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	ABSTRACT	
Background:	Motility	and	persistence	of	entomopathogenic	nematodes	arein�luenced	by	numerous	interacting	factors	such	as	
temperature,	soil	moisture,	soil	texture,	relative	humidity	and	UV	radiations.	The	most	important	factor	is	soil	texture,	because	soil	
particle	size,	composition	and	organic	matter	content	in	soil	strongly	in�luence	the	nematode	motility,	infectivity,	development,	
reproduction	and	survival	of	entomopathogenic	nematodes.	
Results:	The	bioassay	studies	were	done	to	study	the	effect	of	organic	amendments	on	the	infectivity	of	Heterorhabditis	indica	
(Poinar)	against	I-III	instar	grubs	of	Brahminacoriacea	(Hope)	under	laboratory	conditions.	The	virulence	of	H.	indica	was	tested	in	
soil	amended	with	different	organic	substrates,i.e.	cocopeat,	vermicompost,	vermiculite	and	FYM,	used	in	different	combination	
ratios	of	9:1,	8:2	and	7:3	of	soil	and	substrates.In	sand,	the	LC values	of	grubs	(I-III	instar)	were	computed	to	be	233.33-307.67	IJs/ml.	50	

H.	indica	displayed	more	or	less	the	same	virulence,	irrespective	of	thesoil	and	sand	media	used	for	rearing	of	grubs.	In	soil:FYM	ratios	
of	9:1,	8:2	and	7:3,	the	LC values	of	the	respective	instars	ranged	from	277.83-339.14,	243.54-290.26	and	216.08-250.36	IJs/ml,	50	

respectively.	In	soil:vermicompost	ratio	of	9:1,	8:2	and	7:3,	the	LC values	of	H.	indica	against	I-III	instar	grubs	of	B.	coriacea	were	50	

calculated	 in	 the	 range	of	256.37-345.98,	214.19-282.33	and	168.75-240.53	 IJs/ml,	 respectively.	 It	has	been	observed	 that	 the	
addition	of	vermicompost	produced	more	or	less	similar	effects	as	noticed	with	FYM.	The	LC values	of	H.	indica	against	I-III	instar	50	

grubs	 ranged	 from	 337.54-545.77,	 293.07-455.60	 and	 247.72-404.65	 IJs/ml	 in	 cocopeat	 and	 soil	 ratios	 of	 9:1,	 8:2	 and	 7:3,	
respectively.	The	virulence	of	H.	indica	to	I-III	instar	grubs	decreased	with	the	addition	of	cocopeat	in	soil.	In	different	soil:vermiculite	
combinations,	the	LC values	of	H.	indica	against	I-III	instar	grubs	were	calculated	to	be	530.83-905.79,	456.93-771.52	and	396.71-50	

668.03	IJs/ml,	respectively.	Maximum	virulence	of	H.	indica	was	observed	in	vermicompost,	followed	by	FYM	and	cocopeat.
Conclusions:	The	infectivity	of	entomopathogenic	nematodes	increases	with	an	increasing	amount	of	organic	amendments
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Introduction
Scarabaeidae is one of the largest families of Coleoptera, which 
contains more than 30,000 species throughout the world [7]. It 
constitutes a large, distinct group of highly specialised beetles, 
which could easily be identi�ied by their lamellate antennae [9]. 
The larvae of scarab beetles are commonly known as “white 
grubs”, which are chie�ly found in grasslands feeding on roots of 
many plants [22]. Being polyphagous, they feed on a wide 
variety of cultivated as well as uncultivated plants and feed on 
almost all �ield crops grown during the rainy season, viz., potato, 
vegetables, groundnut, sugarcane, maize, pearl millet, sorghum, 
cowpea, pigeon pea, cluster bean, soybean, rajmash, upland rice, 
and ginger are damaged [23]. White grubs cause damage 
ranging from 10 to 90 per cent in different crops [5].White grubs 
are naturally infected by various entomopathogenic nematodes, 
which kill their host and debilitate their future generations. 
Entomopathogenic nematodes (EPNs) in the families 
Heterorhabditidae and Steinernematidae have received more 
attention, and they have very good potential in the management 
of insect pests, primarily of soil-dwelling insects [14].

The nematodes of genus Heterorhabditisactively seek out or 
hunt for their prey, sometimes several inches below the soil 
surface, and stay in one spot for an extended period of time 
[20][21]. The infective juveniles of Heterorhabditisgain entry to 
the host body by abrading the intersegmental membranes of the 
insect using a dorsal tooth[4]. 
This ability of H.	 indica	 is crucial for the success of 
entomopathogenic nematodes applications for insect control in 
soil. Particle size composition and organic matter content in soil 
strongly in�luence the availability of moisturein a given soil. 
Motility is in�luenced by numerous factors such as soil texture, 
soil particle, composition and organic matter. Soil texture is one 
of the important factors because soil strongly in�luences the 
nematode motility, activity and survival[19]. Nematode motility 
generally decreases as soil pores becomes smallertherefore, the 
present study aimed to investigate the effect of organic 
amendments on the ef�icacy of entomopathogenic nematodes 
so as to utilise them more effectively in integrated management 
of white grubs.

Methods
Culture	of	B.	coriacea
Adults of B.	coriacea were collected from different locations of 
the Rohru Shimla district with the help of a light trap. The 
collected beetles were transferred to glass jars (10.5x15.5 cm), 
which were half-�illed with a mixture of moist sand, soil and FYM 
(1:1:1), and then the twigs of rose, peach and plum were �ixed in
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the soil for the feeding and mating of beetles. After mating, 
female beetles lay eggs in soil and jars were daily examined for 
the presence of eggs. The eggs were separated with the help of a 
moist Camel's hair brush and were placed in the Petri plates 
containing moist soil.After hatching, the grubs were transferred 
to small paper cups �illed with moist soil containing 4-5 days old 
maize seedlings, whereas second and third instar grubs were 
fed on small potato tubers in the paper cups individually.Field-
collected grubs were acclimatised in plastic trays �illed with the 
moist soil for 2-3 days before testing. The �ield collected grubs 
were fed on small potato tubers. 

Culture	of	H.	indica
H.	indica species of entomopathogenic nematode was procured 
from FARMER, Ghaziabad and Khandelwal Bio Fertilisers Pvt. 
Limited, Karnataka. In the laboratory, the culture of H.	 indica 
was maintained on	 Galleria	mellonella	 larvae. White trap[28] 
was used in harvesting of infective juveniles from the host by 
placing moist �ilter paper on a concave side up of the watch glass 
surrounded with water in a large Petri plate. Harvested infective 
juveniles of H.	indica were used for treatments. Dilution method 
used for counting of infective juveniles under a stereo-zoom 
microscope.

Different	organic	amendments	used	in	the	present	study
The virulence of H.	indica was tested on �irst, second, and third 
instar grubs of B.	coriacea in soil/sand amended with different 
organic substrates. In the present study, four different organic 
substrates,i.e. cocopeat, vermicompost, vermiculite and FYM, 
were used in different combinations. Different organic 
substrates,i.e cocopeat, vermicompost, vermiculite and FYM, 
were used in the soil:substrate ratio of 9:1, 8:2 and 7:3. After 
weighing a known quantity of soil and substrate, both were 
thoroughly mixed and �illed in paper cups@100g per cup. In 
each cup, one grub was released, and a known quantity of 
infective juveniles ranging from 100-1600 IJs/ml was added to 
each cup with the help of a dropper. The �irst instar grubs were 
fed on 4-5 dayold maize seedlings, while second and third instar 
grubs were maintained on potato tubers. To record 
observations, the soil was tipped out of the cup onto paper, and 
the grubs were observed carefully for mortality. A grub was 
considered to be 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 [2].The 
corrected per cent mortality was subjected to probit analysis [8] 
to calculate LC and LC  values.50 90

The LC values of H.	 indica	 against �irst instar grubs of B.	50 

coriacea in three different soils:vermiculite ratios of 9:1, 8:2 and 
7:3 found to be 905.79, 771.52 and 668.03 IJs/ml with LC90 

values of 8351.40, 8463.07 and 7973.08 IJs/ml (Table 1).
Against second instar, in soil:FYM combination ratios of 9:1, 8:2 
and 7:3, the LC and LC values were calculated to be 297.04, 50 90 

241.30 and 206.68 IJs/ml and 1607.19, 1256.81 and 1117.24 
IJs/ml, respectively. When infective juveniles of H.	indica were 
added in different soil:vermicompost combination ratios of 9:1, 
8:2 and 7:3, the LC values were computed to be 297.04, 241.30 50 

and 206.68 IJs/ml and with their respective LC values of 90 

1641.02, 1556.68 and 1157.98 IJs/ml. In combination of 
soil:cocopeat ratios of 9:1, 8:2 and 7:3, the concentrations 
required to kill the 50 per cent of second instar grubs of B.	
coriacea were 432.15, 376.46 and 304.15 IJs/ml, respectively. 
The LC values were calculated to be 3642.91, 3318.55 and 90 

2699.04 IJs/ml. Similarly, in soil vermiculite ratios of 9:1, 8:2 
and 7:3, the LC and LC  values were computed to be 706.12, 50 90

623.18, and 546.39 IJs/ml, and 6549.54, 6233.61 and 5820.02 
IJs/ml, respectively (Table 2).
Against third instar, in soil:FYM ratios of 9:1, 8:2 and 7:3,H.	
indica produced 50 per cent kill at concentrations of 339.14, 
290.26 and 250.36 IJs/ml, respectively. The LC values were 90 

calculated to be 1176.34, 1617.26 and 1242.83 IJs/ml.In 
different soil:vermicompost ratios of 9:1, 8:2 and 7:3, the LC50 

values were estimated to be 345.98, 282.33, and 240.53 IJs/ml 
with the LC values of 2244.08, 1852.97 and 1597.39 IJs/ml, 90 

respectively. In case of soil:cocopeat ratios, the LC  and LC  50 90

values were calculated to be 545.77, 455.60, 404.65 IJs/ml and 
4537.01, 3243.29, 3005.32 IJs/ml for 9:1, 8:2 and 7:3 
combination, respectively.. When infective juveniles of H.	indica	
were applied in soil:vermiculit ratios of 9:1, 8:2 and 7:3 (Table 
3), the LC and LC values were found to be 905.79, 771.52, 50 90 

668.03 and 8351.40, 8463.07, 7973.08 IJs/ml, respectively.
The relative toxicity was determined by dividing the LC value of 50 

H.	indica as obtained in soil + vermiculite mixture (9:1), which 
was the least effective, by that of other tested treatment 
combinations. In the present study, H.	indica exhibited the least 
virulence against �irst instar grubs when infective juveniles 
were applied in soil media consisting of soil + vermiculite in a 
9:1 ratio. The order of virulence of H.	indica on the basis of LC50 

values as obtained in different soil media (Table 4) was soil + 
vermicompost-7:3 (3.15 times virulent) > soil + vermicompost-
8:2 (2.48 times virulent) > soil + FYM-7:3 (2.46 times virulent) > 
soil + FYM-8:2 (2.18 times virulent) > soil + cocopeat-7:3 (2.14 
times virulent) > soil (2.10 times virulent) > soil + 
vermicompost-9:1 (2.07 times virulent) > soil + FYM-9:1(1.91 
times virulent) > soil + cocopeat-8:2 (1.81 times virulent) > soil 
+ cocopeat-9:1 (1.27 times virulent) > soil + vermiculite-7:3 
(1.34 times virulent) and soil + vermiculite-8:2 (1.16 times 
virulent).
The response of second and third instar grubs of B.	coriacea in 
different tested combinations of soil and organic amendments 
was more or less similar to that of the �irst instar. The virulence 
of H.	indica to second instar grubs was recorded to be minimum 
when infective juveniles were applied in soil + vermiculite 
having a ratio of 9:1 (Table 5). The order of virulence of H.	indica 
against second instar grubs, on the basis of LC values as 50 

obtained in different soil media in relation to soil + vermiculite 
(9:1) was soil+vermicompost-7:3(3.42 times virulent) > soil + 
FYM-7:3(3.03 times virulent) > soil + vermicompost-8:2(2.93 
times virulent) > soil + FYM-8:2 (2.70 times virulent) > soil(2.46 
times virulent) > soil + vermicompost-9:1(2.38 times virulent) > 

Results
Against �irst instar grubs of B.	coriacea in soil: FYM ratios of 9:1, 
8:2 and 7:3, the LC andLC  values were calculated to be 277.83, 50 90

243.54, 216.08 IJs/ml and 1314.13, 1176.63 and 976.92 IJs/ml, 
respectively. In different soil:vermicompost ratios of 9:1, 8:2 
and 7:3, the LC of H.	indicawere computed to be 256.37, 214.19 50 

and 168.75 IJs/ml and LC values were calculated to be 1421.03, 90 

1170.56 and 915.18 IJs/ml, respectively. The slope of the 
2 regression line was 1.74, 1.76 and 1.78 with χ values of 2.91, 

2.86 and 2.79. In case of soil: cocopeat ratios of 9:1, 8:2 and 7:3, 
the LC values of H.	indicawere observed to be 337.54, 293.07 50 

and 247.72 IJs/ml, and the LC values were computed to be 90 

2390.05, 2136.87 and 1877.78 IJs/ml, respectively.When soil 
was amended with vermiculite, it indicated a negative impact on 
the infectivity of H.	indca.	
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It is a well-established fact that FYM improves soil physical, 
chemical and biological properties [17]. Improvement in the soil 
structure due to FYM application also improves soil water 
holding capacity [6]. 
The fact that use of FYM improves water holding capacity, which 
in turn plays a species-speci�ic role in survival, movement, 
infectivity and persistence of entomopathogenic nematodes 
[11][30]. Infectivity of many EPN species is highest at moderate 
soil moisture [26] with the thickness of the water �ilm being 
approximately half the thickness of the nematodes' body. In soil, 
infective juveniles move through the water �ilm that coats the 
interstitial space. [25] reported that nematode movement can 
also be restricted if the interstitial spaces are completely �illed 
with water (in water-saturated soil) when the pore's diameter is 
much greater than that of the nematodes.
The LC  values of H.	 indica in second instar of B.	coriacea as 50

compared to �irst instar were 1.12 -1.22 times higher in 
soil:vermicompost ratio of 9:1-7:3. There was 1.16-1.17 times 
increase in LC  values of H.	indica	in third instar of B.	coriacea as 50

compared to second instar in soil: vermicompost ratio of 9:1-
7:3. In third instar, increment in LC  of H.	indica was 1.31 – 1.42 50

times as compared to �irst instar in different vermicompost 
treatments.
Comparison of LC  values of H.	indica in different      doses of 50   

vermicompost for �irst instar grubs of B.	 coriacea revealed a 
1.19-1.51 times decrease in LC  when the amount of 5 0

vermicompost was increased from 100-200g and 200-300g, 
respectively. Comparison of 100g vermicompost with 300g 
vermicompost indicated a 1.51 times decrease in LC  values of 50

H.	indica in �irst instar grubs. Similarly, in the case of the second 
instar, the decrease in LC  was 1.23 times when 100g 50

vermicompost was compared with 200g vermicompost. 
Comparison of 200g with 300g vermicompost recorded a 
decrease of 1.16 times, and for 100g vermicompost with 300g, 
the decrease in LC  was found to be 1.43 times in second instar 50

grubs of B.	coriacea. For third instar grubs, the decrease in LC50 

comes out to be 1.22 times by increasing vermicompost from 
100g to 200g, and 1.17 times by equating 200g with 300g 
vermicompost. Comparison of LC  values obtained for I-III 50

instar grubs of B.	coriacea when H.	 indica was applied in soil 
with those of soil+vermicompost (9:1,8:2, 7:3) is indicated in �ig 
3. It has been observed that the addition of vermicompost 
produced more or less similar effects as noticed with FYM. The 
virulence of H.	indica remained more or less the same (showed a 
marginal increase of 1.01-1.07 times) at a dose of 100g 
vermicompost in 900g of soil as shown in �ig.3. 
By the addition of vermicompost at 100g in soil, the 
susceptibility of I-III instar decreased by 1.01-1.07 times. There 
was increase in susceptibility of I-III instar grubs to H.	indica by 
1.13-1.18 times when H.	indica infective juveniles were applied 
in soil mixed with vermicompost in 8:2 ratio. When the quantity 
of vermicompost was increased to 300g, similar increase in 
infectivity of H.	indica (1.33-1.49 times) was recorded against I-
III instar grubs of B.	coriacea. The increase in susceptibility by 
the addition of vermicompost was more pronounced in the 
second instar as compared to the third instar. The use of 
vermicompost as a carrier to deliver entomopathogenic 
nematode directly to the soil could therefore be useful for 
agricultural settings [13]. Application in the �ield by using 
vermicompost as a carrier might protect the nematodes against 
UV damage, buffer temperature extremes and promote contact 
between the nematodes and the pest insects [12].

soil + cocopeat-7:3(2.32 times virulent) > soil + FYM-8:2(2.23 
times virulent) > soil + cocopeat(1.88 times virulent) > soil + 
cocopeat(1.63 times virulent) > soil + vermiculite-7:3(1.29 
times virulent) and soil + vermiculite-8:2(1.13 times virulent). 
On the basis of 95 per cent �iducial limits of LC values, the 50 

virulence of H.	indica	in soil treatment was statistically at par in 
all soil + organic amendment combinations at all tested doses 
except vermiculite. There was a signi�icant decrease in virulence 
when infective juveniles of H.	indica were applied in soil mixed 
with vermiculite in all tested soil+vermiculite combinations.
The virulence of H.	indica to third instar grubs was recorded to 
be minimum when infective juveniles were applied in soil + 
vermiculite having a ratio of 9:1 (Table 6). The order of virulence 
of H.	indica against third instar grubs on the basis of LC values 50 

as obtained in different soil media in relation to soil + 
vermiculite (9:1) was soil + vermicompost-7:3 (3.77 times 
virulent) > soil + FYM-7:3 (3.62 times virulent) > soil + 
vermicompost-8:2 (3.21 times virulent) > soil + FYM-8:2 (3.12 
times virulent) > soil (2.83 times virulent) > soil + FYM-9:1 (2.67 
times virulent) > soil + vermicompost-9:1 (2.62 times virulent) 
> soil + cocopeat-7:3 (2.24 times virulent) > soil + cocopeat-8:2 
(1.99 times virulent) > soil + vermiculite-7:3 (1.36 times 
virulent) and soil + vermiculite-8:2 (1.17 times virulent). 

Discussion
The effect of different organic amendments on infectivity of H.	
indica varied at different soil: substrate ratios and different 
instars of white grubs.The comparison of LC  values obtained in 50

soil versus soil + FYM revealed that, by the addition of FYM in 
soil, the susceptibility of I-III instars increased. By addition of 
FYM @ 100g in 900g soil, the susceptibility of I-III instar 
decreased by 1.05-1.10 times. There was an increase in 
susceptibility of I-III instar grubs to H.	indica by 1.03-1.10 times 
when H.	 indica infective juveniles were applied in soil mixed 
with FYM in an 8:2 ratio. When the quantity of FYM was 
increased to 300g, a similar increase in virulence of H.	 indica 
(1.16-1.28 times) was recorded against I-III instar grubs of B.	
coriacea. The increase in susceptibility by the addition of FYM 
was more pronounced in the second instar as compared to the 
third instar (Fig 1).
The infective juveniles produced quick mortality, and grubs (I-
III instar) began to die after 24 hours of treatment. Maximum 
mortality has been recorded within 48-72 hours of treatment. 
[24] He also reported that entomopathogenic nematodes kill 
the host quickly within 24-48 hours. The white grubs infected 
with H.	 indica	became �laccid, and their colour changed from 
brownish-red to brick red. The infected grubs showed faint 
luminescence in the dark. Similarly, colour change in white 
grubs following infection by entomopathogenic nematodes has 
been reported by various workers [1][16]. The internal tissues 
were disintegrated to a mass of gummy consistency, and 
infective juveniles were clearly visible inside the body under the 
microscope (Fig 2). After about six days, the infective juveniles 
of H.	indica came out of cadavers in large numbers[10].
[3] studied the comparison of soil amendment with 
entomopathogenic nematodes. They reported that organic 
manure under �ield conditions resulted in increased densities of 
native populations of S.	feltiae. With the addition of chemicals, 
they interfere with attempts to use nematodes and inoculative 
agents for long-term control, whereas organic manure used as 
fertilisers may encourage the establishment and recycling of 
entomopathogenic nematodes. 
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Comparison of LC  values of H.	 indica in different doses of 50

vermiculite for �irst instar grubs of B.	coriacea revealed a1.16 
and 1.15 times decrease in LC  when the amount of vermiculite 50

was increased from 100-200g and 200 to 300g, respectively. 
Comparison of 100g vermiculite with 300g vermiculite 
indicated a1.33 times decrease in LC  values of H.	indica in �irst 50

instar grubs. Similarly, in the case of the second instar, the 
decrease in LC  was 1.13 times when 100g vermiculite was 50

compared with 200g vermiculite. Comparison of 200g with 
300g vermiculite recorded a decrease of 1.14 times, and for 
100g vermiculite with 300g, the decrease in LC value was 50 

computed to be 1.29 times in second instar grubs of B.	coriacea. 
For third instar grubs, the decrease in LC  comes out to be 1.17 50

times by increasing vermiculite from 100g to 200 g, and 1.15 
times by equating 200g with 300g vermiculite. It has been 
observed that the LC values of H.	 indica decreased with the 50 

addition of vermiculite. Comparison of LC  values obtained for 50

I-III instar grubs of B.	coriacea when H.	indica was applied in soil 
with those of soil+vermiculite (9:1,8:2, 7:3) is indicatedin �ig 5.
By addition of vermiculite @100-200g in soil, the virulence of H.	
indica to �irst instar grubs decreased by 1.56-2.10 times. In 
second instar, the virulence of H.	indica decreased by 1.9-2.46 
times in soil mixed with vermiculite in 9:1, 8:2 and 7:3 ratios. 
The decrease in virulence of H.	indica to third instar grubs by 
amending soil with vermiculite (100-300g) is by 2.08-2.82 
times. The decrease in virulence of H.	 indica by addition of 
vermiculite was observed more in second instar as compared to 
�irst and third instar grubs.
We found that vermiculite addition to soil reduces the virulence 
of H.	 indica, suggesting that the vermiculite formulation may 
have damaged the nematodes. Such formulations rely on 
partially dehydrating nematodes to make them inactive [29]. 
This is in contrast to �indings of [27] who reported increase in 
mortality in termite, Reticulitermes	�lavipes (Kollar) exposed to 
H.	indica in small containers with vermiculite and sand. Further 
investigations are required to determine how vermiculite 
reduces the virulence of H.	 indica against B.	 coriacea in the 
present study.
Comparison of LC  values of H.	 indica in different doses of 50

cocopeat for �irst instar grubs of B.	coriacea revealed 1.15 and 
1.18 fold decrease in LC  when the amount of cocopeat was 50

increased from 100-200g and 200 to 300g, respectively. 
Comparison of 100g cocopeat with 300g cocopeat indicated a 
1.36 times decrease in the LC  value of H.	indica in �irst instar 50

grubs. Similarly, in case of the second instar, the decrease in LC  50

was 1.14 times when 100g of cocopeat was compared with 200g 
of cocopeat. Comparison of 200g with 300g cocopeat recorded a 
decrease of 1.23 times, and for 100g cocopeat with 300g, the 
decrease in LC value was computed to be 1.42 times in second 50 

instar grubs of B.	coriacea. For third instar grubs, the decrease in 
LC  comes out to be 1.19 times by increasing cocopeat from 50

100g to 200 g, and 1.12 times by equating 200g with 300 g 
cocopeat. It has been observed that the LC values of H.indica 50 

decreased with the addition of cocopeat. Comparison of LC  50

values obtained for I-III instar grubs of B.	 coriacea when H.	
indica was applied in soil with those of soil+cocopeat (9:1,8:2, 
7:3) is indicatedin �ig 4.
By addition of cocopeat @100-200g in soil, the virulence of H.	
indica to �irst instar grubs decreased by 1.02-1.33 times. In 
second instar, the virulence of H.	indica decreased by 1.06-1.50 
times in soil mixed with cocopeat in 7:3, 8:2 and 9:1 ratios. The 
decrease in virulence of H.	 indica to third instar grubs by 
amending soil with cocopeat (100-300g) is by 1.26 -1.70 times. 

The LC  values of H	 .indica in second instar of B.coriacea as 50

compared to �irst instar were 1.22-1.28 times higher in 
soil:cocopeat ratio of 9:1-7:3. There was 1.05-1.33 times 
increase in LC  value of H.	indica	in third instar of B.coriacea as 50

compared to second instar in soil to cocopeat ratio of 9:1-7:3. In 
third instar, increment in LC of H.	indica was 1.55-1.63 times 50 

higher as compared to �irst instar in different cocopeat 
treatments. Comparison of LC  values of H.	indica in different 50

doses of cocopeat for �irst instar grubs of B.	coriacea revealed a 
1.15 and 1.18 folddecrease in LC  when the amount of cocopeat 50

was increased from 100-200g and 200 to 300g, respectively. 
Comparison of 100g cocopeat with 300g cocopeat indicated 
1.36 times decrease in LC  value of H.	indica in �irst instar grubs. 50

Similarly, in case of the second instar, the decrease in LC  was 50

1.14 times when 100g cocopeat was compared with 200g of 
cocopeat. Comparison of 200g with 300g cocopeat recorded 
decrease of 1.23 times, and for 100g cocopeat with 300g, the 
decrease in LC value was computed to be 1.42 times in second 50 

instar grubs of B.	coriacea. For third instar grubs, the decrease in 
LC  comes out to be 1.19 times by increasing cocopeat from 50

100g to 200 g, and 1.12 times by equating 200g with 300 g 
cocopeat. It has been observed that LC values of H.indica 50 

decreased with addition of cocopeat. Comparison of LC  values 50

obtained for I-III instar grubs of B.	coriacea when H.	indica was 
applied in soil with those of soil+ cocopeat (9:1,8:2, 7:3) is 
indicated in �ig 4.
By addition of cocopeat @100-200g in soil, the virulence of H.	
indica to �irst instar grubs decreased by 1.02-1.33 times. In the 
second instar, the virulence of H.	indica decreased by 1.06-1.50 
times in soil mixed with cocopeat in 7:3, 8:2 and 9:1 ratios. The 
decrease in virulence of H.	 indica to third instar grubs by 
amending soil with cocopeat (100-300g) is by 1.26 -1.70 times. 
The decrease in virulence of H.	indica by the addition of cocopeat 
was observed more in the second instar as compared to the �irst 
and third instar grubs. [18] have suggested that habitat quality 
(sand vs. peat) has important implications for the foraging 
b e h a v i o u r  o f  s o i l - t r a n s m i t t e d  p a r a s i t e s  s u c h  a s 
entomopathogenic nematodes in a closely related species. [15] 
reported lesser invasion of Galleria	 mellonella larvae by S.	
carpocasae in pure peat. When peat and soil were mixed to 
create different media, the moisture level may also change, and 
consequently, the observed responses of our experiments might 
be in�luenced by differences in humidity. [18] have reported that 
in peat, a greater percentage of S.	carpocapsae tend to disperse 
from the point of application with signi�icant taxis towards the 
host. In cocopeat, H.	megidis showed no taxis towards hosts, 
which can be true for H.	indica in the present study.
Comparison of LC  values of H.	 indica in soil having different 50

proportions of vermiculite indicated clear-cut differences in 
virulence against all instars when the amount of vermiculite was 
changed in the soil. There was a gradual decrease in LC  with an 50

increase in the amount of vermiculite in all the instars of B.	
coriacea, showing a positive impact of vermiculite on the 
virulence of H.	indica. The LC  value of H.	indica in second instar 50

of B.coriacea as compared to �irst instar were 1.33-1.37 times 
higher in soil:vermiculite ratio of 9:1-7:3. There was 1.22-1.28 
times increase in LC  value of H.	 indica	 in third instar of 50

B.coriacea as compared to second instar in soil to vermiculite 
ratio of 9:1-7:3. In third instar, increment in LC of H.	indica was 50 

1.68-1.70 times higher as compared to �irst instar in different 
vermiculite treatments.
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The decrease in virulence of H.	indica by the addition of cocopeat 
was observed more in the second instar as compared to the �irst 
and third instar grubs. [18] have suggested that habitat quality 
(sand vs. peat) has important implications on the foraging 
b e h a v i o u r  o f  s o i l - t r a n s m i t t e d  p a r a s i t e s  s u c h  a s 
entomopathogenic nematodes in a closely related species. [15] 
reported lesser invasion of Galleria	 mellonella larvae by S.	
carpocasae in pure peat. When peat and soil were mixed to 
create different media, the moisture level may also change, and 
consequently, the observed responses of our experiments might 
be in�luenced by differences in humidity. [18] have reported that 
in peat, a greater percentage of S.	carpocapsae tend to disperse 
from the point of application with signi�icant taxis towards the 
host. In cocopeat, H.	megidis showed no taxis towards hosts, 
which can be true for H.	indica in the present study.
Comparison of LC  values of H.	 indica in soil having different 50

proportions of vermiculite indicated clear-cut differences in 
virulence against all instars when the amount of vermiculite was 
changed in the soil. There was a gradual decrease in LC  with an 50

increase in the amount of vermiculite in all the instars of B.	
coriacea, showing a positive impact of vermiculite on virulence 
of H.	 indica. The LC  value of H.	 indica in second instar of 50

B.coriacea as compared to �irst instar were 1.33-1.37 times 
higher in soil:vermiculite ratio of 9:1-7:3. There was 1.22-1.28 
times increase in LC  value of H.	 indica	 in third instar of 50

B.coriacea as compared to second instar in soil to vermiculite 
ratio of 9:1-7:3. In third instar, increment in LC of H.	indica was 50 

1.68-1.70 times higher as compared to �irst instar in different 
vermiculite treatments.
 Comparison of LC  values of H.	 indica in different doses of 50

vermiculite for �irst instar grubs of B.	coriacea revealed 1.16 and 
1.15 times decrease in LC  when the amount of vermiculite was 50

increased from 100-200g and 200 to 300g, respectively. 
Comparison of 100g vermiculite with 300g vermiculite 
indicated 1.33 times decrease in LC  values of H.	indica in �irst 50

instar grubs. Similarly, in case of second instar, the decrease in 
LC  was 1.13 times when 100g vermiculite was compared with 50

200g vermiculite. 

Abbreviations

Comparison of 200g with 300g vermiculite recorded a decrease 
of 1.14 times, and for 100g vermiculite with 300g, the decrease 
in LC value was computed to be 1.29 times in second instar 50 

grubs of B.	coriacea. For third instar grubs, the decrease in LC  50

comes out to be 1.17 times by increasing vermiculite from 100g 
to 200 g, and 1.15 times by equating 200g with 300g vermiculite. 
It has been observed that the LC values of H.	indica decreased 50 

with the addition of vermiculite. Comparison of LC  values 50

obtained for I-III instar grubs of B.	coriacea when H.	indica was 
applied in soil with those of soil+ vermiculite (9:1,8:2, 7:3) is 
indicated in �ig 5.
By addition of vermiculite @100-200g in soil, the virulence of H.	
indica to �irst instar grubs decreased by 1.56-2.10 times. In 
second instar, the virulence of H.	indica decreased by 1.9-2.46 
times in soil mixed with vermiculite in 9:1, 8:2 and 7:3 ratios. 
The decrease in virulence of H.	indica to third instar grubs by 
amending soil with vermiculite (100-300g) is by 2.08-2.82 
times. The decrease in virulence of H.	indica by the addition of 
vermiculite was observed more in the second instar as 
compared to the �irst and third instar grubs.
We found that vermiculite addition to soil reduces the virulence 
of H.	 indica, suggesting that the vermiculite formulation may 
have damaged the nematodes. Such formulations rely on 
partially dehydrating nematodes to make them inactive [29]. 
This is in contrast to �indings of [27] who reported an increase in 
mortality in the termite, Reticulitermes	 �lavipes (Kollar) 
exposedto H.	 indica in small containers with vermiculite and 
sand. Further investigations are required to determine how 
vermiculite reduces the virulence of H.	indica against B.	coriacea 
in the present study. 

Table	1:	Mortality	response	of	�irst	instar	grubs	of	B.	coriacea	to	H.	indica	in	combination	of	different	organic	substrates	

Table	2:	Mortality	response	of	second	instar	grubs	of	B.	coriacea	to	H.	indica	in	combination	of	different	organic	substrates	
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Table	3:	Mortality	response	of	third	instar	grubs	of	B.	coriacea	to	H.	indica	in	combination	of	different	organic	substrates	

Table	4:	Relative	toxicity	of	H.	indica	against	�irst	instar	grubs	of	B.	coriacea	in	different	combinations	of	organic	amendments

Table	5:	Relative	toxicity	of	H.	indica	against	second	instar	grubs	of	B.	coriacea	in	different	combinations	of	organic	amendments

Table	6:	Relative	toxicity	of	H.	indica	against	third	instar	grubs	of	B.	coriacea	in	different	combinations	of	organic	amendments
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Fig	1:	Comparison	of	Lc��	value	of	H.	indica	applied	in	soil	versus	soil+	FYM	for	I-III	
instars

Conclusion: In conclusion our data and other studies show that 
different organic amendments have an effect on the virulence of 
entomopathogenic nematodes. It seems that nematodes tend to 
desiccate by the addition of vermiculite, whereas by the addition 
of cocopeat, the infective juveniles of H.	indica	didn't show taxis 
towards the hosts, thereby affecting the host searching ability of 
infective juveniles. Contrary to vermiculite and cocopeat, the 
virulence of H.	indica	increased with the addition of FYM and 
vermicompost .  Among al l  tested soi l  amendments, 
vermicompost showed the maximum increment in virulence. 
There is improvement in soil structure due to the addition of 
FYM/ vermicompost, which improves soil water holding 
capacity, which played a signi�icant role in their survival, 
movement and infectivity. These �indings hold great promise for 
the use of EPN-inoculated vermicompost/FYM for integrated 
pest management of white grubs. Further investigations under 
�ield conditions would be the next step to ensure the results we 
have found hold true under greater biotic and abiotic stresses. 

Fig	2	a)	White	grubs	infected	with	H.	indica	b)	Infective	juveniles	coming	out	from	the	
body	 of	 a	 white	 grubsc)	 Infective	 juveniles	 seen	 inside	 the	 body	 of	 grubs	 under	
microscope

Fig	3:	Comparison	of	LC��	value	of	H.	indica	applied	in	soil	versus	soil+	vermicompost	for	
I-III	instars

Fig	4:	Comparison	of	LC��	value	of	H.	indica	applied	in	soil	versus	soil+	vermiculite	for	I-
III	instars

Fig	5	Comparison	of	LC��	value	of	H.	indica	applied	in	soil	versus	soil+	vermiculite	for	I-
III	instars

References

A n s a r i ,  M . A . ,  P h a n ,  k e ,  L . ,  M o e n s ,  M . , 
Heterorhabditisbacteriophora (Heterorhabditidae: 
Rhabditida), parasitic in natural populations of white grubs 
(Coleoptera:Scarabaeidae) in Belgium. Russian Journal of 
Nematology, 2003, 11, 57-59.

Abbott WS. 1925. A method of computing the effectiveness 
of an insecticide. Journal ofEconomic Entomology 18: 265-
267

1.

2.



	©	2025	AATCC	Review.	All Rights Reserved. 384.

Akshita	et	al.,	/	AATCC	Review	(2025)

Khan, N.I., Malik, A.U., Umer, F., Bodla, M.I., Effect of tillage 
and farm yard manure on physical properties of soil. 
International Research Journal of PlantScience, 2010, 1, 75-
82. 

Kruitbos, L.M., Heritage, S., Hapca, S., Wilson, M.J., The 
in�luence of habitat quality on the foraging strategies of the 
entomopathogenic nematodes Steinernemacarpocapsae 
and Heterorhabditismegidis. Parasitology, 2009, 137, 303-
309.

Kung, S.P. ,  Gaugler,  R. ,  Kaya,  H.K. ,  Soil  type and 
entomopathogenic nematode persistence. Journal of 
Invertebrate Pathology, 1990, 55, 401-406.

Lewis, E., Behavioural ecology. In: Entomopathogenic 
Nematology (R Gaugler ed), CAB International, Wallingford, 
UK. 2002, pp.205-223.

Lewis, E.E., Gaugler, R., Harrison, R., Entomopathogenic 
nematodes host �inding response to host contact cues by 
cruise and ambush foragers. Parasitology, 1992, 105, 309-
319.

Mehta, P.K., Chandel, R.S., Mathur, Y.S., Status of white grubs 
in North-Western Himalaya. Journal of Insect Science, 2010, 
23, 1-14.

Mishra PN. 2001. Scarab fauna of Himalayan region and 
their management. In: Indian phytophagous scarabs and 
their management: present status and future strategies (G 
Sharma, YS Mathur and RBL Gupta, eds) Agrobios (India), 
Jodhpur. pp. 74-85

Nagesh, M., Verghese, A., Bhatnagar, A., Impotance of EPN in 
the management of soil arthropod pest. XVIII Group 
Meeting of All India Network Project on Soil Arthropod 
Pests 2015, pp. 46-49.

Quénéhervé, P., Chotte, J.L., Distribution of nematodes in 
vertisol aggregates under a permanent pasture in 
Martinique. Applied Soil Ecology, 1996, 4, 193-200.

Wallace, H.R., Movement of eelworms. Annals of Applied 
Biology, 1958, 46, 74–85.

Wang, C., Powell, J.E., Nguyen, K., Laboratory evaluations of 
four entomopathogenic nematodes for control of 
subterranean termites (Isoptera: Rhinotermitidae). 
Environmental Entomology, 2002, 31, 381-387.

White, G.F., A method for obtaining infective nematode 
larvae from cultures. Science, 1927, 66, 302 – 303.

Wilson, M., Nitzsche, P., Shearer, P.W., Entomopathogenic 
nematodes to control black vine weevil (Coleoptera: 
Curculionidae) on strawberry. Journal of Economic 
Entomology, 1999, 92, 651-657.

Yadav, A.K. and Lalramliana, Soil moisture effects on the 
act iv i ty  of  three  entomopathogenic  nematodes 
(Steinernematidae andHeterorhabditidae) isolated from 
Meghalaya. Indian Journal of Parasitic Diseases, 2012, 
36,94-98.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bednarek, A. And Gaugler, R., Compatibility of soil 
amendments with entomopathogenic nematodes. Journal 
of Nematology, 1997, 29, 220.

Burnell, A.M. and Stock, S.P., Heterorhabditis, Steinernema 
and their bacterial symbionts- lethal pathogens of insects. 
Nematology, 2000, 2, 31-42.

Chandel RS, Chandla VK and Dhiman KR. 2005. Vulnerability 
of potato white grubs to entomogenous fungi and 
nematodes. Potato Journal 32: 193-194

Dejene, M. and Lemlem, M., Integrated agronomic crop 
managements to improve the productivity under terminal 
drought. In: I. Md. M. Rahman and H. Hasegawa, Eds., Water 
Stress, InTech Open Science, 2012, pp.235- 254.

Fincher, G.T., The potential value of dung-beetles in pasture 
ecosystem. Journal of Georgia Entomological Society, 
1981,16, 316-333.

Finney DJ. 1971. Computer and other techniques. Probit 
Analysis. 3rd edition. Cambridge University Press. 81-97

Gardner, J.C.M., Immature stages of Indian Coleoptera (196). 
Indian Forest Records, 1935, 1, 1-33.

Gaugler, R., Ecological considerations in the biological 
control of soil-inhabiting insects with entomopathogenic 
nematodes. Agriculture, Ecosystems & Environment, 1988, 
24, 351-360.

Gavas, R., and Ganguly. S., Effect of soil depth on infectivity of 
Steinernemathermophilum. In: proceeding of national 
symposium on “Biodiversity and management of 
Nematodes in Cropping Systems for Sustainable 
Agriculture, 2004, pp.78.
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