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ABSTRACT 
In Himachal Pradesh, five species of Melolontha beetles viz., Melolontha cuprescens, Melolontha furcicauda, 

Melolontha indica, Melolontha sp.1 and Melolontha virescens (=Polyphylla fullo) were collected on light traps 

and from host trees. M. cuprescens, M. furcicauda, M. indica and M. virescens (=P. fullo) comprised 30.0-32.84, 

32.23-33.33, 24.30-24.88 and 10.62-11.79 per cent of total Melolontha beetle catch during 2017-18. The Shannon 

index (H'=1.35-1.36), Simpson index of diversity (D=0.73-0.74) and Pielou‟s evenness index (J'=0.97-0.98) were 

calculated to be maximum at Badagaon. The species richness and abundance showed total similarity among 

Melolontha species between Badagaon and Janjehli. Maximum dissimilarity was recorded among Melolontha 

assemblages from Palampur and Sangla. In food preference studies, rose was found to be the most preferred host 

for M. indica and M. furcicauda, and apple for M. cuprescens both in multi and no-choice tests. The data on white 

grub infestation were recorded at seven locations in potato, cabbage, rajmash, onion and apple. Maximum tuber 

damage (42.50-47.50 %) in potato due to M. virescens (=P. fullo) was recorded at Badagaon, and in onion, 6.25-

8.75 per cent bulb infestation by grubs of M. cuprescens was recorded at Chhatanseri. In cabbage and rajmash, the 

grubs of M. virescens (=P. fullo) inflicted 26.25-28.75 and 18.7-20.0 per cent damage at Badagaon. The biology 

of four species was studied in laboratory at Palampur. The average length x width of newly laid eggs of M. 

cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo) was recorded to be 4.58±0.06 x 3.33±0.04, 

3.94±0.06 x 2.90±0.06, 3.63±0.02 x 2.60±0.09 and 3.88±0.07 x 2.81±0.06 mm, respectively. There were three 

larval instars, and the fully fed first instars of M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. 

fullo) measured 15.33±0.66, 11.15±0.37, 13.49±0.70 and 12.08±0.78 mm in body length and 3.65±0.22, 

3.21±0.19, 2.37±0.05 and 2.72±0.05 mm in head capsule width, respectively. The fully fed second instar grubs 

measured 22.99±0.32, 23.20±0.36, 22.61±0.35 and 25.89±0.71 mm in body length, and the width of head capsule 

averaged 4.88±0.17, 5.04±0.09, 4.63±0.20 and 4.68±0.17 mm, respectively. In third instar gurbs of M. cuprescens, 

M. furcicauda, M. indica and M. virescens (= P. fullo), the body length measured 51.12-58.20, 50.11-53.39, 

40.13-50.03 and 48.33-54.17 mm, and the head capsule width was 7.68-8.99, 6.89-7.13, 6.98-7.58, and 7.92-8.48 

mm, respectively. The total larval period varied between 608-619, 572-590, 598-605, and 574-594 days in M. 

cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo), respectively. A detailed description of the 

mouth parts, raster, spiracles, thoracic legs of the third instar larva and last abdominal segment of pupa is given 

with the help of suitable diagrams. The raster consisted of paired palidia represented by 28 or 29 pali in M. 

cuprescens, 26 in M. furcicauda, 31 or 33 in M. indica and 15 in M. virescens (=P. fullo). The body length x width 

of pupa measured 32.22±0.37 mm x 14.56±0.29 mm, 32.47±0.11 mm x 14.55±0.13 mm, 31.97±0.15 mm x 

12.71±0.22 mm, and 32.72±0.41 mm x 14.23±0.01 mm, and the pupal period ranged from 17-23, 28-32, 22-28 

and 14-22 days in M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo), respectively. The adult 

formation occurred during second week of May to second week of July in different species. All species had 

biennial life cycle ranging from 619-685 days. The female beetles (24.69±0.38-33.37±0.39 mm) were slightly 

larger than male beetles (23.35±0.46-32.68±0.62 mm). The antennal club was seven segmented in males, and six 

segmented in females. The male genitalia showed clear-cut differences among the species. The Cox1 sequence 

from M. cuprescens showed 99.89 per cent similarity to M. virescens (= P. fullo), whereas Cox1 sequence from 

M. furcicauda showed 89.47 per cent similarity to M. indica. Based on LC50 values, chlorantraniliprole was found 

highly effective against grubs of M. virescens (= P. fullo). 
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1. INTRODUCTION 

The superfamily Scarabaeoidea contains an immense number of species whose 

larvae live in the soil and are commonly known as white grubs. It constitutes a large 

distinct group of highly specialized beetles, which could easily be identified by their 

lamellate antennae (Gardner 1935). The scarabaeid beetles are the most common leaf 

chafers, whereas the larvae are most destructive soil pests (Ritcher 1958; Jackson and 

Klein 2006). The Scarabaeoidea is one of the largest superfamily of order Coleoptera 

(Johnson et al. 2004), and it comprises a very diverse and cosmopolitan group constituting 

of nearly 31,000 species worldwide, of which the family Scarabaeidae is represented by 

27,800 species representing about 91 per cent of the scarab beetles worldwide (Ratcliffe 

and Jameson 2004). Scarabaeidae is the largest family of Scarabaeoidea and it is divided 

into 13 subfamilies, of which Melolonthinae and Rutelinae are the largest that are widely 

distributed throughout the world (Kumar et al. 2017), and majority of the phytophagous 

scarabs belong to these two subfamilies. 

Ali (2001) reported that the family Scarabaeidae represents about 2,500 species 

from the Indian subcontinent having Melolonthinae as the largest subfamily with 750 

genera and 11,000 species known to occur in the world, and 75 genera with 932 species 

occurring in India (Houston and Weir 1992). The bodies of adults in tribe Melolonthini are 

comparatively larger, take comparatively longer period to complete their larval stages 

(Ritcher 1958), and because of their larger size and longer larval stages, the pests in the 

tribe Melolonthini usually cause greater economic damage (Britton 1978).  

The genus Melolontha is a phytophagous scarab group constituting the type genus 

of the subfamily Melolonthinae and tribe Melolonthini. The Melolontha are often recorded 

as crop pests as foliage feeding adults and root damaging larvae (Liu et al. 1997). There 

are about 60 species/subspecies within the genus Melolontha which have been described 

worldwide (Keith and Li 2005). The cockchafers of the genus Melolontha rank among the 

serious pests in agriculture and forestry, but the larvae cause greater damage than adult 

beetles (Svestka 2006). The grubs show a distinct preference for a variety of tree roots and 

are able to migrate as far as several meters through the soil towards their host plants, while 

adult beetles migrate kilometers and defoliate several tree species (Weissteiner et al. 

2012). The larvae of Melolonthini have been described for only 58 species, of which four 

belong to the genus Melolontha.  
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The beetles belonging to genus Melolontha are cosmopolitan and some of the 

species of international importance are Melolontha melolontha (L.), Melolontha 

hippocastani Fabricius, Melolontha incana (Motschulsky), Melolontha pectoralis Germar 

and Melolontha guttigera Sharp. The common European cockchafer, M. melolontha is 

widely distributed throughout temperate Europe and continental United States (Fraval 

1988). The forest cockchafer, M. hippocastani occurs in the forest and forest-steppe 

regions of Russia from the Primorije westward up to central and northern Europe (Lisov 

1984). In Czech Republic, grubs of M. hippocastani feed on roots, and cause considerable 

damage to plants of forest trees, especially pine, oak, linden etc. and sometimes destroying 

as much as 100 per cent (Svestka 2007). In Black Sea region of Turkey, the common 

cockchafer, M. melolontha is one of the most important insect pests of hazelnuts, causing 

15-20 per cent damage annually (Sezen et al. 2007). In Germany, M. melolontha and M. 

hippocastani were found to damage large areas of forest (Keller 1984), whereas in 

Austria, both M. melolontha and M. hippocastani feed on leaves of many forest and fruit 

trees like oak, hornbeam, beech, birch, walnut, mountain ash and stone fruits (Kratochvil 

et al. 1953). According to Tsai (1965), the large chestnut chafer, M. melolontha is one of 

the serious pests of agriculture and forestry in Szechwan (China). In Czechoslovakia, M. 

melolontha has been reported to cause serious damage to forest and fruit trees (Muska 

1975). In United States, M. melolontha inflicts damage to fruit, ornamental, and forest 

trees like strawberry, grape, apple, pear, plum, cherry, pea, bean, onion, lettuce, potato, 

crucifers, oats, barley, corn, soybean, tobacco, alfalfa, and clover (Woodruff 1978). In 

Switzerland, adults of M. melolontha feed preferentially on oak and beech trees, and cause 

defoliation mainly along the borders of the forests (Keller et al. 1999). 

In India, the genus Melolontha is mainly distributed in north western Himalaya, 

and eight species viz., Melolontha indica Hope, Melolontha cuprescens Blanchard, 

Melolontha furcicauda Ancey, Melolontha virescens (Brenske), Melolontha aeneicollis 

Bates, Melolontha nepalensis (Blanchard), M. melolontha, M. guttigera have been 

reported from different parts (Chandra 2005; Pathania 2014; Kumar et al. 2007; Chandra 

and Gupta 2012). Melolontha indica and M. furcicauda occur in Uttarakhand (Shah and 

Garg 1988), Jammu & Kashmir (Bhat et al. 2005; Raina and Khan 2007) and Himachal 

Pradesh (Chandra 2005), whereas M. nepalensis has been reported to occur in Uttarakhand 

(Mishra and Singh (1999) and Himachal Pradesh (Kumar et al. (2007). Raina and Khan 

(2007) have recorded the presence of M. melolontha during June-August from Kashmir 

valley. M. cuprescens is commonly found in mid hill areas in north-western Himalaya, but 
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Kumar and Vishvendra (2018) have also reported this species from Indo-Gangetic plains 

in Meerut, Muzaffarnagar, Baghpat and Sahahranpur districts of western Uttar Pradesh. 

Chandra and Gupta (2012) have reported M. guttigera from Arunachal Pradesh, and this 

species is also distributed in Sikkim, West Bengal and eastern Nepal. Deka (2014) has 

recorded the presence of Melolontha sp. nr. furcicauda Ancey in large cardamom 

ecosystem from Sikkim.  

In north Kashmir, M. furcicauda is an important pest of oats during the seedling 

stage (Kumar et al. 2019). Melolontha furcicauda has been reported as a key pest of apple, 

apricot and cherry, whereas M. indica was feeding only on apple (Gupta et al. 1977). In 

Kumaon hills, beetles of different Melolontha species defoliate different fruit plants like 

apple, apricot, walnut and Cherry (Joshi and Joshi 1980). According to Chandra (2005), 

the adults of M. furcicauda feed on stone fruits and fig, and grubs damage potato tubers. 

Bhat (2007) said that Melolontha grubs damage potato tubers by making circular tunnels, 

thus render them unfit for consumption in Kashmir.  

In Himachal Pradesh, five species of Melolontha viz; M. indica, M. furcicauda, M. 

cuprescens and M. aeneicollis are known to occur (Chandra 2005). M. cuprescens is more 

commonly found in Holi area of Chamba district (Pathania 2014). Chandra (2005) 

reported this species to occur from Chamba, Kinnaur and Kullu districts in Himachal 

Pradesh. Melolontha virescens is preponderant in Badagaon area of Kangra district 

situated at an altitude of 2268 m amsl, and cause damage to almost all crops grown during 

summer season in Chuhar valley of Himachal Pradesh. Melolontha furcicauda occurs 

mainly in association with coniferous forests up to an altitude of about 3000 amsl. The 

adults are on wings during second half of June and feed on leaves of stone fruits and fig. 

The grubs damage potato and other vegetable crops. They also feed on the roots in seed 

beds of deodar nurseries (Mehta et al. 2008). Melolontha furcicauda has been recorded as 

an important pest of poplar nurseries in India by Singh and Singh (1986). In Kullu valley 

of Himachal Pradesh, M. furcicauda and M. nepalensis have been recorded to cause 

damage in maize and paddy crops (Kumar et al. 2005). In high altitude areas, the grubs of 

Melolontha species feed on the roots of rajmash causing sudden wilting and death of the 

plants. The plants at 5-6 leaf stage are more prone to their attack causing 8-10 per cent 

plant mortality (Mehta et al. 2010) 

This group of scarab beetles is considered as one of the serious pests attacking 

potato, rajmash, cole crops etc. in Himachal Pradesh, but the group in India has not been 
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critically studied as in other countries, and little is known of the identity, distribution, 

biology and food habitats of their grubs and adult beetles. There are several conflicting 

reports on the identification of these beetles in Himachal Pradesh. Different entomologists 

have cited same species using different names adding puzzle to the Melolontha complex 

not only at species, but also at genus level in north western Himalaya. The larval 

identification plays a significant role in pest management. The grubs and beetles exhibit 

typical behaviour, which makes them less vulnerable to the control strategies. 

Understanding the biology and behaviour of scarab larvae, including their interactions 

with host plants and the soil environment is an essential component to enabling effective 

management and control both in India and at a global scale. Keeping these points in view, 

proposed problem was planned to undertake the present study with the following 

objectives: 

Objectives: 

i) To study the distribution, relative abundance and population build up of Melolontha 

spp. in Himachal Pradesh 

ii) To generate the information on bionomics of predominant Melolontha spp. and to 

assess genetic diversity using molecular markers 

iii) To find effective chemicals against predominant Melolontha spp.  
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2.    REVIEW OF LITERATURE 

The scarab beetles are found across tropical, subtropical and temperate regions in 

Indian sub continent in a broad range of ecosystem types including agro-ecosystems. 

There are 35 species of Melolontha described from east and south-east Asia. The greatest 

species diversity of Melolontha in the region is in south-western China and northern Indo 

china where habitats are significantly differentiated from sea level to ≥ 3600 m in 

elevation. However, most species are found in forest of mid-elevation montane areas. The 

Palaearctic and Oriental Melolontha generic groups are in need of comprehensive study to 

ascertain their phylogenetic relationship (Li et al. 2010). Herein, we provide an overview 

of relevant literature pertaining to important species of Melolontha present in the world. 

 2.1 Relative abundance and diversity of Melolontha beetles on light trap 

Light affects insect behaviour in a variety of ways and one of the most typical 

responses to light is phototaxis (Jander 1963). The impact of light on insect behaviour 

varies both qualitatively and quantitatively depending on the light source (light bulb) and 

material ie. light reflecting plate (Johansen et al. 2011; Honda 2011). The attraction of 

insects to light has been analysed in various behavioural experiments both in the field and 

in the laboratory. Radiation in the near ultraviolet range of the spectrum, with wavelengths 

of 340 to 380 nm, is the most effective in attracting insects with few exceptions (Mikkola 

1972). Szentkiralyi (2002) reported that light trapping is most common and regular 

sampling technique and the light traps have been widely used for collection of nocturnal 

insects (Chandel et al. 1995; Pathania 2014). In recent times, the light sources which 

produce large amounts of UV radiations, have revolutionized the light trap sampling 

(McGavin 2007). Light trap data provides valuable information about the distribution, 

abundance and seasonal activity of insects (Sheikh et al. 2016). Holloway et al. (2001) 

reported that light trap captures large number of insect specimens with minimum efforts. 

The spectral sensitivities of photoreceptors determine the visible light wavelength for 

insects, which often expands into the ultraviolet (UV) region, which is invisible to humans 

(Shimoda and Honda 2013). 

The long-wave radiation inhibits the flight of Melolontha and short-wave radiation 

promotes it. The attractiveness of a mercury vapour lamp often increases if the lamp is 

equipped with an UV-transmitting filter (p. 247) indicating the flight inhibitory action of 

long-wave radiation Couturier (1967). Couturier and Jacky (1970) investigated flight 
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stimulation and sensitivity of Melolontha melolontha (L.) to the spectrum of light of 

various wave-lengths in laboratory in France. They demonstrated that beetles are 

stimulated to fly only when light of a wave-length below 475 mμ is visible. 

 Tadic (1976) worked with several kinds of light traps in different parts of 

Yugoslavia during 1972-74, and reported use of ultraviolet light traps for monitoring the 

flight and activity of M. melolontha to be an accurate and practical method for forecasting 

purposes. The beetles were collected only in the month of May. Devi et al. (1994) 

monitored the population of scarab beetles with the help of light trap at Palampur, 

Himachal Pradesh. More than 20 species of beetles were trapped during different months, 

and M. melolontha was recorded during July to August. In Uttarakhand, Mishra and Singh 

(1997) monitored scarab beetles on light trap using 20 W fluorescent tube at Saraikhet in 

district Almora. They collected 14 species of scarabaeids with Melolontha furcicauda 

Ancey and Melolontha nepalensis (Blanchard) constituting 0.42 and 0.53 per cent of total 

scarab catch, respectively. Both these species were prevalent from June to August. 

Tripathi and Gupta (1985) conducted studies on the collection of scarabaeid beetles on 

light trap from June 1983 to September 1985 at Chaubattia in Almora district of 

Uttarakhand. During their three years of survey, 33 species of beetles were collected, 

however, total catch ranged from 1-18 beetles per night per light trap. M. furcicauda was 

reported to be one of the predominant species constituting 73.66 of total beetle catch.  

Barwal (1998) recorded the emergence of scarabaeids in north-western Himalaya 

at Katrain, and in north-eastern parts of India at Shillong. At Katrain, M. furcicauda and 

M. nepalensis were recorded from April to August with more predominance of M. 

furcicauda as compared to M. nepalensis. At Shillong, eight species of scarabaeid beetles 

were recorded, but Melolontha beetles were absent in trap catch. Shah and Garg (1988) 

carried out light trap studies from April-October to find the peak period of emergence of 

positively heliotactic scarabaeid beetles at Hawalbagh in Almora district of Uttarakhand. 

They reported Melolontha indica Hope and M. furcicauda beetles occurring in small 

numbers on light trap during August to September. 

In Hungary, Toth (1998) noticed that beetles of M. melolontha respond positively 

to artificial light and therefore they can be collected easily using light traps. They were 

using a network of 25 light traps in Hungary since 1962 to monitor cockchafer population, 

and reported that Melolontha hippocastani Fabricius and M. melolontha occur 

simultaneously causing heavy damage. The other common and abundant cockchafer 

species are Melolontha pectoralis Germar and Polyphylla fullo (Linnaeus). Humayun and 
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Ali (1999) carried out investigation on important pests of filbert in Alamount area of 

Qazvin province using light trap for three years, and reported Polyphylla olivieri 

(Castelnau) as an important pest of filbert. Mishra and Singh (1999) identified 26 species 

of scarab beetles in Gharwal Himalaya using light trap with 20 W fluorescent tube at 

Ranichauri from April to September. They collected M. furcicauda and M. nepalensis 

during June to August with peak activity in July for both the species. The relative 

abundance of M. furcicauda and M. nepalensis has been reported to be 2.99 and 1.37 per 

cent, respectively.  

Slater (2001) operated a Rothamsted moth light trap at Lysdinam Field Centre, 

Newbridge-on-Wye in mid Wales between 1975 to 2001. Although the trap catch period of 

M. melolontha varied from under two to over nine weeks owing to the vagaries of the 

weather in mid Wales in May and June, yet the number of active nights when catches 

actually took place were more stable with a mean of 13 and the number of active nights by 

which time 50 per cent of catch had been taken averaged five nights with a range of 2 to 9. 

Chandra (2005) reported four species of Melolontha beetles viz., Melolontha aeneicollis 

Bates, M. indica, Melolontha cuprescens Blanchard  and M. furcicauda occurring in Kullu, 

Shimla, Solan, Chamba, Kinnaur and Mandi districts of Himachal Pradesh. M. aeneicollis 

has been reported to be prevalent in Kullu, M. indica in Kullu, Shimla and Solan, M. 

cuprescens in Chamba, Kinnaur and Kullu and M. furcicauda in Chamba, Kinnaur, Kullu, 

Mandi, Sirmaur and Solan districts. Bhat et al. (2005) collected beetles on light trap from 

April-September, 2004 in Srinagar district of Jammu and Kashmir. They captured nine 

species of beetles with M. indica as a new record from Kashmir.  

Svestka (2006) explored the abundance and species spectrum of Melolontha 

beetles in four forest regions of Czech Republic using light traps. They reported that M. 

hippocastani and M. melolontha cause serious damage in forest stands of south east Moravia 

and central Bohemia. The emergence of beetles begins at the time when average daily 

temperature reaches more than 10-12°C, and the maximal swarming takes place in the days 

when the average daily temperature reaches 20°C. Svestka (2007) used light trap with a 

HQL 125 W discharge lamp in Czech Republic and reported emergence of M. hippocastani 

between 16 April to 02 June, 2003 when 19,510 cockchafers were trapped in light traps of 

which males and females constituted 61.78 and 38.22 per cent, respectively. Heavy 

intensive swarming has been reported between 28 April to 12 May when 18,062 cockchafers 

were trapped comprising 92.58 per cent of total number of the entire emergence period.  
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Sushil et al. (2006) installed five light traps for trapping the scarab beetles at 

research farm of Vivekananda Institute of Hill Agriculture located at Hawalbagh, Almora in 

Uttarakhand from May to October during 2002-2004. They collected more than 16 species 

on light trap, with M. indica constituting 1.35 per cent of total beetle catch. Kumar et al. 

(2007) carried out light trap studies at Bajaura, Katrain and Targali in Kullu valley of 

Himachal Pradesh. In total, 29, 19 and 18 species were collected at Bajaura, Katrain and 

Targali, respectively. M. furcicauda was recorded at all three locations, whereas M. 

nepalensis was collected at Targali, and Melolontha sp. at Bajaura only. 

Raina and Khan (2007) recorded observations on seasonal activity of insects damaging 

agricultural crops, horticultural and forestry plantations by using light trap fitted with 12 W 

fluorescent light source in high altitude regions of Kashmir. They recorded 1,038 scarabaeid 

beetles during a period of two years. M. furcicauda comprised 1.73 per cent of total scarab 

beetle catch, and was active during July to August, whereas M. melolontha was recorded 

from June to August in Kashmir valley and its relative abundance was 1.93 per cent.  

In hill and mountain agro ecosystems of Kashmir, total 10 species of scarabaeid 

beetles were collected on light trap from Srinagar, Pahalgam and Wadura Sopore areas. In 

Srinagar and Pahalgam areas, M. furcicauda was present in very low numbers constituting 

2.42 to 4.05 per cent, however in Wadura Sopore, M. furcicauda was reported to be the 

leading species comprising 18.80 per cent of the total beetle catch with peak activity in the 

month of July (Bhat 2007). Chandra and Uniyal (2007) recorded observations on Pleurostict 

Scarabaeidae from Great Himalaya National Park situated in Kullu district of Himachal 

Pradesh. They collected total nine species of scarabaeid beetles during the month of April 

and May from light sources including M. furcicauda and M. indica. Doskocil (2007) 

captured scarab beetles using black light trap in Oklahoma, USA. Polyphylla sp. was found 

to be predominant species at Jenks and Woodward constituting 1.47 and 6.39 per cent of 

total beetle catch.  

Nowinszky et al. (2010) determined the relationship between lunar phase and 

emergence of adult brood of insects in Hungary. Based on many years of light trap catch 

data by the Hungarian light trap network and other traps, they reported that broods of 

common cockchafer, M. melolontha start most often in the first or last quarter. On the other 

hand, broods begin significantly more often in the waxing than in the waning lunar phases. 

Adult broods emerge in the vicinity of a full moon less frequently than in any other quarter.  
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Svestka (2010) studied the changes in the abundance of M. hippocastani and M. 

melolontha in the Czech Republic during 2003-2009 using light trap. They observed three 

tribes of M. hippocastani appearing in a four year cycle and one tribe of M. melolontha 

appearing in a three year cycle. Adults of both species begin to swarm when the average 

daily temperature reache 12-13°C, usually in the third decade of April and that mass 

swarming occurrs when the average daily temperature reaches 15°C and more, i.e. from late 

April to the third decade of May. Puskas and Nowinszky (2011a) examined the relationship 

between height of tropopause and M. melolontha using light trap catch data obtained from 

national light trap network in Hungary. They indicated a close positive relationship between 

the height of tropopause and the number of M. melolontha beetles captured in the light trap. 

Nowinszky et al. (2017) also found a strong positive relation between trap catches of M. 

melolontha and the altitude of tropopause.  

Puskas and Nowinszky (2011b) studied the efficiency of light trapping of M. 

melolontha in connection with ozone concentration of air in Hungary. They established that 

low ozone concentration reduces the success of catch and effectiveness of light trapping 

increases if the ozone concentration is high. Hinson (2011) investigated species diversity 

and seasonal abundance of Scarabaeoidea at four locations in south Carolina, and recorded 

37 Melolonthine species on light trap. Polyphylla comes Casey and Polyphylla occidentalis 

(L.) were very low in numbers. In case of P. comes, all collected beetles were males, 

whereas in P. occidentalis, the male beetles constituted 62 per cent of the total beetle catch.  

Chandra et al. (2012) carried out light trap studies to identify the scarabaeid beetles 

prevalent in Govind Wildlife Sanctuary, Garhwal, Uttarakhand. They reported 11 species of 

scarab beetles, and in genus Melolontha, only one species i.e. M. cuprescens was collected. 

Singh and Banyal (2013) studied insect fauna of Khajjiar Lake of Chamba District, 

Himachal Pradesh by using artificial light on white cloth sheet to collect different insects. 

They collected five species of scarabaeid beetles and reported M. furcicauda to be a 

common species in this area. Trotus et al. (2013) followed the evolution of adult flight of M. 

melolontha with the help of light trap in Romania during 1993-2012. The records were made 

daily from 01 April to 31 October every year and reported that adult flight start in the 

second or third decade of April and lasts until the second or third decade of May in most of 

the years with few exceptions when the flight is extended upto first decade of June. The 

average duration of the flight was 39 days, and maximum flight curve was recorded every 

three years. 
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Wagenhoff et al. (2014) studied the spring phenology of Melolontha species by 

using light traps for a period of three years during early spring in forests of south-western 

Germany. They reported that massive swarming flights occur every third year for M. 

melolontha or every fourth year for M. hippocastani. Male cockchafers start leaving the soil 

first when temperature in the upper soil layer is approximately 10
0
C and peak emergence 

from the soil takes place quite synchronously 1-2 weeks after the first swarming flights have 

been detected. The number of female beetles attracted to the light trap peak at dusk and at 

the time when oviposition flights culminate, independently of ambient air temperatures. 

Hardly any female is attracted during the process of oogenesis, whereas the number of male 

cockchafers attracted to the light trap continuously increases after the termination of 

swarming flight activity when darkness fell. There was a strong correlation between the 

number of males trapped and ambient air temperatures during the light trap exposure. 

Deka et al. (2014) installed different light traps of different colours in large 

cardamom ecosystem and recorded the presence of Melolontha. sp. nr. furcicauda Ancey in 

Sikkim. Feroz et al. (2015) studied rove beetles, scarabaeid beetles, dermestid beetles and 

weevil from Kargil district of Jammu and Kashmir. In subfamily Melolonthinae, they have 

reported M. furcicauda to be the predominant species. Pathania et al. (2015) surveyed 

scarabaeid beetles from eight landscapes of different zones of Himachal Pradesh during 

2011 and 2012. The survey was conducted during four months between May to August by 

using light trap and a total of 13,569 scarab adults of 20 genera and 56 species belonging to 

subfamilies, Melolonthinae, Rutelinae, Cetoninae and Dynastinae were recorded. In genus 

Melolontha, four species viz., M. cuprescens, M. furcicauda, M. indica and Melolontha 

virescens (Brenske), have been reported and their cumulative catch was 7.17 to 6.98 per 

cent. In genus Melolontha, M. furcicauda was the most predominant species constituting 

3.03 to 3.10 per cent of total catch, followed by M. cuprescens (2.71-2.80 %), M. indica 

(1.37-1.79 %) and M. virescens (0.07-0.10 %). 

Sreedevi et al. (2017) used black light trap (wavelength 365 nm) to document 

species of white grubs in Himachal Pradesh, Uttarakhand, Uttar Pradesh and Rajasthan, and 

recorded high species diversity in Uttarakhand and Himachal Pradesh. In Himachal Pradesh 

and Uttarakhand, M. nepalensis and M. indica constituted 0.42 to 1.29 and 0.22 to 1.09 per 

cent of total beetle catch, respectively. Melolontha furcicauda was recorded only in 

Uttarakhand comprising 3.72 per cent of total beetle catch, whereas M. cuprescens was 

recorded only in Himachal Pradesh with relative abundance of 4.40 per cent. 
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Tartanus et al. (2017) utilized two kinds of light traps for field trials carried out on 

two locations in Poland. The light traps were placed in the strawberry plantation, and they 

reported much higher efficiency of trap having a large white screen to capture adults of M. 

melolontha compared to those formed only with light bulb. They noted that majority of the 

captures occurred at the beginning of flight period i.e. in early May, which gives an 

additional indication about the possibility to increase the efficiency of trap catch method. 

The trap with white screen attracted more males of M. melolontha, while in the other, a 

slightly higher number of females were found. Lal and Sharma (2017) studied the species 

richness and abundance of white grubs from forest ecosystem of Doon valley. They 

identified 19 species from different sites belonging to 12 genera under four subfamilies and 

nine tribes. Melolontha furcicauda and M. indica were collected at all four study sites and 

their relative abundance has been reported to be 4.12 and 3.37 per cent, respectively.   

Kumar and Vishvendra (2018) conducted survey in the vicinity of sugarcane 

growing areas in Meerut, Muzaffarnagar, Baghpat and Sahahranpur districts of western 

Uttar Pradesh by utilizing light traps. They identified 26 species of scarabaeid beetles 

belonging to five subfamilies. In genus Melolontha, only one species i.e. M. cuprescens has 

been reported. Kumar et al. (2018) estimated the population of different soil borne insect-

pests in oat agro-ecosystem in north Kashmir by installing light trap to monitor the activity 

of adult beetles. They recorded four scarabaeid beetles with M. furcicauda as one of the 

predominant species in oat ecosystem.  

Alekseev and Shapoval (2019) sampled beetles on the territory of national park 

“The Curonian Spit” in Moscow, and collected 10,719 specimens of Coleoptera belonging 

to 173 species. They specially analysed the material on the P. fullo and reported that number 

of males collected through light trap was much more than number of females. The males 

showed different frequency of two colour forms with the sharp and stable dominance of 

dark colouration under bright colouration being in the ratio of 2:1. The colour forms in 

females have been represented by equal ratio. Kumar et al. (2019) assessed the diversity of 

scarabaeid beetles at different elevations of Almora district in Uttarakhand during May-

August. They identified 24 species of white grubs, and in genus Melolontha two species viz., 

M. furcicauda and M. indica have been reported.  

Arifie et al. (2019) studied insect-pests of maize at different altitudes of north 

Kashmir in Jammu and Kashmir. They reported three species of white grubs at Wadura 

Sopore (1590 m amsl) and four species at Imberzal Wari (2120 m amsl). Melolontha 
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furcicauda was present at both the locations. Melolontha furcicauda has also been recorded 

on light traps installed at apple nurseries at Sopore in north Kashmir (Altaf and Ahad 2020). 

Malusa et al. (2020) utilized light traps to control Melolontha species in organic strawberry 

plantation in Poland. They reported that traps positioned at 4 m height were more efficient 

in attracting the beetles than those kept at 2 m height.   

2.2 Relative abundance and diversity of Melolontha beetles on host trees 

Host plant range is a key ecological characteristic for phytophagous insects as it 

defines their resource base, which in turn is an important factor influencing their population 

dynamics (Novotny et al. 2002). The phytophagous insects differ in their degree of 

specialization on host plants, and range from strictly monophagous species to extremely 

polyphagous species (Hafsi et al. 2016). For polyphagous insects, the selection of a suitable 

host plant is essential to ensure their development. Adult scarabaeid beetles are mostly 

phytophagous with a variety of different feeding habits. Scarab beetles belonging to sub 

families: Dynastinae feed on stems or roots; Cetoniinae feed on sap, fruit and flowers; 

Rutelinae feed on foliage, fruit and flowers; and Melolonthinae feed on foliage (Jackson and 

Klein 2006). Scarab beetles are found in habitats as varied as tropical rainforests and desert 

like grasslands and on all continents except Antarctica. They occupy many habitats, and 

infestations can often be recognized by signs of their feeding (Jackson and Klein 2006). In 

European countries, Melolontha spp. causes foliage damage in deciduous forests by eating 

leaves during the mating period. In Germany, M. melolontha and M. hippocastani occur in 

less frequent outbreaks where they totally strip foliage from large areas of forest (Keller 

1984).  

According to data from Austria, both species begin to swarm together, but 

swarming of M. hippocastani culminates and ends earlier. Males prevail at the beginning of 

swarming and only at the time of culmination, the male/female ratio is balanced. Both 

species are considerably polyphagous and feed on leaves of many forest and fruit trees. 

Their favourites are oak, hornbeam, beech, birch, walnut, mountain ash, the genus Prunus; 

but the choice of woody species is also influenced by the stage of leaf unfolding. In the 

beginning of swarming, they look for birch as the leaves are already unfolding. It was also 

confirmed that cockchafers seek male flowers of spruce and pine (Kratochvil et al. 1953). 

Flerov et al. (1954) discovered that M. hippocastani preferred pine for mating and feeding. 

In Szechwan (China), large chestnut chafer, M. melolontha is one of the serious 

pests of agriculture and forestry. As soon as the beetles crawl out from the earth, they fly 
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toward the forest of pitchpine, on which they feed and copulate (Tsai 1965). In Turkey, 

atleast three species of Polyphylla, namely P. fullo, P. olivieri and Polyphylla 

turkmenoglui Petrovitz are recorded, however, first one is considered to be the most 

common (Turkmenoglu 1967). 

Zivanovic (1974) reported the presence of dense population of M. melolontha for 

about 15 years in the highland regions of western Yugoslavia. The adults flew at first to 

wild and cultivated cherry trees, plum and various species of oak; they were observed on 

walnut in late May and June. In Czechoslovakia, M. melolontha has been reported to cause 

serious damage to forest and fruit trees and the frequency of outbreaks was common 

(Muska 1975). In United States, M. melolontha has been recorded on more than 60 plants 

as reported by Woodruff (1978). These include, fruit, ornamental, and forest trees like 

strawberry, grape, apple, pear, plum, cherry, pea, bean, onion, lettuce, potato, crucifers, 

oats, barley, corn, soybean, tobacco, alfalfa, and clover.  

Gupta et al. (1977) conducted a survey to collect and identify defoliating and fruit 

eating beetles attacking temperate fruit trees at Chaubattia in Almora district of 

Uttarakhand. M. furcicauda was recorded on apple, apricot and cherry, whereas M. indica 

has been reported to feed only on apple. Both species occurr in low numbers and were 

active from June to August. Joshi and Joshi (1980) also reported Melolontha species to 

defoliate preferably apple and apricot in Kumaon hills. Occasionally the walnut and cherry 

trees were also defoliated by Melolontha beetles. 

 Khramtsov (1979) reported that M. hippocastani is distributed in Europe and 

Asia; it is found throughout European USSR and in Siberia as far as Transbaikalia. 

Melolontha melolontha is found only in Europe confined in the west and south of the 

European USSR. The adult beetles have been reported to feed on the leaves of trees, 

predominantly birch, maple, and oak; in years of mass flight they often completely eat off 

the leaves, causing severe damage to plantings. The flight of the beetles begins in May, 

and in the south, in late April. In Romania, M. melolontha is the most widespread beetle 

and is present in the steppe regions and up to the oak and beech forest regions (Perju et al. 

1983). 

In Mexico, Young (1988) has described 28 species of genus Polyphylla in his 

monograph. They stated that P. occidentalis feeds on the foliage of pine, while Polyphylla 

variolosa (Hentz) has been reported to be injurious to fruit trees in the adult stage and as a 
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heavy feeder on the leaves of various forest trees such as elm, maple, and oak. Polyphylla 

decemlineata (Say) occurred in considerable numbers during July feeding on the needles 

of ponderosa pine. The adults begin their feeding distally and work inwards toward the 

needle base consuming everything except the midrib. The adults of Polyphylla crinita 

LeConte have also been recorded to feed on coniferous foliage. Under caged conditions 

they consumed douglas fir, Norway spruce, and western hemlock, with apparent 

preference for the last. Lodgepole pine was taken only under hunger stress. 

Luisa and Mauro (1996) studied the presence and diffusion of the common 

cockchafer, M. melolontha L. in the areas of Mezzocorona and San Michele in Trento 

province. They reported that the preferred direction during this flight was towards the 

woods, but a part of the population remained also in the orchards feeding on cherry and 

apple trees. Fraval (1998) reported that the adults of M. melolontha fly singly during April 

to May in search of food and defoliate leaves of deciduous fruit and forest trees, 

particularly oaks, maple, sweet chestnut, beech, plum, and walnut trees. 

In Switzerland, adults of M. melolontha swarm between end-April to mid-May and 

concentrate mainly at the borders of deciduous or mixed forests where they feed 

preferentially on oak and beech trees. The adult beetles cause defoliation mainly along the 

borders of the forests (Keller et al. 1999). The beetles feed from the margins without 

leaving the midribs or stout veins causing host plants completely denuded (Keller 2000). 

Sushil et al. (2006) conducted host preference studies under choice method for M. indica 

involving 31 host plants and reported Alnus nepalensis to be the most preferred host for 

adults of M. indica in Kumaon hills of Uttarakhand. Svestka (2006) reported that three 

species of Melolontha are found in Czech Republic and the predominant one is M. 

melolontha which is wide spread all over the country up to an altitude of 800 m especially 

in agricultural crops. The species, M. hippocastani is widespread in some isolated forests 

in warm locations with sandy soil. They damage the forest stands as well as the 

neighbourhoods of forests like new vineyards and other cultures. 

Chandel et al. (2010) reported M. indica as most damaging in Baragraon area of 

Barot valley and observed its beetles feeding on wheat spikes in first week of July. 

Melolontha furcicauda occurs mainly in association with coniferous forests up to an 

altitude of about 3000 amsl. The adults are on wings during second half of June and feed 

on stone fruits and Ficus species. (Mehta et al. 2008). Kumar et al. (2007) recorded 
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observations on host plants of scarabaeid beetles in lower Kullu valley of Himachal 

Pradesh, and reported koish, Alnus nitida Mill. as an important host of M. furcicauda. 

In Western Europe, M. melolontha has been designated as a major endemic scarab 

pest species and the beetles attack several fruit and forestry trees (Jackson and Klein 

2006). In Nigeria, adult beetles of M. furcicauda defoliate Acacia nilotica and Azadirachta 

indica, which are especially attractive to chafer beetles (Alao et al. 2011). Sood et al. 

(2009) studied the population dynamics of scarabaeid beetles from 2004-2006 in Sangla 

valley in north-western Himalaya. The sampling of fruit trees in the valley revealed the 

abundance of nine species of beetles. Melolontha furcicauda constituted 5.99 to 8.69 per 

cent of total catch on different fruit trees. Ahmad and Faisal (2012) have listed as many as 

133 insect species recorded by different workers in different parts of India. They have 

reported M. furcicauda as one of the serious defoliators of poplar in different parts of 

India. 

According to Trotus et al. (2013), the adults of M. melolontha attack the leaves 

from different species of forest and fruit trees preferring oak, elm, beech, birch, hornbeam, 

plum, cherry and walnut; less attacked are apple, pear and grapes. The beetles also attack 

various shrubs like rose, hawthorn, privet, and other herbaceous plant species. At strong 

attacks, the leaves are completely destroyed, leaving only the main ridge; sometimes 

attacks the flowers and fruits in training. Reinecke et al. (2006) reported European 

cockchafer, M. melolontha and forest cockchafer, M. hippocastani as serious pests in 

many parts of central Europe. Adults from both the species emerge at the end of April or 

at the beginning of May, depending on the local climate. They reported that the adults feed 

and mate on a variety of deciduous trees like Quercus spp., Fagus sylvativa L., Acer spp. 

and Carpinus betulus L. 

In Netherlands, Huiting et al. (2006) reported that the adults of M. melolontha 

rarely cause serious damage, but only occasionally, they are harmful in cherry or plum 

orchards because they feed also on the blossoms. The adults appear in April- May, fly 

particularly at dusk, then migrate towards the feeding trees in road-side plantings, in forest 

edges and in orchards. Wagenhoff et al. (2014) reported that forest cockchafer, M. 

hippocastani and field cockchafer, M. melolontha are among the most dreaded insect-pests 

in many European countries, causing economic losses in agriculture, horticulture and 

forestry. They reported that adult emergence occurs in good synchrony with the foliation 

of the main host trees which are Quercus rubra, Quercus robur, and Quercus petraea.The 
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other host trees like Fagus sylvatica, Acer pseudoplatanus, Juglans regia and Juglan 

nigra are readily accepted as well, whereas Carpinus betulus and Betula pendula are of 

minor importance. Fraxinus excelsior, Alnus glutinosa and Tilia sp. are nearly or 

completely avoided. Ordinarily, cockchafers are observed feeding on preferred deciduous 

trees as long as their leaves are not too much hardened.  

Chandra (2005) reported that the adults of M. furcicauda feed on stone fruits and 

Ficus species. In Germany, M. melolontha and M. hippocastani have been reported to 

often cause foliage damage in deciduous forests. Some deciduous trees, oak particularly, 

are deeply affected in the spring by the swarming beetles, as they eat leaves and cause 

damage to the foliage at mating time. Consequently, the trees produce less wood in the 

summer returning generally to normal growth during the successive years corresponding 

to the larval development of the next insect generation (Billamboz 2014).  

Woreta et al. (2016) studied the effects of food source quality on the adults of M. 

melolontha and M. hippocastani in Poland. The results showed that feeding on leaves of 

Q. robur and Quercus petraea had a positive impact on the development of adult beetles. 

Leaves of Fagus sylvatica and Larix decidua also constituted an adequate food source for 

the development of M. melolontha and M. hippocastani. The plant species namely Alnus 

glutinosa, Sambucus nigra, Prunus serotina and Robinia pseudoacacia had a negative 

impact on the survival and development of these two species. Martinek et al. (2018) 

reported that food preference of M. hippocastani mainly comprises of trees which have a 

potential to accumulate manganese in their assimilation apparatus. They contaminated 

food by soaking in solutions of MnCl· 4H2O in concentrations from 0.5 to 10 mg/ml and 

showed that very high Mn content in the diet significantly influenced food consumption 

by M. hippocastani adults, and thereby their development.  

Melolontha beetles have also been reported to feed on oak in Australia. When their 

populations become superabundant, adults may congregate on host plants and cause 

significant defoliation, particularly on Eucalyptus. Damage is more likely to occur near 

pastures and other environments that support large populations of scarab beetles (Manner 

2017). Woreta et al. (2018) fed adults of M. melolontha and M. hippocastani on the leaves 

of Betula pendula, Q. robur, and P. silvestris during 2015. In 2016, M. hippocastani 

adults were fed on B. pendula, Q. robur, Q. rubra, Tilia cordata, and in 2017, on B. 

pendula, Q. robur, T. cordata and Acer platanoides. They showed that feeding on the 

leaves of Q. robur and Q. rubra had the greatest positive effects on the development of M. 
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hippocastani, whereas M. melolontha females reared on the leaves of B. pendula laid no 

eggs. P. silvestris inflorescences proved to be the right food only for M. melolontha 

females. Melolontha hippocastani adults feeding on T. cordata and B. pendula were 

characterized by a short life, decreasing body weight and reduced fecundity. In north 

Kashmir, M. furcicauda has been reported feeding on Malus domestica, Pyrus communis 

and Prunus persica (Altaf et al. 2019). Altaf and Ahad (2020) reported M. furcicauda to 

be a serious pest of apple in Kashmir. 

2.3 Distribution and abundance of Melolontha grubs in different crop ecosystems   

White grubs are soil inhabiting and root feeding immature stages of scarab beetles. 

They have become serious pests of different agricultural crops, fruits, vegetables, 

ornamental plants, plantation crops, pastures, turf and meadow grasses, lawns, golf 

courses and forest trees in different parts of the world (Potter et al. 1992). They cause 

wilting which is characterized by an initial yellowing of the leaves, followed by death of 

small plants and reduced vigour or lodging of larger ones. In tuber crops, larvae feed by 

making circular holes into them and thus rendering them unfit for marketing (Dhoj 2006). 

Melolontha melolontha and M. hippocastani are the major pests of forest, agricultural and 

orchard crops. Feeding of cockchafer larvae on the roots of trees and shrubs results in 

plant deterioration. Plant damage increases with the growth of grubs, and more older the 

grubs are the thicker plant roots are damaged due to their feeding (Woreta et al. 2018). 

Stebbing (1914) reported that the grubs of Melolontha species cut through the 

roots of deodar seedlings and young plants, or more often gnaw away the bark all round, 

thus girdling them in north western Himalaya. Doane et al. (1936) stated that the 

Polyphylla larvae live mainly in sandy soils such as in seacoast areas, sand dunes, and the 

sandy bottom lands bordering streams. Craighead (1950) reported that under experimental 

conditions in south Carolina, the larvae of the south-eastern species P. occidentalis feed 

heavily on the roots of pine seedlings, whereas P. variolosa normally feeds on the roots of 

sedge grass. Polyphylla hammondi LeConte, commonly found in the south-central and 

south-western states, has been recorded as one of the few Polyphylla species which 

oviposits in rotten wood. Keen (1952) made general statement that Polyphylla larvae feed 

on the roots of many plants. 

Klinger (1957) reported that the larvae of M. melolontha in soil are attracted to 

roots on which they feed and move over a distance of several inches. Ritcher (1966) 
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recorded P. decemlineata grubs in the sandy soils of western Oregon and Washington as 

feeding on strawberry plants, coniferous seedlings, roots of fruit trees, corn, table beets, 

hops, mint, potato tubers, and blueberry plants. In western Yugoslavia, Zivanovic (1974) 

reported that populations of M. melolontha have been present for some 15 years in the 

highland regions. Studies have shown a density of 40 third instar larvae/m
2
 in grasslands, 

and 6 to 8 third instar larvae/m
2
 in tilled soils.  

Hauss (1975) reported that the larvae of M. melolontha are the major native below 

ground herbivores of Taraxacum officinale. Although the larvae are polyphagous, they 

prefer to feed on T. officinale (Hauss and Schutte 1976). In Germany, the dandelion, T. 

officinale is the most preferred food for the larvae of M. melolontha, and the roots of this 

plant are known to be the best source of nutrition for its grubs (Hauss and Schutte 1978). 

Huiting et al. (2006) reported that the larvae of Melolontha species attack the roots of 

several wild grasses and weeds. Host plants like Rumex, Chenopodium, Stellaria, Achillea, 

Daucus, Solanum, Festuca and Cirsium; Taraxacum and Plantago are highly preferred. In 

Russia, young pines suffer the greatest damage from the larvae of M. melolontha and M. 

hippocastani. Seedlings and slips damaged by white grubs quickly die or are retarded in 

development (Khramtsov
 
(1979). In Kashmir, M. melolontha grubs infest poplar nurseries 

(Rishi 1981). Singh and Singh (1986) also reported M. furcicauda as pest of poplar 

nurseries in India.   

Hurpin (1955) reported that the most economic damage by M. melolontha grubs in 

Switzerland is caused in the year after a swarming flight, when the larvae moult from the 

second to the third instar and gain most of the their body weight. Severe economic losses 

have also been observed to be inflicted by grubs of M. melolontha in grasslands and 

orchards (Keller 1986).  

 In Netherlands, M. melolontha occurs predominantly in loamy, clay and 

calcareous soils, while M. hippocastani develops only in sandy soils. The grubs do more 

damage than the adults and they are attracted towards the roots of crops such as 

strawberry, lettuce, batavian endive and grass (Goffau 1990). Vlug (1996) has observed 

the damage of M. melolontha in a number of crops including potato, various legumes, fruit 

trees, ornamentals and grassland in Netherlands.  

In Trentino province of Italy, M. melolontha grubs cause substantial damage to the 

roots of apple trees and young vines until 2-3 years of age. In case of apple trees, the root 
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system is superficial and limited to the upper 20-30 cm of the soil and the roots are always 

susceptible to attack by the white grubs (Luisa and Mauro 1996). According to Cardiff 

(2001), the larvae of M. melolontha gnaw at small roots of field plants, and are 

indiscriminate feeders; they eat grain, grass, tree, and beet roots, moving as much as 30 

cm a day while eating large sections of crop rootlets. The larvae usually feed on fresh 

roots and do not eat decaying organic matter (Fraval 1998). 

In Hungary, the grubs of Melolontha species cause serious damage in forests and 

have been reported to kill even older trees by feeding on the roots (Toth 1998). Strasser 

(2004) indicated that M. melolontha cause an increasing damage in cultivated grasslands 

all over Austria. Nuri et al. (2010) reported that in Iran (Qazvin), about 460 ha landscape 

has been damaged by grubs of P. olivieri. The larvae cause damage to the lawns and 

ornamental trees by feeding on the plant roots. In Czech Republic, grubs of M. 

hippocastani feed on roots and cause considerable damage to plants of forest trees, 

especially pine, oak, linden and others, and sometimes causing destruction up to 100 per 

cent (Svestka 2007).  

In Solvenia, there was complete destruction of grass sod by third instar grubs of M. 

melolontha on an area of 370 ha in Idrija region during 2002. The population of grubs was 

reported to range from 60 to 120 grubs/m
2
, and in the year 2003 the damage was on 

increase on areas where mechanical oppress was not performed (Pozenel 2005). Kumar et 

al. (2005) have recorded M. furcicauda and M. nepalensis to cause damage in maize and 

paddy crops in Kullu district of Himachal Pradesh. In Austria, the larvae of M. melolontha 

are most common in sandy soil environments with low precipitation. They feed on the 

roots of a wide range of economically important plants causing significant damage in 

grassland, arable crops and forests (Laengle 2005). 

Lane et al. (2000) reported that grubs of M. melolontha occasionally damage sugar 

beet, especially in well wooded areas where the soil is light. The grubs feed entirely below 

the soil surface, down to the depth of 30 cm. In Baden-Wuerttemberg, there exists four 

populations of M. hippocastani, inhabiting about 25,000 ha of forests that grow on 

comparatively sandy and dry soils alongside the northern part of the upper Rhine valley 

(Delb 2004). Keller and Zimmermann (2005) reported the results of the survey conducted 

in 11 European countries indicating that in central Europe, M. melolontha and M. 

hippocastani occur on an area of 200 thousand hectares causing economic losses on 80 

thousand hectares in plant production and forestry.  
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Buss (2006) reported that the larvae of P. fullo attack the root system of many 

crops, including young fruit trees, grapevines, turfgrass, and ornamentals. Young larvae 

feed on humus and the roots of herbaceous plants; older larvae gnaw through the roots of 

shrubs and trees, and severe feeding injuries result in wilting and often death of infested 

plants.  

Huiting et al. (2006) reported that grubs of M. melolontha attack the roots of weeds 

and various crops like cereals, red beet, potato, lettuce, raspberry, strawberry, meadow 

grasses and fruit or forest trees with high preference for Taraxacum and Plantago. The 

larvae have been reported to be occasional pests in pastures, nurseries, gardens, and in 

grassy amenity areas like golf courses. The injury to grassland and lawns results in poorly 

growing patches that quickly turn brown in dry weather. Injury to the roots and rootstock 

causes small saplings and tender tap rooted plants like lettuce, which can wilt suddenly or 

show stunted growth or premature shedding of leaves. Plants growing in rows are usually 

attacked in succession as the grubs move from one plant to another. 

 In Black Sea region of Turkey, the common cockchafer, M. melolontha is one of 

the most important insect-pests of hazelnuts, causing 15-20 per cent damage annually 

(Sezen et al. 2007). Hann et al. 2008 reported that grubs of M. melolontha cause 

significant damage to Austrian cultivated grassland. They concluded that draught and 

elevated soil temperatures intensify the effect of grub feeding to the sward by accelerating 

withering. According to Svestka and Drapela (2009), the grubs of M. hippocastani feed on 

the roots and cause considerable losses to the forest tree species namely pine, oak, linden 

and others. In Turkey, the damage rate of P. fullo has been reported to vary from 50 and 

80 per cent depending on crop grown and soil type, but from time to time, in the vineyards 

grown in sandy soil, 100 per cent damage can occur (Anonymous 2011).  

Yanfang et al. (2011) studied the spatial distribution patterns of M. hippocastani in 

China. They indicated an aggregative distribution of grubs in the soil of 0-10 cm in depth, 

with a group of individuals as a unit. Weissteiner (2012) reported that the larvae of the 

cockchafers of the genus Melolontha cause conspicuous root damage to a range of 

horticulturally and silviculturally important plants, especially to young oaks on 

reforestation sites in Germany. Varga et al. (2014) monitored stages of M. melolontha in 

the lands of Gurghiu in Roamnia. They calculated the value of infestation analysis 

parameter as 1.94 larvae/m
2
, which indicated a strong level of infestation in the forestry 

nursery fields.  
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Trotus et al. (2013) reported that grubs of M. melolontha attack the grassy and 

woody plant roots, producing great damage in some years in vineyards and orchard 

nurseries, agricultural land and vegetable crops, piercing galleries in potato tubers, 

rhizomes and bulbs in Romania. In vineyards and fruit tree nurseries, and in rare row 

crops like sugar beet, sunflower and corn, the low density of larvae between 0.5 - 1 

larvae/m
2
 present a hazard; instead at fodder crops and cereal crop the larval density may 

exceed 10 larvae/m
2
 without any danger of crop destruction (Rosca et al. 2011). 

Schmidt and Hurling (2014) reported that M. hippocastani is one of the most 

serious biotic risks especially in the forest regeneration phase in northern Upper Rhine 

region of Germany. An area covering 13000 ha of the total forest area of 30000 ha has 

been reported to be populated by this species, and about 4000 hectares are assumed to be 

infested by extremely high larval densities. According to Wagenhoff et al. (2014) the 

larvae of Melolontha spp. cause damage to the roots of plants which negatively affect the 

uptake of water and nutrients, leading to the dieback of young forest plants and at higher 

grub densities possibly to a chronic weakening of the older ones. In Turkey, P. fullo has 

been reported as major polyphagous agricultural pest. The larvae feed on the roots of 

many agricultural cultivated plants, and in severe infestations, cause considerable yield 

losses and plant death (Anonymous 2008). One of the main crops affected by P. fullo is 

strawberry (Demir et al. 2014).  

In Romania, M. melolontha larvae are one of the main pests of forestry inflicting 

severe damage by consuming seeds or roots in forest nurseries and also in young forest 

plantation as observed in Lunca Bradului by Oltean et al. (2015). Erler and Ates (2015) 

reported that in Turkey, considerable economic damage to vineyards, almond, cherry, 

prune, and apple orchards can occasionally be caused by the feeding of the Polyphylla 

grubs. Niemczyk et al. (2017) observed that grubs of Melolontha spp. are more 

problematic in forest management because they damage the roots of nursery plants, 

seedlings, and trees. According to the Instruction of Forest Protection (2012), third instar 

grubs per 0.5 m
2 

are likely to cause serious damage and economic losses in plantations and 

nurseries in areas with fertile soils. In areas with poorest soils, even one second instar 

larva per 0.5 m
2 

is a
 
critical number for young forest plantation. 

In Poland, the grubs of Melolontha spp. have been causing great damage to the 

strawberry plantations, particularly those managed by organic farming methods. Losses of 

the plants and indirectly of yield have been recorded in several areas due to the feeding 
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grubs, with strawberry and highbush blueberry plantations being among the most 

vulnerable (Tartanus et al. 2017). Szmidla et al. (2019) have estimated Melolontha species 

to be a pest on 200000 ha mainly in central Europe, over the past 20 years. They have 

reported substantial impacts of Melolontha grubs on forest management in European 

countries.  

Gorres and Chesmore (2019) have also mentioned M. melolontha and M. 

hippocastani to be the important insect pests in Europe with M. melolontha generally 

occurring in more open habitats like pastures, vegetable crops, orchards and vineyards. 

Melolontha hippocastani has been reported to mainly thrive in deciduous forests 

(Sukovata et al. 2015). In north Kashmir, M. furcicauda along with other species of white 

grubs have been recorded to damage oats during the seedling stage (Kumar et al. 2019). 

Tereba and Niemczyk (2018) reported that the grubs of M. melolontha and M. 

hippocastani are very dangerous to biological waste production system in Poland. The 

first instar grubs have been reported to feed and damage herbaceous plant roots in upper 

soil layer, whereas second and third instar grubs feed on tree and shrub roots even more 

voraciously making reforestation and aforestation difficult and impossible to implement. 

2.4 Biology and morphometrics of Melolontha species 

The life cycles of white grubs vary with the climate, being longest in temperate 

regions. The shortest life cycles are to be found in tropical areas with no climatic seasons 

(Gressitt 1953). Life cycles may be comparatively long in some regions having a dry, hot 

season since larvae may aestivate for several months until the rainy season begins (Moutia 

1940). The life cycles of many scarabaeids belonging to genera Holotrichia, Brahmina, 

Anomala, Adoretus, Leucopholis and Maladera have been worked in details in India 

(Chandel et al. 1995; Shah and Shah 1990; Pathania 2014; Kumar 2019; Veeresh et al. 

1982).  In the Melolonthinae, most species of the tribe Melolonthini have rather long life 

cycles, especially in temperate regions (Ritcher 1958). According to Korschefsky (1940), 

M. hippocastani requires from three to five years to complete its life cycle in Europe; 

while M. melolontha requires three to four years depending upon latitude (Regnier 1950). 

Boas and Thomsen (1922) reported that the life cycle of M. melolontha and M. 

hippocastani lasts three year in the southern part of their range in Switzerland and France, 

but is lengthened to four years in M. melolontha, and five years in M. hippocastani in the 

north in Denmark. The adults emerge in April or May and feed on the leaves of trees. M. 

melolontha lays their eggs in cultivated fields and M. hippocastani more often in woods, 



23 
 

 

where the larvae feed on roots; the last winter is spent underground in the adult form, but 

still in the pupal cell. In regions where they have a three year life cycle, though they also 

appear in much smaller numbers in intermediate years (Bulmer 1977).  

Thiem (1944) studied the life cycle of Melolontha spp. and indicated that 

differences in the length of life cycle of the given species depend on the development of 

the first and second instars. In Germany, the life cycle of P. fullo takes three to four years 

(Korschefsky 1940).  

Downes and Andison (1941) published a comprehensive study of P. crinita, under 

the name Polyphylla perversa Casey as its synonym. They reported that newly laid eggs 

measured 2 mm wide and 3.4 mm long, but increase considerably in size within few days. 

The eggs hatched in 54 days during third week of September. Larvae are found only in 

sandy or gravelly soil with permeable subsoil. Larvae move deeper into the soil in 

December and January and have been found as deep as 30 inches. Younger stages occurr 

at greater depths where the finer roots are present. The mature larvae are found near the 

surface from February until pupation in May and throughout the summer. The pupae are 

found about four inches deep in soil and occupy about five weeks. Adult emergence 

usually begins in the first week of July, but it has been recorded as early as the third week 

of June.  

Sreedevi et al. (2015) studied the egg morphology of 12 species of Melolonthinae 

and Rutelinae. They reported that the shape of eggs was elliptical to cylindrical in 

Melolonthinae and spherical in Rutelinae. They analyzed diagnostic characters with 

respect to chorion microsculpturing at the subfamily and species levels, and revealed 

variation in the pattern exhibiting reticulations in Melolonthinae to projections in 

Rutelinae.   

Scheerpelz (1950) stated that M. melolontha mainly occurs in areas with annual 

mean temperature of 7
0
C and has a three or four year life cycle in Austria. Faber (1961) 

discovered a transition from a four year to a three year development cycle of M. 

melolontha, particularly in some Alpine valleys. This trend is probably connected to 

increasing mean temperatures (Scheifinger et al. 2007). In Switzerland, adults of M. 

melolontha swarm between the end of April and the beginning of June concentrating 

mainly at the borders of forests. After a feeding or egg maturation period of 7-10 days, the 

females fly back to the breeding sites, burrow into the soil and deposit their eggs at a 
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depth of 10-20 cm. Some are developed into a second, or even third, egg batch (Vogel 

1950). The larvae hatch after 5-7 weeks. They have three instars and their development 

lasts about two years. Metamorphosis takes place in the soil where the adults overwinter 

(Hurpin 1962). 

Wille and Wildbolz (1953) reported that under natural conditions, the life cycle of 

M. melolontha takes three to four years and that of M. hippocastani three to five years. 

Under laboratory conditions and at constant temperature, this period may be much shorter. 

First instar larvae do not survive until their first moult if the temperature either below 

12
0
C or above 32

0
C. At a constant temperature of 18

0
C, the total duration of larval or 

pupal period is 358 days, but this period is shortened to 222 days at a constant temperature 

of 23.5
0
C. 

Tsai (1965) studied the life history of large chestnut chafer, M. melolontha in 

north-west of Szechwan. The complete life cycle needs about six years; the first five years 

being spent in the larval stages and the last winter is passed in adult stage only. The eggs 

hatch from late July to the beginning of October with an incubation period of 45 to 66 

days. The larval stage lasts more than 58 months. At the middle of October, the larvae 

burrow down into a depth of more than 40 cm in the soil where they pass the winter. In the 

mid of April in the second year, they begin to move upward and feed on plants. After five 

winters, pupation takes place at a depth of 12-14 cm below the surface of the soil. Pupal 

stage lasts about two months from late July to the beginning of September. The beetle 

emerges and remains underground until the beginning of May in next year. The swarming 

of the beetles may be found in the middle or latter part of May. Eggs are often gathered in 

clusters, each containing 10-28 eggs. The adult stage lasts about 10 months.   

Muska (1975) investigated the distribution and frequency of outbreaks of M. 

melolontha in Czechoslovakia and showed that populations with both three year and four 

year cycles were present. The speed of development was found to depend on air 

temperatures during April-September. The threshold of average temperature during this 

period above which three year cycles and below which four year cycles occur, has been 

calculated as 13-14 
0
C for Slovakia and 14-15 

0
C for Moravia-Silesia, respectively. 

Woodruff (1978) also reported that the life cycle of M. melolontha is extremely variable 

usually taking atleast three years and sometimes five years from egg to adult in various 

parts of its geographical range. In most areas, flight years occur during the year coinciding 

with average life cycle length, although a few emerge every year. In Russia, Melolontha 
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spp. begin their flight, from late April to May and mating takes place 10-15 days after the 

beginning of flight followed by oviposition. The females deposit at different times a total 

of 50-70 eggs in the soil and then die. The beetles are 22-29 mm, the body is black; the 

elytra are reddish brown and covered with white hairs (Khramtsov 1979). Hauss and 

Schutte (1978) carried out experiment in the German Federal Republic to determine the 

preference of M. melolontha to oviposit on T. officinale. Females were allowed to choose 

between plots containing various species and empty plots, and reported that plots 

containing T. officinale had 19 per cent of the oviposition holes, while those containing 

Rumex acetosa had nine per cent, and those without plants three per cent.  

In Europe, early larval development of M. melolontha takes approximately 4 to 6 

weeks. Larvae slow development over the winter and in mid April they suddenly spring 

back to activity and eat until October. They then hibernate until the third year, when they 

resume feeding in July and become fully mature in August. However, the fully mature 

adults do not become active until the following spring, giving the cockchafer a lengthy life 

cycle (Blum 1985; Fraval 1998). Keller (2000) reported that M. melolontha has at least 

three years of life cycle and many others have biannual life cycle. Female beetles lay eggs 

in groups of 12- 46 which after absorption of water, become elongated and spherical in 

shape. In central and northern Europe, M. melolontha has a four years life cycle. The 

adults emerge from the soil in April for feeding and mating. Eggs usually hatch by June, 

and the grub stage occupies three years. During this time, larvae overwinter below the 

freezing level of the soil and move into the rhizosphere as soon as soil temperature rises to 

above 8
0
C in the spring. The main feeding period during which the most damage occurs is 

the second year after hatching. In the summer of the subsequent year, the third larval instar 

pupate and, after a metamorphosis period of nine weeks, hatch as adult beetles which 

overwinter in the soil and emerge in the fourth year (Laengle 2005).   

 Svestka and Drapela (2009) studied bionomics and the abundance of grubs 

between two swarmings of M. hippocastani in Czech Republic. Results of the soil checks 

for the numbers of grubs confirmed the preference of M. hippocastani females for 

localities heavily shaded by the forest stand. In their choice of the locality, the M. 

hippocastani females prefer certain temperature and humidity. Billamboz (2014) observed 

that the development of cockchafer population is based on r-selection. Their body size is 

small and generation time is short, this reproductive strategy results in a greater ability to 

adapt to unstable environments through high fecundity and rapid change of the 
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reproduction rate (Krebs 1985). This fact leads to cyclic, high-density variations called 

gradations, which show a mass development between two phases of latency (Schwenke 

1978). 

Erler and Ates (2015) reported the biology of pine chafer, P. fullo in Turkey where 

it has a biennial or triennial life cycle. Adult beetles emerge during June or July, fly during 

evenings, feed on the leaves and needles of trees, and then lay eggs in the soil. The larvae 

feed during the late summer and early fall and move deep in the soil to overwinter. After 

the hibernation, they return to the root zone and feed throughout the following summer. 

The larvae cause most injury during this second season of their life cycle. During spring 

and early summer of the next year, the larvae complete development, cease feeding, and 

turn into pupae and adults that remain inactive in the soil. Adult beetles emerge next 

season. In cold regions of the Turkey, the larvae overwinter three times in the soil, then 

pupate in May of the third year; the adults appear from mid June to mid July, feed and 

then lay eggs (Anonymous 2008). 

Sukovata et al. (2015) reported that biology of M. melolontha and M. hippocastani 

is very similar in Poland. The beetles usually fly in late April and in May. Their 

development usually lasts four years, although it may be shortened or extended by 

environmental conditions (Sliwa 1993). According to Niemczyk et al. (2017) cockchafers 

from the genus Melolontha have a developmental cycle of three to five years. The length 

of life cycle depends primarily on temperature; cockchafers in places with higher 

temperatures have a shorter developmental cycle (Svestka 2006). 

2.5 Molecular analysis for identification of Melolontha species 

The morphological identification keys are often effective only for a particular life 

stage and therefore, many individuals cannot be identified (Hebert et al. 2003). This is also 

true for white grubs because their identification is a challenging task due to variable 

morphological differences among species and delineation among the immature forms.  It 

is difficult to link adults and larvae of the same species because of the distinct 

morphological differences (Dittrich et al. 2006). Proper identification of the scarabaeid 

species and knowledge of their bioecology is essential for developing environmentally 

compatible integrated pest management strategies (Murthy et al. 2018). One way of 

identifying field collected larvae of scarabs is to conduct molecular analysis that can link 

larval genetic profiles to those of identified adult specimens. Among the molecular 

markers used for analysing molecular variation, sequencing mitochondrial DNA (mtDNA) 
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and ribosomal DNA (rDNA) have been recognized as effective markers for identification 

of different insects (Qiu et al. 2009). 

Mico et al. (2003) analysed the nucleotide sequences of a fragment of 

mitochondrial gene cytochrome c oxidase subunit I (COI) of six species and two sub 

species of genus Hoplia (Scarabaeidae: Hopliinae) to re-examine the species limits on the 

basis of results, Hoplia freyi Baraud and Hoplia philanthus ramburi Hayden were found to 

be junior synonyms of Hoplia chlorophana Erichson and Hoplia philanthus philanthus 

(Fuessly), respectively. Monaghan et al. (2005) studied the patterns of variation in both 

mitochondrial and nuclear genes in 71 individuals of neotropical dung beetle, Canthon sp. 

Mitochondrial DNA sequence variation proved to be highly structured, with more than 95 

per cent of the observed variation existing between discrete sets of very closely related 

genotypes. Sequence variation in nuclear 28S rRNA among the same individuals was 

lower by atleast an order of magnitude, but 12 genotypes were found to be differing from 

each other by a minimum of two base pairs.  

In South Africa, Dittrich-Schroder et al. (2009) carried out studies on identification 

of scarabaeids collected from sugarcane fields using mitochondrial cytochrome c oxidase 

subunit I (cox I) gene. Sequence of cox I from scarabaeid larvae were compared with 

sequence from scarabaeid adults of known species. The major groupings delimited 

specimens belonging to the sub families Dynastinae, Melolothinae and Rutelinae. 

Mitochondrial DNA (mtDNA) of larval specimens was linked with mtDNA of identified 

adult specimens through phylogenetic analysis.  

In Nepal, comparative molecular studies were conducted to identify and describe 

unknown larvae of Sericini with the help of mitochondrial and nuclear DNA markers in 

combination with character and tree-based species delimitation methods. In the latter 

analysis they used a sequence of a specimen that resulted in the first analysis conspecific 

with the larvae of Maladera affinis (Blanchard) as the query sequence in GenBank, and 

checked in a minimum evolution tree whether larva-adult matches from the local approach 

were altered through interference with other taxa of the worldwide database (Sipek and 

Ahrens 2011). 

Karimi et al. (2012) provided DNA barcodes for three important species of white 

grubs viz., P. olivieri, P. adspersa Motschulsky and M. melolontha, using mitochondrial 

DNA cytochrome oxidase I (COI). The relationship between theses three species of 

Iranian white grubs and related species has been addressed in Iran. Tereba and Niemczyk 
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(2018) suggested that the COI region, a standard in phylogenetic analysis and invertebrate 

species identification is appropriate for distinguishing between M. melolontha and M. 

hippocastani. In south India, Murthy et al. (2018) presented a molecular phylogenetic 

analysis of 23 species of scarabeaid beetles collected from various geographical locations. 

Genomic DNA of beetles was characterized by using Cytochrome c oxidase I (COI) gene 

and a total of 19 barcodes were generated. The lowest genetic variation was observed 

between Hybosorus illigeri Reiche and Oryctes rhinoceros (L.) i.e. 0.008, whereas the 

highest genetic variation of 0.384 was observed between Onthophagus auritus Erichson 

with Calcinemis obesan and O. rhinoceros.  

 Swamy et al. (2019) sequenced mitochondrial cytochrome oxidase subunit I gene 

(cox I) for the identification and phylogenetic analysis of Leucopholis lepidophora 

Blanchard, Leucopholis burmeisteri Brensk, and Leucopholis coneophora Burmeister 

species by employing LCO-1490 and HCO-2198 mt COI primers. Phylogenetic analysis 

revealed that the cox I DNA barcode fragment of Leucopholis spp. and out-group taxa, 

available in genetic databases, confirms the species identity. 

2.6 Management of Melolontha grubs using chemical insecticides 

Chemical insecticides to save crops were generally applied during 1940s, 

especially after the Second World War. DDT (Dichlorodiphenyltrichloroethane) 

discovered as an insecticide in 1939 was one of them which seemed to be a cure for 

variety of pest problems throughout the world (Woreta 2015). In Poland, first generation 

highly toxic insecticides like lindane or chlordane were used to control white grubs in 

forest plantations. Lindane was applied as dust and its effectiveness relied on the dose 

used, given that too much of the chemical produced phytotoxicity in treated plants 

(Sierpinski 1975). Schnaider and Karlikowski (1953) studied the efficacy of lindane and 

showed that root dip of Scots pine seedlings in a paste consisting of humus+lindane+water 

significantly contain die-back due to grub feeding. Dominik (1958) demonstrated that soil 

treatment with organochlorine preparation Intox 8 @ 2 kg/ acre done during summer and 

repeated next year @ 4 kg/acre sufficiently protected tree seedlings against feeding of two 

year old grubs. Sierpinski (1963) investigated the effect of time of HCH application on the 

efficacy of grub control, and showed that treatments done during spring and fall were 

equally useful. Based on the findings of their results, several products based on lindane 

were recommended for use in reforested areas threatened by large grub populations. 

According to Dominik (1954), the organochlorine insecticides maintained their properties 
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in the soil for two to three years, and the treatments were highly effective to control first 

and second instar grubs of Melolontha species. 

Szczepanska (1972) tested 17 soil insecticides against second and third instar grubs 

of M. melolontha under laboratory conditions in Poland. Parathion, thionazin and Nefusa 

and granular formulations of parathion, Dyfonate, diazinon, phoxim and carbofuran were 

the most effective against different instar grubs. In France, increasing quantities of spores 

of Beauveria tenella (Delacrox) and low doses of parathion or trichloronate were mixed 

with the medium in which the larvae were reared. There was considerable increase in 

mortality from mycosis when 40, 80 or 120 mg of a preparation containing 5 per cent 

parathion or 120, 150 or 180 mg of one containing 5 per cent trichloronate was 

incorporated into each 800 g peat treated with spores at the rate of 5 X 10
4
/g (Ferron 

1971).  

Blaisinger et al. (1978) tested alternative insecticides to chlorinated hydrocarbons 

in two localities to control larvae of M. melolontha in permanent meadowland in France. 

They concluded that for surface treatments, granules containing parathion or 

chlorpyriphos applied at 5 kg toxicant/ha were most effective, but that granules 

incorporated into the soil during mechanical cultivation should be applied at 2 kg/ha.  

There was 100 per cent ovicidal effect when adults of M. melolontha were fed in 

laboratory on leaves of beech that had been sprayed with diflubenzuron (Dimilin WP 25) 

(Buchi and Jossi 1979). Woreta and Malinowski (1998) tested four pyrethroids viz., 

alphamethrin, deltamethrin, lambda-cyhalothrin, zeta-cypermethrin and etofenprox against 

several insects that are severe pests in Polish forests. They indicated that adults of the 

common cockchafer are equally susceptible to the four pyrethroids, but less susceptible to 

etofenprox. According to Malinowski et al. (1998), basudin 10G @80-120 kg/ha, dursban 

480 EC @ 2.5-3.0 litres in 450-600 litres of water and carbosulfan @ 80-120 kg/ha are 

mainly used in surface treatments before planting, to control Melolontha grubs in Polish 

forestry.  

Froeschle and Glas (2000) organized a campaign to control the severe infestation 

of M. melolontha in crops and trees in northern Kaiserstuhl, Germany. They applied 

Beauveria brongniartii (Saccardo) and two insecticides viz., phosalone and azadirachtin at 

2.5 and 3.01 kg/ha in crops and forest trees in the farmland and woodland regions using a 

helicopter and practically controlled the grubs. Meinert et al. (2001) applied two 

insecticides viz., Rubitox-Spritzpulver and NeemAzal-T/S by helicopter on 78 and 50 ha 
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of forest area in north Kaiserstuhl, Germany. Both insecticides showed good efficacy 

against the adults and the grubs as well, but Rubitox-Spritzpulver resulted slightly better 

than NeemAzal-T/S. 

Lisova and Petroviene (2007) evaluated the effect of Actara (thiamethoxam @ 250 

g/kg) against M. melolontha in potato plots in, Lithuania, and reported considerable 

reduction in tuber injury caused by M. melolontha. Benker and Leuprecht (2007) carried 

out pilot experiments with Neem Azal, Lambda-cyhalothrin, dimethoate and Bacillus 

thuringiensis in Germany. The most effective insecticide in the experiment was lambda-

cyhalothrin, followed by dimethoate. 

Nuri et al. (2010) evaluated thiamethoxam @ 0.0005 per cent, imidacloprid 350 

SC, 0.001, 0.002 and 0.003 for preventive control and carbaryl 85% WP 0.005 , 0.002 , 

0.003  and 0.005 for curative control of P. olivieri in ornamental plants in Iran. They 

reported that imidacloprid (0.003 %) had the best effect for preventive control and 

carbaryl (0.005 %) was most effective treatment in curative control of P. olivieri. Yan-

fang et al. (2010) compared the effects of injection 40 per cent phoxim EC, 50 per cent 

trichlorphon+phoxim EC, penpropathrin EC,1 per cent matrine in the soil with the 

ertilization of the root device and spraying pesticides in the grass surface with watering 

can to control Melolontha hippocastani subsp. mongolica Menetries third instar larvae. 

They demonstrated that control effects of injection 40 % phoxim EC 400 times and 50 % 

trichlorphon+phoxim EC 300 times with the ertilization of the root device were 95.87 per 

cent and 97.96 per cent, significantly superior than spraying pesticides.  

Malinowski (2011) tested the susceptibility of third instar grubs of Melolontha spp. 

to the contact action of neonicotinoid insecticides viz; acetamiprid, clothianidin, 

imidacloprid and carbosulfan under laboratory conditions. There was low sensitivity of 

third instar Melolontha white grubs to the contact action of these insecticides. Insecticides 

of SP and WG formulations applied to the soil at a dose of 25 mg active substance per kg 

soil did not cause 100 per cent mortality after 28 days of exposure. In the case of 

clothianidin, mortality after 28 days was 40 per cent and in the case of imidacloprid it was 

80 per cent. GR forms containing clothianidin used at a dose of 50 mg/ kg soil, and 

imidacloprid used at a dose of 250 mg/ kg soil, caused 70-80 per cent mortality after 28 

days. Carbosulfan GR used as a standard at a dose of 500 g active substance per kg soil, 

caused 100 per cent mortality after 28 days. 



31 
 

 

In Poland, Glowacka and Sierpinska (2012) evaluated the efficacy of insecticide 

treatments using aircraft and ground equipments to control M. melolontha with Mospilan 

20 SP at a rate 0.4 kg/ha. Regardless the form of treatment application, the leaf damage on 

sprayed trees ranged from 0.2– 1.75 per cent, while leaf damage on unsprayed trees was 

86-95 per cent. Pozenel et al.  (2015) tested the efficacy of granular soil insecticides based 

on active substances tefluthrin and chlorpyriphos during the years 2012-2014 in Idrija. 

The number of M. melolontha grubs in the soil decreased the most after tefluthrin 

application. The efficacy of tefluthrin applied at the dose of 13 kg/ha was 80 per cent, and 

the efficacy of chlorpyriphos at the dose of 15 kg/ha was 68 per cent. 

Rodstrom and Brown (2017) reported that Ecozin (3 per cent), an organic pesticide 

containing azadirachtin, caused larvae of P. decemlineata to cease feeding for several 

weeks, but mortality of larvae was low. A broad spectrum treatment with diazinon 50 WP 

eventually killed the grubs in the top six inch layer of soil (Johnson et al. 2006). Use of 

imidacloprid can be an effective soil drench, but additional water to reach field capacity is 

recommended. Imidacloprid delivered through the drip system may control grubs after one 

year (Rodstrom and Brown 2017). Clothianidin has been reported to have promise in 

California (Johnson et al. 2012).  
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3.   MATERIALS AND METHODS 

The adults of Melolontha beetles remain active only during a part of the year in 

different areas of Himachal Pradesh but the grubs can be found feeding on roots of various 

crops for a longer duration and thus inflicting a great damage to the crops. The field 

survey work relevant to the present study was initiated in 2017 and continued for about 

two years in Himachal Pradesh. During field surveys, beetles of Melolontha cuprescens 

Blanchard, Melolontha furcicauda Ancey, Melolontha indica Hope and Melolontha 

virescens (Brenske) [=Polyphylla fullo (Linnaeus)] were collected with the help of light 

traps and from host trees, and their culture was maintained separately in the white grub 

laboratory, Department of Entomology, CSK HPKV, Palampur (lattitude N 32
0
,05.666′ 

and longitude E 76
0
,32.781' at 1222 m amsl) to record observations on comparative 

biology and morphometrics of these species. Molecular work pertaining to these species 

was carried out in the Department of Agricultural Biotechnology. The grubs of 

Melolontha species collected from different areas were maintained in soil under laboratory 

conditions and different chemicals having new chemistry were evaluated against them by 

means of different methods. The materials and methods followed for this study are 

discussed in this chapter.  

3.1 Collection of Melolontha beetles from different parts of Himachal Pradesh 

The beetles were collected on light trap and directly from the host trees at night. 

Data on latitude, longitude and altitude were recorded using GPS (76 CSx, Gamin make) 

at each surveyed location.  

3.1.1 Monitoring of Melolontha beetles by using light trap: The population of 

Melolontha beetles was monitored with the help of ultra violet light traps installed at 

various locations of six different districts in zone II (sub-temperate sub humid mid hills), 

zone III (wet-temperate high hills) and zone IV (dry-temperate high hills and cold deserts) 

of Himachal Pradesh during 2017 and 2018 (Fig. 3.1). The study areas were mostly fruit 

orchards, vegetable fields or farmland with different cropping patterns. The details of 

study sites are given in table 3.1. The light traps were set up from June-September and 

data on beetles were recorded daily at Palampur and fortnightly at other locations. 

The body of light trap consisted of PVC plastic of red colour. The height of plastic 

funnel was 25 cm with diameter of 30 cm at the top and 5-6 cm at the bottom. For the 
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safety of ultra violet tube, a rain-shed cone was positioned approximately 17 cm above the 

funnel using three white metal sheets. The diameter of rain-shed cone was about 20 cm. 

There were three baffles placed at a uniform distance of 10 cm around the circumference 

of funnel. The white coloured baffles, made of M.S. sheet were 30 cm long and 11 cm 

wide. The baffles add characteristic feature to this trap. The baffles were fixed in such a 

manner so that light rays were scattered uniformly in all the directions without any 

interference.  The beetles, when attracted to light collide with these baffles and drop into 

the trap. An efficient transparent poly bag was attached to the bottom of this funnel. The 

light source had a hard glass tube with choke of copper wire. The tube had a capacity of 

120 W and with ultra violet radiation with visible spectrum producing bluish light (Plate 

3.1).  

The light trap was installed at a height of about 10 feet in the centre of the field to 

attract the beetles and the observations were recorded from 7:00 PM to 11:00 PM at all the 

locations. The captured beetles were regularly taken out of poly bags and Melolontha 

beetles were separated from rest of the beetles and other insects. These beetles were 

grouped on the basis of relative abundance and frequency values for the purpose of 

investigating the relative importance of different species of Melolontha beetles.  

3.1.2 Collection of Melolontha beetles on host trees: In order to determine species 

occurrence and relative abundance of Melolontha beetles, surveys were conducted in 

various fruit growing areas of Himachal Pradesh (Table 3.1) during the month of June-

September in 2017 and 2018. In 2017, beetles were collected at locations near Palampur, 

Chattanseri, Badagaon, Janjehli, Ahla, Mashobra and Sangla, (Table 3.1; Fig. 3.1). In 

2018, the surveys were repeated at all the above mentioned locations. Sacarabaeid beetles 

being nocturnal came out of soil at dusk. Chandel et al. (1995) reported that beetles come 

out of soil at around 7:50 PM at light intensity of 3 lux and settle on host trees for mating 

and feeding. After suitable rainfall events, representative samples of beetles were collected 

during June-September from trees including apple, plum, peach, persimmon, walnut, wild 

rose, bathua, and Indian siris. The trees of 3-5 m height were commonly selected. Five 

plants were marked at random in each orchard/ farm in all the surveyed localities and three 

branches of almost equal length were selected. The beetles were collected between 19:00 - 

21:30 hours using a powerful flash light. The dislodged beetles were handpicked and 

transferred to metal cages containing shoots of host trees on which collection was done. 
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        Plate 3.1 UV light traps used for monitoring of beetles 

            (a) Close-up view; (b) In operation during night 
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Fig. 3.1 Locations selected for beetle sampling on light trap and host trees in Himachal 

Pradesh 



36 
 

 

and transferred to metal cages containing shoots of host trees on which collection was 

done. At Palampur, the data were recorded twice in a week, whereas in other locations, 

collections were done fortnightly during the entire season from June-September. 

All the collected beetles were brought to the laboratory and the species of beetles 

relevant to the study were separated from rest of the scarabaeids and their percentage was 

worked out species-wise and location-wise. For this survey, any tree on which Melolontha 

adults could be collected mating and/or feeding was considered to be a host tree. 

Table 3.1 Sampling locations for Melolontha beetles on light traps and host trees  

District Location Zone Latitude Longitude Altitude 

(m amsl) 

Source of 

collection 

Kangra Palampur II N 32
0
, 05.666′ E 76

0
,32.781′ 1222 Peach, apple, 

light trap 

 Badagaon III N 31
0
, 58.957′ E 77

0
,07.907′ 2268 Apple, 

persimmon, 

walnut, wild rose, 

bathua,  light trap 

Kullu Chhattanseri II N 32
0
,04.483′ E 77

0
,12,674′ 1189 Apple, plum, 

light trap  

Mandi Janjehli III N 31
0
, 52.148′ E 77

0
,21.833′ 2044 Light trap 

Shimla Mashobra III N 31
0
,12.962′ E 77

0
,22.835′ 2286 Light trap 

Kinnaur Sangla IV N 31
0
, 25.932′ E 78

0
,15.060′ 2588 Apple trees, light 

trap 

Chamba Ahla 

 

III N 32
0
, 53.083′ E 76

0
, 00.346′ 2039 Apple, Wild rose, 

Indian siris., light 

trap 

3.2 Identification of beetles 

 The identity of Melolontha beetles up to species level was confirmed at National 

Bureau of Agricultural Insect Resources, Karnataka, India.  

3.3 Determination of diversity indices 

Alpha Diversity: Alpha diversity was calculated as number of observed species per 

location. Species richness (number of species), relative abundance (number of individuals 

of each species) and three diversity measures were used in this study. The diversity indices 

assume that individuals are sampled randomly from a population at different locations. 

The Shannon index (H') explains the evenness of the abundance of species, while the 

Simpson‟s index of diversity (D) is less sensitive to species richness but more sensitive to 

the most abundant species, (Price 2004). Pielou‟s evenness index (J') explains the 

evenness of allotment of individuals among the species. Diversity indices were determined 

from the information gathered during the period of study on each site by using the 

following equations (Krebs 2001).  
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i) Shannon index (H') 

 

 

 

ii) Simpson’s index (D)  

   
 s 

 

D = 1- ∑ (pi)
2
 

   i=1  

iii) Pielou’s evenness index (J') 

        J' = H'/  Hmax 

Where, 

H'= Shannon diversity index 

pi= Proportion of total sample belonging to the i
th

 species.  

S= Number of species. 

∑= Sum from species 1 to species S 

D= Simpson‟s index of diversity. 

N= Total percentage cover or total number of organisms.  

n= Percentage cover of a species or number of organisms of a species 

J'= Evenness of allotment of individuals among the species.  

Hmax = Maximum species diversity (H') = Log2S 

Beta Diversity: Beta diversity was calculated to estimate species similarity between two 

habitats  

i) Sorensen’s similarity index  

β=2C/ (C+S1+S2) 

Where, 

C= no. of shared species between different landscapes 

S1= no. of species present in site 1 

S2= no. of species present in site 2 

ii) Jaccard’s similarity index was calculated according to formula given by Jaccard 

(1912)  

S= a/ (a+b+c) 

Where, 

a= No. of shared species between different landscapes 

   S   

H' =  - ∑ 
(pi

) 

(log2pi) 

  i=1   
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b= No. of species in site 1 

c= No. of species present in site 2. 

iii) Bray-Curtis similarity index  

CN= 2jN/ (Na+Nb) 

Where,  

Na= the total number of individuals in site Aj 

Nb= the total number of individuals in site Bj 

2jN= the sum of the lower of the two abundance for species found in both sites.  

The index value ranges from one (or 100) when two samples are identical, zero when 

there are no shared species between them. The index shows the difference in total 

abundance rather than relative abundance (Magurran 2004; Pathania et al. 2015). 

iv)  Bray-Curtis distance index  

CN= 1- {2jN/ (Na+Nb)} 

Where, 

Na= total number of individuals in site Aj 

Nb= total number of individuals in site Bj 

2jN= sum of the lower of the two abundance for species found in both sites.  

The index value ranges from zero (or 100) when two samples are identical, one when 

there are no shared species between them.  

3.4 Estimation of Melolontha grub population in soil and their extent of infestation 

Larval collection was also done during March-January of 2017 and 2018 at the 

locations that were surveyed for beetle collection (Table 3.2; Fig. 3.2). In crops like 

rajmash and cabbage, the wilted plants and the plants that had died prematurely were 

uprooted and the soil around these plants was searched for larvae. In potato and onion, 

sampling sites were selected randomly by throwing a one square feet quadrant over ones 

shoulder, with no two sampling pits overlapping. Pit sampling was done and a sample 

consisted of one cubic feet of soil carefully dug by a shovel and searched for larvae. Ten 

samples in each crop were taken during all observations. Larvae were transferred to the 

laboratory and reared up to adult stage to facilitate identification. The averages of all 

observations were worked out and plotted to draw conclusions. At the same time, the data 

on white grub damage were also taken from different locations in different crops. The 

average of all observations was worked out and plotted to draw conclusions.  
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Fig. 3.2 Locations selected for Melolontha grubs sampling in Himachal Pradesh 
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Table 3.2 Description of locations surveyed for the collection of grubs in Himachal Pradesh  

District Location Zone Latitude Longitude Altitude 

(m amsl) 

Crop habitat 

Kangra Badagaon III N 31
0
, 58.957′ E 77

0
,07.907′ 2268 Cabbage, potato, 

rajmash 

Kothi kohar III N 32
0
,07.847′ E 76

0
,80.052′ 2213 Potato, Cabbage, 

rajmash,  

Kullu Chhattanseri II N 32
0
,04.483′ E 77

0
,12,674′ 1189 Potato, Apple 

Benchi II N 32
0
,06.170′ E 77

0
,12,400′ 1180 Cabbage 

Raison II N 32
0
,05.490′ E 77

0
,13,270′ 1433 Apple 

Dallash III N 31
0
, 23.036′ E 77

0
, 6.024′ 2020 Apple 

Mandi Barot III N 32
0
, 02.647′ E 76, 50.415′ 1847 Potato, cabbage 

rajmash 

Janjehli III N 31
0
, 52.148′ E 77

0
,21.833′ 2044 Potato, apple 

Pangna II N 31
0
, 38.658′ E 77

0
,12.405′ 1484 Apple 

Chamba Ahla III N 32
0
, 53.083′ E 76

0
, 00.346′ 2039 Apple  

Kinnaur Sangla IV N31
0
, 25.932′ E 78

0
,15.060′ 2588 Cabbage, potato, 

rajmash, apple  

3.5 Food preference studies for adult beetles of Melolontha species 

Food preference studies of Melolontha beetles were carried out in multi-choice and 

no-choice tests under laboratory conditions. In multi-choice test, five known host plants 

viz., rose, plum, apple, peach and pecan nut were tested for feeding preference by adults 

of M. indica, M. furcicauda and M. cuprescens beetles. Two healthy shoots of about 15 

cm long of each host tree were placed in glass jar (height: 30 cm x diameter: 22 cm) 

containing moist soil and covered with thick muslin cloth. The shoots were arranged in 

two concentric rings each containing one shoot of each host. Field collected and pre-

conditioned eight beetles (starved for 24 hours) were released in each of three jars kept as 

replicates. Shoots were changed daily and leaf area consumed by beetles after three days 

of release was quantified by using leaf area meter (Systronics Model 211). 

In no-choice test, five shoots of each host were placed in moist soil in the glass jar 

(10 cm diameter) and four preconditioned and starved beetles were released in it. Three 

replicates were maintained for each host. Data on leaf consumption were recorded after 

three days using leaf area meter. 

3.6 Studies on comparative biology and morphometrics of Melolontha species 

The beetles collected through light trap and from host trees were brought to the 

laboratory in metal cages (15x10 cm
2
) and two pairs of beetles were released in each glass 

jar (10 cm diameter) half filled with mixture of moist sand, soil and farm yard manure in 

equal proportion. Regular watering was done to keep soil moist. Fresh cut twigs of apple/ 
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rose were provided as food and were replaced daily. The glass chimneys were used to 

cover jars. The upper grooved end of chimney was covered with double-layered muslin 

cloth with the help of rubber band to prevent escape of beetles (Plate 3.2).  

The soil was taken out of glass jars every 3-4 days, and eggs were removed and 

counted. The same soil was used for about a month, and was examined every time it was 

taken out of the jars. Eggs collected from oviposition jars were placed in separate jars 

containing fresh moist soil and another thin layer of soil was sprinkled over the eggs to 

maintain optimum moisture. These jars were maintained at room temperature. The eggs 

were checked after every third day until eclosion. After eclosion, hatched out first instar 

larvae were removed from the jars very carefully and placed in soil mixture in small cups 

containing maize/ rajmash seedlings (Plate 3.3; 3.4). Each larva was placed in a single cup 

and each cup was filled with about 250 g of soil. Regular watering was done to maintain 

optimum soil moisture. Second and third instar grubs were reared on potato tubers. The 

food material was provided as often as necessary or desired. Development and survival 

was monitored by examining the emptied out soil every week. The general culture was 

also maintained in glass jars and development inside the earthen cell was followed by 

viewing either through a small hole or when the cell had been constructed adjacent to the 

glass, through the side of the jar. During the development of a batch of larvae, once high 

number of grubs was attained, the third instar larvae were killed and preserved in 70 per 

cent alcohol for further morphological studies.  

Measurements on head capsule width and body length were taken from 

sequentially killed larvae during development from newly hatched larvae to pupation. The 

grubs were observed regularly and different larval instars were distinguished on the basis 

of head capsule width as suggested by Chandel et al. (1995). Newly formed grubs were 

used to measure their size in each instar (n = 10). Data on head capsule width were 

recorded using NIKON SMZ-745 T. The size of larvae, pupae and adults was measured 

using digital Vernier Caliper (0-150 mm, Aerospace make). The raster patterns of larvae 

were drawn with the help of Camera Lucida.  

             In Scarabaeidae, most diagnostic characteristics are found on head (antennae), 

mouth parts (mandible, maxillae, epipharynx, clypeus, labrum, labium and hypopharynx) 

and on the ventral surface of the last abdominal segment i.e. raster (Ritcher 1966). To 

study larval characters, third instar larvae of Melolontha were fixed in KAAD solution for   
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                   Plate 3.2 Glass jars used for mating and feeding of adult beetles 

                
                  Plate 3.3 Maize seedlings used for rearing of first instar grubs of Melolontha species 

  

        
                 Plate 3.4 Rajmash seedlings used for rearing of first instar grubs of M. virescens (= P. fullo) 
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12 hours and then preserved in 70 per cent ethanol. The head capsule was removed from 

the body and placed in 10 per cent KOH for 30 minutes. 

 Dissection took place under microscope and separate parts were studied in 

temporary slides under microscope. Drawings were made on a plain paper with the help of 

camera lucida at required magnifications. The photographs were taken with digital camera 

attached with stereo zoom microscope. The terminology of immature morphology follows 

Jia et al. (2020) and Ritcher (1966). 

3.7 Studies on male genitalia of Melolontha beetles 

 After night collection, the beetles of Melolontha species were brought to 

laboratory in metal cages. Some of the male and female beetles were separated at the time 

of mating and remaining were separated on the basis of antennal characters. The beetles 

were preserved sex-wise in separate plastic containers. For male genitalia study, dried 

male specimens were placed in 70 per cent alcohol for genitalia extraction. The abdomen 

was removed with the help of pointing needle and forceps from thorax. Aedeagus and 

speculum gastrale were removed carefully from the dissected abdomen by means of 

forceps and placed in the cavity plates. Aedeagus was placed in 10 per cent KOH solution 

for about 3-4 hours until all fat bodies and tissues were macerated and aedeagus became 

translucent. A fluffy structure known as endophallus is present inside the aedeagus, which 

is of taxonomic importance. The endophallus was everted out by injecting water with little 

pressure from the base of the aedeagus using a syringe attached to the hollow needle 

(D'Hotman and D'Scholtz 1990; Sreedevi and Sakshi 2016). Aedeagus measurements 

were recorded by measuring the length and width of the phallobase and paramere as well 

as the length and width of spiculum gastrale. These studies were carried out under a stereo 

zoom microscope (NIKON SMZ-745T) and line diagrams drawn with the help of Camera 

Lucida by keeping them in 70 per cent alcohol. Aedeagus and spiculum gastrale were then 

transferred to 70 per cent ethanol for final preservation. 

3.8 Sequencing analysis of Melolontha species 

3.8.1 Extraction of genomic DNA: Total genomic DNA was extracted using CTAB 

(Cetyl Trimethyl Ammonium Bromide) method (Doyle and Doyle 1990) from entire head 

and legs of adult beetles or grubs. The musculature of head and legs was ground to fine 

powder using liquid nitrogen in sterilized pre-cooled pestles and mortars. The ground 

tissues were transferred to 2 ml eppendorf tubes containing 700 µl of extraction buffer (2 

per cent CTAB, 100 mM Tris, 20 mM EDTA, 1.4 mM NaCl and 1 per cent PVP, pH 8.0) 
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maintained at 65
0
C in water bath and mixed vigorously. The mixture was incubated at 

65
o
C for 1 h with occasional mixing. An equal volume of chloroform: isoamyl alcohol 

(24:1) was added to the tubes followed by gentle mixing. The mixture was centrifuged at 

10,000 rpm for 10 minutes at 4
o
C. The aqueous phase was transferred to fresh tube, 

followed by addition of 500 µl of pre-chilled isopropanol. The contents of the tubes were 

mixed gently and the mixture was incubated at -20
o
C for 1 h. DNA was precipitated by 

centrifugation at 10,000 rpm for 10 minutes using centrifuge (SIGMA, Laborzentrifugen, 

Germany). The supernatant was drained and the resulting pellet was washed twice with 1 

ml of 70 per cent chilled ethanol. The pellet was dried for 3-4 h. Dried DNA pellet was 

dissolved in 1 ml TE buffer (10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0). The dissolved 

DNA was treated with 1 µl of RNase (10 mg/ml). The quantity and quality of DNA was 

estimated through electrophoresis using 1 per cent agarose gel (Himedia).  

3.8.2 Electrophoresis of DNA: Agarose (1g) was added in 100 ml of TAE buffer (1 X) 

in a 200 ml flask to prepare 1% agarose gel. The contents were boiled in a microwave 

oven for 2 minutes to dissolve agarose in buffer completely. After cooling, 2µl of 

ethidium bromide (10 mg/ml) was added to the solution and poured into a gel tray and left 

for solidification. DNA samples were loaded on the gel with loading dye. The gel was run 

at 100V and DNA band was visualized and photographed under UV light using 

bioilluminator.  

3.8.3  Polymerase Chain Reaction (PCR): PCR was performed for DNA amplification.  

Reaction mixture (25µl) containing template DNA, 10X Taq polymerase buffer (100mM 

Tris HCl, pH 9.1, 500 mM KCl), 0. 2 mM dNTPs mix, 25 mM MgCl2, 0.1 µl each forward 

and reverse primers and 0.2 µl of Taq polymerase (5U/Himedia) was prepared and the 

PCR reaction was carried out in 0.2 ml PCR tube. PCR mixture was denatured at 94°C for 

5 minutes followed by 35-40 cycles and final extension at 72°C for 10 minutes (Table 

3.3). PCR product (25µl) was then run on 1% agarose gel. Agarose gel was prepared in 

1X TAE buffer and 2µl of ethidium bromide (10mg/ml) was added. The sample was 

mixed with loading dye prior to loading on the gel. The sizes of fragments were compared 

with 1kb DNA ladder. 

3.8.4 Cloning of PCR Products 

Ligation: Amplified PCR products were cloned in pGEM
®
-TEASY vector (Promega, 

USA) using standard molecular biology tools (Sambrook et al. 1989). Ligation mixture 
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(10µl) comprised of 1 µl PCR product, 1µl PGMT easy vector, 5 µl ligation buffer, 1 µl 

DNA ligase and 2 µl dH2O. The ligation mixture was incubated at 12-14˚C overnight.  

Transformation: Ligation mixture (2µl) was mixed in an eppendorf tubes containing 100 

µl competent cells and incubated on ice for 20 minutes. The cells were then heat shocked 

at 42˚C in a dry bath for 2 minutes. The cells were immediately transferred on ice for 2 

min and 900 µl LB medium was added. The cells were then placed at 37˚C for 1 hour with 

constant shaking at 150 rpm. Transformed mixture (100 µl) was plated out on LBA plates 

with ampicillin and X gal + IPTG and incubated for 24 h at 37˚C. Thereafter, blue and 

white colonies were produced on LBA plates.  

Table 3.3 PCR conditions for different primers 

Gene 

(Primer) 

Parameters Initial 

Denaturation 

Denaturation Annealing Extension Final 

extension 

Storage 

Cox1 

(Jerry + 

Pat) 

Temp (ºC) 

Time (min) 

Cycles 

94 

3.00 

1 

94 

0.40 

39 

58 

0.45 

39 

72 

1.00 

72 

7 

1 

4 

∞ 

1 

28S 

rRNA 

(DD + 

FF) 

Temp (ºC) 

Time (min) 

Cycles 

94 

3.00 

1 

94 

0.30 

39 

48 

0.45 

39 

72 

1.00 

72 

7 

1 

4 

∞ 

1 

 

3.8.5 Isolation of plasmid DNA by alkali-lysis method (mini-prep method) 

a) Reagents for plasmid isolation 

I. Alkali lysis solution I (50 mM glucose, 25 mM Tris-Hcl (PH 8.0). 

a. 10 mM EDTA (PH 8.0) 

b. Glucose = 901 mg 

c. Tris (1M) = 2.5 ml 

d. EDTA (0.5M) = 2 ml 

e. Add dH2O to make vol. To 100 ml. Autoclave and store at 4˚C 

II. Alkali lysis solution II (0.2 N NaOH, 1% SDS) 

a. NaOH (5M) = 4 ml 

b. SDS = 1g 

c. Add dH2O to make vol. to 1000 ml. Autoclave and store at room temperature. 

III. Alkali lysis solution III 

a. Potassium acetate (5M) = to ml 

b. Glucose acetate acid = 11.5 ml 

c. Add dH2O to make vol. To 100 ml 

d. Store at 4˚C and transfer to ice bucket before use 
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b) Procedure 

i. LB containing appropriate antibiotic (5 ml) was inoculated with single colony of 

transformed bacteria and incubated at 37˚C overnight on a rotary shaker. 

ii. 1.5 ml media was poured in centrifuge tube and centrifuged at maximum speed for 

30 seconds. 

iii. Medium was removed by aspiration leaving bacterial pellet as dry as possible. 

iv. The bacterial pellet resuspended in 100 µl of ice cold alkali lysis solution I by 

vigorous vortexing. 

v. Freshly prepared alkali lysis solution II (200 µl) + 4 µl of RNase (10 mg/ml) was 

added to each bacterial suspension and incubated at room temperature for 10 

minutes. 

vi. Ice-cold alkali lysis solution III (150 µl) was added and alkali lysis solution III was 

dispersed by inverting tubes several times. This mixture was stored on ice for 3-5 

minutes. Then lysate centrifuged at maximum speed at 4˚C for 5 min. 

vii. An equal volume of phenol: chloroform mix was added and centrifuged at 

maximum speed for 2 min at 4˚C. 

viii. The aqueous phase was then transfered to fresh tubes. 

ix. Nucleic acid precipitated from supernatant by adding 2 volume of ethanol at room 

temperature. The solution was mixed by vortexing and then allowed to stand for 20 

min at room temperature. 

x. Centrifuged at maximum speed for 5 min at 4˚C. 

xi. Supernatant was removed and tubes were stored in an inverted position on paper 

towel to drain away the fluid. 

xii. 1 ml of 70 % ethanol was added and tubes were inverted several times. Then the 

solution was centrifuged at maximum speed for 2 min at 4˚C. 

xiii. Removed all the supernatant by aspiration. Open tubes were stored at room 

temperature until ethanol has evaporated. 

xiv. The nucleic acid was dissolved in 50 µl of TE and tubes were stored at -20˚C. 

 

3.8.6. Molecular analysis for DNA sequencing  

The sequencing of cloned genes (Cox1 and 28S rRNA) was done by automated 

sequencer (Eurofins Genomics, Bengaluru). The plasmid (pGEM-T Easy Vector; 

Promega) containing respective cloned genes were used for the sequencing. The 
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sequencing was done using T7 (TAATACGACTCACTATAGGG) and SP6 

(ATTTAGGTGACACTATAG) primers followed by standard operating protocols. 

Sequences on the 5′ and 3′ ends were trimmed to remove unwanted vector sequences 

using the GATT and AATC sequences. Forward and reverse primers were highlighted. 

Nucleotide-Basic Local Alignment Search Tool (BLASTn) of NCBI database was used to 

perform a similarity search. The highly similar gene sequences were retrieved and these 

sequences along with our genes sequences were used for multiple sequence alignment 

using Clustal Omega tool (Thompson et al. 1997) with default settings in BioEdit 7.2.5 

(Hall 1999). Phylogenetic analysis was done by using MEGA X program. In MEGA X, 

data sets were compiled using sequences generated in this study and sequences from 

previous studies obtained from the NCBI GenBank databases. Using all sequences 

generated in the study and the reference sequences, a maximum likelihood (ML) analysis 

based on the K-2 parameter model (Kimura 1980) with complete gap deletion and 

resampling with 1000 bootstrap replications was done.  

3.9 Bioefficacy studies of insecticides against white grubs  

3.9.1 Evaluation of insecticides against grubs of M. virescens (=P. fullo)  

Six insecticides, as given in table 3.4 were evaluated against second and third 

instar grubs of M. virescens (=P. fullo) under laboratory conditions at Palampur during 

2018. These insecticides (Plate 3.5) were used at doses ranging from 0.02 – 0.64 g a.i./kg 

soil. For all insecticides, preliminary trials were run to determine the range of 

concentration, which could give mortality from 10 - 90 per cent. The serial dilutions were 

further prepared using the following equation: 

C1V1 = C2V2 

Where, C1 = Initial concentration of stock solution; V1 = Volume of initial concentration 

 C2 = Final concentration; V2 = Final volume 

Table 3.4 List of insecticides tested against grubs of M. virescens (=P. fullo) 

S.No.  Name of chemical Group Trade name Source 

1. Chlorantraniliprole  Diamide groups  Coragen 18.5 SC Dupont India Pvt. Ltd. 

2. Bifenthrin Synthetic pyrethroids  Bicep 10 EC Crop Chemicals 

3. Clothianidin  Neonicotinoids  Dantotsu 50 WDG Sumitomo Chemicals  

4. Thiamethoxam  Neonicotinoids  Suckgan 25 WDG Adama India Pvt. Ltd. 

5. Imidacloprid  Neonicotinoids Victor 17.8 SL Bayer Crop Science 

6. Chlorpyriphos  Organophosphate  Lethal 20 EC Insecticides (India) Ltd. 
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                      Plate 3.5 Insecticides tested against Melolontha grubs 
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            The calculated doses of insecticides were thoroughly mixed in one kg of moist 

soil, and the treated soil was filled in plastic pots. Each treatment was replicated thrice, 

and total 10 grubs were released in each replication. Fresh potato tubers were provided as 

food for the grubs. The data on grub mortality were recorded after 48 hours of treatment. 

To record observations, the soil was tipped out of pot on a paper, and the grubs were 

observed carefully for mortality. A grub was considered dead if it failed to respond when 

probed. The mortality data were converted to per cent mortality and per cent mortality was 

corrected by using Abbott‟s formula (Abbott 1925).  

 

 

 The corrected per cent mortality was subjected to probit analysis (Finney 1971) to 

calculate LC50 and LC90 values. Relative toxicity was calculated by dividing LC50 value of 

an insecticide to a population with lowest LC50 value of the insecticide among the 

population. 

3.9.2 Evaluation of insecticides as seed treatment against grubs M. indica  

The third instar grubs of M. indica were collected from apple orchards in Pangna 

area of Mandi district. These grubs were brought to the laboratory and were maintained 

for about one week before treatment. Six insecticides viz., chlorpyriphos 20 EC, 

imidacloprid 17.8 SL, clothianidin 50 WDG, thiamethoxam 25 WG, bifenthrin 10 EC and 

chlorantraniliprole 18.5 SC were used for seed treatment at different doses. There were 

total six treatments, and each treatment was replicated three times. For seed dressing, the 

required quantity of each insecticide along with rajmash seeds was placed inside 

polythene bag. To facilitate uniform coating, few drops of water were sprinkled over the 

mixture. The mixture was swirled gently to ensure uniform coating of insecticide over 

seeds. The treated seeds were then shade dried in Petri plates. The experiment was 

conducted in plastic trays (45 cm x 35 cm x 7 cm) filled with the mixture of soil + FYM. 

In each tray, 10 grubs were released, and 20 treated rajmash seeds were sown at a depth of 

about 5 cm. The grub mortality was observed after 20 days of sowing by taking out the 

soil and counting the number of healthy and dead grubs in both treated and control trays. 

The data on plant mortality were recorded 10 and 20 days after sowing, and per cent 

mortality data on plants and grubs were subjected to arcsin transformations.  
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4.  RESULTS AND DISCUSSION 

The present work on bioecology and management of Melolontha species in 

Himachal Pradesh was undertaken during 2017-2019. The abundance and diversity of 

Melolontha beetles in different agro climatic zones of Himachal Pradesh was investigated 

using light traps and by sampling beetles directly from their host trees. To examin the 

diversity and density of grubs in soil, pit sampling was done and the collected white grubs 

were reared in laboratory for further identification. The observations on bionomics of four 

species were recorded under laboratory conditions. The data recorded on these aspacts are 

presented and discussed under this chapter in the light of existing literature. 

4.1 Species diversity and population abundance of Melolontha beetles on light trap 

The light trap studies were carried out during May-September in six districts 

covering seven locations during 2017 and 2018 (Table 4.1). The altitude of these locations 

varied from 1189 to 2588 m amsl, and the latitude of the study sites ranged from 

31
0
,12.962′ to 32

0
,53.082 N. The longitude of study sites ranged from 76

0
,00.346′ to 

78
0
,15.060′ E. The rainfall was recorded in the range of 254.2 to 2293 mm during 2017, 

whereas in 2018, it was slightly higher varying from 251.7 to 2584.7 mm. During the 

survey, total five species of Melolontha beetles were collected from Kangra, Kullu, 

Mandi, Chamba, Shimla and Kinnaur districts of Himachal Pradesh (Table 4.1). Chandra 

(2005) has reported four species belonging to the genus Melolontha from Chamba, 

Kinnaur, Kullu, Mandi, Shimla, Sirmaur and Solan districts of Himachal Pradesh. In the 

present study, Melolontha furcicauda Ancey was recorded at all the locations. Melolontha 

cuprescens Blanchard was absent in Kinnaur and Melolontha indica Hope in Shimla 

district among surveyed locations. Melolontha sp.1 was collected in very low numbers 

during May-September in 2017 and 2018 in Kangra and Mandi districts. Melolontha 

virescens (Brenske) [=Polyphylla fullo (Linnaeus)] was recorded in Mandi, Kangra, 

Chamba and Kinnaur districts of Himachal Pradesh. The data recorded on number of 

Melolontha beetles on light traps are presented separately species-wise.  

4.1.1 Abundance and distribution of M. cuprescens on light trap in Himachal Pradesh 

during 2017 and 2018 

The data on abundance of M. cuprescens recorded on light traps at different 

locations during 2017 and 2018 are given in table 4.2. This species was collected at 



51 
 

 

Palampur, Chhatanseri, Badagaon, Janjehli, Ahla and Mashobra. It is said by Chandra 

(2005) to occur in Chamba, Kinnaur and Kullu districts of Himachal Pradesh. Pathania 

(2014) found it to be common species in Chamba, Sirmaur, Kinnaur and Kullu districts of 

Himachal Pradesh. Among selected sites, the areas like Chhatanseri, Badagaon, Janjehli 

and Ahla showed higher abundance of M. cuprescens. Maximum beetles of M. cuprescens 

(92 and 88 beetles) were collected in Chhatanseri where this species comprised 69.17 and 

73.33 per cent of total Melolontha beetle catch during 2017 and 2018, respectively. 

According to Pathania et al. (2015), M. cuprescens comprised 2.63 to 3.70 per cent of total 

scarab fauna in Kullu district of Himachal Pradesh, but the contribution of M. cuprescens 

to total Melolontha beetle catch has been reported as 33.13 to 36.36 per cent by these 

workers. In Badagaon area, 50 and 65 beetles were collected between June to September 

during 2017 and 2018 with relative abundance of 27.47 and 35.14 per cent, respectively. 

At Janjehli and Ahla, the total catch of M. cuprescens consisted of 57 and 41 beetles 

during 2017, and 54 and 51 beetles during 2018, respectively. At Janjehli, M. cuprescens 

comprised 62.07 to 62.63 per cent of total Melolontha beetle catch, whereas at Ahla, the 

relative abundance of M. cuprescens varied from 43.62 to 48.11 per cent during 2017-18. 

According to earlier reports, the relative abundance of M. cuprescens has been recorded to 

be ranging from 44.89 to 46.32 per cent in Chamba district of Himachal Pradesh (Pathania 

et al. 2015).  

Table 4.1 Checklist of Melolontha beetles collected on light trap during 2017-18 in HP  

S. 

No. 

Species Palampur Chhatanseri Badagaon Janjehli Ahla Mashobra Sangla 

1.  M. cuprescens  + + + + + + - 

2.  M. furcicauda  + + + + + + + 

3.  M. indica  + + + + + - + 

4.  Melolontha sp.1 + - + + - - - 

5.   M. virescens 

(=P. fullo)  

- - + + + - + 

Present (+), Absent (-) 

 

The frequency of occurrence was recorded to be 100 per cent at Chhatanseri, 

Badagaon and Ahla, whereas at Janjehli, the frequency of occurrence was found to be 75.0 

per cent during both the years. In Mashobra and Palampur areas, very low population of 

M. cuprescens was recorded during July to September. At Mashobra, M. cuprescens 

beetles constituted 33.33 to 40.0 per cent of total Melolontha beetle catch, whereas at 

Palampur, M. cuprescens constituted only 1.07 to 1.13 per cent of total Melolontha beetle 
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catch during 2017 and 2018. Sreedevi et al. (2017) reported that M. cuprescens accounts 

for 4.40 per cent of total scarab fauna in Himachal Pradesh.   

Table 4.2 Abundance of M. cuprescens beetles on light trap in HP during 2017 and 2018 

Location  Year No. of beetles collected Total 

catch 

Dominance  

(%) 

Frequency 

(%) June  July Aug Sept 

Palampur 
2017 0 3 0 0 3 1.09 25.0 

2018 0 0 2 1 3 1.14 50.0 

Chhatanseri 
2017 15 55 20 2 92 69.17 100.0 

2018 11 60 16 1 88 73.33 100.0 

Badagaon  2017 3 34 11 2 50 27.93 100.0 

2018 5 43 16 1 65 36.11 100.0 

Janjehli 2017 2 46 9 0 57 65.51 75.0 

2018 1 43 10 0 54 63.53 75.0 

Ahla 2017 2 19 15 5 41 43.62 100.0 

2018 1 27 16 7 51 48.11 100.0 

Mashobra  2017 0 6 3 0 9 33.33 50.0 

2018 0 4 4 0 8 40.0 50.0 

The beetles of M. cuprescens started appearing on light trap in third week of June 

at Chhatanseri, and during last week of June at Badagaon, Janjehli and Ahla. At 

Mashobra, the activity of M. cuprescens began during first to third week of July, whereas 

at Palampur, its first appearance on light trap was noticed between second week of July to 

third week of August during 2017 and 2018, respectively. The peak activity of M. 

cuprescens beetles was recorded in the month of July at all the locations during both the 

years (Fig. 4.1; 4.2). At Chhatanseri, 59.78 to 68.18 per cent of total M. cuprescens beetles 

were collected during July, followed by 18.18 to 21.74 per cent in August during 2017 and 

2018, respectively. At Badagaon, 66.15 to 68.0 per cent, at Janjehli, 79.63 to  

 

Fig. 4.1 Month-wise occurrence of M. cuprescens beetles on light trap during 2017 
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Fig. 4.3 Cumulative month-wise catch of M. cuprescens 

beetles during 2017 and 2018 

80.70 per cent, and at Ahla, 46.34 to 52.94 per cent of total M. cuprescens beetles were 

taken in the month of July, whereas in August, the respective trap catch varied from 22.0 

to 24.62 per cent, 15.79 to 18.52 per cent and 31.37 to 36.59 per cent during 2017 and 

2018. Pathania (2014) also reported that beetles of M. cuprescens appeared late in June in 

Sirmaur and Kullu districts, and during July in Kinnaur and Chamba districts which 

corroborates our findings. 

 

Fig 4.2 Month-wise occurrence of M. cuprescens beetles on light trap during 2018 

The analysis of 

data from six different 

locations during 2017 

and 2018 indicated that 

64.68 and 65.80 per cent 

of the M. cuprescens 

beetles appeared on light 

trap only during July. 

The mean catch of M. 

cuprescens beetles in 

June, August and September was computed to be 8.73 and 6.69 per cent, 23.02 and 23.79 

per cent, and 3.57 and 3.72 per cent during 2017 and 2018, respectively, as shown in fig. 

4.3. 

4.1.2 Abundance and distribution of M. furcicauda on light trap in Himachal 

Pradesh during 2017 and 2018 

The data in table 4.3 showed that M. furcicauda was predominantly collected in 

Palampur and Badagaon in Kangra district, and at Ahla in Chamba district. According to 

Chandra (2005), M. furcicauda is widely distributed in Himachal Pradesh, and has been 
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reported to occur in Chamba, Kinnaur, Kullu, Mandi, Sirmaur and Solan districts of 

Himachal Pradesh. Pathania et al. (2015) reported that M. furcicauda occur in Kangra, 

Kullu, Sirmaur and Chamba districts of Himachal Pradesh. In Kashmir (Arifie et al. 2019) 

and Uttarakhand (Shah and Garg 1988; Sreedevi et al. 2017), M. furcicauda has been 

reported as a minor pest.    

A cursory look on the data indicated that the total beetle catch of M. furcicauda 

was marginally higher during 2017 as compared to 2018 at all the locations except Ahla. 

At Palampur during 2017, 135 beetles, and in 2018, 132 beetles were collected during a 

period of four months between June to September. Perusal of data in table 4.3 indicated 

that M. furcicauda comprised 48.21 per cent of total Melolontha beetle catch during 2017, 

and 49.62 per cent of total Melolontha beetle catch during 2018 at Palampur. Earlier 

workers have reported that M. furcicauda contributed to 43.32 to 43.42 per cent of total 

Melolontha beetle catch on light trap in different parts of Himachal Pradesh (Pathania et 

al. 2015). At Badagaon, the total trap catch for M. furcicauda beetles comprised of 35 

beetles during both the years contributing to 19.23 and 18.91 per cent of total Melolontha 

beetle catch during 2017 and 2018, respectively. At Ahla in Chamba district, 36 and 41 

beetles of M. furcicauda were captured on light trap during the period of study (June-

September) in 2017 and 2018, respectively. The relative abundance of M. furcicauda at 

Ahla was calculated to be 38.29 per cent during 2017, and 38.68 per cent during 2018.  

At Chhatanseri in Kullu valley, 32 and 24 beetles of M. furcicauda were taken on 

light trap during 2017 and 2018, respectively, and the contribution of this species to 

Melolontha assemblage has been worked out to be 24.06 and 20.0 per cent during 2017 

and 2018, respectively. At Janjehli in Mandi district, M. furcicauda comprised 18.68 and 

17.24 per cent of total Melolontha beetle catch with total count of 17 and 15 beetles during 

July and August in both the years. Almost similar trend was noticed at Mashobra where 18 

and 12 beetles of M. furcicauda were observed on light trap between June to August. This 

species accounted for 66.67 and 60.0 per cent of total Melolontha beetle catch at 

Mashobra during 2017 and 2018, respectively. Mishra and Singh (1999) collected 37 

beetles of M. furcicauda in Uttarakhand, and reported that M. furcicauda accounts for 

68.52 per cent of total Melolontha beetle catch at Ranichauri. According to Sreedevi et al. 

(2017), M. furcicauda contributes up to 3.72 per cent of total beetle catch in Uttarakhand. 

Similarly, in Kumaon hills, M. furcicauda comprised 74.07 per cent of total Melolontha 

beetle catch at Saraikhet (Mishra and Singh 1997).  
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The total catch of M. furcicauda beetles was lowest at Sangla in Kinnaur district 

with a total catch of seven and five beetles during the entire season. The relative 

abundance of M. furcicauda at Sangla was worked out to be 15.91 and 11.11 per cent 

during 2017 and 2018, respectively. Raina and Khan (2007) have also reported low 

population of M. furcicauda from Kashmir accounting for 0.75 per cent of total scarab 

beetle catch on light trap at Pahalgam. The frequency of occurrence was recorded to be 

100 per cent at Palampur, Chhatanseri, Badagaon and Ahla. At Mashobra, the frequency 

of occurrence was 75.0 per cent, whereas at Janjehli and Sangla, the frequency of 

occurrence of M. furcicauda beetles on light trap was 50.0 per cent during both the years, 

and at both the locations. 

Table 4.3 Abundance of M. furcicauda beetles on light trap in HP during 2017 and 2018 

Location Year No. of beetles collected Total 

catch 

Dominance  

(%) 

Frequency 

(%) June July Aug Sept 

Palampur 2017 36 86 11 2 135 48.91 100.0 

2018 31 78 19 4 132 50.19 100.0 

Chhatanseri 2017 6 14 11 1 32 24.06 100.0 

2018 3 11 9 1 24 20.00 100.0 

Badagaon 2017 2 27 5 1 35 19.55 100.0 

2018 4 22 8 1 35 19.44 100.0 

Janjehli 2017 0 5 12 0 17 19.54 50.0 

2018 0 7 8 0 15 17.65 50.0 

Ahla 2017 2 19 12 3 36 38.29 100.0 

2018 2 23 15 1 41 38.68 100.0 

Mashobra 2017 5 8 5 0 18 66.67 75.0 

2018 2 7 3 0 12 60.00 75.0 

Sangla 2017 2 5 0 0 7 15.91 50.0 

2018 0 3 2 0 5 11.11 50.0 

 At Palampur during 2017, and at Badagaon and Ahla during 2017 and 2018, the 

beetles of M. furcicauda made their first appearance on light trap during third week of 

June, and their activity continued up to first week of September. At Palampur during 2018, 

the period of beetle activity was found to be extended by about two weeks. The beetles 

started emerging during second week of June, and their activity continued up to second 

week of September. At Chhatanseri, the activity of M. furcicauda began in third week of 

June and continued up to second week of September as evident from the light trap data 

given in table 4.3. Altaf and Ahad (2020) also reported that beetles of M. furcicauda 

appeared on light trap between May to September in Kashmir Himalaya with peak activity 

in first fortnight of June. Mishra and Singh (1997) recorded this species occurring on light 

trap at Saraikhet from June to September with peak catch of 12 beetles per month in July.  
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At Mashobra, the beetle emergence began in the third week of June during both the 

years, but there was no activity of beetles on light trap after second week of August during 

2017. In 2018, the beetle activity ceased in first week of August. At Sangla, the beetle 

emergence was found to be inconsistent during the study period. In 2017, the beetles 

emergence started in the last week of June and it continued up to second week of July, 

whereas in 2018, the beetles started appearing on light trap in second week of July and 

their activity continued up to first week of August. At Janjehli, there was delayed 

emergence of M. furcicauda beetles in 2017. The beetle emergence commenced during 

third week of July and continued up to second week of August, whereas in 2018, the 

beetle emergence commenced one week in advance but there was no activity of M. 

furcicauda beetles after second week of August. The peak activity of M. furcicauda 

beetles was recorded in the month of July at Palampur, Chhatanseri, Badagaon, Ahla, 

Mashobra and Sangla, whereas at Janjehli, M. furcicauda exhibited peak activity in the 

month of August during both the years (Fig. 4.4; 4.5). Raina and Khan (2007) recorded M. 

furcicauda appearing on light trap at Pahalgam from June to August with peak emergence 

in July.  

 

Fig 4.4 Month-wise occurrence of M. furcicauda beetles on light trap during 2017 

At Palampur, 63.70 and 59.09 per cent of total M. furcicauda beetles were 

collected in July, followed by June (26.67 % in 2017 and 23.48 % in 2018), and August 

(8.15 % in 2017 and 14.39 % in 2018). Similarly, at Badagaon, the total beetle catch for 

M. furcicauda was maximum in July (77.14 and 62.86 %), followed by August (14.29 and 

22.86 %), and June (5.71 and 11.43 %) during 2017 and 2018, respectively. Similar trend 

was noticed at Chhatanseri as shown in fig. 4.4 and fig. 4.5. At Ahla, the total beetle catch 

of M. furcicauda in July was calculated to be 52.78 and 56.10 per cent, followed by 33.33 
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Fig. 4.6 Cumulative month-wise catch of M. furcicauda 

beetles during 2017 and 2018 

and 36.59 per cent in August, and 8.33 and 2.44 per cent during September in 2017 and 

2018, respectively. At Mashobra, the per cent beetle catch for M. furcicauda during July 

was recorded to be 44.44 and 58.33 per cent during 2017 and 2018, respectively, but the 

beetle catch was 27.78 per cent both in June and August during 2017. In 2018, the beetle 

catch was higher in August (25.0 %) as compared to June (16.67 %). In Janjehli area, 

70.59 and 53.33 per cent beetles of M. furcicauda were collected in August, whereas in 

July, the respective trap catch was found to be 29.41 and 46.67 per cent during 2017 and 

2018, respectively. 

 

Fig 4.5 Month-wise occurrence of M. furcicauda beetles on light trap during 2018 

The overall pooling 

of data from all seven 

locations indicated that 

58.57 and 57.20 per cent 

beetles of M. furcicauda 

appeared on light trap in 

the month of July. The 

present results are in 

conformity with those of 

Raina and Khan (2007). In 

August, the cumulative catch of M. furcicauda was recorded to be 20.0 and 24.24 per cent 

during 2017 and 2018, respectively. In June, the mean beetle catch for all seven locations 

during 2017 and 2018 has been worked out to be 18.93 and 15.91 per cent, respectively, as 

shown in fig. 4.6. Similarly, in Uttarakhand, the trap catch for M. furcicauda has been 
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reported to be 51.35 per cent in July, followed by 45.95 per cent in June and 2.70 per cent 

in August (Mishra and Singh 1999). 

4.1.3 Abundance and distribution of M. indica on light trap in Himachal Pradesh   

during 2017 and 2018 

Out of seven locations surveyed in the present study, M. indica was recorded at six 

sites viz. Palampur, Chhatanseri, Badagaon, Janjehli, Ahla and Sangla. Chandra (2005) 

has reported M. indica to occur in Kullu, Shimla and Solan districts of Himachal Pradesh. 

The data on number of M. indica beetles captured on light trap during 2017 and 2018 are 

presented in table 4.4. This species was recorded in higher numbers at Palampur, whereas 

at Badagaon, the beetles of M. indica appeared in moderate numbers. At Chhatanseri, 

Janjehli, Ahla and Sangla, very low population of M. indica beetles was recorded on light 

trap during both the years. At Palampur, total 138 beetles of M. indica were captured on 

light trap during July to September in 2017. The corresponding catch during 2018 

consisted of 128 beetles. According to Pathania et al. (2015), M. indica is fairly common 

species at Palampur and have collected 33-38 beetles of this species between May to 

August during 2011 and 2012. In Doon valley of Uttarakhand, Lal and Sharma (2017) had 

collected 20 beetles of M. indica from four different sites, and these reports partially 

substantiate our results.  

The total catch for M. indica beetles at Badagaon varied from 36 to 37 beetles 

during 2017-18, whereas at Janjehli, 6 to 11 beetles of M. indica were caught on light trap 

in July and August during 2017-18. At Chhatanseri, Ahla and Sangla, 9, 15 and 5 beetles 

of M. indica were recorded on light trap during 2017. Similarly, during 2018, 8, 11 and 4 

beetles of M. indica were caught on light trap at Chhatanseri, Ahla and Sangla, 

respectively. Among different species of Melolontha, M. indica was found to be leading 

species at Palampur comprising 49.29 and 48.12 per cent during 2017 and 2018, 

respectively. In Badagaon area, M. indica constituted 19.78 and 20.0 per cent of total 

Melolontha beetle catch during 2017 and 2018, respectively. At Ahla, the relative 

abundance of M. indica beetles has been computed to be 15.96 and 10.38 per cent during 

2017 and 2018, respectively. Contrary to our results, Pathania et al. (2015) have reported 

higher abundance of M. indica in Kullu district as compared to Palampur. At Sangla, the 

contribution of M. indica to the total catch of Melolontha beetles has been worked out to 

be 11.36 per cent during 2017, and 8.89 per cent during 2018. At Chhatanseri, M. indica 

beetles accounted for 6.77 and 6.67 per cent during 2017 and 2018, respectively. 
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According to Sreedevi et al. (2017), M. indica occurs in low numbers in north western 

Himalaya and accounts for 1.09 and 0.22 per cent of total scarab beetle catch in Himachal 

Pradesh and Uttarakhand, respectively. The beetles of M. indica appeared more regularly 

on light trap at Palampur, Badagaon and Ahla with 75.0 per cent frequency of occurrence 

during both the years. Similarly, at Sangla, the frequency of occurrence was recorded to be 

75.0 per cent during 2017. At Chhatanseri and Janjehli, the beetles of M. indica appeared 

less regularly on light trap, and their frequency of occurrence at both the locations has 

been worked out to be 50.0 per cent during 2017 and 2018.  

Table 4.4 Abundance of M. indica beetles on light trap in HP during 2017 and 2018 

Location  Year No. of beetles collected Total 

catch 

Dominance  

(%) 

Frequency 

(%) June  July Aug Sept 

Palampur 
2017 0 14 84 40 138 50.0 75.0 

2018 0 20 71 37 128 48.67 75.0 

Chhatanseri 
2017 0 7 2 0 9 6.77 50.0 

2018 0 5 3 0 8 6.67 50.0 

Badagaon  2017 0 29 5 2 36 20.11 75.0 

2018 2 32 3 0 37 20.56 75.0 

Janjehli 2017 0 2 4 0 6 6.90 50.0 

2018 0 4 7 0 11 12.94 50.0 

Ahla 2017 0 2 8 5 15 15.96 75.0 

2018 0 3 6 2 11 10.38 75.0 

Sangla 2017 1 3 1 0 5 11.36 75.0 

2018 0 3 1 0 4 8.89 50.0 

The emergence of M. indica beetles started in first week of July at Ahla, and 

continued up to first week of September during both the years. At Palampur, the 

emergence of M. indica beetles began in second week of July, and continued up to last 

week of September during both the years. At Chhatanseri, during 2018 the beetle 

emergence began in second week of July and the activity ceased in second week of 

August. There was delayed emergence in 2017 as the beetles of M. indica were first 

noticed on light trap in last week of July. No beetle activity was observed at Chhatanseri 

after second week of August during 2017. At Janjehli, the beetle emergence started in last 

week of July and the emergence continued up to second week of August in low numbers 

during both the years. At Badagaon, lot of variation existed in beetle emergence during 

2017 and 2018. In 2018, the M. indica beetles started appearing on light trap in last week 

of June, and their activity continued up to third week of August, whereas in 2017, the 

beetle activity commenced in the last week of July, and continued up to first week of 

August. In Sangla area, the emergence initiated during last week of June to first week of 
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July, but beetle activity terminated in first week of August during both the years. Shah and 

Garg (1988) reported that emergence of M. indica begins in last week of June and its 

activity continues up to third week of September with peak activity during third week of 

August in Almora district of Uttarakhand. The peak activity of M. indica beetles was 

recorded in the month of August at Palampur, Janjehli and Ahla, whereas at other 

locations, the beetle catch was comparatively higher in July than in August (Fig. 4.7; 4.8).  

 

Fig 4.7 Month-wise occurrence of M. indica beetles on light trap during 2017 

Out of the total 128-138 beetles collected during July to September, 60.87 and 

54.47 per cent of the beetles were captured on light trap in the month of July at Palampur. 

In August, 28.99 and 28.91 per cent beetles of M. indica were collected on light trap 

during 2017 and 2018, respectively. Similarly, at Ahla, 53.33 and 54.55 per cent of M. 

indica beetles were taken on light trap in the month of June, whereas during August, 33.33 

and 18.18 per cent of M. indica beetles appeared on the light trap during 2017 and 2018, 

respectively. Contrary to Ahla and Palampur, M. indica beetles at Badagaon exhibited 

maximum emergence in July (80.56 % in 2017 and 86.49 % in 2018), followed by a catch 

of 13.89 and 8.11 per cent during August in 2017 and 2018, respectively (Fig. 4.7; 4.8). 

 
Fig 4.8 Month-wise occurrence of M. indica beetles on light trap during 2018 
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Fig 4.9 Cumulative month-wise catch of M. indica beetles 

during 2017 and 2018 

 

Irrespective of 

locations, the overall catch 

of M. indica beetles was 

maximum in the month of 

August (49.76 % in 2017 

and 45.73 % in 2018), 

followed by July (27.27 % 

in 2017 and 33.67 % in 

2018) and September 

(22.49 % in 2017 and 

19.60 % in 2018) as shown in fig. 4.9. 

4.1.4 Abundance and distribution of M. virescens (=P. fullo) on light trap in 

Himachal Pradesh during 2017 and 2018  

The data on the seasonal abundance of M. virescens (=P. fullo) recorded on light 

trap during June to September in 2017 and 2018 are given in table 4.5. Melolontha 

virescens (=P. fullo) was not recorded on light trap at Palampur, Chhatanseri and 

Mashobra. Maximum activity of this species was recorded in high altitude areas at 

Badagaon (2268 m amsl) and Sangla (2588 m amsl. Earlier, M. virescens has been 

reported to occur in low numbers in Himalaya by Beeson (1941). Jarfas and Toth (1977) 

made comparisons of trap catches taken on different lights in Hungary. They reported that 

P. fullo flew to the mercury vapour lamps in the highest numbers. At Badagaon, total 58 

beetles were collected during 2017, and comprehended 31.87 per cent of total Melolontha 

beetle catch during 2017. In 2018, the trap catch for M. virescens (=P. fullo) comprised of 

43 beetles and the relative abundance has been calculated to be 23.24 per cent. Pathania et 

al. (2015) have reported M. virescens to be a predominant species in Badagaon area of 

Kangra district at an altitude of 2268 m amsl. At Sangla, 32 and 36 beetles of M. virescens 

(=P. fullo) were observed on light trap during 2017 and 2018, and accounted for 72.73 to 

80.0 per cent of total Melolontha beetle catch during 2017-18. At Ahla and Janjehli, M. 

virescens (=P. fullo) beetles were collected in very low numbers (2-7 beetles) during the 

study period. The relative proportion of M. virescens (=P. fullo) at Janjehli and Ahla was 

calculated to be 7.69 and 5.75 per cent, and 2.13 and 2.83 per cent during 2017 and 2018, 

respectively. The frequency of occurrence has been recorded to be 100 per cent at Sangla, 

and 75.0 per cent at Badagaon during both the years. However, at Janjehli and Ahla, the 
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beetles were collected less frequently with 50.0 per cent frequency of occurrence during 

both the years at both the locations.  

Table 4.5 Abundance of P. fullo beetles on light trap in HP during 2017 and 2018 

Location  Year No. of beetles collected Total 

catch 

Dominance  

(%) 

Frequency 

(%) June  July Aug Sept 

Badagaon  2017 0 21 25 12 58 32.40 75.0 

2018 0 16 18 9 43 23.89 75.0 

Janjehli 2017 0 0 4 3 7 8.05 50.0 

2018 0 0 3 2 5 5.88 50.0 

Ahla 2017 0 1 1 0 2 2.13 50.0 

2018 0 1 2 0 3 2.83 50.0 

Sangla 2017 4 12 14 2 32 72.73 100.0 

2018 5 13 17 1 36 80.0 100.0 

 At Badagaon, the activity of M. virescens (=P. fullo) beetles commenced in third 

week of July and their activity continued up to first week of September during both the 

years. At Sangla, there was early emergence of beetles as is evident from the light trap 

catches indicating onset of emergence in last week of June. The activity of M. virescens 

(=P. fullo) beetles ceased in the first week of September at Sangla. At Janjehli, the beetles 

started appearing on light trap in first week of August, and their activity continued for 

about one month. At Ahla, the beetle emergence began in second week of July and their 

emergence was recorded up to second week of August in 2017, and up to third week of 

August in 2018. The peak activity was recorded in the month of August at all the locations 

(Fig. 4.10; Fig. 4.11). At Badagaon, more than 40.0 per cent of total beetle catch for entire 

season was taken in the month of August (43.10 % in 2017 and 41.86 % in 2018). Almost 

similar trend was evident at Sangla showing 43.75 per cent of total beetle catch in August 

during 2017, and 47.22 per cent in 2018.  

 

  Fig 4.10 Month-wise occurrence of M. virescens (=P. fullo) beetles on light trap during 2017 
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Fig      4.12 Cumulative month-wise catch of M. virescens (=P. 

fullo) beetles during 2017 and 2018 

 

 

Fig 4.11 Month-wise occurrence of M. virescens (=P. fullo) beetles on light trap during 2018 

The analysis of 

data for Badagaon, 

Janjehli, Ahla and 

Sangla during 2017 and 

2018 revealed that 44.44 

and 45.98 per cent of M. 

virescens (=P. fullo) 

beetles were collected 

only during August. The 

average catch of M. 

virescens (=P. fullo) beetles was calculated to be 34.34 and 34.48 per cent in July, and 

17.17 and 13.79 per cent in September during 2017 and 2018, respectively, as shown in 

fig. 4.12. 

 
  Fig. 4.13 Overall diversity of Melolontha beetles in different locations of HP 
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4.1.5 Alpha diversity indices in relation to abundance of Melolontha beetles in 

different locations of Himachal Pradesh 

Richness (number of species), abundance (number of individuals) and three alpha 

diversity indices were used in the present study (Table 4.6). The Shannon index (H') 

which explains the evenness of abundance of species was calculated to be maximum at 

Badagaon (H'= 1.36) during 2017. During 2018, the value of Shannon index (H') was 

calculated to be 1.35 at Badagaon. This indicates evenness in abundance at Badagaon 

during both the years. At Badagaon, there was no dominance of a single species, and four 

species out of total five collected species viz. M. cuprescens, M. furcicauda, M. indica and 

M. virescens  (=P. fullo) comprised 27.47 to 35.14, 18.91 to 19.23, 19.78 to 20.0 and 

23.24 to 31.87 per cent, respectively. These species contributed to 97.29 to 98.35 per cent 

of total beetle catch which explains the maximum value of Shannon index (H') at 

Badagaon in the present study. This shared dominance of several species amounts to lesser 

variation in scarab community between the species. At Ahla and Janjehli, the value of 

Shannon index (H') ranged from 0.98 to 1.11 during 2017, and 1.03 to 1.06 during 2018. 

The value of Shannon index (H') was found to be low at Palampur (H'= 0.75 in 2017 and 

2018), Chhatanseri (H'= 0.78 in 2017 and H'= 0.73 in 2018), Mashobra (H'= 0.64 in 2017 

and H'= 0.67 in 2018) and Sangla (H'= 0.77 in 2017 and 0.64 in 2018). This low value of 

Shannon index (H') is mainly due to poor species to specimen ratio. Out of the four 

Melolontha species, M. furcicauda and M. indica contributed 97.5 to 97.74 per cent of 

total Melolontha beetle catch validating the low value of Shannon index (H') at Palampur. 

Similarly, at Chhatanseri, M. cuprescens and M. furcicauda comprised 93.23 per cent, 

whereas at Sangla P. fullo alone contributed 80.0 per cent of total Melolontha beetle catch. 

The low value of Shannon index (H') at Palampur, Chhatanseri, Mashobra and Sangla 

indicated more unevenness in abundance of Melolontha species at these locations during 

both the years.  

The Pielou‟s evenness index (J') was calculated to be maximum at Badagaon (J'= 

0.98 in 2017 and J'= 0.97 in 2018), followed by Mashobra (J'= 0.92 in 2017 and J'= 0.97 

in 2018). At Ahla, the value of Pielou‟s evenness index (J') was calculated to be 0.79 and 

0.76 during 2017 and 2018, respectively. At Janjehli, the value of Pielou‟s evenness index 

(J') ranged from 0.71 to 0.74 during 2017-18. The lowest value of Pielou‟s evenness index 

(J') was calculated to be at Sangla during 2018 (J'= 0.58), whereas during 2017, the value 

of Pielou‟s evenness index (J') at Sangla was worked out to be 0.70. At Palampur, the 

Pielou‟s evenness index (J') was calculated to be 0.68 during both the years. This showed 
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that relative abundance of different Melolontha species was more even in Badagaon and 

Mashobra areas as compared to Palampur, Chhatanseri, Janjehli and Sangla (Table 4.6). 

This unevenness of Melolontha beetle community is mainly due to the dominance of 

particular species at a particular location. 

The overall general diversity of Melolontha beetles in Himachal Pradesh as 

indicated by light trap catches is depicted in fig. 4.13. The value of Simpson‟s index of 

diversity (D) was calculated to be maximum (D= 0.74 in 2017 and D= 0.73 in 2018) for 

Melolontha species at Badagaon. At Ahla, the value of Simpson‟s index of diversity (D) 

was computed to be 0.60 and 0.58 during 2017 and 2018, respectively. At Janjehli during 

2017 and at Palampur during both the years, the value of Simpson‟s index of diversity (D) 

was calculated to be 0.52. At Chhatanseri, Mashobra and Sangla, the value of Simpson‟s 

index of diversity (D) varied from 0.34 to 0.48 during 2017-18. On the basis of Simpson‟s 

index of diversity (D), it can be inferred that lesser diversity among Melolontha species 

exists at Chhatanseri, Mashobra and Sangla.  

Since the value of Shannon index (H') varied between 0.64 to 1.36 throughout 

Himachal Pradesh which indicated that there exists dominance of a particular species at 

selected sites. Dhoj et al. (2006) reported that a community dominated by few species is 

considered to be less diverse than one with high species richness and evenness. It was 

observed that there exists less variation in diversity in genus Melolontha at different 

selected locations in Himachal Pradesh. Several workers have observed that in Himachal 

Pradesh the beetle diversity and abundance varied highly with locations (Chandel et al. 

1994; Pathania et al. 2015; Chandel 2020). The variation in beetle diversity might be due 

to variation of hosts, vegetation, crops grown and soil type.    

Table 4.6 Diversity indices calculated for light trap catches of Melolontha beetles during 

2017 and 2018 

Diversity indices Palampur Chhatanseri Badagaon Janjehli Ahla Mashobra Sangla 

Shannon 

index (H') 

2017 0.75 0.78 1.36 0.98 1.11 0.64 0.77 

2018 0.75 0.73 1.35 1.03 1.06 0.67 0.64 

Simpson‟s 

index (D) 

2017 0.52 0.46 0.74 0.52 0.60 0.44 0.43 

2018 0.52 0.42 0.73 0.55 0.58 0.48 0.34 

Pielou‟s 

evenness 

index (J') 

2017 0.68 0.71 0.98 0.71 0.79 0.92 0.70 

2018 0.68 0.66 0.97 0.74 0.76 0.97 0.58 
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4.1.6 Beta diversity analysis in relation to abundance of Melolontha beetles in 

different locations of Himachal Pradesh 

The Sorensen‟s similarity index (SI), Jaccard similarity index (JI) and Bray-Curtis 

index (BCI) were computed to compare similarity among Melolontha species at seven 

different locations covering six districts of Himachal Pradesh (Table 4.7). The species 

richness and abundance showed total similarity among Melolontha species between 

Badagaon and Janjehli as indicated by the values of Sorensen‟s similarity index (SI) and 

Jaccard similarity index (JI) which were calculated to be 1.0 during both the years. The 

comparison of Melolontha assemblages revealed high similarity for Palampur with 

Chhatanseri, Badagoan and Janjehli, for Chhatanseri with Ahla and Mashobra, for 

Badagaon with Ahla, for Janjehli with Ahla and for Ahla with Sangla. The value of 

Sorensen‟s similarity index (SI) was calculated to be 0.89 for Palampur with Badagaon 

and Janjehli, for Badagaon with Ahla, and for Janjehli with Ahla during both the years. 

The value of Sorensen‟s similarity index (SI), was worked out to be 0.86 between 

Palampur and Chhatanseri, Chhatanseri and Ahla, and Ahla and Sangla, whereas between 

Chhatanseri and Mashobra, the value of Sorensen‟s similarity index (SI) was worked out 

to be 0.80. The lowest value of Sorensen‟s similarity index (SI) (0.57) was calculated 

among Melolontha assemblages from Palampur x Sangla, Badagaon x Mashobra, and 

Janjehli x Mashobra. 

Similarly, the value of Jaccard similarity index (JI) was calculated to be 1.0 for 

Badagaon x Janjelhi, followed by 0.80 for Palampur x Badagaon and Janjehli, Badagaon x 

Ahla, and Janjehli x Ahla. The value of Jaccard similarity index (JI) was calculated to be 

0.75 for Palampur x Chhatanseri and Ahla, Chhatanseri x Ahla, and Ahla x Sangla during 

both the years. The lowest value of Jaccard similarity index (JI) was calculated to be 0.40. 

This value was calculated for Melolontha assemblages from Palampur x Sangla, Badagaon 

x Mashobra, and Janjehli x Mashobra during both the years. The values of Sorensen‟s 

similarity index (SI) and Jaccard similarity index (JI) were computed to be uniform during 

both the years because these values are based on number of shared species among 

locations, and at all the locations, the species richness was uniform during both the years.  

Unlike Sorensen‟s similarity index (SI) and Jaccard similarity index (JI), the value 

of Bray-Curtis index (BCI) was found to be different during 2017 and 2018, because both 

richness and abundance values were used to calculate the value of Bray-Curtis index 

(BCI). In the present study, the maximum value of Bray-Curtis index (BCI) was calculated 
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to be 0.77 and 0.83 between Janjehli and Ahla during 2017 and 2018, respectively. The 

value of Bray-Curtis index (BCI) for Chhatanseri x Janjehli ranged from 0.71 to 0.74, and 

for Chhatanseri x Ahla, the value of Bray-Curtis index (BCI) varied from 0.72 to 0.73 

during 2017-18. The value of Bray-Curtis index (BCI) for Badagaon x Janjehli, and 

Badagaon x Ahla was calculated to be 0.61 and 0.67 during 2017, and 0.64 and 0.69 

during 2018, respectively. Comparison of Sangla with rest of the locations revealed very 

low value of Bray-Curtis index (BCI) ranging from 0.61 to 0.94. Similarly, comparison of 

Palampur with all other locations exhibited low values of Bray-Curtis index (BCI= 0.65 to 

0.94).  

Maximum dissimilarity was recorded among Melolontha assemblages from Sangla 

and Palampur as indicated by highest value of Bray-Curtis distance index (BCDI= 0.93 to 

0.94). Chhatanseri, Janjehli and Mashobra also exhibited high dissimilarity with 

Palampur. Sangla also showed high dissimilarity with Chhatanseri, Ahla and Mashobra 

(Table 4.8). The Melolontha beetle communities at most of the locations were largely 

stable having a balance between common species and rare species. Colwell and 

Coddington (1994) reported that most individuals belong to a few common species in a 

typical community but this fact does not hold true in the present study. Perhaps poor 

species richness in genus Melolontha contributes to balance between common and rare 

species among Melolontha beetle communities. The white grub endemic areas surveyed in 

six districts of Himachal Pradesh viz. Kangra, Kullu, Mandi, Chamba, Shimla and 

Kinnaur, revealed variations in species richness and abundance. Both these observations 

are important in representing changes in diversity. The species like M. cuprescens, M. 

furcicauda and M. indica were abundant in mid-hills (1189 to 1222 m amsl), whereas M. 

virescens (=P. fullo) was abundant in high hills (2268 to 2588 m amsl). The species 

diversity exhibited some differences among the surveyed locations with considerable 

variations in their composition. Comparatively high similarity between Palampur x 

Badagaon and Janjehli can be attributed to similarity in topography, weather and 

vegetation in mid and high hills. Similarly, the high dissimilarity between Palampur and 

Sangla could be attributed to differences in topography and crops grown.   
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                Table 4.7 Beta diversity showing similarity among Melolontha species in different locations of HP   

 Locations 
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Palampur   0.86 0.75 0.21 0.18 0.89 0.80 0.33 0.35 0.89 0.80 0.16 0.18 0.75 0.60 0.29 0.30 0.67 0.50 0.14 0.10 0.57 0.40 0.07 0.06 

Chhatanseri     0.75 0.60 0.58 0.64 0.75 0.60 0.71 0.74 0.86 0.75 0.72 0.73 0.80 0.67 0.34 0.29 0.67 0.50 0.14 0.11 

Badagaon          1.00 1.00 0.61 0.64 0.89 0.80 0.67 0.69 0.57 0.40 0.26 0.20 0.75 0.60 0.39 0.39 

Janjehli             0.89 0.80 0.77 0.83 0.57 0.40 0.43 0.37 0.75 0.60 0.28 0.21 

Ahla                 0.67 0.50 0.45 0.32 0.86 0.75 0.20 0.16 

Mashobra                     0.67 0.50 0.20 0.15 

                    SI=Sorensen’s Index; JI=Jaccard’s Index; BCI=Bray Curtis Index 
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  Table 4.8 Bray Curtis distance index of Melolontha species in different locations of HP   

Sites Chhatanseri Badagaon Janjehli Ahla Mashobra Sangla 

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Palampur 0.79 0.82 0.67 0.65 0.84 0.82 0.71 0.70 0.86 0.90 0.93 0.94 

Chhatanseri   0.42 0.36 0.29 0.26 0.28 0.27 0.66 0.71 0.86 0.89 

Badagaon     0.39 0.36 0.33 0.31 0.74 0.80 0.61 0.61 

Janjehli       0.23 0.17 0.57 0.63 0.72 0.79 

Ahla         0.55 0.68 0.80 0.84 

Mashobra           0.80 0.85 

4.2 Species diversity and population abundance of Melolontha beetles on host trees 

Scarab beetles are highly polyphagous and flights of Melolontha beetles were 

largely noticed on foliage of different pome and stone fruits during June to September in 

different parts of Himachal Pradesh. Chandel and Kashyap (1997) reported that scarab 

beetles usually remain unnoticed throughout the year and their emergence in large 

numbers occurs during May-June just after break in monsoon. To collect Melolontha 

beetles from host trees, surveys were conducted from June to September at five locations 

in mid and high hills of Himachal Pradesh. The beetle diversity has been plotted month-

wise as the mean of different sampling dates. The data of Melolontha beetles in Himachal 

Pradesh on different host trees during 2017 and 2018 are given in table 4.9 and 4.10. A 

total of four Melolontha species were collected on apple, peach, plum, persimmon, walnut, 

wild rose, bathua and Indian siris. 

Table 4.9 Abundance of Melolontha beetles on different hosts in HP during 2017  

Locations Species Number of beetles collected Total Host (s) 

June July August September 

Palampur M. cuprescens 0 0 2 1 3 Apple 

M. furcicauda 5 6 2 0 13 Apple 

M. indica 0 8 10 6 24 Apple, peach 

Chhatanseri M. cuprescens 6 13 11 1 31 Apple, plum 

M. furcicauda 2 3 2 0 7 Apple, plum 

M. indica 0 3 1 0 4 Apple 

Badagaon M. cuprescens 0 9 6 1 16 Apple, persimmon, 

walnut, wild rose 

M. furcicauda 1 5 2 1 9 Apple 

M. indica 0 7 1 0 8 Persimmon, walnut 

P. fullo 0 8 12 0 20 Apple, walnut, 

persimmon, bathua 

Ahla M. cuprescens 0 2 8 3 13 Apple, wild rose 

M. furcicauda 0 6 2 1 9 Wild rose 

M. indica 0 1 4 3 8 Wild rose, Indian 

siris 

P. fullo 0 0 1 0 1 Indian siris 

Sangla M. indica 0 1 1 0 2 Apple 

P. fullo 0 1 2 2 5 Apple 
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Fig. 4.14 Occurrence of Melolontha beetles on host trees during 

2017 and 2018 at Palampur 

 

At Palampur and Chhatanseri, three Melolontha species viz. M. cuprescens, M. furcicauda 

and M. indica were recorded during 2017 and 2018. At Palampur, M. indica and M. 

furcicauda were predominant, whereas at Chhatanseri, M. cuprescens was found to be the  

leading species. At Palampur, more activity of M. furcicauda was recorded during June to 

August, whereas M. indica was recorded between July to September with peak activity in 

the month of August. M. cuprescens was recorded in low numbers only from August to 

September at Palampur during 2017, and during July to September in 2018. Pathania 

(2014) has collected two species viz. M. furcicauda on pear and peach, and M. virescens 

Table 4.10 Abundance of Melolontha beetles on different hosts in HP during 2018  

Locations Species Number of beetles collected Total Host (s) 

June July August September 

Palampur M. cuprescens 0 1 3 2 6 Apple 

M. furcicauda 2 4 4 1 11 Apple, peach 

M. indica 0 6 9 4 19 Apple, peach 

Chhatanseri M. cuprescens 4 10 5 0 19 Apple, plum 

M. furcicauda 0 4 1 1 6 Apple 

M. indica 1 2 1 0 4 Apple 

Badagaon M. cuprescens 0 7 3 0 10 Persimmon, walnut 

M. furcicauda 1 4 1 1 7 Apple 

M. indica 0 3 1 0 4 Persimmon, walnut 

P. fullo 0 7 8 2 17 Apple, persimmon, 

bathua 

Ahla M. cuprescens 0 3 6 2 11 Wild rose 

M. furcicauda 0 3 3 1 7 Wild rose 

M. indica 0 1 2 0 3 Wild rose, Indian 

siris 

Sangla M. indica 0 1 1 0 2 Apple 

P. fullo 0 1 2 2 5 Apple 

on walnut at 

Palampur. Both 

M. furcicauda and 

M. indica showed 

slightly higher 

preference to feed 

on apple as 

compared to peach 

at Palampur (Fig. 

4.14). Earlier reports indicate higher preference of M. furcicauda beetles to feed on pear, 

followed by peach (Pathania 2014). 
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Fig. 4.15 Occurrence of Melolontha beetles on host trees during 

2017 and 2018 at Chhatanseri 

 

 

At Chhatanseri, the 

emergence of M. 

cuprescens was 

recorded during last 

week of June, and 

peak emergence was 

recorded in the month 

of July during both 

the years. M. 

furcicauda beetles were collected on apple between June to August in 2017, and from July 

to September in 2018, whereas M. indica beetles occurred on apple during July to August 

in 2017, and during July to September in 2018. Melolontha furcicauda beetles were also 

observed to feed on plum during 2017 in low numbers (Fig. 4.15). The beetles of M. 

cuprescens displayed distinct preference to feed on apple as compared to plum at 

Chhatanseri. Our observations on species diversity and host preference find support with 

the survey work from Kullu as reported by Pathania (2014).  

At Badagaon during 2017 and 2018, and at Ahla during 2017, four species viz. M. 

cuprescens, M. furcicauda, M. indica and M. virescens (=P. fullo) were observed to feed 

on different plants. At Ahla during 2018, only three species except P. fullo were recorded. 

At Badagaon, the predominant species were M. virescens (=P. fullo) and M. cuprescens, 

whereas M. furcicauda and M. indica were observed to appear in moderate numbers 

during both the years. Beeson (1941) reported that M. virescens occurs at low levels in 

Himalaya, breeding in moist sandy soil permeated by roots of grasses and herbs. At 

Badagaon, the emergence of M. cuprescens started in first week of July and continued up 

to first week of September during 2017, and up to third week of August during 2018. The 

emergence of M. furcicauda and M. indica was recorded to be comparatively more in the 

month of July. Mehta et al. (2008) reported occurrence of M. furcicauda up to an altitude 

of 3000 m amsl in Himachal Pradesh with adults feeding on stone fruits during second 

fortnight of June. Unlike other species, the emergence of M. virescens (=P. fullo) 

commenced in first week of July and its peak population was recorded in the month of 

August. There was no activity of M. virescens (=P. fullo) in September during 2017, but in 

2018, the activity of M. virescens (=P. fullo) continued up to second week of August. M. 
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cuprescens displayed higher preference to feed on persimmon as compared to apple, 

walnut and wild rose during 2017, whereas M. furcicauda was recorded exclusively on 

apple during both the years. Like M. cuprescens, M. indica also exhibited higher 

preference for persimmon as compared to walnut during both the years. M. virescens (=P. 

fullo) was recorded to feed on apple, walnut, persimmon and Chenopodium album during 

2017 and 2018, but 60 per cent of the beetles in 2017, and 58.82 per cent of the population 

in 2018 was recorded to feed on persimmon (Fig. 4.16). Chandel et al. (2010) reported M. 

virescens as most damaging in Badagaon area of Chuhar valley, and observed its beetles 

feeding on wheat spikes in the first week of July.  

Fig. 4.16 Occurrence of Melolontha beetles on host trees during 2017 and 2018 at Badagaon 

At Ahla, M. cuprescens was found to be the predominant species, and the beetles 

displayed maximum activity in the month of August. During 2017, 61.53 and 38.46 per 

cent of beetles were recorded to feed and mate on wild rose and apple, respectively, 

whereas during 2018, the beetles of M. cuprescens were recorded feeding exclusively on 

wild rose. M. furcicauda beetles showed more activity in the month of July, whereas M. 

indica appeared in more numbers in the month of August during both the years.  

 

 Fig. 4.17 Occurrence of Melolontha beetles on host trees during 2017 and 2018 at Ahla 
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M. furcicauda was caught exclusively on wild rose in both the years, whereas M. indica 

beetles were recorded in more numbers (75 % in 2017 and 66.67% in 2018) on Indian 

siris. At Ahla, 25.0 and 33.33 per cent beetles of M. indica beetles were recorded feeding 

on wild rose during 2017 and 2018, respectively (Fig. 4.17). Pathania (2014) has reported 

apple as major host of M. cuprescens and M. furcicauda with peak activity during July in 

Bharmour area of Chamba district. Our findings are partially in agreement with these 

reports.  

At Sangla, only two species viz. M. indica and M. virescens (=P. fullo) were 

recorded to feed on apple during 2017 and 2018. Both these species were caught in very 

low numbers as shown in table 4.9 and 4.10. Melolontha indica beetles were recorded 

during July-August, whereas M. virescens (=P. fullo) beetles were observed during 

September. Earlier, M. furcicauda has been reported to feed on walnut, apple and apricot, 

and its relative abundance on different hosts varied from 6.51 to 6.71 per cent at Sangla 

(Sood et al. 2009). In north Kashmir, M. furcicauda is active from May to August with 

peak activity occurring in first fortnight of June. The adults have been reported to feed on 

apple, pear and peach (Altaf et al. 2019). Ahmad and Faisal (2012) have reported M. 

furcicauda as serious defoliator of poplar from Dehradun in Uttarakhand. Pathania (2014) 

has reported M. cuprescens feeding on apple, pear, peach, apricot, and wild rose during 

August at Reckong Peo in Kinnaur district of Himachal Pradesh.   

4.2.1 Host preference behaviour of Melolontha beetles 

The beetles of Melolontha species are polyphagous and under field conditions, 

these beetles were observed to feed on different fruit/forest trees in varying proportion at 

different locations. Therefore, five plants were tested for their food preference under 

confinement in multi-choice and no-choice tests (Table 4.11; 4.12). In multi-choice test, 

rose was found to be the most preferred host for M. indica and M. furcicauda with mean 

leaf area consumption of 33.73 cm
2
 and 29.55 cm

2
, after three days of their release, 

respectively. According to Kumar et al. (2006), scarab beetles are most important and 

economical pests of rose which cause considerable damage by feeding both on leaves and 

flowers. Field studies on choice of host for feeding and mating indicated decided 

preference of M. cuprescens, M. furcicauda and M. indica for wild rose in Ahla. At 

Palampur, Chhatanseri and Mashobra, apple is largely preferred by Melolontha beetles for 

feeding and mating. The preference of M. cuprescens, M. furcicauda and M. indica beetles 

for rose and apple in the field finds support from the present multi and no-choice feeding 
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tests. Contrary to our results, pecan nut is highly favoured host of Holotrichia longipennis 

Blanchard and Holotrichia sikkimensis Brenske, whereas wild rose is an unsuitable host 

(Kalpana 2015). This indicates that despite polyphagous nature, different species of 

scarabaeid beetles have definite choice for one host over the other, and certain plants 

might be having chemicals, which act as antifeedant to these beetles. In case of M. indica, 

the next best preferred host was plum showing leaf area consumption of 26.80 cm
2
, 

followed by apple where leaf area consumption was recorded to be 13.71 cm
2
. Peach and 

pecan nut were almost rejected by M. indica
 

in multi-choice tests. The leaf area 

consumption on rose and plum was statistically at par with each other,
 
but leaf area 

consumption differed significantly on apple.  

Table 4.11 Leaf area consumption by Melolontha beetles in multi-choice test  

Plant species  Leaf area consumption (cm
2
) after 3 days 

M. indica M. furcicauda M. cuprescens 

Rose 33.73 (5.88) 29.55 (5.52) 18.21 (4.34) 

Plum 26.80 (5.26) 14.58 (3.95) 29.35 (5.51) 

Apple 13.71 (3.82) 21.84 (4.77) 38.77 (6.31) 

Peach 0.41 (1.16) 0.07 (1.03) 2.41 (1.84) 

Pecan nut 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 

CD (P=0.05) (0.61) (0.26) (0.67) 

Figures in parentheses are     n+1    transformed values 

The beetles of M. furcicauda showed higher preference to feed on apple (21.84 

cm
2
) as compared to plum (14.58 cm

2
). The leaf area consumption by M. furcicauda 

beetles after three days was found to be statistically different in rose, plum and apple. 

Contrary to M. indica and M. furcicauda, M. cuprescens beetles showed higher preference 

to feed on apple leaves, followed by plum and rose. The mean leaf area consumption on 

apple, plum and rose was calculated to be 38.77 cm
2
, 29.35 cm

2
 and 18.21 cm

2
, 

respectively. There was no feeding on pecan nut leaves by either of the species in multi-

choice test in captivity. Sushil et al. (2006) also conducted host preference studies using 

choice method and reported walnut as most preferred host for Anomala dimidiata Hope, 

Rosa sp. for Holotrichia seticollis Moser, and Alnus nepalensis for M. indica at Almora. 

Similar host preference to guava has also been reported for Holotrichia consanguinea 

Blanchard under laboratory conditions (Bhadauria and Nigam 1982). Chandel et al. (1995) 

studied food preference of related melolonthid beetle (B. coriacea) in multi-choice test on 

seven fruit trees, and maximum intake was recorded in apricot, followed by plum, peach 

and almond.  
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When these plants were subjected to beetle feeding in no-choice test, similar 

results were obtained as shown in table 4.12. Maximum consumption by M. indica beetles 

was recorded on rose leaves (31.24 cm
2
), followed by plum (24.06 cm

2
) and apple (21.52 

cm
2
). The mean leaf area consumption in peach and pecan nut was found to be 5.14 cm

2 

and
 
0.45 cm

2
, respectively. In case of M. furcicauda, maximum leaf area consumption was 

recorded on rose (30.16 cm
2
), followed apple (22.76 cm

2
) and plum (12.56 cm

2
). M. 

cuprescens beetles registered maximum consumption on apple leaves (45.23 cm
2
) and this 

species was found to be more voracious feeder as compared to M. indica and M. 

furcicauda. After three days of exposure, the leaf area consumption was 18.21 and 22.45 

per cent more as compared to M. indica and M. furcicauda on rose, which was their most 

preferred host, respectively. In case of rose and plum, the mean leaf area consumption was 

recorded to be 36.93 cm
2 

and 33.11 cm
2
, respectively. The leaf area consumption differed 

significantly among all tested hosts. Peach and pecan nut seems to be the unsuitable host 

plants for feeding among studied species with mean leaf consumption varying from 1.93 

to 6.92 cm
2
 in peach, and 0.30 to 2.16 cm

2
 in pecan nut leaves even in the absence of any 

choice. According to Chandel et al. (1995), feeding capacity of scarab beetles vary 

significantly on different hosts in no-choice feeding test under laboratory conditions. Field 

studies on choice of host for feeding and mating by Melolontha beetles showed 

considerable variation.  

Table 4.12 Leaf area consumption by Melolontha beetles in no-choice test  

Plant species  Leaf area consumption (cm
2
) after 3 days 

M. indica M. furcicauda M. cuprescens 

Rose 31.24 (5.68) 30.16 (5.58) 36.93 (6.16) 

Plum 24.06 (5.01) 12.56 (3.68) 33.11 (5.84) 

Apple 21.52 (4.75) 22.76 (4.89) 45.23 (6.79) 

Peach 5.14 (2.48) 1.93 (1.70) 6.92 (2.81) 

Pecan nut 0.45 (1.20) 0.30 (1.13) 2.16 (1.76) 

CD (P=0.05) (0.23) (0.30) (0.45) 

Figures in parentheses are     n+1    transformed values 

The overall survey for Melolontha beetles on light traps and host trees revealed a 

complex of five species in Himachal Pradesh. In addition to these five species, two more 

species are known to occur in Himachal Pradesh. Melolontha nepalensis (Blanchard) has 

been reported from Kullu (Barwal 1998; Kumar et al. 2005) and Melolontha melolontha 

Linnaeus from Palampur (Devi et al. 1994). There seems to be some confusion in 

identification of these species. The picture of M. nepalensis given by Kumar et al. (2019) 
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looks like M. furcicauda as recorded in the present study. Similarly, M. melolontha 

reported from Palampur by Devi et al. (1994) seems to be like M. indica. The M. virescens 

reported by Pathania (2014) has been identified and confirmed as P. fullo from National 

Bureau of Agricultural Insect Resources (NBAIR), Bengaluru in the present study. 

According to Sehnal and Bezdek (2011), the subgenus Polyphylla is synonym to Granida. 

Beeson (1941) has reported Granida albosparsa Moser a large Melolonthini beetle 

commonly occurring in Himalaya up to 9000 feet and causing maximum damage during 

May-June and his description fits appropriately into the description of M. virescens (=P. 

fullo).  

There was lesser collection of Melolontha beetles both on light traps and host trees 

at all locations as compared to other species of scarabaeid beetles even in areas like 

Badagaon, Janjehli, Chhatanseri and Reckong Peo where the grubs of Melolontha cause 

economic damage in several crops like pulses, potato and vegetables. Despite of having 

large population of their grubs in the soil, the beetle catch was comparatively poor. It 

seems that the beetles of Melolontha species are less phototactic in nature, which could be 

the reason for low beetle catch on light traps. In the present study, the light trap used 

consisted of ultra violet tube, but Jarfas and Toth (1977) in Hungary made comparisons of 

trap catches recorded on different light sources, and reported that P. fullo flew to mercury 

vapour lamps in the highest numbers. Similarly, during adult sampling on host trees, very 

less population of beetles for all the species was recorded at almost all the locations. The 

beetles in genus Melolontha are large in size as compare to other species of scarabaeid 

beetles and these species may be flying high during swarming and settle on tall trees for 

feeding and mating where adult sampling is not possible. Rodstrom and Brown (2017) 

also reported that Polyphylla decemlineata (Say) beetles settle at a height of 8-18 feet high 

in the trees for mating and feeding. Their feeding and mating behaviour also differed 

considerably from other scarabaeid beetles which generally return to soil at dawn, whereas 

in Melolontha beetles, it was interesting to observe that several beetles were observed to 

feed on host trees even during day time. Similar behaviour has also been reported in 

Lepidiota stigma (Fabricius) by Pathania (2014).    

4.3 Population abundance and infestation of Melolontha grubs in different crop 

habitats 

The white grubs feed on roots of a wide variety of cultivated as well as 

uncultivated plants. In general, underground parts of all plants are subjected to grub 



77 
 

 

feeding and show different types of damage (Chandel et al. 2015). Chandel and Kashyap 

(1997) reported that white grubs inflict heavy damage on various vegetables, fruit/ forest 

nurseries, lawns and field crops in Himachal Pradesh. In the present survey, data on 

Melolontha grub damage were recorded on potato, rajmash, cole crops, onion and apple at 

seven locations of Himachal Pradesh. 

4.3.1 Abundance and infestation of Melolontha grubs in potato 

Total seven locations were surveyed from Kangra, Mandi, Chamba, Kullu and 

Kinnaur districts of Himachal Pradesh during 2017 and 2018 to ascertain the population of 

Melolontha grubs and magnitude of losses inflicted by them in potato. The maximum 

tuber damage was recorded at Badagaon (41.25-47.5 %). Very high population of 

Melolontha grubs was observed at Badagaon, ranging from 16-26 grubs/ ft
3
 and 0-23 

grubs/ ft
3
 in 2017 and 2018, respectively (Table 4.13). At Kothi kohar and Barot, the tuber  

       Table 4.13 Abundance and infestation of Melolontha grubs in potato fields during 2017 and 2018 

District Location Grub population /ft
3
 in 

2017 

Tuber 

infestation 

(%) 

Grub population / ft
3
 in 

2018 

Tuber 

infestation 

(%) Range 

(Mean±SE) 

Frequency 

(%) 

Range 

(Mean±SE) 

Frequency 

(%) 

Kangra Badagaon 16-26 

(20.1±1.04) 

100.0 47.5 

(43.5)
a

 

0-23 

 (17.5 ±2.05) 

90.0 42.5 

(40.60)
a

 

Kothi Kohar 0-18 

(11.5 ±1.67) 

90.0 41.25 

(39.78)
a

 

0-23 

 (9.40 ±2.54) 

70.0 37.5 

(37.14)
a

 

Mandi Barot 0-14 

(10.8 ±1.30) 

90.0 36.25 

(36.57)
ab 

 

0-18 

 (7.70 ±2.49) 

60.0 32.5 

(33.73)
ab

 

Janjehli 0-9 

(2.90 ±1.02) 

70.0 27.5 

(31.25)
bc

 

0-5 

 (1.80 ±0.53) 

70.0 23.75 

(28.76)
bc

 

Chamba Ahla 0-5 

(1.50 ±0.60) 

50.0 23.75 

(28.61)
c

 

0-3 

 (1.10 ±0.46) 

40.0 18.75 

(25.20)
c

 

Kullu   Chhattanseri 0-12 

(4.10 ±1.44) 

80.0 12.5 

(17.55)
c

 

0-8 

 (3.90 ±1.03) 

70.0 15.0 

(21.51)
c

 

Kinnaur Sangla 0-9 

(2.50 ±1.08) 

60.0 22.5 

(27.99)
d

 

0-6 

 (2.20 ±0.81) 

70.0 23.75 

(28.91)
bc

 

CD 

(p=0.05) 

   (7.71)   (7.96) 

   Figures in parentheses are arcsine transformed values 

infestation recorded to be 41.25 and 36.25 per cent during 2017, and in 2018, the per cent 

tuber damage was 37.5 and 32.5 per cent. At these two locations, the mean grub 

population was found to be 11.5 ± 1.67 grubs/ ft
3 

and 10.8 ± 1.30 grubs/ ft
3
 in 2017 and in 

2018; the grub population averaged 9.40 ± 2.54 grubs/ ft
3
 and 7.70 ± 2.49 grubs/ ft

3
. The 

average grub population at Janjehli, Sangla, Ahla and Chhatanseri was recorded to be 1.80  
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Plate 4.1 Infestation by M. cuprescens grubs in potato tubers (a) Tuber damaged by second instar 

grubs; (b) Tubers damaged by third instar grubs  
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± 0.53-2.90 ± 1.02 grubs/ ft
3
, 2.20 ± 0.81-2.50 ± 1.08 grubs/ ft

3
, 1.10 ± 0.46- 1.50 ± 0.60 

grubs/ ft
3
 and 3.90 ± 1.03- 4.10 ± 1.44 grubs/ ft

3
 with corresponding tuber infestation of 

23.75-27.5 per cent, 22.5-23.75 per cent, 18.75-23.75 per cent and 12.5-15.0 per cent 

during 2017-18. The frequency of occurrence varied between 90-100 per cent during 

2017-18 at Badagaon. Pathania (2014) has reported that, Melolontha sp. grubs 

predominated in potato fields in Badagaon and Barot areas and inflicted tuber damage by 

forming single large cavity in the tubers (Plate 4.1), which were filled with the soil. Chandel et 

al. (2010) also mentioned similar nature of damage of Melolontha spp. on potato in Himachal 

Pradesh.  

         4.3.2 Abundance and infestation of Melolontha grubs in cole crops 

In cole crops, especially cabbage, field observations on abundance and infestation 

of grubs were recorded during May-June in Badagaon, Kothi Kohar, Barot, Benchi and 

Sangla areas. In these areas, cole crops are grown as „off season‟ crops from May-

September. Perusal of the data in table 4.14 indicated considerable plant mortality as a 

result of Melolontha grub infestation at all the locations. The grub damage was noticed in 

Table 4.14 Abundance and infestation of Melolontha grubs in cole crops during 2017 and 2018 

District 

 

Location  Grub population /ft
3
 in 

2017 

Plant 

infestation 

(%) 

Grub population / ft
3
 in 

2018 

Plant 

infestation 

(%) Range 

(Mean±SE) 

Frequency 

(%) 

Range 

(Mean ±SE) 

Frequency 

(%) 

Kangra Baragran 0-35 

(14.6±3.86) 

80.0 26.25 

(5.05)
a

 

0-23 

(13.4 ± 2.40) 

90.0 28.75  

(5.35)
a

 

Kothi 

Kohar 

0-24 

(10.5±2.41)  

80.0 22.5 

(4.55)
a

 

0-19 

(5.80 ± 2.14) 

50.0 21.25 

(4.39)
ab

 

Mandi Barot 0-9 

(4.70±1.33) 

60.0 17.5 

(4.01)
ab

 

0-8 

(2.80 ± 1.15) 

40.0 12.5  

(2.99)
b

 

Kullu Benchi 0-8 

(2.60±1.09) 

40.0 11.25 

(3.17)
b

 

0-9 

(1.60 ± 0.97) 

30.0 11.25 

(2.89)
b

 

Kinnaur Sangla 0-5 

(1.30±0.47) 

 

70.0 16.25 

(4.04)
ab

 

0-3 

(0.80 ± 0.39) 

40.0 12.5  

(3.32)
b

 

CD 

(p=0.05) 

   (1.18)    (1.51) 

Figures in parentheses are square root transformed values 

 25-30 days old plants. Maximum plant mortality as a result of Melolontha grub attack 

was recorded at Badagaon (26.25-28.75 %), followed by Kothikohar (21.25-22.5%), Barot 

(12.5-17.5 %), Sangla (12.5-16.25 %) and Benchi (11.25 %). The mean population of  
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Plate 4.2 Infestation by M. virescens (=P. fullo) grubs in cabbage  

(a) Wilted plant; (b) Roots pruned by grubs 
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  grubs was estimated to be 13.4 ± 2.40-14.6 ± 3.86, 5.80 ± 2.14-10.5 ± 2.41, 2.80 ± 1.15-

4.70 ± 1.33, 0.80 ± 0.39-1.30 ± 0.47 and 1.60 ± 0.97-2.60 ± 1.09 grubs/ ft
3
during 2017-18, 

respectively. The Melolontha grubs were present near the root zone of the attacked plants. 

The infested plants showed stunted growth, which could be easily pulled out, and their 

roots were found to be totally pruned by the grubs (Plate 4.2). According to Pathania 

(2014), the leading species responsible for causing plant mortality in cabbage/cauliflower 

were Melolontha spp. in different parts of Kinnaur and Chamba districts. Mehta et al. 

(2008) observed total failure of cabbage due to attack of whitegrubs in Chotta Bhangal 

area of Kangra district during July-August. 

4.3.3 Abundance and infestation of Melolontha grubs in rajmash 

Rajmash is being cultivated in hilly areas of Himcahal Pradesh during May-

September. In rajmash, field survey was carried out at four locations in Kangra, Mandi 

and Kinnaur districts. At all the locations, the predominant species attacking rajmash was 

identified as M. virescens (= P. fullo). At Badagaon, the population of M. virescens (= P. 

fullo) grubs averaged 3.50 ± 1.38 grubs/ ft
3
 (range: 0-14 grubs/ ft

3
) and 2.60 ± 0.99 grubs/ 

ft
3
 (range: 0-9 grubs/ ft

3
), and the plant infestation as a consequence to attack of grub 

ranged from 18.75-20.0 per cent during 2017-18 (Table 4.15). At Kothi Kohar, Barot and  

Sangla, the mean grub population was found to range from 1.50 ± 0.50-1.90 ± 0.62, 1.0 ± 

0.49-1.60 ± 0.76 and 0.40 ± 0.27-0.50 ± 0.34 grubs/ ft
3
 during 2017-18. The 

corresponding plant infestation was recorded to be 8.75, 2.5-7.5 and 6.25-7.5 per cent, 

respectively. The grubs attacked rajmash plants at 4-5 leaf stage in Chuhar valley. The 

grubs inflicted damage by feeding on the root system at a depth of about 10 cm, causing 

sudden wilting and death of rajmash plants (Plate 4.3). According to Pathania (2014), the 

grubs of M. virescens completely destroyed root system leading to death of plants. 

Table 4.15 Abundance and infestation of Melolontha grubs in Rajmash during 2017 and 2018 

District Location Grub population /ft
3
 in 

2017 

Plant 

infestation 

(%) 

Grub population / ft
3
 in 

2018 

Plant 

infestation 

(%) Range 

(Mean ±SE) 

Frequency 

(%) 

Range 

 (Mean ± SE) 

Frequency 

(%) 

Kangra Baragaon 0-14 

 (3.50 ± 1.38) 

70.0 20.0 (4.33)
a

 0-9 

(2.60 ± 0.99) 

60.0 
18.7 (4.15)

a 

 

Kothi 

Kohar 

0-6 

 (1.90 ± 0.62) 

60.0 8.75 (2.74)
b

 0-5 

(1.50 ± 0.50) 

70.0 
8.75 (2.74)

b 

 

Mandi Barot 0-6 

 (1.60 ± 0.76) 

50.0 7.5 (2.45)
b

 0-6 

(1.0 ± 0.49) 

50.0 
2.5 (1.29)

c 

 

Kinnaur Sangla 0-3 

 (0.50 ± 0.34) 

20.0 6.25 (2.16)
b

 0-2 

(0.40 ± 0.27) 

20.0 
7.5 (2.45)

bc 

 

CD 

(p=0.05) 

   (1.32)   (1.28) 

Figures in parentheses are square root transformed values 
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Plate 4.3 Infestation by M. virescens (=P. fullo) grubs in rajmash  

(a) Wilted plant; (b) Grubs feeding on roots 
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4.3.4 Abundance and infestation of Melolontha grubs in onion 

The attack was noticed in the month of February. The mean grub population was 

recorded to be 3.70 ± 1.14 grubs/ feet
3
 (range: 0-9 grubs/ feet

3
) and 2.10 ± 0.75  grubs/ feet

3 
 

(range: 0-6 grubs/ feet
3
) during 2017 and 2018, respectively (Table 4.16). The bulb 

damage as a result of grub attack was recorded to be 8.75 and 6.25 per cent during 2017 

and 2018. Kaundal (2018) has reported bulb infestation in onion by grubs of M. 

furcicauda in Kullu valley. 

Table 4.16 Abundance and infestation of Melolontha grubs in onion at Chhatanseri  

Year  Number of grubs /ft
3
  Plant infestation 

(%) Range Mean ± SE Frequency (%) 

2017  0-9 3.70 ± 1.14 60.0 8.75 

2018  0-6 2.10 ± 0.75 50.0 6.25 

4.3.5 Abundance of Melolontha grubs in apple 

The data on abundance of Melolontha grubs in apple plants were recorded at six 

locations, viz., Chhatanseri, Raison, Dallash, Janjehli, Pangna and Sangla in three districts 

of Himachal Pradesh. The sampling was done in the basins of apple trees at each location. 

Very high population of grubs, ranging from 0-51 grubs/ feet
3
 (mean: 30.5 ± 5.57 grubs/ 

feet
3
) and 0-41 grubs/ feet

3
 (mean: 22.4 ± 5.15 grubs/ feet

3
) was recorded at Sangla during 

2017 and 2018, respectively. At Chhatanseri and Pangna, the Melolontha grub population 

ranged from 0-49 grubs/ feet
3
 (average: 22.4 ± 3.22-31.2 ± 4.24 grubs/ feet

3
) and 0-42 

grubs/ feet
3
 (average: 17.4 ± 2.28-24.70 ± 3.63 grubs/ feet

3
) during 2017-18. At Raison, 

Dallash and Janjehli, the mean population of Melolontha grubs was recorded to be 1.50 ± 

0.56-3.9 ± 1.54 grubs/ ft
3
 in 2017, and 1.30 ± 0.52-3.30 ± 1.0 grubs/ ft

3
 in 2018. The 

frequency of occurrence at Pangna has been recorded to be 100 per cent in 2017, and 90 

per cent in 2018. At Chhatanseri, the frequency of occurrence was found to be 90 per cent 

during both the years, whereas at other locations, the frequency of occurrence ranged 

between 50-80 per cent (Table 4.17). The grubs were observed feeding on small apple 

rootlets (Plate 4.4) and roots of other grasses or weed plants growing in the basin of the 

trees. The severally attacked plants showed partial drying of leaves and the fruits remained 

undersized (Plate 4.4). Altaf et al. (2019) reported M. furcicauda as a minor root feeding 

pest in apple nurseries in north Kashmir. According to Weissteiner et al. (2012), the 

Melolontha grubs show a pronounced preference for a variety of tree roots and are able to 

migrate as far as several meters through the soil towards their host plants. White grubs 
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Plate 4.4 (a) Apple plant damaged by P. fullo; (b) Apple plant damaged by M. indica; (c) M. cuprescens 

grubs feeding on apple roots  
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generally feed on the roots of field crops and attack fruit/ forest trees, their nurseries, 

vegetables, lawns and field crops (Chandel and Kashyap 1997). The damage by grubs in 

unruly large numbers leading to wilting and drying of leaves is uncommon and rarely seen 

in Himachal Pradesh as observed in the present study. 

Table 4.17 Distribution and abundance of Melolontha grubs in apple during 2017 and 2018 

District Location  Grub population /ft
3
 in 2017 Grub population / ft

3
 in 2018 

Range Mean±SE Frequency 

(%) 

Range Mean±SE Frequency 

(%) 

Kullu Chhatenseri 0-49 31.2 ± 4.24 90.0 0-42    24.70 ± 3.63 90.0 

 Raison 0-5 1.50 ± 0.56 60.0 0-5 1.30 ± 0.52 60.0 

 Dallash 0-14 3.9 ± 1.54 50.0 0-8 2.10 ± 1.02 50.0 

Mandi Janjehli 0-7 3.4 ± 0.82 80.0 0-9 3.30 ± 1.0 90.0 

 Pangna 1-36 22.4 ± 3.22 100.0 0-24 17.4 ± 2.28 90.0 

Kinnaur Sangla 0-51 30.5 ± 5.57 80.0 0-41 22.4 ± 5.15 70.0 

4.4 Biology and morphometrics of M. cuprescens, M. furcicauda and M. indica 

4.4.1 Eggs: Adult emergence of M. cuprescens and M. furcicauda from soil started 

between second-third week of June, remained abundant throughout July-August months, 

and then perished in second week of September. The emergence of M. indica beetles 

commenced in first week of July, peak activity occurred during July-August and their 

activity continued up to last week of September in Himachal Pradesh. Pathania (2014) 

indicated emergence of M. cuprescens beetles in June at Kheradhar, Dallash and Kullu, 

and in July at Sangla and Holi. Svestka (2006) reported that swarming in Melolontha 

hippocastani Fab. begins during mid April to early May, and culminates 8-14 days after 

the flight of first beetle in Czech Republic. According to reports from Austria, M. 

melolontha and M. hippocastani begin to swarm together during April-May, but swarming 

of M. hippocastani culminates and ends earlier. Males prevail in the beginning of 

swarming and at the time of culmination, the male: female ratio gets more or less balanced 

in all Melolontha species (Kratochvil et al. 1953).  

Copulation was observed under laboratory and field conditions. The male and 

female beetles mated in end to end position (Plate 4.5) and the duration of the coital phase 

lasted for 16-25 minutes in M. cuprescens, M. furcicauda and M. indica. In the present 

study, heavy intensive swarming was seen between July-September, and during this time 

interval intensive egg laying into soil was recorded. Field collected beetles of M. 

cuprescens, M. furcicauda and M. indica started laying eggs after 5-11 days of captivity  
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                Plate 4.5 Mating pairs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica   



87 
 

 

under laboratory conditions at Palampur. Pathania (2014) also reported pre-oviposition 

period of 7-10 days for M. cuprescens in Himachal Pradesh. Vogel (1950) has reported 

egg maturation period of 7-10 days for M. melolontha in Switzerland, and these reports 

back up our results. Contrary to our results, Huiting et al. (2006) reported oviposition 

period of about 10-15 days for M. melolontha in Netherlands. Similarly, in case of M. 

hippocastani, the period of the first maturation feeding has been reported to last for 8-14 

days, and the females fly off to lay eggs (Svestka 2006). In M. cuprescens and M. 

furcicauda, the egg laying was observed during July-August, whereas in M. indica, the 

egg laying was recorded between September to October in the present study. Svestka and 

Drapela (2009) reported egg laying by M. hippocastani during mid-May in Czech 

Republic, and in Germany, peak egg laying by M. hippocastani occurs during second 

week of May (Wagenhoff et al. 2014). In case of M. melolontha, the egg laying has been 

reported towards the end of May in China (Tsai 1965), and during mid-June in 

Switzerland and Netherlands (Keller et al. 1997; Huiting et al. 2006). All these reports are 

contradicting to our observations.  

Female beetles deposited eggs inside the soil up to a depth of 16 cm. Melolontha  

cuprescens and M. furcicauda deposited eggs at a depth of 8-11 and 10-11 cm, 

respectively, whereas M. indica laid eggs more deep at a depth of 13-16 cm in soil. 

According to Keller et al. (1997), the females of M. melolontha burrow into the soil and 

deposit their eggs at a depth of 10-20 cm. In Florida, the females of M. melolontha have 

been reported to burrow into the soil up to 15 inches for oviposition (Woodruff 1978). 

Svestka (2007) reported that M. hippocastani females frequently lay eggs in clusters of 

10-36 eggs in a depth of about 10-30 cm. How deeply they lay eggs perhaps depends on 

the looseness and type of soil.  

The eggs were found without any earthen cavities in all Melolontha species, 

whereas most other species of white grubs like Brahmina coriacea (Hope), H. 

longipennis, H. sikkimensis, (Chandel et al. 1995; Kalpana 2015; Pathania 2014), 

Holotrichia serrata (Fab.) (Veeresh 1977) and H. consanguinea (Vishwanath 1979) lay 

their eggs in small earthen cavities which provide extra protection to the eggs. Melolontha 

beetles are quite large in size and deposit their eggs deeper in soil, whereas white grub 

species which are smaller in size generally deposit their eggs in upper soil layer where 

chances of desiccation and abruption are maximum. In deep soil layers, the eggs become 

less prone to desiccation and abruption, and thereby eliminate the need for earthen 
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cavities. The chorion of the eggs was very thin and delicate, and it was found to be 

damaged even at slight disturbance while removing them from the soil. They have a 

preference for soft soil where the female beetles quickly dug up to a depth of 15-20 cm. 

The soft soil was closed after the female has dug, and this place becomes hard to find. 

Svestka (2007) also reported that under same conditions, M. melolontha females lay their 

eggs deeper in the soil than those of M. hippocastani females which corroborates our 

findings.  

The egg laying occurred in batches, and 3-19 eggs per batch were observed in 

different Melolontha species in the present study. There was sufficient space between the 

two eggs inside the soil. The eggs were oval in all the species, but the colour of eggs was 

found to be variable in different species. In M. cuprescens, the eggs were shiny milky 

white, and in M. furcicauda, the colour was slightly dirty white. However, in case of M. 

indica, there was more tinge of yellow, and the eggs appeared creamish to slightly 

yellowish in colour (Plate 4.6). The eggs of M. melolontha have also been reported to be 

dirty white in colour (Anonymous 2009). According to Sreedevi et al. (2015), egg size, 

shape and colour vary among species, and the chorion microsculpturing exhibits variation 

among and within genus. The length/ width ratio has been reported to be comparatively 

higher in Lepidiota mansueta Burn. (1.43), and this value is close to length/ width ratio 

(1.36-1.40) computed in the present study for M. cuprescens, M. furcicauda and M. 

indica.  

The eggs of M. indica were smaller in size. The average length x width of newly 

laid eggs of M. indica was measured to be 3.63 ± 0.02 x 2.60 ± 0.09 mm. The newly laid 

eggs of M. furcicauda measured from 3.70-4.24 mm in length and 2.63-3.16 mm in width. 

The eggs of M. cuprescens were significantly larger in size as compared to M. furcicauda 

and M. indica. The average length x width of newly laid eggs of M. cuprescens was 

recorded to be 4.58 ± 0.06 x 3.33 ± 0.04 mm. The observations recorded on length x width 

of M. cuprescens are in agreement with the findings of Pathania (2014), where the newly 

laid eggs of M. cuprescens were 4.62 ± 0.04 mm x 3.5 ± 0.06 mm in length x width, and 

near to hatching, the length x width of eggs was measured to be 5.31 ± 0.06 x 3.80 ± 0.03 

mm. Huiting et al. (2006) have reported dimensions of oval eggs of M. melolontha as 2 x 

3 mm in Netherlands. With advancement in embryonic development, the shape of eggs 

changed from elongate to spherical prior to hatching in about 15-20 days old eggs. The 

length x width of 20 days old eggs of M. cuprescens ranged from 5.11-5.50 x 3.61-3.80  
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mm. In M. furcicauda and M. indica, the average length x width prior to hatching (20 days 

for M. furcicauda; 25 days for M. indica) was recorded to be 5.23 ± 0.06 x 3.81 ± 0.02 

mm and 4.49 ± 0.05 x 3.20 ± 0.05 mm, respectively (Table 4.18). This increase in egg size 

could be due to absorption of water from the surrounding soil or entrapping of the air in 

the egg shell through thin elastic chorion during embryonic development. Such an increase 

in size with the age of eggs has been noticed in M. melolontha by Huiting et al. (2006) 

who reported an enlargement of eggs by water absorption. Keller (2000) and Pathania 

(2014) also reported that after absorption of water, the elongated oval eggs of M. 

melolontha and M. cuprescens attained spherical shape. In M. cuprescens, the duration of 

egg stage ranged from 19-22 days with an average of 20.3 ± 0.52 days. Pathania (2014) 

recorded incubation period ranging from 16-20 days for M. cuprescens in Himachal 

Pradesh. There was an increase in incubation period with decrease in egg size among the 

studied species. The mean incubation period for M. furcicauda was recorded to be 23.5 ± 

0.48 days (range = 22-25 days). In case of M. indica, the incubation period was found to 

be longest ranging from 24-30 days with an average of 26.5 ± 0.92 days (Table 4.19). 

Table 4.18 Size of eggs of M. cuprescens, M. furcicauda and M. indica  

Size  Stage M. cuprescens M. furcicauda Stage M. indica 

Range Mean ±SE Range Mean ± SE Range Mean ±SE 

Length 

(mm) 

Newly laid  4.31-4.89 4.58±0.06 3.70-4.24 3.94±0.06 Newly laid 3.55-3.68 3.63±0.02 

20 days old  5.11-5.50 5.29±0.05 4.99-5.46 5.23±0.06 25 days old 4.25-4.71 4.49±0.05 

Width 

(mm) 

Newly laid  3.18-3.51 3.33±0.04 2.63-3.16 2.90±0.06 Newly laid 2.22-3.01 2.60±0.09 

20 days old  3.61-3.80 3.70±0.02 3.73-3.88 3.81±0.02 25 days old 2.98-3.40 3.20±0.05 

In closely related species like M. melolontha, the incubation period has been observed to 

be of 4-6 weeks in Netherlands (Huiting et al. 2006), 5-7 weeks in Switzerland (Keller et 

al. 1997), 40-50 days in Russia (Anonymous 2009) and 6-7 weeks in Florida. Svestka 

(2007) also recorded incubation period of 40-50 days for M. hippocastani in Czech 

Republic. Svestka (2006) reported that the development of eggs from the time of their 

laying until the larval hatch depends on the temperature and humidity of the soil. 

Table 4.19 Incubation period of M. cuprescens, M. furcicauda and M. indica  

Species Duration of egg stage in days Period of  

oviposition Range Mean ± SE 

M. cuprescens 19-22 20.3±0.52 July-August 

M. furcicauda 22-25 23.5±0.48 July-August 

M. indica 24-30 26.5±0.92 August-September 
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4.4.2 Larva: Body movement of grubs inside the eggs was clearly visible under the 

microscope after 20-25 days of egg laying. The egg membrane appeared comparatively 

thin and papery at this stage. The young larvae ruptured the papery egg shell by vigorous 

body movement of its appendages, and gradually crawled out of it. The newly hatched 

grubs were milky-white in colour with shiny tips of mandibles and translucent head. The 

head turned reddish brown after 3-5 days. The grubs became active in about 2-4 hours, 

and entered in the soil. In the present study, the first instar grubs were reared on tender 

maize and rajmash seedlings in small cups. They seldom moved away from the root zone.  

To complete post eclosion development, the Melolontha grubs moulted two times 

and thus has three distinct instars as shown by the width of head capsule. Ritcher (1958) 

reported that all scarabaeids without exception undergo three larval stages. Emden (1941) 

states that the larvae of lamellicornia moult thrice, the third ecdysis releasing the pupa. 

First instar: The first instar grubs were milky-white in colour with light yellowish head 

(Plate 4.7). After feeding for 3-4 days, all segments of the body became distinct from each 

other among themselves. The size prominence of head was also finished. The first instar 

grubs of M. cuprescens were observed to be comparatively larger in size as compared to 

M. furcicauda and M. indica. The fully fed first instar larvae of M. cuprescens measured 

13.11-16.87 mm in length. The head capsule width ranged from 3.01-4.02 mm. The 

average body length of first instar grubs of M. furcicauda and M. indica was recorded to 

be 11.15 ± 0.37 and 13.49 ± 0.70 mm, respectively. The width of head capsule for first 

instar grubs of M. furcicauda and M. indica was observed to be 2.99-3.95 mm and 2.23-

2.52 mm, respectively (Table 4.20). Pathania (2014) reported body length of fully fed first 

instar grubs of M. cuprescens as 15.98 ± 0.13 mm, and 2.63 ± 0.01 mm as head capsule 

width. Sukovata et al. (2015) gave the head capsule width of about 2.6-2.7 mm for first 

instar grubs of Melolontha species. Similarly, in case of M. melolontha, the width of head 

capsule in first instar grubs has been reported to be 2.7 mm (Huiting et al. 2006). In M. 

hippocastani, the width of head capsule of first instar has been recorded as 2.5 mm 

(Anonymous 2009). The present data on body length and head capsule width of M. 

cuprescens, M. furcicauda and M. indica are in confirmity with the earlier reports. After 

hatching, the young grubs started to gnaw the small roots of maize after about two days. 

Huiting et al. (2006) also reported that young larvae of M. melolontha start to gnaw the 

small roots directly after hatching and moves about horizontally distances of up to 30 cm/ 

day. The larvae of M. cuprescens, M. furcicauda and M. indica became more active after 

about one week, and showed considerable horizontal movement in the soil. Huiting et al.  
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Plate 4.7 First instar grubs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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(2006) reported that first instar grubs of M. hippocastani and M. melolontha are attracted 

to the plants by the CO2 released from the roots, and olfactory and taste stimuli are used 

for orientation to short distances. After about one month, the first instar grubs started 

downward movement in the soil, and became inactive.  

 Under laboratory conditions, the duration of development for first instar grubs was 

found to be overlapping in all three Melolontha species in the present study (Table 4.21). 

The first instar grubs of M. cuprescens occupied 56-64 days (mean: 59.60 ± 1.29 days). In 

M. furcicauda, first instar grubs occupied 54-56 days with a mean of 54.80 ± 0.32 days. 

The duration of first instar grubs of M. indica has been recorded to range from 53-58 days, 

and average duration was calculated to be of 55.90 ± 0.83 days. Pathania (2014) has 

reported somewhat lesser duration of first instar grubs of M. cuprescens (24.8 ± 0.55 days) 

in Himachal Pradesh. Wille and Wildbolz (1953) observed variation in the duration of first 

instar grubs of M. melolontha from 33 to 41 days by changing temperature from 23.3
0
C to 

18
0
C. Hurpin (1955) reared grubs of M. melolontha individually in soil in the laboratory, 

and observed that first instar averaged nine weeks at 20
0
C, and longer at 15

0
C which 

vindicates our findings. According to Wille and Wildbolz (1953), the first instar larvae of 

M. melolontha do not survive until their first moult if the temperature either below 12
0
C or 

above 32
0
C. In the present study, the ambient temperature during the period of 

observations varied between 13.8
0
C and 29

0
C. The first instar grubs of M. cuprescens and 

M. furcicauda occurred from August-October, whereas, in M. indica, the first instar lasted 

from October-December. The fully fed first instar grubs stopped feeding after about 1½ 

month, and became inactive. In laboratory at Palampur, the first instar grubs of M. 

cuprescens and M. furcicauda moulted into second instar during the month of October, 

whereas in case of M. indica, moulting of first instar was observed during December.  

Second instar: The second instar grubs resembled to that of first instar to some extent 

except size. The last abdominal segment was more enlarged in size to some extent. The 

body colour of M. cuprescens and M. indica grubs during second instar was observed to 

be dirty white, whereas in M. furcicauda, the second instar grubs appeared slightly 

yellowish in colour. The head capsule was dark brown in all the species (Plate 4.8). The 

body length during second instar was almost in the same range for all three studied 

species. In M. cuprescens, the body length was observed to range from 22.29-24.18 mm 

for full fed second instar grubs. The head capsule width varied from 4.28-5.19 mm. 

Pathania (2014) reported body length of second instar grubs of M. cuprescens ranging 

from 34.13-36.54 mm with average head capsule width of 4.74 ± 0.01 mm. The present  



94 
 

 

            
(a) 

  
(b) 

  
(c) 

Plate 4.8 Second instar grubs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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data on body length are on lesser side. It seems that this data on body length pertains to 

about two months old grubs, whereas in the present study, the data were recorded after 

about one month of first moult. The data on head capsule width show total agreement with 

our results. The second instar grubs of M. furcicauda were slightly larger in size as 

compared to M. cuprescens and M. indica. The average length of second instar grubs of 

M. furcicauda was recorded to be 23.20 ± 0.36 mm with a range of 23.38-24.08 mm. The 

average head capsule width was recorded to be 5.04 ± 0.09 mm. In case of M. indica, the 

body length varied from 21.87-23.57 mm with an average of 22.61 ± 0.35 mm. The width 

of head capsule averaged 4.63 ± 0.20 mm (range: 4.18-5.25 mm) as shown in table 4.20. 

In closely related species like M. hippocastani, the width of head capsule of second instar 

grubs has been reported to be 4.0 mm, which corroborates our findings (Anonymous 

2009). Sukovata et al. (2015) reported head capsule width of about 4.2-4.5 mm for second 

instar grubs of Melolontha species, which finds distinct overlap with our data. 

 In M. cuprescens, the growth ratio (GR) for head capsule width was calculated to 

be 1.34 for second instar as compared with the first instar. The corresponding values of 

GR in M. furcicauda and M. indica have been computed to be 1.57 and 1.95, thus 

indicating that there exist considerable variations in the growth ratio in different 

Melolontha species. Pathania (2014) reported this value to be 1.80 for M. cuprescens. 

However, in M. melolontha, the head capsule width as reported by Huiting et al (2006) is 

2.7 and 4.5 mm for first and second instar grubs and the growth ratio (GR) for second to 

first instar comes out to be 1.67. Similarly, in case of M. hippocastani, the head capsule 

width has been reported to be 2.6 and 4.2 for first and second instars grubs, respectively, 

and the growth ratio (GR) for second to first instar was 1.62. However, in H. serrata, this 

value has been reported to be 2.7 by Veeresh (1997). The ratio of body length to head 

capsule width has been worked out to be 4.71, 4.60 and 4.88 in M. cuprescens, M. 

furcicauda and M. indica, respectively. Yakir et al. (1996) reported that in second instar 

grubs of Maladera matrida Argaman, the ratio of body length to head capsule width was 

below 3.0 in Israel, whereas in case of M. insanabilis, the ratio of body length to head 

capsule width has been worked out to be 4.68 in Himachal Pradesh (Gupta 2019) which 

validates our findings.  

During the course of our observations, the first moult occurred in the same year 

(2017) that the egg hatched, while second moult occurred in the following year (2018). In 

case of M. cuprescens and M. furcicauda, the second instar grubs occurred between 

October, 2017 to May, 2018, while in M. indica, the second instar grubs were recorded 
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between December, 2017 to July, 2018 under laboratory conditions at Palampur. The 

duration of second instar lasted for 226-230 days and 218-224 days in M. cuprescens and 

M. furcicauda, respectively. In M. indica, it ranged from 234-237 days with an average of 

235.30 ± 0.39 days (Table 4.21). The duration of second instar in the present study was 

relatively shorter as compared to that of 274.7 ± 1.05 days recorded for M. cuprescens by 

Pathania (2014) in Himachal Pradesh. In other related species, Leucopholis lepidophora 

Blanchard, second instar was completed in 60-110 days (Patil and Hapase 1991). The 

second instar grubs in all studied Melolontha species were quite active, feeding 

voraciously on roots of maize/rajmash, and potato tubers. In potato, the second instar 

grubs inflicted large deep holes in the tubers rendering them unfit for marketing. Second 

instar grubs constructed earthen cells and moulted inside these cells. According to 

Pathania (2014), the second instar larvae of M. virescens overwintered in earthen cells. 

Earlier workers have also reported the formation of earthen cells by second instar larvae in 

other related species of white grubs (Chandel et al. 1995).  

Third instar: There was considerable increase in size in third instar. The second and third 

instar larvae did not show much variation in morphological characters. During this final 

instar, there was slight change in body colour, but the colour of head capsule remained 

dark brown. In M. furcicauda, the body colour was creamish-white to slightly yellowish, 

whereas third instar grubs of M. cuprescens were more yellowish in colour as compared to 

M. furcicauda. In case of M. indica, the third instar grubs appeared greyish-white in colour 

(Plate 4.9). The third instar grubs appeared bulky, robust and highly active. The body 

length of M. cuprescens and M. furcicauda showed distinct overlap, but the grubs of M. 

indica were significantly smaller in size as compared to these two species. The third instar 

grubs of M. cuprescens measured 51.12-58.20 mm in body length, and 7.68-8.99 mm in 

head capsule width. The body length of third instar grubs of M. furcicauda ranged from 

50.11-53.39 mm with an average of 51.85 ± 0.63 mm. The head capsule width for third 

instar grubs of M. furcicauda was recorded to be 7.0 ± 0.05 mm (range: 6.89-7.13 mm). In 

case of M. indica, the third instar grubs measured 44.81 ± 1.82 mm (range: 40.13-50.03 

mm), and width of head capsule was recorded to be 6.98-7.58 mm (mean: 7.34 ± 0.14) as 

indicated in table 4.20. According to Pathania (2014), the body length of third instar grubs 

of M. cuprescens ranged from 58.76-64.01 mm and the width of head capsule has been 

reported to be varying between 7.67 to 8.11 mm in Himachal Pradesh. In M. hippocastani, 

the width of head capsule of third instar grub has been reported to be 6.0 mm (Anonymous  
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Plate 4.9 Third instar grubs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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2009). The present data are in total agreement with these reports. Stebbing (1914) has 

reported Melolontha ? sp. attacking deodar in western Himalaya having body length in the 

range of 38.1-50.8 mm, and the colour of these grubs has been reported to be yellowish 

white. These observations on body length and colour are similar to our observations 

recorded for M. indica and M. cuprescens in the present study. In M. melolontha, the body 

length and head capsule width of third instar grubs have been reported to be 40-46 mm 

and 6.9 mm in Netherlands (Huiting et al. 2006).  

The growth ratio (GR) for head capsule width of M. cuprescens and M. indica was 

on higher side as compared to M. furcicauda. The GR ratio for head capsule width of M. 

cuprescens and M. indica was calculated to be 1.67 and 1.59 for the third instar as 

compared with the second instar, respectively. The corresponding value of GR for head 

capsule width of M. furcicauda has been calculated to be 1.39. The overall growth ratio 

Table 4.20 Body length and head capsule width for grubs of different Melolontha spp. 

Instar Body length and head capsule width (mm) 

M. cuprescens M. furcicauda M. indica 

Length Width Length Width Length Width 

 I Range 13.11-6.87 3.01-4.02 10.01-12.33 2.99-3.95 11.94-15.75 2.23-2.52 

 Mean ± SE 15.33±0.66 3.65±0.22 11.15±0.37 3.21±0.19  13.49±0.70 2.37±0.05 

II  Range 22.29-24.18 4.28-5.19 22.38-24.08 4.85-5.35 21.87-23.57 4.18-5.25 

 Mean ± SE 22.99±0.32 4.88±0.17 23.20±0.36 5.04±0.09  22.61±0.35 4.63±0.20 

 III  Range 51.12-58.20 7.68-8.99 50.11-53.39 6.89-7.13 40.13-50.03 6.98-7.58 

 Mean ± SE 53.80±1.24 8.18±0.23 51.85±0.63 7.0±0.05 44.81±1.82 7.34±0.14 

 (GR) has been worked out to be 1.51, 1.48 and 1.77 for M. cuprescens, M. furcicauda, 

and M. indica, respectively. According to Brooks Dyar rule (Daly 1985), the increment in 

size of stable character is 1.4-1.6. The values obtained in the present study are on higher 

side for M. indica, but the values obtained for M. cuprescens and M. furcicauda falls 

within the normal range of 1.4-1.6. Chandel et al. (1995) also reported overall growth 

ration (GR) of 1.74 for grubs of B. coriacea at Solan in Himachal Pradesh. Kalpana 

(2015) has calculated overall growth ratio (GR) for H. longipennis and H. sikkimensis as 

1.72 and 1.73, respectively. In H. serrata, the overall growth ratio (GR) comes out to be 

2.05 on the basis of head capsule width reported for instars I-III (Veeresh 1977). In case of 

M. melolontha and M. hippocastani, the overall growth (GR) ratio of 1.60 and 1.59 on the 

basis of head capsule width was reported for I-III instars by Huiting et al. (2006) in 

Netherlands. Thus there exists considerable variation in growth ratio (GR). 
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 The duration of third instar grubs ranged from 325-329 days in M. cuprescens, 

310-312 days in M. indica and 299-311 days in M. furcicauda in the present study. 

Average duration of third instar grubs was found to be 326.7 ± 0.58, 310.60 ± 0.29 and 

305.60 ± 1.88 days in M. cuprescens, M. indica and M. furcicauda, respectively. In M. 

cuprescens, third instar grubs occurred from May, 2018 to April, 2019, and in M. 

furcicauda, the third instar grubs occurred from May, 2018 to March, 2019. In M. indica, 

the third stage grubs were recorded between July, 2018 to June, 2019 in the present study 

(Table 4.21). The average longevity of third instar of M. cuprescens at Palampur has been 

reported to be of 325.1 ± 1.53 days by Pathania (2014). According to Burakowski (1993), 

the third instar grubs of M. hippocastani occupied 234 days at 18
0
C, and at 23.3

0
C, the 

duration of third instar was reduced to 121 days in Poland. Svestka and Drapela (2009) 

reported that third instar grubs of M. hippocastani occupy about 12 months from June to 

May. These reports clearly corroborated our findings.  

The fully fed third instar grubs in all three species moved downward up to a depth 

of 15 cm, stopped feeding and constructed earthen cells near to the bottom of glass jars. 

The formation of earthen cells by third instar grubs was noticed in the month of December 

in M. cuprescens and M. furcicauda, and during January in M. indica. These cells 

provided protection against biotic and abiotic factors throughout winter months in north 

western Himalaya. Thus, it was the overwintering stage in these species. Third instar 

grubs of M. cuprescens were found to be infected with Beauveria brongniartii (Saccardo) 

Petch at Chhatanseri in Kullu valley. The diseased grubs showed white mycelium growth 

on their body, and the ellipsoid conidia were 2-3 x 1.5-2.5 μm long .  

The economic importance of white grubs is primarily due to the feeding activity of 

third instar grubs. The white grubs damage is extensive in a variety of crops (Chandel et 

al. 2015). Third instar grubs produced large irregular cavities deep into the potato tubers 

and such tubers were rendered unfit for marketing. Although the duration of third instar 

was about 11 months, the duration of active feeding period was about seven months 

during May-November in M. cuprescens and M. furcicauda. In Russia the duration of 

active feeding by third instar grubs of M. melolontha has been reported from May-

September (Anonymous 2009). The grubs remained inactive inside earthen cells for about 

two months from December-February. Third instar grubs of M. indica were found to feed 

actively for about five months from August-December and then hibernated for about 2½ 

months. The overwintering grubs of M. furcicauda and M. cuprescens resumed feeding  
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Plate 4.10 (a) M. cuprescens grub infected with B. brongniartii;  

(b) B. brongniartii isolated on PDA; (c) Conidia of B. brongniartii 
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activity during second and last week of February, whereas in case of M. indica, the 

overwintering grubs resumed their activity during second week of March. The larval stage 

in the present study was recorded from August, 2017 to April, 2019 (20.63 months) for M. 

cuprescens, August, 2017 to March, 2019 (19.67 months) for M. furcicauda, and October, 

2017 to June, 2019 (20.17 months) for M. indica. According to Ritcher (1958), the larval 

stage is longest in white grubs and larvae are encountered more often in the soil. The total 

larval period ranged from 608-619 days in M. cuprescens, and 598-605 days in M. indica. 

In case of M. furcicauda, the total larval period varied from 572-590 days. Average total 

larval duration was little more in M. cuprescens (mean: 614.40 ± 1.51 days) as compared 

to M. furcicauda (mean: 581.30 ± 2.60 days) and M. indica (mean: 601.80 ± 0.94 days). 

Pathania (2014) reported total larval period of 610-631 days for M. cuprescens in 

Himachal Pradesh. These reports are well within the range for M. cuprescens obtained in 

the present study. Contrary to our findings, in M. melolontha, the total larval duration has 

been reported to be of 58 months in China (Tsai 1965), four to five years in Europe and 

USSR (Khramtsov 1979), and three years in United States (Cardiff 2001) and Austria 

(Laengle 2005). Melolontha hippocastani also required three to five years to complete its 

total larval period in Russia (Anonymous 2009).   

Table 4.21 Larval period of M. cuprescens, M. furcicauda and M. indica  

Stage 

 

M. cuprescens  

(Duration in days) 

M. furcicauda  

(Duration in days) 

M. indica  

(Duration in days) 

Mean ± SE 

(Range) 

Period of 

Year 

Mean ± SE 

(Range) 

Period of 

Year 

Mean ± SE 

(Range) 

Period of 

Year 

Instar I 59.60 ± 1.29 

(54-64) 

Aug 2017- 

Oct 2017 

54.80 ± 0.32 

(54-56) 

Aug 2017- 

Oct 2017 

55.90 ± 0.83 

(53-58) 

Oct 2017- 

Dec 2017 

Instar II 228.10 ± 0.59 

(226-230) 

Oct 2017- 

May 2018 

 220.9 ± 0.85 

(218-224) 

Oct 2017- 

May 2018 

235.3 ± 0.39 

(234-237) 

Dec 2017- 

July 2018 

Instar III 326.7 ± 0.58 

(325-329) 

May 2018- 

April 2019 

 305.6 ± 1.88 

(299-311) 

May 2018- 

March 2019 

310.6 ± 0.29 

(310-312) 

July 2018- 

June 2019 

Total 

larval 

period 

614.40 ± 1.51 

(608-619) 

Aug 2017-

April 2019 

 581.30 ± 2.6 

(572-590) 

Aug 2017- 

March 2019 

601.8 ± 0.94 

(598-605) 

Oct 2017-

June 2019 

       Larval morphology 

 The larvae of all these species are of typically scarabaeiform, bearing a pair of thoracic 

legs on the C-shaped body. Certain structures of the larvae are of taxonomic importance 

and several workers have classified the Melolonthine beetles on the basis of larval 

characters (Hayes 1925; Boving and Craighead 1931; Gardner 1935; Emden 1941 and 

Ritcher 1966). Sreedevi et al. (2014) reported that raster and anal lobes of last abdominal 
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segments possess definite taxonomic significance that delineates the species of white 

grubs. The larval head is heavily sclerotized, bearing a pair of antennae and a set of 

chewing mouth parts directed ventrally.  

A detailed description of the mouth parts (clypeus, labrum, mandibles, maxilla, 

epiphrynx, labium, hypopharynx), raster, spiracles, thoracic legs of the third instar larva 

and last abdominal segment of pupa is given below with the help of suitable diagrams. 

Mouth parts 

The mouth parts are of typical mandibulate type consisiting of clypeaus, labrum, 

epipharynx, a pair of mandibles, a pair of maxillae, labium and hypopharynx complex.  

Clypeus and labrum: The clypeus is nearly trapezoidal in shape, bearing an anterior 

membranous band and posterior sclerotised area in all three Melolontha species. The 

posterior part of post clypeus is comparatively flatter in M. indica, whereas in M. 

cuprescens and M. furcicauda, it is more circular in outline (Plate 4.11; Fig. 4.18). The 

width of ante clypeus between postclypeus and labrum was more in M. furcicauda among 

three Melolontha species. The clypeus is furnished with two pairs of setae laterally and 

one pair centrally in M. furcicauda and M. indica. In case of M. cuprescens, the central 

pair of setae was absent. Jia et al. (2020) observed two pairs of setae on lateral sides and 

one pair in the centre of clypeus in Melolontha incana Motschulsky. The labrum is heart 

shaped, articulated distally to the clypeus, equipped symmetrically with three pairs of 

longer setae on dorsal surface, and two groups of shorter setae on proximal part in M. 

indica. In case of M. cuprescens, only two pairs of longer setae are present on dorsal 

surface alongwith two groups of shorter setae on proximal part. In M. furcicauda, three 

pairs of longer setae are present, but groups of shorter setae are missing. 

Antennae: The antennae were four segmented, cylindrical with second and third segments 

comparatively longer in all three Melolontha species (Plate 4.12; Fig. 4.19). The basal 

segment possesses 11 prominent setae in M. cuprescens, seven in M. indica and five in M. 

furcicauda. The second segment is longest in all three species possessing one setae in M. 

cuprescens and M. indica, and five in M. furcicauda. The third segment bears an apical 

protrusion on the ventral surface. The protrusion is more prominent in M. cuprescens. This 

process tapers gradually, and is more curved in M. cuprescens as compared to M. 

furcicauda. In M. indica, it is slightly swollen in the middle and the tip is less pointed as 

compared to M. cuprescens and M. furcicauda. The distal antennal segment is cambiform  
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Plate 4.11 Clypeus and labrum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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   Fig 4.18 Clypeus and labrum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Plate 4.12 Antennae of grub (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.19 Grub antennae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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bearing a sensory plate on dorsal surface and a crown shaped sensory area at the apex. In 

M. cuprescens, the dorsal sensory plate is elliptical covering about 3/4
th 

of the area. On 

ventral surface, two sensory spots are present. The posterior one is circular in outline, and 

the anterior one is cone shaped. In case of M. furcicauda, the dorsal sensory plate is 

elliptical and covers about 60 per cent of the length of the segment. On ventral surface, 

two sensory areas were seen as shown in fig. 4.19. The dorsal sensory spot and sensory 

areas on ventral surface on terminal segment in M. indica are almost similar to that of M. 

furcicauda except posterior sensory spot on ventral surface which appears more oval in 

shape. The apical sensory area is furnished with sensilla basiconica, which are arranged in 

a circle. In case of M. cuprescens and M. indica, there were total 11 sensilla basiconica, 

whereas in M. furcicauda, only nine sensilla basiconcia were present. The arrangement of 

sensilla basiconica on apical sensory area of last antennal segment also varies among these 

three speices. In M. cuprescens and M. indica, eight distinct sensilla basiconia were 

present in a circle, and three discrete inside the circle. In case of M. furcicauda, only six 

prominent sensilla basiconica were present in a circle, and three discrete inside the circle. 

In Melolontha incana (Motschulsky), the apical sensory area is furnished with 11 sensilla 

basiconica, eight of which are comparatively thicker and are arranged in circle (Jia et al. 

2020). The apical sensory area is circular in M. cuprescens and M. furcicauda, and it is 

flattened at one end in M. indica. 

Epipharynx: The epipharynx appears more symmetrical in M. indica as compared to M. 

cuprescens and M. furcicauda (Plate 4.13). Epipharynx possesses a haptomerum on the 

apex, paired plegmatia on the lateral margins, paired chaetoparia on the central region, a 

haptolachus and a paired tormae on the basal part. The haptomerum is protuberant, having 

18 heli, pointing posteriorly and six minute sensilla basiconica in M. cuprescens. In M. 

indica, the haptomerum bears 15 heli and eight sensilla basiconica (Fig. 4.20). In closely 

related species, M. incana, 14 heli (Jia et al. 2020), whereas in M. melolontha, 12 heli 

have been reported (Boving 1942). There is reduction in number of heli (7) and sensilla 

basiconica (3) in M. furcicauda. In M. cuprescens, each plegmatium comprises 18 parallel 

plegmata with inner end line up. The plegmata are of maximum length in the centre, and 

gradually the length decreases to the both sides. The plegmata are intertwined with same 

number of acanthopariae (18) pointed ventrally. In case of M. indica, 16 plegmata were 

present on each plegmatium, and accordingly 16 acanthopariae pointing ventrally were 

present. In M. furcicauda, the number of plegmata and acanthopariae were recorded to be  
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Plate 4.13 Epipharynx (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig 4.20. Epipharynx (a) M. cuprescens; (b) M. furcicauda 
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Fig. 4.21 Epipharynx of M. indica 
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13 (Plate 4.13; Fig. 4.21). Several workers have reported that epipharynx provides 

numerous valuable characters for the larval taxonomy in melolonthinae, mainly based on 

the number of heli on haptomerum, shape of plegmatia, and absence or presence of 

proplegmatia (Boving 1931; Ritcher 1966). The cryptic functions of these structures still 

need further anatomical studies. The pedium was narrow and oblong in M. furcicauda, 

whereas in M. cuprescens and M. indica, the pedium is broader and shape was more 

regular in M. indica. The haptolachus composed of a sclerotised plate, a sensory cone, 

several sensilla basiconica and a cluster of dexiophoba between the sclerotised plate and 

sensory cone. The dexiotorma is more or less straight in all the species and the leotorma 

was equipped with pternotorma. The pternotorma appears to be peg shaped and is directed 

posteriorly in M. cuprescens. In M. furcicauda, the pternotorma appears to be somewhat 

oval in shape, whereas in M. indica, the pternotorma is oval to oblong in shape. 

Mandibles: The mandibles were distinct, and usually the left mandibles are considered for 

species description (Sreedevi and Tyagi 2013). The paired mandibles were darkish 

laterally and yellowish in the middle region. The yellowish patch is more prominent in 

case of M. indica (Plate 4.14). The mandibles are heavily sclerotized, strong, sub-

triangular in outline, curved inward, each with a strong blade like scissorial area and a 

rather strong molar area. The scissorial area is equipped with a larger blade-like apical 

tooth and a smaller, rounded tooth following the scissorial notch. The scissorial notch was 

more distinct in M. cuprescens and M. furcicauda. The scissorial area is blackish with a 

nearly straight cutting edge in M. cuprescens and M. furcicauda. In M. indica, the cutting 

edge was slightly slanting inward. The width of scissorial area was recorded to be 

maximum in M. indica (1.58 mm), and minimum in M. cuprescens (1.04 mm). In case of 

M. furcicauda, the width of scissorial area was recorded to be 1.26 mm (Plate 4.14; Fig 

4.22). The molar region is asymmetrical between the two mandibles, each bearing a group 

of large molar teeth that seems to be chimeric with each other. The length of molar area 

was recorded to be maximum in M. furcicauda (2.32 mm), followed by M. cuprescens 

(2.24 mm) and M. indica (1.89 mm). The inner edge of the smaller scissorial area was 

concave in shape and there was a gap of 1.71 mm in between scissorial and molar 

structure in M. cuprescens. The corresponding values in M. furcicauda and M. indica have 

been recorded to be 1.83 mm and 1.72 mm, respectively. The base of the mandible was of 

minimum width in M. cuprescens (3.08 mm). In M. furcicauda, the width of mandible 

base measured to be 3.12 mm. In case of M. indica, the base of mandible was of maximum  
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                                           Plate 4.14 Mandibles (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.22 Mandibles (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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width (3.62 mm). In scobis area, 10, seven and nine setae were present in M. cuprescens, 

M. furcicauda and M. indica, respectively. The left mandible possesses an acia and ventral 

process in all three Melolontha species. Each mandible is equipped with a stridulatory 

area, which is characterized by the presence of, granulate patch as shown in fig. 4.22 

Maxillae: Each maxilla is subdivided into a cardo, stipes, a maxillary palp and a mala lobe 

fused from the galea and the lacinia (Plate 4.15; Fig. 4.23). The cardo possesses numerous 

minute setae on the lateral surface and several tiny setae on the ventral surface. The stipe 

is furnished with 16 stridulatory teeth in M. cuprescens, 12 stridulatory teeth in M. 

furcicauda and 13 stridulatory teeth in M. indica. These stridulatory teeth are arranged in a 

line on the dorsal surface of stipe (Plate 4.15). Jia et al. (2020) also reported the presence 

of a single row of 18 teeth arranged on the dorsal surface of stipe in M. incana. The 

maxillary palp is four segmented and the last segment is columnar in shape and longest in 

all the species. The distal segment bears a digitiform organ on the lateral surface and 

several sensilla basiconica are present at the apex. These sensilla basiconica are present in 

circular fashion protruding outward. The central sensilla basiconica were comparatively 

thicker and long. In M. furcicauda and M. indica, 10 sensilla basiconica were present, 

whereas in case of M. cuprescens, the number of sensilla basiconica goes up to 13-14. In 

case of M. indica, all sensilla basiconica were confined to the mid-posterior side of the 

circular sensory area. The third segment is furnished with single seta on the lateral and 

ventral surface. The basal segment is also furnished with three setae. The galea is 

cuculiform, bearing a robust uncus directed anteriorly on the apex, and single sensillum 

basiconicum on the basal part. The lacinia possesses three unci in all three species. In M. 

cuprescens and M. indica, four large setae are present on dorsal surface of galea. The basal 

seta is more sclerotised, stout and prominent. In case of M. furcicauda, the basal seta was 

inconspicuous. On the dorsal surface of lacinia, three sclerotised setae are present which 

are adjacent to unci in series. The cardo was found to be longest in M. cuprescens (2.64 

mm), followed by M. indica (2.40 mm) and M. furcicauda (1.88 mm). Unlike cardo, the 

maxillary palp was found to be shortest in M. cuprescens (1.66 mm). In M. furcicauda and 

M. indica, the length of maxillary palp was recorded to be 1.68 mm and 1.79 mm, 

respectively. 

Labium: Labium consists of a sub-mentum, mentum, pre-mentum and a pair of labial 

palps (Plate 4.16; Fig. 4.24). The sub-mentum is asymmetrical in all species. Width of 

sub-mentum at proximal end was recorded to be maximum in M. furcicauda (3.20 mm),  
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                                       Plate 4.15 Maxillae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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                                 Plate 4.16 Labium (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.24 Labium (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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followed by M. indica (3.09 mm) and M. cuprescens (2.89 mm). A pair of setae was 

present in upper half of the sub-mentum in all Melolontha species. These setae were larger 

in M. indica and M. cuprescens as compared to M. furcicauda. The mentum is more or 

less symmetrical in M. cuprescens and M. furcicauda, but symmetry is lost in M. indica. 

The maximum width of mentum was recorded in M. furcicauda (2.13 mm), followed by 

M. indica (2.08 mm) and M. cuprescens (1.95 mm). The pre-mentum was symmetrical in 

M. cuprescens, and it appears asymmetrical in M. furcicauda and M. indica. The 

maximum width of pre-mentum was recorded in M. furcicauda (1.90 mm), followed by 

M. indica (1.84 mm) and M. cuprescens (1.70 mm). Several paired setae were present on 

the distal part of the pre-mentum. The paired setae were directed straight foreward in M.  

indica, whereas in M. cuprescens and M. furcicauda, these setae pointed inward crossing 

each other. The overlap of setae is more distinct in M. furcicauda. The labial palp is two 

segmented bearing sensilla basiconica on the apex of the distal segment. The glossa was 

furnished with numerous sensilla basiconica on the central part, and the tuft of 

michrotrichia on the distal and lateral margins. The length of the maxillary palp has been 

recorded to be maximum in M. indica (1.84 mm), followed by M. furcicauda (1.28 mm) 

and M. cuprescens (0.94 mm). 

Hypopharynx: The hypopharynx is specialized in the hypopharyngeal sclerome, which is 

furnished with truncate process and paired lobes on the lateral margin (Plate 4.17; Fig. 

4.25). The left lateral lobe is pointed in M. cuprescens, and more blunt in M. indica. In 

case of M. furcicauda, the left lateral lobe is more or less pointed and it is curved upward. 

A tuft of hairs was present on hypopharyngeal sclerome in all the species. The truncate 

process in M. cuprescens was sub circular in outline, whereas in M. furcicauda and M. 

indica, outer edge of truncate process was more or less flat in shape. On the dorsal surface 

of hypopharynx, a hole was observed which is known as hypopharyngeal opening. This 

hole was elliptical in shape in M. indica, whereas in M. cuprescens and M. furcicauda, the 

hole tends to be irregularly oval in shape. 

Thoracic legs: Thoracic legs are five segmented, each consisting of a coxa, a trochanter, a 

femur, a tibiotarsus, and a single claw on the apex. In prothoracic legs, the trochanter is 

somewhat triangular in shape (Plate 4.18; Fig. 4.26). The femur is furnished with 

numerous fussorial setae on the ventral surface. Similar setae have also been observed in 

other multivoltine species such as Melolontha japonica Burmeister (Sawada 1991) and M. 

incana (Jia et al. 2020). The tibiotarsus is fused from tibia and tarsus, and furnished with 

numerous fussorial setae on the ventral surface either. The claw is sclerotized and almost  
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                                Plate 4.17 Hypopharynx (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Dorsal view    (b)  Ventral view 

 

 

 

 

 

                           
 

Dorsal view    (c)  Ventral view 
 

 

            Fig. 4.25 Hypopharynx (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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straight in M. cuprescens and M. furcicauda. The length of claw has been recorded to be 

0.87 mm in M. cuprescens and 0.94 mm in M. furcicauda. In M. indica, the claw is 

slightly curved, and its length has been recorded to be 0.86 mm. In M. furcicauda, the 

claws are directed forward, whereas in M. indica and M. cuprescens, the claws are 

directed laterally. In mesothoracic legs, the shape of trochanter showed little variation 

among species (Plate 4.19; Fig. 4.27). In all three Melolontha species, the line joining 

trochanter with femur was almost flat in M. cuprescens, whereas the line is slightly 

pressed inward towards the end in M. furcicauda and M. indica. Distal part of the 

trochanter was notched, and the notch was more prominent in M. indica as compared to M. 

furcicauda and M. cuprescens. The length of the claw was maximum in M. indica (0.76 

mm), followed by 0.68 mm in M. furcicauda, and 0.37 mm in M. cuprescens. The 

fussorial setae were also larger in M. indica as compared to M. furcicauda and M. 

cuprescens. In metathoracic legs, the shape of trochanter was more or less symmetrical in 

M. furcicauda and M. cuprescens, but in M. indica, the shape tends to be asymmetrical 

(Plate 4.20; Fig. 4.28). The femur was short and slightly rounded on outer side in M. 

furcicauda and M. indica, whereas in M. cuprescens, it was almost flat for most part of its 

length. The length of the claw was recorded to be maximum in M. indica (0.41 mm), 

followed by M. cuprescens (0.32 mm) and M. furcicauda (0.26 mm).    

Spiracles: The respiratory system is of peripneustic type, bearing a pair of spiracles on the 

prothorax and eight pairs of spiracles on the first eight abdominal segments. The spiracles 

were „C‟ shaped with respiratory plate completely surrounding the bulla. The thoracic 

spiracles were slightly larger and opened towards the caudal end. The abdominal spircales 

are comparatively smaller and opened anteriorly (Plate 4.21; Fig. 4.29). The overall size of 

thoracic spiracles was larger in M. cuprescens, than M. indica and M. furcicauda. In M. 

cuprescens, the length x width of thoracic spiracles has been recorded to be 1.27 x 0.86 

mm, whereas for M. indica and M. furcicauda, the length x width of thoracic spiracles 

measured to be 1.02 x 0.81 mm and 0.43 x 0.28 mm, respectively. Similar trend was 

observed for the first pair of abdominal spiracles among different Melolontha species. The 

maximum length x width was recorded in M. cuprescens (0.89 x 0.72 mm), followed by 

M. indica (0.85 x 0.61mm) and M. furcicauda (0.37 x 0.26 mm), respectively. The 

distance between the two lobes of respiratory plates differed considerably among three 

studied Melolontha species. In thoracic spiracles, it was recorded to be maximum in M. 

furcicauda (0.20 mm) and minimum in M. cuprescens (0.06 mm). In M. indica, the 

distance between two respiratory lobes was 0.18 mm. For abdominal spiracles, the  



123 
 

 

                                                       
       (a) 

            
                                                                                         (b) 

                                                          
        (c) 

 

 

 

Plate 4.18 Prothoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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   Plate 4.19 Mesothoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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    Plate 4.20 Metathoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.26 Pro thoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.27 Mesothoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.28 Metathoracic legs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Plate 4.21 Spiracles (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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           Fig. 4.29 Prothoracic and abdominal spiracles (a) M. cuprescens; (b) M. furcicauda; (c) 
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maximum distance between two lobes of respiratory plates was discernible in M. 

furcicauda (0.18 mm), followed by M. indica (0.13 mm) and M. cuprescens (0.08 mm). In 

M. cuprescens, the length of abdominal spiracles gradually decreased from I-VIII 

abdominal segments; whereas the width of abdominal spricales was stable from II-V 

segments, and gradually increases from VI-VIII abdominal segments. In M. furcicauda, 

the length of abdominal spiracles gradually increased from I-III abdominal segments, and 

then decreased from IV-VIII segements. The width of abdominal spiracles gradually 

increased from I-VIII abdominal segments. In subfamily melolonthinae, the larval 

spiracles have been reported to be significantly smaller on abdominal segment VI-VIII in 

Phyllophaga cuicateca Moron and Aragon (Aragon and Moron 2000), gradually larger 

from abdominal segment I-VII, but distinctly smaller on abdominal segment VI-VIII in 

Phyllophaga ilhuicaminai Moron (Aragon and Moron 2000). The distance between lobes 

of spiracular plates gradually decreased from I-VIII abdominal segments. In M. indica, the 

length of abdominal spiracles gradually decreased from I-VII abdominal segments, but 

larger in eighth abdominal segment. The width of abdominal spiracles and distance 

between lobes of respiratory plate in M. indica was found to be inconsistent. The diverse 

spiracle size arrangement can provide more information in larval identification among 

different Melolontha species.  

Raster pattern: Rasters are generally furnished with hemate setae and palidial setae, 

which varied greatly in shape, number and arrangement. Jia et al. (2020) reported that 

diverse morphological features of the raster imply their peculiar functions. The palidial 

setae were considered to be the site of chemical emission that attract male adults (Haynes 

et al. 1992), and also known to be associated with defensive behaviur against nematode 

attack (Gaugler et al. 1994). The raster is well developed with two widely separated and 

prominent palidia in the central region. The palidia are diverging posteriorly in all the 

species. The paired palidia are nearly parallel, each consisting of 28 or 29 pali, pointing 

inward in M. cuprescens. Leaving 8-9 basal pali, all other pali in the present studied 

species were distinctly directed in upward direction. In M. furcicauda, each palidium 

consisted of 26 pali. The number of pali were recorded to be 31 or 33 in each palidium of 

M. indica (Plate 4.22; Fig. 4.30). Jia et al. (2020) observed 25 or 26 pali in palidium of M. 

incana. The septula was more prominent in M. indica as compared to M. cuprescens and 

M. furcicauda. The tegilla comprised of numerous hamate setae, which are slightly 

compressed and apically curved. The shape of pali and hemate setae also varied among 

species as shown in fig. 4.30. The presence or absence of these setae could not only  
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Plate 4.22 Raster pattern (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.30 Raster pattern (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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valuable for taxonomic purposes, but may also provide valuable information for diverse 

living habits in melolonthinae (Jia et al. 2020). In M. cuprescens, the anal slit is Y shaped, 

slightly depressed and hooked in the centre, slightly raised on both sides and gradually 

tapering laterally in a semicircular fashion. The anal cleft is straight, touching the base of 

septula. In case of M. furcicauda, the anal slit is raised in the centre and gradually tapers to 

both sides uniformly. The anal cleft is somewhat broadened at the base, tapering upward 

and its upper end remains far behind the septula. The anal slit of M. indica was raised in 

the centre, gradually tapers to the sides and again curves upward forming distinct grooves 

on both sides. The anal cleft is straight and goes up to the base of septula as in case of M. 

cuprescens. The lower anal lobe is sub-circular in outline in all the species (Fig. 4.30). 

According to Sreedevi et al. (2014), the anal slit forms an important and stable character to 

distinguish between subfamilies especially melolonthinae and rutelinae. It is „V‟ or „Y‟ 

shaped in melolonthinae and transverse or angulate in rutelinae (Ritcher 1966) The setae 

are more uniformly groomed and arranged in M. cuprescens and M. indica, but in M. 

furcicauda, the setae covered more area on the lower anal lobe, which are arranged in 

triangular fashion in the centre. 

4.4.3 Pre-pupa: Towards the end of third instar, the normal C-shape of the body becomes 

somewhat straight and slightly curved upward at its abdominal end (Plate 4.23). This stage 

is known as pre-pupal stage. Pre-pupae were formed in the month of April in M. 

cuprescens, March in M. furcicauda, and during June in M. indica in third summer at 

Palampur. The ventral surface of the last abdominal segment became wrinkled and they 

assumed yellowish colouration. First to sixth segments of dorsal surface became brownish 

in colour. The spiracles appeared depressed in this stage. The size of pre-pupae is given in 

the table 4.22. In M. cuprescens, the body length of pre-pupae varied from 34.16-36.86 

mm, and in M. furcicauda, the body length was in the range of 34.97-35.17 mm. The 

average body length of pre-pupae in M. cuprescens and M. furcicauda has been recorded 

to be 35.24 ± 0.31 and 35.03 ± 0.02 mm, respectively. In M. indica, the average body 

length was observed to be 36.01 ± 0.29 mm (range: 34.80-37.11 mm).  

The duration of terminal portion of the third instar or pre-pupal period was 

relatively short. In M. cuprescens, the pre-pupal period ranged from 22-25 days with an 

average of 23.4 ± 0.4 days. The pre-pupal period was relatively short in M. furcicauda and 

M. indica where the duration of pre-pupal stage has been recorded to be 12-14 days 

(mean: 13.0 ± 0.30 days) and 11-12 days (mean: 11.5 ± 0.17 days), respectively. Tsai  
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Plate 4.23 Pre-pupae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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(1965) and Huiting et al. (2006) did not mention pre-pupal stage in M. melolontha. 

Probably they have included the duration of this stage in the larval stage. In H. 

consanguinea, the pre-pupal period has been reported to be of three to five days 

(Vishwanath 1979), and in H. serrata, the duration of pre-pupa has been reported to be of 

seven days (Veeresh 1977).  

4.4.4 Pupa: Pupae were without any cocoon inside the hard earthen cells. Ritcher (1958) 

also reported that mature scarabaeid larvae construct an earthen cell and pupate inside 

these cells. The cuticle of the last larval instar was pushed to its posterior end. The pupae 

were light yellow with orange tinge when freshly formed (Plate 4.24). The colour 

gradually darkened to tan yellow during the course of development. In M. cuprescens, M. 

furcicauda and M. indica, the pupae were of exarate adecticious type. The pupae of M. 

hippocastani have also been reported to be of light-yellow colour in Russia (Anonymous 

2009). According to Haq (1962), the freshly formed pupae of H. longipennis are creamy 

white, but within 24-48 hours assume tawny tinge, which get darker as transformation to 

the adult stage. Shah and Shah (1990) also reported that pupae of H. longipennis are of 

exarate type and possesses a pair of short pointed caudal appendages. The size of the pupa 

was almost same in all three Melolontha species. In M. cuprescens, the average body 

length x width of pupae has been recorded to be 32.22 ± 0.37 mm x 14.56 ± 0.29 mm, 

whereas in M. indica, the body length x width of pupae ranged from 31.19-32.43 mm x 

11.94-13.61 mm. In M. furcicauda, the body length x width of pupae averaged 32.47 ± 

0.11 mm x 14.55 ± 0.13 mm with a range of 32.01-32.91 mm x 14.19-15.11 mm (Table 

4.22). According to Pathania (2014), the body length x width of pupae of M. cuprescens 

was 32.53 ± 0.35 mm x 13.45 ± 0.08 mm, and these values find distinct overlap with our 

data.  

Under laboratory conditions, the pupation was observed in earthen cells at the 

bottom of glass jars at a depth of about 13-16 cm in the soil indicating their tendency to 

pupate deep into the soil. These laboratory observations were also supported by field 

observations where pupae were observed at a depth of about 25-35 and 20-25 cm in M. 

cuprescens and M. indica, respectively. Pathania (2014) also noticed pupal formation in 

large earthen chambers near to the bottom of the glass jars in M. cuprescens from 

Himachal Pradesh. In China, the pupation takes place at a depth of 12-14 cm below the 

surface of soil (Tsai 1965), but in Netherlands, the pupation in M. melolontha has been 

reported to take place in June in small cells mostly at a depth of 30-40 cm. The depth at 

which pupation takes place is probably influenced by the type of soil and climate. Svestka  
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Plate 4.24 Pupae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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and Drapela (2009) reported that fully fed grubs of M. hippocastani after third stage 

pupates in July to August at a depth of 30-40 cm or even more. 

Table 4.22 Morphometric measurements of pre-pupae and pupae 

Species  Pre-pupa Pupa 

 Length (mm) Length (mm) Body width (mm) 

  M. cuprescens:   Range 

              Mean ± SE 

34.16-36.86 30.50-33.78 13.42-15.98 

35.24±0.31 32.22±0.37 14.56±0.29 

M. furcicauda:  Range 

Mean ± SE 

34.97-35.17 32.01-32.91 14.19-15.11 

35.03±0.02 32.47±0.11 14.55±0.13 

M. indica:          Range 

 Mean ± SE 

34.80-37.11 31.19-32.43 11.94-13.61 

36.01±0.29 31.97±0.15 12.71±0.22 

 

The pupation in the laboratory was observed as early as 30.04.2019, 16.05.2019 

and 14.06.2019 for M. furcicauda, M. cuprescens and M. indica, respectively. The pupal 

period was observed to be shortest in M. cuprescens, followed by M. indica and M. 

furcicauda. The average pupal period under laboratory conditions was 20.3 ± 0.7, 30.0 ± 

0.47 and 25.1 ± 0.67 days in M. cuprescens, M. furcicauda and M. indica, respectively. 

The minimum and maximum being 17 and 23 days for M. cuprescens, 28 and 32 days for 

M. furcicauda and 22 and 28 days for M. indica (Table 4.23). Pathania (2014) reported a 

pupal period of 13-25 days at Palampur for M. cuprescens. According to Tsai (1965), the 

pupal period for M. melolontha lasts for about two months in China. Similarly, in Florida, 

the pupal stage of M. melolontha occupies about two months (Woodruff 1978). In Austria, 

the third instar larvae of M. melolontha pupate in summer, and after a metamorphosis 

period of nine weeks hatch as adult beetles (Laengle et al. 2005). Huiting et al. (2006) 

reported that duration of pupal period in M. melolontha varies from 25 days at 25
0
C and 

100 days at 12
0
C. This variation in pupal period in the present study seems to be an effect 

of variable temperature in different study sites. 

The sexual diamorphism is clearly evident in the pupal stage. The male and female 

pupae differed from each other in many morphological characteristics. In males of all 

three Melolontha species, the antennae are long, extending beyond the apex of maxillary 

palps and reaching the base of meso-coxa, whereas in females, the antennae are shorter, 

extended up to maxillary palps only and reaching the base of pro-coxa (Plate 4.25). 

In M. cuprescens males, the caudal appendages are widely separated, thick at the 

base and gradually tapering to the apical end. The tips of caudal appendages are black, 

sclerotised and pointed. Both caudal appendages are directed inward in a semi-circular 

fashion. In females, the caudal tips are directed outward in V shape. Although, tapering is  
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                            Plate 4.25 Pupal antennae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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                                 Plate 4.26 Pupal tips (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.31 Pupal tips (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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gradual from base to apex, but the tips are slightly hooked and directed downward. In 

males of M. furcicauda, the caudal appendages are swollen at the base and directed 

outward. The caudal tips are pointed and directed inward. In females, the caudal 

appendages are short, less prominent and caudal tips appear rounded. In M. indica, the 

caudal appendages are gradually tapers from base to apex in males and their shape is 

characteristically differs from that of M. cuprescens and M. furcicauda. The caudal 

appendages are directed outward at the base, runs straight and then again turns outward in 

opposite direction. The caudal tips are sharply pointed and are directed outward. In 

females of M. indica, the caudal appendages are swollen at the base and appears to be of 

uniform width in the mid-posterior region. The caudal appendages are directed inward and 

almost touches each other at the apex end. The caudal tips are pointed and are directed 

outward in a characteristic manner (Plate 4.26; Fig. 4.31). At the end of last sternum, a 

median glubose projection with a median key hole shape structure is present in males of 

all three Melolontha species. In females, an anal slit is present on last sternum, which is 

elliptical in shape. 

Table 4.23 Duration of pre-pupa, pupa and total life cycle 

Stage Duration in days 

M. cuprescens M. furcicauda M. indica 

Range Mean ± SE Range Mean ± SE Range Mean ± SE 

Pre-pupa 22-25 23.4±0.4 12-14 13.0±0.30 11-12 11.5±0.17 

Pupa 17-23 20.3±0.7 28-32 30.0±0.47 22-28 25.1±0.67 

Total (egg - 

adult 

emergence) 

672-685 678.4±1.49 640-658 647.8±1.91 660-674 664.9±1.65 

Total life cycle: Total life cycle from egg to adult emergence was determined to be of 

672-685 days for M. cuprescens, 640-658 days for M. furcicauda and 660-674 days for M. 

indica indicating two years life cycle from oviposition to oviposition  for these three 

species in Himachal Pradesh. The average duration of life cycle has been recorded to be of 

678.4 ± 1.49, 647.8 ± 1.91, 664.9 ± 1.65 days for M. cuprescens, M. furcicauda and M. 

indica, respectively (Table 4.23). According to Pathania (2014), the total life cycle of M. 

cuprescens from egg to adult was calculated to 649-690 days in Himachal Pradesh. 

Ritcher (1958) reported that scarabaeids' life cycles vary with the climate, being longest in 

more temperate regions. The shortest life cycles are to be found in tropical areas with no 

climatic seasons (Gressitt 1953). In Europe, M. hippocastani requires from three to five 

years to complete its life cycle (Korschefsky 1940; Schwerdtfeger 1944), while M. 
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melolontha requires from three to four years depending upon latitude (Regnier 1950). 

Work by Thiem (1944) with Melolontha spp. indicates that differences in the length of life 

cycle of a given species depend on the rate of development of the first and second instars. 

In China, the life cycle of M. melolontha takes about six years in north west Szechwan 

(Tsai 1965). In Florida and Austria, M. melolontha has three to five years of life cycle 

(Woodruff 1978; Laengle et al. 2005). Muska (1975) showed that in Czechoslovakia 

different populations of M. melolontha with both three and four year life cycle are present. 

The threshold of average temperatures during this period above which three year cycles 

and below which four year cycles occur, has been calculated as 13-14
0
C for Slovakia and 

14-15
0
C for Moravia-Silesia (Muska 1975). 

 4.4.5 Adult: In laboratory, the adult formation was noticed during first week of June in 

M. cuprescens and M. furcicauda, whereas in M. indica, the adult formation occurred 

during second week of July. Pathania (2014) noticed adult formation of M. cuprescens in 

third week of May at Palampur. In China, the beetles of M. melolontha emerge from July-

end to beginning of September, and they remain underground until the beginning of May 

in next year (Tsai 1965). Huiting et al. (2006) reported that adults of M. melolontha appear 

during April-May in Netherlands. Similarly, in Europe, the adults of M. melolontha and 

M. hippocastani emerge in April or May, feed on the leaves of trees and lay their eggs on 

ground in cultivated fields (Bulmer 1977).  

In M. cuprescens, the body is elongate, convex, blackish in colour with brownish 

tinge, and covered all over with dirty white scales. In M. furcicauda and M. indica, the 

general body shape was similar to that of M. cuprescens, but the body colour is distinctly 

variable. In M. furcicauda, the adult beetles were reddish brown with creamish white 

scales, whereas in M. indica, the body colour was yellowish brown with pale scales (Plate 

4.27). According to Chandra and Uniyal (2007), the adults of M. furcicauda are reddish 

brown, while those of M. indica yellowish brown in colour, covered all over with pale 

white scales. Kumar and Vishvendra (2018) reported that beetles of M. cuprescens are dull 

brown in colour. Elytra with flat and densely scaly intervals, intervals raised, narrowed 

with denuded costae. Elytra does not cover whole of the abdomen. The five longitudinal 

ribs on each elytra were present in all three Melolontha species. According to Woodruff 

(1978), the M. melolontha beetles are easily distinguished from other scarabaeid beetles by 

the costate ridges on the elytra. The body of freshly emerged beetles was coated with 

whitish scales. Initially, the density of scales was very less, but after 2-3 days, the scales 

became more dense which could be easily rubbed off. The scales were more dense in case  
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                                   Plate 4.27 Adults (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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of M. indica as compared to M. cuprescens and M. furcicauda as a result the ribs on elytra 

were less clearly visible in M. indica.  

The head and scutellum were black in colour in M. cuprescens, whereas in M. 

indica and M. furcicauda, the head and scutellum were reddish brown in colour. In M. 

cuprescens, M. furcicauda and M. indica, less pubescence was observed on head in males, 

whereas females were more pubescent having dirty white hairs on head. In M. cuprescens 

and M. furcicauda, the punctation on head was more dense and even in males, whereas in 

females, the punctation was coarse and uneven (Plate 4.28). According to Feroz and Tara 

(2015), the head of M. furcicauda is closely setose, densely and unevenly punctate. In M. 

indica, the punctation on head was dense in both sexes. The clypeaus was broader in 

females than males, rectangular, with margins strongly reflexed in front in all three 

Melolontha species (Plate 4.28). Chandra and Uniyal (2007) have also reported 

rectangular clypeus in M. furcicauda and M. indica beetles. The maxillary palps in male 

beetles are clearly visible from above clypeaus, whereas in females, only a small portion 

of maxillary palp is visible. The scutellum is small and more round in shape in males, 

however, in females; the scutellum is broad and oval in shape in all three Melolontha 

species. The tip of scutellum was somewhat pointed in males, and it was rounded in 

females. There existed little differences in punctuation of scutellum in male and female 

beetles in all three species. In M. cuprescens, the punctation was more even in males and 

exhibited more crowding on lateral sides of the scutellum, and the middle portion was free 

from punctation. In females, the scutellum is unevenly punctate throughout. In M. 

furcicauda, the punctuation becomes sparse and shallow in both male and female beetles. 

In M. indica, the scutellum is evenly punctate with dirty white pubescence in both male 

and female beetles (Plate 4.29; Fig. 4.32).  

In M. cuprescens, the anterior margin of pronotum of male beetles is deeply 

notched, and the posterior margin is sub-triangular in outline. On lateral sides, the 

pronotum tapers gradually outward for about half of its length, and then runs straight. 

There was a large depression in the mid-anterior region, and a small depression in post 

mid-region of pronotum. In females of M. cuprescens, the anterior margin is almost flat in 

the centre, and slightly raised on the sides. A small depression is present in the middle 

region of pronotum. The punctations sparse in the middle and dense at the sides in 

females, whereas in males, the punctuation is even throughout the pronotum. In M. 

furcicauda males, the anterior margin is almost flat, and it is slightly raised upward on the  
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                  Plate 4.28 Head capsule (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 

 

 

 

 

 

♂ 

 
♀ 

 

♂ 

 
♀ 

 

♂ 

 
♀ 

 



145 
 

 

                                                                                   

                                                                

                       

                                          
                       

   (a)                                                                                              

 

 

                  

                                                     
                   

              (b) 

 

 

 

 

                                                      
                                        

             (c) 

 

 

 

              Plate 4.29 Scutellum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.32 Scutellum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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sides. The lateral margins taper gradually upward throughout their length, and the 

posterior lateral margins are distinctly pointed. The posterior margin is concave, but the 

curvature is more gentle in the middle region. In females, the anterior notch is 

comparatively more deep, and curvature on the sides is more pronounced. In case of male 

beetles, the punctations sparse in the middle, dense at the side, whereas in female beetles, 

the punctuation is even throughout the pronotum (Plate 4.30; Fig. 4.33). According to 

Chandra and Uniyal (2007), the pronotum of M. furcicauda is comparatively more 

punctate in the middle region. In M. indica, the anterior margin appears sub-circular in 

outline in males, whereas in females, the anterior notch not so prominent and becomes 

slightly wavy in the centre. In males, a prominent depression is present in the central part 

of pronotum, whereas in females of M. indica, a small depression exists in the mid-

posterior region. The punctation is even throughout the pronotum in both sexes. In closely 

related species like M. guttigera, Melolontha javanica Keith & Li, M. maculata (Chang) 

and M. setifera Li, the pronotum surface is densely to confluently punctate in narrow 

bands along the lateral margins (Li et al. 2010). 

In thoracic segments, the under surface has a light brownish pubescence in all three 

Melolontha species. In males, the density of hairs was more on meta-sternum as compared 

to females, where a smooth area with few hairs was present (Plate 4.31). In M. cuprescens, 

the meso-metasternal process on ventral surface was observed to be extending from the 

base of metathorax to posterior part of the mesothorax. It was more broad and slightly 

more elongated in males as compared to females. In M. indica, this process extends up to 

half of the mesothorax. It was more pointed and slightly more elongated in males as 

compared to females. Similarly, in M. furcicauda males, the meso-metasternal process 

extends up to anterior margin of prothorax, whereas in females, this process is produced 

up to mesothorax (Plate 4.32). Chandra and Gupta (2012) reported that meso-metasternal 

process is weakly developed in Melolontha guttigera Sharp, produced weakly beyond 

meso-coxa to the posterior margin of procoxa. In other closely related species like 

Melolontha setifera Li and Melolontha maculata (Chang), the meso-metasternal process is 

glabrous, well developed, and its apex reaches posterior margin of procoxae (Li et al. 

2010). The abdomen is light brown and there are white triangular well-distinguished spots 

on the side of abdomen in all studied species as indicated in plate 4.33. Chandra and 

Uniyal (2007) have also reported that sides of andomen in M. furcicauda are large with 

white patches of dense fine scales. In M. cuprescens males, the pygidium lobe is triangular 
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                    Plate 4.30 Pronotum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.33 Pronotum (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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         Plate 4.31 Pubescens on meta-sternum (a) M. cuprescens (b) M. furcicauda (c) M. indica 
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Plate 4.32 Meso-metasternal process (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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              Plate 4.33 Triangular patches on abdomen (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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and bifurcated at the tip. The caudal processes are tubular in shape. The wings almost 

touching the pygidium in males, whereas in females, more gap observed between wing 

margins and the pygidium lobe. The caudal processes are short, pointed and widely 

separated. In M. furcicauda males, the pygidium is triangular, but margins are slightly 

wavy near to the base. The caudal process is bifurcated, tubular and hairy. In females, the 

caudal processes are pointed and small (Plate 4.34; Fig. 4.34). Chandra and Uniyal (2007) 

also reported that the pygidium in M. furcicauda is long and projected behind into a 

bifurcated tail. In M. indica males, the caudal processes are less projected. The mid line of 

the pygidium is black. In females of M. indica, the mid-line of pygidium runs throughout 

the lobe and the caudal extremity is slightly bifid without any further extension. A slightly 

bifid process in caudal extremity of pygidium has been reported in M. indica by Chandra 

and Uniyal (2007) which supports our findings. According to Tereba and Niemczyk 

(2017), the pygidium is long and slender in M. melolontha, whereas in M. hippocastani, 

the pygidium is short and knob shaped. The female beetles were slightly larger in size than 

the male beetles in all three studied Melolontha species. Irrespective of sex, the overall 

size of beetles in M. cuprescens was on higher side than M. furcicauda and M. indica. 

Body length x width of male beetles of M. cuprescens ranged from 30.0-35.20 mm x 19.2-

20.30 mm, and for female beetles, length x width varied from 32.0-35.10 mm x 19.10-

22.10 mm. According to Pathania (2014), the body length x width of males of M. 

cuprescens was 26.23 ± 0.30 x 12.31 ± 0.10 mm, and it was recorded to be 30.53 ± 0.18 x 

13.64 ± 0.11 mm in females, and these values are in close range with our data. Kumar and 

Vishvendra (2018) reported that the body length x width of M. cuprescens beetles is 23 

mm x 13 mm. In M. furcicauda, the body length x width of male and female beetles 

ranged from 27.81-30.72 mm x 12.78-14.35 mm and 28.90-30.80 mm x 13.70-14.56 mm, 

respectively. According to Chandra and Uniyal (2007), the body length x width of M. 

furcicauda beetles measured 32 mm x 15 mm, whereas Feroz et al. (2015) recorded 34 

mm x 16 mm as length x width of M. furcicauda beetles in Jammu and Kashmir. These 

values are on higher side as compared to our data.  In case of M. indica, the body length x 

width has been recorded to be 25.98 ± 0.68 mm x 13.22 ± 0.21 mm in males, and 26.80 ± 

0.72 mm x 14.52 ± 0.31 mm in female beetles (Table 4.24). Chandra and Uniyal (2007) 

reported body length x width of M. indica adults as 28 mm x 13 mm, and these 

observations are in conformity with our results. In M. melolontha and M. hippocastani, the 

body length of beetles range from 22-29 mm and 20-29 mm, respectively (Khramtsov  



154 
 

 

                                                                                   

                                                                

                       
                        (a)                                                                                              

 
                  

                   
                    (b) 

 
 

                                     
                                                      (c) 

 
 

Plate 4.34 Pygidium (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.34 Pygidium (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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1979; Anonymous 2009). Similarly, Woodruff (1978) also reported body length of M. 

melolontha as 25 mm, and width having range from 12-13 mm.  

Table 4.24 Morphometric measurements of Melolontha adults 

Sex M. cuprescens M. furcicauda M. indica 

Range Mean±SE Range Mean±SE Range Mean±SE 

Male 

   Length (mm)  30.0-35.20 32.68±0.62  27.81-30.72    29.21±0.34  23.30-29.21 25.98±0.68 
  Width (mm) 19.2-20.30 19.70±0.13  12.78-14.35    13.56±0.20 12.30-14.0 13.22±0.21 

Female 

   Length (mm)  32.0-35.10 33.37±0.39  28.90-30.80    29.74±0.24  24.40-30.10 26.80±0.72 
     Width (mm) 19.10-22.10 20.74±0.39  13.70-14.56    14.01±0.08  13.30-15.90 14.52±0.31 

In adult beetles, antennae, and legs were also studied in detail to find differences in 

these three species, and in different sexes within the same species.  

Antennae: The lamellate antennae were dark brown, and 10 segmented in all three 

species. In both sexes, the scape was narrow at the base with a tuft of dense bristles on the 

posterior margin. Pedicel is small and without bristles. Antennal club of terminal segments 

was larger in males than in females, and the first segment of flagellum had a narrow 

basewith broader apex in both sexes. In females, second segment of flagellum was 

reduced to plate-like structure. The antennal club was 7-segmented in males, whereas in 

females, it was 6-segmented (Plate 4.35; Fig. 4.35). On anterior margin of flagellum, small 

setae were present. The maximum width of antennal club of M. cuprescens has been 

recorded to be 6.34 mm in males, whereas in females, it measured 1.05 mm. In M. 

furcicauda and M. indica, the width of antennal club was recorded to be 5.79 mm and 5.13 

mm in males, and 1.41 mm and 1.75 mm in female beetles, respectively. Chandra and 

Uniyal (2007) reported that in M. furcicauda and M. indica, the antennae are 10 

segmented, long in males and with seven segmented antennal club. In M. hippocastani, the 

antennal plates are heptamerous in males and two times longer than females with antennal 

club consisting of six plates (Anonymous 2009). All these reports corroborated our 

findings. 

Legs: Legs are well developed, adapted for walking and running. It is also supporting 

function for feeding and mating. In fore legs of M. cuprescens, the femur width (2.31 mm) 

is more and length (4.89 mm) is comparatively less in females. In males, the femur width 

and length is 1.74 mm and 6.73 mm, respectively. Tibia is flattened, notched and leaf-like 

in females and measured 1.29 mm in width and 4.25 mm in length, whereas in males, the 

tibia is thin with a width of 0.99 mm, and length as 5.91 mm. Earlier workers have also  
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                                   Plate 4.35 Antennae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.35 Antennae (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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reported sexual diamorphism on the basis of notched tibia of female forelegs in M. 

hippocastani (Anonymous 2009). The tibial spines are pointed and 0.82 mm in males, 

whereas in females, tibial spines are less pointed, and measured 0.87 mm in length. Tarsi 

are short in females (4.68 mm) than in males (5.39 mm). The claws in females are single, 

toothed and 1.31 mm in length. In males, the claws are bifurcated measuring 1.57 mm. In 

M. furcicauda, the tibial spine was 0.70 mm (pointed) in males, and in females, it was 

0.96 mm (blunt). The claws are simple, toothed and measured 1.46 mm in females; 

however, in males, the claws are bifurcated, widely separated and measured 1.88 mm in 

length. In M. indica, the femur width is comparatively more in females (2.07 mm) than in 

males (1.56 mm). Tibia is leaf-like in both sexes, but more flattened in females as 

compared to males. The length of tibial spine has been recorded to be 0.59 mm in females 

and 0.87 mm in males. The length of claw was 1.73 mm in males and 1.16 mm in females 

(Plate 4.36; Fig. 4.36).   

In mid legs of M. cuprescens, the tibia is more flat, and posterior end is bifurcated 

in males as indicated in fig. 4.37. The tibial spines are pointed and 0.72 mm long in 

females, whereas in males, the tibial spines are less pointed, and 0.74 mm long. The claws 

are single, short and toothed in females, measuring 1.09 mm in length. In males, claws are 

bifurcated, long and toothed with an average length of 1.78 mm. In M. furcicauda and M. 

indica, tibial spines are well pointed both in males and females, but the tibial spines in 

females were larger than in male beetles. In M. furcicauda and M. indica, the tibial spines 

of female beetles measured to be 0.73 mm and 0.87 mm, and in male beetles, the tibial 

length has been recorded to be 0.55 mm and 0.67 mm, respectively. In M. furcicauda, the 

claws were simple, toothed and long in males (1.76 mm), but in females, the claws were 

bifurcated and comparatively short in length (1.48 mm). In M. indica, claws measured 

1.29 mm in males and 1.24 mm in females (Plate 4.37; Fig.437). 

In hind legs, the femur width is more in females than in males in all three 

Melolontha species (Fig. 4.38). In M. cuprescens, the femur width in female and male 

beetles has been recorded to be 3.05 mm and 2.29 mm, respectively. Similarly, in M. 

furcicauda, the femur with was comparatively more in females (2.81 mm) than in males 

(1.68 mm). In M. indica, the femur width in females was 2.83 mm and in males, it was 

2.05 mm. The tibial spines are conspicuously thick, small in size and more pointed in 

females of M. cuprescens (1.58 mm) and M. furcicauda (1.07 mm) than in males (M. 

cuprescens: 1.63 mm; M. furcicauda: 1.44 mm). In M. indica, the tibial spines of females 

measured 1.56 mm in females, 1.14 mm in males on the present study. Claws were simple  
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Plate 4.36 Forelegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Plate 4.37 Midlegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Plate 4.38 Hindlegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.36 Forelegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.37 Midlegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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Fig. 4.38 Hindlegs (a) M. cuprescens; (b) M. furcicauda; (c) M. indica 
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in males and bifurcated in females in all three Melolontha species. The shape and size of 

claws differed considerably among both sexes in M. cuprescens and M. furcicauda. In M. 

cuprescens, the claws were more pointed, curved and long in males (1.27 mm) than in 

females (0.80 mm). Contrary to this, in M. furcicauda, the claws were more pointed, 

curved and long in females (1.31 mm) as compared to males (0.95 mm) where claws 

exhibited blunt apex. In M. indica, the claws were pointed, curved and long in both female 

(1.56 mm) and male beetles (1.69 mm) (Plate 4.38; Fig. 4.38). 

Male genitalia 

M. cuprescens: Phallobase is longer than paramere, sub-circle, measuring a length of 5.99 

mm and width of 4.26 mm, broader anteriorly and slightly narrow at the base. Phallobase 

light brown in colour, whereas parameres are dark brown in colour having contrast with 

phallobase. Both parameres are symmetrical, separated widely and lobe-like (Plate 4.39; 

Fig. 4.39). Li et al. (2010) also reported that male genitalia is moderately symmetrical in 

M. guttigera. Parameres measuring length of 4.53 mm and width of 2.72 mm, broader at 

the base and narrower at the apical margin. Dorsal posterior margin of paramere is „Y‟ 

shaped and connected by membranous integument. The parameres are deeply grooved and 

constricted in the mid-region. The endophallous long, sclerotised, enlarged in the centre 

and pointed at the tip. There is gradually tapering to both sides. Temones long and 

connected to the base by uniform width. Spiculum gastrale „Y‟ shaped sclerite, stem short, 

measuring 2.23 mm in length and 0.47 mm in width. Arms are lengthy having width of 

4.21 mm, and connected by membranous structure. The arms are pointed upward. 

M. furcicauda: Phallobase light brown in colour, whereas parameres are dark brown in 

colour. Phallobase tapers gradually from anterior region to the base, which is more 

narrower. The length of phallobase measured 5.69 mm, and the width was 4.55 mm. The 

ventral inner mid posterior margin of parameres is connected by sclerotised pointed arms. 

Both parameres are symmetrical, separated widely and lobe-like. In ventral view, the 

parameres look elongated and sickle shaped (Plate 4.40; Fig. 4.40). Parameres measuring 

length of 3.92 mm and width of 2.01 mm, broader at the base, and constricted in the 

middle. In dorsal view, the mid-posterior region is bell-shaped. Both sides of the 

parameres bounded by an elevated ridge. Endophallus short, membranous and 

asymmetrical. Temones long and connected to the base. Spiculum gastrale „Y‟ shaped, 

sclerite, stem medium, measuring length of 3.09 mm and width of 0.41 mm. Arms are 

connected by a membranous structure, having width of 4.68 mm. The arms are pointed 

outward and upward. 
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Plate 4.39 Genitalia of M. cuprescens male 
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Plate 4.40 Genitalia of M. furcicauda male 
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Fig. 4.39 Male genitalia of M. cuprescens (a) Dorsal view; (b) Ventral view; (c) Lateral view; 

(d) Spiculum gastrale 

 
 

                      
 

 

 

 

Fig. 4.40 Male genitalia of M. furcicauda (a) Dorsal view; (b) Ventral view; (c) Lateral view; 

(d) Spiculum gastrale 
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M. indica: Phallobase is yellowish brown in colour, larger than paramere, having broader 

base. It is evenly sclerotised measuring the length of 5.59 mm and width of 3.46 mm. 

Dorsal anterior margin of phallobase is connected to parameres with membranous tissue. 

Parameres typically join in the centre in the form of two sub-triangular plates in dorsal 

mid-posterior region. Lateral processes of parameres are typically swollen at the base, 

slightly narrower in the middle, which further broadens, and finally becomes pointed in 

shape (Plate 4.41; Fig. 4.41). The parameres measured 3.75 mm in length and 2.29 mm in 

width. Endophallus elongated and oblong in shape. Temone long, narrower at the base, 

and broadens at its posterior end. Spiculum gastrale „Y‟ shaped sclerite, stem short, 

measuring length of 2.04 mm and width of 0.39 mm. Arms are connected by a 

membranous structure, having width of 3.47 mm. The arms are further bifurcated into two 

parts in the mid-region; shorter arms are internal in position and larger arms are pointed 

outward and upward. The posterior end of the stem is lobe-like. 

Adult longevity: There existed considerable variation in the longevity of female beetles in 

different Melolontha species in the present study. The pre-oviposition period ranged from 

5-11 days in different species of Melolontha, maximum being in M. indica (mean: 8.3 ± 

0.63 days) and minimum in M. furcicauda (mean: 5.8 ± 0.33 days). The oviposition period 

was very short in all three studied Melolontha species. The oviposition continued for a 

period of 2-4 days (mean: 3.0 ± 0.26 days) in M. cuprescens. In M. furcicauda, the 

duration of oviposition varied from 1-3 days with a mean of 2.1 ± 0.28 days. Similarly, in 

M. indica, the females deposited eggs for a period of 2-6 days, and the average oviposition 

period was found to be of 4.1 ± 0.50 days (Table 4.25). The mean fecundity has been 

recorded to be 19, 26 and 23 eggs per female in M. cuprescens, M. furcicauda and M. 

indica, respectively. According to Pathania (2014), a single female of M. cuprescens laid 

on an average of 13 eggs in Himachal Pradesh. Keller (2000) observed fecundity of 12-46 

eggs/ female in M. melolontha from Switzerland. Huiting et al. (2006) reported that each 

female of M. melolontha deposits a batch of about 24 eggs, and many egg laying females 

die, but about a third return to feed and lay for a second time; some lay eggs for a third 

time. The post-oviposition period showed considerable variation in M. cuprescens, M. 

furcicauda and M. indica, and it was of longer duration as compared to pre-oviposition 

and oviposition periods. The average duration of post-oviposition period was observed to 

be of 8.9 ± 0.41 days in M. furcicauda, and 13.7 ± 0.37 days in M. cuprescens. In M.  
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Fig. 4.41 Male genitalia of M. indica (a) Dorsal view; (b) Ventral view; (c) Lateral view; (d) 

Spiculum gastrale 

0.39 mm 

5
.5

9
 m

m
 

2.29 mm 

Phallobase 

 

2
.0

4
 m

m
 

3
.7

5
 m

m
 

Paramere 

Endophallus 

3.46  mm 

Temone

s 

a b c d 



170 
 

 

indica, the post-oviposition period was longest, and it varied from 21-26 days with a mean 

of 23.3 ± 0.52 days (Table 4.25). 

The overall survival of female beetles was considerably more as compared to 

males in M. indica and M. furcicauda. In M. cuprescens, the longevity of female and male 

beetles did not show any difference. It was recorded to be 25.0 ± 0.71 days for male 

beetles and 25.1 ± 0.71 days for female beetles. In M. furcicauda and M. indica, the 

average survival of male beetles was recorded to be 17.4 ± 0.40 and 27.4 ± 0.34 days, 

Table 4.25 Pre-oviposition, oviposition and post oviposition periods of Melolontha species 

Stage Duration in days 

M. cuprescens M. furcicauda M. indica 

Range Mean ± SE Range Mean ± SE Range Mean ± SE 

Pre oviposition period 6-8 7.10±0.28 5-7 5.80±0.33 6-11 8.30±0.63 

Oviposition period 2-4 3.0±0.26        1-3 2.10±0.28   2-6 4.10±0.50 

Post oviposition period 12-15 13.70±0.37         7-11 8.90±0.41 21-26 23.30±0.52 

whereas the female beetles of M. furcicauda and M. indica survived for 23.0 ± 0.49 and 

36.6 ± 1.18 days, respectively (Table 4.26). Pathania (2014) reported longevity of female 

M. cuprescens beetles varying between 15-23 days, and 19-31 days for male beetles in 

Himachal Pradesh. In H. consanguinea, it is 13-17 days as reported by Yadava and Saxena 

(1977). 

Table 4.26 Adult longevity of M. cuprescens, M. furcicauda and M. indica  

Species Male (Duration in days) Female (Duration in days) 

Range Mean ± SE Period of year Range Mean ± SE Period of year 

M. cuprescens 21-28 25.0 ± 0.71 June-August 23-30 25.10 ± 0.71 July-August 

M. furcicauda 16-19 17.40 ± 0.40 June- August 21-25 23.0 ± 0.49 July-August 

M. indica 25-29 27.40 ± 0.34 July-August 31-44 36.60 ± 1.18 July-September 

4.5 Biology and morphometrics of M. virescens [=Polyphylla fullo (Linnaeus)] 

P. fullo has been described earlier as M. virescens by Pathania (2014) and M. indica by 

Chandel et al. (2008). According to Sehnal and Bezdek (2011), the subgenus Polyphylla is 

synonym to Granida. Beeson (1941) has reported Granida albosparsa Moser a large 

Melolonthine beetle commonly occurring in Himalaya up to 9000 feet and causing 

maximum damage during May-June. Its larva is 45 mm as described by Gardner (1935) 

and the life cycle lasts for two years above 6000 feet. It seems possible that G. albosparsa 

can be an incorrect citation for P. fullo. P. fullo is mainly distributed in high hill areas of 

Himachal Pradesh at altitude ranging between 2039 to 2588 mm. It was recorded in 
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moderate numbers from Badagaon (Kangra district), Sangla (Kinnaur district) and Ahla 

(Chamba district) areas. The collection of beetles from forest/fruit trees have been 

average, they represent total five different host plants in the present study. The species has 

a wide distribution in Chuhar valley, becoming most numerous in Barot, Multhan, 

Kothikohar and Badagaon areas. In Chuhar valley, it constituted 40.66 per cent of total 

beetle catch and ranked first in total number of beetles collected on different hosts during 

2017-18. Erler and Ates (2015) have reported P. fullo as the most common species of 

economic importance in many districts of Turkey. The beetles are not strongly attracted to 

light, although, it has frequently been collected on light trap in Badagaon, Sangla, Janjehli 

and Ahla in the present study during 2017-18. This species constituted 11.89-13.36 per 

cent of total Melolontha beetle catch on light traps in Himachal Pradesh during 2017-18. 

4.5.1 Eggs: The emergence of M. virescens (= P. fullo) from soil started in second week 

of July, peak activity occurred during August, and then perished in first week of 

September. Erler and Ates (2015) have reported beetle emergence of P. fullo from mid-

June to mid-July in Turkey. Mating (Plate 4.42) was observed at dusk under laboratory 

conditions and it lasted for 16-20 minutes. The beetles were also observed on host plants 

during day time both under field and laboratory conditions. Young (1988) has also 

indicated diurnal searching behaviour in the males of Polyphylla crinita LeConte thereby 

confirming our observations. As in other species of white grubs, oviposition occurred in 

soil. The eggs were deposited at a depth of 10-12 cm. The eggs were pearly white and 

when freshly laid were elongated in shape (Plate 4.43). The field-collected beetles 

observed a pre-oviposition period of 7-9 days under laboratory conditions in capitivity. 

Oviposition occurred in soil during third to fourth week of July. The period of oviposition 

was brief varying from 2-3 days. A single female laid 13-21 eggs during her life time 

under laboratory conditions. Newly laid eggs measured from 3.62-4.21 mm in length, and 

2.57-3.09 mm in width. As the development progressed, they enlarged and assumed nearly 

spherical shape, as do the eggs of other scarab species. Prior to hatching, the length of 

eggs was recorded to be 4.73-4.98 mm with an average of 4.86 ± 0.03 mm (Table 4.27). 

Rodstrom and Brown (2017) made similar observations for the eggs of P. decemlineata in 

Washington. In other related species P. crinita, the newly deposited eggs measure about 2 

mm wide and 3.4 mm long, but increase considerably in size within few days (Young 

1988). These reports back up our results. Duration of egg stage ranged from 16-18 days 

with an average of 17.2 ± 0.35 days. The length of egg stage as determined by Young 

(1988) was about 54 days in closely related species, P. crinita in Nebraska. Under  
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laboratory conditions, the eggs hatched during second week of August. Contrary to our 

findings, Young (1988) reported that the egg hatching in P. crinita occurs during third 

week of September in Nebraska.  

4.5.2 Larva 

First instar: The newly hatched grubs were creamy-white in colour (Plate 4.44). The 

width of head capsule ranged from 2.60-2.84 mm. The fully fed first instar grubs of M. 

virescens (= P. fullo) measured 10.16-13.97 mm in body length. The duration of first 

instar averaged 47.9 ± 0.57 days with a range of 46-51 days. The young grubs after 1-2 

days, started gnawing roots of rajmash/oats, and became more active within 4-5 days. The 

fully fed first instar larvae stopped feeding and started downward movement before 10-15 

days of moulting. Under field conditions, the larvae were found only in sandy soil with 

permeable subsoil. The upper 6-8 inches generally hosts only mature larvae with younger 

stages occurring at greater depths as they fed upon finer roots. The duration of first instar 

larvae averaged 47.9 ± 0.57 days with a range of 46-51 days. In laboratory, the first instar 

moulted into second instar during the month of October (Table 4.27). Contrary to our 

results, the first instar grubs of P. decemlineata have been reported to hibernate in 

California (Rodstrom and Brown 2017). 

Second instar: The first instar grubs moulted to second instar in the month of October. 

On moulting, the head was whitish, and it soon turned brown (Plate 4.44). The average 

width of head capsule was recorded to be 4.68 ± 0.17 mm (range: 4.33-5.13 mm). The 

body length of fully grown second instar grubs ranged from 23.65-27.70 mm with an 

average of 25.89 ± 0.71 mm. According to Pathania (2014), the second instar grubs on an 

average measured 41.26 mm in length and the mean head capsule width has been 

calculated to be 4.68 mm. The growth ratio (GR) for head capsule width was calculated to 

be 1.72 for second instar as compared with first instar. The second instar grubs inflicted 

large holes in potato tubers rendring them unfit for marketing. Second instar grubs 

constructed earthen cells during second week of May, and moulted inside these cells. Erler 

and Ates (2015) reported that larvae of P. fullo feed during the late summer and early fall 

and move deep in the soil to overwinter. After the hibernation, they return to the root zone 

and feed throughout the following summer. These behavioural differences are attributed to 

the fact that P. fullo has triennial life cycle in Turkey. However, in P. decemlineata, the 

grubs complete their second instar in the following growing season as observed in the 

present study. The duration of the second instar varied from 214-229 days (mean: 221.7 ± 

1.71 days) as shown in table 4.27. Rodstrom and Brown (2017) reported that in P. 
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decemlineata, the second instar is completed during second year under Washington 

conditions in United States. 

Third instar: The grubs in third instar were robust and slightly yellowish to creamish-

white in colour (Plate 4.44). The length of third instar grubs of M. virescens (= P. fullo) 

ranged from 48.33-54.17 mm with an average of 50.17 ± 1.03 mm. The width of head 

capsule in third instar varied from 7.92-8.48 mm with an average of 8.19 ± 0.11 mm. 

According to Pathania (2014), the third instar grubs averaged 55.38 mm in length and the 

head capsule width was 8.45 mm. The ratio (GR) for head capsule width of P. fullo was 

calculated to be 1.75 for third instar as compared with the second instar. Pathania (2014) 

has calculated the growth ratio (GR) of 1.81 for third instar grubs as compared with the 

second instar grubs.  The overall growth ratio (GR) has been worked out to be 1.74 for P. 

fullo. The majority of the damage is done by second and third instar during second year of 

their development. Third instar grubs produced large irregular cavities into the potato 

tubers and the infested tubers were rendered totally useless. Duration of third instar 

averaged 314.1 ± 1.19 days, ranging from 309-320 days (Table 4.27). Fully fed third 

instar grubs stopped feeding, constructed hard earthen cells and remained inactive inside 

these cells till adult emergence in next summer. Erler and Ates (2015) have reported in 

Turkey that larvae of P. fullo complete their development during spring and early summer 

of next year, and turn into pupae and adults that remain inactive in the soil. According to 

Steenwyk and Rough (1989), the third instar grubs of P. decemlineata again overwinters 

during the second year, and pupation and adult eclosion occurs in the third growing 

season. In the present study, the first earthen cell was formed as early as second week of 

December during 2018. Grubs moved deeper into the soil in December and have been 

found as deep as 30 inches under field conditions. A few mature grubs may be found at 

such depths at any time of the year. Young (1988) believed it to be a function of nutrient 

searching rather than climatic stress. The third instar grubs were found near the surface 

from February until pupation in May. In the present study, the larval stage was recorded to 

occur from August, 2017 to March, 2019. The total larval period ranged from 574-594 

days with an average of 583.7 ± 2.10 days. Rodstrom and Brown (2017) reported that 

larval development in P. decemlineata requires multiple years depending upon latitude 

and site. In California, two or three seasons are required, while in some northern sites, the 

life span can be of four years. 
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Plate 4.44 Different larval stages of M. virescens (= P. fullo) 
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Larval morphology 

Clypeus and labrum: The clypeus is nearly trapezoidal in shape, bearing an internal 

membranous band and exterior sclerotized area (Plate 4.45; Fig. 4.42). The clypeus is 

furnished with two pairs of setae laterally and one pair centrally. The labrum is rounded, 

articulated distally to the clypeus. It is equipped symmetrically with three pairs of longer 

setae on its dorsal surface, but groups of shorter setae were absent. There is one pair of 

black spots present near to the base of labrum as indicated in fig 4.42. 

Antennae: The antennae were four segmented, cylindrical with second and third segments 

comparatively longer. The basal segment and second segment possess four and three 

prominent setae, respectively (Fig. 4.43). The protrusion on the ventral surface of the third 

segment is straight and blunt at apex. The fourth segment is not uniformly tapered; it is 

swollen in the middle. The sensory plate on the dorsal surface of the fourth segment is 

elongated covering about 60 percent
 
of the area. On ventral surface, two sensory spots are 

present. The posterior one is oval in shape and interior one is trapezoidal in shape. Both 

sensory spots are somewhat depressed in centre. The apical sensory area is furnished with 

nine sensilla basiconica which appears to be arranged in circle (Plate 4.46; Fig. 4.43).    

Epipharynx: In M. virescens (= P. fullo), the haptomerum is composed of 12 heli, 

pointing posteriorly, and five minute sensilla basiconica (Plate 4.47; Fig. 4.44). In contrast 

to this, Hayes (1928) reported 20 heli in epipharynx of Polyphylla arguta Casey. The 

number of plegmata and acanthopariae were recorded to be 13. Similarly, Young (1988) 

has observed 10-12 very short plegmata in Polyphylla variolosa (Hentz).  The pedium is 

broader at apex and narrower towards the basal part. The dexiotorma is more or less 

straight. The pternotorma appears to be peg shaped. 

Mandibles: The scissorial area is blackish with a nearly straight cutting edge having small 

serrations (Plate 4.48; Fig. 4.45). The width of scissorial area and length of molar area was 

recorded to be 1.06 mm and 2.40 mm, respectively. The inner edge of the scissorial area 

was concave in shape and there was a gap of 1.59 mm in between scissorial and molar 

structure. The base of mandible was 3.25 mm in width. In scobis area, eight setae were 

present. The left mandible possessed an acia and ventral process. Stridulatory area is 

present in each mandible in the form of small granules (Plate 4.48; Fig. 4.45). 

Maxillae: The stipe is furnished with 17 long stridulatory teeth with blunt apex in P. fullo 

(Fig. 4.46). In closely related species, P. decemlineata, the stipe is furnished with a row of 

16 to 18 conical, sharp-pointed stridulatory teeth (Young 1988). In M. virescens (= P.  
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Fig. 4.42 Clypeus and labrum of M. virescens (= P. fullo) 

 

                                              

                                     

                                            Fig. 4.43 Antenna M. virescens (= P. fullo) grub 

                       

 

 
 

 

Fig. 4.44 Epipharynx M. virescens (= P. fullo) 
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Plate 4.48 Mandibles of M. virescens (=P. fullo) 

 

 

 

 

                           
 

Plate 4.49 Maxilla of M. virescens (=P. fullo) 
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Fig. 4.45 Mandibles M. virescens (= P. fullo) 

 

 

 

 
 

 

 

                                              
 

 

Fig. 4.46 Maxilla M. virescens (= P. fullo) 
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fullo), these stridulatory teeth are arranged in series on the dorsal surface of stipe. The 

maxillary palp is four segmented and the last segment is comparatively longest (Plate 

4.49; Fig. 4.46). The distal segment bears 11-12 sensilla basiconica at the apex. The 

second segment bears single seat on lateral side. The basal segment is also furnished with 

two setae. The galea has three unci at the apex and one sclerotized seta on its dorsal 

surface. The lacinia possesses three unci. The length of cardo and maxillary palp measured 

to be 2.41 mm and 1.63 mm, respectively.     

Labium: The sub-mentum was more or less symmetrical, and the width of sub-mentum at 

proximal end has been recorded to be 3.10 mm. A pair of setae was present in upper half 

of the sub-mentum (Plate 4.50; Fig. 4.47). The mentum was asymmetrical having width of 

1.72 mm. The pre-mentum was symmetrical, and its width averaged 1.67 mm. There were 

several paired setae observed to be present on the lower part of the pre-mentum. These 

paired setae were straight at the distal end, and directed inward, crossing each other in the 

central region (Plate 4.50; Fig. 4.47). The labial palp is two segmented bearing sensilla 

basiconica on the apex of the distal segment. The glossa was found to be furnished with 

numerous sensilla basiconica on the central part, and tufts of michrotrichia on the distal 

and lateral margins. The length of the maxillary palp has been recorded to be 0.90 mm as 

indicated in fig. 4.47. 

Hypopharynx: The hypopharyngeal sclerome was more or less pointed. The lateral lobes 

were flat, and the truncate process was pointed at apex. The hole on the dorsal surface of 

hypopharynx was oval in shape (Plate 4.51; Fig. 4.48). 

Thoracic legs: Thoracic legs are five segmented, each consisting of a coxa, a trochanter, a 

femur, a tibiotarsus, and a single claw on the apex. In prothoracic legs, the trochanter is 

triangular in shape. The femur and tibiotarsus are furnished with numerous fussorial setae 

on the ventral surface (Plate 4.52; Fig. 4.49). The length of claw has been recorded to be 

0.67 mm. The claws are directed laterally. In mesothoracic and metathoracic legs, the 

distal part of the trochanter was notched, and the notch was more prominent. The length of 

the claw has been recorded to be 0.47 mm and 0.29 mm in mesothoracic and metathoracic 

legs, respectively (Fig. 4.49). The fussorial setae were sparsely distributed in mesothoracic 

and metathoracic legs. The femur was short and slightly rounded on outer side in 

mesothoracic and metathoracic legs.  

Spiracles: The thoracic spiracles are slightly larger and open towards the caudal end. The 

abdominal spircales are comparatively smaller and opened anteriorly (Plate 4.53; Fig. 

4.50). In P. occidentalis  (Linnaeus) (Ritcher 1966) and P. decemlineata (Young 1988),  
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the abdominal spiracles were found to be progressively smaller in size as compared to 

thoracic spiracles. The length x width of thoracic spiracle was recorded to be 0.42 x 0.30 

mm, whereas length x width of first abdominal spiracle was found to be 0.35 x 0.22 mm. 

The distance between two respiratory lobes was 0.13 mm in thoracic spiracles, and 0.10 

mm for abdominal spiracles (Fig. 4.50). The length of all abdominal spiracles was more or 

less equal, but width was found to vary. The width of abdominal spiracles gradually 

decreased from I-VI abdominal segements, and then increased from VII-VIII abdominal 

segements. 

Raster pattern: In P. fullo, the palidia is short and each palidium consisted of 15 pali. 

The pali pointing inward with septula indistinct. The V shaped anal slit, more or less flat 

in the centre, tapers gradually on both sides and becomes almost flat for a considerable 

length on both sides. Anal cleft is absent. The lower anal lobe is broadly oval in shape 

(Plate 4.54; Fig. 4.51). In P. decemlineata, the anal opening is broadly V-shaped and 

raster with two short, nearly parallel, longitudinal palidia each sparsely set with 7 to 12 

long, sharp, cylindrical pali whose tips frequently touching those of the opposite palidium 

(Ritcher 1966). 

4.5.3 Pre-pupa: The fully fed third instar grubs stopped feeding, formed earthen cells and 

contracted in size (Plate 4.55). It was termed as pre-pupa. The body length of pre-pupa 

ranged from 33.33-38.32 mm (mean = 35.99 ± 0.59 mm). Duration of this stage was short, 

and this stage lasted for 15-23 days with an average of 19.3 ± 0.83 days (Table 4.27). 

4.5.4 Pupa: Pupa was without any cocoon inside the earthen cells formed by third instar 

grubs. The last larval skin was shed off before the formation of pupae which was found at 

its posterior end. Sexual diamorphism was evident in pupal stage and newly formed pupae 

of both sexes were light yellow and gradually became yellowish brown (Plate 4.55). The 

average body length x width of male pupae has been recorded to be 30.92-34.10 mm x 

14.20-14.27 mm with an average of 32.72 ± 0.41 mm x 14.23 ± 0.01 mm. The female 

pupa was larger than male pupa. The length x width of female pupa ranged from 33.67-

34.10 mm x 14.21-14.27. In the present study, the first record of pupation under laboratory 

conditions was on 22.04.2019. Pupal duration was estimated as 14-22 days (mean = 18.6 ± 

0.82 days) as given in table 4.27. Most pupal cells formed were about four inches deep, 

and oblong in shape. In P. crinita, the pupal duration has been reported as five weeks 

(Young 1988). Ritcher (1958) mentions that pupation lasts for about two months in 5-8 

inches deep soil. In males, the antennae are long, extending beyond the apex 
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          Plate 4.50 Labium of M. virescens (=P. fullo) 
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Plate 4.52 Legs of M. virescens (=P. fullo) grubs (a) Prothoracic legs;  

(b) Mesothoracic legs; (c) Metathoracic legs 
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Plate 4.53 Spiracles of M. virescens (=P. fullo) (a) Prothoracic spiracle; 

(b) Abdominal spiracle 
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(a)                                                              (b)                                              (c) 

Fig. 4.49 Legs M. virescens (= P. fullo) grubs (a) Prothoracic leg; (b) Mesothoracic leg;  

(c) Metathoracic leg 

 

 

 

                                                                   
 

 

 
 Fig. 4.50 Prothoracic and abdominal spiracles of P. fullo 

 

 

 

 
 

 

Fig. 4.51 Raster pattern M. virescens (= P. fullo) 
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of maxillary palps and reach to the base of meso coxa, whereas in females, the antennae 

are shorter, extend only up to maxillary palps and reach up to the base of pro coxa (Plate 

4.56). 

In males of M. virescens (= P. fullo), the caudal appendages are long, slightly 

swollen at the base and are of uniform width for most part of its length. Near the caudal 

extremity, the caudal appendages taper in a characteristic manner and are directed 

outward. The caudal tips are missing. In females, the caudal appendages are swollen at the 

base and almost abut each other towards the apical end. The caudal tips are conspicuous 

and pointed. A median glubose projection with a median key hole shape structure is 

present on last sternum in males. In females, an anal slit is present on last sternum, which 

is elliptical in shape (Plate 4.56; Fig. 4.52). 

Total life cycle: The total life cycle from egg to adult stage was determined to be of 619-

652 days with an average of 638.8 ± 3.48 days (Table 4.27). According to Erler and Ates 

(2015), P. fullo has a biennial or triennial life cycle by region in Turkey. These reports are 

in agreement with our findings observed for P. fullo in the present study. 

4.5.5 Adult: The adult emergence usually began during second week of May, 2019. The 

new adult does not necessarily fly at once, but often remained in the soil until a favourable 

evening, with flight probably dependant on temperature. The flights initiated when the 

temperature was around 20
0
C. Young (1988) reported that there is little or no flight below 

54
0
F at 8:30 pm and maximum flight occurs at 60 

0
F. Flights started around 7:30 pm and 

lasted about two hours with sporadic catches at light until 9:30 pm.  

The adults are elongate, dark brown beetles, clothed very densely and evenly with 

pale scales (Plate 4.57). The head dark brown and covered laterally with with dense and 

thin pubescens in males, whereas in females, the pubescens was thick and it was confined 

more on the lateral sides of the head. In males, the clypeus was trapezoidal in shape, 

lateral sides were narrower and anterior margin is bifurcated into two lobes. In case of 

females, the clypeus was heart-shaped with lateral sides swollen in the midlle and 

narrower basally (Plate 4.58). Elytra are densely and evenly covered with scales. The 

scutellum is devoid of punctuation, and it is small and more rounded posteriorly in males 

as compared females (Plate 4.59; Fig. 4.53). The pronotum is trapezoidal in shape. The 

anterio-lateral and posterior-lateral margins are less pointed and slightly rounded in 

appearance (Plate 4.60; Fig. 4.54). In the posterior region, a depression mark is present, 

and this depression mark is slightly lesser in females as compared to males. Pygidium 

elongate and projected behind in the caudal end. In males beetles, the apical margins of 
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Plate 4.56 (a) Pupal antennae; (b) Pupal tips M. virescens (= P. fullo) 
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Fig. 4.52 Pupal tips M. virescens (= P. fullo) 
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                                        Plate 4.58 Head capsule of P. fullo  

 

 

 

                                      

       Plate 4.59 Scutellum of P. fullo 

        

                                            

                 

     Plate 4.60 Pronotum of P. fullo 

 

 

 

 

 

 

 

 

 

♂ ♀

  

 

♂ ♀

  

 

♂ ♀

  

 



193 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

                                
 

Fig. 4.53 Scutellum of P. fullo 
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the wings are touching the pygidium. Pygiudium tapered gradually, and the caudal 

extremity is rounded. In females, there exists sufficient gap between apical margins of 

wings and pygidium. As compared to males, the pygidium lobe is narrow in females (Plate 

4.61; Fig. 4.55). 

The female beetles measured 22.80-26.15 mm (mean = 24.69 ± 0.38 mm) in length 

and 11.92-13.24 mm (mean = 12.77 ± 0.16 mm) in width (Table 4.27). However, in males, 

the body length averaged 23.35 ± 0.46 mm (range = 21.59-25.75 mm), and the mean body 

width was recorded to be 10.89 ± 0.18 mm (range = 10.22-11.89 mm). In Nebraska, the 

adult beetles of P. occidentalis have been reported to measure 24.6 mm in length, and 10.9 

mm in width (Young 1988). These reports are in close association with our results. 

Antennae: The lamellate antennae were dark brown and 10 segmented in both males and 

females. In males, the antennal club was 7 segmented, whereas in females, it was 6 

segmented. The lamellae of terminal segments in males are larger than in females (Plate 

4.62; Fig. 4.56). In females, second segment of flagellum was reduced to plate-like 

structure. In male beetles, the maximum width of antennal club has been recorded to be 

5.22 mm, whereas in females, it was 1.06 mm (Fig. 4.56). According to Young (1988), in 

Polyphylla species, the  antennal club is long, 7 segmented and 4-10 mm in length in 

males, but in females, the antennal club is short, 5 segmented and 2 mm in length. 

Legs: In fore legs of P. fullo, the tibial spines are small, pointed and 0.82 mm in males, 

whereas in females, tibial spines are more pointed, slightly curved, and measured 1.20 mm 

in length. The claws are bifurcated and toothed in both sexes. The length of claw is 1.73 

mm in males, and 1.56 mm inn females. In mid legs, the tibial spines are long in females 

(1.12 mm) than in males (0.51 mm). The claws are single, short and toothed in males, 

having length of 1.21 mm. In females, claws are bifurcated, long and toothed with an 

average length of 1.55 mm. In hind legs, the femur width is more in females (7.40 mm) 

than in males (4.87 mm). The tibial spines are conspicuously thick, long and more pointed 

in females (1.59 mm), whereas in males, the tibial spines are short measuring 0.90 mm in 

length. The claws were pointed, curved and long in females (1.51 mm), whereas in males, 

the claws were short and 1.30 mm in length (Plate 4.63; Fig. 4.57). 

Male genitalia: Phallobase is shorter than parameres. The attachment of phalloabse to 

parameres showed concavity towards the base of phallobase (Plate 4.64). The length and 

width of phallobase is 3.23 mm and 2.0 mm, respectively. Parameres asymmetrical, and 

the left paramere appears boarder than right paramere. The parameres are light brown in  
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               Plate 4.61 Pygidium of P. fullo 

 

                         

 

                                                   

                                      Plate 4.62 Antennae of P. fullo adult  
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Fig. 4.55 Pygidium of P. fullo 

 

 

 

 

 

 

 

                                                                             
 

Fig. 4.56 Antennae of P. fullo adult 
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Fig. 4.57 Legs of P. fullo adult (a) Forelegs; (b) Midlegs; (c) Hindlegs 
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Plate 4.64 Genitalia of P. fullo 



200 
 

 

 

 

 
 

 

 

 

 

                                              
 

 

 

 

 

                                                  Fig. 4.58 Male genitalia of P. fullo  
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colour, whereas phallobase is dark brown on the edges and creamish in the middle. 

Parameres measured 4.48 mm in length and 0.15 mm in width. Endophallus flat, elongated 

and chimney shaped. Spiculum gastrale „Y‟ shaped, sclerite, stem short, measuring length 

of 1.69 mm and width of 0.49 mm. Arms longer than stem. The width of arms measured 

up to 3.11mm (Fig. 4.58). Arms are further bifurcated into two in the distal region; longer 

arms are internal in position and larger arms are internal, and pointed outward. The 

posterior end of the stem is lobe-like.   

Adult longevity: The pre-oviposition period of P. fullo females ranged from 7-9 days 

with an average of 8.1 ± 0.28 days. The oviposition period was very short and it was 

observed to range from 2-3 days (mean: 2.3±0.15 days). The mean fecundity was recorded 

to be 21 eggs per female. Rodstrom and Brown (2017) reported that an average of about 

12 eggs are laid by mated females of P. decemlineata in the soil near where they emerged. 

The post-oviposition period was comparatively longer and it averaged 11.1 ± 0.41 days 

with a range of 10-14 days. The female beetles survived for a longer period than male 

beetles. The overall longevity of females of P. fullo has been recorded to vary from 18-16 

days (mean: 21.5 ± 1.0 days), and there was reduction in longevity of male beetles, the 

maximum and minimum being 11 and 19 days (mean: 15.1 ± 0.90) as shown in table 4.27. 

Table 4.27 Duration and morphometrics of different stages of M. virescens (= P. fullo) 

Stage Duration in days Length (mm) Width (mm) 

Range Mean ± SE Range Mean ± SE Range Mean ± SE 

Egg 16-18 17.2±0.35 - - - - 

Freshly laid - - 3.62-4.21 3.88±0.07 2.57-3.09 2.81±0.06 

Prior to hatch - - 4.73-4.98 4.86±0.03 3.10-3.38 3.23±0.03 

Larvae       I 46-51 47.9±0.57 10.16-13.97 12.08±0.78 2.60-2.84 2.72±0.05 

II 214-229 221.7±1.71 23.65-27.70 25.89±0.71 4.33-5.13 4.68±0.17 

III 309-320 314.1±1.19 48.33-54.17 50.17±1.03 7.92-8.48 8.19±0.11 

Total larval period 574-594 583.7±2.10 - - - - 

Pre-pupal period 15-23 19.3±0.83 33.33-38.32 35.99±0.59 - - 

Pupa  14-22 18.6±0.82 30.92-34.10 32.72±0.41 14.20-14.27 14.23±0.01 

Total duration  619-652 638.8±3.48 - - - - 

Adult longevity 

Male 11-19 15.1±0.90 21.59-25.75 23.35±0.46 10.22-11.89 10.89±0.18 

Female  18-26 21.5±1.0 22.80-26.15 24.69±0.38 11.92-13.24 12.77±0.16 

Pre-oviposition period 7-9 8.1±0.28 - - - - 

Oviposition period 2-3 2.3±0.15 - - - - 

Post-oviposition 

period 
10-14 11.1±0.41 - - - - 
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4.6 Sequencing of barcode regions of Cox1 and 28s rRNA genes of different 

Melolontha species 

4.6.1 Isolation and estimation of quality and quantity of DNA   

DNA of four Melolontha species was extracted from head capsule and legs of adult or 

larval stages using CTAB method. The quality of DNA (Plate 4.65) extracted from four 

species was estimated by agarose gel electrophoresis (1%) method, and the quantity was 

estimated by using spectrophotometer at 260 nm. The yield of DNA was 1.5- 2.0 μg/μl for all 

the samples.  

4.6.2 Amplification and transformation of Cox1 and 28S rRNA genes 

The Cox1 and 28S rRNA genes were amplified using gene specific primers. The 

barcode regions of Cox1 and 28S rRNA genes were amplified using primers, Pat (5‟-

TCCAATGCACTAATCTGCCATATTA-3‟) and Jerry (5‟-CAACATTATTTTGATTTTTTGG-

3‟) (for Cox1) and DD (5‟-GGGACCCGTCCTTGAAACAC-3‟) and FF (5‟-

TTACACACTCCTTAGCGGAT-3‟) (for 28s rRNA). The amplified products of Cox1 and 

28S rRNA genes were visualized using Agarose gel electrophoresis (1%) (Plate 4.66; 4.67; 

4.68). Amplified products of both the genes were cloned in pGEM
®
-T EASY vector and 

the vector was transformed into competent cells (JM109). The transformation was 

confirmed by blue and white colony screening method (Sambrook et al. 1989) as indicated 

in plate 4.69. The white coloured colonies were designated as transformants with insert. 

The presence of gene sequences in the white colonies was confirmed by colony PCR. The 

selected colonies were cultured in LB broth containing ampicillin antibiotic, and incubated 

for 16 hours at 37
0
C followed by plasmid isolation and insert sequencing. 
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Plate 4.65 Agarose gel electrophoresis (1%) showing quality of DNA 

Lane 1: M. indica, Lane 2: P. fullo, Lane 3: M. cuprescens, Lane 4: M. furcicauda 

Plate 4.66 Agarose gel electrophoresis (1%)  

showing amplified product of Cox 1 gene 

Lane 1: M. indica, Lane 2: P. fullo,  

Lane 3: M. cuprescens, M: 100 bp DNA ladder  

 

 

Plate 4.67 Agarose gel electrophoresis (1%)  

showing amplified product of 28S rRNA gene 

Lane 1: M. indica, Lane 2: P. fullo, Lane 3: M. 

cuprescens, M: 100 bp DNA ladder  

Plate 4.68 Agarose gel electrophoresis (1%) showing 

amplified product of 28S rRNA and Cox 1 genes. 

M: 100 bp DNA ladder, Lane 1 and 2: M. furcicauda 

(28s rRNA gene), Lane 3 and 4: M. furcicauda (Cox1 

gene) 

 

1          2              3              4  



204 
 

 

 

 

 

 

 

 

 
 

 

 

 

                         Plate 4.69 Transformed bacterial cells 

 

 

White colonies with vector and 

insert 

Blue colonies without insert 
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4.6.3 Sequencing and phylogenetic analysis of Melolontha species 

The length of amplified Cox1 gene sequences (Table 4.28) of M. cuprescens, M. 

furcicauda, M. indica and M. virescens (= P. fullo) were recorded to be 873 bp, 874 bp, 

678 bp and 873 bp, respectively. The amplified 28S rRNA gene sequences (Table 4.29) in 

M. cuprescens, M. furcicauda, M. indica were 686 bp, 684 bp and 686 bp, respectively. 

 

Table 4.28 Sequences of amplified products of Cox1 gene of M. cuprescens, M. 

furcicauda, M. indica and M. virescens (= P. fullo)  

Insect  Sequence 

M. cuprescens  TCCAATGCACTAATCTGCCATATTAGAAATTAGTTAATATGGGGAGTTCAGAGTAGCTATGTTCAG

CAGGGGGTATTAGTTGGAATCATTCAATTGAAGTAGTTATACTTAGGGGCACTAAGCTTTTTCGGT

GTGAAATAAATCTGTCTCAAATAACAAATAAAAACATAATAATTCTAATAAGGGAAATTAGGGAT

CCGATTGAGGAGATCACATTTCAAGAAGTATAGGCATCTGGGTAATCAGAGTATCGTCGGGGTAT

TCCACTAAGTCCCAGAAAATGTTGGGGAAAGAAGGTTATATTAACTCCAATAAATATGGTTATAA
ATTGGATTTTTAAAAATTTTCCATTAAGGGTTAAGCCAGAGAATAGGGGGAATCAGTGAGTGAAT

CCTGCTATAATTCTAAAAACGGCTCCTATAGAAAGGACATAATGGAAGTGTGCTACGACATAGTA

GGTGTCGTGTAGAATAATGTCGATTGAAGAGTTAGCTAAGATTACTCCAGTCAATCCTCCCACTGT
AAATAAAAATACGAATCCTAGGGCTCACAGAAGTGATGGGGAGTAGTTTAATTGGGTCCCATGAA

GTGTAGCAATTCATCTGAAAATTTTAATACCGGTGGGTACAGCAATGATTATGGTGGCTGAAGTA

AAATAAGCCCGAGTATCGACATCTATGCCCACTGTGAATATGTGATGGGCTCAGACAATAAATCC
TAATAAGCCAATCGCTATTATAGCATAGATTATTCCTAGTGTTCCGAATGTTTCTTTTTTGTTCCTT

TCTTGGCTAATAATGTGGGAGATTATTCCAAATCCGGGGAGAATTAGAATATAAACTTCAGGGTG

TCCAAAAAATCAAAATAATGTTG 

M. furcicauda  TCCAATGCACTAATCTGCCATATTAGAAATTAGTTAATATGGGTAGTTCGGAGTACCTATGTTCAG
CTGGGGGTATTATTTGGAATCATTCGATAGAAGTTGTTATGTTTAGGGGGGATAGGCTTTTTCGTA

TAGAGATAAATCTATCTCAAATAATAAATAAAAATAGAATAATACTAATTAAGGAAATTAATGAA

CCAATAGATGAGATAATATTTCATACAGTATAGGCGTCGGGGTAATCTGAGTATCGTCGGGGTAT
GCCTCTTAATCCTAGAAAATGTTGAGGAAAAAAGGTTATGTTTACTCCAATGAATATTGTAAAAA

ATTGAATTTTTAAAAGTTTTCTATTAAGTATTAAACCTGTAAATAGGGGGAATCAGTGTACAAATC

CTGCTATAATAGCAAATACGGCTCCTATTGATAGAACGTAATGAAAGTGGGCTACTACGTAATAA

GTATCATGAAGGATAATATCAATTGAAGAATTTGCCAGGATAACTCCCGTTAAACCCCCCACTGT

AAATAAGAATACAAATCCTAGGGCTCATAGCAATGATGGGGAATAATTTAATTGAGTTCCATGGA
GAGTGGCCAATCATCTGAAAATTTTGATACCAGTAGGTACAGCAATAATTATTGTTGCAGAGGTA

AAATAAGCTCGGGTATCTACATCTATTCCTACTGTAAATATATGATGGGCCCATACGATAAAGCCT

AATAGGCCAATAGCTATTATGGCATAAATTATTCCTAAAGTGCCGAATGTTTCCTTTTTGTTGCTTT
CTTGTCTAATAATGTGGGAAATTATTCCAAATCCCGGGAAGAAATAAAATATAAACTTCTGGGTG

TCCAAAAAATCAAAATAATGTTG 

M. indica  TCCAATGCACTAATCTGCCATATTAGAAATTAGTTAATATGGGTAGTTCAGAATATCTATGTTCAG

CTGGTGGTATTATTTGAAATCATTCAATAGATGTTGTTATTCTTACTGGAGAAAGTCTTTTTCGTAT
TGAAATTTGAAATATTTTGAATAGTTTTCTATTTAATGTTAGTCCTGTAAATAACGGAAACCAATG

GACAAATCTAGCTATGATAGCAAATACTGCTCCTATTGAAAGTACGTAATGAAAATGGGTTGCAA

CATAGTAAGTATCATGAAGGTTGATATTAATTGAAGAGTTTGCAAGAATAACTCCTGTTAATCCTC
CCACAGTAAATAAGACTACAAAACCTAGGGCGCATAGTAAGGATGGGGAATAGTTTAGTTGAGTT

CCGCGTAGAGTAGCCAGTCATCTGAAAATTTTAATACCCGTAGGTACTGCAATAATTATGGTTGCT

GAGGTAAAGTAGGCTACATCTATTCCTACAGTAAATATGTGATGAGCTCATACAATGAAGCCTAA
CAATCCAAGAGCTATTATTGCATAGATTATCCCTAAAGTACCGAATGTTTCTTTTCTGTTTCTTTCT

TGTCTAATAATATGAGAAATTATTCCAAATCTTGGGAGGATTAAAATATAAACTTTTGGATGTCCA

AAAAATCAAAATAATGTTG 

M. virescens (= 

P. fullo )  

TCCAATGCACTAATCTGCCATATTAGAAATTAGTTAATATGGGGAGTTCAGAGTAGCTATGTTCAG

CAGGGGGTATTAGTTGGAGTCATTCAATTGAAGTAGTTATACTTAGGGGCACTAAGCTTTTTCGGT

GTGAAATAAATCTGTCTCAAATAACAAATAAAAACATAATAATTCTAATAAGGGAAATTAGGGAT

CCGATTGAGGAGATCACATTTCAAGAAGTATAGGCATCTGGGTAATCAGAGTATCGTCGGGGTAT
TCCACTAAGTCCCAGAAAATGTTGGGGAAAGAAGGTTATATTAACTCCAATAAATATGGTTATAA

ATTGGATTTTTAAAAATTTTCCATTAAGGGTTAAGCCAGAGAATAGGGGGAATCAGTGAGTGAAT

CCTGCTATAATTCTAAAAACGGCTCCTATAGAAAGGACATAATGGAAGTGTGCTACGACATAGTA
GGTGTCGTGTAGAATAATGTCGATTGAAGAGTTAGCTAAGATTACTCCAGTCAATCCTCCCACTGT

AAATAAAAATACGAATCCTAGGGCTCACAGAAGTGATGGGGAGTAGTTTAATTGGGTCCCATGAA

GTGTAGCAATTCATCTGAAAATTTTAATACCGGTGGGTACAGCAATGATTATGGTGGCTGAAGTA
AAATAAGCCCGAGTATCGACATCTATGCCCACTGTGAATATGTGATGGGCTCAGACAATAAATCC

TAATAAGCCAATCGCTATTATAGCATAGATTATTCCTAGTGTTCCGAATGTTTCTTTTTTGTTCCTT

TCTTGGCTAATAATGTGGGAGATTATTCCAAATCCGGGGAGAATTAGAATATAAACTTCAGGGTG
TCCAAAAAATCAAAATAATGTTG 
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Table 4.29 Sequences of amplified products of 28S rRNA gene of M. cuprescens, M. 

furcicauda and M. indica  

Insect  Sequence 

M. cuprescens  GGGACCCGTCCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGGACTCTGAC

GAAACCTAAAGGCGTAATGAAAGTGAAGGTCCGCCTGGCGCGGACCGAGGGAGGATGGGCGGAC

CCGAGGGGCCGCCTCGCACTCCCGGGGCGTCTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGC
GTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGACGAAGTCAGGGGAAACCCT

GATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCGAAAGA

CTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCT
TGCGAGTCTCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTC

TCAAACTTTAAATGGGTGAGATCTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAG

AGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGCGCTGTGGGATGAACCAAACGCCGAGTTA
AAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTAAGACAGCAGGACGG

TGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

M. furcicauda  GGGACCCGTCCTTGAAACACGGACCAAGGTGTTGGGCCCCCTTTCCGAAACACACGGACCAGGGG

TTTTGTTAAATGCGTAAGTAAACCGTTCTTGATTAGGCTGTGGAGGGAAAGAGAATGCATTGGTTC

GATTCTTCGGTCCGGACGCTGTTGAAAGAGCGCAGCAACGAGGTCTTAACAGGCACTCATAGCGC

ATTTACCGGTACCCGAAAAATGGTGATCTATGCCTGACCAAGACGAAGCCAGAGGAAACTCTGGT

GGAGGTCTGTAACGGTTCTGACGTGCAAATCGATCGTCATACTTGGGTATAGGGGCGAAAGACTA
ATCGAACCATCTTGTAGCTGGTTCCTTCCGAAGTTTCCCTCAGGATAGCAGGGGTGGCCAACCGAA

GTTTCTCTTTGTTCCGGTGAAGCGAAAGGATTGAGGGCTTGGGGTCCAAAAGAACTTCATCCAATC

CCCAACTTTTAATGGGTCCCAAGACCTATTTTCCTCCTTGGATGGGTGATCATCACAATAACCCTC
CCTTGTGGGCCCTTTTGGTAAACAAAACTGGCGCCGGGGTATGAACCAAACGTTGAATTAAATCG

TCCAAAATTACGCTAACAAACCCATTGAAAGTGGTTAATTCTTCACTCAGCAGGACGTTGACCTGG
GATGTTGAATCCCCCTACGAGTGGGGTAAAACATGAGTCGGATCCGCTAAGGAGTGTGTAA 

M. indica  GGGACCCGTCCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGGACTCTGTT

GAAGCCTAAAGGCGTAATGAAAGTGAAGGTCCGCCCTGCGCGGACCGAGGGAGGATGGGTGGAC

CCGAGGGGCCGCCCCGCACTCCCGGGGCGTCTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGC
GTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGACGAAGTCAGGGGAAACCCT

GATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCGAAAGA

CTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCT
TGCGAGTCTCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTC

TCAAACTTTAAATGGGTGAGATCTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAG

AGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGCGCTGTGGGATGAACCAAACGCCGAGTTA
AAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTAAGACAGCAGGACGG

TGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

4.6.4 The sequences of Cox1 gene from Melolontha species and Polyphylla species 

The sequences of Cox1 gene from Melolontha species and Polyphylla species were 

retrieved from National Centre for Biotechnology Information (NCBI), database 

(https://www.ncbi.nlm.nih.gov/). The sequences were subsequently used for phylogenetic 

analysis along with sequences obtained in the present study. The sequences of Cox1 gene 

retrieved from NCBI are as follows: 

Melolontha hippocastani (HM120757) 

GAAGTTTATATTTTAATTCTCCCAGGATTTGGAATAATTTCCCACATCATTAGACAAGAAAGTAACAAAAAGGAAACATT

TGGCACTTTAGGAATAATTTATGCCATAATAGCCATTGGTTTATTAGGCTTTATTGTATGGGCCCACCATATATTCACTGT

AGGTATAGATGTTGATACTCGAGCCTACTTTACCTCAGCAACCATAATTATCGCAGTACCTACTGGTATTAAAATTTTTA

GATGATTAGCTACTCTCCATGGAACTCAACTAAATTATTCCCCATCCCTATTATGAGCCCTCGGCTTTGTATTTTTATTCA

CAGTAGGAGGACTAACAGGAGTTATTCTCGCAAATTCTTCAATTGACATTATTCTTCATGATACTTATTATGTCGTAGCTC

ATTTTCATTATGTACTTTCAATGGGTGCAGTATTTGCAATTATAGCGGGATTTGTCCATTGATTCCCTTTATTCACAGGAC

TAGTATTAAACAGAAAATTATTAAAAATCCAATTTTTTGCAATATTTATTGGCGTAAATATAACCTTCTTTCCCCAACACT

TTTTAGGATTAAGGGGTATACCACGCCGATACTCAGATTACCCTGATGCCTATACAACTTGAAATGTTGTTTCATCTATCG

GATCACTAATTTCCCTAATCAGTATTATTTTATTCTTATTTATTATTTGAGACAGATTTAT 

Melolontha hippocastani (KX087316)  

CAACATTTATTTTGATTTTTTGGTCACCCAGAAGTTTATATTTTAATTCTCCCAGGATTTGGAATAATTTCCCACATCATTA

GACAAGAAAGTAACAAAAAGGAAACATTTGGCACTTTAGGAATAATTTATGCCATAATAGCCATTGGTTTATTAGGCTTT

https://www.ncbi.nlm.nih.gov/
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ATTGTATGGGCCCACCATATATTTACTGTAGGTATAGATGTCGATACTCGAGCCTACTTTACCTCAGCAACCATAATTATC

GCAGTACCTACTGGTATTAAAATTTTTAGATGATTAGCTACTCTCCACGGAACTCAACTAAATTATTCCCCATCCCTATTA

TGAGCCCTCGGCTTTGTATTTTTATTCACAGTAGGAGGACTAACAGGAGTTATTCTCGCAAATTCTTCAATTGACATTATT

CTTCATGATACTTATTATGTCGTAGCTCATTTTCATTATGTACTTTCAATGGGTGCAGTATTTGCAATTATAGCGGGATTT

GTCCATTGATTCCCTTTATTCACAGGACTAGTATTAAACAGAAAATTATTAAAAATCCAATTTTTTGCAATATTTATTGGC

GTAAATATAACCTTCTTTCCCCAACACTTTTTAGGATTAAGGGGTATACCACGCCGATACTCAGATTACCCTGATGCCTAT

ACAACTTGAAATGTTGTTTCATCTATCGGATCACTAATTTCCCTAATCAGTATTATTTTATTCTTATTTATTATTTGAGACA

GATTTATTTCTATACGAAAAAGACTATCCCCCCTAAATATGACAACCTCCATTGAATGATTTCAATCTATACCACCAGCT

GAACATAGATACTCTGAACTACCAATATTAACTAATTTCTAATATGGCAGACTAGTGCAATGGA 

Polyphylla gracilicornis (MW143080) 

CAACATTTATTTTGATTTTTTGGACACCCTGAAGTTTACATCCTAATTCTCCCTGGATTTGGAATAATCTCCCACATCATT

AGCCAAGAGAGAAACAAAAAGGAAACCTTTGGAACACTAGGCATAATCTATGCTATAATAGCAATTGGTTTATTAGGAT

TCATTGTCTGAGCTCACCACATATTTACAGTGGGAATAGATGTTGATACCCGAGCTTATTTTACCTCAGCCACCATAATC

ATTGCTGTGCCCACTGGTATTAAAATTTTTAGATGACTAGCCACACTCCATGGAACCCAATTAAACTACTCCCCATCACT

CTTATGAGCACTAGGATTTGTCTTTTTATTTACAGTAGGTGGCTTAACTGGAGTAGTCCTAGCTAACTCTTCCATTGATAT

TATTTTACACGATACTTATTATGTAGTAGCACATTTCCATTATGTCCTTTCCATAGGAGCCGTTTTTAGAATTATAGCAGG

ATTCACACATTGATTCCCCCTATTCTCTGGCTTAACCCTTAATGGAAAATTTTTAAAAATTCAATTTATAACCATATTTAT

TGGAGTTAATATAACCTTTTTCCCCCAACATTTCCTGGGACTTAACGGAATACCCCGCCGATACTCGGATTACCCTGATG

CTTATACATCTTGAAATGTGATCTCCTCAGTCGGATCCCTAATCTCCCTAATTAGAATTATTATATTTTTATTTATTATTTG

AGAAAGACTTATTTCACACCGAAAAAGATTAGTATCATTAAATATAAATACTTCAATTGAATGATTTCAGCTAATACCCC

CCGCTGAACATAGCTACTCTGAGCTTCCCATATTAACTAATTTCTAATATGGCAGATTAGTGC 

Polyphylla laticollis (KF544959) 

CAACATCTATTCTGATTTTTCGGCCATCCTGAAGTTTATATTTTAATTTTACCTGGATTTGGAATAATCTCTCACATCATTA

GTCAAGAAAGTAACAAAAAAGAAACCTTTGGAACTCTGGGTATAATTTATGCTATAATGGCAATCGGTTTACTAGGATTT

ATTGTATGGGCTCATCATATATTCACAGTGGGTATAGATGTTGATACTCGTGCTTATTTTACTTCAGCCACTATAATTATT

GCAGTGCCAACAGGAATTAAAATCTTTAGATGATTGGCCACTCTACATGGGGCCCAACTAAATTACTCACCTTCATTACT

ATGGGCTTTAGGTTTTGTTTTTTTATTTACAGTAGGCGGATTAACAGGAGTAATTCTGGCTAATTCATCAATTGATATTAT

TTTACATGACACTTACTATGTTGTCGCACATTTTCATTATGTCCTCTCCATAGGCGCAGTATTTAGTATCATAGCAGGATT

TACACATTGATTCCCCCTATTCACTGGTTTAATACTCAACGAAAAATTCTTAAAAATTCAATTTATCACTATATTTATTGG

TGTAAATATGACATTTTTTCCTCAACATTTTCTAGGATTAAGGGGAATGCCTCGCCGATACTCCGACTACCCAGATGCCT

ATACTTCTTGAAATATCGTCTCATCTATTGGATCTCTAATCTCTTTAATTAGAATTATCATATTCCTATTTATTATCTGAGA

TAGATTTACTTCAAAACGAAAAAGATTGATATCATTAAATATAACTACCTCAATTGAGTGATTCCAATTAATGCCCCCAG

CTGAACATAGTTACTCTGAACTACCTATGCTAACTAATTTCTAATATGGCAGATTAGTGCAATGGA  

4.6.5 The sequences of 28s rRNA gene from different scarab species 

The sequences of 28s rRNA gene from Melolontha species were retrieved from 

National Centre for Biotechnology Information (NCBI), database 

(https://www.ncbi.nlm.nih.gov/). The sequences were subsequently used for phylogenetic 

analysis along with sequences contained in the present study. The sequences of 28s rRNA 

gene retrieved from NCBI are as follows: 

Melolontha melolontha (EU084231)  
GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTGATGAAACCTAAAGGCGTA

ATGAAAGTGAAGGTCCGCCCTGCGCGGACCGAGGGAGGATGGGTGGACCCGAGGGGCCGCCCCGCACTCCCGGGGCGT

CTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGG

ACGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGC

GAAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTTGCGAGTC

TCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGAT

CTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGG

CGCTGTGGGATGAACCAAACGCCGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTT

AAGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Lepidiota albistigma (DQ524590)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTGACTAAACCTAAAGGCGTA

ATGAAAGTGAAGGTCCGCCCTGCGCGGACCGAGGGAGGATGGGCGGACCCAAGGGGCCGCCTCGCACTCCCGGGGCGT

CTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGG

ACGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGC

GAAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTTGCGAGTC

TCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGACCTCAACCTATTCTCAAACTTTAAATGGGTGAGAT

CTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGG

https://www.ncbi.nlm.nih.gov/
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CGCTGTGGGATGAACCAAACGCCGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTT

AAGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Lepidiota stradbrokensis (EU084209)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCAGACTAAACCTAAAGGCGTA

ATGAAAGTGAAGGTCCGCCCTGCGCGGACCGAGGGAGGATGGGCGGACCCGAGGGGCCGCCTCGCACTCCCGGGGCGT

CTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGG

ACGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGC

GAAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTTGCGAGTC

TCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGACCTCAACCTATTCTCAAACTTTAAATGGGTGAGAT

CTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGG

CGCTGTGGGATGAACCAAACGCCGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTT

ATGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Maladera holosericea (EU084216)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGATTTTTACTAAACCTAAAGGCGCA

ATGAAAGTGAAGGTCCGCCTTGCGCGGACCGAGGGAGGATGGACCGTCCCGAGGGACGGCCTCGCACTCCCGGGGCGT

CTCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGG

ACGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGC

GAAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTC

TCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGAT

CTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGG

CGCTGTGGGATGAACCAAACGCCGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTT

AAGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Maladera significans (EU084221)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGATTTTTACTAAACCTAAAGGCGCA

ATGAAAGTGAAGGTCCGCCTTGCGCGGACCGAGGGAGGATAGACCGTACCGAGGTACGGCCTCGCACTCCCGGGGCGTC

TCGTTCTCATCGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGA

CGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCG

AAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTCT

CATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGATC

TCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGC

GCTGTGGGATGAACCAAACGCAGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTA

AGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Adoretus lasiopygus (DQ524609)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTAACGAAACCTAAAGGCGTA

ATGAAAGTGAAGGTCCGCCTTGCGCGGACCGAGGGAGGATGGGCGATCTTTAGGGATCGTCCCGCACTCCCTGGGCGTC

TCGTTCTCATCGCGAGAAGAGGCGCACCAAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGA

CGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCG

AAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTCT

CATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGATC

TCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGC

GCTGTGGGATGAACCAAACGCTGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTA

AGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA  

Holotrichia seticollis (DQ524596)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTGACGAAACCTAAAGGCGCA

ATGAAAGTGAAGGTTCGCCTAGCGCGGACCGAGGGAGGATGGGTGGTCTCGCGGGACCACCTCGCACTTCCGGGGCGTC

TCGTTCTCACTGCGAGAAGAGGCGCACCCAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGA

CGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCG

AAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTCT

CATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGATC

TCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGC

GCTGTGGGATGAACCAAACGCAGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTA

AGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Chiloloba acuta (DQ524581)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTAACGAAACCTAAAGGCGTA

ATGAAAGTGAAGGTCCGCCTAGCGCGGGCCGAGGGAGGATGGGTGACCCCGAGGGGCGCCCCGCACTCCCAGGGCGTC

TCGTTCTCATTGCGAGAAGAGGCGCACCAAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGA

CGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCG

AAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTCT

CATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGATC

TCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGC

GCTGTGGGATGAACCAAACGCTGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTA

AGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Cetonia aurata aurata (EU084146)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTAACGAAACCTAAAGGCGTA

ATGAAAGTGAAGGCTCGCCTAGCGCGGGCCGAGGGAGGATGGGTGTCCCCGAGGGGACGCCTCGCACTCCCAGGGCGT
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CTCGTTCTCATTGCGAGAAGAGGCGCACCATGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGG

ACGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGC

GAAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTC

TCATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGAT

CTCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGG

CGCTGTGGGATGAACCAAACGCTGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTT

AAGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA 

Anomala sp. (DQ524588)  

GGGACCCGTCTTGAAACACGGACCAAGGAGTCTAGCATGTGCGCGAGTCATTGGGACTCTAACGAAACCTAAAGGCGTA

ATGAAAGTGAAGGTTCGCCACGCGCGAACCGAGGGAGGATGGACGGTCGATAGTGGCCGTCCCGCACTCCCTGGGCGTC

TCGTTCTCATCGCGAGAAGAGGCGCACCAAGAGCGTACACGCTGGGACCCGAAAGATGGTGAACTATGCCTGGTCAGGA

CGAAGTCAGGGGAAACCCTGATGGAGGTCCGTAGCGATTCTGACGTGCAAATCGATCGTCGGAACTGGGTATAGGGGCG

AAAGACTAATCGAACCATCTAGTAGCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCGCTTCTCGCGAGTCT

CATTCGGTAAAGCGAATGATTAGAGGCATTGGGGTCGAAACGGCCTCAACCTATTCTCAAACTTTAAATGGGTGAGATC

TCCGGCTTGCTTGAACTGTGAAGCCGCGAGATATCGGATCAGAGTGCCAAGTGGGCCACTTTTGGTAAGCAGAACTGGC

GCTGTGGGATGAACCAAACGCCGAGTTAAAGCGCCTAAATCGACGCTTATGGGATACCATGAAAGGCGTTGGTAACTTA

AGACAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAA  

4.6.6 Multiple sequence alignment of Cox1 gene sequences  

The Cox1 sequences of M. cuprescence, M. furcicauda, M. indica and M. virescens 

(= P. fullo) were aligned with Cox1 sequences of Melolontha hippocastani (HM120757), 

Melolontha hippocastani (KX087316), Polyphylla gracilicornis (MW143080) and 

Polyphylla laticollis (KF544959). The multiple sequence alignment of Cox1 gene from all 

these species is given as follows:   
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4.6.7 Multiple alignment of 28s rRNA gene sequences 

 The 28s rRNA sequences of M. cuprescence, M. furcicauda and M. indica were 

aligned with 28s rRNA sequences of Melolontha melolontha (EU084221), Lepidiota 

albistigma (DQ524590), Lepidiota stradbrokensis (EU084209), Holotrichia seticollis 

(DQ524596), Maladera holosericea (EU084216), Maladera significans (EU084221), 

Adoretus lasiopygus (DQ524609), Anomala sp. (DQ524588), Chiloloba acuta 

(DQ524581) and Cetonia aurata aurata (EU084146). The multiple sequence alignment of 

28s rRNA gene from all these species is given as follows:   
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4.6.8 Phylogenetic analysis 

Cox1 gene 

The M. cuprescens sequence showed 99.89 per cent similarity to M. virescens (= 

P. fullo), whereas M. furcicauda sequence showed 89.47 per cent similarity to M. indica 

(Fig. 4.59). This is the first report of Cox1 sequences from M. cuprescens, M. furcicauda, 

M. indica and M. virescens (= P. fullo). The sequences of gene from these four species 

were also compared with closely related species Melolontha i.e. M. hippocastani 

(HM120757) and M. hippocastani (KX087316) and two species of Polyphylla i.e. 

Polyphylla gracilicornis (MW143080) and Polyphylla laticollis (KF544959). The 

Melolontha species and Polyphylla species used in the present study did not show high 

similarity to M. hippocastani (HM120757), M. hippocastani (KX087316), P. gracilicornis 

(MW143080) and P. laticollis (KF544959) whose sequences were retrieved from the 

database. The Cox1 sequences of M. furcicauda showed 86.02 and 86.51 per cent 

similarity to M. hippocastani (HM120757) and M. hippocastani (KX087316), and 82.34 

and 81.64 per cent similarity to P. gracilicornis (MW143080) and P. laticollis 

(KF544959), respectively. The M. indica had 84.15 and 84.69 per cent similarity to M. 

hippocastani (HM120757) and M. hippocastani (KX087316), whereas it showed 82.84 

and 83.33 per cent similarity to P. gracilicornis (MW143080) and P. laticollis 

(KF544959), respectively. The M. cuprescens showed 81.47 per cent similarity to M. 

hippocastani (HM120757), 81.69 per cent to M. hippocastani (KX087316), 80.32 per cent 

to P. gracilicornis (MW143080) and 82.49 per cent to P. laticollis (KF544959). P. 

gracilicornis (MW143080) and P. laticollis (KF544959) were distantly related to our 

species in the present study. The M. hippocastani strains were from France, P. 

gracilicornis from China and P. laticollis from Korea. The beetles of Melolontha and 

Polyphylla used in the present study were from north western Himalayan state of 

Himachal Pradesh, India, and represented geographically distinct regions. In confirmation 

to identification based on morphology, the Melolontha species were close to each other 

with the exception of P. fullo, which showed high similarity to M. cuprescens. The study 

further suggested that Cox1 sequences could be used as barcode for identification purposes 

in insects. The species identification of M. melolontha and M. hippocastani was earlier 

confirmed by sequencing Cox1 gene with the help of MelCOIF (5‟-

AAGGAAACATTTGGCACTTT-3‟) and MelCOIR (5‟-

GGGAAATTAGTGATCCGATAGA-3‟) primers (Tereba and Niemczyk 2018). The 

sequencing of Cox1 region of M. melolontha, M. hippocastani and Melolontha pectoralis 
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also showed that M. melolontha and M. pectoralis were in close proximity to each other 

(Giannoulis et al. 2011). Similarly, Leucopholis lepidophora have shown 88 per cent 

identity to L. lepidophora (KX351390), and Leucopholis burmeisteri sequences showed 

100 per cent identity to L. burmeisteri (JN126323) based on NCBI-BLASTn searches 

(Swamy et al. 2019). Kalpana (2015) reported 99 per cent identity between cox1 

sequences of Holotrichia longipennis and Holotrichia consanguinea, whereas 80 per cent 

identity between Holotrichia sikkimensis and cox1 sequences of Jekelius brullei, 99 per 

cent identity between H. consanguinea and Holotrichia serrata and 98 per cent identity 

between H. serrata and Holotrichia nagpurensis.  

The nucleotide frequencies in amplified Cox1 sequences of three Melolontha 

species and one Polyphylla species were Adenine 34.4 per cent (A), Thymine 30.6 per 

cent (T), Cytosine 14.4 per cent (C), and Guanine 20.6 per cent (G). From these results it 

is inferred that across all sequences there existed an excess of Adenine and Thymine over 

Cytosine and Guanine. The transition/transversion rate ratios are k1 = 3.152 (purines) and 

k2 = 2.043 (pyrimidines). The overall transition/transversion bias is R = 1.264. The excess 

of Adenine and thymine have also been reported for Cox1 sequences of L. lepidophora, 

Leucopholis coneophora and L. burmeisteri by Swamy et al. (2019). They reported 

nucleotide frequencies for Adenine, Thymine, Cytosine and Guanine as 29.96 per cent, 

32.92 per cent, 28.87 per cent and 16.25 per cent for Cox1 gene. The present results are in 

conformity with those of Swamy et al. (2019). 

 

Fig. 4.59 Phylogenetic relationships between five Melolontha and three Polyphylla species 

based on Cox1 gene sequences. The tree was constructed using maximum likelihood method. 

The Boot Strap values are given on the branches 

28s rRNA gene 

Based on the 28s rRNA gene sequence, M. indica showed maximum identity of 

99.42 per cent to M. melolontha (EU084231) as compared to M. cuprescens and M. 

furcicauda which were distantly related (Fig. 4.60). The M. cuprescens and M. furcicauda 
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showed 98.88 and 89.02 per cent similarity to M. melolontha, respectively. M. indica is 

closer L. albistigma (DQ524590) and L. stradbrokensis (EU084209) as compared to M. 

cuprescens and M. furcicauda suggesting limited utility of 28s rRNA gene in barcoding and 

identification of whitegrubs. According to Kalpana (2015), the 28S rRNA sequences of H. 

longipennis and H. sikkimensis have 98 per cent and 99 per cent identity to Hoplochelus 

piliger, whereas the sequences of H. consanguinea and H. serrata were 99 per cent identical 

to 28S rRNA from Haplidia transversa.  

The nucleotide frequencies for 28s rRNA gene sequences were Adenine 25.4 per 

cent (A), Thymine 21.4 per cent (T), Cytosine 23.4 per cent (C), and Guanine 29.8 per cent 

(G). Acursery look on the data clearly reflected an excess of Guanine and Adenine over 

Thymine and Cytosine across all sequences. The transition/transversion rate ratios were k1 

= 1.086 (purines) and k2 = 16.956 (pyrimidines). The overall transition/transversion bias 

was R = 3.786. 

The result obtained in the present study implies limited utility of 28s rRNA gene 

sequences in taxonomical identification of white grubs especially Melolontha and 

Polyphylla species. It is pertinent to mention that the genera and species included for 

phylogenetic analysis were from India, Germany and Great Britain.  

 

Fig. 4.60 Phylogenetic relationships between four Melolontha and nine different white grub 

species based on 28s rRNA gene sequences. The tree was constructed using maximum 

likelihood method. The Boot Strap values are given on the branches  
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4.7 Evaluation of Chemicals against Melolontha species 

The chemicals were tested against first, second and third instar grubs of 

Melolontha species under laboratory conditions at Palampur. The first instar grubs were 

very delicate and when first instar grubs were released into the soil, there was complete 

mortality even in control. Hence, it was not possible to record data on the efficacy of 

chemicals against first instar grubs. When the adult beetles of M. indica and M. virescens 

(= P. fullo) were released into the insecticide treated soil, there was neither beetle 

mortality nor egg laying both in treated and untreated soil. In the present study, six 

chemicals were tested against second and third instar grubs and the data on their mortality 

are presented hereunder.  

4.7.1 Chlorantraniliprole 

Second instar: When second instar grubs of P. fullo were treated with chlorantraniliprole 

@ 0.02-0.32 g a.i./kg soil, the mortality varied from 23.33-86.67 per cent after 48 hours of 

treatment (Table 4.30). In control, mortality was not recorded. The LC50 and LC90 values 

were calculated to be 0.057 and 0.411 g a.i./kg soil, with 95 per cent fiducial limits of 

LC50 ranging from 0.033 to 0.078 g a.i./kg soil. The 95 per cent fiducial limits of LC90 

values were recorded in the range of 0.264 to 0.558 g a.i./kg soil. The slope (b) of 

regression line was determined to be 1.49 and it demonstrated a best fit (Fig 4.61). The χ2 

value was calculated to 0.18 showing that the data were homogeneous (p= 0.05; 3 df). 

Table 4.30 Concentration-mortality response of chlorantraniliprole against second instar 

grubs of M. virescens (= P. fullo) 

LC50   = 0.057 g a.i./kg soil                                   95% Fiducial limits = 0.033– 0.078 a.i./kg soil 

LC90 = 0.411g a.i./kg soil                                     95% Fiducial limits = 0.264 – 0.558 g a.i./kg soil 

Y = 2.373 + 1.49 x                                                Slope = 1.49 

χ
2
cal

   
= 0.18 

4.7.2 Bifenthrin  

Second instar: Data contained in table 4.31 showed that mortality of second instar grubs 

of P. fullo to bifenthrin varied from 16.67-90.0 per cent at concentrations ranging from 

0.02-0.32 g a.i./kg soil. There was gradual increase in mortality with increase in 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 23.33 23.33 4.271 4.30 

0.04 1.60 30 43.33 43.33 4.831 4.80 

0.08 1.90 30 60.00 60.00 5.253 5.30 

0.16 2.20 30 73.33 73.33 5.622 5.60 

0.32 2.51 30 86.67 86.67 6.112 6.10 

0 - 30 0.00 0.00 0.000 - 
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concentration, and @ 0.04, 0.08 and 0.16 g a.i./kg soil, 33.33, 56.67 and 76.67 per cent 

mortality was recorded, after 48 hours of treatment. In control, no mortality was recorded. 

The regression line depicting best fit (b = 1.88) is given in fig 4.61. The LC50 and LC90 

values were calculated to be 0.066 g a.i./kg soil and 0.315 g a.i./kg soil, respectively. The 

95 per cent fiducial limits for LC50 and LC90 values were found to range between 0.044-

0.086 g a.i./kg soil and 0.230 – 0.399 g a.i./kg soil, respectively. The data were 

homogenous as calculated value of χ
2 

(0.03) was less than the tabulated value.   

Table 4.31 Concentration - mortality response of bifenthrin against second instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.066 g a.i./kg soil                                   95% Fiducial limits = 0.044 - 0.086 g a.i./kg soil 

LC90 = 0.315 g a.i./kg soil                                    95% Fiducial limits = 0.230 – 0.399 g a.i./kg soil 

Y = 1.578 + 1.88 x                                                Slope = 1.88 

χ
2

cal
   

= 0.03 

4.7.3 Clothianidin 

Second instar: Clothianidin was applied at concentrations ranging from 0.02-0.32 g 

a.i./kg soil against second instar grubs of P. fullo. At tested doses, the mortality ranged 

from 16.67 – 80.0 per cent, after 48 hours of treatment (Table 4.32). In control, the grub 

mortality was recored up to 3.33 per cent after 48 hours of treatment. The LC50 and LC90 

values were computed to be 0.098 g a.i./kg soil and 0.661 g a.i./kg soil, respectively, with 

95 per cent fiducial limits ranging from 0.060-0.139 g a.i./kg soil and 0.394-0.928 g a.i./kg  

Table 4.32 Concentration - mortality response of clothianidin against second instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.098 g a.i./kg soil                                    95% Fiducial limits = 0.060– 0.139 g a.i./kg soil 

LC90  =  0.661 g a.i./kg soil                                    95% Fiducial limits = 0.394 – 0.928 g a.i./kg soil 

Y = 1.931 + 1.54 x                                                 Slope = 1.54 

χ
2

cal
   

= 0.02 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 16.67 16.67 4.03 4.00 

0.04 1.60 30 33.33 33.33 4.57 4.60 

0.08 1.90 30 56.67 56.67 5.17 5.20 

0.16 2.20 30 76.67 76.67 5.73 5.70 

0.32 2.51 30 90.00 90.00 6.28 6.30 

0 - 30 0.00 0.00 0.00 - 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 16.67 13.79 3.91 3.90 

0.04 1.60 30 30.00 27.59 4.34 4.30 

0.08 1.90 30 46.67 44.83 4.87 4.90 

0.16 2.20 30 63.33 62.07 5.31 5.30 

0.32 2.51 30 80.00 79.31 5.82 5.80 

0 - 30 3.33 0.00 0.00 - 
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soil, respectively. The regression line gave best fit and the value of slope was determined 

to be 1.54 (Fig. 4.61). The calculated value of χ
2 

(0.02) clearly indicates homogenous 

nature of data. 

4.7.4. Thiamethoxam  

Second instar: Second instar grubs of P. fullo when exposed to different concentrations 

of thiamethoxam changing from 0.02-0.32 g a.i./kg soil, the mortality occurred in the 

range of 20.0-80.0 per cent after 48 hours of treatment (Table 4.33). In control, 3.33 per 

cent mortality was observed. After correcting the mortality data using Abbott‟s correction, 

and further probit analysis of the corrected mortality data revealed LC50 of  0.095 g a.i./kg 

soil and LC90 of 0.632 g a.i./kg soil, after 48 hours of treatment. The 95 per cent fiducial 

limits of LC50 and LC90 values ranged between 0.059-0.134 g a.i./kg soil, and 0.385-0.879 

g a.i./kg soil, respectively. The value of slope was computed to be 1.56, and regression 

line depicting best fit is given in fig. 4.61. The data were homogenous at p = 0.05 at 3 

degree of freedom. 

Table 4.33 Concentration - mortality response of thiamethoxam against second instar grubs 

of M. virescens (= P. fullo) 

LC50   = 0.095 g a.i./kg soil                                   95% Fiducial limits = 0.059– 0.134 g a.i./kg soil 

LC90 = 0.632 g a.i./kg soil                                    95% Fiducial limits = 0.385 – 0.879 g a.i./kg soil 

Y = 1.923 + 1.56 x                                                Slope = 1.56 

χ
2
cal

   
= 0.44 

4.7.5. Chlorpyriphos 

Second instar: The mortality of second instar grubs of P. fullo was found to range 

between 13.33-73.33 per cent after 48 hours of treatment when the grubs were exposed to 

different doses of chlorpyriphos ranging from 0.04-0.64 g a.i./kg soil. In control, 6.67 per 

cent of grub mortality was recorded after 48 hours of treatment. The 48 hour mortality 

data were corrected by using Abbott‟s formula and subjected to probit analysis. The data 

in table 4.34 revealed that LC50 and LC90 values were estimated to be 0.256 g a.i./kg soil 

and 1.674 g a.i./kg soil, respectively. The range of 95 per cent fiducial limits of LC50 and 

LC90 values were 0.162 – 0.374 g a.i./kg soil, and 0.956 – 2.392 g a.i./kg soil, respectively. 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 20.00 17.24 4.1 4.00 

0.04 1.60 30 26.67 24.14 4.3 4.40 

0.08 1.90 30 46.67 44.83 4.9 4.90 

0.16 2.20 30 66.67 65.52 5.4 5.40 

0.32 2.51 30 80.00 79.31 5.8 5.80 

0 - 30 3.33 0.00 0.00 - 
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The mortality data were homogenous (p = 0.05; 3 degree of freedom), and probit kill (Y) 

followed straight line related with log concentration (x) as Y = 1.219 + 1.57 x (Fig. 4.61).       

Table 4.34 Concentration - mortality response of chlorpyriphos against second instar grubs 

of M. virescens (= P. fullo) 

LC50   = 0.256 g a.i./kg soil                                   95% Fiducial limits = 0.162 – 0.374 g a.i./kg soil 

LC90 = 1.674 g a.i./kg soil                                    95% Fiducial limits = 0.956 – 2.392 g a.i./kg soil 

Y = 1.219 + 1.57 x                                                Slope = 1.57 

χ
2

cal
   

= 0.73 

4.7.6. Imidacloprid 

Second instar: When second instar grubs of P. fullo were treated with imidacloprid at 

concentrations ranging from 0.04-0.64 g a.i./kg soil, the mortality to the tune of 13.33-

73.33 per cent was noticed after 48 hours of treatment as shown in table 4.35. In control, 

there was no mortality up to 48 hours of treatment. The LC50 and LC90 values were 

calculated as 0.239 g a.i./kg soil (95 % fiducial limits: 0.140-0.362 g a.i./kg soil) and 

1.918 g a.i./kg soil (95 % fiducial limits: 0.974-2.863 g a.i./kg soil), respectively. The 

probit kill (Y) was linearly related to log concentration (x) as Y = 1.636 + 1.41 x (Fig. 

4.61). The data were homogenous at p = 0.05 as calculated value of χ
2 

(0.87) was less than 

the tabulated value.  

Table 4.35 Concentration - mortality response of imidacloprid against second instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.239 g a.i./kg soil                                   95% Fiducial limits = 0.140– 0.362 g a.i./kg soil 

LC90 =  1.918 g a.i./kg soil                                    95% Fiducial limits = 0.974 – 2.863 g a.i./kg soil 

Y = 1.636 + 1.41 x                                                Slope = 1.41 

χ
2

cal
   

= 0.87 

 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 13.33 7.14 3.53 3.70 

0.08 1.90 30 30.00 25.00 4.33 4.20 

0.16 2.20 30 43.33 39.29 4.73 4.70 

0.32 2.51 30 60.00 57.14 5.18 5.20 

0.64 2.81 30 73.33 71.43 5.57 5.60 

0 - 30 6.67 0.00 0.00 - 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 13.33 13.33 3.89 3.90 

0.08 1.90 30 23.33 23.33 4.27 4.30 

0.16 2.20 30 46.67 46.67 4.92 4.70 

0.32 2.51 30 53.33 53.33 5.08 5.20 

0.64 2.81 30 73.33 73.33 5.62 5.60 

0 - 30 0.00 0.00 0.00 - 
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Fig. 4.61 Dose - mortality response of different insecticides tested in soil against second 

instar grubs of M. virescens (= P. fullo) 
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4.7.7 Chlorantraniliprole 

Third instar: Consequent upon treatment of third instar grubs of M. virescens (= P. fullo) 

with chlorantraniliprole @ 0.02-0.32 g a.i./kg soil, 20.0-90.0 per cent mortality was 

recorded after 48 hours of treatment as shown in table 4.36. In control, the corresponding 

grub mortality averaged 3.33 per cent. The LC50 and LC90 values were worked out to be 

0.071 g a.i./kg soil (95% Fiducial limits = 0.045-0.096 g a.i./kg soil) and 0.419 g a.i./kg 

soil (95% Fiducial limits = 0.285-0.553 g a.i./kg soil), respectively. The regression line is 

depicted in fig 4.62. The value of slope was calculated to be 1.66. The data were 

homogenous at p = 0.05 as χ
2

(cal) = 1.14 is less than the tabulated value. 

Table 4.36 Concentration - mortality response of chlorantraniliprole against third instar 

grubs of M. virescens (= P. fullo) 

LC50   = 0.071 g a.i./kg soil                                   95% Fiducial limits = 0.045 – 0.096 g a.i./kg soil 

LC90 =  0.419 g a.i./kg soil                                    95% Fiducial limits = 0.285 – 0.553 g a.i./kg soil 

Y = 1.915+ 1.66 x                                                Slope = 1.66 

χ
2

cal
   

= 1.14 

4.7.8 Bifenthrin  

Third instar: Bifenthrin resulted in 13.33 – 86.67 per cent mortality of third instar grubs 

of P fullo after 48 hours of treatment at concentrations ranging from 0.02-0.32 g a.i./kg 

soil in a concentration - dependent manner (Table 4.37). There was, no mortality was 

recorded during this period. The doses of 0.076 g a.i./kg soil and 0.350 g a.i./kg soil were 

required to kill 50 and 90 per cent of treated population, respectively. The 95 per cent 

fiducial limits of LC50 and LC90 values were calculated to be 0.052-0.098 g a.i./kg soil and 

0.259-0.441 g a.i./kg soil, respectively. Probit kill (Y) followed a linear relationship with 

log concentration (x), and regression line (Fig 4.62.) had a slope value of b = 1.93. The 

χ
2

(cal) = 0.31 represented homogeneity of data. 

 

 

 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000)       

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 20.00 17.24 4.05 4.10 

0.04 1.60 30 40.00 37.93 4.69 4.60 

0.08 1.90 30 53.33 51.72 5.04 5.10 

0.16 2.20 30 66.67 65.52 5.40 5.60 

0.32 2.51 30 90.00 89.66 6.26 6.00 

0 - 30 3.33 0.00 0.00 - 
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Table 4.37 Concentration - mortality response of bifenthrin against third instar grubs of M. 

virescens (= P. fullo) 

LC50   = 0.076 g a.i./kg soil                                   95% Fiducial limits = 0.052 – 0.098 g a.i./kg soil 

LC90 = 0.350 g a.i./kg soil                                    95% Fiducial limits = 0.259 – 0.441 g a.i./kg soil 

Y = 1.381+ 1.93 x                                                Slope = 1.93 

χ
2
cal

   
= 0.31 

4.7.9 Clothianidin 

Third instar: Against third instar grubs of P. fullo, clothianidn was applied at 

concentrations ranging from 0.04-0.64 g a.i./kg soil, and after 48 hours of treatment, the 

mortality ranged from 16.67-76.67 per cent at tested concentrations (Table 4.38). There 

was no mortality of grubs in control upto 48 hours of treatment. The LC50 value was 

calculated to be 0.205 g a.i./kg soil with 95 per cent fiducial limits varying from 0.119-

0.305 g a.i./kg soil, and the LC90 value was computed to be 1.645 g a.i./kg soil with 

fiducial limits ranging from 0.876-2.414 g a.i./kg soil. The value of slope was 1.42 as 

shown in fig. 4.62. The value of χ
2 

was calculated to be 0.10, which was less than the 

tabulated value, thereby suggesting homogeneity of data. 

Table 4.38 Concentration - mortality response of clothianidin against third instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.205 g a.i./kg soil                                   95% Fiducial limits = 0.119 – 0.305 g a.i./kg soil 

LC90 = 1.645 g a.i./kg soil                                    95% Fiducial limits = 0.876 – 2.414 g a.i./kg soil 

Y = 1.723+ 1.42 x                                                Slope = 1.42 

χ
2
cal

   
= 0.10  

 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.02 1.30 30 13.33 13.33 3.89 3.90 

0.04 1.60 30 30.00 30.00 4.48 4.50 

0.08 1.90 30 50.00 50.00 5.00 5.00 

0.16 2.20 30 76.67 76.67 5.73 5.60 

0.32 2.51 30 86.67 86.67 6.11 6.10 

0 - 30 0.00 0.00 0.00 - 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 16.67 16.67 4.03 4.00 

0.08 1.90 30 26.67 26.67 4.38 4.40 

0.16 2.20 30 43.33 43.33 4.83 4.80 

0.32 2.51 30 60.00 60.00 5.25 5.30 

0.64 2.81 30 76.67 76.67 5.73 5.70 

0 - 30 0.00 0.00 0.00 - 
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4.7.10 Thiamethoxam  

Third instar: Third instar grubs of P. fullo exhibited mortality ranging from 16.67-73.33 

per cent after 48 hours of treatment, when they were exposed to different doses of 

thiamethoxam ranging from 0.04-0.64 g a.i./kg soil is given in table 4.39. There was no 

mortality in control. Probit analysis revealed that 0.223 g a.i./kg soil and 1.984 g a.i./kg 

soil  of thiamethoxam is required to kill 50 and 90 per cent of the treated population. The 

regression line showed the best fit and log concentration (x) was linearly related to probit 

kill (Y) as Y = 1.833 + 1.35 x. The value of χ
2 

was calculated to be 0.63 (Fig. 4.62) 

indicating the homogeneity of data. 

Table 4.39 Concentration - mortality response of thiamethoxam against third instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.223 g a.i./kg soil                                   95% Fiducial limits = 0.125 – 0.342 g a.i./kg soil 

LC90 = 1.984 g a.i./kg soil                                    95% Fiducial limits = 0.955 – 3.012 g a.i./kg soil 

Y = 1.833+ 1.35 x                                                Slope = 1.35 

χ
2

cal
   

= 0.63 

4.7.11 Chlorpyriphos  

Third instar: Chlorpyriphos at concentrations of 0.04, 0.08, 0.16, 0.32 and 0.64 g a.i./kg 

soil  resulted in 10.0, 26.67, 46.67, 56.67 and 70.0 per cent mortality of third instar grubs 

of P. fullo after 48 hours of treatment. Probit analysis of data after Abbott‟s correction 

revealed that the concentrations of 0.235 g a.i./kg soil and 1.886 g a.i./kg soil were 

required to kill 50 (LC50) and 90 per cent (LC90) of the treated population of third instar 

grubs of P. fullo. The 95 per cent fiducial limits of LC50 and LC90 were in the range of 

0.136-0.356 g a.i./kg soil and 0.956-2.815 g a.i./kg soil, respectively (Table 4.40). The 

probit kill (Y) followed a straight line equation with log concentration (x) of Y = 1.643 + 

1.42 x (Fig. 4.62). The data were homogenous as the value of χ
2 

was calculated to be 1.09 

which was less than the tabulated value. 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 16.67 16.67 4.03 4.00 

0.08 1.90 30 23.33 23.33 4.27 4.40 

0.16 2.20 30 46.67 46.67 4.92 4.80 

0.32 2.51 30 56.67 56.67 5.17 5.20 

0.64 2.81 30 73.33 73.33 5.62 5.60 

0 - 30 0.00 0.00 0.00 - 
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Table 4.40 Concentration - mortality response of chlorpyriphos against third instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.235 g a.i./kg soil                                   95% Fiducial limits = 0.136 – 0.356 g a.i./kg soil 

LC90 = 1.886 g a.i./kg soil                                    95% Fiducial limits = 0.956 – 2.815 g a.i./kg soil 

Y = 1.643 + 1.42 x                                                Slope = 1.42 

χ
2
cal

   
= 1.09 

4.7.12 Imidacloprid 

Third instar: Imidacloprid at 0.04, 0.08, 0.16, 0.32 and 0.64 g a.i./kg soil  resulted in 

13.33, 26.67, 43.33, 53.33 and 70.0 per cent mortality of third instar grubs of P. fullo, 48 

hours after the treatment. In control, 3.33 per cent mortality occurred within 48 hours 

(Table 4.41). Probit analysis of the data revealed that the concentrations of imidacloprid 

required to kill 50 and 90 per cent population of third instar grubs of P. fullo were 0.273 g 

a.i./kg soil (95 % fiducial limits: 0.160-0.425 g a.i./kg soil) and 2.229 g a.i./kg soil                                    

(95 % fiducial limits: 1.065-3.393 g a.i./kg soil), respectively. The χ
2
 test showed that data 

were homogenous at p = 0.05; χ
2

(cal) = 0.39. Probit kill (Y) followed a straight line 

equation with log concentration (x) of Y = 1.581 + 1.40 x as shown in fig. 4.62. 

Table 4.41 Concentration - mortality response of imidacloprid against third instar grubs of 

M. virescens (= P. fullo) 

LC50   = 0.273 g a.i./kg soil                                   95% Fiducial limits = 0.160 – 0.425 g a.i./kg soil 

LC90 = 2.229 g a.i./kg soil                                    95% Fiducial limits = 1.065 – 3.393 g a.i./kg soil 

Y = 1.581+ 1.40 x                                                 Slope = 1.40 

χ
2
cal

   
= 0.39 

 

Concentration  

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 10.00 10.00 3.72 3.80 

0.08 1.90 30 26.67 26.67 4.38 4.30 

0.16 2.20 30 46.67 46.67 4.92 4.80 

0.32 2.51 30 56.67 56.67 5.17 5.20 

0.64 2.81 30 70.00 70.00 5.52 5.60 

0 - 30 0.00 0.00 0.00 - 

Concentration 

 (g a.i./kg soil)                 

Log conc. 

(x 1000) 

No. of  

insects 

treated 

Observed 

mortality 

(%) 

Corrected 

mortality 

(%) 

Empirical 

probit 

Expected 

probit 

0.04 1.60 30 13.33 10.34 3.74 3.80 

0.08 1.90 30 26.67 24.14 4.30 4.20 

0.16 2.20 30 43.33 41.38 4.78 4.70 

0.32 2.51 30 53.33 51.72 5.04 5.10 

0.64 2.81 30 70.00 68.97 5.49 5.50 

0 - 30 3.33 0.00 0.00 - 
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Fig. 4.62 Dose - mortality response of different insecticides tested in soil against third 

instar grubs of M. virescens (= P. fullo) 
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The response of M. virescens (=P. fullo) grubs varied considerably to different 

tested insecticides. Irrespective of chemical, there was increase in mortality with increase 

in concentration. This increase in LC50 value with increase in instar was due to increase in 

size of grubs with advancement of age. The second instar grubs of M. virescens (=P. fullo) 

were 23.65-27.70 mm in length. In third instar, the length was almost double as the fully 

fed grubs were reported to measure 48.33-54.17 mm. Therefore, it seems possible that 

there is proportional increase in LC50 values in relation to age and size of grubs.  

Chlorpyriphos is widely used to control different soil insects. In India, 

chlorpyriphos has been recommended to control white grubs in potato, groundnut and 

sugarcane (Chandel et al. 1993; Manjula and Sulochanamma 2001; Anitha et al. 2005). In 

Polish forestry, Dursban 480 EC @ 2.5-3.0 litres in 450-600 litres of water was mainly 

used in surface treatments before planting to control Melolontha grubs (Malinowski et al. 

1998). According to Pozenel et al. (2015), the efficacy of chlorpyriphos against M. 

melolontha grubs at a dose rate of 15 kg/ha was 68.0 per cent. 

Comparison of LC50 values revealed differential susceptibility of second instar 

grubs of M. virescens (=P. fullo) to tested insecticides. Chlorantraniliprole was found 

highly effective, and was 1.16, 1.67, 1.72, 4.20 and 4.49 times more toxic than bifenthrin, 

thiamethoxam, clothianidin, imidacloprid, and chlorpyriphos. Bifenthrin showed increase 

in LC50 by 1.44, 1.49, 3.63 and 3.88 times respectively to thiamethoxam, clothianidin, 

imidacloprid, and chlorpyriphos. The increase in LC50 value of thiamethoxam in 

comparison to clothianidin, imidacloprid, and chlorpyriphos was calculated to be 1.03, 

2.51 and 2.69 times. There was 2.44 and 2.61 times increase in LC50 value of clothianidin 

as compared to imidacloprid and chlorpyriphos, and 1.07 times for imidacloprid with 

respect to chlorpyriphos. 

 The relative toxicity was determined by dividing the LC50 value of chlorpyriphos 

(0.256 a.i. g/kg soil) which was least toxic in comparison to other tested insecticides. The 

order of toxicity (Table 4.42) on the basis of LC50 value in relation to chlorpyriphos was 

chlorantraniliprole (4.49 times toxic) > bifenthrin (3.88 times toxic) > thiamethoxam (2.69 

times toxic) > clothianidin (2.61 times toxic) > imidacloprid (1.07 times toxic). The 95 % 

fiducial limits of LC50 revealed statistically non-significant differences in toxicity among 

chlorpyriphos and imidacloprid, and clothianidin and thiamethoxam as their 95 % fiducial 

limits showed distinct overlap among them. Imidacloprid and thiamethoxam indicated 

significant differences between them on the basis of 95 % fiducial limits of LC50 values. 

Chlorantraniliprole and bifenthrin showed their superiority on the basis of their LC50 
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values, and toxicity of both the insecticides showed non significant difference from each 

other on the basis of their LC50 values. 

Table 4.42 Relative toxicity of insecticides against second instar grubs of M. virescens (= P. 

fullo) 

S. No. Insecticides 

 

LC50 (g a.i./kg soil) Relative toxicity 

1. Chlorantraniliprole 0.057 4.49 

2. Bifenthrin 0.066 3.88 

3. Thiamethoxam 0.095 2.69 

4. Clothianidin 0.098 2.61 

5. Imidacloprid 0.239 1.07 

6. Chlorpyriphos 0.256 1 

As compared to second instar grubs, third instar grubs were 1.02-2.35 times less 

susceptible to different tested insecticides. This decrease in susceptibility was attributed to 

increase in size of third instar grubs. Comparison of susceptibility of third instar grubs to 

the tested insecticides revealed that third instar grubs were highly susceptible to 

chlorantraniliprole as indicated by the LC50 value. The LC50 value of bifenthrin, 

clothianidin, thiamethoxam chlorpyriphos and imidacloprid was 1.07, 2.89, 3.16, 3.32 and 

3.85 times more in comparison to chlorantraniliprole. Bifenthrin demonstrated an increase 

in LC50 values by 2.70, 2.94, 3.09 and 3.59 times respectively to clothianidin, 

thiamethoxam chlorpyriphos and imidacloprid. Increase in LC50 value of clothianidin in 

relation to thiamethoxam, chlorpyriphos and imidacloprid was worked out to be 1.09, 1.15 

and 1.33 times. Malinowski (2011) has also reported low sensitivity of third instar grubs 

of Melolontha spp. to the contact action of neonicotinoid insecticides viz., actamiprid, 

clothianidin and imidacloprid under laboratory conditions. There was 1.05 and 1.22 times 

increase in LC50 value of thiamethoxam with respect to chlorpyriphos and imidacloprid, 

and 1.16 times for chlorpyriphos with respect to imidacloprid. According to Nuri et al. 

(2010), imidacloprid (0.003 %) had the best effect for preventive control of P. olivieri 

(Castelnau) in ornamental plants in Qazvin. The chlorpyriphos was found to be least toxic 

on the basis of its LC50 values calculated for third instar grubs of M. virescens (=P. fullo).   

The order of toxicity for third instar grubs on the basis of LC50 values in relation to 

imidacloprid were chlorantraniliprole (3.85 times toxic) > bifenthrin (3.59 times toxic) > 

clothianidin (1.33 times toxic) > thiamethoxam (1.22 times toxic) > chlorpyriphos (1.16 

times toxic) (Table 4.43). Koranga (2018) has reported chlorantraniliprole, bifenthrin and 

clothianidin to be 1.80-2.77 times more toxic as compared to thiamethoxam against third 
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instar grubs of Brahmina coriacea (Hope) in Himachal Pradesh. This report confirmed the 

results of our experiments. The 95 % fiducial limits of LC50 revealed statistically non 

significant difference in toxicity among chlorpyriphos, thiamethoxam, clothianidin and 

imidacloprid. In case of bifenthrin and chlorantraniliprole, there was overlap in 95 % 

fiducial limits of LC50 values showing thereby non significant difference in their toxicity 

to third instar grubs of M. virescens (=P. fullo).  

Table 4.43 Relative toxicity of insecticides against third instar grubs of M. virescens (= P. 

fullo) 

S. No. Insecticides LC50 (g a.i./kg soil) Relative toxicity 

1. Chlorantraniliprole 0.071 3.85 

2. Bifenthrin 0.076 3.59 

3. Clothianidin 0.205 1.33 

4. Thiamethoxam 0.223 1.22 

5. Chlorpyriphos 0.235 1.16 

6. Imidacloprid 0.273 1 

4.8 Evaluation of insecticides as seed treatment against grubs of M. indica 

The experiment was conducted during the month May, the normal sowing time for 

rajmash in high hills of Himachal Pradesh. The results pertaining to the mortality of plants 

have been presented in table 4.44. After 10 days of treatment, very high plant mortality to 

the extent of 41.67 per cent was recorded in control. Seed treatment with 

chlorantraniliprole was found to be highly effective showing least plant mortality (20.0 

%), followed by chlorpyriphos (21.67 %) and bifenthrin (26.17 %). All these treatments 

were found statistically superior to control. Jakhar et al. (2020) found seed treatment with 

imidacloprid 600 FS @ 6.5 ml/ kg seed superior to chlorantraniliprole 18.5 SC @ 2.0 ml/ 

kg seed in reducing damage of H. consanguinea Blanchard grubs in groundnut. The plant 

mortality (20.0-36.67%) with chlorantraniliprole, chlorpyriphos, clothianidin, 

thiamethoxam, and bifenthrin was statistically at par with each other. In Rajasthan, 

imidacloprid 17.8 SL @ 3.0 ml/ kg seeds and with clothianidin 50WDG @ 2.0 g/ kg seed 

were superior to chlorantraniliprole 18.5 SC @ 3.0 ml/ kg seed against grubs of H. 

consanguinea in groundnut (Jakhar et al. 2020). This difference in mortality can be due to 

differences in pest species, crop, location and the dose of the pesticide used. Seed 

treatment with imidacloprid showed 36.67 per cent plant mortality after 10 days of sowing 

and was significantly at par with control. Similalry Thiamethoxam and clothianidin were 

also found to be at par with control. The plant mortality in imidacloprid, clothianidin, 

thiamethoxam and bifenthrin varied from 26.67-36.67 per cent, and the plant mortality 
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data exhibited non significant differences, but clothianidin, thiamethoxam and bifenthrin 

were statistically at par with chlorantraniliprole and chlorpyriphos. 

After 20 days of treatment, 76.67 per cent plants succumbed to grub attack in 

control. The trend of efficacy was almost similar with chlorantraniliprole showing least 

plant mortality (30.0 %), followed by chlorpyriphos (33.33 %). Both these treatments 

were statistically superior to all other treatments. There was 46.67-55.0 per cent plant 

mortality when seeds were treated with imidacloprid, clothianidin, thiamethoxam and 

bifenthrin, and all these treatments were statistically at par with each other. Sood et al. 

(2010) tested five insecticides as seed treatment in rajmash in Sangla valley and reported 

55.96 per cent reduction in plant mortality due to white grubs with chlorpyriphos 20 EC @ 

4.0 ml/ kg seed. Contrary to their results, seed treatment with imidacloprid and 

thiamethoxam were not very effective in present study. Mishra and Singh (1994) have also 

recommended seed treatment with chlorpyriphos @ 25 ml/ kg seed for protection against 

Anomala dimidiata (Hope) in soybean.  

Table 4.44 Mortality of rajmash plants due to attack of M. indica grubs 

Treatments Dose (ml 

or g/ kg 

seed) 

Mean mortality of plants after 

indicated days of sowing (%) 

Reduction in 

plant mortality 

over control (%) 

10 days  20 days 10 days  20 days 

Chlorpyriphos 20 EC 5 ml 21.67 (27.45)
c
 33.33(35.12)

c
 48.00 56.52 

Imidacloprid 17.8 SL 5 ml 36.67 (37.07)
ab

 55.00 (48.07)
b
 12.01 28.26 

Clothianidin 50 WDG 3.5 g 31.67 (34.00)
abc

 51.67 (46.12)
b
 24.01 32.61 

Thiamethoxam 25 WDG 3.5 g 33.33 (33.52)
abc

 55.00 (47.92)
b
 20.01 28.26 

Bifenthrin 10 EC 2.5 ml 26.67 (29.34)
bc

 46.67 (43.20)
b
 36.01 39.13 

Chlorantraniliprole 18.5 SC  2.5 ml 20.00 (26.33)
c
 30.00 (33.03)

c
 52.00 60.87 

Control - 41.67 (40.13)
a
 76.67 (61.44)

a
 - - 

CD(p=0.05) - (8.29) (7.27)   

Figures in parentheses are arcsin transformed values 

 

After 20 days of sowing, the soil was tipped out of trays to record grub mortality. 

There was 13.33 per cent mortality in control. Maximum mortality was recorded in 

chlorantraniliprole treatment (56.67 %), followed by chlorpyriphos (46.67 %) and 

bifenthrin (40.0 %). The mortality data registered in chlorantraniliprole treatment was at 

par with chlorpyriphos and bifenthrin, but mortality response in bifenthrin treatment was 

also statistically at par with imidacloprid and clothianidin. The grub mortality with 

thiamethoxam was recorded to be 26.67 per cent and was statistically at par with control 

(Table 4.45). The grubs of Melolontha sp. caused damage at the time of sowing, leading to 

plant mortality. The grubs of Melolontha spp. remained deep in the soil and hence were  
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Table 4.45 Mortality response of M. indica grubs to different seed treatments 

Treatments Total 

number 

of grubs 

Number of dead 

grubs observed after 

20 days of sowing 

Per cent grub mortality 

after 20 days of sowing 

Chlorpyriphos 20 EC 30 14 46.67 (43.04)
ab

 

Imidacloprid 17.8 SL 30 9 30.00  (31.72)
bc

 

Clothianidin 50 WDG 30 10 33.33  (32.09)
bc

 

Thiamethoxam 25 WDG 30 8 26.67 (26.62)
cd

 

Bifenthrin 10 EC 30 12 40.00  (39.14)
abc

 

Chlorantraniliprole 18.5 SC 30 17 56.67  (50.46)
a
 

Control 30 4 13.33  (14.09)
d
 

CD(p=0.05) - - (13.68) 

   Figures in parentheses are arcsin transformed values   
 

unaffected by the soil treatment (Chandel et al. 2019). Therefore, seed treatment with 

chlorpyriphos and chlorantraniliprole would be effective in the management of white 

grubs infesting rajmash in high hills of north western Himalayas.  
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5. SUMMARY AND CONCLUSIONS 

Studies on “Bioecology and management of Melolontha spp. (Scarabaeidae: Coleoptera) 

in Himachal Pradesh” were conducted during the years 2017 and 2018.  

In Himachal Pradesh, five species of Melolontha beetles viz., Melolontha 

cuprescens Blanchard, Melolontha furcicauda Ancey, Melolontha indica Hope, 

Melolontha sp.1 and M. virescens (Brenske) [=P. fullo (Linnaeus)] were collected on UV 

light traps, and from host trees during 2017-18. At Palampur, M. furcicauda and M. indica 

were recorded to be the predominant species on light trap constituting 48.91-50.19 and 

48.67-50.0 per cent of total Melolontha beetle catch during 2017-18. At Chhatanseri, three 

species viz; M cuprescens, M. furcicauda and M. indica were collected on light trap, and 

M. cuprescens constituted 69.17 and 73.33 per cent of total Melolontha beetle catch during 

2017 and 2018, respectively. Total five Melolontha species were collected on light trap 

from Badagaon and Janjehli, and M. cuprescens (27.93-36.11 %) and M. virescens (=P. 

fullo) (23.89-32.40 %) were found to be the predominant species at Badagaon, whereas at 

Janjehli, M. cuprescens was predominant during both years. The catch for M. cuprescens 

was 43.62-48.11 per cent higher at Ahla as compared to other Melolontha species, and 

peak period of its activity was observed in July, followed by August during both the years. 

In Sangla area, M. virescens (= P. fullo) was found to be the predominant species 

constituting 72.73 and 80.0 per cent of total Melolontha beetle catch during 2017 and 

2018, respectively. The Shannon index (H'= 1.35-1.36), Simpson index of diversity (D= 

0.73-0.76) and Pielou‟s eveness index (J'= 0.97-0.98) were calculated to be maximum at 

Badagaon. The species richness and abundance showed total similarity among Melolontha 

species between Badagaon and Janjehli as indicated by the values of Sorensen‟s index and 

Jaccard‟s index, which were calculated to be 1.0 during both the years. Maximum 

dissimilarity was recorded among Melolontha assemblages from Palampur and Sangla as 

indicated by the values of Bray Curtis distance index (0.93-0.94). 

On host trees, M cuprescens, M. furcicauda, M. indica and M. virescens (= P. 

fullo) were collected on apple, peach, plum, persimmon, walnut, wild rose, bathua and 

Indian siris at different locations. At Palampur, Chhatanseri and Badagaon, 54.55-100.0 

per cent beetles of M. cuprescens, M. furcicauda and M. indica were taken on apple, 

whereas M. cuprescens and M. virescens (= P. fullo) at Badagaon displayed distinct 
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preference for persimmon (56.25-80.0%). At Ahla, maximum collection for different 

species was done on wild rose (25-100%) and Indian siris (66.67-100 %).  

In laboratory, five hosts were tested for their food preference in multi-choice and 

no-choice tests. Both in multi and no-choice tests, rose was found to be the most preferred 

host for M. indica and M. furcicauda, and apple for M. cuprescens. In multi-choice tests, 

leaf area consumption was recorded to be 33.73 and 29.55 cm
2
 on rose for the beetles of 

M. indica and M. furcicauda, respectively. In no-choice test, maximum leaf area 

consumption of 31.24 and 30.16 cm
2 

was
 
registered by M. indica and M. furcicauda 

beetles, whereas M. cuprescens beetles showed maximum consumption (45.23 cm
2
) on 

apple leaves. Peach and pecan nut were almost rejected by the beetles of these species in 

both tests. 

In the present study, data on abundance and infestation of Melolontha grubs were 

recorded on potato, cabbage, rajmash, onion and apple at seven locations in five districts 

of Himachal Pradesh. In potato, maximum tuber damage was recorded at Badagaon (47.50 

% during 2017 and 42.50 % during 2018). In cabbage, the plant mortality as a result of 

Melolontha grub attack varied between 11.25-28.75 per cent during 2017-18 at different 

locations. Maximum plant mortality (26.25 % during 2017 and 28.75 % during 2018) was 

recorded at Badagaon. In Rajmash, maximum plant infestation to the tune of 18.7 and 20.0 

per cent was recorded at Badagaon during 2017 and 2018, respectively. At Chhatanseri, 

6.25-8.75 per cent onion bulbs were found to be infested by the Melolontha grubs during 

2017-18. At Sangla and Pangna, fully established apple trees were found to be attacked by 

grubs of M. indica and M. virescens (= P. fullo), respectively. The severly damaged plants 

showed wilting and drying of leaves.  

Studies on the biology of M. cuprescens, M. furcicauda, M. indica and M. 

virescens (= P. fullo) were conducted under laboratory conditions at Palampur. The 

average length x width of newly laid eggs of M. cuprescens, M. furcicauda, M. indica and 

M. virescens (= P. fullo) was recorded to be 4.58 ± 0.06 x 3.33 ± 0.04 mm, 3.94 ± 0.06 x 

2.90 ± 0.06 mm, 3.63 ± 0.02 x 2.60 ± 0.09 mm and 3.88 ± 0.07 x 2.81 ± 0.06 mm, 

respectively. After about three weeks, the average length x width of eggs increased to 

5.11-5.50 x 3.61-3.80 mm, 5.23 ± 0.06 x 3.81 ± 0.02 mm, 4.49 ± 0.05 x 3.20 ± 0.05 mm 

and 4.86 ± 0.03 x 3.23 ± 0.03 mm in M. cuprescens, M. furcicauda, M. indica and M. 

virescens (= P. fullo), respectively. The incubation period varied from 19-22, 22-25, 24-30 

and 16-18 days in M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo), 
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respectively. Fecundity was recorded to be 19, 26, 23 and 21 eggs/female in M. 

cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo), respectively. 

The fully fed first instar grubs of M. cuprescens, M. furcicauda, M. indica and M. 

virescens (= P. fullo) averaged 15.33 ± 0.66 mm, 11.15 ± 0.37 mm, 13.49 ± 0.70 mm and 

12.08 ± 0.78 mm, respectively. The width of head capsule of first instar grubs was 

measured to be 3.65 ± 0.22 mm, 3.21 ± 0.19 mm, 2.37 ± 0.05 mm and 2.72 ± 0.05 mm, 

respectively. The duration of first instar grubs of M. cuprescens, M. furcicauda, M. indica 

and M. virescens (= P. fullo) ranged from 56-64 days, 54-56 days, 53-58 days and 46-51 

days, respectively. The mean body length of second instar grubs of M. cuprescens, M. 

furcicauda, M. indica and M. virescens (= P. fullo) was recorded to be 22.99 ± 0.32 mm, 

23.20 ± 0.36 mm, 22.61 ± 0.35 mm and 25.89 ± 0.71 mm, respectively, and the width of 

head capsule averaged 4.88 ± 0.17 mm, 5.04 ± 0.09 mm,  4.63 ± 0.20 mm and 4.68 ± 0.17 

mm, respectively. The duration of second instar grubs of M. cuprescens, M. furcicauda, 

M. indica and M. virescens (= P. fullo) was recorded to be  226-230, 218-224, 234-237 

and 214-229 days, respectively. The third instar grubs of M. cuprescens, M. furcicauda, 

M. indica and M. virescens (= P. fullo) were robust and most active. In M. furcicauda and 

M. virescens (= P. fullo), the body colour was creamish-white to slitghly yellow, whereas 

third instar grubs of M. cuprescens were more yellowish in colour as compared to M. 

furcicauda. In M. indica, the third instar grubs appeared greyish in colour. The third instar 

grubs of M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo) varied 

from 51.12-58.20 mm, 50.11-53.39 mm, 40.13-50.03 mm and 48.33-54.17 mm in body 

length, and 7.68-8.99 mm, 6.89-7.13 mm, 6.98-7.58 mm, and 7.92 ± 8.48 mm in head 

capsule width, respectively. The duration of third instar grubs ranged from 325-329 days 

in M. cuprescens, 299-311 days in M. furcicauda, 310-312 days in M. indica and 309-320 

days in M. virescens (= P. fullo). In M. cuprescens and M. virescens (= P. fullo), third 

instar grubs occurred from May, 2018 to April, 2019, and in M. furcicauda, the third instar 

grubs occurred from May, 2018 to March, 2019. In M. indica, the third stage grubs were 

recorded between July, 2018 to June, 2019.  

Certain structures of the larvae were of taxonomic importance. A detailed 

description of the mouth parts (clypeus, labrum, mandibles, maxilla, epiphrynx, labium, 

hypopharynx), raster, spiracles, thoracic legs of the third instar larva and last abdominal 

segment of pupa has been given with the help of suitable diagrams. In case of M. 

cuprescens and M. indica, there were 11 sensilla basiconica in total, whereas in M. 
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furcicauda and M. virescens (= P. fullo), only nine sensilla basiconcia were present in 

apical sensory area of antennae. The epipharynx of M. cuprescens showed protuberant 

haptomerum, having 18 heli, and six minute sensilla basiconica. In M. indica, the 

haptomerum had 15 heli and eight sensilla basiconica. In M. virescens (= P. fullo), 12 heli 

and five sensilla basiconica were present, whereas in M. furcicauda, there was reduction in 

number of heli (7) and sensilla basiconica (3). In mandibles, the width of scissorial area 

was recorded to be maximum in M. indica (1.58 mm), and minimum in M. cuprescens 

(1.04 mm). The raster was well developed with two widely separated and prominent 

palidia. The paired palidia consisted of 28 or 29 pali in M. cuprescens, 26 pali in M. 

furcicauda, 31 or 33 pali in M. indica and 15 pali in M. virescens (= P. fullo). The anal slit 

was Y-shaped in M. cuprescens, M. furcicauda and M. indica, but it was V-shaped in M. 

virescens (= P. fullo). 

In M. cuprescens, the pre-pupal period ranged from 22-25 days. The pre-pupal 

period was relatively short in M. furcicauda and M. indica where the duration of pre-pupal 

stage has been recorded to be 12-14 days and 11-12 days. In M. virescens (= P. fullo), the 

pre-pupal period lasted for 15-23 days. The pupae were of exarate adecticious type. In M. 

cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo), the mean body length 

x width of pupa was recorded to be 32.22 ± 0.37 mm x 14.56 ± 0.29 mm, 32.47 ± 0.11 

mm x 14.55 ± 0.13 mm, 31.97 ± 0.15 mm x 12.71 ± 0.22 mm, and 32.72 ± 0.41 mm x 

14.23 ± 0.01 mm, respectively. The clear-cut differences existed in caudal appendages in 

male and female pupae. The average pupal period under laboratory conditions was 20.3 ± 

0.7, 30.0 ± 0.47, 25.1 ± 0.67 and 18.6 ± 0.82 days in M. cuprescens, M. furcicauda, M. 

indica and M. virescens (= P. fullo), respectively.  

The adult formation was noticed during first week of June in M. cuprescens and M. 

furcicauda, whereas in M. indica, the adult formation occurred during second week of 

July. In M. virescens (= P. fullo), the adult emergence began during second week of June. 

In M. cuprescens, the body was elongate, convex, blackish in colour with brownish tinge, 

and covered all over with dirty white scales. In M. furcicauda, the adult beetles were 

reddish brown with creamish-white scales, whereas in M. indica, the body colour was 

yellowish-brown with pale scales. The adult beetles of M. virescens (= P. fullo) were 

elongate, dark brown, clothed very evenly with pale scales. The female beetles were 

slightly larger in size than the male beetles in all studied species. Body length x width of 

male beetles of M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo) 

ranged from 30.0-35.20 mm x 19.2-20.30 mm, 27.81-30.72 mm x 12.78-14.35 mm, 23.30-
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29.21 mm x 12.30-14.0 mm, and 21.59-25.75 mm x 10.22-11.89 mm, respectively. The 

coressponding body length x width of female beetles has been recorded to be 32.0-35.10 

mm x 19.10-22.10 mm, 28.90-30.80 mm x 13.70-14.56 mm, 24.40-30.10 x 13.30-15.90 

mm, and 22.80-26.15 x 11.92-13.24 mm, respectively. All species had biennial life cycle 

raniging from 619-685 days.  

The meso-metasternal process was originated from metathorax and it was more 

broad and slightly more elongated in males as compared to females. The caudal processes 

of pygidium were elongated and bifurcated into two lobes in males of M. cuprescens and 

M. furcicauda, whereas in females, the caudal processes were short, pointed and widely 

separated. In M. indica males, the caudal processes were less projected. In females of M. 

indica, the caudal extremity was slightly bifid without any further extension. In M. 

virescens (= P. fullo), the pygidium lobe was narrow in females as compared to males. 

The antennal club was 7-segmented in males, whereas in females, it was 6-segmented in 

all Melolontha species. In legs, the differences in male and female beetles were evident in 

tibial spine and tarsal claws. The male genitalia showed clear-cut difference among 

different species. In M. cuprescens, the phallobase was broader anteriorly, slightly narrow 

at the base, both parameres symmetrical, separated widely and lobe-like. In M. furcicauda, 

the phallobase tapered gradually from anterior region to the base, which was more 

narrower and the parameres look elongated and sickle shaped. In M. indica, the phallobase 

was broader at the base. Parameres typically joined in the centre in the form of two sub-

triangular plates in dorsal mid-posterior region. In M. virescens (= P. fullo), the phallobase 

is shorter than parameres. The attachment of phalloabse to parameres showed concavity 

towards the base of phallobase. The overall survival of female beetles was significantly 

more than males in M. indica and M. furcicauda. In M. cuprescens, the longevity of 

female and male beetles did not show significant difference. It was recorded to be 25.0 ± 

0.71 days for male beetles, and 25.1 ± 0.71 days for female beetles. In M. furcicauda and 

M. indica, the average survival of male beetles was recorded to be 17.4 ± 0.40 and 27.4 ± 

0.34 days, whereas the female beetles of M. furcicauda and M. indica survived for 23.0 ± 

0.49 and 36.6 ± 1.18 days, respectively. The overall longevity of females and males of M. 

virescens (= P. fullo) has been recorded to vary from 16-18 days and 11-19 days, 

respectively. 

Phylogenetic analysis of mitochondrial gene (Cox1) and nuclear gene (28s rRNA) 

from M. cuprescens, M. furcicauda, M. indica and M. virescens (= P. fullo) were 

amplified and sequenced. The Cox1 sequence from M. cuprescens showed 99.89 per cent 
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similarity to M. virescens (= P. fullo), whereas Cox1 sequence from M. furcicauda 

showed 89.47 per cent similarity to M. indica. Among retrieved Cox1 sequences from 

NCBI database, M. hippocastani (HM120757) and M. hippocastani (KX087316) were 

more close to M. furcicauda (86.02-86.51 %) and M. indica (84.15-84.69 %) as compared 

to M. cuprescens (81.47-81.69 %) and M. virescens (= P. fullo) (81.47-81.58 %). Based on 

the 28s rRNA gene sequence, M. indica showed maximum identity of 99.42 per cent to M. 

melolontha (EU084231) as compared to M. cuprescens and M. furcicauda which were 

distantly related. 

The efficacy of six insecticides viz., chlorantraniliprole 18.5 SC, bifenthrin 10 EC, 

clothianidin 50 WDG, thiamethoxam 25 WDG, imidacloprid 17.8 SL and chlorpyriphos 

20 EC was tested against second and third instar grubs of M. virescens (= P. fullo) in 

laboratory, and the LC50 values were 0.057, 0.066, 0.095, 0.098, 0.239 and 0.256 g a.i./kg 

soil for second instar grubs, respectively. The corresponding LC50 values of these 

insecticeds against third instar grubs were calculated to be 0.071, 0.076, 0.205, 0.223, 

0.235 and 0.273 g a.i./kg. The order of toxicity for third instar grubs was 

chlorantraniliprole (3.85) > bifenthrin (3.59) > clothianidin (1.33) > thiamethoxam (1.22) 

> chlorpyriphos (1.16). The efficacy of these insecticides by seed treatment was tested 

against grubs of M. indica under laboratory conditions. Seed treatment in rajmash 

indicated better efficacy of chlorantraniliprole 18.5 SC (2.5 ml/kg seed), followed by 

chlorpyriphos 20 EC (5.0 ml/kg seed). 

Conclusion: The survey of Melolontha beetles on light trap and host trees revealed a 

complex of five species in Himachal Pradesh, and out of these, M. cuprescens, M. indica 

and M. virescens (=P. fullo ) were of more economic importance at altitudes ranging from 

1189-2588 m amsl. There was lesser collection of Melolontha beetles both from light traps 

and host trees even in areas where grubs of Melolontha were present in high numbers in 

soil and inflicted severe crop losses. The beetles in genus Melolontha were large in size as 

compared to other species of scarabaeid beetles and these species take high flight during 

swarming settling on tall trees for feeding and mating where adult sampling was not 

possible. It seems that beetles of Melolontha sp. were less phototactic, which could be the 

reason of low beetle catch on light trap. The grubs caused economic losses in crops like 

potato, rajmash, cole crops, onion and apple in Badagaon, Janjehli, Kothikohar, 

Chhatanseri, Ahla, Pangna and Sangla areas. The life cycle was studied for four species, 

and all of them had biennial life cycle. The third instar grubs of these species remained 
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active from May-October and attacked various crops extending over a period of 5-6 

months, whereas in other species having annual life cycle, the damage was caused only 

during one month between September-October. In high hill temperate areas, the crops are 

sown in the month of April-May and cropping season was up to October-November 

indicating complete synchronization between damaging stage of the pest and the stage of 

the crop. Therefore, proper strategy is required to tackle these grubs in soil right from 

sowing till harvest of crop. The larvae of different Melolontha species can be easily 

distinguished on the basis of mandibles, epipharynx and raster pattern. The caudal 

extremity of pupae also allows differentiation among species. In beetles, shape of 

pronotum and pygidium can be used to separate different Melolontha species and sexes. 

Male genitalia is the most stable character for differentiation of species in adult stage. The 

Cox1 was a better DNA barcode for identification of Melolontha species, whereas 28s 

RNA has the limited utility in DNA barcoding of Melolontha species. Very high doses of 

insecticides were required to kill second and third instar grubs. Although, eggs and first 

instar grubs were very delicate, yet they could not be killed due to the poor translocation 

of chemicals. Therefore, either alternative chemicals with higher efficacy or alternative 

biorational strategies needed to be developed to control Melolontha grubs in soil. 
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