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Abstract 
The laboratory experiment was conducted to find out the actual time required by 
the essential oils to cause 100 percent mortality against Tribolium castaneum 
(Coleoptera: tenebrionidae). For this purpose three essential oils e.g.  Murraya 
koenigii, Calistimone. citrinus and Citrus reticulata was selected and evaluated at 
6,12,18 and 24 hr interval. 73.3 percent mortality was observed in grain treated 
with M. koenigii oil at 0.2 percent in 6 hr but it took 24 hours to kill all the insects. 
The oil of M. koenigii + C. citrinus at 0.1 percent each showed 56.7, 73.3, 93.3 and 
100 percent mortality in 6, 12, 18 and 24 hours after treatment, respectively. A 
combination of M. koenigii + C. reticulata + C. citrinus oil at 0.07 percent each 
showed 56.7, 93.3, 96.7 and 100 percent mortality in 6, 12, 18 and 24 hours after 
treatment, respectively. The formulation containing M. koenigii + C. reticulata oil 
at 0.1 percent caused 50.0, 86.7, 96.7 and 100 percent mortality in 6, 12, 18  and 
24  hours after treatment, respectively. The oil of C. reticulata oil and C. 
citrinus caused 30.0 and 23.3 percent mortality respectively.  

INTRODUCTION 

Today we are concuss for health and environmental 
problem associated with traditional chemical 
fumigants presently use for the protection of stored 
grain insect pests have led to an intensification of 
efforts to find eco-friendly, effective and 
sustainable alternatives. In this aspect essential oil 
based herbal fumigants are safe to non target 
organism including human, readily biodegradable, 
highly effective and suitable for use at small as 
well large scale farmers (Kumar, 2017).Stored food 
grains infested by several insect pests and on an 
average 10 percent losses caused by them in 
developing country. Among the stored product 
beetles Tribolium castaneum is a serious insect pest 
of various food grains and processed products 
under storage. It is an internal feeder and cause 
considerable loss to cereals affecting the quantity 
as well as quality of the grains (Gupta et al. 1999).  
In many storage systems, fumigants are the most 
economical and convenient tools for managing 
stored grain insect pests, not only because of their 
ability to kill a broad spectrum of pests but also 
because of their easy penetration into the food 
grains while leaving minimal residues (Mueller, 
1990). Presently methyl bromide and phosphine 
fumigants are widely used for insect pest control in 
stored products. However, because of its ozone 
depletion potential, methyl bromide is being phased 

out the world over (Kumar, 2016). Additionally, it 
has been reported that some stored product insects 
are found to have developed resistance to 
phosphine in many countries (Subramanyam and 
Hagstrum, 1995). Hence, there is a need to develop 
new types of selective insect control alternatives 
with fumigant action. Essential oil from more than 
seventy five plant species belonging to different 
families, such as Anacardiaceae, Apiaceae 
(Umbeliferae), Araceae, Asteraceae (Compositae), 
Brassicaceae (Cruciferae) Chenopodiaceae, 
Cupressaceae, Graminaceae, Lamiaceae (Labiatae), 
Lauraceae, Liliaceae, Myrtaceae, Pinaceae, 
Rutaceae and Zingiberaceae have been studied for 
fumigant toxicity against several insect pests of 
stored grain (Rajendran et al., 2008). Plant essential 
oils may act as fumigants, contact insecticides, 
repellents, deterrents and antifeedants (Isman, 
2000; Shaaya et al., 1997; Singh and Singh, 1991; 
Huang et al., 1997; Stamopoulos, 1991; Weaver 
and Subramanyam, 2000; Shakarami et al., 2004; 
Negahban et al., 2007 ). 

 MATERIALS AND METHODS 

Culture of test insect  

To prepare the culture medium of T. castaneum, 
wheat grain was ground to a fine powder and yeast 
powder was mixed in it at the rate of 5 per cent. 
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The medium was filled in plastic jars and adults 
were released in it. Pure culture of test insects were 
developed in the BOD incubator at 27 ± 1 °C 
temperature and 70 ± 5 per cent relative humidity. 
Plastic jars of 1.0 kg capacity were used for rearing 
purpose. At the center of the lid a hole of 1.8 cm 
diameter was made and covered with 30 mesh 
copper wire net to facilitate aeration in the jar. 
Before use, grains were disinfested, their moisture 
content measured and raised to 13.5 % by mixing 
water in the grain. The quantity of water required 
to raise the moisture content was calculated by 
using following formula as described by (Pixton 
1967).  After mixing the water thoroughly, the 
grain was kept in closed polythene bags for a week 
so that moisture content of grain could equilibrate. 
First generation adults (0-7 days old) were used for 
experimental purpose. 
 
Extraction of Essential oil 
 
 Fresh leaves of Murraya koenigii, Citrus reticulata 
and Calistimone. citrinus   were collected from 
MRDC, Pantnagar and peels of Citrus reticulata 
collected from fruit merchant of Pantnagar. 
Essential oils were obtained by steam distillation, 
using a Clevenger type apparatus, for 
approximately 3-4 h in Post Harvest Entomology 
Laboratory, Department of Entomology, G.B. Pant 
University of Agriculture and Technology, 
Pantnagar. Data was analyzed in completely 
randomized design after suitable transformation 
with log (X + 1).  
 
Effect of essential oils on mortality of T. 
castaneum at different time interval  

The experiment was conducted on T. castaneum to 
know the actual time taken by essential oils and 

their combinations to cause 100 per cent mortality. 
The experiment was performed under controlled 
conditions at 27+1 °C temperature and 70+ 5 
percent relative humidity. Fifty gram wheat grain 
variety PBW-343 (moisture 13.5%) was filled in 
100ml capacity plastic vial. Four sets of vial were 
prepared for each test insect to record mortality 
after 6, 12, 18 and 24 hours. Twenty unmated adult 
insects (0-7 days) of T. castaneum were released in 
each vial. After 24 hours of releasing the adults, 
required quantity of oil soaked on blank mat was 
inserted in each vial after which it was closed and 
sealed with paraffin wax. Each treatment was 
replicated six times. Observation was recorded 
after every 6 hours of treatment up to 24 hours.  

RESULTS 

Efficacy of essential oils on mortality of 
Tribolium castaneum at different time interval  
 
The effect of essential oils on mortality/ survival of 
T. castaneum in 6, 12, 18 and 24 hours is presented 
in Table 1 and elaborated in fig 1 which indicates 
that the 73.3 percent mortality was observed in 
grain treated with M. koenigii oil at 0.2 percent in 6 
hr but it took 24 hours to kill all the insects. The oil 
of M. koenigii + C. citrinus at 0.1 percent each 
showed 56.7, 73.3, 93.3 and 100 percent mortality 
in 6, 12, 18 and 24 hours after treatment, 
respectively. A combination of M. koenigii + C. 
reticulata + C. citrinus oil at 0.07 percent each 
showed 56.7, 93.3, 96.7 and 100 percent mortality 
in 6, 12, 18 and 24 hours after treatment, 
respectively. The formulation containing M. 
koenigii + C. reticulata oil at 0.1 percent caused 
50.0, 86.7, 96.7 and 100 percent mortality in 6, 
12, 18 and 24  hours after treatment, 
respectively. 

 
 
Table1.Efficacy of three essential oils and their combination on mortality/survival of T. castaneum in 6, 
12, 18 and 24 hours 
 

Herbal Fumigants Conc.
% 

Combi. 
% 

Percent  Mortality of T. castaneum hr. in 

6 hr 12 hr 18 hr 24 hr 

M. koenigii 0.2  73.3 (8.5) 86.7 (9.3) 86.7 (9.3) 100.0 (10.0) 
C. reticulata 0.2  30.0 (5.5) 53.3 (6.9) 80.0 (9.0) 100.0 (10.0) 
C. citrinus 0.2  23.3 (4.8) 73.3 (8.5) 90 (9.5) 100.0 (10.0) 
M. koenigii+C. reticulata 0.2 0.1 E 50.0 (7.1) 86.7 (9.3) 96.7 (9.8) 100.0 (10.0) 
M. koenigii+C. citrinus 0.2 0.1 E 56.7 (7.5) 73.3 (8.5) 93.3 (9.7) 100.0 (10.0) 
M. koenigii+C. reticulata+C. 
citrinus 0.2 0.07 E 56.7 (7.5) 93.3 (9.7) 96.7 (9.8) 100.0 (10.0) 

Untreated control   0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.0 (1.0) 
S.Em. ±   (0.52) (0.74) (0.17) (0.001) 
CD at 5%   (1.59) (2.25) (0.52) (0.003) 

Data in parenthesis indicate Square root (X+1) transformed value, E= Each 
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Fig 1: Efficacy of three essential oils and their combination on mortality/survival of T. castaneum in 6, 12, 
18 and 24 hours  

 

 
 
 
DISCUSSION 

The oil of C. reticulata oil and C. citrinus 
caused 30.0 and 23.3 percent mortality, 
respectively, in 6 hr after treatment, which 
increased to 100 percent in 24 hr after treatment.  
Kumar (2016) evaluated seventeen essential oils 
against six major stored grain insect pests and 
reported the essential oils from M. koenigii , C. 
reticulate and C. citrinus either alone or in 
combination were found highly effective against 
Tribolium castaneum at 0.2 percent. (Lee et al. 
2004) evaluated fumigant toxicity of essential oil of  
C. sieberi (Myrtaceae) against S. oryzae, the oil 
show potent fumigant toxicity against. S. oryzae 
within 12 hr.  Tunc et al. (2000) tested fumigant 
toxicity of essential oil from cumin (Cuminum 
cyminum) against eggs of two stored product 
insects, T. confusum and Ephestia kuehniella. It 
caused 100 % mortality. (Dwivedi et al. 2000) 
reported that oil formulation of Citrus clean 
inhibited 100 percent oviposition and 89.5 percent 
mortality of larvae and its efficacy against C. 
chinensis in cowpea. 

CONCLUSION 

Results conclude that the essential oils Murraya 
koenigii, Calistimone. citrinus and Citrus 
reticulata and their combinations at 0.2 percent 
caused 100 percent mortality in test insect 
in24 hr. so these essential oils may utilize 
for the quick fumigation of stored wheat. 
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