JE RO R 2 27 4l (A AR B ) 2022-12
910 Journal of Beijing Normal University (Natural Science) 58(6)

P [E ZR BRI T AR AR PERT R A 2R 2= 2 S =S 18 FHE
REZmMEAZE

X M E A& FEmE x

(B BB 22 38, 100875, AL 5T)

REE  HMEE FOHEAT

HE PO EAREREAR 9 T 27 AT, 7R R ZA -2k 2 (X (SPAD-502 Plus )il 1 3= 22 Ao Fhor 15
IR S ZAR XS 5 (SPAD {ED), $R5E 1 T R AR A I i 2 SRR D6 57 23 [AVRRAE SR R 3R 45 2R R W] o
[ A3 ] AR Aol 2 SPAD {FL 8083 1o TR, 6 2 B AR Rt - SPAD R 3 1o T Rl it Ay o o gk
W P RS R R SR ) o SR AR 5 B 249 B 5 P AT I ey, 3 s phy AR R 2L B (LA Sl LE 1) 8 ) 28 10 = L
4. AT AT RIG BE T X T BRI e i i b i s AR R 2 TR R R A,

RBEIE SR AR ARAKEN); 2R 21 s DO REJE s s pg

hESHES  P935.1

ML K EMY M SIEAN S S aEANEEA
R, EREE 2RO 1 1Y RE B LUHE 3h A AL IR RO,
E R AR, I A HLER K AL & 0 LLBE S5 )
B AR AFN. max g S SR o0 5 B2 DRt
AR, X L 9y S [T o MR SECRE A R R W L A )
REMOIR 5 AR A R G55 & R W V10, B 583 i R AR
A W A I 5 2 S R AE X T B A AR T AR A A S
ARG g5 AL s A EE T X

R W I 3R 5 B RS2 AR ) A KRR B i
SO, RS2 B L R K AR T A R 4 S
G L RE 3 A 5 ) 2 IV R M S 3R S A, — A
Pyt b i g 25 AN B AR B Dy 30 €1, JREE S
AR AR AR 2 410 ¥ il B 5 7K 2 152 Wi I 2 AR 1) D'
FARE, IR B Z K 23 23 R A R A,
LRER oAU, H AT, X AR AR RGP A A
LR AR AR G TS A R R W], AR AR T B R I
2 3R 1 22 S W 2 T PR30 I 2 38 5 P 25
TF1] A2 e figh o A R AR U2,

5 HRAEE RGN, W R 252 2R I55E
AT R0 A5 TR 2R 5 M U, Sl TR v 5 e T AR R A R
G YW 2 R AR Y R AR B A, BRI A R
. B, Oy 5 Yo S EGE Y M BT, i T

LERANTR], A 2 R R O R R i E L SO,

o v B A v I, RIS [ R R B AT S M A R R R

DOI: 10.12202/j.0476-0301.2021210

REUSL JRAT AR AR B, M 22 et R e g
Eeg P e Il N R < G pA N =T R e A
RIAE KA Z BTG Y IR, AP0 4 K a F
H2g K b B8 BN R R OR, BRI RRE®ET
B, e Ak, A A SE UV IO ke BIL, AE IR T B Ak
Y D, AR SR R A . RS
T, T EREE AR /N R AR e R
R B . SR, XTI TR ORAS AR B o 4%
R AR B 2 [ Jey Ansg i IR 2R, A5k = IR AR

SPAD-502 Plus M %% 22 A JE T I 48 2 60 A 06 1Y
W R 1, 3 A D A R AE 2 A 4K (650, 940 nm)
W 335 O 2R B0 B FE R 4R A 4 & (SPAD) P,
AT FEBF AN | AERG . O O i R i A
HEAT I B, 2200 25 A5 200 5 TP A N TR 4 Fh
Iv&] Pt il SPADAE 19 2 15 A8 £k, I 5 4356 0 BE 1
f It 25 B R AT AH OG4BT, 45 SR % BH SPAD fH B
BT M B BB R I 2 R i 1 AR 4k . Delegido 451,
T A5 A 2 A5 4 2 a4 45 2 A3 it 2 bR
AP SPAD {H At 48 5 5 i 04T LU 8o R B0,
AR Y B SPAD A 5 4 % 1 2 18] 4 AR 38 A9 1
AHOCHE, R AT DR 47 M R i R A AR fh. A
HF 9 08 B b [ 25 B REAE O AN 27 ANl A B
FH SPAD-502 Plusi &g 2 A3 J5 457 I 2 3 2 ] i 4 i
55 it SPAD MH, #89% T HAs [l Japki i S mi R .

b RIS RIRASERESNEE HHIEREIIE (2021-TS-02) . FRK HRR2#H L T8 H (41877328)
TOABAEVEE: HETE(1986—), 53, I, WF98 07 i : L Wb Bk Ak 2 5 bk Az A5 2. E-mail: enzaidu@bnu. edu. cn
WA H 30 2021-08-28


https://doi.org/10.12202/j.0476-0301.2021210
mailto:enzaidu@bnu.edu.cn
mailto:enzaidu@bnu.edu.cn
mailto:enzaidu@bnu.edu.cn
mailto:enzaidu@bnu.edu.cn

5 6 1]

SRR A5 ] R IS S T R AR ] A o o 2 3R

B i 2% )RR S H R e [ R 911

1 MRXEAFRFRT?

1.1 AARXER R E AR 9 T ik AT
FAE, WAL B s R R B HE IS R L K& TR, dba .
AR RN AL B E T (R 1) BFFE X I
P v R Y | B IR AN BT M X, EL B A IR A
REIK BRI, SRR 6.3~22.5°C, 4E[&/K &4 500~2 353 mm.
39T DG 2 R 55 P A L K s
MR XEUERE T B R A O RN EE, &5
R J A5 AV I X —, IR T PR A2 R T Bl )
R, 2S5 Y e w2 1),

1.2 WA M B #h SPAD B E MY A SPAD

1S 7A
w

{ELI 58 K FE R SE T 2019 4F 7—8 A AT, #E B
HR ol KIRE R 3 MR AR (R D, ER/AA
Pl 11 % R EGE R P 35 05 JOT A ) A o 8 A7 o e SR S RN
SPAD fH I 2 , [F]— % Fft B BIL 32 4% 3 At BR A R AE
HE . RERZ Oy o RE, A KR 34
IINKSE, 5 G W R A A BR 0 3 B TOU i A K Y 3~4
VERBnt, K 56 4 0 B I il VR S s, il
SPAD-502 Plus M- 4§ 2 {{ (Konica-Minolta, Japan) ill] &
Bt 5 s 19 SPAD fH, H B2 803 L 0~99.9, &
44 hg— P00, L 75 281 A g i AR R EE A (1 1t )i SPAD
B, Horb w4 51, & b i e p 122 B (R DL
#1).

Fz1 RESBR
B o .
Wil REE BEON SECE RERT p(NO;)g.;(ESOZ) ( gA?nmoh/) R S
ey el 45.71 126.65
MR IRIE TR 45.73 126.62 6.3 607 28.1 8.4 9.5 RS 34
JLEE 45.76 126.65
GILELIT| 43.86 125.33
K& A 43.86 125.30 7.7 731 32.6 43 12.3 M+ 35
JLEE 43.88 125.32
I /N 41.76 123.44
LA FA 41.77 123.41 9.5 514 27.5 13.2 18.0 /N 37
LRI | 41.78 123.40
AR 39.94 116.46
dbx F Rk 39.87 116.28 13.8 562 257 35 33.0 2+ 31
AR A 39.88 116.41
LA Y/NT 38.04 114.41
HRIE /NI 38.05 114.51 13.5 526 26.4 11.9 473 i+ 33
A1l 38.04 114.54
NV T 34.76 113.67
A SN 34.76 113.68 16.5 500 35.8 5.5 315 RS 36
HIN Z bk 34.78 113.72
YN 31.89 117.32
A (R ERERE 31.87 117.29 16.7 1230 26.8 4.0 20.8 s+ 35
AL 31.87 117.27
NV T 28.69 11591
ME FHA 2 el 28.69 115.89 18.7 1856 21.7 5.8 7.8 /N 34
VAN 28.68 115.89
PREYNT 23.13 113.37
T YN 23.10 113.35 225 2354 30.0 5.1 6.9 IRt 35
by AN 23.13 113.34

1)p(NO,) . p(SO,) HyRHEHT 1A B H IME; 2) AOT40 M RAE T LA RARUE; B4Ryl LA A DI b i 2 i o5 B AT SRAE MR LL £51.



912 LRI A2 2 4 (A AR 2 i)

5 58 %

1.3 WHHREREFRIBIRE HEY MRS &6
ZERR . LELRRIG R ER RS, KA
01 S TR O e v R et e N ES 18 A A L
2 2 & i KOS ) (1 52 e . DA o [R5 s ™)
(https:/data.cma.cn/) ZR LT 9 N3k H #43E . H FEK
AR, 2 ECREERT LA A A EIRS H oK.
AR ] A 355 W R 3 3R R (http:/www.cnemc.cn/) 9 >
BRI GEY) (NO,. SO, Oy) /NP1 Ji ik P 4,
ST ECRAERT 1 H 1 p(NO,) L p(SO,) H ¥1H, LA
K p(03)>78.5 ug - m~(40 ppb) H/NEFL E & AOT408,
T ARG Rk A v B2 B Rt A AT T
I B RGP, AR B 5T R A G0 R R
RS2 N2 Bl 52 e 1 R SRR e R A
T A,

1.4 BIBSH SPAD KU FE A7 X0 HOF: e Ll 2 1
4140, ffi ] Pearson -~ J7 1E 25 95 R A 4% B85 43 A1
A IE 25 . BE X ¢ K 56 (paired sample #-test) A5 56
it 5 A SPADJHE 922 5. flE ] Wilcox Bk IR 56
3B i 5 R | YR S R SR R SPAD {11 22

50
a M- 46.07
JUT5E: 45.18
40 I 45.23
FrUEZE: 9.16
30 AR5t R 2027
=
20}

30 50 70 90

SPAD

S AE R — Ik, % Bir A A i SPAD {E i 17 JL
] - 24, fdE 1] Jay & i A 8] 5 LOESS 43 #7 M4 R & 1
1) 26 B2 AR AR RRAE. R 43 B 5 Wi SPAD {H %5 [8] 28 AL 1) 5¢
R, B e T PRI 4 B SPAD H 5 R 4
Prabh e AL R R e - R
X F, T 0 e L 22 n R R A AL G it b
Y3 F R B (3.4.0 LA ; https://www.r-project.org/)
AT,

2 #R

2.1 FERIBE T AT A SPAD B & K 4F1E

r ] 2R 4 T A AR R i 5 R i SPAD {E £F
A X ROE AT G P=0.12, [ P=0.13). i
Xif ¢ 06 5 R B, L SPAD i (JL [ 4 {8 49.31)
2 E T L ¥4 45.18) (P < 0.05) (I 1). &
[7i] A= 15 TR Rh B I SPAD (B 716 i 35 25 5, W 4RI
H- A oo i L B SPAD (B34 (B 25 55 T 9 - el i A
Fl(P < 0.001) (B 2). 2 F AL 76 7Y [ 0 B pl 24
SPAD {H ¥ i 2K T#H i (K 2).

b i 50.22
JUATHAE: 49.31
F1{E: 48.46
FrRAEZE: 9.74
AR RH 19.76

30 50 70 90
SPAD 1

B 1 hE R T M R MET () MR PR SPAD {E (b) 851K 53 75

160 -
Hokok

120 |

401}

0 1 1 1 1
TEMEI R T R
B2 FAEEFRRCEM. £4)@AMKHIHHS RN
SPAD EZE F (**P<0.01, ***P<0.001)
22 FEEMWEHEAMHMITH SPAD BEEERE
REZMWEZR 7EW RE L, o <5050 0 fE

Pt . A SPAD {E ¥Rl A B i FH = i AR (&1 3) .
R L (K] 4-a, d) . SREERTH KR (] 4-c. f)
15 @ B Fp SPAD F{E &2 W 2 IE A OC, RAERTH 1
5 SPAD M JC i 3 AH M (&1 4-b. o). tAh, KX
15 Gl ) IO e v B R T i G - 1 2 R g i i RS A
F SPAD ¥H X RIA B E. FL ML L LY, i
Iy o T I G I I 28 A X e R R S [ A
Jry 32 L7 KA W) A AR AL CLLR SR B AR by 4R
FE 45 ) B (P<0.001).

3 1Wig
3.1 b [E 7R ERI T 6 A A R A S A B4 S 4

MEEBMER AUTE B, o ER R 2k Xk
I fi] oA b Rl SPAD {84 35 & TR, iX 5 A


https://data.cma.cn/
http://www.cnemc.cn/
https://www.r-project.org/

5% 6 10 SRS [ AR B IR T AR R A i 2 S R E S LR e (R 2 913
42 1, 42y
40 40
a c i
é 38 | é 38 |
[=} : = .
— —
36t 36 |
30 40 30 40
250 /()
3 R E R IR M A ETA (a) FORR ZAMH SPAD & (b) FELEE (b
40 a b - C
1 i 1
553'8'1{11 I fpp 1 }h i Ié !
% % R>=0.71 I } R*=0.62
- £<0.001 P<0.05
3.6 L s e
d e f
40} i
g 1
é 38t i I - R=0.64
= R=0.80 P<0.01
= P<0.001
0 w0 w0 80 3 25 27 29 0 100 200 300 400 500
B SRR LA /% AR/ A 7K /mm

El4 SPEFRIBHTEM KM SPAD ESEFZWALLSI(as &) RSIEEF(by ¢ v DEIXFR

KRB RGP Y M 7 i 4R & BRI 45 R —
B, nl RO T A A R AR K B By A BLRE
AL 22 5 TN, R S i i A i AR Y
SRS R TN ) W G5 N iR L e i
AN B, W S (A SR A R e IR B A R T
B R BERER A, XA b IR 2R B 0 BT IR T BE ) AR,
AR RO R 2, i 3 R .

M2 30 8 S R M T AR ()
SR W Y D REPOIR, EL AR A LG IR Y, AR
Wy R FEE B AR A LR W R M 4 A R
BB R A L 2R B 2 B 2, TR I A R
(RS O i N =N S RV $: )i NI 23 Sy
R I A I P A 0 B 0 RO, I T B R
W TR AR R AL RE T, R R R R IR A
SRUOH i e 4 R JEE JEE RS T ] PR Al o ) K
AN DU R AR O T, AR M RE T H AR 2,
FroK o3&, T AR, DRI R R A,
S ATRAREE ¢ 2 RS i D L L W S YT )
PR GUR K, W) B0 B, RO, M4 R R

TR L
32 FEFRIBEE A EEE R I M R R A
BEMESR AMRLRREY], i SPAD [E1E A
AT VAN B (A AE A 2 25 5, Bt S i SPAD B
PRI R H R Bh 2 TR, XS A RS
R Y 2 R A T BUAE ) SR R R A —
Li 8¢ U505 5 xof v [ 2R 3 g AL AR AR MR S R e 4
EHHNMRER, HgEa MERbFELH
SRR R B SR AE ) 0 3 TR AR . Croft 451 JE
T e ERAE Y R g R B R I, TR R AR B
AL T AR B A T A5 AR Bl 2 AR oy, o S i bR I
2 R B R

AN TR AR 1 RS P v R R M 0 25 SRR A B
Bt % P R K H G B B3 7 1) 3 () 25 SR 1SL, R S
MR BARK R A, XERH AR ERIAS
1o B SR AR A RE 11, IR A e DK gk
I [ g 7% 53, PR 8 i 1 0w e — M e SR, Do
- 3 35 1 4% Fh IR BT 25 1. AL, B SR 00 i o R vk
1) &5 Ka PR il K A6 & 9 oy 38 S SO B B R i



914 LRI A2 2 4 (A AR 2 i)

5 58 %

Jot i U9, e el R I R 3R i TR AR 9 DA
z—.
33 PEFRBETEAMHMMPHEEENSESEE
WEREEZWMEZR OFCmY M D Re TR i 25 A%
Jay Al LA G b A PR R RO b A 0 X B 5 A 0 L AR
5T A B, W AR A A Y i A SPAD {H Bl 4 JE T w1 12
WAL L 5 R 2R 7 A Bl R SPAD fELAY B %
RAKA R, XAl REJE i T[] — A2 16 BURAS i g i
Fi W2 2% i A AR M E) 22 57, T ELIE S IX AR RKIE 2R
A5 2% A1 X L 0 it 2 2% 5 A A B A A R 0L i
A1, R BRI ey oxt v ) AR T 9nl i o] ok Aop ot
I 28 25 (V) A% Jo 36 JO A 35 52 W), K T BB 1R T AR R A
Sl T ] 25 Fof 95 D Wy Jor ik P 9 S AH X /NG, H Sk
FEW R 32 28 A5 Y W 2 0, i 7 v R I R 5
B, AP x2S TS AT 52 AR e Y,

AT K B, g A ol L A5 0] v ] 2 8 3k i o 1
ARAS B Wy e i o 2R s M) AR A ) A R R e
TERR (725 18] RUEE b, 4 B2 AR 5 R A 2% 1 19 23 1]
AR AR, R W SR T AR B AR Aol 4R, T TS T AR AR
TP i R L MR RV AL B DY, Wy R x)
G T B85 ) T L 22 S A v P9 e R A PR B
B JBE 8 Ak Y IR B, o R TR Ak i AL B R,
2o ] P Y Al L 491484 0, -t R X BRI 3 A ) 4

TE AR AR 25 R GER Y A O RUBE 25 8] 4% SRy
WFFE R, TR e BRARL ) A 16 AR i A s A7 25 ) A S
0 fife R B8 e T PR SE AR BT, L A UV i 0o o [ AR
TRH AL AR AR A S R M SR R S R AN TR B, X
A IR Z I AR R G R EENR, E
AT 68 it 37 A5 I <1%. [ fif 2 25 B b 3 7l 4f7 28 2R b
)0 A 0 O3 A BRI 98 R S, o s PR A £
26 57 T BRI 7 Sh S BRI A 1 P 22 S, LR AR
I AL B0 . T H i AE SR R B AR AR AR 9
AR RGP I R D RE P 04 3 PR R B 5T
S B, A AT B A 2 R] o0 A g R T S e e A
RT3 1) i JE A8 St

4 Z5ip

AHFFEEE T M 5 SPAD {H, 20 #r 1 [ 2R Rk
] RS i ) I 2 3RRH F 5 i AR R LR A [ 3R L 4
SRR, i B AR i SPAD fH 2 2 TR,
T 2k ] R b R SPAD RS 3 e T I A A
H [ 2 ST I A Ao i i 3R R R T
T ARG, Ry 2 W o L (91 i 4 38 084 5 1R
P, £ — 7 SRR AE T, ST S A AR b e 5 X 3ok i
AR SR &R M A S REA EE . A

A A TR RO kT R e S A
WAz Iy 0o, A I AT DAL G H T A I E - 2 iR A
FBE K ki i AR AR I R AR SO A
HRBANGAET TIH R R EFFAEAR S 7, AT S 4 b 5
I T AR A 25 R G ST B R A% R

5 &EEk

[1] BAKER N R. Chlorophyll fluorescence: a probe of
photosynthesis in vivo[J]. Annual Review of Plant Biology,
2008, 59: 89
[2] SACK L, GRUBB P J, MARANON T. The functional
morphology of juvenile plants tolerant of strong summer
drought in shaded forest understories in southern spain[J].
Plant Ecology, 2003, 168(1): 139
[3] ZHANG W W, FENG Z Z, WANG X K, et al. Elevated
ozone negatively affects photosynthesis of current-year
leaves but not previous-year leaves in evergreen Cyclo-
balanopsis glauca seedlings[J]. Environmental Pollution,
2014, 184: 676
[4] LIU S N, YAN Z B, CHEN Y H, et al. Foliar pH, an
emerging plant functional trait: biogeography and variability
across Northern China[J]. Global Ecology and Bioge-
ography, 2019, 28: 366
(51 E-FoR, sk, B0, 55wy R= B E i
WFFEHE R[], PUALHEY~#41, 2009, 29(3): 629
[6] DELEGIDO J, VAN WITTENBERGHE S, VERRELST J,
et al. Chlorophyll content mapping of urban vegetation in
the city of Valencia based on the hyperspectral NAOC
index[J]. Ecological Indicators, 2014, 40(5): 34
[7] DUE Z, DONG D, ZENG X T, et al. Direct effect of acid
rain on leaf chlorophyll content of terrestrial plants in
China[J]. Science of the Total Environment, 2017, 605/606:
764
(8] Ebh, RHFR, B, 5. Sl ex b A4 i pit (0 R
ARSRFIERITTE[T]. AW~ 2%a, 2019, 36(6): 59
[9] ZHANG Y, LI Y, WANG R M, et al. Spatial variation of
leaf chlorophyll in Northern Hemisphere grasslands[J]. Fro-
ntiers in Plant Science, 2020, 11: 1244
[10] NAGATA N, TANAKA R, SATOH 8, et al. Identification
of a vinyl reductase gene for chlorophyll synthesis in
arabidopsis thaliana and implications for the evolution of
prochlorococcus species[J]. Plant Cell, 2015, 17(1): 233

Cin] VEACKR, B8, e, 4. T b s EY & 1E
FIPLEERTTEERE[T]. LA R, 2014, 53(23): 5628

[12] LI Y, HE N, HOU J, et al. Factors influencing leaf
chlorophyll content in natural forests at the biome scale[J].
Frontiers in Ecology and Evolution, 2018, 6: 64

[13] LI'Y, LIU C C, ZHANG J H, et al. Variation in leaf


https://doi.org/10.1146/annurev.arplant.59.032607.092759
https://doi.org/10.1023/A:1024423820136
https://doi.org/10.1016/j.envpol.2013.04.036
https://doi.org/10.3321/j.issn:1000-4025.2009.03.032
https://doi.org/10.1016/j.scitotenv.2017.06.044
https://doi.org/10.3969/j.issn.2095-1736.2019.06.059
https://doi.org/10.3389/fpls.2020.01244
https://doi.org/10.3389/fpls.2020.01244
https://doi.org/10.3389/fpls.2020.01244
https://doi.org/10.3389/fevo.2018.00064

5 6 1]

SR A5 P AR S T AP AR ol I o 3% ek 2 [ AR A B SR ) [ R

915

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

chlorophyll concentration from tropical to cold-temperate
forests: association with gross primary productivity[J].
Ecological Indicators, 2018, 85: 383

YAO R, WANG L C, HUANG X, et al. Temporal trends
of surface urban heat islands and associated determinants in
major Chinese cities[J]. Science of the Total Environment,
2017, 609: 742

Bz, BRI, XIE, 5. 8 T2 S A5 &I
Xof USRI R 0555 (9], AL 244, 2016,
34(2):211

MOLNAR V E, TOTHMERESZ B, SZABO 8, et al. Ur-
ban tree leaves’ chlorophyll-a content as a proxy of ur-
banization[J]. Air Quality, Atmosphere & Health, 2018,
11(6): 665

JRAT, BIHEE, PR, AL )T TR AT B Wb ik
FE ) 2 3R DGR PE Y 2 R (3], AR 2R 25241, 2002,
26(5):599

FoEE, M, R TR R AR T A L
HEADE A GRS R P ERRER A, 2011, 31(7):
1134

RUEA, T, XILHE, 55, A DI REHEIR B 22 55 1
Xof 38T RIS e 2 [T, G BTMRO R 2 2 (AR
fi2),2018,40(9): 72

MINOLTA C. Chlorophyll meter SPAD-502 instruction
manual[M]. Osaka, Japan:
Operation, 1989: 17
RIS, Tor, 5KHE, . RESERESEM R SR B
H+Z 3 PIR-G B AL HT[0]. B atRAL R 2740, 2014,
37(5): 34

ZEMSY, Ak, EAGH, . 4R TFSPAD-5027E A0l
R AR, 2005, 24(12): 1543

FHl, RAEx, Bofgtk, 5. G0 E G R F LR
i r SRR B 5 SPADIH G & [J]. HLIBTE Y, 2014,
34(5): 634

BB AT, IV, AL 10RN AR A I R
SPADfEARKAEDIFE[T]. Ml FHL, 2009, 34(3): 68
Bapy, XSG, TREE, 55, SOF Y gk B it
LR AN CIERT T (], LR LB, 2012, 40(1):
158

CHAN C K, YAO X. Air pollution in mega cities in
China[J]. Atmospheric Environment, 2008, 42(1): 1
N, R, F2ER, AFL P E A TG RAR R A
e XM N R B )], FREERR, 2012, 33(6): 1936
IR, TARTE, w45, o E R B R SE(SISChina)
T L LR 5], +3E, 2007, 39(3): 329

A, XIRR L, ZK0T, . AR AE 1L STRNE S it
MR IR T[], WA AR RLF, 2008, 37(2): 11
HUR, 3%, PEGGY C A E, . RFRMBEZ AN A IS
BOCERER T[], WAL MIIE, 2018, 14(3): 167

Radiom etric Instruments

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

R, SR T A, 0, A5 IR SRR B SRR [RDGER 45
RIS T]. A A244R, 2011, 31(20): 6049
KIKUZAWA K, LECHOWICZ M . Ecology of leaf
longevity[M]. Tokyo, Japan: Springer, 2011: 41

ESE AR U S P N L o w2 B
BEHIME]. ZTABIFE, 2016, 34(2): 24

JAl o, EREVK, IR 2R, 5. L0 AN R RO
FRHERTIEL]. PEEMOLRR, 2020,49(1): 39

SONG M B, TANG L P, ZHANG X L, et al. Effects of
high CO, treatment on green-ripening and peel senescence
in banana and plantain fruits[J]. Journal of Integrative
Agriculture, 2015, 14(5): 875

REICH P B, UHL C, WALTERS M B, et al. Leaf lifespan
as a determinant of leaf structure and function among 23
Amazonian tree species[J]. Oecologia, 1991, 86(1): 16
T B, IV, GFL T 2N AR M B S
Hib R St m AR, R R R C R (D). A AR,
2018,37(12): 3647

LIU C C, LI Y, XU L, et al. Variation in leaf
morphological, stomatal, and anatomical traits and their
relationships in temperate and subtropical forests[J].
Scientific Reports, 2019, 9(1): 5803

BORSUK A M, BRODERSEN C R. The spatial dis-
tribution of chlorophyll in leaves[J].
2019, 180(3): 1406

[ FREL, 2R IR, KA T, 45, SR AL Rt F L o
oA AR & RS CRYIT 5 I 22 57 ()], AW A= 387%
12,2010, 34(2): 134

Bk, R, WS, 55, PR ASIERAL L T aRh iR 2R
AR T A 7 2 R R R AR (0], A A5 A i, 2010,
31(21): 6420

NIINEMETS U. Components of leaf dry mass per area-

Plant Physiology,

thickness and density-alter leaf photosynthetic capacity in
reverse directions in woody plants[J]. New Phytologist,
1999, 144: 35

BEAL, SRR, BANFR, 4. ARpg L IX o A 4 i B
FRIEAIZ T 2R T]. A 2557, 2012, 32(1): 123

CROFT H, CHEN J M, WANG R, et al. The global
distribution of leaf chlorophyll content[J]. Remote Sensing
of Environment, 2020, 236: 111479

KIKUZAWA K, ONODA Y, WRIGHT 1 J,

Mechanisms underlying global temperature-related patterns

et al.

in leaf longevity[J].
2013,22(8): 982
AERTS R. The advantages of being evergreen[J]. Trends
in Ecology & Evolution, 1995, 10(10): 402

TR, B RAE. A T i B H AR SR A A 2 2 F
FEHERE]. AHPI A A554H, 2004, 28(6): 844
CASTRO-DIEZ P, PUYRAVAUD J P, CORNELISSEN J

Global Ecology and Biogeography,


https://doi.org/10.1016/j.ecolind.2017.10.025
https://doi.org/10.1016/j.scitotenv.2017.07.217
https://doi.org/10.11913/PSJ.2095-0837.2016.20211
https://doi.org/10.3321/j.issn:1005-264X.2002.05.013
https://doi.org/10.7685/j.issn.1000-230.2014.05.006
https://doi.org/10.3321/j.issn:1000-4890.2005.12.034
https://doi.org/10.7525/j.issn.1673-5102.2014.05.009
https://doi.org/10.3969/j.issn.1001-9499.2009.03.024
https://doi.org/10.3969/j.issn.0517-6611.2012.01.064
https://doi.org/10.1016/j.atmosenv.2007.09.003
https://doi.org/10.3321/j.issn:0253-9829.2007.03.001
https://doi.org/10.3969/j.issn.1009-7791.2008.02.003
https://doi.org/10.1016/S2095-3119(14)60851-0
https://doi.org/10.1016/S2095-3119(14)60851-0
https://doi.org/10.1007/BF00317383
https://doi.org/10.1038/s41598-019-42335-2
https://doi.org/10.1104/pp.19.00094
https://doi.org/10.3773/j.issn.1005-264x.2010.02.004
https://doi.org/10.3773/j.issn.1005-264x.2010.02.004
https://doi.org/10.1046/j.1469-8137.1999.00466.x
https://doi.org/10.1016/j.rse.2019.111479
https://doi.org/10.1016/j.rse.2019.111479
https://doi.org/10.1111/geb.12042
https://doi.org/10.3321/j.issn:1005-264X.2004.06.014

916 LRI A2 2 4 (A AR 2 i) 5 58 %

H. Leaf structure and anatomy as related to leaf mass per and Toxicology, 2016, 96(2): 197
area variation in seedlings of a wide range of woody plant [55] CHASE J M. Community assembly: when should history
species and types[J]. Oecologia, 2000, 124(4): 476 matter?[J]. Oecologia, 2003, 136(4): 489

[49] CHEN X, HU B, YU R. Spatial and temporal variation of [56] ANDERSEN K M, ENDARA M J, TURNER B L, et al.
phenological growing season and climate change impacts in Trait-based community assembly of understory palms along
temperate eastern China[J]. Global Change Biology, 2010, a soil nutrient gradient in a lower montane tropical
11(7): 1118 forest[J]. Oecologia, 2012, 168(2): 519

[507 BRA TR, MEAEHa, Medh, 2. 2Rh AR AT 5 225 60t [57] HAN W X, CHEN Y H, ZHAO F J, et al. Floral, climatic
LR, HERFSE, 2010, 30(3): 289 and soil pH controls on leaf ash content in China ’s

terrestrial plants[J]. Global Ecology and Biogeography,
2012,21(3): 376

(581 WM, BasAk, BUR B, 45, v [ 20034 i P AR b )
A DR S P SCH ORI ]. AR5, 2020, 38(3):

[51] GONG Z Z, ZHANG X P. Assessment of urban air
pollution and spatial spillover effects in China: cases of 113
key environmental protection cities[J]. Journal of Reso-
urces and Ecology, 2017, 8(6): 584

347

[52] TRIPATHI A K, GAUTAM M. Biochemical parameters of [50] FEAHT. T HEER (a8, 25, vp = 28 M0 e Th Ak Pk 1Y
plants as indicators of air pollution[J]. Journal of Envi- 25 BE M Joy o B W R 2 0] M ER A 4R, 2015, 70(11):
ronmental Biology, 2007, 28(1): 127 1735

[53] THAWALE P R, BABU § S, WAKODE R R, et al.  [40] WANG J, LU S Z. WANG W M, et al. Estimating
Biochemical changes in plant leaves as a biomarker of vegetation productivity of urban regions using sun-induced
pollution due to anthropogenic activity[J]. Environmental chlorophyll fluorescence data derived from the OCO-2
Monitoring and Assessment, 2011, 177(1/2/3/4): 527 satellite[J]. Physics and Chemistry of the Earth, 2019, 114:

[54] MUKHERJEE A, AGRAWAL M. Pollution response 102783
score of tree species in relation to ambient air quality in an [61] EHLLEE, JIR, X %5, A GIS e FF | A3k T 48 gl A=
urban area[J]. Bulletin of Environmental Contamination AR [I]. N HAE SR, 2003, 14(12): 2301

Spatial patterns and drivers of leaf chlorophyll content of broad-
leaved woody plants across urban forests in eastern China

WU Xinhui GUO Yuying XIA Nan TANG Yang GUO Hongbo WANG Yang DU Enzai
( Faculty of Geographical Science, Beijing Normal University, 100875, Beijing, China)

Abstract Leaf chlorophyll is associated with plant photosynthesis and vegetation productivity. Previous studies
on leaf chlorophyll have mostly focused on plants in natural ecosystems, less is known about large-scale patterns and
main drivers of leaf chlorophyll content for woody plants in urban forests. A chlorophyll meter (SPAD-502 Plus) was
used to measure chlorophyll content (SPAD values) in both young and mature leaves of broad-leaved woody plants
from 27 urban parks in 9 large cities across eastern China. Results showed that SPAD value was significantly higher in
mature leaves than in young leaves, SPAD value of evergreen broadleaves was significantly higher than deciduous
broadleaves. The chlorophyll content in young and mature leaves of broad-leaved woody plants in eastern China both
decreased at higher latitude. The latitudal variation in chlorophyll content in broad-leaved woody plants was mainly
due to spatial shift in species composition (as indicated by percentage of evergreen species). These findings improve
understanding of large-scale pattern of leaf chlorophyll content in urban forests.

Keywords urban forest; woody plant; chlorophyll content; functional traits; young leaf; mature leaf
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