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			Abstract | The lesser grain borer, Rhyzopertha dominica and red flour beetle, Tribolium castaneum are considered most destructive pests of storages commodities worldwide. Unfortunately, due to multiple applications of synthetic pyrethroids and fumigants some major pests of stored grains has develops resistance against them. Resistance mechanisms in R. dominica and T. castaneum against these control agents at different geographical locations was largely unknown. To overcome this gap our research was undertaken to evaluate the resistance mechanism in lab and field collected strains of R. dominica and T. castaneum against deltamethrin and phosphine. Results indicated significant difference between lab and field collected pests strains regarding their resistance mechanisms to deltamethrin as well as phosphine treatments. Field strains collected from various geographical locations were observed more resistant then lab strains. Calculated LC50 values was very less in field strains as compared to  lab strains. Maximum mortality of lab and field collected strains of R. dominica and T. castaneum was observed against phosphine than against deltamethrin. Our results suggest that field strains experienced with different out door conditions was less susceptible as compared to lab strains which proved to be more susceptible and findings of this study could be helpful for effective management of these key pests keeping in mind the issue of resistance development.
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			Introduction

			 

			World population is facing many important challenges for food safety as human population keep on increasing day by day with tremendous effects of food resources depletions (Tubeillo et al., 2007). During storages of grains mishandling along with other various environmental factors favors stored grains pests infestation (Upadhyay and Ahmad, 2011). Stored grains pests cause serious losses to storages commodities, by making grains unmarketable as well as uneatable due to decrease in nutritional values (Jood and Kapoor, 1994; Wavear and Subramanyam, 2000). Damaged grains loose their volume and average weight as well as seed germination badly  (Nadeem et al., 2012). 

			 

			Red flour beetle, T. castaneum and lesser grain borer, R. dominica are considered major and serious pests of storage commodities (Adedire, 2001). Both pests are a major cause of postharvest losses and contaminate or destroyed 5‒10 % food after harvest in the worldwide (Cao et al., 2002). Smallholder farmers experienced larger postharvest losses due to storage pests in developing countries with range 30‒80 % causing major threats to food security (Kitinoja et al., 2011; FAO and World Bank, 2011; Affognon et al., 2015). These pests main feed on kernels, contaminate grains with feces, webbing, exuviae, pests cadavers, and produces aflatoxins materials like uric acid, which promote micro floral growth causing nutritional losses and making food unfit for human consumption (Bhargava et al., 2007; Harris and Lind bland, 1976; Nighat et al., 2007; FAO and World Bank, 2011; Gustavasson et al., 2011; Flinn et al., 2010). Farmers who do not have access to modern grains storages techniques as well as facilities bears less grains loss to insect pasts during storages as compared to smallholders (Hodges et al., 2014). Introducing proper storage techniques that are socially as well as economically practical and sound to smallholder farmers can minimize the pest’s related losses during storages (Ali et al., 2012).

			 

			Mainly, small farmers in developing countries followed traditional storages techniques including pots, straw roofed storage structures, maize cribs, bamboo storage structures, underground storage, woven baskets, mud rhombus, storehouses or warehouse and bag storages (Barkholder and Faustini, 1991; FAO, 1994; Khan et al., 2010), as these techniques are cheapest, economically feasible and most importantly locally available (De Groote et al., 2013). Postharvest losses in bagged storages are prevalent than other storages techniques, while deltamethrin and phosphine are potentially affordable logical solution that can be favored to address the challenges in postharvest losses due to pests infestation (Costa, 2014; Anankware et al., 2014). 

			 

			Phosphine and deltamethrin are broad spectrum insecticides widely used to control storage insects pests (Zettler and Arthur, 2000; Kljajic and Peric, 2009). These are registered insecticide and fumigant as grain protectants in many parts of the world especially in USA (Dotson et al., 2010; Vayias et al., 2010). Deltamethrin is a synthetic pyrethorid derived from Chrysanthemum flowers (Bhanu et al., 2011). This pesticide can be metabolized by animals and plants and less bio-accumulate as well as less dangerous due to their low toxicity levels (Collins et al., 2017; WHO, 1990; Dotson et al., 2010). Phosphine is a colorless flammable toxic gas, denser than air, collected from low lying areas. Phosphine have oxidative reaction, target insect respiration system, and cause death due to suffocations (Collins et al., 2002; Wang et al., 2006).

			 

			Many previous studies confirmed that phosphine and deltamethrin are  effective grains protectants (Hasan et al., 1996; Arthur, 1997; Benhalima et al., 2004; Kavallierators et al., 2015; Paudyal et al., 2016; Collin et al., 2017). Since last few decades, major insect pests of stored grains especially T. castaneum and R. dominica has developed resistance against fumigants as well as plant derived synthetic pyrethroids (Lorini and Galley, 1999; Opit et al., 2012; Paudyal et al., 2016; Shahid et al., 2019). However very few researches documented resistance level of T. castaneum and R. dominica against commonly used grain protectants i.e., deltamethrin and phosphine (Opit et al., 2012; Chen et al., 2013; Ahmad et al., 2013; Kock et al., 2015; Opit et al., 2016; Collin et al., 2017). Due to these consequences current research was focused to evaluate the resistance mechanism of field and lab collected strains of T. castaneum and R. dominica against deltamethrin and phosphine. We hope our research could provide a strong base to cope with resistance mechanisms in major insect pets of stored grains against selectively used pyrethroids and fumigants. 

			 

			Materials and Methods

			 

			Current experiments were conducted at Grain Research Training and Storage Management Cell, University of Agriculture Faisalabad, Pakistan. Our research was subjected to evaluate resistance mechanism in lab and field collected strains of red flour beetle, T. castaneum and lesser grain borer, R. dominica against commonly used synthetic pyrethyroid deltamethrin and fumigant phosphine.

			 

			Collection of insects

			Adults as well as immature of T. castaneum and R. dominica was collected from stores, godowns and markets located at different geographical positions of Faisalabad Pakistan. Collected strains were brought to laboratory for culturing homogeneous populations.

			 

			Rearing of insects

			Sterilized pathogens free glass jars were used to kept collected population of both strains. Well cleaned sterilized wheat flour was used as diet for insects under study, and closed with muslin cloths to avoid entry of any other pathogen’s and insects. Rearing jars was placed in incubators (28 ± 2°C and R.H 65 ± 5%) and regularly monitored to check insect infestations. Around one hundred insects were added in each jar by assuming 50:50 male female ratio. Both strains were cultured in individually managed jars. Insects was allowed three days in each jars for mating and oviposition after which they were transferred to another new sterilized jars for further infestation to build up huge insect populations. Infested wheat flour and grains were transferred to another new jar to get different larval stages and adults. Both strains takes around forty days to become adults. Reared population was sieved out to collect equal size and aged adults for experiments tests.

			 

			Insecticides resistance

			Deltamethrin with trade name “Guardian 1.5 EC” was obtained from Ali Akbar Group Pvt. Ltd. Deltamethrin was diluted in ethanol to make different concentrations (0.01, 0.02, 0.03, 0.04, 0.05 and 0.06 ppm). With the help of micro syringe, deltamethrin was applied on blotter papers and allowed to dry over time. Dry blotter paper was placed in petri dishes (100 x 15mm) in size. Wheat grains (5gm) were sterilized and transferred to each treated petri dishes. Twenty adults of each strain was inoculated in each petri dish. Control treatment received distilled water only. Mortality data was collected after 24, 48 and 72 hours of intervals. The exposure experiment was simultaneously undertaken for lab and field strains and replicated three times. Following formula was used to calculate corrected mortality:
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			Where;

			CM stands for Control mortality, OM for Observed mortality.

			 

			Phosphine resistance

			To get fumigant gas Aluminum phosphide tablets manufactured by “Power Group” was obtained trading as Aluminum phosphide. Water displacement method was applied to release gas from tablets. A glass jars brought with two liter water capacity was half filled with water. On the bottom of jar, funnel was adjusted in a way the broad open section should be towards bottom. Plastic bottle with one liter capacity was filled with water. Aluminum phosphide tablets was placed between funnel as well as bottom of jar, after which the plastic bottle which was already filled with water was immediately was placed on the cross section of funnel. Produced phosphine gas started to accumulate on the bottom of plastic bottle, while water from this bottle was removed due to gas pressure. A rubber septum was placed on the bottom of bottle. Gas produced by tablets was taken from bottle through rubber septum with the help of micro syringe. Six concentration (0.006, 0.007, 0.008, 0.009, 0.010, and 0.011 ppm) was prepared from collected gas. Phosphine meter was used to measure gas concentrations. While control received distilled water only. For treatments desiccator was used as fumigant chamber, while twenty adults insect were confined into ventilated glass jars. Upper hole of desiccator was covered with rubber septum. Micro syringe was use to transferred gas into chamber. Both strains received same treatments. Mortality data was calculated after 24, 48 and 72 hours of intervals. Before taking mortality data insects was placed in fresh air for 24 hours to allow recovery or delayed mortality. To calculate resistance factor for both strains against phosphine and deltamethrin following formula was applied.
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			Where;

			RS stands for Resistant strain, SS for Susceptible strain, LC for Lethal concentration.

			 

			Statistical analysis

			Collected data was subjected to probit analysis to determine resistance factor (RF) and LC50 of susceptible strains. Mortality was observed at 24, 48 and 72 hours of intervals. Mortality data were analyzed to determine concentration that kill 50% of insect’s population. This concentration will be referred as LC50. Poloplus software was used to conduct probit analysis (LeOra Software, 2005). Mortality data received at different concentration was analyzed by Analysis of Variance (ANOVA). When results were significant, the comparisons among means was carried out by Tucky HSD test at 5% significance level.

			 

			Results and Discussion

			 

			The present study was focused to evaluate resistance mechanism of field and lab strains against two commonly used insecticides. Deltamethrin and phosphine has been used for many year for the control of storages insect’s pests especially T. castaneum and R. dominica. Factorial analysis was applied to compare the effect of both tested insecticides against currently studied two major insect pests of stored grains. 

			 

			Our results conclude that field collected strains showed maximum resistance to deltamethrin and phosphine as compare with lab strains. Lesser grain borer, R. dominica was observed more resistant than red flour beetle, T. castaneum. This showed that how geographical positions of localities and factors affect the biology as well as insect behavior against control strategies. Lab strain normally have less experience to outgoing factors which make them unable to resist against insecticides and fumigants. Mostly in field we cannot apply phosphine against storage insect’s pests due to its gaseous form, but deltamethrin and plant derived pyrethroids can successfully be applied. Most importantly in fields or other big commodities storage holders directly or indirectly depends on synthetic pyrethroids to secure their food against insects pests, but phosphine have a little use like these localities. Lab strains due to repeated application of insecticides and fumigants develop less resistance as field strains (Tables 1, 2).

			 

			Table 1: Factorial analysis for mortality of field and lab strains of T. castaneum and R. dominica against different concentrations of deltamethrin (P < 0.05; df: degree of freedom; n=20).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Source
							df
							
							Tribolium 

							castaneum

						
							df
							
							Rhyzopertha dominica

						
					

					
							F
							P
							F
							P
					

					
							
							Concentration

						
							
							5

						
							
							190.936**

						
							
							0.0042

						
							
							5

						
							
							81.018**

						
							
							0.0013

						
					

					
							
							Exposure time

						
							
							2

						
							
							231.910**

						
							
							0.0031

						
							
							2

						
							
							122.662**

						
							
							0.0021

						
					

					
							
							Concentration × Exposure time

						
							
							10

						
							
							4.156*

						
							
							0.0328

						
							
							10

						
							
							0.510ns

						
							
							0.8718
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							―

						
							
							—

						
							
							36

						
							
							―

						
							
							—
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							53

						
							
							—
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							—

						
							
							—

						
					

				
			

			

			 

			Table 2: Factorial analysis for mortality of field and lab strains of T. castaneum and R. dominica against different concentrations of phosphine (P < 0.05; df: degree of freedom; n=20).
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							Exposure time
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							0.0033
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							0.0031

						
					

					
							
							Concentration × Exposure time
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							0.0016

						
							
							10

						
							
							7.020*

						
							
							0.0145
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							53

						
							
							—

						
							
							—

						
							
							53

						
							
							—

						
							
							—

						
					

				
			

			

			Different concentration of insecticides and fumigants was applied to check the mortality rate of both tested strains. Our results showed that deltamethrin and phosphine cause maximum mortality as compared to field strains, but undoubtly phosphine cause maximum mortality of T. castaneum as compared to deltamethrin (Figure 1). Mortality of T. castaneum gradually increased as concentrations was incresed. Maximum mortality rate was observed at 0.06 against deltamethrin.
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			Figure 1: Mean Mortality (%±SE) of adults of red flour beetle, T. castaneum treated with different concentration of deltamethrin and phosphine. Error bars sharing different means are significantly different at 5 % level (P < 0.05; Tucky HSD test; n=20).

			 

			Basically synthetic pyrethroids and fumigants become unable to control major insects pests of stored products due to their repeated applications. Now a days synthetic pyrethroids and fumigants become essential components of storage products pests managments systems. However resistence of major pests of stored grains to insecticides and fumigants posing a great threat to their viability. Even in some areas multiples resistance mechanism becomes so high leaving no alternative protactant options for storagers. Main reason is that grain protecting chemicals are a rare sources, but the ability to manage or to minimize the impact of resistance is basic priority. Our reslts showed that mortality rate of R. dominica was also somewhat same with T. castaneum against pyrethroid, deltamethrina and fumigants. But unfortunately it was observed that R. dominica field and lab strains showed little moratality and appeared most resistance to our treatments (Figure 2). As compared to T. castaneum, R. dominica not much common, in case of damages to grains. Tribolium castenum have multiple taste of pyrethroids and fumigants and dvelop resistant higher as compared to other pests species. 
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			Figure 2: Mean Mortality (%±SE) of adults of lesser grains borer, R. dominica  treated with different concentration of deltamethrin and phosphine. Error bars sharing different means are significantly different at 5 % level (P < 0.05; Tucky HSD test; n=20).

			Moratlity directly depends on concentration, as concentration increases mortality was also increased. By the way in the fields we have less damages caused by storage pests, as compared to storages godowns. Under storage conditions some pests hide themselves within the walls or hiding places and not exposed to our treatments, which make them more resistant to pyrethroids and fumigants. Even we can kill complete population from a specific storage area, but due their speedy oviposition rate its difficult to make them out of space for loger period wothout application of pyrethroids and fumigants.

			 

			Mortality rate of both strains was also monitored after different time intervals. After 24 hour of treatment both strain showed non-significant results. Both treatments cause somewhat equal mortality with a little difference. But overall after 24 hour of exposure phosphine recorded maximum mortality rate, and proved more resistant to pests. As time periods increases we observed significant differences of mortality of both tested pests. Maximum mortality rate was recorded in lab strains against both T. castaneum and R. dominica. Field collected strains observed more resistant to treatments after 48 hour of exposures.

			 

			Our study showed interesting results how field’s strains develops themselves against pyrethroids, insecticides and fumigants. In fact, lab strains should show more resistant due to multiple faces toward insecticides and fumigants application. Lab strains T. castaneum and R. dominica showed (64.588±3.51) and (60.781±3.89) mean mortality against deltamethrin which was less as compared to phosphine. Concentration and time intervals are both most important factors considered for the control of storages pests. In our study we observed that both pests showed less mortality rate at initial hours, as time period was increased mortality was start to increase gradually. Field strains showed maximum (37.769 ± 4) and (40.886 ± 4.22) mortality rates of T. castaneum and R. dominica against deltamethrin while in case of phosphine it was (32.328 ± 3) and (44.148 ± 4.10) respectively. In big storages there is always chances to escape for pests as well as fumigants, due to these conditions these pests are less intact with treatments as compare to small holder’s godowns. Phosphine have oxidative reaction due to which it causes maximum mortalities, while parathyroid, deltamethrin kill pests which come in contact or feed treated grains. As overall results

			Table 3: Mean mortality (%±SE) of field and lab strains of T. castaneum and R. dominica subsequent time intervals. Means sharing different letters are significantly different at 5 % level (P < 0.05 Tucky HSD test, n=20). 

			 

			
				
					
					
					
					
					
				
				
					
							Field strains
					

					
							Exposure time (h) 
							
							Tribolium castaneum

						
							
							Rhyzopertha dominica

						
					

					
							Deltamethrin
							Phosphine
							Deltamethrin
							Phosphine
					

					
							
							24

						
							
							13.565± 2.53 C

						
							
							17.234 ± 2.34 C

						
							
							11.414 ± 2.37 C

						
							
							15.233± 2.12 C

						
					

					
							
							48

						
							
							25.864 ± 3.49 B

						
							
							34.989 ± 4.85 B

						
							
							19.868 ± 2.64 B

						
							
							27.193 ± 3.52 B

						
					

					
							
							72

						
							
							37.769 ± 4 A

						
							
							46.886 ± 4.22 A

						
							
							32.328 ± 3 A 

						
							
							40.148 ± 4.10 A

						
					

					
							Lab strains
					

					
							
							24

						
							
							26.289 ± 3.04 C

						
							
							31.707 ± 2.50 C

						
							
							21.027 ± 3.57 B

						
							
							29.036 ± 2.41 C

						
					

					
							
							48

						
							
							44.508 ± 4.32 B

						
							
							53.093 ± 4.55 B

						
							
							41.802 ± 3.08 B

						
							
							48.653 ± 4.19 B

						
					

					
							
							72

						
							
							59.588 ± 3.51 A

						
							
							65.781 ± 3.89 A

						
							
							52.264 ± 4.50 A

						
							
							61.662 ± 5.11 A

						
					

				
			

			

			 

			R. dominica was observed less tolerant to phosphine and deltamethrin, while T. castaneum was found more tolerant with higher developed resistance (Table 3).

			 

			A log probit analysis was applied to determine the LC50 values of treated field and lab strains against deltamethrin and phosphine. Strains was exposed to different time intervals (24, 48 and 72h). Our results reported that T. castaneum and R. dominica showed less resistance factor as compares to phosphine treatments which presented highest. Field strains showed very less LC50 values as compared to lab strains. Pests exposed to phosphine concentration at various time intervals showed highest LC50 values. Resistance factor and LC50 values was continuously increased as time increased. Lab strains showed highest LC50 values as compared to field strains. Pests treated with phosphine showed high LC50 as compared to deltamethrin. 

			 

			Red flour beetle, T. castaneum was appeared to more resistant than lesser grain borer, R. dominica. Pyrethroids commonly less used for the control of storages pests, while phosphine usages are more. In fact, due to multiple and continuous application of phosphine it should show less resistant. Reason is that phosphine act as oxidative control and cause mortality by suffocation, while parathyroid, deltamethrin cause mortality only when insect feed them. Main reason was to expose them at different time is to confirm best time approach to manage them. Lab strains was appeared most susceptible as filed strains which were most resistant. Results confirm that T. castaneum was 3.9 and 1.9 times fold resistant then R. dominica against deltamethrin and phosphine respectively. Pest’s adjustments to environments fluctuation make them stronger as well more resistant against insecticides and fumigants, which was observed in field collected strain, while lab strain was unable to resist as like field strains to coped with deltamethrin and phosphine (Tables 4, 5).

			 

			Table 4: Log probit analysis for field and lab strains of T. castaneum and R. dominica to calculate the LC50 and resistance factor at 95 % fiducial limit against deltamethrin after subsequent time intervals. 

			 

			
				
					
					
					
					
					
					
				
				
					
							Tribolium castaneum
					

					
							Strains
							Exposure time (h)
							Treatment
							
							LC50

						
							95 % fiducial limit
							RF
					

					
							
							LS

						
							
							24

						
							
							Del.

						
							
							0.2920

						
							
							0.0240‒0.0319

						
							
							0.2570

						
					

					
							
							FS

						
							
							24

						
							
							Del.

						
							
							0.2041

						
							
							0.0116‒0.0202

						
					

					
							
							LS

						
							
							48

						
							
							Del.

						
							
							0.5088

						
							
							0.0346‒0.0482

						
							
							0.8998

						
					

					
							
							FS

						
							
							48

						
							
							Del.

						
							
							0.4108

						
							
							0.0559‒0.0805

						
					

					
							
							LS

						
							
							72

						
							
							Del.

						
							
							1.7274

						
							
							0.0425‒0.0562

						
							
							1.1414

						
					

					
							
							FS

						
							
							72

						
							
							Del.

						
							
							0.8390

						
							
							0.0756‒0.1511

						
					

					
							Rhyzopertha dominica
					

					
							
							LS

						
							
							24

						
							
							Del.

						
							
							0.1023

						
							
							0.0264‒0.0169

						
							
							0.7814

						
					

					
							
							FS

						
							
							24

						
							
							Del.

						
							
							0.1999

						
							
							0.0212‒0.0287

						
					

					
							
							LS

						
							
							48

						
							
							Del.

						
							
							0.2873

						
							
							0.0487‒0.0581

						
							
							1.4343

						
					

					
							
							FS

						
							
							48

						
							
							Del.

						
							
							0.3123

						
							
							0.0303‒0.0449

						
					

					
							
							LS

						
							
							72

						
							
							Del.

						
							
							0.3998

						
							
							0.0843‒0.2511

						
							
							1.8893

						
					

					
							
							FS

						
							
							72

						
							
							Del.

						
							
							0.2929

						
							
							0.0716‒0.1532

						
					

				
			

			

			LS: Lab strains; FS: Field strains; Del: Deltamethrin; RF: Resistance factor; LC: Lethal concentration.

			 

			This was a first time study that explaining the resistance mechanisms of lab and field collected strains against parathyroid and fumigants. Different concentration of deltamethrin and phosphine was applied against T. castaneum and R. dominica. Pests was exposed to different time intervals 24, 48 and 72 h to determine their resistance factor as well best mortality duration. Basically resistance is the avoidance of biotic as well abiotic factors (Collin et al., 2017) which was determined in our current research. Due to multiple and frequently applications of pyrethroids and fumigants storages pests develops more resistance as previous experience (Opit et al., 2016). Geographical position of a locality have a great impact to change insect physiology to resist them against biotic and abiotic factor (Holloway et al., 2016). By keeping in mind these views and implications current research was focused to determine the resistance level in field and lab collected strains against commonly used deltamethrin and phosphine.

			 

			Table 5: Log probit analysis for field and lab strains of T. castaneum and R. dominica to calculate the LC50 and resistance factor at 95 % fiducial limit against phosphine after subsequent time intervals. 

			 

			
				
					
					
					
					
					
					
				
				
					
							Tribolium castaneum
					

					
							Strains
							Exposure time (h)
							Treatment
							
							LC50

						
							95 % fiducial limit
							RF
					

					
							
							LS

						
							
							24

						
							
							Phos.

						
							
							0.7460

						
							
							0.0301‒0.0234

						
							
							0.2124

						
					

					
							
							FS

						
							
							24

						
							
							Phos.

						
							
							0.4671

						
							
							0.0218‒0.0223

						
					

					
							
							LS

						
							
							48

						
							
							Phos.

						
							
							0.8366

						
							
							0.0583‒0.0309

						
							
							0.5811

						
					

					
							
							FS

						
							
							48

						
							
							Phos.

						
							
							0.6292

						
							
							0.0396‒0.0405

						
					

					
							
							LS

						
							
							72

						
							
							Phos.

						
							
							0.9518

						
							
							0.0833‒0.0591

						
							
							0.9142

						
					

					
							
							FS

						
							
							72

						
							
							Phos.

						
							
							0.7292

						
							
							0.0690‒0.0401

						
					

					
							Rhyzopertha dominica
					

					
							
							LS

						
							
							24

						
							
							Phos.

						
							
							0.4405

						
							
							0.0123‒0.0152

						
							
							0.3686

						
					

					
							
							FS

						
							
							24

						
							
							Phos.

						
							
							0.2956

						
							
							0.0108‒0.0191

						
					

					
							
							LS

						
							
							48

						
							
							Phos.

						
							
							0.6163

						
							
							0.0283‒0.0392

						
							
							1.129

						
					

					
							
							FS

						
							
							48

						
							
							Phos.

						
							
							0.3646

						
							
							0.0199‒0.0196

						
					

					
							
							LS

						
							
							72

						
							
							Phos.

						
							
							0.7281

						
							
							0.0470‒0.0377

						
							
							1.6194

						
					

					
							
							FS

						
							
							72

						
							
							Phos.

						
							
							0.4813

						
							
							0.0386‒0.0295

						
					

				
			

			

			LS: Lab strains; FS: Field strains; Del: Deltamethrin; RF: Resistance factor; LC: Lethal concentration.

			 

			In our first parameter both strains were exposed to different concentration of deltamethrin and phosphine to determine their vulnerability and mortality rate. Statically analyzed results show that T. castaneum lab strain showed maximum mortality rates while in field strains it was minimum against deltamethrin and phosphine treatments. But as compared to deltamethrin and phosphine, deltamethrin was observed less resistant while phosphine was found more resistant against these two tested pests. Our results are same with Winks (1982) who did similar type of experiment and get same type of results. Kock et al. (2015) carried out an experiment to check the resistance of T. castaneum against phosphine and get significant results which are correlated with our study. Ahmad et al. (2013) determines the resistance level in T. castaneum and R. dominica against phosphine. Chen et al. (2013) carried an investigation to find out the susceptibility of R. dominica against deltamethrin, and get similar observation as we recorded. In our study we observed that the mortality rate was differed as time was increased. After 24 h of exposure no significant difference was achieved in mortality rates of T. castaneum and R. dominica against deltamethrin and phosphine. At 48 and 72 h of exposure a significant difference was observed. Phosphine caused maximum mortalities in field and lab strains against T. castaneum and R. dominica and was observed more resistant, but deltamethrin recorded less mortality which was observed less resistant. Shahid et al. (2019) did same experiments and found similar results to our research. Khaleqazzaman and Khanom (2006) did an experiment to evaluate the mortality of T. castaneum against cypermethrin at different time intervals. There results showed that mortality rate was increased as time was increased. Zettler and Cuperus (1990) conducted an experiment to check the resistance mechanism of T. castaneum and R. dominica against malathion, chlorpyriphos, diclhorvas and phosphine. There results concluded that both pests T. castaneum and R. dominica showed resistance against their treatment but phosphine was observed more resistant then others. In our results we observed that the deltamethrin was most susceptible to pests as compared to phosphine (Saxena and Sinha, 1995). Lorini et al. (2007) observed that R. dominica was more susceptible to deltamethrin and their young ones. In our results the LC50 values was calculated to determine the resistance factor of field and lab collected strains against deltamethrin and phosphine. Our results concluded that phosphine exposed strains give high LC50 value as compare to deltamethrin against T. castaneum and R. dominica. We want to compere our results with Shahid et al. (2019); Andric et al. (2010); Vojoudi et al. (2012) and Velki et al. (2014) who performed same type of experiments and observed results related to our study. There finding conclude that Phosphine exposed pests give higher LC50 values as compared to deltamethrin. Storage pest’s resistance to insecticides and fumigants has been becomes big challenge for researchers to find an alternative to overcome this issue. Pest’s species found at different localities or geographical positions present various types of resistance levels against insecticides and fumigants. By keeping in mind these challenges current research was focused to evaluate resistant in field and lab strains. This was the first time research which describes this research gaps. We hope our study will provide a great understanding for researcher to overcome resistance developing issues in major insect pests of stored grains. 

			 

			Conclusions and Recommendations

			 

			Best approaches to minimize resistance levels in stored products insects’ pests is to know their geographical locations, control methods and storage techniques. Our research was based on geographical locations of storages pests. We checked resistance levels in lab and field collected strains of two major pests of stored grains against largely applied synthetic pyrethroid and fumigant. Field collected strains were observed more resistant to deltamethrin and phosphine as compared to lab strains. Our research was based on new approach, nobody before this made any attempt to evaluate resistance in major insect pests of stored grains collected from different geographical positions as well as their comparisons with lab rearing strains. We hope this research could be helpful for improvements in storages insect’s pest management’s strategies.
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Abstract | The lesser grain borer, Rhyzopertha dominica and red flour beetle, Tribolium castaneum are considered
most destructive pests of storages commodities worldwide. Unfortunately, due to multiple applications of
synthetic pyrethroids and fumigants some major pests of stored grains has develops resistance against them.
Resistance mechanisms in R. dominica and 1. castaneum against these control agents at different geographical
locations was largely unknown. To overcome this gap our research was undertaken to evaluate the resistance
mechanism in lab and field collected strains of R. dominica and 1 castaneum against deltamethrin and
phosphine. Results indicated significant difference between lab and field collected pests strains regarding
their resistance mechanisms to deltamethrin as well as phosphine treatments. Field strains collected from
various geographical locations were observed more resistant then lab strains. Calculated LC, values was very
less in field strains as compared to lab strains. Maximum mortality of lab and field collected strains of R.
dominica and 1. castaneum was observed against phosphine than against deltamethrin. Our results suggest
that field strains experienced with different out door conditions was less susceptible as compared to lab strains
which proved to be more susceptible and findings of this study could be helpful for effective management of
these key pests keeping in mind the issue of resistance development.
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Introduction (Jood and Kapoor, 1994; Wavear and Subramanyam,

2000). Damaged grains loose their volume and

World population is facing many important

challenges for food safety as human population
keep on increasing day by day with tremendous eftects
of food resources depletions (Tubeillo et al., 2007).
During storages of grains mishandling along with
other various environmental factors favors stored
grains pests infestation (Upadhyay and Ahmad,2011).
Stored grains pests cause serious losses to storages
commodities, by making grains unmarketable as well
as uneatable due to decrease in nutritional values

average weight as well as seed germination badly

(Nadeem et al., 2012).

Red flour beetle, 77 castaneum and lesser grain borer,
R. dominica are considered major and serious pests of
storage commodities (Adedire, 2001). Both pests are
a major cause of postharvest losses and contaminate
or destroyed 5-10 % food after harvest in the
worldwide (Cao et al., 2002). Smallholder farmers

experienced larger postharvest losses due to storage
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