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Impact of Energy Cost on Irrigated
Production:

High Plains of Texas

John L. Shipley and D. W. Goss

Irrigation water cost data and the value of water in production for the four principal
crops grown in the Texas High Plains, at a wide range of product prices, were used to
estimate the price per kilowatt-hour of electricity needed to equate net returns from
current irrigation practices and dryland production over time. Results indicate that rising
energy prices without corresponding rises in product prices could result in energy,
rather than water, being the limiting factor in High Plains irrigation.

High Plains irrigators have become in-
creasingly alarmed at rising energy prices
over the past five years. In 1970, producers
were paying $0.30 per MCF for natural gas
and $0.01 per KWH for electricity. Prices in
1977 were $1.25 and $0.035, respectively.
Indications are that energy prices will con-
tinue to climb. Growing interest in the
energy crisis will affect U. S. agriculture and
food production through: 1) higher commod-
cost on irrigated production. Dvoskin and
Heady provide some insight as to how the
energy cirsis will affect U. S. agriculture and
food production through: 1) higher commod-
ity prices, 2) a shift eastward in crop produc-
tion from irrigated to dryland farming re-
gions, 3) redistribution of farm income away
from irrigated regions, and 4) the impact on
income and employment in rural com-
munities. Mapp and Dobbins discuss the im-
plications of rising natural gas prices on irri-
gated production as they affect pumping cost,
pattern of irrigated production, level of water

John L. Shipley is Professor of Agricultural Economics,
Texas Agricultural Experiment Station, Amarillo, Texas
and D. W. Goss is a Soil Scientist with the U.S. De-
partment of Agriculture, Southwestern Great Plains Re-
search Center, Bushland, Texas.

Technical article no. 13572 of the Texas Agricultural Ex-
periment Station.

use and the shift from irrigated to dryland
crop production.

In the Texas High Plains, the effects of ris-
ing energy prices on irrigated production will
vary among producers due to differences in
their total and variable costs per unit of
water. Costs per acre-foot of water pumped
vary widely among irrigation wells, depend-
ing primarily upon pumping capacity, pump-
ing lift, and efficiency of the pumping sys-
tem. Underground water is pumped from the
Ogallala formation, which contains a non-
renewable water supply. The water-bearing
strata is not homogeneous in the High Plains
region, with regard to depth to bedrock, zone
of saturated thickness, and depth to static
water level. The annual decline in the water
level from pumping varies from area to area
and from year to year but averages 2 to 5 feet
per year [Hughes and Harmon]. Con-
sequently, a wide variety of pumping plants
are used to provide irrigation water.

At present, about 6.4 million acres are
being irrigated on the Texas High Plains. Ir-
rigated land has increased by about a million
acres during the past decade. Underground
water is supplied by approximately 71,000 ir-
rigation wells scattered over a 40 county area.
Natural gas and electricity provide energy for
64 and 34 percent of the wells, respectively.
The acreage ratio of surface to sprinkler irri-
gation is about 3 to 1. Pumping capacity is
extremely variable, with about 70 percent of
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the wells pumping less than 700 gallons per
minute, and 90 percent having a lift greater
than 125 feet [New]. Although natural gas
provides energy for most irrigation wells,
projections for price increases are estimated
at an annual rate of 15 to 20 percent. Natural
gas reserves are being depleted and, studies
have shown that by 1985, Texas may not be
able to meet its own energy needs [LePori, et
al.]. Threats of natural gas curtailment and
the possibility of lowering the priority of
natural gas for agricultural production have
caused many irrigators to consider electricity
as a more reliable energy source.

This paper will not attempt to compare the
economic advantages of the two principal
energy sources but will concentrate on the
effects of rising electrical energy prices on
production of those crops currently irrigated
on the Texas High Plains. The impact of ris-
ing electrical energy prices is analyzed by
using an irrigation well cost model designed
for High Plains water-well conditions [Goss
and Shipley] and a water value for crops es-
tablished from Texas Agricultural Extension
Service budgets for High Plains crops. A cost
of electricity that produces a break-even net
profit for irrigated and dryland crops at spe-
cific commodity prices is determined.
Break-even product prices at current energy
costs are then determined and compared to
current product prices to assess the economic
feasibility of continued irrigation.

Irrigation Well Cost Model

An irrigation well cost model, similar to
that developed by Feldman and Whittlesey,
was designed for steadily declining, uncon-
fined aquifers comparable to the Ogallala of
the High Plains. The computer model is suf-
ficiently flexible to simulate any of the elec-
trically powered well-pumping plants cur-
rently used for irrigation. Inputs into the
model are the physical well and aquifer
characteristics, determinants of pumping
plant specifications, and economic variables.

Well and aquifer characteristics include
size of borehole, depth to bedrock, saturated
thickness, hydraulic conductivity, static
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water level, and annual water table decline.
Determinants of pumping plant include
pumping rate, surface head, and efficiency of
motor and pump. Economic variables are an-
nual interest rate, tax and insurance rate, cost
of electricity, days of pumping, and for each
equipment item purchased (including the
hole), the annual maintenance ratio, depreci-
able life, and salvage value at the end of the
depreciation period.

The simulation model provides estimates
of total dynamic head and horsepower re-
quirements, selects motor and pump, estab-
lishes drawdown and sets the depth of pump,
determines water pumped, initial invest-
ment, and segregates annual costs.

The example of an irrigation well selected
for this analysis sustained an above-average
pumping rate for the Texas High Plains. Var-
iable inputs could have simulated any of the
wells currently in use.

Example well specifications include: 1)
Diameter of borehole - 2 feet, 2) Depth to
bedrock - 440 feet, 3) Saturated thickness -
240 feet, 4) Hydraulic conductivity - 20
feet/day, 5) Annual water table decline - 2.5
feet/yr, 6) Pumping rate 800 gpm maximum -
600 gpm minimum, 7) Surface head - 20 feet
and 150 feet (sprinkler), 8) Initial efficiency -
motor - 90 percent and pump - 75 percent, 9)
Annual interest rate - 10 percent, 10) Annual
tax and insurance rate - 2 percent, 11) Cost of
electricity - $0.035 per KWH, 12) Pumping
days per year - 140, and 13) Pumping life of
designed well - until yield is limited by
minimum saturated thickness of aquifer.

Table 1 shows a breakdown of annual well
costs, averaged in 5-year increments, with
average total and variable costs per acre-foot
of water. The model well terminates pump-
ing after 50 years when minimum saturated
thickness made the system inefficient to op-
erate under the specified design. Continued
operation would have required a reduction in
pumping rate and a redesigned pumping
plant.

The lower part of Table 1 shows a compari-
son of surface and sprinkler irrigation costs by
changing the surface head from 20 to 150 feet
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TABLE 1. Annual well costs, averaged in 5-year increments, and
annual costs using 20 and 150 foot surface head.

comparable average

Pumping Average Average
period Interest, Water total variable
(years) Deprec. Tax, Ins. Energy Maint. Total pumped cost-Ac/ft cost-Ac/ft

…--_-_ --- dollars------ Ac/ft --- dollars---
1- 5 1485 2686 6163 383 10,717 443 24.19 14.78
6-10 1194 1882 6163 383 9,622 417 23.07 15.70

11 -15 957 1318 6163 826 9,264 395 23.45 17.69
16-20 662 848 6163 399 8,072 373 21.64 17.59
21 -25 933 1151 7449 685 10,218 430 23.76 18.92
26- 30 887 760 7771 471 9,889 426 23.21 19.35
31 - 35 366 449 7771 983 9,569 404 23.68 21.67
36 - 40 225 305 7771 487 8,788 383 22.94 21.56
41 -45 316 532 7754 788 9,390 371 25.31 23.02
46- 50 449 677 7754 523 9,393 355 26.46 23.29

Surface Irrigation (20' hd)
Total 37,367 53,044 354,591 29,641 474,643 20,007 -- --
Average 747 1,061 7,092 593 9,493 400 23.73 19.21

Sprinkler Irrigation (150' hd)
Total 38,749 55,803 498,625 33,890 618,067 19,984 -- --
Average 775 1,116 9,792 678 12,361 400 30.90 26.17

in the example well. The average annual total
and variable costs were $7.17 and $6.96 per
acre-foot of water higher for the sprinkler sys-
tem than for surface irrigation.

Value of Water by Crops

The ability-to-pay for (value of) irrigation
water was estimated for the four principal
crops produced in the central region (Region
II) of the Texas High Plains, using a proce-
dure similar to that of Lacewell et al. Crop
enterprise budgets developed by the area
economist of the Texas Agricultural Exten-
sion Service for the 1977 crop year were used
in the analysis. Cost and returns of dryland
and irrigated production at specified water
input levels were compared, both under data
specifications for high-level management.
The irrigation level selected for each crop
represents the quantity of irrigation water
currently used by the "best" farm managers.
The analyses included both fixed and variable
costs and the basic principle involved allocat-
ing a return to all factors of production except
irrigation water. The average water distribu-
tion costs shown in Table 2 were used in the
crop budgets. With the exception of irriga-
tion pumping costs, all other water costs

were included. The residual net return was
assigned to water and would be available to
pay for irrigation pumping costs.

Some budget cost items were adjusted to
reflect differences in two basic tenure
groups: farm owner-operators and tenant
farmers. Owner-operator fixed land cost was
calculated at an 8 percent annual interest rate
on land values of $600 and $200 dollars per
acre for irrigated and dryland, respectively.
Tenant annual rent was based on paying
one-third of grain crops and one-fourth of cot-
ton production, with the landlord sharing a
comparable percentage of fertilizer, hauling,
drying (corn) and ginning costs for cotton.

A water value equation was developed by
using crop enterprise budgets of both farm
owner-operators and tenants, at current irri-
gation levels as specified in Tables 3 and 4.
Equations are shown as follows:

Owner-operators

1) Vi = [(Y - Yik) Pi
(Ci - Cik)]/w

Where:
Vi = irrigation water value per acre foot in
producing crop i; Yi = yield per acre of
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TABLE 2. Irrigation Distribution Cost per Acre for Center Pivot Sprinkler and Surface
Irrigation Systems, Texas High Plains, 1977.

Item Sprinklera Surface

…- -…- -…-- dollars
Investment per acre 111. 55.

Distribution Costs

Annual Depreciationb 7.40 2.75
Annual Opportunity CostsC 5.55 2.75
Annual Tax, Risk, and Ins.d 2.22 .55
Repairs 1.57 .55
Labor - $4.00/hr. 3.76 8.00
Total Cost per Acre 20.50 14.60

aBased on 270 acres.
b15 years for center pivot; 20 years for surface.
CAverage investment times 10 percent.
dlnitial investment times 2 percent (sprinkler) 1 percent (surface).

crop i at specified irrigation level; Yik =
yield per acre of crop i under dryland
production; Pi = price per unit of crop i; Ci
= total cost per acre of producing crop i at
specified irrigation level (excluding all
water costs except water distribution
costs); Cik = total cost per acre of produc-
ing crop i under dryland production; and
Wi = acre feet of irrigation water used in
producing crop i.

Tenants

2) Vi = [(S, - Sk) P - (Xi-Xik)]/w,

Where:
Si = tenants share of per acre yield of crop i
at specified irrigation level; Sik = tenants
share of per acre yield of crop i under dry-
land production; Xi = tenants share of total
cost per acre of producing crop i at
specified irrigation level (excluding all
water costs except water distribution costs;
and Xlk = tenants share of total cost per
acre of producing crop i under dryland
production.
Tables 3 and 4 show the value per acre-foot

of irrigation water used in producing wheat,
grain sorghum, corn and cotton under both
sprinkler and surface irrigation, at specified
irrigation levels and three product prices, for
owner-operators and tenant farmers, respec-
tively. These values represent the ability-
to-pay for water at the farm gate; thus, all

196

costs associated with pumping groundwater
must be deducted.

Water values and pumping costs both differ
between owner-operators and tenant farm-
ers. Differences in water values are as-
sociated with the operator's share of the
product produced and increase as product
prices rise. Variable (out-of-pocket) pumping
costs are the same for both groups of farm
operators and total pumping costs differ only
in proportion to their share of the fixed in-
vestment in the irrigation well. Although ren-
tal agreements vary between landlord and
tenant, it was assumed that the tenant
provides the irrigation motor. The well cost
model was used to determine the average
cost of water per acre-foot for the owner-
operator and tenant at different electricity
prices, with all other input variables held
constant. For the example well, the average
energy cost for surface irrigation was $5.07
per acre-foot per ¢/KWH. The total of all
other costs were $5.95 per acre-foot of irriga-
tion water for the owner-operator and $1.48
per acre-foot for the tenant. The additional
surface head (pressure) required for the
sprinkler system increased the average
energy cost to $7.00 per acre-foot per
4/KWH and other costs were increased to
$6.38 and $1.69 per acre-foot of water for the
owner-operator and tenant, respectively.
Other well costs were not allowed to increase
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TABLE 3. Value per acre foot of irrigation water for farm owner-operators, using surface
and sprinkler irrigation, by crops at specified product prices, Texas High Plains,
1977.

Irrigated Value of water
net yield Product Water per acre-foota

increase price used Sprinklerb Surface
(units) (dollars) (Ac-Ft) - -dollars - -

Wheat 34 bu 3.10/bu 1.3 5 10
3.60/bu 18 23
4.10/bu 31 36

Gr. Sorghum 60 cwt 3.10/cwt 1.8 22 25
3.60/cwt 39 42
4.1 0/cwt 56 59

Corn 71.4 cwt 4.00/cwt 2.0 35 38
4.50/cwt 53 56
5.00/cwt 71 74

Cotton 400 lb .43/lb 1.2 59 64
.50/lb 86 91
.60/lb 123 128

aExcludes all water costs, except distribution costs.
bCenter pivot sprinkler w/135 acre coverage.

with rising energy prices, as would likely oc-
cur.

The price limit which irrigators can afford
to pay for energy will be the price which
equates water cost with the value of water in
production. As an example, the maximum
price that an owner-operator surface irrigator
can afford to pay for energy for irrigating a

specific crop can be derived from the above
cost data of the model well and shown as:

3) Vi = 5.95 + 5.07X
or

X = (V, - 5.95)/5.07

Where:
Vi = irrigation water value per acre foot in

TABLE 4. Value per acre foot of irrigation water for tenant farmers, using surface and
sprinkler irrigation, by crops at specified product prices, Texas High Plains, 1977.

Irrigated Value of water
net yield Product Water per acre-foot a

increase price used Sprinklerb Surface
(units) (dollars) (Ac-Ft) - dollars - -

Wheat 22.6 bu 3.10/bu 1.3 8 12
3.60/bu 17 21
4.10/bu 26 30

Gr. Sorghum 40 cwt 3.10/cwt 1.8 10 13
3.60/cwt 21 24
4.10/cwt 32 35

Corn 47.6 cwt 4.00/cwt 2.0 10 13
4.50/cwt 22 25
5.00/cwt 34 37

Cotton 300 lb .43/lb 1.2 50 55
.50/lb 70 75
.60/lb 99 104

aExcludes all water costs, except distribution costs.
bCenter pivot sprinkler w/135 acre coverage.
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producing crop i and X = cost per KWH
electricity, cents.
The solution of equation (3) represents the

price per KWH of electricity which would
negate any economic advantage from irriga-
tion, and would yield the same net returns
as dryland production. Justification of con-
tinued irrigation would then be based on
factors other than increased profits, such as
reducing production risk and improving avail-
ability of financing.

Discussion

In these analyses, water values were com-
puted at current irrigation levels, as shown
by the quantity of water used in production of
each crop reported in Tables 3 and 4. We
have not attempted to establish a value for
water under a reduced or limited irrigation
program where emphasis is placed on
maximizing efficiency of water-use. A lesser
quantity of water applied at critical periods of
plant development could prove profitable;
whereas, net returns from a full irrigation
level, at the same energy price, could be less
than that of dryland production [Shipley and
Regier]. For any given irrigation yield and
product price, there is an energy price which
will equate net returns of irrigated and dry-
land production. We are examining current
irrigation levels that predominate in the area
for the major crops and the price of energy
that would negate any economic advantage in
support of continued irrigation. Under an as-
sumption of high-level management, the
same quantity of water is assumed to be
applied by both surface and sprinkler irri-
gators. The quantity of water applied by
sprinklers may be reduced slightly without
affecting yield due to increased irrigation ap-
plication efficiency.

The value of increased yield due to irriga-
tion is extremely sensitive to product prices,
as shown in Tables 3 and 4. Consequently,
water values have been expanded to cover a
wide range in product prices for these four
principal crops for both tenure groups under
surface and sprinkler irrigation in Figures 1
and 2, respectively.

198

A wide range of commodity prices, by ten-
ure groups, with corresponding water val-
ues for surface irrigation, and cost per KWH
of electricity that would equate net returns
(break-even) for irrigated and dryland pro-
duction, at 1977 input prices, are presented in
Figure 1. Similar data for sprinkler irrigation
are shown in Figure 2. Water values at cur-
rent irrigation levels and production prac-
tices were established as a function of com-
modity prices and the long run average total
water costs were established as a function of
the price of electricity. When water cost is
equated with water value (Figures 1 and 2),
the product price and cost per KWH of elec-
tricity that equates net returns from irrigated
and dryland production can be read directly
from the chart. For example in Figure 1, if an
owner-operator surface irrigator is paying 3.5
cents/KWH for electricity, his average total
water cost is $23.78/Ac ft. A straight edge
across Figure 1 at $23.78, under the two col-
umns labeled water cost and water value, will
show product prices corresponding to a water
value of $23.78, i.e., $3.64/bu for wheat,
$3.05/cwt for grain sorghums and $3.59/cwt
for corn. At these product prices, the value of
water in production equals the cost of water
with electricity selling for 3.5 cents/KWH.
These data represent a long run analyses,
which include total costs, and farm irrigators
could make various adjustments during the
short run or intermediate periods; for exam-
ple, irrigation and other input levels could be
reduced and irrigation continued as long as
returns exceed variable production costs.

Surface Irrigation

For owner-operators at the current price of
3.5 cents per KWH of electricity, the
irrigated-dryland "break-even" prices are
$3.64/bu for wheat, $3.05/cwt for grain sor-
ghum and $3.59/cwt for corn (Figure 1). The
long run profitability of surface irrigating
these crops at present input levels is in seri-
ous jeopardy at current market prices. Texas
Market News Service (Nov. 1977) price quo-
tations are $2.38/bu for wheat, $3.25/cwt for
grain sorghum, and $3.57/cwt for corn. Of
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the three crops, only grain sorghum yielded a
return greater than dryland production. The
current market price for wheat is consid-
erably below the owner-operator's irrigated
cost of production and the irrigated-dryland
"break-even" price (Table 5). This difference
would be partially off-set during some years
by the grazing income which was not in-
cluded in this analysis. Since the owner-
operator's dryland cost of production for cot-
ton was $0.43/lb, dryland cotton would not
be an alternative enterprise until electrical
energy reached 11.6 cents per KWH.

The current price of electricity establishes
the tenant farmer's irrigated-dryland
"break-even" product prices for grain sor-
ghum and corn at $3.36 and $4.26/cwt, re-
spectively. Over the long run, the market
price will have to be higher than the above
quoted "break-even" product prices for these
two surface irrigated crops to be more profit-
able than dryland production.

A tenant farmer's cost of production for
surface irrigated wheat is $3.58/bu and is

$3.76/bu for dryland (Table 5). The present
market price of wheat eliminates both
enterprises as being profitable ventures. At a
market price of $3.76/bu for wheat, energy
prices would have to rise to 4.5 cents per
KWH before the net returns from irrigation
would be reduced to that of dryland wheat.

Production costs for irrigated and dryland
cotton are $0.36 and $0.46/lb, respectively.
At a market price of $0.46/lb for cotton, the
irrigated-dryland "break-even" price of
energy would be 12.3 cents per KWH for
tenants.

Sprinkler Irrigation

Under the assumption that the same quan-
tity of water is being used through sprinkler
and surface irrigation systems, water costs for
sprinklers will be higher due to the increased
head pumped and a more costly distribution
system. Consequently, the irrigated-dryland
"break-even" product prices for any given
energy price will be higher than for surface
irrigation.

TABLE 5. Cost of Production "break-even" product prices, by farm operators, for specified
crops and yields on the Texas High Plains, 1977.

Cost of Production "Breakeven"
Net Yield/Acre Product Prices

Producer Product Dryland Irrigated Dryland Irrigateda
Sprinklerb Surface

---- ---- Units --- dollars/unit--
Owner-Operator

wheatc 16 bu 50 bu 3.55 3.91 3.61
gr. sorghum 15 cwt 75 cwt 3.06 3.30 3.05
cornd 12.6 cwt 84 cwt 3.64 3.84 3.60
cotton 200 lb 600 lb .43 .38 .36

Tenant

wheatc 10.7 bu 33.3bu 3.76 4.02 3.58
gr. sorghum 10 cwt 50 cwt 2.81 3.62 3.25
cornd 8.4cwt 56 cwt 3.35 4.48 4.12
cotton 150 lb 450 lb .46 .38 .36

aTexas Agric. Extension Budgets, Region II, High Plains (prepared by Ray Sammons, Amarillo) and "Example"
Irrigation well cost model average water costs with electricity @3.5 cents per KWH and specified distribu-
tion costs (Table 2).

bCenter pivot sprinkler w/135 acre coverage.
CExcludes any income from grazing.
dDryland grain sorghum considered as alternative for dryland corn - to compensate for an assumed 1.5 price
differential (bu corn vs cwt grain sorghum), a yield ratio substitution of .84 to 1 was used for dryland corn and
grain sorghum with production costs assumed constant.
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For owner-operators at the current energy
price of 3.5 cents per KWH, product prices
over the long run must exceed $4.08/bu for
wheat, $3.36/cwt for grain sorghum and
$3.87/cwt for corn before sprinkler irrigation
will be more profitable than dryland produc-
tion. Present market quotations for all three
crops are below these specified prices.

Compared to other crops, cotton maintains
a unique position at present. The market
price for cotton is above the cost of produc-
tion for both irrigated and dryland producers.
Current market price for cotton is about
$0.45/lb whereas, sprinkler irrigated cost of
production is $0.38/lb and dryland produc-
tion cost is $0.43/lb. For $0.45/lb cotton, the
irrigated-dryland "break-even" price of
energy is 8.7 cents per KWH.

If tenant-operators expect to recover their
total production costs, with energy priced at
3.5 cents per KWH, product prices will have
to exceed $4.14/bu for wheat, $3.82/cwt for
grain sorghum and $4.68/cwt for corn. Cur-
rent market conditions for all three crops
favor dryland production.

At the current energy price, sprinkler irri-
gation of cotton will continue as long as mar-
ket price exceeds the cost of production of
$0.38/lb. Dryland cotton production would
be an alternative at a market price of
$0.46/lb, if the price of energy increased to
8.2 cents per KWH.

Summary and Conclusions

An irrigation well cost model was used to
estimate the average annual total cost per
acre-foot of water for an electrically powered
well on the Texas High Plains. Water costs
were estimated as a function of the price of
electricity. The example well was above av-
erage in pumping rate for the High Plains
area, and the model maintained a high effi-
ciency for the pump and motor. Seventy per-
cent of the irrigation wells have less pumping
capacity, and experience would indicate that
relatively few operate at the level of effi-
ciency included in the model. Thus, water
costs for the majority of electrically powered
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wells should equal or exceed those of the
well used in the analysis.

Water cost data and the value of water in
production for the four principal crops grown
in the area, at a wide range of product prices,
were used to estimate the price per KWH of
electricity to equate net returns from current
irrigation practices and dryland production
over time. Total costs of production practices
that predominate in the area were used in
this analysis. In the short run or intermediate
period, farmers will continue production as
long as returns exceed variable costs; how-
ever, as in any business, total costs cannot be
ignored indefinitely.

Three of the four crops included in this
analysis (wheat, grain sorghum and corn),
appear to be in serious jeopardy for con-
tinued irrigation at current levels of produc-
tion with existing product prices. Dramatic
changes in current production practices will
be necessary if irrigation of these crops is to
continue. Specific areas for consideration in-
clude: 1) Improved crop production systems
to reduce irrigation level and other inputs; 2)
More efficient water distribution systems; 3)
Higher efficiency levels in irrigation pump-
ing plant; 4) Utilize lower cost energy
sources; 5) Greater use of rainfall and more
careful management of crop water require-
ments by irrigation during critical periods of
plant development; 6) Selection of drought
tolerant varieties; and 7) The utilization of
crop residues as an additional source of in-
come.

Although owner-operators and tenants
both are experiencing economic pressures at
current product and input prices, tenants are
placed in a much more vulnerable position
than owner-operators. Neither owner-
operators nor tenants have a management
charge included in the analyses, but the
owner-operators do have a land rent charge
that yields a return on their investment in
land. With rising energy prices, tenure ar-
rangements between landlords and tenants
need to be re-evaluated. Landlords may have
to share the cost of energy for irrigation.

If irrigated agriculture is to remain a viable
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industry in the Texas High Plains, drastic
changes will have to be made in crop produc-
tion systems because spiralling energy prices
without corresponding rises in product prices
could result in energy, rather than water,
being the limiting factor in High Plains irriga-
tion.

References

Dvoskin, D. and E. O. Heady. "Commodity Prices and
Resource Use Under Various Energy Alternatives in
Agriculture." Western J. Agr. Econ. 2 (1977): 53-62.

Feldman, Marvin and N. K. Whittlesey. "A Computer
Model of Irrigation Well Costs," Proceedings of West-
ern Agricultural Economics Association, July, 1974.

Goss, D. W. and J. L. Shipley. "An Economic Model for
Irrigation Well Management in a Declining Aquifer."
Western J. Agr. Econ. 3 (1978): this issue.

Hughes, W. F. and W. L. Harmon. Projected Economic
Life of Water Resources, Subdivision Number 1, High

Plains Underground Water Reservoir, Technical Mon-
ograph 6, Texas Agricultural Experiment Station, Col-
lege Station, December, 1969.

Lacewell, R. D., J. M. Sprott and B. R. Beattie. Value
of Irrigation Water with Alternative Input Prices,
Product Prices and Yield Levels: Texas High Plains and
Lower Rio Grande Valley, Tech. Rep. 58, Texas Water
Resources Institute, Texas A&M University, College
Station, Aug. 1974.

LePori, W. A., R. L. Trimble and R. M. Acker. Costs
Associated with Irrigation Power Units, Technical Ar-
ticle No. 13254, Texas Agricultural Experiment Sta-
tion, Texas A&M University, College Station, 1977.

Mapp, H. P., Jr. and C. L. Dobbins. "Implications of
Rising Energy Costs for Irrigated Farms in the Okla-
homa Panhandle." Amer. J. Agr. Econ. 58 (1976): 971-
977.

New, Leon. High Plains Irrigation Survey, 1976, Texas
Agricultural Extension Service, College Station, 1976.

Shipley, John and G. C. Regier. Water Response in the
Production of Irrigated Grain Sorghum, High Plains of
Texas, MP-1202, Texas Agricultural Experiment Sta-
tion, College Station, June 1975.

203

Shipley and Goss



Western Journal of Agricultural Economics

204

December 1978




