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ABSTRACT
Rice weevil Sitophilus oryzae (L.) is one of most serious insect pests of stored grains. Management of this
is thus vital and fumigation with phosphine gas is the most common method. However, overreliance on
this has resulted in the development of heritable resistance in S. oryzae. The detection of frequency and
distribution of phosphine resistance is crucial for the development of resistance management strategy. This
study assesses the frequency, strength and distribution of phosphine resistance in S. oryzae populations
from four southern states of India viz., Tamil Nadu, Kerala, Andhra Pradesh and Telangana. The bioassay
results revealed that all these survived at both the discriminating concentrations of 0.04 and 0.25 mg/
l. There were no susceptible and weak resistant populations, and exhibited varied frequency of strong
resistance ranging from 13.33 to 80.90%. The populations from Pudukottai (80.90%) recorded high
frequency of strong resistance followed by Trichy (68.97%) and Tirunelveli (67.82%) ones; the one from
Thiruvarur exhibited lowest (13.33%). The results indicated that the resistance to phosphine in S. oryzae
was common and prevalence of strong resistant individuals was prevalent across the sampled regions.
Key words: Sitophilus oryzae, phosphine resistance, frequency and distribution, South India, strong and weak
resistance, susceptible, discriminating doses, resistant management strategy

Rice weevil Sitophilus oryzae (L.) (Curculionidae;
Coleoptera) is one of the most serious insect pests of
stored grains and other commodities including processed
foods, tobacco, sweet potato and seeds of avocado
(Koehler, 1994; Stejskal et al., 2004; Hagstrum et al.,
2013). Its larvae mainly feed on internal content of the
whole grain, whereas the adults prefer to consume the
outer portion of the grain, embryo and endosperm. The
heavy infestations produce substantial amount of grain
dusts (Hardman, 1977), attracting the secondary feeders.
The movement and activity of S. oryzae enhances the
temperature and relative humidity of the stored grains,
which facilitates the microbial contamination (Cotton,
1920; Jian et al., 2012). Thus, it causes significant
quantitative and qualitative grain losses (Agarwal et
al., 1979; Park et al., 2003). Thus, the management of
this weevil species is crucial for maintaining the food
security. Fumigation with phosphine gas is the most
widely used method for disinfestation of stored grains
(Bell, 2000). It is due to its effectiveness against all the
life stages besides easy to apply, inexpensive, residue
free without affecting the viability of seed (Nayak and
Collins, 2008). However, indiscriminate and prolonged
use of phosphine gas has resulted in the development of
heritable resistance in several stored grain insect pests

including S. oryzae (Athie et al., 1998; Zeng, 1998;
Benhalima et al., 2004; Holloway et al., 2016).
The first detailed survey on the susceptibility of
stored product insect pests to insecticides and possible
fumigants demonstrated that 8 of 135 samples of S.
oryzae (5%) tested contained resistant individuals
(Champ and Dyte, 1976). Later, high level of phosphine
resistance in S. oryzae has been reported in India
(425 folds) and China (337 folds) (Rajendran, 1999;
Zeng, 1998). Resistance to phosphine in S. oryzae is
increasing in both frequency and strength in several
countries (Schlipalius et al., 2014). In India, a detailed
nationwide survey on phosphine resistance in stored
grain insect pests demonstrated the prevalence of
phosphine resistant phenotypes at high frequencies of
72.00% (Rajendran, 1999). Sonai Rajan et al. (2017)
studied the spatial distribution of phosphine resistance
in S. oryzae and reported diverse frequencies of
phosphine resistance ranged from 21.21 to 93.38%
across the sampled regions. Though, these surveys
did not discriminate strong resistant phenotypes from
weak. Thus, there is a need for more information on the
current status of phosphine resistance phenotypes in S.
oryzae. There are two levels of resistance to phosphine,
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weak (White and Lambkin, 1990) and strong resistance
(Collins, 1998) based on the ability to survive in the
discriminating concentrations. This information on
weak and strong resistance to phosphine in stored grain
insect pests is crucial for the development of resistance
management strategies.
Studies demonstrated that the weak resistance to
phosphine was common across the grain growing
regions of Australia and ranged from 56 to 99%,
whereas the strong resistance reported to be appeared
sporadically with the level of 52 folds (Nayak, 2012;
Nguyen et al., 2015). Survey on resistance to phosphine
in Vietnam demonstrated the prevalence of both weak
and strong resistant phenotypes (Duong and Bui, 2004).
However, the information on phenotypic characteristics
particularly weak and strong resistance to phosphine in
Indian population of stored grain insect pests is limited.
There is a need for more information on the current
status of resistance phenotypes. Considering these,
the present study assessed the frequency (i.e. weak
and strong resistance) and distribution of resistance to
phosphine in S. oryzae populations collected from four
southern states of India using the discriminative dose
assay method (FAO, 1975; Daglish and Collins, 1999).
MATERIALS AND METHODS
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of 5.0% solution of sulphuric acid. A metal ring was
then positioned on the flanges of the lower vessel and
the upper vessel was placed on top such that the central
receptacle was directly over the funnel neck. A screw
thread adaptor containing a silicon septum was used to
seal the inner receptacle. Generation of phosphine gas
commences immediately and the phosphine gas was
observed as gas bubbles. The volume of desiccators
is crucial for the calculation of the accurate volume
of phosphine gas, which would be injected into each
desiccator. For measuring the volume of desiccator, fully
assembled desiccator was filled with water completely.
The weight of water (g) is relatively equals the volume
of desiccator (ml). The volume of the phosphine gas
was calculated as per the FAO (Anonymous, 1975)
Method No. 16.
d1(µl) 

298x x 1(mg/l) x v1 (l) x 22.414x 1000x 1000x 100
273x 1000x 33.9977(GMW phosphine ) x 86

Where, X1 (mg/l) = Required dose of phosphine in
desiccator; V1 (l) = Volume of the desiccators
The uniform aged adult insects of S. oryzae was
fumigated with two discriminating concentration of
phosphine gas viz., the low concentration (0.04 mg/
l) (White and Lambkin, 1990) and high concentration
(0.25 mg/ l) (Daglish and Collins, 1999); over 20 h
exposure period for detecting the frequency of weak
and strong resistance to phosphine. The resistance
bioassay was performed at 30± 2oC and 60± 5 per cent
relative humidity. Each bioassay test was replicated
thrice along with control for each population and
fifty adult insects were released per replication. After
exposure, the insects were provided with small quantity
of culture medium for a week and moved to recovery
room. Adult mortality was determined after seven
days from the end of the exposure period as fixed by
modified FAO Method (FAO, 1975). The observation
on numbers responding i.e. dead insects was taken and
insects showing movement were considered to be alive.
Mortality response data were corrected using Abbot’s
formula (Abbot, 1925), to eliminate the influence of
mortality, which was not >10% in these experiments.

A total of 25 samples of S. oryzae were collected
from bulk grain storages of Food Corporation of India
(FCI), Central Warehousing Corporation (CWC), and
State Civil Supply Corporation located across four
major southern states of India including Tamil Nadu,
Kerala, Andhra Pradesh and Telangana using standard
sampling procedure (Semple, 1992; Muralidharan and
Rajendran, 2001) (Table 1). The collected samples were
mass multiplied in whole wheat grain (FAO, 1975).
The whole wheat grain was disinfested at - 20oC for 48
hr in deep freezer to kill the existing insect pests and
their immature stages and then the field collected adults
were released individually in 2.0 kg plastic container
along with adding 500 g of whole wheat grains and
maintained under laboratory conditions (30± 2oC, 60±
5% RH). Phosphine gas was generated from commercial
Pt - Pc
formulation of aluminium phosphide tablet (56% w/w)
x 100
per cent
Corrected
%mortality
mortality= =
in a gas generation chamber. Aluminium phosphideCorrected
(100-Pc)
tablet of 0.6 g was kept in muslin cloth and placed
Where, Pt = Observed mortality in treatment and Pc
into the lower vessel of gas generation chamber and
=
Observed
mortality in control. The resistance % was
an inverted glass funnel was positioned over the tablet
which would trap and channel the gas through the neck worked out by the formula R = (100-CM)± SE; where
and led to the central receptacle of the upper vessel. CM= corrected mortality; SE = standard deviation.
The lower vessel was filled with approximately 1.0 l Pooled binomial standard error was calculated by using
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Table 1. Geographical details and frequency of phosphine resistance in S. oryzae collected from southern states of India
S.
No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Locations

District

State

Source

Kollam
Thiruvarur
Kavali Nellore
Virudhunagar
Nagercoil
Kottayam
Alleppey
Kannur
Cochin
Kazipet
Avadi
Jammikunta
Erode
Peelamedu
Tuticorin
Vellore
Jangalapalli
Chalakkudy
Palakkad
Thanjavur
Tirunelveli
Sanathnagar
Chennai
Trichy
Pudukkottai

Kollam
Thiruvarur
Nellore
Virudhunagar
Kanyakumari
Kottayam
Alleppey
Kannur
Ernakulam
Warangal
Tiruvallur
Karimnagar
Erode
Coimbatore
Tuticorin
Vellore
Guntur
Thrissur
Palakkad
Thanjavur
Tirunelveli
Hyderabad
Chennai
Trichy
Pudukkottai

Kerala
Tamil Nadu
Andhra Pradesh
Tamil Nadu
Tamil Nadu
Kerala
Kerala
Kerala
Kerala
Telangana
Tamil Nadu
Telangana
Tamil Nadu
Tamil Nadu
Tamil Nadu
Tamil Nadu
Andhra Pradesh
Kerala
Kerala
Tamil Nadu
Tamil Nadu
Telangana
Tamil Nadu
Tamil Nadu
Tamil Nadu

FCI
SCSC
FCI
CWC
CWC
FCI
FCI
FCI
FCI
FCI
FCI
FCI
CWC
FCI
FCI
FCI
FCI
FCI
FCI
FCI
FCI
FCI
FCI
CWC
TNCSC

GPS coordinates
Latitude
Longitude
8.8800 N 76.6000 E
10.7730 N 79.6370 E
14.9200 N 79.9800 E
9.5833 N 77.9500 E
8.1700 N 77.4300 E
9.5800 N 76.5200 E
9.4900 N 76.3300 E
11.8667 N 75.3653 E
8.5656 N 76.8747 E
17.9667 N 79.5000 E
13.1200 N 80.1000 E
18.2864 N 79.4761 E
10.8050 N 78.6856 E
11.1000 N 77.0100 E
8.8100 N 78.1400 E
12.9202 N 79.1333 E
13.2133 E 79.0948 E
10.3000 N 76.3300 E
10.7700 N 76.6500 E
10.7825 N 79.1313 E
8.7300 N 77.7000 E
17.4589 N 78.4433 E
13.0839 N 80.2700 E
10.8050 N 78.6856 E
10.3800 N 78.8200 E

% resistance (Mean± SE)
0.04 mg/ l
0.25 mg/ l
43.33± 3.85
24.44± 2.94
45.56± 2.22
13.33± 1.92
46.67± 1.92
22.22± 1.11
55.56± 2.22
38.89± 2.94
57.47± 2.22
36.78± 2.94
57.78± 2.94
30.00± 3.33
58.89± 2.22
35.56± 2.22
61.36± 1.92
39.77± 1.11
65.56± 1.11
52.22± 2.22
68.89± 2.22
35.56± 2.94
69.77± 3.85
50.00± 1.11
72.22± 2.22
48.89± 2.94
72.73± 2.22
46.59± 2.94
73.86± 2.94
53.41± 2.22
73.33± 3.33
48.89± 2.94
74.44± 2.22
61.11± 1.11
74.71± 2.94
56.32± 2.94
76.67± 1.92
51.72± 1.92
77.78± 2.94
58.89± 2.22
78.89± 2.22
60.00± 1.92
79.31± 1.92
67.82± 1.11
80.00± 1.92
65.56± 1.11
81.11± 1.11
61.36± 3.85
83.91± 2.94
68.97± 1.92
93.26± 2.94
80.90± 3.33

FCI-Food Corporation of India; CWC- Central Warehousing Corporation; SCSC- State Civil Supply Corporation ; TNCSC- Tamil Nadu Civil Supply
Corporation. Low resistance (0-10%), medium resistance (11-50%) and maximum resistance (51-100%).

the formula SE = Stdev / n . Further, the frequency of
resistance was categorized as low (0-10%), medium
(11-50%) and maximum (50-100%).
RESULTS AND DISCUSSION

Knowledge on frequency, strength and distribution
of insecticide or fumigant resistance in stored grain
insect pests is vital for the development of effective pest
and resistance management strategies (Rajendran, 1999;
Holloway et al., 2016). This study assesses the strength
of weak and strong resistance to phosphine and their
frequency in S. oryzae populations collected from four
southern states based on the response of adult insects
to the discriminating concentrations of 0.04 and 0.25
mg/ l over 20 hr exposure period and the results are
summarized in Table 1. The discriminating bioassay
with the lower concentration of 0.04 mg/ l demonstrated
that all the 25 populations were resistant to phosphine
and the frequency of resistance varied from 43.33 to
93.26% across the populations. For the individual
states, the frequency of phosphine resistance varied
from 45.56- 93.26% for Tamil Nadu, 43.33- 77.78%
for Kerala, 68.89- 80.00% for Telangana and 46.67 to
74.71% for Andhra Pradesh.

None of the populations were grouped into low
resistance group; populations collected from Kavali
Nellore (46.67%), Thiruvarur (45.56%), and Kollam
(43.33%) were categorized into medium resistance group,
whereas the remaining 22 populations from Peelamedu,
Chennai, Nagercoil, Virudhunagar, Thanjavur, Tuticorin,
Vellore, Tirunelveli, Avadi, Trichy, Pudukkottai, Erode,
Alleppey, Chalakkudy, Cochin, Kannur, Kottayam,
Palakkad, Jammikunta, Kazipet, Sanathnagar, and
Jangalapalli recorded higher % of phosphine resistance
ranging from 55.56 to 93.26% and grouped in to
maximum resistance group. This clearly demonstrated
that the resistance to phosphine was common and
prevalent in S. oryzae populations collected from Tamil
Nadu, Kerala, Andhra Pradesh and Telangana and these
findings are in agreement with the earlier report of Sonai
Rajan (2015) and Rajendran (1999). The frequency of
phosphine resistance recorded in the present study was
comparatively higher than the previous reports in S.
oryzae from India (Sonai Rajan et al., 2017; Rajendran,
1999; Sivakumar, 2009), Australia (Holloway et al.,
2016; Emery, 1994), Turkey (Tings et al., 2018), and
Brazil (Athi and Mills, 2005) and other stored grain
insect pests (Ramya et al., 2018; Muralidharan et al.,
2018; Rajesh et al., 2018; Subramanian et al., 2016).
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Resistance screening of all the field collected
populations of S. oryzae with the higher concentration
of 0.25 mg/ l over 20 hr exposure period identified
that all the 25 populations containing strongly
resistant weevils with the survivors of up to 80.90%.
Further, grouping of these strong resistant populations
demonstrated that none gets grouped in to low
strong resistance group, whereas 12 populations
from Thiruvarur (13.33%) Nagercoil (36.78%),
Virudhunagar (38.89%), Tuticorin (48.89%), Erode
(46.59%), Alleppey (35.56%), Kannur (39.77%),
Kollam (24.44%), Kottayam (30.00%), Jammikunta
(48.89%), Kazipet (35.56%) and Kavali Nellore
(22.22%) were grouped into moderate strong resistance
group. The remaining 13 populations exhibited high
frequency of strong resistance ranged from 50.00
to 80.90% and these populations were categorized
under maximum resistance group. Overall, the
results revealed that the populations of S. oryzae
collected from Tamil Nadu, Kerala, Andhra Pradesh
and Telangana survived at both the discriminating
concentrations, indicating the prevalence of strong
resistant populations. Similarly, the prevalence of
strong resistance to phosphine in S. oryzae was
reported in Australia, China, Vietnam and other
parts of the world (Nayak et al., 2021; Nguyen et al.,
2015; Duong and Bui, 2004), though the frequency
of resistance reported varied from the present study.
This varied frequency of resistance to phosphine
and prevalence of strong resistant populations across
the sampled regions might be the result of continuous
selection pressure with higher concentrations of
phosphine gas over a long period of time (Benhalima
et al., 2004; Collins et al., 2005) and inadequate
or inappropriate fumigation practices (i.e. storage
facilities not adequately sealed before fumigation
and fumigant concentrations not being monitored)
in bulk grain storage structures (Rajendran, 1999;
Lorini et al., 2007; Pimentel et al., 2007). In addition,
high insect populations favoured by climate and little
or no insect control in storage godown are also the
possible reasons for the development of strong resistant
populations (Benhalima et al., 2004; Collins et al., 2005;
Lorini et al., 2007). The results of the present study
clearly demonstrated the prevalence of medium (22
populations) to maximum (13 populations) frequency
of phosphine resistance in S. oryzae collected from
four major southern states of India and this information
would be helpful for the development of region specific
phosphine resistance management strategies with
optimum dose and exposure period in the future.

Research Communication

ACKNOWLEDGEMENTS

This work was financially supported by IndoAustralia Biotechnology Funded (IABF) project on
“Deploying biotechnology based decision making
tools in post-harvest grain pest management to enhance
food security and market access” sponsored by the
Department of Biotechnology, Government of India,
New Delhi. Authors thank the managers and technical
staff of Food Corporation of India, Central Warehousing
Corporation and Civil Supply Corporation for assisting
in stored sample collection.
REFERENCES
Abbott W S. 1925. A method for computing the effectiveness of an
insecticide. Journal of Economic Entomology 18: 265-267.
Agarwal R K, Singh K N, Srivastava P K, Verma B K. 1979. Assessment
of storage losses in wheat and different refractions in periodic
arrivals in the mandis of Haryana. Bulletin of Grain Technology
17: 202-208.
Athié I, Gomes R A, Bolonhezi S, Valentini S R, De Castro M F P M.
1998. Effects of carbon dioxide and phosphine mixtures on resistant
populations of stored-grain insects. Journal of Stored Products
Research 34: 27-32.
Athié I, Mills K A. 2005. Resistance to phosphine in stored-grain insect
pests in Brazil. Brazilian Journal of Food Technology 8: 143-147.
Bell C H, 2000. Fumigation in the 21st century. Crop Protection 19:
563-569.
Benhalima H, Chaudhry M, Mills K, Price N. 2004. Phosphine resistance
in stored-product insects collected from various grain storage
facilities in Morocco. Journal of Stored Products Research 40:
241-249.
Champ B R, Dyte C E. 1976. Report of the FAO global survey of pesticide
susceptibility of stored grain pests. FAO Plant Production and
Protection Series No. 5, FAO, Rome. 297 pp.
Collins P J, Daglish G J, Pavic H, Kopittke A R. 2005. Response of
mixed age culture of phosphine resistant and susceptible strains of
lesser grain borer, Rhyzopertha dominica to phosphine at a range
of concentrations and exposure periods. Journal of Stored Product
Research 41: 373-385.
Collins P J. 1998. Resistance to grain protectants and fumigants in insect
pests of stored products in Australia. Proceedings. Australian postharvest technical conference. CSIRO: Canberra Australia pp. 55-57.
Cotton R. 1920. Rice weevil (Calandra) Silophilus oryzae. Journal of
Agricultural Research 20: 409-422.
Daglish G J, Collins P J. 1999. Improving the relevance of assays for
phosphine resistance. Proceedings. 7th International working
conference on stored-product protection, Beijing, China. 1998.
pp. 584-593.
Duong, T M, Bui N T T. 2004. Resistance of insect pests of stored products
to grain protectants and phosphine in Vietnam. Proceedings.
International conference on controlled atmosphere and fumigation
in stored products, Gold- Coast, Australia. FTIC, Ltd., Publishing
Israel.
Emery R N. 1994. A Western Australian farm survey for phosphineresistant grain beetles. Proceedings. 6th International working
conference on stored-product protection. Canberra, Australia.
pp. 98-103.
FAO. 1975. Recommended methods for detection and measurement

Resistance to phosphine in rice weevil Sitophilus oryzae (l.) from South India
S Sonu Kumar et al.
of resistance of agricultural pests to pesticides- tentative method
for adults of some major pest species of stored cereals, with
methyl bromide and phosphine. FAO Method, No. 16. FAO Plant
Protection Bulletin 23: 12-25.
Hagstrum D W, Klejdysz T, Subramanyam B, Nawrot J. 2013. Atlas
of stored-product insects and mites, Minnesota, USA, AACC
International Press.
Hardman J M. 1977. Environmental changes associated with the growth
of populations of Sitophilus oryzae (L.) confined in small cells of
wheat. Journal of Stored Products Research 13: 45-52.
Holloway J C, Falk M G, Emery R N, Collins P J, Nayak M K. 2016.
Resistance to phosphine in Sitophilus oryzae in Australia: A national
analysis of trends and frequencies over time and geographical
spread. Journal of Stored Products Research 69: 129-137.
Jian F, Larson R, Jayas D S, White N D. 2012. Three-dimensional
temporal and spatial distribution of adult Oryzaephilus surinamensis
and Sitophilus oryzae in stored wheat under different temperatures,
moisture contents and adult densities. Journal of Stored Products
Research 49: 155-165.
Koehler P G. 1994. Rice weevil, Sitophilus oryzae (L.) (Coleoptera;
Curculionidae). ENY-261. Institute of Food and Agricultural
Science. University of Florida, Florida Cooperative Extension
Service. 4 pp.
Lorini I, Collins P J, Daglish G J, Nayak M K, Pavic H. 2007. Detection
and characterisation of strong resistance to phosphine in Brazilian
Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae). Pest
Management Science 63(4): 358-364.
Muralidharan N K, Rajendran S. 2001. Performance of phosphine in
fumigation of bagged paddy rice in indoor and outdoor stores.
Journal of Stored Products Research 37: 351-358.
Muralitharana V, Sonai Rajan T, Chandrasekaran S, Mohankumar S.
2018. Phosphine resistance in rusty grain beetle Cryptolestes
ferrugineus (Stephens) from south India. Indian Journal of
Entomology 80(3): 935-941.
Nayak M K, Collins P J. 2008. Influence of concentration, temperature
and humidity on the toxicity of phosphine to the strongly phosphine
resistant psocid Liposcelis bostrychophila Badonnel (Psocoptera:
Liposcelidae). Pest Management Science 64: 971-976.
Nayak M K, Jagadeesan R, Singarayan V T, Nath N S, Pavic H,
Dembowski B, Daglish G J, Schlipalius D, Ebert P R. 2021. First
report of strong phosphine resistance in stored grain insects in a
far northern tropical region of Australia, combining conventional
and genetic diagnostics. Journal of Stored Products Research. p.
101813.
Nayak M K. 2012. Managing resistance to phosphine in storage pests:
Challenges and opportunities. Proceedings. 9th International
conference on controlled atmosphere and fumigation in stored
products, Antalya, Turkey pp. 609-619.
Nguyen T T, Collins P J, Ebert P R. 2015. Inheritance and characterization
of strong resistance to phosphine in Sitophilus oryzae (L.). PloS
ONE10: e0124335.
Park I K, Lee S G, Choib D H, Park J D, Anna Y J. 2003. Insecticidal
activities of constituents identified in the essential oil from leaves
of Chamaecyparis obtuse against Callosobruchus chinensis (L.)
and Sitophilus oryzae (L.). Journal of Stored Products Research

5

39: 375-384.
Pimentel M A G, Faroni L R D, Totola M R, Guedes R N C. 2007.
Phosphine resistance, respiration rate and fitness consequences in
stored-product insect. Pest Management Science 63(9): 876-881.
Rajendran S. 1999. Phosphine resistance in stored grain insect pests in
India. Proceedings of 7th International working conference on stored
product protection, Beijing, China. 1998. pp. 635-641.
Rajesh A, Mohan S, Nelson S J. 2018. Phosphine resistance in cigarette
beetle Lasioderma serricorne (F.) (Anobiidae: Coleoptera) in
major turmeric growing areas. Indian Journal of Entomology
80(2): 441- 444.
Ramya R S, Chitra Srivastava, Subramanian S. 2018. Monitoring of
phosphine resistance in Indian populations of Tribolium castaneum
(Herbst) from stored wheat. Indian Journal of Entomology 80(1):
19- 23.
Schlipalius D I, Ebert P R, Collins P J. 2014. An emerging international
picture of phosphine resistance: opportunities for global
cooperation. Proceedings. 11th International working conference
on stored product protection. Chiang Mai, Thailand. pp. 10-14.
Semple R L. 1992. Inspection and detection methods for storage insect
pests. Towards integrated commodity and pest management in
grain storage. Food and Agricultural Organization, Rome 526 pp.
Sivakumar C. 2009. Baseline toxicity phosphine resistance and the effect
of essential oils on major stored product pests. M Sc, Thesis. Tamil
Nadu Agricultural University, Coimbatore pp. 78.
Sonai Rajan T, Mohankumar S, Chandrasekaran C. 2017. Studies on
spatial distribution of phosphine resistance in rice weevil, Sitophilus
oryzae (L.) (Curculionidae; Coleoptera) collected from Tamil Nadu.
Indian Journal of Entomology 79(3): 307-311.
Sonai Rajan T. 2015. Studies on frequency, distribution and molecular
analysis of phosphine resistance, field ecology and population
genetics of Tribolium castaneum (Herbst) and Sitophilus oryzae
(L.) in three major southern states of India. Ph D Thesis. Tamil
Nadu Agricultural University, Coimbatore. 258 pp.
Stejskal V, Kucerova Z, Lukas J. 2004. Evidence and symptoms of pasta
infestation by Sitophilus oryzae (Curculionidae; Coleoptera) in the
Czech Republic. Plant Protection Science 40: 107-111.
Subramanian S, Chandel R, Dwivedi V, Srivastava C. 2016. DNA markers
for phosphine resistance in populations of Tribolium castaneum
from Punjab, India. Proceedings. 10th International conference
on controlled atmosphere and fumigations in stored products
(CAF2016), New Delhi, India. pp. 414 – 417.
Tings A, Isikber A A, Saglam O, Bozkurt H, Doganay S. 2018. Screening
of phosphine resistance in Sitophilus oryzae (L.) (rice weevil)
populations in Turkey. 12th International working conference on
stored product protection (IWCSPP), Berlin, Germany pp. 10171021.
White G G, Lambkin T A. 1990. Baseline response to phosphine and
resistance status of stored grain pests in Queensland, Australia.
Journal of Stored Product Research 83(3): 1738-1744.
Zeng L. 1998. Development and countermeasures of phosphine resistance
in stored grain insects in Guangdong of China. Proceedings. 7th
International working conference on stored-product protection,
Beijing, China. pp. 642-647.

Manuscript Received: June, 2021; Revised: September, 2021;
Accepted: September, 2021; Online Published: November, 2021)
Online published (Preview) in www.entosocindia.org Ref. No. e21145

