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ABSTRACT

Use of chemicals in agriculture has proved its importance and nuisance value if used indiscriminately. The
world is facing number of problems which threaten the healthy existence of human on the earth for longer time.
Chemicals used for termite control are hazardous to biotic and abiotic factors in the environment and hence
banned in US and European countries but are still used in developing countries. They are applied in huge
quantity polluting soil, air, water and food because of which residues of harmful chemicals have been found
even in the breast milk. It has been observed from the study that hazards of commercial termiticides can be
reduced by mixing safer, cheaper and easily available CNSL. In a study formulations were made by using
Chlorpyrifos (10-50%), Copper naphthenate (10-50%) and Boric acid (10-50%) to make CNSL (50-100%)
based termiticides. All these formulations were applied by surface application and dipping method on the wood
specimens and placed on the termite mounds for 60 days. Formulations of CNSL (50, 60, 70, 80 and 90%) with
Chlorpyrifos (10, 20, 30, 40 and 50%) were found the most effective against termite attack than that of with
Copper naphthenate (10-50%) and Boric acid (10-50%).

Introduction
Termites, Infraorder-Isoptera and epifamiliy Termitoidae have been observed as a considerable pest of crop
plants, stored grains, fodder, wooden furniture and building structures mainly feeding on lignocellulosic
materials in the form of grass, wood, crops, seedlings, clothes etc., causes enormous economic losses. It may
cause 50-100% yield loss in sugarcane, maize, wheat, fruits etc.; buildings, irrigation channels, earthen dams
and structures can be weakened by burrowing, leading to tremendous loss to farmers, public and nation
(Mitchell, 2002). Some of the most common types of termiticides include: Cypermethrin, Bifenthrin,
Fenitrothion, Permethrin, Fenvalerate and Chlorpyrifos, Imidacloprid, Aldrin, Heptachlor, Copper Naphthenate,
Boric acid and Chlordane etc. which are hazardous, causing deleterious impact on non-targeted biotic and
abiotic factors of environment (USEPA, 2000).

The unregulated and indiscriminate applications of hazardous chemicals in agriculture have raised serious
concerns about the entire environment in general and the health of humans, birds and animals in particular.
Despite ban on application of some of the chemicals environmentally persistent and least biodegradable
pesticides in many countries, their use is ever on rise (Agrawal et al., 2010). Chemical control has been a
successful method of preventing termite attack but they create problems for human health and environment.
Biological methods could be suitable alternatives in this regard (Verma et al., 2009). Also there is an increasing
search for naturally occurring toxicants from plants to avoid environmental pollution and health problems
caused by traditional wood preservatives or synthetic pesticides (Chang et al., 2001). It highlights the necessity
to develop suitable non-chemical means and ecofriendly products such as botanicals and microbial pathogens
reported to have termiticidal effects, can be called as bio-pesticides.

Cashew nut (Anacardium occidental), shell liquid (CNSL) is abundantly available in coastal and semi-arid
regions of India and the world. It is oil used in medicines, insecticides and other industries. It has termite
repellent and termiticidal properties also. If CNSL is used for developing termiticides, it will be a value addition
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in it, as well as will help utilizing natural source efficiently, generate employment opportunity in rural areas and
help reducing the use of hazardous chemical termiticides.

Review of literature
The cashew nut (Anacardium occidental Linn.) tree is grown well on poor sandy soils along the coastal belt in
Asian and African countries for commercially important delicious kernel, high in demand for export, kernel oil,
cashew nut shell liquid (CNSL) and cashew apple. India is the largest producer, processor and exporter of
cashew nut in the world. India produces about 7.25 lakh tones of cashew nuts accounting 26% of global
production in 2014-15 from the largest area of 10.27 lakh ha. It is found mainly in Maharashtra, Andhra Pradesh,
Odisha, Kerala, Karnataka, Tamil Nadu, Goa, West Bengal and Jharkhand (DACFW, 2016; Nagaraja and
Balasubramanian, 2007). Maharashtra ranks first with 28.78 percent production of the country and productivity
of cashew nuts 1500 kg/ha (CEPCI, 2012; http://www.cashewindia.org). India has imported 6581, 8150, 4516
tons of raw cashew nuts in the year 2014, 2015, and 2016, respectively for processing and re-exporting (Zauba
Technologies & Data Services Pvt. Ltd., 2016).

Cashew nut shell consists of reddish brown, viscous, strongly vesicant liquid about 30-35 % of the cashew nut
shell called CNSL (Behrens, 1996) which constitutes of 80-90 % anacardic acid and 10-20 percent cardols
(Tyman, 1979). It is often considered as abundantly available, better and cheaper material for unsaturated
phenols. Anacardic acid, a bioactive phytochemical, is a mixture of several closely related organic compounds,
each consisting of salicylic acid substituted with an alkyl chain and can be used as anti-termite, bactericide,
fungicide, insecticide (Mahadevappa et al., 2012). Ample quantity of cashew nut shell is available but the
potential of production and utilization of CNSL in Indian industries is yet to be harvested efficiently hence
major of it is exported. India has exported about 10,938 tons of CNSL costing Rs. 55.81crores, to Korea Rep.,
China, USA, Japan, Slovenia, Taiwan, Singapore, United Kingdom, Indonesia and other countries in the year
2014-15 (CEPCI, 2015).

Existing termiticides are hazardous to biotic and abiotic environment and are comparatively expensive.
Alternative termiticide should be economical, environment friendly, abundantly available, safe to consumers
and having termiticidal efficacy (USEPA, 2000). It is reported that CNSL have good termite killing and
repelling abilities and can be explored for developing effective termiticide in combination with commercial
termiticides. The study was undertaken to develop suitable termiticide using the CNSL with Chlorpyrifos,
Copper naphthenate and Boric acid to be suited to the sustainable development of agriculture.

Materials and Methods
Three chemicals: Chlorpyrifos (CF), Copper Naphthenate (CN) and Boric acid (BA) were mixed in CNSL to
develop CNSL based termiticides, as shown in Table 1 and Fig.1. One chemical each time was mixed in CNSL
to make up the proportion of formulation 100 %. The levels of first four formulations TC1, TC2, TC3 and to TC4

were 100% of CNSL, CF, CN and BA, respectively. In the next fifteen formulations from TC5 to TC19, levels of
CNSL were 90, 80, 70, 60 and 50 %; and of CF, CN and BA 10, 20, 30, 40 and 50% each. One control treatment
TC20 was without any treatment.

Wood sticks of Giripushpa (Gliricidia sepium) (Jacq.) Kunth ex Walp., were cut in to pieces, debarked, well
dried in cabinet dryer, polished and specimens of 30 cm long and 2.5cm average diameter with no spiral grain,
knots, splits or discolourations with minimum variation in densities were made out of it. Specimens were
conditioned at room temperature for 24 hrs to equalize the moisture content and weight of each specimen was
recorded before the subsequent treatments. Treatment was conducted in the month of December in which the
atmospheric temperature was min. 11.5 0C and max. 33.6 0C and Rh (%) was min. 36 and max. 93. Specimens
were marked with red colour at upper end and labelled as per the treatments. Weight of each specimen (30cm
long, 2.5cm dia.) was noted before treating with termiticides. One end of specimen surface 10cm long was
applied with three layers of termiticides with the brush, as per the treatment levels and dried at room temperature
for 24hrs before field testing. Termiticides applied on the specimen forms a coating over the surface area to be
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exposed to termites. Weight of each specimen was noted to know the percent of termiticide absorbed by the
surface area of each specimen and the amount of termiticide absorbed was calculated by general formula of
moisture content determination as given below:

………… (2)
Where:

W1 = air dried weight of the specimen

W2 = air dried weight of treated specimen

Then specimens were exposed to termite by field testing.

Field Testing
Treated wood specimens were intermixed separately and placed randomly on termite mounds vertically up to 10
cm deep (Fig.2). Specimens were placed for 60 days and visible upper portion was observed about termite attack
on it. The observations of termite attack and wood loss was noted after 60 days. Termite mound caps were
carefully broken after 60 days and specimens were taken out for observation. Soil adhered to specimens on the
surface and in the holes made in the center of specimen by termites, was carefully removed. Portion of some
specimens placed in the mound was completely encapsulated by soil and non-attacked, some others were
attacked light to heavily by termite in 60 days. Then weight of specimens was noted and weight loss/mass loss
(%) was calculated as below.

Mass Loss X100 …………………………….… (4)

Where, M1and M2 are initial (before exposure) and final (after exposure) weight (g) of the specimen (EN 118,
2005).

Table 1: CNSL based Termiticide Treatments.
No. Treatment CNSL (%) CF (%) CN (%) BA (%)
1 TC1 100 0 0 0
2 TC2 0 100 0 0
3 TC3 0 0 100 0
4 TC4 0 0 0 100
5 TC5 90 10 0 0
6 TC6 90 0 10 0
7 TC7 90 0 0 10
8 TC8 80 20 0 0
9 TC9 80 0 20 0

10 TC10 80 0 0 20
11 TC11 70 30 0 0
12 TC12 70 0 30 0
13 TC13 70 0 0 30
14 TC14 60 40 0 0
15 TC15 60 0 40 0
16 TC16 60 0 0 40
17 TC17 50 50 0 0
18 TC18 50 0 50 0
19 TC19 50 0 0 50
20 TC20(Control) 0 0 0 0
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(TC - Treatment of chemical formulation with CNSL, CNSL- Cashew nut shell liquid, CF-Chlorpyrifos, CN-
Copper naphthenate, BA- Boric acid)

Fig. 1: Experimental Design. Fig. 2: Field testing of CNSL based

termiticides.

Fig. 3: Mass loss of specimen treated by surface application method.
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Fig. 4: Mass loss of specimen treated by dipping method.

Results and Discussion
Results obtained from the field testing of specimens treated with CNSL based chemical formulated

termiticides by surface application method and by dipping method are given in the Table 2. The data was
statistically analyzed by Randomized Block Design method.

1. Surface application method
Table 2 shows that specimens in the treatments TCSF1 (CNSL 100%), TCSF3 (Copper naphthenate 100%) and
TCSF4 (Boric acid 100%), treated by surface application method were attacked by termite and specimen mass
loss was 38.24, 3.47, 80.96%, respectively. The specimens in the treatment TCSF2 treated with Chlorpyrifos
(100%) were not attacked by termite and shown strong anti-termite activity for a period of 60 days. Treatments
TCSF6, TCSF7, TCSF9, TCSF12, TCSF13, TCSF15, TCSF16, TCSF18, TCSF19 and TCSF20 were attacked by
termite and specimen mass loss was 54.94, 46.04, 39.63, 27.88, 14.30, 10.30, 30.85, 35.40, 15.34 and 87.75%,
respectively.

Treatments TCSF2, TCSF5, TCSF8, TCSF11, TCSF14 and TCSF17 having formulation of CNSL (0, 90, 80, 70, 60
and 50%) with Chlorpyrifos (100, 10, 20, 30, 40 and 50%) were not attacked by termite. All the specimens
treated by formulation of CNSL with Copper naphthenate and Boric acid were attacked by termite except
TCSF10 in which the proportion of CNSL: Boric acid was 80:20. Treatments with zero mean were found the
most effective against termite in comparison to other treatments. The termiticidal activity in surface application
method was found as CF>CN>CNSL>BA. Termite attack on the specimens treated with different formulated
termiticides was found varied and erratic but indicates the trend of attack with respect to the termiticidal activity
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of formulations (Fig. 3). Statistically, the treatments TCSF2, TCSF5, TCSF8, TCSF10, TCSF11, TCSF14 and
TCSF17 were found significantly superior over all the treatments.

Table 2: Mass loss of specimen treated with CNSL based termiticide by surface application method.

Sr.

No.

Treatment Formulation

CNSL:CF:CN:BA

Mass Loss

(%)

1 TCSF1 100:00:00:00 38.24

2 TCSF2 00:100:00:00 0.00

3 TCSF3 00:00:100:00 3.47

4 TCSF4 00:00:00:100 80.96

5 TCSF5 90:10:00:00 0.00

6 TCSF6 90:00:10:00 54.94

7 TCSF7 90:00:00:10 46.04

8 TCSF8 80:20:00:00 0.00

9 TCSF9 80:00:20:00 39.63

10 TCSF10 80:00:00:20 0.00

11 TCSF11 70:30:00:00 0.00

12 TCSF12 70:00:30:00 27.88

13 TCSF13 70:00:00:30 14.30

14 TCSF14 60:40:00:00 0.00

15 TCSF15 60:00:40:00 10.30

16 TCSF16 60:00:00:40 30.85

17 TCSF17 50:50:00:00 0.00

18 TCSF18 50:00:50:00 35.40

19 TCSF19 50:00:00:50 15.34

20 TCSF20 00:00:00:00 87.75

Mean 24.26 F cal F tab Result

SE + 16.8570675

CD at  5% 48.2605314 4 1.867332 Significant

(TC-Chemical formulation treatment, CNSL-Cashew nut shell liquid, CF-Chlorpyrifos, CN- Copper
naphthenate, BA- Boric acid, S- Surface application method, F- Field test)

2. Dipping Method
Table 3 shows that specimens in the treatments TCDF1 (CNSL 100%) and TCDF4 (Boric acid 100%) treated by
dipping method were attacked by termite causing specimen mass loss of 46.79 and 77.65%, respectively during
the 60 days period of exposure. Specimens in the treatment TCDF2 (Chlorpyrifos 100%) and TCDF3 (Copper
naphthenate 100%) termite attack was nil and no mass loss occurred, indicates that Chlorpyrifos (100%) and
Copper naphthenate (100%) has strong termiticidal activity in dipping method than CNSL and Boric acid.

Specimens in the treatments TCDF5, TCDF6, TCDF7, TCDF9, TCDF13, TCDF16, TCDF18, TCDF19 treated by
dipping method and TCDF20 control were attacked by termite causing specimen mass loss of 1.92, 2.79, 5.70,
31.52, 3.10, 6.43, 3.86, 12.87 and 84.42%, respectively after exposure to termites for a period of 60 days.
Treatments TCDF8, TCDF10, TCDF11, TCDF12, TCDF14, TCDF15 and TCDF17 were not attacked by termite.
Treatments with zero mean were found to be the most effective against termite in comparison to other
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treatments. The termiticidal activity in dipping method was found as CF>CN>CNSL>BA. Termite attack on the
specimens treated with different formulations was found varied and erratic but indicates the trend of attack with
respect to the termiticidal activity of formulations (Fig. 4). Statistically all the treatments except TCDF4 were
significantly superior over control. All the treatments except TCDF1, TCDF4, TCDF9 were at par with each other.

Table 3: Mass loss of specimen treated with CNSL based termiticide by dipping method.

Sr.

No. Treatment

Formulation

CNSL:CF:CN:BA

Mass Loss

(%)

1 TCDF1 100:00:00:00 46.79

2 TCDF2 00:100:00:00 0.00

3 TCDF3 00:00:100:00 0.00

4 TCDF4 00:00:00:100 77.65

5 TCDF5 90:10:00:00 1.92

6 TCDF6 90:00:10:00 2.79

7 TCDF7 90:00:00:10 5.70

8 TCDF8 80:20:00:00 0.00

9 TCDF9 80:00:20:00 31.52

10 TCDF10 80:00:00:20 0.00

11 TCDF11 70:30:00:00 0.00

12 TCDF12 70:00:30:00 0.00

13 TCDF13 70:00:00:30 3.10

14 TCDF14 60:40:00:00 0.00

15 TCDF15 60:00:40:00 0.00

16 TCDF16 60:00:00:40 6.43

17 TCDF17 50:50:00:00 0.00

18 TCDF18 50:00:50:00 3.86

19 TCDF19 50:00:00:50 12.87

20 TCDF20 00:00:00:00 84.42

Mean 13.85 F cal F tab Result

SE + 7.940931

CD at   5% 22.7343 4 1.867332 Significant

(TC-Chemical formulation treatment, CNSL- Cashew nut shell liquid, CF- Chlorpyrifos, CN- Copper
naphthenate, BA- Boric acid, D- Dipping method, F- Field Test)

Termite is a eusocial insect have varying nature of attack on lignocellulosic materials depending on adaptability,
food availability, age of insect, type of species, wood moisture, wood density and pheromone trails
(Thorne,1999), therefore, varied attack has been observed on the specimens in the treatments. However,
specimens might felt toxic, had no termite attack and less toxic specimens have been attacked. It shows the trend
towards selecting the better CNSL based termiticide formulations.

Nature of termite attack on wood specimens in all the treatments was erratic and varied. It may be because of
adoptability, palatability, repellency, food availability, type of termite and opportunity, age of workers, type of
species in the mound, wood moisture, wood density and pheromone trails. Also, termite in Konkan region might
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have adaptability (coevolution) with cashew nut tree (Fruits, leaves, stem and roots) having anacardic acid as
active ingredient.

Summery and Conclusions
India is leading country in cashew nut production, processing and export with the help of domestic

production and import of raw cashew nuts for processing. Cashew nut shell liquid is a byproduct of cashew nut
processing industries, established in the coastal regions. In tropical and subtropical regions, termite is playing a
major role in infesting the wooden structures, plants, crops and any lignocellulosic material, causing enormous
losses. Chemical termiticides hazardous to biotic and abiotic factors are used in termite control practices today
of which chemical residues have been reached up to the mother’s milk in human. Therefore, to bring the
solution to this problem, the doctoral research study was undertaken on, ‘Development of cashew nut shell
liquid based termiticide by using chemicals’.

Chlorpyrifos, Copper naphthenate and Boric acid were mixed in CNSL in the varied proportion to develop
CNSL based termiticide. Wood specimens were treated with formulations by surface application and dipping
method. Then these specimens were tested in the termite infested field on the mounds for 60 days. Response of
termite to the specimens treated with different formulations was recorded in the form of mass loss percentage.
Field testing data of oil formulations and chemical formulations was analyzed by following RBD method.

Conclusions

 Termiticide formulations of CNSL (50, 60, 70, 80 and 90%) with Chlorpyrifos (10, 20, 30, 40 and 50%)
were found more effective against termite attack than those with Copper naphthenate and Boric acid.
 Only one formulation of CNSL (60%) with Copper naphthenate (40%) in dipping method was found
effective against termite attack but other formulations were less effective.
 The only one formulation of CNSL with Boric acid (20%) was also found effective against termite but all
other formulations of CNSL with Boric acid were found less effective.
 Termiticidal activity of chemicals and CNSL was found as Chlorpyrifos>Copper naphthenate>Cashew nut
shell liquid>Boric acid.
 Amply available CNSL is nontoxic to environmental factors, if mixed in commercial termiticides, will be
helpful to reduce the cost of termiticide and will help reducing hazards of termiticides in the environment.
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