
ABSTRACT 
 

FINNEY, DENISE M. Evaluation of sorghum sudangrass as a summer cover crop and 
marketable hay crop for organic, no-till production of fall cabbage. (Under the direction of 
Dr. Nancy G. Creamer, PhD.) 
 

The development of organic and conservation tillage-based vegetable production 

systems will offer growers in the southeastern United States new economic opportunities and 

promote resource conservation. The purpose of this research project was to assess the impact 

of incorporating a summer crop that serves as both cover crop and marketable hay crop in an 

organic fall vegetable production system.  Sorghum sudangrass [Sorghum bicolor (L.) 

Moench X S. sudanense (Piper) Staph] is commonly cultivated as a forage crop in the 

Southeast and has the potential to produce abundant biomass, suppress weeds, and decrease soil 

compaction as a summer cover crop. Field studies were conducted to determine the effects of 

sorghum sudangrass cutting frequency and biomass removal as hay on cover crop biomass 

production, weed suppression by cover crop residues, and cover crop re-growth in a 

subsequent cabbage (Brassica oleracea L. var. capitata) crop under conventional and no-till 

management. Field and greenhouse studies were undertaken to identify potential negative 

interactions between cover crop residues and cabbage transplants. Transplant dry weight and 

head weight of the indicator species, cabbage, were used to assess the impact of cover crop 

management and tillage system on crop growth and development. Results suggest that a 

sorghum sudangrass hay crop can be harvested without compromising weed suppressive 

qualities of the cover crop. In this study, however, the presence of sorghum sudangrass led to 

reductions in cabbage transplant growth and head weight. Sorghum sudangrass may not be 

suitable as a cover crop immediately prior to conventional or no-till fall vegetable production 

due to its propensity to re-grow and allelopathic potential.  
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Literature Review 

I. Introduction 

 Agriculture is a dynamic industry, changing with fluctuations in markets, 

consumer demand, public policy, and new technologies. Current trends in agriculture 

throughout the United States include adoption of conservation tillage practices, growth of 

consumer interest in organically produced goods, and diversification of farming 

operations. One example of a production system that incorporates these new interests is 

organic and no-till production of fall vegetable crops preceded by a summer cover crop. 

Research on cover crop-based no-till systems for organic fall vegetable production is 

limited. Previous research can, however, be used as a basis for evaluating potential 

benefits and challenges of utilizing a summer cover crop prior to organic fall vegetable 

production  and aid in designing scientific studies examining this cropping sequence 

under various tillage regimes. The current study examines the grass summer cover crop 

sorghum sudangrass [Sorghum bicolor (L.) Moench X S. sudanense (Piper) Staph.] 

followed by a fall vegetable, in this case, cabbage (Brassica oleracea L. Capitata group). 

As a forage species, sorghum sudangrass has the potential to be managed as both a cover 

crop and hay crop.  

The following review will highlight key advantages and disadvantages of 

conservation tillage and cover cropping systems as discussed in previous review articles. 

The efficacy of conservation tillage vegetable production will also be addressed, followed 

by a discussion of special considerations for organic vegetable production under 

conservation tillage. Previous studies of the components the cropping sequence under 

investigation will also be reviewed, including research relevant to the utilization of 

sorghum sudangrass as both cover and hay crop, general cabbage production practices, 
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and the response of Brassica spp., including cabbage and broccoli, to various tillage 

practices and cover crop rotations.  

 

II. Conservation tillage 

Conservation tillage practices and prevalence in the United States 

 Growers have relied on tillage for many years to manage weeds, incorporate 

fertilizers, and temporarily increase the ability of a soil to absorb water in order to create 

a suitable environment for planting and crop growth (Coolman and Hoyt, 1993). 

Conventional tillage generally leaves less than 15% residue cover on the soil surface after 

planting, involves tillage of the entire soil surface (referred to as full width tillage), and 

often requires multiple tillage events with tools such as disks, moldboard plows, and 

chisel plows (Conservation Technology Information Center, 2002). In recent decades 

reliance on conventional tillage has decreased as growers have adopted reduced and 

conservation tillage practices. Reduced tillage systems leave between 15% and 30% 

residue cover on the soil surface and, as with conventional tillage, involve disturbance of 

the entire soil surface (CTIC, 2002). In contrast, conservation tillage practices leave at 

least 30% residue cover on the soil surface. Depending on the type of conservation tillage 

system used, the proportion of residues and soil left undisturbed will vary.  

Practices categorized as conservation tillage include: mulch tillage, ridge tillage, 

and no-till/strip-till. All practices rely on the presence of crop residues, either from a 

previous crop or a cover crop, the benefits of which will be discussed subsequently. The 

following definitions of conservation tillage systems are those provided by the 

Conservation Tillage Information Center (CTIC), a national clearinghouse for research 

and education on conservation tillage and the source of information utilized by the United 

States National Resources Conservation Service. Mulch tillage is full width tillage with 
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less invasive implements such as chisels, field cultivators, disks, sweeps, or blades that 

leave at least 30% residue cover. Ridge tillage includes the building of ridges into which 

crops are planted with tillage performed on up to one third of the ridge prior to planting. 

Crop residues and soil between the ridges are left undisturbed. In no-till systems, there is 

minimum disturbance of soil and residues, with disturbance often limited to the furrow 

created by planting equipment (CTIC, 2002). Strip tillage is a form of no-till in which soil 

and residue disturbance is limited to a band that allows the use of conventional planting 

equipment (CTIC, 2004). 

A survey by CTIC (2002) indicates that use of conservation tillage practices 

steadily increased between 1990 and 2000, with ~37% of all planted cropland acres in the 

United States employing no-till, ridge-till, or mulch-till. The use of intensive-till has 

decreased during the same period from 50% to 40% of cropland. The majority of acreage 

using conservation tillage is in corn (Zea mays. L.), small grain, and soybean [Glycine 

max (L.) Merr.]production. This trend holds true in the southeastern United States, where 

conservation tillage is practiced on 42.5% of all cropland. The greatest proportion of this 

land is in soybeans (2.7 million ha, 6.7 million A), cotton (Gossypium hirsutum L.; 2.1 

million ha, 5.2 million A), and corn (1.9 mill ha, 4.8 million A).     

Impacts of conservation tillage on cropland 

 The advantages of conservation tillage systems are well documented. A review by 

Coolman and Hoyt (1993) cited five distinct advantages of reduced over conventional 

tillage: reduced soil erosion, enhanced crop performance, soil water conservation, 

improved efficiency in non-renewable energy use, and reduced labor requirements. 

Disadvantages can include reduced spring soil temperatures, greater weed control 

problems, increased pest incidence, and farmer reluctance to adoption of new practices. 
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Advantages and disadvantages, however, are dependent on site-specific soil physical 

properties (Coolman and Hoyt, 1993). 

 Johnson and Hoyt (1999) provided an in-depth review of the influences of 

conservation tillage on the soil environment, citing impacts on soil water, temperature,  

chemical properties and nutrient availability, microbial populations, and nutrient cycles. 

Soil moisture is typically higher under conservation tillage due to decreased evaporation 

and increased infiltration. Increased moisture can reduce water stress during periods of 

low rainfall, reduce irrigation requirements, and enhance plant nutrient availability and 

uptake. Day-night soil temperature fluctuations are minimized under conservation tillage 

due to insulation and reflection of solar radiation by residues. Though this may be 

beneficial to crop development, the tendency of untilled soils to have a lower soil 

temperature can slow early crop growth in spring planted crops, potentially leading to 

yield losses. Soil chemical properties are also affected by conservation tillage. Over the 

short term, surface application of fertilizers and release of nutrients from decaying surface 

residues can lead to nutrient stratification and potential reductions in nutrient availability. 

Nutrient use may be improved, however, by higher root concentrations and water content 

that develop in the surface horizons with long-term use of conservation tillage. 

Conservation tillage tends to increase the quantity of soil organic matter, with levels 

highest at the surface. This can positively impact nutrient availability and provide organic 

C for microbial populations. As expected, the accumulation and distribution of organic C 

under conservation tillage leads to increases in the soil microbial biomass at the soil 

surface. Various studies have examined the effects of such changes in microbial 

populations on  N and C cycling (Johnson and Hoyt, 1999).  
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Cover crops in conservation tillage 

A key feature of many conservation tillage systems is the inclusion of cover crops 

in rotation with cash crops. As with conservation tillage, the benefits cover crops offer to 

a production system are well documented and have been previously reviewed (Hartwig 

and Ammon, 2002; Reeves, 1994; Lal et al., 1991). The benefits of cover crops include 

erosion control, reduction of surface water pollution, improved soil structure and tilth, 

and increased soil organic matter. Cover crops also help to suppress weeds and disrupt 

pest and disease cycles, and can reduce economic investment and loss as well as decrease 

reliance on synthetic pesticides. Nutrient cycling is also impacted by cover crop rotation. 

Cereal cover crops have a significant role in utilizing residual soil nitrogen (N) and 

reducing nitrate leaching into waterways. Leguminous cover crops host N-fixing bacteria 

and can contribute significant portions of N required for concurrent or subsequent crop 

growth. Well-designed and managed cover crop rotations do not necessarily require 

greater economic input and often reduce production costs through the reduction of 

fertilizer and pesticide application (Sustainable Agriculture Network, 1998). 

Conservation tillage for vegetable production 

 According to the 2002 CTIC survey of crop residue management, conservation 

tillage practices are used on less than 18% of cropland devoted to the production of 

vegetables and other non-grain crops (CTIC, 2002). This is far less than the percentage of 

corn, grain, and soybean acreage employing conservation tillage, though many of the 

advantages offered by conservation tillage are applicable to vegetable production (Hoyt et 

al., 1994). Decreases in the amount of time required for field preparation, reduction of 

required irrigation water, and increased organic residues are among the benefits specific 

to intensive vegetable culture. Potential drawbacks of conservation tillage in vegetable 

production include lower soil temperatures in spring under residues and over-wintering of 
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insect pests in surface residues, both of which may lead to yield reductions. Based on the 

development of adequate equipment and pesticides for conservation tillage in agronomic 

crops, vegetable crops that can be produced using similar management tools are best 

suited to this type of production system. Examples of horticultural crops that have been 

successfully produced under conservation tillage by direct seeding include popcorn, sweet 

corn, snap beans (Phaseolus vulgaris L), lima beans (P. lunatus L.), and peas (Pisum 

sativum L.). Transplanted crops including tomato (Lycopersicon esculentum L.), cabbage 

(Brassica oleracea L.), and sweet potato (Ipomea batatas L.) can also be produced in this 

way using modified no-till planting equipment or in strip tillage systems.  

 Weed and fertility management represent two significant factors that must be 

adapted for conservation tillage vegetable production (Hoyt et al., 1994). The use of 

strategies such as cultivation and pre-plant herbicide application are not available for 

weed control in most conservation tillage systems. This can lead to increased reliance on 

chemical weed control and limit the range of crops that can be produced under 

conservation tillage due to a lack of effective post-emergent weed management strategies. 

With regard to fertility management, recommendations regarding N application rates and 

fertilizer application method made for conservation tillage production of agronomic crops 

also apply to vegetable crop production (Hoyt et al., 1994).  

 Prior to the 1990’s major impediments to the adoption of conservation tillage in 

vegetable production included inadequate equipment, inconsistency in stand density, loss 

of precocity, and a lack of effective weed control strategies (Morse, 1999a). 

Developments in equipment, the use of high residue cover crops and appropriate residue 

management strategies, and recent labeling of herbicides for vegetable crops have 

mitigated these issues, though they can still be limiting in some cases.  
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 It is apparent from previous studies of horticultural crops that reduced and 

conservation tillage are not suited to all environmental conditions and cropping systems 

(Hoyt, 1999). Several studies have indicated that there is a tendency for conservation 

tillage to lead to decreased yield (Bottenberg et al., 1997; Hoyt and Walgenbach, 1995; 

Knavel and Herron, 1981) Other studies have demonstrated that crop yield in 

conventional tillage may be comparable to or even greater than yield under conventional 

tillage  (Morse, 2000; Abdul-Baki et al,. 1997; Hoyt et al., 1996; Morse, 1993; Wilhoit et 

al., 1990; Knavel, 1989; Morse and Seward, 1986). Reduced yields under conservation 

tillage have been attributed to poor plant establishment, impeded root growth, delayed 

initial growth, and competition from re-growing crop residues (Bottenberg et al., 1997; 

Wilhoit et al., 1990; Knavel and Herron, 1981). 

Conservation tillage and organic production 

Despite technologies that have increased the applicability of conservation tillage 

to vegetable production, there is very little research that has examined these practices for 

organic systems (Kuepper, 2001). The challenge of effective weed management for 

conservation tillage is also a significant impediment to organic crop production (Barberi, 

2001; Morse, 1999a; Hoyt et al., 1994). The number of weed management tools available 

to organic growers is limited and does not include herbicides that have been cited as one 

key to successful conservation tillage vegetable production (Morse, 1999a). It has been 

documented, however, that without herbicide application, no-till mulches have greater 

potential to suppress weeds than conventional tillage systems (Infante and Morse, 1996; 

Teasdale et al., 1991). No-till systems can offer weed suppression comparable to 

herbicide treatment (Morse, 1999b; Abdul-Baki et al., 1997; Mangan et al., 1995). The 

effectiveness of no-till mulch in weed suppression may be enhanced by the use of large, 

vigorous transplants and high planting density (Abdul-Baki et al., 1997). Morse (2000) 
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also suggests that cover crop residue levels at or above 1.8 t/ha (2 t/ac) during cash crop 

canopy development and/or the crop’s critical weed free period can help to maintain weed 

populations below yield limiting levels. Higher levels of cover crop residues typically 

lead to more effective weed suppression (Mohler and Teasdale, 1993).  

 The presence of cover crop mulches and living crops in conservation tillage 

systems may also influence insect pest populations. Studies have cited both decreases and 

increases in pest populations under conservation tillage (Masiunas, 1998). Decreased 

population size in reduced tillage systems may be due to lower pest colonization rates, 

higher predation rates, or smaller host plants (Masiunas, 1998).  

 Organic systems also require non-chemical kill of cover crops by mechanical 

means such as mowing, roll-chopping, undercutting, and partial rototilling (Creamer and 

Dabney, 2002). Mowing is an effective tool for killing winter annual broadleaved species 

and grass cover crops, though summer annual grasses do not respond to mowing as well 

as winter annual grasses and may re-grow following mowing. Research suggests that 

mow kill effectiveness increases at later growth stages and lower mower height. One 

disadvantage of mowing is the small size of residue pieces that leads to more rapid 

decomposition and potentially reduce weed suppression (Creamer et al., 1995). Rolling 

and roll chopping eliminate this issue by leaving residue intact, though may not be as 

effective for cover crop kill, leading to re-growth of the cover crop in a subsequent cash 

crop (Creamer and Dabney, 2002). Undercutting also leaves intact residues and may be 

more effective than rolling; however, specific soil moisture, time and horsepower 

requirements may be limiting. Due to soil loosening during undercutting operation, this 

kill method may be advantageous for early transplant growth (Creamer and Dabney, 

2002). The species and growth stage specificity of mechanical kill methods necessitates 

further investigation of their application in cropping systems. 
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III. Summer cover crops for conservation tillage 

Summer cover crops for the Southeastern United States 

 Numerous species of grasses, legumes, and other broadleaved species are summer 

annuals that may be used as cover crops, and several have been identified as suitable for 

rotation with vegetable crops in the southeastern United States (Creamer and Baldwin, 

2000). Among species surveyed for biomass production, weed suppression, and C and N 

concentration during the summer growing season were the legumes cowpea (Vigna 

unguiculata L.), sesbania (Sesbania exaltata L.), hairy indigo (Indigofera hirsuta L.), 

soybean [Glycine max (L.) Merrill] ‘Young’ and ‘Laredo’, velvetbean (Mucuna 

deeringiana (Bort.) Merr.), and lablab [Lablab purpureus (L.) Sweet]; the broadleaved 

species buckwheat (Fagopyrum esculentum Moench) and sesame (Sesamum indicum L.); 

and the grasses Japanese millet [Echinochloa frumentacea (Roxb.) Link], pearl millet 

[Pennisetum glaucum (L.) R. Br.], German foxtail millet [Setaria italica (L.) Beauv.], 

sudangrass, and sorghum sudangrass. Several crops produced large amounts of biomass 

and effectively suppressed weeds, indicators of suitability to be utilized as summer cover 

crops. Nitrogen concentrations also demonstrate that the species surveyed have the 

potential to influence N cycling in production systems, either contributing or harvesting 

excess N (Creamer and Baldwin, 2000).  

Sorghum sudangrass 

Sorghum sudangrass is commonly cultivated as a forage crop for grazing, hay or 

silage (Chamblee et al., 1995). As a summer cover crop, sorghum sudangrass has the 

potential to produce abundant biomass (8792 kg/ha; Creamer and Baldwin, 2000), suppress 

weeds (Creamer and Baldwin, 2000; Weston et al., 1989) and decrease soil compaction 

(Wolfe et al., 1998). Because of its significance as a forage, there is a considerable body of 

literature regarding growth and management of sorghum sudangrass.  
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Sorghum sudangrass is recognized for its high yield potential, though season 

biomass production is dependent on management. Increased cutting (mowing) frequency 

will lead to reduced seasonal biomass production (Beuerlein et al., 1968), though yield 

reductions are less severe than other grasses (Muldoon, 1985). Generally, a stubble height of 

15-20 cm (6-8 in) is recommended to promote re-growth (Chamblee et al., 1995). Re-growth 

occurs from both terminal buds and basal and axillary tillers, a quality unique among 

common forage crops (Clapp and Chamblee, 1970). Tillering capacity leads to an increased 

capacity to re-grow following cutting (Muldoon, 1985) and allows re-growth from lower 

stubble heights (Clapp and Chamblee, 1970). Creamer and Dabney (2002) reported that 

sorghum sudangrass responds poorly to mechanical kill methods, including mowing, 

undercutting, and rolling. This is a potential drawback to the use of sorghum sudangrass in 

rotation with fall organic vegetables, as chemicals cannot be used to suppress re-growth if 

mowing is not completely effective.  

Sorghum sudangrass is also characterized by its allelopathic potential. Actively 

growing sorghum sudangrass exudes sorgoleone, a photosystem II inhibitor (Czarnota et 

al., 2001) and other organic acids that have been demonstrated to inhibit seed germination 

and seedling growth (Weston et al., 1989) and reduce growth of transplants (Geneve and 

Weston, 1988). Sorghum sudangrass residues also have allelopathic potential, but may 

not be as suppressive as living plants.  

 

IV. Fall Cabbage  

Fresh-market cabbage production in the southeastern United States 

 The southeastern region of the United States is an important production area of 

fresh market cabbage. Florida, Georgia, and North Carolina consistently rank among the 

top six production states based on harvested acres and yield (National Agricultural 
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Statistics Service, 2004). In North Carolina, cabbage production has increased in recent 

years. Total production of the crop in 2003 was estimated at 209 million pounds (1.87 

million cwt) and had a value of $20.5 million (NASS, 2004). Cabbage acreage in the state 

is approximately 9000 acres (NASS, 2004), with production areas in the eastern portions 

of the state producing spring and fall crops and western regions producing early summer 

and fall crops (Sanders, 2001).  

Influence of environment on cabbage growth  

 Cabbage development is characterized by four stages: 1) seedling or juvenile 

period; 2) transplant; 3) cupping; 4) heading (University of California Division of 

Agriculture and Natural Resources, 1992; Strandberg, 1979). The first two stages of 

growth are characterized by slow biomass accumulation. Growth and development can be 

further slowed in the transplant stage by the period of re-establishment following 

transplanting. Under ideal conditions, re-establishment may last 5 to 7 days (Strandberg, 

1979). Cupping and heading represent the development of the marketable product, 

therefore protection from insect and disease pressure grow in importance. During these 

stages biomass accumulation is rapid (Strandberg, 1979). Cabbage development can be 

measured using a degree day accumulation model (Strandberg and White, 1979). Optimal 

temperature for cabbage development is 15oC and 20oC (59oF to 68oF) (UCDANR, 1992). 

As a cool season crop, cabbage can tolerate temperatures down to approximately 45oF, 

and has an upper temperature limit between 25oC and 30oC (77oF and 86oF). Flower 

induction occurs with exposure to vernalization temperatures (between 4 and 10 oC) 

following the transplant stage (Wien and Wurr, 1997), therefore planting must be timed to 

assure that head initiation begins prior to temperature decline in the fall (UCDANR, 

1992). Another important factor in cabbage development is light. Due to its architecture, 
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cabbage requires adequate space and an uninterrupted aerial environment for optimal 

display of leaves (Peach et al., 2000).  

Management of organic cabbage in no-till cultivation 

 The preferred soil for cabbage production is a well-drained sandy loam (Sanders, 

2001). Due to the shallow root system of cabbage, soils that dry quickly should be 

avoided for production and water must be supplied during dry periods in the growing 

season. As in conventional production, cabbage may be grown in single rows (spaced 2 to 

3 feet apart) or double rows. In-row spacing for single row culture should be 9 to 12 

inches (23 to 30 cm) and 12 to 14 inches (30 to 35 cm) in double rows. Fall cabbage may 

be direct seeded from July through September, or transplanted from mid-August through 

mid-September (Sanders, 2001). This timing allows cabbage to follow a summer cover 

crop in a no-till production system. 

 Cabbage N requirements are high during early stages of growth (Sanders, 2001). 

In the Southeastern United States, 90-135 kg N/ha (100-150 lb N/A) are recommended, 

with 45-67 kg N/ha (50-75 lb N/A) applied at the time of transplant, 22-45 kg N/ha (25 -

50 lb N/A) applied as a side-dressing at two weeks after transplanting, and an additional 

side-dressing of 22-45 kg N/ha based on soil tests at 5 weeks after transplanting (North 

Carolina Vegetable Growers Association, 2002). Numerous organic fertilizers are 

available to meet the N requirements of cabbage production. One concern with organic N 

application is timing of availability, due to the early N requirements of cabbage. This 

issue may be mediated in production systems that utilize leguminous cover crops, because 

leguminous cover crops can supply organic N to subsequent cash crops (Hoyt and 

Hargrove, 1986). The use of organic N fertilizers which contain a source of readily 

available N, such as sodium nitrate, fish derivatives, and guano, can also help to meet 

crop N demand in an organic system. Boron and molybdenum are also critical for 



 

 13

cabbage growth and recommended application is 1.8-2.7 kg/ha (2-3 lb/A) and 0.4 kg/ha 

(0.5 lb/A), respectively (NCVGA, 2002). Both B and Mo are available in materials 

approved for organic production.  

 Insect pests affecting cabbage in the piedmont and coastal plain of North Carolina 

include cabbage looper, Trichoplusia ni (Hubner), Noctuidae, LEPIDOPTERA; imported 

cabbageworm, Artogeia rapae (Linne), Pieridae, LEPIDOPTERA; diamondback moth, 

Plutella maculipennis (Curtis), Plutellidae, LEPIDOPTERA; aphids Aphididae, 

HOMOPTERA, and flea beetle Chrysomelidae, COLEOPTERA (Sanders, 2001). Under 

organic production standards, Bacillus thuringiensis (Bt) may be utilized for management 

of lepidopterous pests. Additional alternative insect management tools include biological 

control organisms, insecticidal soaps and oils, and physical barriers. Evaluation of 

previous studies suggests that reduced tillage in combination with application of the 

biological insecticide Bt is an effective means of reducing lepidopterous pest populations 

in an organic production system. Roberts and Cartwright (1991) reported reduced 

cabbage looper, thrips, and aphid populations in cabbage grown in rye (Secale cereale L.) 

cover crop residues compared to cabbage grown on bare soil or in residues of a hairy 

vetch (Vicia villosa L.) cover crop. With respect to the control of lepidopterous pests, 

Hoyt and Walgenbach (1995)  reported that in an organic system there is no advantage to 

reduced tillage if  biological insecticides are used. A study by Bottenberg et al. (1997) of 

cabbage grown in rye mulch residues reported lower populations of diamondback moth, 

imported cabbage worm, and cabbage looper as well as aphids. The combination of rye 

mulch and Bt application resulted in lower insect damage ratings compared to 

conventional tillage systems with and without insecticide treatment and reduced tillage 

systems without insecticide treatment (Bottenberg et al., 1997).  
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Diseases affecting cabbage production include Alternaria leaf and head spot 

(Alternaria brassicae and A. brassicicola, fungi), black leg (Leptosphaeria maculans, 

fungus) black rot (Xanthomonas campestris, bacterium), downy mildew (Peronospora 

parasitica, fungus), and Sclerotinia head rot (Sclerotinia sclerotiorum, fungus). Practices 

that help to limit the incidence of these diseases in organic production include the use of 

resistant cultivars, planting disease-free seed, crop rotations (often up to seven years), 

removal of infected plants, residue destruction, and application of copper spray (NCVGA, 

2002). Tillage may also influence the incidence of disease in both conventional and 

organic production. In reduced tillage systems, increases in the incidence of bacterial 

diseases in vegetables have been observed (McKeown et al., 1988; Sumner et al., 1981), a 

potential challenge in organic no-till cabbage production. Incidence of the fungus 

Alternaria, however, was reduced in conservation tillage cabbage production systems 

managed both conventionally and organically in a previous study (Hoyt and Walgenbach, 

1995). The authors suggested that surface residues reduce contact between cabbage leaves 

and soil, thereby limiting the movement of Alternaria onto the crop (Hoyt and 

Walgenbach, 1995). This is a potential advantage in no-till organic cabbage production.  

 Weeds also have the potential to reduce cabbage yield (Weaver, 1984; Lawson 

and Wiseman, 1978). In a study to determine the critical weed free period for cabbage, 

Weaver (1984) concluded that yield reductions due to weeds are avoided either by 

maintaining weed free cabbage for three weeks after transplanting or by removing weeds 

present at the time of transplanting by four to five weeks after transplanting. Therefore, 

cabbage does not have a critical weed free period, and a single weed removal between 3 

and 5 weeks after transplanting is sufficient to avoid yield losses. Row spacing also 

influenced cabbage response to weeds. At high population density, cabbage head size was 

reduced, competition with weeds began earlier, and the period during which cabbage 
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could remain weed-infested was shorter compared to low density populations (Weaver, 

1984). As previously discussed, organic systems rely on non-herbicide management of 

weeds. In organic cabbage production, no-till mulch may be one means of limiting 

competition from weeds. However, if weed populations are present in an organic no-till 

system, the no-till mulch can prevent or disrupt mechanical weed control. Further, cover 

crops that have the potential to re-grow or which are not effectively killed through 

mechanical means, such as sorghum sudangrass, can become a significant weed pest in 

their own right.  

In addition to potential yield reductions due to physical competition from weeds, 

cabbage may also be sensitive to allelochemicals produced not only by weeds but also 

other crops. Qasem (2001) demonstrated a negative effect of white top [Cardaria draba 

(L.) Desv] and Syrian sage (Salvia syriaca L.) root exudates and surface applied residues 

on cabbage emergence and seedling growth. This demonstrates that cabbage is potentially 

sensitive to allelochemicals produced by cover crops. Cabbage response to vegetative 

residues on the soil surface and root residues in the soil should be evaluated for any cover 

crops to be used in no-till production.  

 Another consideration in cabbage culture is sensitivity to compaction. The 

minimum bulk density at which root growth is restricted varies by soil type and ranges 

from 1.40 g/cc for clay soils to 1.80 g/cc for sandy soils. Soil compaction can also be 

measured using penetrometer resistance. It is generally accepted that most species cannot 

tolerate penetrometer resistances above 2.0MPa (Unger and Kaspar, 1994). Wolfe et al. 

(1995) examined the response of direct-seeded cabbage and cabbage transplants to 

compaction in both field and laboratory trials. Under field conditions, yield of direct 

seeded cabbage in compacted soil (>2.0Mpa penetrometer resistance) was 15.9 Mg/ha, 

compared to 44.1 Mg/ha in a non-compacted control soil in a single season. In the same 
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season, yield of transplanted cabbage in compacted soil was 22.8 Mg/ha, compared to 

32.1 Mg/ha in the control. Factors which contributed to yield reduction included a slower 

rate of crop maturation, reduced early yield, and prolonged periods of soil saturation. In a 

controlled greenhouse study, cabbage biomass in a compacted soil treatment was 5.64 

g/plant, 14% lower than cabbage biomass in a non-compacted control (6.57 g/plant) after 

21 days of growth. This reduction could not be attributed to leaf turgor, nutrient 

deficiency, CO2 assimilation by leaves, or soil water status. Considering this data, rotating 

cabbage with a cover crop capable of remediating soil compaction is advantageous. Of 

seven summer cover crops surveyed in a New York State study, sudangrass, S. sudanense 

(Piper) Staph, ranked best in ability to grow in compacted soils, demonstrated partial 

remediation of compaction after one growing season, and had a beneficial impact on  

subsequent cash crop yields. With regard to remediation of soil compaction, penetrometer 

resistance at a depth of 30cm was reduced from 4.57 kg to 3.77 kg after a single season of 

sudangrass growth. Similar reductions were observed at depths of 15 cm (2.86 kg reduced 

to 2.18 Kg) and 45 cm (5.71 kg reduced to 5.33). The authors of this study noted that 

sorghum-sudangrass has very similar traits to this species, and both are strong candidates 

for rotation with cabbage from the standpoint of remediation of soil compaction (Wolfe et 

al., 1998).   

 

V. Tillage systems for fall cabbage production 

 The present study will examine the feasibility of fall vegetable production, 

utilizing cabbage as an indicator species, in no-till residues of the summer cover crop 

sorghum sudangrass. It is beneficial, therefore, to review similar studies that have 

examined Brassica production under conventional and conservation tillage and the 

rotation of summer cover crops with fall vegetables.  
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 Brassica spp. response to tillage 

 Cabbage yield response under conservation tillage production has been previously 

studied, though results have been inconsistent. Morse and Seward (1986) compared no-

till to conventional tillage production of fall cabbage and broccoli. The horticultural crops 

were planted into tilled and untilled winter cover crops, including hairy vetch (Vicia 

villosa Roth), Austrian winter pea (Pisum arvenu L.), and cereal rye (Secale cereale L.). 

Cover crops were treated with paraquat (1,1’-dimethyl-4,4’-bipyridinium ion) to control 

vegetative growth and crops were managed with conventional inputs. For both cabbage 

and broccoli, yield and head size under no-till were equal to or greater than under 

conventional tillage (Table 1). Cover crop yields ranged between 2.3 and 4.8 Mg/ha and 

there was not a significant effect of cover crop on yield or head size. 

 Knavel (1989) also compared no-till and conventional tillage of fall cabbage, 

though the preceding crop was a harvested grain crop as opposed to a cover crop. Grain 

crops included in the study were winter wheat (Triticum aesativum L.), hairy vetch, and 

winter (cereal) rye. Grains were harvested and straw removed prior to preparing fields for 

cabbage transplanting. Crop residue and stubble were incorporated in conventional tillage 

plots at the same time that glyphosate (N-phosphonomethyl glycine) was applied to no-till 

plots. In three of four study years, cabbage yield in no-till plots was equal to or greater 

than cabbage yield under conventional tillage, except in year 3, when conventional yields 

were higher (Table 1). The author attributed higher yield in no-till plots to greater soil 

moisture in this tillage regime. 

 Wilhoit et al. (1990) evaluated strip-tillage production of summer cabbage using 

high residue levels as a means of combining the beneficial attributes of both conventional 

and no-till systems. Cereal rye and winter wheat were used as winter cover crops prior to 

cabbage transplanting under no-till, strip tillage, and conventional tillage treatments. 
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Cabbage yields were not significantly different between tillage systems (Table 1). 

Similarly, Hoyt et al. (1996) compared cabbage yield in strip till and conventional tillage 

systems, observing no significant difference between tillage treatments. This study also 

demonstrated that tillage treatment did not have a significant effect on the efficacy of 

herbicides used for weed management in the cabbage crop. 

 Several studies of cabbage under conservation tillage have demonstrated lower 

yields compared to conventional tillage production. Spring cabbage no-till planted into 

winter wheat or bluegrass (Poa pratensis L.) sod residues had lower yield and head 

weight than conventionally tilled cabbage, as shown in Table 1 (Knavel and Herron, 

1981). In this study, wheat and grass winter covers were killed with glyphosate prior to 

transplanting. Soil temperature under no-till residues was slightly lower than in 

conventional plots in three of four years of the study and slow initial growth was noted in 

no-till plots, though this was not reflected in maturation time. 

 Hoyt and Walgenbach (1995) observed a reduction of cabbage head weight in 

strip tillage compared to conventional tillage. Their experiment examined the effects of 

both tillage (strip or conventional) and organic versus chemical management of weeds, 

insect pests, and disease incidence. In both strip and conventional chemical treatments 

cabbage was planted into cereal rye residues that were killed by a mechanical operation 

and glyphosate, respectively. Weeds were managed with conventional herbicides. In the 

conventional tillage organic system, cabbage was transplanted into flail-chopped, 

moldboard-plowed, and disked residues of hairy vetch. In the strip tillage organic system, 

crimson clover (Trifolium incarnatum L.) was flail chopped prior to strip tillage. 

Cultivation and mowing were performed to manage weeds. Reduced head weights in the 

strip tillage system were attributed to the fact that plant roots were established in areas of 

shallow cultivation. As previously discussed, cabbage is sensitive to yield reduction by 
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compaction (Wolfe et al., 1995). Compaction has previously been identified as one cause 

of reduced vegetable yields in conservation tillage systems (Logan et al., 1991).  

 In a study demonstrating alternative cover crop management and weed control in 

conservation tillage, Bottenberg et al. (1997) compared four summer cabbage production 

systems in Illinois. The systems included conventional tillage, reduced tillage using cereal 

rye residue, reduced tillage using cereal rye residue and red clover (Trifolium pretense L.) 

living mulch, and excelsior mulch. Excelsior mulch functioned as an inert mulch, 

allowing researchers to distinguish between physical and allelopathic weed suppression 

by the rye residue. Rye was herbicide killed and mowed prior to cabbage planting in both 

rye systems. Initial cabbage growth in both rye treatments was lower than that observed 

in the conventional tillage and excelsior mulch plots. Researchers cited competition  from  

rye re-growth and red clover living mulch with cabbage transplants as the cause of  

growth retardation. Cabbage yield (measured as head weight per plant) was greatest in the 

conventional tillage and excelsior mulch plots and lowest in the rye/red clover system. In 

year two of the two year study, no heads developed in the rye/red clover system. 

Competition between cabbage and the red clover living mulch and rye re-growth was 

cited as the most likely cause of low head weight and lack of head formation.  

The variability of cabbage yield in conservation tillage systems may be due to 

several factors. Several researchers have cited the necessity of a transitional period when 

converting from conventional tillage to no-till in order to realize yield benefits instigated 

by improved soil structure and greater water infiltration under no-till (Hargrove et al., 

1982; Radcliffe et al., 1988).  Year to year changes in rainfall-irrigation patterns and 

cover crop species may also influence the success of conservation tillage systems. In a 

four year study comparing conventional tillage, strip tillage and no-till production of 

summer cabbage in cereal rye and winter wheat residues, Morse (1993) reported that poor 
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yields in no-till systems correlated with seasonal rainfall. In two dry years with below 

average rainfall and prolonged dry periods during head development, cabbage yields were 

higher in strip tillage and no-till plots than in conventionally tilled plots. In years with 

above average rainfall and no periods of prolonged dry weather, yield comparisons 

revealed no differences between tillage treatments in one year and significantly lower 

cabbage yields in no-till plots in the other wet year. The author attributed poor yield in 

no-till plots in this year to retarded plant growth caused by abundant rain, soil 

compaction, and delayed planting. This study indicates that though conservation tillage is 

feasible for cabbage production, the relative advantage of conservation tillage, 

particularly no-till, over conventional tillage is dependent on rainfall patterns, site 

selection, and planting date.  

Hoyt (1999) reported variation in cabbage yield based on the cover crop species 

used within a strip tillage summer cabbage production system. Winter cover crops 

included in this study were cereal rye, winter wheat, Austrian winter pea, crimson clover, 

and hairy vetch. Yields were higher in legume cover crop residues than in grass cover 

crop residues. The grass cover crops produced more biomass than the legume covers, and 

soil temperatures below grass residues were lower than under legume residues and bare 

soil. Lower soil temperature was cited a possible causative factor of reduced cabbage 

yield in grass cover crop residues. Additionally, grass cover crops may have removed soil 

N in the spring, lowering soil inorganic N levels at the time of cabbage planting. 

Supplying sufficient N may mitigate the negative effect of grass cover crop species on 

cabbage yields under conservation tillage (Hoyt, 1984). This study demonstrated the 

potential negative impacts of cover crop residues in conservation tillage vegetable 

production systems and highlights the importance of selecting a cover crop species 

appropriate to a given production system. 
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Brassica spp. in rotation with summer cover crops 

 Few studies have examined the utilization of summer cover crops in no-till fall 

vegetable production. Existing studies, however, indicate that yields of no-till cabbage 

and broccoli in summer cover crop residues are comparable to yields in conventional 

production systems. Knavel and Herron (1985) no-till transplanted fall cabbage into 

residues of sudangrass [Sorghum sudanense (Piper) Staph.] killed with glyphosate at two 

heights. Yields of cabbage no-till transplanted into sudangrass killed at a 15 cm height 

were comparable to yields in conventionally tilled plots into which 15 cm tall sudangrass 

residues had been incorporated (Table 2). Cabbage yields in plots in which sudangrass 

had been killed at 30 cm height and left on the surface were significantly lower, possibly 

due to slow transplant recovery and initial growth.  

 Abdul-Baki et al. (1997) evaluated broccoli yield and weed biomass in three no-

till summer cover crop mulches: forage soybean (Glycine max L.), foxtail millet, and a 

forage soybean/foxtail millet mixture. Marketable broccoli yields in each cover crop 

system were comparable to yields achieved under clean cultivation, though head weight 

was lowest when broccoli followed millet at one study location (Table 2). Weed biomass 

was below the yield-reducing threshold in all cover crop systems. In this study, cover 

crops were killed prior to broccoli transplanting by mowing and cover crop biomass 

ranged from 4.7 t/ha (2.1 t/A) for soybean to 7.4 t/ha (3.3 t/A) for the soybean and millet 

mixture.  

 In a similar investigation, Morse (1999b) compared broccoli yield and weed 

biomass in four no-till cover crop mulches: forage soybean, foxtail millet, buckwheat, and 

a forage soybean/foxtail millet. Main plots were split to herbicide and no herbicide, with 

sub-subplots of flail mowing and mowing. As in the previous study, marketable broccoli 

yields did not differ between cover crop treatments, and weed biomass was not 
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considered a yield-limiting factor in any of the treatments. Cover crop biomass 

production was between 5.6 t/ha (2.5 t/A) and 9.7 t/ha (4.3 t/A).  

 Morse’s (2000) objectives were to determine if leguminous summer cover crops 

and legume/grass summer cover crop mixtures could be used to suppress weeds and 

provide N for organically grown fall broccoli. Foxtail millet, soybean, a foxtail 

millet/soybean mixture, and cowpea [Vigna unguiculata (L.) Walpers] cover crop 

mulches led to increased broccoli yield compared to bare soil in no-till production. 

Broccoli yield in cover crop mulch ranged from 9.0 to 10.8 t/ha  (4.0 to 4.8 t/A), 

compared to a broccoli yield of 7.9 t/ha  (3.5 t/A) on bare soil. Nitrogen, however, was a 

yield-limiting factor in this study, as application of ammonium nitrate led to higher yields 

than blood meal, an organic N source. Nitrogen derived from cover crop residues was not 

sufficient to meet broccoli N requirements. Weed control in organic plots was poor 

compared to plots that had been sprayed with synthetic herbicides following cover crop 

rolling. Therefore, though production of fall broccoli may be feasible within a no-till high 

residue system, fertility and weed management, particularly within organic production 

systems, require further investigation. 

 

VI. Cover crop harvest for the organic hay market 

 The inclusion of a summer cover crop such as sorghum sudangrass in rotation 

with a fall vegetable has the potential to provide an additional source of income for 

organic growers through the harvest and sale of an organic hay cutting from the summer 

cover. Demand for organic hay and other livestock feed is growing due to the 2001 

passage of the National Organic Program standards (Guerena and Sullivan, 2003). A 1998 

publication estimated that organic hay receives a minimum premium of 10% to 15% over 

conventional hay, and premiums of up to 40% have been reported (Lehnert, 1998). In 
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recent years, nation-wide increases in demand for organic livestock feed have led to 

shortages and higher prices for organic grains (Born and Sullivan, 2002). Because hay 

may be substituted for soybeans in industries such as the organic dairy industry, hay 

demand and prices are often closely linked to the grain market (Guerena and Sullivan, 

2003). A survey of on-line hay sales in January 2005 reveals that prices for baled organic 

alfalfa (Medicago sativa L.)hay ranged from $125/ton to $200/ton in the northeastern US 

(Rodale, 2005). Though alfalfa is typically more expensive than other hay such as 

sorghum sudangrass, these prices indicate that the potential price for organic sorghum 

sudangrass is likely greater than the 2003 average price for conventional non-alfalfa hay 

in North Carolina, $65/ton (NASS, 2004). Based on information available through the 

North Carolina Department of Agriculture and Consumer Services, availability of organic 

hay in the state is limited, with infrequent postings for organic hay on the Department hay 

alert internet site. A 2001 national survey of organic producers reveals that most organic 

hay is used on-farm by the producer and only 25% is sold off-farm (Walz, 2004), offering 

one explanation for the limited supply. Growing demand necessitates greater production 

of feed for livestock operations both on and off-site.  

 

VII. Conclusion 

 Considerable research exists on the advantages and feasibility of conservation 

tillage production of vegetable crops, particularly no-till production systems. Similarly, 

previous studies have examined the separate components of these systems, namely 

vegetable crops and cover crops. Studies that have combined these crops in a 

conservation tillage system have born mixed results. This suggests that the success of no-

till systems for vegetable production may be site, cash crop, and/or cover crop specific. 

This specificity indicates that further study of novel no-till vegetable production systems 
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is warranted. Considering the growing market for organic vegetables and the potential for 

organic production of fall vegetables in the Southeastern United States, efforts to design 

unique rotations and tillage practices for such high value crops are necessary to encourage 

grower adoption of conservation tillage vegetable production in the region. The present 

study will examine the potential of the summer cover crop sorghum sudangrass to serve 

as the cover crop for no-till production of fall cabbage and function as a marketable hay 

crop during the summer growing season.  
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zMean separation within rows by Duncan’s multiple range test, 5% level 
yCabbage yield in no-till wheat residues 
xMean cabbage yield of three strip tillage treatments 
wCabbage received 101 kg N/ha as NH4NO3, and was planted with an in-row spacing of 0.46 m 
vCabbage received 101 kg N/ha as NH4NO3, and was planted with an in-row spacing of 0.92 m 

Table 1. Studies comparing Brassica spp. yield in conventional tillage (CT), no-till 

(NT), and strip tillage (ST) systems preceded by a winter cover crop.  

Cash crop Cover crop(s) Cash crop yield Reference 

Fall cabbage Hairy vetch  
(Vicia villosa Roth.) 
Austrian winter pea 
(Pisum arvenu L.) 
Cereal rye  
(Secale cereale L.) 

No significant difference 
between CT and NT  

Yield (Mg/ha) 
 CT NT 
YR 1 28.6 28.0 
YR 2 41.6 45.2  

Morse and Seward, 
1986 

Fall broccoli Hairy vetch  
Austrian winter pea  
Cereal rye  

No significant difference 
between CT and NT 

Yield (Mg/ha) 
 CT NT 
YR 1 13.1 14.9 
YR 2 10.9 10.9  

Morse and Seward, 
1986 

Fall cabbage Winter wheat  
(Triticum sativum L.) 
Hairy vetch 
Cereal rye 

NT yields significantly 
greater year 2. CT yields 
significantly greater in year 
3. No significant yield 
differences in years 1 and 
4.  

Yield (Mg/ha) 
 CT NT 
YR 2 20.7bz 27.5a 
YR 3 22.2a 15.8by  

Knavel, 1989 

Summer 
cabbage 

Cereal rye 
Winter wheat  

No significant difference 
between CT, NT, and ST 
in year 2. 

Yield (Mg/ha) 
CT NT ST 
44.0 41.3 44.7x  

Wilhoit et al., 1990 

Spring 
cabbage 

Winter wheat 
Bluegrass sod 
 

NT yield significantly 
lower than CT 

Yield (MT/ha) 
 CT NT 
YR 1w 49.7az 45.5b 
YR 2v 33.8a 17.5b  

Knavel and Herron, 
1981 
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Table 2. Studies comparing fall Brassica spp. yield in conventional tillage (CT) and 

no-till (NT) systems preceded by a summer cover crop.  

Cash crop Cover crop(s) Cash crop yield Reference 

Cabbage Sudangrass 
[Sorghum sudanense 
(Piper) Staph.]  

No significant yield 
difference between CT 
and NT when sudangrass 
was killed at a height of 
15 cm 

Sudangrass 
height (cm)

Yield 
(Mg/ha)z 

0 (CT) 36.6 
15 (NT) 38.6 
30 (NT) 27.4  

Knavel and 
Herron, 1985 

Broccoli Forage soybean 
(Glycine max L.)  
Foxtail millet 
[Setaria italica (L.) 
Beauv.] 
Forage soybean/ 
foxtail millet mixture 

No significant yield 
difference between CT 
and NT 

Yield (Mg/ha) 
 CT NTy 
Site 1 11.3 14.5 
Site 2 10.0 14.7  

Abdul-Baki et al., 
1997 

z LSD at 5% level = 4.4 
y NT yield represents mean of 4 cover crop treatments: forage soybean, forage soybean/foxtail millet 
mixture, foxtail millet, and forage soybean/herbicide 
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Abstract 

Sorghum sudangrass [Sorghum bicolor (L.) Moench X S. sudanense (Piper) 

Staph.] may be a suitable summer cover crop for no-till fall vegetable production, 

considering its potential to suppress weeds, produce high levels of biomass, and double as 

a hay crop. This study was conducted to identify management practices that lead to 

effective weed suppression by the sorghum sudangrass without negatively impacting 

subsequent cabbage cash crop yield and to assess the impact of residue removal on the 

overall production system. The experimental design was a split-plot, with main plot 

treatments consisting of  drilled or broadcast planting of sorghum sudangrass. Subplot 

treatments represented four management regimes: no in-season mowing, 100 lb N/A 

applied prior to planting; no in-season mowing, no N applied; one in-season mowing 

event with residues removed from the field, 100 lb N/A applied; and one in-season 

mowing with residues left on the field, 100 lb N/A applied. Mowing reduced both 

biomass production and C:N ratio of the cover crop, and led to an increased rate of 

transplant survival. There was no evidence of a positive impact of N fertilization prior to 
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cover crop planting. Cabbage yields were poor in all experimental plots in 2003. 

Experiments in 2004 will investigate causative factors of the poor cabbage yield and 

alternative cover crop management regimes to overcome negative impacts of sorghum 

sudangrass. 

 

Introduction 

There is a growing interest among southeastern vegetable growers, both organic 

and conventional, in no-till vegetable production. Conservation tillage systems offer 

advantages such as reduced erosion and runoff, enhanced soil moisture availability, 

improved crop yields, and improved efficiency in the use of fossil fuel based non-

renewable resources (Coolman and Hoyt, 1993). Cover crops are a common feature of 

no-till production systems. The benefits of cover crops are well documented and include 

management of runoff and soil erosion, enhanced soil fertility, weed suppression, and 

insect pest control (Lal et al., 1991). Though these features are advantageous within 

conventional production, cover crops are of increased importance for organic systems, 

and their application will increase with a rising interest in organic vegetable production.  

The number of potential no-till vegetable systems appropriate for use in the 

southeastern United States is diverse, as vegetables can be planted to benefit from a winter 

or summer cover crop, and many vegetable crop rotations are conducive to incorporating 

cover crops. Due to the economic significance of crops such as cabbage and broccoli in the 

region, along with prospects for increased organic production of these crops, no-till systems 

for fall vegetables are of particular interest. Previous research has demonstrated that no-till 

culture of these crops in winter cover crop residues results in yields comparable to 

conventional tillage systems (Knavel, 1989; Morse and Seward, 1986). Abdul-Baki et al. 

(1997) demonstrated that no-till fall broccoli production in summer cover crop residues also 
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produces yields similar to conventional production systems. The use of a summer cover may 

allow growers to expand their production capability by producing both a spring and fall crop 

or an over wintered crop such as garlic (Allium sativum L.) or flowers, followed by a 

summer cover and fall crop.   

Creamer and Baldwin (2000) assessed the performance of six legume, two 

broadleaved, and five grass species suitable for use as summer cover crops in North 

Carolina. Among the crops evaluated as summer cover crops in this study was sorghum 

sudangrass Sorghum bicolor (L.) Moench X S. sudanense (Piper) Staph. Sorghum 

sudangrass has the potential to produce abundant biomass, suppress weeds (Creamer and 

Baldwin, 2000; Weston et al., 1989) and decrease soil compaction (Wolfe et al., 1998).  

Sorghum sudangrass is commonly cultivated as a forage crop for grazing, hay or 

silage (Chamblee et al., 1995). Because of its significance as a forage, there is a considerable 

body of literature regarding growth and management of sorghum sudangrass. The 

characteristics of biomass production,  response to mowing frequency and stubble height, 

and re-growth potential are of greatest importance when determining management practices 

for sorghum sudangrass as a summer cover crop. Sorghum sudangrass is recognized for its 

high yield potential, though seasonal biomass production is dependent on management. 

Increased cutting (mowing) frequency will lead to reduced seasonal biomass production 

(Beuerlein et al., 1968), though yield reductions are less severe than other grasses (Muldoon, 

1985). Generally, a stubble height of 6 to 8 inches is recommended to promote re-growth 

(Chamblee et al., 1995). Re-growth occurs from both terminal buds and basal and axillary 

tillers, a quality unique among common forage crops (Clapp and Chamblee, 1970). Tillering 

capacity leads to an increased capacity to re-grow following cutting (Muldoon 1985) and 

allows re-growth from lower stubble heights (Clapp and Chamblee, 1970). This is a 

potential drawback to the use of sorghum sudangrass in rotation with fall organic 
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vegetables, as chemicals cannot be used to suppress re-growth if mowing is not 

completely effective. Research is needed to evaluate the biomass production, weed 

suppression, re-growth potential, and management of sorghum sudangrass within a no-till 

fall vegetable production system. 

In addition to use as a cover crop for no-tillage organic vegetable crop production, 

sorghum sudangrass may be harvested as a hay crop (Chamblee et al., 1995). Managing the 

summer cover crop to allow for a mid-season hay harvest may provide an additional income 

source for growers. Supplies of organic hay in North Carolina are limited and demand is 

expected to rise with the adoption of federal organic standards by dairy and livestock 

producers. The impact of cover crop removal as hay on cabbage yield and weed suppression, 

however, must be investigated as an initial step in the development of such a cover crop 

management system.  

The objective of this study was to determine the best management practices, 

including N fertilization, planting method, cutting frequency, and residue management, for 

sorghum sudangrass grown as a summer cover crop preceding organic no-till production of 

fall cabbage. Optimal management and the impact of residue removal as hay were assessed 

based on cover crop biomass production, cover crop re-growth, cover crop C:N, weed 

biomass, and cabbage stand establishment and yield.  

 

Materials and Methods 

This study was conducted at the Center for Environmental Farming Systems in 

Goldsboro, North Carolina in 2003 and will be repeated in 2004. The experimental design 

was a split-plot with four replications. There were two main plots per block, drilled and 

broadcast sorghum sudangrass. Drilled plots were planted on 9 June 2003 using a Sukup 

drill.  
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Initial attempts to broadcast sorghum sudangrass using a Brillion seeder with 

cultipacker resulted in poor stands. In two attempts using this method, birds were 

observed eating seeds, indicating a need for improved incorporation. In addition, the hard 

seed coat and large size of sorghum sudangrass may have contributed to poor stand 

establishment. In order to improve seed incorporation, a field conditioner (a shallow 

tillage implement) was used to bury seed following planting with a hand seeder. As a 

result, broadcast stands were not established until 26 June 2003. Due to the number of 

growers that rely on broadcast planting of cover crops, the results of this trial are of 

interest. Sorghum sudangrass may not be well-suited to this planting method, though 

shallow tillage does appear to improve stand establishment following broadcasting.  

Plots were planted at a rate of 43 lb/A of untreated sorghum sudangrass 

‘Haychow’ seed. Following planting, each plot was divided into four sub-plots (10’ x 25’) 

representing the four cover management systems listed in Table 1. Prior to planting 

sorghum sudangrass, 100 lb N/A (2080 lb soybean meal/A), was applied by hand to 

appropriate plots and all plots were lightly tilled to incorporate fertilizer and remove 

weeds. Additionally, 2 lb/A of Solubor were applied prior to planting.   

Treatments which included in-season mowing were flail mowed to a 6¨stubble 

height when plants reached a height of 48”. Prior to mowing, duplicate biomass samples 

were taken from each sub-plot using a 2’x 2’ frame. Aboveground biomass was sorted 

into crop and weed, dried at 120oF for at least 48 hours, and weighed. Sub-samples of 

cover crop biomass were analyzed for forage quality and C and N concentration.  

On 18 August 2003 the sampling procedure above was repeated in all plots, 

excluding forage analysis. Sub-plots were flail mowed to a stubble height of 1” or lower 

on 26 August. Immediately following mowing, a sub-surface tiller transplanter was used 

to transplant ‘Bravo’ cabbage plugs. Cabbage was planted in 30” double rows, with an 
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intra-row spacing of 12”. An Organic Materials Review Institute (OMRI)-certified 4-2-4 

fertilizer was applied in the furrow at the time of planting at a rate of 2300 lb/A. Due to 

poor cabbage establishment, mowing and transplanting were repeated on 4 September. 

Stand establishment was recorded 7 days after planting, and cabbage was managed 

following federal organic standards throughout the growing season. Re-growth of 

sorghum sudangrass was monitored throughout the season, with a count taken 2 weeks 

after planting (WAP) and between row biomass sampled at 6 WAP. Prior to cabbage 

harvest on 25 November, in-row sorghum sudangrass re-growth and weed biomass were 

sampled using a 2’x 2’ frame. Samples were dried and weighed, and re-growth analyzed 

for C and N concentration. Cabbage was harvested from two ten foot rows per plot on 2 

December dried at 120oF for at least 48 hours and weighed. Data were analyzed using 

analysis of variance procedures for a split-plot design (P≤0.05).  

 

Results and Discussion 

Cover crop biomass production 

 Biomass production was affected by both planting method and management 

treatment (Table 2). Cumulative biomass production was significantly higher in drilled 

(4.40 t/A) than in broadcast plots (2.87 t/A); however, results are confounded by the later 

planting date of the broadcast treatment which likely reduced biomass production in those 

plots. The interaction between planting method and management system led to significant 

differences between management systems only in drilled plots. Again, this interaction 

may have been due to the truncated growth period of sorghum sudangrass in broadcast 

plots. Within drilled plots, mowing led to reductions in biomass production compared to 

the unmowed system with similar fertility. This is consistent with earlier findings that 

mowing decreases overall season production (Beuerlein et al., 1968). 
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Biomass production following cover crop kill did not vary with planting method or 

management treatment (data not shown). Mowing did, however, reduce the number of 

actively growing stems at two weeks after cabbage transplanting compared to the unmowed 

system with similar fertility (Table 3). As there was not a significant effect of planting 

method on re-growth at 2 WAP or an interaction of planting method and cover management, 

means presented represent averages across planting method. Variation between cover 

management systems may have been due to reduced plant vigor caused by mowing.  

Cover crop C:N 

 Both planting method and management system had a significant impact on the 

cover crop C:N ratio (Table 4). The C:N ratio of sorghum-sudangrass in drilled plots was 

higher (68) than in broadcast plots (53), though this variation was likely due to 

differences in planting date. Unmowed treatments had a higher C:N ratio than mowed 

treatments at the end of the cover crop growing season. By the end of the cabbage 

growing season, the C:N ratio of the sorghum sudangrass residues was no longer different 

between management systems and averaged 32 (data not shown).  

Regardless of planting method, the C:N ratio of sorghum sudangrass prior to cash 

crop planting was significantly lower in mowed plots than in unmowed plots. Plants 

mowed at mid-season were in a vegetative growth stage at the time of final mowing (data 

not shown), leading to a lower C:N ratio. Considering the likelihood of net N 

immobilization at higher C:N ratios, mowing may lead to more rapid net N mineralization 

during the cash crop growing season.  

Weed suppression 

Weed populations were negligible throughout the growing season, as indicated by 

minimal biomass (Table 2), suggesting that sorghum sudangrass effectively suppressed 

weed populations. Though populations were minimal, weed biomass did vary with both 
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planting method and management system. Weed biomass was greater in drilled (0.49 

lb/A) than in broadcast plots (0.23 lb/A) at the end of the sorghum sudangrass growing 

season. Due to the interaction between planting method and management system, a 

significant effect of treatment was present only in drilled plots. Within drilled plots, weed 

biomass was higher in mowed than unmowed plots, perhaps due to canopy removal by 

mowing. Comparing residue management in mowed systems, plots from which residues 

were removed had a greater weed biomass than those in which residues remained on the 

field, an indication that residue removal as hay may lead to increased weed populations.     

Cabbage stand establishment 

 Cabbage stand establishment was not influenced by planting method, though 

variation in percent transplant survival did exist between management systems across 

planting method.   

There was a weak negative correlation (R=-0.51304, p=0.0027) between cover 

crop biomass and cabbage stand count, indicating that higher residue biomass may 

decrease transplant survival. Observations made during the transplant operation indicate 

that high levels of residue had a tendency to cause residues to accumulate on cutting 

implements and drag. This accumulation, in turn, was observed to cause poor closure of 

planting furrows and intercepted fertilizer delivery.  Knavel and Herron (1985) reported a 

similar interference for fall cabbage transplants set with a no-till transplanter into 

sudangrass residues. Proper adjustment of transplanting equipment may mediate this 

problem.     

Cabbage growth 

No marketable heads were produced in this trial. Though a number of factors not 

analyzed in this trial may have contributed to crop failure, it is likely that sorghum 

sudangrass re-growth interfered with crop growth. Statistical analysis did not detect a 
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correlation between cabbage dry weight and re-growth density or biomass. However, 

Weaver (1984) demonstrated that cabbage must be free of weeds for three weeks 

following planting to avoid yield reduction, and re-growth of sorghum sudangrass was 

present at 2 weeks after planting. Other studies have shown that persistence and 

accumulation of re-growth biomass can contribute to cabbage yield loss (Lawson and 

Wiseman, 1978, Brandsæster et al., 1998; Nicholson and Wein, 1983, Bottenberg et al., 

1997).  

In addition to competing with cabbage for light, nutrients, and water, sorghum 

sudangrass re-growth may have inhibited cabbage growth through allelopathy. Actively 

growing sorghum sudangrass exudes sorgoleone (Rimando et al., 1998) and other organic 

acids that have been demonstrated to inhibit seed germination and seedling growth 

(Weston et al., 1989) and reduce growth of transplants (Geneve and Weston, 1988). 

Sorghum sudangrass residues also have allelopathic potential, but may not be as 

suppressive as living plants. There are no studies of the response of cabbage to sorghum 

sudangrass allelochemicals, though cabbage is sensitive to allelochemicals produced by 

other plant species (Qasem, 2001).  

Forage analysis 

Forage analysis was performed on clippings from one mowed system in the drilled 

plots, as clippings represent a potential hay crop. The crude protein value of 14.3% and 

total digestible nutrient value of 64.9% were above the range for high quality forage for 

ruminants recommend by the North Carolina Cooperative Extension Service (Table 6), 

indicating that clippings were of saleable quality.  
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Summary 

Planting method, mowing, and fertilization of sorghum sudangrass 

 Due to poor stand establishment using conventional broadcast planting methods, 

broadcast plots were planted more than two weeks later than drilled plots. Results 

concerning the significance of planting method are, therefore, confounded by the 

difference in age of sorghum sudangrass. Sorghum sudangrass may not be readily 

adaptable to broadcast seeding, though shallow tillage can help to improve stand 

establishment.  

 The results of this study indicate that mowing sorghum sudangrass during its 

summer growing season may be advantageous to no-till organic fall vegetable production. 

Mowing leads to a lower C:N ratio of residues at the time of transplanting, potentially 

limiting N immobilization.  Sorghum sudangrass biomass reduction due to mowing may 

also promote transplant survival and did not appear to have a negative impact on weed 

suppressive qualities of the cover crop.  

With regard to fertility management of the summer cover crop, results obtained in 

2003 provide no evidence of an advantage to N fertilization of the cover crop prior to 

planting. As the application of soybean meal can provide additional N to the subsequent 

crop, continued studies of nutrient dynamics within the system would be valuable.   

Impact of residue removal as hay 

 As weed pressure was inconsequential in all management systems, this study 

provided no evidence of a negative impact of residue removal following in-season 

mowing on weed suppressive qualities of sorghum sudangrass. Due to crop failure, no 

assessment of the impact of residue removal on crop yield can be made. Future study 

should include an economic analysis of cover crop harvest for hay.  
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Further study 

 Repetition of this study in 2004 will provide more conclusive results regarding 

best management practices for sorghum sudangrass as a summer cover/hay crop. Results 

thus far suggest that sorghum sudangrass may not be a suitable summer cover crop for 

no-till organic fall vegetable production, largely due to crop persistence following 

mowing. Limiting sorghum sudangrass re-growth appears to be essential for the system to 

be successful. Two possible strategies to limit re-growth are increased mowing and 

effective mechanical kill. The effect of increased mowing on re-growth capacity should 

be investigated. Further study of alternative mechanical methods to provide a more 

consistent and effective means of killing the cover crop also merit investigation. Another 

concern with the use of sorghum sudangrass in a no-till system is its allelopathic 

potential. Investigations to elucidate the allelopathic interaction of both sorghum 

sudangrass re-growth and residues with transplants are needed to determine if sorghum 

sudangrass is detrimental to no-till fall vegetable culture.   
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Table 1. Sorghum sudangrass management systems applied at Goldsboro, NC, in 2003. 

†In drilled plots, cut 1 occurred on 9 July 2003 (29 DAP). Cut 1 in broadcast plots occurred on 28 July 
2003 (32 DAP). Cut 2 occurred in all plots on 18 August 2003. 
 ‡N was applied on 5 June 2003.

# Cut 1† Cut 2 N applied‡ 
1 None End of season, 1” stubble height 

residues left on field 
100 
lbs/acre 

2 None End of season, 1” stubble height 
residues left on field 

None 

3 At 48”, 6” stubble height  
residues removed from field  

End of season, 1” stubble height 
residues left on field 

100 
lbs/acre 

4 At 48”, 6” stubble height 
residues left on field 

End of season, 1” stubble height 
residues left on field 

100 
lbs/acre 
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Table 2. Aboveground biomass for sorghum sudangrass and weeds on 18 August 2003 in 

relation to planting method and cover crop management at Goldsboro, NC.   

Cover biomass: (t/A) Planting 
method Cover management cut 1 cut 2 total 

Weed biomass 
(lb/A) 

Drilled End of season cut w/ N  5.72 5.72a† 0.155c‡ 

 End of season cut w/o N  5.21 5.21ab 0.250c 

 Mid & end of season cuts w/ N, 
residues removed 1.85 1.16 3.00c 0.995a 

 Mid & end of season cuts w/ N, 
residues left 1.87 1.78 3.65bc 0.545b 

Broadcast End of season cut w/ N  3.31 3.31 0.177 

 End of season cut w/o N  2.61 2.61 0.214 

 Mid & end of season cuts w/ N, 
residues removed 2.68 0.51 3.19 0.085 

 Mid & end of season cuts w/ N, 
residues left 1.75 0.61 2.37 0.442 

Mean values:     

Drilled   4.40a 0.486a 

Broadcast   2.87b 0.230b 

Treatment effects:     

Planting method   ** * 

Cover management   ** * 

Planting method x cover management   ** * 

†Mean values followed by the same letter are not significantly different (P = 0.05) according to pairwise 
comparisons using Fisher’s LSD. Comparisons within columns are within planting method.  
‡LSD applied to square root-transformed data 
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Table 3. Sorghum-sudangrass re-growth averaged over planting method at 

2 weeks after cabbage transplanting on 18 September 2003 in Goldsboro, NC.  

Cover management stems/ft2  
End of season cut w/ N 6.6a† 

End of season cut w/o N 6.5ab 

Mid & end of season cuts w/ N, residues removed 4.1c 

Mid & end of season cuts w/ N, residues left 4.4bc 

†Mean values followed by the same letter are not significantly different (P = 0.05)  
according to pairwise comparisons using Fisher’s LSD. 
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Table 4. C:N ratio of sorghum-sudangrass biomass at the end of summer growth  

season from samples collected on 18 August 2003 at Goldsboro, NC. 

Planting 
method Cover management C:N 
Drilled End of season cut w/ N 81a† 

 End of season cut w/o N 100a 

 Mid & end of season cuts w/ N, residues removed 44b 

 Mid & end of season cuts w/ N, residues left 45b 

Broadcast End of season cut w/ N 83a 

 End of season cut w/o N 80a 

 Mid & end of season cuts w/ N, residues removed 23b 

 Mid & end of season cuts w/ N, residues left 28b 

Mean values: 
 

Drilled 68a 

Broadcast 53b 

 End of season cut w/ N 82a 

 End of season cut w/o N 90a 

 Mid & end of season cuts w/ N, residues removed 33b 

 Mid & end of season cuts w/ N, residues left 37b 

Treatment effects: 
 

Planting method ** 

Cover management ** 

Planting method x cover management NS 
†Mean values followed by the same letter are not significantly different (P = 0.05) according  
to pairwise comparisons using Fisher’s LSD. 
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Table 5. Percent cabbage transplant survival averaged over planting method 

at 1 week after planting on 11 September 2003 in Goldsboro, NC.  

 
Management system  

% transplant 
survival 

End of season cut w/ N 63c† 
End of season cut w/o N 71bc 
Mid & end of season cuts w/ N, residues removed 86a 
Mid & end of season cuts w/ N, residues left 80ab 

†Mean values followed by the same letter are not significantly different (P = 0.05) according  
to pairwise comparisons using Fisher’s LSD.  
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Table 6. Forage quality indicators for ruminants and experimental forage analysis for 

clippings from drilled plots on 9 July 2003 at Goldsboro, NC. 

Forage type High quality† Average quality Low quality Experimental 
Grass CP 12-14% 

TDN 57-60% 
CP 9-11% 
TDN 54-57% 

CP below 7% 
TDN below 54% 

CP 14%  
TDN 65% 

†Indicators published by North Carolina Cooperative Extension 
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Influence of sorghum sudangrass mulch, wheat straw mulch, and sorghum 

sudangrass root residue on cabbage transplant growth 

D.M. Finney1, N.G. Creamer1, M.G. Wagger2, and J.R. Schultheis1 

 

Departments of Horticultural Science1 and Soil Science2, North Carolina State University 

 

Abstract 

Cover crops with allelopathic potential that are utilized to manage weeds in 

reduced input production systems may exhibit negative interference with cash crops. A 

greenhouse study was conducted to determine the effects of sorghum sudangrass 

[Sorghum bicolor (L.) Moench X S. sudanense (Piper) Staph.] and wheat (Triticum 

aestivum L.) straw surface applied foliar residues and sorghum sudangrass root residues 

in soil on cabbage (Brassica oleracea L. ‘Bravo’) transplant growth. Cabbage dry weight 

was highest in wheat straw mulch (7.33 g/plant) and comparable in sorghum sudangrass 

mulch (5.38 g/plant) and unmulched (5.69 g/plant) treatments after 30 days of growth in 

soil without sorghum sudangrass root residues. Cabbage dry weight was not reduced in 

soil containing sorghum sudangrass root residues compared to soil without root residues. 

High cabbage dry weight in wheat straw suggests that though this crop produces 

allelochemicals, surface application of this mulch does not have a negative impact on 

cabbage transplant growth. The fact that cabbage dry weight was lower under sorghum 

sudangrass mulch than under wheat straw mulch suggests that the aforementioned may 

have had a negative impact on cabbage transplant growth. Assessment of the risks posed 

by cover crops, such as that demonstrated by sorghum sudangrass mulch, warrant 

evaluation prior to their inclusion in a crop rotation.  

Additional index words: allelopathy, Sorghum bicolor X S. sudanense, Triticum 

aestivum, Brassica oleracea 
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Introduction 

Sorghum sudangrass is commonly cultivated as a summer forage crop for grazing, 

hay or silage (Chamblee et al., 1995). This species is also beneficial when grown as a 

summer cover crop, as it exhibits the potential to produce abundant biomass, suppress weeds 

(Creamer and Baldwin 2000; Weston et al., 1989) and decrease soil compaction (Wolfe et 

al., 1998). Based on these qualities, sorghum sudangrass is a candidate for use as mulch 

for no-till crop production (Forney et al., 1985).   

One notable characteristic of sorghum sudangrass is its allelopathic potential. 

Allelopathic interference, as demonstrated by numerous species of sorghum including 

hybrid species, can be exploited as a means of suppressing weed populations (Weston and 

Duke, 2003; Weston, 1996; Forney et al., 1985; Putnam and DeFrank, 1983; Putnam et 

al., 1983). Residues of sorghum sudangrass have been demonstrated to inhibit 

germination of summer annual weeds including common purslane (Portulaca oleracea 

L.), common lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus 

retroflexus L.), and smooth crabgrass (Digitaria ischaemum (Schreb.) Muhl.) (Putnam 

and DeFrank, 1983). In addition, sorghum sudangrass residues have been shown to 

suppress broadleaf weed populations in no-till planted alfalfa (Medicago sativa L.) 

(Forney et al., 1985).  

Recent studies have identified several processes by which sorghum sudangrass 

hybrids release phytotoxic chemicals to their surrounding environment, resulting in the 

observed suppression of weeds. Actively growing sorghum sudangrass, like other 

Sorghum spp., exudes sorgoleone, a photosystem II inhibitor, which inhibits seedling 

shoot growth (Czarnota et al., 2001).  Additional inhibitory compounds have also been 

isolated from Sorghum spp. root exudates (Czarnota et al., 2003). Foliage of sorghum 

sudangrass contains several phenolic compounds including the cyanogenic glycoside 
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Dhurrin (Weston,1996). Weston et al. (1989) demonstrated that the decomposition 

products of these compounds can inhibit radicle elongation.  

Despite benefits of weed suppression, the potential toxicity of sorghum 

sudangrass root exudates and products of foliar decomposition is not limited to weed 

seeds. Geneve and Weston (1988) reported significantly reduced growth of Eastern 

redbud (Cercis canadensis L.) seedlings when co-cultivated with living sorghum 

sudangrass and when residues were incorporated into growing medium. With regard to 

suppression of crop seed germination, large seeded-vegetable crops including common 

bean (Phaseolus vulgaris L.), cucumber (Cucumis sativus L.), and pea (Pisum sativum L.) 

have demonstrated greater tolerance to the presence of sorghum sudangrass residues than 

small seeded vegetables such as tomato (Lycopersicon esculentum Mill.), radish 

(Raphanus sativus L.), and lettuce (Lactuca sativa L.) (Putnam and DeFrank, 1983). 

These results indicate that there is a potential risk of interference with a transplanted or 

direct-seeded crop in both conventional and no-till systems that include sorghum 

sudangrass as a cover crop. In a field trial with direct seeded, no-till alfalfa, sorghum 

sudangrass residues did not decrease alfalfa emergence compared to foxtail millet 

residues or no residues (Forney et al., 1985). Additional assessments of cover crop-crop 

interactions are needed to promote the development of no-tillage production systems for a 

broader range of crops such as transplanted vegetables.  

Wheat is also known to produce phytotoxins and is commonly used as a winter 

cover crop in order to utilize wheat straw residues as a weed suppressive mulch in 

subsequent spring and summer crops (Weston, 1996). In laboratory assays, wheat straw 

extracts have demonstrated a negative impact on germination and growth of numerous 

weed seed species (Wu et al., 2001). In field studies, wheat straw has reduced weed 

biomass up to 95% (Putnam et al., 1983) and demonstrated greatest effectiveness against 
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annual broadleaf weeds (Shilling et al., 1985). Three categories of allelochemicals 

produced by wheat have been identified: phenolic acids, hydroxamic acids, and short-

chain fatty acids (Wu et al., 2001).   

With regard to interference of wheat straw residues with crop growth, in a study 

of nine cover crop species, wheat residues were considered least toxic to crop seedling 

establishment (Weston, 1990). Small-seeded crops are considered more sensitive to 

allelopathic interference by wheat residues than large-seeded crops (Putnam et al., 1983). 

Effects of residues on weed and crop growth is variable based on straw genotype, straw 

quantity, extent of decomposition, soil type, soil cultivation, and climactic conditions 

(Wu et al., 2001). Despite its allelopathic potential, wheat straw is a commonly used 

mulch for horticultural crop production, and no scientific studies have identified an 

inhibitory effect of surface applied wheat straw residues on transplanted crops. Due to its 

low cost and widespread availability, wheat straw mulch may be of use to researchers 

investigating the allelopathic potential of crops such as sorghum sudangrass under field 

conditions. Wheat straw could potentially be used as an inert mulch for control treatments 

in this application.   

The purposes of this greenhouse study were to determine if surface applied 

sorghum sudangrass residues and sorghum sudangrass root residues in soil suppress the 

growth of cabbage transplants and if commercially produced wheat straw mulch could 

serve as an inert mulch in field studies assessing the impact of sorghum sudangrass 

residues on transplanted cabbage.  

 

Materials and Methods 

 A Vance sandy loam soil was collected from the Upper Piedmont Research 

Station in Reidsville, North Carolina, on 31 August, 2004. Soil was either collected from 
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plots where no summer cover crop had been grown (standard soil) or plots where 

sorghum sudangrass had been planted in May 2004 (enhanced soil). Soil was used to fill 

35.6 cm x 50.8 cm trays to a depth of 15.2 cm. Trays were placed in a greenhouse with 

target day and night temperatures of 21.1-23.9 oC (70-75oF) and 18.3-21.1 oC (65-70oF), 

respectively, ambient humidity, and natural light. Five treatments were applied in a 

randomized complete block design and consisted of the following combinations of 

surface applied mulch and soil: (1) sorghum sudangrass mulch and standard soil; (2) 

wheat (Triticum aestivum L.) straw and standard soil; (3) no mulch and standard soil; (4) 

sorghum sudangrass mulch and enhanced soil; (5) no mulch and enhanced soil. On 10 

September, 2004, two cabbage transplants were planted in each tray with a between plant 

spacing of 30.5 cm. Following transplanting, 80 g of mulch were applied to appropriate 

trays. Wheat straw mulch was purchased from a commercial dealer and received no 

treatment prior to application. Sorghum sudangrass mulch was collected on August 31, 

2004, and dried for 48 h at 70oC. At the time of collection, sorghum sudangrass was in a 

vegetative state of development, having re-grown from a previous cutting on 9 August, 

2004. All mulch was cut by hand into 12cm lengths prior to application. Transplants were 

watered and received 317 ppm N immediately following transplanting. Trays were 

watered individually using a watering can based on visual and tactile observation of soil 

moisture. At a given watering event, all unmulched trays received a uniform amount of 

water, as did all mulched trays. Water was applied so as to limit run-off. A constant feed 

of 100 ppm N was supplied through irrigation for the duration of the project. Weeds were 

removed upon appearance.  

After 30 days of growth, cabbage plants were harvested and weighed to obtain 

fresh weight. Plants were then dried for 48 h at 70oC and weighed again. Data were 

analyzed using analysis of variance (ANOVA) procedures for a randomized complete 
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block design using Proc GLM in the statistical analysis system (SAS; Younger, 1998). 

Treatment means were separated by Fisher’s LSD (p=0.05).  

 

Results and Discussion 

Statistical analysis revealed a significant correlation (R=0.9794, p<.0001) between 

fresh weight and dry weight, therefore, results are discussed on the basis of dry weight 

data. 

Surface residues 

 Differences between cabbage dry weights were observed between mulch and soil 

combinations (Table 1). In standard soil (soil without sorghum sudangrass root residues), 

cabbage dry weight was highest in wheat straw mulch (7.33 g/plant). Significantly higher 

cabbage biomass in wheat straw mulch compared to no mulch (5.69 g/plant) suggests that 

the presence of wheat straw did not alter physical or chemical characteristics of the 

growth environment to generate a deleterious effect on cabbage transplant growth and, in 

fact enhanced cabbage growth. Physical signs of drought stress were observed in 

transplants in the no mulch treatment, suggesting that the benefit of wheat straw mulch 

may have been to reduce fluctuations in soil moisture and prevent drying. Sorghum 

sudangrass mulch would have been expected to provide a similar benefit. Data were 

contrary to this expectation, as cabbage dry weight in sorghum sudangrass mulch (5.38 

g/plant) was significantly lower than in wheat straw mulch on standard soil and not 

significantly different from the no mulch treatment on either soil type (Table 1). 

Uniformity in mulch application rate and irrigation regime served to limit physical 

variation between mulch types. The differential response of cabbage to the two mulch 

types may, therefore, have been due to chemical variation. A possible explanation for the 

observed results on standard soil is that physical benefits of sorghum sudangrass, such as 
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soil moisture conservation, were negated by allelochemical interference of sorghum 

sudangrass residues with transplant growth, resulting in cabbage dry weight similar to the 

no mulch treatment. Results are confounded by the fact that sorghum sudangrass surface 

residues combined with soil containing sorghum sudangrass root residues led to a 

cabbage dry weight (6.00 g/plant) that was not significantly lower than that observed in 

wheat straw mulch on standard soil.  

Sorghum sudangrass root residues 

 This study offers no evidence of an effect of sorghum sudangrass root residues in 

soil on cabbage dry weight. Sorgoleone, the major component of sorghum root exudates, 

has previously demonstrated effectiveness in inhibiting growth of lettuce, common 

purslane, and redroot pigweed and persists in soil (Czarnota et al., 2001). Lack of effect 

of root residues in this study indicate that sorghum sudangrass root exudates, though 

effective in reducing growth of small seeded weed and crop species, may not exhibit a 

detrimental effect against transplanted crops.  

Conclusions 

 The results of this study indicate that the presence of a surface applied mulch can 

promote cabbage transplant growth, though the response of cabbage to mulch treatment 

may vary by the type of mulch applied. Crop response to surface applied cover crop 

residues may vary based on the crop species, species of cover crop used, residue quantity, 

extent of residue decomposition, and characteristics of allelochemicals produced by the 

decomposing residues, among other factors. In addition, management of cover crop 

residues may effect the extent of cover crop interference with crop species, as particle 

size, moisture, and growth stage all influence the level of phytotoxic allelochemicals 

present in decomposing foliar residues. The results of this study indicate that cabbage 

transplants exhibit a differential response to the two cover crop residues tested, wheat 
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straw and sorghum sudangrass. Growth of cabbage transplants was negatively impacted 

by the presence of sorghum sudangrass surface residues compared to wheat straw mulch. 

Though both species are known to produce allelochemicals, the observed response may 

have been due to an interaction between cabbage transplants and the phytotoxins 

produced by surface applied sorghum sudangrass foliar residues. This result supports 

previous evidence of sorghum sudangrass allelopathic interference with weed and crop 

species. Host-risk assessments of potential negative interactions between a cover crop and 

cash crop species, as suggested by McKeown et al. (1998), may be a beneficial first step 

in the development of no-tillage systems for transplanted vegetable production using 

sorghum sudangrass as a cover crop. Field assessments may benefit from the inclusion of 

wheat straw as an inert mulch, as this species does not appear to interfere with transplant 

growth and could be used to segregate physical impacts of mulch from potential chemical 

impacts.  
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Table 1. Dry weight of cabbage transplants after 

30d of growth in a greenhouse under five mulch/soil 

combinations. 

Soil Mulch 
Cabbage wtz 

(g/plant) 
standard wheat straw 7.33a 
standard sorghum sudangrass 5.38b 
standard no 5.69b 
enhanced sorghum sudangrass 6.00ab 
enhanced no 4.56a 

   
Contrast F-value 

standard v. enhanced soil ns 
sorghum sudangrass v. no mulch ns 

zCabbage dry weight measured following drying 48h at 70oC 
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Abstract  

 Organic conservation tillage vegetable production systems can positively impact 

soil quality and generate increased income for growers. Summer cover crops are an 

integral component in the development of such systems for fall produced vegetables, 

though appropriate cover crop management and potential risks are relatively unexplored. 

This study examined the effects of summer cover crop biomass removal as hay, cutting 

frequency, and tillage on weed suppression in and head weight of fall transplanted 

cabbage (Brassica oleracea L. Capitata group). The experiment consisted of three 

sorghum sudangrass [Sorghum bicolor (L.) Moench X S. sudanense (Piper) Staph.] 

management systems applied prior to conventional and no-till production of organic 

cabbage at two locations in North Carolina. Cover crop management systems varied by 

residue removal or non-removal and frequency of mowing, and a no cover crop control 

was also included. Removal of sorghum sudangrass biomass as hay did not impact total 

cover crop biomass, which ranged from 11.5-14.4 t/ha in Goldsboro, NC, and 6.7-9.9 t/ha 

in Reidsville, NC, or weed suppressive qualities of cover crop residues. Increased 

mowing frequency of sorghum sudangrass reduced cover crop biomass by 18-33% when 

hay was not removed and led to greater broadleaf weed biomass in no-till cabbage. No-till 

mulch of sorghum sudangrass generated by mowing less  frequently offered broadleaf 

weed control in cabbage similar to that achieved with conventional tillage, though grass 

and sedge weed species were generally more abundant under no-till conditions. Mowing 



 

 65

frequency had no impact on cover crop re-growth during the production of cabbage, and 

the presence of re-growing sorghum sudangrass contributed to lower cabbage head 

weight in Goldsboro and crop failure in Reidsville under no-till management. Re-growth 

biomass was 0.7-1.6 t/ha in Goldsboro and 8.5-10.7 t/ha in Reidsville. In Goldsboro, 

cabbage head weight was highest when the crop was not preceded by sorghum sudangrass 

in both conventional and no-till systems (1.6 as opposed to 1.3-1.4 kg/head). Our findings 

suggest that the potential for growers to manage sorghum sudangrass as both a summer 

cover crop and hay crop does exist, however, this summer cover crop species may not be 

compatible with fall cabbage production.  

Additional Keywords: Sorghum bicolor X S. sudanense, Brassica oleracea, no-till, 

conservation tillage, organic vegetable production, cover cropping, weeds 

 

Introduction 

Conservation tilled organic vegetable production presents several economic 

opportunities for growers in the southeastern United States while promoting natural 

resource conservation. Organic fruit and vegetable sales total more than $2 billion 

annually and consumer demand has grown at a pace of approximately 20% per year 

throughout the past decade (Dimitri and Greene, 2002). Growers for this market often 

receive price premiums between 10 and 30% (Sok and Glaser, 2001) and comparative 

studies of organic and conventional production systems indicate that organic production 

is equally or more profitable than conventional (Dimitri and Greene, 2002). Economic 

benefits of certified or non-certified organic vegetable production may be augmented by 

the application of conservation tillage practices eligible for incentive payments under the 

Conservation Security Program (CSP), Conservation Reserve Program (CRP), and other 

programs administered by the US federal government. Though the majority of acreage 



 

 66

currently under conservation tillage is in row crop production, recent studies suggests that 

conservation tillage practices can be advantageous in the production of horticultural crops 

(Hoyt et al., 1994). 

Among the practices rewarded by conservation incentive programs is cover 

cropping, an important component of conservation tillage systems for vegetable 

production. Cover crops can reduce soil erosion (Hartwig, 1988), limit runoff and surface 

water pollution (Hall et al., 1984), improve soil physical properties (reviewed in Lal et. al, 

1991), and influence soil fertility by providing a source of N for subsequent crops (Hoyt 

and Hargove, 1986) and capturing soil mineral N to prevent loss to leaching (Ranells and 

Wagger, 1997). When rotated into organic production systems, cover crops may also 

provide alternatives to chemical inputs for pest management, as they have been 

demonstrated to suppress weeds (Weston and Duke, 2003; Creamer et al., 1996); disrupt 

pest and disease cycles (Hartwig and Ammon, 2002), and suppress nematode populations 

(McSorley et al., 1994; Mojtahedi et al., 1993). Cover crops also represent a high value 

crop for the organic market, that of organic hay for sale to the growing organic dairy and 

livestock industries. The premiums for organic hay are estimated at 10-15%, though 

premiums as high as 40% have been reported (Lehnert, 1998).  

Previous cover crop research has focused primarily on winter annual crops, 

though summer annual cover crops have potential applications in many regions of the 

United States. In the southeastern US, for example, summer annual cover crops may be 

rotated between spring and fall production seasons. In a study by Abdul-Baki et al., 

(1997) comparable yields of fall broccoli were achieved in a no-till system utilizing 

summer cover crop mulch and a conventional tillage system. Morse (2000) examined the 

potential of summer cover crops to provide weed suppression and sufficient N for 

organically grown fall broccoli, finding increased yields under no-till cover crop mulch 
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compared to no-till bare soil.. This study demonstrated that fertility and weed 

management are two major challenges in the development of no-till organic vegetable 

production systems, as N and weed competition were both yield limiting factors. 

Creamer and Baldwin (2000) assessed the performance of six legume, two 

broadleaved, and five grass species suitable for use as summer cover crops in North 

Carolina. Among the crops evaluated as summer cover crops in this study was sorghum 

sudangrass, Sorghum bicolor (L.) Moench X S. sudanense (Piper) Staph. As a summer 

cover crop, this species has the potential to produce abundant biomass (Creamer and 

Baldwin, 2000), suppress weeds through physical and chemical interference (Creamer and 

Baldwin 2000; Weston et al., 1989) and decrease soil compaction (Wolfe et al., 1998). 

Sorghum sudangrass is commonly cultivated as a forage crop for grazing, hay, or silage 

(Chamblee et al., 1995), and is, therefore, possibly suited to the dual application as cover 

crop and hay crop in organic conservation tillage vegetable production.  

Sorghum sudangrass has demonstrated a poor response to mechanical kill methods, 

including mowing, undercutting, and rolling (Creamer and Dabney, 2002), a significant 

drawback to its inclusion in rotation with organic conservation tilled vegetables. Further, 

sorghum sudangrass is characterized by its allelopathic potential (Czarnota et al., 2001; 

Weston et al., 1989; Geneve and Weston, 1988). Though this potential may enhance weed 

suppression by the crop, the risk of allelopathic interference with cash crops is present 

(Geneve and Weston, 1988; Putnam and DeFrank, 1983). McKeown et al. (1998) have 

suggested that due to species-specific cover crop influences relative to disease, 

nematodes, and allelopathy, risks introduced by a cover crop to a conservation tillage 

system should be assessed. Small scale study of a test crop planted in cover crop residues 

is one means by which such an assessment could be made.  
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The objectives of this study were to determine if removal of sorghum sudangrass 

biomass as a hay crop decreases its weed suppressive qualities under conventional and 

no-till management and if increased cutting frequency can improve crop response to 

mechanical kill. Using transplanted cabbage (Brassica oleracea L. Capitata group) as a 

test crop, the risks posed by the presence of incorporated and surface residues sorghum 

sudangrass were also assessed.    

 

Materials and Methods 

Field experiments took place in 2004 at the Center for Environmental Farming 

Systems (CEFS) in Goldsboro, North Carolina and the Upper Piedmont Research Station 

(UPRS) in Reidsville, North Carolina. At Goldsboro, the experimental soil was a 

Wickham loamy sand with 0-2% slope (WhA), and in Reidsville, the experimental soil 

was a Vance sandy loam with 0-2% slope (VaB). 

This experiment employed a Latin square split-plot experimental design with four 

replicates at both locations. Sorghum sudangrass cover crop management treatments 

served as the main plots and tillage treatment as the split plots. After the initial hay cut 

which occurred uniformly in all plots, three sorghum sudangrass management treatments 

were applied: (1) hay biomass removed from the field, low frequency mowing; (2) hay 

biomass left in the field, low frequency mowing; (3) hay biomass left in the field, high 

frequency mowing (Table 1). A no cover crop control treatment was also included.  

On 25 May and 27 May, 2004, 4 x 6 m (12.75 x 20 ft) plots were established in 

Goldsboro and Reidsville, respectively. Prior to planting, 89 kg N/ha (100 lb/A) as 

soybean meal and 1.8 kg B/ha (2 lb/A) were applied at each field site. Sorghum 

sudangrass ‘Haychow’ was seeded at a rate of 35 kg/ha (40 lb/A) using a Sukup drill 

(Sukup Manufacturing Company, Sheffield, IA) in Goldsboro or Bush Hog® 7690 (Bush 
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Hog®, LLC, Selma, AL) in Reidsville. At 36 (Goldsboro) and 40 (Reidsville) days after 

planting the crop had reached a height of 1.2-1.5 m, and a simulated hay cutting operation 

was conducted using a flail mower. The stubble height was 7.5-10.0 cm (3-4 in) to 

encourage re-growth. Stubble height in all subsequent mowing events, also performed 

with a flail mower, was 2.5-5.0 cm (1-2 in). Hay biomass was removed from designated 

plots to simulate hay harvest using hand rakes. Additional cutting operations in each plot 

were conducted each time the crop again reached a height of 1.2-1.5 m in low mowing 

frequency treatments or a height of 0.6 m in the high mowing frequency treatment (Table 

1).  

Prior to transplanting fall cabbage, each whole plot was split into two sub-plots: 

conventional and no-till. Conventionally tilled sub-plots were mowed for the final time 

approximately two weeks prior to transplanting fall cabbage and rototilled  twice before 

transplanting in order to incorporate sorghum sudangrass residues. The conventional 

tillage sub-plots not planted with sorghum sudangrass were subject to the same tillage 

regime. Emerged weeds were removed from conventional sub-plots immediately prior to 

the transplanting operation by flame weeding (Goldsboro) or tillage (Reidsville). No-till 

sub-plots were mowed with a flail mower to a stubble height of  2.5-5.0 cm immediately 

prior to the transplanting operation. In no-till sub-plots without sorghum sudangrass, 

weeds were sprayed with glyphosate (N-phosphonomethyl glycine) two weeks prior to 

transplanting in order to eliminate any weeds that had emerged in the control treatment. A 

greenhouse study had previously demonstrated that wheat straw did not reduce cabbage 

transplant dry weight compared to sorghum sudangrass (Finney, 2005), therefore wheat 

straw was selected as an inert no-till mulch (Table 1, treatment 4) to differentiate the 

physical effects of mulch from potential chemical effects of the sorghum sudangrass 

residues. Wheat straw mulch was applied to the no-till control following cabbage 



 

 70

transplanting at a rate equal to the total sorghum sudangrass biomass production in plots 

mowed with low frequency from which hay was not removed.  

Cabbage (cv. Bravo) transplants were set by hand on 9 August, 2004 in Reidsville 

and using a no-till transplanter on 3 September, 2004 in Goldsboro. Cabbage was used as 

a test crop to determine production potential and examine possible negative impacts of 

sorghum sudangrass and tillage management on crop development. Each sub-plot 

contained a single row of cabbage 6 m in length with an in row spacing of 35 cm (16 

plants/plot). An Organic Materials Review Institute (OMRI)-certified 4-2-4 fertilizer 

(Fertrell Feed-N-Gro, Bainbridge, PA ) was applied at the recommended rate of  2230 

kg/ha (2500 lb/A) at transplanting to provide 89 kg N/ha (100 lbs N/A). Pest management 

included weekly applications of capsacin (commercially available as Hot Sauce) during 

the first five weeks of growth to deter mammalian pests. Xentari (Bacillus thuringiensis) 

was applied as needed based on weekly scouting for lepidopteran pests. Four weeks after 

planting, plants were side-dressed with 18 kg N/ha (20 lb/A) as sodium nitrate (SQM 

North America, Atlanta, GA). Use of irrigation systems at each location (a drip system in 

Goldsboro and overhead system in Reidsville) insured that plants received adequate 

moisture at planting and 2.5 cm (1 in) water weekly throughout the growing season. 

Conventionally tilled sub-plots were cultivated 3 and 6 weeks after transplanting. No-till 

sub-plots were not mowed or cultivated during the cabbage growing season.  

Cover crop biomass, C, and N concentration 

Prior to each sorghum sudangrass mowing event, cover crop and weed biomass 

were sampled in all sub-plots. Using a 0.5 m2 frame, two samples per plot were cut and 

biomass sorted into cover crop, broadleaf weeds, and grass/sedge weeds. After drying 

samples at 70oC for at least 48 hr, dry weights were recorded. Three intact sorghum 

sudangrass stems were retained for C and N concentration analysis at the time of hay 
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harvest and prior to the final cutting event. Sorghum sudangrass sub-samples were ground 

to pass through a 1 mm screen and a Perkin-Elmer (Norwalk, CT) model 2400 CHN 

elemental analyzer was used  to determine total N and C concentrations. 

 Soil moisture,  inorganic N, and bulk density 

All sub-plots were sampled for gravimetric soil moisture and inorganic N on three dates 

during the cabbage growing season: 2 weeks after transplanting (WAT), 2 weeks after 

sodium nitrate application (6 WAT), and at harvest. Six, 15-cm deep cores were collected 

from each sub-plot using a 2-cm diameter soil probe and mixed to create a single 

composite sample for each sub-plot on each sample date. To determine the percent 

moisture on a dry weight basis, a sub-sample was oven dried for 24 hr at 105οC. Samples 

for inorganic N analysis were frozen at < 5οC until processing. After air drying in a 

greenhouse, soil samples were ground to pass through a 16-mm screen. Five g of ground 

soil were extracted with 50 ml 2M KCl. Using injection flow analysis (Lachat 

Instruments, Milwaukee, WI), extracts were colormetrically analyzed for NH4- and NO3-

N.  Reported values for total inorganic N represent the sum of NH4- and NO3-N. Bulk 

density was measured in till and no-till sub-plots from which sorghum sudangrass 

biomass had not been removed and was mowed with low frequency six weeks after 

cabbage transplanting. A Uhland drive tube was used to collect soil samples using a 347.5 

cc cylinder. Each cylinder with soil was weighed, dried at 105 oC  for 48 h, and weighed 

again to calculate bulk density. 

Weed biomass in transplanted cabbage 

Prior to mechanically weeding conventionally tilled sub-plots at 3 and 6 WAT and 

at cabbage harvest (12 WAT), weed and sorghum sudangrass re-growth biomass were 

sampled. Using a 0.25 m2 frame two biomass samples were cut from each sub-plot (both 

conventional and no-till). Weed and re-growth biomass were sorted, dried, and weighed 
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following the procedure used for cover crop biomass. At harvest, a sub-sample of 

sorghum sudangrass was retained to analyze for total N and C concentrations.  

Cabbage stand establishment, head weight, and time to maturity 

Stand counts were recorded for each sub-plot at 1 and 2 weeks after transplanting 

cabbage, and misses and dead plants were replanted. In each sub-plot, ten plants were 

designated for harvest. Marketable heads were harvested from the designated plants in 

each sub-plot at ten day intervals beginning on 1 November and 19 November in 

Reidsville and Goldsboro, respectively. The intended weight for marketable heads was 

1.0 kg or more, though final classification of marketable heads included all heads 

weighing 0.5 kg or more. At harvest, each marketable head and four wrapper leaves were 

cut and weighed. The remaining biomass of each plant was also cut and weighed.  Thirty 

days after the first harvest, plants that had not produced a head or which had a head 

weighing less than 0.5 kg (categorized as ‘culls’) were harvested. Whole plants were cut 

and weighed to determine the fresh weight. In no-till plots at Reidsville, whole plants 

were dried for 48 hr at 70oC to determine dry weight. If less than ten marketable heads 

and culls were harvested from a sub-plot, the difference was categorized as deaths. 

Statistical analysis 

 Analysis of variance was performed using the GLM procedure in Statistical 

Analysis Software (SAS) with mean separation by Fisher’s least significant difference 

(LSD) (Younger, 1998). The whole-plot error term to test the effect of sorghum 

sudangrass management (treatment) included block, Latin Square position, and treatment. 

When a significant interaction occurred between whole-plot (sorghum sudangrass 

management) and split-plot (tillage) effects, the whole-plot effect was analyzed by tillage. 

The correlation procedure in SAS was used to determine correlations between weed 

biomass and sorghum sudangrass residue biomass and cabbage head weight and sorghum 
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sudangrass residue biomass at both locations, and cabbage head weight and sorghum 

sudangrass re-growth biomass at Goldsboro (Younger, 1998).  

 

Results and discussion 

Sorghum sudangrass biomass production and re-growth 

Sorghum sudangrass hay yield was 8.05 t/ha in Goldsboro and 5.69 t/ha in 

Reidsville. Lower mean daily temperature (Fig. 1) and wider row spacing may have led to 

lower yield in Reidsville. Cutting management impacted total sorghum sudangrass 

biomass during the summer season (Table 2). Accumulated biomass was lower under 

high frequency mowing (11.49 t/ha) than under low frequency mowing (14.44 t/ha and 

13.98 t/ha) in Goldsboro. Beuerlein et al. (1968) previously demonstrated this 

relationship between cutting frequency and biomass production. In Reidsville, when hay 

was not removed, sorghum sudangrass biomass was lower under high mowing frequency 

(6.65 t/ha) than low mowing frequency (9.86 t/ha). When hay was removed, sorghum 

sudangrass biomass (8.04 t/ha) was similar to both mowing frequencies from which hay 

had not been removed (Table 2). Lower biomass in conventional sub-plots compared to 

no-till was due to the fact that tilled sub-plots were mowed three weeks earlier than no-till 

sub-plots to allow for incorporation of sorghum sudangrass residues.   

At Goldsboro, C and N tissue analysis of sorghum sudangrass at the time of final 

cutting demonstrated that increased mowing frequency led to decreased C:N ratios (Table 

2). Plants mowed more frequently were less mature at the final cutting event, and, 

therefore, had a lower C:N ratio than plants mowed less frequently. The C:N ratio of the 

cover crop influences the occurrence of soil N immobilization as residues decompose. 

The C:N  ratio of frequently mowed plants (13.8) is below the range for potential N 

immobilization. Mowing less frequently presented greater potential for net N 
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immobilization, as C:N ratio ranged from 27.1 to 29.9 in low frequency mowed plots. 

Previous research has reported a C:N ratio of 53 for sorghum sudangrass left uncut during 

the summer cover cropping season (Creamer and Baldwin, 2000).  

Re-growth of sorghum sudangrass following cabbage transplanting occurred in 

no-till sub-plots at both locations. In Goldsboro 0.71-1.64 t/ha of sorghum sudangrass re-

grew during the cabbage season (Table 2). Re-growth biomass in Reidsville was five to 

eleven times higher (8.46-10.70 t/ha) than in Goldsboro (Table 2). Irrigation may have 

influenced the extent of re-growth, with overhead irrigation at Reidsville leading to 

greater re-growth biomass than the drip system used in Goldsboro. The biomass of 

sorghum sudangrass re-growth did not vary by management system, indicating that 

neither residue removal nor mowing frequency influenced re-growth. Due to the lack of 

variation in re-growth biomass, C:N ratios of sorghum sudangrass re-growth did not vary 

significantly between treatments at either location (Table 2). Re-growth was observed to 

have begun in Reidsville by 3 WAT, but was delayed in Goldsboro. The final cutting and 

transplanting in Goldsboro occurred on 3 September, 2004, following a month of 

significant rainfall that totaled 18.5 cm (Table 3). Wet field conditions at the time of 

mowing and transplanting operations may have led to soil compaction by machinery, one 

possible cause of sorghum sudangrass failure to tiller immediately. Excessive soil 

moisture may have also decreased sorghum sudangrass tillering at Goldsboro. During the 

cabbage growing season, re-growth represented a significant competitor with the crop at 

both locations.  

Weed biomass 

At Goldsboro, the biomass of broadleaf weeds at the final sorghum sudangrass 

mowing was highest in frequently mowed plots (Table 4). The dominant broadleaf 

species at Goldsboro was redroot pigweed (Amaranthus retroflexus L.). Broadleaf weed 
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biomass in Reidsville did not demonstrate the same response due to the low incidence of 

broadleaf weeds at this location. Grass/sedge weed biomass did not demonstrate a 

response to sorghum sudangrass management at either location. Weed biomass samples 

were collected two weeks later in no-till plots than in conventionally tilled plots, therefore 

comparisons of weed biomass by tillage are not valid.   

Weed biomass trends in transplanted cabbage were similar across sampling dates 

at both locations, therefore, results obtained from analysis of variance are presented only 

for data collected at 6 weeks after transplanting (WAT).  

At Goldsboro, broadleaf weed biomass in no-till cabbage was impacted by 

sorghum sudangrass management (Table 5). The winter annual weeds henbit (Lamium 

amplexicaule L.), purslane speedwell (Veronica peregrina L.), and common chickweed 

[Stellaria media (L.) Vill.] accounted for  70%, 10%, and 10%, respectively, of the 

density of identified broadleaf weeds at 6 WAT. Wheat straw mulch offered the greatest 

broadleaf weed suppression, which could be attributed to even distribution of the mulch 

by hand and application of glyphosate. Glyphosate eliminated weeds that may have 

escaped mowing due to size and killed established weeds that may have re-grown 

following mowing. In sub-plots from which hay had not been removed, weed suppression 

was greater in sub-plots mowed with low frequency than in sub-plots mowed with high 

frequency (Table 5). Low mowing frequency led to higher sorghum sudangrass biomass 

and, subsequently, more biomass returned to the soil surface as mulch (Table 6). In these 

treatments, all biomass produced was returned to the soil surface. Mohler and Teasdale 

(1993) concluded that increasing mulch (cover crop residue) biomass can reduce the 

emergence of many weed species. Our results suggest that the biomass reduction caused 

by frequently mowing sorghum sudangrass lessens weed suppression by the cover crop 

mulch. 
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Sorghum sudangrass biomass returned to the soil surface as mulch in no-till plots 

at Goldsboro was lowest in sub-plots from which hay had been removed (Table 6). The 

returned biomass was derived by subtracting the biomass of hay harvested from the total 

sorghum sudangrass biomass. Despite lower mulch biomass, these sub-plots 

demonstrated broadleaf weed suppression equal to sub-plots mowed with the same 

frequency from which hay had not been removed and better weed suppression than 

frequently mowed sub-plots. There are several possible explanations for this result. There 

was a negative correlation between sorghum sudangrass biomass at the final mowing 

event (Table 6) and broadleaf weed biomass at 6 WAT (R=-0.5935; p=0.0419), indicating 

that a higher quantity of residue deposited immediately prior to cabbage transplanting 

reduced broadleaf weed biomass in the cabbage crop. Because hay removal did not 

impact the biomass cut at the end of season, removal of hay biomass early in the season 

did not reduce weed suppressive qualities of the sorghum sudangrass cover crop. Weed 

suppression is also dependent on the quality of residue particles. Residue particles 

generated from high frequency mowing were younger when cut and had a lower C:N ratio 

(Table 2) than those generated from low frequency mowing. These characteristics can 

lead to shorter residue longevity and inadequate soil surface coverage. Though the 

biomass of sorghum sudangrass returned to the soil surface was lower in less frequently 

mowed sub-plots from which hay had been removed, residues had a higher C:N ratio than 

those generated in frequently mowed sub-plots and were observed to be more evenly 

distributed on the soil surface by the flail mowing operation. These factors may have led 

to longer  residue longevity and greater weed suppression in less frequently mowed sub-

plots from which hay was removed. Overall, removal of a portion of sorghum sudangrass 

biomass as hay did not reduce weed suppressive qualities of the cover crop, provided that 

mowing following hay harvest did not occur until the crop had re-grown to 1.2 to 1.5 m.  
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The impact of tillage on the effectiveness of sorghum sudangrass biomass 

produced under low mowing frequency was assessed for broadleaf weeds in Goldsboro. 

The analysis of variance indicated that sorghum sudangrass biomass produced under low 

mowing frequency, regardless of whether or not biomass had been removed as hay, 

offered the same level of broadleaf weed suppression in tilled and no-till cabbage 

(p=0.6465). The results of this study suggest that in an organic production system, 

sufficient levels of no-till sorghum sudangrass residue may provide weed control of 

annual broadleaf weeds comparable to tilled sorghum sudangrass residue and cultivation. 

No-till cabbage preceded by the sorghum sudangrass cover crop, however, had the 

highest levels of total competitive weed biomass at both Goldsboro (Table 5) and 

Reidsville (data not shown) due to the presence of sorghum sudangrass re-growth.  

Results regarding broadleaf and grass/sedge weed suppression in Reidsville (data 

not shown) are confounded by the high level of sorghum sudangrass re-growth in no-till 

cabbage (Table 2). The re-growth behaved like weed and contributed to cabbage crop 

failure. Grass and sedge weed biomass in tilled (1.39 g/0.5 m2) cabbage was lower than 

no-till (12.58 g/0.5 m2) suggesting that the no-till system did not provide adequate control 

of grasses and sedges (Table 7). We attribute this result to the fact that the perennial 

species yellow nutsedge (Cyperus esculentus L.)  represented an average of 55% of the 

grass and sedge weed population by number on the three sampling dates in Reidsville. 

Other species present in the cabbage crop were summer annual grasses including smooth 

crabgrass (Digitaria ischaemum Schreb. Ex. Muhl.), goosegrass [Eleusine indica (L.) 

Gaertn.)], fall panicum (Panicum dichotomiflorum Michx.), and broadleaf signal grass 

[Urochloa platyphylla (Munro ex Wright) R. Webster]. These species had also been 

present in the growing cover crop, indicating that they were established prior to cabbage 

planting and re-grew following mowing in no-till sub-plots. Previous work has concluded 
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that no-till systems employing cover crops have the highest weed pressure from perennial 

species (Putnam et al., 1983). Our results support this conclusion and offer further 

evidence that mechanical cultivation may provide better control of perennial species and 

established annual grasses than no-till.  

Cabbage survival, head weight, and maturity date 

At Goldsboro cabbage survival rate, head weight, and the number of heads 

collected on the first harvest date were higher in conventional tillage than in no-till (Table 

8). There was a strong negative correlation between head weight and sorghum sudangrass 

re-growth biomass (R=-0.72108; p<0.001) and between the number of heads harvested on 

the first harvest date and re-growth biomass (R=-0.78489; p<0.001). This indicates that 

sorghum sudangrass re-growth in no-till sub-plots exhibited competition with the cabbage 

crop and may have led to lower head weight and delayed maturity in no-till culture. No-

till production at Reidsville resulted in a crop failure in sorghum sudangrass residues 

(Table 9). Early onset of sorghum sudangrass re-growth and biomass production nearly 

equal to that in monoculture suggest that resource competition with sorghum sudangrass 

contributed to cabbage failure.   

Because cabbage was considered a “test crop,” several steps were taken to create 

optimal growing conditions for the crop, regardless of tillage regime. No-till systems 

typically exhibit higher soil moisture levels than those under conventional tillage 

(Johnson and Hoyt, 1999). This quality may be advantageous in dry years, though excess 

moisture may be detrimental to the development of some crops. Though soil moisture was 

significantly higher in no-till soils on all sampling dates (Table 10), it was not likely that 

this difference was agronomically significant. No-till systems also influence soil nutrient 

availability (Johnson and Hoyt, 1999). The fertilizer application method, rate, and timing 

were intended to eliminate variation in inorganic N availability due to tillage or cover 
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crop management. Soil inorganic N was higher in tilled plots in Reidsville at 2 WAT, but 

did not vary between tilled and no-till sub-plots during the remainder of the season (Table 

10). The concentration of soil inorganic N did not vary between tilled and no-till sub-

plots throughout the season in Goldsboro (Table 10). The success of our controls in 

eliminating these potential sources of variation suggest that other factors specific to the 

no-till production system used led to the observed reduction in cabbage growth at both 

locations. Soil temperature, for example, is also affected by no-till culture (reviewed in 

Coolman and Hoyt, 1993) and could have influenced growth rate at the end of the 

cabbage season. In previous studies in which no-till resulted in lower cabbage yield, soil 

compaction has also been posited as a yield limiting factor (Bottenberg et al. 1997; Hoyt 

and Walgenbach, 1995). Field studies have demonstrated that soils artificially compacted 

to a penetrometer resistance of 2.0MPa can reduce yields of transplanted cabbage by 

~29% (Wolfe et al., 1995). In Goldsboro, bulk density measured in the selected sorghum 

sudangrass management treatment was significantly higher in no-till sub-plots (1.47 g/cc) 

than in conventionally tilled sub-plots (1.32 g/cc). This compaction may have led to lower 

cabbage yield under no-till management. The root restricting bulk density for the 

experimental soil texture, loamy sand, is estimated at 1.82 g/cc (Vepraskas, 1988).   

Cabbage head weight in Goldsboro was highest when cabbage was not preceded 

by sorghum sudangrass, regardless of tillage regime (Table 8). A similar, though less 

significant, trend was observed in tilled cabbage at Reidsville (Table 9). A strong 

negative correlation between head weight and accumulated sorghum sudangrass biomass 

in tilled sub-plots at both locations (Goldsboro: R=-0.72113, p=0.0081; Reidsville: R=-

0.64642, p=.0068) suggests that the presence of incorporated sorghum sudangrass 

residues negatively impacted cabbage growth. Because resource competition was not a 

factor in tillage systems, an allelopathic interaction may have been present. The 
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allelopathic potential of sorghum sudangrass is well documented (Weston and Duke, 

2003; Weston, 1996; Putnam and DeFrank, 1983; Putnam et al., 1983), though negative 

allelopathic interference with transplanted crops has not been thoroughly investigated. 

Incorporated sorghum sudangrass residues have led to reduced growth of  Eastern redbud 

transplants in pot culture (Geneve and Weston, 1988). Allelopathy may have also been a 

contributing factor to head weight reduction in no-till transplanted cabbage at Goldsboro. 

Head weight was reduced in no-till sorghum sudangrass residues compared to wheat 

straw mulch (Table 8). This finding is consistent with a greenhouse study in which 

sorghum sudangrass surface residues reduced cabbage transplant dry weight compared to 

transplants grown under wheat straw (Finney, 2005). However, the impact of sorghum 

sudangrass re-growth under no-till management on cabbage head weight cannot be 

separated from the potential effects of allelochemical interference.  

Conclusions 

 Sorghum sudangrass can be managed as a single cutting hay crop without 

negatively impacting weed suppressive qualities of the cover crop. More critical to 

optimization of weed suppression by the cover crop is cutting frequency following hay 

harvest. Frequent cutting can lead to greater weed biomass in the cover crop and 

subsequent cash crop. Cutting less frequently (such as each time the crop reaches 1.5m) 

will provide residues of sufficient quality and quantity to offer weed suppression, 

particularly of broadleaf weed species. Cutting also reduces the C:N ratio of cover crop 

residues, which may limit the incidence and length of N immobilization. Further study of 

nutrient dynamics within cover cropping systems, both tilled and no-till, is necessary to 

develop optimal fertilizer regimes. 

Effective cover crop kill is a significant impediment to organic no-till production. 

Effectiveness of mowing as a means of killing a grass cover crop such as sorghum 
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sudangrass was not improved with increased cutting frequency in this experiment. In 

order to utilize summer cover crops which exhibit similar tillering and re-growth capacity 

in no-till fall vegetable production, for example pearl millet, improvement of mechanical 

technologies (such as the addition of a crimper to rolling equipment) or manipulation of 

the cover crop to improve kill response should be investigated. Annual summer grasses 

that have demonstrated a positive response to mechanical kill (mowing, undercutting, and 

rolling) include German foxtail millet [Setaria italica (L.) P. Beauv] and Japanese millet 

[Echinochloa frumentacea (Roxb.) Link] (Creamer and Dabney, 2002). German foxtail 

millet has been used as a summer cover crop prior to fall broccoli (Abdul-Baki et al., 

1997; Morse, 2000), though the possibility of using this species as both a cover crop and 

hay crop is limited due to its physiology.    

Though cabbage yield was reduced in no-till production in this study, previous 

studies have demonstrated that no-till production can lead to cabbage yields comparable 

to conventional tillage (Hoyt et al., 1996; Wilhoit et al., 1990; Knavel, 1989). Several 

researchers have cited the necessity of a transitional period when converting from 

conventional tillage to no-till in order to realize yield benefits instigated by improved soil 

structure and greater water infiltration under no-till (Hargrove et al., 1992; Radcliffe et 

al., 1988). Continuation of the current study may demonstrate less drastic yield reductions 

in no-till culture following the transition period, however, incompatibility between 

sorghum sudangrass cover crop residues and transplanted cabbage will likely continue to 

limit yield. Sorghum sudangrass introduced several competitive factors including cover 

crop re-growth and possible allelopathy which negatively impacted the growth of cabbage 

in both no-till and conventional tillage. The species may pose similar risks to other 

transplanted vegetables. This result demonstrates the need for further small-scale risk 
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assessments of cover crop/cash crop interactions in order to assist producers in designing 

crop rotation and tillage management plans that offer greater likelihood for success. 

The results of this study suggest that sorghum sudangrass is not a suitable summer 

cover crop prior to fall cabbage production. This species may, however, have applications 

as a summer cover prior to the planting of a winter cover crop or over-wintering 

vegetable crop such garlic or  preceding a spring crop. Harvest of a hay crop during the 

summer cover crop season does not negatively impact weed suppressive qualities of the 

cover crop and may provide additional income for growers who incorporate sorghum 

sudangrass into their production rotation.   
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     Figure 1. Average daily air temperature from 25 May to 7 Sept, 2004, at Goldsboro and Reidsville, NC. 



 

88

Table 1. Sorghum sudangrass (SS) management treatments applied at Goldsboro and Reidsville, NC. 

Location Treatment 
Initial cutting 
height (m) 

Hay 
removed 

Mowing 
frequency 

Subsequent 
cutting 

height (m) 

Number of 
cuts in 
season No-till mulch 

Goldsboro 1 1.2-1.5 Yes Low 1.2-1.5 3 SS 
 2 1.2-1.5 No Low 1.2-1.5 3 SS 
 3 1.2-1.5 No High 0.6 4 to 5z SS 
 4      wheat straw 
Reidsville 1 1.2-1.5 Yes Low 1.2-1.5 2 SS 
 2 1.2-1.5 No Low 1.2-1.5 2 SS 
 3 1.2-1.5 No High 0.6 3 to 4y SS 
 4      wheat straw 
           
zIn Goldsboro, tilled sub-plots were cut 4 times and no-till sub-plots were cut 5 times due to 2 week difference in time of final kill. 
yIn Reidsville, tilled sub-plots were cut 3 times and no-till sub-plots were cut 4 times due to 2 week difference in time of final kill. 
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Table 2. Accumulated sorghum sudangrass (SS) biomass and C:N ratio at the time of final mowing (2 Sept. in Goldsboro and 9 Aug. in Reidsville) and 

accumulated SS re-growth during the cabbage growing season and C:N ratio at cabbage harvest (19 Nov. in Goldsboro and 1 Nov. in Reidsville) in 

Goldsboro and Reidsville, NC. 

 Goldsboro  Reidsville 
  2-Sept. 19-Nov.   9-Aug. 1-Nov. 

 SS biomass  
SS re-
growth   

SS 
biomass  

SS re-
growth  

Sorghum sudangrass management (t·ha-1) C:N ratio (t·ha-1) C:N ratio   (t·ha-1) C:N ratiov (t·ha-1) C:N ratio 
hay removed, low mowing frequency 14.44az 27.1a 0.71 26.1  8.04aby 34.5   8.46 48.9 
hay not removed, low mowing frequency 13.98a 29.9a 1.64 23.6  9.86a 26.2 10.70 41.8 
hay not removed, high mowing frequency 11.49b 13.8b 1.47 26.4  6.65b 12.8   9.85 49.0 
          
Tillage          
no-till 14.18az,x 23.5    9.02ay,x 28.4      
conventional 12.42b 23.7    7.34b 20.7      
          
zMean separation within columns by Fisher's least significant difference test at P ≤0.05. 
yData on accumulated SS biomass in Reidsville were transformed to sqrt(x) before analysis. Mean separation within columns by Fisher's least significant difference test at P ≤0.05. Means 
were back transformed for presentation. 
xBiomass samples were collected from conventionally tilled plots 2 weeks earlier than in no-till plots. 
vMean separation not presented for main effects of sorghum sudagrass management and tillage due to signficant treatment by tillage interaction (p<0.0001).  
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Table 3. Rainfall totals (cm) from 16 

May-30 Sept. 2004 in Goldsboro and 

Reidsville, NC. 

Date Goldsboro Reidsville 
16-31 May 3.1 1.7 
1-15 June 8.0 8.7 
16-30 June     14.0 5.2 
1-15 July 1.8 2.8 
16-31 July 4.5 8.2 
1-15 Aug.     12.3 7.2 
16-31 Aug. 6.2 3.7 
1-15 Sept. 3.2 7.5 
16-30 Sept. 3.4 8.3 
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Table 4. Main effects of sorghum sudangrass (SS) management and tillage on weed biomass at 

the time of final SS mowing in Goldsboro and Reidsville, NC. 

 Weed biomass (g·0.5 m-2) 
 Goldsboro Reidsville 
Sorghum sudangrass management broadleaf grass/sedge broadleaf grass/sedge
hay removed, low mowing frequency  0.61bz 0.00 0.43 8.99 
hay not removed, low mowing frequency 0.90b 1.93 0.34 7.10 
hay not removed, high mowing frequency 9.68a 3.76 0.03 6.66 

    
Tillage     
no-till   5.75az,y 2.54 0.46 6.51 
conventional 1.72b 1.25 0.07 8.65 
     
zMean separation within columns by Fisher's least significant difference test at P ≤0.05. 
yBiomass samples were collected from conventionally tilled plots 2 weeks earlier than in no-till plots. 
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Table 5. Interactive effects of sorghum sudangrass (SS) management and tillage on weed biomass in transplanted 

cabbage at 6 weeks after transplanting (WAT) in Goldsboro, NC. 

  Weed biomass (g·0.5 m-2) 

Tillage Sorghum sudangrass management SS re-growth broadleaf grass/sedgey total 
no-till hay removed, low mowing frequency 24.45  3.29bz 0.03 27.76a 
 hay not removed, low mowing frequency 10.35 8.93b 0.04 19.31a 
 hay not removed, high mowing frequency   7.73   37.83a 7.04 52.59a 
 wheat straw mulch  0.45c 0.00  0.45b 

 significance ns 0.0017  <.0001 
      
conventional hay removed, low mowing frequency  4.08 0.00 4.08 
 hay not removed, low mowing frequency  4.18 0.03 4.20 
 hay not removed, high mowing frequency  2.43 0.36 4.41 
 no SS  5.55 0.76 6.31 

 significance  ns  ns 
       

zData were transformed to log(x+.00005) before analysis. Mean separation within columns by Fisher's least significant difference test at P ≤0.05. 
Means were back transformed for presentation. 
yData on grass/sedge weed biomass in Goldsboro was not subject to analysis of variance due to a low number of sub-plots that contained grass and 
sedge weeds.  
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Table 6. Main effect of sorghum sudangrass (SS) management on 

SS biomass returned to soil surface as mulch in no-till cabbage and 

SS biomass cut at the final mowing operation in no-till cabbage at 

Goldsboro, NC.  

 

SS 
biomass 
returned 

SS 
biomass of 
final mow 

Sorghum sudangrass management (t·ha-1) (t·ha-1) 
hay removed, low mowing frequency   7.92cz 2.42a 
hay not removed, low mowing frequency 14.95a 3.14a 
hay not removed, high mowing frequency 11.68b 0.18b 
    
zMean separation within columns by Fisher's least significant difference test at P 
≤0.05. 
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Table 7. Main effects of sorghum sudangrass (SS) management and 

tillage on weed biomass in transplanted cabbage at 6 weeks after 

transplanting (WAT) in Reidsville, NC. 

 Weed biomass (g· 0.5 m-2) 

Sorghum sudangrass management broadleaf grass/sedge 
hay removed, low mowing frequency 1.79 5.69az 
hay not removed, low mowing frequency 0.69 2.94b 
hay not removed, high mowing frequency 1.34      19.27b 
no SS, wheat straw mulch 0.73 0.05b 

significance ns 0.0042 
Tillage   
no-till  0.44bz      12.58a 
conventional 1.83a 1.39b 

significance 0.0012 0.0150 
   

zData were transformed to log(x+.00005) before analysis. Mean separation within 
columns by Fisher's least significant difference test at P ≤0.05. Means were back 
transformed for presentation. 
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Table 8. Main effects of sorghum sudangrass (SS) management and tillage on cabbage 

survival, head size, and maturity at Goldsboro, NC. 

 no. of heads 
average 

head size no. of heads 
Sorghum sudangrass management harvested (kg) 1st harvest 
hay removed, low mowing frequency 9.0  1.32bz 5.6 
hay not removed, low mowing frequency 9.3 1.29b 5.6 
hay not removed, high mowing frequency 8.6 1.35b 5.6 
no SS, wheat straw mulch       10.0 1.62a 7.1 

significance ns 0.0034 ns 
Tillage    
no-till 8.4bz 1.14b 3.2b 
conventional      10.1a 1.65a 8.8a 

significance 0.0005 <.0001 <.0001 
 

zMean separation within columns by Fisher's least significant difference test at P ≤0.05 
 



 

96

Table 9. Interactive effects of sorghum sudangrass (SS) management and tillage on cabbage 

survival, head size, and maturity at Reidsville, NC. 

  no. of heads 
average 

head size no. of heads 
Tillage Sorghum sudangrass management harvested (kg) 1st harvest 
no-till hay removed, low mowing frequency 0   
 hay not removed, low mowing frequency 0   
 hay not removed, high mowing frequency 0   
 wheat straw mulch 9.25     1.41 4.8 
    
conventional hay removed, low mowing frequency 9.75    1.52abz 6.8 
 hay not removed, low mowing frequency 9.25 1.31b 5.3 
 hay not removed, high mowing frequency 9.75   1.57ab 8.8 
 no SS 8.75 1.88a 6.5 
 significance ns 0.0503 ns 
       
zMean separation within columns by Fisher's least significant difference test at P ≤0.05 
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Table 10. Main effect of tillage on gravimetric soil water and soil inorganic N on three dates in the cabbage growing season in Goldsboro and 

Reidsville, NC. 

 % water  soil inorganic N (µg N·g soil-1) 
 Goldsboro  Reidsville  Goldsboro  Reidsville 
Tillage  16-Sep 18-Oct 19-Nov  23-Augy 22-Sep 22-Nov  16-Sep 18-Oct 19-Nov  23-Aug 22-Sep 22-Nov 
no-till  20.0az 17.8a 19.0a  20.2 17.5a 18.5a  66.9 28.8 8.9   44.4bz 11.8 6.8 
conventional   17.9b 17.0b 18.5b  16.5 14.0b 16.3b  74.7 31.8 9.6  74.2a 15.3 6.0 
                
zMean separation within columns by Fisher's significant difference test at P ≤0.05. 
yMean separation not presented for main effect of tillage due to signficant treatment by tillage interaction (p=0.0008) on this sampling date. 

 
















