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Responses of stem sap flow to meteorological factors and water evaporation at

different time scales over Quercus variabilis plantation

SANG Yugiang', ZHANG Jinsong”*, MENG Ping’, DANG Hongzhong’, GAO Jun®, JIA Changrong’, REN
Yingfeng’

1 College of Forestry, Henan Agricultural University, Zhengzhou 450002, China
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3 Dagouhe Forest Farm, Jiyuan 454650, China

Abstract: Stem sap flow of 30-year-old Quercus variabilis individual trees in the rocky mountain areas of the North China
was measured by thermal dissipation probe (TDP) during the growing seasons from 2006 to 2008. The responses of Quercus
variabilis sap flow to meteorological factors and water evaporation at different time scales were analyzed. The purposes of the
study were to establish model between sap flow and water evaporation at long-time scale and to provide theoretical basis for
establishing water saving and drought resistance model. The results showed that: (1) During the growing seasons ( from
April to September) , sap flow had positive correlation with solar radiation, air temperature, and vapor pressure deficit.
However, the correlation between sap flow and wind speed was unremarkable. Determination coefficients at 10 min, 1 h, 1
day, 10-day, one month scales were 0.388, 0.482, 0.539, 0.654 and 0. 812, respectively. It was proved that the longer
time scale was, the more significant correlation was found between sap flow and meteorological factors. At short-time scales,

such as 10 min and 1 h, the correlation between sap flow and meteorological factors was low due to the delay of the time and
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it was more obvious in early April. Solar radiation (R,) was the dominant meteorological factor affecting on sap flow. The
synchronism between R and sap flow was more evident at monthly scale. Solar radiation and sap flow in 2006, 2007 and
2008 peaked in June, May and May, repectively. Both monthly amount and the proportion to total sum of sap flow were
consistent with solar radiation during experiment periods. (2) At daily and monthly scales, sap flow had good relations with
water surface evaporation ( EV,, and determination coefficients were 0. 578 and 0. 876, respectively, 3.6% and 3. 9%
higher than those obtained by the multiple linear equations between sap flow and meteorological factors. Longer time scale
provided higher resolution for the simulation model. On the other hand, the model fitted by water surface evaporation was
more precise than by meteorological factors. Moreover, water surface evaporation was easy to acquire. Hence, the model
fitted by water surface evaporation had a wide application prospect. (3) During growing seasons, the precipitation from
2006 to 2008 was 464.8, 393.3 and 315.0 mm, respectively. Sap flow of Quercus individual trees at the same stages were
2024.1, 1739.2 and 1688.7 L, respectively. It showed that inter annual variation trend of sap flow was in agreement with
that of rainfall. Annual sap flow increased with the rise of annual precipitation. However, sap flow was not consistent with
rainfall at monthly scale. The reason was that water compensating for sap flow mainly came from the soil and soil water
content was influenced by the factors such as precipitation intensity, soil percolating and canopy interception, and thus soil

water content was not same even though the precipitation was same.

Key Words: Quercus variabilis; stem sap flow; meteorological factors; water surface evaporation; time scale
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T 5 LTI R A B IR T T P B T MR R AR A S R G AL ST o 10 X AR RAT L B A
B S JB BR T KRBT XU . 2 4F H IR E0Ch 2 367.7 h, 4 H IRy 54% , Z4EF YRR A
5282 C, =10CHZH IR 4 847 Co JI-FHfE/KE 641.7 mm, ZFR RN, F RN
fARYE,6—9 AR ZHFEMEKE N 438.0 mm, 524/ 68.3% .
1.2 REebk &7k

BFFEA G ok B AR A AR, A 30, PRI 10.5 m, FIIMIRR 9.5 om , EAKEEBE 1890 Hk/hm’, 1338
B gt , LRIEEEZA N 30 em, TEIRBHL A, BEBLEEE 25 MRARBEAR , LLiZ 25 RIS AR B - S A s , 7638
Ko R e 10 ARIAR /IR AR RS T 1A
1.2.1 BTSN

TE L3R 10 B EIAR (B PG b 4 A5 1) A Ak, SR TR BIOWE TR0 o 00 S8 A VRO, ORI R4 X
ﬁn—F[13,37-38] .

Fs =0.0119K"*" x SA x3. 6 (1)
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K==—0F (2)

K 1K 2, Fs AW FRFHER (L/h) 5S4 HBER (em?) ;dT HERZRZEE, dTM h—H JHR K
REME, R IERRGE . BERRARBETTIL 4 A7 m - T E7E Rz i g, B 10 BRI 1
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BRHGR MR, FAE RN E bt O KON, P S5 i e SR T AR o [RIBST, Sy ol 6 A 5 A e 2 A oF VBt 78
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2 ZR5H5m
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B, SRR AR BERET SF 5L HFES MR ETHABEFHEMRRKR,SF 5 Ra . Ta &
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Fig.1 Relationship between diurnal sap flow velocity and meteorological factors

MF 1 IR BT HL: SF 55 5 R T A8 S BEE 8] RBE R AE RT3 in o {E7E /0Nt fE) RUBE | (40 10 min Al
1 h) MM 2255, R RAET AN SR 7, s it [ AR L e A 5 M. 72 4 AP0, X APl 5
Je BB (1), W:Lh2007 4E4 H 6 H MBI, %HE SFHRARME B 1410, K BHEE HAR B AE Y H 3
FE12:00 £4,SF b —EMET2h AR, 4 H6 H.7 HX%8 HMRSAFNMNAXR X BEX, H Ra 53514
12.73.19.92 MJ/m’#119.29 MJ/m’, %3 H SF X R 5 F2BE A AR R, 5] DLW S Bt 8] 5 1 4y s i A %
N BERERAE —EHIRR
®1 FBEKSTREBERRASFHARESSETFHMATE

Table 1 Fitted equation of individual Quercus SF to micrometeorological factors during the main growing seasons

P
REE Bl )= 5 7 R? F n Partial correlation coefficient
Scale Regression equation
Ra Ta VPD Vv
SF = —0.627 +0. 001Ra +0. 037Ta + 0. 018VPD
10min * at at 0.388 804.48 3462 0.357 0.346 0.030  0.087
+0.010V
1h SF=-0.409 +0.001Ra +0. 004Ta +0. 024VPD, 40 156 59 845  0.373 0.230 0.026 0.082
+0.007V
SF= —2.799 +0. 484Ra +0. 227Ta + 1. 226VPD
1d * at at 0.530 154.96 549 0.539 0.239 0.118  —0.055
~0.145V
SF = — 72. 558 + 0. 790Ra + 2. 615Ta +
10d 181D 5. 006V 0.654 23.21 54 0.643 0.347 0.109 -0.109
A Month SF = - 322. 31 + 12. 625Ta + 0. S04Ra + o) 14 7 18 0.737 0.614 0.611  -0.345

171. 005VPD -19. 008V

Ft1: Ta VPD .V B4} 14 °C \kPam/s,10 min 1h REEAIH A3 RBE Ra BAL5M51% W/m? Fil M)/m? ,10 min, 1h REERHE AR

BE SF 3415354 L/h #01 L

%F Ra BRI SF Wik EEIZE T SF SR T H ARk R 8] ROBE B8 s fn, ik, 2t — 2
oHrA SF BE5H Ra BRBHRR, EREY: & AZRWBHEILTFE (K 2) . 112006 4K RS &RAME
296 A4y, 5 ARZT RIS BB 24.0% , 5 HAHXS L, 2006 4F ki RAR R BB BAE 6 A, &
EBRERR 26.9% (£ 2) o 20072008 4K FHAR S S RMEH HBUAE 5 A6y, B KRR HBAE S Ay, T
WRA AR5 KRS AR R b AR K Z SR H ], — 38 2 0 3 B A B i — 2k
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F2 FEERFPTEARRE(SF) REAKBEEH (Re) HEEZERKFTX R EE(Sum) ByLLF (2006—2008 4 )
Table 2 Monthly proportions of SF and Ra to sum amount during growing seasons (2006—2008 )

AEAy FE 5 B ) % H 6 Month &t
Year Monthly proportion to sum 4 5 6 7 8 9 Total
2006 SF 14.4 21.9 26.9 15.4 13.8 7.6 100.0
Ra 16.9 19.2 24.0 14.1 13.2 12.5 100.0
2007 SF 17.1 26.6 20.8 13.9 13.3 8.3 100.0
Ra 18.0 20.3 15.6 15.5 16. 1 14.5 100.0
2008 SF 11.2 24.8 23.1 19.6 13.0 8.3 100.0
Ra 16.0 22.3 16.9 16.8 15.7 12.3 100.0
N . —~
2- 2 {&blb57kﬁ?§\§ﬁ%9é/% 600 — —-— it —a— K BrERG - 700 ~§
KK (EV,y) BV B K HERLH FHER so0 L Leoo 2
) =
BBk, BIREN: FEERFWARELE, 5SF2 ¢ | oo 2
= ]
B BB RGFHEERR(E3), —ERRZFERXN: Z 0! I
SF =1.3989 x EV, +2.3332 3) £ i
200 300
HesE RBU(R) N 0. 578 (n =549 , b [0 A 45 2006 2007 ws N E
REABAMT SF 5 Ra.Ta VPD V BRI S MY 456780 4356789 456780 X

ER$(0.539)(F 1) 3.6%, 4 Month

ARE L EV, 5 SF BIZEMRYEE AR (B m2 #EsATHARRES AAMES %R (2006—2008)
4) , YERECH0.876 (n =18) , L [A A B  AHZERE A% Fig. 2 Relationship between monthly SF of Quercus plantations
%H:—F SF '—:j Ra . Ta VPD V gﬁ%‘ﬁ?ﬂ% B‘Jd&%%ﬁ to monthly solar radiation (2006—2008)
(0.812) (% 1) 7% 3.9% ,JFAl@E T 0.01 KF LA BF

AT, R
SF =390.03 xIn(EV,) -1675.1 (4)
—B R FIHA EV, @B X B R BRI A SF, WA AZ TR R FIR BRI E LA
W
-
53 ot
%é 15 o B2 0
= § 10 L€y 1.3980x + 2.3332 {,’% & 500 =390.03In(x) - 1675.1
z s B R2=0.578 2 oo R2=0.876
SO0 2 4 6 8 10 12 14 16 18 2 g O 0 00 70 300

JKHi 7% % & Daily water surface evaporation/mm .
HAERR Y P H K 7% % & Monthly water surface evaporation/mm

B3 HAE#XRESH®RREMNXFR(2006—2008 4)
Fig. 3 Relationship between daily water surface evaporation and

sap flow (2006—2008 )

B4 AKEHEXESRRRERNXR(2006—2008 4)
Fig. 4 Relationship between monthly water surface evaporation
and sap flow (2006—2008)

T SF 5 EVoMRPEARSF , FK I A BRI BA J7 68 L RT3 45 P, BOR A EV, M58 SRR & R
A ftk. HRREUIIA EV RIEHRE , 28 5 PRI ALB R 50 J7 (8
2.3 WRSEKERRR

SEPRIE] SF ARG S ST RATFE—E B — B, 101:2006 4,2007 4F 2008 4FA4: K =45 [ T & 5051
464.8.393.3 mm F1315.0 mm 1 Sz AR B RREF S50 2 024. 1.1 739.2 L 01 1 688. 7 L, Bl i 5 il o T 2 4 38K
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{BAREE L SF SRR LEEIA B E o0
WIETTRCH A 6 3 TR —E % RZ R £, | P e T J500 2
AN PR R A~ (B 5) 0 W1:2007 487 £ | {ao §
AWM E SIS 200.5 mm, 5AEKEFHETEHN Agloo— —300§
52.4% (HEBISAMRITE A 2412 L AL SERSY & | 20 2007 2008 & g 200
B 13.9% ;7 2008 4E 5 A MERT R 045 26.0 mm, = [ 100§

AR ETER 8.3% , {H R AR SRR T & O 56789 456789 4567809
Jp418.8 L, iAKW RN 24.0% . HETFEEAE it Month

FANERP AR BRI T 38K 5, R R A 5 EEEKE ERERS A R b (2006—2008)
R ORI G B ME— SR U, (A2 FE TSR EE VAT gig 5 Comparison of monthly precipitation and SF during
TIHOKPREL TR E R EERE BE R R P, I growing seasons (2006—2008)

WEMHFE, WEREHEKSEEHA—EMF,

3 MNESHR

(1) &L FHm%E R K& SRR FILA 1 ASA ML AR IR pr T
FERRR , Z2 TR B B RASIR], AT A0 A 5 000 28 T A B AR VB0 2 AL AR A PR AR FE K ROBE D™ J 5 [ AL,
F . &N BB T TR SSEEFHXR BMET 3 S0 B 5, BEPFE A i —
REE(HREAKF) TREBFXB I AZ L . AFRFH 3 MK RIS, 5 ka0 7 A E
B ) RUBE N S BB BOK T 28 &% e B BRI ) 2, 445 SR R A [] Bsf 1] RUBE T bR e BRI 5 A H 7
BRBGFHEAMXKR, B FEE R BRI, AT , £S5 H F LUK P3RS -5 WO & A S i
4o FEBC/INEFIEREE (40 10 min 1 1 h) I 5 RMEAXT 85 , HIEEET AR HEF, WS
B (B AR A Jo M | i 5 R BE i ) 5 R AR A R i A 2%,

(2) WA TR S A 25 5K R R KR, R ERE P NG ESE B7E B REKFE E#THT,
BRI BA BN . AR —2 Lt TR R E T K EZEZ SRR R, K
HREMARE LKEZELESBRREREBRFHHIEER, HHXEE LS RASKKE A HERER,
AKHEZEES AW &R Z F R EREOC R , BT @ Sr i 5 #2 7 TS g FE K (BF 2 S 2SR T4
YRR S B A EENN AN E. B TKEZE R & DALEE RO NS (R T IR BE N B
SR ) BPARL | B LI 77 8 B 1 B R 5 1% . B RG & 3l B K T 2 R ORI B | B 25 5 3R, ik
BRI 43 7 8, BISR FE/K 28 RAE AL B AR RO B B A TRAF M I o (BB SE AR AR F A B o i
— T R SE AR i, R R A ROEERBLEY R 4F 1A 6 XFEABEE , o 25 K AR R B0 ik 50 .

(3) AR BT TR SRR R R, B H TR MR K o BHEORIET 38K 55, ikt +
JRIEREERAE 30 em 24, FRMH AN, EIRE IZ R . HE TR A BR &, VLA 2] 4 1
KU URRERZ , A EREBRE LK R . Hitk, SEMRMES LK G RIRBESFER, 56
G HTRE AKX W AR AL ) o

(4) A SCRIFESE 3 AR ZEWIEE , 437 T 4edb i X RS i B2 AR A AR T 5% A [R] B e R EES
S AF KoK EZE R Bma R, AR IENR TR AR BRI RIEH. WEFESRERERSEE, 5
FAIBIF 5 F 1 S5 R E B AR B AR A I FE K RBEY B IE At HK S HESR O R, X & iz b X % [R] 2 b X 4 i Ak A T
MEA —EREILIERE L
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