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Effects of urban shading on photosynthesis of Euonymus japonicas
YU Yingying, HU Dan” , GUO Erhui, XIAO Qiang, LIU Min,ZHANG Xiaofei

Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Betjing 100085, China

Abstract: Urban shading is caused by urban artificial constructive structures and has definite effects on the photosynthetic
processes of plants. We used Li- 6400 portable photosynthesis system to study the changes in ecological factors and
photosynthetic characteristics of Euonymus japonicas planted in different levels of urban shading in Beijing. The results
showed that: (1) The pattern of buildings or infrastructures’ layout resulted in the differences of ecological factors under
different levels of urban shading, mainly represented by temporal distribution and intensity of photosynthetically available
radiation ( PAR) and atmospheric temperatures. (2) Different levels of urban shading caused the changes in several main
photosynthetic parameters of E. japonicas such as net photosynthesis ( Pn) , presenting an irregular single-peaked curve.
When urban light environment changed from shading into direct sunlight, Pn showed an obvious increase and reached a
peak value rapidly. The time point of the maximum value of Pn was delayed with the increasing level of shading. The Pn
value of plants in the highest level of urban shading (S4) was the lowest in the four sites. (3) The leaves of E. japonicas
showed a good ecological adaptability under a moderate urban environment of shading with a certain length of time (2.3
hours and 5.5 hours) when exposed to direct sunlight, and there was no significant variability among some indicators such

as daily average of Pn, light compensation point (LCP) , P leaf area (LA) and leaf mass per area (LMA). The leaves

nmax

of E. japonicas well adapted to the changes in urban shading environment with a shortened period ( to 2.3 h) of direct
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sunlight mainly by changing the contents and composition of photosynthetic pigments, namely, Chl a and Chl b, Chl a+b
and Car/Chl. (4) Different levels of urban shading caused the changes in adaptive strategies of E. japonicas. When there
was no direct sunlight appearing, a highest level of shading, E. japonicas presented obvious adaptive changes in its
physiological photosynthetic processes, morphology, photosynthetic pigments and so on, and this type of the greatest

shading caused by urban buildings or other infrastructures can obviously affect the growth of plants.

Key Words: urban light environment; shading by buildings or other infrastructures; changes in plant photosynthesis;

FEuonymus japonicas
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ARV PRARA , AR AE I [R] S 2002 4,
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TIN5 A 2 R b , BRI AR P A R AN R 80m, fie/NATEE 30m, 4 W 4 KM B 47 K A
PRI 4 Pl PRSI I AR BEAR UG i . 3% 1 A0 2 2L A RO o

®1 HERER

Table 1 Brief descriptions of observing sites

B SR Descriptions
BB 1 shade 1 1 JGHERA, H BARTIAIZ) 5.40—19:10, 21 11.5h
WEPI2 shade 2 82 MBS 4 R, RIABEES ARMELS 26m , H BRI 129 10.:45—16:20, 49 5. 5h
WEYI 3 shade 3 S3 MEFIES 2 MR, AW BE B AR MRS 15m, H BEESRIZY 10.50—13:10, %9 2. 3h
JERT 4 shade 4 S4  JEBIAEST 3 #, HEWIE B ARMALST 12m, 58 2K ]

R2 WMRKSE5LEESKR

Table 2 Atmospheric and soil conditions in the four observing sites

KA Air + 4% Soil
€O, 30, NO, B K= HHLF - 4N 4P &K
/(pmol/mol)  /(mg/m*) /(mg/m’) /(em®/em®)  /(g/kg) p /(g/kg) /(g/keg) /(g/kg)
" 370 0.029 0.031 0.23
HfH (18) (0.006) (0.003) (0.05) 12.17 7.87 0.98 1.39 16

LI-6400 J6A  HJ482— GB/ EMS0 L LA HEEPL KIS

i VA E Elementar M HLIRE A N i
WE R5 2009 T15436—1995 Py T —— [FAERES 12873

WE Ik

SO, NOL M A V-3 ME (1555 WRARIERE ) (n=3) , CO, M IRBUE K I {E (3555 A AR HERE ) (n=30)

1.3 SCENE

A SEIIIIE U 2 7—8 H BG4 KA, 38 E Li-cor 28 FAE 1Y Li-6400 fH #5645 H I
FE ARG T, B B PR B 3—5 RV , BE AL Bk b5 1) BH ) 5 ) — B0 G
2—5 FribfrlaE , H OGS BRI E 8.00—18.00, 45 2 h W& 1 ¥ ; 6 g il 28 i 22 2 BR v 6 e 5 4 )
o IO, B 25 S 0. SL/min, JBE 25°C , AHXNRE 60% , CO, # & 380 mol -m s~ 5 ik H
2000 wmol + m ™ s~ FFUE , BRI E 3R /D 200 umol - m s, HEBRFEEZE 200 wmol + m s i, BEUCIN AE Y5 2
50pmol - m s~ | EL Z RN Opwmol - m ™ s, P2 B A — 58 45 84 2min, %€ AT A 7€ 1600 pumol »m s~
JE5R AT 30 min,, ML 6T AE T A ORI LR

TEAS2EAEAR S S 25 5 S I« g3 B B 58 e IO I 2 1) BH 1T b B3 G 30 1, 26 A VRAUHE
PIRAF B SR AT A i B R O A 4L AR He T S R D B ik AT I A2, — 2 1
FRRATALARTT T 5 0B A, 120°C 2038 30min,80°C HET- 24h &, FTHL R F-FR T 5, 1155 LL it 8 (LMA , 5437
AT ) PR A R BRI 2 A kA T I R, SRR 4 3 IR
1.4 Bl ab 3y

SR AE ) SPSS17. 0, 2 IWE R Excel , #0405 7] HL e A# ] LSD-t #2565
2 HEREHH
2.1 R[S AR T A S AR Ak

AN ) FH PR 06 B8 R T (PAR) H SRR SRR e i 42 (181 2) ,S1 2 S3 e KA BLAE T -
13:00, 43 %14 (1880. 03 +114. 02) wmol - m2+s™" . (1840. 60 +120. 60 ) wmol - m=- s~ (1500. 32 +109. 00)
pwmol +m ™" | S4 T KAH HFLAE 1200, Jy(78. 44+25.08) pmol -m s, 8:00 £ 11.00 HA SI A KHEGT,
P PAR /= FHE 3 FEsS . £ 11.00 % 1300 B4 KFHESA, o S0 4100 5 4 s S3 55 S1, S2 22 [H]
PAR WA BEER, 4 RN TEFAZ T, PAR K TR =%, 4 LIRS H I PAR B B E 257 (%
3),82 % S4 43 RIAY T S1 B 61% 41% F14% . S2 KT SIS PAR 4K 89% ,S3 L4 KIK 75%
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8:00 10:00 1200 1300 14:00 1600 1800 8:00 10:00 12:00 13:00 14:00 16:00 18:00
Time Time

2 AEHTERREXASALEFNKENETNL
Fig.2 Changes in PAR and T, for different levels of urban shading

®3 FAEETERFETESEFELHILE

Table 3 Comparison of ecological factors variations among different levels of urban shading

H 266 SR H ¥R H AR %o

Daily PAR/( pmol-m™2s™") Daily 7,/C RH/ %

BB 1 shade 1 1324.71a 33.18a 31.54 a
Sl (114.02) (0.59) (0.81)

B 2 shade 2 813. 16b 32.78a 32.04 a
2 (98.40) (0.47) (0.86)
HEFA 3 shade 3 545.51c 32.77ab 31.36 a
S3 (100.23) (0.54) (0.70)
BB 4 shade 4 54.29d 31.68b 31.44 a
S4 (20.04) (0.35) (1.02)

H #0658 SR AR A E (355 N REZE ) (n=30) , ARIFHRERRAS B FRBE 6] 22 53 .35 (P<0.05) , MR FHRERR ZZA D
#(P>0.05)

AT ) BR 45 ) IR (T, ) H R AR 5 P e AU 26 (11 2) , dc iR HS BAE 13:.00, 43512 (35. 88 +
0.68)°C .(35.90+0.43)°C . (35.84+0.79)C Fl1(34.25+0.55)°C, 14:00 LAF,S4 i BAKT S1.S2 Al
S3,14.00 LU, [l —2, S1 5 2 .83 ZHHHSWMEAREER(FK2),4 HHFIR A A (31.68+
0.35)C, S 1.5C, bt S2 AR 1. 1°C, #ERT 3 A RIS, H YR B BE H 21566 A SR S B
REARG , 1 ] RE 2 R R T R PHAR S, LSRR 10 SR A2 B MBI M 1o 7 S IR0 | 8 SR0 A AL AR RS sh A A
AR 2 A5

H SBIHXNEEE (RH) TEANRLEBA R Z M A B E 25 (3R 3) .

2.2 AS[EICHT I R PR EE KM S AL A S8 LR

1200 —4—SlL —@-S2 - A-S3 —-x--S4

2.2.1 HObA R o

3 R, KM E s Ot & A (Pr) KL g 1000
L, S1 AT BRI R i SRR - § 80
FRR R SRR T FOLEAT . 1 BRI BE £ |
10:00,52 .83 . S4 ARG HE 2 F1S3 ek 7 _ f PR Ny *i\
L HAE 12.00,84 HHIAE 14,00, S1 & 4 HIR KM & 2'02 - e :
435157 (10.00+0.9) wmol -m™>s™" (8. 68=0. 56) pumol - 800 1000 1200 13°T?mg4°° 1600 1800

m s (8.47=0. 6O)umol-m_2-s_1ﬂ](3.0810.37)}.Lmol " . ]
ot ST A HE A (7. 8420, 70) ol m E3 RS RS AR R AR B
: - Fig. 3  Net photosynthesis curve of Euonymus japonicas in
T , S2 § sS4 ﬁ%Uj‘j(S 77+0. 62) P«mOl ‘m s N ( 5.25+ different levels of urban shading
0.86) wmol-m™>s™" (1.74+0.19) wmol -m™>s™" A4 F
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S1 19 73% 67% F122% , S2 7F 11:00 £ 16 .00 K FH ELHF BFF6 A 3 % B 2 K1 75% ,S3 7E 11:00 2
13:00 A BH B AsHEE A A R b 2K 45% , ST ST REAE 53518 60% F1 33% , 3¢ WA K PH 42248 S 52 Mk
MR A RN H AR £ ST,
2.2.2 Ot iS5

JEAME S (LCP) SIS (LSP) v] LIS e s AE P ) 55 Y6 IR T8 W BE F1 . K4 LCP (LSP 5 W
(R, BEIEEBH R B 3G INREAR (K 4) . = FHIFE S1 dbdm, S4 b iefik, S2 A1 S3 1Y LCP \Rd % H B3
Z5 . AR KRR S4 4b LeP RA (5.66+0.90) pmol - m s, 1t S3 i 7. 60pumol - m ™ s™' | LSP H A (182. 6+
3.05) wmol-m™s™" | HLHT = 43 HIK 708. 05 wmol - m ™ s™" 681. 77wmol *m™>s™" 641. 80wmol - m™-s™", LCP .
LSP B B T R s 1A BROCIREE T DR K RE I R DG & R ST, 4T SR T BEDGA AR T, T3
A DR R R A KRR T TS, T AR PILE 5506 T 66 R AR, DR I PR ARG A 1 I 08 o 32 A
BTGt G = Wy FEA R A R TRk i AL R Rt Ay i e T R B N R, P ARG, A R K
HAEHFEP,, ) ICFEMEYI F G EREST, R4 FTLIA H,S4 b R 6 A REJTBAR, 1R 6. 76pumol -m™s7"

R4 ARWTERRE T AN EHEIME L LB R RER FAFEGEER
Table4 LCP.LSP.R,and P, .. of Euonymus japonicas in different levels of urban shading

SeRMEE B iUk IV I 3 3 FRECA R
LCP/(pmol-m™>s7") LSP/ ((pmol -m™s™") R,/ (umol-m™s™") P/ (pmol-m ™ s71)
FERH 1 shade 1 13.26a 890.65a 0.53a 12.98a
sl (0.78) (4.41) (0.19) (0.92)
PR 2 shade 2 8.12b 864.37h 0.41b 13.25a
2 (0.69) (4.23) (0.26) (0.68)
PR 3 shade 3 8.14bh 824.40c¢ 0.42h 10.17a
S3 (0.88) (3.29) (0.30) (0.72)
PR 4 shade 4 5.66¢ 182.6d 0.23c 6.76h
s4 (0.90) (3.05) (0.06) (0.53)

FeAMzz S JEAR A IRIFIR R e KA R EBIE (355 WAPRIEZS ) (n=6) , AN [H) F-REZ7R% AN 6] 0 BH 2145 ) 25 52 B 3 (P<0.05 ) ,
ME T RERR 22 R B3 (P>0.05)

2.3 A[FEPAT B IR ORI A S S A LA

W TIER (LA) FIEE I ( LMA ) 2 W58 388 [ 3R 58 %) ®5 REEAEARE A EHH BN LB
AE B i F % FH E@ﬂﬁ?&%*ﬁjﬁ’fi[y&T YT 5508 Table 5 Comparison of LA and LMA of Euonymus japonicas
PRES LA LS B O Kt st g U 2o T CRerent feveh oF shadhe

NN e TR A AL S
MEAE S1.92 F1S3 Z A BEEF (KRS, IATE LA/ (x104m?) LMA/(g/m?)
S4 Absy, A (13.83£0.93) x 107 m*, J&HT — & Y SR 1 shade 1 10.24a 123.76a

1.35.1.31 F11.39 f5. LMA 7F S4 i 5%, h(83. 92 S (1.01) (6.72)

+9.75) g/m’ {AR Y FHI =1 67. 8% ,68. 5% Fl JER12 shade 2 10. 554 122.57a
69. 3% ,4& B 4 A I B4 I TR 25 R G X 55O 10 > (127 (7.39)
. HEF 3 shade 3 9.98a 121.03a
TR, S3 (1.54) (8.14)
2.4 Kﬁﬁﬁﬁl@%ﬁ?ﬁ”fﬁf%ﬂ%%ﬁ%% JEFH 4 shade 4 13.83b 83.92h
[ 4 (0.93) (9.75)

TR GO S (55 P AR HE2E ) (n=30) , KRR #HE
FETR AR B ER A 1) 25 5 i 35 (P<0. 05) MR F R R ZEFA B F
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Table 4 Comparison of leaf chlorophyll and carotenoid content of Euonymus japonicas growing in different levels of urban shading
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