
Introduction
Alfalfa hay is an important irrigated crop in the United States.  In total acreage,

alfalfa hay ranks fourth after corn, wheat, and soybeans, with over 21 million acres
(Census of Agriculture, 1997).  The crop is used primarily as livestock feed for the
dairy, beef, and horse industries.

In the western United States, where approximately 40 percent of the alfalfa is
grown, virtually all alfalfa is irrigated.  Depending on the location, alfalfa will use from
30 to 80 inches of water per acre on an annual basis (Henggeler, 1997).  The con-
cern is that competition for water is increasing and will undoubtedly continue to
increase as a result of expanding population and environmental concerns.  As urban
populations continue to grow, agricultural water supplies are coming under increased
scrutiny.  As a result, political and economic pressures are being exerted on agricul-
tural water users to increase irrigation efficiency, and in some instances to sell their
water rights to non-agricultural users.  Therefore, producers are increasingly interest-
ed in alternative irrigation methods that will increase the efficiencies of traditional irri-
gation practices and help them realize increased crop yields. 

Due to the economic importance of alfalfa hay and the need to increase irriga-
tion efficiency, subsurface drip irrigation (SDI) is being investigated as a possible alter-
native.  Each year, more producers, farm managers, lenders, and other consultants
show an increasing interest in the possibility of using SDI on alfalfa.

SDI is the slow frequent application of water to the soil profile through emitters
placed along a delivery line buried beneath the soil surface (House, 1920).  Recent
advances in plastics technology and SDI equipment have made it more affordable
and long lasting.
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Why  Consider  Subsurface  Drip  on  Alfalfa?
SDI has been utilized for years on a variety of

crops throughout the western U.S. and in many for-
eign countries.  In a synopsis of SDI research, Camp
(1998) found that yield response for over 30 different
crops was greater or equal to that of other irrigation
methods, including surface drip, and in many cases
also required less water.  He concluded that the prof-
itability and economic aspects of alfalfa have not
been determined conclusively and will depend great-
ly on local conditions and constraints, especially the
availability and cost of water.

Henggeler (1997) states that alfalfa would ben-
efit more than most crops from SDI because of its
heavy water use.  Since a benefit of converting to
SDI is a leap in system efficiency, the implication is
that larger amounts of water (and thus money) are
saved on crops like alfalfa, versus crops that use less
water.  He also states that because irrigation labor
costs are related to the number of irrigations applied
each season, more irrigation labor dollars will be
saved with alfalfa than with a crop that uses less
water.

Solomon (1988) cautions that water use effi-
ciency varies considerably depending on factors
such as soil type, the crop being grown, evapotran-
spiration (ET), and the selection and spacing of drip-
perlines and emitters.  Hutmacher, Mead, and
Shouse (1996) found that with alfalfa, lighter soils
tend to show greater increases in water use efficien-
cy while heavier soils exhibit less.

SDI has generally been applied to high value
crops because of its high investment cost.
Nevertheless there have been several research proj-
ects using SDI on alfalfa.  A project in Brawley,
California, started in 1991, showed yield increases
after a year and half, though no final report on the
project was prepared.  However, in a separate pub-
lication, Hutmacher, Mead, and Shouse (1996) said
the project realized yield increases of 20 percent to
35 percent.

An on-going University of Nevada, Reno, SDI
project on alfalfa in Lovelock, Nevada, has been
investigating yield and water use relationship, and
whether over time, yields can be maintained or
increased using SDI on alfalfa (Neufeld, Davison
and Breazeale, 1998).  The research was designed
for three levels of water application, 75, 100, and
125 percent of crop ET, at two different depths of
dripperline, 12 and 18 inches.  After two years of
data collection, there has been no statistical differ-
ence in yield due to dripperline depth, though, there
are statistical differences in water use efficiency (i.e.,
amount of water used to produce a ton of alfalfa
hay).

Henggeler (1997) lists several reasons why one
might consider installing SDI in an alfalfa field:

1. Increased hay yields: the research that has
been documented indicates that there is the
potential for a yield increase due to the abil-
ity to apply water through harvest time.

2. Potential water savings: because alfalfa is a
large user of water, increased water use effi-
ciency will theoretically reduce the amount

used resulting in lower costs.
3. Decreased weed infestation: because the

surface is dry, the potential for weed infesta-
tions is reduced.

4. Elimination of leaf burn and/or scalding:
sprinkler applications can cause foliar burns
when high levels of Na or Cl are present in
the water.  Ponding from flood irrigation can
result in scalding.

Objectives
This study determines the economic feasibility of

using SDI for alfalfa hay production, and provides
an economic analysis enabling alfalfa producers to
evaluate the potential for integrating a SDI system
into current farming operations.  While there is a
growing body of information concerning the agro-
nomics of SDI, there is little information on the eco-
nomic feasibility of SDI in alfalfa.  Therefore, the two
objectives of this study were:

1. To calculate annual costs for a SDI system on
alfalfa.

2. To determine break-even yield for alfalfa pro-
ducers.

System  Design
There is wide variation in the degree of sophis-

tication of SDI systems.  Growers can use systems
ranging from manual to fully automated operations.
For example, a manual system requires the grower
to determine how much water to apply and physi-
cally turn on the pump at the start of the irrigation
set and turn it off at the completion of the set.
Because SDI systems are high frequency small appli-
cation systems, this must be done daily.

Fully automated and computer controlled SDI
systems are the other end of the spectrum.  With
these systems, all irrigation parameters are entered
at a computer terminal and the system is controlled
at that same terminal.  The system can automatical-
ly determine crop ET with an evaporation pan and
then apply that amount of water.  Water applications
can be adjusted with crop coefficients and several
zones can be irrigated one or more times per day.
These systems operate automatically.  However, like
all SDI systems, they still need to be monitored to
ensure they are functioning properly.

Two commercial irrigation supply companies
developed the system design and the associated
costs that were used in this study.  The SDI system
costs used for this analysis were not taken from an
ongoing system, but represent current market costs.
The assumption was made that the system would be
designed for a field that was previously producing
under flood irrigation.  The system is a partially
automated system.  The grower must determine how
much water to apply and then program a controller
clock to operate the system and apply water.  The
system can use more than one irrigation set per day
and can be programmed for a full week.  The system
will operate each day at the pre-programmed times
applying water to each zone.
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Description  of  Field  Layout
The field in this example is a 160-acre field that

is divided into eight, 20-acre blocks.  The system irri-
gates two blocks at a time (2 blocks @ 632 gpm
each = one zone) for a total of four irrigation sets
per day (Figure 1).  Maximum application rate of the
system is 0.35 inches of water per day.  The field is
level and the dripperline is 18 inches deep on 40-
inch centers.  Emitters are on 24-inch centers.  The
downstream end of each dripperline is connected to
a manifold for convenient flushing.  Inlet pressure on
each tape is approximately 12 pounds per square
inch.  The system uses six, 48-inch sand-media fil-
ters.  The water source is an irrigation canal and the
lift is eight feet.  Irrigation will change throughout the
growing season, based on crop ET.

Economic  Analysis
Typical SDI system costs will vary greatly,

depending on the crop planted, the number of emit-
ters, depth and spacing of dripperline, filtration
required, and source of water.  Irrigation costs in this

study include pipe, dripperline, valves, PVC fittings,
filtration, pump, controller, miscellaneous parts, and
installation.  Table 1 shows a dealer provided list of
the system components, the cost of each compo-
nent, the percentage of the total system cost, and the
per acre cost.

Annual costs are the sum of non-cash and cash
operating costs.  Non-cash costs include deprecia-
tion and interest (i.e. opportunity costs).  Operating
costs include labor, power, water, and maintenance.
Operation and maintenance costs will vary depend-
ing on local circumstances and irrigation efficiencies
achieved.  Table 2 lists the total annual operating
costs for the SDI system in this study at $191.74 per
acre.

Depreciation was calculated on a straight-line
basis with no salvage value and a useful life of 15
years.  Interest, or opportunity cost, was calculated
using 4.5 percent of one-half of the new purchase
cost.  Labor and maintenance costs were based
upon the experiences of two commercial farms, one
of which has more than 15 years experience with
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Figure 1.  Schematic of a Typical SDI System



SDI irrigation.  Labor was calculated assuming four
hours of time per day for a 160-acre field.  The
growing season, or days that were spent irrigating,
was 120 days.  It was assumed that one hour of
labor per day would be required for each 40-acre
block, or a total of 480 hours of labor at $10 per
hour.  Power costs assumed 11.0 kWh per inch of
water applied (Solomon, 1988).  The amount of
water applied was estimated at 30 inches.  Water
cost includes only a straight charge per irrigated
acre.

Break-Even  Analysis
Table 3 is an enterprise budget for alfalfa hay in

the Lovelock, Nevada, area that lists current pro-
duction costs and income using flood irrigation
(Stevenson and Myer, 1996).  As illustrated, a hay
yield of 5.2 tons (3 cuttings per year) with an aver-
age price of $100/ton grosses $520 revenue.  In
addition, there is eight dollars from a winter grazing
lease for a total income of $528.  Total expenses
equal $401.48.  The return over total costs equal
$126.52.

Table 4 shows the break-even yield for the SDI
system utilized in this study.  Break-even yield is cal-
culated by dividing total cost by output price.  Three

different output prices, $90, $100, and $110, were
used in calculating the break-even yield.  The total
cost was taken from Table 3, with the exception that
SDI irrigation costs were substituted for flood irriga-
tion costs.  Thus, $542.68 represents the total cost
of producing one acre of alfalfa hay under SDI.  This
figure was arrived at by subtracting the present flood
irrigation cost in Table 3 of $50.54 ($26.00 for
water and $24.54 for irrigation labor) and substitut-
ing in its place, the cost of the new SDI system, which
was $191.74.

The highest yield required to break even is six
tons per acre at $90/ton.  At a market price of
$110/ton the break even yield is 4.9 tons per acre
which is slightly less than the current Pershing County
mean yield of 5.2 tons (NASS, 1998).  

Essentially the cost of the SDI system increases
irrigation cost over flood irrigation by
$141.20/acre.  At a hay market price of $100/ton
a producer will need to increase yield 1.4 tons/acre
to provide the same dollar returns per acre as
presently achieved with flood irrigation.  That is, a
27 percent increase in yield attributable to SDI is
required for equivalency to flood irrigation given that
costs and product price do not change.
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Table 1.  Component Listing and Prices

Item % of Purchase Price Total Cost $ Per Acre Cost $

Pipe 4.49 $8,660.16 $54.13
Tape 46.08 $88,919.60 $555.74
Valves 14.18 $27,363.90 $171.02
PVC Fittings 2.60 $5,016.23 $31.35
Filtration 9.87 $19,051.94 $119.07
Pump 1.60 $3,092.11 $19.33
Controller 0.12 $232.52 $1.45
Misc. Parts 5.19 $10,017.89 $62.61
Installation 15.86 $30,612.00 $191.33
SDI System 99.99a $192,966.35 $1,206.04

a Total does not equal 100 percent due to rounding error

Table 2.  Annual Costs/Acre

Non-Cash Costs $/Acre
Depreciation (15 years) $80.40
Interest (Opportunity cost, 4.5 %) $27.14

Total $107.54

Cash Costs
Labor $30.00
Power $13.20
Water $26.00
Maintenance $15.00

Total $84.20
Total Annual Costs/Acre $191.74



Summary  and  Recommendations
The purpose of this study was to calculate the

annual costs and to determine the break-even yield
on a SDI system appropriate for a 160-acre alfalfa
hay field.  The annual costs were $191.74/acre.
The breakeven yields were calculated using $90,
$100, and $110/ton.  Break-even yields were 6.0,
5.4, and 4.9 tons/acre respectively.  The use of a
SDI system in alfalfa based upon Lovelock, Nevada,
production costs increases overall annual costs by
$141.20/acre compared to flood irrigation.
Therefore, with a selling price of $100/ton, produc-
ers would have to increase their yields by 1.4
tons/acre to receive the same financial return as with
flood irrigation.

Previous research on several other crops has
shown that increases in yield and water use efficien-
cy are possible with SDI.  Can yield and water use
efficiency increases also be achieved with alfalfa
hay?  While there are some indications that the
answer is yes, at the present time, available research

is still inconclusive.
In addition to yield increases, water use effi-

ciency increases hold great promise for farmers in
the arid regions of the west.  If alfalfa yield can be
maintained, or even increased, while using less
water, producers will have more options available to
address the increasing competition for this scarce
natural resource.  Therefore, it is strongly recom-
mended that research on SDI in alfalfa be contin-
ued.
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Table 3.  Alfalfa Hay Enterprise Budget for Lovelock, Nevada–Flood Irrigation

Income ($/AC)
5.2 tons x $100 per ton $520.00
Pasture 8.00

Total Income $528.00
Variable Costs

Harrow 0.83
Weed Control 13.70
Insect Control 12.00
Irrigation 6X 26.00
Swath 3X 19.86
Bale 3X 50.67
Haul and Stack 3X 20.16
Labor 42.57
Rodent Control 2.00
Ditch Maintenance 3.00
General Overhead (5 percent of variable costs) 9.54

Total Variable Costs $200.33

Fixed Costs
Interest on Capital 26.90
Depreciation 49.59
Taxes on Land 20.00
Ins., Taxes, Store Machinery 5.60
Amortized Establishment Cost (4.5% for 6 years) 36.06
Land Cost 63.00

Total Fixed Cost $201.15

Total Cost $401.48
Return Over Variable Costs $327.67
Return Over Total Costs $126.52

Table 4.  Break-Even Yield in Tons Using SDI

Price/Ton of Hay
Total Costs/Acre $90 $100 $110

$542.68 6.0 tons 5.4 tons 4.9 tons
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