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Sap flow dynamics of Populus alba L.xP.talassica plantation in arid desert area
ZHANG Jun', LI Xiaofei®, LI Jiangui'* , WANG Hua’, HUANG Chuntang’, MIN Shoujun®, LI Gang’, ZHANG

Fuhai’, TIAN Xu®, KONG Jun®
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Abstract; A thermal dissipation probe (TDP) was used to measure the sap flow dynamics of Populus alba L.XP.talassica in
the agricultural development zones of Karamay during July 1- 25, 2012. Soil mositure, total radiation ( TR ), air
temperature , relative humidity, water vapor pressure deficit ( VPD) and wind speed were measured at the same time.The
results showed that; Diurnal variation of the sap flow displayed a single peaked curve on sunny days, while it displayed a
multi-peaked curves on cloudy days.The average value of sap flow was 0.6059 L/h.Sap flow velocity per unit sapwood area
was significantly correlated with TR, air temperature, and VPD and was negatively correlated with atmospheric relative
humidity.The ranking of correlation coefficients was TR>air temperature>VPD>relative humidity>wind speed.Sapwood area
and diameter at breast height (DBH) were significantly correlated (r=0.834) , and the sap-flow velocity per unit sapwood

area decreased with increasing stem diameter at breast height ( DBH) .

Key Words:; climatic factors; arid desert area; Populus alba L.XP.talassica; sap flow
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R AR AR N, B IR K U8 R S Bl () 0 25 EE, DR, T R B X MO R S s R K RO F A A B

AR lilﬁl( Populus alba L.XP.talassica) IR JE AR AR T K y B T 2 5 ik XU R A A e y TEFE I T B Bt
Dz R, R I R SREAR B VA FUK AR FE I E B A AR [ AN 2 2 R [ AR A A DR TR R R
i PR F A 56 ZR 0 T R OEB g S ERI TDP S B0k X A 1 A O TR0 3 B 5 5 i) PR 9 5 2R AR 9 40 R DL 4
SR SCE BT R X AR H B bR ) S SR A R AR (4%, T 2012 4F 7 H SR TDP $AH BB AT 0 28 1 4R (145 19 9 O i
R BT 7 A0 AR AR R S IR F NG R s T BRI X AR FIA% 7K 431 FH A B O 538 1 A 5 A
T PILERLIE , DU Ry oK 5 Y 1) S P 44K b DX A o A S5k 52 TP IR KR R 9 2 428 R AT P 0 S 2 (L B AR AR
1 HREER

TR A7 T PP FD A b X A T & X R 2 Hith (45°22'—45°40'N, 84°50'—85°20'E ) o 120H X P4 b 5 1] y o4 M5 2K PG 745 L1
AR 2R L B k7l EF L, M3 AR U AR P e 1, ARG 3R B R TE 258—260 m, PY RS 0 4k S R 7E 273—280 m, H AR FE N
0. 26%o, J& T WT () KBty T R B0, B 2 m i AR AR & 2298, 4 H IR 2704.0 h AR T340 8.6 °C 45 T34 KUk
H 3.2 m/s AFIETEZERUE N 1492.0 mm, AF /K E K 108.9 mm, TEFEIA KA 180—220 d,, 340 X Hb /K HEYR 8.82 m, {5 X Ak
WNA KT 8 4 B (Halogeton glomeratus ) | 11 25 5 1E 55 ( Halogeton arachnoideus ) | i 5 ZE ( Ceratocarpus ) F It ( Malcolmia
africana) SFHIAFEAEY) .
2 MRMKEHE

WFFEXT G MR N TR AN 9a, BRATIE N 2 mx4 m, @M BE N 1891 ¥k/hm®, MRAF N LIP3+ | 2R N
30 em 47, FEARHIBERL 25 mx25 m FBRIERE L, 2R b P S BORE T8 B AR 1 RAF JOREET R R FEARB AR 147 4 %
2.1 WTRIRAIE

F20124E7 A1 HZETH 25 H AL 4 BRI 78 8 AL 4 07 m a2 ab , MR FLGS-TDP it Y 22 i i (&
Dynamax 2 )£ ) SEATH T 0 7 22 W, LTS B S A 1800 o XTSRS A 22 S R A T DR B DL 2 2 Sk >
B RV R 4 07 R TS IR A . 2R R AR 254 Data logger, {4 /R4S (4R4EF) KB N 30 mm, REWH DA K
A A3 A A I 2 S S R D, A e AR A 14 R L 43 310 0 B 7 AR5 e 0 o ) 422 1230 R A | R A K B i UG O A b R
FHFERBIMIER(F 1),

F1 HNERHOEESH
Table 1 Basic parameters of samples

Mt (% 52)

i N T it e . . NI B TR
Sample tree N T y The heicht/ Diameter at breast height g 4 widthy S d area//cm’
am ree No. ree ¢ : ight/m : i m area/c
ample tree No ee age/a e heig (DBH. without bark)/cm apwood width/¢c apwood area/cm
1 9 19.6 22.5 3 183.71
2 9 19.7 24.8 3.2 184.54
3 9 19.4 21.4 2.9 168.49
4 9 17.4 14.6 2.2 85.7

2.2 FREEE I E

KRG T AR 10 m 2583 Vantage Pro2 TS G0, ORI B M TA 2.5 m, A 2 22 WL I 5% K BH B4
B A S ORRRILEE 25 OB UK S U P T, O R RS 275 2 min A6 1 VCHCE 45 10 min §113 1 41724
i, A G F I R B Ta] S50 0 0 B0 %2 BFTR] R 2B 0647 o AT ZK 95 H 22 (vapor pressure deficit, [ #% VPD) J& i R 4 R 15
2 O AN SCHTAPL S RO B S T RIFLL T A4

el = 0.611! T T2
VPD = (1 — RH/100)e,

K1, e AWAUKIAHE (KPa) ;Ta R28 SAREE (°C) sRH A SAFHBEE (%) .

A IFEE KB AE AEAOMRT YR TEAE L P W55 0 b T £ 2 BEAILATT 5 3 1 I3 1) - S8 K M Y ) v, 80 T R B Dy 0—
200 em, SR AT CNCS03DR B, UL AR AT BR 2 R A7) BB 20 em B4 2 - HE 5 i, il s i 57k A 3
A [ T ) T ] — 28 8 ) S S ) AT AR o AR SC R S K R s B R Ry 2012 AER 7 H 4 BT A 14 BRI T A
24 H,
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2.3 HMTEREEE

PRI SR TE M LB, KA 01 S B 130
A AR /N DR, DRI, 3 A T R A2 400 55 2% T R VO 210 b y=14.15x -142.2 *
SR TR A RABFEERA RS AMFBGR 5 108 =08 ¥
R AR R B T B B, S b R BB L[
T (W) Z IR B A e, BB BB 58 ot
TR 5 e LR PERR X, RE M P L1 R ICHIRE B 2, z ol
KA Rt IR I G X R R A 2 ) 70
LI b b TR R 2 A e R (IR S0 b
1),y=14.15x-142.2, R* = 0.834,n= 7, '} « N4 P14 42 Waf% DBH /em
(em) ,y HHEBHA R (em’)
2.4 lmubmm E1 REGRESAMERHXR
FIF Excel2007 il SPSS17.0 S AT S -4 HT 3R Tl Fig.1 Curve fitting for diameter DBH and sapwood area
3 BRE5HH

31 WABW TN A2k

FB7 H 17 BRI 21 HAY 4 BRER A TR0 BRAE IR (18] 2) BT 2 AT LU I TEie 2 KR J2 BIK 4 BREE B A T
W HASRRLAARML, 7 T 17 B (R 4 SRR A R B TR0 2 < Bl ” B4R 7 21 H (F1R) 4 SRR A T2 “ £
W IS . 4 BRER I IR IR AR 6.:00—7 .30 (bt a], N[ JE 3l B shUE I TR0 (4 4R 5F-29) 430 0.0266 L/h
(17 H)F10.0113 L/h(21 H) ;88 AR TR0 A B R A (4 B35 IR B2 7E 13:00—16:00 Z[8], 430k 1.2849 L/h(17
H)F11.2945 L/h(21 H) 2130 22473805 BIIRARE , AR A VR R AR/, JL T 8238 0 (. H P30 3% (4 bR
1) 205128 0.7634.0.7976 .0.5948 L/h 1 0.2680 L/h, 7 H 1—25 HAR AR H Y0078 5 (4 ¥R F19) 9 0.6059 L/h,

20

TH1 y
18 L AL17H R 7H21H
. T == ﬁ2'22 AT
1.6 . —A— A3 :

14 v —— REAR4
s s

1.0
0.8
0.6
0.4
0.2

WL Sap flow velocity/(L/h)

E2 7R17 BM21 BRRREERELHNS
Fig.2 Diurnal change of sap flow rate in July 17 and July 21

3.2 WP S IS T

HEWE LR A TR SRS HFILE R 7 1—25 HEER 1 0807 5000 TR R 2R B0 RS % R 5080 (7 A
7 H .12 AFI16 A4514 4.5 mm 6.0 mm F121.8 mm HIFEAK) M (€ 3) , TEXZESERY 25d B K FHEAR S =5 {84 905 W/m?;
WA N e R E N 37.9 °C, R RAIREE N 19.3 °C; VPD He K{E A 5334.32 Pa, fie/ME M 270.32 Pa, T 7 H 16 HA
21. 8 mm [WFEIK, K PSSR 23 SR B RUK IR VPD #6 FT F R 23 SO EE R R S R AEAA B T 89% , S BUR 110 M A 3t
TR 58 LR T A S PR ZL /N, B W (A I R 1Y 56.4% At . INIEL 3 BT, 7 3 4548 £ 4 B 057 3200 T AR A V0 0k %645 K B
SRS AR BAT B 5 vPD RURARE M AR BAT [ A S R (E G VPD RSB HRRTZI N 2 b,

T oM 7 A4S G R T SR F AR B T b T R A R AR, AT SPSS17.0 BN 4 RAR (A RE AR BT 3 T A
BB TR 5 S B F (R PR S  RA IR EE AR VPD FURGESE ) 4T TAHSCA T, A 2 455 WoR .7 AR A
1 B S T AR T R A5 K P S ORI R RHE A VPD AR AR SRR B LR, BIEE 3 T
T 2R 22 T0 A 1A 3 BT HE ST 1R 1 A BT 20 T AR P A V0 D 28 23R 5 R B A A S5 AR X AR /K Y 25 11 [T D R
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Fig.3  Changes of sap flows per unit sapwood area and climatic factors of Populus alba L.xP.talassica from 1 to 25 in July
F2 BUBHERORTRTEESSKEFH Pearson tHX RH
Table 2 Pearson correlation coefficient of tree sap flow per unit sapwood area to climatic drivers
FEAR T KRB (W/m?) RARBE/C IKIEEX/Pa AT/ % JUE/ (m/s)
Sample tree No. Total radiation Air temperature VPD Relative humidity Wind speed
1 0.85"" 0.66 " 0.56"" -0.53"" 0.41"
2 0.85"" 0.73** 0.63"" -0.6"" 0.45*
3 0.81"" 0.68 " 0.56"" -0.53"* 0.36 "
4 0.85"" 0.71** 0.59 " -0.56"" 0.41"
w o w SPPIFORIZMEAE P=0.01 F1 P=0.05 /K F L2 B3, vPD, IR 3
®3 BUBMERNNTFRREXEESKEFHSTERALE
Table 3 Multivariable regression equations of sap flow velocity per unit sapwood area and factors
HEARJF S [ 5 75 it FIE R EL FI H BFEKF
Sample tree No. Regression equation R? df P
1 V,=1.94x10TR-1.04x10"°VPD-2.35%x 10 H 0.79 623 0.000
2 V,=1.22x10"°TR-5.79% 107" VPD-1.22% 107> H+7.4910x~5v, —0.001 0.83 623 0.000
3 V3=2.20x10"TR-2.01x 107" VPD-4.49x 107> H-0.001 0.74 623 0.000
4 V,=1.64x10"°TR-1.36x107"VPD-3.31x10°H 0.82 623 0.000

VLT RN 95% M BAF KT TR, KBHBFE S (W/m?) s H AR (%) 5V, , A (m/s) 5 V,, S0 M BRI A (L-hem™) 5

vPD, A1 3

33

O H AR K o
2012 4F 7 I XA A i, R /0 bR A 2 o J23 A T 94 8 A e B s (R 4) AR RSR AR A R B T, T A
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7 H 12 H .16 H4314 4.5 mm 6.0 mm A1 21.8 mm A9FEK, fH L JERJE Soil depth/cm
R iz X 28 K iR BE R L/ PR N 40 em DU A9 H3E1 %
FSF SR ANE,7 A 4 H 14 H 24 H 3 il A9 + 1%
Bk RE Y R 6.66% 6.52%F 6.41% , TELHH T 71 H 7
H.7 A 12 H 16 HBFERIG il N 1R 2 R8Ok 353 1720
AN, BERTE AL H W TR BEZ T (B 3)
3.4 RFIEREA MR TR 2 A

B2 G NI T RS M B IR RNl
Sl THAEE AL S0 TR %) VR 8 23 T LA S BB R R K B AR 3
KW REEHESR . &l 5 AR IR AR 1A H 34 50457 30 44 T AR 4 FAGLEKSDATL
ML A AE A o AP AT AR 4 BRER L H P2 A i Fig.4 Dynamic change of soil water content of Populus alba L.x
TR FRUR O R 3 8 AL R AR A B, (AR TR BRI E — E M E . poralassica
EAF 1 BINRE A IS8, & BN A% AN RE A 1 b T Bt 45
R AH B S TR RN X 5 535 4 N B A SR — 3, BER 2 MRl 24.8 em, FLRAA b TH R A L
/N, R 0.0024 L-h™em ™2 BEAR 1 FIREAR 3 BI040 B0 0 22.5 em F1 21.4 om, B AT B9 EANE 004 T AR B R 205 v, 4390
0.0031 L+h™"em™10.0038 L-h™cm™ ; BEAK 4 BII042 0 14.6 cm , 27 4 T FR ) W 3R B K, 4 0.0048 L-h™em™ | A
K202 1%,

20 40 60 80 100 120 140 160 180 200
0 T T T T T T T T T

120- ——7H4H
16 ) --o- 7H14H
I —— 7H24H

LRk R

Soil volumetrical water content/%
o0
T
\j
A\

0.007 - —_— ARl —e— FEAS
R4

0.006 - == HA2

0.005

o
=
S
X

0.003

0.002

BAVEIL A T AR R R 2R
Sap flow velocity per unit

sapwood area/(L-h!-cm™2)

=4
(=2
S
—_

(=1

1 3 5 7 9 11 13 15 17 19 21 23 25
H #} Date
5 $REMHFEHBEMBMERNARERSTHL

Fig.5 Changes of average sap flow velocity per unit sapwood area of Populus alba L.xP.talassica

3 £ig

7 A 1—25 HBRERAR AU TR0 &2« B RN, B R MR TR0 A SR ik sh 2« 20 I ih 2k, % Bl L-F- 3% A
B, AR AR TR AR 6:00—7:30 B 3h,13:00—16:00 AR K AH,21:30 2247 BB IRARME., SR ArE 7 A 17 HA 21
R B0 SR 0 26 (4 #RSE14) 435108 0.7634,0.7976 ,0.5948 L/h #10.2680 L/h, 7 A 1—25 HAR A TR 32 (4
) AN 0.6059 L/h,

7 YR A B A TR A A R R A B R R S KPR 25K AR AR S B A E R S SRR
R E D SAHDCOC R e NEAH SR B 240 L PR R/ INIUE HE S - A BH B4 > A0 B > 7K VR 25 > A R B > WU, BRIk, 7
PR 1A R T V0 I T 3 AT LA 20 TR R TR A R 2 | R PSR SRR B K PR R 22 e R R =R A 3R

B A B T A RS A ) R AR S R I AR U v = 14.150-142.2,R* = 0.834 ,n=7, 441 FI#g R Mg K, H
M TR K (E BT 3 b T B A TR R /N . R 2 B M 45 24.8 em, LAV 10 b TG AR TR R A /N, R 0.0024
Leh™em™ ;BEA 1 FIEEAR 3 BIMGAE43 50 22.5 cm A1 21.4 cm, BATHI AL A T AR AG RO R B H L 433104 0.0031 L-h™ cm™
H10.0038 L-h™ em ™3 FEAR 4 BIMIFEH 14.6 om , H AT T0 M AR T 550K, 4 0.0048 Leh™em ™ 2REA 2 192 fi5, #0
PEARBHAZE S MR RN R B2 VERNLEEAE R E 24 fEREY R AR Z RS, v LI H Bk 20805 28 1B #E K i RUE
i,
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