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In order to evaluate the toxic effects of essential oil from rhizomes of Acarus calamus L., different doses (30, 50
and 70 IJL) were tested against grubs of Trogaderma granarium (Everts). Percent mortality for exposure periods
of 3, 5 and 7 days was observed. Post treatment population build up was observed at 60 days. The exposure
period appeared to be the most important factor affecting the toxic effect of the vapours of the Acarus oil rather
than the dosage. Insect showed 11.10, 22.59 and 44.70 % morality at exposure time of 3, 5 and 7 days,
respectively, whereas 22.18, 24.44 and 27.77 % mortality was observed with 30, 50 and 70 IJL of oil respectively.
Population build up was reduced both with increase in dose of Acarus calamus oil and exposure time.

INTRODUCTION

Khapra beetle, Trogoderma granarium, is the world's
worst pest of the stored grains (Christensen and
Kaufmann, 1969). Losses caused by khapra beetle
have been reported to range from 0.2 to 2.9 % over a
period of 1 to 10.5 months (Irshad et. el., 1988).
Phsophine is most frequently used to protect stored
agricultural products. Various stored grain insect pests
including T. granarium (Everts.) have become tolerant
to this fumigant. Appreciably high resistance was
recorded in T. granarium strains collected from Punjab
and Sindh (Alam et el., 1999)
In addition to phosphine, grain protectants like
synthetic pyrethroids and organophosphates have
been in use during last many years. These chemicals
like malathian, cypermethrin, deltamethrin, bifenthrin
etc. pose risk to human health and the environment
(Tarakanov et el., 1994; Tsumura et al. 1994).
Moreover, malathian and cypermethrin have gone
ineffective due to development of resistance in insect
pests of stored grain particularly in Trogaderma
granarium (Irshad and Iqbal, 1994; Saxena and Sinha,
1995).
Rhizomes of sweet flag, Acarus calamus L. (Aracae),
possesses insecticidal properties against a wide
variety of insect pests. The powder and extracted oil of
rhizomes act as stomach / contact poison, anti-feedant
and repellent. The toxic and sterilizing effects of
vapours of rhizome oil against certain insect pests
have also been observed. (Schmidt et al., 1991).
In the present project studies were made to evaluate
the toxic effects of essential oil of A. calamus L.
rhizomes in different doses against T. granarium
(Everts) at different exposure times.

MATERIALS AND METHODS

Trogaderma granarium collected from various
godowns of Punjab Food Department located in
Faisalabad district was reared in one liter capecity
glass jars containing wheat. These glass jars were
placed in an incubator maintained at 30 ± 2 QCand 60
±5 % R.H.
The rhizomes of sweet flag, Acarus calamus, were
collected from northern hilly areas of Pakistan. The
rhizomes were cleaned, dried and ground to a fine
powder (30 mesh) and then extracted with n-hexane in
the Soxhlet extraction apparatus. Extracts were
concentrated in a rotary evaporator and finally made
solvent free in vacuum desiccator to obtain pure oil.
The oil was stored in a refrigerator at 4 QC.
Acetone was used as a solvent for Acarus calamus oil.
Different dilutions were prepared as under: -
999 ml of acetone + 1 ml of oil = 1 liter of solution.
1 ml of solution = 1 IJIof oil
Glass jars of 1150ml capacity were used as exposure
chamber. 250 grams of wheat grains were taken for
each treatment. Thirty grubs of Tragaderma granarium
were placed in each glass jar. These grubs were
exposed to different doses of Acarus calamus oil. The
doses of Acarus calamus oil were 30, 50 and 701J1.All
treatments were replicated four times. There was one
untreated control for each treatment.
Application of Acarus calamus oil was carried out by
releasing the required volume of appropriate oil
solution from an automatic pipette to a disk of 4 em
diameter filter paper (Whatman No.2) attached to
inner surface of the lid of the glass jars (Zaidi et et.,
2003, Rasool et el., 2002). Exposure periods for each
treatment were 3, 5 and 7 days. At the end of exposure
period, jars were opened. The grubs of Trogaderma
granarium were separated from the grains and
mortality was assessed.
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The survivors were transferred to glass jars containing
untreated grains. The jars were kept at 32 ± 2 QCand
65 ± 5 % relative humidity. After 60 days, total number
of adult and grubs were calculated for population build
up. At the end, collected data of percent mortality and
mean population build up were analyzed statistically
following CRD analysis of Variance and Duncan's
Multiple Range Test (Steel and Torrie, 1980)

RESULTS AND DISCUSSION

Results showed that exposure time had highly
significant effect on the mortality of T. granarium
(Everts), whereas doses of A. calamus oil and the
interaction of Acorus calamus oil doses and exposure
times had significant effect on the mortality of T.
granarium (Everts).
Table -1 shows the mean values of percent mortality
and population build up of T. granarium at different
doses of A. calamus oil. 70 I-lL dose of A. calamus oil
with 27.77% mortality was statistically at par with 50 I-lL
dose causing 24.44% mortality of test insect and
differed significantly from 30 I-lL dose with 22.18%

main exposure times differed significantly from one
another having mean values of 40.70, 22.59 and
11.10% at 7, 5 and 3 days respectively. Sim ilarly, in
case of population build up per insect, all exposure
time differed significantly from one an other having
mean values 8.544, 7.459 and 6.374 times for 3,5 and
7 days respectively.
The mean percent mortality observed in response of
interaction of doses with exposure time is given in
Table-3. Maximum mortality (43.33%) was achieved
with 50 I-lL x 7days, which was found to be statistically
at par with that at 70 I-lL x 7days (40.00 %) and 30 I-lL x
7days (38.77 %), differing significantly from all other
interactions. Mortality with 70 I-lL x 5days (31.11 %)
differed significantly from all other combinations.
Mortality of 50 I-lL x 5days (18.89%) and 30 I-lL x 5days
(17.78%) were non-significant to each other.
Combinations 30 I-lL x 5days (17.78%) and 70 I-lL x
3days (12.20%) are statistically at par with one
another. Combinations 70 I-lL x 3days (12.20%), 50 I-lL
x 3days (11.11 %) and 30 I-lL x 3days (10.00 %) had
non-significant difference. These combinations have
given statistically the lowest mortality.

Table 1. Comparison of percent mortality and Population build up of T. granarium (Everts) at different
doses of A. calamus oil

Doses (I-lL) Means of percent Mortality Means of Population build-up per insect

30 I-lL 22.18 a 7.04 a
50 I-lL 24.44 ab 5.67 b
70 I-lL 27.77 b 4.48c

F. ratio = 5.2,
F. ratio = 149.3,

LSD value = 6.3,
LSD value = 0.3,

Standard error = 2.1 at a 0.05 ( For mean percent mortality)
Standard error = 0.1 at a = 0.05 (For mean population build up)

mortality which was statistically at par with 50 I-lL dose
whereas population build-up was 12.62,7.04,5.67 and
4.49 per insect against 0, 30, 50 and 70 I-lL
respectively.
Table-2 shows the effect of exposure time on the mean
percent mortality and population build up of
Trogoderma granarium. In case of mortality all the

Means of population build observed in response of
interaction of doses of Acorus calamus oil with
exposure time are also given in table 3. Maximum
population build-up per insect (12.69) was observed
under (control (0 I-lL) x 5 days) which was found to be
match able to the population build up at 0 I-lL x 3 days
(12.62) and 0 I-lL x 7 days (12.56), differing

Table 2. Comparison of percent mortality and post treatment population build up of T. granarium (Everts)
at various exposure times

Exposure Time (Days) Means of percent Mortality Means of Population build-up per insect

7 days 40.70 a 8.544 a
5 days 22.59 b 7.459 b

3 days 11.10c 6.374 c

F. ratio = 147.1,
F. ratio = 97.8,

LSD value = 3.6,
LSD value = 0.3,

Standard error = 1.2 at a 0.05 (For mean percent mortality)
Standard error = 0.1 at a = 0.05 ( For mean population build up)

56



Insecticidal activity of different doses of Acarus calamus oil

Table 3. Comparison of percent mortality and population build up of T. granarium (Everts) caused by
interaction between various doses of A. calamus oil and exposure times.

Dose x Ex osure Time Means of ercent Mortalit Means of Po ulation build-u er insect

30 IJL x 3 days
30 IJL x 5 days
30 IJL x 7 days
50 IJL x 3 days
50 IJL x 5 days
50 IJL x 7 days
70 IJL x 3 days
70 IJL x 5days
70 IJL x 7 days

10.00 e
17.78 cd
38.77 a
11.11 e
18.89 c
43.33 a
12.28 de
31.11 b
40.00 a

3.318 f
5.442 c

6.972 b
4.167 e
5.452 c

8.722 a
4.703 d
5.470 c
7.395 b

F. ratio = 4.2,
F. ratio = 22.8,

LSD value = 6.3,
LSD value = 0.5,

Standard error = 2.1 at a 0.05 ( For mean percent mortality)
Standard error = 0.2 at a 0.05 ( For mean percent mortality)

significantly from all other combinations. Population
build-up per insect at 30 IJL x 3 days was 8.72 insects
differing significantly from all other combinations.
Combinations 50 IJL x 3 days (7.39) and 50 IJL x 5
days (6.97) were statistically at par, having significant
difference from other values. Similarly, combination 50
IJL x 5days (5.47), 30 IJL x 7 days (5.45) and 70 IJL x
3days (5.44) are statistically at par, having significant
difference from other values. Minimum population
build-up per insect (3.31) was observed at 70 IJL x 7
days, which differed significantly from all other
interactions.
Our findings are in accordance with the findings of
Chandel et al. (2001); Kumari et al. (1999); Risha
(1993) and Rasool et al. (2002) who observed that in
case of Acarus calamus oil exposure period was much
more important than dosage.
The results of present study for percent mortality of
Tragoderma granarium (Everts) against Acarus
calamus oil differ from the findings of Schmidt and
Risha (1990); Risha et al. (1990); Schmidt et al. (1991)
and Chairat et al. 2002).
Post treatment population build-up of surviving insect
from various treatments revealed that population build
up was reduced with the increase in dose of Acarus
calamus oil and exposure period.
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