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Water consumption characteristic of Haloxylon ammodendron for sand binding in

desert area
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Abstract Owing to the result of adaption to drought salinity poor nutrition strong wind sand movement and high light
intensity Haloxylon ammodendron have traditionally been planted to break wind and fix sand against dust storm menace and
sand movement for maintaining oasis ecological environment balance and economic sustainable development in arid region of
Northwest China. Especially H. ammodendron have been a significant species to planted wind break and sand fixation
forest in Hexi corridor arid region of Northwest China. Sand-fixation forest is 4.46 x 10" hm’ in the middle Reaches of
Heihe River Basin and H. ammodendron forest cover an area of 70% . In arid area where the precipitation is 100 to
200mm H. ammodendron growth depend highly on the precipitation or and groundwater. To explore water consumption
in artificial H. ammodendron forests individual H. ammodendron sap flow was measured by heat pulse technology SF300

Greenspan technology Pty Ltd Australian . The result can help to providing scientific basis for arid-forestation and
integrating evaluation for management. H. ammodendron forest selected as sampling plots was planted at Pinchuan town in
Linze county Gansu province in 1980. The initial planted density is 5000 —6000 individual hm *and the existing density

is 1600 individual hm . During the experiment 8 standard samples of H. ammodendron were selected according to
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5 Haloxylon ammodendron 1827

different size basal stem class. The measured periods are from May 21 to June 1 June 21 to July 1 July 21 to Aug. 1 and
Aug. 21 to Sept. 1. The sap flow was measured by using heat pulses lasting 1.6 seconds every 30 minutes. Soil moisture
content was measured every 10 days from 10 May to 1 Sept.. Climatic data were measured by EERIL3 IMKO German
include short-wave incoming radiation CM7B Kipp& Zonen Delft Netherlands  air temperature and relative humidity

HMP45D Vaisala Vantaa Finland and wind-speed RS2 rotronic AG Bassersdrof Switzerland . Short-wave
radiation air temperature relative humidity and wind-speed were recorded every 5 minutes and stored in a datalogger as
mean values of 30min periods precipitation was recorded an accumulated value everyday.

Daily sap flow of H. ammodendron for sand binding was continuously measured by the heat-pulse velocity HPV
method in desert during growing season to identify its individual water consumption and to determine the relationship
between water consumption and environmental factor. The results showed that the sap flow velocity on a sapwood area basis
were fluctuated small between day and night and the daily average sap flow velocity on a sapwood area basis varied from

5.9+0.7 gem ’h™'to 14.5+3.6 gem °h™'. The mean of daily water consumption was 0.3 +0.2 mm d ™' and
water consumption was 49. 4mm. The response sensitivity of sap flow velocity to climatic variables differs in different
growing stages. The multivariate analysis showed association of the sap flow velocity and daily water consumption with
climatic variables respectively. The result also showed daily water consumption and its canopy projective area basal
diameter product of basal diameter square and height sapwood and sapwood area were being better linear relationships

during growing season.

Key Words sap flow water consumption weather variable Haloxylon ammodendron desert area
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20.4C 50. 5mm 1.56 g cm ™’ 39.0%
1980 5000 ~6000  hm "’ 1600 hm ™’ 3.5
0.5 m 2.0mx1.8m 50 ~100 cm 180cm
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2 0
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15m x40m _or
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? 30 |
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Fig. 1 Frequency distribution of tree diameter class on the basal
1

Table 1 Some parameters of the sample-trees for sap flow measurement

No. Height m Basal diameter | cm Heartwood radius cm Sapwood radius cm Sapwood area cm?
1 3.6 8.6 2.8 0.5 9.6
2 2.3 6.5 1.2 1.1 11.8
3 4.0 11.1 3.8 0.8 21.0
4 2.7 8.4 2.2 1.0 17.0
5 3.2 8.2 2.1 1.0 16.4
6 4.0 14.5 5.1 1.1 39.3
7 3.1 7.2 1.3 1.3 15.8
8 5.0 10.5 3.2 1.1 25.6
2.2
2.2.1
GREENSPAN SF-300 2 8 5 21 ~6 1 6
21 ~7 1 7 21 ~8 1 8 21 ~9 1 8
2cm 2.2mm 1.6s 30min v,
V. kgem *h~! 10
V.= 0.505F, +F, xV, |
Fm Fl Fm Fl
W, - W,
F,=—1 W d 2
-t 3
" =1.53W,
Wf W,1 Wi
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5 Haloxylon ammodendron 1829
0.41 0.62
Q~ 17
Qi = V.si xA 4
A i i=123 48
Q ked™
48
Q = Y 0.50, 5
i=1
mm
_10000Q
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Q, p lgem™ S cm’
2.2.2
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i=1
Wx mm Ri l % px pu' Hi 1
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EERIL3 IMKO German
EERIL3 Smin 30min
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HMP45D Vaisala Finland RS2 rotronic AG Bassersdrof Switzerland
2.3
SPSS F
3
3.1
3.1.1
567 8 23 30 ~7 30 11 00 ~15 00
16 00 ~17 30 2 8 00 ~20 00
20 00 ~8 00 F=2.05~2.47T<F,,
23 23 =2.72 T=2.483 ~2.657 <t,, 46 =2.691
3
5 22 5.9+0.7 gem*h™''5 29 7.8+1.9 gemh™' 6 22

14.5+3.6 gem *h™!

9

http //www. ecologica. cn



27

1830

=
=
[ — — =} T
fle—— S
o
4< i
I
=
4 .
0
o
4 4
wv
- —
o
1 1< i
Q[ T
o y
.Iﬂ g —
g 3 z
3 =
- S o
42 g 4
a ©
m S m
(=] N
n S a
N 1z = i
m =}
— =
L | I I 1 1 L 1 1 ]
S S < S S = < < < < S
< (=) O o 0 <t (o] (e} 0 e <t
5] Q — — - =
(=]
412 i
— = S
S
o
4< o
S :
=
1< i
0
(=]
= i
wy
=
42 i
S e —
(=]
S
= 1 . 7
= S =
=
N 12 = i
s N
jung ! © m
I8 =
HooT=—=— 2z .
m » Isa)
s == |®F
L 1 1 L 1 1 I
1= < < S S 2 S S < S S
= ) o) < IS IS S ) N2 < ~

(;_Y-z_wo-3) A190[9A moyy deg
E3e L eo]

03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

03:00 06:00 09:0012:00 15:00 18:00 21:00 00:00

fi5} 1] Time

Fig.2 Diurnal course of sap flow velocity of Haloxylon ammodendron
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5 Haloxylon ammodendron 1831
4 4 6 7 5 8
2 gem ~2h !
Table 2 The month variety of sap flow velocity
No. of sample
Month 1 2 3 4 5 6 7 8 Average
5 5.18+1.47 5.31£1.69 5.39+1.61 4.63+1.72 7.07+£3.51 8.02+2.92 7.88+2.94 8.05+3.26 6.44 +1.36
6 8.37+£2.61 16.28 +7.64 6.61 £1.77 19.18£9.12 7.75+2.67 14.46 +6.19 9.96 +3.55 7.79+2.42 11.30+4.39
7 5.48+1.78 5.50+1.07 5.68+1.34 6.10+1.32 6.72+1.54 7.07+1.98 9.33+£3.27 8.12+1.83 6.93 £1.29
8 6.56£2.02 7.77+2.07 7.81+£0.70 7.15+2.55 4.91+1.20 4.64+0.67 6.41+0.64 5.09+1.25 6.29 +1.19
3
Table 3 Relationship between sap flow velocity and meteorological factors
5 6 7 8
Meteorological
eteorological May June July Aug.
factors
V,=11.99 -0. 004R, +
V,=7.82 xR "% . . Vv 261.94+% V. =5.79 x R*®
Global radiation ~ R2 =(. 11 2. 59K, -2 11R, ; R2=0.17
5lobe : =0. - =0.
R2 =0.36 R =0.37
V,=7.14 -0.003R, V, =7.32R% 1 V, =6.92 x ¢ ®!En V,=6.72 +0. 002R,
Net radiation R*=0.13 R?=0.42 R?=0.42 R*=0.12
V,=5.29 +0.07T V=0Tt V,=3.66+0. 17T V,=3.64 +0. 13T
Temperature R =0.21 R? =0.84 R?=0.55 R?=0.51

Wind speed

V,=0.24 +6.28W
R*>=0.19

V,=32.10 -7.33VPD +

Vv, =12.26 x1.03"
R?=0.12

v, =1.02vPD"*

V,=7.01 x1.06"
R?=0.22

V, =6.20 +0. 0008 VPD

V,=6.39+0.43W
R*=0.26

V, =5.84 +0. 0006 VPD

Vapour pressure 0. 52VPL X : ‘
deficit R2-0.17 R°=0.85 R? =0.60 R:=0.22
228 194 251 236
No. of sample
4

Table 4 Simulated relations between sap flow velocity of Haloxylon ammodendron and meteorological factors

F
2
Month No. of sample Equation k F value Significance
Vis =1.05+0. 157W +0. 012R, - 0. 054R,,
5 228 0.228 13.08 ® %
+0.3097 -2. 1VPD
Ve =-2.94+0.183W -0. 008R, +0. 038R,
6 194 0.676 78.57 ® ok
+0.77T -0.001VPD
Vg =7.359 +0. 127W - 0. 006R, +0. 003R,,
7 251 0.409 33.93 ® %
-0.0687 +0.001VPD
Vg =2.24 +0. 18W +0. 004R, -0. 021R,
8 236 0.300 19.70 * ok
+0.2167 +0. 0001 VPD
2
8 R, R, T VPD F
0.05 5 5
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Fig.4 Comparison between measured value and simulation value

5

Table 5 Relation between daily water consumption of Haloxylon ammodendron individual and meteorological factors

R? F

Sample tree Sample No. Equation F value Significance

Q, =0. 547 +0. 102W +0. 003R, —0. 013R, +0. 0167
1 38 0.419 4.62 x
+0. 00000VPD

Q, = -3.349 +0.0893W +0. 006R, —0. 018R, +0. 186T
2 0. 527 7.13 *
+0.00002VDP

Q3 =2.904 -0.466W -0. 002R, +0. 001R, —0.069T
3 ; 0.536 7.39 *
+0. 000001 VDP

Q4 = —6.461 +0.749W +0. 032R, 0. 12R, +0.27T
4 0.513 6.74 *
+0.000001 VDP

Q5 =0.627 +0.383W +0. 01R, —0. 042R, +0. 037T
5 0. 640 11.38 x %
+0. 000001 VDP

Q6 = —0.03 +2.239W +0. 057R, —0. 222R, - 0. 045T

6 0.573 8.59 *
+0.003VDP
Q;=-0.778 +0.612W +0. 016R, - 0. 069R,, +0. 0127

7 0. 670 12.99 * %
+0.001VDP
Qg =1.612 +0.729W +0. 014R, —0. 059R,, +0.012T

8 0.577 8.73 *
+0.001VDP

® % Foos 532 =4.49 The correlation is significance at F (s 5 32 =4.49 ® ok Foor 532 =9.36

The correlation is significance at F, s 5 32 =4.49

0.22 ~0.46
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3.2.2

H#E7k & Daily water consumption (kg-d™")
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Fig.5 Comparison daily water consumption of Haloxylon ammodendron individual
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