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Responses of sap flow of Hedysarum leave to climatic factors in Mu Us Sandy land
HONG Guangyu, WANG Xiaojiang* , GAO Xiaowei, HU Ercha, LI Zihao, LI Zhuofan, LIU Ting, YANG Haifeng,

XI Wen, WANG Lejun
Inner Mongolia Forestry Research Institute, Hohhot 010010, China

Abstract; The FLOW32- 1K wrapped heat balance sap flow meter was used to conduct long-term continuous observation on
the sap flow velocity of Hedysarum leave in the Mu Us Sand land. In addition, the meteorological factors including air
temperature (T') , solar radiation (R) , relative humidity (RH) , vapor pressure deficit (VPD) , and the characteristics of
H. leave sap flow were investigated. The correlations between environmental factors and different temporal scales were
determined. The findings revealed the following: (1) the average daily sap flow rates of different diameter classes (3—
4 mm, 4—6 mm, and >6 mm) were 5.61 g/h, 9.29 g/h, and 35.30 g/h, respectively. The average daily sap flow was
(134.72+£82.48) o/d, (223.06+152.20) ¢/d, and (847.23+403.38) g/d, respectively. Under different weather
conditions, the sap flow rate was higher in sunny days than that in rain days, and the change of sap flow rate was higher in
day and lower in night, with different months being August > July > September. (2) Solar radiation was the main
meteorological factor affecting plant sap flow in different days. At the hourly scale, solar radiation, temperature, relative
humidity and saturated vapor pressure could explain more than 75% of sap flow, whiel at the daily scale, the meteorological

factors could explain more than 80.8% of sap flow. With the increase of time scale, the number of meteorological factors
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entering the regression equation decreased, but the explanatory degree to the change of sap flow of H. leave increased. In
this study, the change of H. leave sap flow was estimated by meteorological factors and prediction model under the condition
that continuous observation could not be carried out in the future, so as to guide vegetation restoration and water resource

management in Mu us Sandy land.

Key Words: Hedysarum leave; sap flow; meteorological factors; temporal scale; Mu Us Sandy land
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LTI X YDA (Ammopiptanthus mongolicus) """ B RV HIAEAE ( Hedysarum scoparium) " BRI HITE A
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1 HREHR
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i M R 22 T 1 R X 22 B S A VD U N i IX R TR AT 2 5B M XA, AR 6.0—
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Fig.1 Overview of the studied area

B2 WMRARGEMBIAESH
Fig.2 Basal diameter frequency distribution in the sample plots

of H. leave
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FLFE AR L s ] 50 i 5% ) I 25 S 50 A 38 5000 SR 4 08 D 18 R A 0l s [, AR F 9 11 500 SR 42 TR] B4 60
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2.3 KEHFE

T [ 52 B L P R BF224% T HOBO U30 /NS G2l 1% 5 3k Wa I IR A5 3008 X S 4L TR A et 1) 5 Y37
W Esf 1] [R5 EAERAIREE (T) B (P) R PHERE S8 (R) RAAHXHREE (RH) M 3RIEE (Td ) Sk
FFONSE , BF 30 min ic 5% 1 R UEFTAERE . 8 SCRESE R Tl B L5 A 5 1 R AR I % ) 300 T 2 ) oy
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BIKPURFLIRS A RE RS, B2 S TR . W AKIE 22 B Y S ALA M &, NI A 260 e i %
AR O AR S R G ARG RE LA KK AR ISR A & B E W, MRKIREZE(VPD) HREN

. 17.27
" P 2373 4+

VPD = 0.61078E(1 - RH)
A E BMMZS SRS, RH BAIRHEIE ¢ 2SR,
2.5 HdEaba
Excel 2007 34X B 55 W I A DA SR IR 80t AT AL BRI 25 181, SR T HER 43 A A [R) R S0 SR It
BRI H sh A28, 2 Bk By 48 50 4 R ik BART IS R RTRN R, 6 1R 3 K P JEkE i I HLR FHER S =5 i RS
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Fig.3 Diurnal variation of stems sap flow in Hedysarum leave branch at different diameter class

ORI, 4 SEAT AR Bt A2 5 PR 38 TR T R R 4 T 1S R, A2 2>6 mm (A% SRR TE 21:00—23 .00 [H]I I
I T 0,75 0:00 WU R B 1G K F) 44.8 ¢/h,1:00—5:00 [A] i R YERF7E — BN, I HLBE A 1)
1] (A A8 Ak S VR N Y 600 26 A7 R R IT A THET , 800 B 3A R T Hc KA 90.5 o/h, il Jim B0 14 R 1 /N
TE 11:00 BHEHE R ETF,13.00 K5 T —NE(H 84.9 o/h, 15 B E R B B ELZE W0 /DN, 729% 4—6 mm
H LR R 7E 21:00—5.00 BRI R FEVT T 0, 76 0:00 BB T IH B AR B 4, T 3% h 3.8 g/h,
6 : 007 A7V It HEF T 4R T 155, 14 :00—16: 00 [H] 35 2 T8 KAEAE 47.7 ¢/h, 1M J5 VR0 38 23 B A T (1) 328 S ke /s
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SEAE AR IO R R 23.5 o/h, R 4—6 mm B SAEART-HRAH R 11.1 g/h, 29 2—4 mm 11545
FERE TSR RN 5.1 g/h, SRR 2 MR HCRAR TG K, O R A b i sh ek
3.1.2 RS R AR LR E

BEH 7—9 H B H s BP0 R 05T (L 4) X Fe A M AN 6] A 003 S 0 1 SR i AR Akt 3, mf
IE AR >6 mm SR EER 8 H>9 H>7 H 12490 4—6 mm Al 3—4 mm 453 %E 7 H >
8 H>9 H, 12%%>6 mm Fl 4—6 mm 4758 5 I35 5 21 325 W8 i 174 ek 1) 328 7 £ 7, 04 {EL s 8] 43531 4 14.00,13 ;00
1100, 425 3—4 mm % 55 T U0 2 26 06 (5 3 80 %) 1sF 0] S $2 i 76 4 5, 7—9 ) 003 {0 i 8 %) IsF 1) 43 331
14:00,15:00 1 11:00, 4% SSHE BRI IR SR N (B2 W 4, [ 380 AR AL A 1) [) S41 2 i
3.1.3  HREWSRR S G B F M

WS REH T 5 58RO R A T I 25 R R B f s AR (32 1) . BT, KIR4R 5T 54
LeROR PR LA RS KR TR, M B R R H PRI R & TR, WRARBEEGERREE SR E
R F LG BEARRT G R, 455 R BRI R A AR A 2t 0.7, P R K PR 22 M AUA B e . TR
[ AR A S R 5 N T RA TE AR, 4290>6 mm 47 5880703 R H 5 K B4R 54 B i, 7R 4—
6 mm A% LR R A B R RE AR X R R R K R 22 A 3L B R, A2 3—4 mm 7 ST R
LR BASRSS IR AR FUK IR 2 LGS R R . AN FEM KA K 2K 4—6 mm B 58 R 584
K1) 2805 THERYK,

x1 AAXSBEREFRTUSSKETFXRER
Table 1 The relationship model between the stem flow rate and meteorological factors in different weather
%5 [y I e :
Weather Diameter @ ameters  Regression equation Kk P
lass
(IS >6 T Y=0.9197%-33.1677T+297.093 0.710 0.000
Rainy day R Y=2.693x107"R*+0.0001R>+0.205R+4.534 0.719 0.004
RH Y=0.0001RH>-9.741 RH+646.448 0.805 0.000
VPD Y=-209.990VPD?+400.637VPD?-129.509VPD+12.539 0.851 0.000
4—6 T Y =0.5887%-21.858T+200.692 0.837 0.000
R Y=1.756x10""R*+1x10™#R2+0.117R+0.400 0.809 0.000
RH Y=1x10"*RH?-6.042RH+390.087 0.848 0.000
VPD Y=-136.986VPD>+265.940VPD?-98.363VPD+9.198 0.941 0.000
3—4 T Y=0.3587%-13.8787+133.794 0.836 0.000
R Y=1.260x107"7R*+0.0001R>+0.062R-0.134 0.798 0.000
RH Y=1x10"*RH*-3.65TRH+229.930 0.875 0.000
VPD Y=-61.830VPD>+125.849VPD?-48.209VPD+4.436 0.943 0.000
iR >6 T Y=5.7187-105.05 0.639 0.000
Clear day R Y=3.679x1077R*-0.001R*+0.373R+7.954 0.899 0.001
RH Y=-1.412RH+132.044 0.505 0.000
VPD Y=-1.533VPD?+3.941VPD?+28.939VPD+0.789 0.560 0.000
4—6 T Y=0.0817%-1.0787-9.376 0.831 0.000
R Y=1.111x10""R3+0.0001R*+0.169R+2.670 0.891 0.000
RH Y=0.009RH*-1.993RH+103.999 0.715 0.000
VPD Y=-1.938VPD?+9.840VPD?+2.139VPD+0.779 0.773 0.000
3—4 T Y=0.0001T3+0.05T>-16.533 0.775 0.000
R Y=3.315x10"R>-8.999x 107> R?+0.081R+0.694 0.930 0.000
RH Y=0.003RH*-0.847RH+49.528 0.644 0.001
VPD Y=-0.792VPD?+3.422VPD?+4.940VPD-1.369 0.705 0.001

T. S Air temperature ; R ; K A5 5T Solar radiation ; RH : FIXTHEE Relative humidity ; VPD AR FI7K 5 EZ Vapor pressure deficit
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Fig.4 Diurnal variation of stems sap flow and meteorological factors of different month

VPD . HHI/K{EHE2E Vapor pressure deficit
N TR R AT AR W X SR LR a2 i 5 H R R 5 AR W TR R,
DU R PEAR SR AR EE MR AR 250 A AR B, A58 H O o IRZ B ARSI AP ok b, R HI 2 o0k
PEZ AL A S B S A7 S8 H O S 2 IR N TR EE S R R AR (K 2) o 01 J7 2 A% S il e 2 1)
KT 0.8(P<0.01) , UL HA RERL Ly #s UM AE AN [A) KA 4 5 H RO AR O, MG R AT LAFE Y R
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I, BRSO F KR 22 2 45 i M A2 <6 mm A7 58 HOVRCU B 1Y 322 DR KXo 36 5 7R A B 6 A o 4
il H1AE>6 mm A7 5¢ H IR A9 F2 2T, ORISR | A A SR MR X8 B 2 P i A2 <6 mm A7 58 HROR
RN T UK 2 R A >6 mm 758 HBOR Y 2T

K2 TRXRSEHFTHRRESSKETFHS TEFER

Table 2 Multiple regression models of stem flow and meteorological factors under different weather conditions

KRR &G/ mm |l 5 8 R p

Weather Diameter lass Regression equation

[IBS >6 Y=-11.307TRH+2.627R+1152.824 0.835 <0.01

Rainy day 4—6 Y=148.642VPD+13.0577+0.711R-252.717 0.881 <0.01
3—4 Y=94.796VPD +0.491R+4.982T-118.74 0.941 <0.01

PN >6 Y=352.606VPD+780.878 0.864 <0.01

Clear day 4—6 Y=26.353T+0.542R-3.918RH-113.590 0.863 <0.01
3—4 Y=12.597T+0.278R-2.428 RH+0.278 0.868 <0.01

3.2 ARE TS H R BREKARE X 5% W1 RS

2018 4 7 H—9 H [alAz4e H i i shia B HA B W21 1 (B 5) , #48 H 2815 FE/K Bl 5 B[R] 52 S 3 in
JE /N RS R9>6 mm 545 H ZEEFEK I SRR, H A BAEK B K FHEWMEH ., £%>6 mm
¥ 5 H ZE REFE/K I -5 IR AE 8 H T R A), 7E 1404.7—1615.8 g Z ], 24% 4—6 mm H1 3—4 mm 75 H
ZRIEFE K £ 2 BUAE 7 H A 8 AWIZ I8, 435l 7E 467.7—523.0 ¢ F1 268.9—313.8 ¢ Z[H], £ >6 mm
W56 H 78 B FE K I H T- 2408 H (847.23+403.38) o/d , 12 2% 4—6 mm 175 H 25 5 #E /K I - 2418 Hy (223.06 +
152.20) g/d, 424 2—4 mm #4% H 28 FE K TG 2018l (134.72+82.48) o/d, 9 H 25 H A4 H 26
FEAGEHI/ N, 5T 0,

2000 WE>6mm 0 e H1424—6 mm
e H1153—4 mm Hi4% >6 mm P
fffffffff HifE4—6 mm P — - M3 —4 mm P

1500

1000

TR

Wit & Sap flow flur/(g/d)

y O LA O S T I O — A e [--
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Fig.5 Diurnal variation of transpiration in Hedysarum leave branch at different diameter class

ARG SEZEREFEK TR TR R (K 3) . 7 H .8 A9 A5 H zBFK S B2
K PHARS MK IR 25 B A0 3 A DG OC R, 5 H PR B 2 A0 0 3 A G OC R . BRI &, S
FEAR SR AR 2 R BHER S SRR R 3 IE AR AR B A 0 3 A C R

7 A A5y, W58 H 2R B FE AR K e 252 UGB o 4 s, L e Ay e R B X KT
0.86 , HUIE R PHAR A, 8 A3, 729 >6 mm 47 4 Ui 18 X AH XS WEEE | A8 mie) Jo7 fi KC, FLEVR 2 oK BH A 49
MIFIKIRIE 2 A R B 10 -0.779 ,0.738 F1 0.662 ; 24 4—6 mm #7758 H 7€ 1 8 K IR A R K 95 T
ZENRA R R, A RTF 0.85, FLUE A BHEE S FAH X B, A OC R B 518 0772 F1-0.75; 78 3—4 mm
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¥4 H 78 FEACH R AR FIZK YRR 22 R PH 5 S IR X6 0L 32 18 i 07 4 i, R 04 X B 8 R T 0.85, X
i O B (IR AR SC R B 0.82, 9 A4, F2 2 >6 mm %458 H 25 5 FE /K X 10 A1 7K 75 22 1K BH 4 565 B4 g 17 22 e
K, HR AR B A IR A SE BB 911 0.869 .,0.725 . -0.628 & 0.416, 44 4—6 mm Hl 3—4 mm 1% 4%
H ZZ I FE K XTS5 A i i a3 55 8 H Al [R] (H R B9800

K3 BRAZEBREKESKEFHEXRY

Table 3 The correlation coefficient between the transpiration in different ground diameters and meteorological factors

Aty 124/ mm et AR PR HIAIKIR R 2
Month diameter lass 17°C RH/ % R/ (w/m?) VPD/hPa
7 >6 0.629 ** -0.875"" 0.673"* 0.869 **
4—6 0.755** -0.929 " 0.827"* 0.939 **
3—4 0.766 ** -0.926"" 0.834"* 0.944 **
8 >6 0.233 -0.779 " 0.738 "¢ 0.662 "
4—6 0.882"* -0.750"" 0.772** 0.859 **
3—4 0.820"* -0.850"" 0.861"* 0.908 **
9 >6 0.416 " -0.628"" 0.725"* 0.869 **
4—6 0.621"" -0.419* 0.612"" 0.707 **
3—4 0.465" -0.636"" 0.777** 0.878 "

# & FEIRAE 0.01 AR ORI AR BFHSE, * KIRTE 0.05 /K- (XU L2

WRYEZTCLNE WA B v 28 R BEAT 70T ST 50 H 2R IEFEK 5 2 AR N T I Zon BT (£ 4) .
UB AP REIRT 0.85(P<0.01) ,IKF T /K- BRI AT LUE i U4 P e i i A7 5 H 28 #E K
FEARTR A (ARG DL . MG RBERIAT LUF ), 722 >6 mm #7458 H 78 B FE/KAE 7 H B0l Bl o BH 8 6 4% 1
8 AU BRI R KBRS AR A K P 22 3E R P, 9 A 0 A X 188 i 7 s 22 3 [ s o 5 A2 4
4—6 mm 1 3—4 mm A75¢ HZ&REFEKAE 7 A F1 9 H A1 Rl R BH AR S A Ak PO 22 #5516, 8 A 4%
G 4—6 mm 15€ H 251 FER B R A AR 22 3L R4 ), 4248 3—4 mm %58 H 28 15 FE /K BOK B AR 55 A1
TR AR PO 2 3 ) s

R4 BRAEBRAKSSZEFHESITEIEZEE

Table 4 A multivariate regression model of transpiration and meteorological factors

Ay 2%/ mm EYEyix

Month diameter lass Regression equation R? P
7 >6 Y=3.616R-12.330 0.910 0.000
4—6 Y=170.868VPD+0.505R+13.875T-224.2 0.911 0.000
3—4 Y=100.599VPD+13.0517 +0.383R-281.255 0.901 0.000
8 >6 Y=-56.8RH-41.763T+3.88R-1025.503VPD+6309.197 0.808 0.000
4—6 Y=25.619T+139.201VPD-429.775 0.875 0.000
3—4 Y=0.517R+91.584VPD-19.231 0.920 0.000
9 >6 Y=2572.169VPD+24.164RH-2350.265 0.857 0.000
4—6 Y=90.641VPD+7.709T+0.378 R-112.525 0.922 0.000
3—4 Y=95.391VPD+3.19T+0.159R-43.602 0.931 0.000
4 itig

4.1 WU R B SR A A

ARBEFEH A SRR A H AR B 1 K> T K, AN [RIA2 % 14 19 S R PR TR0 3 722 Al s 1 B ) A )
FE5t, MR, BEE TR A7 SRR A H e JL 58 Mz 2 - U™ i, 4% S0 e s £ 48
RaH 12 <6 mm K SAEMRBEA WA PR G, — e+ 528 T R X 7E 2 IR N T 2L R R
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T R R AR K YRR 5 B A, LT RE DR AN T 280, FE B R B S e A R e i AR
P>6 mm A SRR BUEA  0 “ PART LG SR T TR TR X R A A S5O S8 K R AR X 8%
i, LA R S, [ B AL B LR PR K A T AR TR B R Ik e 2 s 220 R B B Y [
ML,

AR A SERE AR A TR VRO K A, B A A G BG TN S2 1G 8 34, I HLAS [ 428 24 S 7 1) Y it A7 7 W
WS, >6 mm A5 PRAE R 8] H IR IR R, A2 4—6 mm A% SR MR AE 2 (0] S IR T A5 25 B ) ¢
K SR /N T >6 mm B S5AEM 1290 3—4 mm B S8 bR A AT IR VI, BRI S A A AR K
W B i T B 1o B Sh A AT /K 3 R 8 M B 28BS /K 40 =5 i S R A 725 AR B T 25 et
RSB HRTARILSERATS , T B2 VEH T DL Se R 25 647 K 2, B SO 8 i 1+ 5 ae ot
FEAER B, BT 52 R AR R B RebE , mT DUEAR ) 04 R [ o AR AT, D2 ) AR Joi 350 1) e 2
b, e R AR IR, 23 SR BE K, MR K P 22 MR, B R 4 AL, 8
TG AR BEFE 4 32 B Az St 130 b7 Se AR R L 3X 55 Hayat 250%7 SR 45 A998 45 R — 5,
TRIR, i 2R A0 I B e sl AL OGP AR B0 £, it e NN K S Ag Head R 55 , DRI BRI T A 4
7RI %

4.2 HUFEK SRR

W S AR Al 2 B R A 2 e 3l , 7—9 A ], 47 58 H W AR AL 25 57 0 3, A2 4> 6 mm 1A S0 R
it 5 ) B 7 510 22 S8 5 gk /N ey R e, WA fB R0 e sl el = AR i fE 8 A, i T 8 A b2 T2
AR A HEZE 5840 T 58 2 it 0, i RS 20K, AR >6 mm AUA% S8 T BURTE 7 A AR 32 K FH
RO B AR 8 A 32 T AL RZm 32 T (0 A B/ AR i AR S ik, ek T 4%
SEZEIBHEIK . <6 mm SR AR BE G I [R]F 9Z W/ X 5z RN 5L A B 1A B A G 38R 1
<6 mm B SAEMR K ZBUE TG 4F B A AR AR, B2 (R R R A 2= S5 R A [R] ) DR I Xk 2 358 ERL - 14 il o AN
[, PR R0 R 1 () AR AL R B AN [R] |, I ELRE R i A b e 7 [aD A0 8 H [a] (0 8 H 1193 B K PR AR 5 8 35
T7 R I RECT 5K 07 B, P 2 BRI A R AR Y 25 I VE T . 9 IG5 W 1t 148 W U8/ N
JEHAT 0,55 %Z A 0 i T2 IR R H: 9 B 09 A4 BRA AR R Az BEIG PERRAR AR A BT , DX I 28 B U8/ )N
4.3 IR0 S 2R I FE K S

ARSI R AN AR B S it A8 A 5 R i R[] AE IS R ST, R BHAR 5 AR X
T SR AR <6 mm B9A% SERE R B 52 M 5K, 1 FIK PR N M A2 >6 mm 947 S R IR 2% 1 R M 48 K, 3
G REHR ) AN S B 5 45 SR AT, TR K R K PR 25 K B S R RE T A ST R AR L X
Hayat %57 WEAKSRAED I Pei 5140 B 5T 245 S 3L AR— S0, K PHAR ST AN /K 95 22XV A HE A i Tl 3
YERT, e T e A VE I BE T, M MUK IR R 22 3R Sh B M EA T /K IR A8 B PR AR P I 28 15 |

ARET,7 AL e KR, 1% H OB IF IR A0 25, 3K xS AxT 8 H &, KIH %S
SR IR S M A SR AR AR B BURR IR 7 5 8 ) BV IR K B o 4 A HU A9 SR e, EL TR R R B 6 S 26 v 5 B B
EFE K R, IR AT S ARG, AR BE s ) T AR AL, A SRR 32 R T I 2R B 5 i) L
BOR, BB ARIZN ;9 A insetark A B AT Ga B, R FRER SR <R T 5 728 /1, 4 S A Rt 338K 43
T REI/N , AR AR PR R S 5 B R A E R nT LR AR 0 XA RS
S G AT IR R B 22 5, R DR AN (] A B85 1) 1 HE 00 980 Tt 228 A X A0 5 DR o ) i 7 O 3R T 38 52
7%, I mAE R R R R A — 2225

5 i

(1) A SEABL AR T 5 S A v AR ) A, Wi R Y D 4 I A 2 i DA 5 e 70 i 2 1) Sy 2 A2 4
R R AR 5 20 I H A2 AR RO, HOR i /N TR R
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(2) ARG SRR A K FE P S BOR , BER EAR RSN Sl iR BB . AN[RIARZA% 58 H B0 BB AE 7—9
HIEAE W 225, >6 mm WS8R0 i 52 SR PR B 5, <6 mm S8 i 2 i o 3

(3)12%>6 mm 1 4—6 mm A7 5RO ARFEE A 153 B 18 W 14 1 (8] 22 87 42 1, A2 9% 3—4 mm 47 56 H0R
AR L DL A I R] SE R AT FEHE IS o 7—9 H [AIA7 SRR BRI 15252 5 1) 528 Wi L, [ v 2R AEL A e T 44 AT

(4) TN, A7 SO0 IR 4 32 4 11K 3 22 1R B 68 S 3 () 52 ) 5 B R R, A SR80 9 3 32 L L R B
SYFIARXRR LRI . A RUET A [RAR S SAE ik H B0 i 52 BRI 1 B R AE A 22 53, 2R T
LR RIS B R, ASHESE 45 RS BOR I BAR AT ZEAS [ B[] RUBE T T A S 26 BB FE K A AIE
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