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The Radial Distribution of Xylem Sap Flow Velocity in Trunks of Pear Trees
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Abstract; Daily and seasonal variability in the radial distribution of xylem sap flow velocity in trunks of
pear trees were investigated by the heat pulse method. The results showed that sap flow velocity at different
depths beneath the cambium exhibited one-, two-peak diurnal patterns in sunny, cloudy and light rainy days
during the fully growing season, whereas diurnal sap flow velocity at different depths became irregular under
different weather conditions at the end of growing season. The ratio of radial range of variation at different as-
pects, sap flow velocity in maximum, average and daily range of variation of the same depth in sunny, cloudy,
light rain and moderate rain to storm days were 6:4:3:2 and 5:4:3:2, respectively, whereas minimum sap
velocity was relatively similar under different weather conditions. The seasonal trends of daytime radial varia-
tion at the same aspect followed similar patterns, and showed three periods clearly from May to July, August to
September and October. Sap flow velocity at the same depth in August to September and October were about
50% —-60% , 33% —50% of that from May to July. The ratio of radial range of variation from May to July and
from August to September and October was 5: 2: 1. The seasonal patterns of nighttime radial variation were
similar to the corresponding daytime where radial variation was lower compared with the daytime. The ratio of
nighttime to daytime sap flow velocity became higher and higher with the extension of growing season.

Throughout the season, nighttime sap flow velocity and radial range of variation were 43% +1% and 29% =
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7% of those of the daytime, respectively. Diurnal radial profile could be grouped into four types: high — low -
low, low — high — low, high — low — high and low — high — low — high, which the maximum sap flow velocity
mostly occurred in the position of 0. 12 —0. 29 from the cambium.
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ORI EE (NZFEH %, 1993; Cohen & Naor, 2002). {HH FAEIMFH ( Cermak et al. , 1992; Phil-
lips et al. , 1996; Jimenez et al. , 2000) . AEE K FRMAREEE M ATRE (Lassoie et al. , 1977;
Miller et al. , 1980; Lu et al. , 2000; Ford et al. , 2004a; Hirose et al. , 2005) Hj/Ki& BfFEfER B2
5, FEPMKPENE BB BRERERRITREFAEBBFTEIRE (Cermak & Nadezhdina,
1998 ; Wullschleger & King, 2000; Ford et al. , 2004b) . [H A3 AR B W 20 A6 48 R Xt T HET
HREBHIBGEKEREFREERE L,
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1.1 X1e#H

RE T 2003 FFEPILARMBHE KREHE R R X RN KL TRE S LR E N KERL KRS HT,
IO TALER 34°207 . R4 108°24" , ¥k 521 m WiBIIL = H S, T KB, FE+,
ZAEFHRR12.5 C, FEHFEKF 632 mm, FHZELE 1500 mm, REXPURABHTFE, HHNIEE
K5,

PR R B A K HY 8 4EA-BREL (Pyrus bretschneideri Rehd. ) . N T BN GRON, FEM B AL
B Lo BUMBRATEE 2.0 m x3.35 m, REHAIR 603 m®, FIH5 R B AL SR BE b 1] 40 om 40T
2, F46 ~10 cm BIHIFE83% , HOEI T2 6 ~10 cm A RIFRIBIVE RER . RERTELAIE AL
WE1,

F1 #ALHEXRER
Table 1 Basic properties of the sampled trees

w5 BE/m B 4%/cm W52 7 1) W52 R (B ARUZ ) /mm

Tree No. Height Diameter Measuration aspects Measuration depths beneath the cambium
Tl 4.1 8.8 %R 7§ East — West 5,10, 20, 25, 30, 35

vl 3.9 7.4 7RV East — West 5,10, 20, 25

T3 4.0 7.8 7RV East — West 5,10, 20, 25

T4 4.0 9.0 7RV East — West 5,10, 20, 25

T5 4.9 9.8 Rk South — North 5,10, 20, 25, 30, 35

T6 3.9 7.4 4t South — North 5,10, 20, 25

T7 3.4 6.6 it South — North 5.10

T8 4,1 8.8 i3t South — North 5,10, 20, 25, 30, 35

1.2 RBWHZE
KBk (SF100 Standard Probeset, Greenspan Technology Pty Lid, Australia) M5 B 13 HZ|
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A LB E R R 5 mm BB MRERGEE . BRI 6 £, FZBME TI, T2, TS ~ T8 SR
A RIS . A TR, EAKENE T2 WHRMkeb RS, &ME T2, T3 #1 T4,
AT R R 10 d, IARK SRR IR 1.6 s, SRAERTIR][E]FG 15 min, 58 32 Hh A& B[R] — AR A [R)
FEVR IR . AN [EREAR R IR B 3 B AR P A G, BRLALL T7 SRERHE i, BIRAIR
— B ESWE T7 BbmA T 5 f1 10 mm SWEWMRHEE, T1, TS, T6 #1 T8 FH-MiME (KA.
mdt) HEMS # 10 mm W5E 10 d, f5 10 d W5 20, 25 mm, BT, T2 ~ T4 G EIRE D
EFRBRS d,

BMFPBRLE, = (W, -W,) /W; KEWKF, =W,/1.53W,, Xph WRHERKEEHTE; WHS
ARSHFERZERKRRE; WoAEKETERE (HEZ %, 2006),
1.3 HEELEBRESHR

FHMKENEORTER . MEREE., BEE . AR RAERKSBEL . AR ESEE
A GBTAEBAFEEN SR, AshE R eS8 2R T8 B 5% . 76— & B 1 18] B P9 SE i
BB BE R A [5] 1y ) 5 % 8 R 8 43 ) S5 4 AR T7 B BIA X R, IRIBS ¥ Rk AR
WRAR AR B2 F T7 SRR, TR 2 IR B 7 I B A 18] P A BT B

I 5 SH AR AE SR b LI B PR T B A R BRI A R A6 R, HIEAT KT 0 A E AR
S HEREECH0 BEEXEMAHAX; FERE <10.0 mm - d 'R/, 10.0 ~24.9 mm - d - A H,
25.0~49.9 mm - d"' KR, 50.0~99.9 mm - d" ' NRW, RAL—IRERTEE HHSE. HI9{H.
HE/ME., HA2E (HBEKESR/MEZE) . RIEZE ([F— ER R ERERREE R KES /KD
fHZ25) Ay Bl 2 (e,

¥ 247 A EXCEL2003 #l SPSS12. 0 #4452 1%

2 RS0

2.1 BREEBATL

ARKEFRUSA2H, 6 A27TH. 7TAI9H8.8A22H, 9 A 10 HF110 A 6 HXH, [t
IR RIR A 10 AJRIER (10 H26—28 H) #6l; HXASH16 H. 6 A10H,7 H20H. 8
A4H.9H2HMIOF 14 H; /W, 0. KWMBWIFHIUS B 13 5 (HERECHO0.9h, (&
M24mm-d '), 7H 11 B (AWK, FEHS9mm-d'). 5 A15H (220 mm -
d").7HA13H (KEM36.6mm-d™') 8 H29 H (FEF65.2mm-d™') #9 H27 B (P& 0.8
mm - d”") R, PRI B AR

BRI TR R R - R ]EM T EREBSHL. B 1 X To duimt Frsl+, BER
BRI E BT A KRB RAEAEMEREL, KBV EBK. BXENRIESEPF
12: 00—14: 00 87 FBIE IOV 2R . AN IR TR BE W o0 ik W B (B RO AP B AR AT IR, R el BB
GEEmMBREERERGRE (B, A), BEAKSNEM, FHEERFETIEME. HEYE
TR, BEBRIRE 10 AR, RFEEEBRFEERERAN, BRmEEyE, BERdKE
BEEn25% ~33% (E1, B),

FIRAS IR MR 2 Bt R B RS, A m ikl (B 1, C) . (BB IEE RS H g
{EL R HR LA A3 X TR B WG K H (B 67 % F2 o

FEAE KEERE R/ N R R, S REBRREE BN, (AREERETT RS, B 1 T b
(B1, D)o a5 A 13 HEEFMEN2. 4 mm - d™', SHEEBRFE TR Y AR DBEH6T%,; %4
FERTE Y 8.9 mm - d "B, WE{EHYAERAS0% , B7E9 AIKLUG, REERMEEE/NE XS
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Fig. 1 Diurnal sap flow velocity under different weather conditions in the growing seasons
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BEREMAFRREE R EFSEEER X, BX, ARHASFRIRERRS, HAE10: 00—16: 00 K
B ERMRIR K 98.61% . 98.11% . 84.49% 1 55.82% .,

ERX. AREMPERWREE, SRR —RERGEE HEE, BHEMEZE, R—JFm
RIREAR M ARE S RN SR RER 2, )

HERX. AFAMPRIRER, SEERNEE HEME. HIYEM H ARG 2 K 0 KA 5 E K
81% . 63% F134% k4 . MRI—FEEBRBEEB/MEERR XK TERAR R E 00 RAEE
BFARRERX .. /NP RIRE P AERK 67% . 50% f25%

£2 TRAXSEG4TRREESHACNEEL

Table 2 Relative values of sap flow velocity parameters under different weather conditions

R — BB R R WTL R BEAZ 1) TN
RE K Sap flow velocity of the measuration depth Radial variation of sap flow velocity
Weather types A WMl A 4f8 R AR/ME R [} # 1

Daily max. Daily aver. Daily range  Daily min. East West South North
% Sunny 1.00 1.00 1.00 1. 00 1.00 1.00 1.00 1.00
BH Cloudy 0.84 0.76 0.82 0. 94 0.64 0.70 0.65 0.67
/INFS Light rain 0. 66 0.62 0.62 0.89 0.45 0.59 0.47 0.49
FE R T Moderate rain to rainstorm 0. 35 0.40 0.28 0.78 0.23 0.31 0.24 0.22

2.2 EREREEFTTN
PLT1 BT A6 E X (6: 00—19: 00) FBE E (0—5: 00, 20: 00—23: 00) MR
F (HE2), BES5AXBREZL (H3) RBEREFRATEAZEHEL (B4,
BRBREEREAZTEABER (H2) £5AMHMU, BEEEEHEAH (5—10 F) #imimz
s, 7 AR EERS (11.44 cm - h™'), 8—9 A 10 A4 3INEE MK 50% F120% , 8—9
A, 10 HBFEESS R 5—T HHI154% ~61%F34% ~40% , B bW R AL 5 8 KA
1, B ERAEENERTIEREBXK29% ~79% . 18% ~66% .

o5H May ©6H June & 7h July
b x8F August x9H September © 10/ Uctober

o
(=1

(8]
=1

10

e L SRR & / (cmeh™)
Monthly mean sap flow velocity at night

H R H SRR E / (emeh)
Monthly mean sap flow velocity in the day

(=1

5 10 15 20 25 30 35 5 10 15 20 25 30 35
W IR/ mm P2 IR/ mm
Measuration depth Measuration depth

H2 BREREEFTEL
Fig. 2 Seasonal changes of radial sap flow velocity
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Fig. 3 Seasonal changes of radial ratio of Fig. 4 Seasonal changes of radial variation of
night sap flow velocity to the day sap flow velocity

MESOXF-EERBEZELNANS AR 10 ABHIE, 7£10 AZSHES AHNEER
180% ~250% (K& 3),

SEoRYE, REFTER TR DR RS EREEHBNENARL, T AR
HEEREEAERIES A G, BEAEiER A GmmEsh, FHE845H 3 MHE: 5—7 A 8—
SAMIO A, F—HREBRMREEES—T A, 8—9 ARMEML, 8—9 A . 10 AFHEERAERE /75
&5—T7 AW 50% ~60% , 33% ~50% ., 8—9 A1 10 AA[EF M i E EE w2 E 450 5—7 Al
38% . 18% ., & 77 WM bW R BEAR 81 AR AL SAE R B B R AR, BASIR) 7 1 4% O M _b S I P AR
E RS AN BRI 15% ~82% . 7% ~83%,

HEMBE ESARBRERE L BERBHETEL, RANEEEKSHEMBH M, 7 10
A, 10 AZEEKR FSAXBMERLRE S AMMEER 180% ~350% ., B E5AKBREE
R R E R EERAINERZRIRE, BEREEM, BHAE . ZHRRERFAE 3 ks
#, BRE RS RERE.

2.3 AKkFHEREEHEREOELRE

HREAEEMEAKRZAXR, B EBRREENE, DEREEERHZLMNE (BS),

ERFEMAFET N TR ERIEERME, K. . 8. a8 LS A RKBEE LY
R 43% 1% , 3 BRI B AR AR BRI K, LA b % o B b YR 370 3 A e A i A
RITTIEFRE)29% +7% ., MAXSHERAR ;T mBAEEBEEZAER, K. /. . dLE@E
RSB R (6.80+3.91), (5.74+2.05), (5.18+6.47), (6.89+3.17) em - h™', EHK (6. 15
+0.83) em - h™',

BORE A2 m RS R A AR . RS . SRS R, RE G E TR S —E I
EHiB, MBEKERERENO, BREDHEN |, BEFEAEREZHLOMO0.12 ~0.29 (1B H
B, B/REBTEO0. 60 1 E
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Fig. 5 Seasonal changes of radial sap flow velocity of different aspects

d and n are the day and night sap flow velocity for the tree, respectively.

3 Whig

BAMBHEERESHHRERAINEREZEZMECETHREYSSHEE (Phillips et al.,
1996) . T Lu % (2000) BAEBALM T RBMEEEO ~2 cm |, AR THRET. RS
Rl AWARBREEREBERFENERMK. KSR, SEREMESRESEX, RREEZEE
HREERZZHE 00,12 ~0.29 (78, fH/KTEO0.60 iIHE

F R ik BT BOE R R RFEK B, MBI AKRERAR ., AREE, AFREZN
MEZ R TFEEAER (Lu et al. , 2000; Wullschleger & King, 2000; Ford et al. , 2004a), X
Mg R R T U E AL ST R BB KB iR % (Cermak & Nadezhdina, 1998; Ford et al.
2004b; PhEEE %, 2006), Ford % (2004b) @it 1 NE LR BB B E AR Bk H IR 2
MIREFIL 154% ; AHAPF ML MITTESERIFRAUE, AMAR - CESARNNAITRESRE
EREEE, IE2E (2006) KRB BAHXT T BUZ /SN A E I SR R B T R BRI B
F-HRAL 48% F172% 5 ShE. PHE 4 W SCSEIRAGE 9. 9% F149% . X T HAZRTE 6 ~ 10 cm HIHRS,
Mg BUZ 0 ~ 0. 64 ML S MR B EA T LURBRFEKE,

SCHUAR . IR RS AR AR, ARMER T AR T R - RE . R 07 R R R R
RHEE R RER, TRRSSEEE, YIRERDURER, RENSAEK, EBRTLENEFES
LEBHEA K, XEEERE THMER MRS R, MERSHEHENBAER. UM TIRE


http://www.cqvip.com

D000 http://www.cqvip.com|

944 B £ % i 35 %

P —3 . FERREDN. B0 AMRE, BT ANEESEET R BRI Em LR
MR, FICRARK R ITE SRS EK R, §BESREE N R R ETRE R bR
EO

References

Cermak J, Cienciala E, Kucera ], Hallgren ] E. 1992. Radial velocity profiles of water flow in trunks of Norway spruce and oak and the response
of spruce to severing. Tree Physiology, 10 (4) . 367 —380.

Cermak J, Nadezhdina N. 1998. Sapwood as the scaling parameter-defining according to xylem water content or radial pattern of sap flow? Ann Sci
For, 55; 509 -521.

Cohen S, Naor A. 2002. The effect of three rootstocks on water use, canopy conductance and hydraulic parameters of apple trees and predicting
canopy from hydraulic conductance. Plant and Soil, 25, 17 —28.

Ford C R, Goranson C E, Mitchell R J, Will R, Teskey R O. 2004a. Diurnal and seasonal variability in the radial distribution of sap flow: Pre-
dicting total stem flow in Pinus taeda trees. Tree Physiology, 24: 941 - 950.

Ford C R, Mcguire M A, Mitchell R J, Teskey R O. 2004b. Assessing variation in the radial profile of sap flux density in Pinus species and its
effect on daily water use. Tree Physiology, 24 241 -249.

Hirose S, Kume A, Takeuchi S, Utsumi Y, Otsuki K, Ogawa S. 2005. Stem water transport of Lithocarpus edulis, an evergreen oak with radial-
porous wood. Tree Physiology, 25. 221 -228.

Jimenez S, Nadezhdina N, Cermak J. 2000. Radial variation in sap flow in five laurel forest tree species in Tenerife, Canary Islands. Tree Physiol-
ogy, 20 1149 -1156.

Lassoie ] P, Scott D R M, Fritschen L J. 1977. Transpiration studies in douglas fir using the heat pulse technique. Forest Science, 23 (3):
377 -390.

Liu Feng-jue, Zheng Shi-kai, Ju Guan-sheng, Edwards W R N. A measurement of sap flow in poplar by HPVR. Plant Physiology Communica-
tions, 29 (2): 110 -115. (in Chinese)
XZHE, R, EXF, Edwards W R N. 1993, FI#ABKeh B B iC R (HPVR) W THM. MYEBFENR, 29 (2):
110 -115.

Lu P, Warrem J M, Elias Chacko K. 2000. Spatial variations in xylem sap flux density in the trunk of orchard-grown, mature mango trees under
changing soil water conditions. Tree Physiology, 20: 683 —692.

Miller D R, Vavrina C R, Christensen T W. 1980. Measurement of sap flow and transpiration in ring-porous oaks using a heat pulse velocity tech-
nique. Forest Science, 26 (3) . 485 - 494.

Phillips N, Oren R, Zimmermann R. 1996. Radial patterns of xylem sap flow in non-, diffuse- and ring-porous tree species. Plant, Cell and Envi-
ronment, 19 (8): 983 -990.

Sun Hui-zhen, Kang Shao-zhong, Gong Dao-zhi. 2006. Influence of measurement position on calculating pear tree stem sap flow. Chinese Jour-
nal of Applied Ecology, 17 (11);: 2024 —2028. (in Chinese)
WEE, BAL, RER. 2006, PECLSTEAR T RREWABIR. RAESSER, 17 (11): 2024 -2028.

Wullschleger S D, King A W. 2000. Radial variation in sap velocity as a function of stem diameter and sapwood thickness in yellow-poplar trees.
Tree Physiology, 20: 511 -518.



http://www.cqvip.com

