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The characteristics of Magnolia liliflora transpiration and its impacting factors in
Beijing City
WANG Hua', OUYANG Zhiyun'""*, REN Yufen', GAO Fuyuan

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China
2 Beijing Teaching Botanical Garden, Beijing 100061, China

Abstract: The fast urban greening in the arid and semi-arid lands in temperate and tropical regions increased the
consumption of water resource greatly. Identifying the characteristics of tree transpiration, as well as the environmental and
biological variables controlling water use in urban environment can help us choose the reasonable tree species and manage
them scientifically. Magnolia liliflora is a typical urban greening species and distributes widely due to its high ornamental
value. However, the water use characteristics of M. liliflora in the urban environment are poorly understood. Thermal
dissipation method therefore was used to quantify the sap flow variations of M. liliflora trees at multi-temporal scales. The
environmental factors including total radiation (R ), vapor pressure deficit (D), air temperature (7,), air humidity
(RH) , soil water content at the depth of 10e¢m, 30cm, 50 ¢m, 80 em (SWC,,, SWC,,, SWC,,, SWC,) , wind speed (w)
and precipitation ( P) were also monitored at the same frequency as sap flow measurement. Sapwood cross-sectional area
(A, em’®) was estimated from increment borer samples. Sap flux density measurements made in stems were scaled to each
individual tree by its A,. Measurements of whole-tree leaf area index (LAI) were measured using a Plant Canopy Analyzer
(LAI2000, USA) every two or three days during leaf expansion and defoliation, and once a week in other period under

diffuse light conditions on cloudy days or at dusk. The diurnal, daily, monthly and seasonal variations of whole-tree sap

ELWA . HR M RBIEE SIS (41030744) 3 +— T B S B HRIFHE (2007 BAC28BO1 ) 5 3k T 45 X 3 A 785 (6] 5% B o S s A 4 T30 9% B
W5 HH#A:2010-02-26; f&iT B H3:2010-04-12
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flow were analyzed. Diurnal sap flux density (J,) of M. liliflora had the double peak pattern in spring and summer and
single peak pattern in autumn. The monthly variation of the whole tree transpiration (E,) increased gradually from March to
May and decreased rapidly after September. The seasonal variation of E, was the highest in spring and decreased in the
sequence of summer, autumn, winter. Changes in plant phenologyphase directly related to the change of E,. E, rose rapidly
from sprouting stage to flowering and leaf expansion stage, reached the maximum value in the fast growing period and the
minimum value in the dominant period. Great variations in E, observed at different temporal scale were due to environmental
factor changes. On the diurnal scale, hourly mean J_ with significant time lag was significantly related to R_ and D (R* =
0.87, P<0.001; R*=0.66, P<0.001). On the daily scale, E, significantly related to R_, T,, and D, while there were
no obvious relationships between E, and SWC due to the irrigation and amplitude rainfall during the research period. On the
monthly scale, T, was the most important factor affecting E,. During the flowering and leaf expansion stage, LAl was the

most important factor affecting E,, while the environmental factors only explained 25.5% variance.

Key Words: Magnolia liliflora; heat dissipation method; whole-tree transpiration; urban environmental factors; leaf

area index
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1.1 FEHRRGLS BT R 71

ARG AE A T 52 SCIX R I R e P e N R T (116°25'37"—116°25'50"E, 39°52/20"—39°52/28”
N) IZAED AL 11,65 hm? 356 Hb T 7 1 DX 35 22 0 i Bl e 2 R, AR 3R 11—12 ¢,
AFERE I R AE 500—600 mm, HAEEFTE6—9 A, LFEH 190—195 ',

TEWIbE N H 3Gl T T 52 0 25 0 B2 92 8 ( Campbell HMPASC, T,/°C 5 RH/ % ) XL KL 1]
(MetOne 034B !, w/(m/s)) JEEHRGRESS(Kipp& Zonen PAR-LITE SGEASURSERAS, R/ pmol -m™s™) i
55+ (CMP-11, Kipp and Zonen, Delft, Netherlands, R_/(W/m*) ) AR (10cm 30 em 50 ¢cm 80 cm) 115
R (Campbell 109, T/°C) FlE3ES 7K & (Sentek EasyAG, SWC/% ) . & ( Campbell TES25MM #3}- 2 &=
i, P/mm) % NERIGESE, A LIRS 580 R A AR 00 00 1 5 ol o [ 28, 28 ROKIRE =
B (D/kPa) HH R AR DL AR

DzaXexp(Y{)Tajx(l—RH) (1)

+c

a

KA RH N2 SR T R IR s W8 o b R ¢ 23914 0. 611 kPa 17. 502 240. 97 €7/,
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WSS IR EE AU BT K9P B, K i BRI RLIO S I 1, O H TR I,
FE RTINS, U PRI T ST F AR5, 2 A O FREEIR T L TF 32 1 800 Sk Bl BBk
VRIZ -1 - KRB s Mk B 6—8 1, 8 S A B 2B K Y B

®1 NEHEREEFHAZTW

Table 1 Characteristics of the monthly environmental factors during the experiment

HEH . 30em 4k 50cm 4b
g KEE  KAREBEE  KEHM 10em Ak e a1 80cm AL
168 Month WA Swepn e bk KERERE g FUR s e Py
Y kP /% J%  SWC/% » 0 swesn (™) mm
(pmol m™ s7) /% /%
5 352.18 131 2014 52.81  21.95  25.23  18.63  33.90  I.11 1.86
6 310.96 .06 23.49 6723 1411 20.15  18.21  34.12 1.04 4.4
7 339.36 131 27.49  68.79  19.36  31.60  23.69  35.20  0.89 6.36
8 256.97 1.09  25.87 7118 16.79  27.75  21.28  29.15  0.78 8.01
9 230.04 0.88  20.72  68.77  22.06  30.14  21.38  29.57  0.75 2.70
10 182.33 0.77 1432 58.67  23.64 3175 2250 3.4 0.77 0.51
1 128.25 0.61 6.44  43.88  17.39  29.44  20.59  30.59 0.9 0.00
12 91.36 0.41  -0.57  35.59  12.89  28.34  19.40  28.94 1.27 0.00
I 9. 38 0.37  -2.15  33.16 9.23 2473 18.63  27.99 117 0.00
2 130. 04 0.43 .72 46.25 1536 25.87  18.49  27.66 1.08 0.07
3 207.98 0.76 7.56 3548  17.15  28.86  19.88  28.89 1.39 0.04
4 276.63 118 16.08  42.57  15.85  27.23  20.99  30.83 1.27 0.14
5 343.33 1,80 23.05  43.44  14.05  25.65  21.76  31.80 121 0.06

PAR ; photosynthetically active radiation, D: vapor pressure deficit, T, : the air temperature, RH: the air humidity, SWC,,, SWC5,, SWCs,, SWCy, :

soil water content at the depth of 10,30,50,80 ¢m, w: wind speed, P: precipitation

1.2 BER R R T FRURN 56 2 555 1

RIS AT BER FH AL 5 T 2R AR 25 ﬂif 38k, BHB A 15 a, Mg42 (7. 57+0.32) em, B 5 (3. 57£0. 38)m kT
FU(34.56+3.09) cm® (£ 2) . AT E A< VU AR b el i, 25 A0 108 153 ol e A el ) 2 B TR AR, Ry okt
BTG X 05 | R IORE b SR TR G2 K/ I (58 B 25 (AR 22 BIHE 0. Sem DAPY) |, AAE AR
O, BLRODNE b JELRE A5 B 00 S20R T FRAE A i s AR 1) 320 6 TR

F2 MEHERBIFHE

Table 2 Characteristics of the sampled trees for sap flow measurements in the experiments

FERS ff9#% DBH B Height MR FRE YA DA G IR
Sampled trees /cm /m Sapwood area/cm”  Orientation of sensor Numbers of sensor
EE% 15 M. liliflora 1 7.00 4.30 29. 11 it 1

£FE 225 M liliflora 2 7. 60 3.00 34.74 =4 1

¥ 35 M. liliflora 3 8.10 3.40 39. 83 it 1

1.3 AT A e
2008 4F 5 H—2009 4F 5 H H Granier #43 H =R ER I 22 A+ 321 44 7 % BE ( Thermal Dissipation Probe
Dynamax USA) ., Granier 354119 TARIFEE 2255 W00 2 BE 1153 LA B B 28 06 1T 22 5 SR ™ B
TEWFFENT GABBR , A K — B MR 22 A K . i T8 R 2 AR BN, 4R 1.3 m b dbm Jr (i 58— 42 2%
TDP30 #%t
1.4 BMFEKERT
WX G5 £ 2 R LA, A2/ T 8em, HUA R BETE 3em LAY, >R H] TDP30 1% il LA%S 215 41 )5
JEE N A1 A 5, OH R R FE /K 3 A 5K
E =] %A, (2)
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K LE/(g/s) NEWFEKE, ]/ (grem™s™ ) BRI EE A/ em® WM EF,
1.5 Wi
it A TR S SR 40 IR G 708 A A 110 23 B B SO Py 1] o A e — 8 s 3 Z RN Rk 2 2 A I 2 8 AR A TR Y
I BE B H AU, U AE R R A R AR AT (B AR IIAE A AT ORI Ak R A2 A R A T i 1 ]
), AASAE I35 AR 7 R — W00 S e ] — AR A T RIS IS 4% H DU o — 2 DL B A AE Ak
BRI — G 0 F 0 AR 5 R 22 A s BT O et L2 3,
x3 NEHEHEE=MERETL

Table 3 Phenophase of M. liliflora during the measurement period

- . B - Lo b i 4]
gl FRRSIH Flow:" bud el #5 "R Leaf fully ik Di?)(minant
Species Sprouting Leaf emergence Flowering Leaf exposure ) Leaf shedding .
occurrence exposure period
E = M. liliflora 03-09—03-19 03-20—03-31 04-04—04-12 04-01—04-09 04-13—04-27 04-28—11-01 11-02—11-09  11-10—03-08

1.6 Hfeibpt

KH SPSS 11. 5 (SPSS Inc. , Chicago, USA) Fl Sigmaplot10. O %X ( Systat Software Inc., San Jose,
California ) #ET BB AN SE 1T 08T . H Sigmaplot10. O B4 X} 48 & 220 AR R FE/K 5 B B KRR 7 8
KA BEFATING o R SPSS 11.5 Geit b i) 22 5ot 191 V3 43 By 185 PR - 0 56 & 2= FE /K A 52 e L) S
KT BRI PR 7 ) SRS
2 %R
2.1 EEEFEKRHLE
2.1.1 HAME

5 R T IRO AE E H AE A E B BRI B XA JRy IR LG H RO MS 2 (1) . FE 3 MEE
2RI 7 :00 B UG B ETHE N, 10 .00 B2 AT IR B T0EE 12,00 B 2247 T BERNRAY , Z R A B 8t/
U4 20 :00 BF LAUJS WK TRRUE 5 B8 W0 1Y H 28 AbA% Jm S22 P0G YU i 3 EF T AR08 1) 6 {7 Bk ] 4 4
IR WA L TRIER 5 RRIR 22 5 T 22 WP Y H AR AA% R AN
2.1.2 A7k

R BRIFEK G 3 H IR BT, 5 H 0k B (85 me AR [, 8 A HRUGE BI85 TH IR T e, 28
fR2 Hikw/MEEWA BT, 3 H LG GE B b D02 B B i % B R AE L fie /)M E - 25 48 23 i) 2
13.42.0.23 3.60 kg/d(1¥12), %%, HF (4.5 H) H(6.7.8 H) Fk(9.10 A) & FTRRFEKE 5N
7.42,3.98, 3.39, 1.62 ke/d, BVEESHESKESL TR (R 4) . P, DR ZER T AERY B, Wt 5T &
J& B ZETF IO BN 3K 3 1 B B S A5 sk A S R i B AR RE K ORI FE K e (3R 5)

R4 EF=FRFEKHATH
Table 4 Monthly patterns of whole-tree transpiration (E,) in M. liliflora

\
Al 5 6 7 8 9 10 11 12 1 2 3 4 5
Month
E, 3.77 3.34 4.01 4.59 3.84 2.94 1.23 1.40 2.35 1.51 2.97 5.80 9.05
SE 0.24 0.29 0.28 0.31 0.33 0.25 0.09 0.12 0.23 0.13 0.30 0.59 0.44

x5 EE=ZBHFEKEDERENTL
Table 5 Whole-tree transpiration during different phenophase (E£,) in M. liliflora

e , I Rt 3 A R & 41 ]
R N Sy e * I
. A Flower bud Leaf . Leaf Leaf fully Leaf Dominant
Phenophase Sprouting Flowering . .
occurrence emergence exposure exposure shedding period
E, 2.57 4.07 3.22 3.25 6.88 3.70 1.17 1.65
SE 0.50 0.46 0.24 0.21 0.68 0.12 0.19 0.08
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Fig. 1 The diurnal pattern of sap flux density in M. liliflora, the total radiation, the vapor deficit under sunny weather were shown
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Fig. 2 Annual patterns of daily mean whole-tree transpiration (E,) in M. liliflora

2.2 HEMFEKSHEER T 2R
2.2.1 BHRE

58 22TV T 2 B 1Y) H AR AR Ry T B R SR A A, LA T U A R AR T T S AR S i AR Ak
W IS T /KRR 7 RS A0 (BT 1) o BB X S A S ) B 198 7 ) S bl s A, X6 T 7K 9 77 S0 P s s
MR (K 3)
2.2.2 HRE

HREE (& 4)  BRAFEK S B 2 A 5 EAR DGR AR S KT 100W/m” B, B REAE /K S 2534 o 5
FRSFAE N B 7T DL B RAE K AR 64. 64 %  FERIFE/K 57K IR 77 B HE O FR ;7K IR 75 SRy 2R
PR 7] L R R FE /K B K 55. 46% . FERTHFEZK 5 KRB Z (0] 2 HZOC R TR K T 20°C B ARARAY 7 )2

http ; //www. ecologica. cn



1872 A E = 314

~ 0.006 =~ 0.006 -
o f=yot ax 5 f=yot ax
£

5 0005 | R2=0.8737 . 5 0005 R2=0.6552 .

on ~
B 0.004 Z 0004
3 <

< »

5 =
= 0.003 = 0.003 |-

= g

n w1

- ~
1:1( 0.002 g 0.002
& &
§ 0.001 9 é 0.001 |-
foa H
Z o2 __*, I I I I E 0 )

0 200 400 600 800 1000 0 0.5 1.0 1.5 2.0 2.5
SRS R, KRE TR D
Total radiation/(W/m?) Vapor pressure deficit/kPa

3 EFEMTRRTESSEH KRESRZERX R (DOYI21)
Fig. 3 1-hour mean J, plotted against R, D in spring (DOY121)
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Fig. 4 Relationship between E, and R, D, SWC, T, on the daily scale
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