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INTRODUCTION

Rodents are the most destructive among all the vertebrate 
pests. Rodents have high reproductive potential, omnivorous 
feeding habits, quick sense of smell and extremely adaptive 
capabilities which helped them to establish worldwide in di-
verse habitats and climatic conditions and that too in large 
numbers.1,2 The tropical and sub-tropical climates are con-
ducive to reproduction and population explosion of rodents.3

Today, rodents are a world-wide problem causing pre-har-
vest and post-harvest losses.4,5 Pre-harvest losses include the 
excavation and consumption of sown crop seeds, the cutting 
of tillers in cereal crops, the gnawing of tubers or fruits or 
internodes or canes etc. The post-harvest impact is caused 
during any period of storage in which damage is done by 
direct consumption due to gnawing and feeding and indirect 
damage by spoilage, contaminate with their urine or faeces.6 

These notorious pests not only feed on grains but also con-
taminate 20 times more than what they consume with their 
droppings, urine, hair and even sometimes with their dead 
bodies.6 Rodents are also carriers and reservoirs of many dis-
eases.7

The losses of food grains are affected by the level of stor-
age, distribution and consumption.8 A realistic estimate of 
the damage caused by rodents is difficult to assess due to 
the varied approaches and methods used in evaluating the 
damage in crops and storage.9 Hart (2001) has reported that 
overall losses of grains due to rodents in India were approxi-
mately 25% in pre-harvest and 25-30% in post-harvest situ-
ations, bringing the loss to at least US $ 5 billion annually 
in stored food and seed grain in India. Keeping in view the 
economic losses caused by rodents to stored food grains, the 
present study has been conducted in randomly selected dif-
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ferent sized rice shellers in district Kaithal to devise an effec-
tive management strategy of rodents using chemical method.   

MATERIAL AND METHODS

Haryana is self-sufficient in food grains production and one 
of the top contributors of food grains to the central pool. It 
contributes 40 to 45 lakh tonnes of food grains to the central 
pool which is the second largest. As far as the post-harvest-
ing stage of grains is concerned, the state contributes 17.5% 
GDP of India. 

Study Area:  The present study has been conducted in dis-
trict Kaithal of state of Haryana located between latitude 29o 
81’N and longitude 76o 40’E (Fig. 1). 

Figure 1: Map of state Haryana showing the study area.

METHODOLOGY

Chemical method was used for the management of rodents 
in three randomly selected different-sized rice shellers in 
district Kaithal (Photo 1). One large, one medium and one 
small-sized rice sheller was selected in the study area to 
evaluate the effectiveness of aluminium phosphide (fumi-
gation) for the management of rodents. Fumigation tech-
nique was used in which celphos (aluminium phosphide) 
tablets were placed in required doses in meticulously tar-
paulin-covered  50 stacks of paddy bags kept in the open 
yards of the rice shellers with the help of trained personnel 
(Photo 2, 3 and 4). The tarpaulin covers were removed after 
24 or 48 hrs. and the dead rodents were collected and then 
buried. 

Percent success was calculated through pre-treatment and 
post-treatment tracking markers census (%) and bait in-
take census (g)/ bait box/ day.  However, per cent success 
through pre-treatment and post-treatment bait intake census 
(g)/ bait box/ day and tracking marker census was calcu-
lated as:    

Per cent success =   a-b /a  X 100

Where a = Pre-treatment bait intake census/ tracking markers 
census

b = Post-treatment bait intake census/ tracking markers cen-
sus

Tracking markers census 
Tracking markers census analysis was done following  Par-
shad et al.10 to determine the level of rodent infestation be-
fore and after fumigation. Each tracking marker had 18 x 
18 cm white sheet with a 8 x 8 cm central polythene sheet 
coated with a marking ink (Photo 5a).  In each of the select-
ed rice shellers, tracking markers were placed in the even-
ing at strategic locations at a distance of about 10-15 feet 
along the walls keeping in mind where rodent activity was 
witnessed. Next morning, tracking markers were collected 
and the number of markers showing signs of rodent activ-
ity, i.e., paw marks or gnawing activity etc. was counted 
to determine the percentage of rodent activity (Photo 5b). 
Rodent activity was assessed using the formula following 
Parshad et al.10

Number of markers  showing rodent activity Per cent rodent activity 100
Total number of markers placed

= ×

Bait Intake Census
Bait intake census was done followed by Parshad et al.10  
In bait intake census, bait boxes containing weighed baits 
were placed in the evening at strategic locations in each 
selected large, medium and small-sized rice shellers where 
rodent activity was remarkably noticed (Photo 6). Next 
morning, leftover baits were collected and weighed out to 
calculate bait intake census (g)/ bait box/ day. Bait intake 
census analysis has been done before fumigation (pre-
treatment) as well as after fumigation (post-treatment) to 
evaluate the effectiveness of fumigation technique for the 
management of rodents.

RESULTS

Chemical method was used for the management of rodents 
in randomly selected 3 different-sized rice shellers in district 
Kaithal. Efficacy of chemical method in the different-sized 
rice shellers was determined using tracking markers census 
analysis and bait-intake census methods. Pre control and post 
control census results revealed that in small-sized rice shel-
ler, pre-control census through tracking markers census and 
bait intake (g) / bait box/ day was 72.5% and 15.10 ± 1.34 
(g) / bait box/ day respectively and after fumigation the post 
control census  through tracking markers census and bait in-
take (g) / bait box/ day was 12.5% and 2.80 ± 1.23 (g) / bait 
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box/ day respectively. Per cent control success was achieved 
by fumigation treatment through celphos (aluminium phos-
phide) which revealed 80.75% reduction in tracking markers 
census and 81.45 (g) reduction in bait intake (g)/bait box/day 
in small-sized rice sheller. 

Similarly, in medium-sized rice sheller, pre-control census 
through tracking markers census and bait intake (g) / bait 
box/ day was 75% and 14.80 ± 1.92 (g) / bait box/ day respec-
tively and after fumigation the post control census through 
tracking markers census and bait intake (g) / bait box/ day 
was 17.5% and 4.00 ± 2.32 (g) / bait box/ day respectively. 
The results revealed per cent reduction in tracking markers 
census by 76.66% and reduction in bait intake (g) / bait box/ 
day by 72.97 (g) in medium-sized rice sheller. 

Also, in large-sized rice sheller, pre-control census through 
tracking markers census and bait intake (g) / bait box/ day 
was 69.33% and 13.04 ± 2.18 (g) / bait box/ day respectively 
and after fumigation the post control census through track-
ing markers census and bait intake (g) / bait box/ day was 
25% and 5.17 ± 2.96 (g) / bait box/ day respectively. Per cent 
control success was achieved showing per cent reduction in 
tracking markers census by  63.90% and reduction in bait 
intake (g)/bait box/day by 60.42 (g) in large-sized rice shel-
ler (Table 1)

DISCUSSION

Chemical control of rodents is often considered as the most 
practical, economical and effective method of combating ro-
dents in different situations as this method provides an im-
mediate solution to the problem.11 Fumigation is considered 
an effective method of pest management in storage godowns, 
warehouses etc.12 It is the specialized process to exterminate 
the pest infestation in different agricultural commodities us-
ing various fumigants at various temperatures. A fumigant 
is a chemical which at required temperature and pressure 
can exist in the gaseous state in sufficient concentration for 
a time long enough to be lethal to a given pest organism. 
Presently, fumigation was done through celphos (aluminium 
phosphide) tablets that were placed in a tarpaulin-covered 
50 stacks of paddy bags kept in the open yards in each of 
the selected different sized rice shellers and revealed a sig-
nificant reduction in rodent populations. The aluminium 
phosphide liberates phosphine gas which when comes in the 
contact of moisture in the surrounding atmosphere and can 
be well applied while commodities are stored in the godowns 
before the commencement of export. However, the sources 
of fumigation depend on various factors such as airtightness, 
correct fumigant with the correct dose, correct diffusion, cor-

rect penetration, proper monitoring, proper fumigation and 
protective equipment, the effect of temperature and humidity 
etc. During personal contacts with the rice sheller owners/
workers in the present study, it was found that most of the 
interviewees were ignorant about standard rodent control 
procedures in rice shellers and they used to hire trained per-
sonnel for the management of rodents.   

In the present study, fumigation have been carried out in  
stacks of hoarded paddy bags kept in the open yards of rice 
shellers under gas proof covers as fumigation of big lot of 
food grains or other commodities is not possible in fumiga-
tion chambers as repeated fumigation in chambers involves 
laborious job and is time consuming. The stacks in larger 
lots are fumigated under gas proof covers (rubberized or 
plastic) in atmospheric conditions. These covers are so fab-
ricated which retain the fumigant vapours for a sufficient 
time when placed over infested materials. This technique 
has widened the use of fumigants by making it possible to 
treat infested materials at their storage place. Silo or harvest 
bags are a relatively new form of temporary grain storage 
that is used to store a variety of agricultural goods such as 
wheat, silage and maize.13 Silo bags are loaded with grains 
and sealed at both ends. Guidelines for appropriate storage 
of various commodities have been developed based on ini-
tial grain conditions and management practices and models 
have been developed to predict heat and moisture transfer 
within silo bags filled with wheat.14 Successful phosphine 
fumigations have also been reported to be conducted within 
polyethene bags containing ground nuts and in a bag stack 
of rice under a polythene sheet.15,16 These fumigations were 
successful even though polyethene is known to be perme-
able to phosphine presumably because the rate of gas loss 
was sufficiently low for gas concentrations to be main-
tained at the required level for the fumigation period.17 The 
fumigant can be applied using widely available aluminium 
phosphide tablets in a way that will not contaminate the 
grain with residues.

In the present study, per cent control success was achieved 
by fumigation treatment through celphos (aluminium phos-
phide) which revealed 80.75% reduction in tracking markers 
census and 81.45 (g) reduction in bait intake (g)/bait box/ 
day in small-sized rice sheller. Similarly, in medium-sized 
rice sheller, per cent control success was achieved showing 
per cent reduction in tracking markers census by 76.66% and 
reduction in bait intake (g)/bait box/ day by 72.97 (g). Also, 
in large-sized rice sheller per cent control success after fumi-
gation was achieved revealing per cent reduction in tracking 
markers census by 63.90% and reduction in bait intake (g)/
bait box/ day by 60.42 (g).
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Table 1: Management through chemical control
Rice shellers Pre-control census  Post-control census  % control success 

Tracking markers 
census (%) 

Bait intake 
(g)/ bait 
box/ day 

Tracking 
markers 
census 

(%) 

Bait intake (g)/ 
bait box/ day 

Tracking mark-
ers census (%)

Bait intake (g)/ bait 
box/ day 

Large sized  69.33 13.04 ± 2.18 25  5.17 ± 2.96  63.90 60.42

Medium sized  75.00 14.80 ± 1.92  17.50  4.00 ± 2.32  76.66 72.97

Small sized  72.50  15.10 ± 1.34  12.50 2.80±1.23  80.75 81.45

Photo 1:  One of the studied rice shellers in district Kaithal.

Photo 2:  Celphos used as rodenticide by trained personnels 
for rodent management.

Photo 3:  Fumigant placed by trained personnel in warehouse 
storage facilities.

Photo 4:  Covering of stacked gunny bags with tarpaulin cov-
ers in open yard of a rice sheller.

Photo 5(a):    Photo 5(b):
Unused tracking marker.  Tracking marker revealing rodent activity.

Photo 6:  Bait box used at study site.
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CONCLUSION

Fumigation treatment was done for the management of ro-
dents through celphos (aluminium phosphide) tablets that 
were placed in tarpaulin-covered 50 stacks of paddy bags 
kept in the open yards in each of the selected different sized 
rice shellers and revealed a significant reduction in rodent 
populations. The results of the treatment showed significant 
control success resulting in 80.75%, 76.66% and 63.90% re-
duction in tracking markers census and 81.45 (g), 72.97 (g) 
and 60.42 (g) reduction in bait intake (g)/ bait box/ day in 
small, medium and large-sized rice shellers respectively. So, 
phosphine fumigation and venting can be achieved to disin-
fest grains stored in silo bags and the fumigant can be ap-
plied using widely available aluminium phosphide tablets in 
a method that must not contaminate the grain with residues.
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