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Abstract. A set of experiments was conducted to investi-
gate the wetting contours obtained under very low pres-
sure (10—15 kPa) moving emitters. Nine different instan-
taneous application rates (IAR) were applied by three
types of emitters: open-end pipe, short (5m) and long
(10 m) perforated pipes and for three water amounts.
Results show that high IAR increase the uniformity of
the wetting pattern and its width, and decrease the depth.
On the other hand, high IAR increase water ponding on
soil surface and, consequently, water runoff. The results
of wetting patterns under moving emitters are in a good
agreement with those for source-point stationary emit-
ters.

Uniformity of soil water distribution is one of the most
important factors of irrigation efficiency. Uniformity of
moving irrigation systems is composed of two elements:
1) lateral uniformity — which is measured at right angles
to the traveling direction, i.e., along the boom of the
machine; and 2) longitudinal uniformity — which is mea-
sured along the direction of travel. Lateral uniformity is
dependent of the type of emitters, distance between emit-
ters, pressure head at the inlet of the emitter and elevation
of the emitter above crop canopy. A detailed analysis of
the-effect of these factors on surface distribution patterns
can be found in Amir and Alchanatis (1992). Sometimes,
however, uniform distribution over the entire irrigated
area is not the most efficient pattern, especially for small
row crops, such as carrots, or during the early growing
stages of crops, such as cotton. In these cases, due to the
limited root zone, more water is required close to the crop
whereas the rest of the area should receive less water or
none at all. A coefficient to evaluate the uniformity of
strip patterns was suggested by Amir et al. (1992). Many
publications present data regarding surface uniformity
and distribution patterns (Thooyamany et al. 1987; Kin-
caid et al. 1987).
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The longitudinal uniformity depends mainly on the
control system of the machines. Two basic methods are
used for the control systems: 1) adjusting the speed of the
machine to the inlet discharge in order to maintain the
required amount of water along the entire traveling path.
The control system checks frequently the water amount
and the distance of travel and compares the actual
amount of water applied to the required amount for the
irrigated area defined by the width of the machine and the
measured distance. Then, the speed of the machine is
changed depending on the comparison between the actu-
al and the required water amounts; 2) applying the re-
quired amount of water for a predetermined distance e.g.
1 m. In most machines, in both control methods, the
adjustment of the speed or the applied amount of water
is carried out when the machine stops while the emitters
continue to operate. This, obviously, reduces the longitu-
dinal uniformity of water application.

Another trend in moving irrigation machines is the use
of very low pressure emitters — VLPE (<30 kPa) — in
order to save energy and to reduce wind draft, evapora-
tion and leaf diseases (Farbman et al. 1979; Lyle 1981). In
this respect, Amir et al. (1984) examined the application
patterns of very low pressure moving emitters: open-end
and perforated pipes.

This experimental work was aimed at studying the
wetting patterns in the soil under moving VLPE i.e. a) the
lateral wetting patterns of the above-mentioned very low
pressure moving emitters and b) a preliminary observa-
tion of the effect of frequent pauses of the machine on the
longitudinal uniformity. The main variable was the in-
stantaneous application rate, IAR. An additional aim
was to examine the effect of topographical slope on water
distribution uniformity under various IAR.

Materials and methods

From the literature (Kincade et al. 1969; Keller and Bliesner 1990)
and supported by our experience, one of the most significant factors
dominating soil-water patterns of the VLPE, is the IAR. It is de-
fined as the discharge divided by the wetted area, (which is the
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product of the distance of travel and the interval between the emit-
ters). Most of the intervals between rows of field crops are about
1 m; since the emitters should be installed every other row at the
most, experiments were limited to just one interval between emit-
ters, 2 m. Consequently, two polyethylene pipes, 2 m apart, were
connected to a boom dragged by a cable operated by a tractor. The
irrigated area had a lateral topographical slope of 2%. The soil was
grumusol, heavy clay soil, in the Jezreel Valley of Northern Israel.

The experimental setup, (Fig. 1), included 9 blocks, each one
was for a combination of one type of emitter pipe and one water
amount. The emitter pipes were:

OEP (Open End Pipe) — without any device at the pipe end;
25 mm diameter.

SPP (Short Perforated Pipe) — 5m length, with 5 holes of
11.2 mm diameter. (Total area of 5 holes equals the cross-sectional
area of open-end pipe).

LPP (Long Perforated Pipe) — 10 m length, with 10 holes of
8 mm diameter.

The effect of the frequent pauses of the movement of the ma-
chine on soil-water uniformity was examined by experiments in
which the movement of the boom was stopped every 1 m for 15 s (to
simulate regular motion of irrigation machines in the field).

Immediately after irrigation, the irrigated area was covered by
a dark plastic sheet to prevent evaporation. Four days after irriga-
tion, 90 cm width, lateral {6 m length} and longitudinal (10 m
length) trenches were dug by a small trencher in each block. The
longitudinal trench was dug on the travel path (axis) of one of the
dragged pipes. The wetted contours in the trenches were carefully
observed and measured.

For the various treatments of the experiments, two factors were
calculated: traveling speed, S, and instantaneous application rate
IAR. Traveling speed, controlled by the power take off (PTO) of a
tractor, was calculated by the following procedure:

The selected application amount of water is the product of M —
the desired amount per unit area (m3/m?) and the irrigated area A,
Ai=W - L, (m?), where W and L are the width and length of the
irrigated area, respectively. This selected amount of water is to be
supplied by the discharge Q(m3/h) during the time (t): Therefore,

MIW=Qt. 1)
The speed is S=L/t, therefore:
S = Q/MW (m/h) . Q)

Three predetermined water amounts per area unit were applied:
M = 86,110 and 141 mm or 860, 1110 and 1410 m>/ha, respectively.

With regard to IAR, one purpose of the work was to examine
open-end and perforated pipes as VLPE. The main difference be-
tween these types of VLPE is the discharge. The OEP applies the
inlet discharge through one hole, while the perforated pipes dis-
tribute the inlet discharge through N holes, 1 m apart. The dis-
charge of each hole is, therefore, q = Q/N (N =1 for the OEP,
N = 5 for SPP and N = 10 for LPP).

By definition:

9 _ QN
AR =WL = 2wL &
where: Q/2 the inlet discharge to each emitter pipe; q is the discharge
of one hole (out of N); W is the width of irrigated area for each
emitter pipe (2.0 m); L is the length of irrigated area (L=1.0 m as
the distance between the holes).

In the experimental setup the inlet discharge was regulated to
Q=3.44m3/h, i.e., 1.72 m*/h for each pipe. Using Egs. (2) and (3),
the values of speed S and the instantaneous application rates IAR,
for the three desired application amounts M, were calculated, as
presented in Table 1.

Results

The contours of the wetted soil in the lateral cross section
are presented graphically in Figs. 2—4 for water applica-
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Table 1. Speed and instantaneous application rates for the different
treatments

Factor Symbol Unit Values
Application M m3/ha 860 1110 1410
amount S m/h 10.00 7.75 6.10
speed

Instanta- OEP IAR mm/h 86 111 141
neous

Applica- SPP IAR mm/h  17.2 222 28.2
tion

Rate LPP IAR mm/h 8.6 111 141
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Fig. 4. Lateral wetting patterns for application amount of 1410m3/ha

tion amounts M =860, 1110 and 1410 m3/ha, respective-
ly. The lines in the figures connect measured points in the
trenches taken every 40 cm.

Soil homogeneity has a very significant effect on the
wetting contours. Therefore, in order to examine the ef-
fect of IAR on the wetting patterns, soil for the various
treatments should be homogeneous. The homogeneity of
soil (grumusol, heavy clay) was examined by the water
content, Wc, and by the size of wetted area for a given
water amount. The water content, Wc, defined as the
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ratio between the volume of the applied water, Vw, to the
volume of the wetted soil, Vs, is:

VW
- 4
Vs’ @

The wetted volumes, Vs, were determined by measur-
ing the wetted areas of the cross-sections in the figures,
taking into account the scale of the figures and the width
of the cross-section, L=1.0 m.

The amount of water, Vw, (Eq.4) was calculated by
multiplying the surface area of the cross-section, WL, by
the selected application amount M, i.e.:

Vw=M:-W-L-10"* (when M is given in m3/ha). (5)

The values of all Wc were tested statistically, showing
that soil of all blocks had the same Wc¢, We= 0.3197=
32%, at 95% level of significance (¢ =0.02 and coeffi-
cient of variation o/Wc = 0.063). Also the wetted areas for
the same M were not significantly different from each
other. Therefore, it was assumed that the soil in all blocks
was homogeneous.

Wce

Discussion
Lateral wetting contours (Figs. 2—4)

Figure 2 clearly shows that the contour of the wetted soil
varies as a function of IAR for the same application
amount M =860 m3/ha.

The lateral dispersion of water is largest for the open-
end pipe with the highest discharge and IAR. Because the
wetted volume is the same for all cases, the depth of
wetted soil is smallest. Furthermore, especially for the
OEP, the wetted soil pattern is symmetrical, that is, no
runoff occurred during irrigation. Such a symmetry of
the wetting contours was not achieved under larger appli-
cation amounts as presented in Figs. 3 and 4, where the
wetting patterns are skewed. The uniformity achieved,
especially under the open-end pipe, results in an impor-
tant possibility of effectively controlling irrigation depth
and uniformity with very low pressure emitter system. As
IAR decreases, the uniformity also decreases. The wet-
ting patterns approach a typical shape of a stationary
point-source emitter as in the model of Schwartzman and
Zur (1985) [Keller and Bliesner (1990), p. 455]. That
model provides empirical equations, according to which
width increases and depth decreases with emitter’s dis-
charge for a given soil:

Z=K1-Vw°83.(Cs/q)°+5 (6a)
W=K2- Vw®22. (Cs/q)_o'” (6b)

where: Z is the depth of the wetting contour; W is the
width of the wetting contours, measured at 30 cm below
soil surface; K1 and K2 are constants; Vw is the volume
of the water applied; and Cs is the saturated hydraulic
conductivity of the soil.

Farbman et al. (1979) also present similar results for
stationary drip laterals of various drippers on various
soils. Similar behaviour of discharge-depth-width rela-
tionships were achieved in our experimenets with moving
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emitters. The similarity was determined quantitatively by
comparing the powers of the discharge q of Egs. (6a) and
(6b) with the calculated ones using the results of the
experiments. The calculations were carried out using
Fig. 2, for M =860 m*/h, in which widths and depths of
the wetting contours were eliminated by equating the
following pairs of contours: OEP-SPP, OEP-LPP and
SPP-LPP. The calculated powers for the wetting contour
depth of the three pairs were: —0.32, —0.37 and —0.45,
respectively, (compare to —0.45 of Eq.(6a) for station-
ary point-source emitters). For the width of the contours,
the powers were: 0.16, 0.16, 0.18, which are the same for
the point-source stationary emitters (0.17 in Eq. 6 b). This
agreement calls for further investigations of the depth
and the width of wetted contours under moving point-
source low-pressure emitters.

Figures 3, and 4 generally show the same wetting
fronts as in Fig. 2. Because the soil is homogeneous, the
depths of the wetting fronts are obviously greater than in
Fig. 2, due to the higher application amounts. The con-
tours of the wetted soil in Fig. 3 and in particular in Fig. 4
are not symmetrical. The wetted soil pattern of the right
hand emitter pipe is wider and shallower than the pattern
of the left hand one. Under the OEP (uppermost curve)
with the largest IAR, a significant amount of water was
diverted to the right due to runoff as had been observed
while carrying out the experiments.

From the results it can be seen that IAR is an impor-
tant factor in the pattern of soil-water distribution. High
IAR increases uniformity, as well as width of irrigated
area, and decreases depth. High IAR, however, increases
water ponding, when it exceeds soil water intake rate,
thus increasing the possibility of runoff. IAR, therefore,
can be used as a decision variable in controlling soil water
patterns under very low pressure moving emitters. It cer-
tainly can improve irrigation efficiency. This possibility is
especially important because it enables one to save water
when irrigating small crops (e.g. carrots) or other field
crops, €.g. cotton, in their early growing stages.

Longitudinal wetting contour (Figs. 5-7)

Another set of measurements was carried out to study the
longitudinal wetting contours. A 90 cm width trench was
excavated on the axis of one of the pipes. Also, in this
trench the contours of the wetted soil were observed and
measured every 40cm on both walls of the trench.

From the Figs. 5-7, three main features can be seen:

1) The contours are fairly straight lines, indicating that
the soil-water longitudinal pattern is uniform. Here,
again, the larger the IAR the smoother the line. The
deviations are not regular and therefore they cannot be
explained by the frequent pauses in the pipe movement.

2) The higher the IAR the closer the contours of the
two walls to each other. This is obvious as the distance
between the two lines in the figures is the distance be-
tween the two walls, 90 cm apart, in the lateral direction.
Therefore, as in the lateral cross-sections, the higher the
IAR the more uniform the wetting pattern. The IAR of
the OEP in Fig. 7 for M = 1410 m3/ha is again exception-
al because of water runoff.
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3) As already mentioned, the effect of the frequent
pauses on uniformity cannot be clearly seen in the figures.
This indicates that the 15 s stop every 1 m is too small to
affect uniformity under the conditions of the experiments
(the time to move treatments). As this aspect is very im-
portant for moving irrigation systems further investiga-
tions are called for.
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Conclusions

A set of experiments was carried out to investigate the
effect of IAR on very-low-pressure moving emitters:
open-end and short and long perforated pipes. From the
results, it can be concluded that:

1) High IAR increases lateral dispersion, increases the
width and decreases the depth of soil irrigated.

2) High IAR increases uniformity but also the possi-
bility of water runoff.

3) Resulting from conclusions 1 and 2, is the fact that
IAR, when properly controlled, can be used as one of the
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decision-variables in water application to achieve desired
wetting profiles in the soil, both for uniform as well as for
strip application. Such a control can be used to signifi-
cantly improve irrigation efficiency.

4) The effect of the discharge on the width and depth
of the wetting contours of moving low pressure moving
emitters is similar to that point-source stationary emit-
ters.

5) The longitudinal uniformity is fairly insensitive to
frequent short pauses, at least under the conditions of the
experiments.
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