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Abstract: To explore moisture movement under
infiltrating irrigation and contribute a theoretical basis for
agricultural production, we carried out a laboratory
simulation experiment to study soil moisture movement
under different pore diameters, pressures, and bulk
densities. Results showed that the wetting front of both
sandy soil and loamy soil increases gradually under three
hydraulic head pressures (0.02, 0.01, and 0.005 MPa) as
irrigation proceeds. Viewed from the entire shape of the
wetting front, the wetting front of @25mm irrigation
pipeline with 2.5 mm pore diameter is uniform. Under two
bulk densities (1.54 and 1.43 g-cm3), given 0.02 MPa
pressure, @25mm irrigation pipeline with 2.5 mm pore
diameter, the wetting front of soil rises gradually as
irrigation continues. The combination of a 10-year-old
root distribution system of fruit trees, 0.02 MPa head
pressure, and @32mm irrigation pipeline with 2 mm pore
diameter could meet the irrigation demand of red dates.

Keywords: Infiltrating irrigation; Moisture; wetting front;
movement

INTRODUCTION

Root infiltration irrigation is a new water-saving
irrigation technology that has been applied in Xin jiang’s
forestry and fruit industry in recent years [1,8,11]. This
irrigation system has excellent anti-clogging ability and
could operate normally under low pressures (2.5-20
KPa). Unlike point water outlet of micro-irrigation, root
infiltrating irrigation provides a line water outlet. The root
irrigation pipe has two water distribution patterns. One
drains water from drainage holes on two sides of the
irrigation pipe. The pore diameter generally varies
between 2 and 5 mm, it is determined according to
practical needs. Blocking these pores is difficult with the
use of irrigation water that has been treated simply. The
other distribution pattern involves draining water from
water seams on two sides of the irrigation pipe. These
water seams are formed by neck and trim strips [9] and
[12]. Underground drip irrigation systems require strict
daily operation management. Such a system has to be
examined for defects and has a long maintenance time
and high cost. In addition, a large flow of underground
drip irrigation system easily causes ponding on the
surface, thus resulting in significant evaporation loss of
soil water [4]. A root infiltrating irrigation system could
solve and avoid these problems. Preliminary research
and applications on water and fertilizer management
have been conducted Xinjiang’s common wood industry
based on red dates. [2,3,6]. However, no research has
discussed the movement and distribution pattern of water
in different types of soil under root infiltrating irrigation
and analyzed shape changes of soil wetting front during
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and after irrigation. To sufficiently serve and contribute to
agricultural production in Xinjiang, studying variation laws
of soil wetting front under different irrigation pipe sizes,
soil types, and water redistribution patterns is necessary.
Optimum  irrigation  technical  parameters  were
determined, which could help to provide timely and
appropriate irrigation to fruit trees and improve water
utilization.

In this paper, @25 mm was used as the capillary, and
@32 mm was used as the branch pipe. The pipe network
was paved according to the pipe network for the field
test. Hence, laboratory soil box simulation was mainly
based on @25 mm and @32 mm. A reasonable pipe size
for infiltrating irrigation to red dates was determined
through an analysis of the relationship between bulk
density of differently sized pipes in different soil types
and water advancing distances in soil directions, as well
as the water redistribution pattern after irrigation. The test
results are expected to provide a theoretical basis for
improving infiltration irrigation and its practical
applications.

MATERIAL AND METHOD
Test materials

Root irrigation apparatus is shown in Fig.1. Water
supply is controlled by the intake pipe, water supply pipe
and total intake valve. A stable-voltage water supply
device (with drain valve and exhaust valve) is installed
between the intake pipe and water supply pipe to keep
stable outflow rate. The connected pressure regulating
valve and pressure gauge are used for pressure
regulating. Finally, water enters into the root irrigation
pipes to irrigate farmlands.

Test materials include a soil moisture meter (with 24
probes), a water balancing box, There is a 1.8 m x 0.3m
x 1m cuboid soil box which is formed by 1cm-thick steel
plates on three sides and 1cm-thick glass plate on one
side. The glass place is convenient for observing the
wetting front. Please see Fig.2, several 0.2 m long
irrigation pipelines (including ®32mm irrigation pipelines
with 2 mm pore diameter and ®25mm pipelines with 2.5
mm pore diameter), a piece of earth hammer, a spade, a
2 mm sieve, a watering pot, a piece of plastic cloth, an
aluminum box, an oven (or ethyl alcohol), a thermometer,
a stopwatch, a tape, an electronic balance, some
connecting pieces, and valves.
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Fig. 1- Test unit
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Fig. 2-Testing soil box

Test method

Sandy soils were dried and screened (pore diameter:
2mm) and then wetted evenly by taking about 50%
moisture content of field capacity as the initial soil
moisture content. They were layered according to bulk
density (each layer is 5 cm thick) and then tamped into
the soil box. Differently sized infiltration pipes and probes
were buried horizontally during soil filling according to
requirements (the infiltration pipe passes through the
glass plate). The infiltration pipe is 0.2 m long (with two
holes) and is paved 30 cm underneath the earth's
surface. Every test applies an infiltration pipe of a
permeable pore diameter and constant water supply
pressure. The infiltration water was measured every half
hour after the test began, and the wetting front was
drawn on the glass plate every 10 min (or according to
practical infiltration situations). The occurrence time and
size range of the saturation circle that surrounds each
testing infiltration pipe (soil moisture content exceeds the
field capacity) were recorded. If deep leakage occurs 80
cm below the earth’s surface, the wetting front has
reached 80 cm below the earth’s surface. Irrigation shall
be stopped at this moment or when water accumulation
is observed on the earth’s surface. Irrigation time and
volume shall be recorded.

Test items

Variation law of the wetting front against time (including
the relationship between flow per meter and pressure)
under different pressures, pore diameters, and bulk
densities were studied. Dynamic changes of soil moisture
content were monitored by using SM 100, SM100 is a
soil moisture gauge made by the United States, which is
mainly used to measure soil water content. It could be
connected to meteorological station and data could be
read quickly through the reading gauge. The flat shape
design makes it easy to be inserted into soil. Watermark
water potential probe and Echo water potential probe
also could be read from the reading gauge.
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RESULTS AND ANALYSIS
Variation law of cumulative infiltration

According to the correlation analysis of pore diameter,
pressure, and bulk density of sandy soil, a good linear
correlation exists between time and cumulative infiltration
(Table 1). Under 0,01 MPa pressure and 1.54 g/cm?® bulk
density, the mean flow in air of @32mm irrigation pipeline
with 2 mm pore diameter is 61.6 L-(h*-m?), while the
mean flow in sandy soil is 20.44 L-(h**-m), which is 67%
lower than the former. The mean flow in air of @25mm
irrigation pipeline with 2.5 mm pore diameter is 102.96
L-(ht-m), which is 71% higher than the mean flow in
sandy soil at 29.83 L-(ht-m™). This finding reflects that a
larger pore diameter is accompanied by higher water flow
and larger flow losses.

Under 0.02 MPa, the water flow from the @32mm
irrigation pipeline with 2 mm pore diameter in sandy soils
with different bulk densities differs significantly. The water
flow in air is 93.9 L:(h**:m™). The mean water flow from
infiltration pipe under 1.54 g-cm® bulk density is
49.2 L-(h**-m), which is 48% lower than the water flow in
air. The mean water flow from infiltration pipe under 1.43
g-cm? bulk density is 62.55 L-(h":-m?), which is 34%
lower. This finding indicates that lower bulk density
contributes higher water flow from the infiltration pipe but
smaller water flow losses in sandy soil.

Given the same bulk density and pore diameter, the
mean flow in sandy soil under 0.02 MPa pressure is
significantly higher than that under 0.01 MPa pressure,
and the water flow loss in sandy soil under 0.02 MPa
pressure is relatively smaller. No significant difference is
observed between the mean flow under 0.005 MPa and
0.01 MPa pressure. However, compared with water flow
in air, water flow loss in sandy soil under 0.01 MPa
pressure is far higher than that under 0.005 MPa
pressure.

As shown in Table 1 and Fig. 3, under different
conditions (pressure, bulk density, and pore diameter),
cumulative infiltration into sandy soil increases as time
passes. Cumulative infiltration under low bulk density is
higher than that under high bulk density, which indicates
the greater water potential that surrounds the permeation
irrigation pipe and higher cumulative infiltration under low
bulk density. Under fixed 0.01 MPa pressure but different
pore diameters, the cumulative infiltration of @32mm
irrigation pipeline with 2 mm pore diameter is far less
than that of @25mm irrigation pipeline with 2.5 mm pore
diameter. This result implies the existence of greater
water potential and higher cumulative infiltration that
surrounds the @25mm irrigation pipeline with 2.5 mm
pore diameter. Cumulative infiltration varies under
different pressures, it is significantly higher under 0.02
MPa pressure than under 0.01 MPa pressure. However,
cumulative infiltration under 0.01 MPa pressure is similar
to that under 0.005 MPa pressure.
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Table 1

Fitting results of time and cumulative infiltration in sandy soil

Bulk

Pressure Pore diameter density( Mean flow Flow in air Fitting formula Determination
(MPa) (mm) g,cm,sy) L-(hm?) L-(hEm) 9 coefficient(R?)
0.01 2 1.54 20.44 61.6 y=0.0702x - 0.1483 0.959
' 2.5 1.54 29.83 102.96 y=0.0956x + 0.8719 0.979
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. Bulk L S
Pressure Pore diameter h Mean flow Flow in air - Determination
(MPa) (mm) dgelrc‘f#:}’)( L-(hm?) L-(htm?) Fitting formula coefficient(R?)
2 1.54 49.2 93.9 y = 0.1565x + 1.292 0.949
0.02
2.5 1.43 62.55 93.9 y=0.0956x + 0.8719 0.959
0.005 2.5 1.54 29.18 71.8 y=0.0946x + 0.6366 0.969
Note: y is the cumulative infiltration (L), and x is the corresponding time.
45 r

s }(

|

. o

Z 32 / P

jr 30 & /K

o 25 ’ ;

= " —e—D 002, $2, 1. 54 gem®

- 20 - -

z ——p 002, $2,1.43 gem™

= 12 —2—p0.01, 2.5, 1.54 gem?

= 10 —x—p001, ¢2, 1. 54 g-em?®

=9 —*¥—P0.005, ¢2.5,1. 54 gem®

I:I 1 1 1 1 ]
0 100 200 300 400 300 600 700
Time (min)
Fig. 3 - Cumulative infiltration into soil
Effect of pressure on soil moisture movement and  ZEIX LB S EBAREIT LRI E P

wetting front

Effect of pressure on soil water movement and wetting
front when using @32 mm irrigation pipelines with 2 mm
pore diameter

During the laboratory simulation, irrigation pressure is
a key influencing factor of the wetting front form when
texture, bulk density, and pore diameter are fixed. In this
paper, the dynamic changes of the wetting front form
after 4 h of permeation irrigation using the @32 mm
irrigation pipelines with 2 mm pore diameter (pressure:
0.02 and 0.01 MPa) were observed (Fig. 4).

The graph on the left shows the wetting front under
0.01 MPa pressure, and the graph on the right is the
wetting front under 0.02 MPa pressure. As irrigation
continued, the wetting front of the soil increased
gradually. However, it changed at different rates in the
horizontal, upward, and downward directions. Under 0.02
MPa pressure, the horizontal and downward changes
were obviously quicker than the upward change. After 4
h, the upward, horizontal, and downward infiltration
diffusion lengths were 30, 46.75, and 50.5cm,
respectively. Under 0.01 MPa pressure, the wetting front
changed more quickly in the downward direction than
that in the horizontal and upward ones. After 4 h, the
upward, horizontal and downward infiltration diffusion
lengths were 21.35, 31.22, and 36.69 cm, respectively.
Infiltration in different directions under 0.02 MPa pressure
is quicker than 0.01 MPa that was 28%, 33%, and 26%
higher in the upward, horizontal, and downward
directions. This finding means that the infiltration rate
under 0.02 MPa pressure is far higher than that under
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0.01 MPa pressure.
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and the one on the right is the wetting front under 0.005
MPa pressure. As irrigation continued, the wetting front of
the soil increased gradually. However, it changed at
different rates in the horizontal, upward, and downward
directions. Under 0.01 MPa pressure, the horizontal and
downward changes were obviously quicker than the
upward change. After 4 h, the upward, horizontal, and
downward infiltration diffusion lengths were 29.5, 37.6,
and 36.5 cm, respectively. Under 0.005 MPa pressure,
the wetting front changed more quickly in the downward
direction than in the horizontal and upward ones. The
upward, horizontal, and downward infiltration diffusion
lengths 4 h later were 27.30, 36, and 36.3 cm,
respectively. Infiltrations in different directions under 0.01
MPa and 0.005 MPa pressure agree with each other. The
soil wetting fronts under two pressures were relatively
even. The movement distance of the wetting front
increased gradually with time, which shows a good
correlation.
The fitting results are as follows:

INMATEH'-'dq vicultural cgwmtmq

KI5, ESHE F, B A 1008 770.0IMPaE it T
T, A5 2K 384 1K 770.005MPa el T i i U, [ 25 FE K I
[ RS, 338 Y Y W AT 1S o, ARLZE /K, 1) b, el R %
ANT7 0] b R e A A B % AN A ], 7E0.0IMPalk /1 T,
PG Sl b1 Ei = N T Nl [ S R 7l T s
I, 4h f5 18] 1 N BB B9 08 29.5em, 7K SF 7 1A R
37.6cm, 3 B[4 T J7 A 936.5cm, 7 )% /70.005MPat i
I W [ S FR)IE S R v T KSE T Rl A e DT ), 4
hJ& [ LRI BT BUE B 27.30em, 7KFJ7 17 36¢cm, T
B 7 1436.3 cm, [E /10.01MPal& it T %75 i LA
B E 5 770.005MPatE it T 2R A —8, BANE ST &
B VR LR8I 5T o R T e I T I 38 o i 326
WK, PIEBA B, BEERIT:

Upward: ) ks
L,=11.92Ln(t)-30.26 ~ R*=0.978 )
|, =2.13Ln(t)—24.47 R%=0.979 (8)

Downward: AR
H, =13.22Ln(t)-37.21 R? =0.977 ©9)
h, =8.17Ln(t)-10.95 R? =0.963 (10)

Horizontal: 7K
R, =8.40Ln(t)-19.05 R”?=0.99 (11)
r,=8.51n(t)-11.84 R2 =0.96 (12)

L., H,+1,, h, ,r, ,R?>are the same as the
aforementioned equations. The analysis method that was
used was introduced by Wang et al. [5].
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Fig. 5- Movement curve of the wetting front under different pressure values
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Effect of different pipeline assembly on moisture
movement and wetting front in sandy soil

Pipe size reflects the size of the contact surface
between the water supply edges and soil [10]. In the
laboratory simulation, given fixed pressure and bulk
density, the morphological change of the wetting front is
closely related with the infiltration pipe size and pore
diameter. This experiment used two different pipeline
assemblies ( @25 mm irrigation pipelines with 2.5 mm
pore diameter and @32 mm irrigation pipelines with 2 mm
pore diameter), During the irrigation test, dynamic
morphological changes of the wetting front in sandy soil
in 5 h under 0.01 MPa pressure were studied (Fig. 6).
The right graph shows the wetting front @25 mm irrigation
pipelines with 2.5 mm pore diameter, whereas the left
graph shows the wetting front @32mm irrigation pipelines
with 2 mm pore diameter As irrigation continues, the
wetting front increases gradually. However, it changes at
different rates in the horizontal, upward, and downward
directions. Under @25 mm irrigation pipeline with 2.5 mm
pore diameter, the horizontal and downward changes
were obviously quicker than the upward change. The
upward, horizontal, and downward infiltration diffusion
lengths 5 h later were 30, 40.25, and 40.8 cm,
respectively. For the @32 mm irrigation pipeline with 2
mm pore diameter, the downward diffusion rate was
higher than the horizontal and upward ones. The upward,
horizontal, and downward infiltration diffusion lengths 5 h
later were 22.45, 33.08, and 39.65 cm, respectively.
Therefore, @25 mm irrigation pipeline with 2.5 mm pore
diameter present quicker upward (25%) and horizontal
(17%) infiltration compared with@32 mm irrigation
pipeline with 2 mm pore diameter. However, the
infiltration rates under two pore diameters are similar.
Viewed from the entire shape of the wetting front, the
wetting front of @25 mm irrigation pipeline with 2.5 mm
pore diameter is more even, which indicates that pore
diameter should be changed to irrigate jujube trees. The
movement distance of the wetting front lengthens
gradually with time, which indicates a good correlation.
The fitting results are introduced as follows:

According to the test results in sandy soil, the fitting
results of @32 mm irrigation pipeline with 2 mm pore
diameter are the same in Equations (1), (3), and (5),
whereas the fitting results of @ 25mm irrigation pipeline
with 2.5 mm pore diameter are the same in Equations
(7), (9) and (11).

Furthermore, water infiltration into soil slows down as
time passes, especially in the radial and longitudinal
directions. This reaction is due to the fact that at the
beginning of irrigation, soil moisture content at the water
outlet of the infiltration pipe reaches the saturation state
quickly, thereby developing a great water potential
difference with the surrounding soil. Consequently, soil
water is driven to soil with low water potential. A wetting
front with high soil moisture content inside and low
moisture content outside is developed. With continuous
expansion of the wetting front, the soil moisture gradient
decreases, and the soil water potential difference will be
reduced accordingly. Therefore, the infiltration rate of the
wetting front decreases with the reduction of soil water
potential.

54

INMATEH'-'dqualauw[ c\gnqtnutmq

P IAE BRI L 55 BN LK 7 15 BRI B
w7

AR RN S T k7K 2 AN - e A 7 K /N[0
1R = WAL IR I, 76 A AR, v iR iE S
TG BE W E RGBT AR IR P Fh
HA 77 R (P25mmE 2.5mmALIA R D32mmE 2mmfL4E)
BHERE, TR J780.01IMPal Bl R, 7RI /K FEXHE
TERAE YD 2 A T AR EAT T 5/NS BN AR, AR Ak W
6. HHE6RER, FIH ¥ AP25mmE 2.5mmILIAIE
BRI E, A 200 A O32mmEE 2mmFL 1R 15 E I T U,
B A HE KIS B) 4R, I3 (IR T VI T 38 I, (R ZKT, +)
B U [ B N Syl o B R R VR A7 - O = M i
@25mmE1E2.5mmALAREBREE T, AKCFJ7 [ 3R B A T
77 1) B AR T ) b U7 1A AR G, BhE 1) BN B TR
¥ 2 S8 30cm, /K T J7 | AN 40.25cm, TE H W N 7 H A
40.8cm, @32mmE 12 2mm LA B HEE T BRI I 1A T 1Y)
IO T KPR B 5 A, ShE RGBSR
PH B 22.45cm, 7K SF J5 W) 29°33.08cm, Tt E 4] K 5 ] A
39.65cm, @25mm e 152.5mm L% B HEEIE LT [ K
S IR NS T P L @32mm i R 2mm AL AR IS HEE 1 i R
P, RGN T 25%F117%, (HZ AT ) T I AIESHE
AHIE, WIR IR VB AR MR, @25mmiE122.5mmALARTE#E
BT U W T INIE 5], INIXANRE SR 1 AR A 7 S b
ZN AT . IS R IR BRI (A3 TR AR R, A
ARUFHIHIME, MEdRaT:

W EillE SR, @32mmER2mmIL &4 R FE A
K (1), () FH(5)D25mm 12 2.5mmILIR TN & 45 5 M (7), (9)
F(11).

6L AT LAE tH, BEI (4K o372 L3t NiB il 23
BT EAR, 7K 73 7E L AR AR 1) AN o) % 5[] 0 5 8 2 A1
KRN REB T4 I, 28 K A AL L5 B /K SR P
IS B RDIRES, 5 Y B K KA 2, ik
IR A K R K S LGSR, TR T N B AMIE S KR
6 B2 AR SR A o B SR W ) AN BT R, ARy
KEZRA, FHEHOKBZRC. B, @iEENEE
Bt K3 08N T P AT o



Vol.46, No.2 /2015

bore diameter?.

INMATEH'-'dqualauw[ c\gnqtnutmq

bore diameter? mm

B

(=)

Fig. 6- Movement curve of the wetting front in

Effect of bulk density on moisture movement and the
wetting front in sandy soil

Pore development in soil is closely related with the
bulk density of soil and influences soil moisture
transportation [7]. In the laboratory simulation, given fixed
pressure and pore diameter, the bulk density of soil
during irrigation is a key influencing factor for the
morphology of the wetting front. In this experiment,
dynamic morphological changes of the wetting front in
sandy soil for 3 h under two bulk densities of soil (1.54
and 1.43 g-cm®) but fixed 0.02 MPa pressure, @25 mm
irrigation pipeline with 2.5 mm pore diameter were
studied (Fig .7). The graph on the right is the wetting front
under 1.43 g-cm bulk density, while the graph on the left
is the wetting front under 1.54 g-cm. As irrigation
continued, the wetting front increased gradually.
However, it changed at different rates in the horizontal,
upward, and downward directions. Under 1.43 g-cm
bulk density, the horizontal and downward changes were
obviously quicker than the upward change. The upward,
horizontal, and downward infiltration diffusion lengths 3 h
later were 28.8 cm, 43.2 cm, and 49.2 cm, respectively.
Under 1.54 g-cm™ bulk density, the downward movement
was quicker than the horizontal and upward movements.
The wupward, horizontal, and downward infiltration
diffusion lengths 3 h later were 29cm, 40.5cm, and
45 cm, respectively. Infiltrations in different directions
under 1.43 g-cm bulk density basically agree with those
under 1.54 g-cm bulk density, which represents the
strong water diversion of sandy soil. The wetting front
changed slightly as the bulk density of soil varied. The
movement distance of the wetting front increased
gradually with time, presenting a good correlation. Fitting
results are shown as follows:

The fitting results under 1.54 g-cm= bulk density are
the same in Equations (2), (4), and (6).

The fitting results under 1.43 g-cm bulk density are

Upward:

L, = 6.798Ln(x) —-8.055
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Downward:

H, =11.738Ln(x)—15.619
Horizontal:

R, =10.227Ln(x)-11.575
Where L, , H, , R, and R? are the same as the

aforementioned equations. The analysis method that
was used is that of Wang et al. [5].
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Fig. 7- The spool’s rising rate in sand soil

CONCLUSIONS

Arid and semi-arid regions that suffer serious water
shortage urgently need water-saving irrigation. Infiltrating
irrigation is a new water-saving irrigation method that
has attracted significant research attention because of
its unique advantages [14,15]. Soil moisture infiltration
under infiltrating irrigation is influenced by various factors
[13,16]. This paper discussed only the effect of pressure,
pore diameter, and bulk density on the wetting front of
soil. The experiments obtained the following findings:

(1) Pressure is the key influencing factor for draining
water from the infiltration pipe. The wetting front of sandy
soil increases gradually under three hydraulic head
pressures (0.02, 0.01, and 0.005 MPa) as irrigation
continues. Horizontal and downward infiltrations are
quicker than upward infiltration. For @32 mm irrigation
pipeline with 2 mm pore diameter, the wetting front
diffuses significantly more quickly under 0.02 MPa head
pressure coMPared with 0.01 MPa head pressure. For
the @25 mm irrigation pipeline with 2.5 mm pore
diameter, the wetting fronts under 0.01 MPa and 0.005
MPa m pressure are similar.

(2) Infiltration pipe size and pore diameter affect soil
moisture movement. The wetting front of sandy soil
increases gradually with time under two pipeline
assembly (825 mm irrigation pipelines with 2.5 mm pore
diameter and @32 mm irrigation pipelines with 2 mm
pore diameter). It similarly varies under different pore
diameters. The upward and horizontal infiltration rates
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under the @25 mm irrigation pipeline with 2.5 mm pore
diameter are higher than those under the@32 mm
irrigation pipeline with 2 mm pore diameter. However, no
significant difference of downward infiltration rate is
detected. The wetting front under the @25 mm irrigation
pipeline with 2.5mm pore diameter is more even.

(3) Bulk density of soil is the main influencing factor
for water movement rate. Under 0.02 MPa pressure, @25
mm irrigation pipeline with 2.5 mm pore diameter, the
wetting front of soil increases gradually under two bulk
densities of soil as irrigation proceeds. The horizontal
and downward infiltrations are quicker than the upward
infiltration. However, the movement distance of the
wetting front remains the same under two bulk densities
of soil. This finding reflects that sandy soil has strong
water diversion capability, and low bulk density is not the
main restriction to soil moisture movement.

ACKNOWLEDGEMENT

This research was financially supported by the
national natural project number (51169025) (41261076),
the national science and technology support project
(2011BAD29BO05).

REFERENCES

[1]. Hong Ming, Zhao Jing hua, Jin Kai yan. et al. (2013)
- investigation of red jujube trees irrigation status in tarim
basin. Water Saving Irrigation, no. 2, pp. 66-70;

[2]. Jiang Cen, Liu Guo hong, Xie Xiang wen. et al.
(2009) - research on micro-irrigation method for grown
redJujube in drought area. Xinjiang Agricultural
Sciences, vol. 46, no. 2, pp. 332 -337;

[3]. MA Xiao yi , Xie Jian bo , Kang Yin hong. (2006) -
finite element simulation study on soil water movement
under gravity subsurface drip Irrigation. Journal of
Irrigation and Drainage, vol. 25, no .6, pp. 5-10;

[4]. Solomon K H, Jorgensen G.(1992) - Subsurface Drip
irrigation. Grounds Maintenance, vol. 27, no .10, pp. 24-
26;

[5]. Singh K B, Gajri P R, Arora V K. (2010) - Modeling
the effects of soil and water management practices on
the water balance and performance of rice. Agric. Water
Man, no. 49, pp. 77-95;

[6]. Tang Ya li, Dong Wen ming, Wang Zhi guo, et al.
(2013) - hydraulic property of root-seepage irrigation
pipe. Journal of Irrigation and Drainage, vol. 32, no.4,
pp.32-34;

[7]. Tang Ya li, Wang Zhi guo, Wang Ze yu, et al. (2012)
- effect of root-seepage irrigation on red jujube. Water
Saving Irrigation, no. 6, pp. 37-40;

[8]. Wang Zhi guo, Rao Xiao juan, Tang Ya li, et al.
(2011) - Influence of Different Irrigation Models on
Temperatureand Humidity of Jujube-cotton
Intercroppingin ~ Micro-ecological ~ Areas.  Xinjiang
Agricultural Sciences volume. vol. 48, no. 12, pp. 2287-
2293;

[9]. Wang Ze yu, Feng Yao zu, Wang Zhi guo, et al.
(2010) - study on the laws of soil moisture dynamic
change under root-Irrigation. Journal of Xinjiang
Agricultural University, vol. 33, no. 3, pp. 255- 258;

[10]. Wang Ze yu , Feng Yao zu , Chen Shu huang, et al.
(2010) - building a root irrigation by schedule for akesu
red -Jujube based on the equation of penman-monteith.
Xinjiang Agricultural Sciences, vol. 4, no. 11, pp. 2189-
2194;

57

INMATEH'-'dqualauw[ c\gnqtnutmq

5 4,

@32mm 12 2mm FLRBEEE LT BR, | 7 M E AL
TG 2 22 e IR e (¥ B AR PR, @25mm & 2.5mm
LRSS P IREBE R N5

(3) AHEAMM/KNBHEEN — N EEH T, FFE
# (1.54g-cm?, 1.43g-cm3) T, 7E F& /) 0.02MPa,@25mm
12 2.5mm FLRBEEIIREOLT, BEE K R HER,
8 PV i S I, E KPR R NS B B R
F 1A 07 A, {H S PRI E (1.54g-cm™3, 1.43g-cm3, ) 1 i
IR LR, 07 1) bR RS B B 2 RN R, U
1) TR ARK BE 70 B0, KA AR BRHIK 8 % 1 &
I
o

E & 3R 74T H 44 5 (51169025)(41261076), [ K At
¥ #£5 H (2011BAD29B05).

ZE R

[A]. #tH, B2tk HFE, 5. (2013) - HAZFHEA G
ZEG IR R 70, FKHERE, SH28], 66-70;

[2]. %%, XE %, WES, % (2009) - FRE KR
LR AT 7 RO R, 554675, 521, 332 -337,
[38]. X, Wiy, FRRL. (2006) - #HCH FIH#E
LIRS TR IE. BERHK 4R, 5 25 4,
% 6 %, 5-10;

[4]. Solomon K H, Jorgensen G.(1992) — # F/E7&. i
¥, 5827 %,
[5]. Singh K B, Gajri P R, Arora V K. (2010) - Z7A %
PEIR R A Pl 1 E PRI 5 - R 2, A AT,
% 49 1, 77-95;

[6]. BEWAI, FECW], TIRME. (2013) - MZHEE A MR
A AR AR, 55 324, B4, 32-34;

(7). WA, FRE, EWE, %% (2012) - ZZ8H2HER
I 0. FOKRERE, 5 6 #, 37-40;

[8]. EiAHH, GRbEiE, REH, . (2011) - A/aEHHEC
X G ] 2 (F A4 85 X 1 e 2 PR 2 . T SRR R 2
#5123, 2287-2293;

9] EWE, M, ERE, 5. (2010) - L8k 7R
PBHEFRF FHIZ)E AT A K¥ 4R, 53
], 255-258;

[10]. N, (i, BR#ESE, 45 (2010) - #Z&-5E4H0
P E BT 5 TR AT AR 2T R B AR, 5 4
%, #1141, 2189-2194;

% 10 1, 24-26;



Vol.46, No.2 /2015

[11]. Wang You ke, Li Peng hong, Ma Li hui, et al. (2010)
- experiment on water migration of surge root irrigation in
loess sloping fields. Journal of Drainage and lIrrigation
Machinery Engineering, vol. 28, no. 5, pp. 449-454;

[12]. Xia Yu hui ,Wang You ke , Wang Zhi tong. (2013) -
effect of the burying depth of underground drip Irrigation
system on alfalfa growth characteristics. Acta Agrestia
Sinica, vol. 16, no. 3, pp. 298-302;

[13]. Xi Jin gen. (2003) - Study on the Movement and
Transformation of soil moisture under drop-irrigation.
Journal of Plant Nutrition and Fertilizer, vol. 9, no. 3, pp.
317-321;

[14]. Yu Jian dong,Ni Wu zhong,Yang Xiao e. (2003) - A
new technique for the management of fertilizers and
water-fertigation. Chinese Journal of Soil Science, vol.
34, no. 2, pp. 148-153;

[15]. Zhang Yuan pei Zheng Guo bao, Zhou Li na, et al.
(2013) - study on different mechanical composition of
soil moisture move regularity in desertification grassland.
Research of Soil and Water Conservation, no. 1, pp.131-
140;

[16]. Zhang Si chong, Hui Shi bo, Lei Zhi dong, et al.
(1985) - Study on two-dimensional flow of water in
unsaturated soil under subsurface irrigation. Acta
Pedologica Sinica, vol. 22, no. 3, pp. 209-222.

58

INMATEH'-'&(q vicultural Co.gnqtm:umq

[11). TAERl, A4, DENE, %5 (2010) - JHRBGEL
LB PSR S HEENR LR %R, 28 28
%, H5H, 449-454;

[12]. EEE, HAFR, FEiRIFL. (2008) - H FREH IR
JEXTZETE B 1 4 K2, B AR, 55 3, 298-302;
[13]. 214K, (2003) - LA EHEF 1T T HIE 5B DT
7B SIEEMR, %94, 3, 317-321;

[14]. REIK, (A5, HEk (2003) - Ak EFEFEA-HE
JE HIEIEIR, H34%, H2M, 148 -153;

[15]. sk, FEE LR, FANNGR, 4. (2013) - AR AL EAY
[TBL B e - K T s ARG, K EARIFRT A, 281
19, 131-140;

[16). skAEEE, B, FHENS . (1985) - ZEHIIEN
Pl Bk Q0 spgiReT. E3esER, 5 22 4%, % 31,
209-222.



