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Abstract 
Organic systems in the southeastern USA offer unique challenges and solutions to crop production due to regional soil 
and climate characterized by highly weathered soil types, high precipitation and the capacity to grow cover crops in the 
winter. Recently, the interest of producers and researchers in high-residue cover crops and conservation tillage systems 
has increased. Various designs of the roller crimper to manage cover crops have been invented and demonstrated to 
growers in the southeastern region of the USA over the past 17 years. The impacts of high-residue cover crop mulches on 
the agronomic systems in the region are diverse. Legume cover crops assist with meeting N demand from cash crops 
though they decompose rapidly and are seldom sufficient for N demanding crops such as corn. Cereal cover crop mulches 
can have the opposite effect by immobilizing N and have a longer impact on soil moisture and weed dynamics. While 
undesirable for many crops, N immobilization is one possible mechanism for weed suppression in legume cash crops 
planted into cereal residues. Other cover crop weed suppression mechanisms include physical impedance, light 
availability, allelopathy and microclimate effects. Regardless of the cause, successful weed control by mulches is highly 
dependent on having substantial biomass. The southeastern region is capable of producing cover crop biomass in excess 
of 9000 kg ha 1, which is sufficient for weed control in many cash crops, although supplementary weed control is 
sometimes necessary. Long-term data are needed to predict when farmers should add supplementary weed control. 
More work is also needed on how much additional N is required for the cash crops and how best to deliver that N in a 
high-residue environment using organic sources. 
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Roller–Crimpers and Terminating Cover 
Crops 

Rolled cover crops have been a primary research focus 
as a means to increase cover crop adoption and reduce 
tillage on organic farms in the southeastern USA. Rolling 
technology originated in Brazil where producers have 
been using rollers successfully for decades in no-till 
conservation systems1. The Brazilian-type roller/crimper 
design (Fig. 1a) did not result in wide adoption in the 
USA in part due to vibration transferred to the tractor 
and operator as speed increased. To increase adoption, 
research has been conducted by the USDA-ARS National 
Soil Dynamics Laboratory since 1994 on new roller 
designs that are effective in terminating cover crop, but 
generate less vibration (Fig. 1b, c). Based on the success of 

the novel roller designs, new concepts for rollers/crimpers 
intended for vegetable production were developed, such 
as an elevated bed roller to terminate cover crops on row-
tops and in furrows (Fig. 2). 
Both general principles and soil-type-dependent prac­

tices are needed for establishing cash crops in thick cover 
crop mulches. One general principle is the need to roll 
crimp cover crops parallel to the cash crop planting 
direction because it minimizes or eliminates residue buildup 
on subsoiling and planting units. Previous research has 
documented that diagonal and perpendicular rolling 
directions will cause residue buildup, increase cleaning 
time of planting units from residue and decrease planting 
quality, i.e., skips in planting, ‘hair pinning’ and slow 
emergence2. In addition, row cleaners mounted immedi­
ately prior to or after the cutting coulter (Fig. 3) can further 
enhance direct seeding and transplanting operations. 
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Table 1. Earliest roll times and productivity for rye (Secale 
cereale L.) cover crops in North Carolina. Rye was grown with 
90 lb N applied to simulate maximal potential rye growth for 
each location.1 

Maturity Estimated roll time2 Cultivar Biomass3 

Early Late April Wrens Abruzzi 
Maton II 

(kg ha− 1) 
11,500 a4 

11,300 ab 
Wrens 96 10,800 ab 

Mid 
Late 

Early May 
Mid to late May 

Aroostook 
Wheeler 
Rymin 

10,300 ab 
10,200 b 
8600 c 

1 Adapted from Wells et al.62 

2 Estimate based on average time each cultivar reached 
Feeke’s stage 11.1 (milk). 
3 Biomass values are averaged over three site years in North 
Carolina. 
4 Means followed by the same letter are not significantly 
different according to Fisher’s Protected LSD. 

production and affect the timing of the system (Table 1). 
While intensive management for a cover crop is un­
common, the potential economic value from improved 
weed control and higher crop yields would justify such 
investments. Relative to multiple spring tillage passes and 
repeated cultivations of the cash crop, more intensive 
cover crop management can be economically beneficial by 
comparison6,39. With adequate fertility, rye biomass 
yields can exceed 9000 kg ha 1; a level of biomass that 
affords excellent weed control21,40 (Fig. 5). However, 
substantial year-to-year variation in biomass production 
suggests that supplementary weed control will be necess­
ary in some years. 

Supplementary weed control 

Supplemental weed control options are limited when 
utilizing high-residue cover crop mulches. Most cultiva­
tors will not work in such a high-residue environment. 
One type of cultivator that is reportedly successful on a 
variety of soil types is the wide sweep cultivator mounted 
on a parallel linkage40,41. Most models consist of a large, 
smooth coulter mounted ahead of a wide sweep cultivator 
that has one or two depth wheels located near each sweep. 
The angle of the sweep relative to the soil surface is 
generally adjustable. Running the cultivator completely 
flat, or parallel to the soil surface, severs weed root systems 
minimally disturbing residue and soil. However, rerooting 
is possible with wet conditions, particularly with smaller 
weeds. 
Herbicide options are limited in number and efficacy 

in organic systems42,43. Available herbicides used in the 
southeastern USA largely contain either clove oil or citric 
acid and are non-selective in nature16. In addition to being 
costly, previous research has shown that these natural 
herbicides can be inefficient weed control methods43. 

Under-leaf band spraying of nonselective herbicides 
would fit well into mulch systems, but the high cost and 
only partial effectiveness make them economically 
infeasible for corn and soybeans, though they may have 
a role in higher-value crops. 

Fertility impacts of rolled cover crops 

In the Southeast, the ideal time for successful roll kill of 
cover crops often occurs late in the spring and is not ideal 
for timely corn planting6,44,45. It is now well understood 
that rolled termination of cover crops is most effective 
after plant anthesis4. Susceptibility of legume cover crops 
to rolling has been shown to be significantly later than the 
traditional termination time for incorporated legumes, 
with rolling occurring in late-April for crimson clover 
varieties, mid-May for hairy vetch varieties and winter 
peas (Pisum sativum L. subsp. sativum var. arvense (L.)), 
and late-May for common vetch (Vicia sativa L.) and 
berseem clover (Trifolium alexandrinum L.)5. While late 
termination can delay corn planting, it can also result in 
significant increases in legume biomass N returned to 
the system due to having a longer period of time for 
spring growth and N accumulation46–48. Hairy vetch and 
crimson clover have been shown to average 4900 and 
5500 kg ha 1, respectively, in North Carolina5, resulting 
in 150 and 120kg Nha 1. A strong positive correlation 
has been found between the number of growing-degree 
days and vetch biomass production46, meaning that year­
to-year variation in vetch production can be significant 
depending on planting date and winter temperatures. 

Nitrogen mineralization from legume 
cover crops 

Nitrogen delivery in rolled cover crop legume systems can 
differ significantly from green manure systems in which 
the cover crop is incorporated into the soil49. In particular, 
microbial function is affected by the change in plant 
quality that results from delayed termination, and by the 
change in decomposition kinetics due to the position of 
the rolled surface mulch in relation to soil decomposers. 
The biologically driven, thus often delayed, termination 

time necessary in rolled systems is the first constraint that 
can potentially impact mineralization rate. As rolled cover 
crops are only successfully terminated at anthesis, plant 
quality and chemistry are expected to be distinctly 
different from earlier termination with herbicides. De­
composition and mineralization are microbial processes 
controlled in part by plant chemistry determinants. Such 
indicators include tissue C:N ratio, and cellulose, hemi­
celluloses, lignin and phenolic content. Ratios of C:N 
below 25 are assumed to release N soon after termination, 
but N mineralization slows with increasing hemicellulose, 
lignin and phenolic content, regardless of C:N ratio50,51. 
Hairy vetch residue, having been found to have low 
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Figure 5. Soybean yield in roll crimped rye mulches. Treatments consisted of rolled rye mulch with no additional weed control 
measures (rolled rye) and a weed free, conventionally tilled check treated with S metoloachlor pre emergence, imazethpyr post 
emergence and hand weeding as needed. Adapted from Smith et al.39. 

hemicellulose concentrations and a C:N ratio of around 
11, is known to release N faster than other residues in 
chemically terminated systems50. In rolled systems, C:N 
ratio has been shown to increase with later roll dates as 
plants age, with the lowest ratios in hairy vetch and winter 
pea varieties observed to range from 11 to 15:1 and 
crimson clover from 17 to 20:15. Despite the relatively 
narrow gap in C:N ratios between crimson clover and 
hairy vetch, N release can be substantially slower from 
crimson clover52. 
The second constraint in rolled systems that could 

impact mineralization is the placement of the cover crop 
residue in relation to the decomposing soil micro­
organisms. Cover crop termination in organic systems is 
mechanical, often involving a combination of methods 
that may include tilling, mowing, undercutting and 
rolling/crimping; each differently affecting the ability of 
soil microorganisms to decompose and release biomass 
N. In general, residue incorporation buries plant tissue, 
placing it in close contact with decomposing soil 
microbes, and increases rate of decomposition and N 
release, which may lead to a lack of crop-N synchrony as 
N is released faster than crops can use it53. Mowing or 
chopping residues increases residue surface area avail­
able to soil decomposers, increasing decomposition and 
reducing the overall biomass bulk54,55. Previous work on 
no-till cover crop residues relying on chemical desiccation 
to terminate crops has been shown to increase N 
mineralization compared to untreated residues54. Rolled 
cropping systems in the Southeast in particular provide a 
unique environment for cover crop residue decompo­
sition. While the increased temperatures and moisture of 
southern climates may be favorable and hasten decompo­
sition56,57, the amount of soil-to-residue contact in rolled 
systems can also affect decomposition55, with position on 
the soil surface of rolled residue altering microbial access 

to residue and slowing N mineralization. Further, while 
surface residues can conserve soil water and prevent 
evaporation from the soil surface prior to canopy 
closure58, the exposed nature of surface mulches may 
slow decomposition as a result of reduced water content in 
the residue. Data on controls of N release in rolled cover 
crop legumes are scarce, and this is a topic that should be 
investigated further. Peak extractable soil N under rolled 
hairy vetch has been observed to occur at 4 weeks after 
termination, slower than is typical for incorporated 
residues in the region, but still earlier than peak N 
demand by corn52. Vetch/grass mixtures contain approxi­
mately the same amount of N as vetch monocultures, 
but mixtures can often release N more slowly50. Among 
legume species, variation in N release rates can be 
agronomically important. When terminated at anthesis, 
crimson clover release rates are notably slower than 
other legumes50 and have even resulted in apparent net 
immobilization in rolled systems52. 

Future directions 

Information on how high-residue systems are impacting 
on insect and disease management is mostly missing from 
southeast organic systems. One exception is a variety of 
studies in the Appalachian region on organic vegetable 
production with reduced tillage59–61, but equivalent work 
is missing in field crops. Anecdotally, three-cornered 
alfalfa hopper damage has been observed to be higher on 
soybeans in rolled rye in multiple states (Reberg-Horton, 
personal communication). While weed management has 
been a central area of inquiry in multiple states, long-term 
data on how these systems shift weed species composition 
are also lacking. A complete abandonment of tillage 
in organics is likely impossible, but the question of how 
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much tillage can be removed from these systems without 
selecting for perennial weeds will require longer-term 
trials. 
The next stage of organic research also needs to fine 

tune agronomic recommendations for growers. By all 
appearances, legume cover crop mulches should not be the 
sole source of N fertility for corn (Fig. 4). Methods and 
rates of supplementation need to be investigated. The 
combination of heavy residue and bulky organic amend­
ments make these lines of work a nontrivial task. Another 
open question lies in how reliably cover crop mulches can 
provide enough residue to suppress weeds. Clearly, some 
winters are not conducive enough to cover crop growth for 
sufficient biomass. Farmers need tools to predict when 
biomass is insufficient so they can utilize off-field mulch 
amendments or a clean-till system instead. Ideally, models 
could assess cover crop biomass potential in the early 
spring when changing to a clean-till system is relatively 
easy. By late spring, even poor cover crop stands can be 
difficult to incorporate well enough to facilitate conven­
tional cultivation. 
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