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Citrus Nematode, Tylenchulus semipenetrans (Cobb 1913) (Nematoda: Secernentea: Tylenchida: Tylenchulidae: Tylenchulinae)

Nicholas S. Sekora and William Crow



Introduction

The citrus nematode was first discovered infecting citrus in California (Thomas 1913). Later that year, Nathan Cobb (1913) described this nematode as a new species, Tylenchulus semipenetrans, which then was identified as the causal agent of slow decline in citrus. Since its discovery, T. semipenetrans has been found in every citrus growing region of the world (Duncan 2005). In the United States, field infestations involve 50%–90% of the citrus orchards in Arizona, California, Florida, and Texas, and localized vineyards in California (Van Gundy and Meagher 1977; Heald and O'Bannon 1987; Duncan 2005).



Distribution

Tylenchulus semipenetrans evolved in the Far East with citrus and was disseminated to many citrus growing areas of the world with nematode-infected, propagative plant material. Higher populations are commonly found in citrus orchards established in finely-textured soils or in sandy soils with high organic matter content. Fluctuations in soil salinity from high to low favors nematode reproduction, while sandy soils poor in organic matter hinder population increase (Timmer et al. 2003).



Description

Superficially, T. semipenetrans J2 appear similar to those of Meloidogyne (root-knot nematodes) because of their narrow and tapered posterior body portion (Figure 1).

 


[image: Figure 1. Vermiform second stage juvenile (J2) of the citrus nematode, Tylenchulus semipenitrans (Cobb 1913).]
Figure 1.  Vermiform second stage juvenile (J2) of the citrus nematode, Tylenchulus semipenitrans (Cobb 1913). 
Credit: Nicholas S. Sekora, University of Florida 



 

Further scrutiny reveals readily apparent distinctions between T. semipenetrans and Meloidogyne J2s. Tylenchulus semipenetrans male and female J2s differ from those of Meloidogyne by the presence of a stronger stylet, more posterior excretory pore, and absence of pharyngeal overlap. A hyaline band corresponding to the copulatory system in the posterior portion of the body characterizes T. semipenetrans J2 males. This band is not present in T. semipenetrans J2 females or Meloidogyne J2 of either sex.

Vermiform and mobile T. semipenetrans mature males are found in the soil or in the egg masses. Mature females are found attached to roots and are typically covered by soil particles and debris that stick to the gelatinous matrix, helping to protect the exposed portion of their body and eggs. The female posterior portion of the body protruding from the root surface is swollen and enlarged and ends in a finger-like projection, while the elongate and not swollen anterior portion of the body remains hidden and embedded in the cortical parenchyma.

 


[image: Figure 2. Swollen females of the citrus nematode, Tylenchulus semipenetrans (Cobb 1913), removed from a parasitized citrus root.]
Figure 2.  Swollen females of the citrus nematode, Tylenchulus semipenetrans (Cobb 1913), removed from a parasitized citrus root. 
Credit: Courtesy of Inserra et al. (1988). 



 

 


[image: Figure 3. Cross section of citrus root infected with a female citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the female nematode (F) body protruding from the root while the head is embedded in the cortex and surrounded by nurse cells (NC).]
Figure 3.  Cross section of citrus root infected with a female citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the female nematode (F) body protruding from the root while the head is embedded in the cortex and surrounded by nurse cells (NC). 
Credit: Courtesy of N. Vovlas 



 

 


[image: Figure 4. Cross section of Poncirus trifoliata root parasitized by the Poncirus biotype of the citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the nematode (N) head surrounded by the nurse cells (NC).]
Figure 4.  Cross section of Poncirus trifoliata root parasitized by the Poncirus biotype of the citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the nematode (N) head surrounded by the nurse cells (NC). 
Credit: Courtesy of O'Bannon and Esser (1985) 



 



Life Cycle and Biology

Tylenchulus semipenetrans is a dimorphic species that exhibits sexual dimorphism (male and female individuals) at both the juvenile and adult stage. The life cycle of T. semipenetrans is typical of plant-parasitic nematodes beginning as an egg, which contains the first stage juvenile (J1). This stage molts in the egg into the second-stage juvenile (J2) that hatches and searches for host roots. The motile and vermiform J2 female molts into the vermiform J3 and J4, and finally into the sedentary adult. The development of female juveniles into adults requires feeding on the epidermis and superficial layers of the cortical parenchyma of the roots. The immature female begins to penetrate the outer surface of the root into the deep cortical layers, usually without reaching the central cylinder (or exceptionally the endodermis). It becomes sedentary and establishes a permanent feeding site consisting of specialized cells (nurse cells), which are the main source of nutrients. With maturation, the posterior portion of its body swells and protrudes from the root surface while its elongate neck and head remains embedded into the cortex. Mature females produce eggs that are embedded in a gelatinous matrix secreted through the excretory pore. The length of the female life cycle from egg to egg ranges from four to eight weeks (Van Gundy 1958).

The development of the J2 male into adult is completed in seven days and does not require feeding. Consequently, the feeding apparatus (stylet and esophagus) of adult males is poorly developed and may be difficult to observe. Tylenchulus semipenetrans is a sexually reproducing species that can occasionally reproduce by facultative parthenogenesis without the need of males.



Hosts

Unlike many nematodes, T. semipenetrans has a restricted host range, which includes citrus, trifoliate orange, grapevines, persimmon, lilac, and olive (Thorne 1961; Baines et al. 1969; Inserra et al. 1994). To date, there have been no reports of T. semipenetrans infecting herbaceous plants (Inserra et al. 1994). Since T. semipenetrans was described, several biotypes with different host preference have been observed and separated according to their ability to parasitize citrus, trifoliate orange, and olive. Currently, three biotypes are accepted, citrus, poncirus, and mediterranean (Inserra et al. 1980; Gottlieb et al. 1986; Verdejo-Lucas 1992; Inserra et al. 1994).



Symptoms

Symptoms of slow decline can vary depending on the level of T. semipenetrans infestation, age of trees and time of infection. Recently planted citrus orchards will not demonstrate symptoms until T. semipenetrans populations increase to high levels (at or above 2000 individuals per 100 cc of soil). Symptoms are more prominent in established orchards as trees are stressed either by suboptimal growing conditions, drought, or root stunting and decay induced by T. semipenetrans infection. Typically, reduced leaf and fruit size, canopy thinning, and exposure of bare crown limbs are the most conspicuous symptoms of slow decline and result in yield suppression (Duncan 2005).

 


[image: Figure 5. Citrus trees exhibiting symptoms of citrus decline caused by the citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the thinning canopy and bare branches in the upper canopy.]
Figure 5.  Citrus trees exhibiting symptoms of citrus decline caused by the citrus nematode, Tylenchulus semipenetrans (Cobb 1913). Note the thinning canopy and bare branches in the upper canopy. 
Credit: Nicholas S. Sekora, University of Florida 



 



Economic Importance

Florida is the second largest producer of oranges in the world and leads in grapefruit production. Citrus generates more than $9 billion in revenue annually for the state and covers 620,000 acres (Florida Citrus Mutual). Since invasion and reproduction by the citrus nematode is slower in very sandy, coarse textured soils than in fine textured soils with moderate amounts of clay and silt, the citrus nematode in Florida reaches damaging levels more rapidly in the flat wood soils than in the deep sands of the Florida Ridge.

Root damage is more severe in the arid and high salinity conditions of Arizona, California, and Mediterranean citrus areas than in Florida. The crop losses induced by the nematode in heavily infested Florida groves range 10%–20%, whereas in the arid and high salinity conditions of the western states they can reach 50% (Baines et al. 1962; Duncan 2005). Incorporation of management practices that reduce the damage of T. semipenetrans to citrus crops can greatly improve the production of citrus growers around the world.



Management

Past management practices for T. semipenetrans included soil conditioning and nematicide treatments in both replanting situations and established orchards. Nematicide treatments were widely used in established orchards in the past. However, the use of chemical treatments has been greatly restricted and leaves growers with limited options for managing T. semipenetrans. Currently, the use of resistant (Swingle citrumelo) rootstocks and certified propagative citrus plants free from nematode parasites of citrus are promising strategies for preventing the damage induced by T. semipenetrans to citrus (Kaplan 1981; Ling et al. 2000; Galeano et al. 2003). This practice has greatly reduced the spread of this parasite in new Florida lands free from existing nematode infestations (Lee et al. 1999). Resistant (Ramsey) or moderately resistant (vinfera Dog Ridge) grape rootstocks were also used successfully in California vineyards (Edwards 1989, McKenry personal communication). Planting nematode-certified citrus and grape rootstocks is an excellent practice of sustainable agriculture, which should be adopted also for other fruit crops susceptible to nematode infections.
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