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Dynamics and responses of sap flow of typical sand binding plants Haloxylon ammodendron to
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Abstract

Aims Transpiration is one of important physiological activities for plants, which is regulated by many environmental
variables. Our objectives were to understand the responses of sap flow density of Haloxylon ammodendron to environ-
mental variables and simulate its diurnal change under different micrometeorological conditions.

Methods Sap flow in stems of H. ammodendron was measured with stem heat balance method using commercial
sap-flow gauges from May to October, 2014, in the oasis-desert ecotone, located in the middle range of Hexi Corridor,
Northwestern China.

Important findings Sap flow velocity of H. ammodendron exhibited a positive relationship with stem diameter, but
sap flow density (J;) decreased with stem diameter. The first three axes of principal component analysis (PCA) ex-
plained 49%, 15%, 12% of variances in the environmental datasets, respectively, and vapour pressure deficit (VPD),
photosynthetically active radiation (PAR), temperature in the first axes indicated the atmospheric evaporative demand. A
sigmoid function could explain 86% of the variation in Jsin typical sunny days, while only 65% on rainy days. It was
worth noting the simulated Jsusing the established sigmoid function agreed well with the measurements (R* = 0.90) if
the time lags of Js to principle environmental variables were taken into consideration. Plots of 30-min Js against PAR,
VPD, and evaporative demand index (EDI) revealed a counter-clockwise hysteresis for PAR, but a clockwise hysteresis
for VPD and EDI, it was possibly affected by water stress and time lags of sap flow density to principle environmental
variables.
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F1 PNFER S
Table 1l Basic parameters of measured stems

G LA B
Numbers Type of probe Stem diameter (cm)

1 SGA5 0.27

2 SGA9 0.47

3 SGA13 0.75

4 SGA13 0.66

5 SGA19 1.02

6 SGA25 1.32

7 SGB25 1.24
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(109-L, Campbell Scientific, North Logan, USA) J 7K
73k (CS616, Campbell Scientific, North Logan,
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1998) o KV F41 R UL A A L T R I
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(Goldstein et al., 1998).
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REL R 49%I1 7424k, S5VPD. PAR. il XU#E IE
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R IEARDR, S = F I R R 12% 1 A2k,
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Table 2 Correlations among the 30-min averages of weather variables
measured during the study period

Pl A RH VPD T, T, He V P
Environmental

variables

PAR 045" 0577 0547 0217 008" 036" -0.08"
RH -0.84™ -0.65" -0.50" 005" -0.34" 022"
VPD 0.89™ 0727 0197 0427 -0.14"
Ta 0.85" 036~ 0.42" -0.08"
Ts 0367 0.307 -0.02
Hs 0.04™ -0.01
v -0.02

Hs, HHEHIX &K ), P, BE/K, PAR, St 4 2 5t (umol- m™.s™);
RH, AAXHRRE(%); Ta H(C); T, HHEUAEE (C); VPD, /KIKHE Tk
(kPa); v, A (m-h). ** WEAAK(p <0.01).

Hs, soil moisture (%); P, precipitation; PAR, photosynthetically active radiation
(umol-m™2.s7%); RH, relative humidity (%); T, air temperature (‘C); Ts, soil
temperature (‘C); VPD, vapour pressure deficit (kPa); V, wind speed (m-h™).
**_significant correlation (p < 0.01).
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Table 3 Eigenvalues and the variance explained by the first three axes of
principle component analysis on the weather data

ESE iy RHAEAH fiRETT 22 RPURRETT 22
Principle Eigenvalue Total variance  Cumulative variance
component explained (%) explained (%)
1 3.9 0.49 0.49
2 1.2 0.15 0.64
3 1.0 0.12 0.76

R4 REEELRAEHT AN E R B
Table 4 Factor loadings of the environmental variables on the first three
axes of principle component analysis

g A Tl Fisr2 T3
Environmental variables Factor 1 Factor 2 Factor 3
PAR 0.72 -0.02 -0.01
VPD 0.87 0.37 -0.16
Ts 0.54 0.70 -0.07
H; -0.11 0.88 0.02
\ 0.66 -0.03 0.20

—-0.05 0.01 0.96
Ta 0.77 0.58 -0.06
RH -0.82 -0.08 0.29
AR K2,

Environmental variables see Table 2.
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Fig. 1 \Variation of sap flow velocity of Haloxylon ammodendron with different diameters. A-G, diameters of 1.32, 1.24, 1.02, 0.75,

0.66, 0.47, 0.27 cm.
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Fig. 2 The relationship between stem diameter and average sap flow velocity (A) and density (B).
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Fig. 3 The diurnal change of sap flow density (mean + SD)
and principle environmental variables during study period. PAR,
photosynthetic active radiation; VPD, vapour pressure deficit.
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Fig. 7 Simulation of sap flow density in typical rainy days.
SSF, standard sap flow density.
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WA FREAE Y G & T A€ (8110), X558 U2 06
SRORE A R B 28 i K B 9 45 R — B0 (Ortufio et al,
2006), 7EHLRYER KRS, ARG 3 W] AR 55 1
UESE T IX—45 1R (K7).

DA 5 W R ) 7 s () L SR B IR B PR 7,
WAL T B H A T 9k AE FH (Meinzer et al., 1995),
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