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Conservation tillage systems cover a broad spectrum of farming methods primarily aimed at conserving and managing crop residue to reduce erosion. In the past, a residue cover of 30% was considered adequate for erosion control and became the goal. Experience and data have shown, however, that truly effective erosion control relies on a situation- and site-specific plan developed by the individual.

Because 30% was the former definition of conservation tillage, research data used it as a reference point or standard. Crop residue management is becoming the focus when looking at tillage systems for erosion control.  Now 30% is just a point along the continuum and may or may not be the objective for a given situation.

The tillage system of choice is the single largest factor in effective residue management. Each additional field operation incorporates more residue and increases erosion potential. Selecting the most appropriate system for a particular soil and cropping situation requires matching the operations to:

* Crop sequence.

* Topography.

* Soil type.

* Drainage.

* Weather conditions.

Tillage systems such as ridge-till and no-till leave more residue and offer greater erosion control. No-till is the only system that consistently leaves at least 30% cover following soybeans. For residue management, rotating tillage systems to coincide with crop rotations is an option. For example, a no‑till system following soybeans and a chisel or disk system following corn can provide adequate erosion control after soybeans and allows for some tillage in the less fragile and more abundant corn residue. Rotating tillage systems, however, slows the development of improved soil structure and may require investment in more equipment.

 To minimize equipment needs, the selection of a tillage system should consider all crops in the crop rotation across all the soils of the farm. However, there may be some soils or some crops which may perform better with a different tillage system than the system selected for the rest of the farm. In these situations, a careful machinery analysis needs to be performed to see if the yield benefits would cover the additional fixed and variable costs of two or more tillage and planting systems. Sometimes, this analysis justifies the additional equipment, such as with no-till drilled soybeans and/or wheat combined with a mulch-till corn. Other times, it may be desirable to use only one tillage system, such as with ridge-planting with continuous row crops.

Tillage System Descriptions
Chisel Plow
The chisel plow produces a rough surface and generally leaves 50%-70% of the existing corn or grain sorghum residue on the surface depending on chisel point selection, shank spacing, operating speed and depth. Straight, narrow points, about 2" wide, leave the most residue. However, following crops that leave fragile residue even narrow points bury too much residue to provide adequate protective cover.

Where erosion is not a primary concern, 3" or 4" wide, twisted points invert more soil and bury more residue. In the western Corn Belt and the High Plains, wide sweeps are sometimes used on a chisel plow in wheat residue to undercut weeds and leave residue on the surface.

Typically, chiseling is performed in the fall and is followed by one or more secondary tillage operations in the spring. The fall operation cuts and incorporates some of the residue, making it more susceptible to decomposition and over‑winter weathering than undisturbed residue. Partially decomposed residue is easily broken and covered by secondary tillage operations, negating much of the effect of having selected chisel points which leave more residue.

On many soils, a single pass in the spring with a disk, field cultivator or combination tillage implement provides limited pesticide and fertilizer incorporation on fall chiseled fields. A second tillage pass provides more complete incorporation, but can decrease residue and erosion control.

Spring chiseling affords erosion control during the winter and allows extended grazing of stalks. However, soil moisture evaporation following spring tillage can result in yield reductions, particularly in lower rainfall areas. Spring chiseling may also produce clods that could require additional tillage operations to prepare a suitable seedbed.  Compaction problems may also arise on wet soils with multiple tillage trips.  Larger implements may be required to provide timeliness with spring tillage operations, especially in wet springs.

A chisel plow may clog in extremely heavy or wet residue unless stalk shredding or light tillage precedes chiseling. This additional operation increases fuel and labor requirements. Several combination tillage implements have coulters or disks mounted in front of the chisel shanks which often eliminate the need for a pre‑chiseling operation. The coulters or disks are operated just deep enough to cut the surface residue. This reduces the chance for residue clogging in the chisel area. The coulters will redistribute residue having the effect of increasing the percentage of ground covered. The shank spacing on these machines is usually 15" compared to 12" for a conventional chisel plow.

Disk and field cultivation
The tandem disk harrow is the most commonly used tillage implement in the Corn Belt. Typically, the disk harrow is followed by a field cultivator for final seedbed preparation.

About 40%-70% of the residue generally remains on the surface after a single disking of corn, grain sorghum or wheat residue. Generally, disking corn or grain sorghum residue more than twice buries too much residue for effective erosion control. One disking is adequate if using a field cultivator for final seedbed preparation. However, in fragile residue, even a single pass with any commonly used tillage implement does not leave enough residue for effective erosion control.

Fall disking saves time in the spring but the erosion potential from wind and rain increases, and snow entrapment decreases. The tilled residue is exposed to weathering, becoming more fragile and more easily destroyed with subsequent tillage operations.  A spring disk system minimizes erosion during the winter and is well suited to adequately drained and lighter textured soils.

A disk incorporates herbicides and other surface applied products. However, this incorporation occurs at the expense of soil structure.  A common problem is disking when soils are too wet. Disking wet soils results in non-uniform incorporation, creates clods that require additional tillage operations and leaves a compacted soil layer below the depth of disking that can restrict root growth and reduce yields, especially in dry years.  Disking wet soils to dry them out does dry the surface layer but creates considerable compaction below the depth of tillage.

A field cultivator accomplishes secondary tillage immediately preceding planting. The amount of residue covered by a field cultivator depends on the amount of time and weathering since the primary tillage operation. If field cultivation occurs two to three days after primary tillage, the field cultivator may not reduce the residue any further. In some circumstances, particularly with corn residue, field cultivation soon after primary tillage redistributes residue and may slightly improve percent coverage. On the other hand, if time between primary tillage and field cultivation allows for some decomposition, a field cultivator significantly reduces residue.

One pass of a field cultivator or combination tillage implement is an alternative to a disk. The most common one‑pass tillage system is used in soybean residue. While a one-pass system is successful in terms of yield and reduced costs, there is not enough soybean residue to effectively reduce soil losses on fields prone to erosion.

Stubble Mulch
The blade plow, or sweep plow, a common tillage implement in the High Plains, cuts weeds at the roots and leaves most of the residue anchored at the surface with minimum disturbance of the soil surface. Blade plowing is typically a summer fallow operation after small grain harvest. It kills weeds and loosens the surface. In moist soils, particularly those with higher clay contents, a blade plow may cause soil smearing below the blade, thereby limiting its use as a spring tillage implement.

The blade plow should be used on a hot day when the soil is dry for maximum weed kill. Small weeds are lifted and uprooted so they dry out. Deep operation often leaves roots in the soil and weeds re-root. Attaching a rod weeder or mulch treader behind a blade plow to bring roots to the surface improves weed control. Using these attachments, especially the mulch treader, results in greater residue loss and soil pulverization.

Using either a blade plow or rod weeder at progressively shallower depths provides a firm seedbed while controlling subsequent weed growth. These implements work beneath the soil surface and are typically used in drier climates; 30% or more residue can usually be maintained. However, substituting either a disk or field cultivator for secondary tillage greatly decreases the probability of leaving adequate residue for erosion control.

Using herbicides for weed control and planting after one pass of the blade plow reduces or eliminates secondary tillage operations, but causes problems at planting because the soil is loose and fluffy, making it difficult to cut the loosened residue.

Ridge-till
In ridge-till, crops are planted into ridges formed during cultivation of the previous crop. Ridge cleaning devices push residue and surface weed seeds off the ridge either during planting or during a separate, preplant operation.  A band application of herbicide behind the planter provides weed control in the row. Crop cultivation controls weeds between the rows and rebuilds the ridges for the following year.

Ridge-till reduces erosion by leaving the soil covered with residue until planting. After planting, 30%-50% residue may be left, but it is not uniformly distributed. Residue-covered areas between the rows alternate with residue-free strips in the row area. For erosion control, the ridges should be 3"-5" higher than the furrows after planting and that ridges be shaped to shed water to the furrow. For the most effective erosion control, orient ridges approximately on the contour.

Crop rotation influences the suitability of ridge systems. Ridges are maintained year-to-year with a cultivator, making ridge-till well suited to continuous row crops. Two cultivations are generally required: the first loosens soil and controls weeds, the second provides additional weed control and rebuilds the ridges. For ease of planting, the ridges should be rounded or flat topped, and 6"-8" tall after cultivation. Proper ridge shape and annual maintenance are keys to a successful ridge system. Be careful not to damage or destroy the ridges by wheel traffic, particularly during harvest.

Level or gently sloping fields, especially those with poorly drained soils, are well suited to ridge systems. The elevated ridges warm earlier in the spring. This warming, combined with drainage from the ridge, allows soil in the ridge to be drier at planting than untilled, unridged soil. A ridge system is an excellent choice for soils that are often too wet for early spring tillage, especially in the northern Corn Belt where the growing season is shorter.

Ridge systems complement furrow irrigation. Ditching, furrowing or hilling for irrigation provides suitable ridges for planting the following year. Chopping stalks or performing a very shallow, high speed tillage operation removes residue from the ridges and aids furrow irrigation, especially on soils with higher infiltration rates.

In a ridge-plant system, row cleaning devices on the planter move a small amount of soil, residue and weed seed off the ridge top. Ridge-cleaning attachments include sweeps, disk furrowers or horizontal disks. Except for possible fertilizer injection, no soil disturbance occurs prior to ridge planting.

In contrast, some ridge-till systems use limited tillage prior to planting. Tillage is generally very shallow, disturbing only the ridge tops. This tillage smooths peak‑shaped ridges to help keep the planter on the old rows. Depending on the tillage implement used, some control of emerged weeds and/or incorporation of herbicide in the row area is possible. However, tillage also incorporates some weed seed, rather than removing it from the row.

One modified ridge-till system uses a rotary tiller with planting units mounted behind it. To maintain the old ridge and avoid excessive power requirements, operate the rotary tiller only in the top 2"-3" of the ridge. Limit rotor tines to the row area to provide a strip till configuration.

Other ridge-till systems use mulch treaders, rolling stalk choppers or flexible harrows. Major reasons for using one of these implements include:

*Rounding or flattening the ridge.

*Removing some of the residue from the ridge.

*Killing emerged weeds.

Regardless of the tillage implement used, keep operating depth very shallow. Plant stubble in the old row should remain visible. Chemical incorporation is not a goal.

Fall Strip-till
While the ridges in the ridge-till system worked quite well to provide drainage on poorly drained soils, many producers prefer a strip tillage operation rather than ridges to aid soil warming. This zone tillage operation removes the residue from the row area, allowing sunlight to hit the soil surface and warm the soil. As with ridge planting, planting with strip-till takes place in the residue free strips but usually without the ridge. The adoption of no-till drilling soybeans in narrow rows made ridges unpopular in many areas.

Early strip tillage attachments were typically placed directly on the planter. One, two, or often three fluted coulters tilled and loosened the soil, burying some residue and working air into the soil. This aided in soil drying and warm-up but usually pulled up wet, sticky soil which interfered with the planter units. To reduce this problem and to allow soil warming to start sooner, some producers placed the coulters on a separate toolbar and performed the strip tillage operation anytime from one-half day to several weeks ahead of planting. Spiked-wheel residue movers and fertilizer knives have also been used to remove the residue and loosen the soil in these zone tillage systems.

While many variations of strip-till have evolved, the most widely practiced strip-till systems perform the tillage in the fall and usually place nutrients in the tilled zone at the same time. A subsoiler, fertilizer knife, or multiple coulters perform the tillage allowing fertilizers to be injected through the knife or behind the coulters. Often, some type of soil mounding disks, such as anhydrous knife slot closing disks, build up a slight ridge in the tilled zone to aid in soil drainage. In drilled soybean residue, producers equip their strip tillage implement with row markers to properly lay out the cleanly tilled strips for planting next spring.

Some do not consider fall strip-till as a separate tillage system but as a variation of either the no-till or ridge-till systems. The Conservation Technology Information Center's definition of no-till includes strip tillage, provided less than one-third of the total row area is tilled. Some no-tillers may perform the strip tillage operation in the spring. Or as another variation, some ridge-tillers use a strip tillage operation on their ridges to inject nutrients and aid in soil warming.

No‑till
Tillage is essentially eliminated with a no‑till system. Crop seed is placed in a narrow strip opened with a coulter or disk seed furrow opener. With little or no modification, most planters can be used in no‑till systems. Common attachments include coulters, stronger down pressure springs and extra weight for better penetration. By disturbing only a narrow slot in the residue‑covered soil, excellent erosion control is achieved. Compared to other tillage systems, no‑till also minimizes fuel and labor requirements, Tables 2 and 3.

Do not shred standing residue prior to planting. Planters, drills and cultivators perform better when residue is standing and attached to the soil, rather than unattached and lying flat.

No‑till requires surface application of preemergence or postemergence herbicides for weed control. One or two properly timed applications may be necessary. For later planted crops (e.g. grain, sorghum, soybeans) apply an early preplant herbicide at 1/2 or 2/3 rate early in the spring when the probability of rainfall is high to provide maximum herbicide performance. This application often eliminates the need for a burndown herbicide and because weeds are controlled early in the growing season, soil moisture losses are reduced. For full season weed control, use a second lighter preemergence herbicide application at planting, a postemergence treatment, or crop cultivation. Equip cultivators to handle residue without clogging.

No‑till planting is well suited to many soils. Residue, when uniformly spread, increases water infiltration and reduces soil moisture evaporation.

Using no‑till in poorly drained soils covered with large amounts of residue, delays soil warming and drying in the early spring, which delays germination and emergence. When colder, wetter soils are a concern with early planting dates, use no‑till planter attachments designed to move residue but not soil away from the row. Fall strip till facilitates warming and drying of the row area and may be a better choice.

Tillage System Comparisons
Typical advantages and disadvantages of tillage systems are shown in Table 1. The most important advantage of conservation tillage is significantly less soil erosion. Fuel and labor requirements are also reduced with conservation tillage, Tables 2 and 3. This information is useful in determining the suitability of tillage systems or combinations of systems for various situations. However, base selection on specific soils and cropping circumstances as well as individual management ability.

Of the systems compared in the tables, the moldboard plow system has the greatest fuel and labor requirements for tilling and planting corn and soybeans. Compared to the commonly used disk system, no‑till saves about 1-1/2 gal/ac in fuel and 20 minutes of labor/ac.

Labor savings allow a larger area to be farmed without additional equipment or help. Even if increased acreage is not anticipated, more timely planting may result in greater yields. In addition, costs for tractors, tillage equipment and maintenance will be less with fewer tillage operations.

Regardless of the tillage system selected, spread residue uniformly behind the combine using either a straw chopper or straw spreader. A chaff spreader may be desirable, especially when harvesting small grains or soybeans with larger combines. Uniform distribution of residue and chaff reduces equipment clogging and provides more uniform soil conditions for planting, easier weed control and better erosion control.

Recent advancements in herbicides make weed control with no‑till easier than it used to be. Early preplant applications, longer‑lasting residual herbicides, and a wide variety of postemerge products are helping assure weed control success with no‑till.

Conservation tillage systems represent alternatives at a time when economics require flexibility in crop production. The growing concerns about agricultural sustainability and the environment require reduction of soil erosion. Conservation tillage effectively and economically reduces soil erosion and the resulting sedimentation, a major water pollutant.

Carefully evaluate the need for each tillage operation and pesticide application.  Systems with more than two tillage operations prior to planting need careful examination. Additional operations are often unnecessary and only increase soil losses, compaction and production costs.

Table 1. Advantages, disadvantages and typical field operations for selected tillage systems.
System
Typical field operations
Major advantages
Major disadvantages






Moldboard plow
Fall or spring plow; one or two spring diskings or field cultivations; plant; cultivate.
Suited for poorly drained soils. Excellent incorporation. Well-tilled seedbed.
Major soil erosion. High soil moisture loss. Timeliness considerations. Highest fuel and labor costs.



Chisel plow
Fall chisel; one or two spring diskings or field cultivations; plant; cultivate.
Less erosion than from cleanly tilled systems and less wind erosion than fall plow or fall disk because of rough surface. Well adapted to poorly drained soils. Good to excellent incorporation.


Little erosion control. High soil moisture loss. Medium to high labor and fuel requirements. 

Disk
Fall or spring disk; spring disk and/or field cultivate; plant; cultivate.
Less erosion than from cleanly tilled systems. Well adapted for lighter to medium textured, well-drained soils. Good to excellent incorporation.


Little erosion control. High soil moisture loss. 

Ridge-till
Chop stalks (on furrow irrigation); plant on ridges; cultivate for weed control and to rebuild ridges.
Excellent erosion control if on contour. Well adapted to wide range of soils. Excellent for furrow irrigation. Ridges warm up and dry out quickly. Low fuel and labor costs.


No incorporation. Narrow row soybeans and small grains not well suited. No forage crops. Machinery modifications required. 

Strip-till
Fall strip-till; spray; plant on cleared strips; postemergent spray as needed.
Clears residue from row area to allow preplant soil warming and drying.  Injection of nutrients directly into row area.  Well suited for poorly drained soils.
Cost of preplant operation.  Strips may dry too much, crust, or erode without residue.  Not suited for drilled crops.  Potential for nitrogen fertilizer losses.



No-till
Spray; plant into undisturbed surface; postemergent spray as needed.
Maximum erosion control. Soil moisture conservation. Minimum fuel and labor costs.
No incorporation. Increased dependence on herbicides. Some limitations with poorly drained soils, especially with heavy residue. Slow soil warming.

Table 2. Typical diesel fuel requirements from Nebraska on-farm survey for various row crops and tillage systems.

Moldboard
Chisel

Ridge-
Strip-till

Operation
plow
plow
Disk
till
or No-till









 - - - - - - - - - - - - - - - - - - - Fuel use, gal/ac - - - - - - - - - - - - - - - - 





Chop stalks



0.55  


Moldboard plow
2.25





Chisel plow

1.05




Fertilize, knife
0.60
0.60
0.60
0.60  
0.60  

Disk
0.74
0.74
0.74



Disk
0.74

0.74



Plant
0.52
0.52
0.52
0.68  
0.60  

Cultivate
0.43
0.43
0.43
0.86(2)a


Spray




0.23(2)a

Total
5.28
3.34
3.03
2.69  
1.43  



aOperation performed two times.
Table 3. Typical labor requirements calculated from machinery management data for various tillage systems in Nebraska.

Moldboard
Chisel

Ridge-
Strip-till-

Operation
plow
plow
Disk
till
or No-till









 - - - - - - - - - - - - - Labor, hr/aca - - - - - - - - - - - - - 





Chop stalks



0.17  


Moldboard plow
0.38





Chisel plow

0.21




Fertilize, knife
0.13
0.13
0.13
0.13  
0.13  

Disk
0.16
0.16
0.16



Disk
0.16

0.16



Plant
0.21
0.21
0.21
0.25  
0.25  

Cultivate
0.18
0.18
0.18
0.36(2)b


Spray




0.11(2)b

Total
1.22
0.89
0.84
0.91
0.49


aHr/ac assume 100 hp tractor and matching equipment for average soil conditions. ADVANCE \x540 bOperation performed two times.
