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Abstract 

Furrow diking can prevent irrigation and rainfall runoff, conserve energy 
use, prevent soil loss, ami allow producers to reclaim land otherwise unus
able, depending on soil, climate, and crops grown in a given area. Initial 
investment to use this technique may be recovered within the first season. 
This study analyzes the effects of diking on water and soil conservation, 
crop yields, costs, and energy use in farming, using examples of farms in the 
Texas High Plains area. 

Keywords: Furrow dikes, water conservation, soil conservation, erosion, irri
gation, farm equipment. 
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Summary 

Furrow diking-forming mounds or dams between crop rows to retain 
water-can prevent irrigation and rainfall runoff, conserve energy use, pre
vent soil loss, and allow producers to reclaim land otherwise unusable. Ini
tial investment to use this technique may be recovered within the first sea
son. This study analyzes the effects of diking on water and soil conservation, 
crop yields, costs, and energy use in farming, using examples of farms in the 
Texas High Plains area. 

The impacts of diking varied widely according to the type of system used. 
Diking benefits dryland farming if there is water runoff to be retained. 
Water is used more efficiently in general in irrigated farming with dikes, for 
example. Under the Low Energy Precision Application system (LEPA), dikes 
have retained water where applied without nmoff, while nondiked areas 
have had about 5 times more rainfall runoff and 15 times more irrigation 
runoff than did diked areas. Under the Limited Irrigation Dryland (LID) sys
tem, value of grain production per each acre-inch of water had averaged 60 
percent higher than without this system over 3 years. Yields of diked sys
tems are usually higher unless excess water accumulated due to unmoni
tored irrigation. 

Furrow diking may substitute for other soil conservation structures, but its 
ability to prevent erosion is limited. Furrow diking is most successful in con
serving soil when combined with other established conservation practices. 
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,Furrow Dike Water Conservation 
Practices in the Texas High Plains 

Glen Wistrand* 

Introduction 

Of the 25 million acres of crops planted in Texas 
annually, 14 million are in the West Texas 
subhumid to semiarid climates, and 9 million of 
those acres receive no supplemental water. Crop 
yield in these climates depends on water available 
through rainfall or underground sources. Irrigation 
water is not available to much of the area; for pro
ducers with water sources, increasing energy costs 
for pumping and distribution puts new economic 
pressures on their ability to produce. This report 
looks at the development and status of furrow dik
ing, a water conservation technique, as well as its 
costs and benefits, principally in the Texas High 
Plains. 

Producers in the region have used many soil and 
water conservation practices to control deteriora
tion of resources and increase production. Some 
practices designed to reduce crop failure are skip 
row planting, fallow seasons, stubble mulching, 
minimum tillage, intensive weed control, contour 
rows. terracing, and variations of leveling. Irriga
tion conservation practices have included more 
timely application of water and collecting runoff of 
applied water (tailwater). Furrow diking is a cur
rently used, extensive practice in the High Plains 
(fig. 1). It consists of mechanically forming mounds 
or dams at intervals between crop rows to retain 
water in place during rain or irrigation. Furrow dik
ing is used as an integral part of annual cropping 
practices. 

These practices have all been attempted for good 
reason. Rainfall normally is scarce and uncertain 
and underground water levels are dropping and 
becoming unrecoverable. Options for improving 
water availability or use such as importing water at 
$700 per acre-foot (16), pumping water at $25 per 
acre-foot, or leveling land for $250 per acre prompt 
a resource owner and producer to search for addi

tional aids (9). I Financing investments and opera
tional costs at high interest rates causes further 
considera tion of options. 

Most references used in this report are from 
research completed or ongoing in the High Plains. 
Area equipment manufacturers were contacted for 
diker design, price, and operation data, and pro
ducers consulted for a perspective of practical ap
plication. Information from the Texas High Plains 
area should be applicable in other parts of the 
State and Nation where climate and soils are 
similar. Also, many other area conditions may be 
adaptable to the concept of furrow diking if the 
resourr~e and climate conditions are studied for an 
integrated plan of use. 

More detailed computer applications will be forth
coming in subsequent area analyses by the Economic 
Research Service (ERS). Those analyses will include 
an integration of climate, soil, wat8r tillage, plant 
phYSiology, and engineering factors over time. Yield 
response, soil and nutrient erosion, and water use 
will be among the measures reported. 

Development of the Furrow Dike 

The basic idea of controlling water using dikes be
tween rows to prevent runoff is not new. Evidence 
of experiments with the concept during the past 
half century may be found in research and in farm 
equipment junk piles across the Great Plains. The 
concept has been called ridge ties, basins, furrow 
blocks, microbasins, and furrow dikes, among other 
names. Figure 2 shows basins formed on a row crop 
field in Kansas many years ago. 

Earlier efforts to use this technique were conceived 
to control wind erosion, retain water, and perhaps 
control weeds by the accompanying lister during 
noncropped seasons. An implement called a waffle 

*The author is an agricullural economist with the Natural 'Italicized numbers in parentheses refer to items listed in the 
Resource Economics Division, ERS, USDA. References. 
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cultivator was built and tried in Kansas during the 
thirties, making holes on primarily flat ground to ac
cumulate water. Furrow dikers were also built and 
used during this period in Colorado, Nebraska, and 
Iowa. Principally used during fallow seasons, t.1.ese 
dikes were usually formed up and down slopes to 
hold water. Evaluations and trials continued for 20 
years or more, showing little or no crop response 
benefits. Also discouraging was the slow and jar
ring ride that accompanied the operation forming 
the dikes. Furrow dikes were also destroyed by 
cultivation. Years of research in Kansas and 
Oklahoma using this technique as a fallow period 
water retention practice showed no wheat crop 
yield advantage (1, 8). 

Furrow diking was abandoned in most U.S. areas by 
1950, apparently because users had not yet 
developed a comprehensive approach integrating 
biological and technological factors with plant 
needs. Diked crops frequently had poor weed con
trol, increased erosion from dike washout, subpar 
cultivation, and difficult tillage after placement. But 
furrow diking for row crops may have failed largely 
because it was not used to retain water during the 
crop season. 

Technical advances unrelated to furrow diking now 
affect the current technique's practicality and pro
ductivity. Advances in chemical weed control essen
tially eliminate tillage problems which occur when 
dikes are in place. When cultivation is necessary, 
front-mounted sweeps remove the dikes for wheel 
travel while rear-mounted dikers replace them. Im
proved tractors, implements, and control systems 
have increased speed and ease of operations with 
dikers. 

A change in concept from controlling downhill 
drainage in the furrow to diking on gentler slopes 
and even on the contour narrowed the range of 
problem conditions that furrow diking was expected 
to control. Instead of substituting completely for 
other practices, diking was added where appropri
ate (2). 
Research testf:1 of dryland and irrigated cotton 
yields in the Texas High Plains area showed that 
preventing runoff during a crop season was advan
tageous on both level bordered and slightly sloped 
bordered terracing (12). Further analyses of crop 
season runoff records emphasized the importance of 
retaining water in place. At that time of year, crops 
use the water immediately, evaporation losses are 
minimized, and soil erosion is controlled. Advan
tages of land leveling and borders (variations of 
bench terraces) were recognized in cotton and grain 
sorghum, but leveling large acreage is costly and 
may affect producers' cash flow (8). Soil may 
sometimes be too shallow or topography too ir
regular to follow this practice. The risk of lower net 
returns due to higher monetary and energy costs, 
decreasing availability of water, and increasing cost 
of some water-retaining practices focused manage
ment on reduced tillage, mulch tillage, and furrow 
diking. 
Development of more compact, simple, and fast 
operating diking equipment aided adaptation of fur
row diking across the Texas High Plains (fig. 3). The 
raising single shovel activated by a long-spoked 
single or douLle wheel was an early design (see fig. 
3). But with renewed interest spawned by need, 
design progressed rapidly. Weaknesses and ineffi
ciencies in the equipment quickly became evident on 
large farms. Farmers innovated and manufar:turers 
responded to design problems. In the future, equip-

Figure 1. Furrow dikes formed to retain water tor a r()w crop in the Figure 2. BaSins rormea In turrows of a row crop field in Kansas 
High Plains area. decades agu. 
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Figure 3. 

Rotating disk, three-paddle hydraulically tripped diker. 

Early model "Texas Diker" stili manufactured and used 
("single shovel"). 

Experiment station.designed, four-paddle, hydraulically 
tripped furrow diker. 

Three-paddle load tripped furrow diker. 
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ment must be simple and trouble-free, attachable to 
other equipment to reduce number of operations, 
capable of high-speed operation, and adjustable for 
dike depth and space. 

Environment of the High Plains 

Furrow diking has been applied more widely in the 
Texas High Plains than elsewhere in recent years, 
with many new designs tried. The terrain and 
climate may account for furrow diking's popularity. 
The area has about 18 million acres of open terrain, 
nearly level to gently sloping with few streams but 
marked with playas (circular depressions a few feet 
deep and 5 to 100 acres in size that intermittently 
accumulate water from rainfall and runoff). Soils 
range from clays to sands and are usually deep. 
Where water is available from the Ogallala aquifer, 
the soils are well suited for irrigation. 

Annual rainfall in the region varies from 15 to 22 
inches from southwest to northeast, averaging 18 
inches. The rainfall for a given area may range 
from 50 percent of average to about double the 
average. About half the rainfall occurs during June, 
July, and August, approximately 75 percent during 
the summer crop season. 

Figures showing the interrelationship between soil, 
water, and climatic data for two soil moisture 
regimes, the us tic and the torric (or aridic), depict 
how environmental factors relate throughout the 
year (fig. 4). Figure 4 illustrates the need to hold 
and extend the usable moisture period since mois
ture is low during a part of the cropping season in 
which yield development occurs. These figures 
would contrast significantly, for example, with data 
describing an area where most of the rainfall oc
curred during winter months and none during sum
mer months. The ustic regime best represents the 
High Plains. The graph indicates that moisture is 
limited but usually present when conditions are 
suitable for plant growth. The torric regime also 
shows a seasonal pattern but the peak of rainfall 
occurs later, the accumulation is less, recharge 
(accumulated moisture) is used much earlier, and 
the moisture deficit peaks in June (17). This regime 
becomes prevalent in the western part of the region. 

About 75 percent of the time, the High Plains 
receives between 6 to 14 inches of rain from June 
through September. The region has relatively short, 
high-intensity rainstorms. When it rains, the soil 
resources must be prepared to retain the rain or a 
high percentage will run Qff, especially on the 

tighter soils such as the expansive Pullman clay 

loam. 

Twenty-three years of data for a nonirrigated 

wheat-fallaw-sorghum crop sequence on terraced 

Pullman soil at Bushland, Tex., using contour stub

ble mulch tillage show an average of 1.4 inches of 

runoff per year. Runoff during these 23 years 

ranged as follows: 


Inches of runoff Percent of Years 

2.0-5.0+ 22 
1.0-1.9 26 
.5- .9 4 

o - .49 47 

Other tillage practices such as tilling up and down 
slope, commonly done under irrigation and with un
dulating terrain. will result in greater runoff. 
Average annual runoff is estimated at over 2 inches 

Figure 4 

Climate and Soil Water Balance for the Ustic 
and the Torric Soil Moisture Regimes 
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in the High Plains, largely during June, July, and 
August. Figure 5 shows the significant monthly pat
tern of average runoff for a nonirrigated wheat
fallow-sorghum-fallow sequence under mulch tillage 
conditions during 14 years of the 23-year period (8). 

In contrast, runoff from conventional irrigation may 
be quite high because water infiltrates most of the 
irrigated soils slowly. Rainfall following irrigation 
increases the problem. Even with tailwater reuse, 
losses from irrigated fields may be 8 to 12 inches 
generally (2). 

The High Plains area is also noted for high winds 
and temperature combinations that result in a high 
evaporation rate. This water loss from air, surface, 
or plants is very high, especially during the deficit 
period (fig. 4). 

Figure 5 

Variations in Furrow Dike Practices 

Timing of furrow dike placement depends on: 

• 	 the type of cropping and tillage program fol
lowed, 

• 	 the weather damage risk, 

• 	whether the producer is equipped to remove 
and replace dikes as necessary, and 

• 	 the goal of the producer resource manager in 
resource conservation and production risk 
reduction. 

For conventional tillage, farmers may prepare land 
and form dikes in the fall to control soil erosion 

Mean Monthly Runoff from Three Graded Terraces in a 3-Year Wheat-Fallow-Sorghum Crop 
Rotation in Bushland, Texas 

Runoff (inches) 
.7 	 r r-
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Source: (8). 
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while retaining rainfall. This permits year-round 
water retention. However, many farmers dike in 
February or March when forming crop rows. Late 
winter through the growing season is the heavier 
rainfall period with spring and early summer the 
most heavy (fig. 4). The dikes may be removed and 
replaced at planting time or just removed. When 
they are removed, however, the soil is not protected 
and rainfall runoff is not retained. The risk of crop 
loss from hail coupled with heavy rains has en
couraged some producers to install dikes at the first 
or second cultivation. In case late replanting is 
necessary, producers may be able to get into the 
field quicker if less water is retained. In any case, 
producers must be able to remove and replace dikes 
in one operation, since an extra trip across the field 
costs $4 to $6 per acre. The effect of leaving the 
field undiked must be weighed against any other 
conservation pratices in place and the risk to plant 
development or soil erosion. 

Oryland Row Cropping 

The type and application of furrow dikes varies 
with soil type and terr.ain. In tighter soils, such as 
the Pullman clay loam north of Lubbock, deep dikes 
may be needed to hold more rainfall for a longer 
time because infiltration is slow (fig. 6). The two
paddle diker is prevalent in this area. If rainfall 
overflows and the deep dikes are not in place, 
water is lost, and erosion may occur. A common 
practice is to dike all furrows except those traveled 
by tractor tires. In fields where SO-inch bed double 
rows are used, basins may be formed between the 
rows and in the middle of the bed. 

In sandy soils, rainfall enters the soil much quicker 
than on clay soils and may go beyond the root zone. 
Intensive rains cause runoff when no structures or 
stubble are present for control. Because much of 
the sandy terrain is undulating and not conducive to 
structures, some form of diking can control wind 
and water erosion and aid water storage. Many 
producers favor smaller, more closely spaced dikes 
on sandy soil (fig. 7). 

Playas collect runoff and temporary ponding of 
water occurs, making many nearby acres high farm
ing risks. Diking can aid this problem by holding 
water in place, thus reducing runoff into these lake 
areas. 

Producers in the Southern High Plains are working 
with variations of this practice. When dikes are 
used, additional acreages are generally made 

available in the playa lake areas. Farmers in the 
Southern High Plains commonly use a three-paddle, 
self-tripping furrow diker which makes smaller tut 
more numerous basins. usually in all furrows. Soils 
of a sandy loam texture in this area, however, are 
sometimes farmed with hi.gh rows, using single
paddle dikers that form deep dikes. 

Furrow planting is common in the Southern High 
Plains, protecting young cotton from blowing sand 
and enabling farmers to plant into moist soil. To 
dike the furrows conventionally, planting may need 
to be done on the bed side or ridge. By retaining 
furrow water dikes and abstaining from opening the 
soil for a planting furrow, the probability of holding 
more water and reducing wind erosion is increased. 

Figure 6. 

Deep. long furrow dikes in tight soil. 

Alternate furrow dikes used in furrow irrigated crops. 
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Figure 7. Shallow, numerous furrow dikes with 7 of 9 furrows diked in coarser textured soil. 

Irrigation Row Cropping 

The furrow dike technique can also be used to con
serve water in irrigation row crop farming. When 
irrigation water was plentiful and pumping costs 
were low, the economic benefit of conserving 
underground water or rainfall was minimal. Even 
with adequate water availability, however, a pro
ducer must now seriously consider conserving 
water resources because pumping costs are so 
significant. Cost of production is a producer's im
mediate concern, though conservation of the 
depleting underground sources is a serious longer 
term problem. 

Diking in irrigated farming can control water 
resources in several ways. This control can reduce 
cost, improve production, and conserve soil and 
water resources. Furrow irrigation can use alter
nate row diking, permitting water application in the 
nondiked rows. This retains 50 percent of runoff 
and leaves every other row without dikes for apply
ing irrigation water. Some systems use dikes on all 
rows with slight depressions in the dike to enhance 
irrigation water flow. Sprinkler irrigation systems 
can use dikes to hold water where it strikes the soil, 
permitting heavier water anplications without 
runoff. 

Furrow Dike Applications 

One cotton producer in the sandy soils of the Texas 
Southern High Plains stopped irrigating in 1975 
because ground water levels were falling. His ir
rigation water also tended to seal the soil, causing 
increased rainfall runoff (3). As a dryland farmer, 
he began furrow diking to conserve moisture, using 
a three-paddle diker that made dikes 36-38 inches 
apart to form basins of about 5 gallons of water. 
His row system was two in and one out, commonly 
referred to as the 2xl skiprow cropping pattern. 

Farming 640 acres, this producer made these obser
vations: 

• Two playa lakes previously in water were 
farmed with good yields because watfr was re
tained on the slopes by dikes. 

o 	 Typical West Texas rain of 1.5 to 2 inches in 
less than an hour was contained without 
runoff. 

o 	 Cotton responded to drought conditions better 
than surrounding nondiked crops. 
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• 	 Cotton yields from slopes, normally lower than 
the level ground, yielded equal to the level 
ground when diked. 

• 	 Yields averaged half a bale while surrounding 
farms had yields averaging a quarter to a half 
bale. 

Operations were changed significantly to use this 
furrow diking technique during the crop season and 
gain the results noted. Most planting in this area 
was done by "busting out" the formed beds and 
planting in the resulting furrows. This protected 
young plants from wind and sand, and ensured that 
seeds were planted in moist soil. A disadvantage of 
opening these beds was a loss of valuable soil 
moisture. To dike the furrow, this producer planted 
in the bed, retaining the moisture and holding rain
fall in the furrows. The tradeoff between the risk of 
young plant damage and improved moisture conser
vation was positive for this produceI'. 

Another cotton producer began furrow diking both 
irrigated land and dryland with Texas wheel dikers, 
operating about 4.5 mph. The second year, a three
paddle diker was substituted during the crop 
season. The third year, this three-paddle diker was 
modified to two paddles to make a larger dike and 

reservoir to contain water, an important adjustment 
on soils tighter than sand. Field speed was also ad
justed to approximately 6-7 mph. 

Operation schedule now calls for initially diking 
seven of nine furrows, leaving traveled furrows un
diked for dryland and sprinkler-irrigated ground. 
Furrow-irrigated land js diked similarly after 
preplant irrigation, plowed out in conjunction with 
rod weeding, and rediked in alternate furrows at 
first cultivation (11). 

New System Applications 

Special new systems of irrigation control using 
dikes are being tested at experiment stationS. These 
systems are the Luw Energy Precision Application 
system (LEPA) and the Limited Irrigation Dryland 
system (LID). Some innovative producers have begun 
to apply these new systems on their farms. 

LEPA. The LEPA system consists of furrow diking 
and special low pressure water application equip
ment. Furrow diking retains water where applied 
without runoff or uneven distribution. On tight soils, 
tests indicate that low-pressure application results 
in runoff when dikes are not an integral part of the 
system (10). Sandy soils may not require dikes, but 
dikes are still needed to retain rainfall. 

Figure B(A) - Wate; applied by LEPA system including furrow dikes. 
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The LEPA equipment consists of a lateral movement 
overhead sprinkler with a manifold drop tube. 
Water under low pressure is brought within inches 
of the furrow soil by drop pipes and is discharged 
as gentle rainfall (see fig. 8). The advantages of this 
system are increased control of both irrigation ap
plication and distribution, resulting in higher effi
ciencids. In the High Plains, for instance, wind and 
heat create tremendous evaporation >vvnich causes 
high water loss in sprinkler irrigation. Evaporation 
losses range from 5 to 94 percent and average 22 
percent in tests (10). The LEPA equipment delivers 
the water through pipes to the furrow, eliminating 
this loss during application. Furrow irrigation 
systems in general have good application efficiency, 
but distribution efficiency across the field is poor. 
Lack of control permits excessive infiltration in 
parts of the field and high runoff while watering the 
full field. The furrow dikes retain water where ap
plied. Thus, water resources are controlled all the 
way to the surface and on the surface. 

LID. Furrow diking is an integral part of the LID 
distribution system (14). The LID system is designed 
specifically for graded furrows in areas where rain
fall is limited, soil is slowly permeable, and irriga
tion water is limited. The system works on the 
premise that a producer uses a given amount of ir
rigation water for the cropping season, applied on a 
set schedule. The producer recognizes that the 
amount is not insufficient 1.0 adequately water all of 
a given field all the time. Furrow dikes control how 
far the water flows, so that the upper half may be 
adequately watered, the third quarter receives 

Figure 8(B) - Closeup of approaching LEPA water application into 
basins formed by furrow dikes. 

tailwater, and the lower quarter is dryland (fig. 9). 
Seeding rates must be adjusted accordingly. 
Although all rows are diked, the rows to be ir
rigated have cupped dikes to allow water to ac
cumulate, break over, and advance to the next fur
row dike. Available rainfall determines how far 
down -theJurrow water flows. The primary advan
tages of this system are that it prevents runoff, uses 
applied water more efficiently, irrigates more land 
during wet season3 and less during dry seasons, 
and allows irrigation sets to be moved at specific in
tervals regardless of how far the water has 
advanced. 

Furrow Dike Costs 

Furrow diking equipment requires an initial invest
ment of $140 to $300 per row of the tool bar. This 
equipment attaches to existing implement shanks or 
tool bars. Initial outlays vary widely depending on 
the design, fabricating by the producer, and sales 
discount allowed. Table 1 shows various designs 
with some mechanical characteristics and approx
imate purchase prices. The kind of dike pattern 
formed depends on soil texture, amount of loose 
soil, wetness, adjustment of the dike units, and the 
equipment itself. 

A producer using a nine-row tool bar to dike all fur
rows as in off-season dryland farming would re
quire an investment of $1,500 tu $3,000. This range 
depends on both the diker unit and the dike remover 
mechanism ($350) fabricated to smooth the furrow 

Figure 9 

Water Management System for Adjusting the 
Amount of Irrigated Land Depending on 
Seasonal Precipitation 

) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ................----) ) ) ) ) ) ) ) 


) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) I 

) ) ) ) ) ) ) ) ......·t..·..........··....................·..·.... ··~·················· ·t· 

Irrigation Plant Furrow 
water density dams 

Source: (14). 
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Table i-Furrow dike equipment designs 

--".-~-------- -Trip mechanism Design Shovels 	 Hydraulic Relative Cost per 
Spoke Load cam 

Number 

A 
B 
C 
D 
E 
F 
G 

1 
2 
1 
2 
3 
2 
1 

X 

X 

X 
X 

X 
X 

X 

-..-~-~------.~"
Note: H = heavy and L= light. 
lSpeed at which dikes can be installed. 

Table 2-Estimated costs of purchasing and 
operating furrow dike equipment seven- and 
nine-diker unit tool bars 

Costs Nine-unit Seven-unit 
----~------------------------

Investment costs: 
Casht 

Use on 640 acres, 1 year, 
per acre 


7-year life, per acre 


Financed 3 years at 14 
percent 

Use on 640 acres, 3 years, 
per acre 

7-year life, per acre 

Operating costs per acre: 
FueP 
Labor3 

Maintenance4 

Total 

Total annual costs: 
Cash, 7-year life, per acre 
With principal financed, 
per acre 

Dollars 

1,979 1,267 

3.09 	 1.98 
.44 .28 

2,541 1,604 

1.32 
.56 

.88 

.054 

.287 

.429 

.87 

.99 

.835 

.358 

.063 

.042 

.184 

.289 

.57 

.65 

1$181 each plus $350 for dike remover. 9-unit system. all furrows. 
'Three Limes over X 7.0 gallon/hour X 0.08 hours/acre X $1.05 

price/gallon X 0.05 added fuel. 
'Three times over X 0.08 hour/acre X $4.50 wage/hour X 0.05 

added labor. 
'Price X 0.65 repair ralio/640 acre use X 7-year life. 

Speed! Dike size weight row 
--~ ~-.- -----..-..,-. ......--..----_.. _- ..-----.~. ---

Dollars 

H 175 
L 160 
L 140 
H 260 
L 145 
L 165 
H 220 
---~~--~----~ 

Mph 

4.5-5.5 Deep 
6 -7 Medium 
5.5-6 Medium 
5.5 Deep 
4.5 Small 
6 -7 Medium 
5.5 Deep 

......--~~-.-~---

for tractor and equipment wheel passage in subse
quent operations. With design changes over the past 
few years and no history of costs, annual cost is dif
ficult to estimate. A i-year payout would cost about 
$3.09 per acre (table 2). Average equipment running 
for 7 years on 640 acres would cost approximately 
44 cents per acre per year. Equipment service life 
is comparable to other equipment included in Texas 
crop budgets for the High Plains, and acreage ser
viced reflects interview responses. 

Investment costs would be fixed cost expenditures. 
either short or long term. for a crop budget. Data 
are not available for operating costs associated 
with adding dikers on the tool bar. Assuming that 
trG\ctor power aud tool bar size are not grossly over
whelmed by the additional weight and leverage of 
the diker selected. operating cost for diking in con
junction with other operations is estimated at 43 
cents per acre per year. Total cost then is 44 cents 
per acre fixed and 43 cents per acre operational 
cost, a total of 87 cents per acre per year. If diking 
is not combined with other operations, the variable 
cost would equal a producer's full cost of a trip 
across the field. 

If a produ..:er chose to use this same tool bar 
capacity but wanted to leave two tractor-wheel fur
rows undiked, the cost would be less, Dikers and 
dike removers would not be required for the fur
rows where the tractor travels. Compared with the 
nine-unit diker, this seven-unit diker cost would be 
about $700 less, or 16 cents less per acre [table 2). 
The tractor would always travel over the field in 
the same furrows, and dikes would control rainfall 
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runoff on 78 percent of the furrows. Operating costs 
for diking would be correspondingly less. Total 
7-year life cost per acre would be 57 cents for the 
seven-unit diker with two open furrows. 

Impacts of Furrow Dikes 

The installation of furrow dikes may initiate conser
vation, reclamation, and more efficient use of land, 
water, and energy resources. 

Resource Conservation 

Numerous research designs show that soil erosion 
due to rainfall is practically nonexistent when fur
row dikes are in place to contain and control rain
fall intensities and frequencies. Whether for 
dryland, irrigated, or special applications for irriga
tion control, furrow dikes control soil erosion when 
properly installed. But there are limitations. When 
the producer's use of dikes is based on croppi1~g 
season operations and plant conditions, nondiked 
periods may leave the soil unprotected from rain
fall. This may occur in the High Plains from planting 
to first cultivation as a compromise with hazardous 
weather risks such as hail. Other producer prac
tices that decrease its effectivene3s for soil erosion 
control are undiked alternate furrows and undiked 
tractor travel furrows, both usually on almost level 
land. 

Soil Erosion. Soil erosion becomes a problem in the 
High Plains environment when terrain slope is 1.5 
parcent or greater on slowly permeable soils and 
rains are heavy over a shortUme (9). Dikes can 
maintain an even distribution of water acros~ the 
field relative to the undiked condition. but if con
toured rows cannot contain the water accumulating, 
it can break over the row and create downslope in
ertia. eroding soil. Thus. terraces may o.;ill be 
needed. This same erosion problem can develop in 
graded furrow fields after heavy rains. However, 
grades sufficient to create this problem require 
speCial consideration for larger dike~ and spacing. 
and for contouring or terracing. 

In tests at High Plains locations, diked land with 
1.2- to 2.3-percent slope and an infiltration rate of 
0.1 inch per hour had no runoff. Maximum rainfall 
of 3.1 inches was contained without any runoff (9). 
Irrigation water was also applied to furrow diked 
land of a lesser slope at a rate of 4.2 inches per 
hour for a total of 4.5 inches without runoff (2). 

Land Reclamation. Reclamation of productive 
acreage is possible with furrow dike use in the High 
Plains. Because the Plains are pocked with playa 
lake depressions which are inundated when it rains, 
thousands of acres could benefit. The rainfall on 
slopes surrounding many of these depressions can 
be controlled through diking so tbat all or most land 
in the depression becomes usable. Rainfall control 
is determined by diking technique, soil permeability, 
and water deficit. This has been demonstrated both 
in steeply sloped, contoured depressions and gently 
sloped grade farming. A producer who holds 
moisture in place with dikes on the slopes of a 
20-acre playa lake may realize $1,500 to $2,500 ad
ditional income without additional investments. 
Another advantage would be realized through 
higher yields on slopes due to retained water in an 
even distribution. 

Energy Use. Energy use can also be affected bv fur
row dikes. Every acre-inch" of water held in place 
and not permitted to run off is available for cropping 
with no energy required for pumping. For instance, 
if 1.5 inches average rainfall runoff is saved and 
the need for irrigation is reduced a like amount, 
economic cost savings for energy would range from 
$2.50 to $5.00 per acre. This range represents the 
wide range of efficiencies found in pumplift and ap
plication. 

Irrigation. Potential economic savings are even 
greater for retaining irrigation runoff. Runoff saved 
due to furrow diking as referenced in the LID test 
represents approximately $12.50 to $25.00 per acre 
potential cost savings in irrigation water application 
and distribution (14). Specific information is re
quired. however. for successful scheduling of appli
c:ations. Soil moisture monitoring and plant stress 
evaluation provides this information and permits ac
curate management while preventing some runoff. 
Combined energy savings for rainfall and irrigation 
runoff would be $15 to $30 per acre. 

A multiple systems test showed furI'ow dike use 
provides total irrigation system energy advantages. 
The 2-year test indicated energy use per unit of 
water delivered was lower for all diked plots (10). 
Coefficients of energy use (Ce) were determined by 
the equation: 

'An acre·iflch is an inch of water applied aver 1 acre. 
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where 

H Total pumping head or pressure 
h = Application system pressure required 

Ea = Application efficiency 
Ed Distribution efficiency. 

This equation is a vehicle for comparing energy use 
systems (10). 

Total water delivery is shown for three methods of 
application in table 3. The coefficients indicate that 
furrow dikes made an 18-percent difference in the 
energy requirements to furrow irriga teo Diked 
furrows in the sprinkler irrigation showed little 
advantage due to the system's low runoff potential. 
The LEPA system required about 9 percent more 
energy when operated without dikes. 

Actual energy cons1.!lnption per unit of product in 
furrow-diked LEPA and sprinl,ler irrigation systems 
was significantly lower than comparable undiked 
systems (10). Measured in kilowatthours per bushel, 
the advantages were 43 percent and 23 percent, 
respectively, over nondiked systems. Furrow irriga
tion tests showed no energy consumption advantage 
gained by adding dikes in relation to units of pro
duction. Nondiked furrow irrigation, however, had 
especially low water distribution efficiency. As a 
result, this l-year test showed that furrow irrigation 
was efficient in total energy use but inefficient in 
water resource use. 

Water. Water resources conservation essentially in
cludes management of rainfall and underground 
water. Furrow diking effectively conserves both 
sources. For rainfall, dikes retain the water where 
it lands rather than in wide general areas which 

Table 3-Energy use by irrigation methods, 
Texas High Plains 

Energy use 
DikedItem coefficient 

------~,~-.--- advantage
Undiked Diked 

'~-~-----~----'----

-----Number ----- Percent 
Furrow 687.7 567.6 18 
Sprinkler, HP heads 570.7 566.4 1 
LEPA 348.2 318.5 9 

Source (10). 

\' 12~t -, 

may accumulate unevenly. Researchers in the 
Amarillo area indicate that about 2 inches of runoff 
is normal for an 18-inch average annual rainfall. 
Twenty-three year records show that a mulch-tilled 
wheat-sorghum-fallow sequence averaged 1.4 inches 
of runoff. 

Research plots in Bushland, Tex., compared dryland 
furrow-diked grain sorghum to open furrow at two 
locations. The diked plot had no crop season runoff 
during 1975-80, while undiked averaged 1.7 inches 
(table 4). Undiked dryland had 3.4 inches of runoff 
in 1 year, while the diked had no runoff. The other 
location, Etter, Tex., resulted in 2.4 inches of runoff 
from the diked plot and 5.1 inches of runoff from 
undiked during this single year measure. 

In LEPA system tests, furrow diking retained in
season rainfall and irrigation by three types of 
systems (10); comparing LEPA, sprinkler, and furrow 
irrigating systems in place during grain forming 
months, furrow-diked cropland allowed 90 percent 
less runoff than undiked plots, with runoff 
occurring only when dikes were removed for furrow 
irrigation. This was equivalent to a 10-percent net 
gain in rainfall with no runoff compared with 
conventional nondiked furrows. Irrigation demand 
fell by an amount at least equal to rainfall retained 
and stored in the soil. 

Research data from grain sorghum grown in slowly 
permeable soil of the High Plains with a limited ir
rigation dryland (LID) system showed that runoff 
was effectively controlled (14). Table 5 shows a par
tial summary of water application and rainfall run-

Table 4-Runoff from dryland grain sorghum crops 
with diked and undiked furrows 

Loca tion and Runoff 
~~+.--.w_~_~__ ..........,....__ _


year1 
._~ 

Undiked Diked 

Bushland, Tex.: 
1975 
1!J77 
1978 
1979 
1980 

Average 

Etter, Tex.: 
1980 

'Crop was hailed out in 1976. 
Source: (8). 

Inches 

0.8 
5.5 
1.5 

.1 

.5 

o 
o 
o 
o 
o 

1.7 o 

5.1 2.4 



Table 5-Runoff from three irrigation systems, Texas High Plains 

Irrigation system' 

Undiked: 
Adequate irrigation 

Diked: 
LID 
Dryland 

Irrigation 

Applied Runoff 


23.7 7.5 

7.5 0 
0 0 

'Early test reported by B. A. Stewart (14J. 

off results where adequate irrigation without dikes, 
LID irrigation with dikes, and dryland with dikes 
produced grain sorghum in a controlled test. Total 
runoff lost during applications considered adequate 
was 8.4 inches during a season with 8.8 inches of 
seasonal rainfall and 23.7 inches of irrigation. If all 
rainfall and irrigation runoff had been retained, the 
rainfall would have replaced an equal amount of ir
rigation water required for the crop. No runoff was 
lost on the dryland furrows or on the LID irrigation 
system, each of which included furrow dikes (more 
years of tests are shown in table 9). Thus, the LID 
system and dryland furrows efficiently used the 
limited water resource. 

Soil Moisture Storage 

With sufficient rainfall to create runoff conditions, 
furrow dikes provide an advantage in both con
servation and production. Soil moisture-rainfall 
graphs show that equal soil moisture conditions 
between diked and undiked soil at planting change 
to favor diked soils after rain (fig. 10). This 
advantage usually continues until the end of the 
crop season when soil moisture has been withdrawn 
to equal levels again (2). The advantage of storing 
water in the soil is clear in both 1975 and 1977, but 
much more dramatic in the latter year. Yields 
reported from this test reflect this improved water 
availability (table 4). Runoff was saved in 1978 but 
too late in the season to improve production. Water 
and soil were conserved that year and moisture 
levels were high at planting the following year. In 
1979, one of the impliCit limitations of furrow diking 
was demonstrated; when there is little or no runoff, 
furrow diking shows no advantage for dryland farm
ing. 

Water-Yield Relationships 

High Plains grain sorghum yields averaged 1,467 
pounds for dryland and 4,760 pounds for irrigated 

Rainfall Total 
Received Runoff runoff 

Inches 

8.8 0.9 8.4 

8.8 0 0 
0 0 0 

farming below the Canadian River breaks during 
1970-79 (6). Cotton yields were 277 pounds dryland 
and 402 pounds irrigated over the same period. 
Some years' average cotton yields differed little be
tween irrigated and dry farming, perhaps an 
indicator of various planting practice differences 
and cotton's ability to go deep for moisture under 
conditions of extreme wind, heat, and high 
evapotranspiration. Differences in average grain 
sorghum yields are more pronounced from year to 
year. A single function that describes all significant 
plant growth relationships of a cropping season is 
quite complex, but assuming average rainfall condi
tions, a generalized function can be described. 

Because crops require more water during the grain 
heading or fruiting period, response to available 
moisture varies during the crop season. Water 
availability is in turn affected by soil and climate 
factors. The effectiveness of furrow dikes in saving 
water will correspond with water-yield responses. 
That is, if a crop is irrigated and diking retains ad
ditional water from rainfall and/or distributee ir
rigation water more efficiently, plant response is in
creased as additional units of water are available, 
subject to the stage of plant development. Shipley's 
production function, for instance, indicates that 
water applications during the crop season after the 
preplant stage result in positive but decreasing 
responses to each additional unit of water applied 
(13) (fig, 11). The equation: 

Y = 2.168 + 523.7X - 14.9 X2 

where 

Y Yield of grain sorghum in pounds/acre 
X Total of water applied at regular inter

vals through a crop season, in acre inches 

13 



Glen L. Wistrand 

represents the response rate of all irrigation water 
and a declining yield for water applied through the 
crop season. The resulting response rate could fur
ther be identified by stages of maturity. Figure 11 
indicates the stage of maturity. application amounts, 
and yield responses, plus the equation as related to 
the production response. If a producer opted to 

Figure 10 

apply only preplant plus one 4-inch irrigation at the 
boot stage (see fig. 11). yield response per inch of 
water applied would be maximized but total produc
tion per acre would not. Water applied at toot 
stage may yield an additional 464 pounds per acre
inch, while other applications yield 345, 226, and 
106 pounds. respectively. 

Annual Soil Moisture and Rainfall for Diked, Flat, and Open Furrow Planting, Bushland, 
Tex., 1975·79 

Soil water (inches) 
16 1975 

Rainfall (inches) 
8.0 

7.2 

14 
6.4 

5.6 

4.8 

12 4.0 

3.2 

10 
-15 bar 

8 
1 10 20 30 10 20 30 9 19 29 8 18 28 8 18 

2.4 

1.6 

.8 
0 

June July Aug Sep Oct 

SOli water (inches) 
16 

- 0.3 bar 
14 

12 

1D -

Rainfall (inches) 

1978 

--- Diked :--
- - - Open ::- .... 

~\ --!f. , :: 
~'." ........ 

.-:: 
:: 

•••• II 

8 ~L-~.~LULL~~L-~~U-~-ll-i~~ 
1 10 20 30 10 20 30 9 19 29 8 18 28 8 18 

June JUly Aug Sep Oct 
Source: (2), 

14 
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1.6 

.8 
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1977 8.0 
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---Flat 

6.4 

56 

4.8 
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Figure 11 

Response of Grain Sorghum Yield to Irrigation 
Applications and Amounts According to a 
Sherm Soil Production Function 

Yield (pounds) 

7,000 r
___ J -106 

6,000 - 1-226 ___ J 

5,000 - 1-345 
I4,000 r-- ___ -1 

1-464
3,000 t- I 

___ J 

2,000 1-117 
1,467 _---..I 

~1,000 
I I I I 1 

PP PP+1 PP+2 PP+3 PP+4 
Seasonal Applications (number) 
irrigation, inches 4 8 12 16 
Growth stage1 B B·H B·H·M E·B·H·M 

1 PP = Preplan!; E = 6·8 Leaf; B = Boo!; H =- Heading; M = Milk 

Based on area statistical data, dryland grain sor
ghum response to retained water diking may be rep
resented by the equation (16): 

Y ::-: 1,467 + 260X 
where 

y Estimate of grain sorghum yield in 
pounds/acre 
Total additions of water retained on a 
dryland crop through some means, non
scheduled, in acre-inches 

The 1,467 pounds represents dryland grain sorghum 
yields in the area for a 10-year period. This equa
tion, applicable for lower quantities of available 
water, eliminates an adjustment for declining yield 
responses per unit of water applied in greater quan
tities, as ir. the irrigation equation. Instead, the 
260-pound rate is an average across response 
stages at lower levels of water availability. The 
5-year furrow dike test previously discussed aver
aged 247 punds per acre-inch of runoff saved (see 
table 2). Producers may experience more or less 
response to furrow-diked water depending on such 
factors as crop stage maturity. infiltration rate and 
depth, moisture deficit, and evapotranspiration. 

High Plains tests show that response can be 
anywhere from less than 100 to over 500 pounds 
per inch of stored water. depending on the condi
tions. 

In the above equaiion, the yield rate of 260 pounds 
represents gain per unit of additional nonscheduled 
water during the crop season. If dryland runoff 
saved up to 1. 7 inches, an additional yield of 442 
pounds could reasonably be expected. In another 
area where irrigation is supplemental and the soil 
more permeable. the production function may be 
Y = 1,300 + 220X, and significant diminishing 
response is not realized (4, 5).3 

Full irrigation (FIJ crop watering by schedule rather 
than by soil moisture monitoring can also result in 
negative returns to water application. The test of 
LEPA and other irrigation systems on cotton watered 
on schedule showed a -0.64 regression of yield for 
every inch applied because rainfall storage in the 
soil was excessive. Soil moisture modification by 
diking retained all rainfall with no runoff, creating 
negative cotton plant conditions. 

Economic Impacts 

Producers must adapt their operations according to 
a variety of climatic conditions, soils, equipment, 
and managemer..t, as well as economic factors. 
Generalizations should always be studied to deter
mine how they fit specific conditions. Documented 
tests provide a source of economic values which 
may be studied to aid management decisions. 

Dryland Graded Furrows. Dryland graded furrow 
farming of grain sorghum at two High Plains sites 
had positive economic results. but varied 
significantly (see table 4). Excluding a year of crop 
hailout at Bushland. Tex., the use of dikes improved 
economic returns in 3 of 5 years [table 6). At the 
sorghum price of $4.50/cwt, net economic benefit 
ranged from $12.51 to $48.01 per acre above diking 
costs. The 5-year average, including the years of no 
benefit, was $17.64 per acre. The i-year result from 
Etter, Tex., reported greater response than 
Bushland tests with a net benefit of $66.96 per 
acre. Net benefits to furrow diking would average 
$21.49 and $81.00 per acre for the two respective 
sites if sorghum prices were held at the long-term 
average price of $5.43/cwL4 

'Subsequent analysis will address furrow diking in other pariS 
of Texas, including the Rolling Plains. 

'Long-term average prices are estimated annually by the U.S. 
Water Resources Council (WRC). 
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LEPA. LEPA incorporates much specially designed 
equipment with diking, making economic evaluation 
of furrow dikes difficult without a direct com
parison with and without furrow dikes (10). One 
measure of furrow dike effectiveness in cropland 
water control is the quantity of water prevented 
from running off. In a test of diked and nondiked 
LEPA applications, nondiked LEPA resulted in about 
5 times more rainfall runoff and about 15 tiu:es 
more irrigation runoff than diked LEPA (table 7). 

If furrow dikes can be predicted to retain water in 
a given area, pumped irrigation water could be 

reduced by an amount equal to that retained by fur
row dikes, reducing costs. In the test, a managed 
cost savings would be $5.93 per acre at $2.50 per 
acre-inch of irrigation, or $12.86 per acre at $5.00 
per acre-inch of water not pumped. 

In a Lyle and Bordovsky test with irrigated soy
beans, water use efficiency per unit of product was 
significantly higher for diked LEPA than for 
nondiked LEPA (10). Both total yield and yield per 
acre-inch of water delivered were approximately 40 
percent greater when LEPA had all furrows diked 
(table 8). Net benefit to furrow diking was $53.08 

Table 6-Dryland graded furrow farming of grain sorghum with dikes, Texas High Plains 

Site and year System Runoff 
retained Yield 

Difference 
Diked 

CosP Net benefit 

Incbes ----------Lb.!acre---------- ------- Dol.Jacre --------

Bushland, Tex.: 
1975 Undiked 

Diked 
o 
0.8 

2,300 
2,600 

NA 
300 

NA 
0.99 

NA 
12.51 

(15.30)2 

1976 

1977 

1978 

Undiked 
Diked 

Unrl.d<ed 

Diked 

0 
5.5 

.1 

1.5 

460 
1,500 

1,000 

940 

NA 
1,090 

NA 

-60 

NA 
.99 

NA 

.99 

NA 
48.06 

(58.20p 
NA 

-3.69 
( - 2.29}Z 

1979 Undiked 
Diked 

0 
.8 

2,560 
2,580 

NA 
20 

NA 
.99 

NA 
-.09 

(.lOF 

1980 Undiked 
Diked 

u 
1.5 

890 
1,210 

NA 
320 

NA 
.99 

NA 
13.41 

(16.39)2 

Average Undiked 
Diked 

0 
1.7 

570 
1,776 

NA 
414 

NA 
.99 

NA 
17.64 

(21.49)2 

Etter, Tex.: 
1980 Undiked 

Diked 
0 
2.7 

570 
2,080 

NA 
1,510 

NA 
.99 

NA 
66.96 

(81.00)2 

NA =Not applicable. 
'From investment and operating cost section. 
'Top value for grain sorghum at $4.50/cwt. value in parenthesis at $5.43!cwt, the curren! normalized price for Texas. Cost of diking has 

been deducted. 
'Crop hailed out. 
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per acre at a price of $5.30 per bushel, or $74.70 
per acre at WRC normalized prices of $7.42 per 
bushel. 

LID. The LID system of water use for crops produc
tion has been tested for a series of years (including 
those in table 5). Resource use and response 
measures for three cropping systems during 1979-81 
varied with the weather (table 9). FI received the 
most water and produced the most grain of the 
three methods of cropping. FI also iost the most 
water to runoff, and produced significantly less 
grain per acre-inch of water than the LID system. 
LID's lowest water use efficiency was more than 40 
percent higher than the highest rate of FI. LID's 
highest efficiency rate was almost 220 percent 
higher than the highest FI rate. 

Value of grain production per acre-inch of applied 
water averaged more than 60 percent higher for 
LID system production over 3 years. Value of crop 
returns was $9.36 per acre-inch with an average of 

Table 7-LEPA system seasonal runoff and cost 
savings, diked and undiked furrows, Texas High 
Plains, 1979 

LEPA system Per acre 
~--- ---------,--~-~--Item cost savings 
Undiked Diked of retained water 

-----lnches ----- Dollars 

Rainfall received 7.76 7.76 NA 
Runoff 1.124 .216 2.27' 

4.542 

---Acre-inches---

Irrigation received 20.85 20.36 NA 
Runoff 2.990 .129 4.65' 

9.31' 

Furrows diked None il.ll -.99' 

Total water received 28.61 28.62 NA 

Total runoff 3.114 .345 5.93' 
12.862 

NA =Not applicable. 
'Based on cost of irrigated waler at $2.50 per acre-inch. Acre 

lotal values exclude cost of furrow diking. 
'Based on cost of irrigated water at $5.00 per acre-inch. Acre 

total values exclude cost of furrow diking. 
]Per acre cost of furrow diking. 
Source: (10). 

20.3 inches FI, and $15.30 per acre-inch wHh 6.8 
inches in the LID system (table 10). Under FI, addi
tional water above the LID average returned only 
70 percent of the FI average product value per 
acre-inch, and only 41 percent of the LID product 
value per acre-inch (see table 10). 

Net returns per unit of water over combined 
variable and opportunity costs of dryland farming 
are particularly low for FI when the grain price is 
$4.50 and water cost is $5.00 per acre-jnch.5 The 
84-cent return of this benefit/cost relationship may 
mean breaking even to incurring expenses when ac
counting for fixed costs. Mining of an essential 
nonrenewable resource at the breakeven point to 
actual expenses may be both a short- and long-term 
real loss to the producer. The area's economy may 
also decline in the long term in gross revenue and 
production capital flow with the absence of new 
technologies to substitute for increasingly scarce 
water. 

'Opportunity cost is the alternative gain expected from the use 
of an available resource in another status or productive effort. in 
this case. the alternative of dryland farming. 

Table 8-LEPA system water use and yields on 
soybeans, diked and undiked furrows, Texas High 
Plains, 1980 

Item 
LEPA system 

-~- . ~ -<-~ 

Undiked Diked 

Per acre product 
value of 

retained wa ler 

Dollars 

Irrigation applied 
(acre-inches) 19.63 19.36 NA 

Water use efficiency 
(bu.lacre-inch) 1.2 1.7 NA 

Yield (bushels) 23.0 33.2 54.00' 
75.682 

Furrow dikes None All .99' 

Net value of diking NA NA 53.01' 
74.692 

NA=Not applicable. 
'Based on soybean price of $5.30 per bushel. WRG current nor

malized 1982 prices. Net values per acre excludes cost of diking. 
lBased on soybean price of $7.42 per bushel, WRC amount nor

malized 1982 prices. Net values per acre excludes cost of diking. 
]Per acre cost of furrow diking. 
Source: (10). 
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Table 9-Water use and yields on grain sorghum, three irrigation systems, Texas High Plains 

Full irrigation undiked Dryland diked LID diked
Item Unit ~----

1979 1980 1981 Average 1979 1980 1981 Average 1979 1980 1981 Average 

Rainfall received Inches 8.8 4.1 16.8 9.8 8.8 4.1 16.8 9.8 8.8 4.1 16.8 9.8 

Irrigation applied Acre-inches 23.3 20.3 17.2 20.3 0 0 0 0 7.3 7.4 5.9 6.8 

Runoff do. 9.2 4.3 7.4 7.0 0 0 .5 .2 0 0 .9 .3 

Crop yield Pounds 8.011 5,781 5,585 6,459 2.935 1,365 2,186 2,158 6,414 3.622 3,700 4,576 

Applied water 
use efficiency Acre-inches 222 220 184 208 NA NA NA NA 485 321 329 340 

. ~~" ... ~---.~~.-----,-----~~~ ,_. ----~.---.".~--~-.- ---~_.~--.-----'-~~--.". 

NA =Not applicable. 

Source: (15). 


Value of the grain crop and variable production 
costs per acre were both highest for FI and lowest 
for dryland, with LID intermediate. Net returns La 
land, water, capital, and management were higher 
for FI in most cases. LID net returns were very com
petitive in the situation of low product price/high 
water cost, and at high product price/high water 
cost (table 11). For instance, if the grain price is 
$4.50 per cwt and cost of water delivery is high, or 
if the grain price is $5.43 per cwt and cost is high, 
LID would produce returns comparable to those for 
FI while reducing expenditures and water use. 

For present water use and profitability, as opposed 
to present abstinence for future use, the LID system 
enables the producer to irrigate more acres of 
sorghum. Because of tm.s, the potential benefits of 
LID system irrigation are much greater than shown 
(table 12). Water amounts equal to FI but applied 
over three times as many acres is much more pro
fitable in the short term when more land than water 
is available to the producer. This system of applica
tion results in significantly higher profits for 
current production over FI, returns more value per 
unit of water applied, controls runoff water and 
erosion, and requires less money and labor than full 
irrigation. In a whole farm analysis of LID use, a 
producer may be confronted with preirrigation 
needs of grain sorghum in competition with ir
rigated wheat (7). Acres of wheat watered will 
usually be reduced so water can be applied to grain 
sorghum acreage. 

Status of land, machinery, and equipment annual 
costs is the most important criteria in helping in
dividual producers determine whether to accept 
lower returns per acre, In much of the High Plains 
area, however, the limited and disappearing 

Table 10-Average returns per acre-inch of applied 
water on grain sorghum, two irrigation systems. 
Texas High Plains, 1979-61 

Item 

Crop value:' 
From total crop yield

at $4.50:~wt 
at $5,43/cwt 

From waler units in excess 
of 6.8 acre-inches
at $4.50 grain price/cwl 
at $5.43 grain price/cwl 

Returns> variable 
and opportunity costs'; 
at $4.50 grain price! 
$2.50 acre-inch cost 

at $4.50 grain price! 
$5.00 acre-inch cost 

at $5.43 grain price! 

$2.50 acre-inch cost 


at $5.43 grain price! 

$5.00 ocre-inch cost 

NA =Not applicable. 

Returns per acre-inch for
.+----..-" .• .. - ~ 

Full irrigation, LtD. 
undiked diked. 

3-year average. 3-year average. 
20.3 acre-inches 6.8 acre-inches 

Dollars 

9.36 15.30 
11.25 18.39 

6.28 NA 
7.55 NA 

3.35 6.17 

.84 3.68 

5.22 9.41 

2.71 6.91 

'Product prices represent area prices. 
'Returns greater than variable costs (Ve) including harvest and 

haul and the opportunity cost (OC) of not dryland farming, al prod
uct price and waler cost combinations. 

Source: (15). 

underground resources also cause producers to 
consider the value of extended years of available 
water resources. That concern for disappearing and 
costly resources is the basic objective of this 
research. 
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Management in the High Plains of Texas must 
decide how to use the generally abundant soil 
resources and limited water resources in an effi
cient mix with the appropriate system. Table 13 
shows how several alternatives for reducing ground 

Table ii-Average crop value, costs, and returns 
for three grain sorghum production systems at two 
product price 3i.ld two water cost levels in the 
Texas High Plains, average 1979-81 

Item 

-~.-.--.-

Crop value:' 
at $4.50 per cwt 
at $5.41 per cwt 

Variable costs (VC):' 
Inc!. $2.50/acre-inch water 
Inc!. $5.00/acre-inch water 

Returns >VC:' 
at $4.50 grain pricel 

$2.50 acre-inch cost 
at $4.50 grain pricel 

$5.00 acre-inch cost 
at $5.43 grain price! 

$2.50 acre-inch cost 
at $5.~3 grain price! 

$5.00 acre-inch cost 

Irriga tion per acre 
---~ --------_.,

Dryland. LID, Full irrigation. 
undiked 6.8 in. 20.3 in. 

-~~- --.-..---~ 

Dollars 

97 206 291 
117 248 349 

44 111 170 
44 127 221 

53 95 121 

53 78 70 

73 137 179 

73 120 128 

'Product prices represent area prices received and VvRC current 
normalized price. 

'Variable costs are based on crop budgets. Texas Agricultural 
Extension Service. 

'Returns greater than VC including harvest and haul at product 
price cnr! water cost combinations. 

Sourw: (15). 

water withdrawals may affect returns to water and 
resource use when managed with undiked full ir
rigation or LID cropping systems. FI producers with 
a product price of $4.50 and water cost of $2.50 
will not be encouraged to limit water use as long as 
it is available, and may not conserve rainfall runoff 
effectively. Net returns over costs for this water 
beyond the amount expected from dry land farming 
(an alternative) is $68 per acre. Rainfall runoff 
would average 6.8 inches. 

Table 12-Average returns to 20.3 acre-inches of 
water applied by two grain sorghum production 
systems at two product price and two water cost 
levels in the Texas High Plains, 1979-81 

Item 

Returns >VC and OC:l 
at $4.50 grain! 

$2.50 water cost 
at $4.50 grain! 

$5.00 water cost 
at $5.43 grain! 

$2.50 water cost 
at $5.43 grain! 

$2.50 water cost 
---~-~~ -~-.~---.- -

FI 20.3 LID 20.3 
acre-inches acre-inches 
on 1 acre on 3 acres' 

Dollars 

68 126 

17 75 

106 192 

55 141 
--------_... 

'When water quantity equivalent to that applied to full irrigation 
acreage is applied to LID system. it could irrigate 3 acres of crop. 

'Returns from crop production greater than the combined 
variable cost (including water cosl) and the opportunity cost 
of not dryland farming the acreage. 

Source: (15). 

Table 13-Examples of water use on grain sorghum crops with limited water resources and available soil 
resources in the Texas High Plains 

Irrigation 
system 

Full irrigation. no dikes 
LID. with dikes 

LID, with dikes 

LID, with dikes 

Scheduled 
ground water 
withdrawal 

Reduced' 
withdrawal 

Acres 
served 

Water returnsZ 

over VC and OC 
Seasonal water' 

u d 
not p rope 

Potential 
runoff

retained 

Acre-inches Percent No. Dol./ocre --Acre-inches 

20.3 0 1 68.00 0 0 

6.8 67 1 41.96 13.5 6.7 

13.6 33 2 83.92 6.8 13.4 

20.3 0 3 125.87 0 20.1 
·_~~_~·~T_~·""'-<'-- _._~_~~ ~-____ ""· -_._--_. - ......-~--- - -...~ .- -.~ ..-~.~-.., 

'Based on the assumption that full irrigation is 20.3 acre-inches of applied water. 
'Returns grealer than variable costs (VC) including harvest and hauls. and the opportunUy cost (OC) of not dryland farming. Product 

price/water cost combination is $4.501$2.50. 
Source: (15). 
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LID would reduce well yield requirements by 87 
percent per acre, and return about $42 per acre 
above variable and opportunity costs while retain
ing 6.8 acre-inches of potential runoff and leaving 
13.5 acre-inches of ground water in the aquifer. 

Furrow dikes significantly control this system. 


If a producer had access to more land than water 
and reduced ground water withdrawal by only 33 
percent under LID, application of that retained 
water would irrigate another acre. Returns to water 
over variable and opportunity costs would be $84 
per acre while retaining about 13.4 acre-inches of 
potential runoff over 2 acres and leaving 6.8 inches 
of ground water in the well. 

Typically, though, irrigators in the High Plains pump 
all season and do not leave "water in the well" (see 
the fourth condition, shown in table 13). Returns 
above variable and opportunity costs to an amount 
of '5round water equal to that delivered for FI but 
applied over more acres would equal $126 over 3 
acres while retaining about 20 acre-inches of water. 
Similar to FI, no ground water would be reserved in 
this procedure. However, returns to the water 
resource, efficiency of water use in crop produc
tion, and profit would each be greater. 
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