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Crop yields are affected by several pests above and below ground. Present use of 

pesticides has affected the balance between pests and their natural enemies both above and below 

ground. Moreover, use of insecticides has led to other well known environmental concerns. 

Environmentally friendly techniques are needed to restore the balance of arthropods in soil. 

Research work in my PhD is focused toward improving the quality of soil surface habitat needed 

for restoring the balance between soil pests and their natural enemies and eventually improving 

the yields of crops. A part of my research is also directed toward reducing the attack of lesser 

cornstalk borer, Elasmopalpus lignosellus (Zeller) (Lepidoptera: Pyralidae), one of the most 

serious pests of beans and other crops. This will be achieved by use of various kinds of mulches 

due to their environmentally friendly nature, easy availability, and low cost.  

Soil solarization is used commercially in areas with high solar radiation and air 

temperature during the summer. Clear plastic films were evaluated for weed suppression based 

on the population density of weeds that emerged through breaks in the plastic, for durability in 

terms of number and size of breaks in the films, and for the total exposed soil area resulting from 

breaks. Purple nutsedge (Cyperus rotundus L.) was the major weed problem throughout both 

years. Although a number of very small (< 0.75 inch long) breaks were observed in Polydak 
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plastic film, they never increased in size, and this plastic film remained intact throughout the 

experiment and provided excellent weed control. 

 Cultural control practices, including the use of cover crops and mulches, are 

environmentally safe methods for managing some insect pests and weeds. Several different types 

of organic mulches were evaluated for effects on soil surface arthropods, weeds, and plant 

mortality. Numbers of Formicidae, Cicadellidae, Orthoptera, and small plant feeders (aphids, 

whiteflies, and thrips) were higher in control and cowpea mulch plots than in other mulch types, 

possibly because weed ratings were higher in control and cowpea plots. Regardless of mulch 

treatment, caterpillars invaded plots and caused heavy damage to ‘Potomac Pink’ snapdragon 

(Antirrhinum majus L.) plants. 

 In other experiments, several different types of organic mulches were evaluated for their 

effects on soil surface insects and related arthropods. Data were collected on insects and other 

arthropods using pitfall traps. Results indicate that organic mulches can affect a wide range of 

different insects. Orthoptera (grasshoppers and crickets) and small plant-feeding insects (aphids, 

whiteflies, and thrips) were most common in control or cowpea mulch plots on several 

occasions, possibly due to weed growth in these plots. Numbers of flies were highest in pine bark 

mulch plots on several occasions. Numbers of spiders were not affected by treatments.  

The integrated impact of soil solarization and mulching on weeds, nematodes, insect 

pests, and plant performance was evaluated in field grown snapdragons. Solarization or mulching 

alone reduced weed numbers but integration of solarization and mulching provided the most 

effective control of weeds. Plant mortality and plant parameters did not differ among the 

treatments. Extensive plant damage and mortality due to caterpillars were observed in all plots.   
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Lesser cornstalk borer (LCB), is a serious pest of bean (Phaseolus vulgaris L.) and many 

other crops. The effect of sunn hemp (Crotalaria juncea L.) mulch was examined as a 

management method for LCB. LCB attack was less (P ≤ 0.10) in mulched plots compared with 

bare ground, considering a number of factors such as location and background of field, season, 

and amount of precipitation. Greater numbers of surviving plants were found in mulched plots 

compared with bare ground and weedy plots. In general, fresh weight, height, and total length of 

bean plants were greater in mulched plots compared with other plots. Treatments did not affect 

numbers of potential predators of LCB. Evidence suggests that LCB attack is reduced by 

mulches or weeds around host plants. 

 

 



15 

CHAPTER 1 
REVIEW OF LITERATURE 

Introduction 

Many insects are active at the soil surface, including both pests and beneficial species. 

Mulches applied to the soil surface may disrupt this insect community, and can be used for 

managing key insect pests. Much of the work done in the past examined the effect of organic 

mulches on specific insects, especially flying insects. In the present study, different organic and 

inorganic (polyethylene sheets) mulches were compared in terms of their effects on the entire 

soil surface community including insects, other arthropods, weeds, and nematodes as well as 

plant performance. Effects of mulch for managing a key pest (lesser cornstalk borer, 

Elasmopalpus lignosellus (Zeller)) are examined as well. 

Soil Solarization 

Soil steaming and fumigation were developed by the end of 19th century, as the main 

approaches for soil disinfestations. Today, soil solarization provides a third approach for 

controlling soil borne pests. Soil solarization, also referred to as solar heating or solar 

pasteurization, is accomplished by passive heating of moist soil covered with transparent 

polyethylene plastic sheeting for more than 6 weeks (Dahlquist et al. 2007, McGovern and 

McSorley 1997). Solarization is a useful non-chemical technique for controlling weeds, 

nematodes, and several soil-borne diseases (Katan 1987, Katan and Gamliel 2010, McGovern 

and McSorley 1997, Stapleton 2000). The increased temperature (45-55 ºC) at a 5-cm soil depth 

under clear plastic sheets causes mortality of a variety of plant pathogens (Katan 1981). 

Solarization has been shown to be most effective in regions that are cloudless and have hot 

weather (Heald and Robinson 1987, Katan 1981, Stapleton and Devay 1983). However, this 

technique has also been applied in regions with humid climates, such as Florida (Chase 2007, 
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Chellemi et al. 1993, 1997, McGovern et al. 2004, McSorley and Parrado 1986), except when a 

prolonged period of rain occurred (Wang et al. 2006). Solarization was found to be a cost-

effective (Chellemi et al. 1997, Katan 1981) and low-risk management practice for small farmers 

and has the potential to increase crop yield (Culman et al. 2006). Soil solarization can be made 

more effective in raising soil temperature during the summer period using a double layer of 

plastic mulch as compared with single layer (McGovern et al. 2002). Soil solarization could be 

combined with other management practices such as fumigants, hot water, organic amendments, 

host plant resistance, and biocontrol (McGovern and McSorley 1997).  Integration of soil 

solarization and mulching influenced Collembola population levels and occasionally affected 

other insect groups, depending on their behavior (Gill and McSorley 2010). 

Solarization is an effective way of controlling weeds (Chase et al. 1998, Daelemans 1989, 

Horowitz et al. 1983) as well as nematodes (Chellemi et al. 1997, McGovern et al. 2002, 

McGovern and McSorley 1997, Stapleton and Heald 1991). Solarization has been helpful in 

managing a variety of pests and diseases and increasing crop yield as a result. Soil solarization 

have a couple of advantages including high benefit/cost ration, ease of use by growers, 

adaptability to different cropping systems, and integration with other management tools makes 

this methods perfectly compatible with principles of integrated pest management required by 

sustainable agriculture (D′Addabbo et al. 2010). 

Effect of Soil Solarization on Weeds  

In Turkey, solarization in combination with other treatments provided effective control of 

different annual weeds such as annual bluegrass (Poa annua L.), common purslane (Portulaca 

oleracea L.), redroot pigweed (Amaranthus retroflexus L.) and barnyardgrass (Echinochloa crus-

galli (L.) Beauv.), but not horseweed (Conyza Canadensis (L.) Cronq.) (Benlloglu et al. 2005). 
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In Syria, yield of faba bean (Vicia faba L.), lentils (Lens culinaris Medic.), and peas (Pisum 

sativum L.) increased by 331%, 441%, and 92%, respectively, after managing bean broomrape, 

Orobanche crenata Forssk. using solarization (Linke et al. 1991). Weed incidence was reduced 

by up to 98.5% in some corn (Zea mays L.) cultivars (Ahmad et al. 1996). Soil solarization 

controlled annual weeds better than perennial weeds due to the resprouting capacity of weeds 

from deeply buried underground vegetative structures (Elmore et al. 1997). In the West-

Cameroonian highlands, weeds such as cogongrass (Imperata cylindrical (L.) Beauv.), 

Amaranthus spp., Portulaca spp., Setaria spp., Digitaria spp., and Ageratum spp. were 

controlled by soil solarization (Daelemans 1989). 

Effect of Soil Solarization on Chemical Properties of Soil  

In West-Cameroonian highlands, soil solarization did not affect chemical properties of 

soil (Daelemans 1989). Soil solarization enhanced the availability of essential elements in more 

simpler and soluble forms that led to increase pest resistance and reduced the stalk breakage in 

corn cultivars (Ahmad et al. 1996). Soil solarization enhanced the growth and development of 

plants by changing the physical and chemical features of soil through increased breakdown of 

organic material. This resulted in release of soluble nutrients like nitrogen, calcium, magnesium, 

potassium, and fulvic acid (Elmore et al. 1997). In okra (Abelmoschus esculentus (L.) Moench), 

leaf tissue concentrations of potassium, nitrogen, magnesium, and manganese were higher in 

solarized plots as compared with non-solarized plots, while the concentrations of phosphorous 

and zinc were lower in solarized plots (Seman-Varner et al. 2007). 

Effect of Soil Solarization on Plant Diseases 

In Italy, solarization was used to manage lettuce drop caused by the fungus Sclerotinia 

minor and reductions in disease incidence ranged from 51% to 84%, leading to 37% to 86% 

increases in production of lettuce (Lactuca sativa L.) (Scannavini et al. 1993). In Florida, a 
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combination of fumigation and solarization with virtually impermeable film (VIF) under low-

density polyethylene films reduced the survival of the fungus Fusarium oxysporum f. sp. 

lycopersici (Chellemi and Mirusso 2006). In corn (Zea mays L.) cultivars, soil solarization 

reduced symptoms of Fusarium moniliforme and Macrophomina phaseolina by 64% and 78% 

respectively, and also helped to reduce stalk rot disease by 69% (Ahmad et al. 1996). In Turkey, 

soil solarization controlled soil-borne diseases caused by Rhizoctonia spp. and Phytophthora 

cactorum (Benlloglu et al. 2005). Most soil-borne plant pathogens are inactivated from exposure 

to 70ºC for at least 30 min (McGovern and McSorley 1997). Row solarization reduced growth of 

some soil-borne pathogens such as Pyrenochaeta terrestris, Rhizoctonia solani, Fusarium spp., 

Phytophthora cactorum, and Verticillium dahliae (Abu-Gharbieh et al. 1991, Hartz et al. 1985, 

Hartz et al. 1993, Hartz and Bogle 1989, Katan et al. 1980, Keinath 1995, McGovern and Harper 

1996, Sivakumar and Marimuthu 1987). Soil solarization is an effective method to control fungal 

(Pythium myriotylum, Pytopathora nicotianae var. nicotianae, and Sclerotium rolfsii) growth in 

potting media (Duff and Barnaart 1992). Elmore et al. (1997) suggested that soil solarization can 

help in managing soil-borne fungal and bacterial pathogens such as Verticillium dahliae, 

Fusarium spp., Phytophthora cinnamomi, Agrobacterium tumefaciens, Clavibacter 

michiganensis, and Streptomyces scabies. Soil solarization alone or in combination with organic 

amendments can be an excellent approach for managing soil-borne plant pathogens (Antonio et 

al. 2005, Antonio and Giovanni 2006, Gamliel and Stapleton 1997). In southeastern United 

States, soil solarization method should be applied each season as pre-planting treatment, because 

beneficial effects of reducing microbial populations do not persist in the following years 

(Njoroge et al. 2010). Six weeks of solarization reduced the population density of Verticillium 

dahliae Kleb. from 1,600 CFU /g/soil to 300 in the pistachio (Pistacia vera L.) and olive (Olea 
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europaea  L.) orchards soils in Iran and disease incidence was decreased up to 70% in the 

orchards (Saremi et al. 2010). 

Effect of Soil Solarization on Insect Community  

The exposure period of solar radiation was a key factor to determine the effectiveness of 

soil solarization for the control of stored product pests (McFarlane 1989). Reflective plastic 

mulch suppressed arthropods populations associated with tomato-canopy in early season 

compared with conventional and bare beds. The biological bed mulch results suggest that cover 

crop residues, as well as reflective plastic mulch may be useful in integrated pest management 

program for fresh-market tomato (Solanum lycopersicum L.) production (Summers et al. 2010). 

In the Nigerian savanna, suppression of Callosobruchus maculates (F.)  was observed in 

bambara groundnut  (Vigna unguiculata (L.) Walp.) seeds after exposure to sunlight. Complete 

control of bruchid eggs, first and second instar larvae in seeds was observed after the exposure of 

7, 14, or 28 h in metal tins, clay pots, or polypropylene sacks respectively, as compared with 

seeds that were not exposed to sunlight (Lale and Ajayi 2001). Soil solarization was observed to 

change soil chemistry which may weaken or kill some kinds of soil organisms (Elmore et al. 

1997). Although not used as frequently against insect pests, seven weeks of soil solarization was 

found to reduce incidence of stalk borer (Papaipema spp.) in corn cultivars by 8.9% (Ahmad et 

al. 1996). In Spain, a field experiment was conducted to examine the effect of different ground 

cover management systems (pine-bark, plastic, and straw mulch, tillage, herbicide, and natural 

soil) on the occurrence of ground beetles (Coleoptera: Carabidae) in cider-apple (Malus 

domestica Borkh.) orchard. Plastic mulch reduced the ground beetle populations compared to 

tillage and herbicide treatments (Minarro and Dapena 2003).   
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Effect of Soil Solarization on Nematodes  

Solarization decreased population levels of different species of nematodes (Chellemi et 

al. 1997, McGovern and McSorley 1997, McGovern et al. 2002, Stapleton and Heald 1991). A 

single soil solarization treatment was found effective for long-term management of weeds, while 

on the other side long-term effectiveness against nematodes can be achieved by two or three 

years of soil solarization treatments (Candido et al. 2008). In Syria, populations of several 

nematodes species were decreased in solarized plots (Linke et al. 1991). Ring nematodes 

(Mesocriconema spp.) were less prevalent in raised bed solarization as compared with control 

treatment, while a combination of a cowpea (Vigna unguiculata L.) cover crop and raised seed 

bed solarization was as effective as soil fumigation for suppression of root-knot nematodes 

(Meloidogyne spp.) (Saha et al. 2007). In Egypt, soil solarization controlled root-knot nematodes 

in tomatoes and also effectively managed reniform nematodes (Rotylenchulus reniformis Linford 

and Oliveira) (Abdel-Rahim et al. 1988). Solarization was also effective for managing reniform 

nematodes in Florida (McSorley and Parrado 1986) and Texas (Heald and Robinson 1987). Soil 

solarization is a method for managing a wide range of nematodes like lesion nematode 

(Pratylenchus spp.), root-knot nematode, reniform nematode, cyst nematode (Heterodera 

glycines Ichinohe), sting nematode (Belonolaimus spp.), ring nematodes, stubby root nematode 

(Paratrichodorus minor (Colbran) Siddiqi) and dagger nematodes (Xiphinema spp.) (Hagan and 

Gazaway 2000). Soil solarization is not as effective for managing nematodes, as for fungal 

diseases and weeds because nematodes can recolonize in soil quite rapidly. But still, soil 

solarization was effective for managing nematodes such as  ring nematode (Criconemella 

xenoplax Raski), stem and bulb nematode (Ditylenchus dipsaci Kuhn), potato cyst nematode 

(Globodera rostochiensis Woll.), spiral nematode (Helicotylenchus digonicus Perry), dagger 

nematodes, lesion nematode (Pratylenchus spp.), northern root-knot nematode (Meloidogyne 
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hapla Chitwood), pin nematode (Paratylenchus hamatus Thorne and Allen), and sugar beet cyst 

nematode (Heterodera schachtii Schmidt) (Elmore et al. 1997). 

Effects of Soil Solarization on Crop Yield  

Soil beds covered with polyethylene sheets increased marketable yield of pepper 

(Capsicum spp.) crop as compared with untreated plots (Chellemi and Mirusso 2006). In Spain, 

soil solarization alone and in combination with Trichoderma increased the strawberry (Fragaria 

× ananassa Duchesne) yield 78% and 78% in the 2nd year and 11% and 43% in the 3rd  year, 

respectively (Porras et al. 2007). In general, soil solarization enhances the growth of plant yield 

and quality (Elmore at al. 1997). Soil disinfestation treatments provided protection and 

stimulation of root growth and crop yield through drastic qualitative and quantitative changes in 

the soil environment (Chen et al. 1991). 

Organic Mulches 

Mulching is the process of spreading organic matter around plants to prevent the 

evaporation of moisture, freezing of roots, and growth of weeds (Hatwig and Ammon 2002, 

Hatwig and Hoffman 1975). As organic mulches and amendments decompose, they also lead to 

improvement of soil chemical and physical properties, and can act as a slow-release source of 

nutrients for plant growth (Gruda 2008, Klett 2010, Lehmann et al. 2000, Mulvaney et al. 2008, 

Powers and McSorley 2000, Theriault et al. 2009, Wang et al. 2008, Westerman and Bicudo 

2005). The MetroMix MM360 (Scotts, Marysville, OH) at rates of 20% and 40% commercial 

vermicomposts suppressed the populations of aphids (Aphididae), and mealy bugs 

(Pseudococcus spp.) on peppers (Capsicum annum L.) and mealy bugs on tomatoes 

(Lycopersicon esculentum Mill.) (Arancon et al. 2005). It is an effective way to provide shelter 

for predatory insects and to control weeds (Brown and Tworkoski 2004, Johnson et al. 2004, 

Teasdale et al. 2004, Wang et al. 2008). Mulches help to maintain soil moisture required for 
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plant vigor and to promote plant tolerance to the attack of insect pests (Johnson et al. 2004). 

Organic mulches can be derived from hay, sawdust, compost, straw, crop residues, pine needles, 

shredded bark, or other plant material that is readily available. Organic mulches such as bark, 

wood chips, leaves, pine needles, and grasses or inorganic mulches gravel, pebbles and 

polyethylene sheets are frequently applied surrounding the plants to improve crop stand (Black et 

al. 2003).  An ideal mulch should be weed-free, having uniform color, attractive, and should not 

be blown away with wind from the application site (Klett 2010). 

Types of Mulches 

There are mainly two types of mulches, organic and inorganic (Klett 2010). Organic 

mulches are derived from any kind of organic material such as hay, straw, pine needles, shredded 

bark, and sawdust etc. In cooler locations, organic mulches should be applied late in the spring 

since early application of mulches can delay soil warming, seed germination or seedling 

emergence, and crop development. The most commonly used inorganic mulches are 

polyethylene plastic films. These mulches are relatively inexpensive made from petroleum-based 

products and can be applied mechanically under field conditions. These mulches have the ability 

to manage a number of weeds, but still nutsedges can poke through the plastic and pose problems 

to growers.  

Effect of Organic Mulches on Insects 

 Cultural control practices, including the use of cover crops and mulches, are 

environmentally safe methods for managing specific insect pests. Lepidopteran eggs and larval 

densities were significantly higher in broccoli (Brassica oleracea L. var. botrytis) monoculture 

when compared to broccoli with undersown mulches like strawberry clover (Tribolium 

fragiferum L.), white clover (Tribolium repens L.), and yellow sweetclover (Melilotus officinalis 

L.) (Hooks and Johnson 2004). Spiders were found more frequently on bare unmulched plots in 
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the early stages of crop growth, but later in the season, spider counts were higher on broccoli 

with living mulches. Alfalfa (Medicago sativa L.) living mulch increased the aphidophagous 

community to manage the outbreaks of the invasive soybean aphid, Aphis glycines Matsumura 

(Hemiptera: Aphididae) (Schmidt et al. 2007). Alfalfa and kura clover (Trifolium ambiguum M. 

Bieb) mulches increased the predator populations to manage European corn borer (Ostrinia 

nubilalis Hübner) (Prasifka et al. 2006). Oat-crimson clover killed-cover crop mulch reduced the 

damage caused by soil insect pests to sweetpotato (Ipomoea batatas (L.) Lam.) roots. Also, more 

predators including fire ants, rove beetles, and carabid beetles were captured by pitfall traps in 

killed-cover crop mulch plots compared with conventional tillage plots (Jackson and Harrison 

2008). 

Although living mulches may offer resources to support predators, non-living mulches 

derived from killed cover crops or hay from cover crops may offer some benefits as well. A 

review of manipulative studies showed that in ca. 75% of cases, generalist predators reduced the 

significant number of pest populations (Symondson et al. 2002). Winter cover crops like wheat 

(Triticum aestivum L.), rye (Secala cereale L.), oat (Avena sativa L.), lupine (Lupinus 

augustifolius L.), hairy vetch (Vicia villosa Roth.), and crimson clover (Trifolium incarnatum L.) 

affected a variety of insects including aphids (Aphididae), leafhoppers (Cicadellidae), plant bugs 

(Miridae), and thrips (Thysanoptera) (Tremelling et al. 2002). Predation of beet armyworm, 

Spodoptera exigua (Hübner) pupae was 33% greater in killed cover crop mulch as compared 

with conventional production plots (Pullaro et al. 2006). Poultry compost reduced the 

populations of spotted tentiform leafminer, Phyllonorycter blancardella (Fabr.) and migrating 

woolly aphid, Eriosoma lanigerum (Hausmann) nymphs, while increasing the predator 

populations (Brown and Tworkoski 2004). 
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Living and dead plant vegetation as mulch can suppress the establishment of soil-

inhibiting herbivores including Colorado potato beetles (Leptinotarsa decemlineata Say) by 

hindering their emergence and migration behavior (Teasdale et al. 2004).  Living mulches in 

reduced the populations of crucifer flea beetle (Phyllotreta cruciferae Goeze) and cabbage aphid 

(Brevicoryne brassicae (L.)) in cabbage (Brassica oleracea L.) production system (Andow et al. 

1986). Experiments were performed in Colorado to evaluate the effect of different colored 

mulches on the colonization of western black flea beetle (WBFB), Phyllotreta pusilla Horn. 

Lower numbers of WBFB were found in black mulch in 3 years of sampling, while aluminum 

mulch had the highest number of WBFB (Demirel and Cranshaw 2005). Fresh mulches obtained 

from white leadtree (Leucaena leucocephala (Lam.) de Wit) and false tamarind (Lysiloma. 

latisiliquum (L.) Benth.) reduced the density and biomass of snails (Bautista-Zúñiga et al. 2008). 

Much of the work done in the past used mulches for the management of flying insect pests 

(Brown and Tworkoski 2004, Hooks and Johnson 2004, Prasifka et al. 2006, Pullaro et al. 2006, 

Reeleder et al. 2004, Schmidt et al. 2007, Staley et al. 2010, Tremelling et al. 2002). 

Effect of Organic Mulches on Soil Temperature and Moisture  

In India, field experiments were conducted using five mulches (wheat straw, green twigs, 

farmyard manure (FYM), piltu (dry leaves of Pinus roxburghii), and forest litter) on potatoes 

(Solanum tuberosum L.) cv. Kufri Jyoti. Mulching with FYM was most efficient in increasing 

soil moisture and soil temperature, followed by forest litter (Uniyal and Mishra 2003). In 

Delaware, field studies conducted on melon (Cucumis spp.) and potatoes showed that straw 

mulch helped to reduce soil temperature and increase soil moisture more than the control 

(weedy, no straw) plots (Johnson et al. 2004). Wheat (Triticum aestivum L.) straw mulch or 

FYM mulch can improve soybean (Glycine max (L.) Merr.) emergence both in normal and 
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crusted soils, may be due to decrease in soil temperature and conservation of soil moisture 

(Singh and Jolly 2008). 

Effect of Organic Mulches on Yield 

Application of red clover (Trifolium pratense L.) and alfalfa (Medicago sativa L.) green 

manures led to increase in broccoli (Brassica oleracea var. italica Plenk) yield, and available soil 

nitrogen (N) uptake (Theriault et al. 2009). The percentage of clean pumpkin (Cucurbita pepo 

L.) fruit at harvest was higher in leaf mulch production systems compared with bare soil 

(Wyenandt et al. 2008). Farmyard manure as mulch was found to be most sufficient in increasing 

plant height, fresh shoot weight, tuber weight, and tuber yield followed by the forest litter. 

Higher yield was reported in FYM mulched plots, because mulches conserved soil moisture and 

reduced the soil temperature favoring the plant growth and tuber bulking, respectively (Uniyal 

and Mishra 2003). Living and dead plant vegetation as mulch increased the crop yield by 

suppressing weeds, populations of Colorado potato beetles, and foliar diseases (Teasdale et al. 

2004). Application of sunn hemp mulch or compost can increase the yield and quality of winter 

fresh market tomato (Wang et al. 2009).  

Effect of Organic Mulches on Weeds 

Mulches can control weeds by shading effects on weeds or forming a barrier to the 

emergence of weeds.  Pine bark mulch was reported to improve weed and disease control 

(Reeleder et al. 2004). Poultry compost manure was observed effective to control weeds for one 

year after the application of manure (Brown and Tworkoski 2004).  In another instance, 

application of straw mulch at the time of planting suppressed the weed populations, but 

application of straw mulch 4 weeks after planting had less effect on weeds (Johnson et al. 2004). 

Some of the annual weeds were very susceptible to mulch containing living or dead plant 

material (Teasdale et al. 2004). Two layers of cattail (Cyprus articulatus L.) or rice (Oryza sativa 
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L.) straw mulch could be effectively used to control weeds population in citrus (Citrus spp.) 

groves (Abouziena et al. 2008). The strip placement of hairy vetch (Vicia villosa Roth.) residue 

was found to be effective method for weed suppression and high yield in a tomato production 

system (Campiglia et al. 2010). Mulch derived from rye (Secala cereale L.) cover crop was 

found to be an effective weed control technique in conventional, as well as organic deciduous 

tree orchards (Ormeño-Nùñez et al. 2008). 

Effect of Organic Mulches on Plant Diseases 

Growth of brown rot fungus (Monilinia fructicola) was significantly lower in poultry 

composted substrate than a sterilized compost substrate (Brown and Tworkoski 2004). Foliar 

diseases can be suppressed using living and dead plant vegetation as mulch by preventing 

dispersion of pathogen propagules through wind-borne processes and splashing (Teasdale et al. 

2004).  

Advantages of Organic Mulches 

 There are a number of advantages of mulches such as reduction in soil erosion, reduced 

evaporation, and improved infiltration of water (Powers and McSorley 2000, Snapp et al. 2005). 

Sunn hemp mulch was observed effective in controlling weeds and led to increase crop yield 

compared with sunn hemp as a cover crop (Wang et al. 2008). Mulches also reduced weed 

germination, led to improvement of soil texture and tilth, acted as insulator for maintenance of 

soil temperature, and resulted in stronger root systems (Black et al. 2003). Earthworms usually 

hide in organic mulches and help in enrichment of soil with their castings and also aerate the soil 

with their burrows. Some organic mulches like grasses and compost act as a slow-release sources 

of nutrients for plant growth (Dickerson 2001).  
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Drawbacks of Organic Mulches  

 Organic mulches such as hay and grass clippings sometimes can also serve as a source to 

introduce weed seeds into the mulched field. Use of mulches leads to an increase in the number 

of slugs (Limax spp.) in fields and especially in gardens where they may feed on young and 

succulent plants and cause damage. Some mulches like dry pine needles can cause fire hazards 

while others like grass clippings and peat (sphagnum) can be easily blown by air currents (Klett 

2010). Mulches also encourage development of some insect relatives like snails (mollusk), slugs 

(mollusk), and sow bugs (crustacean) that cause hindrance to plant growth. Thick layers of 

organic mulches around the base of fruit trees provide hiding places for rodents. In some cases, 

moist organic mulches can encourage the seedling disease “damping-off” (Dickerson 2001).  

Lesser Cornstalk Borer 

Lesser cornstalk borer (LCB), Elasmopalpus lignosellus (Zeller), is a polyphagous pest 

with a wide range of host plants that includes weeds, vegetable crops, and field crops 

(Funderburk et al. 1985). Larvae burrow into the stalk base near the soil surface, damaging 

vascular tissues resulting in “dead heart” symptoms and allowing pathogens to enter the plant 

(Smith and Ota 2002). The larval stage tunnels within stems and roots. Wilting is the first sign of 

an infestation in affected plants, followed by stunting, plant deformities, and a thin crop stand 

(Gill et al. 2009 a). 

Distribution  

LCB was described by Zeller in 1848, but it was not considered of economic importance 

until 1881 (Riley 1882). LCB occurs widely in the western hemisphere and is known from much 

of the southern United States. Despite its wide distribution, damage is limited principally to 

sandy soil (Metcalf 1962), so it tends to cause injury in the coastal plain of the southeastern 
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states from South Carolina to Texas. While more often observed in the southeastern United 

States, this pest species is sporadic in nature and distributed from Maine to southern California.  

It was first discovered outside the continental U.S. in July 1986 infesting sugarcane (Saccharum 

officinarum L.) in Kauai (Hawaii) (Chang and Ota 1987). This species is also found in Mexico, 

Central America, and South America (Genung and Green 1965, Heinrich 1956, Luginbill and 

Ainslie 1917).  

Life Cycle  

Lesser cornstalk borer is a holometabolous insect having distinct life stages that comprise 

egg, larva, pupa, and adult. There are three to four generations annually in the southeast, but in 

the southwest there are only three generations annually. Activity extends from June to 

November, with the generations overlapping considerably and little evidence of breaks between 

generations. Overwintering apparently occurs in the larval and pupal stage, and diapause is not 

present. A complete life cycle usually requires 30 to 60 days.  

Eggs 

 The eggs are oval, measuring about 0.6 mm in length and 0.4 mm in width. When first 

deposited, they are greenish, soon turning pinkish, and eventually reddish. The female deposits 

nearly all her eggs below the soil surface adjacent to plants. A few, however, are placed on the 

surface or on leaves and stems. Duration of the egg stage is two to three days. A single female 

can oviposit about 200 eggs (Capinera 2001), with a report of up to 420 eggs (Biddle et al. 

1992). Female moths oviposit eggs in late summer and fall in Kentucky (Bessin 2004), while in 

Florida, we observed heavy oviposition in spring and early summer.  

Larvae 

Larvae are strong and active when disturbed and wiggle violently so that in some 

countries it is called the jumping borer (Schaaf 1974). Larvae live in the soil, constructing 
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tunnels from soil and excrement tightly woven together with silk. They leave the tunnel to feed 

in the basal stalk area or just beneath the soil surface, returning and constructing new tunnels as 

they mature. Thus, tunnels often radiate out from the stem of the food source, just below the soil 

surface. Normally there are six instars, but the number of instars can range from five to nine 

depending on environmental conditions (Biddle et al. 1992). During the early instars, larvae are 

yellowish green, with reddish pigmentation dorsally, tending to form transverse bands. As the 

larvae mature, whitish longitudinal stripes develop, so that by the fifth instar they are 

pronounced. The mature larvae are bluish green, but tend toward reddish brown with fairly 

distinct yellowish white stripes dorsally. Head capsules are dark in color, and measure about 

0.23, 0.30, 0.44, 0.63, 0.89, and 1.2 mm in width, respectively, for instars one through six. Larval 

lengths are about 1.7, 2.7, 5.7, 6.9, 8.8, and 16.2 mm, respectively. Mean development time is 

estimated at 4.2, 2.9, 1.4, 3.1, 2.9, and 8.8 days for instars one through six, respectively. Total 

larval development time varies widely, but normally averages about 20 days.  

Pupae 

 At larval maturity, caterpillars construct pupal cells of sand and silk at the end of the 

tunnels. Cocoons measure about 16 mm in length and 6 mm in width. The pupae are yellowish 

initially turning brown and then almost black just before adults emerge. Pupae are about 8 mm 

long and 2 mm wide. The tip of the abdomen is marked by a row of six hooked spines. Pupal 

development time averages about nine to 10 days, with a range of seven to13 days (Gill et al. 

2009 a).  

Adults 

 Moths are fairly small, measuring 17 to 22 mm in wingspan. Sexual dimorphism is 

pronounced. Variability in color of wings and wing patterns were reported both in male and 

female moths, depending on climatic and regional conditions (Biddle et al. 1992, Chapin 1999). 
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In general, the forewing of the male moth is yellowish centrally, bordered by a broad dark band 

bearing purplish scales (Gill et al. 2009 a). In females, however, the entire forewing is dark, 

sometimes almost black, but also bearing reddish or purplish scales. At rest, the female moth is 

often charcoal-colored (Biddle et al. 1992) with wings held straight back along the body, while 

the male moth is tan-colored with charcoal wing strips (Chapin 1999). The thorax is light in 

males, but dark in females. The hind wings of both sexes are transparent with a silvery tint. 

Adults are most active at night when the temperature exceeds 27 °C, and there is little air 

movement. Such conditions are optimal for mating and oviposition. Adult longevity under field 

conditions is estimated at about 10 days (Nuessly and Webb 2004).  

Hibernation  

Bessin (2004) concluded that LCB overwinters in the egg stage. Hibernation can also 

take place in the soil in larval or pupal form (Chapin 1999). Biddle et al. (1992) reported that 

LCB hibernate as fully grown larvae or pupae. 

Weather Conditions 

LCB seem to be adapted for hot, xeric conditions, and therefore tend to be more abundant 

and damaging following unusually warm, dry weather. On peanuts, this species mostly occurs in 

noneconomic densities, but sporadic outbreaks are associated with hot and dry climatic 

conditions (Smith and Barfield 1982). Weather factors, mainly temperature, contribute to the 

buildup of LCB populations because the eggs are oviposited at a faster rate in hot weather (Mack 

and Backman 1984). Mack et al. (1993) used data from Alabama and Georgia to develop a 

predictive equation that forecasts the potential for crop injury and the need to monitor crops. It is 

based on the concept of "borer-days." Borer-days is calculated as the sum of days during the 

growing season in which the temperature equals or exceeds 35 °C and the precipitation is less 

than 2.5 mm, less the number of days in which the temperature is less than 35 °C and the 
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precipitation equals or exceeds 2.5 mm. Thus, it is the sum of the number of hot, dry days less 

the number cooler, wetter days. If the number of borer-days equals or exceeds 10, damage is 

likely. If a borer day equals 5 to 9, then damage is possible and fields should be scouted. The 

relationship between borer-days and larval abundance is nonlinear and small increases in borer-

days beyond 10 results in large increases in larval abundance.  

Host Plants 

Lesser cornstalk borer is a polyphagous pest that often attacks several crops throughout 

the southeastern United States. Legume and grass crops are most often damaged. In Georgia, 

Leuck (1966) reported that due to the semi-subterranean nature of LCB, it fed on and damaged 

seedlings and mature soybean plants above and below the soil surface. Crops that are grown in 

late spring and early fall in northern Florida [soybeans (Glycine max L.), peanuts (Arachis 

hypogaea L.), and grain sorghum (Sorghum bicolor L.)] are candidates for damage by LCB, due 

to their favorable host status and exposure to high populations of LCB (Tippins 1982). LCB also 

has a number of weed hosts, such as  nutsedges (Cyperus rotundus L.), watergrass (Hydrochloa 

caroliniensis Beauv.), johnsongrass (Sorghum halepense (L.) Pers.), crabgrass (Digitaria 

sanguinalis (L.) Scop.), wild oats (Avena fatua L.), Bermudagrass (Cynodon dactylon L.), 

wiregrass (Aristida stricta Michx.), and goosegrass (Eleusine indica L.) (Isely and Miner 1994, 

Gardner and All 1982).  

Damage  

The larval stage causes damage when it feeds upon, and tunnels within, the stems of 

plants. Normally the tunneling is restricted to the basal region of stalks, including the 

belowground portion, and girdling may occur. Wilting is one of the first signs of attack in 

affected plants, but buds may wither, and stunting and plant deformities are common (Gill et al. 

2009 a). Plant death is not uncommon, and infested areas of fields often have a very thin stand. 
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Sweet corn plants that did not die after the damage of LCB produced several bushy and stunted 

suckers with no marketable ears (Nuessly and Webb 2004). Bessin (2004) reported that the 

growing point of the plant was killed, leading to "dead hearts" symptoms that are similar to the 

attack of wireworms. "Dead hearts" symptoms are caused by the larva boring into the stalk at the 

soil level and tunneling upward. Silken webbing forming a small tube in the soil at the base of 

the stalk is evidence of the attack of LCB. The larvae bore into the stalk base near the soil 

surface causing damage to vascular tissues that result in these "dead hearts" symptoms and also 

allow pathogens to enter into the plant (Smith and Ota 2002).  

Management Options 

Sampling 

The egg stage is difficult to sample because eggs are small and resemble sand grains. 

However, eggs can be separated by flotation. Larval populations are aggregated, and can be 

separated from soil by sieving or flotation (Mack et al. 1991). To scout for LCB, uproot small 

plants in 10 locations in a field. If live larvae and pupae are found in 10% of plants, then 

treatment is recommended (Chapin 1999). Adults are attracted to light traps, but are difficult to 

monitor with this technique because LCB moths are difficult to distinguish from many other 

species. This is especially true of the females, which are less distinctive than the males. 

Pheromone traps have been used successfully to monitor adult populations, and adults can be 

flushed from fields by beating the vegetation. Adult pheromone trap catches and flush counts are 

correlated (Funderburk et al. 1985). Adult and larval counts are often highly correlated, 

indicating that flush counts can be used to predict the abundance of larvae in subsequent weeks.  

Insecticides 

Insecticides applied for suppression of lesser cornstalk borer are usually applied in a 

granular formulation in the seed furrow or in a band over the seed bed, using restricted pesticides 
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according to label recommendations. Liquid formulations can also be applied, but it is important 

that they be directed to the root zone.  

Cultural practices 

 Modified planting practices have long been used to minimize crop loss. Populations tend 

to increase over the course of a season, so some damage can be avoided by early planting. 

Tillage and destruction of weeds are recommended prior to planting because this helps to destroy 

larvae that may be present in the soil and might damage seedlings, the stage most susceptible to 

destruction. However, crop culture that uses conservation tillage (i.e., retention of crop residue at 

the soil surface) experiences less injury from lesser cornstalk borer feeding because the larvae 

feed freely on crop residue and other organic matter, sparing the young crop plants (All et al. 

1979). Smith and Ota (2002) observed that the LCB damage on sugarcane in Hawaii can be 

avoided by following agronomic practices that enhance the plant vigor to tolerate damage caused 

by LCB. Frequent irrigation is also an important agronomic practice for the management of LCB 

because moist soils discourage female moths from laying eggs and also suppress larval 

populations in the soil. 

Previous experiments showed that early planting in Alabama effectively reduced LCB 

populations in both conventionally and reduced-tillage peanuts (Arachis hypogaea L.), but the 

tillage systems did not affect population levels of LCB and predators including carabids, 

elaterids, and labidurids in pitfall traps (Mack and Backman 1990). In Alabama, a diverse fauna 

of predatory arthropods was captured in pitfall traps and numbers of arthropods increased 

throughout the peanut growing season (Kharboutli and Mack 1991). Fungi, predators, and other 

factors affected LCB mortality in a commercial peanut experiment in Texas (Smith and Johnson 

1989). Mortality-density relationships revealed that mortality of LCB was density independent, 

in terms of initial egg density (Smith and Johnson 1989).  
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Natural enemies 

While several natural enemies of LCB are known, they are not thought to be major 

determinants of population trends. Smith and Johnson (1989) constructed life tables for 

populations in Texas, and identified survival of large LCB larvae as the key element in 

generation survival, but the causative factor remains unidentified. The predominant parasitoids 

through most of the range of lesser cornstalk borer are Orgilus elasmopalpi Muesebeck and 

Chelonus elasmopalpi McComb (both Hymenoptera: Braconidae), Pristomerus spinator 

(Fabricius) (Hymenoptera: Ichneumonidae), and Stomatomyia floridensis Townsend (Diptera: 

Tachinidae) (Funderburk et al. 1984). Other parasitoids sometimes present include Bracon 

gelechiae Ashmead (Hymenoptera: Braconidae), Geron aridus Painter (Diptera: Bombyliidae), 

and Invreia spp. (Hymenoptera: Chalcididae). Parasitoids rarely caused more than 10% 

mortality. Among the predators thought to be important mortality factors are a ground beetle, 

Plilophuga viridicolis LeConte (Coleoptera: Carabidae), big-eyed bugs, Geocoris spp. 

(Hemiptera: Lygaeidae), and larval stiletto flies (Diptera: Therevidae). Pathogens are commonly 

present in lesser cornstalk borer populations. The most important pathogen appears to be a 

granulosis virus, but a Beauveria spp. fungus, microsporidia, and mermithid nematodes also have 

been found (Funderburk et al. 1984). Natural enemies generally did not greatly affect population 

levels of LCB, due to its subterranean habits, silken webbing, and sporadic nature.  

Research Objectives  

1. Comparative performance of different polyethylene films for soil solarization and weed 
suppression 

2. Impact of different organic mulches on the soil surface arthropod community and weeds 
in snapdragon 

3. Effect of organic mulches on soil surface insects and other arthropods  
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4. Effect of integrating soil solarization and organic mulching on the soil surface insect 
community  

5. Integrated impact of soil solarization and organic mulching on weeds, insects, nematodes, 
and plant performance. 

6. Mulch as a potential management strategy for lesser cornstalk borer, Elasmopalpus 
lignosellus (Insecta: Lepidoptera: Pyralidae), in bush bean (Phaseolus vulgaris) 
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CHAPTER 2 
COMPARATIVE PERFORMANCE OF DIFFERENT PLASTIC FILMS FOR SOIL 

SOLARIZATION AND WEED SUPPRESSION 

Introduction 

Soil solarization, also referred to as solar heating or solar pasteurization, is accomplished 

by passive heating of moist soil covered with transparent plastic film for more than six weeks 

(McGovern and McSorley 1997). Solarization is a useful non-chemical technique for controlling 

weeds, nematodes, and several soil-borne diseases (Katan 1987, McGovern and McSorley 1997, 

Stapleton 2000). The increased temperature (45-55 ºC) at a 5-cm soil depth under clear plastic 

films caused mortality of a variety of plant pathogens (Katan 1981). Solarization has been shown 

to be most effective in regions that are cloudless and have hot weather (Heald and Robinson 

1987, Katan 1981, Stapleton and Devay 1983). This technique has also been applied in regions 

with humid climates, such as Florida (Chase 2007, Chellemi et al. 1993, 1997, McGovern et al. 

2004, McSorley and Parrado 1986), except when a prolonged period of rain occurred (Wang et 

al. 2006). Solarization was found to be a cost-effective (Chellemi et al. 1997, Katan 1981) and 

low-risk management practice for small farmers and has the potential to increase crop yield 

(Culman et al. 2006).  

Solarization has been helpful in managing a variety of pests and diseases and as a result 

increasing crop yield. Solarization decreased population levels of different species of nematodes 

(Chellemi et al. 1997, McGovern et al. 2002, McGovern and McSorley 1997, Stapleton and 

Heald 1991). In Italy, solarization was used to manage lettuce drop caused by the fungus 

Sclerotinia minor and reduced the disease from 51% to 84%, leading to 37% to 86% increase in 

production of lettuce (Lactuca sativa L.) (Scannavini et al. 1993). In Florida, a combination of 

solarization followed by fumigation under virtually impermeable film (VIF) reduced the survival 

of the fungus Fusarium oxysporum f. sp. lycopersici (Chellemi and Mirusso 2006).  
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Solarization is also very effective in controlling weeds (Chase et al. 1998, Daelemans, 

1989, Elmore et al. 1997, Horowitz et al. 1983). In Turkey, solarization in combination with 

other treatments provided effective control of different annual weeds such as annual bluegrass 

(Poa annua L.), common purslane (Portulaca oleracea L.), redroot pigweed (Amaranthus 

retroflexus L.) and barnyardgrass (Echinochloa crus-galli (L.) Beauv.) but not horseweed 

(Conyza Canadensis Less.) (Benlloglu et al. 2005). In Syria, yield of faba bean (Vicia faba L.), 

lentil (Lens culinaris Medikus), and pea (Pisum sativum L.) increased by 331%, 441%, and 92%, 

respectively, after managing crenate broomrape (Orobanche crenata Forssk.) using solarization 

(Linke et al. 1991). Solarization reduced weed incidence up to 99% in some corn (Zea mays L.) 

cultivars (Ahmad et al. 1996).  

Previous research comparing various thicknesses (25 or 50 µm vs. 100 µm, and 75 vs. 

150 µm) of plastic films found that thin plastic films were more effective for trapping solar 

radiation, thereby leading to increased soil heating (McGovern and McSorley 1997). Transparent 

mulches were found to be more effective than opaque mulches for pathogen suppression 

(McGovern and McSorley 1997). Several recent solarization studies in Florida were conducted 

using ISO plastic film (ISO Poly Films, Gray Court, SC) (McGovern et al. 2004, Saha et al. 

2007, Wang et al. 2006). The objective of the present study was to evaluate soil solarization by 

comparing plastic films from different manufacturers in terms of their durability and their 

effectiveness in suppressing weeds.  

Materials and Methods 

Field experiments were conducted in the summer of 2007 and 2008 at the University of 

Florida Plant Science Research and Education Unit (lat. 29o24’N, long. 82o9’W), located near 
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Citra, FL. The soil at the experimental site was Arredondo sand (95% sand, 2% silt, 3% clay) 

with 1.5% organic matter.  

2007 Experiment 

 The experimental field was rototilled on 15 June to prepare soil and to improve heat 

conduction through the soil for solarization. On 9 July, soil was thoroughly irrigated because 

moist soils are better conductors of heat (Katan 1981). Soil moisture content (measured 

gravimetrically) prior to bed formation averaged 9.6%. On 10 July, beds were prepared that were 

35 ft long with 8 ft centers. On 11 July, five treatments were applied manually by covering the 

beds with one of four types of transparent plastic films: ISO (1mil thick, ultraviolet light (UV)-

stabilized; ISO Poly Films, Gray Court, SC) ; VeriPack (2 mil thick; VeriPack, Framingham, 

MA) ; Poly Pak (2 mil thick; Poly Pak Plastics, Medford, MN) ; Bromostop (1.4 mil thick; 

Bruno Rimini, London, UK) ; or a semi-opaque white plastic film (2 mil thick; Rodeo Plastic 

Bag and Film, Mesquite, TX). These films were supplied in long rolls with width varying from 6 

ft to 8.3 ft, and were cut into 40 ft lengths. After covering the beds, edges of plastic were sealed 

by placing soil at the base and ends of each bed. Treatments were arranged in a randomized 

complete block design with five replications. Each plot was 35 ft long with a raised bed top of 30 

inches wide, 8 inches high, and the total bed surface area was 87.5 ft2. Soil thermocouples 

attached to automatic data loggers (WatchDog® Spectrum Technologies, Plainfield, IL) were 

placed in the field on 11 July, 2007. In a given bed, one soil temperature sensor was placed at 5 

cm depth and one at 15 cm depth, with temperatures monitored hourly throughout the season. 

The experiment was terminated after ten weeks.  

2008 Experiment  

The experiment was repeated in the same field as the 2007 experiment. Experimental 

procedure was similar to that described for 2007, with minor changes as specified below. The 
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experimental field was rototilled on 13 June, and beds were prepared on 24 June.  Soil moisture 

content prior to bed formation averaged 6.4%.  Plastic films as well as soil thermocouples and 

data loggers were applied in the field on 25 June, 2008. During the 2008 season, treatments 

remained the same except that ISO and VeriPack plastic films were no longer manufactured, so a 

different plastic film was substituted: Polydak (1.3 mil thick, ultraviolet light (UV)- stabilized; 

transparent film, Ginegar Plastics Products, Ginegar, Israel). Treatments were arranged in a 

randomized complete block design with five replications. 

Data Collection 

Weed density was recorded for each weed present in plots from 3 to 12 weeks after 

treatment application. Weeds were counted as they broke through plastic (occasionally occurred 

with nutsedges, Cyperus spp.) or more commonly as they emerged in open areas where plastic 

had been torn. However, very small (< 0.4 inch) weed seedlings were classified simply as 

broadleaf, nutsedges, or grasses. In both years, as plastic films deteriorated, they typically split 

open perpendicular to the length of the bed, causing a break, or tear across the width of the bed. 

Durability was assessed every two weeks by counting the number of breaks in the plastic films. 

Breaks were graded into four size classes: very small = < 0.75 inch long; small = < 30 inches 

long (less than the bed width); large = 30 inches long (across the entire bed width), and extra 

large. Extra large breaks extended across the entire bed width but opened up along the bed length 

as well. The area of each large break was calculated by multiplying the length and width of the 

break, and the total exposed area for each bed was determined by adding the areas of all extra 

large breaks on each bed.  

Data Analysis 
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Data were analyzed using a one-way analysis of variance (ANOVA) with SAS (version 

9.1; SAS Institute, Cary, NC). When analysis of variance showed a significant treatment effect 

(P ≤ 0.05), treatment means were separated using the least significant difference test (LSD).   

Results and Discussion 

Soil temperature was higher at the 5 cm soil depth than at15 cm throughout both seasons 

(Figs. 1-1, 1-2, 2-1 and 2-2). During 2007, the highest temperatures recorded were 56 ºC under 

ISO film (12 d at temperatures above 50 ºC) and 54.7 ºC under Poly Pak (11 d at temperatures 

above 50 ºC), at 5 cm soil depth (Fig. 1-1 and 1-2). In the 2008 season, soil temperatures near 50 

ºC at 5 cm soil depth were often recorded under fairly durable plastic films such as Polydak and 

Poly Pak (Fig. 2-1 and 2-2).  

Plastic Durability 

In 2007, Bromostop developed more small breaks than other clear plastic films in week 

six (Table 2-1). A greater number of large and extra large breaks were found in Bromostop, 

VeriPack, and white plastic films as small-sized breaks progressed into large breaks over time. 

At the end of the experiment, a greater number of extra large breaks were found in Bromostop, 

VeriPack, and white plastic films compared with other plastic films. No difference was found in 

exposed area among different plastic films initially, but as time progressed, Bromostop 

developed more exposed area from breaks than white plastic film, while no difference was 

observed among ISO, VeriPack, and Poly Pak plastic films (Table 2-2). At the end of season, 

white plastic and Bromostop plastic films had more exposed area than ISO, VeriPack, and Poly 

Pak films. 

In 2008, early in the season, no difference was observed among treatments in number of 

small, large, and extra large breaks, but as the season progressed, white plastic and Bromostop® 
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plastic films showed more breaks in comparison to Poly Pak and Polydak® films. The thin 

Polydak® plastic film developed a number of very small (< 0.75 inch) breaks due to large birds 

(sandhill crane, Grus canadensis) walking on the film, but these did not develop into large 

breaks (Table 2-3). These very small breaks were observed in 2008 (mainly on Polydak® film) 

but not in 2007. Numbers of extra large breaks increased toward the end of season because small 

and large breaks were torn further and led to extra large breaks (Table 2-4). Exposed area from 

extra large breaks was calculated on four different sampling dates. No exposed areas were found 

in Polydak® plastic film throughout the experiment and it remained intact in the field for seven 

months. Ten weeks after the treatments were applied in the field, all of the Bromostop® and 

white plastic films were destroyed, and the total exposed area was the same as that of the bed 

surface (87.50 ft2). Poly Pak had 75% less exposed area (21.19 ft2) at 10 weeks compared with 

white plastic and Bromostop® films by the end of experiment (Table 2-5). Poly Pak and 

Polydak® plastic films were more durable when exposed to sunlight, compared with white plastic 

and Bromostop® plastic films. 

Weed Population Densities  

In 2007, the density of purple nutsedge was greatest in raised beds covered with white 

plastic film on all sampling dates (Table 2-6), which may be due to lower penetration of solar 

radiation through white plastic film. On 20 September, cudweed (Gnaphalium spp.), hairy indigo 

(Indigofera hirsute L.), total grasses, and total broadleaf weeds were generally found to be 

significantly less under Poly Pak, VeriPack, and ISO plastic films than with white plastic and 

Bromostop plastic films (Table 2-7). Bromostop plastic film was not persistent under 

prolonged sunlight and was more prone to tearing, which led to the emergence of weeds from 

open areas on raised beds. Purple nutsedge was the major weed present throughout the season. 
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Generally, ISO and Poly Pak plastic films were found to be more effective for managing purple 

nutsedge compared with white plastic and Bromostop® films. The differential penetration of 

opaque and clear plastic mulches might be explained by a light-dependent morphological change 

from rhizome elongation to leaf expansion (Chase et al. 1998). 

In 2008, purple nutsedge was present early in the season and density increased as the 

season progressed. Significantly greater density of purple nutsedge was found in Bromostop® 

and white plastic films than in Poly Pak and Polydak® plastic films. No difference among 

treatments was found in density of broadleaf weeds at the start of season; but at the end of 

season, broadleaf weed density was significantly greater in Bromostop® and white plastic 

compared with Poly Pak and Polydak® films (Table 2-8).  

In previous studies, soil solarization controlled annual weeds better than perennial weeds 

because some perennial weeds resprout from deeply buried underground vegetative structures 

(Elmore et al. 1997). Among the perennials, the seeds of bermudagrass (Cynodon dactylon L. 

Pers.), johnsongrass (Sorghum halepense L. Pers.), and field bindweed (Convolvulus arvensis L.) 

were controlled, but purslane, crabgrass (Digitaria sanguinalis L. Scop.), and yellow nutsedge 

(Cyperus esculentus L.) were only partially managed by soil solarization. Destruction of weeds 

such as cogongrass (Imperata cylindrical (L.) Beauv.), pigweed (Amaranthus spp.), purslane, 

foxtail (Setaria spp.), and crabgrass was visually observed after removal of plastic films used for 

a soil solarization study in highlands of the West Province of Cameroon (Daelemans 1989).  

In the current study, purple nutsedge was controlled using more durable plastic films such 

as Polydak®, Poly Pak, and ISO compared to Bromostop® and white plastic films. Purple 

nutsedge was the dominant weed during 2007 and 2008, and although it is known to cause 

punctures and breaks in plastic films (Chase et al. 1998), it was controlled under several of the 
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solarization films used in the current study.  Much of the high nutsedge populations in the 

current study likely resulted from emergence in areas exposed due to breaks in the films. Many 

of the small breaks recorded during both years resulted from breakdown of the plastic films and 

did not contain nutsedge plants. Nutsedge populations increased greatly in these exposed areas as 

plants emerged. Some puncturing of plastic by nutsedge was observed, particularly with the 

white plastic. However, the white plastic was not very durable, and developed many additional 

breaks as the plastic deteriorated. The similar high populations of nutsedge later in the season 

under the semi-opaque white plastic (more likely to be punctured by nutsedge) and the clear 

Bromostop® (less likely to be punctured due to solar heating) suggest that a similar mechanism 

led to nutsedge population buildup. In this case, that mechanism could be the breakdown of both 

plastic types. Solarization times of six weeks or longer are needed for consistent weed 

management (McGovern and McSorley 1997), and this was achieved by some of the plastics 

used here. However, if plastic breaks down prematurely, the temperatures in the exposed areas 

cool, and weeds such as nutsedge are better able to survive and emerge. UV-stabilized films 

(Polydak® and ISO) were durable, while the durability of plastic films that were not UV-

stabilized was variable. Poly Pak and VeriPack were stable under field conditions, but 

Bromostop® and white plastic deteriorated rapidly and did not provide season-long control of 

nutsedges. Polydak® remained intact throughout the season, even though the film is very thin.
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Table 2-1. Number of breaks in plastic films over time (weeks after treatment applied) in 2007. 
 Time after treatment application (weeks)a  
 Small breaks (no.)b Large breaks (no.)b          Extra large breaks (no.)b   
Treatmentsc 5 6 7 8  6 7  8  6 7  8  
ISO film 0.6ad 0.0b 0.0b 0.0c 0.8ab 0.0c 0.0b 0.0b 0.0b 0.0b  
Bromostop® 0.6a 13.2a 17.0a 14.8bc 2.0ab 1.8b 0.6b 1.2a 3.6a 2.0a  
VeriPack 0.4a 0.6b 13.8a 31.0ab 0.2ab 3.8a 4.6a 0.0b 0.0b 2.4a  
Poly Pak 0.0a 0.0b 0.0b 7.6bc 0.0b 0.0c 0.6b 0.0b 0.4b 0.2b  
White Plastic 0.2a 0.6b 9.4ab 45.6a 7.6a 3.2ab 0.8b 0.4ab 2.4a 2.6a  
aTime after treatment application (weeks) = number of weeks after treatment applied in field.  
bSmall breaks = < 30 inches (76.2 cm) (less than the bed width); Large breaks= 30 inches (76.2 cm) (across the entire bed width); 
Extra large breaks = Extra large breaks extend across the entire bed width but open up along the bed length as well.  
cTreatments =ISO film (ISO Poly Films, Gray Court, SC) ; Bromostop (Bruno Rimini, London, UK); VeriPack (VeriPack,, 
Framingham, MA) ; Poly Pak (Poly Pak Plastics, Medford, MN) ; White plastic (Rodeo Plastic Bag and Film, Mesquite, TX). 
dMean values within the same column followed by same letter are not significantly different according to least significant difference 
test at P ≤ 0.05. Number of breaks present in given week. Number can increase from week to week if more breaks occur. Number can 
decrease if smaller breaks expand in size and therefore become larger breaks. 
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Table 2-2. Cumulative exposed area on bedsa from extra large breaks in plastic films over time 
(weeks after treatment applied) in 2007. 

Time after treatment application (weeks)b 
Treatmentsc 6 7 8 
 Cumulative exposed area (ft2) 
ISO film 0.00ad 0.00c 0.00b 
Bromostop® 2.04a 35.29a 67.47a 
VeriPack 0.00a 0.00c 10.11b 
Poly Pak 0.00a 0.11c 3.34b 
White Plastic 3.55a 14.85b 56.92a 
aTotal bed area = 87.50 ft2 = 8.129 m2;1 ft2 = 0.0929 m2 
bTime after treatment application (weeks)= number of weeks after treatment applied in field.  
cTreatments =ISO film (ISO Poly Films, Gray Court, SC) ; Bromostop (Bruno Rimini, London, 
UK); VeriPack (VeriPack, Framingham, MA) ; Poly Pak (Poly Pak Plastics, Medford, MN) ; 
White plastic (Rodeo Plastic Bag and Film, Mesquite, TX). 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05.  
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Table 2-3. Number of very small and small breaks in plastic films over time (weeks after treatment applied) in 2008. 
 Time after treatment application (weeks)a 
 Very small breaks (no.) b Small breaks (no.) b 
Treatmentsc 2  4 6 8 10   12 4 6 8 10 12 
White plastic 0.0bd 0.0b 0.0b 0.0b 0.0b 0.0b 0.0a    6.0ab 33.4a  0.0b  0.0b 
Bromostop® 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.8a 15.0a 13.6b  0.0b  0.0b 
Poly Pak 0.6b 0.8b 0.8b 1.0b  1.0b 1.0b 0.0a   0.0b 3.2b 11.8a 13.2a 
Polydak® 3.6a 3.6a 3.6a 11.6a 12.6a 12.6a 0.0a   0.0b 0.4b  0.0b  0.0b 
aTime after treatment application (weeks)= number of weeks after treatment applied in field.  
bVery small breaks = < 0.75 inch (1.905 cm); Small breaks= < 30 inches (76.2 cm) (less than the bed width). 
cTreatments = White plastic (Rodeo Plastic Bag and Film, Mesquite, TX); Bromostop (Bruno Rimini, London, UK); Poly Pak (Poly 
Pak Plastics, Medford, MN) ; Polydak (Ginegar Plastics Products, Ginegar, Israel). 
dMean values within the same column followed by same letter are not significantly different according to least significant difference 
test at P ≤ 0.05. Number of breaks present in given week. Number can increase from week to week if more breaks occur. Number can 
decrease if smaller breaks expand in size and therefore become larger breaks. 
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Table 2-4. Number of large and extra large breaks in plastic films over time (weeks after 
treatment applied) in 2008. 

                Time after treatment application (weeks)a 
 Large breaks (no.)b                         Extra large breaks (no.)b 
Treatmentsc 6   8 10 12 6 8 10 12 
White plastic 3.2ad 0.0a 0.0b 0.0b 0.2a 3.8a 1.0b 0.0b 
Bromostop® 3.0a 0.0a 0.0b 0.0b 0.8a 2.8a 1.0b 0.0b 
Poly Pak 0.0b 0.6a 4.4a 3.8a 0.0a 0.0b 2.6a 4.4a 
Polydak® 0.0b 0.0a 0.0b 0.0b 0.0a 0.0b 0.0b 0.0b 
aTime after treatment application (weeks) = number of weeks after treatment applied in field.  
bLarge breaks= 30 inches (76.2 cm) (across the entire bed width); Extra large breaks= Extra large 
breaks extend across the entire bed width but open up along the bed length as well. 
cTreatments = White plastic (Rodeo Plastic Bag and Film, Mesquite, TX); Bromostop (Bruno 
Rimini, London, UK); Poly Pak (Poly Pak Plastics, Medford, MN) ; Polydak (Ginegar Plastics 
Products, Ginegar, Israel). 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05. Number of breaks present in given 
week. Number can increase from week to week if more breaks occur. Number can decrease if 
smaller breaks expand in size and therefore become larger breaks. 
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Table 2-5. Cumulative exposed area on bedsa from extra large breaks in plastic films over time 
(weeks after treatment applied) in 2008. 

 Time after treatment application (weeks)b 
Treatmentsc 6 8 10 12 

Cumulative exposed area (ft2) 
White plastic 0.49ad 59.82a 87.50a 87.50a 
Bromostop® 0.30a 54.55a 87.50a 87.50a 
Poly Pak 0.00a   0.00b   6.99b 21.19b 
Polydak® 0.00a   0.00b   0.00c  0.00c 
aTotal bed area = 87.50 ft2 = 8.129 m2;1 ft2 = 0.0929 m2 
bTime after treatment application (weeks) = number of weeks after treatment applied in field. 
cTreatments = White plastic (Rodeo Plastic Bag and Film, Mesquite, TX); Bromostop (Bruno 
Rimini, London, UK); Poly Pak (Poly Pak Plastics, Medford, MN) ; Polydak (Ginegar Plastics 
Products, Ginegar, Israel). 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05. 
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Table 2-6. Cumulative density of purple nutsedge over time (weeks after treatment applied) in 
2007. 

 Time after treatment application (weeks)a 
Treatmentsb 3 5 8 10 12 

Cumulative density (stems/bed)c 
ISO film 0.2cd  0.4b 6.4b 23.0c  64.0bc 
Bromostop®  5.0ab 11.2a 66.0b 142.6ab 267.2ab 
VeriPack    2.0abc  1.4b 16.6b   57.6bc 140.0bc 
Poly Pak   0.4bc  1.0b   8.4b      18.6c 42.6c 
White Plastic 5.8a 13.0a 136.0a 197.2a 425.0a 
aTime after treatment application (weeks) = number of weeks after treatment applied in field. 
bTreatments = ISO film (ISO Poly Films, Gray Court, SC) ; Bromostop (Bruno Rimini, 
London, UK); VeriPack (VeriPack, Framingham, MA) ; Poly Pak (Poly Pak Plastics, Medford, 
MN) ; White plastic (Rodeo Plastic Bag and Film, Mesquite, TX). 
cTotal bed area = 87.50 ft2 = 8.129 m2; 1 ft2 = 0.0929 m2, so 1 weed/bed = 0.103 weed/yard2 
1 stem/87.50-ft2 (8.129 m2) bed = 0.1230 stem/m2 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05. 
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Table 2-7. Density of common weeds at 10 weeks after treatment applied in 2007. 
Treatmentsa Purslane Cudweed Hairy Indigo Grassesb Broadleaf 

(weeds/bed)c 
ISO film  0.0ad 0.0b 0.0b  0.0b  0.0b 
Bromostop® 1.2a  1.8ab 2.0a   9.8ab  8.8a 
VeriPack 0.0a 0.4b 0.0b   1.8b  0.4b 
Poly Pak 0.0a 0.0b  0.6ab   1.4b  0.0b 
White Plastic 3.4a 5.2a  1.4ab 27.6a 11.2a 

aTreatments = ISO film (ISO Poly Films, Gray Court, SC) ; Bromostop (Bruno Rimini, London, 
UK); VeriPack (VeriPack, Framingham, MA) ; Poly Pak (Poly Pak Plastics, Medford, MN) ; 
White plastic (Rodeo Plastic Bag and Film, Mesquite, TX). 
bGrasses = predominantly crabgrass and bermudagrass.  
cTotal bed area = 87.50 ft2 = 8.129 m2; 1 ft2 = 0.0929 m2  , so 1 weed/bed = 0.103 weed/yard2 

1 weed/87.50-ft2 (8.129 m2) bed = 0.1230 weed/m2 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05. 
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Table 2-8. Density of common weeds over time (weeks after treatment applied) in 2008. 
 Time after treatment application (weeks)a 
       Nutsedges                                                           Broadleaf 
Treatmentsb 2 4 6 8 10 6 8 10 

(weeds/bed)c 
White plastic  10.6abd 12.8ab 48.4a 173.2a 363.2a 0.0a 0.0b 3.0ab 
Bromostop® 16.8a 21.2a 59.6a 211.0a 380.4a 0.2a 0.6a 4.4a 
Poly Pak  0.2c   2.6b  1.8b 3.6b 20.8b 0.0a 0.0b 0.2bc 
Polydak®   5.6bc   6.4b 12.4b 16.0b 19.4b 0.0a 0.0b 0.0c 
aTime after treatment application (weeks) = number of weeks after treatment applied in field.  
bTreatments = White plastic (Rodeo Plastic Bag and Film, Mesquite, TX); Bromostop (Bruno 
Rimini, London, UK); Poly Pak (Poly Pak Plastics, Medford, MN) ; Polydak (Ginegar Plastics 
Products, Ginegar, Israel).  
cTotal bed area = 87.50 ft2 = 8.129 m2; 1ft2 = 0.0929 m2, so 1 weed/bed = 0.103 weed/yard2 

1 weed/87.50-ft2 (8.129 m2) bed = 0.1230 weed/m2 
dMean values within the same column followed by same letter are not significantly different 
according to least significant difference test at P ≤ 0.05.  
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Figure 1-1. Soil temperatures (°C) during solarization at 5 cm (2.0 inches) soil depth in 

2007 [(1.8 × °C) + 32 =°F]. WP = White plastic; BS = Bromostop® (Bruno 
Rimini, London, UK) =; PP = Poly Pak; ISO = ISO Poly Films; VP = 
VeriPack 

2007- 5 cm 
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Figure 1-2. Soil temperatures (°C) during solarization at 15 cm (5.9 inches) soil depth in 

2008 [(1.8 × °C) + 32 =°F].  WP = White plastic; BS = Bromostop® (Bruno 
Rimini, London, UK); PP = Poly Pak; PD = Polydak® (Ginegar Plastics 
Products, Ginegar, Israel)  

 

2007- 15 cm 
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Figure 2-1. Soil temperatures (°C) during solarization at 5 cm (2.0 inches) soil depth in 

2008 [(1.8 × °C) + 32 =°F].  WP = White plastic; BS = Bromostop® (Bruno 
Rimini, London, UK); PP = Poly Pak; PD = Polydak® (Ginegar Plastics 
Products, Ginegar, Israel)  

 

2008- 5 cm 
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Figure 2-2. Soil temperatures (°C) during solarization at 15 cm (5.9 inches) soil depth in 

2008 [(1.8 × °C) + 32 =°F].  WP = White plastic; BS = Bromostop® (Bruno 
Rimini, London, UK); PP = Poly Pak; PD = Polydak® (Ginegar Plastics 
Products, Ginegar, Israel)  

2008- 15 cm 
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CHAPTER 3 
IMPACT OF DIFFERENT ORGANIC MULCHES ON THE SOIL SURFACE 

ARTHROPOD COMMUNITY AND WEEDS IN SNAPDRAGON 

Mulching is the process of spreading organic matter around plants to prevent the 

evaporation of moisture and growth of weeds as well as provide frost protection to roots. 

It is an effective way to provide shelter for predatory insects and to control weeds (Brown 

and Tworkoski 2004, Johnson et al. 2004, Teasdale et al. 2004). Pine bark mulch was 

reported to improve weed and disease control (Reeleder et al. 2004). Mulches may even 

help to promote plant tolerance to the attack of insect pests (Johnson et al. 2004). Organic 

mulches can be derived from hay, straw, crop residues, pine needles, shredded bark, or 

other plant material that is readily available (Campiglia et al. 2010, Mulvaney et al. 2008, 

Wang et al. 2008, Westerman and Bicudo 2005).  

Cultural control practices, including the use of cover crops and mulches, are 

environmentally safe methods for managing specific insect pests. Compared to broccoli 

(Brassica oleracea L. var. botrytis) monoculture, living mulches reduced the densities of 

Lepidopteran eggs and larvae, and increased number of spiders (Hooks and Johnson 

2004). Alfalfa (Medicago sativa L.) living mulch increased the aphidophagous 

community to manage the outbreaks of the invasive soybean aphid, Aphis glycines 

Matsumura (Hemiptera: Aphididae) (Schmidt et al. 2007). Alfalfa and kura clover 

(Trifolium ambiguum M. Bieb) mulches increased the predator populations to manage 

European corn borer (Ostrinia nubilalis Hübner) (Prasifka et al. 2006).  

Although living mulches may offer resources to support predators, mulches 

derived from killed cover crops or hay from cover crops offer some benefits as well. 

Winter cover crops like wheat (Triticum aestivum L.) reduced the population of insects 
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including aphids (Aphididae), leafhoppers (Cicadellidae), plant bugs (Miridae), and thrips 

(Thysanoptera) (Tremelling et al. 2002). Predation by natural enemies on beet 

armyworm, Spodoptera exigua (Hübner) pupae was 33% greater in killed cover crop 

mulch than in conventional production plots (Pullaro et al. 2006). Mulch made from a 

sunn hemp (Crotalaria juncea L.) cover crop reduced incidence of lesser cornstalk borer, 

Elasmopalpus lignosellus (Zeller) (Gill et al. 2010). Poultry compost reduced pest 

population levels on apple (Malus domestica Borkh.) orchards, while increasing the 

predator populations (Brown and Tworkoski 2004). 

Much of the work done in the past examined mulches for managing flying insect 

pests (Brown and Tworkoski 2004, Gill et al. 2010, Hooks and Johnson 2004, Prasifka et 

al. 2006, Pullaro et al. 2006, Reeleder et al. 2004, Schmidt et al. 2007, Tremelling et al. 

2002). On the other hand, management of soil surface arthropods using mulches is less 

explored. The objectives of the current study were: (1) To determine the impact of 

mulches on the soil surface insect community using pitfall traps and board traps; (2) To 

determine the impact of mulches on weeds; and (3) To determine the impact of mulches 

on potential plant pests of snapdragon (Antirrhinum majus L.). 

Materials and Methods 

Field experiments were conducted at the University of Florida Plant Science 

Research and Education Unit (29o24’N, 82o9’W), near Citra, FL in fall 2007 and 2008. 

The soil type was Arredondo sand (95% sand, 2% silt, 3% clay) with 1.5% organic matter 

(Thomas et al. 1979).  
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Fall 2007 

 The site was sprayed with glyphosate (Roundup, Monsanto, St. Louis, MO) to 

kill weeds in late September followed by rototilling on 3 October. Individual plots for 

each treatment were 3.0 m long and 2.4 m wide. Average soil moisture before planting 

was 6.1 %. Five treatments were compared: cowpea (Vigna unguiculata (L.) Walp.) (C) 

mulch, sunn hemp (SH) mulch, sorghum-sudangrass (Sorghum bicolor Moench × S. 

sudanense (Piper) Stapf) (SO) mulch, pine bark mulch nuggets (PB) (HTC Hood Timber 

Co., Adel, GA) and unmulched control (C). Cover crop mulches were obtained from 

crops of ‘Iron and Clay’ cowpea, ‘Tropic Sun’ sunn hemp, and ‘Growers Choice’ 

sorghum-sudangrass. Treatments were arranged in a randomized complete block design 

with 5 replications (total of 25 plots). All plots were planted with 2-3 cm tall ‘Potomac 

Pink’ snapdragon seedlings (Speedling Inc., Sun City, FL) on 4 October, spaced 10 cm 

apart at a rate of 30 transplants per row. Mulches were obtained on 11 October from 

cover crops planted near the experimental site. Above-ground biomass was harvested by 

clipping plants at the base. The resulting mulches (3-5 cm deep) were a mixture of leaves 

and stems and were applied manually surrounding the snapdragon plants on the same day 

they were harvested. Fresh cowpea (18.1kg/plot), sunn hemp (15.9 kg/plot), and 

sorghum-sudangrass (17.7 kg/plot) mulches were obtained from cover crops and  pine 

bark nuggets (29.8 kg/plot) were purchased locally. Plots were irrigated as needed using 

drip irrigation. 

Fall 2008 

 The field experiment was repeated at the same location in fall 2008, with all the 

same treatments and procedures remained the same except for a few minor changes. The 
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experimental field was sprayed with glyphosate to kill weeds in the first week of 

September followed by rototilling on 16 September. Soil moisture at planting averaged 

6.9 %. Snapdragon seedlings were planted on 7 October. Fresh cowpea (12.7 kg/plot), 

sunn hemp (15.9 kg/plot), sorghum sudangrass (13.6 kg/plot), and pine bark nuggets 

(29.8 kg/plot) were applied on 9 October. 

Data Collection 

Insects were collected using pitfall traps (Borror et al. 1989) on four different 

sampling dates in both seasons. A plastic sandwich container (14 cm × 14 cm × 4 cm) 

was used as a pitfall trap. One pitfall trap was placed in the middle of the plot, and buried 

so that the upper edge was flush with soil surface. The traps were filled three quarters 

with water, along with 3 to 4 drops of dish detergent (Ultra Joy, Procter and Gamble, 

Cincinnati, OH) to break surface tension, ensuring that the insects would remain in the 

trap. Pitfall traps were set out in the morning and collected before noon the next day 

(which was recorded as sampling date). The traps were brought to the laboratory, kept in 

a cold room at 10ºC, and contents transferred and stored in 70% ethanol in vials. Insects 

were identified to order and family levels using a dissecting microscope. Wooden board 

traps (Cole 1946) were used to provide hiding places for sampling cryptic arthropods. 

One board trap (15cm × 15 cm × 2.5 cm thick) was placed on soil surface at the end of 

each plot. Board traps were sampled twice in 2007 and once in 2008. Boards were tilted 

to one side, and insects were counted and identified to order and family level, followed 

by replacement of traps on the same spot until the next sampling date.  

Weeds were grouped as grasses [primarily bahiagrass (Paspalum notatum L.), 

bermudagrass (Cynodon dactylon L.), and some crabgrass (Digitaria spp.)], nutsedges 
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(Cyperus rotundus L.), and broadleaf weeds [primarily Florida pusley (Richardia scabra 

L.), eveningprimrose (Oenothera laciniata Hill), and cudweed (Gnaphalium spp.)] and 

evaluated on five sampling dates in 2007 and four dates in 2008. Each plot was rated for 

the percentage of surface area covered with weeds using the 1 to 12 Horsfall and Barrett 

rating scale (Horsfall and Barrett 1945), where 1 = 0%, 2 = 0-3%, 3 = 3-6%, 4 = 6-12%, 

5 = 12-25%, 6 = 25-50% of ground covered with weeds, whereas 7 = 25-50%, 8 = 12-

25%, 9 = 6-12%, 10 = 3-6%, 11 = 0-3%, and 12 = 0% of ground not covered with weeds. 

Snapdragon plant mortality was recorded at 2 sampling dates in both seasons by counting 

numbers of dead snapdragon plants/plot. The plants were also examined for presence of 

leaf-feeding caterpillars and numbers were counted/plot. 

Data Analysis 

 Data from each season were subjected to one-way analysis of variance (ANOVA) 

using the Statistical Analysis System (version 9.1; SAS Institute, Cary, NC). Treatment 

means were separated using the least significant difference (LSD) range test, when 

analysis of variance showed a significant treatment effect (P ≤ 0.05). 

Results 

Fall 2007 

  The numbers of Collembola, Araneae, Coleoptera, and Diptera collected from 

pitfall traps did not differ among treatments on all sampling dates (Table 3-1). Coleoptera 

collected consisted of the families Staphylinidae, Carabidae, Elateridae, and 

Chrysomelidae; while Dipetra included Muscidae, Dolichopodidae, and other micro-

dipterans. On the last sampling date, Formicidae numbers were higher in CP than in SH 

and SO plots. On the same date, Orthoptera (Gryllidae and Acrididae) numbers were 
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greater in CP than in several other treatments, but other plant feeders (mainly aphids, 

thrips, and whiteflies) were most abundant in C treatment. Treatment effects on 

Cicadellidae varied during the season, but they generally reached their highest levels in 

CP or C plots. 

Board traps were used to sample cryptic insects on two sampling dates but results 

were variable (Table 3-2). Gryllidae and Labiduridae did not differ among treatments. 

Numbers of Araneae were highest in SO plots on 14 November, but spiders were often 

absent under boards. Coleoptera (Staphylinidae, Carabidae, Elateridae, and 

Chrysomelidae) numbers were higher in CP than in SO or PB in November. Other insects 

(small-Hemiptera and Noctuidae) were greatest in CP on one date and in SO on the other. 

On all sampling dates, weed coverage ratings of nutsedges and broadleaf weeds 

did not differ among treatments (Table 3-3). Grasses were affected slightly by treatment 

on one sampling date. At the end of the season, the weed coverage rating of broadleaf 

weeds was highest in C plots. 

Buckeye caterpillars (Junonia coenia Hübner) were often observed feeding on 

leaves as well as stems of snapdragon plants, but counts did not differ among treatments. 

On 26 November, higher snapdragon mortality was observed in SO plots than in C and 

PB plots (Table 3-4).   

Fall 2008 

 Numbers of Collembola, Cicadellidae, Orthoptera, and Coleoptera did not differ 

among treatments (Table 3-5). On the last two sampling dates, Formicidae numbers were 

higher in CP than in SH. On 18 November, Diptera (mainly Muscidae, Dolichopodidae, 

and other micro-dipterans) numbers were greater in CP, SH, and PB plots compared with 



62 

SO. On the last sampling date, other plant feeders (aphids, thrips, and whiteflies) were 

highest in C plots. 

Numbers of insects found under board traps were very low and generally not 

affected by treatments (Table 3-6). However, Labiduridae numbers were highest in PB 

plots (Table 3-6).   

Rating of ground coverage by nutsedges did not differ among treatments 

throughout the season (Table 3-7). On 23 November, coverage by grasses was very high 

(rating of 7 indicates > 50% of ground covered) in C plots, significantly greater than 

several other treatments. Broadleaf weed ratings were highest in C plots but not different 

from CP toward the middle of the season.  

Buckeye caterpillar counts did not differ among treatments, as in the previous 

season. Plant mortality did not differ among treatments (Table 3-4). 

Discussion 

In general, higher weed ratings of grasses and broadleaf weeds were observed in 

CP and C plots in both seasons.  In C plots, absence of any mulch allowed weeds to grow 

without any obstacle, leading to greater weed ratings. The greater weed rating in CP plots 

is due to the low C: N ratio (14:1) of cowpea hay that led to the degradation of the mulch, 

allowing the emergence of weeds through open spaces. These results are consistent with 

other studies in which mulches reduced the weed populations (Brown and Tworkoski 

2004, Johnson et al. 2004, Teasdale et al. 2004, Wilke and Snapp 2008). 

Generally, Cicadellidae, Orthoptera (Gryllidae and Acrididae), other plant 

feeders, and Formicidae were found to be higher in CP and C plots. The preference of 

Cicadellidae, Orthoptera, and other plant feeders to feed on plant materials such as weeds 
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in C and CP plots may have led to their higher numbers in these plots. The group of other 

plant feeders was mainly small sucking insects that feed on plant sap and included 

aphids, thrips, and whiteflies. Although these insects are typically sampled by other 

methods such as sticky cards rather than pitfall traps (Southwood and Henderson 2000), 

small numbers of them will fall from vegetation into pitfall traps as well (Tremelling et 

al. 2002). In north central Florida, winter cover crops affected a variety of insects 

including aphids (Aphididae), leafhoppers (Cicadellidae), plant bugs (Miridae), and thrips 

(Thysanoptera) (Tremelling et al. 2002). In the literature, Formicidae have been observed 

to feed on or tend sucking insects (Borror et al. 1989). Thus their higher numbers in the C 

and CP plots may be related to increased levels of plant-feeding insects. Pullaro et al. 

(2006) found higher number of fire ants in plots with cover crop mulch compared with 

conventional plots.  

The pitfall trap is one of the most commonly used methods to sample arthropods 

(Southwood and Henderson 2000). Wooden board traps were used to sample soil surface 

cryptic arthropods by Cole (1946). In our study, more taxa and greater numbers of insect 

groups were found in pitfall traps compared with board traps. Counts of some taxa found 

in board traps were too low to be useful. However, board traps were found useful for 

sampling of earwigs, and in one instance for predators like spiders and coleopterans. Cole 

(1946) reported Dermaptera and Coleoptera (Staphylinidae, Carabidae, and Histeridae) to 

be common under board traps. Earwig populations were higher in PB mulch plots, 

possibly because PB was the only much that did not degrade (C: N ratio = 208:1) fast, 

unlike the other mulches used, and allowed hiding place for earwigs.  
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In 2007 under board traps, Coleoptera were greatest in CP plots, but in general, 

effects of mulches on predators were limited and inconsistent. Araneae as generalist 

predators were occasionally found higher in SO mulches. Sturdy stems and leaves of SO 

mulch may have allowed free movements of these generalist predators. Hooks and 

Johnson (2004) reported that spider counts were significantly higher on broccoli with 

living mulches compared with unmulched plots.  

Little effect of treatments was found on predators, while no effect was found on 

the key plant pest, buckeye caterpillars. Numbers of buckeye caterpillars did not differ 

among treatments, and they caused heavy damage resulting in high plant mortality. Plant 

mortality was observed to be higher in SO plots compared with other plots. Allelopathic 

potential of sorghum and its effectiveness to control weeds has been well documented in 

the literature (Weston et al. 1989). Roth et al. (2000) reported that tilled sorghum residue 

often delayed the development of the following wheat (Triticum aestivum L.) crop which 

was grown in rotation, but grain yield was not affected because allelopathic compounds 

degraded in soil. 

In the current study, arthropods varied in their responses to different mulches. 

Several groups were affected indirectly due to the effects of mulches on weed growth. 

Higher weed coverage was found in C and CP plots, and that may have led to increased 

populations of plant-feeding insects such as Cicadellidae, Orthoptera, and small sap-

feeding insects, as all as other groups associated with them, such as Formicidae and 

Araneae. Some groups such as Collembola were unaffected by mulches, while others 

such as Coleoptera and Diptera, showed only minimal response. Mulches did not 
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consistently affect predators of herbivores insects. Buckeye caterpillars were not affected 

by treatments and caused high plant mortality. 
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Table 3-1. Effect of treatments on arthropod taxa (numbers/pitfall trap) on selected sampling dates, 2007 
Trta Formicidae Collembola Araneae Cicadellidae Diptera Orthoptera Coleoptera OPFb 

 
   30 October      
CP 0.6 ± 0.40a 299 ± 200a 0.0 ± 0.00a 1.8 ± 0.49a 4.6 ± 2.99a 0.4 ± 0.24a 0.2 ± 0.20a 0.2 ± 0.20a 
SH 1.2 ± 0.49a 233 ± 116a 0.2 ± 0.20a 0.0 ± 0.00b 3.8 ± 1.62a 0.4 ± 0.24a 0.0 ± 0.00a 0.2 ± 0.20a 
SO 0.6 ± 0.40a 77 ± 38a 2.4 ± 1.91a 0.2 ± 0.20b 1.8 ± 0.97a 0.2 ± 0.20a 0.0 ± 0.00a 0.2 ± 0.20a 
PB 0.4 ± 0.24a 291 ± 94a 0.2 ± 0.20a 0.4 ± 0.24b 6.6 ± 2.93a 1.0 ± 0.77a 0.4 ± 0.40a 0.8 ± 0.80a 
C 0.6 ± 0.40a 291 ± 135a 0.0 ± 0.00a 0.2 ± 0.20b 6.6 ± 3.06a 0.2 ± 0.20a 0.2 ± 0.20a 0.4 ± 0.24a 
   14 November      
CP 4.2 ± 1.50a 56 ± 19a 1.2 ± 0.58a 1.8 ± 0.37a 15.6 ± 3.70a 2.0 ± 0.95a 1.6 ± 0.75a 2.6 ± 0.68a 
SH 2.8 ± 1.59a 75 ± 23a 0.6 ± 0.40a 1.2 ± 0.37ab 10.8 ± 2.13a 1.6 ± 0.93a 2.0 ± 0.55a 1.8 ± 1.07a 
SO 3.0 ± 1.52a 51 ± 18a 5.2 ± 5.20a 0.8 ± 0.37ab 6.2 ± 2.01a 1.2 ± 0.49a 0.2 ± 0.20a 0.8 ± 0.49a 
PB 2.2 ± 1.11a 33 ± 9a 0.2 ± 0.20a 0.2 ± 0.20b 6.0 ± 1.79a 0.8 ± 0.37a 1.8 ± 0.73a 0.4 ± 0.24a 
C 4.0 ± 1.38a 50 ± 33a 0.4 ± 0.24a 1.4 ± 0.51a 10.8 ± 4.64a 1.6 ± 0.40a 1.4 ± 0.51a 1.2 ± 0.73a 
   27 November      
CP 3.4 ± 1.78a 122 ± 76a 0.8 ± 0.49a 1.6 ± 0.68ab 16.0 ± 2.07a 4.2 ± 1.20a 9.8 ± 6.68a 1.0 ± 0.45a 
SH 3.6 ± 1.12a 50 ± 15a 0.4 ± 0.24a 1.4 ± 0.51b 10.4 ± 3.39a 3.8 ± 0.49a 2.4 ± 0.93a 0.8 ± 0.37a 
SO 11.4 ± 8.81a 50 ± 9a 0.2 ± 0.20a 0.6 ± 0.24b 14.2 ± 5.10a 2.6 ± 0.87a 2.4 ± 0.93a 1.8 ± 0.80a 
PB 1.2 ± 0.49a 48 ± 20a 0.2 ± 0.20a 0.8 ± 0.20b 6.4 ± 2.01a 1.6 ± 0.60a 1.4 ± 0.51a 1.6 ± 0.60a 
C 6.0 ± 3.46a 35 ± 10a 1.0 ± 0.77a 3.2 ± 1.02a 8.2 ± 2.54a 2.2 ± 0.80a 11.2 ± 8.95a 2.4 ± 0.51a 
   11 December      
CP 6.6 ± 1.21a 101 ± 56a 1.8 ± 0.58a 1.4 ± 0.93abc 10.8 ± 2.35a 5.0 ± 1.10a 3.8 ± 3.31a 2.2 ± 1.50b 
SH 2.4 ± 1.12b 127 ± 85a 1.0 ± 0.55a 0.6 ± 0.40c 6.4 ± 2.16a 2.2 ± 0.80bc 1.0 ± 0.55a 1.2 ± 0.37b 
SO 2.0 ± 0.71b 38 ± 8a 3.6 ± 2.62a 0.2 ± 0.20c 6.4 ± 0.81a 1.0 ± 0.45c 0.4 ± 0.24a 2.2 ± 1.32b 
PB 3.2 ±1.46ab 30 ± 5a 1.6 ± 1.60a 2.0 ± 0.71ab 8.0 ± 1.95a 3.8 ± 0.37ab 1.6 ± 0.93a 2.0 ± 1.05b 
C 4.0 ± 1.30ab 35 ± 10a 0.8 ± 0.20a 2.6 ± 0.51a 10.0 ± 2.59a 1.8 ± 0.37bc 1.0 ± 0.55a 6.4 ± 1.83a 

aCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched control 
bOther plant feeders include whiteflies (Aleurodidae), aphids (Aphididae), and thrips (Thysanoptera) 
Data are means ± standard error of 5 replications. Means in columns for each sampling date followed by the same letters do not differ significantly 
based on LSD test (P ≤ 0.05) 
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Table 3-2. Effect of treatments on arthropod taxa (numbers/board trap) on selected 
sampling dates, 2007 

Treatmenta Araneae Gryllidae Labiduridae Coleoptera OIb 
 

14 November 
CP 0.4 ± 0.24ab 1.0 ± 1.00a 0.0 ± 0.00a 2.6 ± 1.47a 3.2 ± 1.46a 
SH 0.0 ± 0.00b 0.8 ± 0.58a 0.0 ± 0.00a 0.6 ± 0.40ab 0.4 ± 0.40b 
SO 0.8 ± 0.20a 0.4 ± 0.24a 0.0 ± 0.00a 0.0 ± 0.00b 1.6 ± 0.68ab 
PB 0.2 ± 0.20b 0.2 ± 0.20a 0.0 ± 0.00a 0.0 ± 0.00b 0.2 ± 0.20b 
C 0.0 ± 0.00b 1.0 ± 0.32a 0.0 ± 0.00a 1.8 ± 0.37ab 1.0 ± 0.32ab 

4 December 
CP 0.0 ± 0.00a 4.4 ± 0.68a 0.4 ± 0.24a 1.8 ± 0.73a 0.0 ± 0.00b 
SH 0.0 ± 0.00a 1.8 ± 0.80a 0.0 ± 0.00a 3.8 ± 2.42a 0.0 ± 0.00b 
SO 0.0 ± 0.00a 1.2 ± 0.73a 0.2 ± 0.20a 1.2 ± 0.58a 0.8 ± 0.49a 
PB 0.0 ± 0.00a 1.6 ± 0.81a 0.4 ± 0.24a 0.2 ± 0.20a 0.2 ± 0.20b 
C 0.0 ± 0.00a 2.8 ± 1.16a 0.8 ± 0.49a 1.2 ± 0.49a 0.0 ± 0.00b 
aCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  
unmulched control 
bOther insects include small Hemiptera, and Noctuidae 
Data are means ± standard error of 5 replications. Means in columns for each sampling 
date followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05) 
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Table 3-3. Weed coverage on beds rated among treatments using Horsfall and Barrett 
(1945)a rating scale on different sampling dates, 2007 

Sampling date 
 

Treatmentb 30 October 5 November 19 November 3 December 17 December 
 

 Grasses 
CP 1.6 ± 0.24a 1.6 ± 0.24ab 2.0 ± 0.45a 2.4 ± 0.51a 3.0 ± 0.89a 
SH 1.2 ± 0.20a 1.2 ± 0.20b 1.6 ± 0.24a 2.0 ± 0.32a 2.6 ± 0.68a 
SO 1.6 ± 0.24a 1.2 ± 0.20b 1.4 ± 0.24a 1.8 ± 0.37a 1.8 ± 0.37a 
PB 1.8 ± 0.20a 1.8 ± 0.20ab 1.6 ± 0.24a 2.0 ± 0.45a 2.2 ± 0.37a 
C 2.0 ± 0.32a 2.2 ± 0.20a 2.4 ± 0.40a 2.2 ± 0.37a 2.6 ± 0.68a 
 Nutsedges 
CP 2.2 ± 0.37a 2.0 ± 0.32a 2.4 ± 0.24a 3.0 ± 0.32a 3.4 ± 0.81a 
SH 2.0 ± 0.32a 2.2 ± 0.37a 2.0 ± 0.00a 2.4 ± 0.24a 2.6 ± 0.24a 
SO 2.2 ± 0.49a 1.8 ± 0.37a 1.8 ± 0.37a 2.2 ± 0.20a 2.2 ± 0.37a 
PB 2.2 ± 0.37a 2.4 ± 0.40a 2.2 ± 0.20a 3.0 ± 0.45a 2.2 ± 0.37a 
C 2.0 ± 0.32a 2.0 ± 0.32a 2.0 ± 0.00a 3.2 ± 0.58a 3.6 ± 0.87a 

                           Broadleaf weeds 
CP 1.4 ± 0.24a 2.8 ± 0.37a 2.2 ± 0.37a 4.0 ± 0.45a 3.8 ± 0.37ab 
SH 1.2 ± 0.20a 1.6 ± 0.24a 2.2 ± 0.20a 2.4 ± 0.40a 3.2 ± 0.49b 
SO 1.8 ± 0.20a 1.8 ± 0.20a 2.2 ± 0.20a 3.0 ± 0.71a 3.6 ± 0.51ab 
PB 1.4 ± 0.24a 1.8 ± 0.20a 2.4 ± 0.24a 3.6 ± 0.24a 3.0 ± 0.32b 
C 1.4 ± 0.24a 1.8 ± 0.20a 2.4 ± 0.40a 3.0 ± 0.55a 4.6 ± 0.24a 
aHorsfall and Barrett (1945) rating scale where 1 = 0%, 2 = 0-3%, 3 = 3-6%, 4 = 6-12%, 
5 = 12-25%, 6 = 25-50% of ground covered with weeds, whereas 7 = 25-50%, 8 = 12-
25%, 9 = 6-12%, 10 = 3-6%, 11 = 0-3%, and 12 = 0% of ground not covered with weeds.   
bCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  
unmulched control 
Data are means ± standard error of 5 replications. Means in columns for each weed type 
followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05) 
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Table 3-4. Buckeye caterpillars counts and plant mortality, 2007-2008 
Numbers per plotb 

Treatmenta Buckeye caterpillars Dead plants 
 6 November 2007 

 
 

CP 0.6 ± 0.24a 7.4 ± 3.14a 
SH 1.0 ± 0.63a 7.4 ± 3.50a 
SO 2.0 ± 1.26a 10.0 ± 2.81a 
PB 1.0 ± 0.45a 3.0 ± 2.28a 
C 0.8 ± 0.49a 1.6 ± 0.51a 
  

26 November 2007 
 

 

CP 1.0 ± 0.00a 9.8 ± 2.92ab 
SH 0.6 ± 0.24a 10.0 ± 3.08ab 
SO 0.4 ± 0.24a 14.6 ± 3.98a 
PB 0.6 ± 0.40a 4.4 ± 2.56b 
C 0.4 ± 0.24a 3.4 ± 0.51c 
  

4 November 2008 
 

 

CP 2.4 ± 0.51a 3.4 ± 1.91a 
SH 5.4 ± 2.66a 6.6 ± 2.11a 
SO 5.4 ± 1.60a 5.8 ± 2.08a 
PB 3.2 ± 1.53a 5.0 ± 1.55a 
C 3.6 ± 1.21a 3.2 ± 1.20a 
  

25 November 2008 
 

 

CP 3.2 ± 1.24a 7.6 ± 2.98a 
SH 2.2 ± 1.07a 12.8 ± 3.54a 
SO 2.0 ± 1.30a 10.4 ± 3.91a 
PB 5.8 ± 2.52a 6.2 ± 2.31a 
C 2.8 ± 0.86a 3.8 ± 1.32a 
aCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  
unmulched control 
bBased on 30 plants per plot 
Data are means ± standard error of 5 replications. Means in columns for each sampling 
date followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05)
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Table 3-5. Effect of treatments on arthropod taxa (numbers/pitfall trap) on selected sampling dates, 2008 
Treata Formicidae Collembola Araneae Cicadellidae Diptera Orthoptera Coleoptera OPFb 

   21 Oct.      
CP 27.8 ± 14.32a 13.0 ± 2.59a 0.4 ± 0.24ab 0.4 ± 0.40a 6.8 ± 1.11a 1.0 ± 0.45a 3.4 ± 1.89a 7.2 ± 1.46a 
SH 11.4 ± 4.60a 16.4 ± 4.99a 0.2 ± 0.20b 0.8 ± 0.58a 10.8 ± 5.13a 0.6 ± 0.24a 3.8 ± 0.97a 3.2 ± 1.43a 
SO 6.8 ± 3.17a 19.2 ± 6.61a 1.2 ± 0.58a 1.6 ± 0.51a 8.0 ± 2.19a 0.8 ± 0.20a 5.8 ± 2.03a 2.0 ± 1.14a 
PB 3.8 ± 1.36a 17.4 ± 3.31a 0.2 ± 0.20b 1.8 ± 0.97a 7.2 ± 1.02a 0.2 ± 0.20a 2.2 ± 0.73a 4.0 ± 1.30a 
C 6.6 ± 1.96a 26.4 ± 4.62a 0.0 ± 0.00b 1.6 ± 0.68a 9.0 ± 2.02a 0.6 ± 0.40a 4.2 ± 0.73a 5.2 ± 1.36a 
   4 Nov.      
CP 13.4 ± 4.76a 25.4 ± 6.02a 0.0 ± 0.00a 2.2 ± 0.49a 8.8 ± 2.37a 1.8 ± 0.73a 3.6 ± 2.04a 5.6 ± 2.68a 
SH 20.2 ± 15.06a 68.6 ± 39.25a 0.0 ± 0.00a 1.4 ± 0.51a 19.4 ± 5.35a 1.0 ± 0.55a 3.6 ± 1.08a 2.4 ± 0.93a 
SO 2.0 ± 0.71a 30.4 ± 4.28a 0.8 ± 0.37a 0.2 ± 0.20a 12.4 ± 4.01a 1.4 ± 0.75a 1.4 ± 0.51a 3.4 ± 0.40a 
PB 5.6 ± 1.72a 94.2 ± 26.16a 0.4 ± 0.24a 2.0 ± 0.32a 16.2 ± 3.46a 1.6 ± 0.60a 1.6 ± 0.68a 3.6 ± 1.69a 
C 6.0 ± 1.58a 97.4 ± 38.27a 0.4 ± 0.24a 1.8 ± 0.92a 26.2 ± 9.60a 1.6 ± 0.93a 3.0 ± 1.26a 6.2 ± 1.46a 
   18 Nov.      
CP 11.8 ± 1.39a 21.8 ± 8.12a 0.8 ± 0.20a 1.4 ± 0.93a 8.0 ± 1.30ab 1.2 ± 0.73a 1.2 ± 0.73a 4.0 ± 1.38a 
SH 2.2 ± 0.80b 11.2 ± 4.19a 0.2 ± 0.20a 0.6 ± 0.40a 7.6 ± 1.50ab 1.8 ± 0.86a 0.4 ± 0.40a 1.8 ± 0.97a 
SO 5.0 ± 2.45ab 9.4 ± 2.29a 26.2 ± 25.7a 0.6 ± 0.24a 2.8 ± 1.50c 1.4 ± 0.24a 0.4 ± 0.40a 2.8 ± 0.58a 
PB 9.8 ± 4.14a 11.2 ± 3.68a 0.6 ± 0.24a 1.0 ± 0.32a 9.8 ± 1.80a 1.0 ± 0.32a 1.0 ± 0.63a 2.2 ± 0.66a 
C 4.8 ± 2.62ab 4.6 ± 1.17a 0.4 ± 0.24a 0.4 ± 0.24a 5.2 ± 1.39bc 1.6 ± 0.51a 0.8 ± 0.58a 2.8 ± 0.86a 
   8 Dec.      
CP 25.0 ± 13.05a 16.8 ± 2.44a 0.2 ± 0.20a 4.6 ± 1.40a 8.6 ± 2.56a 1.4 ± 0.51a 3.6 ± 1.47a 2.2 ± 1.20b 
SH 4.0 ± 2.12b 15.4 ± 4.6a 0.6 ± 0.40a 2.6 ± 0.40a 6  .2 ± 1.07a 0.6 ± 0.40a 8.2 ± 5.25a 3.6 ± 1.21b 
SO 3.4 ± 1.12b 7.8 ± 1.93a 0.0 ± 0.00a 2.6 ± 1.21a 15.2 ± 8.25a 0.2 ± 0.20a 6.6 ± 3.63a 3.2 ± 1.24b 
PB 2.8 ± 1.16b 13.2 ± 1.62a 0.2 ± 0.20a 2.4 ± 0.93a 14.8 ± 2.56a 1.0 ± 0.55a 8.0 ± 1.30a 4.2 ± 1.96b 
C 7.4 ± 2.75ab 8.4 ± 2.58a 0.0 ± 0.00a 4.2 ± 0.37a 10.8 ± 0.92a 0.8 ± 0.58a 8.8 ± 2.62a 17.2 ± 8.27a 

aCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched control 
bOther plant feeders include whiteflies (Aleurodidae), aphids (Aphididae), and thrips (Thysanoptera) 
Data are means ± standard error of 5 replications. Means in columns for each sampling date followed by the same letters do not differ significantly 
based on LSD test (P ≤ 0.05) 
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Table 3-6. Effect of treatments on arthropod taxa (numbers/board trap) on 3 November, 2008 
 

Treatmenta Araneae Gryllidae Labiduridae Coleoptera OIb 

 
CP 0.0 ± 0.00a 0.2 ± 0.20a 0.0 ± 0.00b 0.2 ± 0.20a 0.4 ± 0.24a 
SH 0.2 ± 0.20a 0.0 ± 0.00a 0.0 ± 0.00b 0.4 ± 0.24a 0.6 ± 0.24a 
SO 0.0 ± 0.00a 0.0 ± 0.00a 0.0 ± 0.00b 0.4 ± 0.40a 0.4 ± 0.24a 
PB 0.2 ± 0.20a 0.2 ± 0.20a 0.4 ± 0.24a 0.2 ± 0.20a 0.2 ± 0.20a 
C 0.0 ± 0.00a 0.2 ± 0.20a 0.0 ± 0.00b 1.0 ± 0.32a 0.0 ± 0.00a 
aCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched 
control 
bOther insects include small Hemiptera, and Noctuidae 
Data are means ± standard error of 5 replications. Means in columns for each sampling date 
followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05) 
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Table 3-7. Weed coverage on beds rated among treatments using Horsfall and Barrett (1945)a 
rating scale on different sampling dates, 2008 

Sampling date 
 

Treatmentb 16 Oct. 27 Oct. 9 Nov. 23 Nov. 
 

  Grasses   
CP 1.6 ± 0.40a 1.8 ± 0.37a 2.2 ± 0.73a 5.6 ± 0.51ab 
SH 1.4 ± 0.24a 1.2 ± 0.20a 1.6 ± 0.24a 4.0 ± 0.32b 
SO 1.4 ± 0.24a 1.2 ± 0.20a 1.2 ± 0.20a 4.0 ± 0.32b 
PB 1.4 ± 0.24a 2.0 ± 0.32a 1.6 ± 0.40a 4.2 ± 0.58b 
C 1.6 ± 0.40a 2.2 ± 0.49a 2.0 ± 0.77a 7.2 ± 1.07a 
  Nutsedges    
CP 2.0 ± 0.00a 2.0 ± 0.00a 2.4 ± 0.51a 2.0 ± 0.45a 
SH 2.0 ± 0.32a 2.2 ± 0.20a 2.0 ± 0.32a 1.6 ± 0.24a 
SO 2.2 ± 0.20a 2.2 ± 0.20a 1.8 ± 0.20a 1.2 ± 0.20a 
PB 2.0 ± 0.55a 2.6 ± 0.60a 2.4 ± 0.51a 2.0 ± 0.45a 
C 2.4 ± 0.40a 2.6 ± 0.68a 3.2 ± 0.58a 2.2 ± 0.37a 

Broad leaf weeds 
CP 2.0 ± 0.55a 4.0 ± 0.32ab 5.2 ± 0.86ab 2.2 ± 0.58a 
SH 1.8 ± 0.37a 3.6 ± 0.51b 3.6 ± 0.24b 2.0 ± 0.32a 
SO 2.2 ± 0.20a 3.0 ± 0.32b 4.0 ± 0.55b 1.4 ± 0.24a 
PB 2.0 ± 0.32a 2.8 ± 0.49b 3.2 ± 0.49b 1.6 ± 0.24a 
C 1.8 ± 0.20a 5.2 ± 0.86a 6.6 ± 0.98a 2.2 ± 0.58a 
aHorsfall and Barrett (1945) rating scale where 1 = 0%, 2 = 0-3%, 3 = 3-6%, 4 = 6-12%, 5 = 12-
25%, 6 = 25-50% of ground covered with weeds, whereas 7 = 25-50%, 8 = 12-25%, 9 = 6-12%, 
10 = 3-6%, 11 = 0-3%, and 12 = 0% of ground not covered with weeds.   
bCP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched 
control 
Data are means ± standard error of 5 replications. Means in columns for each weed type 
followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05) 
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CHAPTER 4 
EFFECT OF ORGANIC MULCHES ON SOIL SURFACE INSECTS AND OTHER 

ARTHROPODS 

Introduction 

Organic mulches can be derived from hay, straw, crop residues, pine needles, tree bark, 

or other readily-available plant material. Using cover crop residues as organic mulches has a 

number of advantages to the farming system such as reducing soil erosion, conserving soil 

moisture, moderating soil temperature, improving infiltration of water, and providing a slow-

release source of nutrients (Powers and McSorley 2000, Snapp et al. 2005, Westerman and 

Bicudo 2005). Plant mulches can be an effective way to provide shelter for predatory insects 

(Brown and Tworkoski 2004, Johnson et al. 2004) and to control weeds (Reeleder et al. 2004, 

Teasdale et al. 2004). Mulches can help to maintain soil moisture required for plant vigor and to 

promote plant tolerance to the attack of insect pests (Johnson et al. 2004).  

Cover crops and other organic mulches are useful methods for managing some insect 

pests. Alfalfa (Medicago sativa L.) and kura clover (Trifolium ambiguum M. Bieb) mulches 

increased predator populations to manage European corn borer (Ostrinia nubilalis Hübner) 

(Prasifka et al. 2006). Lepidopteran eggs and larval densities were significantly higher in 

broccoli (Brassica oleracea L. var. botrytis) monoculture when compared to broccoli with 

undersown mulches like strawberry clover (Tribolium fragiferum L.), white clover (Tribolium 

repens L.), and yellow sweet clover (Melilotus officinalis L.) (Hooks and Johnson 2004). Spiders 

were found more frequently on bare unmulched plots in the early stages of crop growth, but later 

in the season, spider numbers were higher on broccoli with living mulches. Alfalfa living mulch 

increased predators to manage outbreaks of the invasive soybean aphid, Aphis glycines 

Matsumura (Schmidt et al. 2007).  
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These examples suggest that living mulches may offer resources to support predators, 

however, non-living mulches derived from killed cover crops, hay from cover crops, or 

composted waste products may offer benefits as well. Poultry compost reduced the populations 

of spotted tentiform leafminer (Phyllonorycter blancardella (Fabr.)) and migrating woolly apple 

aphid (Eriosoma lanigerum (Hausmann)) nymphs, while increasing predator populations (Brown 

and Tworkoski 2004). The MetroMix 360 (MM360) (Scotts, Marysville, OH) at rates of 20% 

and 40% commercial vermicomposts suppressed the populations of aphids (Aphididae), and 

mealybugs (Pseudococcus spp.) on peppers (Capsicum annum L.) and mealy bugs on tomatoes 

(Lycopersicon esculentum Mill.) (Arancon et al. 2005). Winter cover crops including wheat 

(Triticum aestivum L.), rye (Secala cereale L.), oat (Avena sativa L.), lupine (Lupinus 

augustifolius L.), hairy vetch (Vicia villosa Roth.), and crimson clover (Trifolium incarnatum L.) 

affected a variety of insects including aphids, leafhoppers (Cicadellidae), plant bugs (Miridae), 

and thrips (Thysanoptera) (Tremelling et al. 2002). Predation of beet armyworm, Spodoptera 

exigua (Hübner) pupae was 33% greater in cover crop mulch as compared with conventional 

production plots (Pullaro et al. 2006). Mulch from sunn hemp (Crotalaria juncea L.) hay was 

effective in reducing incidence of lesser cornstalk borer, Elasmopalpus lignosellus (Zeller) on 

bean (Phaseolus vulgaris L.) (Gill et al. 2010). 

Changes in cropping systems affect insect pests and their natural enemies (Hummel et al. 

2002). Organic mulches might provide hiding place to harbor populations of natural enemies. In 

about 75% of cases, generalist predators either single species or species assemblages 

significantly reduced the pest numbers (Symondson et al. 2002). Most of the previous work used 

mulches for the management of insect pests, particularly flying insects (Brown and Tworkoski 

2004, Gill et al. 2010, Hooks and Johnson 2004, Prasifka et al. 2006,  Pullaro et al. 2006,  
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Reeleder et al. 2004, Schmidt et al. 2007, Tremelling et al. 2002). The effects of mulches on 

insects and other soil arthropods living on the soil surface is a less explored area. The objective 

of the present study was to determine the impact of mulches on the community of arthropods that 

live and move on the soil surface. Mulches were readily available or easily supplied by cover 

crop residues.  

Methods 

Field experiments were conducted in fall 2007 and 2008 at the University of Florida Plant 

Science Research and Education Unit (29o24’N, 82o9’W), Citra, FL. The soil at the experimental 

site was Arredondo sand (95% sand, 2% silt, 3% clay) with 1.5% organic matter (Thomas et al. 

1979).  

Fall 2007 

The experimental field was sprayed with glyphosate (Roundup, Monsanto, St. Louis, 

MO) to kill weeds on 26 September, followed by rototilling on 3 October. Average soil moisture 

measured gravimetrically before planting was 6.1%. Five treatments compared were: cowpea 

(Vigna unguiculata (L.) Walp.) (C) mulch; sunn hemp (SH) mulch; sorghum-sudangrass 

(Sorghum bicolor Moench × S. sudanense [Piper] Stapf) (SO) mulch; pine bark mulch nuggets 

(PB) (HTC Hood Timber Co., Adel, GA); and unmulched control (C). Cover crops mulches were 

obtained from crops of ‘Iron and Clay’ cowpea, ‘Tropic Sun’ sunn hemp, and ‘Growers Choice’ 

sorghum-sudangrass, respectively. Treatments were arranged in a randomized complete block 

design with five replications (total of 25 plots). Individual plots for each treatment were 3.0 m 

long and 2.4 m wide. In order to assess effects of mulches during the vegetable growing season 

in Florida, all plots were planted with ‘Roma II’ bush beans (Phaseolus vulgaris L.) on 4 

October. Seeds were spaced 10 cm apart at a rate of 30 seeds per row, in two rows per plot. 
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Mulches were obtained from cover crops planted near the experimental site and above-ground 

biomass was cut on the same day it was applied to the plots. Cover crops were harvested on 11 

October, by clipping plants at the base. The resulting mulches (3-5 cm deep) were a composite of 

leaves and stems and were applied manually surrounding the rows of bean plants. Cowpea 

(18.1kg fresh wt/plot), sunn hemp (15.9 kg fresh wt/plot), and sorghum sudangrass (17.7 kg 

fresh wt/plot) were obtained from cover crops and pine bark nuggets (29.8 kg/plot) were 

purchased locally. Plots were irrigated as needed using drip irrigation. 

Fall 2008 

The experiment was repeated at the same site in fall 2008, with the same treatments. 

Experimental procedures remained the same with a few minor changes. The experimental field 

was sprayed with glyphosate to kill weeds in the first week of September followed by rototilling 

on 16 September. Average soil moisture measured gravimetrically at planting was 6.9%. Beans 

were planted on 7 October. Cowpea (12.7 kg fresh wt/plot), sunn hemp (15.9 kg fresh wt/plot), 

sorghum-sudangrass (13.6 kg fresh wt/plot), and pine bark nuggets (29.8 kg/plot) were applied 

on 9 October. 

Data Collection 

Insects were collected on several sampling dates in both seasons using pitfall traps, which 

are typically used for capturing insects that run or move on the soil surface (Borror et al. 1989). 

A plastic sandwich container (14 cm × 14 cm × 4 cm) was used as a pitfall trap. One pitfall trap 

was placed in the middle of each plot, and buried so that the upper edge was flush with the soil 

surface. The traps were filled three quarters with water, along with 3 to 4 drops of dish detergent 

(Ultra Joy, Procter and Gamble, Cincinnati, OH) to break surface tension, ensuring that the 

insects would remain in the trap. Pitfall traps were set out in the morning and collected before 

noon the next day (which was recorded as sampling date). The traps were brought to the 
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laboratory, kept in a cold room at 10 ºC, and contents transferred and stored in 70% ethanol in 

vials. Insects and related arthropods were identified to order and family levels using a dissecting 

microscope.  

Data Analysis 

Data from each season were subjected to one-way analysis of variance (ANOVA) using 

the Statistical Analysis System (version 9.1; SAS Institute, Cary, NC). Treatment means were 

separated using the least significant difference (LSD) range test, when analysis of variance 

showed a significant treatment effect (P ≤ 0.05). 

Results  

Fall 2007 

The numbers of leafhoppers and spiders collected from pitfall traps did not differ among 

treatments on all sampling dates (Table 4-1). In addition, the few micro-Hymenoptera (mainly 

small parasitoid and wasps) were not affected by treatments (data not shown). On the first 

sampling date, numbers of ants and beetles were higher in CP than in PB and C plots. Beetles 

collected were from the families Staphylinidae, Carabidae, Elateridae, and Chrysomelidae, but 

none of these individual families were significantly (P ≤ 0.05) affected by treatments. Other 

small plant-feeding insects (whiteflies, aphids, and thrips grouped together) were most abundant 

in CP plots on several sampling dates (Table 4-1). However, the individual insect families that 

comprise these groups were not affected by treatment. Highest numbers of Orthoptera 

(grasshoppers and crickets) and flies were found in PB on one sampling date. On the last 

sampling date, Collembola numbers were higher in SH plots than SO plots. A variety of other 

plant-feeding insects were occasionally recovered at low levels in pitfall traps. These other 

insects consisted of cutworms (24.2%), planthoppers (36.0%), spittlebugs (12.3%), and stink 

bugs (12.1%). Their total numbers in CP plots of 4.2/plot on 6 November and 3.8/plot on 20 
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November were greater (P ≤ 0.05) than the 0.8/plot found in SH plots on these dates (data not 

shown).   

Fall 2008 

Numbers of spiders (Table 2) and small parastoids (data not shown) did not differ among 

treatments. On the first three sampling dates, ant numbers were higher in CP plots than in other 

plots. Orthoptera (grasshoppers and crickets), beetles, and small plant feeders (aphids, whiteflies, 

thrips) were most abundant in C or CP plots on at least one sampling date (Table 4-2). 

Collembola (springtails) were most abundant in C plots on the first sampling date, but least 

abundant in C plots in early November. Leafhopper numbers were highest in SO plots in one 

instance. On the last two sampling dates, numbers of flies were highest in PB plots. Most of the 

other insects found (75% of total) were Negro bugs (Cydnidae), which were higher (P ≤0 .05) in 

CP plots (11.6/plot) and C plots (9.2/plot) than in other plots (avg. 1.6/plot) on 28 October (data 

not shown). 

Discussion 

Effects of treatments on insect groups varied during the growing season, but some trends 

were evident. Many insect groups, including ants, beetles, grasshoppers and crickets, and small 

plant feeding insects (aphids, whiteflies, and thrips), were highest in C or CP plots on several 

occasions. With the exception of ants and some beetles, these insects are plant feeders, and 

weeds (nutsedges, grasses, and broadleaf weeds) in C and CP plots may have led to their higher 

numbers in these plots. CP mulch degraded quickly due to low C: N ratio (14:1), and allowed the 

emergence of weeds after 3-4 weeks. The pitfall trap is the one of the most commonly used 

methods to sample insects and other arthropods on the soil surface (Southwood and Henderson 

2000). Although small plant feeders such as aphids, whiteflies, and thrips are typically sampled 

by other methods such as sticky cards rather than pitfall traps (Southwood and Henderson 2000), 
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small numbers of them will fall from vegetation into pitfall traps as well (Tremelling et al. 2002). 

In north central Florida, winter cover crops affected a variety of insects including aphids, 

leafhoppers, plant bugs, and thrips as measured by pitfall traps (Tremelling et al. 2002). Ants 

have been observed to feed on or tend sucking insects such as aphids, and whiteflies (Borror et 

al. 1989), so their increased numbers may be related to the other insects in C and CP plots. This 

effect was also observed by Pullaro et al. (2006) who recorded a greater number of fire ants in 

plots with cover crop mulch compared with conventional plots.  

Beetles are the largest and most diverse group of insects, and varied in their response to 

treatment over the two seasons, reaching highest numbers in CP plots on the first sampling date 

in 2007 and in C plots on the last sampling date in 2008. In 2007, Coleoptera families found 

were Chrysomelidae (48.4%), Staphylinidae (23.4 %), Carabidae (12.2 %), and Elateridae (14.2 

%). The majority of leaf-feeding chrysomelid beetles present in CP plots was similar to other 

plant-feeding insects. During 2008, Coleoptera consisted of families Chrysomelidae (3.4 %), 

Staphylinidae (71.7 %), Carabidae (21.6 %), and Elateridae (3.2 %). Many Staphylinidae and 

Carabidae are predators, and the increased abundance of prey insects in C plots may have 

stimulated these predatory beetles.  Plant-feeding beetles (Chrysomelidae) responded to early-

season weed growth, while predatory beetles (Staphylinidae, and Carabidae) likely required time 

for plant-feeding prey to increase in number, hence the response later in the season. The 

occurrence of higher Collembola numbers in SH plots may have been due to a continuous supply 

of organic matter by degradation of mulch. Generally, Collembola are cryptozoic and feed on 

fungi associated decaying organic matter (Coleman et al. 1996, Powers and McSorley 2000). 

Flies were most common in PB plots, possibly because PB was the only mulch that did not 

degrade as fast as others (C: N ratio = 208:1), and may have served as shelter for insects. This 
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mulch may have provided favorable habitat for long-legged flies (Dolichopodidae) that typically 

inhabit organic debris (Borror et al. 1989, Triplehorn and Johnson 2005).
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Table 4-1. Effect of treatments on arthropod taxa (numbers/pitfall trap) on selected dates in Citra, FL, 2007 
Trta Formicidae 

(Ants) 
Collembola 
(Springtails) 

Cicadellidae 
(Leafhoppers) 

Diptera 
(Flies) 

Orthopterab Araneae 
(Spiders) 

Coleoptera 
(Beetles) 

OPFc 
 

 

24 October 
CP 14.8 ± 3.4a 70.8 ± 21.9a 1.0 ± 0.8a 7.4 ± 1.7a 1.6 ± 0.9a 0.6 ± 0.4a 4.2 ± 1.4a 2.0 ± 0.6a 
SH 10.2 ± 3.6ab 304.8 ± 161.4a 1. 0± 0.6a 6.2 ± 2.2a 0.4 ± 0.2a 0.8 ± 0.2a 2.8 ± 0.6ab 0.4 ± 0.2a 
SO 8.4 ± 2.6ab 124.8 ± 39.7a 1.2 ± 0.7a 4.0 ± 0.5a 0.6 ± 0.6a 1.0 ± 0.3a 2.4 ± 0.9 ab 1.0 ± 0.6a 
PB 3.8 ± 1.2b 273.0 ±128.3a 0.8 ± 0.4a 8.6 ± 2.1a 0.6 ± 0.4a 0.2 ± 0.2a 0.8 ± 0.6b 2.0 ± 1.3a 
C 2.8 ± 0.9b 247.6 ± 106.4a 2.2 ± 0.8a 5.4 ± 1.2a 0.4 ± 0.2a 0.8 ± 0.4a 0.8 ± 0.4b 2.2 ± 0.9a 

6 November 
CP 10.8 ± 3.5a 57.0 ± 13.0a 2.4 ± 0.9a 6.4 ± 1.0b 1.2 ± 0.2a 0.6 ± 0.2a 1.4 ± 0.2a 2.2 ± 1.5a 
SH 9.6 ± 5.2a 78.0 ± 16.6a 1.6 ± 0.7a 4.6 ± 0.4b 0.6 ± 0.4a 1.6 ± 0.5a 2.0 ± 1.0a 0.2 ± 0.2a 
SO 4.4 ± 0.9a 63.4 ± 21.0a 1.8 ± 1.1a 6.2 ± 1.1b 0.8 ± 0.4a 1.2 ± 0.5a 2.2 ± 0.4a 0.2 ± 0.2a 
PB 5.0 ± 1.4a 35.2 ± 9.4a 0.6 ± 0.4a 10.0 ± 1.4a 1.6 ± 0.6a 0.8 ± 0.6a 1.4 ± 0.2a 1.4 ± 0.7a 
C 6.0 ± 1.2a 47.2 ± 15.8a 1.8 ± 0.7a 3.8 ± 0.9b 1.2 ± 0.9a 0.8 ± 0.4a 1.6 ± 0.6a 0.6 ± 0.2a 

20 November 
CP 5.0 ± 1.8a 83.2 ± 30.2a 1.8 ± 0.5a 6.2 ± 1.5a 0.6 ± 0.2b 0.0 ± 0.0a 1.2 ± 0.5a 3.0 ± 0.9a 
SH 2.6 ± 0.7a 209.0 ± 117.8a 1.0 ± 0.8a 3.6 ± 1.7a 1.0 ± 0.5ab 0.2 ± 0.2a 1.0 ± 0.3a 0.4 ± 0.2b 
SO 2.0 ± 1.1a 70.4 ± 9.5a 2.2 ± 0.3a 4.0 ± 1.1a 0.6 ± 0.2b 0.2 ± 0.2a 1.2 ± 0.3a 0.8 ± 0.6b 
PB 4.2 ± 2.0a 69.4 ± 16.6a 1.4 ± 0.5a 8.0 ± 2.5a 2.2 ± 0.6a 3.4 ± 2.7a 0.8 ± 0.3a 1.0 ± 0.8b 
C 2.0 ± 0.2a 89.6 ± 51.6a 6.4 ± 5.0a 6.8 ± 2.4a 0.4 ± 0.4b 0.2 ± 0.2a 1.8 ± 0.5a 0.8 ± 0.4b 

3 December 
CP 0.2 ± 0.2a 63.0 ± 11.8ab 1.4 ± 0.5a 7.2 ± 1.0a 3.0 ± 1.3a 0.8 ± 0.2a 3.8 ± 1.5a 1.6 ± 0.8a 
SH 1.6 ± 0.4a 80.2 ± 12.3a 1.6 ± 0.9a 5.8 ± 0.5a 0.8 ± 0.4a 1.0 ± 0.4a 1.4 ± 0.7a 2.0 ± 0.8a 
SO 1.6 ± 0.5a 74.8 ± 19.5ab 1.0 ± 0.4a 6.6 ± 2.4a 2.0 ± 0.6a 0.6 ± 0.2a 2.4 ± 1.0a 2.8 ± 1.5a 
PB 1.6 ± 0.9a 32.0 ± 5.9c 1.4 ± 0.8a 9.8 ± 0.8a 1.4 ± 0.7a 1.0 ± 0.6a 1.6 ± 0.5a 2.0 ± 0.9a 
C 0.6 ± 0.2a 40.4 ± 8.9bc 3.2 ± 1.1a 9.4 ± 1.9a 2.6 ± 1.9a 0.8 ± 0.2a 3.2 ± 1.4a 3.2 ± 0.8a 

17 December 
CP 1.6 ± 1.4a 18.6 ± 2.6a 0.8 ± 0.5a 0.6 ± 0.2a 0.0 ± 0.0a 0.6 ± 0.4a 0.2 ± 0.2a 1.4 ± 0.7a 
SH 1.4 ± 0.9a 19.0 ± 5.4a 0.0 ± 0.0a 0.4 ± 0.2a 0.2 ± 0.2a 0.2 ± 0.2a 0.2 ± 0.2a 0.8 ± 0.4ab 
SO 18.4 ± 15.9a 16.6 ± 5.2a 0.4 ± 0.4a 0.8 ± 0.4a 0.2 ± 0.2a 0.4 ± 0.2a 0.8 ± 0.6a 0.2 ± 0.2ab 
PB 0.4 ± 0.4a 12.2 ± 3.0a 0.2 ± 0.2a 0.8 ± 0.5a 0.4 ± 0.2a 0.0 ± 0.0a 0.2 ± 0.2a 0.0 ± 0.0b 
C 1.2 ± 0.5a 9.2 ± 3.7a 0.4 ± 0.4a 1.0 ± 0.6a 0.4 ± 0.4a 0.0 ± 0.0a 0.2 ± 0.2a 0.8 ± 0.3ab 
aTreatments CP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched control 
bAcrididae (grasshoppers) and Gryllidae (crickets) 
cOther plant feeders include whiteflies (Aleurodidae), aphids (Aphididae), and thrips (Thysanoptera)  
Data are means ± standard error of 5 replications. Means in columns for each sampling date followed by the same letters do not  
differ significantly based on LSD test (P ≤ 0.05) 
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Table 4-2. Effect of treatments on arthropod taxa (numbers/pitfall trap) on selected dates in Citra, FL, 2008 
Trta Formicidae 

(Ants) 
Collembola 
(Springtails) 

Cicadellidae 
(Leafhoppers) 

Diptera 
(Flies) 

Orthopterab Araneae 
(Spiders) 

Coleoptera 
(Beetles) 

OPFc 

 
13 October 

CP 20.2 ± 1.9a 28.6 ± 9.7b 1.8 ± 0.8b 21.8 ± 3.8a 0.0 ± 0.0a 0.2 ± 0.2a 1.0 ± 0.6a 3.6 ± 0.9a 
SH 9.2 ± 1.4b 41.8 ± 24.2ab 2.2 ± 0.9b 13.4 ± 2.2a 0.0 ± 0.0a 0.2 ± 0.2a 0.0 ± 0.0a 6.2 ± 2.4a 
SO 8.0 ± 2.4b 24.0 ± 9.2b 5.6 ± 1.9a 19.8 ± 5.0a 0.0 ± 0.0a 0.2 ± 0.2a 0.2 ± 0.2a 3.6 ± 1.8a 
PB 6.0 ± 0.9b 35.2 ± 10.1b 0.8 ± 0.4b 24.0 ± 2.8a 0.2 ± 0.2a 0.2 ± 0.2a 0.2 ± 0.2a 3.2 ± 0.7a 
C 8.4 ± 2.7b 86.0 ± 17.9a 1.2 ± 0.9b 16.4 ± 2.2a 0.2 ± 0.2a 0.6 ± 0.2a 0.8 ± 0.6a 2.8 ± 1.3a 

28 October 
CP 15.0 ± 3.2a 20.0 ± 6.0a 6.8 ± 3.3a 5.0 ± 1.5a 0.8 ± 0.6a 0.8 ± 0.4a 1.4 ± 1.2a 11.6 ± 2.4a 
SH 5.2 ± 2.2b 24.6 ± 6.6a 1.4 ± 0.9a 4.6 ±2.1a 1.6 ± 0.8a 0.2 ± 0.2a 1.6 ± 0.6a 1.0 ± 0.8b 
SO 3.0 ± 1.7b 47.2 ± 13.1a 2.4 ± 0.7a 6.0 ± 0.7a 0.6 ± 0.2a 0.6 ± 0.4a 1.6 ± 2.7a 2.6 ± 0.7b 
PB 4.6 ± 1.7b 37.4 ± 8.1a 1.8 ± 0.9a 5.4 ± 1.4a 0.4 ± 0.2a 0.6 ± 0.4a 1.0 ± 0.5a 1.2 ± 0.4b 
C 5.4 ± 0.8b 46.2 ± 10.9a 6.0 ± 2.3a 4.6 ± 1.1a 0.8 ± 0.5a 0.2 ± 0.2a 3.2 ± 1.2a 9.2 ± 1.8a 

9 November 
CP 9.0 ± 2.9a 22.8 ± 0.9a 3.0 ± 1.3a 8.2 ± 1.8b 1.0 ± 0.6a 0.0 ± 0.0a 5.2 ± 2.1a 2.4 ± 1.3a 
SH 2.2 ± 0.7b 22.8 ± 4.8a 1.0 ± 0.8a 6.0 ± 0.3b 1.2 ± 0.7a 0.6 ± 0.2a 1.4 ± 0.4a 2.4 ± 0.9a 
SO 1.6 ± 1.1b 22.6 ± 3.8a 2.6 ± 1.1a 9.2 ± 1.8b 1.6 ± 0.7a 0.0 ± 0.0a 1.4 ± 0.5a 4.4 ± 2.2a 
PB 2.4 ± 1.4b 22.0 ± 4.3ab 2.0 ± 0.6a 16.4 ± 3.5a 0.8 ± 0.6a 0.6 ± 0.4a 3.4 ± 1.2a 0.8 ± 0.2a 
C 4.0 ± 0.7b 12.0 ± 2.4b 3.4 ± 0.8a 6.4 ± 0.9b 2.0 ± 1.0a 0.2 ± 0.2a 2.6 ± 1.3a 2.0 ± 1.0a 

24 November 
CP 3.8 ± 1.1a 17.4 ± 2.9a 4.0 ± 1.3a 4.4 ± 1.3b 1.6 ± 0.6a 0.4 ± 0.2a 2.0 ± 0.8ab 1.0 ± 0.5ab 
SH 1.0 ± 0.6a 18.8 ± 4.3a 3.6 ± 1.4a 3.2 ± 1.3b 0.6 ± 0.2ab 3.0 ± 3.0a 1.8 ± 0.7b 0.6 ± 0.4b 
SO 2.4 ± 1.1a 18.2 ± 3.6a 1.8 ± 0.4a 5.4 ± 0.8b 0.6 ± 0.4ab 1.8 ± 1.1a 1.6 ± 0.7b 2.0 ± 0.8ab 
PB 2.2 ± 1.2a 19.8 ± 3.0a 2.4 ± 0.7a 11.4 ± 3.7a 0.4 ± 0.4b 0.2 ± 0.2a 0.8 ± 0.4b 0.8 ± 0.4ab 
C 2.6 ± 0.8a 10.6 ± 2.7a 5.0 ± 3.0a 3.2 ± 0.7b 0.4 ± 0.2b 0.0 ± 0.0a 4.0 ± 0.8a 2.8 ± 1.2a 
aTreatments CP = cowpea, SH =  sunn hemp, SO = sorghum-sudangrass, PB = pine bark, C =  unmulched control 
bAcrididae (grasshoppers) and Gryllidae (crickets) 
cOther plant feeders include whiteflies (Aleurodidae), aphids (Aphididae), and thrips (Thysanoptera)  
Data are means ± standard error of 5 replications. Means in columns for each sampling date followed by the same letters do not  
differ significantly based on LSD test (P ≤ 0.05) 
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CHAPTER 5 
EFFECT OF INTEGRATING SOIL SOLARIZATION AND ORGANIC MULCHING 

ON THE SOIL SURFACE INSECT COMMUNITY 

Introduction 

Mulching by spreading organic matter around plants is an effective method to 

manage some pest insects as well as weeds (Brown and Tworkoski 200, Johnson et al. 

2004). Mulches also provide shelter for predatory insects (Pullaro et al. 2006). Soil 

solarization, a hydrothermal method of managing nematodes, diseases, insects, and 

weeds, is accomplished by passive heating of moist soil covered with transparent plastic 

sheeting (McGovern and McSorley 1997). Because of the lethal effects from high soil 

temperature, solarization must be conducted before crops are planted. The objective of 

the present study was to evaluate the integrated effects of solarization and organic 

mulching on the soil surface insect community, including non-target and beneficial 

insects. 

Field experiments were conducted in fall 2008 at the University of Florida Plant 

Science Research and Education Unit (lat. 29o24’N, long. 82o9’W), near Citra, FL. The 

soil was Arredondo sand (95% sand, 2% silt, 3% clay) with 1.5% organic matter. The 

field was rototilled in July, and beds were formed (20 cm high, 76 cm wide, with 1.8 m 

between bed centers). Individual plots were single beds, 9.14 m in length. Average soil 

moisture measured gravimetrically before bed formation was 8.7%.  

Materials and Methods 

Four treatments were arranged in a randomized complete block design with 5 

replications. The treatments compared were: solarization (S) = plastic pre-plant, nothing 

post-plant; mulch (M) = mulch pre-plant, mulch post-plant; mulch + solar (MS) = plastic 

pre-plant, mulch post-plant; control (C) = nothing pre-plant, mulch post-plant. For the 
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mulch treatment, a pre-plant mulch of sunn hemp (Crotalaria juncea L.), 3 cm thick 

(8.16 kg total weight/plot), was applied over the bed surface on 13 August. In the 

solarization treatment, beds were covered with Polydak (1.3-mil-thick, UV- stabilized, 

transparent film, Ginegar Plastics Products, Ginegar, Israel) plastic film for 6 weeks 

beginning on 12 August as described by Gill et al. (2009 b). After 6 weeks, plastic was 

removed, and all beds were planted with ‘Potomac Pink’ snapdragons (Antirrhinum 

majus L.). Mulch was again applied on 2 October, as a main mulch application, to M, C, 

and MS treatments. Note that is not possible to have mulch and solarization plastic 

present on one plot at the same time. 

Soil surface insects were sampled with plastic sandwich containers (14 cm × 14 

cm × 4 cm deep) used as pitfall traps as described by Borror et al. (1989). Each pitfall 

trap was placed in the center of the plot and buried so that the upper edge was flush with 

the soil surface. Traps were filled three-quarters full with tap water, and 3 to 4 drops of 

dish detergent (Ultra Joy, Procter and Gamble, Cincinnati, OH) added to break surface 

tension, and ensure that the insects remain in the trap. Traps were set out in the morning 

and collected before noon the next day (recorded as the sampling date). Traps were 

placed in cold storage (10 ºC), contents transferred and stored in 70% ethanol, and insects 

were identified to order and family and counted. 

Data were subjected to one-way analysis of variance (ANOVA) with the 

Statistical Analysis System (version 9.1; SAS Institute, Cary, NC). Treatment means 

were separated based on the least significant difference (LSD) range test, at P ≤ 0.05.  
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Results and Discussion 

Preplant mulching or solarization was useful in reducing weeds in the plots. The 

main weeds were nutsedges (Cyperus spp.), grasses, Florida pusley (Richardia scabra 

L.), purslane (Portulaca oleracea L.), and hairy indigo (Indigofera hirsuta L.). The 

percentage of the plot surface area occupied by weeds averaged 3 to 5% in MS, ca 90% 

in C, 20 to 25% in S, and 35 to 40% in M plots, respectively.  

On most sampling dates, Collembola populations were higher in the M treatment 

than in the S treatment (Table 5-1). Collembola are associated with decomposing organic 

matter (Colemen and Crossley 1996), which was provided by sunn hemp in the M 

treatment. Collembola were not as abundant in S plots, possibly because mulch was 

absent. In addition, the solarization process itself may have reduced populations that were 

present in soil.   

Many groups of arthropods, including spiders, ants, grasshoppers, crickets, 

elaterids, and staphylinids were unaffected by the treatments (data not shown), but 

interesting trends were observed in some others. Cicadellids were more abundant (P ≤ 

0.10) in C plots (12.0 ± 2.59/ trap) than in MS plots (5.8 ± 2.42/trap) on November 9. On 

October 28, highest numbers (P ≤ 0.10) of carabids (0.8 ± 0.37/ trap) and flea beetles (0.4 

± 0.24/trap) were observed in S plots. Highest numbers (P ≤ 0.10) of dolichopodids (8.0 

± 2.43/trap) were observed in S plots on 8 December. Solarized plots were free of mulch 

and had relatively low weed levels, both of which might influence insect movement. 

Environmental heterogeneity is known to interfere with movement and host finding of 

flea beetles and other insects (Root 1973, Smith and McSorley 2000).  

On 28 October and 9 November, other plant feeders (whiteflies, thrips, and 

aphids) were significantly greater (P ≤ 0.05) in the C treatment compared with the other 3 
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treatments (Table 5-1). It is possible that whiteflies, thrips, aphids, and maybe 

leafhoppers were present and fed on the abundant weeds in the control treatment. 

Treatments that limit weeds may be helpful in limiting these plant-feeding insects as well. 

Integrating solarization and mulching did not have much overall impact on the insect 

community, compared to solarization alone, but it did lead to recovery of Collembola 

populations later in the season to similar levels found in mulched plots.  



87 

Table 5-1. Effect of treatments on insect taxa (numbers/pitfall trap) on selected sampling 
dates - 2008 

Treatmenta Collembola Other plant feedersb 
 13 October  
MS 10.2b ± 3.34 1.6a ± 0.51 
C 21.8ab ± 5.46 4.4a ± 1.54 
S 14.6b ± 5.33 3.8a ± 0.97 
M 32.2a ± 6.63 6.8a ± 3.34 
ANOVAc   
F value 3.26 1.24 
P value 0.0492 0.3268 

 
 28 October  
MS 13.8b ± 4.93 1.0b ± 0.45 
C 15.0b ± 1.76 7.6a ± 2.87 
S 12.0b ± 1.52 2.4b ± 1.03 
M 32.8a ± 3.51 0.6b ± 0.40 
ANOVA   
F value 8.9 4.3 
P value 0.0011 0.0209 

 
 9 November  
MS 46.6a ± 8.25 0.8b ± 0.37 
C 34.4a ± 6.45 6.4a ± 2.38 
S 14.0b ± 3.73 1.6b ± 0.81 
M 32.6a ± 5.35 1.6b ± 0.51 
ANOVA   
F value 4.76 3.9 
P value 0.0148 0.0287 

 
 8 December  
MS 21.8abd ± 3.80 3.0a ± 0.71 
C 34.4a ± 7.56 1.6a ± 0.93 
S 16.0b ± 2.61 2.6a ± 0.75 
M 24.2ab ± 2.24 2.0a ± 0.84 
ANOVA   
F value 2.83 0.59 
P value 0.0717 0.6302 
aSolarization (S) = plastic pre-plant, nothing post- plant; mulch (M) = mulch pre-plant, mulch 
post-plant; mulch + solar (MS) = plastic pre-plant, mulch post-plant; and control (C) = nothing 
pre-plant, mulch post-plant. 
bOther plant feeders include whiteflies, aphids, and thrips 
cStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. Means followed by the same letters do not 
differ significantly based on LSD test (P ≤ 0.05) 
dMean separation at P ≤ 0.10 
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CHAPTER 6 
INTEGRATED IMPACT OF SOIL SOLARIZATION AND ORGANIC MULCHING ON 

WEEDS, INSECTS, NEMATODES, AND PLANT PERFORMANCE 

Introduction 

Soil solarization is a hydrothermal method that involves passive heating of moist soil 

covered with plastic sheeting (transparent polyethylene) for the disinfestation of soil-borne 

pests (Katan et al. 1976, Stapleton 2000). This is an effective way of controlling weeds 

(Chase et al. 1998, Daelemans 1989, Horowitz et al. 1983) as well as nematodes (Chellemi et 

al. 1997, McGovern et al. 2002, McGovern and McSorley 1997, Stapleton and Heald 1991). 

Although not used as frequently against insect pests, seven weeks of soil solarization was 

found to reduce incidence of stalk borer (Papaipema spp.) in corn cultivars by 8.9% (Ahmad 

et al. 1996).  

Work has been done using variety of mulches to manage different insect pests 

(Prasifka et al. 2006, Schmidt et al. 2007, Tremelling et al. 2002) as well as weeds (Brown 

and Tworkoski 2004, Johnson et al. 2004, Teasdale et al. 2004). Combination of organic 

mulch with plastic mulch can improve the yield and quality of bell peppers (Capsicum 

annuum L.) due to the improvement of soil fertility (Wang et al. 2010). In the past, soil 

solarization has been combined with other management practices like fumigants, hot water, 

organic amendments, host plant resistance, and biocontrol to manage soil borne plant 

pathogens (Antonio et al. 2005, Antonio and Giovanni 2006, Gamliel and Stapleton 1997, 

McGovern and McSorley 1997). Although results differed depending on the type of 

pathogens involved. 

Both soil solarization and mulching techniques have been used alone to manage soil 

borne pests as mentioned above, but no work has been done by integrating both solarization 
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and mulching techniques. The objective of this research was to examine the integrated effect 

of soil solarization and mulching on plant performance and pests including insects, weeds, 

and nematodes.  

Materials and Methods 

A field experiment was conducted in 2008 at the University of Florida Plant Science 

Research and Education Unit (29o24’N, 82o9’W), Citra, FL. The soil at the experimental site 

was Arredondo sand (95% sand, 2% silt, 3% clay) with 1.5% organic matter (Thomas et al. 

1979). The experimental field was rototilled in the last week of July to prepare the soil and to 

allow thorough heat conduction for soil solarization. Individual plots for each treatment were 

single beds 20 cm (0.65 feet) high, 76 cm (2.5 feet) wide, and 914 cm (30 ft) long with 180 

cm (5.9 feet) between bed centers. Average soil moisture measured gravimetrically before 

bed formation was moderately moist (8.7%).  

Four treatments were arranged in a randomized complete block design with five 

replications (20 plots). The treatments compared were solarization (S), mulch (M), 

integration of mulch and solarization (MS), and control (C). In the mulch treatment, a pre-

plant mulch of sunn hemp (Crotalaria juncea L.) hay, 3 cm thick (8.16 kg total weight/plot, 

C: N = 15.5:1), was applied over the bed surface on 13 August. Sunn hemp was used as 

mulch because it was readily available and has potential as a summer legume cover crop in 

Florida (Treadwell and Alligood, 2008). In treatments receiving solarization, beds were 

covered with Polydak (1.3-mil-thick, UV- stabilized, transparent film, Ginegar Plastics 

Products, Ginegar, Israel) plastic film for 6 weeks beginning on 12 August (Gill et al. 2009 

b). After 6 weeks, the plastic was removed, and all beds were planted with ‘Potomac Pink’ 

snapdragon (Antirrhinum majus L.) seedlings (Speedling Inc., Sun City, FL) at a spacing of 
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10 cm (4 inches) apart to provide 90 seedlings per plot. Mulch was again applied on 2 

October, as a main mulch application, to mulch, control, and mulch + solar treatments.  

Therefore, the condition of all treatments pre-planting and post-planting was as follows: 

solarization = plastic pre-plant, nothing post-plant; mulch = mulch pre-plant, mulch post-

plant; mulch + solar = plastic pre-plant, mulch post-plant; control = nothing pre-plant, mulch 

post-plant.  It is not possible to have mulch and solarization plastic present at exactly the 

same time on the bed. 

Soil temperature sensors (WatchDog® Spectrum Technologies, Inc., Plainfield, IL) 

were placed in the field at the same time when beds were covered with plastic. Soil 

temperatures were monitored hourly at depths of 5 cm (2 inches) and 15 cm (6 inches) 

throughout the solarization period. 

Weeds, both grasses and broad leaves, were assessed on 2 October, 16 October, 28 

October, 8 November, and 23 November. Each plot was rated for the percentage of surface 

area covered with weeds using the 1 to 12 Horsfall and Barrett rating scale (Horsfall and 

Barrett, 1945), where 1 = 0%, 2 = 0-3%, 3 = 3-6%, 4 = 6-12%, 5 = 12-25%, 6 = 25-50% of 

ground covered with weeds, whereas 7 = 25-50%, 8 = 12-25%, 9 = 6-12%, 10 = 3-6%, 11 = 

0-3%, and 12 = 0% of ground not covered with weeds.   

Soil samples for nematode analysis were collected from each plot at four times during 

the season until the end of the experiment. Four soil cores (2.5 cm diameter × 20 cm deep) 

were collected and combined into one composite representative sample from each plot. 

Nematodes were extracted from a 100-cm3 sub-sample using a modified sieving and 

centrifugal-flotation method (Jenkins 1964). After extraction, nematodes were identified and 

counted using an inverted microscope.  
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Insects, especially buckeye caterpillars (Junonia coenia Hübner, Lepidoptera: 

Nymphalidae) and saltmarsh caterpillars (Estigmene acrea (Drury), Lepidoptera: Arctiidae), 

were visually counted on snapdragon plants. Buckeye caterpillars were further enumerated as 

small (< 1 cm) and large (> 1 cm).  

Dead plants were counted on four different sampling dates. At the end of the 

experiment, snapdragon blooms were harvested by cutting stems about 3-5 cm above ground. 

The number of cut blooms was counted and the average weight per plot was determined. 

All data were subjected to one-way analysis of variance (ANOVA) using the 

Statistical Analysis System (version 9.1; SAS Institute, Cary, NC). Treatment means were 

separated using the least significant difference (LSD) test, when the analysis of variance 

showed a significant treatment effect (P ≤ 0.05).  

Results and Discussion 

 Soil temperature was higher at a depth of 5 cm than at 15 cm throughout the 

solarization period. The highest temperature recorded at 5 cm was 51.2ºC. At 5 cm, 

maximum soil temperature were > 50 ºC on 2 days, 45-50 ºC for 25 days, and 40-45 ºC for 

16 days. A 15 cm soil depth, maximum soil temperatures recorded were 40-45 ºC for 12 day 

and never reached ≥ 45 ºC.  

Weed densities were generally reduced in plots receiving solarization treatments. The 

rating of coverage by grasses especially bermudagrass (Cynodon dactylon (L.)), goosegrass 

(Eleusine indica (L.) Pers.), and crabgrass (Digitaria spp.) was significantly higher in control 

plots compared with mulch, solarized, and MS plots on all sampling dates (Table 6-1). 

Ratings of broadleaf weed cover were significantly higher in control and mulched plots 

compared with MS and solarized plots. The major broadleaf weed found was Florida pusley 
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(Richardia scabra L.), along with traces of eveningprimrose (Oenothera laciniata Hill) and 

cudweed (Gnaphalium spp.). The rating for total area covered by weeds was found to be 

much greater in the control treatment than in the other treatments. In most cases, solarization, 

mulching, as well as the integration of solarization and mulching did not differ in terms of 

controlling grasses. However, mulching alone was inferior for managing broadleaf weeds 

and total weed coverage. Integration of solarization and mulching was effective in 

controlling the weed coverage area throughout the season. This may be because solarization 

helped to keep weeds under control during the first half of the experiment, while mulching 

with sunn hemp during the second half helped manage weeds to an additional extent.  

 Plant-parasitic nematodes were sampled on 2 October, 20 January, 19 March, and 23 

April. Root-knot (Meloidogyne spp.) and stubby-root (Paratrichodorus spp.) nematode 

populations were highest in control plots on one sampling date (Table 6-2). Initially, 

solarization and integration of solarization and mulching controlled root-knot nematodes, 

presumably by killing them with high temperature. In previous studies, solarization and 

cowpea mulch were useful for root-knot nematode suppression (Saha et al. 2005). Prior to 

planting, control plots were free of any kind of management attempt such as plastic or 

organic mulch and therefore found to have the highest root-knot nematode numbers. 

However, root-knot nematodes recovered from solarization effects by the 20 January. 

sampling, about 3.5 months after the experiment began. Ring nematode (Mesocriconema 

spp.) populations were low and did not differ among treatments.  

Buckeye and saltmarsh caterpillars attacked the snapdragon plants during the course 

of experiment. The number of saltmarsh and small buckeye caterpillars did not differ among 

treatments (Table 6-3). On 4 November, the number of large buckeye caterpillars was 
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observed to be much higher in the MS treatment compared with the other treatments. On 25 

November, large buckeye counts were found to be higher in MS compared to control and 

mulch treatments. The number of saltmarsh and buckeye caterpillars declined (≤ 1.2/plot) on 

the last sampling date in January (data not shown) due to increased plant mortality and cold 

weather. Snapdragon was observed to be an excellent host plant for buckeye caterpillars. The 

number of snapdragon plants was generally lower in control and mulch treatments compared 

with MS and solarization treatments, and, likely led to lower buckeye caterpillar counts in 

these treatments. Buckeye females oviposit on snapdragon plants, and more plants were 

present in the MS and solarization treatments (Table 6-4). As buckeye caterpillars grow and 

consume the host plants, they will relocate to other plants. However, the saltmarsh caterpillar 

is larger and more mobile than the buckeye, causes heavier plant damage, and will move 

quickly to find and consume new food plants. This may be first observation of damage to 

snapdragons by these caterpillars.  

Snapdragon mortality was assessed throughout the season on 16 October, 4 

November, 25 November, and 6 January (Table 6-4). Higher plant mortality was found in the 

mulch treatment on the first sampling date, while on 4 November, the number of dead plants 

was greater both in control and mulch plots compared with rest of the treatments, some of 

which may have resulted from heavy weed competition. A different trend was observed on 6 

January, with higher numbers of dead plants in MS and mulch treatments. At the earlier 

stages of the experiment, snapdragon plants were eaten by caterpillars, which led to higher 

plant mortality in the mulch treatment initially, and soon after in the control plots as well. It 

is likely that most of this early season mortality was due to saltmarsh caterpillars, since 

buckeye caterpillars were not observed on plants in October. Saltmarsh caterpillars do not 
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remain long on small seedling plants, but consume or damage an entire plant and move on to 

another plant. Saltmarsh caterpillars were common in weedy areas adjacent to the field and 

moved around freely in the plots that had high levels of weeds (control and mulch 

treatments). In contrast, buckeye females locate host plants where eggs and larvae will 

develop. Because there was no physical hindrance such as mulch or weeds in some plots, it 

may become easy for insects to locate host plants and lay eggs on them. The resource 

concentration hypothesis argues that the presence of diverse flora negatively affects the 

ability of insect pests to find and utilize host plants (Root 1973, Dent 2000, Smith and 

McSorley 2000). The solarization and MS treatments helped to keep weed populations low. 

After taking off the plastic from beds, it became easier for buckeye females or saltmarsh 

caterpillars to locate host plants. Later on, the same beds were covered with sunn hemp 

mulch which also provided hiding places for caterpillars and other insects. These factors may 

have caused the dead plant count to be significantly higher in MS than in solarization on the 

last two sampling dates. Due to the extensive plant damage and death, number of blooms and 

average weight did not differ among treatments (Table 6-5).  

Solarization was effective in controlling weeds, and integration of solarization and 

mulching was more effective than solarization alone in controlling total weed coverage, on 

two sampling dates. Root-knot nematodes were managed initially to some extent by the 

integration of solarization and mulching, while stubby-root and ring nematode populations 

were not affected by the treatments used in the experiment. An important mortality factor in 

this experiment was feeding damage from saltmarsh and buckeye caterpillars, neither of 

which were directly affected by the soil treatments because these insects were observed to 

move freely among plants over the surface of soil. However, there was some suggestion that 
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population levels of large buckeye caterpillars were favored by the integration treatment 

because solarization as a pre-treatment helped to reduce plant mortality (leaving more plants 

available for attack) and mulch as post treatment increased populations of large buckeye 

caterpillars. Dead plant counts were sporadic among treatments, and the average weight and 

number of blooms did not differ among treatments. The data illustrate the extensive damage 

that can be done by these caterpillars to a good host plant such as snapdragon. The adult 

buckeye is a colorful and attractive butterfly therefore snapdragon may be a useful food plant 

to include in butterfly gardens to encourage this species.  
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Table 6-1. Weed coverage on beds rated among treatments using Horsfall and Barrett (1945) 
rating scalea on different sampling dates, 2008. 

Sampling date 
Treatment 2 October 16 October 28 October 8 November 23 November 

Grasses 
MSb 1.2 bc 3.0 b 2.8 b 3.8 b 3.0 c 
Control 6.4 a 7.4 a 8.0 a 9.0 a 8.8 a 
Solarization 1.8 b 3.0 b 3.4 b 3.8 b 4.6 b 
Mulch 2.4 b 4.0 b 4.0 b 4.2 b 4.0 bc 

Broadleaf weeds 
MS 1.0 b 1.6 b 1.8 b 1.4 b 2.0 c 
Control 4.0 a 5.0 a 5.2 a 4.8 a 5.2 a 
Solarization 1.4 b 1.6 b 2.0 b 1.6 b 3.2 b 
Mulch 3.4 a 4.0 a 4.8 a 4.6 a 4.8 a 

Total weed covered area 
MS 1.6 c 3.6 c 3.0 c 4.0 c 3.2 d 
Control 7.0 a 8.2 a 9.2 a 10.2 a 9.4 a 
Solarization 2.6 c 4.0 c 5.2 b 4.8 c 4.6 c 
Mulch 5.0 b 5.8 b 6.4 b 6.4 b 6.0 b 
aHorsfall and Barrett (1945) rating scale where 1 = 0%, 2 = 0-3%, 3 = 3-6%, 4 = 6-12%, 5 = 
12-25%, 6 = 25-50% of ground covered with weeds, whereas 7 = 25-50%, 8 = 12-25%, 9 = 
6-12%, 10 = 3-6%, 11 = 0-3%, and 12 = 0% of ground not covered with weeds.   
bMS = Mulch + solarized 
cData are means of 5 replications. For each weed category, means in columns followed by the 
same letter do not differ significantly based on LSD test (P ≤ 0.05) 
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Table 6-2. Nematode population levels in soil samples among treatments on different 
sampling dates, 2008-09.  

Nematodes per 100 cm3 soil 
Treatment 2 October 08 20 January 09 19 March 09 23 April 09 
  Root-knot   
MSa 1.2 bb 4.4 a 3.8 a 37.6 a 
Control 6.8 a 7.4 a 6.6 a 10.0 a 
Solarization 0.4 b 8.8 a 17.4 a 37.6 a 
Mulch 1.6 ab 4.8 a 8.2 a 19.2 a 
  Stubby-root   
MS 4.8 a 0.8 a 4.4 b 0.8 a 
Control 2.8 a 5.0 a 25.2 a 0.0 a 
Solarization 2.2 a 1.4 a 6.0 ab 1.0 a 
Mulch 4.8 a 3.2 a 22.0 ab 0.4 a 
  Ring   
MS 0.8 a 4.4 a 1.4 a 0.2 a 
Control 2.2 a 3.0 a 0.8 a 1.0 a 
Solarization 1.0 a 10.0 a 1.6 a 0.6 a 
Mulch 1.4 a 1.8 a 1.2 a 1.0 a 
aMS = Mulch + solarized 
bData are means of 5 replications. For each nematode, means in columns followed by the 
same letter do not differ significantly based on LSD test (P ≤ 0.05) 



98 

Table 6-3. Visual insect counts among treatments on different sampling dates, 2008.  
                                      Number of caterpillars per plot 

Treatment  Small buckeyea Large buckeyea Saltmarsh 
 4 November   
MSb 18.4 ac 8.4 a 1.0 a 
Control 1.2 a 0.2 b 0.8 a 
Solarization 4.6 a 3.4 b 0.6 a 
Mulch 2.2 a 0.2 b 0.2 a 
 25 November   
MS 1.8 a 2.8 a 0.0 a 
Control 0.4 a 0.4 b 0.2 a 
Solarization 2.2 a 1.6 ab 0.2 a 
Mulch 0.2 a 0.2 b 0.0 a 
aSmall buckeye = < 1 cm length; large buckeye = > 1 cm length. 
bMS = Mulch + solarized 
cData are means of 5 replications. On each sampling date, means in columns followed by the 
same letter do not differ significantly based on LSD test (P ≤ 0.05) 
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Table 6-4. Numbers of dead plants among treatments on different sampling dates, 2008-09. 
Dead plants per plot 

Treatment 16 October 08 4 November 08 25 November 08 6 January 09 
MSa 8.6 bcb 14.6 b 34.2 a 41.0 a 
Control 9.8 b 30.6 a 35.4 a 32.4 b 
Solarization 2.8 c 4.6 b 14.2 b 17.8 b 
Mulch 20.6 a 43.2 a 46.0 a 46.6 a 
aMS = Mulch + solarized 
bData are means of 5 replications. Means in columns followed by the same letter do not differ 
significantly based on LSD test (P ≤ 0.05) 
 
 
 
 
 
Table 6-5. Average weight and number of blooms on last harvest, 31March 2009. 
Treatment Average weight (kg/plot) Number of blooms/plot 
MSa 0.47 ab 22.4 a 
Control 0.45 a 28.6 a 
Solarization 1.13 a 59.0 a 
Mulch 0.31 a 16.6 a 
aMS = Mulch + solarized 
bData are means of 5 replications. Means in columns followed by the same letter do not differ 
significantly based on LSD test (P ≤ 0.05) 
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CHAPTER 7 
MULCH AS A POTENTIAL MANAGEMENT STRATEGY FOR LESSER CORNSTALK 
BORER, ELASMOPALPUS LIGNOSELLUS (INSECTA: LEPIDOPTERA: PYRALIDAE), 

IN BUSH BEAN (PHASEOLUS VULGARIS) 

Introduction 

Lesser cornstalk borer (LCB), Elasmopalpus lignosellus (Zeller), is a polyphagous 

pest with a wide range of host plants that includes weeds, vegetable crops, and field crops 

(Funderburk et al. 1985). Larvae burrow into the stalk base near the soil surface, damaging 

vascular tissues resulting in “dead heart” symptoms and allowing pathogens to enter the plant 

(Smith and Ota 2002). The larval stage tunnels within stems and roots. Wilting is the first 

sign of an infestation in affected plants, followed by stunting, plant deformities, and a thin 

crop stand (Gill et al. 2009 a). 

Cultural control practices, including the use of cover crops and mulches, are 

environmentally safe methods for managing some specific insect pests (Prasifka et al. 2006, 

Schmidt et al. 2007, Teasdale et al. 2004, Tremelling et al. 2002), and may be applicable 

against LCB. Organic mulches may be derived from hay, straw, crop residues, pine needles, 

shredded bark, or other plant material that is readily available. Mulching is an effective way 

to provide shelter for predatory insects and to control weeds (Brown and Tworkoski 2004). 

Mulches also help to maintain soil moisture required for plant vigor and to promote tolerance 

in plants to attack of insect pests (Johnson et al. 2004).  

Previous experiments showed that early planting in Alabama effectively reduced LCB 

populations in both conventionally and reduced-tillage peanuts (Arachis hypogaea L.), but 

the tillage systems did not affect population levels of LCB and predators including carabids, 

elaterids, and labidurids in pitfall traps (Mack and Backman 1984). In Alabama, a diverse 
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fauna of predatory arthropods was captured in pitfall traps and numbers of arthropods 

increased throughout the peanut growing season (Kharboutli and Mack 1991). Fungi, 

predators, and other factors affected LCB mortality in a commercial peanut experiment in 

Texas (Smith and Johnson 1989). Mortality-density relationships revealed that mortality of 

LCB was density independent, in terms of initial egg density (Smith and Johnson 1989).  

The objectives of the current study were to: (1) evaluate the effect of mulch on LCB 

incidence, (2) examine the effect of mulch on plant mortality and plant growth parameters 

including fresh weight, plant height, and total length, and (3) determine the effect of mulch 

on non-target organisms. Mulch was obtained from a cover crop of sunn hemp (Crotalaria 

juncea L.) that was cut and then dried before application. Sunn hemp is a tropical legume that 

is being grown as a nitrogen-rich cover crop. It is an excellent choice as a summer cover crop 

in Florida (Treadwell and Alligood 2008) and was readily available for this study.   

Materials and Methods 

Field experiments were conducted in small plots at two different locations, the 

Experimental Design Field Teaching Laboratories (Experiment A) and Plant and Soil 

Sciences Field Teaching Laboratories (Experiment B), both on the University of Florida, 

campus in Gainesville, FL (lat. 29º39´N and long. 82°22´). Experiments were conducted in 

the summer and repeated in the fall, 2007 (4 tests total). The soil was Millhopper sand 

(loamy, siliceous, hyperthermic, Grossarenic Paleudult, with 92% sand, 3% silt, and 5% clay, 

and low (< 2%) organic matter). Vegetable crops were planted during the previous year in 

these sites, which had a history of LCB problems. 
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Experiment A  

Summer 2007 

The experiment area was 44 m × 19 m. Plots of 1m2 area (1m × 1m) were demarcated 

within this total field area. Prior to treatment establishment, the field was relatively weedy in 

early summer 2007. The most abundant weeds present were eveningprimrose (Oenothera 

laciniata Hill), Florida pusley (Richardia scabra L.), and purple nutsedge (Cyperus rotundus 

L.). Other less common weeds were clover (Trifolium spp.), crabgrass (Digitaria sanguinalis 

(L.) Scop.), cudweed (Gnaphalium purpureum L.), goosegrass (Eleusine indica Gaertn), 

nightshade (Solanum spp.), purslane (Portulaca oleracea L.), and toadflax (Linaria 

canadensis (L.) Dumont). Plots were prepared on 10 June by removing weeds, hoeing to 

break soil clods and debris, and irrigating to have optimal soil moisture for planting. Three 

treatments were compared: bare ground (with all weeds removed), mulch (plot area was first 

cleaned by removing weeds), and weeds (original weed cover maintained). Treatments were 

arranged in a randomized complete block design with five replications (total of 15 plots). 

‘Roma II’ bush beans (Phaseolus vulgaris L.) were planted on 12 June in three rows 15 cm 

apart and 70 cm long at a rate of 20 seeds per row and at a soil depth of 2 cm. Bean 

emergence was observed on 19 June. A mulch of sunn hemp hay, 3 cm thick (2.8 kg total 

weight/plot), was applied manually (on the same day that plants emerged) in between rows of 

beans and surrounding bean plants in the mulch plots only. The mulch was obtained from a 

crop of ‘Tropic Sun’ sunn hemp planted at another location on 8 May and harvested on 12 

June by clipping plants at the base, and air drying the clippings for one week. Mulch was a 

composite of leaves and stems. Plots were irrigated as needed, and weeds were removed from 

time to time to maintain bare ground and mulch treatment plots free of weeds. 
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Fall 2007 

The test was repeated at the same site in the following fall season, with all the same 

treatments. Experimental procedure remained the same as that of the summer season, with a 

few minor changes. Beans were planted 1-m2 in plots on 10 September in three rows 15 cm 

apart at a rate of 35 seeds per row (higher seedling rate than summer test) with row length of 

70 cm. Sunn hemp mulch was harvested on 13 September and bean emergence started on 14 

September. Sunn hemp hay was applied 3 cm thick (2.8 kg total weight/plot) on the same day 

of plant emergence.  

Data Collection 

Bean mortality was recorded throughout both the seasons by counting numbers of 

dead bean plants/plot due to “dead heart” symptoms. Dead bean plants were removed and 

then brought back to the laboratory and stems dissected. The plants were examined for 

presence or symptoms of LCB larvae as well as the presence of pathogens. At the end of both 

seasons, five of the remaining surviving plants were removed, and average fresh weight, 

above-ground plant height, and total length (height of plant plus root length) were measured. 

Bean yields were not recorded due to the high percentage of dead plants. Insects were 

collected using pitfall traps on 25 June for the summer season and 18 September for the fall 

season. A plastic sandwich container (14 cm × 14 cm × 4 cm) was used as a pitfall trap 

(Borror et al. 1989, Triplehorn and Johnson 2005). One pitfall trap was placed in the middle 

of the plot, and buried so that the upper edge was flush with soil surface. The traps were 

filled three quarters with water, along with 3 to 4 drops of dish detergent (Ultra Joy, Procter 

and Gamble, Cincinnati, OH) to break surface tension, ensuring that the insects would remain 

in the trap. Pitfall traps were set out in the morning and collected before noon the next day 
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(which was recorded as sampling date). The traps were brought to the laboratory, kept in a 

cold room at 10 ºC, and contents transferred and stored in 70% ethanol in vials. Insects were 

identified to order and family levels using a dissecting microscope.  

Experiment B  

Summer 2007 

Unlike experiment A, this site had been rototilled in early June 2007 and was free of 

weeds. Plots of 1m2 area (1m × 1m) were established on 20 June, and soil was prepared for 

planting by hand with a hoe and irrigated to have optimal soil moisture for seed germination. 

Two treatments were compared: bare ground and mulch. The treatments were arranged in a 

randomized complete block design with five replications (total of 10 plots). ‘Roma II’ bush 

beans were planted on 22 June in three rows 15 cm apart at a rate of 40 seeds per row at a 

soil depth of 2 cm. Bean emergence was observed on 26 June. Sunn hemp harvested on June 

12 was air-dried and applied on 29 June to form a mulch 3 cm deep (2.0 kg total weight/plot) 

using similar protocol as described for experiment A. Hay was placed between rows of beans 

plants and surrounding the beans plants in mulch plots only. Weeds were removed as needed 

to maintain bare ground and mulch treatments free of weeds.  

Fall 2007 

The test was repeated at the same site in the following fall season, with the same two 

treatments. The experimental procedure remained the same as in summer, with some minor 

changes. Beans were planted on 19 September in three rows 15 cm apart at a rate of 35 seeds 

per row with row length of 70 cm. Sunn hemp mulch was harvested on 13 September and 

bean emergence was observed on 23 September. A layer of sunn hemp hay 3 cm deep (2.0 kg 

total weight/plot) was applied on the same day of bean emergence in the mulch plots.  
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Data Collection 

Insects were collected on 19 July for summer and 16 October for the fall season. 

Procedures for insect trapping and for data collection on plant mortality and plant parameters 

remained the same as in Experiment A.  

Data Analysis 

  For each data set, data were subjected to one-way analysis of variance (ANOVA) 

using the Statistical Analysis System (version 9.1; SAS Institute, Cary, NC). For Experiment 

A, treatment means were separated using the least significant difference (LSD) range test, 

when analysis of variance showed a significant treatment effect (P ≤ 0.10).  

Results 

Experiment A  

Summer 2007 

Plant mortality did not differ between bare ground and mulched plots (Table 7-1). 

Dead plants in this experiment showed typical symptoms caused by LCB which included 

“dead heart”, silken webbing, and plant wilting. Dead plants were removed and examined for 

the presence of LCB and other pathogens. Of the plants removed and examined in the 

laboratory, all showed these typical symptoms and most had feeding damage to the stems 

from LCB. Many contained LCB within the stem. At the end of the experiment, more plants 

survived in mulched plots than in weedy plots (Table 7-1). No significant difference was 

observed in plant weight among treatments, although plant height and length (height + root 

length) were significantly greater in mulched and weedy treatments compared with the bare 

ground (Table 7-2).  
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Major groups of predatory arthropods found in pitfall traps in both summer and fall of 

2007 in this experiment were Carabidae (1.93 ± 0.6/plot), Formicidae (21.6 ± 13.7/plot), 

Araneae (1.26 ± 0.5/plot), and Staphylinidae (0.1 ± 0.1/plot) but all were unaffected by 

treatment. The most common non-predators were Dolichopodidae, Collembola, and 

Cicadellidae (data not shown). No significant differences with treatment were observed in 

numbers of these different kinds of insects. 

Fall 2007 

 Plant mortality was higher in the bare ground treatment compared with other 

treatments toward the middle of the experiment, but at the end of the experiment, total 

mortality and number of surviving plants remained the same in all treatments (Table 7-3). 

Unlike in the summer, dead plants had rotten roots and therefore were examined in the 

laboratory for the presence of pathogens. In most cases, plant mortality was caused by 

Rhizoctonia fungus. Plant weight and plant length were greatest in the mulched treatment 

(Table 7-2). As in the summer experiment, no differences among treatments were found in 

any of the arthropod groups caught in pitfall traps (data not shown).  

Experiment B  

Summer 2007 

 Greater plant mortality in the bare ground treatment than in the mulch treatment (P ≤ 

0.10) was observed on every sampling date (Table 7-4). The main cause of mortality was 

LCB, and plants showing symptoms of LCB attack were isolated from all plots. At the end of 

the experiment, higher numbers of surviving plants were present in mulched plots than in the 

bare ground. Among these surviving plants, no significant differences were found in weight 

or height, but a slight increase in length was observed in mulched plots (Table 7-2). 
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Major groups of predatory arthropods found in pitfall traps in both summer and fall of 

2007 were Carabidae (0.6 ± 0.4/plot) and Formicidae (65.6 ± 12.5/plot). The most common 

non-predators were Dolichopodidae, Collembola, and Cicadellidae (data not shown). The 

only significant differences between treatments were observed among Dolichopodidae (42.8 

± 12.9 in bare and 15.6 ± 5.8 in mulch plots) in summer and Collembola in both summer 

(55.2 ± 16.5 in bare and 299 ± 156 in mulch plots) and fall (32.4 ± 11.8 in bare and 126 ± 

30.2 in mulch plots)  seasons. 

Fall 2007 

 No difference in plant mortality was found between treatments except that higher 

plant mortality was observed in bare ground plots on the last sampling date (Table 7-5). Total 

mortality and number of surviving plants remained same in both treatments. In fall, plant 

mortality was mainly caused by attack from fungal pathogens rather than from LCB as in the 

summer season. Plant weight, height, and length were significantly higher in the mulched 

treatment compared with the bare ground treatment (Table 7-2). 

Discussion 

 During the fall season, the major cause of plant mortality was the fungal pathogen 

Rhizoctonia spp. in both experiments A and B. The amount of rainfall was higher in the fall 

season compared with the summer season. Total rainfall in June between planting and 

emergence was 0.69 cm in experiment A and 1.65 cm in experiment B, while corresponding 

levels in September were 2.49 cm in experiment A and 5.72 cm in experiment B 

(Anonymous 2010). The higher rainfall in fall may have led to higher soil moisture and the 

increased growth of fungi, resulting in root rot and ultimately bean plant mortality. LCB 

attack has been reported to be less severe under moist conditions (Biddle et al. 1992, Nuessly 
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and Webb 2006). During the summer season in both experiments, plant mortality was due to 

attack of LCB. This insect has been considered a dryland insect, and typically survives well 

in dry, hot conditions and in sandy soils (Luginbill and Ainslie 1917).  

In experiment B, consistently greater plant mortality due to LCB was observed in 

bare ground plots than in mulch plots throughout the season.  Many predators of LCB found 

in other studies (Kharboulti and Mack 1991, Mack and Backman 1990, Smith and Johnson 

1989) including carabids, ants, spiders, and staphylinids, were also recovered in the current 

experiments. However, there was no evidence that LCB was reduced by predation in the 

mulch plots because similar numbers of predatory insects were collected in both treatments. 

Differences may have resulted from the ability of LCB adults to find and oviposit on host 

plants in areas with differing crop backgrounds (mulch vs. bare). The resource concentration 

hypothesis argues that the presence of diverse flora negatively affects the ability of insect 

pests to find and utilize host plants (Root 1973, Dent 2000, Smith and McSorley 2000). 

Incidence of LCB attack was higher in the bare ground treatment than in the mulched 

treatment, possibly because insects may have difficulty in recognizing host plants as 

compared with easy recognition of host plants in bare plots. Smith (1976) reported increased 

attraction of the cabbage aphid, Brevicoryne brassicae (L.), by visual recognition of a 

sparsely planted crop that stood out against bare ground. 

 In contrast, no difference was found between mulch and bare plots in experiment A. 

The differences in effect of mulch on LCB attack at these two experiment locations may be 

due to the different location and background of the experiments. Experiment A had a high, 

dense background population level of weeds, especially Florida pusley and eveningprimrose, 

while experiment B was free from weeds. In fact, the small plots in experiment A were 
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established by removing these weeds from the plots themselves, but weeds remained on the 

borders of all plots.  Because of the small size of the plots, the border area and landscape 

around the plots may have had a major influence on an actively mobile pest like LCB. It is 

possible that weeds could serve as alternate hosts and divert LCB from attack on the bean 

plants. However, Florida pusley and eveningprimrose are not known hosts of LCB (Gardner 

and All 1982, Gill et al. 2009 a, Isely and Miner 1994). Furthermore, incidence of attack by 

LCB on bean plants was very high at both locations, although differences among treatments 

were not noted in experiment A. The weedy background of experiment A may have affected 

the ability of insects to recognize host plants within the small plots at this site.  In contrast, 

the small plots at experiment B stood out easily in a bare landscape, except when young 

plants were obscured with mulch, which may have led to higher attack of LCB in experiment 

B during the summer season. This observation of differential LCB attack in experiments A 

and B may be additional evidence for the ability of this insect to locate host plants when host 

resources are concentrated. While visual cues may be involved, the presence of weeds may 

offer olfactory interference as well. Further research is needed to determine the cues used by 

female moths to find and oviposit on host plants.  

 In the current study, sunn hemp mulch was found to be effective in managing LCB 

populations while considering a number of factors such as background of field, treatment, 

and season. Mulch was helpful in managing LCB when plots stood out against a bare 

background, but was ineffective when weeds surrounded the plots. Incidence of LCB attack 

on host plants was severe in experiments starting in June, but was absent in experiments 

beginning in September, when Rhizoctonia fungus was the major mortality factor. 
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Table 7-1. Number of dead bean plants/plot collected on selected sampling dates for experiment A - summer 
Days after bean emergencea 

Treatment 10 21 24 30 Total Mortality Surviving Plants 
Bare 10.00 ± 0.71a 6.20 ± 3.65a 5.60 ± 2.25a 3.20 ± 1.39b 28.00 ± 7.78a 11.00 ± 2.59ab 
Mulch 7.00 ± 0.84ab 2.80 ± 1.50a 4.80 ± 0.80a 8.20 ± 1.77a 24.00 ± 1.64a 18.80 ± 3.65a 
Weed 6.20 ± 1.50b 5.80 ± 2.13a 5.80 ± 1.91a 6.40 ± 0.93ab 26.00 ± 4.05a 4.80 ± 1.39b 
ANOVAb:        
F value 3.50 0.51 0.09 3.24 0.15 6.72 
Df 2,12 2,12 2,12 2,12 2,12 2,12 
P value 0.0635 0.6102 0.9146 0.0750 0.8618 0.011 
aDays after bean emergence = number of days after bean plants emerged. Surviving plants measured at end of experiment. 
bStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. 
Means followed by the same letters do not differ significantly based on LSD test (P ≤ 0.10) 
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Table 7-2. Weight, height, and length of surviving plants in experiments A and B- summer 
and fall 

Plant parameters 
Treatment Weight (g/plant) Height (cm) Length (cm) 

Experiment A, summer 
Bare 3.73 ± 1.30a 12.08 ± 3.85b 20.96 ± 4.97b 
Mulch 6.84 ± 1.02a 30.76 ± 2.73a 40.20 ± 3.26a 
Weed 3.51 ± 0.97a 26.92 ± 4.37a 36.72 ± 3.86a 
ANOVAa:    
F value 2.82 7.05 6.28 
Df 2,12 2,12 2,12 
P value 0.0989 0.0094 0.0136 

Experiment A, fall 
Bare 8.44 ± 0.63b 10.91 ± 0.50a 45.97 ± 1.86b 
Mulch 11.63 ± 1.12a 11.51 ± 0.55a 56.57 ± 1.77a 
Weed 8.58 ± 1.10b 9.59 ± 1.13a 50.66 ± 2.61ab 
ANOVAa:    
F value 3.41 1.58 6.32 
Df 2,12 2,12 2,12 
P value 0.0670 0.2467 0.0134 

Experiment B, summer 
Bare 5.47 ± 1.06 18.81 ± 1.75 30.38 ± 1.40 
Mulch 10.78 ± 2.97 27.39 ± 5.14 40.87 ± 5.08 
ANOVAa:    
F value 2.84 2.49 3.97 
Df 1,8 1,8 1,8 
P value 0.1304 0.1529 0.0815 

Experiment B, fall 
Bare 5.75 ± 0.43 9.29 ± 0.56 31.69 ± 1.26 
Mulch 10.42 ± 0.97 11.62 ± 0.74 44.08 ± 1.35 
ANOVAa:    
F value 19.45 6.27 45.01 
Df 1,8 1,8 1,8 
P value 0.0023 0.0367 0.0002 
aStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. 
Means followed by the same letters do not differ significantly based on LSD test (P ≤ 0.10) 
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Table 7-3. Number of dead bean plants/plot collected on selected sampling dates for experiment A- fall 
Days after bean emergencea 

Treatment 11 18 22 32 Total Mortality Surviving Plants 
Bare 2.60 ± 0.93a 6.40 ± 1.03a 3.60 ± 0.68a 4.80 ± 0.97a 32.80 ± 8.84a 48.00 ± 8.38a 
Mulch 1.20 ± 0.80a 3.20 ± 0.66b 1.20 ± 0.37b 3.80 ± 2.24a 17.40 ± 5.04a 62.40 ± 4.48a 
Weed 4.00 ± 0.89a 2.00 ± 0.84b 1.20 ± 0.58b 2.00 ± 0.84a 16.00 ± 2.30a 55.60 ± 5.82a 
ANOVAb:       
F value 2.56 7.05 6.13 0.89 2.40 1.25 
Df 2,12 2,12 2,12 2,12 2,12 2,12 
P value 0.1189 0.0094 0.0147 0.4358 0.1332 0.3201 

aDays after bean emergence = number of days after bean plants emerged. Surviving plants measured at end of experiment. 
bStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. 
Means followed by the same letters do not differ significantly based on LSD test (P ≤ 0.05) 
 
 
 
 
 
Table 7-4. Number of dead bean plants/plot collected on selected sampling dates for experiment B- summer 

Days after bean emergencea 
Treatment 15 18 23 31 Total Mortality Surviving Plants 
Bare 19.40 ± 2.62 10.40 ± 2.27 6.20 ± 0.73 11.20 ± 4.15 63.20 ± 6.76 6.20 ± 2.20 
Mulch 11.60 ± 2.98 4.00 ± 0.84 2.20 ± 0.86 2.40 ± 1.50 41.80 ± 6.79 23.60 ± 6.46 
ANOVAb:       
F value 3.87 6.99 12.50 3.97 4.99 6.50 
Df 1,8 1,8 1,8 1,8 1,8 1,8 
P value 0.0847 0.0295 0.0077 0.0814 0.0560 0.0342 
aDays after bean emergence = number of days after bean plants emerged. Surviving plants measured at end of experiment. 
bStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. 
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Table 7-5. Number of dead bean plants/plot collected on selected sampling dates for experiment B- fall 

Days after bean emergencea 

Treatment 13 18 23 31 Total Mortality Surviving Plants 

Bare 1.40 ± 0.51 1.80 ± 1.36 0.20 ± 0.2 2.80 ± 1.16 18.20 ± 2.67 29.60 ± 9.54 
Mulch 1.80 ± 0.92 1.20 ± 0.49 0.00 ± 0.0 0.00 ± 0.0 14.60 ± 2.29 27.20 ± 7.00 
ANOVAb:       
F value 0.15 0.17 1.00 5.85 1.05 0.04 
Df 1,8 1,8 1,8 1,8 1,8 1,8 
P value 0.7128 0.6883 0.3466 0.0419 0.3365 0.8443 
aDays after bean emergence = number of days after bean plants emerged. Surviving plants measured at end of experiment. 
bStatistics from analysis of variance (ANOVA). 
Data are means ± standard error of 5 replications. 
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CHAPTER 8 
SUMMARY 

Soil solarization is an important practice for small acreage farmers and home gardeners 

and is used commercially in areas with high solar radiation and air temperature during the 

summer. In this technique, clear plastic films are used to increase soil temperature to manage 

soilborne plant pests such as insects, diseases, nematodes, fungi, and weeds. Several different 

kinds of plastic films were evaluated in 2007 and 2008 for durability, weather tolerance, and 

weed suppression. Treatments were arranged in a randomized complete block design with five 

replications. In 2007, treatments were four clear plastic films including: ISO, VeriPack, Poly 

Pak, Bromostop, and a white plastic control. In 2008, treatments were Polydak, Poly Pak, 

Bromostop, and white plastic. Films were evaluated for weed suppression based on the 

population density of weeds that emerged through breaks in the plastic, for durability in terms of 

number and size of breaks in the films, and for the total exposed soil area resulting from breaks. 

Purple nutsedge (Cyperus rotundus L.) was the major weed problem throughout both years. In 

both years, total exposed area was greater with white plastic and Bromostop (81.5 ft2/bed) 

compared to other plastic films (< 21.5 ft2/bed). Due to their durability, Poly Pak, ISO, and 

VeriPack suppressed nutsedge more than Bromostop and white plastic. Although a number of 

very small (< 0.75 inch long) breaks were observed in Polydak plastic film, they never 

increased in size, and this plastic film remained intact throughout the experiment and provided 

excellent weed control. 

 Cultural control practices, including the use of cover crops and mulches, are 

environmentally safe methods for managing some insect pests and weeds. Several different types 

of organic mulches were evaluated for effects on soil surface arthropods, weeds, and plant 

mortality. Field experiments were conducted in fall 2007 and 2008 near Citra, FL. In both 
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seasons, five treatments were compared: cowpea (Vigna unguiculata (L.) Walp.) mulch, sunn 

hemp (Crotalaria juncea L.) mulch, sorghum-sudangrass (Sorghum bicolor Moench × S. 

sudanense (Piper) Stapf)  mulch, pine bark nuggets, and unmulched control. Mulches were 

applied around snapdragon (Antirrhinum majus L.) plants in small plots, and treatments arranged 

in a randomized complete block design with five replications. Data collected included arthropod 

counts using pitfall traps and board traps, weed ratings, direct counts of buckeye, (Junonia 

coenia Hübner) (Lepidoptera: Nymphalidae) caterpillars, and snapdragon plant mortality. 

Arthropod groups sampled using pitfall and board traps varied in their responses to treatments. 

Numbers of Formicidae, Cicadellidae, Orthoptera, and small plant feeders (aphids, whiteflies, 

and thrips) were higher in control and cowpea plots, possibly because weed ratings were higher 

in control and cowpea plots. Buckeye caterpillars were not affected by the treatments and caused 

high mortality of snapdragon plants in all plots. 

 Several different types of organic mulches were evaluated for their effects on soil surface 

insects and related arthropods. Field experiments were conducted in fall 2007 and 2008 near 

Citra, FL. In both seasons, five treatments were compared: cowpea (CP) mulch, sunn hemp (SH) 

mulch, sorghum-sudangrass (SO) mulch, pine bark nuggets (PB) and unmulched control (C).  

Mulches were applied to small plots, and treatments arranged in randomized complete block 

design with five replications. Data were collected on insects and other arthropods using pitfall 

traps. Results indicate that organic mulches can affect a wide range of different insects. 

Orthoptera (grasshoppers and crickets) and small plant-feeding insects (aphids, whiteflies, and 

thrips) were most common in C or CP plots on several occasions, possibly due to weed growth in 

these plots. Numbers of ants, which often tend or feed on small plant feeders, were observed to 

be higher in CP and C plots. Responses of beetles varied, depending on which families of beetles 
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were present. Numbers of flies were higher in PB plots on several occasions. Numbers of spiders 

were not affected by treatments.  

Soil solarization is a hydrothermal method to increase soil temperature for managing soil-

borne plant pests that include insects, weeds, nematodes, and fungi, while mulching is an 

effective way to control weeds along with providing shelter for predatory insects. The integrated 

impact of soil solarization and mulching on weeds, nematodes, insect pests, and plant 

performance was evaluated in field grown ‘Potomac Pink’ snapdragon (Antirrhinum majus L.) in 

fall 2008 at the University of Florida Plant Science Research and Education Unit, Citra, FL. Four 

treatments were compared: solarization (S), mulch (M), integration of mulch and solarization 

(MS), and an untreated control (C). Treatments were arranged in a randomized complete block 

design with five replications. For the mulch treatment, a pre-plant mulch of sunn hemp hay was 

applied over the bed surface. In the solarization treatment, beds were covered with Polydak 

plastic film for 6 weeks. After 6 weeks, the plastic was removed, and all beds were planted with 

snapdragons For MS treatment, plastic was applied as pre-plant, and sunn hemp mulch as post-

plant application. Data were collected on the mortality of snapdragon plants, weed ratings, 

nematode counts in soil, plant parameters (plant weight and number of blooms), and visual count 

of insects, especially buckeye caterpillar and saltmarsh caterpillar (Estigmene acrea (Drury), 

Lepidoptera: Arctiidae). Solarization or mulching alone reduced weed numbers but integration of 

solarization and mulching provided the most effective control of weeds. Population levels of 

large buckeye caterpillars were highest in the MS treatment. Plant mortality and plant parameters 

did not differ among the treatments. Extensive plant damage and mortality due to caterpillars 

were observed in all plots.   
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Lesser cornstalk borer (LCB), Elasmopalpus lignosellus (Zeller), is a serious pest of bean 

(Phaseolus vulgaris L.) and many other crops. The effect of mulching as a management method 

for LCB was examined in two field experiments conducted in small plots (1 m2) at two different 

locations (experiments A and B) in Alachua Co., FL. Both experiments were conducted in the 

summer and repeated in the fall, 2007. The treatments were arranged in a randomized complete 

block design with five replications at both locations. In experiment A, treatments were bare 

ground, plots with mulch, and plots with weeds (original weed cover); while in experiment B, 

treatments were bare ground and mulched plots. The mulch was obtained from a crop of sunn 

hemp planted at another location. Data were collected on bean plant mortality, plant growth 

parameters (fresh weight, height, and length including roots of surviving plants), and population 

levels of potential predators. LCB attack was less (P ≤ 0.10) in mulched plots compared with 

bare ground, considering a number of factors such as location and background of field, season, 

and amount of precipitation. Greater numbers of surviving plants were found in mulched plots 

compared with bare ground and weedy plots. In general, fresh weight, height, and total length of 

bean plants were greater in mulched plots compared with other plots. Treatments did not affect 

numbers of potential predators of LCB. Evidence suggests that LCB attack is reduced by 

mulches or weeds around host plants. 
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