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ABSTRACT
WATER TABLE RESPONSE DURING SUBSURFACE IRRIGATION
BY
Kendall J. Dykhuis

Field experiments were conducted on four sites to
deternine water table response during subsurface irrigation.
Water stage recorders were used to continuously record water
table changes. Manual monitoring of water table depths was
conducted using a blow tube. Results showed limited
horizontal hydraulic conductivity resulted in
evapotranspiration removing saturated soil water faster than
it could move laterally to a monitored position five meters
off the tile lateral on one site. Results of water table
response to subsurface irrigation were presented and comparied
to predictions from the approximate steady state approach for
two sites. Comparison between observed and calulated water
table response showed good correlation on two sites with 10
and 20 m tile spacing, respectively. Saturated horizontal
hydraulic conductivity was considered a major factor governing
performance of subsurface irrigation. All field sites were
not recommended for subsurface irrigation. Rainfall resulted
in significant rise in the water table. Adequate drainage
must be provided in subsurface irrigation design. Yield
response to irrigation was shown to result in greater yield

increase on granular soil texture than heavier clay soil.
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I. INTRODUCTION

Many locations in the humid regions of North America
experience excessive soil moisture conditions, especially
during the time of critical preplanting and/or harvesting
operations. It is also common to have a water deficit in
the soil profile during some part of the growing season.
If the soil water deficit occurs at a critical time in the
crop's development, it can limit crop growth and yield.
The objective of tile drainage and subsurface irrigation
through drain tile is to provide a soil environment that
results in optimum conditions for field traffic as well as
for plant growth and crop yield.

The state of Michigan generally has the lowest summer
rainfall of any state east of the Mississippi River.
Drought stress is probable two years out of five for the
summer months June through September. Moisture deficiency
is likely to occur every year during some portion of the
growing season (Lucas and Vitosh, 1978; Linville, 1983).

The state of Michigan has 1.2 million hectares (3
million acres) of soils that would benefit from drainage.
The expected post-drainage yield increases on these soils
ranges from 15 to 30% (Michigan Data, U.S.D.A., 1982).
These increases would primarily be due to the alleviation
of early reason wetness. Because of this and because of

the midseason potential for drought stress, incorporating



subsurface irrigation-drainage system can be an excellent
management tool.

The primary aim of drainage systems in humid regions
like Michigan is twofold: 1) to render the soil workable
early in the spring and 2) to remove excess water from the
upper layers of the soil so that air can enter the soil
voids and become available to the roots of plants.

Drainage systems consist of subsurface or surface
components, or both. Subsurface drainage systems are
usually composed of a network of ditches and/or drain tubes
designed to lower the water table by removing excess water
from the soil profile and transferring it to a drainage
outlet. An adequate drainage system in humid regions is
based on a design flow rate. This flow rate is expressed
as the drainage coefficient and is defined as the depth of
water to be removed from the drained area in a unit of time
(cm per day) (Schwab et.al. 1981). Surface drainage should
also be provided by land forming or shaping to remove
excess surface water in a manner consistent with good
erosion control practices. A drainage system, whether
subsurface, surface, or a combination of the two, allows
for trafficable conditions for seedbed preparation in the
spring and harvesting in the fall. It also prohibits
excessive soil water conditions, providing a proper soil
environment for plant growth during the growing season.

Subsurface irrigation may be defined as the process of

regulating the elevation of a shallow ground water table by



artificially adding water underground through the
subsurface drainage system. Water may be fed to the soil
profile by furrows or ditches running parallel to each
other or with clay tile or perforated plastic pipe buried
75 to 120 cm under the surface of the field. A barrier
against excessive losses through deep percolation must
exist in the profile. The barrier may be a relatively
impervious layer which impedes downward movement of water
in the substratum or it may be a permanently high natural
water table which can be manipulated. Theoretically, the
water level is maintained above the impervious barrier at a
selected depth below the soil surface so that the proper
combination of water and air availability to the plant root
is assured (Figure 1.1).

Subsurface irrigation has several major advantages: 1)
an irrigation system and a drainage system are combined,
which allows for substantial savings on initial capital
cost when compared to the cost of two separate systems
(Worm et.al. 1982); 2) there are lower labor requirements
than with sprinkler irrigation; 3) a lower energy cost is
realized than with sprinkler irrigation because no system
pressure is required and soil matric forces as well as the
force of gravity move water throughout the soil profile
with minimal energy inputs; and 4) maintenance
requirements for subsurface irrigation are low (Massey

et.al. 1983).
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Dispite these advantages, the practice of subsurface

irrigation has not been rapidly accepted. The primary
reasons seems to be a lack of knowledge about how water
moves during irrigation and drainage phases in specific

soil profiles and knowledge about design for effective

movement of water (Renfro, 1955). With the understanding

of these processes, better subsurface irrigation management

practices may be developed.



II. OBJECTIVES

In order to gain an understanding of the response of
the water table during subsurface irrigation and drainage
and to apply this understanding to subsurface irrigation
and drainage management, the following objectives were

formulated for this study:

1. To measure the water table response to water

input through subsurface tile in different soil

types.

2. To measure the water table response in the

transition from irrigation to drainage modes.

3. To develop management principles which may easily

be applied to on-farm subsurface irrigation.



ITI. LITERATURE REVIEW

To adequately address the issues of water movement 1in
the soil with a subsurface irrigation and drainage system,
some knowledge of (a) design parameters and procedures, (b)
plant environment and (c) water table management is
required. This section provides a review of the more

pertinent literature and theory associated with these

topics.
A. Design Parameters and Procedures

Design of a subsurface irrigation system begins with a
site inspection. A site inspection involves the assessment
of the need for drainage, slope of the field, location of
the tile outlet and water input, hydraulic conductivity,
and depth to the impermeable barrier. Luthin (1959)
concluded that it is difficult to transfer subsurface
irrigation-drainage requirements and optimum water table
depths from one location to another. Each location should
be treated as an individual field having its own set of
parameters. Fox et.al. (1956) indiéated that an
appropriate site for subsurface irrigation should have the

following characteristics:

1. The site needs subsurface drainage for the
removal of excess water as it exists in

its present state.



2. The site should be relatively flat, with a surface

slope of less than one percent.

3. There exists on the site a slowly permeable layer
which is relatively shallow, from 1 to 3 meters
below the surface, or the site has a naturally

high water table.

4. The site has an adequate water supply available
which will provide enough water to meet crop

needs during the driest months.

5. There exists a good drainage outlet to let water

out of the system or an outlet where water may be

pumped out.

6. The site has moderate to high lateral hydraulic

conductivity.

Two essential properties to consider for crops being
grown are the range of rooting depths to be accommodated
and different evapotranspiration rates at each growth
stage. These characteristics affect the amount of water
needed and the water table depth to be maintained in
relation to the soil surface. Analysis of climatological
data will show the historical growing season rainfall,
weather patterns, and evaporative conditions which the
design must be prepared to meet.

The most important parameter that influences the

design of a subsurface irrigation-drainage system is a



property called hydraulic conductivity (K). K is the
ability of the conducting medium to transmit a liquid in
response to a head gradient.

Hydraulic conductivity was first defined by the French
engineer Henri Darcy during an investigation of seepage
rates through sand filters (Hillel, 1980). Darcy's law says

that
g = KAH/L i iitieeeennnnnnas ceceesesea(3.1)
or for one dimensional flow in differential form:
q=-KdH/dX ...iiitiiiiiennenennnnnaaaa(3.2)

where q equals the specific discharge rate or volume of
water flowing through a unit cross-sectional area per unit
time (called flux); AH/L equals the hydraulic gradient or
the head drop per unit distance in the direction of flow;
and K is the proportionality factor known as the hydraulic
conductivity with units of length (L) over time (t).

The hydraulic conductivity (K) is affected by physical
properties of the soil profile and by the properties of the
fluid. The soil characteristics which affect K are the
total porosity, the distribution of pore sizes, and the
pore geometry of the soil. The properties of the fluid
which affect K are fluid density and viscosity. The
electrolytic concentration also affects K due to
swelling and dispersion within the soil matrix. Doering

(1965) found from laboratory experiments that the
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detachment of clay particles and the entrapment of air
bubbles resulted in the clogging of pores, and that a three
fold change in the K value can result from either of these
causes. Criddle and Kalisvaart (1967) pointed out that a
soil profile with layers of silt or clay, even with good
permeability, presents two problems for subsurface
irrigation: 1) such soils generally have a slow capillary
rise, 2) they often lose their permeability under
subsurface irrigation practices. Subsurface irrigation on
such soils may be satisfactory in the beginning, but under
saturated conditions, they often become less permeable or
even impermeable.

Many agricultural soils are not a homogeneous mix, but
can have horizons with varying properties of texture and
thickness, and the hydraulic conductivity may vary with
depth and location.

Once it has been determined from a field evaluation
that a subsurface irrigation system is feasible, the next
step in the design is to choose the spacings of the tile
drainage lines, or the spacing of the lateral ditches. The
objectives of tile and/or ditch spacing are to satisfy both
drainage and subsurface irrigation requirements. The
design must place the drains close enough together to
maintain some minimum water table during peak water use.
The water level in the field must be lowered after a
rainfall or prior to expected rainfall to facilitate rapid

drainage and prevent crop damage due to poor aeration.
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Therefore, the drain spacing used must:

1. Provide trafficable conditions for timely
tillage and field operations during field

preparation and harvesting;

2. Protect the crop from excessive soil water
conditions by the removal of excessive soil water

during the drainage process;

3. Provide rapid and uniform water input so that
yields are not reduced because of drought stress

(Skaggs et.al. 1973; Skaggs, 1981).

Because tile spacing contributes greatly to the cost
of the subsurface irrigation-drainage system, a knowledge
of the optimum spacing will allow the farmer to
do a cost analysis to determine if the expenses of
construction, when compared with the benefits, justifies
the investment. A site which allows the water to move
laterally through the soil rapidly (sandy loam and loamy
sand) may offer the most significant cost return for two
reasons. First, the tile or open ditch laterals can be
spaced farther apart than laterals in more finely textured
soils. Second, the yield increase due to irrigation is
somewhat greater because the coarser soils do not have the
water holding capacity found in clay and clay loams and

therefore have lower yields without irrigation.
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At least four methods have been used for determining

tile spacing for subsurface irrigation:

1. The exact approach, which utilizes the numerical
solution of the two-dimensional Richards' equation

for exact boundary conditions;

2. The assumption of the steady state condition

for saturated flow in the soil profile;

3. A (rule of thumb) percent of the spacing required

for drainage alone;

4., Drainmod, a computer simulation program that
considers soil properties, climatological
data, and crop and site properties to predict
the performance of subsurface irrigation
and/or drainage at different tile or open
ditch lateral spacings based on several

years of weather data (Skaggs, 1981).

Exact Approach. Two dimensional water movement in the

soil can be characterized by an equation proposed by
Richards (1931) and is an exact approach that uses
appropriate boundary conditions. While this approach has
the advantage of not requiring simplifying assumptions and
of being adaptable to most boundary conditions, numerical
solutions are often difficult to obtain. Tang and Skaggs
(1977) state that it is both difficult and expensive to

characterize effective field values of the soil properties
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required in the exact approach.

Approximate Steady-State Approach. The approximate

approach is considered less accurate than solutions to the
Richards equation. However, the approximate methods for
predicting water table movement during drainage and
subsurface irrigation is acceptable for most field
situations. The solutions have the advantage of being easy
to apply and require fewer soil property inputs than more
sophisticated approaches (Tang and Skaggs, 1977).

The steady-state condition for determining spacing uses
the approximate method based on the Dupuit-Forcheimer (D-F)
assumptions (Hillel, 1982). These assumptions ignore the
zone in which water moves by unsaturated flow (Bouwer and
van Schilfgaarde, 1963; Kirkham, 1958). The assumptions of

D-F are that:
1. Water moves to the drain in a horizontal direction.

2. The velocity at each point in the soil profile is
proportional to the slope of the water table and
independent of the depth while under the influence

of gravity (Hillel, 1982).

Mathematical models using the D-F assumptions assume a
homogeneous soil with a constant hydraulic conductivity and
a constant steady state condition. Hooghoudt (1937), using
the assumptions of D-F, obtained an equation for the

elliptical shape of the water table between the drains
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for steady state condition (Figure 3.1).
L = ((4Km/q) * (2a+m))0-5 L ... .. .. ... .(3.3)

where L equals the distance between the drains, K equals
the saturated hydraulic conductivity, d equals the height
of the drain above the impervious layer, g equals the
quantity of water passing through a unit plane per unit
time, m equals the height of the water table above the
center of the tile lateral, measured at the midpoint
between adjacent tile lines. This equation has been used
frequently in the past (Hillel, 1982).

There have been a number of modifications made to the
steady-state models to account for new understanding of
saturated flow. Bouwer and van Schilfgaarde (1963) modified
Hooghoudt's equation which assumed that the water table
falls without change of shape, and the flux per unit area
of water table is uniform between tile laterals. However,
their assumption that the water table falls without change
of shape is of limited validity. In a ponded condition,
the water table falls faster near the drains than midway
between the drains. Having receded faster near the drains
than midway between the drains, the water table reaches a
position where it falls for some time without appreciable
change in shape (uniform water table movement). As
recession progresses, the water table eventually falls
faster midway between the drains than in the vicinity of

the drains. Thus, the flux in general
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varies with distance from the drain. In order to use
steady-state solutions for prediction of the rate of fall
of the water table, which assumes a flux that is
independent of time and distance from the drains, a
correction factor C has been proposed (Bower and van
Schilfgraade, 1963). C accounts for the non-uniformity of
flux per unit area of water table if the water table

changes in shape during recession (or rise).
L= ((4Km/qC) * (2d+m))0‘5 ...Q..‘.‘...."(3.4)

C can be determined by calculating the ratio of the
average distance of fall of the entire water table to the
fall midway between the drains for a certain time
increment. Bouwer (1959) has shown that this ratio is
about 0.8 for m/L values from 0.02 to 0.08 and low d values
(Figure 3.1). A C value of approximately 1.0 is indicated
by Childs' (1947) work for higher water tables with m/L
exceeding 0.15. C values of 1.0 are applicable for water
tables that recede uniformly with time. C values greater
than 1.0 can be expected for the initial stages of water
table recession following a ponded case.

Two other D-F assumptions, continuous steady-state
flow into the drain tile without restriction and
homogeneous soil profiles, do not hold true in actual field
situations. Hooghoudt (1937) characterized flow to the
drains by considering radial flow in the region near the

drains and applied the D-F assumptions to the region away
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from the drains. This analysis has been widely used to
determine an equivalent depth, de, which tends to correct
for convergence near the drains. Moody (1966) when
considering the decrease in the inflow of water near the
tile line as a result of convergence assumed an equivalent
depth, de, at some point above the impervious layer rather
than the actual depth between the impervious layer and the
tile lateral.

Skaggs (1978) used equations developed by Moody (1966)
who examined Hooghoudt's solutions and presented the

following equations from which de can be obtained.

For 0 < d4/L < 0.3

de = S (3.5)
1 + d/L*( 8/t *1ln(d/r) - <)
in which & = 3.55 - 1.6*(d/L) + 2*(d/L)2
and for 4/L > 0.3
de = L7 i, (3.6)

8*(1ln (L/r) - 1.15)

in which r is the drain radius. Usually & can be expressed
as & = 3.4 with negligible error for design purposes.

The tile's circumferential area is not all porous,
porosity is actually a small fraction of the total area.
The converging water is forced to enter the drainage tile
through a limited inlet area. This results in a

restriction of the water volume entering the drainage tile
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laterals. To account for this additional convergence loss
as the water approaches the finite number of openings in a
real rather than completely open drain tube, an effective
drain tube radius, re, is defined. Skaggs and Tang (1979)
define an effective drain tube radius, re, such that a
completely open drain tile with radius re will offer the
same resistance to inflow as a real tile line with radius
r. Skaggs and Tang used the work done by Bravo and Schwab
(1975) to define re for a 114 mm (4 inch) corrugated pipe
with slots 1.6 mm wide and 27 mm long as, re = 5.1 mm.

The Dupuit-Forcheimer (D-F) assumptions used in
horizontal saturated lateral steady-state equations assume
a homogeneous profile. Most soils do not have
homogeneous soil profiles but rather have layered profiles
with different properties of texture and porosity. This
results in a non-constant saturated hydraulic conductivity
throughout the soil profile and the Hooghoudt assumptions
not holding true. Compensation for the different soil
profile layers with changing lateral conductivities must be
made (Skaggs, 1979).

The compensation for the lack of homogeneous lateral
hydraulic conductivity through a layered soil profile was
accomplished by measuring the depth and conductive
properties of each layer and taking a weighted average.
The weighted average includes only those layers occupied by
the water table and is called the equivalent hydraulic

conductivity (Kg).
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Ke = Kjd) + KpDp + K3Dj3 I S D
~dy + Dz + D3

where Ke equals the equivalent hydraulic conductivity; K
equals the lateral conductivit? in the first layer and d;
equals the depth of the first layer, K equals the lateral
conductivity of the second layer and so on. If the water
table is not positioned in the first layer of soil, then K;
and dj equal zero.

Bouwer and van Schilfgaarde (1963) found a good
correlation when comparing the approximate method proposed
by Hooghoudt to the more exact numerical solution proposed
by Richards for two-dimensional flow. However, because the
inputs and computations required to use the Richards
equation are difficult, the steady state method using the
D-F assumptions appears preferable for predicting spacing
of drains provided convergence near the drain can be

accounted for (Skaggs, 1978).

Percent of the Spacing. Commonly, the tile

spacing used for tile drainage in a given area is the
spacing that seems optimal, based on contractor and farmer
experience with a particular soil type. The spacing chosen
for subsurface irrigation is usually less than the spacing
for drainage. A typical rule of thumb has been to space
laterals for subsurface irrigation at 65% of the spacing

commonly used for drainage.
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Drainmod. The fourth method which can be used to
calculate subsurface irrigation and drainage spacing is a
computer program called Drainmod (Skaggs, 1979). Drainmod
utilizes the soil properties, climatological data, crop
parameters and site parameters to predict the position of
the water table and the total number of trafficable days in
a given period for tillage and harvesting operations. The
model is used to simulate the performance of a chosen tile
or open ditch lateral spacing for subsurface irrigation
and/or drainage over several years of weather data. It
utilizes a quasi-steady state equation to predict drainage
lateral spacings. The Ke concept (equivalent hydraulic
conductivity) is incorporated to account for changes in
hydraulic conductivity for a layered soil profile. The
convergence losses at the drain are treated in the same
manner for subsurface irrigation as for drainage by
equating hgy to the sum of de plus the water table
elevation above the center of the drains (yg).

The result from Drainmod is that the spacing for a
subsurface irrigation and drainage system will be predicted
for a determined crop yield performance and trafficable
condition for a particular field, crop characteristics and

geographic location (Skaggs, 1979).



21

B. Plant Environment

1. Soil Aeration

Plant respiration and soil aeration are important
factors that affect crop response when saturated soil
conditions or lack of soil moisture exist (Harris and van
Bavel, 1957a; Grable, 1966). Drainage plays a key role in
the removal of excess water during periods of high soil
moisture content to enhance soil aeration. Subsurface
irrigation plays a role in the addition of water during
conditions of moisture deficit.

The process of respiration by plant roots and
organisms involves the exchange of gases with the soil air.
Harris and van Bavel, (1957b) concluded that root
respiration was the most sensitive aspect of plant activity
in regard to soil aeration. They found that reduction in
respiration activity is the first step in growth-limiting
effects caused by insufficient aeration.

The gaseous exchange of air between the soil and the
atmosphere can occur by two different mechanisms:
convection and diffusion (Hillel, 1982). Convection is the
process of air moving as a mass from a zone of higher
pressure to one of lower pressure. Diffusion is the
movement of each molecular species from a higher
concentration to a lower concentration as a result of
thermal agitation.. An example would be the diffusion of

high CO7 concentrations in the soil, produced by the
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respiration of plant roots and soil organisms, to the
atmosphere where the COj concentration is less.

The diffusion of gas can take two different forms. It
can occur within the soil profile partly in the gaseous
phase and partly in the liquid phase. Diffusion through
the air-filled pores maintains the exchange of gases
between the atmosphere and the soil, whereas diffusion
through water films of various thicknesses maintains the
supply of oxygen to, and the disposal of COy from, live
tissue such as root hairs. The rate of diffusion, however,
is greater in the gaseous phase than in the dissolved water
phase.

There has been some discussion about the process and
exact amount of O diffusion which takes place in the root
zone., Hillel (1980) describes the diffusion process by
Fick's law, where diffusion is a flux (mass diffusing
across a unit area per unit time). Lemon and Erickson
(1952) proposed a means of measuring the potential 03
diffusion rate supplied to the root zone with a platinum
electrode. Oxygen must diffuse through a film of water
surrounding the platinum electrode wire much as oxygen
diffuses to a root; thus the measurement approximates the
rate at which oxygen can continually be supplied to a root.

The amount of O diffusing to the root zone tends to
vary from one researcher's findings to another. Erickson
(1965) concluded that there is a certain threshhold

oxygen diffusion rate below which plants cannot survive.
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There is then a response curve where increasing the oxygen
diffusion rate results in an increase in plant growth. The
critical Oy diffusion rate for most plants was
approximately 35-40x10°8 gms/cmz—min, and partial
suffocation may result below this critical level. Erickson
did not correlate the diffusion rate with any stage of
growth in the plant. Williamson (1964) set up an
experiment using lysimeters in field installations to
measure the rate of Oy diffusion in the soil. Water tables
were maintained throughout the growing season at intervals
ranging from 150 to 762 mm below the soil surface. The
soil type was a fine sandy loam. His conclusions were that
the highest yields were obtained at 07 diffusion rates of

2—min for sweet corn and dwarf

approximately 15x1078 gms/cm
field corn when soil moisture was not limiting in a growing
crop.

The review given by Grable (1966) made clear that the
effect of temporary O deficiency caused by flooding
depends not only on plant species but also on the
physiological stage of growth, time and duration of water
logging, light intensity, fertility of the soil, and
temperature. A growing plant needs a critical amount
of O to maintain metabolic function. Williamson and Kris
(1970) and Unger and Danielson (1965) found that a reduced
02 supply rather than a buildup of CO; may be responsible

for reduced growth of young corn plants under poorly

aerated soil conditions.
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The location of a static water table affects the rate
of 0 diffusion into the root zone. Hiler et.al. (1971)

found that with a static water table at 300 mm, the 0)
2

diffusion rates never exceeded 20x1078 gms/cm“-min in the
root zone during the growing season. Williamson (1964)
concluded that O diffusion rates with a 150 mm water table
depth were below 5x10°8 gms/cmz—min. Under these
conditions, sweet corn and dwarf corn yields were reduced
65-75 percent respectively. Williamson also found that
there was a tremendous increase in the 0y diffusion rates
above 15x1078 gms/cmz—min where the soil moisture was not
limiting growth.

It has been noted that light intensity and its
associated photosynthetic and transpiration demand can have
adverse effects on plants when a high moisture-low aeration
condition prevail (Erickson, 1965). Lemon and Wiegand
(1962) showed that there is also a characteristic increase
in the critical 03 concentration as the temperature
increases. Thus, as light intensity and higher air
temperatures put more demand on the metabolic activities of
the plant, plant respiration increases. The higher
respiration increases the utilization of 0O, increases the
CO2 concentration, and increases the O absorption demand
at the root surface. Since biological processes are more
temperature sensitive than physical processes such as

diffusion, diffusion is more likely to be the limiting

process as the temperature is increased in the absorption
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of O by the plant. This becomes understandable when one
realizes that the diffusion path from soil surface to root
surface is completed via the water films surrounding the
root hairs. This film may constitute only a fraction of
the total length of the path, but its effective length is
increased more than 10,000 fold by virtue of the smaller
diffusivity of O in water than in air. Letey and Stolzy
(1967) concluded that a film thickness of 0.08 to 0.05 mm
would limit root growth in media containing 20 to 50
percent air porosity and atmospheric 0. Hillel (1982)
discusses the different methods of measuring aspects of
soil aeration.

It is thus evident that the degree of soil
aeration affects the growth potential of growing crops.
The water logging of the soil profile increases the
effective thickness of water films surrounding the plant
roots. The water film thickness affects the effective
length of diffusion through which 07 must travel by as much
as 10,000 times when compared with diffusion through air.
Temperature and the high moisture-low aeration condition

have an adverse effect on crop growth and yield.

2. Affect of Water Table Depth on Root Growth

How a plant grows and the environment in which the
growth occurs affect the outcome of the plant and its
yield. The distribution and depth of roots depend on many

factors such as plant species, stage of growth, fertilizer
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distribution, tillage treatments, physical barriers such as
hardpans, chemical barriers such as acid subsoils, and the

soil water regime during root development (Allmaras et.al.

1973).

Roots grow in the upper crust of the soil profile and
penetrate and spread out as they mature. The depth and
concentration of the roots is important information,
useful in establishing the proper placement of the static
water table in subsurface irrigation. Bloodworth et.al.
(1958), in their work on root distribution of crops using
undisturbed soil cores, found that 90 percent of grain
sorghum roots were concentrated in the top 300 mm of the
soil. Mengel and Barber (1974) found the highest
percentage of corn root distribution, 80 percent, to be in
the upper 400 mm of the soil profile. They also observed
little evidence of root growth limitation by moisture or
aeration stresses on corn grown in a silt loam soil having
tile one meter deep spaced twenty meters apart. Williamson
and Kris (1970), however, concluded that the root zone will
be restricted by the water table. A study done by
Williamson et.al. (1969) with millet indicated that total
root weight increased with increasing depth of the water
table to a maximum at 610 mm. Although most roots were in
the top 150 mm, the highest shoot yields were obtained from
tanks with water tables at 760 to 1020 mm.

Chandra (1973) concluded that final yields were not at

all related to the amount of root growth near maturity but
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were strongly related to the total root length as well as
to the depth distribution of roots during the

vegetative phase of growth. Evans et.al. (1985) concluded
that crop yield reductions of more than 50 percent may
develop from stress caused by excessive soil-water
conditions on poorly drained soils. Greater depth to the
water table apparently permits more soil aeration and
nutrient uptake for greater root development. Passioura
(1981) found that the root system of cotton growing in the
subsoil of a drying profile grew much faster than those
growing in a well-watered profile. The total length of the
drought root system was substantially greater than the
well-watered one. The most likely explanation for this was
that drought affects the growth of the shoot more than it
does photosynthesis, so that the amount of assimilation
available for root growth was thereby increased. The
increased root development helps match the plant's water
supply to the evaporative demands on its leaves.

High water table affects the availability of moisture.
Kramer (1965) showed that having a water table too high or
in a flooded condition can hinder upward water movement in
the plant root system. He found that saturating the soil
with water caused a reduction in water movement through the
root system of tobacco to 60 percent of the original rate
in an hour and to 25 percent in three hours. Injury due to
deficient aeration when flooding occurs for longer than 24

hours can result in serious and often irreversible symptoms
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such as epinasty (the downward curvature of the petioles),
yellowing, and finally death of the lower leaves. Kramer
(1965) and Williamson (1964) found that corn plants grown
with a 152 mm (6 inch) water table were slightly chlorotic
and somewhat smaller than were plants grown with deeper
water tables. It was also noticed that the corn plants
remained chlorotic throughout the growing season, and that
the smallest diameter corn stalks were associated with
plants grown at a 152 mm (6 inch) water table depth.

The optimum water table depth is dependent on the
crop, stage of growth, and soil type. Williamson and Kriz
(1970) related yields for a variety of crops to the
position of varying piezometric water table depths in
varying soil textures. They compared water table depth to
the relative yield, where 100 percent relative yield
equaled maximum potential yield if no crop input parameters
were limiting. They concluded that the severity of injury
for corn as it was actively growing was dependent on the
growth stage and the time of year during which excessive
high soil moisture took place. Purvis and Williamson
(1972) concluded that the flooding of corn for one day had
no visible effect on growth and yield. However, the
flooding of corn for more than one day in the early growth
stages caused reduction in yields.

The desire to look quantitatively at stress due to
excess water or lack of water has resulted in the

development of a number of models. The concept of Excess
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Soil Water (SEW3(g) was discussed by Wesseling (1974) and
Bouwer (1966). It was originally defined by Sieben (1964)
to evaluate the influence of high fluctuating water tables
during the winter on cereal crops. The value of SEW3q is
equal to the length of time in days the water table stayed
in the top 30 cm of soil. Computing a range of SEW3jg
values and matching yield reduction to SEW3p values, the
yield loss could be predicted for the crop grown. The use
of the SEW3(p concept assumes, however, that the effect on
crop production of a 50 mm water table depth for one day
duration is the same as that of a 250 mm depth for five
days. This seems unlikely as pointed out by Wesseling
(1974).

At the other extreme is a water table too deep to
allow the majority of the roots adequate moisture. The
plant can compensate somewhat for this condition. Reicosky
et.al. (1972) indicated water uptake over a static water
table may not be related to root distribution. They found
that a small amount of roots near the capillary fringe
absorbed most of the water. This may be compared perhaps
to trickle irrigation where water is placed at a very
specific location and reaches only part of the root system.
However, forcing a plant to extend its rooting depth and
distribution can have positive effects. More nutrients
become available to the plant and less irrigation water 1is
needed because the volumetric soil water content available

to the plant is increased. Hiler (1969) used early season
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drought stresses to stimulate downward development of the
root system.

Hardjoamidjojo and Skaggs (1982) incorporated the
Stress Day Index (SDI) proposed by Hiler (1969) as a water
management parameter in the simulation model, DRAINMOD, to
quantify the effects of too little or too much water on
corn yields. They compared actual yields with predicted
yields. The predicted and measured results were in good
agreement. Based on the predicted yields, DRAINMOD could
then be used to design a subsurface irrigation and drainage
system to decrease water stresses that hinder production.

It is apparent that a water table needs to be
positioned to allow for maximum root length and depthwise
distribution to increase nutrient uptake and soil aeration.
The water table should also be positioned in the soil
profile so that upward flux of the water can supply
sufficient water to the root zone. Flooding the root zone
can result in a decrease of water movement into the root
system and can produce a chlorotic effect in the corn

plants and thus a reduction in yields (Williamson, 1964).

3. Soil Nitrogen

The flooding and/or water logging of soils leads to a
series of undesirable events involving soil nitrogen.
Fertilizer effectiveness is reduced, nitrification stops
and denitrification takes place rapidly. Allison (1965)

concluded that of the number of pathways nitrogen can be
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lost in the soil profile, most are minor except
denitrification and leaching.

Denitrification is the process of nitrogen, in the form
of nitrate (NO3), being lost from the soil as nitrogen gas
(N2). This loss of nitrogen due to denitrification is
attributed to the activities of anaerobic denitrifying
bacteria that utilize oxidized forms of nitrogen. The
bacteria demand oxygen to carry on their metabolic
processes. When the O supply is decreased because of a
high water table condition, the denitrifying bacteria
remove Oy molecules from the available nitrogen (NO3) ions.
Nitrate, upon losing the O molecule, becomes free nitrogen
and escapes into the atmosphere. Williamson and Willey
(1964) found that the beneficial presence of NO3 lasts for
only a few weeks during a normal growing season. In their
study, denitrification and leaching of nitrate resulted in
deficient nitrate within four weeks after nitrogen
application. Alternate submergence and aeration has the
effect of rapidly depleting the soil of available nitrogen
through the denitrification process (Patrick and Wyatt,
1964).

Leaching loss of nitrogen from the soil system is
dependent on the nitrate ions available and the quantity of
water passing through the soil profile. Leaching losses of
70 percent of the applied nitrogen have been reported under
conditions of overapplication of sprinkler irrigation

(Johnston et.al. 1965).
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In a study on water table control on organic soils,
yields of onions, carrots, potatoes, peppermint and corn
were reduced with a water table less than 400 mm, and crop
response to nitrogen was also limited with the water table
less than 400 mm (Harris et.al. 1962). Because the process
of denitrification with a 400 mm or higher water table
resulted in a limited crop response to nitrogen, it stands
to reason that controlling the depth of the water table at
a depth deeper than 400 mm is important in maintaining the
nitrogen level in the root zone of the above plants in

organic soil.

4, Salts

Consideration should be given to the concentration of
soluble salts and sodium in the water supply and soil
profile where they pose a problem during irrigation. The
practice of subsurface irrigation can promote the
concentration of salts in the surface soil (Renfro, 1955).
The salts accumulate at those depths where roots absorb
water for the evaporatranspiration process. The osmotic
pressure of the soil solution within the capillary zone
increases as salts accumulate. This reduces the
availability of water in the root zone area.

When adequate drainage is maintained, late season
winter and spring rains, snow melt or high annual rainfall
can wash much of the surface accumulation of salts downward

in the soil profile (Kriz and Skaggs, 1973).
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Concentrations of salts are measured by the conductivity of
the saturated extract (Williamson and Carrekar, 1970;
U.S.D.A. Handbook No. 60, 1954). When the conductivity of
a saturated extract is more than four mmhos per cm in the
soil profile, plant growth (or water uptake) may be limited
for some crops (Long, 1965).

Therefore, soluble salts and sodium can be a problem
in areas low in annual rainfall and snow melt. However,
because of the amount of annual rainfall and snow melt in
the state of Michigan, salt accumulation during subsurface

irrigation has never been identified as a problem.

C. Management of The Water Table

A subsurface irrigation and drainage system can
eliminate part of the risk associated with growing a crop.
Risk associated with excess soil water and drought
conditions can be greatly decreased because of the ability
to irrigate and drain excess soil water. Good management
of such a system will not only increase average yield but
also reduce the yearly variations in yields. The position
of the water table, the timing of water table establishment
at the base of the root zone, and the shape of the water

table are critical factors determining the success of water

table management.
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1. Water Table Position

The proper position of the water table is a function
of the management ability of the farmer, soil texture, and
type of crop being grown.

Williamson and Kriz (1970) concluded that
coarse-textured soils require a higher water table for
optimum yields than do fine-textured soils because moisture
will move higher above the water table in a fine-textured
soil by capillary action. This upward flux of water at any
point in the soil is dependent on the depth of the water
table, the evapotranspiration rate of the crop planted
(i.e., plant water uptake rate), soil matric potential, and
soil texture. The deeper the water table, the farther
the water must move through the capillary zone to reach the
roots. Skaggs (1981) concluded that the water table
elevation which should be maintained during subsurface
irrigation depends on the depth and distribution of plant
roots and the rate water can be transmitted upward from the
water table into the root zone. A deep water table may
place the water out of reach of the crop roots. A shallow
water table will produce poor soil aeration, decreased
plant growth, and potentially decreased yields.

Recommendations for optimal water table position vary
among researchers. Williamson and van Schilfgaarde (1965),
Williamson and Kriz (1970), and Vissir (1958) reported that
the static water table depths giving optimum yields are

generally 760-860 mm for corn in fine sandy loams and loam
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soils. Jensen et.al. (1980) reported that for most soil
types the water table should not rise closer to the soil
surface than 500 mm for most crops and should fall to the
design water table depth within one or two days if the
water table rise was due to rain or overpumping.
Williamson (1964) noted a decline in soybean yields when
the water table was at a depth of 760 mm from the surface
as compared to 460 mm. It was further noted that this was
due to a drying out of the top layer of soil where a
majority of the soybean roots were located. Williamson and
van Schilfgaarde (1965) found in four experiments that
soybeans grown in Norfolk and Seneca fine sandy loams and
Bayboro loam soils were found to have a maximum yield at a
water table depth of 460 to 620 mm. Woolley (1965)
mentions a conclusion of Williamson that most agricultural
crops grow well in the upper 375 mm of soil if it is well
drained.

Two approaches have been used to manage a subsurface
irrigation system. The first method is to maintain a
constant water table at some depth below the soil surface.
The water table is allowed to fluctuate only one or two
inches and is easily controlled by the use of a float
switch which turns the irrigation pumps on and off.
Management is greatly simplified. One disadvantage of this
method is that limited storage is available for rainfall if
the water table is held too high. As a result, most

rainfall that occurs during the irrigation season drains
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from the profile. Williamson and Kris (1970) looked at
this approach and related yield to a variety of constant
water table depths. They considered approximately thirty
different crops and computed percentage of the maximum
potential crop yield achieved with various water depths on
a variety of soil types.

The second method takes the approach of raising the
water table to the desired level and then shutting off the
pumps. The water table is allowed to decrease through
losses of seepage and evapotranspiration to some allowable
limit (i.e., 203.2 to 457.2 mm of fluctuation). Once the
limit is reached, the irrigation pumps are turned back on.
This approach has greater potential to store and utilize
rainfall that may occur when the water table is in the
deeper range. Less water may be needed as a result, and
pumping costs are minimized. Skaggs (1981) reported that
when using this method the limit to which the depth of the
water table is allowed to fall must be managed closely.
Problems will occur if the water table is allowed to fall
too far which may cause the soil profile to dry out. The
time necessary to raise the water table once again can
create a lag time between 80-100 hours for 18 meter tile
spacing on a sandy loam soil. (Lag time is the difference
in time between the time the pumps are started to the time
it takes to get a response or rise in the water table
midway between the tile laterals.) A large

evapotranspiration rate could cause the lag time to be even



37

longer, possibly stressing the crop. If the tile lateral
or ditch lateral spacing were further apart than
recommended by the design, the lag time would be still
longer because the distance the water must travel is
greater.

Evans et.al. (1985) recommends putting the water table
at the greatest depth for either method used. This level
will provide the greatest storage potential and the most
efficient use of rainfall. It is important not to let the
water table drop too far because of the lag-time it can
take to pump the water table to an effective level for the
crop to use it. The water table depth should be

monitored constantly.

2. Water Table Shape

An understanding of the shape of the water table
during the drainage and subsurface irrigation modes can
help the irrigator monitor and manage his irrigation
system. This can be accomplished by placing monitoring
stations evenly spaced between two drainage tile lateral
and/or lateral ditches (Skaggs et.el. 1972). PVC tubing
is often used and placed at a depth of 1.0 to 1.2 meters.
The changing water table can then be measured in reference
to its depth from the surface.

It is a proven fact (Skaggs 1981) that the Dupuit-
Forchheimer assumptions hold true and that the water table

assumes an elliptical shape for the evapotranspiration
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condition. When the subsurface irrigation-drainage system
is in the drainage mode, a water table is created that is
lower at the tile/open ditch lateral than at the midpoint
between laterals (Figure 3.1). Neal (1934) and Tisdall
(1942) give specific data from a silt loam soil showing a
curvilinear water table between drains spaced 13.7 to 38 m
apart with the average water table 183 mm lower at the
drain than at the midpoint.

If the irrigator/manager shuts the drainage system off
when the water table midway between the drains reaches a
certain depth, the water table there would continue to
recede. The lower water table over the laterals would be
filled by water midway between the tile laterals due to the
hydraulic gradient toward the tile or ditch laterals. If
subsurface irrigation were resumed, the water table would
not rise immediately midway between laterals. Skaggs
et.al. (1972) showed from field studies that for initially
draining profiles, the water table elevation midway between

drains continued to recede after water input was initiated.

3. Timing of irrigation

An important consideration is when to establish and
when to release the water table for subsurface irrigation.
Because crops can vary in their water consumption rate
throughout the growing season, the irrigator must know at
which times water demand will be greatest. Williamson

and van Schilfgaade (1965) showed that as soybean plants
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matured, the soil moisture decreased over time at
established water table depths of 305, 457, 610, and 762
mm. Lucas and Vitosh (1978) report that the greatest
benefit from irrigation for corn is prior to tasseling and
then through the pollination and silking stages.

It is important that the irrigator not let the static
water table fall more than a few feet below the ground
surface or let the soil profile dry out too much before
starting to establish the water table at the desired level.
A deep water table will require a longer time to pump the
water table up to the root zone, and a dry soil profile
will require a large volume of water per unit of rise of
the water table height. Evans et.al. (1985) report that
a drying soil profile decreases the hydraulic conductivity
drastically. They report that a soil which normally
required two to three days to move water from the drain to
midway between the drains in a wet soil, may take two to
three weeks to travel that same distance once the soil drys
out. Skaggs et.al. (1972), observed that from the time the
draining of the soil profile was stopped and the pumping of
water resumed, the time-lag was as much as 2.5 days before
the water table began to rise at the midpoint between
lateral tile lines.

Information is lacking on the end of season
discontinuation for subsurface irrigation. Sprinkler
irrigation can be discontinued on corn when the grain is in

full dent stage and moisture is 35 percent. At this stage
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the black layer forms at the base of the kernels.
Subsurface irrigation may be discontinued much earlier.
This is because the water table has provided and will
continue to provide moisture to the soil profile. This
soil water will provide enough moisture to bring the
growing plant through to maturity, depending on soil type,
for several days to a few weeks. A heavier soil will
absorb and hold more plant-available water than a lighter
sandy soil. This is a decision the irrigator/manager must
make based on his knowledge of the soil type, maturity of

t hhe crop, and expected weather conditions.

D. Energy and Efficiency

The energy cost and the efficiency of an irrigation
Sy stem are important considerations when choosing which
t wpe of system to use. Subsurface irrigation offers
POtential for energy savings when contrasted to sprinkler
irrigation, because it does not require delivery of water
under high pressure but employs the use of gravity to move
the water. The type of water supply, ground water or
surface water, affects the total hydraulic head that a
system must generate. Energy required for pumping water
makes up a large portion of the total agricultural energy
requirements where irrigation is used. Irrigation energy
requirements may be reduced by a) improving pumping plant
efficiencies, b) improving irrigation efficiency so that

less water is required, and c) lowering the pressure of the
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system (Smith, 1983).

Gilley and Watts (1977) illustrated that seasonal
pumping energy required for irrigation is dependent on the
volume of water pumped and the hydraulic head against which
it is pumped. The energy required for pumping irrigation

water may be calculated from the following equation:

where PE = pumping energy required in kw-h/ha (kilowatt
hours per hectar); C = 0.2717 (conversion factor); D =
depth of water pumped (cm); and H = total hydraulic head
against which water is pumped (m).

Larson and Fangmeier (1978) found that energy
requirements for sprinkler irrigation were five to twelve
times greater than for surface irrigation when the water
supply was a surface source. When the source of irrigation
water was ground water, sprinkler irrigation energy
requirements were six to seven times greater than for
surface irrigation. Smith (1983) found that subsurface
irrigation required only about 6 to 9 percent of the energy
required for sprinkler irrigation systems operating at 340
and 690 kpa (50 and 100 psi) respectively. When a deep
well water supply was assumed, subirrigation offered a 20
to 40 percent energy savings for two of three sites and had
equal energy requirement with sprinkler irrigation for a
third site.

The amount of water used during the growing season with
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subsurface irrigation varies with crop type, stage of crop
growth, depth to the impermeable layer, seepage losses, and
location. Knowledge of the consumptive use of water on a
daily or weekly basis is necessary to manage the water
application rate to the crop.

Massey et.al. (1983) and Strickland et.al. (1981) each
studied the energy and water use of subsurface and center
pivot irrigation. It was noted that the subsurface
irrigation used 40 to 80 mm more water than the center
pivot system. A number of reasons account for why a
subsurface irrigation system would use more water. Natural
rainfall had reduced storage availability and increased
drainage and surface runoff over that of a sprinkler
system. This made less efficient use of natural rainfall
and required more water to be pumped. Seepage losses occur
vertically and laterally. A significant volume of water
must be pumped to raise the water table near the root zone.

Water table location in the soil profile also affect
cost and water use. Benz et.al. (1981) found small
increases in water table depth beyond the optimum depth,
1.3 m, increased the water and thus energy requirements on
corn and sugar beets. By allowing the water table to drop
0.2 to 0.3 m below the optimum water table depth, 260 mm of
water must be pumped to raise the water table back to the
optimum depth for maximum corn dry matter and grain yield.
Subsurface irrigation requirements can be reduced by

controlling the system such that the midpoint water table
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is allowed to fluctuate within limits. Loss of water by
evapotranspiration causes the water table between the
drains to be drawn down for a period of time each day
before beginning to rise later (usually during the night)
as the inflow rate exceeds evapotranspiration and seepage
losses. A model based on a numerical solution to the
Boussinesq equation showed that the irrigation requirement
was decreased by about 7 percent when the water table was
allowed to fluctuate compared with a constant water level
control for five simulations (Smith, 1983). Water input
rate should be sufficient so that the water table will
rebound to its initial level before the evapotranspiration
demand for the next day begins.

Subsurface subirrigation can therefore offer
substantial savings in energy cost when compared with
center pivot irrigation systems. This is due in part to
the fact that gravity and/or low pressure pipe flow are
utilized to move water into the soil profile rather than
high pressure. This may be offset, however, by the amount
of water needed to be pumped. A greater amount of water
may be needed for subsurface irrigation versus center pivot
irrigation. The depth of the impermeable barrier, soil
surface, seepage losses, and possible runoff from rain
must be evaluated. Having an impervious barrier which is
very deep and allows the water table to fall substantially
below the root zone and subsurface tile can result in

additional water being needed to bring the piezeometric
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water surface within the root zone and therefore increases

the cost of subsurface irrigation.

E. Sugarbeets Under Irrigation

Sugarbeets (Beta Vulgaris) have been a major crop in
many areas of the United States for production of sugar.
The objective of subirrigation of sugarbeets is to increase
the weight and sugar content of the beets.

Factors which affect beet sugar content and growth are
plant population, nitrogen levels in the soil profile, and
available moisture. Robins et.al. (1956) and Loomis and
Haddock (1963) found that sugar content was significantly
reduced at increasing nitrogen fertilization rates.
Haddock (1947) found that additional nitrogen increased the
weight yield of the sugarbeet root and simultaneously
decreased the sugar percentage. Deficiencies in either
nitrogen or moisture resulted in a lower rate of root
growth and an ihcrease in sucrose concentration. The
increase in sucrose concentration when both nitrogen and
water are deficient is due to a reduced rate of dry matter
accumulation. Loomis and Haddock (1967) and Henderson et.
al. (1968) indicated that nitrogen deficiency and drought
stress reduced growth and increased (on a fresh basis) the
sucrose concentration in roots. However, there is a need
to manage soil nitrogen levels to achieve significant root
weight at harvest.

Archibald and Haddock (1959) found that plants kept
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moist all season by sprinkler irrigation resulted in the
highest yield. He also found that beets kept moist all
season tended to mature early and were generally higher in
sucrose than those from plots which were dry for an
extended period of time. Loomis and Haddock (1967)
reported that sucrose yields are not increased and may be
reduced significantly by single, brief cycles of wilting
and almost invariably are lowered by repeated wilting
apparently due to reduction in leaf area and rate of
photosynthesis. Extended periods of drought preceding
harvest resulted in substantial reductions in sucrose
percentages, and it appears advisable to continue with
moderate irrigation until shortly before harvest. Beet
purity and sucrose yields were increased by nitrogen
deficiency but not by moisture stress. Archibald and
Haddock (1959) showed that the lower the available nitrogen
supply of a soil, the more seriously will excess irrigation
water depress yields. The more abundant the available
nitrogen supply in a soil the smaller the reduction in
yield will be from excess water application.

A recommendation about when to irrigate sugarbeets is
made by Loomis and Haddock (1967), Haddock (1947) and
Brewbaker (1934). They recommend irrigation practices be
directed toward rapid stand establishment and early
attainment of a full leaf canopy. Brewbaker (1934) found
that larger beet yields were obtained with an early first

application and a very late last application of water, with
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applications made at biweekly intervals using overhead
irrigation during the summer. Midsummer irrigation was
sufficient to avoid periodic water stress which might
reduce root growth and the photosynthetic effectiveness of
the foliage canopy.

Sugarbeets are a deep rooting plant with a large tap
root. Water is extracted most rapidly from the first 0.66
m of soil, but with deep, well drained soils, appreciable
amounts of water will also be obtained from depths of 1.22
to 1.52 m. Loomis and Haddock (1967) state that 60
percent of the total seasonal water used is commonly
acquired from the top 0.66 m of soil. Henderson et.al.
(1968) found that with a water table at approximately one
meter, the top 0.66 meters of soil became very dry with
subsurface irrigation. Most of the water used by the crop
comes from stored moisture in the soil. When this is
largely depleted, nearly all of the water is supplied by
upward rise from the water table. Reichman et.al. (1977)
found in his test with a sandy loam soil, that a shallow
water table at approximately 0.86 to 1.10 meters provided
all the moisture the sugar beets needed (illustrated by no
increase in root weight when the subsurface irrigated plot
was compared with an overhead irrigated plot). Follett et.
al. (1974) found that the effective root zone for beets in

a sand soil in irrigable areas of North Dakota is only 0.61

to 0.92 meters.
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In conclusion, sugarbeets need an adequate supply of
soil moisture and soil nitrogen to maintain good yields of
sugar and weight of beets harvested. Water management
should be aimed at rapid stand establishment and early
attainment of leaf canopy. Soil moisture should be readily
available until shortly before harvesting. Establishing a
water table using subsurface irrigation at approximately
one meter to 0.61 meters will provide the moisture the

growing crop will need in a sandy loam to loamy sand soil.



IV. PROCEDURE: FIELD INVESTIGATION

A. Site Selection

This study was prompted by the interest of a major
drainage tubing manufacturer, Advance Drainage Systems,
Inc. (ADS)”. They were interested in field measurements of
the rate and uniformity of water table elevation response
during subsurface irrigation. Names and locations of
selected farmers who were operating systems were provided
by the company. Four systems were selected for study on
the following farms:

1. The C. Iott farm, near Deerfield, MI;
2. The J. Ellenbaum farm, near Pigeon, MI;

3. The B. Singer farm, near Unionville, MI
(two systems).

The purpose of the study was to determine the water
table response while irrigating through subsurface tile
drains and to study water movement under subsurface
irrigation and drainage conditions. Schematic sketches of
the field installations are shown in Figures 4.1, 4.3, 4.6
and 4.9. Criteria for selecting the fields to be studied
were:

Advanced Drainage Systems, Inc.
3300 Riverside Drive
Columbus, OH 43221

48
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l. To investigate system performance in a range of

soil types;

2. To limit systems selected to systems at least two
years old to minimize soil disturbance effects
resulting from the installation of the subsurface

irrigation and drainage system;

3. To select farmers who would keep records regarding
system operation including such things as when
irrigation pumps were turned on, how long the
pumps were run, when the system was put into the

drainage mode, etc.

B. Site Descriptions

The predominate soil series in the study regions are
classified in Michigan Soil Associations 63,69,71 and 74
(Soil Association Map Of Michigan, 1981). The soils of
these associations were developed under poor natural
drainage conditions from loam, clay loam, or sandy loam
parent material. Strong gleying* and/or mottling
is associated with these soils and naturally poor drainage

is a principle hazard to crop production.

* Gleying results from the chemical reduction of iron in
an anaerobic soil condition and is visually recognized by
the gray color in the soil profile. It signifies a high

water table condition.
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These can become some of the most productive in the state
of Michigan when subsurface drainage is utilized to control

excessive moisture and improve soil aeration.

1. Field Site A

Site A (C. Iott farm) was in a field two kilometers
southeast of Deerfield, Michigan (Figure 4.1). Total
tillable area consisted of approximately 12.7 ha (31.5 ac).
One half of the area was subsurface irrigated, and the
other half was a tile drained but non-irrigated area.

The legal description of the irrigated plot was the N 1/2
of the SE 1/4 of the SW 1/4, and the non-irrigated plot

was the S 1/2 of the NE 1/4 of the SW 1/4 of section 18, R.
6E. T.7S, Monroe County (USDA, Soil Survey, Monroe County,
1980).

The field drained into a ditch bordering the east
boundary. The ditch in turn drained into the Raisin River.
The field slope was less than one percent. The soil
texture that predominates was a loamy sand (Granby Loamy
Fine Sand, Figure 4.2). A loamy sand ridge ran across the
field in a north-south direction, located two thirds of the
way upslope from the east boundary. The field had two
small depressions which would pond water when the
water table was raised too high by subsurface irrigation.
The field dimensions were approximately 402 m wide and 402

m long.
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The layout of the subsurface irrigation and drainage
system ran east-west with laterals parallel to the major
slope of the f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>