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FOREWORD

A concerted effort has been made to develop conservation tillage guide-
lines for all areas of Texas. These efforts were initiated and coordinated by
Dr. B. L. Harris, Soil and Water Use Specialist, and Dr. A. E. Colburn,
Agronomist-Soil Management, Texas Agricultural Extension Service. Included on
the overall planning committee were Dr. E. Burnett, Director and Soil Scientist,
Texas Agricultural Experiment Station and USDA-SEA-Agricultural Research, and
Mr. C. L. Williams, Resource Conservationist, USDA-Soil Conservation Service.
Numerous other individuals with several State and Federal agencies also have
worked to develop these guidelines. In conjunction with these efforts several
workshops were held. A statewide Conservation Tillage Workshop was held on
the Texas A&M University Campus on January 25 and 26, 1979. Prior to the
statewide workshop, five regional workshops were held to develop draft conserva-
tion tillage guidelines for the major cropping systems for five major regions
covering the entire State. These draft guidelines served as the basis for
discussions at the State workshop. A series of presentations on research
findings and needs was also included.

Conservation tillage includes tillage systems that create as good an
environment as possible for the growing crop, and that optimize conservation
of soil and water resources, consistent with sound economic practices.
Conservation tillage includes maximum or optimum retention of residues on the
soil surface and use of herbicides to control weeds. Conservation tillage
systems offer excellent control of wind and water erosion and maximum con-
servation of water resources. They also reduce labor, machine, and fuel

requirements. Crop yields are generally as good as, and sometimes higher than
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those with the plow-based systems. There are disadvantages, however. Conser-
vation tillage systems delay soil warming and drying, require more pesticides

and nitrogen, limit fertilizer and pesticide placement options, and are sometimes
restricted by climatic, weed, and soil conditions. Therefore, results from

one area can be greatly different than those from another area. Also, the

level of management required is higher with conservation tillage than with
plow-based systems.

The development of successful conservation tillage systems is an "Art,"
as well as a "Science.'" The guidelines and experiences presented in this
publication should serve as a valuable resource for fostering further trials
in the search for new technology that will lead to optimum production of food
and fiber with maximum conservation of our natural resources and environmental

quality.

B. A. Stewart

Research Leader and Soil Scientist

USDA Southwestern Great Plains
Research Center

USDA-SEA-Agricultural Research

Bushland, Texas
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POTENTIALS FOR CONSERVATION TILLAGE SYSTEMS IN TEXAS

B. L. Harris, E. Burnett, and C. L. Williams*

Technological advances in recent years have made possible many new tillage
system alternatives for agricultural production. A primary development giving
rise to these alternatives has been the development and refinement of chemicals
for weed control. However, several other developments have paralleled the
herbicide impacts.

Environmental concerns have provided impetus for critical evaluation of
each step in agricultural production processes. Water and air quality manage-
ment programs and regulations may restrict land use diversification potentials.
The prospect of regulatory programs, which would limit alternative practices
that farmers may select to carry out any given necessary operation, has raised
some very serious questions for agricultural producers and others. Conservation
tillage systems may provide renewed flexibility.

Economics has also forced evaluation of alternatives. Cost-price relation-
ships dictate efficiency of operations.

Energy resource constraints have provided stimuli to consider more effi-
cient means of producing food, feed, and fiber products. Availability as well
as price of fuel has affected agricultural production operations.

In some parts of the United States, considerable research has been directed

toward answering specific questions about conservation tillage systems. Such

*B. L. Harris, Soil and Water Use Specialist, Texas Agricultural Extension
Service, Texas A&M University, College Station, Texas; E. Burnett, Director
and Soil Scientist, Texas Agricultural Experiment Station and USDA-SEA-
Agricultural Research, Temple, Texas; and C. L. Williams, Resource Conserva-
tionist, Soil Conservation Service, Temple, Texas.



work will make possible a greater array of alternatives to agricultural pro-
ducers for the selection of tillage practices. However, for most areas in
Texas, there are limited research and experiences on which to base suggestions
and recommendations regarding tillage system alternatives. However, more
widespread recognition of potentials for conservation tillage is anticipated
and a correspondingly, greater commitment of research and educational efforts
will be directed toward providing answers to questions being asked about such
systems.

In surveying potentials for tillage systems in Texas, major consideration
must be given to the great diversities found in the State. Problems inherent
to one section of the State may be entirely different from those of other
areas. Tillage systems must be designed for a specific region with due consi-
derations for cropping systems, rainfall, biomass production potentials (resi-
due levels), soils, weeds, insects, disease control, equipment needs, economics,
and hydrologic impacts. All of these factors will direct decision-making.

Recently, farmers have expressed more interest in learning about conser-
vation tillage systems. Personnel with several agencies are actively involved
in seeking responses to those farmer questions. Agronomists with the Soil
Conservation Service annually estimate the extent of two types of conservation
tillage systems in relationship to conventional tillage systems in Texas.
Table 1 shows those estimates for the past five years and projections for 1979
(15).

Trends are for general reduction in acreage of no-tillage and minimum
tillage in 1978 and 1979 following an all time high in 1977. These trends are
counter to trends of "new starts'" of minimum tillage for those same years

(14). '"New starts'" are measured annually and reported by SCS management



areas. Trends from those data show consistent increases in adoption of con-

servation tillage systems for most areas of the State.

Table 1. Extent of Conservation and Conventional Tillage Systems in Texas.

Minimum Conventional

No-Tillage Tillage Tillage Total

----------------------- Ehossands oF acrps s sanssitaduschcisn
1974 109 1,101 22,290 23,500
1975 133 1,179 23,088 24,400
1976 209 25121 23,740 26,071
1977 262 AR 24,330 26,948
1978 147 1,501 21,789 23,436
1979 122 1,255 28,415 29,792

Conservation vs Conventional Tillage

Many considerations and questions at this time are directed toward compari-

son and contrast between so called "conventional tillage systems" and "conserva-

tion tillage systems'". Conventional tillage systems are that collection of

practices which are most commonly used by some of the better agricultural
managers in a given area. Such practices include moldboard plowing, disking,
cultivation, and other operations considered necessary to provide 'clean
tilled land". Frequently, conventional tillage systems result in excessively
tilled lands as time, labor, and equipment efficiencies are sacrificed.

Conservation tillage is that combination of practices which are considered

to be the minimum required tillage trips across the land that will generally

provide for equal or greater economic advantage when compared to conventional




tillage. This combination of practices will in some cases provide for accumu-
lation of organic residues on the soil surface, combining of several operations
into one, substitution of chemical weed control for mechanical weed control,
substitution of chisel operations for moldboard plowing, use of sweeps instead
of disking, and other such substitutions. Conservation tillage describes
those practices which provide for conservation of soil, water, energy, labor,
and/or time. Within this broad category, many conservation tillage methods
are included such as: '"minimum tillage'", "no tillage'", "stubble mulch'", "zero
tillage", '"chisel plant'", "slot plant", "chemical fallow", and others.

Research and experiences have provided the following comparisons and con-

trasts between conservation and conventional tillage:

- Conservation tillage operations are limited to those essential to
produce a desired crop.

£ In many cases, yield levels are equivalent for both tillage systems;
however, an economic advantage may be gained with conservation
tillage due to reduced input costs, even if actual yield levels are
lower.

3 Conservation tillage in some situations provides greater opportunity
for multiple cropping.

2 Conservation tillage systems generally save time, production costs,
energy, soil, water, and labor, but may require greater inputs of
chemicals (pesticides).

- Conservation tillage does not necessarily imply maintaining crop
residues or mulch on the soil surface.

- In some cases, greater risks of crop failure are associated with

conservation tillage systems (17).



= Different equipment may be required for conservation tillage systems,
than for conventional systems, especially those conservation
systems which involve retaining high levels of crop residues on the
surface.

= Conservation tillage systems normally require a higher level of pro-
ducer management than conventional systems.

£ In most conservation tillage systems, weed control is a major problem.

3 Control of insects and diseases and use of fertilizers may also
present special problems for conservation tillage systems.

+ Certain types of conservation practices may demand more plowing or
bed shaping than might otherwise be practiced. Examples are:
"basin tillage" and tillage necessary for wind erosion control.

% In many cases, and in both types of tillage systems, some tillage is

necessary for disruption of soil compaction zones and surface crusts.

Problems and Potentials for Conservation Tillage Systems

The State of Texas was divided into five regions to allow for development
of conservation tillage guidelines specific to those given areas (Fig. 1).
Considerations in delineation of the regions included physical resources,
cropping systems, geographic location, and special or unique features or
problems. Figure 1 shows the region boundaries supérimposed over a land
resource area base map for comparison. In order to be as specific as possible
regarding potentials for conservation tillage systems, discussions will be
given for individual regions. More detail is available in the Conservation

Tillage Guideline sections for each region, given later in this report.

Region I--Northwest Texas

This region of the State is unique in that a considerable amount of con-
servation tillage research has been done already. Those research studies have

-5-
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been underway for over twenty years. During that period, information has been
amassed regarding alternative tillage and cropping systems appropriate for
this region. References are provided of example published work (1, 2, 3, 4,
5,.92010,1:12¢:18 319,520 ; .22 235245525 )

Region I encompasses most of the major wheat producing counties in the
High and Rolling Plains. Opportunities for development of conservation til-
lage systems which involve the maintenance of high levels of surface organic
materials appear to be easier in systems which include wheat. However, with
very high levels of residue production, wheat straw may become a problem,
particularly if double cropping is to be practiced.

Several acceptable conservation tillage practices for various cropping
systems are possible in this region (see Conservation Tillage Guideline

sections). Specifics on yield relationships between various systems and other

important aspects of the systems have been studied and information is available

as indicated above.

This region does include some complications regarding the combination of
irrigated and dryland production. Also wind erosion is a substantial problem
throughout much of the region, particularly for sandy soils common in the
western portion of the High Plains. In general, the quantity of residue pro-
duced by crops being grown is adequate to provide for wind erosion control
where the residue is carefully managed, except on the very sandy soils. How-
ever, this situation may vary from year to year and with cropping systems.
Producers must maintain flexibility to deal with specific situations that
arise.

Where cattle are grazed on wheat or other crop residues, compaction and
surface crusts will normally require tillage for amelioration. In addition to
these necessary operations, research in the area has also demonstrated a
distinct yield advantage for periodic deep plowing (11, 13).

-7=




Conventional tillage in this area, as with most areas, involves excess
operations. In many cases, combinations of practices resulting in reduction
of number of trips across the field can be accomplished with little change in
types of tillage performed and without substantially affecting crop yields.

Under irrigation, multiple-cropping systems are possible in this area (5,
21). However, in most years rainfall is not adequate to allow for production
of more than one crop per year under dryland conditions.

Soil Conservation Service records show a remarkable increase in conserva-
tion tillage '"new starts'" in the Amarillo Area, which is the western portion
of Region I. '"New starts' in that area increased from 36,351 acres in 1977 to
over 102,000 acres in 1978 (14). Certainly, conservation tillage is becoming

more popular in that area.

Region [1--West Texas

A primary consideration in the development of conservation tillage
systems for this region is that inadequate residues are produced in most years
by most of the crops grown in the area to provide adequate protection against
wind erosion. Amount of residue produced by cotton is very low. This area
includes vast acreage of coarse and moderately coarse textured soils which are
highly susceptible to wind erosion, particularly during the spring and early
summer months. Inadequately protected soils during these periods of the year
frequently result in substantial erosion, stand reduction, and crop injury or
loss. Rainfall in most years in this region is not adequate to allow for a
winter cover crop to be used to protect the soil without jeopardizing the
yield potential of succeeding summer crops. Competition for the precious soil
moisture must be carefully controlled to provide for economic crop production
levels. Therefore, most of the conservation tillage systems and alternatives

available to this region do not involve practices to promote retaining residues
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on the soil surface. Conservation tillage systems for this region will focus
on eliminating unnecessary operations; substitution of sweep tillage for disk
tillage, chemical for mechanical weed control, chiseling for plowing; and
adoption of water conservation practices.

Deep plowiné for wind erosion control is routinely practiced on many of
the soils in this region, particularly those which are coarse textured. Many
of the moderately coarse textured soils are also deep plowed once every three
to five years with chisel operations being used in the interim years. Research
at Big Spring has shown a distinct advantage in some years for plowing compared
to chiseling; however, results have not been consistent (8). The apparent
yield advantage due to plowing may be related to soil nutrient release.

This area has special problems regarding compaction and crusting. In
many cases, traffic across the soil surface destroys the weak structural units
and results in a virtual single-grained condition at the end of each growing
season. Reduction of trips across these soils would help maintain the fragile
structural units and reduce soil compaction. Tillage is required for disruption
of restrictive layers.

Ample opportunity exists to reduce the number of trips across the field.
There is a general tendency to keep the land '"cleaner'" or to kill more weeds
than required for economical crop production levels. This practice involves
unnecessary tillage operations. The opportunity also exists to combine two or
more necessary operations into one trip across the land.

Practices designed to increase water infiltration and storage in the
soils must be practiced since rainfall is limited. Even where irrigation
water is available, limited quantities are present and must be stretched to
provide for adequate supplementation of natural rainfall to give acceptable

crop production levels. For dryland as well as irrigated crop production,




basin tillage techniques have been recently revived. This technique involves
construction of small, relatively closely-spaced dams across furrows to trap
as much rainfall as possible.

Soil Conservation Service reports for this region show that '"new starts"
in the Lubbock Area dropped from 143,000 acres in 1977 to 89,000 acres in
1978. The Big Spring and San Angelo Areas showed little change during the

same period, but registered small increases (14).

Region III--Central and East Texas

Cropland production in this area is primarily based on cotton-grain
sorghum systems on upland soils of the central Blackland Prairies Land Resource
Area and on alluvial soils in the same general area of the State. There are
increasing amounts of small grains produced in the northern portion of the
Blackland Prairies. Soybean production is important in the northeastern part
of the State. Peanut production is centered on the sandy soils in the western
portion of this region.

Johnsongrass is a major problem weed for this region, particularly in
cropping systems involving grain sorghum. However, other weeds also present
substantial problems. Conservation tillage systems for this region must allow
for adequate weed control. This will be a difficult task with existing
technology.

Water erosion is a major limitation for many soils in this region. The
Blackland Prairies has some of the most severe erosion occurring in the State.
Fine textured soils on 2-8% slopes produce considerable runoff during extended
wet periods. Many soils in Region III with sandy surfaces and clayey textured
subsoils are also highly erodible. Tillage system alternatives must include

special considerations for water erosion hazards.
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At the present time, no good system exists for the type of conservation
tillage system which will result in retaining maximum levels of residue on the
soil surface for cotton and grain sorghum rotation systems. Much of the
cotton production area is dependent upon use of herbicides which require
incorporation. Present methods for incorporation involve disking or some
similar practice. Consequently, destruction of surface residues occurs during
or before herbicide incorporation.

Research at Temple has resulted in the development of a wide-bed, narrow-
row grain sorghum production system which permits reduction in number of
cultivations and allows for removal of excess water during a wet spring. This
system will permit a fixed traffic pattern, thereby reducing the area of a
field compacted by tractor traffic. This system results in a yield increase
over conventional wide rows. A producer can switch to this system with minimum
additional equipment expenses (6).

Some producers in the Blacklands have developed systems in which corn and
grain sorghum are planted flat or without beds and cotton is planted on low
beds. Advantages of these practices include less energy requirement, less
residue destruction, and less moisture loss. Herbicides are used to substitute
for tillage as possible. Double-disk opener planters are used to plant through
the heavier than normal surface residues. However, on flat slopes in wet
years some drainage problems can develop.

As with other regions, opportunities exist to reduce the number of trips
across the field by combining operations and reducing excessive and unnecessary
practices or operations.

Records of Soil Conservation Service agronomists show some interest and
increasing adoption by farmers of conservation tillage practices in the southern
portion of the Blackland Prairies, but decreasing trends of adoption in recent

years for other parts of this region (14).
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Region IV--Southeast Texas

Cropping systems in this region involve rice, cotton, corn, grain sor-
ghum, and soybeans. Soils of this region are unique in that most have very
little if any erosion hazards. Only those soils adjacent to drainage ways
have slopes steep enough to present water erosion hazards. Inadequate drain-
age is more of a problem than erosion. Wind erosion is not considered a
hazard in any part of this region. Therefore, conservation tillage systems
for this region will involve primarily reduction in the number of trips across
fields and substitution of operations to minimize undesirable soil structure
deterioration.

Another unique situation in this region is that development of a zone of
compaction in some soils used for rice production is beneficial since such a
pan promotes better water use efficiency. This is particularly true on the
coarser textured soils. However, soil structure deterioration under rice
production leads to problems for soybeans and other crops grown in rotation
with rice. Speciél operations and tillage practices must be designed to
correct permeability and infiltration problems caused by rice production and
harvesting operations.

Red rice control is a major weed consideration for this region. Research
indicates that minimizing tillage is beneficial in controlling red rice prob-
lems (16). Maintaining the red rice seed close to the soil surface allows
more flexibility in control than if the seeds are mixed with the soil.

Potential also exists in this region for multiple cropping, and ratoon
cropping of rice is commonly practiced.

Potentials for conservation tillage in this region for cotton-grain
sorghum, cotton-corn, soybeans and related cropping systems are very good. In

general, elimination of excessive operations would provide many benefits and
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savings. Also, alternatives available for residue management are more flexible
in this region when compared to other areas of the State.

Many soils of this region readily form plow pans and other compaction
zones which must be disrupted to allow water entry and movement in the soil
for cropping systems other than those including rice. However, moldboard
plowing is not required to achieve these goals; chiseling substitutes well.

Soil Conservation Service records suggest that interest is high in conserva-
tion tillage systems in the Victoria Area and records show consistent increases
in adoption of such practices (14). However, the major rice production areas

have not widely used such systems.

Region V--South Texas

In general, soils of £his region are not highly susceptible to either
wind or water erosion. This is with the exception of some soils in Frio,
LaSalle, and Atascosa Counties. Water availability is a major limiting pro-
duction factor throughout the region. Therefore, practices designed to promote
water use efficiency are desirable. Johnsongrass is a major problem throughout
the region. Tillage systems for this region must include provisions for
control of johnsongrass and other special weeds. Many crops grown in this
area require the use of herbicides which must be incorporated, resulting in
destruction of residues.

Soils of this region generally have low organic matter levels and weak
structures. Soil physical problems are common. Pans form readily in some
soils. Drainage may also be a problem on some soils. Tillage to correct
these problems may be necessary.

Salinity is also a problem in some soils and may require special tillage

practices for control.
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In general, conservation tillage systems developed for this region will
involve a reduction in the number of trips across the fields and special
practices designed to promote water conservation. A good potential exists to
develop such systems. Research in the area has shown that grain sorghum can
be grown under no-tillage and minimum tillage systems with little yield reduc-
tion (7).

Soil Conservation Service records (14) indicate that conservation tillage
systems are not in wide usage in the Uvalde and Harlingen Areas. However,

interest in such systems is strong and rapidly increasing in the Alice Area.

Special Problems for Conservation Tillage System Adoption

In general, conservation tillage systems will involve leaving more weeds
in the fields than is true for conventional tillage. Such a situation will
require changes in some long-held beliefs. For example, throughout most
agricultural production areas in Texas there is a direct relationship assumed
between weed infestation and level of management--the cleaner the field, the
better the farmer. Consequently, this observable feature has become a commonly
used technique of evaluating a farmer's managerial skills. This attitude will
have to change.

To many farmers, keeping their fields free of weeds is a matter of personal
pride. Therefore, many additional operations are performed which are not
economical nor required for high levels of crop production. These attitudes
and philosophies also will hamper adoption of conservation tillage systems,
since such systems will often result in "trash farming'" and perhaps increased
weed populations.

Some landlords and bankers make specific demands regarding control of
weeds and other farming operations. Those demands may hamper adoption of

conservation tillage systems.
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Tradition dictates selection of many tillage operations for some producers.
Such operations may or may not serve a useful function. However, the "it
worked for my dad and his dad before him, it'll work for me'" attitude will

prevent some producers from adopting the newer systems.

Summary and Conclusions

Realistically, farmers will not be interested in conservation tillage
systems if the result is a financial loss. Systems proposed must provide
either an economic advantage or an alternative for use of land not otherwise
possible.

Strict no-tillage systéms will have very limited application at this time
in Texas. Only in a few cropping systems, primarily those including small
grains, in a few areas of the State in some years, can such a system be
used. However, minimum and reduced tillage have applicability throughout most
of the State in most years.

Efforts to keep organic materials on the soil surface will be hampered in
some cropping systems by the need to incorporate herbicides. Such herbicides
are widely used with crops like cotton, soybeans, and corn. Routine and
emergency tillage for wind erosion control where inadequate residues are
produced will also destroy surface organic mulches. However, for some cropping
systems, maintaining residues on the surface is possible and highly beneficial.

All areas of the State provide opportunities for systems which are more
efficient than those presently used. Elimination or combination of operations
will result in fewer trips across the land. Such systems will be readily
adoptable and acceptable.

In general, potential for adoption of conservation tillage systems is
good. However, social stigmas and special problems in some areas will require
careful practice selections and extensive educational programs before widespread

adoption will occur.
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SOIL-PLANT-WATER RELATIONSHIPS IN CONSERVATION TILLAGE SYSTEMSl/

P. W. Unger, C. J. Gerard, snd Co¥: Nendhse

Conservation tillage systems, which emphasize the maintenance of crop
residues on the surface, have received considerable attention in recent years
because of their potential for conserving soil and water; reducing labor,
machinery, and energy requirements; and increasing crop yields. In this
report, we discuss the effects of these systems on soil and water conserva-
tion, soil properties, and crop yields. Most of the data are from studies in
Texas, but data from other regions are used to illustrate the potential of

conservation tillage for controlling erosion.

Results and Discussion

Effect on Soil and Water Conservation and Crop Yields

Maintenance of surface residues was first emphasized with the introduc-
tion of stubble mulch or subsurface tillage for wind erosion control in the
late 1930's and early 1940's. When sufficient residues were present, stubble
mulch tillage effectively controlled wind erosion and this practice is now
widely used throughout the drier portion of the Great Plains.

Although stubble mulch tillage controlled wind erosion, it had variable

effects on crop yields, depending on location in the Great Plains. In the

1/

=" Contribution from Agricultural Research, Science and Education Adminis-
tration, USDA, in cooperation with The Texas Agricultural Experiment
Station, Texas A& University.

2/

Soil Scientist, USDA Southwestern Great Plains Research Center, Bushland,
Texas; and Professors, Texas Agricultural Experiment Station, Vernon and
Lubbock, Texas, respectively.
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drier western portion, yields generally were higher with stubble mulch tillage
than with clean (one-way) tillage because slightly more water was stored in the
soil. Results from a long-term study at Bushland, Texas, are typical of those
for the western Great Plains (Table 1). At more humid locations, as in the
eastern Great Plains where residue levels were higher and the need for storing
extra soil water was not as great, yields generally were lower with stubble
mulch tillage than with clean tillage (McCalla and Army, 1961). Contributing
to the lower yields were more severe weed problems, tillage and planting
problems due to large amounts of residue, lower plant populations, and possi-
bly soil temperature and fertility problems. The last two problems were
indicated by chlorosis during some parts of the growing season on plants grown
with large amounts of surface residue.

Another form of conservation tillage, chemical fallow, was introduced in
the 1950's after the development of herbicides. All crop residues were maintained
on the surface for better wind erosion control, but results from early studies
at Bushland were discouraging because soil water contents and crop yields
usually were no better‘with chemical fallow than with stubble mulch tillage
(Table 2). Also, the herbicides cost more than did tillage during a fallow
period. Although not immediately recognized, a factor contributing to poor
results with chemical fallow was the small amount of residues produced by
dryland crops. For example, residue production by dryland winter wheat and
grain sorghum at Bushland averages about 1,500 pounds per acre. As shown in
Tables 3 and 4, water storage during fallow increased as surface residues
increased at several Great Plains locations. The low residue levels are
common on dryland areas where clean or stubble mulch tillage is used. The
high residue levels are common where wheat is irrigated (Unger et al, 1971,

1973).
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Table 1. Effect of cropping system and tillage method for winter wheat
on soil water content at planting, water-storage efficiency, and
grain yield (from Johnson and Davis, 1972).

Available
Cropping system soil water Water-storafe
and tillage method at planting efficiency Grain yield
1. b 1b/A
Continuous wheat
One-way 356 20 520
Stubble mulch 4.1 22 610
Wheat-fallow
One-way 5.0 10 830
Stubble mulch 6.1 15 940
Delayed stubble mulch Dl 13 920

N Average for 1942 to 1969, determined to a 6-foot depth.

¥ Average for 1958 to 1969.
* For this treatment, tillage after wheat harvest was delayed until weed growth
started the following spring.

Table 2. Effect of cropping system and tillage method on water storage and
crop yields (from Wiese et al, 1960, 1967).

Year(s)
1957 1958 1963-64 Avg.
Cropping System Water Water Water
and tillage method storage Yield storage Yield storage Yield
in. 1b/A in. 1b/A in. 1b/A
Wheat-fallow
Sweep alone 2.0 460 7.20 1,460 i e
Chemical + sweep 0.33 300 4.92 1,280 p k=
Chemical alone 0.00 380 4.08 15310 e e
LSD (0.05) 1.47 66 1.98 126 ol e
Continuous grain sorghum
No-tillage (propazine) e o A -- 4.1 2,290
Tillage -- -- -- -= 4.4 b 2,690
LSD (0.05) N.S. N.S.
Grain sorghum in wheat-
sorghum-fallow
No-tillage -- -- - - 4.7 2,830
Tillage -- -- -- -- 4.4 2,870
LSD (0.05) N.S N.S.

Not significant.
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Table 3. Mulch rate effect on precipitation storage
during fallow in Colorado, Montana, and
Nebraska (from Greb et al, 1967).

Range in
Mulch rate precipitation stored
1b/A %

0 16
1,500 19 - 26
3,000 22- =350
6,000 28 =33
10,000 34

Table 4. Mulch rate effect on average precipitation storage during fallow
and grain sorghum yields at Bushland, Texas (from Unger, 1978).

Mulch rate Precipitation storage Sorghum yield
_1b/A in. ! 1b/A
0 208 22.6 1,590
890 3.2 FP&L 2, 150
1,780 3.9 31.4 2,320
35070 4.6 36.5 2,660
7,140 59 43.7 3,280
10,700 5.8 46.2 3,560

Precipitation: Fallow--12.5 inches; Growing season--9.8 inches.

In 1968, chemical fallow studies with irrigated crops were started at
Bushland. An irrigated wheat crop in 1968 yielded about 10,000 pounds of
residues per acre. After harvest, disk and sweep tillage and herbicides were
used for managing residues and controlling weeds and volunteer wheat until
grain sorghum planting the next spring. Effects of the treatments on surface
residues, weed control, and water storage during fallow are shown in Table 5.
Disk and sweep tillage greatly reduced surface residues and resulted in an

average of 20% of the precipitation being stored as soil water during fallow.
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Precipitation storage was increased to 39% where weeds were controlled with
herbicides.

Grain sorghum yields were not obtained for the foregoing study, but were
obtained in later studies. Water-storage efficiencies from wheat harvest to
grain sorghum establishment were 26 and 52% for disk tillage and chemical
fallow, respectively, for 8.1 inches of precipitation and 3.0 inches of pre-plant
irrigation. Subsequent grain yields were 3,900 and 5,270 pounds per acre with
6.0 inches of seasonal irrigation for the disk tillage and chemical fallow
treatments, respectively. With 12.0 inches of irrigation, the respective
yields were.5,440 and 6,010 pounds per acre. Chemical fallow with 6.0 inches
of irrigation resulted in only 170 pounds per acre less grain than disk tillage
with 12.0 inches of irrigation, which showed that chemical fallow resulted in
more efficient use of irrigation water than disk tillage. Where water for
irrigation is limited, the chemical fallow system, therefore, has potential
for more effective water use than disk tillage. Where adequate water for
irrigation is available, the response to chemical fallow was adequate to
justify applying 12 inches of water. Growing season precipitation was 8.1
inches. The yield increase with chemical fallow resulted from the higher
water content at planting and possibly from greater water infiltration and
lower evaporation during the growing season (Unger and Phillips, 1973).

In a 2-year rotation of irrigated winter wheat and dryland grain sorghum,
Unger and Wiese (1979) used no-tillage, sweep, and disk tillage for wheat
residue management and weed control from wheat harvest until sorghum planting.
Precipitation stored as soil water, sorghum grain yields, water-use efficiency,
and net returns for the sorghum crops, based on March, 1978, production expenses
and grain prices, were highest with no-tillage, intermediate with sweep tillage,
and lowest with disk tillage (Table 6). All plots were uniformly plowed after
sorghum harvest and immediately planted to winter wheat.

-22-



Table 5. Effect of tillage method on surface residues, weed control, and
precipitation storage during fallow between wheat harvest and
sorghum planting at Bushland, Texas, 1968-69 (from Unger et al,

1971).

Surface residues--1b/A Weed control Precip. storage

Tillage method July Oct. May in May--% in. %
Tandem disk 3,900 200 <200 76 3% 22
Tandem disk + sweep 3,900 1,800 1,000 1) 2.0 15
Sweep 8,000 3,800 3,200 44 3.4 24
Sweep + herbicide 8,000 6,000 4,000 100 5.6 39
Herbicide 10,000 6,400 4,100 100 5.6 39

Fallow period precipitation was 14.2 inches.

At Bushland, irrigation water infiltration was greater where continuous
grain sorghum was planted without tillage in residues from previous crops than
where the residues were incorporated by rototilling. Infiltration totaled
12.7 and 10.5 inches for the no-tillage and tillage treatments, respectively,
from 14.3 inches of irrigation water applied from June 3 to August 31, 1971.
Although total dry matter yields with no-tillage were higher than with the
tillage treatment, grain yields were lower with no-tillage because of excessive
volunteer sorghum growth (Allen et al, 1975).

Table 6. Effect of tillage method on average precipitation storage, sorghum
grain yields, water-use efficiency, and net returns for the sorghum

crop in an irrigated wheat-dryland grain sorghum cropping system
at Bushland, Texas (from Unger and Wiese, 1979).

Tillage method

Factor No-tillage Sweep Disk
Precipitation storage--9% 35:2 221 13..2
Grain yield--1b/A 2,810 2,230 115250
Water-use efficiency--1b/Azin. 76.9 67.1 e
Net returns for sorghum--$ 50.23 26.04 12,52

Precipitation: Fallow--13.7; Growing season--10.4.

Based on March, 1978, expenses and grain prices.
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In a subsequent continuous grain sorghum study, volunteer sorghum was
controlled in the spring with a rolling cultivator or a sweep-rodweeder for
bed-splitting and mulch-subsoiling treatments, respectively. The mulch-
subsoiler, with sweeps attached to undercut the old furrows, increased irri-
gation water infiltration by 10% and grain yield by 8% as compared to clean
tillage (disking) and chiseling. Yields with the bed-splitting treatment were
equal to those with the clean tillage treatment (Allen et al, 1979). The
limited tillage treatments, bed-splitting and mulch-subsoiling, greatly reduced
time and energy needs.

Evaporation after precipitation or irrigation results in major losses of
soil water. In studies at Lubbock, Texas, evaporation was lowest from no-tillage
and minimum-tillage (shredding and disking) plots followed by that from chiseled
(shred, disk, chisel) and moldboard plowed (shred, disk, chisel, moldboard
plow) plots. Water was adequate for seed germination without spring rains in
no- and minimum-tillage plots, but not on moldboard plowed and chiseled plots.
More water from spring rains was stored with no-tillage, minimum-tillage, and
chiseling than with moldboard plowing. Cotton yields were higher with no-tillage
and chiseling than with moldboard plowing, but sorghum yields were higher with
chiseling, moldboard plowing, and disking than with no-tillage (Wendt, 1973).

Results from a few studies suggest that continuous no-tillage is not a
practical or economical cropping system in Texas. Although water infiltration
and soil water contents generally were higher and production costs generally
were lower with no-tillage than with conventional tillage, crop yields declined
after the first or second year of no-tillage (Allen et al, 1975; Unger 1977;

V. M. Harris, Economics of Minimum Tillage, Perry Foundation Report). When
plots were plowed after 3 years of no-tillage (Unger, 1977) or when no-tillage

was alternated with limited tillage (Allen et al, 1976), yields with no-tillage
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generally were higher than with other tillage methods. Yield decreases with
continued no-tillage usually were associated with increasing weed and volunteer
plant control problems, planting problems, low plant populations, and poor

seedling vigor.

Effect on Soil Properties

The foregoing examples and discussions have emphasized plant and soil
water relationships. Another important factor in crop production is the
influence of tillage on plant rooting depth, soil water relations, and soil
physical condition.

If plant rooting is restricted by dense subsurface layers, plants must
receive water frequently for high yields (Gerard and Clark, 1978a, 1978b;
Gerard et al, 1977). Where plants are dependent on infrequent rainfall, the
restricting layers can severely reduce crop yields, even though soil beneath
the layers may contain plant available water.

Data on the effect of increased surface residues and reduced tillage and
tractor traffic on the development or alleviation of dense soil layers are
limited. Koshi and Fryrear (1973) showed that the application of cotton burs
at rates of 5 tons per acre or more and confinement of tractor traffic to the
same path each year decreased soil bulk density and increased soil hydraulic
conductivity, air porosity, total porosity, and organic matter content. The
study was conducted on a loam soil at Big Spring, Texas. Maintenance of
surface residues and root systems of previous crops, as with no-tillage,
should also enhance water infiltration, decrease evaporation, and decrease
soil compaction. This should result in deeper plant rooting because of higher
soil water contents and the associated lower soil strengths. At some south-
eastern U. S. locations, crops have rooted deeper and yielded more following
grasses on soils with compacted subsurface layers where reduced tillage rather

than conventional tillage was used (Reicosky et al, 1977).
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Unger (unpublished data, USDA Southwestern Great Plains Research Center,
Bushland, Texas) measured some physical conditions of Pullman clay loam (Torrerti
Paleustoll) after 4 years on plots where wheat was grown with and without
irrigation in alternate years. No-tillage, disk, and sweep treatments were
used for residue management and weed and volunteer wheat control. The dif-
ferences in soil physical conditions due to tillage method were slight. Soil
bulk densities to a 2-foot depth in plots irrigated for the crop before sampling
were 0.04 and 0.05 g/cm3 higher in no-tillage than in disk and sweep plots,
respectively. Soil penetration resistance tended to be lowest with no-tillage,
even though soil water contents to the depth of penetration measurement were
similar. On dryland plots, soil organic matter content was significantly
lower on disk than on no-tillage and sweep plots. The no-tillage soil tended
to have more fine (<0.04 in.) and fewer large (>0.16 in.) water stable aggregates
on the dryland plots, but there were no significant differences on irrigated
plots. On dryland and irrigated plots, no-tillage resulted in more fine
(<0.03 in.) and fewer large (>0.25 in.) dry aggregates than disk or sweep
tillage. Although more fine aggregates suggested that the no-tillage soil was

more subject to wind erosion, the soil was protected by the surface residues.

Effect on Erosion

The benefits of surface residues for controlling wind and water erosion
are widely recognized, but soil loss data from Texas are limited. Unger
(1969) found low and no significant differences in losses from Pullman soil
when he used a wind tunnel on fallowed areas and areas cropped to winter
wheat. Clean and stubble mulch tillage methods were used on the different
areas. Soil losses were low because of residue on the surface and the stability
of soil aggregates. Residue amounts needed to protect different soils against

erosion are given in Table 7.
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Table 7. Approximate amounts of flattened wheat residue needed to hold
erosion to about 5 tons per acre per year (from Unger et al,

1977)-
Protection from erosion
Soil Wind Water
1b/A
Silts 925 1,450
Clay and silty clay 1,600 1,850
Loamy fine sand 24,125 900

Considerable data have been published from outside of Texas concerning
soil losses by water erosion. We show the results of two studies in Tables 8
and 9. Data in Table 8 were for a storm that had an expected recurrence
frequency of over 100 years. The rain fell in 7 hours. Rainfall was identi-
cal and slopes were similar for clean-tilled watersheds having sloping or
contour rows. However, rumoff and soil loss from the contoured watershed were
only 52 and 14%, respectively, of that from the watershed with sloping rows.
No-tillage with contour rows resulted in 57 and 0.1% runoff and soil loss,
respectively, as compared with that from the sloping-row watershed, even
though the no-tillage watershed was much steeper (Harrold and Edwards, 1972).

Data in Table 9 show the influence of tillage practice and slope steep-
ness on precipitation runoff and soil loss from a tropical location in Nigeria.
The authors (Rockwood and Lal, 1974) considered sure and cheap control of
erosion to be the greatest advantage of minimum tillage for tropical soils.
Although soils and conditions in Texas are different from those in Ohio and
Nigeria, the foregoing examples show the potential of conservation tillage for

controlling soil erosion by water.
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f Table 8. Effects of tillage on runoff and soil loss from corn watersheds
! at Coshocton, Ohio (from Harrold and Edwards, 1972).

Soil

Tillage Slope Rain Runoff loss

% in. in. 1b/A
Plowed, clean tilled, sloping rows 6.6 5.50 4.40 45,300

) Plowed, clean tilled, contour rows 548 5350 2.30 6,430
[ No-tillage, contour rows 20.7 Daksl 2550 63

Table 9. Effect of tillage and slope on runoff and soil loss from bare
fallow, plowed, and no-tillage areas on a tropical soil in Nigeria
(from Rockwood and Lal, 1974).

Bare fallow Plowed No-tillage
| Slope Runoff Soil loss Runoff Soil loss Runoff Soil loss
| Y 9 1b/A % 1b/A % 1b/A
5 1 18.8 200 8.3 40 1.2 0
% 5 20.2 3,600 8.8 2,100 1.8 0
{ 10 17.5 12,400 9.2 390+ 2.1 0
J 15 21.5 15,900 133 3,900 2ak 0

; Precipitation was 1.7 inches.

+ Probably an error in original publication.

Conclusions
ik Crop residues, when present in adequate amounts and maintained on the
soil surface, can effectively control erosion and conserve water. Where
residues are limited, tillage is an important erosion control practice.
2 In the drier regions of Texas, water conserved by conservation tillage
systems generally increases crop yields.
3z Data are too limited to warrant conclusions concerning effects of

conservation tillage on properties of Texas soils.

4. Continuous no-tillage crop production is not practical or economical in

’ Texas at the present time.
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ENERGY CONSIDERATIONS IN CONSERVATION TILLAGE SYSTEMSl/

R. R. Allen and D. W. Fryrearg/

Conservation tillage systems were originally developed for conserving
soil and water resources; however, these systems can also reduce fuel energy
requirements and related expenses. To view energy considerations for tillage
in a better perspective, it is helpful to consider the energy requirements of
the entire U. S. food supply system.

Our food system uses about 16.5% of the nation's energy, but agricultural
production uses only about 3% of the total (CAST, 1977). Table 1 provides a
breakdown of the total energy use for the U. S. food system. It takes 3 times
more energy to process, package, refrigerate, and transport food from the farm
gate to the consumer than it does to produce it, and energy used for home food
preparation is 1.7 times greater than for food production. Fuel energy for
food production is divided into off-farm and on-farm use. Off-farm fuel is
used to manufacture products for farming, such as natural gas for manufacturing
nitrogen fertilizers, coal for steel production, and petroleum for pesticides,
plastics, and machinery manufacture. On-farm fuel is used for tillage, planting,
cultivation, pest control, irrigation, and harvesting.

Although the energy used for tillage is only a small part of that used in

the complete food system, it is a major component of on-farm fuel use. To

1/

~' Contribution from Agricultural Research, Science and Education Adminis-
tration, USDA, in cooperation with The Texas Agricultural Experiment
Station, Texas A&M University, College Station.

4 Agricultural Engineer, USDA, SEA-AR-USDA Southwestern Great Plains
Research Center, Bushland, Texas; and Research Leader, USDA-SEA-AR,
Big Spring, Texas.
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some extent, expenses for fuel, labor, machinery, and maintenance are related
to the amount of tillage performed to manage a cropping system. We discuss
here conservation tillage systems and their effects on energy use in Texas and
at other representative locations. Tillage energy requirements reported are
from field measurements or are estimates based on reported field operations
and use of agricultural machinery management data (ASAE, 1978). Energy use is
reported in diesel equivalents (gal/A). Where herbicides are used, the equiva-
lent fuel energy for their manufacture and application is included in the

tillage energy requirements unless otherwise noted.

Table 1. Energy use in the U. S. food system.

Function Energy used (%)
Production 18
Processing 33
Transportation 3
Wholesale and retail trade 16
Household preparation 30

Dry Farming Tillage Systems and Energy

Stubble-mulch tillage, common to the western part of the Great Plains,
usually involves tilling only as necessary to control weeds and wind erosion.
Results of 27 years of research at Bushland, Texas, show that stubble-mulch
tillage of wheat residue in the wheat-fallow portion of the study produced 13%
greater yields than one-way tillage (Johnson and Davis, 1972). Fuel requirement
for one-way tillage averaged about the same as for sweeps (Table 2). However,
production efficiency was higher with sweeps because of the higher yields.

Draft requirements of the sweep and one-way plow were compared at Alliance,
Nebraska (Dickerson et al, 1967). The one-way required more power in weed-free

stubble, and sweeps required more in weedy stubble. At Archer, Wyoming, the
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energy requirements of bare fallow (one-way followed by sweeps and rodweeders)
were compared with those of stubble-mulch tillage (sweep and rodweeders) for
growing wheat (Fornstrom and Becker, 1977). Both tillage treatments required
about the same energy. For discussion purposes, the power and energy require-
ments of sweeps and one-ways are assumed to be about equal. One operation of
the one-way will bury from 30 to 70% of the residue, depending on tillage
depth, whereas sweeps cover only 10 to 15% (Fenster, 1973).

Table 2. Yield and estimated fuel requirements for dryland wheat at Bushland,
Texas (Johnson and Davis, 1972).

1/ Diesel
Tillage Yield= Fuel
1b/A gal/A
Continuous wheat
One-way 520 3.4
Sweep 610 3.4
Wheat—fallowg/
One-way 830 6.4
Sweep 940 6.4
1/

27-year average 1943-1969.
2/

=" Wheat-fallow represents one crop in 2 years with a 15-month intervening
fallow period.

Wiese et al (1967) compared chemical weed control with sweep tillage in
a wheat-sorghum-fallow system at Bushland, Texas in 1963-64. Chemical fallow
replaced three fallow-season sweep operations and one sorghum cultivation for
a net energy savings of about 1.5 gal/A of diesel. Sorghum grain yields and
fallow-season soil water storage were equal for both treatments. Farther
north on the Piains at North Platte, Nebraska, where the fallow-season evaporation
potential is less, a herbicide treatment increased soil water storage and

reduced fuel requirements as compared with stubble-mulch tillage (sweep) for
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fallow-season weed control (Smika and Wicks, 1968). The wheat-sorghum-fallow
sequences consisted of 2 crops in 3 years with about 11 months of fallow
between crops. Table 3 shows estimated energy use, soil water storage, and
grain yields. Herbicide treatments reduced fuel use by 2.5 gal/A (27%) and
increased soil water storage by 1.5 inches (20%) over sweep tillage. Suc-
ceeding wheat and sorghum yields were greater following fallow-season weed
control with herbicides.

Table 3. Fallow-season soil water storage, energy requirements, and grain

yield with sweep tillage and herbicide weed control, North Platte,
Nebraska (Smika and Wicks, 1968).

: Numbgr Soil water 1/ Yield
Tillage operations stored Energy— Wheat Sorghum
inches gal/A 1b/A 1b/A
Sweep 8.5 Fouid 559 3,110 3,640
Herbicide 6.0 8.8 350 3,240 4,470
A Estimated

A combination of tillage and herbicides can reduce energy requirements.
On a fine-textured soil at Hays, Kansas, dryland grain sorghum yields were
increased when herbicides and limited tillage were used for fallow-season weed
and volunteer sorghum control (Phillips, 1969). In the wheat-sorghum-fallow
rotation, an application of atrazine followed by sweep tillage immediately
after wheat harvest and one sweep operation just before seeding the sorghum,
produced 60% higher 4-year average sorghum grain yields (3,370 vs. 2,050 1b/A)
than the clean till check. Herbicide treatment alone did not significantly
increase yield or control grassy weeds. The combination tillage-herbicide
treatment required an estimated 0.55 gal/A (10%) less energy than clean tillage

and had a much higher production efficiency because of increased yield.
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In central and east Texas, johnsongrass [Sorghum halepense (L.) Pers] can

be a problem with summer crops. Recommendations for medium johnsongrass
infestations on cotton land include the incorporation of a preplant herbicide.
(See section on Conservation Tillage Guidelines.) This increases the esti-
mated tillage energy requirements by about 3 gal/A over the 5 to 7 gal/A for
low johnsongrass infestations.

No-till seeding through a killed sod cover increased corn yields in
Kentucky (Hill and Blevins, 1973) and Virginia (Shanholtz and Lillard, 1969).
The sod cover reduced surface evaporation during the first 40 days until the
crop éanopy developed, which permitted more rapid early growth. Yields in-
creased from 6,550 to 7,050 1b/A in Kentucky and from 4,480 to 5,770 1b/A in
Virginia. Estimated energy requirements to prepare the seedbed and plant corn
at both locations were 5.5 gal/A for clean tillage and 2.5 gal/A for no-till.

In Mississippi, Edwards (1971) found that limited tillage (cultivating
furrow middles between crop rows) reduced energy requirements for seedbed
preparation by 50% on a sandy loam and by 80% on a clay soil as compared with
conventional disking and listing. Seed cotton yield was not significantly
affected by limited tillage on either soil (Table 4).

At Florence, South Carolina (unpublished data, C. W. Doty, 1978), tractor
fuel input was measured for primary tillage and planting operations with six
different tillage systems for corn production on a Norfolk sandy loam. Limited
tillage (chiseling 16 inches deep in 40-inch spaced rows and planting) used
only about 40% as much energy (2.4 gal/A) as did conventional tillage (two
diskings + harrow). A primary tillage treatment (chiseling 16 inches deep on

12-inch spacing) used 85% more energy than did conventional tillage.
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Table 4. Energy used for seedbed preparation and yield of seed cotton in
Mississippi (Edwards, 1971).

Tillage method Tillage energyl/ Seed cotton yield
Marietta Sandy Loam gal/A 1b/A
Disk-list 0.90 2,490
Cultivate middles 0.45 2,480

Houston Clay

Disk twice-list 820 2,030
Cultivate middles 0.65 2,160
1/

=" Tillage energy does not include stalk cutting, fertilizer application,
herbicide application, or seeding. The energy requirements were orig-
inally reported in h.p. hr/A. We converted these values to the diesel
equivalent.

Irrigated Tillage Systems and Energy

Irrigated cropping usually requires extra tillage if water is applied in
furrows. For sprinkler irrigation, tillage energy requirements are similar to
those in humid areas without irrigation. If irrigation water is supplied from
deep wells, energy for pumping can overshadow that for tillage. This is
discussed later in the section on pump irrigation.

Herbicide control of fallow-season weeds and volunteer wheat was compared
with clean tillage on irrigated wheat residue at Bushland, Texas, (Unger
et al, 1971). During the fallow period between wheat harvest in June and
sorghum seeding the following spring, 2.5 inches more water was stored and
about half as much tillage energy was used with herbicide control. The 2.5
inches of additional stored water nearly equalled that normally stored with a
preplant irrigation and greatly reduced the need for an irrigation before

seeding sorghum or corn. The fuel savings for one irrigation amounted to
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about 13 gal/A or 20% of the 65-gal/A average fuel use for seasonal irrigation
of sorghum at Bushland.

In a follow?up study with a wheat-sorghum-fallow sequence (two crops in 3
years) under limited irrigation at Bushland, no-till herbicide control of
fallow-season weeds and volunteer wheat was compared with clean tillage (Musick
et al., 1977). During the approximate 1l-month fallow period between wheat
harvest and sorghum seeding the following spring, an average 1.7 inches more
soil water was stored with no-till (Table 5); and as a result, no emergence
irrigation was needed. No-till increased sorghum grain yield by 15% and
reduced estimated tillage energy from 7.5 to 2.4 gal/A.

Annually cropped, furrow-irrigated grain sorghum was studied under various
tillage treatments (disk-chisel, disk, bed-split, and bed-mulch) at Bushland
(Allen, et al, 1979). Tillage effects on yield, irrigation water use, and
fuel requirements are shown in Table 6. In the bed-mulch treatment, old
stalks stood undisturbed until spring and a sweep-rodweeder was used to under-
cut the beds and clean the furrows before seeding the new crop. In the bed-
split treatment, new beds were formed over the old furrows. The reduced
tillage treatments, bed-splitting and mulching, required only about half as
much fuel as the two clean-tilled disk treatments and increased yield by 8 and
16%, respectively. Irrigation water-use efficiency with bed-mulching and with
bed-splitting was 8% greater than with disking. The results of no-till seeding
grain sorghum double-cropped after winter wheat harvest at Bushland are also
shown in Table 6. No-till required only about one-third as much fuel and
one-fifth as much time as did clean tillage, and increased average grain yield
by 12% (Allen et al, 1975). /

In the Mesilla Valley of New Mexico, energy for limited tillage was

compared with moldboard plowing and rototilling for irrigated cotton
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(Abernathy, 1970). The moldboard plowing treatments were very energy-
intensive and included 2 to 4 diskings after plowing 8 to 10 inches deep
(Table 7). Moldboard plowing and disking used about 4 times more energy than
did limited tillage (chiseling 12-14 inches deep) and 2.7 times more than
rotary tillage. Four-year average cotton yields were significantly higher
(15%) with moldboard plowing than with limited or rotary tillage.

Table 5. Fallow-season soil water storage after irrigated wheat, estimated

fuel requirements, and grain sorghum yield with no-till herbicide
and disk weed control at Bushland, Texas (Musick et al, 1977).

: Soil water Fgl}ow / Sothum
Tillage stored efficiency— yield Energy
inches % 1b/A gal/A
No-till 4.5 35 55l 130 2.4
Clean-till 2.8 21 4,480 745
1/

~" Percent of fallow-season precipitation stored.

Table 6. Yield and measured fuel requirements for annual and double-cropped
grain sorghum with various tillage methods, Bushland, Texas.

Grain
Tillage method yield Energy
1b/A gal/A
Annual cropped (1975-76)
Disk-chisel 5,670 a3
Disk 5,280 6.1
Bed-split S5l 10 3.4
Bed-mulch 6,120 25
Double cropped after winter wheat (1968-73)
Clean-till 4,530 5.4
No-till 5,080 1.5
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Table 7. Effect of tillage method on irrigated cotton yield and tillage
energy use in the Mesilla Valley of New Mexico (Abernathy, 1970,
with some recalculations).

Tillage method Yield Energy
1b/A gal/A
Minimum tillage 2,640 2:
Moldboard-plow 3,020 1140
Rotary tillage 2,600 4.1

Pump Irrigation

With irrigated cropping systems, especially where water is pumped from
deep aquifers, tillage may account for only 3 to 10% of the energy used to
produce the crop. Approximately 80% of the water to irrigate 25 million acres
in the Great Plains is supplied from wells (Great Plains Agricultural Council,
1976). Table 8 illustrates the equivalent energy required to produce and
harvest surface-irrigated and dryland grain sorghum on the Southern High
Plains at Bushland, Texas. Energy requirements are about 16 times greater for
irrigation than for dryland, but only 4 times more sorghum grain is produced.
With dryland sorghum, about 250 lb. of grain are produced per gallon of diesel
fuel used, but only about 65 1b/gal are produced with irrigation. In this
case, irrigated sorghum production is only 25% as energy-efficient as dryland.
About 20% of the energy used in irrigated production is for fertilizer and
about 65% is for pumping water. If a sprinkler system is used to apply an
equal quantity of water, total energy requirements are increased by 30 to 45%
to pressurize the sprinkler system. However, with sprinkler irrigation less
water may be applied. Irrigation pumping depths and related energy demands

vary considerably within local areas as well as between regions.
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Table 8. Energy equivalents for surface-irrigated andl?ryland grain sorghum
systems with various tillage, Bushland, Texas—'.

Irrigated Dryland
Disk Bed Wheat- Continuous
Operation chisel mulch sorghum-fallow sorghum

Energy (gal/A)

Till & seeg/ 7.3 2:5 4.4 3.0

Fertilizer— 21.0 21<0

Herbicide ] ;1448 0.5 0.5

Irrigation= 64.1 64.1

Harvest 4/ 162 1.2 0.7 6 5

Transport— 0.8 0.8 0.2 0.1
TOTAL 9545 90.7 i 4.3

1b/gal
Grain production
per gal of fuel 65.5 68.9 260.0 255.0

1/ Assumed yields:
6,250 1b/A irrigated
1,500 1b/A dryland sorghum phase (Wheat-sorghum-fallow).

217 150 1B/K N 4 NH, - 0.14 gal/A N equivalent for NH, (Miles, 1975).
3 20 acre-inches, 250-ft. pump lift, 75% pump efficiency, 95% gear head
efficiency.

o/ 5,600-1b. load, 10-mi. round trip to market.

Energy Inputs to Cropping Systems

Previous discussion has shown that the energy perspective is limited
unless tillage energy is considered with the complete cropping system. Some
of these other necessary energy inputs are fuel, fertilizer, pesticides,

harvesting, and drying.

Fuel

For every unit of petroleum-based fuel used in the United States, an

additional 20% is required in exploration, refining, and delivery of the
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product. In agricultural production, the cost of lubricants amounts to about

15% of the fuel cost (Clark and Johnson, 1975). Among internal combustion
engines, diesel power is the most efficient and most tractors and harvesters
are diesel powered. A pallon of diese) fwuel) will do tkhe work of 7.4 gal of

gasoline or 1.65 gal of LP gas.

Fertilizer
Fertilizers accounted for an estimated 33% of the total energy input for
crop production in the United States in 1974 (USDA, 1976). About one-third of
our crop yields result from the use of nitrogen fertilizer. In considering
manure as fertilizer source, the collectible manure in the United States is
estimated to be able to supply only about 18% of the cropland (CAST, 1977).
The total energy consumption of fertilizer in the U. S. agricultural

15 joules or about 0.7% of the total United States

system is about 585 X 10
energy consumption (Davis and Blouin, 1977). Of this total, about 88% is for
production, 1% is to transport raw materials, and 11% is for transportation,
storage, handling, and application of the finished product. About 95% of the

ammonia is produced from natural gas. About 37,900 ft3 of natural gas are

used to produce a ton of ammonia.

Pesticides

About 5% of the energy in agriculture is used for production of pesti-
cides (USDA, 1976). Pesticide energy use averages only about 15% as much
energy as is used to produce fertilizer in the United States. According to
one estimate, about 40% of the U. S. food and fiber production would be lost
without the use of pesticides (CAST, 1977). Table 9 shows some energy inputs

to manufacture common pesticides.
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Table 9. Energy inputs for pesticide manufacture
(Jones, 1974 with some recalculations).

Energy
Pesticide input

gal diesel/

L
Insecticides 0.31
DDT, 2,4-D 0.31
MCPA 0.41
Diuron 0.84
Atrazine 0.60
Trifluralin 0.47
Paraquat 1.44

Green and McCulloch (1976) determined the energy required to produce and
apply some common herbicides in England as a percentage of the energy required
for mechanical cultivation. These were 28% for MCPA, 41% for trifluralin, 48%

for atrazine, and 121% for diuron.

Harvesting and Drying

Examples of harvest energy requirements for sorghum were shown in Table 8.
After harvest, drying of corn for safe storage with heated air can consume
15 to 20% of the total fuel energy input, much more than do threshing and
hauling. About 1,250 BTU's of energy are required to remove a pound of water
from grain (Lane et al, 1973). Heated-air drying is about 50% efficient, so
in practice, 2,500 BTU's are required to evaporate a pound of water from
grain. This amount of energy can be released by burning 0.03 gal of LPG or
about 0.024 gal of No. 2 fuel_oil in an indirect-fired burner. For example,
to dry corn from 25 to 15.5% moisture, assuming a 7,300 1b/A yield, would
require 27.7 gal of LP gas per acre. In the process, 110 gal of water would

be removed by evaporation. An energy-conserving grain-drying method is to
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partially dry with heated air (discontinue heat-air drying at about 21% moisture)
then finish with unheated air (Teter, 1973). This could reduce drying energy
requirements by about one-half. Further energy savings could be made where
corn could be field-dried to about 22% moisture, then harvested and further

dried with unheated air.
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ECONOMICS OF CONSERVATION TILLAGE SYSTEMS

C. Robert Taylor, Duane R. Reneau and Richard Trimble*

Profitability and risk are important factors influencing the adoption of
conservation tillage systems. Unfortunately, because of large differences in
climates and soils in Texas, blanket statements regarding profitability and
riskiness of conservation tillage systems cannot be made. This report presents
estimates of the profitability of conservation tillage for two situations: (1)
furrow irrigated winter wheat at Bushland; and (2) dryland grain sorghum in the
Rio Grande Valley. Crop yields used in developing budgets for wheat at Bushland
were obtained by Allen, Musick, and Wiese in a three year experiment while crop
yields for sorghum in the Valley were obtained from experiments conducted by the
Perry Foundation.

Three crop budgets were developed for each tillage system in each area.

One budget was for the average crop yield obtained over the length of the tillage
experiment. A second budget was developed for the yield obtained in the '"best"
year of the experiment, while a third budget was developed for yield obtained in
the "worst" crop year of the experiment. The first crop budget--that for average
yield--indicates profitability averaged overtime (i.e., weather) while the

other budgets indicate the relative risk involved in the different tillage
systems. Farmers who are neither gamblers or risk averters should select the

tillage system with the greatest average return. However, farmers who desire

*Assistant Professor, Texas Agricultural Extension Service, TAMU, College Statior
Graduate Research Assistant, Department of Agricultural Economics, TAMU, College¢
Station; Acting Project Leader and Economist-Management, Texas Agricultural
Extension Service, TAMU, College Station.
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"safety first" in the sense of maximizing returns in the worst year should
select the tillage system that gives the highest net returns (or lowest net

cost) in the worst year.

Irrigated Winter Wheat at Bushland

Tillage systems considered in the Bushland experiments were conventional
tillage, limited tillage, and no tillage. Table 1 indicates the major tillage
operations used for each system.

Experiments were conducted for both limited and adequate irrigation levels.
An average of 4.3 irrigations of about 4 inches each were used for the experi-
mental plots receiving adequate irrigation, while an average of 2.7 irrigations
were used for the limited irrigation plots.

Table 2 shows the yields obtained for the three tillage systems under the
two levels of irrigation. With adequate irrigation, no-till had the highest
average yield (49.14 bu.) and conventional tillage resulted in the lowest average
yield (44.83 bu.). However, in the worst year (1973/74) conventional tillage
had the highest yield (33.70 bu.) and no-tillage had the lowest yield (31.17
bu.). In the best year, no-till had the highest yield (62.79 bu.) and conventional
tillage the lowest yield (55.96 bu.). These experimental results suggest that
in terms of yield, no-till is better on the average, but is more variable. That
is, in the good weather years no-till is very good, but in the bad weather
years, yield with the no-till system is very bad.

Now consider the profitability of the three tillage systems. Budgets for
adequate irrigation for the various situations considered are given in Tables 3
through 5. Table 3 gives budgets based on yields averaged over the three years
of the experiment. All inputs except tillage operations and herbicide use were

held constant in the experiment. No-till has a $12.15 higher herbicide cost
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than the other two systems because of the need to use a contact herbicide (such

as Paraquat) to control weeds.

the tillage operations shown in Table 1.

Preharvest labor and machinery cost items refleci

Because of fewer field operations with

the reduced tillage systems, fixed costs for machinery and tractors were also

reduced. However, for a farmer who already has all machinery required for

conventional tillage, fixed costs with reduced tillage will not be as low as

Table 3 indicates.

Table 1. Tillage systems evaluated for furrow irrigated winter wheat at Bushlani

Texas.

System

Operations

No-till

Limited

Conventional

w N

SWN =

AN PESWN -

2,4-D applied in early July
Contact herbicide in August

NH3 furrow chiseled

2,4-D in early June

Disk bed in August

NH, furrow chiseled

Sweep-rod weeder cultivation before
seeding

Tandem disk in early July

Chisel

Disk in August

Disk bed

NH, furrow chiseled

Sweéep-rod weeder cultivation before
seeding
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Table 2. Furrow irrigated wheat yields (bu./ac.) at Bushland, Texas.

Tillage System Adequate Limited

Irrigation Irrigation

3-year average No-till 49.14 43.20
(1971-72 through Limited 45 .43 PTo2T
1973-74) Conventional 44 .83 38.74
Worst No-till 3EE] 25.68
year Limited 31.62 25.98
(1973-74) Conventional 33.70 2761
Best No-till 62.79 60.42
year Limited 57.00 57-.30
(1972-73) Conventional 55.96 54.04

Net returns for the three tillage systems are summarized in Table 6. Over
the three year period, no-till had the highest net return ($41.73 versus $36.98
for limited tillage and $26.98 for conventional tillage). This ranking also
held for the best crop year. However, in the worst year, no-till did not fare
as well as the other systems. Net returns in this year were $7.32 lower with
no-till as compared to limited-till, and $5.09 lower as compared to conventional
tillage.

Results in Table 6 suggest that no-till of furrow irrigated winter wheat at
Bushland would be a gamble. Limited tillage is much more attractive, and gives
a higher average net return as well as a slightly higher return in the worst

year relative to conventional tillage.
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Table 3. Average year crop for furrow irrigated winter wheat at Bushland, Texas

Budget* Tillage System
Conventional Limited No-till

Gross Receipts

Wheat (@$3.00/bu.) $134.69 $136.29 8147 .42

Grazing : 18.62 18.62 18.62
Variable Costs

Herbicide S 3050 83050 815:65

Labor (Tractor & Mach.) 19.70 16.07 13.40

Machinery & Tractors 9.62 759 6.07
Harvest Costs

Combine $§ 9.00 $ 9.00 $ 9.00

Custom Haul 4.48 A 4.54 4.91
Fixed Costs (Excl. Land)

Machinery § 4.49 $§ 3.41 S5 2161

Tractors 6.35 4.83 3.68

Irrigation Machinery 11.88 11.88 11.88
Total Costs $126.13 $117.93 S124:81
Net Returns $ 26.98 $ 36.98 $ 41.73

*Budgets based on experimental data by Allen, Musick, and Wiese, and 1978 TAEX (
Budgets.
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Table 4. Worst year (1973-74) budgets for furrow irrigated winter wheat at
Bushland, Texas.

Budget® Tillage System
Conventional Limited No-till

Gross Receipts

Wheat (@$3.00/bu.) $101.10 $ 94.86 $ 93.51

Grazing 18.62 18.62 18.62
Variable Costs

Herbicide $§ 3.50 $§ 3.50 S.15.65

Labor (Tractor & Mach.) 19.70 16.07 13.40

Machinery & Tractors 9.62 4,99 6.07

Other Variable Costs L1l Slild 5%ell
Harvest Costs

Combine $§ 9.00 $ 9.00 Stiea9. 00

Custom Haul 3,37 3.16 3. 12
Fixed Costs (Excl. Land)

Machinery § 4.49 g | S, 0. 61

Tractors 6.35 4.83 3.68

Irrigation Machinery 11.88 11.88 11.88
Total Costs SR25202 $116.55 $122:.52
Net Returns Shi=530 5 =307 5r10:.39

*Budgets based on experimental data by Allen, Musick, and Wiese, and 1978 TAEX Crop
Budgets.
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Table 5. Best year (1972-73) budgets for furrow irrigated winter wheat at

Bushland, Texas.

Budget* Tillage System
Conventional Limited No-till
Gross Receipts
Wheat (@$3.00/bu.) $167.88 §171.00 $188.37
Grazing 18.62 18.62 18.62
Variable Costs
Herbicide 8 A3.450 $.-,3150 Sid5.64
Labor (Tractor & Mach.) 19.70 16.07 13.40
Machinery & Tractors 9.62 7.59 6.07
Other Variable Costs b711 511 3713
Harvest Costs
Combine $ 9.00 $ 9.00 $4:9.00
Custom Haul 5.60 570 6.28
Fixed Costs (Excl. Land)
Machinery § 4.49 8 3uil $.+2.61
Tractors 6.35 4.83 3.68
Irrigation Machinery 11.88 11.88 11.88
Total Costs $127.25 $119.09 $125.68
Net Returns $:59.25 8 70.53 $ 81.31

*Budgets based on experimental data by Allen, Musick, and Wiese, and 1978 TAEX

Budgets.

Table 6. Summary of net returns for furrow irrigated winter wheat at Bushland,

Texas.

Tillage System

Net Returns ($/ac.)

Average Worst

for 3 years Year

Conventional $26.98 $-5.30

Limited 36.98 ~3.07

No-till 41.73 -10.39
~52%=



Thus, limited tillage warrants serious consideration by risk averse as well as

profit maximizing wheat producers in the Bushland area.

Dryland Grain Sorghum in the Rio Grande Valley

Tabie 7 lists the cultural practices undertaken for each of the three
different tillage systems considered for production of grain sorghum in the Rio
Grande Valley. Yield data obtained from field trials by the Perry Foundation is
shown in Table 8. Conventional tillage showed the highest average yield at 2995
pounds per acre and the highest yield during the worst year. However, in the
best year no-till was the highest yielding system. In this study the limited
till option always had the poorest yield.

Tables 9 through 11 give example budgets for the different tillage systems
using the average yield, worst year yield and best year yield data, respectively.
Once again tillage machinery and labor costs decline as fewer field operations
are required. Fixed costs for tractors and machinery also decline. Custom har-
vest was budgeted on a per hundredweight basis so that harvest costs were made a
function of yield.

The net returns to land and management are shown in Table 12. The no-till
system had the highest net returns for both the three year average and for the
best year. For the worst year conventional tillage had the highest returns.

In spite of no-till's higher average returns the wide variation in return
from year to year would make the system less attractive to risk averse farmers

than conventional tillage which was much more consistent.
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Table 7. Tillage systems evaluated for dryland grain sorghum for the Rio Grand

Valley.

System

Operations

No-till

Limited

Conventional

L WN =

-

NONOUEWN -

CWRENOUMEHEWN -~

Shred stalks

Apply fertilizer

Plant

Apply herbicide

Run middle (if necessary)

Roller cut stalks

Point out stalks

Re-bed

Fertilizer

Row disk or harrows (if necessary)
Plant

Apply herbicide

Cut stalks
Point out stalks
Re-bed

Disk

Harrow
Fertilizer

Run middle
Plant

Apply herbicide
3 cultivations

Table 8. Dryland grain sorghum yields (lbs./ac.) for Rio Grande Valley, 1974-7

Tillage System Dryland
Yield
Average No-till 2741
for 3 years Limited 2361
Conventional 2995
Worst Year No-till 1782
(1975) Limited 1050
Conventional 2600
Best Year No-till 3921
(1974) Limited 3192
Conventional 3641

Bl



Table 9. Crop budgets for dryland grain sorghum in Rio Grande Valleg/under three
different tillage systems using yields in average years. -—

Budget Tillage System
Conventional Limited No-till

Gross Receipts

Grain (@$3.90/cwt) $116.81 $ 92.08 $106.90
Variable Costs
Fertilizer 200 1b. b/
32-11-0 $. 43150 s~ 13650 $ 13.50-
Herbicide & Application 6.63 6.63 23:38
Labor 11.40 6.04 3.48
Tractor & Machinery 14.38 8.69 5.0
Other Variable Costs 7.83 783 7.83
S353176 $ 42.69 $ 53.20
Harvest Costs
Custom Combine (@$.30/cwt) $ 8.99 S 7.08 S 8:22
Custom Haul (@$.17/cwt) 5.09 4.01 4.66
$ 14.08 891509 $ 12.88
Fixed Costs (Excl. Land)
Machinery 5.06.56 § 3.96 5=92928
Tractor 8.30 5:001 2.89
S 14.86 $ 8.97 gh-5917
Total Costs $ 82.68 A B ' A
Net Returns Si34.13 $ 29.33 $n3bi6s

g; Budgets based on data from Perry Foundation and 1978 TAEX Crop Budgets.

One year an added 100 lbs. of 32-0-0 was applied.

_55_




Table 10. Crop budgets for dryland grain sorghum in Rio Grande Valley under th
different tillage systems using yields in worst year.

Budget Tillage System
Conventional Limited No-till

Gross Receipts

; Grain (@3.90/cwt) $101.40 $ 40.95 $ 69.50
( Variable Costs
Fertilizer S 13350 $ 13.50 $:33.54
i Herbicide 6.63 6.63 23.384
f Labor 11.40 6.04 3.48
Tractor & Machinery 14.38 8.69 5.01
Other 7.83 7.83 7.83

Harvest Costs

Custom Combine $ 7.80 8- 3.:15 TR AT
Custom Haul 4.42 1.79 3.03

Fixed Costs (Excl. Land)
Machinery § 6.65 § 3.96 Sr 2,29
1 Tractor 8.30 5.01 2.89
| Total Costs $ 80.82 $ 56.60 $ 66.75
Net Returns $ 20.58 $-15.65 S 215

S



Table 11. Crop budgets for dryland grain sorghum in Rio Grande Valley under three
different tillage systems using yields in the best year.

Budget Tillage System
Conventional Limited No-till

Gross Receipts

Grain $142.00 $124.49 $§152.92
Variable Costs

Fertilizer 51157, 50 Y VI 3850 53550

Herbicide 6.63 6.63 23.38

Labor 11.40 6.04 3.48

Tractor & Machinery 14.38 9.69 5301

Other 17385 7.83 7.83
Harvest Costs

Custom Combine $ 10.92 § 9.58 S211.-76

Custom Haul 6.19 5.43 6.67
Fixed Costs

Machinery S 656 $ .3.96 S6 2528

Tractor 8.30 Syt 2.89
Total Costs § "B5LTL $ 66.67 $§ 76.80
Net Returns 3°56-.29 L £ e 1)

Table 12. Summary of net returns for dryland grain sorghum production in Rio
Grande Valley.

Net Returns (§/ac.)

Tillage System Average Worst Best

for 3 years Year Year

Conventional $34.13 $20.58 $§56.29

Limited 29533 =155 65 B B2

No-till 35+ 65 2515 76.12
REFERENCE

Allen, R. R., J. T. Musick, and A. F. Wiese. '"Limited Tillage of Furrow
Irrigated Winter Wheat," ASAE Transactions, 19(1976): 234-241.
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DISEASE CONTROL IN CONSERVATION TILLAGE SYSTEMS

C. Wendell Horne*

Disease control in conservation tillage systems is a subject that raises
more questions than answers. The first thing necessary is to obtain a con-
temporary definition of conservation tillage. According to my colleagues in
Extension agronomy an accepted definition is: A system emphasizing a reductior
in the number of primary and secondary tillage trips in an effort to conserve
soil, fuel, time, and labor. Other objectives of the system are to leave crop
residue on the surface and avoid soil compaction.

It is pleasing to me to see that disease control is being considered not
only in this conference but in much of the newer research on the subject. Base
on a literature review the disease control aspect of conservation tillage seems
to have been somewhat overlooked in much of the earlier work. The nature of
disease development may have been a contributor to this omission since new crog
and new systems experience a grace period. Our experience indicated that a
"honeymoon period" of three to five years exists before disease organisms react
a dangerous level at which time control alternatives must be utilized.

One of the major limiting factors of crop production has always been plant
diseases. With the advent of intensive cultivation of a single species, plant
diseases <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>