HA T—=5 =—gE PO —HFR H—RH
Assessment indicator ~ Within 2nd ring road 2nd—3rd ring road 3rd—4th ring road 4th—>5th ring road 5th—6th ring road
Cl1 3.84+0.61c 3.91+0.64be 3.95+0.73ab 4.01+0.72a 3.97+0.65ab
c2 3.95+0.75¢d 3.94+0.80d 4.09+0.77ab 4.12+0.75a 4.03+0.79bc
C3 4.14+0.86¢ 4.15+0.81¢ 4.24+0.80ab 4.28+0.77a 4.19+0.80bc
Cc4 4.71+0.61a 4.71+0.62a 4.74+0.56a 4.70+0.57a 4.60+0.70b
C5 3.92+0.78be 3.89+0.77¢ 4.04+0.73a 3.96+0.71abc 3.98+0.75ab
C6 4.54+0.66a 4.44+0.66b 4.45+0.67b 4.40+0.67b 4.44+0.65b
Cc7 4.80+0.42a 4.67+0.52b 4.64+0.59b 4.56+0.59¢ 4.44+0.67d
C8 4.37+0.54a 4.33+0.53ab 4.38+0.58a 4.27+0.57b 4.27+0.67b
c9 4.89+0.39a 4.83+0.50b 4.88+0.41ab 4.86+0.46ab 4.77+0.58¢
C10 4.88+0.42a 4.84+0.50a 4.88+0.41a 4.87+0.41a 4.77+0.59b
Cl1 4.39+0.74a 4.24+0.87b 4.27+0.87b 4.24+0.85b 4.26+0.90b
C12 2.49+1.09d 3.01+1.36¢ 3.00+1.33¢ 3.42+1.33a 3.27+1.30b
C13 2.89+0.63¢ 2.94+0.87¢ 3.09+0.93b 3.43+0.95a 3.38+1.00a
C14 0.43+0.50b 0.47+0.50ab 0.46+0.50ab 0.50+0.50a 0.47+0.50ab

F B I AR 2 ; FIATASIRING TR SRR R 2T 3 4 (X ] 25 5 1 35 (P<0.05) 5 C 4 #4 Tree vigor; C, &% Crown profile; C, i
S Deflection canopy; C, TJE Stem form; CyBFHi#HE Trunk lean; Co B E Diseases of branch and leaf; C,A%H HZE Pests of branch and leaf;;
Co i LB Proportion of dead twigs; CoB T HLIHR i Mechanical trunk damage; C,o i Cavity; C,, 242 KZ5[8] Growth space; C,, 0675 Yefi)% Light
pollution; C,; HiZE TG Surface coverage; C, #FHA T Cutting off crown and planting

JEAEDXMRAAR S e RE OET5 e Re e M2 sa i 00 A i T8 b e IR BB i 2s  d e W+

http ; //www.ecologica.cn



24 4] BOPIN A AL AU AR DXMRA P 9227

BURHEE A= 23 AR AR E —— = IR R 3 e 2 B 3 AA LU IR AR e D — AR I 0 i 2%, TTE A
i BT AR AR A H— S AR e 2%

M 14 A FEFEARZ 8] R MRORI A B TREEE DG Ts e fe B b R 78 w2 15 100 R AE AR T4 Ar 45 DX I
JEAE X IR 2%
3.1.2 AR XA RERRAE H gk

AN TR s 30 o A3 DXAR ARG B B (A8 T AL O b ) B 3814 25 57 (P<0.05) o Bt ARt d s Ok
TR THEARAE 1956—1990 4F J& 43 X R I 2 5 I, PHIRFE PRTE 1991—1997 45 Ja AT X R I 0 35 Fe e, i 3 vt
TR FRARAE 1998—2002 4F Ji A X R I i 2 B, MORTEEIE s BE | TIE AR L] A= as ] Oleis i
B MR 55 T IR FRTE 2009—2013 4R JEAT X 30 B 200 T HAb 4

PR RE A L] DTS YR e 7 55 15 DL AR AE 1956—1990 47 i 41 X e il g 3 2= T H A, A%
W IE B T ARHE FEFRTE 1991—1997 4F Ji A X R 35 40 25, At o A K 48 [ F8 bR e 1998—
2002 4F JEAT X 2P0 0 B8 2 MOR R FEFRZE 2003—2008 4F Ja A X i 25 A1, B s 3 AR A AR T 48 1
2009—2013 4F B X Fe i 55 2%

M 14 AEERRFE AR, A5 5 3 RN AR A A B T 300 28 A B ok e 25 | T i 32 b 9 7 5 175 400 2 00 D)
BT 5 A% I T A XA 3 eI A T0RHEE OTs YRR EE M R AT o A5 0 HE 2 I i e 2

F5 AEMBEERAKRITENEIRLE

Table 5 Comparison of assessment indicators of residential areas trees between different periods

S
Assessment indicator 1956—1990 4% 1991—1997 4 1998—2002 4F 2003—2008 4F: 2009—2013 4F
Cl1 3.95+0.72a 3.85+0.71b 4.01+0.68a 3.94+0.73a 3.99+0.03a
Cc2 3.97+0.84c 3.96+0.80c 4.07+0.78b 4.04+0.76b 4.18+0.69a
C3 4.13+0.83c 4.13+0.83¢ 4.17+0.83bc 4.24+0.76b 4.42+0.69a
C4 4.66+0.62b 4.65+0.62b 4.65+0.67b 4.66+0.64b 4.76+0.59a
G5 3.93+0.77bc 3.92+0.74c 4.02+0.74a 3.95+0.75bc 4.00+0.69ab
C6 4.55+0.61a 4.45+0.62b 4.45+0.69bc 4.39+0.67cd 4.38+0.66d
c7 4.65+0.55a 4.63+0.57b 4.47+0.67c 4.56+0.62b 4.56+0.59b
C8 4.27+0.58b 4.33+0.60a 4.31+0.68ab 4.30+0.59ab 4.34£0.53a
9 4.81+0.51a 4.84+0.47a 4.82+0.56a 4.83+0.49a 4.85+0.48a
C10 4.82+0.52b 4.89+0.36a 4.81+0.55b 4.80+0.52b 4.87£0.45a
Cl1 4.26+0.85b 4.27+0.94b 4.16+0.91c¢ 4.30+0.83b 4.39+0.77a
C12 2.78+1.34d 3.15£1.19¢ 3.06x1.28¢ 3.31x1.34b 3.60x1.36a
C13 3.02x1.02d 3.08+0.92cd 3.14+0.98c 3.38+0.88ab 3.60+0.87a
Cl14 0.60£0.49a 0.59+0.49a 0.47+0.50b 0.41£0.49¢ 0.30+0.46d

313 R[ER IR AE DCMOR (g FEARAE LL 4

AN FR AR XA T e B B BB fE AR 22 57 AN 35 (P>0.05 ), At 4R bn 4 52 B 35 1
2557 (P<0.05) o ARARTIE A B HUE RBCHC ] B THUMAR 05 AR A2 2 ) R s i D0 B
R R e O e s 2 B 35 e 22 , AR B0l e e B9 b 3 A1

B 5 S BUE A HC B UG AR A S ) R A T R AR AR AR R B R B TR
fRIR, T 2 6 1 DR AR R R i D7 R B e 3 e

M 14 MEERZ 6] LR, 2 IR AR XM G2 B BURVE DT et i 2 s w15 Dl fs hr ke
B 2%
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Table 6 Comparison of assessment indicators of residential areas trees between different origins

b P L T 55
Assessment indicator Social security housing Welfare housing Commodity apartment
Cl 3.92+0.66a 3.96+0.74a 3.96+0.69a
C2 4.06+0.78a 4.03+0.81a 4.04+0.77a
3 4.23+0.79a 4.22+0.82a 4.20+0.80a
C4 4.60+0.71b 4.67+0.63a 4.69+0.62a
G5 3.94+0.70a 3.97+0.75a 3.97+0.75a
C6 4.42+0.68b 4.50+0.62a 4.42+0.67b
Cc7 4.46+0.65¢ 4.68+0.53a 4.54+0.63b
C8 4.28+0.67b 4.35+0.60a 4.29+0.59b
C9 4.74+0.65b 4.85+0.47a 4.84+0.48a
C10 4.76+0.62b 4.85+0.47a 4.84+0.48a
Cl1 4.21+0.91b 4.29+0.86a 4.26+0.86ab
C12 3.17+1.30a 2.98+1.36b 3.24x1.31a
C13 3.03+1.01c 3.20+1.02b 3.30£0.91a
Cl4 0.39+0.49¢ 0.60+0.49a 0.43+0.50b

3.2 R XMORERR T 7B
3.2.1  AR[A] DX AR XA R L

AR TA] X 8 S DX AR A {28 20 2 S A5 O 1 250 A, WAB R AS RO HE B85 K, AL A AR B4/ | HL.
TR — IR R R BRI S AR . DR TR S5 S, WOE S5 SRR TE H—7S 3R HU 05 A
gt S I S B SR ARAAE —— = IR IR R, =—DUBR /IS, WA 459 43 A W) 5 22 A f R A R oK 1
PU—F IR L iz R —— =3,

O #istE% MERER B BESR
70 - B SRS B LR
60.33 57.55
60 |- ] 55.66 .
50.15 7
S0 44.14 7]

30

T

L858 L) Rate of health class/%

3 336
0 E:
=IF—PYIE H—TIR TLI—RIE
X435 District

3

HHH
]
=}
o
)
1l

0.11

1 ARRSBEERRRNMEBRERSH

Fig.1 Health class distribution of residential areas trees between different districts

N[ BR B J A MR i B 50 T0 i 25 PE 25 5 (P>0.05) , R/NERI . =— DU = PU—F 3R> A—S >
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WS WIICERAMATE 1991—1997 4F B fe K ; AN B A S5l B SR AR ACTE 1956—1990 4F L il e K, 76
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Table 7 Health indexes of residential areas trees between different districts

b6 B b AL S 22 /M o 5 R
District N Mean=Standard Deviation Minimum Maximum CV/ %
3N Within 2nd ring road 7 0.70+0.06a 0.63 0.79 8.57
—— =% 2nd—3rd ring road 14 0.70+0.05a 0.62 0.76 7.14
= —PUIA 3rd—4th ring road 17 0.73+£0.03a 0.68 0.80 4.11
PU—F I 4th—>5th ring road 16 0.73+0.03a 0.68 0.78 4.11
FL—7SFF 5th—6th ring road 31 0.72+£0.04a 0.60 0.79 5.56

F PR BN PRI AR 22 s ARG FRACHA R AE X 8] 22 5+ 8.3 (P<0.05)
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Fig.2 Health class distribution of residential areas trees between different periods
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Table 8 Health indexes of residential areas trees between different periods

fif 39 FEA I bR ER /ME SN EEES
Period N MeanzStandard Deviation Minimum Maximum CV/%
1956—1990 4F 1956—1990 17 0.71£0.03b 0.65 0.76 4.23
1991—1997 4F 1991—1997 13 0.72£0.04ab 0.65 0.78 5.56
1998—2002 4 1998—2002 22 0.72£0.05ab 0.60 0.79 6.94
2003—2008 4 2003—2008 22 0.72£0.04ab 0.62 0.78 5.56
2009—2013 4F 2009—2013 11 0.75£0.04a 0.68 0.80 5.33
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Fig.3 Health class distribution of residential areas trees between different origins
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Table 9 Health indexes of residential areas trees between different origins

I A I E bR 2 /ME L NIE] AR R
Origin N Mean + Standard Deviation Minimum Maximum CV/ %
8 5 Social security housing 13 0.71+0.05a 0.60 0.79 7.04
& F 3 Welfare housing 23 0.73+0.03a 0.65 0.78 4.11
i 7 Commodity apartment 49 0.72+0.04a 0.62 0.80 5.56

4 Vit

41 AR AR XA 2 5 L A

BV 5 AR [ DX 3 £ DX A i 22 5 P03 5 8 0K (P<0.05 ) | —FR AN —— = BR S DX i e
BE s YRR M I B AR TR bR L 0 | AR R TR A 8 DL 0 B T A S,
MAH S5, (B AR B 3 = — DU BRI Y — BRI ph T4l St A 52 T, DA 39— ) e
HE K T S B DX 3 DB A A AR B G , AR 22 | B RS B e , HES L 75 O RE 155
il BRI A PR R 2 5 DAL XM DR 745 Py PR AR [ 0 2 4 R X S LS 80 J A 2 R 4, B T
=— U =PU—FH I > H—NFh> I/ = —— =3I,

R R0 X [0 T HLARAR A3 41 , A B 253 51 0 35 7K 7 (P<0.05 ) o S [ S0 b A i B 0 35
25 BETHIETERS , MAELA e B R DIRE (B OB K, I/ X B B T AN LR 1 AL, Bl
IR B K A A (2 1052 B PR 400, R ASE LL B ST A0 2 3R i ) B R — 2 TR A
Hb, TR ST 25 RO AR GR AR Mk R 25 T 5 235 P AL (/N X 2 R A B2 7 T, 4000 25 AR ACHR 28 1) 6
I R 0 WAL, 33X 2 1956—1990 AT J A3 IXBRA {418 50 b 32 e ARy S AT

R B 35475 B MO A K R AR T 200 59— BRS , 36F T A 9 fel B A K LT S B A R o) s

http ; //www.ecologica.cn



24 44 BOPIN A AL AU AR DXMRA P 9231

i &30, DR IR o Dl AR A Z AR SR A S B T AR, MOR 32 Ak T4 7™ 5, B0 HUE RS ASE L A8 4 T LA A5
13 IR | e B 55 0 SR T A e b AR A T A R Y 2R B 2% A A g e A X 5 ML G s SR AL [] 2L
AR SR AT AR XS 57, PRI AS [ A Y5 i A3 XA A fgt B R L 2 3R < A 1 3 > 1 it B > AR B 3, (E AR 3k 3]
FYEK(P>0.05)
4.2 JEA DX ARA G HERR il P 7

WHFFEAN R A3 DOMORAgE R R FRARRIE A 3, DT YRR B b 3R 3 19 0 B TR RAE#R T3/ T
HAAEAR , X 6B TS YR B b 3R 5 00 B T AR AR | R AR T 2 PR DXOMROAR fid B A K 1 2
ESf

BT AU, B 0 20 e 2 A8 RO A I B, P B R AR RO B R AR R A T A R
22.93% MO M A il b ol AR | S B R AIG T R AR DXOMOR B B AR BEOR L, R 4 1%) M 3 7 55 T DA ok 3% + 4
LA By, 3R R AR AR AROKRE T, 3N 40 8 AP R KM A R R A B i A R i R A RN
e T B AR S 7, FLBR T I AR 22 B AL T R, AR AR FR IE R IR AT SR 4, DT 52 1 AR
ARIEW AR BRUKSBFFEIA N R B IS 0 T R 221 1) 3 b A A 8 B s 0 A e T 4% 11 1
B, BEK 18:00—24 .00 JEYGALFEXF R A T R M s/ NS L A BRI BY A A Bk A R I b el i a1
A U ) T B A6 B T RS A R, FEAMIFSE T IR RSk A8 T B A A KR RR AR B
BT 192% , B4 FET- 3R 1 40% , 5 B A R 70% R OR I8 WA AR K DR Ik 2 B4 1 3¢ 1] B ok
B BN AL SR 5 bt e ek A O AT LA R N 5 PRAS 5% 4 A8 B X W b T R DOBROR (R A K i
=

5 Zhig

WL XF I TN ERP 85 AN JE AR XMAfE FEROL A 43T , SRR FE KR 0.72, JE AR XM AL T30 fidt etk
A MRS HGIR 3.65% , WAHERR (56.07% ) %5 9% Ll e 22, Hok g A5 4a B (36.68% ) , AN BREAEZUMRA
3.50% , BIBLMRAAL i 0.10% , AN [F] A 3 Joe A3 DXOPROA ft B 22 S 12 35 ( P<0.05) , T AN [ > 5 FHAN [] X3l Js A X
MAMEEEZ AR E (P>0.05) , WA R Ui e B R S5 15 00 W T HiAEE B R ak T2 R
il AT R DXPRAC e R A K (1 B R 1

52 3CHK ( References)

[ 1] BRE, $KYE, ha, EEE. RRRAMES 2O pr sk, 1 RREERE, 2009, (7): 186-189.
[ 2] 0. vk iy ol FHAT 2 S5 ki s O PR RRE A 5 R AT, RBR TR S, 2015 (2) = 291-292.
[ 3] Bowler D, Buying-Ali L, Knight T, Pullin A. The Importance of Nature for Health: Is There A Specific Benefit of Contact with Green Space?
(2010) [ 2013-01-08 ] http://www.environmentalevidence. org/SR40.html.
] AR P EMTTARA. Jbat. hEMO R R, 2014 80-84.
1 ZELMy. RN IR A A A A R S ) S xRS . BB 1R, 2011, (30) : 281-281, 305-305.
] &R i sk R SR RO R R [ D] MR il BImERAE ) 2015 2-3.
1 AL, SRR, B MRS RGUEREIT MR AR R R IS K LARFFIISE, 2007, 14(3) : 173-175, 179-179.
1 ATEERE, XGRS BN IR R R ITIE. PUIbhkeABea2dit, 2007, 22(2) : 194-199.
[ 9] HEaEAk, BRmAE, TRml, WM, AR Jbam vy i DOR AR HER B LB 9T, ARSI EE44H], 2010, 19(3) : 646-651.
1 ERFR, JURRIL, XVIE, 2RI, M, ARZ9ME. AR oy ROBERRMRE R ST DU M, 2013, (3): 1-6, 45-45.
] EMERE. GRS S R GERE AN R FE D). A5 . ekl R4, 2007 10-13.
] Sy, ALAME, R0, AN, ESRGERGTAN . ik 507 m. AR, 2001, 21(12) : 2106-2116.
1R, BIR, At mATEE. RIS A TARMERRR DL, 2B, 2017, 36(1) : 215-223.
] XUA R, TUEERE, SRIHE, T, B, TH 63 s ORI TR B R R AR . PEALRARBHE R4, 2014, 42(6) .
93-99.
[15] Richard W H, James R C, Nelda P M. Arboriculture; Integrated Management of Landscape Trees, Shrubs, and Vines. New Jersey, USA; Prentice

http ; //www.ecologica.cn



9232 JAE = 39 %

[16]
[17]
[18]
[19]
[20]

[21]

[22]
[23]

[24]
[25]
[26]
[27]
[28]

[29]

Hall, Upper Saddle River, 1999; 536-591.

IR, 4 k. KA S AR 2B KO0 5 MR ) Z2 B PR AR G 56 ZRAGAIFSE. 5 Mobkl B, 2006, 35(5) ¢ 23-25.

SRR, BOMAR, MR, RICK. BB ARSI TS, MRl B, 2002, 38(4) « 7-13.

XU E, MI%oT, BRER, IRSCEE, @XAERY. Dk PHIRTT ZRAREE 7 ORI R 2 G 3k P, I AR S 244, 2003, 14(12) : 2103-2107.

A, XU, R4 MO A SR A R R AR SRR VIR BEE R, 2006, 30(1) ; 48-49, 61-61.

Watanabe K, Kobayashi I, Saito S, Kuroda N, Noshiro S. Nondestructive evaluation of drying stress level on wood surface using near-infrared
spectroscopy. Wood Science and Technology, 2013, 47(2) ; 299-315.

Ritschel F, Zhou Y, Brunner A J, Fillbrandt T, Niemz P. Acoustic emission analysis of industrial plywood materials exposed to destructive tensile
load. Wood Science and Technology, 2014, 48(3) : 611-631.

XURRAS, WK B, Aeal, TR, H, BIR, REIZ. RIEEN IR A ARERARBIESE. AR AR, 2008, 30(1) ; 55-56.

Qin RY, QiuQ W, Lam J HM, Tang A M C, Leung M W K, Lau D. Health assessment of tree trunk by using acoustic-laser technique and sonic
tomography. Wood Science and Technology, 2018, 52(4); 1113-1132.

SR, BORA, WeERAE. FRRANTIEAG B R AR A (RN IR R . PUdbARSEBE2£3R , 2000, 24( 1)« 177-181.

Em, AR, 2T R BH T DR R R g R S A 2 RV AR S AT, BHERIHT S, 2017, (3) @ 61-61.

BRAL, SR, VB, )M T REARGR ARG A B A PP, M LR ERR 2 Bk . HARBLERR, 2012, 30(6) : 8-13.

AR, I, SEN, e, KF T it fE AR A RRBL 7. SRR, 2011, (3/4) : 94-96.

Mg, BAREE, AEE, A, EET, REM, REAT BT A R AR R T AL SO R A 2E R, 2009, 17(2) .
131-136.

R, INE, Bk, Rid
(17) ; 47-51.

PG, JERCT AT B KSR IEAT [ D] JEaT. dbnibkolk k2, 2015. 1-2.

W S 157 B T PR A it bR 005 T MR AR ) 2R M (A DG G 3R ARl BB, 2006, 31(4) @ 64-65.

ZE0R, BRI, EWRUR, 2954, FMVEL, BXOIE. AT AR RN S R K AR R P ROBFSE. 5 ARl RHE, 2015, 44(1) ¢ 16-20.

SRR, PRGN, WM, T, TR PR A A ORI B ARt 5. IR ARl B, 2008, 38(3) : 34-35.

DRI, SAMRIR, ARZHE ) (. AR 44 AR RERBLRE 7 i s ARSI S . AR Tollz, 2010, 24(3) : 13-15.

055 P IR DX XORIAIL DG B I T FR AR S A VA S e 25 s A M [ DL dbs. shEMROLRHERFSEBE, 2017 16-18.

JRE . BRAR 30 AU Gt R R RED DiE H . Hiatdle, 2016-11-11.

K. By = L A E B, 2011, (12); 11-15.

FE KB AR R, A N RILFTE 2. GB 50180—1993 3 Ja A1 X AL R 11U (2002 4EAR) . dbmT. h EbRAE Ak, 1994
Boone R, Westwood R. An assessment of tree health and trace element accumulation near a coal-fired generating station, Manitoba, Canada.
Environmental Monitoring and Assessment, 2006, 121(1/3) ; 151-172.

TEBE. AUt mifT RS T SN [ D], dbat . hEML BRI, 2011, 12-13.

WSO, ATEAE, BEEE . RELEAIPMEAR I . dbn. ma Tl AL, 2006 17-18.

AT, Bl FRHET, 2R TR X S A GEARE I RS AT, TR AOLBIZT, 2017, 35(1) : 198-204, 247-247.
P, RER, RIET. SIETITER SR, P ERAER, 2009, 25(3) : 75-82.

T, BRIE. T 15 AR R R AR R AR ZE R AR LB ST B ROl R . FARBRARR, 2018, 42(2) : 127-133.

IABE. TR T P ARSRAL I A SR P4 . BUARIE2E, 2018, (2) : 187-187.

B, PEAREE, PhIEL. IR A AR B BRI WL PE AR B, 2003, (3): 39-41.

Mueller E C, Day T A. The effect of urban ground cover on microclimate, growth and leaf gas exchange of oleander in Phoenix, Arizona.
International Journal of Biometeorology, 2005, 49(4) ; 244-255.

ER, Bk, SR AR S YT 2 B R . AR SRR, 2005, 16(11) ; 2213-2217.

BTF, 2R, TR, ST B RE A XA A A B A S A S BT kR 2RSSR, 2010, 30(14) ¢ 3923-3932.

BRVKA, SE, TERE. R BB R T A TIE R A R S/ v R 2 2 S R 2 Rl 2 51 45 2012 AR ARAR IR AL T
M. EREZ2s, 2012 333-337.

MRIAE, B2, Wi, sikdd, o5, = RlMOR) 6 7 IR R A o 10 5 5 R ARRAE. AR S AEIR , 2017, 37(2) : 549-556.

Karlovich D A, Groninger ] W, Close D D. Tree condition associated with topping in southern Illinois communities. Journal of Arboriculture, 2000,

26(2): 87-91.

)

CHETIAS, WEHERS, B HEE, AEE. AL LA DM AN BRAR M AR R ATTE. AR B, 2015, 42

b2

http ; //www.ecologica.cn



