
 

 

ABSTRACT 
 
BRILL, NANCY LEE.  Biology and Behavior of the Invasive Soil Pest Plectris aliena  
Chapman (Coleoptera:Scarabaidae) in North Carolina Agro-ecosystems and Implications for  
Management.  (Under the direction of Dr. Mark R. Abney.) 
 
 
Plectris aliena Chapman (Coleoptera:Scarabaeidae) is an invasive soil pest in North Carolina 

agro-ecosystems that began as a severe problem to sweetpotato growers in Columbus 

County, in 2006, causing unmarketable surface damage to the roots.  Since its discovery, 

Plectris aliena has caused more than $16 million in harvested loss to growers in the county.  

Plectris aliena appeared as a new pest in North Carolina with little prior knowledge about its 

biology and no management tactic specifically available to control its damage.  Therefore, 

research on P. aliena began in 2007 in North Carolina with insecticide trials in a randomized 

complete block design using both registered and non-registered products for use in 

sweetpotato.  Efficacy trials continued until 2011 in commercial fields with a total of 28 

different treatments.  The amount of damaged roots was between 31% and 80% in some 

years across most treatments.  Insecticide treatment alone is unlikely to provide acceptable 

control of P. aliena.    

Studies on P. aliena larvae and adult populations were conducted to gather information 

on its abundance, distribution, and oviposition and larval depth in the soil profile.  Flight 

intercept traps were used from 2008 to 2011 to capture P. aliena adults and revealed that 

peak emergence occurred the same time every year between 24 May and 10 June.  Larval 

sampling and adult trap captures in fields planted to crops other than sweetpotato revealed 

that P. aliena completed development in fields planted to soybean, field corn, peanut, 



 

 

tobacco, and pasture.  Egg deposition and late instar larval recovery in subterranean field 

cages occurred between 5.1 and 30.5 cm in the soil profile.   

Experiments examined the cold hardiness of overwintering third instars and the  

oviposition biology of P. aliena adults.  The temperature at which freezing caused mortality  

was an average of -5.1°C, which was much lower than the average winter soil temperature in  

regions currently affected by P. aliena and further north.  Exposure of the grubs to  

temperatures below the average winter soil temperature (9.6°C) in Columbus County, but  

above 0.0°C, did not affect the behavior or development of grubs.  Oviposition biology  

studies revealed that females oviposited an average of 21 more eggs in moist soil conditions  

(20% moisture) compared to dry soil (2%) and that one female could lay eggs over a period  

of up to three weeks.      

A farmscape study in 2010 and 2011 showed that soil drainage and crop rotation had 

significant effects on the incidence of damage to roots in grower fields, with well drained 

soils having an average of 2% more damaged roots.  Fields with soybeans planted the 

preceding year had as much as 15% more damage than other crops.  The effects of habitats 

adjacent to grower fields where roots were sampled showed that as the location of the roots 

was closer to borders of soybean (planted the year before) or grass fields, the chance of 

damage to roots decreased.  

Results from these studies contribute to a more complete understanding of P. aliena’s 

biology and behavior that could be useful towards grower management practices such as the 

application of insecticides at the appropriate depth and time of year.  Winter climate is 

unlikely to affect the population abundance and development of P. aliena third instars for 



 

 

short periods of time based on temperature alone.  Growers who use crop rotation and avoid 

planting sweetpotatoes the year after soybeans may reduce the incidence of P. aliena larval 

feeding on sweetpotato roots.  Environmental conditions such as fields with poor drainage 

and certain border habitats may be avoided or selected in order to reduce risk of damage to 

roots by P. aliena.   
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ABSTRACT   

Plectris aliena Chapin (Coleoptera: Scarabaeidae) emerged as a new invasive soil 

pest in North Carolina in 2006, and it has caused significant economic loss in sweetpotato 

every year since that time.  The insect is known to also occur in the southeastern US in 

Alabama, Florida, Georgia, and South Carolina where it has been reported in turf and as an 

occasional pest of sweetpotato.  Though Plectris aliena only recently became an economic 

problem in North Carolina, its presence in the southern U.S. and the recent upward trend in 

sweetpotato acreage make the insect a potential threat in most sweetpotato producing states.  

White grub feeding creates surface lesions on sweetpotato storage roots, rendering them 

unmarketable. Plectris aliena has a univoltine life cycle, with adult emergence occurring 

from mid-May to mid-June.  Larvae have three instars and overwinter in the third instar.  

Plectris aliena is able to survive and complete development on several commonly-grown 

crop plant species other than sweetpotato including: soybean, corn, peanut, tobacco, and 

pasture grasses. To date, no control measures have consistently reduced P. aliena grub 

damage to sub-economic levels in sweetpotato.  Initial research studies aim to develop 

management strategies of P. aliena as part of an integrated pest management (IPM) program 

of sweetpotato growers. 

 

Key Words: Plectris aliena, invasive, sweetpotato, white grub  
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Plectris aliena Chapin (Coleoptera:Scarabaidae) was first discovered in North 

Carolina in Columbus County in October of 2006, but the insect was introduced into the 

United States in Charleston, South Carolina from South America in the early 1900’s (Chapin, 

1934a).  Since its discovery in North Carolina, growers estimated that it caused more than 

$16 million in lost revenue to the sweetpotato industry.  Prior to 2006, little was known about 

P. aliena; the scientific literature consisted of only five published reports related to the 

specie’s distribution and biology and five papers that focused on taxonomy.  While 

recognized as a potential pest of sweetpotato causing damage to roots (Cuthbert and Reid, 

1965; USDA, 1967; Chalfant et al., 1990), the majority of published reports positively 

identified P. aliena in turf and/or pasture.  Plectris aliena is the only species of Plectris 

known to exist in the United States (Arnett et al., 2002), and it has previously been found in 

Alabama, Florida, Georgia, and South Carolina (Chapin, 1934b; Boving, 1936; Woodruff, 

1968).  Plectris aliena belongs to the family Scarabaeidae and subfamily Melolonthinae 

(Ritcher, 1949). The larvae of this subfamily, commonly called white grubs, feed on plant 

roots and soil organic matter.  

Chapin (1934b) speculated that P. aliena is native to northern South America due to 

the distribution of genera closely related to Plectris in that region.  A species of Plectris has 

been found in Columbia (Pardo-Locandro, 2005), in northern South America.  However, 

there are more than 300 described species in the genus Plectris (Frey, 1967; Smith, 2008), 

with three species found in Uruguay (Ritcher, 1949), one in Argentina (Moser, 1926), and 

one P. aliena adult described from Paraguay (Frey, 1967), all located in central or southern 

South America.  Four different species of Plectris have also been described in the Caribbean 
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(Chalumeau, 1982) and many P. aliena larvae and adults were found in Australia (Roberts, 

1968). 

Discovery and Identification of P. aliena in North Carolina 

In mid-to late-October, 2006, a grower in Columbus County, North Carolina, reported 

to North Carolina State’s University’s Extension Vegetable Entomologist large numbers of 

white grubs and grub-related damage to storage roots in sweetpotato fields at the time of 

harvest.  Third instars were taken to the Plant Disease and Insect Clinic (North Carolina State 

University, Raleigh, NC) and were positively identified as Plectris aliena Chapin. The grub 

was believed to have first been seen during sweetpotato harvests in 2004, but numbers were 

not as high as in 2006 and grubs were not identified prior to 2006.   

Morphological features of the larval and adult stages have been used to identify the 

insect as P. aliena when collected from the field.  Plectris aliena white grubs found in the 

fall are third instars averaging 2.7 cm long, C-shaped, and creamy white (Figure 1).  Three 

incomplete ridges and one complete ridge on the labrum of the third instar is a unique 

morphological characteristic of P. aliena that distinguishes the larval form from other closely 

related genera, including Phyllophaga, Macrodactylus and Dichelonyx (Böving, 1936; 

Ritcher, 1966; Figure 2).  A complete description of P. aliena larvae and a larval key are 

provided by Böving (1936).   

The adult is a pale, light brown color similar in appearance to many May beetles 

(Phyllophaga spp.) and measure 12 to 14 mm in length (Frey, 1967; Figure 3); P. aliena 

adults can be distinguished from similar North American scarabs by the presence of very 

dense hairs arising from their body surfaces (Chapin, 1934a). The anterior tibiae of adults are  
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tridentate, with the basal tooth more prominent in females (Chapin, 1934a). The antennae of 

P. aliena are important characteristics in identifying sexes.  Sex is determined by differences 

in antennae length, with the apical tip of lamellate antennae (i.e. the fan leaves) being twice 

as long in males compared to females (Figure 4 and 5).   

Life Cycle and Flight Activity 

Observations of P. aliena life stages collected seasonally since 2006 in which the 

same stages were collected during similar periods of time each year, indicate that most 

individuals complete their life cycle in a single year in North Carolina. This substantiates the 

findings of Chapin (1934a) who observed that P. aliena apparently has a one year life cycle 

in South Carolina.  However, observations in Australia indicated that the life-cycle may take 

two years since third instars were found year-round (Roberts, 1968).   

Each night from around the second week in May to the end of June in Columbus 

County, NC, P. aliena adults emerge singly from the ground between 2030 hours and 2100 

hours EST. (Figure 8).  During spring emergence in North Carolina, adults were never 

observed feeding, and Roberts (1968) indicated the alimentary tracts of adults taken from a 

field in Australia were found to be empty, and that the mouthparts of adults are poorly 

developed for cutting or chewing.  After emergence, adult males fly close to the ground 

(usually within 60cm) presumably in search of a female. Flight/mating activity generally 

lasts for approximately thirty minutes after which time the beetles return to the soil. Adult 

longevity in the field is unknown, but survival time in the lab ranges from 2 to 3 weeks.  

Female flight behavior is not well characterized. Females were collected in flight intercept 

traps in all years of the study, but the reproductive status of these insects was not determined.  
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Patterns of infestation in sweetpotato fields that were not infested during the previous year, 

but became heavily infested the current year indicate that some females disperse from fields 

where they completed development. Environmental cues that trigger dispersal are unknown. 

Mating behavior provides evidence that a female-produced sex pheromone is an 

important part of mate location by males.  Many males are often seen clustered around a 

single female on the soil surface or with her abdomen protruding from a hole in the soil 

(Figure 9). It is unknown whether females copulate with more than one male in a cluster, but 

rapid male dispersal from the site of the mating clusters indicates an abrupt cessation of 

pheromone emission after copulation. Identification of the sex pheromone could provide an 

important tool for monitoring the abundance and spread of P. aliena, but to date, efforts to 

elucidate the structure of the pheromone have been unsuccessful.     

After mating, females in the laboratory and in the field are observed to burrow into 

the soil. Mated females in field cages laid eggs at depths from 5.1 to 30.5 cm in the soil.  The 

eggs are an average of 1.6 mm in diameter and white prior to complete embryonic 

development (Figure 10).  Females lay eggs both singly and in masses.  The largest egg mass 

a female laid at one time in a laboratory cage was 41.  The most eggs laid by a single female 

in the laboratory were 74 after multiple matings.  

Neonates emerge from eggs seven to ten days after oviposition. Larvae develop 

through the first, second, and third instars throughout the growing season.  Studies using 

subterranean field cages showed larvae were present at depths ranging from 5.1 to 30.5 cm, 

with an average depth of 6.0 cm, and that their molt from second to third instar occurred 

from September to October.  The third instars overwinter.  Pupation occurs from March to  
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April in North Carolina (Figure 11) and has been observed to occur at a depth of 30 cm.  

Chapin reported that pupation occurred at a depth of about 28 cm, and that oviposition 

occurred at the same depth (Chapin, 1934b).   

Sweetpotato Field Trials Reporting P. aliena Damage to Roots 

The first report and description of damage to sweetpotato from P. aliena was in 

Charleston, South Carolina (Cuthbert and Reid, 1965), with roots described as having 

“typical grub injury,” and damage by P. aliena was confirmed through field trials and 

laboratory cages.  Subsequent sweetpotato trials in Charleston, SC rated roots for insect 

damage, but the authors only speculated that damage by white grubs included P. aliena 

feeding.  Those studies included breeding trials by Bohac and Jackson (2002) and Jackson et 

al. (2010) in which P. aliena white grub damage ranged from 3 – 28% of the roots scored for 

damage.  Other trials by Schalk et al. (1992, 1993) examined the effects of biocontrol and 

cultural practices on insect-damaged sweetpotato roots, and in these trials P. aliena white 

grub damage ranged from 0.1 to 37% of the roots scored for damage.  Growers in Columbus 

County, NC reported higher percentages of grub-injured roots due to P. aliena feeding, with 

a range of 20% to 100% damage to their harvested acreage since the grub emerged as a 

problem in 2006.  Overall, grub damage from P. aliena has been higher in Columbus County, 

NC compared to historical reports of grub damage to sweetpotato roots in South Carolina, at 

locations where only P. aliena was thought to be present.     

Damage to Sweetpotato in North Carolina 

North Carolina ranks number one in the United States in sweetpotato production, 

accounting for 41% of national production (US Department of Agriculture, 2011).   
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Sweetpotato acreage  in North Carolina  increased by  more than 30% in the past decade to 

54,000 acres in 2010 and generated over $173 million in revenue in 2010 (US Department of 

Agriculture, 2011).  A majority (83%) of sweetpotato acreage in North Carolina is planted to 

the cultivar ‘Covington,’ which has no known resistance to white grub damage.  

Sweetpotatoes are produced in 10 counties in North Carolina, but to date, P. aliena has been 

observed in only two of these counties.  As of 2012, economically damaging populations 

have been reported only in Columbus County, NC (Figure 6).  In 2011 there were 6 growers 

in Columbus County who produced sweetpotatoes; one grower stopped planting 

sweetpotatoes after 2010 specifically because of the threat of P. aliena damage to the crop.   

Damage to sweetpotato ranges from minor surface lesions to deep gouges (Figure 7). 

Feeding scars vary in length and width, depending at least in part on the insect’s 

developmental stage.  Studies conducted at North Carolina State University have shown that 

early-season feeding on roots by first and second instars creates shorter and narrower lesions 

than late-season feeding by third instars, and that damage predominately occurs at the distal 

end of the root.  Feeding scars created early in the season often “heal-over” with the 

epidermis covering the injury and hardening with time.  Nevertheless, grub feeding renders 

roots unsuitable for fresh market sale regardless of the severity of damage or healing.   

Seasonal Distribution and Abundance of P. aliena Adults and Larvae 

Flight intercept traps were used from 2008 to 2011 to monitor the spatial and 

temporal distribution of adult beetles (Figure 12).  Traps consisted of three PVC pipes, each 

2.50 cm in diameter and 152 cm long.  Two pipes were placed vertically over a steel 

reinforcing rod, which was driven into the ground for support.  The third pipe was attached  
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horizontally to the two vertical pipes using 90 degree connective fittings.  The trap was 

approximately 1.5 m high and 1.5 m long.  Mosquito netting (mesh size: 1 mm2) was 

stretched across and fitted over the vertical PVC pipes.  The netting reached approximately 

15 cm from the ground and rain gutters were placed on each side of the trap, such that the 

netting was secured in between the rain gutters without gaps.  The rain gutters were filled 

with soapy water; adult P. aliena that flew into the netting fell into the rain gutters where 

they drowned in the soapy water.  All traps in North Carolina were placed within a 24.1 km 

radius from the center of Chadbourn, NC where the initial outbreak in 2006 occurred (Figure 

13). The total number of traps deployed was 23, 30, 39, and 44 in 2008, 2009, 2010 and 2011 

respectively.  Traps were placed on the edges of agricultural fields to avoid potential damage 

from agricultural equipment and checked weekly.  Adults were removed from the traps and 

placed in 80% ethanol in vials. Beetles were taken to a laboratory at North Carolina State 

University where they were identified, counted, and sorted by sex. 

Trapping data and damage reports from growers and university field surveys indicate 

that the insect is widely distributed throughout Columbus County.  The earliest adults were 

collected in traps was 13 May and the latest was 19 July, with higher numbers of males 

trapped than females (Figure 14).  Peak adult emergence occurred every year around the last 

weekend in May and/or first week in June with an overall decrease in the numbers of adults 

trapped from 2008 to 2011.  The numbers of beetles captured in traps fluctuated from year to 

year.  Large numbers of beetles were collected in traps that were not located adjacent to 

current or former sweetpotato fields. The presence of P. aliena adults in these traps suggests 

that the insect is capable of completing development on hosts other than sweetpotato. 
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To confirm the ability of P. aliena to survive and complete development on common 

crop species, immature stages were sampled in 2009 and 2010 in fields planted to crops other 

than sweetpotato. Fields in Columbus County were sampled for the presence of P. aliena 

larvae in late summer, fall and early spring.  Fields were chosen based on proximity to flight-

intercept traps that captured large numbers of adults.  Samples (n = 25 per field, for a total of 

1,275 soil samples) were taken using a golf cup cutter, and soil was sifted to determine the 

presence of grubs in those fields.  Plectris aliena grubs were recovered in peanut, field corn, 

soybean and grass pasture; fewest were found in cotton.  The presence of immature stages in 

the field during the growing season and adult beetles in nearby traps the following year 

strongly suggests that P. aliena is capable of completing development in these commonly 

grown agricultural crops. The extent of utilization of these crops and the relative contribution 

of each to the production of P. aliena is not yet known. 

Insecticide Efficacy Testing in North Carolina 

All growers in Columbus County reported changing their insecticide use pattern from 

2006 to 2010 as a result of P. aliena grub infestations.  Most growers added more 

insecticides to their production program as a prophylactic measure, including clothianidin 

(Belay), which received a Section 18 as an emergency exemption for use on sweetpotato in 

2010 and was applied pre-plant incorporated and incorporated at mid-season cultivation.  

However, overall, damage has remained at unacceptable levels, reaching as high as 40% of 

harvested acreage in 2011, despite changes to grower practices.   

Insecticide efficacy trials were conducted in commercial sweetpotato fields from 

2007 to 2011 in Columbus County, North Carolina.  A total of 28 different insecticides or  
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combination of insecticides were evaluated over the five years using products both registered 

and non-registered for use in sweetpotato (Table 1).  Efficacy of the insecticides was 

measured as the proportion of the roots damaged by P. aliena white grub feeding out of the 

total number of roots scored for damage.  In all years, experiments were arranged in a 

randomized complete block design.  In 2007, all treatments had more than 65% roots 

damaged in plots.  In 2008, the only treatments that showed a statistically significant level of 

control were imidacloprid (Admire) applied PPI with an application of imidacloprid mid-

season and clothianidin applied PPI with an application of Admire mid-season, both resulting 

in less than 10% roots damaged by P. aliena.  In 2009, grub damage for all insecticide 

treatments ranged from 2% to 31% with no statistical differences between insecticide 

treatments.  In 2010 and 2011, grub damage for all treatments was low, again with no 

statistical differences among treatments, most likely due to low presence of P. aliena in the 

field.  To date, insecticide trials have not demonstrated control of P. aliena damage at levels 

that would maintain sweetpotato production in infested areas as a profitable industry.  

Insecticide treatment alone is unlikely to provide acceptable control of P. aliena.   

Summary 

In North Carolina, P. aliena is currently known to exist as a major soil pest only in a 

small area of the sweetpotato growing region. Nevertheless, the insect presents a major 

potential economic threat throughout the southern U.S.  Further research is needed to identify 

effective control tactics, including investigations into entomopathogens for biological 

control, isolation of any sex pheromones for use in monitoring devices, and assessments of 

potential crop rotations and variable planting dates, to produce management tools for  
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preventing grub damage to sweetpotato roots.   Additionally, further research on the biology 

of P. aliena, including elucidation of adult dispersion within and between fields, description 

of oviposition preferences under different soil moisture and texture regimes, and 

identification of host crop preferences would aid development of more complete 

management programs.  Population genetics studies may provide better understanding of the 

invasion history of P. aliena.  Identifying the source of P. aliena introductions and the 

mechanisms of spread into the United States, and more specifically, into North Carolina, 

could be key to preventing future range expansions.  A thorough understanding of P. aliena’s 

biology and path of introduction, as well as effective cultural control practices, will be 

important to the development of environmentally rational, integrated management strategies 

to reduce damage to sweetpotato and potentially other crops.   
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Table 1. List of insecticides, corresponding rate, and the time of year during the sweetpotato  
growing season that insecticides were applied for 2007-2011 on-farm efficacy trials to  
examine the effect of chemical treatments on the incidence of P. aliena grub feeding damage  
to sweetpotato roots. 
 

Insecticide Rate Time of application 
2007 

Brigade 2EC 16 oz/acre PPI and mid-season 
Lorsban 4E 64 oz/acre PPI and mid-season 
Mocap 6 EC 1.3 gal/acre PPI and mid-season 

Mocap + Lorsban see above PPI and mid-season 
Mocap + Brigade see above PPI and mid-season 

Lorsban + Brigade see above PPI and mid-season 
Mocap + Lorsban + Brigade see above PPI and mid-season 

Untreated N/A N/A 
2008 

Admire Pro 10.5 oz/acre PPI and mid-season 
Belay 2.13 SC 12 oz/acre PPI and mid-season 

Brigadier 20 SL 6.4 oz/acre PPI and mid-season 
Sevin 4L 32 oz/acre Post-plant and mid-season 

Lorsban 4E 64 oz/acre PPI  
Mocap 6 EC 170 oz/acre PPI  

Coragen 1.67 SC 7 oz/acre Mid-season 
Untreated N/A PPI and mid-season 

2009 
Admire Pro 10.5 oz/acre PPI and mid-season 

Belay 2.13 SC 6 oz/acre and 12 oz/acre PPI and mid-season (12 oz. rate) 
Coragen 1.67 SC 7 oz/acre drench, 10-21 days post-plant 

Cyazypyr SE 20 oz/acre drench, 10-21 days post-plant 
Balance 32 oz/acre PPI 

Untreated N/A PPI and mid-season 
2010 

Belay 2.13 SC 12 oz/acre PPI 
Venom SG 7.5 oz wt/acre PPI 
Assail SG 13 oz wt/acre PPI 

Admire Pro 10.5 oz/acre PPI and mid-season 
Platinum SG 5 oz wt/acre PPI 
Scorpion SL 13 oz/acre PPI 
Cyazypyr SE 20.5 oz/acre drench, 4 weeks post -plant 

Mocap 192 oz/acre PPI 
Met52 EC 4L/acre 4 weeks post-plant 
Met52 G 20kg/acre 4 weeks post-plant 
Untreated N/A PPI 

2011 
Belay 12 oz/acre PPI 

Venom 7.5 oz wt/acre PPI 
Admire Pro 10.5 oz/acre PPI 

Platinum 5 oz wt/acre PPI 
Cyazypyr 20.5 oz/acre PPI 

Mocap 192 oz/acre PPI 
Lorsban 64 oz/acre PPI 

Met52 EC 4 L/acre 5 weeks post-plant 
Met52 G 20 kg/acre 5 weeks post-plant 
Untreated N/A PPI 
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Figure 1. Plectris aliena third instar. 
 

 
Figure 2. Ridges on the labrum of a Plectris aliena third instar. 
 

 
Figure 3. Adult Plectris aliena. 
 

 
Figure 4. Male antenna (left) and female antenna (right) of P. aliena adults. 
 

  

 
Figure 5. Lamellate antennae of Plectris aliena male (A) compared to female (B). 
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Figure 6.  State map of North Carolina highlighting Columbus County in red.  Other major  
sweetpotato growing counties highlighted in blue.  (Original map: NState, LLC 2011,  
Netstate.com). 
 

A. 

B. 
Figure 7. (A) Example of number-one grade, marketable sweetpotato roots compared with, (B)  
number-one grade roots unmarketable due to lesions from P. aliena white grub feeding. 
 

 
Figure 8.  Hole from P. aliena adult spring emergence in an agricultural field and shown to  
scale with a pen. 
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Figure 9. Mating cluster of males gathered on female Plectris aliena during evening  
emergence in Columbus County, NC. 
 

 
Figure 10. Egg from Plectris aliena female. 
 

 
Figure 11. Plectris aliena pupa. 
 

 

Figure 12. Example of a flight intercept trap used to collect adult P. aliena beetles in the  
spring and summer from 2008 to 2011 in Columbus County, North Carolina. 
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Figure 13.  Image showing all trap locations from 2008 to 2011 within a 15 mile radius of  
Chadbourn, NC in Columbus County. Trap locations are marked with yellow pegs. 
 
 

 

Figure 14. Average number of male and female Plectris aliena beetles collected from flight  
intercept traps from May to July in 2011. 
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Abstract 

 Plectris aliena Chapin is an invasive scarab native to South America that has caused 

more than $16 million in economic damage to the sweetpotato crop in Columbus County, 

North Carolina.  North Carolina ranks number one in the U.S.A. for sweetpotato production, 

generating more than $173 million in revenue in 2010, and P. aliena presents a serious threat 

to the sustainability of the industry. Developing management strategies for P. aliena is 

important for maintaining the profitability of sweetpotato production in the state.  Plectris 

aliena populations were monitored using flight intercept traps to determine the geographic 

and temporal distribution of adult beetles within the affected area.  From 2008 to 2011, 44 

flight intercept traps were used to capture adult P. aliena in Columbus County, North 

Carolina and six counties in South Carolina.  The first capture occurred on 13 May and the 

latest capture was on 19 July.  Adult emergence peaked at the end of May/beginning of June 

every year and average numbers of adult P. aliena captured per trap fluctuated year to year.  

Based on trap captures, the beetle is more abundant in the central and southern region of 

Columbus County and less abundant in the northern portions of the county.  Larval surveys 

were conducted in high acreage crops in the fall and spring to determine host utilization by 

the insect. Third instar Plectris aliena were found in peanut, soybean, corn and pasture.  The 

new understanding of P. aliena adult emergence and larval use of alternate hosts could result 

in enhanced management of the pest by optimizing the timing of control tactics in 

sweetpotato and crops other than sweetpotato.  

 

Keywords: white grubs, sweetpotato, flight intercept traps, freeze susceptibility 
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Plectris aliena Chapin (Coleoptera: Scarabaidae) is an invasive white grub from 

South America that was introduced into Charleston, South Carolina in the early 1900’s 

(Chapin, 1934a).  Plectris aliena is the only species of Plectris known to exist in the United 

States (Arnett et al., 2002) and up to the 1960’s, has been found in Alabama, Florida, 

Georgia, and South Carolina (Chapin, 1934b; Boving, 1936; Woodruff, 1968).  The majority 

of published reports indicate its presence in turf and/or pasture (Chapin, 1934a; Chapin, 

1934b; Roberts, 1968; Woodruff, 1968).  Plectris aliena third instars were first discovered in 

North Carolina in Columbus County in October of 2006 feeding on sweetpotato.  Since the 

discovery of P. aliena in North Carolina, growers have estimated that the insect has caused 

more than $16 million in lost revenue to the state’s sweetpotato industry. Soil insect 

management practices targeting other soil inhabiting insect species are ineffective against P. 

aliena in sweetpotato, and there are no commercially available varieties with acceptable 

levels of host plant resistance to the pest. Damage to sweetpotato ranges from minor surface 

lesions to deep gouges. Grub feeding renders the root unsalable in the fresh market regardless 

of the severity of damage.   

 Prior to 2006, little was known about P. aliena, with only a few published reports of 

its distribution and taxonomy, including limited knowledge of its host range and biology.  As 

polyphagous soil pests, white grubs cause damage to crop roots, but because of their limited 

movement in the soil, they are often facultatively monophagous (Vittum et. al., 1999; Potter 

and Held, 2002).  Therefore, the spatial and temporal distribution of feeding larvae can be 

determined by understanding the movement (i.e. flight activity), mating behavior, and 

oviposition site selection of scarab adults.  Plectris aliena has become an economically  
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important pest of sweetpotato in North Carolina since 2006, and a more complete 

understanding of its distribution, abundance, and host range in and around Columbus County 

is important to the development of management strategies.  Scarab flight activity and yearly 

abundance, in combination with an understanding of the influence of environmental factors, 

may inform population management in agricultural crop production (Allsopp and Logan, 

1999; Bauernfeind, 2001; Buss, 2006).  The monitoring of P. aliena indicated trends in 

population fluctuations, which, in combination with a more complete understanding of 

alternate host use, will allow growers to optimize the timing of their management practices 

and predict when and in which crops damaging infestations may occur.   

The primary objective of this research was to determine P. aliena’s relative 

abundance, geographic and temporal distribution, and utilization of crop hosts other than 

sweetpotato in the North Carolina landscape.   

Materials and Methods 

Adult monitoring and effects of crop rotations and environmental parameters on 

populations 

Flight intercept traps were used from 2008 to 2011 to monitor the presence of adults 

in fields that were planted to sweetpotato the current year or in previous years.  Traps 

consisted of mosquito netting (1mm2 mesh) supported by a frame constructed of 2.5 cm 

diameter PVC pipe.  Two 152 cm long pvc pipes were placed upright over two 60 cm long 

sections of steel reinforcing rod driven 30 cm into the ground and 120 cm apart.  A horizontal  

support was created by placing a 122 cm long PVC pipe between the two upright sections, 

attaching it with 90° elbow fittings.  The netting was stretched across the upright pipes and 
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secured in place with nylon twine.  Collection troughs were created using PVC rain gutter 

with caps on each end; troughs were filled with soapy water and placed on each side of the 

trap, such that the netting was secured in between them without gaps.  Beetles in flight that 

struck the screen fell into the water filled troughs where they drowned.    

All traps in North Carolina were placed within a 24.1 km radius of Chadbourn, NC.  

The total number of traps in NC was 23, 30, 39, and 44 in 2008, 2009, 2010 and 2011, 

respectively. Traps were placed on the edges of agricultural fields to avoid any potential 

damage from agricultural equipment throughout the growing season and checked weekly or 

twice a week (as trap numbers increased year-to-year) for captured adults. Once a trap 

location was established, a trap was placed at that location in all subsequent years of the 

study.  After collection, adults from the same traps were placed in 80% ethanol in vials; the 

insects were transported to the laboratory at North Carolina State University where they were 

identified and sexed.  In 2008, traps were oriented in separate fields (one trap per field; n = 

23 fields) either North and South (n = 4 traps) or East and West (n = 19 traps) to determine 

the effect of trap orientation on numbers of beetles captured.  The effect of trap orientation to 

the North, South, East, or West on the numbers of beetles trapped in the first year (2008) 

were analyzed using Proc Mixed, SAS version 9.2 (SAS Inc., 2008) with a log-

transformation of numbers of beetles. The experimental design was nested, where trap 

number was the random effect and trap orientation (N, S, E, W) was the fixed effect.  

Since the literature reports P. aliena’s first appearance in the United States in 

Charleston, SC, traps were placed in South Carolina in 2009 and 2010 in turf or agricultural 

fields and checked approximately weekly.  Flight-intercept traps (n = 13) and light traps (n = 

9), with a 22 watt circline tube (Bioquip Products, Rancho Dominguez, CA), were used to 
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collect beetles in South Carolina.  Eleven trap locations were selected by Extension 

Specialists at Clemson University or USDA-ARS personnel at the Vegetable Research 

Laboratory in Charleston and placed throughout the state in six counties (Bamberg, Camden, 

Darlington, Florence, Horry, Kershaw) with the farthest trap located approximately 345 km 

west of Charleston, SC. 

 Environmental parameters, including soil temperature, rainfall and hours and minutes 

of sunlight were obtained from a weather station within 28 km of all trapping locations in 

North Carolina.  Rainfall is reported on a weekly basis as the amount of rainfall between the 

periods of time traps were checked for beetles (see Table 1 for dates traps were checked).  

Soil degree days (soilDD) were calculated as an accumulation of the daily average soil 

temperature (°C) minus a base temperature of 10°C from January 1st to December 31st of 

each year.  If the daily average soil temperature was below 10°C then the DD accumulation 

for that particular day was zero.  A linear regression analysis using Proc Reg (SAS Inc., 

2008) was performed to assess the relationship of rainfall, photoperiod (or, hours:min of 

sunlight), and soilDD to the average numbers of beetles captured in traps during peak 

emergence from 19 May to 11 June from 2008 to 2011 with a log-transformation of the 

average number of beetles captured.  Peak emergence was determined using Proc Glimmix 

(SAS Inc., 2008). Each collection date (or more than one date if collections were made two  

days in a row) was assigned a collection number in every year so that there were a total of 12 

collection times, or fixed categorical factors, for all four years, with the same collection 

time(s) repeated every year. Differences between the frequencies of beetles captured at every 

trap each year during those collection times were analyzed using Tukey-Kramer multiple 

comparisons at P ≤ 0.05 level of significance, in which year and trap were a random effects. 
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Collection times with the highest numbers of beetles captured that were not statistically 

different from each other would show when emergence of P. aliena peaked temporally in the 

spring. 

The effect of seven crop types on the average number of beetles captured in all traps 

located in fields where those crops were planted the previous year were analyzed using Proc 

Mixed, SAS version 9.2 (SAS Inc., 2008) with crop type as fixed effects and year and trap as 

random effects. Means were compared with Differences of Least Squares.  A second analysis 

examined the effect of crop types on numbers of beetles captured in just the traps repeated 

from the first year (2008). For both analyses a repeated effect of trap across years was 

included in the Proc Mixed program and log-transformed data were used; back transformed 

data is reported here.   

Evaluation of alternate host use 

White grub presence in fields planted to five different crop species and mixed-species 

grass pasture was determined by soil sampling. In each field sampled, the crop was managed 

as a monoculture with very few weedy species present; samples were taken in fields planted 

to cotton (Gossypium hirsutum L. ), soybean (Glycine max L.), corn (Zea mays L.), peanut  

(Arachis hypogaea L.), tobacco (Nicotiana tabacum L.) and pasture.  Pastures consisted 

primarily of warm season perennial grasses, but the species composition was not determined.  

Field selection criteria included: crop species grown in 2009, crop species grown in 2010 and 

number of adult beetles captured in nearby flight intercept traps.  Fields with known high 

populations of grubs in 2008 were also sampled. Fields were sampled three times: late 

summer 2009 (n = 15), early spring 2010 (n = 18) and fall 2010 (n = 18). Samples (n = 25 per 
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field) were collected using a golf cup cutter, and extracted soil was sifted to determine the 

presence of third instar Plectris aliena.  The volume of soil in the golf hole cutter was 1,450 

cm3(r = 5.08 cm, h = 17.9 cm).  One of two sampling procedures was used.  In fields where 

no flight intercept traps were located, samples were collected by walking a Z pattern through 

the field and extracting a soil sample every 6 m.  In fields where traps were present, samples 

were collected within a 3m radius of traps.  In both cases, samples were taken from within 

the planted row where grubs were most likely to be feeding on crop roots.     

Results 

Temporal and spatial distribution of adults and effects of crop rotations and 

environmental parameters on populations 

Each night from 13 May to 19 July in Columbus County, NC, P. aliena adults 

emerged singly from the ground between 8:30 p.m. and 9:00 p.m., unless heavy rains 

inhibited emergence.  After emergence, flight was observed to occur within two feet above 

ground for ca. thirty minutes.  Flight above two feet was observed, but beetles flying at that 

height were difficult to see and track.  It is during this time that adults were caught in flight  

intercept traps.   

During the four-year trapping period a total of 8,261 beetles were trapped.  Over 73% 

of the captured beetles were males.  Adult emergence occurred from May to July (Fig. 1) 

with higher numbers of males trapped than females (Table 1).  The earliest an adult was 

captured was 13 May and the latest was 19 July.  Peak adult emergence from 2008 to 2011 

occurred from 19 May to 11 June followed by a decreasing trend of the number of adults  
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trapped (P = 0.0435; F = 2.29; num df = 11; den df = 24; Fig. 1).  The results indicate that the 

insect is widely distributed throughout much of Columbus County, with fewest captured 

north of Chadbourn and the majority captured in the central and southern areas of the county 

(Fig. 2).  The numbers of adults captured at each trap location varied among rears year (Fig. 

2). The number of adults captured across all locations over all years (i.e. the first 23 traps 

used since 2008) averaged highest in 2008 and lowest in 2011. 

Seasonal captures of male and female P. aliena are summarized in Table 1.  Total 

rainfall (i.e. total inches of rain that accumulated during peak emergence, 19 May to 11 June 

each year) was not positively correlated with the average number of trap captures during 

peak emergence (Fig. 3; P = 0.2321; t = -1.7; R2 = 0.38).  One evening in 2009, 12.7 cm of 

rainfall accumulated exactly during the time of peak emergence, and P. aliena flight was 

observed to be less active.  However, most evenings during emergence from 2008 to 2011 

few to no rain events occurred and more active P. aliena flight was observed during those 

evenings. A rain storm may reduce or stop the emergence of P. aliena on a given night, but 

overall, rain will not affect the total capture of beetles in traps over time.   

  During peak flight every year the highest numbers of males were captured at the same 

time the highest numbers of females were captured, except in 2011 (Table 1).  The 

orientation of the trap had no effect on the numbers of beetles trapped in 2008 (P = 0.6838; F 

= 0.50; df = 3).  Based on the average number of trapped beetles, peak emergence occurred at 

14:20, 14:18, 14:13, and 14:21 hours:min of light in 2008, 2009, 2010, and 2011, 

respectively (Fig. 4) and peak emergence also occurred on 799, 740, 695, and 829 SoilDD in 

2008, 2009, 2010, and 2011, respectively (Fig. 5).  The average number of trapped beetles  
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over all trap locations and all years (with each year a separate observation) during peak 

emergence was positively correlated with photoperiod (P = 0.0010; t = 3.06; adj R2 = 0.39), 

with mean hours:min sunlight of 14:10, and soilDD (P = 0.0059; t = 3.34; adj R2= 0.44), with 

a mean soilDD of 661. 

Very few adults were captured in either flight intercept traps or light traps in South 

Carolina in 2009 and 2010 (Table 2; Fig. 6).  There was no known presence of economically 

damaging levels of P. aliena in turf or agronomic crops in South Carolina prior to placing 

those traps in fields.  Captures in South Carolina occurred from 14 May to 26 June for both 

years, which is the same time as captures in North Carolina (although traps in SC were not 

checked after 26 June). 

There was no significant effect of the previous year’s crop species on the average 

number of beetles captured in all traps.  However, there was a significant effect of the 

previous year’s crop species on the average number of beetles captured from only the 23 

traps that were present in the same location in each year of the study (Table 3; P = 0.0178; F  

= 4.54; df = 6).  The highest average number of adults were captured in fields the year 

following corn (50.2 adults) and soybean (45.7 adults), while the lowest average number of 

adults were captured in fields planted to cotton (5.3) the previous year (Table 3).  Fields 

planted to corn and soybeans often had the highest total numbers of P. aliena adults trapped 

the following year (Fig. 7). 

Larval sampling to determine presence in fields planted to crops other than sweetpotato 

P. aliena third instars were collected from fields planted to sweetpotato, peanut, field 

corn, soybean and pasture fields (Table 4).  A total of 33 grubs were recovered from a total of 
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1450 cm3 of sifted soil.  Soybean and corn had the highest incidence (20 grubs, or 61%) of 

grub presence out of 250  soil samples from those fields  (Table 4).  If a flight intercept trap 

was located in fields where soil sampling occurred each year, then the numbers of adults 

captured in traps in those fields is shown in Table 4, indicating the grubs survived in those 

fields planted to crops other than sweetpotato because adults emerged the following year.  

Flight intercept trap collections show that adults were present in all fields planted to peanut, 

corn, soybean, and pasture (Table 4) and that the lowest numbers of adults were captured in 

the trap where cotton was planted in a field, consistent with our observation that few grubs 

were found in fields planted to cotton.    

Discussion  

More males were captured than females in the traps even though sex ratios of scarabs 

are usually 1:1 (Neiswander, 1938; Regniere et al., 1981).  The low proportion of females is 

consistent with behavioral observations of P. aliena’s emergence.  After mating, females in  

laboratory conditions and in the field have been observed to burrow in the soil the majority of 

the time.  Since female P. aliena appear to burrow beneath the soil soon after mating and 

potentially spend a majority of their adult lives laying eggs underground (Brill and Abney, 

2012) they may not be spending as much time on a given night flying to the extent that males 

do.  These observations are similar to Potter’s (1981) discovery of male and female 

Cyclocephala behavior in which more than 85% of captured beetles were males.  Potter 

attributed that result to the fact that Cyclocephala females spend most of their time 

underground. 
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An increase in photoperiod and soilDD was associated with an increase in trap  

captures of average numbers of beetles during peak emergence.  The highest average number 

of beetles captured from 27 May to 3 June from 2008 to 2011 occurred in a range of 14:13 to 

14:21 hours:min of sunlight and 695 to 799 soilDD.  However, it is most likely a 

combination of factors such as soil warming, photoperiod, and attraction by the female sex 

pheromone, that trigger P. aliena adult emergence from the ground during the spring in 

North Carolina, as has been shown for other scarab adults (Tokuda et al.2010).        

Observations of P. aliena life stages collected seasonally since 2006 indicate that P. 

aliena has a univoltine life cycle in North Carolina. Chapin (1934a) also states that P. aliena 

apparently has a one year life cycle in South Carolina.  Because P. aliena has a one year life 

cycle, the adult emergence of P. aliena in late May/early June reflects the survivorship of 

larvae from the previous year.  The growing season, from the spring to fall in one year for 

most crops in North Carolina, coincides with the period during which larvae are developing  

in the soil.  When adults emerge the following year, growers will have rotated their 

sweetpotato fields to a different crop.  Crops that are commonly used in rotation with 

sweetpotatoes by growers in North Carolina who were affected by P. aliena include cotton, 

peanut, soybean, corn, and tobacco.    

The abundance of adults in late spring in North Carolina is directly related to the 

survival of larvae from the previous year.  Flight intercept trap data and soil sampling 

showed that adults and grubs are most abundant in fields that were planted to corn and 

soybean the previous year.  These measures of adult distribution and abundance, combined 

with the collection of third instar, overwintering grubs from fields planted to crops other than  
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sweetpotatoes provide strong evidence that P. aliena is capable of completing development 

on these commonly grown agricultural crops.  Larval sampling resulted in approximately 

0.023 grubs per cm3 of soil, however, sampling methods varied from field to field, which 

could have impacted the number of samples with grubs.   

 The reason for the abundance of P. aliena in corn and soybeans fields in Columbus 

County is unknown.  However, soybeans and corn account for 64-73% of the total acreage 

planted in Columbus County since 2004 and more than 5,300 acres in Columbus County 

were a double-cropped system of wheat (Triticum spp.) followed by soybean (NC 

Cooperative Extension Service, 2011).  Growers in North Carolina typically plant wheat in 

October and harvest the crop in late spring/early summer the following year prior to planting 

soybeans in the same field.  Since P. aliena has been found historically in turf and pasture 

areas, and wheat is also a grass that would be available as a food source when overwintering  

third instars migrate upward in the soil during the spring, fields planted to corn and/or a 

double-cropped wheat/soybean system could be important to sustaining high populations of 

P. aliena.   

During the four years of monitoring P. aliena populations with traps in Columbus 

County, NC, growers in other counties where sweetpotato production is prevalent did not 

report any discoveries of P. aliena grubs or beetles in their fields.  P. aliena’s economic 

damage to sweetpotato roots in North Carolina has been localized to Columbus County from 

2008 to 2011.  This localization could be attributed to the short amount of time that adults fly 

during their emergence in spring.  Furthermore, since P. aliena was present in the 

southeastern U.S. nearly 100 years prior to becoming an outbreak in Columbus County, NC,  
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a slow acclimation to lower temperatures in NC compared to its native region of warmer 

climates (Brill and Abney, 2012), could protect P. aliena from injury and potential mortality 

due to exposure to colder temperatures as opposed to a rapid movement to regions with 

colder environments (Chapman, 1998).  However, because P. aliena is able to complete 

development in agronomic crops that comprise 67% of North Carolina’s agricultural 

production (USDA, 2010), and that are commonly used in rotation with sweetpotato 

production, the movement of P. aliena further north of Columbus County is a serious threat 

to growers in other major sweetpotato producing counties, compounded by the fact that 

winter soil temperatures will not cause third stage grub mortality (Brill et al., 2012).  

Continued monitoring of P. aliena populations with flight intercept traps, in combination 

with other potential tactics, such as the use of a sex pheromone attractant, could help detect 

incipient populations of P. aliena in other locations and clarify population fluctuations over 

time.  
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Table 1.  Dates of collection and total numbers of male (M) and female (F) P. aliena adults  
captured in flight-intercept traps across all trap locations from 2008 to 2011 in southeastern  
North Carolina. 

Datez M F Date M F Date M F Date M F 

5/29/08 451 59 5/18/09 4 1 5/13/10 3 1 5/17/11 0 1 

5/30/08 39 2 5/25/09 61 40 5/19/10 166 14 5/23/11 109 27 

6/3/08 773 114 6/1/09 282 120 5/24/10 239 16 5/27/11 321 26 

6/10/08 513 55 6/8/09 160 71 5/27/10 910 39 5/30/11 299 10 

6/17/08 143 10 6/15/09 134 26 6/3/10 606 18 6/6/11 369 18 

6/25/08 28 1 6/25/09 51 6 6/4/10 498 13 6/13/11 148 3 

*7/1/08 10 0 6/30/09 27 9 6/10/10 350 26 6/20/11 118 5 

7/7/09 13 1 6/11/10 185 6 6/27/11 37 2 

7/13/09 1 2 6/18/10 223 13 7/5/11 20 0 

*7/20/09 0 0 6/25/10 58 7 7/11/11 4 0 

6/30/10 3 1 *7/19/11 1 0 

7/2/10 7 3 

7/9/10 2 1 

            *7/12/10 5 0       

zThe number of traps each year: n=23 in 2008, n=30 in 2009, n=39 in 2010, n=44 in 2011. 

*= the last date traps were checked for that  year. 
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Table 2. Total numbers of male and female P. aliena adults captured in two different trap 
types at eleven trap locations from 2009 to 2010 in South Carolina. 

  Year                       Type 

Trap 2009 2010 2009 2010 

1 0 N/A FIT FIT 

2 0 N/A FIT FIT 

3 0 0 Light Light 

4 N/A 2 FIT FIT 

5 2 N/A FIT FIT 

6 2 15 Light Light 

7 1 0 FIT Light 

8 1 2 Light Light 

9 1 N/A FIT FIT 

10 0 0 Light Light 

11 0 N/A FIT FIT 

zFIT = flight intercept trap; Light = 22 watt circline light trap. 
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Table 3. Mean numbers of P. aliena adults captured across 23 traps from 2009-2011 in 
Columbus County, NC and the associated crops planted in those fields previous years (i.e. 
2008-2010).   

Crop Mean* 

Cotton 5.3 a 

Pasture 7.1 ab 

Tobacco 33.8 b 

Sweetpotato 18.3 b 

Peanut 19.3 b 

Soybean 45.7 b 

Corn 50.2 b 

*Means with same letter do not differ significantly at p ≤ 0.05
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Table 4. Soil Sampling in 2009 and 2010 in various agricultural crops, the numbers of 
Plectris aliena grubs found in each field, associated traps for each field (if available) of the 
same year sampled, and total number of adults captured at each trap. 

2009z 2010z 

Field 

Crop of Grub collection No. adults if Crop of Grub collection 

Date No. grubs 

No. adults if 

2009 Date No. grubs trap presenty 2010 Date No. grubs trap presenty 

1 Peanut 8/7 0 85 soybean 3/6 0 11/12 0 302 

2 peanut 8/29 1 33 cotton 3/15 1 10/17 3 65 

3 peanut 8/7 0 - soybeans 3/1 0 10/17 0 - 

4 corn 8/10 1 - soybean 3/6 0 11/12 0 134 

5 corn 8/7 2 - squash 3/6 0 11/12 0 42 

6 corn 8/31 1 - soybean 3/1 0 10/17 0 85 

7 soybean 8/29 1 - sweetpotato 3/6 0 11/12 1 120 

8 soybean 8/10 1 182 corn 3/15 2 11/12 8 252 

9 soybean 8/7 0 123 soybean 3/1 0 10/17 2 148 

10 cotton 9/11 0 - sweetpotato 3/15 0 11/12 0 - 

11 cotton 9/11 0 17 soybean 3/6 0 11/12 1 5 

12 cotton 9/11 0 - soybean 3/6 0 11/12 1 - 

13 pasture 8/31 0 - pasture 3/6 0 11/12 1 - 

14 pasture 8/10 1 - pasture 3/6 1 11/12 1 17 

15 pasture 8/29 0 - pasture 3/1 0 10/17 0 - 

16 tobacco 

N/A N/A 

sweetpotato 3/15 0 10/17 1 41 

17 tobacco sweetpotato 3/15 1 10/17 1 31 

18 tobacco sweetpotato 3/15 0 10/17 0 - 

z n = 15 fields in 2009; n = 18 fields in 2010 

y where no trap is present a "-" is placed; Traps were in fields from May to July 
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Figure 1. Average of total number of P. aliena adults captured in all flight 

 intercept traps from May to July in 2008, 2009, 2010, and 2011 in Columbus  

County, NC. 
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Fig. 2.  Location of traps in Columbus County North Carolina, and one north of Columbus 
County in Bladen County, as indicated by colored circles.  The size of the circles reflects the 
total numbers of beetles trapped, indicated at three levels each year (ArcMap 10). 
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Fig. 3.  Seasonal flight activity of P. aliena in relation to rainfall, 2008-2011.  Dotted line  
represents rainfall (inches) and solid line represents weekly mean number of trapped beetles.   
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Fig. 4.  Seasonal flight activity of P. aliena in relation to sunlight, 2008-2011. Dotted line 
represents sunlight (hours:min) and solid line represents weekly mean number of trapped 
beetles.   
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Fig. 5.  Seasonal flight activity of P. aliena in relation to SoilDD, 2008-2011. Dotted line  
represents accumulated SoilDD and solid line represents weekly mean number of trapped  
beetles. 
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Fig. 6. 

Image of South Carolina flight intercept trap locations marked with yellow points. 
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Fig. 7.  Example of 3 years of growers’ crop rotations in Columbus County, NC where 5  
traps (#’s 3, 9, 13, 17, and 22) were located.  Total number of P. aliena adults captured in  
2009, 2010, and 2011 is indicated with the associated crop rotation (SP = sweetpotato) of the  
previous years, 2008, 2009, and 2010, respectively.     
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Abstract 

  The effect of soil moisture on oviposition biology was studied for a new invasive soil 

scarab pest, Plectris aliena Chapman (Coleoptera:Scarabaeidae) in North Carolina 

agroecosystems.  Females laid an average of 21 eggs in field soil with a high moisture 

content of 20% compared to an average of 0.9 eggs laid in dry field soil with 2% moisture, a 

statistically significant increase of 20 more eggs deposited in wet soil.  Only 38% of females 

placed in cages with males laid eggs, with the majority of those females remaining alive 

when the soil was sorted for eggs up to 10 days later.  Of the 15 live females that laid eggs 

during the first evaluation period, 12 laid eggs after a second mating with males, suggesting 

the possibility that females lay eggs multiple times or hold fertile eggs in their ovaries until 

ready to oviposit.  The majority of females (97%) were dead within 2-3 weeks after 

evaluations.  Results from this study are useful for understanding the oviposition biology of 

P. aliena.        

 

Keywords: invasive, egg deposition, sweetpotato  
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Introduction 

Soil moisture is an important factor influencing oviposition in several scarab genera 

and species, including Phyllophaga spp. (Sweetman, 1931; Gaylor and Frankie, 1979), 

Cyclocephala spp. and Ligyrus subtropicus (Potter, 1983; Cherry et al., 1990), and Popillia 

japonica and Macrodactylus subspinosus (Regniere et al, 1981; Allsopp et al., 1992).  Soil 

moisture conditions can affect the oviposition biology and behavior of scarab pests, which is 

often species-specific, and influences factors such as the number of eggs laid, when eggs are 

laid, and the depth of egg deposition.  The southern masked chafer, Cyclocephala 

immaculata, deposited more eggs in soils with moisture levels 12.5% and above, and egg 

survivorship was higher compared to eggs deposited in soil with 5% moisture.  This 

relationship could be partly responsible for the distribution and spread of these white grubs in 

turf (Potter, 1983).  No eggs or larvae were recovered from very wet soil (more than 30% 

moisture) when Phyllophaga adults were given soil at different moisture levels from which 

to choose to oviposit (Gaylor and Frankie 1979).  Females of the canegrub, Antitrogus 

parvulus, discriminated between soils of different moisture levels, selecting soil of 28% 

moisture, which was near field capacity, for ovipostion (Logan, 1997).  Unfavorable soil 

moisture conditions may reduce the number of individuals that oviposit, thus lowering egg 

densities and subsequent larval populations in the field (Gaylor and Frankie, 1979).  

Conversely, favorable soil moisture conditions may cause females to oviposit and optimize 

reproductive success (Ward and Rogers, 2007).  Thus, the effect of soil moisture conditions 

on the biology and oviposition behavior of scarab beetles may significantly influence their 

abundance and distribution in agricultural systems.   
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Plectris aliena Chapman, native to South America, is a recent, invasive scarab pest in 

North Carolina. The insect became a severe problem for sweetpotato growers in Columbus 

County, North Carolina beginning in 2006, rendering sweetpotato roots unmarketable due to 

feeding by the grub stage.  The adult beetles mate during May and June in North Carolina, at 

the time sweetpotato is planted, and females lay eggs at varying depths in a mass or singly 

beneath the soil surface in grasslands and cultivated agricultural fields.  North Carolina has a 

humid, subtropical climate where rainfall is highly variable during the summer months (State 

Climate Office of North Carolina, 2012), creating unpredicatable field soil conditions after P. 

aliena oviposition and during larval development.  Improved knowledge of P. aliena 

oviposition behavior, and the relationship between behavior and soil moisture, could be 

useful for predicting the distribution and survival of the pest populations in agricultural 

fields.  The objective of this study was to determine the effect of soil moisture on the 

oviposition biology and behavior of P. aliena. The number of females ovipositing, the 

number of eggs oviposited per female, and percent hatch of eggs were recorded at each 

experimental soil moisture level. 

Materials and Methods 

To evaluate the effect of soil moisture on oviposition, we conducted “no-choice” field 

and laboratory trials.  In these experiments, individual female P. aliena beetles were placed 

in one of three soil moisture levels in closed cages. Adult P. aliena were collected by hand 

above ground during the evening mating period in Columbus County, North Carolina from 

27 May to 8 June, 2011.  All males and females were engaged in a mating flight behavior  
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when collected.  After collecting, males and females were separated, and those used in 

laboratory studies were held individually in 59 ml plastic containers with loose field soil 

(obtained from the collection site) in a refrigerator at 2.5˚C for 24-48 hrs to prevent 

oviposition prior to initiation of experiments.  Beetles used in field experiments were placed 

in cages the same evening they were collected.  In all experiments, one female and up to ten 

males, were placed in each cage to ensure mating.   

A moderately dark sandy loam soil (average of 63.6% sand, 28.4% silt, and 8.1% 

clay), obtained from the field where beetles were collected, was brought to the lab, mixed by 

hand, oven-dried (150°F) and then brought to 2%, 11% and 20% soil moisture (i.e. 

gravimetric water content by mass) and used for all experiments.  These levels correspond to 

7%, 39% and 71% of field capacity, respectively, with 2% considered “dry”, 20% considered 

“wet,” and 11% considered typical based on the base-line of a 9.8% average soil moisture for 

soils typically found in Columbus County in late May and early June.  Soil was obtained 

from the same field where females were collected.  Cages were 10cm diameter x 15cm deep 

PVC pipe, with a plastic disc glued to the bottom, and filled with soil to a 13cm depth.   

Cages in the field were covered with a mesh screen (1mm x 1mm) that was held in 

place with a metal clamp around the PVC pipe.  Cages were then buried in the ground at the 

edge of the same field where females were collected.  The top of the cage was flush with the 

ground.  Cages were covered with 23 cm diameter plastic plates (Solo Cup Company, Lake 

Forest, Illinois) that were supported by bamboo stakes approximately 31cm long to prevent 

rain from entering the cages.  The bamboo stakes were pushed into the ground so that the  
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plastic plate was suspended approximately 5cm from the top of the cage.  Cages in the 

laboratory were covered with saran wrap (S.C. Johnson & Son, Inc., Racine, WI).  A single 

female was added to each cage (n = 25 field cages and n = 44 laboratory cages).   

Assessment of oviposition and eclosion rate 

Beetles remained in the cages in the field and laboratory 7-10 days (laboratory cages 

at 24˚C under a 15:9 light:dark cycle), after which eggs and surviving females were counted 

by sorting through the soil. Soil was removed from the cages and visually inspected for eggs 

by gently breaking apart the soil. Eggs were picked from the soil with a microspoon. The 

eggs are approximately 1.6 mm in diameter with a white-cream color, so the eggs were easily 

visible with the naked eye.  Recovered eggs were immediately placed in 59 ml plastic 

containers (separate containers for each cohort of eggs) with 11% soil moisture and evaluated 

for eclosion rate after 12-19 days; eclosion rate was calculated as the number of first instars 

divided by the original number of eggs laid x 100.      

Dead females were dissected to determine the presence of eggs in the reproductive 

tract.  Eggs recovered from dead beetles’ reproductive tract were placed in the 59 ml plastic 

containers with soil with 11% moisture and eclosion rate was measured 13-15 days later.   

Re-mating and subsequent egg eclosion and hatching rates 

Females alive after 7-10 days in both field and laboratory cages were placed with a 

male in 59 ml plastic containers with 11% soil moisture and held in the laboratory at 24˚C 

under a 15:9 light:dark cycle to determine if they would lay eggs under average soil moisture  
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conditions.  Soil from these containers was sifted after 8-14 days to determine the presence of 

eggs.  Recovered eggs were immediately placed in 59 ml plastic containers (separate 

containers for each cohort of eggs) with 11% soil moisture and evaluated for eclosion rate 

after 12-19 days. For all treatments, egg eclosion rate was measured only after eggs were 

placed in soil with one moisture level of 11% due to low numbers of eggs recovered in cages 

with 2% soil moisture.    

Statistical analyses 

The effect of soil moisture on the number of eggs laid in cages by females was 

analyzed using PROC GLM, SAS Version 9.2 (SAS, 2008).  Analyses were conducted 

separately for field and laboratory experiments. An analysis of PROC GLM, SAS Version 

9.2 (SAS Institute, Inc., 2008) was used to determine whether egg deposition in dry (2%) or 

moist soils (11% and 20%) would affect egg eclosion once those eggs were placed into 

normal, or 11%, soil moisture.  LS means are reported.  The effect of the number of days 

between the time females were placed in cages until the cages were sorted for eggs, i.e. days 

to sorting (DTS), on the numbers of eggs laid was analyzed using PROC GLM, SAS Version 

9.2 (SAS Institute Inc., 2008).  For the lab cages the DTS were 7 (n = 6), 9 (n = 14), 10 (n = 

21), 11 (n = 3) and for the field cages the DTS were 7 (n = 10), 8 (n = 8), and 10 (n = 7) 

across all soil moisture treatments. 

Results 

There was a significant effect of soil moisture on the mean number of eggs laid by P.  
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aliena beetles in laboratory cages (P = 0.0005; F = 9.23; df = 2, 41).  There were more eggs 

laid in the higher soil moisture level of 20% in the laboratory cages than in the low soil 

moisture of 2% (Fig. 1).  There was no effect of soil moisture on the mean number of eggs 

laid by P. aliena beetles in field cages (P = 0.1049; F = 2.5; df = 2, 41; Fig. 2).   

There was no effect of days to sorting on the number of eggs laid in either field or 

laboratory cages.  In field cages, the LS mean number of eggs laid for 7, 8, and 10 days to 

sorting was 3.3, 6.0, and 5.6, respectively (P = 0.79; F = 0.24; df = 3, 40). In laboratory 

cages, the LS mean number of eggs laid for 7, 9, 10, and 11 days to sorting was 7.8, 6.9, 

13.1, and 25.3 (P = 0.2179; F = 1.54; df = 3, 40). The eclosion rate for eggs laid in normal 

soil moisture (11%) was not different between the soil moisture levels of 2%, 11% or 20% in 

field or laboratory cages in which those eggs were originally laid (Table 1).  The majority of 

females (97%) were dead within 2-3 weeks of all evaluations.   

Twenty females (29%) laid eggs in laboratory cages and 6 females (8.7%) laid eggs 

in field cages during the first evaluation period.  Approximately 25% of females recovered 

from the first evaluation were dead and had laid eggs in the cages.  Eclosion rate of all eggs 

after the first evaluation period ranged from 0% to 100%.  Twenty seven females (39%) were 

alive after all cages were sorted.  Of the surviving females, 17 out of 27 (63%) laid eggs after 

being placed in soil at 11% moisture for an additional 8-14 days.  Eclosion rate ranged from 

0% to 100% for those eggs that were laid by the re-mated beetles.  There were 15 females 

that laid eggs and remained alive after the first evaluation, which were then allowed the 

opportunity to be re-mated, and 12 of those 15 females laid eggs a second time.  The highest  



58 

 

total number of eggs one female laid was 74 after re-mating in one laboratory experiment.  

Only two females survived past the second evaluation period - one never laid eggs, and the 

second laid one egg 16 days after re-mating, and 9 eggs 18 days after re-mating).   

Of the 42 females that were dead after the first evaluation period for field and 

laboratory cages, 33% had eggs in their ovarioles.  The number of eggs ranged from 5 to 40; 

however, the number of eggs in some individuals could not be quantified due to desiccation 

or tissue degradation.  None of the eggs removed from dissected females hatched when 

placed in 11% soil moisture.   

Discussion  

Reduced oviposition in very dry (0-5% soil moisture for sandy loam and sandy soils) 

soil was also observed by Allsopp et al (1992) and Gaylor and Frankie (1979) for P. japonica 

and P. crinita.  Potter (1983) showed that oviposition by Cyclocephala immaculata occurred 

only at soil moisture in the range of 12.5-25.5%, with oviposition greatest in the highest 

(25.5%) soil moisture.  This result is similar to observations in the current study, where 

oviposition was greatest in the higher soil moistures (11% and 20%),  

Since only one mass of eggs (n = 14) was laid in 2% soil moisture in a laboratory 

cage, those eggs were not placed back into 2% soil moisture to compare egg eclosion rate in 

soils with low versus normal (i.e. 11%) soil moisture.  Therefore, for all treatments, egg 

eclosion rate was measured only after eggs were placed in soil with a normal moisture level.  

Fewer eggs were recovered from cages with dry soil moisture levels, which could have been  
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due to desiccation of the eggs, and therefore hinder egg recovery.  If this was the case, then 

the actual number of eggs that may have been laid in the dry treatment would be unknown.  

Females that were recovered from cages with dry soil were often desiccated (as evidenced by 

hollow and dry abdominal cavities) as were the eggs in their reproductive cavities.   

Females laid eggs a second time in normal soil moisture after laying eggs initially in 

cages.  These females were apparently fertile after the first evaluation of eggs (and therefore 

did not require re-mating), but did not lay all their eggs during the first evaluation; or, some 

may have re-mated a second time and subsequently laid additional eggs.  

Differences in the number of eggs deposited in field and laboratory cages for the 

various soil moisture treatments could have been due to the hot, dry conditions in the field at 

the time females were placed in field cages.  From 21 May until 8 June, no rain fell at the 

field site, and one week prior to 21 May only 0.78 inches of rain accumulated.  Hot, dry 

conditions in the field resulted in rapid drying of the soil in field cages in spite of the shade 

provided by the rain shelters.  Soil moisture levels decreased to 4% in field cages that had 

20% soil moisture at the beginning of the experiment.  Soil in laboratory cages experienced 

very little (1-4%) soil moisture loss. 

Egg deposition in dry, normal, or moist soil did not influence the eclosion rate once 

eggs were placed into normal (11%) soil moisture.  Potter (1983) showed that C. immaculata 

egg survival was dependent on available soil moisture.  Since P. aliena eggs were placed in 

soil that was indicative of average soil moisture conditions for that time of year 

(approximately 11%), eggs were in more suitable conditions for hatching, resulting in egg  
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eclosion regardless of the soil moisture in which eggs were originally laid.  Not enough eggs 

were recovered from treatments of 2% soil moisture to determine if eggs would hatch if 

transferred to dry soil.  If P. aliena laid eggs where soil conditions were dry in the field, eggs 

could hatch if a period of rainfall provided enough moisture after egg deposition. However, 

the length of time that eggs would be in dry soil could affect their ability to hatch even if soil 

moisture conditions changed.  

The present study restricted the depth at which eggs were laid; however, earlier 

studies at North Carolina State University revealed that P. aliena females will lay eggs from 

5.1 to 30.5 cm deep in the soil (Brill and Abney, 2012).  Scarab larvae and adults often 

migrate in the soil profile in response to sub-optimum soil moisture and temperature 

(McColloch and Hayes, 1923; Oliveira et al., 2009; Harano, 2010).  Soil texture also 

influences soil moisture properties such as drainage and water holding capacity. For example, 

soils with clay textures have smaller particle sizes and a higher water holding capacity 

compared to soil with sand textures that have a larger particle size and lower water holding 

capacity (USDA-NRCS, 2008; USDA-NRCS, 2012).  Regniere et al (1979) showed that as 

soil particle size decreased, oviposition of Japanese beetles occurred in higher soil moisture 

conditions, such that during drought conditions there were more eggs per female in clay soils 

compared to sand and silt soils.  Plectris aliena females may respond to available soil 

moisture, which is partly dependent on soil texture, by adjusting the depth at which eggs are 

laid in agricultural fields. 

Although P. aliena is likely to deposit more eggs in areas with optimal soil moisture,  
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soil moisture conditions at the time of oviposition are not an indicator of future soil moisture 

conditions in North Carolina where summer rainfall is variable.  Soil moisture is an 

important factor related to larval survival, with lower survival rates of early instar scarabs at 

low soil moistures of 0% to 3% (Gaylor and Frankie, 1979; Regniere et al., 1981).  Whether 

or not P. aliena larvae populations sustain high or low levels in grower fields could depend 

on moisture conditions during and after the oviposition period.   
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Fig. 1. Average number of eggs laid by P. aliena adults in  laboratory cages with soil 

moisture levels of 2%, 11%, and 20%.  Mean separation by Tukey’s multiple comparison 

test, 5% level. 
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Fig. 2. Average number of eggs laid by P. aliena adults in field cages with soil moisture 

levels of 2%, 11%, and 20%.  Mean separation by Tukey’s multiple comparison test, 5% 

level. 
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Table 1. Eclosion of P. aliena eggs recovered from cages with 2%, 11%, and 20% soil 

moisture, which were subsequently placed in cages with 11% soil moisture to measure 

eclosion rate. Also reported is the number of females placed in original cages, total number 

of eggs deposited, and average number of eggs per female. Mean separation by Tukey’s 

multiple comparison test, 5% level. 

Original 
SM (%) 

No. of  
females 

Total no. 
eggs laid 

Avg.   
Total no. 

first instars 

Proportion of 
hatch 

(LS means) 
no. eggs 

per female 
2 1 14 14 12 0.76 

11 9 24 216 81 0.37 
20 20 26 368 80 0.13 
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Abstract 

The effects of cold temperature exposure on the survival, behavior and development 

of Plectris aliena Chapin, an economically damaging invasive species in North Carolina 

agroecosystems, was examined under laboratory conditions to determine the potential 

survivability and range of overwintering populations north of the outbreak area in Columus 

County, North Carolina.  The acute mortality temperature from freezing was -5.02°C for the 

overwintering third instar grub.  No effects on behavior or development of pupae or adults 

resulted from the exposure of third instar  grubs to  temperatures of 0.0°C, 2.8°C, 6.7°C, and 

9.6°C (the control temperature) for either 48 or 96 hours in incubators.  Overwintering P. 

aliena grubs will be able to survive exposure to normal winter soil temperatures in North 

Carolina for short periods of time and in the northern most limits of the United States.  

Winter mortality due to cold soil temperatures alone, for a short duration, will not affect P. 

aliena white grub populations in the soil or dispersal to more northerly latitudes. 

 

Keywords: white grubs, cold temperature, behavior, freeze susceptibility 
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Introduction 

The numbers of pestiferous insects on crops at the beginning of a growing season in 

temperate and cold climates are determined by the survival of the overwintering stages (Bale 

1991).  Salt (1936) suggested that understanding the effects of low temperatures on insect 

distribution and abundance allows for better preparation for the control of pest species.  

Therefore, investigating insect response to low temperatures can be useful for developing 

pest management strategies, such as determining insect survival under various winter 

climatic conditions (Harrington and Cheng 1984) and forecasting the distribution of pests in 

outbreak areas, particularly in regions with temperate and colder climates (Bale 1991). 

Temperature is an abiotic factor that is density-independent; cold temperatures can 

cause mortality in high or low levels of pest populations, although the response of insects to 

cold temperature can vary between and within species (Bale, 1989).  The abundance of the 

overwintering stage of an insect depends in part on the insect’s cold hardiness, or ability to 

survive low temperature exposure in above-ground or subterranean habitats (Bale, 1989).  

Insects are classified as either freeze-tolerant, where temperatures below 0°C freeze tissues, 

but the insect survives, or freeze-susceptible, where freezing of tissues kills the insect 

(Chapman, 1998).  Insects that are freeze-susceptible avoid freeze mortality by supercooling, 

or cooling tissue water below its freezing point before ice crystals begin to form (Chapman 

1998).  Even for freeze-susceptible insects native to tropical or temperate regions, the 

supercooling point is very low, often below -20°C,  but can be influenced (increased or 

decreased) by life stage, acclimatization, feeding, water content, and surface moisture (Bale, 

1989; Chapman, 1998).  Freezing of freeze-susceptible insects can be induced at a  
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temperature above the supercooling point through ice inoculation by internal or external 

factors, such as food in the gut or surface contact with an ice-nucleating agent (Bale, 1989).  

Low temperatures above freezing may not cause mortality, although insects may alter their 

behavior or ultimately die due to non-freezing effects of cold, depending on the duration of 

the exposure to cold temperatures (Bale, 1989; Chapman, 1998).   

Plectris aliena Chapman (Coleoptera:Scarabaeidae) is native to South America, and 

although it has been in the United States since the early 1900’s (Chapin 1934), the insect 

became a severe problem to sweetpotato growers in Columbus County, North Carolina 

beginning in 2006.  Sweetpotato roots are rendered unmarketable by the feeding of P. aliena 

white grubs, the immature stage of the insect.  Plectris aliena appears to be univoltine in 

North Carolina, and the insect overwinters as third stage larvae (Brill and Abney, 2012).    

There are nine major sweetpotato growing counties in North Carolina, accounting for 

41% of US sweetpotato production (USDA, 2011), but to date, economically damaging 

populations of P. aliena have been observed only in Columbus County in the southeastern 

region of North Carolina.  Sweetpotato growers north of Columbus County are concerned 

about the potential movement and spread of P. aliena to their region, which could potentially 

affect the viability of the entire sweetpotato industry in North Carolina.  The effects of cold 

temperature on P. aliena survivability have not been documented.  The objective of this 

study was to determine if low temperatures contribute to the mortality of P. aliena white 

grubs with the goal of predicting how cold temperature exposure affects overwintering P. 

aliena populations.  This study will provide a better understanding of the potential range 

limitations of the insect into areas north of its current distribution.   
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Experiments were conducted on third instar P. aliena collected from North Carolina 

agricultural fields to determine 1) effects of progressive cooling to sub-freezing temperatures 

on survival and 2) effects of exposure to a range of cold temperatures below the normal 

winter soil temperatures experienced in Columbus County, NC on grub behavior and 

development.   

Materials and Methods 

Effects of progressive cooling on third instar survival 

Third instars were collected on 22 and 29 Jan, 2011 and 14 Oct, 2011 from a field 

near Chadbourn, North Carolina.  Grubs were placed individually in 0.5 L plastic cups with 

field soil and without food, brought to the laboratory at North Carolina State University, and 

held at 9°C in a refrigerator with no light.  Prior to use for experimentation (10-17 days after 

collection) normal grub burying behavior was measured in order to ensure only healthy 

larvae were used in experiments. Larvae that were able to burrow into field soil within 5 

minutes of placement on the surface of the soil were considered normal and healthy.  Grubs 

were warmed up gradually over a period of 4 hours to 15°C in an incubator set to an average 

photoperiod for that time of year in fall and winter (light:dark, 10:14) and held at 15°C for up 

to 3 hours prior to experimentation, which was the initial starting temperature for  

experiments. 

Surface contact thermometry was used to determine the temperature at which larval 

freezing occurred.  Grubs were removed from the plastic cups in the incubator and dipped in 

95% ethanol for 3 seconds to remove excess soil, then dried on clean filter paper and 

weighed.  A 24-gauge copper-constantan thermocouple (Omega Engineering, 5SRTC-TT-T- 
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24-36) was placed directly against the surface of each grub to measure insect temperature.  

The grubs and thermocouples were individually wrapped in 4 cm x 4 cm cheese cloth and 

then 6 cm x 6 cm aluminum foil on top of the cheese cloth.  Parafilm was used to seal the 

point where the thermocouple wire protruded from the aluminum foil.   

Since insects can freeze more quickly when in contact with surface moisture, either 

on their body or in the soil (Lee and Denlinger, 1991), the effect of moisture conditions on 

the freeze-mortality temperature of the grubs was determined by creating “wet” and “dry” 

treatments.  The wet treatment was established by saturating cheesecloth with distilled water; 

no water was added to the cheesecloth in the dry treatment (n = 19 grubs in wet cheese cloth 

and n = 12 grubs in dry cheese cloth).   

Grubs were placed individually in 50 ml centrifuge tubes, which were then placed in 

a programmable test chamber with 0.5L:1L ethylene glycol:water (Thermo Scientific, 

NesLab Rte10) set to 15°C and progressively cooled at --0.5°C min-1.  The onset of freezing 

was verified by the appearance of an exotherm (i.e. release of the heat of crystallization; Lee 

and Denlinger, 1991), and the temperature of each grub was recorded at 0.5 min intervals 

using a multi-channel data logger (Omega Engineering, HH147U).  The freezing temperature 

of each insect was recorded as the lowest reading reached before the release of latent energy 

during freezing, shown as a sudden increase in the temperature during an otherwise 

decreasing trend (Lee, 1991).  Mortality is confirmed within a few hours, or at most a few 

days, of thawing at room temperature after cold exposure (Lee and Denlinger, 1991).  In this 

study, mortality was determined after insects were allowed to thaw at room temperature for 

24 hours following exposure to cold temperatures.  
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Effects of cold temperature exposure on behavior and development 

Third instars were collected on 17 and 29 Jan, 2012 and 2, 9, and 10 Feb, 2012 from a 

field near Chadbourn, NC (n = 203 grubs).  Grubs were placed individually in 0.5 L plastic 

cups with field soil and without food, brought to the laboratory at North Carolina State 

University, and held at 9.6°C, which was the average field soil temperature at a 4 cm depth 

during this time of collection, in an incubator with no light (light:dark 0:24).  The field soil 

had an average moisture content of 9.8% determined gravimetrically with the following 

equation: [1-(g dry soil/g wet soil)] x 100.  Soil moisture was measured using an irrometer 

(Irrometer Company, Riverside, CA) that was placed in a plastic cup with field soil, and 

moisture levels ranged from -21.0 to -25.0 kPa for the duration of the experiment.  Prior to 

use for experimentation (5-28 days after collection), the plastic cups with grubs were taken 

out of the incubator and set on the laboratory bench for 3.5 hours to warm up to 23°C room 

temperature and 22°C soil temperature (soil temperature was 1 degree lower than air 

temperature).  After 3.5 hours, larvae that exhibited normal, healthy behavior, by being able 

to burrow into field soil within 5 minutes of placement on the surface of the soil, were used 

in experiments.   

  Grubs were placed individually into the 0.5 L plastic cups with field soil, and cups 

(closed with a lid) were placed on cafeteria trays, which were then placed into four different 

incubators with no light (light:dark 0:24).  Each incubator was set to a different temperature: 

0.0°C, 2.8°C, 6.7°C, and 9.6°C, with n = 18 grubs in each incubator.  After 48 hours, nine 

grubs were taken out of each incubator while the other nine grubs remained in the incubator 

for an additional 48 hours (or 96 hours total).  This process, with the same number of grubs,  
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was repeated again for a second replication.  Therefore, treatments consisted of 2 time 

periods (48 and 96 hours) in which grubs were exposed to 4 different temperatures for a total 

of 2 replications.  After grubs were exposed to the temperatures for either 48 or 96 hours, 

they were placed into an incubator set to 9.6°C with no light and held there for 5 days.   

After 5 days, grubs were placed on the laboratory bench for 2-3 hours to warm up to 

23°C.  Grubs were removed from the cups and placed on top of field soil in a 58 cm x 42 cm 

x 15 cm deep plastic bin (Home Products International-North America, Inc., Chicago, IL) 

and their behavior was rated using 5 categories (described in Table 1).  After grubs were 

rated for behavior they were placed back into the 0.5 L plastic cups with field soil and 

approximately 300 seeds of rye grass (providing roots as a food source after germination) and 

placed into an incubator at 22°C with a light:dark cycle of 16:8 for five weeks.  The 

developmental stage of the insects was recorded after five weeks.  If the insects were still 

larvae after 5 weeks, their behavior was rated with the same categories described in Table 1.   

Statistical analyses 

T-tests using PROC TTEST (SAS, 2008) were conducted to analyze differences in 

freezing temperatures between fall and winter collected grubs and to determine the effect of 

wet and dry conditions on freezing temperature.   

Cochran-mantel-Haenszel chi-square tests were conducted using PROC FREQ (SAS 

Institute, Inc., 2008) to determine whether behavioral and developmental observations of P. 

aliena grubs were affected by the four temperature exposures and two lengths of time.  The 

Cochran-mantel-Haenszel statistic tests whether response variables and treatments are 

conditionally independent at each level of a third variable.  Since the scale of measurement  
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for all three variables is ordinal, the alternative hypothesis is that there is a linear association 

between two variables while controlling for one level of the third variable. The correlation 

statistic is distributed as a Chi-square random variable with 1 df and standard deviation of 

1.41 (SAS Institute, Inc., 2008; McDonald, 2009).  Specifically, tests were conducted to 

determine the effect of temperature and length of cold temperature exposure on 1) P. aliena 

grub behavior 5 days after exposure, 2) grub behavior 5 weeks + 5 days after exposure, 3) 

grub development 5 weeks + 5 days after exposure, and 4) the change in grub behavior from 

5 days to 5 weeks if grubs did not metamorphose after 5 weeks. 

Results 

Effects of progressive cooling on third instar survival 

 Freeze-related mortality temperature was not different for fall (-5.1°C) and winter-

collected (-4.9°C) grubs (P = 0.4423).  All grubs (100%) died within 24 hours after exposure 

to all low temperature treatments.  Grubs decomposed to a brown-black color and no fungal 

spores were present.  Grubs wrapped in wet cheesecloth died after exposure to a higher 

temperature (-4.83°C ± 0.46) compared to grubs wrapped in the dry cheesecloth that died 

after exposure to a lower temperature (-5.32°C ± 0.57) (P = 0.0145; df = 29; t = -2.60).  

Examples of freezing point mortality temperatures for grubs wrapped in dry or wet 

cheesecloth are given in Figure 1. 

Effects of cold temperature exposure on behavior and development 

Five days after cold temperature exposure, there were no differences in grub behavior 

for any of the four temperature treatments when length of time was controlled (P = 0.3882), 

no differences in grub behavior for each of the two lengths of time when temperature was  
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controlled (P = 0.2833), and no differences in grub behavior for the interactions of 

temperature and time.  Five weeks after the initial behavior rating, there were no differences 

in grub behavior for any temperature when both exposure times were controlled (P = 0.7752) 

and for both exposure times when temperature was controlled (P = 0.4715), or the 

interactions of temperature and time.  There were no differences in total numbers of P. aliena 

in each developmental stage (grub, pupae, adult), or numbers of dead insects, for each 

temperature when both exposure times were controlled (P = 0.9347 for grub, pupae, and 

adult; P = 0.9868 for dead grubs), for each exposure time, controlling for temperature (P = 

0.9269 for grub, pupae and adult; P = 0.3135 for dead grubs), and no interactions of 

temperature and time (Fig. 2) 

After cold temperature exposure for either 48 or 96 hours and then 5 days of being 

held at 9.6°C, grub behavior ratings showed that the majority (72%) exhibited normal 

burrowing behavior and body movements and that 20% exhibited normal body movements, 

but not normal burying behavior (Fig. 2).  Less than 5% exhibited behaviors of writhing 

(“W”) or writhing-upon-stimulus (“WS”).  After those insects were transferred to 22°C and 

held in that incubator for 5 weeks and grub behavior was rated, the majority (49%) responded 

as alive (“A”) and the same percentage of grubs (24.7%) responded as alive-upon-stimulus 

(“AS”) or writhing-upon-stimulus (Fig. 2).  Regardless of the cold temperatures and length of 

time of exposure, 30.5% of the grubs pupated and 4% became adults (Fig. 2).   

There was no effect of temperature, length of exposure time, or the interaction of 

temperature and time on the changes in grub behavior from the first rating of 5 days after 

exposure to the second rating of 5 weeks after the first rating (P = 0.4394 for temperature, P  
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= 0.8151 for time, and P = 0.2825 for interactions).  About one-third (28%) of grubs that 

were rated as alive after 5 days of being held in the control temperature were again rated as 

alive after 5 weeks of being held at the temperature for development; 19% of grubs that were 

rated as alive were rated 5 weeks later as alive-upon-stimulus; and 19% of grubs that were 

rated as alive were rated 5 weeks later as writhing-upon-stimulus (Table 2).  About a third of 

the grubs whose behavior was rated as either “alive-upon-stimulus” or “writhing-upon-

stimulus” after 5 days were rated the second time as alive. More than a third of grubs (35%) 

with an “alive” behavior rating after 5 days developed into pupae or adults.  The number of 

dead grubs after exposure to cold temperatures for both lengths of time was not different 

from the number of dead grubs held at the control temperature of 9.6°C for both lengths of 

time.  None of the dead grubs exhibited signs of fungal spore growth. 

Discussion 

Determining the effect of cold temperatures on survival of P. aliena third instars is 

important to further understand how winter temperatures could potentially affect P. aliena 

populations in North Carolina and potentially limit P. aliena population range expansion 

north of the currently affected area.  The average freeze mortality temperature of -5.02°C 

obtained in this study is similar to Hoshikawa et al.’s (1988) results of inoculative freezing 

point mortality for two scarab species, Anomala testaceipes and Popillia japonica, which 

were -5.1°C and -6.2°C, respectively, where inoculation was achieved by wrapping the insect 

with cotton soaked in muddy water.  Those larvae also had high supercooling temperatures (-

6.8°C and -7.0°C) without inoculation; Hoshikawa et al. attributed the grubs’ high 

supercooling temperatures (compared to other non-scarab beetle larvae in the study that had  
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low supercooling temperatures up to -20.4°C) to the presence of a large quantity of dark 

material in their rectum, which could have acted as an ice nucleator.  When the hindguts of 

Plectris aliena white grubs used for these experiments were dissected, a dark material was 

also present. This material was most likely digested soil, since scarab larvae will feed on soil 

organic matter (Tashiro, 1987). Root food sources were not given to the white grubs held 

under laboratory conditions prior to experimentation in our studies.  The presence of soil in 

the hindgut of P. aliena could act as an ice nucleator and subsequently elevate the 

temperature at which grubs die from freezing. 

Grubs froze at a higher temperature when wrapped in wet cheesecloth, similar to 

results obtained by Sorenson and George (1996) where boll weevils that were wrapped in wet 

cheesecloth froze at higher temperatures than weevils wrapped in dry cheesecloth.  This is 

congruent with Lee and Denlinger’s (1991) explanation that grubs freeze at higher 

temperatures when in contact with moisture.  Studies on the winter cold hardiness of 

Leptinotarsa decemlineata (Costanzo et al., 1997) found that mortality was higher when 

beetles were exposed to low temperatures of -5°C in sandy soils with a range of 1.7 to 17% 

water content compared to sandy soils with 0% water content.  The same study also showed 

that soil texture affected the percent mortality of beetles exposed to lethal cold temperatures 

of -5°C such that mortality was highest (78%) in 100% sandy soils compared to mortality 

(36-52%) of beetles in sand-clay, sand-peat, and sand-clay-peat soils.  The authors concluded 

that the cold hardiness of the overwintering beetle is influenced by the interaction of soil 

moisture and soil texture in addition to burrowing depth of the beetle.  Overwintering P. 

aliena grubs in southeastern NC will most likely encounter a moist soil environment in  
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normal winter seasons, ensuring ice inoculation of grubs and mortality at slightly higher 

temperatures based on results of this study.  For example, the soil moisture for sandy loam 

soils in Columbus County, North Carolina ranged from 0.26 to 0.3 m3/m3 in January of 2010 

and 2011 and was never zero. 

Insects prepare for winter by cold hardening, or acclimatization, from summer to 

winter through a number of mechanisms, including, evacuation of gut or haemolymph 

nucleators, synthesis of cryoprotectant antifreeze, avoidance of body contact with moisture, 

and regulation of water content (Bale, 1989).  Therefore, we hypothesized that fall-collected 

P. aliena grubs would have a higher freeze mortality temperature than winter-collected grubs 

that could be more acclimated; however, we found no difference.  The similarity in lethal 

temperatures between fall- and winter-collected grubs could have been due to the fact that 

grubs were as acclimated as they were going to get in the fall, or there were contents in the 

gut for all grubs prior to experimentation, causing ice nucleation in equal amounts in both 

cohorts of fall and winter-collected grubs.   

White grubs migrate vertically in response to soil temperature so that cold 

temperatures in the fall force grubs to move downward before the ground freezes (Tashiro, 

1987).  McColloch and Hayes (1923) reported that white grubs migrate downward during the 

fall and they recovered several live Phyllophaga spp. grubs at a 10.6 cm depth in February 

where temperatures reached approximately 3.3°C at the Kansas Agricultural Experiment 

Station.  The range of depth at which P. aliena larvae were recovered from subterranean 

cages was 5.1 to 30.1 cm from August to October (Brill and Abney, 2012) and observations 

of seasonal grub collecting indicated that third instars were deeper in the soil in winter  
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compared to the spring.  Soil temperatures have also been shown to increase as much as 7-10 

degrees in January as the depth of temperature measurement increases from 0.8 to 28.3cm in 

Kansas and Montana (McColloch and Hayes, 1923; Mail, 1930).  Soil temperatures in 

Columbus County North Carolina, where P. aliena is an economic problem, and 160 km 

north of Columbus County (the northernmost area in North Carolina, where the county with 

the greatest sweetpotato production is located), are often above 0°C in the winter (Table 3).   

The lowest soil temperatures in Columbus County, NC recorded from the Border Belt 

Tobacco Research Station in Whiteville, NC at a 10 cm depth were 6.2°C, 5.5°C, 3.6°C, and 

3.9°C in January for 2008, 2009, 2010, and 2011, respectively.  Hu and Feng (2003) reported 

that at a 10cm depth of measurement, the average minimum soil temperature in January for 

North Carolina ranges from 5°C to 8°C and that the average minimum soil temperature in 

January in the United States is -2.0°C.  If P. aliena grubs moved to a depth of at least 30.1 

cm during the winter in North Carolina, temperature alone would not cause grub mortality.  

Or, if soil temperatures in North Carolina or further north dropped to near the lethal cold 

temperature for P. aliena, the grubs may respond by moving downward to avoid 

susceptibility to cold temperatures.   

Most P. aliena grubs exhibited normal behavior five days after being exposed to cold 

temperatures in a range between freezing and the average winter soil temperature in NC, and 

did not behave differently from grubs that were exposed to the average soil temperature for 

that time of year in winter (about 9.6°C).  Five weeks later, the majority of grubs that had not 

pupated continued to behave normally. Additionally, one-third of the grubs appeared to 

recover from exposure to low temperatures by behaving more normally, rated as “alive,” five  
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weeks after they were initially rated as “alive-upon-stimulus” or “writhing-upon-stimulus”, 

which were more inactive behavior ratings.  These results could have occurred because the 

duration of the exposure was not long enough to cause a permanent change in grub behavior.   

The length of exposure time to cold temperatures, which will fluctuate in natural 

conditions compared to our laboratory experiments, can affect the survival of either freeze-

tolerant or freeze-susceptible insects.  Brown et al. (2004) demonstrated that the supercooling 

point in a freeze-tolerant Holarctic hoverfly was lowered after exposure to freezing 

temperatures to allow the insect to avoid re-freezing, but the larvae are less likely to survive 

if a future freeze event occurs, thus becoming freeze-susceptible.  The armyworm, Mamestra 

configurata, which is a pest of canola in Canada, experienced a wide range of survival, from 

0 to 100%, depending on the temperature and duration of exposure, with survivors 

manifesting incomplete ecdysis, malformation of emerged adults and delayed emergence due 

to prolonged exposure above its supercooling point (Bale, 1989).  However, preliminary 

studies of freeze-susceptible leafhopper species showed that mortality rates were the same 

when insects were preconditioned to temperatures at 8-10°C for 2, 12, or 24 hours as when 

they were taken from room temperature and placed directly into freezing temperatures, 

suggesting no acclimation (Decker and Maddox, 1967).  Additional experiments are needed 

to determine the effects of longer exposure times on the behavior and development of 

overwintering P. aliena grubs. 

After being held in 22°C for an additional 5 weeks, the same proportion of P. aliena 

grubs responded with an active behavior as did a lower behavior rating.  When grubs were 

rated after 5 weeks, about a third had formed an earthen cell in the soil, which acts as an open  
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space for the grub to complete metamorphosis.  Grubs create and occupy this cell when they 

enter the prepupae stage, which occurs in all scarabaeids as the terminal period of the final 

instar in which they do not feed, lose their power of locomotion, and can move only by 

flexing and reflexing the abdomen (Tashiro, 1987).   Prepupal grubs were incapable of 

responding normally and therefore likely received a lower activity rating. 

These studies show that P. aliena is freeze susceptible, but also suggest that the 

geographic distribution of P. aliena in the U.S. will not be limited by acute mortality caused 

by low soil temperatures.  Our results also show that P. aliena behavior and development is 

not affected by short-duration exposure to cold temperatures above freezing.  The lowest 

winter soil temperatures in NC, and further north of the region where P. aliena may become 

an invasive species (Table 4), will most likely be high enough to allow P. aliena third instars 

to survive winter soil conditions.  Even though grubs froze at higher temperatures under 

moist conditions, the temperature at which they froze in these studies is still lower than 

average winter soil temperatures in the United States.  The behavior, physiology, and 

survival of overwintering P. aliena grubs could be affected by additional factors, including: 

longer exposure periods to cold temperatures than those examined in this study; varying soil 

textures and soil moisture levels; vertical movement in response to environmental 

parameters; the influence of infectious soil microbes that may impair an insect’s movement 

in the soil; and the interactions of some or all of those factors.  These should be examined 

further to get a more complete understanding of P. aliena’s cold hardiness. 
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Fig. 1.  Typical freezing curves for unnucleated (a; dry cheesecloth-wrapped) and ice- 

nucleated (b; wet cheesecloth-wrapped) P. aliena grubs.  The arrow indicates the freezing  

temperature of mortality for one insect. 
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b.) 



89 

 

Table 1. Description of white grub behavior categories. 

Category name Abbreviation Description 

Alive A 
White grub is capable of normal, whole-body movement and moves 

across the soil surface.  Grub buries itself within 
5 minutes of being placed on the soil surface. 

Alive-slow AS 

White grub is capable of normal, whole-body movement and moves 
across the soil surface.  Grub does not bury itself 

within 5 minutes of being placed on the soil 
surface. 

Writhing W 

White grub is not capable of normal movements and does not move 
across the soil surface, but makes spontaneous 
movements of body parts. Grub does not bury 

itself within 5 minutes of being placed on the soil 
surface. 

Writhing-stimulus WS 

White grub is not capable of normal movements and does not move 
across the soil surface, and only makes 

spontaneous movements of body parts in 
response to a gentle stimulus (i.e. prodding). 
Grub does not bury itself within 5 minutes of 

being placed on the soil surface. 

Dead-moribund D 

White grub is not capable of normal movements and does not move 
across the soil surface, and does not make 
spontaneous movements of body parts in 

response to a gentle stimulus. Grub does not bury 
itself within 5 minutes of being placed on the soil 

surface.  Or, grub is dead as obvious from 
decomposition. 
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Figure 2. Percentage of P. aliena insects exhibiting behavior categories and development  

stages after exposure to four temperatures (0.0°C, 2.8°C, 6.7°C, and 9.6°C) and two lengths  

of time for each temperature (48 and 96 hrs).   Behavior ratings and development ratings are  

shown as summarized across temperature and time since differences were not significant.  

Ratings are given for 5 days and 5 weeks after cold temperature exposure, with the first  

rating only for grubs.  Abbreviations: A = “active”; AS = “active-slow”; W = “writhing”; WS  

= “writhing-stimulus”; D = “dead or moribund”; P = “pupae”; AD = “adult.” 

 

 

 

 

 

 



91 

 

Table 2.  The number of grubs (n = 90) whose behavior ratings stayed the same or changed 

from the first rating 5 days after cold temperature exposure to the second rating 5 weeks 

later. 

 
After 5 weeks + 5 days 

After 5 days A AS W WS D 

A 29 13 0 15 5 

AS 9 7 0 4 4 

W 0 0 0 0 0 

WS 2 0 1 1 0 

 

 

Table 3. Minimum soil temperatures at a 10.2 cm depth for two weather stations in North  

Carolina during early to late winter in 2010.  Whiteville is closest to Columbus County, the  

area affected by Plectris aliena.  Clayton is approximately 160 km north of Columbus  

County. 

 Minimum soil temperature (°C) at 10 cm depth 

Month Whiteville Clayton 

November 12 9 

December 4 2 

January 3 1.7 

February 9 5 
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Table 4. Minimum soil temperature at a 10 cm depth for 6 weather stations in states along the  

East Coast in February, 2011.  The Tidewater, NC weather station is approximately 165  

miles from Chadbourn, North Carolina, the area affected by Plectris aliena. 

State Station ID Temperature (°C) 

VT Mount Mansfield 1.0 

NY Geneva 0.8 

PA Mahantango 0.1 

MD Powder Mill 0.7 

VA No. Piedmont 2.1 

NC Tidewater 5.9 

 

 

 

 

 

 

 

 

 

 



93 

 

A spatial ecology study on the effects of field conditions and crop rotation on the incidence 

of Plectris aliena Chapin (Coleoptera: Scarabaeidae) grub damage to sweetpotato roots  

 
Nancy L. Brill,1  Jason Osborne2 and Mark R. Abney1 

 
 
1Department of Entomology  

North Carolina State University 

3210 Ligon St. 

P.O. Box 7630 

Raleigh, NC 27695-7630 

 

2Department of Statistics  

North Carolina State University 

2311 Stinson Drive 

P.O. Box 8203 

Raleigh, NC 27695-8203 

 

 

 

 

 

 



94 

 

Abstract 

A farmscape study was conducted in commercial sweetpotato fields in Columbus 

County, North Carolina in 2010 and 2011 to determine the effect of the following field 

conditions:  soil drainage class, soil texture, field size, border habitat, land elevation, and the 

previous year’s crop rotation on the incidence of damage caused by Plectris aliena Chapman 

(Coleoptera:Scarabaeidae) larval feeding. Soil drainage and crop rotation significantly 

affected on the incidence of damage to roots, with well drained soils having the lowest 

probability of damaged roots (0.004) compared to all other drainage classes (0.009 – 0.011 

probability of damaged roots).  Fields with soybeans planted the preceding year had the 

highest probability of root damage (0.15) compared to all other crops. The effects of habitats 

adjacent to grower fields where roots were sampled showed that as the location of the roots 

was closer to borders of soybean (planted the year before) or grass fields, the chance of 

damage to roots decreased. Results indicate that growers can use crop rotation as a 

management technique and avoid planting sweetpotatoes the year after soybeans to reduce 

the incidence of P. aliena larval feeding on sweetpotato roots.  Environmental conditions 

such as fields with poor drainage and certain border habitats may be avoided, or selected, by 

growers in order to reduce risk of damage to roots by P. aliena.   

 

Keywords:  Spatial analysis, white grub, sweetpotato, farmscape, environmental effects 
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Introduction 

Plectris aliena is an invasive species that has caused severe economic damage to 

sweetpotato in Columbus County, North Carolina since 2006, but has not been reported as an 

economic pest in other agricultural crops in the US or other countries (Pardo-Locarno, 2005). 

Little was known about P. aliena prior to 2006, with only a few references on its distribution 

and taxonomy, including limited knowledge  of its biology (Chapin, 1934a; Chapin, 1934b; 

Roberts, 1968; Woodruff, 1968). Damage to sweetpotato roots by P. aliena ranges from 

minor surface lesions to deep gouges. Grub damage renders the root unmarketable regardless 

of the severity of damage.   

North Carolina ranks number one in the US for sweetpotato production (USDA, 

2011), and P. aliena has caused more than $16 million in lost revenue to growers. 

Developing a program to manage P. aliena is important for maintaining the viability of the 

sweetpotato industry in North Carolina. Because invasive species are alien to the agricultural 

ecosystem in which they are introduced, an understanding of the effect of the local 

environment and grower management practices on the survival and spread of the species’ is 

often limited. Often, the best approach to managing an invasive species is an Integrated Pest 

Management (IPM) approach that includes factors such as cultural practices, chemical 

control, and biological control (National Invasive Species Council, 2005). Research 

conducted from 2002 to 2008 in the southeastern U.S. resulted in the development of IPM 

strategies that have become an important component of sweetpotato production; by using the 

new IPM strategies, growers can make sound pest management decisions and avoid risk from 

soil pests (Brill, 2005; Willis et al., 2010a, 2010b; Jastoria et al. 2008).   
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Host plant resistance is a preventative tactic often used by growers as part of an IPM 

plan.  Although sweetpotato cultivars have been evaluated in breeding trials for resistance to 

soil pests (Schalk et al., 1992, 1993; Bohac et al., 2002; Jackson et al., 2010; Abney and 

Kennedy, 2011), the predominant sweetpotato cultivar currently grown in North Carolina is 

‘Covington,’ in which there is no known resistance to white grub damage.  Efficacy trials 

conducted by researchers at North Carolina State University from 2008 to 2011 have not 

shown acceptable levels of P. aliena control with insecticides alone.  One-year crop rotation 

studies have shown an effect of the preceding years’ crop on the presence of wireworm in 

fields, another major soil pest of sweetpotato in North Carolina (Willis, 2010a), but not 

grubs.  Adjacent habitats, including agricultural crops, have been shown to have an effect on 

crop injury by foliar feeding insects in studies that used spatial ecology analyses in cotton 

(Reeves et al., 2010).  The effects of grower management practices and field conditions on 

the incidence of insect damage to sweetpotato roots has been evaluated for various soil pests 

(Brill, 2005; Jasrotia et al,, 2008; Jackson and Harrison, 2008), but not specifically for P. 

aliena affecting ‘Covington’ sweetpotato.  Therefore, initial approaches to developing an 

IPM strategy for managing damage by P. aliena include mensurative studies to determine 

relationships between environmental conditions within the farmscape and damage to the 

crop.  The objective of this study was to determine the effect of selected field conditions 

including soil drainage classes, soil texture, two different field sizes, land elevation, crop 

rotation, and habitat adjacent to sweetpotato fields on the incidence and severity of P. aliena 

grub damage to sweetpotato roots. 
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Materials and Methods 

From 27 October to 3 November 2010 and 11 October to 2 November 2011, fields (n 

= 9 fields in 2010 and n = 19 fields in 2011) in Columbus County, NC were sampled to 

quantify root damage by P. aliena.  Fields were categorized as small (less than or equal to 3.6 

hectares; n = 13) or large (more than or equal to 4 hectares; n = 15).  A systematic sampling 

plan was created in which roots were collected in a grid pattern. Sample sites were 23 m 

apart within sweetpotato rows and 20 m apart across rows in large fields and 8 m apart within 

rows and 12 m apart across rows in small fields.  At each sampling point, sweetpotato roots 

were exposed by digging 1.5 m of row using a one row sweetpotato flip plow (Strickland 

Bros. Enterprises, Spring Hope, NC). Roots (n = 10 roots in 2010 and n = 15 roots in 2011) 

were randomly selected at each sampling point and scored for grub damage in the field. The 

number of roots damaged divided by the total number of roots sampled (i.e. the proportion of 

roots damaged) was recorded.  The severity of grub damage was also recorded using the 

following severity rating (SR) scale: 1 = 1 gouge, or < 5% of the root damaged, 2 = 2-3 

gouges, or 5-10% of the root damaged, 3 = 3-6 gouges, or 11-15% of the root damaged, 4 =  

> 6 gouges or 16-25% of the root damaged, and 5 =  > 26% of the root damaged.  A Trimble 

Juno SB hand-held GPS unit (Trimble Navigation Ltd, Sunnyvale, CA) recorded the 

coordinates of each sampling point with accuracy within 3 m and coordinates were corrected 

using the differential correcting tool of GPScorrect Extension for Esri ArcPad software 

(Trimble). 

The one-year crop rotation history and the habitat(s) adjacent to each field where 

roots were sampled were recorded.  If the adjacent habitat was an agricultural crop, the one 
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year crop rotation history was recorded for those fields.  The distance from each sampling 

point to the closest edge of adjacent habitats was determined in ArcGIS 10 (ESRI, 2011).  

The soil series (i.e. soil classification), texture (for the uppermost soil horizon), and drainage 

class were obtained from Soil Survey Geographic (SSURGO) database maintained by the 

USDA-Natural Resource Conservation Service (NRCS) made available from NRCS via a 

shapefile format for use in ArcGIS 10.  Elevation of sampling points was obtained from 

Google Earth Pro (Google Inc., Mountain View, CA). 

Statistical analyses 

 Generalized linear mixed effects models were used to describe the dependence of root 

damage counts on field conditions.  In particular, the effects of soil drainage class, soil 

texture, size of field, elevation and crop rotations were investigated with fixed main effects 

(no interactions), while a random effect for year-by-location combination was used to 

accommodate the possible correlation of repeated measures made in the same field in the 

same year. These models assumed the number of roots damaged in a given sampling site 

followed a binomial distribution with a log odds of damage being linear in the fixed effects.  

The GLIMMIX procedure of the SAS statistical software package (2008) was used to fit the 

model. The effects of crops grown in adjacent habitats were modeled by creating a proximity, 

or distance, variable which was calculated as the square root of the reciprocal of the closest 

distance to the adjacent habitat from the sampling point in fields. There were a total of 9 

different adjacent habitats from this study used in the statistical model. Root damage from 

each sampling point was analyzed with the distance to each adjacent habitat; if one or more  
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of the 9 adjacent habitats did not border a sampling site, it was assigned a distance of zero. 

Results 

Examples of root sampling locations in four fields are shown in Fig 1.  The chi-square 

goodness of fit value for the generalized linear model used in this study was 2.20.  There was 

no effect of size of the field, or elevation above sea level on the incidence of grub-damaged 

roots in grower fields (Table 1 and Fig. 2).  The total incidence of root damage summed over 

all fields for both 2010 and 2011 was 5.6%.   

Drainage and soil texture had an effect on the incidence of grub-damaged roots in 

grower fields (P < 0.0001; df = 3, 905; F = 19.32 for drainage and P = 0.0001; df = 2, 856; F 

= 8.95 for soil texture) (Table 1).  A well drained soil type was correlated with the lowest 

probability of P. aliena root damage compared to all other drainage types of moderately well 

drained, somewhat poorly drained, and poorly drained, which were associated with higher 

probabilities of roots damaged by P. aliena.  The poorly drained soils for the fields sampled 

in this study were characterized as having a sandy loam texture, which was associated with a 

higher probability of grub-damaged roots compared to well drained soils with a loamy sand 

texture and a lower probability of grub-damaged roots. Crop rotation also significantly 

affected root damage (P = 0.0017; df = 4, 905; F = 4.37); the highest probability of root 

damage were observed when soybean was planted the previous year and the lowest 

probability of root damage was observed when corn was planted the previous year.  

The cultivate habitats adjacent to fields where roots were sampled in 2010 and 2011 

for grub damage included the following crops from the year before: cotton, soybean, squash,  
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peanut, sweetpotato, tobacco and corn.  Adjacent non-crop habitats included the following: 

woods (hardwoods and/or pine stands) and grass areas (residential turf lawns, mowed grass 

borders between fields, and pastures); those habitats would not change from year to year. The 

numerator df = 1 and denominator df = 905 for all effects related to adjacent habitats. Results 

from the generalized linear mixed model showed significant effects of soybean, planted the 

year before (P = 0.0200, F = 5.43), and grass area (P = 0.0074, F = 7.21) adjacent habitats on 

the incidence of roots damaged by grubs in sampled fields. No other effects significant effect 

of adjacent habitats were observed (woods: P = 0.1538, F = 2.04; squash: P = 0.5459, F = 

0.36; peanut: P = 0.2871, F = 1.13; sweetpotato: P = 0.5500, F = 0.36; tobacco: P = 0.2457, 

F = 1.35; corn: P = 0.3642, F = 0.82). Since the closest distances to adjacent habitats were 

transformed using the square root of the reciprocal of the distance, then the estimated 

regression coefficient quantifies the change in the log odds of damage per unit (1 meter) 

increase in proximity. The estimated regression coefficients for grass borders was -2.3145 

(SE = 0.8618) and for soybean borders was -8.7041 (SE = 3.7351), indicating that as the 

location of the roots got closer to the borders, then the chance of damage to a root decreased 

with a log odds ratio of 0.10 for grass borders and 0.00017 for a soybean border per one 

meter increase in proximity. 

Drainage had an effect on roots with a severity rating (SR) of 1 and 2 (P = 0.0012, df 

= 3, 855, F = 5.35 for SR1 and P = 0.0310, df = 3, 855, F = 2.97 for SR2) (Table 2).  The 

estimated probability of roots with SR 1 was significantly lower (0.0139) for well drained 

soils compared to a higher probability of SR 1 for all other drainage types. Fields that had a  
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border crop with a one-year rotation history of soybean were significantly correlated to SR1  

(P = 0.0254, df = 1, 855, F = 5.01) with an estimated regression coefficient of 0.005018 (SE 

= 0.002241), indicating that as the location of the roots got closer to a border field that was 

planted to soybeans the previous year, then the chance of a severity rating increased with a 

log odds ratio of 1.005 per one meter increase in proximity.  The analysis relating SR to field 

conditions and crop rotations did not converge for SR 3, 4, and 5 because estimated 

coefficients for the model could not be calculated as a result of too many zero observations 

for SR 3, 4, and 5, to support an analysis.      

Discussion  

  The purpose of this study was to determine the effect of environmental conditions in 

the farmscape on P. aliena larval damage to sweetpotato roots in commercial fields in 

Columbus County, North Carolina.  The spatial distribution of white grubs in agricultural 

fields can be species-dependent (Cherry, 1984).  Plectris aliena larval presence and damage 

to sweetpotato roots in grower fields has been observed as highly variable based on soil 

sampling from 2008 to 2011. The distribution of root damage and grub presence within fields 

has been observed as widespread or clumped in very specific areas. Damage was observed to 

occur in some fields and not others, and within a single field damage also changed from one 

year to the next. Since grub feeding damage on sweetpotato roots was used as a proxy in this 

study to determine the presence of P. aliena in fields, the proportion of damaged roots could 

be related to the high or low abundance of grubs in sampled areas.   

Adult P. aliena emerge, mate, disperse, and oviposit from May to June in North  
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Carolina, but dispersal patterns including distance and direction are unknown. Females may 

lay eggs in the same field in which they developed the previous year, or they may fly to new 

locations for oviposition. Grub density and root damage will be affected by the female 

beetle’s choice of oviposition site and the relative survival of the immature stages.  This 

study showed that more grub damage to roots occurred in soils that were poorly drained 

compared to soils that were well drained.  This phenomenon could be due to females 

depositing more eggs in poorly drained soils compared to well drained soils. An alternative 

hypothesis is that females lay eggs randomly and the immature stages have higher rates of 

survival in poorly drained soils where there is more water available compared to well drained 

soils. A no-choice study conducted at North Carolina State University (cite thesis or 

unpublished) on the effects of various soil moistures on P. aliena oviposition showed that 

females deposited more eggs in soils with high moisture content (20% soil moisture) 

compared to dry soils (2% soil moisture) (Brill and Abney, unpublished data). Those findings 

support the hypothesis that females use soil moisture as a cue for selecting oviposition sites. 

Potter (1983) showed that eggs of the scarab, Cyclocephala immaculata survived better (i.e. 

had higher mean number of swollen eggs, mean weight of eggs, and number of egg hatches) 

in soils with 12.5 – 25.5% soil moisture compared to soils of less than 5.0% soil moisture.  

In this study, sandy loam soil, which was classified as poorly drained, also had a 

higher likelihood of roots with grub damage, indicating that soil drainage and soil texture had 

similar relationships with the presence of grub-damaged roots in fields.  Regniere et al. 

(1981) showed that it was a combination of soil texture and soil moisture that affected egg 

survival of another scarab beetle, Popillia japonica, such that sandy soils with a course  
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texture had lower egg survival even in high moisture, and delays in development of P. 

japonica occurred at low moisture levels in silt and clay soils. The soils in this study that 

were poorly drained also had the smallest particle-sized mineral content (i.e. they were sandy 

loam soils that typically have less sand and more silt plus clay than the loamy sand or loamy 

fine sand soil textures) and had the highest likelihood of grub damage.   

Soil texture can also affect insecticidal efficacy, which could potentially impact soil 

arthropod survival. Harris (1972) showed that the LC50 was lowest for organophosphorous 

insecticides applied in soils with larger particle size (i.e. “lighter” soils) compared to soils 

with smaller particle size (i.e. “heavier”) under moist conditions, suggesting more insecticide 

inactivity in heavier, moist soils.  Organophosphorous insecticides (as well as pyrethroids) 

are broadcast and incorporated by sweetpotato growers for other white grub pest 

management. If P. aliena eggs are deposited in soils that are wet and poorly drained, which is 

often the case in heavier soil textures of loam soils compared to sand soils, then insecticides 

applied to control P. aliena could potentially be less effective in those areas of fields 

allowing for egg and larvae survival and subsequent higher incidences of feeding on roots.   

  Reeves et al. (2010) showed that both crop and non-crop adjacent habitats can have a 

significant effect on the percentage of insect-damaged cotton nearby. Adjacent habitats had 

an effect on the incidence of root damage in this study. As the distance of sweetpotato roots 

to grass and soybean borders (from the year before) decreased the likelihood of damaged 

roots also decreased. There was a stronger association, or greater chance of less damage, with 

a decreasing distance (i.e. greater proximity) to a grass border than a soybean border.  

For this study, the crop planted in the border field the year before (grass-type border  
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habitats would not change from year-to-year) provides an indication of how well P. aliena 

would have survived with that crop as a host, and therefore allow for a surviving adult 

generation the following year to possibly move into the adjacent field where sweetpotatoes 

were planted.  The female would lay eggs and subsequent surviving larvae would feed on 

roots.  If the number of adult P. aliena moving into the field were high, then subsequent 

larval populations would likely also be high, depending on soil moisture and texture 

conditions.  Since results of this study showed that the chance of damage to sweetpotato roots 

decreased as the distance to grass and soybean borders decreased, then roots that were closer 

to a grass or soybean field would have slightly less damage from grub feeding than roots 

farther from the edge of a grass or soybean field.  The reason for this is unknown.  One 

possible explanation is that if larvae complete development in a grass or soybean field one 

year, then emerging adults the following year may not move to an adjacent field that 

becomes planted to sweetpotatoes.  This could support the results from this study that show 

when soybeans were planted the year before sweetpotatoes, there was a higher chance of 

damaged roots in that field. 

  The results for the estimated probability of severity ratings had the same statistically 

significant relationships with field conditions of soil drainage and border habitat as the 

incidence of root damage. For example, the probability of root damage was lowest for well 

drained soils and the probability of SR 1 and 2 of was also lowest for well drained soils.  

These results support Brill et al.’s (2005) studies that showed that the severity of damage 

increases as the incidence of insect-damaged sweetpotato roots increases. Overall, the 

incidence of root damage and severity was low in this study, with less damage (4.6%) in  



105 

 

2011 than 2010 (7.9%). This decrease in damaged roots from 2010 to 2011 reflected the 

trend in the overall decrease in numbers of adult P. aliena beetles collected in flight-intercept 

traps from 2008 to 2011 shown in previous studies.  However, even though the percent 

damage in 2011 was low for fields included in this study, one grower reported 40% damage 

across his total harvested acreage.  The grower also noted that each year, less damage was 

observed on roots when sweetpotatoes were planted later (after the third week in June).  The 

difference in the lower overall damage obtained from this study compared to the grower’s 

observations of higher damage could be due to the fact that only late-planted fields were 

sampled during this study.          

There are aspects of P. aliena biology that remain unknown, such as (but not limited 

to) dispersal patterns of adult beetles and the survival rate of larvae in different soil drainage 

and soil texture classes when insecticides are applied. The results generated from this general 

linear mixed model represent a simple, first-order approach to determine relationships 

between grub-damaged roots in sweetpotato fields and environmental factors.  Because of the 

abundance of predictor variables in the statistical model developed for this study, the analysis 

of interactions between these variables would be too complex for this model alone, and 

requires additional, separate experiments.  

Nevertheless, the analysis did reveal important relationships between damage and 

crop rotation, adjacent habitats, and soil drainage class. The knowledge of increased risk of 

damage in sweetpotato fields planted after soybeans can be immediately incorporated into 

recommendations for grower practices that avoid soybeans in rotation with sweetpotato in 

areas affected by the grub. Since growers can often choose the crop rotation system for their  
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sweetpotato production in fields, the border habitats and soil characteristics would then be 

known before-hand and risk could be avoided. Knowledge of border habitats and soil 

conditions prior to planting could provide insight as a possible predictor to the chance of P. 

aliena damage occurring on roots in the field, or in certain areas of the field, planted to 

sweetpotato based on the results of this study.  The spatial distribution and survival of P. 

aliena white grubs in sweetpotato fields is dependent upon the environmental conditions of 

its subterranean and above-ground habitat within the farmscape.   
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Table 1. Effects of environmental conditions of soil drainage, soil texture, one-year crop 

rotation, and field size on the estimated probabilities of P. aliena grub feeding damage on 

sweetpotato roots sampled in grower fields in 2010 and 2011 in Columbus County, NC.  

The sample size, N, is the number of sampling points in all fields for both years with the  

environmental effect listed.  

Environmental effect 
N 

Estimated 
probability of 
root damage 

Standard 
error of the 
log odds of 

root 
damage Drainage* 

WD 580 0.0043 a 0.0041 
MWD 153 0.0109 b 0.0097 
SPD 135 0.0099 b 0.0095 
PD 85 0.0113 b 0.0109 

Soil texture*       
Loamy sand 718 0.0199 a 0.0106 

Loamy fine sand 134 0.0249 ab 0.0136 
Sandy loam 68 0.0397 b 0.0216 

Crop rotationNS       
corn 35 0.0001 abc 0.0006 

cotton 535 0.0567 ab 0.0201 
soybean 212 0.1508 b 0.0713 
squash 86 0.0122 ac 0.0134 
tobacco 102 0.0028 c 0.0026 

Field sizeNS       
large 449 0.0077 a 0.0076 
small 420 0.0091 a 0.0089 

*Significant at p-value levels of 0.05 or less; means with same 
letter do not differ significantly 
NS = not significant 
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Table 2. Effects of drainage on the estimated probabilities (mean) of P. aliena grub feeding 

damage severity ratings on sweetpotato roots sampled in grower fields in 2010 and 2011 in 

Columbus County, NC. The standard error is given for the log odds of root severity ratings.  

Severity rating 
1 2 

Drainage Mean Standard error Mean Standard error 
WD 0.0139 a 0.0093 0.0044 b 0.003464 

MWD 0.0259 b 0.0179 0.0105 a 0.008759 

SPD 0.0282 b 0.0193 0.0053 
ab 0.004479 

PD 0.0269 b 0.0189 0.0069 
ab 0.005893 

*Significant at p-value levels of 0.05 or less; means with same letter 
do not differ significantly. 
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Fig. 1. Example of four fields sampled for grub-damaged roots in 2010 and 2011 near 

Chadbourn, North Carolina.  Red circles indicate areas in the field where sampling occurred 

and the proportion of damage is represented by three different circle sizes (small = 0.0 - 0.07, 

medium = 0.08 - 0.27, large = 0.28 - 0.8).  The two categories of field sizes, small and large, 

are also indicated on the map (ESRI, 2011).   
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Fig. 2. Average proportion of roots damaged by P. aliena grubs in fields with increasing 

elevations from 60 to 108 feet above sea level in Columbus County, North Carolina. 
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Introduction 

Biological control, including the use of entomopathogens, is an important component 

of integrated pest management (IPM) programs in sustainable agricultural systems (Pell et 

al., 2010).  Plectris aliena Chapin (Coleoptera: Scarabaeidae) has recently become 

established in North Carolina as a serious pest of sweetpotato.  Attempts to develop a 

laboratory colony of this insect for research studies were compromised by natural mortality 

in field collected grubs brought into the laboratory for this purpose.  Approximately 20% of 

several hundred third-instar P. aliena grubs collected in February and March from fields in 

Columbus County, North Carolina in 2009 and 2010 subsequently died in the laboratory.  

The exoskeleton of the dead grubs exhibited signs of patent infection, leading to the 

production of green fungal spores (asexual conidia).  A tentative diagnosis of Metharizium 

anisopliae, a ubiquitous fungal parasite of many soil-dwelling arthropods, was made based 

on microscopic examination of the spores and conidiophores.  Samples of infected grubs 

were sent to the USDA-ARS Biological Integrated Pest Management Research Unit, Robert 

W. Holley Center for Agriculture and Health in Ithaca, New York where positive 

identification as M. anisopliae was confirmed.   

Healthy, pathogen free insects are required for laboratory research and rearing.  Field 

collected insects may carry fungal spores on their body surfaces or contact them in the soil in 

which they are collected and can subsequently become infected by them in the laboratory.  In 

addition, stressful conditions, such as handling during collection, storage, and transport, 

could cause grubs to be more susceptible to M. anisopliae infection once brought into the lab 

if the insect harbors infectious conidia or a latent infection (Lomer et al., 2001).  Because of  
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the high rate of natural M. anisopliae infection in P. aliena, a disinfection technique is 

needed for grubs collected from the field that are to be used for colonization or other research 

purposes.   

Generic guidelines for surface disinfection of insects are provided by Lacey and 

Brooks (1997), but no specific disinfection methods are published for immature 

Scarabaeidae.  Eggs, larvae, and adults of other insect species have been successfully surface 

disinfected.  Disinfection techniques using EtOH (ethanol), NaOCl (sodium hypochlorite), 

H2O2 (hydrogen peroxide) and CH3CO3H (peracetic acid) were evaluated for adult lesser 

mealworm beetles in studies examining environmental transfer of bacteria by the beetles 

(Crippen and Sheffield, 2006).  Beetles were successfully disinfected with a combination of 

EtOH, H2O2 and CH3CO3H; however, NaOCl disinfection resulted in insect death.  Leppla et 

al. (1974) and Connell (1981) successfully surface disinfected insect eggs for the purpose of 

rearing clean colonies using NaOCl on cabbage looper, Trichoplusia ni (Hübner), eggs and 

benzalkonium chloride on shore fly, Scatella picea (Walker), eggs, respectively.  Vail et al. 

(1968) surface disinfected lepidopterous eggs using a solution of formalin and NaOCl to 

prevent infection with a nuclear polyhedrosis virus.  No disease developed on larvae reared 

from eggs washed with both agents while an average of 98% of the control group became 

infected with disease.  Sodium hypochlorite prevented the viability and infectivity of 

bacterial and fungal infections on T. ni larvae (Ignoffo and Dutky, 1963).    

The objective of this study was to develop a nonlethal surface disinfection technique 

for the overwintering, third instar, larval stage of the white grub P. aliena.  
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Materials and Methods 

Insect Collection. 

Third-instar P. aliena grubs from the overwintering generation were collected on 31 

March 2010 and 9 April 2011 (n = 95 grubs) from agricultural fields in Columbus County, 

North Carolina that had been planted to sweetpotato the previous year.  A tractor drawn, one-

row disc plow was used to expose grubs by creating a furrow in the soil approximately 25-

31cm deep. Grubs were collected by hand and placed in 5 gallon buckets (10 grubs 

maximum per bucket) with field soil (7% soil moisture, sandy loam) and a layer of sod from 

the field and transported to the Vegetable Entomology Lab at North Carolina State 

University, Raleigh, NC where they remained in the buckets on the lab bench (23°C) for 12 

(2010) and 29 (2011) days prior to experimentation.   

Disinfection protocols. 

To initiate the disinfection experiments, grubs were removed from the field collection 

buckets and placed individually in 59 ml plastic cups with non-sterilized, field-collected soil. 

Only grubs that had no visible signs of infection and could move normally (i.e. begin to 

immediately bury themselves when placed on top of the soil surface) were used in the 

experiments.  Disinfection protocols were conducted in a biological safety cabinet II that was 

sterilized with UV light prior to use; all equipment was also exposed to UV light prior to use.  

A 6% solution of NaOCl (The Clorox Company, Oakland, CA) was diluted to working 

concentrations of 1% and 2% with sterile H2O. Immediately prior to all treatments grubs 

were individually placed in 50 ml of 95% EtOH in 10 cm diameter petri dishes for ten 

seconds to break surface tension and allow the disinfection agent improved access to the 
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insect’s exoskeleton, which has numerous setae and invaginations of the integument, that 

harbor microorganisms (Crippen and Sheffield, 2006).   

Treatment solutions were prepared in 10 cm petri dishes with 50 ml of solution in 

each dish. The four experimental treatments were: 1) 1% NaOCl for 2 min (n=5 grubs), 2) 

1% NaOCl for 3 min (n=21 grubs), 3) 2% NaOCl for 2 min (n=21 grubs), and 4) 2% NaOCl 

for 3 min (n=5 grubs).  After each treatment, grubs were rinsed by completely submersing 

them for five seconds in each of three separate 10 cm petri dishes with 50 ml of sterile H2O.  

Three control groups were established as follows: 1) 95% EtOH with three autoclaved 

water rinses (to control for effects of just an EtOH rinse on surface disinfection; n=14 grubs), 

2) three autoclaved water rinses (to control for effects of just water on surface disinfection; 

n=12 grubs), and 3) no immersion or rinse (to control for effects of rinses on grub behavior; 

n=17 grubs).   

Separate petri dishes were used for each grub in each replication of every treatment.  

After all treatments, each grub (n = 95) was placed in a sealed 59 ml plastic cup (Dart 

Container Corporation, Mason, MI) with 40 g autoclaved soil collected from the same 

agricultural fields where grubs were found.  Cups with soil and grubs were placed one layer 

deep on 30.5 cm x 40.6 cm cafeteria trays on a lab bench (24°C) with an inverted tray 

covering the top.   

Microbial isolation. 

The sterile H2O from the last (third) rinse petri dish was streaked onto Trypticase Soy 

Broth (TSB) media (Difco, 1984) in 10 cm petri dishes to determine presence of microbes 

after surface sterilization treatments.   
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To confirm microbial presence on non-disinfected larvae, fourteen field-collected 

grubs taken directly from unsterilized field soil were placed separately on TSB plates and 

allowed to move about freely for approximately two minutes and then removed.  All 

inoculated plates were sealed with parafilm, transferred to an incubator, maintained in 

darkness at 30°C for 2-3 days, and then examined for the presence of microbial colonies.  

Plates were rated (+) if microbial colonies were present or (-) if microbial colonies were 

absent.   

Effect of disinfection on behavior. 

Grub burying behavior was used to estimate of the effect of surface disinfection 

treatments on insect fitness. Methods used to evaluate grub burying behavior in this study 

were similar to those described in George et al. (2007) and Vernon et al. (2008). Three days 

after disinfection, the burying behavior of each grub was recorded for all treatments by 

removing the lids from the plastic cups, emptying the soil and grub, putting the same soil 

back in the cup and replacing the grub on the top of the soil.  Grubs that were alive and 

completely buried themselves under the surface of the soil, or were actively burying 

themselves at the time of observation, and had whole-body movement (head, mouthparts, 

legs, abdomen, etc.) without stimulus were considered to have “normal” behavior (designated 

as “1”).  Live grubs that remained on the soil surface and either made writhing motions of 

body parts without moving and/or burying themselves in the soil, or showed no movement of 

body parts, were considered moribund (designated as “0”).    

Statistical analysis. 

Each grub was considered a replicate (n = 85 grubs for all statistical analyses), and  



121 

 

years were combined for analyses. Effects of surface disinfection on behavior were analyzed 

using SAS software procedure GLIMMIX (SAS Institute, 2010).  A logistic regression of 

“active burying” (Y = 1) or not “actively burying” (Y = 0) as dependent variable and 

treatments as independent factors was fitted and treatment means were separated by Fisher’s 

protected Least Significant Difference procedure at α= 0.05 (SAS Institute, 2010). Only 

grubs from treatments where no microbial growth was observed on TSB plates and control 

group grubs were included in the analysis of the behavioral assay. 

Results 
 

The only microbial colony forming units observed on the TSB plates was from 

treatment 1, 1% NaOCl concentration and 2 minute grub immersion time.  The bacterial 

colony was present in the streak marks of the rinse water.  No microbial colonies were 

recovered from the other NaOCL treatments.  All of the control group plates had microbial 

colonies present, as did all of the TSB plates on which non-disinfected, field-collected grubs 

were placed. Treatment 1 was omitted from the behavioral analysis since disinfection at that 

concentration and immersion time was not completely effective.  Treatment 4 was omitted 

from the behavioral analysis since the lower concentration and shorter immersion times used 

in treatments 2 and 3 was effective.  Grub burying behavior did not differ between treatments 

2 and 3 and controls (Table 1; df  =  1; P = 0.76 for “Nonzero Correlation”).   

Discussion 

White grubs are major economic pests in many agricultural and ornamental 

production systems, and they are notoriously difficult to rear.  The white grub Plectris aliena 

is an invasive species in the US with a wide host range and emerging pest status.  This insect  
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causes serious economic loss to sweetpotato in North Carolina and is a potential threat to 

other agricultural commodities.  Initial attempts to colonize this insect were compromised by 

presence of significant levels of natural infection by M. anisopliae, and techniques to 

disinfect field collected grubs for this purpose were conducted.     

Sodium hypochlorite has been used successfully as a surface disinfection to prevent 

microbial contamination on insects in laboratory bioassays (Lacey and Brooks, 1997; Vail et 

al., 1968; Mangum et al., 1969) and rearing facilities (Vanderzant and Davich, 1951), and it 

is relatively inexpensive and easily accessible.  In our tests, a disinfection solution with a 1% 

NaOCl concentration for 2 minutes was ineffective at removing all microbes from grubs. Our 

results suggest that a 2 min immersion in a solution of 2% NaOCl following a pre-emersion 

in 95% EtOH for 10 sec will provide acceptable surface disinfection.  Because there was no 

microbial growth from surface washes or differences in grub behavior after immersion in 2% 

NaOCl for 2 min or in 2% NaOCl for 3 min, an immersion time of 2 min is recommended to 

minimize any potential effects of the treatment on the insect.  Grubs exhibited normal 

burying behavior after surface disinfection treatments.  This technique is efficient and 

provides an easy, low-cost method of surface disinfection for white grubs.  The results 

observed in this study with P. aliena should have application for other white grub species 

used in laboratory settings when externally disinfected individuals are needed for 

experimental use. 

The presence of M. anisopliae infection in populations of P. aliena provides both 

challenges and possibilities.  The pathogen serves as a potential biological control agent but 

also complicates the establishment of laboratory colonies and the implementation of  
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laboratory experiments. The development of an effective surface disinfection technique 

allows future studies requiring field-collected grubs to explore the use of the fungus as a 

biocontrol agent.    
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Table 1. Effects of NaOCl concentration and controls on Plectris aliena white grub 

burying behavior in 2010 and 2011. 

 
 

Treatment   
No. of grubs % buriedy 

NaOCl concentrationz Immersion time (min) 
1% 3 21 61.9 a 
2% 2 21 57.1 a 

Controls       
EtOH plus water - 14 64.3 a 

Water - 12 33.3 a 
No rinses - 17 64.7 a 

z Only NaOCl concentrations and subsequent immersion times that were used for  
disinfection recommendations were chosen for burying behavior analyses.   
y Means followed by the same letter are not significantly different (Fisher's Protected 
LSD test, P ≤ 0.05)    

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


