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The results of experimental researches of chemical and biological methods of pest control of grain stocks were presented. During the experiments was determined the technical efficiency of insecticides contact action - Aktellik (pirimiphos-methyl, 0.016 ml/kg), K-Obiol (deltametryn + piperonil butoxide, 0.042 ml/kg, 0.084 ml/kg), biological preparation - Bitoksibatsillin (Bacillus thuringiensis, 3 ml/kg and 6 ml/kg) and their mixtures against pests of grain stocks. The presence of toxic properties in number of herbal preparations: cloves, cumin, vanilla, thyme, mustard, canella, bay leaves, coriander were installed also, determined efficiency of their action in relation to the dominant species of pests of grain stocks.
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Statement of the problem. Arthropod pests inflict considerable damage for stocks of grain. Because of activity, the seeds lose similarity, decreases mass of grain and deteriorate quality. Significant accumulation of mites and insects leads to increase of moisture in a mound of grain, causing self-warming of products. Infection and fouling grains (corpses, peel of molts, feces and cobwebs) cannot be used for industry, in food. 

Analysis of major studies and publications that discuss the problem. The strategy for protection of stored grain against pests based on features of spread, development, reproduction and harmfulness, depending on the conditions, methods and modes of storage of grain and his products. The strategy of protection includes a range of quarantine, preventive and fighter measures on all stages of harvesting, transportation and long term storage [1, 5]. 
Destruction of arthropod pests of chemical method are carried by two fundamentally different technologies: fumigation (disinsection of gas) and processing of grain. Fumigation involves using of gaseous substances, they penetrate in body of insects and mites through respiratory system. For high efficiency, must be maintained lethal concentration of toxic gas in the space of grain during certain time (exposition). This is a possible in hermetic conditions. Large quantity of grains stored in the simple warehouses, not in modern hermetic silos. In these granaries need to use insecticides, that applied on surface of the grain. The use of these drugs does not require hermetic room. An insecticide penetrates in the body of pest, causes his death [2].

Non-chemical methods of pest control have several advantages: safe for the environment, food and feed for animals not contaminate toxic substances. Besides, biological preparations are effective against pests of stored grain, when they are resistant to pesticides [3].

Aim and objectives of research. The aim of our research was development of environmentally safe ways to protect of grains against pests, considering peculiarities of their biology and storage conditions. For achieving this aim were resolved following objectives: definition most effective insecticides, as an alternative proposed to use biological and herbal preparations against complex of pests of grain stocks. Owing to the fact, that chemical protection has serious disadvantages, in most countries focused on the use of non-chemical pest control.

Materials and methods. The experiments on definition the technical efficiency of insecticides, biological preparations, their mixtures were conducted in the laboratory during 2013 year, using the recommendation for testing of pesticides [4]. As objects were taken insects, which collected in grain: lesser grain borer (Rhizopertha dominica F.), grain weevil (Sitophilus granarius L.), rice weevil (Sitophilus oryzae L.), sawtoothed grain beetle (Oryzaephilus surinamensis L.). In each repetition were used 30 imago of insects. The efficiency of following preparations has been studied: Aktellik (pirimiphos-methyl, 0.016 ml/kg), K-Obiol (deltamethrin + piperonyl butoxide, 0.042 ml/kg; 0.084 ml/kg). We also used biological preparation Bitoksibatsillin (Bacillus thuringiensis, 3 ml/kg, 6 ml/kg). And their mixtures: Bitoksibatsillin + Aktellik (3 ml/kg + 0.008 ml/kg, 3 ml/kg + 0.016 ml/kg) and Bitoksibatsillin + K-Obiol (6 ml/kg + 0.021 ml/kg and 6 ml/kg + 0.042 ml/kg). These application rates of preparations were dissolved in 20 ml of water per 1 kg of winter wheat.
Besides, studied the efficiency of cloves, cumin, vanilla, thyme, mustard, canella, milled bay leaves and coriander. In order, to determine the effect of herbal preparations on the livelihoods of pest insects were used adults: red flour beetle (Tribolium castaneum Hbst.), lesser grain borer (Rhizopertha dominica F.), rice weevil (Sitophilus oryzae L.), grain weevil (Sitophilus granarius L.), sawtoothed grain beetle (Oryzaephilus surinamensis L.). The herbal preparations were used in the norm 25 g/kg. In each repetition were placed 10 individuals of a certain species.

All samples were kept in identical conditions. Calculations were conducted on the average after 7, 14 and 30 days. We able to determined the efficiency by the formula:

Е = 100 * (D+P);
          D+P+L
Е - efficiency of preparation, %; 
D - quantity of dead insects; 
P - quantity of paralyzed insects; 
L - quantity of live insects [6].

Results. As the results of the experiments, these preparations have unequal toxicity in relation to different species of pests (table 1). 
1. The technical efficiency of insecticides, biological preparations and their mixtures against pests of grain stocks 
	Version
	Application rate
	Lesser grain borer 
	Grain weevil 
	Rice weevil 
	Sawtoothed grain beetle 

	
	
	7
	14
	30
	7
	14
	30
	7
	14
	30
	7
	14
	30

	Bitoksibatsillin  (Bacillus thuringiensis )
	3 ml/kg
	41,4
	75,9
	100
	14,4
	32,2
	57,8
	14,4
	26,7
	33,3
	78,6
	94,03
	100

	Bitoksibatsillin
	6 ml/kg
	50,3
	88,4
	100
	23,3
	26,7
	70,0
	30,0
	41,1
	64,4
	80,0
	100
	100

	Aktellik  (pirimiphos-methyl)
	0,016 ml/kg
	98,9
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	K-Obiol (deltamethrin + piperonyl butoxide)
	0,042 ml/kg
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	K-Obiol 
	0,084 ml/kg
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Bitoksibatsillin + Aktellik
	3 ml/kg + 0,008 ml/kg
	81,1
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Bitoksibatsillin + Aktellik
	3 ml/kg + 0,016 ml/kg
	96,7
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Bitoksibatsillin + 
K-Obiol
	6 ml/kg + 0,021 ml/kg
	42,2
	97,8
	100
	97,8
	100
	100
	100
	100
	100
	100
	100
	100

	Bitoksibatsillin + 
K-Obiol
	6 ml/kg + 0,042 ml/kg
	54,5
	100
	100
	96,7
	100
	100
	100
	100
	100
	100
	100
	100

	НІР05
	-
	10,6
	5,8
	-
	7,3
	8,4
	9,6
	6,7
	10,3
	7,2
	6,7
	5,9
	-


Biological preparation Bitoksibatsillin has provided 100% efficiency after 30 days in lesser grain borer and sawtoothed grain beetle. Other species have a higher resistance to this drug. For example, for grain weevil the efficiency reaches 57.8%, at application rates of 3 ml/kg, 70% - a rate of 6 ml/kg. Insignificant results were obtained, when we used biological preparation on adults of rice weevil (33.3% and 64.4% depending on application rates). Initial toxicity of biological preparation Bitoksibatsillin was significantly lower in comparison with other variants.

We noted high efficiency of insecticides Aktellik and K-Obiol. Turned, that all species are equally sensitive to these drugs. After 7 days, we received almost 100% mortality of pests in all variants of the experiment. After 30 days, we got 100% result for all species of insects, using mixtures of insecticides Aktellik, K-Obiol and biological preparation Bitoksibatsillin. Concerning, rice weevil and sawtoothed grain beetle was observed high efficiency these mixtures at the start of research, after 7 days, in all application rates was obtained 100% mortality. As an exception, the efficiency of mixtures Aktellik and K-Obiol with Bitoksibatsillin was significantly lower in adults lesser grain borer at start of research, but after 30 days was obtained the desired result. 

Annual large quantity of pests in stored grains and safety for the environment condition the need of assess the toxic properties of plants. At was installed, that efficiency depends from features of plant and insect (table 2). 
Herbal preparations showed relatively not high efficiency on adults of red flour beetle. The average efficiency was observed in thyme, vanilla and cloves. Сumin, mustard, canella, bay leaves and coriander are ineffective preparations. 

2. The efficiency of herbal preparations against pests of grain stocks 

	Version
	Application rate
	Red flour beetle 


	Lesser grain borer 
	Rice weevil 

	Grain weevil 
	Sawtoothed grain beetle 

	
	
	7
	14
	30
	7
	14
	30
	7
	14
	30
	7
	14
	30
	7
	14
	30

	Cloves
	25 g/kg
	6,7
	6,7
	26,7
	50,0
	100
	100
	20,0
	23,3
	26,7
	13,3
	16,7
	20,0
	3,3
	3,3
	3,3

	Cumin
	
	0
	10,0
	23,3
	26,7
	96,7
	96,7
	100
	100
	100
	40,0
	90,0
	96,7
	10,0
	13,3
	13,3

	Vanilla
	
	10,0
	16,7
	33,3
	50,0
	70,0
	86,7
	50,0
	83,3
	86,7
	10,0
	13,3
	16,7
	0
	3,3
	23,3

	Thyme
	
	17,03
	34,8
	45,5
	36,7
	96,7
	100
	56,7
	90,0
	96,7
	10,0
	13,3
	23,3
	0
	13,3
	46,7

	Mustard
	
	0
	13,3
	23,7
	0
	7,03
	17,4
	3,3
	10,0
	10,0
	13,3
	30,0
	60,0
	3,3
	3,3
	3,3

	Canella
	
	6,7
	6,7
	20,8
	0
	0
	20,0
	0
	3,3
	13,3
	20,0
	23,3
	33,3
	13,3
	16,7
	16,7

	Bay leaves
	
	3,3
	3,3
	20,0
	10,0
	20,0
	70,0
	30,0
	40,0
	40,0
	6,7
	10,0
	13,3
	0
	0
	0

	Coriander
	
	3,3
	3,7
	13,7
	10,0
	17,03
	51,1
	0
	0
	6,7
	3,3
	23,3
	33,3
	3,3
	3,3
	6,7


The use of preparations has ensured a high level against adults of lesser grain borer. The total mortality was obtained, when using cloves and thyme, on 30 days after start of experiments. High results are inherent for cumin, vanilla and bay leaves. The average values were obtained, when we used coriander, ineffective preparations are canella and mustard.
Adults of rice weevil were vulnerable to the action of cumin, this preparation has provided 100% mortality on 7day of the experiment. High efficiency is inherent for vanilla and thyme. The average level of efficiency is typical for bay leaves and cloves. Ineffective preparations are coriander, canella and mustard.

Grain weevil also is vulnerable to the actions of cumin, were obtained very good results (96.7%). The average efficiency was peculiar for mustard, canella and coriander. Low indexes have bay leaves, thyme, vanilla and cloves. 

 Adults of sawtoothed grain beetle are the most resistant to the action of herbal preparations. The average toxicity was fixed only in thyme. All other preparations have low toxic properties, especially, this is evident for cloves. 
Conclusions. Insecticides Aktellik and K- Obiol have high toxicity against complex of pests of grain stocks, which provided 100% mortality for lesser grain borer, grain and rice weevils, sawtoothed grain beetle. 
Biological preparation Bitoksibatsillin (based on Bacillus thuringiensis) has shown high toxicity on 14 days after the poisoning. 
The mixtures of Bitoksibatsillin with insecticides are higher, than the corresponding figures of alone biopreparation. We discovered species sensitivity to action of BTB for pests of stored grain. Most resistant species are grain and rice weevils. 
Among the studied herbal drugs, the most toxic are cumin and thyme, which efficiency constitutes 66.0 - 62.4% respectively against complex of pests. Low toxicity inherent for mustard, canella, bay leaves and coriander, their efficiency does not exceed 30%.
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