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Abstract

A comparative study was conducted to determine the effect of roots-and leaves of vetiver grass
(Chrysopogon zizanioides. L. Roberty) when used as mulch against. Indian termites. The major
subterranean species, Heterotermes indicola were taken fopthestudy. Inthis, the vetiver root and leaves (1
kg) were shade dried and powdered in a pulverizer and‘tested against termites. The 100% vetiver root
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Paper received powder proved to decrease tunnelling activity and wood consumption. This also increased mortality rate of
05 July 2012 termites than leaf powder. To reach the food source, termites had to tunnel through the treatment chamber.

Three replicates were performed for each treatment. ‘Each container was covered and placed in a dark
Revised received: room at room temperature for 21 days. To maintain moisture, 10 ml of distilled water was added to the soil
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Introduction damaging agricultural crops and timber in buildings. The majority

ofthe pest species are soil inhabiting, either as mound builders or

Termites are a serious menace to both plants and
structures. They are the most problematic pest threatening
agriculture and urban environment. They cause significant loss to.
annual and perennial crops and damage to wooden components
in buildings, especially in the semi-arid and subthumid tropics
(Monica et al., 2009). In India termites are widely distributed:in
red, sandy loams, lateritic and red loam soils. They are known to
damage field crops such as wheat, maize, sugarcane;cotton,
groundnut, pulses and forest plantation trees such =~ as
Eucalyptus, silver oak, Casuarina and all kinds of timber used in
buildings. Several million of rupees on agricultural crops are lost
due to termite problems alone. About 10-25% loss is estimated in
most field and forest crops. Out of 300 species of termites known
so far from India, about 35 species have been reported as

asysubterranean nest builders (Rajagopal, 2002). Chemical
control has been a successful method of preventing termite attack
but the effects of these chemicals are of concern as they create
problems for our health and the environment. Biological methods
could be suitable alternatives in this regard (Monica et al., 2009).

Plants produce many natural compounds that are
repellent or act to alter feeding behaviour, growth and
development of insects (Duke, 1990). Vetiver (C. zizanioides),
native to India is a fast growing, belonging to family Poaceae that
also includes maize, rice, wheat, sorghum, sugarcane and lemon
grass. The vetiver roots and leaves contain hundreds of
terpenes, terpenoids, phenols, etc. It currently has three primary
commercial applications: as aromas in perfumes, as food
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flavouring additives, and as natural insecticide. In recent years,
biological activities, like, antioxidant, antimicrobial, insecticidal,
anticancer effects and termiticidal activities etc., of vetiver roots
and oil (Zhu et al., 2001b) are known. Chemical components of
vetiver root are also very important because they possess
fungicide, herbicidal and insecticidal properties. Vetiver oil and
one of its minor constituents, nootkatone, have been shown to
inhibit germination and seed expansion in a variety of
economically important weed species (Mao et al., 2004) and
possess repellent properties useful against ants, cockroaches,
bedbugs, head lice, flies and moths (Henderson et al., 2005a).
Vetiver oil and some of its constituents are also repellent and toxic
to termites (Henderson et al., 2005b; Ibrahim et al., 2004; Zhu et
al., 2001a, 2001 b). A previous wood treatment study indicated
that wood treated with vetiver oil or nootkatone was not only toxic
but acted as feeding deterrents (Maistrello etal., 2001). The usual
behaviour exhibited by termites in the presence of vetiver root
mulch observed on 8, 12 and 16 days were described as lingering
behaviour by Maistrello et al. (2002). The testing procedure was
modified from Nix et al., (2006) which showed that vetiver root
mulch has been tested to control termites in the chambers of
plastic containers on 4, 8, 12 and 16 days but no study has been
carried out to compare the efficiency of vetiver root with leaf
powder on tunnelling activity, wood consumption and termite
mortality. In view of above, the present study was carried out to
compare the efficiency of root and leaf powder of vetiver grass
(Chrysopogon zizanioides) against termites.

Materials and Methods

The vetiver (C. zizanioides) roots and leaves of biomass
production (120 days old root), were rinsed thoroughly with water
to remove soil and other debris. The root was shade. dried and
leaves under sunlight for 4 days. Dried roots‘and leavesswere
powdered in the pulverizer.

Experimental containers of 30 cm x10 cmx 10 cm size with
three compartments were taken for the study.(Fig. 1). The holes of
5mm diameter were made in the inngr walls €onnecting the
chamber. In the same way small pin holes (3 mm dia) were made
on the lid of boxes for ventilation. The three chambers were labelled
as nest chamber (NC), where termites were introduced, treatment
chamber (TC) with vetiver root powder (25 g)-and food chamber
(FC) where the wood of Ravi tree (Aesculus hippocastanus) was
placed. The experiment was conducted intriplicate.

Untreated wood of Ravi tree (A. hippocastanus) of 5 cm
size was collected and dried under sunlight for 2 hrs. It was weighed
(20 g) and placed inside the food chamber of all containers. The
garden soil was sieved with 2 mm sieve. Then 100 g of sieved soil
was taken and moistened with 10 ml of distilled water and put in the
control chamber of the experimental containers.

One hundred termites with mixed groups (queen, workers
and soldiers) collected from a colony at the garden of Department
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of Environmental Sciences, Bharathiar University campus, were
introduced into the nest chambers. To reach the food source,
termites had to tunnel through the treatment chamber. Three
replicates were performed for each treatment. Each container
was covered and placed in a.dark room at room temperature for
21 days. To maintain moistufe, 10 ml of distilled water was added
to the soil once in three days. Appropriate control with garden soil
in the control chamber/of the experimental container without
vetiver root and leave was maintained and the tunnel length of
termites was determined:

On 7", 14™and 21%day, the tunnel length was determined
by scanning the bottom of:each container (HP SCANJET 3370) to
fix the image of the tunnels. Images were printed to actual size to
measure thedotal tunnel length. The containers were dismantled
to check the number of live termites in the treatments. The number
of live termitesswas counted from NC, TC and FC chambers to
determine mortality. VWood slices were cleaned, dried for 2 hrs and
weighed to determine consumption by the following formula :

Number of deaths from a specified cause during time period x 100,000
Percent Mortality = x100
Total population from a specified cause during time period

Initial weight — Final weight
Percent CoNnSUMPLON = =eeemsmmememememmmmmmceceeeeeeee X 100
100

Field study was carried out by taking a square of 1m x 1m
(3 squares of 1m x 1m size) in the garden, Square 1: Control plot
(gardensoil alone); Square 2: Vetiver root powder (VR) on
ground surface inthe soil and Square 3 : Vetiver leaf powder (VL)
on ground surface in the soil

In Square 2, VR powder (500 gm) was spread on the
ground soil, similarly in Square 3, VL powder (500 gm) was
spread on the ground soil, respectively.

Statistical analysis : The percent consumption of the wood
samples and percent mortality were analyzed using analysis of
variance (ANOVA) procedure. The mean and standard error was
calculated using SPSS software.

Results and Discussion

In the control set on 7" day, the tunnel length was 22.7 cm
where as on 14th day the tunnel length increased to 27.3 cm,
respectively. But on the final day (21" day) the tunnel length did
not show any significant difference from 14" day. A significant
difference was found between the treatments and control in the
present study (Table 1andFig. 1).

The container, containing vetiver root powder, formed
tunnels on 7" day (10.5 cm). There was a minor difference in the
tunnel length on 14" day (10.6 cm) from 7" day. On 21* day, the
tunnel formation was found constant from that of 14" day. This
may be the reason that the tunnel formation by the termites might
be over or due to the mortality rate of the animals. Termites did not
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tunnel all the way through the treatment chamber to get into the
food chamber in VR containers. But in control set and VL the
tunnel was formed through the middle chamber to reach the food
chamber. The tunnel length formed on 7" day was 12.3 cm
comparatively more than that of vetiver root, where as it was

Control Food chamber

Nest chamber

Movement

Treatment chamber Food chamber

(vetiver root)

4 4 4

Nest chamber

Movement
Nest chamber Treatment chamber Food chamber
(vetiver root)
A A A

Movement

Fig. 1 : (A) Movement of termites in experimental container from nest
chamber to food chamber via treatment chamber (Control); (B)
Restricted movement of termites in experimental containers from nest
chamber; (C) Restricted movement of termites in experimental
containers from nest chamber
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found less than control. On 14" day, the tunnel length in the leaf
container was 19.9 cm and on 21* day it increased to 20.6 cm.
Instead of displaying the normal exploratory behaviour on 7", 14"
and 21* day, termites in the nest and treatment chamber of VR
chamber were very sluggish and remained clump together.

Consumption of wood was appreciably lower in VR
treatment (10.9%). The highestwood consumption was observed
in control (46.8%) and_next moderate amount of consumption
was observed in VL reatment (18:7%) which was not notably
different from each other (i.e:, VL"and control). Termites in VR
chamber exhibited high mortality rates (26.6%) than termites
presentin controland VL chamber (Table 1).

Results ofathe field ‘study were similar to those of
laboratory experiment. In Square 1, where the garden soil was
used as control, the/colonization was formed on 7 day. In Square
2, thatycontained the vetiver root powder no colonization was
foundill termination of the experiment (21* day). Butin Square 3,
where vetiver leaf powder was applied, the colonization was not
formed till 14" day but established after 21* day.

Termites are ecologically important insects that aid in
breakdown of cellulose material and recycling of nutrients.
Currently, control of subterranean termites depend mainly on the
ingorporation of synthetic chemical treatments with a long
persistence into the soil. There has been an increased public
awareness of pesticide use in the urban landscape and an
increased desire to reduce their use and implement more
environmentally safe control strategies (Forschler and Jenkins,
2000). There is an increasing interest in using natural products in
pest control because of their low mammalian toxicity and
environmental safety (Duke, 1990).

Roots of vetiver plants have been used in many areas of
the world as a repellent to a variety of insects (Chomchalow,
2003). In the present study, it was recorded that vetiver root
powder prevented formation of termite colony under experimental
condition. In field condition, where vetiver root powder was
applied previously to the soil, mulching of vetiver leaves did not
invite termites. This coincided with the findings of Long et al.
(2001) who reported that mulches (materials spread over soil
surfaces) reduces moisture evaporation, protects soil from
erosion, provide insulation during periods of extreme
temperatures and inhibit weed growth.

Also, because mulches protect the soil by conserving
moisture, they create a conducive environment for termites.
While data indicate that organic mulches do not increase the rate
of termites scouting to the area (Long et al., 2001), because
mulches are often placed directly against a home's foundation,
they can provide a hidden, direct way for termites into a home. In
cases where mulches are placed at top soils previously treated
with termiticides, mulches provide a bridge allowing termites to
cross over treated soil (Long et al.,, 2001). The present result
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Table 1: Mean total length of tunnels, mortality of termites and wood consumption for each treatment of vetiver root and leaf obtained after 21 days

Treatment Tunnellength Mean Mean wood

7" day 14" day 21% day mortality (%) consumption (%)
Control 227124 27.3+6.3 289+84 52+1.2 46.8+14.6
VR 10543 10.6+2 10.6+2 86.6+12.8 0.9+0.2
VL 12.3+£2 19.9+4 206+3 284+43 18.7+54
F-value 17349.3* 28009.3* 33583.3" 87461.85* 2336.84*

*Significantat 0.05 level, values are mean of three replicates + SD

indicate that the tunnelling and consumption of food by the
termites was more in control sets, where as the mortality rate was
more in the container having vetiver root powder. In addition,
wood treated with nootkatone, a compound present in vetiver oil,
from vetiver roots acts as a repellent and feeding deterrent
against Formosan subterranean termites, decreasing the number
of protozoa in the gut of termite and also disrupting tunneling
behaviour (Maistrello et al. 2000, 2001, and 2002). Earlier, it has
been shown that vetiver oil and many of its constituents are
effective repellents and toxicants to termites (Nix et al., 2003,
Ibrahim et al., 2004, Henderson et al., 2005a). One can speculate
that since vetiver roots and oil have been shown to be an effective
repellent to a variety of insects, including termites, it would be
likely that vetiver roots used as mulch would act as an effective
repellent against termites. The fast growing root system of this
plant contain essential oils, natural compounds found in many:
different plants (Zhu et al., 2001b).

Thus, from the present study, it can be concluded that the
tunnelling and consumption of food was higher ingVR and
mortality rate in the VL treatment was found to be lessnas
comparedto VR.
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