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Sting nematode (Belonolaimus longicaudatus) is an economically important 

ectoparasitic nematodes that is highly pathogenic on a wide range of agricultural crops 

in sandy soils of the southeastern United States. Although this nematode species is 

commonly found in Florida as a soilborne pathogen, it has not been reported infecting 

peanut in Florida. Previously infections of peanut by this nematode species is known 

only in North Carolina, Oklahoma and Virginia. In the summers of 2012 and 2013, sting 

nematode was found infecting three different peanut cultivars being grown on two 

separate peanut farms in Levy County, Florida. Sting nematode population density 

levels extracted from soil averaged 44/100 cm3 of soil on peanut cv. Tifguard, 39/100 

cm3 of soil on peanut cv. Bailey in 2012, 2013, respectively; and 28/100 cm3 of soil on 

peanut cv. Georgia-06G on another farm in 2013. The damage consisted of large 

irregular patches of stunted plants at both farms. The root systems were severely 

abbreviated and there were numerous punctate-like isolated lesions observed on pegs 

and pods of infected plants. Peanut yield from one of these nematode-infested sites 

was 64% less than that observed in areas free from sting nematodes. The 
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morphological characters of the nematode populations in these fields were congruous 

with those of the original and other published descriptions of B. longicaudatus. 

Moreover, the molecular characteristics based on the D2/D3 expansion fragments of 

28S rRNA and ITS-1 RNA genes from the nematodes infecting peanut were found to be 

99% identical to B. longicaudatus. The sequences were deposited in GenBank 

(Accession No. KF963097-KF963100). The results of the phylogenetic analysis using 

the sequences of these isolates from peanut and other isolates from other crops in 

Florida, suggests that the sting nematode from both peanut farms were genetically 

close to B. longicaudatus isolates from northern Florida. The peanut plants inoculated 

with both peanut isolates showed similar injuries as observed in the fields whereas 

those symptoms were not observed on control peanut plants. To our knowledge, this is 

the first report of large scale field damage caused by sting nematode infecting peanut 

grown under field conditions in Florida. 
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CHAPTER 1 
GENERAL INTRODUCTION 

Peanut, Arachis hypogaea L, is seen as one of the most important crop plants of 

the world. It is believed to have originated in South America. In the early 1900s, George 

Washington Carver, who was a botanist, encouraged using peanut in the southern 

United States as a rotational crop for cotton production. He considered it as a food 

source for farmers who were not getting enough nutrition. This resulted in increasing 

acreage of peanut production. He also invented many recipes using peanut, and 

developed products that are made from peanut, such as cosmetics, dyes, paints, 

plastics, gasoline, and nitroglycerin. Today, peanut is mainly used for peanut butter, 

peanut oil, and roasted and salted peanuts (Higgins, 1951; Moss and Rao, 1995; 

Dickson, 1998).  

The top three countries that produce peanut are Argentina, the United States and 

China. In the United States, major peanut production regions are the southeast 

(Alabama, Florida, Georgia, Mississippi, South Carolina), the southwest (New Mexico, 

Oklahoma, Texas), and Virginia and North Carolina (Crop Production, National 

Agricultural Statistics Service, USDA. 2011). The major types of peanut that are grown 

are Runner, Virginia, Spanish and Valencia. In Florida, there has been a shift toward 

peanut cultivars with higher-yielding and improved disease or nematode-resistance 

such as cvs.Georgia-06G, Florida-07, and Tifguard (Prostko et al., 2012). These are all 

runner-type cultivars. Tifguard, which is resistant to the peanut (Meloidogyne arenaria) 

and Javanese (M. javanica) root-knot nematodes, was released by the USDA-ARS and 

the Georgia Agricultural Experiment Station in 2007. It is believed that Tifguard 

produces significantly higher yields than other peanut cultivars in Florida because of its 

http://en.wikipedia.org/wiki/Cosmetics
http://en.wikipedia.org/wiki/Dyes
http://en.wikipedia.org/wiki/Paints
http://en.wikipedia.org/wiki/Plastics
http://en.wikipedia.org/wiki/Gasoline
http://en.wikipedia.org/wiki/Nitroglycerin
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high level of resistance to both tomato spotted wilt tospovirus (TSWV) and root-knot 

nematodes (Holbrook, et al., 2008).  

Nematode diseases of peanut are recognized as among the most important 

soilborne problems for peanut producers in Florida. Dickson (1985) reported three major 

nematode pathogens of peanut in Florida that includes the peanut root-knot nematode, 

Meloidogyne arenaria, lesion nematode, Pratylenchus brachyurus and ring nematode, 

Mesocriconema ornatum). More recently, M. javanica was reported on peanut in Florida 

(Cetintas et al., 2003). Around the world, Aphelenchoides arachidis, Aphasmatylenchus 

straturatus, Belonolaimus longicaudatus, M. hapla, Scutellonema cavenessi, 

Tylenchorhynchus brevilineatus and Ditylenchus africanus are also known as nematode 

parasites of peanut (Dickson and De Waele, 2005). In Texas, Meloidogyne haplanaria 

was reported as a new root-knot nematode species infecting peanut (Eisenback et al., 

2003). It has some morphological similarities to M. arenaria and M. hapla. The 

mitochondrial markers are almost the same size as in M. hapla, M. chitwoodi, M. fallax, 

and M. enterolobii.  

Among these nematode pathogens, sting nematode, B. longicaudatus, is 

perhaps the most virulent soilborne pathogen that threatens peanut production. The 

species is known to have a very wide host range. It causes serious damage on cereal 

grains, turfgrasses and forage grasses, fruit trees, several agronomic and horticultural 

vegetable crops (Crow and Brammer, 2011). The typical above ground symptom of 

sting nematode is stunted plants with chlorosis. Roots of infected plants are generally 

extremely abbreviated or stubby-like. This species has been reported in the United 

States, Brazil, Costa Rica, Mexico, Puerto Rico and Bermuda. It prefers soils with a 
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minimum of 80% sand and a maximum of 10% clay. Because of this soil preference, 

sting nematodes are usually found along the eastern seaboard of the United States 

(Smart and Nguyen, 1991). The first report of sting nematode damage on peanut was 

described in Virginia by Owens in 1951. He identified the nematode as B. gracilis, 

stating the nematode caused serious damage to peanut. Holdeman (1955) surveyed the 

distribution of sting nematode in the United States and reported that B. gracilis had 

been observed affecting peanut in Virginia, North Carolina and South Carolina. So far, 

production losses of peanut by sting nematode, B. longicaudatus, are reported in North 

Carolina (Sasser, 1961), Oklahoma (Russell, 1969) and Virginia (Owens, 1951).  

Sasser (1961) mentioned that the greatest economic losses of peanut occurred 

where sting nematode appeared in peanut fields in North Carolina. Although sting 

nematode is commonly found in sandy soils in Florida, there have been no reports of 

this nematode infecting peanut. However, an isolate of sting nematode isolated from 

citrus was reported to infect peanut in greenhouse studies (Abu-Gharbieh and Perry, 

1969). 

During the summer of 2012, numerous large patches (ranging from 9 to 27 m × 

4.5 to 13.5 m) of peanut, cv. Tifguard were observed to be severe stunted in one large 

peanut production farm in Levy County, FL. Root systems showed severe stunting, a 

typical symptom induced by sting nematode on other agronomic and vegetable crops 

grown in Florida (Robbins and Barker, 1973; Smart and Nguyen, 1991; Dickson, pers. 

comm.). Nematode extraction from soil collected around stunted peanut roots revealed 

an average of 44 sting nematodes/100 cm3 of soil. Pods and pegs showed distinctive 

symptoms of numerous small discrete brown lesions. Again, in 2013, large patches of 
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stunted peanut, cv. Georgia-06 were observed in another large production farm in Levy 

County. The above and below ground symptoms were similar to that observed in the 

previous year on the peanut cv. Tifguard. These two instances are the first large-scale 

field damage observed on peanut caused by sting nematode in Florida.  
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CHAPTER 2 
REVIEW OF LITERATURE 

Taxonomy 

Steiner (1949) established the genus Belonolaimus with B. gracilis as the type 

species. He placed the genus in the family Tylenchidae. Chitwood (1950) assigned the 

new genus to the subfamily Dolichodorinae. According to the new classification 

proposed by De Ley (2002), the genus Belonolaimus belongs to the family 

Belonolaimidae, in the order Rhabditida. Other classifications by Siddiqi (2000) and 

Geraert (2011) consider Belonolaimus a representative of the subfamily Belonolaminae 

Whitehead, 1960, in the family Dolichodoridae Chitwood, 1950 rather than in the family 

Belonolaimidae Whitehead, 1960. The type species of the genus Belonolaimus, B. 

gracilis was described from slash pine in the Ocala National Forest located in Marion 

County, Florida, and was considered to be the prevalent sting nematode in the United 

States until Rau (1958) described B. longicaudatus and reported it as the most common 

sting nematode occurring in the sandy soils of the southeastern USA.  

Rau (1963) also described three new species, Belonolaimus euthychilus, B. 

maritimus, and B. nortoni. Two other species within the genus Belonolaimus, B. lineatus 

Roman, 1964 described in Puerto Rico, and B. lolli Siviour, 1978 described in Australia, 

were transferred by Monteiro and Lordello (1977) to Ibipora, a new genus that they 

erected. Siviour and McLeod (1979) and Fortuner and Luc (1987) proposed that Ibipora 

should be considered a junior synonym of Belonolaimus, thus returning the two species 

to this genus. Because of this change, the type species, Ibipora jara Monteiro & 

Lordello, 1977 and another species, I. anama Monteiro & Lordello,1977 were also 

moved to Belonolaimus by Fortuner and Luc (1987). However, recent classifications by 
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Siddiqi (2000) and Geraert (2011) maintained the validity of the genus Ibipora. In their 

taxonomical revisions, three genera Belonolaimus, Carphodorus Cobran, 1965 and 

Morulaimus Sauer, 1966 were included in the subfamily Belonolaiminae Whitehead, 

1960. Based on this new classification scheme (Geraert, 2011), Belonolaimus contains 

five species: B. gracilis Steiner, 1949, B. euthychilus, B. longicaudatus, B. maritimus 

Rau, 1963, and B. nortoni Rau, 1963. Recently, Cid Del Prado Vera and Subbotin 

(2012) described a sixth species of Belonolaimus from Veracruz, Mexico and named it 

B. maluceroi. 

Host Range 

Information reported on the host range of sting nematodes are limited mainly to 

species of the genera Belonolaimus and Ibipora. Ibipola lolli is a damaging parasite of 

turf grasses in Australia (Stirling et al., 2013). Belonolaimus longicaudatus has a very 

wide host range including horticultural and agronomic crops, grasses, and forest trees. 

Owens (1951) was the first to report sting nematode as causing serious damage to 

peanut in Virginia. He also mentioned that this nematode affected the production of 

cotton, corn and soybean in Virginia.  

Holdeman (1955) reported that the sting nematode occurred wherever 

susceptible crops where grown in sandy soils, and summarized the host of B. 

longicaudatus based on surveys from the southeastern United States. According to his 

survey, B. longicaudatus infected several grasses including bermudagrass, 

centipedegrass and St. Augustinegrass, and bean, lima bean, corn, cotton, millet, 

celery, onion, pepper, strawberry, sweet potato, potato, cabbage, cauliflower, squash, 

lettuce, endive, and gladiolus, clover, lespedeza, cowpea and both slash and long leaf 

pine tree seedlings. He also reported citrus was susceptible to some isolates from 



 

19 

Florida. Belonolaimus euthychilus Rau,1963 has been detected on citrus in Florida as 

well as B. gracilis (Esser and Simpson, 1984). Crow et al. (2000a) reported the 

pathogenicity of B. longicaudatus to cotton and potato grown in the peninsula of Florida, 

however Kinloch and Sprenkel (1994) found no sting nematodes affecting cotton grown 

in the panhandle region of Florida.  

Robbins and Barker (1973) investigated the host range of North Carolina and 

Georgia isolates of B. longicaudatus. According to their test, both populations could 

reproduce on a wide range of weed hosts (annual morning glory, crabgrass, 

johnsongrass, sorrel and wild carrot), turfgrasses (bentgrass, centipedegrass), forage 

crops (pearl millet, crimson clover, white clover), and many fruits and vegetables 

(muscadine grape, peach, strawberry, carrot, potato, sweet corn). Watermelon, tobacco, 

asparagus, sandbur, and pokeweed were listed as non-hosts. They indicated that there 

were physiological variant races among B. longicaudatus, e.g. the Georgia isolate was 

able to reproduce on cucumber and dandelion but not on peanut, whereas the North 

Carolina isolate reproduced well on peanut, but not on cucumber and dandelion. Also, 

Abu-Gharbieh and Perry (1969) reported that populations of B. longicaudatus from 

different Florida locations showed variable pathogenicity on citrus, peanut, strawberry, 

and tomato. 

Biology and Life Cycle 

Sting nematodes (Belonolaimus and Ibipora species) are ectoparasitic in their 

feeding habit. They use their long stylets to pierce plant cells deep within the root cortex 

to attain nourishment. Entire root systems or in some cases only a portion of parasitized 

roots become severely abbreviated, or stunted. The foliar part of plants are also often 
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severely stunted because their roots cannot take up enough water and nutrition. Above 

ground, the symptoms of damage commonly occur in large patches.  

Their mode of reproduction is gonochoristic amphimixis. Huang and Becker 

(1997) observed feeding behavior of a California isolate of B. longicaudatus on excised 

corn roots grown in in-vitro culture. Based on their studies, following embryogenesis, the 

first-stage juveniles molted within the egg shell giving rise to second-stage juveniles. 

Hatch occurred 5 days later. The third molt was confirmed within 29 days after egg 

deposition at 26 to 27°C. Sting nematodes preferred to feed at the region of rapid cell 

division near the region of elongation. No molting or mating was confirmed during the 

feeding process. According to their study, mating occurred among adults shortly after 

the fourth molt and lasted 6 to 10 minutes, but no more than 20 minutes.  

Han (2006a) observed the mating behavior of Florida, Georgia, and North 

Carolina isolates of B. longicaudatus, the process included rubbing, touching and 

twisting motions between males and females. Feeding started with second-stage 

juveniles and included all motile developmental stages. Discrete brown lesions 

appeared at the feeding sites 12 to 24 hours after B. longicaudatus initiated feeding, 

and typically roots became swollen. Feeding by B. longicaudatus seemed necessary for 

molting to occur. The life cycle of B. longicaudatus was completed in 18 to 25 days at 

28°C, and an average of 529 B. longicaudatus were recovered 60 days after corn roots 

were inoculated with 60 females and 40 males. Smart and Nguyen (1991) also reported 

a similar length of the life cycle of B. longicaudatus under field conditions. 

Han (2006a) compared biological characteristics of three Florida isolates of B. 

longicaudatus that included from potato, bermudagrass and citrus with a Georgia isolate 
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from cotton and a North Carolina isolate from corn. The investigations were carried out 

on excised corn roots grown in in-vitro culture. She observed variations among their 

development times. The North Carolina isolate developed to a second-stage juvenile 

from the egg in 4.6 days, which was the longest time observed among all isolates. The 

Georgia isolate took an average of 3.2 days to hatch to second-stage juveniles. Robbins 

and Barker (1973) also reported differences between the Georgia and the North 

Carolina isolates in their ability to reproduce and their reproductive rate on different 

hosts. The reproduction rate of the Georgia isolate was significantly greater than that of 

the North Carolina isolate. 

Geographical Distribution 

Sting nematodes are commonly found along the coastal plains of the 

southeastern United States. In this region, they have been reported in Florida (Steiner, 

1942), Georgia (Holdeman, 1955), South Carolina (Graham, 1952), North Carolina 

(Holdeman, 1955), Virginia (Owens, 1950,1951), and New Jersey (Hutchinson and 

Reed, 1956; Myers, 1979). Much of the coastal plains and peninsular Florida provide an 

ideal habitat because of the nematode’s soil preference. Sting nematodes are also 

reported in Alabama (Christie, 1959), Texas (Christie, 1959; Norton, 1959) and 

California (Mundo-Ocampo et al., 1994). Cherry et al. (1997) hypothesized that the B. 

longicaudatus in California was introduced from Florida based on PCR-RFLP analysis 

of ITS-1. In addition to the distribution of sting nematodes along the eastern seaboard, 

they are reported in sandy soil sites in interior states, namely Arkansas (Riggs, 1961), 

Kansas (Dickerson et al., 1972), Missouri (Perry and Rhoades, 1982), Oklahoma 

(Russell and Sturgeon, 1969), and Nebraska (Kerr and Wysong, 1979). All these 

populations of sting nematodes are reported as being B. longicaudatus except in 
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Nebraska. The sting nematode in Nebraska was reported as B. nortoni (Kerr and 

Wysong, 1979). Sting nematodes have also been reported outside of the United States. 

They have been found from the Bahamas and Bermuda (Perry and Rhoades, 1982), 

Costa Rica (Lopez, 1978), Mexico (Smart and Nguyen, 1991), and Puerto Rico (Roman, 

1964). Most of them were reported as B. longicaudatus, although one population from 

Mexico was identified as a new species, B. maluceroi (Cid Del Prado Vera and 

Subbotin, 2012). Sting nematodes have also been reported in Sao Paulo State, Brazil, 

and New South Wales, Australia, but these sting nematodes and some populations from 

Puerto Rico belong to the genus Ibipora. Other sting nematodes of the genera 

Carphodorus and Morulaimus are reported from Australia (Stirling et al., 2013). 

Ecology 

Information obtained from Belonolaimus and Ibipora species indicate that they 

prefer sandy soils. Because of the limited and specific distribution of Belonolaimus spp., 

Robbins and Barker (1974) suggested some ecological factors might be more specific 

for sting nematodes than other plant-pathogenic nematodes. They reported that soil 

type, particle size, soil temperature and soil moisture affected the development of 

populations and their reproduction rate. Sting nematodes can increase in population 

density in soil with a minimum of 80% sand and a maximum of 10% of clay (Robbins 

and Barker, 1974). Brodie and Quattlebaum (1970) reported that B. longicaudatus was 

only found in soil with 88% sand and 5% clay and in the top 30 cm of the soil profile. 

Miller (1972) also found that the nematode was found in sands or loamy sands with an 

A horizon that had 84 to 94% sand content. He indicated that sand content and 

available water values were important factors as an index of survival of sting nematode 

in soil.  
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Belonolaimus longicaudatus reproduces better between 25°C to 30°C, although 

the reproduction of the North Carolina population was reduced at 30°C (Robbins and 

Barker, 1974). Han et al. (2006a) studied the period from embryogenesis to hatch of 

second-stage juveniles at different temperatures. Egg development of B. longicaudatus 

needed approximately 9 days at 18°C, 5 days at 23°C and 3.7 days at 28°C. However, 

no eggs were laid at 33°C. Brodie and Quattlebaum (1970) found greater numbers of 

the nematode occurred from June through September when soil temperature of the top 

30 cm of soil was over 20°C and also the soil moisture average was 15 to 20% by 

volume. Boyd and Perry (1969) monitored average maximum temperatures at 2.5 cm 

below the soil surface every 2 weeks through April to October in Florida. They found 

that the nematode could cause severe injury at below 39°C on most varieties of forage 

grasses grown in Florida, whereas soil temperatures above 39°C resulted in reduced 

nematode injury. They also observed a vertical movement of B. longicaudatus that 

suggested that the nematode would be inhibited by death or downward migration when 

the average maximum temperature of 2.5 cm below the soil surface exceeded 39°C. 

Bekal and Becker (2000) monitored a California sting nematode population to 

determine its density relative to monthly temperature changes. The population density 

began to increase in April and peaked in October with 1,000 sting nematodes being 

recovered from 100 cm3 of soil, then declined rapidly in December because of the lack 

of host plants. They also reported the nematode distribution was greater in the top 15 

cm of soil, but during the hottest months in California, August and September, the 

population density was higher at the 15 to 30 cm depth of soil.  
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Intraspecific Variations in Morphology 

Rau and Fassuliotis (1970) described morphologically variant populations using 

the equal-frequency tolerance ellipse method. They concluded these variations were 

affected by genetic origin rather than environmental factors because variations 

observed among isolates collected from Georgia, Florida and Louisiana remained 

constant after being reared for 3 to 7 months under greenhouse conditions. 

Furthermore, some of the recently published morphological characters of B. 

longicaudatus (Robbins and Hirschmann, 1973; Gozel et al., 2006; Han et al., 2006b) 

do not fit that of the original and amended descriptions of B. longicaudatus published by 

Rau in 1958, 1961, and 1963. In addition to tail and stylet length differences, 

morphological differences have been reported on degree of lip constriction, tail shape, 

presence or absence of sclerotized vaginal pieces, stylet/tail length ratio, a ratio, b ratio, 

and number of tail annules (Abu-Gharbieh and Perry, 1970; Rau, 1958, 1961; Robbins 

and Hirschmann, 1974). Robbins and Hirschmann (1974) investigated the variations 

between a North Carolina and a Georgia population. According to their investigation, 

morphological variations were confirmed in stylet measurements, the c ratio, the 

distance of the excretory pore from the anterior end for both sexes, a ratio for females, 

and the total body length and spicule length for males. Moreover, morphometric 

variations have been reported in body length and width, stylet morphology, and labial 

region for the second-stage juvenile between the North Carolina and the Georgia 

population (Han et al., 2006b). Morphological differences have been observed not only 

among the populations collected from different states, but also within a state (Abu-

Gharbieh and Perry, 1970; Robbins and Hirschmann, 1974; Gozel et al., 2006; Han et 

al., 2006b). Abu-Gharbieh and Perry (1970) compared morphological differences 
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among three Florida populations of B. longicaudatus collected from different crops 

grown near Gainesville, Fullers Crossing (Winter Garden), and Sanford. The Florida 

isolate from Fuller’s Crossing, which was not pathogenic to peanut under greenhouse 

conditions, had a narrower body width at the vulva compared to the other two 

populations that were able to reproduce on peanut under greenhouse conditions, 

whereas the average total body length and stylet length of females from the three 

populations were not significantly different. 

Intraspecific Variations in Ribosomal DNA 

Molecular methods have been introduced recently in support of the traditional 

taxonomic studies (Abebe et al., 2011; Adams et al., 1998, 2009). Because of the 

appreciable nucleotide polymorphism, the Internal Transcribed Spacer (ITS) region of 

the ribosomal RNA multiple copy gene array is often used for species level analysis 

(Cherry et al., 1997; Ferris et al., 1993; Adams et al., 2009). Wide intraspecific variation 

in the ITS-1 region located between 18S and 5.8S ribosomal DNA (rDNA) of the genera 

of Belonolaimus has been reported by several authors (Cherry et al., 1997; Gozel et al., 

2006; Han et al., 2006b). Cherry et al. (1997) used polymerase chain reaction-restriction 

fragment length polymorphism (PCR-RFLP) to reveal variations among midwestern 

populations of Belonolaimus based on the ITS region. Restriction patterns of the 

nematode suggested there were variations among the ITS region of B. longicaudatus 

populations, and it also varies within an individual nematode population. In a 

comparative analysis of the ITS-1 region, Han et al. (2006b) reported that intraspecific 

variation was clearly observed between an isolate from Texas and all other sting 

nematode isolates collected in Florida, Georgia, and North Carolina. Similarly, Gozel et 

al.(2006) reported variability both among and within populations of several Florida 
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isolates of B. longicaudatus using the sequences attained from D2-D3 and ITS regions 

of rDNA, which supports previous observations suggesting B. longicaudatus to be a 

species complex (Robbins and Hirschmann, 1974; Duncan et al., 1996; Gozel et al., 

2006; Han et al., 2006b). 

Previous Studies on Belonolaimus longicaudatus Infecting Peanut 

The pathogenicity of the sting nematode to peanut has been observed under field 

conditions in North Carolina (Sasser, 1961), Oklahoma (Russell and Sturgeon, 1969) 

and Virginia (Owens, 1951). Based on peanut yield loss caused by B. longicaudatus, 

the nematode was suggested to be the second most important peanut pathogen in 

these three states (Anonymous, 1987). Sting nematodes restrict root growth during the 

early stage of peanut development, and infected roots become stunted, discolored and 

sparse, which suppresses the development of nodules on peanut (Dickson, 1998). 

Additionally, isolated necrotic lesions on pegs and pods have been observed (Abu-

Gharbieh and Perry, 1970). In a field trial carried out in a sting nematode infested site in 

North Carolina, Sasser et al., 1967 found that the growth of peanut and yield loss were 

highly correlated with the population density of sting nematode 55 days after peanut 

was planted. Although the sting nematode has been rarely observed in soil samples 

collected in peanut field operations in Florida and Georgia (Perry and Norden, 1963; 

Abu-Gharbieh and Perry et al., 1970; Timper and Hanna, 2005 ), no reports of damage 

on peanut under field situations has been made. However, two sting nematode 

populations each collected in Gainesville and Sanford, FL were pathogenic to peanut 

under greenhouse conditions (Abu-Gharbieh and Perry, 1970).  
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Objectives 

The objectives of this research project were to: i) elucidate the morphological and 

molecular characteristics of the two sting nematode populations infecting peanut in Levy 

County, Florida, ii) determine the phylogenetic relationship between these two sting 

nematode populations infecting peanut with other Belonolaimus species and 

populations of B. longicaudatus from different hosts and localities, iii) describe the 

symptoms they cause on peanut and estimate yield suppression, iv) describe changes 

in their population densities over the peanut crop season at both infested sites, v) 

isolate the nematode and duplicate the symptoms they caused on peanut, vi) evaluate 

soil texture content of sand, silt, clay and organic matter, and vii) determine the 

capability of infection on peanut of an outlier isolate of sting nematode collected from a 

strawberry field in Dover, Hillsborough Co., Florida. 
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CHAPTER 3 
MATERIALS AND METHODS 

Morphological Characterization  

Preparation of Nematode Specimens for Morphological Examination 

Two isolates of sting nematodes were collected from peanut fields in Levy 

County, Florida. The first isolate was collected in 2012 from a farm designated as 35 

Farms; the second was collected in 2013 from a farm designated as Brown farm. Both 

peanut fields were large plantings of ca. 400 ha. The nematodes were extracted from 

soil samples by the modified Baermann method (Rodriguez-Kabana and Pope, 1981) 

and an isolate of each population was reared on a diploid St. Augustinegrass 

(Stenotaphrum secundatum (Walt.) Kuntze) (FX-313) in 15-cm-diameter-clay pots in a 

University of Florida greenhouse with an average daytime temperature of 28±5°C. 

Extracted females and males of both peanut isolates were arbitrarily chosen and hand-

picked from the water suspension with the aid of a stereomicroscope for morphological 

analysis. Specimens were processed using the methods of Seinhorst (1959, 1962, 

1966) with slight modifications. They were killed in hot 4% formalin in small 

watchglasses, which were maintained in a petri dish covered with wet filter paper for 12 

hours at room temperature. After 12 hours, excess formalin was removed from the 

watchglasses, and replaced with Seinhorst glycerol-ethanol solution (96% ethanol 20%: 

glycerin 1%) and kept in an alcohol chamber for 12 hours. Alcohol was removed from 

the watchglasses after the incubation period, and replaced with formalin-glycerol fixative 

solution (96% ethanol 95%: glycerin 5%). Then the watchglasses were placed in a dry 

petri dish in an oven at 40°C and the formalin-glycerol fixative solution was added every 

3 hours for a day and then every 12 hours for 3 days until the specimens were 
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embedded in pure glycerin. The watchglasses containing the fixed specimens were kept 

in a dessicator until they were ready to be mounted on glass slides for measurements. 

Examination and Measurements of Nematode Specimens 

The configuration of the morphology of the fixed specimens was examined in 

detail for their classification at family and generic levels. These morphological 

characters evaluated included the body size, the length of the stylet, the shape of the 

cephalic region and tail, and the number of incisures in the lateral lines. Selected 

morphometric characters for 20 females and males of the two nematode populations 

also were examined and recorded (Geraert, 2011). The specimens were measured with 

an ocular micrometer using a Nikon compound microscope at ×1000 magnification with 

an oil immersion objective, except for total body length, which was measured at ×400. 

The characters measured included: total body length, stylet, stylet cone and stylet shaft 

lengths, head height, tail length, tail width, anterior end to excretory pore distance, 

posterior end to phasmid distance, body width, spicule and gubernaculum length. The 

following ratios a (body length/body width), b (body length/pharynx length), c (body 

length/tail length), tail/body width, stylet/tail and percentage V (vulva position as 

percentage of body length) were calculated. 

Molecular Characterization  

Preparation of Nematode Sample 

Two sting nematode isolates attained from 35 Farms and Brown farm were 

reared and extracted from soil as described above.  

DNA Extraction 

DNA was extracted with DNeasy® Blood & Tissue Kit (Qiagen, Valencia, CA) 

according to the manufacturer’s instructions. Single females from each of the nematode 
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isolates were hand-picked, placed into 1.5-ml microcentrifuge tubes containing 180 µl of 

Buffer ATL. Twenty microliters of proteinase K was added and thoroughly mixed by 

vortexing, and the specimen was incubated at 56°C overnight to insure the tissue was 

completely lysed. After the incubation period, the tubes were vortexed for 15 seconds, 

200 µl of ethanol (96-100%) was added, and the sample was mixed thoroughly again by 

vortexing. The total sample was transferred to a DNeasy Mini Spin Column placed in a 

2-ml collection tube, and centrifuged at 6,000 × g for 1 minute. The flow-through was 

discarded with the collection tube, and replaced with a new collection tube. Five 

hundred microliters of Buffer AW1 was added into the spin column, and centrifuged at 

6,000 × g for 1 minute. The flow-through and the collection tube were discarded, and 

the spin column was set onto a new collection tube. Five hundred microliters of Buffer 

AW2 was added to the column, and centrifuged for 3.5 minutes at 20,000 × g, the flow-

through was discarded with the collection tube, and the spin column was transferred to 

a new 1.5-ml microcentrifuge tube. Fifty microliters of Buffer AE was added to the center 

of the spin column membrane to elute the DNA. After incubation for 1 minute at room 

temperature, it was centrifuged for 1.5 minute at 6,000 × g. The extracted DNA was 

stored at -20°C for further use. 

PCR Amplification 

The extracted DNA was suspended in a 25 µl reaction volume containing 2.5 µl 

of 10 × Standard Taq reaction buffer (100 mM Tris pH 8.3, 500 mM KCl, and15 mM 

MgCl2), 2 µl of 10x dNTPs (200 mM each), 0.8 units of 1 µl Taq DNA polymerase 

(Takara Bio Company, Shiga Japan), 1 µl each of forward and reverse primers, 12.5 µl 

of HyClone water and 5 µl of DNA template. Two sets of primers were chosen for this 

study: (F) TW81(5’ – GTTTCCGTAGGTGAACCTGC – 3’), (R) AB28(5’ – 
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ATATGCTTAAGTTCAGCGGGT – 3’) amplifying the ITS-1-5.8-ITS-2 of the rRNA (Cid 

Del Prado Vera and Subbotin, 2012; Stirling, et al., 2013), and (F) D2A(5’ – 

ACAAGTACCGTGAGGGAAAGTTG – 3’), (R) D3B(5’ – TCGGAAGGAACCAGCTACTA 

– 3’) amplifying the D2/D3 expansion fragments of 28S rRNA (Cid Del Prado Vera and 

Subbotin, 2012; Stirling, et al., 2013). PCR cycling conditions for amplification were; 

94°C for 5 minutes, followed by 35 cycles of denaturation at 94°C for 30 seconds, 

annealing at 55°C for 30 seconds, extension at 72°C for 1 minute, and a final step at 

72°C for 10 minutes. Gene Amp PCR System 9700 (Applied Biosystems, Grand Island, 

NY) was used for all PCR assays. PCR products (10 µl) were resolved in a 2% agarose 

gel (2 g of agarose, 100 ml of 100 ×TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM 

EDTA, pH: 8.3) at 120 V for 45 minutes and then stained with SYBR® Green II RNA Gel 

Stain (Lonza, Rockland, ME USA). PCR products (15 µl) were purified using High Pure 

PCR Products Purification Kit (Roche Applied Science, Manheim, Germany) following 

the manufacture’s protocol and stored at -20°C for further use.  

Cloning and Sequencing 

PCR purified products (4 µl) were ligated into the plasmid pCR2.1-TOPO and 

used to transform Escherichia coli. The protocol that came with the plasmid pCR2.1-

TOPO kit (InVitrogen Corporation, Carlsbad, CA) was used for this process. The 

transformed E. coli was mixed with 100 µl SOC medium (2% Bacto-tryptone, 0.5% 

Bacto yeast extract, 0.05% NaCl, 2 M MgCl2 20 mM glucose), and cultured in Luria-

bertani (LB) medium, 50 µg/ml of ampicillin, X-gal and Isopropyl β-D-1-

thiogalactopyranoside (IPTG), and incubated at 37°C for 15 hours. The transformed 

colonies were distinguished from wild type colonies by the white color and 16 colonies 

were randomly picked for the analysis. These chosen colonies were cultured in 10 ml 
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LB medium containing 20 µl of ampicillin and incubated at 37°C for 15 hours. Plasmids 

were extracted using PureLinkTM Quick Plasmid Miniprep Kit (Invitrogen Corp., 

Carlsbad, CA) following the manufacturer’s protocol with small modifications. Briefly, the 

bacterial cells were harvested by the centrifugation at 6,000 × g for 5 minutes. After 

harvesting, 250 µl of re-suspension buffer (R3; 50 mM Tris-HCl, pH 8.0; 10 mM EDTA) 

was added to the cell pellet, and re-suspended until it was thoroughly homogeneous. 

Two hundred-fifty microliters of lysis buffer (L7; 200 mM NaOH, 1% w/v SDS) was 

added and mixed gently by shaking, and incubated at room temperature for 5 minutes. 

Precipitation buffer (N4) was added and mixed by flipping over the tube several times. 

The lysate was centrifuged at 12,000 × g for 10 minutes. The supernatant was loaded 

onto a Spin Column in a 2-ml wash tube. The column was centrifuged at 12,000 × g for 

1 minute. The pellet from the last step was washed by two different wash buffers (W9, 

W10), and for each wash buffer, the pellet was centrifuged at 12,000 × g for 1 minute. 

Seventy-five microliters of HyClone water was added to elute the DNA. After incubation 

at room temperature for 1 minute, the column was centrifuged at 12,000 × g for 2 

minutes. The purified plasmid DNA was stored at -20 °C. The extracted plasmids were 

digested with EcoRI, and the plasmid DNA obtained from each nematode isolate were 

sequenced at the Interdisciplinary Center for Biotechnology Research (ICBR) at the 

University of Florida, Gainesville, Florida. 

Sequence Alignment and Phylogenetic Analysis 

Amplified DNA sequences from both isolates of sting nematode infecting peanut 

were aligned with BioEdit (Hall, 2013) to default parameters, and improved with 

MEGA5.2 (Tamura et al., 2011), and aligned with CLUSTALX in MEGA5.2. Both 

Maximum Likelihood and Neighbor Joining trees were constructed using MEGA5.2. 
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Phylogenetic analysis of the ITS and D2/D3 expansion fragments regions were 

performed by comparing the sequences obtained from the cloned PCR products of both 

isolates of sting nematodes with those deposited to GenBank (Gozel et al., 2006; Han 

et al., 2006b) of other species of Belonolaimus, including B. euthychilus and B. gracilis, 

and different Florida populations of B. longicaudatus found infecting several crops. 

Tylenchorhynchus leviterminalis and T. zeae were included as outgroup taxa for D2/D3 

and ITS, respectively. Kimura 2-parameter model was applied for both ML and NJ. 

Bootstrap values had 1,000 replicates to ensure the reliability of the branching. Anything 

below 50% for Bootstrap number was ignored for the analysis. All the unique sequences 

obtained from the two sting nematode populations infecting peanut were deposited to 

GenBank (Accession Nos. KF963097, KF963098 for ITS, and KF963199, KF963100 for 

D2/D3).  

Population Density Changes and Damage Estimation under Field Conditions 

Population Density Changes  

The experiments were conducted at 35 Farms and Brown farm, Levy Co., Florida 

from June to September, 2013. The peanut cv. Bailey, which is a Virginia type (Isleib et 

al., 2011), was seeded at 35 Farms at the end of April, and the runner type peanut cv. 

Georgia-06G (Branch, 1996) was seeded at Brown farm on 19 March, 2013. Three plots 

(six beds, 22 m × 1.8 m each) were set up at 35 Farms after the peanuts were seeded, 

and five plots (five beds, 15 m × 1.8 m each) were set up at Brown farm after the sting 

nematode symptoms were clearly visible. Soil samples were collected every 2 weeks 

from June to September, 2013 at 35 Farms, and June to August, 2013 at Brown farm. 

At harvest, 10 peanut plants, showing the typical root symptoms induced by sting 

nematode from each replicate were collected along with the soil attained directly around 
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the roots and placed into plastic bags. Nematodes were extracted by the centrifugal-

flotation method (Jenkins, 1964) and the number of nematodes per 100 cm3 of soil was 

counted under a light microscope. 

Estimation of Peanut Yield Suppresion  

At the Brown farm, sting nematode infested and non-infested plots were 

delimited for estimating yield suppression. Five plots, 6 m × 1.8 m each, were 

established from both sites. The peanuts were planted as twin rows spaced 91 cm on 

center. To ensure the non-sting nematode infested site was free of sting nematodes, 

soil samples were taken from each of the five plots and the nematodes extracted from 

100 cm3 of soil (Jenkins, 1964). At harvest, 23 August 2013, peanut from each site was 

dug. The peanut plants from each plot were collected by hand, placed in 6 m × 6 m 

tobacco sheets and dried to a moisture level of 10%. Once dried the vines were 

removed from the sheets and thrashed by machine to remove the pods, which were 

collected and weighed. The mean pod weight from both sites were compared by a 

student’s T-test (P ≤ 0.05).  

Soil Analysis  

Soil was taken from the A horizon from both peanut farms and the percentages 

of sand, silt, and clay, and organic matter were determined following the Bouyoucos 

hydrometer method (Bouyoucos, 1936).  

Infection of Belonolaimus longicaudatus on Peanut in a Greenhouse Environment  

Belonolaimus longicaudatus collected from peanut, Levy Co., Florida 

The sting nematode isolates used were collected from 35 Farms and Brown 

farm, Levy, Co., Florida, and reared on St. Augustinegrass in 15-cm-diameter clay pots 

in a greenhouse. The treatments included the two nematode isolates, one peanut cv. 
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Georgia-06G, replicated three times for the 35 Farms isolate, and twice for the Brown 

farm isolate. Two replicates of non-inoculated control were included for comparison. 

The soil that was used for this trial was collected from 35 Farms, steam pasteurized, 

and approximately 700 cm3 of soil was added to each 15-cm-diameter clay pot. Four 

peanut seeds were seeded 2.5 cm deep per pot. Plants were maintained with two 

replicates in a completely randomized design in a greenhouse. The soil temperature at 

a depth of 4 cm was monitored and checked weekly using a TidbiT Data Logger (Onset 

HOBO Data Loggers, Bourne, MA). After the seedlings reached three true leaves, they 

were thinned to one seedling per pot, then 100 sting nematodes (mixed life stages) 

extracted by modified Baermann method (Rodriguez-Kabana and Pope, 1981) in a 

water suspension were pipetted into four 3-cm deep holes around the plant stems. 

Plants were fertilized weekly with Miracle-Gro (24% nitrogen; 8% phosphate; 16% 

potassium; and minor elements) (Scotts Miracle-Gro Products, Marysville, OH) and 

Danitol (a.i. fenpropathrin), Kelthane (a.i. chlorophenyl) for mites, and Chloronil (a.i. 

chlorothalonil) for early and late leaf spots were sprayed as needed according to 

manufacturer’s instructions. At harvest, 90 days after inoculation, plants were removed 

from the soil, and nematodes extracted by centrifugal flotation from 100 cm3 of soil from 

each replicate (Jenkins, 1964). Harvest of one of the three replicates of the 35 Farms 

isolate was delayed 1 week to provide more time for the nematode to develop and 

reproduce. The nematodes were collected from the sample as described above. The 

reproductive factor (Rf) was calculated by the formula: Rf = final nematode density 

(Pf)/initial inoculum density (Pi).  
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Belonolaimus longicaudatus collected from strawberry, Hillsborough Co., Florida 

Because of the difficulty of attaining sufficient numbers of peanut sting 

nematodes for determining their reproduction rate and pathogenic effects on peanut 

grown under greenhouse conditions, evaluation of an outlier isolate of sting nematode 

obtained from a strawberry field at the Florida Strawberry Grower Association (FSGA) 

located in Dover, Hillsborough Co., Florida was used. The strawberry isolate could be 

attained in large numbers from late season strawberry plants. Soil samples were 

collected from the severely stunted strawberry plants and the nematodes extracted by 

modified Baermann method (Rodriguez-Kabana and Pope, 1981). The pots were 

inoculated with 200, 300, 500, and 1,000 B. longicaudatus mixed life stages in 15-cm-

diameter clay pots containing 1,000 cm3 of steam pasteurized soil collected from 35 

Farms. Non-inoculated peanut plants were used as control. All treatments were 

replicated three times. Also, a peanut seedling was transplanted directly into potted soil 

collected from the strawberry naturally infested strawberry field soil. All treatments were 

maintained in a greenhouse, harvested 90 days after inoculation, and data collected 

and analyzed as described above. The root systems were prepared for scanning (Pang 

et al., 2011). The root lengths were measured and subjected to analysis with WinRHIZO 

(Regent Instruments, Quebec, Canada) according to the manufacturer’s instructions. 

Diameter ranges that were measured were,<0.25 mm, 0.26 to 0.5 mm, 0.51 to 1.0 mm, 

>1.0 mm, and all diameter ranges, and each measurement was regressed per the initial 

population densities of B. longicaudatus with Excel software (Microsoft, Redmond, WA).  
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CHAPTER 4 
RESULTS 

Morphological Characterization 

The large body size (>1 mm long), long stylet (>60 µm), offset cephalic region 

and cylindroid tail indicates that the specimens obtained from either peanut field were 

representatives of the subfamily Belonolaiminae. The presence of a single groove-like 

incisure in the lateral fields provided evidence that they belonged to the genus 

Belonolaimus and not to the other genera in the subfamily, which have lateral fields 

marked by more than two incisures. For the identification of the two populations at 

species level, the following diagnostic characters of the females were evaluated: the 

configuration of the lip region was constricted from the body in both isolates and ranged 

in height of 10-12 and 9.6-13 µm for 35 Farms and Brown farm isolates, respectively; 

the stylet length ranged from 114-128 and 116-143 µm for the 35 Farms and Brown 

farm isolates, respectively; and the average value of stylet/tail ratio was less than 1 for 

both isolates (0.92 and 0.8 from 35 Farms and Brown farm isolates, respectively) (Table 

4-1). On the basis of these morphological characters and following the key prepared by 

Geraert in 2011, both isolates were identified as representatives of the species 

Belonolaimus longicaudatus. 

Additional Characters of Female Morphology  

Sclerotized vaginal pieces were observed in both isolates (Figures 4-1, 4-2). 

Comparison of the morphometrics of B. longicaudatus females from the peanut isolates 

with those of the original descriptions of other known species of Belonolaimus including 

B. gracilis, and B. euthychilus, B. nortoni, and B. maluceroi, and also with published 

data of B. longicaudatus isolated from different hosts and sites in Florida, Georgia, and 



 

38 

North Carolina are shown in Tables 4-1 and 4-2. Females of both peanut isolates 

showed a similar range of morphometric values for each recorded character (Table 4-1). 

Male morphology 

Ranges of male morphometric values for the two isolates were similar to each 

other (Table 4-3). 

Molecular Characterization 

Characterization of the Sequence of ITS Region 

DNA samples extracted from sting nematodes isolated from 35 Farms and Brown 

farm were identified as Belonolaimus longicaudatus according to Basic Local Alignment 

Search Tool (BLAST) by National Center for Biotechnology Information (NCBI, 

GenBank searches). The total amplified DNA of the peanut isolates, which include 

partial sequence of 18S rRNA, complete sequences of ITS-1, 5.8S rRNA, and partial 

sequence of ITS-2, was 982 bp. There was a 3 bp redundant confirmed in the total 

amplified DNA of B. longicaudatus from Brown farm isolate (985 bp) compared to that 

from 35 Farms isolate. Both partial sequences of 18S rRNA were 40 bp. The ITS-1 was 

464 bp, whereas 5.8S rRNA gene was 167 bp in both sting nematode isolates. There 

were nine transitions between the two different isolates. Five transitions occurred in ITS-

1, and two transitions occurred in the 5.8S rRNA gene and ITS-2. C to T and G to A 

transitions were observed in ITS-1 and ITS-2, and a G to C transition occurred in ITS-1. 

The most frequently observed transition was T to A (A to T), which was recognized 

twice in ITS-1, once in the 5.8S rRNA gene, and once in ITS-2.  

Characterization of the Sequence of D2/D3 Expansion Fragments of 28S rRNA  

The sequences of D2/D3 expansion fragments of 28S rRNA from both sites 

showed a 99% identity match to B. longicaudatus according to the BLAST search at the 
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NCBI GenBank. The total length of amplified DNA was 787 bp for both isolates. There 

were only two transitions (T → C, and G → A) occurring between the two sequences at 

401 and 464 bp.   

Phylogenetic Analysis for ITS Region 

Two different algorithms of trees, Maximum Likelihood (ML), and Neighbor 

Joining (NJ) were constructed (Figures 4-3, 4-4). The clades of the constructed ML and 

NJ showed similar patterns. In both methods of analysis, the isolates of Belonolaimus 

longicaudatus from 35 Farms and Brown farm were evolutionarily related, and in the 

same major clade including the Florida isolates previously reported. These closely 

related Florida isolates were from north central Florida, namely from Gilchrist, Alachua, 

Putnam, Marion, and St. Johns counties. All of these occupy the same geographical 

regions as Levy Co. Florida isolates of sting nematodes attained from southern Florida, 

namely Palm Beach and Broward Counties, were in more distantly related clades in 

both algorithms. 

Belonolaimus longicaudatus on soybean from Delaware, cotton from Georgia, 

corn from North Carolina were in the same main clade as the peanut isolates, but the 

South Carolina, Texas, and Nebraska isolates were located more distantly from the 

peanut isolates. Moreover, B. longicaudatus isolated from pine trees in Marion, Santa 

Rosa, and Alachua counties were closely related to each other, however these 

populations were differentiated from the peanut isolates in both algorithms. 

Phylogenetic Analysis for D2/D3 Expansion Fragments of 28S rRNA 

The same algorithms of phylogenetic trees used for ITS regions (ML and NJ) 

were applied for D2/D3 expansion fragments of the 28S rRNA gene (Figures 4-5, 4-6). 

The branch patterns resulting from tree-making programs showed similarities with slight 
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differences in both algorithms. The similar features among the trees based on the two 

different genes were that the Florida isolates from pine trees were separated from the 

peanut isolates, and the southern Florida isolates were located far from them as well. 

The California isolate collected from grass, which was hypothesized as being introduced 

from Florida (Cherry et al. 1997), was observed in the same main branch containing 

both peanut isolates as well as the Delaware isolate from soybean. Furthermore, the 

trees based on D2/D3 expansion fragments revealed that the north Florida isolates of B. 

longicaudatus were in the same clade as the peanut isolates. 

Population Density Changes, and Damage Estimation Under Field Conditions 

Population Density Changes  

The damage induced by the sting nematode on peanut was seen as large 

irregular patches at both farms (Figures 4-7, 4-8). Infected plants were heavily stunted 

and showed symptoms of nutrient deficiency (Figure 4-9). The root systems were 

severely abbreviated (Figure 4-10), and numerous small, round punctate-like necrotic 

lesions were observed on pods and pegs of the infected plants at both peanut farms 

(Figures 4-11, 4-12). Though peanut plants were severely stunted during the first 6 

weeks of growth, the symptoms on pods and pegs were most apparent in mid-July at 

both farms, ca. 110 days and 80 days after planting at 35 Farms and Brown farm, 

respectively. At the Brown farm, sting nematode averaged 30 motile stages/100 cm3 of 

soil from late June through late July, and increased to over 50 specimens in late August 

(Figure 4-13). At the 35 Farms, the number of sting nematode increased from mid-June 

until early August and decreased after the nematode numbers peaked at 86 

specimens/100 cm3 of soil during the first week of August (Figure 4-14). Other plant-

parasitic nematodes found at both farms were root-knot, lesion and ring nematodes. 
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The population densities of these nematodes in the sting nematode infested sites 

remained low throughout this study (Figure 4-14), except at the Brown farm root-knot 

nematode second-stage juveniles increased to over 425/100 cm3 of soil at the last 

sampling date, 23 August. 

Estimation of Peanut Yield Suppression  

The average dried weight of peanut kernels was 2.7 kg from the sting nematode 

infested plots, and 7.4 kg from the control plots (Figure 4-15). Compared to the control, 

peanut yield suppression was estimated at 64% (P ≤ 0.0001). No sting nematode was 

detected from any of non-sting infested sites, but other plant-parasitic nematodes found 

were: 7 lesion, 42 root-knot, and 22 ring nematodes/100 cm3 of soil. 

Soil Analysis 

The soil from 35 Farms contained 97.3% of sand, 1% of silt, 1.7% of clay and 

2.2% of organic matter, whereas the Brown farm contained 94.7% of sand, 2% of silt, 

3.3% of clay and 2.8% of organic matter. The soil type was identified as Candler series 

(consists of very deep, excessively drained, rapidly permeable soil on uplands of Florida 

flat woods).  

Infection of Belonolaimus longicaudatus on Peanut in a Greenhouse Environment  

Belonolaimus longicaudatus collected from peanut, Levy Co., Florida 

Punctate-like, isolated lesions were observed on pods and pegs of peanut plants 

inoculated with either peanut isolate (Figures 4-16 and 4-17), whereas sting nematode 

symptoms on root systems, such as root abbreviation and stunted plant growth, were 

much less severe as compared with that observed in the field. Only one plant inoculated 

with the Brown farm isolate showed a severely abbreviated root system (Figures 4-18 

and 4-19). The final population density number was 95.2 sting nematodes/pot (13.6 
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sting nematodes/100 cm3 of soil) and 15.4 sting nematodes/pot (2.2 sting 

nematodes/100 cm3 of soil) from 35 Farms and Brown farm isolates, respectively. 

Belonolaimus longicaudatus collected from strawberry, Hillsborough Co., Florida 

No sting nematodes were extracted from the non-inoculated control, 22 sting 

nematodes from treatments inoculated with 200 sting nematodes, 13 sting nematodes 

from treatments inoculated with 300 sting nematodes, 21 sting nematodes from 

treatments inoculated with 500 sting nematodes and 53 sting nematodes from 

treatments inoculated with 1,000 sting nematodes, and 90 sting nematodes from pots 

with naturally infested soil (initial population density averaged 289/100 cm3). Despite the 

low number of sting nematodes recovered from pots, symptoms on pods and pegs of 

most inoculated peanut plants appeared similar to that observed in the field - isolated 

punctate-like lesions (Figure 4-20). Abbreviated root systems were also observed on 

some of the plants (Figure 4-21). Nonetheless, no clear differences were visually 

observed between above ground symptoms of inoculated peanut plants and controls, 

except were one of the peanut plants showed an abbreviated root system (Figure 4-22). 

The root diameters as well as total root length were slightly increased as the initial 

population density of B. longicaudatus increased (Table 4-4). 
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Table 4-1. Morphometricsa of selected characters of Belonolaimus longicaudatus females attained from soil collected 
around peanut roots from 35 Farms and Brown farm (n=20) and original descriptions of five species of 
Belonolaimus.  

 
aMeasurements in µm except L in mm. 
bL=Total body length, a=Total body length /body width, b=Total body length /length of esophagus, c=Total body length /tail 
length, V%=distance from anterior end to vulva of female as a percentage of total body length. 
  

Charactersb
35 Farms Brown farm B. longicaudatus B. gracilis B. euthychilus B. nortoni B. maluceroi

Rau. 1958 Steiner, 1949 Rau, 1963 Rau, 1963 Vera & Subbotin, 2012

L 2.23 ± 0.15 2.21 ± 0.10 2.2 2.15 1.85 1.85 1.6

(1.98-2.75) (1.98-2.39) (2.0-2.6) (1.40-2.46) (1.43-2.09) (1.60-2.12) (1.4-1.8)

a 53.0 ± 3.5 55 ± 2.5 65.4 49 45 58 54

(48.8-64.8) (51-60) (55.7-74.9) (39-63) (39-62) (51-64) (47-59)

b 11.8 ± 0.7 11 ± 0.6 8.4 6.7 5.7 8 9.6

(10.4-14.7) (10-12) (7.3-9.9) (5.1-9.8) (5.2-6.1) (6.9-9.3) (7.2-11.3)

c 16.4 ± 1.9 15 ± 1.1 16.1 23 20 17 19

(13.3-20.6) (13-18) (14.5-18.0) (16-28) (15-27) (15-18) (16.3-23.4)

v% 49.5 ± 2.0 50 ± 2.1 50 53 53 50 51

(41.9-51.6) (46-56) (46-54) (50-57) (50-57) (49-53) (46-53)

Lip region 11 ± 0.7 11 ± 0.9 17.8 - - - -

(10-12) (9.6-13) (16.8-18.8) - - - -

Stylet 122 ± 4.5 128 ± 6.6 118 - 154 90 96

(114-128) (116-143) (100-133) (130-168) (131-168) (78-98) (85-103)

Stylet cone 88 ± 4.2 93 ± 5.9 93 114 114 - 70

(80-94) (82-108) (84-102) (98-133) (95-126) - (63-78)

Stylet shaft 31 ± 2.8 32 ± 1.8 34 39 40 - 25

(27-36) (28-35) (28-39) (25-43) (35-45) - (23-28)

Tail length 136 ± 11.2 143 ± 11.6 140 78 88 108 83

(116-171) (120-160) (117-163) (53-134) (56-148) (84-130) (50-96)

Tail/Body width ratio 3.3.8 ± 0.3 3.7 ± 0.3 4.4 2.6 - 4.1 2.8

(2.75-4.45) (3.0-4.2) (3.5-5.0) (1.8-3.6) - (3.4-4.7) (2.3-3.4)

Tail width 34 ± 2.0 32 ± 1.4 - - 32.6 - 24

(30-38) (30-35) - - (35-38) - (22-28)

Anterior end to excretory pore 227 ± 13.6 230 ± 12.8 215 - 235 195 -

(200-249) (194-248) (184-233) - (195-251) (170-206) (146-195)

Stylet/Tail ratio 0.92 ± 0.07 0.8 ± 0.08 0.81 1.76 - - 1.2

(0.81-1.08) (0.7-1.1) (0.68-1.0) (1.33-2.31) - - (1.1-1.8)

Body width 40 ± 1.6 38 ± 1.8 34 41 - - 29

(36-42) (34-41) (30-40) - - - (27-31)



 

44 

Table 4-2. Measurementsa of selected characters of Belonolaimus longicaudatus isolated from different crops and 
localities. 

 
aMeasurements in µm except L in mm. 
bL=Total body length, a=Total body length / body width, b=Total body length / length of esophagus, c=Total body length / 
tail length, V%=distance from anterior end to vulva of female as a percentage of total body length. 
cGozel et al., 2006. 
dHan et al., 2006b. 
 
 
 
 
  

Charactersb Citrusc Grassc Citrusc Cornc Grassc Bermudagrassd Potatod Cottond Cornd

Polk City, FL Sanford, FL Lake Alfred, FL Sanford, FL Palatka, FL Gainesville, FL Hastings,FL Tifton, GA Scotland Co., NC

L 2.61 ± 0.51 2.24 ±0.47 2.64 ± 0.51 2.67 ± 0.51 2.71 ±0.52 2.04 ± 0.15 2.18 ± 0.18 2.13 ± 88.3 2.32 ± 0.13

(2.43-2.75) (2.07-2.56) (2.39-2.77) (2.81-2.94) (2.48-2.89) (1.75-2.42) (1.87-2.60) (2.0-2.34) (2.03-2.51)

a  63.7 ± 7.9 53.4 ± 7.3 57.7 ± 7.5 64.3 ± 8.1 67.8 ± 8.2 50.3 ± 4.7 56.3 ± 5.3 52.5 ± 3.2 55.2 ± 6.3

(58-68.6) (50.4-58) (53.3-57.2) (57.6-70.5) (64.9-77.3) (40.0-59.3) (47.3-67.4) (45.4-59.2) (41.7-69.2)

b 8.7 ± 2.9 7.9 ± 2.8 8.2 ± 2.8 8.5 ± 2.9 8.9 ± 2.9 7.8 ± 0.6 8.1 ± 0.6 7.9 ± 0.5 8.2 ± 0.5

(8.3-9.4) (7.2-8.6) (7.7-8.5) (7.7-8.6) (8.0-9.7) (6.5-9.1) (7.1-9.2) (7.0-9.1) (7.2-9.9)

c 16.2 ± 4.1 16.1 ± 4.1 18.9 ± 4.3 15.8 ± 3.9 16.8 ± 4.1 18.1 ± 2.6 16.3 ± 1.2 17.4 ± 1.9 16.4 ± 1.5

(14.3-17.8) (14.8-17.5) (17.8-19.9) (14-17.1) (15.4-19.1) (14.0-25.2) (14.2-18.3) (13.7-20.9) (13.9-19.5)

V% 49.6 ± 7.1 51.5 ± 7.1 50.9 ± 7.1 50.2 ± 7.1 49.3 ± 7.1 49.6 ± 2.2 49.2 ± 1.9 50.6 ± 2.5 50.5 ± 1.8

(48-53) (50-54) (50.1-52.1) (48.3-52.3) (46.5-52.6) (44.7-54.3) (45.2-54.4) (44.9-59.7) (46.0-54.6)

lip region 10.6 ± 3.2 10.9 ±3.3 10.3 ± 3.2 10.4 ± 3.2 10.3 ± 3.2 10.9 ± 1.19 10.7 ± 0.9 10.9 ± 0.7 10.6 ± 0.8

(10-12) (10-12) (10-11) (10-11) (10-11) (9.1-15.9) (9.1-12.9) (9.9-13.6) (9.1-13.6)

Stylet 127 ± 11.2 124 ±11.1 141 ± 11.9 123 ± 11.1 128 ± 11.3 115.6 ± 17.7 118.1 ± 6.4 124.5 ± 14.8 123.5 ± 6.7

(119-134) (114-136) (133-147) (109-132) (103-145) (103.0-132.6) (107.6-129.6) (106.1-145.5) (109.1-139.4)

Stylet cone 90 ± 9.4 90 ±9.5 101 ± 10.1 88 ± 9.3 93.9 ± 9.6 84.6 ± 5.8 85.7 ± 5.3 91.4 ± 5.6 88.2 ± 5.9

(83-98) (85-96) (94-110) (70-98) (86-107) (72.7-98.5) (75.8-95.5) (75.8-104.6) (75.8-103.1)

Tail length 160 ± 12.7 147 ± 12.1 138 ± 11.7 168 ± 12.9 161 ± 12.7 115 ± 7.0 134.7 ± 13.2 124 ± 14.8 142.1 ± 12.9

(145-175) (135-163) (130-144) (155-184) (144-179) (75.8-150.0) (106.1-168.2) (101.5-156.1) (119.7-165.2)

Tail width 35.5 ± 5.9 36 ± 6 38 ± 6.1 33.8 ± 5.8 32.5 ± 5.7 - - - -

(30-42) (32-39) (35.1-1.39) (30-37) (30.3-34.8) - - - -

Anterior end to excretory pore 251 ± 15.8 250 ± 15.8 264 ± 16.2 255 ± 15.9 252 ± 15.8 201.1 ± 16.1 208.7 ± 20.0 209.2 ± 13.3 228.5 ± 19.5

(230-272) (236-280) (242-278) (211-277) (233-277) (165.2-247.0) (174.2-243.2) (180.3-228.8) (154.6-257.6)

Stylet/Tail ratio 0.71 ± 0.88 0.86 ± 0.92 1.02 ± 0.9 0.73 ± 0.8 0.81 ± 0.8 1.01 ± 0.2 0.88 ± 0.1 1.01 ± 0.1 0.88 ± 0.1

(0.81-0.88) (0.75-0.95) (1.0-1.08) (0.65-0.77) (0.69-0.88) (0.8-1.5) (0.7-1.1) (0.8-1.2) (0.7-1.1)

Body width 41 ± 6.4 44 ± 6.6 45 ± 6.7 41 ± 6.4 39 ± 6.3 40.9 ± 3.5 39 ± 2.5 40.8 ± 2.2 42.5 ± 4.3

(39-43) (41-48) (41-48) (39-45) (38-43) (36.4-51.5) (34.9-45.5) (36.4-45.5) (36.4-53.0)
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Table 4-3. Morphometricsa of selected characters of Belonolaimus longicaudatus males isolated from soil collected from 

peanut roots from 35 Farms and Brown farm (n=20) and original descriptions of five species of Belonolaimus. 

 
aMeasurements in µm except L in mm. 
bL=Total body length, a=Total body length per body width, b=Total body length per length of esophagus, c=Total body 
length per tail length. 
  

Charactersb
35 Farms Brown farm B. longicaudatus B. gracilis B. euthychilus B. nortoni B. maluceroi

Rau, 1958 Steiner, 1949 Rau, 1963 Rau, 1963 Vera & Subbotin, 2012

L 1.79 ± 0.12 1.70 ± 0.10 1.8 1.9 1.5 1.6 1.3

(1.48-2.02) (1.54-1.86) (1.6-2.1) (1.4-2.5) (1.0-1.7) (1.5-1.7) (1.2-1.5)

a 43.1 ± 4.1 55 ± 5.2 64 52 50 59 54

(54.6-6.01) (48-66) (55-74) (44-61) (39-59) (54-62) (50-58)

b 8.6 ± 0.7 9.8 ± 0.8 7.5 6.3 - 7.2 8.3

(10.1-11.4) (8.4-11) (7.0-8.1) (5.1-7.2) - (6.6-8.2) (7.8-9.4)

c 13.6 ± 1.1 12 ± 0.7 15 17 18 16 17

(11.8-17.4) (10-14) (13-17) (13-29) (14-25) (15-17) (14-22)

lip region 10 ± 0.7 10 ± 0.9 - - - - -

(9.6-12) (8.8-12) - - - - -

Stylet 113 ± 7.7 115 ± 5.2 120 137 - 87 90

(96-126) (105-123) (111-132) (99-154) - (84-95) (83-98)

Stylet cone 83 ± 5.5 84 ± 5.0 - - - - -

(72-94) (76-92) - - - - (59-72)

Stylet shaft 28 ± 2.9 28 ± 2.0 - - - - 23

(19-33) (24-33) - - - - (22-24)

Tail length 132 ± 12.0 135 ± 9.3 141 99 - - 80

(104-145) (120-151) (127-157) (60.2-140) - - (60-98)

Tail/Body width ratio 3.97 ± 0.4 4.4 ± 0.6 - - - - 1.2

(3.02-4.45) (3.8-5.9) - - - - (0.9-1.5)

Tail width 23 ± 0.8 21 ± 1.8 - - - - 18

(20-24) (19-24) - - - - (17-20)

Anterior end to excretory pore 210 ± 14.1 204 ± 9.8 - - - - 162

(184-234) (184-220) - - - - (145-172)

Stylet/Tail ratio 0.8 ± 0.08 0.8 ± 0.05 0.85 1.37 - - 1.2

(0.6-1.1) (0.7-0.9) (0.76-0.97) (1.07-1.96) - - (0.9-1.5)

Body width 33.5 ± 1.5 30 ± 2.2 - - - - 24

(30.4-37.6) (24-35) - - - - (23-26)

spicules 47 ± 2.6 46 ± 2.7 43 45 - 39 30

(44-52) (41-51) (38-49) (35-50) (28-40) (36-41) (25-34)

gubernaculum 16.3 ± 1.7 15 ± 1.3 17 16 - 16 13

(13.6-20) (13-18) (15-18) (14-18) - (14-17) (11-15)
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Table 4-4. Regression of effect of increasing Belonolaimus longicaudatus densities, collected from strawberry in 

Hillsborough Co., Florida, on root length of peanut. 
 
 
 
 
 
 
 
 

Root diatemeter (mm) n Y r2 P

<0.25 18 y=0.16x+230.7 0.207 0.46

0.26 to 0.50 18 y=0.32x+455.2 0.348 0.59

0.51 to 1.00 18 y=0.21x+229.6 0.322 0.57

1.00< 18 y=0.12x+105.7 0.227 0.48

Total length 18 y=0.82x+1022 0.347 0.59



 

47 

 
 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-1. Light microscope micrographs of Belonolaimus longicaudatus extracted from 
soil collected from peanut roots at 35 Farms. A) Anterior body region showing 
the constricted lip region. B) Vulval region with vaginal pieces. Photo taken by 
author. 
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Figure 4-2. Light microscope micrographs of Belonolaimus longicaudatus extracted from 
soil collected from peanut roots at Brown farm. A) Anterior body region 
showing the constricted lip region. B) Vulval region with vaginal pieces. Photo 
taken by author. 
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Figure 4-3. Maximum Likelihood tree based on ITS sequence of Belonolaimus 
longicaudatus. The sequences other than PKK1(Brown farm isolate), and 
PKK8 (35 Farms isolate) were downloaded from GenBank.  
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Figure 4-4. Neighbor Joining tree based on ITS sequence of Belonolaimus 
longicaudatus. The sequences other than PKK1(Brown farm isolate), and 
PKK8 (35 Farms isolate) were downloaded from GenBank.  
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Figure 4-5. Maximum Likelihood tree based on D2/D3 expansion fragments of 28S 

rRNA from Belonolaimus longicaudatus. The sequences other than PKK5 
(Brown farm isolate), and PKK12 (35 Farms isolate) were downloaded from 
GenBank. 
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Figure 4-6. Neighbor Joining tree based on D2/D3 expansion fragments of 28S rRNA 

from Belonolaimus longicaudatus. The sequences other than PKK5 (Brown 
farm isolate), and PKK12 (35 Farms isolate) were downloaded from 
GenBank. 
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Figure 4-7. An overall view of a sting nematode infested peanut field at 35 Farms, 
showing stunted peanut cv. Bailey in a patchy distribution, Levy Co., FL, 
summer 2013. Photo taken by author. 
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Figure 4-8. Severely damaged peanut cv.Georgia-06G field infested with the sting 
nematode at Brown farm, Levy Co., FL, summer 2013. Photo taken by author. 

 
 
 

 
 

 

 

 

 

 

Figure 4-9. A close up of the sting nematode infected peanut cv.Georgia-06G, showing 
leaf yellowing and stunted growth at Brown farm in summer 2013. Photo 
taken by author.  
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Figure 4-10. Below ground symptoms induced by the sting nematode on peanut. A) A 
close up of an abbreviated root system of peanut cv. Tifguard found at 35 
Farms in summer, 2012, B) Abbreviated root system of an infected peanut cv. 
Georgia-06G found at the Brown farm in summer, 2013. Photo taken by 
author. 

 
Figure 4-11. Symptoms induced by the sting nematode on peanut pod and peg of 

peanut cv. Tifguard found at 35 Farms in summer, 2012. A) Punctate-like 
isolated lesions on affected pods, B) A close up of an infected peg. Photo 
taken by Janete A. Brito, Gainesville, FL.   
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Figure 4-12. Symptoms induced by sting nematodes on pods and pegs of peanut cv. 

Georgia-06G observed at Brown farm in summer, 2013; A) Punctate-like 
coalescent necrotic lesions on the pod and peg surface, B) Isolated necrotic 
punctuation on the peg and pod surface. Photo taken by author. 
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Figure 4-13. Belonolaimus longicaudatus population density changes on peanut cv. 

Georgia-06G from June to August, 2013 at Brown farm.  

 

 
 
Figure 4-14. Belonolaimus longicaudatus population density changes on peanut cv. 

Bailey from June to September, 2013 at 35 Farms.  
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Figure 4-15. Peanut cv.Georgia-06G yield taken from non-sting nematode infested plots 

compared with sting nematode infested plots at the Brown farm, summer 
2013. 
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Figure 4-16. Pod and peg symptoms on peanut cv. Georgia-06G under greenhouse 

conditions induced by Belonolaimus longicaudatus from the 35 Farms, Levy 
Co., FL. A) Punctate-like isolated lesions on pods. B) Discrete punctate-like 
lesions on pegs. Photo taken by Janete A. Brito, Gainesville, FL. 
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Figure 4-17. Pod and peg symptoms induced on peanut cv. Georgia-06G under 

greenhouse conditions by Belonolaimus longicaudatus from the Brown farm, 
Levy Co., FL. A) Punctate-like lesions on peanut pegs. B) Necrotic isolated 
lesions on a pod and peg. Photo taken by author. 
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Figure 4-18. A close up of an abbreviated root systems of one of the two replicates of a 

peanut cv. Georgia-06G inoculated with 100 Belonolaimus longicaudatus 
mixed life stages from the Brown farm under greenhouse conditions. The 
circles show stubby roots induced by the nematode. Photo taken by Janete A. 
Brito, Gainesville, FL. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-19. Comparison of one of the two replicates of peanut cv. Georgia-06G 
inoculated with 100 Belonolaimus longicaudatus mixed life stages from the 
Brown farm (right) and a non-inoculated control plant (left) under greenhouse 
conditions. Photo taken by Janete A. Brito, Gainesville, FL.  
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Figure 4-20. Discrete punctate-like symptoms induced by Belonolaimus longicaudatus 
from the strawberry isolate on pods and pegs of peanut cv. Georgia-06G 
under greenhouse conditions. Photo taken by author. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-21. A close up of some abbreviated root systems induced by Belonolaimus 

longicaudatus on peanut cv. Georgia-06G planted in sting nematode infested 
soil obtained from a strawberry field in Hillsborough Co., Florida under 
greenhouse conditions. The circle shows stubby root induced by the 
nematode. Photo taken by Janete A. Brito, Gainesville, FL.  
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Figure 4-22. Comparison of peanut cv. Georgia-06G planted in Belonolaimus 
longicaudatus infested soil obtained from a strawberry field in Hillsborough 
Co., Florida (left) versus the control (right) under greenhouse conditions. 
Photo taken by author. 
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CHAPTER 5 
DISCUSSION 

Morphological Characterization 

The peanut isolates were similar in their morphometric and morphology to each 

other. The range values of the morphometric characters of both isolates were in 

agreement with those reported in the original description of Belonolaimus longicaudatus 

(Rau, 1958). However, differences were observed in the values of the b ratio and height 

of the lip regions compared to those reported in the original description (Rau, 1958). 

The ranges of the height of lip region of the peanut nematode isolates were smaller than 

those reported in the original description (Rau, 1958). Also, the ranges of b ratio values 

of the peanut isolates were greater than that reported for B. longicaudatus paratypes. 

These variations in b ratio values and heights of the lip region among B. longicaudatus 

compared to those of the original description of B. longicaudatus (Rau, 1958) have been 

reported previously (Abu-Gharbieh and Perry, 1970; Robbins and Hirschmann, 1973). 

Females from the peanut isolates shared the presence of opposed vaginal sclerotized 

pieces with other Florida (Gainesville and Lake Alfred) and North Carolina (Scotland 

County) isolates from citrus and corn, respectively (Han et al., 2006b) and also a 

greenhouse population from Tifton, Georgia (Robbins and Hirschmann, 1973), whereas 

B. longicaudatus collected from a peanut field in Severn, North Carolina reported 

lacking opposed sclerotized vaginal pieces (Robbins and Hirschmann, 1973). Although, 

the range of the stylet length of 35 Farms population was shorter than that of a 

population collected from citrus grown in a grove near Lake Alfred (central Florida) 

(Duncan et al., 1996), the ranges of the stylet length of both peanut isolates were in 

agreement with the values reported for this character in other Florida populations. More 
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accentuated differences were observed in total body length, tail width, anterior end to 

excretory pore distance and body width between the peanut isolates and other isolates 

observed from central Florida than other isolates from northern Florida. The similarity in 

the morphological values between the peanut isolates and other isolates from northern 

Florida may indicate that the isolates infecting peanut may have originated from 

northern Florida isolates rather than from central Florida. The factors that cause these 

variations in morphological characteristics of B. longicaudatus are unknown. 

Molecular Characterization 

Han et al. (2006b) reported size variations in ITS-1 that ranged from 427 bp to 

468 bp of B. longicaudatus isolated from different hosts and different locations, whereas 

the peanut isolates included 464 bp. This number was close to that of other Florida, 

Georgia, and North Carolina isolates, whereas the Texas isolate collected from 

bermudagrass and B. euthychilus collected from a Florida pine tree had 37 bp and 101 

bp reductions, respectively, compared to the size of the ITS-1 region of the peanut 

isolates (Han et al., 2006b). The ITS-1 of B. longicaudatus on pine was reported to be 

464 bp, which was the same as the ITS-1 from the peanut isolates, although in their 

estimation of similarity they were located in different main branches in both phylogenetic 

trees.  

Although the bootstrap values on the main branch were high enough to support 

the inferred common ancestry of the isolates, the bootstrap values on the branch inside 

the big clade to separate each Florida isolates were too low to support the inferred 

evolutionarily relationships among the Florida isolates. Since B. longicaudatus is 

reported as a species complex and Florida appears be a putative center of origin, there 

might be more polymorphism in the ITS region and D2/D3 expansion fragments. 
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Symptoms, Population Density Changes and Damage Estimation Under Field 
Conditions 

Visual symptoms of sting nematode damage appeared at both peanut farms as 

large irregular patches of mostly severely stunted plants. The peanut stand was 

reduced, and infected plants were chlorotic. Most plants bore few pegs and pods, with 

many bearing none. Because of the severe stunting of peanut, it seems they were 

mostly in the early vegetative stages of growth when infected. These symptoms 

observed at both farms were similar to those reported previously on peanut (Abu-

Gharbieh and Perry, 1970; Dickson, 1998; Dickson and De Waele, 2005). Sting 

nematode population densities at both peanut farms reached their peaks on August 

when the air temperature in Levy Co. averaged 28°C; this temperature is consistent with 

that reported as for sting nematode reproduction (Han et al., 2006a; Robbins and 

Barker, 1974). The numerous single punctate-like lesions that appeared on peanut pegs 

and pods were assumed to be caused by the nematode feeding deep within the tissue 

with its long stylet. The small size of sting nematode induced lesions appeared unique. 

They could be easily distinguished from the much larger lesions caused by lesion 

nematode, Pratylenchus brachyurus. Although some ring, lesion and root-knot 

nematodes were extracted from the sting nematode infested sites, they were present in 

relatively low numbers. It seemed that the sting nematode infection at the early stage of 

peanut development allowed the nematode to establish its niche before other plant-

pathogenic nematodes began to appear.  

Yield of pods was reduced by sting nematode by an estimated 64% in this study. 

Others have also reported significant peanut yield reductions induced by sting 

nematode (Cooper et al., 1958; Sasser et al., 1960). They reported increases in yields 
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from soil treatment with the soil fumigant 1,2-dibromo-3-chloropropane of as much 

as109 to 400% compared with nontreated control plots. However, because damage 

induced by sting nematode was often distributed in scattered patches, these scientists 

suggested that overall suppression of peanut yields in large fields would be relatively 

low. Similarly, with the scattered patchiness of sting nematode damage at the 35 Farms 

and Brown farm overall yield suppression also would be expected to be low. However, it 

should be pointed out that the grower at 35 Farms seeing the amount of sting nematode 

damage that occurred during 2012 chose to apply 1,3-D soil fumigant over the entire 

202 ha field in 2013. In the North Carolina trial, B. longicaudatus extracted from the 

nontreated control plots ranged from 10 to 43 nematodes/100 cm3 of soil (Cooper et al., 

1959; Sasser et al., 1960). These numbers are in agreement with those extracted from 

the Florida peanut fields.  

The percentages of sand, silt and clay from both farms were conducive for sting 

nematode development and were in agreement with that reported previously (Robbins 

and Barker, 1974; Brodie and Quattlebaum, 1970).  

Although the initial population densities of sting nematode at 35 Farms and 

Brown farm were similar, higher numbers were found later in the season at 35 Farms, 

where the Virginia type peanut cv. Bailey was grown. Virginia type peanut was reported 

to be more susceptible to B. longicaudatus than Runner, Bunch, and Spanish types 

(Miller, 1952; Holdeman and Graham, 1953). More investigations are needed to 

determine to better understand the host suitability of the different types of peanut to 

sting nematode in Florida.  



 

68 

 Infection of Belonolaimus longicaudatus on Peanut in a Greenhouse 
Environment  

Abu-Gharbier and Perry (1970) reported that peanut was unable to support large 

numbers of sting nematodes 4 months after inoculation due to failure of the nematodes 

to reproduce on secondary roots after infection. The low number of sting nematodes 

extracted from potted Georgia-06G for both peanut isolates were in agreement with this 

statement. Reproductive factor (Rf) for both 35 Farms and Brown farm isolates were 

0.95 and 0.15, respectively. However, most developing pods and pegs of peanut plants 

inoculated with both isolates showed sting nematode symptoms, and some root 

systems of peanut inoculated with the Brown farm isolate were clearly stunted.  

Timper and Hanna (2005) compared reproduction of B. longicaudatus isolated 

from Tift Co., Georgia on different hosts. They reported peanut as a poor host of the 

Georgia isolate, which had a low Rf value of 0.3. This low value of Rf is in agreement 

with that of the Brown farm isolate on peanut cv. Georgia-06G. It was very difficult to 

have the peanut isolates increase on peanut under greenhouse conditions even when 

the same field soil as that occurring at the 35 Farms was used. The symptoms observed 

on pods, pegs and root systems of inoculated peanut plants provided evidence that the 

nematodes were feeding, however, there was little indication that the nematodes were 

reproducing. It is assumed that the greenhouse conditions were unsuitable for 

reproduction or there are other unknown conditions affecting the nematodes ability to 

reproduce. 

The economic damage threshold reported for most crops is at, or near the 

detection level (Crow and Han, 2005). For instance, Crow et al. (2000b) reported that 

the economic threshold for sting nematode control on potato was two to three B. 
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longicaudatus/130 cm3 of soil. Dickson and De Waele (2005) reported the economic 

threshold level on peanut varied from two to five B. longicaudatus/130 cm3 of soil. From 

this point of view, it seems that only a small number of nematodes are needed to induce 

damage on peanut.  

Because of the difficulty of collecting sufficient numbers of both peanut sting 

nematode isolates, only a few replicates were possible for evaluating the pathogenicity 

under greenhouse conditions. However, the results confirmed B. longicaudatus as a 

pathogen of peanut by the duplication of symptoms on peanut grown under greenhouse 

conditions. Furthermore, the strawberry sting nematode isolate also caused symptoms 

on peanut under greenhouse conditions. Similarly, two isolates of sting nematode 

collected from corn showed pathogenicity on peanut under greenhouse conditions (Abu-

Charbieh and Perry, 1969). However, the reproductive capacity of sting nematode on 

peanut under greenhouse conditions remain unclear and still needs further 

investigations.  
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CHAPTER 7 
SUMMARY 

Sting nematode (Belonolaimus longicaudatus) was confirmed infecting peanut at 

two different peanut farms, 35 Farms and Brown farm, both located in Levy Co., Florida 

in 2012 to 2014. Above ground symptoms were yellowing, and stunting of plants 

distributed in irregular patches. Root systems were severely abbreviated, and isolated 

necrotic lesions were observed on pods and pegs of infected plants.  

Both peanut isolates were identified as B. longicaudatus based on morphological 

and molecular characteristics. Both isolates showed more morphological similarities to 

northern Florida isolates than south Florida isolates. This is in agreement with patterns 

observed in phylogenetic trees constructed based on DNA sequences from the ITS 

region of 18S rRNA gene as well as D2/D3 expansion fragments of the 28S rRNA gene. 

Because of the intraspecific variation, the existence of physiological races within B. 

longicaudatus has been suggested (Robbins and Barker, 1973; Robbins and 

Hirschmann, 1974; Perry and Norden; 1963; Duncan et al., 1996; Cherry et al., 1997; 

Gozel et al., 2006; Han et al., 2006a,b). However, no genetic markers have been 

reported that make clear the existence of “physiological races”.  

From the field observations, B. longicaudatus has the potential to induce 

symptoms on peanut plants, and cause a significant impact on peanut yield even at low 

population densities. The answers to what factors or conditions are needed for B. 

longicaudatus to cause disease on peanut are unknown.  

We were able to confirm and duplicate the same type of injuries caused by B. 

longicaudatus in pot cultures under greenhouse conditions. Beside the peanut isolates, 

B. longicaudatus isolated from a strawberry field also showed its capacity to induce 
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symptoms on peanut. However, reproductive capacities on peanut of these three 

isolates remained unclear. Obviously there are many things we do not know about this 

pathogen, and there should be more investigations about the biology of sting 

nematodes and their effects on peanut production in Florida.  
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