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Two field experiments were initiated in summer 2006 to compare the effects of 

crop rotation, cover crops, living mulches, and intercropping on pest populations. 

Treatments consisted of cropping systems with summer fallow followed by fall and 

spring vegetables. Yellow squash and bell pepper were planted in experiment I during 

year 1 and rotated with broccoli and sweet corn in year 2. In experiment II, broccoli and 

sweet corn were planted in year 1, and squash and bell pepper in year 2. Cropping 

systems represented three levels of complexity. The simple cropping system was a 

summer fallow followed by sole fall and spring vegetables. Four intermediate cropping 

systems utilized summer cover crops of pearl millet (PM), sorghum-sudangrass (SS), 

sunn hemp (SH), or velvetbean (VB) followed by sole fall and spring vegetables. Two 

complex systems included either pearl millet-sunn hemp (PMSH) or sorghum 

sudangrass-velvetbean (SSVB) mixtures. In the complex systems, row middles of fall 

squash and broccoli were planted with rye-hairy vetch and crimson clover as living 

mulches, and bush beans were intercropped with spring vegetables. Weeds and 

nematode populations were monitored during each season and insect pests in spring 
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only. Soil samples were collected annually for evaluating the weed seedbank. Systems 

planted with SS or PM increased root-knot nematodes while the SS system also 

increased ring and lesion nematode populations. Cropping systems failed to suppress 

aphid populations. PM and SS systems decreased thrips populations while PM and SH 

systems reduced whitefly populations in sweet corn. In experiment I, fewer grasses, 

broad-leaf weeds and total weed biomass were observed with the SSVB system than 

the WF system. In experiment II, the SSVB system resulted in fewer grass weeds 

between beds than the WF system; however, no differences were observed among 

systems for broad-leaf and sedge weed densities and total weed biomass. Cropping 

systems did not change the composition of the weed seedbank. Squash and sweet corn 

marketable yields were highest in the PM system while no differences were observed 

between complex and WF systems. In experiment II, bell pepper marketable yield was 

higher in complex than WF systems. Predicted population dynamics of southern 

crabgrass and Florida pusley indicated no differences among cropping systems. 
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CHAPTER 1 
INTRODUCTION 

Organic agriculture employs a holistic production management system, which 

aims to promote biodiversity, including biological cycles, and enhances soil biological 

activity while minimizing the use of external inputs (NOSB, 2001). It is managed in 

accordance with the act and regulations in response to site-specific conditions by 

integrating cultural, biological, and mechanical practices that foster cycling of resources, 

promote ecological balance, and conserve biodiversity (Greene and Kremen, 2003). It 

depends on ecologically based management practices for controlling pests and avoids 

the use of synthetic chemicals, antibiotics, hormones, and genetically modified 

organisms in crop production (NOSB, 2001).  

Growing concern about adverse effects of conventional agriculture on the 

environment and increasing consumer demand for organic food have shifted some 

members of the farming community to adopt organic farming (Offner, 2000). This has 

resulted in an increase in certified organic land for crop production in the United States 

(U.S.) and Florida by 30 percent and 39 percent, respectively from 2000 to 2005 

(USDA-ERS, 2005). However, acreage for organic vegetable production increased by 

only 4 percent in Florida from 2000 to 2005 (USDA-ERS, 2005). In the U.S., sales of 

organic food have jumped from $3.5 billion in 1997 to nearly $10.4 billion in 2003 (or 

about 1.8 percent of the total U.S. retail sales of food) with an annual growth rate of 

around 20 percent (Nutrition Business Journal, 2004).  

In 2003, sales of organic produce were $4.3 billion (or 42 percent of the U.S. total 

organic food sales) of which fresh produce was 93 percent. It is estimated that the sales 

of organic fruits and vegetables could reach $8.5 billion by 2010 (Nutrition Business 
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Journal, 2004). Currently, conventional markets in Florida are importing organic produce 

from California (Blumenthal, 2007; Thu-Vi Nguyen et al., 2008), which suggests a 

greater demand for more organic produce than supply in this region. Therefore, it can 

be anticipated that organic farming acreage will increase in this region. This will require 

science-based management strategies, specific for organic farming systems in this 

region.  

Pest infestation tends to be greater with high temperature and rainfall, particularly 

in tropical and sub-tropical regions (Oerke, 2006) like Florida. Since, weeds can 

adversely affect crop yield (Cousens, 1987) their control is important for crop 

production. Currently, many conventional growers are transitioning their farming 

operations to organic production but are confronting many problems, of which weed 

control is vital (OFRF, 1998). A national survey reported weed control as the major 

challenge for organic growers (Sooby, 2003).  

In organic agriculture, weed management strategies depend upon weed and crop 

ecology in a given agro-ecosystem (Bàrberi, 2002). Bàrberi (2002) suggested a holistic 

approach to weed management in organic agriculture that integrates cultural practices 

in a cropping system for managing weeds. Oerke (2006) recommended the use of 

diverse agro-ecosystem, which should be less susceptible to pest attack than a simple 

agro-ecosystem. Liebman and Staver (2001) also recommended crop diversification 

with crop rotation and intercropping in order to suppress germination, establishment, 

growth, competitive ability, and reproduction of weeds. An increase in biodiversity at any 

level (crops, weeds, arthropods, soil microbes, etc) has the potential to promote a stable 

agro-ecosystem in terms of health and productivity (Bàrberi, 2002; Altieri, 1995). 
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Diversifying cropping systems in north Florida also may be an option to manage insect 

pest populations. There were studies that suggest that a diversified cropping system or 

vegetables intercropped with cover crops suppressed whiteflies populations (Gold et al., 

1989; Frank and Liburd, 2005). This approach should minimize the use of external farm 

inputs; increase dependence on ecological processes like resource competition with 

cover crops or intercropping, post dispersal weed seed predation, and soil solarization; 

and weed management should be designed as one component in the integrated 

agricultural system that improves crop productivity, farm revenues and environmental 

quality (Liebman and Gallandt, 1997; Buhler et al., 2000; Liebman and Davis, 2000, and 

Mortensen et al., 2000).  

Vegetable crops are susceptible to weed infestation because they are generally 

not very competitive against weeds and because of high inter- and intra-row spacing 

(Baumann et al., 2000). In addition, few herbicides are registered in vegetable 

production. Chemical and mechanical approaches favor erosion, ground water 

contamination, development of herbicide resistance, and soil degradation (Pimental et 

al., 1992).  

Crop rotation can improve soil characteristics, reduce pest pressure, and 

increase crop yield as compared with continuous monocultures (Liebman and Staver, 

2001). Continuous production of a single crop with similar management practices 

increases the number of weed species that thrive under those conditions (Liebman and 

Staver, 2001). Diverse rotation with different dates of planting and harvesting, crop 

growth habits, and cultivation equipment increase stress and mortality risk to weeds 

(Liebman and Dyck, 1993; Liebman and Ohno, 1998).  
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Summer cover crops can be planted during the fallow period between spring and 

fall vegetable crops in the southeastern U.S (Creamer and Baldwin, 2000). Both living 

cover crops and their residues suppress weed seed germination and emergence 

(Teasdale, 1993). Cover crops can also serve as a food source for generalist predators, 

which attack insect pests of vegetables (Scott, 2008; Bugg et al., 1991; Lu et al., 2000; 

Sullivan, 2003; Costello and Altieri, 1995). Cover crops in organic agricultural systems 

also provide habitats for weed seed predators (Gallandt, 2006; Carmona and Landis, 

1999). Cover crops reduce the weed seedbank directly by occupying space and 

resources otherwise used by weeds (Gallandt, 2006). Operations used to kill cover 

crops also terminate weeds before mature seeds are set (Gallandt, 2006). Beside weed 

control, cover crops may also be an important tool for nematode management in 

sustainable agricultural systems (Wang et al., 2004; McSorley and Porazinska, 2001). 

Suppression of plant-parasitic nematodes has been reported with many cover crops like 

sunn hemp, velvetbean, pearl millet, and sorghum sudangrass (Wang et al., 2004; 

Quénéhervé et al., 1998; McSorley et al., 1994b; Ball-Coelho et al., 2003). This 

research may be helpful in further understanding population dynamics of plant-parasitic 

nematodes in cover crop based cropping systems. 

The benefits of cover crops may be optimized when mixtures of cover crops are 

used (Creamer et al., 1997). Legume cover crops fix more nitrogen from the 

atmosphere when planted in mixtures with non-legume cover crops (Ofori and Stern, 

1987). Non-legume cover crops deplete nitrogen from the soil, which causes associated 

legumes to increase nitrogen fixation. Cover crop mixtures of grass and legumes also 

maintain C:N ratios favorable for mineralizing nitrogen, and suppress a broader 
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spectrum of weeds through allelopathy if the component crop of the mixtures are 

allelopathic (Creamer et al., 1997). Cover crops suppressed insect pests by altering 

host-plant nutrition or change in micro-climate, and improve natural enemy abundance 

(Bugg and Waddington, 1994). They also harbor general pests, which damage the 

target crop due to luxury consumption of nitrogen particularly in legume cover crops. 

This can lead to an outbreak of pests (Bugg and Waddington, 1994). Therefore, an 

understanding of the effect of cover crop based cropping systems on whitefly and aphid 

populations will be required. There may be a need to develop systems with mixed 

grassy and legume cover crops, living mulches, and intercrops that may mitigate 

whitefly and aphid populations. 

Intercropping increases the ecological diversity of farms and crop competitive 

ability against weeds and thereby deprives weeds by light, water, and nutrients 

(Liebman and Dyck, 1993). Soil and crop management factors have indirect effects on 

weeds due to crop-crop interactions in intercropping systems (Vandermeer, 1989). In 

addition, intercrops also reduce insect and disease damage of an associated crop by 

providing favorable environments for insect-pest predators, and disrupt insect-pest 

ability to locate, feed upon or infect host plants (Liebman and Staver, 2001; 

Vandermeer, 1989; Trenbath, 1993; Altieri, 1994).  

Living mulches are a special case of intercropping in which a non-cash crop is 

grown for ecological purposes during part or all of the cash cropping period. Living 

mulch vegetation inhibits light-mediated weed seed germination as it lowers the red-to-

far red ratio of light (higher ratios can trigger a phytochrome receptor in seeds to initiate 

germination) (Teasdale and Daughtry, 1993). Living mulches reduce population 
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densities of multiple pest complexes (Hook et al., 1998) and significantly increase the 

abundance of natural enemies (Frank and Liburd, 2005).  

The following research was done to examine the effect of various cropping 

systems on the population densities of weeds, plant-parasitic nematodes, and insect-

pests in organic vegetable cropping systems in North-Central Florida. Crop rotation, 

cover crops, living mulches, and intercropping were integrated in seven different 

cropping systems representing three levels of complexity. The simple cropping system 

included weedy fallow during summer followed by fall and spring vegetable crops grown 

as sole crops; Intermediate systems utilized grass and legume cover crops planted 

during summer followed by fall and spring vegetables grown as sole crops; and complex 

systems included grass and legume cover crop bicultures during the fallow period. In 

the complex cropping systems, row middles of fall vegetables were planted with living 

mulches, and spring vegetables were strip intercropped. This research was supported 

by the Integrated Organic Program of the USDA, Cooperative State Research 

Education and Extension Service with the grant entitled, “Crop Diversification 

Complexity and Pest and Beneficial Organism Communities in Humid Tropical and Sub-

Tropical Climatic Regimes”. The general objectives of my research were to evaluate 1) 

the effect of cropping system complexity on the population densities of selected plant-

parasitic nematodes; 2) the effect of cropping system complexity on aphid, thrips, and 

whitefly populations in organically planted sweet corn and bell pepper; 3) the impact of 

crop rotation, cover crops, living mulch, and intercrop systems on growth and yield of 

organically produced vegetables; 4) the effect of cropping system complexity on weed 

population densities; 5) the impact of cropping system complexity on weed seedbank 
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composition; and; 6) the population dynamics of southern crabgrass and Florida pusley 

weeds in different cropping systems. 

The corresponding hypotheses were: (1) increased cropping system complexity 

will reduce nematode population density as a result of poor or non-hosts included in the 

multiple cropping systems; (2) increase in cropping system complexity will suppress 

aphid, thrips, and whitefly populations in organically grown bell pepper and sweet corn; 

(3) multiple cropping systems improve vegetable growth and yield due to reduced weed 

population; (4) complex cropping systems suppress weed density and biomass more 

effectively compared to simple systems; (5) increase in cropping system complexity 

depletes the weed seedbank and causes weed flora shifts; and (6) cropping system 

complexity will affect the population dynamics of the southern crabgrass and Florida 

pusley.  
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CHAPTER 2 
EFFECT OF CROPPING SYSTEM COMPLEXITY ON PLANT-PARASITIC 

NEMATODES ASSOCIATED WITH ORGANICALLY GROWN VEGETABLES IN 
FLORIDA 

Introduction 

Organic farming has increased rapidly due to increasing consumer demand and 

growing concerns for the environment (Offner, 2000). It consists of both traditional 

methods and modern farming techniques without the use of synthetic pesticides and 

fertilizers (Hallmann et al., 2007). In the US alone, sales of organic food have jumped 

from $3.5 billion in 1997 to nearly $10.4 billion in 2003 (or about 1.8% of the total US 

retail sales of food) with an annual growth rate of about 20% (Nutrition Business 

Journal, 2004). Constraints in organic farming like absence of synthetic nematicides and 

soil fumigants make vegetable crops vulnerable to important pests like weeds, insects, 

and plant-parasitic nematodes. The incidence of pest problems might be greater with 

high temperature and rainfall, particularly in tropical and sub-tropical regions (Oerke, 

2006) like Florida. Root-knot (Meloidogyne spp.) and reniform (Rotylenchulus spp.) 

nematodes are probably the most important nematode pests of vegetable crops in 

tropical and warm temperate areas (Sasser and Freckman, 1986). Overall, plant-

parasitic nematodes are estimated to cause a loss of 12.3% on the world’s major 

agricultural crops (Sasser and Freckman, 1986). In practice, nematode infestations may 

be overlooked or misidentified as other pest symptoms, and as a result they may not be 

properly managed, allowing increases in population and damage to crops (Hallmann et 

al., 2007).  

Several different types of cultural practices can be used for nematode 

management including resistant cultivars, and elements of multiple cropping systems 
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such as cover crops, crop rotation, and nematode-antagonistic crops (McSorley, 1998). 

Crop sequences should be designed in a cropping system in a manner to minimize the 

damage caused by plant-parasitic nematodes by including nematode resistant plants as 

rotational crops (Noe, 1988; Noe et al., 1991; McSorley and Gallaher, 1991). Crop 

rotation is ideal for managing plant-parasitic nematode populations by planting 

susceptible and non-susceptible crops in an alternate sequence (Trivedi and Barker, 

1986; Noe, 1988); however, use of a rotational crop depends on the economics and 

adaptability for a specific region (McSorley, 1998). In organic farming, rotations are 

longer with shorter fallow periods to minimize nutrient leaching, which may affect plant-

parasitic nematodes in the soil (Hallmann et al., 2007). Hallmann et al. (2007) 

recommended that crop rotation with a broad crop species spectrum is good for organic 

farming. Sometimes, crop rotation can become complex when a crop resistant to one 

nematode species acts as a host for another nematode species (McSorley et al., 

1994b).  

Incorporating cover crops for nematode management may be an important 

approach for developing sustainable agricultural systems (Wang et al., 2004; McSorley 

and Porazinska, 2001). Several different grassy and legume cover crops have been 

used to maintain low numbers of plant-parasitic nematodes. Sunn hemp (Crotalaria 

juncea L.) cover crops planted in fall maintained lower population densities of both M. 

incognita and Helicotylenchus dihystera (Wang et al., 2004). Velvetbean (Mucuna 

pruriens DC also known as M. deeringiana (Bort.) Merrill) suppressed population 

densities of both M. incognita and R. reniformis prior to the cultivation of susceptible 

short-term vegetable crops (Quénéhervé et al., 1998). Sorghum-sudangrass (Sorghum 
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bicolor x S. sudanense [Stapf] Hitchc.) was effective in maintaining low population 

densities of Meloidogyne spp. but increased the population levels of Paratrichodorus 

minor (McSorley et al., 1994b) and Mesocriconema spp. (Crow et al., 2001). Forage 

pearl millet Pennisetum glaucum L. (CFPM 101) (Ball-Coelho et al., 2003) and grain 

pearl millet (CGPMH-1) have potential for managing lesion nematodes in the potato 

production system in Quebec (Belair et al., 2006). Another useful grass cover crop is 

rye (Secale cereale L., cv Wrens Abruzzi), which resulted in decline of M. incognita 

when grown as a winter cover crop (Opperman et al., 1988).  

The current study focused on understanding population dynamics of plant-

parasitic nematodes as a result of integrating cultural practices like crop rotation, 

summer cover crops, living mulch, and intercrops in multiple cropping systems for 

organic vegetable production. This information will be useful for anticipating nematode 

population buildup over time, recognizing suppressive effects of poor or non-hosts, and 

ultimately in designing cropping systems with minimal nematode impact. Therefore, the 

objective of the current research is to examine the effect of cropping systems of various 

levels of complexity on the densities of selected plant-parasitic nematodes in organic 

vegetable production systems. Specifically, the impact of summer cover crops and 

vegetable cropping sequences on plant-parasitic nematodes are examined. In addition, 

the buildup of root-knot nematode population levels on different fall and spring 

vegetables was also examined because they are the key nematode pest of most 

vegetable crops. Two hypotheses are examined: 1) components of cropping systems 

may affect population densities of plant-parasitic nematodes in summer cover crops and 

subsequent fall- and spring-planted organic vegetables, and 2) planting different 
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vegetables in the cropping system may affect population multiplication rates of root-knot 

nematodes.  

Materials and Methods 

Two experiments were established concurrently in summer 2006 on certified 

organic land at the Plant Science Research and Education Unit, Marion County, Florida. 

The cropping system for each experiment consisted of a summer cover crop, fall 

vegetable, and spring vegetable in 2006-07, with the entire sequence repeated in 2007-

08.  The field site was used for the production of bahiagrass (Paspalum notatum 

Flüggé) prior to establishing the experiment. The soil is Candler sand (Hyperthermic, 

uncoated Lamellic Quartzipsamment) with 7.1 soil pH. 

Prior to the experiments, the field was dominated by ring (Mesocriconema spp.) 

(54/100 cm3 soil, 93% of all nematodes) followed by lesion (Pratylenchus spp., 2.2/100 

cm3), spiral (Helicotylenchus spp., 0.8/100cm3), stubby-root (Paratrichodorus spp., 

0.5/100 cm3), and sheath (Hemicycliophora spp., 0.2/100 cm3) nematodes. Because of 

the low incidence of root-knot nematodes, the field was planted in May 2006 to a root-

knot nematode susceptible crop, southern pea (Vigna unguiculata Walp) cultivar White 

Acre and then inoculated with Meloidogyne incognita to increase the nematode 

population. It was mowed on 13 July 2006 with a New Holland 918H flail mower (Purdy 

Tractor and Equipment, Inc. Hillsdale, MI) followed by application of finished mushroom 

compost (Quincy Farms, Quincy, FL) at 2500 kg/ha through a check drop spreader 

(Newton Crouch Inc., Griffin, GA). The field was disked and compost incorporated to a 

depth of about 20 cm. Both experiments were started on 27 July 2006 with a summer 

fallow consisting of either summer cover crops or a weedy fallow. The experimental 

design was a randomized complete block with seven treatments and four replications 
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(Table 2-1). Plots measured 12 m x 12 m and were separated by 12-m alleys. Cultivars, 

seed sources, and seeding rates of cover crops are summarized in Table 2-2. Pearl 

millet and sorghum sudangrass were planted with a Sukup 2100 planter (Sukup 

Manufacturing Company, Sheffield, IA) at 17 cm distance between plants in the row and 

5 cm soil depth. Sunn hemp and velvetbean seeds were inoculated (Rhizobium sp., 

cowpea type, Nitragin Inc., Brookfield, WI) before broadcasting on the plot. Later, 

between beds area were rolled to ensure adequate seed to soil contact. Overhead 

irrigation was used occasionally during the first three days after planting to promote 

germination and establishment of the cover crops. 

 Above-ground biomass of summer cover crops was flail mowed on 2 October 

2006 and disked to incorporate into the soil. This was followed by the application of lime 

(Aglime Sales Inc., Babson Park, FL) to the entire field at 2500 kg/ha. Fall vegetables 

were planted with four beds (1.8 m bed-center size) per plot (12 m length x 7.2 m width 

plot size). Before planting fall vegetables, fertilizer (10-2-8 N-P2O5-K2O, NatureSafe, 

Griffin Industries, Cold Spring, KY) was applied at the rate of 1685 kg/ha in squash and 

1976 kg/ha in broccoli based on the conventional fertilizer recommendations for these 

crops (Olson and Simonne, 2006). It was applied as a 30-cm band over the center of 

the bed and incorporated before planting vegetables.  

Experiment I (Squash - Bell Pepper) 

Squash 

Yellow squash (Cucurbita pepo L. cv. Cougar F1 untreated; Harris Seeds, 

Rochester, NY) was direct seeded on 19 October 2006 as single row per bed with an in-

row plant distance of 45 cm (12,037 seeds/ha) in one experiment. Squash was irrigated 

daily through a drip irrigation system. A combination of rye (Secale cereale cv Wrens 
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Abruzzi; Alachua County Feed and Seed Store, Gainesville, FL) and hairy vetch (Vicia 

villosa, cultivar unknown; Adams Briscoe Seed Company, Jackson, GA) was planted 

between beds as living mulch in mixed cover crop plots. The seeding rates were 48 

kg/ha for rye and 22 kg/ha for hairy vetch. Before planting, hairy vetch was inoculated 

with Rhizobium leguminosarum bv viceae (Nitragin C, Nitragin Inc, Brookfield, WI). Both 

types of living mulch seeds were mixed and broadcasted on 9 November 2006 by hand 

on a shallow tilled soil followed by covering the seeds with the help of roller. Row covers 

were placed on squash plots on 8 December 2006 to protect from frost. Squash was 

harvested from 14 December 2006 to 9 January 2007 with six harvests. 

Methods used for the squash crop in 2007-08 were similar to those of previous 

year, with minor exceptions. It was direct seeded on 10 October 2007. Row covers were 

placed on 16-19 November 2007. Squash was harvested from 21 November to 14 

December 2007 with 8 harvests.  

Bell pepper 

Squash plots were rotated with green bell pepper (Capsicum annuum L. cultivar 

Red Knight F1 untreated; Johnny’s Selected Seeds, Winslow, ME). A compliant blended 

fertilizer (NatureSafe, 10-2-8  N-P2O5-K2O, Cold Springs, KY) was applied at the rate of 

2232 kg/ha based on University of Florida’s synthetic fertilizer recommendations for 

these crops (Olson and Simonne, 2006). Fertilizer was broadcast and incorporated with 

a rototiller prior to planting on 7 March. Remaining nitrogen was bunded and lightly 

incorporated on 10 April 2007. Forty-five-day-old bell pepper seedlings were 

transplanted on 15 March 2007 in double rows per bed. There were four beds per plot 

(12m x 7.2 m plot area) with distances of 45 cm between plants in rows and between 

rows (24,074 plants/ha). Green bush beans (Phaseolus vulgaris cultivar Bronco 
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untreated, Seedway Elizabethtown, PA) were intercropped with pepper in mixed cover 

crop plots. On 16 March 2007, bush bean was direct-seeded between bell pepper beds 

using a manual push planter at a distance of 15 cm between seeds. Both bell pepper 

and bush beans were irrigated daily using drip irrigation. Bell pepper was harvested 

from 21 May to 20 June 2007 with four harvests. Bush bean was harvested on 16 May 

and 30 May 2007. In spring 2008, bell pepper was transplanted on 13 March and bush 

bean on 14 March, while bell pepper was harvested from 13 May to 9 June with four 

harvests and bush bean on 13 May.  

Experiment II (Broccoli - Sweet Corn) 

Broccoli 

Thirty-day-old broccoli (Brassica oleracea L. cv. Marathon F1, untreated; Harris 

Seeds, Rochester, NY) seedlings were transplanted on 31 October 2006 in double rows 

(30 cm distance between rows) per bed at a distance of 45 cm between plants in rows, 

and a total of 8 rows per plot (24,074 plants/ha). Broccoli was drip irrigated daily. 

Crimson clover (Trifolium incarnatum cv Dixie; Adams Briscoe Seed Company, 

Jackson, GA) was planted as living mulch between beds in mixed cover crop plots. The 

seeding rate was 28 kg/ha. Crimson clover was inoculated with R. leguminosarum 

biovar trifolii (Nitragin R/WR, Nitragin Inc, Brookfield, WI) before planting. Crimson 

clover was broadcasted on 9 November 2006 by hand onto shallowly tilled soil followed 

by covering the seeds with the help of roller. Broccoli was harvested from 4 January to 

16 January 2007 with three harvests. On 5 March 2007, the field was flail mowed and 

disked to 20-cm soil depth to prepare a seedbed for planting spring vegetables. 
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Similar methods were used for management of the broccoli crop in the second 

year. In 2007-08, thirty-five-day-old broccoli seedlings were transplanted on 16 October 

2007. It was harvested from 20 December 2007 to 2 January 2008 with 3 harvests. 

Sweet corn 

Broccoli plots were rotated with sweet corn (Zea mays L. cultivar Montauk F1 

untreated; Johnny’s Selected Seeds, Winslow, ME). A compliant blended fertilizer 10-2-

8 N-P2O5-K2O (NatureSafe, Cold Springs, KY) was applied at the same rate and time as 

in bell pepper. Sweet corn was direct-seeded on 12 March 2007 with a seed drill 

(Monosem Inc., Edwardsville, KS) at 76 cm between rows and plant distances of 18 cm 

within in rows, with a plot size of 144 m2 (74,444 plants/ha). Bush beans were also 

intercropped with sweet corn in mixed cover crop plots. Bush bean was direct-seeded 

on 12 March 2007 with a monosem planter in four strips (4 rows/strip) arranged 

alternately with strips of sweet corn. Bush bean inter-row and inter-plant distances of 76 

cm and 13 cm were used. Sweet corn was harvested on 31 May and 12 June 2007 

while bush bean was harvested on 16 May and 30 May 2007. During spring 2008, 

sweet corn and bush beans were direct-seeded on 11 March.  

Potassium fertilizer, 0-0-6 N-P2O5 -K2O (Biolink, Westbridge Agricultural 

Products, CA) was applied over the bean plants in spring 2008 through a CO2 sprayer 

at a nozzle rate of 190 ml/15 seconds and 50 gallons/ha water. This was applied to 

correct potassium levels in response to a tissue sample analysis in bush bean plants. 

Sodium nitrate (Probooster, 10-0-0 N-P2O5 -K2O, North Country Organics, Bradford, VT) 

was also applied in sweet corn plots at 868 kg/ha on 7 May 2008 in response to 

nitrogen deficiency symptoms. Sweet corn was harvested on 29 May and 4 June and 

bush bean on 13 May 2008.  
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Both experiments were rotated in the second year using methods described for 

the previous seasons. The field was mowed on 6 July 2007 followed by elemental sulfur 

(Tiger 90 with 90% sulfur, Tiger-Sul Products, Atmore, AL) application at 250 kg/ha 

using drop spreader to lower soil pH. To avoid having the same cover crop in the same 

plot in both years, the pearl millet cover crop was rotated with sorghum sudangrass 

while sunn hemp was rotated with velvetbean and vice versa. Similarly, sorghum 

sudangrass-velvetbean was rotated with pearl millet-sunn hemp mixtures and vice 

versa. The cover crops were planted on 31 July 2007; sorghum-sudangrass and pearl 

millet were direct seeded with a John Deere 450 planter while sunn hemp was planted 

with a Sukup 2100 planter at an 18-cm row distance. Prior to planting cover crops, 

sulpomag (0-0-21 N-P2O5-K2O, Diamond R Fertilizer, Winter Garden, FL) was applied at 

257 kg/ha by hand. The same application was repeated after mowing the cover crops.  

Data collection and analysis 

Soil temperatures were monitored throughout each year at a depth of 20 cm 

using a Watchdog datalogger, Model 100 8k (Spectrum Technologies, Inc. East 

Plainfield, IL) at 30-minute time intervals. Soil was sampled from each plot after each 

cover crop and vegetable to estimate population densities of plant-parasitic nematodes. 

Six soil cores (2.54-cm diameter, 20-cm depth) were collected randomly from each plot 

near the plant roots and composited to form a single sample. Nematodes were 

extracted from a subsample of 100 cm3 soil by a sieving and centrifugal flotation method 

(Jenkins, 1964). Nematode counts were log-transformed (log10[x+1]) to normalize the 

data and to accommodate zero counts. Analysis of variance was performed on 

transformed values using the GLM procedure of the Statistical Analysis System (SAS, 
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2008). Means were separated by the least significant difference (LSD) test at 5% level 

of significance. The data are reported as untransformed means.  

Non-zero observations of initial (Pi) and final (Pf) populations of root-knot 

nematode were used to calculate multiplication rate (Pf/Pi) for different cropping 

systems in 2007-08. Initial nematode population for the first vegetable crop is equal to 

the final nematode population from the summer cover crop, since the vegetables are 

planted right after the summer cover crops.  

Results 

Soil temperatures under cover crops ranged from <23 ºC in September 2006 to 

>37 ºC in August 2007 (Table 2-3). Temperatures under vegetable crops ranged from a 

low of 9.1 ºC in winter to a high of 38.7 ºC in bell pepper in June (Table 2-4). Plant-

parasitic nematodes recovered in these cropping systems included root-knot, ring, 

lesion, spiral, and stubby-root nematodes. 

Root-Knot Nematodes 

Root-knot nematode populations remained low (< 10 per 100 cm3) and did not 

differ significantly among cropping systems by the end of the summer cover crops and 

fall season during 2006-07 in both experiments (Table 2-5). Their populations were 

highest in sorghum-sudangrass and lowest in sunn hemp, velvetbean, and sorghum 

sudangrass-velvetbean systems by the end of the spring pepper season on 22 June 

2007 in the squash-pepper experiment. In the same season, root-knot nematode 

numbers were significantly higher in sunn hemp than pearl millet-sunn hemp systems in 

the broccoli-sweet corn experiment. However, no cropping systems were significantly 

different from weedy fallow in either experiment. After mowing of cover crops on 3 

October 2007, root-knot nematode populations remained low and did not differ 
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significantly among systems in the squash-pepper experiment while the sorghum 

sudangrass-velvetbean system had a significantly higher population than systems 

containing pearl millet or sunn hemp in the broccoli-sweet corn experiment. By the end 

of the fall squash season on 18 December 2007, root-knot populations were highest in 

pearl millet and pearl millet-sunn hemp systems and lowest in weedy fallow and sunn 

hemp systems. Sunn hemp alone had lower numbers of root-knot nematodes but failed 

to reduce root-knot nematode populations if planted in a mixture with pearl millet as a 

summer cover crop. In the same experiment at the end of the bell pepper crop, sole 

plantings of sorghum sudangrass and velvetbean had significantly higher root-knot 

populations than systems with these two crops planted together. However, in all three of 

these systems, numbers were not significantly different than those in the weedy fallow 

system. In the broccoli-sweet corn experiment, the root-knot population reached its 

highest level by the end of the spring sweet corn crop in the sorghum sudangrass 

system and lowest in the sunn hemp and pearl millet-sunn hemp systems. 

Population multiplication rates of root-knot nematodes are shown in Table 2-6, 

which includes final nematode populations from one and two crop sequences in the 

second year of both experiments. The lowest multiplication rate was obtained following 

a single crop of broccoli. 

Ring Nematodes 

Ring nematode populations were significantly higher in sorghum sudangrass–

velvetbean and sorghum sudangrass systems than other cropping systems by the end 

of summer cover crop on 29 September 2006 in both the experiments (Table 2-7). 

Although ring nematode population was lowest in pearl millet and pearl millet-sunn 

hemp systems at that time, it was not significantly different from the population in weedy 
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fallow. Similar high levels in systems that had contained sorghum-sudangrass persisted 

to the end of fall squash and broccoli seasons on 18 January 2007 in both experiments. 

Differences became less distinct by the end of the spring vegetable crop in June 2007, 

although population levels remained highest in the sorghum-sudangrass system in both 

experiments. It is interesting that in the broccoli-sweet corn experiment at this time, 

numbers in the pearl millet-sunn hemp system were lower (P < 0.05) than in weedy 

fallow. 

In the second year in both experiments, the sorghum-sudangrass system 

contained significantly higher numbers of ring nematodes than most other cropping 

systems including weedy fallow by the end of the summer cover crop season on 3 

October 2007. Numbers in the sorghum sudangrass-velvetbean system were 

statistically similar to those in the system with sorghum-sudangrass alone. Differences 

among treatments disappeared after the fall vegetable season of the second year in 

both experiments, and population levels following broccoli were especially low (< 5 ring 

nematode per 100 cm3). A few inconsistent differences among treatments occurred 

following the spring crops of pepper and sweet corn; however, the ring nematode 

population level in the weedy fallow was not significantly different from other cropping 

systems at that time. 

Lesion Nematodes 

The sorghum sudangrass system contained the highest lesion nematode 

populations on all sampling dates except 22 June 2007 in squash-bell pepper and 3 

October 2007 in broccoli-sweet corn experiments (Table 2-8). The sorghum 

sudangrass-velvetbean system also had high lesion nematodes by the end of cover 

crop season in both years in both experiments. Lesion nematode population levels were 
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lowest in pearl millet and pearl millet-sunn hemp systems; however, they were not 

significantly different from weedy fallow in both experiments. By the end of the spring 

bell pepper crop, lesion populations were very low (< 1 nematode/100cm3) in all the 

cropping systems in both years. Similar results were observed by the end of the fall 

broccoli and spring sweet corn seasons in 2008 in the broccoli-sweet corn experiment.  

Spiral Nematodes 

Spiral nematode population levels were low (< 5 per 100 cm3) and rarely affected 

by the treatments (Table 2-9). They did not build up in any of the cropping systems as 

the experiments progressed. 

Stubby Root Nematodes 

Stubby-root population levels were low (< 4 per 100 cm3) and showed few 

differences among cropping systems in the squash-bell pepper experiment (Table 2-

10). Similarly, in the broccoli-sweet corn experiment, stubby-root nematode levels were 

very low (< 2 /100cm3) and not significantly different among cropping systems during 

the first year of the experiment. Numbers were significantly different among cropping 

systems during the second year of the experiment; however, numbers remained very 

low. By the end of summer cover crop on 3 October 2007, the sorghum sudangrass-

velvetbean system had significantly higher stubby-root nematode population levels than 

several other cropping systems including weedy fallow. 

Discussion 

There was no detectable population level of root-knot nematodes prior to the 

beginning of the experiment. This may be because of bahiagrass production before 

beginning of the experiment. Bahiagrass was effective in managing Meloidogyne 

arenaria in peanut and soybean (Rodríguez-Kábana et al., 1994). The root-knot 
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nematode population was either absent or so small that it was statistically not possible 

to detect differences among cropping systems in both experiments by the end of the 

cover crop and fall vegetable seasons during first year. One reason for the low 

population densities in soil samples collected on 18 January 2007 in both experiments 

may be due to the fact that nematode growth and development are directly affected by 

temperature (Noe, 1988). Root-knot nematodes typically have larger numbers of egg 

bearing forms at 30 to 35 oC (Carter, 1982). Meloidogyne hapla and M. incognita 

females reached maturity at a temperature range of 25 to 30 oC (Irrizarry et al., 1971). 

The low soil temperatures recorded during the winter months in the current experiments 

are well below optimum temperatures for nematode reproduction (Tables 2-3 and 2-4).  

Although somewhat inconsistent, there was some evidence that the presence of 

sorghum-sudangrass in the cropping system resulted in higher numbers of root-knot 

nematodes in some instances. The same occurred with pearl millet, especially in the 

squash-pepper experiment in the second season. This is unusual because sorghum-

sudangrass and pearl millet are considered useful cover crops for suppressing root-knot 

nematodes (Ball-Coelho et al., 2003; Belair et al., 2006; McSorley et al., 1994b), 

although the cultivars used in those studies were different from the cultivars used in 

these experiments. Although cropping system treatments affected root-knot nematode 

numbers, rarely did the numbers obtained differ from those in the weedy fallow system. 

The only systems that showed long-term suppression (through both vegetable crops) of 

root-knot nematodes below levels in weedy fallow were systems that contained sunn 

hemp, in the broccoli-sweet corn experiment. These results suggest that sunn hemp 

planted alone as a summer cover crop or even in mixture with pearl millet had the ability 
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to suppress populations of root-knot nematodes in the organic broccoli-sweet corn 

cropping system. Wang et al., (2004) and McSorley et al. (1994a) also suggested that 

sunn hemp maintains low population densities of Meloidogyne spp. Sunn hemp as a 

cover crop can reduce plant-parasitic nematode populations as a poor host (Rodríguez-

Kábana et al., 1994), producing allelochemicals that could be toxic or inhibitory 

(Halbrendt, 1996), providing a niche to antagonists that repel or inhibit nematodes 

(Kloepper et al., 1991), and encouraging major groups of nematode-antagonistic fungi 

(Wang et al., 2002).  

The relationship between nematode population growth and initial population 

density provides a good description of resistance or susceptibility of a suitable host 

(McSorley, 1998). The multiplication rate of root-knot nematode was lowest in the single 

sequence of broccoli. This implies that broccoli, although a host of the nematode since 

Pf/Pi = 2.0, may maintain root-knot nematode populations at lower levels than the other 

winter and spring vegetable crops. A single sequence of spring bell pepper also 

increased root-knot nematode multiplication at a relatively low rate, but this followed the 

high population levels that built up on squash. Among the double vegetable crop 

systems, squash-pepper increased root-knot levels nearly four times as much as the 

broccoli-sweet corn system, which reflected the advantage of including broccoli in the 

system.  

The sorghum-sudangrass system resulted in significantly higher ring nematode 

populations as compared to the weedy fallow during first year in both the experiments. 

Ring nematode numbers were also higher in sorghum sudangrass-velvetbean systems 

by the end of the cover crop and subsequent fall vegetables during the first year; 
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however, the nematode population was not significantly higher than that in the weedy 

fallow system during later stages of cropping systems. No cropping systems resulted in 

significantly fewer ring nematodes than the weedy fallow except the pearl millet-sunn 

hemp system by the end of spring sweet corn in 2007. These results suggest that 

sorghum-sudangrass has the ability to increase the ring nematode population while 

other cropping systems failed to suppress it. Pearl millet alone and pearl millet-sunn 

hemp systems were not effective in decreasing the ring nematode populations but 

maintained existing low densities. Crow et al. (2001) observed increased population 

densities of ring and lesion nematodes when sorghum-sudangrass was planted as a 

summer cover crop in a potato cropping system. 

Sorghum-sudangrass and sorghum sudangrass-velvetbean systems increased 

the lesion population by the end of summer cover crop in the first year in both 

experiments. The increased levels of lesion nematodes persisted through the fall 

vegetable crops in the first year. These results suggest that sorghum-sudangrass has 

the potential to increase lesion populations if planted during a summer fallow period, 

and are consistent with findings by McSorley et al. (1994 b) that sorghum-sudangrass 

increases the population density of lesion nematodes. Although several cropping 

systems, particularly those with pearl millet, resulted in lower lesion nematode levels 

than sorghum-sudangrass, none were significantly lower than the weedy fallow system 

at later stages in both experiments. These results suggest that pearl millet alone and in 

mixture with sunn hemp in the cropping system were not effective in decreasing lesion 

populations compared to weedy fallow, but instead maintained existing low densities. 

Amankwa et al. (2006) indicated that pearl millet as a rotation crop with tobacco 
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suppressed lesion nematode population with equivalent gross returns. Dauphinais et al. 

(2005) reported that pearl millet had a suppressive effect on lesion nematode when 

rotated with potato. It is interesting that in the current study, lesion nematode 

populations declined to very low levels (≤ 1 per 100 cm3) in several of the vegetable 

crops, including pepper in both years.  

Spiral nematode population levels were too small to observe consistent cropping 

systems effects. Stubby-root nematode populations were likewise quite small, but 

occasionally showed increases when sorghum-sudangrass was included in the cropping 

system. 

Conclusion 

In some instances, increased numbers of root-knot nematodes were observed in 

cropping systems that contained sorghum-sudangrass or pearl millet as summer cover 

crops. A summer cover crop of sunn hemp appeared to be suppressive to root-knot 

nematodes in the broccoli-sweet corn experiment. Sorghum-sudangrass also resulted in 

consistent increases in numbers of ring nematodes and lesion nematodes, and 

occasional increases in stubby-root nematodes. Cover crops that increased nematode 

numbers when planted alone tended to do the same thing when planted in a mixture 

with another cover crop. Rarely did any of the cropping systems result in suppression of 

plant-parasitic nematodes; instead they maintained low numbers of nematodes similar 

to weedy fallow.  
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Table 2-1. Cropping systems used as treatments z  
Summer Fall Spring 
Experiment I (Squash-bell pepper ) 
Weedy fallow Squash Bell pepper 
Pearl millet Squash Bell pepper 
Sorghum sudangrass Squash Bell pepper 
Sunn hemp Squash Bell pepper 
Velvetbean Squash Bell pepper 
Pearl millet-sunn hemp Squash + Rye-hairy vetch Bell pepper + bush beans 
Sorghum sudangrass-velvetbean Squash + Rye-hairy vetch Bell pepper + bush beans 
Experiment II (Broccoli-sweet corn) 
Weedy Fallow Broccoli Sweet corn 
Pearl millet Broccoli Sweet corn 
Sorghum sudangrass Broccoli Sweet corn 
Sunn hemp Broccoli Sweet corn 
Velvetbean Broccoli Sweet corn 
Pearl millet-sunn hemp Broccoli + crimson clover Sweet corn + bush beans 
Sorghum sudangrass-velvetbean Broccoli + crimson clover Sweet corn + bush beans 
z  For convenience, cropping systems referred in text using summer cover crop name 
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Table 2-2. Cover crop treatments and seed sources used. 

Cover crops Botanical name Cultivar Source Seed-rate  

(kg/ha) 

Pearl millet  Pennisetum glaucum Tifleaf 3 Production Plus, Plainview, TX 4.5 

Sorghum  sudangrass  Sorghum bicolor x S. bicolor 
var sudanense 

Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp  Crotalaria juncea Unknown Kaufman Seeds, Haven, KS 7.2 

Velvetbean  Mucuna pruriens var 
pruriens 

Georgia Bush Georgia Seed Development 
Commission, Athens, GA 

18.0 

Pearl millet – sunn hemp  - - - 3.0 PM + 3.6 SH 

Sorghum sudangrass – 
velvetbean  

- - - 4.8 SS + 12.0 VB 
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Table 2-3. Maximum and minimum soil temperatures (20 cm depth) during cover crop 
growing seasons in 2006 and 2007 at Citra, FL 

September 2006 August 2007 September 2007  
Cover crops Maximum 

(º C) 
Minimum 
(º C) 

 Maximum 
(º C) 

Minimum 
(º C) 

 Maximum 
(º C) 

Minimum 
(º C) 

Weedy fallow 33.1 22.6  38.7 26.7  36.2 24.2 

Pearl millet 27.3 22.7  37.6 26.7  31.1 24.2 

Sorghum 
sudangrass 

29.2 22.7  37.6 27.1  31.1 24.1 

Sunn hemp 28.7 22.7  37.2 26.7  33.2 24.2 

Velvetbean 33.7 22.7  38.6 25.7  34.7 23.7 

Pearl millet-
sunn hemp 

27.7 22.2  37.1 27.2  30.7 23.7 

Sorghum 
sudangrass-
velvetbean 

28.7 21.7  37.1 27.2  32.7 24.2 
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Table 2-4. Maximum and minimum soil temperatures (20 cm depth) during growing season of both fall vegetables of both 
years at Citra, FL 

2006-07 2007-08 
Experiment I    Experiment II Experiment I       Experiment II 

 
Month 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum 
(º C) 

 Maximum 
(º C) 

Minimum 
(º C) 

 Maximum 
(º C) 

Minimum  
(º C) 

 Squash   Broccoli   Squash   Broccoli  

October - -  - -  29.2 20.7  29.7 20.2 

November 23.7 10.6  24.2 10.6  24.7 15.7  24.7 13.2 

December 23.2 10.1  23.2   9.1  22.7 11.6  23.2 10.6 

January 24.2 10.6  23.7 11.7  20.2 10.1  19.7   9.1 

 Bell Pepper  Sweet corn Bell Pepper Sweet corn 

March 28.7 20.7  27.7 19.7  25.2 16.2  25.2 15.7 

April 33.2 14.2  29.7 13.7  29.7 17.2  30.2 17.2 

May  34.7 23.2  30.2 13.7  33.7 20.7  32.2 22.7 

June 38.7 22.7  35.2 13.7  34.7 25.7  32.7 26.2 
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Table 2-5. Root-knot nematode population density in both experiments and years at Citra, FL z 
Nematodes /100 cm 3 soil 

Experiment I (Squash-bell pepper) Experiment II (Broccoli-sweet corn) 
Cover 
crop 

Squash Bell 
Pepper

Cover 
crop 

Squash Pepper Cover 
crop 

Broccoli Sweet 
corn 

Cover 
crop 

Broccoli Sweet 
corn 

 
 
Treatments 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

18 Dec 
2007 

04 Jun 
2008 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

09 Jan 
2008 

04 Jun 
2008 

Weedy Fallow 0 a 1 a   7 ab 4   a   19   b   46   ab  0 a 0 a   1 ab   9   ab 9   ab 65   ab 

Pearl millet 0 a 2 a 14 ab 0   a 160   a   57   ab  1 a 0 a   7 ab 13   ab 1   b 83   ab 

Sorghum-
sudangrass 

6 a 3 a 53 a 5   a   53   ab 142   a  9 a 0 a   5 ab   4   ab 3   ab 88   a 

Sunn hemp 0 a 0 a   0 b 1   a   21   b   37   b  3 a 0 a 13 a   0   b 0   b   4   d 

Velvetbean 0 a 0 a   0 b 8   a   26   ab 110   a  2 a 0 a   3 ab   2   ab 7   ab 63   ab 

Pearl millet-
Sunn hemp 

2 a 3 a   2 ab 1   a   91   a   85   ab  1 a 0 a   0 b   1   b 1   b 10  cd 

Sorghum-
sudangrass 

-Velvetbean 

3 a 0 a   0 b  2   a   88   ab   12   b  8 a 0 a   3 ab 37   a 13  a 23   bc 

z Data are means of four replications. Data are final population levels on each crop shown, collected on the date indicated. On each 
sampling date, means in columns followed by the same letters were not different according to least significant difference (LSD) at P ≤ 
0.05 based on the log10 transformed value. Untransformed means are presented in columns. 
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Table 2-6. Ratio of final (Pf) to initial (Pf) root-knot nematode population levels  in 
soil at different cropping seasons in 2007-08. 

Initial population  
(Pi) 

Final Population 
(Pf) 

Number of 
observations y 

Pf/Pi z 

Experiment I (Squash-bell pepper for the year 2007-08) 
Squash Squash 11 46.1 
Squash Bell pepper 11 43.0 
Bell pepper Bell pepper 20   4.2 
Experiment II (Broccoli-sweet corn for the year 2007-08) 
Broccoli Broccoli 14   2.0 
Broccoli Sweet corn 14 13.0 
Sweet corn Sweet corn 14 11.2 
y Maximum non-zero observations present in both initial (Pi) and final (Pf) population.  
z Average multiplication rate of Pf/Pi  values based on the number of observations. 
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Table 2-7. Ring nematode population density in both experiments and years in Citra, FL z 
Nematodes /100 cm 3 soil 

Experiment I (Squash-bell pepper) Experiment II (Broccoli-sweet corn) 
Cover 
crop 

Squash Bell 
Pepper

Cover 
crop 

Squash Pepper Cover 
crop 

Broccoli Sweet 
corn 

Cover 
crop 

Broccoli Sweet 
corn 

 
 
Treatments 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

18 Dec 
2007 

04 Jun 
2008 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

09 Jan 
2008 

04 Jun 
2008 

Weedy 
Fallow 

  15 bc   2 c   3 bc   27 cd 25 a 3 ab    15 b   3 bc   4 bc   14 bc 2 a   7 ab 

Pearl millet     9 c   1 c   1 c   16 d 16 a 3 ab    13 b   1 c   3 cd   38 ab 2 a 13 a 

Sorghum-
sudangrass 

280 a 50 a 16 a 228 a 19 a 1 b  267 a 37 a 12 a 106 a 4 a 11 a 

Sunn hemp   38 b 15 b   5 ab   31 cd 22 a 7 a    28 b   2 bc   2 cd     5 c 2 a   3 ab 

Velvetbean   14 bc   2 c   4 ab   47 bc 22 a 4 ab    20 b   5 b   9 ab   17 bc 1 a   6 ab 

Pearl millet-
Sunn hemp 

  12 c   1 c   1 c   30 cd 11 a 2 b    11 b   1 c   0 d   22 bc 1 a   1 ab 

Sorghum-
sudangrass 

-Velvetbean 

176 a 29 a   4 ab 144 ab 17 a 1 b  190 a 46 a   5 bc   40 ab 1 a   0 b 

z Data are means of four replications. Data are final population levels on each crop shown, collected on the date indicated. On each 
sampling date, means in columns followed by the same letters were not different according to least significant difference (LSD) at P ≤ 
0.05 based on the log10 transformed value. Untransformed means are presented in columns. 
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Table 2-8. Lesion nematode population density in both experiments and years in Citra, FL z 

Nematodes /100 cm 3 soil 
Experiment I (Squash-bell pepper) Experiment II (Broccoli-sweet corn) 
Cover 
crop 

Squash Bell 
Pepper

Cover 
crop 

Squash Pepper Cover 
crop 

Broccoli Sweet 
corn 

Cover 
crop 

Broccoli Sweet 
corn 

 
 
Treatments 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

18 Dec 
2007 

04 Jun 
2008 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

09 Jan 
2008 

04 Jun 
2008 

Weedy Fallow   5 b 1 b 0 b   3 b   3 bc 0 a    5 c   1 d   3 bc   0 b 0 a 0 b 

Pearl millet   1 c  0 b 0 b    2 b   3 bc 0 a    2 c   0 d   2 bc   1 b 1 a 0 b 

Sorghum-
sudangrass 

37 a 8 a 0 b 25 a   6 ab 0 a  73 a 10 a 11 a   1 b 0 a 1 a 

Sunn hemp 10 b 3 ab 0 b   8 ab   1 c 0 a  18 b   1 d   1 bc   1 b 0 a 0 b 

Velvetbean   3 b 4 ab 0 b   4 b   2 c 0 a  13 b   3 c   5 ab   1 b 0 a 0 b 

Pearl millet-
Sunn hemp 

  6 b 1 b 0 b   5 b   1 c 0 a    3 c   0 d   0 c   1 b 0 a 0 b 

Sorghum-
sudangrass 

-Velvetbean 

47 a 6 ab 1 a 13 ab 20 a 0 a  48 a   5 b   1 c 11 a 1 a 0 b 

z Data are means of four replications. Data are final population levels on each crop shown, collected on the date indicated. On each 
sampling date, means in columns followed by the same letters were not different according to least significant difference (LSD) at P ≤ 
0.05 based on the log10 transformed value. Untransformed means are presented in columns. 
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Table 2-9. Spiral nematode population density in both experiments and years in Citra, FL z 

Nematodes per100 cm 3 soil 
Experiment I (Squash-bell pepper)  Experiment II (Broccoli-sweet corn) 
Cover 
crop 

Squash Bell 
Pepper

Cover 
crop 

Squash Pepper  Cover 
crop 

Broccoli Sweet 
corn 

Cover 
crop 

Broccoli Sweet 
corn 

 
 
Treatments 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

18 Dec 
2007 

04 Jun 
2008 

 29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

09 Jan 
2008 

04 Jun 
2008 

Weedy Fallow 1 b 1 a 0 a 1 a 0 a 0 a  0 a 0 a 0 a 0 a 0 a 0 a 

Pearl millet 1 b 0 a 0 a 0 a 0 a 0 a  0 a 0 a 0 a 0 a 0 a 0 a 

Sorghum-
sudangrass 

1 b 0 a 0 a 1 a 0 a 0 a  0 a 0 a 0 a 0 a 0 a 0 a 

Sunn hemp 0 b 0 a 0 a 2 a 1 a 0 a  2 a 1 a 1 a 0 a 0 a 0 a 

Velvetbean 0 b 0 a 0 a 2 a 1 a 0 a  1 a 1 a 0 a 0 a 0 a 0 a 

Pearl millet-
Sunn hemp 

0 b 1 a 1 a 1 a 0 a 1 a  0 a 0 a 0 a 0 a 0 a 0 a 

Sorghum-
sudangrass 

-Velvetbean 

4 a 1 a 0 a 0 a 0 a 0 a  1 a 1 a 0 a 0 a 1 a 0 a 

z Data are means of four replications. Data are final population levels on each crop shown, collected on the date indicated. On each 
sampling date, means in columns followed by the same letters were not different according to least significant difference (LSD) at P ≤ 
0.05 based on the log10 transformed value. Untransformed means are presented in columns. 
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Table 2-10. Stubby-root nematode population density in both experiments and years in Citra, FLz 
Nematodes per100 cm 3 soil 

Experiment I (Squash-bell pepper)  Experiment II (Broccoli-sweet corn) 
Cover 
crop 

Squash Bell 
Pepper

Cover 
crop 

Squash Pepper  Cover 
crop 

Broccoli Sweet 
corn 

Cover 
crop 

Broccoli Sweet 
corn 

 
 
Treatments 

29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

18 Dec 
2007 

04 Jun 
2008 

 29 Sep 
2006 

18 Jan 
2007 

22 Jun 
2007 

03 Oct 
2007 

09 Jan 
2008 

04 Jun 
2008 

Weedy Fallow 0   b 0   a 1   a 0   a 0   a 1   ab  0   a 0   a 1   a 0   b   5   ab 11   a 

Pearl millet 0   b 0   a 0   a 1   a 1   a 0   b  0   a 0   a 1   a 2   ab   1   ab 10   a 

Sorghum-
sudangrass 

2   a 0   a 0   a 2   a 1   a 1   ab  1   a 0   a 2   a 0   b   1   ab   2   a 

Sunn hemp 0   b 0   a 0   a 0   a 0   a 0   b  0   a 0   a 1   a 0   b   0   b   1   a 

Velvetbean 0   b 0   a 0   a 2   a 1   a 1   ab  1   a 0   a 0   a 1   b   0   b   7   a 

Pearl millet-
Sunn hemp 

1   b 0   a 3   a 1   a 1   a 2   a  0   a 0   a 0   a 2   ab   1   ab   1   a 

Sorghum-
sudangrass 

-Velvetbean 

0   b 0   a 0   a 2   a 1   a 1   ab  0   a 0   a 0   a 8   a 11    a   4   a 

z Data are means of four replications. Data are final population levels on each crop shown, collected on the date indicated. On each 
sampling date, means in columns followed by the same letters were not different according to least significant difference (LSD) at P ≤ 
0.05 based on the log10 transformed value. Untransformed means are presented in column 
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CHAPTER 3 
EFFECT OF COVER CROPS AND INTERCROPPING ON THE POPULATION 

DENSITIES OF WHITEFLIES, APHIDS AND THRIPS IN ORGANICALLY GROWN 
SWEET CORN AND BELL PEPPER 

Introduction 

Florida produced $157 million of sweet corn and $267 million of bell peppers in 

2008 with harvested acreages of 29,500 and 17,500 acres respectively (Florida 

Agriculture Statistical Directory, 2008). There are many insect-pests that affect the 

productivity and quality of these crops including key pests such as aphids (Aphis spp.), 

whiteflies (Bemisia spp.) and thrips (Frankliniella spp.).  

Aphids have been considered a major hindrance for sweet corn production 

during the last several years because they feed on emerging tassels causing poor 

pollen shed and fertilization (Nuessly and Webb, 2007). Both immature and mature 

aphids deposit honeydew on the leaves and husks of sweet corn on which black sooty 

mold fungi (Capnodium spp.) grow causing husk discoloration, and reduced ear grade, 

plant vigor and yield (Byrne and Miller, 1990; Frank and Liburd, 2005). Aphids multiply 

rapidly with adults producing 3 to 5 nymphs per day and each nymph developing into an 

adult in 7 to 10 days (Nuessly and Webb, 2007). They transmit cucumber mosaic virus 

that reduces yield in bell pepper in Southern Illinois (Kagezi et al., 1999).  

Whiteflies (Bemisia argentifolii Bellows and Perring) act as a vector of numerous 

geminiviruses that cause plant disorders and mechanical damage (Nyoike et al., 2008; 

Smith and McSorley, 2000) resulting in economical losses to horticultural crops 

throughout warm regions of the world (Brown et al., 1995; Smith and McSorley, 2000). 

Whiteflies are also a major pest of agronomic and horticultural crops in north-western 

US (Perring et al., 1993; Palumbo et al. 2000) and Florida (Nyoike et al., 2008). They 
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are multivoltine with 2 to 6 generations per year with a 2 week short life-cycle under 

favorable climatic conditions (Byrne and Bellows, 1991). The adult whitefly female 

produces 252 eggs at 28.5 ºC (Byrne and Bellows, 1991; Webb, 2006). Both aphids and 

whiteflies have sucking mouth parts, secrete honeydew, and serve as vectors of plant 

viral diseases, which eventually reduce vigor and market quality of affected vegetables 

(Barlow et al., 1977, Buntin et al. 1993, Scott 2008).  

Western flower thrips – Frankliniella occidentalis (Pergande) – damaged bell 

peppers either by feeding or by ovipositing on the fruit (Tommasini and Maini, 1995). 

Their high population not only affect pepper yields but also spread tomato spotted wilt 

virus causing annual economic loss of $100 million in southern US (Pappu, 1997; 

Beaudoin et al., 2009).  

Many species of aphids and whiteflies have acquired resistance to insecticides 

like neonicotinoids and western flower thrips have developed resistance to spinosad 

and pyrethroid insecticides (Frantz and Mellinger, 2009). These insecticides also 

adversely affect natural enemies and threaten environment. Beside this, the reduced-

risk insecticide indoxacarb for controlling European corn borer (Ostrinia nubilalis 

Hubner) (Lepidoptera: Crambidae) in bell pepper also increases the population of green 

peach aphids (Chapman et al., 2009).  

Researchers are interested in non-insecticidal tactics for managing whiteflies 

such as host-plant resistance and beneficial organisms (Simmons et al., 2002). Cultural 

control comprises crop rotation, intercropping, planting trap crops, use of living and 

synthetic mulches for managing aphid and whitefly populations, which reduce the 

incidence and spread of insect-borne diseases (Frank and Liburd, 2005). Arachis pintoi 
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Krap & Greg planted as living mulch with bell pepper reduced Bemisia tabaci 

(Gennadius) population and improved bell pepper yield significantly compared to plots 

without living mulch (Rafie et al., 1999).  

The use of synthetic insecticides is not permitted in organic crop production. 

Therefore, there is a need to develop strategies to manage pests in a sustainable 

manner in organic farming by using cultural control techniques like planting cover crops 

and intercropping with species that act as a non-host to pests and thus thus suppress 

their populations (Manandhar et al., 2009). Earlier studies suggest that mixed cropping 

systems (Gold et al., 1989) or vegetables interplanted with living mulches (Frank and 

Liburd, 2005) suppress whitefly populations.  

Diversifying cropping systems by intercropping with living mulches or rotating 

cash crops with cover crops may be an option to manage pest insect populations in 

north Florida. Cover crops can be useful for insect suppression by not harboring or 

diverting pests, reducing pest colonization through visual or olfactory confusion, altering 

host-plant nutrition, or changing the micro-climate and by improving natural enemy 

abundance (Bugg and Waddington 1994). Aphid predators like hoverflies 

(Diptera:Syrphidae) can be attracted to cabbage (Brassica oleracea L.) fields by 

planting phacelia (Phacelia tanacetifolia Benth.) in strips along field borders (White et al. 

1995).  

An experiment was established in summer 2006 with an overall objective of 

comparing the effects of cropping system complexity on pest and beneficial organism 

populations. The specific objective of the study was to evaluate the effects of cropping 

systems on aphid, thrips and whitefly populations in organically grown sweet corn and 
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bell pepper. It was hypothesized that pest populations would respond differently in 

systems with summer cover crops than a simple system with no cover crops.  

Materials and Methods 

A field experiment was established in summer 2006 at the Plant Science 

Research and Education Unit, Citra, Marion County, Florida. Air temperature and 

relative humidity were monitored throughout each year at 30 cm above soil surface 

using a Watchdog datalogger, Model 100 8k (Spectrum Technologies, Inc. East 

Plainfield, IL) at 30-minute time intervals. The previous crop before the experiment was 

a cover crop of ‘White Acre’ southern pea (Vigna unguiculata Walp.) planted in May 

2006. After mowing and incorporating the southern pea crop in July 2006, finished 

mushroom compost (Quincy Farms, Quincy, Florida) was applied at the rate of 2500 

kg/ha using a drop spreader (Newton Crouch Inc., Griffin, GA) to improve the organic 

matter content of the soil. This was followed by planting summer cover crops on 27 July 

2006. The experimental design was a randomized complete block with four replications. 

The plot size was 12 m x 12 m while distance between the plots was 12 m to reduce the 

movement of insects from one plot to another. 

Two grass cover crops, pearl millet (PM), sorghum sudangrass (SS), and two 

legume cover crops sunn hemp (SH) and velvetbean (VB), and their mixtures pearl 

millet-sunn hemp (PMSH) and sorghum sudangrass - velvetbean (SSVB) were planted 

along with weedy fallow (WF). Each cover crop, their mixtures, and weedy fallow 

consists of significant cropping systems. The seed-rate applications were described in 

Table 3-1. Grass cover crops were planted with Sukup 2100 planter (Sukup 

Manufacturing Company, Shefield, IA) at 17 cm apart and 5 cm deep. Sunn hemp and 

velvetbean seeds were inoculated with Rhizobium sp. (Cowpea type, Nitragin Inc., 
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Brookfield, WI) before broadcasting on the field. This was followed by rolling the field to 

cover the seeds.  

Cover crops were flail mowed and incorporated into the soil on 2nd October 2006. 

Yellow squash (Cucurbita pepo L. cv. Cougar F1 untreated, Harris Seeds, Rochester, 

NY) was direct seeded on 19 October 2006 and broccoli (Brassica oleracea L. cv. 

Marathon F1 untreated, Harris Seeds) was transplanted on 31 October 2006. Before 

planting fall vegetables, lime (Aglime Sales Inc., Babson Park, FL)  was applied to the 

field at the rate of 2500 kg/ha. Living mulches were planted on 9 November 2006 in 

mixed cover crop plots in-between bed centers. A mixture of rye (Secale cereale L. cv. 

Wrens Abruzzi, Alachua County Feed and Seed Store, Gainesville, FL) and hairy vetch 

(Vicia villosa Roth, cv. unknown, Adams Briscoe Seed Company, Jackson, GA) were 

planted in mixed cover crop plots with squash at the rate of 48 and 22 kg/ha. Crimson 

clover (Trifolium incarnatum cv. Dixie, Adams Briscoe Seed Company, Jackson, GA) 

was planted at 28 kg/ha in mixed cover crop plots with broccoli. Both fall vegetable 

crops were harvested by 16 January 2007.  

Before sowing the spring crops in 2007, the field was flail-mowed on 5 March and 

disked to a depth of 20 cm. The details of management practices with planting dates 

were given in Table 3-2. Sweet corn was planted with an approximate population of 

74,444 plants/ha (76 cm between rows; 18 cm between plants) while bell pepper with 

24,074 plants/ha (72 cm between beds; 2 rows per bed; 45 cm between rows as well as 

plants). The plot area for sweet corn was 12 m x 12 m, and 12 m x 7.2 m for bell 

pepper. Bush bean was planted using a monosem planter (Monosem Inc., Edwardsville, 

KS) in sweet corn while a manual push planter was used in bell pepper. Organic 
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fertilizer (NatureSafe 10-2-8 of N2, P2O5, K2O, Griffin Industries, Cold Spring, KY) was 

applied (Table 3-2) as per nitrogen recommendations by IFAS (Olson and Simonne, 

2006). Both crops were irrigated by drip method.  

In the second year, pearl millet cover crop was rotated with sorghum sudangrass 

and vice versa. Similarly, sunn hemp cover crop was rotated with velvetbean and vice 

versa. Pearl millet-sunn hemp was rotated with sorghum sudangrass-velvetbean cover 

crops and vice versa in the second year. Squash was rotated with broccoli as fall 

vegetable in the second year while spring bell pepper was rotated with sweet corn in the 

second year. Methods used were similar to those described in the previous season. In 

addition, elemental sulfur (Tiger 90 with 90% sulfur, Tiger-Sul Products, Atmore, AL) 

was applied at the rate of 250 kg/ha using a check-drop spreader three weeks prior to 

planting the cover crops. Sulpomag (0-0-21 of N, P2O5, K2O, Diamond R Fertilizer, 

Winter Garden, FL) was also applied before planting and after mowing cover crops at 

257 kg/ha by hand and catch drop spreader.  

Monitoring of Aphids, Whiteflies and Thrips with Unbaited Yellow Sticky Traps  

Aphids, whiteflies (adults) and thrips were monitored using unbaited yellow sticky 

traps (Great Lakes IPM, Vestaburg, MI) in spring vegetables in 2007 and 2008. Pest 

insects from fall vegetable crops were reported in Scott (2008). This type of trap has 

been used for monitoring and managing whitefly adults (Ekbom and Xu, 1990; Hoelmer 

et al., 1998; Smith and McSorley, 2000; Scott, 2008). Additionally, these traps also had 

the ability to catch thrips (Hoelmer et al., 1998). Yellow sticky cards were placed in the 

center of each plot (to eliminate the border effect) with height relative to the plant height 

on 30 March, 30 April, and 30 May in spring 2007 and on 4 April, 5 May, and 30 May in 

spring 2008. After one week, traps were removed and wrapped in transparent plastic 
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film and placed in a Ziploc bag and stored in a refrigerator. Aphid, whitefly and thrips 

populations were assessed over the next few weeks from the stored traps.  

Every square in alternate rows of the traps were used for monitoring aphid and 

whitefly populations. There were 8 rows per trap with each row containing 8 squares of 

6.45-cm2 area. These squares were viewed at X40 magnification with a dissecting 

microscope to identify and assess populations of aphids and whiteflies. This method 

has been used previously to monitor aphid and whitefly populations (Scott, 2008). 

The relative abundance of thrips was assessed using a sub-sampling technique 

outlined by Finn (2003) due to their high populations. This technique eliminates counting 

errors with less time involved. A gridded transparent plastic sheet was placed on each 

trap. Of the 63 squares, 48 were colored or opaque while another 15 were transparent, 

so only 15 squares were actually counted per trap. Thrips were counted through 

transparent squares of the trap at a magnificantion of X 40 using a dissecting 

microscope.  

Statistical analysis 

Aphid, thrips, and whitefly counts were log transformed (log10[x+1]) before 

analysis to evaluate the effect of cropping system treatments and time of sampling 

using GLM in SAS software. Analysis of variance was performed on log- transformed 

counts using GLM and means were separated by least significant difference at 5% level 

of significance. Untransformed means are presented in tables along with standard 

errors. 

Results 

Monthly maximum and minimum air temperatures during planting season ranged 

from 38.6 ºC to 2.1 ºC in bell pepper and 42.6 ºC to 1.6 ºC in sweet corn in both years 
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(Table 3-3). Relative humidity ranged from 69 to 90% in bell pepper and 70 to 80% in 

sweet corn (Table 3-3). There was no significant interaction between cropping system 

treatments and sampling dates for aphids, thrips, and whitefly populations in both 2007 

and 2008. Therefore, the main effects of cropping system and sampling dates were 

presented by year.  

Sweet Corn 

Aphids. In 2007, aphid populations in sweet corn ranged from 20 to 42 per 

trap.The population with WF was not significantly different from cropping systems with 

summer cover crops. In 2008, aphid populations ranged from 11 to 28 per trap and 

again the populations with WF systems was significantly not different from cover crop 

systems (Table 3-4). 

Thrips. Thrips population in the WF system was observed to be 1342 per trap in 

spring 2007. Only the PMSH system resulted in a thrips population higher than the WF 

system. In 2008, the thrips population in the WF system was 930 per trap. Unlike 2007, 

the PMSH, PM, and SS systems had thrips populations that were significantly lower 

than the WF system. 

Whiteflies. In 2007, whitefly populations ranged from 6 to 24 per trap, with the 

population in WF system not significantly different from those of cover crop-planted 

cropping systems. In 2008, whitefly populations ranged from 3 to 7 per trap and again 

the population with the WF system was not significantly different from those with the 

cover crop systems. Among cover crop-planted systems in sweet corn, SSVB system 

had a significantly higher whitefly population than PM, and SH systems in 2007 and 

2008.   

Bell Pepper 
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Aphids. In 2007, aphid populations ranged from 20 to 38 per trap. Only the 

SSVB system resulted in a significantly lower aphid population than the WF system 

(Table 3-5). In 2008, the aphid population with the WF system was not significantly 

different from those with cropping systems planted with cover crops (Table 3-5).  

Thrips. Thrips populations observed ranged from 1415 to 2440 per trap in 2007. 

Only the PMSH system resulted in a thrips population higher than other cropping 

systems. In 2008, the thrips population in the WF system was not significantly different 

from cover crop-planted systems. 

Whiteflies. Whitefly populations in the WF system were not significantly different 

from other cropping systems in both 2007 and 2008.  

Discussion 

The results suggest that aphid populations were not controlled by systems 

planted with cover crops in 2007 and 2008 in sweet corn. However, in bell pepper, the 

SSVB system had significantly lower populations than the WF system in 2007. This 

suggests that aphid populations were determined more by the vegetable crops planted 

in the cropping system than by the cover crops used in these systems. Manipulating 

crop diversity by planting vegetables of different families may benefit natural enemies 

(Landis et al., 2005).  

In 2007, the PMSH system attracted more thrips than other cropping systems in 

both sweet corn and bell pepper. However, in 2008, the PMSH, PM, and SS systems 

contained lower thrips populations than the WF system in sweet corn. Chamberlin et al. 

(1992) reported occasional occurrence of thrips in a peanut field that was planted after a 

pearl millet crop.  
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In sweet corn, PM and SH cover crop systems reduced whitefly numbers more 

than other cover crop systems. In a previous study, pearl millet reduced whitefly 

populations in cowpea by acting as a barrier (Sharma and Varma, 1984). Scott (2008) 

observed that pearl millet can suppress whitefly populations by harboring higher 

numbers of predators and parasitoids. Manandhar et al. (2009) reported that sunn hemp 

intercropped with zucchini had significantly lower populations of all life stages of whitefly 

(egg, immature and adult) although no significant difference was reported in marketable 

yield with other crops. They also mentioned that sunn hemp provided nutrients and 

served as a windbreak for zucchini plants, which improved zucchini growth to sustain 

higher whitefly counts. 

Conclusion  

Although, we saw some effect of systems on aphids, thrips, and whiteflies, 

population level of thrips still remained quite high suggesting that previous cover crop 

has limited use in managing thrips populations. In sweet corn and bell pepper, no 

significant differences were observed between cover crop systems and weedy fallow for 

managing aphid and whitefly populations.  
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Table 3-1. Cover crop treatments planted in this experiment at Citra, Florida 
Treatments Botanical name Cultivar Source Seed-rate  

(kg/ha) 
Weedy Fallow (WF) - - - - 
Pearl millet (PM) Pennisetum glaucum Tifleaf 3 Production Plus, Plainview, TX 4.5 
Sorghum  sudangrass (SS) Sorghum bicolor x S. bicolor 

var sudanense 
Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp (SH) Crotalaria juncea Unknown Kaufman Seeds, Haven, KS 7.2 
Velvetbean (VB) Mucuna pruriens var 

pruriens 
Georgia Bush Georgia Seed Development 

Commission, Athens, GA 
18.0 

Pearl millet – sunn hemp 
(PMSH) 

- - - 3.0 PM + 3.6 SH 

Sorghum sudangrass – 
velvetbean (SSVB) 

- - - 4.8 SS + 12.0 VB 
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Table 3-2. Management practices with their dates in spring crops in 2007 and 2008 
Crop management practices 2006-07 2007-08 
 
GREEN BELL PEPPERa 
NatureSafee (10-2-8 N-P2O5-K2O) fertilizer broadcasted at the rate of 1116 kg/ha 7 March 2007 4 March 2008 
Forty-five-day-old bell pepper seedlings transplanted in double rows per bed with 
45 cm plant distance within a row. 

15 March 2007 13 March 2008 

Green bush bean direct seeded between bell pepper bed centers as intercropped 
in mixed cover crop plots 

16 March 2007 14 March 2008 

Band applied NatureSafe (10-2-8 N-P2O5-K2O) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Hand weeding 2 April,18 April, and 30 

May 2007 
14 April and 14 May 
2008 

Green bush bean harvested on the following dates 16 May and 30 May 2007 13 May 2008 
Bell pepper harvested between the following dates, four harvests total 21 May – 20 June 2007 13 May - 9 June 2008 
 
SWEET CORNb  
Broccoli plots flail mowed and disked to 20 cm soil depth for planting sweet corn 5 March 2007 4 March 2008 
NatureSafee (10-2-8 N-P2O5-K2O) fertilizer broadcasted at the rate of 1116 kg/ha 7 March 2007 4 March 2008 
Sweet corn direct-seeded at 76 cm row distance and 18 cm plant distance  12 March 2007 11 March 2008 
Bush bean direct seeded in strips (4 rows/strip) arranged alternately with strips of 
sweet corn in mixed cover crop plots.  

 
12 March 2007 

 
11 March 2008 

Hand weeding 2 April and 18 April 2007 14 April 2008 
 Band applied NatureSafe (10-2-8 N-P2O5-K2O) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Biolinkc (0-0-6 N-P2O5 -K2O applied over bean plants at nozzle rate of 760 ml/min 
and 50 gal/ha water 

-  
29 April 2008 

Sodium nitrate (Proboosterd, 10-0-0 N-P2O5 -K2O) applied at 868 kg/ha in 
response to nitrogen deficiency symptoms 

-  
7 May 2008 

Sweet corn harvested between the following dates, 2 harvests total 31 May- 12 June 2007 29 May -4 June 2008 
Bush beans harvested on the following dates 16 May – 30 May 2007 13 May – 29 May 2008 
a Capsicum annuum L. cv. Red Knight F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
b Zea mays L. cv. Montauk F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
c Westbridge Agricultural Products, Vista, CA 
d North Country Organics, Bradford, VT 
e Cold Spring, KY 
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Table 3-3. Maximum, minimum air temperatures (º C) and relative humidity (%) observed during spring 2007 and 2008  
 
 
 
 
 
 
 
 
 
 
 

2007 2008 Month 
Maximum Minimum Relative humidity  Maximum Minimum Relative humidity  

Bell pepper 
March  29.1 10.1 80 31.2   4.1 78 
April  33.1   5.6 69 33.2   2.1 75 
May  35.1   7.6 71 36.7   6.6 74 
June  38.6 16.6 80 38.2 18.7 74 
       
Sweet corn 
March  30.2 10.6 80 30.6   3.1 79 
April  34.2   6.1 70 32.6   1.6 76 
May  36.2   9.1 71 41.1   6.1 76 
June  40.1 17.2 80 42.6 17.6 76 
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Table 3-4. Aphid, thrips, and whitefly populations per trapa in sweet corn in spring 2007 and 2008 b 
2007 (Mean ± SEM)  2008 (Mean ± SEM) Cropping 

system Aphids Thrips Whiteflies  Aphids Thrips Whiteflies 
WF 23±4.8   ab 1342±90      b 10±2.6  ab  18±3.7   ab 930±287   a 5±1.3   ab 
PM 26±3.3   ab 1208±168    b   7±2.5  b  11±3.2   b 494±  61   b 3±2.3   b 
SS 30±8.9   ab 1333±140    b 12±3.7  ab  12±3.9   b 468±103   b 6±2.0   ab 
SH 31±7.0   ab 1504±251    ab   6±3.5  b  15±1.2   ab 716±211   ab 3±1.2   b 
VB 20±2.4   b 1480±211    ab   8±3.7  b  13±3.5   ab 655±166   ab 5±0.4   ab 
PMSH 30±6.5   ab 2041±255    a   9±2.4   ab  28±3.7   a 465±169   b 4±1.4   ab 
SSVB 42±4.7   a 1650±122    ab 24±2.9   a  16±2.8   ab 645±134   ab 7±0.8   a 
a For aphid and whitefly populations, 32 squares each having an area of 6.45 cm2 were counted while thrips populatons  
were counted in 15 squares with the same area per trap. 
b Data are means of four replications and the sum of three sampling dates. Means in columns followed by the same letters  
were not different according to least significant difference (LSD) at P≤0.05 based on the log-transformed [log10(x+1)]  
value. Means and SEM values were untransformed. 
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Table 3-5. Aphid, thrips and whitefly populations per trapa in bell pepper in spring 2007 and 2008 b 

2007 (Mean ± SEM)  2008 (Mean ± SEM) Cropping 
system Aphids Thrips Whiteflies  Aphids Thrips Whiteflies 
WF 38±3.7   a 1567±176   b 14±4.8    a   21±4.9  a  780±424   a   9±1.7   a  
PM 36±5.1   a 1638±181   b 18±4.2    a  19±6.4  a  588±116   a 10±0.4   a 
SS 28±3.6   ab 1544±204   b   9±3.6    a    24±7.4  a 716±110   a   8±2.1   a  
SH 33±4.3   ab 1415±176   b 16±6.9    a   19±4.8  a  562±62     a   6±2.0  a  
VB 25±4.7   ab 1506±230   b 24±11.3  a    14±2.4   a 902±177   a   9±0.6   a  
PMSH 25±6.8   ab 2440±368   a 16±4.2    a   19±0.8  a  885±80     a   8±2.2   a  
SSVB 20±2.7   b 1694±177   b 18±3.4    a   18±4.3  a 832±177   a   7±0.6   a  
a For aphid and whitefly populations, 32 squares each having an area of 6.45 cm2 were counted while thrips populatons  
were counted in 15 squares with the same area per trap. 
b Data are means of four replications with sum of three sampling dates. Means in columns followed by the same letters 
 were not different according to least significant difference (LSD) at P≤0.05 based on the log-transformed [log10(x+1)]  
value. Means and SEM values were untransformed. 
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CHAPTER 4 
IMPACT OF CROPPING SYSTEM COMPLEXITY ON GROWTH AND YIELD OF 

ORGANICALLY PRODUCED VEGETABLES 

Introduction 

Due to the premium prices many consumers are willing to pay for organic 

produce, environmental risks of agrochemical exposure, and shift in pest populations 

towards pesticide-resistant genotype and species, farmers are shifting to organic 

farming (Benbrook, 1996; Geier, 1998). This has caused an increase in organic acreage 

of 30% in the US, and in Florida, of 43% from 2002 to 2007 (USDA-ERS, 2005). In 

Florida, inadequate information on cropping systems and management practices for this 

sub-tropical region is thought to be a major constraint to greater expansion of organic 

vegetable production. This results in the importation to Florida of organic produce from 

California (Blumenthal, 2007; Nguyen et al., 2008). Consequently, there is a need to 

increase organic farming acreage based on scientific management strategies specific to 

this region (Rosen et al., 2007). Liebman and Davis (2000) suggested various practices 

for pest suppression, including weeds, in low external-input farming systems such as: 

diversifying crop sequences with multispecies rotations, planting cover crops and 

intercrops, and amending soil with crop residues, animal manures, and compost. These 

management practices can recover soil nutrients and improve vegetable yields, plus aid 

in weed control in organic vegetable production. 

A cover crop can be grassy or legume plant species. Fertilization is the most 

expensive cultural practice for organic vegetable growers in the US (Gaskell and Smith, 

2007). Legume cover crops are major constituents in organic farming systems because 

they provide supplemental nitrogen for succeeding crops if they are incorporated at the 

pre-heading stage (Rotar and Joy, 1983; Gaskell and Smith, 2007). However, legumes 
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are slow growers and expensive to establish (Snapp et al., 2005). Compared to 

legumes, grass cover crop species produce more biomass, which helps to build soil 

organic matter (Snapp et al., 2005), but they are high nitrogen scavengers (Fageria et 

al., 2005). A combination of cereal-legume cover crop species may produce maximum 

benefits by providing nutrients as well as organic matter to succeeding vegetable crops 

(Fageria et al., 2005). In addition, a mixed cover crop covers the soil quickly, 

suppressing weeds equivalent to that of herbicides, produces large amounts of biomass 

with a C:N ratio of 22:1, and is easily managed by mechanical means (Creamer et al., 

1996, 1997).  

There are several cover crop species adapted for use during summer growing 

season in Florida. Li et al. (2006) suggested different cover crop species, including sunn 

hemp (Crotalaria juncea L.), velvetbean (Mucuna pruriens (L.) DC.), and sorghum-

sudangrass (Sorghum bicolor (L) Moench x S. sudanense (P) Stapf.), can be planted in 

Florida. Sunn hemp and velvetbean are tropical legumes widely used as green manures 

and produces more biomass than winter legume cover crops (Mansoer et al., 1997; 

Cherr et al., 2006). They can be planted during summer fallow period to suppress 

weeds through resource competition in Florida (Collins, 2004). Grass cover crops 

possess “C4” pathways that help to produce large amount of biomass. Sorghum 

species used as cover crops in the southern United States produce large amounts of 

biomass and possess the ability to suppress weeds (Forney et al., 1985). Sorghum-

sudangrass as a cover crop suppresses weeds, controls nematodes, produces large 

quantities of biomass (7.62 tons/ha), and reduces subsoil hardpans without 

mechanization (Valenzuela and Smith, 2002; Clark, 2007). Pearl millet (Pennisetum 
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glaucum (L). R. Br) accumulate good amount of nitrogen and dry biomass production 

(Torres et al., 2005). 

Winter-planted living mulches like hairy vetch (Vicia villosa Roth.) and crimson 

clover (Trifolium incarnatum L.) fix more atmospheric nitrogen when intercropped with 

rye (Secale cereale L.) (Karpenstein-Machen and Stuelpnagel, 2000). In addition, a rye-

hairy vetch mixture also improves soil organic matter and reduces nitrogen leaching as 

compared to hairy vetch alone (Sainju et al., 2005). Living mulches must be low-growing 

since mowing may be insufficient to prevent adverse effects on crop yield (Chase and 

Mbuya, 2008). 

Intercropping is the growing of different crops or different varieties of one crop 

simultaneously on the same piece of land (Wubs et al., 2005; Ranganathan, 1993). 

Strip intercropping is the spatial arrangement of growing two or more crops in strips with 

space between strips sufficient to permit separate crop production but close enough for 

interaction between the crops (Sullivan, 2003). This spatial arrangement enhances 

cooperation and decreases competition between crops, while planting crop mixtures 

increases diversity and stability in crop ecosystems (Sullivan, 2003). In addition, 

intercropping of field vegetables can suppress pests significantly (Theunissen, 1997).  

Although work on crop rotation, summer cover crops, living mulches, and 

intercropping has been carried out to improve vegetable crop yields, there also is a 

need for a holistic approach that integrates these cultural practices to improve vegetable 

yields in the southern, sub-tropical region. There is little information on the sub-tropical 

climatic regime because this climate allows year-round cropping, but mild winters in 

northern Florida allow pests to persist from season to season. Research to develop 
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better organic cropping systems for the north Florida region should result in improved 

vegetable yields.  

The overall objective of this study was to evaluate the effect of cover crop-based 

cropping system complexity and crop management practices on the growth and yield of 

organically grown vegetables. The hypothesis includes different cover crop-based 

cropping systems may improve growth and yield of vegetables compared with a fallow 

system. 

Materials and Methods 

Two field experiments were established concurrently in summer 2006 on certified 

organic land at the University of Florida-Plant Science Research and Education Unit in 

Marion County, Florida. Before establishing the experiments, the field site was 

dominated by bahiagrass (Paspalum notatum Flüggé) and 93% infested with ring 

nematode (Mesocriconema spp.). The soil type was a Candler sand (Hyperthermic, 

uncoated Lamellic Quartzipsamments; Entisol) with a pH of 7.1. The field was first 

planted with root-knot-susceptible ‘White Acre’ southern pea (Vigna unguiculata Walp) 

on 17 May 2006 to provide nutrients to the succeeding crops. The crop was mowed on 

13 July 2006, with a New Holland 918H flail mower (Purdy Tractor and Equipment, Inc., 

Hillsdale, MI). Finished mushroom compost (Quincy Farms, Quincy, FL) was applied at 

2500 kg/ha using a check drop spreader (Newton Crouch, Inc., Griffin, GA) to increase 

the organic matter in the soil and to provide nutrients for cover crops. Compost was 

incorporated to a depth of 20 cm by disking. Summer cover crops were planted on 27 

July 2006. Seven treatments as cropping systems were established arranged in a 

randomized complete block design with four replications (Table 4-1). The plot size was 

12 m x 12 m; distance between the plots was 12 m.  



70 

Cultural practices for cover crops are presented in Table 4-2. Pearl millet and 

sorghum-sudangrass were planted with a mechanical drill (Sukup 2100, Sukup 

Manufacturing Company, Shefield, IA) at 17 cm apart and 5 cm deep. Seeds of sunn 

hemp and velvetbean were inoculated with Rhizobium sp. (Cowpea type, Nitragin, Inc., 

Brookfield, WI) before broadcast. This was followed by covering the seeds using a 

roller. Overhead irrigation was used occasionally during the first three days after 

planting (DAP) to promote germination and establishment of the cover crops. Summer 

cover crops were flail mowed on 2 October 2006, and disked to incorporate into the soil. 

Lime (Aglime Sales, Inc., Babson Park, FL) was applied and incorporated to the entire 

field at the rate of 2500 kg/ha.  

Fall vegetables were planted in four beds (1.8 m bed-center size) per plot (each 

plot 12 m long x 7.2 m wide). Before planting fall vegetables, compliant, blended 

fertilizer,10-2-8 N-P2O5-K2O (NatureSafe, Griffin Industries, Cold Spring, KY) was 

applied at the rate of 1685 kg/ha for squash and 1976 kg/ha for broccoli based on the 

conventional fertilizer recommendations for these crops (Olson and Simonne, 2006). 

Fertilizer was applied in a 30-cm band over the center of the bed and incorporated 

before planting vegetables. Both fall and spring vegetables were irrigated daily through 

a drip irrigation system. The details of management practices of dates were given in 

Tables 4-3 and 4-4. Rye (Secale cereale cv Wrens Abruzzi; Alachua County Feed and 

Seed, Gainesville, FL) and hairy vetch (V. villosa, cultivar unknown; Adams Briscoe 

Seed Company, Jackson, GA) were planted between beds in mixed cover crop plots at 

48 kg/ha rye and 22 kg/ha hairy vetch in squash. In broccoli, crimson clover (T. 

incarnatum cv Dixie; Adams Briscoe Seed Company, Jackson, GA) was planted as 
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living mulch between beds in mixed cover crop plots. The seeding rate was 28 kg/ha 

and seeds were inoculated with Nitragin R/WR (Rhizobium leguminosarum biovar trifolii, 

Nitragin, Inc, Brookfield, WI) before planting. Seeds of both living mulches were 

broadcast by hand onto shallowly tilled soil, which was followed by covering the seeds 

using a roller. In spring, green bush beans (Phaseolus vulgaris cv. Bronco untreated, 

Seedway, Elizabethtown, PA) were intercropped with pepper and strip intercropped with 

sweet corn in mixed cover crop plots. Fall squash was rotated with spring bell pepper in 

experiment I and broccoli was rotated with sweet corn in experiment II (Table 4-1). On 5 

March 2007, before planting spring vegetables, the field was flail-mowed and disked to 

a depth of 20 cm. The details of management practices with respective dates for both 

fall and spring vegetables are given in Tables 4-3 and 4-4.  

In the second year (2007-08) of experiment I, squash plots were rotated with 

broccoli and bell pepper with sweet corn. Similarly for experiment II, broccoli plots 2006 

were rotated with squash in 2007 and sweet corn with bell pepper in 2008. The field 

was mowed on 6 July 2007, followed by an application of elemental sulfur (Tiger 90 with 

90% sulfur, Tiger-Sul Products, Atmore, AL) at 250 kg/ha on 10 July 2007, using a 

check drop spreader. This was done to lower soil pH. Before the cover crops were 

planted on 31 July 2007, Sulpomag (0-0-21 N-P2O5-K2O, Diamond R Fertilizer, Winter 

Garden, FL) was applied at 257 kg/ha by hand. The same application rate was repeated 

after mowing the cover crops.  

Data collection and analysis 

Cover crops: Cover crop height and light intensity below the cover crop canopy 

(photosynthetic active radiation—PAR) was measured at 30 and 60 DAP in both years. 

Leaf area index was also measured at the same time in 2007. The light intensity 
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measured was used to calculate percent light interception using the following formula 

(Hall and Rao, 1996):  

[(Light intensity at top of the canopy-light intensity at base of the crop)/Light 

intensity at top of canopy] x 100.  

Both light intensity and leaf area index were measured using an AccuPAR 

Ceptometer (Model LP-80, Decagon Devices, Inc. Pullman, WA). Above-ground 

biomass was collected within 1 m2 quadrat randomly placed within each plot, dried at 48 

º C for 10 days, and weighed.  

Vegetables: Plant heights of both fall and spring vegetables were measured at 

20, 40, and 65 days after planting/transplanting. Light intensity and leaf area index were 

also measured in sweet corn and bell pepper using the ceptometer at 40 and 65 days 

after planting. For all vegetables, above-ground biomass (5 plants/plot) was collected 

during the last harvest, dried at 48 º C for 14 days, and weighed. Total and marketable 

yields were recorded and graded for marketability as per the USDA standards (USDA, 

2009).  

Data were analyzed with the GLM procedure using SAS/STAT software version 

9.1 (SAS, 2008) of the SAS system for windows. Prior to analysis, light interception 

values were transformed to arc-sign (1/√sin X). Means were separated by least 

significant difference (LSD) at the 5% level of significance. The data are reported as 

untransformed means. 

Results 

Experiment I: Cover Crops-Squash-Pepper; Cover Crops-Broccoli-Sweet corn  

Cover crops: Cover crop plant heights were measured at 30 and 60 DAP in all 

cropping systems. In 2006, the sorghum sudangrass and the sorghum sudangrass-
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velvetbean mixture had significantly taller plants than all other cover crops at 30 DAP. 

However, by 60 DAP, systems did not differ in plant height except for velvetbean, which 

was only 20 cm tall (Table 4-5). In 2007, at 30 DAP, plant height was greatest with 

sorghum sudangrass and velvetbean was the shortest. At 60 DAP, velvetbean and 

sorghum sudangrass-velvetbean cover crops had the shortest plants (Table 4-5).  

In 2006, light interception with the pearl millet cover crop was 94% by 30 DAP, 

but was only significantly higher than the velvetbean cover crop, which intercepted 79%. 

In 2007, at 30 DAP, pearl millet light interception was 78%, significantly higher than 

velvetbean and sunn hemp cover crops and mixtures. At 60 DAP, the sunn hemp and 

pearl millet-sunn hemp cover crops intercepted more sunlight than velvetbean cover 

crop but were not different from the other cover crops and mixtures (Table 4-5). 

In 2006, cover crop biomass was highest with pearl millet and sorghum 

sudangrass in mixtures and when planted alone. In 2007, pearl millet had the highest 

cover crop biomass and velvetbean produced the lowest biomass (Fig. 4-1).  

Fall vegetable yields: In 2006, squash was planted as the fall vegetable, while 

in fall 2007, broccoli was planted. In 2006, the PM system showed significantly greater 

squash total and marketable yields than other cropping systems except for the SH 

system (Fig. 4-2). In 2007, no significant difference was observed in the broccoli 

marketable yield. Total yield was significantly greater in the SS system than the PM and 

SH systems, but no cropping system had a yield significantly different from that of the 

WF system (Fig. 4-3).  

Spring vegetable yields: In spring 2007, bell pepper was planted on squash 

plots and in spring 2008, sweet corn was planted on broccoli plots. In 2007, no 
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significant difference was observed between cropping systems in either total or 

marketable yields of bell pepper (Fig. 4-4). Bell pepper total yield ranged from 4922 to 

6693 kg/ha, with marketable yield from 2411 to 3976 kg/ha in all the cropping systems. 

In 2008, total sweet corn yield was significantly greater in the PM, SS, SH, and VB 

systems than remaining cropping systems. The WF system had a greater total yield 

than either the SSVB or PMSH system. Sweet corn marketable yield was significantly 

greater in the PM, SS, SH, and VB systems than in the PMSH and SSVB systems (Fig. 

4-5). In sweet corn, total yields ranged from 2124 to 8144 kg/ha, with marketable yield 

from 1177 to 5126 kg/ha.  

Experiment II: Cover Crops-Broccoli-Sweet Corn; Cover Crops-Squash-Bell 
Pepper 

Cover crops: Cover crop plant heights were measured at 30 and 60 DAP. In 

2006, at 30 DAP, sorghum sudangrass and sorghum sudangrass-velvetbean cover 

crops had significantly greater plant height than sunn hemp and velvetbean cover crops. 

At 60 DAP, plant height was greater in sunn hemp, pearl millet-sunn hemp, and 

sorghum sudangrass-velvetbean than the velvetbean cover crops. In 2007, at 30 DAP; 

sorghum sudangrass was the tallest cover crop. However, by 60 DAP, sunn hemp with 

a height of  122 cm was the tallest cover crop (Table 4-6).  

In 2006, by 30 DAP, pearl millet-sunn hemp cover crop light interception was 

95%, significantly higher than all other cover crops except for sunn hemp. Similar 

results were obtained at 60 DAP. In 2007, at 30 DAP, light interception was again 

greatest with pearl millet-sunn hemp mixtures but not significantly different from that 

with pearl millet and sunn hemp as sole cover crops. At 60 DAP, the sunn hemp cover 
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crop and the pearl millet-sunn hemp mixture at 93 and 94% respectively, intercepted 

more sunlight than the other cover crops (Table 4-6).  

In 2006, cover crop biomass was significantly greater with pearl millet than all 

other cover crops except for the pearl millet-sunn hemp mixture.Velvetbean resulted in 

the lowest biomass in both 2006 and 2007 compared to the other cover crops. In 2007, 

pearl millet-sunn hemp mixture had greater biomass than all other cover crops except 

for pearl millet as a sole cover crop (Fig. 4-6). 

Fall vegetable yields: In 2006, broccoli was planted as a fall vegetable; squash 

was planted in fall 2007. There was no significant difference among cropping systems in 

the total and marketable yields of broccoli (Fig. 4-7). The range of total yields was from 

3295 to 3874 kg/ha, while marketable yields ranged from 2815 to 3691 kg/ha. In 2007, 

there was no significant effect of cropping system on squash total yield. However, only 

the PM system had significantly greater marketable yield than the WF system (Fig. 4-8).  

Spring vegetable yields: In spring 2007, sweet corn was planted in broccoli 

plots and in spring 2008, bell pepper was planted in squash plots. Sweet corn total 

yields ranged from 4025 to 8667 kg/ha and marketable yields ranged from 2571 to 5732 

kg/ha (Fig. 4-9). On average, marketable yield was lower compared to total yield by 

35%. In 2007, only the VB system had higher total sweet corn yields than the WF 

system. Only the marketable yield of the PM system was greater than that of the WF 

system (Fig. 4-9). In 2008, bell pepper total yields ranged from 3138 to 7440 kg/ha and 

marketable yields ranged from 2594 to 6077 kg/ha. Bell pepper total and marketable 

yields were significantly greater in the VB and SSVB systems than in the WF, PM, SS, 

or SH systems (Fig. 4-10).  
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Bean yields: Beans were planted as a strip intercrop with sweet corn and 

between bell pepper beds in both experiments. There was no significant effect of 

cropping systems on bean yields (Table 4-7).  

Discussion 

Experiment I: Cover Crops-Squash-Bell Pepper; Cover Crops-Broccoli-Sweet 
Corn 

In both years, cover crop biomass was greatest with pearl millet and lowest with 

velvetbean cover crops. This was due to the greater height of grass cover crop with 

their spreading canopies compared to the smaller velvetbean plants. Generally, grass 

cover crops generate larger biomass than legume cover crops. Besides producing 

biomass, cover crop mixtures can also produce nitrogen to support the growth of 

succeeding vegetables (Fageria et al., 2005; Creamer et al., 1996, 1997). Similarly, the 

results of light interception suggest that that the sunn hemp, sorghum sudangrass, and 

pearl millet cover crops intercepted more light because of their dense canopy cover. 

Dense canopies can help to suppress weeds (Nelson et al., 1991).  

Total and marketable yields of squash were greatest in the PM and SH systems. 

Torres et al. (2005) found that pearl millet and sunn hemp had high dry biomass yield 

and nitrogen accumulation and release. Previous research indicates that sunn hemp 

fixed around 72 and 91% of total nitrogen, depending on soil fertility and water 

availability (Seneratne and Ratnasinghe, 1995; Ladha et al., 1996; Cherr et al., 2006). 

These may be the reasons for the higher squash yields with the PM and SH systems. 

Rotar and Joy (1983) also estimated there would be 150 to 165 kg/ha of nitrogen 

recovered from sunn hemp if incorporated at 60 DAP. On the other hand, the PMSH 

and SSVB systems lowered squash yield. This may be due to the competition from the 
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rye-hairy vetch planted as living mulch in the squash plots. Attempts should be made to 

reduce competition in inter-planting systems, including mechanical suppression, 

screening of less competitive mulches, and variation in mulch planting dates (Ammon et 

al., 1995; Nyoike et al., 2008).  

Broccoli was used as the fall vegetable in the second year of this experiment. 

The result suggests that no cropping systems influence the marketable yield in broccoli. 

This suggests that pearl millet planted in the SS system improved broccoli total yield 

while sorghum sudangrass and velvetbean cover crops planted in PM and SH systems 

had no impact on it. Velvetbean produced lower cover crop biomass, which may have 

resulted in less nitrogen release into the soil. Summers et al. (2009) observed an 

allelopathic effect of sorghum sudangrass on the subsequent broccoli crop as it 

decreased the broccoli yield. He suggested transplanting broccoli 6-8 weeks after 

incorporating residue of sorghum sudangrass in the soil. Similarly, broccoli transplants 

were inhibited by velvetbean residues (Harrison et al., 2004). Crimson clover planted as 

living mulch in the PMSH and SSVB systems had no influence on broccoli yields. Chase 

and Mbuya (2008) observed inhibition of broccoli yield with living mulches even when 

mowed. On an average, a 41% decrease was noticed in broccoli market yield compared 

to total yield.  

There was no significant difference between cropping systems in spring 2007 in 

either total or marketable yields of bell pepper. This suggests that bell pepper yield was 

not affected by the management practices employed in the different cropping systems. 

Sweet corn total and marketable yields were significantly higher in intermediate 

cropping systems (PM, SS, SH, and VB) than in the complex systems (PMSH and 
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SSVB). Sweet corn average marketable yield was reduced by 46% compared to 

average total yield in spring 2008. Munoz-Carpena et al. (2008) found in their study  that 

corn nitrogen uptake and yield were greater in sunn hemp cover crop plots compared to 

plots with no cover crop. Both complex systems recorded lower total and marketable 

yield than WF system, which suggests that bean intercropping may not influence the 

yield of sweet corn. In addition, crimson clover planted in fall did not influence the yield 

of subsequent spring sweet corn. McVay et al. (1989) observed minimal corn yield 

response to nitrogenous fertilizers following crimson clover. Griffin et al. (2000) reported 

that a rye-hairy vetch mixture supplied nearly all of the nitrogen required for the 

subsequent sweet corn production.   

Experiment II: Cover Crops-Broccoli-Sweet Corn; Cover Crops-Squash-Bell 
Pepper 

Cover crop biomass was greatest with pearl millet alone and with the pearl millet-

sunn hemp mixture and lowest in velvetbean cover crop in both 2006 and 2007. 

Similarly, light interception with the pearl millet-sunn hemp mixture was among the 

highest at both 30 and 60 DAP in both the years. Pearl millet plants have C4 

photosythentic pathways that may help to produce large amount of biomass 

(Valenzuela and Smith, 2002; Torres et al., 2005). Sunn hemp can fix nitrogen in the 

soil, grow vigorously to provide good ground coverage, and produce a large quantity of 

biomass (Akanvou et al., 2001; Wang et al., 2002).  

In fall 2006, total and marketable yield of broccoli did not show significant 

differences between cropping systems. This suggests that none of the cropping 

systems had any influence on broccoli yield. On average, there was a decrease of 10% 

in marketable yield from total yield in broccoli. In fall 2007, squash marketable yield was 
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highest in the PM system while the squash yield with both the PMSH and SSVB 

complex systems were not different from that with the WF system. This may be due to 

the competition of rye-hairy vetch with the squash plants. Rye-hairy vetch living mulch 

fixes atmospheric nitrogen (Karpenstein-Machen and Stuelpnagel, 2000) and increases 

the nitrogen supply for the succeeding crop (Sainju et al., 2005), but living mulches may 

interfere with the main crop and affect main crop yield through competition for light, 

water, and nutrients (Ammon et al., 1995).  

In spring 2007, total yield of sweet corn was highest in the VB system while 

marketable yield was greatest in the PM system. In the PMSH and SSVB systems, total 

and marketable yields were less than other cropping systems, except WF and SH 

systems. Sweet corn yield was also lowest in both complex systems in experiment I and 

highest in single planted cover crop systems. In spring 2008, the average marketable 

yield of bell pepper was reduced by 17% compared to total yield. Total and marketable 

yields of bell pepper were greatest in the SSVB and VB systems. This suggests that 

velvetbean planted as a summer cover crop improved bell pepper yield in both these 

systems. Additionally, the rye-hairy vetch living mulch in the preceding squash crop may 

have contributed to improved bell pepper yield in complex system as it was incorporated 

into the soil before transplanting the pepper seedlings. Rye-hairy vetch mixtures 

increase nitrogen supply and nitrogen uptake of the subsequent crop (Sainju et al., 

2005). Isik et al. (2009a) observed that rye and hairy vetch improve the yield of 

succeeding pepper with greatest pepper yield obtained from hairy vetch planted for two 

consecutive years. 
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Conclusion 

Squash marketable yield was highest in the PM system in both the experiments 

while marketable squash yields in the PMSH and SSVB systems were not different from 

that in the WF system. The marketable yield of sweet corn was highest in the PM and 

SS systems in experiment I and in the PM system in experiment II; however, both 

PMSH and SSVB systems resulted in marketable sweet corn yields that were not 

different from that of the WF system. In experiment II, bell pepper marketable yield was 

higher in the PMSH, SSVB, and VB systems than in the WF system. There were no 

significant differences in broccoli yield in both the experiments.  
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Table 4-1. Cropping system treatments used in experiments I and II a 
2006-07 2007-08 
Cover Crops A Fall  Spring Cover Crops Fall Spring 
Experiment I 
Weedy fallow (WF) Squash Bell Pepper Weedy Fallow Broccoli Sweet Corn 
Pearl millet (PM) Squash Bell Pepper Sorghum Sudangrass Broccoli Sweet Corn 
Sorghum-sudangrass (SS) Squash Bell Pepper Pearl Millet Broccoli Sweet Corn 
Sunn hemp (SH) Squash Bell Pepper Velvetbean Broccoli Sweet Corn 
Velvetbean (VB) Squash Bell Pepper Sunn Hemp Broccoli Sweet Corn 
Pearl Millet-Sunn Hemp  
 (PMSH) 

Squash +  
  Rye -Hairy Vetch 

Bell Pepper + 
  Bush Beans 

Sorghum Sudangrass- 
  Velvetbean 

Broccoli +   
  Crimson Clover 

Sweet Corn + 
Bush Beans 

Sorghum Sudangrass- 
 Velvetbean (SSVB) 

Squash + 
  Rye-Hairy Vetch 

Bell Pepper + 
  Bush Beans 

Pearl Millet-Sunn Hemp Broccoli +  
  Crimson Clover 

Sweet Corn + 
Bush Beans 

 
Experiment II 
Weedy fallow (WF) Broccoli Sweet Corn Weedy Fallow Squash Bell Pepper 
Pearl millet (PM) Broccoli Sweet Corn Sorghum Sudangrass Squash Bell Pepper 
Sorghum-sudangrass (SS) Broccoli Sweet Corn Pearl Millet Squash Bell Pepper 
Sunn hemp (SH) Broccoli Sweet Corn Velvetbean Squash Bell Pepper 
Velvetbean (VB) Broccoli Sweet Corn Sunn Hemp Squash Bell Pepper 
Pearl Millet-Sunn Hemp  
 (PMSH) 

Broccoli +  
  Crimson Clover 

Sweet Corn + 
  Bush Beans 

Sorghum Sudangrass-
Velvetbean 

Squash + Rye -
Hairy Vetch 

Bell Pepper + 
  Bush Beans 

Sorghum Sudangrass- 
 Velvetbean (SSVB) 

Broccoli + 
  Crimson Clover 

Sweet Corn + 
  Bush Beans 

Pearl Millet-Sunn Hemp Squash + Rye -
Hairy Vetch 

Bell Pepper + 
  Bush Beans 

a For convenience, cropping system treatments are referred to in the text by the summer cover crop names of 2006-07.
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Table 4-2. Details of cover crops planted in this experiment at Citra, FL 
Cover crops Botanical Name Cultivar Source Seed-rate (kg/ha) 
Pearl millet  Penisetum glaucum Tifleaf Production Plus, Plainview, TX 4.5 
Sorghum-sudangrass  
  

Sorghum bicolor x S. bicolor 
var. sudanense 

Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp  Crotalaria juncea Unknown Kaufman Seeds, Haven, KS 7.2 
Velvetbean  Mucuna pruriens var 

pruriens 
Georgia Bush Georgia Seed Development 

Commission, Athens, GA 
18.0 

Pearl Millet-Sunn Hemp  
  

- - - 3.0 PM + 3.6 SH 

Sorghum Sudangrass- 
 Velvetbean  

- - - 4.8 SS + 12.0 VB 
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Table 4-3. Management practices with their dates in squash and bell-pepper from 2006 to 2008 
Crop management practices 2006-07 2007-08 
 
SQUASHa  
NatureSafec (10-2-8 N-P2O5-K2O) fertilizer applied at 1685 kg/ha as a 30-cm band 
over center of the bed  

9 October 2006 9 October 2007 

Squash direct seeded as single row per bed with in-row plant distance of 45 cm 19 October 2006 10 October 2007 
Rye-hairy vetch broadcasted between beds in mixed cover crop plots 9 November 2006 26 October 2007 
Row covers were placed to protect from frost 8 December 2006 16-19 November 2007 
Squash was harvested between the following dates  14 December 2006 - 

9 January 2007  
21 November – 
14 December 2007  

 
GREEN BELL PEPPERb  
NatureSafec (10-2-8 N-P2O5-K2O) fertilizer applied at the rate of 1116 kg/ha 7 March 2007 4 March 2008 
Forty-five-day-old bell pepper seedlings transplanted in double rows per bed with 
45 cm plant distance within a row. 

15 March 2007 13 March 2008 

Green bush bean direct seeded between bell pepper beds as intercropped in 
mixed cover crop plots 

16 March 2007 14 March 2008 

Application of NatureSafe (10-2-8 N-P2O5-K2O) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Hand weeding 2 April,18 April, and 30 

May 2007 
14 April and 14 May 
2008 

Green bush bean harvested on the following dates 16 May and 30 May 2007 13 May 2008 
Bell pepper harvested between the following dates, four harvests total 21 May – 20 June 2007 13 May - 9 June 2008 
aCucurbita pepo L. cv. Cougar F1 untreated; Harris Seeds, Rochester, NY 
bCapsicum annuum L. cv. Red Knight F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
cNatureSafe, Cold Springs, KY 
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Table 4-4. Management practices with their dates in broccoli and sweet corn from 2006 to 2008 
Crop management practices 2006-07 2007-08 
 
BROCCOLIa  
NatureSafee (10-2-8 N-P2O5-K2O) fertilizer applied at 1976 kg/ha as 30-cm band 
over bed center. 

25 October 2006 9 October 2007 

Thirty-day-old broccoli seedlings transplanted in double rows per bed with 45 cm 
planting distance within rows 

31 October 2006 16 October 2007 

Crimson clover broadcast between beds in mixed cover crop plots at 28 kg/ha 9 November 2006 26 October 2007 
Broccoli harvested between the following dates, 3 harvests total 4 January -16 January 

2007 
20 December2007 - 
2 January 2008 

 
SWEET CORNb  
Broccoli plots flail mowed and disked to 20 cm soil depth for planting sweet corn 5 March 2007 4 March 2008 
NatureSafe (10-2-8 N-P2O5-K2O) fertilizer applied at the rate of 1116 kg/ha 7 March 2007 4 March 2008 
Sweet corn direct-seeded at 76 cm row distance and 18 cm plant distance  12 March 2007 11 March 2008 
Bush bean direct seeded in strips (4 rows/strip) arranged alternately with strips of 
sweet corn in mixed cover crop plots.  

12 March 2007 11 March 2008 

Application of NatureSafee (10-2-8 N-P2O5-K2O) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Hand weeding 2 April and 18 April 2007 14 April 2008 
Biolinkc (0-0-6 N-P2O5 -K2O applied over bean plants at nozzle rate of 760 ml/min 
and 50 gal/ha water 

- 29 April 2008 

Sodium nitrate (Proboosterd, 10-0-0 N-P2O5 -K2O) applied at 868 kg/ha in 
response to nitrogen deficiency symptoms 

- 7 May 2008 

Sweet corn harvested between the following dates, 2 harvests total 31 May- 12 June 2007 29 May -4 June 2008 
Bush beans harvested on the following dates 16 May – 30 May 2007 13 May – 29 May 2008 
a Brassica oleracea L. cv. Marathon F1 untreated; Harris seeds, Rochester, NY 
b Zea mays L. cv. Montauk F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
c Westbridge Agricultural Products, Vista, CA 
d North Country Organics, Bradford, VT 
e NatureSafe, Cold Springs, KY 
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Table 4-5. Cover crop height and percent light interception in 2006 and 2007 in experiment Ia 

2006 2007 
Height (cm) Light interceptionb (%) Height (cm)  Light interceptionb (%) Cover 

crops 30 DAP 60 DAP 30 DAP 60 DAP 
Cover 
crops 30 DAP 60 DAP 30 DAP 60 DAP 

WF - - - - WF - - - - 
PM 40  b    87  a   93.5  a   96.0  a SS 83  a    104  a     67  ab     91  ab 
SS 64  a    97  a   87.3  ab   92.3  ab PM 63  b    118  a     78  a     92  ab 
SH 24  c  104  a    85.6  ab   86.4  b VB 25  d      24  b     49  c     78  c 
VB 16  c    20  b   78.8  b   72.0  c SH 51  c    118  a     62  bc     94  a 
PMSH 41  b    87  a   86.4  ab   94.2  a SSVB 52  c      64  b     69  ab     84  bc 
SSVB 64  a  102  a   85.3  ab   90.2  ab PMSH 60  b    104  a     72  ab     95  a 
a Data were means of four replications. Means in columns followed by the same letters were not different according to least 
significant difference (LSD) at P≤0.05  
b arc-sign transformed; mean values untransformed 
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Table 4-6. Cover crop height and percent light interception in 2006 and 2007 in experiment IIa 

2006 2007 
Height (cm) Light interceptionb (%) Height (cm)  Light interceptionb (%) Cover 

crops 30 DAP 60 DAP 30 DAP 60 DAP 
Cover 
crops 30 DAP 60 DAP 30 DAP 60 DAP 

WF - - - - WF - - - - 
PM      44  b     72  b     84  bc    91  abc SS 82  a     102  c     59  cd 84  b 
SS      52  ab     66  b     79  c    83  c PM 58  c     105  c     71  abc 84  b 
SH      27  c   112  a     93  ab    92  ab VB 25  d       23  d     48  d 80  b 
VB      16 cd     20  c     85  bc    85  bc SH 70  b     122  a     77  ab 93  a 
PMSH      47  b   103  a     95  a    97  a SSVB 55  c       66  cd     60 bcd 83  b 
SSVB      64  a     82  ab     80  c    87  bc PMSH 57  c     108  bc     81  a 94  a 
a Data were means of four replications. Means in columns followed by the same letters were not different according to least 
significant difference (LSD) at P≤0.05  
b arc-sign transformed; mean values untransformed 
 

 
 

Table 4-7. Total and marketable yields of bush bean intercropped with bell pepper and sweet corn in 2007 and 2008   
Experiment I Experiment II 
Bell pepper 2007 Sweet corn 2008 Sweet corn 2007 Bell pepper 2008 

 
Cropping 
system Total yield 

(kg/ha) 
Market yield 
(kg/ha) 

Total yield 
(kg/ha) 

Market yield 
(kg/ha) 

Total yield 
(kg/ha) 

Market yield 
(kg/ha) 

Total yield 
(kg/ha) 

Market yield 
(kg/ha) 

PMSH 3527   3206   1119   1018   3119   2906   1889   1706   
SSVB 3432   3134   1991   1794   3013   2682   4440   3986   
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Figure 4-1. Cover crop biomass in 2006 and 2007 in experiment I 
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Figure 4-2. Total and marketable yields of squash in fall 2006 in different cropping systems in experiment I 
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Figure 4-3. Total and marketable yields of broccoli in fall 2007 in different cropping systems in experiment I 
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Figure 4-4. Total and marketable yields of bell pepper in spring 2007 in different cropping systems in experiment I
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Figure 4-5. Total and marketable yields of sweet corn in spring 2008 in different cropping systems in experiment I 
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Figure 4-6. Cover crop biomass in summer 2006 and 2007 in experiment II 
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Figure 4-7. Total and marketable yields of broccoli in fall 2006 in different cropping systems in experiment II 
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Figure 4-8. Total and marketable yields of squash in fall 2007 in different cropping systems in experiment II 
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Figure 4-9. Total and marketable yields of sweet corn in spring 2007 in different cropping systems in experiment II 
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Figure 4-10. Total and marketable yields of bell pepper in spring 2008 in different cropping systems in experiment II  
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CHAPTER 5 
WEED COMMUNITY RESPONSE TO ORGANIC VEGETABLE CROPPING SYSTEM 

COMPLEXITY IN FLORIDA 

Introduction 

Organic growers have identified weed management as a critical production 

constraint (Walz, 1999). Greater use of tillage and cultivation for weed suppression is 

typical in low external input systems, which can lead to increased soil erosion and 

decreased soil organic matter (Liebman and Davis, 2000). Organic farmers utilize 

various cropping systems that may increase or decrease weed density and weed 

species variation. However, insufficient information is available to farmers on the effects 

of cropping systems on weeds.  

The National Organic Program requires the use of cultural practices as a first 

step to manage weeds in organic crop production (Section 205.206 (Appendix C) 

available online at www.ecfr.gpoaccess.gov). Liebman and Davis (2000) suggested 

various cultural weed management practices for low external input systems that are 

applicable to organic production and include diversifying crop sequences with 

multispecies rotation, cover crops, and intercrops, and amending soil with crop 

residues, animal manures, and compost. They indicated that diversification changes a 

soil’s physical, chemical, and biological properties, and thus affects the population 

dynamics of weeds.  

Cover crops suppress pests, improve soil and water quality, benefit nutrient 

cycling efficiency and cash crop productivity, particularly in irrigated systems (Snapp et 

al., 2005). Cover crops suppress weeds either as living plants or plant residue on or in 

the soil (Teasdale et al., 2007) and increase ecological complexity of the cropping 

system. If planted during summer fallow season, cover crops suppress weeds and 

http://www.ecfr.gpoaccess.gov)/�
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nematodes, improve soil fertility, and improve yield in both conventional and organic 

cropping systems (Aguiar et al., 2001; Ngouajio et al., 2003). Cover crops suppress 

weeds by competing for nutrient resources, altering environmental factors for weed 

germination and establishment, and releasing phytotoxins (Liebman and Davis, 2000). 

Cover crop residues can also be used as mulches to suppress weeds and provide 

habitat for weed seed predators. Cover crops with good canopy cover and fewer stems 

have the ability to suppress weeds by decreasing light transmittance through the 

canopy (Teasdale, 1996) and also produce enough biomass to suppress weeds 

(Creamer et al., 1997). The benefits of cover crops may be optimized when mixtures of 

cover crops are used (Creamer et al., 1997). Mixtures that include legumes maintain a 

C:N ratio that is more favorable for mineralizing nitrogen than grasses alone. Mixtures 

may also suppress a broader spectrum of weeds through allelopathy (Creamer et al., 

1997). 

Crop rotation can prevent the dominance and proliferation of a particular weed by 

providing resource competition, allelopathic interference, soil disturbance, and 

mechanical damage (Liebman and Davis 2000). Intercropping can cover the soil more 

effectively than a single crop and reduces weed growth by capturing a greater share of 

available resources than a single crop (Walters, 1971; Liebman and Dyck, 1993). 

Intercrops deprived weeds of light, water, and nutrients (Liebman and Dyck, 1993).  

Cropping systems with high levels of crop diversity through intercropping and 

multiple cropping practices help to reduce dependence on purchased fertilizers and 

pesticides while sustaining crop yields (Liebman and Staver, 2001). Diversified cropping 

systems include planting different types of crops using rotation and intercropping, and 
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by planting cover crops (Liebman and Staver, 2001). In a cropping system, different 

crops with their associated management practices have different effects on light, water, 

and nutrient conditions that may affect germination and growth of weeds. Analysis of 

these variations increases opportunities for weed management.  

Integrating such cultural practices as crop rotation, living cover crops, living 

mulches, and intercropping in a year-round cropping system allows the producer to 

evaluate their effects on weed populations and biomass. This information can provide a 

better understanding of which system or systems suppress weed populations more 

effectively. This research may help with designing organic cropping systems that 

suppress weeds while conserving biological resources in horticultural crops for the north 

Florida region. The objective of this study was to evaluate the effect of cropping system 

complexity on the population of weed communities. It is hypothesized that more 

complex cropping systems more effectively suppress weed density and biomass than a 

weedy fallow system.  

Materials and Methods 

Two experiments were established concurrently in summer 2006 on certified 

organic land at the Plant Science Research and Education Unit, Marion County, FL. The 

cropping system for each experiment consisted of a summer cover crop and fall and 

spring vegetables. Before establishing the experiment, the field site was used for the 

production of bahiagrass (Paspalum notatum Flüggé). The soil is Candler sand 

(Hyperthermic, uncoated Lamellic Quartzipsamment; Entisol) with a soil pH of 7.1  

The entire field was first planted with root knot nematode-susceptible ‘White 

Acre’ southern pea or cowpea (Vigna unguiculata Walp) in May 2006. The crop was 

mowed in July 2006 using a New Holland 918H flail mower (Purdy Tractor and 
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Equipment, Inc., Hillsdale, MI). Finished mushroom compost (Quincy Farms, Quincy, 

FL) was applied at 2500 kg/ha through a check drop spreader (Newton Crouch, Inc., 

Griffin, GA) to add organic matter to the soil. This was followed by incorporating and 

disking the field to a depth of 20 cm. Both experiments were started on 27 July 2006 

with a summer fallow consisting of either summer cover crops or a weedy fallow. The 

experimental design was a randomized complete block with seven treatments as 

cropping systems and four replications (Table 5-1). Plots measured 12 m x 12 m and 

were separated by 12 m alleys. Cultivars, seed sources, and seeding rates of cover 

crops are summarized in Table 5-2.  

Pearl millet and sorghum sudangrass were planted using a seed drill (Sukup 

2100, Sukup Manufacturing Company, Shefield, IA) with 17 cm between plants in the 

row and at 5 cm soil depth. Sunn hemp and velvetbean seeds were inoculated with 

Rhizobium sp. (Nitragin, cowpea type, Nitragin, Inc., Brookfield, WI) before broadcasting 

on the plot. Later, seeds were covered using a roller. Overhead irrigation was used 

occasionally during the first three days after planting to promote germination and 

establishment of the cover crops. Above-ground biomass of summer cover crops were 

flail mowed on 2 October 2006 and disked to incorporate into the soil. This was followed 

by the application of lime (Aglime Sales, Inc., Babson Park, FL) to the entire field at 

2500 kg/ha.  

Fall vegetables were planted in four beds (1.8 m bed-center size) per plot, each 

plot 12 m long x 7.2 m wide. Before planting fall vegetables, fertilizer,10-2-8 N-P2O5-

K2O (NatureSafe, Griffin Industries, Cold Spring, KY) was applied at the rate of 1685 

kg/ha for squash and 1976 kg/ha for broccoli based on the conventional fertilizer 
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recommendations for these crops (Olson and Simonne, 2006). It was applied as a 30-

cm band over the center of the bed and incorporated before planting.  

Squash: Yellow squash (Cucurbita pepo L. cv. Cougar F1, untreated; Harris 

Seeds, Rochester, NY) was direct seeded on 19 October 2006 as a single row per bed 

with an in-row plant distance of 45 cm (12,037 seeds/ha). Squash was irrigated using a 

drip irrigation system. A combination of rye (Secale cereale cv ‘Wrens Abruzzi’; Alachua 

County Feed and Seed Store, Gainesville, FL) and hairy vetch (Vicia villosa, cultivar 

unknown; Adams Briscoe Seed Company, Jackson, GA) was planted in between beds 

as living mulch in mixed cover crop plots. A rye-hairy vetch mixture improves soil 

organic matter and reduces nitrogen leaching as compared to hairy vetch alone (Sainju 

et al., 2005). The seeding rates were 48 kg/ha for rye and 22 kg/ha for hairy vetch. 

Before planting, hairy vetch was inoculated with Rhizobium leguminosarum biovar 

viceae,( Nitragin C, Nitragin, Inc, Brookfield, WI). Both living mulch seeds were mixed 

and broadcasted on 9 November 2006 by hand on a shallow tilled soil and covering 

using a roller. Row covers were placed on squash plots on 8 December 2006 to protect 

from frost. Squash was harvested six times between 14 December 2006 and 9 January 

2007.  

Methods used for the squash crop in 2007-08 were similar to those of the 

previous year, with minor exceptions. The crop was planted on 10 October 2007 by 

direct seeding. Between 16 and 19 November 2007, row covers were placed on the 

seedlings. Squash was harvested eight times between 21 November and 14 December 

2007.  
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Bell pepper: Squash plots were rotated with green bell pepper (Capsicum 

annuum L. cv ‘Red Knight’ F1, untreated; Johnny’s Selected Seeds, Winslow, ME). 

NatureSafe fertilizer, 10-2-8 N-P2O5-K2O (NatureSafe, Cold Springs, KY) was applied at 

the rate of 2232 kg/ha based on synthetic fertilizer recommendations for these crops 

(Olson and Simonne, 2006). Fertilizer was applied in split applications, one on 7 March 

as pre-plant broadcast and 10 April 2007 as banded side-dressed. When the bell 

pepper seedlings were 45 days old, they were transplanted on 15 March 2007 to double 

row beds. There were four beds per 12 m x 7.2 m plot. The distance between plants 

within a row was 45 cm with similar distances between rows (24,074 plants/ha). Bush 

beans (Phaseolus vulgaris L. cultivar ‘Bronco’ untreated, Seedway Elizabethtown, PA) 

were intercropped with pepper in mixed cover crop plots. On 16 March 2007, they were 

direct-seeded between bell pepper beds using a manual push planter at a rate of 15 cm 

between seeds. Both bell pepper and bush beans were irrigated by drip irrigation to 

keep soil moisture near field capacity. Hand weeding was done on 2 and 18 Apil and 30 

May 2007 to control weeds. This was done throughout the crop area with the help of 

hand hoe. The next year, hand weeding was done on 14 April and 14 May 2008. Bell 

pepper was harvested four times between 21 May and 20 June 2007. Bush bean was 

harvested on 16 and 30 May 2007. In spring 2008, bell pepper was transplanted on 13 

March and bush bean on 14 March, while bell pepper was harvested four times 

between 13 May and 9 June; bush bean was harvested on 13 May.  

Broccoli: At thirty days, broccoli (Brassica oleracea L. cv. ‘Marathon’ F1, 

untreated; Harris Seeds, Rochester, NY) seedlings were transplanted on 31 October 

2006 in double rows, 30 cm distance between rows, per bed at a spacing of 45 cm 
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between plants in rows, and a total of eight rows per plot (24,074 plants/ha). It was 

irrigated using drip irrigation to keep soil moisture near field capacity. Crimson clover 

(Trifolium incarnatum cv ‘Dixie’; Adams Briscoe Seed Company, Jackson, GA) was 

planted as living mulch between beds in mixed cover crop plots. The seeding rate was 

28 kg/ha. Crimson clover was inoculated with R. leguminosarum biovar trifolii (Nitragin 

R/WR, Nitragin, Inc, Brookfield, WI) before planting. Crimson clover was broadcasted 

on 9 November 2006 by hand onto a shallow tilled soil followed by covering the seeds 

using a roller. Broccoli was harvested three times between 4 January and 16 January 

2007. On 5 March 2007, the field was flail mowed and disked to a 20-cm soil depth to 

prepare the seedbed for planting spring vegetables. 

Similar methods were used to manage the broccoli crop in the second year. In 

2007-08, broccoli seedlings 35 days old were transplanted on 16 October 2007. 

Broccoli was harvested three times between 20 December 2007 and 2 January 2008. 

Sweet corn: Broccoli plots were rotated with sweet corn (Zea mays L. cultivar 

‘Montauk’ F1 untreated; Johnny’s Selected Seeds, Winslow, ME). NatureSafe fertilizer 

(10-2-8 N-P2O5-K2O) was applied at the same rate, time, and application method as in 

bell pepper. Sweet corn was direct-seeded on 12 March 2007 using a Monosem planter 

(Monosem, Inc., Edwardsville, KS) at 76 cm between rows and plant distances of 18 cm 

in rows, with a plot size of 144 m2 (74,444 plants/ha). Using a Monosem planter, bush 

beans were interplanted with sweet corn in mixed cover crop plots. It was direct-seeded 

on 12 March 2007 in four strips (4 rows/strip) arranged alternately with strips of sweet 

corn. Bush beans between row and between plant spacings were 76 cm and 13 cm, 

respectively. In spring 2008, sweet corn and bush beans were direct-seeded on 11 
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March,. Both sweet corn and bush beans were irrigated to maintained soil moisture near 

field capacity. Hand weeding was done using hand hoes on 2 and 18 April 2007 to 

control weeds throughout the plot area. In 2008, hand weeding was done on 14 April. 

Sweet corn was harvested on 31 May and 12 June 2007 while bush beans were 

harvested on 16 May and 30 May 2007.   

Potassium fertilizer, 0-0-6 N-P2O5 -K2O (Biolink, Westbridge Agricultural 

Products, Vista, CA) was applied to the bean plants in spring 2008 using a CO2 sprayer 

at a nozzle rate of 190 ml/15 second and 50 gallons/ha water. This was applied to 

correct potassium levels in bush bean plants. Sodium nitrate (Probooster, 10-0-0 N-

P2O5 -K2O, North Country Organics, Bradford, VT) was also applied to sweet corn plots 

at 868 kg/ha (less than 20% of total nitrogen) on 7 May 2008 in response to nitrogen 

deficiency symptoms. Sweet corn was harvested on 29 May and 4 June and bush bean 

on 13 May 2008.  

In the second year, 2007-2008, squash plots were rotated with broccoli in the fall 

season while bell pepper plots were rotated with sweet corn in the spring season. The 

management practices were similar to those described for the previous year. To avoid 

having the same cover crop in the same plot in both years, a pearl millet cover crop was 

rotated with sorghum-sudangrass, while sunn hemp was rotated with velvetbean and 

vice versa. Similarly, sorghum sudangrass-velvetbean was rotated with pearl millet-

sunn hemp mixtures and vice versa. The field was mowed on 6 July 2007. To lower soil 

pH, elemental sulfur (Tiger 90 with 90% sulfur, Tiger-Sul Products, Atmore, AL) was 

applied at 250 kg/ha using a drop spreader. The cover crops were planted on 31 July 

2007; sorghum-sudangrass and pearl millet were direct seeded using a John Deere 450 
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planter, while sunn hemp was planted using a Sukup 2100 planter at an 18-cm row 

distance. Before planting cover crops, Sulpomag, 0-0-21 N-P2O5-K2O (Diamond R 

Fertilizer, Winter Garden, FL) was hand-applied at 257 kg/ha. The same application rate 

was repeated after mowing the cover crops. 

Data collection and analysis 

Data on weed population densities and total weed biomass were collected for 

both cover crops and vegetables. In cover crop plots, weeds were counted by species 

at 30 and 60 days after planting cover crops, within a one m2 quadrat randomly placed 

in each cover crop plot. After counting weed species, above-ground weed biomass was 

collected from within the quadrat and dried at 60 º C and weighed. For fall and spring 

vegetables, weeds were counted, by species, between beds and within vegetable rows 

in 0.25 m2 quadrats placed randomly one time per plot. Weeds were counted at 2, 4, 6, 

and 9 weeks after planting the vegetable crops. Above-ground weed biomass was 

collected after counting weed species from the same 0.25 m2 quadrats, dried at 60 ºC, 

and weighed.  

In fall 2006, weeds were counted between beds only. After this, weeds within 

crop rows were also counted. After this season, weeds were always counted within 

vegetable rows as well as between crop beds. Weed species were grouped into 

grasses, broad-leaf, and sedges. Counts were square root-transformed (sqrt[x+1]) to 

normalize the data and to accommodate zero counts. In spring 2007 and 2008, the time 

needed to hand weed plots was determined. Time at the beginning and the end of the 

hand weeding was noted for each plot. The time per plot was used to calculate time per 

hectare and divided by the number of persons used for hoeing. In this way, data were 

analyzed were hoeing times per hectare for a single person.  



 

106 

Data were averages of different sampling dates because no interactions were 

found between cropping systems and sampling dates. Analysis of variance was 

performed on transformed values using the GLM procedure in Statistical Analysis 

System software (SAS, 2008). Means were separated by the least significant difference 

(LSD) test at the 5% level of significance. The data are reported as untransformed 

means. 

Results and Discussion 

During 2006-07 in both experiments, the major weed species were southern 

crabgrass (Digitaria ciliaris (Retz.) Koel) and Florida pusley (Richardia scabra L.) in all 

seasons. In addition, hairy indigo (Indigofera hirsuta L.) in summer and wandering 

cudweed (Gnaphalium pensylvanicum Willd.) in fall were also prevalent. Major weed 

species present in 2006-07 persisted in 2007-08. In addition, carpet weed (Mollugo 

verticillata L.) and several species of sedges were found in all the seasons. Sedge 

species included: Cyperus rotundus L., C. strigosus L., C. globulosus Aublet, C. 

compressus, and C. brevifolius.  

Experiment I: 2006 – Cover Crop-Squash-Pepper; 2007 – Cover Crop-Broccoli-
Sweet Corn 

Weeds between beds 

Grass weeds. In summer 2006 only the PM system suppressed grass weeds to 

levels lower than the WF system (Table 5-3). In fall squash, only the SSVB system 

resulted in fewer weeds than the WF system. During the spring bell pepper season of 

2007, grass weed densities in cropping systems with cover crops were not significantly 

different from the weedy fallow (WF). Results in 2007-08 changed, so that grass weed 



 

107 

density was significantly greater in the WF system than in the rest of the cropping 

systems in all seasons, except for the SH system in the fall broccoli season.  

Broad-leaf weeds. In 2006-07, except for SH, cover crop cropping systems 

suppressed the broad-leaf weed populations to less than half that of WF system (Table 

5-4). In squash, broad-leaf weeds were suppressed to lower populations than the WF 

system only with the VB, PMSH, and SSVB systems. This suppression persisted in bell 

pepper in the VB and SSVB systems. In 2007-08, broad-leaf weed populations were 

significantly lower than the WF system with the VB and SSVB systems. In broccoli, 

broad-leaf weeds were suppressed by PM, VB, PMSH, and SSVB systems. In sweet 

corn only the VB, PMSH, and SSVB systems had lower braod-leaf weed populations 

than the WF system. Broad-leaf weed populations in the SH system were similar to or 

higher than those in the WF system throughout the 2-year period.  

Sedges: During the cover cropping period in summer 2006, sedge populations 

were lower in the PM and SS systems than in the WF system (Table 5-5). In squash 

2006, only the PMSH system resulted in fewer sedges than the WF system. In bell 

pepper in spring 2007, sedge densities were low ( 3 plants m-2) in all cropping systems 

except for the PMSH and SSVB systems where sedge densities were significantly 

higher at 11 and 15 plants m-2, respectively. In the cover crops in summer 2007, sedge 

populations were significantly lower in VB and PM systems than in the WF system. In 

broccoli in fall 2007, only the SH system had a sedge density higher than that of the WF 

system. In sweet corn in spring 2008, all cover crop cropping systems suppressed 

sedge populations (1-2 plants m-2) to levels lower than the WF system (58 plants m-2)..  
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Overall, the SSVB system suppressed grass and broad-leaf weed populations in 

between beds over two years (Tables 5-3 and 5-4). SSVB mixtures produced 

substantial biomass (Table 5-6) that covered the soil and smothered the weeds; 

however only the VB system produced less biomass. A sorghum-sudangrass-cowpea 

mixture was reported to produce significant above-ground biomass, a C:N ratio of 24:1 

and 39:1, and significantly suppressed weeds in vegetable production systems 

(Creamer and Baldwin, 2000). The VB system suppressed broad-leaf weeds over the 

two-year period but the SH system it was not as effective. Sedge populations were 

suppressed in the PM and VB systems in 2-year cropping systems, but sedge 

populations in squash and bell pepper were not significantly different from the WF 

system during the first year of the experiment. This suggests that additional measures 

may be needed in squash and bell pepper to reduce sedges. The SH system failed to 

suppress sedge populations. Both rye-hairy vetch and crimson clover living mulches 

reduced sedges. Sedges in the spring season were less than in the previous fall 

season, but their populations increased in beans intercropped with spring bell pepper. 

Living mulch can replace weeds through competition (Teasdale, 1996) and reduced 

light transmittance, which inactivates phytochrome-mediated germination of weed seeds 

(Teasdale and Mohler, 1993). Living mulches like rye and crimson clover were effective 

in suppressing weeds (Nagabhushana et al., 2001).  

Weeds within crop rows 

Grass weeds. In bell pepper in spring 2007, grass weed populations were 

significantly fewer in SS and SSVB systems than in the WF system (Table 5-7). In 

broccoli in fall 2007, all cover crop systems had fewer grass weeds than in the WF 

system except for the SH and VB systems.  In sweet corn in spring 2008, the grass 
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weed populations were smaller in all the cover crop systems than in the WF system 

(Table 5-7).  

Broad-leaf weeds. There was no significant difference in broad-leaf weed 

populations among cover crop systems and the WFsystem in bell pepper in spring 2007 

(Table 5-8). In broccoli in fall 2007, only the VB, PMSH, and SSVB systems had fewer 

broad-leaf weeds than the WF system. In sweet corn in spring 2008, SSVB, PMSH, and 

VB systems had fewer broad-leaf weed populations compared to the WF system.  

Sedges. In bell pepper in spring 2007, sedge density was highest in SH system 

while other cover crop systems were not significantly different from the WF system 

(Table 5-9). In broccoli in fall 2007, only the SS system suppressed sedges to lower 

than the WF system. In sweet corn in spring 2008, the sedge population was 

significantly greater in the WF system than in all of the other cropping systems 

The SS and SSVB systems suppressed grass weeds within crop rows 

throughout the two year cropping system. In addition, PM and PMSH systems also 

reduced grass weeds in the second year of the experiment. This suggests that crop 

growth in these systems increased with optimum crop spacing to control grass weeds.  

PMSH and SSVB systems suppressed broad-leaf weeds during second year of the 

cropping systems. Both complex systems created stress on broad-leaf weeds at later 

stages of the cropping system. Sedge populations were greater in the SH than the WF 

system while the SS system had fewer sedges than the WF system except in bell 

pepper 2007. Sedge populations increased in broccoli in 2007, which suggests that 

plant and row spacing in broccoli failed to result in complete canopy closure to restrict 

sedge establishment.  
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Generally cover crops do not reduce weeds effectively throughout the cropping 

season and suppress early-season weeds (Teasdale, 1996). Other reasons include 

management practices in bell pepper where relatively wide row and plant spacing of 45 

cm allowed weeds to germinate quickly and become established with little difficulty. In 

addition, leaf area index in pepper was less than 1.5, which provides little canopy cover 

and this may help these weeds to germinate and thrive. Beside this, the plant biomass 

of bell pepper was only 17-21 g/plant compared with that of broccoli (67-90 g/plant) and 

sweet corn (39-55 g/plant) (Table 5-6). This suggests that bell pepper was probably less  

competitive against weeds than the other crops. On the other hand, the SH system may 

have stimulated sedge populations by providing nitrogen to crops and weeds, while the 

SS system reduced sedge populations.. Allelopathy may have contributed to the 

effectiveness of the SS system. Root exudates of Sorghum species contain sorgoleone, 

which disrupts the growth of neighboring plants and helps to suppress weeds (Putnam 

et al., 1983, Einhelling and Souza, 1992; Nimbal et al., 1996; Duke et al., 2000). 

Weed biomass 

Between beds. In 2007, total weed biomass was greatest in the WF system 

during summer cover crop season but increased in all the cropping systems except the 

PMSH and SSVB systems during the fall squash season(Table 5-10). During spring bell 

pepper 2007, only the SS system decreased weed biomass to lower than the WF 

system. In 2007, total weed biomass was greatest in the WF system in the summer 

cover crop season.  

In fall broccoli 2007, the SS system had greatest total weed biomass while all 

other systems had less weed biomass than the WF system. In spring sweet corn 2008, 
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total weed biomass was significantly greater in the WF than in the in SH, VB, and SSVB 

systems (Table 5-10). 

Within crop rows. In 2006-07, total weed biomass was highest in the WF 

system in summer 2006 and spring bell pepper 2007 season (Table 5-11). In the 

summer squash season, no cropping system was significantly different from the WF 

system. During spring bell pepper 2007, all cover crop systems suppressed total weed 

biomass more effectively than the WF system. In fall broccoli 2007, only the SSVB 

system suppressed total weed biomass more effectively than WF system; while in 

spring sweet corn 2008, PM, VB, and SSVB systems had lower total weed biomass 

than the WF system.  

Overall the SSVB system suppressed total weed biomass between beds and 

within crop rows in most of the seasons. In addition, other cover crop systems also 

suppressed total weed biomass in one or two seasons. Isik et al. (2009b) found that 

grain sorghum and sudangrass cover crops reduced total weed dry biomass for 

subsequent vegetable production. Similarly, crimson clover as living mulch planted 

between beds in broccoli plots reduced total weed biomass in both PMSH and SSVB 

systems, but bush beans as an intercrop failed to reduce total weed biomass in the 

PMSH system in bell pepper and sweet corn. Accumulated dry matter in crimson clover 

was greater with a longer growing period (den Hollander et al., 2007). Teasdale (1996) 

found that weed biomass is highly correlated to cover crop biomass.  The SS system 

reduced total weed biomass in the cover crop season, but failed to reduce it in the 

subsequent fall and spring seasons. Grain sorghum and sudangrass have also been 
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shown to lower weed density and total weed biomass in another study (Mennan et al., 

2009).  

Experiment II: 2006 Cover Crop-Broccoli-Corn; 2007 Cover Crop-Squash-Bell 
Pepper 

Weeds between beds 

Grass weeds. In 2006, grass weed populations were significantly greater in the 

VB system than other systems with cover crops during summer, but no cropping system 

was significantly different from the WF system (Table 5-12). In broccoli in fall 2007, only 

the SSVB system had fewer grass weeds than the other cropping systems. In sweet 

corn in spring 2008, no cropping system resulted in a grass weed population that was 

significantly different from the WF system.  

During the cover cropping period in summer 2007, the SS and SSVB systems 

resulted in lower grass weed densities than the WF system (Table 5-12). In fall squash 

2007, the best control of grass weeds occurred in the PMSH, and SSVB systems. 

Grass weeds were also effectively suppressed by the PM and SS systems to lower 

densities than in the WF system. In spring bell pepper 2008, all cropping systems 

except for the SH system had fewer grass weeds than the WF system.  

Broad-leaf weeds. In 2006-07, as for grasses, broad-leaf weed populations in 

systems with cover crops were not significantly different from that with the WF system 

(Table 5-13). During the fall broccoli 2006, only the SSVB system had fewer broad-leaf 

weeds than the WF system; however, the SS system had twice as many weeds per unit 

area than the WF system. In spring sweet corn 2007, no cropping system resulted in 

broad-leaf weed populations that were lower than the WF system.  
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In 2007-08, in the summer cover crop season, broad-leaf weeds were greatest in 

the SH system while other cropping systems were not significantly different from the WF 

system (Table 5-13). During fall 2007 in squash, only the PMSH and SSVB systems 

had lower broad-leaf weed populations than the WF system. In spring bell pepper 2008, 

the broad-leaf weed population in the WF system was similar to or greater than those of 

the system of the other cropping systems (Table 5-13). 

Sedges. In 2006-07, sedge populations were significantly lower than in the WF 

system with the PMSH, SSVB, and PM systems (Table 5-14). In broccoli, only the 

PMSH and SSVB systems had lower sedge populations than than the WF system. In 

2007-08, the sedge population was greater in the SH system than in the WF system in 

the summer cover crop season. In fall squash 2007, only the PMSH and SSVB systems 

had significantly lower sedge populations than the WF system. In spring bell pepper 

2008, no cropping system had a lower sedge population than the WF system.  

The SSVB complex system controlled grass weeds better than the simple WF 

system throughout the experiment; while grass weeds increased in the SH system 

during the second year of the experiment. This suggests that velvetbean cover crop 

planted in the SH system during the second summer did not effectively suppress grass 

weeds during the second year. Germination and establishment of the cover crop was 

poor and some plants succumbed to disease, resulting in an open canopy.  Additionally, 

the residues of legume cover crops decompose and release nitrogen rapidly (Wagger, 

1989). Release of nitrogenous compounds may trigger germination and stimulate 

emergence of specific weeds (Teasdale and Pillai, 2005).  
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During the two-year experiment, no cropping system consistently suppressed 

broad-leaf weed and sedge populations. Broad-leaf weeds were of different seed sizes 

with good food reserves. They survived better than grass weeds in the soil (Lewis, 

1973) and emerged when the cover crop effects were completed. Similarly, perennial 

weeds like sedges were more difficult to control with cover crops than annual weeds 

because of larger nutritional reserves and faster rate of establishment (Teasdale et al., 

2007). Due to stored food materials in the underground parts, perennial weeds survive 

in most cropping systems despite efforts to eradicate them (Rao, 2000). Whereas, living 

mulches in the PMSH and SSVB systems resulted in lower broad-leaf weed and sedge 

densities in the fall, bean intercrops failed to effectively suppress weeds in the spring. 

Bàrberi and Mazzoncini (2001) found that rye reduced weed biomass by 54 to 99% and 

crimson clover reduced biomass by 22 to 46% in continuous corn systems. In vegetable 

production, living mulch suppressed weeds by blocking light for weed seed germination 

(Lanini et al., 1989, Phatak, 1992), secretion of allelochemicals (White et al., 1989), or 

by competing with the established weed seedlings (Teasdale, 1998).  

Weeds within crop rows 

Grass weeds. In spring sweet corn 2007, only the SSVB system suppressed 

grass weeds to a lower level than the WF system (Table 5-15). Grass populations in fall 

squash 2007 with cover crop systems were either not different from that of the WF 

system or was higher. In spring bell pepper 2008, all cover crop systems except the SH 

system resulted in fewer grass weed populations than WF system.  The results on the 

suppression of grass weeds were not consistent throughout the experiment; however, 

the SSVB system appeared to be the most effective for grass weed suppression. 

Beside this, the SH system resulted in more grass weeds than other cover crop systems 
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during the second year of the experiment. Sunn hemp estimated to fix 72-91% of its 

total nitrogen in the soil (Seneratne and Ratnasinghe, 1995; Ladha et al., 1996). 

Legume cover crops released nitrogenous compounds that may have contributed to 

increased cash crop biomass (Table 5-20). Legume cover crops can provide a 

considerable amount of nitrogen and essential nutrients to succeeding crops (Fageria et 

al., 2005). In addition, nitrogen also triggers germination and stimulates grass weed 

emegernce (Teasdale and Pillai, 2005). 

Broad-leaf weeds. In spring sweet corn 2007, no difference in broad-leaf weed 

populations was observed among cropping systems (Table 5-16). In 2007-08, no 

systems had lower broad-leaf weed populations than the WF system in fall squash and 

spring bell pepper seasons.  

Sedges. In spring sweet corn 2007, sedge densities were suppressed by SH and 

PMSH systems to levels lower than the WF system (Table 5-17). In 2007-08, sedge 

populations were significantly greater in the WF system than in the SS, SH, and PMSH 

systems in fall squash 2007. Populations were significantly higher in the WF and SS 

systems than the VB and SSVB systems during spring bell pepper season.  

The cropping systems did not suppress broad-leaf weeds and sedges were not 

consistently suppressed during the two-year experiment. This suggests that broad-leaf 

weeds were not impacted by cover crop biomass, crop biomass, and light interception. 

Sedges were not affected by the cash crop biomass of both fall and spring seasons 

(Table 5-20). Similarly, no effect of cover crop biomass was noted on the sedge 

populations in the succeeding fall vegetables (Table 5-17 and 5-20). The differences 

that occurred in the experiment may be due to the resource competition with the cash 
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crops as suggested by Teasdale et al. (2007). Perennial weeds like sedges and large-

seeded broad-leaf weeds were difficult to control due to their large nutritional reserves, 

(Mohler, 1996, Teasdale et al., 2007).    

Weed biomass 

Between beds. In 2006-07, during the summer cover cropping period, total weed 

biomass was significantly greater in the WF system than the other cropping systems. 

This was true also in 2007-08 except for the SH system, which had even more total 

weed biomass than the WF system (Table 5-18). During the cover cropping period in 

2007, the final population of velvetbean cover crop was decreased by 83% from the 

initial planting population in the SH system. Due to this reason, weeds germinated and 

emerged profusely in this system. In fall squash 2007, total weed biomass was lower in 

the PMSH and SSVB systems than systems with sole cover crops, but not different from 

the WF system. In spring bell pepper, total weed biomass was greater in the SH system 

as compared to the SS and SSVB systems, but no cropping system was significantly 

different from the WF system (Table 5-18).  

Within crop rows. In fall broccoli 2006, total weed biomass in all systems was 

not significantly different from the WF system except for the PMSH system, which had 

lower total weed biomass. In 2007-08, there was no difference in total weed biomass 

among systems in squash and bell pepper (Table 5-19).  

Although cover crops suppressed total weed biomass during the cover cropping 

period, suppression did not persist into the following fall and spring seasons. Rye-hairy 

vetch living mulch suppressed total weed biomass between beds in fall squash but 

crimson clover was ineffective in broccoli. Hence, cover crop biomass did not impact the 

total weed biomass in the subsequent vegetables.  
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Hand weeding.  

Hand weeding times reflected weed density with no difference among cropping 

systems on 2 April or 18 April 2007 (Table 5-21). On 30 May 2007, hand weeding time 

in bell pepper was greater in the WF system than in the SSVB system; however, 

weeding time for other cropping systems did not differ significantly from that with the WF 

system. In spring 2008, hand weeding time in bell pepper plots did not differ between 

cropping systems either on 14 April or 14 May 2008. However, on sweet corn plots, the 

WF system took greater hand weeding time compared to other cropping systems.  

Conclusion 

In experiment I, the SSVB system resulted in fewer grasses, broad-leaf weeds 

and lower total weed biomass than the WF system between beds, while sedges were 

fewer in the second year in the SSVB system than in the WF system. Similarly within 

crop rows, fewer grass weeds and lower total weed biomass occurred in the SSVB 

system than in the WF system while no difference was observed in sedge populations. 

In experiment II, the SSVB system had fewer grass weeds than the WF system 

between beds; however, within rows, grass weed density increased in fall in the SSVB 

system. No differences were observed in between the complex systems and WF system 

in broad-leaf weeds, sedge populations and total weed biomass.  
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Table 5-1. Cropping system treatments used in experiments a 
2006-07 2007-08 
Cover crop a Fall  Spring Cover crops Fall Spring 
 
Experiment I 
Weedy fallow (WF) Squash Bell pepper Weedy Fallow Broccoli Sweet corn 
Pearl millet (PM) Squash Bell pepper Sorghum sudangrass Broccoli Sweet corn 
Sorghum-sudangrass (SS) Squash Bell pepper Pearl millet Broccoli Sweet corn 
Sunn hemp (SH) Squash Bell pepper Velvetbean Broccoli Sweet corn 
Velvetbean (VB) Squash Bell pepper Sunn hemp Broccoli Sweet corn 
Pearl millet + Sunn hemp 
(PMSH) 

Squash +  
Rye -hairy 
vetch 

Bell pepper +  
  bush beans 

Sorghum sudangrass- 
  Velvetbean 

Broccoli +  
  crimson clover 

Sweet corn +  
  bush beans 

Sorghum-sudangrass + 
  Velvetbean (SSVB) 

Squash + Rye- 
  hairy vetch 

Bell pepper +  
  bush beans 

Pearl millet-sunn hemp Broccoli +  
  crimson clover 

Sweet corn + 
  bush beans 

 
Experiment II 
Weedy fallow (WF) Broccoli Sweet corn Weedy Fallow Squash Bell pepper 
Pearl millet (PM) Broccoli Sweet corn Sorghum sudangrass Squash Bell pepper 
Sorghum-sudangrass (SS) Broccoli Sweet corn Pearl millet Squash Bell pepper 
Sunn hemp (SH) Broccoli Sweet corn Velvetbean Squash Bell pepper 
Velvetbean (VB) Broccoli Sweet corn Sunn hemp Squash Bell pepper 
Pearl millet + Sunn hemp  
  (PMSH) 

Broccoli +  
  crimson clover 

Sweet corn + 
bush beans 

Sorghum sudangrass- 
  Velvetbean 

Squash +  
Rye -hairy vetch 

Bell pepper + 
  bush beans 

Sorghum-sudangrass + 
  Velvetbean (SSVB) 

Broccoli +  
  crimson clover 

Sweet corn + 
bush beans 

Pearl millet-sunn hemp Squash + 
  rye -hairy vetch 

Bell pepper + 
   bush beans 

a For convenience, cropping system treatments are referred to in text using summer cover crop name of 2006-07. 
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Table 5-2. Details of cover crops planted in this experiment at Citra, FL 
Cover crops Botanical name Cultivar Source Seed-rate (kg/ha) 
Pearl millet  Pennisetum glaucum Tifleaf 3 Production Plus, Plainview, TX 4.5 
Sorghum-sudangrass  Sorghum bicolor x S. bicolor 

var sudanense 
Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp  Crotalaria juncea Unknown Kaufman Seeds, Haven, KS 7.2 
Velvetbean  Mucuna pruriens var 

pruriens 
Georgia Bush Georgia Seed Development 

Commission, Athens, GA 
18.0 

Pearl millet – sunn hemp  - - - 3.0 PM + 3.6 SH 
Sorghum-sudangrass + 
  Velvetbean  

- - -  
4.8 SS + 12.0 VB 
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Table 5-3. Influence of cropping system on grass weed population (m-2) between beds in experiment I a 
 
Cropping system 

Cover crop 
2006 

Squash  
2006 

Bell pepper 
2007 

Cover crop 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 3  ab   6   b   7  ab 11   a 38  a 60  a 
Pearl millet 1  c 14   a   7  ab   4   bcd 18  bc   7  c 
Sorghum-sudangrass 2  bc   5   b   5  b   3   cd 14  c 10  c 
Sunn hemp 3  ab 10   b   6  b   7   b 31  ab 26  b 
Velvetbean 5  a 14   a   5  b   5   bc 15  c   8  c 
Pearl millet + Sunn hemp 2  bc   4   bc 10  a   4   bcd   5  d   5  c 
Sorghum-sudangrass +   
  Velvetbean 

2  bc   1   c   5  b   1   d   3  d   5  c 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05 based on 
[sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-4. Influence of cropping system on broad-leaf weed population (m-2) between beds in experiment I a 
 
Cropping system 

Cover 
crops 2006 

Squash  
2006 

Bell pepper 
2007 

Cover crops 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 19  a   95  ab 16  a 32  b 315  a 16  a 
Pearl millet   9  b   77  bc 12  ab 19  bc 273  bc 24  a 
Sorghum-sudangrass   7  b   82  abc 11  ab 22  bc 305  ab 23  a 
Sunn hemp 19  a 115  a 15  a 59  a 309  a 24  a 
Velvetbean   8  b   59  cd   4   c 14  c 226  c   3  b 
Pearl millet + Sunn hemp   9  b   23  e   9  abc 25  bc   60  d   3  b 
Sorghum-sudangrass + 
  Velvetbean 

  7  b   37  de   6  bc 12  c   31  d   4  b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05  
based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-5. Influence of cropping systems on sedge population (m-2) between beds in experiment I a 
 
Cropping system 

Cover 
crops 2006 

Squash  
2006 

Bell pepper 
2007 

Cover crops 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow   9  b   39   bc     2  b 14  ab   75  b 58  a 
Pearl millet   1  c   42   b     3  b   1  c   28  c   1  b 
Sorghum-sudangrass   2  c   20   bcd     1  b   2  bc   30  c   2  b 
Sunn hemp 30  a   87   a     2  b 16  a 116  a   1  b 
Velvetbean   8  b   29   bc     1  b   1  c   28  c   2  b 
Pearl millet + Sunn hemp   5  bc     6   d   11  a   2  bc     5  d   1  b 
Sorghum-sudangrass +  
  Velvetbean 

  4  bc   14   cd   15  a   6  bc     5  d   1  b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05  
based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-6. Cover crop and crop biomass throughout 2-year cropping system in experiment I a 

2006-07 2007-08  
Cover crops Cover crops 

2006  
(kg ha-1) 

Bell pepper 
2007  
(kg ha-1) 

Cover crops 
2007  
(kg ha-1) 

Broccoli 
2007  
(kg ha-1) 

Sweet corn 
2008  
(kg ha-1) 

Weedy fallow    - 457  a    - 1637  a 2903  a 
Pearl millet 5240  a 457  a 5960  a 1613  a 3276  a 
Sorghum-sudangrass 5410  a 506  a 3860  b 1613  a 2978  a 
Sunn hemp 2530  bc 409  a 3060  b 1637  a 3722  a 
Velvetbean 1070  cd 409  a   310  c 1613  a 3573  a 
Pearl millet + Sunn hemp 5010  a 506  a 3830  b 1830  a 3797  a 
Sorghum-sudangrass + Velvetbean 4880  ab 481  a 3660  b 2137  a 4094  a 
a Data were means of four replications. Means in column followed by the same letters were not different according to least significant 
difference (LSD) at P≤0.05  
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Table 5-7. Influence of cropping system on grass weed population (m-2) within crop rows in experiment I ab 
 
Cropping system 

Bell pepper 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 10  a 19  a 54  a 
Pearl millet   6  ab   7  c 15  c 
Sorghum sudangrass   4  b   8  bc 14  c 
Sunn hemp 11  a 16  a 29  b 
Velvetbean   9  ab 12  ab 10  cd 
Pearl millet-sunn hemp   7  ab   8  bc 13  c 
Sorghum-sudangrass +  
  Velvetbean 

  4  b   8  bc   6  d 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns with  
different letters are statistically different according to least significant difference (LSD) at 
 α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall squash 2006.  
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Table 5-8. Influence of cropping system on broad-leaf weed population (m-2) within crop rows in experiment I ab 
 
Cropping system 

Bell pepper 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 16  ab 218  a 35  a 
Pearl millet   9  b 181  ab 28  ab 
Sorghum-sudangrass 13  ab 211  ab 30  a 
Sunn hemp 22  a 170  b 37  a 
Velvetbean 11  b 207  ab 16  bc 
Pearl millet + Sunn hemp 11  b 139  c 15  bc 
Sorghum sudangrass-
velvetbean 

13  ab 119  c 13  c 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns with  
different letters are statistically different according to least significant difference (LSD) 
 at α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall squash 2006.  
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Table 5-9. Influence of cropping system on sedge population (m-2) within crop rows in experiment I ab 

 
Cropping system 

Bell pepper 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow   6  b   42  abc 34  a 
Pearl millet   3  b   28  bcd   4  b 
Sorghum-sudangrass   7  b   21  d   3  b 
Sunn hemp 24  a   51  a   2  b 
Velvetbean   6  b   25  cd   3  b 
Pearl millet +Sunn hemp 10  b   38  bcd   3  b 
Sorghum-sudangrass + 
  Velvetbean 

12  b   62  a   4  b 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns with  
different letters are statistically different according to least significant difference (LSD) at  
α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall squash 2006.  
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Table 5-10. Influence of cropping system on total weed biomass (g m-2) between beds in experiment I a 
Cropping system Cover crop 

2006 
Squash  
2006 

Bell pepper 
2007 

Cover crop 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 162.8   a 31.0  ab 36.9  ab 134.7    a 36.9  b 52.6   a 
Pearl millet     1.3   c 31.0  ab 53.0  a     8.0    c 24.0  c 24.0   ab 
Sorghum-sudangrass 0.6   c 43.0  ab 25.8  bc     4.2    c 49.4  a 25.7   ab 
Sunn hemp   56.6   b 70.0  a 34.7  ab   77.7    b 22.3  c 18.0   b 
Velvetbean   43.7   bc 29.0  ab 15.4  bc     7.0    c 27.0  c   8.9   b 
Pearl millet + Sunn hemp 0.8   c   9.0  b 15.5  bc   20.2    c   8.7  d 36.8   ab 
Sorghum-sudangrass +  
  Velvetbean 

   1.6   c   7.0  b   5.5  c     2.8    c   1.6  d 14.2   b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05.  
 

 



 

128 

 
Table 5-11. Influence of cropping system on total weed biomass (g m-2) within crop rows in experiment I ab 
 
Cropping system 

Squash  
2006 

Bell pepper 
2007 

Broccoli 
2007 

Sweet corn 
2008 

Weedy fallow 15.8  a 51.9  a 14.6  a 57.0  a 
Pearl millet 24.0  a 23.0  bc 10.0  ab   7.8  b 
Sorghum-sudangrass 24.9  a 29.4  b 12.0  ab 28.9  ab 
Sunn hemp 18.6  a 26.3  b 11.1  ab 27.9  ab 
Velvetbean 28.1  a 29.1  b 10.0  ab 11.9  b 
Pearl millet + Sunn hemp 23.5  a 14.1  bc 12.5  ab 29.1  ab 
Sorghum-sudangrass + 
  Velvetbean 

27.4  a   7.7  c   7.3  b 25.7  b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05.  
b Cover crop biomass was same in both between beds and within crop rows, presented in Table 5-10 
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Table 5-12. Influence of cropping system on grass weed population (m-2) between beds in experiment II a 
 
Cropping system 

Cover crop 
2006 

Broccoli 
2006 

Sweet corn 
2007 

Cover crop 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 4  ab   9  ab 2  ab   6  b 17  b 97  a 
Pearl millet 1  b 11  ab 2  ab   4  bc 10  c 30  b 
Sorghum sudangrass 3  b   8  b 4  a   2  c   8  c 22  b 
Sunn hemp 2  b   7  b 2  ab 12  a 41  a 75  a 
Velvetbean 6  a 13  a 3  ab   5  bc 17  b 22  b 
Pearl millet + Sunn hemp 2  b   7  b 3  ab   5  bc   1  d 27  b 
Sorghum-sudangrass + 
  Velvetbean 

1  b   3  c 1  b   2  c   1  d 20  b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05  
based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-13. Influence of cropping system on broad-leaf weed population (m-2) between beds in experiment IIa 
 
Cropping system 

Cover crop 
2006 

Broccoli 
2006 

Sweet corn 
2007 

Cover crop 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 12  bc   62  bc     4  b 21  b 154  ab 30  c 
Pearl millet   5  c   89  ab     5  b 13  b 128  b 17  c 
Sorghum sudangrass 18  ab 131  a     9  ab 19  b 178  a 31  bc 
Sunn hemp 27  a 101  ab   36  a 45  a 184  a 33  bc 
Velvetbean 11  bc   97  ab     5  b 11  b 175  a 14  c 
Pearl millet-sunn hemp 14  bc   30  cd     7  ab 22  b   38  c 63  a 
Sorghum-sudangrass + 
  Velvetbean 

13  bc   16  d     6  b 21  b   48  c 54  ab 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05  
based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-14. Influence of cropping system on sedge population (m-2) between beds in experiment IIa 
 
Cropping system 

Cover crop 
2006 

Broccoli 
2006 

Sweet corn 
2007 

Cover crop 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 30  a 55  ab 9  a 3  b 53  ab   3  bc 
Pearl millet   3  b 67  ab 1  a 6  ab 46  ab   1  c 
Sorghum sudangrass 10  ab 39  ab 2  a 2  b 30  b   3  bc 
Sunn hemp   9  ab 25  bc 3  a 8  a 18  b   5  abc 
Velvetbean 38  a 83  a 2  a 3  b 56  a   3  bc 
Pearl millet + Sunn hemp   1  b   6  d 2  a 5  ab   0  c   9  a 
Sorghum-sudangrass + 
  Velvetbean 

  3  b   7  cd 1  a 2  b   1  c   6  ab 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05  
based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
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Table 5-15. Influence of cropping system on grass weed population (m-2) within crop rows in experiment II ab 
 
Cropping system 

Sweet corn 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 3  abc   9  b 55  a 
Pearl millet 2  bcd   8  b 24  b 
Sorghum sudangrass 6  a   9  b 18  bc 
Sunn hemp 1  cd 25  a 51  a 
Velvetbean 3  abc 12  b 15  bc 
Pearl millet + Sunn hemp 4  ab   8  b 19  bc 
Sorghum-sudangrass + 
  Velvetbean 

0  d   9  b 13  c 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns with 
 different letters are statistically different according to least significant difference (LSD) at 
 α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall broccoli 2006.  
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Table 5-16. Influence of cropping system on broad-leaf weed population (m-2) within crop rows in experiment II ab 
Cropping system Sweet corn 

2007 
Squash 
2007 

Bell pepper 
2008 

Weedy fallow     8  a 142  ab 48  ab 
Pearl millet     7  a 111  b 44  ab 
Sorghum-sudangrass   11  a 152  a 45  ab 
Sunn hemp   18  a 153  a 40  ab 
Velvetbean     6  a 134  ab 28  b 
Pearl millet +Sunn hemp     7  a 127  ab 56  a 
Sorghum-sudangrass + 
  Velvetbean 

    9  a 154  a 41  ab 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns  
with different letters are statistically different according to least significant difference (LSD)  
at α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall broccoli 2006 
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Table 5-17. Influence of cropping systems on sedge population (m-2) within crop rows in experiment II ab 
 
Cropping system 

Sweet corn 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 8  a 40  a 11  a 
Pearl millet 3  ab 23  abc   9  ab 
Sorghum sudangrass 5  a 18  bc 10  a 
Sunn hemp 1  b 17  bc   7  ab 
Velvetbean 3  ab 32  ab   5  b 
Pearl millet + Sunn hemp 1  b 14  c   9  ab 
Sorghum-sudangrass +  
  Velvetbean 

2  ab 35  ab   5  b 

a Data were the average of different sampling dates as no interaction was found  
between cropping systems and observation dates. Means within columns with  
different letters are statistically different according to least significant difference (LSD) at  
α=0.05 based on [sqrt(x+1)] transformed values. Untransformed means are presented in tables.  
b No weed counts were done in fall broccoli 2006 
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Table 5-18. Influence of cropping system on total weed biomass (g m-2) between beds in experiment II a 
 
Cropping system 

Cover crop 
2006 

Broccoli 
2006 

Sweet corn 
2007 

Cover crop 
2007 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 151.4  a 14.0  a   2.6  a   79.6  b 17.0  b 29.6  ab 
Pearl millet     2.1  c 11.8  a 11.0  a     3.2  c 34.6  ab 20.2  ab 
Sorghum sudangrass     4.5  c 22.6  a   8.3  a     3.8  c 27.9  b 15.4  b 
Sunn hemp   41.5  bc 25.5  a   3.1  a 114.8  a 29.2  b 32.3  a 
Velvetbean   75.6  b 27.3  a   5.6  a     6.0  c 47.8  a 25.4  ab 
Pearl millet +Sunn hemp     0.7  c 17.5  a   6.2  a   23.3  c   1.0  c 22.2  ab 
Sorghum-sudangrass + 
  Velvetbean 

    3.1  c 20.8  a   6.2  a     5.0  c   3.3  c 15.9  b 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05.  
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Table 5-19. Influence of cropping system on total weed biomass (g m-2) within crop rows in experiment II ab 
 
Cropping system 

Cover crop 
2006b 

Broccoli 
2006 

Sweet corn 
2007 

Cover crop 
2007b 

Squash 
2007 

Bell pepper 
2008 

Weedy fallow 151.4  a 14.6  a 2.9  a   79.6  b 15.8  a 30.6  a 
Pearl millet     2.1  c 12.0  ab 5.1  a     3.2  c 24.9  a 25.2  a 
Sorghum sudangrass     4.5  c 10.0  ab 4.2  a     3.8  c 24.0  a 18.6  a 
Sunn hemp   41.5  bc 10.0  ab 4.7  a 114.8  a 28.1  a 27.7  a 
Velvetbean   75.6  b 11.1  ab 5.7  a     6.0  c 18.6  a 20.3  a 
Pearl millet + Sunn hemp     0.7  c   7.3  b 7.7  a   23.3  c 27.4  a 31.0  a 
Sorghum –Sudangrass + 
  Velvetbean 

    3.1  c 12.5  ab 4.4  a     5.0  c 23.5  a 17.2  a 

a Data were the average of different sampling dates as no interaction was found between cropping systems and observation dates. 
Means within columns with different letters are statistically different according to least significant difference (LSD) at α=0.05.  
b Cover crop biomass was same in both between beds and within crop rows, presented in table 5-18 
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Table 5-20. Cover crop and crop biomass throughout the 2-year cropping system in Experiment II a 

2006-07 2007-08  
 
Cropping system 

 
Cover crop 
2006 (kg ha-1) 

Sweet corn 
2007  
(kg ha-1) 

 
Cover crops 
2007 (kg ha-1) 

Squash 
2007  
(kg ha-1) 

Bell pepper 
2008  
(kg ha-1) 

Weedy fallow     - 2360  ab     - 469  bc 270  b 
Pearl millet 3860  ab 2620  ab 4140  ab 590  ab 494  a 
Sorghum-sudangrass 2830  b 2799  a 3070  c 578  ab 402  ab 
Sunn hemp 3160  b 2799  a 3170  bc 638  a 525  a 
Velvetbean   720  c 2591  ab   120  d 530  ab 364  ab 
Pearl millet + Sunn hemp 5100  a 2978  a 4610  a 469  bc 467  a 
Sorghum-sudangrass + Velvetbean 3360  b 1846  b 3040  c 397  c 445  a 
a Data were means of four replications. Means in column followed by the same letters were not different according to least  
significant difference (LSD) at P≤0.05  
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Table 5-21. Hand weeding time (man-hours/ha) at different time intervals in spring 2007 and 2008a 

Spring 2007 (hours/ha) Spring 2008 (hours/ha) 
2 April 2 April 18 April 18 April 30 May 14 April 14 April 14 May 

 
Cropping system 

Sweet corn Bell pepper Sweet corn Bell pepper Bell pepper Sweet corn Bell pepper Bell pepper 
Weedy fallow 50.9  a a 54.0  a 24.3  a 42.0  a 400.0  a 227.1  a 195.3  a 392.6  a 
Pearl millet 46.3  a 51.4  a 22.6  a 34.7  a 284.0  ab   96.9  b 152.4  a 396.9  a 
Sorghum-sudangrass 63.7  a 28.3  a 21.7  a 39.0  a 368.4  ab 103.8  b 125.9  a 200.6  a 
Sunn hemp 69.4  a 43.7  a 26.0  a 49.2  a 278.3  ab 120.3  b 222.3  a 407.0  a 
Velvetbean 54.4  a 36.0  a 23.4  a 42.0  a 374.2  ab 101.2  b 128.8  a 394.5  a 
Pearl millet + Sunn hemp 79.9  a 36.0  a 33.9  a 43.4  a 255.6  ab 102.4  b 164.5  a 378.1  a 
Sorghum-sudangrass +  
  Velvetbean 

49.8  a 36.0  a 25.2  a 31.8  a 242.1  b   67.4  b 178.0  a 286.0  a 

a Values with the same letters were not different from one another at the 5% level of significance of LSD test 
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CHAPTER 6 
IMPACT OF MULTIPLE CROPPING SYSTEMS ON WEED FLORA SHIFTS AT 

DIFFERENT SOIL DEPTHS 

Introduction 

During the transition from conventional to organic production, farmers are 

concerned about increases in weed abundance that can lead to a larger seedbank, both 

of which can reduce yields in the coming years (Albrecht, 2005; Maxwell et al., 2007). A 

weed seedbank is the product of the past and represents the potential future of the 

aboveground weed community (Swanton and Booth, 2004). It is the source of future 

weed infestations in agricultural fields, so managing a weed seedbank is a possible 

alternative to applying herbicides to suppress weeds (Bellinder et al., 2004). Greater 

weed seeds in a seedbank results in greater weed densities, which often requires 

several years of intensive management to minimize the problem (Kegode et al., 1999; 

Ekeleme et al., 2003). If not controlled, this may impact the efficacy of weed seedling 

management (Taylor and Hartzlor, 2000). Because the main source of weed propagules 

is the weed seedbank, crop yields are affected (Cavers and Benoit et al., 1989). 

Therefore, strategies are needed to manage the weed seedbank to control 

aboveground weed infestation (Bellinder et al., 2004) because lack of knowledge can 

result in weeds escaping and producing abundant seeds to replenished the seedbank in 

the soil (Hanson et al., 2004; Maxwell et al., 2007).  

Maxwell et al. (2007) described two salient features of a weed seedbank: the 

reservoir of weed seeds already in the soil and the increase in the weed seedbank due 

to increases in corresponding weed density. If aboveground weed density can be 

suppressed, weed control will be less of a problem in future crop management. In 

organic agriculture, growers must use management practices that include crop rotation, 
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sanitation measures, and cultural practices to prevent weeds (Section 205.206 available 

at (www.ecfr.gpoaccess.gov)). Bàrberi (2002) stresses the need to develop a systemic 

(holistic) approach to tackle weed problems in organic agriculture. Cropping systems 

can affect the weed seedbank density and diversity (Menalled et al., 2001; Harbuck et 

al., 2009) by using diverse crop rotation and introducing cover crops. Cover crops 

suppress weeds either as living plants or plant residue in the soil (Teasdale et al., 2007) 

by competing for nutrient resources, altering environmental factors for weed germination 

and establishment, and releasing phytotoxins (Liebman and Davis, 2000). Diverse crop 

rotations also reduced total weed density and increased weed diversity better than 

simple rotations (Liebman and Dyck, 1993; Liebman and Staver, 2001). While increases 

in weed species diversity may cause weed infestation problems (Becker and Hurle, 

1998), Liebman and Dyck (1993) found that diverse crop rotations increased evenness 

in weed species because weeds face greater stress in diverse rotations due to different 

management practices.  

The research reported in this chapter was part of larger project focused on an 

integrated program for suppressing pests in organic vegetable production. Cultural 

practices such as crop rotation, living cover crops, living mulches, and intercropping 

were integrated in year-round cropping systems to assess their effects on the weed 

seedbank at different soil depths. The information will be generated on which system or 

systems can most effectively reduce weed seed populations in the soil. The objective 

was to study the impact of multiple cropping systems on different weed species, their 

richness, diversity, and evenness at different soil depth, and also the systems’ influence 

on weed flora shifts at different time intervals in their vertical distribution in the soil. 

http://www.ecfr.gpoaccess.gov)/�
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Knowledge of weed seed distribution at different soil depths was found to be important 

for successfully controlling weed seedling emergence (Grundy et al., 1996), as the 

depth at which weed seeds were buried had an impact on the rates of germination and 

emergence of weed seeds (Grundy and Mead, 1998).  

 

Materials and Methods 

Two concurrent experiments were established in summer 2006 on certified 

organic land at the Plant Science Research and Education Unit, Marion County, FL. The 

field site had been used for the production of bahiagrass (Paspalum notatum Flueggé) 

before establishing the experiment. The soil is Candler sand (Hyperthermic, uncoated 

Lamellic Quartzipsamment; Entisol) with a soil pH of 7.1. The experimental design was 

a randomized complete block with seven treatments as cropping systems with four 

replications (Table 6-1). Plots measured 12 m x 12 m and were separated by 12 m 

alleys. The entire field was first planted with root-knot-nematode-susceptible ‘White 

Acre’ southern pea (cowpea; Vigna unguiculata (L.) Walp.) in May 2006 and mowed in 

July 2006. Finished mushroom compost (Quincy Farms, Quincy, FL) was applied at 

2500 kg/ha through a check drop spreader (Newton Crouch, Inc., Griffin, GA) followed 

by incorporating and disking the field to a depth of about 20 cm. Two experiments 

consisting of summer cover crops and a weedy fallow were started on 27 July 2006.  

Pearl millet (PM; Pennisetum glaucum (L.) R. Br.) and sorghum-sudangrass (SS; 

Sorghum bicolor (L.) Moench x S. bicolor (L.) Moench var. sudanense) were planted at 

a 17 cm spacing between plants in the row and 5 cm soil depth. Sunn hemp (SH; 

Crotalaria juncea L.) and velvetbean (VB; Mucuna pruriens (L.) DC. var. pruriens) seeds 

were broadcast and then covered using a roller. Pearl millet-sunn hemp (PMSH) and 
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sorghum-sudangrass-velvetbean (SSVB) mixtures were also planted in mixed cover 

crop plots (Table 6-2). Overhead irrigation was used occasionally during the first three 

days after planting to promote germination and establishment of the cover crops. 

Summer cover crops were flail mowed on 2 October 2006 and disked to incorporate into 

the soil. This was followed by the application of lime (Aglime Sales, Inc., Babson Park, 

FL) to the entire field at 2500 kg/ha.  

Fall vegetables were planted in four beds (1.8 m bed-center size) per 12 m long x 

7.2 m wide plot. Squash was planted in one experiment while broccoli was transplanted 

in the other. Rye (Secale cereale L. cv. Wrens Abruzzi; Alachua County Feed and Seed 

Store, Gainesville, FL) and hairy vetch (Vicia villosa Roth, cultivar unknown; Adams 

Briscoe Seed Company, Jackson, GA) were planted between bed-center in mixed cover 

crop squash plots at 48 kg/ha rye and 22 kg/ha hairy vetch. In broccoli, crimson clover 

(Trifolium incarnatum L. cv. Dixie; Adams Briscoe Seed Company, Jackson, GA) was 

planted as a living mulch in between bed-centers in mixed cover crop plots. During the 

spring season, bush beans (Phaseolus vulgaris L. cv. Bronco untreated, Seedway, 

Elizabethtown, PA) were intercropped with pepper and strip intercropped with sweet 

corn in mixed cover crop plots. Before planting the spring vegetables, the field was flail-

mowed and disked to a depth of 20 cm on 5 March 2007. The details of management 

practices with respective dates relevant to both fall and spring vegetables are given in 

Table 6-3.  

In the second year (2007-08), squash plots were rotated with broccoli and bell 

pepper with sweet corn. Similarly, broccoli plots were rotated with squash and sweet 

corn with bell pepper. The field was mowed on 6 July 2007 followed by an application of 
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elemental sulfur (Tiger 90 with 90% sulfur, Tiger-Sul Products, Atmore, AL) at 250 kg/ha 

on 10 July 2007 to lower soil pH. The cover crops were planted on 31 July 2007. Before 

planting the cover crops, Sulpomag, 0-0-21 N-P2O5-K2O (Diamond R Fertilizer, Winter 

Garden, FL) was hand applied at 257 kg/ha. The same application rate was repeated 

after mowing the cover crops.  

Soil Sample Collection: 

 Seven cover crop-based cropping systems were imposed on various plots and 

their soil seedbank were monitored before and after completing the experiments. A soil 

sampler (AMS, Inc., American Falls, ID) with a 5 cm core diameter and 15 cm length 

was used for this purpose. The length was divided into three layers (0-5, 5-10 and, 10-

15 cm soil depth from the soil surface). Soil samples were collected along both 

diagonals of each plot (Colbach et al., 2000; Forcella et al., 2003). Seven samples were 

drawn from one diagonal and six from the other diagonal covering a total surface area 

per plot of 255 cm2. Forcella (1984) used a cumulatively sampled soil surface area of 

250 cm2 to estimate seed-banks of individual research plots.  

In the present work, each 15 cm sample was divided into layers (upper—0-5 cm, 

middle—5-10 cm, and lower—10-15 cm) and each was stored in a paper bag. Later, 

these samples were pooled by layers and kept in three 15 cm x 15 cm plastic bedding 

containers in a greenhouse and surfaced watered daily. Emerged weed seedlings were 

identified and counted. When emergence ceased, samples were dried, stirred, and 

rewatered (Forcella, 1992). Before last stirring, samples were chilled at 3-4º C for about 

30 days to break dormancy. After chilling, they again were kept in a greenhouse for 

subsequent emerged weed counting.  
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Data Analysis:  

Soil temperatures at a depth of 20 cm were monitored throughout each year 

using a Watchdog datalogger, Model 100 8k (Spectrum Technologies, Inc. East 

Plainfield, IL) at 30-minute time intervals. 

Emerged weeds were identified and counted on a bi-weekly basis (number per 

254.8 cm2) for both experiments. Each experiment was analyzed separately using a 

randomized complete block design. Later, annual data were summed, condensed for 

better interpretation, and divided into three groups: grasses, broad-leaf weeds, and 

sedges. Total weed flora was cataloged by weed species richness, which consists of 

the number of weed species per container. The Shannon diversity index (H) measures 

diversity in a given area by applying the formula H = -∑ pi ln (pi), where pi = the fraction 

of the total number of individuals in the sample that belongs to species i (Pielou, 1975; 

Magurran, 1988). Its value usually is found to fall between 1.5 and 3.5 and rarely 

surpasses 4.5 (Margalef, 1972). Maximum diversity (Hmax) can occur in a situation 

where all species are equally abundant, and the ratio of observed diversity (H’) to 

maximum diversity (Pielou, 1969) can be measured as evenness (E) = H’/Hmax. E is 

constrained between 0 and 1.0, with 1.0 representing a situation in which all species 

were equally abundant (Magurran, 1988).  

Data were analyzed using GLM (SAS, 2008). Means were separated using least 

significant difference (LSD) at the 5% level of significance. Interactions between 

cropping systems, depth, and time were also assessed in both experiments. Means for 

depth were compared within each experiment by year using least square means 

(LSMEANS) and PDIFF statements in GLM (SAS, 2008). 
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Results 

Soil temperatures under cover crops ranged from < 23 º C in September 2006 to 

> 37 º C in August 2007 (Table 6-4). Temperatures under vegetable crops ranged from 

a low of 9.1 º C in winter to a high of 38.7 º C in bell pepper in June (Table 6-5).  

In summer 2006, five weed species accounted for more than 50% of the 

seedbank in both experiments (Table 6-6); however, in summer 2009, major weed 

species presence was less than 50%. This may suggest an increase in the number of 

weed species in these cropping systems. Digitaria ciliaris (Retz.) Koeler was more 

prominent in the upper layer (0-5 cm). Chenopodium ambrosioides L., prominent in all 

layers in summer 2006, became the least represented in summer 2008. Conversely, 

Linaria canadensis (L.) Chaz., prominent in middle and lower layers in summer 2006, 

became widespread in all the layers in summer 2008.  

In 2006, there was no significant difference in weed species distribution in the 

upper layer in both the experiments (Tables 6-7 and 6-9). Neither were there differences 

in weed species richness, diversity, or evenness in the upper layer (Tables 6-8 and 6-

10). Similar results were obtained in the middle layer, except for the sedge population, 

which increased more in the SH system than in other systems in Experiment I; while 

weed species richness increased more in the SH than the WF system. In Experiment II, 

broad-leaf weed density was significantly greater in the SS than the SH system in the 

middle layer, while diversity and evenness increased more in the WF than the SH 

system. In the same year, the lowest layer in Experiment I showed an increase in 

broad-leaf weeds in the SSVB system and sedges in the SH and WF systems. In the 

same layer, the SH system showed significantly greater weed species richness than the 

PM and SS systems, while the SSVB system showed greater diversity than the PM 
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system. In Experiment II, the lowest layer showed no significant difference in weed 

species distribution, richness, diversity, or evenness among all cropping systems in 

summer 2006.  

In the upper layer in Experiment I, there was no significant difference among 

cropping systems in the grass weeds or sedges in summer 2008, but the SS system 

was associated with a greater increase in broad-leaf weed density than the PMSH 

system (Table 6-7). Similarly, Shannon’s evenness was significantly greater in the WF 

system than the VB system in the upper layer (Table 6-8). In Experiment II, no 

significant difference among cropping systems in weed species richness, diversity, or 

evenness was found in the upper layer (Tables 6-9 and 6-10). In the middle layer in 

Experiment I, grass weeds were significantly greater in the VB and PMSH systems than 

the SS and SSVB systems, while sedge populations significantly increased in the SH 

system. In the same layer, no difference among cropping systems in weed species 

richness, diversity, or evenness was found. In Experiment II in the middle layer, no 

significant difference among weed species distribution was found in summer 2008; 

neither were there differences in weed species richness, diversity, or evenness. In the 

lowest layer in Experiment I, broad-leaf weed density was significantly greater in the SS 

system than the SSVB system in summer 2008, but no significant difference was found 

in weed species richness, diversity, or evenness. In the same layer in Experiment II, 

broad-leaf weed density was significantly greater in the SH than the WF system or the 

PMSH systems in summer 2008. Similarly, Shannon’s diversity indices and evenness 

was less in the WF system compared to other cropping systems, with the exception of 

the PMSH system.  
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Discussion 

Managing a weed seedbank is one approach to weed control (Bellinder et al., 

2004). Seedbank depletion is hastened by soil cultivation, seed mortality, and predation 

(Moonen and Bàrberi, 2004). Soil cultivation stimulates seed emergence, which results 

in more seedbank depletion in tilled soil (Mulugeta and Stoltenberg, 1997). Under tilled 

conditions, long-term studies show that planting cover crops decreased the weed 

seedbank density (Moonen and Bàrberi, 2004). Diversified crop rotation also can alter 

the weed seedbank community, thus improving weed management results (Bellinder et 

al., 2004). 

In our study, the different cropping systems did not result in significant variations 

in weed seed populations, but interactions between depth and time indicated significant 

differences in both experiments (Table 6-11). Sedges are perennials and their 

populations were observed to be markedly greater at the lowest depth (10-15 cm) 

compared to the upper 5 cm (Table 6-11). This indicates that perennial weeds were 

more prominent at deeper depths, but differences attributable to the presence of 

multiple cropping systems were not significant for the period from 2006 to 2008 in either 

experiment (Tables 6-7 and 6-9). Perennial weeds are difficult to control by cover crops 

because of larger nutritional reserves (Teasdale et al., 2007; Akobundu et al., 2000). 

Due to this, they survive in the early season after cover crop harvesting and 

incorporating in the field and emerge at later stages of vegetable planting irrespective of 

the cover crop systems. A good approach for controlling perennial weeds is by 

fragmenting roots or rhizomes by soil cultivation followed by deep ploughing. This was 

further followed by planting cover crops (Håkansson, 2003). 
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In the same study, grass weeds, considered annuals, were nearer to the soil 

surface than the lowest 10-15 cm, which may be due to their small size. There was a 

significant increase in grass weeds from 2006 to 2008 in the upper layer in all cropping 

systems, but no significant increase in the middle or lower layers in either experiment, 

except for the SS and SSVB systems in the lower layer. This may be due to the small 

size of grass weeds that have insufficient energy to germinate if located more than 5 cm 

below the soil surface (Mohler and Teasdale, 1993; Teasdale and Abdul-Baki, 1998). In 

experiment I of year 2008, the results suggest that grass weeds were fewer in the SS 

and SSVB systems in the middle layer. Root exudates of Sorghum species may inhibit 

the growth of annual weeds like Digitaria sanguinalis (L.) Scop. through allelopathy 

(Einhelling and Souza, 1992; Nimbal,. et al. 1996). 

Presumably because of their different seed sizes, broad-leaf weed species were 

observed at all soil depths. Their seedling density increased in all cropping systems 

from 2006 to 2008 at all soil depths in both experiments. The depth at which weed 

seeds were buried has been found to have an impact on weed seed germination and 

emergence (Roberts and Feast, 1972; Grundy and Mead, 1998). Broad-leaf weeds 

survive better in the soil than grass weeds (Lewis 1973) and persist better than grass 

when the soil is plowed (Mohler, 1993). In addition, the percentage of seeds that 

actually germinate and establish depends on other factors, including crop management 

practices and macro- and micro-climate variables (Roberts and Ricketts, 1979; Forcella 

et al., 1997). Also, the presence of germinated weed seeds, if not competitive, may not 

have an economic affect (Moonen and Bàrberi, 2004). 
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 Weed species richness, diversity, and evenness increased significantly in both 

experiments from 2006 to 2008 (Tables 6-8 and 6-10), except for the SSVB system in 

Experiment I, which indicated no increase in weed evenness at any soil depth. An 

increase in weed species diversity and evenness showed that weed species were 

distributed evenly, as shown by a decline in the dominant weed species. The SSVB 

system, despite crop rotation, did not show improved weed species evenness, reflecting 

the presence of dominant weed species in its plots. Ngouajio and McGiffen (2002) 

observed an increase in weed species richness in organic farms with lower weed 

density and biomass.  

Conclusion 

We conclude that different cover crops along with crop rotations in multiple 

cropping systems over a two-year period could not create sufficient pressure to change 

the weed or weed seed populations, although some differences were observed and 

reported in the results.
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Table 6-1. Cropping system treatments used in experiments a 
2006-07 2007-08 

Cover crop a Fall Spring Cover crop Fall Spring 
 
Experiment I 
Weedy fallow (WF) Squash Bell pepper Weedy fallow Broccoli Sweet corn 
Pearl millet (PM) Squash Bell pepper Sorghum-sudangrass Broccoli Sweet corn 
Sorghum-sudangrass (SS) Squash Bell pepper Pearl millet Broccoli Sweet corn 
Sunn hemp (SH) Squash Bell pepper Velvetbean Broccoli Sweet corn 
Velvetbean (VB) Squash Bell pepper Sunn hemp Broccoli Sweet corn 
Pearl millet + Sunn hemp  
  (PMSH) 

Squash + rye- 
  hairy vetch 

Bell pepper + 
  bush beans 

Sorghum-sudangrass + 
 Velvetbean 

Broccoli +  
  crimson clover 

Sweet corn +  
  bush beans 

Sorghum+sudangrass +  
  Velvetbean (SSVB) 

Squash + rye- 
  hairy vetch 

Bell pepper + 
  bush beans 

 
Pearl millet + Sunn hemp 

Broccoli +  
  crimson clover 

Sweet corn +  
  bush beans 

 
Experiment II 
Weedy fallow (WF) Broccoli Sweet corn Weedy Fallow Squash Bell pepper 
Pearl millet (PM) Broccoli Sweet corn Sorghum sudangrass Squash Bell pepper 
Sorghum-sudangrass (SS) Broccoli Sweet corn Pearl millet Squash Bell pepper 
Sunn hemp (SH) Broccoli Sweet corn Velvetbean Squash Bell pepper 
Velvetbean (VB) Broccoli Sweet corn Sunn hemp Squash Bell pepper 
Pearl millet +Sunn hemp  
  (PMSH) 

Broccoli +  
  crimson clover 

Sweet corn + 
bush beans 

Sorghum-sudangrass + 
  Velvetbean 

Squash +  
 rye-hairy vetch 

Bell pepper + 
  bush beans 

Sorghum-sudangrass + 
  Velvetbean (SSVB) 

Broccoli +  
  crimson clover 

Sweet corn + 
bush beans 

 
Pearl millet + Sunn hemp 

Squash + 
  rye-hairy vetch 

Bell pepper + 
  bush beans 

a For convenience, cropping system treatments are referred to in text using summer cover crop name of 2006-07. 
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Table 6-2. Details of cover crops planted in this experiment at Marion County, FL 
Cover crops Botanical name Cultivar Source Seed-rate (kg/ha) 
Pearl millet  Pennisetum glaucum Tifleaf 3 Production Plus, Plainview, TX 4.5 
Sorghum-sudangrass  Sorghum bicolor x S. bicolor 

var sudanense 
Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp  Crotalaria juncea Unknown Kaufman seeds, Haven, KS 7.2 
Velvetbean  Mucuna pruriens var  

pruriens 
Georgia Bush Georgia Seed Development 

Commission, Athens, GA 
18.0 

Pearl millet + Sunn hemp  - - - 3.0 PM + 3.6 SH 
Sorghum-sudangrass +  
  Velvetbean  

- - - 4.8 SS + 12.0 VB 
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Table 6-3. Management practices with their dates of fall and spring vegetables 
 Crop and crop management 2006-07 2007-08 
Squasha  
NatureSafee (10-2-8 N-P-K) fertilizer applied at 1685 kg/ha as 30-cm band over beds 9 October 2006 9 October 2007 
Squash direct seeded as single row per bed with an in-row plant distance of 45 cm 19 October 2006 10 October 2007 
Rye-hairy vetch broadcast between beds in mixed cover crop plots 9 November 2006 26 October 2007 
Row covers placed to protect from frost 8 December 2006 16-19 November 2007 
Broccolib  
NatureSafee (10-2-8 N-P-K) fertilizer applied at 1976 kg/ha as 30-cm band over beds 25 October 2006 9 October 2007 
30-day-old broccoli seedlings were transplanted in double rows per bed with 45 cm planting 
distance within rows 

31 October 2006 16 October 2007 

Crimson clover broadcast between beds in mixed cover crop plots at 28 kg/ha 9 November 2006 26 October 2007 
Bell Pepperc 
NatureSafee (10-2-8 N-P-K) fertilizer applied at the rate of 1116 kg/ha 7 March 2007 4 March 2008 
45-day-old seedlings transplanted in double rows per bed, 45 cm plant distance in-row. 15 March 2007 13 March 2008 
Planting of bush beans in mixed cover crop plots 16 March 2007 14 March 2008 
Application of NatureSafe (10-2-8 N-P-K) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Hand weeding 2,18 April, 30 May  

  2007 
14 April and 14 May  
  2008 

Sweet Cornd  
NatureSafee (10-2-8 N-P-K) fertilizer applied at rate of 1116 kg/ha 7 March 2007 4 March 2008 
Sweet corn direct-seeded at 76 cm row distance and 18 cm plant distance  12 March 2007 11 March 2008 
Bush beans planted in strips (4 rows/strip) arranged alternately with sweet corn 12 March 2007 11 March 2008 
Hand weeding 2 and 18 April 2007 14 April 2008 
Application of NatureSafe (10-2-8, N-P-K) fertilizer at rate of 1116 kg/ha 10 April 2007 1 April 2008 
Biolinkf (0-0-6 N-P-K) applied to bean plants at nozzle rate of 760 ml/min, 50 gal/ha water - 29 April 2008 
Sodium nitrate (Proboosterg, 10-0-0 N-P-K) applied at 868 kg/ha in response to nitrogen 
deficiency symptoms. 

 
- 

 
7 May 2008 

a Cucurbita pepo L. cv. ‘Cougar’ F1 untreated; Harris Seeds, Rochester, NY 
b Brassica oleracea L. cv. ‘Marathon’ F1 untreated; Harris Seeds, Rochester, NY 
c Capsicum annuum L. cv. ‘Red Knight’ F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
d Zea mays L. cv. ‘Montauk’ F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
e NatureSafe 10-2-8, N-P2O5-K2O (NatureSafe, Cold Spring, KY) 
f Potassium fertilizer (Biolink, Westbridge Agricultural Products, CA) 
g Probooster, North Country Organics, Bradford, VT) 
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Table 6-4. Maximum and minimum soil temperature (20 cm depth) during cover crop growing season, 2006 and 2007, at 
experimental field, Marion County, FL 

September 2006 August 2007 September 2007  
 
Cover crop 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum 
(º C) 

Weedy fallow 33.1 22.6 38.7 26.7 36.2 24.2 
Pearl millet 27.3 22.7 37.6 26.7 31.1 24.2 
Sorghum-sudangrass 29.2 22.7 37.6 27.1 31.1 24.1 
Sunn hemp 28.7 22.7 37.2 26.7 33.2 24.2 
Velvetbean 33.7 22.7 38.6 25.7 34.7 23.7 
Pearl millet + sunn hemp 27.7 22.2 37.1 27.2 30.7 23.7 
Sorghum-sudangrass + velvetbean 28.7 21.7 37.1 27.2 32.7 24.2 
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Table 6-5. Maximum and minimum soil temperature (20 cm depth) during growing season of both fall vegetable crops for 
both years in experimental field, Marion County, FL 

2006-07 2007-08 
Experiment I Experiment II Experiment I Experiment II 

 
 
 
Month 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum 
(º C) 

Maximum 
(º C) 

Minimum  
(º C) 

 Squash  Broccoli  Broccoli  Squash  

October - - - - 29.7 20.2 29.2 20.7 
November 23.7 10.6 24.2 10.6 24.7 13.2 24.7 15.7 
December 23.2 10.1 23.2 9.1 23.2 10.6 22.7 11.6 
January 24.2 10.6 23.7 11.7 19.7 9.1 20.2 10.1 
 Bell pepper Sweet corn Sweet corn Bell pepper 
March 28.7 20.7 27.7 19.7 25.2 15.7 25.2 16.2 
April 33.2 14.2 29.7 13.7 30.2 17.2 29.7 17.2 
May  34.7 23.2 30.2 13.7 32.2 22.7 33.7 20.7 
June 38.7 22.7 35.2 13.7 32.7 26.2 34.7 25.7 
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Table. 6-6. Major weed species at different soil depths, May 2006 and July 2008 

a Cyperus spp. comprised of C. globulosus, and C. strigosus. 
b Gnaphalium spp. comprised of G. pensylvanicum and G. falcatum. 

Season Upper (0-5 cm) % Middle (5-10 cm) % Lower (10-15 cm) % 
Experiment I: Cover crop-Squash-Bell pepper; Cover crop-Broccoli-Sweet corn 

Cyperus spp. a 27 Cyperus spp. a 29 Cyperus spp. a 29 
Gnaphalium spp. b  19 Chenopodium 

ambrosioides 
15 Linaria canadensis 14 

Chenopodium 
ambrosioides 

11 Linaria canadensis 12 Chenopodium 
ambrosioides 

13 

Digitaria ciliaris 9 Gnaphalium spp. b 8 Gnaphalium spp. b 12 

Summer 2006 

  Indigofera hirsuta 8 Indigofera hirsuta 8 
      
Cyperus spp. a 9 Cyperus spp. a 9 Cyperus spp. a 9 
Gnaphalium 
pensylvanicum 

8 Gnaphalium 
pensylvanicum 

7 Gnaphalium 
pensylvanicum 

8 

Digitaria ciliaris 8 Digitaria ciliaris 7 Gnaphalium falcatum 8 
Mollugo verticillata 8 Mollugo verticillata 7 Mollugo verticillata 8 

Summer 2008 

Linaria canadensis 8 Linaria canadensis 7 Linaria canadensis 7 
Experiment II: Cover crop-Broccoli-Sweet corn; Cover crop-Squash-Bell pepper 

Cyperus spp. a 23 Cyperus spp. a 24 Cyperus spp. a 26 
Gnaphalium spp. b 15 Chenopodium 

ambrosioides 
16 Richardia scabra 13 

Chenopodium 
ambrosioides 

13 Linaria canadensis 13 Chenopodium 
ambrosioides 

12 

Digitaria ciliaris 13 Indigofera hirsuta 8 Linaria canadensis 11 

Summer 2006 

Richardia scabra 13 Rumex acetosella 5 Gnaphalium spp. b 11 
      
Cyperus spp. a 9 Cyperus spp. a 10 Cyperus spp. a 9 
Gnaphalium 
pensylvanicum 

8 Gnaphalium 
pensylvanicum 

7 Gnaphalium 
pensylvanicum 

8 

Digitaria ciliaris 8 Gnaphalium falcatum 7 Gnaphalium falcatum 8 
Mollugo verticillata 8 Mollugo verticillata 7 Mollugo verticillata 7 

Summer 2008 

Linaria canadensis 7 Linaria canadensis 7 Linaria canadensis 7 
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Table 6-7. Weed species populations/255 cm2 at different soil depths in Experiment I (cover crop-squash-pepper; cover 
crop-broccoli-sweet corn) 

Upper (0-5 cm)/ 255 cm2 Middle (5-10 cm) /255 cm2 Lower (10-15 cm) /255 cm2 Cropping 
system 2006 2008 P-value a 2006 2008 P-value 2006 2008 P-value 
Grass weeds 
WF 0.5  a 76.0  a b < 0.0001 0.0  a 5.0  ab 0.6890 1.0  a 3.0  a 0.8728 
PM 0.3  a 55.0  a < 0.0001 0.3  a 3.0  ab 0.8257 0.0  a 2.0  a 0.8728 
SS 0.3  a 62.3  a < 0.0001 0.0  a 1.0  b 0.9362 0.3  a 2.0  a < 0.0001 
SH 0.5  a 62.3  a < 0.0001 0.3  a 4.3  ab 0.7488 0.5  a 2.5  a 0.8728 
VB 0.8  a 80.5  a < 0.0001 0.8  a 7.5  a 0.5890 0.3  a 4.5  a 0.7337 
PMSH 0.3  a 93.3  a < 0.0001 0.0  a 8.3  a 0.5091 1.0  a 3.0  a 0.8728 
SSVB 0.3  a 69.3  a < 0.0001 1.3  a 1.5  b 0.9840 1.3  a 2.8  a < 0.0001 
Broad-leaf weeds 
WF 1.0  a 83.8  ab < 0.0001 1.3  a 63.8  a 0.0006 3.5  ab 58.8  ab 0.0025 
PM 1.5  a 92.5  ab < 0.0001 2.0  a 65.8  a 0.0005 1.5  b 34.0  ab 0.0725 
SS 2.8  a 121.0  a < 0.0001 5.5  a 80.3  a < 0.0001 1.3  b 65.0  a < 0.0001 
SH 3.0  a 81.3  ab < 0.0001 5.3  a 68.8  a 0.0005 7.3  ab 54.3  ab 0.0097 
VB 1.3  a 82.8  ab < 0.0001 2.5  a 69.5  a 0.0003 1.5  b 58.3  ab 0.0019 
PMSH 1.0  a 53.5  b 0.004 3.0  a 57.5  a 0.0028 1.3  b 49.5  ab 0.0080 
SSVB 4.0  a 79.5  ab < 0.0001 5.5  a 45.5  a 0.0274 10.0 a 29.8  b 0.0002 
Sedges 
WF 1.5  a 5.8  a 0.5269 3.3  b 11.3  ab 0.2343 17.5  ab 8.5  a 0.1811 
PM 0.8  a 5.0  a 0.5269 4.0  b 6.5  b 0.7096 5.3  bc 6.3  a 0.8816 
SS 0.8  a 4.3  a 0.6023 4.0  b 8.8  ab 0.4795 4.8  c 9.5  a 0.9406 
SH 2.3  a 5.8  a 0.6023 13.3  a 22.8  a 0.1582 19.3  a 18.3 a 0.8816 
VB 3.0  a 2.3  a 0.9110 4.0  b 7.3  b 0.6284 4.8  c 7.0  a 0.7375 
PMSH 0.8  a 6.8  a 0.3720 1.8  b 9.0  ab 0.2809 6.8  bc 10.8 a 0.5515 
SSVB 2.8  a 7.3  a 0.5029 4.5  b 14.0  ab 0.1582 5.3  bc 17.0 a 0.7658 
a P-values are for comparison between years 
b Means within columns with same letters are not significantly different using LSD test at 5% probability level. 
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Table 6-8. Weed species richness, diversity, and evenness at different soil depths in Experiment I (cover crop-squash-
pepper; cover crop-broccoli-sweet corn) 

Upper (0-5 cm)/ 255 cm2 Middle (5-10 cm) /255 cm2 Lower (10-15 cm) /255 cm2 Cropping 
system 2006 2008 P-value a 2006 2008 P-value 2006 2008 P-value 
Weed species richness 
WF 1.8  a 13.3  a b < 0.0001 1.8  b 13.0  a < 0.0001 3.0  ab 11.0  a < 0.0001 
PM 1.8  a 13.3  a < 0.0001 2.8  ab 12.3  a < 0.0001 1.8  b 10.3  a < 0.0001 
SS 2.5  a 13.8  a < 0.0001 3.3  ab 15.5  a < 0.0001 2.0  b 13.0  a < 0.0001 
SH 2.0  a 12.5  a < 0.0001 4.5  a  13.0  a < 0.0001 4.8  a 12.5  a < 0.0001 
VB 2.0  a 10.8  a < 0.0001 3.0  ab 12.8  a < 0.0001 2.5  ab 10.5  a < 0.0001 
PMSH 2.0  a 12.0  a < 0.0001 2.3  ab 13.0  a < 0.0001 2.8  ab 12.3  a < 0.0001 
SSVB 3.5  a 10.5  a < 0.0001 3.3  ab 11.5  a < 0.0001 4.3  ab 12.0  a < 0.0001 
Shannon’s diversity index 
WF 0.27  a 1.82  a < 0.0001 0.49 a 2.15  a < 0.0001 0.40  ab 1.93  a < 0.0001 
PM 0.56  a 1.79  a < 0.0001 0.72 a 2.07  a < 0.0001 0.35  b  1.95  a < 0.0001 
SS 0.66  a 1.72  a 0.0001 0.74 a 2.09  a < 0.0001 0.48  ab 2.10  a < 0.0001 
SH 0.52  a 1.59  a < 0.0001 0.88 a 2.03  a < 0.0001 0.81  ab 2.01  a < 0.0001 
VB 0.56  a 1.52  a 0.0004 0.89 a 2.09  a < 0.0001 0.41  ab 1.75  a < 0.0001 
PMSH 0.62  a 1.56  a 0.0006 0.64 a 2.13  a < 0.0001 0.58  ab 2.14  a < 0.0001 
SSVB 1.15  a 1.68  a 0.0493 1.00 a 1.97  a 0.0004 1.04  a 1.97  a 0.0006 
Shannon’s evenness 
WF 0.15  a 0.48  a < 0.0001 0.16 a 0.56  a < 0.0001 0.13  a 0.50  a < 0.0001 
PM 0.18  a 0.47  ab 0.0003 0.22 a 0.54  a < 0.0001 0.11  a 0.51  a < 0.0001 
SS 0.21  a 0.45  ab 0.002 0.23 a 0.55  a < 0.0001 0.15  a  0.55  a < 0.0001 
SH 0.16  a 0.41  ab 0.0016 0.27 a 0.53  a 0.0014 0.25  a 0.52  a 0.0008 
VB 0.18  a 0.39  b 0.0053 0.28 a 0.55  a 0.0007 0.13  a 0.46  a < 0.0001 
PMSH 0.19  a 0.41  ab 0.007 0.20 a 0.55  a < 0.0001 0.18  a 0.56  a < 0.0001 
SSVB 0.36  a 0.44  ab 0.3114 0.31 a 0.52  a 0.01 0.32  a 0.52  a 0.0155 
a P-values for comparison between years 
b Means within columns with same letters not significantly different using LSD test at 5% probability level. 
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Table 6-9. Weed species populations/254.8 cm2 at different soil depth in Experiment II (cover crop-Broccoli-sweet corn-
cover crop-squash-pepper) 

Upper (0-5 cm)/ 255 cm2 Middle (5-10 cm) /255 cm2 Lower (10-15 cm) /255 cm2 Cropping 
system 2006 2008 P-value a 2006 2008 P-value 2006 2008 P-value 
Grass weeds 
WF 0.25  a 17.0  a b 0.004 0.25  a 7.3  a 0.2294 0.5  a 5.0  a 0.4392 
PM 0.00  a 25.0  a < 0.0001 0.25  a 2.3  a 0.7309 0.25  a 5.0  a 0.4143 
SS 0.25  a 16.8  a 0.005 0.50  a 2.8  a 0.6988 0.25  a 3.0  a 0.005 
SH 0.25  a 22.0  a 0.0002 0.00  a 9.3  a 0.1128 0.5  a 1.0  a 0.9315 
VB 0.00  a 40.3  a < 0.0001 0.00  a 3.0  a 0.6059 0.25  a 1.3  a 0.8634 
PMSH 0.50  a 35.5  a < 0.0001 0.75  a 9.3  a 0.1448 0.25  a 5.3  a 0.3902 
SSVB 0.50  a 20.0  a 0.0009 0.00  a 2.3  a 0.6988 0.25  a 3.3  a 0.0008 
Broad-leaf weeds 
WF 1.00  a 71.3  a 0.0001 5.50  ab 55.8  a 0.0057 4.25  a 39.8  b 0.0496 
PM 1.50  a 69.0  a 0.0002 3.00  ab 56.8  a 0.0031 5.75  a 47.5  ab 0.0212 
SS 3.50  a 55.8  a 0.0041 7.00  a 69.8  a 0.0006 3.75  a 62.0  ab 0.0042 
SH 0.75  a 87.3  a <0.0001 1.00  b  85.5  a < 0.0001 4.25  a 84.0  a < 0.0001 
VB 1.75  a 69.3  a 0.0002 5.75  ab 59.0  a 0.0034 5.50  a 64.0  ab 0.0013 
PMSH 2.00  a 69.5  a 0.0002 3.25  ab 49.3  a 0.0112 4.25  a 40.8  b 0.0436 
SSVB 0.25  a 54.0  a 0.0031 2.75  ab 48.3  a 0.0121 2.75  a 53.3  ab 0.0048 
Sedges 
WF 0.25  a 5.8  a 0.3779 6.5  a 7.8  a 0.8702 21.25  a 8.5  a 0.9219 
PM 0.50  a 5.0  a 0.6473 3.5  a 11.3 a 0.3115 8.00  a 6.3  a 0.0510 
SS 0.00  a 4.3  a 0.3958 2.25  a 10.5 a 0.2814 10.00  a 9.5  a 0.6473 
SH 1.00  a 5.8  a 0.5564 2.00  a 2.8  a 0.9219 7.00  a 18.3 a 0.7192 
VB 0.75  a 2.3  a 0.5785 7.00  a 13.5 a 0.3958 13.5  a 7.0  a 0.7686 
PMSH 0.75  a 6.8  a 0.0592 2.75  a 12.3 a 0.2151 3.5   a 10.8 a 0.1609 
SSVB 0.75  a 7.3  a 0.6949 3.25  a 12.0 a 0.2534 7.25  a 17.0 a 0.6473 
a P-values for comparison between years 
b Means within columns with same letters not significantly different using LSD test at 5% probability level. 
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Table 6-10. Weed species richness, diversity, and evenness at different soil depths in Experiment II (cover crop-broccoli-
sweet corn; cover crop-squash-pepper) 

Upper (0-5 cm)/255 cm2 Middle (5-10 cm) /255 cm2 Lower (10-15 cm) /255 cm2 Cropping 
system 2006 2008 P-value a 2006 2008 P-value 2006 2008 P-value 
Weed species richness 
WF 1.5  a 13.3  a b < 0.0001 3.8  a 12.8  a < 0.0001 3.5  a 11.2  a < 0.0001 
PM 1.0  a 12.3  a < 0.0001 3.5  a 11.8  a < 0.0001 4.0  a 14.3  a < 0.0001 
SS 1.8  a 11.8  a < 0.0001 3.5  a 10.5  a < 0.0001 2.8  a 13.3  a < 0.0001 
SH 1.3  a 12.5  a < 0.0001 1.3  a 13.8  a < 0.0001 4.0  a 13.8  a < 0.0001 
VB 1.8  a 12.0  a < 0.0001 3.8  a 13.2  a < 0.0001 3.0  a 13.5  a < 0.0001 
PMSH 1.8  a 12.8  a < 0.0001 4.0  a 12.3  a < 0.0001 3.8  a 12.5  a < 0.0001 
SSVB 1.0  a 12.8  a < 0.0001 2.8  a 12.5  a < 0.0001 2.5  a 12.8  a < 0.0001 
Shannon’s diversity index 
WF 0.35 a 2.02  a < 0.0001 1.15 a 2.04  a 0.0017 0.49  a 1.85  b < 0.0001 
PM 0.17 a 1.92  a < 0.0001 0.91 ab 2.00  a < 0.0001 1.03  a 2.10  a 0.0002 
SS 0.42 a 1.96  a < 0.0001 0.85 ab 1.87  a 0.0003 0.69  a 2.20  a < 0.0001 
SH 0.32 a 1.80  a < 0.0001 0.29 b 2.06  a < 0.0001 0.91  a 2.15  a < 0.0001 
VB 0.52 a 1.79  a < 0.0001 0.87 ab 2.06  a < 0.0001 0.45  a 2.15  a < 0.0001 
PMSH 0.59 a 1.94  a < 0.0001 1.04 ab 1.98  a 0.0009 1.00  a 2.00  ab 0.0005 
SSVB 0.14 a 2.05  a < 0.0001 0.77 ab 2.09  a < 0.0001 0.43  a 2.14  a < 0.0001 
Shannon’s evenness 
WF 0.11 a 0.53  a < 0.0001 0.36 a 0.53  a 0.0338 0.15  a 0.48  b  0.0001 
PM 0.05 a 0.50  a < 0.0001 0.29 ab 0.52  a 0.0052 0.32  a 0.55  a 0.0067 
SS 0.13 a 0.51  a < 0.0001 0.27 ab 0.49  a 0.008 0.21  a 0.57  a < 0.0001 
SH 0.10 a 0.47  a < 0.0001 0.10 b 0.54  a < 0.0001 0.29  a 0.57  a 0.001 
VB 0.16 a 0.47  a 0.0003 0.27 ab 0.54  a 0.0014 0.14  a 0.56  a < 0.0001 
PMSH 0.18 a 0.51  a 0.0001 0.32 ab 0.52  a 0.0215 0.31  a 0.52  ab 0.0123 
SSVB 0.04 a 0.54  a < 0.0001 0.24 ab 0.55  a 0.0003 0.13  a 0.56  a < 0.0001 
a P-values are for comparison between years 
b Means within columns with same letters are not significantly different using LSD test at 5% probability level. 
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Table 6-11. Comparison of weed species density/255 cm2 in summer 2006 and summer 2008, in both experiments a 

Upper (0-5 cm) Middle (5-10 cm) Lower (10-15 cm) Weed 
Species 2006 2008 P-value b 2006 2008 P-value b 2006 2008 P-value b 
 
Experiment I 
Grasses 1 71 < 0.0001 1 4 0.3972 1 3 0.6391 
BLW 2 85 < 0.0001 4 64 < 0.0001 4 50 < 0.0001 
Sedges 2 5 0.1563 5 11 0.0125 9 11 0.4392 
 
Experiment II 
Grasses 1 25 < 0.0001 1 5 0.027 1 3 0.1633 
BLW 2 68 < 0.0001 4 60 < 0.0001 4 56 < 0.0001 
Sedges 1 7 0.0346 4 10 0.2513 10 16 0.0346 
a Significant interaction between depth and time of weed species noted in both experiments  
b P-value for comparison between weed species counts in 2006 and 2008  
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CHAPTER 7 
IMPACT OF CROPPING SYSTEM COMPLEXITY ON THE POPULATION DYNAMICS 
OF SOUTHERN CRABGRASS AND FLORIDA PUSLEY IN ORGANIC VEGETABLE 

PRODUCTION UNDER NORTH FLORIDA CONDITIONS 

Introduction 

Weeds have been recognized as a major constraint for suppressing yield in 

organic production (Penfold et al., 1995; Walz, 1999). In crop fields, increases in weed 

abundance may lead to increases in the weed seedbank, which ultimately affect the 

quality and productivity of subsequent crops. The availability of herbicides is limited in 

organic vegetable production; however, weed control in vegetables is an essential 

practice to sustain crop yield (Grundy et al., 1999). A systemic or holistic approach to 

weed management is needed in organic agriculture (Bàrberi, 2002), but requires a 

thorough understanding of the dynamics of the weed populations.  

The National Organic Program advocates a systems approach to pest 

management and requires the use of cultural practices to manage pests and diseases 

(CFR 205.206, USDA, 2009 available at (www.ecfr.gpoaccess.gov)). Cultural practices 

such as crop rotation with diverse crops, cover crops during fallow periods, living 

mulches and intercropping can be used in cropping systems for managing weeds. 

Diverse crop rotation with different planting dates, crop growth habits, and cultivation 

equipment can cause stress and increase weed mortality (Liebman and Dyck, 1993). 

Cover crops can reduce the weed seedbank directly by occupying space and resources 

otherwise used by weeds; while killing cover crops terminates weed growth before 

mature seeds are set (Gallandt, 2006). Cover crops also suppress weeds by crop-weed 

competition, allelopathy, and alteration in soil environment (Creamer and Baldwin, 

2000). Intercropping can also increase ecological diversity and crop competitive ability 
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against weeds, thereby depriving weeds by light, water, and nutrients (Liebman and 

Dyck, 1993).  

The study of the population dynamics of weeds may facilitate the prediction of 

their populations, which will be helpful for planning future management strategies. The 

regulation of weed populations could become an important objective for future weed 

management programs using cover crops (Teasdale et al., 2007). However, the 

analysis of a weed population is complex as the weed of interest competes with other 

weed species at different functional stages of the cropping systems under different 

management practices and weather conditions (Fernandez-Quintanilla, 1988).  

This chapter explores the population dynamics of southern crabgrass (Digitaria 

ciliaris (Retz.) Koel) and Florida pusley (Richardia scabra L). Both weeds were 

prominent in the field and the seedbank studies. These weeds were also identified as 

the most common weeds in Florida, and southern crabgrass is also considered one of 

the most troublesome weeds of Florida (Dowler, 1999).  

Florida pusley is a summer annual propagated by seeds and is found abundantly 

in cultivated fields throughout the southern United States (Biswas et al., 1975). Seeds 

failed to germinate under dark conditions or a constant temperature of less than 15 ºC 

and greater than 40 º C; however, germination improves if exposed for more than two 

hours of light every day (Biswas et al., 1975). Florida pusley seedlings failed to emerge 

if seeds were located at soil depths greater than 1.5 cm (Biswas et al., 1975).  

Southern crabgrass is summer annual and is propagated by seeds (Holm et al., 

1977). It is a prolific seed producer and a single plant may produce up to 188,000 seeds 

(Peters and Dunn, 1971). Crabgrass have the ability to tolerate mowing (Kin et al., 
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2002), and physical disturbance associated with cropping systems favors invasion of 

crabgrass species due to a light requirement for germination (Toole and Toole, 1941). 

Crabgrass can tolerate hot, dry conditions in summer due to C4 photosynthetic pathway 

(Danneberger, 1993). Due to its physiology, crabgrass occurs in almost every cropping 

system throughout the United States (Danneberger, 1993).  

The objective of the study was to evaluate the effect of cropping system 

complexity on the population dynamics of southern crabgrass and Florida pusley in 

organic vegetable cropping systems. The corresponding hypothesis was that cropping 

system complexity will affect the population dynamics of the southern crabgrass and 

Florida pusley.  

Materials and Methods 

A field experiment was established in summer 2006 on certified organic land at 

the University of Florida-Plant Science Research and Education Unit, Marion County, 

Florida. The field site was dominated by bahiagrass (Paspalum notatum Flügge.) before 

establishing the experiment. The soil type consists of Candler sand (Hyperthermic, 

uncoated Lamellic Quartzipsamments; entisol) with a pH of 7.1. The field was first 

planted with ‘White Acre’ southern pea (Vigna unguiculata (L.) Walp) in May 2006 and 

mowed in July 2006. The experiment was started on 27 July 2006 with the planting of 

summer cover crops or a summer weedy fallow. Treatments consisted of seven 

cropping systems that were arranged in a randomized complete block design with 4 

replications (Table 7-1). The plot size was 12 m x 12 m while distance between the plots 

was 12 m.  

Pearl millet (PM) and sorghum sudangrass (SS) were planted in rows spaced 17 

cm apart and at 5 cm soil depth. Sunn hemp (SH) was planted using an18-cm row 
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spacing and velvetbean (VB) seeds were broadcasted followed by covering with soil. A 

mixture of pearl millet-sunn hemp (PMSH) and sorghum sudangrass-velveteban (SSVB) 

were also planted in mixed cover crop plots. Their seed rates, cultivar, and sources are 

provided in Table 7-2. Overhead irrigation was used occasionally during the first three 

days after planting to promote germination and establishment of the cover crops.  

Fall vegetables were planted on four beds (1.8 m wide) per plot (12 m length x 

7.2 m width plot size). Before planting spring bell pepper, the field was flail-mowed and 

disked to a depth of 20 cm on March 05, 2007. The details of management practices 

with respective dates for both fall and spring vegetables are given in Table 7-3. In the 

second year (2007-08), broccoli was used as the fall vegetable with sweet corn as the 

spring vegetable (Fig.7-1).  

Collection of Soil Samples 

Soil samples were collected before the beginning of the experiment, one year 

after, and at the end of the experiment using a sampler 5 cm in diameter and 15 cm in 

length (AMS, Inc., American Falls, ID). Samples were divided into 3 layers (0-5 cm as 

upper, 5-10 cm as middle, and 10-15 cm as lower layer from the soil surface). Soil 

samples were collected along both diagonal of each plot (Colbach et al., 2000; Forcella 

et al., 2003) resulting in a total surface area of 255 cm2 per plot.  

Greenhouse Weed Seedbank Study 

Collected soil samples for each plot were pooled by layers and placed in a 15- by 

15-cm plastic bedding containers in a greenhouse and surfaced water daily. Emerged 

weed seedlings were identified and counted on every 2 weeks. Following weed 

identification and density data collection, samples were allowed to air-dry. Soil was then 

stirred, and moistened as described above. This pattern was repeated until no more 
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weeds emerged. Samples were then chilled at 3-4 ºC for about 30 days to break 

dormancy. After chilling, they were kept again in the greenhouse to allow emergence of 

weeds released from dormancy.   

Field Weed Density Study  

Weed density data were collected for both cover crops and vegetables. In cover 

crop plots, weeds were counted and sampled at 30 and 60 days after planting cover 

crops, using 1 m2 quadrats randomly placed in the cover crop plots. For fall and spring 

vegetables, weeds were counted in 0.25 m2 quadrats placed randomly in two locations 

per plot. In vegetables, weeds were counted at 2, 4, 6, and 9 weeks after planting the 

vegetable crops.  

Data Analysis 

The number of emerged weed seedlings and seed bank populations from all 

blocks were added together since there was no significant block effect. The 

relationships between rainfall and air temperature and  the emergence rate and the 

mortality rate of weed seedlings were determined to assess the environmental effects. 

They were done using the REG procedure of Statistical Analysis System software (SAS, 

2008). The models of both weed species were generated using Python software version 

2.3.5 available at www.python.org (Python Software Foundation, Hampton, New 

Hampshire). Using these data, population trends, emergence rate, and mortality rate 

were determined for the various cropping systems. 

Climate 

Maximum and minimum air temperatures were monitored at 30 cm above the soil 

surface using a Watchdog datalogger, Model 100 8k (Spectrum Technologies, Inc., East 

http://www.python.org/�
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Plainfield, IL) at 30-minute time intervals while rainfall data were obtained from the 

Florida Automated Weather Network (www.fawn.ifas.ufl.edu).  

Seedbank  

The seedbank was divided into three soil layers of 5 cm each from the soil 

surface because it was anticipated that seed movement would occur as a result of 

tillage. Weed seeds that came from outside of the experiment plot with tillage equipment 

were also included in the model.  

Tillage  

Any field operation that disturbs the soil can be included in the model as a factor 

that kills seedlings or stimulate germination (Debaeke and Sebillotte, 1988; Holst et al., 

2007). Soil tillage is a field operation that redistributes seeds d among soil layers 

according to depth and type of cultivation (Aarts, 1986; Holst et al., 2007). The main 

impact of tillage is to move soil and seeds, which affects vertical seed distribution in the 

soil profile (Colbach et al., 2005). In this experiment, tillage operations were performed 

at 2, 11, 24, 45, 58, 70, and 115 weeks after beginning the experiment with soil 

movement occurring within the top 20-25 cm of soil.  

Tillage factor  

The tillage factor was calculated as the mean percent difference of the proportion 

of weed seeds in the upper and lower layers.  

Seed mortality  

Mortality rate includes the disappearance of weeds due to age, competition, 

diseases, and predators within a specified time. Mortality rate was calculated by: 

Mortality = (Nt-Nt+1)/Nt, where Nt = Number of weeds at time t.  

http://www.fawn.ifas.ufl.edu/�
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Emergence rate 

 The emergence rate (proportion of seeds germinated during a two week period) 

was calculated based on observed numbers of new seedlings, and estimated numbers 

of seeds in the upper soil. The emergence rate increased with daily temperature and 

was delayed with increasing seed depth in Abutilon theophrasti Medicus (Forcella, 

1993). In the field, seed germination was triggered by several events, which include 

tillage under moist conditions and sufficient rain to leach all existing water-soluble 

germination-inhibiting substances within the seeds (Colbach et al., 2005). Seedling 

emergence rates were linked to soil tillage, without using environmental conditions 

(Colbach et al., 2005).  

Southern Crabgrass Model 

To study the population dynamics of southern crabgrass, a model has been 

developed into three equations. Figure 7-2 shows the diagrammatic representation of 

the model. In the first equation, weed seedlings that germinated in the field with cover 

crops and vegetables were selected as: 

X1 = [X1 + (emergence rate. X2) – (mortality rate. X1)] 

where X1 is the weed seedlings germinated in the field; and X2 denotes weed 

seedlings that emerged from the 0-5 cm soil layer (Fig. 2). In the second equation, weed 

seed from upper (0-5 cm) seedbank was calculated as 

X2=[X2 – (emergence rate. X2) + (tillage factor. X3) + seeds from outside 

through tillage] 

where X3 represents weed seedlings emerged from the 10-15 cm soil depth. 

This equation is adjusted for additional seeds brought into the treated plots through 
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tillage. The third equation comprised of weed seedlings emerged from the 10-15 cm soil 

depth and were represented by the equation, 

X3=[X3 – (tillage factor. X3)] 

Tillage factor was analyzed by comparing weed seedling proportions at lower 

and upper depths. 

Florida Pusley Model 

 For Florida pusley, the model was changed due to increases in the seeds in both 

upper and lower layers over time (Fig. 7-2). Tillage factor of both upper and lower layers 

were included in the equations. The first equation is similar to that of southern crabgrass 

model equation. In the second equation, Florida pusley seeds from the upper layer of 

the seedbank were calculated as: 

X2=((X2. tillage factor)-emergence rate. X2)  

X2=X2 – (emergence rate. X2). 

Similarly, equation three was also modified as:  

X3 = (tillage factor in lower layer. X3)  

Results and Discussion 

Maximum and minimum air temperatures and rainfall were measured in all of the 

cropping seasons. Maximum temperatures ranged from 26.9 to 39.6 º C while minimum 

temperature ranged from -2.4 to 18.6 º C (Figure 7-3). Rainfall was greatest at the end 

of the cover cropping period in late summer as well as in during fall. Less rainfall 

occurred during spring in both the years. These environmental parameters 

(temperature, moisture) were found to be important for weed seed growth and 

development (Holst et al., 2007). Weather conditions can play a pivotal role in the 

validity of a model (Mortimer et al., 1989). 
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In southern crabgrass, there was no relationship between emergence rate and 

maximum and minimum temperature (P>0.2003; P>0.0696), and rainfall (P>0.3761). 

Similarly, no relationship was observed between mortality rate and maximum and 

minimum temperature (P>0.2932; P> 0.1270) and rainfall (P>0.7576). Therefore, both 

temperature and rainfall were removed from the model equations. In Florida pusley, 

there was no relationship between emergence rate and maximum and minimum 

temperature (P>0.06; P>0.0648), and rainfall (P>0.356). Similarly, no relationship was 

observed between mortality rate and maximum and minimum temperature (P>0.5632; 

P>0.3165) and rainfall (P>0.5448).  

The model was evaluated with the help of field emergence and mortality pattern. 

Holst et al. (2007) indicated that models can help to provide guidelines for practical 

weed management and predictions in specific scenarios. They can be useful tools for 

making weed management decisions (Jordan et al., 1995). However, models are 

difficult to validate because of the scarcity of long-term data series (Mortimer et al., 

1989; Freckleton and Stephens, 2009). Model parameters were estimated through the 

experimental data and simulated in the Python software.  

Simulations 

 Southern crabgrass 

 Seven simulations representing seven cropping systems were run on southern 

crabgrass model in the Python software (Appendix A). It started with the values 

obtained from seedbank as well as field experiment. The simulation runs for 128 weeks. 

The effect of tillage was noticed on soil layers and plant population in the field. From 

simulation results, X1 increased considerably in all of the cropping systems. Similarly, 

X2 also increased in the predicted population dynamics while X3 decreased in all the 
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cropping systems (Figures 7-4; 7-5; 7-6; 7-7; 7-8; 7-9; 7-10). These simulated results 

predict that the effect of various cultural practices were not sufficient to decrease 

southern crabgrass seedlings and seeds in the upper layer in all of the cropping 

systems; however, germinated seedlings were destroyed by tillage. Tillage should be 

done with an aim to bury the majority of weed seeds too deeply for emergence under 

dry conditions to avoid stimulating germination (Colbach et al., 2005). These results 

suggest that complex systems did not differ from the simple system in suppressing 

seedlings of southern crabgrass and there is a need to include other management 

tactics to increase seedling mortality in these organic vegetable systems.  

Florida pusley  

There were no Florida pusley seeds in the weed seedbank prior to the beginning 

of the experiment. Therefore, data of the second year (2007-08) were used to predict 

population dynamics of this weed (Appendix B). Tillage factor of both upper and lower 

layers were included in the model equations. The simulation predicts that Florida pusley 

seeds in the lower layer will decrease one year after completing the experiment in SH 

and WF systems (Fig. 7-12 and 7-17). Seedling emergence rate was linked to soil 

tillage, without using environmental conditions (Colbach et al., 2005). Tilling operations 

can move weed seeds from one soil layer to another burying the weed seeds or by 

transferring seeds from the lower layers back to the surface. Seeds in the lower layer in 

both complex systems increased as compared to the simple WF system (Fig. 7-15 and 

7-16). Germinated seedlings and seed bank populations in the upper layer decreased 

with cultural management practices in all of the cropping systems; however, reduction in 

PM and SH systems (Fig. 7-11 and 7-12) were lower (> 128 weeks) than other cropping 

systems (90-100 weeks) (Fig. 7-13; 7-14). This suggests that Florida pusley population 
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may decrease in all the cropping systems and there is no difference between simple WF 

and complex systems.  

Several studies found higher densities of grass weeds in reduced tillage systems 

while broad-leaf weeds were higher with conventional tillage (Froud-Williams et al., 

1983). Since broad-leaf weeds tend to survive better in the soil than grass weeds (Lewis 

1973), they may be able to persist better than grasses when the soil is plowed (Mohler, 

1993). 

Model description  

Sensitivity of the model was measured by the resulting change in model output 

as it helps in identifying the most influential parameter used in the model (Holst et al., 

2007). To explore the sensitivity of the model, the parameter values were reduced by 

50% and also increased by 50%. A large value of sensitivity indicates that a small 

variation in the parameters will result in large modification in the model output.  

Southern crabgrass 

A 50 % increase in the emergence rate increased southern crabgrass seedlings 

in the field by 26% and reduced seed population by 40% at 5 cm from the soil surface 

(Table 7-4). Similarly, a decrease in the emergence rate by 50% reduced emerged 

seedlings in the field by 36% but increased the seed population by 93% in the upper 5 

cm of soil. An increase in the mortality rate by 50% reduced marginally both emerged 

seedlings and southern crabgrass seed populations in the upper 5 cm soil layer (Table 

7-4). There was no effect on seedling and seed populations with a decrease of the 

mortality rate. This may suggest that increased mortality rates improve weed control in 

these types of systems. Hence, there is a need to improve management tactics to 

increase mortality rate for controlling southern crabgrass. Roush et al. (1989) suggested 
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minimizing emergence rate to decrease seedbank size by the use of management 

practices such as planting cover crops. In addition, deeper plowing also buries weed 

seeds too deeply to reduce their successful germination (Aldrich, 1984).  

Effect of cover crop systems relative to WF system suggests that emerged 

southern crabgrass seedlings were fewer in numbers (< 1) in all cover crop systems as 

compared to the WF system (Table 7-5). However, southern crabgrass seed 

populations in the upper 5 cm soil layer were higher in all cover crop systems than in 

the WF system, except in the SH system where seed populations lower by 5% than in 

the WF system. The results suggest that living cover crops may suppress seedling 

populations of southern crabgrass in the field; however, southern crabgrass seed 

populations increase in the upper 5 cm soil layer in all systems except for the SH 

system. 

Florida pusley  

A 50% increase in the emergence rate decreased the Florida pusley seed 

populations by 72% in the upper 5 cm soil layer (Table 7-6). This may be due to 

intraspecific competition between Florida pusley plants. Increase or decrease of 

mortality rate may not effect the Florida pusley seedlings or seed populations in the soil. 

Increase or decrease of tillage factor may reduce the numbers of Florida pusley seeds 

in the upper 5 cm soil layer.  

Effect of simulated cover crop systems relative to WF system indicated that the 

numbers of Florida pusley seeds in the upper 5 cm soil layer were fewer in all cover 

crop systems as compared to the WF system, except for the PM and SH systems 

(Table 7-7). In the PM and SH systems, seed numbers increased, respectively, to 29% 

and 14% more than that of the WF system, (Table 7-7). Similarly, seed populations in 
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the lower 10-15 cm soil layer were higher in all cover crop systems than in the WF 

system. The results suggest that Florida pusley seed populations were not affected by 

the mortality rate or decrease of emergence rate. However, tillage factor affected their 

numbers in both upper 0-5 cm and lower 10-15 cm soil layers. Cultural management 

practices increased Florida pusley seed populations in the lower 10-15 cm soil layer but 

reduced seed numbers in the upper 5 cm soil, except in the PM and SH systems.  

Conclusion 

No difference was observed between complex and simple systems for 

suppressing the populations of both southern crabgrass and Florida pusley; however, 

long-term data may improve the simulated results of the population dynamics of these 

weed species.
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Table 7-1. Cropping system treatments used in experiments a 
2006-07 2007-08 
Cover crops a Fall  Spring Cover crops Fall Spring 
Experiment I 
Weedy Fallow (WF) Squash Bell pepper Weedy Fallow Broccoli Sweet corn 
Pearl millet (PM) Squash Bell pepper Sorghum sudangrass Broccoli Sweet corn 
Sorghum sudangrass 
(SS) 

Squash Bell pepper Pearl millet Broccoli Sweet corn 

Sunn hemp (SH) Squash Bell pepper Velvetbean Broccoli Sweet corn 
Velvetbean (VB) Squash Bell pepper Sunn hemp Broccoli Sweet corn 
Pearl millet-sunn hemp 
(PMSH) 

Squash +  
Rye -hairy vetch 

Bell pepper + 
bush beans 

Sorghum sudangrass-
velvetbean 

Broccoli + 
crimson clover 

Sweet corn + 
bush beans 

Sorghum sudangrass-
velvetbean (SSVB) 

Squash + 
 Rye -hairy vetch 

Bell pepper + 
bush beans 

Pearl millet-sunn hemp Broccoli + 
crimson clover 

Sweet corn + 
bush beans 

a  For convenience, cropping system treatments are referred to in text using summer cover crop name of 2006-07. 
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Table 7-2. Cover crop treatments planted in this experiment at Citra, Florida 
Cover crops Botanical name Cultivar Source Seed-rate  

(kg/ha) 
Weedy Fallow  - - - - 
Pearl millet  Pennisetum glaucum Tifleaf 3 Production Plus, Plainview, TX 4.5 
Sorghum  sudangrass  Sorghum bicolor x S. bicolor 

var sudanense 
Brown Midrib Production Plus, Plainview, TX 7.2 

Sunn hemp  Crotalaria juncea Unknown Kaufman Seeds, Haven, KS 7.2 
Velvetbean  Mucuna pruriens var 

pruriens 
Georgia Bush Georgia Seed Development 

Commission, Athens, GA 
18.0 

Pearl millet – sunn hemp  - - - 3.0 PM + 3.6 SH 
Sorghum sudangrass – 
velvetbean  

- - - 4.8 SS + 12.0 VB 
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Table 7-3. Management practices with their dates of the cropping system from 2006 to 2008 at Citra, FL 
Management practices including tilling operations Dates 
Soil samples were collected from the plots at 3 different soil depths 2-4 May 2006 
Field was tilled to a depth of 25 cm for planting southern pea 17 May 2006 
Finished mushroom compost a  applied at 2500 kg/ha followed by discing to a depth of about 20 cm.  13 July 2006 
Planting summer cover crops 27 July 2006 
Mowing cover crops followed by incorporating into the soil to a depth of 25 cm 2 October 2006 
NatureSafe b (10-2-8 N-P2O5 -K2O) fertilizer applied at 1685 kg/ha as 30-cm band over beds 9 October 2006 
Squash direct seeded as single row per bed with an in-row plant distance of 45 cm 19 October 2006 
Ryed-hairy vetche broadcast in between beds in mixed cover crop plots at the rate of 48 kg and 22 kg /ha 9 November 2006 
Row covers placed to protect from frost 8 December 2006 
Squashc was harvested between the following dates  14 December 2006 

- 9 January 2007  
Field was mowed and field were disced with a depth of 25 cm soil depth.  5 March 2007 
NatureSafe (10-2-8 N-P2O5 -K2O) fertilizer applied at the rate of 1116 kg/ha 7 March 2007 
45-day-old bell pepper seedlings transplanted in double rows per bed, 45 cm plant distance within row. 15 March 2007 
Planting of bush beansg in mixed cover crop plots 16 March 2007 
Application of NatureSafe (10-2-8 N-P2O5 -K2O) fertilizer at rate of 1116 kg/ha 10 April 2007 
Hand weeding 2,18 April, 30 May  

2007 
Bell pepperf harvested between the following dates, four harvests total 21 May – 20 June 

2007 
Soil samples were collected again from the plots at 3 different soil depths 3 July 2007 
Field was tilled at 20 cm soil depth along with the applications of elemental sulfuri at 250 kg/ha and sulpomagj 
at the rate of 257 kg/ha. This was followed by application of finished mushroom compost at 2500 kg/ha 

10-25 July 2007 

Cover crops were planted again  31 July 2007 
Mowing of cover crops followed by applying sulpomag at 257 kg/ha 3-9 October 2007 
NatureSafe (10-2-8 N-P2O5-K2O) fertilizer applied at 1976 kg/ha as 30-cm band over beds. 9 October 2007 
Thirty-day-old broccoli seedlings transplanted in double rows per bed with 45 cm planting distance within rows 16 October 2007 
Crimson cloverh broadcast in between beds in mixed cover crop plots at 28 kg/ha 26 October 2007 
Broccoli harvested between the following dates, 3 harvests total 20 December2007 

-2 January 2008 
Broccoli plots were mowed, discing, and tilling the plots at a depth of 25 cm 4 March 2008 
NatureSafe (10-2-8 N-P2O5-K2O) fertilizer applied at the rate of 1116 kg/ha 4 March 2008 
Sweet cornl direct-seeded at 76 cm row distance and 18 cm plant distance  11 March 2008 
Bush bean direct seeded in strips (4 rows/strip) arranged alternately with strips of sweet corn in mixed cover 
crop plots.  

11 March 2008 
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Table 7-3. Continued 
Application of NatureSafe (10-2-8 N-P2O5-K2O) fertilizer at rate of 1116 kg/ha 1 April 2008 
Hand weeding 14 April 2008 
Biolinkm (0-0-6 N-P2O5 -K2O applied over bean plants at nozzle rate of 760 ml/min and 50 gal/ha water 29 April 2008 
Sodium nitrate (Probooster n, 10-0-0 N-P2O5 -K2O) applied at 868 kg/ha in response to nitrogen deficiency 
symptoms 

7 May 2008 

Sweet corn harvested between the following dates, 2 harvests total 29 May -4 June 
2008 

Soil samples collected at 3 different soil depths after completing the experiments 23 June 2008 
a Quincy Farms, Quincy, FL 
b Griffin Industries, Cold Spring, KY 
c Cucurbita pepo L. cv. ‘Cougar’ F1 untreated; Harris Seeds, Rochester, NY 
d Secale cereale cv Wrens Abruzzi; Alachua County Feed and Seeds, Gainesville, FL 
e Vicia villosa, cultivar unknown; Adams Briscoe Seed Company, Jackson, GA 
f Capsicum annuum L. cv. ‘Red Knight’ F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
g Phaseolus vulgaris cultivar Bronco untreated, Seedway Elizabethtown, PA  
h Trifolium incarnatum cv Dixie; Adams Briscoe Seed Company, Jackson, GA 
i Tiger 90 with 90% sulfur, Tiger-Sul Products, Atmore, AL 
j N-P2O5-K2O (0-0-21), Diamond R Fertilizer, Winter Garden, FL 
k Brassica oleracea L. cv. ‘Marathon’ F1 untreated; Harris Seeds, Rochester, NY 
l Zea mays L. cv. ‘Montauk’ F1 untreated; Johnny’s Selected Seeds, Winslow, ME 
m Westbridge Agricultural Products, Vista, CA 
n North Country Organics, Bradford, VT 
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Figure 7-1. Multiple cropping systems in organic vegetable production in Experiment  
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Figure 7-2. Diagrammatic model showing weed seedbank and seedling levels of southern crabgrass and Florida pusley  
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Figure 7-3. Maximum and minimum air temperatures and rainfall in the experiment field during the cropping season 
(CC=Cover crops) 
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Figure 7-4. Simulation of germinated seedlings and seed bank populations of southern 

crabgrass dynamics in the PM cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer) 
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Figure 7-5. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the SH cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer) 
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Figure 7-6. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the SS cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer. Number of seedlings was in 10000 
/m2 on Y-axis) 
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Figure 7-7. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the SSVB cropping system (X1= Weed seedlings in 
the field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed 
bank population in the lower (10-15 cm) layer. Number of seedlings was in 
10000 /m2 on Y-axis) 
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Figure 7-8. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the VB cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer. Number of seedlings was in 10000 
/m2 on Y-axis) 
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Figure 7-9. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the PMSH cropping system (X1= Weed seedlings in 
the field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed 
bank population in the lower (10-15 cm) layer. Number of seedlings was in 
10000 /m2 on Y-axis 
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Figure 7-10. Simulation of germinated seedlings and seed bank populations of southern 
crabgrass dynamics in the WF cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer) 
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Figure 7-11. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the PM cropping system (X1= Weed seedlings in the field; 
X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-12. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the SH cropping system (X1= Weed seedlings in the field; 
X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-13. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the SS cropping system (X1= Weed seedlings in the field; 
X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-14. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the VB cropping system (X1= Weed seedlings in the field; 
X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-15. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the PMSH cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-16. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the SSVB cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer)  
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Figure 7-17. Simulation of germinated seedlings and seed bank populations of Florida 
Pusley dynamics in the WF cropping system (X1= Weed seedlings in the 
field; X2= Seed bank population in the upper (0-5 cm) layer; X3= Seed bank 
population in the lower (10-15 cm) layer) 
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Table 7-4. Effect of increasing or decreasing model parameters on the ratio of final state 
variable numbers relative to unaltered state variable of southern crabgrass 
after 128 weeks  

Ratio relative to unaltered parameters Parameters 
X1 X2 X3 

50% increase    
Emergence rate 1.269 0.608 NA 
Mortality rate 0.992 0.999 NA 
Tillage factor 1.00 0.999 NA 
    
50% decrease    
Emergence rate 0.639 1.933 NA 
Mortality rate 1.00 1.00 NA 
Tillage factor 1.00 1.00 NA 
X1 = Seedling emerged in the field 
X2 = Seed population in upper soil layer (0-5 cm) 
X3 = Seed population in lower soil layer (10-15 cm) 
NA = Not applicable 
 
 
 
Table 7-5. Simulated cover crop systems effect on numbers relative to the WF system 

of germinated seedlings of southern crabgrass after 128 weeks  
Ratio relative of cover crop systems by WF system Variables 

PM SS SH VB PMSH SSVB 
X1 0.471 0.301 0.598 0.482 0.507 0.607 
X2 1.109 1.907 0.949 2.217 2.901 1.702 
X3 NA NA NA NA NA NA 
       
X1 = Seedling emerged in the field 
X2 = Seed population in upper soil layer (0-5 cm) 
X3 = Seed population in lower soil layer (10-15 cm) 
NA = Not applicable 
 
 
 
 
 
 
 



 

196 

 
Table 7-6. Effect of increasing or decreasing model parameters on the ratio of final state 

variable numbers relative to unaltered state variable of Florida pusley after 
128 weeks 

Ratio relative to unaltered parameters Parameters 
X1 X2 X3 

50% increase    
Emergence rate NA 0.285 1.0 
Mortality rate NA 1.0 1.0 
Tillage factor-Upper layer NA 0.428 1.0 
Tillage factor-lower layer NA 1.0 3.5 
    
50 % decrease    
Emergence rate NA NA 1.0 
Mortality rate NA 1.0 1.0 
Tillage factor-Upper layer NA 0.571 1.0 
Tillage factor-lower layer NA 1.0 0.125 
X1 = Seedling emerged in the field 
X2 = Seed population in upper soil layer (0-5 cm) 
X3 = Seed population in lower soil layer (10-15 cm) 
NA = Not applicable 
 
Table 7-7. Simulated cover crop systems effect on numbers relative to WF system of 

germinated seedlings of Florida pusley after 128 weeks  
Ratio relative of cover crop systems by WF system Variables 

PM SS SH VB PMSH SSVB 
X1 NA NA NA NA NA NA 
X2 1.285 0.286 1.143 0.0 0.857 0.714 
X3 10.87 60.37 8.312 3.625 27.81 12.75 
       
X1 = Seedling emerged in the field 
X2 = Seed population in upper soil layer (0-5 cm) 
X3 = Seed population in lower soil layer (10-15 cm) 
NA = Not applicable 
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APPENDIX A 
SOUTHERN CRABGRASS PROGRAM  

from pylab import * 
 
mr=0.0058 # mortality rate 
er=0.023 # emergence rate 
tr=0.65 # tillage factor 
ot=2903 # no. of outside seeds 
x1=0 # initial values 
x2=10 
x3=30 
tillflag=0 
time_tillage =[2,11,24,45,58,70,115] 
fintime=128#weeks 
x1t=[] 
x2t=[] 
x3t=[] 
for t in range(fintime): 
    try: 
        if t == time_tillage[tillflag]: 
            print t 
            tillflag=tillflag+1 
            x2=(tr*x3)+x2+ot 
            x3=x3-(tr*x3) 
            x1=x1+(er*x2)-(mr*x1) 
    except: pass 
    x2=x2-(er*x2) 
    x1t.append(x1) 
    x2t.append(x2) 
    x3t.append(x3) 
 
plot(x1t, linewidth=3) 
plot(x2t, linewidth=3) 
plot(x3t, linewidth=3) 
 
print 'x1t', x1t  
print 'x2t', x2t  
print 'x3t', x3t  
legend(('x1', 'x2', 'x3'))  
xlabel('weeks', fontsize=16)  
 
ax = axes()  
xlabels = ax.get_xticklabels()  
ylabels = ax.get_yticklabels()  
 
for xl in xlabels:  
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   xl.get_fontsize()  
   xl.set_fontsize(14)  
 
for yl in ylabels:  
                                 
   yl.get_fontsize()  
   yl.set_fontsize(14)  
     
ylabel(r'$\rm {Number\ of\ seedlings\ (m}\ ^-^2)$', fontsize=16)  
title ('Crabgrass in WF system', fontsize=16)  
 
show() 
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APPENDIX B 
FLORIDA PUSLEY PROGRAM 

from pylab import * 
 
mr=0.13 # mortality rate  
er=0.27 # emergence rate  
tf=1.38 # tillage factor  
tf3 = 0.57 # tf1  
ot=87 # no. of outside seeds as add upper+lower  
x1=12 # initial values AFTER 58 WEEKS  
x2=20  
x3=89  
tillflag=0  
time_tillage =[58,70,115] # weeks  
fintime=128#weeks  
x1t=[]  
x2t=[]  
x3t=[]  
tim = []  
print time_tillage  
print time_tillage[0]  
for t in range(58,fintime):  
     
   if tillflag < len(time_tillage) and t == time_tillage[tillflag]:  
         
       print t  
       tillflag=tillflag+1  
       x2=((x2*tf)-er*x2)  
       x3=tf3*x3  
       x1=x1+(er*x2)-(mr*x1)  
     
   x1 = x1 + er*x2 - mr*x1  
   x2 = x2 - er*x2  
   x1t.append(x1)  
   x2t.append(x2)  
   x3t.append(x3)  
   tim.append(t)  
 
plot(tim,x1t, 'k', linewidth=2)  
plot(tim,x2t, '--k', linewidth=2)  
plot(tim,x3t, 'k', linewidth=3)  
 
print 'x1t', x1t  
print 'x2t', x2t  
print 'x3t', x3t  
legend(('x1', 'x2', 'x3'))  



 

200 

xlabel('weeks', fontsize=16)  
 
ax = axes()  
xlabels = ax.get_xticklabels()  
ylabels = ax.get_yticklabels()  
 
for xl in xlabels:  
                                 
   xl.get_fontsize()  
   xl.set_fontsize(14)  
 
for yl in ylabels:  
                                 
   yl.get_fontsize()  
   yl.set_fontsize(14)  
     
ylabel(r'$\rm {Number\ of\ seedlings\ (m}\ ^-^2)$', fontsize=16)  
title ('Florida Pusley in WF system', fontsize=16)  
 
show() 



 

201 

APPENDIX C 
NATIONAL ORGANIC PROGRAM 

Sections of Final rule referred to in the dissertation.  

Available at: www.ecfr.gpoaccess.gov. 

§ 205.206   Crop pest, weed, and disease management practice standard. 

(a) The producer must use management practices to prevent crop pests, weeds, and 

diseases including but not limited to: 

(1) Crop rotation and soil and crop nutrient management practices, as provided 

for in §§205.203 and 205.205; 

(2) Sanitation measures to remove disease vectors, weed seeds, and habitat for 

pest organisms; and 

(3) Cultural practices that enhance crop health, including selection of plant 

species and varieties with regard to suitability to site-specific conditions and 

resistance to prevalent pests, weeds, and diseases. 

(b) Pest problems may be controlled through mechanical or physical methods including 

but not limited to: 

(1) Augmentation or introduction of predators or parasites of the pest species; 

(2) Development of habitat for natural enemies of pests; 

(3) Nonsynthetic controls such as lures, traps, and repellents. 

(c) Weed problems may be controlled through: 

(1) Mulching with fully biodegradable materials; 

(2) Mowing; 

(3) Livestock grazing; 

(4) Hand weeding and mechanical cultivation; 
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(5) Flame, heat, or electrical means; or 

(6) Plastic or other synthetic mulches: Provided, That, they are removed from the 

field at the end of the growing or harvest season. 

(d) Disease problems may be controlled through: 

(1) Management practices which suppress the spread of disease organisms; or 

(2) Application of nonsynthetic biological, botanical, or mineral inputs. 

(e) When the practices provided for in paragraphs (a) through (d) of this section are 

insufficient to prevent or control crop pests, weeds, and diseases, a biological or 

botanical substance or a substance included on the National List of synthetic 

substances allowed for use in organic crop production may be applied to prevent, 

suppress, or control pests, weeds, or diseases: Provided, That, the conditions for using 

the substance are documented in the organic system plan. 

(f) The producer must not use lumber treated with arsenate or other prohibited materials 

for new installations or replacement purposes in contact with soil or livestock. 
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