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Abstract 

Two formulated isolates of Beauveria brongniartii (HHWG1 and C17) obtained from the white 

grub species Pegylis sommeri and Schyzonycha affinis in the KwaZulu-Natal Midlands, were 

used to test their pathogenicity on larvae and adults of Heteronychus licas, Asthenopholis minor 

and H. tristis, and larvae of Temnorhynchus clypeatus and Schizonycha neglecta. Conidial 

suspensions of each isolate (10 µl) at a concentration of 1x109 conidia/ml were used to 

inoculate these white grub species life stages. Larvae were kept at a temperature of 23°C for 

35 days and the adults at 23-35°C for eight days after inoculation. Larvae were checked for 

mortality every fifth day and adults were checked once on the eighth day. Dead specimens 

were disinfected with 70% ethanol and plated onto a Sabouraud dextrose agar medium to assess 

the cause of death. Schizonycha neglecta, H. tristis and T. clypeatus larvae inoculated with 

HHWG1 had 80-90% mortality, compared to 5-60% mortality when treated with C17. Adults 

of H. licas, A. minor and H. tristis were highly susceptible to C17 (60-80% mortality) compared 

to HHWG1 (10-45% mortality). It was concluded that both B. brongniartii isolates, C17 and 

HHWG1 have potential as bioinsecticides against adults and larvae, respectively, as they have 

a wider host range than just the species from which they were collected. However, both isolates 

still need to be tested in replicated field trials. 
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Introduction 

Sugarcane is an important commercial crop in Africa and in tropical regions. Production is 

influenced by numerous biotic and abiotic factors such as insect pests and diseases. More than 

200 pests cause serious yield loss in sugarcane worldwide (Chelvi et al., 2011). White grub 

species (Coleoptera: Scarabaeidae) cause serious damage in some sugarcane industries 

(Cherry, 1998; Goble et al., 2012; Cock and Allard, 2013). Infestations of white grubs in 

sugarcane have been reported from various regions in Africa (Way, 1997; Conlong and 

Mugalula, 2003). The most problematic species in South African sugarcane belong to the 

subfamilies Dynastinae, Melolonthinae and Rutelinae. These include Pegylis (formerly 
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Hypopholis) sommeri Burmeister (Melolonthinae), Schizonycha affinis Boheman 

(Melolonthinae), Asthenopholis minor Brenske (Melolonthinae) and Heteronychus licas Klug 

(Dynastinae) (Way, 1997; Goble et al., 2012). Recent infestations of A. minor and H. licas have 

been reported from sugarcane in Swaziland (Way et al., 2013). Adult white grubs lay eggs in 

the soil of sugarcane fields and the emerging larvae feed on sugarcane roots and underground 

stools thus reducing vigour, yield and sugar content (Chelvi et al., 2011; Way et al., 2011; 

Cock and Allard, 2013; Way et al., 2013). 

 

Insecticides have been used to control pests in agriculture; however, these are costly, 

environmentally ‘unfriendly’ and represent health hazards to humans and animals (Elena et al., 

2011). Biological control is an alternative method, aimed at alleviating problems that are 

associated with the use of chemical insecticides (Zimmermann, 2007). Beauveria brongniartii 

(Sacc.) Petch (Ascomycota: Clavicipitaceae) is an entomopathogenic fungus with virulent 

isolates that have been isolated from various white grub life stages (Strasser et al., 2000; 

Zimmermann, 2007; Goble et al., 2012). It is thus a potential biological control agent against 

white grubs (Keller et al., 1997; Chelvi et al., 2011; Goble et al., 2012). Preliminary sugarcane 

studies demonstrated the capacity of virulent isolates of B. brongniartii to cause mortality of 

white grub species (Keller et al., 1997; Chelvi et al., 2011). Goble et al., (2015) demonstrated 

that B. brongniartii isolates were effective biocontrol agents against white grubs in South 

African sugarcane. Furthermore, they identified virulent isolates of B. brongniartii (HHWG1 

and C17) from P. sommeri and S. affinis, two white grub pests of sugarcane in the KwaZulu-

Natal Midlands of South Africa (Goble et al., 2012). HHWG1 caused mortality of up to 95% 

in third instar S. affinis larvae, within a period of 15 days at a concentration of 1x109 conidia/ml. 

Moreover, both virulent isolates of this B. brongniartii were able to induce mortalities of up to 

50% (LT50) in second instar S. affinis larvae within 18.4 to 19.8 days. Goble et al. (2015) 

showed that HHWG1 was highly virulent to larvae, whereas C17 was highly virulent to adults 

of these species. 

 

However, it is not known how these entomopathogenic fungal isolates perform on other species 

of white grubs. This study investigated an increase in host range of these two isolates of B. 

brongniartii against other white grub species that occur in South African sugarcane.  

 

Materials and Methods 

 

The study was conducted at the South African Sugarcane Research Institute (SASRI), Mount 

Edgecombe, in South Africa. 

 

Test insects 

Three white grub species in the subfamily Dynastinae and two in the subfamily Melolonthinae 

were collected from various sugarcane sites in South Africa (Table 1), to be tested against the 

locally collected C17 and HHWG1 isolates of B. brongniartii. Species identity was confirmed 

by the morphological descriptions of Harrison (2014), and SASRI pinned specimens of adult 

white grubs were used as a reference library (previously identified by Dr James Harrison1). 

Characters used in these identifications are shown in Figure 1. 

 

 

1Dr James Harrison: Department of Zoology and Entomology, Forestry and Agricultural Biotechnology Institute, 

University of Pretoria, Pretoria, 0002, South Africa. Also: National Museum of Natural History (formerly 

Transvaal Museum), Department of Invertebrates (Coleoptera Collection), Pretoria, 0001, South Africa. 
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Table 1. Collection sites, and the species, life stage and number of white grubs  

collected from each site in South Africa for evaluation of B. brongniartii. 

Sites 
Site 

characteristics 

Cane 

variety 
Species Larvae Adults 

GPS 

coordinates 

Mpumalanga, 

Tomahawk farm 

3 months old, 

clay soil 
N49 

T. 

clypeatus 
500 − 

25° 37’ 25”S 

31° 34’ 54”E 

Mpumalanga, 

Mandalay Estate 

3rd ratoon, 

clay soil 
N49 H. licas 400 − 

25° 30’ 02”S 

31° 31’ 23”E 

Lower Tugela, 

PR Mathir’s farm 

3rd ratoon, 

clay soil 
N49 H. licas − 200 

29° 12’ 17”S 

31° 27’ 52”E 

KwaZulu-Natal, 

Amasundu farm 
Sandy soil N39 A. minor 400 250 

31° 40’ 05”S 

28° 57’ 29”E 

KwaZulu-Natal, 

Frost farm 

9th ratoon, 

sandy soil 
N41 H. tristis 200 400 

31° 40’ 22”S 

28°º 57’ 27”E 

9th ratoon, 

sandy soil 
N41 S. neglecta 100 − 

31° 40’ 22”S 

28° 57’ 27”E 

 

 
 

Figure 1. White grub larval and adult stages used to test pathogenicity of two virulent isolates of 

B. brongniartii (C17 and HHWG1). Column A: adults (scale in mm given below each adult), 

Column B: larvae (scale given in mm below each larva), Column C: raster pattern on the last 

abdominal segment of the larvae shown in column B, Column D: head capsules and traits (e.g. 

black dots) used to distinguish between species of the larvae shown in column B (Photo credit: 

Mike Way, South African Sugarcane Research Institute). 
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Larval collection 

White grub larvae were collected by digging out sugarcane roots and soil in 30x30x30 cm pits. 

Pits were positioned across the sugarcane stools. Larvae found were placed into plastic vials 

(30 ml) containing autoclaved peat moss produced by Grovida cc2. Peat was autoclaved for 

15 min at 121°C and cooled before use. Vials were sealed with perforated lids. To minimise 

mortality, vials were placed in large cooler boxes with ice packs during the collection period, 

and during the time transported from the field to the laboratory. In the laboratory, white grub 

larvae in their plastic vials were packed into plastic 4 L trays and were maintained at 23°C and 

75% relative humidity (RH) in the Insect Rearing Unit (IRU) quarantine room at SASRI until 

they were used. All larvae were left for 10 days under these conditions to allow diseased larvae 

to die. Only larvae surviving the 10 day screening period were used in the bioassays. 

 

Prior to conducting the bioassays, grubs were identified to species level by examining their 

raster patterns on the ventral surface on the last abdominal segment (Sweeney 1967; Dittrich 

et al., 2006; see Figure 1). Specimens were grouped on the basis of head capsule width into 

small (2 mm, second instar) and large (3-4 mm, third instar) larvae by measuring head capsule 

width using a Digital Caliper3 (0-150 mm) (Sweeney, 1967; Wilson, 1969; Cock and Allard, 

2013; Way et al., 2013; Goble et al., 2015). 

 

Adult collection 

 
Heteronychus licas 

Adults were collected by digging out sugarcane roots and soil in 30x30x30 cm pits. Infected 

plants were identified by the presence of a dead heart in young sugarcane (Conlong, 2015). Pits 

were positioned across the infected sugarcane stools. Each adult was placed into plastic vials 

(30 ml) containing autoclaved peat. Vials were sealed with perforated lids. Plastic cooler boxes 

with ice packs were used for transportation. Adults were sexed according the morphology of 

the forelegs. Information to identify H. licas adults and to distinguish between adult males and 

females is described in detail by Sweeney (1967), Wilson (1969) and Dittrich-Schröder et al. 

(2009). 
 

Heteronychus tristis 

Adults of this species were found at the site described in Table 1, without digging up the 

sugarcane stool. They were hand collected from groups feeding in the base of young sugarcane 

stalks. Adults were packed, transported from the field, identified and sexed as described for H. 

licas above. 

 
Asthenopholis minor 

At the collection site (Table 1) on the sampling day, adult A. minor were observed flying about 

0.5 m above the ground at around 9.00 a.m. The day was hot and clear. Adults were flying over 

a gravel road adjacent to a sugarcane field. Most were caught here using a sweep net and 

transferred into 2 L plastic containers sealed with perforated lids. The adults were transported 

to the laboratory at SASRI, and were used within 12 hours of arrival at the laboratory. A. minor 

has a short lifespan (Harrison, 2009), and adults were not sexed because there was no clear 

sexual dimorphism evident. 
 

2Peat Moss bale 275L, by Grovida cc Horticultural Products at 400 Sydney Road, PO Box 18163, Dalbridge, 

Durban 4014 
3Digital Caliper by MARSHALTOOLSTM 
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Fungal isolates and preparations 

Beauveria brongniartii isolates C17 and HHWG1 were mass-produced and formulated by 

Plant Health Products (PHP)4. Five grams of conidia were mixed thoroughly in a sterile 200 ml 

bottle containing 10 ml distilled water with 0.05% Triton X-100. Bottles were sealed with lids, 

and the conidial mixture was vortexed for one minute to produce a homogenous conidial 

suspension. Conidial spore counts were determined using a Neubauer haemocytometer (0.1 

mm depth) and conidial concentrations were determined through serial dilutions to get 1x109 

conidial/ml concentration, as per Lacey (1997).This concentration was chosen as the most 

appropriate based on the study by Goble et al., (2015) which indicated that 1x109 conidial/ml 

of B. brongniartii isolate HHWG1 was highly infectious and caused 95% mortalities on large 

larvae of S. affinis species, 15 days after treatment. Conidial suspensions were used within 

three hours of mixing and dilution to minimise attenuation of isolates. Furthermore, to assess 

whether the formulated isolates were still viable, conidial viability was evaluated by plating 

out 0.1 ml of conidial suspension onto three Sabouraud Dextrose Agar (SDA) plates and then 

incubating for four days at 23-25°C. SDA is a selective solid media prepared by dissolving 

60 g of SDA 4% agar (Merck) in 1 L of distilled water and autoclaving for 15 min at 121°C, 

then cooling to 55°C. The medium was also supplemented with 0.05 g/ml rifampicin (Sigma-

Aldrich; St. Louis), 0.05 g/ml cycloheximide (Calbiochem, Canada), 0.05 g/ml 

chloramphenicol (Sigma-Aldrich, St Louis) and 0.02 g/ml dodine (Sigma-Aldrich, St Louis) 

antibiotics to prevent bacterial and saprophytic fungal growth (Goble et al., 2015). The mixture 

was decanted into into 90 mm plastic petri dishes which were stored in the laboratory at 25°C 

ambient temperature until used.  
 

Bioassays against white grub larvae 

A conidial suspension (1x109 conidia/ml) was prepared per fungal isolate as described above. 

White grub larvae were grouped into small and large categories (as described in the Larval 

collection section). The number of specimens used in the bioassays per species and per category 

are described in Table 2. Larvae were placed individually into petri dishes (90 mm diameter) 

and allowed to settle for one minute because it was easier to inoculate stationary specimens. 

The Goble et al. (2015) method was used to inoculate specimens, whereby 10 μl of the conidial 

suspension was pipetted using an auto-pipette onto the dorsal side of the thorax of the larvae. 

Ten microlitres of distilled water with 0.05% Triton X-100 was inoculated in the same way 

onto control larvae. Specimens were allowed to dry for 15 min to ensure attachment of spores. 

Specimens were then put into vials with autoclaved moist peat. A 10x100x10 mm piece of 

carrot was placed in each vial for grubs to feed. All vials were labelled with the isolate’s name 

and size of larvae, and sealed with a perforated lid. The vials with the grubs were then grouped 

according to the fungal isolates inoculated on them, and placed into 4 L trays which were placed 

at 23°C, with 72% RH and 12:12 h as an L:D cycle for 35 days. Laboratory temperature and 

RH were evaluated every day. Grubs were evaluated at five day intervals to 35 days, by 

carefully tipping them from their vials into a petri dish to determine mortality. All live grubs 

were replaced in their respective vials with fresh peat, which was moistened when necessary. 

All dead grubs were examined, counted and recorded. Dead grubs with overt mycosis (Figure 

1A and B) were counted and recorded. Dead grubs without clear mycosis and dead grubs in 

the controls (Figure 2C and D) were surface disinfected under laminar flow by dipping them 

for two minutes into a 250 ml conical flask (labelled with isolate and specimen category) 

containing 70% ethanol. All surface disinfected grubs were dried by placing each grub on a 

sterile paper towel for one minute. They were then plated out onto petri dishes (90 mm 

diameter) with SDA medium and incubated at 23°C to allow for the development of mycosis 

4Plant Health Products (Pty) Ltd in Strathdean farm, Gowrie Avenue, Pietermaritzburg, South Africa 
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(Figure 2D). Cause of death was assessed by scoring the mycosis on each grub’s body at time 

of collection from the vials and after incubation.  
 

Table 2. A summary of the bioassays used to evaluate efficacy of two virulent isolates of 

Beauveria brongniartii (C17 and HHWG1) against white grubs collected in South African 

sugarcane. 

Bioassay 
No. of 

treatments 
Species Life stage Sex 

No. of 

specimens 

Collection 

date 

A 3 T. clypeatus 
Smalla - 21 

15 Jul 2015 
Largeb - 21 

B 3 H. licas 
Smalla - 60 

13 Aug 2015 
Largeb - 60 

C 3 A. minor 
Smalla - 15 

07 Oct 2015 
Largeb - 15 

D 3 H. tristis Largeb - 38 13 Jan 2016 

E 3 S. neglecta Largeb - 15 13 Jan 2016 

F 3 H. licas Adults 
Males 20 

21 Oct 2015 
Females 20 

G  A. minor Adults - 90 07 Oct 2015 

H 3 H. tristis Adults 
Males 20 

13 Jan 2016 
Females 20 

aSecond instar; and 
bThird instar, determined by measuring the diameter of the head capsule. 
 

Bioassays against white grub adults 

Adult white grubs were identified to species and sexed (refer to adult collection section). Adults 

were placed in a petri dish and inoculated using the method of Goble et al. (2015). Ten 

microlitres of 1x109 conidial/ml concentration of C17 and HHWG1 using an auto-pipette was 

placed on the dorsal portion of the thorax just behind the head. In the controls, adults were 

inoculated with 10 μl of 1 L distilled water with 0.05% Triton X-100 solution. This inoculation 

method was used for all adults, and they were left to dry in a petri dish for 15 minutes before 

they were placed into cages. Cages (30x40x40 cm) were prepared in advance before 

performing bioassays. Each cage used was made up of an iron frame fixed onto a 4 L plastic 

tray (Goble et al., 2015). The trays were half filled with sterile peat, and the cage was covered 

with a net mesh which was the same size of a cage (Goble et al., 2015). Each treatment 

consisted of two replicates of 10 female and 10 male adults for H. licas and H. tristis, 

respectively, and three replicates of 10 adults per treatment if beetles were not sexed, as for A. 

minor. Bioassays for all other adults except for A. minor were conducted in a laboratory at a 

room temperature of 23°C, with 72% RH and L:D cycle of 12:12 h. Bioassays for A. minor 

were done at a room temperature of 30°C with 40% RH and 12:12 h as an L:D cycle, because 

A. minor were collected during daytime on hot days (30°C). Adults were fed young sugarcane 

plants by placing two young sugarcane plants in an Oasis Wet5 block (8x8x8 cm), previously 

soaked with distilled water. The effect of B. brongniartii isolates was evaluated after eight days 

by counting dead adults with clear mycosis (Figure 8C). The ones without overt mycosis were 

disinfected with 70% ethanol and plated onto SDA medium and incubated for 4 days at 23°C 

for further mycoses development (Figure 8D).  
 

5Oasis Wet 20 per box, by Grovida c.c. Horticultural Products at 400 Sydney Road, PO Box 18163, Dalbridge, 

Durban 4014 
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Statistical analyses 

Cumulative mortality percentages of the small and large larvae of white grub species were 

calculated and recorded using Abbott’s formula (Abbott, 1925) and percentage mortality used 

to describe results were corrected for any control mortality. The difference interactions between 

means of treated small and large larvae; and adults of H. licas and H. tristis were analysed 

using Tukey’s multiple comparison test (α=0.05) (Crichton, 1999). The virulence of isolates 

toward adults on A. minor adult white grubs was determined using a one-way ANOVA 

(α=0.05). Median survival times (ST50) for larvae were determined using Kaplan–Meier 

analyses conducted in GenSTAT 18th edition (VSN International Ltd, 2016). 
 

Results 
 

Bioassays against white grub larvae 

Small larvae of T. clypeatus, H. licas and A. minor species were most susceptible to the two 

fungal entomopathogenic isolates (C17 and HHWG1) when compared to the large larvae 

(Figure 3), with large larvae being far more resistant to them. Small larvae of T. clypeatus were 

most susceptible to both isolates, with at least 20% more mortality compared to the two other 

species (Figure 3). The most virulent isolate for all small larvae was HHWG1. 

 
 

 

Figure 2. Mortality evaluation in larvae of white grubs after they were treated with 

B. brongniartii isolates C17 and HHWG1, showing white powdery growth covering their bodies 

after treatment. (A and B). Dead larvae treated with HHWG1 inoculum, that were recovered 

from a peat vial during mortality evaluation, (C) no fungal growth in dead larvae in the control 

and (D) dead larva treated with C17 inoculum, plated on Sabouraud Dextrose Agar medium 

covered with mycosis, after four days of incubation at 23°C. 
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Small and large larvae of Temnorhynchus clypeatus 

Overt mycosis of T. clypeatus small larvae treated with C17 and HHWG1 isolates was 

recorded, while no mycosis was observed in larvae treated with distilled water and 0.05% 

Triton-X solution (control in Figure 2). The HHWG1 isolate induced higher mortality (85%) 

compared to C17 (76%) (Figure 3A). Both isolates (C17 and HHWG1) caused low mortalities 

of large larvae (5 and 12%), respectively (Figure 3A). C17 and HHWG1 caused significantly 

high mortalities at 35 days after inoculation (76% and 85%) in small larvae, respectively but 

these differences were not significant (F(5,48)=0.250; P=1.000). The median survival time (ST50) 

was 15 days (95% CI, 15 days) for HHWG1 treated small larvae, whereas for C17 treated small 

larvae, ST50 was 20 days (95% CI, 20 days) (Figure 3B).  

 

 
 

Figure 3: Cumulative mortality (A) and proportion survival of larvae (B) of 

Temnorhynchus clypeatus, 35 days after treatment with two B. brongniartii isolates 

(C17 and HHWG1) at a concentration of 1x109 conidia/ml suspension, and maintained 

at 23°C, 12:12 h L:D. Different letters indicate significant differences in the median 

survival time (ST50) graph at α=0.05 calculated using Tukey multi-comparisons test. 
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Small and large larvae of Heteronychus licas 

As with T. clypeatus, 35 days after inoculation, although the isolates were not as virulent, small 

larvae of H. licas were more susceptible to both isolates of B. brongniartii than large larvae 

(Figure 4A). HHWG1 caused higher mortalities (53%) than C17 (29%) in small larvae (Figure 

4A). However, there was no significant difference between these mortalities (F(5,48) =3.875; 

P=0.161). C17 and HHWG1 caused low mortalities of large larvae (5 and 7%), respectively 

(Figure 4A). The effect of B. brongniartii isolates (C17 and HHWG1) was observed five days 

after treatment in small larvae compared to 20 days after treatment in large larvae, and ST50 

was 25 days (95% CI: 25 days) in small larvae (Figure 4B). 

 

 

Figure 4. Cumulative mortality (A) and proportion survival of larvae (B) of Heteronychus licas, 

35 days after treatment with two Beauveria brongniartii isolates (C17 and HHWG1), at a 

concentration of 1x109 conidia/ml suspension, and maintained at 23°C, 12:12 h L:D. Different 

letters indicate significant differences in the median survival time (ST50) graph at α=0.05 

calculated using Tukey multi-comparisons test. 
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Small and large larvae of Asthenopholis minor 

Once again small larvae were most susceptible to the two isolates, but on this occasion 

HHWG1 was more virulent than C17. HHWG1 caused significantly high mortality in small 

(52%) and large larvae (19%) (Figure 5A), 35 days after inoculation. There was also no 

significant difference in mortalities caused by HHWG1 and C17 (F(5,48)=1.250; P=0.098), in 

small larvae. No mortality due to the two isolates was recorded from large larvae exposed to 

them and there was a significance difference between small and large larvae treated with 

HHWG1 and C17 isolates, respectively (F(5,48)=1.875; P=0.001). Both isolates took longer to 

cause death in both small larvae and ST50 was 25 days (95% CI: 25 days) post inoculations, 

and no ST50 was observed in large larvae (Figure 5B). 

 

 

Figure 5. Cumulative mortality (A) and proportion survival of larvae (B) of Asthenopholis 

minor, 35 days after treatment with two Beauveria brongniartii isolates (C17 and HHWG1) at a 

concentration of 1x109 conidia/ml suspension, and maintained at 23°C, 12:12 h L:D. Different 

letters indicate significant differences in the median survival time (ST50) graph at α=0.05 

calculated using Tukey multi-comparisons test. 
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Large larvae of Schizonycha neglecta and Heteronychus tristis 

Large larvae of S. neglecta were highly susceptible to HHWG1 (80%) and less so to C17 (49%) 

(Figure 6A). There was no significant difference between the mortalities caused by the two 

isolates of B. brongniartii in large larvae of. S. neglecta (F(2,24)=5.000; P=0.430) (Figure 6B). 

HHWG1 caused mortality within 5 days post-inoculation in large larvae of S. neglecta species 

and ST50 was 15 days (95% CI: 15 days) (Figure 6B).  
 

Large larvae of H. tristis were highly susceptible to HHWG1 (93%) and less so to C17 (20%) 

(Figure 7A). There was also no significant difference between the mortalities caused by the 

two isolates of B. brongniartii in large larvae of S. neglecta (F(2,24) =4.500; P= 0.084) 

(Figure 7B) and ST50 was 10 days (95% CI: 10 days) after treatment (Figure 7B). 
 

In contrast to the large larvae of T. clypeatus, H. licas and A. minor, the large larvae of H. tristis 

and S. neglecta were much more susceptible to the two B. brongniartii isolates, with HHWG1 

being particularly pathogenic. 

 

Figure 6. Cumulative mortality (A) and proportion survival of larvae (B) of Schizonycha 

neglecta, 35 days after treatment with two Beauvaria brongniartii isolates (C17 and HHWG1) at 

a concentration of 1x109 conidia/ml suspension, and maintained at 23°C, 12:12 h L: D. Different 

letters indicate significant differences in the median survival time (ST50) graph at α=0.05 

calculated using Tukey multi-comparisons test. 
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Figure 7. Cumulative mortality (A) and proportion survival of large larvae (B) of Heteronychus 

tristis, 35 days after treatment with two Beauvaria brongniartii isolates (C17 and HHWG1) at a 

concentration of 1x109 conidia/mL suspension, and maintained at 23°C, 12:12 h L: D. Different 

letters indicate significant differences in the median survival time (ST50) graph at α=0.05 

calculated using Tukey multi-comparisons test. 

 

Bioassays against white grub adults 
 

Heteronychus licas, Heteronychus tristis and Asthenopholis minor 

No mycosis was observed after four days of incubation when mycosis development was 

evaluated in the control for the adult bioassays (Figure 8).  
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Figure 8. Development of fungal mycosis on adult white grubs after inoculating with Beauvaria 

brongniartii isolates (C17 and HHWG1): (A) Adults placed in cages and then removed during 

isolate effect evaluation, (B) adult white grubs surface disinfected with 70% ethanol to evaluate 

further development of mycosis, (C) mycosis on adults of Asthenopholis minor and (D) Control 

adult white grubs with no overt mycosis development. 

 

Adults of all the three species (H. licas, H. tristis and A. minor) were more susceptible to 

B. brongniartii isolate C17 compared to isolate HHWG1. The former caused around 50% more 

adult mortalities than the latter in all species. Adult males of H. licas (85% mortality) were 

more susceptible to C17 than females of H. licas (63%) and both sexes of H. tristis (65-70%) 

(Figure 9). Adults of A. minor were also highly susceptible (85% mortality) to C17 compared 

to 45% mortality in HHWG1-treated adults (Figure 9). 

 

The C17 isolate caused significantly high mortality compared to HHWG1 and the Control on 

both female and male adults of H. licas (F(2,6)=100.33; P<0.001) at eight days after inoculations 

(Figure 9a). The C17 isolate also caused significantly higher mortality than HHWG1 and the 

Control on both females and males of H. tristis (F(2,6)=46.08; P<0.001) (Figure 9b). Figure 9c 

also indicates that C17 induced significantly higher mortality than HHWG1 and the Control on 

A. minor adult species (F(2,6)=19.50; P=0.002). 
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Figure 9. Percentage mortality of (a) Heteronychus licas, (b) H. tristis and c) Asthenopholis minor 

adults and mean (± SE) mortality eight days after treatment with two Beauveria brongniartii 

isolates (C17 and HHWG1) at a concentration of 1x109  conidia/mL and 1 L distilled water with 

0.05% Triton-X solution for control. Adult white grubs were surface disinfected with 70% 

ethanol to evaluate further development of mycosis. Different letters above the histograms 

indicate significant differences at α=0.05 calculated using Tukey multi-comparisons test.  

SE = Standard error. 
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Discussion 

 

Beauveria bassiana Balsamo-Crivelli Vuillemin (Ascomycota: Hypocreales), Metarhizium 

anisopliae Metchinikoff (Ascomycota: Clavicipitaceae) and B. brongniartii are important 

biological control agents, isolates of which have been developed as bioinsecticides against a 

number of agricultural plant pests (Samson et al., 2006; Goble et al., 2015). Goble et al. (2015) 

found epizootics caused by B. brongniartii in two white grub species (P. sommeri and S. 

affinis), attacking sugarcane in the Midlands North area of KZN. Goble et al. (2015) further 

identified two isolates of B. brongniartii (C17 and HHWG1) that were highly pathogenic to 

these two white grub species, causing 95% mortality under laboratory conditions. In order for 

a bioinsecticide to become a commercial proposition, it should either be applied over a very 

large area against a pest of broad distribution, or it should have a wide host range.  

 

This study aimed at evaluating the C17 and HHWG1 isolates of B. brongniartii found by Goble 

et al. (2015), against other white grub species affecting sugarcane in South Africa, in order to 

broaden knowledge of their host insect range. Life stages of five species that were common 

and causing damage to sugarcane were collected from sugarcane fields in Mpumalanga and the 

north coast of KZN, and were tested against these two isolates. This study revealed three very 

important concepts: (1) Different white grub species sharing similar subfamilies had different 

resistances/susceptibilities to the same pathogens; (2) Within a species, the life stages had 

different susceptibilities to the same pathogens; (3) Isolates of pathogens found to be most 

pathogenic to a certain life stage of its original insect host, generally were most pathogenic to 

the same life stage in other hosts of the same family/subfamily. 

 

(1) Different white grub species sharing similar subfamilies had different resistances/ 

susceptibilities to the same pathogens. 

 

Small larvae of white grubs were all susceptible to the two B. brongniartii isolates, but to 

varying degrees. Species such as T. clypeatus, S. neglecta and H. tristis were more susceptible 

to the B. brongniartii isolates, whereas species such as A. minor and H. licas had low 

susceptibility to the isolates tested. Species of T. clypeatus, H. licas and H. tristis share the 

same subfamily, Dynastinae. However, they varied in susceptibility towards the B. brongniartii 

isolates. This was also demonstrated for A. minor and S. neglecta, species sharing the same 

subfamily Melolonthinae. Keller et al. (1999) reported similar results for two populations of 

Melolonthinae from Italy and Switzerland. This demonstrated that two Melolonthinae 

populations responded differently to B. brongniartii isolates. Furthermore, Melolonthinae 

species from Italy were susceptible (72-94%), when compared with Melolonthinae species 

from Switzerland, which were significantly less prone (28-72%) to fungal isolates. Keller et al. 

(1999) argued that entomopathogenic fungal isolates might not show similar efficacy to another 

species within the same subfamily. 

 

(2) Within a species, the life stages had different susceptibilities to the same pathogens. 

 

In this study it was shown that different life stages of the same species differed in terms of 

susceptibility to the tested fungal isolates. This was also discovered for P. sommeri and S. 

affinis by Goble et al. (2015). Furthermore, Goble et al. (2015) demonstrated that younger 

larvae of P. sommeri and S. affinis were more susceptible to B. brongniartii isolates compared 

to large larvae. In this study, the younger larvae of T. clypeatus were highly susceptible to both 

B. brongniartii isolates, as was found in the species worked on by Goble et al. (2015). 

However, in this study small larvae of H. licas and A. minor were less susceptible to the 
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HHWG1 and C17 B. brongniartii isolates. Moreover, it was found that large larvae of H. tristis 

and S. neglecta were highly susceptible to both B. brongniartii isolates. This study has 

demonstrated that B. brongniartii isolate’s infectivity on different insect life stages varies with 

different species tested. Isolates were unexpectedly highly virulent on large larvae of S. 

neglecta, resulting in high mortality. Different susceptibilities in the life stages of white grub 

larvae to entomopathogen fungus have been reported (Kowalska, 2008; Berón and Diaz, 2005). 

Berón and Diaz (2005) demonstrated that a B. bassiana isolate caused higher mortality (70%) 

of third instar larvae than first instars at 40 days after treatment. Kowalska (2008) also indicated 

significant differences between the numbers of resistant white grub larvae at different life 

stages after inoculation with B. brongniartii. 

 

(3) Isolates of pathogens found to be most pathogenic to a certain life stage of its original insect 

host, generally were most pathogenic to the same life stage in other hosts of the same 

family/subfamily. 

 

The HHWG1 isolate was most virulent to small and in some cases large larvae, and C17 highly 

virulent to adult white grubs. The observed differences of B. brongnairtii isolate's effectiveness 

confirm results of Goble et al. (2015). Goble et al. (2012) and Enkerli et al. (2001) argued that 

genetically distinct groups of B. brongniartii isolates that originated from specific insect life 

stages may have the same virulent potential against the same life stages that they originated 

from, regardless of tested insect species. This applies to other species of fungal 

entomopathogens, for example M. anisopliae. Mazodze and Zvoutete (1999) found M. 

anisopliae isolates less effective on H. licas larvae compared to adults, and isolates were slow 

acting in the soil. Low mortality response observed in this study, especially for H. licas larvae, 

corroborated Mazodze and Zvoutete’s (1999) study. In the study, H. licas larvae were less 

susceptible to both isolates of B. brongniartii, compared to H. tristis, with HHWG1 being the 

most virulent isolate to all larvae.  

 

Adults of H. licas and A. minor were highly susceptible to both C17 and HHWG1 compared 

to small larvae of the same species. This was also indicated by Goble et al. (2015). Goble et al. 

(2015) found that adults of S. affinis were highly susceptible to B. brongniartii isolates 

compared to the larvae. This is also explained by the findings from other studies that several 

moulting of larvae could prevent penetration of inoculum into the insect cuticle, whereas this 

process does not occur in adults (Berón and Diaz, 2005; Ortiz-Urquiza and Keyhani, 2013; 

Goble et al., 2015).  
 

Conclusion 

 

Building on a former study which demonstrated the potential of B. brongniartii isolates C17 

and HHWG1 to cause death of two white grub pest species (S. affinis and P. sommeri) of 

sugarcane in South Africa, the current study showed these isolates to be effective against a 

further five species (T. clypeatus, H. licas, A. minor, H. tristis and S. neglecta), thus increasing 

their host range. This increased host range adds potential to the B. brongniartii isolates 

HHWG1 and C17 to be developed as potential bioinsecticides for these white grub species in 

South Africa. However, the isolates C17 and HHWG1 should be tested in replicated field trials 

against the most susceptible white grub species (P. sommeri, S. affinis, T. clypeatus, H. trisis 

and S. neglecta) to prove their efficacy in a field situation.  
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