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Chapter II.

Literature Review

Conservation tillage

Conservation tillage is a residue management system in which a crop is planted

into a herbicide killed sod or mulched soil using minimal soil disturbance (Link 1984).

The United States Department of Agriculture Natural Resource and Conservation Service

(1992) defines conservation tillage as a tillage and planting system that leaves at least 30

percent of the soil surface covered by mulch or a previous year’s crop residue at planting.

The advantages of a soil surface mulch , combined with minimized soil disturbance,

include the ability to crop steeper slopes (Morse 1986), conserve soil moisture (Jones et

al. 1969), increase the timeliness of field operations, and reduce fuel and labor

requirements (Morrison et al. 1973).  Worsham (1985) indicated an increase in crop

quality could result from conservation tillage due to reduced damage of young plants

from blowing sand (sand blasting) and a decreased splash of soil onto plant parts during

rainfall (Moschler et al. 1971).  Conservation tillage has also been reported to suppress

weed growth (Liebl et al. 1983; Putnam et al. 1983; Roach 1981; Shilling et al. 1986).

Liebl et al. (1992) reported the release of compounds allelopathic to weed growth during

cover crop residue degradation and that cover crop residue reduces weed seed

germination by shading the soil surface.  They reported a greater than 90 percent control

of giant foxtail, velvetleaf, smooth pigweed and common lambsquarters with the use of a

rye mulch for corn production.
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Unger (1996) described conservation tillage as a broad-spectrum tillage technique

encompassing mulch tillage, reduced tillage, minimum tillage, no-tillage, and strip-

tillage.  These tillage systems utilize different degrees of soil disturbance, but all leave a

minimum of 30 percent soil surface residue cover immediately after crop planting.  For

example, no-tillage involves the planting of a crop directly into a killed cover residue or

sod using minimal soil disturbance.  In contrast, strip-tillage involves the intensive

cultivation of a narrow strip into which a crop is subsequently planted but the area

between crop rows is undisturbed.  The use of secondary tillage practices following crop

planting, especially row cultivation, would subsequently lower the quantity of surface

residue but not negate the tillage classification.  Anderson (1968) compared the effect of

different tillage operations on surface residue and reported approximately 90 percent of

soil surface residue was maintained by surface cultivators.

Soil Erosion

The reduction of soil erosion associated with conservation tillage is well

documented (Laflen et al. 1978; Moldenhauer and Lovely 1971; Kramer 1986; McGregor

et al. 1975).  Dickey et al. (1984) observed a 50 percent reduction in soil erosion with

corn in Nebraska resulting from a 20 percent soil surface residue cover at the time of corn

planting.  Soil erosion reductions associated with soil surface mulches are most

pronounced during the early portion of a crop production cycle when plant foliage is

relatively small.  McGregor et al. (1975) indicated the erosion reduction of a

conservation tillage cropping system was greatest during early season, short-duration,

high intensity storms in Mississippi.  Kramer (1986) observed the highest reduction in
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soil erosion occurred in the period from corn planting to first cultivation when crop

canopy offered little protection to the soil surface.  Greer (1971) noted the importance of

ground cover, including previous crop residue and plant leaf canopy, in reducing raindrop

energy and subsequent soil erosion.  High-energy raindrops loosen the soil during impact

and consequently increase soil movement in runoff water.  A soil surface mulch cover

also forms a physical barrier to the overland flow of water.  Greer indicated

approximately 50 percent of a season’s total soil erosion resulted from high intensity

storm events accounting for only 6 percent of the total rainfall during the first two months

of corn production in Mississippi.

The relation of plant canopy and root system distribution on soil erosion has also

been reported.  Meyer and Harmon (1992) attributed a 90 percent decrease in soil erosion

during the period between cotton emergence and harvest completion to an increased plant

canopy and the subsequent cover provided for the soil surface.  Morgan (1985) observed

an increase in soil detachment and interrill erosion with corn, but a decrease with

soybeans as the canopy of each crop developed.  Kramer and Weaver (1936), along with

Bui and Box (1993), indicated corn foliage offers a greater protection against interrill

erosion compared to corn root systems.   Bui and Box (1993) reported corn roots did not

exert a stabilizing effect on the soil as far as interrill erosion was concerned on well-

shaped ridges in a Cecil sandy loam soil.  Alberts and Wendt (1985) observed a decrease

in root mass as the physical distance from plants increased for row crops such as corn and

soybeans, and concluded a relatively small proportion of the soil within the tillage zone

was in direct contact with plant roots.  Reid and Goss (1981) concluded corn roots
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decrease the stability of fresh soil aggregates and Barley (1954) indicated the

permeability of a sandy loam soil was decreased by corn roots due to pore blockage and

soil compaction.

Tobacco Dependence on Cultivation

Tobacco, the most important cash crop in the piedmont region of Virginia and

North Carolina, is produced using intensive tillage practices.  Producers rely on

moldboard plowing, heavy disking, subsoil ripping and formation of raised beds prior to

crop transplanting and frequent row cultivation during the first month of the tobacco

growing season.  Wilson (1955) reported weed control was the most important benefit of

tobacco cultivation, but also noted improvements in soil aeration, water infiltration and

row-ridge buildup.  He indicated the primary advantage of row cultivation was soil

surface roughness enhancement rather than an actual stirring of the soil.  He concluded

row cultivation was most beneficial on heavier, compact clay soils.  This early work

indicated the need of row cultivation for weed control, but questions regarding feasibility

arose after the advent of herbicides.  Hawks and Collins (1970) reported a minimum of

two cultivations, in addition to herbicide use, were necessary for  optimal production of

flue-cured tobacco.  Row cultivation was suggested at three weeks after transplanting for

both weed control and soil aeration, and at four to five weeks after transplanting for row

ridge construction.  Tobacco yield was increased as cultivation was reduced on a sandy

soil, but yield was reduced on a heavier soil as the amount of cultivation decreased.  This

observation was partially explained by a soil drying associated with disturbance of the

soil during cultivation.
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Other researchers studied reduced herbicide rate, in addition to row cultivation,

for crop production.  Buchholtz and Doersch (1968), working with corn in Wisconsin,

observed no decrease in corn yield when herbicide rates were reduced and interrow

cultivation practiced.  Mulder and Doll (1993) concluded herbicide rate reductions of 50

to 75% provided acceptable corn weed control when mechanical weeding was utilized.

Although this work was conducted under extensively tilled conventional production

conditions, principles apply to conservation tillage production systems.  Gebhardt et al.

(1985) noted ineffective weed management as the most limiting factor for the adoption of

conservation tillage.  Buhler et al. (1995) indicated a tillage reduction alters the

environment where weeds and herbicides interact and could consequently lower the

efficacy of herbicides normally effective in conventional tillage situations.

Edwards (1987) reported a renewed interest in row cultivation for weed control

related to both economic and environmental issues.  Buhler et al. (1995) discussed a

research void regarding the use of row cultivation for weed control in conservation tillage

production systems.  Johnson et al. (1985) observed improved weed control and

increased yield when cultivation was used with conservation tillage corn.  Staniforth and

Wiese (1985) indicated an integration of cultivation into a conservation tillage system

could prevent development of herbicide-resistant weed populations, reduce dependence

on herbicides, and delay or prevent the increase of perennial weed species often

associated with conservation tillage systems.  Buhler et al. (1995) recommended the use

of two cultivations, combined with reduced herbicide rate, as an effective weed

management tool for conservation tillage corn, but stressed the concern that improperly
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timed and conducted cultivations could encourage soil erosion.  McGregor and Greer

(1982) observed an extremely low soil loss from conservation tillage corn planted in

slope oriented rows and cultivated twice during the early growing season.  They

associated the reduced soil loss to an improved soil aggregation created by a mixing of

cover residue with the soil.  The mixing of surface residues in the soil improves water

infiltration and creates a rough soil surface that impairs water runoff.  Water runoff

observed from these cultivated conservation tillage plots was less than that observed for

the non-cultivated conservation tillage plots.  These researchers concluded conservation

tillage corn could be cultivated during the early growing season without increasing soil

erosion.

Conservation Tillage Tobacco Production

Success of conservation tillage with corn and soybeans fostered research with

many other important agricultural crops including tobacco (Shear, 1968).  The

conservation tillage culture of tobacco was first reported by Shear (1968) in Virginia.

His early investigation, as noted by Moschler et al. (1971), indicated problems with

vegetation control and fertilizer placement that merited further investigation.  Moschler et

al. (1971) conducted follow-up experiments using flue-cured and burley tobacco to

investigate mulch cover, vegetation control and fertilizer placement method.  No

significant impact of grass sod or small grain mulch was observed on tobacco yield.  No

yield advantage was obtained for in-row placement of fertilizer compared to broadcast

surface application.  Conservation tillage production reduced flue-cured tobacco yield by

approximately 9.3 % and tobacco value by 10 % compared to conventional tillage
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production.  Tobacco quality was reduced with conservation tillage culture as indicated

by a thinner, more chaffy leaf.  Leaf chemistry was quite variable, but conservation

tillage generally exhibited a higher reducing sugars content compared to conventional

tillage tobacco.  Similar yield and value reductions, although not significant, were

reported with burley tobacco by these researchers.  The need for continued research to

examine the use of preformed raised beds for drowning reduction and for improved

fertilizer and nematicide application was stressed.

The development of a no-tillage transplanter by Morrison et al. (1973) created a

renewal of research investigation into the production of conservation tillage tobacco.  The

importance of planter technology for transplant establishment was stressed for the

conservation tillage production of both tobacco and vegetable crops.  A conventional

transplanter was modified to operate in high residue conditions and evaluated for the

planting of tobacco, tomato and pepper.  Planter modification included the addition of a

weighted coulter with gauge wheels, double disc opener with wings for opening the

transplant furrow, and weighted press wheels.  Planter function, as evidenced by

transplant survivability, was adequate, but the need for an increased level of management

with conservation tillage production systems was indicated.  Insect control was

specifically identified as a major management variable needing increased attention.  Little

modification of this planter design occurred until the introduction of the Subsurface Tiller

Transplanter (SST-T) (Morse et al. 1993) in the spring of 1992.  This planter exhibited a

double-disc shoe similar to that of earlier models, but also had a small ripping shank

(subsurface tiller) positioned in front of the double-disc shoe.
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Zartman et al. (1976) examined the impact of nitrogen fertilization and tillage

method on root distribution, tobacco yield and nitrogen accumulation.  A reduced root

density in the top 15 cm of the soil profile for no-tillage tobacco was observed and

attributed to a reduced soil friability related to natural soil aggregation.  Tobacco roots

were initially restricted to the transplanting trench and plant growth was therefore limited

until roots penetrated into the surrounding soil.  These researchers offered several

explanations for the reduced yield observed by Moschler et al. (1971).  Explanations

included a poor soil-root contact of tobacco transplanted into a killed sod compared to a

well worked seedbed, a deleterious impact of reduced soil temperature related to the

mulch cover on tobacco growth, and a warmer microclimate above the mulch surface

causing leaf injury and a resulting slower tobacco growth rate.

Chappell and Link (1977) evaluated the use of glyphosate and paraquat for killing

the mulch cover crops.  Glyphosate improved the cover crop kill compared to paraquat,

but tobacco damage was observed with both herbicides when plants came into direct

contact with treated vegetation.  Damage was most pronounced with tall residue cover

crops due to vegetation being pushed onto tobacco in adjacent rows during tractor

operation.  Their work indicated a safe time interval between spray application and

transplanting was needed depending on the amount of mulch present and rainfall.

Increased injury was noticed with rye cover crops and a reduced time interval between

spray application and tobacco transplanting.  They concluded glyphosate should not be

used for conservation tillage tobacco production.  Shilling et al. (1986) and Link (1984)

reported similar injury to tobacco from both glyphosate and paraquat.
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Link (1984) investigated numerous cover crop mulches, along with various

herbicides, for conservation tillage production of burley tobacco.  An average yield

reduction of 14 percent and thinner, brighter colored, cleaner tobacco was observed.

Link warned that soil erosion reduction benefits of conservation tillage production system

could be negated if intensive tillage was necessary to establish the crop following

tobacco.

Shilling et al. (1986) examined the use of rye, wheat, oats and barley as cover

crops for conservation tillage tobacco production.  Little tobacco yield difference was

observed among the different cover treatments, but an 18 percent decrease in yield

resulted from conservation tillage culture.  Yield reduction was attributed to a lack of

tillage and an increased weed interference with tobacco.  Quality of the conservation

tillage tobacco was similar to conventional tobacco, but reducing sugars content was

higher and total alkaloid content was reduced.  These researchers noted the yield

suppression of conservation tillage culture could be reduced under dry soil conditions,

but indicated conventional tillage tobacco yield would always be highest if adequate soil

moisture was available.

Wood and Worsham (1986) studied the effect of conservation tillage tobacco

production on soil erosion in North Carolina.  A 20-fold and a 90-fold reduction in soil

erosion was observed on a sandy loam and loamy sand soil, respectively.  Although

tobacco yield was reduced 13 percent, the yield reduction was not significant.  The

reduction in yield resulting from conservation tillage production was most pronounced on
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finer soils.  This observation reaffirms the earlier observation of Wilson (1955) regarding

the cultivation benefit to tobacco on heavier textured soils.

Wiepke et al. (1988) evaluated hairy vetch, crimson clover and mixtures with rye

as cover crops for conservation tillage flue-cured tobacco production.  Yield and quality

of tobacco produced in the leguminous mulch covers was similar to that produced in the

rye cover, but all conservation tillage tobacco yields were significantly reduced.  Total

alkaloids increased and reducing sugars decreased, but changes were within a range for

acceptable tobacco quality.  Normal production recommendations (Reed et al., 1996)

discourage the use of leguminous cover crops for flue-cured tobacco production due to

difficulties associated with determining the cover crop nitrogen contribution.

The lack of a cultivation component in the earlier conservation tillage tobacco

investigations could explain the tobacco yield reduction.  Earlier research has indicated

an enhanced response of tobacco to row cultivation on heavier soils.  Heavier, high clay

content soils would most likely be utilized for conservation tillage production due to

economics.  Producers would likely use conventional production practices on the best

tobacco producing soils and utilize conservation tillage techniques on marginal producing

soils until experience with the production system is gained.

Little research has been conducted on evaluating the particle size fraction of soil

erosion.  Laflen et al. (1978) concluded sediment size increased as sediment

concentration of runoff water increased for a soil with a high content of sand, but

decreased for a soil with a lower content of sand.  Kefeni (1992) indicated erosion was a

selective process that removed the smallest and finest soil particles, which are most often
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enriched with nutrients.  Gachene et al. (1997), working in Kenya, observed particle-size

distributions of sediment similar to that of the original soil.  They observed sediment had

slightly higher silt and sand content, but lower clay content.  Bui and Box (1993)

observed suspended sediment in runoff water exhibited higher clay and silt content

compared to the natural soil of the study site.  This supports the observation of Govers

and Poesen (1988) and Meyer and Harmon (1979) regarding the deposition of coarse soil

particles eroded from row sideslopes in the row furrows.

Nutrient Loss from Conservation Tillage Production Systems

Bailey and Wadell (1979) reported a contribution of nearly three billion tons of

sediment and over 9.5 million tons of nutrients to surface waters in the U.S. every year

from agricultural activities.  Two major nutrients of concern, nitrogen and phosphorus,

lost from agricultural lands (U.S.E.P.A., 1983) represent an economic loss of nutrients for

the farmer and an environmental hazard (Burwell et al. 1975).  Lee (1970) reported the

ammonium (NH4-N) and nitrate (NO3-N) forms of nitrogen, along with the

orthophosphate form of phosphorus (PO4-P), are readily available for algae and other

aquatic plant growth.  Vollenweider (1968) indicated dissolved phosphorus represents the

most readily available form, while sediment phosphorus represents a major reservoir of

phosphorus for aquatic plant growth.  Mostaghimi et al. (1988) noted aquatic plant

growth could kill fish and limit the use of water for many purposes.

Conservation tillage has been shown to reduce soil erosion and nutrient losses

from agricultural lands (Angle et al. 1984; McGregor and Greer 1982; Johnson et al.

1979; Mostaghimi et al. 1988).  Nutrient losses occur in both runoff water and sediment,
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but losses are generally greater in sediment.  Previous studies indicate conservation

tillage increases the loss of nutrients in solution, but total nutrient loss is reduced

compared to conventional tillage due to a reduced loss of sediment (Holt et al. 1973;

McDowell and Grissinger 1976; McDowell and McGregor 1980; Barisas et al. 1978;

Romkens et al. 1973; Andraski et al. 1985).  The concentration of nutrients in sediment

resulting from conservation tillage production may be higher compared to conventional

tillage systems, but the total amount of sediment and therefore total nutrient

concentration is much lower.  McDowell and McGregor (1980), working with soybeans

in Mississippi, reported conservation tillage increased the loss of solution phosphorus

(orthophosphate) and nitrogen (nitrate and ammonium), but the total nutrient loss was

highest with conventional tillage due to a much higher sediment loss.  Explanations

include insufficient sediment to adsorb phosphorus from solution, poor fertilizer

incorporation (Baker and Laflen 1982; Barisas et al. 1978; Romkens et al. 1973;

McDowell and McGregor 1980; Timmons et al. 1973; Johnson et al. 1979; Laflen and

Tabatabai 1984), the release of solution nutrients from cover crop residues (McDowell et

al. 1980; Timmons et al. 1970; Wendt and Corey 1980) and a greater phosphate

supplying capacity of sediment in conservation tillage runoff.  Johnson et al. (1979)

reported sediment accounts for as much as 99 percent of nitrogen loss.

McDowell and McGregor (1980) indicated the majority of annual nutrient loss

occurred in the first few storms following fertilizer application.  They concluded fertilizer

incorporation was essential in reduced tillage situations for reducing nutrient loss.

Methods mentioned to improve fertilizer incorporation included deeper fertilizer
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placement and the use of double-disk openers for improved mixing of fertilizer with the

soil.  Baker and Laflen (1982) injected liquid fertilizer to a depth of 5-cm in conservation

tillage systems and observed no significant increase in nutrient loss compared to no

fertilizer application.  They concluded cover crop residues form a physical barrier

disruptive to normal application equipment operation and fertilizer was prevented from

reaching the soil surface.  Mueller et al. (1984) banded fertilizer and reported similar

conclusions.  Andraski et al. (1985) investigated subsurface banding of fertilizer in a

conservation tillage production system and concluded phosphorus input to runoff could

be greatly reduced with minimal disturbance to surface residues.

Several researchers have observed reduced runoff water quantities with

conservation tillage (Romkens et al. 1973; Johnson et al. 1979; Mostaghimi et al. 1988)

while others have reported increased runoff amounts (Lindstorm and Onstad, 1984;

Mueller et al. 1984).  Lindstorm and Onstad (1984) attributed this difference primarily to

variations in surface conditions related to different tillage practices and variations in

surface residue levels.

Use of Legume Cover Crops

Legumes have been investigated quite extensively as cover crops in conservation

tillage production systems for corn (Ebelhar et al. 1981;  Mitchell and Teel 1977; Utomo

et al. 1985) and grain sorghum (Blevins et al. 1991).  Success with these crops, including

increased yield and enhanced environmental benefit, led to the investigation of similar

production systems for broccoli and cabbage (Morse and Seward 1986) and flue-cured

tobacco (Wiepke et al. 1988).
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Legume cover crops offer similar advantages to small grain cover crops, but in

addition supply biologically fixed nitrogen (Mitchell and Teel 1977).  Ebelhar et al.

(1981) reviewed the benefits of cover crops and indicated legumes such as hairy vetch

could supply a substantial portion (~90 to 100 kg/ha) of nitrogen to growing crops.

Additional benefits included reduced soil erosion, decreased leaching of nutrients during

the non-crop winter months, increased water infiltration and decreased moisture

evaporation.  An additional advantage offered by leguminous cover crops includes a

reduced immobilization of nitrogen during mulch decomposition compared to the small

grains (Pinck et al. 1945).  Utomo et al. (1985) indicated cover crops cause a lower soil

temperature that could delay spring planting.  Ebelhar et al. (1981) indicated cover crop

selection and timeliness of seeding was very important regarding spring soil moisture

level.  High yield cover crops such as hairy vetch exhibit a lower soil moisture content

compared to other cover crops and could potentially pose crop germination problems in

dry spring conditions.  The importance of timely fall cover crop seeding was stressed to

insure the development of an adequate amount of ground cover for spring planting.

Ebelhar et al. (1981), working with hairy vetch, big flower vetch, crimson clover

and rye, indicated legume cover crops supply a substantial portion of inorganic nitrogen

at approximately two to four weeks following crop planting.  Hairy vetch supplied the

most nitrogen regardless of synthetic fertilizer application while crimson clover and big

flower vetch contributions were little different from the rye cover crop.  Leguminous

mulch does not have to be incorporated to release nitrogen to the growing crop.  Shrader

et al. (1956) found little difference in corn yields whether the legume cover crop
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remained on the soil surface or was incorporated with moldboard plowing.   Utomo et al.

(1985) working with hairy vetch, big flower vetch and rye found that incorporation of

cover crop residue using conventional tillage practices resulted in a quicker

mineralization of nitrogen compared to leaving the mulch on the soil surface.  They noted

a slight yield increase when the cover remained on the soil surface and attributed this

observation to a higher soil water availability.

Little work has been conducted to investigate the production of flue-cured

tobacco using a legume cover crop.  A major explanation for this lack of research is the

critical difficulty associated with controlling the quantity of nitrogen available to flue-

cured tobacco (Hawks and Collins 1983).  Estimating the quantity of nitrogen supplied by

a legume cover crop is often difficult and complicates the tobacco fertilization program.

Virginia dark-fired tobacco, unlike flue-cured tobacco, has a higher nitrogen requirement

and consequently leguminous crops are recommended in a crop rotation (Reed et al.

1996).  With the advent of conservation tillage tobacco production, the use of leguminous

cover crops in such a production scheme offers an excellent research opportunity.

Wiepke et al. (1988) investigated hairy vetch (Vicia villosa Roth.), crimson clover

(Trifolium incarnatum L.) and rye (Secale cereale L.) as cover crops for conservation

tillage production of flue-cured tobacco (Nicotiana tabacum).  The leguminous cover

crops exhibited similar tobacco yield and quality to the rye cover crop.
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