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Abstract: In arid and semi-arid ecosystems, water resources are the key ecological factor restricting the structure and
function of the oasis-desert ecotone. The objective of the present study was to determine the effect of environmental factors
on the characteristics of stem sap flow and water consumption of Haloxylon ammodendron in the whole growing season.
Thermal dissipation sap flow velocity probes ( TDPs) and an automatic weather station were used to measure sap flow

velocity in trunks of different diameters, and environmental factors such as air temperature (T) , relative humidity (RH) ,
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solar net radiation (Rn) , vapor pressure deficit (VPD) , and precipitation (P ), respectively, in the Minqin oasis-desert
ecotone, Gansu Province, China, from June to November 2014. On clear days, the peak wave area of daily sap flow velocity
(SV) of H. ammodendron trunks of different diameters gradually reduced with changing seasons, whereas the phenomenon
“broad peak shape” of SV showed as excessive growth from June to August. The SV on cloudy or rainy days was lower than
that on sunny days. The SV of different H. ammodendron trunk diameters often fluctuated, furthermore the larger the
diameter, the higher the fluctuating during the growing season. However, there was no obvious consistency and relationship
between SV and stem diameter. From June to November, the water consumption of H. ammodendron initially decreased, and
the highest peak SV was in July. The larger the stem diameter, the water consumption was more higher. Environmental
factors correlated positively with SV in different time scales and weather conditions. The weather condition effected the SV
correlation of H. ammodendron significantly, where it was higher on sunny than on cloudy and rainy days. The correlation of
SV with VPD was the highest with the total weather factors on sunny and rainy days, while the correlation of SV with Rn
was the highest on cloudy days. In the study period, the correlation coefficitents between SV and T exceeded 0.842 ( P<O.
01). Rn was the second-most important influence on SV (R*=0.811, P<0.01) , with the third influence factor of VPD (R’
=0.769, P<0.01). The correlation of SV with soil moisture in the root area at 0—250 cm level points and 0—100 cm
depths was the most significant. Therefore, from the results it could be deduced that H. ammodendron of Minqgin is an

efficient drought-resistant plant.

Key Words: Haloxylon ammodendron ; meteorological factors; soil moisture; sap flow; TDP
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Table 1 Basic parameters of Haloxylon ammodendron

o . — = TDP 223 55/
ETR= RS/ cm HA%/em 50cm b A2/ cm LI/ cm B Fa/em ﬁi% JJ; o
. . . . Under branch TDP installation
Number Plant height Ground diameter Diameter Canopy diameter . .
height height

1 291.00 10.87 9.90 183.60/198.30 61.28 40.00

2 239.50 10.90 10.95 177.10/230.90 54.30 40.00

3 331.80 15.60 13.06 320.00/360.40 80.90 40.00

4 289.30 12.99 11.40 163.40/201.60 59.40 40.00

5 264.70 14.10 13.66 212.20/230.60 62.8 40.00
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Fig.1 Seasonal variation of meteorological parameters
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Fig.2 Diurnal variation of stems sap flow flux in Haloxylon ammodendron in different months
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Fig. 3  Diurnal variation of stems sap flow flux in Haloxylon Fig. 4  Diurnal variation of stems sap flow flux in Haloxylon
ammodendron in rainy day ammodendron in cloudy day

A,B,Cor5MtE 15,2 5,3 SEEM

3.4 MWBRAERKFEKEINELL

FAER T RFE AR SAEMFEKZWE 6 iR, 1.2.3 SRR RFE/K S SINE 2 K, 5051k . 495.
797 .583.020,1232.727kg , “F-HIFERI S 770.515kg, A H 4 FEK G R B BE ELAR O3S K, H BIFE/K 8
HERAREE, AN EARRR H W A AR B AN R R 22 5, o |3 SRER SV 5 1.2 SRR
SV 25 BE . 1.2 AW H S50 b A A 34, BN e THE B 7 AR a s B i s (8 ;3 5
FER B WIS 6—11 A4y, V-3 B AR IR I 5 2 B0 Jo 1 5 R ke 34, &% H 0 H 39 FE K AR IR
4 8.2.8.3.6.4.4.3.2.7 2.0 kg/d, BN AERKBERBT-EHFEKEN 5.1 ke/d, FIH 3 AR F- 2544 56 mi A 6.
4m® KB kg B9 H S RE KB EFE KR L mm Ry B B RE K B BRI AS MR AR H S REKE R 0.
8mm, SFE/K A 120.0mm, HH L, B AEYZEHUR ET,  RIRFEKEARK, (O ET, 19 35.6% (K 1),
3.5 BT S5 HF A
351 HREW TR 58 W A0

2014 4FE 6 7 18 HZE 11 30 H, % At SV 5REHFHXREZRIR (WE2), 6 sV E
A (Rn) AHCME SRR, 7 A SAERIREE (RH) A OCHE Sy, 8 A 528 SREE (T) M AIZKIAHE2E (VPD)

http ; //www.ecologica.cn



51 SRIEHE A5 PENAR I T T PR AR B AU A 1 B S AR5 [R5 F) i 7

400 0
320 5
240
10
160
= 15
= 80
§ 0 0
E B -
S 320 - s E
= £
2 240 E
° 10 2
2 160 ~
- i
3% 80 15 2
) &
= 0 0
=
H 5 c
7320 -5
240
— 10
160
80 [ o °
0 ! ! ! ! ! ! ! ! ! ! ! ! | | L 99
[} o~ o~ o~ o~ e o o [} [=1 f=1 [=3 (=3 [=N) [*)) N
— o (=} - o (=] — o (=} [aal — o o (=] - o
Y = S S N S~ S A )
(=} (=} [=) [=) (=) (=} (=} (=} (=) (=) — — — — — —
H A Date
Es5 BEHMTERRBEZETEN
Fig.5 The seasonal variation of sap flow flux in stems of Haloxylon ammodendron
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FARAERR T, 10 A g4 RER SV 1Y EEARRIN T 225800, 1 9 11 H M BOfE A5 T,RH, Rn, VPD A1
TESE RN, RINA DL, BER EARRIE R, SV SRR TR R SR, 6—11 A SN IRH 73R
#2 SV ISR FEEARUCH « 25 RE > RS > IFKIRIEZE > FXRRE,
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Table 2  Correlation analysis between sap flow rate and meteorological factors in daily scale

H*Z Ay 2 IR A R AR 2
Diameter/cm Month T/C RH/% Rn/W/m? VPD/kPa
9.9 6 0.807** -0.745** 0.858 ** 0.781**
7 0.542"* -0.534"" 0.674* 0.557**
8 0.447** -0.202 0.380 * 0.290
9 -0.007 0.201 0.401 -0.162
10 0.578** -0.328 0.781** 0.577**
11 0.341 0.227 0.087 0.089
Total 0.815** -0.143 0.792** 0.720 **
10.95 6 0.791** -0.709 ** 0.816"* 0.734**
7 0.494 ** -0.733*" 0.486 ** 0.584""
8 0.535** -0.546** 0.446 ** 0.603 **
9 0.171 0.116 0.580 -0.036
10 0.481** -0.216 0.203 0.433 =
11 -0.179 0.149 0.117 -0.152
Total 0.797 ** -0.238** 0.759 0.757 **
13.06 6 0.565 = -0.683 0.924"* 0.653
7 0.727** -0.884 " 0.691 " 0.769 **
8 0.743** 0.686 ** 0.659 ** 0.739 **
9 0.023 0.157 0.238 -0.128
10 0.236 0.049 0.461"* 0.180
11 0.056 -0.056 0.012 0.118
Total 0.835°" -0.264 " 0.803** 0.764*
AR 6 0.750 ** -0.746 ** 0.910** 0.756 **
Average 7 0.654 " 0.809 ** 0.682** 0.712**
8 0.570** -0.494 " 0.526** 0.571*"
9 0.059 0.166 0.407 -0.117
10 0.454 = -0.126 0.632°* 0.408 =
11 0.099 0.072 0.067 0.070
Total 0.842°* -0.213*" 0.811** 0.769**

w0 Fnl BEAIE(P<0.01) , * F/R BFEM K (P<0.05) ,Average N 1, 2, 3 SERAYIE

3.5.2 /DB REER R 5 A5 i

2014 4E 6 H 18 HZE 11 A 30 H,SV 5L N FHRIMEM B EACHE (£ 3) . BREMET , B SV
H5&EAGHRTFHLBRERE T WK, SHEREERI G G IR EET,SV EZZmE T8 VPD, 1
T RAAER A £ BRI R TG 225 [RIAF 32 T Rn A1 VPD AL, K (Rain) 5 SV LA W 3%
FHIE(P<0.01)  FHOCRREEMRIN <3 SRR >2 SHERE> 1 SRR,
3.6 WS K A

HER 4 W UL W RECE T RARFERS SV 5 IE BRI 2538 0—250em Z [H] 1) 387K 43 VSW B AF e b 3
AR, Hod BE BRI ZESE 20em AR VSW 5 SV Z [EIAFETE SR G AR 2 AN 7K 8 VSW 5 SV 7 7E
TEARSCHE, #ee SV 5250 400em ALK VSW ZMIARAATE i A CME . B IR S60F T, 1 SV 5 AN [RIZKF-
DB VSW Z [RIASAATE 1 2 AH G
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Table 3  Correlation analysis between sap flow rate and meteorological factors in hourly scale

B R R HIRHE M TR 22 ek it
Diameter/cm Weather T/C RH/% Rn/W/m? VPD/kPa Rain/mm
9.9 S 0.711*" -0.457*" 0.764"* 0.783 "¢ —

C 0.545"" -0.454"" 0.713"* 0.721** —

R 0.613** -0.162"" 0.516"* 0.446 ™" 0.111*"
10.95 S 0.613*" -0.415"" 0.721** 0.733"" —

C 0.417*" -0.368 " 0.504 "~ 0.568 ** —

R 0.527 " -0.293 " 0.513"" 0.553"" 0.223 "
13.06 S 0.708 ** -0.546"" 0.760 " 0.804 " —

C 0.560 ** -0.495"" 0.677 " 0.672"" —

R 0.394"* -0.417"" 0.607 ** 0.582"* 0.305"*
FH AR S 0.697 ** -0.482"* 0.770"* 0.794** —
Average C 0.565 " -0.488 " 0.708 ** 0.731"* —

R 0.564 " -0.299 " 0.584"* 0.562"* 0.240 "

xR B EHIIE(P<0.01) , = FoR BEMK(P<0.05) Average H 1, 2, 3 SHREWIIME, S.C.R HMLEBR IR TR, Kb &%
T AR N KT Smm BT A9 24 K 52 i Hidia

x4 WFRRELEAIEXSH

Table 4  Correlation analysis between sap flow rate and soil moisture
g K Sunny day B MK Cloudy and rainy day
Laj;)jicm JKF-[E]#E Horizontal spacing/cm JKF-[E] ¥ Horizontal spacing/cm
A B C D A B C D
a -0.543*" 0.602 " 0.571*" 0.120 -0.243 0.203 0.177 -0.153
b -0.508 ** 0.571"" 0.579 %" 0.108 -0.369 0.165 0.227 -0.164
c -0.578"" 0.574*" 0.573*" 0.082 -0.403 0.170 0.199 -0.175
d -0.482"" 0.574"* 0.569 ** -0.168 -0.320 0.173 0.194 -0.261

KEFEEA,B,C,D 43T IE BB EERIKTEFE B 20,150,250 400cm; /N5 F 8 a, b, c,d 43314t 3 42 0—10 .0—50 ,0—100 ,0—150cm;
s w FRM M OE (P<0.01) , = FRs B FH M (P<0.05)

K5 TRB=BRRFEKELR

Table 5 Comparison of water consumption of Haloxylon ammodendron in different conditions

; N H#E7K i/
, D 5E I 8]/ b 5 il g PV - -
i T Wi WHRER/n MK Ok
Plant o Method Diameter Daily water/ Reference
site conditon Total water
JEA R 5—10 H/ NI 2.8—6.4/ .
N S, P 9.9—22.9 WRAHAE, 2013
Haloxylon ammodendron TR PR T b A f g 4581044 @ UAE )
JR AR 7—8 A/ ; 1.8/
- bk i 0 A, 2012
Haloxylon ammodendron R PR b Wik 0 37.5 (FIA & ’ )
NT W 7—8 A/ N 1.9/
. by Ak 4.6 WSS, 2012
Artificial Haloxylon ammodendron iy JRBE# thy Ff VD 5E Ak 38.9 SR )
JE A R 4—9 A/ 2.5—4.6/
o 78l 7.8— 565, 2010
Haloxylon ammodendron TR YR T b B 0 400—500 (7S €55, )
JE A B 5—10 i/ 5 2.3/ i
[N, #fk 5.5 i, 55 2008
Haloxylon ammodendron ISEaey e Bkl 344.7 (o, % )
NI 4—10 A/ ek 1.5—3.0/ .
N PP e 4.0 H4E 2008
Artificial Haloxylon ammodendron & 53TV L el 300—600 (VRIS )
N T W 5—9 A/ 5 1—8/ e
; iy i —14 WA 2
Artificial Haloxylon ammodendron I1f6 73 P It T 3 4 L 6 49.9mm (HEARISE, 2007)
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NN 10 - 40
4 itig e EHEKS
. - ) — SRR “
4.1 MR E SV shAZE AR . i

K Bl 38 SV R S RE e (K 2)
XATRE T H Y [A] R P 33 R e T B, A L 9—
11 J SV 7R H AR 4k S o i i e 4 ,6—8 J1 SV
HAbM g B2 de0e i 4, X E% T 6—8 H
H BRI RS R BRAR 5 5 2 5 | 285 S I 9 4 1 DL S TE 7
F14) e e B S 3 UM 2 [ A A AL DG AT 0 A - 3 58
FEZE BT AL, A RS R I7 Y i A 5T

Z

LA AR &
Soil volumetric moisture content/%
N
23/, J Temperature/°C

BLBRBR B Mg R B, AR EAR oL o o L ]y
(9—11 A By), SV IAFEAT, RS SV 5 S5 17 2 97 e : 43382 §8¢%¢8
5 E B TR 1 RO MG R T HOR 4 U Date
KA ) TR 2 IR A AR B7 ks EE

K TR 22 R R, R R SV BT AN TS K Fig.7  Diurnal variation of soil moisture
SV, MG 5INEBLPY | BB EARRCO WS e AR S K BSUR BB B RERS 0—250cm AKPE A 4b 0—150cm
W AL R RS T XY A T IR A 45 SR — LRI T
., 7 H21—22 H,##% SV KRS HRZESFA
B (L 3) . X ATREAYE IR 7 28 SR BE AR A e XA s A it 1 [ AR AL 1 R B T B 5 A1R
FRVRRL I K P50 22 BELRS 1 5823 RIS S FL P, 3 i 11 R 387K 40 K i 78 7032 s B AR AR st 35 (16 R 42 182 i 1)
FH AT AR R B 2, RN FERRMRAR K 43 IR AR AR K 4 Al 2 R SV ZE Tkl sk, EZ R H
KA 23 S LA B B0 R v s T ARAR AR AR WK 5 A s A B B s RIS R TR T
(2 SIREE AR T ARV 22 ) M s, i U T — e R I B
4.2 MHRFEKEAILRHIE

AR RS EARAETE R B L 2R UL B MO MR MR , Wb T AR R T R AR AR S R WAL 114 7K
O3 FEE AL AL A ) s, IR A RARBCRILRR B KR . MR AR AR K S (K 6) , 5
RGN FBIFHOCRREE B S (3R 2) , 38 8 SV 27 AR fb D stk R (& 4) , B 7 A Ak ik 8l &
., XEZERHET 7 OB K s R KRR, 52 H 3K s i g2 m /N BEmAE K i K, %4s
SRRl PV REEDY BRFINISEDT Yang et al. M RFSRSE BAH 3, (R ORI B A RRAR R R E
TR R R B AR T A AR Y (T 2—4) X T BRI AR AR 25 RO AR R AR TR
i IE % R AR ANAETEIEAR OCE . A e IR BESE T R D R SRR i B i S A SR (AR, R B SR DN T T
IV R AR P AR R 15 R PR T R VD BOR TR BLAR A DR AR AR H B RE K AL L (R 5) . OF
H, MR RALE S Y ZE R 1 35.60% , U IA MR HLAT Bk (PR FH 1, Rl — Rk Bt 2k
SR A
4.3 IREE R0 R Ui A A A S e

R REE R #h SV 58 MW P2 R 5ok (£ 2.3), fEHRE L, 6 AWk K
REBRH DG REXT RO DL R IR RS2 R, 5238 R WA 24 SV BBUR 137 A oK h
B 3K o S AR R, R B i 2 A s AL R0 S B BRI 75 8 A 8tk SV 5 T, VPD [l
etk fm M 10 AR &R SV BB H 2Rk, MBI, RL R FR— 1A HF, g sv
PSR E A 2780 9 AR HER SV SRR N FHCEAR R E (£ 4) , X EERHT 9 AhEKD
(E'5), BHK SRR (E 7) , ERRRIRER AR LR . A BRI, 5k TR sV 554
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T ZBIMAHSCHEAN B3 32 RHOK M Mha Mr A BRI sZm,9 AR IR SV H Akl #has 7
R, XEPMIS €A RS L B K A R, SV RGN FAAE AL 4518 — 5, i 1
Ay SV 5REHEFAHCMEA W, FEIE W TRRE A2 s, sV 52 A SRR m Bk, R a2
SR EE DL SR SR B T R 25

FHEK P AR RE A R e R B 26> T 3K o 5 i MRARAR R A RS2 S AR FE I R
K F LR, BRE A28 SV S5HRIX 250em Ju [l N A VSW FETER B B AHOCHE , JF H SV 5250 20em Ab
VSW FEAEMR i 3 DA G, 3K AT BB B TARARIOK AR R AR i A0 A 7R B 25 0 20em DIAh, 487K 70— &8 4 AR &
WS, — A AT T 22384k, AR SV 5 0—100em + )2 VSW A G M i, 784 Ui B MR AR K AR 2R £ B4R
FI7E 100em HJELL L,

5 it

1) B KIS, Bt R 0380, AR VR i 2 H AR fb I sl sk i) A it e X S5 4R U 0, I HL 6—8 H I IR
i B A GRS . B RN R, MRAR B R I I e H AR Ak NG T 22 06 A | LA Y e A
TR,

2) RIR| AR SV Z 7 I sh K, H B AR shill &5, A48 H 990038 &= (E7E 119.89—146.79
em® em™ A7 22, 6—11 A R[F EARRRA TR 2 2 B e 5 B ARtk 38, 7 A e

3) MRARI I i 5 R G R By 56 ZR R 0 Bt ) RUOBE AR TR e B i A K25 5+ . H R SV 554
TR SRR BEAR IR R « 28 AR ST AR S SRR K PR R 25 S AR B . /B RUBE B R AR SV B3 [A]
FH VPD,

4) H 3K BTG PR RAR A MR R B ) B T, B SRR XM iR 3K 4 5 T 1
WA, 3 H 100em /2 Lh ) 0—250em AR D25 M T W i Y 52 I

5) TEREAS LI, B B KRR M FE K R B 3 K%, M iR B K i 495—1232kg  H Y
FEAK RN 2.0—8.3 ke/d, IF HAEK UL Tl /R BEE HRr v B AE K 32 (5—10 A ) BFE/K R 458—1044kg
PR HYIHEK R 1.8—6.4 kg/d, FIFH TDP $5 A E R FE KB BA — & S5k,
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