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Abstract

Termites Heterotermes  indicola (Wasmann) are destructively dagamging insects that cause massive harm to timber, 
resulting in loss of billions of dollars in property damage. Various chemical antitermite solutions are available that cause 
environmental contamination and are also hazard to human health. Extracts from 3 plants Cedrus deodara (Pinaceae), 
Betula utilis (Betulaceae) and Syzygium cumini (Myrtaceae) were tested for repellent, antifeedant and their toxicity 
against Heterotermes indicola (Wasmann). Our results show that feeding and mean percentage mortality varied not 
only with the plant species, but alsowith the type of the extraction solvents. Hexane extract of C. deodara showed the 
highest termite mortality rate. H.indicola consumed more ethanolic extract treated/untreated filter paper than hexan 
treated untreated filter paper with various plant extracts.These results show that hexane extracts of the plants were 
comparatively more toxic and repellent against H.indicola (Wasmann), since insects consumed mimimum filter paper 
treated with all three plant extracts. Results show that for all three plants, hexane extracts had optimum  anti-termite 
activity. 
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1. Introduction

Natural environment and human health has been 
seriously impacted by  indiscriminate use of  synthetic 
pesticides. Insecticides, organophosphates, carbamates 
and pyrethroidsare currently in use for plant protection 
(crops, vegetable, fruits) for the past several decades. 
The excessive use of commercial pesticides has resulted 
in contamination of human food chain, awide spread 
resistance/tolerance in targeted pest and noxious effect 
on field animals (Maehashi & Fujiyoshi, 1972; Bania 
& Polanowski, 1999). For example more than 27 insect 
species have become resistant to Bacillus thuringiensis 
toxins (Siegwart et al., 2015). In addition, synthetic 
pesticides are reported to be hazardous for beneficial 
insects as well as for the plant itself where plant defense 
genes are suppressed by insecticides (El-Zahi & Abd-
Elhady, 2013; Szczepaniec et al., 2013; Lanka et al., 
2014). Another major hazard for the use of synthetic 
insecticides is the involuntary exposure of field wokers 
causing severe injury (Reiss et al., 2015). Birth outcome 
and neuro-developmental abnormalities as a result of 

exposure to organophosphorus insecticides have been 
commonly reported in field workers (Reiss et al., 2015). 

Insecticides are not easily degradable materials and 
they remain in the environment for a long period of time. 
If insecticides are frequently altered, these can react with 
residual insecticides in the soil and have synergistic effects 
attenuating insecticidal activity and also modify soil 
chemistry and their toxicity (Ahmed et al., 2015; Casida, 
2015; Mohiddin et al., 2015). In addition, an extensive 
use of chemical insecticides may impart resistance to 
termites causing extensive damage to wood. Termites 
resistance to insecticides has been explored by analysis 
of the differencially expressed genes (Zhang et al., 2013). 
For this reason, bio-based substitutes are being explored 
for their eco-friendly nature.

At least 45 termites species belonging to four familis 
are reported world wide, but these species are difficult to 
characterize since there are little morphological differences 
in these species (de Figueiredo et al., 2015; Garrick et al., 
2015). Mitochondrial cytochrome oxidase subunit II gene 
has been used in PCR to differenciate between termite 
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species (Garrick et al., 2015). Termites cause extensive 
damage to organic matter and annually these are reported 
to cause a billion dollar property damage (Kirker et al., 
2015).

The international scenario has led to a good deal of 
work about the establishment and development of plant 
based pesticides (Pathak et al., 2000; Verma et al., 2006; 
Siddiqui et al., 2009). Thus, there is a great need to develop 
an environmentally sustainable system to control pests 
that are not as much dependent on chemical pesticides  as 
the primary management tool (Chandler et al., 2008).

An effective management of pest control has been 
investigated by plant-derived products such as essential 
oils. Insecticides of plant origin are reported to antagonize 
toxicity of chemical insecticides. Therefore, different 
plants and their derived products can be used as sustainable 
source of environmentally friendly botanical pesticides. 
Botanical insecticides/pesticides have several advantages 
over synthetic pesticides. Firstly these are eco-friendly, 
secondly these are easily available, also cost-effective 
and most importantly they are biodegradable (Dubey et 
al., 2008).

Higher plants producea broad spectrum of secondary 
metabolites including polyphenols, tannins, quinones, 
alkaloids, essential oils, sterols, saponins etc. and these 
phytochemicals show diverse biological properties as 
insecticides/pesticides. Toxicity to termites depends 

on the type of the phytotoxicant, its maximal toxicant 
transfer, exposure time and toxicant recipient ratios (Neoh 
et al., 2014). Keeping in view the significance of extracts 
as antitermitic agent, the present study was carried out  to 
investigate the extracts of local plants possessing natural 
metabolites that can be used fortermite management in 
Pakistan.

2. Materials and methods

2.1. Preparation of plant extracts

The bark, sapwood and heart wood of Cedrus deodara 
(Pinaceae), Betula utilis (Betulaceae) and Syzygium cumini 
(Myrtaceae) were collected from Jallo forest near Lahore 
and brought to entomology research laboratory, Lahore 
College for Women University (LCWU), Pakistan. Fresh 
plant leaves were collected for identification of the wood 
by our taxonomist in LCWU and specimens labeled as SM-
1200, were deposited in the university herbarium. Plant 
leaves and stems of C. deodara, Z.  cuminiand B. utilis 
were dried under shade at room temperature and powered 
using Wiley mill with 1mm mesh screen. Air tightglass 
bottles were used for storage of the ground samples. 20 g 
of the wood powder was soxhlet extracted with n-hexane 
followed by 95% ethanol. Since water maintenance and 
humidity are essential for survival of pests (Janei et al., 
2015), percentage of moisture content in soil placed in 
petri dishes was calculated using the following formula:

% Soil moisturecontent  = Weight loss in soil after drying
Weight of moisted soil before drying x 100  

2.2. Forced feeding tests

In order to study the toxicity of plant extracts, termite 
species H. indicola (Wasmann) were used for bioassays. 
Mature termites were maintained in the laboratory at 
26±2oC with 80% relative humidity. Only active and 
healthy workers were used for experimental purposes. 
Bioassays were conducted by forced feeding tests (Hardy 
et al., 2004; Habibpour, 2010). Sterilized glass petri 
dishes, measuring 5.5 Cm diameter with 2 g of sterilized 
moist soil, placed at the bottom of the petri dish, were 
used. Sterilized preweighed Whatmanfilter paper #1 
was placed over the soil at the bottom of each petri dish. 
The filter paper was impregnated with the hexane and 
ethanolicplant extract solution of known concentration. 
The organic solvent was thoroughly evaporated with hot 
air blower, before placing it in the petri dishes. In control 

experiments, a preweighed filter paper, impregnated 
with pure solvent without the wood extract was placed 
in the petridishs, after eveaporating the organic solvent. 
Three replicates of each extract were used. Ten healthy 
termite worker insects were placed in each petri dish 
and maintained at at 26±2oC and 80% relative humidity. 
Mortality of termites was observed for an average 7 days 
and dead individuals were removed on daily basis. 

2.3. Repellency tests 

Difference repellency test has been used to control pests 
(Bissinger et al., 2016; Krause Pham & Ray, 2015). In 
our study, repellency of the three plant extracts in two 
different solvents, 95% ethanol, and hexane, was assessed. 
2 g of soil was placed at the bottom of a petri dish and 
moistened with distilled water to maintain 20% humidity. 
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Whatman # 1 filter paper was cut into two halves and each 
half was weighed. One half of the filter paper was treated 
with hexane extract and the other half was treated with 
95% ethanol extract of known concentrations as spelled 
out in section 2.2. Control petridishes received dried filter 
paper impregnated with only organic solvent. Ten healthy 
workers were placed in each petri dish and maintained at 
26±2oC and 80% relative humidity. The mean number of 
termites on extract-treated filter paper with reference to 
blank filter paper in choice feeding test were recorded and 
weight losses (mg) of extract treated and blank filter paper 
were also recorded after a period of 7 days.

2.4. Data analysis

The data were analyzed using one way ANOVA test and 
paired comparison t-test using graphpad prism version 
4.00 for windows. Results with P<0.05 were considered 
statistically significant.

3. Results and discussion

The powdered palnt material was soxhlet extracted in two 
different solvents. A known volume and concentration of 
the extract was used in bioassays. Weight of extractable 
material from each plant, in different solvents is given in 
(Table 1). S. cumini yielded 1.8% ethanolic extract, while 
it yielded 1.55% extract with n-hexane. The percentage of 
other extracts is shown in Table 1. The ethanolic extract 
for all plants yielded greater percentage of extactable 
material, presumeably most secondary products were 
polar and were soluble in ethanol. In addition some 
primary metabolites such as sugars and amino acids could 
also be present in ethanolic extract of plants.

Table 1.  Plant extracts and their weights in different solvents

Plant species Solvent
Weight of
Extract 

(mg)
Yield (%)

Syzygium cumini
Ethanol 360.0 1.8

Hexane 310.0 1.55

Betula utilis
Ethanol 640.0 3.2

Hexane 400.0 2

Cedrus deodara
Ethanol 1630.0 8.15

Hexane 660.0 3.3

Table 2 shows the mean percentage mortality of H.  
indicola (Wasmann) workers treated with ethanolic and 
hexane extracts. With hexane extract, highest mortality 
(66.66±3.05) was recorded for  C. deodara. However, the 
ethanolic extract was relatively less toxic for pests. Table 
2 shows repellency of different extracts for H. indicola. 
These results suggest equal toxicity for ethanolic extracts 
of B.utilis and S.cumini, while n-hexane extracts of these 
two plants were more toxic than ethanolic extracts and 
were also unequal in their toxicity. When tested for 
repellency, the ethanolic extract of C. deodara and B. 
utilis showed equal repellency, but S. cumini had higher 
repellency than the other two plants. Repellency linearly 
increased in hexane extracts of the three plants, C. deodara 
being the most repellent (Table 2). Differences in toxicity 
and repellency to termites may be due to the crude extract 
composition extracted in different organic solvents.

Table 2. Percentage mortality ( ±SEM) of Heterotermes indicola 
(Wasmann) when exposed to ethanol or hexane extract of Cedrus 
deodara, Betula utilis and  Syzygium cumini and mean number of 
termites ( ±SEM) on extract-treated filter paper with reference to 

untreated filter paper in choice feeding test.

1Plant 
Species

2Extraction Solvent
Mean %age Mortality 

( ±SEM)

Repellency score 
( ±SEM)

Mean # of termites
Hexane Ethanol Ethanol Hexane

Cedrus 
deodara 66.66±3.05 61.66±2.90 2.00±0.88 6.00±2.02

Betula 
utilis 56.66±3.5 51.55±3.71 2.00±0.88 5.00±2.30

Syzygium 
cumini 56.66±3.20 48.88±3.71 3.00±0.80 4.00±1.73

Control 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

1Mean of three replicates, 10 worker termites in each.
2Extracts prepared by sequential extraction of plant with hexane, ethanol 

Figure 1 shows the weight of mean consumption of the 
blank filter paper compared with the extract treated filter 
papers for all three plants. Filter paper consumption could 
be taken as a measure of toxicity and replellency by the 
respective extact.The consumption (mg) were noticed as 
(28.0±0.003), (28.0±0.008) and (30±0.008) in filter paper 
treated with n-hexane extracts of C.deodara, B.utilis and 
S.cumini respectively.The consumption of untreated filter 
paper (control) was 32.6 mg. While filter paper treated with 
C.deodara, B.utilis and S.cumini with alcoholic extract 
showed maximum filter paper consumption as shown in 
Figure 1. Indicating minimal toxicity and repellency of 
the components present in ethanolic extract.
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Consumption (mg) of filter paper treated with plant extracts
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Fig. 1. Mean weight of filter paper consumed (mg) after extract-treateda and untreated filter paper in choice feeding testsb for one week by 

Heterotermes indicola (Wasmann). UNT = untreated with extract; T = treated with extract; Hex = hexane extract; EtOH = ethanol extract

Our results show that C. deodara (Pine) has higher 
pesticidal activity compared with B. Utilis and S. cumini,n-
hexane extracts. A hydro distillation and GC analyses of 
C. deodara yielded 34 components representing 98.3% of 
the pine needle oil. It is known that pine oil contains 45.8%  
β-himachalene as its major volatile component, which 
shows LD50 1.08mg/mL against larvae of dimond balck 

moth (Reddy et al., 2015). The other minor components of 
this plant have been identified as α-terpenol (1), limonene 
(2), linalool (3), anethole (4), eugenol (5), and bicyclic 
sesqueterpene cryophyllene Figure 2. A considerable 
antioxidant/prooxidant activity of the crude extract of C. 
deodara has been reported and it may cause pesticidal 
activity of this plant (Zeng et al., 2012).
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Fig. 2. Mean weight of filter paper consumed (mg) after extract-treateda and untreated filter paper in choice feeding testsb for one week by 
Heterotermes indicola (Wasmann). UNT = untreated with extract; T = treated with extract; Hex = hexane extract; EtOH = ethanol extract
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A phytochemical analysis of B.utilis by GC/HPLC and 
GC/MS has shown the presence of at least five marker 
threprapeutic compounds in this plant.These are identified 
as botulin, lupeol, oleanolic acid, 3-acetyloleanolic acid, 
and β- sitosterol (Khan et al., 2012). The third plant 
included in this study was S.cumini shows  antileishmanial 
activity and cytotoxicity (Ribeiro et al., 2014). This 
plant is known to yield four ellagic acid derivatives with 
antiplasmodial activity while its antidiabetic activity has 
also been reported (Simoes-Pires et al., 2009; Tripathi & 
Kohli, 2014). The plant is rich in anthocycnins, ellagic 
acid, isoquercetin, Kaemferol, myrecetin and lignin 
derivatives (Mir et al., 2009).

Survival and feeding responses of termites to plant 
extracts is becoming increasingly important in the wood 
preservation industry because there has been a greater 
focus in decreasing the potential leaching of chemicals 
into the environment. From the results obtained in this 
study, it is concluded that C.deodara n-hexane extract 
had higher termiticidal potential compared with B. utilis 
and S. cumini (Table 2). The later two extracts showed 
reduced mortality of insects. Our results confirm that 
the termicidal activity in all these pants was present in 
volatile oil fraction extracted with n-hexane that primarily 
contained terpenoid and related molecules (Kusumoto et 
al., 2009).

4. Conclusion

Plant extracts showed antitermitic activity due to their 
repellant action and toxicity due to their terpenoid and 
volatile components. The results of this study show 
that for extraction of antitermitic components n-hexane 
is a suitable solvent. The antitermitic coumpounds 
being phytochemicals, have an excellent potential as 
environmentally safe, cost effective and degradeable 
compounds and can be reliably used indiscriminately for 
different types of wood preservation.
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