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Dynamics of sap flow density in stems of typical desert shrub Calligonum mongolicum and its
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Abstract; Independent measurements of stem sap flow in stems of Calligonum mongolicum and en-
vironmental variables using commercial sap flow gauges and a micrometeorological monitoring sys-
tem, respectively, were made to simulate the variation of sap flow density in the middle range of
Hexi Corridor, Northwest China during June to September, 2014. The results showed that the diur-
nal process of sap flow density in C. mongolicum showed a broad unimodal change, and the maxi-
mum sap flow density reached about 30 minutes after the maximum of photosynthetically active radi-
ation (PAR), while about 120 minutes before the maximum of temperature and vapor pressure defi-
cit (VPD). During the studying period, sap flow density closely related with atmosphere evapor-
transpiration demand, and mainly affected by PAR, temperature and VPD. The model was deve-
loped which directly linked the sap flow density with climatic variables, and good correlation be-
tween measured and simulated sap flow density was observed in different climate conditions. The ac-
curacy of simulation was significantly improved if the time-lag effect was taken into consideration,
while this model underestimated low and nighttime sap flow densities, which was probably caused
by plant physiological characteristics.

Key words: heat balance method ; stem sap flow; time-lag effect.
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V3 ( Calligonum mongolicum ) J&= 7 [E P51t b
X LSRG E R AR, W T aE A X A
Y kaE M AL i KA WL E Z A E AL A
B X ZAE Y 5 0 SO BT R ERE ™ MRk A
7RI ROK Ay R AR DL BOZ R 0 P Fh 2
M PSS #4 5 2h AR LR AR 55 T R )
TR RIBESE A b T AT AT b X R T
ARBIBFFE, WA KT T R A R HEARZE T
WA R TR b HG 5 A 05 2 3% i I G R A E 5
D RN ) 25 R AR 25T A R A b AR S
T A M D 455 A A A 2 2R S R MR R Y
AL WEFE U PR ZE TR A A RAE , o A S
BRI R AN NG R  F EAETURLALL 30 min B[]
AR B AR A, DU A B R S AR K
oHAERE AR iz X DA e RO AR IR
PR AR

1 HRMXEHARTIE

1.1 W5 IXHENL

TF 5 DX AL T H E1T0] 94 4 JAR r B I 128 2 ] -3 16
TR (39°22'07" N, 100°08'48" E, 14K 1386 m) ,
ARV Bl T 5, T 5 | R R 2 KU A
() A S AERIR 8.9 °C, Fe i IR 38.6 °C, A%
KPE-26.2 °C, =10 CHFEFRIE 3088 C , 4FF- k%
K 123 mm, i 80% HIFEKEH T 6—9 H 4EH
HE BN SR 5 i 40904 3018 h Fl 6254 MJ + m ™.
FRUA A PEACR, WD s FE 2L TE 3—5 H 4R
IR 2.7 m - b, R3S .
1.2 Wk
1. 2.1 Sap flow {{#R M LZEFME T 2014 4 6—
10 H AR B AP RV 855 AR 3 BR, BRIk
B —BRAS A%, (T O 7 32 1 A 2 5K Flow32
Z WAL ( Dynamax, Houston, USA) X A 4% B9
UL FE A TN A DU T, 2SRRI PR A RN 2
WP AR ZETATEES G, bR R RO A B AR S
FEAT BB U 1 26 X YR B , A7 20K B 22 3% 1
BRI, FHAR TE A 2, A S ety 28 35, By 1k W 7K g
N K B TR Sk 1 H 48 2k 5 B0 R A 4% (CR1000),

Cambell Scientific, UT, USA) & 034782, it
AL BIPREAREAS ) 25 T 28 8 R AT AR RSk L
AL I 1) SR I s 18] Bl 25 2 Kk A B 500 R 4R 2
I RE SR AL 0 7 U3 10) 4 4 o) B 4 — R Sk
P RAE M B R 60 s, &F 30 min RFEIEIETE, B
PRERL TS IR 1.
12,2 B FillE il A A 8 m R
B OB 2 = R 3.2 m, i 2 T4 R A [
Wi 1% & 4% (TES25MM tipping bucket rain gauges,
Texas Electronics, Texas, USA) ,7&/Z P 2 m &4k
A iR B AL A% (CNR4, Kipp & Zonen, Delft,
Netherlands) Jt & 24 41 % 12 4% (LI-190SB, LI-
COR, Lincoln, USA), K & B FI ¥ & 1% & 2%
(HMP155A, Vaisala, Helsinki, Finlnd) . Xl XU [
L J& 4% (1405-PK-052, WindSonic anemometer, Gill
Instruments Ltd, Lymington, UK). 1 & & B #8 &
(109-L, Campbell Scientific, UT, USA) &7K4H45k
(CS616, Campbell Scientific, UT, USA) & & Y
410,20 40,60 80,100 em. 744 4 10 Hodis K 4
28 ( CR1000-XT, Campbell Scientific, UT, USA ) 4:f 1
min [ 3lic 5%, 5 30 min HHESFBEIAAAE  KIRE
TR VPD BRI EITR

VPD=0.611e7205( 1 -RH) (1)
i T SR (C) sRH FAHFHESE (%) .
1.2. 38R Jarvis'® W@ BN T 55 LS E
Ry 7 R EOR LA Py i L5 B2 A, AR 2 B
FER I, R 25T W 2 B 5 P 5 DR A A A e 1Y
GEH R I A SR HIZE B Jarvis AR A 22 31058 748
RS RIAERLLLVD P14 30 min B ] 25K ZE T
T R

V=V, (u)f(uy) - f(u,) (2)
TV AR ZE T IR B 5V, A WL 3 Y
YA TR B R KA s uy wy oo ou, A FREE A
TRk SGAS FIl SGA9 25T 2 & WL 44 A
T LI A A A B A g A , 8k SGA13 25

R1 WUEEELESH

Table 1 Basic parameters of measured stems

FER =5 SEMEAR B A=

Sampled Height Canopy Type Stem
tree (em) area of probe diameter

(m*) (cm)

96 1.33 SGAS 0.55

2 136 1.08 SGA9 1.00

120 2.30 SGA13 1.37
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Ri,, = (3)

21 Voo = (1)

Aii=1n, 5 j B ABRBGDLGR,, N
0~ 1,043 1 £ [ A5 o S IP P AL TS
JEE 1 R MR R JRE OR300 0 R A AR ' AR 1k
X ZE TV I 28 AR T R
1.3 Fdaabr

B AL BN Hr e SPSS 16.0 84 h HEAT, %
FGAME AR LRI G TR VP R T
EJIRERELZ 1 w1 oK 55 A Origin 9.0 B RAE 1AL
KRR BT 0T R A T VD 4 A 2R TR 2 5 A B
PR A B AR I, LA D B R B R i R 58 3 1 I 36
52 R ORI S B | TR w3 HE IS 0 B ) B e T2 T
T S IR BT I A sk A VD P A 2R
T 5 S DR - X B M AU I 2 AR AR R
A R PR T A 7 BRI A A A UL [
PRI ,0:00—11:30 K F2FBHEE, 12:00—23.:30
KRB k22 (R) brifEARER 25 (SR) T U7 vk
wr .

R=y, -v. (4)

SR=(R-R,)/SD (5)
ooy, A ; y BRI R, ¥ 5% 2% 5 SD
SRR ZE AR ZE.

2 ZERS5HH

2.1 ZE TR EE SRR

I 1 ATRAE H,— RN, 22 TR H A2 4k
SRR PRI Al = (37.53 g - em™ - b7 )
PAE 11.30 2247, HAFAERES I R VR % 1, 2L H
DIZET K ZE 100t 2% B e e {5 T & A 2L
FRATIE(E LY 30 min, $8FT TR FIZK VR 77 8l 06
B2 120 min, A= RO 208 T 29 5+
AR I 25T I B AR A R e i e Bk T
(7K S T ELAE It 25 B 2352 K 41 SO e |
AT & B A V0L %% B A X R4 IR 1 i S B
PEHT.

HH Pl 2 TRt ORI 0 ], AN ] 2 25 v 455 4L 1y
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Fig.1 Diurnal processes of stem sap flow density, vapor pres-
sure deficit, photosynthetically active radiation, and tempera-
ture.

S: ZET WL EE Sap flow density; VPD: 7KV3 % Bt Vapor pressure
deficit; PAR: AR 5T Photosynthetically active radiation; T =
i Temperature. | [[] The same below.

FEZE ) - 34 W U B A ok 17.61,18.33,16. 13
gem” chT X ERH TN KR ZE O
JIT o TR, SR TR (L A5 4 /)N A5 R 5T S
TR R AE 55 T REAR TR A .7 A, 0.55 AN
1.00 em FERCI AR B R MR R %, X FEE R T
R AASIRIITE 7 H IR B —4F N B KR E, AR 25
T 2RI, N8 A I Iy, Bt 26 4 S R0 <R 2 T B AR
WA R Bl 55 S AR R TR B ETE 6 A
10—19 H I 2 FEAK, R DU 21 56 A A 250 3 <
TR KPR 7 SR T .
2.2 ZETWRHESHER TR

2T LA 22 TR % B 5 4 A 1

*®2 BRETEY
Table 2 Sub-functions of the model

AR L Il 78 R?
Sub function Threshold

Environmental variable

AR fepary=—10"PAR+0.0003PAR+ O<PAR<2000 0.66" *

s PAR 0.03

SR T fey=0.01T2-0.017+0.02 0<T<34 045"
fimy= 00660557 T>34 0.10"*

KR 5k f(vppy= 0.08VPD-0.01 0<VPD<44 035"~

VPD S (yppy= 0.2601977P VPD>44 010" "

PAR: Photosynthetically active radiation; T'; Temperature; VPD: Vapor
pressure deficit. T[] The same below.
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Fig.2 Variation of the sap flow density in stems of Calligonum
mongolicum, precipitation, temperature and photosynthetically
active radiation and vapor pressure deficit during the measuring

period.

S, : FEM 1 BYZE T % B Sap flow density in sampled tree 15 S, : ¥
B2 (22T % JE Sap flow density in sampled tree 25 Sy : FEH 3
ZET WL Sap flow density in sampled tree 3.
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Bl 25 A Y I B 24 R ([R12) , H R A
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7 H 27 H(12.3 mm) WA HE<S g+ em™ - h™',iX 3
K H R (31.6 mm) g UL R R T R (91,7
mm) [ 35%. A0, 25 TR B 5 KU P A OC R %K
WA, 3 2ty F K 3G K BB A% 34 A e 2
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{14 25 4 T R,
2.3 AT R R

H 1l 5 T LA A AR 22 i, FHAEA 25 T
DAL 265 JRE ORI 73531 53k LA 5 R AR 6T 7 1) e R VR U 28
HEATHRUEACAL B, DA B3 A A 5 25 2 S Xof A8 AU AL 41
(SR, B 245 B bR o AL VI 4% B 45 R R W WO
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Fig.3 Response of diurnal sap flow density of Calligonum mongolicum to photosynthetically active radiation, temperature, and vapor

pressure deficit.
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A WEK Sunny day; B: Wi K Rainy day. Rlpp A A R4 S Xk 25 T 90 2 B AR A AR X B 1 3R X Relative important index of photosynthetically
active radiation to stem sap flow density; Rly: %25 TR0 % B A8 AL AH X B2 ZE 1435 2L Relative important index of temperature to stem sap flow den-
sity; Rlypp : KT 7 8RO 25T ik 285 B A28 A AH A BEZE P 84X Relative important index of VPD to stem sap flow density.

N

T A VPD R0 340 25 i 4 A
A EARIE, R v A 2R O S R
HIVPD (956 5% 73 Bt fg ik | L HERf R AL
LRSI R AR K 2R AT U P AW o B A 1
B PR IR 2, R i 2P L3 3.
2.4 ZETRLE EERLY

SR L TS RS Vb3 A0 2 0 3 B A TR
Je B, AR AU BE D 0.73 , S {EL AL
(E LB PRI AGTE 1= 1 P (I 6) , R BRI
PIIFE PR -5 25 0L e T 7 bR K0T R S Y 22 3 05

x3 ETRREEER
Table 3 Model of stem sap flow density

A I A
Model Threshold

V=V, (=10 PAR?*+0.0003PAR+0.03) O0<PAR<2000, 0<T=<

max

(0.017 - 0.006T +0.02) (0.08VPD - 34, 0sVPD<4.4

0.01)

V=V, (-10" PAR*+0.0003PAR+0.03) 0<PAR<2000, T>34,
(0.06¢%7 (0.08VPD-0.01) 0sVPD<4.4

V=V, (-107 PAR+0.0003PAR+0.03) 0<PAR<2000, 0<T<
(0.017%-0.006T+0.02) (0.2e>05 V7P 34, VPD>4.4

V=V_ (-10"PAR*+0.0003PAR+0.03) O0< PAR <2000, T> 34,

( 0.021:;),05 7Y (0.26005VPP) VPD>4.4

A Ffe A AR RE A% LA B A R VD B S T UOR
(AR k..

H &l 7 RTLAE HY S S 780 i O Vb 3 A 25+ W
B HEA TR R B R RUALORG B R 0.74, REAE R E
A — R N 25 TR 2 I DB E R (H
SRR X ) VI B AR A O 30% (R ] Rt
WA 4.70 g « em™ « h™', & 0] R IHRLHUE 3.3
g+ em™ - b)) BRAN, BEABLAY — K PN IR 4 R I A
) IR P ) s g OR300 P e . A o A 7% 2 4 3o (.
7 3 I HEEAS 52 IE 01, 26 WS T AE S 4DLI R
P HOREE 25 0 2% B I LA 5 2.

Bef TR & 2B I KA R 25 I 5 SR AR 55, LR R I
9 PAR Bid, SR A VPD FRAIK, X — AR (L X Vb P &
ATV B A A 0SS AR (T8 2) X R R
SUP I ACZE TR B AT AR AN & B, A R B HDURG
R 0.71, WA T BB R AR A H0URS B (&1 8).
AR A 43¢ At bl 12 5% T O 25 1 YR U %5 B 1 0
Bl WA AFAF L, (R R I 2 B AR AR A 3 60%
(R ZT WM 23.5 g - em™ « b, B LIE
9.3g-cm” - h™").

6 H 18 H , BEAIE A 5 WL {f 22 50K (&
8),6:00—11:00 F i F#FR 5.5 mm, [FIWULI £G4
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Fig.5 Responses of sap flow density to photosynthetically active

radiation, temperature and vapor pressure deficit.
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Fig.6 Simulation of stem sap flow density during study period.
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Fig.7 Simulation of sap flow density in typical sunny days and

the distribution of standard residual.
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Fig.8 Simulation of sap flow density in typical rainy days and

the distribution of standard residual.
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Fig.9 Simulation of sap flow density in typical sunny days con-

sidering sap flow lags and the distribution of standard residual.
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Fig. 10

between sap flow and principal environmental variables and the

Simulation of sap flow density considering hysteresis
distribution of standard residual.

AU A B, 2 AR Sk i [ A A5 T ASEAUIRG JBE hy 74%
P52 76% (&1 10).

3 i i

3.1 TR R FREE R 1 A AR X AR R

BT, PR ZE TR S T H
AR ACAFAEAN R R JBE AR R B mie oL B &R WAL 5

*4 ERETERBESTEZNRERFIEITHRER B H
SR ) i iz 5 3K

Table 4 Response functions considering the hysteresis and
time lags between stem sap flow and principal environmen-
tal variables

ST

Environmental

R R A R?

Response function

AR PR R

Response function

variable during the during the
forenoon afternoon

AR [y = —4X107° 0T3** fipup=-3x10" 063*"
PAR PAR*+0.0002PAR + PAR?+0.0002PAR +

0.02 0.04
St Jon==0.51/(1+ 043* " f,,= 107°T+0.017 041" *
T (1/272)54)+0.6 -021
TRk Fvppy= 0.02VPD* 035% % fypp=-0.01VPD*  035%*
VPD 0.05VPD+0.01 +0.09VPD-0.001

PAR B IH 0N FT R 2 2 50 0 R3R  JE R 7E T
SHEZE TR 30 A9 B B2 0K 30 1. Meinger 55170 &
B, A TS AR ST VPD Z B AR X B B
4.0 Brien 557 & 2, 10 Fh AT T AR ) 19 B T
WAL S PAR B XS FRME e R A 58 % B
PR E S PAR BYAEX R R/ 31X 22
PRI Ay R RRTBR 14 T 485 R TR, PR A DI P 45 22 1) AR
R, TS B ERE Fp - 5 B0 AH LE T OGR4 B30 X 42
PRZET IR 3% v o 52 vh VRO %85 B 1) 52 0l BEE K. Stohr
S 000 P Y W I ( Fraxinus excelsior ) 18 5% 1)1
S SEN) G R BT O B 78 R VAN [P0 )
PEG I, AR IFE R

J3A MR S ALIE T R K 3R A AR
A 7 2B R A X iR i i ) = R e PR 2R
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