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Subsurface Irrigation Research
In Arkansas

By JOUN I'. HOSKYN and BILLY B. BRYAN

Depar:ment of Agricultura]l Engineering

Increasing concern for our water resources and how betier
to utilize them has given rise to research efforts aimed at im-
proving the efficiency of applying irrigation water, Among these
research ciforts are a number of investigations dealing with sub-
surface irrigation.

Subsurface irrigation has attracted attention because of the
potential cfficiency with which irrigation water can be applied
using this method. Efficiencies of sprinkler irrigation systems
range from 50 percent to B0 percent (5), with furrow irrigation
efficiencies being somewhat less. It seems reasonable to assume
that well-managed subirrigation systems could approach appli-
cation efficiencles in excess of B0 percent. Such efficiencies are
possible because of the significant reduction in evaporative and
deep percolation losses and the virtual elimination of surface
runoff losses.

Subirrigation, unti] recent years, has been possible only In a
limiled number of areas in which certain special conditions are
found. The special topographic conditions that must be met
before what Israelsen (8) calls natural subirrigation can take
place are: a nearly level and smooth soll surface and a soil profile
that includes a highly permeable stratum extending from the sur-
face down to two feet or more, underlain by a relatively imper-
meable subsiratum. When these conditions are present, it is pos-
sible {o create an artificial water table near enough to the surface
fo irrigate ihe root zone of various crops.

This research report deals with what Israelsen (8) calls arti-
ficial subirrigation: the introduction of irrigation water beneath
the surface of the ground through a system of underground pipes
in areas not meeling the necessary topographie conditions for
natural sublrrigation. The research reported was initiated in
1985 as a follow-up of a pilot project undertaken in 1963 by Bryan
and Baker (2).
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Review of Lilerature

A number of hydraulic criteria need to be evaluated before
subirrigation will be feasible. Some of these criteria are: {1) the
usable range of system operaling pressure, (2) the optimum
depth of placement of the distribution system, (3) a feasible
orifice design, (4) the optimum number of orifices per unit area,
and (5) water quality requirements,

Much research has been directed towards refining lhese
erileria. Bryan and Baker (2) used operating pressures of 5 and
10 psi in a pilot study in 1963 and 1964. The 10 psi pressure caused
excessive channeling, and some channeling was observed even at
5 psi. Whitney and Lo (14) indicated that operating pressures with-
in the soil should fall within the range of 4 to 10 pst in order 1o
prevent excessive channeling and destruction of the soil structure.

The feasible range of operating pressures varies with the specific
application.

The depth of placement of the distribution laterals seems to
be a function of the type of crop being irrigated, soil type, and
tillage practices. Zetzsche {15) placed laterals at a depth of 18
inches under cotton on the High Plains area of Texas. Mitchell,
et al. (10) used a 16-inch depth under corn. Other researchers
placed laterals at depths of from 9 to 12 inches when irrigating
field row crops or orchards {2, 6, 11). Busch and Kneebone (3}
placed laterals at a depth of 6 inches underlain by 3 inches of pea
gravel when subirrigating bermudagrass sod.

Most of the early subirrigation research was conducted with
either drilled or punched orifices. Bryan and Baker (2) experi-
enced a high incidence of inlernal stoppage as a direct result of
drilling orifices. Whitney and Lo (14) indicated that orifices
formed by punching tended to become smaller with time due to
“rebound” of the plastic material. Punched holes of 1/18-inch
diameter closed immediately lo 1/32 inch, and then to 1/64 inch
after three months, The punching method does have an ad-
vantage of being easily adaptable to forming of orifices as the
pipe is being installed. This procedure was used by Zetzsche (15).
Braud (1} investigated slit-type orifices in polyethylene plastic
pipe. Uniformity of discharge seemed to be a limitation with this
approach although uniformity may be improved with further
development,

The optimum spacing of laterals and of orifices along the
laterals has been investigaled by several researchers. Zetzsche
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(18) used 40 inches and 12 inches, respectively, for lateral and
orifice spacing, Mitchell, et al. (10) used 36 and 12 inches for an
initial study under corn and then conducted another study compar-
ing lateral spacings of 40, 60, and 80 inches with the same orifice
spacing; yields for the three lateral spacings wére 115, 105, and 90
bushels per acre, respectively. These yleld differences were sig-
nificant. Hanson and Williams (6) used lateral spacings of 38
inches and orifice spacings of 12 inches.

Water quality has been a matler of great concern for all sub-
irrigation investigators. Internal plugging of orifices because of
low guality water has plagued a number of researchers (4, 6, 11,
14)., Water of high quality seems to be necessary to insure the
continued operation of any subirrigation system.

Pilot Study, 1963 and 1964

Since the pilot study of Bryan and Baker (2) served as a pre-
lude to the project being reported, those results are summarized
here. In the pilot study, six 100-foot lengths of Ya-inch polythyl-
ene plastic pipe, with orifices drilled on 2-foot centers, were in-
stalled at a depth of 12 inches. One-third of the orifices were
1/64 inch in diameter and the remaining two-thirds were 1/32
inch. These six laterals were connected to an irrigation well with
a plastic-pipe supply line using the necessary valves and gauges.
The system was operated at two pressure levels—5 and 10 psi.
Cotton was grown above the system. The production results
are shown in Table 1.

Two important observations regarding this system had an
impact on the direction taken in subsequent research:

{1) The method of forming orifices in the plastic pipe caused

Takls 1. Cotion Ylelds in the Pilot Study, 1963

Replication Noi trrigated Sublrrigated

Feunds seadostton per acre

I 874 1,838

I 890 134

unt B4 1.307

w 1124 1.458

v 1,103 1103

vi 44 1,538
Mean . ste 1,669

Incrense from irTigalion
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stoppages to occur, Shavings and burrs resulted from the drilling
operation. The burrs, which remained attached to the inside
edpe of the orifice, acted as “check valves" in that they tended to
close over the orifice as water began to flow, causing either partial
or complele stoppage. The shavings or oose particles that fell

inside the pipe caused stoppage when carried into an orifice by the
flow of waler,

(2) The pressures used caused excessive “channeling” (water
rising to surface). The 10 psi pressure caused the water to chan-
nel very quickly after the system was activated, Although the 5
psi pressure caused propottionately less channeling, the amount
still was thought to be excessive.

It was concluded that: (1} a different method of forming
orifices was needed, to eliminate the shavings and burrs resulting
from the drilling operation; and (2) five pounds per square inch
should be considered as the upper limit of pressure in subsequent
research efforts.

OBJECTIVES

Objectives of the project were: (1) to determine and evalu-
ate the hydraulic problems involved in distributing water sub-
terraneousty at low pressures in smell-diameler, perforated plastic
pipe for irrigating horicultural food crops and field crops; and
{2) to develop criteria for design of subirrigation systems that
approach the optimum in efficiency of water use.

Sequence of Investigation

The objectives were pursued in the following sequence:

(1) A laboratory study of water distribution patterns from
a point source in a soil mass,

(2} An evaluation of varicus methods of producing orifices
in the polyethylene plastic pipe to be used in the experimenta)
subirrigation sysiems.

(3) Utilizing the inforrnation gained from 1 and 2 above,
an evaluation of the small sublirrigation system in terms of depth
of pipe placement, spacing of laterals, and system operating pres-
sire
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(4) Utilizing informalion from 3 above, design and installa-
tion of o field subirrigation system to further evaluate design and
management variables,

(5) An investigation of currently-available control devices
for irrigation systems with respect to thelr adaptability to the
automatic control of sublrrigation sysiem.

PROCEDURES AND DISCUSSION OF RESULTS
Waler Distribution Study

Some of the faclors affecting distribution patterns of water
as it flows from an orifice into a surrounding soil mass are: (1)
orifice size, (2) pressure applied to orifice, (3) soil type, (4) vari-
ation in soil permenbility with depth (ie, profile characteristics),
and (5} variation in soil meisture content, One approach to such
a study is to observe distribution patterns from a point source
in a two-dimensional model using air-dried sofl. 'This situation
involves o relatively homegeneous, isotraphic soll mass and re-
duces the variables with which one needs to be concerned to
orifice size and system pressure,

Laboratory investigation of distribution patterns in this pre-
lect was rather limited, The investigation involved the use of a
two-dimensional model with transparent side panels through
which pallerns of water distribution could be observed. Pressures
on the order of 2 psi were used, with an orifice size of 1/32 inch.

The patterns observed, in general, approximated spherical distri-
bution.

The observations with this model concurred with similar,

more extensive research reported by Busch and Kneebone (&}
and Pira, ct al, (12),

Other observations of water distribution patierns were made
during the operation of the field subirrigation system at the Vege-
table Substation, Van Buren, discussed later in the section on
“Field Installation." These observations were made on a grid of
gravimetric soil moisture samples surrounding an orifice location,
A soil maojsture profile at an orifice (Figure 1) shows the effect of
an existing soil moisture gradient preceding the start of irrigation.
The movement of water was primarily into the soil above the
level of the pipe as shown by the grealer increase in soil moisture
ot the 3- and 9-inch tevels as compared to the 15- and 21-inch
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Figure 1. Moisture Profile at a Field Orifice

levels. This pattern of movement probably was influenced by
decrease in the permeability of the soil with depth. A definite
textural change was noted at a depth of about 14 inches during
insiallation of the system.

The relatively greater vertical movement of water also may
be atiributable to an established piping channel that developed
over a period of several irrigations. Such channels were in
evidence at various locations in the installation.

Orifice Development
Orifice Seleclion

Of all the problems in successful development of a subirriga-
tion system none is more important than the design of a depend-
able, inexpensive orifice through which ihe irrigation water can
vscape from the svstem lateral into the surrounding soil.
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Almost without exception the drilled and punched orifices
used in early subirrigation research had a high degree of internal
stoppage as a result of the orifice-making process, The problems
resulling from drilling orifices were mentioned previously, OQri-
fices proguced by punching experienced stoppages primarily

because of the rebound effect of the polyeihylene plastic used in
the system.

The approach used in this project was to ferm the orifices
with a heated, tapered needle, This method of forming eliminated
the sources of internal plugging that resulted from the drilling

operation (shavings and burrs) and from the punching operation
(rebound).

Development of Orilice-Forming Device

A sketch of the device used in forming orifices by the heated.
needle method is shown in Figure 2.

===y
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Figure 2. Hat-Needle Orifice-Farming Device

The salient features of this device are: (1) the ncedle is
mounted on and heated by a 12V soldering iron, (2) the needle
temperature is controlled by a rheostat which supplies power to
the soldering iron heating element, (3) the soldering iron is
mounted in a chuek which provides for vertical adjustment, (4)
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plpe is fed through pipe guides and between rollers under the
needle, (5) the needle is pushed through the pipe wall by a
solenoid, and (6) needle contact time is controlled by an adjust-
able timer.

The needle used in the orifice-forming device was machined
from a beryllium-copper alloy. Other alloys including the original
soldering tip were investigated. However, of the reasonably avail-
able materials tested, the beryllium-copper alloy seemed to pro-
vide the best combination of mechanical strength, machinability,
and conductivity.

SOLDERING IRON WEATING ELEMENT
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Figure ). Three Nesdle Shapes Investigated

Three needle shapes were invesligated (Figure 3), The shape
which yielded the best performance in terms of mechanical
strength, recovery time, and flexibility had a 12-degree taper as
shown in design 3 in the figure. The other two shapes had three
major limitations: (1) insufficient mechanical strength to with-
stand repetitive operation, (2) because of the small mass of metal
in the slender needle point, excessive reduction of temperature
during the punching operation with relatively slow recovery,
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and (3) lack of flexibility relative to the size of orifices which
could be formed.

The diameter of orifices produced by this method is a function
of: (1) the depth of needle penetration through the pipe wall,
(2) temperature of the needle, and (3) duration of needle contact
with the pipe. No attempt was made to formally quantify these
variables. A skelch of a typical orifice formed by the tapered,
heated needle iz shown in Figure 4,

An orifice diameter of 1,32 inch was the minimum size that
could be farmed reliably using the hot-needle forming method,

Orifices smaller than 1/32 inch tended o close because of “flaw™
of the molten plastic during retraction of the needle. Therefore,

\/\
B~
/M

SECTION '‘AA"
Figure 4. Typical Hol-Needle Orifice
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1/32 inch was used as the “standard” orifice size in subsequent
syslem design.

The following settings and adjustment were used in forming
orifices with the tapered ncedle: (1) heating element voltage,
125 volts, {2) timer (to hold needle in orifice forming position),
2 seconds, (3) penetration depth, as necessary to obtain desired
orifice diameter. With this set-up orifices could be formed with-
out delay to allow the needle point to reheat; i.e. the needle point
reheated to a satisfactory working temperalure in the time re-
quired to advance the pipe the desired orifice spacing. Advance-
ment was by hand. Design numbers 1 and 2 in Figure 3 required
an increased interval between forming operalions to allow the
points lo reheal.

‘The basic elements of this method could be refined so that
orifices could be formed as the pipe is being manufactured or as
it is installed in the field. It would be possible to redesign the
device to include a rotating wheel on which several heated needles
are mounted, to allow continuous feeding,

Coeflicient of Discharge Determination

The general formula used for relating orifice discharge rate
to orilice area and heat is: Q equals CA times the square root of
2 pH,

where

Qmdischarge rate, volume per unit time

Amarea of orifice opening

g=Newlonian constant

Hapressure head

C=dimensionless constant (O<C<1), which varles with fiuid
characteristics and orifice configuration and is commonly
referred to as coelficient of discharge.

This relationship was used in delermining the coefficients
of discharge for orifices produced by the hcated-needle and the
drilling tnetheds. Results were reported by Hoskyn and Bryan,
1967 (7) and are reproduced in Table 2.

As shown in Figure 4, the orifices formed by the heated needle
were in general quite irregular in shape, This made it difficult to
determine their exact area. For the purpese of computing co-
efficients of discharge the orifices were assumed to be circular.

Statistical analysis showed no significant difference between
the discharge coefficients for the two perforation methods at a
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Table 2. Mensn Disch ge Coeflici for Healed Needle
and Drilled Orifices

Perforation method

Mengurc Heated necille Drilled
Orifice arca (inches Eirred x 1049
1913 [&.] o468
33 837 043
T 43 0.35 033
Fi ] 0.40 0.5¢
Head (prrssurn prr sguare Inchy
2 . ! s 0.34 94
4 43 044
L] 040 0.
g [ 11 o,

confidence level of 85 percent. The mean coefficients were .44
and 0.37 for the drilled and heated-needle orifices, respectively.
The variation of the coelficient of discharge could not be carre-
lated with head nnd area. Therefore, for the range of head and
area investigated, the coefficients of discharge were assumed to
be independent of area and head, If a variation in the coefficients
did in fact exist, it may have been masked by experimental error
and hence a constant coefficient of discharge of 0.37 was used,

Greenhouse Study

In the summer of 1066 a stall subirrigation system was in-
stalled in a greenhouse on the Delta Substation near Clarkdale,
The objective of this study was to investigate: (1) depth of
placement, (2) system operating pressure, and (3) orifice reliabil-
ity. Treatments are described in Table 1.

Treatments were irrigated when soil moisture reached 20
percent of available. Irrigation of treatments 1 to 3 was terminated

Table 3. Details of Treatments Used in Gresnhouss Biudy

Treatment no. Depth of plpe Syatemn pressire
Inchea Faet of water
1 13 ]
] 13 3
3 . 12
4 (check) Futrow-irtigated
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Cotton was grown in a silt loam soil over the system, and a
boll count was used as a production indicator. Soil moisture was
monilored using gravimeiric methods. The results of this system,
in terms of total depth of water applied, average soil moisture,
and production are shawn in Table 4.

Table 4. Wailer Applied, Average Soil Moisture, and Production Resulls
in Greenhouse Study

Total irrhgstion Searan av. sl Cottan
Treatment no. for season moliture, O 1o 24 In presuction
Imchen % of diy weight Ne, beils
1 a0 =2 13
1 1.9 18 az
3 11 20 11
4 65 19 N

"Excluding runcff.

These results indicate that treatment 3 (12-inch depth, 6 foot-
head) maintained adequale soil moisture and produced a relatively
large number of bolls, while requiring less irrigation water than
the other treatments investigated.

It should be noted that these treatments were not replicated.

It is possible, therefore, that the differences observed, especially
in production, may not be due to treatment effect.

Table 5. Waler Application Rates in Greenhouse Study

__Rate |h irrigation namber

Treatment no. Systern pressure 1 ] 3
Féet of water Ft? per hour
1 ] f.00 473
2 H 1.58 [ 0.80
3 L] 245 1£)

The changes in application rates (given in Table 5) show that
treatments 1 and 3 maintained a fairly constant applieation rate
during the period of operation while treatment 2 exhibited a
declining rate. This observation indicates existence of a *thres-
hold” or lower limit operating pressure for a subirrigation system
which may be expressed as: Threshold pressure is a funection
of orifice type, orifice size, water quality, and nature of surround-
ing soil.
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Thus, minule water impurities from inside and soil particles
from outside the pipe which may cause orifice stoppages at less
than threshold pressure may be of little or no consequence at
pressures above threshold. This would seem a valid explanation
of why there was a significant reduction in application rate with
\ime for trealment 2 but not for treatments 1 and 3.

From these observations 2 psi was assumed to be the “thres-
hold” pressure for purposes of further investigation.

Whitney and Lo (14} repuried that with porous-media type
orifices it is possible to maintain a higher {low rate through these
devices if the pressure is periodically raised above the normal
operating pressure. ‘This “gurping” tends to dislodge minute
particles and force them through the orifice device. It would
seem reasonable to assume that this same procedure might reduce
stoppage problems with other types of orifices.

Field Installation

A field subirrigation system was installed in June, 1867, at
Van Buren adjacent to the Vegetable Substation. The soil type
at that location is a fine sandy loam.

Variables Investigated

Variables selected for investigation in the field subirrigation
sysiemn were:

(1) Pressure, Two pressures {6 and 10 foot-heads of water)
were selected on the basis of results of the pilot and greenhouse
studies, These pressures fall within the range of 2 to 5 psi.

{2) Lateral spacing. Two lateral spacings were selected—
38 and 76 inches, corresponding to one-row and two-row widths
as used in most field row crops.

(3) Orifice spacing. Three spacings of orifices along the
lateral were selecied—12, 30, and 48 inches. The spacings were
selected to bracket the orifice spacing of 2 x pipe depth. This
spacing would, assuming & spherical distribution pattern, cause
the wetting fronts from adjacent orifices to meet just as the
wetting front reached the surface directly above the orifices.

The three factors were arranged in a 3x2x2 factorial design
with 4 replications, as shown in Figure 5.

All laterals in all plots were installed al a depth of 12 inches,
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This depth is shallow enough to be within or very close to the
expected root zone of most crops and yet is deep enough to be
below normal tillage operations. It was selected also on the basis
of results of the greenhouse study. All main lines and header
lines were installed at a depth of 18 inches.

System Description

Twelve treatments were required to investigate all combina-
tions of the varinbles of pressure, lateral spacing, and orifice
spacing. They were replicated four times, making a total of 48
plots, and were randomized within each replication, The plot
layout is shown in Figure 5.

e
LiNE et N HEAD_parw
a3
| \
I
\
\
PYIrs j l
r e rve
FTAND mere—r]

N e

Figure 8. Schematic of Hend Tank Assambly
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All laterals were of Y-inch polythylene plastic pipe. Main
lines and header lines were sized to minimize head losses and were
of ecither polycthylene or polyvinylchloride plastic.

The schematic of a head tank assembly in Figure 6 shows the
path of the water as it flowed from the well through the head
tank and finally to the main lines leading to the various plots.

All plots were 6§ rows wide including 2 buffer rows, one on
cach side, The 4 center rows were the test rows, The plots were
80 feet long, and the pipe laterals ran the full length of the plot.

Waler meters were installed in replication 1I to monitor flow
rate and volume. Meters were not instslled in the other three
replications because of cost limitations. The flow rate and volume
were assumed to be balanced between all replications becausge
of the system's hydraulic design and the method of operation of
the system.

Soil moisture was monitored 1o a depth of 36 inches with a
Nuclear-Chicago model 5810 Subsurface Moisture Probe. This
device uses a {ast neutron source and a slow neutron detector te
measure soil moisture. One access tube for this probe was in-
stalled in each plot.

Installation Comments

Trenches were dug with a back hoe for all main lines and
header lines. All laterals (Y%-inch pipe) were installed with an
S-shaped pipe-laying device attached to a subsoiler tool (see
Figure 7). The pipe was fed through the pipe-laying device from
a supply spool mounted above the tractor in front of the aperator.

The orifices were preformed in the side of the pipe so that
they would be facing to the side, rather than up or down, as the
pipe was mounted on the reel during installation. (In Figure 7
the orifices are facing the side of the pipe, which is mounted an
the tractor.} This plan met with limited success. Because the pipe
had been coiled on the spool it had taken a “set”. As the pipe
passed through the S-curve in the pipe-laying tube it tended to
twist because of this “szet,” resulling in rotation of the orifice
orientation plane. Thercfore, it is uncertain how many orifices
actually were oriented in the desired direction.
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Figure 7. Side View of Pipe-Laying Device

To prevent this twisting, the supply spool should be located
above and behind the subsoiler so that pipe could feed from the
top of the spool through the tube without reversing the “set” In
the pipe.

All conneclions in the polyethylene plastic pipe were made
with standard slip-type plastic fittings with clamps.

System Operation

Soybeans were grown over the system during the summers
of 1967 and 1868, and spinach was grown during the spring of 1968,
Both the soybeans in 1967 and the spinach in 1968 were lost be-
cause of weather difficulties. All data presented on the field
installation are for the 1968 soybean crop season.

Soil molsture was monitored at least twice a week and before
and after jrrigation applications. Irrigation applications were
initialed when the soil moisture level of the 0 to 18-inch soil
depth (nverage of the 6-inch and 12-inch rendings) of the four
replications dropped to 16,000 counts per minute (CPM). This
approximates 50 percent available moilsture. Irrigation was
terminated when free water appeared on the surface. Treatments
were not irrigated again until after the second subsequent reading

1
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of the access tubes, or the first reading following a rainfall, in-
dicated moisture had dropped to 50 percent available

During frrigation applicstion all replications of a given treat-
ment were irrigated at the same time. This procedure, along with
the system design, assured cqual application 1o all replications of
the same treatment. However, this assumption of cqual flow to all
replications of a given treatment is subject 1o error because of
(1) clevation differences between replications, (2) unequal
magnitude of orifice stoppage (therc is no reason to expect a
higher incidence of orifice stoppage in any one replication), and

HEAD, FILE SF JITER
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Figure 8. System Pressuro Measurements In the
™ Fleld Study
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() variation of coefficients of discharge (this should be a random
error and would not logically be biased 1o any particular replica-
tion).

Actual System Pressure

Aller the system was installed a series of tests were conducted
to determine actual pressures with various flow rates at the end
of the most distant ireatment tn each replication. The first mea-
surement was made with only one treatment flowing in replication
1. The next two measurements were made with one treatment and
then three treatments flowing in each replication. These measure-
menis of pressures are plotted in Figure 8. The last measurement
{3 treatments per replication for a total of 12) represenis the
maximum design flow rale, because no more than 12 plots were
ever operating at any one time.

I

Once the system became operational the water level was not
changed in the two head tanks; therefore the exact head available
during a specific irrigation depended upon which and how many
treatments were being jrrigated at that particular time.
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Application Rate

The actual application rates achieved during the 1968 season
are shown in Figures 9 and 10. During the early part of the season
a severe reduction in application rale was experienced as a result
of an almost complete plugging of the screen assembly in both
hend tanks. The plugging was evidently caused by iron bacteria
and/or iron precipitate material. Some of this material passed the
screen assembly and no doubt was responsible for some if not all
of the orifice stoppage problems experienced in this installation,
The screen assembly was replaced.

Water Quality

Nothing ts more important to the longevity of a subirrigation
system than maintaining quality of the water being pumped
through the system. Problems of internal orifice stoppages re-
sulting from waler impurities have been reported by several
researchers in subirrigation (10, 11, 14).

Orifice stoppagie was experienced in this instatlation, the
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extent of which was not determined. It was observed, however,
that plugged orifices could be reclaimed by flushing. This was
observed by exposing several short lengths of pipe in a number
of plot laterals, The otifices in some of these sections were either
plugged completely or flowing at a reduced rate. Removing the
cnd plug on the affected lalerals and allowing the water lo flow
freely through the pipe for a few minutes resulted in almost

complete recovery of flow through the previously plugged or
restricted orifices.

In order lo identify the problem material in the water,
analysis was made of samples taken where the waler enters the
head tank, in the head tank, and from a lateral pipe line. Only
iron conlent was found to be changed. The iron conient in these
samples was 0.17, 0.10, and 0.05 ppm, respectively; i.e, iron content
decreased as the water moved through the system. Particles of
iron precipitate were observed in the head tank, and in the plot
laterals during flushing. Therefore, it was concluded that orifice
stoppages resulted primarily from iron precipitate.

It was conciuded that iron impurities in the water caused
tnternal orifice sloppages, and that orifice flow may be reestab-
lished by flushing a system.
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Figure 11. Pazcent of Seil Moisture Observations Less Than
16,000 CPM Versus Number of Otrifices per Acre
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Figure 12. Sessonal Boll Moisture as Related to Sysiem Varlables

Soil Moisture Levels

One index used to evaluate the system was seasonal average
s0il moisture levels in the various treatments. Figure 11 shows
the percent of soil moisture observations that were less than
16,000 CPM versus the number of orifices per acre. The soil
moisture observations are the average of the 8- and 12-inch aver-
age readings. It can be seen that soll moisture is maintained at a
higher level by a higher orifice density. It is important to remem-
ber that the same criteria were used for initialing and terminating
frrtgation for all treatments.

From the standpoint of seasonal soil moisture levels for the
variables under investigation the following results are noted
(Figure 12) using the 0 {o 24-inch depth as the critical profile
depth:

{1) There was no significant difference in soil moisture levels
for the 6- and 10-foot system pressures, Observation of the system
during operation revealed no noticeable channeling at the 6-foot
pressure, while some channeling was observed in plots supplied
at the 10-foot pressure. There was no noticeable decrease in ap-
plication rate during the season for either pressure.

(2) There was a significant dilference, at the 95% probability
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level, in soil moisture levels in relation to lateral spacing. The
38-inch spacing maintained a significantly higher level than the
76-inch spacing.

(3) There were significant differences in soil moisture levels
attributable to orifice spacing. However, white the 12-inch spac-
ing vielded higher moisture levels, its cost is 2.5 times as much
as a 30-inch spacing. It is guestionable whether the increased
moisture level from the closer spacing justifies the additional
cost.

System Automation

No concentrated effort was made to automate the subirriga-
tion systems in this study. 1t was felt that enough variables were
involved, and that adding experimental aulomation devices would
unnecessarily complicate the systems and the analyses,

A cursory review was made of available devices that could
be assembled into an automatic control system. It was concluded
that there is now available a selection of valves, time clocks,
engine controllers, ete, which could be successfully assembled
into a feasible automatic control system with one notable excep-
tion — a dependable moisture-sensing device, operable over
sufficiently wide range of soil moisture tensions, that does not
drift out of calibration.

i
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SUMMARY AND CONCLUSIONS

A pilot study conducted in 1963 indicated that (1) cotton
ylelds could be incressed by subirrigation, (2) drilled orifices
were unsatisfactory because of internal plugging caused by burrs
and drilling particles, and {3) operating pressures of 5 and 10
psi were excessive, and 5 psi probably should be considered as an
upper-limit pressure.

A greenhouse study of a subirrigation system indicated that
2 psi should, in general, for in-wall crifices, be considered as a
lower-limil pressure when orifices are built into the pipe wall.
The greenhouse study also indicated that a placement depth of 12
inches was preferable to 18 inches in terms of the amount of
waler required. Twelve inches was used as the depth of place-
ment for the field subirrigation system.

A device was developed for forming orifices with a hot needle,
This melthod has advantages over the drilled arifices used in the
pilot study in that the forming process does not produce loose
particles to fall inside the pipe or burrs which remain attached
to the inner edge of the orifice and later cause stoppage problems.
This method also seems preferable to punched orifices which
tend to become smaller with time due to rebound of the plastic.

An arifice diameter of 1/32 inch was the minimum size that
could be formed reliably using the hot-needle forming method;
orifices smaller than 1/32 inch tended to close during retraction
of the needle due to “flow" of the molten plastic. Therefore, 1/32
inch was used as the “standard” orifice size in subsequent system
design.

A field installation was completed in June, 1867, to investigate
combinations of pressure, lateral spacing, and orifice spacing.
Weather difficulties were encountered in 1967 and operational
cxperience was gained only during the 1968 season.

Seasonal average soil moisture levels differed significantly.
From the standpoint of seasonal soil moisture levels and from
observations of the system in operation, the following conclusions
are drawn regarding preferable system-operating pressure, lateral
spacing, and office spacing: (1) a pressure head of 6 feet of water
is preferable lo 10 fcet, (2) 38-inch lateral spacing is preferred
over 76-inch spacing, and (3) an orifice spacing of 30 inches is
preferable to a spacing of either 12 or 48 inches.
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Internal plugging of orifices because of poor quality water
was ovident. The problem constituent of the water was iron,
which was oxidized and precipitated as the water moved through
the system, i.e. the precipitale accumulated in the system causing
orifice stoppage. Flow from plugged orifices could be re-establish-
ed by flushing the plot laterals. It is recommended that subirriga-
tion designs provide for adequale treatment of supply water and
for periodic flushing of the entire system. The sysiem also should
include facilities for periodically applying a higher-than-normal
pressure in ordet tn “purge” the system. This would also facilitate
flushing.

Although no concerted effort was made to automale the
systems investigaled, it was concluded that a sufficient selection
of valves, timers, engine motor controllers, ete., is available from
which to form a feasible automatic control system with the excep-
tion of a soil moisture-sensing device that is operable over a

sufficiently wide range of soil moisture tensions and docs nat drift
out of calibration.
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