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Effect of soil properties and temperature on the nematode antagonistic potential of 
bacterial bioagent, Pasteuria penetrans against root knot nematode, Meloidogyne 
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ABSTRACT: The nematode antagonistic bacterium, Pasteuria penetrans is one of the proven and highly efficient 
biocontrol agents. A study was conducted to understand the influence of various abiotic factors. Five different soil 
types viz., alluvial, black, red, laterite and sandy were filled in paper cups (200g/cup) and freshly hatched second stage 
juvenile (J2) of root knot nematode, M. incognita (1000 J2/cup) along with 10 mg of root powder (1.84 x 106 spores/g) 
was thoroughly mixed and incubated at 25°C for 48 h. The parasitization was higher (95.5%) in sandy soil with a clay 
content of 6.0 per cent. Spore attachment of P. penetrans at four levels of temperatures viz., 15, 20, 25 and 30°C in red 
loamy soil was tested.  Significant influence of temperature was observed in parasitization of second stage juvenile 
under 250C (90.2%).  A glasshouse experiment was conducted to study the influence of nematicides. Application of 
carbofuran along with P. penetrans increased the rate of parasitisation which was 83.1 per cent as against 61.0 per cent 
in P. penetrans treatment only. Influence of root exudates of host and non-host plants of M. incognita was tested on the 
parasitizing ability. The parasitizing ability significantly increased by 4.5 per cent in tomato root exudates and by 4.0 per 
cent in coleus. The host plant had influence over the number of spore attachment on J2. The results of these experiments 
paved way to exploit the nematode bacterial hyper parasite, P. penetrans for managing plant parasitic nematodes under 
varied soil environmental conditions.

Keywords: Root knot nematode, Pasteuria penetrans, soil type, temperature, nematicides, spore attachment, root 
exudates

INTRODUCTION

Plant parasitic nematodes are one of the limiting 
factors in crop productivity. Most of the horticultural 
crops are susceptible to nematodes and cause 10 – 15% 
yield loss. Chemical nematicides are widely used for 
nematode management. Some of the major nematicides 
were withdrawn from market due to their harmful effects 
to soil and environment. Pasteuria penetrans is a potential 
bacterial hyper parasite of nematodes. Biological control 
potential of this bacterium has been proved by many 
Nematologists in India (5, 11) and abroad. The endospores 
of P. penetrans can tolerate various temperature regimes, 
moisture levels, pH and chemicals. This research paper 
describes the parasitisation potential of P. penetrans 
on root knot nematode, Meloidogyne incognita under 
various abiotic stresses. 

MATERIALS AND METHODS

Soil Type 

Influence of soil type on the activity of P. penetrans 
was carried out in five different type viz.,  alluvial, black, 
red, laterite and sandy. Plastic cups (250g capacity) 
were filled with sterilized soils (200g/cup) of the above 

mentioned types separately. Freshly hatched juveniles 
(J2) of M. incognita (1000 J2/cup) along with 10 mg of 
root powder (P. penetrans @ 1.84 x 106 spores / g) was 
thoroughly mixed with soil and incubated at 25ºC for 48 
h. Soil was maintained with 25 per cent moisture level 
by adding 50 ml water. Each treatment was replicated six 
times. The nematodes in each replicate were extracted 
by using a combination of sieving and Baermann funnel 
technique and the number of spores attached/J2 and 
percentage of parasitisation were assessed. The soil 
texture, field capacity, pH, EC and organic matter were 
analysed as per standard methods.

Temperature

Interaction between P. penetrans and M. incognita 
was determined under four levels of temperatures viz., 
15, 20, 25 and 30ºC on red loamy soil. Plastic cups were 
filled with sterilized soil (200 g/cup) and thoroughly 
mixed with 100 J2 of M. incognita along with 10 mg 
root power / cup (1.84 x 106 spores/g) and incubated 
at the above mentioned temperatures for 48 h. Each 
level of temperature was replicated eight times. The 
spore attachment percentages on J2 were recorded after 
extraction of nematodes from soil.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 149-154 (2024)

DOI Number : 10.5958/0974-4541.2024.00014.2

1

REVIEW ARTICLE

Tree injection method to manage coconut pests with special reference to blackheaded 
caterpillar, Opisina arenosella and mite, Aceria guerreronis - A Review
KULDEEP SHARMA1 and SUNIL CHANDRA DUBEY2* 

1ICAR- Indian Agricultural Research Institute, New Delhi 110012, India
2 Indian Council of Agricultural Research, Krishi Bhavan, New Delhi 110001, India

*E-mail: scdube2002@yahoo.co.in

ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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Nematicides

Glasshouse experiment

A glasshouse experiment was conducted to study the 
influence of nematicides on P. penetrans. Sterilized soil 
was filled in 2.5 kg clay pots and 3-week-old tomato 
cv. Co 3 seedlings were transplanted. The following 
treatments were given three days after transplanting.

T1- M. incognita 5000 J2 / pot
T2 - M. incognita 5000 J2 / pot + P. penetrans root 
power 10 mg /pot @1.84 x 106 spores / g
T3 - M. incognita 5000 J2 / pot + carbofuran 3 mg /
pot
T4 - M. incognita 5000 J2 / pot + P. penetrans root 
power 10 mg @1.84 x 106 spores / g+ carbofuran 3 
mg/ pot

Each treatment was replicated five times and 
completely randomised. Plant biometric observations, 
soil and root nematode population, number of J2 
parasitized and number of spores attached per J2 were 
recorded at 60 days after transplanting.

 Root exudates

Root exudates of tomato (Lycopersicon esculentum 
Mill), Chilli (Capsicum annuum L.), Cowpea (Vigna 

unglciculata L.), coleus (Coleus blumi, Benth), marigold 
(Tagetes patula L.), maize (Zea mays L.)., (Sorghum 
vulgare L.) and sunflower (Helianthus annus L.) were 
collected 35-40 days after germination. Root exudates 
of each plant species was taken individually in 5 cm 
Petr idish (5 m l / dish). Freshly hatched 500  J2 of M. 
incognita and 10 mg root powder (1.84 x 106 Pp spores 
/ g) per dish were added and gently mixed with the root 
exudates and incubated at 25º C for 48 h. Tap water was 
used as control. A completely randomised block design 
with eight replicates was adopted. The percentage of 
individual J2 parasitized and the numbers of spores 
attached per J2 were recorded.

RESULTS AND DISCUSSION

Influence of different abiotic factors and root exudates 
on parasitization of bacterial parasite, P. penetrans is 
elaborated below.

Soil type

The texture of soils varied from sandy to clay loam 
with the clay content varying from 6 per cent to 25.9 
per cent. The percentage of parasitisation was high 
in sandy soil (95.5) with a clay content of only 6.0 
per cent and the least in laterite soil (71.0) with a clay 
content of 25.9 per cent (Table 1 & 2). The relationship 

Table 1. Properties of different types of soil used for parasitisation study

Soil types Coarse 
sand (%)

Fine Sand 
(%)

Silt 
(%)

Clay 
(%)

Field 
Capacity pH EC 

dSm-1
OM 
(%)

Alluvial (sandy loam) 20.9 32 26 19.5 28.5 9.1 1.05 0.83

Black cotton (clay loam) 20.2 43.8 3.5 22.5 30.2 8.3 0.52 1.1

Red (sandy loam) 41.6 26.4 17 12 14.7 7.4 0.48 0.38

Laterite (sandy clay loam) 32.1 22.7 18.2 25.9 20 4.9 0.24 2.18

Sandy 40.3 51.2 2.5 6 5 8 0.05 -

Table 2. Effect of Different soil types on the interaction of M. incognita and P. penetrans

Soil Types Parasitization (%) Number of spores/J2

Alluvial 86.9 (68.78)c 8.0c

Black 81.3 (64.38)d 7.0d

Red 90.7 (72.24)b 9.5b

Laterite 71.9 (57.99)e 6.3e

Sandy 95.5 (77.75)a 10.7a

CD (P=0.05) 3.5 0.47

N. Swarnakumari et al.
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between the clay content and extent of parasitization was 
statistically negatively correlated (r = - 0.10) (Fig. 1)  
The clay content also influenced the spore load carried 
by individual J2 which varied from 6.3 in laterite soil to 
10.7 in sandy soil. Textural and physical characters of 
soils were studied for interaction of M. incognita and P. 
penetrans.

The spore attachment on M. incognita and the 
percentage of parasitization varied significantly in soils 
of different textures. Soil texture and other factors such 
as salinity, pH, organic content etc., that influence the 
nematode movement in soil (5) are likely to influence 
the P. penetrans activity. The parasitizing ability of P. 
penetrans was high in sandy soil and low in laterite soil. 
The higher parasitizing ability of the hyper-parasite is 
thus attributable to the more rapid and easy dispersal of 
nematode in sandy and sandy loam soils when compared 
to heavy laterite soil. Spaull (7) observed that P. penetrans 
occurred more frequently in sand and loamy sand than 
in other types in sugarcane fields of South Africa. The 
soil structure and EC have also been reported to affect 

the dispersal of P. penetrans spores in soil with loose 
texture (2). Physical and chemical soil properties might 
also affect the bacterial establishment and dispersal 
as has been shown for other nematode-antagonist 
systems. Small soil pores existed in soil containing high 
percentage of clay which may restrict the movement of 
P. penetrans spores. Verdjo-Lucas (12) discussed that 
spore may adhere to clay particles and would not be 
free to attach themselves to nematodes. This factor also 
could have influenced the reduced level of parasitization 
observed in the heavy soils in the present investigation. 

Temperature

Significant influence of temperature was observed in 
the extent of parasitisation of J2 by P. penetrans which 
was 90.5 per cent under 25ºC and 20.7 per cent under 15 
ºC. The same trend was seen in the spore load carried by 
individual J2 which ranged from 3.4 under 15ºC to 7.5 
under 25ºC (Table 3). The results of present experiment 
agreed with the findings of Anjukamra and Dhavan (1). 
Greater spore attachment was observed on M. javanica at 

7

Sorghum 50.5 (45.29)f 5.0e

Maize 47.3 (43.45)g 4.6ef

Sunflower 69.8 (56.66)e 9.0d

Tagetes 26.0 (29.33)h 3.0ef

Tap water 92.8 (74.44)c 15.5c

CD P=0.05) 1.14 2.2

Fig. 1. Influence of clay content on percentage of parasitization of P. penetrans on M. incognita

r = - 0.10

Fig. 1. Influence of clay content on percentage of parasitization of P. penetrans on M. incognita

Table 3. Influence of temperature on per cent parasitization of P. penetrans

Temperature Percentage of parasitization Number of spores attached/J2

150C 20.7d (26.0) 3.4d

200C 64.4b (53.4) 4.3c

250C 90.59a (71.9) 7.5a

300C 55.6c (48.0) 5.8b

CD (P=0.05) 0.7 0.2

Effect of soil properties and temperature on the bacterial bioagent, Pasteuria penetrans
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22.5 – 30.0°C (8). Wallace (13) reported that the optimum 
temperature for M. incognita J2 migration is 25°C. 
Thus the optimum temperature for spore attachment 
corresponds with the optimum temperature for migration 
of M. incognita J2 in soil. The data further substantiates 
that the higher parasitizing ability of P. penetrans was 
probably due to greater nematode mobility at 25°C.

Nematicides

Glasshouse experiment

The nematicide and P. penetrans when applied 
together reduced the number of galls, egg masses and 

soil population to the highest level, which was followed 
by individual application of carbofuran and P. penetrans 
(Table 4). Application of carbofuran along with P. 
penetrans increased the rate of parasitisation which was 
83.1 per cent as against 61.0 per cent in P. penetrans 
treatment only. The number of spores encumbered was 
also higher when P. penetrans was applied along with 
carbofuran (Table 4).The growth of plant assessed 
through fresh weight of shoot and root indicated that 
the application of the bio control agent along with the 
nematicides gave the best results than the application 
of either carbofuran or P. penetrans alone (Table 5).  
Application of a combination treatment consisting of 

Table 4. Effect of nematicides on the interaction of M. incognita and P. penetrans in tomato

Treatments
Number of 
nematodes 
/200 g soil

Number of 
galls /g root

Number of 
egg masses/ 

2g root

Percentage 
of J2 

parasitized/ 
200 g soil

Number 
of spores 
attached/

J2

Fresh 
weight 

of shoot 
(g)

Fresh 
weight 
of root 

(g)

M. incognita 
alone 320.0a 28.8a 40.4a - - 31.4c 19.2abc

M. incognita +  
P. penetrans 
(10mg)

147.4b 22.6b 18.6b 61 8.3
41.6b 19.8abc

M. incognita + 
carbofuran 6 mg 122.3c 20.6bc 16.0bc - - 47.6b 21.2ab

M. incognita +  
P. penetrans 
(10mg) + 
carbofuran 6 mg

107.0d 18.0bc 11.4c 83.1 11

57.4a 22.8a

CD (P=0.05) 14 4.8 5.4 7.9 7.0

Table 5. Effect of root exudates on the parasitizing ability of P. penetrans

Treatments Percentage of parasitization Number of Spores/ J2 

Tomato 97.2 (80.37)a 180a

Coleus 96.7 (79.53)b 17.8b

Cowpea 91.1 (72.64)d 14.1c

Sorghum 50.5 (45.29)f 5.0e

Maize 47.3 (43.45)g 4.6ef

Sunflower 69.8 (56.66)e 9.0d

Tagetes 26.0 (29.33)h 3.0ef

Tap water 92.8 (74.44)c 15.5c

CD P=0.05) 1.14 2.2
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nematicide and P. penetrans reduced the number of galls, 
egg and soil nematode population in a significantly better 
manner than either component applied individually. 

The nematicides carbofuran and aldicarb 
had no detrimental effect on P. penetrans  
(9). The possibility of increased spore attachment by 
P. penetrans in the presence of nematicide resulting 
in synergistic reduction of root galling by M. javanica 
was suggested by Brown et al. (3). Enhanced activity 
of the juvenile due to toxic effect of carbamate and 
organophorphate nematicides resulting in more frequent 
encounter with the spores has been suggested as reason 
for increased spore encumbrance and level of parasitism 
by P. penetrans (14). 

Root exudates

The influence of root exudates of host and non-host 
plants of M. incognita was tested on the parasitizing ability 
of P. penetrans. The parasitizing ability significantly 
increased over control in tap water in tomato by 4.5 
per cent and coleus by 4.0 per cent. In the other plants 
tested namely cowpea, sunflower, maize and tagetes, the 
parasitizing ability decreased and ranged from 91.1 per 
cent to 26.0 per cent, while in control it was 92.8 per 
cent. The difference between exudates of different host 
plants on the degree of parasitisation by P. penetrans was 
statistically significant. The host plant had influence over 
the number of spores which attach to the J2 In tap water 
control it was 15.5/J2 while in tomato and coleus it was 
18.0 and 17.8/J2, respectively. In the exudates of other 
plant species tested the spore load varied from 3.0 tagetes 
to 14.1 in cowpea (Table 6). Madula et al. (4) reported a 
high level of infection (75 per cent) of M. javanica with 
P. penetrans occurred under continuous cropping with 
tomato and lower level (25 per cent) under continuous 
cropping with tobacco and suggested that the action of 
root exudates could increase the multiplication of P. 
penetrans. The chemical components of root exudates 
probably influenced the differences in P. penetrans 
parasitization. O'Brien (6) reported that the carbohydrate 
related lectins are primary factors for spore attachment. 
So that the carbohydrates present in root exudates may 
be involved in spore adherence on juvenile cuticle. The 
parasitization by P. penetrans was very low in the exudates 
of the nematode antagonistic plant, tagetes. Nematicidal 
property of tagetes also reduce mobility of juveniles 
and this probably  resulted in lower parasitization of J2 
under this treatment, since the attachment of spores on J2 
cuticle depends on chance contact which increases with 
nematode migration (8).

CONCLUSION

The bacterial hyper parasite, Pasteuria penetrans is 
a potential bio control agent for nematode management. 
The findings of the present research work proved that 
P. penetrans can withstand wide range of temperatures 
and pH ranges. Similarly, the bacterium is compatible 
with nematicides. Root exudates of nematode host plants 
enhance the parasitisation per cent of P. penetrans. 
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