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The use of cover crops serves a variety of purposes from taking up excess soil 

nutrients to carbon sequestration and controlling soil erosion.  Other benefits include 

weed and nematode suppression, and use as a green manure for improving soil fertility.  

The objective of this research was to improve nutrient availability in a sweet potato 

[Ipomea batatas (L.) Lam] cropping system grown on a south Florida calcareous soil.  

Sweet potato response to micronutrient fertilizer additions of iron (Fe) and zinc (Zn) were 

evaluated for their effect on crop yield and growth.  In addition to micronutrient fertilizer 

application, the cover crops Sunnhemp (Crotalaria juncea L. cv. Tropic Sun), velvet bean 

(Mucuna deeringiana), and sorghum-sudan grass (Sorghum bicolor × S. bicolor var. 

Sudanese) were grown and incorporated into the soil prior to planting sweet potato.  

Biomass samples were collected for each cover crop.  Cover crops were analyzed for 

nutrient concentrations, and total biomass nutrient accumulation for N, C, P, K, Mg, Fe, 

Zn, B, Mn, and Cu. Sorghum-sudan produced the greatest amount of biomass at 13.01 



 xii

Mg/ha, followed by sunnhemp at 8.01 Mg/ha and velvet bean at 5.22 Mg/ha. Total 

biomass nutrients C, P, K, Mg, Fe, Zn, and B were greatest in sorghum-sudan grass.  

Sunnhemp total biomass contained the greatest amount of nitrogen (180.36 kg/ha), and 

manganese (368.66 g/ha). Velvet bean plant tissue had the highest concentrations of zinc 

and copper. There were no significant differences in soil nutrients among the treatment 

plots prior to planting cover crops.  After incorporation of cover crops, total nitrogen and 

AB-DTPA P increased in all treatment plots, while Mg and Mn decreased. The total 

number of nematodes decreased in all treatment plots after incorporation of cover crops.  

Sweet potato leaf tissue samples collected from sunnhemp plots contained the greatest 

concentration of N, P, and K.  Samples collected from sorghum-sudan grass plots 

contained the greatest amount concentration of C, and Fe. Foliar applications of Fe and 

Zn had no significant effect on Fe or Zn concentrations in sweet potato leaf tissue. The 

sweet potato crop was damaged by freezes shortly after planting, which greatly affected 

the total harvest.  There were no significant differences found between the main treatment 

plots or subplots for sweet potato harvest. 
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INTRODUCTION 

The use of cover crops serves a variety of purposes that improve environmental 

quality, ranging from taking up excess soil nutrients to carbon sequestration and 

controlling soil erosion. Other benefits of cover crops include pest control such as weed 

and nematode suppression (Morris and Walker, 2002), and use as a green manure for 

improving soil fertility (Blackshaw et al., 2001).  Cover crops used as green manures add 

organic matter to the soil (Chambliss et al., 2003), which improves soil structure and can 

help increase soil water holding capacity (Chambliss et al., 2003). Soil microorganisms 

decompose organic matter through a process of mineralization and therefore play an 

important role in nutrient cycling. As the organic matter is broken down, nutrients stored 

in plant tissues are released to the soil and become available for plant uptake (Chambliss 

et al., 2003). As recalcitrant organic matter continues to decompose, it forms humus that 

increases the cation exchange capacity (CEC) of the soil. This process results in a greater 

ability to hold nutrients in the soil, keeping them available for plant uptake over a period 

of time (Chambliss et al., 2003).  Many studies commonly evaluated cover crop effects 

on crop growth and organic carbon changes in soils, but few studies evaluated 

micronutrient availability in association with cover crops.  More information is needed to 

determine micronutrient availability as a result of cover crop use. 
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LITERATURE REVIEW 

Cover Crops Used in Florida 

Common cover crops in Florida include legumes and grasses that are used to 

suppress weeds, prevent soil erosion, remove salts, improve soil fertility, protect water 

quality, and control pests.  Grasses used as cover crops in Florida include pearl millet 

(Pennisetum glaucum), sorghum-sudan, bahiagrass (Paspalum notatum), and pangola 

(Digitaria eriantha) (Li et al., 1999; Chambliss et al., 2003).  Grasses can produce more 

biomass and decompose more slowly than legumes.  Legumes have the added benefit of 

their ability to fix atmospheric N in association with Rhizobia.  Legumes used as green 

manures generally decompose more rapidly than grasses due to the higher N content in 

their biomass. Common Legumes used in Florida include aeschynomene (Aeschynomene 

avenia), hairy indigo (Indigofera hirsuta), sesbania (Sesbania exalta), velvet bean, lupine, 

and sunhemp (Chambliss et al., 2003).   

Cover Crops Tested in Florida 

Sorghum-sudan grass (S. bicolor × S. bicolor var. sudanense (Piper) Stapf.) 

Sorghum-sudan grass, also known as sorghum-sudan, has been used as a cover crop 

throughout Florida for decades, and is still used by some growers during the fallow 

summer period in south Florida. Sorghum-sudan grass usually produces 11-16 metric 

tons of dry matter per hectare (5 to 7 tons dry mass per acre). Since 0.92% of this 

material is N, the amounts of N potentially available to the subsequent crop range from 

about 490 to 708 kilograms per hectare (90 to 130 pounds per acre). While meeting some 
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of the criteria for a good cover crop, Sorghum-sudan falls short in Florida. This plant 

grows poorly in many Florida soils, having been developed for the finer textured soils of 

the Midwest and Southwest USA. Sorghum-sudan often grows quite tall, requiring 

mowing to prepare the crop for green manuring, which adds cost to its management. Its 

large fibrous stems have a high C:N ratio, which slows decomposition, and may 

immobilize N from the soil during decomposition. Lastly, Sorghum-sudan often attracts 

armyworms and corn silk flies, which may be detrimental to subsequent vegetable crops. 

However, sorghum-sudan grass suppresses weeds and some parasitic nematodes, and the 

seed is inexpensive ( $2.20 to $3.31 per kilogram or $1.00 to 1.50 per pound of seed). 

Sunn hemp (Crotalaria juncea L. cv. ‘Tropic Sun’) 

Sunn hemp has a number of advantages compared with Sorghum-sudan as a cover 

crop. This plant is an annual tropical legume that has a fast-growing, 60 to 80 day 

production cycle during which the plant may exceed 2 m in height. Sunn hemp is a short-

day plant that is quite drought tolerant, grows well in both high and low pH soils, and is 

also resistant to root-knot nematode. Typically Sunn hemp produces 6 to 8.5 tons of dry 

mass per acre. Since 2.85% of this material is N, the amounts of N potentially available 

to the subsequent cash crop range from about 13 to 19 kilograms per hectare (340 to 450 

pounds per acre). However, Sunn hemp does have several limitations. Seed is rather high-

priced ($3.30 to $8.80 per kilogram or $1.50 to $4.00 per pound) due to the need to 

import it, hence limiting seed availability. Seeds require Rhizobium inoculation before 

planting. In some fields, Sunn hemp stands may be reduced due to damping-off from the 

effects of Pythium or a form of Fusarium. Even with these possible limitations, Sunn 

hemp was among the best of the tested cover crops in southern Florida conditions. 
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Velvetbean (Mucuna deeringiana (Bort.), Merr.) 

Velvetbean is also an annual tropical legume that produces a large amount of 

biomass, is drought tolerant, suppresses parasitic nematodes, and grows well in both high 

and low pH soils. Velvetbean may produce 11-16 metric tons of dry biomass per hectare 

(5 to 7 tons per acre of dry biomass) consisting of 2.6% N, which may provide from 570 

to 790 kilograms (260 to 360 pounds) of N to the subsequent cash crop. However, 

velvetbean's large seed requires a special planter, and volunteer plants may persist into 

the next cash crop, requiring weed control. However a small seeded cultivar, ‘Georgia 

bush’, can be seeded with some conventional seeders. Additionally, velvetbean may be 

potentially allopathic to some subsequent vegetable crops. In field trials, velvetbean 

ranked among the best of the tested cover crops. 

Cowpea (Vigna unguiculata L. cv. ‘Iron Clay’) 

Cowpea is a legume that grows well in a variety of soils, is resistant to root-knot 

nematodes, and has a short growing season of 40 to 50 days. Cowpea may produce 7 to 

11 metric tons per hectare (3 to 5 tons per acre) of biomass consisting of 2% N, which 

may provide from 265 to 440 kilograms (120 to 200 pounds) of N to the subsequent cash 

crop. However, in Florida conditions, cowpea is not tolerant to flooding and produces a 

rather low biomass. 

Aeschynomene (Aeschynomene evenia C. Wright) 

Aeschynomene grows well on calcareous soils in southern Florida, and is a warm-

season legume forage. It is resistant to root-knot nematode. Aeschynomene’s single 

apparent disadvantage for Florida conditions is its low biomass production. 
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Sesbania (Sesbania exaltata Raf.) 

Sesbania, like aeschynomene and cowpea, is a warm-season legume forage that is 

well adapted to Florida conditions. However, sesbania is susceptible to root-knot 

nematode, and does not quickly form a closed canopy, competing rather poorly with 

some of Florida's persistent weeds. 

German millet (Setaria italica (L.) P. Beav.) 

German millet grows well in southern Florida and has been proven to be resistant 

to root-knot nematode; however, like some of the other tested crops, German millet 

produces low biomass. 

Cover Crops Used to Improve Weed Suppression and Pest Control 

Using cover crops for pest control can reduce the use of pesticides on subsequent 

crops.  Cover crops have been proven to control nematodes and suppress weeds, and have 

biocidal properties.  Nematicidal properties of plant residues may be a result of 

ammonification, phytochemicals, or other compounds produced from plant tissues during 

the breakdown process (Morris and Walker, 2002).   

A study using dried plant tissue from 20 leguminous species showed lower 

nematode infestation from each of the legumes (Morris and Walker, 2002).  Dried 

legume tissue was incorporated into soil at four rates: 1, 2, 2.5, and 5%. The soil was kept 

moist enough for seed germination and incubated at 21 and 27º C for 1 week, at which 

time 2-week old tomato plants were transplant into each soil treatment.  Soil samples 

infested with nematodes without dried legume tissue were maintained to serve as 

controls.  All 20 leguminous species were found to lower the amount of nematode 

infestation in the samples, but the range of effect varied widely, with the greatest effect 

occurring at the highest incorporation rate.  
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In a study by Blackshaw et al. (2001), yellow sweet clover was shown to suppress 

weeds.  Yellow sweet clover as a living biomass suppressed weeds up to 83% in the 1st 

year of the study, but had no significant effect in the succeeding 2 years; however, it had 

a greater affect on weed biomass than on weed density in all three years.  Yellow sweet 

clover plant residue left on each plot had fewer weeds than plots without yellow sweet 

clover, but amount and species of weeds varied depending on companion plant grown.  

This result may have been due to both physical and allelopathic effects (Blackshaw et al., 

2001).  

A study conducted in southwestern Nigeria examined the effectiveness of cover 

crops at reducing weed seedbanks in maize-cassava systems (Ekeleme et al., 2003).  

Total seedbank was evaluated from 1993 to 1995 under three fallow types: bush, 

leucaena, and kudzu.   In all 3 years, seed population was less in plots with kudzu than 

with leucaena.  Both kudzu and leucaena were more effective at reducing seed population 

than bush fallow.  Kudzu, a tropical legume, reaches full ground cover in 1 year. It 

creates a closed canopy and therefore reduces the light that reaches the soil, which in turn 

reduces weed seed germination. 

Methyl bromide is commonly used as a soil fumigant to control fungi and other 

pests.    The Brassicaceae family has been shown to have biocidal properties.  Brassica 

species contain glycosidic properties that hydrolyze into cytotoxic compounds, which 

affect fungi and other soil pests harmful to crops.  Lazzeri et al. (2002) evaluated two 

species of Brassica against a conventional green manure (barley), and methyl bromide (a 

common soil fumigant) on strawberry performance for 2 years.  Plots treated with methyl 
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bromide had higher yields than all other plots; however, plots that incorporated Brassica 

had higher yields than barley or untreated plots. 

Cover Crops Used to Improve Soil Quality 

In a study by Chander et al. (1997), the use of green manures improved organic 

matter, soil microbial activity and productivity of the soil. Crop rotations increased 

organic carbon and total nitrogen in the soil. Sesbania aculeate, a green manure, added 

the greatest amount of soil organic carbon and total nitrogen when used in the rotation. 

Nutrient cycling in the soil is affected by soil biota in the labile fraction of organic 

matter, and is therefore affected by soil management practices including crop rotations, 

cover crops, green manures, tillage, and fertilization (Chander et al., 1997).  

Organic C and N have been used as soil quality indicators but have been 

unresponsive during short periods. However, soil microbial biomass and enzyme activity 

are more responsive to agricultural management practices and environmental conditions 

than total organic C and N and can be used as early indicators of soil quality (Balota et 

al., 2003). 

Agricultural management practices such as cover crops, crop rotations, and tillage 

have an effect on soil microorganisms and therefore soil quality (Chander et al., 1997). 

Cover crops and crop rotations help maintain soil organic matter (SOM) and soil 

structure, thereby increasing soil porosity and water holding capacity. Conventional 

tillage practices can significantly decrease SOM, increase soil erosion, and disturb 

microenvironments within the soil. These alterations affect water and oxygen content at 

the soil surface (Curci et al., 1997). All these factors influence substrate availability for 

microbial activity, which in turn affects soil fertility and quality (Curci et al., 1997). 
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The most labile carbon and nitrogen pools in soil are represented by soil microbial 

biomass C at 1 to 3% of total soil C and as much as 5% of the total soil N is represented 

by microbial biomass N (Moore et al., 2000). A study by Moore et al. (2000) found the 

highest microbial biomass C in multicropping systems on 4-year rotations and the lowest 

in monocropping systems of corn and soybean. Monocropping systems generally contain 

less organic matter, microbial biomass, and soil structural stability than agroecosystems 

that incorporate crop rotations (Moore et al., 2000). However, while changes in soil 

properties are related to crop management practices, it is also important to note that the 

extent of these changes are also affected by the soil type (Acosta-Martinez et al., 2004).  

Where one study in a loamy sand soil found greater increases in microbial biomass, N-

mineralization, enzyme activities, and organic matter in rotations with corn, soybean, and 

oats when compared with continuous corn alone, another study found no difference in 

enzyme activities in a fine sandy loam soil under continuous cotton compared with that 

under a cotton-peanut rotation (Acosta-Martinez et al., 2004). 

Reduced soil productivity, nutrient imbalances, and yield decline can be linked to 

loss of soil organic matter (SOM).  In a study by Yadvinder-Singh et al. (2004), seven 

treatments were analyzed for their effect on soil fertility, yield, and contribution to SOM 

in a rice-wheat rotation.  The study found that farmyard manure in combination with 

green manure (Sesbania cannabina L.) had higher rice yields than other green manure 

treatments.  Rice yields were significantly higher for wheat straw in combination with 

green manure than with green manure alone.  Wheat straw and farmyard manure 

increased soil organic carbon (SOC) significantly compared with other treatments. The 
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greatest increases in SOC were found when green manure, wheat straw and farmyard 

manure were applied in combination. 

Soil physical, biological and chemical properties can be enhanced by additions of 

organic matter (Sangakkara et al., 2004). Green manures add organic matter and can have 

positive effects on soil quality and nutrient supply.  In a study by Sangakkara et al., two 

tropical green manures were studied to determine their effect on root and shoot growth of 

maize.  In 3 years, soil physical properties and available nutrients N, phosphorus (P) and 

potassium (K) all increased after continued additions of green manures.  The two green 

manures used in this study were Crotalaria juncea and Tithonia diversifolia.  Shoot 

growth was greatest with additions of Crotalaria due to its high nitrogen content, while 

Tithonia, which has the ability to mobilize soil P, enhanced development of an extended 

root system.  Over the three-season study, SOC increased by 8% with additions of 

Crotalaria and by 12% with additions of Tithonia compared with untreated soil.  Tithonia 

increased soil P, while Crotalaria increased soil N.   

Phosphorus availability may be enhanced for crops following the use of green 

manures (Cavigelli and Thien, 2003), possibly due to a green manure’s ability to convert 

unavailable forms of P to available forms, thereby enhancing P availability for the 

succeeding crop.  Organic P in decomposing green manure tissue is potentially labile and 

available for the succeeding crop.  This decomposition process will also release CO2, 

which in soil solution may form H2CO3 causing dissolution of P in minerals.  

Decomposition of green manures will also release organic acids, which may further 

dissolve soil mineral P (Cavigelli and Thien, 2003). 
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Some cover crops like white lupine are able to release P due to secretion of organic 

anions.  White lupine has cluster roots, which secrete citric acid when soils are low in 

available P.  Other cover crops like fodder rape have extensive fine root systems that are 

able to scavenge P at greater distances from the plant (Little et al., 2004).  A study on P 

bioavailability and green manures incorporated prior to growing sorghum (Cavigelli and 

Thien, 2003) found that sorghum P uptake correlated with perennial forage P uptake.  

However, they also found that plant type, rather than P uptake, in selected winter cover 

crops may have a greater influence on subsequent sorghum crop P uptake. 

A study by Franchini et al. (2004) conducted in Brazil tested a variety of cover 

crops to determine their ability to transport P down to the roots and into the subsoil 

layers.  They found that transport of P below 10 to 55cm was best done by black oats, 

white lupine and IAPAR-74 pea.  The greatest accumulation of P in the aerial parts of the 

plant, without P fertilizer applications, was with white lupine.  The greatest accumulation 

in the roots was by common vetch.  In addition to P accumulation by different cover 

crops, they may also increase the solubility of native soil P by controlling the rhizosphere 

pH, plant exudates, and root phosphatases (Franchini et al., 2004). 

A study conducted using three legume green manure sources compared with 

inorganic fertilizer NPK for two different varieties of sweet potato found that soil 

nitrogen was significantly higher with Mucuna than the other legumes.  It also found that 

sweet potato tuber yields were statistically similar in plots with Mucuna as they were for 

NPK fertilizer treatment plots (Okapara et al., 2004).  Mucuna also produced higher 

biomass than the other two legumes, Pueraria phaseoloides and Centrosema pubescens 

(Okapara et al., 2004). 
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Avena sativa, Lupinus angustifolius, and oats-lupine mix were evaluated for their 

effect on nitrogen loss and availability in an organic cropping system.  Using green 

manures reduced the amount of N leaching during winter.  Annual ryegrass was planted 

as a subsequent crop to evaluate each green manure’s ability to supply N back to the soil 

after incorporation.  Green manure treatment plots showed greater N uptake by ryegrass 

than non-amended plots.  There were no significant differences in biomass production 

between treatments; however, lupine had significantly greater N concentration (Fowler et 

al., 2004).  

A study conducted in Cauca, Columbia evaluated the decomposition and nutrient 

release of different green manures (Cobo et al., 2002). The volcanic-ash soils in this area 

can be limited by low availability of N and P due to mineral particles in the soil organic 

matter. These soils can also be deficient in some micronutrients, notably copper, zinc, 

and cobalt. During a 20-week study, Mucuna was shown to release higher amounts of 

both N and P compared with that of Tithonia, which released higher amounts of K, Ca, 

and Mg (Cobo et al., 2002). 

A study by Goyal (1999) found that SOM and mineralized carbon and nitrogen 

increased when inorganic fertilizers were used in combination with farmyard manure, 

wheat straw, or Sesbania bispinosa green manure. Soil amended with wheat straw and 

inorganic fertilizers showed an increase in microbial biomass C from 147 mg/kg soil to 

423 mg/kg soil (Goyal et al., 1999). The study concluded that treatments receiving a 

combination of organic amendments and inorganic fertilizers resulted in a greater 

increase in soil organic C and total N than soils that received only inorganic fertilizers. 

Above-ground crop biomass was not incorporated into the soil, but instead was removed, 
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which may explain why soils amended with wheat straw, adding 3048 kg C/ha/yr, had 

such a significant increase in microbial biomass C compared with soils that received only 

inorganic fertilizers.  

Cover Crops Used to Improve Crop Yield 

Cover crops used as green manures help build soil fertility, improve soil structure, 

and increase water-holding capacity. In northern Honduras, Mucuna used as a green 

manure was shown to increase organic matter, infiltration, and porosity of the soil while 

increasing maize yields (Buckles and Triomphe, 1999). It was also shown to reduce 

drought stress and suppress weeds, especially broadleaf. Mucuna was intercropped with 

maize and used as mulch but not incorporated into the soil. Maize yields in rotation with 

Mucuna were typically double that of those without it. 

A study in Kenya using Tithonia diversifolia in combination with fertilizers 

improved maize yields and phosphorus recovery (Nziguheba et al., 2002).  Phosphorus is 

a limiting nutrient for crop production in western Kenya as a result of small farm holders 

with limited purchasing power and the high cost of inorganic fertilizers. Addition of 

green manures do not increase total P in the system but can, in some cases, increase the 

bioavailability of P already in the soil. Maize yields were greatest with the addition of P 

fertilizer, but yield did increase with increasing additions of Tithonia. Maize yields in 

combination with fertilizer and Tithonia were higher than with fertilizer or Tithonia 

alone. However, maize yields and recovered P in above ground biomass were higher in 

treatments where Tithonia was used compared with treatments that received only 

fertilizer. 

In another study in western Kenya, post-fallow maize yields increased with the 

addition of Tithonia diversifolia and Crotalaria grahamiana (Smestad et al., 2002). 
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Crotalaria produced a greater biomass than Tithonia or weed fallow and also made the 

greatest contribution to soil N and P.  

In Ghana, yield of plantain was increased by the addition of Leucaena leucocephala 

and Flemingia macrophylla (Banful et al., 2000). Higher yields were obtained by the 

addition of Flemingia than with Leucaena. The presence of certain species of nematodes 

was also found to be lower in Flemingia plots than Leucaena plots. 

A study in Uganda evaluated yield and farmer perceptions for green manures in 

maize-bean systems (Fischler and Wortmann, 1999). Crotalaria (Crotalaria ochroleuca), 

Mucuna (Mucuna pruriens var. utilis), lablab (Dolichos lablab), and Canavalia (Canavalia 

ensiformis) were used in short-term fallows as green manures. Farmers reported 

improved soil fertility, moisture, and tilth. Weed suppression, erosion control, and higher 

yields after the addition of the green manures were also noted, but lablab and Mucuna 

were favored due to greater benefits and reduced labor requirements. Maize yields 

increased 41% and bean yields 43% with the addition of Crotalaria compared with that of 

weed fallow. Maize yield increased 60% with the addition of Mucuna and 50% with the 

addition of lablab compared with a continuous maize cropping system. 

A study in Bangladesh using Crotalaria juncea and Sesbania aculeata in 

combination with urea-N on sugarcane increased cane yield 2 to 57% (Bokhtiar et al., 

2003). No fertilizers were added to the green manure crops. Concentrated 

superphosphate, muriate of potash, gypsum, and zinc sulfate were applied to sugarcane 

crops. Green manure additions increased total number of tillers and cane stalks. The 

highest cane yield was produced by Sesbania in combination with 150 kg N/ha. 
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A study by Sangakkara et al. (2003) found that maize intercropped with beans 

(Phaseolus vulgaris L.) produced maize yields similar to that of monoculture in the first 

season and increased by the third season, where when intercropped with crotalaria, yields 

decreased below that of monoculture.   A study of Sesbania rostrata, Sesbania aculeata, 

and Vigna radiata effects on soil properties and crop growth in a rice wheat cropping 

system found that soil physical properties improved in green manure plots compared with 

that of fallow (Mandal et al., 2003).  Soil organic matter increased, bulk density 

decreased, soil aggregation improved, and hydraulic conductivity improved especially in 

S. rostrata treatment plots followed by S. aculeate and V. radiata.  Total soil nitrogen was 

also found to be higher in green manure treatment plots compared with fallow (Mandal et 

al., 2003). 

A study of the effects of green manures on nitrogen availability to organic sweet 

corn found that lupine and lupine-mustard mix both significantly increased soil mineral N 

by 30 to 45%, where ryegrass decreased soil mineral N by 33 to 43% (Hanly and Greg, 

2004).  Accumulation of N by sweet corn was also significantly increased by both lupine 

and lupine-mustard mix and significantly decreased by ryegrass treatment.  However, 

though yield of sweet corn was significantly reduced by ryegrass, lupine and lupine-

mustard mix did not significantly increase yield of sweet corn (Hanly and Greg, 2004). 

A study on the effect of intercropping Sesbania cannabina on nitrogen levels for 

growth and yield of sugarcane showed that Sesbania improved soil quality.  Soil organic 

carbon increased from 0.37% to 0.49%.  Both Sesbania’s ability to fix nitrogen and its 

nutrient release upon decomposition of the incorporated biomass improved the soil 

fertility in treatment plots.  N fixation increased with age of plant with the greatest 
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increase at 60 days.  Yield of sugarcane decreased when intercropped with Sesbania.  

This result may have been due to competition for space; however, yield of the ratoon crop 

significantly increased (Singh et al., 2003).  

Micronutrient Deficiency of Plants Grown in Calcareous Soils 

Nutrient availability is highly correlated with soil pH.  At high soil pH Fe, Mn, Cu, 

Zn, and B may be deficient for plant growth (Brady and Weil, 2002).  Calcareous soils 

contain high levels of free calcium carbonate (Brady and Weil, 2002), low organic 

matter, and pH 7.5-8.5 (Zou et al., 2000).  Micronutrient and phosphorus deficiencies are 

common in calcareous soils (Misra and Tyler, 2000).  Micronutrient availability may also 

be affected by soil moisture (Misra and Tyler, 2000), organic matter (Brady and Weil, 

2002) and plant exudates (Zou et al., 2000).  

Low iron and zinc availability is common in calcareous soils (Misra and Tyler, 

2000).  Plant available iron is affected by organic compounds in the soil solution (Havlin 

et al., 1999), thus soils low in organic matter may contain low plant available Fe.  Soil pH 

and bicarbonate also affect the availability of Fe, with the greatest deficiencies occurring 

between 7.3 an 8.5 (Havlin et al., 1999).  Organic matter and high soil pH also affect the 

availability and absorption of Zn (Hacisalihoglu and Kochiam, 2003).  Other factors such 

as mycorrhizal fungi can affect the availability of iron and zinc in the soil solution (Liu et 

al., 2000).  Organic manure (animal manures and green manure) can supply 

micronutrients to plants and may also mobilize soil metal cations by chelation and 

complexing with organic compounds, making them more available for plant uptake 

(Savithri et al., 1999).   

In a study by Chander (1997), the use of green manures improved organic matter, 

soil microbial activity and productivity of the soil.  Crop rotations increased organic 
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carbon and total nitrogen in the soil.  Sesbania aculeate, a green manure, added the 

greatest amount of soil organic carbon and total nitrogen when used in the rotation.  

Nutrient cycling in the soil is affected by soil biota in the labile fraction of organic 

matter, and therefore affected by soil management practices including crop rotations, 

cover crops, green manures, tillage and fertilization (Chander et al., 1997). 
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OBJECTIVE 

The objectives of this research were to 1) use cover crops to increase nutrient 

availability in a calcareous soil, and 2) to improve growth of sweet potato [Ipomea 

batatas (L.) Lam] in south Florida.  Three cover crops, Sunnhemp, velvet bean, and 

sorghum-sudan grass, were grown and incorporated into the soil prior to sweet potato 

planting.  Each cover crop was evaluated for its effect on nutrient availability in the soil 

and average nutrient amount taken up by the cover crop.  In addition to cover crop 

treatments, sweet potato response to foliar applications of micronutrient fertilizer, iron 

(Fe) and zinc (Zn) was evaluated in terms of effect on crop growth and yield.  Iron and 

zinc were chosen for application because of their limited availability in alkaline soil. 
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MATERIALS AND METHODS 

Establishment of Field Experiment 

The field experiment was carried out at a commercial vegetable farm in 

Homestead, Florida in 2004.  The experiment was set up using a split plot design with 

three cover crop treatments and a control (fallow) as the main plots and three subplots for 

foliar applications of iron and zinc.  There were four replications of each treatment 

combination for a total of 16 main plots and 48 subplots.  The three cover crop treatments 

were sorghum-sudan grass (Sorghum sudanense L.), sunnhemp (Crotalaria juncea L.) and 

velvet bean (Mucuna pruriens). There were three subplots within each main plot; one 

received foliar applications of chelated zinc, one received foliar applications of chelated 

iron, and the third served as a control that received the water carrier without chemicals. 

Cover Crop Management 

The field site was disked several times between 23 and 30 Aug. 2004 in preparation 

for cover crop planting. Soil samples were taken on 30 Aug. 2004 for each main plot 

prior to cover crop planting.  Cover crops were planted on 31 Aug. 2004. (Seeding rates 

are shown in Table 1.)  No fertilizer or irrigation was applied at any time to any of the 

treatment plots during the cover crop growing season. Soil, plant tissue, and biomass 

samples were taken on 7 Nov. 2004 prior to cutting cover crops.  Cover crops were 

mowed and tilled on 9 Nov. 2004 using a flail mower and a rototiller to minimize 

carrying cover crops into adjacent treatment plots.  The site was tilled a second time on 
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24 Nov. 2004.  A third set of soil samples was collected 9 weeks after cover crop 

incorporation on 19 Feb. 2005 before sweet potato flowering. 

Table 1. Seedling rates for cover crops. 

*Inoculant used: Cowpea/Peanut/Lespedeza. 

Sweet Potato Crop Management 

The field was disked and prepared for sweet potato planting on 15 Dec. 2004.  

Sweet potatoes were planted on 20 Dec. 2004 with 1.52 m row spacing using slip cuttings 

of approximately 30 cm. Soil samples were collected on 19 Feb. 2005 after cover crop 

incorporation.  Plant tissue samples using newly mature leaves were collected on 26 Mar. 

2005 before flowering just prior to foliar applications of micronutrient fertilizers, and 

again on 03 Apr. 2005 at flowering, 1 week after application of Fe (Becker Underwood, 

EDTA, 10% Fe) and Zn (Ciba, EDTA, 14% Zn).  The sweet potatoes were harvested on 

30 June 2005. 

The grower fertilized the sweet potato crop with a 7-10-15 fertilizer.  It also 

contained several micronutrients, 6.05% S, 1.1% Ca, 3% Mg, 0.45% Fe, and 0.06% B.  

Other additions made to the sweet potato crop by the grower were 16 ounces of Pencap 

M and 1 Quart of Moniter after planting, 6 ounces perthrium and 1 quart of indo-sulfin 

two weeks after planting, and 5 ounces of capture 4 weeks after planting.  Occasionally 

the grower may add snail bait, Oracal, to the sweet potato crop. 

Cover Crop Seeding Rate  

 lb/ac kg/ha 

Sorghum sudan 25 28 

Sunnhemp* 91 100 

Velvet Bean 80 88 
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Sample Type Collection dates 

 8/31/2004 11/07/2004 2/19/2005 3/26/2005 4/3/2005 6/30/2005 

Soil !  !  !     

Plant Tissue  !   !  !   

Biomass  !      

Nematode !  !  !     

Harvest      !  

 

The table of contents and lists of tables and figures are treated by Word as if they 

were single objects.  If you update a table of contents or list, you will discover that the 

entire table of contents and all lists will be updated, not just one entry.  If minor changes 

are required to a table of contents or list after it has been created, then remember that 

these changes will need to be made every time the table of contents or list is recreated. 

Sample Collection and Chemical Analysis 

Soil samples were collected prior to cover crop planting, prior to cutting cover 

crops, and 9 weeks after incorporation (Table. 2). Samples were collected from 0-15 cm 

depth, air-dried and sieved (2 mm).  Samples were analyzed for total N and C using a 

CNS Analyzer (Vario MAX CNS, Germany), and for AB-DTPA extractable P, K, Mg, 

Fe, Zn, B, Mn, and Cu using an atomic absorption spectrometer (AAS, AA-6300, 

Shimadzu, Japan). 

Biomass samples were collected for cover crops prior to cutting (Table. 2). Whole 

plants within a 103-cm2 sampling area were collected from each treatment plot and 

fallow plot. Wet and dry weights were recorded and used to determine the biomass of 

each treatment in Mg/ha.  Nematode samples were collected prior to planting cover 

crops, prior to cutting cover crops, and 9 weeks after incorporation of cover crops.  

Table 2. Sample collection type and dates. 
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Cover crop tissue samples were collected for chemical analysis prior to cutting 

(Table 2). Whole plants within sampling area were collected.  Tissue samples for sweet 

potato were collected prior to flowering, at flowering prior to foliar applications of 

micronutrient fertilizers, and again 1 week after foliar applications of micronutrient 

fertilizers.  A final plant tissue sample was collected prior to sweet potato harvest. Newly 

mature leaves were collected for sweet potato tissue samples.  Samples were washed with 

detergent (Liquinox), diluted HCl, and rinsed with DDI water. Then samples were dried 

at 70 ºC and ground.  Samples were analyzed for N and C using a CNS Analyzer.  The 

concentrations of P, K, Mg, Fe, Zn, B, Mn, and Cu, were measured by dry ash and 

determined using the AAS. 

Statistical Analysis 

All data were analyzed with SAS statistical software (version 8.1, SAS Inst. Inc., 

Cary, NC).  Duncan’s multiple range test was used to separate the means between 

treatment plots and sampling dates. 
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RESULTS AND DISCUSSION 

Cover Crop Biomass 

Cover crop heights were measured 28, 42, 55, and 68 days after planting (DAP) 

(Table 3). Sorghum-sudan produced the greatest amount of biomass at 13.01 Mg/ha, 

followed by sunnhemp at 8.01 Mg/ha and velvet bean at 5.22 Mg/ha (Table 4, Fig. 1).  

The control plot (fallow with weeds) produced the least amount of biomass, 3.10 Mg/ha, 

of any treatments.  However, both sunnhemp and velvet bean did not reach their expected 

biomass production.  The short days during the time of year they were planted caused 

both cover crops to flower early (Gardner et al., 1985), which slowed their growth.  In 

addition, velvet bean is typically grown as a summer cover crop and did not grow well 

due to the short days during the fall.  It also needs a longer time to establish and build 

biomass than the other cover crops used in this study. Other studies in south Florida have 

shown sunnhemp and velvet bean to produce as much as 12.1 to 19.7 Mt/ha and 7.8 to 

9.95 Mt/ha, respectively (Wang et al., 2003; 2005).  

Table 3. Cover crop heights (cm) measured at 28, 42, 55, and 68 days after planting (DAP). 
Cover crop/weed 28DAP 42DAP 55DAP 68DAP 

Sorghum sudan 25-31 91-97 173-183 173-183 

Sunnhemp 25-31 61-71 102-112 112-122 

Velvet Bean 25-31 25-36 31-41 36-41 

  
DAP-Days after planting. 
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Table 4. Cover crop and weed biomass yield (Mg/ha) collected 68DAP (07 Nov. 2004). 
Cover crop biomass Dry weight 

 ------Mg/ha------ 

Fallow with weeds 3.10
c†

 

Sorghum-sudan 13.01
a
 

Sunnhemp 8.01
b
 

Velvet bean 5.22
c
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05).  
 

 
Figure 1. Cover crop biomass collected on 07 Nov. 2004 prior to incorporation of cover 

crops. Means with the same letter are not significantly different by Duncan’s 
multiple range test (P 0.05).  

Nutrient Concentrations in Cover Crop  

Plant tissue samples were taken for each treatment plot 68 DAP.  Sunnhemp 

samples contained a significantly higher concentration of N, 17.47 g/kg, than sorghum-

sudan grass but not significantly different from velvet bean or fallow with weed plots 

(Table 5, Fig. 2).  Velvet bean and weeds both had a significantly higher concentration of 
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N, 14.26 g/kg and 13.16 g/kg respectively, than sorghum-sudan grass, but not 

significantly different from each other (Table 5, Fig. 2).  Both sunnhemp and velvet bean 

are legumes that fix N, which attributes the greater concentrations of N in sunnhemp 

compared with the other treatments; however, though velvet bean is also a legume it 

contained only slightly higher concentrations of N than fallow with weed plots (Table 5, 

Fig. 2). 

Table 5.  Nutrient concentrations in cover crop tissues collected on 7 Nov. 2004. 
  

Cover crop/weeds N C P K Mg 

 ------------------------------------------ g/kg ---------------------------   

Fallow with weeds 13.16
ba†

 405.18
 b

 6.84
 a
 25.29

 a
 2.74

 a
 

Sorghum-Sudan 7.44
b
 420.65

 a
 3.39

 b
 17.97

 b
 1.79

 c
 

Sunnhemp 17.47
a
 414.70

 a
 4.04

 b
 16.62

 b
 2.62

 a
 

Velvet Bean 14.26
ba

 401.83
 b

 6.68
 a
 15.85

 b
 2.22

 b
 

      

 Fe Zn B Mn Cu 

 ------------------------------------------ mg/kg -------------------------- 

Fallow with weeds 62.82
 a
 52.39

 b
 101.02

 a
 30.04

 b
 11.31

 b
 

Sorghum-sudan 27.63
 b

 41.03
 cb

 74.62
 b

 14.29
 c
 6.39

 c
 

Sunnhemp 41.02
 b

 30.73
 c
 97.02

 a 
 46.27

 a
 7.56

 c
 

Velvet bean 40.50
 b

 86.36
 a
 92.63

 a
 27.47

 b
 26.87

 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 

Carbon concentrations were greatest in sorghum-sudan grass and sunnhemp 

samples (Table 5, Fig. 3).  These cover crops also produced the greatest amount of 
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biomass compared with other treatment plots and therefore would have accumulated 

more carbon in their biomass through photosynthesis (Brady and Weil, 2002). Sunnhemp 

samples contained significantly higher concentrations of manganese (Mn) compared with 

other treatments (Table 5, Fig. 4), which could contribute significant quantities of Mn to 

a subsequent crop. 

 
Figure 2. Cover crop plant tissue macronutrient concentrations in samples collected on 07 

Nov. 2004 prior to cutting cover crops. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P 0.05). 

Velvet bean samples had significantly higher concentrations of Zn and Cu, 86.36 

mg/kg and 26.87 mg/kg respectively, compared with other treatments (Table 5, fig. 4). 

Velvet bean tissue samples also contained significantly greater concentrations of P than 

either sorghum-sudan grass or sunnhemp samples.  This result suggests that given a large 

production of biomass under different growing conditions with longer day length, velvet 

bean could contribute significant quantities of Zn, Cu, and P to a subsequent crop. 
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Figure 3. Cover crop plant tissue carbon concentration in samples collected on 07 Nov. 

2004 prior to cutting cover crops. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P 0.05). 

 
Figure 4. Cover crop plant tissue micronutrient concentrations in samples collected on 07 

Nov. 2004 prior to cutting cover crops. Means with the same letter for same 
nutrient are not significantly different by Duncan’s multiple range test (P 
0.05). 

Total Nutrients in Cover Crop Biomass 

Sunnhemp contained significantly more N in its total biomass than any other 

treatment (Table. 6, Fig. 5). Since sunnhemp is a legume, it is able to fix its own N and 
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therefore contained more N in its biomass than the greater biomass produced by 

sorghum-sudan grass. Sorghum-sudan and velvet bean contained significantly more N in 

their biomass than weed biomass, but were not significantly different from each other 

(Table. 6, Fig. 5). Sunnhemp contained significantly more Mn in its total biomass 

compared with the other treatments.  It also had a significantly higher concentration of 

Mn in its plant tissue than other treatments (Table 5, Fig. 4). The total amount of Mn in 

each treatment’s biomass did not correspond with the amount of biomass produced by 

each treatment (Table 4, Fig. 1).  Manganese is a key nutrient used for N transformation, 

metabolism, and assimilation (Brady and Weil, 2002). This may be why sunnhemp 

contained significantly more Mn in its biomass, since sunnhemp is a legume and fixes N. 

 
Figure 5. Cover crop total biomass macronutrients. Means with the same letter for same 

nutrient are not significantly different by Duncan’s multiple range test (P 
0.05). 
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Table 6. Total nutrient amounts in cover crop biomass. 
  

Cover crop/weeds N C P K Mg 

 ---------------------------------kg/ha ------------------------------------  

Fallow with weeds 40.52
c†

 1255.30
 c
 20.97

 b
 78.26

 b
 8.51

 b
 

Sorghum-Sudan 96.10
b
 5468.50

 a
 44.17

 a
 232.98

 a
 23.16

 a
 

Sunnhemp 180.36
a
 3325.30

 b
 32.60

 ba
 134.14

 b
 21.07

 a
 

Velvet Bean 74.40
b
 2032.90

 c
 36.03

 ba
 87.60

 b
 11.43

 b
 

      

 Fe Zn B Mn Cu 

 -------------------------------- g/ha -------------------------------- 

Fallow with weeds 190.30
 b

 160.34
 c
 315.50

b
 94.81

 c
 34.68

 c
 

Sorghum-sudan 357.68
 a
 526.11

 a
 975.92

 a
 180.31

 b
 84.87

ba
 

Sunnhemp 330.69
 a
 246.04

bc
 778.50

 a
 368.66

 a
 61.01

cb
 

Velvet Bean 207.25
 b

 467.85
ba

 478.10
 b

 135.29
 cb

 138.19
 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 

Sorghum-sudan grass contained more C, K, Mg, Fe, and B in its total biomass than 

other treatments, followed by sunnhemp, velvet bean, and weeds (Table 5, Fig. 6). The 

total amount of these nutrients in each treatment’s biomass corresponds with the amount 

of biomass produced by each treatment, where sorghum-sudan produced the greatest 

amount of biomass, followed by sunnhemp, velvet bean and weeds (Table 4, Fig. 1). 

Sorghum-sudan grass contained significantly more P in its biomass than the weed plots, 

but not significantly more than sunnhemp or velvet bean plots (Table 5, Fig.6). Sorghum-



29 

 

sudan grass total biomass contained greater amounts of all nutrients except for N, Mn, 

and Cu.  

 
Figure 6. Cover crop total biomass carbon. Means with the same letter are not 

significantly different by Duncan’s multiple range test (P 0.05). 

 
Figure 7. Cover crop total biomass micronutrients. Means with the same letter are not 

significantly different by Duncan’s multiple range test (P 0.05). 
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The total amount of Zn and Cu in each treatment’s biomass did not correspond with 

the amount of biomass produced by each treatment (Table 6; Fig. 7). Sorghum-sudan 

grass contained more Zn in its total biomass than other treatments, but not significantly 

more than velvet bean (Table 6; Fig. 7).  Velvet bean also contained significantly higher 

zinc and copper concentrations in its plant tissue than any of the other treatments except 

for sorghum-sudan grass. This result suggests that velvet bean, which contained 

significantly more Zn and Cu with less biomass than sunnhemp or weeds, may be able to 

access additional pools of soil Zn and Cu. Thus, under other growing conditions when the 

days are longer, velvet bean could contribute large amounts of Zn and Cu to a succeeding 

crop.  

Soil Nutrients Prior to Planting Cover Crops 

Concentrations of soil nutrients within each of the treatment plots were uniform 

prior to planting cover crops.  There were no significant differences between treatment 

plots prior to planting cover crops for either total N or total C (Table 7; Figs. 8 and 9).  

There were also no significant differences found between treatment plots for AB-DTPA 

extractable P, K, Mg, Fe, Zn, B, Mn, or Cu (Table 7; Figs. 10 and 11). 

Soil Nutrients Prior to Cutting Cover Crops 

There were no significant differences in total P, or extractable P, Zn, Mn, and Cu 

between treatment plots prior to cutting cover crops (Table 8; Figs. 12, 14, and 15). There 

were also no significant differences in these nutrients in samples collected prior to 

planting cover crops and prior to cutting cover crops, except for manganese, which was 

greater in soil samples prior to planting than before cutting cover crops. Sunnhemp, 

velvet bean and weed plots had significantly more carbon removed than sorghum-sudan 

plots (Table. 8, Fig. 13); however, there were no significant differences found between 
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samples prior to planting or prior to cutting cover crops for any of the treatment plots 

(Tables 10, 11, 12, and 13). 

 
Figure 8. Total N in soil collected on 31 Aug. 2004 prior to planting cover crops. Means 

with the same letter are not significantly different by Duncan’s multiple range 
test (P 0.05). 

 
Figure 9. Total C in soil collected on 31 Aug. 2004 prior to planting cover crops. Means 

with the same letter are not significantly different by Duncan’s multiple range 
test (P 0.05). 
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Table 7. Total N, C and AB-DTPA extractable nutrients (P, K, Mg, Fe, Zn, B, Mn, and 
Cu) in soil samples collected on 31 Aug. 2004 prior to planting cover crops. 

Cover crop/weeds N C P K Mg Fe Zn B Mn Cu 

 ----- g/kg ----- ------------------------------------------- mg/kg ---------------------------------------------- 

Fallow with 

weeds 1.48
a†

 54.70
 a
 33.58

 a
 148.63

 a
 42.55

 a
 32.59

 a
 10.35

 a
 0.16

 a
 6.35

 a
 55.80

 a
 

Sorghum-Sudan 1.54
a
 57.43

 a
 37.82

 a
 147.57

 a
 43.63

 a
 34.11

 a
 10.82

 a
 0.17

 a
 8.49

 a
 57.28

 a
 

Sunnhemp 1.38
a
 53.47

 a
 31.67

 a
 138.33

 a
 41.55

 a
 31.77

 a
 10.50

 a
 0.17

 a
 7.10

 a
 54.94

 a
 

Velvet Bean 1.41
a
 54.40

a
 39.35

 a
 141.73

 a
 42.09

 a
 32.78

 a
 10.70

 a
 0.17

 a
 6.19

 a
 58.07

 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 
Table 8. Extractable nutrient concentration in soil samples collected on 07 Nov. 2004 

prior to cutting cover crops. 
Cover crop/weeds N C P K Mg Fe Zn B Mn Cu 

 ----- g/kg ----- ----------------------------------------- mg/kg --------------------------------------- 

Fallow with 

weeds 1.20
 a 

 53.64
 ba

 39.11
 a
 54.34

 a
 36.49

 a
 30.99

b
 10.68

 a
 0.08

 a
 3.74

 a
 57.68

 a
 

Sorghum-sudan 1.35
 a
 55.18

 a
 39.12

 a
 38.19

 b
 33.96

 a
 32.45

 a
 10.50

 a
 0.07

 ba
 3.40

 a
 60.13

 a
 

Sunnhemp 1.33
 a
 52.94

 ba
 40.78

 a
 49.27

 ba
 36.38

 a
 32.00

 ba
 10.69

 a
 0.06

 b
 3.55

 a
 59.83

 a
 

Velvet bean 1.26
 a
 51.44

 b
 33.90

 a
 52.73

 a
 36.96

 a
 31.23

 ba
 10.63

 a
 0.08

 a
 3.33

 a
 59.62

 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 

There was a greater amount of potassium removed from sorghum-sudan grass and 

sunnhemp plots than velvet bean or weed plots (Table 8; Fig. 14), in part because both 

cover crops produced more biomass than velvet bean or weeds (Table 4; Fig. 1) and as a 

consequence contained more potassium in their total biomass (Table 6; Fig. 5). There was 

a greater amount of iron removed from sunnhemp and velvet bean plots than from 

sorghum-sudan plots (Table. 8).  This result may be attributable to legumes requiring iron 
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for the enzyme nitrogenase, which is necessary for nitrogen fixation (Brady and Weil, 

2002).  However, there were no significant differences found between samples prior to 

planting cover crops and prior to cutting cover crops for any cover crop treatment plots 

(Table 10; 11, 12, and 13). 

 
Figure 10. AB-DTPA extractable P, K, and Mg in soil collected on 31 Aug. 2004 prior to 

planting cover crops. Means with the same letter for same nutrient are not 
significantly different by Duncan’s multiple range test (P 0.05). 

Sorghum-sudan grass and sunnhemp plots contained less boron than velvet bean or 

weed plots (Table 8).  Both sorghum-sudan grass and sunnhemp produced more biomass 

(Table 4) and therefore contained more boron in their total biomass than velvet bean or 

weeds (Table 6), and in turn took up more boron from the soil.   
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Figure 11. AB-DTPA extractable Fe, Zn, B, Mn, and Cu in soil collected on 31 Aug. 

2004 prior to planting cover crops. Means with the same letter for same 
nutrient are not significantly different by Duncan’s multiple range test (P 
0.05). 

Table 9. Extractable nutrient concentration in soil samples collected on 19 Feb. 2005 
after incorporation of cover crops. 

Cover crop/weeds N C P K Mg Fe Zn Mn Cu 

 ----- g/kg ----- ------------------------------------ mg/kg ----------------------------------- 

Fallow with 

weeds 2.39
a
 57.65

 a
 56.73

 a
 198.69

 a
 17.29

 b
 34.27

 ba
 30.03

 a
 3.32

 a
 49.52

 a
 

Sorghum-sudan 2.20
 a
 59.11

 a
 58.79

 a
 154.39

 ba
 17.06

 c
 35.21

 a
 29.85

 a
 3.55

 a
 51.13

 a
 

Sunnhemp 2.30
 a
 55.16

 a
 59.75

 a
 150.22

 ba
 17.34

 b
 34.29

 ba
 29.61

 a
 4.00

 a
 50.39

 a
 

Velvet bean 2.39
 a
 53.60

 a
 53.58

 a
 129.43

 b
 17.53

 a
 30.68

 b
 28.91

 a
 3.92

 a
 47.69

 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
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Table 10.  Extractable soil nutrient concentrations in weed plots compared between 
sampling dates: before planting on 31 Aug. 2004, before cutting on 7 Nov. 
2004, and after incorporation on 19 Feb. 2005. 

Sampling dates N C P K Mg Fe Zn Mn Cu 

 ----- g/kg ----- ------------------------------------- mg/kg ------------------------------------ 

31 Aug 2004 1.48
ba 

54.70
a 

33.58
b 

148.63
a 

42.03
a 

32.59
ba 

10.35
b 

6.35
a 

55.80
ba 

07 Nov 2004 1.20
b 

53.64
 a
 39.11

b 
54.34

b 
36.49

b 
30.99

b 
10.68

b 
3.74

b 
57.68

a 

19 Feb 2005 2.39
a 

57.65
 a
 57.73

a 
198.69

a 
17.29

c 
34.27

a 
30.03

a 
3.92

b 
49.52

b 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 
Table 11. Extractable soil nutrient concentrations in sorghum-sudan grass plots compared 

between sampling dates: before planting on 31 Aug. 2004, before cutting on 7 
Nov. 2004, and after incorporation on 19 Feb. 2005.  

Sampling dates N C P K Mg Fe Zn Mn Cu 

 ----- g/kg ----- ------------------------------------- mg/kg ------------------------------------ 

31 Aug 2004 1.54
a 

57.43
a 

37.82
b 

147.57
a 

43.63
a 

34.11
a 

10.82
b 

8.49
a 

57.28
a 

07 Nov 2004 1.35
a 

55.18
 a
 39.12

b 
38.19

b 
33.96

b 
32.45

a 
10.50

b 
4.00

b 
60.13

a 

19 Feb 2005 2.21
a 

59.11
 a
 58.78

a 
154.39

a 
17.06

c 
35.21

a 
29.85

a 
3.40

b 
51.13

b 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
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Table 12. Extractable soil nutrient concentrations in sunnhemp plots compared between 
sampling dates: before planting on 31 Aug. 2004, before cutting on 7 Nov. 
2004, and after incorporation on 19 Feb. 2005. 

Sampling dates N C P K Mg Fe Zn Mn Cu 

 ----- g/kg ----- ------------------------------------- mg/kg ------------------------------------ 

31 Aug 2004 1.37
b 

53.47
a 

31.67
b 

138.33
a 

41.55
a 

31.77
a 

10.50
b 

7.10
a 

54.94
ba 

07 Nov 2004 1.33
b 

52.94
 a
 40.78

b 
49.29

b 
36.38

b 
32.00

a 
10.69

b 
3.55

b 
59.83

a 

19 Feb 2005 2.30
a 

55.16
 a
 58.75

a 
150.22

a 
17.34

c 
34.30

a 
29.61

a 
3.87

b 
50.40

b 

  
 

†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
 
Table 13. Extractable soil nutrient concentrations in velvetbean plots compared between 

sampling dates: before planting on 31 Aug. 2004, before cutting on 7 Nov. 
2004, and after incorporation on 19 Feb. 2005. 

Sampling dates N C P K Mg Fe Zn Mn Cu 

 ----- g/kg ----- ------------------------------------- mg/kg ------------------------------------ 

31 Aug 2004 1.41
b 

54.40
a 

39.35
a 

141.73
a 

42.09
a 

32.78
a 

10.70
b 

6.19
a 

58.07
a 

07 Nov 2004 1.26
b 

51.44
 a
 33.90

a 
52.73

b 
36.96

b 
31.23

a 
10.63

b 
3.33

b 
60.13

a 

19 Feb 2005 2.39
a 

53.59
 a
 53.58

a 
129.43

a 
17.53

c 
30.68

a 
28.90

a 
3.32

b 
47.69

b 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05). 
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Figure 12. Total nitrogen in soil collected on 07 Nov. 2004 prior to cutting cover crops. 

Means with the same letter are not significantly different by Duncan’s 
multiple range test (P 0.05). 

 
Figure 13. Total carbon in soil collected on 07 Nov. 2004 prior to cutting cover crops. 

Means with the same letter are not significantly different by Duncan’s 
multiple range test (P 0.05). 
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Figure 14. AB-DTPA extractable macronutrients in soil collected on 07 Nov. 2004 prior 
to cutting cover crops. Means with the same letter for same nutrient are not 
significantly different by Duncan’s multiple range test (P 0.05). 

 

Figure 15. AB-DTPA extractable micronutrients in soil collected on 07 Nov. 2004 prior 
to cutting cover crops. Means with the same letter for same nutrient are not 
significantly different by Duncan’s multiple range test (P 0.05). 
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Soil Nutrients at 9 Weeks After Incorporation of Cover Crops 

There were no significant differences found between treatment plots for total 

nitrogen, total carbon, or AB-DTPA phosphorus, zinc, manganese, or copper after 

incorporation of cover crops (Table 9; Fig. 16, and 17). There were significant increases 

for soil total nitrogen, AB-DTPA phosphorus and zinc after incorporation of cover crops 

compared with prior to planting cover crops; however, there were no significant 

differences for these nutrients between treatment plots (Tables 10, 11, 12, and 13).  This 

result may be in part due to fertilizer added by the grower to the field site during previous 

plantings and to the subsequent sweet potato crop.    

 
Figure 16.  Total N in soil samples collected on 19 Feb. 2005 after incorporation of cover 

crops. Means with the same letter are not significantly different by Duncan’s 
multiple range test (P 0.05). 
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Figure 17.  Total C in soil samples collected on 19 Feb. 2005 after incorporation of cover 
crops. Means with the same letter are not significantly different by Duncan’s 
multiple range test (P 0.05).  

 

Figure 18.  AB-DTPA extractable soil nutrients in samples collected on 19 Feb. 2005 
after incorporation of cover crops. Means with the same letter for same 
nutrient are not significantly different by Duncan’s multiple range test (P 
0.05). 
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There was no significant difference in extractable K prior to planting or after 

incorporation of cover crops for any of the treatment plots except that velvet bean plots 

contained significantly less potassium than fallow with weed plots (Table 9).  All 

treatment plots contained significantly less K prior to cutting cover crops compared with 

either pre-planting or after incorporation of cover crops (Tables 10, 11, 12, and 13). This 

result may be because K is readily leached from the soil. Potassium also has a higher 

leaching capacity in soils with less negatively charged cation exchange sites (Brady and 

Weil, 2002). However, K leaching is reduced in soils where Ca2+ and Mg2+ are present, 

such as in limed soils, suggesting that in a higher pH calcareous soil K leaching would be 

reduced (Brady and Weil, 2002). The likely explanation for the significant reduction in 

plant available K prior to incorporation of the cover crops is that plants tend to take up 

soluble K in greater amounts than needed for plant growth (Brady and Weil, 2002) 

suggesting that this reduction in K was simply due to plant uptake.   

In all treatment plots, extractable Mg was significantly lower after incorporation of 

cover crops compared with prior to cutting or prior to planting the cover crops (Tables 

10, 11, 12, and 13). After incorporation of cover crops, velvet bean plots contained 

significantly more extractable Mg than all other treatment plots, and sunnhemp and 

fallow with weed plots contained significantly more Mg than sorghum-sudan grass plots 

(Table 9).   

After incorporation of cover crops, Sorghum-sudan grass plots contained 

significantly more extractable Fe than velvet bean plots, but not significantly different 

that sunnhemp or fallow plots (Table 9; Fig. 19).  There was no significant difference in 

extractable Fe concentration before planting, after planting, or after incorporation of 
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cover crops in velvet bean, sorghum-sudan, or sunnhemp plots.  However, before 

planting and after incorporation in fallow with weed plots, iron was significantly higher 

than before cutting cover crops (Table 10). Both Mg and Mn were greater in all treatment 

plots prior to planting cover crops compared with before cutting or after incorporation of 

cover crops (Tables 10, 11, 12, and 13; Figs. 18 and 19). Plant available Cu was 

significantly lower for all treatments after incorporation of cover crops compared with 

before planting cover crops (Tables 10, 11, 12, and 13).  

 
Figure 19.  AB-DTPA extractable soil nutrients in samples collected on 19 Feb. 2005 

after incorporation of cover crops. Means with the same letter for same 
nutrient are not significantly different by Duncan’s multiple range test (P 
0.05). 

Soil Nematodes 

There were minimal counts of Aphelenchus, Belonolaimus, Pratylenchus, 

Quinisulcius, and Scutellonema found in all treatment plots.  The highest nematode 

counts were for Helicotylenchus, Meloidogyne (root-knot nematode), and 

Paratrichodorus in all treatment plots.  The total number of nematodes, for all species 
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counted, decreased after incorporation of cover crops.  In addition, velvet bean decreased 

the number of Helicotylenchus and Meloidogyne during its growing period with a 

significant decrease in the number of Meloidogyne after incorporation of velvet bean.  

Fallow plots had a significant decrease in the number of Meloidogyne and 

Paratrichodorus after incorporation.  Sunnhemp plots also had a significant decrease in 

the number of Paratrichodorus present in the soil after incorporation.  Sorghum-sudan 

showed significant decreases in Helicotylenchus, Meloidogyne, Quinisulcius, and 

Paratrichodorus species present in the soil after incorporation (Table 14; Figs. 20, 21, 22, 

and 23). 

 
Figure 20. Soil nematodes counted in fallow plots. Samples collected prior to planting 

cover crops on 31 Aug. 2004, before cutting 07 Nov. 2004, and after 
incorporation on 19 Feb. 2005. Means with the same letter for same nematode 
are not significantly different by Duncan’s multiple range test (P 0.05). 



 

 

44 

Table 14.  Nematode population (direct count) in soil samples collected prior to planting cover crops on 31 Aug, before cutting 07 
Nov, and after incorporation on 19 Feb. 2004.  

Fallow with weeds Aphelenchus Belonolaimus Criconemella Helicotylenchus Meloidogyne Pratylenchus Quinisulcius Scutellonema Paratrichodorus 

pre-planting 0a† 1.5 a 0.75 a 8.25 a 14.25ba 0 a 1 a 1.25 a 23 a 

pre-cutting 0a 3.5 a 1.25 a 10.25 a 37 a 0 a 0.5 a 0.5 a 14.25 a 

after incorporation 0.5a 0 a 0 a 0 a 0.5b 1.5 a 0 a 0 a 0b 

          

Sorghum Aphelenchus Belonolaimus Criconemella Helicotylenchus Meloidogyne Pratylenchus Quinisulcius Scutellonema Paratrichodorus 

pre-planting 0 a 0.25 a 1.75 a 20.5 a 27 a 2.25 a 2.25 a 3 a 12.75 a 

pre-cutting 0 a 1.75 a 0.25 a 29 a 36 a 1.25 a 0b 0.5 a 9ba 

after incorporation 0.5 a 0 a 0 a 0b 0.5b 0.5 a 0b 0 a 0b 

          

Sunnhemp Aphelenchus Belonolaimus Criconemella Helicotylenchus Meloidogyne Pratylenchus Quinisulcius Scutellonema Paratrichodorus 

pre-planting 0 a 2.5 a 0.75 a 16 a 18.5 a 1 a 0.5 a 2.25a 8.75 a 

pre-cutting 0 a 3.75 a 0 a 36.75 a 5.5 a 0.75 a 3.5 a 1.25a 5.75ba 

after incorporation 0 a 0 a 0 a 0 a 0.5 a 0 a 0 a 0a 0b 

          

Velvet Aphelenchus Belonolaimus Criconemella Helicotylenchus Meloidogyne Pratylenchus Quinisulcius Scutellonema Paratrichodorus 

pre-planting 0 a 0 b 1 a 34.25 a 16.25 a 0.25 a 3.25 a 1.25 a 9.5 a 

pre-cutting 0 a 6.75a 0 a 25.25 a 6.25 b 0.25 a 0.5 a 0.5 a 7.75 a 

after incorporation 0.5 a 0 b 0 a 0 a 1 b 1 a 0 a 0 a 0 a 

  
†Means with the same letter for same nematode are not significantly different by Duncan’s multiple range test (P 0.05). 
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Figure 21. Soil nematodes counted in sorghum-sudan plots. Samples collected prior to 

planting cover crops on 31 Aug. 2004, before cutting 07 Nov. 2004, and after 
incorporation on 19 Feb. 2005. Means with the same letter for same nematode 
are not significantly different by Duncan’s multiple range test (P 0.05). 

  

Figure 22. Soil nematodes counted in sunnhemp plots. Samples collected prior to planting 
cover crops on 31 Aug. 2004, before cutting 07 Nov. 2004, and after 
incorporation on 19 Feb. 2005. Means with the same letter for same nematode 
are not significantly different by Duncan’s multiple range test (P 0.05). 
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Figure 23. Soil nematodes counted in velvet bean plots. Samples collected prior to 
planting cover crops on 31 Aug. 2004, before cutting 07 Nov. 2004, and after 
incorporation on 19 Feb. 2005. Means with the same letter for same nematode 
are not significantly different by Duncan’s multiple range test (P 0.05). 

Nutrient Concentrations in Sweet Potato Leaves 

Sweet potato leaf tissue collected from sunnhemp plots contained greater 

concentrations of N, P, K, and Cu, but contained the lowest concentrations of Fe and Mg 

compared with tissue samples collected from other treatment plots (Table 15; Figs. 24 

and 26).  Tissue samples collected from sorghum-sudan grass plots contained 

significantly more C than velvet bean plots, but not significantly more than sunnhemp or 

fallow with weed plots (Table 15; Fig. 25).   

There was no significant difference in Fe concentration of sweet potato leaf tissue 

in Fe subplots within each cover crop treatment plot after foliar application of Fe; 

however, sunnhemp plots did have a lower concentration of Fe than other treatment plots 

(Table 16; Fig. 27).  There was also no significant difference in Zn concentration of 
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sweet potato leaf tissue in Zn subplots within each cover crop treatment plot after foliar 

application of Zn (Table 17; Fig. 28). 

Table 15. Sweet potato leaf nutrient concentrations in samples collected on 03 April 
2005, 1 week after foliar applications of Fe and Zn. 

Cover crop/weeds N C P K Mg 

 ---------------------------------- g/kg ------------------------------------- 

Fallow with weeds 28.85b 421.91 ba 2.01 ba 27.29 b 3.76 a 

Sorghum-Sudan 29.01
 b

 425.78
 a
 1.98

 b
 28.02

 b
 3.56

 a
 

Sunnhemp 34.12
 a
 422.49

 ba
 2.12

 a
 30.14

 a
 3.10

 b
 

Velvet Bean 30.84
 b

 419.99
 b

 2.08
 ba

 28.61
 ba

 3.60
 a
 

      

 Fe Zn Mn Cu  

 ------------------------- mg/kg ---------------------------  

Fallow with weeds 97.01
 a
 29.97

 a
 1483.69

 a
 282.30

 b
  

Sorghum-sudan 97.09
 a
 27.35

 a
 1379.64

 a
 295.76

 b
  

Sunnhemp 63.57 b 30.94 a 1302.15 a 335.45 a  

Velvet Bean 85.73
 ba

 29.39
 a
 1448.42

 a
 302.48

 b
  

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05).  
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Figure 24.  Sweet potato leaf macronutrient concentrations in samples collected on 03 

April 2005 1 week after foliar applications of Fe and Zn. Means with the same 
letter for same nutrient are not significantly different by Duncan’s multiple 
range test (P 0.05). 

 
Figure 25. Sweet potato leaf carbon concentrations in samples collected on 03 April 2005 

1 week after foliar applications of Fe and Zn. Means with the same letter are 
not significantly different by Duncan’s multiple range test (P 0.05). 



49 

 

49 

 
Figure 26. Sweet potato leaf micronutrient concentrations in samples collected on 03 

April 2005 1 week after foliar applications of Fe and Zn. Means with the same 
letter for same nutrient are not significantly different by Duncan’s multiple 
range test (P 0.05). 

Table 16.  Iron tissue concentration in iron subplots in samples collected on 03 April 
2005, 1 week after foliar application of Fe. 

 
Iron sub-plots Fe  (mg/kg) 

  

Fallow with 

weeds  95.29
a  

Sorghum-sudan 89.94
 a
 

Sunnhemp 66.30
 a
 

Velvet Bea n  88.64
 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05).  
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Table 17. Zinc tissue concentration in zinc subplots in samples collected on 03 April 
2005 1 week after foliar application of Zn. 

Zinc sub-plots Zn (mg/kg) 

  

Fallow with 

weeds  40.64
 a
 

Sorghum-sudan 32.06
 a
 

Sunnhemp 32.62
 a
 

Velvet Bea n  32.13
 a
 

  
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05).  

 
Figure 27. Iron in sweet potato leaf tissue collected on 03 April 2005 in Fe subplots 1 

week after foliar application of iron. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P 0.05). 
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Figure 28. Zinc in sweet potato leaf tissue collected on 03 April 2005 in Zn subplots 1 
week after foliar application of iron. Means with the same letter are not 
significantly different by Duncan’s multiple range test (P 0.05). 

Sweet Potato Yield 

The boniato tropical sweet potato can be grown year round in south Florida and 

takes 120 to 180 days to reach maturity .  Shortly after planting there were some freezes 

in the study area that damaged the young slips.  Large areas of the young plants did not 

recover from these winter freezes. The sweet potato yield was higher in sunnhemp and 

sorghum-sudan treatment plots (Table 18; Fig. 29), as well as Fe subplots (Table 18; Fig. 

30); however, there were no significant differences among cover crop treatment plots or 

among micronutrient subplots.  This result may be due to the time of year the study was 

conducted and the damage to the crop as a result of the winter freezes. 
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Table 18. Sweet potato harvest collected on 30 June 2005. 
Treatments kg/plot* 

Fallow with weeds plots 3.12
 a
 

Sorghum-sudan plots 6.10 a 

Sunnhemp plots 6.04
 a
 

Velvet Bean plots 4.25
 a
 

  

Iron sub-plots 5.61
 a
 

Zinc sub-plots 4.59
 a
 

Control sub-plots 4.43
 a
 

  

*Each plot equals 9.3 sq. m. 
†Means in a column followed by the same letter are not significantly different by 
Duncan’s multiple range test (P 0.05).  
 

 
Figure 29. Sweet potato harvest in cover crop treatment plots (each plot equals 9.3 m2) 

collected on 30 June 2005. Means with the same letter are not significantly 
different by Duncan’s multiple range test (P 0.05). 
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Figure 30. Sweet potato harvest in micronutrient subplots (each plot equals 9.3 m2) 
collected on 30 June 2005. Means with the same letter are not significantly 
different by Duncan’s multiple range test (P 0.05). 
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SUMMARY 

Sorghum-sudan grass and sunnhemp produced more biomass than velvet beans or 

weeds, at 13.01 Mg/ha and 8.01 Mg/ha respectively.  Neither sunnhemp nor velvet bean 

reached their expected biomass production.  This result was likely due, in part, to the 

short days during the time of year they were planted, which caused them to flower early 

and slowed their growth.  Sunnhemp contained significantly more N in its total biomass 

than other tested cover crops.  Sunnhemp also contained significantly more Mn in its total 

biomass, which is a key nutrient for N transformation, metabolism, and assimilation. 

Soil samples taken prior to planting cover crops showed no significant difference in 

total or AB-DTPA extractable nutrients.  There were some differences found in measured 

soil nutrients prior to cutting cover crops, but in general these samples contained less of 

each nutrient than samples taken prior to planting cover crops.  However, after 

incorporation of cover crops some nutrients did increase, though not significantly 

between treatment plots except for Mg, which was significantly greater in velvet bean 

plots than other cover crop plots. 

Fe and Mg concentrations were lowest in sweet potato leaf tissue samples collected 

from sunnhemp plots; however, tissue samples collected from sunnhemp plots contained 

significantly greater concentrations of N, P, K, and Cu.  Fe concentrations were not 

significantly different in Fe subplots for any of the cover crop main treatment plots.  Zn 

concentrations were also not significantly different in Zn subplots in any of the cover 

crop main treatment plots. 
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There were no significant differences in sweet potato yield between any of the main 

treatment plots or subplots.  The sweet potato crop had been damaged by winter freezes 

and did not produce as expected.  

Sunnhemp and Sorghum-sudan grass both grew well during the shorter fall days.  

Velvet bean may be a good choice as a cover crop if it has a longer time to get 

established.  It would be recommended to run the study for a second year and during a 

time of year when the days are longer to see what the effect on the sweet potato yield.  
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