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(1AFEMRLRFHRIFESFHEFR Jx 100083
LLARRLERFARFR LARFL 271018)
#B B AT ALAAR KA S AARIAN R SAZR 9K A, RXAR AT KX DA AR E A
% (TDP-30) #= B 3 A Fsbat 7 8.1 R AaFeibdd A A & (SFV, Sap Flow Velocity ) #= & Fa
54152 % (ESR, Effective Solar Radiation ) #IR3%BE F AT T A —Fe9R FHnl. LREY, HR
FMT, AR ET KFafaafemt TR R 44 RAL ZIUARK £ 70 R BANITE], —MRiTE
F Kraa4t 1.5-3hr, shadFeitass £ R K, A SE B IABCR AT LG BT R T R—, 5 K[43
HADEZR K, RAFLENBETRRET LZRFAR, KEHTFH, REARFTT/ERK, XHLTH
RAMER Foy BT EA X; danfeitbiz iR e 8 TS KIOda4RE—%, EWET
KPa%a4t 0-3hr. ARG RBEFEME, RARENEDRA LN, ZABEROMEKXERE,
FUR K FRdg ALY 69 5 KA L Al b, 2384 f5 THAL.
k4238 MAg chAx  aTE AR KR4S AMRARE

ANTE B RRE K 1) 22 e K H AR BRI A5 R, B T2 MR A2z 450 . IR KK P52
A0 5% B JH FE TR R 1 1612 (PMIBARSE, 20005 FhISARFN B JE —, 2002; 5K 7° 5%, 2003) o AHCHE
AR, LK FMRZIEOLT, BOARFE K &5 1385 7K R b i R 1 A DG M (2 2
(Mcllroy, 1984; PMIEARAN T JE—, 2002) ; 4 T IE S K EAHRT 78I, BEARFE KBNS BEAEH T2
JEAE A T CLARE A 35 1R 2800 5 R R S i i 58 BRI DR 1 1 A A G (5K 1 B9 4%, 2003; Chelcy
etal, 2004) . nfLUEH, REFE TIEEAAEE U TS /K SR A, 52 B AR FE K (1 5 S 3BT N 1A
KA (I ZE A4S 1992, Linton et al., 1998; Granier, 1987; i, 1998; Khalil & Grace,
1992; Kolb & Sperry, 1999; Schneider et al., 1999; Milburn, 1996). Hitt, RZWIFIFEREE TS
IBER T AR AR, 0T R A B RE KRR B A T

— YRR, KBRS T A B EAEAE A (Hinckley & Brooks, 1994; fhMSARAI
JE—, 2002) SREAEM (Martin, 20000, IR0 AKBHFES HAS JaAH—2. 78 B N LLT IR
BTSRRI  FH A S P B TR B ) ) D% R AR A SR PR T3 M R LR N, it H L S v R fE
B azh. s IR 1w tfd, DA G v K50 DL R AR AE A 5 B 5% R H ARk 3
FREZ AR 2E R PERE ST, [RIRE B AN 5T R 8 0 P AN [ I PE - (Cheley et al., 2004)

A FUIIALT R BH 8 S I (R E AR CRPAE BN 22840 2 TR B 0GR A B T2 i P IR AR 2 2 ) 28
PE KL H AR S 22 St o ARSCIIWTTT H G s (L) R HIAURN A [ 8 555 e TR b 1) H AR 4k Fi 2
AR, JCIRABATT S BRI B ARk (2D HE R LA IR O B 8 R 4D B[] JE R AR AL B 2 [ 5 A
TR 1R T AH DG, FR B BH A S X VR0 58 i e oA JR 2P INE B s (3D 81 FH A S s S 4032 A
TR o AR TN AT N AR IR REAT (1) A ) — 47 B0 o SR IX 28 H 4 it 7 — AN BRAR
P e ARSI SN H B I A FE AR (1 7 B — e m AT ER AR

1 BRI H AT,
EJE RV IARY (E116° 257 , N39° 547 )FIHFA R FI 2 AR A TT AT 5T, 1ZHIX @it

REEPESR, T80 TH, RN 473 12.8°C, FEA MR 4 500°CLL L, , 4
PRRRKEAE 600mm Ay, ILrh 7. 8. 9 AN A G ER KR A AR T0%LL L. AP AR A LN 1

* IEETH MK ARRRESE S (30371147,2003) FH TR A E R 1 43K 42(20030022009,2003) b5 ARFE
$£4x(6052016,2004) 145 45 ekt 4 5250 %5 3 47(JD100220535,2005).
AR %, B, 1979 4R, L, EERPITE: MAKAEAR, E-mail: xjl_790626@126.com;
TR YE—, B, 1957 44, %, WS, EEIIUT N RAREEE MM AK AR,
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800-2 000mm. RXFKbkHE Y 48 (AN TAR, 7 TR, #4RZ) 170m, 3% 16° o HIELIRD IS
WA bR TR L e E ALk e o 32, RE R REZAE 80em AcAy, L ERDIE L,
WAE KT « AT 2 0 TN HEAGE IE DK, A filA(Platycladus orientalis). #i#2 (Pinus
tabulaeformis). I ##(Robinia pseudoacacia). JtFE A (Acer truncatum). wi#ri( Cotinus coggygria var.
cinerea) SE IR, ARAHIESS, AKRLF. WTF AR LL =W 454 4 (Spiraea trilobata). KA B
( Deutzia grandiflora). ##; - (Lespedeza bicolor). /) i 2= (Rhamnus parvifolia) A1 4t i g -1
(Myripnois dioica)%s 4 =, BH3E LA 4 (Vitex var. heterphylla) FIfR 2 (Zizyphus spinosus) A - .

2 RE vk

TEMRA A AL F, T 2004 4F 6 AR AN AL ARk Py 348 AR K R U AR 2~ P38 AR A b
FRRE (A : Dyp3=15.6cm, H=9.7m; fA: Di3=16.5cm, H=6.7m), {EMH TIEHE 1.3 mA A (ER
W 5E A7 250 em N JE e sk ) 4l ARG B AR PR £ (TDP-30,  Thermal Dissipation Probe,
Delta-T Devices Ltd, Cambridge, U.K.)#l & 4 A I AT 26 o BREF 1) 202 S D e Jst B WL Granier
(1987) FIEAEH (2002). ¥ TDPHiLk 5 il K42 4%(DI2e Data Logger, Delta-T Devices Ltd,
Cambridge, U.K.)iE#:, HLLAZCRERC WML Hob, FIH A% 8E(WS-UM, Delta-T
Devices Ltd, Cambridge, U.K.)[F5WIAKBH4RSH(GS1&2, 7 2 3mAL) S5 AEEIN T7. $df Rk
[IBE 0 10min CBE Smindll g —k, BELPRMEIE T,

FIH Delta-T (U.K.) 2 F] S 4 1) Bt b B AV S0 1AM R A, (] I B P AR ME IR I R
(FEWL 1), FIH] SPSS12.0 FR A Xof A BH s 5 ot B R4 VR AT A IR 8 01 O R EAT A 43 B o

3 ZRE0HT

3.1 K FHAR S AL A WAL O B TR 2ERE

3.1.1 B

MR 1 PTLAE Y, ANIFIZE T A BH SR S T 2k W S 399 56 1) B TR R0 1R e B R — @ [ 26 5. K
PRS0 06:30 et FFAR W Wi, B AL 05:30 Aoy HFah Wl 1ol JhAnMiim & 31
10:00-12:00 Al FF45)538)), HEZ={r 07:00-08:30 (A FF45/55)), FKZF{r 08:10-09:10 [HIFF4H )55 AT
AL 09:00-09:30 [A]FF- 46 3 3, HA=AE 7-8 rilAIF4A 3 3h, #KF=4E 08:30-09:30 [A]FF4A A 5l LA,
THAABOR E AP ZE A0 AR GEE L2 K BH A S ) S 4658 1.5-3hr 5 A3 LUR S, TREZEEALE 3.5 NI LLE
A1FLLE B o A E AR 2 KBRS B W35 2-3hr J5 A 1S LUR 3, R, HKZEA
ZEAK.
3.1.2 Hig

55 Bl AR EE AN R 230 B 588 S RS 3803 e 06 B 0] PR AR Sl i B AR RO (LR 1) o K
PHARI AR AE 11 0548 13 pi 2 A BUEAE, HZ4E 10:30 &2 12:30 2 [MIAF WA, FKZ=AE 11:30 & 13
Rk BIEAR s SRR ZEAE A 3 290-400min)i T+ 16-17 sk BWEAE, HZ5{E 5 5) 170-460min
5T 10:30-15:00 fIAREAL, FKZEAE S 5) 190-310minji T+ 12:30-14:00 sk FIEAY , MIAR IR HZE
7t JA 3l 150-280minj& T+ 11:30-13:30 siik (R, HZF{E)H 5] 90-280minf5 T+ 10-11 sk FUEAE, FK
Z={E A 80 90-170minj5 T+ 10:30-11:30 AUARIEAT . R T RFLEN AR R ZE 22 S i i, i HLAR
R, BFKEZEAZAIE B AR N, AN Ly 18.5%-26%, A2 K 30%. L5 KFHARSHAHEL,
FA MRS VEAR B IRT ) (R 3 22 2 J 3.5-5.5hr, B ZE&3r i 0-3hr, FKZEZ¥T i 0.5-1.5hr; AR L IE
B I T 2200 fe 0.5-1hr, T K Z=Z03E T 0.5-1.5hr. Az H P30 W A 1) R /NAS ] 21
ZERAK: HZ5(0.0012cm + s1)>FZ%(0.0011cm » s1)>Z£Z%(0.0009cm « s™); AN T2 v A e
IR INEZ B R (B 159.4%-177.3%), 1 HishiEEse Kk (13.5%-73.1%), X—HL% ]
A5 2R MR () 5 52 A U IS B 8 B KA %, A 1 T3E— 20 R AT 9T
3.1.3 {1k
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AN 25715 O B 608 SR FH B0 45 L BRI Tt A P 22 5 C L3R 10 o R BHAR SRR SR &= 43 7 A 18:10,
19:00. 17:30 A3 FFAAH k55 s WA A AE g H B 310-740min 5 Tk H#% /= 03:30-04:30
mA T, BRI 230-600min J5F 19-21 s 51, AKEAEE(E H L 340-450min
J5 T 18:30-20:00 s T4 1k MIADBIR G AR H B 370-630min 5 T~ 20-21 ri& 151k, B
WEEAE HH B 520-710min J5 T 20-22 st T% 1k, FKE=AEE(E L 510-550min 5T~ 19:30-20:30 rif& T
1551k AT RAE Y, VR B B RS2 I () AN [ 25 22 S B b, i FL ARG, /2 R R ds K Il AR -48.7%;
Mk1-26%) , KERIERDN GHIFA-13.9%; M1kH-3.8%) o S5ARMHIAESTHIEL, WA b A2
WS 9.5-10.5hr, EZEWES 0-2hr, AKZEWES 0.5-2.5hr;  MANKR 15 1IN AT —Z= 5 40 5 2-3hr.

S BN 1 = i N KR 1280 i b 7 T

Table 1 Time process of ESR and sap flow in different seasons

5 H pNGEEER ) WIRILA R ARSI R
J= ) BT S - SO = ) BN 1 S (=31 = (11 O T | = ) 1 2 () I W 3
Mar.23  06:30 11:00 18:10 08:50  13:30 00016  19:40
Mar.24  06:30 11:20 18:10 09:40  14:00 0.0045  20:10 12:00 16:50  0.0006  03:30
# Mar25 06:30 10:50 18:10 09:20  12:00 0.0060  21:00 10:00 16:40  0.0011  04:40
&  Apr2  06:20 12:50 18:10 09:10  11:40 0.0030  20:30 09:50 16:20  0.0006  21:30
Apr3  06:20 11:50 18:20 09:20  11:50 0.0027  20:20 10:10 16:00  0.0012  04:20
Apr4  06:20 10:50 18:10 09:10  12:30 0.0030  23:00 10:30 16:20  0.0010  03:30
May 18 05:20 11:10 19:00 07:20  10:00 00025  21:20 08:30 11:20  0.0016  20:20
May19 0520 10:40 19:10 07:30  10:10 0.0019  22:00 07:00 10:40  0.0016  20:40
May20 05:10 10:50 18:50 07:30  10:40 0.0018  21:50 07:40 10:40  0.0014  20:10
Jun21  05:00 11:10 19:00 07:10 11:50 0.0015  20:30 08:00 13:10  0.0014  20:20
~Jun22 05120 10:40 18:40 07:00 10:30 00014  21:30 08:10 13:20  0.0012  20:40
i Jun23  05:00 11:10 19:30 07:00  10:30 0.0010  21:10 08:00 13:00  0.0009  20:00
Jul27 0510 12:20 1850 07:50  09:20 0.0008  20:10 08:00 14:50  0.0003  18:40
Jul28  05:30 12:10 19:10 07:20  11:00 0.0007  20:00 07:20 15:00  0.0008  20:20
Aug.18  05:40 12:10 18:20 08:10  10:20 00012  20:50 08:30 13:40  0.0018  19:10
Aug.19  05:50 12:40 18:10 07:30  10:50 00011  22:40 07:50 13:40  0.0015  19:00
Aug.20  05:50 12:00 18:40 08:00  10:20 0.0008  22:00 08:10 12:10  0.0008  19:20
Sep.9  06:20 12:20 17:50 08:20  11:10 00015  20:20 08:10 13:10  0.0023  18:40
Sep.10  06:20 11:40 18:00 08:40  10:30 0.0008  19:10 08:50 13:10  0.0010  18:20
B Sepdl 06:20 12:10 18:00 08:40  10:50 0.0009  19:50 08:40 13:50  0.0009  18:30
2%  Oct3  06:40 12:10 17:30 09:00  11:10 00016  20:20 09:10 12:30  0.0009  20:00
Oct4  06:30 11:40 17:20 09:10  10:50 00014  19:40 09:10 12:50  0.0009  19:40
Oct5  06:40 13:00 17:20 09:30  11:00 00013  19:30 09:10 12:20  0.0008  19:10
3.1.4 /g

IR, AN ZE T K BH AR SRR U0 I TR R AiE R A8 SRR K 2 e o (1D SRR IR JE Bl (1],
— M3 A T OKPRARSS 1.5-3hr, JMAARUUAIAR ZEAK, FRZRIFARI I 5 Bl I R AR e, 22 7K
g6 b R B S W B 45 3.5hr DU A LUE 3. (2D W0t im0 B AR I T, 5 A S A S A 2 3
B ORBAER AR LG, A W A V(IR I R R 2R 403 5 3.5-5.5hr, EZ=Zd )G 0-3hr, KRS
0.5-1.5hr; HTBIVE(E H BRI 032222005 0.5-1hr, T EAKEZAHERT 0.5-1.5hr.  (3) IR IIfE:
IR A &R A— o SORPHARFA L, AR IR R ZRA S 9.5-10.5hr, B Z=Hr S 0-2hr,
FKZ=HT G 0.5-2.5h0rs T AL I I AT —Z= 5345 S 2-3hr. (4 WRIRFFLENT ] CRuds Bt
N TEAFZENZE R, EEMXER, BENERER, WAHRIE RrREE. 5
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SHRA AU RCIBE T < (0 H AR S5y 55 R AR S o e — 25 0 S DU A S e pif 2, PR U, VRO
AR [ H AR e K BHAR S 0-3hr

PR Ay R BH AR 53 2 B30 1 5 M A LIS BRI AL A P 28U Z 12 28 s a5 (R K/ (R B L, 2001),
BETFE B R AR, B LA, K BH RS 2 ()4 W T A A R i, BIOKBH AR 1 v, <
FLP R, BTN (Martin, 20000« JHIFATF 00 57 LI 1] 5 R BH R S AR (1 45 R 5
MERRSE (20000 HIBTFEEE R — 30 N W ARE 2K 73 e I A #h 78K 70 R A 5% . MR RF 48
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Pl 1 AN TR] 2515 DK ISF A S AR A S A R0 1) I T

Time process of ESR and SFV of Pinus tabulaeformis in different seasons

I 18] [ 22 57 5 AN R U IR 7 AR T AT O, dERUBXEFZ K, BRI, Prlimiis:ins
8] (R AR AR R AR AR BE R KA, BT LB AR AR AR
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3.2.1 W R IR AR AT

N T S (U K B A S AR T TR DG AR AR SO 3 4 A A SH A S AR 380t PO AT
[l I ) BERE RS A R (A- R B I %1 B-2IAIE(EIN %5 C-4 1R Z1; D- EFHRFEE ] E- 1 FERFEE TA];
F-HLE SRS ] G- BT H- N R BEAT THIRME2 T (n=30).

R 2 R PHAR SRR ST [R5 AL 5 ) R AT A

Tab.2 Coefficient relevance of same characters in ESR and SFV

Correl A B C D E F G H
A 0.92** -0.13 0.39 -0.15 0.37 0.69** 0.30 -0.21
TV 0.70** 0.13 0.19 0.20 0.39 -0.05 0.39 0.54**

iR (K 2) R FUMAANS, IR H S ZIFRT H R eI 8] 55 A X Y. PR A o 8 4 i
TIN5 AT 5, WU IS SIS ZI R B 5 55 A I 0 A B 8 S AR R e B
FHOCHERR W o Ut i LA tH, BRI (1) JE Bl 2RI B A2 3 AR OCA I, R PR S ARR - i (7) L
I () EREAREAE 5 2 () R SR I B A DG, DR BH A S AR M 30 A T ) 1 2 1) S5 ARAAE t2 T) ) 56
FARMENGEVT 22 B A BE I LA LA, 5 SEBR TAEH HFR AT 1) 5 1 Pl B ] o I BH A S0 6 %
T B 4 B ) A E AR M R SR Bl I 2R IAS O B S, IX— 4510 S PMIBARSE (20000 Filw] g A 5%
(2004) (PR 55—,

3.2.2 WAL KBS

Wtk k. ALK =R B S FIFREBIAE g NIERERY, - HRAN A 2215 35 W] i) s il

AR, SRR, AR SR & A SO R, RV B AR (R 3.

2 3 ANIRIZE T AN RS IRY o) YR T T A i B 0% 3R PRI ROCR
Fig.3 Curve fitting for SFV and ESR by different in different seasons

. L RACA0Y
JE KF b0 bl b2 b3
HZE Cubic 0376 862 172.49 0.000 2 40 -35 10
. HF Cubic  0.697 1582  1210.29  0.000 2 13 -12 5
= Cubic 0703 862 677.02 0.000 1 9 5 2
A Cubic  0.362 3308  626.45 0.000 2 17 -11 3
HZE Cubic 0172 716 49.65 0.000 3 15 -22 8
—_ HF Cubic 0389 1580  335.14 0.000 2 9 -8 8
€ Cubic 0572 860 382.76 0.000 1 6 -7 4
A Cubic 0273 3164  396.21 0.000 2 10 -12 5

MR, AN R AN R A R S5 RORAR Z2 K AR AN R AR 2 ) 405 ROR B £
FEAAE UG ROR AR . WWIEDY T U 22 5 BON WL IR 451, A BH 8 S AL FOL A Aol
12 FE /KB R B AR B/ o AL S B th T AR —, A XSS IR A A S B A%
(f— LN FHATER A S S, P fr Tl 2 oAy AN E A LB, DLy D A BH A 4
AT P 25 AT 55 e PR R 0 AR S0 T Rl oK () i 22 o

4 gkt

AN [ 21 R B S AR I P T ik ) A2 A AR 2257 o AR ) S A5 LR T, —

R Jei F K PH R S 2-3hr, R0V F U0 AR B TR 273 i K PR AN 29 0.5-1hr, SURK 4 B K PHAR £

0.5-1.5hro JHIFAVEIR K IR S I e b DA 18] LA S At e I, — B e K BH AR 0-3hr, #7
-5-
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o I I AT A, 248 3.5hr DAL, B K, R ERA ) (i LA N BTN %
SR, REEMPAR, BENFTHRA, BRI R A RO R i H
AR SR R PR S i — 35, AR SR ISR R SR i e, R SR U, R E 1) H AR Ak S KRH
W 0-3hr.

B e B 2R A1, R B S AR T ) e B T O R R A 2 1) AT SR I B A D, ¥R
N EPSIES DRIy (P

R FE A 8T 2 S i PEE AL R A A R I B AL R ], R R LS s R e i, R R )
HRRE, AFRZENTAFR R RO ZRR, WK R KA IR R, HF
FUAAF PR E S R AR 2
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Relationship between ESR and Sap Flow Process

Junliang Xu', Luyi Ma', Huatian Wang®, Min Fan!, Liping Li
(* College of Resources and Environment of Beijing Forestry University, Beijing, 100083)
(%Forestry Department of Shandong Agricultural University, Tai’an, Shandong, 271018)

Abstract

In order to explore the relationship between time process of solar radiation and sap flow, Sap Flow Velocity of
Platycladus orientalis and Pinus tabulaeformis, Effective Solar Radiation and other environmental factors were
synchronously monitored for one year in Beijing Western Mountains by using TDP system (TDP-30) and
automatic weather station. Results showed significant differences were found between changes of time
characters of ESR and sap flow in sunny days of different seasons. Starting times of sap flow were generally
1.5-3 hours later than those of solar radiation, and there were small differences between Platycladus orientalis
and Pinus tabulaeformis. Peak time and stopping time of sap flow varied highly with great contrasts to ESR.
Duration time of sap flow showed obvious differences among different seasons owing to the varied rhythms of
climate factors in Beijing. Fluctuation amplitude of duration time ran relatively stable in autumn and changed
greatly in spring and summer. It appeared good concordance between daily change configuration of sap flow
velocity and solar radiation intensity, while daily change of sap flow velocity were generally 1.5-3 hours later
than that of solar radiation. There existed significant correlation between sap flow initiation and solar radiation
intensity. Seasonal models of sap flow velocity indicated that cubic curve had the best fitting result. It was more
practical to simulate seasonal water consumption models of trees from ESR. Furthermore, these models should
be optimized later.

Keywords: Platycladus orientalis, Pinus tabulaeformis, Time process, Solar radiation, Sap flow velocity



