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Diurnal and seasonal variation of stem sap flow for Caragana korshinskii on the arid

desert region in Shiyang river basin of Gansu
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Abstract: The SF100 Heat pulse sensors based on the heat compensation theory were applied to study the diurnal and seasonal
changes of trunk sap flows for Caragana korshinskii . The soil moisture content at 0 ~ 300 ¢m layer was measured with a tube-type
time domain reflectometry (Tube-TDR) . The solar radiation, the maximum and minimum air temperature, relative humidity, wind
speed, wind direction and precipitation etc. were also measured with an automatic weather station where the reference crop

evapotranspiration was provided simultaneously. The diurnal and seasonal variations of sap fluxes, the flow velocity at different

positions in the trunk and the sap fluxes under different weather conditions were analyzed. The correlation between the sap flux and
the meteorological factors was also analyzed by SPSS 11.0 statistical software. Results showed that the trunk sap flow varied
regularly in the diurnal term and the sap flow velocity decreased with the inserted depth into the sapwood. Magnitude of sap flow
changed considerably between sunny and rainy days. The order of the main meteorological factors affecting the sap flux of
Caragana korshinskii trees were: vapor pressure deficit > solar radiation > air temperature > wind speed .
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¥ 4k 48 %8 )L ( Caragana korshinskii ) A SR LB BHEAM AR, VKK . BRX . KHH L, B 1.5~ 5m,
RAERE, ZEHMALES ~6m, BETEX ImER, KEHBT A 20m, BEWHE AR, FLEMESE, BT
KEREE -9 CHERTHRELHL  BEFVHATMEEB L SCHERESEK  HE®E, EER
KB 150mm AT XM ABA K . BA T Kb A U R4 A, K b F 5 B RUE 2 1000 B #b &g 38K
THERMBAVAEGH CEMEY . HENHORR, ERE REEFMXNOEREAAR., FESHF
REALTREETESRK,

BB KN MEEAHEBOME , ARTEDEEEREKE, eV K ITHEEAREN, N FERKAE
SHEBRSEEAEEENEA. BEX BNSEFTHXEMRELEBRA G T EEBREKE
gt JEX BT R R AR MBFERRS TR, E—EBE ERS THRRGROSEEE, FE
%iﬁﬁﬁ'ﬁ%{#?ﬁﬁﬁkﬁﬁ,ﬂi&ﬁﬁ%ﬁmiﬁﬂﬁﬁ'—ﬁiiﬂmﬁﬁﬁiﬁuﬁﬂeo BEA 20 42 90 41X LA
e, F FTREK o AR T A R RE K B 2B E A AM 5 BRD T BBk o R 7E AR K 7k 15 5 TE 78 1
MRICLEAEFHYEENER.

ARK B A (heat pulse technique) , R IEMAME PR, EEEM A A REKRE T, WENF AR LK
WA AR, AT RN ERM KR, AR X2 F T, &2 0 &0 & E R
AREWHEE, FEA R, TR ARNANE BT A ET, AN AT EENE, AR TR
AKERKET . Zimmerman FRZ N B EPRMBEAEFER T E . RN T EEREH Rein F 1928 4
RN, AT ES YR MBERE" . Huber 7E 1932 B R G ZH AR T T B A B M, B F %5 AR R
ﬁii“-ﬁ%*ﬁéﬂﬂ%@ﬁ'&?ﬂ‘m )5 B Schmidt 7E 1937 45 R M8 R WM& T A B FR W i, Bf T, Marshall |
Closs , Ladefoged . Decker 1 Skau,Morikawa % Edwards &5 A\ #47 R Mokt 523202,

FEAERL A Bk B AR M E M AR ZE R KNFR P AR RAEETTFRANTA EERNFHERK 5
&, 0B BRI FHREARBFTAT RBBFKOHELIRE ., S CRE AR AR € BN E W EEET&E
RREKEZBTHNTRRER, XA BRABSENEAARAESHERTZRNELXRE . VESTE
KEEMAESHBEER S EHREEISKE, {
1 SRR SHRR % -

1.1 AR R :

 ERBATHRERBRNTHMNX, M B Y BN R %, LS 37°5049", KR4 102251017, IR &
1500m, K EE MR T RS E, # FKEIE 25~ 30m, T EFH R T, H 300em WEHNWEHTEEN
1.54g/em’ - F SR 8°C, KF 0CHUR 3550 C LA |, BEFH K E 160mm, &4 F- ) K E 7% & & 2000mm
ER,TR#EH 15~25, HEAH 30000 AL, XFEW 150d U E, ABTE MBEEF, RKDE, EEEKXR
Bk 38m/s, B R HIL K.

A ARG B PR A, AT 2 3 ~ 6m, BRI/ ERA 60m x 48m, EEF 7R MK EH 3
YA, BRI 4 B 15.23a F0 20a, EHIBE MY . KB IX AIRA AR S
1.2 R A5 :

HIF 2004 F5 A8 HE 10 A 16 Hit47, 858 18] B9 M B & A Penman-Monteith A RAEB B E 4 v
HEABRE ET, TERNE | iR, BHAR 134mm, EREPRHN,BEEE KWENSE BF4ERKR
FRF&ARBRA,2KESE,BESH XN 2.05m 1 1.87m, BIESF1N 7.08m® 7 6.59m’ , R SF100 #4 Bk o
T B O 2 2 RS R 2 (8] ER AL A [R) W B B0 VR O 3R I FAE A A 40 BT AR 4 A B BT O B8 L AT
BRERBNBRRBEOHERIFTRGIBRGRE. BETELERAVTTERERRRERKFAHTITRBERE
UABREESKBEFHRR.

F B 3h S %ok 5 Bk b il Rl 8 A0 (R 45 i g W 2 S SHB R KU VR B R SR B ER KB
BHRSHEYELEBR(ET,). FER -8 4L Tube-TDR(Tube-time domain reflectometry ) ¥ %2 W8 M R
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B 1 ARMIE A PS4 R R RN B R M2 (2004-05-08 ~ 10-16)
Fig.1 The diumnal variation of ET, and rainfall during experiment(2004-05-08 ~ 10-16)

K 300cm HYEM &K R, 76+ BB E S E LA AL 10em HEEE, S sdWE 1 K, MBRETXS, B4
W,
1.3 U/ TE

BT & REA, BESE A MIFAIEE ¥ SFI00 2RI SN ERER THMBAE, H THENEH
SIEMBEA, EERE L EROEATA T, BT M, 0 BB A ZEH 5 35 2 5 86T R
BT 5.10.13mm & 18mm PO/ R FIGAE , LA B0 52 25 VR 00 1 428 1 RO 3B BT 4045 , 3+ PR 40 9 4 4 0 S W0 100 RO 4R 41
W, GRS N, REEY THERS AR, LEARERS MR EY G E, S 0mn i 7 ;
1 R BK bl , A BK b3 2T A 2 2.0s, EIRWEE 2 SF100 RN EN, 6B 2 MERBAR, B EER :
A 14 5 SR B BRIR R4, K 9om, 1 X R 45 40 0 S B R A8 , K Som, BRI AR EE 75mm, BERE T

455 Smm M 10mm, B 2mm, £ 0 42 2.2mm,

2 BR59H - = BHEEUTF 18mm  —-—-- BRENT 13mm
------ BREUT 10mm ——— BRELT Smm

2.1 BT AR R AL & R R B z
BALK KDY REEEEEARBES, B2 Z16
. ERRPANARE FABARRLARIE 30
BHBRELHE R BAARREEN L L ;? :
WER,BHEH HWELBE . BREEELRE E %

T Smm b8 K, B HEE WA A B 918 b ok i &
ZR/NEREUT 10mm AMBERERKRZ,EBRE
[,j‘F 13mm F 18mm &kﬁﬁﬁﬁthﬁ?ﬁﬁ, &ﬁﬁg@% M2 #F&REMZUT AR &R E3E 4 (2004-05-09 ~ 05-16)
ﬂ:z BSZ E.: UF Smm &]ZB"J 12, LS FJ 16 H %J ﬁ'] , }‘fZ BSZ }% Ll Fig.2 The variation of sap velocity at different depths in stem sapwood for
F Smmm 40 Y058 %6 14.093m/h, 10mm 4 W I Caragana korshinskii (2004-05-09 ~ 05-16)
FIE{E K 11.147cm/h, 13mm F1 18mm 4 3K I 3 H & 4 B A 7.003em/h 1 6.625em/h, X T HAHT KA R IBA
RRELKIEFRE~ENESR.
2.2 HEMTRRMEKETLME

Y2004 5ES AZ 10 AMEEB R MWBIE ST ERA HERNTERRMERKETANBIE 3 xR,
ERENEREVE, FOBRRBEMIRER/D, BEMXFR,5~ 10 AR & FHBARRSH]H 3.83.3.73,
3.58.3.65.3.67L/d 1 3.32L/d, B M E X 596.88L, & A MM E S ERMBEH LA FIH 15.8%,18.7% .
18.6% .18.9% ,18.8% % 9.1% , 3 H 5 H#y 24d,10 Ay 16d, B3 RE 4 XA IrENTFHRRBZ RN .=
SHMBEEWER  ANEBSHYEENTHESRHR, THESKENX/NEERWE T 2R R HEKE

0 1 2 3 4 5 6 7 8

Bt fa} Time (d)
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BHREZ D AMEW 7RO THR,EZERNNXRLRERS. FERNEEMERSY, TR KEE
i, MARAEKWE PRI WA KEER,E ET, RR(WE 1 i), 58, MERT RN, EWHE %
HKEFEE ET, BB 1R, BEE4AKNMBEKEFARE. BRREBREKENR/PME SN
4.492L/d 1 2.266L/d, 2344 8 H 29 AF 7 A 28 H , V{4 3.8011/d, #RMEIR 2 0.463L/d,

20.0 - 8.0
5.0 . . L. 7] 240 —— Diurnal rainfall )
5 s —— Diurnal sap flux ==—— Relative humidity - "':\:a 160 E Soil moisture content ;8 E
. &
-] - o~
w 540 ig EE 120 F 5088
®T 35 J120®E w5 40w g
®§ Ae @E sof 30 %2 ‘
T g 30 &g g2 | g
g ®5 mA 4ol 20 " B
g 25 B O
2.0 1 ) I L L ] 1 ) (] 0
05-08 05-28 06-17 07-07 07-27 08-16 09-05 09-25 10-15 05-08 05-28 06-17 07-07 07-27 08-16 09-05 09-25 10-15
B # Datc B ¥ Date
B3 AR T W & A A 88 B % 15 484K (2004-05-08 ~ 10-16) B4 ¥R TR R L Ak B R 46(2004-05-08 ~ 10-16)
Fig.3 The sensonal variation of sap flux and relative humidity for Caragana Fig.4 The variation of rainfalla and volum etric soil moisture content during
korshinskii ( 2004-05-08 ~ 10-16) experiment period (2004-05-08 ~ 10-16)

2.3 HERTRARAWER.AREANERARRIES T HBRRELRA
2.3.1 HFEMTRANBEREARE/MAAE EBMEKEZEVE FANTHRANERELSLA LK
—3H, WE S iR, NEFILUERTEARN TRAEEREAEZEF —EWEIHE ERNEERER
BE/N BRBHMNEE, BHBER /. L5 A 20 AXH L ITERTRREE 730 EHFFHEE LT, K
29 11:30 £HEFIBRKE, N 0.2881/h,13:00 EHFHEBEL TR ETHREBEHFRA T4 EE,18:00 £H F i
AEITHE 2030 £ EABTRE. RAFENTRABRHATHENFR'AR, BRX—MESIFFE
R4 TA/MRE,BhA TrRESKKEZ(VPD)BK R T &ARNARBIER, X BEHIKN T H FAX
TSR 2 RS g™
Be6&RAMENTRAENAFRZEMEVENEIRE, “ERINW ELFEARE . PETRX KD
THEE SR AR, KRB R, i F LT E AW R DL R AR IR K R TR R 2 (B 7
i, BeFXEHTHAALETH, FHE 19mn, KBEBE, SSAMBER HBKEE EREMK, BEK
MNTHEREHFERHRSE HBEREREN K, FERETERES SR B/, vPD ¥ K, KR HE 5%
I, RBFAE, AR,
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Bl 6 Fram T # A PR32k (2004-07-21 ~ 08-09)
B 57T B R Fig.6 The day-to-day variation of stem sap flux for Caragana korshinskii
Fig.5 The day and night variation of stem sap flux for Caragana korshinskii (2004-07-21 ~ 08-09)

2.3.2 AAXRSEMTFHFEN TRAEARRE AEFFEMNERET P, ERULFARMX ITETR
FELE., ME7LER,£8 H 30 HMEXE, BARBRK, BHIEEERK, AR XK BB E
AKX EWMRBEREEEERD RABAMNRE, ERAEENRZ.8A 11 ANWXE, MKEF 18:30 FF
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tﬂ@ﬁyigﬁﬁﬂ 17!00 mﬁ,i%%ﬂﬁymg*ﬁxjﬁ 035 -
= 030

BAE/N VPD MIN KRB RS RRBFRER.  §
XBAR—FEY, E LA HANASET. S2E8 & o

ERMEHEBEKNEERT, 5 015

2.4 HERTFRASSEER LB ggj;‘;
FEMTRANTAERZAAF0EYERE %;oo 4:<')o s:loo 1z:oo 16’:00 2o|:oo o:Joo

F0 51 5 37 5 B8 T B0 R W, S SR 3R R A0 35 + K 4 , A Time

ERER, BUSAERSHTRAZHMHELE, B7 KT R T B R

AT UBARSEE FIRA KD CERIE B, T Fig.7 The day and night changes of sap flux for Caragana korshinskii under
HAETURBESSERMHEMARBFEK, B KK diferent weather condition
FHAEREREN2MKE,

H&AAKZTHRZER THRABHTEHMHESREY,) KHBBEH(S,) ENBRE(TORFEIKREE
(VPD)W BB FHENTERAE 1, EREW, MW vPD S, MR KR, BXEMRX, T, SR KK W
FAXTECN, TV, MBI R,

£1 FERNTERESEEMAREARIAHAXR
Table 1 The correlativity between sap flux and meteorological factors for Caragana korshinskii
S BB XK Meteordogical factors VPD % SK M E 2 (KPa) T, ZSBEECC) S, KW B (wim?) v, B (m/s)

HEEY R 0.521 0.311 0.530 0.009
EIEES ¢ 0.805 5.519x 1072 3.906 x 10°° 0.225
F{H 173.838" " 73.710" " 180.732" " 1.415

* % =005 K FEBF

F A SPSS 11.0, K FAZE £ EIE T 8, L 5% i A 3 #1528 38 5 B9 A 32 0 B B W 57 {8, X 2004 £F 5 ~ 10
ARFAEKMEFMENBRR S ERSZER#T T EXEEREMHT. SREU.EERKFTHARBE
B AR TRRESSSKMES AMEHNESEFELRAERANER, ARERREKNENERRER
B, BT 8 ARKHAMTRARA LR=ZFRFAREN AP KREERFERERI RETERKHER
FERAFSKREZAMRHEHREN, KPS A6 ARM 10 AR TRKREZRESREM;T AR
o ABKMBRNEEREM.

ERSREFEPOAHEXE FTREKFTHZANTHRRES KNE KHEN ZREE . ZF9KK
ESERSKARY 162 ARRBERETETKER AN, BHH FHRRRESIRERGRREER
.

SF = 2.888 + 0.445VPD +2.287 x 107S, R’ = 0.598 (1)

R H, SF HBERB(L/d); S, KK EEH (wim®) ; VPD R % SKIWEZE (KPa) o F (N 118.491, 738 K
Fa=0.05 BEKET , ERHBERE3.05, 58 THREEKT

MEXPEAUES AR MERKFVE ARRES VP HRHERE, KKES 5 REZEHX, T
T,.V, SHERMHERERR,
3 itig

HTHTARBAHER EKOERIHRRE FARTRATALUANBRERERBEK. Kl
B R 2 MR R TR T A MR T Rk A A AR, TP T AR 00 1 L 4 O
P9 ;Ferntindez " ¥ H ZE M WL 5% (T , SOBDARY BOI9F F Y00 080 B T2 ALV R BE B0 K TR ORI, 28 K 9 5 R R T R
REREF R HR B E-R-E B S Pasquale™ EFRF R, T ERBER AREZHT,
FEA T BB O A0 AT RLUZ B9 S BB V0 O 8 R R, Bt 2 MK 5 -K ™ M 2R A A 38 5 L %ok R B M D L A AL /S
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X8 BHH% 610 MHEHAER AR SR RERTR LR, W TREEREE R EAREREEY
TR A2 BB G RRREE R HARRIRIRE W, SRR, XEERENE
REFARTREOLSEEL, FEN SEHE, SKENRE, MELMIIERINEESRTEN, EE
K, FEEG, FKETBRFE.

Pasquale’™' X BB TR BT R XM, B RIWBRRELIBE R, B EZRSA T HEMELIEEN;
FetE ™ g e W KA X PR E R SR T, b i F s s B B R R B
TR, LRE AR RIER S TEE BRI R R, W TR B LR, E% L
HBmERR/N, MARERE; DE2 Wk, SR ANBERERD 5 XBRERK 11.47% ~
39.93% , AR R R AL IR Tn ® T4 =0 MBR AL IE 8 FoRR! 5 R m A TR R BLES
—EWETHEAAR, TEARERER . FEARERVERE L, ARMRER K. XHEPEH, &
WTRBRHEREANE AR XSAXGTHRRECRERFN AR LR R B,

Nadezhda'" f 3 S48 ) B L BF 5% v R B, 23 A0 K 1 25 0 K P8 S5 0 3 SR 00 00 VR R 3 R AR S W, 7E O
R B 53 SOK IR 2 0K PR AR 5T A Ok, WM BE > K B AR T A K PRAE 5 .S KB E R 2 AN B
BEREWMAAZEBENTEASNT AR ANEEL XA LEMATHBERERN EEREAT
RESKRKEZM KD, METHAEMRBETEREEXRAERKEZAT HAAN TRRESARIS
HTHWHXEERER, ERSZEATHFAN TRAEWMESIER, AR UKEEZE KEBHAES
BERVWHZFMTHRAMNTIESSEETF, AX 3 TMHEFENFRXRRN KB B X R R EmEERAR
I
4 #ig

(DFEFBREFARL SRR ERERTBAARTRENAREEHENER . RREREENZUT
S5mm 4 &K, 10mm WK Z , M 13mm F1 18mm MR M EREAEL, A - H#@EARERZ LT S5mm &4 H
1/2,

QOF AR TRRAMERZAAGEELF —EHNEDIE ERUZZRBAREE /D, BRHBHEAXNRE,
AR RN TERANEKFNE B BEE AT R E T ILHAE AR,

OB EMTRABREMERRWRSEMTOE —EWESR, BROK THRAELEERL, HK
REHAXMTX, B K008 E &/,

M &M TRALE —EHNSHALME, FEMERENE RN E L0 E /N, BUEMEX R,
R B R X E A B /ME A B R 4.4920/d #1 2.266L/d, 3 2118 3.8011L/d.,

G EMTHRASSERNEEERFTNARNBREMNERFETWE TAEZ L MRELEH EAK
FH AR B, AW TRER B S SKRESZ KAEFHSSREXREAMER  BHERRERY
BWFERAEARG. BT s AMHARTRERES LR=F#NkEw, Kb AKKREERE ERIERM,
HEAKMBRIERHSUKKEZMAKAESRER, Hds At .6 A0 Afh, = KREEEER
e AR 9 AR KAESELSEN. NBMKEYE, BESTOKREZMHEXERER, HKE
PRS-
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