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Radial pattern and time lag of sap flow in Populus alba var. pyramidalis
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Abstract: Scientists have widely used sap flow measurements to estimate tree transpiration and to understand the
physiological and environmental factors affecting the sap flow. However, the assumption of a uniform profile of sap flux may
lead to a large bias when estimating whole-tree sap flow from measurements made with a single sensor in the outer part of the
xylem sapwood. In this study, the sap flow velocities (J,) were measured at five depths (1 cm, 2 cm, 3 cm, 5 cm, and 8
cm) along a radial xylem transect of three larger trees of Populus alba L. var. pyramidalis Bunge, a popular tree species
often planted in farmland shelterbelts of oasis in northern China. Measurements were made with five pairs of Granier thermal
dissipation probes (TDP) for each tree over two consecutive growing seasons (in 2011 and 2012) to determine the radial
sap flow pattern. The results showed that: (1) J, varies with depth in the descending order from 3 cm to 2 ¢cm, 5 em, 8 cm,
and 1 cm. J, at depths of 1 em (J,_,), 3 em (J;), 5em (J, 5) and 8 em (J_ ;) were significantly and linearly correlated
with that at 2 ¢cm depth (J_,), and their intercept coefficients were 0.24—0.27, 1.18—1.61, 0.81—1.64, and 0.38—
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0.75, respectively. The greatest J, appeared at depths of 3 to 5 ¢cm under the cambium and the lowest appeared at depths of
1 ¢m or 8 emj thus, the conventional 2-cm-long probe cannot reach the peak point of sap flow. Significant differences in J,
were observed along the radial sapwood despite their similar diurnal course. (2) The atmospheric vapor pressure deficit
(VPD) and solar radiation (R,), two factors expressing the level of atmospheric vapor and heat, respectively, were the
most important among the five meteorological factors controlling J . The influence of R, and VPD on J in the outer and inner
xylem during the growing season were similar for P. alba. However, accurately differentiating their respective contributions
to sap flow proved to be difficult because of the interaction between them. The atmospheric potential evapotranspiration
(ET,) , which is a good indicator of the effects from meteorological variables, showed nearly similar diurnal pattern to R,
and was closely correlated with J.. (3) The diurnal course of J, for each depth displayed a near-normal curve with a peak at
noon on typical sunny days. J, at depths of 2 ¢m to 8 em peaked simultaneously. As an exception, the peak time of J_|
appeared 4 min to 123 min ahead of the others. The peak times of all J, lagged behind R, and were ahead of VPD. In July,
P. alba exhibited vigorous physiological activities. The peak time of ET,, J,, and VPD on typical sunny days in July
appeared at 12:30, 14.00 and 1500, respectively. However, the time lag varied with season. The time lag between J, and
ET,(A,,) increased gradually from June to October with the amplitude of 70—110 min in 2011 and 70—128 min in 2012,
indicating that solar radiation affected J, more strongly during the early growing season than later in the season. In contrast,
the time lag between J and VPD (A j_‘,) decreased from June to October and varied in the range of 20—73 min in 2011 and

8—62 min in 2012, indicating that VPD affected J, more strongly in the late growing season than early in the season.

Key Words: Populus alba var. pyramidalis; oasis; sap flow; time lag
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J7 10145 10 em (181 FE #2239 B AT WRE b T 14 7 1) 2050l 4624 2 3.5 em AT 8 em 44T, DAk G & 4L Z M T3k,
FHAABRE A AR T B R A DU 3 2 S Y, D5 05 R Y 22 50T L ZmAN T, SR 220 V S8 i 82 B 12
V R E HUE SR AL, INARERET s 4 FR IR AT K 0.2 W/ em BUARMEIRAT, AL ey 1R
PREFRNR 224 KT 10 €, RH 32 #1E SQ2040 FCR % (e [E Grant 23 F]) 4% 30 s K4E 10 min iCsR YLK %
S, SRH Granier 243 (X (1)) R RHEZR (J, m® m™ 7)), Hefie AT, WEE 2K
10 d™ 7 I EE SRS R A K AR EE A T R b O SR B L (R 1), IS ESE W
A 6—10 J 03 S SR T 43 B (IS PR 5% Fi A% B A DRI e A 0k )

AT _ AT 1.231
Jo=119x10° | =0 (1)
AT
A, AT HMERE IR 22 (°C) , AT, A ARBTERIR o 2 i B RS B A IR22 (°C) .
x1 WRNEFERERERER
Table 1 Biometric parameters of the sampled trees for measuring sap flow

N fige . B B Width/em

FERe Dia?;jcicr at LY o /L‘ X N : ALY em?
No. of sample trees . Height/m iy B FE 12 Lot ke ) Sapwood area

breast height/cm Pith Bark& phloem Heartwood Sapwood

1 SHEHE Tree 1 30.88 15.24 0.50 0.33 7.29 7.33 527.57

2 SHERR Tree 2 31.20 15.32 0.50 0.33 7.36 7.41 538.45

3 SHERE Tree 3 30.04 15.16 0.50 0.31 7.10 7.11 498.33

13 SQERIME KK TR

5 TGl ARS HAEBE BORERRZY S0 m SIS HL (AT A R S PSS | T DB P, AL, AL £
BRI RS IR, DA PRI 11 28 Avalon 27, ORI 32 W SQ2020, FI k1 B HB 1
7 80 em, BB AAERI 2 m BAL) . REIERILS BRGS0 K5 M E ORI A B AR
LR THE TR EER AR R IR (R,) R (T,) KAHIRHREE (R,) K SUKIE S B (VPD) il
W (W,) 4T,

fi4 FAO Penman-Monteith J51:, FELAIK A KITFE ET B, €, = 900, C,= 0.34; 7RI/ KA 315
€= 37, BB (6:00—20,00) % 0.24, Wk (21:00—5:00) % 0.96; LHEHGEEE ¢ 9157458
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DL /INESE Ay B 1] R E -4 i oG B B sR LA SE RO LA iR A5, 3% 2R A0 K R E] 43 S ER 0.5 Fa
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el (M)/m’), y A FRIREFE (kPa/C) se, MIAUKIRE (kPa), e, WSEPRAYKIE (kPa), u,
N 2m AL EPERGE (m/s) . RAKIETE VPD & XK e, 5 e, 1022, SEABUE S FE S 1] FAO
56 AT,
1.4 BdEsHrmk

K origin 9.0 $2HLAY Peak JE2UPREL (1 Guass 7RG R T  KAE T 19 H 28 fb i B2 JF HR g (A
21

J = A e’z(x:z()- (3)
wA/ /2
A Guass T5 e P&t - SRR B, SRR J MR, « W2 (ALt E], HUE 0—24)
x, 4 J BB B 2], A, w NITRRESE, AT, ARSCE JIEERZ] 5 ET, . VPD W R 2] 1 a]
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T U T L (0.81) , F87R AR A TR AL A% i o i () S BE B T 3 em A, 5 em AR R O 4
R, AT AR L R AR AU R AR AL, i X AR AP e AR R R, TR, 1548
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Fig.2 The linear relationships of sap flow velocity at different depths with J_,(/_, was sap flow velocity at depth of 2 cm, and so on)
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AR R ) — B E TR B — 2 0400, DA BRIE shim W RERS G 7 H 5 i) oo, Bk LR ES X H
(2012) FFEFEFEFILH T R, VPD KEEGAES ET,, 5 J, s— &R Guass TG HH i, &3
JORT =H 5 J Z MIEEEAE 2R AEX 22 5 X R, ATRAE N, J IEER 2200 R, ET, MR, BT
VPD FYUE(E IS 20 W] W B2 0T, R, 5 ET W 1 BRI 20 56 4 — B (X TR ET 08 R A IR W I i 4
TER RS ) , (HBH B F VPD MRS 2], FEREARAERIERD 7 A0y, WA L FE ET, 0 LTy
M, 78 ET ik BRSO HR (] ) IR 94.16% , 35k 4E EFF, Zead—BERFIAl (A, ) A BRI, %
T sy I B A FEYS oy, (A5 BV A (R RS B8 1 E T, IS BE FR A AR AL S s R i 4k 22 7t i, LA
B TIEW AP EERT A ET,E T FERH S IEER) 88.35% , (HIXITHY VPD(=3.23 kPa) Al 46X E i 1% I8 2 F
FE (AT IEME 97.61% ) , 253 VPD 4 XHEABIE(E R, J_, FREEIZ) (1) 97.28% , ATLIE H, 78 B,
24 VPD 4 FHARKF R, B LT, W5 VPD RIEMAERIER, 24 VPD BB —BIE)E (27 A6
H3-3.23 kPa) , W5 VPD 2R, Lid —BRI(A,,), & RILFE FREMIEAHEKER,

R2 BRRBRESKEAFEMZRSOFSIFTER

Table 2 The schedule of stepwise regression analysis between sap flow velocity and meteorological factors

EHWT GAAEEES (¢

G273 . . . b BIbRHELR2E B VA I
Sample trees Md.e orologic Adjusted RIS S Err. of b t(n-5-1) P F
factors coefficient
Tree 1 VPD* 0.47 0.03 15.05 0.00 F (5, 1637)=1533.5
R,” 0.42 0.02 26.19 0.00
! 0.07 0.02 4.52 0.00
T, 0.04 0.03 1.75 0.08
R, 0.00 0.02 0.21 0.84
Tree 2 VPD” 0.58 0.03 22.47 0.00 F (5, 1587)= 2575
R,” 0.48 0.01 39.01 0.00
W, " 0.05 0.01 4.06 0.00
R, 0.03 0.02 2.14 0.03
T, -0.04 0.02 -1.75 0.08
Tree 3 VPD* 0.55 0.02 22.38 0.00 F (5, 1587)=2841.7
R,” 0.53 0.01 45.29 0.00
\ 0.05 0.01 4.62 0.00
T, * -0.07 0.02 -3.29 0.00
R, 0.03 0.02 1.95 0.05

VPD. KA KIEE T R the vapor pressure deficit of atmosphere; R, : K BA%E 5} solar radiation; W, U wind speed; T,: KEEE air
temperature; R, : RKSHIXIEE relative humidity of atmosphere;  A7EZ A BIF 447 AL R AR 7, FrA AL B P8 W ks (P = 0.
05)

X FHE A A ER 2], FRAT—IF51 T3 3 R — 2 R KA AR Z A i B 22 1k FR Ok
HNES, £33 TS AR THEMBINE K H &R SEE SR Z], aTLVE S, Bt KRR bR T
1 em 740, HETOAM (2 em, 3 em, 5 cm F1 8 em) A0 3 IR I 2 Fe A — 3, B2407F 14.00 2 )5,
HWHEKT R, 5 ET, /WAL Z](72—99 min) , T VPD [IEAERT 2] (40—59 min) . 1 em {37 540 A VR 7
RN, HHAME BT 2% , Hg(H A H & 2 R PE AT 4—14 min(2011) F1 111—123 min(2012) , R, 5 ET,
WA BR A B Z0 AR ], 24716 VPD WA H BEAG 20 5 132 min(2011) AT 139 min(2012) ,

2.4 WCHLETH ZE T AR AR A

BRI RS ET, X VPD 76 7 Ay ity , B2 AEARR R R ARE? Stk , £33
AR ZE(6—10 AMy), MR IX ET, i 215 AR (b S Byl )k 3, Hoh & H ET, H 39 {E A8 L X 8]
5.96—2.80 mm/d(2011) ,5.49—2.53 mm/d(2012) , Hrs@ig T M I TR BEAR R R 5 ET, (B IEAE 1)
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IR SR B B E (1E 4) o 6 Ay, BEE M58, BT i Az BTE S 2 W, R
YIRS S fas, WA A 209 (7011 min(BR T 51, W EIRZE S ET RATSA SR ARG 0N, Z )5
1) 7—9 A1, BEETEZ K LT R — L5838 5, WORRSEAERES YK 2 FEHCRE, ALY RAZER
JI RV RE ST BN, R IR A VAR PR AR b THBIRE A i A B . 207 10 A6y, KES
Syt A BRTE S R B, A RS2 AR IR S RO I RS, A0 (BR T A0 B A2 R
(110+11) min(2011) FI(128+20) min(2012) ,

£3 AGuas FRUMARABREREIESKTEATUIEMNER

Table 3 Parameters of Guass equation for fitting diurnal course of sap flow velocity and meteorological variables

A 558 2011 4F 7 A June, 2012 2012 4E 7 A July, 2012
Varibles and parameters A x, w H R? A x, w H R?
R, 7648.45 12.84 6.16 990.86 0.97 7363.96 12.61 6.01 978.38 0.98
VPD 23.70 15.04 6.49 2.91 0.78 21.48 14.93 6.56 2.61 0.83
ET, 4.93 12.84 5.32 0.74 0.94 4.97 12.61 5.42 0.73 0.96
Jo 219.41 13.97 11.66 15.01 0.11 58.78 12.20 16.20 2.90 0.14
Jia 231.53 14.11 7.90 23.37 0.93 194.15 14.11 8.00 19.37 0.83
Jos 304.08 14.04 8.37 28.98 0.89 245.76 14.26 7.63 25.71 0.78
Jos 283.10 14.04 8.14 27.74 0.84 239.83 14.06 8.03 23.84 0.83
Jos 107.68 14.21 8.76 9.81 0.73 124.40 14.19 9.04 10.98 0.57

A, %, w A Guass TR (AN(3)) TINSEL, H IR, R e AL

5 ETAN], W BRI T VPD WA S, XFMRATETE 6 Ak, 420 (73£11) min
(2011) F1(63+15) min(2012) (K& J_ 5b), #ERAUKIEE 7 HR B BA AR5 ™08 1) R 1R Z 1, 0 A% i o 7
Ty TIE(EIF M T B, hE o 5 R SKIRE 7 8 B (RS IR0 s Z 05, Bl A A BREE 7 A 228 4 {git
S HGE Z T KB, WOREEE %, VPD 5 J WA R R e R, 2] 10 TR (20£11) min(2011)
F(-8+20) min(2012) (FEFRIRIART ) , IR AL 55 1 28 6 A2 B B B A 52 4% T KUK VAR 77 kY
UK RIS T — S AR B, SR, 6—10 A ], BF5E X VPD H S AYZ A 281k 5L 386 0
Ha#, ARMEIX A 2.14—0.68 kpa(2011) .1.81—0.65 kPa(2012)
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BRI 1 em AL AR A, 5 A, BRI 5 H B A S A Rl Z T AR (b A, (H7E 2012
R 6—8 A, J HRBIT ET,29 16 —32 min, ¥ EHHERTT VPD(157—165 min) , Fridiz /N2 1Y
A I 32 KA R A s N, X 0T BE R I HT R i SN2 5 3R 2R R KK % T 58 1 ELEEXT I
EE HR KRR R-THOKABEE T, T2 A4 B S i o (5 5 R b I A%

H ] Time/h
N\

6 7 8 9 10 6 7 8 9 10 6 78 9 10 6 7 8 9 10 6 78 9 10
S J> 3 Js Jg

H 4 Month

B4 BRERS ET, B (A,,;) .5 VPD B (A, WETER
Fig.4 Seasonal variation pattern of time lag between J, and ETy (A, ), J, and VPD (4,,)

3 i

BT AR EA B AR 22 5, SRR B - B00 k5 PR AR
PR XK R (RP = 0.81—0.99) , WIH R S S FIUZE T 3—5 em &b, J 5 J dem anlnlik J, 1
1.64 {5 A1 1.61 4%, BHLAY 2 em K0 TDP BREFMELL B8 KRR i = AL, 78 S I AR B E T,
VPD Fl R JEiZH XIS B i im0 E AR F, 878 ET A T 2MAZEFMEEHEA
5 R, —30 H AR FE (WAB T ), TE50 BT KA I A SR gl o i v o EAA 3

S SEA A 45 7 s A AR R B AN TR] 1 EL 34 ELAT A S A ISR RRAE I R A e { — B IS
T ET,MHEHTT VPD, M6 2] 10 H 3, B A, R J b s G )2 i A SRR A L SRR R
TR TR, WAL 52 K BHER S 10 L OB W 55 ; 5 2 M B, B A, fE 6 ik, 2 0m 288 Hh s s 1
#, J5 VPD 1 H AR BRI — B, B Pk P AR Ak R WA AE BT A AR K R R AR R R 2R
AT (R,) K, BERIEAEK 3SR H 22 A0 0 8 RO 2008 s THAE Je 3, X Rh G whas i i T ag , Wi
TR A KKK T (VPD) BB 3

4 it

M SR b 3 A T EER B AN BRI AR AN 23 M, Fe s TR S AT 1 O AR A A AR 1] 22
ﬂ‘ﬁAFLﬂ@i RE (R AR 1) 23 pRAIOR B o BRRR 2 T 6 5 A P BRI 17 Al RO R A A ) 1) 0 A
RERBE RN S, (BT U3 F oyl R AN Ll AR 222 2 S A LA 1] A J T ALY 17 B0 7Y
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454 Guassian PREL, AHFSE R I T M 4235 75.6 cm B KRB 3.3 em B35 AR ME fih S % W 04 32 7
APV IRE R BAL G AR R AOIRAT (2 em ) A BE R IA 3T B K I O Bre i 0 45 (3—S5 em 4b) , {H 2
BIZWR BRG] AR BB AR A PE (R = 0.81—0.99) , AR AL Y i I =2 1] ELAT 38— B0y 28 4k
R AR R RSO A S AR AR SRy T AR S SRR K SR A T TR AR

R TR AT RE MBI BRSO M R R AL i A, SR TR E R 8 em MURRET I WS 2] T BT S A T B AL
AN T, (A S 45 TR FH A K B EURE O 1485 & B G P T e (s R T R 7.11—7.41 em, X
— 7 U B LA B A R U, 46X M 5500 B 1 < o AR RT BB ANAEAE , VR R Bl 4 TR B T
R L R SR 2R, 5 — T, ARG e B X o b R RTRE IR A R, AN SR AN AR Y
VR, Rl TR ST B A AR 1] 43 A R ARG I B SR

RS R A EE RN E R VPD FI R, B0 B R E M A 2280 P28k 3 71 ( KA
KEMRA G ) . KRGS AL T BB Bl Rl 00 IR0, A4 A Y 78 I 2 Bt S 0% b T v v
T M B A ST 4G L A LR, g — S0 R K PH AR S R W R AR A ) B B R R 20 2
BRI B BEAS H 78 [P 2o T o) 4 S v o7 R B e 2, LD PRI 6 7 T DO X AL P B BB i b, AT R
IR BH A S % i AT RN 28 SR 3 TR 80, RE VTR 3 i R N AR ZK IR OB B, (R R 2RI R A T G

SR, ADBFFEARRE K PR 5 B A A il B 20 90 ) VPD K38 T 48 S b i /K I5UE S5 M )
T MR AUK IR R 228, BT 32 R0 B RS RISE e, X TR, Rl A AR R T A ki By 4
M, AR R B K A3 — M RN, A R R A A R R B I R YRR P 22 (R, 7K A3 A ) RS
T G . FEANEIE R X RS ( Picea abies ) i S XF P FRARASHFIE B4 B 107 -5 K AT 7 i)
IR T 5 KRR MRE " FERERE S, AER TR e Ak, TR S AR
Bl AR AN OG, AR TR PR S T AL T R, K AR S R Y, 1 R ARk
25, X ATRESE VPD XI5 e 0 7 A0 2 A

K BH R S AR 28750 5 BRI A5 R DS SR IR, 7 A — B (G S sy, X RPN
FEAS AT AELEN, T2 XT A 4 16 7K 2 R A 7= A DR R AR, 0 DR 3 A e LA o i b 2 B b ] 79 LS G 3R
SR A H A S AN AN Ao b R T A M A YR A LR I A O i e R e R T K YR
TR, T LS B BRE)  E FK IR R T AR G, IR, TR A3 B SR Sl U Y PR AR B, £ AR
ET /BB AR AR T, B —f) R, 8 VPD B HA 51

R IR PR SRR SR VR 7 S-S5 O [ B M e R, 38 S5O f AR P ad B 5 R 58 e — 3K
MRAFTER BT TR A 2 8 A B R 51 B sl P 9 B ) 5 45 107 BR3EA (P. X euramericanacy ) W
WA (E I 20345 I R, W (E 30—60 min, $2FT VPD I(E 120—150 min"*' | %FF 5 5 AR (Acacia mangium) Wi H
SRR ST 40—110 min™* | i EEMAERK ST, iR NEEH RRE 225, J AR,
W (55 ET M) BN 70—128 min, J AHXTT VPD 25T 8—73 min, J AXT R, BIHHE# VPD B Kk,
XRY TR XA S VPD BRI GRS R MER, X5 T RIBURE A — 201,

oI, PEAHH B S AR AR A B B MBCR ), WA T A7 K 250 B85 K 4t 4% TR
BRAEST, TR MR 75 B i RE X AR R K A R F7 RIS, AR AR PB4 7K o0 7 — 52 2 B I AT LA 2 i L 11
Fh AR ALASEH], SR A AR A R, BRI AT RIA K A R B R — 5 VPD % B o
SR PRBL T X RS RS B 5 9 2 vRRE 1 WFSY K BT SRAZR S VPD R e N K
B R RS X Sizad B R A OK 2 e 8 TR R — S0

FEMREE R T, 40K o i 193 = i ARERAS R AR 6 K o R SRR, e/ IN B ) RUBE (i —
RN, W K & B IR R, X SRR IR R0 HHCR, AR 14
JEWRIBIK Gy 8 J1 2R I 25 57, OB ARAR 2 430 A 1 25 a0 A8 Sk, AR ME AR o b 7 e B 3K e & it 5+
VR IE) B4 11 5 O ZaAbia, T VEE , Bl P N R SR R T LA H AR AN K, 3K
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TR IR A SR S AR /N AT Z B AN, X AR T 5 X R 2 ( Haloxylon ammodendron ) B it W M v 45 21
TESZ ) BRI BB AE TR X, 3K AR X AR A A 4 s [ PR 98037 i B B0 35 W B L A A/ N ) R 1 ¥
ke ipA AT
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