55037 B 21 1) E &~ £ Eild Vol.37,No.21
2017 4F 11 A ACTA ECOLOGICA SINICA Nov.,2017

DOI: 10.5846/stxb201608301764
N WZE ARG 2R 5 T IR BCBOR IR TR IE I 52 AR 45241, 2017,37(21) : 7187-7196.

Li H, Hu S J, Zhu H, Li X Q.Characterization of stem sapflow Haloxylon ammodendron by using thermal dissipation technology. Acta Ecologica Sinica,
2017,37(21) :7187-7196.

B THY B ARNREH T iR ER R

L 1,2 =1,k =12 - 2x 1,2
F EVHREN K R FEHE

1 ERERe R L S S R ST, IR S A B E R SR E , SE AT 830011
2 P EBRERL KA B 100049

A TP IAY HGREEWT 45 A S UGl 0 vl K BRI v R U 35 Rl % i A MR A8 B U S PN DAL AT 2
IINT T AR TR PR B WAL, ST T AR R TR TR S PR N TSGR AR IR R R T B B AR 4
SRFM (1) W IE A H AR T2 Bt 28, S ATt BHULIEE Hh 2, ANTR] 2519 ] 19 00 T R/ 22 5t W 3, B ) T
I W M B AR AT TRl ROTRC 5 (2) AR T B IR U i R 5 IR 1 S, 28 SRR BRI 5 SR A T 3R A
WFIEASE 5 SRk PO AN s R E S A0 3 SRR O, B2 MR M AR RS 1 07 R 1o 25 A P 1 S TR v it A A K U
SR BRI 3 AR B AZ AR B SCHE DN 1 (3) AR T H B R 5 v i 28 S SB35 K R
S S5 B WA TR ARG, s R A S B ARG, 5 K AR M B3, RO MR R M990 I 3 R A 1 S B D 1 A
B AR R 5 AN A R

SRSRAA) : T KPR v RV B RO s IR IR TR BRI T

Characterization of stem sapflow Haloxylon ammodendron by using thermal

dissipation technology

LI Hao'*, HU Shunjun" ", ZHU Hai'"*, LI Xigian"’
1 State Key Laboratory of Desert and Oasis, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China
2 University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: The transpiration water consumption of Haloxylon ammodendron is an important physiological index, which is
greatly influenced by many environmental factors. We accurately measured the transpiration water consumption of the
individual trees by investigating their sap-flow characteristics in response to various environmental factors. We predicted the
transpiration of a single tree with thehelp of the environmental indicators by building a sap-flow model and environmental
factors. Combined with the automatic weather stations, a thermal dissipation probe ( TDP) was used to continuously measure
the sap-flow dynamics and environmental factors of H. ammodendron in the southern marginal zone of the Gurbantunggut
Desert, China. The. response’ of sap-flow velocity to the environmental factors was analyzed, and a relationship was
established between the stem sap flow and environmental factors during the growing season of H. ammodendron. The results
showed that:. (1) the change of sap-flow velocity mainly presented a single-peak curve, or occasionally, a double-peak
curve in summer. The amplitudes of daily variation and sap-flow peak were relatively greater in summer than in spring and
autumn, and presented a significant difference with the sap-flow velocity during different seasons. In summer, the initial
and. peak sap-flows were observed earlier in the day, but a weak sap-flow was observed at night. (2) In the growingseason,
the net radiation, air temperature, and saturated vapor pressure deficit were the key factors leading to the instantaneous
changes in sap flow. The instantaneous sap-flow of H. ammodendron was positively correlated with wind speed, net
radiation, saturated vapor pressure deficit, and air temperature, and negatively correlated with actual water vapor pressure
and air humidity. (3) The key factors affecting the seasonal change in sap-flow velocity included net radiation, saturated

vapor pressure deficit, and air temperature. The daily average flow rate was positively correlated with net radiation, air
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temperature , saturated vapor pressure deficit, actual water vapor pressure, soil water content, and soil temperature, and
negatively correlated with air humidity. (4) The daily transpiration first showed an increasing trend, and then decreased
during the whole growing season. In early May, the daily transpiration was 0.21 mm/d, and in the middle of June, it
showed a peak-value, which lasted for forty days. The daily transpiration began to decline in late July until it reached a
value of 0.10 mm/d. In H.ammodendron study samples, the daily transpiration was 0.35 mm/d and the total transpiration
during the entire study period was 53.35 mm, suggesting strong ecological adaptability of H. ammodendron to drought
conditions. In the study area, where the ecological environment was harsh because of high temperature and little rain ,sthe
water consumption of H. ammodendron was very low, making it the first choice to be used as the ecological restoration and

reconstruction shrub in an arid land.

Key Words: Gurbantunggut Desert; stem sap flow; TDP (thermal dissipation probe) ; environmental factors
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Fig.1 The diurnal changein different months and consecutive days change of sap flow velocity in different seasons
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Fig.2 The relationship between the meteorological factors and the 30-min averages of stem sap flow of Haloxylon ammodendron
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Table 1 The correlation and path coefficients between the 30-min averages of stem sap flow and meteorological factors in different seasons

KR 75 B/ kPa

JiH mgm m/s) R (w/s) IR/ kPa Vapor pressure z%aﬁ‘zfﬁ/% i?%iﬂriﬂc
Items Wind speed Net radiation Vapor pressure deficit Relative humidity ~ Air temperature
2 Spring A FREL 0.157** 0.813** -0.540 ** 0.664** -0.673** 0.696*
EEEE -0.040 0.593 -0.537 -1.856 0.141 1.910
5 2% Summer HHIEFREL 0.591** 0.861 ** -0.224** 0.441 % -0.449 ** 0.488 "
R 0.016 0.865 -0.453 -2.315 0.204 2.051
B2 Autumn P ' 0.598 ** 0.789** -0.525** 0.808 ** -0.763 ** 0.784**
EEEE 0.097 0.463 0.001 0.691 0.108 -0.075
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Fig.3 The relationship between the main environmental factors and daily average rate of stem sap flow
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Table 2 The correlation and path coefficients between the daily average rate of stem sap flow and main environmental factors

X, R . KEES o, 2SR i < .
ﬂ.J_ RN K% /kPa KIRE S e T T L‘{erxh %a R
Wind Net solar fit/kPa X Air K .
Wi H Ttems L Vapor Relative . Soil
speed/ radiation/ - Vapor pressure humidit temperature/  Soil water . sture/C
(m/s) (w/s) pressure deficit . C condition/% Poe
*Ek/%ﬁ . 0.116 0.646 " 0.402 " 0.568 ** -0.319 " 0.731*" 0.379 " 0.597 "
Correction coefficients
B3 Significance 0.156 0.000 0.000 0.000 0.000 0.000 0.000 0.000
WA R B Path coefficients 0.128 0.496 -0.329 =0.750 0.293 1.325 0.106 0.108
*3 HYBEREXREARARRELESKENEXRY
Table 3 The correlation between the daily average rate of stem sap flow and soil moisture content
ZEY Season #Z Spring 5 Z& Summer 2% Autumn
BREE Depth/cm 30 70 10 150 30 70 110 150 30 70 110 150
*Ej&/%ﬁ . -0.722*" -0.812** 0.793* 0.729"* 0.08 0.056 -0.085 -0.095 0.892** 0902 0936 0.949""
Correction coefficient
B3 Significance 0 0 0 0 0.669  0.763 0.651 0.612 0 0 0 0
H B Freedom 31 31 31 31 31 31 31 31 31 31 31 31

3.4 AR ECR B RS T AR

TE A S SE X HR A B A R GE LI LR -, 2350 A 3 AT v e 2 5 d A BRI B 1R <l
AR AR R B o A A2t A7 28 48 [ U 45 20 A 5] 295 1) 000 3 R MU IR 1 19 [l )9 5 7, s
(7)—(9) iz o RUBEA A KR ZRIRE TR0 R H S0 P | LASCG IR R 3 TR A9 Bt H S8 {H8 A
AR HEATIZ AL U 3 B, A5 3 A R IR AR S R T i R 5 R, 40X (10) BR

wE.
V.=0.144+0.001TBB-0.005RH+0.212¢  R*=0.762 (7)

2.
V. =-0.527+0.001TBB-0.221e-0.208 VPD+0.053Ta+0.030Ws  R*=0.794 (8)

K
V=-0.026+0.0003TBB+0.080VPD+0.016Ws  R*=0.838 (9)

R,

V=-0.194+0.009Ta+0.001TBB—0.036 VPD+0.022Ws+0.005Ts R*=0.750 (10)

K (7)—(9) BAFZ 1Ry #0575 f, 2(10) A E K F B SR A AT R, Hodr, vs
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PRI TR BRI R (dm/h ) 5 V AR W 0 H Y932 (dm/h) s TBB A S5 5 s RH R 2s SM
YR s AKIRH ; W RGEH ; VPD WA AR IS 5 8k 7s Sy R3ERE, DLk 4 AN F AR ARAE] T
0.01 7K b 2 ZAOC R RP¥IAE 0.75 LU L BIAROERECAF . BRI H R KB R BSCRIE T /R R E
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T H R
3.5 RIRPEETE B2 2RISR K S RRIE

Y BRI AR S R A7k THR R BR T AR K 2= AN RIS [B) A AR 23 AR 7K St R 78 St
TG BLANE 4 F15R 4 PR, A AR M0 B 2815 2 583 K5 UM, 5 110 em G + 585K %
FAS AL R A —3, WA FAIE HZ5E 8 0.21 mm/d, 7675 A A BA 6 0.45 mm/d, IE{H - HA52E 40 d
ik N7 A FAITE TR, JLA T RIARS: H ZE R3] 0.10 mm/d, M3 4 1T LIAEH 20 mx20)m AIRETT N 3%
A K 4T FE K ik B 4428.924 1,5 A#E/K 736.361 L.6 A #E/K 1073.685 L .7 A#E/K 1145.842 1.8 H
FE7K 9117.580 L9 H¥E/K 511.651 1,152 d HSFEFEK N 29.137 L/d,
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Table 4 The changes of water consumption and transpiration during different periods

EV) 751
H % Month H 3 Date Daily water co?ljlfnjgtion/( ml/d) Daily traﬁépiiion/mm

5 1—10 17654.637 0.214
11—20 24887.710 0.302

2131 28718.391 0.348

6 1—10 34380.693 0.417
11—20 35893.513 0.435

21—30 37094.278 0.450

7 1—10 37050.954 0.449
11-20 37037.030 0.449

21=31 36799.939 0.446

8 1-410 33052.926 0.401
11—20 29050.286 0.352

21—30 29654.766 0.360

9 1—10 26449.559 0.321
11—20 18185.863 0.221

21—29 8293.946 0.101

4 sRSHR

PRI TR L 1 3R 1) H AR A £ J2 2 B B R | 3 il A UG 2R, AR [0 1 , R 22 o 3 5 IR RN
TR Y H AR AR R e e W (A W) A 2R 28 S, S RV I ) (D U (R, et T
VI ZRIEA P AW T A AT T R AR A A A W S B R A ST BRI 2 5 W
MR TR BT, ST A — B, PMIE S AR T R B3 71 R V0 15 R G T AR Bk B A
PRI IR BT S A5 SRR, 5—9 A B RO A 3, WO AL A il 2 52 22 B s i 22 0 Y 00
B H AR, SAPISEAERALT . FIIS € AF BI85 X I /KRR T 16 m AR R AN RE BLEEA AT R v
JK, A6 DS T K AEAE O m Ze Ay MR T RE BRI T T K, ANTR] B4 3K 70 2% P FIAS [R] A4 1
TN T 1 T RE B AR TR0 A L I 2 5 . BRIRAEAS R AZK 2B A6 4F T, IO AR A S R AT
TE2E 5 AHARREIE B A K, UL IR MR BERE AN [R] 197K 70 PR T+ SH b ae BE 158

http ; //www.ecologica.cn



21 4 BN A TR BB TR AR LTSS 7195

0.50 - 180
0.45 |- NN GRS 1.5
S o — 1"
T 040
E I 470
£ 035 ] ©
I L &
%@.5 0.30 /_/_—__// N 165 4 2
R & F 4 <
mE 025 e T~ oo % S
S 020 | 1 ﬁ& 5
= ; . I 455 -H g
g 015 1 3
g I 450 @
>
g 010 ]
0.05 143
0.00 L~ 40
(=1 (=3 (=3 D N (=N D (=2} [=2) o0 o0 o0 ~ o~ ~
— (o] o (=) — o (=) — o (=] — o (=} — o
L G
S (=) (=) (=) (=) (=] (=} (=} (=} (=} (=} (=] (=] (=] (=]
O G S S Y S S S SR S SR S SR G
S 3 3 & 5 3 3 3 3 3 = 2 = 25 o2
N N N N N N N N N N N N N N N
H#A Date

4 ERKFHHSBEES 110 com TESKRNNHEE

Fig.4 The dynamic changes of transpiration and soil moisture content at 110 cm depth
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